CHAFTER IX

MATERIALS AND METHODS



MATERIALS AKD METHODS

1. Elant Mgtorisl |

The present experimentel work wos conducted on Azolls
pirnate Re Brs obtained Ifryom the Cujarat Agricultural Univer
sity Cempus,; Anands The plambs were established and melntained
in & tank of the Hotenical Gerden of The lpheraje Seyajirao
University of Baroday Baroda.

2+ Hedium Proparstion

Chemicals of high purity é;x;aﬁe obteined from British
Drug House (India); Sigma Chemiocsls Cos (U.S.hs) and B Merck
(Germany) were used in the preparation of medium. The basal
nediun ves prepeved from concentreted stock solutions wirich
ware stored at 4 °C, In the préparation éf stock agolutions
and mediay -glass double distilled water was useds

The culture medie viz, Johnson et al, (1966) medium',
Peters and Mayne (.1974 &) medium end Watenebe et al. (1977)
nedium were useds The compogition of these media are given

in the Tableg 1 to 3 rogpectively, In the Vetensbe's med:lmﬁ;
| the mirersl jon éoncentmtims work out to be as follows ¢
K = 40 ppm, Mg « 40 ppmy Ca « 40 ppi, F = 20 ppo and Fe « 2
ppie These atre considerad gtandémd doges of s;e«ta;a in the
medium, The supplements to be incorporated fnto the basal
media were added before ﬁ;w fingl edjustuent of the volune,
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The pH of the medium was adjusted to 5:5 using either 0.1
¥ HCL or 0.1 N NaCH,.

ledin were poursd in Erienmeyer flasks and their mouth
were plugeed with nonsgbsorbent cotton. The cotton plugs wer*é
covered with brown paper 0 prevent absorption of moisture
during sterilizetion. The medivm vas sterilized in an autos
clove st a pressure of 15 pss.i. for twenty mimttes,

Gibberellic ecid (GAz) was sterilized with 0,22 p
millipore filter membrane under aseptice conditlion and added
to the sterillzed medium,

4. pseptic technicues

All inoculetions end menipulations involving axenic
cultures were conducted in e Laminsr flow ahsmbém

e, Surfoce sterilization 3

Hoalthy Azolla plants were Gollected from the tenk of
the Potanicel Garden. For surface sterilization of jzolig,
mercuric chleride/sodium hypoghlorvite/hydrogen peroxide st
verious concentrations (0 to 10%) were used. In esch case
the timé reguireé for complete a&ernizatiér; was adjusted,,
Plants were repeetedly washed wiéh‘ stérii:e dletilled water
before inceulstion. \ R



Table 4 3

Faapy

Composgition of Johnson et al, (1966) modium
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Constituents

Concentration in one
1ltre of complete
medium expressed op

~ mg of hydrated salts

o e

i

Potassium dihydrogen
oxrthephosphate

Dipotessius hydrogen
phosgphate

Potassium sulphete
Colcium chloplde
Celeiun ‘Sulphate
HMegnegium sulphate
Bordc acld
Mengenese chloride
2inc sulphate
Copper sulphate
Sodium molybdate
Ferric eitrate
Fex‘riﬁ chiloride

- Qitric scid

'f E“*z‘“%

RHPOy,
80
CeClye 28,0
Calily,

MgS0y, THAO
HSEQB
FnCly » 40
2050, TH0
Cub0ye SHAO
Napholy, s 2H0

Feﬁlg
CellgQatiz0

Water (&quble glase dimmed) to
make the volume of one litre.

pH of the peédium = 55

27«24

| 87458
89439
19.11

136414

246,47

035
022
0405
0402
0,01

0,69
1406
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Teble 2 3 Compoaition of Peters and Meyne (1974g) medium

s il e a0k " ok Vog b s sy i e Ui Sk i e
gﬁaeﬂtgaﬂanlﬁ one
,- itre of complete
Constituents medium expressed ag
mg of hydreted salis

Potassiun chloride KC1 149442

Celciun shloride CeClye 2H 0 29440
Magnesium sulphete NS0 TH0 197 A7
Potassium dihydrogen

erthophosphate KHAPOy, 5443
Boric acid 143893 0+28
Mangnese chlordde MNCLy . 40 1480
Soddum molybdate NegMo0y, « 260 0,25
coyper‘ sulphate cuﬁs4§§H2€3 0,07
Zine pulphate Znﬁﬁaﬂﬁa() De29
Ferrous sulphate® Fe.%w?ﬂaa 27+80

Sodium sglt of ethylene
dismine tetra avetic
aelore Na EDTA : 722

vater (double distillea)
to malte the volunme of
cne litres ‘

pH of the mediun w 545

* The FoS0..TH0 was dissolved in spproximetely 30 ml of
double glass distilled waters ‘

*#*  The NegEUTA wes adisiaalwd in gpproximately 30 ml of dls=
tilled water, heated and mized (under continucus stirping) -
with FeS0,+7H.0 solutlon. After cooling the volume in
adjusted to 100 ml, Heating end stirring results in more
stable FeEITA complexs



Table 3 ¢ Composition ef Watensbe et als (1977) nedium

-

|

Constituents

Concentration in one

litre of complete
pediun expresesed. aa

)

ng of hydreted salts

Lalciun chloride
Potasslum sulphate
Magnesium sulpheate

Sedium hydrogen
orthophosphate

Zoric acid
Manganese chloride
Sedium molybdete
Copper sulphete
Zine sulphate

Fervie citrate $
Ferric chloride

Citric peid

‘«‘3&0125 2%0
K250, .
3@830“157&2@

ﬁaﬁa‘? A) &g 2520
8335‘?3

MGy e 0
Npplioly « 2HA0

2150, 4 THL0

FeCly

CHlgOpnHol

water (double giass distilled)
to make the volume of one litre,

pil of the medfum & 5.5

672
89413
1;95,}3;1‘
100,73
1:14
1.80

- 0425
0u0%
0404

9462
14,90




b, Oultore techniques 2

Sterilized jzolla plants were imoculsted in the test
nedia, The eulimx-é flasks were Intubated in the culture room
at 25 & 2 °C under fluorescent light (1000 lux) with 16/8
hours light/dark cycle. -

Subculturing was done by trensferring the plents to
flesks containing fresh medium at regulsr intervals,

5+ Heogurcment of growth
ne Fresh welght s

The plants vere harvested gt the end of the experimentel
period of three weeks and the moisture was removed from the
surfece with blotting papers The fresh weights were determined

on o balonces

ba Iry weight 3

Velghed masges caf;’ plents were dried in an oven at
€0°C and the dry weight was determined,

6. ZBlochemical gg_g_: ysis -

as Extraction and egbimation of chlorophyll @

Presh Azolla fronds were ground in prewchilled . mortar
end pestle with ¢old acetone (80%). The extraction vas
repeeted until the residue begeme colourless. The exiracts
were pooled together and centrifuged st 3000 rpm for 10



minutes. The supernantant wes adjusted with acebtone (B03) to
a definite vslune, Totsl chlorophyll content was estimated
by the nethod as described by Yoshide et al. (1971) and
expresced in mg/g fresh welght, -

bs Ezxtrzotion and estimstion of protein ¢

Proteln ves extrected from jzolls plants by the method
of Prisco end Fernandes Vieira (1976). Fresh fzolls plants
were ground with 0401 ¥ sodiunepotessivm phosphate buffor
{pH 7.6) containing 0,1 ¥ sodium chlorides The ratio of
tissue to the grinding mediuvm was 1110 {w/v). The homogennte
was centrifuged 'ﬁ’t 3000 rpa for 15 minutes. From the supere
nantant protein wes estimated by the modified Lowry's method
(Hexbee, 1972), usging bovine serum slbumin as the standard
and protein content was expressed in mg/g fresh weight,

¢« Estimation of totel nitrogen content 3

Fifty milligrem of dried Azolla was digested with 5 ml
of concentrated gulphuric acid in o kjeldnal flagh, A pinch
of coppor sulphate end potassium sulphste (1:2 mixbure) wes
added as ¢atslyst to the digestion mediums When the solution
turned dolourlcss, Ai‘ta volune was adjusted with glass digtle
liled waber. The amponium conbent produced was estlnmated using
Nesdlerts reagent (Jeckson, 19&?}, Mmmonium sulphate wag used
as the s&an&ard; Hitrogen content wes oxpressed in mg/g dry
weighty o '
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Nitrogenase catelyzed zcetylene reduction sctivity
{ARA) wes meésumd by the procedure described by Petera and
Mayne (1974b)s ARA of fzollp-Anabaena gomplex was measured in
Erlemmeyer flasks containing fresh jzplle plents and test
medium (10 ml). The flagks were rendered air t.tght'( sel:me&ung
rubber septum, evacusted, flushed with nitrogen and then 10%
ascetylens was injected through the self sesling rubber septum
using syringe and ethylene produced waes measured on Cas Chromas
togreph {Chromatogreph and Instruments Compenys Barods) u}smg
2 meter Porepak N column (8@4100 mesh)s The column temperature
end oven tempersture were 95 °C and 100 °C yespectively.

The ARA represented graphicnlly on the gas chromatograph
chart was quentified by measuring the height of the peak. The
x;eﬁults were compered with stendard ethylene. Acetylene reduce
tion activity was expressed as n mole Gaﬁh formed/g fresh
weight of Azolla /or,. |

8. Hebterocyst frequemcy

Individual leaves from the shoot apex of Azolis were
removed seperately end the symbiont Anpbsena cells were releae
ged by asquashings The total number of vegebetive ¢ells and
heterocysts were counted under the microscope and thely sizea
were also measured by using en ogular micrometer. Heberocysts
were recognised due to thelr emlerged size, thick well ond the
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presence of polar bodies from the vegetetive cells of Anpbeens,
Heterooyst frequency was detarmined by the method of Hi1)
(1975)

9. Ghemicel enulyois

Dried mq;&g_ samples (100 mg) were taken in nickle
crucibvles and they were ashed et 500 *C in a nuffle furnpee
for two hours. The ash was colleched snd 1ts mineral contents
were estimated (Pocock and Vasanthy, 1986), Copper stubs
pasted with double sided sdhesive tape were pressed firmly
into the ash for further gnelysis and the excess was removed
bty blowing with compressed air. This px?m‘iuces a homogenous
coating of ash on the stub yhich wrs neceasary for reliaﬁl@
anelysis. Analysis was carried out using a Philips model 400
"Spanning Electron Microscope provided with a computerized
energy dispersive Zeray onglysis systenm,

10, Salinity studle

The effect of salinity on Azolls plmnate has been
investigated by supplementing the culture medium with various
levels (5, 10, 20, 30, 40 and 50 ml) of sodium chloride (NaCl).
The pil of these culture medis wes adjusted 4o 5:5: Blomess
production of Azollp and nitrogenase ettivity wéré' egtimated
under saline conditionss | o



G Egs#;imation of chlorephyll and phycosyenin fron

Angboeng pgolige 3

Chlorophyll and phycoeyenin contents fLrom individual
cells of the isolated endophyte Anpboenn pzollpe were estimem
ted by their epifiuvorescence according to the method of
Becking and Donze (1981), The elgel cells comprising vegetative
cells end heterorysts were released from the fifteernth leaf
end examined under @ Leitz fluorescence microseope with a
fluorometer and u chart recorder, Gpifiucrescence of chloros
phyll and phycocyanin wag mepsured by excibing then with blue
or green light from & mergury arc,

bs Ewxbrection and estimation of the astivity of
ginonis sssinileting enzymes ¢
211 operations during the extraction of crude enzynes
from pzolla plents were carried out at Owh °Cy

1) Glutamine synthetaso (GS) 3

Giutamine synthetage {G5) e{&t::.?iey from Azolle plants
was measured by the transferase nmsay (Kanamori and Netsunoto,
1972) « Tne extraction medium wag 50 mf Tris. HCL (pH 7.5)
containing 0.5 nM EDTA end 1.0 mi 2-merceptoethanol, Ten perw
cent hompgenste was prepared with the em_:x?éc‘bipn mediun and
filtered through mualin cloths The :{il*&emi:e was centrifuged
at 5000 rom for 15 minutes and the wlaemaﬂﬁm wasg uged es
the enzyme source. - .




The assay mixture conteined 0.3 ml of 0«1 Ii Tris, HC1
(PH 7.5)y 0:2 m) of Zemercaptosthansl (11100 v/v), 0.2 ml of
0,5 H sodium glutenate, 0.4 ml of magnesiun sulphate, 0,2 ml
of G5 M NH,OH.HCL (freshly prepered by mixing emuel volume |
of 1,0 I'NH;0H, HCL and 140 M NeOH), 045 mi of Oy% I ATP and
0«5 Bl of crude enzyme, After 30 mimibes of incubstion ab
37 °Cy 140 ml of ferric chloride yemgent was added (0437 M
FeClz, 0.87 N HE) and 0.2 M TCA) wus sdded, ywglutanyl hydrow
xamaﬁa formed was meagured at 540 nm using 5?gqgmpmgpmet.er
{Bystronigs Commercial yeglutamyl hydroxemste was used as the
standards The enzyme sctlviiy wes expressed as a mole ¥
glitanyl hydroxamste formed/mg of protein/min.,

i1) Glutemete dehydrogenase (GIH) s

 Glutomate dehydrogenase from Azollp plants was assayed
by the methed of Bulen (1956). The extrsction medium contaie
ned 0401 M Triss HC1 (pH 7.5) containing 2 o cystein, Ten
percent homogenete was prepered and filtered through muslin
¢leths The filterste was centrifuged at 5000 rpm for 15 mime
tes and the supernentent was used es the enzyme sources

The asnsay mixture gontained 2.1 ml of Tris, HCL
(pH 745)4 0:% ml of 3 M NiCl; 0.1 ol of 043 M « ketoglutaric
acid, 0,2 ml of 1.0 mwil HADPH and 045 ml of crude enzymes The
enzyme attivity wes meaatweé by tﬁe oxidation of NADPH et
340 nn using Spectrophotometer (S:h:!.matzu)\g



mi) Glutamate synthase (GOGAT) &

Gluteriate synthese ectivity from Azolls plants wee
assoyed Ly Sodek and Dasilve (1977) method. Extraction medium
contained 50 m¥ Tris, ACL (pH 7.5) containing 4.0 nil ELTA and
10 Wi 2-merceptuethancls Ten percent homogenabe was prepered
and filtered through muslin cloth, The filterzte was centrie
fuged at 5000 rpm for 15 minutes. Thé\ supermantent was used

28 the enzyme SouUrCos

The assey mixture consisted 1.2 ml of 1,0 M Tris. HCY
(pH 745)s 0+2 ml of 0,2 ¥ o ketoglutaric acld, 0.2 ml of 0,2 ¥
'glutmama, 0+2 ml of 2emerceptoethencl (13900 v/v)t, 0:3 nl of
0»1 M ECl, 0.2 mi ¢f 042 M EDTA, 042 ol of 1.0 md NADPH and
0:5 mi of erude enzynes The enzyme activily was messured by
the oxldation of NAIFH at 340 nnm.

1. fnetonics) studies

Individual leaves of MQ plenta from its spex were
serially numbered. Shoot gpex and eech leaf uptdo 22nd leef
were excised and fixed in CRAF III resgent; dehydrated by
passing through alcohol & xylene aea%ies end ultingtely embeded
in peraffin vax, Seriel gsections were cut abt 10 m on & rotary
mieramme. Btaining wes done with seffranin 0%, After usual
fi@hydratz&en through ¢thyl alc¢ohol and xylem; the s&ctiam
were pounted in DPX (Jensen; 1962).



124 ﬁmgggiﬂca;ém of Azolla mnitrogen

Two grems of frech Azolla in its vegetotive stege of
development end in ite sporuleting stoge were mized seperately
with 20 g of s6il from rice f£iclde. The mixture wes Zlooded with
distilled water end incubated in dork et 30 °C. Amponis relogs
sed from the decomposing Azolls was extracted pericdically
according to the method described by Yatemabe et ale (1977)
end estimated sccording to the method deseribed by Jeckson
(1967}

13¢ Application of Azolls end/or imgganié ndtrogen

The effect of Azollg end/or inorgenic nitrogen fertili
zer on the performence éf rice vaplety IR 28 was determined
during sunmer gesson {date of trensplentetion : 4&2486,3 dote of
harvest 3 22-5+86) and kherif sesson {dete of transplontations
3-9u86, dote of hervest 3 7-12+86) of the year 1986, Py0g at
the rote of 40 kg/ha‘bﬁais as guperphosphate and Kgﬂ gt the
rate of 40 kg/he besis as muriste of potash were applied to
all the pots, The following :treafemﬁnts wezsa" glven 3

1. Incorporstion of Azglila {10t /na in tw splits)
2, 80 g N/he as emmonium sulphate (in two mplite)

3',," Incorporation of Azolla (10t /ha in two )splﬁ:,sf)* ‘
80 kg N/ha basis as cmmoniun sulphate (in two
splits) :

4. Control received no treatment



The first split of Agells and/or inorganiec niirogen
fertilizer was added to the soll at the time of transplentas .
tion and second spﬂ.it, after one month of trengplentation. The
rdce variety IR 28 seedliings (25 days 0ld) were transferred
to the pots. Two hills per pot were growns Regulsr plont
protection measures and culturel practices were adopted. The
£ollowing biaxaetrifzal‘ observations were made 3

2+ Plant height ¢

The height of rice plents on 30th, 60th ang SOth day
after trangplentation were messured from the soll surface
to the tip of the tallest tillers

be Shoot ond root welght

Rice plents were collected ab reguler m&ewnlé and
‘washed thoroughly under running tap watere Afier tlotting
them, the shoots and roots were sepérateﬁ and their fresh
welghts were taken, These shoots ond roots were dried at |
60 °C to o constont welght and the dry weight of shootsand

roots were recordeda

¢s Nitrogen content of shoot gnd root &

Total nitrogen contonts from dried ghoot end root
were estimated by the method described by Jackson (1967 )



ds Tiller number 3
The number of tillers from rice plents vwere counted and
recordeds ‘
&e Ponlele lengkh §

Length of the panicle was measured from the last inberw
node of the gpike to the £ips Mesn of Live panicles from the
same hill was consldered. |

f» Greln and strew yield s
Individual hill in each treatment were harvested
separately and the strow end grein yleld were recorded,
ge¢ Hundred gralng weight 3

The weight of hundred greins from each treatuents was
recordedi.

1’4; gh@tg Emﬁh!

Photographs were tghken using CRWC 22 blschk end white
negotives and Honlce coloured negetives, Photonlcrogrephy was
done using Carl Zeiss microscope and Leltz fivorescence nloro<

8CODas

15« Stetistienl snelvsis
Experimental results were stetistically enslysed end
criticnl difference .. {C.D.)at 5% probubility level was



and.
celeulated. Correlabion coefficient (r) between varisbles "t"

test were done as per the procedures described by Dospekhov
(1979) '



