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I. INTRODUCTION 

Biological nitrogen fixation is restricted to certain prokaryotic 

diazotrophs like photosynthetic bacteda and cyanobacteria (blue-green 

algae). which accounts for 40-45 % of the total nitrogen fixed annually 

in the biosphere. 
\ 

Cyanobacteria are () 2-evolving photosynthetic 

prokary6tes. m Bny (but not aJJ.) species of which fix dinitrogen 

aerobically. The chief ecological dnd agricultural importance of 

cyanobacteria depends upon the ability of certain species to carry 

out both photosynthesis Bnd nitrogen fixation. the photosynthetic 

process providing the energy re'-J.uired for nitrogen fixati9n. This 

trophic independence fro III cllrboll lJnd nitrogen togetllC::r with a 

great adaptability to variations of environ I1J ental factors ill Bkes 

cya/lObactena as GI model o!:Iystem for biological investigations. Further, 

I 
these algae are llbufldnnt "in low land rice fields and tile inherent 

fertility of these agricultural ecosyste ms has no w been sho wn to be . 
largely due to these algal activities. Although photosynthetic bacteria 

do f;ix nitrogen. their ctistribution in natural ecosystems is rather 

restricted by their exacting envtronmeocal re"uirelIJents like anaerobic 

conditions and their ecoloEiicaZ role is probably ID uch le$ iJD portant 

than cyanobacteria. While biological nitrogen fixatioll in natural 

ecosystems is hardly limited by the number of nitrogen fixing microbes 

the actual nitrogen accretion through this process is rather small. 

This is largely because of a variety of environmental preS3uces which 

may prevent these organi.sms from performing what they otherwise 

do under pot culture or glass house conditions. Hence. if biological 

nitrogen fixation is to be harnessed advantageously in our crop 
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production systems, we have not only to identify such stresses, but 

also devise methods to overco m e the m. 

The present investigation is aimed at examining the effect 

of the folio wing factors on N 2 fixation by Anabaena variabilis ARM 394: 

1. Te ill perature 

2. Light 

3. pH 

4. Com bined nitrogen (N 0 3, N H 4' Urea) 

5. Phosphorous 

6. Fungicides (Dithane and Ceresan-M) 

7. Herbicides (2,4-D, Dalapon, Diuron, Machete) 

8. Insecticides (8 H C and Phorate) 



II. R E VIE W 0 F illER A T U R E 

C yanobacten.a are ubitjuitous in distribution and are found 

in many different ecosystems. Frank Q889) and Prantl (lR89) first 

. .-indicated that these organism may fix N 2. The agrono mic potential 

of cyanobacteria was pointed out by De 0939), who attributed the 

natur~ fertility of tropical paddy fields to the N 2-fixing blue-green 

algae. Since then m any workers have intensively studied the basic 

and applied aspects of nitrogen fixation by these algae (see Stewart 

1980, Gallon, 1980, Roger and Kulasooriya, IQAD, Venkatara man, 

1981a.b; Hallenbeck, 1987). Today our understanding has vastly 

increased about (i) the similarity of cyanobactetia to Gra m -negative 

bacteria (Stanier and Cohen-Bazire. 1(77); (ii) occurrence of N 2-fixing 

ability in alm ost all the ill ajor typological groups; heterocysts being 

the main site of dinitrogen-fixation (Hase1kom. 1978; Stewart, lORn), 

(iii) the ability of some non-heterocystous forms to fix nitrogen under 

anaerobic or microaerobic conditions (Bunt et ale 1970; Stewart, 1971; 

Carpenter & Price, 19761 Waterbury & Stanier, 1978; Rippka et al. 

1979, Gallon. 1980), (iv) the involvement of gluttlmino synth(.'Cllse (GS). 

often coupled with glutamate synthase (GaGA T) in am mania 

ass.imilation. metabolism and regulation (IJflarlll{1I'lan/ollo ('t al., FJ73, 

Stewart ~ al., 1975, Thomas ~ al., 1975; Walk & a1 •• L07fir Meeks 

et al., 19771 Rowell et al., 1977), (v) presence of transcriptional 

control (l.,au ~ al •• 1977. 19801 Armstrong and Van Baalen, 1[)70; 

Gende1 & al., 1979, Karagou.ni and Slater, ,1979, Ownby et al., 1979, 

Haselkorn et al., .Z983a.b), (vi) ability of certain forms for anoxygenic 

photosynthesis (~ai and Katoch, 1975; Smith and I/oare, 1077; 



4 

I 
Bottom,ley and Van Baalen, 1978, Ha11i.dal and Ho1.man, 1979), (vii) 

oxidative pentose path way a5 the m ajar route of carbon dissi.milation 

(Lex and Carr. 1974, Apte !!!.£ Bl., 1978, Stewart, 1980), (vili) ability 

of the nitrogenase (Nase) to act as an A TP-dependent hydrogenase 

and generate hydrogen from water in presence of light (Kon drat:i.e va. 

1976, Krasnovsky, 1976, Bothe et Bl., 1978, Eisbrenner, ~ Bl., 1978, 

Halle(!beck and Benemann, 1978, Hallenbeck et Bl., 1979a,b, Gallon, 

1980), (ix) the presellce of U III elll brww-boulIcJ uptLJke hydrogenase 

activity (Peschek, 1979 a,b,c, 1980), (x) presence of plBsmids (~ Lau 

et al., 1977, 1980, R easton et al., 1980), (xi) regulatory effect of other 

factors like O2 concentrutioll, M 0 concentration WId .Ught besides 

fixed N, on niE gene expression in the heterocystous cyanobacteria 

(Tozum Bnd Gallon, 1979; Adams and Carr, 1981, Hase1korn ££ Bl., 

1983a,b, Ram os et 81., 1985), (xii) develop IJJ elle of gww ClOIWlg t.ll2d 

transformation systems for the Unicellular non-N-fixing Anacystis 

nidulans (Van den Hondel et. al., 1980; Kuhlemeier, 1981, Golden and 

Sherman, 1984), (xili) construction 'of Hybrid Shuttle Vectors capable 

of transfer from !I..coli to a number of N-fixing filamentous cYBno-

bacteria (Walk !ll.. al., 1984, Flores aud Walk, 1985), (xlv) iso.wtion and 

se-luencing of structural niE genes from Anabaena 7120 (Mevarech £t 

81.,1980; Mazur and Chui, 1982; and its ability to restructure its own 

nitrogen fixing genes (Golden et al.']985); and (xv) organization and 

se,-/uencing of genes and molecular evidence for endosymbiotic origin 

(Cozens and Walker, 1987). 

Nitrogen Fixation 

From the view point of N 2 fixation, the most uni..Jue property 

of the cyanobacteria is their ability, in m any cases, to carry out 
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the seemingly paradoxical simultaneous evolution of O
2 

and reduction 

of dinitrogen. M any (but not all) species carry out these processes 

sim ultaneously by virtue of specialized, differentiated cells called 

heterocysts. The biochem:istry and physiology of cyanobactenal 

nitrogen fixation and heterocysts, either exclusively or in a wider 

context, has been well docu m ented (Ste wart et al., 1978, Walk, 1980, 

Adam~ and Carr 198J, Gallon, 1981, Lambert and Smith, 1981, Meeks, 
I 

1981, Bothe, 1982, Fay, 1976; Hallenbeck, 1987). With a few e'xception 

of the unicellular algae (Rippka ~ al., 1977, Singh, 1961) and the non-

heterocystous blue-green algae Plectone m a boryanu m (Ste It' art and 

Lex, 1970), the heterocysts are present in most of the nitrogen fixing 

c yanobactena. 

Heterocystous cyanobactena and unicellular Gloeocapsa fix 

nitrogen under aerobic as well as microaerobic conditions (Stewart, 

1973), but non-heterocystous forms like P. boryanum .594, Phormidium 

sp., Oscillatona sp., L yngb ya sp., R aphidiopsis sp. are kno w n to fix 

nitrogen only under microaerobic conditions (Gallon, 1980). 

There is now posit:ive evidence for the nitrogen fixing ability 

of m ore than 125 strains or types of cyanobacteria (Table 1) (see 

Ven ka tara man, 1981 a). 

The regulation of heterocyst diffe.rent:iation and the organizat:ion 

of the nit genes in Anabaena 7120 have received considerable 

attention (M everech et a2., 19RO, H ase1.korn & al., 19R3a,b). The early 

studies showed that under aerobic conditions, the nitrosenase proteins 

are synthesized only in heterocysts (Fleming and Hase1korn, 1973) 



Table 1. Nitrogen fixing b.lue-green algal genera (After Gallon. 1980, 
Stewart,. 1980, VenkataramafJ, 19818) (Some o.f the strains 
occur symbiotically with other orgarris m ::o"). 

U niceJ1ul.ar 

Fila m entous. non­
l1etero-eystous 

Fila ill entous. 
heterocystous 

Synechococcus 

Cloeocapsa 

A phanothece 

Dermocarpa 

Xenococcus 

11 yxosardna 

C hroococcoidiopsis 

Pleuroc8ps8 group 

Plectonema 

Lyngbya 

Tnchodes m iu m 

Osd11atoria 

pseudanabaena 

l1icrocoleus 

Schizothrix 

Anabaena 

Nostoc 

Nodulada 

C ylindrosper mum 

Scytonema 

Calothrix 

A nabaenopsis 

M asbgoc1adus 

Fischere11a 

]'olypothrix 

A ulosira 

St:igonema 

H apalosiphon 

*Chlorogloea 

Cam ptylonema 

Gloeotrichia 

N ostochopsis 

Rivularia 

Scytonematopsis 

Westiella 

Westiellopsis 

WOllea 

*Col.onial Ileterocystous 
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and ,the developm ent of the heterocysts is by activation of sets of 

genes (FIelDing and Haselkorn. 1974). The structural genes for 

nitrogenase (Jnd nitrogenRSe reductase as well as those for GS and 

the large SUbunit of RuBPCarboxylase have been cloned from Anabaena 
et al. 

and physically wapped (fJ aselkomJ 1983a.b). In the unicellular 

G10eothece, the three genes nifH. nifK and nifD are adjacent and 

cotrans6r;ibed (K alias et al •• 1983) as in Klebsiella. In the fila m entous 

Anabaena 7120, nifH and nifD are adjacent. whereas nifK is 11 kbp 

from I 
nifD and transcribed independently (Haselkorn ~ ~" lQR3a). 

In Anabaena 7120. one nit RNA transcript has been sho wn to 

originate from a site that lacks good correspondence with a typical 

procaryotic strong pro ID otor, suggesting the possibility of 8 fleed 
.. 

for positive activation. The nifH message is either unstable or 

repressed or both under aerobic conditions. This accounts for the 

lleed for lJeterocy.st dlfforentiation to fix nitrogen aerobically 

(Hase1.korn £t al., 1983a,b). In Anabaena 712(), heterocyst differentia-

non is acco m paaied by exc.is.ion rearrange m ent. A site specific 

recom bination between an 11 base-pair direct repeat se"uence 

flanking the nifK and nifD genes rem oves 11 kilobase pairs of 

intervening DNA resulting in juxta position of the two genes and 

an alteration of the rr1fD protein-coding sel/uence. These rearrrange-

m ents are specific to the differentiation of heterocysts and are 

triggered by the environ m ental cue of nitrogen deprivation 

(Golden et !!b, 1985). 

One of the approaches has led to the intriguing possibility 

of assOdBting nitrogeu flxlJlg blue-grucl) tilglW with crop pZlJllt':i. 
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Uptake of Anacystis nidulans into protoplasts of P arth en 0 cissus 

mcuspidata (Davey and Power, 1975), G_loeothece mto maize, tobacco 

and Neurospora protoplasts (Burgoon and Bottino, 1977) and Anabaena 

variabilis into tobacco (Meeks et al •• 1978) has been demonstrated, 

but neither protoplast division nor nitrogen fixation could be 

de m onstrated. 

N~trogenase 

Although N 2-fixation by cell-free extracts was noted as early 

as 1960 (Schneider et al., 1960), biochemical studies on the Nase 

proteins from cyanobacteria have largely .lagged behind m8ny of the 

other diazotrophic organisms, probably due to the lower in vivo and 

in vitro activity. Early studies using cell free extracts were mainly 

to exa mine electron donation to Nase (see Codd et al.. 1(74). 

Cyanobacterial N ase is quite similar in its molecular characteristics 

to those of the Nase of other organisms (Hallenbeck ~ al .• 1979a,b) 

and it catalyses the reduction of various substances like nitrogen, 

proton, cyanide and acetylene (Gallon, 1980). The J:eLjuirement for 

A TP and reductant is nearly identical to that of other organisms, 

although unlike other Nase, excess dithionite has been reported to 

inhibit markecfl.y A. cyJindrica Nase (Haystead et al., 1972). Similar 

to other Nases, A. cylindrica Nase is composed of two oxygen­

sensitive co m ponents that can fix dinitrogen only in co m bination 

(lJalZenbeck et al., 1979a,b). 

The Fe-protein binds MBA T P and transfers t'lC·cl.roIlS to tlw 

M oFe protein which binds and reduces the substrate (Burris et al., 

1980). However, the most stIiking difference [rom other Nases that 
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" has been found for the Nase from ,d.. cylindrica :in the pattern of 

cross reaction of its two protein com ponents with the heterologous 

co m ponents fro mother N -fixing bacteria. The M o-Fe protein of 

Anabaena cyJindrica Nase forms active com plexes with all the 

Fe-proteins exa mined. This is surprising in that antiseru m to _!. 

cylindrica M o-Fe protein was found to t;>n1.y cross react with cyano-

bact'erial N ase proteins fro m M. 1a m in os us N. m uscoru m and A. 

variabiliB. but not with these of ,4.. vin elan dii. R. rubru m or P. 

boryanum 401 (Hallenbeck, 1987). Surprisingly the Fe component of 

!1_. cylindrica Nase is very inact:ive w.ith the Mo-Fe components from 

a variety of other organisms. These results suggest that a relatively 

small. specialised region of the Mo-Fe molecule is invoZverl in 

Fe-protein binding and subset.Juent electron transfer. 

Oxygen Protection 

Nase is extremely 02 labile and hence many cyanobacteria 

have evolved a variety of oxygen protection mechanisms (Weare and 

Benemann, 1973i Gallon, 1981). The most common oxygen protection 

mechanism is found in the members of the Nostacaceaa •. in which a "....._-- -.-= 

specialized veget;ative cell, heterocyst;;, allo ws the spatial separation 

of the basically incompatible processes of 02 evolution and N2 

fixation (AIm on and Boh m e, 1980). Entry of external oxygen is 

thought to be restricted by the heterocyst envelope. which contains 

four uni'lue glycolipids (Haury. and Ivolk, 1978). Mutants that lack 

these glycolipids are deficient in aerobic N ase activity (IJ aury and 

W olk. 1978). The ability of the heterocyst to exclurle n 2 appears 

to vary with growth conditions (Murry at al •• 10Rft) with growth in 
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the presencE/of moderate to high concentrations of O2 apparently being 

reljuired for the development of maximum protection, suggesting that 

02 is rec..Juired for the induction of some key 02 - excluding compo­

nents. In this connection. it has been reported that adaptation of, 

.:1.. cylindrica to high O2 tensions involves. at least .in part. the 

induction of superoxide dismutase and catalase (Mackey and Smith, 

19~3) and Nase synthesized under strictly anaerobic conditions is 

markedly 02 sensitive (Rippka and Stanier, 1978). At any rate, it 

is obvious that 02 cannot be totally excluded from the heterocyst. 

A dditional factors that are capable of protecting N ase fro m ° 2 

inactivation include enhanced rates of respiration in the heterocyst 

(Lex & al., 1972), the oxy-hydrogen reaction, (Hollchins and Rllrris, 

1981a,b) and H 2-stimulated 02 uptake catalysed by the uptake 

hyclrogelll:Jse localized in the heterocyst. R OCClIlt:1 y, it· Iws h('OII 

suggested that the ability of heterocystous cyanobacteria to rapidly 

recover N ase activity after a short-ter m exposure to high ° 2 tension 

may be due to a type of confor m ational protection m echanis m, as 

proposed for A zotobacter (Robson and Postgate, IQfW) as well as 

de !!QY.Q. synthesis of N ase (Pienkos et 81., 1983). 

In non-heterocystous forms, a temporal separation of photo-

synthesis and nitrogen fixation has been suggested. There is also 

some evidence for compartmentalization in P1ectonema (Meeks, 

et al., .1978) and Trichodesmium (Bryceson and Fay, 1( 81). In the 

unicellular G1oeothece, the oxygen-protection is achieved by several 

means such as te m poral separation of photosynthetic O2 evolution 

and nitrogen fixationJ an oxygen-linked hydrogen uptalcei presence 
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of tocopherols which may serve as an antioxidant (Newton et aI., 

1977) and certain internal membranes which may serve lJS intrllceI1ular 

protective compartment (Gallon, 1(80). In addition, Gloeothece 

possesses an active superoxide-metaboJizing system (Tozum and Gallon, 

1979). Evidence for confor m ational protection in these ilon-

heterocystous organisms is e"uivocal (Gallon and Hamadi, 1984). 

R edu'atant and A T P 

There is no evidence in any diazotroph for spedalised 

mechanisms for supplying A TP to Nase. Hence, as might be expected, 

photophosphorylation, oxidative phosphorylation and substrate level 

phosphorylation probably have varying degrees of importance in 

meeting this rei.juirement, depending on particular environmental 

conditions (Stewart, 1980, Gallon, 1(80). In heterocystous species, 

the energy expenditure due to N 2 fixation appears to cause a much 

10 wer energy charge in heterocysts, relative to vegetative cells 

(Privalle and Burris, 1983) and the energy charge, which is responsive 

to changes in light intensity or O
2 

tensio.ns, appears to be a major 

factor controlling Nase activity, at least in isolated heterocysts 

(Ernst et al., 1983). If adetJuate reductant is available, cyclic photo­

phosphorylation can, by itself, meet the ATP demand in the light 

(Bene ill ann and Weare, 1974) and oxidative phosphorylation can do 

so in the dark, supporting about .'50 % of the light rate of N ase 

activity (Fay, 1976). In Gloeothece, prolonged rates of N 2 fixation 

supported by substrate level phosphorylation have been reported 

(Gallon, 1980). 
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Although many non-heterocystous cyanobacteria are I. capable 

of synthesizing Nase and supporting its activity under strictly 

anaerobic conditions (Rippka and Jvaterbury, 1977) virtually nothing 

is known regarding the reductant supply under these circu mstances. 

Like wise, fila m entous heterocystous species are capable of anaerobic 

N 2 fixat::ion (Rippka and Stamer, 1978). Whether Nasa is synthesLzed 

and act::i~e in the vegetat::ive cells under these condit::ions is still a 

matter of controversy, but if so, the path ways of reductant flo w to 

Nase under these conditions are unknown. Photosynthesis may 

directly supply reductant for light-driven N 2 fixation in Gloeothece 

(Gallon, 19RO). It has been reported that Nase activity is dependent 

both in the light and in the dark on respiration in Gloeothece, which 

supplies both A TP as well as the reductant in the light (Mullineaux 

£t al., 1980). In YiJ!:£. studies have sUBgested that isocitrate and 

possibly malate might supply reductant via N A DP+, ferredoxin and 

the corresponding dehydrogenase (Gallon et al., 1973). Additionally, 

glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydroge-

nase may play major roles, since the specific activity of these 

ellzy III es h:; fOUl" to LUll fold grulJtur [J1 nitrogon fixing culture,.., 

(Gallon & al., 1974). In heterocystous aerobic cyanobacteria, mtrogen 

fixation is believed to be confined to the heterocyst, since it lacks 

the M n containing co In ponent of the () 2 evolving syste m of photo­

system II (Tel-Or and Stewart, 1977) :is unable to reduce directly 

ferredoxin with water derived electrons. Since heterocyst lacks 

ribulose 1-6-bis phosphate carboxylase, it is largely incapable of CO 2 

fixation. Hence, the reductant derived from C-metabolism must be 

provided by the C co ill pound(s) im ported fro m the vegetative cell. 



12 

The nature of this carbon COlD pound is at present uncertain. Of B 

variety of sugars tested, only ~::-erythrose supported high rates of N 2 

fixation by isolated heterocysts (Privalle and Burris, 1984). Heterocysts 

It' hen incubated for short ti me with CO
2 

accu m ulates significant 

ICjbelled '-luantities of alanine, suggesting transport of alanine. gluta mate 

and sugars (Juttner, 1983). If the im ported alanine is oxidized in the 

\ 
heterocyst to glutamine. several reducing e-Juivalents would be 

produced offering a possible explanation for the high activities of 

alanine dehydrogenase previously found in heterocysts (RowelL ££. aI., 

1977). Other reductant generating enzy m atic path ways like glucose-

6-phosphate dehydrogenase and 6-phosphogluconate dehydrogellase whose 

activities in the heterocyst fraction are five to ten tim es that of 

vegetative cells have been reported (A pte £t al.. 197 B). N AD PH 

I 
appears to donate electrons directly to N ase in the dark via a 

ferredoxin: N AD P H oxido-reductase. whereas in the light D M BIB 

(2.5-dibro m 0-3- m ethyl-6-isopropyl-p-benzo..Juinone) inhibition of this 

reaction indicates an involvement of photosystem I. In the same way. 

NADH appears to support NtJSe activity in the light by donating 

electrons to photosyste m .r at the plastoquinone level (Schraute meier 

et al., 1984. 1985). 

In cyanobacteria, it has long been recognised that H 2 is 

capable of supporting NtJ::;;{;! activity il1 reriuclJllt-Zi //lico(( cultures 

(Benemann and Weare. 1974) and accordingly, high rates of H 2 

supported acetylene reduction by isolated heterocysts have been 

reported (Smith & aI •• 1985). The light-mediated flow of reductant 

from H
2
, to Nase appe8('s to follow the same pathway 88 NADfI, 

nB III ely. entering ph 0 tosyste m I at the plastoeJuinone level 
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(Ernst and Boh m e, 1984). Cyanobacterial ferredoxin is widely believed 

to be the i m mediate electron donor to N ase (H ouchins, 1984). 

Ferredoxins have been isolated and se<juenced from a large number 

of cyanobacteria. Many cyanobacteria, including Nostoc strain Mac 

(Hutson ~ al., 1978), N. verrucosum (SIUn ~ al., 1977), Aphanothece 

sacram and Spirulina maxima (Cammack ~ al., 1977) contain two 

distin~t; species of ferrerioxins, an apparent result of ancestral gene 

duplication (Hase et al.,1978). These two ferredoxins are present 

in the sa m e proportion in photoautotrophically and dark heterotrophi-

cally Bro wn cells. Thus, their synthesis appears to be independent 

of gfO wth conditions. The specific role of each ferredoxin :in ce11u1ar, 

metabolism has not yet been determined (Hutson .!!f..~' 1978). A 

ferredoxin fraction obtained from heterocysts has also been shown to 

differ markedly in its biological properties from that of the vegetative 

cells (Schrautemei.er and Bohme, 1985). Preliminary evidences indicate 

that it is a (2Fe-2S) ferredoxin and im m unologically d:istiIjct from the 

vegetative cell ferredoxin. This suggests that heterocysts contain a 

specific electron carrier for Nase, although this re"uires further proof 

from genetic and biochemicw. analysts. 

Am m onia Assimilation 

The major route of primary am monia assimilation in most of 

these algae is through gluta mine synthetase (GS) coupled with ferredoxin 

linked glutamate synthase (GO GA T) (Walk & al., 1976. Rowell & al., 

1977). GS and aminotrBnsferases Bre present in heterocysts, wfrile COGAT 

and GS in vegetative cells. Nitrate' has a variable and transitory 

inhibitory effect on nitrogen t]xatioll by blut::-gr~t::1l ttl.,gdlJ (IJust:lkw·u. 

1978) and presence of hiBh concentrations of am m onia severely 
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decreases the nitrogenase activity (Tuli and Tho In l1S. lQRn) and 

glutamine synthetase (Quinto et al., 1Q77) and this IlIJs IwclI sholvn 

to be IDediated by a vatiety of mechanisms including repression 

(W oolfo1k et al., 1966), degradation (Quinto et al., 1977) and disaggre­

gation (Si m s et al., 1974) of the enzyme or modulation by adenylylation 

cascade. GS :is known to exist in adenylylated and unadenylylated 

sta,tes in bacteria (Wohlhueter et al., 1073), but evidence for this in 

blue-green algae is lacking. The marine Anabaena C A is perhaps 

the only fOTm that expresses nitrogenase even in presence of excess 

of am monia, whereas the enzyme actiVity is not expressed .in presence 

of nitrate-nitrogen (Bottomley &. al., 1979). This anomolous response 

could be probably because of a naturally occurring mutation in the 

regulatory mechanism. The nitrogen-derived am m onia and gluta mine 

formation occur only :in heterocysts (Thomas, 197R) and most of the 

glutamine is transported to vegetative cells where it is metabolized 

to glutamate and various other amino acids by glutamate synthase 

and amino-transferases located in vegetative cells. Part of the 

glutamine could be converted into glutamate in the heterocysts by 

the a minotransferases located there. The gluta m ate thus produced 

may function as a substrate for more glutamine formation. Glutamate 

could also be transported to heterocysts from vegetative cells either 

directly or as aspartate, which could be produced by transa m in a tion 

(see Meeks, 1981). 

Besides am m oIlia, the overall m echanis m of nitrogenase regula­

tion see ill s to in volve intracellular level of amino acids. In 

Plectone m at arginine and gluta mine prevent induction of nitrogenase 
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(NaBBtBni and Haselkom, 1978). In Anabaena, intracellular glutamine 

pools increase in seconds in response to aID monia, followed by a 

decrease in nitrogenase activity (Rowell ~ Bl., 1977). Recently. it 

has beell shown that low levels of exogenous glutamate inhibit 

nitrogenase, the inhibition being, ho wever, alleviated by aspartate 

(Tho ill as, 1978). The overall mechanism of nitrogenase regulation 

invo'1ves the conversion of am m orua to the level of a mino adds. 

Subse<.Jue(Jt steps in the r&gulatory circuit bet ween l] millo dcldl:;) ~Ild 

nit operon(s) remain largely unknown. It is, hOlt/ever, tempting to 

speculate that a mino adds work as effectors oq'gluta [Dine synthetase 

protein, which has been hypothesized to serve as a positive genetic 

activator for the expression of the nit genes (Shan m ugha ill and 

Morandi, 1976). Antibiotics like rifampicin, streptomycin and 

chIora ill phenico1 inhibit nitrogenase activity, suggesting that transcrip­

tion of DNA as well as translation of m RNA (protein synthesis) might 

be involved (Gallon, 1980, (:handrasekkaran and VenkatarBman, 1985). 

The removal of these antibiotics from the m ediu In allows the 

nitrogenase activity to return to its original level in A nBbaena 

variab:i1is (Chandrasekkaran and Venkataraman. 19~5). 

GS and/or a product. like ammonia is involved in the inhibition 

of nitrogenase synthesis and heterocyst production, although the 

relationship bet ween nitrogenEISe and heterocyst is not cIear. It.is 

also pos.s:ible that repression of nitrogenase in these systems may not 

be regulated by G S (Tuli and Thomas, 1980j Khan ~ aI., 1985) and 

the newly idenooed 8l!lF product may be involved (GaiUardin and 

Magasanik, 1978). The regulation of heterocysts has been, attributed 
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to a nfield of inhibition n, according to which the heterocysts inhibit 

the nearby vegetative cells from becoming heterocysts (lvolk, lQ671 

Wilcox et al., 1973). This inhibition is thought to be mediated by 

a diffusible substance(s) produced in heterocysts. 

co m pound that has hitherto been sho w n to 

The only nitrogenous 

be produced by and 

exported from heterocysts in glutamine (Thomas & al., 1977). In 

Anabaena L-31, extracellular polypeptides have been im plicated in 

heterocyst regulation (David and Thomas, 1980). Cyclic AMP (Hood 

ee al., 1979) or cyclic G M p, independent of GS may also be involved 

(Stewart, 1980). 

The first stable product of nitrogen fixation is am m onia. 

The first ill ajor organic product of assi m ilation of am m oma is 

glutamine (Meeks, 1981) and glutamate is the second product. Alanine 

appears to be formed. primarily by alanine dehydrogenase in Anabaena 

cylindrica, Cylindrospermum licheniforme, P1ectonema boryanum and 

Anacysts nidulans, while in Anabaena variabilis, by transa mination 

reaction, probably fro ill gluta m ate. rather than by wect a mination 

with am m onia (Meeks et al., 1978). The possible path 'vays of nitrogen 

fixation in heterocystous cyanobacteria are shown in Fig. 1. 

IJ ydrogen production 

The nitrogenase enzyme can also function as an A TP-dependent 

hydrogenase and generate hydrogen fro m water (H allenbeck ~ al., 

1979a. Stewart and Gallon, '1980). There appears to be two types 

of uptake hydrogenases, one linked to photoreducing activity and 

another to oxygen-dependent activity of the ceZls (Peschel(, ZQRn). 



Fig. 1. Schematic representation of interrelationships between 

heterocysts and vegetative cells in nitrogen fixing 

cyanobacteria (Hallenbeck, 1987). 
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A soluble inducible, reversible hydrogenase activity has also been 

demonstrated in vegetative cells and heterocysts (Hallenbeck Bnd 

Benemann, 1979). Both the particulate hydrogenase and soluble 

hydrogenase have been considered to be expres:d.on of a single 

m ultlfunctional enzy me. vThe uptake hydrogenase 'is beneficial, as 

it helps to recycle hydrogen lost through nitrogena.se act:ivicy. 

Ecolo~'cal Aspects 

The ability to fix nitrogen confers on blue-green algae an 

agricultural im portance and also a good survival value under conditions 

of limitations of fixed nitrogen. 

The last two decades have witnessed remarkable advancements 

in our efforts to do m est;icate and harness the nitrogen fixing blue­

green algae as a biological input in lowland rice ecosystems. 

Although rice fields provide an ideal environ In ent for cyano­

bacteria, it is not always true that all cultivated low.land fields 

support an abundant nitrogen fixing cyanobacteria. However, 

recurrent co m binations of algal species might occur in co ID parable 

habitats. Large nu ID ber of nitrogen fixing species belon&ring to 

different genera have been recorded from many parts of the world 

under water logged conditions (Henriksson et al.. 1972, E1-Na wa w y 

and Hamdi, 1975). 

In India, only 33% of 2/.13 rice field soil sa m ples lexa m med 

were found to harbour useful nitrogen fixing forms and their relative 

abundance showed wide variations with localization of specific forms 

in certain regions (Ven ka tara man. 1975). The occurrence, succes:d.on 
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and biomass product:J.on of some of these Blgae are influenced by crop 

growth and other management practices (Srinivasan, 1979, Roger and 

K ulasooriya, 1980, Venkatara /D an, 1981a). A n interesting antagonis m 

bet ween cyanobacteria and sulphate reducing bacteria has been 

observed which suggests the possibility of preventing sulphate reduction 

by introducing blue-green algae in such situations (Roger and Jac,"" 

\ 1972, Ro~er, 1973). 

Crop gro wth aud III wllJge III ent practices often iJlf1Ul.!IlCe the 

seasonal periodicity and succession of indigenous cyanobacteria. The 

maximum algal biomass in rice fields has been observed after about 

two weeks (Kurssawa, 2956) or olle month (Ichimura. 2954) before 

transplalitation of paddy in Japanr just before tillering in Ukraine 

(Prikhodkova, 1968), between t:illering and panicle initiation in Senegal 

(Roger and Reynaud, .1976) and after harvest:1ng during wet seBSon 

and after heading during dry season in Philippines (Watanabe et al., 

1977, 1978a,b). Nitrogen fixing forms have been observed throughout 

the cultivation cycle in many areas, although generic and species 

co m pOsition differs and sho ws a succession. 

Cyanobacteria, being photoautotrophic sho III definite responses 

I 

to the qUality and cjuantity of light (Venkatara man, 197 Q). In general 

they prefer low light intensities. Nevertheless forms like 

Cylindrospermum (Traore et !!!b, 1978) and Aulosira (Singh, 1(76) can 

grow well under high light intensities. The dense plant canopy of 

the dwarf high yielding rice varieties plays a definite role in regulat-

ing the availability of .Ught during the cultivation cycle which, .in 

turn, affect the growth and activity of cyanobacteria in the soil 

and water (Kulasooriya et al., 1980a,b). 
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These algae are seldom affected by any violent changes in 

te m perature in 10 wland dce fields because the paddy water itself acts 

as a good temperature conditioner. Mast of the cyanobacteda can 

withstand a high degree of dessication and regenerate on I'lateriogging. 

Wind (Roger and Reynaud. 1979). rain (Singh. 1976) alld typhoons 

(Roger and Kulasoodya, 1980) 'may have an effect on the nitrogen 

fix:in.(5 activity through reduction in the light and by erosion of algal 

biomass. 

Various microorganisms like protozoa, fungi, bacteria and 

cyanophages play all im portant ro1e in regulating algal gro w th in 

natural ecosyste illS. Many heterocystous forms are attacked by 

chytridiceous fungi (Canter, 1963). Since Saffer m an and H orris (1963) 

:isolated the first lytic cyanophBge, several phages pathogeniC to 

cyanobacteria have been reported frOID Russia (Rubenchik .£t al., 1966), 

India (Venkatara III all and K aushik, 1974, K aushik and Venkatara ID an, 

1982b), Israel (Padan et al., 1967) and Sweden (Granhall and Hoisten, 

1969). Hany myxobacterialean members have a powerful cyanobacterial 

lysing activity in nature (Daft and Stewart, 1971). Cyanobactedal 

growth :is also influenced by grazers like copepods, ostracods, snails 

and m os..;uito larvae (Grant and Alexander, 1981; Grant ~ al.. 1983, 

Watanabe et al., 1981, Wilson et al •• 1981). Chironomid larvae which -- --
graze extensively on N ostoc co m m une could be bio1ogically contralled 

by an integrated rice-fish culture (Martinez !ll.. al., 1977). 

AID ong the chem.ical factor::; which influence the growth and 

nitrogen fixation of cyanobacteria pH. nutrient status of. the soil and 
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redoxpotential are important (Roger and Kulasooriya, 1980). The sub­

terranean algal flora is also influenced by the type and m ode of 

application of inorganic fertilizers like nitrogen (Roger !:.!.!!!::' 1980, 

1984), phosphorous and potassiu m • In general, nitrogen fertilizers sho w 

a selective action on the diazotrophs and non-diazotrophic cyanobacteria 

(Rinaudo, 1974). Usually nitrogenous fertilizers repress the nitrogenase 

actiVity of the diazotrophic strains. However, heterocyst differentiation 

and nitrogenase activity of Anabaena C A (Bottomley et al., 1979) is 

not repressed by aiD monia. Further, only very little inhibition by 

nitrate and ammonia is noted in Scytonema schmidlei and Westielopsis 

prolifica (Khan ~ al., 1985). 

P~osphatic fertilizer stimulates algal growth and nitrogen 

fixation (Araragi et al.!!._19781 Srinivasan, 1978, Yamaguchi. 1975). Lime 

application also stimulates their growth (AmlDa et a1~. 1966). Organic 

manures like sreen manure, compost and crop residue have both a 

stim ulatory (M atsuguchi and Yoo, 1979) or depressive effect (Lehti 

and Mehrotra 1970). 

Cyanobacterial gro w th results in an improve m ent in the soil. 

aggregation (Roychoudhury et aI., 1979, 1983). nitrogen content (Chopra 

and Dube. 1971) and to a lesser extent in the organic lD atter content 

(Sankara m, 1971). Possibly due to photosynthetic oxygenation, a 

significant reduction in the reduced substances has also been reported 

(Aiyer ~ aI., 1972). Cyanobacteria have been implicated in soil 

reclamation of salt-affected soils (Kaushik et al .• 1981, Kaushik and 

Kdshnamurti, 1981, Kaushik and Venkataraman, 1982a,b). 
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The response of cyanobacteria to various agricultural chemicals 
I 

fungicides, herbicides and insecticides shows 
I 

wide variations 

(Venkataraman and Rajyalakshmi, 1971a,b, Dasilva & al., 1975, Das 

and Singh, 1977, Kaushik and Venkataraman 1983), although their 

biological activity is little affected by tllese chemiCals at the 

reco m m ended field doses. In vitro studies indicated that so me of these 

Cht;;IDicals are stimulatory (Ahmad and Venkataraman, 1973, Srinivasan 

and Em ayavara m ban, 1977, Srinivasan and Ponnuswamy, 197Fh 

Gangawane and Saler, 1979) or inhibitory (Venkataraman and Rajya-

lakshmi, 1971b, Gangawane and Saler, 1979) or neutral. Chemicals 

like stam F-34 and DCNU inhibit both growth and heterocyst 

differentiation (Vaishampayan et al., 1978), while few like Machet have 

been shown to have a mutagenic action (Singh and Vaishampayan, 1978; 

Singh ~ al., 1979). 

Venkatara m an and Rajyalaksh m i (1971 a) using fungicides C eresan 

and dithane- M observed tolerance of high concentrations of these 

fungicides by T.tenuis, A ulosira fert:iJiss.i..m a and Anabaena sp. The 

gro w th of Westiellopsis sp. was affected m ore than others in the 

presence of fungicides, on the other hand, A ulosira sp. and C alothrix 

sp. were resistant to these fungicides. and their overall gro wth was 

not affected (VenkataralDan, 1972). Ceresan from 0.1 to 100 ppm 

inhibited the growth of 28 strains of blue-green algae (Venkataraman 

and Rajyalaksh mi. 1971a)., 

The in vivo studies sho w that in general, herbicides 

with the ability to inhibit photosynthesis are considerably more 

toxic to algae in the soil than those inhibiting the oe/ler functi.ons. 
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C ylindrosper mum lichenifor me, isolated fro ill soil II' as not 

affected by 2,4-D upto 400 ppm. Singh (1974) also noted a high 

tolerance of Cylindrospermum sp to 2,4-D at 100 ppm (Torres and 

o ~Flaherty, 1976) and Anabaena upto 500 ppm (Venkatarcjman and 

R ajyalaksh mi, 1971b). Anabaenopsis reciborsldi could tolerate 2,4-D 

upto 800 pg/ ml in li..Juid culture and higher concentrations were found 
\ 

to be lethal. The concentrations of 10 fg/ wi showed slightly better 

growth than the contral and growth was almost unaffected upto 100 

fJg/ wI concentration (Oas and Singh, 1977). o scilla tor:i.a was found 

to be m ore sensitive to 2,4-D and fairly tolerant to M CPA (Cu11iwore 

and McCann, 1977). The herbic:ides 2,4-D and MCPA affected nitrogen 

fixation in Nostoc muscorum, N-punctiforme and Cylindrosepermum 

sp. at concentrations reco III III ended for field app.lication. but stim ulate 

nitrogen fixation at 10-4 to 10-5 M concentrations (Inger. 1970). Das 

and Singh (1977) studied the effect of 2.4-0 011 nitrogen fixation ill 

Anabaenopsis raciborsJdi where the alga gradually reduced its nitrogen 

fixing ability at higher concentrations (100-1000 pgl ml) but the 

concentration of 10 Jlg/ mi slightly enhanced the nitrogen fixation. 

Singh g_ aI., (1979) showed that the herbicides alachor and butachor 

sho wed mutagenic properties II' hen tested in N ostoc m uscoru m syste m s. 

Economic Importance of Blue-Green Algae 

The role of N 2-fixing blue-gr:een algae in the maintenance 

of tile furtllity uf rico (/(17rJ.':1 h{)IJ neon wall slInst;Mtiotarf and 

documented (Watanabe et aI.. 1977; Roger and Kulasoor:i.ya. 1980; 
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Venkataraman, 1981a). The global experiments in which the rice 

plants have been sho ',lin to respond to algalisation provide presu m ptive 

evidence of their nitrogen-fixing ability (Pantastico and Gonzales, 

1976). In India, the beneficial effect of blue-green algae on yields 

of m any rice varieties has been dem onstrated in a nu CD ber of 

localities. In m any areas. 10 to 20 % increase in the grain yield 

has been observed as, a result of algal application in the absence 

of any added chemical N fertiliser. In 8 large nu m ber ,.of trials, 
I 

co In ple m entation of reeo m m ended high levels of N by blue-green 

algae has been observed to result in about 10 % higher grain yields, 

giving farmers an additional income of Rs. 490 (Venkataraman, 1981a 

and b). A residual effect of algae has also been observed ill 

subselJuent season in m any localities (Srinivasan, 1979). In a few 

locations, algalisation has been reported to have no significant effect 

(CaIe, 1977). the cause for which may be physico-chemical or 

biological (Roger and Kulasoonya. 1980). 

Beneficial effects of algal inoculation have also been 

reported on a number of other crops such as tomato (Kaushik and 

Venkataraman. 1979), radish (Rodgers et al •• 197Q), cotton, sugarcane 

and m ai.ze (Singh, 1961), C apsicu m annu m and Lactuca sativa 

(Dadhich & al., 1969). 



m. MATERIAL AND METHODS 

A. ORGANISM 

Axenic culture of Anabaena variabilis ARM 394 from the 

National Facility For Bluegreen Algal' Collections, Indian Agricultural 

Research Institute, New Delhi was used in these investigations. 

Anabaena vadabilis Kutz !E2!. Dom at Flah 

Thallus gelatinous, dark-green. tricho m e without any sheath, 

flexuous, 4-6 ,., broad, III ore often 4.2-5 p broad, slightly contricted 

at the cross-walls. and cells conical, obtuse. cells barrel-shaped 

som etimes with gas-vaculoles, 2.5-6 p long, heterocysts spherical or 

oval, 6 p broad, upto 8 f1 long, spores form ed centrifugally, in series, 

sometimes all the cells in 8 filament forming spores, 7-9 (-11) P 

broad, 8-14 p long, epi spore wall smooth, colourle;;s. 

B. ME DIU M . 

The m ediu III used in all experi m ents w IflS the nitrogen-free 

BG 11 medium (Stanier _& Cohen-Bazire, .1(77) (fIlg/I) 

Mg S04.7H20 75 

CaCI2·2H 20 36 

K2HP 04 40 

Na
2

EDTA 1 

Citric acid f) 

Iron (111) citrate 6 

Na
2

C0 3 
20 

H3B0 3 2.86 

MnCI2·4H 20 1.B1 



Na 2MoO 4· 2H 20 

ZnSO 4.7H 20 

CuSO 4.5H20 

Co(NOJ)2,6H2 0 

0.39 

0.22 

0.08 

0.05 

The pH of the culture medium was adjusted to 7.1, 

C. S.TERILIZATION 
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The glasswares were subjected to chromic acid rinsing, 

fonowed by and washing in running tap water overnight. Before use, 

all the glasswares were rinsed in glass d:ist:illed water and sterilized 

at 160
0 

C for 6 hrs in a hot air oven. Culture media were ster.ilized 

at 15 lb pressure for 20 min in an autoclave. 

D. MAINTENANCE OF THE CULTURE 

The alga was luaintained in BG 11 li':luid and solid (1.5 % agar) 

media at 2500 lux and 30 :!:..loC. 

E. GROWTH MEASUREMENT 

All experiments including growth were done in tdplicate unless 

otherwise stated. Growth was estimated in eerms of total chlorophyll 

content. Algal. cells were harvested by centrifugation at 3000 rp m. 

The pellet was washed twice with distilled water. The chlorophyll 

pigment was extracted with 10 ml of 96% methanol at 600 C for 

30 win. Care was taken to compensate the evaporation .IOEE. The 

extract was allowed to cool and the volu me made up. After centri­
I 
I 

fugat::ion. the absorption of the pigment was measured at n50 and 

665 nm in a Systronics Spectrophotometer 106 (M K 11). Chlorophyll 



was ljuantified according to the following formula (McKiney, 1941). 

where 

-2 -2 
mg Chl/mi = 255 x 10 x E650 + 0.4 x 10 x E665 

E 650 = absorption coefficient at 65() n m 

E 665 = absorption coefficient at 665 n m. 

F. A CETY LENE REDUCTION ASSA Y 
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Nitrogenase activity was measured in terms of acetylene 

reduction (Kaushik and Venkataraman, 1983) and expressed as 

-1 -1 P mol C
2

H
4

• mg ChI hr. Acetylene eljual to 10% of the total 

volu mew as injected and vials were incubated for 90 min at 300 C 

under 2500 lux. The reaction was terminated by injecting 0.1 ml 

TC A (50 %) and the gas phase was assayed for ethylene, using 8 Nucon -
Model GLC 5500 with flame ionization detector and a 2 meter long 

Porapak R stainless steel column. The column temperature was 

maintained at 1000 C and nitrogen gas at a flo II' rate of about 

35 ml per min served as a carrier gas. 

G. CHEMICALS USED 

Urea 

BDH (A R) 

BDH (A R) 

BDH (A R) 

BDH (A R) 

- : BDH (AR) 

Dithane Zinc ethylene dithiocarba mate Rallis India ',td. 

Ceresan, ~ N-ethylm ercuric p-toluene sulphonflide " " " 
2,4-D 2,4-Dichlorophenoxy acetic acid " " " 
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Dalapon 2,3-dichloropropionic add RaJ1:Js India Ltd. 

Diuron 

Machet 

BHe 

Phorate 

D-Erythrose -

Glucose 

Fructose 

Glucose-6 
-Phosphate 

Sucrose 

Lysozyme 

Tris-Buffer -

EDTA 

NaC1 

NaOH 

MgC1
2 

Sorbitol 

3,3,4-elichlorophenyl 1 ,l-eIi III ethyl Urea " 
Butachlor " 
Y -1 ,2,3, 4,5, 6-hexachlorocyclohexBne " 
O,O-diethyl S-ethyl chiom ethyl di.phospha'l:e 

Loba-che mll Indoaustranal Co. Bombay 

II " " " It 

" II " II " 
" " " " " 

Glaxo laboratories (India) Ltd. 

(Sig rna Chem. Co., USA) 

(Sigma Chem. Co., USA) 

BDlI (A R) 

BDH (A R) 

BDfl (AR) 

BDH (AR) 

Glaxo Laboratories (India) [Jtd. 

Bovina Serum Albumin - (Sigma Cham. Co., USA) 

H. E F F E C T 0 F T EM PER A T U REO N NIT R 0 G EN A SE ACTIVIT Y 

" 
" 

" 
" 

Filaments from mid-log cultures were incubated at 5°C, 15°C, 

25°C, 35°C separately in an illuminated B.O.D. incubator at 

2500 lux. A cetylene reduction activity was CD assured separately at 

each temperature upto 52 hrs. illumination of 2500 lux was kept 

constant throughout the experim ent. 

" 

" 

" 
" 
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I. EFFECT OF LIGHT ON NITROGENASE ACTIVITY 

N 2-growing mid-log cultures were incubated at 500, 1000, 

2000, 3000, 4000 and 10,000 lux and in total darkness separately :lIJ 

an illuminated B.O.D. incubator at constant tern perature of 

Acetylene reduction activity was measured at each light 

intensity upto 52 hrs. 
\ 

J. EFFECT OF pH ON NITROGENASE ACTIVITY 

N 2-growing filaments from mid-log cuZture were collected 

by centrifugation (400 xg, 5' min) and the cell pellets were 

resuspended :in N 2-free B G 11 m ediu m with a graded pH of 4.0, 6.0, 

7.0, 8.0, and 10.0. A cety1ene reduction activity was measured upto 

30 hrs. 

K. Effect of NO;, NH~ AND UREA ON NITROGENASE ACTIVITY 

To N 2-gro wing mid-log cultures, 1m M, 2 m M, 3 m M N H 4 C1, 

KN0
3

, Urea were added and acetylene reduCtion 

activity was measured upto 48 hrs. 

L. EFFECT OF PHOSPHATE 'ON NITROGENASE ACTIVITY 

1 mM, 5IUM, lOmM K21lP04 was added to mid-.log cultures 

and tim e course acetylene reduction activity was measured upto 

48 hrs. 

M. EFFECT OF PESTICIDES ON NITROGENASE ACTIVITY 

Two fungicides (Dithane and Ceresan M). four Herbicides 

(2,4-D, Dalapon, Diuron and Machet) and two insecticides (BHC and 
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I 
Ph orate) were exa mined for their effect on nitrogenase I activity. 

Concentrations e<.Juivruent to field dose, 10% and 50 % of fleld dose 

and twice the field dose of B11 pesticides were added to mid-log 

cultures gro wing in N 2-free B G 11 m ediu m and acetylene reduction 

activity was measured up to 5') hrs. 

N. EF'F8CT 0 P n[F'PEl? P. NT S{fe A RS n N NIT R n CR N ASP. A CTIVTfY 

To N 2-growing mid-log cultures, 10m M of various sugars like 

Erythrose, Sucrose, Glucose, and Fructose were added and acetylene 

reduction activity was i /TJ In ediateZy measured. The sa m e treat m ent 

was repeated with fila ID ents w hih have been darktreated for one hour 

by wrapping the test tubes with aluminium foil and the acetylene 

reduction activity was measured ilD lD~diateZy. 

O. ISOLATION OF HETEROCYSTS 

Algae used for heterocyst isolation were fro m mid-log culture 

with a chlorophyll concentration of O.M m g ChZ. mFl and n.itrogenase 

After harvesting by centri-

fugation (400 x g, .5 min), the filaments were washed once in 

mediuIa A (pH 7.n) containing (m M)· : Tes-NaO/i, 10, MgCZ
2

, 10,. 

Sodiu m phosphate, 5. Thereafter, preparation was perfor 111 ed in 

Septu m -stoppered centrifugation tubes under anaerobic conditions. 

All buffers were sparged with hydrogen. After a 3 minute centrifuga-

tion l:lt 750 x g, the fUament:.s were resuspended i.n. i.n.cubat::ion 

medium B (pH 7.1) containing (m M) : Sorbitol, 300, Tes-NaOH, W, 

MgC12, 10. Sodium phosphate, 5, bovine serum albumi.n. (0.5%) and 

lysozyme (1.5 IDg/ml). 
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The Algal suspension was incubated at 300 e for 1 hr under 

H 2 and stirred continuously. The lysozyme treated cells were 

sedim en ted by short centrifugation (250 x g. 5 minutes) and 
I 

resuspended in 20 ml of medium A. After homogenizing in' B tissue 

homogenizer (Merchantile Engineers) for 5 minutes. heter.ocyst were 

sedimented by centrifugation at 250 g for 5 min. The heterocyst 

preparation was washed two to three times in 2.0 ml mediulD B 
\ 

(without lysozy JU e) unLil it lJppulJred UIJ III icrex:;coj.Jlc lntJpucL1C)fJ 

essentially free from contaminating vegetative cells. Dithionite was 

omitted from all buffers since no consistent beneficial effect had 

been observed. To the isolated heterocysts kept in anaerobic 

conditions. various sugars like Erythrose. Glucose-o-phosphate, Sucrose. 

and Glucose were added at' a concentration of lOw M and nitrogenase 

activity was measured in isolated heterocyst (no. of heterocyst/ m!) 

after flushing the vial with H~ for 15 minutes. 



IV. RESULTS 

(a) Inoculu m concentration dependent growth of Anabaena variabilis 

Table 2 and Fig. 2 shows the effect of different concentrations of 

initial inoculum on the growth curve of Anabaena variabilis as measured in 

terms of chlorophyll per ml of medium. Sample No.1 with the initial concen-

trations of 0.001 mg c1orophyll per ml showed the maximum linear increase 

in growth rate upto 14 days. Sample no. 2 with the initial concentration of 

0.Q02 m g chlorophyll per ml sho w ecpm ear increase only up to 7 days and then 

stationary 'phase was reached. With the increase in initial inoculum in Sample 

No. 3 and Sample No. 4 at 0.006 and 0.010 mg per mi respectively, 8rowth 

increased upto 4 days only and thereafter reached stationary phase. Maxim u m 

growth rate of 1200 per cent was achieved in case of Sam ple No.1. Hence 

in all further experiments the initial concentration of 0.001 mg Chlorophyll 

per m 1 w as u~ed for gro w th of Anabaena variabilis. All other experi m ents 

were performed with the filaments collected on the 9th day representing the 

mid-log culture. 

(b) Tem perature and the nitrogenase activity 

Table 3 and Fig. 3 sho w the effect of different te m peratures on the 

I 
acetylene reduction. When the £ilalDents from mid-log cultures were incubated 

at SoC in an illu minated 80 D incubator there was an inhibition in the nitro-

genase activity to the extent of 97 % at 2 hrs and the activity never recovered. 

When incubated at 150 C there was 55% reduction in the activity at 2 hrs and 

the activity declined further with the increased period of mcubBtlon and was 

only 25 % at, 52 hrs. 

At 250 C the activity was 100 % at 2 hrs and the sa me high levels of 

activity was present throughout the experimental period and was at par with 

Control. At 35°C, like 15°C there was an initlal reduction of 57 % at 2 hrs 

which further declined to 17% activity at 52 hrs. Temperature of 25
0

C and 

30°C is the optimal temperature for maintaining maximum nitrogenase activity. 



Table 2. Inoculum concentration dependent gro wth of A nahaena 

Incubation 
(Days) 

\ 

0 

1 

4 

7 

9 

10 

11 

14 

variabilis (Fisures in parenthesis show the relative increase 
in growth). 

IDg ChI. mi 
-1 

Sample Nos. 

1 2 3 (. 4 

v 
0.001 0.002 0.006 0.010 
(l00) (100) (100) (100) 

0.001 0.002 0.006 0.010 
(100) (100) (100) (l00) 

0.005 0.006 0.010 0.016 
(500) (300) (167) (160) 

0·.008 0.011 0.013 0.019 
(800) (550) (216) (1 GO) 

0.09 0.011 0.014 0.019 
(900) (550) (233) (190) 

0.010 0.011 0.014 0.02() 
(1000) (550) (23:1) (2M) 

0.011 0.011 0.014 0.020 
(1100) (550) (233) (200) 

0.012 0.010 0.015 0.020 
(1200) (500) (250) (200) 



Fig. 2. Effect of inoculum concentration on growth. 
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Table 3. Te ill perature and nitrogenase activity (A cety1ene reduction 
activity) of Anabaena variabilis (Figures in parenthesis 
show t_1e .!F8t1veoactivity) (Control 10.1 p IDol C

2
H

4 
mg Chl. hr at 30 C). 

II IIwl C'2" 4 
-1 -1 

1lIl:J CIlZ hr 

Te ill perature 

~C Hours 

2 4 8 12 16 24 36 48 52 

5 0.30 0.31 0.32 0.30 0.33 0.28 0.2 0.2 1,0.1 
(3) (3) (3) (3) (3) (3) (2) (2) I (1) 

15 4.6 4.32 4.07 3.64 3.10 3.0 1.98 1.6 1.6 
(45) (42) (40) (36) (30) (29) (19) (15) (15) 

25 10.14 10.12 10.0 10.0 10.1 10.0 9.8 9.7 9.6 
(100) (100) (99) (100) (l00) (99) (97) (96) (95) 

35 4.40 4.50 4.60 4.54 4.23 3.5 2.63 1.69 1.74 
(43) (44) (45) (45) (41) (34) (26) (16) (17) 



Fig. 3; Effect of temperature (05, 15, 25 and 35°) on 

nitrogenase activity (acetylene reduction) of Anabaena 

variabilis. 
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(c) Light and the nitrogenase activity 

Fig. 4 and Table 4 sho w the effect of different light 

intensities on the acetylene reduction activity. IV hen the blue-green 

alga was incubated in total darkness the activity fell by 95 % in two 

hours and only 1 % activity was present after 52 hrs. When incubated 

at 500 Lux the activity was 61 % within 2 hrs and thereafter remained 
\ 

alm ost constant. Similarly a light intensity of 1000 Lux resulted 

in 34 % reduction in activity at 2 hrs and the activity re m ained sa m e 

throughout the 52 hr period with 53 % activity recorded at the end 

of 52 hrs. At 2000 Lux light intensity, the activity was 8q % at 

2 hrs and was /Dore or less constant throughout the experimental 

period with 82 % activity at the end of 52 hrs. W hen incubated under 

3000 Lux there was a slight stimulation in the nitrogenase activity 

upto 121 % at 12 hrs and the activity re m ained at higher level upto 

52 hrs although with minor variations. 

A similar trend was obtained when the alga was incubated 

at 4000 Lux. However, when the alga was incubated at 10,OnO Lux, 

there was a sharp decrease in the acetylene reduction to the extent 

of 87 % at 2 hrs and the activity further declined to a level. of 1 % 

at the end of 52 hrs. The nitrogenase activity increased linearly 

as the light intensity increased upto 4000 Lux. But very high light 

intensities of 10,000 Lux inhibits nitrogenase activity drastically 

(Table 4). 

(d) pH and nitrogenase activity 

Table 5 and Fig. 5 show the effect of pH4, pH6, pH7, pH8 

and pHIO on the nitrogenase activity as measured in terms of 



Table Ii. Light and nitrogenase activity (A cetylene reduction activity) 
of Anabaena variabilis (Figures in parenthesis s~f w _tpe 
relative activity) (Control. 10.0 fl mol C2 H4 IDB Chl hr 
at 2500 LUx). 

2 4 8 12 16 24 36 48 52 

0 ' 0.53 0.51 0.32 0.3 0.30 0.29 0.14 0.10 0.1 
(5) (5) (3) (3) (3) (2) (1) (1) (1) 

500* 3.90 3.8 3.92 3.81 3.66 3.64 3.6 3.5 3.48 
(39) (38) (39) (38) (36) (36) (36) (35) (34) 

1000 6.63 6.54 6.51 6.48 5.84 5.81 5.41 5 •. 38 5.31 
(66) (65) (65) (64) (58) (58) (54) (53) (53) 

2000 8.90 8.71 8.69 8.54 8.50 8.50 8.31 B.29 B.20 
(89) (87) (86) (85) (B5) (85) (B3) (82) (B2) 

/, 
I 

3000 9.7 10.9 11.8 12.0 12.1 11.8 11.8 11.1 10.8 
(97) . (109) (118) (120) (121) (118) (117 ) (111) (l08) 

4000 10.3 11.4 12.0 .12.1 12.0 11.5 11.1 10.0 9.5 
(103) (114) (120) (121) (120) (115) (111) (lOO) (95) 

10000 1.7 1.64 1.0 0.52 0.3 0.2 0.1 0.1 0 • .1 
(17) (16) (10) (5) (3) (2) (1) (1) (1) 

* Data not included in figure 



Fig. 4. Effect of light (0, 1000, 2000, 3000, 4000 and 

10000 Lux) on nitrogenase activity (acetylene 

reduction) of Anabaena variabilis. 
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Table 5. pH and the nitrogenase activity (A cetylene reduction activity) 
of Anabaena variabilis (Figures in parenthesis _fhow the 
relative activity) (Control 9.18 p mol C2H4 mg au hr-1) 

mol C2H4 
-1 -1 

f1 mg Chl hr 
Treatment 

pH 
H ours of incubation 

2 4 6 8 10 12 24 30 

4 3.52 2.81 2.6 1.21 1.21 1.20 1.18 1.18 
(38) (30) (26) (13) (13) (13) (13) (13) 

I 
6 5.33 5.33 4.81 4.06 4.06 3.73 3.21 '3.21 

(58) (58) (52) (44) (44) (41) (35) (35) 

7 9.18 9.18 9.33 9.29 9.29 9.18 7.61 7.61 
(100) (100) (102) (101) (101) (100) (83) (83) 

8 9.18 9.18 7.91 7.91 7.54 7.54 7.54 7.53 
(100) (100) (86) (86) (82) (82) (82) (82) 

10 6.98 7.09 7.16 7.16 6.45 6.57 6.57 6.68 
(76) (77) (78) (78) (70) (72) (72) (73) 



Fig. 5. Effect of pH (4, 6, 7, 8 and 10) on nitrogenase 

activity (acetylene reduction) of Anabaena variabilis 
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acetylene reduction. W hen the A nabaena culture was transferred 

to the nitrogen-free medium, whose pH was adjusted to pH4 there 

was a sharp linear decline in nitrogenase activity and only 13 % 

activity could be detected after R hours. Within two hours the 

activity fell to 38 % of the origin8l activity. In case of pH6 also 

there w as a~ i m mediate .Zinear decrease and 44% act:ivit y could be 

dete't..ted at 8th hour. Thereafter reduct:ion in A RAw as gradual and 

at the end of 30th hour. 35 % activity was presence When the 

culture was transferred to pH7 medium. there was no decline in the 

nitrogenase activity upto 12th hour. However, after 12th hour there 

was slight decrease in the activity. pHA also showed a similar 
I 

pattern where there was no reduction in the activity upto 14th hour. 

From 6th hour to 30th hour there was slight reduction in the activity 

although 82 % activity re III ained even after .10 hours. At pH 1 () there 

was im mediate fall in the nitrogenase activity upto 76% in the 2nd 

hour and thereafter showed marginal fluctuations. Thus although 

pH4, pH6, pHB and pHW inhibited the nitrogenase activity of this 

cyanobacteria to varying degrees, the effect of pH4 and pH6 were 

more drastic than pH1n. pH7 supported the maximUlD nitrogenase 

activity. 

(e) Nitrate-N and nitrogenase activity 

Table 6 shows tile response of nitrogenase activity to the 

addition of 1 m M. 2 m M. 3 m M K N 0 3• When 1 m M K N 0 3 was added 

to the culture gro wing in the nitrogen-free m ediu m there was no 

inhibitory effoct upto 7 hours, after which tlwre WlJS a grar/un1 

reduction and varied fro III 13-22 % (Table fit Fig. fj). ? m M K NO 1 



Table 6. NO 3-N (K NO 3) and nitrogenase activity (A cetylene reduction 
activity) of Anabaena variabilis. 

Incubation 

1 2 

No addition 9.0 9.0 
(control) 

After addition 
(Hrs) 

2 9.0 8.4 

5 9.1 8.6 

7 9.1 B.O 

10 7.9 7.0 

30 7.1 6.5 

48 7.1 6.5 

Relative activity 
(%) 

KN0
3 

(m M) 

3 1 2 

9.0 100 100 

B.O 100 93 

8.5 101 95 

7.2 101 88 

6.4 87 77 

6.2 78 72 

6.2. 78 72 

3 

100 

88 

94 

80 

71 

68 

68 



Fig. 6. Effect of K N 0 3-N (1, 2, 3 m M) on nitrogenase 

activity (acetylene reduction) of Anabaena variabilis 
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had inhibitory effect to the extent of 7 % after 2 hrs and even upto 

4B hrs, 72 % of activity was present. Similarly, 3m M K N 03 also 

inhibited the nitrogenase activity. 

(f) N H 4-N and nitrogenase activity, 

Tables 7 and 8 and Figs. 7 and ~ho w the effect of 1m M. 

2,_m M. 3 m M N H 4 N 0 3 and~~ : ~),n nitrogenasqactivity as measured 

in terms of acetylene reduction. When 1 m M, 2 m M, 3m M, N H 4N 03 

was added, there was a sharp linear decline in nitrogenase activity 

upto 5th hr and only 20 % activity could be detected at 5th hr. 

With ImM NH4N0 3, there was an immediate reductlon of 14% after 

2 hrs and 62 % after 5 hrs and thereafter the reduction waS' gradual 

upto 48' hrs. With the increase in N H 4NO 3-N to 2 m M, tht!u-e was an 

initial reduction up to 30 % after 2 hrs and 79 % after 5 hrs. Drastic 

inhibition was noted with 3 m M N H 4 N 03 which caused 64 % reduction 

in activity within 2 hrs and 79% after 5 hrs (Table 7, Fig. 7). 

Addition of ImM, 2mM, 3mM NH
4

Cl also caused almost similar 

linear decline :in nitrogenase activity (Table B). At 1 m N N H 4C1 a 

reduction of 33 % f.JlJd 78% .UI A N actlvity' If tJ::J ()u~urvud u[t;uc 5 lJluJ 

4B hrs respectively. The 2 m M and 3 m M N 11 4 Cl inhibited the A R A 

upto 44 and 53 % respectively after 5 hrs and 78 % and 84 % after 48 

hrs respectively. At 7 hrs although both N H 4 N 03 and N H 4 Cl :inhibited 

the nitrogenase activity of the alga, the effect of N H 4 N 0 3 was more 

drast:ic ((Figs. 7 and 8). 



Table 7. AmmorUum-N (NH
4

N0
3

) and nitrogenase activity (Acetylene 
reduction activity) of Anabaena variabilis. 

Incubation 

1 2 

No addition 9.2 9.2 
(control) 

After addition 
(Hrs) 

2 8 6.5 

5 3.5 2 

7 2 1-6 

10 1.5 1.4 

30 1.0 1.0 

48 1.0 1.0 

9.2 100 

5 86 

2 38 

1.6 21 

1.4 16 

1.0 11 

1.0 11 

Relative activity 
(%) 

3 

100 100 

70 54 

21 21 

17 17 

15 15 

11 11 

11 11 



Fig. 7. Effect of NH 4N03 (1, 2, 3 mM) on nitrogenase 

activity (acetylene reduction) of Anabaena vanabilis 
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Table 8. NH 4-N (NH
4

Cl) and nitrogenase activity (Acetylene 
reduction activity) of Anabaena vanabilis. 

Incubation 

1 2 
( 

No addition 9.0 9.0 
(control) 

After addition 
(Hrs) 

2 7.0 6.2 

5 6.1 5.0 

7 4.1 4.0 

10 3.0 3.0 

30 2.2 2.0 

48 2.0 2.0 

9.0 100 

5.4 77 

4.2 67 

3.0 45 

2.1 33 

1.5 24 

.1.5 22 

Relative activity 
(%) 

2 J 3 
I 

100 100 

68 60 

56 47 

44 33 

33 23 

22 16 

22 16 



Fig. 8. Effect of NH
4

CI-N (1, 2, 3 mM) on nitrogenase 

activity (acetylene reduction) of Anabaena vadabilis 
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(g) Urea and nitrogenase activity 

Table 9 and Fig. 9 show the response of nitrogenase activity 

to addition of lID M, 2 m M, 3m M Urea. Exposure to 1 m M urea caused 

an im mediate reduction of 30 % after 2 hrs and only 23 % A R activity 

was present after 48 hrs. 2m M urea inhibited slightly m ore to the 

extent of 37 % after 2 hrs and only 12 % A R activity was expressed 
\ 

after 4R hra. Addition of '1 III M urea had 47 % inhibition after 2 hrs 

and only 6 % activity rem ained after 4R hra. Urea inhibited nitroge-

nase activity to a considerable extent with the inhibition increBSing 

on increase in concentration and the trend was almo.st 6.i.muar to 

(h) Phosphate and nitrogenase activity 

Fig. 10 sho ws the relative nitrogenase activity as a function 

of time in presence of 1m m, Sm M, 10m M Phosphate. Addition of 

1 ill M phosphate had a slight reduction in acetylene reducti0f to tile 

extent of 5 % at 2 hrs, but later it .stirn ulBted the nitrogenase 

activity greatly. The increase in nitrogenase activity till the end 

of 48 hI'S was upto 80%. 5/0 M Phosphate although did not inhibit 

nitrogenase activity drastically. The inhibition varied fro m q % at 

2nd hr to 6% at 48th hr. Similarly. 10m M Phosphate also inhibited 

the nitrogenase activity and it varied from 14 to 23 % during the 

entire period of incubation (Fig. 10). Phosphate:in all the three 

concentrations used did not inhibit the nitrogenase activity of the 

alga drastically. instead at 1 m M concentration it greatly enhanced 

the nitrogenase activity (Table 10). 



Table 9. Urea-N and nitrogenase activity (A cetylene reduction 
activity) of Anabaena vadabilis. 

Incubation 

1 2 
\.. I f) I 

No addition 9.3 9.3 
(control) 

After addition 
(Hrs) 

2 6.6 5.9 

5 5.8 5.6 

7 2.0 1.4 

10 2.5 1.2 

30 2.2 1.1 

48 2.2 1.1 

3 

9.3 

5 

4.5 

1.0 

0.6 

0.6 

0.6 

Relative activity 
(%) 

Urea (mM) 

1 2 3 

100 100 IOn 
I 
J 

70 63 53 

62 60 48 

26 15 11 

26 13 6 

23 12 6 

23 12 6 



Fig. 9. Effect of Urea-N (1, 2, 3 m M) on nitrogenase 

activity (acetylene !"f;Jductian) af 11 nabaena Vllritlb.ilis 
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Table 10. Phosphate and nitrogenase lJct:lv-ity (A cetylene reduction 
activity) of Anabaena variabilis. 

Incubation 

1 5 

No addition 9.4 9.4 
(control) 

After addition 
(Hrs) 

2 9.01 8.6 

5 11.1 8.6 

7 12.9 9.2 

10 14.5 9.3 

30 17.5 9.4 

48 17.0 8.9 

Relative activity 
(%) 

Phosphdte (m H) 

10 1 5 10 

9.4 100 100 100 

8.1 95 91 86 

8.5 118 91 f 90 

8.4 137 97 89 

7.8 154 98 82 

7.5 186 100 79 

7.3 180 94 77 



Fig. 1 O. Effect of phosphate a, 5, 10. 1I1 M) on nitrogenase 

activity (acetylene reduction) of Anabaena variabiJ:is I 
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(i) Fungicide Ceresan and nitrogenase activity 

Fig. 11 and Table 11 show the effect of 0.5. 2.1. 5 and 10 

ppm ceresan on the acetylene reduction activity. Addition of 

5 ppm (field dose) of ceresan brought about a rapid decrease (46 %) 

in the activity within. 2 hrs. but gradually the activity was restored 

to 72% at 55 hours. 10 ppm ceresan e"uivalent to twice the field 
\ 

dose had a drastic reduction in activity (65 %) within 2 hrs but from 

5 hrs on wards the activity began to restore and by 55 hrs the 

activity was at par with 5 ppm. Addition of 0.5 ppm e-Juivalent to 

10% of field dose and 2.5 PPfO e'-Juivalent to 50% of field dose also 

sho wed si. m ilar initial reduction and thereafter a gradual increase 

in activity until 88 % and 84 % activity was restored respectively after 

55 hrs. Addition of ceresan .in all the 4 concentrations had a drastic 

reduction in the activity within 2 hrs in varying degrees. The 

reduction in activity was ID aintained till 5th hour and later the 

activity increased to a IlIwdlIlUIIl of RR% for n.5 ppm lJnd 71 % fur 

10 pp m after 55 hrs. 

(j) Fungicide Dithane M 45 and nitrogenase activity 

Table 12 and Fig. 12 sho ws the effect of the fungicide 

Dithane M 45 on the acetylene reduction activity. In presence of 

1 ppm (field dose) and 2 ppm (twice the field dose) there w~ a linear 

decline :in activity until. 58 % activity was detected in both the 

concentrations after 55 hrs. Addition of 0.01 ppm Dithane M 45 

elJuivalent to 10% of the field dose inhibited only 30 % of the activity 

at 55 hrs. Similarly 0.5 ppm e'-}uivalent to 50 % of the field dose 



Table 11. Fun&ricide ceresan and the nitrogenase activity (A cetylene 
reduction EJcUvity) of Anabaena variahl.lis (Figures in 
parenthesis show the relative activity). 

Incubation 
CereS80 (ppm) 

0.5 2.5 5" 10 

No addition 

Control 8.4 8.4 R.4 8.4 
(loa) (laO) (loa) (In 0) 

After addition 
(firs) 

2 5.2 4.6 4.'> 3.0 
(61) (54) (53) (35) 

5 5.41 4.B7 4.65 3.07 
(fJ4) (57) (55) (36) 

10 6.6 5.3 5.3 3.7 
(78) (63) (63) (44) 

20 7.A 1.R 1).7 4.~ 

(92) ((JO) (67) (50) 

30 7.Q2 0.4 o.D 1 5.1 
(94) (78) (71) (63) 

40 7.54 6.8 6.n 6.45 
(89) (80) (78) (76) 

50 7.51 7.02 n.5 6.4 
(89) (83) (17) (16) 

55 7.4 7.1 6.13 6.0 
(88) (R4) (72) (71) 

"Field dose 



Fig. 11. Effect of the fungicide ceresan (0.5. 2.5, 5.0 and 

10 pp m) on nitrogenase activity (acetylene reduction) 

of AnabtJena vElrlabllts. 
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Table 12. Fungicide dithane and nitrogenase activity (A cety1ene 
reduction activity) of Anabaena variabilis (Figures in 
parenthesis show the relative activity). 

I.ricubation 
Dithane M-45 (ppm) 

0.01 0.5 1* 2 

No addition 

Control 8.4 8.4 8.4 8.4 
(loa) (laO) (l00) (100) 

After addition 
(Brs) 

2 8.4 8.4 8.4 6.8 
(loa) (loa) (loa) (81) 

5 8.1 8.7 7. 6.61 
(96) (97) (94) (78) 

10 8.0 8.0 7.5 6.4 
(95) (95) (89) (76) 

20 7.B 7.2 6.56 6.01 
(92) (85) (78) (71) 

30 6.9 6.6 6.04 5.5 
(82) (78) (71) (65) 

40 6.4 6.2 5.08 5.0 
(16) (73) (60) (59) 

50 6.4 6.3 5.2 5 
(16) (15) (61) (59) 

55 5.9 5.6 4.9 4.9 
(10) (66) (58) (58) 

it Field dose 



FiB.IZ. Effect of the fungicide Dithane f145 (0.01, 0.5, 

1 and 2 ppm) on the nitrogenase activity (acetylene 

reduction) of Anabaena variabilis. 
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had a reduction to an extent of ,15 % at 55 hrs. In general, inhibition 

was less severe with Dithane as compared to ceresan. 

(k) HerbiCide 2,4-D and the nitrogenase activity 

A ddition of 2,4-D at the reco m m ended field dose of 0.5 pp m 
J 
I 

resulted in slight reduction to the extent of 25 % at 2 hrs, but the 

\ 
activity gradually increased fro III 88-92 % with the increased period 

of exposure (Fig. 13 and Table 13). 1 ppm 2,4-D e"uivB1.ent to twice 

the field dose resulted in a drastic reduction in the acetylene 

reduction activity to the extent of 7 5 % but the alga never recovered 

from the inhibition and only at best 27 % activity was present at the 

end of 55 hrs. At 0.05 ppm (10% of field dose) and 0.25 ppm (50% 

of the field dose) a m argjnal reduction in activity was observed (16 % 

and 17 % respectively at 2 hrs) and with the period of incubation 

the activity increased in both cases to 02 % and 90 % respectively 

at 55 hrs. 0 Illy twice the field dose (1 PP ID) inhibited the nitrogenase 

activity of the alga per In anently (Fig. 13). 

a) Herbicide Machete and the nitrogenase activity 

Table 14 and Fig. 14 show the effect of addition of 0.05, 

0.25, 0.5 and 1 ppm Machete on acetylene reduction. At the 

reco/U mended field dose of 0.'> ppm there was a sharp decline in the 

activity to the extent of 41% at 2 hrs but later there was linear 

increase in acetylene activity up to 97 % at the end of 55 hrs. Twice 

the field dose of Machete (1 pp m) resulted in a further reduction 

in the nitro8enas~ activity and the 1nh:J.bit:i.on was to the oxtont of 

67 % at 2 hrs, ho wever, this inhibition was reversed with the increase 



Table 13. Herbicide Z,4-D and nitrogenase activity (Acetylene 
reduction acti.1lity) of Anabaena variabilis (Figures in 
parenthesis show the relative activity). 

Incubation 

0.05 

No addition 

Control 8.4 
(100) 

After addition 
(Hrs) 

2 7.1 
(84) 

5 7.02 
(85) 

10 7.6 
(90) 

20 7.91 
(94) 

30 7.91 
(94) 

40 7.74 
(92) 

50 7.R9 
(93) 

55 7.81 
(()'l,) 

* Field dose 

-1 -1 
pmol C

2
H 4 mg Chl hr 

2,4-D (ppm) 

0.25 O. ') * 

8.4 8.4 
(100) (loa) 

7.0 6.3 
(83) (75) 

7.011 6.44 
(83) (16) 

7.5 7.2 
(89) (85) 

7.9 7.B 
(94) (92) 

7.6 7.54 
(90) (R9) 

7.6 7.51 
(GO) (A 9) 

7.5 7.4 
(R9) (RR) 

7.64 7.41 
(()() ) (RR) 

1 

8.4 
(100) 

2.1 
(25) 

2.26 
(26) 

2.4 
(28) 

2.6 
(3,0) 

2.67 
(31) 

2.'5 
(29) 

2.3 
(27) 

2.3 
(27) 



Fig.13. Effect of the herbicide 2.4-D (0.05. 0.25. 0.5 and 

1 pp m)on the acetylene reduction act::f.vity of 

Anabaena variabilis. 
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Table 14. Herbicide machete and nitrogenase activity (A cetylene 
reduction activ-ity) of Anabaena variabilis (Figures in 
parenthesis show the reladve activity). 

Incubation 
Machete (ppm) 

0.05 0.25 0.5* 1 

No addition 

Control A.I A.I R.I A.I 
(lOa) (l00) (100) (laO) 

After addition 
(Hrs) 

2 5.92 5.8 4.8 2.7 
(13) (11) (59) (33) 

5 0.4 6.1 5.13 2.07 
(79) (15) (63) (37) 

10 6.7 6.5 5.2 4.1 
. (82) (80) (64) (50) 

20 7.'39 6.9 7'()4 6.01 
(91) (85) (87) (14) 

30 7.41 7.42 7.54 8.10 
(91) (91) (93) (100) 

40 7.59 7.59 7.87 8.39 
(93) (93) (97) (103) 

50 7.64 7.62 7.91 8.41 
(94) (94) (97) (103) 

55 7.64 7.64 7.91 8.34 
(94) (94) (97) (103) 

*Fie1d dose 



Fig.14 •. ,Effect of the herbicide Machete (0.05, 0.25, 0.5 

and 1 ppm) on the nitrogenase activity (acetylene 

reduction) of Anabaena vanabilis. 
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in exposure tim e and the alga attained 100 % activity at the end of 

30 hrs. The initial inhibition in the actiVity at 2 hrs for both the 

10% of field dose (0.05 ppm) and 50% of the field dose (0.25 ppm) 

was less compared to the Bald dose i.e. 27 % for 0.05 ppm and 29% 

for 0.25 ppm. After two hours the activity increased to the maximuUJ 

of 94 % in both the concentrations at the end of 55 hrs. Machete 

in all' the 4 concentrations resulted :in initial reduction in the 

acetylene reduction activity to varying degrees but the alga overCd m e 

the inhibition within 30 hrs of the addition of the herbicide. 

(m) Herbicide Diuron and the nitrogenase activity 

Table 15 and Fig. 15 show the effect of Diuron on nitrogenase 

measured as acetylene reduction. In presence of 0.25 ppm (Field 

dose) Diuron there was a sharp decline in the activity to the level 

of 55 % at 2 hrs and even at 55 hrs the recovery was m arginBl. 

With twice the field dose concentration (0.5 ppm) of Diuron the 

inhibition was JJI uch severe and there was no recovery in the activity 

even upto 55 hrs. 0.025 pp m e':luivalent to 10% of field dose and 

0.125 pp m equivalent to 50 % of field dose resulted in initial 

reduction to the extent of 47 % and 49 % at 2 hours respectively and 

66 % and 61 % activity was present at the end of 55 hrs. The results 

indicate that recovery was possible only Bt lower doses. 

(n) Herbicide Dalapon and the nitrogenase activity 

Table 16 and Fig. 16 show the effect of the herbicide D81Bpon 

on nitrogenase activity. In presence of the reco m m ended field dose 

of 3 ppm I the acetylene reduction actiVity fell by 56 % at: 2 hrs but 

then there was a linear increase in activity till 86 % activity was 



Table 15. Herbicides muron and nitrogenase activity (A cetylene 
reduction activity) of Anabaena variabilis (Figunes .in 
parenthesis sho w the relative activity). I 

Incubation 
Diuron (ppm) 

0.025 0.125 0.25* 0.5 

No addition 

Control 8.3 8.3 8.3 8.3 
(100) (100) (100) (100) 

After addition 
(firs) 

2 4.41 4.3 3.R 1.7 
(53) (5.1) (45) (20) 

5 4.65 4 • .51 4.17 2.25 
(56) (54) (50) (27) 

10 5.6 5 • .1 4.6 2.1 
(67) (61) (55) (25) 

20 6.70 6.01 5.14 1.B 
(80) (12) (62) (21) 

30 6.66 6.04 5.18 1.52 
(80) (12) (62) (1 fl) 

40 5.51 5.61 4.80 1.17 
(66) (67) (57) (14) 

50 5.41 5.19 4.64 1.17 
(65) (62) (55) (14) 

55 5.48 5.1 4.79 1.24 
(66) (61) (57) (15) 

* Field dose 



Fig.15. Effect of the herbicide Diuron (0.025, 0.125, 0.25 

and 0.5 ppm) on the acetylene reduction activity 

of Anabaena vari.abilis. 
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Table 16. Herbicide dalapon and nitrogenase activity (A cetylene 
reduction activity) of Anabaena variab.ilis (Figures in 
parenthesis show the relative activity). 

Incubation 

N a addition 

Control 

After addition 
(Hrs) 

2 

5 

10 

20 

30 

40 

50 

55 

0.3 

8.4 
(100) 

6.01 
(71) 

6.21 
(74) 

6.6 
(/8) 

7.52 
(89) 

7.56 
(90) 

7.59 
(90) 

7.63 
(91) 

7.75 
(92) 

-1 -1 
pmal C 21/ 4 mg ChI hr 

(Dalapon (ppm) 

1.5 3* 

8.4 8.4 
(lOO) (100) 

5.3 4.61 
(63) (54) 

5.8 5.04 
(69) (60) 

6.1 5.5 
(12) (6'j) 

6.6 6.5 
(78) (77) 

7.3 7.07 
(86) (84) 

7.3 7.19 
(86) (85) 

7.2 7.14 
(85) (85) 

7.34 7.26 
(87) (86) 

* Ji'ield dose 

6 

8.4 
(100) 

4.60 
(54) 

5.04 
(60) 

5.2 
(62) 

5.48 
(65) 

5.8 
(69) 

6.4 
(76) 

7.07 
(84) 

7.17 
(85) 



Fig.16 • . -Effect of the herbicide D alapon (0.3, 1.5, 3 and 

6 ppm) on nitrogenase act:l.v:i.ty (acetylene reduction) 

of Anabaena var1ab:il:1s. 
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reached at the end of 55 hrs. Similarly twice the field dose (6 ppm) 

also resulted in an initial decline to the t t f 56 % b h ex en 0 0 { ut t e 

activity rose to 85 % at the end of 55 hrs. A ddition of 10% of field 

dose (0.3 pp m) resulted in only 29 % reduction in activity at 2 hrs, 

while the inhibition was completely removed and 92% activity was 

achieved at the end of 55 hrs. In the same way 1.5 ppm Dalapon 

e..Juiv8:1.~nt to 50 % of the field dose caused a initial decline to the 

extent of 37 % after 2 hrs, while the activity reached 87 % after 55 

hI'S. Dtilapon inhibitod nltrogUlwse activity only to a ID axim u m extent 

of 15 % in all the concentrations tested. 

(0) Insecticide B He and the nitrogenase activity 

A ddition of the reco m m ended field dose of 0.5 pp m B H Chad 

a drastic reduction in the nitrogenase activity to the level of 59 % 

at 2 hrs and ~he alga regained its activity only upto 61 % after 55 

hrs (See Fig. 17 and Table 17). In presence of twice the field dose 

(1 ppm) of BHC there was similar reduction in activity however, there 

was no recovery in activity even up to 55 hrs. Addition of 10% of 
\ 

field dose (0.05 ppm) and 50% of field dose (0.25 ppm) of BRC had 

similar initial reduction in acetylene reduction activity to the extent 

of 54 % and 56 % at 2 hrs respectively and then there was a linear 

increase in activity until 73 % Bnd 67 % Bctivity WBS present after 

55 hrs (Table 17). 

(p) Insecticide phorate and nitrogenase activity 

A ddition of the insecticide phorate at field dose of 0.5 pp m 

inhibited the nitrogenase activity initially severely to the extent of 



Tavle 17. 1nsecticide lJ!J C (Jwl lIiLrog('lIwW lJcUv!ty (A c(ltyl('nt.' 
reduction activity) of Anabaena variabilis (Figures in 
parenthesis show the relative activity). 

Incubation 
BHG (ppm) 

0.05 0.25 0.5* 1 

No addition 

Control 8.4 8.4 8.4 8.4 
(100) (loa) (laO) (loa) 

After addition 
(Hrs) 

2 3.9 3.7 3.5 3.4 
(46) (44) (41) (40) 

5 4.2 3.80 3.7 (l 3.69 
(50) (45) (44) (44) 

10 5.7 5.1 4.01 3.7 
(67) (6n) (47) (44) 

20 7.05 5.81 4.57 3.71 
(84) (69) (54) (44) 

30 7.1 5.7 5.17 3.60 
(84) (67) (61) (42) 

40 6.5 5.62 5.01 3.4 
(17) (67) (61) (40) 

50 6,]0 5.02 5.1 3.46 
(12) (67) (61) (41) 

55 6.17 5.7 5.13 3.52 
(13) (67) (61) (41) 

. * Field dose 



Fig.17" Effect of the :f.nsecticide B H C (0.05, 0.25, 0.5 and 

1 ppm) on the nitrogenase activity (acetylene 

reduction) of Anabaena varlBbilis. 
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Table 1 a Insecticide phorate and nitrogenase activity (A cetylene 
reduction activity) of Anabaena variabilis (Figures :in 
parenthesis show the relative activity). 

Incubation 
Phorate (PP 111) 

0.05 0.25 0.5* 1 

No addition 

Control 8.4 8.4 8.4 8.4 
(l00) (100) (l00) (l00) 

After addition 
(Hrs) 

2 4.4 4.2 4.1 3.4 
(52) (50) (48) (40) 

5 4.8 4.41 4.23 3.52 
(57) (52) (50) (42) 

10 5.B 5.3 5.1 3.52 
(69) (63) (60) (42) 

20 7.()j 6.4 5.r) 'J."j 1 
(83) (16) (/0) (42) 

30 7.26 6.51 6.1 3.48 
(86) (17 ) (72) (41) 

40 7.1 6.66 6.34 3.42 
(84) (19) (15) (40) 

50 7.05 6.7 6.39 3.44 
(84) (79) (76) (40) 

55 7.21 6.84 b.44 J.4t) 
(85) (81) (16) (41) 

*Field dose 



Fig.lB. Effect of the insecticide phorate (0.05, 0.25, 0.5 

and 1 PP 1lJ) on nitrogenase activity (acetylene 

reduction) of Anabaena variabilis. 
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52% at 2 hrs. However, the inhibition was reversed gradually with 

the increase in period of exposure and 76 % of the activity was 

obtained after 55 hrs. When twice the concentration of the field 

dose ( 1 ppm) was added there was immediate reduction upto 60% 
, 

in activity of 2 hrs and there was no recovery :in the nitrogenase 

activity throughout the expetimental period (55 hrs), At lower 

concentr(JtJ.ons of 0.05 ppm and 0.25 ppm after an initial reduction 

in nitrogenase activity at 2 hrs, the activity increased to the level 

of 85 % and 81 % respectively after 55 hrs. The inhibition caused 

by the insectic:J.de phorate is seen to the reversible in concentrations 

e'-luivalent to field dose, 10% of field dose and 50 % of field dose 

over a period of t:i.III e (Fig. 18 and Table 18). 

('-}) Sugars and nitrogenase activity 

Table 19 and Fig. 19 show the effect of different sugars on 

the acetylene reduction activity in dark as well as light. Acetylene 

reduction activity measured without any addition of sugars was 10 

fl mole C
2

H
4 

iDg Chl-1hr-1 in light and 0.7 Jl IDole C
2

fl4 IDg Chl-1hr-1 

in dark. Erythrose, sucrose, glucose and fructose were examined at 

10m M concentrations on the acetylene reduction. In light, erythrose . 
gave a slight stimulation in nitrogenase activity (120%) as compared 

to the control. Sucrose and glucose gave QO % activity and fructose 

75%. However, when the filaments were incubated in dark· only 

erythrose fully supported nitrogenase activity and was at par with 

light (control). Other sugars supported the activity to 20-31 % only 

(Table 19). 



Table 19. Sugars and nitrogenase activity (A cetylene ljeduction 
activity) of whole fila ill ents of Anabaena variabilis 
(Figures in parenthesis show relative activity). 

Sugars 
(10 mM) 

Control 

Erytllrose 

Sucrose 

Glucose 

Fructose 

Light 

10.0 
(l00) 

12 
(120) 

9 
(90) 

B.9 
(89) 

7.5 
05) 

Dark 

0.7 
(7) 

10 
(100) 

3.1 
(31) 

2.14 
(21) 

2.01 
(20) 



Fig.19. Effect of different sugars at 10m M concentration 

on the nitrogenase activity (acetylene reduction) 

of A Il8baena variabilis. 
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(r) Sugars and-nitrogenaSe activity of isolated heterocysts 

Table 20 and Fig. 20 show the effect of different sugars on 

the acetylene reduction activity of isolated heterocysts. Erythrose, 

glucose-6-phosphate, sucrose, and glucose at B concentrations of 10m M 

were exa mined on the acetylene reduction activity co m pared with 
\ 

the intact filaments. lil presence of glucose-6-phosphate isolated 

heterocysts gave 43 % activity. If hile sucrose and glucose resulted 

only in 5 and 10% activity, respectively compared to the .intact 

film ents. Nearly 50 % of the acetylene reduction activity by the 

isolated heterocysts was achieved due to erythrose at l(1m M supple-

mentati0fl. when compared to whole filaments. 



Table 20. Sugars and nitrogenase activity (A cetylene reduct:ion 
activity) of isolated heterocysts of Anabaena vadabilis 
(Figures in parenthesis show relative activity). 

Time 
(Hr) 

1 

6 
pmol C 2H 4 (10 h eterocysts/h our) 

Sugars (10 OJ M) 

Intact erythrose Glucose-6- Sucrose Glucose 
fila OJ ents phosphate 

10.01 
(100) 

4.8 
(48) 

4.3 
(43) 

0.5 
(5) 

1.0 
(10) 



Flg.20. Effect of vtJrlOllS ::;uglJCS at 10111 M COIlCDlltrtJt:ion 

on the nitrogenase activity (acetylene reduction) 

of isolated heteroc ysts of Anabaena variabilis. 
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V. DISCUSSION 

Biological nitrogen fixation has gained a renewed interest due 

to fertilizer price increase during the last decade. However. 

biological nitrogen fixation reljuires energy generally obtained by the 

catabolism of photosynthetically fixed carbon. Only cyanobacteria 

are able to generate their own photosynthate from CO
2 

and water 

and also fix dinitrogen. This trophic independence of cyanobacteria 

along with their ability to grow and withstand a variety of ecological 

stres:;es makes the OJ attractive as a biofert::ilizer. Research on 

cyanobacteria has been focussed lD ainly on the paddy field eco:syste m • 

since rice forms the staple diet of a high ,proportion of the world's 

population. Further, paddy field ecosystem provides a favourable 

environ m ent for the gro wth of cyanobacteria with respect to their 

re<juire OJ ents for light, water, high te OJ perature and nutrient avail-

ability. This could be the reason why cyanobacteria grow in higher 

abundance in paddy soils chan in upland soils (Wacanabe and Ya III a ID oto 

1971). The heterogenous and sometlm es limited distribution of N 2 

fixing cyanobacteria is still not well understood because no systematic 

analys.is has correlated the presence or absence of cyanobacteria 

with environ m ental factors (Lo wendorf, 19RO). There ip ample 

evidence at present that cyanobacteria contribute 20-30 KgN/ha per 

cropping reuson Bnd a 1 ()-15 % lllCnJUHU 111 ricu yLuld. '/'!Juru lJi'U, 

ho wever. many areas that need greater scientific research like ecology 

of cyanobacteria in rice fields and their action on plants, etc. 

Ecological studies of cyanobacteria in sub merged soils are limited 

by problems in methodology, primarily in estimating algal biomass, 

o,Juantitative1y and <.jualitative1.y. In addition, problems in S8 m pling 

relaHon to spatial distribution of cyanobacteria and 
techni<Jues:in u. 

,&,:.,.j"0 activity increase the inaccuracy of ':iuantiCBt:ive 
their nitrogen ,L,J.AJ.I·o 
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lD essure lD ent. The present in vestigation was undertaken to exa mine 

the effect of vadous ecological and environ m ental factors such as 

pH, telll peratur~ light, co 111 bined nitrogen, phosphorous, sugars, fungi-

tides, herbicides and insecticides on the nitrogenase activity of 

Anabaena vadabilis. ARM 394. 

A 111 ong the soil properties. pH is the In ost im portant factor 

in determining cyanobacterial composition, but it is difficult to 

distinguish the effects of pH th8t are due directly to H+ concen-

trations fro m those that are due to other che mica! factors such as 
I 

solubility of trace elements like molybdenu m and iron which are 

needed for the nitrogenase activity. In natura! conditions, most 

cyanobacteria grow in environments that are neutral to alkaline. 

In sub merged acidic soils. the supernatant water, in which most algae 

grow, always has a higher pH than the soil itself. In laboratory 

cultures, the optimal pH for growth of cyanobacteria seems to range 

from 7.5 to 10.0 and the lower limit is .about 6.5 to 7.0. The bene-

ticial. influence of high pH on cyanobacteria is further demonstrated 

by the fact that the addition of lime increases the cyanobacteria 

growth and nitrogen fixation (Yamaguchi. 1980, Roger and Kulasooriya, 

1980). However, the presence of certain struins of cyanobacteria 

:in soils with pH values between 5 and 6 have been reported. Nostoc 

muscorum and Anabaena torulosa were reported to be growing in 

pH ranging from 5-7 (Durre1. 1964) and Aulosira fertil.issima and 

Calothrix brevissima were reported to grow with plJ frolll 3.5 to 

6.5 (Aiyer, 1965). But whether these forms fix dinitrogen efficiently 

An
"b"""nB vad.abi.l.W whJ.ch never ilDproved .:ill course 

activity of ........ .:ill pH 7 and pH 8. 
activity was maximum 

Nitrogenase tim e. 
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However, :in pHB there was an initial decline in activity but later 

the activity increased to 82 % of the original Bctivity. pH 10 supported 

73 % of the activity after 30 hrs. Thus neutral and alkaline pH 

supported maximum nitrogen fixation by Anabaena variabilis. Stewart, --
however, reported that some tropical cyanobacteria exhibited A R A 

even at pH4 (Stewart §£.1!1, 1 (}78). In the present form, acidic pH 

suppresses \ nitrogenase activity severely. Whether this reduction in 

acidic pH is directly due to H+ ion concentration or due to noo-

availability of trace ele ID ents like M 0 needed for nitrogenase activity 

is not clear. POssibly, both contribute to the :inhibition in the nitro-

genase activity. But in acidic soils, poor gro wth of nitrogen fixing 

cyanobacteria is probably due to the inability of cyanobacteria to 

.compete with chlorophyceae, which are favoured by acidic conditions. 

Under N-deficient conditions, N 2 fixing cyanobacteria are 

greatly. favoured by a lack of co m petitiveness of the other algae and 

can develop profusely if the other environ m ental factors are not 

limiting. It' hen nitrogenous fertilizers are applied, their nitrogen fixing 

activity is inhibited or at least reduced. They can utilize mineral 

nitrogen for their growth, but they have to compete with non-nitrogen 

fixing cyanobacteria and other eukaryotic algae (Roger ~ al., 1980). 

However, the effect seems to be transient as suggested by pot exped­
I , , 

ments (Reynaud, 1980) and pre1im:inary field data. Very little is 

known about the com petition between diazotrophic cyanobacteda and 

non-diazotrophic forms as affected by the nature and the concen­

tration of inorganic nitrogen (Roger and Reynaud, 1979). However, 

it has been shown that nitrogenous fert:J.lizers have selective and 
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inhibitory effect on diazotrophic cyanobacteria (Rinaudo, 1974). All 

the sources of co 1Il bined nitrogen ~. K NO 3' N H ,,N ~ 3' N H 4 Cl and 

urea examined in the present investigation inhibited nitrogenase 

activity to varying degrees and the inhibition was clirectly proportionBl 

to the concentration used. There was n'o recovery from the inhibition 

in any of the substances tested throughout the expertm ental period. 

Nitrate has been reported to have variable and transl.tory 

inhibitory effe,ct on nitrogen fixation by cyanobacteria (Hase1korn, 

197 B). A ddition of 1 m M, 2 m M, 3 m M K NO 3 to the nitrogen i'ixing 

cultures of Anabaena vanabi1is reduced the acetylene reduction 

activity. The reduction was proportionBl to the concentration used 

(see Fig. 6). However, the inhibition was less, compared to the 

+ 
inhibition caused by the N H 4 nitrogen (see Figs. 7 and B). Addition 

I 
of lID M N H 4N 0 3 and lID M N H 4Cl resulted in 89 % and 78 % reduction 

in actiVity at 48 hrs, while lID M K N 0
3 

resulted only in 22 %' reduction 

in activity at 48 hrs. This is in accordance with the earlier findings 

that presence of high concentrations of N H~ in the gro wth m ediu m 

severely decreases the activity of nitrogenase (Dharmawardene 

!.£. al., 1973, Meeks £!.!M:, 1977, Rowell & !!1:, 1977, Stacey £.t f!!:, 

1977, 1979a.bl Tuli and Tho mas, 1980) and gluta mine synthatase (51 m s 

et al., 1974, Milman et al., 19751 Quinto et !!!::, 1977) and this has -- -- -
been shown to be med:/..at:ed by a variDey of mochllnUJlDS tncJudi.ng 

repression (Wool folk ~ al., 1966), degradation (Milman ~ al., 1975~ 

Quinto & al., 1977) and disaggreBation (Sims et aZ.,lQ74) of the 

enzyme. The marine Anabaena CA has been reported to part:i.al1y 

+ express nitrogenase even :in excess of N H.4' whereas the enzy 1Il e 

is not expressed in presence of NO; (Bottomley et al., 1979). This 
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ana J1J aly could be due to a naturally occuring J1J utation in the 

regulatory J1J echanis III • 

N H 4 + regulation of nitrogenase :is mediated through gluta mine 

synthetase (GS) (Streicher £l. m., 1974). Inhibition of GS causes K. 

pneu III oniae, ,4.. vine1andii (Gordon and Brill, 1974), Anabaena cyJindrica 

(Stewart and Rowell, 1977) and Rhodospsendolllonas Sphaeroides (Jones 
,,-

and Monty, 1979) to produce nitrogenase even in presence of excess 

N H 4 + showing that a product of N H 4 + ass:i.milBtion is the repressor 

of nitrogenase. 

fixing cultures 

Besides repression, addition of N H 4 + tb nitrogen 
II 
I 

III ay cause inactivat:i.on of the existing nitrogenase 

as in Azotobacter (Shah .!Z.t!lb' 1972), Klebsiella (Tubb and Postgate, 

1973) ana photosynthetic bactetia (Zu m ft and Castillo. 1978). 

However, in Anabaena, nitrogenase :is inactivated by excess 

N H / by a' mechanism that does not re<.juire protein synthesis and 

N H 4 + does not inactivate nitrogenase in cell-free extracts (Tho m as 

and Tu11, 1980). The effect of different concentrations of NO 3 -

nitrogen on preformed nitrogenase is shown in Fig. Q. With 1 m M 

K N 0 3' there 'II as no inhibition of the activity upto 7 hrs, after which 

the activity decreased only by 22 % at 48 hrs. But addition of 1 

m M N H 4- nitrogen (see FigS. 7 and 8) has re:.-u1ted in B decrease 

in nitrogenase activity over a 30 hI' petiod and reached 11 % (with 

NH
3

N0
3 

and 22% with NH
4

C1
2

) of that obta:ined with N2- grown 

ce11s. PI h en N H 4 + nitrogen was re III 0 ved fro 111 the Bro It'th ID ediu m 

(results not shown) lutrogen8Se activity returned co its original level 

within 24 hrs. Thus it is clear that the effects of NO 3 - and N H 4 + 

-N on the preformed nitrogenase are 'luite different and that the 

inhibitory effect of NO 3-N on nitrogenase synthesis is less than that 
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Urea, the co m m only used nitrogenous fert:l1izel' inhibits nitro­

genase actiVity in all the three concentrations used (see Fig. 9 and 
I 

Table 9). Only 23%, 12% and 6% activity remained after 48 hrs 

of exposure at 1,2 and 3 m M urea respectively. The m ode of 

inhibition of urea is s:J. m ilar to N HI, because urea :is broken do It" n to 

+ "N HI,. In fields. in situ A RAm easure m ents conflr m the inhibitory 

effect of N fert:ili.zers on diazo trophic cyanobacteria. Venkatara m an 

(1979), however, reported that ARA was not depressed in so:ll-rice 

BGA system with less than 40 ppm am monium-N in stagnant paddy 

water. TJris inhibition is further influenced by the nature and the 

CluElntity of fertilizers as well as m ode of fert:ili.zer application. 

Surface application of N P K generally results in a profuse Bro lith of 

algae which may cause seedlings to lodge. To prevent such a growth, 

basal dressing of fertilizers is practiced in .Senegal (Roger and Reynaud 

1979). Similarly, deep place m ent of urea supergranules naif; only 
I 

prevents dense green algae gro wth, observed with surface broadcast 

of urea but also does not inhibit diazotrophic cyanobacterial growth 

and nitrogen fixation (Roger ~ aI., 1980). In stagnant paddy water, 

within mixed algal masses, combined N may diffuse at a slower rate 

than the readily available dissolved N 2 and a local depletion in 

co ID billed N may favour diazotrophic cyanobacteria. Thus in the fields 

the lack of COlD petitiveness of N 2- fixing cyanobacteria in the 

presence of mineral nitrogen may not be as clear cut as it was first 

. thought (Roger and Reynaud, 1979). Genetic engineering of dlazotro-

phic strains that can fix nitrogen even in presence of high levels 

of exogenous combined nitrogen will be agronomically useful, as it 

\ will facilitate the combined use of biological and chemical sources. 

lSimiIarly, induction of mutations derepressed for N 2 fixation will 
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cause the strains to leak out am m oma into the surrounding m ediu m 

instead of the am m onta gett:ing into the metabolic pool Bnd 

. subsequently m inera1ized during autolysis. 

Arora (1972) reported that additions of pho~phates in either 

soluble (KH 2P0 4) or insoluble (Ca/P0 4)2) form stimulates the N2-

fixation of Anabaena and Tolypothrix in phosphate sets containing 

basic slag than in unphosphBted sets, Similarly. in paddy soils. P-

supplying manure enhances algal growth and ARA (Srinivasan, 1978). 

Okuda and Yamaguchi (1952) incubated 117 submerged soils in a green 

house and noted that cyanobacterial growth seemed to be closely 

related to the available P content of the soilt algal growth was poor 

in m oipt soils at 0 to 5 pp m, but vigorous above 6 pp m. The 

population of cyanobacteria, A zotobacter and Clostd.rlu m butydiJ m 
, Ii 

were also reported to show a tendency to correspond to total and 

available P in the plow-sole (Araragi. £t aI., 1978). 

li1 the present investigation also addition of 1 m M r phosphate 

sti m uIates nitrogen fixation to a very great extent although 8 small 

degree of inhibition to the extent of 23 % in 10m M concentration 

was observed (Fig. 10 and Table 10). This confirms the earlier 

findings that when other external factors are not limi'ting phosphorous 

;increases the nitrogen flxtJtion. CyanoblJcter1a are known to acculDu-

late /Dore phosphorous than they require and store the excess as po1y-

phosphate. which can be used under P-deficient conditions (R oger 

and Reynaud, 1979) further the intracellular phosphorous pools widely 

fluctuates depending on whether or not the cyanobacteria are growing 

under P limited conditions. 
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In paddy £la1.d~ the growth and act:lvit:y of dilJzotrophic cyano­

bacteria :is most com manly limited by low pH and P deficiency. 

Application of P together with lime has fre<Juently produced positive 

results (Ishizawa et Bl., 1975). 

Pesticides depending on their nature and concentration, and 

the cyanobact,erial strain could have inhibitory, selective or even 

stim ulatory effects. Exped m ents m a1.nly with flask cultures suggest 

that cyanobacteria are generally m ore resistant to pesticides than 

other algae and are capable of tolerating pesticide levels reco m mended 

for field application (Venkatara IU an, 1972). In the present investi­

gation it was found that, in general, pesticides have an init:i.a1 

depressive· effect on the nitrogenase activity followed by either an 

increase or decrease in activity. Fungicide, ceresan at the re­

co m m ended field dose of 5 pp m caused an initial depression in the 

activity but it regained 72 % to its o.r1.ginal activity (see Fig. 11 snd 

Table 11). Even in twice this field dose concentration the cyano­

bacteria regained 71 % of the activity in 55 MS. In growth experi­

UJ ents it It' as found that 9 out of 10 strains of Anabaena to1erated 

100 pp m of ceresan, only 1 strain was inhibited by concentration 

higher than 1 ppm (Venkataraman and RajyaIakshlDi, 197ib) Fu¢gicide, 

Dithane M 45 at the field dose concentration did not cause any 

reduction in acetylene reduction activity until 2 hrs but later there 

was a gradual decrease in activity until activity reached to .58 % 

after 55 hrs (see Fig. 12 and Table 12). Similar trend was observed 

for other concentration also. Little:is known about the biochemical 

interaction between Dithane N 45 and cyanobacteria in field conditions. 
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It has been reported that at reeo m m ended field doses 

2,4-D and M CPA inhibited N 2-fixation of Nostoe m uscorum, Nostoc 

puncCiforme and Cylindrosperm um (Inger, 1970). However, in the 

present studies at the reco ID m ended field dose concentration of 

2.4-D, Anabaena variabilis regained 88 % of its activity in 55 hrs 

after a slight initial reduction. Only twice the field dose depressed 

nitrogenase ac'q.vity severely to the extent of 77 % after 55 hrs 

(see Fig. 13 and Table 13). 

With the herbicide Machete (Fig. 14 and Table 14) after a 

slight initial decline in nit:.r0Benase activity the activity rapidly 

increased to the Sa m e level as that of control at the reco m mended 

field dose. Slight:. stim ulation in activity WBS noted at a concentration 

twice the field dose. This may be due to the utilisation of pesticide 

or their :inter m ediary degradable products BS carbon source. 

Fig. 15 and Table 15 show the effect of Diuron on nitrogenase 

activity. There WBS a initial steep decl:ine in all the four concentra­

tions and the recovery of nltrogenase activtty WdB 8lso not high. 

Even at the recom mended field dose only 57 % of the original 

activity WBS present after 55 hrs. Clearly Diuron inhibited nitrogen 

fixing activity of Anabaena variabilis. 

Approximately there was only 15 % reduction with the herbicide 

Dalapon in all the four concentrations (Fig. 16 and Table 16). The 

initial inhibition was followed by gradual. increase in nitrogen fixing 

activity. Even in twice tho field dose concentration the initial 

inhibition was to the extent of 46% and the cyanobacteria regained 

85 % of its orJ.ginal actlvity in 55 hrs. Dalapon was found to interfere 

with glucose ut:i1.:isation and it WBS reported that for Dalaponl the 
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most sensitive metabolic site of inhibiti.on i~ RNA synthesis (- Hill 

197~). However, in the present case, Ett the recommended field dose 

and at twice the field dose concentration the RNA synthesis is not 

affected as the cyanobacteria regained III ost of the nitrogenase 

activity. 

Among the different groups of pesticides, insecticides have 

been shown 1:0 have st:imulacory effect on algal. growth. This:is 

primarily an indirect effect due to a decreasing population of algal 

grazers. It has been observed that application of ga m m B B H C for 

the contral of rice stem borer caused the developm ent of a dense 

algal bloom at the surface of the flood water (Raghu and MaCRae. 

1967) in .spite of the fact that BHC was observed to be more toxic 

to the algal than other insecti.cides (Singh, 1973). At the 

recom mended field doses two insecticides BHC and Phorate used :i.q 

the present investigation reduced the nitrogenase activity by 39 % 

and 24 % respectively after 55 hrs. At 10 wer concentrations higher 

activity was observed. At twice the field dose concent:l'ation, however 

there was drastic reduction to the extent of 60 % in B H C and Phorate. 

The toxicity caused by BHC is partiBlly neutralized by the cYBno-

ba.cteria within 20 hrs as seen in the Fig. 17. This is in a.ccordance 

with the earlier observation that by repeatedly growth and remOving 

cyanobacteria fro m a B He containing m emu m, there was a gradual 

loss in the toxicity of the pesticide, suggesting detoxication by the 

cyanobacteria (Das and Singh, 1977). Effect of pesticides on nitrogen 

fixing activity has been generally studied with flask cultures including 

the present investigation. W hen extrapolating such results to field 

conditions, caution III ust be exercised because of t ~tIsons. 
, '\ " 
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(1) The rate of degradation of pesticides in the field is likely 

to be lD ore rapid than in flask experim ents. 

(2) In the field, toxicity also depends on the initial microbial 

population, the nutrient st8tus (Das and Singh, 1977, Singh, 1978) and 

tho III odo of application of tho past:ic1des. 

(3) In the soil, m any ecological. factors will affect the 

ability of the pesticide to interact with the BlgBe. like the bi.ological 

degradation of the pesticide by other lD embers of the soil lD icroflora, 

non-biological degradation, leaching, volatization and/or absorption 

to the soil. However, consensus of opinion suggests that most of 

the diazotrophic cyanobacteria are capable of tolerating ~est:ici.de 
levels reco m m ended for field application and their nitrogen fixing 

ability re m Bins unaffected to a large extent in field conditions 

depending on several other factors. 

The optimal temperature for the growth and nitrogen fixation 

of cyanobacteria is about 30-350 C and is higher than that of other 

eukaryotic alBae. Temperature extremes inhibiting their growth are 

beyond the range wi.thin w hicll rice gro ws, chus te m perature :is rarely 

a limiting factor for diazotrophic cyanobacteria in paddy fields (Roger 

and Reynaud, 1979). 1'e m perature influences both algal bio ID ass 

co m position and productivity. Low temperature decreases cyano-

bacterial productivity and favour eukaryotic algae. . In the present 

studies, 10 w te lD perature of 50 C cause an i m lD ediate drastic reduction 

in acetylene reduction Bctivity to the extent of 97 % within 2 hrs 

(see Fig. 3 and Table 3). Lo I+' te III perature decreases the overall m eta­

bolic'rate of cyanobacteria which !Day result in very low nitrogenase 

activity. In In dis. both field Bnd pot experiJ1J ents indicated gro wth 

reduction of diazotrophic cyanobacteria during the cold season 
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(Subramanyan ~ al., 1965). It is interesting to note that in arctic, 

lichen Salodna dinitrogen fixation has been recorded at -5°C (KalJio 

& al., 1977'). Te m perature re"u:ire III ent for nitrogen :fixation see m s 

to vary from species to species. .zn the present fOrlD, Anabaena 

variabilis, there is increase in nitrogenase activity as the te m perature 

increases until 30° C (see Fig. 3). Te m perature 250 C and 300 C are 

optimal for this f.prm and supports continuous high nitrogenase activity 

However, at 35°C there is a 57 % reduction in activity within 2 hrs 

and only 17 % activity re l1J ained after 52 hrs (Fig. 3). This is 

surprising because for m any tropical species, acetylene reduction 

activity is optimum between 30-350 C. However a Nostoc sp. isolated 

fro m the algal crust on a sandy soil in Senegal exhibited significant 

ARA at 65°C (Roger & ReYllaua,1977) Temperatures more than 

35°C reduces daytime CO 2 assimilation which in turn may decrease 

the nitrogenase activity due to the lack of reductant and A T~. But 

forms like Aulosira fert:::i1:issi.ma in Indian paddy water whose 

temperature varied between 34-390 C showed maximum growth and 

nitrogen fixing activity (Singh, 1976). it: is '-luite clear that 

temperature re"uirements for optimum nitrogen fixation varied with 

species. In natural. ecosyste m s hiSh te m peratures are fre<luently 

associated with high light intensities. It is important to segregate 

the effect of these two factors in ecological studies, especially A R A 

measurements where a ngreen house n effect may occur. In the 

\present investigation since the experim ents were carried out in an 

illuminated BOD incubator with constant light intensity this problem 

was overcome and nitrogenase activity measured directly reflected 

the effect of t.em perature only. 
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W hen the fila m ents of Anabaena variab:il:J..s were incubated 

in total darkness there was an im m emate fall in the nitrogenase 

activity within 2 hrs (see Fig. 4 and Table 4) and only 1 % activity 

was present after 52 hra. This is largely because of the exhaustion 

of the photosynthetically generated energy reserves. In the present 

alga as the light; intensi.ty increased there was corresponding increase 

in the nitrogen~e activity until 4000 c..ux (see Fig. 4). It is clear 

that the require m ent of A T P for nitrogenase activity is derived mainly 

from cyclic photophosphorylation in light. It has been found in 

Anabaena cyJindrica that if adet.Juate C-reserves are available. cyclic 

photophosphorylation can meet the whale A T P de /D and in the light 

(Bene mann BI)d Weare. 1974) an.d oxidative phosphorylation can do 

so in the dark (suPPQrting about 50 %) of the light rate of nitrogenase 

activity (Fay, 1976). However, in the present alga, Anabaena 

vBIiabilis. in cubation of the fila m ents in dark i m mediately inhibits 

95 % of the activity within 2 hra suggesting that the supply of A TP 

by oxidative phosphorylation /D ay be poor in this organ1s m. Further 

I 
the ability to store excess photosynthates may be the limiting factor 

in darkness. Another important reason for 10 w nitrogenase activity 

in dark could be the reductant supply.t Under aerobic conditions, 

N fixation is believed to be confined to the heterocyst, since it lacks 

the M n-containing co In ponent of the 02-evolvi.ng system of photo­

system II (Tel-Or and Stewart. 1977) and is unable to directly reduce 

ferredoxin with water derived electrons. Further, he'terocysts lack 

ribulose-1-6-bisphosphate carboxylase and conselJuently are largely 

incapable of CO 2 fixation. Therefore. the reductant derived fro m 

C-metabaIism must be provided by C-compound(s) imported from the 

vegetative cells. Since in dark. there is reduction of transport of 

C -co m pounds fro JD vegetative cell there is a decrease in nitrogenase 
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activity for want of the reductant. Thus lack of A TP and reductant 

in dark is the key reason for 10 w rat~ of nitrogenase activity. The 

nature of the carbon co m pound imported fro m vegetative cell in to 

the heterocyst is somewhat uncertain. Of a var.l.ety of sugars tested 

(see Fig. 19 and Table 19), only erythrose supported 100 % activity 

in dark-treated intact fila m ents. Sucrose supported 31 %, glucose 

21 % and furctose 20 % of the activity. Similarly, in isolated heter­

ocysts also erythrose supported approxi m ately 50 % of the activity 

of the intact fila m ents. Glucose 6-phosphate supported 43 % of the 

activity and sucrose supported 30 % and glucose 20 % • This is :in 

accordance with the earlier report that D-erythrose supports hish 

rates of nitrogen fixation in Anabaena sp. strain 7120 w hole fila m ents 

and isolated heterocysts (Pr1.valle, 1984, Prl.valle & Burris, 1984). 

A fter a short incubation of whale fila m ents with 14 CO
2

, heterocyst 

accu /]} ulated labe1.1.ed "uantities of alanine, suggesting that transport 

of ruan:ine, gluta m ate and sugars into heterocyst occurs. (Juttner, 

1983). If the tm ported alan:ine is oxidized in the heterocysts then 

several reducing e;,Juivalents would be produced offering a possible 

explanation for high activides of alanine dehydrogenase. Other 

: pO$!ble reductant generating enzymatic pathways have been reported 

to be present in the heterocyst including glucose-6-phoflphate dehydro­

genase and 6-pil ospho-glucon ate dehydrogenase whose acti,Viti.es in 

the heterocyst fraction are five to ten tim es than of vegetative cells 

(Apte ~.!!b, 1978). This could be the reason for glucose-6-phosphate 

supporting 43 % of the activity in isolated heterocyst in the present 

form. 
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Pro In an ecologlctll. poLnt. cyul10btJcterLa can be rogtJrded tJS 

10 w light species as they are sensitive to high light intensities (R oger 

and Reynaud. 1979). Nitrogenase activity in Anabaena var.i.abilis :is 

also sensitive to high light intensity. At lO,OO() Lux there
r
, was a 

steep fall in nitrogenase activity im m edi.ately, and only 1 % activity 

was present after 52 hI's. A positive correlation was observed between 
~ 

light intens:f.ty and nitrogenase activity from 500 T .. ux to 4000 T .. ux 

(see Table 4 and Fig. 4). 3000 and 4000 Lux supported lD ax:i III u m 

nitrogenase activity in the present form under laboratory condit:Lons. 

1h cultivated soils, the screening effect of a growing crop canopy 

appears to cause a rapid decrease of light reaching the algae. Thus 

the canopy of transplanted rice decreased light by 50 %' when plants 

were 15 days old. 85 % after one m ontll and 95 % Clfter ~wo' lD ontbs. 

In ,senegal, diatoms and unicellular green algae developed first and 

cyanobacteria developed later when the plant cover WBS dense enough 

to protect them from exces::rive light intensities. higher than 80 klux 

at 1300 hrs. The diazotrophic cyanobacterial bio m ass and density 

of plant cover were positively correlated (Roger & Reynaud, 1976). 

However, some strains of cyanobacteria are more resistant to high 

light in tensities. C ylindrosper mum sp. developed large bio m asses in 

a harvested paddy field in Mali where light intensity was higher than 

100 Jdux at 1300 hrs (Traore .!!.f.. al., 1978). As a future prospect 

it: will be highly beneficial if diazotrophic cyanobacteria are engineered 

for enhanced photosynthesis and greater ability to grow in high light 

intensities and to store the exce$ of photosynthate which could then 

support diazotrophy in light as well as :in dark. 



VI. SUM MARY 

The effect of various envtranmentBl factors like pH, combined 

nitrogen, phosphorous, fungicides, herbicides, insecticides, tem perature 
---t'" .. • ". 

and .light on the nitrogenase activity of the 'II hole cells of a hetero­
"-

cystous cyanobacteria Anabaena variabilis was examined. 

Neutreil to slightly alkaline pH supported maximum nitrogenase 

activity. Acidic pH drasticBlly reduced the nitrogenase activity • 
...--

All the com bined nitrogen sources viz., K NO 3' N H 4N03' 

N H 4C1 and ures exsmined, inhibited nitrogenase activity to varying 

degrees. As the concentration increased, there was proportionate 

decrease in the nitrogenase activity. The inhibition caused by NOj-N 

was less as com pared with N H~-N. The possible regulatory role 

of N H; has been discussed. There was no recovery of the depressed 

nitrogenase activity dur.Jng the course of experimental period. 

Phosphate greatly stl. 111 ulated the nitrogenase act:i.v:i.ty. The 

rale of phosphorous in increasing the gro wth and nitrogen fixat:i.on 

of cyanobacteria :in natural ecosystems is discussed. 

'-----'" 
In general, pesticides, depending on their nature and concen--

tration have an initial depressive effect on the nitrogenase activity 

followed by either increase or decrease in activity. Of the two 

fungicides exa mined, ceresan inhibited the activity to a lesser extent 

than Dithane M 45. 

With all the four herbicides studied viz., 2,4-D, machete, 

diuron and dalapon, there was an increase in activity after an initial 

depressJ.ve effect. A t the recom m ended field doses, the Idegree of 
I 



58 

inhibition was greater in diuron, followed by dalapon and 2,4-D. There -
was total recovery fro m the initial depressive effect on nitrogenase 

activity by machete. 

80th the insect:i.cides. 8 H C and phorate inhibited nitrogenase -
act:i.vity at the reco m m ended field doses. the former m ore than the 

later. Temperature 250C and 30°C supported maximum nitrogenase -
activity. Lo w te m peratures (5°C) inhibited nitrogenase activity 

co m pletely. 

Light intenSity of 3000 and 4000 Lux supported maxim u m 

nitrogenase activity. Total darkness inhibited nitrogenase activity 

co m pletely. The possible reasons for this drastic reduction in darkness 

has been discussed. Similarly, high light intensity inhibits nitfogenase 

activity drastically. The ecological im portance of light with reference 

to diazotrophic cyanobacteri.a :is discussed. 

Of a variety of sugars exa mined, erythrose supported high 

rates of nitrogen fixation by dark-treated intact filaments and 

isolated heterocyst. 

In conclusion, 10 w light intensity, moderate te lD peratures, 

neutral to alk.ft1ine pH, high availability of phosphorous and the use 

of pesticides at the reco m m ended field dose have been found to 

favour cyanobacterial nitrogen fixation. 
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