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Chapter 1
Introduction

Nitrogen forme the basic constituent of proteins, ensymes,
nucleic acids, vitamins and hormones, all of which are escsential
for living orgenisme. Unlike other essential Giemﬁﬁtﬁg no
shortage of nitrogen chould ever occur as the atmosphere
contains an inexhaustible amount of dinitrogen, $.e. 78 volume
per cent, In gplte of the wide occurrence of dinitrogen in
the atmosphere, it is usvally the most eritical limiting
factor in the produstivity of ecoaystems. ‘

Early in the nineteenth century, the superiority of
legumes over eereals'wﬁa a perplexed question, Thé ldes of
blological dinitrogen fixation was conceived by Sir Rumphery
Davis in 1813, who advanced the ides that legumes might be
able to utilize the atmospheric source of dinitrogen. Jean
Baptiste Boussingault, a French Chemist, in 1838 was the
first to muke an enduring commitment to this problem. From
chemieal analysis he found that nitrogen content in Yegumes
wag higher as compared to ceresls. On the experience of
crop ratatiaﬁ and cxperimental studles with e¢lover and wheat,
Boussingoult proclaimed that atmospherie air ies the source
of extra nitrogen found in clover. Later, he also showod
that legunes enriched the solil with fixed nitrogen, He,
hewsver, could not ascertain the nature of nitrogen whether
the atmosphere contained émmgnia or gaseous nitrogen,

In i&ﬁei,xiebig hypothesized that ammonia is the most
active atmospheric species of available nitrogen. Thié



suggestion was accepted by all those who believed in the

‘theory of mineral mutrition. In 1850, Geofgas Viile
thwarted the ammonia hypothesis by presenting experimentel
evidence of dinitrogen fixation by potted plents maihtained
in ammonia fred étmosphara.

Lachmann in 1858 found 'vibrolike' bodies in the
legume root nodules which wére deseribed by Womin in 1862
as 'bacterial-like’, In 1862, 3¢din observed nitrogen
enrichment by certain free living microorgenisms in the
nitrogon froe medium. Two famous German experimentalists -
nemely, H, Hellriegel and H, Wilfarth in 1888 did the pioneer-
ing work on biological dinitrogen fixzation. They fat,mei that
lcgunmes differ from other plahts in three respects nameiy;
1. they ers capable of utilizing atmospheric dinitrogen,

2, the dinitrogen fixation occurs as 1bng ag the aym’biarxﬁs
are in association with legumes roots and, 3. the legumes
peesesé root nodules which are the sites of dinitrogen
fization.

| A‘ great Duteh microbioclogist, M.¥W. Befjerinek in 1868
successfully isolated Rhizobium radicicola from the roots of
flegumimus plants which was subsequently renamed as Rhizobiunm
lcruninesarum on account of its obiigatory symbiotic nature

wiih» the roots of legumes plants. Winogradsky in 1893
successfully isolated a free living anaemﬁic dinitrogen
fixzing bacterium, Clostridium pagteuriapum from soil, The



Table 1. A& broad claﬁsiﬁeétinn of dinitmgaﬁ“ fixing organismg.

Blologioal Noe ~fixing

,!ii';

: Asaeciatad : ‘Babi‘kat

R. & ap‘oﬂim

 fixing aysten - a%ganiaas plant »_ |
Bacteria-Frocliving | i |
Nonwphotosynthetie - o o
Anaarcbic Closteidium Live in soily some can iive
' : : : in more acidic condisions
‘ _than Azotobacter
Asvebic Azotobacter Found in soi)y pH optimum
. ' : sroand 7.0
‘. Pacultative  Klebsiella, o
anaerobic Enterobacteor,
_ _ - Baeillus
Photosynthetic Rhodospirillum
- " Chromatium
Baeteria-»&sm&iaﬁvee
synbiotic ,
i
leguminous assocciation Rhizobium az Legumas ‘Nodules form on roots
: " Re Meliloti Alfalfa - o
' R, trifolil Clover -
R. lupini Jupines
Seybeans

Contd.e u/.';"



ability of bluewgreen algae to fix atmospheric:dinitrséén
was demonstrated by Prank in 1869, Beljerinck in 1901,
reported dinitrogen fixation in an aerobic free living soil
bacterium Azotobacter shxoococeum. Laters in 1923 he
isolated anether facultative aﬁaeraﬁié-dinitrggea\I&xing-
bacteriun namely, Spiriliun
. aubtropieai soils.

The capability of utilizing azmespheric dinitrogen
s confined only to a limited number of erganisma. Sn'far;

nﬁly the prokaryotes some bacteria and blueegreen aigae
either in free living or in symbiosis with higher plants
have been shown to possess this unique property af d;nitrogen
fixation. Earlier dinitrogen fixation was thanght to be the
monopoly of symbiotic ﬁgigggggmglegnmes. a few free 1iving_'
bacterié*anﬂ blucegreen algae. However, it has been nnw
shown that s wide range of ecnlﬁglea&ly and physiciagically
different groups of micraorganisms can fix dinitregena'; '
Recently, Postgate (1971) has suggested a spec;fic term
'diazbtrcphs‘ for organisme capable of fixing éﬁmas@harie
dinitrogen, A broad classification of the dlnitrogen

fixhtig organiams is given in Table '

Biological dinitrogen fixation ia“oné’of;thekﬁést:
fascinating ecosystem processes &nvelving;%ﬁé taéu&iibnfof, 
dinitrogen to ammonia by dinitrogen fiziﬁg-ﬁiaraérganisps.-‘
The fixation of diniirogen is g reductive precess_égtalyzed%
by the enzyme nitrogenase end is accampaﬁied by the ﬁtiliza~
tion of cnergy obtained from ATP generated by the oxidation
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Numl@gmimns B&Iie‘sr&d to be
agsociation merbars of the
gerus Actino-

nycete
Rhizobivm 5P

Azotobaoter
paspall

Spirilium
iipofarum

Blue~green algae
Fres living Anataena Sp.
Nostae sp.

Anabaena azella
Nostoc punctifo-
e

Associative
symbiotic

Alrus (alder tree)
Ceanothusg

Myrica
Casuarina

?ma aapeﬁm
Paspalum notatun |

{Brazilian tropi-
¢al grass)

Digitaris

g:: ,wgrasa)

Sﬂrghtm
Pearl millet

Azolla {waterfern)
Gunnara maerorhylla
(tmpica:l hee:?b)

Kolluleas form on roots

Hlodules form on roots
Colonies form below
mucilagenous aheath on

Location undefined, could
Jive cither arcund or in root

&Iga found irx Mraamm
ponds, lokes

Alga lbven in pockets of leaves

-~ Ster nodules form a‘& the basiks

of loaves

From Skimmr hﬁ?@a



Pigs 15 Vanous Pothwcys of Atm N2 F tXGtIOﬂ
1. Lnghtmng F:xataon (L‘/.) '
2. Ccmbustlon (7%)
3. Baologncal Fixation (69 %)
~ aFree Living M:croorgamsms (48 %)
8/ Non-Llegume associations (32 %)
¢ L»gume Symbioses (20 %)

o.Nif tGene Transfer(?)
4 Industrial Fixation {20 %)



'nf carbohydrates. A generalized aquazioﬁ‘fbr blelogical
dinitrogen fixation can be reprgaan%ed_as followen
Nz N+ Y+ 6" jtitmg — $ 2MH.
12«15 ATP 3
Blological dinitrogen fixation amounts to abaut
69 perﬁcent ($.0., 175 2 106 metric tons yr’t) of the
tetalﬁéitragen fized in the biosphere which is approxima- /di
tely 255 x 156 metric tons yr”1(Skinner. 1976}, In addition
to biological dinitrogen fixation, there are two more ways

of fixing atmospheric dinitrogen in the nature namely,
1. industrial fization, and 2, lightning discharga-as shown
in Fig, 1. | -
Apurt from blological dinitrogon fixation,industrial
fixation by the Haber-Bosch process developed in i?i& is
equally important, A mixture of dinitrogen and hydrngén
in the ratio 1 1 3 1s passed under 500 C and 200 atm over
finely divided iron as a catalyst and molybdenmum ag &
promotor, The industrial fization of dinitrogen amounts to
about 20 per cent (i,e., 50 x 16% metric tons yr’i) of the
total Ainitrogen fized in the nature, wTha manufacture of
nitrogen fertilizers by industrial fixation is a high energy
consuming process since the cnnversiaﬁ at one mole of -
dinitrogen to ammonia requires 147 keal of energy. i%'is
difficult Yo be dependent on industrial fization solely
due to the soaring cost of petroleun and other energy
resa?rcas. This has given a new impetus to exploit the



Table 2, Estimates of dinitrogen fized in the naturs
through various processes.

Type of fixation

Dinitrogen fixed

(motric tons x 10° yr =

vt

1)

Biological fixation

Agricultural . 35
Legumes 35
Nonelegumes

‘Rice
' -Other 5
Permancht mondows bs

Foroet and woodland bp

Unuged land 10

Total land 139

Sen 36

Total biological 175

ﬁbn,biologicaz fixation

Lightning 10

Combustion 20

Inﬁ“ﬁtriai .

ertiliger o
nduétrial uses 10
nonebiological R

Total dinitrogen fized 255

Skinner (1976).
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natural mechaniam of biological dinitrogen fixation to
ﬁagt the requirement of fixed nitrogen for asricultural
~ production, |

Another means of dinitrogen fixation in the naturs
is through the lightning diccharge. The omides of nitrogen
formed in the atmosphere are washed down with rain water
in the form of dilute nitrous and nitric acide, The gain
of nitrogen through this process amounts to abeut 4 per cent
{$.04s 10 x 10% metrie tons yr1) of the total dimitrogen
fixed in the noture. The amount of dinltrogen fixation
through lightning é,iiseh&rge carmot be augmented, as a suitable
technology for this purpose is yet to be developed. The
1atest estimates of the dinitrogen fixed in nature through
| variqus proceeses are given in Table 2.

By the end of twantioth century, the world's population
seems to increace from 4 billion to 7 billion thus the demand
for food will be @praximateiy doubles Therefore, it nsturally
rec;uii‘w heavy irputs of nitrogen fertilicsers whose consumps
tion has increased elight~times, i.e., from 5.2 million tons
to 40 millifon tons betveen 1954 to 1974,

In Indis, zm; production of nﬁ%mgcm fertilizers has
incroascd eightetimes, 1.0, from 1.5 % 10% metric tons to
12,5 = 10% metric tons botween 1961 to 1977. The inefaaaing
demand for nitrogen fertilizers and the impending encrgy
¢risis has led to éz steep rise in the prices of nitrogen
fortilizers throughout the world and hes created & sorious



difficulty in increasing agricultural production.
Incereasing use of nitrogen fertilizers not onlyva&da o
economic costs hu£ aisé causes éeriéue problems of water
pollution, According to Chila (1976) only 50 per cent of
the nitrogen fertilizers applied in the field io utilized
by the crops, while the remainder is lost either with the
run off waters or perealateqhewn\antOVthe soil eanaing
,pelluﬁiaﬁ problema'ogéubsail water sourcess The growing
awareness of environmental quality and scarleity of none
renewable resources may aggravate the probleﬁ af‘?re&uctian '
of nitrogen fertilizers. Thus, the increasing attention is
being paid to the process of biological dinitrogen fixation
to meet the growing demand of fixed nitrogen,

~ Ti1) recently, the interest in blolegical dini%ragen'
fixation was largely cvonfined to legumineus plants beaaﬁse
of their obvious sgronomic importances The study of none
leguminous flowering plants from the view point of
dinitrogen fixation remained neglccted for a prolonged
period on account of many reasons.. One of the reasons
., has been the general lack of interest and knowledge of
_m;cfﬂbiolagista and blochemists about the nonelegume
flowering piants; Another importent factor hes been the
absence of a suitable and seﬁsitive technique for
evaluating dinitrogen fixation. The newly developed i5N.
technique {Burris & Wilson, 1957) and acetylene reduction
assay (Dilvorth, 1966) have greatly facilitated the studies



of dinitrogen fixation in nonelegume flowering plénte»

The fiéét roport on a nonelegume dinitmégen fizing
flowering plant, gaggzggnuazuyaazgizglla,waa-maaerby_ﬂobhe
~in 1892. Before IBP only 13 root nodulated nonelegume
'fiaqﬁng plants vere known to fix dinitrogen. The IEP
| under its subaseetian *Production Processes of nitregen'
{PP~N) has provided a major stimulus to the stuay of
bdblological dinitrogen fixation in nan-legnme flowering
plants‘ Systematiec surveys under the IBP were organiged
with the following three objectives 1 1, to secure full
{nformation on the regularity of nodulation in the field
of species glready knovn to bear nodules, 2. ta iﬁveatigate
a1l tho specles of those genera knowm to bear nodules and
3+ to encourage a search for the presence of nodules in
genera not previously known to be inclﬁdeﬁ in the lést of
nodule bearing genmers, particularly of'Rhamnaeeae,'a fanily
of about 60 genera of which two namely, Coanothug and
Qiggagia are known to bear nadules and the femily Rosaccae

comprising of 100 genera of which enly three, Cerco:
Pryag and Purghia have been known to develop nodules,

One of the recent'developments in the field of
biclogical dinitrogen fixation, is the discovery of an
intoresting and sinmple syrbiotic system of tropical Cye
grasges in loose agssociation with soil bacteria which have

been shown te fix atmospheric dinitrogen (Dobereiner gt zl.,



1972). The dinitrogen fixing bacteria develop a loose
association with the roots of Cy-grasses deseribed as
*associative symblosis®. |

Débereiner gt al. (1972) wers tho first to demonstrate
the dinitrogen fixzation by Pagpalum nodatum in loose |
association with the Azotobscter paspall bacteria. The
bacteria have becn found to form a membrane-like structure
around the roots, However, in syrbiosis between Dipitarin
dacumbens and Spipillup lipoforun Beijerinck the bactoria
have been found in the intercellular gpaces of the imner cells
of root cortex (Dart & Day, 1975)s It hee becn reported that
the nitrogenase activity in Disitaria-Spirillum and corne
Spirillun associations is as high as 1 ke N ha! day™! and
2ka N tia~} day“’i respoctively (Dobereiner gt sl.s 1975).

The dinitrogen fization has also been shown in rice in
agsociation with Bellerinckin ard some aquatic plants and
weeds roots sssociated with unidentified dinitrogen fixing
microorganisms (Pogtgate, 1974).

A new potential area for increasing biological dinitrogen
fixation has been thrown open by the discovery of dinitrogen
fization in tropical Cy-gracses (Débereiner gt al.. 1972),
and some aquatic macrophytes (Patriquin & Knowles, 19724
Bristow, 1974)s However, these gmsees-bacteriai s’,&stems
have been reported as efficient in dinitrogen fization as
legumes but the reports are availadle anly from a few tropical
regions of the world, i.e., Bragili, Nigeria and Ivory Coast,



These findinge of assoclative symbiotic dinitrogen fixing
activity in grésses-uhmterml systens have not received much
support from othor parts of the world. Invaatigaﬁcﬂa on
dinitrogen fixation in grasses and their impcrtéﬂee to the
nitrogen economy of tropical end subtropical regions of
Asiza require a e‘areful study in view of their likely
potential of increasing blologiea) productivity,

The Shizabium-norflcgume, Irema ampers (Trinick, 1973) -
symblosis has paved thé' way for the masibili#iea of extende
ing the s:ymbiosia botween Rhirzobium and nonelsgume iagrommi—-
\cany jmportant crops. The fixation of dinitrogen has been
~ shown by cowpea Wr&m& with the cell culture of
mn-iegums namoly, vheat, rape grass, brome grass and
todaceo-(Child, 19751 Schoeraft & Gibson, 1975)« The
success has been achieved even in persuading different
Bhizobial strains of cowpea, soybean and pea to fix dinitrozen
ik the pixre culture redla in Somplete absence of plant cells
(kurz & LaRue, 1975; HcCombd gf al.. 19751 Tjepkema & Evens,
1975). However, these achiovements have not been extended
well and supported much so thelr practical implications in
the near futurs seem to bs uncertain.

Another most interesting and sophisticated means of
blological dinitrogen fization seems t6 be through the
transfor of pif’ genes. The structural and regulatory
genes determining the synthesis of enzyme nitrogenace
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satalysing the fixation of dinitrogen are referred to as
piL* genos. However, the transfer of pif* senes has been
suacesafuily carried out in lower organicms, i.0.,from a
diﬁitroggn fizing bacterium, siella phnouponiss to
‘ 5034 (Dixon & Postgete, 1972) but no such
vtranster afﬁn&tf genes to higher plant has been possidle so
far, Dunicen and Tierney {1974) have obtained functional
if* genes from Bhizobiup trifolid to Klebsiells serosen
The possibilities af succassfully 1nterguﬁeri¢ trancfer of
n;ﬁ,genas from dinitrogen fixing prokaryotes to eukaryotes
may provoke the hope for introducing dinitrogen fixzing
activity in cereal crops, whiei are heavily reliant upon
nitmgen fertiiizers; However, the imgaliea%ign regarding
nif*eenes transfer to sukaryotes is otill unclear and doos rot
seem certain thet this would  be feasible in the nomr

In thin review an attea§£ has been made to present an
uptedate information on the biolegy and ec@l&g& of dinitrogen
fixation with par%ianlar reference to non-leguminous flowering

plents,



Table 3, Bethods of measuring bdlological dinitregen fization
| and their underlying strategies.

gi: : Method - Strategy
1. Kjeldahl method Estimation of total
| nitrogen
2. patechnique . Estimation of 15K
~ enrichment
3. Acetylene reduction Reduction of alternative
assay , substrate, i.e., CH, by

the enzyme nitrogonase




~ Chapter 2 | | it
Methods of Measuring Dinitrogen Fization

The study of biological dinitrogen fixation has been
greatly influenced by the impr%vﬁments in the methodology
ef?bio%Ogical dinitrogen fixation. A review of the higtorical
- develepments amply demonstrates the imgarﬁance of improving
the techniques of quantitative estimation of b&éiogiﬁal
dinitrogon fixation. Early in 1883, only the Kjeldahl method
 was known to estimate nitrogen enrichment. Sinee then a
number of importent developments have taken place in the
nethodology of ‘estimating biological dinitrogen fixation.
Threc methods are commonly used for measuring. dinitrogen
fixation based on’éifferant strategies as given 1& Table 3.
kjeldahl method R

This method was introduced by J. Kjeldahl in 1883 for
- egtimating total nitrogen in the organic meterials, The
plant material ic digested with concentrated sulphuric aecid
for redueing combined nitrogen to ammonia which is cubsequently
fixed as ammonium sulphate. Later, ammonia is evolved by
distilling with concentrated solution of sodium hydroxide and
finally absorbed into a known volume of standard hydrochloric
acids The unused acid is ostimated titrimetrieally using
standard sodium hydrozide solution. |

Vinkler in 1913, modified the Kjeldahl methadﬁby.reylaéing
standard hydrochloric acid with a standard solution of boric
acid to absordb ammonia liberated from the distillation of



ﬁigeéteé material, The ammonis may then be titrated directly
with standard hydrochloric acid because boric aclid is too
wenk to affect the pH to an appreciable extent during the
titration, The advantages of this modification are that it
neecds only ong 5taﬁda£& solution nemely, hydrochloriec acid,
it saves time, and the boric acld needs to de measured
approximately. However, care must be taken that the receiver
of the aistillate be kept cool during the distillation, for
ammaniumnbarate,ie somewhat volatile. |

The Kjeldahl method in spite of being the oldest &s
5411 midéiy used for cstimating total nitrogen in organic
waterials, due'to itc simplicity and cheapness. 1It, however, |
suffers from a number of drawbacks. For example, it is not
possible to distingulish between the absorption of combined
nitrogen from the substratum and the dinitrogen fixed by
the plant, A relatively lerge emount of material is required
and it usually takes long time to accumulats., Nitrogen
snrichment below one per cent cannot be satisfagtarily.deteeted“
by tﬁis method. The suiphuric aciﬁ'd&geétian docs not reduce
all combined nitrogen into armonia and thus a amall dut | |
 varying amoubit of nitrogen goes unostimateds |

15ﬁ~teahniqﬁe

The isotope technology applied to the studies of
bielugiéai dinitrogen flxation in 1957 has greatly impraveﬂ
the method of cstimating blological dinitrogen fixation, The
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1y technique as it s now popularly known was doveloped
by Burris and Wilson in 1957. It is the most reliable and
sensitive technique available for estimating biological

© dinitrogen fization., The use of 15N, for studying animal
motabolism by Urey g% al. in 1930 indicated the poaesibility
extending the use of isﬁz for studying bioclogical dinltrogen
fization. Burris and Hiller (1541) found that the enzyme
nitrogenase canmot dictinguish between the 17Ny ana M,
§cotopes end mor it cen catalyze mutual exchange between
the two isotopes. Burris and Wilson (1957) took advantage
of this diccovery and developed the ! N-tochnique for
detormining biological dinitrogen fization vhich

basically involves the following seven gtops:

i« Preparation of 15N2 gats N
2, Incubation of the plant material in isﬂa enriched
in N,

3+ Conversion of fixed nitrogen into ammonia using
Kéaldahm digestion method,

4, Collection of ammonia by distilling the digested

| pixture.

S Gxiéa%ien of ammonia to dinitrogen.

6, lass spectrometric aﬁalya&a’af 15K hy isotope
ratic, and | |

7+ Caleulation of excess aa‘azomiyer cent 15&,
The;i5Nainear@oratad'hy a dinigrogen fizer ic detected

by mass spectrometer as an increase in the abundance of masges



i4

28 and 30 above the background value of 0.37 atom per cent
} énd the results are exprossed ag excess 15ﬁ atom per eent,
- Burris and Wilson (1957) established that a sample giving
an atom per cent 15N excess by 0,015 could be assessed
positively the cvidence for biologieal dinitrogen fiiation~
15N2 can be propared in the laboratory by reacting 15NHgN03»
with sodium hydrexide solution (Burris & Wilson, 1957)‘0rv
¢an he purchased aawﬁeﬁihgiiy. The 15NH3 evolved is passed
over the hot coppor oxide in a gas-tight systenm which
axidizesvisﬂﬁj to Isﬂgg' To obtain pure gas it is negessary
to pass the gas through alkaline potassium permangnate
solution. It is aé:visah;e te pass the isﬁz_thxaugh=
hydrochloric aﬁiﬂ to remove any remaining traces of ammonia.
The plant material is incubated in a gasetight chamber
under §15N2 of 0.1~0,3 atm enriched in N, which is normally
gufficient to saturato the cnzyme nitrogensse, A sample
of tho gas mixture is withdrawn from the incubation chamber
. with a gas«tight hypodermic syringe and injected inte a
masg spectrometer to determiﬁe‘the per cent of 1532 in the |
'gas mixture. After incubation for a desirable period of
time the cystem iz inactivated by injecting about 0.5 nl of
5 Nesulphuric acié, The plant materisl is digested following
Kjeldahl method and armonia is liberated by adding sodium
hydroxide solution. An aliquot of the liberated ammonia |
is analyzed by Chaykins mothod (1969) to determine the total
nitrogen in the saﬁple, The colour response is linear from -
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0402 to 1,40 p moles ﬂf'ammeﬁia. The remainder of ammonia
is concentrated and oxidized to dinitrogen with alkaline ‘
hypobromite solution (Burris & Wilson, 1957) which is
then transferred into the mass spectrometer for the
deternination of 1*R/1%N ratios,

By determining tho total nitrogen and 13N in the
sample the amount of 15N-£ixcd can be ¢alculated and
exprossed as atom per cent 155 excess, using the Pollowing

relatiom
y ’ 100
Atom por cont 15y ORCO8E = -1:;,
' 2R + 1

| R = Lyrig AlylSy

where R is the ratio of intensitiss of the lonic currents
cerresponding to 1“N and 15N atoms, Mass spectrometor can
aspess the positive evidence for biclogleal dinitrogen by
measuring as low as 0,003 atom per cent 15N excess. The
15n.technique is 107~tines more sensitive then the Kjeldahl
- method (Burris & Wilson, 1957). This technique has made a
great otride in the field of bioclogical dinitrogen fixation
by diseévering a large number of non<legumincus flowering ,
plants as officiont dinitrogen fixers which could have never
~ been detectod with the Kjeldahl method, Howover, the
applica%ibﬂ of the lsﬂwtechniqae is limited zs it requires
extensive chemical manipulations, highiy saphistieateﬁ maes
spectrometer, and exponsive 15N2 g28.

Recently, the 15ﬁetechnique has been improved by
- utilizing the optical cmission gpectroscopy in place of mass



io

speétrametér for analysing 1“&/15N ratios by using relatively
much 15ﬁ2 during the plant exposure to N, gas. It is more
‘sensitive over the mass spectrometer and ean meésure smaller
samples upto i pg.af 15N;enrichmea£'{?orkseh. 1972),

Acetylene reduction assay

In 1966, an important discovery was made that the
engzyme nitrogenase could also reduce substances other than
dinitrogen. Earlier in 1965, R,wsF; Hardy'had discussed
with H.J. Evens and W, Silver, the possibilities of using
cyanide {~CN) reduction as a.quan%itative'meagure for
estinating the nitrogenase activity. Dilworth (1966} for
the first timo detocted ethyleno as the redn@tieﬁ product
of acetylene and later Schéllhorn and Burris (1967) astabliﬁhed
the acetylene inhibitien of dinitrogen fixation in cell free
extracts of Slostrddiun pasteurisnum. This unique character-
istic of the enzyme nitrogenase has been the basis of
devélaping the ascetylene reduction assay which is now widely
employed for estimating biolégical dinitrogen fixat&on;*The
ﬁuaiitative and quantitotive estimation of ethylene haé been
greatly.facilitate& through the usgig gas ehroaatogrﬁgh fitted
with a hydrogen flame ionization detectar'(?Iﬁ);»_Rigorous
s%udies‘madé\byvﬁilworth {1966) has shown that the:raduﬁtion
of acetylenc to ethylene is analogous te the reduetiaﬁ of
dinitrogen to ammonia, as )

NeN+ a* + 6om Difrogenase oy,
CH 2 CH + 2H* + 2o~ brogenase gy,
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Stoichiometry of this reaction clearly shows a
quantitative relatidnship between acetyieﬁé raduction and
diﬂitrogén fixatign. These stud;ea have shown thaot acectylene
reduction assay could be suceessfully used for estimating
biological dinitrogen fixation {Hardy gt pl., 1968). Upto
i.FP,moies of CoHy can be successfully detected with the R
help of a gas chromatograph. All types of dinitrogen
fixing systems can be cvaluated for their dinitrogen fizming
a&tivify without anj major difficulty.

The following characteristies of the acetylene reduction
assay qualify it for quantitative determination of nitrogenase
activity:

1. Ethylene has been identified ag the only product af
nitrogenase catalysed acotylene reduction by using
~ mass cpectrometer and gas chromatograph, |
2, Bmall concentrations of ethylone do not inhibit the
nitrogenase activity and also it does not undergo any
fﬁrﬁher’reduetian {Dilworth, 1966}, | |
3+ Acetylene-cthylene reduction by nitrogenase is seme
both in witro and in yive.
4e ALl nitrogenase preparations rrﬁm different dinitrogen
fixers reduce acetylene to ethylene {Bergérsen; 19?0)¢‘
5. Nitrogenase re@u&ras a8 strong reduetant, and ATP as
energy source.
6. N,/CoHy conversion factor == a theoretical conversion

factor of three is used so two electrons are required -
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for acetylene~ethylene reduction whersas six electrons
are required for the reduction of dinitrogen to
anmonia, | |
7+ MichaelisMenten constant (Km) ~ the Km of acetylene
for nitrogenase varies from 0,01 to 0.04 atm ﬁzﬂz in
comparison with Km of N» varying from 0.1 to 0.2 atm Np.
8, The nitrogenase activity is limited by reductont and
ATP hydrolysis coupled with ¢ (activated electron)
transfer.
9. The elecetron transfer from nitrogenase is not
- influenced by the type of reducible substrate,
10. The assay measures the nitrogenase activity but not
N the concentration of nitrogenase, |
Hardy gt al. (1568) have cutlined the following steps
to carry out the acetylene reduction ascay as ahcwﬁ*‘ig; 2
1, Somple preparation The eoll sam;;les mn%iﬁiﬁg roots
or dinitrogen fixing plante aro taken with a great care to _
avold distrubances ﬁhichj(n;%t influence the diniteogen fixing
pctivity of the systen (ﬁarﬂy et ales 1968) Paul ot ales 1971);
The roots are sampled following excavasion as noduloted roots
or excised nodules (Schwinghammer gf al.. 1970; Spremt, 1969,
1971). The nodulated roots are generally more active than
Athe oxcised \mduléﬁ. The nodulated roots or reot soil cores
are meﬁiafely kept in sealed glass bottles usdd as assay
chambors, _ |
in case. of Cp-gracses roots are agsayed for theiyr
ni‘hmganase getivity by preimabatihg oevernight ot & lbw
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Pog of 0402 atm in a sealed aseay chambor, M&si:_ commonly,
disposable hypodermic plastic syringes of 50 to 100 ml
cepacity have boen used for assaying root soil cores and
nodulated roots (Hardy gt al., 1968y van Straten & Schmidt,
1975). Several other assay chambers have ‘also beon used
such as serun bottles or vials (Minchin & Pate, 1975),
plastic bage (Burris, 1974) and Mason jars (Hardy gt al..
1973 Streater, 1975). /
2, Gas exchange phase + The assay chembor s _evacuated
with a vacuum pump and filled with argon at 0.65 atn, CoH,
0.,15 atmg 0, 0,20 atm and €O, 0404 atn through serunm stopper
vith a gas~tight syring,eg Bewavér. in recent studies the gas
exahange} phase has been replaced by diroct S,néeﬁfing QZH?_ at
0el5 atn equal to the volume of alr drawn ;fjmm the assay
chanber, because of tho nonecompetitive inhibition of
dinitrogen fization end much lower Km of CHy for nitrogenase
than that of dinitrogen (Akkermans, 19711 Sprent, 1971
Hwang ot ales 1973). |

3. Inéubétian t The mi nodules or root soil ¢ores are
incubated in -a gas=-tight assay chamber ‘for a. poriod of t;;ge
depending upon the dinitmggn fizing activity of the cample.
The timo of incubation should not be prelonged because high
levels of ethylene may inhibit the reduction of dinitrogen,

4, Termination of assay ¢+ The aesay is terminated by
adding trichloroacetic acid (Stovart, 19?0) or 0.5 ml of 5N=
sulphuric acid into the acsay chember. Without inactivating



the plant maferiai,the direct gac samples can alse be
drawn from the assay chamber and can be stored in
evacuated bottles. -

Ss Anglysis of Gzﬁu t A gas cﬁrnmatﬁgraph fitted with a
eolumn of PorapakeT is uéed for the separation and quantitee
tive moasurement of acotylene and ethylene gases using
hydrogen=flame ionization detectors Nitrogen is commonly
uged as a carrier gas opproximately at a constant flow rate
of 40 ml min"l, Gas chromatograph is standardrized with
ethylene and a etanﬂérd curve ic plotted taking peak
heights vé concentration of the ethylene. However,
acetylene can also be used as an internal stendard for the
’indirect‘measurameﬂt of ethylene by determining the qaéntity
of acotylenc left in the assﬁy chamber (Hardy gt al., 1968).
| The Porapak«T column gives maximum reproducibility over
60-90 C, The amount of ethylene is represented aa:m noles
of CoHy gn™! dry weight min™1, |

The acetylene reduction assay is 10
seggitivgrover the ‘5ﬁntechnique; beaakse of caﬁa reduction
to CpH, is accompanied by a single electron pair transfer
vhereas 15ﬂ3 roduction to ammonia is three electron pairs
transfer,  Due to low Kn of 8232 {0.01 to 0,04 atn Géﬂz)
for nitrogenase than that of N, (0,10 to 0.20 atn Nz)

100 per cent of the electrons are transferred from nitrogenase

3~%imes_mor@

to acetylene but in the case of dinitrogen reduction only

75 per cent are effective, The measurement of othylene by
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ges chromatograph using the hydrogen flame ionigation

detector makes 1t nore eensitive which ¢an detect upto

1 pp moles of cthylene, Furthermore, the solubility of

acetylene in water is 80~times more than that of'ﬁinltaogen.
" The following precautions shauld'be given due |

conasideration when emplaying acetylene reduetian assay

for measuring dinitrogen fixzing sctivity:

1. Acotylene is explosive and highly inflammable in nature,

2+ Acetylenee~ethylene reduction ascay is an indirect way
of meaéurihg biologieal dinitrogen fixzation.

3, Ammonia produced requires cortain ketoeacids for
imnediate motabolization into anmino acids and amides
vhereas ethylene does not undergo any metabniism.i

&4, Presence of ammonia in low eoncentratien\reyreQSes the
nitrogenase activity, but that of othylene has no effeoct,

5., Ethyleno is a well known plant hormone, | | |

6, Solls r&ch in organic content may produce othylenc |
naturaily which nay introduee an error upto 5ke N

| ha"i =3, :

During the past decade the applisation of acetylene»
ethylene reducticn assay has made a’'great stride te the
studies of biological dinitrogen fixation and a lavrge
number of nonw-leguminous fiowering~plants have been
diseovered ag officient dinitrogen fixers. A relaticnship
botween the sensitivity of three methods and the number of
noneleguminous floviing plants discovered fixing dinitrogéﬁ?QQQ

ecss
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Table 3 .

of biological dinitragen fixation,

An evalnation of the three methods useﬁ for the meaeuremen&

Sr.
Ho.

Characteristic

Kjeldahl‘method

158-technique

Acetylene reduction
assay

1.

2.

Je

e

Discoveorer

Underlying
atrategy

Nature of
reaction

Ezporimene
tal factor

Je Kjeldanl (1883)

Reduction of the
total combined
nitrogen into Nﬁs
by digesting tho
plant materisl with
concentrated sulphe
uric acid and estie

- mating the NH

volumetricall
Direct, N, =) 2N33

No

_Diract, 15“

R.Hs Burris &

PuWe Wilson {1957)

The enzyme nitro=
genace neither

differentiates nor
catalyszes an exch-

agge betw?gn the

isngbpas of nita
TOZEN.

0437 15y atom per
- gent blackground

value

15KH

Heds Dilworth (1966),
R« Schollhorm &
R+H: Burris (1967)

The enzyme nitrogenase
has the capability of
reducing surrogate sube
strates, €.ges Géﬂz

3 Indirect, Céﬁz -5 CH,,

A conversion factor
of three, $.0+;

t n moles of 92H2 -3 G, .
X2

°@mg N g-t ﬁry weight

G‘Ontdq Ty



A summary of the three different methods with

their advantages ond disadvantages uged for the measure-

ment of biologieal dinitrogen fixation is given in
Table &, | "
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Characteristic Kjeldahl nethod

iswaﬁechnique

Acotylene reduction
assay

10.

.

Efficiency

Sensitiviﬁy

- Stability of

product
Eagse of
operation
Application
to in yitro
systems

Applicatien
in field

Inefficient, 5«8

samples day~1

Insonsitive, incapabdble

of measuring increase
in nitrogen less than
cne per cent

K., slowly undergoes
changes in atorage

Simple and easy to
handle

-~

No

Ro

Cheap

Inefficient, 3«5

- samples day=!

lﬁamtimesvmore sensie
tivo than Kjeldahl
method, 0.015 aton
per cent excess can dbe
measured successfully

25ﬁﬂ slowly metaboe
1iged in storage
Sophisticated and
tedious handling
Applicadble

No

Very oxpensive

Highly efficient, about

80 incubations and 160 gas
chromatosrams day~!

103~ti et more scnsitive é
than 15N-technique and 10
giges thag Kje%dghl mothod
= 1 moles o . can b
detegged 2 _
sgﬁu is quite stable and
ddaes not undergo any chang
in storage

Simple and easy to handle

Highly applicable

Highly applicadle

Inexpensiva
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Chapter 3
The Nitrogzenanas

i?he enzymo nitrogenase catalyzes the reductidh of
dinitrogen %o ammonia (Burric, 1942) through a gerics of
complex reactions. Attempts to aﬂmeft engyns ndtrogenase
wore started in 1936 but prior to 1960 all nitrogenase
preparations gave poor activity end the reproducibdbility
of tho resul?s was unsaticfactorys The main difficulty in
obtaining active nitrogenase preparstions wac due to the
lack of knovicdzge shout 1tes 1. oxysen sensitivity, 2', colde
lability, and 3. high energy reguirement in the form of ATP
for reducing dinitrogen. After thirty years 6f continuvous
efforts Carnuhan g% al., (1960) were succossful in obtaining
cell frec oxtract of nitrogenase from Slostridium pastouris
using vacuun dyying process. Since then, nitwgwaﬁé has
been eéxtracted from about piwteen dlfforont dinitrogen fixing
orzanisms, Noverthelosco, its precise composition, propertioes,
and mechanism of action are still obseure,

Methods of extraction |
. Vecuun drying procees s Cornshan gt al. {1960) ueed the
vacuum 4rying procoss and successfully ﬁmampdféhe ¢ell free
nitrogenase preparations frem Clontridium pas Briarum.
The colls wore vacuum dried at relatively high temporature
about 35 C and the dried cells were autolyzed by 0.1 M tris
puffer at approximately pf 7.5 which allows nitrogenase to
pass out of the cell into tho mediun mauaé of the changes



o)

in the permeebility of cell membrenc. This eliminates the

need for bresking the coll wall., Ususlly nitrogenase is |

soluble and remaing in the pupernotant, The nmde ‘nitrogensce
preparations are extremely sensitive to oxafgeﬁ inactivation,

This process could not sucoesd with m:har diniteogon flxers
AR x ahacns beesuse of the

ﬁm‘&mﬁm of thelr nitrogenases,
2, Prench Prene methods The French Preos mothod was
developed by Bulen gt gl. ( i?ﬁé’} to obtrin active nitrogenace
vinglandid. The active nitroe

preparations from Anol
genase preparation was obtained by pasai.wg the frozen ¢slle
through a French Pross. 4 thick glurry of the cells is
pasoed through a narrow orifice at 10,000 te 20,0600 pounds
per square inch, A sudden decrease in pressure together
with the shearing forse of #assing %mﬁgh the orific disrupt
coll wall ra!.eamng the enzyme nitrogenase. The crude nitro-
genase proparation obtained by this mothod is of isax%iwmte
naturs and 4o alsa w&aﬁvely stable towards axmem 1&3&%&%— :
ti«zm in comnaria;-@n with that of Clogtridiun postourisy
obtained by vacuun drying process, The Freneh Pross
method requires a large mmount of materiel which maltes it
unsuitable for wide application to various other orgenioms.
3n ﬁsm"f:&e gshotk methods Oppenhelim gt al. {1970)
employed the property of oemotic prescure ie=izun to deviee
a new mothod oalled “"Gsmotic schock” whieh is very convenient
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and applicable to a wide range of dmfmgm fixzing
orgenions. They applied this mothod to Azgtobachor
inclondil for odtaining erude nitrogenase extroct which was
fourxd to be similar in properties to that of Llostridiun
spatouriamin obtained by vacuun drying pmcaas. *Ihemfwe.
fm the foregsing methodo of extraction it has been
concinded thet erude nitrogenase preparations of
: landil differ in their particulate size and oxygen
sensi%ivi‘eg obtained by Prench Press and Osmotic chock
methods, It ig, therofore, highly desirsble to exanmine
whether the variations obmerved in the properties of nitroe
genase are due to the methollology of extraction or due to
the differonces in the subcellblar organigation of nitroe
genase obtained from different source organisms;

The active nitrogenace pmpmtim{ from the m&ﬁnmaetg- :
like endophyte of noneleguno flowering plants such as Alnug.
Lasuaxing, ¢ thug and Byxdon has not been obtained as
yet hy any of the available methodn. A suitablo mothed ie
noeded 26 he dovolopod to obtaln active nitmgmﬁe Prepara-
tions from those microorgenisms oo as to ascertain similarities
and differences in the properties of nitrogonase obtained
from other microorganisms, Most probably due o the varistion
Sm molocular welght, atomic composition and "iéay&&ﬁ smsit&v&ty
of nitrogenase so far any of the methods of extf'aﬁﬁm has
not boen applicable to all the dinitrogen fixing organisns




Table 5. A compmrative account of the sctivity of nitrogenases
obtained from various dinitrogen fixers ueing different

methods of extraction,

SpeNo.  Orgoniom 0S = Refeorence
1. ﬁﬂ&ba@ﬂﬁ ¥ CQQK &t ﬂla ¥ 19613’
eylindrica _
2. . Agotobucter «  Kelly, 1968 -
chroococcun ,
3.~ Azotobacter +  Bulen ,al 1965
. vinelandili '@ '
. %4 . Chromatium sp. - Oppenheim 8% ales 1970
5. Clostridivn 4 - Winter & Armon, 1970
. pasteurianun camaham ﬁ Bles 1966
6, Klebsiella 2 Mahl & Wﬁ@mf 1963
Lo pncunoniae |
7 - Rhizobium +  Evang ﬁg}.- s 1970
: . Japonicum o
8, Rhigobium +  Davis & Brill, 1972
. rubrun - - , . -

YD = Vam drying prmess; FP © Prench ?ress methcﬂ:
05 = Osmotic shock methods + = active nltrogenases
e 1@&3 active nitrogenasag - = inaativ@ nitrogenase,
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for extracting ngs‘.%nsgeﬁms as shown in Table 5.

Purification of nitrogenases |
| Mort of the experiments can be performed with the
orude extracts of nitrogenase. However, for studying

~ conposition, propertics and mechanism of astion it is
' necessary to obtain a purs sample of nitrogemases The
procedure of purification of the crude extracts is almost
“the @éﬁé irrespective of the sourte brgsniens,

ALY s‘f:ep's‘ in purification, without ony exception,
az"a mrfmmeﬁ under s’f;rietw mmbm eané&%img
Aggtobacter mitrogonase con bo sedimented by differentiol
. aemrituga‘&i@n method bocavse of its gmrtimma natursa,
Partiany purified mitmgemse prepamﬁans ars usually
| oan%am&uaﬁad with male&g acide end @tmr insetive proteins,
which are treated with protamine sulphate to reduca the "
- sontamination, Exoessive addition of protenine culphate
should bo avoided, dut otherwice, it may precipitate
nitrogenace ap well. Aftor ﬁm%rifugéﬂm the mémﬂmk
cen be troated with RNAsse and DNAase to hydrolyse any
z-emaming miclefc aeclds, }{w&m; the removal of about
50 per cent of the inactive proteins *t:an ba ‘achisved ‘bs*
 heating the preparations at about 50 ts 60 C For 5 to 10
ninutes, , | |

The application of polysthylens glycol (PEC). provides
anothor good method for purifying nitrogenase preporations.
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Different concentraiions of PEG 6000 have been appliaed

to cméa nitrogenase proparations of Llgsiridium pastouris
The initial treatnont with 16 per cent PEG preeipitatw all
the insctive proteins alongwith muclele scids, Higher PEG
concentration of about 30 por cent procipitates active
nitrogenses ensyme (Teo gf ales 1972).

More commonky, the purification of nitregensse is
obtained by 1lquid chromatography using nm&»caiiumm
{8iethyl sminoothylecelluloce) column (Zunft & Mortonson,
1973), After treating the crude extract with 5 per cent
protomine esulphate the supernatant is run through a DEAE-~
cellulose column by differentisl concentrations of codium
chloride solution, The crude nitrogenase ongyme extract
separates into throe brown bands on the DEAR«cellulese
eolurn when eluted with 0.25 ¥ sodium chloride solution
(Hortencon g% ples 1967).

The components of each band wers subjoeted te atomic
sbaorption spettrophotometer for analysing their metailie
tonstituents, The first band was found to contain No and
Po atoms, the second band contained Fo atons and the third
band was alse found to contain Fe atome. Individual
corponents lack the eatalytic property, howaver, it could
bo rectored by combining the components of first and second
bands, This chows that the constituents of the third band
are not on essentisl component of nitregensses Further
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aniwiméﬂ&a annlysls revoaled it to be fervedoxin on the /pr
basis of its chaoracterictic pesk absorption spectrun,

_ In order to achieve e very high puriﬁy of nitrogonase
Sephadex G200 and G100 columns are cmployed for individual
ritrogenase mmeats; Sephaden G200 ic used for ma?wmtain
and Sephadex 6100 is used for Fe«protein (Mortenson gt al.. 1967).

%mﬁnﬂo@y |

Investigations following the extraction and pur&fimﬁm
of nitrogenase ooon revealed that it is compored of two protein
copponents named after thelir metalliice constituents and reduction
property os *molyddoforredoxin® and "agafmm‘ (tﬁcﬁenscn
et gles 1967)s This terminology has mot boen accepted widely
due to the lack of evidence whother molybdeferredonin alone
ecould act as a binding site for the substrate reduction,
Hortenson gt ale (1967) assizned these terms on tho basis of
thelir motallic constituents as NoFe-protein and FPe-protein
- respoetivelys Hardy gt als (1971) named the MoPesprotein as
*apoformo® and Feeprotein as ‘azofer’. | | |

On the basio of priority of elution of the protein
components from a DEAE-gellulvse eclumn, the HoFe and Fee
proteins have been designated as *Fraction I1° ar"“ccﬁm;:anént It
Froction 2' or'Component 2*' respectively {(Walker & Mortenson,
1973). Sussex group has usod abbreviations to corwey the
information about the protein compenents and tbair"mme
organisms, For oxamplo, MoFe-protein oni Feeprotein components



of nitrogenanse abtaimd from Klgbs pricpmond s
designated a.s xgz and Kp2 xeapeativeim Th&s ﬁmmlagy

i rot in common uso besause the KoFe-protein is ineupable
of reducing dinitrogen by itself and, therefors, the
terminology HoFesprotoin and Feeprotein ic relatively
preforred, Recontly in 1976, the encyme Commission of the
International Union of Biochemlotry has acsigned a eyetemstic
- nome to nitrogenass (nitrogen vacceptor) oxidoreduction,

{BC 1,7+ 99+2) (Daviec & OrmeJohnson; 1976},

Properties of nitrogennse
Ensyme nitrogenase irvespoctive of its ama orgenien
 has the same phyaicai and chenical pmz:mftiaa, except sﬁ.ght |
variations, ﬁeither of the tuwo pmtam conponents is
functional by itaelf and the mmﬂies at%ribute& to the
nitrogenace are the collective wopertias of the m protein
ecopponents, Important ylwaieai and chomicel propovtices of
the nitrogenam are dasaribﬁﬁ in the mmm paragroaphs.
Ae Physicel propertiess |

" 1, Cormposition s Ensyme nitrogenase consists of two
protein \Wnt-s 'name‘xy,. HoPoeprotein and Foeprotein in
the ratio of 1 3 1 per nitrogenase molecule, On the basis
of differentisl rate of flow of tho %wo protein conpononts
_%hmugh. a DEAE«cellulose column chromatograph, the average
molecular welght of the HoFeeprotein has been found to vary
betweon 220,000 to 270,000 and thet of the Feeprotoin fronm




55000 to 65000, obtained from varions source organiome
{Mortonson £t Al.s 1967)« Tho MoPe-protoin has boen reported
a $otromer compooed of four identienl subunits each with o
molecular weight ranging from 50000 to 60000, The Few
protein alsc hag been found to beo a dimer which conslste

of two fdentiesl subunits each with a molecular woight
verying from 27500 to 32500 (Skimnor, 1976)s

| 24 cxygeﬁ gonsitivity s mtmgemaee efigynme is very
ponsitive to Oyeinactivation, a@eciﬂlyg the Feeprotein is
puch nore sensitive then the ﬂei%—pmtein (Keliy ok ales
1967). Most probably nitrogenase protein fractions underge
irreversible oxidation in pracence of molecular oxysen

(Bulen g% zles 1965). Tho nitrogenase cbnined from acrodbic
dinitrogen fizers is generally less sensitive to Opeinsctivs-
tion: The oxygen censitivity of crude pré;;araﬁem of
nitrogenase obtained from difforent bacteria can bo arranged
in thoe fanwing seguones qf docraasing orvdor €1 ‘ y

to air for sbout 10 mimutes at 20 C {iieny; 19693; Nitroe
genase oetivity in Almun glutlnogs e inhivited within .
10 to 15 mimutes when plants are exposed to an atmoecphere
containing 90 per oont ozygmen {Skeffington & Stewart, 1976),
3« Cold-1ability ¢« Tho loss of cptalytic activity
sround 0 C appeoars to be a general property of nitrogenase,



Only tho Pe-protoin eamp«mm of nitrogennse ig inoctivated

at low tempemmms (tﬁcmsﬁata & Mortenoon, 1969). The
5 nitrogenase is an

Fesprotein component of Klghaiel:
sxeoption which is not inactivated even in the pure state
{Bady gt ales 1972}« The Mgraa of ﬁﬁidazaﬁiaity vories

with the source organiom, method of extraction, end dogree

of purity. Crude nitrogenase pwpamtiens of Aug :

aro coldenteble but pur&ticat&cn emmaces @ﬁldﬁiabilmy

{Bulen gt gles 1965). An addition of 5 it nagnesiun

chloride hog been reported to protect the purifiod pmamtima

i nitrogensse is
complotely haaa%ivated wi%hin 10 m&mtéa at 0 ¢ (Ima & Burris,
1965). So far, no nechanien has been worked out to explain
the coldelability of Bitrogennse, |

b, Crystallization s Enmsynme nitrogennse has not been
erystaliized oo far from any of the dinitrosen fixers,
Rovever, the mra-»@mtam a@mﬁm has boen aaecemmu;r
cerystalllized from the boeterium, Azgtobacter vinelandil.
{Burns g% al.s 1970). Although the Fewmtein emwmm has
been highly purified from Azptohnctor Clpatridivr
{Moustafs, 1970) but arysﬁ:aniaatian has not been paﬁszihle
g0 far due to its excessive coldelability and Op-inactivation
(Relly gt nles 1967). |

By Chenmdenl propertioss
1. Aclidic naturs & Ensyme nitrogenese as well both the

protoin components are acidie §n mature. This acldic property




Table 6. Some properties of protein components of nitrogenase.

Cpt  Kpi Avt RSt Cvi  Cp2z  Kp2

Mol wt 220000 218000 270000 200000 - 55000 66700
" Sube 50700 51300  S5000 - |
units {2 types) |

59500 59600 60000 50000 27500 34000
Mo/mel 2 2 2 13 143 13 O
Fe/mol  22-2h 30=36  32+36 29 17 & b
s%/mole 2226 28 26 18 b 3,8

. O mgenoie * 10+ by . + 0.7;

ehropativn W ® rmFe-eprotﬁim z = Fespmtamg
From Postgate (1976). | |

s



has been utilized in their purification from crude extracts
(Stswartg 1975}« The reggents baéie in nature such as
protanine sulphate and pélyatﬁ&iene glyeol ar@'aaedfto
precipitate the nitrogenase components from tho crude
extracts. The acidic nature of both mnreapfbtein and
Fewprotein also enhbles their geparation on DEAE-cellulose
colurm (Mortenson gt ales 1967). |

24 Atonmlc compocition s There is a great degree of
vﬁr&ﬁtiﬁh in the atonmic ccmposiﬁiaﬁ of nitrogenase from
organiem to organism. No two identical nitrogennses have
been obtained ffﬁm different pource organioms with respect
te their Mo atoms, Fe atoms and aﬁidiiahlle sulphide groups
asgociated with it, On the average Ma?eapﬁ@teih eonsists
of one or two molybderum gtoms; 15-30 iron atoms and 15-30
acidw~labile sulphide groups por 200,000 to 300,000 molecular
| weight (Dalton & Mortenson, 1972), The Poeprotein has alsov
been fourd to contain about four iron atoms, four acidelablile
sulphide groups and ﬁo,moiybﬁanua_axam'ger'ép,asé,ﬁglacniar
weight, A brief agcaﬁnm of como of thé‘gruparfies of protein
components of nitrogenase odbtained from different backeria
is given in Table 6, B

3¢ Catalytic activity s The enzyme nitrogenace 10ges
ite catalytic aetivity‘bn fractionation into its protein
components. It can, however, bo reatored on recombination
of the two protein components but with o slight'varxatien



Table 7. Crossereactions of nitrogenase components from bacteria,

" Avt Aet Rjt Kpt Rrt HMft Bpt Cpl Ddl  Reference

w2+ | + o+ | - o= Murphy & Koch, 1971

A2 . 4 + Relley, 1969

Rj2 + 4 | | Surphy & Koch, 1971
’ o " % ‘ - + Kelly, 1969

| Biggine g% al.. 1972

Bigging gt al., 1971

Murphy & Koch, 1971

& Murphy & Koch, 1971

i+
i+

+
+4 4+ 4+
£ 2
L

%
i
1
:
§
]
+

+ = activity from about 50% to 100% A
ko gg;&vity over 26% but less than about
= trace |
- = no complementation

From Dilworth (1974).



from the activity before fractionation (Detroy st al., -
1968), The catalytic asctivity of nitrogenase can be
restored by combining the two prﬁteiﬁf“frantiﬁns
irrespective of the source organisms but not to tho extent

a8 observed in the originsl combination of the two protein
components in a given dinitrogen fixér {(Burphy & Koch, 1971).
The incidence of catalytic aetivity of nitrogenase protein

| corponents obtained from difforent organisms is given as
~ under in Table 7. . -
L, Alternative sudstmate s The eﬁzyme nitﬁﬁgenase

‘has an unusual versatility with respect to its ability to
reduce g wide ﬁaria#y of substrates {(Dilworth, i@ﬁés Bardy
& Knight, 1967). It catalyzes the reduction of Ng K, a
,ﬁriple bonddd dinitrogen molecules As early as in‘igés,
Hardy et al. have pointed out the poasibility of reduction
of a triple bEnded compound other than dinitrogen, For

the firgt time they observed the reduction of eyanide

(«C 2 K) to methane and ammonia. Later in 1966, Dilworth
: cbaervédthe reduction of acetylene to ethylene, Schollhorn
and Burris (1967) established the acctylene inhidition of |
dinitrogen fixation in cell frec nitrogenase axtraats. .
obtained from Clostridium pastourianum. in addition to
eyanide and acetylene, a wide range of alternative substrates
has ‘been reported namely, isﬁcyaniﬂeag nitriles, iaan&trilesg
azide, nitrogen oxide and hydrogen ions {Hardy gt ales 1971)




Table 8. A 1ist of slternative substrates reduced by the

enzyme hitrogenace,

St
o

Substrate Chemical Product
formls

Knm
{mit)

Refarance

'

2.
3s
B,
5

6.

Aglde - NB

Cyanide

Nitrogen
- oxide .

Acotylene czné

L

CN*

Hydrogen H*
fen

Methyl
isocyanide

- Nitrogen Nz

CHy+NH

Gﬁsﬂc -

N

| ‘gz"u

RH 4N,

3

'Hz

CH.,FH .+
o} -

2NH 3

N0

01203

ﬁ-sz‘*hf’

Oolbult, 0

0:00e0,4

0».2*-1 5 0

0403041

1 ﬁ:g

Dilworth, 1966

Hardy & Knight,
1967

Hardy & Knight,
1967

Roch gt fnles 1967

Hardy & Knight,
1967

nmy & Knight,
1967
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A iist of glternative substrates for nitrogenase alongwith
their Km values and end products is given in Table 8.

Yechanisn of action .

Since 1960, vhen ﬁhevEraﬁe nitrnggnaﬁe‘preparatian
maob%aineﬁfmraj'_v i W(Camahanﬁala..
 1960), a substantial advancement has been made in understanﬁ~ 
.iag the mechanism of action of nitroggnase» A eritical

examination of nitrogenace catalyved reactigm shows that it
performs two distinct functions, The first involves the
transfer of oleetrons from a strong reductant to nitrogenase, as

Reductant,,. () thgeg:se —» Reductant(y;) + e*-
o | ATF, Mg |

and the second step provides the active site for the z@ﬂuaticn

 of cubstrate, L.c.s N2 or CzH, and transfer of electrons to

it for its reduction, as B

ﬂitaogenaaa "

e |

It is not clenr whether the substrate _.redueiian‘ is

N, 46e‘*"*&!i

sccomplished by a complex of two proteins or the MoFe-protein
‘once reduced e capable of:affeeting the substrate raductinn..
It has been shown thet nitropenace requires a strong reductant,
is04; forredoxin or flavodoxin which could be replaced |

$n yitro by a nonephysiological reductant ,80dium dithionite
(¥825204). Progress in understanding the mechanism of action
of nitrogenase has beon made by a;zpiyihg B8ssbauver spectm-.-v
scopy and EPR gpectroscopy for studying the protein’campaheﬁté
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of nitrogenase (dmenJghna@n £t ales 19723 Zumft & Mortenson,
 1975)s The addition of Mg~ATP to the Fe-protein ,confers
a conformational change in the Feeprotein since the EPR
apee%m changes from rhombic to axial symmetry. This
furnishes an evidence for apecific binding of MgeATP to the
Fe~protein, as no comparable shift in the EPR spectrum
occurs whon MpeAPP 1o added to the MoFeeprotein (Winter &
Burris, 1676). This ‘s;eeiﬁ# binding of Mg~ATP results in
a substantial decresse in redox=potential of Fewprotein |
(Zumft af ales 1974). The high negative potential or low
redoxs=potential confers on the Fe&pmtéin a unique characterig-
tic of reducing the MoPeeprotein, The MoFeeprotein generally
remains in a partizlly reduced state as supported by the
-spectra of partially reduced and camglétely reduced states
at the time of electron transfer {Winter & Bn‘z?rw. 1976).
- A most prodbable mecheniswm of nitrogenase getion is given in
Figs 3% | | ,
Initially the oxidized dimer Peeprotein demcted as
P, is reduced to P, by a strong electron donor, sodium
dithiéni%a or ferredoxin (Mortenson, 1964) which later
: r@éﬁts with Mg«ATP to form a P; «flg=ATP complexn of low
 redoxepotential accomplished by a conformational change
(Zumft & Mortensony 1973). This P; «Mg~ATP combines with
partially roduced tetramer M@Fe;prmein denoted as P‘;‘.\ The
binding of dinitrogen takes place at the transition Mo atoms
of ?;:vv )
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There have{ been many suggostions indieating that
electrons are trarééfemd from Mo of the MoFeeprotein to
the various reducible substrates. However, pxmrimenﬁal
evidence hag showm that it is much more 1ikely that
electron transfer tskes place between Fe atom of the HoFee
protein and the substrate to be reduced, The binding of
CO takes place.especially with the MoFewprotein and blocks
the electron transfer snd this binding of CO is with Fe aton
0f the HoFeeprotein rather than Mo stom ﬁ?iﬁter & Burris,
1976)s 1n the complex MgeATP-P; ~Py (Nin),li, the electren
tranafer tdeccurs fron P2 to Pi gﬁ,ving fully reduced Pl " species,
The oxidized P, roleases ADP + Mg 2* and again reduced by
ferredoxin and reacted by Mp-ATP to form Pzgsmﬁnmp complex
iTh@melem 1975)s The eiaatmﬁ' tranafer continues ,
repeatedly consuming two ATP per electron transfer until the
_ a%oiahwmefry, of the end product formation ie scampletjeﬁg f.24s
6 elootrons for N ¢ and only after that the end product
dissociotes from Pl leaving the partially reduced P7 .
Thus the substrate remains bound to a single molecule of F:
until the end product is formed and, therefore; no free
intermediate dinitrogen complex is detected (Posteate, 1976).
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Chapter & | | |
Biochemistry of Dinitrogen Fiwmation

The blochemistry of dinitrogen fixation is one of
the most important areas of invoestigation, It inmvolves a
myriad of biophysicochemical reactions catalyzed by the
engyme nitrogenase, Our knowledge of the blochemistry of
dinitrogen fixation is mainly based on the studies of &
1imiteﬁ nunber of dinitrogen fixers namoly, £)
Azolohacter, Rhizobium. I . Bhodospixi A
ard Angbagng. Burrie (1942) was the t&rst to make 8
concorted effort by employing a heavy isotope of nitrogen,
 15n,, for studying the biochemistry of dinitrogen fixzation,
Howover,a substantial advancement has been made in clucidat
ing this process, but the understanding is still far from
gomplete.

The bi@lﬁgical dinitrngen fixation is a reductive
process requiring two different energy sources namely,
1+ a strong reductant as clectron donor, and 2, ATP molecules,

In addition, it also involves electron carriors, some intore
medicte dinltrogen complexes, and evolution of molecular
hydrogen as a side reaction to the process of blological
dinitrogen firation, Each of these aspects 1avdiseuaaed'beicwa,'

Elsotron donors _

The fixation of dinitrogen requirss z continuous supply
of electrons obtained through the breckdown of strong roducing
subotratess The origin and nature of elcotron donors vary
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v ’ E S Nitrogenase
H, Fd .y » A
Hrdmm-nu_w ) J‘d : AIP
' . CH, ' N
i . ,
o (ll) (l) . : L=0 (l)
CH~C-C—0® - _TPP SCoA P | [CHCO"
: - ‘ /:hw,rl phosphate
Prrurate dehvdrogenase o kinase
: o ©OH v
2 TPP 7 Ncoad” ul_(Lle “ADP
no-qe. , ' 0
-~ CH,
Fdox

Figi U4t The phosphoro¢lastic reaction in nitrogen fixation
in GClost « Fa4 indicates Ferredoxin,
From Benemahn & Valentine (1972).



among &Lffermt physiological ang eeolagiéai groupa of
dinttrogen fixers (Carnshan gt al., 1960) Benemamn &
Vnlentine, 1972). In yiyp, ctudies have shown that different
groups of dinitrogen fixing orgeniems utilize different
types of slectron donors (Streicher & Valentine, 1973).
However, in yitro studies have shown that sodium dithionite
maasge,,} a mmphygioiegiéal inoraenic compound can act.as
a strong electron donor in cell freoe extracts of different
dinitrogen fixing organiems (Bulen gt ale, 1965). In spite
of their diverse mode of synthesis through different
vmefabali& pathways in different Mpa of mierobes, all
eloctron donors are patenﬁauy strong reducing agents
which are able to reduce the low reéoxépatenﬁal electron
carriers namely, ferredozins and flavodoxing,

The anaerobic dinitrogen fixing Clogtrid:
commonly :utillze pyruvate as an clectron donor generated
fyom 'thé fermentation .b‘_t’ sugers {Carnshan £ 2dvs 1960),
The nphasr}wﬁuﬂaeﬁe {substrate-1eedl phosphorylation)
breakdown of pyruvate reduces low raﬁé:—patential forredoxin
(Mortenmson et al., 1963) which in turn, reduces the ehzyme
. nitrogenase. The reduced nitmgmasé :finan.v reéueea
d&nitmgm to ammonia accompanied ’o%r the hsﬂmlysis of ATP
genorated by the dephoaphwylatim[aeetylughospha%e acccrding
to the reaction scheme given in Fig. 4. In addition ‘ta
: pymvate; formate and moleculay hydmgen hava alao heen
‘mported as eleetron donorsin QWL steuria
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(Mortenson, 1966), Klebsiello pneumoniss (Benemann &
Valentine, 1972) and Bacillus molvmxa (Fisher & Wilson,
1970}

“ otobaster yinelandil end amhieﬁcw
legume the electron donor is RADFH, generated during the
Kred cycle (sm&«:her & Valentine, 1976). %he utilipation
of NADEH, as a potential electron donor has also beem
reported in the cell freo extracte of Cloatrd
- {D*Bustachio & Hardy, 1964) and Anaboena Syldnd:

{Smith gt gl«s 1971), The discovery of NADPH, driven
dinitrogen fixation In extracts of variocus physielogieally
. Gifferent groups of dinitrogen fixers has led to the
conclusion that NADFH, might be anbng the post important
electron donors linking cellular reducing power to
nitrogenase {ﬁtzaieher & Valentine, 1973). '
| In phaweymheﬁc bacteria the nature 92’ eleetron

damrssuppeﬂing the ﬁxat;m of dinitrogen is still unknown,
However, Yoch snd Arnon {1970) iiiumiﬁated the chromatophore

' Chromatiug in the presence of forredoxin which
~ provided a powerful reductant. Later, Evans and Smith (1971)
supperted them by using anothor photosynthetic bacterdium,

The actinomyecete-like endophyte in non-legumc woody
plants is believed to utilize NADPH, produced by motabolizing
isocitrate, glucose-~6aphosphate and nmalate (v}intar & Burris,



Table Qg A Iiat af gleotron d@mm utilized w diffamrst groups of dinitrogen fixing organisms.

Sy, ﬁg- Tix ing  Habit ' Phynialégy ifl&etm dmr ““Reference
1. Actimmy-» Symblotic .‘ —Ai,amhe m& non- mma | Winwr & Burris,
ceto rhetosynthetic j 1976 '
2. Anabaena Freo Frotogynthetic RagS20,, 4 Bulen ot 8l., 1963
cylindrica living | , ﬁmwa% and Smith gt al., 1971
ADPHo
3. Azotobacter Fres living Aerobe and NADPH., Benemamm gt al., 1971
vinolandii and asswiativasa@mphym £ 4% alss
symbiotic
4, Bacillue  Froo living  Facultativs Pormate, Pigher & Wilson,
polymyxa tnaerebe and and pymva%e 1670
saprophyte
5. €ldptridi- Froe living = A nacrobe ond Pyravate, formpate, Carnghan et ,1963
, un pastouri- saprophyte Hy and NADPH, Vortenson, 191
6. Chromatium Froe living Photosynthetic Pyruvate and aetmett gt ales 1964
: chwmatapmrﬂ Yoeh & Armon, 1970
7. Klebaiella Free living Facultotive Fyruvate Figher & Wilson, 1970
pneumoniae =md assocla~ anaerobs and formate and Ez Beherann & Valentine,
tive symblotie saprophyte 1970
B¢ Chloropse~ Free living Photosynthetic - Chromatophre? Evans & Smith, 1971.
udononas o . '
ethylicum
9. Rizobium sp. Symblotie Aerobe and nons WNADPH Benemann &% al.., 1971
T photeaynthetie. 2 . & ades
" 10. Sperillum  Associative Facultative ' Halate and Daxrt & Day, 1975
lipoferum  symbiotic gnaercebe and none agpardate -
s photosynthetlic
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%fi??é) . .izmewég it mquix?aa. further-investisations, The.
faeultative enacrebic dinitrogen fizing bacterium, Wm
: exun in 3.1::;55 assooclation with roots of Cy~grasses |
has boen shovn specifically to utilize malate and aspartate
as electron donors vhich can be easily met through th@ cy
pathway of photosynthesis {Dart & Day, 1975). A list of -
electron donors utilized by difforent groups of dinitrogen
fixing organisms i given in Table 9. | |

Eleotron ﬁarriera

The transfer of clectrons from electron donors to
dinitrogen is mediaté& through low redoxspotential z-eauetahts |
called eloctron carriers which are generally of the ferredoxin
and ﬁavodoxin type (Streicher & Valentina, 19725, ‘l‘hese ,
‘electren corriers have been purified from nost of tize a
dimitmgen fixers on BEABacenuiaae aolum as eoloma aeidia
\ prbwim (Yooh ot glss 19704 Yach & ?alentine' 1972) . .
Ferrodozing are irenesuiphide enntaiﬁing pm‘taina which help
in the tmfer of electrons fmm one enzyme to aﬁﬁther.
Unlike other ironesulphide contalning ensymes, ferredo&l@s :
have ne engymatic function of their own {Stveieﬁa:* & |
Valentine, 1973) .« | | |

mrtensan st a}.. {1962) woere the f&rsi to discwerf
bacterial ferredoxin from Lloptrid. ~anf
: eatablished & link between pyruvate ax&datian and nitregenase;
» ferredoxin hag bean pnriﬂeﬁ and az-ygtaiuzad




a0 & dark scidic protein and with the help of Xeray
differaction studies it has been shown that it conmtains
olght atonms of iren and eieht sulphide groups (Yoch &
Arnon, 1972) The reduced , abngt ' « ferredoxin has
'béé'ﬁ found 4o be reluctant to oxidation when exposed to
alr, MQW been suggested as an evolutionary adaptation
which enables the bacterium to retain the reducing power
needed for-&inﬁmgeﬁ fization under aerobie envirorment
(Yoeh gt al.s 1969), |
hiunm forredoxin has also been isolated from the

bacterolds of soyvean root nodules but has been ;rauna
rolatively difficult to purify because of its high Op=
sensitivity which could be protected to some extent by
adding sodium sulphite and ferrous maﬁium sulphate
(Koch &t ales 1970). Pervedozin isolated from Ansbaena

ndrigs differs from that of Azotohactor f
mmpasitien and consists of two atoms of n‘on and m
sulphide gréups with a molecular weight of about 10,000
(Yomwnoke g% gle, 1969). Shammugan gf al. (1572) have
extracte& two types of ferredoxing from a phctnsynth&tie
hacterium. hodospir n xubrum end named them as Type I
and Type 2 mﬁpectivelm Type 1 posscsses six atonms of
iron end six sulphide groups while Type 2 has two Spem
atome and two suiphide groups, The ferredoxing aige differ
in enino ecid composition and molecular weight of 6700 and
7500 regpectively (Streicher & ?alemimg 1973).
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A new class of electron carrierg ¢alled flavedoxine,
has been icolated and erystallized from difforent groups

of dinitrogen fixzing bacteria (Yooh & Valentine, 1972).

Initially, flavodoxin was isolated as a flavoprotein
capable of replaging ferredoxin in pyruvate oxidation in
the coll free extraets of Clostridium pagt ' nin. Flavoe
doxins have FMN as a redox group, which are generally
yellow in thelr ozidized state having an abaérptim speetra
sinilar to that of flavoproteins {Knight & Hardy, 1966).
These neither contain Fo atoms nor labile sulphide groups.
The orly property they share with forredoxins ie their
acldic nature and the shility to/ transfer electrons even
at & low redoxepotential than ferrsdoxing. Flavodoxing
have low redoxepotential, i.ess =373 oV in comparison

with that of ferredoxins, -420 mV, Flavedoxins are the’

- smallest known proteins among the flaveproteins.

Recently, two more electron carriers have been discovered
which/supposed to mediate transfer of a}‘eetmé from ph@‘tﬁn
system I of spinach chloreplast to the ensyme nitrogenase
in the cell free extracts of Azpiohacter yinelandil (Benemomn
2t al.s 1971). One of these is a flavoprotein referved to
as ‘azotoflavin’ while the other appears to be a non<heme
FPe(1Il)«protein possessing typiesl propertics of a ferredoxin
{Yoch g% ales 19705 Shethna, 1970).

The transfer of electrons from NADFH, to nitrogenase
in Azotobacter has been reported to be dependent on four




Table 10. Properties of ferredoxing and flavodoxing linking nitmganasa in difforent

. anolegieai e:&asses of miamrganimm

_ Fervedoxins ) . Flavodoxing
Folecular Redox. Irone-gulfide Rﬁfemee ~Molecular Redox Roeference
walght m?eg;;ial {atom/moleculs) woight potentisl
ek ,

Fem&maﬂ%"

T erilammn 6,000 390 8  Yoch & 18,600 -132 anh 197

pastenrianum 6,000 -39 ‘ - Yogh 14, ~132, . gw, 1971

| ’ - Valentine,1972 U i’ '

Baeillus | |

polymyza 9,000 =390 % Shethna gt al..

| | | ' 1971
Aerobic

‘Azotobactor -

vineldndii 14,600 w20 8 - Yoch & Arnon, 23,000 =270,

rax | T 1972 60

Azotobacter - _

venelandil Fall = ~&60 8 Yoch & Arnon,1972

Rhizobium R ,

japonicum 9,400 - - Koch gt al.. 197¢C
Photesynthotic '

Chromativm wﬁaﬁﬁ o0 $ Buchanan & Arnon, 1970

Contd/w



factors namoly, .ggg;ghggzg: feffedexin@_azetafiavin‘ a
component replacesble by ferredoxineNADP reductase of
apina¢h~aﬁior@plaata‘and a soluble, heat~labile @cﬁg&nﬁnz
which is yet to be chemically chéfa@teriaad (aﬁmmmunﬁagﬁkjﬁls.
1971), These four components probably comstitute an
electron transport chain between NADFH, and nitrogenase
in Azotobooter yinslondil (Yooh & Valentine, 1972). The
ferredoxing and flavodoxine isclated from different
ecological groups of dinitrogen fixing organioms differ .
| 1ﬁ~maﬁﬁ recpocts particularly, molecular weight, irone
suiphide contents, and redox-potentials as shown in

~ Table 10.

Production and use of ATP
HMeNary and Burris {1962) were the first to show the
utilization of ATP in dinitrogen fization. Subseguent
work has ravelled that ATP required for dinitrogen fixation
nay be pxodueéﬁ through different metabolic pﬁtkwayéw For
;,;;j1”‘f;; ATP is generated by phosphoreclastic
(substretemlsvel phosphorylation) breskdown of pyruvate.

Pyruvate ie axi&izéd and forma meotylephosphats through &

series of reactions, which on dephosphorylation proﬂéaea

ATP moleeules as shown in Flg. 4, (Streiéher'&‘?a&aﬁ%&ﬂe;-QEZED}‘
Phctaayﬁthetie and ncnwphetesgnthetie dinitzogen fixers

name:ly@ fasileinins



2

Rhodogpirillum
-rubrum P4l 8,700

Rhodospiri-
14z redbrum 7,500
PAIX

Anabaena ,
eyliindrica 10,000

Sharnmugan &% Al
1972 o

Sharmugan o al. s
1972 % ghes

1969

From Streicher & Velentine (1973).
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obtain their ATP requirements, for dinitrogen fixation,
fron oxidative phosphorylation in Kreb cycle, However,
 the photosynthetiec dinitrogen fixers obtain at leset a
part of their ATP requirement through @h@t@phasphqrﬁau
tion {Yooh & Arnon, 1970), The impnaatimi of ATP in
dinitrogen fixation wae visualized from the studies of
EPR spectrum and Mossbauer spectroccopy (Orne-Johnson
e_?t_: gles 19723 Zunmft & Mortensons 1975)s These studies
have shown that ATP molecules combine with Mg2* fons and
form Mg-ATP ecompleses. The ﬁgAAs:P reacts specifically
with Fe-protein component of nitrogenase and forms Mg-ATPe
Powprotein complex (Too & Burris, 1973}« The binding of
Me-ATP on Feeprotein Iewem its redoxepotential and confors
upon it a unique ability to reduce the MoFeeprotein
conponent of nitrogenase (Walke/r & Nortenson, 1973
Thorneley, 1975). = ,
Studies An yitrp have indicated that during the
~ tranafer of every two clectrons at least four or more ATP
molecules are hydrolyzed and a total of about 12-15 molee
cules of ATP are utilized for reducing eaeﬁ‘ molecule of
dindtrogen (Dixon, 1975). It is not yet preciscly known
whether the ATP hydrelysis occurs at the site of elegtron
transfor betwesn the Peeprotein amd MoPe~protein or
botween the MoFewprotein and dinitrogen (Winter & Burris,
1976).



Posgible dinitrogen iﬁteﬁme&iatas
The reduction of N to NH, is occompliched by a

gain of six clectrong and siz protons from a strong reduce
tant. In blochemical reactions, fzamant.iohailyg only two
clectrons and twe protons arc transferred At a time during
the reduction of a substrate, Thus by demonstrating Nﬂa
a8 the end product of biological dinitrogen fixation in
cultures of Clostridium and Asptobacter it is likely that
reduction of Ny to Miy might involve a series of inter-
medinte dinitrogen complexes, |

- Rypothotical schemes have been proposed glving the
sequence of roduction through verious intermediate complexes,
But none of the proposed gchemes has been exporimentally
velidiated, Chatt and Richards {1971) hypothesized two
gchomes explaining the poseible sequence for t?za reduction
of dinitrogen mefinted through, 1. nitride famaﬁ;cn; ‘and
2, #iimivie and hydrazine formation. According to the first
schemes the roduction of dinitrogen occurs through nitride
formation with metal atoms, Mo or Fo of the enzyms nitro-
genanos The seoond scheme is mediated through diimine and
hydraszine formation dofore ammenie is fornmed. N

The first step in the reduction process soems %o be

the formation of dinitrogen complex with oither of Tthe two
atoms as M« N2 N (M » No or Fo)., Nolybdenunm atom consists
of redex~potential just eppropriate mr: two clectron transfer
in biological systems and it can econfer an acidie property
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t@‘ the neighbouring ligands that may enable it to control
proton as well electron transfers It is well known that
the energy of dinitrogen molecule in the complex (i » N g N)
is lowered and the terminal nitrogen atom is chargeﬁ nega~
tively so high that if it is attacked by protons that it

- may result in the formation of a diimide complex with the
stolchiometry of atoms, ¥ = N = IH, Thus the reduction .
of dinitrogen pould proceed by feeding electrons through
metal atoms and protons from the aquecus ﬁedium;‘ according
tc the reacticn schemes proposed by Chatt and Richards
(1971) as shown in Fig. 5 and 6, | -

Ligands surrounding the metal atom are denoted by
Lg and the metel atom is given oxidation stato zoro in the
initial complexes (1), Dotted lines represent the partial
bondss The equence of reactions involves strong MAtipia
, bonding between the intermediates mﬁ.zﬁataﬁ. atom at ell the
 stages from irifial dinitrogen complez till the final hydro-
lysis to release smmonia frec into the medium,

The reaction sequence via nit#ide formation provides
the preferential reduction of terminal nitrogen atom, This
sequence of dinitrogen reduction via nitride fermation
suffers from a serious dgawback that eo for no terninal
nitrogen atom in a dinitrogen conplex has !ééen reduced by
any of the redueing agents, | The reduction gequence via
diinine and hydracine formation involves a rapid degradation
of imido wmplel;z ‘through & diimide complex (v) and hydrasido
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complex {vii) to give a hydrazine complex (viiil}., Since
the reduction seguence involves the replacement of ammonia
b;y dinitrogen from (xi) and that of hydrasine from fviuh
It should dbe equally feasible, if hydrazine was sdded to
the system it should have displaeed dinitrogen from (1) to
form directly hydrazine complex {vikii) whiah then could
have been reduced to ammonia,

~ Bulen (1976) has accumulated evidence in support of
bound diimine and bound hydrazine as intermedistes in the
reduction of dinitrogen to srmonia. On the basie of in
vitro studies *he’ has'; indicated that deuterium gas
inhibits dinitrogen fixation but resulte in the formation
of HD.» Such a characteristic may be explained by the
reaction of deuterium with a diimine intermediate complex
as diagrammatically shown in Pig, 7« The inhibition of
dinitrogen fixation and HD formation in the presence of
deuterium explain the inhidvitory effect of molecular
hydrogen and also identifies dijmine ae an intermediate
' complex during dweiwrg the reduction of dinitrogen. Bulen
‘and co-workédrs Ln visro studies have glso ghown that
nitrogenase cen reduce a very low concentration of hydrasine
(ﬂie reduced product of diimine) to ammonia.

Hardy gt gl. (1971) have proposed = modei for

nitrogenase posseseing an active site for binding dinitrogen.
The reduction seguence of dinitrogen te ammonia proceeds



Fig. 8 1 Proposed site of reducible substrate complexation
and reduction. From Burns & Hardy (1975).
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through bound diimine and hydraszine ap iﬂteme&data
complexes aseompanied by two ela@‘&fan transfor per step
as shown in Fig. 8, :

It has been generally believed that the transfer of
six electrons in the course of dinitrogen reduction may be
carried with such a speed as to preclude the seperation of
intermediate éinitrog,en complexes from the strongly bonded
 metal atom of the emzz;me nitrogenase (Winter & Burris, 1976).

Pmﬁuctwn and utilizatien of’ anmonda

Burris {1942) spplied "51@2 isotépe tracer technology
to Azotobactox yinelandil in a closed system to idontify
the product of dinitrogen fixation. The cells weré expased'
to an atmosphere of 60 per cent 151@3 and incubated for a
period of 90 min before they were hydrolysed with
sulphuric acid, The hydrolysate was analyszed for identifying
15n.1abeled organte compounds, Glutsmate formed most
abundant followed by glutamine snd asparagine, Burris on
the basis of higher ascumulation of 15y in glutemate
_ eoncluded that ammonia might be the end product of dinitrogen
fixation which could be immediately and directly .iﬁwrpomted
into v(&kataglut;;fata to give highest concentration of 15N.
glutamate aatalysed by glutamate dehydraganase; The
additional supporting evidence for ammonia to be the end
product of dinitrogen fixation was abtaiﬁe& from the gtudies
vith the culture of A top vinelandil supplied with
15.1abeled amonia, The distribution of 15N in the amine
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acids wes slmost *he same/in the bacteria incubated with (&
158, (Burris end Wilson, 1945). Similarly, it was also
observed that with 7N, incubated gl up pasteurieny
if the supply of di.carboxyna acid, oxnloacetic acid was

low, the bacteris excreted recently fixed wﬂaearnpmn@m
Atmonia was the richest in 19N content followed by glutamine
and asparagine (Wilson and Burris, 1953).

Btudies with 13y radioisotope for a short péri&d of
time and rapid isolation of the early 138 10b0led metavolites
 haveshown that all dinitrogen #ixing nicroorgenisme possess
en additional pathway of ammonia essimilation (Nagatin gt gl
1971), The presence of this new pathway came ¢ 1ight when
high lovels of 13M.labeled glutamine in comparigon to
glu%m%.were obaered, Thomas gt al. (1975 ) have applied
138 to Ansbaena eylindrica for 2 min to 15 ses., The analysis
of 13&»3.abeled eampaunﬁa ghowed that the ratic of glutamate
to glutanine decreases from 1,64 to 0,19 as the time of
exposure decressed from 2 min to 15 soc,

The central encyme of this new péthmy is glutamate
@m’ﬁh;ﬁm {Ieglutamate NAE(‘P) oxidoreducatase (deaminating,
glutamate formingls The sequence of reactions is as followss

Ny + Fd(, 00y * 6 ATP () it 2N, + 6 ADP46 P4 + P4,

=Y

+ - \ glutamine |
RH, + Leglutamate ¢« ATP .
2 gl T ry— ;bglutm&m%ﬂﬂ?imtz)

I~glutimine + K=Ketoglutrate + TPNH &

mm?m.,.(aa
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transaminase
I-glutamate + RGQGGO}E%_W e &acmzceon *oe«-xetnglutra‘ﬁetb
samination

The sbove reactions indicate that nitrogenase @atalyzeﬂ NHZ
produced {1) 36 initially assimilated in Leglutanate to from
Ieglutamine, irreversidbly and ATP dopendent catalysed by
glutanine synthetase (2)e The Leglutamine undergoes
deonination with s@? ketoglutarate to fornm two moles of le
glutamate catalyzed by glutamate synthase (3). One of the
two moles of Ieglutamate is reutilised in ﬁiaacnm {2) for the
inecorporation of another NHJ, ion ( ét-z*ei@her & Valontine, 1973).
These eﬁsewéti?m find support from the fact that ,
concentration of N, ions in the medium increases by adding
methionine sulphozimine which inhibits glutasine synthetase
{GSy EC 6:3¢122) whimyﬂm a high effinity for ammenium as
substrate (Km for Nﬁu 40,2 mM), This pathway of smmonia
assimilation i& rmuch more efficient than the pathway of
ammonia assimilation catalyzed by glutamate dehydrogenase in
non=dinitrogen fixers (Km for mu, 1-5-3 miy Millor & Stadtman,
1972). This new pathway of amménia qsimﬂatim soems to be
an adaption to dinitrogen fizing organisms for the immediate
asoimilation of ammonia (Streicher & Valentine, i??ﬁ)‘ It is
woll known thet ammonfum and nitrate lons inhibit the bdiological
dinitrogen fixation. Kowa?ex*, tho exoet mechanfsm of inhidition
in still obscure, The available eﬂdﬁn@ indicates that engyme
g,iutamine symthotase is implicated as promotor for the dioe
synthesis of nitrogensees The increased concentration of
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ammonium ions brmg ébout conformational changes in glutamine
synthotase and thus falls to act: M/ promotor for the bice
synthepis of nitrogenascs On depleticon of ﬂH}‘; ions

glutamine synthotase vegaine its origlnel shape and starts
acting as a promotor, The model given below explaing the implie
cation of glutamine synthetase in controlling the biosynthesis
of nitrogensse ag shown in Flg. 9

Hydrogen metabolism:

Hydrogen evolution hag bdecn ghown ‘86 be a ganam |
phenomennn associnted with most of the dinitorgen fizers,
Hydrogen production for the first time was observed in the
root nodules of spyboan and the hydrogen formed in this
process compotitively inhibits dinitrogen fixation |
{Iockehin & Burris, 1965).

| Bulen g;aa., {19635) on the basis of their atuﬁiaa on
, : 41 using sodium dithionite ans electron
donor concluded that nitrogenase-depondent hydrogen evolution

is accomplished by utilizing ATP as energy source., Hydrogen
evolution in dinitrogen fixors tan follow two indepondent
pathways, The first pathway is hydrogenase catalyzed, revemibie;
ATP independent and CO inhibited (Kleiner & Burris, 1970s Nakos
& Mortenson, 1971) as, |

enase
Femﬁﬁxﬁnwm) pcannd, Ferfeéaxincax) +Hy uee (1)

The senond pathway is nitrogenosoedependent, irreversible, ATPe
dopendent and CO uninhibited (Vinter & Burris, 1968) as,
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Eﬁmar&méﬁﬁg with both cell free nitrogenaae proparations and
intact celle of W and nitmgeﬁaae preparations of
Azgtobaster have shown that hydrogen is evolved both through
hydrogenase oatalyzed and nitrogenasc-dependent (Lackshin &
Burris, 1965), | - A

. Poctgate (1971) found no hydrogen svolution by Azotobacter
in which hydrogenase catalyzed was inhibited with €O, It was
thought that onzyme ﬁi%rogenase within the cell did not produce

molecular hydrogen, These 0bserva5$iﬁns have not beon accepted
unequivaaaliy'aﬁé sabeaquently shown to be errnngans by Smith
ﬂﬁhﬁlt {1976) s who showed that the apparent lack of nitrogenase-
-dependent hydrogen evolution from Azotohacts

to the utilization af hyﬁrﬁgéﬁ gan by a apeaial&zad syctem of
hydrngeﬂases whieh is yot %o be chemically Qharaﬁteriaed. It
appears that dystem of hydrogonases becomes nonefunctional while
meking eell frée preparations ef7n®tragﬁnasas. Qha-lank?bf’hydrcge?
evolution, jp yivo, has also becn observed from ¥ieng ginesis
and Alnus fuhrg while the hydrbgaa.evalutienvhéa been observed
in coll free nitrogenase prhparaﬁigﬁe { Schubert anﬁ\EVéna, 1976).

- In theoo symbiotic systems the utilization of hyarageﬂ ag electron
| denor for conseguent éynthes&s of ATP by apeeialiaed.hyﬁrcg&naéas
which enable 1&&@ %§ recoup with some of the energy axpeﬁ¢e§ in
wasteful nitrogenase~depondent production of hydrogen gas
(Dixon, 1975). On account of utilication of nitrogonases
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dependent hydrogen evolved, it has been puggested that
Azokohagcter, Yisma W, and Alpus rubrs have thelr
hlgh efficiency of dinitrogen fixation (Hi1l 2% al«. 19?2;
Dixon, 19763 Schudbert & Evani, 1976)s
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 Chapter 5 |
Non-leguninous Dinitrogen Fixing Flowering Plents

Until the end of‘ nineteenth century, only the legumes

wore known to possess the ability to f£ix atmospheric dinitrogen.
In 1892, F, Nobbe for the first time reported dinitrogen
fixation in Elasnsnus gnsugtifold
plents, Howover, the first sclentific report wos made by
Re i’iiﬂgem who in 1895 showed the importance of another none
logume, Almig glutinesa in enriching soll nitrogen. He showed
& positive mﬂ&i&tiﬁn betwesn the mumber of root nodules, the
nitrogen content in the leaves and growth of the plant. The
study of non-leguminous flewering plents from the Plew ‘pﬁm;
of their dinitrogen fixation remained neglected till reeently
because of the following reasonss | | :

1. a general lack of interest of microbiclogists ond

5 a non=legume flowering

blochenicts, |
2. the plants are of 1little direct agrondmic limparﬂt:anee.
3. oecour mainly in nonesgricultursl lands and econfined to
forests, ‘ _ | .
b, the .unavailability of sensitive and m'table'tmhm?m
- for field study. '

La.m, from 1895 to 1957, usihg xje:mahl method seven more
nenelegumes namely, Seanothus. Sordaris. Dryas. Sasuar
Hippophas, Myrica and Lepgocarpus were shovn to f£ix
dinitrogen. The availability of sensitive analytical
151@-%@?&131@@ (Burrie & Wilson, 1957), end acotylene
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reduction sgsay (Dilworth, 1966) provide a stimulus to the study
of dinitrogen fixation in non-leguminous flé»weﬂng plants,
Before 1967, only thirteen nonelegume genera belonging
to gight families of anglosperms namely, Betulacese, Casuarie
nacead, Corieriaceac, Elacagnaceae, Ericaceas, Njricaceae were
known te fix dinitrogen (Bond, 1967), A great impetus to tho
study of dlological dinitrogen fixakion in non-leguminous
flowering plants was provided by the interest in dinimgen
fixation under the section of Produetion Processse (PP) of
the International Biologlcal Programme (IBP), The IEP surveys
have revealed 36 new cpecies, béianging to eight genera of |
non-legume flowering plants possessing root nodules (Bond, 1976).
Recently, Dobersiner gt al« {1972) have catended the range of
non-legume dinitrogen fixers significantly by showing a high
nitrogenase activity in the rootebacterial ascsociations of
a number of tropical Cp-gracses, Since 1967, a wide range of
rm(—legume flowering plants about 50 in number hac bsen
discovered,; to fix atmosphoric dini‘éragén belonging to nine
e, Halorogle

familes namely, Cypereceae, Dioseoreacese, Graming
dacean, ﬁydmharﬂamm Ryrsinscene, Rublaceze, Typhsceae

and Ulnatono, At present in all 650 spocles helonging to

'/61* genern of non-legumes gpreading over 17 familes of anglosperms
are know to fix dinitrogen in assocliation with a wide range of
prokaxyotic microsynblonts, |

Mieroorganione irvolved |
The dinitrogen fixing activity is mastiy confined to the
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- prokarystic piercorgeniems. However, symblotic systems
‘involving higher plants and prokaryotic microorganiems are
able to fix dinitrogen efficiently. The symblotdc asseclia-
tione between these tho types of orgenisps result in the
formation of a sSpecialized structure on roots, stems and
lemves sre called noduless The microsymblonts associated
with nonelogume flowering plants sre sctinomycoteslike
endophyte, bacterie and blus-green algae.

The ﬁctihcmygetenlike symbiont prohébly balénge to genﬁs

:;jl and haﬁ been shown to form symbiotic aﬁaoaiatien with
siataan different non-logume flowering plants. The structure
and function of the non-logume root nodules are similar to |
ﬁhpéa found on ALMUE roots vhich are one ¢f the most extensively
sfudiaé symblotic systems. For the sake of convenience these
ars cnlled Alpug » type rnct‘nééhlaa»(asnd; 1967). The ancther

type of root nodules known to fix dinitrogen are of the legume-
tg?a formed in association with the Rhizoblum. The g&ngaptype
anﬁ iagnmewtypa of rnot naénles differ from each other in
_mer@halagy; anntony and physiolngy as shown in Fig. 10 and

' Table 1t.

Aetinbmyee%eazike enﬂephyté has been reported to form
root nedules in meny nonelegumes, generally dut in the case
atﬁgﬁggggzga it forms leaf nodules {Schaade, 1962), The |
Rhizohi j} which is a common eymbliont in the legume roots has
becn recently raeported to form nodules in a non-ilegune namely,
Lroma cannobibs (Trinick, 1973). The Jrems nodules rosemble with the




Table 11, A comparison of Alpug-type and legumestype root

’ mﬂulem

é&nnﬁrtiyﬁ

Legumeﬁtypﬁ

Branehad nnéules in cgrallaid
type clusters

2

A npodule eluster has contral
conducting tissue, periderm
with enlarged cells of the
cortex filled with a dense

. growth of actinonyceteslike

cells resulting in

| weeka starte developing into

endaphyt

cell divieiaﬂs are init&ally
restricted $o the infocted
eelic and a few nelighbouring
he forme
of a primary nodule

ich after two or throee

iﬁ‘

a corallicid type of mﬁﬁuia

- elunteyr

&,

The actinomycote-like
endophyte passos through
%hree different stages of
1ife cyele namely, 1. hyphal
2s vegicular, 3 anﬁaghyte A

- dactaroid

S

Vesicles are the site of
dinitrogen fixax on

o

Unhraneheﬂ anﬁ rounded nodule

Central conducting tisoue and

periderm are sbsent, only outer
nodular wall and central enlarged .
cortical cells filled with

extensive growth of Rhigzobiun
bacterdids B

After xntection the cells dlvisons
immediately spresd over a large
rmunber cof neighhauring cells

and form developed root nodule

consists of single

Bhizobiun
- gtage in its life cycle ealleﬁ

Rhirobium bmetercids -

-~

Baeterolds are the site of
dinitrogen fization
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root nodules of Yigna ainensis. However, this species of
hiun remains to be identified. an endophyte yuaseaaing
sa;:ta‘te mhaé hee been recently reported to form extensive
Alnuge-type root nodules in twe nonelegumes namely, Lellefia
and Rubug belonging to families Rhamnaceae and Resaceae
rocpectively (Bond, 1976): The microsymbiont msyaésibis for
the formation of root nodules is yet tv be identified. The
hypﬁaagf{? of aﬁi@y@tmﬁkﬁ endophyte are coptate, ranging from
0s5 =0s# pm and exhibit true branching. They are surrcunded
by an outer cell wall and inner plasma membrene containing
granmular oytoplasm with typical baocterial mucleolds. The
function of hyphas is considered to §nfoct the host plent snd
subsequently on repeated branching result in the formation of
primary nodule (Becking, 1970), ~ After two or three woeks the
hyphae are ‘i:rém:fbmed into spherical vesicles of abmt 2 pm
in alameter and divided by a septum Into two distinet subunits
ench with its cwzi ;ﬂ.am membrane and rmcleoid region
{Gardner, 1976). '

Clusters of vesicles in Almug-type nodules have been shown
to be the s8ite of dinitrogen fixation 15ﬁ;tachn&que'(akkermansj
19711, R@Wﬁ§er‘£% is interssting to mote that there is a
considerable cimilarity between the fornation of vesieles in
non=legume root nodules and dacteroid ﬁmaﬁén in the nodules
of legumes éaétﬁ. During nodule senescence the vesicles are
transforped inte small granmular structures called endophyte
baeteroids. These endophyte ‘bacﬁerom;é are surrounded by a




thin plasma membrane enélosing a dense cytoplasm where
location of mucleold region ic diffienlt. The cndophyte
pr and ars believed

bactoroids rosenble the cysts of Azotobhaod
to help in the disperscal of the endephyta (Gardner; 1976).

The baeterium, Elphsiclls r gonrun has boen found to
form loaf mdulaa in éig,ht genora of the family Rubiaceae such
3 ‘ , Gardenls ote.(Grobbelaar g8 al., 1971).
The a&a&m ﬁf 1éaf npodules mmgm fixing dinitrogen remsing
to bs.ecnclusively settled, The significance of tho leaf noe
dules fornation is probobly related to the production of
growth hﬁmma:kinet&n by the Klebsislla ' |
(Becking, 1971)s The Klebsialla. hwevar, the spézzies hes not
been 1&&&1&9& aleo forms leaf nodules on Ardisgia belonging
to the fanily xyrsinaceae; A Ylue=groen alga, nomely,
Nogios oy forpe has boen reported to form symblosis with
Hera ngmm belonging to the family Halorsgidacose
(snveat‘e? & Spith, 1969}« The alga inhibits the inter bellular
spaces in stem nodules formed at the baees of leaves of

In contrast to Rhizoblium and actinonycotoelike m«aa
phyte vhich form aifforont kinds of root nodules, there are
gome. othor microorgonicns wuch as Azgtobacters . Baciling,
Bat e Bs Spirillum etcs, which devemp -1 ﬁmsa aasw&atm
ions wii:h the root curface of some tropical Cy-gracses and
aquatie macrophytes (Sﬁbewiner & Day, 1975 Patriquin &
Knowles, 19723 Bristow, 1974 Silveric - & Jump, 1975). These




bacteria 1living in loose association of about 30 tropical
Cy~grasses euch as Androporons Cmeds i~ W& mmmm
Zea, ote. ond three aquatic plantsnemely, Ei hhoxnia. Hudedddae ~

Thalassia (Neyra & Déboreiner, 1977) have been chowm to

posgessy high nltroganaae activity. However, it has been
reported that ; BT poferun forms a émiaambieﬁic
assocliation with the roots of Pisliaria documbens :
bocause of root cells fixing dinitrogon activély have been
gshown to &ﬁfpara cultures (Marx, zg?#g D6§ere1ﬁér*&QDay, 1976},

Pitrogen otonomy and ecologicel importance

A ‘sﬁ.@iﬂe&nﬁ proportion of the dinftrogen fized from
the atmosphere is contributed by the nodulated logumes but
non=logune dinitpogen fixing englesperns also appear to be
quite significont, The distribution of nonelegume root
nodulated plants differs with that of legumes in tropical and
temperate regionss In countries puch as Scandinavia, Canada
and New Zealand particularly at high sltitudes, whers legumes
~ arc either sbsent or insighlficant in the native veghtation,
_ the nonelegume root nodulmted plants arebf great ecologiecal
ﬁi@:ﬁﬁeaﬂté.' Moot of the nonelegume flowering plants so fap
known to fix dinitrogen dominate the mw;mﬁ;%:iv&teﬂ land in
tropical snd temperate regions, Majority of the root nodulated
genera are confined to tho forost land in temporate regions
from 1299 = 3500 ms Pryas and Argtostaphvlos ave beﬁimg
?sstriamd to the arctic»alplne areas and Gasy
throughout the tfapical and western Pacific régims with
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Oconns

Studies of Bond {1951) heve largely initiated the
interest in the non~legume diasotrophs szﬁ 3 | :

yniaa,, | | . ﬁﬁeé hasf demmtm‘ted the

' S.mpertmae of ‘theose pzama in soil development and primary

and secondary plant succession, It ia intoresting to Imow
whether all the first nﬂmiegume engrospemic plants mhmizing
during the primary and secondary suctession possess the
eapadility of ﬂx/ﬁnﬁtmgan or it is limited to a emall
ﬂ%ﬂi‘fbét‘ of plunts only,

As the time passes mr nmieaume ﬁiﬁi%wgm fizers
are deing discovereds A careful evaiuatam of the relative
seolegical importance of legumes end m-fiegma in the
nitrogen econony of the nature im very desiradle. However,
|1t s quite daifficult to assess the contridution of none

legumes to nitrogen economy of the nature because of thelir
ﬂ&varae habitats and random distribdution,

Rﬁegmfzae ' d

Qhwe genera out of 58 belbnging to thie zamw namaly,
. : and Col j_vmmmwwﬁvetheir
n&tmgen gzgu&remen%s tmmgh symbiotic dinitrogen fization.
Soonothy »-@mﬁiﬁf’tﬁ of 55 species, all endemic to N. Ameriea
out of which 31 have been reported 4o be nodulsted, Delwiche
- 8% 2l (19653 have reported that L. AZureus under field
conditions &5 fizes 60 kg N na*lyr*l, Nodulated §. int




grew nine-times larger than these without nodules in
deficient soils, Diggaria another gerue of the family
 éisjunctly sproad through south tomperate areas such as
New Zealand and D. oumatou “ofthe only species known to be
nodulated, Howevor, the gorus is important is plant success
jon and no quantitative acsesspent has been made for the
nitrogen ecomomy of the hatum.‘ Bond (1978) under IBP curvey
hao reported the formation of well developed root nodules on
“on unidentified species of Digraris, and subsequently supported
by Curtic at Royal Botanie Carden, Edinburg, Recently, Sollatda
~native to S, America in its three specles na'me!.m £. sxuslata.
&+ poradosa, and L. m.p:&a have aleo baen shown to develop
root mﬁuiae {Bond, 1976). The pleonte generslly grow well
in nitrogen deficient soils, |

Coriariacens ) of |
The mnégwic [consists of 15 -syaeies[; rdaria out of/family

which 12 have been shown to bear root nodules. It is widely
dietritutod over Medif teransan to Jepan, New Zealand and
Maxico to Chile. gCoriaria srows vigorously on aitmgen pooy
sandy lowland and subalpine habitats, binﬁ.tragm fixation by
Ce nyxtifolin in tho f£ield has been estimated upto 192 kg K ha“!

1 {siiwater, 1974). Soriaria plays an important role in
plant successlon of forost in New ZQalaﬁﬁ and Japan. Lord
was the first ;ﬂam round to mienize Meunt Tavavioras New

Zenland after a voleanke eruption in 1886, The first woody




spocies to roinvade was £, arborsa which also stimulated

the growth of native species but at the same time it

Behaves as a woed in pasture lands where it is considered as
a hagard to cattle due to its pdisonous m'tuneg The two
spetion, Corim ‘ s fourd in
India (Missor ‘.ri and S&mia} have not been &nvestiga‘eedam need
examination for thelir capabiiity to fix dinitrogen,

-

Rosaceéas s Before IDP mwem the CErepearplits

hia restricted to Oregon o Mgxieo were known to benr
root nwdules. Recently under this pregramms, Rubls o

a native to Indonesia has also been reported to p@aﬁeaa root
nodules in assocfation with an unidentified aezﬂtate hyphal
migmﬁrgaﬁiam {(Bond, 1976). o

Drvas hes a eircumepolar distribution snd it is only
in Alaska and Candda thet plants are known to bear rvot
nodules. Dryas dourmopdii has a great ecological importance
during cocondary succession where it Lﬁm first vasoular plant | is
to colonize the recently deglaciated areas in Alaska and
Cenada and fizes 61,5 kg N ha"! y™! under 1614 conditions
(Bond, 19’71}4» ‘Euxshia consists of two species namely, Rs
dansiuls ntata which ave resiricted to the
was*&em statec of N, Amerim, have been roported to doar

nodules, however, quantitative data o ditnitrogen fixation .
. are latking. -

Haiaragiéaam + Sunnara is widely distrituted through
southern hemisphere eonsistmg of 450 gpeociaen out of which
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40 have been m;::ortéd 10 develop etem nodules at the hases
of leanves in associstion with a bdblue-green alga, Hogtog
unctifofme (Silvester & Smith, 1969}, The symblotic system
3.9 of a considernble significance as N. punctiforms being
capable of gupplying all nitrogen muiramante of the plant
which has been estimated to be 72 kg N ha"! yr*! in the field
{Siivester & ﬁmith, 1969), The alge inhabits the intercelliular
spaces S.a the atem and p&ssesaes eight-timos more heterocysts
which bring about 16-times increase in the dinitrogen
fization, In symbiotic conditions it seems that all cells
of the laga dehave like heterocysts and entirely depénde on
the host for carbohydrate supply (Silvester, 1976).

Rubiaceac + The importance of dinitrogen fixation in the
leaves of some genera of Rublacese was highlighted IBP
during the IBP surveys. Well developed leaf nodules containing
the bacterium, Klahaiel mmsm (Bilver & Centifanto,
1963; Bond, 1967; Mishustin & Shil'nikova, 1971). Silver |
and Centifanto (1963) have reported that nodulated Rayshe:
grows wall on mitrogen free media, dut dinitrogen fixation
has not been confirmed for B. hacterdophylla when the
detaghed nodulated leaves were exposed to 15&2 and acetylene
gae in a closed chamber (Backing, 1971). The analytical
tests using ”ﬂweehniqw have given positive results for
dinitrogen fixatioen in the lenf nodules of Lopronma
(Silvester & Astridge, 1971) and Pavetto assipilis.
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(ﬁmbmiaar gt ales 1971). | _

The other genera of the family forming leaf nodules

fe ‘ {van Hove, 1978),

gkinsonds - The recent
evldenea 1nﬂieatea that leaf nodules are inﬁapabla of
dinitgﬁggn #ixation, The significence of leaf nodules is
probably related to the production of growth hormone kinetin
by the bacterium (Silver & Astridge, 1971 Becking, $1971). /[ste

Ericaceas ¢+ This fonmily has 50 genora of wﬁieﬁ only
: “:fxg;rasﬁrietaa %o arctic«p&p&ns regiona has beon
Argtontan ural 1o the only

out of 70 “Fﬁﬁieﬁ‘lﬁ this genus known to bear root nodules

which Mas been shown to fix dinitrogen using isnnteahnique

{Bond, 1967),; An assesement of the contribution of this speeiesto
the ni%rogaﬁ-&e&nemy of the region has not been made aa,ﬁar.

Myrsinoceao s Ardigig of the family Myrszﬁaceaa devolopo
marginal leaf nodules. Bagillus foliicol. is the associated
mieroeymbﬁénﬁ in the leaf module and has alse boen ghown

to fix ﬂini%rag&n in pure cuztura {Gordon, 1963)« Threoe
species of Amisia naomelys As gz:aam, A grispa end A. hertorun
have been shown to fix dinftrogen but at a clow rate {Becking;
unyubl&she& éata}; in India, 10 spocies of Arﬂiaia are found
gnd they need to be exomined for thelr potential dinitrogen
f&iatien@
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Ulmaceae s Tremg.sarnabiss a member of Ulmacese, forms
root nodules sﬁm&iér to thqiégumerth nodules in assoeistion
with an unidentified species of Rhizoblum(Trinick, 1973).
The nodule extract examined under phase contrast microscope
contained rods-1ike struetures resembling tho bacterolds of
yiup obtained from Yiena sipencls. Irems also formed
eztena&va nodulation on inceulation with Rhizeblus strain
NGR 231 ieolated from Yicna sinensis. The plants i’&z dinitrogen
officiantly as indieated by vigorous growth in nitrogen
deficient soile, and contributes a ﬂabstaﬁtﬂai anount of
fixod dinitrogen eutimated to be 86,5 kg N ha™* ye™! in the
fleld (Trinlek, 1973)s The effective root nodule formation
by @g§g§<qanﬁ&hig is of conasideredle interest due to its
association with Bhizabium which generplly forms smymbiotic
associntion wﬁﬁh legnmaﬁéua.
Elacagnaceae 1 The three genern nenely, Elasamms. Eimper
Shepherdia have beon shown to boar root nodules fixing
é&nitragene Bofore IBP survey, 10 specioes of Elgepsuus
were known to form root nodules but six more spocles ﬁaaring
extengive reot nodules have been discoversd by tho IBP surveys
{Bond, 1976). Elacasnug wac the first ronelogume wvt
nodulated plant to be studied by F, Tobbe in 1892y Elasagnus
Ee ansustifolia ore woeds in N, America but aleo
stimulaﬁe tha growth of aseeclated horbvaceous specles. In
Japans Ee gj“'[ ta and in Furope B anzustifoll
for the estabilization cﬂg/aand ﬁﬁﬁﬁag In Indla soven specles

ig are used
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of Elpsagnug are found but have not been studied dinitrogen
! has ¥ i the only nodulated
gpecies ocourring in eastemrn Esmope and Asia on constal sand

fixation view point,
dunes. KRitrogen accumulation by Hivpophae hae been made

UsKs hao beon estimated to be 179 kg N ha”! ;;z*“"‘l in 13 years
0ld plants containing 642 kg nodule dry wt, ha*l (Stewart &
Pearson, 1967). Hiopophge colonizes bare sandy soils vhore
temperature may be upto 40 €. Hiupophas st 11o) . 48 found
in India (Lavhal) needs examination for aﬁeertaining its

di.nitrcgen fixing potential, The three specles of Shepherdia
vhich are confined te N. America, possess root nodules

{Bond, 1957), Nothing is known sbout the eﬁmributim of
this plant to the nitrogen econony of nature, although, it

grows vigorously in nn;mgen poor soils of Alaogl
ies a poineer species in se@emiary aumassien on

recently deglaciated arens at Glacler Bay, Canazda,
Caosuarinacene ¢ Capguring consiots of 45 speecles out of
which 17 have been known to bear dinitrogen fizing root
nodules. It is distributed widely throughout trcpiaal westérn
Pacific coast line of Australim Malaysia and £, goud
on the dorder of the Indian Cceans. In the course of IBP

surveys seven new species of Canuarins have been found to

form root nodules extensively. SCLagunring has E&m designated
m one of the most droughteresistant e;;-eci&a; mi‘tabla for
desort plantation, It is a pioneer colonizer in the sawndarﬁ
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: Bﬂeheééian; Dommergues {1963) has made a quantitative estimate
of the dinitrogen fixed is sandy solls of Cepe Verde Islands

of Afries, dominated with C. eauigetifolia. He found that the
bapre soiis»eantainsé Se—kg N ho"! and aﬁéa@ 13 youars of
plantation the soil nitrogen increased to 309 kg N ha"t,

In addition, the gtanding crop of Casuarina was estimated

to contain 531 kg N ha"! giving an average rate of dinitrogen
fixation 58,5 kg N ha~! yr*l,

Betulaeaaevc'é;nag‘is one of the most extensively studied
dinitrogen fixing non-legume woody plant, About 33 specles
of Alnug out of 35 are known to yasséaa root nodules, fizing
dinitrogen actively. Crocker and Dickson (1957) studied adee
guately the implication of szééra in plant succegsion and
goil formation in deglaciated soils of Alagka. Alrus.gris
is one of the first woody plents to appear in cleared areas
after mossess end herdbs have colonized. The litter_fail ig
reported to contribute about 62 kg N ha**-fr”if Buring the
course of plant succession a thick growth 6£‘&zn§a;§ﬁeurs in
25«10 years but‘it:farma a tranaient community whioch is soon
overtopped by spruce (Pigea) planis. Hishustin and Shil'nikowa
(1971) have reported that A, slutinoga can i upto 100 kg N
na"lyr*! in the field under favourable conditions. In wat
sandy sails<of taa Netherlends, A. glutinosa ‘éevéiope:raﬁt
‘nodules h&éﬁasa welghing upto 44 kg ha*! can fix 56-130 kg N
na"! yr*! (Axkermans, 1971). A gréat significance of |
Alnug has been recognized that it sticuiated the gmwn
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B X 3 by 22-times at Glaf:ier Bay, Alaska
(I;awmﬁce, 1958) and estimated that 1litter fall of A grispa
may account for 157 kg N ha"! yr~l under 5 yoars old plants.
. Nitrogen content of Alyug ic much higher than the most other
renslegune flowering plants and the rate of litter fall is
exemaiy high: In India, tvo spociern of M nomely.
A, Bre found in (Kumaon, Himalaya and
Khasi Hins) and their pa‘hantial for dinitrogen fi::atmn neads
to be evaluated,

Myrioscone :+ Thres genera namely Compionin, gﬁ.gand Myriga
have boen reported to bear root nodules., Comotoria perearina
?eﬁm/mﬁuies in assoclation with actinomyceteslike endophyte
is pestricted to Cansda. It ocours in sendy and peaty soile
and significantly contributes to nitrogen to the sudstration
' (sﬂ%r and Mg? 1970). Another genus, Wﬁﬂ which
also dominates the sandy s0il in temperate N. America, NoW.
Euprope ond H.E. Siberia has been shown to fie dinitrogen
‘under fleld conditions at a rate of ¢ kg N hs™} yr~1 (Bond,
1974). m& the nost extencively studied genus of the
:famﬂy is distributed through Asia, Burope, Africa and N,
Amerioa, F‘eurteén new speoies of Myrica have been discovered
dnring the IBP mrveﬁE and thus 26 gpecics out of 35 are now
known to develop root nodules (Bond, 1976). Rurica gals eccurs
ground many. Britich lokes and contributes su'bs‘&an‘zially to the
nitrogen economy of fresh wator., Nypics i 2lda is a
dominant species in sznd dunes in S. Mrs.aa wrc’bhelaaz' 2% 2l
1971)s 1In Floride, M. goriforn acts as o sere otage to Pinug
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,is an active coloniger of

forest and in Indonesia, M. Jdpvani
of solls exposed to fire or voleanie activity (Becking, 1970),
Bond (1951) has estimated that }. gale may contribute 9 kg

N ha~l yr " « In India, Nyrica intespifold .ncwwm {Silhot
and Khasi Hina) merits attemio:; for evaluating its
dinitrogen fixing potentiallty.

Dioscoreaceas + Dioggoren Bacrow xa has alse been roported
with 1ittle w&é@aes firing a%f‘/muspheri@ dinitrogen in
Mse foliar environment, The m&mmb&ont is %hwaht to bo
an aeﬁmmyaeteulme endophyte ombedded in nodules found
on tha upper feaf surface., Schasda (1962) elainms trm

georen nm othor leaf nodulated species fixms at. mspheriﬁ
&initmgen but it has not been conclusively proved., In
India (Simla) four species of Digncorsa sre found from
1200 to 3000 m altitude need to be carefully studled for .

. dinftrogen fixing potentiality,

Hydrocharitacese + Acetylene reduction nseay (Hardy aghl.
1973) has revealed that dinitrogen fizetion oceurs in the
riizosphore of a musber of marine, Thalassis. {Patrs.ﬁuin
Knowles, 1972), and frechwater plants paﬂziaam il
ond Elghhornis (Brietow, 1974), Theus plants az-a kﬁii&‘?ﬁ& to
have loose assocations with uni&em!.ﬂeﬁ epiph@i& hacter&a |
ras@anaibie for their high thgemm a&ﬁv&ﬁeaw
. s, & tropical marine anglosperm, abunﬂan%!.y found

in Im&an Pacific Qceans has the dinitmgan fixing capacity
varying from 100-500 kg N ha*lyr™t (Patriquin & Knowles, 1972).
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Hydrill: 3mz§ggzzlgxa and wator hyacinth (Eichhornia
sereoines)have anaerobic enviromment in their growing root
gones favouring dinitrogen.fization, However, it has not

been shown that as to how the nitrogen reguirement of these
plants can be obtained from dinitrogen fixed in the
rhizosphere (Silver & Jump, 1975). The importance of
dinitregen fixation in aguatic enviromment, where nitrogen
1g considered a productivity limiting factor the importance
of dinitrogen fixzation cannot be under estimated.
Typhacese + Typha an emergent frechwater plant, forms
a loose root association with an unidentified dinitrogen
fixing becteria, The report shows that the dinitrogen
fixed in the rhigosphere in Zypha sp. may fulfil 10-20 per
cent of the nitrogen requirement of the plant (Bristow, 1974).
ayperaeeag s Four genera namely, Bulbostvlis

batiter aﬁd Bodlerneki
plants are belleved to bo responsible for the high nitrogenase
activity. Cyperus tetrascnugs an aquatic plant has been
chown to f£ix dinitregen in the rhizosphere (Silver & Jump,
1975) and Balendreou gf ale (1973) have estimated that g,
btusiliorug growing in tropicsl warm regions of Brazil and
Nigaria can fix as much as 253 mg N ha™! yr*}, The other two
species.11;‘_ 14s 1 ' ' ' '

{Day & Dart, ﬁﬂyﬁh;) havetalso beaanMwwn to fi#
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dinitrogen apmximately 30 and 77 kg N ha*? - mapactivel,;.
Gramineae s Recent studies in Bra.fsi;i-. Nigerie snd Ivory
cf;as‘t have discovered g loose symbiotic assoointion between
the met; 6f tropical Cyegracses and dinitrogen fixing bacteria
(Débereiner gt alss 1972; Bulow & Débereiner, 1975). Under
favourable conditions these grasmbaﬁﬁerial aseoclations may
contribute sudbstantially to the nitrogen cconomy of many
fornge and grain crops. DeePolli gt al. (1977) have demons-
trated that the TN, sotope has baen Ancorporated by the
two Cy-grasses namely, Digitaria decunbens end Pagpalum
notatum and enrichments of 0,15 and 0,563 51*3 aton per cent
excess were obtained in roots of D. dacumbens ©v. transvas
and F. potatun eystéms in threo days. I'he tropical grasses
which are able to support slgnificantly dinitrogen fization
have been found to possess efficient €y pethway of metoe-
eyn%‘mss‘.s {Day Q‘_ﬁ/ﬁ_'a"_-: + 1975), The root exudate of thescs
plants in the rhizosphere plays an important role in the
establishmont and maintenance of the populations of the
dinitrogen fizing bacteria (Neyar & Dbbereiners 1977).
In most of the dinitrogen fixing systems the avaiiaﬁinty of
photosynthate io considered %o be g major lismiting factor to
dinitrogen fixation. HoweVer, duc to the efficlont Cy
- pathway of photogynthesls the Cy -grasses ave considerod to be
in a botter conditions with regard to tho photosynthate supply
for dinitrogen fization (Neyra & Dibereiner, 1977). However,
most of the studies of dinitrogen fizing grass-bacterial aspoe
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tiated systems heve been condueted under laboratory conditions,
Berber gt ale, (t976) have shown that there is a 30efold increase
in the number of dinitrogen fix&ng bacteria onto the roots of
excised malze plants, when samples are \ﬁgp;einwbaﬁeﬂ overnight
‘a"b low pOz. Therefore, thein results show that dinitrogen
fixing a&’twhy nmeasured in ‘thé labnmfm are é:.tmut 100=tines
more than the rates moagured under field cém&tiam. Thus,
the grags rootebacterianl 1cese assoclations need a eritiecal

[of evaluationy fhaﬁ;r dinitrogen .ﬁxiﬁg activity undor laboratory
and £isld conditions, ‘

The first report of %ﬁi@éﬁﬁ@mﬁteriﬁ sasocintion
relates to P agpalin mmm {Dovereiner, 19664 Dibereiner &
Compslos 1971). poaspali has been reported as
‘the microorganiem localiged in the mucilagenous sheath around
the root (DBbereiner ot al., 1972). Estimate of dinitrogen
fization in intact root eoll cores of Paspalun notatum has been
‘measured to be 124 kg N ha™? yr*! (Neyra & Ubvereiner, 1977).

_ , Spirillun 1ipoferum possess high n&tmgenase
activity and the hacter&a have been lecated in the intercellue
lar spaces of the inner cortex of the root (%herainer & Day,
3;976); The niﬁmganasa getivity of DRleitaria decunbs)
soll cores maﬂuréd b:,r acetylone reduction assay hmmata 8
gain 548 kg N h (Has'm & Dobereiner, 1977)s

Seedlings of sugarsane exposoed %o ‘51@2 have beecn shovn
to fix dinitrogen aotively (D:&bemsﬁei-.. 1961). The acetylene
reduction aséa,y has shown that m&y a part of the dinitrogen




fixed occurs on the xvﬁt surface of tﬁe’piah%, otherwise,
mostly it occurs in the rhizosphere. Dinitrogen fixe& by
sugarcans has'been reported to be € kg N ha‘lyr*i {Dobereiner,
1961), Malze, a major grain crop of the tropleal world has
been reported to have the highest nitrogenase activity
reaching tupto 9000 n moles CzH, g} root hrel (Bilew &
Dobereiner, 1975). However, the results have been obtained
under laboratory conditions after pre-incubating the roots at
low Oy, 0,025 to 0,05 atm. Dobereiner efale (1975) have
shown that nitrogenase activity both in Pennigotun
and maize ic as high as 365 and 730 kg N ha~1 yr reapeativaly‘
& detplled study to asceriain the localization of Bpirillunm
;axgzaxgg in the roots of these plants is yet to be made, A
nunber of troplcal C, forage graﬁsﬁﬁ‘ﬁﬁmﬁxys_L{%ﬁrﬁgixsl
Soxphum, hava also been phown to possoss high nmtruganasa
activities in their rhisosphere {Neyra & Dobereiner, 1977).
'@hg Cyegrasses have been also shown to make some

- gontribution to the nitrogen economy of nature, Rice and
wheat are the two important gralin crops which are able to
support symblotic dinitrogen firation, Blue-green algae

- such as m Wﬁ and Aleusira and the dacteria

£ Entersbacter gloppas are mainly respensible
for a larga part of diaitrﬁggn fixed in the paddy fields

(Balandresu, 1975 Neyra & Débereiner, 1977). Aﬁetsiena

reduction assays with axéieed roote af'fieid grown rice have
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A list of noneloguminous dinitrogen fixing flowerin

lants.

Chile; Inﬁia

[Plants are arranged according to Benthem & Hooker 1 62-»1383)
system of elassification). -
m;{/ ~“Geographical ~ No. OF Bp. Nos 0Ff  bethod kg K Microw- Micro- Reference
genas distribution in genu sp@ ﬁxa of otudy ha"I mbimt symbiam ‘
R — B ' - w.ﬁﬁ Q 10
Rhamnaceae | -
1.  Ceamothus canada; India 53 3t K% 60,0 AM RN Delwiche
azureus {Dohra Dun) : 4 &t 8l«s 1965
2.  *Colletia ‘Submp 17 3 ARA +  USHM RN Bond, 1976
paradoxs temp. Q.Amer&ea ‘ | | nde 197
3. *Discaria  Australiss 10 2 15y + AE RE Morrison, .
toumatou New Zealand; S. ‘ : ' 1961
Andess Brazil .
< .Coriariaceae
'R Coriaria Medit, to 15 13 K» 192.0 Al | RE  Silvester.
‘ myrtifolia Japany New 3 9 = 1974 *
. Zealandy
Nexico to

*= Gerus not found in Inﬁim e Amrding, to wums.a (19‘?3)t

1 = fixation ic doudtfuly AM = Actinomyceteslike endﬁpbyt

_SPs8 ARA = Acetylene reduction assayy B3 = Boeilerinc
lus polvmvias Ent = Eptorobacter yNE

Rh = Bhiz

BPe ¥ GN

IN = Leaf nodule; Np = Nogh

, Jublacearums —
N . 5p«3 RN = Root noduley RS = Rhisge hemg Sl = W 3
noduleg sm = Stipular nodulars UB = Vniéentiﬁed bmtarim .

*m fixatim of dinimgen emﬁmed;
nama.uz. Az & Mm—-




confirmed the fixation of dinitrogen in the rhisosphere and

at the flowering stage it has been estimated that sauﬁa kg N
ha"lyr™! o fized by the assoclation bacteria (Balandreau, 1975).

The nitrogenase activity t}f root soil cores eontaining

wheat is signiﬁcanﬂy higher in comparison with the bare

soils (Day gt alss 1975)s In Broadbalk field wheat experiment

at Rothameted, UK., from 1843 to 1967, it has been shown

that of an average there i?aa a gain of 3% kg N ha"} yr""

{Jenkinson, 19?3); "Hmmrer, the root soil cores of wheat

tested with acetylene reduction method gave a value of 2«3 kg

- & na" yr*! (Day gt ales 1975)¢ In Broadbalk ficld wheat

expariment a major gar% of dinitmg«en fixed was cantributad

!’ixing bacterﬁ.a on the roots of wheat (Neyra & Da%ereiner;
1977)s The Bagll pRINIYE
wheat root surface as" wall as from the Intercellular spaceé
of the contex (Larson & Neal, 1976). The follwoing Table 12
provided an uptd date information on the nonelegumincus

: dinitmgenﬁ fixing ﬂﬁwar&ng plantg in a concise marmer,



2 . 4 5 6 7 8 9 10
'_Rouaeea;e | | ' ~
5. #Corcocarpus  S.W. USAy Oropgon 20 & ARA 4 AM RN Viamis gt gl.s 1964
~ betuloides to Mexico -
6. *Dryas 6wmm Awticaalpim 2 2 KM 61,5 AM RN Bond, 1971
_ ondii UeSeley N, Q’ﬁﬂ!})& ‘
| gone of Burcpe |
7.  *Durchia tri= Pacific UsS.h. 22 Py + a4 RR  wagle & Vianis, 1981
dentata Gasm: aspecially ' o
N, temp. regions
8. Rubus €11 Cosmops eapecially : _
ticus P N. eﬁpxw regiong 250 1% ARA + USHM RR Bond, 1976
Haloragidaceae -
9,  *Gunnera Malayeing Tasmanda 50 40 M 72,0 Np SN Silvester & Smith,
dentata T . 1969
Rublaceae
10,  Psychotria  Trop. S. Afriea; 700 %10 8 £  Kr LN DBocking, 1971
: nucronats Malagasecys Zaires . ' : _
Swederis Ivory
Coasty India '
{Sikkim, Agzom, o o L
- ° Ricodars) I | N
1. Pavetta - Ne Augtraliay B B27 339  ARA + Ky IR Grodbhelasr 53. ales
- assimilis Burnay Palayan ‘ . 1971 -
Paniamia to
Chinay India
(Sikkim Andamans)
Contd. ./~
A L



T 2 | 3 5 s 6 7 8 9 10

12. “*Neorosea andogensis wmp., W. Afriea: 12 1 15y * Kr LN van Hove,
o Columbia 4 | 1972
13, *Coprosma robusta Australia; New -~ 90 27 5y 4+ Kr StH Silvester &
o - Zealand; Malaysio: Agtridge,
o Chile; Polynes 5 : . 1971
14, SHodgkinsonia B, Austédalia -~ 2 1 5 &  Kr IR Stevenson,
ovatifolia S | : 1957
15. Gardenia , Trop. Asiay India 250 15 15y 2 Er IR Stevenson,
thumbergia  (Bundelkhund, smm, | T 1957
Dehre B'tm) .
16. Hotorophyllsea sp.  Argentinas Bolivia & 1 By & ke 1N van Hove,
17. “*Lecanosperma Spe Bolivia 1 1 50 & Kr 1IN ng;znwe,
Ericaceas -
18, «mmstaphym?u[a- NW, & C. AmerSeay 78 1 °N  + AN RN Bond,
ursi Ne temp, and arctic’ | - 1967
. - reglons _
Byrsinaceae _
19. Ardisia crispa UsSeley Trop, Asiay 500 13 MN b 4 Br 1IN Bocking
~ Japany India (Assam, A (unpu‘b.)

Sikkim, Orisaca,
Manipur) Chile; Wﬁ&

Contd. - /w
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Elaeagnacene
20, Blacagmus Apiay India s 16 KK +* AR RN Gardner, 1958
angnst‘ifelia {Sinla; W. Bengal) _
Candda; Burope
21. Hippophaé Temp. Burasias 3 1 KM  179.0 AR RN  Stowart &
rhamnoides Imiga {Kumaon, Pearson, 1967
Lahaul) - .
22, *Shepherdia Alasks to N. 3 2 ¥§n 4+  am RN Bond, 1957
canadensio ﬁaxifmg UVuKey :
Colombia - < '
Ulmaceae : ' o ’ . 4
23, Troma t:ama’bia Trop. and Subtrop. 30 1 ARA 86,5 Rh RN  Trimick, 1973
Py Mot g | |
o8y ayas
Asiay Africa;
Casuarinaceae P N, America , . , )
2h. Casuarina Trop. Augtralia; &5 24 KM 58,5 AH RN Becking, 1970
’ equisetifolia Malaysias Polynes: : \
Africay Acliag
Indla (Andemang)
‘Betulaceae .
25. Almus glutinosa Maﬁkag _Indonesias 35 33 K¢ 100.0 AM RN Mishustin &
{Sri gary RKumaong 1971
Khasinills)

Gﬁﬂm . ﬁ/ﬂ»
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ﬁw&caeeag

26. *Comptonia

peregring

27. *Gale palus
- strls

28, fca
ggiﬁ&fo}ia

Dioscoraacens
29. Dioscorea
nacrours
Hydrocharitacene

- 30. Elchhornia
cragsipes

3t. Hydrilla
vggtiailmta

32. Thalassia
tegtudinum

N.Ee America . 3

{Canada)
Temp. N, meric:az 2

»We 3 N.Eﬁ

Siveria

Trop. end gubtrop. 35
DS hes M.E. Aoias
maya{ Ghinas Japang

Trop. and subtrop. 600

S.Ws Africa; Imiia
{Simla)

S+EU.S+As t0 7
Argentinn

Burasiay Africa . 3

xmtian Pagific Occans 2
Atlantic @am

10

ARA 9.0 AH

KR 9.0 aM

15

ARA + B}

RN

RN

RS -

RS

Silver & Mague,
1970

Bond, 1971

Bornd, 197%

Sﬁhﬁﬁdﬁi ’;96‘2

Silver & Jump
Siiver & Jump,
1676 B

Patriquin &
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. Chapter 6 .
- Factors Affecting Dinigrogen Fixation |

Allarge part of nitrogen reguirement in agricumiura;
production is supplied by dinitrogen fixing symbloti¢ systems
| namely, legumes aﬂﬁ ﬂﬂﬁ»1agnm§in0ﬂ$ fiowering plants which
utilize photosynthatically stored solar energy for reducing
atmospheric dinitrogen te ammonia. The fixhktion of dinitrogen
is not dependent nonrencwable yesources, therefore, its
use in agricultrual production should be maximised. The
process is greatly influenced by many environmental factors,
thus, the complete understanding of the factors limiting
blological dinitrogen fixation demerve sorious attention,
Environmeftal stresses at the early stages of symbiosis
formation either have adverse effects or stop dinitrogen
fixation completely. A eritical evaluation and a proper
understanding of the environmental iactara‘influenc&ag |
the process will greatly help in daﬁezepiﬁg saitable\atfazegy
for optimizing blologiesl dinitrogen fixation, @ha factors
influencing the process of blological dinitvogen fixation
can be broadly claseified into the following four cetcgories:

1, Atmospheric factors |
L. Light
81, Carbon diexide
118, Oxygen, and
iv. Temperature



2, Edophic factors
- 4. Inorganic combined nitrogen
ii. Mineral nutrition
i4i. Soil pH and calelum
iv, Water strens, and
v. Ethylene
3. Blological factors
i, Hostemicrosymbiont specificity
i Injury
L, Physiological fagféza
i. Hydrogen evolution
1. Atmospheric faé%ars ‘

A rumber of atmospheric factors namely, light, carbon
dioxide, oxygen, and temperature affect the process of bioloe
gleal dinitrogen fixation profoundly. The varicus effects of
these factors are deseribed {n the following paragraphs, |

. Light 1 Light influences the process of blological
dinitrogen fixation both directly and indirectly,. The
direct effects of 1ight are due to the intensity, its duration
and quality of the incident light. Indirectly, the 1ight
affaects dinitrogen fixation by influencing the process éf‘
photosynthesis through the carbohydrates supply to the
microsyzbiont which is described under the effect of carbon
dioxide.

There is a direct rolationship between light intensity
énﬁ dinitrogon fixing sctivity of a plant, The increasing



ﬂt‘aﬁ!e 13. nany ﬂuatmtiema in acetylene re&uc’sicn by the nodules
a£ firs%-xaar and aecanﬂayaar alder mants;

Least Temperatum
slgnificant variation
cfﬁ different in glasshouse
- betwsesn during Total
: *i‘ime of day :t‘msh mi noans,  expevriment sunshine
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' 025 19-24 35 1 o
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“Prom Wheeler (1969) and ""Wheeler ( 19.71%
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effects on specific dinitrogen fixzing activity of soybean

and Alnus plants have been observed with the exposure of high
ng,h‘t& intensity and longer photoperiod. 1t has been shown that
selfeshoding and mmﬁshadmg depress the dinitrogen fixzing
activity considerably in the older plants, Fifty per cent
shading imposed at the end of flowering stage in soybeans
decreased the fization from 125 to 91 kg N ha"! geason™! while
supplemental ‘1ight increased the fixation to 165 kg N ha~!
season™! (Sléger et aly, 1975). Wheeleor (1971) has @h&ég@ed a
dz-aaﬁic curtajlment in the rate of acetylene reduction by the
young Alnus plants in complete darkness within 24 hr, The
diurnal effect on the acét,y‘}ehe reduction due to variations in
1ight intensity by the nodules of one and two years old ALnug
plants is given in ’raue 13« Bond {1971) studied the diwrnal
fluctuations in dinitrageu fixing activity ﬁf glasahéuaef grown
Speuarips plant and found that fixation was déﬁbia at m:lddaj
as compared with rates in the early mornings and late
evenings, A large part of the diurnal variations s
thought to be attributed to the differences in temperature.
In contrast, Wheeler (1969) observed that the variations in
dinitrogen fixing activity of glacshouse grown Alnus |
gj.mmgaﬁa fxzica goles is due to change in the iig;h't.
intensity since the temperature vas kept constant, Silvester
(1976) has shown that excised stem nodulee of Gunnera denatata
inhabited by & blue~green alga, Bogtoc punctil
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readily responded to 1ight intensity by ten-fold increase
in the nitrogensse activity with nodules kept ot 40 Wm"z over
those kept in dark, Tho 1ight osponse was found to be
almost linoar over the range Oed0 Wi o, The different
wavelengths of light affect the dinitrogen fixing activity
of plants considersbly {Lie, 1971). The dinitrogen fixing
notivity of soybeans increased two the threee-fold vhen they
wore transferred from blue to red light, The imitintion of
noduls formation and noduls development is tomplotely
imiizitea 12 the roots wore exposed to direct sunlight even
for a brief periocd of 5+10 min (Lie, 1971). However, the
mechaniem has not boen elucidated so far, |

15, Carbon dicwides The partial prossure of atmepphorio

' eorbon dioxide has & otrong influence upon nodule formation
end dindtrogen fixing activity of the plente. It has boon
shown %hazqﬁlxﬁing,@azgwar.‘;;;3 in aﬁ atmegphere eﬂrlehe&'
with €O, ranging from 800+1200 ppm (approx. 0.5 ke ca ne°t)
hag inmaaed the dinftrogon fizing activity by nmore thaz?
three times over the control, Soybean plants euposed to an
atnosphore with throestimes the normal concentration of Coy
inoreased the dinitrogen fixing capacity from 75 kg N na"t
%o 425 e N ha! (Hordy & Havelka, 1974)¢  The availability
of carbohydrotes to Rhizobhiupm in logumes has beon regarded
ag an important faetor limiting dinitmgén fixatinm The
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reintive supply of earbohydrates to dinitrogen £ixing

' nedules and other physiologieal processes inm the plant is |
ghown Giagtaqgtieam in Flg.1t. Soybesns grown in relatively -
nitrogen rich wolls derive enly 25 per cent of thoir nitrogen
requirement dy fixing the atmospheric dinitrogen. The

acetylone reduction nsasy hag revealed that the plants obtained

~ sbout 80 per cent of itc nitrogen requirement by fixing
atmogpheric dinitrogen (Hardy & Havelka, 1975). It would be
interesting to cxomins the offect of carbon dloxide enrichment
on nonslogume flowering plants.

The troplcal Cyegrasses paaaesa&ﬁg rootwbasterial loose
asssoolations such as corneSpirililunm: Baspalums 1) o
Digitaria-Sodpillun have been found to be afﬁa&m’e in
dinitrogon fization. The éarhéhydmte supply in case of these
Cy-gracses does not seem to be a limiting factor as already .
they poosess an officient Cy-pathway of pﬁa%synﬁhwis’ (Day & .
Dart, 1976). However,/sctudies have not boen made to show /detailed
vhether carbohydrate supply is a limzizing faotor or not In
caso of grassebacterisl dinitrogen fixing syctems.

ii8, Oxygen s The partial pressuré of oxygoen affects
biological dinitrogen fixzation aevémly as it ig a reductive
process muixwm relatively low oxygen tension. It affects
dinitrogen fixation in two woyse 1+ by irreversible inactivation
of enzyme nitrogenase presumably due to oxidotion and, 2. by
inhibiting the reduction of dinitrogen (Burms & Hardy, 1975),
Both protein components of tha enzyme nitrogenace are sensitive
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to oxygen Anactivation but the FPesprotein is relatively
more sensitive (Kelly gt al+, 1967). Differont nmechanlams
have ‘ﬁaen evolved by the dinitrogen fixzers to protect their
mxzymes from orypen inac‘tivatiam |

iia have overcome the z;rebiem of ngen

aerobic bacteria, Aszolohac Liax gnd ngzﬁa
paintain. . thelr dmitmgén ﬁ.xing activity through respirae
tory protection; i.0., reducing the amblent pOs by maintaining
exceadingly high rates of mapiéaﬁaﬁ {Postgate, 1974).

The dinitrogen fixing biueegreen algac possece specialized
cells ¢alled hetoroeysts which are responsible for dinitrogen
fixation, It hog boen chown that these cells pégsega photo=
systen & but laek photosystem IX regponsible for oxygen evelution
{Pootgate, 1974). Therse ﬁre,- however, certain non-hoterccystous

blueegreen algae, ©e8ss Mlox v Slococr Anacyatiy
which alse fix dﬁnﬁtrogea efﬁaienﬁya These are balieved to
fix dinitrogen anly under low oxygen tension provided by low
illumination or by seereting larpge amounte of slime around their
cells vhieh dissoive oxtess oxygen {Postgate,; 1974).

In root nodulated plants the nodule wall and the bacteroid
merbrang ave baueveé to reduce the oxygen ‘eensim: {Bergersen,
1971). Lagmemgmhim a non~haene mpmtﬁim ic a
proninent featuro of nodulated 1agumes which has beon shown to
_possess high affinity for oxygen and serves oS an oxygen carrier
at required p0, to tho bactteriods (Wittenberg gf alss 1974).
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Fig. 12t Effect of oxygen tension on the nitrogenase activity
of field~grewn.Paspalum notatum roots extracted from
the soil (DoObereiner et al., 1973) and on nitrogenase
activity of continuous cultures of Azoetobacter
chroococcum at p0, 0.09 atm (Drozd & Postgate, 1970).




However, no mich oxycen carrier has been reported from
the actinomyccte-like endophyte of the nbnelegume flowering
plants, Almost nothing is known of the mechanism that how
these microorgzanisme ppotect thelr enizyme nitrogenase from
‘-Ehe oxygen inactivation. |
' The %mpiaai dinltrogen fixing grass rootsbacterial
assoeiations such ag Raspalim .« Azotohat - Dicita
Spirillum require a low p0, ranging from 0,015 to 9;0’0 atm
for optimum dinitrogen fixing activity as shown in Fig, 12
{Dédereiner ot als, 1973 Dobereiner, 1975; Abrantes, 1975).
The meehaﬁi@ involived in maintm such a low pOs at the
site of dinitrogen fixation has not been gtudied so far.
However, it is likely that respiratory protection, excessive |
alime pﬁﬁwtim& resulting in the formation of a capsule
areund the bacteria may provide the necossary protection
againat oxygen damage (Abrantes, 1975)s In cace of low
svallability of carbohydrates for respiratory protection
- the protein components of baoterial n&tr&genaaé appear to
undergo some conformaticnal change in which they are passivaiy
protected from oxygen damage. Conformational protection
probably implies some temporary changes in the hydrogen '
bénding and suboellular compartmentation in which membranss
are involved (Postgate, 1974). ' |
iv, Temperature : Soil temperature infiuences biologleal
dinitrogen fixation by affeeﬁng the metabolic activities of
the pleroorganioms involved. m The optimum dinitrégen s
fixation by legumd-Rhizohium symbiosis oocurs at 25 €.
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Different stages of logume root nodules formation take
place at &ifferént temperatures thus effective ingeetian
and nodule formatiaﬁ-iaka place at relatively low range

of temporature varying from 20 to 22 ¢ (Dart gt alss 1976).

- Breocding experiments with soybean have shown that nodule
formation is temperature dependent and is ﬂatarminﬁé.ﬁy one
majoy gene present in the host plant (z&e; 1971)« The root
nodulated ron-legume flowering plants have the range of
temperature for optimal dinitrogen fixation from 19 to 21 C,
a;ang ,v 1085 shows ites maximunm dinltrogen fixing activity
at 21 & 1 C {Akxkermans & VanDijk, 1976).
| The ra-nge of temperature for pptimum dinitregen
fixation is 31 Cf to 40 C in Cyegrass bacterial systems in
aambariaﬂn*with legumes having the upper 1imit of 27 €

(Dart gt ales 1976). Neves gt al. (1978) have chown that the

optimum nitragenaea activity of purs eulture of Spirillu

;1§n£§znm isolated from corn roots takes placs at 31 C.

The 1 atrﬁina isolated from corn roots and B

~ roots éo not ﬁhﬁw much appreeiahle difforences in thelr
nitrogenase activitiee at 31 C but their behavicur is totally

éifzekant at iﬁW’temperé%mrp& Spirillum strain 1aoiatgd from /
torn roots showed !&veatimes more nitrogenase sctivity at

22 ¢ than that of 3.sea.ateﬁ from Dizitarin roots at the seme
ﬁemparatnre (B&bﬁrﬁiHE?*ﬁﬁhaloc 19?51; The caﬁse of variation

in the nitrogenase activity of Spirdllun stral

temperaﬁuras hag not bséﬁ explaiaed a8 yet an& deserves

~ careful study.



2+ Edaphic factors _ A |
Soil factors have the most profound influcnce on the

procass of blological dinitrogen fixation. Availability of
inerganic combined mitrogen, soil mutrient status, soil pH |
and calelum, water stress, and ethylene production are
important parameters affecting the fixa%iéﬁ of dinitrogen,

1. Inorganic combined nitrogen s Availability of
inorgenic combined nitrogen, most commorly ammonium and
pitrate fons have an inhibitory effeot on biologieal din&%rugeﬁ
fixzation, The desree of inhibition depends on the concentration
of inorganic nitrogen compounds, time of their application aﬁﬁ
the types of hostesymbiont strains, However, it is well known |
that armonia is the end product of biologleal dinitrogen
fixation, btut it never accumulate in high concentrations ag
it is immedistely incorporated into amino neids and amides.
- It has been shnwhwihaz‘the transfer of pea plants grown in
a medium free from inorganic combined nitrogen to a culture
solution containing 315 ppm nitrate ions has resulted in
complete cessation of dinitrogen fixation within 48 hours s
(0ghoghorie, 1971), In Almus end Hivpophad it has been shown
- that the application of emsll quantities of inorganic nitrogen
between 10 to 15 kg N ha"! reduces the fization of dinitrogen
to one fifth of the values without applying the inorgenic come
bined nitrogen (Akkermans, 1971), |

ﬂawevef, the baﬁaviaur of tropical Cyegrass rﬁeto
hﬁgterial associations is quite different from that of root



nodulated logumes and non=legume flowering plants with
regard to the supply of inorganie nitrogen, Ddbereiner gt al.
{ 19‘?5) have shown that the tropical Cy-forage grasses namely,
: _an um have no offect on their dinitrogen /
fixing aewrs.ty when 20 kg N ha"} was sdded to the soil,
This observation . in these Cy»grasses i of fundamental e
M’partamé because of the pos'sibﬂnﬁ-fm of taking simultandgous
advantage of both fertilizer nitrogen added and blolgkical
dinitrogen fization,

Genord 1lys it is believed that the inhibition of
blological dinitrogen fization is ceused duc to the repression
of biasymtheais of "nitmgemsa by enmonium inna.. Howover,
recently 1t has been chown that the enzyme glutamine synthetase
is involived as promotor in the biosynthesis of nitrogenase
(Skinner, 1976). Righ concentration of ammenium fons induces
cmfémat&enai changes in glutamine synthetase which fails ¢o
act as a promotor for the synthesis of n&tmgenaea; In the

~absenco of ammoniuw fons glutamine synthetace restores
to its original structure and starts acting as a promotor for
the biaéyﬁthesis of nitrogenase as shown in Fig. 9 (Skinner, 1976)

II. Mineral sutrition s+ Biologieal dinitrogen fization
requires a set of minersl mutrients, |

Following are the mportani nutrient clements whieh
are involved in biological dinitrogen fizatiom

8s  Molybderun

b. Iron
4. Phogphorus
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g Molybdemum 3 The involvement of molybderum as 8
aicronutrient in blologicel dinitrogen fixation was known
long before the enzyme nitrogenase was isolated. It forms
an esgential conatituent of the ﬁoFawprﬁtain Qampeﬁent of
‘nitragénase; Jensen and Spencer (1947) have shewn that
vanadium may partly substitute fﬁf‘ﬁﬁlﬁhﬂﬁﬂuﬁg.hﬁﬁ vangﬁiumf
nitrogenase ié relatively less aetive in comparison with |
molybdenumenitrogenase, Do ztom probably provides an active
site for the dinding of dinitrogen and by undergoing repcated
oxidationereduction medintes the transfer of electrong from
various strong reﬂuctanﬁé to dinitrogen and reduces it to
ammonia (Streicher & Valentine, 1978). In molybdemum
deficient soils dinitrogen fixzation ceases complotely and
plantsfcan,ﬁuﬁvivs only when supplied with molybdemum in the
form of molybdate ions or with f%rtiiﬁzer nitrogen (Postgate, -
1974),

b, Iron s Iron T  constitutes an essential part of both
the Mafe«pr@ﬁein,_aﬁd Feeprotein components of nitrogensse,
The severe deficienty of Fe ions nffect the biesynthesis of
nitrogenase signiricantiy; Fe atom slco forms an eéaeﬁiial
'constituénx of the f&rredéxin which égta as an eloctron
earrier for transferring clectrons from the elegtron donors

of low redox-potential to ensyme nitrogenase (Quispel, 1974).
Ropeated oxidation.reduction of Pe atoms of ferredoxin and

- nitrogenase plays the vital role in transferring electrons

to dinitrogen (Streicher & Valentine, 1978),

-



¢, Cobalt ¢ Cobalt is known to facilitate the process
of infection and nodule formation both in legume and none
logume flowering plants, The importance of cobalt is: low
‘,eaneaﬁtmtinns; 1015 pifm was realized by observingprombted
nodule devempmant and dinitrogen fixation &n the pﬁ‘k‘bed plants
of Glypine max. AMMA Sxessna and Ceonothug veukinus & -
(Kliewer & Evang, 1963). Information is laaszing on the
mechaniom of the invelvement of cobalt in enhaneing the
process of infecticn, and healthy growth of root nodules.

d. Phosphorus + Phosphorus plays an important role,
as ATP which supply the energy for the reduction of dinitrogen.
The free living bacteria of the Samily Azotebscteriaceae namely,
Azo%oba  ; . ghroogaceum, Derzla and [ebpiella require large
amounts of phosphate ions on account of their high mﬁpiratory
activities to reduce ambient p0, and slso to provide necessary
ATP molecules for dinitrogen fixation. Becking (1962) has
reported that Azatobactor ghrposoceun requires upto 4,5 mg P
&} of mannitol as a metadolite for vespiration,

 Since the respiration ie regulated by the ADP + ATP

ratios, therefore, the phosphorus doficient solils are gmamly .
found to be deveid af di.nitmgen fixing mismargaﬂsm (Yates,
1970), and such sails beriously suffer from dinitrogen fixed
b.ialégi@allm .

111, 5041 pH and calelum ¢ Seil pH is ono of the
i-mrtant parameters inﬂueming biologicel dinitrogen fixation.




low pH irhibits the fization of dinitrogen both in
asymbiotic and eymbiotic dinitrogen fixzing systems. In
acidie soils the avallsbility of mangencse and eluminium fons
imz*éase/swhich | ara very toxie to plants {Déborsiner, 1966).
Lining helpe in increasing soil pH which reduéss the |
solubility of both Mn?* and A1% fons and at the samo time

1t increases the 'soiubiiity of molybdemum and iren lons vhich
ars essential for the biosynthesis of nitrogenase (Bould &
Bewitt, 1963)s The égts;zmm pH varies from 6.5 yo 7.5 i@é
optioun dinitrogen fization both in legumes (Lowther &
Loneragen, 1968) and grassaé-»baetar&ai symblotic gystema
{Péberainer et gl:e} 1975)s The role of soil pH on dinitrogen .
firing activity of root =inz{ﬁremla’e:evtt non-legumes goenms to be
insignificant. As a survey of 650 plants of Alnus glutinoas

at 2ib sites in northwest France has reported that effective
nodulation has been found in soils of pH 4.0 to 8.0, At most

- pites nodulation was reported as goed. a8 nodul e ﬁmtem
renging upto 7 em in dlameter oven at pH 4.0 but ot £iftcen

sit es nodul/a"ﬁm waz found to be poor and at Live sﬂ.fé‘a no -
nodulation could be found {(Bond, 1976) .

Acldic soils are generally found to de devoid of nicroe
arganim aapec&al&y; ihizobium otiis Iowther and
magm (igﬁB) have rep&rted that root nedule f@mﬂm v
was inhibited in soybean plents in a culture medium withat -~
pH 5.2 and [_ealcium ions concentration of 0.5 mils. At tha same Llov

\




Table 14, Effect of water stress on nodule mumber, size
‘and acetylene reducing activity of Phassolug

yulgaris (44 days old).

Tontro T

i

p moles CoHy 16,45 1475 3745 3415
Nodule  28sh 8.3 18,5 4.8
" number - '
Average 144 0495 . 1472 1.6
*nn&nle ﬁ . ’ '
wt {mg) ‘
Water content 6. 0.71 6,3 0,81
of sand (4W) s dh SR o8

”?%bm Spreﬂt»(1976)s



pH %héy alsc chowed that effective nodule formation took
plaaakii increased the conecentration nflcaleium jons from -
0s5 to 0.8 mM, Xt has been_auggéatad that higher anount
of ealeium>;a.nee§§d in the solls of low pH for the effective
nodulation {Murns, 1970), However, %he‘mscHSnism to oxpliin .
the involvenment of calclum fons in reot nodule formation is
not known so far,. |

IV, ¥ater streess The water stress influences the
biological dinitrogen fixation by depressing the activity
of developed root nodules and by inhibiting the nodule forma«
| tion, The severec paucity of water may lead to stop dinitrogen
fiﬁation complotely (Sprent, 1976), However, the adverse
" effects of water stress on root nodulated plants have been
reported to be reversible yruvi&ed'that water losses from ~
the root nodules do not exceed more than 20 per cent of their
maximum fresh welght (Engin & spreﬁt; 1973). The lggumas have
beén found Qixiag,éinitfagen‘aptimally at field capacity.
In malze, it has been shown thatat the wilting point of the -
dinitrogen fixing activity ceases completely (Vlassak gt ale,
19731 Day gt ale, 1975). It has been shown that during the
d?ry daystf HareheApril when two pla%s conteining wild -
Alotug and Mediceso mixed with tropicel .
Cy=~grasces were waﬁered, the rate of acetylene reduction in
these plote increased more than ten-fold over the aon&ral
ones {Sprent, 1976). Some effocts of water stress on
Bhaseolus vulzaris have been éhmm in Tadle 14,

specien of YAd }



Table 1 3..’E'£fect of -ﬁé‘&eﬂugging on nodule number, sige, water
‘content and acetylene reducing activity of Ehnseolus

is ovs Clanig.

i .
Treatment

.. Age

i

Nodule no, Average Mater . : p molesC H
{dags) plant-l ) 2

ngdu%e ) %gg‘;egﬁ “Loan wt
sizelmg) (freshs og froch w
dry wt) ;%n"‘fm

Waterloaged

- Waterlogged

w&t‘aﬁ@géa& |

 Control -
" Control

Control

29
.

43

%3

151

B, 2

9‘3‘%5
535
C858.h

7725

3463 2,72 8,10

3465 746 6,09

b 4o 9,67 6,30

3.76 2454 11.73

536 5.2 15,47

6,38 678 1504

From. Sprent (1976).
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Waterlogging affecto blological dinitrogen fixation
sdversely by reducing the nodule formation and their dinitroe
gen fixing activity., Generally, the adverse effects ofw ~
waterlogging have been found to be roversidle on the
remmtim of normal cnaéi‘bimas Waterlogeing dapressas
the process of infection, mﬁuie fema’t&an and thoir mmber -
to & great extent in legumen as well nonelogume ﬂpwering _
plants: It has not deen yet critically susecsned whether the
lowering of nodule formation ic due to the m{r[uabuity of /a-~
microsymbionts or due to its inhidition of the process of
infoction or both. Hewever, Nague and Burris (1972) have
reported that waterlogaing dopresses nodule i’ematim and
dinitrogen fization largely due to the oxygen &egletian
required in reapiration by bhoth the plant roots and the
mierosya/bienté; Nodule nusmber, sise, water aeﬁtem am -~

g ! ] are greatly

acotylene reducing activity of Phaseols 2
- gffected by waterlogging as shown S.n Table 13a |
~ ¥. Ethylenc :+ Ethylene at very low partial rréssuriﬁ has

no iﬁhgbitary effect on dinitrogen fixation, However, at
high concentrationas of about & ppm it has boen shewn to
inhibit nodule formation and dinitrogen ﬂxa’tian in W
lgaris (Grovbelaar gt ales 1971).

Ethylene has been found to de the most active gaseous
emanations from peat solls and waterlogged habditats which are
comparatively rich in organic matter. If the ethylene produced
in the soil was remnyed continuously, an appreciable increase
in dinitrogen fixing activity may take place, In a longeterm
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experiment, Grobbelaar gt al. (1971) have demonstrated that
a agétiﬁuaus'remaVai of othylene gas from excised nodulated
roots of Phg lug yulgards resulted in a more than ten~times
increase in dinitrogen fixing activity.

3« Biolegical factors ,

In gase of symblotie dinitrogen fixing systems there
‘exists a great degreo of specificity between the host and
its miorcoymbiont, The hostemicrosymbioent spocificity is the
rosult of mutual fulfilment of the specific requirements of
both the partases. Injury is another important biological
factor which influences the process of biological dinitrogen
fization considerably. The hostemicrosymbiont spocificity
and the effect of injury on dinitrogen fixation are discussed
in the follewing paragraphs.

I, Hoat-microsymbiont specifieity + The degree of
specificity between the host and the microsymbiont is very
high in root nodulated plants. The investigations made so
far indicate that Rhi ,/syzﬁh&esis is highly specific. -
However, therc is an exception to this in which an unidentified
epecioes ¢f Rhizobium forms foot nodules on a non-legume
flowering plant namely, Ixema gannabis thot fixzes dinitrogen
efficiently (Trinick, 1973). Rhizohia are classified on the
bagis of thelr restricted invesiveness and the strains are
named on the fbaaié of their selectivity towards different
species and strains of legumes plants {(Child, 1.9?6"‘) +« For
example, Bhizohium lemuminesarum forms yoot nodules only |
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with péa plants and not with soybean and clover plants,
hing y 8ps are further classified inta strains on the
basis of some characteristic of ho#t or some other speéial
foatume of the 1ife eyele of Rhizobiun sp.s 2¢8es Bhlzodb:
Aloti) strain ﬁa5 forme differont colony withlﬂgzazg&ua
Prev&ausly. it was considered that specificity of
fizohiun nymblosis io due to the pzﬁaenpe of

1eghaamagle%£n which is formed by the ﬁambinatian of .
1lezhaeme and gﬂb&n components contributed by the bacterivm
and the host plant recpectively (Postgate, 1971)s Recently,
the work of Hambin and Kent (1973) have auggﬁsfed that leotins
vhich are chemically phytochemegluting produced by the legume
roots are responsible for the specificity of legume~Rhizohiy
symbiosis. They hypothesized thet lectine are involved in
binding Rhizohia to legume roots, Bohlool and Schnids (1974)
tested this hypothesis by iThbsliing soybean leeting with -
ftuotesaeinri@b%hlnaxanaté»in make the protein flﬁﬁréﬁéﬁhic
Qhey found that the lectin bound to 23 out of 25 straing of
zobiun Japonicum. They have suggested that an interaction
betweon legume lectins and thi
tho specificity of symblosis, _

The non-legumes such as Alnug, Casuardng, WHR» and
Hinnophae have been reported to fix dinitragen in speclfic
association with aetinamyeete*like endophyte moet prabably the
Foonkine The speeifizity is s0 high that nefther the
microsymbiont has been possible to cultivate in yitre possessing

i

hia is responsible for . -
A .
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consictent dinitrogen fixing activity mor it forms symbliosis
with plants other than the speeific host plant, Advancement
in the 2lucidation of the symbiotioc intsractignﬁf and unders
stonding of the factors responsible !‘b’&‘: dinitéagm ﬂxaﬁim
in this type of symblosis can only be possible after axenic
cultues of the erdophyte bocome availsble., The probleps
involved in obtaining such cultures are still to be solved.
The lichen, genus Peliizera aphthosa contains Nogloeg e‘pgﬁmm
a groen alga Cocgomvar 6p.s and a fungus (lan mwaeﬁé) as
synbiotic partners. mm containg 2& per cent heterocysts
in symbiotic conditions while the froe living Nogtog contains
only 4«5 per cent. This ¢eéndoney to form more heterocysts by
Bogtos in !.:w;xm appears to be developed becsuge of the 4
avaiiabﬂify of énough ready made food provided by the green
alga {Stewart & Rowell, 1977).

The bacterias Spixillun lippferup and W&gx nmu
form assoclative symbloges with roots of tropical Cy-grasses
; aliins Biedtaria snd Paspalum. However,
thess grass'raatabac%ariai symbioses are not so gpecific as

such ag corn, Pennisetiy

root 'mdnzatie%[;egzmes and nonelegume plents, The faotor /in -
respaﬁsiﬁie for these grass mbotnbaetaria& segociations appears
to be the specific mquireﬁent of béc%&ria for aza&éﬁ:é and
agpartate as food supply which could be easily met through the
€1 -photosynthetic pathway { Dart & ﬁay,\ 1975)« This may de

one of the factors but other physiological Pactors also seenm
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%0 be. involved inveetabiisﬁing these symbiotic assoclations.
ii. Injury s+ An injury caused to a dinitrogen Pixing
plant or 6 system lowers the éinitrogan fizxing activity.
Intact root nodules fixz dinitrogen more efficlently in
eomparison with detached nodules and, furthermore, the intact
plant is mére>affieiant as compared to tﬁe\détaehea nodulated
root (Pate, 1971), | |
In tropical Cyegrasses a lag phaﬁé‘ﬁf aais.ér is
introduced before they resume their dinitrogen fixing activity
in the assay chember (Horris & Dart, 1978). It is belleved
that disturbance of relatively anasrobic conditions attéﬁﬁneﬁ /

S

by the microorgaenioms in assoeia%ion with grass voots is
- responsible for the lag pdriocd. -
' i, ?hysi@iegical factors
There aié geveral physinlﬁgical factors which directly
or inﬁirgcﬁly infiuence the prosess of biolegieal dinitrogen
fizatlon, En'adaitZQn, hydrogen evolution a side reaction to
dinitrogen fixation is an important physiclogieal factor which -
sﬂbstan&&all& affects dinitrogen ﬁixing aativity\af.the plants,
1. Hydrogen evolution s Dinitrogen fixers have been shown
to evolve hydrogen gas as a byproduct in the process of blolow
gical dinitrogen fixation (Burms & Hardy, 1975)s Nitrogenase-
depa_n&ent .hydmgen, svolution has been studied both jp xiirc
and in yivo. but the ovepall effect of hydrogen evolution has
not begn yet eritically assessed, Bﬁriﬁg the electron trancfer
to ﬁiﬁitrngén by the enzyme nitrogenase some of the ¢lectrons



are trapped by protons present in the mdium resulting in the
evolution of hydrogen gas (Schubert & Evang, 1976}, In most

of the symbiotic systems only 4060 por cent of the slectrons
are transforred from nitrogenase to dinitrogen while the

lor are lost through hydrogen evolution.
Hydrogen éwiutiﬂn pay severely reduce the dinltrogen
fixing efficiency of -many agronomically important plants 4
especially where carbohydrate supply is cnneiﬁeréd g 1initing
faotor to biological dinitrogen fization (Hardy & Havelka, 1973).
Jones and Burris (1972) have shown that ff yive about four ATP
molecules are hydrolyzed per hydrogen molecule is produced.
in cmxtmétg Burns and Hardy (1975) hove suggested that no
© net ATP~ dependent hydrogen gas is produced via nitrogenase.
‘i‘h‘us, ‘the question has not been recolved adequately and requires
- further evaluation. ' r end gmiez,ic ‘ slnens

the hyéragen to recoup a, part of their energy wasted in its -
procmct:&nm by 8 speelialized system of hydmgemaes {Digon, 1972), -
It is now well recognized that hydrogen svolution accompanied.

by dinitrogen fixation is a ﬁffajar factor td affee% the process
of dinitrogen fixzation and thus ultimately the productivity of
nany agrononically important c¢rops (Sshubert & Evens, 1976).
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~ Chapter 7
Puture Agpects

The biologioal dinitrogen fixation is driven by the
solar chergy through the supply of carbohydratosn. Adequate
supplies of fixed nitrogen are sssontial for increasing the
food production reguired by the growing populastion. Seareity
and the prics rics of vow moterisls nesded for the mamufaoture
of nitrogen fortilizers and the problem of envirormental
degradation resulting from the munufacture and use of nitrogen
fertilizers have greatly promoted interest in the blological
dinitrogen fixatien. |

The International Biologicsl Programme which lasted from
1964 to 1974 and the uce of new technical developments in the
metha&c:lagy of dinitrogen fixation have provided a great
aticulus Zo the study of dinitrogen fization in mmlemms
flowering plants. The nonelopume flowering plants fixzing
dinitrogen are of two types. Type I are woody shrubs with the
plierosyubionts in specinlized atructures eallied nodules and
Type 1l aro rocently discovercd nonenodulanted troplesl Cu-grasses |
which deveolop g loomo aamﬁaﬁnﬁ with dinitrogen fixing bdacteria.
Almg ie the most sxtensively otudied apong the non-logume |
flowering plante.

Through' the work of Bond {1967) the root nodulatod none
legumes have roceived substential attention. Some of the root
nodulated plants namely, Altaz. Casuarina. mma Suxdaria,

ug, Hinpophad, and Fyrden play an important role in soil
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dovelopment and gzi—am succession by colonizing ﬁi.%mgeﬁ
deficient habitats such ap bare slopes and send dunes, It
would be interesting to oxamine none-legume vascular plonts
&nh&@éitim the nitrogen deficient solls for thelr ablility to
£ix dinitrogen. In India, thers sre found fifty epecies belonge
ing to twelve difforent root nodulated goners of noneloguwes
which are 2till to be inwﬁtigatag for their eapability to
fix dinitrogoen, There is 1ittle information on the amount of
* dinitrogen fixed by leaf nodulated plants of the families
Rub&aoeue.,aiaseeriagéaég Fyroinagose and by the &initrﬁﬁsn

tixing dboeterio that ocour in #ther plant structures such as
| ‘ stipular glands, |

Débereiner ot al. {1975) have roported high rates of

dinitrogen fixation in some forage gracees and maize upto 1 ke
R na*! doy™l, and 2 ke N he"? day*! respectively. The most
active dinitrogen fixing bacterin forming loose aaaeciatimﬁ
with roots of maisze, Sorshup snd some other Cpegrances are
Spirdilun linoforupm. Howevor, the grassecebacterial loose
associations have not boen supported and gained much importance
from Aifferent parts of the workd, Only o detailed study with
regerd to microarganims' sssocinted and in sity mezsursment of
dinitrogen fixing potentisl mey revenl the true importonce of
the Cyegrasces-baeterial looso associations. The factors invelved

in Chy-grasses rostebocterial loose associative systems® & o
have not becn known so far, "
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Hostemicrosynbiont specificity determines the possidi
1ity of dinitrogen fixation in higher plants, The actinonmycete-
1ike endophyte of root nodulated nonelegumos isc still to de
cultivated in axenic cultures fixing dinitrogen, The true
natuys of the endophyte has not been fdentified so far whioh
probably goems to be the genus;'§23nx&ﬁ. |

.Ezne#t;,ﬁ;ggm;ggauang which forma extensive root nodules
(Trinick, 19‘?3:),. '
with logumes. Lzobiy
hag been shown to fix dinitrogen in aasaeiatien with cell

cultures of nons-legumes nsmely, whent, rape grass, %:ame grasg
end tobacco (Child, 1975). Different Bhizobial strains of
goybean and ¢cowpea have 2lso bdeen shown to fiz dinftrogen in
pure cultures {Kurz & LaRue, 1975) McComd et al., 1975), Why
Bhizobium does not form symhiotie assoclations with cereals
and other nonelegumes is a challanging question.

Repid progress has been mads in understanding of
composition, properties and catalytioc activity/g&traagnagaa[pf
Some slxteen different dinitrogen fixers have ylelded their
nitrogensses. The understanding of these aspects with regard
to the nitrogenase of the microorganisme which forn symbiotie
associations with nonelegurinous flowering plants is lacking.
Characterization of nitrogenase from the actinomycete-like
andaphyte of the root noduldted nonelegumes, an&.ﬁnigi};nm_
which forms loose assoeiation with the roots of cu




grasses hag not been done. A comparative study of nitrogenase.

obtained from different diazotraphs is lmporiant to ascertain

the sinilaritics and differences with regord to composition,

oxygen sensitivity, ccldelability, and catalytic activity. /study
@hﬁ[biﬁehemisﬁry of dinitrogen fixation has been confined

to 2 linited number ofhicroorganiems, ©«gs..420%0)

73 » Rhizeblum, Klehoiella, dvabacpg, and ﬁﬁﬁzﬁa

However, the bioehemietry of dinitrogen fixation in actino-

nmycete~like endophyte and Spirillum lipoferum which are the

importent microsymbiots of nonelegume flowering plants /n

especially with'ragard to ATP as encrgy source, electron danar
and electron carrier have not been made successfuliy so fér.

It has been known that ammonium ions inhibit,the biosynthesis

of nitrdgenase* However, the exact mechanism is not known.

A peculiar phenomenon sssociated with dinitrogen fizers is

~ the nitrogenasee-dependent hydregen evelution theh aroatly
affects the efficiency of dinitrogen fization., At the same
time, Schubert and Evans (1976) have observed thut some legumes,
engis and Yigia ﬁmgg and nNoONn=-legumes, Ssfes

,”Qi%wﬁﬂt

f.c.

Jornig do not evelve hydrngen. The mechanism of
lack of hyﬁr@gen-avoluﬁion and its quantitative_effact on
the efficiency of dihitrogeﬁ fixation ﬁeeﬁhta be eritically
assessed. |

The important environmental factors which greatly
influéaee biological dinitrogen fization aﬁe;zight, carbon
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dioxide, temperature, water stress, and ifnorganic combined
nitrogen. Increased 1ight intensity and carbon dioxide
concentration result in tﬁe increagsed dinitrogen fixation
through the supply of photosynthate to the sssociated symbiont,
zobium in the nodules of legume

Supply of photosynthate to BEhi
roots is freguently a limiting factor for dinitrogen fixzation.
The study of the effect of inﬁrnased ecarbon dioxide concentraw
tion and photosynthate supply to\m1¢renrgaﬁisms associated

with nonelegumes is yet to be made,

The dinitrogen fixation is a reducktive process and is
aensitive-tu:moiaéuiar oxygens The physiologically and
ecologienlly different groups of dinitorgen fixzers have developed
suitable mechenisns to protect thelr nitrogenases from Ojy-inacti-
vation, The protection of nitrogenase from oxygen in the case
of root nodulated nonelegumes has not been studiod. However,
nodular wall end certain membrenes are thought of providing

el ierinskda, Barxis, Klebsislla, and m&.ﬁ lovse
associations with the roots of tropical Cy-grusses are believed

te protect their nitrogenase from Op-inactivation by reapiratery
protection, excessive slime production, and eonformational
protection. |

Effect of temperature on dinitrogen fixstion réqﬁirea a
careful study. The nitrogenase activity of Spirilly rains
igolated from the root surfaces of corn and Dicitaria io seme
at3i C but at 22 C the corn strain exhibits fiveetimes more



activity in comparison with Digitarin strain (Ddbereiner
2% gles 1975},

The inorgenic combined nitrogen nameoly, anmonium end
nitrate ions inhibit the fixation of dinitrogen in both root
nodulated legumes and nonelegumes, However, in contrast, it
has been chown thet fertilization of grasses, Rigitaria end
Bennlsctun with20 kg N ha®! ned no effect on their dinitregen
fixing activity (Dobereiner g% gl., 1975). Absence of inhibite
ory effect w fertiliser nitrogen in Cywgrasses~bacterial
.,ﬂ-ssoeiaﬁ&ns fo of practieal importance fo't taki.ng the edvanBage
of both fertiligser nitrogen end blolegical dinﬁ.tmgm fixation.

The dizcovery'of non-legume diazotrophs has pmvida&

a new hope of proving the fizmed nitrogen required far increasing /di
crop fertility, A proper understanding of symblonts asoeiated
with nonslcgumes and the factors responsidble for symbiosis.in
the encyme nitmgeﬁase, the various fm%ars affecting dinitrogen
firation, and mhich mﬂneme their wmz*imt&on to the nitrogen
| ceonony of ‘the nama is an important area of invesﬁgatiam

In view of the above the nonelogume diasﬁtmx»ha degerve iﬂtensive

Btuﬁ,v on priﬂrity bvasis,.
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