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From the present investigation it is concluded that
a8 the presence of leghasemoglobin at the initisl stage
was lesas the nitrogen fixation was alse less in all the
variemties., At the flowering stage the leghasmoglebin in
8 noedule was mogre and hence the nitrogen fixation wad
also more., At the maturity stage due to the irriversidble
change of the leghesemoglobin its percentage was reduced
and nitrogen fixstion was alse reduced at a very low
level., In general, it was found that there is a close
correlation between the leghaemeglobin content in nedules
and nitregen fixatien by bescteria at all stages of the
aoep orowth in all vearieties of gram.
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1. INTRODUCTION

An importance of legumes in agriculture was known
by the people since very long. whyte gt al. (1958)
reported that legumes are being grown as econcmic propo-
sition since 6000 years. Pulses fom a very importandt:
source of protein in the vegetarian diet of a quite large
section of Indian population, “They are well-known as poor
man's meat and also used as a fodder and concentretes in
cattle feed. Pulses are leguminous crops and hence they
enrich the soil wvith nitrogen through the nitrogen fixing
bacteria (fhizobiup) produced in the root nodules and help
in improving the soll,” Most of the pulse crops being bushy
soon cover up the lani ana thelr roots act as soil binders
vhich help in checking soll errosion (Patil gt al., 1949).

Gram (Cilcer arietinum L.) 1s known as chick pea and
is third in importance in the world as a pulse crop and
yet its products play a very small part in the world trade,
These products, however, have importance in local consump~-
tion. 7This crop is being cultivated since antiquity mainly
in the semi arid temperate to wam regions of the world.

, In inaia the main pulse produeing areus «re the
upper basins of the Ganges and adjoining tracts of central
india, ]It occuples 78.€ lakh hectares of the land with
the production of 53.6 lakh tonnes (Anonymous, 1880).



Pulses in general, occupy an unique position in the
agriculture by virtue of their high protein content and
their ability to fix atmospheric nitrogen with the help
of root nodule bacteria known as fhizobium. usengal grem
is world's third pulse crop and fifth food legume &nd
fifteenth grain crop (r.A.C.y 1972).

In India, gream is grown on & large scale mainly in
the states of Punjab, Haryam, U.P., Bihar, A.P., Fajastan,
Mei .y West Bengal, Mysore and Mzhayaghtra, The area under
this crop in Maharmaghtya i3 4,27 lakh hectares with the
production of 1,58 lakh tonnes (Anonymous, 1977).

Though, an inoculation of seeds with Bhizobjuas has
been known since 1896 however, it is quite recent in Incia,
It is needluss to stress the need of inoculation of seeds
with effective streins of Rhizobiun for increasing the
yield of crop and for nitrogen economy of the soil,

#ith increased awirenass amongst farmers about the
value of rhizobial inoculation of various legumes, studies
on . strain selection and gpecificaity becomes an important
phase of research in the pulse development programme of
several States. Research woik to select efficient strains
for mass production of inoculants is further intensified
through the ICAR sponsored, " All India Coordipated Projects
on pulses " with co-ordimating agencies spread all over the
country. Reports {rom India and abroad indicated varying
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degree of responses of legumes to inoculation with
different strains, The perfomance of a particular
strain is influenced by the soil and agro~climatic con-
ditions of the region as reported by Bhargau gt a}.(1975)
Kumar Reo and Patil (1977) and singh ana Tilak (1977).

v The formation of nodules on root of a legume and
the degrec of nodulation are dependent on the strain of
Hhizobiuym specles. FProper nodulation of a legume with an
effective Jhizobium strain helps in increasing the yleld
to the extent of 16 to 20 per cent (Rai gt al., 1977 and
Medhane and Patil, 1974).

. The use of bacterial fertilizers for inereasing crop
produe tion 1s gaining popularity, particularlythwuse of
Rhizobiup has bocome & necessity in lsgume crops.

when one considers the possible extension of bilelo-
gical nitrogen fixation for the increase of world food
producticn, an obngato partner in this symbiosis is
leghaemoglobin, » Fhe nitrogen fixation by pink nodule
i3 more than green or black nodules so the leghaemcglobin
is basic thing without which no nitrogen fixation occurs
in nodules of legume crops (Swaraj and Garg, 1977 .

Beneficial effects of leghaemoglobin in nitrogen
fixation was reported in soybean, lupin and various other
pulse crops by different workers., However, this relation-
ship ia gram is mt reported sc far,



ITherefore, with the above consideration in view,
investizations were undertiaken with the following

objectives

(1, %o study the comparative leghaemoglobin
and nitrogen contents in nodules of gram,

(20 7o study the effects of leghaemoglobin
contents on dry matter yleld.

(2 To study the effectiveness of nodules and
thelr nitrogen fixation,
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2. REVI&W 0 LITERATURS

2.1 lijstory

Sehloesing st al., (1890) gave the technical proof
of nitrogen fixation by nodule bacteris in symuiosis
with legumes. Later, Nobbe and Hiltner (1893) and
Deherain and Demoussy (1900) have shown that all strains
of any species of Huizoblup were alike in ability to
benefit the host plant,

when we consider iho possible extension of biologiecal
nitrogen fixation for the increxse of worla foed production
an obligate partner in this symbiosis is leghaemoglobin
(Lb). So far the proper understanding of leghaemoglobin
properties and function have assisted in the achievement
of more aﬁ’ic:l:ant nitrogen fixation by legumes. In
addition to this, if a legume type symblosis is t o be
artificially introduced into other plant families then
knowled:e of the site of synthesis in the nodules ond the
evolu..ionary origin of leghaemoglobin may be essential
prerequisites (Appleby, 1974).

Kubo (1939) was the first who recognised the red pig~-
ment pressent in legume root ncdules as hemoprotein. He show-
ed that soybean and other nodules could yleld & soluble
haemoglobin like pigment whiech retained the property of
roversible oxygenation &nd similarly conecluded that this
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new haemoglobin is connected with oxygen respiration
activity of the red nodules. whereas, Burris and Haas
(1944) stated that no reversiivle oxygen complex from cow

pea (Yigps sineni sis) leghaemoglobin and doubied its
function as an oxygen carrier but this essential property

of oxygenetion ws confirmed by Keilin and wang (1945)
for soybean leghaemogloblin and by Virtanen (1945a,b) for
green pea leghaemoglobin.

In prolific series of pupers summirised by
Virtanen (19562) , Virtanen and Colleagues elucldated many
aspects of leghaemglobin structure and function including
the important relationship between leghaemogloblin content
and nodule effectivencscs.

2.2 a ation

Although, haemeglobin like pigments are found in
yeast (Keilin, 1863) , Oshino et al., (1973) and other
fungi (xeiltn and Tissires, 1963) , there is no well found-
ad report of a soluble haemoglobin occurrirg in higher
plants other than legume root nodules.

vavenport (1960) foumd that nitrogen fixing
caruarins nodules had a high concentration of total heme
content, & pigment whose absorption banus suggested the
ability to form complexes equipvalent to LMo ani LbCe

and to be oxidised amxi reduced in forms equivalent to
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ferric leghaemoglobin and ferrus leghaemoglobin,

Becking (1970) has foundi in the seareh for
haemoglobin in other non-legume root noaule symbicsis
incluocing those of Alnus has been unsuccessful, although,

some of these nodules do have an elevated heme content,

By microspectroscopic observations of sliced soybean
nodules, Smith (1949 a) , established that leghasemoglobin
was confined to the soft central tissue which also con-
tained the bacteroids, as the bacteroids are devoid of
leghaemoglobin, This observation meant that leghaemo-
globin can occur only in the plant cells.

Following the electron microscopic deteection of
membrane sacs whioch surround individual bacteroids or
small groups of bacteroids in effeective hodules. There
has been a contiming controversey over the location of
leghaanoglobin, solely within these sacs, solely within
the plant eytoplasm, outside the sacs or in both places.

By electron microsecopic examination of autoradio~
grephs of thin fixed sectionz of Serradella nodules which
had been grown in the presence of Iron, Dilworth and
Kiddby (1968) shovwed that most Moactivé disintegration
took place within the membrane sacs close to the bacteroid
surface., Since leghaemqglo‘bin accounts ior a substantial
part of total iron in the nodule, they conecluded that this
pigment was located only within the membrane sacs.



Dart and Chamdler (1971) following X-ray micro-
prode examimtion of fixed sections of several legume
nodule species claimed that plant cytoplasm (outsice
the membrane sacs) contained most iron and sac contains
the least,

Bergersen ana Goodehild (1873 b) had obtained
convineing results by wounting unfixed sections of soybean
nodules in a modified Homkda medium, staining with an
oxidised diaminobenzidine (peroxidase)} reagent caused the
menbrang sac to appear A bright red colour. This result
seems to esatablish that leghaemoglobin does oeccur inside
the mambrane sac, Glutarmldshyde fixed dlaminobenzidine
stained sactions of the sameé nodulos after further stain-
ing with Og04 ghowed electron dense material both inside
and outside the membrane sacs, btut they were unwilling to
eclaim this a3 firm evidence for locatiocn of leghaemoglobin
in both the places. It located only within the memdbrane
sacs, they calculated the effective concentration of
leghaemoglobin in 36 day old soybean nodules aa{l?@

Bergersen (1975, described the enviromment in
which rhizobia fix niircgen within the host tissue of the
legumes. The bacterla surroumdeu by & solution containing
leghaemoglobin whose location, ccncentratlion, degree of
oxygematlion ami affinity for oxygen are important features

of the enviromsent,



2.3 Jgolation

\The earlier procedure involved crushing soybean
or othc; nodules in water (Kubo, 1938) or saturated -
ammonium sulphate (kKeilin, 1945) followed by ammonium
sulphate fractiomtion With lezhamczlobin mostly preeci-

pitated between (,6 and 0,8 satmtion:\ By moving boundary

slectrophoresis of sueh preparations 1; unstablized liquid
media at neutral or alkaline pH., Il1lfolk and Virtanen
(1980) recognised that soybean leghaemoglobin contains a
fast electrophoretic component ani a slow electropheretic
con:énont. Althougli, the electrophoresis of nmarrow bands
of loghaemoglobin on filier paper (Thorogood, 1857) or in
acrylamide gel (Feive et al,, 1967 a) embled the recogni-
tion and separation of multiple leo;ls smoglobin components
and have ocoasionally been used for preparative work
(fhorogood and Haninia, 1963 . The most convenlent pro-'

parative procedures involve anion exchange chromatography.

Hllfolk (1960 a) by chromatography of autoxidised
ferric leghaemoglobin on DBAR eellulose in 0,01 n sodiwm
acetate (pH. 5.2) with stepwise increments of sodium
chloride, achieved the separation of the following soybean
leghaemoglobin components in order of elution,

Ferric Lba 3 major fraction equivalent to the slow
electrophorstic component of isoelectric point 4.7 ferriec
Lbb a major component ferric Lbe the second major fraction

iR
\=
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equivalent to the fast electrophoretic componsnt of
isoelectric point 4,4, Ferriec Lbd is a second minor
electrophoretic compopent. The homogeneous componsnt
ferric Lba and Lbe are crystalizable at pH &6 (xllfolk,
1960 a) , but this hazardous procedure offers no further
gain in purity.

Appleby (1969 a) achieved a somewhat better resolu-
tion of soybean leghaauoglobin componsnts on DEik Sephidex
(Phoumack) and uilworth (1968) achieved the best resolution
of lupin leghaemoglobin componems on ViAE eellulose by
uding stepwise addition of sodium acetate (pH 5.2) rather
than sodium chloride tc the elution buffer,

Leghaemoglobin i3 less readily autoxidizable above

pE 7 (Thorogood, 1957) , but the present author's experience
fi;»’t;z:t chromatographic separation is less diserimimting
at alkaline pi because of higher lonic strenmgth buffers
needed for elution, for chromatographic isclation of native
LYy components, Melik-Sarkisyan gt al, - (1969) separated

the components of lupin at pH 6,3.

Efforts have been made to prevemt autoxidation of
mative ferrus leghnamoglobin or L0 by extracting nodules
in the pressnce of capron (Melikesarkisyan gt 8l., 1870)
or under inert gas (Abel and Bauer, 1962). ZKven so the
most stable preparations of LM, are obtained by deliberate
oxidation of ammonium sulphate fracticned leghaemoglobin
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to ferrie leghaemoglobin with two to five fold excess of
potassium ferricynide at pi 7 and prelimimary chromato-
grephy on G-75 sephadex (phormacia) at pi 8., This step
also gets rid of nicotinic acid a nmatural hemachrome form=-
ing ligand whieh has extre ordimary high affinity for
ferric or ferrous leghaemoglobin at pH 5.2 (Appledby and
Daniel, 1973 a) , chromatography on DE 62 Cellulose (What-
man) beginning av a ¢,0) u sodium acetate (pH 6.2) with
increasing acetate gradient produces a clean separation
of soyvean ferric leghaamoglobin & (Lba) , Lbb, Lbe and
Lbd compcnents with none of the pink ferriec hemochromes
which contamimated earlier preparations (e.g. Ellfolk,
1960 a, Appleby, 1069 a), If metal free glass distilled
vater 13 used for all buffers the purified ferric leghaemo~
globin components may be converted to very stable LWy by
apkerabic addition of dithionite at pH 7 following by
rapid chromatography on small coluzn of Gd5 sepbadex
(phamacia) in alr equilibrated buffer at pH 7«8 (witten-
berg ot al., 1873 b). 1n a somewha! similar procedure,
Emamure gt al, ,(1872) deliberatedly oxidised their crude
leghaemcglobin in the presence of eyanide chromstographed
it as the very stable complex ferric Lbe finally convert-
ing the pure componsents to leghaanoglobin oxide.

Goeod separation of the lighaesoglobin in micro-
components was achiseved and the componsnts were purified
using simple material and equipments (Pelve gt al.,1973).
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Aprleby and Kicola (1975) had described the
improved procedure for isolation of five leghaemoglobin
eozponents from tho nodules of soybean plants, After a
prelimimyry oxidation with ferricyanide and endogenous
nicotipate at pH 8.2 the ferrieleghiemoglobin 18 separated
by DEAS cellulose chromatography using gradient elution
with acetate buffer (pE 6.2).

Lentovaara and 2llfolk (1978) had purified leghae-
moglobin components 'a! and 'b' from yoot nodules of
Phesclus yulgaris. Hemogenity of Lba was demonstrated by
polyucrﬁzuicfa gel disc,

Kuranova (1976) has filtered through sephadex G-2f,
the leghaemoglobin in extract of lupin nodules was absorbed
by DEAE cellulese equilidbreted with 0,01 M ammonium acetate
(pR 7.6) and eluted by stepwise increase in concentration
of this bvurfer. Thrae compomonts of leghaeamoglobin wers
obtained with N-teminal sequences., Lentovaara ana
Perttila (197%) shoved the site specificity of bile pig~
ment fomation {rom lezhaemoglobin which can be tentati-~
vely expliained by specific difterences in the amino acid
soquences at those regions of the polypeptide chain that
are in the vicinity of the appropriate methenbridge.

2.4 _Expperties

Dilworth (1969) showed that there is 2 risk of
over stating the mmmber of components if nodule extracts
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are subjected to chromatographic amlysis without recogni-
tion of the possibility that any one component may appear
in atleast three places if present as ferric leghaemoglobin
ferric Lb nicotimte and ferrous L0, foms,

Thorogood (1967) from the most relizhle investiga~
tions proved that soybean leghsemoglobin contains four
components, sorredella contains two to three eomponshts
(Dilvorth, 1969) , Sakebean econtains two components
(Broughton and bilweorth, 1971).

The most useful information is given by Rllfolk and
Siever (1971, 1972) , whose vork has determined the amino
aeid sequence of soybean Lba, Funt (1972) who has compared
the sequence aligmment of soybean Lba with those of many
other haemoglobins and myoglobins, £llfolk and Slever
(1971) showed many other structursl similarities between
soybean Lba and human haemoglobin chains by visual compari-~
son of sequences. Xicola et al,, (1976) showed that the
association between h:h and protein is much wedker in

leghaemoglobin than in myoglobin,

Melik-Sarkisyan and Kretoviech (1975) showed that
cells of the neduhs contained legoglobin characterised
by two sain components eich one of which consists of a
polypeptide chain and one tgepe group. 1In relation to
special composition legoglobin was near to haemoglobin
and myoglobin and belonged to the group of acid proteins.
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Falk gt al, (1959) shoved that there is something else
than heme present in crude leghaemoglobin,

Broughton et al., (1972) have also shown that pro-
toheme IX is the prosthetic group of lupin and serradella
leghaemoglobins. Similarly, Z1lfolk and Sivers (1965) |
concluded that both the propionic acid side chains of pro-
toheme IX were involved in the specirie leghaemoglobin
structure but only one was essential to the heme protein

recombimation reaction.

The pH 6.4 optical spectra of unligated ferric LD
ferrus Lb and LbO, (Appleby, 1969 b) and of other LD
derivatives (Sterhberg and Virtanen, 1962% Peive gt al.,
1972 b) and their close family resemblance to the corres-
ponding spectya of vertebrate hemoglobin and myoglobin,

Pelve ot &l.,(1972 b) stated that the leghaemoglobin
structure 1is more flexible than the myoglobin structure.
Antonin and Brunori, 1971 confimed the place of leghiemo~
globin in the haemoglobin family but cert.in of these
reactions give specific information on leghaemoglobin
structure and possible close to its biclogical reactivity.

ihe reauction of ferric leghaemoglobin (Henderson
and Appledy, 1072) , the binding of acetate (illfolk, 1961 b)
and of nicotimate (Appleby gt al.,1973 &) are all protein
dependent reactions but no heme linked ionizable group
could be detected by the titration of ligand free ferrie
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Lb between pi 7 and 6.3 (£llfolk, 1961 b). I proton
binding oecurs it must be at sites which Lave no effect
onh the heme enviroment in the absence of an exvgenous

ligand or electron.

The simplest wey to detect the presence of ferric
leghaamgglobin in nodule slices or extructs is to add a
large excess up to C,1 ¥ of sodlwm fluoride {Kubd, 1933
Keilin and Smith, 1947) which ocause the displacement of
other ligands with fomaticn of the dlagnostic ferric
LbF complex.

Appleby (1969 ¢) shoved that leghaemoglobin when
extracted from soybean nodules at pH 6.6 w3 mostly
autoxidizable and appeured as a ferri¢c hemochrome struc-
ture, Xeilin and wang (1945) were the first to recognise
the oxtremely high affinity of ferrous leghaemoglobin for

oxygen and carbon mornoxids.

The kinetic measurements were particulanly
important because they showed the high oxygen affinity
of L0y to be due to a comblnation of the fastest oxygen
oi1 conssant yet recorded for a2 haamoglobin and a modera~
tely fast oxyzen off constant (Wittonberg gt al.,19872).
These rapid rate constants mean that L0, is ideslly
suited for the process of facilitated diffusion (witten~
berg, 1970) which is now prorosed as the prineipu function
of leghaamoglobin.



Bargerson and Turner (1975) shoved the affects of
purified oxyleghaemoglobin when added to suspensions of
bacteroids, prepared anaercbieally, leghaemoglobin allowed
maximum rate of oxygen uptakp to continue to & much lower
nnée of concentrations of free & d ssolved 02 than in the
absence of the protein, 7This effect was diminished when
the leghaemoglobin coneentration was less than about S0 nu n.
Nitrogemmse activity at a given oxygen concentration was

not increased by rmising the leghaemoglobin comentyution

tion above About 0 ym. Rates of nitrogenase activity were
inveriably greater during periods when the discharge of
oxygen from oxyleghaamogiobin was occurring at the maximum
mte than vher similar muxinum or uptake mates were being
supported by higher soncentration of free dissolved oxygen.

A nev experimental system has been devised in which
the gas phase was eliminited, HNitrogemase activity of soy-
bean bacteroid suspension was measured during experiments
in vhich exygen econcentration in solution was meisured
electrically or Ly monitoring spectrophotometrically the
degreo of oxygemation of added leghaemoglobin (,Berkerun
and Turner, 1974). Leghaemoglobin allowed high rates of
oxygen consumption to contimue to much lower concentrations
of free dissolved oxygen than was possible in its absence,
Nitrogemse activity was invariably greater at low concen-

tmtions of free oxygen when thers was a nut discharge of


file:///diieh

b7

oxygen from oxyhaemoglobin than when similar rates of
oxygen consumption vere being supported by much higher
concentrations of dissolved oxygen in the absence of the
carrier. 7The effects were relatively insensitive to
leghaemoglobin concentration compired wWith results from
shaken experimenis with a gas phase present when myoglobin
wAs substivuted for leghuemoglobin nitrogemase activity
was also stimuluted auzing net alscharge of oxygen from
this currier but the ofiect wis not 4s great and it
occurred at highur concentrution of free dissolved oxygen.

Melik-Sarkisyan @t al., (1976) showed the haemo-
protein leghaemoglobin possesses an sxceptiomlly high
affinity for oxygen. It is bellieved that this protein
provides oxygen for the bacterioids during the respira-
tion of which the ATIP necessary for nitrogen fixation is
synthesised., They also showed that ferric laghnemoglobin
as well as ferrous oxyleghammoglobin coulu stimulate
bacteroid oxygen uptake and nitrogenise activity, The
bacteroids secreats a reductase enzyme which can reduce
ferric leghaemoglobin to ferrous leghaemoglobin., NADH

oY KADPL serve as electiryon doner for this reduction,

vergersen and Turner (19756) showed high affinity
oxidase sysiem which was most aciive when dissolved oxygen
wiks between 0.01 and 0.1 micromoles and &lso affinity
system active at concentrations g/xm oxygen and above
were shown to be presenmt. The high affinity path way
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produced up to § tinors greater bacleroid aly coucentra-
ticne than ths other gsystesn in the absence of leghuemc-

globin,

Since leghtamoglobin content and nitrogsn fixing
ability of legume nodules are closely eorrelated it is
not surprising thut attampes have been made (Bauver, 1960C)
to discover vhether this hemeprotein is directly concerned
with nitrogen gas absorption, tramsport or activation in
relation to ths reduction process Lo ammonia, 1The evidsnce
obtained is mostly unimpressive, Fram the masses ol ther-
modymmic duta proviued by Mortimer and bauwer (1960) , it
15 possible to calculate that under their experimental
conditions about 100 atun. of nitrogen gas woulu have been
necessary for 60 par cent formation of & ferrie LbRy com~
plex and about X660 atm. for 50 per cent formaiion of
ferrous LbN;, Later in an atismpt to repeat the isolation
of & leghaemaglobin lNp complex reported by Appleby (1969¢)
eould obtain only a physical mixture of leghuexoglobin and
cytochrome C, which apparently haa the spectronic properties
of the s0 eialled nitrogen complex. Lowever, Jwing and
Ionescu (1972) reviewed the suggestion that leghaemoglobin
might be an aneillary nitrogen carrier,

Coventry and Dilwarth (1976) tfound out when
bacterold protein synthesis was inhibited, leghaamoglobin
and soluble plant proteln syntehsis wers unmaffected, ihis
result is consistent with leghaemoglobin being synthesised
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on plant ribosomes rather than on bacteriod ribosomes.
The leghaemoglobin had an apparent half life of 18 days
when tested with in C0g and 13 & stadble protein in K
fixing yellow lupin nodules.

Swaraj and Garg (1977) showed the heme containing
protein of red nodules were absent in green non-functioning
nodules, It was concluded that greening is accompanied by
destruction of heme prophyrin ring as well as demturation
of the protein, Genetic diversity in the number of pro-
teins constituting legh2emoglobin was confimed,

Bergersen (1976) showed that haemoglobin of nodules
vas positively correlated with their volumes of bacteroid
containing central tissue., The haamoglobin content per
unit nodule volume may, therefore, be considered as an
index of the volume of aciive bucteroid tissue in nodules.
8ince in legumes the méximum heme content of nodule is
attained shortly prior to host flowering time when nodules
attain their peak activity in H-fixation the hems contain
per unit volume of nodules at this time may be used in
comparing the relative potential of diiferent legumes in
symblosis,

lyer (1976) stated that among thoe legumes he
examined Dolielag lablab which showed a higher heme con-
tent per unit module volume than other species and thus,
appears to have a greater potential in nodular activity,
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swaral and Garg (1977) showed that total and heme
protein econtent of leghaanoglobin were the highest in the
red nodule and reduced with the onset of nodules senesence.
in the fully senescent green nodules the total proteins
decredsed to A vary low lavel, while the heme proteins wvere
almost absent,

Johnson g% al.,(1978) reported that their proton
magnetic resomnee study suggests that the extremely high
oxygen affinity of leghiemoglobin is due to & very mobile
distal histidine.

2.8 tion

ihe various proposals for ieghaemoglobin involve-
ment in symbiotic nitrogen fixation have included functions
as an electron donor to nitrogemase bound to plant cell
membranes (Bergersen, 1960) , as electron acceptor in the
transformation of Ny to MH OI (Virtanen and Laine, 1948) ,
or as nitrogemse itself with ferrous LbNglic as inter-
mediate species (Hanstein et al., 1967).

bergersen gt al., (1973) showed that leghiemoglobin
does not have a direct role in the Ny fixation system but
may Gct by fucilitating the diffusion of oxygen into the
nodule tissue under the low oxygen existing in the dense
tissue. Bergersen amd Turner (1975) found & out the pre-
sonce of leghaemoglobin allowed maximum rate of oxygen

uptake to continmue to & much lower range of corsentration,
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Differences 1in @cetlylene reduction by diiferent
cultivars of soybean inoculated with the sme struins of
B.Japonicum vere demonsirated unier three diiferent sets
of growth conditions indicating that rhizobia did not have
complets control of the nitrogenmise system of the plant
(Dbavidson, 1973). ‘Ke further reported that in experiments
in vhich the four soybesn cultivars were inoculated each
with six riizobla strains, enltivur had a significant
effect on nodule content of leghaemoglobin and hematin as
well as nodule welght and nitrogen fixation. Green nodules
taken from soybeans, dctively fixed nitrogen but at & lower
rate than red nodules.

Appleby ot al, ,{1976) stated that vhen the isolated
rhizoH al bacteroids from soybean root nodules were remixed
with purified leghaemoglobin from the same nouules & specta~
cular increase ocecurred in the efilclency of nitrogemse
activity relaiive to respiration rate. 1t has been shown
that an approximately linear relationsiips exisis between
AiP/4ADP mavio and nitiogemise activity. They further showed
that an oxyleghaemoglobin delivered oxyzentensions, the
efidciency of k.japonicum soybean bacteroid, oxidative
phoaphorylﬂion is increased.

wittenberg &and Appleby (1976) found out that when
oxyleghaemoglobin added to well stirrec suspensiocns of
bacteroics isolated from soybean root nodules enhances the

rate of oxygen consumption and acetylenereduction to
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ethyiena, & measure of ihe activity of tha enzyme

caaplex nitrogemase,

In the absence of oxyleghaaemoglobin suspensions
of bacteroids maintained a substantial oxygen uptake
which is largely ineffective in supporting nitrogemmse
activity. The addition of oxyleghaamoglobin brings about
an inerement oi oxygen consumption and promotes nitrogen-
gage activity which increased roughly ten fold. 7The ratio
of the increase in oxygen consumption to the increase of
acatylens reduction is corresponding. 80 the result is
that in the abssice of leghaemoglobin the insffective
oxy:en uptiake maintains a very low oxygen pressure at the
bactercid surface. In the presence of leghaamoglobin 1t
appears that the operation of leghaexoglobin facilitated

oxygen diffusion increases nitrogemse activity.

ihe mutual relaiionship among weight of nodules and
loghasmoglobin contsnt, bacterold number, plant dry matier
and total plant nitrogen of six cultivars of soybean was
examined by Jain and Riwari (1975) at two stages of growth.
The correlation among all these factors were positive and
mostly significant., Nash and Schulman (1978) shovwed as
lower rate of increase ol leghaemoglobin content, compared
with that of nitrogemse activity which results ine

progressiva declirme in the ratie of flowering.

ihe leghaemoglovin content represanteu 40 per cent
of the total soluble protein in the nodules., Nitrogemase
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Rotivity was induced in free living rhizobia in the
absence of detectable leghaemoglobin, 1Ihey further
observed that the scybean roct nodules at different ages
in an atmosphere of carbon-monoxide rsevealed no oxidase~
leghaemoglobin, 1t was consluded that the decline of
nitrogenase activity in older root nodules eould not be
attributed to the aceumulation of oxidized leghaemoglobin,

Melik~3arkisyan (1976) confimed that the oxyl s~
ghaaemoglobin, oxymyoglobin, oxyhemoglobin stimulats the
nitrogen fixation rate and oxygen uptaks of lupin:
bactercids, uniike the results cctaired with soyvean
bacteroids, he further founc that the ferric protein also
stimileted mitrogsn fixatior and oxygen uwptake, 1I1hey
considar thils result dus Lo sn s ymic reduclasa systes
of lupin bacteroids following inhibition stucies, the
author concluded that bactlerolds do not contain a special
oxidase which reacts with oxylegbaemokglobin,

Fuehsman gt 81.,(1976) also showed that leghaemo~
globin componenis have & singal biochemical role in
nitrogen fixation,

Chahsl and Hewari (1977) oxamined relationship
between leghaemolglobin content and strains efficlieney
An Vigra aureus. Bilsseling gt 8l., (1978) showed that the
Ammopiun nitrate decresssd the amount ¢of leghaexoglcbin
in the nodules and there was a quzntitativs correlaticn
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between the leghaemoglobin content and the nitrogen

fixing capacity of the nodules.

Kwiryaviseva and Borodemko (1978) have shown that
the leghaemoglobin of lupin which was salted out in the
range of 56-80 per cent saturation by ammonium sulphate
can be separated into camponents Lbl ana Lbll by ion
exchange chromatography on biAs callulose,

Appledby and Bergersen (1980) ecarried out an
experiment on the use of leghaamoglobin and topiecs
covered are preparation and properties, spectrophotometry
use of leghaemoglobin in experiment with & gas phase and
leghaemoglobin in no gas phase experiment a nd showed

effect of leghaemoglobin,

Publicition about the propurties in vivo location,
functions and in vitro use of leghaemoglobin are respira-
tion and nitrogemase activity in Mulzobiup japonieum
bacteroids is aescribed by Bergersen (1980). Uheda amd
Syono (1982) showed disc-gel electrophoresis of the
leghaemoglobin 1solated from per root nodules revealed
2 majorand 3 minor components, 7The ratic of the 2 major
components decreased with increasing age and was higher
in distal than in proximal regions ol the nodules. lheir
experimental result suggest that the leghuemoglobin
components participétie in more effective nitrogen fixation

by controlling oxygen transport to bacteroidus.
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It will be seen from above review that chemistry,
localisation, 1solution, promurties and function of
leoghaiemoglobin in different leguminous crop was stuiled
in India and abroad, Howaver, the relationship between
leghiemogldbin and nitrogen cuntent in nodules of
different cultivars of gram was not yet studied in
Mabarashtra, J1herefore, the present investigations
were underiaken in order to throw scme light on above
points, The resulis obtalned are reported in following
chiapters.

T 1B&O
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3. MAIERIALG ANV MEIHOVS

The present invesiigations were undertaken during
188182 in the Lepartment of plant Pathology and Agricul-
tural Microbioclogy, Mahatma Phule Agricultural University,
Rahuri,

In Maharashtra, genemlly, gram is grown on the
medium to heavy soils under receding moisture conditions
in zebi season 1.,e., after the harvest of kharif erops.
The optimum date of sowing is mid of October but many
times 1f kharif crop 1s delayed sowing is done even up to
first tortn&jht of December.

3.1 jSource of seed materia) :

The seeds of the grem cv. ¥iz., PG-2, PG=6, N3,
N-568 and ghafa were selected on the basis of phemotypic
diversion and differences in yleld, growth habit ete.
for the purity of such seed, which was maintained by the
University Pulse Breeder, was selected. Seeds were sclect-
ted true to type, bold and having high gemimtion percen~-
tage and less of inert matter vhich were not damaged by
pests and diseases and with full maturity. Such seeds
were obtained from the Pulse Breeder in different container

to avoid the mixture of two or xore varieties,
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3.2 gouree of Fhizobium culture :

As the niirogen is essential for the plant growth
and production, it is essential to supply it artificially
to the plant., An application of Rhizobjium culture to the
logume seed which fixes atmospheric nitrogen symblotically
in root nodules which ultimately used by & plant for its
growth, For that purpose an effective strain of Fhizcbium
vhich was freshly prepared huving more number of effective
bacteria per gram of culture and stored in good condition
in perforated polythine bags. Such type of culture was
prepared by the Agricultural Bacteriologist, College of
Agriculture, Pume=56, G&o far the purity ama effectiveness

of Ehizobjum cultiure, it was obtained from the above
source,
3.3 erimental detalls :

The pot culturs experiment was conducted in the
glasg-house at the Cemtral Campus, Rahuri in the Depart-
ment of Plant pathology and Agricultural Microbiology.

In the glass-locuse all the enviromental conditions vere
made favourable for the healthy plant growth, such as
humidity, temperature, irrigation, airetion, sunlight ete.

3,4 Selectio tg

Pots selected were plastic ones having equal size
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of all the pots of nine inches diameter and height
about one foot, because nodules confined to ithe 0«15 em
depth (Sheldrake and Saxom) . ZThey were perforated at
bottom to drain off the excess water. 1hese pols were
washed with clean water and made fres from dirt and

chemical materials adhere to them,

A8 the chick ped is grown mostly on & medium to
heavy black soil for high production and hence the soll
was collected from such fields. After removing bolders
and course particles it was kept on clean floor, Then
well decomposed organic marmre was added to the soil
an: then soil and organic manure were mixed well so as
to get equal composition of soil and organic manure to
each pot. Pots vere then filled in with the above soil
mixture 1n\an equal quantity in each pot, Pols were
filled in such a way that small bolders were placed first
at th.: bottom on the hole to avoid the soil loss and then
801l mixture was filled in up to the height of ocne ineh
below the top edge of pot.

3.5 Preparation of sceds Lor sowing i

A slurry vas prepared of Rhizobium culture by
addin; water, GSeeds from the bags were then taken out
of the required quantity and vere mixed with sliurry
already prepared so as to ensure the contimous coating
of fhizobium culture on each seed. This was repeated
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for other varieties., 5ich time, the slurry was prepared
freshly in order to avoid mortality of bacteria. Inocula=
ted seeds then dried on the clean floor in shade separately.

3.6 Sowing :

Sowing was done immediately after inoculation,
£ight seeds were sown in each pot st an inch depth and
well spaced, This was repeated for remaining treatments
of varieties. REight pots of each variety were prepared
and sown as above, Pots were then kept separately from
each other and they wer: labelled immediately to avoid the
confusion., After labelling they were watered well so as
to moisten the scil, ixcess water was dminiiitt through
pours provided at the bottom of the pot., The germination
started after 4th day of sowing and it was completed on
7th day,

Fifteen days after gemination thinning was done by
resoving 2 plants from eich pot and allowing the healthy
and vigorous 6 plants which were well spaced from each

other for observations,

3.7 Qbservatio b 3

Main object of this investigation was to estimate
the leghaemoglobin content of nodules of gram plants,
For these observations minimum weight of nodule required
was 1 g s0 as to get that much weight of nodules firat
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observation was rocorded on 40th day of sowing. Plants
were firstly removed carefully from pots by inverting it
in water and after washing all soll particles ami other
sticking materials to the root system was removed, Nodules
vwere then separated by counting them as effective, ineffec~-
tive, nodules on tap roots and nodules on lattersl roots,
After separation of nodules, thay were collected in a small
butter paper bag labelled and kept in the hot air oven at
60°%C temperature for 48 hours for drying.

Nodules from other plants of same variety vere
removed and one greaa nodule material was weighed. This
quantity was used for the estimation of leghaemoglobin
each time.

By the same procedure observations on nodule, its
mmbder, effectiveness, ineffectiveness and its position

vere recorded for the other varieties e too,

Plants, of vhich nodules were removed, were pressr-
ved in & paper bag, ladelled and kept in the hot air oven
for drying at 60°C temperature for 48 hours.

After complete dryling, dry matter of noaules was
veighed and used for estimation of total nitrogen, <This
saterial was grouni for fine powder, by grinding machine,
weighed as the total weight of the dry matter and 1 g of
such dry matter was used for further study. 1n the process
of grinding to aveld the contaminmation from dry matter of
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other varieties after griniirg one plant, the machine
wvag brushed before grinding of another plant or variety.

In this wvay the dry matter was ground and 1 g sample
of e:uch varietly was taken separaiely on a paper and used
for nitrogen distillation,

3.7 (a) tions on ob gcontent

Procsdure : Hodules from freshly uprootnd plants
were removed and taken for an estimation., Nodules were
washed by clean water to moio the dirt and wust parti-
cles sticking to the nedules. Nodules were then ‘kopt on
blotting paper to remove the axcess watler., IThese fresh
nodules were then weighed to exact 1 g on the chemieal
balance, They were then transferred to a clean mortar,

Two spoonful of fresh sodium hyposulphide was added to

the mortar containing nodules, with the help of a spatula,
The nodules were properly e¢rushed with the s odium hypo-
sulphide to a fine paste. 7o t.1s 4 ml fresh cold pyridine
was added in which leghaemoglobin gets dissolved. 1Ihis
paste was transforred to the centrifug@l tube which was
previously washed and ¢leaned. Again 4 ml fresh cold
pyridine vere added to the uortar to wash the moriar and
pestle and that washings were then transferred to the same
contrifugél tube, Then, 2 ml pyridine were added te the
centrifugdl tube Lo make the exact volume of total solution,

The contents of the tube were properly mixed in order to
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dissolve all the leghaemogiobin in pyridine., 7Then the
centrifugal tube was pluged with plastic plug, the tube
was then kept in the centrifugal machins., 1This procedure
was repeated for remaining varieiles and labelled properly.

The centrifugal machine was rum at 2000 rpm for 0
mimites. This much time is sufficient for settling the
cocurse particles ani suspended materials to get settled
at the bottom of the tube, 1Iubes were then taken out and
kept in the tube holders.

The spectroniec~20 was adjusted to the wave length
of 650nmy and blank readin; was taken. The Upectronic~-20
reading tube was removed and washed by the e¢lean witer and
then outer surface of it was wipped out vy the blotting
paper. The clear reddish suspension from centrigugal tube
was then transferred to the Spectronic=-20 reading tube
upto the sufficlient height. The tube was then placed in
its place and density of leghaemoglobin was recorded in
termms of transmisslion porcentage, From this transmission
percentage an optical density was obtained which indicates
its relative dmity of the solution i.,e. leghaemoglobin
reading from all the 5 varieties at 4 different stages were
recorded in the tabular fom,



33

3.7 (b) Total N2 escimmtion from nodules and plants

The nitrogen content in nodules and dry maiter at
4 stages of five varieties of gram was estimated by the
microkjeldahl method of nitrogen distillation separately
so as to avold the contdmimtion, After getting readings
by titration, nitrcgen percentage was calculated by the
following fomula =

Sample Blank Nommality Yolume made
reading = reading X of LCl X 14 X arier aiges- X 100
tion

Aliquot digest taken x welght of sample x 100C
taken

In this way the nitrogen percentage of respective
variety at different stages was calculated,

3.8 Statistical amivsis

After getting values of nitrogen and leghaemoglobin
content, it was necessary to correlate the date whether
these two values correlate, for this, statistical method
used was Karlpearson's simple corraluticn coefiicient,

In this method 'r' values vere calculated as follows
r =  oxy
tx2 ., y2

_ixiyh - (S0 (Eyd)
= n

k xy

o2 o )
[2x4 .&%m._j[m-(in?]
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After calculating this 'r' value i1.e, correlation
coefliclient test of significance was calculated to see
wheiher tvwo data were significantly correlated or not
and that was calculated as

tcar =

Then *t' table value was seen at 6 1 level of
significance and 3 degrees of freedom. Wwhen it was less
than *t' calculated value of the correlation then corre-
latlon 18 said to be significantly correlatea and when
't' table value is sore than 't' calculated value then
it vas saic that data are not correlated with each other,
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4. EBXPERIMERIAL RESULTI3

.~ The glass-house experiment to study the correlation
between leghaesmoglobin and nitrogen content in five varie-
ties of gram (Clcer arietinmum, L.) at different growth
stages was conducted during rabj season of 1980-8l1, Ubser-
vations regarding nodulation puttern, leghaamoglobin and
nitrogen content of nodules anu plant at aifferent growth

stages were recorded and are presented in this chaupter.

- The first observation for total number and colour
of nodules of each variety was recorded on 40th day. A
differentiation of nodules and other observations yiz.,
nodule number and e¢olour was subsequently recorded in all
the varieties under study on ¢0th, 80th and 10Cth day of

sowing,

4.1 JNedulation patterp :

In general, all the varieties under study showved
different number of nodules at dlfferent growth stages.
The data presented in 7able 1 indicate that the maximum
nodules under the glass-hcuse conditions was obtained in
Phule G-8 variety., Howsver, in the case of this variety,
& siight decrease in number of nodules was cbservea after
60 days of sowing, while in cage of Phule G-2 an increase
in number of nodules was observed on 60Cth day after sowing



Zable 1 : Mumber of nodules/plant at different growth stages of grem

“if- Inef- Rff~ Inaf~

ge ect~ ffec~ Total ect~ fect- Total eet.- tocta iotal ect- fect- Total ect- feect Total
ive tive * ive 1ive ive 1ive ive ive ive 1ive

40 7.20 0.8 8,00 8,20 1.00 9,20 6,8 1.00 7.8 6. 1.2 7,50 8.00 1.00 9.00

(90) (90) (88) (84) (87)

60 16,40 1.4 17,80 16.20 1.20 17.40 16,20 2,20 18.40 15,0 2.40 17,40 12,90 2.4 14.80
(93 (94 (90) (87" (84

8 16,80 2.9 18.20 13.20 2.80 16,00 12,00 4.00 16.00 13,60 2,60 16,40 9.00 3,60 12.60
(87) (83 (76) (83 (72)

100 5.0 4.2 9.4 7.0 4.9 11.80 6.60 6,40 13.00 4,20 3,60 7.80 3.00 4,50 7,80
(56) (63) (81) (50 (40)

R R R N L R T N S S R S R N S S T I N R S N S R S RS RN RN AR TS RERAIEI LIS INIT ST SZ PSRRI RIRS

¢ Mean of 5 plants,
Figures in a brecket are in percentsge.
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and thereafter nodule number was cecreased, Similanly,
in ease of Fhule G=5 the maximum mumber of nodules was
obgserved on 60th day of sowing and thereafter it was

decredsed,

In N=-869 variety an increase in nodulation up to
€0 days was observed and thereafter nodule number was
decreased. The variety chaffa showed an increased nodules
even after 60 days from sowing but a peak point was in
between 40 to 60 days,

4.2 MNodule effectivensess :

Observaticns recorded in respect of number of pink
and blaek nodules are given in Table 1 indicate that the
number of black nodules was increased irom 60th day in all
the varieties dbut an increase in black nodules was more at
80 and 100 days, wvhereas less number of black nodules were
observed at 40 days of sowing. 7The highest number of total
nodules was recorded at the second observation i.e, at 60th
day of sowing except in PG-5 in which the highest nodules
were noted on 80th day of the sowing of which the black
nodules vere maximum. The highest mumber of nodules was
observed in N-3l, PG-28, PG-5 and N-59 but ghafia variety
produced less number of nodules as compared to other
varieties at the seeond stage.
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The peak period of pink nodules was observed at 60
days of sowing except in ghaifa in which pink nodule
percentage decreased eventhough, number of nodules
increased from 9.60 to 14.80 in numbers,

At the third stage of an observation, 1t was found
that the per cent pink and total mmber of nodules were
decreased in all the varieties except PG-2, in which
nodules were increased in number from 17.80 to 18,20 per
plant, but red pigmented nodule percentage was decreaged
from 93 to 87,

At this stage a decreuise in pink or total nodules
wag not more in varieties viz, , PG-2, PG=b, N=Jl and N-59
but it was more in ghaifa eventhough total mmber of
nodules was not fluctuating much,

At the fourth atage of observation i.,e., &t 100 days
of sowing it was found that the total number of nodules in
all the five varieties were decreised tremendously and pink
nodule percentage was also decreased considerably with
increased mmber of black nodules. Wwhile decrease in pink
nodule percentage was ioumd (o be the m ximum in ¢hiffa
variety as compared to other varieties. The total nundules
were also least in the same variety. It was further obsere
ved that total mmber of nodules were more in N~3Jl followed
by PG=5, FG«2 and N-59 whereas the per cent of pink noaules
was more in PG-5 followed by Pu-2, N-69 and N~3l. In general,
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it wvas revealed from Table 1 tmt wwtal number of nodules
vere the maximum on 60th day from sowing in PG-5, k-3,
N-59 and ghaffa varieties except PG-2 variety in which
maximum nodules were Ifound 80th day of sowing.

An increase in total number of nodules from 40 to €0
days was two-fold in all varieties except ghaffa. After €0
days, total nodules were decreased except in FG-2 and it
was continued during 80 to 100 days in all the varieties,
In PGe2 variety the maximum nodules were on 80th day whigh
was slightly increased froméO to 80 days and decreased

thereafter.

The per cent pink or effeciive nodules increased from
40 to 60 days after sowing in all varieties exeept in
chaffa, So the peak point of nodule activity was noted
around 60 days in PO<2, Ni=86, ji=3l, and N~59 and in case
of chaffa, 1t was between 40 and 60 days,

After 60 days, pink nodule percentage sas found to
be decreased slowly during flowsering and pod filling atages.
It was also found that the decrease in percentage from &0
to 100 days was more than 6L to 80 days in all the varieties.
Besides, it was found that in all the varieties at initial
stage i.e. at 40 days of sowing black or ineffective nodules
vere less in mmber but the mmmber was increased thereafter,
In that also an increase was slower from 40 to 60 days but
it was more after 60 days in all varieties and was found
to be highest in between 80 to 100 days after sowing.



- The results regarding the leghiemoglobin content
and nitrozen content in the nodules at different stages
of various grem varieties are presented in Iabdble 2.
Results reveal that the leghaeglobin content increased
with the age of a plant and it was contimued up to the
flovering stage.

8imilarly, nmitrogen percentage in nodules was found
to be increased with the age of a plant up to € aays
i.e., up to the maximum flowering stage.

In the variety PiG-2, tles leghaemoglobin content at
40 days i.e. at first observation stage was 0.17 C.D. and
thereafter it was inecreised up to 0,3 C.D., at the age of
60 days 1.9, at the second stage of observation., Therefore,
the maximum leghaemoglobin content was found between 40 to
60 days and thereafter it was decreased up to 0,2 0., at
80 days and 0,11 O0.D, at 100 days observations i.e. at 3rd
and 4th stage of observations,

It was further observed from the Iable 2 that
nitrogen percentage in a nodule goes on increasing with
the age of a plant irom 1.68 t0 2.10 4w, at 40 days and
€0 days, respectively., 1In general, it was revealed that
the maximum nitrcien content was at {lowering stage
(60 days) and thereafter it was ueclined. From results of
Phule (-2 variety it was foumd that with an increase in



Iable 2 : Leghaemoglobin and nitrogen content (per cemnt) of nodules at aifferent growth
stages in some varieties of gram (optical density per grem)

¥a}%eugg Phule Ge=2 Phule G=5 N-3L J=59 shaffa
Stage/days Lbd N LB N L ] Ld [ ] Lb R

40 0.17 1.68 0,23 1.96 0.17 1,96 0.15 1.54 0.16 1.68
0.a 2,10 0.3 2.8 0.28 2.66 0,29 2.38 o.28 2.66
0.2 1.82 0,27 2.2 0.26 2.38 0,26 2.10 0.19 2.00
100 0.11 1.2 .14 1.5 0.11 1,90 0.12 1.6 0.13 1.48

g 8

r~ value 0.96 0.99 .97 0.985 0.94 gj
+ calculated 4.83 9.96 5.60 4. 32 3.79
't* table
value 2.92 2.92 2.92 2.92 2,92
SRS SERIEETSCCaIEIIESCIESSECoISLETESIsISIETSSisSSSIZTossICSSSERSIASTEESToTIssnsTSEISITIIS
Ld = Leghaemoglobin (optical density/g).

N = Nitrogen {
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leghaemoglobin in nodules nitrogen content, was alsc
increased up to the age of 60 days and thereafter the
leghaemoglobin as well as nitrogen content was decreased,
Hence, these two factors are interdepenuent anmi correlation
was found to be significant at five per cent level of
significance.

In variety Phule G-56 leghaemoglobin and nitrogen
content in nodules was found to be significantly correlated
with each other which indicated by an increase in leghaeno~
globin content from 0.23 to 0,36 0.D., at 40 and €0 dayd and
nitrogen frem 1,96 to 2,80 per cent., Thoreafter the
leghaemoglobin econtent was decreased from 0.36 to 0,27 G.u.
and 0,14 at 80 and 100 days, respectively and nitrogen
content was also decreased from 2.8 to 2,2 and 1.5 per cent
at 80 and 100 days, respectively, The maximum leghhemo-~
globin and nitrogen content in this variety wag found to be
at 60 days i.,¢. at maximum flowering stage, of which
legbhaemoglobin was founi to be very active in fixing
atmospheric nitrogen to the maximum extent in nodules,
thereafter the leghaemoglobin as well as nitrogen content
was slowly decrensed with the age of a plant,

From the results of N-3l variety, it was found that
at the 1irst obsarvation stage the leghaemoglobin content
was 0,17 0.D, and thereafter it was increased up to 60 days
(0.22 0.D,). By the same way nitrogen content was also



Fig. 1

LEGHAENOGLOBIN (0.D./g)

o+2%

0° 05

oy

Leghaemeglebin, Mitrogen and Dry matter content of gram Cv, PG=2 as influenced by days,
.= Lb = 0,025 0.D0./g/cm

N = 0,25 % /cm
— DM, = 0,25 g/em

A

2..5 2

DAYS

|00



HAF

5
> |

LEX(

0-35

©-10

©-05

Fig.2 Leghaemoglobin, Nitrogen and Dry matter content of gram Cv.
PG=5 as influenced by days.
— b = 0,025 0.D./g/cm
N = 0.25 % / cm {35
0.25 g/cm
130
{25
{2:0
115
'”//”
“ ‘oo
109
- . oA .
4.0 60 8o 100

(3) YULIVAW Adad ANV

NHUDOHLIN 1

tt



LEGHAEMOGLOBIN ( 0.D./g )

0+30

O +25%

©+20

0.15%

0-10

0 +05

Fig.3 : Leghaemoglobin, Nitrogen and Dry matter content of gram Cv.
N-31 as influenced by days.
— b = 0.025 0.D./g/cm
N = 0.25 % /cm 35
— D,M. = 0.25 g/cm
< 30
.25
- 2'0
g
_ 115
. - \’0
v qOos
4[h 9 2 2 A
4o 60 8o \oo

(8) WAIIYW X¥A ANV NEDOYIIN -/,

84



Fig.4 : Leghaemoglobin, Nitrogen and Dry matter content of gram Cv.
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found to be increased from 1.96 to 2,66 per cent at 60
days or saximum flowering stage. The leghaemoglobin as
well as nitrogen content was decreased from 0,26 to 0,11
and 2,38 to 1,90 0.Dgsrespectively at 80 days and 100 days
stage of observations, However, it was further noted that
the leghaemoglobin and nitrogen content during 60 to 80
days i.e. at the second and tl.ird observation stage a
decrease was very slight., IThis was attributed towards the
maximum flowering occurs during this period and also pod
formation and pod filliing takes place. The correlation
betwesn these two ingradients at four stages wAs worked
out and founki to be highly significant at five per cent
level of significance in the variety.

The correlaition between leghaemoglobin anda nitrogen
eontent in nodules of gram variety =60 at four dirfoi'ont
growth stagces was found to be significant at five per cent
level of signmificance, in which leghaemoglobin and nitrogen
contenta t 40, 60, 80 and 100 days was 0,16, 0,29, 0,26
and 0,12 and 1,64, 2,38, .10 and 1.60 per cent, respectively
which inddicates that the leghhemoglobin increased with an
increase in age of & plant and 1t was maximum at 60 days
i.e. at the second stage of observations at which maximum
flowering took pluce and thereafter 1t was decreased.
Similar results were obtained with the cvs., N=3l, FG~-5 and
PG=2,
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However, results with ghaffa variety indicated that
it being a short duration variety content of leghaamoglobin
and nitrogen was less as compared to other varieties at
first observation (40 days) stage. Hoth of these ingmdients
increased up to 0.4 C,u. of leghaemoglobin and 2,66 per cent
of nitrogen at 60 daya wvhich was focund to be the maximum
and thereafter both the ingradients were decredased. 7The
correlation bet.een leghaemoglobin and nitrogen content atu
four growth stages 1.e. 40, 6C, 80 and 100 days of all five
grem varieties was found to be significantat five per cent
level of significance. ’

/In genecral, it was found that th: leghkemoglobin was
highly correlated with nitrogen content at various growth
stages of gram varieties, with a.. increase in the leghte-
moglobin in all the five varieties from 40 to €0 days
nitrogen percentage was also found to be increiused corres-
pondingly. ZThe highest amount of leghaemoglobin was found
t0 be present in the variety PG-6 follovwed by PO«2, h=3l,
N-59 and ghaffa at €0 days observation i.,e, &t the maximum
flowering stage. Similarly., nitrogen percentage was found
to be highest in the same variety at the same growi: stage.
A decrease in leghaemoglcbin and nitrogen content started
from 60 days in all unéuu but it was less 1in long
duration varieties 1.e, PG-2, PG=6, N=-J1 and N~89 and more
in short duration variety like ghaffa in 60 to 80 days
period of growth but thereafter a consideradle reduction
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in the leghaemoglobin and nitrogen content was found in
all the varieties.

Fyom the results praesented in Table 2, it was found
that a significant correlation of leghaemoglobin and
nitrogen content wis the highest in variety Phule (-6
folloved by N-31, PG-2, N-59 and ghaffa at all the four
atages of observations,

From jable 1 and Table 2, it wias further revealed
that more the percentage of effeciive nodules mere was
the leghsemoglobin and nitrogen content in nodules of all
the varieties., As the black nodule percentage increased
from 60 days age of plants, the leghaemoglobin as well as
nitrozen content decreased because of the pink or effsctive
noduls percentage was fourmi to be decreased from 60 days
omvards and it wvas found to be very low at 100 days obser-
vation at this stage very lov percentaze of pink nodules

was noticed.

4.4 Dry matter and Nitrogen :

The results recorded in Table 3 regarding dry matter
velght and nitrogen content of gram At the different growth
stages were founi to be increasing from the first stage of
observation to the second stage of observation i.e, at 6
days of gram. 7The dry matier weight of all varieties at

all stages of growth was increasing but an increase in
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dry welght from the first stage to the second stage was
two=fold oT at very fast rate but thersafter an increase

was very lowvw in all the varisties,

The highest ury matter weight was founa to be &t the
4th stage of observation i.e. at 100 days after sowing in
the variety PG-8 (2.16 g/plant) followed by Ne3l, PG-2,
K-59 and ghaffa,

The total nitrogen in dry matter vas incressed from
the first stage to second stage in all the varieties i,.e.
at 60 days observation, However, the increase was rather
lov and thervafter it was decreased. 7The low per cent
nitrogen was found at the last stage of observation i.e.
100 days age of plants, The maximum percentage of nitrogen
was present in the variety rG-56 at 60 days age (1.40 per
cent) followed by N-dl, PG~2, N~-59 and chaffa,

The results regarding dry matter weight and nitrogen
content are presented in Table 3 which reveal that the
nityogen content in plants was maximum in all varieiies at
60 days. The rate of ary matier incroase wks also foum
to be maximum up to 60 days of & plant in all the varieties

and thereafter it vas decreased.

4.6 Leghaemoglobin an tter 1

The resuits in respect of the leghaemoglobin content

of nodules and dry matter of a plant at various stages are



Iable 4 : Leghaamoglobin content of nodules and dry matter of gram in
different varieties.

Va : G=g hule H=-31 N-59 chaffa
stagae/days . 3 L Lb DM L DM Ld DM
oDn/g (8) ou/g (@) ow/g (g owg (g ow/g (B

© 0.7+ 0.38% 0,23 0.3 0,17 0.40 0.15 0,42 0.16 0.36
6 0@ 0.8 0.3 0.96 0,28 0.97 0.29 0.73 0.2 0.81
8% 0.0 1,60 0.27 1,88 0.26 1.75 ©0.26 1.33 0.19 1.56

100 0.1 1,95 0.14 2,15 0.11 2,10 0,12 1.75 .12 1.68

- -~ - P an . - - Py~ - ; PR . . .
A R S S RS S S R S s N N Nl Y R L N R N R N S N S S L RSN IRl RS SRR SRS TR IATII I R LRSI I ZTRRIN

Lb = Leghaemoglobiny GD = Gptical density
* = Mean of five plants,
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presented in Table 4 which indicatd that the rate of
increase of dry matter at an initial stage was rather
higher than at & latier stage. An lncrease of dry matter
from 40 to 60 days was two-fold hecause of the highest
activeness of leghaemoglobin which fixes more &mouit of
ndtrogen and enhanced the growith of the plant ani produced

more of vegetative growth,

«fter 60 days obssrvation the pod formation started,
an energy stored in the plant body gets declined as well
as leghiemoglobin was also declined and ultimately
nitrogen fixatlon was affected as wull as ary matiter pro-
duction also gets reduced considerably, The rate of vege-
tative production at the first to second siage was increas-
ed at fagter rate than the secomnd to third ami third to
fourth stage. The maAximum dry matter production was
observed in the variety Phule G-5 (2,16 g) because of the
presence of more amount of leghaemoglobin in nodules of
the variety in its wiocle growth period followed by N-3L
(2.10 g) , PG=-2 (1.95 g) , N=569 (1.76) and ghaffa (.1.65 g .

Although, the leghaemoglobin content was more in
PG~2 &% the second stase than R«3l but the total leghaemo~
globin in the overall grovwth periocd was less than KN-3l
and hence, the production of dry mattier was more in k-3l
than in Pl-2 and same case was found in the variely N-59.

An inereased nitrogen content in the nodules of
gram variety «as found to be increased from 40th day of
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sovwing to maximum flowering stage, thus, the maximum
nitrogen content in nodules was observed at the flowering
stage and decreased thereaiter, 7This decreise in nitrogen
content of nodules &t the advance stages of a plant was
attributed towards their utilisation for protein synthesis

in the seed.
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5., VDISCUSSIOR

5.1 7The present investigation was undertaken to study
the follovwing objects @

(1) A study on the nodulation pattern, effective
and ineffectiveness of the nodules in some
promiaing varieiies of chickpea.

(11) A study on the comparative leghaemoglobin
and nitrogen content at different growth
stages of the crop,

(411) A study on the effects of the legha emoglobin
content on nitrogen fixation in nodules at
different growith stages,

(iv) A study on the relationship of leghaemoglobin
and the total dry matier oif plants,

(v) A study on the leghaemoglobin content ani its
effect on the nitrogen content in a plant bedy.

5.2 Nodwlation :

‘ Tha resultis obtained regarding the mmber of pink
a@ black nodules (Table 1) reveal that a larger percen~
tako of white, pink and black nodules was observed at 40
da; after sowing, 60 days or at the flowering stage and
maturity stage, respectively. 1In genertl, the maximum
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mmber of nodules wers observed at the flowering stage

(1.9. at 60 days of sovwing) and decreased as the plant

sged, 1In early stages of the growth, an assimilation

takes place with very less amount of dissimilation,

However, after flowering stage whatever nmutrients absorbed
and synthesised by a plant, wvere utilised for the pod for-
msation., Similarly, whatever mutrients available in nodules,
get diverted towarus the pcd fomation, Therefore, nodules
get disintegrateu as a plant goes to maturity anc then they
become black and non-functioril., <ithese results are in

i conformily wvith the results of Bhag Mal and Yadav (1972);
Ssahu (1973 ;3 Pawar and hhuspe (1976) 3 Singh (1987) and
Patil (1978) who alsc reported that in general, the total
numbar of modules increksed even up to post flowering

stage (pod fomatlon stage) but decreasad as the plant
matures., In the present investization, ths maximum mmber
of pink nodulea (94 per cent) wvere observed in the variety
PG=5 folbwed by R=3l, PG=2, N-50 and chaffa. S§imilar
results were also reported by Patil (1978) and Ghag (1961).

It has been well estavlished by Kubo (1939) ,
Virtanen et al.(1947) am: number of other workers that
functioml oot nodules contained a red pigment of
haemoglobin mature mmed 1aghaemoglobin, WAth the aging
of the nodules the leghaemoglobin gets irriversible con-
varted to the black non-funectional forms in all the
varie.les under study. ZIThese results are in corfomity
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of Swarej and Garg (1977) , who stated that in cowpea,

the presence oi loghhemoglobin was more aL the flowering
stage which gave red colour to the nodules. After flovere
ing it was converted to a non-functional fomm i.e. black
fom, Therefore, the ineffectiva nodule percentage at

later age gets increased,

6.3 Legha bin & tro content :

The results regariing the presence of leghaemo-
globin and nitrogen content in nodules presented in Table
2 shov that at the initial stage i1.,e. at the 40 days
observation stare, the presence of laghmemoglobin was less.
This was attributed towarus the less number of pink nodules
and more number of white nodules which resulted into less
nitrogen fixation,

At 60 day observation i.e, a4t the maximum flowsring
stage, pink nodules were more in number and the content
of leghaemoglobin was also increased in all varieties,
Besides, the nitrogen percenta.e was also increased during
this stage.

When pod fomation staris the leghmemoglodin content
gets decreased, results into ths reduction in the nitrogen
fixation, 1hese results confim the finiings of experiments
of Rigau d and Puppo (1977). They reported that leghaemo-
globin enbAnces the nitrogen fixation in soybean., They
further stated that nitregen fixation decmsod wvith the
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decreass in leghaemoglobin content in pea, Simflarly,
swara] and Garg (1977 reported that a high amount of
leghaemoglobin and nitrogen was present in nodules at
flovering and decressed with maturity in cowpea, Devidson
(1973) ; M@lik sarkisyan gt al.(1976) started that nitrogen
fixation i1s stimulated due to the presence of leghaemo~
globin in lupin, Jain and Rewari (1975) also showed rela-
tionship between weight of nodules, their leghaemoglobin

content ani nitrogen content of soybean.

As the leghammoglobin is a main factor for tho
nitrogen fixation, at flowvering sta e, it increased to
iivs maximum since at this sta; e the maximum leghaemo-
globin was present, It was also found that at this stage
the maximun per cent of pink nodules in all the varieties
way noticed after vhich nodules et disintegrated. As the
earbohydrates content is reduced, the leghaemoglobin
gots irriversible converted into black non-functiomsl
form vhich resulted into the reduciion of nitrogen too.

The leghaamoglobin and nitrogen content of nodules
was highly correlated in the variety PG-56. This variety
8150 showed the maximum amount oI leghaemoglobin at the
flowering stage as compared to other cultivars. 7This was
attributed towards the presence of high amount of nitsyogen
besides, thia varievy formed the maximum nmumber of pink
nodules at this stiage., More Or less similar results were
recorded in ramaining varieties.
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5.4 Qryv patter a ontent :

The results regarding ary mitter weight and
nitrogen content (Table 3) show that the nitrogen content
of all the varieties was maximum at 60 days of crop age
(flowering stage). 8o also the dry matter increase was
found to be maximum., These results are in confomity of
those reported by Bhide gt al., (1961) who established a
correlation between the dry matter weight of plants and
their nitrogen content, Patil (1979) studied effects of
commorcial Bhizobjius incculants under different levels
of nitrogen on nitrogen content of shoot and root dry
matter of plants at various growth stages and found out a
higher percentage of nitrogen in dry matter at maximum
flovering stage. Ionescu (1958); Fedrov and Niste (1961);
Patil (1978 and Ghag (19:1) who observed that the nigrogen
gcontent of 8 plant was maximum at the flowering stage as
compared to othor stages of the growth in Vetch, pea and

gram, respectively.

After the maximum flowering stage, the pod fomation
starts and nitrogen in a plant body started accmmulating
in pods instead of vegetative produc tion. Hence, the
nitrogen in a plant body declines to & very low levels
at this stage, 7The variety P(-5 produced a maximum dry
matter followed by Ne3l, FG~2., R=59 and ghaffa. Similar
results were reported by Deshmukh (1980) 3 Patil (19880}
Patil (1978) and Ghag (1981).
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The nitrogen is meant for the growth and production
of a plant, At the initlal stage or early stage, nitrogen
1s utilised for tha vegetative growth of & plant and gets
saturated in a plant body itself. At a later stage it is
utilised for the pod fomation and gets concentyted in
pods only. So also due to more vegetative growth at the
initial stege carbohydrates synthesis was more, 7These
carbohydrates were utilised by the bacteria which were
present in nodules, DBecause of getiing carbohydrate as a
source of food in ample quantity, bacteria fix atmospheric
nitrogen in higher quantities which create balance in
nutrient status of a plant for its satisfactory growth
and production, Hence, the rate of dry matter production
increased up to the flowering stage after which the
nitrogen 1s used for poed fomation and irriversidble change
of leghaamoglobin in nodules create imbalance of rutrients
in a plant body and decrease the mte of dry metter
production proporticmately.

6.5 n tion @

The increased nitrogen content in the nodules of
gram, was fournd to be imcrensed from 40th day of sowing
to the maximum flowvering stége. Thus, the maxipum
nitrogen content in nodules wes observed at the flover-
ing stage and decreased thereafter, This decrease in

nitrogen content of nodules at the advanced stages of a



rlant was attributad towards thelr utilisatio:n for
protein syntiiesls in the seed. 7These results are,
therefore, in agreemenrt with hose reported by Iocnescu
(1978) ; Fedorou and Niste (1961); Linwa (1963); lLari
Shankayr and Kushwaha (1971) 3 8S8ahu (1973) 3 Patil and
Moniz (1974); Eabish Isheg (1974); Singh and Saxema
(1878) and Patil (1978) who also observed a differential
response in different varieties of the ¢ xps they studied.

“6.6 Jogules and Njtrogen

A close relationship between the toxtal mmber of
nodules and nitrogen contaent of plant at 40 days, flover-
ing stagey pod fomation and maturity stage of the plant
was obgserved. In other words, higher the number of nodules
xore was the nitrogen content of the plant at a respective
atagé.;\ The variety PG-5 formed nodules of bigger size
and pink colour as compared to other varieties in the
present investigation, These results are, thercfore, in
conformity of those reported by Virtanen gt al.(1947);
Ionescu (1958) ; Linta (19€3 ; sahu (1973 and Khurena gtal.
(1978) who also reported a2 cleose and positive correlation
between the total number of nodules ami nitrogen content
of a plant, It is furthor stated that the maximum nodules
and mitrogen content were noticed in the variety PG-5 at
60 day 1.e. At the maximum flowering stage, whereas it vas
least in thevaristy ghaffa.
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6. SUMMARY

The present investization was undertaken to study
the nodulation pattern, leghaamoglobin and nitrogen content
and its correlation vith the age of a plant in some promising
varieties of grenm,

~” Results reveal that more mmber of nodules were noticed
in PG-5 variety at the 60 day growth stage followed by N-3l,
PO=2, Ne5D and chaffa. At the initial stage of the growth
effective nodules were more as comparea to ineifective
nodules. ZThe maximum per cent ol effective nouules was
found in a variety PG«b at the flowering stage, followed by
Ne3l, PG-2, N-60 ana ghaffa. In the variety FG=6, & nodule
size was also blg as compared to other varieties at the
ﬂ.owering; stage. At the initial stage, black nodules were
less in all varieties but it vas increased as a plant
reaches to 1ts maturity., It was further noted that the
total dry weight of nodules per plant was also more in the
varieiy PG-6 than other varieties at the flowering stage.
After the flowering stage a maturity of grain starts and
due to diversion of nutrients, nodules get disintegrated.
Hence, & maximum nodule weight was found at the flowering
stage in the variety PG-5,

. As the presence of leghaemoglobin at the initial
stage was less the nitrogen fixation was also less in all
the varieties. At the flowering stige the leghaemoglobin
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in a nodule was more and hence the nitrogen fixation

was also more. At the maturity stage due to the irriver-
sible change of the leghaemoglobin its percentage was
reduced and nitrogen fixation was also reduced at a very
low lovel, In geneml, it wis found that there is a
close correlation between the leghaemoglobin content in
nodules and nitrogen fixation by bacteria ut all stages
of the crop growth in all varieties of gram.

From the initial stage up to the flowering stage,
the leghaemoglobin wus increksing anda it was in an active
form due to which vegetative growih rate was higher than
later stages. Due to more vegetaitive growth carbohydrate
fomation (synthesis) was more vhich creates balance in
the mutritional ratio 3t 4in a plant body for growth,

As leghasmoglobin content was more at the flowering
stage the nitrogen fixation was algo more of which very
little amount of nitrogen was utilised for the . Towth
of a plant, Therefore, more amount of nitrogen was
present in a plaat boay bafon fruiting, After flovering
& pod formation starts and nitrogen in a plant body gets
accumulated in pods.
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