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CHAPTER-I INTRODUCTION AND LITERATURE SURVEY 
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1.1 INTRODUCTION: Nitrogen is an essential element for all living sy.stems. The 

atmospheric source of N is inexhaustable but plants and anim<;l.ls can only use 

thi s e le me nt in combine d form i.e. " + in oxide (NO 3) or reduced (NH 4) form and 

not in free state (N
2

). Biological nitrogen fixation (BNF), the conversion of 

atmospheric nitrogen gas to ammonium ion, a form of nitrogen fertilizer, is 

restricted to few prokaryotes. No higher orga nisms have been shown to contain, 

this ,capability (Postgate, 1980). The N
2
-fixing microorganisms fix atmospheric 

nitrogen either in free livi'ng or in symbiotic state. A wide variety of nitrogen 

fixing systems have been ob s e rved in nature. The most familiar example is the 

root nodules of ' leguminous plants (Allen & Allen, 1981 and Halliday, 1984). 

Comparable , to , legumes are "actinorhizal plants in forestry (Gordon & Wheeler, 

1983). Azolla-Anabena system is another example of such symbiotic system. Free 

Ii ving diazotrophs consist of bacteria and blue, green algae (Cyanobacteria). 

Nearly 81 genera ,of the latter ha~ been described and nitrogen fixing species 

are fourid in 25 of these genera i.e. 31% (Akkermans & Houwers, 1983). In 

Bergey's Manual (1974), 245 genera of bacteria are distinguished including 39 

g,enera with uncertain affiliation. Nitrogen fixing bacteria are classified in 26 

genera, i.e. ca 10% of all genera. Based on this classification, it can be concluded 

that the occurrence of the N
2
-fixing enzyme nitrogenase is ' rather exceptional in 

nature. 

Free living nitrogen fixing bacteria are present in most soils as well as in 

plant rhizosphere. Their role in the nitrogen economy of the soil, either in 

natural habitats or where the bacteria has been artificially introduced, usually 

in the form of so-called "bacterial fertilizers" has been a subject of great 

intrest for the scientists, since long time. (van Berkum & Bohlool, 1980). 

The development of the simple, sensitive and rapid acetylene reduction 

assay and world wide efforts to enhance biological production of nitrogen fertili-

zers, a process which uses solar ene rgy (a renewable energy form) rather than 
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ever shrinking fossil fuel supply, resulted in the renewed interest in several 

systems other than legumes. The occurrence of associative symbiosis between 

nitrogen-fixing bacteria and the roots of grasses has been pursued more vigorously 

since last ten years. Evidence fo r this was provided by the number of scientifi<;: 

papers publis~ed during this period Oil the- root associated bacteria-'-grass systems_ 

The fact that a scientific meeting devoted exclusively to dinitrogen-fixing associa-

ti ve systems which held at Piracicaba, Brazil (1979) is perhaps the best testament 

of how f 'u· this field of research has advanced- Since then two similar biannual 

meetings were held at Banff, Canada (1982) and at Helsinki, Finland (1984) 

respectively. 

Many advances have been made during these five years in understanding 

of the true natuxe of the diazotrophie biocoencsis _ Emphasis has presently been 

laid on the question of invasion, colonization and symbiotic (?) development of 

N 2 -fixing bacteria on the roots of grasses. Primary among the areas ~ our 

ignorance is the exchange of carbon and nitrogen substrates between bacteria 

and the host. Undoubtedly part of the difficultly is due to a lack of proper 

methodology to study the associative grass-bacteria N
2
-fixing system_ If research 

efforts in the next few years proceed as enthusiastically and vigorously as in 

the past, large gain in our knowledge of the diazotrophic biocoenosis will be 

realized. 

There are many natural systems i.e; salt marshes, . wastelands etc where 

amounts of associative fixed nitrogen may reach to an important proportion. One 

of the such systems is saline-sodie soils of Pakistan which constitute 33% of the 

total irrigated lands of the country. A salt tolerant grass, Ka11ar grass (Leptochloa 

fusca (L) Kunth Syn. Diplachne fusca) is recommended as primary colonizer for 

such soils (Sandhu & Malik, 1975). It is a C-4 grass (Zafar & Malik, 1984) 

which can grow on soils having pH 9-10 and electrical conductivity 30-40 mScm- 1 

f h -1-1 L. fusca yield 30-40 tons. 0 biomass a ,year without application of any 
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fertilizer. Preliminary investigations (Malik et al. ,19 8 0,19~1) indicated N
2
-fixation 

In the excised roots as d e monstrated by acetylene reduction assays. Presen t . 

studies are primarily concerned with N 2-fixation in the rhizosphere of 1::. fu sca 

which s ee ms to be r e spon s ible for ma inte nanc e and production of the biomass on 

sa 1 i 11 e I a n ds. 

1.2 REVIEW OF LITERATURE: The literature on associative N
2

-'fixation is quite 

extensive. Comprehensive reviews on this subject have been made by Van · Be rkum & 

Bohlool (1980), Van Berkum&Sloger (1984), Brown (1982), Dart & Day (1975), 

Hubbel & Gaskins (1984); Neyra & Dobereiner (1977); Schank & Smith. (1984) 

and Vose (198.3). 

1.2.1 HISTORY: Nitrogen fixation in grasses is not a new concept because in 1922, -

I 

Lipman & Taylor reported N
2

-fixation in the wheat plant. Truffant & Bezssonoff 

(1923) reported th~ conditions which permits the association between N 2-fixing 

bacteria and maize plants. Asymbiotic nitrogen fixation in the rice field was 

reported as early a s 1929 by Sen. The reported data on nitrogen accumulation 

in . soils are difficult to interpret, . nevertheless, it has been concluded that . 

non-symbiotic nitrogen fixation occurs at magnitudes of agronomic significance 

(Moore, 1966). Pa.rker (1957) observed by direct balance studies that there was 

N
2
-fixation in rye grass field and reported 185 kg ha-

1 
N-gain in 3 years 

study. N 2-fixation . in the rhizosphere have earlier been reported by Brown 

(1933) and in the rhizosphere of peas (without nodules) by Bukatsch & Heitzer 

(1952) . The Ion s term nitrogen balance studies at Rothamsted England have , 

produced convincing evide nce for nitrogen accumulation due to non-symbiotic 

nitrogen fixation. Part of the continuous wheat experiment was fenced off in 

1883, and the natural vegetation was allowed to return. This area, the wilderness 

has gained nitrogen. It has been estimated that the BNF has contributed 34 kg-N 

-1 -1 
ha year (Day et al., 1975; Jenkinson, 1977). Nitrogenase activity in the 

rhizosphere of plants common to the site has been reported by Harris & Dart 

(1973). With t 1 advent of acetylene reduction t es t (Dilworth, 1966; Hardy e t 
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al. 1968) search for N
2
-£ixation has taken a new turn-. The discovery of nitrogen 

'fixing association between bacteria and graminaceous roots by Dobereiner & 

Campelo (1971) and a d e tail e d study on Paspalum notatum - Azotobacter paspali 

9-$sociation in Brazil by Dobereineret al (1972) stimulated the concernted 

efforts in this ' field . At the first international symposium ort N
2
-fixation at 

Pullman (Washington, U.S A ) in 1974, Dobereiner and Day reported a comprehensive 

study on Nz-fixation in Digitaria decumbens(var. batatis) with Spirillum lipoferum 

(Azospirillu~ brasilense). This paper attracted lot of attention. , Recent energy 

crisis of 1973 an,d the discovery that nitrogenase ,is also able to reduce acetylene ' 

to ethylene, , a compound which can rapidly artd sensitively determined by gas 

chromatography technique and potential benefits of this , system in agricultural 

world ushered in the explosion of search of nitrogen fixation in grasses that 

exist at the present time. 

1 . 2.2 ASSOCIA_~IVE N Z-FIXING SYSTEMS: Numerous reports are available on nitro.gen 

fixation in grasses and cereals. U sing the acetylene reduction ' test, significant 

nitrogenase activities of grass roots were observed. ' In most cases either no 

information on the responsible bacteria is available or isolation and enumeration 

of certain groups of bacteria from the rhizosphere ' are given without reference 

to specific plant-bacteria interactions. Some of the systems in which associative 

N 2-fixation have been reported are described. Attempt has been made to include 

only those papers which described the association in natural environments. Other 

N 2-fixing studies related to these crops are described under different subtitles. 

Maize: Nitrogenase activity in maize field was thoroughly investigated by Von 

Bulow & Dobereiner (1975). This paper elicited muchpublicity. Earlier Dommergues 

et al (1973) along with other pl a nts reported NZ-fixation in maize. Further work 

on this association was carrie d out by Burris et aJ., (1978); De-Polli et al 

(i982); Helvecio et al. (1982); Lakshimi Kumari et a1. (1976); Patriquin & 

Dobereiner , (1978) & Raju e t a l (1972). 
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Wheat: Dinitrogen fixation associated with common wheat in the field has been 

reported by several investiga tors. Unfertilized wheat on the Rothalnsted Broadbalk 

plots gained . upto 34 kg N 
-1 . 1 

year of which 2-3 kg N ha - was attributable to 

bacterial fi x ation. La rson & Nea l (1976) describe d a highly s pecific association 

of a facultative . Bacillus sp. with a disomic chromosome su.bstitution line of 

wheat. Considerable studies have been reported on this specific system(Lethbridge & 

DaviclsolJ,1983;Nelson et aI., 1976; Neal & Larson ; 1976 and Rennie & Larson, ' 

1979 ). 

Sugar Cane: In many pa.rts of the tropics, sugar cane (Saccharum officinarum) 

has been grown for centuries without addition of nitrogen fertilizers. Moreover 

this crop is poor in r esponse to N-fertiliza tion. A ssociation of N 2-fixing microorga

nisms with sugar cane roots was demonstrated by Dobereiner (1959 ). In latter 

studies on sugar can e Doberein e r (1961) has . found higher proportion of 

Beijerinckia sp. in rhizosphere soil than in soil between rows. This was subse-

quently confirmed by acetylene reduction technique (Dobereiner et al., 1972 & 

Ruschel et al., 1978). The recent studies using 15 N showed direct evidence for 

dinitrogen fixation in sugar cane roots presumably originating from microorganisms 

. inhabiting the root and also confirming translocation of the fi}{;ed nitrogen to the 

plant tissues (Hegazi et aI., 1979; Jadhav & Andhal, 1976; Patriquin et aI., 

198'0; Purchase, 1980 and Ruschel & Vose, 1977). 

Rice: Like sugar cane, paddy rice has been grown for centuries in the Far -East 

without application of nitrogen fertilizers. A long term N-balance study at IRRI, 

Phillipines has revealed constant yield of rice without . input of N-fertilizers 

(Watanabe & Lee, 1977). Rice fi e ld~ are inhabited by other N
2
-fixing systems 

like blue green algae and Azolla- Anabena system however Yoshida & Ancajas 

(1971) observed that roots of wetland rice had the ability to fix N2 due to 

heterotrophic bacteria that live on and in the rice roots. Later o'n Balandreau et 

al (1975) in Senegal; Lee et · a l (1977) ; Watanabe (l984) ; 
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and Ladha et aI, (1984) in Phillipine; Rao et . al. (1983) in .India and Qui 

Yuanshag et al (1984) in China reported nitrogenase activity in the rhizosphere 

of rice . 

Sorghum & Millet: These two crops are mainly grown on dryland and semi-arid 

tropical regions . Dart & Wani (1982) have emphasized that these regions produce 

95% of the world's millet crop and 60% of the world's sorghum on a total cropped 

area of some 70 million ha Nitrogen fertilizer use is small and virtually all 

production is dependent on mineralized N from soil organic matter including 

biological N 2-fixation. · Other studies on these crops have been reported by 

Bouton et aI, (1979); Klucas e t 0.1 .1981; Ped.ersen et al. ,( 1978 ) ;Suba 

Rao & Dart (1981) and Wani et al; (1983). 

Forage Grass: As grasses cover the major part of arable land the presence and 

estimates of any nitrogen fixation in them will be of great intrest. Grass-bacterial 

association for N 2-fixing system was first described forPaspalum nota tum , a 

C - 4 tropical grass (Dobereiner, 1966) . This grass shows a very specific association 

with Azotobacter paspali (Dobereiner & Campelo, 1971). It was estimated that 

the nitrogen fixation in this grass amounted to 340 
...:1 -1 

.g N ha day (Dobereiner 

& Day, 1974). The other thoroughly studied association is of Digitaria decumbens 

It was estimated from ARA by Dobereiner & Day (1975) that nitrogenase activity 

-1 -1 
equivalent to 880, 480 and 970 g ha day was present in intact soil core in 

the summer 1975 of three different cultivars of this grass. Spirillum lipoferum 

was found to be major organism responsible for nitrogenase activity (Dobereiner 

& Day, 1976). 

Acetylene reduction assays of excised roots have shown that several other 

grasses, are able to fix N 2' Most of the studies have been performed with 

tropical grasses in Brazil, Nigeria and Ivory Cost. The commonly studied grasses 

were A ndropogen spp (Balandreau et aI, 1973), Brachiaria spp (Dobereiner & 

Day, 1975), Cynodon spp. (Iiobere iner & Day, 1975), Cyperus spp. (Balandreau 

et al., 1973 & \1'1bereiner et al., 1975). Panicum maximum (Dobereiner & Day, 
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1975) and Pennisetum purpureum (Dobereiner & Day, 1975). A survey of forage 

grasses was carrie d out in the subtropical r e gion of Texas (USA) by Weaver e t 

al . (1980) for estimating biological N 2 - fi x a tion. The most active rhizosphere samples 

- 1 -1 
were extrapolated to fix N at rates of 33, 26, 20 and 20 kg ha 100 days for 

Cynodon dactylon, Paspalum . urvillei, Brachuaria sp and Andropon gerardi 

respectively. Klucas et al., (1981) reported considerable progress in the study 

of associated nitrogen fixation in Kentucky blue grass (Poa pratensis L.) growing 

in . Nebraska. Earlier Nelson et al (1976) studied some grasses growing in Oregon 

State for associative N
2
-fixation. Several tropical grasses belonging to the genera 

Brachiaria, Cenchrus, Chloris, Cymbopogon Dicanthium, Euchlaena, Panicum, 

Pennisetum & [etaria were examined by Suba Rao & Dart (1981) in an observation 

graden. Thirty four out of 48 entries were found to be active in stimulating 

N 2-fixa tion. Nitrogenase activity of nine forage grass culti vars growing in Sweden 

were screened by Lindberg & Gra nhall (1984). 

Other Systems: Salt marshes are amo'ng the most productive ecosystem in the 

world. Biological nitrogen fixation associated with roots is considered to be the 

major source of nitrogen for the salt marsh grass Spartina alterniflora (Patriquin, 

1978). The distribution and magnitude of N
2
-fixation associated with Thalassia 

testudinum, a sea grass was measured by Capone & Taylor (980) while Smith & 

Hayasaka (1982) examined the seasonal nitrogen fixation rate associated with 

another sea grass, Halodule wrightii. Considerable progress has been achieved 

in understanding the associative system of ~. alterniflora (Patriquin et aI, 1979). · 

Root samples of 11 non culti va ted monocotyledonous and 7 dicotyledonus 

species growing during wet ~ummer in W. Germany were examined by Jagnow 

(1982) for associated N
2
-fixation. Nitrogen fixation by bacteria in associative 

symbiosis with washed roots of l3 Poace a e and 8 other non cultivated plant 

speices in Finland was demonstrated by ARA by Haahtela et al( 1981). Cichorutn · 

intybus,a very common cultivate d crop in Belgium and Taraxacum officinale a 

' ... ' ~ .. - .. 
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common wild plant were examin e d by Vlassak & Jain (1976) for associated 

N 2 -fixation. Suba Rao (1983) a nalysed rhizosphere soil of sev'eral plantation and 

orchard plants to enumerate the associated nitrogen-Jixing bacteria. TTC r e ducing 

b a cteria were found to b e more abundant in x ylem cells than in cortiCal cells of 

roots of these plants. Nitrogenase activity has also been found , associated with 

roots of sweet potato . (Ipomoea bata t a s) by Hill et al (1982). The nitrogenase 

acti vity associated with the roots of several for,age grasses native to Indian 

deserts was examined by Rao & Venka teswarlu (1982). Nitrogen fixation in 

saline-sodic soils of Pakistan associated with Leptochloa fusca and different weeds 

have been reported by Malik et al (1980) and Bilal & Malik (1984) respectively. 

The , examination of naturally occurring root-associated nitrogen fixation in 

the soil environment is continued although major research emphasis has presently 

been laid on understanding the true nature of diazotrophic biocoenosis. 

1.2.3 MICROBIOLOGY OF THE ASSOCIA TIVE SYSTEM: Nitrogen-fixing bacteria are 

probably among the most extensively studied soil mic r oorganisms. Despite this, 

very little is known about their biology in nature and their contribution to the 

structure and function of the habitat that they occupy. There have been several 

recent review about N
2
-fix ing b acterial genera and species (Knowles 1977, 1978, 

LaRue 1977; Mulder & Brotonegoro, 1974 and Postgate, 1981). 

It is well recognized that nume rous soil bacteria that are capable of fi x ing 

nitrog e n are known to prolife rate in the rhizosphere of different plants, from 

which they are readily isolated. Dobereiner (1961) showed that N 2-fixing bacter.ia 

of the genus Beijerinckia are selectively stimulated in the rhizosphere of sugar 

cane. Subsequently, Dobereiner (1970) showed a specific association of Azotobacter 

paspali with certain ecotypes of Paspalum notatum. Research on the general 

phenomenon of associative N
2

- fi xa tion in grasses received great impetus due to 

this work. Dobereiner & Da y (1976) la t er reported a third system made up of 

tropical forage grass Digi taria d ecumbe ns with the N 2-fixing bacteria Spirillum. 

' . ..... .. \ 
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The group of gram-negative spirilla h a s been reclassified into new genus 

Azospirillum (Tarrand et aI, 1978). This bacte rium has been intensively studied 

since that time a nd t h erefore se r ves as a re p rese n t ative example of associa ti ve 

N 2-fixing systems (Dobe reiner & Baladani, 1979; Hubbell & Gaskins, 1984 and 

Klingmuller, 1982). The _Azospirillum was suggested to associate preferentially 

with tropical grasses (Dobereiner, 1977) however recent research indicates its 

promiscuous nature. The organism is generally found whereever it is sought. 

Numerous reports now show that many other species of rhizosphere bacteria 

other than Azospirillum achieve high rates of N
2
-fixation under optimum conditions. 

The list of associated microorganisms grows longer and includes genera of BaciHus, 

Enterobacter, Klebsiella, Erwinia, _. _ - - Azotobacter, Beijerinckia, Pseudomonas 

Campylobacter and Xanthobacte r. (Balandreau, 1983). 

The foremost problem in associative nitrogen fixation deals with the predomi-

nant fixer{ s) in the rhizosphere of a particular plant. Counts of N 2-fixing 

bacteria are usually done on a selective medium by characterizil1.g the presence 

of nitrogenase in dilutions of the initial sample. Isolations are then routinely be 

made using the highest dilutions exhibiting N 2 -ase activity. In many instancs 

N
2

- fixing bacteria have been isolated from actively C
2

H
2
-reducing root pieces 

incubated at low oxygen tension. This method first described by Dobereiner & 

Day (1976) is very efficient for isolating Azospirillum from active roots. Many 

problems are encountered using the above two methods. The starting material 

and the expression of results, the s e lectivity of the medium employed for enrich-

ment and isolation and proliferation of N
2
-fixation bacteria due to low redox 

potentials and root fermentation in isolation from excised roots are few of them. 

The nature of the carbon source used in N -free medium · encourages the growth 

of different groups of bacteria. R e nnie (1981) recommended the use of media 

containing a mixture of carbon sources. As far as rhizosphere bacteria are 

concerned, it would seem advisabl e to use C sources more similar to those used 

in situ by bacteria i.e., the root exudates. Based on these facts a spermosphere 

'.~ 
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model was proposed by Thomas - Bauzon et al (1982) in which source of energy 

and C for N
2
-fixing bacteria is constituted by the exudates. This spermosphere 

model has been used with rice and maize with equal success. Moreover, identifi 

cation of N
2
-fixer is a lso troublesome as features of most of the diazotrophs are 

not yet fully defined. Many reports are available concerning the isolation and 

identification of domihant N 2-fixer in a particular rhizosphere yet few associations 

are reasonably defined (Dobe reiner & De-Polli, 1980). These diazotrophic associa

tions are the sugar cane Beij e rinckia biocoenosis (Dobereiner, 1961); the Paspalum 

notatum - Azotobacter paspali rhizocoenosis (Dobereiner, 1970); the rhizocoenosis 

of certain wheat lines with Bacillus sp. (Neal & Larson, 1976), the biocoenosis 

of rice with Achromobacter like (now Pseudomonas) organisms (Watanabe & 

Barraquio, 1979); the various A zospirillum rhizocoenosis (Baladani & Dobereiner, 

1979) and Campylobacter~ Spartina alterniflora biocoenosis (McClung & Patriquin, 

1980). The available · methods are unable to sufficiently define the dominant 

N 2 -fixer( s) in a particular rhizosphere. Immunofluorescence is perhaps the only 

dire ct method for studyin g specific groups (even strains) of microorganisms in 

nature (Bohlool & Schmidt, 1980). Preliminary attempts using immunofluore-

scence for autoecological studies of asymbiotic nitrogen fixers directly in soil 

and rhizosphere have been promisi n g (De Ville & Tchan, 1970; Diem et al; 1977 

and Schank et al; 1979). 

Moreover, presence of N 2 -fixers in the rhizosphere does not signify its 

importance to the plant. The ex t e nt to which nitrogen fixation by associated 

organisms benefits the plants has not been determined (Van Berkum & Bohlool, 

1980). Major obstacle to study this problem is the absence of any specialized 

structure like that of nodule in the symbiotic association. Capacity to .survive 

and multiply in the rhizosphere is a much more important performance characteris

tics than is the relative capability for N
2
-fixation by pure culture. Hubbell & 

Gaskin (1984) described three characteristics namely survival capability, metabolic 



- 11-

capability and , comp e t at iv e ca p a bility which d etermine the capacity to grow In 

the rhizosphere. 

Intense intrest in associative Nz-fixing bacteria developed after some early 

investigations indicate d tha t th e y grew and fixed nitrog en inside living plant 

cell s. Evidence for the prese nc e of asymbiotic nitrogen fixing bacteria inside 

the roots of the host has been indirect. The isolation of Azospirillum from the 

surface-sterilized roots of field grown grasses by Dobereiner & Day, ( 1976) was 

suggested as a n indication of th e presence of bacteria in the hi stoplane. Di em 

et al. (1978) reported that Nz-fixing bacteria could be isolated from surface-steri

lized rice roots, but only if the roots were crushed to release the bacteri a . 

Dobereiner & Day (1976) observ e d that root pieces of Digitaria exhibiting high 

nitrogenase activity after the pre-incubation period had cells which were packed 

wit h tetrazolium-reducing like particles. Likewise, Patriquin & Dobereiner (197 8) 

u s in g the vital stain TTC d e mo n s tra ted that even the inner cortex, . xylem and 

<; l e' 1. of maize roots were colonize d by A. b rasil e nse. The authors presumed th a t 

these infections occurred initially in the branched roots and . then spread into 

main roots because hig h nitrogenas e activ ity was often detected in highly branc h ed 

roots with intact cortex. TTC-re ducing bacteria inside the roots have a lso been 

observed in maize (Magalhaes e t ct l., 1979); sugar cane (Patriquin et al. 198·0) 

8. ncl in th e roots of orc:-t Cl rdp12.nt s ( S ubbaRao, 1GR 3 ). · 

It I S not clear whether th ese bacteria fi x N Z in - situ or contribute In any 

manner towards plant growth. Moreover, it is yet to be shown that those bacteria 

whic h inhabit the cortical cells, x ylem vessel and stelar portions are identical 

to the ones isolated from roots on N-free selective media in the field grown 

plants. 

There is no clear evid e nc e that Azospirillum infect living plant cells (Hubbe ll 

8, Gaskin, 1984). This a l s o hold s tru e for othe r associate d NZ-fixing b acteria. 

Littl e information is available about th e s ite and process of association betwee n 
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diazotrophs and grasses . This s ubj ec t h<1 s r e cently b ee n reviewed by Patriquin 

e t a I., (19 83 ). There are com p e llin g e vid e nc e w h.iC h acc umulated during r e c e nt 

y ea r s h ave indicated that the bacte rial c e11s infe ct moribund or d ead cell s of 

the root cortex (Uma li-Gracia et al., 1978). This implie s that N
2
-fixer may not 

fi x a ppre ciable nitrogen within th e root. Th e mucige l layer found on growing 

root tips is colonize d by Azospirillum in gnotobiotic culture (Umali-Gracia e t 

aI., 1980). It has not b ee n d e mon s trated in natural conditions but it proba bly 

occurs. Thus in mucige l, a suitabl e carbon substrate is at hand in an environment 

in which the levels of organic nitrog e n and oxygen are low, and nitrogenase 

activity should not be repressed. 

Numerous approaches have b ee n used to study conditions that support 

erowth of Azospirillum in the rhizosphere. As plants differ in the composition 

of th e ir root exudate s (Rovira, 1964 and Vancura g, Hovadic, 1965) and 

sInce Azos piri11um shows chemotaxis to oxidizabl e substrates (B arak e t a1., 

1983 ), it can b e postulate d tha t chemotaxis may playa role in the adaption of 

these bacteria to the ir host. Che motaxis of Ente robacter cloacae and Azospirillum 

lipoferum towards ma ize mucig e l has b een studied by Mandimba et aI., (1984). 

Similar studies with 2 strains of A. brasile nse and one isolate (= ~. lipoferum 

ER15) from Ka11ar grass we r e carried out by R e inhold et aI., (1985). These 

a uthors obs e r ve d that che motax is was strain-specific in the genus A zospirillum. 

These studies will h e lp in und e rsta ndin g t~ e d egree of specificity in the establish-

me nt of plant-bacteria association. 

Anoth e r important ques tion which has not yet bee n satisfactorily answered 

r e la tes with the availability of e nough e n e rgy for the NZ-fixers to sustain the 

e n e rgy intensive process of b iological NZ-fi xa tion. Tracer experiments with 

l4C-Iabelled compounds hav e b ee n u se d to d e t e rmin e rates at which plant 

metabolit es b e come ava ilabl e to root-associated microorganisms (Bouton e t aI., 

19 84 ). Le gume-Rhizobium sys t e m is a n id eal association . Since associative 

Nz-fixa tion is not closely coupl e d to t.h e plant, both energy tra nsfer from th e 
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plant to the bacteria and t ra nsfer of fixed nitrogen from the bacteria to the 

plant would b e' inefficie nt. Pulse-labelling ex periments show that as much as 10 

to 20% of the carbon fix e d by leaves may be exported in one or another form 

from the root but only v e ry small portion of it was metabolized by . A zospirillum 

or similar bacteria (Hubbell & Gaskin, 1984). Nitrogen-fixing bacteria have not 

been shown to "leak" fixed nitrogen, rather they turn over nitrogen when 

c e lls die. The fixed nitrogen is released into the soil where it is available to 

the flora and fauna of the soil 
15 

as well as to the plants. Use of N -la belled 

Klebsiella and Azospirillum bact e ria in mineralization studies have revealed that 

60-70% of the applied bacterial nitrogen was incorporated into the first corn 

crop (Milam et al., 1984). Further s tudies on metabolic coupling that occurrs 

between the bacteria and roots are badly needed especially with in-vivo system. 

Extensive studies are being made on the physiology of nitrogen fixing 

bacteria that associated with roots of grasses and substantial amount of informa-

tion h as b ee n col1ected . However, most of these studies were made with pure 

cultures, and, therefore , the relationship between growth and efficient nitrogen 

fixa tion by A zos pirillum or similar other N 2 -fixers in roots of grasses is unknown. 

Among N 2-fixing bacteria, strain to strain differences exist iIi. a number of 

characters such as tolerance to 02 (Bergersen, 1984); production of pbnt 

g,rowth substances (Brown, 1972; Gaskin et al., 1977 and Reynders & Vlassak, 

1979); effect of combined nitrogen (Burris et al., 1978; Neyra & Van Berkum, 

1977); denitrification and resistance to antibiotics (Nelson & Knowles, 1978; 

Neyra et al., 1977; Dobe r e iner & Baladni, 1979 and Zuberer ,& Roth (1982); 

ch e molithotrophic growth (Malik & Schlege l (1981); use of different substrates 

e.g. simple sugars (Tarrand et al., 1978 and Martinez-Drets et al., 1984), 

p e cti c compounds (Tien et al., 1981), phenolic compounds (Chan, 1984 and 

Hussein et al., 1976); antigenic properties (DePolli et aJ., 1980) and lysogenic 

phages (Elme rich 8: Franche, 1982). Moreover, prese nce of plasmids have also 

b een shown in NZ-fixing bacteria (Singh & Wenzel, 1982) and recent report of 
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Si ngh . & Klingmu]] e r (1984) prese nt ev ic1 e nc e . that at least the nif-structura l 

g e n e s are locate d on these pla smid s . Th e s e studi e s have contributed in better 

und erstand ing t h e me c h an i s m o f pl a nt-microbe co-a daptations and will provide ' a 

b e tte r ma tching of the pro-and-e u-ka ryotic partne rs in N
2
-fixing associations. 

METHODOLOGY AND PROBLEMS ASSOCIATED WITH MEASUREMENT OF 

NITROGEN FIXATION IN GRASSES 

Sound methodology allows obj ective interpre tation of data and also allows 

inte lligent, rational hypothesis to b e formulate d. Evidence of associative symbiosis 

wa s earlier d e riv e d from stuc1ie s b a s e d on increase in total fixed nitrog en in 

certain land areas (Day e t al., 1975). The s e long term N -balance studies which 

rang e d from 2-50 years are cumbe rsome and less s e nstive . With the advent of 

acetylene reduction assay (ARA) the re was proliferation of data regarding 

nit r og e n fi x ation in g rasses a nd c e rea ls. Almost all of the existing lite r a ture 

d e als with the measure me nt of nitrogenase activity by the indirect ace tylene 

r e duction assay proc edure . Exce lle nt r e vie ws on the methodology have been 

published (Re nnie ~ .. R~nnie , 1983; Turn e r & Gibson,1980;Van Berkum & Bohlool, 

1980; Van Berkutn e t aI., 1981 and Van Berkum & Sloger, 1984). Two principal 

proc e dures have been devise d to d e t e rmine nitrogen fixation in grasses. The 

me thods consist of measure ment with intact plants in soil or with disrupted 

sample s. 

Non - disruptive methods: In this method measurement are made with intact 

plants in soil without any di s turba nc e during the d e terminations. Estimates of 

nitrog e n fixation hav e b een d e ri ve d e ithe r from the change in total soil and 

plant nitrogen mediate d by growth of fallow vegetation (Greenland, 1977) or by 

assiduous measureme nts of nitrog e n input and los s 111 well designed N-ba lance 

e x p e rime nts (Jenkinson, 1977). The limitation of this ' approach is that the 

me thod is indirect, in a ccu ra t e , a nd la cks s e nstivity (Van Be rkum & Sloger, 

1984). Nitrog e n gain me di a t e d by Nz-fi xation might b e more conveniently indenti

fi e d u s ing 15 N . This s ubj e ct will b e disscusse d s e parate ly. 
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Disruptiv e me thod: Ma jorit y of th e ex p e rime nts on associative N
2
-fixation hav e 

ma d e use of this t e chnique . Disruptiv e me thods are techniques in which the 

s oil surroun di n g pla n ts is disturb e d e ithe r by placing of cylin d e rs which e ncloses 

the r oots of the plants or in which pla nt tissue is cut for sub samples to b e 

use d for me asure me nts of ni~ ro ge n fi x ation. 

Soil core assay: Soil core s of grasses h a v e b ee n use d to measure nitrog e n a se 

activity with ac e tyle n e r e duction (Van Be rkum & Bohlool, 1980). ARA has been 

p e rformed in- situ in the fie ld (B a landre au et al., 1977) or removed from the 

rhizosphere (Day e t a l., 1975 a nd Tjepkema & Van Berkum, 1977) or in pots 

c o nta ining gree nhouse- g row n pla nts (H a rris & Da rt, 1973 and Hirota e t al., 

1978). Factors affe cting the nitrog e nase activity associated with sorghum and 

mille t . in soil core a ssay ' h a ve b een studied in detail by Wani et al (1983). 

Limitations associate d with soil core a ssay includes slow or poor penetration of 

C
2

H
2 

a nd C
2

H
4 

through soil (V a n Be rkum & Da y, 1980); endogenous ethylene 

accumula tion due to inhibition of e thyl e n e ox ida tion by acetyle ne (Lethbridg e e t 

a l., 1982 and Witty, 1979) a nd supe rinduction of nitrogenase activity due to 

inhibition of nit roge n fi x ation by ac etyle n e (Van Berkum & Bohlool ; 1980). A 

crit ical drawback common to a ll the t echnique s is the limitation that information 

a bout th e precise location of nit r og e n fixationco llid not be obtained although 

Dobe r e ine r e t al (1972) observ e d that measure d nitrog e nase activity of soil 

co re s wa s mostly a s s ocia t e d with th e roots and rhizomes of the plants as 

exhibite d by higher ARA values o f component parts of the cores. 

Ex cised root assay: It is most \v ide ly use d assay in the study of associative 

symbiosis. Me asureme nts of ac e t y lene r e duction with excised grass roots were 

a lso made to id e ntify root ti ssu es exhibiting higher rate s of nitrogenase activity 

in order to obtain e nrichme nt culture s in which the bacteria responsible for 

a s s ociati v e nitroge n fi x ation pre dominate d (Dobe reine r & Day, 1976). This is 

the only as s ay in N 2-fix in g sys t. e ms whe r e nitrogenase activity could not b e 

d etected imme di a t e ly (Va n Bcrkum, 11)80). A 8- 18 h la g period has b ee n r e porte d 

., 
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b efore nitrogenase activity by excise d root comme nc e s. Thus overnight preincuba

tion of roots without acetylene a t a low partial pressure of oxygen has b ee n 

a dopte d as a routine method t.o prepa r e samples for the measure ment of nitrog e n 

fi xa tion by grasses (Abran t.es et. a1., 1975). It was suggested by Dobere iner e t 

a l. , (1972) that exposure of O
2 

wh e n roots were excised from the pla nts 

cause d the observed lag. Howe v e r, prepration of excised roots of P. notatum 

for nitrogenase activity in nitrog e n did not reduce acetylene for the initial 12 

h of assay. On the othe r h a nd excise d roots of sorghum, after prolonged 

incuba tion we r e ex pose d to air fo r 1 h by Van Berkum (1980) did not exhibit a 

prolonged period of inactivity. In several othe r systems nitrogenase activity 

h ave b ee n d e tecte d without lon g delay a nd e v e n in the prese nce of air (Lethbridge 

et al., 1982: Van Berkum & Slog e r, 198 1 a nd Van Berkum et a l., 1981) . 

Th e mos t serious criticism 011 th e exc ised root assay with pre incubation is 

the proliferation of t.he nitrogen fixing bacteria during this period. The se 

observations h a v e b ee n ma d e by several a uthors (Barber & Martin, 1976: Eskew 

& Ting, 1977: Okon e t. al., 1977b a nd Van Be rkum, 1980). It was conclud e d 

from these studies that the p rolong e d incubation of washed excised roots of 

grasses at room tempe rature induc es the prolife ration of the nitrogen · fixing 

bacteria leading to the dev e lopmen t of nitrogenase activity in tissue which 

ordinarily does not support nit r og e n fixation. However, Dobereiner (1977) has 

argued that prolifera tion of diazotrophs a s a sole reason for higher activities 

of excised roots is not justifi e d as highe r numbers of Azospirillum was observe d . 

in young plants which did- not fl x llitroge n. More over, when nitrogen fertilizer 

was applied in the fi e ld hi g h er count.s were available although no nitrogenase 

activity in excised roots or th e so il core was observed thus indicating the 

complexity of the syste m. Ne verth e le ss it is sup,gested that preincubation period 

must b e avoided durin g meas u reme nts of nit. roge nase activity of excised roots 

of grasses. 
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Immediate dete ction of nitrog e nase activity in excised roots of rice, wild 

rice and Spartina alterniflora hav e b ee n r e porte d (Van Berkum & Sloger, 1981 

and Van Berkum et al., 1981). These obse rvations prompted Van Berkum & 

Sloger (1984) to conclude that prese nc e of root-associated nitrogen fixation in 

g r as s e s is characterize d by imme diately detect a ble excised root acetylene reduction 

and inability of excised roots to r e duce acetylene immediately upon collection 

would indicate that nitrogen fixation is not associated with them. Therefore 

this procedure can be recomme nd e d as a me thod to screen for nitrogen fixing 

plants. 

Evidence for the presence of NZ-fixing bacteria inside of the roots of 

grasses has routinely been · inferred by showing nitrogenase activity in the 

surface-sterilized excised roots. It has b ee n r e commended by Dobereiner (1980) 

that roots of grasses be surface sterilize d with 1% chloramine T for 30 seconds 

to study the internally located bact e ria. However McClung et al. (1983) reported 

that 1% chloramine- T for 1 h was not e ffe ctiv e in preventing the recovery of 
J 

nitrog e n fixing bacter ia from th e root surfaces of S. alterniflora, maize and 

sorghum. They showe d that treatment of 5% Na Oel for 1 h nearly eliminated the 

r e cov e ry of NZ-fixing bacteria from the rhizoplane of S. alterniflora. The same 

treatment, however, was less e ffective in reducing the recovery of nitroge n 

fixing bacteria from the rhizoplan e of maize a nd sorghum. Use of ethanol and 

HgCl z have also been made in surface s t e rilizing of the roots. These studies 

indicate that no set proc e dure exist for surface sterilizing the roots and this 

technique must be evaluated for each pla nt before being used in studies of 

microbial ecology (Van Berkum & Sloger , 1984). 

15 N . h . -Isotope t e c I1lques : 15 N isotope h as tra ditionally been used primarily as a 

d e finitve test to prov e that NZ-fixation has occurred. The atmosphere 

has b ee n use d successfully to prov e N Z-fixation only in association with tropical 

grasses (De-Palli e t al., 1977); s u gaJ' cane (M a tsui e t al., 1981; and Ruschel 

e t al., 1978, 1981), sorghum and millet (Gill e r e t al., 1984) and rice (B~n 

.' 
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Othma n, 1984, E s k ew ct al. ,1981, Tto ct al., 1980 ano Yoshioa & YoncYilma, 

19 80). These studies showed that levels of N
2
-fixa tion in these crops were low 

r e lati ve to legumes. Estimates for h e t e rotrophic N 2 -fixa tion associated with rice 

- 1 
average d 10 kg N fixed ha (Eskew e t a l., 1981 & Yoshida & Yoneyama, 

1980). Studies e mploying relatively long-term incubations ( = 7 days) by Ito et 

aI., 1980 and Yoshida & Yon e y a ma, (1980) may not differentiate between root 

a ssociated hete rotrophic N
2
-fi xa ti o n with subse qu e nt transfe r of a portion of 

this fixed N to the plant and more dire ct transfer. However, studies with 

sugar cane (Rusche 1 e t al., 1975, 1978) and ric e (Eskew et al., 1981) had 

incubation times less than 3 days.D e- Polli et al(19?7) detected 15 N enrichment only 

hours after initial exposure. I n these cases, a more intimate association approach-

. ing a symbiosis may exist. Most of the fi xed N2 is c·oncentrate d in the roots, 

although with time translocation to the shoots does occur. As most of the 

studies on associative N
2
-fixation have made use of ARA, there is an urgent 

n ee d to ex perimentally es tablish N
2

: C
2

H
2 

ratio. Thi s have not yet been don e 

with non legumes d es pite the fact that th e theoratical 3: 1 ratio of N 2: C
Z

H
2 

is 

not acceptable under field conditions. The u se of 15 NZ is a short term kinetic 

measure ment like ARA. It is r e la ti v e ly expensiv e , difficult to handle for a 

long e r period and as such is no more applicable to field quantification of 

atmospheric fixed - N. 

The 15 N isotope dilution t e chnique (Re nni e & Rennie, 1983) has been 

applied to several natura l ecosystems a nd the a mount of plant nitrogen derived 

from nitrogen fixation (%Ndfa) was estimated. The t echnique of labelling the 

soil 15 N has bee n used by Owe nsIl 977)to me asu r e fi xed N by - isotof'icdi:l..~tionin 
field grown maize and sorghum. His r esults indicated that no associated NZ-fixa

tion occurred with these crops. In contrast, R e nnie (l980 b )used isotope dilution 

in-vitro to determine tha t, wh e n s u ffic ie nt C s ubstrat e was available to bacterium, 

upto 38% of the maize plant N was d e riv e d from associate d NZ-fixation by ~. 

brasilense . Subseque ntly several inves ti gators carried out 15 N isotopic dilution 
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e xpe rim e nts under d efi ned l a bora tory conditio n s. Ndfa v a lue s for rice can 

r each b e tween 20 - 35 % (Ve ntura & Wa t a n a b e , 1982) and a value of 17% was 

r e porte d fo r s uga r c a n e (Bodd e y & Do b ereine r, 1982). In case of P. notatum, 

Bodd e y e t a l., (198 3 ) fo und Ndfa va lues rangin g from 8-25%. For wh eat, high 

value s ranging b e twee n 15 and 30% we r e obtaine d for some genotypes inoculated 

with A. brasile nse or a Bac illu s sp. (Re nnie e t al., 1983). However, Okon, 

( 1984 ) reporte d that no more than 5% of th e nitrogen fix e d by ~.brasilense 

Cd inoculate d to S e taria it a li c a wa s incorporate d in the plant host. Vose (1983) 

has d e scribed two major probl e ms: th e difficulty of applying the technique to 

obtain an integrate d value for N Z fixed by a crop like grass which is harvested 

s e veral tim e s during a growing s eason, and s econdly, selecting a suitable non 

fi x ing control t e st crop with similar growing season and rooting habits. Howev e r, 

uptill noW it is the best a vailable technique to e va luate the associative nitrogen 

fixation. It could especia lly b e use d in screeing diffe rent varieties or cultivars 

of host plant for supporting nitrog e n fi xa tion. 

The us e of natura l 15 N a bunda nc e d a ta for the estimation of nitrogen 

fixation in natural (Re nnie et al., 1976) and associative systems like sugar 

cane (Ruschel & Vose, 1977) has b ee n achie ving greater recognition. However, 

in a ddition to the proble ms e nco untered in i sotopic dilution technique this me thod 

h a s ma ny oth e r disadv a ntages . Qua ntifying nitrog e n fi x ation from 15 N abundanc e 

data is tricky b e c a use of is otope di s crimina tion between roots and shoots, 

d e nitrifica tion which increase th e 15 N a nd v e ry minute differences betwe en 

fi x ing and non-fixing syste m. Pre s e nt d a y v e r y sta ble instrumentation, with 

automatic sample chan gers p el"mit s h a ndling rela tiv e ly large numbers of sampl e 

and it is hope d that in futur e more r esearch will b e cotinducted to establish 

this t echnique. 

It appears that much mo r e informa tion a bout N 2- fi x ation r ates of soil - gro\vn 

pla nts is n eed e d a nd non e of the a vail a ble me t!)ods could truly measure Nz-fix ation 

in th e fi e ld (B e ringer , 1984). This is more true for diazotrophic associations 
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a nd r e fining of me thodolog y fo r s tud y in g s uch as sociations with improved nitro

ge nas e (ac e tyle n e · r e duction) proc e du re s and g r e a t e ruse of 15 N methods still 

r e ma ins a p riority are a . 

INOCULATION EXPERIMENTS: The inocula tion of crop plants with bacte rial 

pre p a r a tions is g e n e r a lly necessary b e c a us e many soils lack specific microorga-

nisms shown to or b e li e v e d to s timula t e productivity. Legume crops are 

frequently inoculate d with Rhi zobium to promote e ffe ctive nodulation and efficie nt 

nit roge n fi xa tion. Free livin g n it r o g e n fixing b a cte ria have also been inoculate d 

into the rhizosphere of crop pl a n t s to incre ase the productivity by increasing 

th e le v e ls of availabl e N in th e soil. ·Ea rlie r studie s we re carried out in Russia 

with Azotoba cter chr oococcum a nd this work h a s b ee n reviewed by Brown (1974). 

R e c e nt studies on associa ti ve s y s t e m ra ised th e hope that nitroge n fixing b a cte ria 

which grow in association with c r o p pla nt roots h a v e the potential to r e duc e 

nitrog e n fe rtilizer require me nt s in ma ny ag ricultura l a r e as. Such observations 

s timula t e d the inocula tion experi me nts on c ereals a nd fora ge grasse s . Ma ny 

worke rs in variou s p a rt of th e wo rld h a v e r e porte d favourable response s to 

in ocula tion with A zo s pir illum a nd o th e r N 2- fi x ing b a cteria, however, not all 

e x p e rim e nt s h a v e b ee n s u cc e ss ful. I noc ul a tion s tudie s we re r e viewed by Bodd e y 

& Dobe r e ine r (1982) B r own (19 82 )a nd Okon (1984). 

Exte nsive e x p e rime nta tion in th e phytotron and field over the last 8 

y ea r s , carried out unde r div erse en vironme nta l and soil conditions in Belgium 

(Reynders & Vlassak, 1982), Braz il ( Boddy & Dobereiner, 1982), Egypt (Hegazi 

e t al.. 1981) .. India (Subba-R a o. 1981). I s r ael (Kapulnik et a1., 1983) and 

USA (Albrecht e t al.. 1981, S mith e t a l.. 1976. 1984), has demonstrated that 

. 
significant incre ase s (5-30%) over cOllll"Ol s in yie lds of sorghum, maize, wheat 

and several forag e g r asses, cou ld b e obt a ine d following inoculation with 

A zos pirillum. Increa s e in d r y ma t t e l" a nd tot al nitrogen content was obse rved 
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In some instances howe ver r esults were found to be highly variable. Initial 

inoculation experiments were carried out by Smith et al., (1976, 1977). Their 

results indicated that 2 out. of 40 genotypes responded to an inoculation of 

Azospirillum. One genotype of D. · decumbe ns and one of P. maximum yielded 

at 163 and 153% respectively, of uninocula ted controls in the presence of 

these bacteria. No response to inoculation was reported with other 38 genotypes 

tested. Barber et al (1979) and Sloger & Owens (1978) studied millet and 

cereal crops respectively in which yields were not stimulated by inoculation. 

Albrecht et al., (1981) studie d maize crop and their data was mixed; some 

genotypes responded whereas oth e rs clid not. Reports from Bahamas (Ta yIor, 

1979), India (Subba-Rao, 1981) , Egypt (Hegazi et al., 1981 ) and Belgium 

(Reynders & Vlassak, 1982) showed yield responses in various grass crops 

and forages. Consistent yield r espo nses in maize and Setaria italic a (Cohen et 

al., 1980) wheat, sorghum and p a nicum (Kapulnik et al., 1981) were observed 

in Israel when inoculated with A zospirillum. 

Inoculation experiments were mostly carried out by using Azospirillum as 

an inoculant. It was observed by Boddy & Dobereiner (1982 ) that most of the 

inoculations were performed with ~ . brasilense nir+ strains such as Sp 7 or 

Cd on C
4 

plants (= maize, sorghum etc.) which, under natural conditions 

(Baladani & Dobereiner, 1980), share more specific association with~. lipoferum. 

De- Polli & Dobereiner (1980) r e porte d that 58% of the maize isolates were A. 

lipoferum and 100% of the isolates oJ wheat and 96% of the isolates from rice 

were A. brasilense nil' • A. bras ile n s e nir + was not found to predominate in 

any plant roots. During la s t d f'cade very few inoculation experiments were 

performed by using bacteria, other than A zospi:dllum (Okon, 1984). Klebsiella 

pneumoniae have recently been u sed to inoculate the plants (Lethbridge & 

Davicison, 1<)83; Wood et al., I () !) I ). 
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The primary p.roblerr, in any in uculation experiment deals with the establish

ment of the introduced bacteria in a competati ve environment of the rhizosphere. 

Earlier studies have not d ealt thi s aspect . In the absence of any specialized 

structure (= nodule) this task is not easy , however, several markers like that 

of streptomycin resistance h ave b ee n used with inoculant bacteria to study 

the colonization. Dobereiner & Dc- Polli (1980) reported use of streptomycin 

resistant Azospirillum to inocul a t e fi e ld grown maize and wheat. Reisolation 

studies revealed that more th2n 80 '6 of the soil and rhizosphere isolates belonged 

to inoculated bacteria. Smith e t a l (1984) observed a rapid decline of A. 

brasilense population. Inoculate d bacteria dropped down from 5x10
3 

to 10
2 

within 5 weeks which showed that these bacteria did not become established in 

th e soil in high numbe rs. Schank e t a l., (1983) carried out series of experiments 

in which monoxenic root-bacteria as sociations were first studied in test tubes 

containing agar. Later on active ARA associations were transferred to mason 

jar assemblies and lastly to th e fil!ld. The degree of association was evaluated 

by visually rating the amount and locat ion of bacterial growth and by assaying 

for ARA. Their results sugges t 1 hat the complex natural systems are better 

able to persist in competitiv e situations, than the inoculated associations 

established from selected N
2
-fixing strains. The data which have gathered 

uptill now indicate that bacterial inoculation is not yet as effective as some 

highly active natural systems due to the non-competative ability of inoculant 

to survive in sufficient number in t b e root zone of the plant. 

Root colonization, which r c ::; ul t s in an efficient association between the 

plant and the bacteria, appear ::; to involve a degree of specificity which may 

also involve the plant (= host) . . E nougb data are availal;>le demonstrating that 

plant genotypes could be selected ror an increased nitrogen fixation. It was 

pointed out some time ago that res pon se to inoculation varies greatly with 

plant cultivar and genetic line (B uddy & Dobereiner, 1982; Subba-Rao & Dart, 
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1981, Van Berkum & Boh1001, 19BO; Von Bulow & Dobereiner, 1975 and Vose, 

1983). For spring wheat (Triticum aestivum) it was observed that varietal 

lines with chromosome 5 sub stitution between the Cadet . and Rescue varieties 

gave a good response to inocula tion with !2.. brasilense Sp 7 and a Bacillus sp 

(Rennie & Larson, 1979). This wa s also confirmed by 15 N isotopic dilution 

measurement (Rennie & Larson, 1979 a nd Rennie et al., 1983). For maize (Ela 

et al., 1982 and Von Bulow & Dobe t'e iner, 1975) and rice (Hirota et al., 1978 

and Sano et al., 1981), the screcing of a large number of genotypes led to 

the selection of plants which d e ve loped higher rates of acetylene reduction. 

In addition, after genetic crosses in ma ize and analysis of the F1 progeny, 

lines were selected for increased n itl'ogen fixation in association with Azotobacter 

vinelandii OP (Ela et aI, 1982). For rice, genetic analysis of plant genotypes 

was in agreement with the existe nce of several genes involved in the process, 

some characters likely be ing reces s ivl.: (Iyama et al., 1983). Rennie & Rennie 

(1983) have suggeste d "nis" as t he eJt. s ignation of the plant genotype involved 

in the nitrogen fixation efficiency for nitrogen fixation supportive trait. Still 

more evidence for varietal diffe r ences comes from the work of Ruschel & 

Ruschel (1979) on sugar can e and on p ea rl millet by Bouton et al., (1979). 

Thus like Rhizobium-legume sy rnhi w; is . bacterial anCl plant gene s are likely 

involved in the association and th ilt the genetic modification of one of the 

partners would improve the association. Plant breeding should allow the selection 

of lines on the basis of nitrog e n fix ing efficie ncy . which possibly enhance 

colonization and N
2
-fixation by rou l'- a s s ociated bacteria (Hubbell & Gaskin, 

1984) . 

The most important ques tion t·'!gJnling th e yield response due to inoculation 

is that beneficia l effect on plant growLh was due to N
2
-fixation and/or some 

other factor(s) were also invo lv e d. Brown (1972) whil e revie wing the Russian 

work on soil inoculation with Azotobacter a nd other bacteria observed that 

plant growth hormones produ ced by th e microorganisms could be responsible 
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for th e observed plant r es pon se . Tn later e xpe riments Brown (1976) confirmed 

th e role of plant growth r e gul a lors on the various grasses and other crops 

when inoculated with Azotobacte r. Tie n et al., (1979) demonstrated production 

by an A zospirillum strain of auxi n (IA A), cytokinins, and substances tentatively 

identified as gibberellins. R e yncl c r s & Vlassak (1979) found that IAA was 

formed in cultures of A. brasil e nse after adding tryptophan to the medium and 

they suggested that auxins were responsible for the increased growth of 

plants with many !2... brasilense cells on or inside their roots. These studies 

were with pure cultures, and th e r e is as yet no definite proof that the 

bacterium produces these substances when growing in the rhizosphere. Hubbell 

& Gaskin (1984) have found that A zospirillum inoculation increased the cytokinin 

content of xylem exudate from d ec apitated plants. In several studies growth 

responses were also observed wh e n plants were supplied with only growth 

substances, bacterial filtrate or h ea t killed bacterial suspension (Brown, 1982). 

A growth resp<;mse in maize by th e inoculation of a nif mutant of Azospirillum 

has also been reported (O'Hara et aI., 1981). Van Berkum & Slager (1984) 

urges closer examination of the me chanism (s) by which plant productivity was 

enhanced when Azospirillum was inoculated in the presence of applied fertilizer 

nitrogen. According to Brown (1 CJ R2) the production of plant growth substances 

(PGS) is one of several mech a nism s by which inoculation of nitrogen fixing 

bacteria may caus.e growth r e spon ses. Therefore, it is quite possible that 

sev e ral factors other than micro h ial production of PGS by Azospiri1lum contribu

ted to the observed inoculation respo nses. 

It was observed by Ti e n et aI., (1979) that Azospirillum inoculated 

seedlings of Pennisetutn d evelope d :" :_' t e roots and root hairs. Kapulnik et aI., 

(1981) also observed a marke d d e velopment of roots of Setaria italica.Okon 

(1984) reported . the same phe nome non in wheat growing in pots, hydroponic 

systems and by sampling roots at different times during growth from field 

experiments. A r ecent r e port by Li n et aI., (1983) indicates that plant nutrient 
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uptake could b e stimulate d by in oc ul ation with A. brasi1e nse. They obse rved 

that inocualtion o f corn s ee d s with !2.. brasi le nse significantly enhanced (30-50% 

I 

ov er controls) the uptak e of N0 3 ' into 3-4 days old an d 2 

wee ks old root seg ment s . 

Following inocualtion A zospirillum coloniz e s and proliferates "on and in" 

the roots, and it causes an e nhanced root development, and mineral and water 

uptake by the roots although the me chanisms through which it happens have 

not yet been demonstrate d. Thi s results in faster accumulation of dry matter 

in the plant a nd in ma ny instances produces higher crop yield. As a result of 

inoculation BNF apparently con t ribute s small amounts of combined N to the 

plant whereas its contribution to the soil might be more significant. The 

available data indicates that the lac k of consistent inoculation response is the 

major obstacle to practical us e of bacterial inoculation of grass crops. It is 

also evident that N 2 fixation is probably not the only mechanism producing 

th e increased yie lds. The ma jor question still remains as to what exte nt the 

nitrogen has been fixed by the inoculated roots is incorporated and contributes 

to the yield. 
15 

Some recent studies have made use of N Z (De-Polli et al., 

1977; Eskew eLal. , 1981. and R e nni e & Rennie, 1983). Still much remains to be 

done in order to elucidate the colonization dynamics, the mechanism of action, 

the methods of application and the optima l bacteria-plant-soil type combination. 

The recent advances discussed in this chapter show clearly the need for 

better understanding of host-strain inte ractions before it will be known which 

characte ristic s of A zos ririllu rll, Bacillus, or oth e r di azotrophic bacte ria are of 

advantage in the various biocoe noses . 

The foregoing survey of literature clearly reveals the importance of the 

association b etwee n N
2
-fixing b acter ia a nd non-leguminous plants which do 

not form nodul es . T h e r e is no 10llger any doubt that Nz-fi xa tioh actually 

15 d occurs with grasses as num erou s N2 reduction studies have clearly prove 

its existe nc e . In v iew of the obviou s importance of Le ptochloa fusca (L.) 
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Kunth (ka llar grass) as primZ1ry coloni zer of salt affected soils of Pakistan, 

some studies on its diazotrophic biocoe nosis hav e been carried out which are 

b e ing reporte'd in this t h es is. 



CHAPTER-2. MATERIALS AND METHODS 
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2.1 PLANT MATERIAL: 

~tochloa fusca (L.) Kunth (Syn. Diplachne fusca (L.) belongs to family 

Gra mineae . Its classification and botanical description is described by Ahmed (1954). 

Locally this grass is known as Kallar grass. Plant material along with large soil cores 

of 30 cm diameter upto depth of 20 cm were transported to the laboratory. Samples 

were analysed on the same day. 

2 . 2 LOCA TIONS: 

2.2.1 Site-I 

2.2.2 Site-2 

Kallar grass samples were collected from two sites. 

Biosaline Research Sub-Station (BSRS), Lahore: 
o 0 

The place is situated at 73.8 E longitude and 31.5 N latitude. Average 
o 

maximum summer temperature is 41.1 C and average minimum winter 
o 

temperature is 4.4 C. Average rainfall is 250 mm which mostly occurs 

in July and August (monsoon months). Soil of this location belongs to 

Kurrianwala series and silt loam in texture, strongly saline sodic with 

pH ranges from 8-9.6 and E. C from 1.65-33 m mhos Cm -1. 
e 

S hahkot ( F aisala bad) : 

Kallar grass was found growing along Faisalabad-Lahore road (48 km.) 
o 0 

The site is located at 73.5 E longitude and 31. 8 N latitude. Average 

rainfall is 250 mm which also mostly occurs in July and August (monsoon 
o 

months) . Mean maximum summer temperature is 41.1 C and average 
o 

minimum temperature is 4.4 C.Soil of this location belongs to Ga)ian~ series 

and loam to silt loam in texture, slightly sticky and slightly plastic. 

Average pH ranges from 8-10 and E. C from 3-40 m mhos Cm 1 
e 

2.3 ECOLOGICAL STUDIES: 

Plant samples were collected from two sites at every month during year 

1983-84. Large soil cores of 30 cm dia meter having a plant of Kallar grass was 

dug to depth of 21 cm an,d the whole core was brought to laboratory. A tleast 

3 plant samples were brought and were analysed on the same day. 

2.3 1 Soil Core Studies: 

Soil cores of 23 mm x 70 mm upto depth of 20 cm were taken by cork 

borer as shown in Fig. 1 . Each COl'e was plac e d in a p lastic container 
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(250 ml, 3.5 x 10 cm). The lid of each container was fitted with a serum stopper 

in the centre and rubber sheath was placed inside the lid to make them gas tight. 

Each jar was evacuated by using rotary pump (Disto pump, USA) and reflushed 

with nitrogen gas (Pak Oxygen Limited, 99.9% pure). After repeating this process 

thrice, 12% (V/'1) ace tylen e (C ZH
2
)and 1% air (V/V) were injected replacing the same 

o 
volume of N

2
-gas. Soil cores were incubated at 30 C + 1 in an incubator (Memmert, 

W. Germany) for 18 h. Samples were analysed for the production of nitrogenase 

mediated ethylene (C
2

H
4

). Two controls, one bottle with C
2

H
2 

but without soil core 

and other with soil core but without addition of acetylene were also included during 

eac h assay. Results arc described in nanomoles C
2

H
4

, h -I, soil core-I. 

2.3.2 Excised Root Assays: 

Acetylene reduction assays on excised roots of Kallal' grass as described 

by Dobereiner & Day (976) were done every month: Following fractions were 

analysed. 

2.3.2 .1 Unwashed Roots: 

The soil adhereing to the roots was gently removed. A portion of healthy 

roots was cut into small pieces by sterilized scissors and transferred into wide mouth 

McCartney vial (30 ml ) fitted with a silicone septum. The gas phase was replaced 

by N2 by repeat~d eva cuation a nn r e flushing with N2-gas. Ten percent air (=2% 02)was 

o 
injected into vials and left overnight in an incubator set at 30 C. In case of dry 

roots, one drop of sterilized distilled H
2

0 was also added. After overnight pre 

incubation, samples were again evacuat e d and refilled with N2 gas. Acetylene 02% ViV) 

and air 0%, V/V) were introduced b y replacing same volume of Nz-gas . All vials 

o 
were incubate d at 30 C for 18 h. 100 ul gas samples were analysed on a gas 

chromatograph (GC) for the reduction of acetylene into ethylene. Two control samples 

as described for soil core study were also maintained. 
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2 .3 .2 .2 Washed Roots: 

Another portion of roots was thoroughly washed with tap water till the 

supe rnaLl n t was clea r of soil particles . Roots were finally washed with sterilizec'. 

distilled water and small pieces were transferre d to 30 ml McCartney vials. Res t 

of the procedure was same as d escribed in section 2.3.2.1. for unwashed roots. 

~.3 .2.3 Surface Ste rilized Roots: 

Some portion of washed roots was dipped in absolute ethanol 

(C2 HSOH , E . Me rck) fo r one minute and r e peatedly washed with steri:ized 

d i. ti lled water. Atleast seven washings were performed and roots were transferred 

to McCartney vials. Rest of the procedure was same as described in section 2,3.2.1. 

2.3 .2 .4 Direct Root Assay: 

Acetylene reduction assay of excised roots ·without preincubation was 

p e rformed as describe d by Van Be rkum (1980). Root system of 3 plants were made 

free of adhering soil and small pieces 'of roots were transferred to McCartney vials 

(30 ml). Remaining procedure was same as described in section 2.3 . . 2.1 except 

that CZH
Z 

and air were introduced just after flushing with N
Z 

gas. 

2 .4 EN UMERA TION OF N 2- FIXING BACTERIA: 

Quantitative estimation of N
2
-fixing microorganisms was made by two 

methods namely (MPN) most proba b le nt {ll1ber (Alexander, 1965) and plate count. 

MPN was estimated by positive acetylene i"eduction assay ( ARA) and appeara nce 

of pellicle Or bacterial growth in the vials. Estimates . from two sites (section 2 ~ 2) 

were repeated every month. For en um e ration, root system of Kallar grass was divided 

into rhizosphere (RS), rhizoplane (RP) and histoplane (HP) as described by 

Dommergues (1978). Larg e soil cores of 30 cm diameter having a plant of Kallar grass 

was dug upto depth of 20 cm and the whole core was brought to the laboratory. The 

fractions of RS, RP and HP were obtained as shown in fl ow diagram (Fig.2). The d e tail 

e d proc edure is as follows: 
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Fig . 1 . Diagramatic presentation of rhizosphere of Leptochloa fusca 
showing soil core sampling positions 
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I 
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Fig . Z. Procedure for f ractioning root! soil core sampling for 
enumeration of NZ-Iixers . 
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~ . 4 . 1 Rhizosphere (RS): 

For rhizosphere (RS) en umera tiol1, 1 g of soil adhering to roots was suspended 

in 9 ml saline (8.85% NaCI aqueous solution) and dilution series were made. Inoculation 

from 10 fold dilution series ~ere made in 5 replicates of each dilution on modified 

combined carbon medium (CCM) of Rennie (981). CCM was supplementa::l with 0.2% 

A gar (Difco) and contained in 17 ml Mc Cartney vials for MPN. After 24 h of incu ba tion 

o 
at 30 C, pellicle formation or turbidity was observed as a sign of growth and recorded. 

To the same vials, serum stoppers (13 x 18 mm) were placed after removing the cotton 

plugs in a laminar flow (Tekno Labo; Italy). Acetylene 12% was injected after replacing 

same amount of air and acetylene reduction assay (ARA) was performed after 24 h 

o 
of incubation at 30 C. One positive control and a blank sample were also included as 

a check. 

The most proba ble number of organisms in the original samples were estimated 

as described by Alexander (1965) and table of Cochran (1950) for use with 10 fold 

dilutions and 5 tubes per dilution was consulted. 

2.4.2 Plate Counts: 

Plate counts for each dilution were also made and pour plate technique was 

employed. Plates of CCM medium supplemented with 1.5% agar were made. Tubes 

o 
containing 5 ml of CCM with 0 . 7% ag a r were kept in water bath (50 C) and 0.2 ml 

of inoculum from each dilution was added. After thorough shaking, contents were 

o 
poured on to the plates and incubated at 30 C for 48-96 h. Colonies were counted 

on colony counter (Tekno, Italy). Four plates of each dilution were used. 

2 . 4. 3 Rhizoplane (RP): 

For rhizoplane fraction, the roots were washed with sterile distilled water 

till the supernat.anl was clear of soil particles. The 5 g washed roots were then 

shaken for 30 minutes with sharp pebbles in 250 ml Erlenmeyer flask containing 

45 ml sterile saline and the turbid supernatant was taken as RP fraction. Inoculation 

from 10 fold dilution series and plate counts were made as described in section 

2 .4.1 and 2.4. 2 . 
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2 . 4 . 4 Histoplane (HP): 

For obtaining histoplane fraction, the residual roots of RP were again washed 

intensively with 0 .85% sterile saline and then soaked in absolute ethanol for 1 minute . 

After thorough washing with saline, roots were sha ken for 6 h with pebbles on a 

mechanical shaker which macerated the roots completely. Supernatant was taken for 

making HP dilution series. Rest of the procedure was same as described in section 

2.4.1 & 2.4.2. 

2.5 MICROBIOLOGICAL STUDIES: 

Isolation of N
2
-fixing bacteria was made and some of the isolates were 

thoroughly characterized by common morphological, biochemical and nutritive tests. 

Mol % (G+C) was also determined. Confirmation of N
2
-fixing ability of some isolates 

was done by using 15N-enrichment method. Effects of various physiological factors 

I + 
viz . combined nitrogen(N0

3
, NH4 and yeast extract); pH and NaCl + pH, on nitrogenase 

activity of three isolates were also determined. 

2 .5.1 Isolation of NZ - fix ing Bacteria: 

Nitrogen fixing bacteria were obtained by enrichment method during the 

enumeration in RS, RP and HP fractions. Isolations were made by streaking the vials 

on to nutrient agar (Difco) plates. Single colonies were picked up and rechecked by 

acetylene reduction assay. 

Isolations were also attempted from positive ARA vials containing roots as 

described by Von Bulow & Dobereiner (1975). Small root pieces (2 cm long) were 

inoculated on to N
2
-free semi-solid medium ( 5 ml in 17 ml McCartney vials) of combined 

o 
carbon me di u m (Appendix 1 ) and incubated for 2 days at 30 C. ARA was 

performed after incubation period. Microor·ganisms responsible for N 2 -fixa tion were 

isolated from positive ARA vials by streaking a loopful on nutrient agar plates . ( Appendix 2) 

Single colonies were rechecked for nitrogenase activity by acetylene reduction test. 

o 
Cultures were given code numbers and maintained on nutrient agar slants at 5 C 

and recultured after e e r y 3 months. 
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~ . 5 .2 Characterization of Isolated Bacteria: 

Isolates e x hibiting higher activ ity were selected for further studies. Bacteria 

we r e subcultured from the maintenance medium, grown for 24-48 h in nutrient broth 

and inoculum from this was used for common identification tests. Standard morpholo-

gical, biochemical and nutritive tests as described in Manual of Methods for General 

Bacteriology (1981) and practical Manua l f or training course, Brono, Czeckosla vikia, (13-25 

July, 1979). 

2 . 5 .3 Commercial Identification Kits: 

Ready and easy to use commercial identification kit of api-20 E ( api-System, 

France) containing 20 test of various biochemical characters and api 50CH for testing 

acidification of 49 carbohydrate substrates were also used. For api-20 E, one day 

old culture was suspended in the api-20 suspension medium. For inoculating api-50CH 

ga ll a ries , 24 - 48 h old colonies we r e s u spend ed in a pi-50 medium (Appendix 3 ) and 

change in the colour of indicator (Phe nol red ) was observed after 4,8,12 and 24 h. 

2 . 5.4 Mol % (G+C) of Bacterial DN A: 

Isolation and purification of bacterial DNA for mol % (G+C) determination 

was carried out by the me thod of Marmur (1961). Base composition of DN A sample 

was measured by thermal denaturation (T ) method of Marmur & Doty (1962) and 
m 

Mandel & Marmur (1968). Hyperchromic shift ws observed by a UV - VIS microprocessor 

con trolled Gilford spectrophotometer (System 2600) fitted with a fixed block of four 

cuvetts (0.3 ml each). Instrument was attached with Gilford Thermoprogrammer 2527 

and Hewlett & Packard 7225 A r e cod e r. Mol % (G+C) contents were calculated by 

equation of Mande.l & Marmur (1968) 

(G+C) = 2.44 (T -53.9) 
m 

Escherichia coli K 12, with known (G+C) conte nt of 51.7 was used as a reference 

strain. Base composition of three isoltes, NIAB - I, C-2 and isolate-2 were determined. 
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2.5.5 15N-Enrichment Studies of Bacte rial Isolates: 

Culture s of NTAB-l, C-2,IS0-2 a nd Azos pirillum bras il e n se sp 7 ( a pos itiv e 

check) were grown in semi-solid CCM. ZO ml me dium was distributed in 50 ml fla sk 

with narrow mouth for placing of serum stoppers (13 x 18 mm) . Paralle l samples 

were maintained to observe the onset of acetylene reducing activity. After 36 h of 

growth, cotton plugs of one set of conical flasks were replaced with serum stoppers . 

Flasks were evacuated a nd fill e d with argon gas. Afte r repeating this proces s for 

seven times following mixture was added (V I V) : 

98 % at.ex. 15 N = 30% 

(Prochem Ltd.England) 

Ar = 69% 

o 
Flasks were incubated at 30 + Z C for two days. At ' the end of incubation period the 

N -analysis was carried out by Kj eldahl method (Bremner, 1965). Distillates were 

collected in O. OZ N HCl a nd after back titration with O. OZ N NaOH on a E- 526 

Titrator (Metrohm, Switzerland) samples were concentrated on a rotary vaporator 

(Buchi, Switzerland) for 15 N analysis. Dumas method (Fielder & Porksch, 1975) was 

us e d for the production of Nz - gas in the discharge tube. Z8 N I Z9
N 

ratios were 

d etermin e d on 15 N emission spectrometer (15 N -Analysator NOI Statron, E. Germany) . 

2.6 NITROGEN DETERMIN A TIONS: 

2 . 6 . 1 Total N: For the determina tion of total N in solid . or liquid samples the microkjeldhal 

method (Bremner, 1965) was used which is briefly described. 

A known quantity of the t e st sample was weighted into the digestion flask 

(Standard Microkjeldahl digestion System of Tecator, Switzerland)to which wa!5 added 

5 ml of concentrated H
2
S0

4 
and 1 g of the disgestion mixture (mixture of finely 

g round 100 g K
2

SO 4' 10 g CuSO 4 a nd 1 g selenium). Digestion was carried out for 

30 minutes after clearing of the digest. The digeste d material was steam distill e d 
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af t er a ddition of 40% NaOH solution . The ass e mbly was a.tta che c with steam 

ge n e rator. The NH3 r e leased was collecte d in 5 ml of boric acid indicator solution 

un t il the fin a l dis tilla t e was 35 mI . Th e di s tilla t e wa s titra ted against N / 100 HZSO 4' 

Boric ac id in dic ator s olutio n was p re p a r e d by dissolvin g ZO g bor ic a cid powd er in 

a b out 900 ml distilled wa t e r and ZO ml of mixe d indicator solution ( 0.099 g bromocresol 

green a nd 0.066 g methyl r e d in 100 ml e thanol) was adde d to it. The pH of the 

solution was adjusted to about 5.0 b y adding Z. 5 ml of 0 . 1 N NaOH s olution. The 

s olution thus prepared atta ine d a reddish purple colour. It was made to 1 lit e r 

volume by adding distille d wa t e r and the solution wa s thoroughly mix ed before use. 

In some analysis, automatic titrator (E . 526, Me trohm, Switzerland ) was used and 

only boric acid solution ( without indicat or)v/as t a k e n in the collecting flask. 

2.6 .Z. Calculations for Nitrog e n: 

Nitrog e n conte nt of the distillate was calculated by using the formula : 

1 ml of N / 100 a cid = 

= 

= 

2 .7 15 N DETERMIN A TIONS: 

0 . 00014 g of N as NH3 or 

0.14 mg of N as NH3 

140 ug of N as NH
3

. 

or 

14 15 
Normally the N / N ratio of a syste m i s d e t ermine d by means of mass 

spe ctrome tric or emission spectrometric technique s using nitrogen gas 'generated 

from the sample. The numbe r of 15 N a toms in the tota l amount of nitrogen atoms 

in percent is called atom % or % abunda nce. Both mass and e mission spectrometry 

. 14 15 14 15 
d e termme the N / N ratio in on e ope ration . The Nand N atoms in the gas 

a r e paired to form the nitrogen mole cule s 14N 2' 14N 15 N and 15 N 2 ' Both mass and 

e mission spectrometric me thqds provide output signals which are proportional to the 

numbe r of th e three types of mole cules . In th e present studies mass s p e ctrom e t e r 

. 15 15 
Varian GD 150 and NOl -5 optIcal N a n alyser (V EB S t atron) were used f or N 

d e t ermin a tion s. 
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2 .7.1 Sample Prepration for Emission Spectrometry: 

The titrated solution (obtained as above) was acidified with hydrochloric 

acid and evaporated to small volume (Z-3 011) using a water bath. Optical emission 

spectrometric analysis requires 1-10 ug of N in the sample. 

A modified Dumas method (Fiedler & Proksch, 1975) was used for generating 

N
Z 

gas. The appropriate amount of sample in the prepared solution as described above 

° was placed in a quartz capillary (1.5 mm o.d. and 0.8-0.9 mm i.d.), dried at 40-50 C 

and inserted into discharge tube. A 7-10 mOl long copper oxide wire (1-Z mg) and a 

° calcium oxide briquette (3 mg CaO) which was activated by pre-heating to 1000 C 

were also added. The discharge tube was cleaned by heating with hot air from hair 

-Z 
dryer and evacuated to 10 torr. The tube was then sealed off with a hand torch 

and checked for any leaking by Tesla coil. The contents of the tubes were carefully 

mixed and tubes were placed in a muffle furnace (Gallenkamp, England) for 4-5 h 

at 550 ~ 5°C in a horizontal position. The 14 N /15 N ratio was determined by NOl-5 

optical 15 N analyser (VEB Statron) and the % abundance was then calculated from the 

equation as described in section 2,7.3. 

2.7.2 Sample Prepration for Mass Spectrometry: 

The titrated solution was acidified with hydrochloric acid and evaporated to 

small volume (Z-3 m1) using a water bath. Mass spectrometric analysis requires l-Z mg 

of N in the sample. In samples with lesser amounts of total N, ammon"ium sulphate was 

added to bring the N content to the desired level. 

The sample prepared as above, was placed in one leg of the Rittenberg tube 

and in the other 1 ml sodium hypobromi.te solution was added. Sodium hypobromite 

solution was prepared as follows: 

zoo g of NaOH was dissolved in 300 ml of water and the solution was cooled 

in the ice. Half of the solution was transferred to a 500 ml wide-mouth Erlenmeyer 

flask immersed in crushed ice and 60 ml of bromine added over a period of 30 minutes 



- 37 -

o 
with vigorous stirring; the temperature of the solution was kept at 5 C. The remainder 

of NaOH solution was added, stirred the contents for a few minutes, stoppered and kept 

in the refrigeration for 4-6 days. The prec ipitate was removed by suction filtering 

through a sintered funnel, an equal amount of 0 .2% solution of pottasium iodide in 

water added and the solution stored in a tightly stoppered bottle in the refrigerator. 

The tube was attached to the evacuation assembly, its contents frozen by 

immersing the liquid containing portion in liquid nitrogen. The tube was detached 

from the evacuation assembly after evacuation with its tap closed. It was then attached 

to the inlet system of the mass spectrometer and the contents liquified by warming the 

tube with the hands. The sample and reagent were then mixed by turning the tube 

up and down. The reaction yielded N 2 gas. The contents of the tubes were again 

frozen and the gas allowed to enter the spectrometer by opening the valve. 

15 
2.7.3 Calculations for N: 

where 

15 
N abundance in the samples was calculated by using the formula: 

+- 1) 
h 

m 

(._m-=s'---__ ) hAS 
mf 

ms = mg N In the added ammonium sulphate 

mf . = mg N in the sample 

hm = measured abundance of the sample 

hAS= abundance of the added ammonium sulphate 

% abundance can be derived from the formula 

100 

which rep-esents the ratio 
15 

of the N atoms to the total number of nitrogen atoms 

28 29 
expressed in %. For practical purposes , however, only the Nand N signals are 

measured. The % abundance can then be calculated from the equation: 
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15 N abundance = 100 - ---
ZR + 1 

where R is the ratio of peak h eights found for Z8 N and Z9 N . 

Whe n 15 N abundance in the sample is known. atom % 15 N excess can be 

determined by substracting the natural abundance of 15 N i. e .• 0.366 at % from 

tha t of the sample. 

Z.8 ACETYLENE REDUCTION ASSA Y: 

Acetylene reduction assay (ARA) was performed as described by Hardy 

et al (1968). 

Ethylene (C
ZH

4
) and acetylene (CZH

Z) gases were measured on a gas 

chromatograph (Carlo-Erba Fractovap Series Z150) fitted with 0.75 m x Z mm 

stainless steel column packed with Porapak-N (80-100 mesh. Water Associates Inc. 

USA) using flame ionization detector (FlO). Column temperature was maintained at 

o 0 

50 C an d t emperature of inj ec tion port was set at 100 C. Nitrogen w.as used as a 

. -1 
carrier gas at a flow rate of 30 ml mIn while for FlO. hydrogen gas at a flow rate 

- 1 . - 1 
of Z8 ml min and air at the rate of 300 ml mIn were used. Hydrogen gas (99.99% 

pure) was obtained from hydrogen generator (Teledyne HG 501) while nitrogen and 

air were procured from Pakistan Ox ygen Limite d (POL). Oxygen trap (Phase Sepration 

Ltd .• UK) was used for nitrogen gas. Filters packe d with silica gel were used for 

all three gases to avoid water vapours and other contaminants. Perkin-EImer-56 

. - 1 
recoder set at 1 mV current and chart speed of 5 mm mIn was used. Gas sample 

(100 ul) was injected by gas tight syringe (Hamilton. USA). C
Z

H
4 

levels in the 

samples were quantified by measuring peak heights relative to standards. Standard 

ethyl ene gas 0 % C
Z

H
4

) in nitrogen (V IV) was obtained from Linde Technische Gase 

(W.Germany). Conce ntration in na no (10- 9 ) or micro (10 -
6

) moles was determined by 

u s in g th e common gas law 

PV = nRT 

wh ere P = pressure in a tmosphere. V = volume in liters. n = number of moles. 
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R = gas constant (0.08206 lit atm deg -1 mole - 1) and T = absolute tempe rature 

o 
(t C + 273 ) . 

Rate of acetylene reduction to ethylene was converted into rate of nitrogen 

reduction by the following formula. 

mg N = 

2.9 CHEMICALS: 

All chemicals were of analytical grade and obtained from E. Merck" Difco and 

Sigma Chemical Company. 15 N gas (98% 15 N ) and 50% at. ex. 15NH/5N03 were 

procured from Prochem Ltd, BOC, Deer Park Road, London, U. K. Nitrogen 

and acety lene gases were obtain e d from Pakistan Oxyg e n Limited (POL) while 

ethylene and argon gases were pu.rchased from Linde A. G. Unterschleisheim, 

W. Germany. 
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The rhizosphere is one of the natural habitats (or micro-habitats) which is influenced 

by various plant, microbial, climatic and edaphic factors (Blandreau & Knowel, 1978). 

The term rhizosphere was first introduce d by Hiltner in 1904 to designate the region 

of soil influenced by plant roots. It is a well known fact that root exude organic 

14 
material. Barber & Martin (1976) and Martin (1977) by using C reported that carbon 

released from roots growing in soil amounted to some 20% of the total plant dry matter. 

Rovira et al (1979) divided the exuding organic material of the plant into five different 

categories .. Root exudates can be used by mic,roorganisms and as a consequence the 

microbial population close to the root is higher than at some distance from the root. 

The RIS ratio, which is the ratio of numbers of organisms per gram of rhizosphere 

soil to the numbers of organisms p e r gram of control soil has been widely used to 

express the extent to which the plant roots affect the numbers of microorganisms. 

The RI S ratio, is commonly present in the range of 5-20 and in some extreme cases 

it was . reported as high as 100. There is evidence that N
2
-fixation is enhanced in the 

rhizosphere of some plants due to enrichment of nitrogen fixing bacteria. Balandreau 

et al (1975) and Balandreau & Fares- Hamad (1975) examined the rhizosphere of rice 

and maize and observed RIS ratio of the N
2

- fi xing bacteria in the range of 1.6-19. 

It is not yet known what plant/bacterial factors are responsible for the specificity. 

Moreover, RIS ratio is not an absolute figure, being dependent upon the soil type, 

root system, and the manipulation of the sample (Rovira, 1969). 

The biology of soil-root interface is complex and difficult to study due to the 

limitation of methods that will allow ade quate quantification of the plant-microbial 

system. Dilution plate count used for R I S measurement although used widely, has 

some serious draw backs. Acetylene r e duction assay IS one of the important indices 

of nitrogen fixing activity. This technique has been used with great success for the 

detection of nitrogen-fixing compe t ence in bacteria and the detection of nitrogen 

fixing associations (Dommerg u es et al., 1978) . The present study was initiated to 

assess the role of soil and the plant itself in affecting the acetylene reducing activity 

(ARA) of the rhizosphere of Ka ll ay g rass . ARA was observed at two sites over a 

period of on e year. 
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Rhizosphere association is loose and unstable in which variations in the 

composition of microbial population are occurring continously . Therefore different 

areas of rhizosphere should b e regarded as a single mic r obial milieu with no 

sharp demarcation between the m (Old & Nicolson, 1976). According to Balandreau 

(1983) there is no fundamental definition of the rhizosphere soil. He argued that 

'I )1 

it is most often defined as the soil adhering to the roots after gentle shaking 

\' 
but what considered to be gentle is questi .n a ble. For the present study different 

portions of rhizosphere of Kalla r grass were made by following the classification of 

Dommergues (1978). He divided th e rhizosphere into three zones: 

1. The rhizosphere sensu strictu ( = outer rhizosphere) comprising 

the region of soil immediately surrounding the plant roots and 

the microbial population inhabiting this. 

2. The rhizoplane ( = root surface ) form e d the root surface and the 

microorganisms living on it. 

3. The endorhizosphere = inner rhizosphere) formed by the root 

cortical tissue invade d and colonized by saprophytic soil microorganism 

(non-pathogenic host infection). It is also called as histoplane. 

In order to clarify the relationship between field-grown grass and N
2

- fixing bacteria, 

various parameters were employed as non e of the single method IS reporfed to be 

sufficient. These are describe d und e r appropriate sub-titles. 

3. 1 Soil Core Studies: 

Soil cores containing plant roots, removed from the field have b een used to 

measure C
2

H
2
-reduction activity (ARA) of both grasses and grain crops (Day 

e t a l., 197 5 ; Van Berkum & Day, 1980; Wani et aI, 1983). In -Situ assays 

have b ee n used by Balandreau & Dommergues,(l973}, Tjepkema & Van Berkum,(1977) 

but thes e are cumbersome and the measurements are difficult to interpret. Green 

house-grown, potted plants have a lso b een assayed for nitrogenase activity 

(Harris & Dart, 1973; Hirota et aI, 1978 a nd Lee e t a l. 1977 ) but special precautions 

must b e taken to control growth of blue gree algae if one is measuring heterotrophic 
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N2 -fixation. Studies were therefore conducted to measure the N2ase activity of the 

soil cores containing Kallar grass roots. Field grown plants were sampled for one 

y e ar sinc e March' 83. Th e surface laye r of soil around the pla nt to be sampl e d was 

first scraped to remove any algal growth, and the plant top was cut off. Six soil 

cores. were removed from each of the three plants and placed in plastic containers. 

Ac e tylene reduction assay of soil core s was performed as described in Ch. 2. 

Nitrogenase activity of soil cores collected from two locations is presented 

m Table 1 . The frequency of positive samples was higher in soil cores obtained 

during March' 83; 100% at BSRS and 83% at Shahkot. This tend .ency remained till 

the month of August and after wards it declined. The frequencies of positive samples 

m th e month of Octobe r at Shahkot a nd BSRS Lahore were 35% a nd 67% respectively. 

No activity was observed in the later samples till the end of experiment. 

The nitrogenase activity of soil core is presented in mean as well as in 

ranges because large plant-to-plant variability has been reported using this 

- 1 - 1 
method. The maximum mean acti vibes 24 and 25 nmoles, soil core h were found 

to be present in the samples collected from BSRS, Lahore during the months of 

April and May. At the other site (Shahkot), higher activities18, 25, 11 nmoles, 

-1 -1 
soil core h were observed in the months of May, June and July. Although the 

frequency of positive samples declined in the month of October but activity was 

-1 -1 
found to be little higher; 8 and 2 nmoles, soil core h at Shahkot and BSRS, 

Lahore respectively. No nitrogenase activity was observed in the latter samples, 

collected till the end of the experime nt. Kallar grass is a prennial grass but 

during winter season it is dry and photosy nthetic a lly inactive. Presence of 

nitrogenase activity during active growth period (March-August) and less or no 

activity during inactive growth period of Kallar grass clearly demonstrate th(.l.t the 

nitrogenase activity is a plant-related phe nomenon. The rhizosphere effect has 

also been observed by other workers. Van Berkum (1980) found highest activity 

in sorghum at flowering stage while Wani et al (1983) obs erved peak activity in 



Table 1 
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Nitrogenase activity of soil cores (23 x 70 mm) taken from the 

root zone of Kallar grass at two locations. 18 soil cores were 

taken from 3 plan ts on every month and incubat ed for 24 h 

with acetylene. R eadings are expressed as nmoles C
2

H
4 

soil 
-1 -1 

core h . Average value is calculated from the positive samples. 

Shahkot BSRS.; Lahore 
-1 

nmoles soB 
-1 -1 nmoles soil core h 

Months % core h % 

Frequency Average Range Frequency Average Range 

March ' 83 83 3 1-11 100 5 2-7 

April 50 8 2-25 100 24 3-45 

May 100 18 11-39 100 25 15-50 

June 100 25 13-42 50 7 2-25 

July 77 11 3- 42 77 12 3-29 

August 61 8 3-23 83 6 1-22 

September 83 3 1-8 56 3 1-10 

October 39 8 4-21 50 2 1-5 

November a a 

December a a 

January ' 84 a a 

February a a 

-1 
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Sorghum and Millet when these were in late flowering-early grain filling stage. 

Large variations in the nitrogenase activity between the plant samples and even 

in the soil cores from same plants as found in this study was also observed by 

various other workers (D art a nd Wa ni, 1982; Va n Berkum & Day, 1980) . 

Balandreau et al (1978) listed 8 factors acting on nitrogenase activity in the 

rhizosphere of grasses and among those soil moisture was found to be important. 

Results reported by Day et al.,(l97 5 );Sub;:"a R a o & Dcl t-i (981);Tjepkema & Burris 

(976) and Vlassak et a1., (1973) indicate that plant associated nitrogenase 

activity increased as the soil moisture content was increased. Wani et al (1983) 

studied effect of mechanical disturbance, delay between cutting off the plant top 

and injecting C
2

H
2 

gas, soil moisture and seasonal variations in an attempt to 

understand the reasons for the variability. All these factors have significant 

rela tion with the nitrogenase activity of soil core. Weier (1980) measured the 

nitrogenase activity of 3 tropical grasses by using soil core assays and observed 

strong co-relation of temperature and soil moisture with the N 2-ase activity. 

Moreover, lag phase was not b een observed and immediate linear rates were found 

in his studies. Interference with the measurement of nitrogenase activity in soil 

cores may also be caused by poor penetration of acetylene into soil and thus 

results in delay for saturating the entire samples (Van Berkum & Day, 1980) .Although 

no att e mpts have be en made to stlloy the s e factors sepe rately however they seems to 

be operative in the present study. A long dry winter season (Oct-Jan. I 84) 

resulted in less or complete absence of nitrogenase activity of soil core samples 

taken during the said period. In addi t ion to inactive growth time of Kallar 

grass, soil moisture also seems to be a ffecting the nitrogenase activity of soil core. 

3.2. EXCISED ROOT ASSA YS: 

Most of the studies on associative dinitrogen fixation by grasses have made 

use of excised root assays (Dobe r e iner et a1. ,1 972 & Neyra & Dobereiner, 1977). 

All nitrogen fixing systems show immediate and linear C
2

H
2 

reduction except 
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excise d root assa ys of grasses. Initia l 8-18 hours d e la y wa s r e por t e d b efore CZH
Z 

r edu t tion b eg ins . Dobe rein e r e t a1., (1972) modifie d the excised root assay to 

include ov e r night preincuba tion period . Lat er on it was adopte d as a routine 

me thod to p rep a r e excise d r oot s for t h e measure me nt of nitrogen fi x ation in 

grasses. This technique has been criticised because it was shown that N 2-fix ing 

bacteria proliferated and induced N 2- ase activity during the period of incubation 

and thus ov e r es timat e s rate s of N
2
-ase activity (Barber et a1., 1976 Van Berkum, 

1980; Va n Berkum & Bohlool, 1980). Van Berkum & Sloger ,(1981) have reported 

15-1800 fold increase in the nitrogenase activity of preincubated excised roots. 

According to Van Berkum et al., (1981) the excised root assay is useful in 

identifying N
2

- fixation a ssociated with grasses when C
2

H
2 

reduction is detected 

immediately and no preincubation period is used. Van Berkum & Sloger (1981) 

measured reduction of C
Z

H
2 

by roots of aquatic grass e s excised in the presence 

and absence of air. C
Z

H
4 

a ccumula tion was found to be non-linear in the former 

case while immediate linear rates we r e observ e d in the latter experiments. 

In the p r esent study e x cised roots of Kalla r grass were assayed with and 

without preincubation and reporte d h e r e seprately. 

3.3 NITROGEN ASE ACTIVITY OF EXCISED ROOTS OF KALLAR GRASS WITH 

PREINCUBATION: 

Ex cised roots of Kallar gra ss were divided into three portions and were 

subjected to differ ent treatments as d e scribe d in Ch. Z. Preincubation in nitrogen 

atmosphere was done for overnight and after r e flushing with appropriate gases, 

samples were analysed for the productio n of C
2

H
4 

gas after 24 h of incubation 

o 
at 30 + 2 C. 

Nitrogenase activities of e x cised roots of Kalla r grass obtained from Shahkot 

and Lahore are presented in Table s 2r.3 respectively . The frequenci e s of p os it ive 

sample s were lower during the month of Oc tobe r-De cembe r' 83 which is the inactive 
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growth period of the Kallar grass. Frequency of positive samples was especially 

lower in the unwashed roots samples. No activity was observed in the surface 

sterilized root sample s take n in the month of November. In all other samples 

frequency of positive samples was found to be fairly high (78-100 %). 

The nitrogenase activity of E.:xcised roots is described in mean as well 

as In ranges due to the reason described for soil core studies. At Shahkot 

site mean nitrogenase activities of 8-18 nmoles, g dry root-I, }11 were 

I d 
-1 l...--:l 

observed for unwashed roots; 9-31 nmo es g ry root u for washed roots 

d -1 h-1 except sample of August and 2-18 nmoles, g ry root for surface-sterilized 

roots during the period of March to September. The mean nitrogenase activity 

of root samples in the month of October, November and December was higher 

although less number of roots were found to exhibit nitrogenase activity druing 

the said period. In subsequent months activity reached maximum in all the samples 

of Kallar grass roots. At the other site (BSRS, Lahore), the frequency of positive 

samples was also found to be lower during the period of October-December' 83. 

The number of root segments exhibiting nitrogenase activity were always found 

to be lower in the surface-sterilized treated roots. The average mean nitrogenase 

activities of positive samples during the months of March-September were observed 

-1 -1 
to be 9-104 nmoles, g dry root h for unwashed roots, 3-109 nmoles, g dry 

-1 -1 -1 -1 
root h for washed (except August sample, 621 nmoles, g dry root h ) and 

-1 -1 
6-50 nmoles g dry root h for surface-sterilized roots. The number of root 

samples exhibiting nitrogenase activity although decreased in the subsequent 

samples but nitrogenase activity was found to be fairly high. 

It is clear from the data that maximum mean activities of positive samples 

were observed in washed roots at both the locations while lowest activities were 

observed in the surface-sterilized roots. Unwashed roots exhibited nitrogenase 

activities which were found to be similar for direct root assays (see next portion) 

and also closer to the values obtained for soil core assays. ['his study indicates 



Table 2 Nitrogenase activity of excised roots of Kallar grass. Roots we re pre- incubated 

overnight in N 2 -atmosphere (2% °2 ) and then incubated with acetylene for 24 h. 
- 1 -1 

Readings are expressed as nmoles C
2

H
4 

g dry root wt h . A verage value is 

calculated from the pos itive samples. 

Site; Shahkot 

Unwashed Was hed Sterilized 

Months 9-
0 

- 1 - 1 
nmoles g dry wt h % 

- 1 - 1 
nmoles g dry wt h % 

-1 - 1 
nmoles g dry wt h 

Frequenc y Mean Range Fre quency Mean Range Frequency Mean Range 

March'83 100 12 8- 17 83 31 1 - l37 0 

April 78 9 1- 26 89 9 2- 25 78 6 1-l3 

May 100 19 3-39 100 22 l3 - 33 100 18 14- 21 

June 100 13 1- 36 100 27 8- 40 89 4 1-16 

July 89 9 1-43 100 30 8 - 64 78 2 1 - 4 

("- Augu st 100 8 1- 45 100 187 1-630 89 2 1-4 
~ 

Se ptember 100 18 4- 35 100 19 4- 45 89 2 1 - 4 

October 22 159 100-219 89 189 37- 373 100 322 6 9- 594 

November 67 20 4- 43 100 48 5- 1l3 0 

December 67 62 23-1 27 33 170 91 -3 03 89 710 58-24~ 

Ja nuary ' 8 4 100 171 75 - 282 100 205 125- 280 22 154 l31 - 178 

February 100 99 11 - 320 100 113 45 - 213 89 65 10-l37 



Table 3 Nitrogenase activity of excised roots of Kallar grass. Roots were pre-incubated 

overnight in N
2
-atmosphere (2% 02) and then incubated with acetylene for 24 h. 

- 1 -1 
Readings are expressed as nmoles g dry root wt h . Average value is calculated 

fro m p ositive s amples . 

Site; BSRS, Lahore 

Unwashed Washed Sterilized 

nmo les g dry 
- 1 - 1 - 1 -1 - 1 - 1 

Months % wt h % nmoles g dry wt h % nmoles g dry wt h 
Frequency Me a n Range Frequency Mean Rang e Frequenc y Mean Range 

March'83 100 13 1-78 100 5 5 13-178 100 33 25 - 50 

April 100 61 23 - 90 100 40 7"':' 54 89 17 13- 20 

May 100 9 2- 2 7 100 3 1 - 6 100 4 1 - 5 

June 78 14 1-3 5 89 26 2- 64 56 8 2- 16 

July 89 30 1 - 105 78 38 6 - 95 56 6 2-15 
co 
<j< 

August 33 104 53-143 56 621 134- 2413 11 50 0 - 51 

September 83 97 13-396 100 109 39 - 239 17 329 0- 329 

October 56 225 58 - 380 67 205 26 - 450 67 21 9-65 · 

November 44 586 205-1095 67 2521 164- 4929 0 

..ill/: 

December 33 52 6 - 114 89 144 55 - 285 67 227 52-476 

January'84 56 30 7- 41 78 92 35 - 1 76 67 47 2- 145 

February 100 46 9 - 118 100 30 13- 51 0 
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that nitrogenase activity associated with Leptochloa fusca roots was seasonally 

dependent with temperature and moisture being major factors affecting the 

root associated N Z-ase activity. Maximum number of positive samples exhibiting 

nitrogenase activity occurred during active growth periodof ~. fusca (March-

September). Similar results have also been obtained by (Capone & Taylor,1980; 

Patriquin et al,1981.and Smith & Hayasak, 198Z ). However, nitrogenase 

activity in extreme summer· months (May-August) was found to be lower . . 

o 
1.1aximum temperature during this period mostly remains in the range of 40-45 C 

and there is little or no rainfall (F-igs.6 & 7). On the other hand the NZase activity 

was found to be higher in the root samples obtained during winter months 

(October-January). Mean maximum temperature during this particular winter 

season remained exceptionally higher. It is intresting to note that no nitrogenase 

activity was observed in the soil core studies during this period while excised 

washed and surface-sterilized roots showed maximum NZ-ase activities. These obser

vations indicate that at lowe r in-situ soil temperatures N
Z

- ase activities might results 

from bacteria which are closely associated with roots and are not killed by surface-

o 
steri1i~ation. At the higher temperatures(38-45 C), most nitrogenase activity may 

results from rhizoplane bacteria that are less closely associatd with roots and 

killed by surface-sterili ation. Smith & Hayasaka (198Z) while studying the 

nitrogenase activity in Holodule wrightii roots also observed the differential 

N z:"a se 3eti vities in surface-steriliz ed and untreated roots with the variation 

of in-situ soil temperatures. Another explaination may lies in the distribution 

of nutrients from the roots of Kallar grass. During the active growth period 

plenty of root exudates are available and thus association of NZ-fixation is 

loose. On the other hand. in winter months the growth of grass is poor and 

bacteria have to be tightly associated with the roots in order to obtain little 

available nutrient (exudate) supply. This may be the reason why higher 

nitrogenase activity have been observed in washed and surface-sterilized roots 

during in-al tive growth period of grass. 

• 



- 5 0 -

Another important aspect to be noted is consistent higher nitrogenase 

ac tivity in th e wash e d exc is e d roots. Abra ntes e t al (1975) ex plained this 

phenomenon due to prevention of oxygen to inactivate nitrogenase as 

dissolution of O2 is very low in water however they also observed a delay 

of 8-18 h before initiation of nitrogenase activity by roots treated in this 

way. This delay does not support their own view. Van Berkum (1980) examined 

the nitrogenase activity of sorghum roots by not washing or incubating them 

o 
at 4 C. He was unable to detect any N 2-ase activity as proliferation of 

nitrogen fixing bacteria was prevented. ·On the other hand washing the roots 

resulted in the proliferation of N
2
-fixing .bacteria and substantial rates of acetylene 

reduction were associated even with the wash water which remained in the assay 

bottles . Okon et al (1977b)observed that vigorous growth of nitrogen-fixing 

bacteria was supported by the production of organic acids through anaerobic 

metabolism during preincubation of excised maize roots. Van Berkum & Bohlool 

(1980) concluded that water from the washing procedure which adheres to the 

root samples enables anaerobic metabolism and the reported production of organic 

acids to take place. The liberation of these substrates into the water component 

is responsible for the reporte d proliferation of the microflora and the induction 

of nitrogenase activity. Although production of organic acid have not been 

measured in the present study but higher N
2
-ase activity In all the samples of 

washed roots may indicate that this phenomenon is also taking place in this grass. 

Presence of nitrogenase activity in the surface-sterilized root portions is 

significant. The evidence that association is not only situated on the outside 

of the root but also the inner parts of the root can participa te in the dinitrogen 

fixation is routinely infe rre d from the measureme nt of nitrogenase activity and 

isolation of N 2 -fixing bacteria from surface-sterilized roots (Dobereiner & Day 

1976; Patriquin & Dobereiner , 1978 a:Jd Von Bulow & . Dobereiner,I975). In the 

?:'e sent study absolute ethanol was u sed for on e minute while others have 

I 
: 
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also used NaOCl, chloramine T or 0.1 H g C1 2 for various time intervals. In surface 

sterilised root samples, obtained during the months of September and December at 

BSRS, Lahore and in the months of Octobe r and December at Shahkot, nitrogenase 

activities were found to be higher than washed or unwashed root samples. These 

observations agree very well with the studies of Vlassak & Reynder (1981) on 

enrichment cultures from washed maize roots. The presence of N 2 -fixing bacteria 

has also been shown by using 2, 3, 5-triphenyltetrazolium chloride (TTC) 

(Patriquin . & . Dobereiner, 1978) or by using (TEM) transmission electron microscopy 

(Umali Gracia et al 1981). In this part of the study,we have 'not used TTC but in 

inoculation . studies . (Ch. 5 ) formation of dark red colour by forma zan was 
ohserved by light microscopy at the surfaces of the cells 

lining the air spaces, within the xylem and between pith cells in the stele in 

only inoculated treatments clearly demonstrates the tight association of N2-fixing 

bacteria with the roots of Kallar grass. 

The applied significance of excised root nitrogenase activity is uncertain, 

however, because of the unexplained "lag " that precedes it (Patriquin, 1978). 

3.4 NITROGEN ASE ACTIVITY OF EXCISED ROOTS WITHOUT PREINCUBATION: 

Van Berkum & Sloger (1979) have reported immediate reduction of acetylene 

by excised roots of several grasses. No preincubation period was found to be 

necessary to induce nitrogenase activity, no proliferation of the mict:oflora during 

the incubation time was detected, and assays were done at atmospheric p02' 

According to Van Berkum et al (1981) the excised root assay is useful in identi-:-

fying N
2
-fixation associated with grasses when C

2
H

2
-reduction is detected 

immediately and no preincuba tion period is used. Therefore, in addition to 

convential excised root assay, roots were also analyzed by ARA · without preincubation 

in reduced O
2 

atmosphere. Root system of Kallar grass was seprated from adhering 

soil and roots were placed in a container containing running tap water. Roots were 

cut off by s :issors and small pieces of roots were placed in 20 ml McCartney vials. 
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After flushing with N
2
-gas, 1% Air and 12% C

2
H

2 
was added by replacing the same 

amount of N 2-gas. Samples were analyzed after 24 h of incubation and results are 

summarized in Table 4. The frequ e nc ies of positive samples were found to be lower 

in the months of November and December at the both locations. The nitrogenase 

activit of excised roots measured during the period of April- September' 1983 

co-related well the N 2ase activities of excised unwashed roots which were subjected 

to preincubation. This co-relation is obvious as it has been reported by Van Berkum 

(1980) that proliferation of microorganisms was prevented by not washing the 

excised roots. In the above study samples were analysed after 24 h of incubation 

and time period required for initiation of N
2
-ase activity was not followed. 

A time course study was also carried out to assess the time of initiation 

of nitrogenase activity of excised roots. The roots collected from 3 plants were 

replicated six times. After removing the adhering soil , roots were immediately 

dipped in the tap water in order to have minimum contact of air. Roots were 

cut into small pieces and few roots were placed in the 20 ml McCartney vials. 

After flushing with nitrogen, 1% Air and 12% C H was added. C
2

H
4 

in the samples 
_ 2 2 

was measured at various time intervals and shown in Fig. ~ . Nitrogenase activity 

in the excised roots was observed not earlier than 5-7 h. Initial non linear rates 

of C
2

H
2 

reduction have been observed but in the latter assays, activit-

found to be increasing linearly. Fairly high nitrogenase activities 2.2, 3.3 & 5.8 

-1 
umoles C

2
H

4 
g dry root were observed at 11, 13 and 15 h of incubation respectively. 

Van Berkum & Slager (1979) measure d the N
2
-ase activity of aquatic grasses by 

exposing the plant tops to C
2

H
2 

and obtained rates of N
2
-fixation that were not 

immediately linear. The same authors (Van Berkum & Sloger, 1981) were able to 

get immediate linear rates of C
2

H
2
reduction when roots were protected from exposure 

to air during sampling. In the presen t study r oots were cut into small pieces 

while they were dipped in water to a v oid direct contact of a ir an d incubated in 

1% air. No a::tivity was observed b e fore 5-6 h of incubation. Samejima (1981) 
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Nitrogenase activity of excised roots of Kallar grass. 

Roots were incuba t e d directly with acetylene and samples 

were analysed after 24 hours. Rea din gs are expressed 
-1 -1 

a s nmoles C
2

H
4 

g . dry root h . Average value is calcu-

lated from the positive samples. 

Shahkot BSRS, Lahore 

old wt- 1 h- 1 
Months -0 ~mo es g ry % 

Emoles g dry root -1 h -1 
Frequency Average Range - Fre quency Average Range 

April' 8:3 44 9 2-24 60 9 3-16 

May 33 36 0-36 72 11 3-16 

June 83 7 1-22 67 10 2-22 

July 72 6 3-15 89 41 11-100 

August 94 5 1-13 56 109 100-130 

September 94 14 1-44 83 198 85-353 

October 100 392 8-989 89 111 4-367 

November 33 63 _ 34-121 44 41 15-70 

December 89 889 21-3392 33 80 66-100 

January'84 100 151 73- 333 56 29 3-79 

February 100 359 24-1437 67 762 52-5668 

March 67 101 4-838 72 753 21-2694 
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examined the rooL of Pe nniset um purpureum and observed nitrogenase activity 

after 6 h of incubation in 0.02 atm 02 while Va n Berkum & Sloger (1982) were 

able to detect the nitrogenase activity in exc is e d roots of rice within 30 minutes. 

They e mployed special measures to av oid air exposure and obtained immediate 

linear rates of acetylene reduction. Van Berkum e t al (1981) has concluded that 

excised root assays were usef ul in identifying N-Zfixa tion :lssociated with grasses 

when C
2

H
2 

reduction is detected immediately and no preincubation is used. In the 

present study ARA activity was observed without preincubation but only after 

5-6 h of incubation in 1% air. 

3.4.1 Effect ofQ
2 

on excised root assays 

Nitrogenase activity is known to be sensitive to 02 (Burns & Hardy, 1975) 

and exposure of roots to 02 during their prepration could cause an initial but 

temporary inactivation leading to the non linear profiles of C
2

H
2 

reduction 

(Van Berkum et a1., 1981). Earlier Dobereiner et al (1972) suspected that 

inactivation of nitrogenase by entering 02 when roots were excised from the plants 

caused the long delay before the detection of acetylene reduction. However, several 

reports are available which are contradictory to this hypothesis. Paspalum notatum 

roots which were excised and prepared for measurement of nitrogenase activity in 

nitrogen did not reduce acetylene for the initial 12 h of assay (Dobereiner et a1., 

1972 ) .' Furthermore, Sorghum roots exposed to air after the preincubation period 

reduced acetylene within 2 h of this trea tment upon assay (Van Berkum, 1980). 

The effect of different concentrations of oxygen on nitrogenase activity 

of excised roots of ~. fusca was studie d in an a ttempt to know the optimum 02 

concentration for maximum AR activity. Roots were detached and cut into · small 

pieces (2-4 cm) under water and desired conc e ntration of gas mixture was introduced. 

The results of this study are shown in Fig. 4 . It is evident that increase in the 

02 concentrati")n resulted in reducing the AR activity of the excised roots. Assays 

were also perf Irmed at 3%, 4% and 5% air but activity was found to be low and 
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therefore values are not shown in the figure. At the time of first assay (7 h) , 

maXImum r.lcti vitywas observed in roots incubated under anaerobic conditions 

while no activity was observed in vials having aerobic atmosphere. After 10 h 

of incubation, activity was still higher in anaerobic vials but ARA values of 

excised roots placed in 1 % air were close to the anaerobic ones . At this time 

of assay, activity was also observed in the excised roots incubated under aerobic 

condition. This might be due to the lowering of 0Z-concentration in the assay 

vial due to the respiration of microflora and thus initiation of nitrogenase activity. 

At the time of final assay, AR activity of excised roots incubated in 1% air was found 

to be higher. t70r the present study, assays were rotuinely performed by incubating 

the roots in 1% air as maximum activity was observed at this level. 

3 4 Z Nitrogen Activity VS Proliferation of NZ-fixers: 

It is now well known that preincubated excised root assay results in 

higher estimates of nitrogen fixation (Barber et al., 1976; Okon et aI, 1977b ; 

Tjepkema f" Van Be rk1llTI . 1977 and Van Berkum, 1980). The major factor responsible 

for this over estimation is reported to be the proliferation of nitrogen-fixing 

bacteria during preincubation. The multiplication of N Z -fixing bacteria during 

preincubation of sorghum roots was prevented by not washing the samples or by 

incubation at low temperature (4
0

C). Moreover, nitrogenase activity was detected 

with the wash water which remained in the assay bottles (Van Berkum, 1980). 

Production of organic acids through anaerobic metabolism during preincubation 

is reported to be a carbon (energy) source for the proliferation of microorganisms 

(Okon et aI, 1977b) They concluded that the bacteria multiplied and fixed nitrogen 

during preincubation, which led to artificially high estimates of fixation. 

A study was thus carried out to estimate the microbial population at 

different time intervals of excised root assays. Whole root system of L. fusca was 

washed tho 'oughly with tap water to remove the adhering soil. Six root samples 
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from each of the 3 pla nt s we r e obta in e d . During this process the roots remained 

dippe d in water to avoid the direct contact of air. Vials were flushed with 

nitrogen and 1% a ir and 12% acety le ne (v/v) were add e d. Nitrogenase activity 

of excised roots was measured a t 0, 8 and 21 h of incubation. At each assay 

time excised roots from 3 vials were pooled together, homogenized and serial 

dilutions were prepared. MPN counts based on ARA and plate counts were 

made from this suspe nsion as d escribe d earlier . R esults are presented in Table 5 . 

A t both sites, nitrogenase activity of excised roots was found to be increasing 

with time . On th e other h and popul a tion of diazotrophs as es timate d from MPN 

based on ARA showed insignificant change. The colony counts however showed 

an increase of 3 to 15 folds. Dilution plate technique has some serious draw backs 

as not true N
2
-fixers (N-Scavenger) are also able to grow on N-free media. 

In contrast acetylene reduction assay is a more rE;liable technique for the 

detection of nitrogen fixation and counts base d on this technique are thus more 

authentic. A two fold increase was observed in the population of N Z-fixers during 

first 8 h of incubation of roots collected from Shahkot. In the latter estimates 

(21 h) no further increase was obs e rved. At the other site (BSRS, Lahore), 

initial load of NZ-fixers (measure d at 0 h) was found to be higher and no proli

feration of NZ-fixers was observed in the latter assays for MPN counts based on 

ARA. 

These results t h us indicate that increase in nitrogenase activity with 

the time is not only due to the proliferation of microorganisms but other factors 

are also responsible Jor the observed lag. Oxygen senstivity might be the major 

factor in case of excised root as says of Kallar grass. As reported in the previous 

section that increase in 0Z-conce ntrations resulted in the reduction of nitrogenase 

activity of excised roots of L. f usca. 
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Table 5 Time course study of nitrogenase activity, MPN and plate counts 

on excised roots of Kallar grass collected from two locations 

(Shahkot and BSRS, Lahore). Six portions of roots were taken 

from each of the 3 plants. After ace tylene reduction at 0, 8 and 

Time 
(h) 

o 

8 

21 

21 h, excised roots from 3 vials were collected. R oots were macerated 

and serial dilutions were made for MPN (based o n ARA ) and colony 

c ounts 

Shahkot 

ARA of 
excised 
roots 

nmoles C
2

H
4 

a dry root- 1 

117 

(55 - 193) 

1183 

(415-1500) 

MPN 
(ARA.) 
based 

10
3 

8.4 

14 

12 

Plate 
counts 

10
6 

12 

57 

52 

ARA of 
excised 
roots 

nmoles C
2

H
4 

gdry root- 1 

306 

(58-691) 

2201 

(658-4413 ) 

BSRS, Lahore 

MPN Pl ate 
(ARA) counts 
based 

10
4 

10
8 

17 3 

14 11 

17 50 

Readings l.n parenther.;es are the ranges of ARA activity of excised roots. 
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3 5 QU ANTIT A TIVE ESTIMA TION OF N Z-FIXING ORGANISMS BY MPN-METHOD . 

To investigate the seasonal population of N
2
-fixing microorganisms in root 

soil system mo s t probable number method as well as plate counts were made over 

a period of one year at two sites. Samples were obtained from the plants which 

were at the same time also analysed for nitrogenase activity in its different 

fractions for excised root assays. 

a. MPN-METHOD: 

Most probable number (MPN) technique was used for determining the 

distribution and population of nitrogen-fixing bacteria in the rhizosphere of 

L. fusca. Procedures used for fractionating a root soil core samples into three 

fractions i. e. Rhizosphere, Rhizoplane and Histoplane are described earlier in 

2nd chapter. Two crieteria namely turbidity as a sign of growth on nitrogen 

free media (visual) and reduction of acetylene (ARA-positive) were employed 

as none of the single method is sufficinet to describe the complex nature of 

rhizosphere. The results are shown in Figs. 5,6& 7 . The seasonal pattern was 

obtained at both sites. The MPN counts based on visual observations were found 

to be higher during the period of April June'83 but declined in the samples 

taken afterwards .MPN counts based on visual observation were again found to be 

rising after the month of October. In this study bacterial counts were always 

higher in rhizosphere fraction than the histoplane fraction except in the samples 

of November and January. During these samplings, histoplane fraction yielded 

higher number of N
2
-fixing bacteria. MPN counts based on ARA have similar 

pattern as of counts based on growth on N -free media however counts were 

lower in the former case. Histoplane always had lower counts while rhizoplane 

exhibited higher number of N 2-fixing microorganisms. At the other site (BSRS, 

Lahore), the counts based on visual observation and ARA exhibited nearly the 

same pattern as of Shahkot. Enumeration of N
2
-fixing organisms based on visual 
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observation gave varia ble results. However two peaks of rhizosphere and histoplane 

fractions were observed in the months of April-May and second one in the month 

of September. Histoplane fractions gave highe r counts than Rhizoplane and 

Rhizosphere portions in the months of April and September. Population of N
2
-fixing 

bacteria as estimated by ARA positive samples also exhibited large variations as 

it was found in visual observation but pattern of histoplane fraction was found to 

be similar to the latter. Except in the month of April, HP-fraction counts remained 

low. 

b. COLONY COUNTS: 

Enumeration of N
2
-fixing bacteria in all the three fractions of soil/roo.t 

system of Kallar grass was also carried out by using classical plate counting 

procedure on N-free medium. Results of both the .locations are presented in 

Figs.5,6 & 7 . Except the counts of March at Shahkot, less variation was 

observed during the whole sampling p e riod. At Shahkot, low number of N
2

- fi x ing 

microbes was observed in the month of March (Fig. 5,6) Correspondingly similar 

data was obtained for MPN counts by using two indices. Like MPN counts, 

highest population of diazotrophs was observed in the month of May. Among 

three fractions, HP-fraction gave less counts except in the months of May, Sept

ember and January. Similar pattern for HP-fraction was obtained from MPN -counts 

for these 3 months. 

At the other location (BSRS, Lahore) the colony counts of HP-fraction 

except in the month of October, remained lower than the other two fractions namely 

RS & RP (Figs 5 & 7). 

The counting of the bacteria in different months of the year has been 

done with a view to understand the distribution and population of N
2
-fixing 

organisms in the rhizosphere of Kallar grass. Little work has been done concerning 

the possible seasonal occurre nce of h P.terot rophic N
2
-fix ing bacteria in natural 

habitats. T)icker & Smith (1980) enumerated acetylen-reducing bacteria in a 
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De lawa r e S a lt Mars h (U S A) for a p e riod of 9 month s . Th e ir r esults showed no 

disc e rnible seasonal patte rns for a ny of the 3 g roups of N
2
-fix ing bacteria 

(A zotobacter sp., Clostridium s p. q. nd De sulfov ibrio sp.). They wer e also 

unable to observe any diffe r e nc e in popula tion of N
2
-fixing organisms among 

the diffe rent v e g e t a tiona l a r eas , and conclude d tha t there was a heterog e nous 

population of N
2
-fixers present. Ba.r raquio et al (1982) measured the nitrogen 

fi x ing activity and popula tions of nitrog e n fi x ing bacteria associated with two 

varieties of rice grown in dry land a nd wet land conditions at various growth 

stages during the dry s eason. The population of N
2
-fixing heterotrophic bacteria 

associated with rhizosphe r e soil, root and basal shoots was determined by MPN 

me thod. They observe d hi g h e r numbe r of N 2 - fixing bacteria in wet land conditions 

than in dry land conditions. Wr ight & We aver (1981) measured the population 

density of nitrogen fixing b a cteria of forage gras s es growing in a subtropical 

region of Texas (USA). Ea rlie r, h e t e rotrophic N
2
-fixing bacterial population in 

corn was estimated by MPN me thod s a t diffe r e nt growth stages by Barber et al 

(1976) and Okon et al (1977b) a nd in ric e by Ishac e t a l. (981)and Watana b e 

e t a l., (1979). 

The studies on the c e r eals and forage crops for measuring the population 

density of N 2-fix ing hete rotrops are e ither performed at only one stage or at the 

most 3- 4 growth stages. As ~. fu s c a i s a prennial grass, thus in addition to 

measuring nitrogenase activity associa t e d with pla nts, N
2
-fix ing microbial 

population was also d e t e rmin e d fo r o n e whole yea r in order to see the- seasonal 

fluctuations or to co-rela te them with the nitrog e nase a ctivity of roots. T hree 

~a r a me t e r s were e mp loye d to me a s ure the N 2 -fixing bacteria l population of soil! 

root system of Kallar grass. Among the m, the colony counting procedure is the 

oldest (Beijerinck, 1901 & Winog r a d sky, 1926) but major difficulty with this type 

of technique was that it g a v e a hi g h p r o p ortion of colonies which were not t r ue 

N
2

- fixers but N-scaveng e rs. In the pre s e nt study higher number of N
2
-fix ing 

microbes were consistently observ e d i n a ll the s ample s by using this technique. 
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The reduction of acetylene to ethylene is specific tool for detecting 

microorganisms possessing nitrogenase. N z-fixing bacteria in soils can now 

be estimated by inoculating s oil d ilution into tubes of . N-free medium 

incubate d unde r a partial pre ssure of acetylene, low enough to allow 

Nz-fixation and multiplication of bacteria, and high enough to allow detectable 

levels of ethylene evolution (Villemin, 1974). In the present study ARA gave always 

less bacterial counts which seems to be more reliable. The drawback in dealing 

with N Z -fixing bacteria is that the C-sources used in N -free media encourage 

the growth of different groups of bacteria. Thus, the nature of the C-sourc.es 

affect the nature and the numbers of N Z -fixing bacteria which grow on N -free 

media, and this is a very serious impe diment to any ecological survey of the 

true diazotrophic microflora of soil (Thomas-Bauzon et aI, 1982). For the 

present study, Cbmbined Carbon Medium (Rennie, 1981) was employed containing 

standard basal salts and three common carbon sources (Sucrose, Mannitol and Sod. 

Lacta te). Rennie (1981) propos ed that on this single, simple medium most 

dinitrogen fixing bacteria would exhibit good growth as the carbon source, does 

not necessarily result in selectivity. Accordingly during a survey of the bacteria 

from three Southern Alberta soils (Canada), CCM yielded the highest count of 

putative dinitrogen-fixing bacteria. We have routinely used used semi solid CCM for 

ARA and visible growth and CCM agar for colony counts. However, such counts 

provided the information regarding the population densities of Nz-fixing microorganisms 

without reference to specific plant-ba cteria interactions. Moreover, mere occurrence 

of asymbiotic NZ-fixer could not inform about the extent to which nitrogen fixation 

by the associated organisms benefits the plants (Van Berkum & Bohlool, 1980). 

The study of this problem requires a direct approach, whereby the organism of 

intrest is identified in-situ. Immunofluorescence technique in autoecological 

stuides in soil and rhizosphere by Diem et al,(1977)and Schank et al (1979) is a 

promising technique. Reisolation of Streptomycin resistant A zospirilluJi1 by 

Baladani & Dobereiner, (1979)js yet an ot h e r tool for studying the specific association 

. \ 
\ 4 
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S u c h detailed and qu a ntitativ e studies are n eeded to understand the population 

ecology of nitrog e n fixers in rhizospheres (Bohlool & Schmidt, 1980). 

3 .6 CONCLUSIONS: 

Results of thi s chapter illust rate the ubiquitous association between 

diazotrophic bacteria and Ka llar grass roots in a saline subtropical region. 

Manipulation of any biological system is only possible after obtaining basic 

information about it, which is abs olutely essential. In the first instance, leaves 

of Kallar grass were examined for ascertaining whether it has a C-3 or C-4 

pathway of photosynthesis. After the essential techniques have been used in 

this regard it was found that ~. fu scahas a C-4 pathwa y (Zafar & Malik ,1984) .It is known 

that grasses possessing this pathway utilize their available nitrogen more 

efficiently in producing biomass tha n grasses having C-3 pathway (Black et al., 

1978). Four carbon plants may also be ideal for arid lands because they grow 

b et t er than C-3 plants at higher t e mperatures and would require less irrigation 

water. 

After obtaining preliminary information about the plant, a detailed study 

was thus initiated to look for N
2
-fix ing activity in different regions of soil/root 

system. The acetylen e reducing activities reported for .!:. fusca vary considerably 

due to the difficulty in obtaining a representative root sample and due to the 

natural biological varia bility inherent in the plant. Although higher number of 

roots have been observed to exhibit nitrogenase activity in the summer months 

(Temp. 40-450 C), max imum nitrog e n ase activity was observed in the months of 

September-November when the t em p erature is not too high. and photosynthetic 

activity is also reasonably good. The excised root assay has been criticised 

because of proliferation of N
2

- fi xi n g bacteria during the prolonged incubations 

(Barber et al., 1976; Okon e t a l., 1977b). Excised root assays were performed 

without preincubation and AR activity was observed after 5-6 h. No significant 
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change in NZ-fixers as observ ed by MPN counts based on ARA was detected 

during the incubation period although 3-18 fold increase in microbial population 

was observed as estimated by conventional plate counts. It is however, known 

that in the latter method N-Scav e ng e rs also grow and result In higher number. 

These observations are contradictory to the reported results of Eskew & Ting, 

(1977 ) ;Tjepkema & Van Berkum, (1977) and Van Berkum ( 1980). Present results confirmed 

the earlier hypothesis of Dobereiner et al., (197Z) that 0z senstivity might be 

responsible for the reported lag. In a seprate study to look for the effect of 

oxygen concentrations on the nitrog enase activity of excised roots of Kallar grass 

it was observed that incubation unde r 1% air gave maximum AR activity. Moreover, 

with the increase in 0Z - concentrations, reduction in nitrogenase activity was 

observed. Earlier Trolldenier (1977) measured the nitrogenase activity of excised 

roots of rice at Zl% & 3% 02 after 3 h of incubation. No activity was observed at 

21% OZ. However after 14 h of incu b ation, nitrogenase activity was detected even 

in Zl% OZ. Maximum activity was still present in vials incubated in 3% OZ. Roots 

incubated under anaerobic conditions also showed fairly high nitrogenase activity. 

Watanabe & Barraquio (1979) also studied the effect of 0z on rice roots and 

observed maximum activity at pOZ of 0.01 atm as compared to pOZ 0.05 and o. Z. 

Samejima (1981) examined the nitrogenase activity in Pennisetum roots as affected 

by pOZ. The pOZ of o. OZ max imized the acetylene reduction while ZO% of 0z 

severely inhibited the rate to a bout one- fourth. Results on the effect of 0z on 

nitrogenase activity of excised roots of Kallar grass followed the similar pattern 

and maximum activity was observed in roots incubated under 1% air. 

The difficulties of root sampling combined with diurnal and seasonal 

variations in AR activities plus th e impreci s ion of the arbitrary 3: 1 nitrogen 

acetylene ratio, make extrapolation to fi e ld conditions in terms of Kg- N h~l highly 

questionable. Moreover, acetylene redution is a short term kinetic assay and 
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thus no attempt has b ee n made to ex trapolate the se activities into field conditions. 

·-1 -1 
Earlier Bors et al., (1983) extrapola ted a value of 127 Kg-N, ha, 100 days for 

Kallar grass by making few studies on soil core s. 

Population of heterotrophic Nz-fixing bacteria in the different regions of 

soil/root system of Kallar grass was estimate d by MPN-technique as well as by 

classical plate count method. The latter method although gave higher bacterial 

counts yet all of. them may not be true NZ-fixers as counts were observed from 

roots which showed no AR activity. The MPN-counts based on ARA gave reliable 

counts. The same observation has been made by Wright & Weaver (1981). They 

observed a significant Spearman ra.nk corelation co-efficient (P 0.01) between 

AR activity of soil-root cores and the popUlation of Nz-fixing bacteria on roots 

but the relationship was not lin e ar. Such a co-relation does not exist with our 

system. These studies are unable to define specific bacterial association and 

future studies should be directe d to the enumeration of specific bacteria by 

immunoflourescence technique. 

Presence of nitrogenase activity in .the surface sterilized roots and 

presence of high number of N Z-fixing heterotrophs in the histoplane fraction 

is an indirect evidence for the occurrence of these bacteria inside the roots. 

Van Berkum et al., (1981) while reviewing the procedures for surface sterili-

zation concluded that washing the roots with Chloramine T, NaOCl, alcohol or 

HgCl
z 

do not unequivocally result in surface sterilizing the roots of grasses. 

McClung et al., (1983) tried 1% or 5% Chloramine T for 1 h or 1% NaOCl for 

1 or 2 h for obtaining rhizoplane microorganisms of Spartina alterniflora. 

They found that treatment in 5% NaOCl for 1 h was more effective in distin-

guishing the bacteria present inside the roots. However, this treatment was less 

effective with roots of maize and sorghum. They concluded that techniques to 

surface sterilize the roots should b e evaluated for different plants. For the 

studies on histoplane fraction of Ka ll a r grass for MPN and colony counts, root 
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r esidue af t er obtaining r hi zopla n e fr act ion was soaked in 95% e tha nol for 1 min. 

Earlie r 0.1 % HgClz was employed for 1 minute but no, nitrogen ase activity in 

the surface-sterili zed roots or b acterial counts were obtained in histopla n e 

frac tion. Nitrogenase ac ti v ity in histopla n e fraction is an indire ct evidence of 

the localisat ion of N Z - fixing b ac t eria inside t h e roots. This association is more 

tight wh e n e nergy supply is not abund a nt (durin g winter months) and consequ-

en tly higher nitrogenase activity was observed during this duration. In a 

seprate study (Ch. 4) b a cte rial presenc e was observed in s ide the root tissues 

by TTC staining and light microscopy . Still it is an indirect evidence and th e 

site (s) of fixa tion is still unkno wn . 

Numerous probl e ms st ill ex is l in ascerta ining th e qua ntitative importa nc e 

of assoc ia tiv e symbios is in grasses. 15 N r e duction t e chniques are the only 

a bsolute proof of dinitrogn fixation but u se of this gas is h a mpe red due to the 

'l/ 15 N , 11 SOl root sys t e m. lsotope c i ution t ec hnique provides the true quantitati ve 

mea ns of est ima ting dinitrog e n under ,fi e ld conditions . These isotopic stud ies 

have be e n carried out a nd r e ported in Ch.5. 

The pre domina nt NZ-fixe r ( s ) in any grass association I S difficult to 

ascertain and mostly pres umpti ve b e cause of the difficulties in identifying them . 

Some of the efficient strains coll ected from the rhizosphere of .!:. fusca were 

identifie d and various phys iological experim e nt s were performed which are reported 

in the n ext chapter. 



CHAPTER-4. MICROBIOLOGY OF ASSOCIATIVE SYSTEM OF 
LEPTOCH LO A FUSCA (L) KUNTH 
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4,1 F.NRICHMENT AND ISOLATION OF NZ-FIXING BACTERIA: 

Soil cores and roots of Ka ll ar grass were exa min e d for the presence of 

nitrog e nase activity. This study along with e numeration of N Z-·fixers by MPN 

me thod resulted in a collection of several bacterial isolate. These bacteria 

were normally obtained from d e cimal dilution vials of MPN counts or from 

enrichment cultures of different portions of roots. Combined carbon medium 

(CCM) by Rennie (1981) was employed for enrichment and isolation as all 

commonly isolated genera of dinitro gen fixing bacteria show growth on this 

medium. In the present study semi-solid CCM was used which resulted in the 

isolation of aerobic or micro -aerophiJic genera of diazotrophs. No attempt was 

made to look for the presence of strict anaerobes. 

Most of the reports concerning the associative symbiosis are either 

limited to ARA (H a n son, 1977 and J <1. i n ~i Vla ssak,] 97S) or isolation and enumeration 

of certain groups of bacteria from the rhizosphere without given reference to 

specific plant-bacteria interaction s (Barber et aI, 1976, Nelson et aI, 1976 

Watanabe e t aI, 1979). Evidences for the presence of specific associations in an 

environment are restricted to few types namely Azotobacter p as pali- Paspalum 

natotaum ; Beijerinckia-Sugar cane; Bacillus sp.- Wheat; Achromobacter-like 

organisms (now Pseudomonas) - rice and A zospirillum with several grasses 

(Dobereiner & De-Polli, 19 80) . Aft e r the rediscovery of Azospirillum (previously 

Spirillum lipoferum) searc h for thi s mi c robe resulted in detailed analysis of the 

microbial part of the association. Ex c e pt Nz-fixing ability, no other common 

characteristics exist among di azotrophs to aid in their identification (La Rue, 1977) 

Complete identification of NZ-fi xing organism is a difficult and cumbersome ta, 

and many soil microbiologists are not very keen on taxonomy (Balandreau, 

The studies reported in this ch a pte r are based on the identification aT' 

gical properties of some sele cte d, e ffici e nt and most occurring isol, 

the rhizosphere of Kallar grass . 
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'-'.2 IDENTIFI CATION & CHARACTERIZATION OF ISOLATES: 

Dinitrog en fixing ( ace tyle n e- r e ducing) bacteria may be readily isolated 

from soils or rhizosphere but ex t e n s ive bioche mical or immunological, or both 

are r e quired to id e ntify them abs olutely (Ren nie, 19 80a )' NZ-fix ing bacteria 

are ubiqitous in nature (Knowles , 1977 ), however N
2
-fixing ability has 

probably very little phylogenetic meaning (B a landreau, 1983). A series of 

morphological, biochemical a nd nutrition a l te s t s were performed on three isola tes 

namely NIAB- I, C-2 and Iso-2 for id e ntifying them. 

4.2, 1 Morphological Tests: 

Three isolates were exam ined by Microlux-11 phase-contrast microscope 

and following data was obta in e d. 

NIAB-I: A small rod, cell size range from 2-5 p and non-motile (Fig. 8 ). 

Cells were gram-negative under a ll conditions. On nutrient agar the colonies were 

off white , circular, conv ex , en ti re a nd interme dia t e to large in size. On RBA medium 

(Appendix - 4) .incubated under 5% air and 95% N
Z

' colonies were gummy, 

opaque, raised, entire and large in s ize. Same colony morphology was observed 

on N 3 me dium Appendix 5) .. Neither slime nOr pigment was formed on either media. 

No resting stage or spore wa s observ e d howe ver capsule was found to b e 

prese nt. Organism is capable of a e robic growth with combined nitrogen. 

C-2 : Intermediate to lon g rods, (Fig . 9 ) range of cell size 1.5- 4. Z f and 

motile. Polar or peritrichous flagella as stained by the me thod of Mayfie ld and 

Inniss (1977) and spirillum-like motility. Cells gave gram-negative reaction. 

On nu trien t agar, colonies were c ircular to filamentous, raised, con vex, pale, 

small to intermediate and con s i s t e nt. On RB A me dium incubated with 5% ai -

a nd 95% N
Z 

for 5 days, abundant grow th occurred. Colonies were diff, 

large in size and gummy wi th gum spreading all ov e r the plate. S ,. 

morphology was observ e d on N 3 rn ed ium. No pigment was producf' 



Fig. R 

Fig. 9 

Fig. 10 
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Two days old culture of NT A B - 1 grown in N- free medium. Phase
contrast microscopy was p e rformed with a Microlux-ll microscope 
( x 1000) . 

One d a y old culture of C ·-2 grown in N-free medium. Phase
contrast microscopy was perforrried with a Microlux-II mic r osocpe 
( x 1000). 

On e day old culture of I s0-2 grow n in N-free medium. Phase
contrast microscopy was p erforme d with a Microlux-II microscope 
( x 1000). 



Plate- 1 

fia. 10 

, 

I , 
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agar, RI3/\ or N3 howev e r ~lbllnclant s lim e was form ed on the last two medi a . 

Sporulation was found to be absent. Capable of aerobic growth with combined 

nitrog en. 

Iso-2: Small rods, cell SIze range from 2.1-3.7 f and motile.(Fig.10).Backward and 

forward movement but flag e lla lost easily on s taining. Cells were gram-negative 

under a ll grow th conditions and mostly occurring sing ly. On nutrient agar, 

colonies were circular, convex, entire thick and gummy. The slime usually is 

extremely tough and tenaciou s even e lastic and therefore it is difficult to remove 

a part of colony on solid medium with a wire loop . Colonies become flat 

and less gummy on long incubation on nutrient agar. On nutrient broth whole 

medium becomes homogenously vi s cous by slime. On RB A medium incubated under 

5% Air and 95% N 2' small, gummy, raised and entire colonies were observed. 

Same colony morphology was observed on N 3 medIum. Pigment was not formed 

however colonies were pale or yellowish in colour and this pigment is more 

pronounced in broth. No resting stage or spore was observed . Capable of 

aerobic growth with combined nitrogen. 

4.2.2. Biochemical Characteristics of Isola t es : 

Diagnostic bioch e mical t es ts were conducted according to methods 

described by Claus (1979) in Practica l Manua l for training course on running 

and management of culture colle ction, Brno, Czeckosla vikai, (13-25 July 1979). 

The results are summari zed 111 Table 6 All isolates were unable to 

hydrolyse starch, pHB, gelatin and Tween (20,60 and 80). All isolates hav e 

assimilatory nitrate reductase bu t denitrification was found to be absent. 

Microbial isolates were catalase pos itive but oxidase reaction was observed 

very weak only with C - 2. Citrate utilizing ability was observed in all the 

isolates . They gave pos itiv e V.P. r eac tion whil e indole reaction was found to 

be neg ative. the bacteria l isoLIV·S ,'lAB - l and 1so-2 were able to l1ydrolyse urea. 
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Table 6 Biochemical a nd phys iolog ical characterist ic s of 3 b acterial isolate s 

from the rhizo s ph e r e of Lcptoch loa fusca. 

Characteristics 

Catalase production 

Ox idase production 

Indole production 

Voges-Proskauer reaction 

Citrate use 

Urea hydrolysis 

Denitrification 

Gelatin hydrolysis 

Starch hydrolysis 

Tween hydrolysis 

20 

60 

80 

pHB hydrolysis 

Arginine dihydro l ase 

Lysine decarboxylase 

Ornithine decarboxy lase 

p-galactosidase 

H
2
S-p roduction 

Pigme nt production 

+, positive ; (+)w, Weak; 

Reaction 

NIAB-I C-2 Isolate-2 

+ + + 

(+)w 

+ + + 

+ + + 

+ + 

+ + + 

+ 

(+)w 

+ 

+ + + 

negative . 
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Ac ti vity of B galac tos id ase was found to b e prese nt in a ll the is ol a t e d 

hacLcTia fr om k a ll a r pl'a s s . Act iv it y o r Arg in in e d ihyClrolase was observed 

only in i sola t e C-2. The e n zy matic ac ti v iti es of ornithin e decarbox ylase an d 

ly sin e d ecarbox ylase were found t o b e a b sent in NIAB - I while th e y were 

present in C-2. 

4.2.3 Nutritional T es ts on I s ol a t es : 

Utilization, acidification and fer me ntation of six carbohydrates 

(Glucose , Sucrose, Mannitol, Xylose , Arabinose & Trehalose) was observe d 

for NIAB-I, C-2 and Iso-2 as described in Training Manual for running and 

management of culture collection (1 979 ). O-F basal medium of Hugh & Leifson 

(E.me rck) was use d. The a cidification ( c hang e of green dye into yellow colour) 

a nd formation of gas (re mo val of paraffin plug) was observed after 24 h, 48 h 

o 
and five days of growth at 30 C. 

R esults of this experiment a r e presente d In T a ble 7 . All isolates 

were able to . utilize these s u gars o x ida ti vely a nd end reaction was found t o b e 

acidic. More ov e r, these is ol a t es were a l so abl e to f erme nt thes e sugars a nd 

gas was formed. Utili za tion of 17 s ubstra t es as sole sou rce of carbon were 

analys e d on p e tri p lat es by u sin g multid i sc t echnique as d escribed by Malik (19 80 ). 

This technique h e lp s to make maximum u se of th e p e tri:plate to accommodate 9-19 

bacte ria l strains. Bacteria l s u s pension was dropped gently on each disc by 

pasture pipe tt e R esult s of th ese e x p e riments are d esc ribed in Table 8 

All isolates were unable to utili ze sodium propionate and m- hydrox y benzoate 

while growth on other 1 5 substrate s wa s o b se rv e d. 

4 . 2.4 Us e of Commercial Ide ntification Kit s : 

The API 20E syste m d e sig n e d f or th e identification of Enteroba cte ri-

aceae . , conta in 20 tests fo r various b iochemical characteristics of bacteria. These 

t es t s are (1) presence of r- galac to s id a s e , arg inin e d i hydrolas e } lys in e d e carboxylase 
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T a ble 7: Ox idation - F e rme nta tion ( 0 - F) te s t with 6 s u gars on 3 bacterial 
is o lat e s from the r hi zo s ph e r e of Ka llal' gras s . Obse rv a tions we r e 
ma d e after 48 h of incuba t.i o n on Hugh & Leifson medium (E. merck) . 

Glucose S u crose Tre h a lose Arabinose Ma n nitol Xylose 

I solat e 

o F o F o F o F o F o F 

C-2 A A/G A A/G A A/G A A/G A A/G A A/G 

1s o-2 A A/G A A/G A A/ G A A/G A A/G A A/G 

NI AB-1 A A/G A A/G A A/G A A/ G A A/G A A/ G 

A Acid r e Ctction G Gas forma tion. 
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T a bl e 8 R esults of carbon uti li za tion t e st as sole carbon source p e rform e d 

on 3-bacteria l isolates from th e r hi zosph ere of Le ptochloa fusca. 

Isolates C-2 I so-2 NIAB-I 

L (+) Arabinose ++ ++ ++ 

D (+) Glucose ++ ++ ++ 

Saccharose ++ +++ ++ 

D (+) Xylose + ++ ++ 

D (-) Tre halose ++ ++ ++ 

D (+) Galactose +M? ++ ++ 

Na. Ac e tate +M? + ++ 

Na. Propionate 

DL. Sod. Lactate + + 

Na . Benzoate ++ ++ 

Na. Glutamate +? ++ +M 

Na Succinate +M ++ ++ 

Na pyruvate + ++ + 

Ethanol + ++ ++ 

p Hydroxy benzoate + ++ ++ 

Mannitol ++ ++ ++ 

m-Hydroxy benzoate +? 

negative; +, Weak positive; +, positive ; ++, s t rong pos itive, 

M = Mutationa l growth. 
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ornithine d ecarbox y lase , tryptopha ne deaminas 'e a nd urease (2) Cit :::-a. t e 

utilization (Simmon s ), h ydrogen s ulphide production, gela tin lique fication 

a nd Kovac's inodolc and Voges - Pros k a uer tes t s ; a nd (3 ) f ermen t a tion or 

oxidat ion of g lucose, mannitol, inos itol, s orbitol, rhamnose, sucrose, melibios e , 

amyg d a lin , a nd L(+) a r a binose. S ix supple mental API 2- E t ests for ox idase, 

r e duction of nitra t e to nitrit e or d e nitrification, c a talase, motility and growth 

on MacConkey ' s bil e salt me dium could a lso be performed on same kit. The 

results obtained from these easy to u se kits were found to be similar to con ventional 

t ests as d escribe d earlier. Us e of thi s kit for rotuine identification of N 2-fixing 

b ac t e ria have b een r ecomm e n ded by R e nni e (1 98 0 a ) . 

API-50 CH: 

Bacterial classific a tion is too complex and to extend the data base, 

a ddition a l t es ts for the ut ili za tion of 49 carbohydrate s we re a l s o performed by 

making u se of commercia l API- 50 CH t es t kit. The inoculum was prepared by 

s usp e nding the 24-48 h old colonies in 50 CH s u spension medium. 10 ml of 

inoculum suspension is require d to f1l1 the 50 tubes . Results were recorded 

after 3,6, 24 h. The result s obta i n e d from thes e kits were u sed for the ide n t ification 

of the b a cte ria l i s olates. 

4. 3 DNA-BASE COMPOSITION: 

Bacterial taxonomy depe nd s primarily on gathering a lot of characteristics 

a bout a g iv e n i solate . In addition to obse rv ing morphological features, the 

nu tritional, phys iolo gical a nd b iochc lcal charac t eris tics, the analysis of 

bacterial genome as mol % (G+ C) h ave n ow b een a us eful feature in species 

description. 

In this study overall DN A lnse composition of three N 2-fixing bacteria 

i solated from Kallar grass was dete rmin e d by therma l d e naturation t e chnique 

as de~crib~ci 'in Ch2. DNA of E co l i K 12 w ith kno v'll1 (G+C) content of 5 1.7 

s e rved as a refere nc e strain . nH:! r esult s bas e d on the meltin g 
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points (T ) a nd mol % guanine + cytosine (G+C) values are presented in 
m 

Table 9 As indicated, the G+C values were in the range of 53.4-63.7. 

Significant differences occurred in DN A base composition and according to 

Kreig & Tarrand (197 8) this difference alone would be a strong evidence for 

the existance of more than one spe cies. 

The mol % G+C values of NIAB- I was found to be 56.99. In the 

Bergey1s Manual (1974) the range for DNA base composition for different 

species of Klebsiell a is given from 52-56 mol % G+C. Earlier Gillis et al (1970) 

measured the mol % G+C content of K. penumoniae and observed value of 

58.6. Recently Seidler (19 81 ) has reported the overall mean DN A base composition 

of some 40 isolates iden tified as ~. pn e umoniae of both medical and environmental 

origins a nd values range d from 53.9 to S9 . 2. Our value (56.9 9) along with other 

characteristics (non ·- motility, ~\ciCiificaL.ion of .g lucose, indole negative, VP negative) 

indic ii tc clearly t ha t NIAB I be longs to gen u s Klebsiella , 

The mol % G+C values for C-2 and Iso-2 were found to be 63.7 and 53.4 

respectively. A comparison of DN A base composition of various species of 

diazotrophs with the two isolated b a cteria revealed that both are r e lated to 

family A zobacteriaceae. The mol % G+C value for genus A zospirillum, is in the 

range of 69-70(Krei)C; & Doberiner,1%4)and thus the remaining two isolates do not 

belong to this genus. The range for genus Beijerinckia is given by 

Johnstone (1974) in the range of 53.2-60.7 and Iso-2 seems to belong to this 

genus. The taxonomic position of isolate C-2 could not be resolved and will 

be discussed in more detail in section 4.6 

4.4 15N-INCORPORATION BY BACTERIAL ISOLATES: 

Incorporation of stable and heavie r isotope of nitrogen (15 N ) provides 

a direct and absolute proof of N
2
-fixing ability. Studies were therefore conducted 

with the 3 selected bac terial isob t c s hom the roots of Kallar grass to look for 

the 15 N enrichment as describe d in Ch. 2 
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R esults of these experiments are presented 111 Table 10 . 15 N incor-

poration was observed in a ll the bacterial isolates. The labelling of Iso-2 was 

higher (1.18 at % excess) while C-2 and Azospirillum brasile ns e sp, 7(a positive 

check) exhibited lowest e nrichme nt, 0.17 a t % ex and 0.15 at % excess respectiv ely. 

N 2 -fixa tion by N -determina tio n throu g h Kj eldahl also followed the similar pattern. 

Becking (1962, 1963) by usin g 43 at. % 15 N and 65 a t % 15 N on Spirmum 

lipoferum observed that 15 N e nrichm e nt ,could be increased from 0.43 at % 15 N 

104 o15N N k 1(1981) d ' d 15 N' . . A " 11 to . at '0 • aya et a stu 1e 1ncorporatIon 1n ZOSp1rl um 

isolated from different rice cultivars by using 72.5 at % 15 N and observed the 

labelling in range of 0.205 to 11.8 a tom % 15 N after four days of incubation. 

In the present study low values of enrichment as compared to reported values 

of bacterial isolates from rice field by Nayak et al (1981) in addition to low 

nitrogenase activ ity we re due to lo w quantity of medium (20 ml instead of 30 ml) 

and less incubation period ( 2 d a ys in s t e;;l d of 4 days). Marked variation even 

within the strains of genus Azospirillum h ave b een observed by Burris et al 

(1978) Nayak e t a l (1981) a nd Kreig & Dobe r e ine r (1984). 

The first report concerning the us e of 15 N with Klebsiella was made by 

Hamilton & Wilson (1955). Later Mah l et a l (1 965 ) measured the incorporation 

of 15 N into bacterial cells and scree n e d 31 s trai n s of ~. pneumoniae. After 

5 h of incubation of 3 ml culture medium in 33at % 15 N , they measured the 

enrichment in the range of O. 01-0J a L% excess in 13 strains. Watanabe and 

Barraquio (1979 ;') ) while studying th e free living N 2-fixing organisms from rice 

roots observed 15 N enrichment of 0.18 a nd 0.25 a t % excess in two isolated 

strains which were like- Achromobacter. They incubated 4 days old static 

culture in 98 at % 15 N for 24 h. The positiv e check strain Azospirillum 

lipoferum sp. Br 17 exhibited 1.16 a t % excess 15 N enrichment. 



Table 9 

Isolate 

C-2 

Iso-2 

NIAB-I 
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Melting points (T values) and mol % (G+C) values for the 
m 

DN A of 3 bacterial isolates from the rhizosphere of Kallar grass 

(Leptochloa fu s ca). 

* Av e rage 
T °c 

m 

76.10 

80.30 

77.5 

Mol % G+C 

53.4 

63.8 

56.9 

* Normalized to 0.1 x SSC values relat ive to E. coli K.12 with known 

G+C content of 51.7 

Table 1,0: 15 N incorporation by b acterial isolates from Kallar grass 

Isolate 

Azospirillum brasilense 

C-2 

NIAB-I 

Isolate-2 

* Nitrogen fix e d 
mg/20 ml me dium 

0.56 e. 

0. 6 7 c. 

1. 43 b 

1.71 a 

** Atom % excess 
l5N at the end of 
incubation 

0.15 + 0.01 

0.17 + 0.03 

0.72 + 0.13 

1.18 + 0.16 

* Ca l culated from total N de terminat i on by Kjeldahl assay. Data followed 
by same l etter are not s ignifican tly different at 1% level. 

** Values are the mean.+ standard dev i a ion of the mean (triplicate samples 
for l5N analysis). 
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15 
In the present study a n e nric hm e nt of 0.7 2 a t % N excess was observ e d 

for NIAB-I which b e lon gs to genu s Klebsiella when it was incubate d unde r 98 a t % 

15 
ex . N atmosphere. Th e e nrichm e n t of other t wo isolates C-2 and Iso- 2 was 

found to be 0.17 and 1.18 at % ex re ~-; pectively. These v a lues provided absolut e 

proof of N
2
-fixing ability in all the three isolates. 

4 . 5 PHYSIOLOGICAL EXPERIME NTS ON N
2
-FI XING ISOLATES: 

( + 
Effect of combin e d nitroge n ( N0

3
, N H4 a nd yeast extract ), pH and salt 

(NaCl) on nitrog e n ase activity of t hree i s olates, NIAB-I, C-2 and Iso-2 were 

examined . Conditions were similar [or all the three isolates if not mentioned 

otherwise . 

A loopful of bacteria was t ake n from slant and suspended in 30 ml nutrien t 

broth (Difco) in 150 ml Erlenmeye r flask . After 24 h of growth, 1 ml of this 

s uspension was added to 30 ml phosphate buffe r _ ( 0 .1 M, pH 7.0) and mixed 

thoroughly . This suspension was u s e d as inoc ulum for further s tudies. Modifi e d 

CCM ( A ppe ndix 1 ) was u sed a nd pH of solution I was a djus t e d to 7.0 b efore 

adding 0.2 % agar. Solution I (1 80 ml) was d is t r ibuted in 500 ml Erlenmeyer flasks 

and kept at 50
0

C in a water b ath. T wen ty ml of solution II was mixed aseptically, 

3 ml of bacte rial inoculum was ,\,I .j e d an d swirle d thoroughly . Twenty ml of 

inoculat e d CCM was di s t rib ute d in 5 ml Erle nmeyer flasks with narrow mo u t h 

and incubated at 35
0

C. -- Duplic a t e sam pl es we r e t a k e n a lte r 24 hI'S of grow t n , c o ton 

plug s Wl '-e replaced with serum st o ppers and 12% C2H2 - s injecte d af t err eplac i nr; 

same amOG t of <111'. Gas samples were a n a lysed aft e r 1, lnd 3 hours of incubat i( n 

at 35
0

C a n e.. me - n va lues of ace t yl e ne r e duction p hou r was calculated. For each 

assay, 100 ul l:Sas samp le was illj e c e d into gas chp lIn a t og r a ph. Ac e tyle n e r e duct io n 

assa ys were aIs ,-form e d a ft e r 4 1' ,72 an d 96 hO I' ''s of growth. 
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4"S"IN O~and NH~ Treatm e nts: 

Effects of a mmon' ~\ and nit,"alc on nitrog e n ase ac tivity o f fr ee li v in g 

b ac t eria a nd leg um e sys t e ms are b e in g s tudied by ma ny worker (Ahma d,] 97 8 ; 

(Dobere i ner~' De-Polli,1980; N e l so n FA Knowles ,I97 8 , Rao & V"en k a t eswa rlu,19 82 

a nd Stra nd terg & Wi 1:5on , 1968 ) " There is renewed intrest in the us e 

of nitrogen fixing bacteria as inocula nt for cereal and grasses. Thus, it is 

important to carry out some cultura l and physiolo g ical studies with free li v ing 

+ I 

diazotrophs. In agronomic practice, combined nitrogen i.e. NH4 and N0
3 

are 

very vital for crop productivity . Striking effects of manipulating diazotrophic 

biocoenosis in increased crop yields or even in th e fertili zer economy can only 

be ex pected , if ever, aft e r th e natur e of v a rious sys t ems is b e tter understood. 

The effec t of ammonia on the nitro g enase activity of whole cells of Azotobacte r 

v in e landii was studied by Klugki s t & Haa k e d1984nhey observed that different 

e ffect of ammonia may b e ascribe d to diffe rence in growth and test conditions 

and they found °
2

, pH and s t age of grow th at which cells were harvested are 

important to measure the e ff ec t of inhibition. 

+ 
In the present stud y attempt h as been made to study the effect of NH4 

on nitrog enase ac tivit y of selec t e d b ac t e rial isolates. Ammonium chloride 

was 
+ + 

u sed to study the e ff ec t of a mmonium ion (NH
4

). For I mM NH4 

-1 + 
treatment, 53.49 mg NH

4
Cl L ;2 mM NH4 )106.98 mg 

-1 
NH

4
Cl L and for 

+ -1 
5 mM NH

4
, 267.45 mg NH

4
Cl L " was t a k e n.Control was without any N-source. 

I 

For su pply of N0
3

, sodium nit ra t e (E.merck) was u sed. Three treatment s of 

- 1 
1mM ( 85 mg NaN0

3 
L" ), 

-1 
2mM (170 mg NaN0

3 
L ) and 5 mM (425 mg NaN0

3 

L - 1) were employed. Control was wi thout a ny N-sourc e . Duplicate s a mple s 

were a n a lysed for N 2_ ase activity a ft e r 24, 48, 72 and 96 h of growth as 

d escribed in section 4 . 5" 
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Results on the effects of ammonium and nitrate on nitrogenase activity 

of 3 isolates from the roots of Kallar grass are shown in Figs.ll a,b,c. Control 

samples (in N-free medium) of a ll the three isolates exhibited low nitrogenase 

ac tivity as compared to the other treatments. This c learly shows that combined 

nitrog e n wds r e quired for growth and NZ-fixing activity of these isolates. Such 

observations have a lso b een made by Wa tanabe & Barraquio (1979) while 

is ol a ting N
2
-fixing organis ms from rice roots. None of th e ir i s olates could grow 

on nitrogen free basal medium ( g lucose + mineral salt ) but majority (31/40 grew 

on basal + am monium me dium (NH
4

Cl 61 mg L-
1

). Rennie (19 80 '1 ) h as a lso 

-1 
recommended 100 mg yeast extract L as starter combined nitrogen dose for 

isolating the Nz-fixing bacte ria on combined carbon medium. I solates from the 

rhizosphere of Kallar grass also seems to require low level of combined-N for 

their growth. 

After 24 h of growth on modifi e d combined carbon semi-solid medium 

s upplemented with NH4 Cl and NaN0
3

, 3 isolates s howe d substantial differences. 

In a ll three isolates, nitrogenase act ivity was found to be less in NH:-

I 

treatments as compared to N0
3 

. In the la tter treatment, max imum activity 

(799 nmoles C
Z

H
4

, cl- 1 , h- 1 ) for C-Z bacteria was observd in medium 

supplemented with 2 mM NO~. Nitrogenase activity (787 nmole C
Z

H
4 

cl-
1 

h-
1

) 

was a lso higher in the same trea tment for Iso-2 while NIAB-I exhibited maximum 

I + 
activity 111 5 mM N0

3
-treatment. In media , supplemented with NH

4
, maximum 

activity in a ll the thre e i sola t es were 111 the order of 2 mM) SmM) 1 mM except 

for C-2 111 which, medium activity was observ e d in ImM NH: instead of 5mM. 

Nitrogenase activity measu r ed after 48 h showed decreasing trend in all 

the trcatments(NO~ as well as NH: ) o f 3 i sola t es except in 5mM NH: trea tment 

+ 
for C-Z and ZmM NH4 treatment of lso-2. In these two isolates, nitrogenase 

activity was found to b e hi g h er th<:l n t h e 24 h old cultures . Seventy two and 

96 h grown cultures again sbowcd lower activ ity. No nitrogenase activity was 
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I + 
observed in C-2 cultures grown with ImM N0

3 
on NH4 as well as in N-free 

+ 
medium in 3rd and 4th assay. In an attempt to study the effect of N H 4 and 

N0
3 

on three tropical N
2
-fixing bacteria, Pen a & Dobereiner (197 4 ) observed 

s ubstantial differences between species . In Drexia g ummosa and Azotobacter 

v in e la ndii, nitrogenase activHy stopped completely 3 h after application of 

10 mM nitra t e . In B eijerinckia indic a nitrogenase ac tivity continued at a 

I 

slower rate in the presence of 10 mM N0
3 

and ~. fluminensis nitrog e nase 

activity was not affected over a six h p e riod. Doberein e r & Day (1975) studied 

the e ffect of nitrate an d ammonia on Azotobacter pas pali in pure cultures as 

well as in the pres e nc e of Paspalum notatum roots. They observed that 

A. paspali nitrog e nase remained unaffected by nitrate concentration of upto 
, 

80 mM. The nitrog e n ase ac tivity of 20 mM N0
3
-grown cells was similar to the 

, + 
values of control while activity was lower in 20 mM NH4 grown cells .For further 

s tudy on nitrogenase ac ti v ity of !2. p aspali , cell s were grown by these authors 

in pure culture on N
2

, ammonia or nitrate (10mM). Washed cells were mixed 

with e ither 20 mM of (NH 4 ) 2S04 or KN0
3 

or without any N-source. It was 

I 

shown that 10 mM N0
3 

did not affect nitrogenase activ ity of cells pre viou s ly 

grown on N 2 or nitrate . Moreover, nitrogenase in NH~ grown cells was d e repressed 
I 

as rapidly in the presence as in the absence of N0
3

. They attributed th e ability 
, 

to fix N2 in the presen ce of even 8 0 mM N0
3 

due to lack of nitrate reductase. 

Day & Doberein er (1 97 6 ) observed t h at both species of Azospirillum are a bl e to 

I 

assimilate NO~ a nd NH~ a nd th e r e i s no N
2
-fixation with more than 1 mM N0

3 
+ 

or NH4 under a erobic condition s . However,Magalhaes e t a l (197 8 ) isolated 

several mutants by selec tion of CI0
3 

resistance for both s pecies of A zospirillum 

I 

which in the presence of 10 mM N0
3 

fix as much N 2 as in i ts a b sence. 

Shanmugam e t a l (197 8 ) a l so isolate d several strains of Klebsiella which produce 

nitrogenase activity even in the presence of 15 mM NH~ 
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In the present study, experiments were carried out in semi-solid static 

cultures a nd first assay for nitrogenase activity was performed after 24 h of 

I + 
growth in the prese nce of 1 mM, 2 mM and 5 mM N0

3 
and NH

4
. P resence of 

nitrogenase activity , even hig h e r tha n th e control signifies th e importanc e of 

these characteristics as a b asis for studies on complementation of N
2
-fixation 

with mineral fertilizers . 

4,5 , 2 Effect of Yeast Extract on Nitroge n ase Activity of Bacterial Isola t es: 

Growth factors are require d for th e optimum growth of bacteria includin g 

N
2
-fixing microorg a nis ms . Sev eral authors h ave included yeast extract in th e 

i solation me dium as a s tarter N -d ns e and a l so as a mean to prov ide growth 

factors to N2-fixing microbes (Rennie ,1980a and Watanabe & Barriquo, 1979) . 

Five level s of yeast extract (Difc o); 10, 50 , 100 200 a nd 300 mg yeast 

- 1 
extract L. were supplemented to combined carbon medium. Control samples 

W.'I".' w iliHHl1 ; 111 y N ;; 1)11 1"1" " 

Control samples mea s ure d a t diffe r e nt tim e intervals s howed less activity 

-1 
than a ll other treatments (Figs .1 2 a , b, c ) , Except in one treatmnt (300 mg Y. E, L ) 

nitrogenase act ivity d e clin e d s h arply after growth of more than 24 h in stat ic 

c ultures . At the e nd of the expe rimen t, the activity i n a ll the trea tments were 

n ea rly th e same . After 24 h of growth in the semi-solid media sup ple me nt e d 

w ith different amoun t o f yea s t ex trac t, nitrog e nase ac ti v ity was found to be 

maximum in me dia s u pple me nted wi th 50 mg y.E)L-
1 

in a ll the isolates selec ted 

for the assay . Nitrog enase activity in the medium s upple mented with 300 mg 

y.E )L -
1 

foll owl! t.1 1I1 l! ili g h l!~ t ' a lu l! . Ln a ll ol h e r It' l!il Lln en Ls va lu es were found 

to b e low. 
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Nitrogenase activity meas ured after 48 h of growth showed a s t eep 

d eclin e in nitrog e nase activi t y as th e organisms had exh a u sted the C-source 

a n d a l s o du e to the adverse c h a ng esi n th e g rowth condi tion s. However in 

-1 
on e treatme nt (300 mg Yeat Extract,L ) with I so-2 a nd C - 2, nitrog enas e 

activity showed an increase , 1nitiallY{after 24 h) low activity in this trea tm e nt may 

b e due to the r e pres sion of nitroge n ase ac tivity by combin e d-N present in the 

yeast ex tract. Onc e the b ac t e ria h ad u sed up some p art of th e a vail a ble f ixed 

N, activity started rising up. Nitrogenase ac tivity measure d after 72 and 96 h 

of growth again found to b e low . No activity of 1so-2 was dete cted in control 

-1 
as well as in medium s upplemented with 10 mg Y.EJL 

Earlier, effect of y eas t ex tract (0.1 g L -1) on nitrogenase activity of 

a strain (SSt 22) isola t e d from Kalbr g r as s was compared with control in a 

semi-solid me dium by Bors e t a l . (19 82 ). They observed that addition of yeast 

ex tract considerably shortened the lag phase . of bacteria an d significant differe nc e 

in nitrogenase activity existed betwee n the two treatments upto 3 days. After 

this p eriod the activity was levelled up. Watanabe & Barriquo (1979a )while 

isolating free living N
2
-fix ing organis ms from rice roots observed that mineral 

or organic-N was require d for the successful i sola tion s . The y supplied 100 mg 

- 1 
Yeast Ex trac t, L . to the b asal semi-solid g lucose min eral medium. These a uthors 

also compared nitrog e n ase activ ity of 29 inner rhizoplane isolates on several 

me dia base d on diffe r e nt supple me nts of organic-N (Yeas t Ex tract), vitamin, 

c asa mino acids or min e ral- N ( N H 4 Cl). Maximum nitrogenase activity was obta in e d 

-1 
in th e me dium supplemente d with 100 mg yeast extract, L and in Basal + vitamin 

mixture + casamino ac id me dium. No ac ti v ity was obs e rv e d in N-free medium. 

0 1 Gara a nd Shanmugam (1 97 6 ) a l so r ecom me nded a ddition of fixed nit r ogen for 

growing free living N 2-fix ing rhi zobia as they can not assimilate fixe d nitrogen. 

Earlier Pagan et a l (1975) and Kur z & La Rue (1975) h ave observed r e quirement 

of organ ic nitrogen for the d e l: dio n o f nitrog e n fi xa tion in N
2
-fixin g culture of 
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Fig. 12 a: Effect of yeast extract supply 
on the nit r ogenase acti vit.y of 
bacterial isolate, N1AB- I. 

Fig. 12 b: Effect of yeas t e x tra ct supply 
on the nit r o genase a ctivity of 
bacterial isola t e, 1s o -2. 
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free living rhizobia. In the prese nt s tu<;ly, low growth and activity wa s 

in isolates grown 6n compl e t e ly N-fre e me dium which ma y be due to the 

that nitrog e nase acti v ity i s too low. In th e presen ce of orga nic-N, g r e : 

cell mass was produce d which r es ult e d in lowe ring th e ox ygen concen tl 

and increasing the nitrogenas e activity. No e x cre tion of N was obser v e 

sample which showed that unlike free living rhi zobia these isolates are 

assimilate the fix ed nitrogen. 

4.5 .3 Effect of pH on Nitrogenase Activity: 

A physiological pH value is a prere quisite for the growth of fr ( 

living nitrogen fixing bacteria, howev e r, range of pH tolerated is wide 

(Postgate,1981 ). It is a major physio-chemical factor affecting the gro\' 

diazotrophs. 

The me an v a lue for th e pH of salin e s oil s i s 8- 10 indicating th e 

alka linity of a grea t part of th e s oils. Azotoba cte rsare gen e rally report c 

to grow in n e utral or a lkalin e soil s . A survey of 264 Danish soils of wi c' 

different pH r e corded by J e nse n (1 965 ) r e vealed that practically 100% 0 ' 

soils above pH 7.5 contain e d Azotoba c t e r s in numbe rs varying between ] 

10
4

. Below pH 6.5 only a s mall fr ac tion of soils tested contained a few 

A zotobacter c e lls how e v e r alka lin e s ubs tanc e (s) re s ponsible has not y et 

identified (La Rue, 1977). Thi s indic cll:e d th e exi s t <:l11c e of s ome r c la Lio) l 

and occurre nce of spe cific g roup of b a ct e ria. Therefore, nitrogenase a c 

of three i s olat e s were me a s ure d a t 8 diffe r e nt pH (5.5-9.0). Bacterial I' 

was same as describe d in App e nd ix -1 but with lowe r concentration of p h 

-1 -1 
(K

2
HP0

4 
= 0.4 gm L KH

2
P0

4 
= 0.1 g m L ) a nd yeast extract (1 0 

was also added.pH was a dju s ted with Na OH or Hel and rechecked aft c 

Duplic a t e samples were a n a l y sed a f t e r 24 , 48 , 72 a nd 96 hrs of growth 

+ d e scri bed for N)3 a nd N-l
4 

tr ea tm e nt s . 

• 
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These experiments reveal e d tha t bacterial isolates when grown in pure 

culture under laboratory conditions ,tol erated a wide range of pH values 

(Figs.l3a, b,c). Max imum nitrogenase activity was observed in th e pH range 

7.0-8.5 and lower activity at ac idi c pH. However , each bacterial · isolate 

behaved differentially. After 24 h of growth in modified medium of combined 

carbon, 1so-2 produced maximum nitrogenase activity (1011 nmoles cultur~ 1 
h - 1 ) 

at pH 8. The other isolate N1A13 - 1 s howed nearly same values at pH 7, 8 and 9. 

The third isolate, C-2 have r ebti ve ly narrow range and maximum mean activit y 

-1 -1 
(135 nmoles culture h ) was observed at pH 7 and at both extremes of pH 

low values of nitrogenase activities were observed. 

The n itrogenase activity measure d after 48 h of growth were found to 

ha ve similar pattern however the differences b e tween various pH treatments 

more pronounced in 1so-2 . Aft e r 72 h of growth, nitrogenase activity drop?e d 

down sharply in the same i s ola t e but in N1AB-1 a nd C-2 isolates marked 

difference ;; between different pH treatments were s till clear. Nitrogenase activity 

measured after 96 h of growth was le ve ll e d down for N1AB- I and 1so-2 while 

activitYof C-2 at pH 7 and 8 was still hi g h er than the remaining treatments. 

Most bacteria fix dinitrogen optimally a t a pH near neutra lity (La Rue, 

1977) however various exce ptions exis t. Becking (1961) measured the nitrogen 

fixing ability of Beij erinckia at a lkalin e pH and observed the growth in a mediu r.-. 

with initial pH of 10. A zotobacter could grow on combin e d nitrogen at pH 5 

but it can not fix nitrog e n b e lo w pH 6.0 (Becking, 1961). The range for 

Orex ia ~~mosa to grow a nd fix nitrogen under laboratory conditions was estill' 

by Jens en et al (1960) at th e pH r a n ge of 5-9 wit h optimum values from pH 

5.6-6.2. The optimum pH for My cobacterium fl a vu~ was reported by La Rue 

(1977) to b e 4. 
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Fig. 13 a: Nitrogenase activity of b ac terial 
isolate NIAB-I measured at diff
erent pH leve ls . 
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Although different tolerant ranges exist for N
2
-fixing bactet:ia 

however it is not known what are the factor(s) which are responsible 

for s uch behaviour. On the other hand the isolation of such bacteria is 

extremely useful enabling its potential use in extreme environments like 

salt marsh, saline soils · and tropical acid soils. Our studies on pure cultures 

of bacterial isolates under .laboratory conditions showed that all isolates 

have wide range of pH for N2-fixing ability with a optimum pH range of 

7.0-8.5. The range is more narrow for C-2 (7 -8 ) while NIAB-I and Iso-2 

ha ve much wider range. The pH of the medium was measured after every 

estimation in each treatment and it was observed that pH dropped down to 

5- 6 and at this acidic pH, nitrogenase activity was found to be low in all 

the isolates . 

4.5.4 Combined Effect of pH and Salt on Nitrogenase Activity of Isolates: 

Salinity along with drought involve changes in water potential. The 

situation is further complicated by the type of salinity (ionic species) and 

whether it is coupled to pH changes (Sprent, 1983). The sites descriptions 

from where the L. fusca was collected are described in Chapter- 2 . These 

soils have alkaline pH (8 - 10) and predominant cation is N~ (135 mmol L - 1) thus 

making these soils saline-sodic . Free heterotrophic bacteria present in saline 

environments (Water, Soil) have been listed recently by Sprent (1983). According 

to this author, N 2- fixing bacteria in s.uch regions tend to be carbon limited 

and fix little nitrogen. Some may survive in the saline conditions without growth, 

others tolerate salinity and still others are halophytic. Studies conducted at 

different pH (5.5-9.0) with the N
2

- fixing isolates from Kallar grass are already 

reported In the previous section but this problem (high pH) in our soil is 

linked with the prepond e rance of sodium salts (N~). 
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Experiments were there for e conduct e d to measure the effe c 

nitrogenase activity by addition of different amount of sodium salt 

a t two pH lev els (7 . 5 and 9.5). Three i solates , N1AB-1, C-2 and I 

were selected to study th e effects of 5-.1 evels of salt (NaCl) at t wo 

pH. The isolates were inoculated on to semi-solid CCM as described 

experiment except tha t 1,2,3 ,4 ( ~U1d 5% NaCl (E. merck) was added . 

was adjusted to 7.5 and 9.5 with NaOH a nd 0.2 % agar was added. S , 

mill ili t e r me dium was distributed in 30 ml McCa rtney vials. A control 

ha ving 0.01 % NaCl at eac h pH (7.5 & 9.5) was a lso included. Afte r 

of growth, duplicate samples were analysed for nitrogenase activity 

1,2 and 3 h of incubation with acetylene. Similar observations were 

after 48, 72 and 96 h. Details of assay conditions are given in Ch . 

Results of these experiments are presented 111 Figs. 14 a, b 

All isolates were completely un able to grow and fix nitrog e n at 5% 

lev e l a t pH 7.5 as well as at pH 9.5. Th e nitrogen fix ing activitie ~ 

the isola tes at 4% NaCl level wer e also found to be extre mely Iowan ' 

at the same level a t four measurin g intervals. Moreover, with the 

of 1so-2 other bacteria l isolate s produc e d higher activity at 1% Na ' 

Iso-2 exhibited highe r a ct ivity at 0.01 % NaCl (control). 

After 24 h of growth nitrogenase ac tivity was measure d iJ 

- 1 
samples. NIAB-I exhibited hi g h er activity (871 nmoles culture b 

grown in medium supple me nte d with 1% NaCl and pH adjusted to 7 

activitins of control samples (0.01 % NaC l) at b oth pH le v e ls were f ( 

les s than the nitrogena s e activity at 2% salt level. In isolate C- 2 

-1 -1 
activity (464 nmoles culture h ) was obtained at 1% Na Cl lev el 

- 1 -1 
At the other pH (7.5), ARA value ( 420 nmoles culture h ) wa 

close. The nitrogenase :wti v ities a t 3% a nd 1% level of Na Cl we re a ] 
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be higher than the control (0.01 % NaCI). Iso-2 was the only bacteria among 

all the isolates which showed maximum activity at 0.01 % NaCI and at pH 7 .5. 

The activity declined as the salt levels were increased. 

Nitrogenase activities measured after 48 h of growth showed same 

pattern in all isolates except in C-2 where maximum nitrogenase activity 

was observed at 1% NaCI level (pH 7.5) instead of 2% NaCI (pH 9.5). 

After 72 hand 96 h of growth period, nitrogenase activitiesin all treatments 

declined sharply. Two isolates, NIAB-l and Iso-2 exhibited maximum activity 

at 0.01 % level (control) while mean maximum activity in C-2 was consistently 

measured in medium supplemented with 1% NaCI (pH 7.5). 

It is inferred from .this study that N
2
-fixing bacteria isolated from · the 

rhizosphere of Kailar grass are salt tolerant. The extent of tolerance va;ies 

with different isolates. as well as with the age of culture and hydrogen ion 

concentration (pH). The exact mechanism (s) of sarinity tolerance is not known 

(Sprent, 1983). The physiological basis of tolerance from extreme halophytes has 

been extensively reviewed by Dundes (1977) . Most of the stu.dies on the effect 

of salinity on diazotrophs deals with · the occurrence of such bacteria in these' 

environment ~A ,bd-e1-Malik,1971 & Mishustin & Shi1 nikova, 197L). Jensen(l981) 

while reviewing the heterotrophic N
2
-fixing microorganisms stated that Azotoba<::ter 

strain isolated .from a strongly saline soil could grow with sodium chloride 

concentrations upto 0.75 M, but showed maximum nitrogen fixation with 0.14 M 

sodium chloride. Werner et al (1974) isolated a strain of Klebsiella pneumoniae 

and a · strain of Enterobacter ,aerogenes, which could grow and fix nitrogen in 

the pre.sence of sea water. J e n se n 0.981) reported that five strains of nitrogen 

fixing Clo?tridia were completely unaffected by sodium chloride in the medilim 
. . 

u.pto 0.5 M and that .12 strains of Desulfovibrio had an obligate salt concentrations 
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between 0.2-0.4 M NaCl. Patriquin (1978) isolated from roots of Spartina 

growing in salt marshes a Spirillum- like nitrogen fixing organism which 

showed good growth over the range of 0 . 0 to 0.5 M NaCI and a facultati ve 

anaerobe which could not grow without added salt" but grew well in media . 

containing 0.03 to 1. 20 M NaCl. Nayak et al (1981) also isolated some strains 

of Azospirillum from unfavourable alkaline rice soils ~pH 8.0,C.E.C, 42. 0 

meq 100 g-)l. They observed considerable N
2
-fixing activity in cultures from 

such soil but the authors pointed out that physiological activity of these 

isolates under such adverse conditions needs to be established under natural 

conditions. 

The occurrence and capability of fixing atmospheric nitrogen under 

higher salt and hydrogen ion (pH') concentrat ions open up some, possibilities 

for selection of the most efficient str!:J.ins, even though the question remains ' 

whether such strains will be as efficient in the soil under natural conditions 

as they were active in laboratory conditions. 

4.6 C.ONCL USIONS 

Enrichment and isolation of roots of Kallar grass resulted in collection 

of large number of acetylene reducing bacteric,t. Three of the most occurring 

isolates namely NIAB-1, 1so-2 and C-2 were studied extensively for charac-teri-

zation. 

C 2H2:-reduction is ra:pid, easy and senstive techniqiie but still it 

is ,an indirect method (Turner & Gibson,1980). Therefore 1.5 N inc~rporation 

studies were carried out on these isolates. Enrichment was observed in all the 

isolates which clearly indicates that these isolates are true N2 fixers. 

If significant differences were to occurr in DN A base composition 

among a number of strains, this alone would be a strong evidence for the 

existence of more than one species (Kreig & T a rrand ,1978:5.fhe mol % G+C of 

N1AB-1, C- 2 and 1so-2 were found to be 56.9, 63.6 and 53.2 respectively. 
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The pbssibility of A zospir illum could not arise as the mol % G+C of this genus 
, r . 

is present in the range of 69 - 70 (Tarrand et aI, 1978). In another study on 

Kallar grass roots, Borset al (1982) were able t o iden tify one of .the ir 

strai.ns (SSt 22) as ~. lipoferum but it is known ·that type of organisms isolated 

from rhizosphere depends on type 9f media and conditions used for the enrichment 

and isolation (Balandreau, 1983,) ,. 

Battery of tests were performed to identify these isolates but comparison 

with known N 2 fixers is difficult as complete biochemical. characterization ·of . 

Nz-'fixing bacteria is not common (Buchanan & Gibbons, 1974) since they are 

usually not . of medical intrest. The characteristics of these i~olates Were 

compared with the known N
2
-fixer; · Azotobacter and Azotomonas (Johnstone,1974 

and Becking, 1981) Beijerinckia (Becking, 1974, 1981) and Klebsiella 

(Seidler. 1981). 

The summary of major simila,rities between NIAB ~I and . Klebsiella 

pneumoniae and 15. oxytoca is presented in Table 11 . It is evident that N1AB·-1 

could be identified as !S. pneumoniae although one deviation do exists (NIAB - 1 

is catalase +ve while K. penumoniae is negative). This isolate could not be 

placed in 15. oxytoca as all of the strain:; of this specie:; are indole positive 

(Jain et aI, 1974). The occurrence of this genus has recently been reviewed by 

Seidler (1981). Recently the presence of this organism has also been reported by: 

Lethbrid~e & Davidson, 1983 

Wood et al. (1981) . . 

• L.utfi et al (1981), ,Raju et al (1972) and 

Comparison of different characteristics of · remaining two isolates 

(1so-2 and C-2) with the possible closer genera is preset:lted in 1able 12 

With one or two exceptions, 1so-2 could be safely placed in the genus Beijrenckia. 

It is know that some.!?. indica strains do not produce any pigment (var. alba). 

The actual position of C- 2 isolate is uncertain and although it appears to be 

rela t e d to the A zotobacteriaceae, there are significant differences between 
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T2ble 11: Comparison of NIAB - I isolate with Klebsiella species. Data of ' 

!S. pneumoniae and !S. oxytoca is taken from Bergeyt Determi

native Bacteriology (1974) and from Siedler (1981). 

Characteristics 

Mole % G + C 

Motility 

Capsule 

Spore 

. Oxidase 

Catalase 

Indole 

* VP 

** ADH 

*** ODC 

Ureas 

,Citrate utilization 

Starch hydrolysis 

Acidification of: 

Glucose,Sucrose, 

Mannitol, Xylose, 

Trehalose 

NIAB-I 

56.9 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

K pneumoniae 

53.9-59.2 

+ 

+ 

d 
mostly + 

+ 

+ 

+ 

K. oxytoca 

53.9-59.2 

+ 

+ 

+ 

d 
mostly + 

+ 

+ 

+ 

* Voges - Proskaur reacti6n; ** Arginine dihydrolase , ; *** Or'nithine 

decarboxylase; d- differential; +, Positive; - negative .. 



Table 12: Comparison of the bacterial isolatt'E with other Gram-negative aerobic N
2

- fixin.g bacte,ria. 
Data for all bacteria except C - 2 and 1so-2 is taken from Bergey's Determinative Bacterio-
logy (1974) and from Beckin g (1981). . 

Characteristics C-2 1so- 2 Azotobact er Azomonas Beijernckia Mycobacterium Drexia 
fla vurri 301 

DNA (G+C mole %) 63.7 53.4 63-66 53-59 54-59 69 70 

Cell size Large Small Large Large Small Small Large 

Motility + + + + + + 

Pigment (non-white) Off- Off- +(Also (+ with + (+ with + + . (+ with age) 
while white fluoresces) age) age) 
yellowish 

Slime + (less) + + + + + ++ 

Catalase + + + + + 

Growth on + + NA + + NA 
0 Peptone 
0 
rl 

·Malate + + NA NA + NA NA 

Glucose + + + + + +' 

Starch + NA NA 
Hydrolysis 

NA Not available. 
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the isolates and each of the species in the fa mily of A zotobacteriace . Recently 

some new N 2 - fixing microorganisms have been reported i. e. Campylobacter 

from Spartina alterniilora(Patriquin, 1978) Xanthobacter (Malik & Claus, 1979), 

Pseudomonas spp from rice (Barra~quo .et.al, 1983, Thomas Bauzon et al., 1982) 

and from grass , Deschampsia caespitosa (Haahtela, 1983) and Lignobacter · str ain 

K.17 (Salkinoja-Salonen et aI, (l979) and non-motile Azospirillum (Bally et aI, 

1983). The precise description of a bacteria species now even involves DN A / 

RN A hybridization (de Smedt et al. 1,980 ) and immunological reactions. We 

ha ve deposited . the cultures to DSM (German collection of Microorganisms), 

. Gottingen, F. R. Germany .for their complete identification. 

Commercial identification kits, API 20E & API 50CB were also employed 

but their utility is only' of some advantage if computure linkEd analysis of the 

;results is possible as described by Rennie (l980 a ) . 

Physiologica l experiments revealed that all these isolate·s have relatively 

high tolerance limits of pH and sodium chloride. Activity was found to be 

-1 
higher in the medium supplemented with 50 mg yeast extract L . . All 

bacterial isolates were able to exhibit nitrogenase activities in the semi-solid 

static cultures amended with as higher as 5 mM nitrate or ammonium . 

This study and related studies by several other workers ( reviewed 

by Vose, 1983) on a variety of N 2 -fixing bacteria from rhizosphere will help 

to increase our understanding of the biology of N
2

- fixation in the soil and to 

better define the importance of a particular bacterial strain. From this study 

it is not possible to estimate the frequency of occurrence of these bacterial 

strains in the rhizosphere of Kallar grass. Use of fluoresce nt antibody technique 

would be useful in quantification of these partictilar isolates in the presence of 

similar N 2 - fixing bacteria in the s oil and near the roots. 
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Contribution by these bacterial strains to ,N
2
-fixation in association 

with Kallar grass was examined by performing inoculation studies which are 

reported in the next chapter. 



CHAPTER- 5 • INOCULATION STUDIES 
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Inoculation of free living bacteria to cereals and grasses is not a new concept '. 

. ' 7 ' 
, By 1958 about 10 heacters in the USSR were treate d with the bacterial fertilizers 

mainly prepared fro,m cultures of Azotobacter Chroococcum. This work was reviewed 

by Brown (1982) who concluded that inoculation of seeds or roots led to changes in 

plant growth and some times to yie ld increase but most often effect was found to be 

insignificant. Scientists from other countries had dissmissed the value of these' 

inoculant. Due to recent increase in cost of N -fertilizers there is a renewed interest 

especially in developing countries to increase and exploit biological N
2

- fixation by 

grasses - N 2-fixing bacterial associations. Present research efforts are mainly 

concentrated on the use of A zospirillum as bacterial inoculant (Albrecht et. aI, 1977; 

Bouton et a1.. 1979; Cohen et .a1. 1930 a nd Smith e t al, 1977'). Only few attempts 

to inoculate plants with other N
2
-fixing bacteria like Klebsiella pneumoni2,e (Klucas 

et al. 1981; Lethbridge & Davidson, 1983; Wood e t a1. 1981 and Wright & Weaver, 

1982) and Bacillus polymyxa (Lethbridge &' llividson, 1983 and Rennie & Larson" , 1979). 

ha ve been made. 

Measurement of responses to inoculation of grass roots with selected 

diazotrophic bacteria is important in evaluating associative N 2 -fixation. The 

rhizosphere of kallar grass in saline areas are found to be active in AR. Diazotrophic 

Klebsiella (NIAB-I) and two other isolates C-2 and Iso- 2 were isolated from roots 

of some of these plants. In the present chapter, inoculation studies on kallar grass 

are reported. Inoculation experiments were carried out to study the effect of 

N
2
-fixing bacteria on the growth of L. fusca. Studies were performed by using 

a) Sterile , glass assembly 

b) Pot cultures containing sterile washed ' sand with 6 levels of 
NO~ and NH~ . 

c) Gravel culture experiments in culture tubes for quantitative 
estimation of BNF in L. fusca by using N- 15 isotopic dilution 
technique. 
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In all the above experiments b acteria l isolates from kallar grass or Azospirillum spp. 

were use d and heat killed bacterial suspension was also employed to look for the 

effects other than the N 2-fix ing activity. · These experiments are described under 

appropria te sub-titles. 

5.1 INOCULATION S TUDIES OF HY DROPONICALLY ,GROWN KALLAR GRASS 

For this experiment, seeds of kallar grass (Leptochloa fusca (L.) Kunth) 

were surface sterilised according to modified method of Nielson (1952). The, seeds 

were placed in 2% streptomycin sulphate (w / v) solution containing 0.5 ml detergent. 

After 2 h seeds were soaked in 0.2% HgCI (w/v) for one hour. Several washing 

with sterile distilled water was performed and seeds were transferred to 1% agar 

plates. Plates were placed in a controlled climate chamber set at 30
0

C day and 

26°C night temperature, day length of 16 hand lig'ht intensity of 20,000 Lux. 

After 4 days, seedlings were aseptically transferred to a PVC disc 

(dia 2.9 cm) hanging in a long culture tube (33x3 cm) with a help of thread 

(Fig 15 _ ). Tubes were covered with perforated autoClavable silicone stoppers 

(Shinetsu Polymer Inc., Chu-O-Ku, Tokyo, Japan). To each tube, 40 mlof 
I 

half strength Hoagland nutrient solution (pH 6.8) with N adjusted to 5mM N0
3 

was added and two seedlings were transferred to each culture tube. The tubes 

were placed in a controlled climate chamber as described above. 

After 7 days of growth, each disc was asep tically transferred to a special 

glass assembly for growing plants under strict sterile conditions (Figs. 16 a & b). 

Half strength N-free Hoagland nutrie nt solution with pH adjusted to 6.8(Appendix 6) was 

_ supplied to each flask. The assemblies were placed in a climate chamber having 

25-28
o

C day (16 h), 23-25
0

C night (8 h) temperature; ReI. humidity 70% and 

light intensity (reaching at the assembly) of 14,000 Lux . Bacterial inoculations 

were made 3 days after transplanting to large assembly. 
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Bacterial inoculation; of NIAB - I and Azospirillum sp (supplie d by Dr Vlassak, 

I 

Be lgium ) v/ere made. For the producti.on of inoculum, bacte ria were grown s e prate ly 

-1 ' 
in CCM with 100 mg y eas t ex tract a nd 1 gm NH

4
Cl L . Culture s u s p ension s 

containing 100 mg bacterial protein were supplied to each assembly containing 
J ( 

two plants of L. fusca. Another portion of the suspension was autoclaved to provide 
,', 

same amount of protein (bacteria killed) to other set of plants. Other control \vas 

without any treatment. 

Three days after inoculation" ARA was performed on 6, 8 and 10th day of 
, . 

growth in assembly. All inlet ports were closed with serum stoppers , (13x18 mm) 
, , 

and 12% acetylene was injected after replacing same amount of air. Gas samples 

were collected in Vacutainer (Becton-Dickinson, NJ , USA) after every 4 h using 

two way sterile needle. Gas samples were analysed on a gas chromatograph as 

tlescribed in Ch.2. 

Plants were harvested after 27 days of growth and root/shoot l,eng th and 
, 
fresh weights were taken. Dry weights were determined after keeping the plants 
J' 

at 70
0

C ina forced air .oven for two days. Total-N was measured by Kjeldahl 

method as described in Ch . 2. Protein was determined according to the method 

of Lowry et al (1951) . 

The results of the effect of inoculation by a N
2
-fixing strain NIAB - I 

I,' " 

isolated from rhizosphere of kallar grass and Azospirillum sp. on the growth 

of L. fusca are summarized in Table 13. It is now well known that N
2
-fixing 

microorganisms produce phytohormones (Brown & Burlingham.1974 and Tien et al., 

1979) which in part may be responsible for higher yield (Hubbell et al., 1981) . 

Heat killed bacterial suspensions were supplied to cultural solutions to look for 

such effects. The effect on root and shoot len g th by both live and dead bacteria 

w.as not so pronounced. However, in case of live inoculation, abundant root hairs 



Til ble 13 

Sr.No. Treatment 

l. Cont rol 

2. Azospirillum 
(Heat Killed) 

3. NIAB - I 
(Heat Killed) 

4. Azospirillum 

sp. 

r--
0 
rl 5. NIAB- I 

Effect of inoculation on the growth of L. fusca grown in sterile nutrient solution. 
Readings are averages of 3 replicates. -Figures followed by same lette r are not 
significantly different at 1% level as d e termined by DMR test. 

Length Fresh wt_
1 

Total Dry wt. - 1 .Total dr;t 1 wt . 
(em) mg. plant fresh wt. mg,plant mg,plant 

- 1 
Root Shoot Root Shoot 

mg , plant 
Root Shoot 

14 b 36 a 19 e 68 e 87 7 e 21 d 28 

17 a 30 a 36 b 81 e 117 10 be 31 be 41 

11 e . 34 a 38 b 112b 150 8 e 26 cd 34 

14 b 33 a 5 aa l39 al;J 189 1 2 ab 48 a 60 

12 be 37 a 168 a 211 14 a 41 a 41 ab 55 



- 108 -

were observed which did not contribute to the root length but were quit~ apparent 

from the fresh weights of the roots. Maximum fresh weight of roots (42.5 mg) was 

obtained in case of Azospirillum sp while NIAB - I gave the maximum shoot fresh 

weight (167.5 mg). An increase in dry matter was observed in all treatments. 

Inoculation . with A zospirillum sp increased the root and shoot dry weights by one 

fold. Comparable results were obtained by the inoculation of NIAB-I. Several 

other workers have also found that plant inoculated with N
2
-fixing microorganisms 

produced yield increase (Kapulnik et a I, 1981; Nur et al. 1980; Oknr1 , 1984 and 

Smith et al. 1976) . 

. Inoculation of bacterial isolates resulted in higher total- N content of the 

plants (Table- 14) Maximum nitrogen was estimated in case of NIAB - I which was 

-1 
538 f g , plant as compared to 438 r g in case of Azospirillum sp and 382?g in 

uninoculated control. On the other hand, % N of treated plants was found to be 

equal or less than the control plants. Rennie (1980) has also made this observation 

and concluded that % N is a poor parameter and real , important effect is the 

increase in the total - N . Schank et aI., (1981) speculated that inoculated plants 

not only gre w faster but also matured earlier and this resulted in lower percentage 

of N- content of the inoculated plants but a higher dry matter. 

Acetylene reduction assays were performed 3 days after inoculation and 

these results are presented in Fig. 17 . In inoculated assemblies nitrogenase 

activity was observed after 4 h of incubation and remained linear when samples 

were collected at 4 h intervals upto 24 h. In case of NIAB-I initial acetylene 

reduction rate was higher than Azospirillum sp but after 5 days, Azospirillum sp 

was able to reduce acetylene at a higher rate. It was already observed that 

NIAB - I isolate has a short doubling time and higher population of this organism 

may be responsible of its higher activity in the first assay. After 7 days, a rate 

of 4.1 f moles C
2

H
4 

assembly 

compared to 2.6 r moles asse rn 

was detected in case of A zospirillum sp as 

- 1 
for NIAB-I. 
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Table 14 Effect of inoculation on the nitrogen contents of Leptochloa fusca. 
Sa mples from each treatme nt were pooled tog ethe r and digested 
material ";"ere titrated thrice .. 

Treatments Total Nitrogen % N 
-1 

pg plant 

Control 382 1. 36 

Azospirillum sp 408 0.99 
(Heat Killed) 

NIAB-I 473 1. 39 
(Heat Killed) 

Azospirillum sp 438 0 . 73 

NIAB-I 538 0 .97 

Fig. 17: Nitrogenase activity of Azospirillum sp. and NIAB-I inoculated to 
aseptically growing Kallar grass in nutrient solution. 
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By the utilization of special glass assembly for growing plants under 

strict sterile conditions the . b e neficial effects of N 2 -fixing microorganisms 

inoculation on kallar grass were d emons trated. Higher values of acetylene 

reduction clearly indicates the .establishment of N 2 -fixing microorganisms and 

enhanced yield and total - N is partly due to the supply of newly fixed atmospheric 

nitrogen by the diazotrophs. 

5.~ SAND CULTURE EXPERIMENTS: 

After performing experiment in strict sterile conditions it was established 

that i.noculation has a significant effect on yield and total-N of kallar grass. 

In order to further understand the process and for determining some optimal 

levels of combined-N at which growth and N
2

- fixing activity could complement, 

pot experiments with six levels of combined-N (NO~ & NH:) were carried out. 

Seeds were surface-sterilised and germinated on 1% agar plate as described 

in Section 5.1. After 4 d ays see dlings were transferred to each plastic pots 

(l3xll cm) containing acid-washed sand. Five seedlings were transferred to 

each pot which were latter thinned to 3 plants. Seedlings were irrigated with 

, + 
half strength Hoagland nutrient solution with N -adjusted to desired N0

3 
or NH4 

levels. The pH was adjust,e d to 6.S. Nutrient solution was provided twice ' a 

week while sterile water was supplied according to requirements. Following N-

treatm e nts were provided. 

1. 

2. 

3. 

4. 

5. 

6. 

NO ' 
3 

0.1 mM 

0.5 mM 

1.0 mM 

2.5 mM 

5.0 mM 

10.0 mM 

Low L evel 

0.1 mM 

0.5 mM 

1.0 mM 
High L EY, 

2.5 mM 

5.0 mM 

10 . 0 mM 
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o 
Pots were placed in a controlled climate chamber set at 25-28 C day (16 h) and 

22 - 24 o C (8 h) night temperature, light intensity of 14,000 Lux and Rel.humidity 

at 70%. Each treatment was replicated thrice and placed in a complete randomized 

fashion. After two weeks of growth, inoculum was provided. 

Azospirillum brasilense sp 107 (obtained from Dr. Lethbridge, Aberdeen UK, 

originally from wheat field in Brazil) was grown in sodium malate medium with 

-1 
1 gm NH4 Cl L, as d escribe d by Okon et al (1977b). After 3 days of growth 

at 30
0

C on a rotary shaker, bacterial cells were harvested by centrifugation on 

a L 265 B Beckman centrifuge at 18,000 rpm for 30 minutes. Pellet was washed 

with phosphate buffer (0.1 M, pH 6.8) and resuspended in the same buffer . 

-1 
One ml of concentrated bacterial suspension (0.5 mg Protein ml ) was injected 

by sterile syringe near the roots of each plant. In, all experiments one set of 

control plants was treated with an equal volume of. an autoclaved cell suspension. 

Samples were analysed on 30, 45 and 60th day after transplantation (DAP). 

Three pots from each treatment were taken and fresh weights were recorded 

for root and shoot. Dry matter was taken after keeping the s~mples at 70
0

C in a 

forced air oven for 5 days. Total nitrogen of each part was determined by Kjeldahl 

method as described in Chapter 2. Protein was estimated by Lowry method (Lowry ' 

et al., 1951). 

A t the time of , each sampling, ARA of detached roots was also performed. 

Roots were washed in a gentle pale of tap water and placed , in 30 ml McCartney 

vials, evacuated and flushed with argon gas. After, repeating the process for 

4 times, 12% (v / v) acetylene and, 1% (v / v) air was added , to vials after replacing 

the same amount of gas. Gas samples were analysed on a gas chromatog,raph as 

described in Chapter 2. 
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5 ,2,1 Effect of Low Level of Combined - N on Yield, Total-N and Nitr:ogenase activity: 

The purpose of these experiments was to find out the optimal conc e ntrations 

of N0
3 

& N H: needed to give max imum C
2

H
2 

reduction and yield in kallar grass 

when inoculated with Azospirillum brasilense sp 107 in sterilized sand system, 

A two factor factorial experiment in randomized complete block design with 3 

replicates was used for statistical analysis, The data was subjected to analysis 

of variance and least significant differen c e test, 

It was observed that with the increase of N-supply, fresh and dry weights 

also increased and this increment was more pronounced during 2nd and 3rd harvest, 

I + 
At lower levels of N0

3
and NH

4
, fresh and dry weights were consistently higher 

in treatments supplied with heat killed and live bacteria however difference 
I 

between these two treatments was found to be significant at 0,5 and 1 mM N0
3 

or NH: ' No difference in average yield was observed when plants were supplied 

with NH~ or NO~, It is now well established that most plants · can. effectively 

utilize e ither ammonium or nitrate ions and no prefrence exists for any of the 

ions (Beevers & Hageman , 1980) ·, 

Fresh and dry weights were taken after 30, 45 and 60 days but statistical 

analysis was performed only for the dry matter , Fresh weights of control plants 

+ -1 
at the three NH

4
-levels at DAP 60 were found to be (2415, 4186 and . 6683 mg pot) 

while plants supplied with heat killed bacteria had fresh weights 3402, 4775 and 

-1 
7021 mg pot. Maximum fresh weights at all the 3-N levels at DAP 6.0 were observed 

-1 
in inoculated treatments· (4123, 4853 and 7318 mg' pot ), Similar results were 

obtained when plants were irrigated with N0
3
-solution, 

Dry weights of rootsand shoots were obtained seprately, Marked effect of 

inoculation was observed on dry matter of roots and after statistical analysis 

data are presented in · Tables 15 and 16 ,One to five fold increase from control 

plants was observed in treated plants, The differe nce between · heat killed bacteria 
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Table 15: Effect of low NO' supply on root weight of kallar grass with Azospirillum 
inocula tion. Read1ngs are expressed as mg. poC 1 

Treatme n1~ Leve ls of N Total roots weight mg, pot 
- 1 

(mMNO' ) 
30 OAP 45 OAP 60 OAP 3 

0 . 1 38 101 157 

Control 0.5 132 207 302 

1.0 139 283 440 

0.1 57 117 207 

Heat Killed 0.5 146 235 358 

1.0 166 305 ' 482 

0.1 60 130 253 

Inoculated 0.5 167 294 398 

1.0 198 370 489 

LSO (P(0.05) 13 18 25 

LSO for interaction (leve l x treatment) at OAP 30, 45 and 60 we re estimated 
to be 18, 26 and 35 respectively. 

Table 16: Total dry weight of roots of Leptochloa fusca supplied with low levels 
of NH; with (Azospirillum brasilense sp 107) or without inoculation 

Treatment Levels of N Total roots weight, mg, 
- 1 

(mM NH; ) 
pot 

30 OAP 45 OAP 60 OAP 

0.1 41 78 163 

Control 0.5 143 203 342 

1.0 160 316 465 

0 .1 54 116 263 

Heat Killed 0.5 154 239 390 

1.0 161 356 496 

0 .1 67 173 315 

Live 0.5 1.69 256 376 

1.0 J 380 534 

LSD (P ,, 0 .05 ) 18 17 27 

L.S.D. for interactions (le ve l x treatment ) at OAP 30,45 and 60 were estimated 
to b e NS, 25 and 38 respctively. 
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Table 17 Effect of low N0
3 

supply on yield of Leptochloa fusca with i~oculation 
(Azospirillum brasilense sp 107) and without inoculation. Readings are 
expressed as mg, pot I 

Treatment Levels of N Yield (mg, 
. -1 

pot ) 
(mMN0

3
) 30 OAP 45 OAP 60 OAP 

0.1 92 194 406 

Control 0.5 288 569 803 

1.0 354 607 1125 

0.1 113 244 445 

Heat Killed 0.5 308 598 829 

1.0 365 661 1307 

0.1 143 280 465 

Inoculated 0.5 334 608 857 

1.0 370 686 1383 

LSD (P«0.05) 22 20 107 

LSD for interactions (level x treatment) at all measuring intervals 
(30,45,60) were estimated to be non - significant. 

Table 18 
+ . 

Effect of low NH4 supply on yield of Leptochloa fusca with inoculation 
(Azospirillum brasilense sp 107) and without inoculation. Readings are 
expressed as mg, pot - 1 

Treatment Level of N Yield (mg, 
-1 

(mMN0
3 

) 
pot ) . .. _- -----

30 OAP 45 OAP 60 OAP 

0.1 135 228 410 

Control 0.5 314 548 641 

1.0 326 634 1048 

0.1 167 284 453 

Heat Killed 0.5 342 576 715 

1.0 367 707 1240 

0.1 168 312 481 

Inoculated 0.5 363 594 768 

1.0 400 705 1288 

LSD (P ~ 0.05) 21 22 44 

LSD for interactions (leve l x tre atme nt) at DAP 30,45 and 60 were estimate d 
NS, 31 and 63 r e spectively 
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and live inoculum treatments was found to be significant (P(0.05) at 0.5 and 
I 

1 mM N0
3 

at each successive harvest. When plants were supplied with solution 

containing ammonium as combined - N source, similar results were obtained. 

Treated plant (heat killed bacterial suspension and live bacteria) were significantly 

+ different from control as well as from each other at 0.5 and 1 mM NH4 at DAP 30 

and 45. At final harvest (DAP 60) effect was more clear and all treatments at each 

level of N were significantly different (P(0.05, 25) from each other. 

The yield of upper parts was found to be higher when levels of N (N0
3
0r 

N H+ ) . d (T bl d 1 4 were Increase a es 17 an 8 ). Effects were more pronounced when 

plants were supplied with either autocla ved suspension of bacterial solution 

or live inoculum. At lower levels of nitrate the difference between the latter 

two treatments were significantly different (P ~ O. O~, 22 and 19) at . DAP 30 and 

45 respectively. At the time of last analysis (DAP 60), though the differences 

between each N-levels were markedly evident however non significant differences 

we r e observed between treatments supplied with heat killed bacterial su.spension 

" and live inoculum except at1 mM N0
3 

level. At this level both treatments Were 

SIgnificantly different (P< 0.05, 107). Similar r esults were obtained when plants 

w"ere supplied with solution confaining ammonium as N-source except at 1 mM 

NH~ . At this level non significant difference was observed between treatments 

supplied with heat killed bacterial suspension and live inoculum at DAP 60. These 

two treatments were however significantly higher (P (,0.05, 107) then the control. 

The % N of the root when supplied with only solution containing N0
3 

was 

in the range of 0.68-1.47. The percent-N of treated plants (heat killed bacterial 

suspension and live inoculum)we re found to be in the rangesof 0.69-1.49 and 

+ I 
0.57-1.21. The % N of plants supplied with NH4 instead of N0

3 
was less than 

the latter treatment but differenc e was not significant. The % N of root declined 

as plants attained maturity. The % N of shoot was found to b e highe r . 
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The percent - N of shoot of control plants was present in the range of 0.74 -2 .27%. 

The % N of treated plants (Heat killed bacterial suspension and live inoculum) 

were found to be in the rangesof 0.74-2.33%and 0.63 -2.2 1%.The percent N of 

shoot declined as plants attained maturity. Same observations were earlier made 

in case of roots. The total - N of root as well as of shoots were arialysed. The total N 

of ro()ts are !,r~senled in Tables 19&20.lt is clear from the data that with the 

increase in 
. + 

the supply of combmed-N (NH
4 

or N0
3

) the total-N was also found 

I 

to be higher. Total- N of root was found to be higher in N0
3 
-grown plants. At 

I 

each level of N0
3 

(0.1, 0.5 and 1.0 mM) the total-N of inoculated ,plant was 
I 

higher than the control except at first harvest (DAP 30) of 0.5 mM N0
3 

level. 

+ 
The total-N of roots in NH

4
-growth plants was found to be less than N0

3
-treated 

plants however differe nce was estimated to be non significant. 

The total-N of tops was analysed and presented in Tables 21 and 22. 

Total-N of shoot was found to be higher in N0
3
-grown plants at all N":levels 

I + 
except at 0.1 mM N0

3 
treatment. At this level total - N was higher in NH4 treated 

plants. At lower level of N0
3 

only in 1 mM N0
3 

level, total-N of inoculated plants 

was higher than the control. In other two levels (0.1 and 0.5 mM N0
3
), N-contents 

of inoculated plants were found to be lower than the plants treated with 'heat killed 

+ 
bacterial suspension or control plants. In NH

4
- grown plants, total-N was higher 

in all inoculated treatments than the control however the difference between the 

treatments supplied with heat killed bacteria and live inoculum were non - significant 
, ~ + 

except a't 0.1 mM NH4 at DAP 30 and at 0.5 mM NH4 level at DAP 60. 

Nitrogenase activity of detache d roots was d e termined at each time of harvest 

(DAP 30, 45 and 60). Nitrogenase activity was found to be present only in inoculated 

plants which indicate that non - inoculated plants remained free of contamination by 

+ 
N

2
-fixing microorganisms. ARA values for plants supplied with NH4 was fairly 

I 

lower than the N0 3-treatments (T a ble 23). Maximum nitrog e n ase activity 



- 117 -

-1 
Table 19: Total-N (mg-N, pot ) of roots of L . fusca as affected by inoculation 

of Azospirillum brasilense sp 107 at lower levels of combined-N (NO'3) 

Treatments Levels Total-N mg, pot 
- 1 

(mM N0
3

) 
30 DAP 45 DAP 60 DAP 

0.1 0.29 0.72 1.14 

Control 0.5 1.92 2.14 2 . 53 

1.0 1.64 2.74 3.20 

0.1 0.77 2.16 1. 22 

Heat Killed 0.5 1.52 2.11 2.44 

1.0 2.52 3.98 4.15 

0.1 0.73 0.90 1. 58 

Live 0.5 1.66 2.23 2.60 

1.0 2.14 3.98 4.15 

LSD (P 0.05) 0.19 0.21 0.27 

LSD for interactions (level x treatment) at DAP 30, 45 and 60 were estimated to be 
0.2 7, 0.21 and 0 . 38 respectively. 

-1 
T;,ble 2"0: Total- N (mg -N, pot ) of r oots of L. fusca as affected by inoculation 

of Azospirillum brasilense sp 107 at higher levels of combined-N (NO~) 

Treatments Level of N Total-N .(mg, pot - 1 ) 
(mM NH~) 

30 DAP 45 DAP 60 DAP 

0.1 0.41 0.79 1.19 

Control 0.5 1.02 1.46 2.17 

1.0 1.50 1.86 2.65 

0.1 0.56 1.05 2.15 

Heat Killed 0.5 1.45 1.43 2.25 

1.0 1.54 2.80 2.56 

0.1 0.63 1. 36 2.13 

Live 0.5 1. 52 1.64 2.28 

1.0 1. 42 3.01 3.56 

. LSD 0 . 05) 0.18 · 0.18 0.17 

LSD for interactions (level x treatment ) at DAP 30, 45 and 60 were estimated to be 
0;28, 0.18 and 0 .24. 
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Table 21: Total-N (mg-N pot- I) of upper parts of L. fusca affected by inoculation 
of Azospiril1um brasil e ns e sp 107 at various levels of nitrate (N03) 

Treatments Levels of Total-N (mg N, 
- 1 

pot ) 
- N(mM NO~) 

30 OAP 45 OAP 60 OAP 

0.1 1. 46 1.98 2.94 

Control 0.5 5.76 7.24 7.56 

1.0 7.82 8.06 10 . 08 

· 0.1 2.27 3.39 3.06 

Heat Killed 0.5 4.62 7.17 7.45 
Bacteria 

1.0 8.45 9.50 12.04 

0.1 2.07 2.76 2.84 

Inoculated 0.5 5.41 6.22 8.21 

1.0 8.58 10.03 13 .81 

LSO (P 0.05) 0.37 Q.56 0.30 

LSO for interaction (level x treatment ) at OAP 30, was 0.53; at OAP 45, 0.79 and 
at OAP 60 it was 0.43 

Table 22: Total-N (mg-N 3 plots) of upper parts of Leptochloa fusca as effected 
by inoculation of Azospirillum brasilense sp 107 at various level of 
ammonium (N H:P 

Tr,~atments Levels of Total-N, (mg, -1 
pot ) 

- N (mM NH+) 
4 30 OAP 45 OAP 60 OAP 

0.1 1. 57 2 . 17 3.11 

Control 0.5 3.21 5 . 09 5.20 

1.0 4.97 7.07 7 . 23 

0.1 1. 73 2.46 3.63 

Heat Killed 0.5 3.73 4.99 5.19 
Bacteria 

1.0 4.97 7.04 7.23 

0.1 2.46 2.55 3.82 

Inoculated 0.5 3.40 5.13 5.2'5 

1.0 5.10 7 . 1 9 8.76 

LSO (P 0.05) 0.20 0.19 0.21 

LSO for interactions (leve l x treatme nt) at OAP 30 was 0 .27; at OAP 45, 0.26 and 
OAP 60 it was 0.30 

at 



Table 23 

Treatment 

N0
3 

0.1 mM 

...: 119 -

Nitrogenase activity (C
2

H
Z
-reduction) of detached roots of Leptochloa 

fusca inoculated with A zospirillum brasilense sp 107 at various levels 
of combined-N (N03 & NH: ). Readings are averages of 3 replicates 
and + is the standard devIation from the mean. Values are expressed 
as nmoles C

2
H

4
, g dry weight root-I, h- 1 

Activity nmoles dry wt. 
- 1 - 1 

C2 H4 ' 
g root , h 

30 DAP 45 DAP 60 DAP 

35 + 18 371 + 63 1493 + 520 -

NH + 
4 

2. + 0.2 42 +11 138 + 65 -

N03 6 + 3 255 + 47 337 + 65 

0 . 5 mM 

NH4 15 + 6 77 + 12 

I 

N03 4 + 1 72 + 12 117 + 10 

1.0 mM 
+ 

NH4 4 + 1 51 + 10 
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-1 h - 1 ) was found to be present at DAP 30, 
(35, 371 and 1493 nmoles gm dry wt 

+ 
45 and 60 respectively. In NH4 grown plants, no activity was observed at 0.5 

+ 
and 1 mM NH4 level at the time of first analysis however N2- ase activity was 

observed in latter assays. 

5.2.2 Effect of High Level of Combined-Non Yield, Total-Nand Nitrogenase Activity: 

In the first s e t of ex p e rime nts low lev elsof combined- N (0.1, 0.5 and 

1.0 mM NO~ or NH: ) were supplied to plants and the effect of inoculation 

was measured. Another series of experiments with the similar design but with 

higher levels of N (2.5. 5 and 10 mM NO~ or NH:) were carried out to elucidate 

the maximum tolerance limit of combined - N for kallar grass at which inoculation 

could proceed. 

With the increase of N-supply, fresh and d 'ry weights ' had also increased 

and increment was much rapid during 2nd and 3rd harvest interval. Fresh 

weights wer e not subjected to statistical analysis. The control samples wh e n 

supplied with only 2.5, 5.0 and 10 mM NH
4

Cl had fresh weights 13.21, 26.70 

and 28.73 - 1 
gm ,pot respectively at DAP 60. The fresh weights of plants 

supplied with heat killed bacterial suspension were found to be 13 h6, 25.55 and 

30.18 
-1 

gm pot while inoculated plants had fresh weights 15 . 07,c6.58 & 30.88 

-1 
g, pot for each level (2.5, 5.0 and 10 mM NH

4
Cl) at DAP 60. It is evident 

that there was significant effect of N -supply but effect of inoculation was 

completely eliminated at all the N-levels. Similar results were obtained when 
r 

plants were supplied with solution containing N0
3

. 

The dry weights of root and shoot were obtained separately ,. The dry weights of 

roots a fter statistical analysis are pre s e nte d in T a ble s 25 and 26. It is c lear from 

the results that yield of roots were higher when supplied with N0
3

. With the 

increment of combin e d - N le vels yield also increased significantly (P <0.05) but 

inoculation or heat kille d b acte ria l suspension had no effect. Similar pattern was , 
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TCl_ble 24 Effect of A zospirillum brasilense sp 107 inoculation on dry weight 
(gm, pot I) of roots of L. fusca at higher levels of combined-N 

NO' ) 
3 

Treatments Level Total roots 
I 

weight gm, pot 
-1 

mM (N0
3

) 30 DAP 45 DAP 60 DAP 

2.5 0.35 0.58 0.82 

Contro l 5.0 0.49 0.59 1. 21 

10.0 0.67 0.68 1.36 

2.5 0.44 0.56 0.80 

Heat Killed 5.0 0.56 0.60 1. 23 

10.0 0.57 0.59 1. 37 

2.5 0.44 0.56 0.82 

Live 5.0 0.60 0.57 1.03 

10.0 0.56 0.60 1. 31 

LSD (P<0.05) 0.15 0.06 0.20 

LSD for interactions *level x treatment) at each successive harvest was estimated 
to be non significant. 

Table 25 Effect of A zospirillum brasilense sp 107 inoculation on dry weight 
(gm, pot I) of roots of L. fusca at higher levels of combined-N 
(NH~) 

Treatments 

Control 

Heat Killed 

Live 

LSD (P < 0.05) 

Level 
+ mM (NH
4

) 

2.5 

5.0 

10.0 

2.5 

5.0 

10.0 

2.5 

5.0 

10.0 

- 1 
Total roots weight gm, pot 
30 DAP 45 DAP 60 DAP 

0.21 

0.26 

0.29 

0.26 

0.28 

0.28 

0.21 

0.20 

0.32 

0.09 

0.48 

0.63 

0.74 

0.44 

0.60 

0.69 

0.43 

0.66 

0.63 

0.12 

0.79 

1.13 

1.09) 

0.77 

1.02 

1.06 

0.78 

1.10 

1.04 

0.17 

LSD for interactions (level x treatment ) at each successive stage were estimated 
to be non significant. 
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Table 26: Effect of Azospirillum brasilense sp 107 inoculation on dry weight (gm,pot 1) 
of aerial parts of L e ptochloa fusca at higher lev e ls of combined N (N H~ ) ' 

Treatme nts Leve l Yie ld (gm .-
- 1 

pot ) 
mM (NH:) 30 OAP 4 5 OAP 6 0 OAP 

2.5 0.55 0.98 2 . 31 

Control 5.0 0.83 3.68 5.88 

10.0 1. 21 4.69 6.79 

2.5 0 . 48 1.13 2.51 

He at Kill e d 5.0 0.83 3.59 5.73 

Bacteria 

10.0 0.95 4.78 7.09 

2.5 0.49 1. 37 2.78 

Inoculated 5.0 0.92 3.91 5.73 

10.0 0.94 4.83 7.38 

LSD (P <0.05 ) 0.15 0.16 0.56 

LSD for interactions (treatment x l e vel) at DAP 30, 45 9-nd 60 was found to be 

non - significant. 

Table 27: Effect of Azosni r illum brasilense sp 107 inoculation on dry weight (gm,poC1 ) 
a erial pa r ts of L e ptoc hloa fu s ca at higher levels of combined- ~ ( N03:) 

Tre atments Level Yi e ld(gm, 
- 1 

I 
pot ) 

mM (N0
3

) 30 OAP 45 OAP 600AP 

2.5 0.54 1. 93 3.29 

Control 5.0 1.10 3.94 5 . 86 

10.0 1. 23 . , 4.28 7.04 

2.5 0.65 2.05 3.40 

Heat Killed 5.0 0.83 3.97 5.83 
Bacteria 

10.0 1. 24 4 . 20 7.43 

2.5 0.57 1.85 3.42 

r'noculated 5.0 1.02 3.90 6.03 

10.0 1. 24 4.21 7.42 

LSD (P<:0.05) 0.15 0.22 0.33 

LSD for interactions (treatme nt x l e v e l ) at OAP 30 was 0 . 21; at OAP 45 and 60 it was 
non signi f i c ant . 
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observed for shoots of kallar grass when supplied with higher levelsof combined-N 

(Tables 26 and 27 ). Yie ld of uppe r parts was higher when supplied with 

-I-
solution containing N0

3 
as compared to NH

4
-treated plants but difference was 

not pronounced. A one fold increase in the yield was observed when combined-N 

+ 
(N ° 3 or N H 4) level was increased from 2.5 mM to 5.0 mM however when level 

was further increased upto 10 mM the effect was not to the extent of the previous 

treatment. 

The % N of the root were found to be in the rangES of 0.85-1.42, 0.68-1 27 

and 0.55-1.26 at successive stage of harvest (DAP 30, 45 and 60 ) when supplied 

+ 
with NH4 containing nutrient solution. Pc rcent-N declined as the plants attained 

maturity. The % N of shoot for the same plants were higher and ranged from 

1.62-2.41, 0.81-1.57 and 1.02-1.73 for each successive harvest. When plants 

were supplied with nutrient solution containing N0
3

, the % N of the root 

found to be in the rangesof 0.99-1.35, 0.80-1.20 and 0.81-0.98 at DAP 30, 45 

and 60 respectively. The percent-N for shoots v:.ere found to be in the rangES of 

1.30-2.13, 1.08-1.43 and 1.05-1.35 for each successive harvest. The % N was 

found to be less in the N0
3 
-grown plants but difference between this and 

+ 
NH

4
-treated plants was found out to be non significant. As explained earlier, 

the % N was reported to be not a good parameter. The real estimate for the 

mcrease due to inoculation is total nitrog e n. The total- N was measured by 

Kjeldahl method and reported in Tables 28, 29,30 and 31 . It is clear from the 

results that with the increase in the supply of combined-N, the total-N was 

also found to be higher. Howe ver, the plants which were supplied with heat 

killed bacterial suspension or live inoculation, total-N was either same or in 

some cases even less than the con trol. 

Nitrogenase activity of d e tached roots was measured as described in 

Section 5.2.1. The ARA was performed but no activity was observed in any 

of the samples. 
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Table 28 
-1 ' 

Total-N (mg-N, pot ) of roots of L. fusca as affec t e d by inocula tion of 
Azospirillum bras il e nse sp 107 at higher levels of combineq- N (NO~) 

Leve ls of Total - N (mg , pot - l ) 
N(mM NO;) 

30 DAP 45 DAP 60 DAP 

Treatments 

2.5 3.63 5 . 09 6.12 

Control 5.0 5.89 6.95 11.6 

10.0 5.63 6.07 12.29 

2.5 4 . 10 4.54 7.72 

Heat Killed 5.0 6.07 6.25 1.14 

10.0 5.49 6.19 11. 76 

2.5 3.92 4.94 5.66 

Live 5.0 5.93 6.21 9.76 

10.0 5.36 5.48 12.45 

LSD (P< 0.05) 0.37 0.40 0.60 

LSD for interactions (treatment x level) at DAP 30, 45 and 60 were estimated to be 
NS, 0.57 and 0.87. 

-1 
Table 29: Total - N (mg - N, pot ) of roots of L. fusca as affected by inoculation 

of Azospirillum brasilense sp 107 athigher levels of combined-N (NH!) 

Treatments 

Control 

Heat Killed 

Live 

LSD (P(0.05) 

Level of 
N (mM NH+) 

4 

2.5 

5.0 

10.0 

2 . 5 

5.0 

10 . 0 

2.5 

5.0 

10.0 

~ 1 
Total - N mg, pot 

30 DAP 

1. 91 

2.47 

3.28 

2.03 

2.47 

3.38 

1. 9 7 

2.24 

3.34 

0.28 

45 DAP 

3.14 

5.40 

8 . 06 

3.18 

5.39 

8.13 ' 

3.29 

5.6 

7.96 

0.35 

60 DAP 

4.36 

10.94 

14.06 

10.02 

10.02 

12.70 

3.92 

, 10.89 

12.01 

1.19 

LSD for interactions (leve l x treatment) at each successive stage were estimated 
to be NS, NS and 1.68 . 
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Ta ble 30: Total N (mg N, poC 1) of upper parts of Leptochloa fusca as affected 
by inoculation of Azospirillum brasilense sp 107 at higher lev e l s of 
combined- N (N0

3
) 

Treatments 

Control 

Heat Killed 
Bacteria 

Inoculated 

LSD (P < 0.05) 

Levels 
mM (N0

3
) 

2.5 

5.0 

10.0 

2.5 

5.0 

10.0 

2.5 

5.0 

10.0 

Total-N 

30 DAP 

7.46 

20.61 

23.44 

8.11 

18.85 

2 2 :84 

7.54 

20.19 

22.80 

0.54 

-1 
(mg-N ,- pot ) 

45 DAP 60 DAP 

19.47 37.20 

47.25 79.08 

61.08 83.78 

21.78 40.21 

53.02 78.82 

57.07 75.47 

20.94 35.54 

50.59 80.64 

57.81 79.90 

2.83 1.94 

LSD for interactions (treatment x level) at DAP 30 was 0.76; at DAP 45, 4.01 and 
at DAP 60 it was estimated to be 2.75. 

Table 31: 
-1 

Total-N (mg -N, pot ) of upper parts of Leptochloa fusca as affected 
by inoculation of Azospirillum brasilense sp 107 at higher levels of 
combined-N (NH;) 

Treatments 

Control 

Heat Killed 
Bacteria 

inoculated 

LSD (P '(. 0.05) 

Levels 
mM (NH:) 

2.5 

5.0 

10 .0 

2.5 

5.0 

10.0 

2.5 

5.0 

10.0 

Tota1-N 

30 DAP 

8.86 

17.91 

28.90 

9.11 

18.35 

27.71 

9.1 

17.86 

27.07 

0.92 

(mg-N, pot 
-1 

45 DAP 60 DAP 

10.80 27.77 

47.69 83.27 

70.53 111.79 

11.82 27.78 

47.55 83.05 

70.15 112.37 

11.46 27.91 

48.08 81.89 

69.17 113.28 

0.53 2.63 

LSD for interactions (treatment x level) at DAP 30 was 1.31; at DAP 45 0.75 and 
at DAP 60 it was non significant. 
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5 .3 INOCULATION STUDIES BY 15N·-ISOTOPIC DILUTION TECHNIQUE 

15 N d . . re uctlOn IS the only absolute proof of dinitrogen fixation. The use of 

15 
N isotope dilution techniques provide only truly quantitative means of est imating 

dinitrogen fixation unde r field conditions. Use of 15 N stable isotope for detection 

of dinitrogen fixation in grasses and ~ereals is increasing. 15 N isotope dilution 

method was us e d by Owens (1977) in field grown maize and sorghum. Re nnie (19 80) 

employed this method for measuring the contribution of Azospirillum brasilense 

inoculation in maize which were grown under controlled environmetnal conditions. 

Ventura & Watanabe (1983) use d 15 N dilution techniques for assessing contribution 

of nitrogen fixation to rice plants. In wheat plants contribution of N 2 -fixing 

organisms was estimate d by Le thbridge & Dav idson (1983) and Rennie (19 83) by 

using 15 N isotopic dilution t echnique. Inoculation studies were carried out on 

t. fusca as d escribe d by R e nnie (1980b) for ma ize with 15 N labelled fertilizer. 

Seeds of kallar grass were surface sterilized by dipping in 50% commercial 

sodium hypochlorite for 30 minutes. Several washings were done with sterile 

distilled H20. Seeds were the n transferred to 1% agar plates. Plates were kept 

in a controlled temperature gro.vth room with 16 h day and 8· h night. Day 

temperature was 30 + 2°C while night t e mperature was kept at 28 + 2°C. 

Light intensity was 20,000 Lux . 

After 4 days , seedlings were tra n sferred to long tubes (20 x 3 cm) fitted 

with perforated silicone stoppers (Shin e tsu Polymer Inc. Japan). Each tube was 

filled with gravel (small size, black colour) and 30 ml of N-free Hoagland nutrient 

solution was provided to each tube. Plants were transplanted onto silicone stoppers 

in such a way that shoots were present m free env ironment outside the 

After establishment of plants in culture tube s (ca 3- 5 days), 15% at.ex. 

tube(Fi g. 18a& b) 

15(NH ) ~C; O 
4 Z- 4 

solution (500 pg-N tube- I) was given which was filter sterilized (0.2 micron, 

Sartorius, W. Germany). Two weeks after germination, inoculation was provided 
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18 a : Experimental set up of isotopic dilution study. Plant of L . fusca 
are growing in the long culture tube under contr olled envirnmen
tal conditions . 
(C) control and (I) inocula t e d . 

Fig . 18 b: A close up of culture tube with Kallar grass . (C) culture glass 
tube; (G) gravel with N-free Hoagland's solution ; (P) Plant of 
L . fusca and (S) Silicone stopper . 
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to half of the tubes. Each trea tm e nt was replicated 6- 10 times and placed 111 th e ' 

controlled temperature growth room as described above. 

Bacteria (NIAB-I, Iso-2 and Azospiri1lum brasilense sp 107) were grown 

in 500 ml nutrient broth in one liter Erlenmeyer flasks on a rotary shaker and 

after 48 h of growth, bacterial cells were harveste d by centrifugation (Kokusan 

Model H-251, Japan) at 10,000 rpm for 30 minutes. Pellet was washed thrice with 

phosphate buffer (O.I .M, pH 6.8) and resuspended in the same buffer to obtain 

concentrated bacterial suspension. One ml of inoculum was provided to one set 

Of tubes while to other set (control) no inoculum was provided. Total-N in the 

bacterial suspension was determined by Kjeldahl method. 

Plants were harvested after 5 weeks of growth. Fresh and dry weights were 

taken. Inoculation resulted in highe r yield 111 all treatmehts (Table 32 ). Maximum 

dry weights were obtained when kallar grass was inoculated with bacterial isolates 

of its own rhizosphere. Inoculation with Azospirillum brasilense sp 107 gave lowest 

- 1 
yield (103 mg plant ) among inoculated treatments. Yields were significantly 

higher (P< 0.01) in inoculated treatments as compared to control in all the three 

.experiments. Maximum dry weight (153 mg plant- I) was observed in plants inoctJIlated 

with bacterial isolate 1so-2. One to two fold increase in yield was obtained . when 

plants were supplied with N 2-fixing bacteria. 

Acetylene reduction assays were performed at the end of experiments to confirm 

the presence of N
2
-fix ing microorganisms ;\l\1hole root system from each culture tubes 

was placed in 30 ml McCartn e y vial and flushed with N 2gas. Further procedures 

)""Jere similar as described in Section 5.2 . No activity was observed in non-inocu-

lated plants which indicated the absence of any N 2-fixing contaminant. Nitrogenase 

activity was found to be low in inoculated trea tmen ts (Table 33 ). Highest ARA 

value was observed in plants inoculated with bacteria l isolate Iso-2. Maximum yield 

was also observed in the same trea tmen t . 
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Table 32: Fresh and dry matter yield and N- contents of upper parts of Lepto,chloa 
fusca , Readings are averages of 6 replicates. Figures followed by same 
letter are not s ignificantly different at 1% level as determined by DMR t es t. 

S. No. Treatment Fresh wt'l 
mg, plant 

Dry wt - 1 
mg, plant 

Total-N -. 1 
mg, plant 

% N 

1. Control 130C 62 C 0.63 C 1.03 B 

2. Azospirillum 223 B 103 A 1. 31 A 1. 34 A 

brasilense 

3. N1AB-1 355 A 128 A 1.01 B 0.80 C 

4. 1so-2 337 A 153 A 1. 53 A 1.00 B 

Table 33: Nitrogenase activity of roots of .!:. fusca at the end of the experiments. 

S.No. 

1. 

2. 

3. 

Roots from each plant were placed in McCartney vials, flushed with 
N

2
gas and 1% air (v/v) and 12% (v/v) acetylene was added after 

replacing same amount of nit rogen gas. Vials were incubated at 35 0 C fo.r 
24 hours. Gas samples were analysed on a Carlo-Erba gas chromatograph 
Model 180. Reading s are averages of 6 replicates and + is the standard 
deviation from the mean 

Inoculum Nitrogenase activity 
-1 -1 

nmoles C
2

H
4

,g wt 24 h 

A zospirillum brasile nse 190 + 101 

NIAB-I 81 + 32 

I so-2 291 + 115 
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The tetrazolium salts are low redox potential indicators which on reduction 

forms insoluble, coloured form aza n s . Triphenyl tetrazolium chloride (TTC) 

reduction test of roots was performed as described by Patriquin & Dobereiner 

(1978). Washed root segments were incubated over night in tubes containing 

s terili ed tetrazolium buffer solution (Appendix- 7 ). Whole root segments from 

the solution or hand cut sections were examined and photographed on a Microlux-ll 

microscope equipped with Pentax ME .camera. Inoculated roots turned intense red 

(Fig .19 ). Hand cut sections showed the crystals of forma zan in the cortical 

as well as in the stelar regions (Fig. 20) Uninoculated roots were unable to reduce 

the compound. 

Total nitrogen content of plant material was determined by Kjeldahl method. 

Higher total-N was present in inoculated plants as compared to control (Table 32). 

Percent N was found to be in the range of 0.84-1.34. Percent N was found to be 

same or even less than the control except of plants inoculated with A. brasilense. 

15 
N abundance was measured on a mass spectrometer as described in Ch. 2. 

15 N abundance was found to be higher in non - inoculated plants (at % 15 N = 9.84 .:!:. 

0.87) as compared to ina::ulated plants where 15 N abundance ranged from 5 .. 28 + 1.36 

for ~. brasilense to 2.65 .:!:. 1.13 in 150-2 inoculated plants (Table 34 ) . 

Biologically fixed nitrogen in the inoculated treatments was measured by 

the following formulae(Rennie, 1980). 

(a) 

and 

= Yield of ~fs) - Yield of 

Yield of N (fs) 

~nfs) 

(b) % N2 -fixed =- 1 -
( a t % N -15 in oc ) 
---------- x 100 

(a t % N -15 Un i noc) 
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Table 34: 15 N abundance (at % 15 N ) in the aerial parts of L. fusca. Samples were 
analysed by Ritt e n burgh method after spiking with known amount (2 mg ·-N ) 
of unenriched (NH4)2S04 on a varian MAT GD 150 mass spectrometer. 

Replicates Control 

l. 9.251 

2. 10.040 

3. 10.072 

4. 10.28 7 

5. 8.451 

6. 10.973 

Average 9.845 a 

Azospirillum 
brasilense 

3.855 

3.647 

6.621 

5.530 

4.960 

5.148 

4.960 b 

N1AB-1 1so-2 

4.721 1.095 

3.494 4.094 

6.578 2.535 

2.888 3.723 

5.997 2.753 

3.719 1. 748 

4.566 b 2.658 c 

Readings followed by same letter are not significantly different at 1% level 
as determined by DMR test. 

Table 35 Estimates of biologically fixed nitrogen by an<dysing yield data 
and 15N abundance in aerial parts of L. fusca. 

S.No. 

1. 

2. 

3. 

Treatments 

Azospirillum 
brasilense 

N1AB-1 

1so-2 

% N fixed 
(yield based) 

51. 91 a 

37.62 b 

58.22 a 

% N fixed based 
on 15N dilution 

49.62 b 

53.62b 

73.00 a 

Readings are averages of six replicates. Figures followed by same letter are 
not significantly different at 1 % l eve l as determined by DMR test. 
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Fig. 19: A portion of inoculated (1) and non-inoculated (NI) root segment 
.... of L. fusca after staining with TTC. 

Fig . 20 Transverse section of inoculated roots of L. fusca showing dark 
red zones of TTF ( x 25 ). 



Plate-ill 

Fig. 20 
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Estimates based on the a bov e e qua tions are prese nted in Table 35 . The yield 

dependent values were found to be lower than the values es timated by 15 N 

abundance. The highest values obtained were for plants inoculated with 1s o- 2. 

It was estimated that 58% and 7 3% N in the plants was obtaine d through biological 

fixation as measured by N- balance and 15 N -abundance data respectively . This 

trend was also observed in all other measured parameters (Fresh & Dry Wts, ARA) 

for this treatment (Iso- 2. ). 

Measurement of all inputs of N (seed 7.07 pg, inoculum 148 pg and 

15(NH4)2S04 500 pg) clearly indicates that higher total-N in the inoculated 

treatments have possibly come through the N
2

- fixing bacteria . 

5 .4 CONCLUSIONS: In the present investigations, inoculation responses of known 

N
2
-fixing bacteria, Azospirillum brasilense and of , two bacterial isolates from 

L. fusca were determined on total-N, fresh & dry wt and nitrogenase activity 

of kallar grass. 

Experiments were first carrie d out in special glass assembly for growing 

plants axenic ally , with selected inocul,a nt bacteria under conditions which permit 

control of environmental conditions and monitoring of plant and bacterial growth . 

Such apparatus has earlier been used by Hubbell et al. (1981) for studying inoculation 

effects on plants with selected Azospirillum sp, Azotobacter sp and various other 

bacterial species. The use of complicated apparatus which permits experiments 

under more controlled conditions h as recommended by Wright & Weaver (1981) as 

more fruitful. Inoculation resulted in one fold increase in yield. Several other 

workers have also found that plants inoculate d with Nz-fixing microorganisms 

produced yield increase (Cohen e t al., 1980; Kapulnik et al.1981 and Nur et a l. 

1980). Unlike many other studies (Hubbell et a1 . 1981 andRennie 198()b)no e x ternal 

carbon source was added in the growth medium of this experiment. , and it was 

observed that nutrient secretions fro m root s of L . fusca were probably enough 
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to sustain microbial growth in this short term e~periment. Kloss et al (1984) 

has carried out a detailed study of organic acids in the root exudates of 

L. fusca in sterile and inoculated conditions. They observed that 95% of the 

acids can be directly used by the diazotroph and found co-relation in increase 

of biomass of the inoculated bacteria with a decrease of exudates in the nutrient 

solution. 

It is now well established that diazotrophs also produce plant growth 

substances (PGS) in the free living state and in association with grasses. The 

PGS results in improved root growth (Hubbell et al.1981; Tien et aI, 1979, 1981 

and Umali Gracia et al., 1980) resulting in increased access to soil-borne nutrients. 

This latter possibility have recently been examined by Lin et al (1983). They 

used labelled material and observed enhanced (30-50% over control) uptake of. 

'+' -; N0
3
, K and H

2
PO 4 into 3-4 days and 2 weeks old root segments. In our inoculation 

experiments, heat killed bacterial solution was $upplied to one set of plants to 

look for such effects. Stimulatory effects were observed in these treatments 

but increase in fresh and dry weights was less than the live bacterial inoculant. 

It was observed by Okon (1984) that yield response to Azospirillum spp may result 

from several factors. High acetylene reduction values in our experiment confirmed 

the presence of N 2 -fixing microorganisms in association with L. fusca as an 

agent responsible for nitrogen fixation. Similar observations were also made 

by Albrecth et al (1981) in maize plants grown under axenic conditions. Thus, 

enhancement of plant growth by N
2
-fixing bacteria may be due to either dinitrogen 

fixation and growth hormone production or both is not clear as data are not yet 

available to indicate the relative importance of both the factors (Tien et al; 1979). 

Although complicated apparatus provides many advantages for studying the 

interactions of plant and bacteria, it is desirable to use standard procedur es for 

plant growth. Therefore, inoculation experiments in pots were also carried out in 

• 
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sand culture. The mineral nitrog e n supply is pointed out to be most critical one 

in inoculation ex p eriment (Hubbell c t a l. 1981). Six levels (3 lower and 3 upper) 

+ I 
of NH4 and N0

3 
were employed to look for the optimum concentration of combined 

N (NO~ or NH~) at which maximum yield and nitrogenase activity could take place. 

Nitrate and ammonium were equally taken up well by!::. fusca and no sIgnificant 

difference was observed between these two treatments. Beevers & Hageman (1980) 

in a recent review also advocate d this theory of assimilation for most of the plants. 

L. fusca thus belongs to this category of higher plants which are not specific for 

either of the available combined-N (NO~ or NH~). At lower levels, of combined-N 

I + 
(0.1, 0.5 and 1.0 mM N0

3 
or NH

4
) nitrogenase activity was detected in detached 

root however activity was found to be totally absent at higher level:; of combined-N 
I + 

(2.5, 5 and 10 mM N0
3 

or NH
4

). It is well established that high levels of combined-N 

repressed the nitrogenase act ivit y of N
2
-fixing bacteria (Okon, 1984). 1.0 mM 

+ 
(N0

3 
or NH

4
) level was found to b e optimum for suitable growth and for sustaining 

nitrogenas e activity. Activity was ·found to b e low in the lowest N- Ievel (0.1 , mM) 

as the overall growth of plants was found to be poor. Hubbell et al.(l981) has 

pointed out that under restricted mineral N -supply, carbon leakage from the plant 

is severly restricted. It is pos s ible that at medium level of N-fertilization (l.0 mM 

+ 
N0

3 
or NH

4
) the simultaneous utili za tion of biologically fixed nitrogen and mineral 

nitrogen fertilizer may take place. Similar results were obtained by Kapulnik et al., 

(1981) with Setaria italica. They u sed five different levels of NH
4

N0
3 

(0,0.01, 

-1 
0.04, 0.1 and 0.2 g, L ) in the mineral solution that was used to irrigate the 

plants. They observed that inoculation increased the plant growth and yield mainly , 
, -1 

at lower medium lev e l of combin ed nitrogen (0.04 g,L ) whereas the effect was 

less marked at 0 or at hi g h level of N -fertili zation. 

Increased lev e ls of combined - N re s ulted In better plant growth but differences 

were non-significant b etweetl 5mM ;:lI1cl 10 mM. Moreover, at higher levels no diffe r-

e nce s were observed between a ll th e three t rea tments. Our results are consistent 



- 13 6 -

with the observation of Albrecth et al (1981). They conducted a green house 

e x periment on maize which indic a t e d that when levels of combined- N were adequate 

for plant growth, there was little if a ny diffe r e nce between inoculated and the control 

plants. Pal & Malik (1981) inferred from their studies on the contribution of A zospi-

rillum brasilense to nitrogen needs of · sorghum that higher contribution to the 

N-uptake was observed whe n inoculation was supplemented with farm yard manure 

-1 
(10 tons ha ). Moreover, yields of pla nts treated with higher level:; of fertilizer 

were above all the other inoculate d treatments. 

Extensive data is available on the inoculation effects which resulted in yield 

increase although many other atte mpts failed. Inoculation experiments under more 

controlled conditions may b e more fruitful as specific requirements of the association 

and many of the . characteristics of the microorganisms are unknown. Moreover, in 

order to exploit the system it is e ssential to know the amounts of NZ potentially 

fixed in various system (Vose , 19 83) . For this purpose, isotopic dilution studies 

were carried out in controlle d e nvironme nta l conditions. 15N- isotopic dilution 

technique was advocated by Rennie (1980b) as the absolute proof for measuring 

the amount of N
2
-fixed in th e fi e ld conditions. He used maize as the test crop 

. and observed that 12.6% - 38% of N in the plants was contributed by the atmospheric 

15 N 2-fixation. In our studies v a lues e s timated by N abundance data were ranged 

from 50-80%. The values are high when compared to ones reported in the literature 

for other plants (Le thbridge & D3vidson 1983; Owe n s , 1977; Re nnie, 1980b 

i'lnd Ventura & Watanabe, 1983). This is mainly because the seeds of ~. fusca 

are very small (148 rg-N se;d) and the re is very little dilution of 15N-isotope. 

In 15 N isotopic experime nt, comparable values of N
2
-fix ed were obtained by 

classical difference method a nd 15 N abundance method. However, the values of 

classical method were always found to be less. Rennie (1980b) also observed the 

difference between these t wo me thods howe v e r . thes e were found to be insignificant. 
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Most of the inoculation studies reported in the literature have employed 

known N
2
-fixer, Azospirillum and few studies on other N

2
-fixin,g bacteria 

(Wright & Weaver, 1982). In the present experiments in addition to known 

N
2
-fixing bacteria, Isolates from the rhizosphere of L. fusca (NIAB -I & Iso-2) 

were also used as inoculant. These isolates gave better performance than the 

standard N 2 -fixing bacteria. It has been stressed by Dobereiner & De- Polli (1980) , 

Rennie (1980b)and Vose (1983) that interaction of specific strains with different 

genotypes of the host is a crucial aspect to be understood for better use of 

the associative system. 

The data presented in this chapter suggest considerable potential benefit 

from the N 2-fixing bacteria ~plant association. Such fixation would be an impor~ant 

source of combined-N especially in the waste land conditions where L ·. fusca is 

recommended for cultivation. Data is not yet available to indica.te the relative 

importance 6f dinitrogen fixation and growth hormones production in the enhancement 

of plant growth by N
2
-fixing bacterial inoculant under field conditions. However,at 

the present stage inoculation experiments under more controlled conditions may be 

more fruitful. Future research should be directed towards determining the factors 

and condItions needed for colonization of grass roots by nitrogen fixing baCteria 

~Wright & Weaver, 1982). 

1 . 

• 



--

CHAPTER-6. SUMMARY 
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The study in this thesis d eals with the ass ociative symbiosis of N
2
-fixing 

bacteria and Leptochloa fusca (L.) Kunth. This grass has been locally known 

as "Kallar ghas ll (salt grass) b ecause of its tolerance to salt to a high 

percentage of exchangeable sodium and to waterlogging conditions. L. fusca 

is recommended as primary colonize r of saline sodic soils which constitute the 

33% of irrigated soils of Pakis tan. Under such conditions this grass grows 

-1 
luxurinatly yielding about 40 tonn es ha biomass annually . Such a yield in 

-1 -1 
terms of nitrogen., amounts to about 180 kg N, ha , year The soils which 

sustain such fields are very low in fertility and thus it was worthwhile to 

investigate the rhizosphere of Kallar grass for any possible N 2 -fixation. 

A detailed examination of naturally occurring root associated non-symbiotic 

nitrogen fixation in the soil e nvironment of kallar grass was made (Ch.3). 

Two saline-sodic sites (Shahkot and BSRS, Lahore) were selected and samples 

were obtained every month over a period of one year. Soil cores, unwashed, 

washed and surface- sterilized roots were subjected to acetylene reduction 

assay (ARA). ARA values upto 50 nmoles h -1 for soil cores, 1095 n moles gm 

-1 -1 . 
dry root , h for unwashe d roots, 4292 nmoles gm 

-1 -1 
washed roots and 2494 n moles gm dry root , h 

d t -l h -1 for rY ' roo , 

for surface-sterilized 

roots were observed but majority of samples exhibited a range of 1-200 n 

moles gm dry root-
1 

h-
1

. It is difficult to draw out a set pattern for this 

grass system as it exist for legumes however several important observations 

were made. The frequency of positive samples in all the sub- systems of ' the 

rhizosphere of ~. fusca was ' higher during the active growth period of grass 

(March-September) while highest nitrogenase activities in excised roots with 

preincubation were observed in washed roots. Surface-sterilized roots exhibited 

lowest N 2-aseactivities. It is interesting to note that no nitrogenase activity 

was observed in the soil core studie s during the winter months while maximum 

acti vity was observ ed during this period in washed and surface-sterilized 
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roots. Lower in-situ soil tempe ratures and limited nutrient supply during 

inactive growth period might be responsible for the tight association of NZ-

fi x ing b a cte ria with th e r oo t s du r ing the winter season. 

Excised root assay with preincubation is much criticised because of 

bacterial proliferation during th e incuabtion period which over estimates the 

rate of NZ-ase activity. Therefore excised roots of Kallar grass were also 

analysed without preincubation by ARA. The nitrogenase activities of this 

assay correlated well with the ARA values of soil cores as well as of excised 

unwashed roots which were subjected to preincubation in Nz-atmosphere. 

Time course study rev eale d the Jag period of 7-10 h before the onset of 

N Z -fixing activity and 02 -lev e ls h a d no effect on this lag. Moreover, acti vities 

were found to be higher when roots of L. fusca were incubated with 1% air. 

An important aspect pursued in the present study deals with the parallel 

comparison which was made between the nitrogenase activity of the excised 

roots of L. fusca and numbers of N 2 -fixing bacteria at different time intervals. 

No significant change in the population of N
2
-fixers as observed by MPN 

counts based on ARA was detected during the incubation period. These results 

suggest that mere proliferation of diazotrophs was not a sole reason for the 

higher nitrogenase activity of the e xcised roots and thus indicated the complex-

ity of the system which needs to be pursued further. 

Population of heterotrophic N 2 -fixing bacteria in the different regions of 

soil/root system of Kallar grass was estimated by MPN-technique as well as 

11 11 
by classical plate count method for a period of one year. Enumeration based 

on latter method always gav e higher counts. Quantitative estimates based on 

ARA seems to be more r e liabl e as these take into account only active N
2
-fixing 

microorganisms associate d with th e roots. Consistently higher numbers of N 2-

fixers in the rhizoplane and histoplane fraction indicate towards the localisation 

of N 2 -fixing bacteria on and inside of the roots. These studies are unable to 
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estimate the frequency of predominant N
2
-fixer(s) in the rhizosphere of Kallar 

grass. Use of fluoresce nt antibody technique in the future studies of quantifica-

tion of predominant N
2
-fi xer (s) in the presenc e of similar N

2
-fixing bacteria 

in the ihizosphere of Kallar grass is suggested . 

Broad spectrum of N
2
-fixing bacteria was found to be associated with 

roots of L. fusca. The systematic position of the three isolates, NIAB-I, C-2 

.and Iso-2 was determined by morphological, biochemical tests and mol % (G+C) 

DNA contents (Ch.4). Two isolates were identified as Klebsiella pneumoriiae 

(NIAB-I) and Beijerinckia s p. (1so-2). The identification of the third isolate, 

C-2 could not be ascertained. 15 N enrichment studies confirmed the nitrogen 

fixing ability of these isolates. Some physiological studies were also carried 

, , + 
out. Effect of different levels of combined nitrogen (NO 3' NH 4 and yeast 

extract), pH (5.5---9.0) and salt (NaCl) on nitrogenase activity of the isolates 

was determined at various time intervals. All isolates exhibited nitrogenase 

. , + 
acti vity even in the presence of 5 mM NO 3 or NH 4 in a semi-solid medium 

after 24 h of growth. Maximum nitrogenase activity was observed at alkaline 

pH and all the isolates were able to tolerate 3-4% NaCI in the medium. 

The role of N
2
-fixing bacteria on the growth and nitrogenase activity of 

Kallar grass under defined conditions was determined by carrying out inocula-

tion experiments in special glass assembly (Ch. 5). Such apparatus permits 

axenic growth of plants with selected inoculant bacteria. Inoculation resulted 

in one fold increase in yield. Stimulatory effects by heat killed bacterial 

suspension were also observed thus yield response by N
2
-fixing bacteria may 

result from several factors. 

The mineral nitrogen s upply is pointed out to be most critical one in 

. I' S I I (3 1 3 ) f NH+ d NO' Inocu abon experiments. ix eve sower ·& upper 0 4 an 3 

were employed in sand culture to look for optimum concentration of combined-N 

at which maximum yield and nitrogenase activity could take place. It was 
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, + 
observed that NO 3 and NH 4 were equally taken up well by .!=. fusca. Thus 

this grass belongs to the category of higher plants which are not specific 

for either of the available combined-No The level of 1. 0 mM (NO'3 or NH+
4

) 

was found to be optimum. No nitrogenase activity was observed at upper 

levels (Z. 5. 5 & 10 mM) of combined-N although yield was found to be 

maximum. At lower levels (0.1 & 0.5 m M) associated nitrogenase activity was 

low as the overall growth of plant was found to be poor. 

15 
Isotopic dilution studies with N-labelled fertilizer were carried out in 

controlled environmental conditions to estimate the amounts of N Z potentially 

fixed in Kallar grass system. Inoculation resulted in higher yield and ARA 

values along with TTC staining of the roots confirmed the establishment of 

N Z-fixer around the roots. In addition to known N z-fixing b.acteria. isolates 

from the rhizos'phere of .!=. fusca were also used as inoculant. These isolates 

gave better performance than the standard N Z-fixing bacteria. The estimates 

based on isotope dilution indicate d that 50-70% N in the plant was derived 

from BNF in case of inoculated treatment. The results based on N-balance 

gave relatively lower values of 40-60% of total N derived from fixation. This 

data has indicated that in Kallar grass a substantial amount of plant N was 

derived from BNF. The inoculation experiments suggest considerable potential 

benefit from the NZ-fixing bacteria- plant association. Such fixation would be 

an important source of combined N es pecially in the wasteland conditions 

where L. fusca is recomme nd e d for culti va tion. 

This study and several other studies resulted in accumulation of enough 

data on naturally occurring root-associated nitrogen fixation in the grasses 

and cereals. It is urgently needed that future research should be directed 

towards detecting the factors and conditions needed for colonization of grass 

roots by N Z -fixing bacteria. A bove all, the methods should be devised which 

could demonstrate the dire ct exchange of carbon , and nitrogen substrates 

between grass roots and assoc iate d Nz-fix ing bacteria. 
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APPENDIX 



1. 

Sol. 1 {g, L - Y 

Sucrose 

Mannitol 

(i) 

COMBINED CARBON MEDIUM 
(Rennie, 1981) 

5.0 

5.0 

Sod. Lactate (60% v / v) 

K
2

HP0
4 

0.5 ml 

0.80 

0.20 

100 mg 

25 mg 

28 mg 

900 ml 

KH
2
P0

4 
Yeas t extract 

Na
2

Mo0
4

·2H
2

0 

NaFe EDTA 

Distl.H
2

0 

Sol. II (g L- t 
MgS0

4
·7H 20 

CaC1
2 

Distl. H
2

0 

0.20 

0.06 

100 ml. 

-1 
In modifi e d CCM, 5g, L Sodium ma la t e (E. merck) was added instead of 

sod; Lactate. Moreover 0.2 % agar (Difco) was a lso added to make the medium 

Semi - Solid. For plates, 1.5% aga r was add e d . 

2. 

Peptone 

Mea t extract 

NUTRIENT BROTH 

5.0 g 

3.0 g 

1000 ml 

For nutrient agar 1.5% agar (Difc o) was added to the medium. 

3. 

KCl 

MgS0
4

·7H
2

0 

Yeast extract 

HEPES buffer 

Phenol red 

API-50 CH MEDIUM 

0.20 g 

0.20 g 

0.20 g 

0.60 g 

0.18 g 

7.5 

1,000 ml 



( ii) 

4. RBA MEDIUM 

For Nz-fixing bacteria Rhizobium Bacillus polymyxa, Azospirillum & Azotobacter. 

a) 
CaCl Z· ZHZO 

MgS0 4 ·7H ZO 

Na ZMo0 4 ·ZHZO 

MnS0 4 · HZO 

KH
Z
P0

4 
K

Z
HP0

4 
FeSO

fl
· 7H ZO 

SL-6 

Yeast extract 

100 mg 

100 mg 

5 mg 

5 mg 

100 mg 

900 mg 

10 mg 

3 ml 

50 mg 

950 ml 

15 g 

pH 7.3 . . ** 
'Q) After sterilization of medium a) add 5 ml filter sterilized vitamm solution. 

c) Also add following carbon solution after filter sterilization. 

Glucose 

Mannitol 

Sod. Malate 

Sod. Succina te 

ZnS0
4

·7H
2

0 

MnCI
2

·4H
2

0 

H3 B 03 

CoCI
Z 

.6H
Z

O 

CuCI2 ·2H ZO 

NiCl
Z 

.6H
Z

O 

Na Zo0
4

·2H 20 

Distl. HZO 

Biotin 

Folic acid 

Pyridoxin-HCI 

Thiamine-HC} 

Ribnf" 'Ie 

.id 

* 
SL-6 

** 
VITAMINS 

Z g 

Z g 

Z g 

1 g 

50 ml 

0.1 g 

0.03 g 

0.3 g 

O.Z g 

0.01 g 

O.OZ g 

0.03 g 

1000 ml 

so LUTI ON 

Z.O mg 

2.0 mg 

10.0 mg 

5.0 mg 

5.0mg 

5.0 mg 



5. 

Ca . Pa n thothena te 

p-Aminobenzoic acid 

Cyanocobalamine 

Distl.H
2

0 

(iii) 

5.0 mg 

1.0 mg 

0.01 mg 

1000 ml 

Glucose 

N3 (AZOTOBACTER) MEDIUM 

10.0 g 

0.1 g CaC1 2 ·2H 20 

MgS0
4

· 7H 20 

Na
2

Mo0
4

·2H 20 

K
2

HP0
4 

KH
2
P0

4 
FeS0

4
·7H 20 

CaC0
3 

0.1 g 

5.0 mg 

0.9 g 

0.1 g 

10.0 mg 

5 . 0 g 

Agar 15 . 0 g 

Distl. H
2

0 950 ml 

* 10 g glucose In 50 ml H
2
0. Afte r filter sterilization add In the remaining solu. 

6. HOAGLAND NUTRIENT SOLUTION 

KN0 3 
0.20 g 

Ca (N0 3 )2 0.47 g 

KH
Z
P0

4 
0.054 g 

MgS0
4

·7H
2

O 0.19 g 

Na Fe EDTA 3.5 ml 

* Micronutrients 2.0 ml 

Distl. H
2

O 1000 ml 

MICRONUTRIENTS STOCK SOLUTION L-1 

H3 B 03 

MnC1
2

.4H
2

0 

ZnC1
2 

CuCI2 ·2H 20 

Na 2Mo0
4

·2H 20 

2.85 

1. 81 

0.11 

0.50 

0.025 

N-FREE HOAGLAND NUTRIENT SOLUTION 

KCI 0.149 g 

CaCl
2 

0.294 g 

KH
2
P0

4 
0.054 g 

MgS0
4

·7H
Z

O 0.19 g 

N? - A 3.5 ml 
1)ts Z.O ml , 

'1000 ml 

6.8 


