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Chapter 1 

Introduction 

1 

.Nl trogen torms the bae1c const1 tuent of protetfts, mu~rmaa, 

nuclelo aoicts. vitamins and hormones, all ot which are essential 

tor 11ViDS .organlsmth Unlike other essential ·elements, no 

shortage of nl trogen should ever occur as the a.tmosphere 

contains an inexhaustible IU'llOUnt ot dirdtrogeJ'h l.e •. ?8 volume 

per cent. In JJPlte ot the wi.de occurrence of dlnitrogen 1n 

the atmosphere, it 1s· usually the most cr1t1cal lJ..mlt.lng 

factor 1n the produotlvity of ecosystems. 

Early 1n the N.neteenth eenturr, the euperlorltr ot 

legumes over c&reals was a perplexed .question. fhe idea o~ 

biological ·cU.nitrogen t1xat1on was concelvect b)' st.r Humpheey 

Davls ln 1813, who advanced the idea tha't legumes might be 

able to utlllee the $tmospher1c source of 4inltrogen. Jean 

Baptiste Bou~ingau1t. a· French Chemist •. 1ra 18:38 was the 

t1rst to mate an enduring commitment to thS.e problem.. Prom 

ohemJ.oal analysis he tound that Ill trogen content ln legumes 

was higher as compared. to cereals. On the e-xperience ot 

crop rote.tion and ezper1mental atu4les with olovar and wheat. 

Bouestngaul t proclaimed that atmospheric air is the source 

ot extra n1 trogen found ln clover. Later. he ale~ show&cl 

that legumes onrlche4 the soll with fixed. nitrogen. .He. 

· however,. Oou14 not ascertain the nature ot nitrogen whether 

the atmosphere contained ammonia or gaseous ni"trogen. 

tn 1840. Lleb18 hJ:Pothesia.ed. that amm.onla is the moot 

act1V"e atmospheric spee1ee ot available nitrogen. Th1a 



suggest1on was accepted by all those who believed in the 

theory of mineral nutrition. In 1850. Georges Ville 

thwarted the amr110n1a hJr.tOthes1a by presenting experimental 

evidence of d1n1trogen. fixation by potted. plents maintained 

1n ~nia fre$ atmosphere. 

Laohmann 1n 1058 found 'v1bl:'O•l1ke• bodies 1n tho 

legume root nodules which were d.osoribed by Woronin 1n _1862 
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as ~bacter1al-11ke'. Ill. 1862• Jod!n observed nitrogen 

enrichment by certain free living mJ.croorge.nlsms .l.n the 

nitrogen free medium. Two famous German exper.lme-nta11sts 

namoty. H. Hel.lriegel and H. Wllfarth 1n 1888 did the pio~teer­

lng work on biological dinltrogen fixation. They found that 

legumes differ from other plants 1n three respe-ets namely, 

t. they are capable of' utilizing .atmospheric dln1 trogen, 

2. the d.lni trogen fixation occurs as long as tho s~blonts 

are 1n association with legumes roots and, 3· the legumes 

possess root nodules which are the s1 tee of dinl trogGn 

fixation. 

A great Dutch m1crob.lolog1Ett., M, W. Be13erinck ln t. 888 

successfUlly 1aolatm1 Rbize'blum r:a41g1pple. from the roots of 

, leguminous plants whiCh wne subsequently renamed as Naqbi»m 

ltBUmlnRDN:WD on account of its ob11gatorr symbiotic nature 

w1 th the roots of' legumes plants. W1nogra4sky in 1893 

successfully isolated a free 11 ving anaerobic d1n1 trogen 

tilting bacterium~ Q1gs1;ri41Jun padAV£1ADJ.Im from soU. The 



Table 1. A broad classit1eatioi'l ·of dinltrogen fixing organisms. 

Bacterla-Proo11v1ftB 
Non-photo~the't1o 

Anacwob1o 

Aerob$.o: · 

· facultatlve 
-anaerobic 

· Photos:ynthetto 

. Bacterla-Assoclative 
symblot~o · 

Azotobacter 

KlebtJ1e11a. 
Enterobaoter., 
Bacillus · 

Rhodoap1r1llum 
· Chrceat1um . 

t.ogmd.nou.s associat1on Rh. · .. l.zob~.um sp. · 
· R. · lla1Uct11 

a. ·trl:folll 

R •. lupW 
R,. .Jnpon!cum 

tegumes 
Alfalt'a 
Clover 

Lupines· 
So,-beans 

. 
I. 
I 
I 

LlYO m 80111 some 'can l.i.ve 
in mo:::e ao1d1o condl-tlons 
thG.n Azotobacter 

:Fotma ln soils pH. op"tlmum 
!l'I'Cund f.,O 

\ 
Nodules f"orm ontroots 
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.. 
ability of blue-green algae to fix att'llOspheric:dinltrogen 

was demonstrated by Frank in 1889. Beljerlnek 111 1901,. 

reported d1n1 trogen f1xat1on 1n an aerobic tree living ·soil 

ba.oteriurn AzdQbactu: QbrogQgccu;. Later, ln 1923 he 

isolate~ anotbez:w tacult~tive anaerobic ·d1n1trog~ fixing 

bacterium naroel,-, §Pidlll!m ~~ &rom tropical ~d 

sub'trop.1ca1 solls. 

!he capablli ty of ut1.11zJ.ng ~tmospherlc dlnl trogen 

is confined only to e. limited number of organisms. So far, 

only .the prokaryotes some bacteria and blue-green a11.ae.~ 
. _, 

el ther in .tree 11.ving or .in symbiosis with higher plants 

have be·en shown to possess this ·unique property.· of dini'trogen 
. ~ ~~ 

fixation. Earlier din! trogen fixation was thought. to ~e the 
' . 

tnonopoly of s~b1otic Mizgb&um-legumes, a few ;tree 1.1v1ng 

bac;ter1a ·and blu~ereen algae. !iowever, 1t bas been now . ' 
shown that a w14e range or ecologically- and physlol~glcalli 

different groups ot. microorganisms can fix 41n1tt-oilen. · . 
RecentlJ, Postgate ( 1971) has suggested a epec1f1c' ~ernr 

• 41aaotrophs • for organisms capable of fixlng atm.ospherlc 

ctlnltrogen; A broad classification of the_ ctJ.nltrogen 

fixi~Jg organisms 1s &1 ven in Table t. 

B!ologleal din1trog_cn fixation is·· one of .the, most 

fascinating ecosystem processes involving 'th:e re4u~t1on; of . 
. . ) 

dln1trogen to ammonia by din1trogen t'1.d.ns ·mJ.croorgan1•· . 

Tho f1xatio" of 41n1 trogen 1e a reduct! ve pl."()cess en~alyzed·: 

by the enz)'tne nitrogenase and is accompanied by the ut111za ..... 

tion of eneru obtained from ATP generated by the Olr:idation 
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Non-1$gUm1noua Bell:GV'sd 'to· be 
a·ssociation membGn, cd tbe 

.genus Ac•ino­
nwoue 
Rh1t:Obium ep .. 

Azotobacter 
paspall 

Blue--green algae 

Free living Anabaena ap. 
Noatoc ap. 

Associative 
Sl"mbio'tle 

Anabaena a'olle 
Noetoc pmct1fo­
me 

' 
Alrms (alder tree) 
Ceanothua 
MJrlca 
Cnsuarina 

Troma. aape~ 

Paapalum notatum 
(Bndl1an tropi­
cal grass) 

D1g1tar1a 
(Ct.-grass) 
Mal~e 
Sorghum . 
Pearl m1Uet 

Azolla · ( wa:terf'em) 
'Gunnera maeropN'lla 
(trop1cal het"b) 

Nodules form on roo-ts 

Colonies :tol:'tl below 
m.ucilagenouu sn·ea't.b Oft 
root 

Location undefined. cotJl4 
lin oltber .around or in root 

Alga tcund 1n 8t:reama,. 
1Wftd$e lakea · 

Alga lit~ea 1n pockets o~ leaves 
Stem no4u1ea: ,f:om a't the lmsb 
.o:t leaves 

-----------___ ....,. ________ ,.._.. ,,- ·111. xn • .··-· ..,........, ______ ...,_ 

Prom Skinner ( 1976) • 



Fig. 1: Vario~s Pathways ofAtm N2 Fixation 
t Lightning Fixation ( 4 •J.) 

. ' 

2. Combustion ( 7 •J.) 

3. 8 iological Fixation ( 6 9 •J.) 
A. Free Living Microorganisms (48 •t,;). 
a: Non·- legume assoda tlons (32 •1.) 

/. 

c:'.legume Symbioses ( 20 •Jo) 
o. Ntf +Gene Transfer(?) . 

4 Industrial Fixation (20 •J.) 



of carboh1drates. A gener~izod eq~ation for blolorJ.cal 

dinltrogen tlxatlon can be represented as fo11owat 

. . • nitrogenase 
N : N + 6H+ + 6e , , ••ul ... · • 2mr

3 12-15 A':P 

B1olog1cal <lin! ti'Jrlgen f1mt1on amounts to about 

69 pet\ cent (1.e •.• 1?S x t.o6 metric tons yr•t) of tbe 
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total fui trog.en fixed in tho biosphere Which 1s approx1ma• Ld.i 

tely 2SS x 106 metr.ic tons yr•1'St1nner, 19?6). In addition 

to biological dinitrogen f'ixation 1 there are two more ways 

of fixing atmospheric din1 trogen 1n the nature namely, · 

1. industrial fixation, and 2. lightning discharge as shown 

ln Fig. t. 

Apart from biological t'11n1trogen fixat1on,1nduetrial 

fixation bN 'the Haber-Bosch process developed 1n 1914 1s 

equally important. A mixture e>f dini t:rogen and hydrogen 

1n tbe ratio 1 • 3 1e passed under soo C and 200 atm over 
' 

:tinelN dlv1cte4 iron as a catalyst and mol~bdenum as a 

promotor. The industrial fixation of dln!trogen amounts to 

about 20 per cent (l.e •• SO x 106 metric tone yr ... t) of the 

total dlnltrcgGft, .fixed in the nature, . The manufacture of 

nitrogen fertilizers by industrial fi•ation is a high onergy 
/ 

consuming process since the eonveralon of one mole of · 

dlnltrogen to smraonla. requires 147 kcal of energy-. lt is 

diff'lcult to be dependent on industrial fixation solelN 

due to the soaring cost of petroleum and other energy 

resources. TIU.s has given a new impetus to exploit the 



fable 2. Estimates of dW trocen fixed in the Mture 

through.~arious processes. 

Type of fixation 

Biological f1xntlon 

Agr1ou1 tura1 

Legumes 
Non-legumos 

· R1ce 

····Other 

Permaneflt mea.4ows 

Forest an.t1 ~'Oodlan4 

Unused land 

Total land. 

Sea 

Total biological 

Non biological fixation 

LJ. tning 

non• biological 

dinitrogen tlxe<.t 

Dln1trogen fixed 
(motric tons x 106 yr· •1) 

. 3S 

35 

4· 

s 
45 

4o 

10 

139 . 

)6 

1?.5 

10 

20 

40 

10 

80 

2.55 



natural mechanism ot biological. dl.nl trogen f1xation to 

meet the reQuirement of fixed n1 trogen tor agr1ou1 tural 

pro4uet1on. 

blother means ot dlnl trogen fixation 1n the nature 

,ls throUgh the 11ghtralng discharge, The oddes· of nltrogen 

tomed 1n the atmosphere are rwashocl do\'Jn with rain water 

J.n the tom ot dUute nltroue .and n1tr1c aclde, Th9 gai:n 
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of nitrogen through tbis pr-ocess amounts to about 4 per cent 

(1•Gtt tO X 106 metric tons :tr•t) of the ~otnl. dl~tltrogtm 

fbed: ln the nature. The mnoun'C of 41'nl trogen f1xat1oa 

through lllbtning dl,seharge cannot be augmented, as a w1table 

technology tor this p\U"'))se 1a yet to be developed,. !'he 

1ateat estimates of the dlnitrooen f1xe4 1n natve tiu"ough 

var1Qus processes are dven in Table ,2, 

B¥ the: end of twentieth cefttu,ry, the world. 'a. Pf)pulatlon 

seems to t.n~ease ~rota 4 billion to ? blUlon thUe tlle aeman4 

tor food wUl bo approx1mnte1y double. fhe~efoX"Ot lt rmturallJ 

requires heaVJ input.s o~ nltrog.n tert111eers Whose ~ 

t1cm hae increase« eJ.Ah't•'tlao.s. 1•••• from 5•2 m111i.on tone 

'to 40 mUllon tons botwoen t954 to 19?4. 

In Xn<Ua, the produotlon ot nltro{Jon lertUlsen haG 

S.ncreasott e1aht•t1~rJ&e, l.e, • tro!lt 1tS -x 104 metric 'tons to 

12.5 t 104 metric tons between 1961 to 19?7. 'l'he 1nc~as1ng 
4.emand tor nitrogen tert111ze~s M<i the lmpen41ng enerQr 

or1,s1s has, led to a steep rlse 111 the prloes ot nltroasn 

fertilisers throughout the world Ql1d. tma .created a aertous 
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d.iftlcult:v 1n inc:reasln& agricultural production • 

. Incroasing use of nJ,trogen fertilizers not onlN adds to 

economic costs but also causes serious problems of wate.r 

pollution. Accordil1g to Child (1976) only 50 per oent of 

the nitrogen :fert111·zers applied, in the field ls ut111zed 

by the crops, \<Jh11e the remainder is loat e1 ther v~1 th the 

.wn ott \vaters or pereolatesjrlo\m into the so11 causing 

pollution problems otf;ubsoU water sour~a. l'he gNwing 

awareness ot environmental quality and scaOity .ot non- , 

renewable resources may QGgravate the problem of ·product~on 

ot nitrogen fertUizers. fhUs, the increasing attention is 

being paid to the process of biological din1 trogen fixa.tio.n 

to !Jleet tbe growl~ demand of t1xed n1 trogen. 

T111 recentlr. the interest 1n bloloeJ,cal dinitrogen 

flxntlon was l&rgely confined to leguminous plants because 

of their obVious agronomic importance. · The study o.f non• 

leguminous flowering plants from the view point of 

din1trcgen fixation remained neglected tor a prolonged 

periOd on account cf many reasons. . One of the reasons 

, haa been 'the general lack of interest and knowledge of 

microb1ologl$ts and blochemlsts about the non-legume 

flowering plants.- Another important factor has been the 

absence of a suitable and sensit1ve technique for 

.evaluating d1n1trogen fixation. The newly ·developed 1.5N­

techn1que (Burris & Wilson. 195?) and acetylene reduction 

aeeay (Dilworth, t966) have greatly facilitated tho studies 



of dinltrogen fixation 1n non•legume n.-owering plants., 

The t.lrat re-port on a non.-legume d1n1 trogen fixing 

flowering ~lant. ilacaenua DD£U!titolia v~as made by_ Nobbe 

1n 1892. Before IDP only 13 root nodulated non•legume 
-sr 

. tlow!ng plant~ v;ere known. to fllt d!n1trogen. The IBP 

under its sub-section 'Production Processes ot nlt.rogGn' 

(PP·N) has provided a maJor stimulus to the study of 
' 

biological dinltrogen fixation 1n non-legume flowering 

plants. Systematic surveys under the lBl' were organised 

with the following three ob3ectivea 1 ·1. to secure tull 

information on the regular1tN ot nodulation 1n the field 
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of species already known to bear nodules, 2. to 1mest1gate 

all tho species of those genera knottn to bear nodUles and. 

3· to encourage .a search for the pre.sence of nodules in 

genera no-t previously Jmotm to be 1nclu4e4 1n the 16et of 

nodule bearing genera, particularly of Rhemnaceae. e. tamily 

of about 60 genera of which two namely • lfldlb»i and 

IJJ.gslfia are known to boar nodules and ~he fem11N Rosaceae 
' 

comprising of 100 genera of wb1ch only three. ldi£QQiflx:PUs. v-

~xu and Ji.LtAbia have been knorm to develop nodules. 

One of the recent developments in the tle1d of 

b1ological dinl trogen tixatlon, is the discoveey ot an 

interesting and simple SlJ!!lbiot~c system ot tropical a, •• 
€ra.Gses·s.n loose aesoclatlon witb soU bacteria which have 

been shown to fix atmospheric dinltrogen (Dobereiner ,d. .11.•• 



19'72): fhe d1nitrogen fixing bacteria develop a loose 

association with the roots of c,. .. grasses described as 

'associative symbiosis', 

8 

DObereiner a il• < 19?2) were tho f1rst to demonstrate 

the d1n1 trogon fixation by EMPn+w 11QS$m 1n loose 

association w1 th tho Aagtpt~actor Da~Pil I bacteria. !he 

bacteria have been found to £orm a membrane-like structure 

around the roots. However, b symb1os1s between Pidhril 

dtmtmbene and birillJam li.RafAlmm Be1Jer1nck the bacter1a 

have been found in the lntercellular spaces ot the inner cells 

ot root cortex (Dart & Day, 19?5). It has been reported that 

the nitrogenase activity 1n ll1s1Sada~Uill»m and com• 

6Didl1tam asooclations 1s as hlgh as 1 kg N ha•1 day•1 aftd 

2 kg N tia•1 d~·t respectively (DObereiner ai Al•• 1975). 

The din1trogen fixation bas also been sho\m 1n rice 1n 

association \<Jl th Qol!e~ anti some aquatic plants· end 

weeds roots associated with unidentit1ed dinltrogen fixing 

microorgan1sss (Postgate, 197,.). 

A new potentlal area tor 1noreasing blolog1cal d.1nl trogen 

flxat1on has been thrown open by the discovery of d1n1 trogen 

fixation in tropical C4•grasses ( DObereiner at al• • 1972) • 

and some aquatic macrophytes (Patr1qu1n & Knowles, 19?2t 

Br1s:tow. 1974). ~owever, these grasses .... bacterial systems 

have been repo.rted. as efficient in dinitrogen t1aat1on as 

legumes but the reports are available ~Y from a few tropical 

regions of the worldt i.e. • Brazil. Nigeria and lvorN Coast. 



9 

These, findings of o.ssoclati ve symbiotic din1 trogen .fl:td.ng 
. ~ 

GCt1v1ty ln grasses-bacteriel systems hnve not reoeS.vod much 

r.ntpport trom other parts of . the v,-orld. · lnvost1gations on 

din1 trogen fixation in grasses and their lmportaJ\ee to the 

nl t~en economy of tropical end subtropical regions of 

Aa1a require a careful etudg 1n vlew of their 111te1J 

potential of ineroasing b1ologlcal productivity. 
-

!he WIQbl~orflegume, Zrema aat.uma (Trinlek, 19?3) / 

s~blosie has paved tho •a¥ tor the poss1b1l1t1es ot extend• 

lna tho symbiosle between iblrsllJ.va and non-legume agronom1-

callr .llnportant crops. The fixation of as.ni trogen hao been 

shoWf! by. cowpea BhJ.&Qid,~rains wlth the cell culture of 

non-legwnes namolyt wbeat, rape grass., brOme grass and 

tobacco- (Ch11dt 197St Schocraf't & Gibson, 19?5). ihe 

success has been ach1eved e'Vtm in pt;!rsuadtng dlff'0rent 

D&raia1 strains of cowpea, ecybean and pea to fix d1n1trogon 

16 tho pure cu1 ture medla in tomplete absence of, plant cells 

(Kurz & LaRue~ 19?St McComb 11 .a.l•• 19?St Tjepkema It Evans. 

19?5). However • these nchievem<mts have not been extended 

t1oll and supported much so thelr practical imp11cat1ons in 

the near future seem~ to be uncertain. 

Another most 1nteresting ant1 scph1t:rt1cated 1.fleana of 

b1olog1ca1 41nitrogen fixation seems to be thrOugh the 

transfer of JJJ,f+ genes.. The structural and regulatory 

genes <loteminlng tho synthesis of enzyme n1 trogenase 



oatalping the fixation ot ct1nltrogen are refttrred to as 

~ genes. However, the transfer ot All+ genes has been 

successfully carried out 1n lower organlamttt t,e,, tram a 

d1nltrogen f'1x1ng bacteriwo, KloaltJJI ~~~to 

laChtdPb-'a Q9&& (Dixon a. Poetgate, 19?2) but no euc* 

tranaf~r of ,a.t.t+. genes to h.1gher plant bas 'been poaslble ao 

tar. Dunican, ant 'llemer ( t 9?4) have obtained tunctlonal 

.a:.+ senes trom lbiz,l?lum Sr:J.,tl£1. to ·uaaia~lD llmMDtl• 

The poss1b111tiee of successtu11r tnter,enerlc transfer of 

JIU+ genes from 41n1 trogen tlxlng prokar-ptes to -.akaruotea 

may provoke the hope tor. introducing d1n1trogen flung . 
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activity 1n cereal crops, whleb are heavJ.lr reliant upon 

n1trogen tertlliaers,. Howevert t1\-e :lmpllca'tlon nsar4tns 
Alt"'senee transfer to eukaryotes is siill unclear and d.ooe not 

seem certain thet this would be feasible 1rt tbe ftD8Il' 

•futtl.te. 

In thls rev1ew an at1empt has been. made to present en 

uptodate information on the b1olog Mel ecelog of 41n1 trcaen 
" 

fixation with part1cu.lar reference to non-leguminous tlower1ng 

plants. 



fable '• methods or measuring blolog!cal dlni trogera f1aation 

.and 'their underly1ng .strategies. 

t. K3e1dahl method 

2.. 15N-techn1que 

'• Acetylcme reduction 

SSSQ 

$trategy 

Estimation ot total 

nitrogen 

Estimation of 15N .. 

enrichment 

Reduction or altema,tlve 

subst~ate., idle, Ctt2 by 

the eneb'me nitrogenase 



Chapter 2 11 
Methode ot Measuring D1n1trogen Fl:sat1on 

The study ot biological d1n1trogen t1xa.t1on has been 
• 

greatly lntluenced b¥ the .lmprovement.s 1n the methodoloQ 

of blological d1n1 trogen fixation. A review of the historical .. 

devtJlopments ampl.y demonstrates the importance of improving _ . 

the teohn1ques of quanti tat1a _.estimation.- ot b1ologlcal 

d1n1trogon t1mt1on. Early ln 1883. only the Kjeld.ahl method 

wae mown to estimate nitrogen enrichment., Since then a 

numb$r of important developments have taken place 1n the 

methodology ot 'estimating_ biological tl1nitrogen tixe:tlon. 

Three methods are commonly used tor measuring. ttinJ.trogen 

fixation baaed on different strategies as given 1n Table 3. 

K3eltiah1 methO<l 

!his method was introdUced by J. K3eld-ahl ln 1883 tor 

estimating total rd.trcgen in-- the organic materials. The 

plant material .1a digested with concentrated sulphuric acld 

for reducing combined nitrogen to ammonia whicll 1s subsequently 

fixed as. ammonium sulphate. Later. at11monla 1s evolved by· 

41stillt.ng with concentrated solution of sod1um ~drox1de ana 
finally absorbed into a known volume of stan<litt4 hydrochlorlc 

acid. The unuse4 ac1d is estimated t1 trlme·tr1callt using 

standard sodium hydroxide solution. 

WJ.nkler tn 191,, modified the Kjeldabl method by replacing 

standard hydrocblo~1c acid with a standard solution of bor1c 

acid to absorb ammonia liberated ft"Om the d1at11lation ot 



digested materW. he ammonia may then be t1 trated. directly 

w1 th standard hy4rochlor1o acid because boric acid 1s teo 

weak to affect the pH to an appreciable extent d.ur1ng the 

titration. The advantages ot this modification are that it 
/ 

needs. only ono stand.atd solution namel)t, hydrochloric acid. 

it saves time, ·and the boric aQid needs to be meaeure4 

approld.matelJ• However, care must .be taken that the receiver 

of the cU.stillate be kept cool during the 41st11latlon., tt>r 

ammord .. um borate ls somewhat volatUe. 

fhe Kjelda'hl method ln splto of betnB the oldest ls 
./ 

st111 widely used for estimating total nitrogen in orgal'lic 

materials, due to 1ts simplicity and cheapness. It, however, . ' 

suffers from e. number of drawbacks. For example. 1t ls not 

possible to distinguish between the absorption of combined 

nitrogen. from tbe substratum and the 4in1trogen ti.xed bJ 

the plan't • A rela;t1vely large amount of material is required 

and 1 t usually takes long time to accumulate. N1 trogen 

tmr1-Cbment below one per ·cent cannot be satlstactorilJ detected ·· 

by tnis rn&tho4. file eulphur!.c acid 'digestion does not reduce 

all combined nitrogen Into ammonia end thus a small but 

varying Qm.OUM of n1 trogen goea unastimated• 

t.SN-teclmlque 

The .isotope technology applied to the studies of 

biological dlnitrogen fixation 1n 195? bao greatly l.mproved 

the method of $S'tirna.ting bloloaioal dlnitrogen t1sat1on., The 
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15n'-techn1que as 1-t ·ls now popularly known t1a.s developed 

-by Burris and W11son in 1957• It is the most r-ellable and 

sensitive technique available for ost1r.nat1flg b1olog1cal 

dinltrogen fixation. The use ot .1.SN2 tor studying anS.mal 

metabOlism by Uroy at lil• ln 1930 indicated the poesibi11ty 

exten41n.g the .use of l5u2 for studying blological \Unltrogen 

tixatiOth, Durr1s an4 M111er (1941) found that the ena~e 

nitrogenase cannot d1stlngulsh between the t.SNJ SJ\4 14rt2 

isotopes end nor 1 t can catalyae mut\lal exchange between 

the two isotopes. Burris and Wilson (195?) took advantage 

of this discovery and developed. the 1Stq.,."technl.q\le tor 
I 

ttetermtnlng b1ologtcal dinl trogen f1xat1on \"1h1~h 

bas1cal1Y involves the following s~ven etepsa 

t. Preparation of 15N2 gas. , 

2. ~ncubat1on of the plant material lrt 1SN2 enr1ch0cs 

1n "2· 
3• Conversion of fixed n1 trogen into ammonia uslng 

K3eldahl dlgostion method. 

4i. Collection of amrnonia bN· distilling the dlgested 

mixture. 

5 ~ Onda~l.on ot ammonia to d1n1 trogen. 

6. Mass spectrometric analysis of 1St. t 1~ leotope 

~~atlo, and 

7• Calculation ot excess ae atom per cent 15N, 

The 1SN .. J.ncorporated by e. dinipogen fixer io detected 

by mass apectrotneter as an .increase in the abundance of masses 
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28 and 30 above the ba,cltground value of o. 37 atom per cent 

~4 the results are expressed as excess 15t1 atom per cent. 

Burris and \'fllson (1957) established that a sample giving 

an atom per cent 15N excess by o.otS could be assessed 

po.si ti vely the_ evidence tor b1olog1ca1 dinltrogen .tixatlon. 
15N2 can be propared in the laboratory by reaotl.ng lSNH4No3 
with sodium hyctroxide solution .(Burris & Wilson, 1957) or 

can be purchased .corrJne~l'¥• The 15rm3 evolved. 1s passed .r 

over the hot copper oxide in a gas-tight system which 

ox1dises.15mt3 to 1Sw2• · To obta!ft pure gas it .is necessary 

to pass the gas. through alkaline potassium. pe~te 

solution.. lt 1s J.d'Zvisable to pass the 15N2 through· 

hydrochloric acid to remove any remain~ trae~s of ammonia. 

'l'he plant material is incubated 1n a gas-tigh-t chamber 

under p1SN2 of o.t .... o.,, atm enriched. 1n N2 tvhich is normally 

euft1c1ent to saturate the eneyme n1 trogenase. A sample 

or the gas mixture is withdrawn from the incubation chamber 

wlth a gau-tight hl'Podermic s)'r.lnge and 1n3ected lntc a 

mass spectrometer to detennlne the per cent ot 1Sn2 1ft the 

gas tnixture. After incubation for a desirable perlod of' 

tlme the aystem 1e inactivated by inJecting about o.s m1 of 

5 N-sulphuric acid. fhe plant matal!"ial ls digested following 

K~eldahl method and ammonia is liberated by adding sodium 

hydroxide solution. An aliquot of the liberated ammonia 

1s analyzed by Chayk1ns methOd ( 1969) to determine the total 

fd trogen S.n tho sample. The colour response is llftear from 
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0,.02 to t.4o p moles of ammonia. The rem~nder of ammonia 

is concentrated an4 od.d1ted to dinS. trag en v11 ttl alkaline 

b~bromite solution (Burris " Wilson •. 195?) wh1oh is 

then transfette<i into the mass spectrometer for the 

determination of t~.SU ratios. 

By determJ.nl.ng tho total ~t1trogen and. 15rf 1:n the 

sampl.e the am.oun't of 1SN•fixe4 CaJt be calculated and 

exprGssed as atom pet' cent 15~ exces.s,. ·using the following 

relation• 

' t<... 100 Atom per cent · .... ,. excess • .... _..._,_., 
2ft+ 1 

R • 14N·l~jllf;v1SN 

Where ft is the m.tio af 1ntens1 ti•s of the lonlc currents 

correspond1ng to 1~ and 1~ atoms. Mass opootromotor can 

assess the posl t~~e ~vi«:cmoe for bio1cdca1 dblitrogen by 

measuring as low as 0.003 atom per cent 1Sr; ~oess. t'he 

l5n-technique .1s to3•t1mes more sensitive than the Kjeldahl 

method. (Bumo & Wilson, 195?).. fh1s tecbrdque 1\ae made a 

great etr14G in tho field of blologloal. d1n1trogon tlutton 

'by discovering a largo number of non-1egwrB.nons tlowerlng 

plants as. etfic1ent dinltrogen fixers which COUld hayoe nev~r 

been detected v::lth the K3eldahl methmt. However.,. tb~ 

appllca:tion of the 15rf-technlque is limited. as 1t requlres 

extensive chemical ~an1pulations. highly sophisticated mass 

spect~moter, ·and expons1ve 15N2 gas. 

Recently, the 15tt.techn1que has been 1mprovGd b7 

, utilizing the optical emission spectroseopN in place of mass 
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spectromet~r for analysing 1~j1SN ratios by using relativeli 

much 15N2 during the plant exposure to n2 gas. It is more · 

sensitive over the mass spectrometer and can measure smaller 

samples upto 1 pa of 1'N-enr1chme~t (Porksch, 19?2). 

Acetylene Teduc·tion assay 

.In. 1966~ an important discovery was made that the 

enzyme nitrogenase could also reduce substances other than 

d1n1trogen. Earlier 1n 196.5. R.w.F. Hardy had dlecuseec.t 

•1 th H.uT. EVans and w • Silver, the poss1b111ties of using 

cyanide (-ern redUction as a quanti tat1 ve measure tor 

estimating the nitrogenase act1v1ty. Dilworth (1966) for 

the first time detected ethYlene as the reduction product 

or acetylene and later SchOllhorn and Bun:1s ( 196?) established 

th& acetylene 1nhlb1t1on of dinitrogen fixation in cell tree 

oxtracts of GiJ.Ua&ridkam »as:tsmdArmm• TbJ.,s un1que charaoter--

1st1c of the enzyme nJ. trogenase has been the basis of 

developing the acetylene reduction assay uh1.ch 1s notJ widely 

employed tor estimating biological dinitrogen t!mtloth The 

qualitative and quantitative eet1mat1on ot ethylcme has been 

greatly facilitated through the use~ gas chromatograph f1tte4 

wltb a hydrogen flame 1on1£ation detector· (FID). Rigorous 

studies _made by Dilworth (1966) has shown that the reduction 

of acetylene to ethylene J.a analogous to tbe reduction of 

ciinl 't!'ogen to ammonia, ao 

N &~. N + 611• + 6e~ •• ni~rogenase > 2NH3 

CH. e OH + at+ + 2e'"" .• nitrog~e~ C2H4 



,stoichiometry of this react1on cl$arl,-. shows a 

quantitative relo.ttan$hip between acetylene reduct1on and 

4in1trogen fl:xatJ.on. Thes& stud~es have sh~wn tha~· acet)'lene 

.redUction .assQJ eould be successtu117 used for ostimatlng 

·biological dinltrogen t1xat1on (Hat:'4y .11 ~ill•• 1968). Upto 

1 rp. moles of Ca}t4 can be successfully detected. w1 tb the 

help of a gas chromatograph. All types of 41n1trogen 

fixing systems oa.n be evaluated. for the1r 41ni trogan t1x1ng 

activity without any ma3or d1tf1cult7• 

The following characte~1st1os ot the acetylene reduction 

assay qualify 1t tor quantitative ·determlnatlon of nitrogenase 

act1v1tyt 

1.,. Etb¥1ene has been identified as tbe onlr prodUct of 

nitrogenase catalueed acetylene reduction by using 

mass spectrometer and gas chromatograph, 

2. Small concentrations ot etb.Nlene do not 1nh1b1 t the 
-

nitrogenase activity and also lt does not undergo any 

further reduction (Dilworth • 1966) • 

3. Aeety-101'le-oth.:tlene reduction b)' nitrogenase is same 

both J.n vUm an.d J.D. y!yo~~ 
4. AU n1 trogenase preparations from dift'erent 41n1 trogen 

.fixers reduco acetylene to ethylene (Bergersen, 1970). 

5· Nitrogenase requires a strong redUctant, ana ATP as 

energy source. 

6. NafC;!H4 conversion factor - a theoretical conversion 

factor of three is uso4 aa two electrons . ar& required. · 
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tor acetN1ene-etl\yJ.ene reduction whereas six electrons 

aro r.equired for tho reduction of din1 trogen to 

ammonia. 
1• Miehaelis•Menten constant (Km) .. the Km of aoetNJ.ene 

for nitrogenase varies from o.o1 to o.o4 atm CzH2 in 

eomparlson with Kf!'l ,of N2 varylng from 0.1 to 0.2 atm N2• 

a. The nS.trogenaee act1v1tr is 11m1ted by reductant and 

A~ hyctroly·sis coupled with e•* (activated electron) 

transfer. 

9· 'lho eleotron transfer from nltrog..mase is not 

1ntluenoed by the t,vpe ot redtlc1ble substrate. 

10• The at:'JSQY measures the nitrogenase aet1v1ty but not 

the concentration ot nitrogenase. 

HardJ A al.• ( t 968) have outlined. the follO\V!ng steps 

to carry cut the .acetylene re4uct1on aeaar ae shown}ltg~ 2. 

t • Sample preparation • The sol1 ·samples containing roots 

or dinttrogen fixing pl-ants, nra taken wl. th a €reat care to 
m~ 

avoid distrubances WJ\1cbj~t influence the 41n1teogen fixing 

acti vitr of the syatem (HardJ a al• • 1968t Paul At .11• • t 911). 

· The roots are sampled following excavas1on as nodulated roots 

or eaclse4 noduloe (Schv1lnghammer & ill•• 19?0t Sprent, 1969. 

19?~) • !be nodulatad roots are General!¥ more activo than 

the excls~d ,nod.uleth The nodulated roots or root so11 cores 

are bimedla.telJ kept 1n sealed glass bottles· used as aesay 

chambers. 

ln case,ot C4-grasses roots are assayed tor their 

nitrogenase .ac1iiv1ty by pralncubating ovemlgbt at a low 
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p02 of o.o2 a.tm s.n a sealed OO$BY chamber. Most cormnortl.Yt 

41sposable hJPOtterm1c plastic syringes of SO to tOO ml 

capacl ty have been used tor assaying root so11 ceres and 

no4ulat~ roots (Hardy .U. al•• 1968t van Straten & Schmidt, 

19?5). several othor assay chambers have also been used 

such ae serum bottles or vials (Minchin & Pato. 1975), 

plastic bags (Burris, 1974) and mason jars (Hardy . .d Al·~ 

19?3t Streeter. 1914) • 

2. Gas exchange phase • The assQ cbambor lo evacuated 

wlth a vacuum pump .and fllled \'11th argon at o.6S atm, Ca1f2 
o •. t.S atm, o2 0.20 atm and co2 o.o4 atm through serum stopper 

with a gas•tight e,rlng.e, Hotvaver, in recent studies the gas 

exeha.ng~. phase has beon replaced by direct 1n3eotlng c~2 at 

o.ts atm equal to the volume of air drawn from the assar 
' 

chamber. because of the· raon.-competiUve i.nhib1tion of 

din1trogon fixation .an4 much lower Xm of Caft2 for nitrog~as~ 

than that of dini trogan (Akkermans, 19?1t Sprent, 19?1 t 

Hwang a &1·. t9?3>. 

3· Incubation t i'ho root nodules or root soil cores are 

incubated 1n a gas-tight assay chamber for a period. of time 
• J ' ' 

depending upon the dlnitrogen fixing activit¥ of the sample. 

The time ot incubation should not be prolonged because h16h 

levels of ethylene mar inhibit the reduction ot dJ:nitrogen. 

4. Terminatiofl of assay • fhe asoF.cy 1s terminated by 

adding trlchloroaoet1~ acid (Stewart, 1910) or o.s m1 ot SN­

eulphuric acid into the assay chamber.. Without: .inactivating 



the plant material, tho direct gas samples can also be 

drawn from the assay chamber end can bo stored ln . 
evacuated bottlea. 
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5. Analysis ot Cit4 • .A gas chromatograph fittetl with a 

column of Porapak•T 1s used for the separation and quanti ta• 

tive measurement of acetylene and ethylene eases using 

hydrogen•.name ionization detector. Nitrogen ls commonlr 

used: as a carrier gas approximately at a constant flow rate 

of 40 ml ms.n·l. Gas chroma:togzo~h is standardrized \11th 

ethylene and a standard curve is plotted taking peak 

heights vs concentration of the ethylene. However, 

acetylene can also be used as an internal stand.a.rd tor the 

indirect .measttrement of ethylene by determining the quantity 

of aeet.;vlene lett 1n the assJJ chamber (Hardy s1·,a1., 1968). 

The Porapak•T column gives maximum reproduc1b11ity over 

6o·90 c. fhe amount of ethylene is represent.ed as m moles 

of CaH4 sm•1 drN weight mtn·l. 

Ttte acetylene reduction assQ ls.to3-ttmesmore 

SGJ?si t1 ve . over the 15N.-tecbnique. because of c 
2
H2 reduction 

to Cit4 S.s accompanied by a .single electron pair transfer 

whereas 1SN2 reduction to ammonia is three electron pai~ 
transt'er •. Duo to 1ov1 Km of C::f12 (0.01 to o.04 atm c/

2
) 

for nitrogenase than that .of' N2 (0,10 to o,.20 atm N2) 

tOO per cent of the elec'trons are transferred from nitrogenase . . . 

to acetylene but. in the case . of dini trogen reduction only 

75 per cent are effective. The tneasurement of ethylene by 
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10() 

fie., .:h. A relatic;nshS.p betwet'm the sens1tlv1ty of three 
methods and the number of non-let'Urd.rtous flowering 
plants d~scovero4 flxi.ng dl:ni trogen.-



gao chromatograph ue1ng the hydrOgen flame .lon1 zation 

detector makes-lt rooro sensitive whloh can detect upto 
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1 pp. moles of ethylene. Purthermore, the selubi.lltr ot 

acet,-lene ift r1ater is 80-t~es more than that ot cS1n1teogen. 

, !he following precautJ.ns shou14 be g1 ven ctue 

consideration whori employing acetylene reduction .assay 

tor measuring dJ.ni trogen fixing activl tyt 

1. AcetJlene is explosive and hlgl\1¥ 1ntlamma.ble in nature. 

2. Acetylene-ethylene reductlon assay is an indirect WeN 

ot measuring biologi.cal cU.n1 trogen fixation. 

3. Ammonia produced. requires certain keto-acids tor 

immed~ate metabo11sation S.nto amino· nc1ds and am1des 

whereas ethylene does not undergo any metabolism. 

4. Presence of ammonla 1n low concentration r~preeses the 

nitrogel'I&.Se aot1v1ty, but that of ethylene h.as no e:rteot. 

S • Ethylene ls a well known plant hormone. 

6,. So11s rich ln. orga.nlc content ~tlB:f pJ"OdU.ce othylcme 
.. 

naturally which may introduce an error upto S kg N 

ha•1 yr•t. 

During the past decade tho application of acetulene­

ettcy'lene reduc'tion assay has made ,a· great strldo to the 

studies of biological dini trogen fixation and a large 

number of' non-leguminous flowering plants havo been 

41eeovered·as off!cient din1trogen fixers, 'A relationship 

between the sensitivity of three methods and the number of .. 
~'P non•legumlnoue flovf!.ng plants discovered f'lxi~ dint. t~~ 

7l:el'u ' ._v ,. '&,.. ''-
is shown 1n Pig. ;;. · 5'81·133·1: Sl'2..(167"; 1~-- .. . ),:\\\) 

\\\-~"0 ~J ~\ __ )!j 



Table 4. An evaliia'tion or the three methods used tor the measurement 
--~,_ 

of biological d1n1trogan fixation. 

Sr. Characteristi'c 
No., 

t. Discoverer 

2. Underlying 
strateg 

Nature of 
reaction 

-
BSl)erimen­
tal factor 

Kjoldahl method 

J. It~eldabl (188)) 

Reduction of the 
total combined 
n1 trogen lrlto rm3 by digesting the 
plant material with 
concentrated sulph• 
urlc acid and estl-

. ma'ting the NH1 volumetrically 

Direct. N2 ., 2Mil 

No 

R.H. Burris 6 
:P.w., Wilson (1957) 

The enQme n1 t·ro­
genase neither 
dltf'crentiates JJOr 
catalyses an ezch­
ame 'betw9en the 
14& and. l!>N 
1so~opes of ~lt­
rogm .. 

"o.J? 1SN atom per 
. cent b:lackground 
value 

Acetylene redu,c'tion 
assay 

M.J. Dilworth (1966). 
R. Schollhorn & 
R.H. Burris (196?) 

·ne enz:.rme n1 trogenase 
has the capab111ty.of 
reducing surrogate sub­
strates.. e.g.. c~2 

A con•ers1on factor 
of' tbree, i.e ... 

t m moles of c~2 -+ czt4 .,, r o . . 1 '. . . . .. :)(2l 
<Jmg N g• dry weigbt 

Con"td .... 



A summary of the ·three difterent methode with 

their advantages end disadvantages used ·for: the measure­

ment ot biological 41nltrogen fixation 1s given 1n 

table 4. 
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.Sr •. Character1st1c Kjoldahl me-thod 1SN-technique Acetylene reduction 
No. assay 

S• Efficiency Inetf1clent, S-8 lnef"flciont • 3•5 Hlghllf efficient. about 
sampleo day-1 samples ctay-1 80 incubations and 160 gas 

ohromator~rams day-1 ,. Sensitivity lnsensitlve. lncapable t03•times more sens1- 103-ti~es more sensitive 6 
ot measuring increase tlve 'than Kjel~ than 1 N-technique and 10 
in nitrogen .less than method• o.ots atom times than Kjeldahl method 
one per cent per cent excess can be il: 1 ~ moles o.f' C2fi4 can b 

measured successfUlly detected 

'7· Stability of 
product 

NH~lowly undergoes 
ch es in storage 

15~ slowl~ metabO• 
11 in storage 

Cfe4 is quite stable and 
d es not undergo any chan@ 
1n storage , .. Base of Simple and easy to Sophls~icated end Silnple and easy to handle 

operation handle tedious haftdl.ing 
-

9· Applica'tion No Applicable Highly applicable 
to~ xitm 
sys ems 

jD. Applioat1on 
in field 

No No Highly applicable 

f:l· E·~ eo Cheap Very expensive lne:cpensive 



Chapter 3 

the Nttrosenase 

'the en~ nitrogenase catalJBeO <the reduett<lh of 

dWtrogm to ammonle. {Durrlo, 1942) through a smes ot 

compl&x reactions. Attempts to ~ract en~ nitrogenase 

•re starte<S ln 1930 bU't pd.or to 1960 all nltrosease 

preparations gaVe poor aet1v1 t.r Bft4 the reprottuclbll1 tr 
o,f' tho nsults was unsat1etactoey, the maiD dlt:f1cu1tr 1n 

cbtalnlng actlvt ntt:rogenaae preparations was due to tbe 

laOk of knowledge aboUt ltat t. oxygen sens1t1v1ty, 2. cold• 

1ab111 ty, ana. '• hJ.gh onerg reqtalrem&nt 1n thG tora ot AD 

for redue1ng dlnltrcgm.. After 'thlrt7 ream: ,of corttinuous 

efforts Carnahan .at Ill•• ( 1960) wen succottafa1. in. obtnln1ng 

c·ell tne extract ot nl-troaenase from. Qht!JiAID uo'taduum 
u~slnl vacuum cJr11ng prooeos. Slnco then, rd.t!Ogenoe llac 

been extracted from about et#tcen dlftoront dinltroaen t12tlns 

organS.sms •. Novertheloso, ita preciu cmmposi"tlon. p~1ee, 

amt meeba'nlsm ot actlon are stlU oba&ure. 

Methode of mrtraction 

t. Vacuum 4rlllna process t Camal\an 14 Al• (1960) usod the 

vacuum deylng pt"Oeeas and sueceestu117 obt~:the ~oell tree 

rd.trogenaso preparations !'rem. llldridlli'D »UtmldllJ!Ul• 
fhe cello wore •aeuum dr1-ed at relatively blgh temperature 

about '' c and the 4r1ed cells were autotreoo by 0~1 14 tr1e 
bUffer e.t approdma'tellf pH ·7 .s which all0198 ft1 trogenase to 

pass out ot the cell Into 'tho medlmn boc.ause ot the changes 
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1n the perrt1eabtl1 tr ·of cell membrane. ftale elilrtiftates the 

noocl tor brea1tlng the cell wall. Usually nitrogenase ls 

soluble am1 t'$JI!Ia1ns 1n the supeme.tant. The crude nJ.tropnase 
' 

p~lons an extremely sensitive to OXJ'SeD 1nact1vation,. 

!hie process could not succeed with other 4lnlteogen fixers 

well as ·61AlR~· B''mJal.a and .abaaa because of the 

4-eJ'latttratlon of thelr ni.trogenascs. 

2, Prfmoh -'"os· metbodt !'he French Pross raatbott waa 
' . 

. dcwe1ope4 by Julen a 11• (196§) to obtain actlve nitrogenase 

preparations from AatSU=to: zllleJ·ID41&.. ·!'he active Ill tro• 

geftass pr&parat1on was· obtained b7 passing th., frose cells 

through a French Press. A t!dolt slurr:t of the cells 1& 

passed through a ~ orlt1ce ~ to,ooo to ao,ooo ·pounc1s 

pe square 1.nch. A sudden decrease in pressun together 

witb tho shMtring foroe of passing thrOUgh the orltio dismpt 

cell wall meaelng, the enssme nltrogenase.. ~he en4e nltt'O-. ' ' 

genaee p~tton obtained b7 thls acrth04 1s of particulate 

ne:tnn antJ le also n1a:t1vo17 stable towards oxygGn· 1nact1va .. 
..... 

tSon tn comJ>arla~.on wl th that of Qadd4iJam. padflldftllllll 

obtaifted lJy w.cuum ~ pro.ceas. !he French Press 

motbod requires a lar-ge 8'l1lOtmt o~ material whlcb mattes lt 

ummltabl& for wide· application to vulous other orgon.J.ems • 
• 

3• Osmotic ehock methodt Oppenheim ill Al*' ( t 970) 
employed the propertar of oemot1c pressure ~ · ' n to devJ.oe 

a new methOd oallGtl •eszotlc . shoOk" which 1s very comonlent 



tm4 epplJ.cablo to a wlcle range of 4W trogen t1dnA 

Ol"£erd.Mth fttor applle4 tbis methOd to Azw--= 
DlnJ:nzuu.& tor o'b~alrd.ng crude nitrogenase mmot whlcb was 

fowul to bo aWl-or in properties to that ot GladrWiam 
uaatiilldlam olrtalnett bt vacuum drV!na pJN:~eesa.: fhenton, 

from tho· foregoing metho4s ot utra.otlon lt bas been 

conoludett that CNde nitrogenase preparations of AIAH~ 

z&mtJ am11i dJ.ffer 1n 'theS.r particulate alee aYid oxygen 

sensit1v1t:r obta1ne4 bJ Prel'lcb Press and Osmotic shock 

methods. ·It 1s1 thenfore, blgblJ 4eslrab1e to .examine 

whether th& varl.at:lons observed 1n the pr-operties ot nltl'O•. 

senase are ctu~ to the aetbololog of extraction or dtte to 

the d.lfterences. 1ft ft.e subcellular organ1aat1on. ot nltro• 

genase obta.t.M4 tl'O'IA dltterent source orgenlsas.. 
/ 

~o netlve nttroeettase ~tlonf. from· the a'*'l~et:e- .· 

like ~ ol non-leaumo tlowerlrtg pl8#\te auob as AJima• 
cam&arklb geDStmfi and liddz. MG not bee11 Obtained d 

~et liJ Ml ot the ave.llable t:HtrthOds~ A ad.table metho4 1e 

needed to be dovolope4 to obtala actlve nitrogenase pre-para~ . , 
tiona fJ!'Oa those ·JdCI'Oorganlsmo no aa to ascertain s1tdl.azo1t1es 

tmd· differences l.ft the properties· c'f rt1 troaeiV.lSo obtained 

tl:'Gm otber ml.croorganl.st!l8•· Most probably due 'to ~ varia't~oft 
/ 

ln molecular we1g~t,, atomic COfl'lPOsit1on and 10~aen sanslt1v.ty 

ot nltroGenase so. tar anv ot the methods ot es'tractlcn has 

not bean applicable -to all the 41n1 txogen rh1116 organlms 



Table .s. A comparative. account of t)Je activ.t.t.:.r of nitrogenases 

obtainod from various ·d!nltrogen fixers using different 

mothod$ of e:t~action • 

. , 

·sar.No. Organism VD FP OS Reference 

'1• Anabaena • + 
cylindric a 

+ Cox £1JJ1.,,, 1964 -
2., ieotobncter .. .. + • .Ke11J'• 1968 

' ohroocoocum ,. - Azotobacter + ... Men·.G il•t 1965 • 
v1ne1and1l 

4*' Chromat1urn sp ... .. ..... + - OppeJ'lh:elftl At .d.• ., 1970 

s. Clostr14f.um + .. !t Winter & Arnon, 19?0 
pasto\lrlanum Camahan ~- &l• t 1960 

6,'. Klebs1eila + ... + Mahl & Wilson. 1968 
p:neumon1a.~ -

7rtr IUllloblum - + + Evans At . .al•, 19?0 
japcnieunf 

a. Rb.1zoblum •· + + Davis & Brill• 1972 

I 
,./'-

r:"Ubrut'!1;· -r~ 

- , ~~- ~ --

VD =-VaCuum dey!~ prOcess, FP -=French Pre~s methoct, 
OS ~. Oemo't!c. sh~k methodt + c: active n!trogenaoet 
%. == less aeti ve rt1 trogenasaJ .. = 1nact1 ve n1 trogenase. 
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Pu.rlticatlon ot nltrogenastu 

IGO~;t of the experiments· :OIJft b& perfcmed wlt'h the 

crude extmots of nitrogenase.. Ho~ver, for- etu~ · 

compOs;ltlon. properties~· meebard.;ma of action it ie 

noco~ to obta1n a puro sample of nitrog~. fhe 

procettun o~ purit'lcatloft or tbe cnute atrac'te ls almost 

the same lrrespect1ve· of tho source orgenlats. 

All. steps ~ purltleatlo~. wlthout any tutcept1cn, 

are pertomed tmder str1otl¥ anaerobic con41t1ona. 

MsltR)AD)Ir nltrogomtse can be Gedimeftted br <lS.fterorrtl.al 

. cen'tr1fbga:tlon motbod because of S.te partloula.te natura, 

Partially puritJ.ed n1 trosennse prepamtl~ns t:\fti· usuau)t 

oonteiftate<l with· nu:clelc Q.Oitis eftd. other l.naeti.-e proteins, 

Whicb .are treated w1tb protam1ne sulpha:te ·to redUce the 

:. contaalnatton.- hoMatve ad41Uon of pretatd.ne GQlpbate , 

ehOulct be avc14e4• but otherwise, S. ~ may preclplta-to: 

nitrogenase ae well. Alter CG'ltrl.Ngatlon the supernatant 

can be treated .tif.th RNA.a&e· and DNAas& to 1\74rolvse M'9 

remainlng nucle1c adds •. Ho\16'Wn!', ttw) remo!al ot a'bwt 

·50 per eent ot the tnacttve proteins ean b• achieved bJ 

heating the pNpamttons at about SO to 60 C for S to so 
mlmttes. 

The app11cat1on of })Olyothylene glycol (PEG)· provides 

another good. m$~ £or pur1.f71rt~ .rd.trogenase p~eparatlons. 



Dlttorent ooncentn.t1ons of PEG 60cO have been applied 

to crude nitroaenase preparatlona ot Ql411Sd4&WD &ltlliGarun• 

Wbe Wtlal treatment ~~~~ 10 per cent PEG preclpltatao all 

'tbe inactive p~teiM alonBtdth nucle1o ao14s,. H!per PSG 

concent1:-at1on ot at;out, .,0 per cat preclpitates actJ.•e 

Jd.trogennec mQme (teo a ll•• 19?2). 

~tore commona.,, thee pur.tfloation of ni tmgenase 1e 

obtall\&4 by 11qn14 e~ogaphy ualng DEAE--ce11u1ose 

(diet:hyJ. emtnoet1Wl•cenutose) ¢01Utnn (Zumtt a, lortcmsot't. 

t9?.:n. After tnatlng the crude extract with 5 per cent 

pt:"O'tal'dfto _ sulpb.ate the w.pematent ls run tbroup a DIAB­

-ce:11ulose column by dlfferantt.a.l concentre:tioM of sodium 

cbloride solution, The crude Jl$.trogenaat ene$'1ll8 extract 

separates lrtto tbree brown bantte on the Jm.AB.-cellulose 

celamft flhtm elu:te4 with 0.25 R sodium chlor14e solution 

(Mortenson at al•·• l96?). 

the COJI'I)OMnts ot ~ch ¥tld were sub3ecte.d to atomic 

absorp<tlon spectrophotomder for anal~ thelr metallic· 

constituents. The ftrat hand was tO'lm4 to contain Mo aft4 

Pe atoms, tbo oe:oo!ld bard contalnett fe a-toms aftd, the third 

bant1 was alao fotmtt to contain Pe atotne. lndl vidual 

~nenta lack the oatal,t1e propertr., however, it could 

b& nS'tore« bJ' co!tblnlng the compone-nts ot flrst and. GeCO'ft4 

banda. ~ls shoWG ~hat tho constituents of the t1tlrd band 

ere not an enGent1a1 oomponon't o'l nltrogenaSfl•· Fui"ther 
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/ -
colorlm~c analysis reveal«\ it to bo tenedOain on the Lr 

ba81s of its chamcterlstJ.c peak absoq>tion spectrom. 

ln ortter to achieve e 'VerN high pUrity of nitrogenase 

$ephB4ex ,Cf2oo .end Gtoo columns are· emplorc tor: ~d1v1dual 

nl~!'Oganaso cornpon:ents. Sephade• a·aoo 1s used to~ moFo-protG!ft 

mul :Se~ GiOO S.s used to,. Pe-prot•ln (MortenE~on d 4• • 196?). 

temSnotogy 

1meetigat1oM following the eatraetlon ana pur1t1cat:lon 

of nltroseJ\aOe soon reveele4 that 1t 1s composed ot two proteltt 

components named. after. their metanle conml.tuems and r&dltction 

property as •mo1Nbdoter-redoxtn• an4 • aaoferrotto:d.ft' (~torten son 

d. &.• 196?). Tttts teftd.nolog haS not beGn· accepted wi4elr 

4uo to the 1nck ot evidence whether mol)Jb4o·f~atn alone 

ooul.d aot as a b1h41ng elte to:r the subst.mte reduction. 

14ortenson 4t al• (1967) aesl.grled these terms on· the basis ot 

their metalllo constltuente es ttor._,p,.cteln am Po.proteln 

~tlve1J• Har4J &t al• (1911) named the lfOPe.p!'Otelft u 

'asotomo • aM. Fo..prote1n as • a£Gf'er*. 

On tbe baste of priori qr ot e1utlon of the protelft 

components frOm a DBAE-oellulose cotumn. th4:l MoP• anct Pe. 

proteins have be$'1 4es1pa'to4 as •Fraction 1• or•co~t t• 

PrnctlOl'l z• or•Component 2' respectively ("'alker 6 teol"tefteon, 

19?')• SUssex 61'0Up has usod ab'bre'V'.tatlona to com;ey .the 

information aboUt the protein compontmta and their eoUJN:)e 

organisms. For example, MoPe-,tJrottd.ft ·ant Fe.prote1n COIIPOfle»"ts 
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' 
ot nitt-ogennse obtained from IQ.alldtJ!e ~gmre 
4es1gMte4 as Kpt and Kp2 reapeotSvG17• !h1e 'tomtnolog 

lo not J.n ccmcm use because thG MoPe-protein ls 1Mapable 

ot reducing dln1troge by ltaolf and., therefore, the 

term1nolcg !P.ofe-prote1n and F&•l)r&teln :le relat1velr. 

pHterrod. Recently in 19161 tho en~ Comtdsslon of the 

l.fttema'tlonal Union ot Bi.ocltaJ.Gt'rr has awlgned a syetemat1c 

flame to nitrogenase (nitrogen •acceptor) o:d.4oreduot1on, 

1916). 

Properties of nl~rot;enaso 

EnsJD.e nitrogenase inesPootlve of l ts a~e organtsm 

has the same phrslcnl o.nd dhaa1oa1 propertlee,. euept s1J.gbt 

varS.attcms. tfelttr~ of the two z,rotolrt coaponents 1s 

ftme'tlonal. by itself and the prollQri.lea ~ttrl-bttted to tho 

nitrogenase. ere 'the collectlve p~les ot, the two protd:n 

components. ImpOrtant physleat. arsa dtemloal propert1ea ot 

'the nitrogGJ'!Ue Gr$ deeer1bed 1ft the t~11ow1ne p~ .• 

A. fhyslcal proport1e.st 

t. Compos1t1on • Enayme nitrogenase etmalste o-t two 

proteJ.n .components namely •· MoP~rot~ and .Fe-pro~~1n in 

tho ratlo of t 1 S par nitrogenase molecule. Oft the bae1s 

ot ditf.,owt1a1 rate ot now of tho two prot-ein compoi"Wftts 

. througb a DEA&.eo11ulose co1uan Chromatognpb, tho average 

molecular weight ot tbe bFe•protoin hae been :found to vara 

be<tween 220.,000 to 210,000 ami that of' the F~prctel-n from 
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SSOOO to 65000. obtained Awl <Various source orgentsms 

(Mortenson Ji1A,•• t96?l. tho .MoFe--protelft haG been reported 

a tetramor composed of tour identical· subunits each wlth a 

molecular weight rang1fi..g :ttom SO,OOO to 60000.. the Fe­

prcto1n also has been fountS to be a· timer l't1\1ch consists 

of two l4entlca1 subunits eaoh with a molecular weight 

varying from 27$00 to 32Soo· (Sltirmer. 19?6) • 

. 2, OK71fm sensttlvlty • Nitrogenase on~¥BO la verv 
I' 

eentt1t1ve to o2.s.nactlvat1on, o~.pec1SUJ• the Pe-protdn ls 

much more sms1t1ve tru.m the JlloFO.proto1fl (Kell¥ AS ••• 

196?). Most pr()bab17 nit-rogenase protein. tmot.$.one undergo 

1rreverelb1e oxt.tta.t1on 1ft presence ol molecular oxrgen 

(Bulen ,G £•, 1965). the rd.tro&<mast oblalne4 hom aerobic 

.dinltrcgen ·tlxars· is (tefterally lese eens1 t1ve to O,z-lftactlva• 

t-1on. the oxJgen sensltivltr of crude prope.rat:J.oM of 

n1 trogena.se obtaine4 f'l'ora 4lfforeat bacteria can be aBan&ed 

1n tho fo11:owJ.ng BOCtu<mce qt de·CJ~eatd.fts order UlatrJ.dlum < 
I!IGJ.J.Znllm <USJMillla <.AidaliUIM• fM actJ.v1'tJ varios 

trQm no loes \lflth AMStllac.t=: ~o ?5 po~ cent loss with 

Qldd4llm even b¥ expotd.ne. tbe orud:& nltrogermse extracts 

'to air .for ebout tO ~1:~ a.t 20 c (Kelly. 1969). Nitro- · 

• 

J.O to 15 minutes when plants are exPOse« to art atmosphere 

containing 90 per cent osynen. (Skeffington & St~. 19?6). 

'• Co14..,1ab111'ty t Tho lose ot catal-,tlc actiVity 
I 

around o c appes:ra to be a general l)J'Operty of nS.trogenaee. 
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Only the fe.protJ)~ c~ont of nitr.ogemse is lnactlvated . 

at lo\t tompentur~"(Mousteta & aortBnaon, 1969). the 
. ' . 

. Fe-protelft ~poflertt of lOJllta&•taJ.I nl'trogeMse ls an 

oxceptJ.on •1ch ls not J.t1act1vatetl even in tbe pure state 

(Bad¥ G. &•·•· 1.9?2) .• the degree ot co14•1abl1lty 'Vflries· 

wS.tb the so\Q'Ce· organla, .metfto4 ot extraction; eJ\4 degree 

of pttritr. CIUde r:' troseMOe preparations ot ~lliGUIB: 

ee· ·C014•atable but purltlcatJ..on entumcos co14•:tabl1S. tr 
(Dalen at al• • 19651. Aft a4dl tlon of .S mil mag,rteslwn 

cblor14-e ho.a been reported. to pntect the purified preparations 
- i ' 

~~ Ald9lallbl: at 0 c tor a period ot o:ne mon'th (SUver.-ln 

& Bulen, 19'10) • Gltdddllr.o »ldadiJI:NI hltrogenue 1a 

·Completelr lmcttvated wl'thln 10 mlnutea at 0 c (Baa & Jurrl.s. 

1965), So far. no m~a bas been worte4 out to e:xplaih 

the co14•1nbillty of bi:trogena.sth· 

4. Crysta111sat1cm 1 EftQme nltrogeN'.lS-e haG not been 

erl'Stal11se4. so tar from a.n, ot the din1trogen ftxers•~ 

:H0\"1ever,~ the MoFe.proteln compotumt has been suocessf\lllr 

crysta111·ae4 tmm 'the baeter1um. iUStloata du&..,.l · 
(Bums ,d. ,al,., 1910). Although the Fe-prot:ein eompoMnt hu 

been hifiblN purif1e4 t~:om AlldAl'aUSar a1'ld R·am&Cl&.a'm 
(Rouatafa,. t9?C) but cr•yeta111£at1on b..as nn't boeft possible 

so tar due to 1ts excessive co1d·lab111ty and O_a-itUl.ctlvatlon 

(lte11r .e1 AL•·• 196?). 

s, Cl\emtcal propert1esr 

1. · Acldic nature 1 En~e nltrogenaea: as wen both the 

proteifl components ar-e acldic $.n nature. !hia aclttlc propel:'tN" 



Table 6,. Some properties ot protein components of n1 trogenase,. . 

Cp1 Kpt Avt -R31 Cv1 Cp2. Kp2 

lf:Ol·W't 220000 218000 270000 200000 - ssooo 66700 

Sub- 50700 51300 54000 
uni:ts (2 tN]>es) 

59500 59600 60000 soooo 21500 34000 

!llo/mol 2 2 2 t.:, 1·3 1.3 0 

Fe/ mol 22illi"24 30•36 32-36 29 17 4 

·2· . s /mole 22-24 28 26 14 4 31!·8 

; o,;sens1• + tO + 4.S • o.?s 
t '1ty 
( ti ln t!d.n) 



has been utt11ted in tholr purification from cru4e extracts 

(Stewart, 1975). fl'he reagents basic 1n nature such as 

protamine sulphate an4 polyethylene glycol are usetl to 

precipitate the nitrogenase compoftenta from the Ol"Ude 

extracts. 'fhe ac5.tt1c··nature of both More-protein and 

Fa-protein also enbbles thel.r separation on DIW::•ceUulose 

coltlt'n'ft (Mortenson .11 al..•, 196?) • 

. 2• Atomlc composition • Tbero 1s a great degree of 

vari.a'tlon l.n 'tho atomic ccmpoa1~ion ot nitrogenase from 

organS. em to organlQm,, No two 1dent1oal nl trogenases have 

been obtained frotn different source organisms w1 th respect 

to thelr Ao atoms, Fe atoms and aoid-labllo sulphide Al"'Ups 

associated with it. On the average MoFe-protetn oonslste 

ot ono or two mol.yb4Gn\Url atou, 15-30 iron atoms a:rd 15-30 
~ 

aci.cS•lab11e sulphide fWOUps por 200,000 to 3001 000 molecular 

we.ight (Dalton & Mortenson. 1912). The Fa-prOtein has also 

been found to contain abOut four iron ,atoms. tour ac1d•lab11e 

sulphide grf)upa an4 no mol~ atom· por 60,000 m4'1ec\llar 

weight,. A brief account of oome of the pJ!'Opertles ot prote1n 

components of ni tri>gonase obtained from different bacteria 

is g1 ven 1n Table 6. 
/ 

3• Catalytic activit~ • The $nzyme nitrogenase losea 

1 te catalytic acti vl.t:r on frae't1onat1on into S. ts protein 

components. It ·can, however. be roatored en reccm'b!na.tlon 

of the two protein components but wl tb a slight var1at1on. 



Avt Act RJ:t Kpt Rrl" Rt!. Dpt 0p1 lldt Re~erenee 

Av2 + + + •· Jlurp~. • Koch• 19'11 

Ac2 + + + + + Kelley .• 1969 - -
lll2 + 4 £lurp~ • Koch., 19?1 

·ttp~ + + + .. • + - + KellV• 1969 
Rr2- + BlggiftS .Ji.t al•" 19?1 

ltf2 + + + + + B:lgglns d. al.·· 1911 

lp2 + tr + + • + + .. + ~~up~ 
,. Eoob. 1971 -

Cp2 - - - - ·• + + l!oQh¥ • Kocb. 1971· 
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frcm the flCti vi ty before fract1onat1on (Detro~ .IS al• • 
1968). The catalytic activity ot nltrogenase can be 

restored by combln!ng tho tt";o protein · tract1cns 

irrespective of the source org.an1sms bUt not to the extent 

as observed 1n the crlgtnal comblna.tlon ot the ~;o protein 

components 1n a given din1t·rogen fldX' (tmrphy & Koch., t97t). 

fhe incictenee of catalytic act!. Y1 ty of n1 trogefk"lSG protein 

components obtained from different orga:nlsrns le gS.ven as 

under in fable ·7· 
4. Al.temative substaate t The ensNJDe nitrogenase 

has an unu-sual versatility vllth ftflPOCt to ita abUity to 
I 

reduce a w1c1e variety ot substrates ,(D11wortb• 1966t HardN 

& K.nlght, 196?). It cata1yze:a tho rectuctlcn ot N s N. a 

. triple bondld c1S.nitrogen molecule. A.a. earl,- as 1n 1965. 

Rarely et @!. have pointed out tho posalblllty of reduction 
I ,; 

o~ a trtple ~ed compound other than 41n1trogen.. For 

tho first tline they observed the reduct.1on of cymd.de 

( -c .fii N) to methane and ammoflla. . Later t.n 1966. DUwort.h 

observed the reduction ot acetylene to etbV].ene. Sch011hom 

and Bu:rria (1967) established the ace'tylene lnbibition ,of 

41n1 tro{;en fixation in cell free n1 trogenase extracts 

obtained from Qldddlum D&\U.&dNM\\1 In add.l tlon to 

c~df> and acetylene. e. wide rang~ ot alternative substrates 

has· .been reported namely.,~ isocyanld.es, n1tr11es, 1con1tr11es. 

azltte, ni'trogen oxlde and hydrogen ions (Hatdy R1, .11•, 19?1) 



Table 8. A list: of sl ternati ve substrates reduced by the 

en~Jn!e at trogenase. . 
'. 

sr. Substrate Chemical Product Km 
No" formula .(aM) 

1. Acetylene 

2. · Az14o 

l· Cvanf.de 

6. l'fltrog.m 

'· Nitrogen 
oxldo 

CZJ-2 

.. 
Nl 

cr 

N 2 

N20 

Ci14 

NH3+R2 

cm4+mt3 

H 2 

Otl•·O,, 

0.,2-1.-3 

o.4-4.o 

Rderenco 

D~\"10rth1 1966 

~& 
196? 

Knight, 

Hardy & 
1967 

Knight, 
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,. 
A list of al temat1ve substrates for nitrogenase alongw1 th 

their~ values anti end products is given l.n Table s. 

Re.chanlsm of action 

Since 1960, when the -cl'U4$ nt trogenaee preparation 

wae obtained from Q3.odri4lum a:s:tlll.d.amam (Carnahan .:t. al.•, 
1960). a substantial advancement has been ma.da J.n understand• 

1ng the mechanism of action of nl.troeena.se. ·A critical 

examination ot nitrogenase catalyzed reaction shows-that it 

performs two cU.st.inot tUnctions. Tho first involves ;the 

tra:nst'Gr of electrons trom a strong reductant to nitrogenase. as 

Re<luctant(recl) 

and the second s-tep provides the actl ve site tor tho reduction 

of substrate;,_ .l.e •. , N2 or CaH2 and transfer of electrons to 

1 t for 1 ts reduction. as 

_ _ _ •:. _ . n1 tt~Ctgenaae 
N

2 
+ 6e + 6tl · , • -!0'2 , 5 , , ) 2Mf"l 

ATP. fii -' 
It le not clear whether the , eubatrate recluct1on J.s 

accomplished by a compleJt -of two proteins or the MoPe-protein 

-onoe reduced 1s capable of affecting the substrate reduction._ 

.It has been shown that. nitrogenase requires a strong re-ductant, 

i.e., ferredoxin or tlavodoxln wb1d\ could be replaoecl 

..\n ld.lD by a non-phy.s1o1ogica1 reduatant, ,sodium 41 thlon1~e 

(Na:aS204) • Progress ln understanding the' mechanism of action 

ot n1 trogenase has been made by applying K8ssbauer epectro"!" 

scop¥ and EPR spectroscopy for studying the protein componen-ts 
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of nitrogenase (Ome-J~hncon .11 &•t 1972t Zutnft a Mortenson. 

19?S). The addition of Mg•ATP to the Fo-proteln_,cont~rs 

a conformational change ln- the Fe.prctein since thcs ~R 

spectrum ctk--mgos from rhombic to axial symmetry,. This 

tumishee an e'Vlaence for -spec1flc bln41ng of Rg•Aft' to the 

Fe-prot&ln, as no ·Cotnparable shJ.ft. in the EPR spectrum 

occurs when Mg•AIP J.s added to the MoPe-protein (Wih'te' & 

Burris,· 1976), This spec1t1c binding of lfg•ATP results 1ft , 

a substantial decrease ln redox.potentlal ot Fe-protein 

( Zumtt .tl &• • 19?4). fhe high negati vo pote.=.ntial or low 

redox-potentW confers on tbe Fo•pJ:"Oteln a unique character1e• 

tic of redu.c1ng the .MoPe-protein. !'he MoFe-proto1n se~erally 

remains in a part1a11N reduced. state .as oupportad: by 'the 
. \ ~ 

.. spectra of partiaJJ.~ reduced and completely reduced sta:tes 

at the time of electron transfer (Winter & Burr1e, 19?6). 

-A moat probable' mechanism of nitrogenase action is gi.ven in 

Pig,. 3~ 

ln1t1ally the oudi eed dimer Fe-prote1n denoted as 

P2 1s reduced to P2 by a strong electrcn donor, sodium 

d1th1on1te or ferredoxin (Mortenson, 1964) tihich later -reacts with &JJl•ATP to term a P2 •M8•ATP conw1ea ot low 

redox.potential acccmp11she4 by a oonfonnat1ona1 change 

(Zumtt & Mortenson, 1973). 1'1\is Pi •M8•ATP oombines wlth 

part1al1J" reduced tc0tramer MoFa-prote1n denoted as Pi• fhe 

blndlng o~ dlnl trogen takes place at the trans! tlon Mo atoms 



.-
Th&re have been many auggostlons 1nd1cat1ng that 

electrons are tranaferNd from .mo of tho MoFe-prote1n to 

the varicus reducible substrates, Howaver, experlmentel 

-ev1aonce has shown that it is much more likely that 

:electron ·transfer takes 'place between Fe atom of the RoPe­

protein and the eubstra'te to _be reduced. The b1ncttng ot 
co takes place. eepec1ally tl1th the MOFe-protein aJl4 bloeks 

the electron transfer and this binding of CO ls w1 th Po atom 
. ' 

of the MoFe.protein rather than mo atom (.\Vin'ter 6 BUrris. 

1976).. In tho complex &tg-ATP•Pa •Pi (.t4oli12 the electron .. - ... _ transfer occurs from P2 to P1 glving fu11J' redUceti P1 species. 

Tho ox1d1sed P2 releas8$ADP + mg 2+ and again reduced br 

ferredoxin and reacted bN Mg .. ATP to form Pi•M&-.Ai'P complex 

(~homeloy• 1975).. !'he electron transfer c:ontinueG 

repeatedly COl"lSUming tl>'JO ATP per electJ:On transfer until the 

_ sto1ch101tletey, ot the end product tomation is ~omptetecl• i.e., 

6 electrons for N2, and Oftly after that the end protlttot 

dissociates ft-om P1 leaving the partially reduce« 'i . 
. . .. 

Thus 'th& substrate remains bound to a slngle molecule ot P 1 
untU the end product is termed and, therefore, no tr-ee 

intermediate dlnJ.trogen complex 1s detected (Poa.tga.te, 19?6) .• 

• 



Chapter 4 

BlochemletrJ of DWtrogen Ft.atlon 

'lhe b1<>ohem1stey ot 41ni trogen fixation .ts one .of 

the most lmportant areas of 1nvost1aatlon.. lt lnvolves a 

mrriad of biO»brelcochem.tcal reactions cataluaed bJ the 

enzyme nltrogenaae •. Our Imowlettge ot the blocbemS.stry ·Of' 

cU.ni trogen fixation 1s malnly based on the otuct1es ot a 

llrdted number of dinltrogen ftxera namol.Y.t Ghf#rj.dlv,me 

t\19BMQiB•. Bb&r.a~t»m•. UGblitUA•, Bbsl~J.tum •. laURA 
8ftd Mf4t11U•. Buttis ( 1942) wae the fJ.rst 'to make a 

concerted effort by employlns a heavy 1sotope ot nltrogen,, 
15M2,, tor studying the blochem!st'ey of CU.raltrogen. fixation.. 

However,.~ aubstantlal. atlvancement has been made in elucl4at-

1ng ·this process., but the tmdersttl1'lding is st111 tar trom 

oomplete., 

the blolonlcal d1n1trosen tlxat1on ls a reductive 
, 

process reqoit"lng two dlt.terent ·energy sources. namely. 

t. a atJ.!'Ong reductant as e1ec1:l'On 4~nor, and 2 • . A'n mo·leculee• 

In addS:t1on, it also involves electron carrlers •. somQ 1n'ler­

mott1ate d1n1tl'Ogen comp1eaes1 and evolution ot molecular 

hydrogen as a s14e reaction to the process of biological. 

41nlt%'0g<m flmtlon. Each of these aspeota ls discussed below• 

Electron donors 

The tl.xat1on ot d1nJ:trogen requires a conttmtous wpply 

ot eiectrono obtained through the breakdown or strong redueifta 

substrates, fbe. Ol:'la!n and nature of' elecn-on dortON VBJ!7 
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figi 4:a The phosphoroclastic reaction.in nitrogen fixation 
in 9J.ostrj.Q.iii• Fd indicates Ferredoxin. 
From Benemarm & Valentine (1972). 
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among 4lfferent phys1ologlca1 end ecologlca1 groups of 

tllnitrogen fixers (Camahan d. £,, 1960t Benemam A 

Valent.tne:. · 1972), .Ill JQ.u, stud1ea·have .shown that different 

groups of d!nltrogen fld.ng organlsms ut111se cU.fterent 

'types of electron -donors (streleher & Valentlne• 191~). 

· HoWever, Ja xlS.J:a. stu41os bave shown that sodium dl thlonite 

(Na2s2o4) a non-phJsloiog1cal inorgantc compound can act, as 

a strong elec-tl."on donor S.n oel1 free extracts o~ dlff(lrent 

dillltrogen fblng organies (Bulen a .11., 196§->. In ep1te 

of tb.eir diverse mode of s,n.thosle throUgh 4J..tfersnt 

metabOlic pathways 1n different· groupo ot microbes. all · 

electron donors are potentially strong reduo1ng agents 

whleh are able to reduce the low redox•potentlal electron 

carriers :namelr. ferretlczins ~ tlavOdord.na. 

~e anaerobic 4in1trogen fixing Qkldtl.dli• most 

commonlv utlllae pnuve.t-e as en electron donor generat&Ct 

fltom the fermentation ot augers (Carnahan G. 4.1..•• t960). 

the phosphoroc1ast1c (substrate-tall pb.osphory1at1on) 

breakdown ot prruvate reduces lew reaox.potential ferredoxin 

(Mortenson d. @l-. • 1963) which 1n tum, reduces tbe tmeJme 

nitrogenase.. fhe ·.reduced n1 trogenase tlnally rettoees 

4W trogen to ammonia accompanled by the hrdro1ys1s of A'lP · · · ot 
. generated by the 4ephosphoeylatlon[aeetyl•Ph0sphate according 

' . . . 

to the reactlon scheme given 1n Jig. ,.., ·.1ft ad41 tion to · 

p~te, fome.te end molecular hydrogen have also been 

reported as eiec'tron donors1nQl,Qp1;rlttwi · 11~di.mwu 



U4ortenson, 1966)• ~Je'!eli&IA pnepinpllMI (lenemann & 

Valentine, 19?2) and BaQillU MlavJta (PJ.eher & W11aon,; · 

19?0). 

In AJPstltada ~J•JJOil,a.nd symbiotic Jiblz9bJ.va­
legume the eleotron donor ls NADPH2 £Emerated 4u.-1ng the 

Kreb CJCle (Str$1cher & Va!Gfttlnet 19?6) • the ut111aatlon 

ot l'WJRH2 as a potential eleo-troft donor has elso beoft 

reportect 1ft the eoU tree e:traota <-f Q1pdrJ.41a 

U)'Eustaoh1o & Hai'dr, t964) and ADabiOM i:IJ&miria 
(Smith Jtl al11t 19?1). the dlscoveey ot NADPH2 dfl.ven 

dint trogen fl.aation ln extr-acts of various phrslolog1call7 

dlf'tennt gPOUps of· dS.nS. trogen fixers has le4 to the 

conclusion that ttA»PH2 $1ght. bo ~the most important 

electron 4onors llnJd.ng cellulnr reducing potier to 

nitrogenase (Streicher & Valentine. 19?3). 

Itt photOs3flthetlc baoterla the nature of electron 

donorswpportlng thG flxatton of 4lnltrogen 1s st1U unknown. 

Howover. Yoch • Amon (19?0) illuminated tho chromatophore 
. 

fragments ot Cktm11fhl 1ft the pre$enoe ot · terredo:d.n ~ch 

pt.tOvlded a powert\!1 reductant. Latera Evarm aftd Std:th (1971) 

supportei them bY using uothor photoaBntbetlc bacterium, 

PI\1AMRIJIJl4RmGDII atblliAYID• . 
/ 

The .actlnomvoete-like endopf1Vte 1n non•legumo tl004J 

plants 1s be11ov,ef1 to utilise l'WWH2 produce4 by mota.bo11d.ftg 
. 

leoo1 trate, gJ.uco~phoephate and malate· (Wlftter & Bums. 
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Table '• A list: o~ electron donors utlli.aed .,,. ttltterent groups of dinl:trogen fixing Gr(la:nlmns. 
tED l 1 = .. IF J' . ..d.'• '-..--· - :2¥1. . . . d T 17 I . ' . _ l ., 1 f( SL A ·_ff CPl. ·p 

Sr:. nz•f'll-._16 Ka'o1t:. PhYDlvlogy 
be _I#RilLP- ·_ . · .- _, r r 

t. Actinomy• Symb1.ot1c 
ce"'e 

2. Am!l'baEma .Free 
ey11:ndr1ca 11vlng 

.. . . " 
Aerobe and non­
photosl!l't:hetlc· 

Pbo'tc»t;JJntluttic 

3. A~o'tobacter Free 11'Ving Aerobe and 
vlnelandll and assoc1at.1vesaproptqte 

symbiotle 

4., BacUlua 
pol~ 

s. 11~141• Prme.llving 
um pasteur1· 
•aGUm 

6. C:bromatium Fraa 11v1na: 

.Pacul'taUvo 
:anaarohe· and 
aplNtpttyte 

A naerobe end 
saprophyte 

?. itlebs1ella free 11v1ng FactJltntive 
pneumcm1a:e ana assocla- aftaerobG m:td 

tive symblotlc saprophyte 

s. Cfliol"'])se- Free living 
udononas 
ethy11cum 

9. Rizobium sp. Symbiotic 

10.. Sptrlllum Associative 
.11poferum symbiotic ,... 

Photosynthat1c 

Awobe and no~ 
pbotosynthetlc. 

Facultative 
anae:robe .and non~ 
pho'toesnthet1o 

N.UM'Wt: 
#Uil'.trH2 

Nats2ob.• . 
P~1W~O .atl\1 
NADPR2 . 

ru..DPH2 

PJ"wva.te and 
chromatophore? 

P~vate 
tomate and H2 

Malate and 
aspartat-e 

• ftei"erence 
1 n a 

Winter & Burris. 
19?6 

BUlen at Al•• 1,965 
SmJ:th .A\ .11,. • 19·11 

Berme'tt: .al. Al• • t960-
Yoeh A Amon. t 910 

Fisher· & WUson. t 970 
B~'tlemarm a Valentine,. 
19?0 

Evans A Smith,. 19?1 • 

Dart & D~., t9?S 
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. . . 

;·19?6), however,, S.t requires further._. lmest1gatlons,. 1'he . 
,. 

~tacultativo anaer"Obto 41n1trosen flxtng bacterium. §ptrlJJam 

i&»Uu:ura 1n loose asooclatlon with "rOots of c,. ... grasses __ 

,haa bom- shovm apec1f1ca11)" to ut111£e mala~ and aspartat~. 

as electron donors vJhieh can be eully m~ _thrOugh t~ Cl) 
. . 

_pathWay of photosynthesis (Dart & Dar:.- 1915) • .A list· ot 

electron donora ut1U£e4 bu different groupe of dJ.ni trogen 

t1xing ore,anisms is given 1n 'table 9i• 

lleetrcn carriers 

!he transfer Of olect:rcne·ft'ofn e1e0-trctJl donors to 

d1n1trogen 1s· mediated through low redox-potentlal n&tctan<t.s 

called electron carriers which are generallJ' of tbe f~oxln 
1 

an4 tl.avo4ox1n 'tJPO (Streicher & V.alentlne, t975l. These . 

electron cn~ers have been purltlect trom: most of· the 

41n1tro&$a fixers on DE.AB.cellulose column as. coloured ae1d1c 

· prot(tihs (Yocli At 14• • t970t Yoch • Valentine·.,, 19?2) ~ 

Ferredoains are 1ron.su1phide contatntng proteins Which help . 
1n the transfer of eleetrons f!."'lfl ono ene)'me to at~Cther. 

Unlike Other 1ron-sulpb1de Co~taln!ng eftJJmeSt terredo~s · 

, have no ene~tio tunc-t1on of their ovm: (Strelcl\er 6 . 

Valentine. 191~) ~ 

Mortenson al Al• (1962) were the t1rst to 41scovw_ 

bacter-lal fer-redoain from Q1gqSrJ.d1W »Mlm&diDWD. ·.and 

ostabl1ohe4 G. link between pJJUvnt:e ozS.datlon and nitrogenase. 

Ald.QMJ:IR ferredold.n has been purl:tled and or.vsta111ee4 



as a dtutt acidlc protein ·and with the help of X•rar 
d1ffera.ot1on stu41es 1 t. has been shown tbat 1t contains 

&1ght a'toms ot ·iron .ana. elgh't SUlphide groups (toch a 

Amon, 19?2) the reduced AldaJ:tnde&: tel!Teltoxift has 

Jl ·fi 
~1 

been found. to be reluctant to oxidation when exposed to 

t.dl:-t fhls has been suggested as an evolutionary adaptation 

wb1ob enables the bacterium to retalft the reducing power 

ne$ted for· 4J.n1trogen flmtlon under· a.erob1c environment 

( Yoch .al .al• • 1969) • 

Btl wllm terredoan has also been isolated from the 

baoterolds ot soJ'bean. root no4ules but has been found: 

relatively dlfftcult to purity becaus$ of its blgh Oz­

eenslt1v1t.:f Which could be protected. to some elltent by 
' 

ad41na sod.lum sulphite. and ferrous amcmltim SUlphate 

(Koch .U 14•• 1970). Fenodoa!ft 1so1ated from AM&OM 

&:dSDddll dlffers h'om that of A;~pr"' ferredoxJ.ft 1n 

compos! tS.on and conelsts of two atoms of ll"'n anc1 two 

eu1ph1d.e eroups w1 th a moleoular weight of aboUt t.o.ooo 
(tamlrnaka A\ Al•• 1969)• Sltnraugam a .eJ.. .• (19?2) have 

extracted two types ot _ fe-rredoxtns from e. photosynthetlc . 

ba.cte~!.wn, lbaM&kil.Jcum dUWD .end namecl thea as Twe I 

an4 type 2·respect1vely.- ~ype I poss~sses six atoms ot 

iron end eu sulphJ.de groups while T¥,Pe 2 bas two lelfl 

~and two eulpbide groupe". The tene4~s elso 41tter 

in em1no acid compos1t1on and molecular weight ot 8?00 and 

?500 r.e&peot1Ve1J (Streloher a Valentine, 1973) • 



A nGw -class ot electron ~arr1ers called tlavottoxlns. 

has been isolated and oeyatal11zed. troa dJ.ttonnt sroups 

of dtnltrogen fixing bacteria (tech 4 Valentine, 1972)~ 

Ini tlally, :t1avod.ox1n was isolated as a tla:voproteln 

oapable ot repla#ing terredoz1ft 1ll pyruvate olt1dat1on 1n 
• the cell tree extracts of Sl.a&tf.Ul\l.m :aaeJSadtmiJA• navo. 

dod.ns have PMN as· a. redox group,. Which are gcmera11J 

Je11ow 1ft thelr ox141ze4 state tuwlng an absorption spectra. 

eimUar to that ot flavoprote1ns (Ktd.ght 6 Hardy, 1966) •. 

fhese ne1ther contain Fe atoms ncr labile sulph!do sraupa. 

The 0~1 property they share with terredoxJ.na 1s their 
/ 

acidic nature and. the ablUtyto:. traJtsfer el~ctrons even 

at a low redox•potentlal than ferredoxina. Flavodoxlno 

have low ~ox .. potentW, i.e •• •313 mV ln comparison 

with that ot terredoxi.na. •420 mV • Plavo4ozins are the· 

aallest known proteins among ttte tlavoprotelns. 

Recently, two more e:lectron carrl.ers have been d1eooverett 
. ' 

@-re: wttlchLcupposed to mediate transfer e>f el&ctnms troJD photo-

·systmn l ot spinaoh chloroplast to the ertl)'m& nitrogenase 

1ft the cell tree extracts ot AmlGbAGior JJngJallU' (Beraaarm 

d Al•, tm) • Ont ot these 1s a flavcpretein referred to 

a 'aeotoflavln • while the ether appears to be a non-heme 

Fa( IIt).protein possessing tVPlaal properties ot a ferredoxin 

·(Yoch .11. a., 1970t Shethna., 1970) .• 

~e transfer of electrons from «ADPH2 to nitrogenase 

in AaaSR!JaoJcr bas been reported to be ctependent on .four 



fable 10. Propart1ea of ~erredoxina and f'lavod:old.ns linking nitrogenase 1n Cl1f1'arent 

. ecolo#!lcal olaSS$a ot m1erocrgantams ..• 

Penmmtatlve 

Clostridium 
paeteru-ianum 6.ooo 

. Bacillus 
po11,fmyz& 

Aerobic 

9.000 

Azotobacter 
v1nel&n4i.1 t4.600 
Pdl 

Azotobacter 
veneland11 Pdli ""' 

Rhizobium 
3apcm1cum 

Photos:.rnthotlo 

Chromatium to.ooo 

8 

8 

8 

- -
• 

Yoch 4 Arnon,. 
19?2 

Flave40x1t1S 
Je:olewla:r Redox Roferonoe 
wei&bt potential 



factors namolB• AzdRt!AAllr terredoun, asotoflav1n, a · 

component replaCeable b.V ferredoxln-NADP reductase of 

43 

spinach ~oroplast,' and a f!Oluble, heat•lablle OOtnJ>OI'leftt 

\m1ch ls wet to be chem1cal1N clW-actertsed (Bonemerm .d 1&1.~ • 
19?1). TheSG tour components probablN oonetl tute en 

electron transport chain batween NADPH2 .and nitrogenase 

1n MUPMPIC SUJIJilGli (loch & , ValentJne,, 19?2) • !rhe 

t~Xlns 8D4 tltt'10doa1ns isolated ttoom different 

ecological groupe o"f 4in1trogen tbJ;ng organisms differ 

1n manN respects part1cu1m:1y, mol~ v;eJ.ght, .iron. 

aulphide contents. and redox. ... potent1ala as sllown J.n 

Table to. 

Production and use ot ATP 

McRarJ and Bun'is ( 1962) were the f1nt to show the 

utilization ot AD 1n dlrdtrogera fixation. Subsequent 

work h-as ravell~cJ that ATP :required tor dinltrogon tJ.xatlon 

may be produced through different metabo1lo pat:hWa.ys. For 

example, In Si&odalGJ.a, ATP 1e generated by pbosph0roc1astie 
.. 

( aubstrate-le't!el phosphOrylation) breakdown of pyruvate-. 

Pyruvate is olt1cU.8Gd and forme a.c-etyl.phosphate tb:rough a 
r ~ . • 

,series of react!.ons, which tm dc.phoephory1at1on produces 

A!P moleou:tes as ahown 1n Flg. 4, (Stretcher 4 Valentine. t9?j)'. · 

Photosynthetic and non-photoSJbthettc diftitrogen t1xers 
. ' "' - ~ 

rt.atnely, ,II1Pt91Rid.J him• IRG~th A•P$AllAa\IE and DLzclliSll' 



I t 2 3 s ' ? 8 .. 

Rbodo$P1r1llum 
6 ·rubrum. Pdl 8.?00 - Sha:nmnga .ll ... 23.000 -1.912 

Rhodcsp1r1-
11u rub rum 
Fdll 

7,;oo ..,.. 2 Shanmugam 
19?:2 

• Al·· 

AnabaeM 
cy11ndr1ca to.ooo .... 2 Yamanaka .a. Al·· 

1969 . 

Prom Streicher & Valentin& (1973). 



obtaln their ATP nqulremertts, for d1n1trogen fixation, 

from oxlctatlve phosphorylation ln Kreb cycle. However, 

tho photosynthetic t'lin1 trogen tlx,ers obtain at least a 

part of their Aff requirement 'through pbotophosphorJta• 

ti.on (Yoob & Amon. 19?0). The lmplicatlon of A'n 1n 

4ln1trogen fixation was visualized from the etu41ea of 

IPR spectrum and MOesbauer spectroscopy ( ~otm.son 
/ 

!!.ll•• 19121 Zumtt & Mortenson, 1975). These stu4tea 

haVe shown th~t ATP molecules combine with ~ag2+ lona a1'ld 

tom M6•A1'P OOn;>leaes. The Mg•A'lP reacts speclflcal1J 

wi"th Fe-prote;$.n component ot n1 trogenase and form; N&·A1'P· 

Pe..pro1ieift eoztlplex (Teo & Burrls; 19?3)• fl\e blndlng of 

atg .. A!P em Fe-protein lowers 1 te redo• potential. .and confers 

upon it a unl.~ue ablllty to reduce the MoFe.proteln 
,.. 

component ot nitrogenase (Walter & Kortenson, t9?3J 

ThomeJ.pr, 1915) • 

Stut.iJ.e,s lD Xltr:a. have ln4loate4 that durin&. the 

tranat41\ of ev.eey two elec-trons at least four or more ATP 
' 

molecules are tcydrolJ~ed and a total of about t2-1.S mole. 
'· 

cules ot ATP an utlllae<l for reducing each molecule of 

dln!trogen (Dbon. 19?5).. It is not ret prec!selu tmowrl 

whether the A'lf> hJdrolysla occuxws at the ol te ot $'leotron 

transfer betwetm the Pe-protein. _and moPc.pi-otein or 

between the Mol'e.protein SJ14 dinit.rogen (Wint"Or 6 Bun1a. 

19?6)., 



Poss~ble dinltrogen J.ritermedlat.es 

The reduction of N2 to NH3 is acccmpllshed by a 

gain o£ e1x electrons and s1x pro-tons troa a strong reduc­

tant. ln bloohemioal reactions, conventionallr, <mlV two 

electrons tmti two protons are transten-ed flt a time during 

the reduction of a substrate. Thus bY Clemonst-ratlrtg m, 
as the end pt"Oduct of b1<>1oglcal dlftitrogen t1xat1on Ia 

oul'ture$. of Qlulddi&ll and ~= . lt ls llkelr that 

nctuotlon of N2 to mr3 m1Sht involve a ser1ea of 1nter­

mectle.1:o 4ln1 trogan ccf!1P1exes. 

H)'l)Oth$t1cal scheJ&ee have been proposed glvtng the 

sequence ot ro4uct1on through vari.f)us .i.ntemedlate eornplexeth 

But none oft~ proposed schemes haa been exporbentaUy 

va1141ate4. Chatt and Rlcbants (19?1) "Jpotheslaed 'two 

schemes explaln1ng tho possible sequence tor the reauctlon 
,. 

of 41nltrog~ me01~ted through• t. n1trl4e f'onnathftt and 

2., 6llmil\e .and hy4ratd.nG formation• According to the first 

schesne, ·the reduction or 41nJ.trogen occurs~ rd:tro14e 

formation with metal atoms. !o or Pe of the en~~ nitro­

genase. '!he seoonCl scheme ls mediated through d11mine and 

h,.Sraelne forma:tion. before .. G~JmCnl~ 1s tflrmed, 

!he first step in the re4uotlon process aoeme to .be 

the formation of c.Un1 trogen complex with at. ther of the two 

atotns as M • R a IL(I!I • ·ao or Pe). 1Wo1Nbdemtm at:om consists 

of redqx.•l)Otenttal .just a.ppJ:Oprlate for two olectron transfer 

1n b1olog1ca1 systems and it can conf&r an acidic property 
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to tbe ne1gh~ing ligands that •r ermble t.t to control 

proton as well electron transfer, !t la well krtowrl that 

the enerQ ot 41nltrogen molecule 1n the complea (M .. h ' ") 

la lowered ·and the temlnal nltrqgen atom ls cba.rged nega­

tively so bigh that lt lt te attacked b¥ protons that lt 

:may result in the formation ot a 4UmUe complex with the· 

etoloblomQtey of etoms, M alf • RH. !bus the reduction 

ot dinltrogen could proceed by f'eetting olectrono through 

metal atoms and protons from tho aqueous eed!UJD, aceorctJ.ng 

t:o tho reaetiott schemes prepo~ett by Chatt .and Richards 

(·t9?t) as showh·in Plg. 5 and 6a 

Uganda wrrouncU.ng the metal atom. are denoted bV 

L5 ana tha met~l atom ls given oxidation nate uro 1ft the 

in1 t~ comple•es · ( t). Dotted lines represent the partial 

bond~h The E(:equence ot roactions lnvolv.es strong rraal tlple 

bonding between the intermediates end.metal atom at ell the 
./ 

stages :t!-om lritla1 tinttrogen oompl~s till th& final ·hJ'drO• 

lysis. to -~elelu*e ammonia f):oee into the medlu.m. 

':ho reaction sequence via ni'ltlde formation. pm1des 

the pHforerrt1~ reductton ct terminal nitrogen atom. fhls 

sequence ot d1rd. trogen reduction via rd. tr14e 'fomatJ.on 

suttors from a serious dllaWback that so tar no te2!'111nal 

rd.trogcm. atom .l.n a 41nltrogen complex bas been reduced by 

any ot the redu~:lng agents,. The rettuctJ.on s~ue11ee 91a 

411tnlns an4_ byd.J."'aBlne fonatlon involves a rapid. degrattat1on 

ct lml4o complen through a 411m14e complex (v) ab4 h)r4ruldo 
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Fig. 6 : Mode of reduction(via ctiimine and hydrazine• 
Chatt & Richards 1971). 
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Fig. ? : Qiimid~ spe~ies im. plica ted in. nitrogenase reaction 
From Sk:1nner 09?6) . . . . 
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complex ('VU) to glve e ftydraatne QOmplex (v111l. Since 

the reduction sequence J.ftvolves the .replacement of ammt>rd.a 

by dlnltrogen trom (xi) and thnt of h!V<lrad.ne from (v.U.1). 

It ahotlld be equally fea.s1ble, it hydrazine waa, added to 

the system 1 t should have 41splaced. alnitrcgen from ( 1) to 

form 41rect1J lQ'ctrazlne complex ( vtli) Wh1cb th-en could. 

have b.en reduced to ammonia. 

Bulen ( 1916) has accumulated eVidence ln support ot 
bOund dli.mine and bound hy4razine as intermediates 1n the 

reduction of di.ni trogen to EUr.monia. on the basis ot Ja · 
vl'tro studies 1;h~7;: has·:) ibdlce.te4 that ,deuterium gas - ) -

1nh1b1 t.s 41n1 trogen fixation but resu1 ta in the formation 

ot HD. . Such a charaoterietic may be explained bJ' the 

reaction of deuterium wl th a dl!mlne 1ntermecllate complex 

as d1agrammat1oal11 shown 1n Pie. ?• The 1nb1b1tion ot 

41ni trogen t1xat1on and HD :rormat1on 1n the preeenoe of 

deuterium explalft the inh1b1 to17 efteo-t of moleCUlar 

b,-drogen. an4 also identities cl111llne as an l:ntermedlate 

complex during ~uri;ng the reduotlon of 41nl trogen. Bulen 

and co-work~ .Ia dta studies have also ehovm that 

nitrogenase can reduce a. very low concentration ot hfdrasine 

(the reduced pro<tuct ot dllmine) to ammonia. 

Ha.nty .& AL• (:19?1) have proposec\ a model tor 

nl:ttogenue posaeoeing an active s1 te for binding d1n1trogen., 

The re4uct1on sequeneo o'l' tiin1 trogen to ammonia proceeds 



--~· 
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Fig. 8 :·Proposed site.of reducible- substrate complexation 
and reduction. From Burns & Hardy ( 197 5). 



through bound d11m1ne anti hyttraeine as lntermetdate 

complexes acco~anled by two electron transfer ·per step 

as ShO\'M in Pig. 8,. 

It has been generally believed that tbe transfer ot 

six electrons 1n the course of din1 trogen reduction may be 

c~1ed with such a speed as·to preclude the sepuatlon ot 

intermediate dlni trogen corqJlexes from the stronglr bonde4 
/ 

metal atom of the E'~ZJ!De nitrogenase (Winter & Burna. 19?6). 

Pro4uct1on antt ut111zat1on of ammonia 

Burris (19~2) applied t.SN2 isotope tracer technology 

to AltPWliaUtK ¥1adans!.&i 1n a closed svstem to tdontitr 

tho product of dinitrogen t!xat1on. · fhtt oe11s were exposed 

to an atao~JPhere ot 60 per cent 15N2 and incubated for· a 

period of 90 m1ft before they were hJ(lrc1pe4 with 

sulphuric acS.<i~ · The hydrolysate was analysed for l4ent1trJ.ng 
15r:-1abe1e4 organic compounds, Glutamate torme4 anGst 

', 

·abundant .followed by glutamine and asparagine. Burrls on 

the bas1.s .of higher accumulation of 15N . 1n glutama.te 

. concluded. that ammord.a mlght be the en4 product of <ltnl t.tegen 

fixation which could be .lmmed1atelr and directly 1n.corporate4 
a:' . ' 

into ~ketofP.ufFate to give highest concentr"a'tlon of lSm. 

glutamate eatalyaed by glutamate dehydrogona.sth The 

a4d1 tlona1 supporting evidence tor ammo~ ta btl' the end 
' ' 

product ot d1n1 trogen fixation was obtained troa the atu41es 

With. the culture of Auto'baQtAC ziDGJ.fmiil. supplied with 

15n-1abe1e4 ammonia. The distribution of 1St. 1n t:he amino 



; ( / 

acids was almost the sameLin the bacteria incubated with M'> 

t.SN2 (Bttrrb and Wilson, 1945). SS.mll~ly, it was also 

observed that with 15N2 J.ncubated gktdfUlwa Ratt~a»r1111UQ 
it tbe supply ot dlcarbox,tlo acJ.d, oxaloacet1c acid. was 

low, the b&;O'terte excre~ed recently tixed. 15tt-compourulo. 

Ammonia was the richest l.n 1-'N content toUowe<l b¥ glutamine 

anct aep~e (Wilson an« ~te, !953),, 

Studies \d.th 1'" rad1o1sotopo tor a abort period of 

time and rapid 1solat1on ot 'the early 1~-la.beled metaboli:tes 

bave shown that al1 dln1 trog,en fJ.xlng m!croorgardsms possess 

en a4dit1onal · pathWBJ ~f amtnOnla assJ.mllatlon (Nagatln, At A• t 
' 

1971) • !he prestm.ce of this new pathway came to light when 

high levels of .13n.tabele4 glutamlne ill compar180ft to 

gtutm:nate weTe obsered• fhomaf.J al Al• (1975) have applle4 
1'ri to ~AIU A¥1iD4rlM for 2 mln to 15 sec. tbe ana1re1a 

ot 13ri.,lab$l&d compounds showed that the ratio ot glutamate 

to gluterd.ne deereasee trcm 1•64 to Ot19 as the time of 

exposure decreased from 2 mln to tS sec • 

The central ene~e of this new pathway is glutamate 
/ 

ayntb~.;;ase (1-Glutamate • NAD(P,) oxld.oreaucatase (deS~nlnattng. 

stutama:te tormlr4)• fhe sequenc-e Ocf reactions ls as foUowe• 

.. 



tranoamlnace . . . · · , 
'£--glutamate + RCOCOOJ~: : : :: . :;: ; ::::,::: :!' aemm2oooH + ~etoglutrate( 4, 

, ransamination 
. ' . . ' .. + 

The ab~vo reactions 1ndioatG that nltroeGM.se cat:alnet NH
4 

prodUco4 ( 1) le S.nl:ti.a11¥ aes1mllated 1rl t.glutamate to froa 

L-g1utamJ.ne, 1rroverslbly and ATe dcpet14ent catalreed. by 

gtutamlne sl'flthetaso ( 2) • fhe L-glutamine undergoes 

4eomlnation ftS:th ~ .. ketoglutarate to fom two moles ot £-, 

glutamate catalreecl by glutamate &:fn'thtu.1e ( '). One ot the 

two m&les of t-6).utamate is reutll1se4 in reaction (2) tor the 

lnoorporatlon of_ anotber nH4 ion ( 8tre1ehel' & Valentine. 19?B}. 
' 

These ottservatlorw f:ind support from the fact that 
\ . 

oonc~ntrat1on of AH: lona J.n the m~4S.um increases by add1ng 

aethlonlne sulphodmlne which l.Miblts gl.utamlne s,rrthetase 

(GS, EO 6,3.t.2) whlc,as a 1\lgh af.tlnlty for e.mmonlum as 
+ . ' 

wbatrate (h tor tm4 <:0.2 mM). Thls pathway of atDmC)nia 

ass1m11at1on ts ooeh more eft1o1ent than the pathWQ ot 

ammotda ass1m1lati.on oatalyzed by glutamate tlehJtlrosenase 1n 
. . . ' + ' 

non-dlnltrog.en fixe" (Km tor m4, t .• ,., d4t Miller 6 Sta4tman •. 

1972). fhi.s new pathway of ammtnla +'1mllat1on s~ems to be · · 

an adapt!on to 41n1trogen fbtng organlems tor the immediate 

aoaimllatlon ·Of ammonS.a. (St~lcb&r A Valentine, 19?_5),.. It 1e 

well known that ammonium an4 n1 trate ions 1nh1bJ:t the bJ.o1og1ca1 

4ln1 trogen tlatlon. However • the ella.C't mechanism ot lfthlb1 t1on 

in still obsouro, The eva11able ev.tdenoo lftd1oates that en:eume 

glutamine sy.nthotaae ls implicated as promotor for ~he b1o­
.,nthes1s ·o-r nltrogenaee. ~· increased concentration ot 



Fig. 2: Glutamine synthet.JStt is~ -npH(,ated in ccnttrol process 

From Skinn~r (1976). 



ammonium lons bring about ,contormatl.onal changes ln glutatnine 
/ 

syath;ctase and thus fa11e to .a.ct:f$ Pt;>motor tor the b1o-

eynthosis of nltrogenase. On 4eplotion of NH4 lone 

glutamine SJnthetaee regains 1ts orldnal shape and starts 

acting as a p!"'fflltor. !he model given below exp1alns the 1mp11· 

cation of glutemt.ne SJnthGtase in controlling the biosyr1th.eala 

ct nitrogenase as r;hoWi! il\ Fig. 9,. 

Hrarogen motabolism· 

HJdragGn evolution has been Sh01tm to be a. goneral 

phenomeuon aasoc1nted with most of the .dJ.n1torge:n fixers. 

Hr4rogen production for ·the first tbe was observed. ln th& 

root nodules 'Of ~ean and the bJ't!rogen tormed: :111 thls 

process oompriS.tlvei.y tnh1b1ts dttdtro£Gn tixatJ.on 

(Lookshin A Burrle, 1965). 

Bulen a& .cal• (19~S) on the basis of thel%" studies on 

AMSPlli~S !l.Dilant&i using sodium ctlthlonlte a.s electron 

donor conclud$4 that n1 trogenaee-depen4ent hydrogen evolution 

ls aocompllabed b11 utUiz1na A'lP as en•rgy sauroe. HJI;ircOgen 

evolution 1n dinitrogen flare can tollow two lndepon4ent 
/ 

p.athways,.. "'e first patbwa.;v is :hydrogenase catalyaedt reversible J 

A~P independent an4 CO .inhibited (Klelrler & 8urr1s. 19101 Nakoe 

a Mortenson, 1971) as, 

Ferredllld.n(Mct) + 21f+Ji;:q~:~ fernctoxin(o•> + ll2 ... (l) 

'tb$ second path'WaN is llltrogenase-dopendont., .1rrevers1b1e• A!P., 

dependent and co unlnhlblted (Win1;er 6 Burr1.s,. 1968) tu:.. 



PerrettoxJ.n( ~) + 2H• • DiBRB~!ifl .•. , Ferrettoxln(,o.x)· +H2 •• ,(2) 
reu A'lP • Jig · · · . ' 

kperJJnonts with both cell tree nitrogenase propfl!"$tions and 

1ntaet celle of GW:ftr.\dlg and nitrogenase pre])arat1ons of 

Azdaba9lftr have shown that hydrogen 1s e\'olve4 both th~ugh 

hydrogenase oatalyaed and nitrogenase-dependent (Locksh1n & 

Burris, 196.5)" 

Postgate ( 1911) foun4 no hydrogen evolution bY Aa:t:Qbgc:fipf 

1n lVh1ch hydrogenase cata1JZGd was !nh1b1 tecl with CO • It was 

thought that on-zYtDe n1 trogenase w1th1n the cell ctld not prottuce ' 

molecular hydrogen. These observ~'t1ons have not beon accepted. 
. ....~· . ' -

unequJ:vocally .end subsequently sbown to bJ! er'rO'!\GOus by S!D1th 

at iil• { t 9?6) • viho showed that the appal'ent lack of nl'trottenase-
·- - -- t 

·-dvpendent hVdrogen evclut1on from AaRDlu&Gt.Ut·..Jdl Jiyo, is due 
·. 

to tho ut111eat1on o£ flydrogen gas b:t a spec1a.11ee4 srotem ot 

hyd.rogenases which is ret to be chemlcall)· o'haraoterleed. It 

appears that ttystem of bydroeenases becomes non-fUnctional wh11o 
• ' i 

. . ' ' 

making cell free preparations ot nl.trogenase •. The· lack of b1droger 

evolution, JJl :vJ.ra,; has also been observed from X!Jml. I~USY 
anct AlrtVI ;:phrg while the hydrogen $Volu.t1on has been observed 

in cell free n1 -troaenaee preparations (Schubert and EVano, 19?6) • 

In these srmbS.otlc syst.ems the ut111eatton of hydrogen as ·electron 
' 

donol" for C()nsequent synthesis ot ATP by spec.1el1zod b)'drogenases 

which enable 'theJYl tD recO\lp w1 th somo ot the energy expended ln 

wasteful nltrogenaee-<tepondent produetlon of hydrOgen gaa 

(Dbon1 1975). On account of utl.lieat'l.on o~ n1t:rogonaseiJi> 



d_,eftdcmt hJdrogen evolved, lt has been suggested 'that 

Al~ll&:t IAaAiiniDIIi&h and A1Dva fttbla have their - - - - . . . . . - . . . . - , . 

blgh eff1c1enq of 41n1trogen t1xat1on (HW ·a At~. 19?2t 

D1xort, 19?6a SChubert A EVans·,, 19?6l. 



Chaptor 5 
' 

Non•l-Gpmlnous Dlnl trog•n Flxlng Flowering Plants 

UntU the en4 ot nineteenth century, only the legumes 

were known 'to possess the ab1il t1 'to fix a'ttn0$Pher1c dlnl trogen, 

lJ\ 189:2,, P. Nobbe toJ: the t1rst time reported. ·dinltrogen 

f1aatlon 1n ikWIWlll&l IDAU1Sil»lll a non-legume flowering 

·plants. Kowover, the first ec1ent1fic report was ~!lade bN 

ft• Dinger, who 1n 1895 showott the lmportance of another non­

lGgume, A&nliD clu:tiDPJA .tn enriching soil n1 troga. He showed 

;a pos1tlve co...-elat1on between the number of l'Of)t nodules, the 

n1tngen tontent 1n the l·eav~s and growth ot the plant. the 

etu'dJ ot ru>n•legum1nous tlower1ng plants fJ!'OJl the ftew point 

o.f tbelr dtnt trogen ttxatS.on remained noglecte4 tlll reoentl)' 

because ot th.e fo11ow1ng raasonst 

t. a general lack of interest ot m1crob1olog1sts •and 

b1ochem£ets. 

2. tho plants e.re or little 41reot agrontmlo importance, 

)• occur mainlr in non-agr1cul tur81 lands and confined to 

forests, 

4. the .;:unavailabUS:tJ of sens1t1'\fe artd sultablo teohnlf!' 

tor fi·eld etuttr. 

Later, from t89S to 195?, ua1ng l~e14ahl metho<t seven more 

non-legumes namely• wM"Ptbll• QRI'lQd&h PPM• QUPMlDih 

llus»llll• IRLIA anct lftnaPAZ»UI were shotm to flx 

dlnl trotten, The avai1ab111 tr of sensl tl;re ana1Jt1ca1 
15

N-teohn.tque (Dunle a Wilson. t9S?), en4 acetylene 



redUction assay (Dilworth. t966) prov14e a stimulus to the stud7 

of dln1trogen f1xat1on ln non-1epmlnovs floworlng plants., 

Before 1967. only thirteen rto~legume aenen. belonging 

to o1ght faml.l1es of analospema J101.\01f, Betulaceae, ·Casuar1• 

naceu• . Oo~1arlaceae, Ela.eagnaceae, Er1caoeae, *1caceae were 
_... 

kno\m to tlx d1n1trogen (Bond• 196?) • A great impetus to th.o 

stud¥ of b1ologl.cal c11n1 t~gen tbatlon ln Mn•legumlnous 

flowering plants was provided 'ey the interest 1n d1n1 teogen 

fixation uncter 'the section of Prottuotlon, Proceaeee (PP) of 

the 1ntemat1onal B1ologlca1 Programme (DP) • ftle lBP surve~ 

have revealed 36 new species, belonai.ng to elght genel.'a o~ 

non..l.eQtUrte flowering plants poeSOtJslns root nodules (Bondt 19?6). 

Recently, DObere.lner &\ al• ( 19?2) have extended the ranat o'f 

non.-~egume d!.nltrogen f1xers s1gnlficant1, blf showing ,a high 

n1 'trogenaee actlvl tJ 1n the root-.bactezial assoolationa ot 

a flUD)ber ot trcplcal c4.grassea. Since ~96?, a wlde range of 
/ 

non...:).egume fto\vering plants about 50 1n n.wnber has been 
I 

dlecovea:weclt to tlx ataoQPhGr$.c tUnltrcgen. belonging to ftlne 

fondle$ namely, CyPera.ceae, Dloscoreaceao. G~, Heloraa1• 

daoeae* HJdrochar1taceae, ~1naoeae, Rubie.ceaet TJPhaceae 

~ Ulmaceae. At present in all 6SO species belonglr.g to 
/ 

.,~ gehera of non-legumes eprea4ing over 17 tam11ea ot engtoeperms 
' . 

ere tmow to tlx dln1 trogen 1ft aesoclation w.l tb a t114e nnge ·ot 

proka$Uo m.lcro•b1o'ftts. 

Ml~oreanlsms J.nvolved 

~he 4W~gen, fixing .activity is most1N confined to tho 

·" 
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~ig ~ J 0 : Differences between the 'Ai.nus-~ype rufid legume--type , 
root nodules. . A = Alnus-type root nodule, £ = legume­
typ~-~6ot nodule, d ~ Cortex,· Ct = conducting tissue, 
End = Endophyte, Nc = Nodule cluster; Nt,=_nodule, 
Nw = nedu1e wall~ Rn = Root nodule; Rh,=Root hair. 



prokaryotic mioroorgan1ama. However, s)'mblotlc systems 

· 1rwol ving blgher plants and prokar)'otic microorganlsms are 

able to t1x d1n1 trogen eftl.cientlJ• fhe S)'mb1ot1c assocJ.a .. 

'tlone between these ttro twos ot organisms result ln the 

formation ot a specta11se4 structure on roote, stems and 

le••• are calle4 noctulea. The m1cro&)'mb1onts associated 

wlth ft0n-1e6Qme flowering plants ere ect1nomyc~te~11ke 

enctopbJte. baeterla aNt blue.sreen algae. 
' . . 

fbe actinofftJOete-11ke S)'mbtont .Pl:'Obab1J' belongs tc genus 

Elatirl&&l an4 has been shown to tom s)'mb1ot1c assocl::rtion •1 th 

sixteen dlf'lereflt no~legwne flowe.ring plants,. Tne structure 

.aftd tunoUon ot the non-legume root nodules are similar to 

those found .on Alail roots which are o-ne of the most extensively 

etu41e4 s~mb1ot1o &Jstems. Por the sake of 40nventence these 

are call$1 AJ,mp • tr;e root nodtles (Bond, 196?). ihe another 

twe ot root JlOdules known to tlx dini trogofl are ot the legume• 

tJPG f'omecl in uaoc1at1on with the Bb&&liU• fhe Qnug .. tDe 

and 1egume•tNJ>e of root nodUles titter from each other tn 
' .morphology, anatomr and. phJs1olog as shown in Fig. to· end 

Table 11• 
' 

Actinmnyoete-like en4op~e haa been reported. to form 

root nodUles S.n marq non-legumes, gen&rallr bu't 1n the case 

of Rb.SARUt lt forms lea.t no4Ules (Schaede, 1962)., The 

BbYQ'ttS.um. which. J.e a common GJmblont in the 1epm$ roots has 

been recentlr 1!"8porte4 to form nodules in a non-legwne namely• 

WUmm QSillDJl))'l (Trinlckt 1973). The J:rcmp. nodules resemble wlth the 



,., 

Table 11.. A comparison ot A&nu·type · tmd 1egume-twe J»>t 

nodules. 

... ... -' """ 

1.. · Branched noctulea ·ln oorallold Unbranclu.l4 M4 rounde4 nodule 
type clusters 

2.,.A .nodule cluster has oenthl. 
·· conducting tlasue., periderm 

wl th enlarged cells of the 
cortex f.l.llec.t with a dense 

·growth of ac.ttnorqcete•llke 
endophyte 

, .• CeU 4J.v1s1ons are lrd .. t1a11r 
. restricted t:o the l.nfec"ted 

oe11s and a few nalshbOUring 
. cells resulting .in the form­
ing of a primary Mdule 
wbtch af'ter two or three 
weeks· etarts · 4evelop.l:ng &n<to 
a cora11o1d tDe of nodule 
cluster 

4. The actinom100'te..1t.ke . 
endop""e passes through 
three different stages ot 
1!.te cycle namely • t-. hYPha! 
2. vee1cular, 3• endophvte · 
baotere14 

s. Vesicles are the a1te ot 
d.int:trogen f1xat1on 

C.entral conducting tlssue and 
per14erm are absent,. only ou.ter 
nodUlar wall and central .. enlarged / 
cortical cells tllled w11h 
extensive growth of lbJ.zoJllv.ll. 
~ct&Z'61ds 

/ 

After 1nfect1on 'the cells 41vlsons 
immediately spread over a large 
number ct ne1ghbcur1na oolls 
an4 torm developed root nodule 

Bacterolds are the s1te of 
41n1trogen fixation · 



roo' nodules of ~- IWUil• However. thls t~JeC1Gs of 

lbJ.HllJ.wa remains to be 14on'titltkt.. An endophyte poasesa1ng 

septate, fiNphae has been recentl¥ reported. to tom extensive 

Alma,. type root nodules in two non.. legumes ,~, Qalldia 

and i»lWI belonging to tam111ea Rhamnaoeae- and aosacoae 

renpeCUv~li (Don4., 19?6). the ld.erosplblont re6Ponsi.ble tor 

the formation ot root nodules is ¥ot t-o be 14ent1fled., 'the 

1\fphae:ii ·of ectlnomrcete.llke endOphyte are septate,. randtti from 
' . ' 

o.$ ·••• pm ·aM edllblt t:roo branobittfh filer are su:rroun4e4 

bJ an outet:- cell wall and irmer plasma. membrane contalning 

grattUlar oytopla.tQD. \vlth -eyp1ca1 bacterW rw.cleoida., The 

tuno'tton ot lqphae ls con$ldered to 1nfeot the ·hot;tt plant and 

oubsequently Oll repeated branching nsu1 t in -"the formation of 

primary 'ftO<lule. (Beckinft. 1970),. · Alter two or thr'ee weeks tbe 

hBJ>ha$ tu"e transformed into epberlcal vesicles ot about 2 JJtA 

in 4latneter aruj d.lvldecl bJ a septum Into two <listlnct subunits 

eaob w1 th 1 ts own p1aama mem.'brane end rec1eo14 re41on, 

( Gar4n.-. 19?6). 

Cluators ot vosicles tn ~t~a nodules have been shown 

to be the e1te ot r.U.nS.t::vgen tbat1on 1.5N-techn1que (Akkermans, 
' 

1971). HoW~JVer lt ls 1nteretrt1ng to note that theJ'J'e .ls a 
considerable stmnax-1 ty between the fomation of veal-olea 1ft · 

aon.legume root nodules and ba.otero1d formation 1n the 1\04\ll.es 

of legumes roots.. During nodule senescence tho ves1cle·s are 

transfomed into mnall granular stt:Uotures callecl etldopbyte 

baetero14s.. !~lese endophYte baotero1da ,are surroundecl b7 a 



ttd.n plamut ill&mbrane. enolooJ.ng a 4Gnse CJtop1aa where 

location of .mc10'olcl region is d1ft1cult., fhe en<Jopbyte 

baoteroi4s J:'Qsemble the cysts of AUPBUAIR and am 'bell,oved 

to help in the dispersal. ot the endopbJ'te (G~r, 19?6) • 

The bactel!'lum• llosJoJJa adl&aocpg;.m has been tou'nd to 

tom leal nodules 1n eight .genera of the fam11¥ itubiaceae aucb 

as £iUbl$dAt 2A1rGfi\J 11&i:AIDU eto.(Grobbelaar al al•• 1971) • 

tho e,1a1m ot leaf nodules -4-W~ge»- fixing 41nltrogen. remalfts 

to be. oonclusf.velr settled. fhe slgnifl.cahoo of tho leaf now 

dules formation l:s probablJ' n1ate4 to th.e pJ;'Oductlon of 
/ 

srowtb hormonea,klnetm w 'the Dllzlltllt at~ 
(Decking, 19?1)• fhej Utu&Aiiih however, tbe species has not 

been ldent1t1e4 also toms 1eaf noctules on 6dla&l· belonging 

to 'the tamil$ .Myrstnaoeae. lt. blue.s,reen alga, namely, 

Naa$00 JlJU!SdJ.COJZ\V has boen reported. to foft!l SNm'b1oa1s td. th 

Silmna A-.111 belonging to the tamUJ· Halongldacoae · 

(S11veater 6 Smltht 1969). The alga 1nhlb1ts the J.nterco11u1ar 

spaces 1n stem 1\0dules formed at the bases· of leaves •t 
I 

liJimm.IAftaldD• 
_1ft contftat to BIAIRWrwll an4 act1nom:~cete-1lk& enao­

.Jhtte wh1oh tom 41ttercmt klntts ot roo't nodultuJ, ther& are 

aome· other mlcrooraanlsme -.mb u AaoD'I&BISI'•·JlagJJ3JUlt 
ld-itdDilskb la&dlill etc, •. whlch 4eve1op a loose assooia.t. 
1oM with tho l'OOt surface of some tropical CIJ•grasses and 

aq,aatlc macropbJ'tos (nOberelner • Day, t9?St Pat.rlquln & 

Knowles, 19?2t Bt'1tttow. 19?4t suvor~£~ ~ & Jump, 19?'61. fbese 



bacteria living In loose e.ssoc1at1on ot abOut ·,a tropical 

·C4•f!n1SSOS woh as ~GQDt ·~~~ iDDalllt iemdMDt 
/ 

b.&. etc. and three e.qu.at1o plants nemelr • &&sbhttma, lld1:~11a. ' 

Bft4 Zbl3iltk. (Neyra A Doberelnar,. 19??) have been ohown to 

possess h16h nl.trogtnass act1v1tr• However, it has beet\ 

reported that §;ki,IWD 3 illOtKJDD toms a semt.•s,rnblot.lc 
\ 

association with the roots ot R~ dttaamtuma cv, tanmmaJa, 
because of t'QOt oella t~Jtlng dtnlmgen aotlvtlr have been 

shOwn to An pUre cu1 tures (~. 19741 DOberetner & DQN ,. 19?6) • 

tfltrogen .ecoMm.y aDd eoolod.eal Smporttmee 

A s1anlf1cant proportion of the dint trogefl tilted fl'om 

the atmosphere 1a oontr1wte4 bJ the nodulated lt'tflUIIleG but 

non-1ogume tllnttwo&en fixing anglospems also appeuo to be 

quS.te stgnlt:loallt. Th-e 41.str1bUt1on ot non-legume toot 

no4u1e:ted plants dltfera ttlth that of legumes 1ft tropical and 

t,emperate realons.. Xn countries such as Scan4lnavla. Oenada. 

and Revi Zealand part1cular17 at high a.lt.i.tu4ea·t whert leaumee 

ere e1 ther absent 01" 11lsllf4tlaant Sn 'the natlv• Ye~Ma:tion, . 
• 

·tbe non-legume root nodulated plant.s eef,t ~t ecolog.!cal 
,. 

sigftlticante. Mont ot tho non-legume ftov.ter:lng. plants so tar 
/ 

known to :ttx dint trogen dominate 'the non-oul ttvated .1tm.4 ln 

tropical and. teJ'll)erate regions, ea~rt.~ ot the .t'OO' ft0Clu1ate4 

genera are contlned tc 'the fo:'O'St laftCl .Sn temperate rQgt.ona 

from 1200 • 3SOO en. Rgaa end k.d$!a1imdlri3 II are being 

restrloted to the a%'Ctic-alpine areas and. Qaaazilll gowa 

throughout the 'trop1ca1 and western Pacific regions wlth 



. 
~. Qll•&ttUtal&a alongwith the coastal area of the Jrdlan 

' 

Stud los ,of Boft4 ( t 951) have 1arge1r till tiate<l 'the 

interest in th& non..legume 4laJOtrc>pha namelr, Qa\\1• &lz:Kal• 
/ / 

lvrtAAa GaliU'IA an4 S~t~ ~:He;.r ha~ ~ ,4emonetrate4 the 

, .lmportmce of those plants in so11 deve1opnent aft4 primarr 

and. secondary plant succeeslo:n. Xt 1e lnterantng to bow 
' / -

\'rhether aU the ts.rst non.legume at1grOspemS:o pl:ante co1on1alng 

d~ the prhltU"Y en4 seco~ eucceas1on possess the 
/ 

eepatJlllty ot ttx 41nJ:trogen or 1t 1& 11mt~e4 to a small 

rumbor of plants onllr. 

AS the tltne passes newer non.-lq,um4 4inltrogen t1~ters 
/ 

arc being dlacoverect. A oat"Gtul evaluattioa of the relative 

ecological lsnportance of 1egumeo and non-J.egumee in the . 
n1 trogen economy o.f the nature la VG'l!l/ desirable. However, 

1 t .ls qulte d1ft1cu1 t to assess the contrlbutl.on of' non­

lQ&umee· to nitrogen economf of the· nature because ot their 

dl\terse hellitats and ~m 41atriwtlon, 

, , fthamna.Oeae 

Tbreo .genera out of 58 belonglna to tble family namely • 

Stumal.b.ul• Pl~m:ta and GaU.dS.a are .tmovm to derive their 

nitrogen te«U1~s t~h eymb1oU.o dlnltrogen tlu:tlon. 

GIDSJl»Q-ConsJ.ste ot 55 epeo;tes. all encteml't to N • .America 

out ,of wh1oh 31 have been X"eportec:t to be ftOdulatea. Delwlebe 
• 

' s JJl,. (1965) have repOrted that .Q.. amass under field 

condltlons 1~ fixes 60 q N l\a•1Jr•t. Nodulated '-• sl.DlMCiJm&G 



~ ntne .. times 1ar1er than those without no4u1ea ln 

aet1c1ent soS.ls,. JiUPildA another genus of the family 

41a3ttftct1v s,pr~ad through eouth tomperate areas such as 
/ 

6··~ 
.1. 

Now Zeal.ancl and .Q. SAJ&M1$111. ·:.orthe o:nly specl~-s ltno'm to be 

no4u1at&d; Howevor, the senus 1s important is p1ant success­

ton and no quanti tat1ve asaeseraent has been mado tor ·the 

nltrogen OCOJ!101W of tho natura. Bond (1911) under %BP surver 
bas reported the fo-,:mat1on of well daelope4 root nodules .on 

an unlc1ont1f!.etl. species ot WI• 6n4 subsequently supported 

by Curth at Ropi Botanic carcten. E4ift'lmr&• Rtoent1r, Qoll.d&a 
native to s. America l.n 1ts three spec1os nmnelJ:t &.• QI':AOA•tlh 

£• .MiidUit .end 1• llfiiJ\11 have a180 been eho.,. to develo» 
root nodules (B()ftd, !916), l1\e ~tlants genera111 ~ well 

ln nitrogen 4etlc1ent solls. 

Oor>1ar1eceae oe · 
/ / . 

thewmnog~loLconsJ.eta ot tS spec1esLGar&.oda out ·OfLEanuly 

wh1oh 12 haVe been shown to bear root nodules. lt to w14e1J 
/ 

41str1tNtod over Medt-t\eranean to Japan,. New Zed.an4 and 

Mexico to ChUe.. Qada.;:l.a growa v1go:rou:s1y on nitrogen poor 

sandr lowland end wbalplne hab1 tats,. D1ft1trogen tJ.xatJ.on bJ" 

A• ma:.tAta.Ua 1n tho fle14 has been es'tl.matetl upto t.92 k8 N ••1 

,.r•l ,(S1lvest&rt 1974). MQGI&ri~I.Pla.vs 8ft important ·role ln 

plant euccesslon Of forest 1ft Rew Zealond and Japan, .QAJiAda 
/ 

was 'the first plant tound to co1cmlee Mount 'tarawora, New 

Zealand after a vo~o eruption ln 1686~ ~ :first woodJ' 
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epeclea to re£nvade tiQS '-• AEluiaa whlcb also st!mu1at$4 

the growth ot native speeles but at the same time lt_ 

Qhav••· ae a weed in pasture lande Where· 1t 1s cone14ere4 as 

a haaard to cattle due to lts p61sonous nature. the two 

spee&as, 'odr.tuik DtRilAtmia anct s.~ :bmlttDJ&I tountt J.n 
. / 

Xnctle (M1asour1 and Simla) have not been lnvestlgate' and need 

examination for their capab111tr to ftx 41nttt:'ogen. 

Rosaceae t Before UP aurvGJ• the Pal!ll&UlftWb llUII aft4 

illab'l restricted to Oregon to Maalco \VGre tmovm to bear 

root nodules.: Recently Uft<ler this p~g~, &ub»l tn&a:tc&oa 
a native to :tndoneala has also been reported< to poeuss root 

r 

nodules in assoc1atlon l11 tb an unlttmt.1t1e4 sep~ate IIJpbal 

d.ctoorgard.em (Bobd. '19?6). 

DJ:XIP ha.e a clrcum..polar 41a'tr1'bUtion ami 1 t 1G onl.r 

111 Alaska and Cnn44a that plarttG ere kitO'WJ:t to bear root 

nodules. R=iao ~lJ. has a great ~eco1od,ca1 .ltnportance 
/ 

4urina secondaey succeseion where J.tLthe first vascular plant /.js 

to eo1ont.ze the recentl.J' degl.ac1ate4 areas In Alaska an4 

Canada and. fixes 6t.S kg .N hQ-1 ~~ under ti.e14 oo:nditions 

(Bond.• 1971)• -£1&mb&a consists of two. speetes namelu. ~ 

eJ~uloaa and !." Srl.<lcntata ''h1eh ere restricted to the · 

westem. e'tates ot N. Am.ertca. have 'b.een reported to ~ 
/ -' 

1'10~\lee, however, qua.ntl.tat1ve data -~~ t'lt<i'l\tt~ fixation . 

. are le.etdnt;t-

Halora;d.dacea.e t £1Wmca is widely d:ls:tr!butGfl throttlh 

.southem h~sphcre eonslstift6 ot 50 species out of which 



40 have been reported to develop stem nodu1 es at tho bases 

of leaves 1h association with a blue-green alga. IQISPO 

»>DdJ.tetml (S11veetet & Sm11h. 1969).. The BJmb1ot1o system 

ts ot a consider~Jble s1gn1t1cance as lf.· RJlllQ$itamo being 

capable ot supply1ng aU n1 trogen requ.iremen'te ot the plant 

whtoh has been estltnated to be ?2 kg N ha*"l 11"*'1 1n. the tlel4 

(Silvester A &n1th. 1969).. ft\4!· alp 1nhab1ts the intercellular 

spaces 1n the stem .end pOssesses etgh.t•tlmes more h.eterocysts 

Whleb 'brlng about tG•t1mea i:ncrease in the dlnl trogen 

fixation. Jn symbiotic conditions it seems that all cells 

of the laaa, be~ave llke heteroC)'Sts end .entirely ttepeds on 

the host tor carbohydrate supp1J (SUvester, 19?6). 

Rub1aoeae • fhe importance ot d1dtrogen tlxation in the 

leaves ot some geMra ot Rublaoeae was h1&bl.tghte4 lBP 

4ur1ng the lBP survo7s. Well developed. leat nodttle·s containing 

the bacterium. QiU&tJ)t tutaia:PuCUI (Silver I Centlfento, 

1963t lkmcl, t96?t JU.ehuetln & Sbll•nittova. 19?1). Silver 

and Centlfanto (1963) have reported that no4Ulat~d 20J.Cbt.Sda 

grows Rll on nitrogen tree media, bUt 41n1trosen fiaation 

has l'lot been confirmed tor: &• laAG$'7diPh¥1J,a whe the 

detaohed Mdule:tect leaves were exposed to 15N2 an4 acetNJ.ene 

gae 1n a olo~4 chamber ( Jacld.llg, 19?1) • fl\e aftalytloal 

tests uelng 15n.teclmlque have glven positive results tor 

dint trogen fixation ln tbe leaf nodUles et GIPDUIIA 

(Sll;vester & AstJ:tldge. 1971) and 2AD'til A&limllll 



/ 

the other genera of the faml!.J forming leaf nod"ules 

are uosu•• KdU»»bxlaaaa. ldtQADMRSI'Ur,,van Hovo, t9?J), 
ld~Wa an4 fladenla (Stevenson, 1957). '!'be recent 

tW14en.ce lndlcatee that leaf no4ules are inoapable of 
;· 

dlnlteogen fbation. The s1gnltlcance of leaf nodUles !e 

probablJ related tc> tbe pn>4uctJ.on of growth bomone ld.netln 

bJ the bacterium (Sllv~ & Aotrittge, 19?1t Decking. 1.971). L't.e · 

Brlcaceao • !ble tamlb has 50 genera ot whlcb 01\lJ 

AJ:OM.dfAVbdll restricted to arctlc•i\1p1ne rcglona ·has 'been 

mporte4 to .ttx dird:trogfJn .AD10~9a ~ 1s the only 

out ot '10 ~lee ·1ft this genus tmown to bear )t"C)Ot t\04u1ea 

wtd.cl'l haa been shown to· fix 4ln1 trogen using l5N-..teohn1que 

(llon4, 196?),· An assessment of th~ ocmtr:lbUtlon ot 'this spec1esto 

the nitrogen ·econoQ ot the ~don bas not been made so .far. 

MrraJ.naceao • .AI:fllpia of the t8mlly MJrs1naoeae deVelops 

marg.lnal 1eat n04ules. · iftsi&IUI 'szJJ.lsmJ.A l& tho associated 
/ 

1D1cro~t 1n the leaf nodule and has also been ehown 

to tlx ·atnltrogon ln. pure eulturo (Gordon, tt6;U. Three - ;' 

specJ.oa ot Al'41s1a namelr, A• EDma1iD• A• ad.&ma .end A• llitttz:am 
haVe 'been shovm to fb dlnltrogen but at a slow rate (Beckin&l 

' / 

unpub11ehe4 data). In lndla, 10 species of ·AI'dlsla ere found 

an.4 they ft(}ed to be examined tor their potentlal dlnltNgen 

flb'tlon. 



tJ!maoeae t ~ Afi'JJlflliU• a bember ot Vbu1oeae. tome 
I ./ 

root no4u1es s1m1lar to thqtegume ~t noAuleo lft assootati~ 

wlth an u1'dd<mt1fle4 spec1ee ot Rh1sob1um(trWct... t9?') * '\_ . ' 

The ··nodule otraot examined uiKier phese contrast microscope 

contatned rott·a~11ko. otruotures reaemb11n& the bactero14e of 

·libAteJW!a obtaind fttom liD ui.D!Illl.l• Zarat~ also tomet 

enenslve nodulation on J.noculat1oa \d.tb l.bl&llium strain 

NOR 2,.. .isolated from YJ.a A&MNia• tth~ plants tl• d1nltrogen 

oft.tclenttv at 1nd1cate4 b)' vlsorous ~ 1& mtrogen 

4ef1ClGilt so11a, anti contrtbutes a .aubeto.nttel .amottftt ot 

tbmt 4Wtrogen estimated to l»e· 86•5 q If ha•t rr•1 !A tbe 

tle14 -(~lnltlt• t973) ~ The etteott.ve n;ot nod\t1o fomatlon 
/ / 

by Trema oannabl.e is of conslcl&t"ablo lntereet due to ita 

essocla.tlon wlth .Bldraol!Aum wh!oh generally ~s -~blotle 
( 

assoclatlo~ w.lt.h legumenous. 

Blaeagnaoeae • Tho three genera ~Y• IJAtlfUlBD• Bl:rmt.ai 
and lltlb&dla ·have been ehown. to bear root nodUles tlxlna 

4lrd.trogotb Detore 18P wrv-ev. 1.0 speolos ot IUtGMSJII 

were knOwn to tom root nodules but e1x .aor4) apec.t.es, bearing 

e~ve .!?OOt nodules have been d1SCOV·ered by the UP etQ!'Ye,.s 

(Jon4, 1916). BMUD\11 was the tlrot no.twl~, ~"Cot 

1104\llated plant to be stu4Uc1 w P. 'l'fobM 1n t892a IJtM'Q'JII 

IPJtllVIda and ~.. aD.IallilcQ$.o are weedo Jn "• Amm:ioa .but aiED 
' 

$t1mu1ate th,e growth ot ea6ocla~e4 tl8rbaeeoue specleth In 
/ 

Japan, l·· dl'>lllda and 1n Europe l•, III»SSihJia are used 
/ 

tor tho etab111tsat.&.on dt, 8M4 dunes, In India sevcm species 
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ot ll.DIItD'I&I are found but have not been .studied dini'trogen 

f1at1on vlew point. W.P»Aibal DalimRWII J.s the Cftly nodulated 

apeoles occurrlnA ln eastern Bw!'cpe ·end Asia on coastal eand 

dunei'h Nitrogen accumulation bf lllrmRRbD• has been mate 

U,K. has been estimated to H 1?9 kg N tta•l p•l ln 13 rears 
· old plants contaWng 642 kg nodule dry wt, ha•1 (S.tewart 6 

Pearson. 196?), IU·DPOPJlU colonlse.s bare eand)' oolle where 

t~rature may be upto 40 c. IUJm&»baa wlsltaJta 18 found 

ln India (Lauhal) needs exarnJ.nat1on tor asoertaln1ng lts 

dW trogen fixing potential, t'he three speolee of §b•Pb!DU!i 
tlbich are confllled to N. America. posses• r~ot ~lea 

(Bond, 195?). Roth!.ng is known about the contriwt1on of 

thie plant to tho nitrogen econom7 of nature• although, lt 

grows vtgorousl; 1n nitrogen poor soils of A~ISI fttpbfid&l 

GiDidilfill 1s a poineer species ln secondary weceaslon on 

recentlr ctegl.aolated areas at Glacier Bar. CaftQ4a, 

Cawarlnaoeae • GUid.Di conelats of 45 species out· ot 

which t? have been known to bear dln1 trogetl tblng root 

nodules. lt le dlstributect 'Widely throughout ""pl.cal western 

Pae-ltlc coast 11ne of Australle, Malqa1a an\t .£,. GQ11'AsetJ.ftJ·1a 

on the hr.der ot the Indian Oceans. In the cours-e ot ID 

survep seven new apecie.s ot Quuad• have been found to 

form root nodules extentd.velr. Qaaru:iaa has been designated 
' 

as one ot the most 4rought•restetant epec1ee sul table tor 

desert plantat1orlt St ia a pioneer coloniaer 1ft the seocmdarr 
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euocee ... si.on: Dommergues (1963) has made a quarrt1tat1ve estlmate 
of the dlnltrogen t1xe<l 1a sand;, solls o~ Cape Verde islands 

ef .Afrlcs.. ctom!nated wlth .g. rts»J.&dUalS.· He found that the 

bare soils contained 80 kg rt ha•1 .and after 13 f&Ue of 

plentat"lon tho eoA.l nitrogen lncrease4 to '09 kg I lla •1. 

ln a4d1 t1on,. the at81iding crop of Cuuar1na weo est !mat eel 

to contain 531 kg Ji ·ha,•t &i•J.ng an average rate of 41n1trogtm 

fixation S&.S kg N ba,..l rr•1, 

Betulac:eae • A\ftMfi is one ot the moat extens1velv etud.1e4 

d1n1troget'l tJ.xing non.-legume wooctr plant, About 33 speolea 

of Qnug out ot 3S an known to possess root nodules, ·11xtne 

4J.n1tJ!'Ogert aetivetr, Crocker end ll1Ckeon (195?) studle4 a4e• 

quatelr the implication of alders ln. pl.ant wceesslon and 

soil formation in 4egl.ao1ate4 soils of A:LIMA• Akmlhadlla 
' 

1s one of the t1rst t~oOCl7 plants to appeu ln cleared areas 

after mossess en<l herbs have eolonieed. The 11tter fall 1s 

roporte4 to cont:riltute about 62 kg R ha•l.. p-t. ~1ng the 

cour$6 ot platJct success1.on a thick growth o.t /tl..rmln pceurs ln 

25-40 Jears bu:t. lt torms a 'tran•1ent communlty which 1s 80011. 

overtopped bJ epmce (lla) plante. &U.shust1n and Shit 'N.kow. 

( 1971) have reported that JJ. sJ~yi;J,MQf can fp Upto 100 kg N 
I . 

ha•lrr-t in t.he, f1e14 ullder favourable cond1t1onth In wet· 

san4y soils ot the lfetherlancls. A• eJ.11ilnPII develope root 

no4u1os biomass weighing upto 44 ks ha•l can t1x 5'-1'0 kg R 

ha•t rr•t (Akkermans, 19?1)• A great slgn1t1cance ot 
. 

Alaua has been recogn1e~d that lt stimulated the srowth 
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of ZUl13HI ;td,AbPQiall by 22.-times at Olacler Bay• Alaska 
< " - - - • ~ - --- - -·- -- - - - - • "'' 

(Lawrence. t958) .and estiflltited tha't 11 tter tall ·Of Is, o.dDI . . . 

IDa¥ accotmt tor iS? k6 N Jm•l ~~ under S rears o14 plants. 

N1 trogen content ot 14Av&1. 1s much higher than the moot other 

non-1egwne flowe~lng plants and the rate ot litter fall .S.s 

·extrotJe1r hlgh, In lmla, two .speclee of Qrau· hamelN• 

A• ual4a&G and •• 4iADCA .Fe found in (Kumaon, HJ.malGNB GJ'ld 

Kha$1. H111B) and their potential tor dlftltrogen t1xat1on needs 

to be e.veluated. 

r.tyrloaceae · ' fhree genera natDSlr SQmPitniB• 9.1).1 and Hrr&a• 
have been reported to ·bear root no4ules. ~ J21£C6rW 

/ 

bBm nodules 1n assoolatioft w1 tb e.c'tlnomyctte-like· endopb)'te 

1s ttestr1cted to Cat\ada. !1 occurs 1n sandY and poatr so11s 

and s1gnj.t1oant1¥ contributes to nitrogen to the snbstrattllli 

(SUver and Hague, 1910) •. Another genus, idA ~.rJ.a whlch 
\ - - - - " . ' - ~ . - . 

also dominates the san4y ao11 in 1:eln))erate a.- Amer1ca., n.w. 
Europe and ti.E.. Slber1a has been· shOwn to fJ.a 41nl trogen 

under field con41t1ons at a rate ot 9 kg N ha··t· ~~ (lond,. 

19?1) • t1Y.Ebl the most extensively stuct1e4 genus of the 
-

famll.r J.a cU.str1bUte4 ~M-ough Asia,. ~rope, Africa·~ r~. · 
America.. Fourteen new specloo o~ l'id.Qa have been dlseoverec:t 

during the lBP eun'&r5 and thus 26 speolae out of 35 are flOW 

lmown to develop rca~ nodules (Bcm4, t976), &YJ:£t.ta .~.· ocoura 

aro1Jrnl ·mat\1. Bl"i tlsh lakes and contributes substantlallN to the 

nitrogen econcmu of treah water, liJ::I.a •mltD21 ia ls a 

domlnunt apeclea 1n sand dunes ln s. Atr1ca ( Grobbelaar 14 A•, 
t911) ,. In Flor!da. 1!• fliEiteD acts as a aen sta.se to .PJ.nu 
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tenst and ln 1M.ones1a, fl• ~~ 1e an aetf.vo colonieer Of 

ot soils eKpOee4 to fJ.re o,r volcanic acttvtty (Beeld.ng, 19?0). 

Bond (1951) has estimated. tba:t I• Ult, mar contd.bute 9 kg 
' / 

N ~ta•l n-t, In In4la, IYJ:&AA imMDfoJ&a oCCUl'fin (SUhet I .. ~ . . - .. -. - - - .. 

an« Khat1l Hills) mtrita attentlon tor eva)uatins 1ta 

41nltrogen·f~lng potentlall.ty. 

Dlotooreaoeae • lliQISf.UII IIADDID has also been reported . - . - --· . - . · .. 
/ 

wlth 11tt:1e evldencea tlJting at'Jmospheric 41n1trogm in 

1 ts folic envlronrn~nt. ftte mtcrospbf.ont ls thought to bo 
- ' 

an act1nomwoete.11ke endophyte GmbeddeO. 1nno4u1et found 

on ·the) upper l·eaf su~ace. Sohaeda (t 962) eld.ma that 
/ ~ 

QUICOU.i _,like other lent nodulated species tb~ a:f:?moepl\er1c 

4Wtrogen but lt has not been cono1ue1velr proved. In 

ln41a (S1mla) tour spec1ea of &iQUQUI are toun4 man 
, 1200 to 3000 m altitude need to 'be C&nl~ stu4le4 tor 

. 4W trogen tlldng potentla11 tN. 

HJdrochar1taceae ' ACetylene reduction assar (H.at'dJ A1;1l• 
1973) has revealed that 4Wtrogen tixatlon oocurs in the 

.dlsosphere of a munbe .. of rnarlfte~ Dalraai&• lFatrtQ.uJ.n & 

~wlea, 19?2), 8M freshwater plants p~1~ ~A 

end .litbhomLa (Bristow., 1974). fhtee plante. are _bol1&v-ett to 
' ·. ,-y ·. ' ' ... 

have loose assooe:tions wlth un14entJ.tled eplp~lc bacteria 
' / 

r.espons1bJ.e tor their hlgh rd.trogenase actJ.v1t-!es .. DAJUIIA 

. btdai.dkl•m· a troploal marine anatospem, a.buntantb tound 
. . . . . . . . ' "'-

tn 1mt1en Pao1t1o Ooeans has the 4Wtrogen tbll'lg capac!~ 

varytng from ·t00.$00 kg N ha•1,r.1(Patriqu1n .,. Knowles, 1972). 
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I:IIArUlD :urtiAil11dD and wator hJ&clnth (IJ.Gbb.or.Dil 

aat~alpftS)have anaerobic envS.rom.ent in their growing root 

zones favouri-ng 41nitrogen.t1xat1on. However, 1t has net 

be:en shown that as to ·bow the nitrogen requlrem.~n.t ot these 

plant a can· 'be. obta!.ne<l trom 41nl trogen fixed 1n the 

rh1aosphere (Silver & JUJnP•· 19?5). The importance of 

cU.nl. trcgen f1xat1ora in aquatic environment • where nitrogen 

ls considered a prodUct1v1tr limiting factor the importance 

ot <U.nltrogen tlsatlon camot be under eetJ.Mted.., 

TJPhaoeae • ~, an emergent freshwater ple.nt, forma 

a 1ooae,root association \Vlth an unldent11'1ed 41n1trogen 

fia!ng bacteria. The report showo that the dWtrogen 

7\J 

fixed in the rhleospbere 1n IDbi sp •. may fV1tl1 10•20 per 

cent of the n1tX"Ogen requirement of the plant (Br1stovl, ·t9?4). 

C:t~Peraeeae • Four genera namely, lliJ,b.Q·aSrlifh 9Dia&lh 

£.lmlcl.dVlli ancl illtU are known to tlx dln1 'tregen 61!¢1-

)adJU: and hl~cmtaLA isolated from th$ roots ot these 

plant·a are believed to be responsible tor the high ftltrogenaee 

eot1vltr. Qaews MlmGDU• an aquatic plant baa been 

shown to f11t dlnltrogen 1n the mlsoaphere (Silver & Jttmp• 

19?5) and Belel'l4reau a il• (19?3) have estlmatecl that •• 

O:biWStDW "owing 1n · trop1cal warcn reglona ot Brasll and 

Nlgerla can fix as tnUch as 2.53 mg N ita•1 ,r•l. the other two 

species. »».JJ:wdatl·li ·IRJ\X!J.Iftboldtl and £imJzr1atxllal ep. 

(Day a Dart. \ll'lpUb. J have also been. shom to tlx 
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dlrd.trogen approximately 30 ~?'I kg n ha•t. ,..·1 respect1ve1y-. 

Cn:udneae t Recent studies ln Brae11, tJJ.ger1a. and IvotJ 
/ 

Coast bave 41scovere4 a loose eymb1otlc assoclatto'ft between 
/ 

the roo~ ~t tnpS.eal C4.graeees an4 41n1:ti'Ogen tilting 'bacteria 

(J'JObereJ.ner al AJ.,, 19?2t BUlow • DobereJ.ner• 19?$) • UrJder 

favourable . ·OOMitions these grae&.bacw1a1 aseocla.t1ons may 

eont:ribute substant1al17 to the nitrogen economy ot many 

tomge and .grain crops. De-Po111 &,ll• (19??) havtamons. 

tnted that the 15B2 leolope bas been Incorporated by the 
two C4•araasec namel.J, Rid tid A dM1UPlalll .aftd .bDI%1!1 . u . . . . 
notatum aft4 enr1chmenta ot o.ts and 0.563 N atom per cent 

/ 

excass ~ere obtaiftetl in roots ot a., -~ . .,. tantlfYJlf'\a 
and l• IJlhiD Qat«na 1n tht"Otl daNs• The tropical gl'asses 

which are able to ~pport slanlt1oant1y 4Wtrogen t1xatl.on 

have been tound to possess e:tt1o1ent C4 pathwq Of photo-
- ' 

eynthesls (J;:>q ~ @!.•• S915). The root exudate ot these 

plants ln the rhlzosphere plays an ~p0s:-tan.t role in the 

establlehmGnt and maintenance of the pOpulations of· the 

· dln1trogen fblng bacteria (Neru A Diberelnert 197?). 
' 

%n most ot the 41nJ.tz;Ogen t1x1ng systems the ava1lab11lty of 

photoeynthate ls constdered to be a maJor 11m!.tl;ag tactozo to 

41n1trogen f"batlen. However, due to the efficient c0 
pa'thwar of photoaJDthesJ.s the c4 .. grassoe U'e oonsldered to be 

1ft a better O'C>nd1 tlons wJ. th l'egard to tho photoQnthato supply 

to,- 4$.n1trogen tlxatlon (ReJft 6 .Doberelner, 197?)~ However,_ 

most of tl\e studies of din1 trogen t1B1ng graae-baoterlal as·so-



oiatett eyatems have been conducted under labomtoey concU.tlona. 

Barber at al• )r (t9?6) have shown tbat there ts a 30.fol.d increase 

JJl the number ct d1n1trogen tlJd.ns bacteria onto the roots of 
,-

excloed maiee plants, when samples are ~pt:elncubate« ovemS.ght 
/ 

at low po2• Therefore, thetl.! nsul.ts eho1~ that 4ln1trogen 

fixing act1v1 tr measured 1n the laboratory are abOut 1 o~t1mes 

more 'than the rates measure4 under t1eld colldltlon.th Thus, 

the grass :root-'baeter1al loose assoo1ati.ons ne" a cr1 tical 

Lo~ evaluat1onl_ tbeS.r 41n1trogen fixing aot1v1ty un4or laboratory 
• 

and tttlt'l col'td1t1ons. 

fhe first report of c.,. .. iWass-bacterlat association 

retate:e to I&Uma- DAtdD (D0btro1ner, 1966·t Dobereiner & 

Cempelo• 19?1). AW@IASS ;aaalA. has been reported .~ 

~he m1~c~organ1em locaUzect ln the 1a11oUagenous , sheath around 
. ' r 

the root (D~berelner ~ at., 1972).. Estimate ot d1n1trogen 

fixation 1n lntact root eoil cores ot lai»Wm DQ!Ol»m hae been 

measured to be 124 kg N ha•t p•1 (Nma & Dobereiner, 19?1). 

Q.Lsi:arlt.lr d&AVD~fi-§Pid6:&an 1·hAII8 possess hlgb n!.trogenue 

a.ct1v1t)l' and the bacter&a have been located 1n the !ntercellu• 

lnr spaces ot the inn.&r cortex of the root ·(Dobereiner a Day, 

1976).. fhe nttrogenase activ1t¥ of Rls&S.Jrp 4tUam#>tM root 
' ' 

/ 

ao11 core'S cneaw.red by .aoetrlene roductS.on aseay lnct;ica:te. a · 

gain .548 kg N ba1 J~"•t ·(Neyra & D~borelner,. 19??). · 

seectl!.ngs ot suaarcano GxPO.$od 'to 15n2 have been ehown 

to tts 41nltt'(tgen aot1ve1y (DObere&ner, 1961),. fb.e acet~lene 
. ' 

reduction assay bas shown that only a part of the dinl trogen 



t1aed occurs on ·the root surtaoe of the plant, otherwise, 

mostll' i._ oocurs 1n the rh1eospbere. .Oin1trogen fixed by 

sugareane has. 'b$en reported to be 6 lqJ N ba•1,r•l (DobereJ.ner, 

t96t). Weet a ma3or ·grain crop of the trr>p1cal wo:rld has 
b~en reported to have the highest n1trogenase aot1vitJ 

reaching tupto 9000 n moloe C2H4 g•l root br-1 (BUlow & 

Doberelner, 19'7$). However, the results havd been obtained. 

und.$r la'bOra.totW ·Qonditions atter pre-incrubating the roots at 

low po2, o.oas to o.os atm. Dobereiner e.1.Jl.l,, (1915) have 

ebown that nitrogenase activitr both in Ztmliu:lU mml\lrtlm 

and tnd.ze ls as h1gh u 36.5 .and ?30 kg N ha·1- vr•1 respectively, 

I 4eta11e<l stud:t to ascertain the 1ocaUzat1on of &»kUlUm 
Um1tm:tam in the roots of these plants 1s yet to be ma4e. A 

number ot tropical c4 torage gasses' namely, AQSII!APMI»• 

lirAOliW£a, Qinama. Q)'J)Q4s~t U.w:DeniA, m~JJ.n~.u anct 

~ra·lllJm,. have also been ahown to possess hlgh nitrogenase 

activities in their rbi!osphere (Neyra & I1obere1ner. 19??). 

·,~e c,-grasses have been also shown to make so.me 
' 

contr1bu~1on- to the nitrogen economy of nature. Rl.oe and 

wheat IU'G ·tho ·two lmportant grain crops which are able· to 

SU:pport SJmblotle c.U.n1 t~ogen tixatlon. Blue-g;reen algae 

such .as IIU21t Anlb.iiDA and Al!MP'r& and the bacteria ' . - - -.. . - ·- ,---

ili4or~u. sp and lntArtMOlf:r dfrlUII are mainly .responsible 

tor a large part of dinitrogen ttxed i.l'l the paddy fields 

(Balan4reau, 19?5• Neyra. & Doberelner,_ t9?1), Aoet)'lene 

reduction assays wJ.th ex61sed J.'!OOte of f'ie14 grown rlce have 



Table 12-. A list ot non-leguminous d!nl'trogen £1a:ing flowe.rinf planu. 
(Plants are arranged accord ina to Benthem A Hooker · t862~1883) . 
SS'stem of olaos1fieation).. · · · . . 

Sr.. . • Glii/ I . GeographiCal' ~I No. of B.P_~ No'. ·Of I Method kg N· Jd.c~ MicrO- I Retereitoe 
Bo., gemas 41str1bution in genulf"P sp. :ru,. ot o'tud~ ha::f symbiont. &Jmblont 

r: :: 2 ·:::· :::: :· 3: : .. : , :,:: i :· :: I! :,: ::, 1 .::: .:: .. f: :a , :::: . f>.!::~~ ii::: ::. :: 
atlamft8.ceae 

1. Ceaaothus Canada. India 55 
asureus (Dol\ru Dun) . 

a. •conet1a Subti'op. and t? 
paradoxa. temp. s .• .Amerlca ., 

*Dlscar.la 
toumatou 

.;: .·Cor1ar1aceae 

Austral!&~ 10 
Ne?l Zeal..and 1 s. 
Aftdest Dras-11 

Corlar!a Med1 t. to . t5 
myrt1to11a Japan, New 

Zealand, 
Mexlco to 
Ch11et lndla. 

31 

3 

2 

13 

6o.o · AM RtJ De1t~1ohe 
.ll.al·· t96.S 

ARA ... OSHM RN Bona. 1916 

15rf + • Rill Morrison. 
1961 
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conf1mod the fixation of ditd.trogen 1n the rhleosphere and 

at the f'lO\'tt'fring stage 1t has been estimated that ;o-..60 ka N 

ha•1rr•1 ta tilted bV tbe associatlon bacteria (Balandroau •. 19?5). 

fhe nitrogenase actlvlty of' root soU corea containing 

111\eat le eignitlcantly higher 1n comparleon \dtb the bare 

oo11·8 (Day a1 Al•• 19?5). ln Broadbalk t1e1d wheat eXperiment 

at Rothameted, u.x •• tram '81t3 to 196?,. lt has been Ghown 

that on an average· there was a cain ot :;4 kg N ba•1 rs-•1 
. ' 

(Jenk1nt:;on. 19?3)-. -However, the voot eo11 oores ot \'lhea.t 

teeted wl. th acet)'lene :re4uctJ.on method gave a value ot 2• 3 kg 

N taa•1 n~1 · (Dav .1 &l•• ·19?S)+ ln Droa4balk tlold Wheat 

experiment a ma~or part of 4Wtroge.n tilted was· contr1:tmte4 
' . ' 

b¥ the tlue-fP!etn aleae. lllbf.IJHW*• AIMML anc~ la•&uva 
IQ.l.IIDXJA ~ve been reported to be tho most actJ:ve CU.nltrogen 

tixlng bacteria on the "ots of wheat ( Nepa. & D0bere1ner, 

t9?7). the DAStUJu; »Rllmla bas been isol-ated from the 

Wheat t:tOot wrf"ace ae well as trom the lnteroe11ular spaces 
' / 

ot the co~tea (Larson & Neal. 1.976). The .foJ.lwolng fable 12 

provJ.dM an uptoraate 1ntomat1on on the non•legwn!nous 

· din1trogen .fixing f1ower1.ng plants 1n a concise mamer. 



8. 

' 
Rosaceae 

•CercooaZ'J)tts s.w. USA, Oregon 
b0tulo1des to MG:d.co 

/ 

*Dryas 4ruml'ftio Arctic-alplrte 
ond::ii u.s.,.A•t N .. !emp. 

•ne of Europe 

•Pursh1a tr1- Pacific u.s.A. 
;entata Cosmpp, espeolallJ' 

N., temp •. refJlona 

4 ' 

20 ,. 
a 2 

a 2: 

RubUs e111p. CosmopJ especially 
ticua . ll. 'tomp. refJions 250 . 1 

lfaloragidaceae 

9. •Gunnera. 
dentata 

Rublaceae 

ARA + 

• 61 •. 5 

1.5 N + 

ARA + 

10. PQohotr1a TrtJJ.h s. AMcat ?00 410 · 1.SN t. 
mucronata. Malagasssrr Za!ret 

Swedtmt 1¥0!7 
Coastt India 
(.Siktdmt Aeenm., 

' Bicobars) 
t. t.. Pavetta · · N. Australlat B lla? . · 339 .ARA + 

· aseltnilis Burmat Mala.'J'Bn 
Peninsula to 
Chlnat lndla 
(Slkklm, Andamans.) 

)-

8 

- Jm 

AM 

• RN 

USHR RR 

tf) 

Vlamis ·At .11· •. t ~4 

Bond. 1971 

Wagle. • Ylamts, . 19.1 

Bond, 19?6 

SUvester 6 Sml tb, 
1969 

Grobbelaar A& al•• 
1971 . 



t. 

•Hodgk1nson1a 
·ovatltol1a 

ts., Garclen1a 
thumbergl.a 

1.1. *Lecanosperma sp,. 

Bricaceae 
v / 

t8. *Arctostap~lo~ ural I A: .. 

~lnaceae 

19·. Ardlsia J)r1~Jn:t 

!rop. W. Atrlcar 
Columb.Ja / 

Australiat New / 
Zealaft4J Malqs!st 
Ch1l&t Polynes 

B~. Aust~la / 

Bo11v1a 

90 

-N-.w. • c. Amerlcaa ?t 
N, 'temp. and ·arct1c 
regions 

6 1 

1 

15 • ·-
1 

1 

+ -

9 tO 

LN van Hove. 
t9?2 

Stll Silvester It 
.As'tridge,. 
19?1 

LR S-tevenson. 
19.S? 

Kr LN Stevenson. 
.1.951 

Kr .LN van Hove., 
19?2 

Xr· W van ·uove • 
1972 

AJI RJI Bonet. 
196? 

nr LN Decking 
(unpub.) 



' 

..,._ __ .._ __________ .....,... ______ ,. .... ,6 -----· ,~-1 -·-... -,.. -·· -----------·-----

1 2 ' s 6 8 10 

---------------------------------··-··-·--··-··--, ·----------------~~--------------------
Elaeagnaceae 

21. 

Blaaagnw; 
angustlfolt.a 

Hippophai 
rhamnolcles· 

22. *·Shepherlia 
ct.UJ.adenels 

Ulmaceae 
23. Trema ·cam'labls 

Casuarlnacea'e 
24. Casuatii~ta / 

' equlset1fo11a 

Detu1aceae 

as. Alnus glutlnbsa 

Aeiat lnrlla IS 
(Stmlat w .. BetJ&al:) 
Cand.dat Europe 

2.· em:p.. Burasiat 3 
lft41a (ltt.u:!laon,. 
Labaul) . . 

Al~ 'to "• Meld.co., u.K!., 
Colombia·· ./ 

bop. and Subtrop. 30 
Austr611at New 
Gulrleat Ma1Qaa 
A1:f1a• Atricar 
11. Amerlca 
Trap. Auatrellrtt 45 
Ma1B7slat PotJnest 
Af'rlcat Aala.t 
Imla (Andamana) 

1 

2 

'' 

sc..... "N + 

U 100.0 AM IN 

stewart & 
Pearson. 196? 

~rimtck. 1 9?3 



1 2 ' 4· .5 ' 1 8 9 so 

r~JT1caceae 

26. •Comptonla 
peregr1na 

~.a .• America 
(Canada) 

1 !. ts,. + 'AM tm S11ver 
1910 • f!~ague. 

,2'/. •Gale palu- Temp .•. u • .&mericat 2 1 AltA 9 .. 0 M. BN Bond,, ~911 
strls l'f.W-. ~~ N.B* 

31be1"1a · 

28. ~lea 
cordltolle 

~P• ·al'ld eub'k'Op. 
D •. S.-A.t M.E .. Aalat 's 26· 9.0 All BN Boftd. 19?~ 

.Jialayal ChlnaJ Japaftf 
Jnclla. Simla 

D1oscoreaceae 

29 .. Dioscorea !rep.. and subtrop .•. 600 tO t.S • AM LN Scbaede, 1962 N -macroura s.w. At'rloa• Iftd.ta 
(Slmla) 

Hyctrocharltacea• 

30.- Elcl\homla s.B .. u.a.A. to ? 1 ABA + a~ RS Silver &. cl1JJ11P 
craasipes Argent iDa 1976 •• 

"· H~rilla luraelat Atrlca t ABA + As BS- Silver A Jump. 
Vcertic111ata 'to AUstralia BS 19?6 

32.- fltalusla Indian l'ao111c Oceanst 2 1 ABA soo.o ua .as Pa't.riqulb. a · 
test.ud1num Atlan't&o Oceana Knowles,., ·1912 

Contd ••• /-



-·-· 
1 2 ' 4 5 6 1 8 9 1"0 

~uhaceae ,,. Tuha ap. 2ror.ana 'temp. 20 2 .&RA + Ass RS ~s"'tOw .• 1.'9?4 -c, rea ont;~: B.l 
CJPeracea:e 

34. *Bulbos'tJlis ~. countrlea,. 100 lt AltA ;o.o Q. BS .DQ a Dart.unpl.tl». 
aphtllantho- s. Ame:r1ca·t 
ldeo .s 'Aftiea· ·· .. . . . 

"· Cyperue; =· anawamt~ 550 ,, ABA :2Sl a~ RS Balandnau d.Jal·! obtuolflorua ona:~ ·Braalll .rf · · ... 19?3 
.er1aJ Indtar Srl . tanka · · · 

'" 

"· P!mbris'tylt.s ·Tro~ cubtrop.,. 300 4 ARA n.o B3 RS Dal~ .li Al· sp. ·reg ·. · .·· .. o.:r Iuo- ;1973 
:malQ'a to Australia 

11· Juncus .. CtJSmOP• malnl' 1n .300 t.2 ARA + S:l RS Barber Jd..Jll-. 11 baltlcus cold 8114 we-t places 19?6 

Gram1neae· 

)8 .• Aftdl"()pogon 'rrQp. a11d subtrop. t13 10 ARA tto.o 11 RS DOberolner 41 &l· ' 
gaganus • c4 t9?S 

" ,,. Alo~s Tap. Euraela"t so ABA + GlfB as Krasil•ftlkov..,. ' . 

pra:t@ls Len. s. Amerloaa u.g,., Kralnava. 1962,., 

Conte~ .... ; .. 



----------~------------------------~-------------------~------------------t 2 ' -------------------~----------,_.. 
40. *.Am:mopll11a 

annar1a 

41. Brachlarla 
ragulosa-e4 

42 .• Cencttrus rep. 
loaa ..... c4 ,.,. C~bopOgoa 
g1gantwe.e4 

44. Cynodon dact,.. 
1oa-C4 

4:5. D1gi'ta:t'ia 
tle.cum:bens -c4 

46. Bleusine 
earacane.-c4 

4?. OlJc&ria borealis 

~p •. regions 

Trop. :and \IIOI'iD; 

~ . relJ!ona 

~rep. and subtrop .• 
Savannas of Atrlca, 
Aafa 

ttrop .• •and wam 
temp. regions 

~~)). and' subtJ:op. 
Savannas ·ojt Ahletit 
Asia 

~p. 8114 atbtrop 
' . ' . 

Savan:naa of Atrlcaa 
Aala 

~smop •. ·o=lallr 
.1ft. N,., Altier 

so ' 

25 

60 

10 

380 

' 
lK) 

6 ? 8 9 10 
*" -.t r 1 _· J .,..... c u ·· IE llU ·g 

s AU 59.0 Sl RS o'' 1 • obonner 
DQ., 19?3 

' AlA 6, .. .s As as. DobereSner • DQ, 19?3 

) .ABA ''·'1 A a RS D(ibereine:r ·• Day• 19?, 

Doberelner 2 ARA tto.o Bl IS & 
DQ, 19?3 

;6 ARA ••• $1 as Ne¥ra & 
lloberetner, 
1917. 

2 ABA ,1.0 A a RS DobU"it1l'ler, 
'""'.Ill•• t91S 

ABA 60.0 OD RS Dristotr. 1974 



1 2 4 5 6 ? 8 9 10 

48., •Hyparrtrenla ·Redltil!it .Atr:lcat ?S ' ARA 129!0 A.t: IS Doberelner 
ftfa-C4 Wrop. and subtrop. S1 & Day., 19?, 

regions. 8J 

49. 'LOudGt1a simpla ~Top... s. Af'ricat 41 s. ABA 2&.0 VB as. •a7 Sal•• 
S. Aluerf.CSJ. 1975 
Jfalqassa,-

so. *Melinis. m~S.f• Lnu. 1,trop:., s. Am.ed.eat 18 2 MtA 16.-S A~s RS Doberetner f:, 

1om -c ll,. lndlGSi. 'ilvp.,S. Sl Dqt 19?3 4 Ah!CilJ ~Q B~ 

.ss.. ~sa sat1va-C~ s.s. Aslat lluma.t 2$ 1: ARA 120 ... 0 h RS Wa'tartalte • Japan, Ch1nat BJ 1Cultk1•tee .• 
U..S.At u,..fhS~•·• Sift 1915 
PhUllplhCS 

s-a •. Pint cum T:roJ• an4 au~ •. 500 4 AltA 122~0 S1 RS Dobereine:r • maximum •· c4 re --·ons D~t- 1915 ,,., Paspal.um 'lrop •. and subt-rop •. ISO s ABA ... o As BS N~raar 
~m'tatum c nas.ons S1 DObere1ner. 4 19?7 

SIJ. Ponrtlntum T:r:op., coun'h-.lea.t t30 AftA 365.0 Aa J\S Doborelner. 
p&l:'f~ extenalvely cul'tl ... S1 e't al. .. ~ 19?5 

vate4. in lftdla --



___ ..._ ________ _.........,...._..__.,._._, _______ _.,... ___ _.... _________ _ 
1 

Sporobolue "' 
heterolep1s-
C4 

S9. Sorghum 
b1colo~4 

' 
'Zrop. B~ As1at . / S 
0\lbat Ja'\fat, Hawa2ilt, 
Braul· 

Trop. am. wbtrep;. 1·40· 
s. Burcpe to. dapa 
AunraJ.1a 

'fet~lh -ericat 
E~e, Africa 

'trop* imlt. arm 
't~. ,eglona 

150 

Trop. ana subtrop. 60 
regions 

w. Aaior w. Ab.at.. 20 
ralia·t )1e:di:t,. re-gJ.on, 
u.,s .. A.,• u.s.s.R., 
Carddat lftdla. . 

R.B. Asiat N·. Amer1cat 
Argontinat Bra:dl.., t. 
Mel'dCOt lndla. 

1 

2 

1. 

1 

' 

ARA. + Sl 

.lftA t .• o b 

9 10 

RS 

.RS 

Patrlquh, 
19?6 . 

!.3epkama & 
BUrris. 19?6 



Chapt-er 6 

Fa~ors Affecting Din1trogen Fixation 

7t' 
J 

Allarge part of n1 trogen requirement in aplcultural. 

pro<luction ls eupplle<S b7 dlnl trogen tbins s~blot1c srstems 

2'l$8lel.Yt legumes and non•lepmelnouo flowering p1ante wbleh 

ut111te photoSJntheticelly stored solar efter§ tor reducing 

a.tl'l'!Oap'herS.o c:Unl troaen to ammon1th The tbltlon ot d1n1 trogen 

l.Q not d.ependent nonrenewable resources,. therefore, its 

UGe 1n. fl.G1"'1CU1trua1 production shoUld be maxJ.mized~ the 

process is greatly influenced by many env1ronmenial factors. 

thus, the cotnplete understanding of the .factors 11mi tlng 

biological dlnJ:trogen t1xat1on deserve serious attention. 

Enviror..atal stresses at the ear1r stages ot spbios1a 

formation either have adverse etfee'ta or &'top dlnltrogen 

tlxa'tion completelJ• A critical evaluation and a proper 

undorstancU.ng ot the envtrorunental tactora ·1nt1uenclng 

the pl'Ocess w111 greatly help in cteveloping sul table etra:teg 

for optim.lelng bl.olog1oa1 4in1 trogen fixation. fh& tacton 

S.n.tluenclng tb$ process ot blolo&lcal 4ln1teogo t"lxatlon, 

can be broadly claso1t1ed. into the following tour ce.tqorleaa 

t. Atmospber1c factors 

t. Llgb'l 

11. Carbon dlo:d.de 

· 111. Oqgen, and 

tv. Temperature 



2. £4aphlc factors 

1. lnorganlo oomblned n1 trogen 

11, Jl1nera1 nutrition 

11$.. Soil pH &M oalolum 

1Vt Water stress, and 

"• ltthflene 

)• lllologS.ul taotore 

1, Host•microsymbiont ~pecitioit)' 

11. Jn~ury 

4. PbJa1clogica1 facton 

1. HJdrogen evo1ut1on 

t. Atmo~Jphw1c factors 

A n.umber of atmospheric factors namely, light• carbon 

·dlold.de, oxwgen. and temperature affect. the process of 1)1olo­

g1cal 4in1 trogen fixation profoun<UN. 4fbe various ettecta ot 

these factors are 4eecr1be4 .tn. the following paragraphs., 

1. Light • tlG)lt lnfluencee the proc&aa ot bl.elogioal 

dlnltrogen tixation both directlr and 1ncU.rect1r,. 'lhe 

41reot effects of .llgbt are due to the lntenst:tr, 1 ts duratloa 

and 4U&11t.r of the 1nc14ent 11gbt. lndir:ec'tll't the 11ght 

a.tfecta dlnl trogen fixation b)' influencing the process ot 

photosynthesis through the carbobrdrates supplJ to the 

m1croQmb1ont Wh1oh is describad unde~ the effect ot carbon 

· dlox14e. 

'here 1s a 4lrect relat1onsh1p between light lntensltr 
and 41n1 tr,ogon tlxing e.c'tiv1 ty ot a plant • lhe tncreae1ng 



Table 13. Da11J fluctuations 1ft acetylene reduction by the Mclulee 

of t1rst-rear and second•rear alder plants. 

Date 
.... . # 71._-~, t '!>I, . , •· 1 m-_T. _ ·1 ... ,. . l t i :; I .. ' .• _~ i 1 :,"lfif if _I. 8.1-- .r· t_n·r ..... _· .P@ _ Tt _ t _t J T: .l T J T 

Flrst•rear 
a14ere · 

21 Aug.: 1969* 12.00 

t Sept.t969*• 12.00 

24.00 

12 Jut,- 197.3 t.:;.oo 

SeooM•NGtar 
alders 

29 Aug, 1969 

·12 Julr t973 

1)..00 

24.00 

11.00 

ar..oo 

a.a 
6.2 

,,41 

a •. 22 
• 

1.92 

1.92 

1.?4 

1.82 ft11 

o.4t 10.1 

0.25 till 
··~ 



effects on specific dbutrogen fixing act1v1tr of ao)'bcan 

and Alima plants have been observibd with. tbe exposure of hi.gh 

11ght 1nteneity and longer photoperiod. lt has been shown that 

self•shadlng .and: mutual•sha41ng depress th~ 41n1trogen f1x1ng 

acti v1 t~ considerablJ 11\ the older plants. Plft7 per cent 

sheeting imposed at t-he end of flowering stage ln soJl,teans 

decreased the t1mt1on fi!'Om l2S to 91' kg fi ha~t seaeora•l . wh11e 

eupp1emmtal.'llght increased the f1atlon to 16$ kg N ba•1 

seaaoft•t (Sloser e't at,,, 1975). Whee.lel'" (1~?1) bas observed. a 

drastic curtailment 1n the rate ot aeetylene reduction b;r the 

¥oung Q.n\la plants 1n complete ctar1u'less wltbirl 24 hr. The 

diurnal effect on 'the acetylene reduction due to var1at1ona ln 

li&Jtt 1ntene1 t9 bY· the nodules ot one and two J'ea.J"s 4Jl4 AIDU 

p1ants 1s given 1n Table 13• Bond (19?1) studled th·e diumal 

tluctuat1ons 1n cU.n1trogen .,,ld.ng act1Y1ty of glasshouee grown 

GUI~d.M plant and round that fixation wae double at mld4er 

as compared. wlttr rates ln the early mornlnga and la1e 

evenings, A large part ot the diurnal variations la .. 

thou~t to be attl"lbuted. to the 41f:terences in t.mperature. 

·ln contrast-. Wheoler (1969) observod that the varia.'tJ.one 1ft 

d.lnltrogen t1xinl aot1v1t,- ot .glasshouse g,rown AJ.mm 
Qu1i1DQDI and IDJ.pa BD.l"• is due to change tn the llght 

lnt.Grtslt:y since the temperature was kept coMtant,. suvoeter 

(t9?6) has shown that excised stem noc.tulee ot Gunntb ~SI 

1n1uibl. ted 'b)' a tdue.green alga. ISS:AQ ~HDStS1toa::ma 



rea411V respolldect to light 1ntens1tJ' bJ ten-tol4 increase 

in tll-e nltrogenase actlvltr wlth nodules kep<t at 4o WJtt'2 .over 

thOse kept in dark, fto light to.sponse was found to be 

a1most linear_ OV!3r th~ range ~ wm•2, ~he different 

wavelengtba of llsht aUeot the dlnltrogen fiRing a.ctlv1t¥ 

of plt.nts cons1derabl$ (Lie. 1971)., The dlnttrogen tJ.ting 

actlvi ty of sopeans 1noroased t\vo :tbe three•fc1ct when th.r 

·wore transferred from blue to .f:ed light, i'he $.n1t1at1cm ot 
nodule fomatlon tmd nodule 4evel.Optaent 1G oompletel,J 

!flh1blte4 1t the roots were exposed to direct mmllght even 

tor a brlet penod ot 5-10 rn1n (Lle, 19?1),. However; the 

· mecha~~1em be.s not been elu<'l<lated so tar-., 

11. Cat!'bon 41oat4et lhe partld. pressure of at~erlc / 

carbon 41oxlde has a strong J.nflu:ence UpOn 1\0:tfule tomatlon 

and 4UI1trogen flxina aotiv1tr ot 'the plants. lt has been 

shown that ~~ina aa&,,;var. Kertt in an atmosphere ,enr1ehe4 · 

\vi th co.2 rangi~ from 80C.t200 ppn (approx. ,o.s kg co
2 

ttr.,l) 

ho.s tncreaaed the 41nl t!ogen flld.ng aot1v.1ty bJ more thaa 

three times over the control•:: SOtbean plants oaposett to an 

etrnc.spbore t1! th throe-times the normal eoncentratlon ~t co2 
iftoreasecl tho 41n1trogen ttxing capacitr troll 75 kg N ba•1 

to 4-25 tts N ~ta•t (Harttr & Havelka, 19?4>• The avaUab!l..ltN 

ot canohrdrn~es 'to Bbi~AltS.v.m 1n legumes. baa baort regn.r4ed 

as ,an intportent fac-tor 11rn1 tlng 41nltrogcm. f1xat1on. l.l'he 
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.-elatlve auppJ.r ot carbohydfttes to 41n!trc.gen tblng 

nodules .and other physiological processes Ia the plant la 
M 

shown d1~t1eaUy 1rt Pk•11• SOpeans gro1'lft in re1atlve1r / 

nl. trog&n rlch eo11s derive onlr 25 per cent ,of tholr nS.trogen 

requirement bJ fld.ns the atmospheric cUn1 trogen. fbe 

aoetN1one reduction asear has revealed that the pl.ante obtdned 

about ·80 per cent of 1ts nltroae req~ br tbrih8 

ataospherlc 4Wt~en (KardJ A Havelka. 19?5). lt would be 

lntet'c,stlng to examine the effect ot carbOn d1ox14e enrichment 

on ..,.,..10~ flowering planta. 

Tbe tropical 'C4•4raosee possees1ng root-baCterial loose 

assocla'tionll web ao com-§aidl~liiDt h'RtJillt-AUSil'aPISiDr and 

UiJ.ta:Ja-SRkiJJum J\S.'Ve been tound, to be ott1o1ont in 

dlnltrogon tbatlon_. tha oarbohJdra.te eupplr 11' case ot these 

Cf1.-crassee doee. not seem · to be a 1.Wtln& factor as already 

they poosess an ·Gftlclent Ctr:PathWa.v ot pbotoSJnthesls (Dq 6 

/ 

/ 

Dart, 19?6)., . However,LstudJ.es 'have not been matte to show Ldetdited 

wheth~r carb0br4rate su.pp1' ls a 1Wttns faator or 110t In 

case ot· gaas.bacttl!"Ul dJ.nS.trogen thing 81Stems. 

lU. Oqgon t the part1a.J. pressure ot oxrgen affects 

bio1og1oa1 41n1<trogen ttmtlon severely as lt is a ..e4uctlve 

process requlr~ re1at1ve1J low oqgm. tGnelon,. lt attecta / 

41n1trosen fixation 1n ttlo ft7St, l• by lrtteVerelblo lftactlvatlen 

of on~ nttrogenase ,presumabl.J 4ue to oxldat1on entit 2.- 'bV 

Snh1bl•tns the rectuctlon ot 41nltt"'g0ft CBunm A HertlJ, 19?5) • . 
Both proteln component-s of the en·myrne nitrogenase are sens1t1ve 
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to o"'gen buu~tlvati9n but the Pe-~rotein !o s:wo1a~lvelr 

more sensitive (Ke1lf ,at Al•• 196?), Dl.fterent mocJ\aJUsms 

have been. evolved .br 'the 4ln1-tro{foen fixers t() protect their 
/ 

enz~es from oa)tgen lnact1vat1on, 

The GJQdzidla have overcome the prolt1em ot oJQ~gen 

eensitS.vltr b$' adopting anaerobic mode of resplratlon. !he 

aerobl:O baoterl.a, AII~DE• IJUtr~DAJ;;Ia and D•alA 
.s.ntain- ~ ·· tbelr 41n1trogen tbing actS.vl'J throuGh resplra• 

tory p!"'teot1on• J..e. • re4uc1ng tho amblmrt p02 by maintalnlng 
" 

exceedlngl.J hlP mtes ot neplmtton (Pootgate1 19?4). 

the tU.nltrogen tWns 1>1ue-(#een algao posseGS epeclalleed 

cells oal1ect haterooyste which are ~sponslble tor 4!ftlt,rogen 

tlmtlon,, It has bee ShO\YI'l that these eeUs posseos photo. 

srstem f.lmt laok photosyatem. t:r responsible. tor oxygen evolution 

(tostgate, it?">• there ·are, however, certain noft•heterocptous 

blue-green atgao, o.g,, M'AI:Aimd.a. &lte.tGU.GI ana Aucutu 
which also tlx tinS. trogen eff1o1entlv ~ These are ba1.S.eve4 to 

fix dinl trogen oft.tu uncter low oxrg• tension prcvtcted bu low 

i11umlftat1on or 'br seoretlng lru:-ge amounts of elble arotlnd tttelr 

cells ''hlch 41saolve eJtOess oar sen (Pos-tgate, t974). 

:Xn root nodulated plante the no«ule wall • the baoterol4 

membrane EU:'e ba1levad 'to nduco the oaygen tenslott (Bergerse1'1, 
. . 

1~?1).. t..eahaomostob:S.fl, a ~haeme· ~protein, S.s a 

p.rold.nent teatulre ot no4ulntod legumes wh:lcb tu1e been shown to 

. posoesa J\1gh attWty tor oayaon end serves as an oaygen cattier· 

at requ!.red JOa to tho baeteriodo (Wittenberg G. al•• 19?4). 
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~ig. 12: Effect of oxygen tension on the nitrogenase activity 
of field-grewn:Paspalum nota tum roots extracted from 
the soil (Dobereiner et al., 197J) and on nitrogenase 
aetivi:ty of continuous cultures of Az0tobacter 
chroodoccum at p02 0.09 atm (Drozd & Postgate, 1970). 
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However; no such oxygen carrier has b$en. reported from 

the a.ctirtomJCGte-11ke endopbNte of the ntn-legume flowering 

plants. Almost nothing i.s known of the mechanism that how 

these mlcroorgan1sms pntect their eileJme n1 trogenase from 

tbe ox:nten lnact1vat1on. 

Tbe tropical. dinltrogen fixing grass roo1-bacter1al 

a$SOC1ations mu~h tUJ IMP'l)Ja.• AilSA~ and .ll,eU.edtr 
Sp1r.11lum require a low ,o2 ranging from o.ot..S to 0,04 attn 

for optimwa dlnltrogon tlxl~ actlvltr as~ in Pith 12 

(DOberelner @! !!•• 19?3t ~b~relrter, 19?51 Abrantes, 19?5). 

fhe mecban..lem involved 1ft ma1ntaJ.n1ng such a low p02 at the 

e1 te ot dlnl trogen fixation has not been studied so far . 

-However, lt is 1Ute1r that resp1ra~rr p.rotectlon, excessive· 

s11Jne production remsiting 1n the formation of a capsule 

around the bacte·rla may prov14e the necessaey 'Proteot1on 

against OXJgon 4amage (Abrantes, 19?5) • in ease of low 

ave.11ab111ty of cai'bab¥4rates for respiratory proteotlon 

the protein components ot bacterial nitrogenase appear to 

undergo somo conformational change ·J.n wh10h thev are passlve1J 

protected from oXJgen datnaee• Conf'o11national prote.ctlon 

probably ilnp11es some tempora17 changes. in the 1\rd.rogen 

bfm4ins and euboe11ular compartmentatton 1ft Wb.lcb membrane~ / 

are 1nvo1ve4 (Poatgate, 19?4) • 

lv. Temp&ra~ • Sol1 temperature influences b1o1og1ca1 

d.lnl trogett f1xat1on by affecting the metabolic act1v1 t1es ot 
. / . 

the mloroorgaN.sme 1nvo1ved .. &er•• The ep'timum 41n1trogen / 

fixation b7 1esume-Hbizg~£um sy:mbios1s oocure at 25.g. 



1litterent stag&s ot legume root nodules tomation take 
' 

place at different tetnperatures thus e:t.feotlve 1nfect1on 

and flodule formation take place at re1at1vel)' low range 
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ot tempon1ture vary!~ trom 20 to 22 C (Dart JlS. lil•• t976) • 

. Breeding experiments. wltb so~ he.ve shown that noc1ttlo 

formation is temperatura dependent and ls detemined bJ one 

major gene present 1n the host plant (Lie,. 19?1). fhe. root 

nbdula:te4 ru)n•legwne fley:ering plants have the rt.lllge of 

temperature for optimal d1n1trogen fixation fl'orn t 9 'to 21 C. 

Alrl&a. slv.:&~~.m&, showe its maximum <U.nltrogrm tld.n& activity ~ lV __ ,- - - -- . _ 

at 21 !, 1 c (Akkel'fttfme & VanD1~k. 19?6). 

1'he ra-nge ot _tempen:tu~e tor :pptimum d~nttrogen 

that1on is 31 C£f to 40 c ln C4•grass bac1arla1 syates 1n 

,oom.parlson wlth legumes haVing the u~r 11Jnlt ot 27 o 
(Dart G. _.s,., 1916). Neves ,d Al• (t9?f) have shown that the 

optltnum n~trogenase activit¥ of ·pnre culture of §Did1J.um · 

J.hAiemlm lsola'ted: from com roots takes p1ac.-e at .31 c. 
The iaAJk11• strains isolated front com roots end. DJsUtda 
roots 4o not ,show much appreciable tllf'te-rences 1n tbelr . 

n1 trogenase acttvi ties a-t 31 c but their behavlour ls totallr 
- , 

41£1'erent at lOtt temperature., Spirillum strain 1s(>1e.ted from I 

com a:oota showed tJ.ve.tlaeo more nitrogenase .aot1v1ty at 

22 C than 'that ot isolated from Bk&:'lcia roots at the same 

t-emperature (Dibereiner Jll al•• 1975). The cause ot variation 

.1ft the nltrogonase aot1vitr ot §»kJillm st:talns at low 

tempe,ratures has not been explained as yet and deserves 

carefUl studr. 
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2. Edaph1c factors ·' 

Soil factors have the most profound lnfluenc• on the 

process ot biological din1trogen t1xat1on. Availab111ty ot 
' ' 

J.noraanic comb1ne<t nltrogen, soS.l nutrient status, soU pH 

and calcium, water stress, and. ethylene prodtlct1on are 

important parameters affectf.ng the tixatlon of dinl trogEm.• 

I. Inorganic combined n1 troe.en • Avallab111tr of 

inorganic combined nitrogen, most commor.ly a.rnmon1• am 
nttrate ions have an 1nh1b1tory etfeot on b1olog.1cnl 41n1tro.ga 
I 

f1xat1on •. 'The degree ot inhibition 4openda on the concMtntion 

of inorganic nltroeen compound$, ttme ot their application alld 

the types ot host-symbiont stra1mh Hot1evert 1 t le well known 

that ar.unon1a 1s the,·end product .ot bl.ologlcal dinltrogen 

t1xat1on. but it never accumulate in h:igb concentrations aa 
lt 1s lmmedlatety incorporated 1nto amino ao1ds and aml<ies. 

lt has been shown that the transfer ot pea plante grown 1n 

a medium f~e from inorganic combined nl trogen to a eul ture 

solution containing 315 ppsn nl tra.te 1ons :hae resulted in 

co~lete cessation of cSWtrogen tintion w1 t!tln ~ hours / 

(Oghoghorle., 19?1). In~~~~ and HiPJJD»bai lt has been ehown 

that the application ot small quantities of inorganic nitrogen 

between 10 to i.S Jts N ha•1 reduces the tlzatS.on of 41n1trosen 

to one fltth of the values wJ. tbout applying thE! inorganic com­

bined nl trogen (Aldtemans, t 9?1). · 

However. tbe behav1out" of tropical Ctt•graes root­

bacter1al assoc1at1ons is quite 41fferent from 'that of rooi; 
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nodulated legumes an4 non-legume ·flowering plants wlth 

regaw.-4 to the suppl.i of inox-ganic n1 trogen, · n6bere1ner. At &l.•. 

(t97S) have shown that the tr-Opical C4•fcrage grasses namelr, 

llla&Udi azul. bnDiiPM have no ef~ect on the1r din! trogen / 

tblng act1vitJ when 20 kg N ha•1 was added to tho so11. 
.. / / 

'fl\ls Observation:, 1ft thG$0 C4•P'aSG$B 1s Of tuntlaJftental . / 

importance because of the poss1b111 tj.·7;~:. ot taking slmul taneous 

advantage of bOth tertU1zer nitrogen ad4e4 tm4 'bloldlcal 

41111 trogen fixation. 
• 

Oene·rO~• lt ls believed· that the 1fth1b1~1on ot 

b1ologica1 41n1 trogen fixation ls caused due to the repressl.on 

ot \>lOBPlthesls of ·ni trogc;mase by ammcmJ:om lons. JloW«Ver .• 

reoently 1 t hat been shown that the ener.me glutamine ~thetase 

1e lnvclved as promotor £n the b1o&Jftthes1s t4 nitrogenase · 

(Skinner, 1916) • HJ.gb concentration of ammonium lone induces 

contomat!onal obanges 1n g1uta1'!11ne s»nthetaae whlch tails to 

act as a promotor tor the synthesis ot n1 trogellase. ln the 

. absence of arnmontum tons glutamine S~nthetase restores 

to its original stru.cture antt starts acting as a. promotor tor 

the b1oeynthes1s of nlttogenase as shown 1ft FJ.g •. 9. (Sklrmer. 19?6). 

II.; tiftoral nutrition • i1olog1oal dinl:trogen fixation 

requires a se't ot mlneral nutrients. 

Following are tho lmportan-c nutrient .elements wlllch 

are involved 1n b1olcg1cal 4Wtrogen f1xa'ttoJu 

a. mo:t~Menuttt 

b. Iron 

o. Cobalt, al\4 

4. PhO~borus 
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a. Moltbdenum 1 The involvement ot mo1tbdenum aa a 

m1oronutrlent 1n 'bio1og1cal. d1n1tro,gera. fixation~ kn0ti2l 

long before tbe eneyme n1 trogcnase wa.s lsolatecl. It forms 

an essential conS'tl tuent of tho MoPe-pro-tein component of 

nitrogenase. Jensen..~ Spencer (194?) have shown that 

vanadium may partlr substitute tor molybclenum, but van8<11um-
. 

nitrogenase 1s relativelr less active in comparison with 

mo1Nbtle~n1trogenase. Mo atom prob.ably pri'>vides an active 

site tor tho binding ot a1nitrogen and b.V undergoing repeated. 

oxidation-reduotlon mediates the transfer of electrons from 

various strong reductante to 41nl trogen anc1 reduces lt to 

ammonia (Streicher·~ Valentine. 19?5). In mo1Vbden1Ul1 · 

4etJ.c1ent eo11s din.J.trogen t1P.t1on ceaGes comp1ete1y w· . 
. Plante ·can. s\u:vJ.ve only lvhen supplied w1th molybdrmum in the 

form of mclfbdat& ions .or with tertlli.zer rdtrogen (Postgato. / 

1974), 

· b. Iron t Iron~· . constitutes an essential part ot both 

the MoFe·protetn, and Fe-protein components ot nitrogenase. 

The severe det1c1enty of Pe ions affect the biosynthesis ot 

n1 trogenase s1gnit1cantl.J. Fe atom alec forms an essential 

constituent ot the terrectoxln r~hich acts e.s' an electron 

carrier for transferring electrons f~om the electron donors 

of lov1 redox.-pcftfJintial to en~yane nitrogenase (Qu1ape1. 19?4). 

Repeated oxldat1on-reduot1on ot Pe atoms of ferre<ioaln ahd 

. .nt trogonase pleys the vital role 1ri transt~rring electron$ 

to rl.in!trogon (Stre1cher & Valentino. 197'). 
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o. Cobalt t Cobalt: 1e known to tac111tate the process 

of infection end raodule formation both.lft legwue and non­

legume flowering plants.. lhe importance ·Of cobalt !n low 

concentJrntions, 10 .. 15 ppm was reel1~ed by obsewtnfromotell / 

nodule development ·and dir.tl trogen t1ant1on in the potted plants 

ot ilV$J.D.tl ,mu. ~. aaana and Jltoootblta !ddirml it / 
(K11ewer & Evans, 1963), Information ls laok1ng on the 

rnechaniem of the involvement ot cobalt 1n en~ing the 

proc&ss of J,ntect1cn, anti healthy growth of roo.t nodules,. 

d. Pbospb.orue t Phosphorus pleys .an important role, 

as AfP wnl.eh supply the enera.v tor the reduoticn of d1nl trogen. 

:fhe free llv1ng baote:r1a of too ltmnU7 A'otcbec:teriaoeae nam•lY• 
Aza;bbQUpr ~99JiUJ'l; RgaJ& and Xlibmitila require large 

amounts of phosphate 1ons on acoount ot the1r high re~iratoey 

activities to reduce ambient. p02 and also to provide necessary 

A'l!P molecules for 41nltrogen tiation. Decking (1962) ·has 

~orted that Aat;tR~ 8EPQAOQPIII roqu!reo Upto 4.5 mg P 

g•l ot mann1 tol as a tnetabo11 'te tor resptra.t1on. 

Since the respiration 1e regulated by the .ADP ~ AfP 

ra.tlos. tnerefore• the phosphorus ®flolent solls are generally / 

found to be devo1c1 of dinitrogen f1dng ml-.:rooreenl$m.s .(Yates. 
/ 

1970); and. such soils leriously suffer from 41n1 trogen fl&Gd. 

b1o1ogica11y. 
' 

XI!. SoU pH and calcium • S011 pH !s ono of the 

1mportan~ parame-ters lnf1U<mo1ng b1o1oglcel dlnttrogen fixation. 
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tow pH ir:hib1te the fixation of 41n1troaon both ln 

QSNmblo1:lc and symbJ.otic 41nl trogen flxing syst.s. Ira 

acldlo eoils the avaliabllity ot ~o;e and elumWum lone 
/ " II · 

1ncftaseswbioh are very tod.c to plants (Dober&lner, 1966). 

Limlns helpe 1n increasing soil pH which reduces tha 

solub11i t~ of both J!n2+ a:t4 A1 ~ ions B.l\4 at the same time 

1 t lrlereases the solubUl.ty of molYbdenum and 1ron ions which 

are essential tor the b10SJnthesle ,of nitl'Ogenase (Boul.d 6 

Hewitt. 196)). The opttmum pH varies from 6.5 )tO 7.5 tor / 

optimum dinit~gen tt1a't1on both An. legumes (Lowth&r A 

Lone~an, 1968) and grasses-bacterial symb1ot1c systems 

(Biib&relner et al,., 1915). The role of soil pH en 4in1trogen. " 

tJ.ld~..g activitY of root nodlllate4 non-legumes seems to be" 

1ns1s,Nf1eant.. As a S'llfVey of 6SO plan1s of AJ.mti Ai»JJ.DRII 

at 244 si-tes ln northwest France has reported that effective 

nodulation bas been foUnd 1n soUs .of .pJt ·4.o .to 8 .• 0. At most 
" eitea nouulat1on was reported as good, as no&al~ elusters 

nmg1ng upto ? em 1n c.U.ametef' even at pH 4,0 bUt at «ifteea 
/ / 

slt~s nodttla"""'tion wae found to be poor (Ul(l at f1'V'e sites ,no / 

nothtlation could be found (Bond,. 19?6). 

Aotd1-c soile .are gonerall:t foun4 to 'be 4evo1d of td.cro• 

ox-gammas es.tu:tc!&llJ • Bb'Mlll&ID llO:LaJA,ti'• Lowther al'ld 

~agen ( 1968) have repo.rted tbat root nodule tomat1cm / 

was J.nhibited in so1bean plants 1n a culture medium "'"bat ./ 

pH 5,.2 and[ca!o.twn ions e»ncentration ot o.s dlw At the same 1..1-o\ 
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f~le t4. Effect of water stress ~n n.od.111e 1\Wftber• el~e 

. and acet,-lene recSucirai actJ.v1t7 ot fllaGfttlDI 

fUllf'ttS (44 days o14) • 

p moles c~ t6.1JS 1~?5 ·31~,.s ,.15 
.,~1 .-1 
NOdule 28-~4 s.::l 18,,5 ,.,, 
mtmber 

Average 1.114 0.95 1.?2 1,16 
-nodUle 
wt (mg) 

water content 6.54 o.?t 6.)4 0,81 
ot a aDd (1'1*) 

Prom S,rent · (19?6). 



pH they also showed that effective nodule tormat1on took 
/ 
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place 1 t 1nct"ea$ed tha concentration of calcium tons from 

o.s to o.a- mM. It has been suggested tb.at higher amount 

of calcium 1s neected in the so11s ot low pH for the effective , 

no4u1atlon (Mtmna, 1970). However, the mechanism to exP-Uln / 

the involvement ot calcium ions :ln root nodUle formation l.s 

not known so far. 

lV • Water stress• fhe water stress lnt1uences the 

b1o1oglca1 dinJ. tl"'C)gen tlxat!on by depressing the actlv1t, 

of developect root Mdulea end. w lnblbltlng the nodule forma­

tion.. ~e severe paucl ty of water may lead to stop d1n1troge 

fixation completelr (Spr¥m.t, 19?6).- Howevflr .• the adverse 

effects ot water stress en root nodulated plants have been 

reported to be ~eniblo provided- that water 1oseea trom- / 

the root nodules dO not exceed more tban 20 per eeftt· ot their 

maximum tresb weight (Engin A Sprent, 19?3>• Tht legumes have 

been found f1x1ng •U.nltroaen optimallJ at tle14 eapao1tv. 

In maize •. lt has been shown tha:~'ai the w11 ting· ~bit of the / 

dinttrogen fiXing act1v1tJ' ceues completely CVlaseak s.S Al•• 
. ' .. 

1973t Day 1$ Ill•• l97S)t It has been shOwn that during the 

<l?r:/ d&as of ftlarch-AprU when two plo~s ccntainiJ~g wUd. ./ 

speclos or !iGi""'lA• Ballla:laUJ and lt4lcar.A mlaetl wl th trop1ee1 / 

ca.-grasses were watered, tho rate of acetylene re<iuct1on 1n 

these plots !.MMased more than ten-told over the control 

ones (Spr.ent. 19?6). Some effects of water stress on 

fJtuaqluq xulnari.a have been shown 1n table 144: 
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fable 13, Effect of waterlogging on nodule number, s1ze., water-

: .. ·.!. 

Treatment 

Water1ogge4 

·.Waterlogged 

Waterloggml 

Cont:rol 

-· <· 

·.Control 

Control 

. content and acetylene. t'educing ect1v1 ty of flUilflfitllli . 

w~r-&d.i ov. 9J.fi'Qia. 

29 1.$.1 :;.6,3 2 •. 72 4.to 

:11 44.2 '·'' ?.lJ6 6.09 

43 9 ... , !1-.49 9.67 6t30 

29 53·5 ,,,, 2.:54 11.?3 

37 58•4 5.36 5.42 '15.4? 
>·. 

' :Z.3 ?'1tS 6,)8 6.,?4 ts.~ 

Fro~-_Sprent (19?6). 



89 

Waterlogging affects biological di.nltrogen fixation 

a4Versel1 by redUc!.ng the· no4ule formation and thelr dinl tro- . 

gen f'J.xln& activity. GMeraUy., the adY$t"Se effects otW 

waterlogging have been tound to be reversible on the 

·restoration of nomal co:nd1 tlons.. Waterloggi.ng depresses 
. / . 

tbo process of lnteot1on. Nutulo t~at.S.on ant tbelr number 

to a great extent ln legumes ae well non-legume tlower1na 

plants.. Jt has not been ret critlcallJ usessett whether the 
/ 

1o•er1ng of· nodule tomatlon is clue to the una..1abll1ty of La / 
m1crosymb1onts or due 'to its 1nblb1t1oft ot 'the process of 

lntectlon or both. However,· Rague and Btti"Z"1s (t9?2) have 

reported that waterlogglng depresses nodul~ to~t~on ard 
. . . 

dln1 trogen fixation largelY due to the oqgen depletion 

required J.n resp1re.t1on bJ' both the plant roots aiid the 
/ 

micros~ionts. Nodule number, s1se1 water co-n-tent an4 ------
/ .. 

acetylene reducing aot1v1ty of l.husQPJMCJ JJli.BMla are greatly 

affected by waterloaing as shOwn 1n fable 13• 

•. Ethylene t Ethylene at very low pa~t1a1 pressure has 

no 1nhlb1toey effect on d!nltrogen flxatiOllt' However. at 
I ~ , 

hJ.sh concentratJ.ons of abOut 4 ppm it has· been shown to 

inhlblt nodule formation and 41ftl trogen tlxatlen &n, 2baH01PA 

Xll)tm'd.G (Grobbelaar At Al•• 19?1). 

Bthtlene has been .found to bO the most active gaseous 

emanations from peat so11s and waterlogged hahltate which are 

comparatively r1ch 1n organic matter. ·xt the eth1].one produced 

in the soU was remo~ed cont1rmousl¥, an . appreciable 1norease 

1n d1nltrogen ttldng activitY may take place,. In a long-term 
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. 
experi.tnent. Crobbelaar at Al• (19?1) have demonstrated that 

-<:..... __ 

a continuous ·removal of ethylene gas from excised nodulated 

I'OOtS of £bao.ft2J.UU XJIJ.Uris resulted ln a aore than ten-times 

increase 1ft dinltrogen fixing act1v1tJ• 

3• Blo1og1ca1 faotora 

In oaee ot ~biotic d1n1 trogen fixing svsteu there 
-eJd.sts a gnat 4egree of speo1f1c1 ty 'between 'the bost and 

1ts lllcrosJmblont. The host•miCI'Oswmblont ,specS..f1c1ty le the 

resul:t of mutual Mt11men-t of tho speoltlc requirements of 

bott\ the partJIDs, Injury ls another important biological 

fe.ctor whlch !ntluences the process of blol~glcal 41n1 trogen 

tS.ution cons14erably. fhe host-mtcrosJI!biont epeclficl'tl' 

and the effect of .1nJury on d1n1 trogen flatlon are discussed 

ln the tollewlng paragraphs. . 

I. Hoat-mlcrosJ~tblont SJ.'OC1fle1ty t ftte 4egree of 

speo1f1o1ty between the host and the mlcros,m~lont le verv 

high 1ft root nodulated plants, The iftvetrt1ga~1ons made so 

However., there is an exception to this 1n wh1cb an un14en.ilfled 

species or WIM.ium toms toot nodules on a non•leguae 

flowering: ·plant ·lUU!lelYt· f&:ma ~~ <that fl~o finltrogen . : - ~ - . 

etfleientu (Trinick, 1973.>. ,BlJlu'bll are c1asslt1·e4 on the 

baets of their restricted 1nvas1veness fi1h'l the atraS.ns are 

natned. on the basis of their se1eet1vl t7 towards d.ifterent 

apecl.es and strains ot legumes plants (Chllti, 197'). Por 

elUlmple. Bbl..u)ll\lm .J.emnoLJaqu.mm toms root ~dules onlv 
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w1 th lfGa plata 8114 not wS. th sofbean and clover plants. 

BJ>Iw&um BP• are fUrther c1ass1fle4 into stra1ns on the 

baste of some oharatrter1et1c ot holt or soma o<ther speelal 

feateee of the 11fe cycle ot Bbl.eo.bbm BP•• e.g,., Bhlmblwn 
ul&lg;Sif.i straln v45 fom.s different colony wS.th IDUJ.atua. 

PreviouSlr. it was considered. that .spec1t1c1ty ot 

legume-BbJ.IQlai.Ua e~blosls ts due te the presence ot 
leghaemoglobln Whloh 1s f'onned bl' the cmnblhation ot 

0 
leghaeme and gl~!n components contributed b,- the bacteriunt ./' 

and the boat plant . respectively (tostgate, 19?1) • Rec&ntl¥, 

the work ot Rambin and Kent t 19?3) have suggested that leotJ.ns 

YJhlch ere ehem1ca11y pltytoohemeglutlns produced b7 the logwne 

roots 8!'$ responsible tor t'he specltlctty ot leg,umo.BJli~ 

s~blosta. ftter hr.pot1tes1$SG4 that lectlns are 1nvo1ve4 in 

blndlng Diablo to legume roots. Boh1oo1 ancl SOlld.dt (1974) 
~ 

tested t~s ~thesis bY l7abe11lng soybean lectlne with / 

tluoresceln 1scth1ocyeate t~ make the prote.ln fluoreocent,. 

ifhey found .. tl\at the lectin bound to 23 ·out of a.s strai~ of 

Bld.ablsua Jntmbtam• they have suggested that· an 1nteract1on 

between .legume 1ect1ns an4 BbS.W.a is responslble tor ' ·. 

the epec1f1cJ.ty ot ~bloals. 

The non-legumes ~ch as Qmta.· Qatalllillit GUDdJ'lUI• aft4 

Ul»ao:al'lU have been reported to fix dlnl.trogem !n spec1£1c 

a.ssoc1at.16n with aet1nomycete--11ke enuopbJte moot probabl.J' the 

genue b:allkiB• ~he spec11'1c1ty 1s sq hlgb that t'lelttter the 

trderoeymbiom has been possible to cultt.ve.'be JD vltm possessing 
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consistent 4in1 trogen fixing activi.ey ttor 1 t toms symb1os1.s 

wlth plants other than the spec1t1c host plant, Advancement 

1n the tlucldation Qf the symblotlo interactions and: under-. 
' 

standing of· 'tho factors reeponsible tor 41nS:trogen fixation 

1n thls 'Jipe or symbiosis can onlr be possible after axerd.c 

cul tues of the ebdopbyte become &Ya1lable. ~he problema 

J.molved 1n obtaJ.nJ.ng such cu1turGs ara st111 to be solved. 

The llchen, genue bJllltra iRbtlUID eonta1ns UDAtM ~eoioo, ,, 

a green alga GPSCPPII&r sp. • and a fttngtls· (an aHOfll¥oete) as 
S)l'mbi.otlo partners.. t!AWI conta1na eo per cent heterooysts. 

- I 

in s,ymb1ot·ic conditions wtdle the tree· llving .I!Qma contairts 

oniy ~:5 per cent. This tendency ~ form· more heterocyst& bJ 
/ 

&eta in lichin appears to be doveloped because ot the / 

e.va11ab111 ty of enoug:b ready made foOd. pro'tlded by the green 

alga (Stewart & Rowell • 1977). 

the bacter1a,. §Rla:l Jaum J.wt=am antS AaallbMk~ mums&& 
form aesoc1a.t1ve· symbioses wlt.h roots of t"P1cal C4-grasses 

such as com• fepnlsufa.lm, PJ.e&talrJrt· an<1 EaauiUia. However, 

these grass root-bacterial BJmb1oses are not so :spec1f1o as 
/ 

root · ned.ulat.f.onLlegumes and ~legume plants., !be factor L ik\. ..-. 

responplble tor these grass root•bactorW aesoclat.lons appears 

to be 't~ specS.t!c requirement of bacteda tor malate and 

aepat'tt\te as tooc! supply which could be eas111 mot through the 

:Cz....photOSJllthet1c pathway ( Dart & Da.y_, t9?5) • fh1s may be 

one ot the factors but oth~r pbys1olos1cal factor-s also ·eeem 



to be. involved in establishing these aymblot1c associations. 

11 .• InJury • An 1n~uey caused to a 61n1tro.gon fixing 

plant or a system lo\1et:"S the 41n1trogen fixing .actlv!ty • 
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. Intact . :t'Oot nodules . tb <l1nl trogen more eftlclent!.J 1n 

comparlaon tv1th detached nodUles and, furthermore, the intact 

plant is more efficient as compared to the detached nodulated. 

root (fate, 1911). 

In tropical CJrtgrasses a lag phase ot &.-!8 hr ta 

introduced before they . resume their 41n1 trogen tixJ.ng activl ty 
' ' 

1n the assay chamber (ltar.rls 6 Dart, 19?8)~ .It is believed 

that dletur~ance of relativel~ anaerobic ccn4it1ona a~t~1ne4 / 

b¥ the microorganisms in ~~soc1ation with grass roots 1s 

responsibl.e tor the lag ;;YC!rio4. / 

4. Pbys1olog1cal factors 

I There are several physlolog!eal factors which d:ire~ly 

or indlr&ctly tnfluence. the process of ld.ologl.cal din1trogen 

tixatlon. In addition, hJdrogen e•olution a side reaction to 

41ni trogen t1xatiot'1 1s an S.mportant phJs1o1oglca1. factor which · 

substantially affects !{lnitrogen tbing activity of the plan'te. 

x. Hr4rogen evolution t Dln1 trogen fixers have be&n ahown 

to G"Volve hydrogen gae as a byproduct in the process of blo1o­

g1ca1 41n1trogen :f1xat1on (Bums & Hardy, 19?.5) • Nltrogenaae-. 

dependent hydrogen. evolution has been studlett both Jn rl:tcm 

W AJ1 iJX<h bUt the ovetmll ef'feet Of h.ydrogen GVolution has 

not been ret crltlcally assessed. During 'tl-.e elec:tJ!'On transfer 

to dlftl t~gen b)' the enzyme nitrogenase some of the eleotronG 
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are trapped bf protons presen-t 1n the medium resulting in the· 
evolution of hydrogen gas (Schubert & EvaJUh t 9?c),. Xn most 

ot the sNJDblotlc erstems on11 tJo-60 per ce-nt f.)t the electrons 

are transte~d from nitrogenase to 41n1trogen t~le the 

remalntter are lost through hJ4togen evolution. 

HJd_rogen ·evolutJ.on m~ aeverelv reduce the d!n:t trogen 

t!ld.ng ettlc1eney ot ··JnanJ' a.gronomJ.caUr important plant-s / 

especi.al.ly where carbohydra-te eupply ls considered a. 1lm1 ting 

raotor -to blologJ.od din!trogen fixation (Har4r 6 Havelka, 19?3). 

·.Tones and Burris (19?2) have <Shown that M xm. about tour A!P 

molecules are hydrolyzed per t~Wdrogen •lecule ls produced. 

ln contraat. ~ a:tld Hardy (1915) have suggested that no 

net ·A!'t· d.ependent hydrogen gas· is· produced via nl trogenase. 

Thus, ·the question has not been resolved adequa.t~ly and requittes 

fUrther evaluatl.on. A&a:toltA&#DJ: and -~~Jc, UCDB dntmsJ.a 
Y1Gla IeiLia antt ~ J:Mlltfh lUft.u&mtl ane.u~Ctctl11ll ant / 

SfmDAJblUl n11tlmb hitre developed, a mechanism tor ut11lz1ng 
/ 

the h)fdrog~n to recoup a:~· p.art ot their energy wasted 1n 1 ts 

production. ·bY· a epecS.alleed syetem ot ~d.rogenases (Dl•o1'1, 1912). ~ 

It ls now well recognized. that ,_:ydrogen evolution .accompan1e4. 
/ 

by 41n1trogen t1¥ation is a~3~r factor to aft~ct the precess 

at d$.n1 trogen t1xat1on arKi thus ultimately 'the pl"'duet1v1 tJ of 

many agr.onomlcall¥ important crops (Schubert & Evens, 1976). 
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Chapter 'I 

Future Asjects 

the b1olo61oal dini trogen t1xa:t1on is ·driven bJ the 

so1nr ertel:"Qf' through tfte supply of carbOhJdrates. .Adequate 

ouppl1es of tlxed nltt'Ogen are eaoen'tlel for lftcreaelng the 

food product1on required. 1>1 the gl'OW1Jl8 populatioJt. Scarei~J 

Bftd. the price rise of :raw materlale Meded ror the l!l&.ftlltaoture 

of nitrogen fert111BeN a1ld the problta of emrh'omental 

degradation resultift£ fl"'ff the amufecture arid use of n1 trogen 

fert111-zors. have greatl'-' J)~tod lntet'eet 1ft the ~lologlcal 

diftl.tmgm tlx:ntlon. 

tile Xntematlonal Blolo&lcal Progt"8mo wttlch lasted trom 
1964 to 19?4 and the uoe or new tect.nlcal tevelopmente ift the 

' 
metho4o1og ot dinltrogon fixation have provided a great 

ctitNlus tto the stu4y of d.inl trog• tlatlon 1n JtOn-legumlnoua 

flowerlttg plants. Tho noft•logume flowering plants t1x1ng 

dinitNgen are of two twes. TfPe t are woa4¥ shrubs w1 th the 

mlcroQmbionte 1n spee1e11se4 trtructurn called nodules .and 

'»• ll aro ncM"tlJ 41ecovered ll011-nodu1a.tcct trop1oal Ctl·gnaseo 

which develop a loose essociatl.on w.lth dlf'dtrogen t1x1ft6 bao1er1a. 

AlliW is the most extensively .. studiect ati10ft8 t-he non-logume 

flowering plonte.~ 

fhroug1r_tbe won of Bcm4 (1967) the root ft04u1ato4 non­

legumes have roce1vo4 substantial attGDtloft. Some ot the root 

noclulntetl plants nam$ly. AJ.&mlb CMJiildDib S&vln9!bulh &or'lda• 
Bltl¥ft1l.Q• lloPPRJllli• and IJBS.CA pla:tiU'l 11Qportant role 1a so11 



development fi114 plant suceeaslon bJ coloft1a1ng rd.trogen 

ctef1o1ent habitats ouch ao baN elopes and. sand 4~a. lt 

would be 1nterest1ntJ tel examine non•legwne vascular pletTta 

1nhlb1tlng the nitrogen deficient eo11e tor their ab111ty to 

tlx d.Wtrogen. .In Zndia, there ere tounct fltty epec1u belong• 

1ng to t~lvo t11ftorent root no<Nlatod genera of non.1egum.ee 

which a.re still to be 1nvoet1gatod for the1r oapablll tJ to 

tlx d1n1trogen. There ls 11t'tle lntorcnatlon en the amount ot 

41n1 trosen fixed b7 loat nodulated pl.onts ot tiu~ ful11ee 

Rublaoeae. D1oscor1aoeath myrslfta:OOM en4 blr the 4lnlttoaen 

fiXing btl~er1a thnt. occur 1n tther plan't rrtructuroe tmch aa 

QQ;maa at1pular Clantts. 

Dibe.reiner a 14.• (t97.S) haw roporte4 tdgh rates of 

d.inltrogen fixation .ln some forage twaesee and mal.ae u,pto t k« 

N ba•1 ay•lt an4 2 kg N ha•l Clay-'1 respectlvely. !'he Mat 

act1ve 41n1teogeri fixing bactorla forming loose aesoo1at1ons 

with roots of maize, ~ and some \tth.er C4•gaooea are 

i:QiJ::ill»m 3 iPRI&tDim• Howevor, the erasses-bactert.al loose 

o.saoc1atlons have not been supporte4 aide gained much laportence 

:from 41tterent parte of tho world, Onlr a 4eta11ed etutty wltb 

regard to m1croorgent~ associated and Jll at& measurement of 

tt1nl tngon fixing potential maJ reveal the true S.portnnco ot 

the Cz.-grasaos•bactt4'1a1 loose aenolations. lhe tact:ora J..rwe1ve4: 

1ft C4•eraases root .. baotorlel loose asaoc1at1ve Sfatems- '\ ".:· -· + ., 

have not been ktlown so 'ar. 



Hoet•m1cros~b1ont apec1fici~J de~ermtnes the poss1b1• 
lltJ of 41n1trogen ·r1xat1on 1n higher plante. 'lhe aot:~cete-· 

lJ.ko entioph&'te of 3:'0-0t :no4ul.a'te4 non-legumes ls still to be 

culttvated 1n axonlc cul turae fixing tU.n1 tftAtUh fhe true 

nature ot the ondophyte hae not been. £4entUle4 eo far tihlob 

probablJ seems to be the genus • lJ:aJ'Jl!;l.a. 
!uept,, laa9 mora which forms extensive root nodules 

(frWck. 1973), Bb&zobium baa bGen known to tom not nodules 

with leaumes. However • recently the cowpea ibJ.Z9la'U stre1rt 

has been shown to tl:x ct1n1trogen ln aesoctatl.oft with cell 

cultures oe.~ non•legumes namely, wheat,. rape &ftlSSt brome grass 

and tobacco (Ch114t 19?5). Different BbiiAlzW stralne of 

sortJean and cowpea have also been shown to t1a 41n1trogen 1ft 

pure cultur~s (Kurz 6 LaRue., t9?5t McComb et at.,. 19?.5). WbJ. 

,Jlb'IQblp does not toft.!\ SHmbiotlc assoe1at1ons w1 th cereals 

and otJ\er non.1esumes 1s a Challangtng ~uest1on* 

Rapid. progress hae been made 1ri un.de"tamtlng ot 

composl tlon. propertJ..es and catalyt1c acti v1 tJ /-n1troaenase .• LoP 
Some sixteen different cU.nl trogen fixers have l'ie1de4 their 

n1 trogenases. The understanding of these· aspects w1 t'h regard 

to the nitrogenase ot the m1croorganl.Sift8 Whleh ton symbS.otlo 

aesociatlone w1 th non-1egurD~ftOUs nowertng plants 1s lackJ.ng. 

Cbaracte-rlzatlon ot n1troaenase trora the aot~cete-11ke 

endoph)'te ol the root J'&Odttl&ted. non•tegurnea. <antS bJ.x;!llum . 

li~&tlaam WhS.Oh forms loose association with the roots ot c4-
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grasses bas not been done. A comparative study· of ni:trog~naae 

obtained from different diazotraphs ts important to ascertain 

t~be simUa.rit1os ana differences with ragard to composition, 

oxygen sens1tiv1ty, cold ... lability, and cm.tal.ytic activity. Ls-tttdy 1 

TheLbiochemistry of tiln1trogen fixation has been confined 

to a ·11mi ted number ofjnicroorganisms, e.,g. , . Atr.QSQ'ba.Qtez::, 

QJ ouri.U.Um. BrJlzobinm' ISlib§iAlJ,Ih laJlBbaiNh and 19ataa. 
However 1 the bioehemist~y of din1 troeen fixation 1n aotino· 

mycete-like ~nd.ophyte and i»J.t,ll-um J.iltat.II':IIC tJhich a2~e the 

.important m1crosymbictts of non-legume flowering plants Ln 

especially ~11th regard to ATP as ener-gy source, ·electron donor 
., 

end electron carrier have not been made successtully so tar. 

It bas been known that ammonium ions inhibit the biosynthesis . ' 

of nitrogenase. However, ·the exact mechanism ls not known. 

A peculiar phenomenon associated with din1trogen fixers is . 
the n1 trogenaee•dopendent hydrogen evolution which greatly 

a1.'f'ects the efficiency of dini tngen fixation.. At the .same 

time, Schubert and Evans ( 19?6) have observed tbat some legumes. 

i.e. Yitmp A'nsmsig and U.Oift IA:tl:Xi and non-legumes. e.g •• 

Qtml gahia. Qgangt!lus yelu,tinus. lUUf!4Dll§ I.JDQ§;JJIQlia and 

M;vd.QG galitQmS,& do not evolve hydrogen. The mechan!Sln of 

laCk cf hydrogen evolut-ion and its qua.ntitativo effect on 
' . 

the etf1ciency ot d1n1trogon fixatic:m need to be critically 

assessed. 

The important environmental :factors which greatl;v 

.influence biological dini trogtm fixation are. light, carbon 



41ox14e, tempora.tu1"'e• water stress. ~4 inorganic combined 

nitNgen, Inox-eased light 1ntens!tr and carbon .. d.toxtde· . . 

9U 

concentration resul. t in the 1ncrea&ed dint trogen filtO.tion 

thrOugh the suppl1 ot photoe,-nthate to the assoctate4 epb1ont • 

SupplJ of photosyntha.te to ftb1Mllllll 1ft the nodUles of legume 

roots is trequentlJ a liml tlng te.ctor tor cllni trogen fiaa.tlon. 

fhe study ot the effect ot 1ncreas~d car'bOn dloalde conoen'tra• 

tion .and photoe,ntbate oupp1J to mlcroorganlsms assoolated 

with non-1ogumes ls yet to be made. 

the dl.nltrogen tlution 1e a reductlve process and is 
' 

sensitive to IIOI•cular oxrgen. !he phpiolog1ca11r anll 

ecologlcaU,- different groups ot dinltorgen t1xen havo developed 

eul table mechanlsms to protect their n1 trogeMSea from Oz•lnacti• 

vatlon. The protection ot nitrogenase f'l'"oa ox:ygen 1rt the ease 
f 

of root ftOdulatecl non-.legumes hac not been studied. However, 

noduliar wall end certain membranes a:-e thougbt of prov141hg 

necessary protection. Free living bacteria. e.g., AMJaltcUdQf• 

Qei-'c:iuu&a, I!KJIA• i:JetJualoll&b and bkSJJ.vm.1n loose 

assocb:tions w1 th the roots of tropical c4~grnssee are believed 

to protect 'theS.r nitrogenase from Oa•1nact1 vat1on by resp1ratoey 

protection, excessive s11tne production, and contol"..natloftal 

protection. 

Bff'ect ot temperature on 41n1 trogen :t1x~t1on l"&tJUlres a 

careful study. The nl trog;$nase aO'tl v1 t¥ of l»iti1 JR. at rains 

isolated from the root su~taces of oom and DJ.tQSid-p, ls same 

atl1 C bUt at 22 C the com strain eXhibits t1ve-t1mes more 



act1v1ty in comparison with tisUada strain (DObere1ner 

J4 &·· 1915). . 
the inorganic combined nitrogen 1\al!lelr, ~um en4 

nitrate lone 1nhib1t the .t1mt1on o£ dinttrogen 1n both ~ot 

noctulated legumes and non-legumes. However, 1n contrast. lt 

1oa 

has been shown that fert111sat1on of grasses, D14i:tBI.a and 

bDDI.PeS&m w1tt{a.o kg N ha.•1 had no effect on the1r d1n1trogen 

fixing act1v1ty (DObereiner a AL•• t9?S). Absence ot 1nh1b1t­

ory etfeet by tert111eer nitrogen 1n c,. .. grasses•bacterlal 

associa.tlons ls of practical importance tor taklna; the a4vaftlage 

of both fert111aer nitrogen and ~1o1oglca1 d1n1trogen fixation. 

The discovery• of no~legume dtazoti'Ophs has prcv1de4 
\ 

a new hope of provlf_lg the tlxe4 nl trogen req,ulre4 ~or 1ncreael:ng Ld.i . 

crop tert111 t~. .A propecr un4erotara:11rag of SNmblollia uaooS.ate4 

with non-legaes an4 the factors responsible for symbloslo,lft 

the enQlile n1 trogenase, the V!trlous factors affecting dint:trogen 
' 

fixation. and which:, .influcmoe their <:Orrtribttt1on to the n1 trogen 

econcmr of the nature 1s an itnportant area of J.mestlgatlon. 

In v1ft of the above the non-legume dlaaotroplls 4esene irrtensl ve 
' ' 

study on prlorlty basts. 
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