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a o m m K r o w

In the recant years, with increasing cost of 
fertilisers (Hardy et el, 1977) man has started searching 
for newer technologies in agriculture where by the cost 
of production can be reduced and the fertility of the 
soil can be increased, (Dobenelner, 1974), Among the 
three major nutrients required by the plants nitrogen 
is the most critical nutrient. Nitrogen is the key - 
element in the synthesis of proteins and other biologi­
cally important compounds required for the growth of the 
plants. Despite the greater abundance of nitrogen in the 
atmosphere (78,09 percent) it is in the unavailable 
elemental gaseous form. Of all the living organism, only 
a few micro organism posses the bio chemical mechanism 
for converting the inert elemental nitrogen gas into 
nitrogenous compounds like ammonia and nitrate, Thus the 
microbes meet their own biological nitrogen need and 
release the same into the soil enviorcwaiaitfor the utilisation 
by plant systems, with the spiralling up of the prices of 
the fertilisers (Poster, 1983) an Increasing thrust over 
the use of Blofertlliaors in agriculture has come into 
practice.
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Btofertlllaers la tha name given to tltose microbes 
which can fix atmospheric nitrogen l#e, they are capable 
of converting atmospheric elemental nitrogen into ammonia. 
Those nitrogen fixers have been estimated on a global 
scale and tha amount of nitrogen fixed by these biological 
agencies have been worked out to be 175 million tonnes per 
year in the soil (Tilsit# 1985). These micro organism
also play an important role in the maintaneweof soil 
fertility by supplementing the nutrients# They have thus 
created a challenge for all microbiologists and agricultural 
scientists to explore for new horizons, so that a part of 
the Chemical fertiliser may Ini replaced by these Bio* 
fertilisers. Artificial inoculation of these group of 
micro«»organisms in aspeeific area may temporarily or 
permanently change the balance of the rhlzosphere physically# 
biologically or nutritionally depending on the nature and 
duration of effects. The elassiflcal example is the 
Rhlsoblum leouma symbiosis# which has already become a 
welcome technology in the hands of agriculturists. Apart 
from this# a number of other species of micro organism 
effectively fix the atmospheric nitrogen#

Nitrogen fixing blofertllisers are either in the free 
living condition or in symbiotic association. An important 
symbiotic association in the rice ecosystem# is that between 
the blue green algae Anabena axollae and water Penv Asolla
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pliuaata living in the cavities of dorsal lobes of Assolla, 
This association has now become an important bio fertiliser 
in rice ecosystem (Kannaylan* 1984)*

A limited number of heterotropic bacteria play an 
important role in fixing atmospheric nitrogen as balancing 
tha nitrogen cycle in nature* Free living aerobic bacteria 
like Azatobaeter Beljerlnckla* Klebsiella and other members 

of the anaerobic bacteria Clostridium are capable of 
utilising atmospheric nitrogen* Blue-ggeen ilgae such 
as Mostoe* Auloslna etc** are also capable of fixing 
nitrogen in paddy soils.

A spiral shaped* gram negative motile vibrold- 
organism with micro aerophilic nature called Aaosplrlilum 
is known to have close promixity with higher plants systems. 
Xt is remarkable that tills organism fixes appreciable 
quantity of nitrogen (nearly 48kg M/ha/year) In grasses 
ss found by Smith et a^ (1978)* Studies have revealed 
(Okon e£ aj,* 1983* Subba Rao* at a^ 1982 Want, 1985), 
that Azospirillum was of ubiquitous occurence and was 
claimed to be the most efficient dlazotroph among the free 
living systems* Genus a z q spirillum has now been classified 
into four species according to Tarrand et a^ (1978). The 
species acoomsdsted are A.llpoferun* A.brasllense* 
A.amazonanse and A* aeropldeceae.
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The bacterium Aapeplrillum la increasingly becoming 
popular in many of the developing countries in the world. 
Inoculation experiments conducted by Dhanapal ®t a£ (1978) 
revealed that root associations of Asoaplrillum was unique 
in crops like mmise, sorghum, pearial1let. sugarcane, 
wheat, in weed plants like guinea grass, dlgitarla dseumbens. 
amaranthus, cumbu (8»ith et a^ 1978) la xivophytic planta 
like opuntia (Venkstesvarulu, 1982). in plantations like 
cocoa, rubber, coconut. (Subba Reo et 1983). Recently 
rhlsosphere of rice, sweet potato, black gram, sunflower, 
cumbu, barley (Subbarao e£ 1979) f have known to harbour 
this organism in the root system. Thus, this bacterium 
has gained a greeter importance in the agricultural field 
than any other free living bacterium.

Aaosplrilium was ubiquitous, in the sense it not only 
increased the grain yield and plant biomaas, it was also 
found In a wide variety of terrestial habitats (Xnowles, 
1981). nearly $0 percent of the tropical soils harbour 
this bacterium, to a remarkably good percentage as compared 
to the total percentage of heterotrophs in the soil 
(Dobereiner, 1976) • Asospirlllum grew well in all types 
of soil with wide variation in physical properties like 
pH, temperature and moisture content of the soil. Xnsplte 
of the problems of the soil like salinity, alkalinity and 
acidity influencing the growth of the microbes, Ascent ri H u m
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had been proved to be very effective in the alkaline nolle 
(pH 7*5 to f.S) and acid soils (5.0 - 6.0) (Pi/ruehothaman 
SSL Si UM5S).

Aaoaplrlllum strains inoculated to different crops 
showed enhanced acetylene reduction activity (Ah a ) at low 
nitrogen content (Mayak et 1981). Ar a being the index 
of nitrogenase* activity reveals the high nitrogen fixing 
capacity of 684SE2SEBE52 ** the enzyme complex
that converts atmospheric nitrogen into ammonia in nitrogan 
cycle/

Strains (Avivi £| I98X).

Aaosplrlllum strains had the property of excreting 
the fixed ammonia into their environment. This ammonia 
was then utilised by the plants. Hie denitrification 
property of this bacterium reduced the nitrogen availability 
to plants. (Melado «g£ a ^  1982) Denitrification was nothing 
but the process** of oxidation of the fixed ammonia to 
nitrite, nitrate and nitric oxide. This was possible with 
the help of the two enaymee idle nitrite reductase and 
nitrate reductase. These two enaymes thus released the 
biologically fixed nitrogen into the a tato sphere from the 
soil. This inhibited the nitrogen fixing capacity of the 
bacteria.

Aaoplrlllum isolates were also found to produce growth
promoting substances like indole acetic acid (ZAA)
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gibber1ins, eytokinins (Phillips, 1970). Those growth 
promoting substances were found to increase the plant 
growth (Silveria et al 1983), Aasosplrlllmn spp produced 
indole acetic acid even in the absence of tryptophan in 
the medium (Moore, 1980)* whore tryptophan was the precursor 
of indole acetic acid,

toasatoWm* association in various plant roots 
from rice to cocoa (Subba ftao, 2982) and in various 
physiological enviornments had made possible, the appli­
cation of Asospirillum inoculant to various plants and 
various soils*

India tar being s developing country with various 
types of soils (Porter, 1983) requires these types of 
bio-fertilisers in large quantities* Sell physiological 
properties o f  the soil influence the growth of the micro 
organisms. Acidity of the soil may prevent the growth 
of micro organisms* Azosplrlllum hast been proved to grow 
well in both acidic soils (Smith, 1984) and alkaline soils 
(forushothaman, 1984)* In Tamil Madu Azospirillum Inoculation 
had been proved to be very effective in most of the soils 
(Narayanan, 1981)•

In this study Aaosplrlllum whs Isolated and characterised 
from acid soils of Kuttanadu and Trichur of Kerala State*
A growth of Asosplrillum at acidic pH in the range of 4*0 to 
5.0 has been conducted in order to Inoculate Asoplrlllum
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to highly acidic foils* Further experiments were carried 
out to study the effect of nitrogensse activity and 
denitrification capacity of the isolated species* studies 
were also conducted on the ability of the Asosplrlllma 
isolates to produce phytohormones and excrete ammonia, 
Asosplrlllmw species were also inoculated to peat soils of 
pH 5*9 - 5*S and its effect on plant growth was studied*

Thus in the present study the possible use of the 
bio-fertilizer Asoaplrtllugi to acidic soils have been 
evaluated* *****

*****
***
***
*
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Biofertil isera ar« used In modern agriculture 
primarily to supplement the need for chemical fertilisers* 
There is fart depletion of the natural gas* coal and 
minerals and oil resource* which form the basis for the 
production of chemical fertilisers* This resulted in the 
escalation of the cost of these chemical fertilisers*
With all these difficulties* it has become s challenge for 
ell the agricultural microbioligists to explore new 
horizons* so that e part of these chemical fertilisers 
sre replaced by bi©fertilizers. The microbes play en 
Important role in the maintenance of the soil fertility*
Xt has been estimated that the amount of Nitrogen fixed by 
biological agencies works out to 175 million tonnes per 
year per hectare and it was found that moat of this nitrogen 
fixed was due to the legume Rhisoblum system (Burns and 
Hardly* 1973) Careful studies on the symbiosis of 
with legumes revealed that not only more nitrogen was 
fixed* but also the yield of pulse# increased* (Elango, 1981* 
Rovira 1965* S t e m  £$ aĵ * 1980)

Apart from Khlsoblum system* It has been proved beyond 
doubt that biological Nitrogen fixation takes place in 
fields* forests wad other green lands (Evans and Barber* 
1977)* Free living eeroble bacteria like Aaatobacter.
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Beijerinckia and the tMefOblc bacteria dostrldlgam gpp. 
Contribute to these processes* Algal association like 
Aaoilaw&naheas* nodulated non-legumes like Ainas Spp, were 
also reported to be potential sources of nitrogen fixation 
(Evans and Barber 1977)* Thus increasing the dependence 
of biologically fixed nitrogen is an alternative to reduce 
the utilisation of costly nitrogen fertilizer* Seed 
inoculation with appropriate strain has besn an accepted 
technology nowadays, (Stump et al*. 1977),

This discovery of nitrogen fixing organisms on roots 
of grasses including maize* wheat, pearl millet* sorghum has 
led to speculations about the possibility of providing 
nitrogen for important crops by the use of associative 
systems* Here plants cannot fix nitrogen directly but 
provide energy to the associate bacteria which in turn provides 
nitrogen to the plant in tbs inmonlacal form* this associ­
ation was found in many tropical plants with high nitrogenase 
activity and are characterised by the Photosynthetic 
pathway with minimal loss of carbon to photo respiration*
These bacteria were given the vumte Asoanirillusu 
Considerable progress have been made towards understanding 
the Asospirillum species and the review teguments its 
significance as s potential diaaotroah in grass eco system 
(Ckon* 1984)•
ASSOCIATIVE 8IHSI08IB AMD NITROGEN MXATIOH. Is Bern* plant
gaoo-types which ara efficient photosyntheelaera, the root
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exudates are utilised by certain bacteria* This is, in other 
words referred to as associate symbiosis. it was later 
termed as BIQCQENQSIS m  the International workshop of 
nitrogen fixation held at Brasil (Doberelner and Pepolll, 
1980) certain forage grasses, rice and sugarcane stimulated 
the multiplication of HSUERIHIQKXA and decreased the number 
of amino acid, requiring bacteria, molds actinomycetes in 
the rhlsosphare and thus the sugarcane Beiterlenckla 
biocoanoais <xre well documented (DGBEREIN&R and DKPOLLI,
1980)• Similar rhizocoenosis of wheat with the BACILLUS 
species (Larson and neat, 1978) and ACHRQM03ACTKR like 
organism with rice (Watanabe and Barraquio 1979), 
notatum association with Asatobaeter Paspall was reported*

The Asoaolrilium rhizoocoenosis was first reported 
In digitaria grass (DSOBKRe i h e r and d a y , 1976) and number 
of papers have been reported on the rhiaocoenosis of 
SPIRILLUM LIPOFERUM with many species (LSksmikumari $t a£ 
1976), Diaaotrophic spirullum like organism were isolated 
from roots of number of C4 plants mainly grasses* Later 
A so spirillum association in malss, rice and wheat wa proved 
with host plants specificity (b a l d a n i and d o b e r e i m e r , 1980). 
RLCOGHIIIOM OF AZOSPIRHXUH. AzoSpitiUBB was first 
described by •cijarlcnch (1930) as Asotobsctsr spirillu*. 
which apparently fixed nitrogen in enrichment cultures and 
was later named Spirillum H o o f  arum which was isolated from
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• number of soil samples In Australia and Germany (SCHRODER 
1932)* The same organism was identified by bomber of 
scientists and these cultures incorporated 15N2 , in pore 
culture when grown in yeast extract. (Ronnie j£ al, 1980) •

Zn 1974. Poberelner proved the symbiotic association 
between Dloltarla dacumbens and S.llpoferum and it was 
reported that s.Lipoferum was a very common root inhabitant 
In tropics (Doberelner jgt a&. 1976) and organism was assigned 
s nsw genus Aaosoirillum (Tarrand et al, 1978) comprising 
two species A. 1 loro farms and A. bars 11 ansa which is now 
a genus of four species (MAGALHABS at si, 1983)- 48 percent 
of the cultures in this genus was found to be tropical 
plants and ware mostly the above two species (Renee.M 
kosslak j£ 1983).

BIOGSOGRAPHY OF A z m m m m *  The organism was found very 
common in tropical, temperate, and sub-tropical soils 
(d a s  sH $1* 1980) aBegBifiUlMI been isolated in mslse 
(Dhanapal a^. 1978) • Wheat (Kery a^. 1978) Pear L 
millet, dorgttum (Dhanapal. 1978) Sugarcane (Hegasi ot si.
1979) Cottern (Purushothaman. et 1980) and in number of 
grasses (Mellado et a^* 1980)•

Reyenders and VIassak (1978) found no relation 
betwesn soil characteristics such as pH. texture and the 
occurence of Spirillum in different plant species.



12

Occurence of gplrtllw ioeeiei. in various geographical 
regions was reported by Anar a^ <1980) • In India Rao 
et a|, <1978) rported the ubiquitous presence of the spirillum 
in different soil types* Aaosplrllluro occurence was found 
to be poor in fiutopeon soils (d e s a l v i o  et Q  <1978)* Reports 
indicate the occurence of spirillum in China and also in 
Polish soils (Kullnska gL* 1983). In Tamilnadu Asosolrlllum 
was found in most of the soils except the soils of Milglris* 
alkaline soils of Tricky (Anonynoua* 1981) • Asospirillum 
was found in most of the soils and was isolates from sweet 
pbet potato (Hill s ^  1981) * Amaranth Us (Odayasuriyan,
1981)* Opuntia (Rao* et al* 1982) and Barley (Moorthy* 1981)*

FACTORS INFLUENCIMg THS MfflB.aKJLig-A^miLIffll»
A number of factors Influence the occurence of 

Asospirillum in soils* |jf around 7.0 was found to ba 
optimal. Sporadic occurence was noted in soils of PH 4*8* 
(DoberQiner a£, 1976). Activity of Asospirillum was found 
to increase with increase in temperature* Nitroqen fixed 
by the same species at 20 degree centrlgrade was only half 
of that et 30*c <8cott j| a&* 1978)* Aaospirlllunyw/os an 
aerobic organism fixing nltrogan at adlcro-aerophi 1 ic condition. 
(Scott, 1978)* In some plants* the organism was associated 
with the organic matter content* Moisture level end organic 
matter limits the growth of the bacterium in soil* Various 
carbon sources also influence the growth of the 
(Amaresh Dae e£ a^* 1983)* Soil management practice also 
influence Asospirillum species (Charyulu* 1980)* Barber e£ a^
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(1979) reported that spirillum specie# was act influenced by 
tha fixed nitrogen. Most of the Motplrlllaa species in 
different soils were found to use tHP* for their Catabllc 
pathewsys (Wesfeby jt a^# (1983). suboptimal levels of 
nitrogen fertilisers increase the nitrogen fixing ability of

(Kapuinik Si# 198
T/tXQNQMlg„gQ8SlDERATI0NS i

Breed Si* <1987> classified gfej^U.¥P USStfiPB 
under the genus spirillum la the order Pseudcsaonadlles. This 
is a gram negative motile bacterium. Vibrold in shape 
containing poly f>> hydroxdy butyrate granules (Dobereiner 
and Daym 1878) Salts like raalate. succinate lactate pyruvate. 
Fructose have been found to be oxidlsehle carbon source 
(Okonjf j$. a^, 1976) • A number of scientists thought that 
there was 3 species of Spirillum llaoferum at first (Sampdlo. 
1978) and so was classified with two species in the genua 
Asosplrillum (Kneig and Tarrand 1978) based on DMA homology 
and physiology tests. They are A.llnoferum and A.Sraallenac 
with reference to their r-RNA clstrons which differ from 
spirilla (Smcdht. £& &,« 1980) • Mow after four years during 
the study of the occurence of this genus in Amason soils, the 
third species in the Asosplrillum was identified with the 
similar etiaracterist*. but more sensitive to alkaline medium 
(Magalhaes et al# 1984) and was called A.aaosoncnac. The 
fourth species was identified during the survey of » 3 ! ? » P W U > B

CKP* - Glycoly*l».
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association with various cereal soots, as dry white colonies 
and was distinguished iron other species and naned 
h* Serooedlcae (Baldani & j£, 1984).

Dobereiner j£ a^ (1980) reported that both the former 
species contain nir* and nir* groups i,e. those which 
show high denitrification while in the other there is no 
apparent disappearance of nitrogen. Serological analysis 
showed the difference In the subgroups and the species in 
the genus Anosplrillum (Depolli £& el. 1980) •

m s i u a m . .
A correlation between acetylene reduction activity 

of the roots of mats# end enrichment cultures of Asospirillum 
concluded that Aaosplrlllum species were largely responsible 
for nitrogen fixation in grasses because of their occurance 
in the root t ' ssues (Day et 1978) which has now bean 
confirmed by a number of microbiologists (Lakshmikumari 
g& 1978), Okon etal. 1976).

S.lipoferuro inoculated grasses gave significant yield 
response over uninoculated control (Smith e£ aj., 1975) •
S. llpofarum inoculated com ,  sorghum, millet and other 
grasses showed increased nitrogenae activity dry weight and
total nitrogen over uninoculated control (Okon jg& a^# 1976)
Zn China S, llpoferum inoculation, showed increased Nitrogensae
activity in digit grass (Ling & won, 1978), Asosplrinua 
inoculation of Sorghum in Israel resulted in increased grain 
yield (Kapul-nik, 1984).

* nir* «* nitrification property.
* nir* denitrification property.
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Combined inoculation of AaoJtolrilltaa and toitobacter to 
maise and sorghum showed beneficial effects in pot culture 
experiments (Subba Reo fit aj^ 1983) •

ISKj incorporation and acetylene reduction activity 
studied on malse strains (Rennie, 1980) and rice (Charyulu, 
1981) confirmed the nitrogen fixation with Aaoaplrlllua. Whan 
nitrogen fixation of corn after inoculation with Asospirillum 
mis studied acetylene activity increased before maturity and 
then decreased till harvest (Alberecht, 1981)• Inoculation 
of pearl millet With resulted in significant growth and dry 
matter, under sterilized and unsterilized condition 
(Venkateswaralu j£ a^, 1983) • Pearl millet with 79* nitrogen 
fertiliser and Asospirillum showed high yield over 100* 
fertiliser nitrogen end Azospirillum Inoculation (Purushothaman 
ft al. 1979),

Dhanapal fifi a^ (1978) reported that seed inoculation 
Increased vigour index and seedling growth of Combu, Maize, 
Sunflower, Cotton and *iee, Seed inoculation of A.brasllense 
with 4S)tg nitrogen per hectare to Sorghum gave similar results, 
(Singh fifi a^, 1980, letek Pel et â ., 1981), Inoculation 
experiments conducted in Florida with A.brasllense to slightly 
acidic soils showed end Increased acetylene reduction (Smith 
fit a^, 1984), Response of A, brazilenae to Wheat wider field 
Condition Showed increase in nitrogen fixation, fresh root 
and shoot weight and yield (Kundu fifi a^, 1983),

o



IS.

Effect of Asopirillum inoculation to other millets like 
ragi was also encouraging (Muthukrishnan, 1983). A. braellense 
inoculation to grasses ilka setaria italics showed increased 
acetylene reduction and nitrogen fixation (Okon j| a^, 1983). 
Asosplrlllum inoculation to Ctsnbu showed 40-60X Increase in 
grain yield (Anonymous, 1981), Increase in yield in rice 
with Aaoepirillum Inoculation was reported by Hatersjan et al. 
(1980), Use of Asoepirilium as a biofertilizer for cotton 
sawed nitrogen fertiliser <Puruahothaman e£ ajL., 1981),

a m . a n d  , m m i s a s m i
Asosplrlllum species hast a close association with roots 

than its independent activity in soil (Bobereiner, 1975) and 
emitedgrowth substances (ZAa , Cytokinim) (Tien al, 1979} 
caused root hair multiplication and short an ing of the roots 
and also thicker the roots (IhMll a^, 1978) and enhanced 
mucigel productions and the organisir was embedded in it in the 
presence of fertiliser nitrogen, Zn the absence of mineral 
nitrogen, Asospirillum adheres to root base, Zn seedlings 
Aaosplrllluffi invades the root via raiddl©lamella of older root 
tiasues and transparent area of the Invading cells reveal the 
hudrolysls of plant all wall (omall Garcia, 1978) •

Zn maise there was an increase in the number of 
Asosplrlllum from 10* to 10? per gram root (Msgaihaes ©t al, 
1978) and the infection was found to spread to stem in maise
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and wheat watanabe and Barraqulo, 1979). A u m b e r  of 
scientists (Henson jt a£, 1977, Okon et a£, 1980) reported 
on the production of pectiolytie enzymes by Agosplrlllum 
strains and their utilisation of pectin as carbon source* 
Rhisosphere and inner rhisosphere of grasses were found to 
harbour a denee population of Azosplrlllmn (Purushothoman
1980), thus Aaosplrlllma species were determined in 
rhisosphere and roots of most of the creals (Mel 1 ado, 
gSt 2 k  1983) ,

aftBLasasm mOMQTIHG SUBSTANCES I

Strong evidences on the production of Indole acetic acid 
(Brown, 1972) gibber lies (Surlingham, 1968) and cytoklniyis 
(Phillips, 1970) by bacteria, were essential to the growth 
and development of plants* These growth hormones were aleo 
found to increase the growth rate of plants (Barea et al, 
1976).

Asospirillusi was also found to produce AuxSt (Burris, 
1976) Which increased or suppressed the growth of plants 
(Gaskins £& 1977) * Cytokinins and other plant growth
harmones produced by this organism was found to increase the 
dry weight of the plant (Hubbel ||k 1979) *
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IAA ana similar compounds were produced by A*braallense 
from tryptophan in culture condition* (Steam, 1980),
Along with this a small quantity of Gibberl Ins and cytoklnins 
were also detected* Aaospirlllum produced IAA with or 
without tryptophan addition to the medium* High concentration 
of IAA was also found to be inhibitory to nitrogenase activity 
in many eases (Silverla a^# 1983)•

*****
*#*
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rapromami, procedures
« m nitrogen fixing M ct.rH *, A to tn lrlllu a  m

isolated from the acid soils of Kerala State* Asoaolr ilium. 
was found to be a eery effective nitrogen fixing bacterium 
and the various experiments conducted with the three soil 
samples collected from Kuttanad and Trichur of Kerala State 
are discussed below. The soils were collected before five 
months. Experiments were else conducted with the Azospirillum 
spp Isolated from these soils and the procedure# ere discussed 
below*

Z. ISPLATl^ OF m#PlRlSAm (DAY ANP P0BREZI9£k<* 1976), 
i) SOURCE OF THE SQiLt Typical acid soil samples from 

Kuttanad, and Trichur of Kerala State were collected and 
brought to the leboretory* In It 1*5 (w/v) soil water solution, 
these soil samples recorded a pH of 5.0 to 5*2* The soil 
samples were taken in 10cm circular plastic pots and surface 
sterilized seeds of Sorghum (Sorghum bicolor) Va* Co 24 were 
sown* The seedlings were allowed to grow for thirty days,

11) ISOLATION Of AZQSglRILLUMi The seedlings were 
uprooted and the roots were collected. Incised, washed in 
running tap water and cut into small bits. The root bits were 
surface sterilized with 80 percent ethyl alcohol and washed 
with changes of sterilized distilled water* The root bits
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were plunged into test tubes containing aspectically semi* 
solid malate medium (XV «) supplemented with 100 mg of 
glutamic acid or SOmg of yeast extract per litre* After 48 
hours of incubation at room temperature (289C)j Characteristic 
white pellicles was transfered to another test tube containing 
nitrogen-free malate medium (MFb) and observed for the 
development of subsurface pellicles. For purification* 
loopful of the pellicles was streaked in HFb agar plates with 
glutamic acid as nitrogen source* After 5 days* typical 
small white dense colonies were picked and transferred to 
semi-solid NFb medium. Final purification of the isolates 
was done by streaking on potato (XV d) agar (8HS) medium 
and the typical pink wrinkled* raised colonies wars trans­
ferred to agar slants*

iii) XHPSHTIFICATIONI Identification of the isolates of 
A»o«plrlllum — » Mdt ,  following the M b m .  proporad by 
(Tarrand aj,* 1978) in addition to the following diagnostic 
aidst

e) Smell white pellicle formation at eubsurfece* 
b) Change in colour of the medium from straw 

yellow to brilliant blue, 
e) Positivity of Nitrogenase activity (ARA), 
d) Mlcroacopic examin tion of 72 houra old culture 

reveling the typical spiral movement*
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tv) wwosmow or tm moxw usw,
.IHITHOQUI MUSE WHATE MBOIBM (»Fb) CPQBEREXWSR. 1980).

Malic acid • * 5*0g
Dlptossium hydrogen phosphate *• 0*5 g
Magnesium M l  fata • • 0*2 g
Sodium chloride • * 0.02 g
Sodium molybdate • • 0*002 g
Manganese sulfate ** 0*01 g

7e EDTA (1.64 per cent w/v, Agueoua) 

Broaothymol Blue (0.5 percent w/v

• • 4*0 ml

inethonol) • * 1*0 ml

Potassium hydroxide * • 4*5 g

Trace element solution • • 2*0 ml
Vitamin solution • • 1*0 ml
Distilled water • • 1000 ml.

pH • « 4*8 (adjusted with 
in Sodium 
Hydroxide.

Agar 0 0 15 g
1*75 g for
■art-solid sodlm.
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f i M M M  -Qf.tmcE.m&mm. s o l u t i o n
Magnesium sulfate 
Copper eulfate 
Sloe sulfate 
Boric o d d  
Sodium molybdate 
Ferrous sulfate 
Citric a d d  
Distilled water

• • 150 g
• » 15*0 g
.. 8,9 g
• • 0*5 g
• * 0*5 g
** 20*0 g
•• 20*0 g
.. 1000 nl.

COMPOS IT XOli OF VS3ftM18 SOLUTIONS
Biotin •• 10*0 mg
Pyridoxin® •• 20*0 mg
Cist* water .* 100 ml.

Potatoes 
Malic acid 
Potassium hydroxide 
Sucrose
Vitamin solution

•• 300*0 g 
.. 3*5 g 
•• 2*0 g 
•• 2*5 g 
• • 1*0 ml

pH *• 7*0
Washed potatoes (200g) were cooked for 30 minutes and the 
solution was then filtered through muslin cloth* Potassium 
malste was prepared by dissolving 2*5 g of malic acid in 
50ml* of dlst* water and adding 2*0 g of potassium hydroxide 
adjusting the pit to 7*0. Vo the potato filter ate, potassium 
malate, sucrose and vitamin solution were added and diluted to
1000 ml with diet* water*
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« •  gTPOIES OF MICRQ^QKGAKISMS IN THE SOILl
(PRAMKR AND SCWIZDT. 1966)

The acidic soil under study# collected from the Kerala 
State with pH 5*2# was found to contain 0*8 percent of 
organic content* Weighed quantity of the soil settle was 
placed in Erlewmeyer flasks containing 100ml of sterile 
distilled water and placed over a gyrotary shaker for 
bringing the micro organism into suspension before the serial 
dilution was made*

1) EST^MATIQK QF ^ T A ^  jiCT^PTR^IS BACTERIA,
From the serial dilution prepared from soil sample 

•7one ml of 10 dilution was pipetted out into a sterlo 
petriplate and yeast extract glucose* agar medium of the 
following composition was poured after sterilisation*

Peptone 5*0 g
Yeast extract 3*0 g
Sodium chloride 5*0 g
Glucose 5*0 g
Trace element solution 1*0 ml 
Agar 15*0 g
Distilled water 1000 ml
pH 7*0

The plates were IndULated for 72*96 hour at 30*C and the number 
of bacterial colonies were counted and expressed as number of 
colonies per gram of soil on dry weight basis*
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h> M E M M C 1 B W  OF DXAZAOfROPH. ASATPaACTERt

From the serial dilution made from soil sample, one ml 
of of either 10 or 10 dilution was pipetted out in a 
sterile petri-plate and waksman medium 77 of the following 
composition was poured after sterilisatloni

Mannitol 10,0 g
Sodium chloride 0*2 g
Magnesium sulfate 0,2 g
Dipotaaslum hydrogen phosphate 0.5 g
Magnesium sulfate 0,2 g
Maganese sulfate Trace
Fsrrlc sulfate Trace
Sine sulfate O.OOSSg
Copper sulfate 0*0002 g
Sodium molybdate 0*001 g
Agar 10,0 g
Diet, Water 1000 ml*

P« 1 t 0.1

The plates were incubated and the number of colonies formed 
per plate was counted and expressed as number of colonies 
per gram dry weight of soil.
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c) m m v m T i m .of. a z o s p i r i l l u m i

Vat ©numeration of M o i p t r l U a »  in the soil sample, 
meet probable number technique (MPN) was used (Okon «5& a|,#
1977) • Semi-solid malate medium was employed in test tubes 
in replication* From the serial dilution sade from soil 
sample 1*0 ml of 10*\ 10*® and 10** dilutions were transferred 
to the tubes containing the medium* The estimates were 
derived from statistical tables of Cochram (1950) and 
expressed per gram dry weight of aoil*

XXX* GROWTH RATES OF OIggERESt ISOLATES OF AZOSPIRILLOMi
An lh^ltro experiment was net up to trace the growth 

rate of different Asosplrlllum isolates. A quantity of 100ml 
of yeast extract glucoaa broth waa dispensed and sterilised 
and inoculated with standardised cell suspension of 
Aaoapirilluau The flasks were placed over shaker for 24hours 
at 30*C# Aliquots ware drawn from the flasks at 3 kours 
intervals and their optical density values, determined at 
490 inn In a spectra photometer (Schimedizer, Japan)* The 
growth rate and generation time of the isolates were determined 
by plotting the values on a semi-log graph* The growth yield 
of the Isolate were determined by transferring 2*0 ml of the 
broth into weighed aluminium planchets and dried at 80*C for 
8 hours.
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m s a u m m  m t m
Glucose • * a 5,0 g
Peptone 5*0 g
Sodium chloride 5*0 g
Yeast Extract &m0. 3*0 g
Dist* Hater • • e 1000 ml
pH • • • 7,0

6) ^ L M g W T H  OF AgOSPIRIU,UM ISOLATES,

An in-vitro experiment ha* been set up to trace the 
growth of two isolates of Asto spirillum at pH 4*0 .Yeast 
extract glucose broth, adjusted to pH 4,0 after sterilization 
in 250ml Exlenmeyer flasks were inoculated with the inoculum. 
The flasks were placed over a shaker (New Baraskrlck, USA) 
at 30*C» A liquota were drawn at 4 hour Intervals and the 
optical density was determined at 490tti* and determined by 
plotting over a semilog graph.

xv. masasiBai., ig m a mb t
One set of malate broth (NF b) in 70 ml quantities was 

sterilised in Erlenmeyer flasks and then added 0*2 ml of the 
inoculum and Incubated at 30#C over a gyrotary shaker 
(150-160 strokes/min) suitable control was also maintained* 
After 5 days of growth the celle were spun down by the 
centrifugation at 5000G for 15 minutes*
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§) extraction M K D j m n m a v M  or indole acetic acid (iaa)
(Chandremohan and Mahadavan, 1968, Tain e£ a£# 1979)

The cell free culture filterate was adjusted to pH 2.8 
with IN hydrochloric acid and taken in a separating funnel. 
Equal volume of parotide free cold ether (4*C) were shaken 
and allowed to stand at 4* C with intermittent shaking. 
Aqueous phase was separated from organic phase* A| 4 hour 
intervals ̂ 2 more extractions were dose and organic layers 
were pooled together and evaporated to near dryness. The 
residue was dissolved in 2.0 ml of distilled methanol*

b) DETERMINATION OF TOTAL INDOLE ACETIC ACIDi
The quantity of IAA was estimated using the Salper’s 

reagent containing 1.0 ml of 0*5 M ferric chloride In 50.0ml 
of 35% per chloride. To 0.5 ml of the sample in the teat 
tube. 1.5 ml of distilled water followed by 4*0 ml of 
saiperls reagent was added and incubated in darkness for 
1 hour at 26*C. Tha Intensity of the colour developed was 
measured at 53$nm in a spectrophotometer and the quantity of 
XAA In the sample was determined.
O) C m Q M T Q t m M IQ W M r M l & T X W  f i L M B A i m i a B l  

A quantity of 100 Micro litre of the samples were 
spotted on Whatman No.l Chromatographic paper. <27 x 35cm). 
The chromotogram was developed ascendingly In a solvent of 
Isopropyl alcohol> ammonia 1 water 10s111 (V/V). Then the 
chromatogram was air dried and observed under UV light for



ths occurence of fluorescent spots using an all glass atomizer, 
the paper was sprayed with Salkowshl' s reagent (Dullaart,
1967) containing 1.0 ml of 0.5 M. ferric chloride in 50 ml 
of 5% per chloric acid. Then the paper was air dried and 
heated at 60#C for 3 to 5 minutes. The colour of the spot and 
the RF values were compared with that of the standard that 
was co-chromatographed.

FLOW DIAGRAM FOR EXTRACTION OF INDOLE ACETIC ACIPi

CELL FREE CULTURE BROTH

4 'ADJUSTED TO PH 2.8 AND EXTRACTED WITH DIETHYL ETHER,

l
I I

organic phase aqueous phase

EVOPORAT&D TO DRYNESS 'I ,
I QUALITATIVE AND ,
I QUANTITATIVE ANALYSIS
, OF GIB8ERLIC ACIDS
I

RESIDUE IN 2.0 ml OF DISTILLED METHANOLIi
IQUALITATIVE AND QUANTITATIVE ESTIMATION 

OF INDOLE ACETIC ACID.
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NITROGEN FIXING CAPACITY OF THE ISOLATES!

<*) ACWBLI* REDUCTION ACTIVITY OF THE ISOLATES (ARA) 
augersen*, 1981.

Nitrogen free lenl-toiia msiate medium (Baldani and 
Dobrreiner, 1980) was prepared In 30 ml quantities in 
serum bottles* the vials were inoculated and incubated at 
3Q*C in static condition* After 5 days of growth* cotton 
piugs were removed and replaced by tight fitting needle 
puncture rubber stoppers* The air in the flask was removed 
by syringing cut and 1 percent acetylene gas was injected*
The flasks were incubated at 30#C in static condition without 
disturbing the pellicles for 8 to 12 hours* A quantity 
of 0*S ad of they gas sample was withdrawn through • atarils 
disposable syringe and fed into a gas chromatogram (Perkin 
and darner* USA) having F m  system with poropack column 
(80 to 100 mesh)* The ignition temperature was 160*C and 
overt temperature was 95*C« The flow rate of the carrier gas 
nitrogen was 20 lb/tain* hydrogen 18 lb/min and oxygen 
25 lb/sln* The peak length of the ethylene was noted* The
nitrogenase activity was obtained applying the formula.
mfcmnMnnif « Chart units x atterttiation x Vol. of gaanigrogenase activity - phase flask

Hrs* of incubation x Vol* of gas sample 
injected into the chromotogram.

The nitrogenase activity w«s expressed as n moles of ethylsne
produced per hour per mg of protein* (Hardy et aj.* 1951).
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<) PROTEIN ESTIMATION IN THE CELL) {LOWRY et 1951).

The ceils is the broth was first digested, one ml of 
the homogenised culture broth was pipetted out from the 
vial into a boiling tube and 2 ml of 10 percent potassium 
hydroxide was added and boiled over a water bath for 
S minutes, till the solution becomes dear. The clear 
solution was used for the estimation of protein.

c) COMPOSITION OF REAGENTSt

*> M M M ?  . f f m a c , , » **
A quantity of 50.0 ml of the reagent A was mixed 

with 1.0ml of reagent S at the time of use.
Reagent At 2 percent sodium carbonate In 0.1 N 

sodium hydroxide solution.
Reagent Bt Copper sulfate 0.5 percent In 1 percent 

sodium tartarate.

b) m h & v & u i & a .figgas <* «>»

1.0 ml of the sample was taken In a test tube and made 
upto 4.5 ml with distilled water. Then 5.0 ml of the alkaline 
copper solution was added to msch tube and mixed well. Then 
0.5 ml of Folin-ciocalteau reagent (IN) was added, mixed well 
and allowed to stand for 30 minutes* Tho blue colour formed 
was measured at 620 M  In a spectrophotometer against a blank. 
Iho protein content was estimated by referring to a standard 
graph prepared with bovine serum albumin.
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vx. a) MITRATE REDUCTASfc ACTIVITY 
(YORDY AND RUQFF, 1981).

**>• Azospirlllum Isolates were grown in liquid malate 
M d l i m  supplemented with 0*5 percent sodium nitrate and 
1.0 percent of lactose* This was incubated for 5 days in 
shake culture conditions* The broth was centrifuged and 
the supernatant was collected* To 0*5 ml of supernatant*
1*0 ml of 1 percent sulphanilamide in 1*5 H hydrochloric 
acid and 1.0 ml of 0*002 percent N-<1-naphthyl) ethylana 
diamide hydrochloride were added. The Intensity of the 
pink colour developed was read at 540 a m  in a spectro­
photometer.

b) 81TRATE REDUCTASE ACTIVITY» (Yordy and Ruoff, 1981).
**»• isolatea were grown in liquid malate

medium supplemented with 10 mg of sodium nitrate. This was 
incubated for five days under shake culture conditions. The 
broth was centrifuged and the supernatant was collected.
To 0.5 ml of supernatant, added 1.0 ad of 1 percent sul­
fanilamide in 1.5 8 hydrochloric acid and 1.0 ml of 0.002 
percent N- (1-naphthyl) ethylene diamide hydrochloride were 
added. The total volume was made upto 20.0 ml with distilled 
water. The intensity of the pink colour developed was read 
at 540mm in a spectrophotometer. The nitrite reductase 
activity was calculated using the factor* 1 percent light 
absorbed In equivalent to 5*28 Micro Oram of nitrite.
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VIU *8 ® ® ^ .pcgRiTioN, ay a x * p m m . m  i Ct omi f f i l UBUi
^  2 S2 tEi£illu»_ isolates were grown In 100*1 quantity 

of malate free medium (MPb) in shake culture condition* A 
m i  table quantity waa tall lifievtad and an aliquot w«*e carefully 
pipetted out into a Erianmeyer flaade and the pH was ad justed 
to 4*0 with sodium hydroxide* The flasks were closed with 
stopper, fitted with glass rod dipped in 10 parent sulfuric 
sold after adding 1*0 ml of 20 percent sodium hydroxide* The 
flasks were left overnight avoiding position that may cause 
condensation with the flask* Sent morning, the stoppers were 
removed sad the tip of glass rods were dipped in l.Oral of 
diet* water in a test tube and treated with 1*0 ml of Messier’s 
reagent and 4*0 ml distilled water* The Intensity of the 
colour developed was read at 40© nm in a sip spectrophotometer*

Seeds of sorghum hicolor (Variety Co* 24) and mala© 
(variety Gangers) seeds were surface sterilised with §0 percent 
ethanol for about 5 minutes and washed with stcriliaed distilled 
water successively* The seeds were inoculated with different
isolates* The inoculum was don© by adding 5*0 ml of broth 
culture of Asosplrillum* The seeds were sown in peat and 
sandy soil mix* im bear «*00) taken in Idem diameter plastic 
pots* After 20 days of growth,th# saddling* were pulled out,
washed free of the soli* The rooi length, shoot length, 
fresh weight and dry weight ©f the plants were determined* 
Control plants were g 'Own without Asospirillum inoculation* 
Each treatment had enough replications, permitting statistical
scretanity of the deta*

* * * * *
***
*



Results and Discussion
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B a f f l ^ m j a g g a i i g

Asospirlllum inoculation to acidic soils was studied. 
These organism? were isolated from the acid soils collected 
from various lands in Kerala State* These isolates were 
tested for the various activities and were inoculated in pot 
cultures of inaise and sorghum grown in peat soil and the 
reeultsof the various experiments carried out with the a d d  
soil isolates of Asospirlllum are discussed under following 
titlesi
I. auantlflcatlon of total bacteria and dlasotrops in 

the a d d  soils*
XX* Identification of the isolated species of Asospirlllum. 
III. growth of Asospirlllum at pH 5.0 and pH 4*0.
IV* Phytohormone production by Asospirlllum isolates*
V. Acetylene reduction activity (Nltrogeoase) of the 

isolates*
VI. nitrate reductase (NR) and nltrita reductase (nlr) 

activity of the isolates*
VII. Sffecgbf Asospirlllum inoculation to malse and sorghum

plants and their ammonia excreting capacities of the 
isolates*

The resultSof the above experiments are given In the 
following tables and the table X gives the total betero* 
tropic bacteria present in the soil samples.
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TABUS X-a.

Soil
Samples Dilution Colonies per 

plate.
*Total Heterotorphs,

1 10—7 120 150 x 107

2 10*7 114 142,5 x l©7

3 10~7 120 150 x 107

Mean 148 x 107

* Total heterotropha present per g of toil In dry weight basis.

tiL
The results of the quantitive analysis of the three 

soil samples for total heterotoohlc bacteria are pr rented in 
table Za« The data indicates that all the three acid soils 
recorded fairly high populations of heterotropic bacteria, 
inspite of the pH of the soil samples ranging between 5.0 to 
5.2. The total heterotrops regis-fcered on an average 
14.8 x 10® per gram dry weight of the soil.

The population of the heterotropha in various soils 
normally ranges from 9,0 to 10.0 x 10® counts per gram of soil 
on an average (Subba Rao, 1970), From the above date it was 
clear that thepopulatlon of heterotropha in all types of the 
soil samples tested are almost similar*



OgAKTIFICATIOM Qg A2ATQ8ACTER IN ACID SOILS
TABLE 2b.

■>
'

Soil
Samples Dilution Ho. of 

Colonies
*Mo, of Azatobacter

1 10“S 72 90 x 103

2
3

10“*

10-’

84
78

80 x 103 

98,5 x 103

Mean 89 x 10*

* N . of Azatobacter present In Ig of toil sample,
Table 2b represents the population of nitrogen fixing 

diazothoph Azatobacter in the soil samples, Azatobacter counts 
according to this data Were not very high, but restricted to 
a range of 1000 to 10000 per gram of soil. The data recorded 
on an average 8.9 x 10* cells per gram of soil samples on 
dry weight basis.

The above population of the diazotroph, Azatobacter 
was very low when compared to the normal populati ogfef 
Azatobacter which ranges from 80 to 90 x 10* counts per gram 
of Soil. The date has clearly indicated; ^he inability of 
the bacterium to survive in acidic pH,
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QUANTIFICATION OF AZQSPIRILLUM FROM ACID SOILS

w a s ~ n

SOIL SAMPLES POPULATION OF 
AZOSPIRILLUM*

1 53*75 x 10®
2 6.25 X 10*
3 7.75 X 10*

— 22,58 x 10*

* No. of counts per grew of soil*

The microbiological analysis of soil samples obtained 
from Kuttanad, Kerala State for the occurence of Agosoirllltmi 
la presented In Table II. All the three soils samples
harboured Asosplrlllum in fairly large numbers* On an average

sthe soil had 22*58 x 10 counts of Aaosplrl^limi per gram of 
soil in dry weight of soil* Aaosplrillum population 
constituted 0.15% of the total heterotropic flora of tha soil*

Inspite of the acidic nature of the soil Axoanlrillum 
counts w re fairly high* when compared to the normal population 
of tropical soil, 30-40 x 10* cells per gram
of soil at neutral pH (Subbaroad, 1979).
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CWHWCTOUSftatQM Qt AZOgPHILLUH FROM ACID SOILS.

Asoaolrillua. the soli bacterium, widely distributed In 
almost all types of so ls# had been Isolated easily from all 
types of soils* Problems of the soil like salinity, alkalinity 
and acidity are known to Influence the microbial population 
and activity. Alkaline soils collected from various parts of 
Tamil Nadu counted a very low population Aaosplrlllum and most 
of the dlasotrophs were almost absent Q^uruahothaman jgt 
1985)• However inoculation experiments conducted in Florida 
with M M t l r i U w  br»«lHm«« to tliflhtly tciaio toil* thowofl 
increase acetylsne reduction (Smith 1984) • Combined

inoculation of Aaosplrlllum and Aaodbobscter to sajra in acidic 
soils showed increased crop and fodder yield (Pant a^, 1985). 
The population of AzoaplrIlium in the acidic aoila collected 
from Ruttanadu of Kerala State waa very high when compared to 
the total heterotkopic bacterial (14 to 15 x 108) population 
and dlasottops* (8 x 9 x 10*). The population waa found to 
be 0.15 percent of the total heterotlrops on an average in these 
soils. Acidic soils thus have shown surprisingly a good 
population of AiPSoirlllum inapite of the low counts of 
dlasotrophs and lethal effects of the soil due to acidity. Pot 
culture and field trials of the bacterium gave better response 
than Standard AggJglffUlgfr brasllense strain ap.7 (Purushothaman 
ffe Si* 1^85).



Growth of Azospi r  1 t lum isolates

growth per iod in hours 
Figure • i



Asosplrlllua was isolated from sorghum roots grown in the 
soli collacted from Kerala State* All the Isolates were 
characterised following the traits laid down by tarrsnd al.
(1978) * All the isolates were j & a m M U M  ItoStUNFM 1SB* Majority 
of the Isolates were found to exhibit both nitrate (nar +) reductase . 
and nitrite reductase fair*) activity as reviewed by Dobereiner 
2±*l- (1931) * All these a d d  soil Isolates were found to grov.' 
well In acidic environment as compared to the standard Isolate 
of Aaosplrlllum brasllense (Sp.7) from Brasil* jPiflTE 2, ij, 111]

.i,SPATES

Isolates
of

Aaosplrillum
3rd hr* 6th hr* 9th hr* 12th hr. 15th hr. 18th hr*

1 0.067 0*031 0.089 0*094 0.101 0*11
2 0*062 0*066 0*074 0.083 0*093 0.101
3 0*060 0*063 0.067 0.072 0.076 0.082
4 0*064 0.076 0*085 0.093 0.095 0*102
S 0*061 0*062 0*066 0*068 0.072 0.03

SP7* 0*063 0.070 0.079 0*090 0.099 0*103

* Optical density values of the isolates measured at S20 on 
Isolates grown in yeast extract glucose medium of pH 5*0,

* Sp 7* International standard* A. Brasllense
Growth pattern of 5 isolates of Aapspirillugt awe presented In 
figure X* Table XX also represents the optical density values of 
the isolates* All the Isolates were found to grow extremely well 
in the yeast extract glucose medium adjusted to pH 5*0. The 
standard isolate Sp 7 also recorded a high growth rate*



Isolate* 3 end S recorded a slower growth than the other isolates 
Within 3 hour# all the isolates* reached the initial logrithamle 
phase which prolonged for approximately IS hours for ail the
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Isolates*
CELL YIELD OF AZOSPIRILLUM IN YEAST EXTRACT GMSCQ^K MEDIUM,

gflMUffi

ISOLATES OF AZOSPIRILLUM CELL HELD*

1 20
2 25
3 25
4 20
5 20

Sp7 20

* In gra per litre of the culture medium

The eell yield of the Asosplrillum Isolates grown in s 
rich medium (yeast extract glucose medium) la presented in 
Table IV* A quantity of approximately 20*25 gram of dry weight 
of the cells per litre was harvested in a period of five days 
of all the isolates* Isolates 2 and 3 recorded maximum growth 
yield.

The high cell yield recorded by isolates 2 and 3 
was useful in testing these two Isolates at various pH and other 
experimental conditions and field trails*
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Growth of Azospi r iHum at pH 4.0

FIGi\JRE: IJ
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EFFECT OF PH CM A2QSPIRILL0M ISOLATES

OPTICAL DENSITY*
Isolates of 

Asospirilium 0th
hour

4th
hour

Oth
hour

12 th 
hour

16th
hour

20th
hour

24th
hour

1 • 0.920 0.021 0.022 0,024 0,028 0.032
2 am 0.022 0.028 0.033 0.038 0.042 0.045

* Optical Density measured at 520 jim 

P« 4.0
Two of the S isolates, namely Isolate 2 and 3 were grown in 
yeast extract glucose medium adjusted to pH 4*0 after 
sterilisation. Figure IX represents the growth of these 
two isolates at pH 4*0. Stubs interesting to observe from 
the figures* the profuse and rapid growth of isolate 2 at pH 
4.0 while the isolate 3 grew rather slowly with extended lag 
phase. These data indicated although the isolates were 
obtained from soils with pH 5.2* they are capable of thriving 
even at lower pH values. The optical density valuesused in 
the determination of growth rates of the isolates are represented 
in table XV.
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EFFECT OF PH ON AZOSPIRILLUM ISOLATES

Agpsplrlllum Isolate* grown in liquid yea*t extract 
glucose medium of pH 5.0 showed a high growth rate a* compared 
to the standard sp.7 (Fig.I), All the isolates reached the 
initial lograthamicphase within three hours and the growth phase of 
the Isolates were complete by twenty four hours. The isolates 
through, this invitro experiment proved the capacity of the 
bacterium Aaospirillum to grow in varied physical environments. 
These isolates were also grown at PH of 4.0; Though only two of 
the isolates were tested both the isolates surprisingly grew 
well at the low acidic pH even though the Initial lag phase was 
slightly longer as compared to the same isolates grown at PH 5.0.

Growth of the isolates at PH 4.0 proved the ubiquitious 
nature of Asoeoirillum. Most of the dlasotrophs ftiledto grow at 
thia range of pH, The capacity of the isolates to thrive at very 
low pH, though they have been isolated initially from a PH range 
of 5*2 to 5.5 gives way for the application of this bacterium 
to even highly acidic soils. Most of the Isolates obtained from 
similar soils were found to be of A.Llpoferum and all the 
isolates were found to grow well at acidic ph ranging from pH 
4.0 to 6.0 (Kosslak at al, 1984). In vitro experimental results 
of Aapspirillum at liquid culture medium of various pH, had 
thus led to the further study of Aaospirillum in various acidic 
tropical soils*
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assassm.

ISOLATES OF QUANTITY OF INDOLE ACETIC ACID *
AZOSPXRILLUM ~ 5th day 19th day

1 31.048 117.89
3 33.454 213.672
3 88.416 331.56
4 81.948 176.83
S 36.84 189.49

SP7 33.416 176.83

* Indole acetic acid formed in microgram per 100 ml 
of culture medium under (•) tryptophan condition 
medium not supplemented with tryptophan•

The capacity of the isolates of Asosplrillum for 
synthesising phytohOrmones like Indole acetic a d d  (XAA) are 
presented in Table VI. The growth medium was essentially yeast 
extract glucose broth Mot supplemented with the processor 
tryptophan*. The total Indole acetic a d d  in the cell free 
culture filter was determined at two growth period* This data 
is represented in the form of a histogram in figure H I .  These 
data indicated that even without tryptophan the isolates 
synthesised fairly large quantities of indole acetic acid 
(normally ISO to ISO microgram) • On fifth day isolates 3 and 4 
registered high values of Indole acetic a d d  while on tenth day 
isolates 3 and 2 recorded maximum amount of indole acetic acid. 
In this respect all the a d d  soil isolates of Aaosplrlllum were 
superior to isolate Sp.7.



k  33-

C h romatoqram

1 2  3 / ,  5 Sp 7

Indole compounds in the cell-free 
culture f i It rate.

fifiURE: IV
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♦Tryptophan ia the prccuesor of Indole acetic acid production 
IAA production was found to be ISO to 360 micrograra per 100ml of 
culture medium supplemented with tryptophan*

c m m m m m m z Q  m m m r i m m m  m  j u d o s m . acitxc acid
m .i B B M L f l a g » H B g .st.* m m a m u m & r n g

I M M U I 2,1
ISOLATES OF A20SPIRILL0M RF VALUES

1 0.107
0.653

2 0.147
0.693

3 0.133
0.680

4 0.480
0.780

5 0.587
0.787

887 0.937
0.507

¥tAKDA^~IAA~ - ~ ~ ~ ~ 0#5lJ

The occurence of Indole acetic acide and other indole 
derivatives In the culture fliterate of the Isolates are aet 
out In the chromatogram In Figure IV. Along with Indole 
acetic a d d  a few more indole derivatives were also recorded on 
the chromatogram. All the five leolatee and the standard sp 7 
recorded more than one indole compound. The RF values of the 
indole coa^cnnad® and indole acetic a d d  are given In Table,VI.
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mrrOHOBHOBK PRODOCTXOW BY AZOSPIRIU-W

Aaosplrlllum Isolates were also found to produce 
significant aaiount of phyto hormones like indole acetic 
acid* Most of the Isolates produced indole acetic acid In 
Significantly large amounts as compared (170 to 300 micro- 
gram per ml) to the standard sp.?* Indole acetic acid 
synthesis was found to Increase in most of the Asosolrlllun 
strains as the nitrogen fixing capacity of the strains 
Increased (Hartman a£ al 1983)• Tests carried out on the 
effect of plant growth promoting substances like gibbevlIns 
and indole acetic acid on plant* growth# showed increased 
plant growth and plant biomass as the production of growth* 
promoting substances increased (silverla eit aj.j, 1983) • The 
bacterial growth was found to Increase in medium supplemented 
with tryptophan* the precursor for the production of indole 
compounds (Moore# 1980) - The indole acetic acid concetration 
was found to hate a linear effect on the growth of plants 
and bacterial population.

M f l a i ........ fiMftcrar i s o l a t e

Nitrogen fixing capacity of the isolates* varied between 
Isolates and this hasled a way to InoOttlate these isolates 
to various plants. Nitrogen fixing capacity of Azosolrilium 
strains inoculated to ride soils Showed enhanced acetylene 
reduction activity at low nitrogen content (Mayak jt al,
1981). Nitrogen fixing capacity of the Aaosplrilium strains 
in various non leguminous plants like wheat (Avivi a^ 1982) 
malse (wellado gjt Si 1983) Setaria italca (Okon &  a*. 1983)#



Salrey and M i l *  (JCulinka j&  a^ 19S3) showed active acetylene 
reduction and varied nitrogen fixing capacity*

U m P O M M N B g  ACTIVITY IS A20SPIRILLM ISQIATES
TAHLI v n i

ISOLATES OF NITROGENASE *
AZOSPIRILLUM ACTIVITY

1 60
2 70
% 70
4 70
$ SO

Sp 7 50

* nanomoles of ethylene produced per hour per eg of 
protein*
The nitrogen fixing capacity of tha isolate* of Aaosplrlllum 
was studied in a gas liquid chromatogram, The data of 
nitrogenase activity are presented in Table VIII. The 
nitregenase activity (ajra) of acid soil isolates and SP 7 to&ve 
anywhere between SO to 70 n moles of ethylene per mg of pro- 
tein per hour* Isolates 2# and 4 showed maximum nitrogenase 
activity while the nitrogenase activity of isolate 5 was 
found to be minimum*

Nitrogenase enavme system is the raetallo ensyme complex 
present in all nitrogen fixing micro-organisms* Nitrogenase 
ensyme system helps the bacteria to fix the elemental 
atmospherelc nitrogen as ammonia in the soil. The nitrogenase 
activity of the isolates was found to be low when compared 
to the normal activity (300 to 400 * n moles) in ell
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Asoaplrllluro species at neutral pn# inspite of low acetyl one 
reduction activity* the nitrogenase action and the nitrogen 
fixing capacity of the acid soil isolates at pH 5*0 was 
sufficient to increase the plant vigour Index in peat based 
soil in this study*

u m i f l  RiDVCTAS K ACTIVITY IH. „ A C T g m « L i r a m g «

ISOLATES O f  HITRITE REDUCTASE ACTIVITY
AZOSPIRILLOM

THIRD DAT FIFTH DAY

1 19*493 14*08
2 14*00 14*99
9 4*29 9*32
4 0.709 1*93
5 1*29 2.76

spy 14*39 14*94

* Micromoles of nitrite present in one ml of culture medium 
JJiirlte redutase activity in Asospirillum isolates are shown 
in Table IX* All the Isolates possessed nitrite reductase 
(nlr ♦) activity* Isolates !j and 4 recorded maximum of 
nitrite reductase activity* So 7 and Isolate I registered low 
nitrite reductase activity* The nitrite reductase activity 
was measured at two growth periods*

nitrite reductase activity indicates the dentrlfication 
property of Aaosplrllllum nitrite reductase oxidiea* the ammonia 
fixad by the bacterium to nitrite* Thus ammonia unavailability 
found to plants was reduced* Donitnifrication was only found in



41mutants of Aaosplrillum in the range of 1*2 to 2.5 micro 
silos of nitrito per ml in a nitrite grown medium (Dobereiner,
1982). All the acid sail isolates showed high denitrification 
in a nitrite grown medics except isolate 2 and 1*

AZGSPXRILLUH NXTfSATl REDUCTASE ACTIVITY
ISOLATE® 3rdday 5th day

1 1*86 1*24
t 4,35 1*86
3 2*4® 1*86
4 0.621 Nil
i 3*72 2*48

sp7 U * S 11*43

• Quantity of nitrate present In micromoles per si of 
culture medium*

nitrate reductase (nr) activity of the isolates of 
Asopirillum is presented in Table X* All the aix isolate 
were positve of nitrate reductase (nr ♦)* The isolate sp 7 
recorded the highest nitrate reductase activity than the 
rest of the isolates* Isolate 4 surprisingly showed very 
low nitrate reductase activity than other isolates*

nitrate reductase* the second denitrifying ensyme 
converts nitrite formed fro® ammonia to nitrate ana further 
to nitric oxide* nitric oxide might escape into the 
atmosphere, thus cosseting the nitrogen cycle* The above



data ha* elearlf indicated that tha nitrate reductase 
activity of tile isolates was low in a nitrite supplemented 
medium when compared to tile wild type strain of Aaoaalrlllmi 
braallense (9 to 12 micromoles of nitrite per ml)* fhe 
combined effect of the two enayraes might inhibit the 
nitrogenase activity by utilising the ammonia that was 
fixed by the bacteria*

TABLE XI

AZOSPIRILLUMISOLATES. 7th day
QUANTITY GFAMMQNIA* 

10th day 15th day

1 3*8 6.72 12*48
2 1.9 3*36 11*04
$ 1,92 4*32 15*76
4 4*32 5.28 6.0
S 1.92 2*88 13.2

sp 7 0*48 3*34 9*6

quantity of ammonia present in 100 ml of the culture medium in 
milligram i.e. mg/100ml.

fhe data on the release of fixed ammonia from the nitrogen 
fixing cells of Asosprillum isolates are set out in Table XI, 
All the isolates showed the excretory property of ammonia* All 
til# five isolates were found to excrete more ammonia than that 
©f the standard sp«7« The isolate 3* S and 1 were found to 
record higher quantities of ammonia while the isolate 4 however 
recorded a very low value of ammonia compared to all the 
isolates*
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The capacity »' toe tiBSzisillie isolate® to exert® the 
fixed ammonia into the medium was found to be beneficial to 
plants* This reveals the property of the bacterium to make 
available the nitrogen fixed in the form of anmonia in the 
rhtsosptiere of the bacterium, so that the plants might absorb 
tha nitrogen* The AzozolrIlium atralns were found to have 
a low nitrate reductase activity in both the nitrite grown 
and nitrate grown medium* Mutants of A.lipoferum were only 
found to have this property (Purushothaman ©& aj,# 1984) *
Thia denitrification property of the isolates may inhibit 
tha nitrogenase activity of the isolates in the medium* 
However even with this nitrate reduceese activity, the 
isolates were found to have a good nitrogen fixing capacity* 
Due to this property of the isolates to extrete the ammonia 
fixed in tha rhizosphere into the environment, the nitro­
genase action was not inhibited*

t o piaht m r n m t

The need of nitrogen to the growth of the plants have 
le£d to the inoculation of the crops with Azosolr Ilium 
(Kajxtlnik, 1984, Tilak, 1985, Okon e& & * ,  1981, Vose, 1981).
Several scientists have proved an increased crop yield after 
Inoculation of the plants with AzoBoirlllum (aaldani et al* 
1981)* Thus inoculation of Azpsplrlllum to various crops in 
various sails also showed an increased growth of the plants 
(Kundu et al, 1981).



50

Xn this study. «ia Asoaplrllluai strains* Isolated from 
tlie acid soil samples were Inoculated to maize and sorghum 
similar characterise 4$ the soil sables collected from 
flattened of Kerala State* The results of the pot culture 
experiments on the influence of Azospirillum inoculation to 
sorghum and maize and presented in Table XXt and XXXI.

INFLUENCE OF AZOSPXRXLLUH INOCULATION ON PLANT GROWTH 
(SORGHUM BlCOLOtm VAR* CO. 24)

hzospmiLim
isolates

SHOOT LENGTH 

(CM)

ROOT LENGTH 

(CM)

FRESH
WEIGHT

<f)

DR*
WEIGHT

(G)

t 19 20.2 0,48 0.083

2 18*6 19*4 0.41 0,083
1 22 20.1 0.41 0.11

4 14*2 14 0.41 0,072
5 18*0 17. S 0.S1 0.09

sp 7 19,3 14 0.S1 0.088
INOCULATE) 14 12.3 0.40 0.070
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* 1$ day* of plant growth# Mean of four plant*. Plant* 
grow* in past noil.

ROOT LENGTH SHOOT LENGTH FRESH
WEIGHT

DAY
WEIGHT

cm cm 9 9

Mean ±  8*0, Mean ±8+D. Mean ± s .d . Mean £6,0,

INOCULATD 19,1 ± 2,01 18,0 ±0,204 0,49 ±0,4 0.08610,008

UKINOCULATED 13 ± 0,210 12,3 ±0,058 0,40±0,008 0.07 i: 0.003

t cal 24,78 2,823 6.998 9.009

*0*03 • 2,08
*0,01 * 2.79V • 23

V • 25

V * Degree of fraadom
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WFLUHICE OF AZOSPIRILLUM ISOLATE INOCULATION ON PLANT GROMTH
(MAIZE)

(Var»gatige~5) .

ISOLATED OF 
AZOSPIRILLUM

ROOT LENGTH SHOOT LENGTH FRESH 
; WEIGHT w e i g h t

cm cm 9 9

1 30.84 37.33 4.38 0.58
2 28.75 34.75 4.235 0.43
3 34 44 5.87 0.88
4 28.5 45 5.41 0.47
$ 35.71 47 5.84 0.482

•P ? 24.S 88,5 2.88 0.4
UNINOCULATED 27 38 3.51 0.41

* Plants grown for 15 <3aya, Mean of 4 plants. Plants grown, in peat
noil.

ROOT LENGTH SHOOT LENGTH FRESH
WEIGHT

DRY
WEIGHT

cm OK 9 9
Mean £  S.D. Mean + S.D. Mean ± S.D. Mean± S.D*

INOCULATED 31.3 ±  0.418 42.1 ±0.73 4.8 £ 0.58 0.58± 0.042
UNZNOCULATSD 27 ± 0.440 38 + 0.5 3.51+0.042 0.41±0.01

t cal 21.78 77.44 14.84 4.47

t 0.05 *■ 2.06 t 0.01 • 2.83

T *  21 W  * 21.
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The remit* of the pot culture experiments on th* influence 

of Asosplr ilium inoculation i» Sorghum and malae are presented In 
Table xil and X in, Send and aoii inoculation of AsosplrUlui* for 
sorghum resulted in a significant increaaa in ahoot length* root 
length* fresh weight of the plant and the dry weight of tha 
plant* Similarly la mala* crop aiao a sigrifleant iacraaaa in the 
root length* ahoot length, fresh weight aad dry weight of the 
plant war© encountered due to Anosoirlllum inoculation* It la to 
reeonsidc that tin soil used In these experiments wers having a 
pH of S*2 to S.4 aa it was a paat mixture aoii*

Thus t̂ ie inoculation studies have indic ted a significant 
increase in the plant root length* ahoot length fresh weight 
and dry weight of the plants when compared with the tmlnocelated 
control and alao* the standard AaosolrIlium brasllanse strain 
(sp ?)* There was a significant increase la root biomass within 
a period of twenty days of plant growth* there was significant 
increase in root length and also in the shoot length of the plants 
when compared with the uninoculated controls* Thus these results 
dearly indicates tha effectiveness of AsosolrIlium inoculation cm 
plants growth* thus Inoculation of Axospirllium to peat based 
soil was found to show an over all' increase^ In all growth parameters 
of and vigor index of the plants* from all the above results It la
d e a r  that of the S isolate* isolate 3 was found to be very effective* 
Isolate I was found to produce maximum Ia a * and also showed high 
aignogeease activity and ammonia excretion* tho response of sor#nmi 
and mala# to Aaospirllluu isolate 3 was found to be very effective 
colored to all the other isolates,

'****#
•**
*

v



Summary and Conclusion
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A  study was undertaken to characterise the associative 
nitrogen fixing bacterium Asoeplrillmw In a d d  soils collected 
from Kuttanad and fric*xir of Kerala State* The soils samples 
soilacted were tested for total tietrotrophs, diaaotrophs# 
and Ago spirillum,. The study was conducted in two phaeee*

First phase of the experiment consisted of isolating 
the bacteria Anoeoir ilium from sorghum roots grown in the a d d  
soils ©oilacted from Kerala State* The Isolated Asosplrlllum 
species were than characterised according to the traits laid 
down by Terrand j& |i (lt?8) *

In the second phase of the study# the isolates of 
Asoairillum were Inoculated to various medium in invltro conditions 
and to certain pot cultures* Experiment* conducted revealed the 
growth pattern of the Aiosolrillum at various pH# nitrification 
and danitrification property of the isolates# Ann nla excretion 
of the isolates and also the production of phytohonsones by the 
isolates* the effect of Aiosdrllium inoculation on the sax** 
growth of sorghum and maiae under pot culture condition were 
also studied* The results of the study are summarised as 
follows*
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The Indole confounds identified and indole acitic acid produced 
were found to increase the plant growth*A linear relation was 
'found between the amount of IAa  produced and the effect of the 
inoculation of the isolates to various crops*

9) The effect of inoculation of the Aaosplrlllum Isolates 
to sorghum and males on peat based soil were studied* It was found 
that there was a significant increase in the root length* shoot 
length# plant fresh weight and dry weight* There was in overall 
increase in the plant weight as compared to the controls and 
standard* This experiment on the peat based soil of pH S*0 proved 
that Aaosplrlllum inoculation was effective to plants grown in 
acidic soils*

IB general# we can « y  that jaffltttelUjB US9f?Ha “*» — nr
effective In increasing the vigour index of the plants grown in 
a d d l e  conditions* The m o  spirillum could thus be inoculated to 
tropical acidic soils effectively* This dtasotroph was found to fix 
nitrogen in all types of habitats* Thus Aaosplrlllum wsa proved to 
ba a very effective dlaaotroph whan compared to the existing nitrogen 
flxdatpt capacity of this associative bacterium with respect to 
cereals and grasses clearly Indicated that nitrogen fixation In 
non-legumes by Aspsplrlllum occurs at level of agronomic signifi­
cance in crops production in semi-odd tropics (wsni 1985).

****



Recommendations
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m b s m i M f

Axot>lrlllua which has been proved to he bio fertiliser 
for varied habitats can be recommended as a bio-fertiliser to 
acid soils, though It cannot completely supplement the chemical 
fertiliser nee$6£ the soil*

Aiosairillom could be inoculated as a nitrogen fixer to 
maize, sorghum, sheet other grasses and non leguminous plants
that grow in ad d l e  soil fields for further trail experiments 
and the effectiveness could be tested over a long duration*

Experiments on influsnce of the soil physiological 
properties like temperature, moisture content and pH on the 
nitrogen fixing capacity of the isolates could be conducted 
to increase the application of these isolates to even highly 
acidic soils* further study on the dentrifying capacity of 
the isolates can be carried out to reduce the activity of the 
ensymes so that Asosolrillum inoculation might be highly 
affactive* *****

*****
• **
*
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-IBS, ix 3XSt>Ĵ SSiSSM-Jti> 106.112.

Smith. R.L., J.H. Benton, S.c.Schank. K.H.Queenberry, M.E., Taylor.J.R.Nilam. M.H.Gaaklna and R.C.Llttle. 1976. nitrogen 
tlxotlon In inoculated with relrlllw l l M t m .
^CO. Bull. 26. 280-385.

Smith, R.C., S.c.Schank, M. Gaskins, D.H.Hubbel, 1975. nitrogen 
fixation by Grass association in floride-A progress 
report. Agrpn. Abst. ^.S.A, 13 3 ,

Smith,R.L. S.c.Schank, J.R.Milan, A.satternspergar, 1984. Response 
of Sorghum and pennisetum app. to nitrogen fixing

&&***«*»» A ?P»3lXtot liolo.. ilt

Stahl •£• 1969* Thin layer chromatography a laboratory hand book. 
Springer Verlag. Berlin, p.641.



Subba Rao., N.s, 1979. Bio-fertilisers in Indian Agriculture,
Problems and Prospects, I t t . Hewt 2£ <f)« 84-90.

Subba Rao, H.S., K.v.a.R. Tllak, c.s.Singh, 1980. field experiments 
on Sorghum Inoculated with Aaoepfrfllum brasillase, 
paper preaented at All India Tamil iaSu.
Agri. Uniw. Coimbatore,

Subba Rao, K.S. K.v.B.R. Tllak, C.S.Singh, 1979. Response of a
economic species of graminacae plants to inoculation 
with Aeosplrlllum UBrfflMi ££££•_!&*. ill. 1*2-134.

Subba Roa, N.S. 1979. Biofertilizer in Agriculture, pp.100-108. India Publishing Sousa, dew Delhi, India,
Subba Roa, N.S. 1983, nitrogen fixing bacteria associated with

plantation and orchard plants, J,Micro. 29» 863-866.

Subba Rao, R.S, B.R.Tilak and Roy, 1982. Asoeoirillua braallanse and 
A— tobacter inoculation affect on yielS of melee and 
sorghum. Soil. Bio, aiochem. 14« 417-418.

Tarrsnd, J.J. N.R.Knieg. J. Dobereiner, 1978. A taxonomic study of
the imirlllum lioofenga group with descriptions of a 
new genus. Aiosplrlilun genua and two species

*** *p p -

Teln, T.M. M.H,Gaskins, D.M.Hubbel. 1979. Plant growth substances
produced by Aapeplrilium brasilenae and their effect 
on the growth of mill star. Appl. inviron. Microbiol. 37i 
1016-1024.

Tein.T.M. 1980. Plant growth substances produced by Asosplrillum 
brasllense and their effects on plant growth. Ph.D. 
Thesis, Unlv, of Florida, Florida,

Tllak, K.v.B.R. 3 . ^ ^ r t h y , 1 9 8 1 .  0ccurence o f A ^ ^ ^ i l l ^  £n 
association with the roots and stems of barley.
Cu f f . Science. ££• 496-498,

Umali Garacia, m ,, D.H. Hubbel, M.H.Gaskins, p,3«oaeso, 1980.Association of Aeosplrlllum with gesss roots. ApoI.
219-226.

i m i w m f a L
Udayasuriyan.V., 1980, referen 

Departs!
Coimbatore. p,123.



speciesVfflktttwtrln, 8*f A.V.Rao. 1982. Hitrogen fixation in some 
of opuntl*. Curr. Sel. Sl» 44.

VenVatesvarlu* 3. , A.V.Rao, 1981. Use of reducing compound In the
cultivation of JUMBlylllw species. Acta. Micro. Mfi. 
30* 99*102.

Vlassafc.ic. and L.Reyenders, 1978* Association of free living nitrogen 
fixing bacteria with plant roots in temperate region, 
pp. 307-309. In M.W. Loutit and J.A.R.m UI*. (ed) 
Microbial. Ecology. Sprinqer-Verlag, Berlin.

Vose, P.3. 1983. Development* In non legume nitrogen fixing systems. 
Cansdia. J.Microbiol. iSj. 817-8S1.

NiniiSiP* 1985. Ultfo^n fixation associated with e t m l a  and
grasses. In Hayonal gjgBgsliM g> soil a — lstry. 
«H£ Biology. Haryana. Agri. Univ, Haryana.

Watanabe.x., w.cholitkul. 1979. Field studies on nitrogen fixation 
in Paddy soils, pp. 223*239. Dai nitrogen end Rice* 
International rice research Institute, the Philippines.

watanabe.x end Barraqulo. 1979. Low levels of fixed nitrogen for 
isolation of free-living H» fixing organisms from 
Rice roots. Mature.. 272t 565-546.

Westby.C.A., D.s.Cutshall, g.V,Vigil, 1983. Metabolism of various
_____ Mcteriolo..

♦ #**#
***
*


