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From the present investigation it is concluded that 

as the presence of le<jhaemoglobln at the initial stage 
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varieties. At the flowering stage the leghaewoglobin in 

a nodule was more and henem the nitrogen fixation wal 
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INTRODUCTION 



1. IflTROOiCl'lCl. 

An importance of legumes in agriculture was known 

by the people since very long. *hyte g£ aj^. (1966) 

reported that legumes are being grown as economic propo­

s i t ion since 6000 years. Pulses torn a Tory important' 

source of protein in the vegetarian diet of a quite large 

see tlon of Indian population. They are well-known as poor 

nan's seat and also used as a fodder and concentrates in 

cattle feed. Pulses are leguminous crops and hence they 

enrich the soi l with nitrogen through the nitrogen fixing 

bacteria (nhiaoblua) produced in the root nodules and help 

in lap roving the so l i . Most of the pulse crops being bushy 

soon cover up the land ana their roots act as so i l binders 

which help in cheeking so i l errosion (patil j& aj , , , 1949}. 

Gr*® (picer arlotinum L.) i s known as chick pea and 

i s third in importance in the world as a pulse crop and 

yet i t s products play a very snail part in the world trad®. 

These products, however, have importance in local coi-sump­

tion. This crop i s being cultivated since antiquity mainly 

in the semi arid temperate to v a n regions of the world. 

In Inula the main pulse producing areas are the 

upper basins of the Ganges and adjoining tracts of central 

India, i t occupies 78.6 lakh hectares of the land with 

the production of 53.6 lakh tonnes (anonymous, 1980). 



Pulses In general, occupy an unique position In the 

agriculture toy virtue of their high protein content and 

their abi l i ty to fix atmospheric nitrogen with the help 

of root nodule bacteria known as fftizoblmB. bengal gran 

i s world's third pulse crop and fifth food legume and 

fifteenth grain crop (*.A.O,, 1972). 

in India, gram i s grown on a large scale vainly in 

the states of Punjab, Haryana, U.P., Bihar, A.P., Bajastan, 

M.i. , West Bengal, Mysore and Maharashtra. Jhe area under 

this crop in Maharashtra i s 4.27 lakh hectares with the 

production of 1.66 lakh tonnes (Anonymous, 1077). 

Though, an inoculation of seeds with Ehlsoblua has 

been known since 1896 however, i t i s quite recent in India. 

I t i s needless to stress the need of inoculation of seeds 

with effective strains of ftblsoblua, for increasing the 

yield of crop and for nitrogen economy of the so i l . 

aith increased awareness amongst farmers about the 

value of rhlsobial inoculation of various legumes, studies 

on ; strain selection and speclflealty becomes an important 

phase of research in the pulse development programme of 

several states. Besearch wo A to select efficient strains 

for mass production of inoculants i s further Intensified 

through the 1CAB sponsored, " i l l inula Coordinated Projects 

on pulses " with co-ordinating agencies spread a l l over the 

country. Reports from India and abroad Indicated varying 
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degree of responses of legumes to inoculation with 

different strains. The perfonanee of a particular 

strain Is influenced by the soil ana agro-cllnatie con­

ditions of the region as reported by Bhargau ojt a£..(1976) f 

Kumar ftao and Patil (1977) and Singh ana Tllak (1977). 

The fo mat ion of nodules on root of a legume ana 

the degree of nodulution are dependent on the strain of 

Bhlzobiutc species, proper nodulation of a leguae with an 

effective frhlzobiup strain helps in increasing the yield 

to the extent of 15 to 80 per cent (Bai ejt aji., 1977 and 

Medhane and pa t i l , 1974). 

. The use of bacterial fert i l izers for Increasing crop 

production i s gaining popularity, partlcularly^aiao of 

Bhlzoblua has become a necessity in leguae crops. 

«fhen one considers the possible extension of biolo­

gical nitrogen fixation for the increase of world food 

production, an obligate partner in this syablosls i s 

leghaesioglobln. o~fhe nitrogen fixation by pink nodule 

i s more than green or black nodules so the leghaeaoglohin 

i s basic thing without which no nitrogen fixation occurs 

in nodules of leguae crops (swaraj and ftarg, 1977). 

Boneflelal effects of leghaesoglobln in nitrogen 

fixation was reported in soybean, lupin and various oth-r 

pulse crops by different workers. However, this relation­

ship la gram i s not reported so far. 
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therefore, with the above consideration in view, 

investigations vere undertaken with the following 

objectives : 

(1) lo study the comparative leg haemoglobin 

and nitrogen contents In nodules of grass. 

(2) $o study the effects of leghaeaogloeln 

contents on dry set ter yield. 

(3) l'o study the effectiveness of nodules and 

their nitrogen fixation* 



 
 
 
 
 
 
 
 

 



REVIEW OF LITERTURE 



2. R&YX4W W Lit JfHAITJBS 

2.1 l&2&ojQf 

Sehloeslng | t a^. , (1890) gave tho technical proof 

of nitrogen f ixation by nodule bacteria in symbiosis 

with legumes. Later, Mobbe and l i i l tner (1893) and 

fieherain and Demoussy (1900) have shown that a l l strains 

of any species of Bmlgoblum were a l ike in a b i l i t y to 

benefit the host plant. 

When we consider the possible extension of biological 

nitrogen f ixat ion for the increase of world food production 

an obligate partner i n this symbiosis i s leghaemoglobin 

(Lb). So far the proper understanding of leghaemoglobin 

properties and function have ass is ted in the achievement 

of more e f f i c ient nitrogen fixation by legumes. In 

addition to t h i s , i f a legume type symbiosis i s t o be 

a r t i f i c i a l l y Introduced into other plant families then 

knowledge of the s i t e of synthesis i n the nodules <xxu* the 

evolu ionary origin of Imghaemoglobln may be essential 

prerequisites (Appleby, 1974) . 

Kubo (1939) was the f i r s t who recognised the red pig­

ment present i n legume root nodules as hemoprotein. He show­

ed that soybean and other nodules could yield a soluble 

haemoglobin l i k e pigment which retained the property of 

reversible oxygenation and similarly concluded that t h i s 
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new haemoglobin i s connected with oxygen respiration 

activity of the red nodules, whereas, Burris and Eaas 

(1944) stated that no reversible oxygen eoaplax from cow 

paa (Vigm s inens i s ) leghaemoglobin and doubted i t s 

function as an oxygan carrier but this essential property 

of oxygenation was eonfira\ed by Keilin and Wang (1945) 

for soybean leghaemoglobin and by Virtanen (1945a ,b) for 

graan paa leghaenoglobin. 

In prolific series of pa pars suBsarised by 

Virtanen (1962) , Virtanen and Colleagues elucidated many 

aspects of leghaemoJ.obln structure and function including 

the important relationship between leghaemoglobin content 

and nodule effectiveness. 

Although, haemoglobin l ike pigments are found in 

yeast (Keilin, 1063) , Oshlno at a l . , (1973) and other 

fungi (Kellftn and l i s s i res, 19630 , there is no wall found­

ed report of a soluble haemoglobin occurring in higher 

plants other than legusa root nodules. 

jjavenport (1960) found that nitrogen fixing 

eaamrlna nodules had a high concentration of total name 

content, a pigment whose absorption bams suggested the 

abi l i ty to form complexes equlpvalent to J*b02 and LbC© 

and to be oxidised ana reduced in foms equivalent to 
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ferric leghaeaoglobin and fernas leghaeaoglobin. 

Booking (1970) has found in the search for 

haemoglobin in other non-1 agua© root noaule symbiosis 

inducting those of Alnus has been unsuccessful, although, 

sons of these nodule* do have an elevated heme content. 

By oiierospectroscopic observations of sliced soybean 

nodules9 Smith (1948 a ) , established that leghaeaoglobin 

was confined to the soft central tissue which also con­

tained the bacteroids, as the bacteroids are devoid of 

leghaeaoglobin. This observation aeant that leghaeao-

globln can occur only in the plant cells* 

Following the electron microscopic detection of 

aeabrane sacs which surround individual bacteroids or 

small groups of bacteroids i n effective nodules. There 

has been a continuing eontroversey over the location of 

leghaemoglobln, solely within these sacs, solely within 

the plant cytoplasm, outside the sacs or in both places. 

By electron microscopic examination of auto radio­

graphs of thin fixed sections of Serradella nodules which 

had been grown in the presence of iron, Dilworth and 

Kldby (1968) showed that most radioactive disintegration 

took place within the aeabrane sacs close to the bacterold 

surface. Since legh&enoglobln accounts for a substantial 

part of total iron in the nodule, they concluded that this 

plgaent was located only within the aeabrane sacs. 
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Dart and Chandler (1971) following x-ray micro* 

probe examination of fixed sactions of several legume 

nodule species claimed that plant cytoplasm (outside 

the membrane sacs) contained Boat Iron and sac contains 

the least . 

Bergersen ana Qoodeblld (1973 b) had obtained 

convincing results by counting unfixed sections of soybean 

nodules in a modified Honda meal urn, staining with an 

oxidised dlamlnobensldlne (peroxidase) reagent caused the 

membrane sac to appear a bright red colour. Shis result 

seems to establish that leghaemoglobin does occur inside 

the stembrana sac. Glutaraldahyde fixed dlaminobensidine 

stained sections of the same nodules after further stain* 

ing with O4P4 shoved electron dens* material both inside 

and outside the membrane sacs, but they were unwilling to 

claim this a* firm evidence for location of leghaemoglobin 

in both the places. I t located only within the membrane 

sacs» they calculated the effective concentration of 

leghaemoglobin in 36 day old soybean nodules &» 1.53 mH 

Bergersen (19?oj described the environment in 

which rhisobia fix nitrogen within the host tissue of the 

legumes. She bacteria surroundea by a solution containing 

leghaemogioM® whose locution, concentration, degree of 

oxygenation and affinity for oxygen <*re important features 

of the envl foment. 
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a.3 ;toQj»,M9ft 

\l*he earlier procedure involved crushing soybean 

or other nodules In water (Kubo, 1939) or saturated 

ammonium sulphate (jvellin, 1943) followed by ammonium 

sulphate fractionation vdth leghaemoglobin mostly preci­

pitated between 0.6 and 0.8 saturation. By moving boundary 

electrophoresis of such preparations in unstabllfted liquid 

madia at neutral or alkaline pK. £11 folk and Vlrtanon 

(1980) recognised that soybean leghaesoglobin contains a 

fast eleetrophoretle component and a slow eleetropheretle 

coaocent. although, the electrophoresis of narrow bands 

of leghaenoglobin on f i l t e r paper (Thorogood, 1957) or in 

acrylaaide gel (reive ejt a l . f 196? a) enabled the recogni­

tion and separation of multiple lo,:;te emoglohln component* 

and have occasionally been used for preparative work 

(Ihorogood and Baaania v 1963 . The most convenient pre­

parative procedures Involve anion exchange chromatography. 

:illfolk (I960 a) by chromatography of autoxldlsed 

ferric leghaesioglobln on OMS cellulose in 0.01 p sodium 

acetate (pH. 5.2) with stepwise increments of sodium 

chloride, achieved the separation of the following soybean 

leghaomoglobln components in order of elution. 

Ferric Lba a major fraction equivalent to the slow 

eleetropheretle component of isoelectric point 4.7 ferric 

l*bb a major component ferric Lbc the second major fraction 
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equivalent to the fast eXeetrephoretie component of 

isoelectric point 4.4. Ferric Lbd i s a second minor 

electrophoretie component, fhe homogeneous component 

ferrie Lba and Lbe are crystal l iable at pH 6 (cJLlfolK, 

I960 a) , but this hazardous procedure offers no further 

gain in purity. 

Appleby (X969 a) achieved a somewhat better resolu­

tion of soybean XeghaomogXobln components on £&4£ sephadex 

(Pharmacia) and Ji l worth (X969) achieved the best resolution 

of lupin XeghaenogXobin components on D&US cellulose by 

using stepwise addition of sodiusi acetate (pH 6.2) rather 

than sodium chloride to the eXution buffer* 

Leghaemoglobin i s less readlXy autoxidlsabie above 

pH 7 (thorogood, 1957) 9 but the present author's experience 

i s that chromatographic separation i s Xess discriminating 

a t a lka l ine pK because of higher ion ic strength buffers 

needed for eXution, for chromatographic i s o l a t i o n of nat ive 

LbO2 components. Mellk-Sarkisyan £t aj., (1969) separated 

the components of Xupin at pE 6,3. 

Efforts have been maae to prevent autoxid&tlon of 

native ferrus leg haemoglobin or Lb02 *>Y extracting noduXes 

in the presence oi capron (Melik-sarkisyan j £ aj- . , 1970) 

or under inert gas (AbeX and Bauer, 1962). isven so the 

most stable preparations of I»b02 are obtained by deliberate 

oxidation of ammonium sulphate fractioned XeghaemogXobin 
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to ferric leghaemoglobin with two to five fold axcws of 

potassium ferrieynlde at pH 7 and preliminary chromato­

graphy oa G-7S sephadex (phormaela) at pfe 9. This step 

also gats rid of nleotinie acid a natural hemaehrome form­

ing ligand tfiieh has extra ordinary high affinity for 

ferric or ferrous leghaemoglobin at pH 6.2 (Appleby and 

£anlel, 1973 a ) , chromatography on DE 62 Cellulose (What­

man) beginning at a 0.01 u sodium acetate (pH 6.2) with 

increasing acetate gradient produces a clean separation 

of soybean ferric leghaemoglobin a (Lba) , Lbb, Lbe and 

Lbd components with none of the pink ferric homoehromes 

which contaminated earlier preparations (e .g. £11 folk, 

1960 a, Appleby, 1969 a ) , i f metal free glass dis t i l led 

water i s used for a l l buffers the purified ferric legbaeno* 

globin components may be converted te vsry stable LbOg by 

anaerable addition of dithlonite at pH 7 following by 

rapid chromatography on small column of 0*6 sephadex 

(phansacia) in a ir equilibrated buffer at pH 7-8 (Witten­

berg j | j&. , 1973 b) • In a somewhat similar procedure, 

Ssamura j $ a£% ,(1972) deliberatedly oxidised their crude 

leghaemoglobin in the presence of cyanide chromatographed 

i t as the very stable complex ferric l#be finally convert­

ing the pure components to leghaemoglobin oxide. 

Good separation of the leghaemoglobin in micro-

components was achieved and the components were purified 

using simple material and equipments (Pelve £& a£. ,1973) • 
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Appleby and Hicola (1§?S) had described the 

improved procedure for isolation of five leghaenoglobln 

component* fro» the noddies of soybean plants. After a 

preliminary oxidation with ferrl cyanide and endogenous 

nicotlnate at pH 8.2 the fer&eieghaeBOflobin i s sepaieted 

by DS4i5 cellulose chromatography using gradient elation 

with acetate buffer (pB 6.2) . 

Lentovaara and gllfolk (1976) had purl lied leghae* 

neglehln ecaponents *a* and *b* from root nodules of 

2&SI&BI m l i a d A . Hcaogeelty of Lea was demonstrated by 

polyacry/\Bsid« gel disc. 

Kurancva (1976) has filtered through sephadex G~af, 

the lefhaemoglcbin l a extract of lupin nodules was absorbed 

by D3A3 cellulose equilibrated with 0.01 M ammonium acetate 

(pH 7.6) and eluted by stepwise increase In concentration 

of this buffer. Throe components of leghaeaoglobin were 

obtained with N-terninal sequences. Lentovaara ana 

Perttila C1P7&) showed the s i t e specificity of bile pig­

ment foss&tion fresi leghaenoglobln which ean be tentati­

vely explained by specific differences in the amino acid 

sequences at those regions of the polypeptide chain that 

are in the vicinity of the appropriate aethenbriage. 

&>* mfmmmm 

Bllworth (1969) showed that there is a risk of 

over stating the number of components i f nodule extracts 
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are subjected to chromatographic analysis without recogni­

tion of the possibility that any one component amy appear 

in atleast three places i f present as ferric legh&emoglobin 

ferric Lb nieotln&te ana ferrous I»b0g fonss. 

fborogood (1957) from the most reliable investiga­

tions proved that soybean lsghaemoglobin contain* four 

components, serredeUa contains two to three components 

(Dilworth, 1969) , Snakebean contains two components 

(B rough ton ana oilvtorth, 1971). 

The most use Ail Information i s given by till folk and 

Slever (1971, 1973) , whose work has determined the amino 

acid sequence of soybean Lba, Hunt (1972) who has compared 

the sequence alignment of soybean Lba with those of many 

other haemoglobins and myoglobins, SUfolk and slever 

(1971) showed many other structural similarities between 

soybean Lba and human haemoglobin chains by visual compari­

son of sequences, fiieola jg£ aj.# , (1976) shoved that the 

association between hem and protein i s much weaker in 

leghaemoglebln than in myoglobin. 

Melik-Sarkisyan and Kretovieh (1976) shoved that 

ce l l s of the nodules contained legoglobin characterised 

by two main components each one of which consists of a 

polypeptide chain and one nape group, in relation to 

special composition legoglobin was near to haemoglobin 

and myoglobin and belonged to the group of add proteins. 
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Palk j& » i , (1959) shoved that there I s something else 

than heae pros ant in crude leghaeaoglobln. 

Brought on ^t aj . . , (1972) have also shown that pro* 

toheae IX is the prosthetic group of lupin and serradella 

leghaemogloblnju similarly, ;&lfolk and Sivers (1966) 

concluded that both the propionic acid side chains of pro* 

tohcao IX were involved in the specific leghaeaoglobln 

structure hut only one was essential to the hese protein 

recoabln&tlon reaction. 

She pH 6.4 optical spectra of unligated ferric Lb 

ferrus Lb and Lb02 (Appleby, 1969 b) and of other Lb 

derivatives (Sternberg and Vlrtanen, 1962; pelve j | a£. 9 

1972 b) and their close faally reseablanee to the corres­

ponding spectra of vertebrate heaoglobin and ayoglobin. 

Pelve at &1. ,(1972 b) stated that the leg haemoglobin 

structure i s nore flexible than the ayoglobin structure. 

Antonin and Brunori, 1971 confined the place of leg haemo­

globin in the haemoglobin faaHy but cert in of these 

reactions give specific indorsation on leghaeaoglobln 

structure and possible close to i t s biological reactivity. 

Ihe reduction of ferric leghaeaoglobln (Henderson 

and Appleby, 1972) , the binding of acetate (&lfolk, 1961 bX 

and of nicotlnate (Appleby &t aj.. ,1973 a) are a l l protein 

dependent reactions but no heme linked ionizable group 

could be detected by the titration of ligand trem ferric 
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I*fc between pfi 7 and §.3 ( iUfo lk , 1962. b) • If proton 

binding occurs i t arast be at s i tes which Lave no offset 

on the heae environment in the absence of an exogenous 

ligand or electron. 

The simplest way to detect the presence of ferric 

leghaesiffglohln in nodule s l ices or extracts i s to ado; a 

largo excess up to 0.1 K of sodlm fluoride (Kubo, 1039| 

Kellln and Smith, 1947) which cause the displacement of 

other Uganda with foa&atlon of the diagnostic ferric 

LbF couple*. 

Appleby (1969 e) showed that leghaemoglobin when 

extracted from soybean nodules at pH 6.6 was nostly 

autoxldisable and appeared as a iarrlc bcnoehroae struc­

ture. Keilin and Wang (1945) were the f irs t to recognise 

the extremely high affinity of ferrous ieghaeaoglobln for 

oxygon and carbon monoxide. 

fho Kinetic Measurements were particularly 

important because they showed the high oxygon affinity 

of 1*1902 *° B® d u e t o a oombination of the fastest oxygen 

oa constant yet recorded for a h&snoglobln and a modera­

tely fast oxygen off constant (Wittenberg j $ i&*»2.9?2). 

These rapid rate constants scan that Lb02 i s ideally 

suited for the process of facilitated diffusion Ui t ten-

berg, 1970) which i s now proposed as the principal function 

of leghaemoglobin. 



Bergerson and Turner (1975) shewed the effects of 

purified oxyleghaenoglobin when added to suspensions of 

bacteroids, prepared anaerobically, leghaenoglobin allowed 

aaxinw rate of oxygen uptake to continue to a much lover 

sange of concentrations of free * <i ssolved 02 than in the 

absence of the protein* Shis effect w i diminished when 

the leghaeaeglebln concentration was less than about SO « ». 

Nitre g eras a activity at a given oxygen concentration was 

not increased by raising the laghaeaoglobln concentration 

was not increasod^by-ralalng the loghaesioglobin concentre^ 

Jt&on above about SO m. Bates of nltrogenase activity were 

invariably greater during periods when the dlsch&rge of 

oxygen from oxylegha as oglobin was occurring at the 8*X1BUS 

rate than when similar maximum or uptake rates were being 

supported by higher concentration of free dissolved oxygen. 

A new experimental system has been devised i n which 

the gas phase was eliminated. tUtrogenase activity of soy­

bean baeteroid suspension was Measured during experiments 

in \diieh oxygen concentration in solution was Measured 

electrically or by Monitoring spectrophotonetrlcally the 

degree of oxygenation of added leghaaeoglehln (Bergersen 

and Turner, 1974). Leghaemoglobln allowed high rates of 

oxygen consumption to continue to mueh lower concentrations 

of free dissolved oxygen than was possible in i t s absence. 

Mtrogenase activity was invariably greater at lo¥ concen­

trations of free oxygen when there was a rut discharge of 

file:///diieh
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oxygen from oxyhemoglobin than when similar rat as of 

oxygen cons tap tion were being supported by much higher 

concentrations of dissolved oxygen in the absence of the 

carrier. Ihe affacts wars relatively insensitive to 

leghaemeglobin concentration compared with results from 

shaken experiments with a gas phase present whan Myoglobin 

was substituted for leghuemoglobin nltrogenase activity 

was also atisralatad during net discharge of oxygon f res 

this carrier hut the efiect was not as great and i t 

occurrea at higher concentration of free dissolved oxygon. 

Mslik~3arklsyan ejt a^, , (1976) showod the h&eao-

protein leg haemoglobin possesses an exceptionally high 

affinity for oxygen. It is believed that this protein 

provides oxygon for the bactericide during the respira­

tion of which tha A'XP necessary for nitrogen fixation i s 

synthesised, Shay also shoved that ferric laghaemogiobin 

as wall a-s ferrous oxylaghaeBoglobin could stimulate 

baetefoid oxygon uptake ami nitrogenase activity. Th© 

bacteroids saoatats a reductase emyne which can raduce 

ferric leghaemoglobin to ferrous leghaemoglobin. K\DK 

or ftAiiPL sarva as electron donor for this reduction. 

aergersen and turner (1975) showed high affinity 

oxidase system which was oost. active when dissolved oxygen 

was between 0.01 and 0.1 microaoles and also affinity 

system active at concent rations g/ua oxygon and above 

ware shown to be present. She high affinity path way 
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produced tip to 5 tiaras greater bacWrold *Sij eoacsfctra-

t lcns than tha ether system l a the absence of leghueac-

gXoM -9, 

Since legh&aaoglobin content ami nitrogan fixing 

ab i l i t y of legune nodules are closely correlated i t i s 

not surprising th&t attempts have bean nade (Bauer, 1960) 

to discover whether th is haneproteln i s di rect ly concerned 

vlth nitrogen gas absorption, transport or act ivat ion in 

relat ion to the reduction process to ajnonla. She evidence 

obtained i s mostly unimpressive* Free tha masses of ther-

sjodymtelc data proviaed by Mortimer am Bauer (i960) t i t 

i s possible to calculate stoat under thei r expertaeAtal 

conditions about 100 atm. of nitrogan gas woulu have been 

necessary i'or 60 par cent foraatlon of a ferr ic uhl\2 cos-

pi ax and about 30*60 a t» . for SO par cent formation of 

farrous LhJig. i ^ t e r i n an attempt to rapoat tha isola t ion 

ef a leghaeaoglobln Kg ccuaplax reported by Appleby (19£9e) 

could obtain only a physical a ix turs of leshaexeglobln and 

cytochrome C, vhieh appara&tly ha a tha apectronic properties 

of~~the so called nitrogan complex, iiowever, living and 

loneseu (197*4 reviewed tha suggestion that leghaeaoglobin 

might ba an anci l lary nitrogan car r ie r . 

Coventry and Dilwxrih (1976) found out when 

bac ta rdd pretain synthesis was inhibi ted, leghaemoglobln 

and soluble plant protein syntshsls vara unaffected, ihla 

result i s consistent with leghaemogloBin being syntheslsed 



19 

on plant ribosomes rather than on baeterlo4ribosomes. 

She leghaemoglobln had an apparent half U f a of IS days 

whan tested with i n C0g and i s a stable protein in I 

fixing yellow lupin nodules. 

Swaraj and Oarg (1977) showed the heme containing 

pro tain of red nodules were absent in green non-functioning 

nodules* I t was concluded that greening i s accompanied by 

destruction of bene prophyrin ring as well as dcnaturAtion 

of the protein* Genetic diversity in the nusiber of pro­

teins constituting leghaeaioglebin was confirmed. 

Bergersen (1976) showed that haemoglobin of nodules 

was positively correlated with their volumes of bactereid 

containing central tissue* She haemoglobin content per 

unit nodule volume may, therefore, be considered as an 

index of the volume of active b&eteroid tissue i n nodules. 

Since in legumes the maximum heme content of nodule is 

attained shortly prior to host f looring time when nodules 

attain their peak activity in ri-fixation the heme contain 

per unit volume of nodules at this time may be used in 

comparing the relative potential of different legumes in 

symbiosis. 

Iyer (1976) stated that among the legumes he 

examined Bollehaa lablab which showed a higher heme con­

tent per unit module volume than other species and thus 9 

appears to have a greater potential in nodular activity. 
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Swaraj and Garg (1977) showed that total and heme 

protein content of laghaasoglooln were the highest in the 

red nodule and reduced with the onset of nodules seitesenea. 

In the fully seneseent green nodules the total proteins 

decreased to a vary low l eve l , while the heme proteins vere 

alnoat absent. 

Johnson £$ «£,. t(1978) reported that their proton 

•agnatic resonance study suggests that the extremely high 

oxygen affinity of laghaemoglobin i s due to a very mobile 

distal histldiae. 

2.6 lu.fictloja 

Ihe various proposals for leghaejsoglobin involve* 

sent in symbiotic nitrogen fixation hava included functions 

as an electron donor to nitroganase hound to plant call 

membranes (Bergersen, 1960} , as electron acceptor i n the 

transformation of »2 to HB̂ DH (Yirtanen and Laine, 1948) , 

or as nltrogemse Itsel f with ferrous L b N ^ as inter* 

scdiate species (Hansteln $& a^., 1967). 

Bergersen j i a j . . , (1973) showed that leghaemoglohln 

does not have a direct role in the H2 fixation system but 

say act by facilitating th«* diffusion of oxygen into the 

nodtile tissue under the low oxygen existing in the dense 

tissue. Bergersen and turner (1975) found * out the pre­

sence of leghaefioglooin allowed maximum rate of oxygen 

uptake to continue to a much lower range of e orient ration. 
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Difference* In acetylene reduction by different 

cultivars of soybean Inoculated with the suae strains of 

R.iaponlcua were demonstrated under three different seta 

of growth conditions indicating that rhlzobla did not have 

complete control of the nit rog ©rase ays tea of the plant 

(Davidson, 1973). He further reported that In experiments 

In which the four soybean cultivars were inoculated each 

with six rhlsobla strains, eultivar had a significant 

effect on nodule content of leghaemoglebin and hematin as 

well as nodule weight and nitrogen fixation. Qt—a nodules 

taken from soybeans, actively fixed nitrogen but at a lower 

rate than red nodules. 

Appleby gt a i . ,(1975) stated that when the Isolated 

rhiroU a l bactsroids from soybean root nodules were remixed 

with purified leghaemeglobin from the same nouules a specta­

cular increase occurred in the efficiency of nltregenmse 

activity relative to respiration rate, i t has been shown 

that an approximately linear relationships exists between 

AiP/iU)F ratio and nitiogemae activity. Xhey further showed 

that an oxyleghaemoglobla delivered oxygentensions, the 

efficiency of ft.jaaonicua soybean bacteroid, oxidative 

phosphorylation Is Increased. 

Wittenberg and Appleby (1976) found out that when 

oxyleghaemoglobln added to well stirred suspensions of 

baeterolds Isolated from soybean root nodules enhances the 

rate of oxygen consumption and acetylenereduction to 
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ethylene, a measure ox the ac t iv i ty of the ensyme 

complex nitrogenasa. 

In the absence of oxyleghaemoglobin suspensions 

of hactcrolds Maintained a substantial oxygen uptake 

which ie largely Ineffective in supporting nitrogenass 

ac t iv i ty , the addition of oxyleghaemoglobin brings about 

an ineresent of oxygen consumption and prossotas nitrogen-

ease a c t i v i t y which Increased roughly ten fold. She ra t io 

of the increase in oxygen consumption to the increase of 

acetylene reduction i s corresponding* So the resul t i s 

that in the abseiiCe of leghaefioglobiA the ineffective 

oxygen uptake maintains a very low oxygen pressure a t the 

bacterold surface. In the presence of leghaemoglobin i t 

appears that the operation of leghaemoglobin fac i l i ta ted 

oxygen diffusion increases nitrogemse ac t iv i ty . 

i'he mutual relationship among weight of nodules and 

legha«BOgiobln content, b&eterold nutaber* plant dry matter 

and to t a l plant nitrogen of s ix cult ivars of soybean was 

examined by Ja in and Riwarl (1975) a t two stages of growth. 

The correlat ion among a l l these factors were posit ive and 

mostly significant. Hash and Sehulaan (1978) showed as 

lower rate of increase or leghasmeglobln content, compared 

with that of nitrogemse ac t iv i ty which resul ts i n a 

progressive deelixe in the rat io of flowering. 

Xhe leghaemoglobin content represented 40 per cent 

of the to ta l soluble protein in the nodules. Kitrogenase 
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ac t iv i ty ma induced in free living rhl^obla in the 

absence of detectable leghaemoglebin. Ifcey further 

observed that th« soybean root nodules a t different ages 

in an a taesphere of earbon-sonoxide revealed no oxidase-

leghaeaoglobin. i t was concluded that the decline of 

nltrogenase ac t iv i ty in older root nodules could not be 

at t r ibuted to the accumulation of oxidized legha«coglobin. 

M®llK-3arklsyan (1976) confinaed that the oxyle* 

ghaemoglobln, exyayoglobint oxyhemoglobin stlsralats the 

nitrogen fixation rate and oxygen uptako of lupin 

bacteroids t unlike the results obtained with soybean 

b&eteroida, he further foum that the fe r r ic protein also 

stlnul^ted nitrogen f l m t i o c and oxygen uptake. 1'fcey 

considar this result duo to an enty&ic reductase system 

of lupin b a c t e r i d s following inhibit ion s tudies , the 

author concluded that bac tare ids do not contain a special 

oxidase vhlch reacts with oxyleghaeBK&glohln. 

Fuehsaan jgt ajt,, ,(1976) also showed that leghaemo-

globln components have a slngal biochemical role i n 

nitrogen fixation, 

Chanel and Bewari (1977) examined relationship 

between leghaemolglobln content and s t ra ins efficiency 

&n yiffga aureus. Bissellng g& a l . , (1978) shoved that the 

•immopitwi n i t r a t e decreased the amount of laghaexoglobin 

in the nodules and there v&s a quantitative correlation 



24 

between the legfaanaoglobln content and the nitrogen 

fixing capacity of the nodules. 

K^idryavtsava and Borodenko (1978) have shown that 

the leghaemoglebin of lupin which was salted out in the 

range of 65-90 per cent saturation by ammonium sulphate 

can be separated into components Lbl and Lbll by ion 

exchange chromatography on a&U ce l lu lose . 

Appleby and Bergersen (1980) carried out an 

experiment on the use of leghaomoglobln and topics 

covered are preparation and properties, spectrophotometry 

use of leghaenoglobin i n experiment with a gas phase and 

leghaenoglobin i n no gas phase experiment a nd showed 

effect of leghaenoglobin. 

Publication about the properties i n vivo locat ion , 

functions and i n v i tro use of leghaenoglobin are respira­

t ion and nitrogen*so ac t iv i ty i n fehl&obiun ^aponicum 

bacteroids i s described by Bergersen (1980). Uheda and 

Syono (1982) showed disc -ge l electrophoresis of the 

leghaenoglobin isolated from pea root nodules reveal eu 

2 ma,}or and 3 minor components. The ratio of the 2 major 

components decreased with increasing age and was higher 

in d i s ta l than in proximal regions of the nodules, i h e l r 

experimental result suggest that the legh&emoglobln 

components participate i n more ef fect ive nitrogen f ixat ion 

by controlling oxygen transport to bacteroids. 
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I t will be seen fro® above review that chemistry, 

loeal isat lon 9 i so la t ion , properties anil function of 

leghaeasoglobln in different leguminous crop was studied 

in India and abroad. However, the relationship between 

leghaemoglfrbin and nitrogen content in nodules of 

different cult lvars of gram was not yet studied in 

Maharashtra, therefore, the present investigations 

were undertaken in order to throw seme l i gh t on above 

points, aha resu l t s ohtalnea are reported in following 

chapters. 

T KSO 



 
 
 
 
 
 
 
 

 



MATERIAL AND METHODS 



3. J-UT3KI u,.> 4*1 HJ0HOi>S 

The present investigations wore undertaken during 

1981-82 i n the £»epartm«nt of Plant Pathology and Agricul­

tural Microbiology, Mahatma Phule Agricultural University, 

fiahuri. 

In Maharashtra, generally, gram i s grown on the 

medium to heavy s o i l s under receding moisture conditions 

1° J * P 1 season i . e . a f ter the harvest of kharlf crops. 

The optimum date of sowing i s mid of October but many 

t ines i f kharlf crop i s delayed sowing i s done even up to 

f i r s t fortnight of December, 

3.1 ,SWC« ft* seed, watf rjLâ , : 

She seeds of the gram cv. v j £ . , P0-2, PG-6, flkai, 

H-69 and ohafa were selected on the basis of phonotypic 

diversion and differences i n y i e l d , growth habit e tc . 

For the purity of such seed, which was maintained by the 

University pulse Brooder, was se lected. s«>«ds were s e l e c t -

ted true to type, bold and having high germination percen­

tage and l e s s of inert matter which were not damaged by 

pests and diseases and with f u l l maturity. Such seeds 

were obtained from the Pulse Brooder i n different container 

to avoid the mixture of two or core variet ies* 
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3.2 sssmsLS^,. J^^Am.SJftftMy ; 

4a the nitrogen Is essential for the plant growth 

and production, i t ia aasantial to supply i t art i f ic ial ly 

to the plant. An application of Bhizobiugi culture to tha 

laguee seed which fixes ataaospherlc nitrogen eysiblotieally 

in root nodules which ultimately used by a plant for i t s 

growth. For that purpoaa an effective strain of Bhigob^up 

which was freshly prepared having acre number of affactiva 

bacteria per gran of culture and stores in good condition 

in perforated polythlne bags. Such type of culture was 

prepared by tha Agricultural Bacteriologist* College of 

Agriculture, Pune-6. 30 far the purity and effectiveness 

of fthizobiuffi cultural i t was obtained from tha above 

source. 

3.3 gyper^ianta^,, datalJUf : 

The pot culture experiment was conducted in the 

glass-house at tha Central Campus, Rahuri in tha Depart­

ment of Plant pathology and Agricultural Microbiology. 

In the glass-house a l l tha environmental conditions were 

made favourable for the healthy plant growth, such as 

humidity, temperature, irrigation, alratlon, sunlight etc. 

3*4 gelactioq of pptft 5 

Pots selected were plastic ones having equal size 



28 

of a l l the pots of nine inches diameter and height 

about one foot, because nodules confined to ihe 0*16 em 

depth (Sheldrake and saxena). Ihey were perforated at 

bottoa to drain off the excess water. Ihese pots were 

washed with clean water and made free from dirt and 

ehemleal Materials adhere to then. 

HS the chick pea i s grown mostly on a medium to 

heavy black soi l for high production and hence the soi l 

was collected from such f ie lds . After removing holders 

and course particles i t was kept on clean floor, then 

vei l decomposed organic manure was added to the soi l 

and then soi l and organic manure were mixed well so as 

to get equal composition of soi l and organic manure to 

each pot. Pots were then f i l led in with the above soil 

mixtur# in an equal quantity in each pot. Pets were 

f i l l ed in such a way that small holders were placed f irst 

at th. bottom on the hole to avoid the s o i l loss and then 

s o n mixture was f i l l ed in up to the height of one inch 

below the top edge of pot. 

3.5 Preparation c€ »a f fjg i o r sowing i 

A slurry was prepared of Uhlsoblum culture by 

adding water. Seeds from the bags were then taken out 

of the required quantity and were mixed with slurry 

already prepared so as to ensure the continuous coating 

of Bhizobium culture on each seed. This was repeated 
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for other varieties, J&ch tima, the slurry was prepared 

freshly in order to avoid mortality of bacteria. Inocula­

ted seeds then dried on the elean floor in shade separately* 

3*6 Sowing * 

Sowing was done immediately after inoculation. 

Sight seeds were sown in each pot at an inch depth and 

well spaced. This was repeated for remaining treatments 

of varieties. Sight pots of each variety were prepared 

and sown as above. Pets were then kept separately froa 

each other and they were labelled isBBedlately to avoid the 

confusion. After labelling they were watered well so as 

to moisten the so i l , access water was drain^off through 

pours provided at the bottom of the pot. Tha gemination 

started after 4th day of sowing and i t was completed on 

7th day. 

Fifteen days after gemination thinning was done by 

removing 2 plants from each pot and allowing the healthy 

and vigorous 6 plants which were well spaced froa each 

other for observations. 

Main object of this investigation was to estimate 

the leghaeaoglobln content of nodules of graa plants. 

For these observations ralniaua weight of nodule required 

was 1 g so as to get that such weight of no mles f irst 
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observation was recorded on 40th day of sewing. Plants 

were f irs t ly removed carefully £ton pots by inverting i t 

i n water and after washing a l l so i l particle* and other 

sticking materials to th« toot system was removed. Modules 

were then separated by counting than as effective, i naff ac­

t ive , nodules on top roots and nodules en l&ttcral roots. 

After separation of nodules, they were collected in a small 

eutter paper bag labelled and kept in the not a ir oven at 

60*0 temperature for 48 hours for drying, 

Modules from other plants of same variety were 

removed and one gram nodule Material was weighed, this 

quantity was used for the estimation of leghceaoglobin 

each tine* 

By the saia procedure observations on nodule, i t s 

number, effectiveness, Ineffectiveness and i t s position 

were recorded for the other varieties e too. 

Plants, of which nodules were removed, were preser­

ved in a paper bag* labelled and kept in the hot a ir even 

for drying at 60°c temperature for 48 hours* 

After complete drying, dry matter of nodules was 

weighed and used for estimation of total nitrogen, this 

material was ground for fine powder, by grinding ma china, 

weighed as the total weight of the dry matter and 1 g of 

such dry matter was used for further study. In the process 

of grinding to avoid the contamination from dry matter of 
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other varieties after grinding one plant, the machine 

was Brushed Before grinding of another plant or variety. 

In this nay the dry matter was ground and 1 g sample 

of each variety was taken separately on a pap@r and used 

for nitrogen dist i l lat ion. 

3.7 (a) Observations on ^oshafpoglotfln contant ; 

Procedure : Modules from freshly uprooted plants 

vere removed and taken for an estimation. Bodules were 

washed by clean water to remove the dirt and uust parti­

cles sticking to the nodules. Modules were then kept on 

blotting pap*»r to remove the excess water, these fresh 

nodules were then weighed to exact 1 g on the chemical 

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 crushed with the sodium hypo-

sulphide to a fine paste. So k i s 4 ml fresh cold pyridine 

was added in which leghaeaoglobln gets dissolved. Shis 

paste was transferred to tho centrifugal tube which was 

previously washed and cleaned. Again 4 ml fresh cold 

pyridine were added to the mortar to wash the mortar and 

pestle and that washings were then transferred to the same 

centrifugal tube. Then, 2 ml pyridine were added to the 

eentrlfug&l tube to make the exact volume of total solution. 

She contents of th® tube were properly mixed In order to 
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dissolve a l l the log haemoglobin i n pyridine, then the 

centrifugal tube was pluged with p las t ic plug, th# tube 

was than kept, in the centrifugal machine. th i s procedure 

was repeated iox remaining variables ana label led properly. 

Iho centrifugal machine was run at 2000 rpm for 30 

ainntes . Shis much t lae I s suf f ic ient for se t t l ing the 

ccurs* part ic les anu suspend ad materials to get s e t t l ed 

at the bottom of the tube, tubes ware than taken out ami 

kept in the tube holders. 

She apsctronic-ao was adjusted to the wave length 

of SSQviar and blank reading was taken, She opoctronie-20 

reading tube was removed and washed by the clean water and 

then outer surface or i t was wlpped out uy the blotting 

paper. She clear reddish suspension from centrifugal tube 

was then transferred to the spectronic-20 reading tube 

up to the suff ic ient height, the tube was then placed i n 

i t s place and density of leghaesoglobln was recorded i n 

terms of transmission percentage. From th is transmission 

percentage an optical density was obtained which indicates 

i t s re lat ive density of the solution i . e . leghaesoglobln 

reading fro* a l l the 5 var ie t ies at 4 different stages were 

recorded i n the tabular foxa. 
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3.7 (b) Total No estimation frotn nodules and plants 

She nitrogen content In nodules and dry matter at 

4 stages of five varieties of gram was estimated by the 

microkjeldahl method of nitrogen dis t i l lat ion separately 

so as to a void the contamination. After getting readings 

by t i tration, nitrogen percentage was calculated by the 

following foimula -

Sample Blank Jtomality Yolumo made 
reading - reading * of HC1 l M l after diges- * 1 0 Q 

tion 

Aliquot digest taken x weight of sample x looo 
taken 

In this way the nitrogen percentage of respective 

variety at different stages was calculated. 

3.8 ^fatfrstlcajl anaJLyffj.8 ; 

After getting values of nitrogen and leghaemoglobin 

content, i t was necessary to correlate the date whether 

these two values correlate, for xhis, s tat i s t ica l method 

used was K&rlpearaon'a simple correlation coefficient. 

In this method *r' values were calculated as follows s 

r « £*y 

Jt*2 i.r 

it xy * a 

n _J L. " • n ' • I 
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After calculating t h i s •r* value i . e . correlat ion 

coefficient t es t of significance was calculated to see 

whether two data were significantly correlated or not 

and that was calculated as 

, r (n-2) 
L ca l 3 ^ 

Then *t ' table value was seen at § % level of 

significance and 3 degrees of freedom, when i t was less 

than »t» calculated value of the correlat ion then corre­

la t ion i s said to be significantly correlated and vtizn 

' t ' table value i s a ore than ' t ' calculated value then 

i t was said that data are not correlated with each other. 



 
 
 
 
 
 
 
 

 



EXPERIMENTAL RESULTS 



4. SXPSBIMSKiiL BS3ULX3 

Xha glass-house axparia ant to study the correlation 

batwaan leghaesoglobln and nitrogen content in l ive varie­

t ies of gram (£*cejr arletinum. L.) at different growth 

stages was conduct ad during rata, season of 1980-81. Obser­

vations regarding nodulation pattern, leghaemoglobin and 

nitrogen content of nodules anu plant at aifiere&t growth 

stages were recorded and are presented In this chapter. 

^ She f irs t observation for total number and colour 

of nodules of each variety was recorded on 40th day. A 

differentiation of nociules and other observations v i z . , 

nodule number and colour was subsequently recorded in a l l 

the varieties under study on 60th, 80th and 100th day of 

sowing. 

4.1 modulation pattern t 

In general, a l l the varieties under study showed 

different nmher of nodules at uifferent growth stages. 

The data presented in Sable 1 Indicate that the maximum 

nodules under the glass-house conditions was obtained in 

Fhule 0-5 variety. However, In the ease of this variety, 

a slight decrease in number of nodules was observed after 

60 days of sowing, while in ease of Phul© G-2 an increase 

in number of nodules was observed on 60th day after sowing 



Table 1 : Number of nodules/plant a t different growth stages of gxas 

sta-/ciaya 8ff- I n a f - k f f - I i i a f - £ f f - Inef- £**- I n a f . S f f - 2a«f-
go act- f f ec - Total eat - f ee t - l o t a l e c t - f ee t - i o t a l e c t - f e e t - Total act - feet f e t a l 

lva tiira * i*a ive i v e lva iva iTa ! ¥ • iva 

40 7.20 0.80 8.00 8.20 1.00 9.20 6.80 1.00 7.80 6.80 1.20 7.50 8.00 1.00 9.00 
(90) (90) (88) (84) (87) 

60 16.40 1.40 17.80 16.20 1.20 17.40 16.20 2.20 18.40 16.0 2.40 17.40 12.40 2.40 14.80 
(93$ (94) (90) (87) (84) 

80 16.80 2.40 18.20 13.20 2.80 16.00 12.00 4.00 16.00 13.60 2.90 16.40 9.00 3.60 12.60 
(87) (83) (76) (83) (72) 

100 5.20 4.20 9.40 7.40 4.40 11.80 6.60 6.40 13.00 4.20 3.60 7.80 3.00 4.60 7.60 

(56) (63) (51) (64) (40) 

^ S ^ f f i S r n i ? * — g g y M»S5*XTff 'T«r*" Tn "H* "̂ T " T S J S ^mmmlS'^S IS~um'mP^StT^j? " — — • — " — " ^ ?g^* " y * jgf^jg^gf"STITSTrrSET%S"ST"ifT"Tffnff JNII SS 'w '^i i f f tTTT '"Ti f f TiT ijtt fff - ^ T T * ^ ? * i iHB"!Tf f lP^^T?T?TIB3FuTTByiTT 8 8 3 ? STnfflfffTSBTtT Hff TSTTftTf!T 

• Mean of 5 plants. 
Figures i n a bracket are i n percentage. 
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and thereafter nodule number was a acre* sad. Similarly, 

In case of Phule 0-5 the maximum number oi nodules was 

observed on 60th day of sowing and thereafter i t was 

decreased. 

In 17*69 variety an increase i n nodulation up to 

60 days was observed and thereafter nodule number was 

decreased, the variety chaffs showed an increased nodules 

evon a f ter 60 days from sowing but a peak point was i n 

between 40 to 60 days* 

4 . 2 Update, aiXecUx?i^J * 

Observations recorded in respect of number of pink, 

and black nodules are given in 1'ablt* 1 indicate that the 

cumber of black noaules was increased iron 60th day i n a l l 

the var ie t ies but an Increase in black nodules was sore at 

80 and 100 days, whereas lo s s number of black noaules wore 

observed at 40 days of sowing* She highest number of to ta l 

nodules was recorded a t the second observation i . e . at 60th 

day of sowing except In PG-5 i n which the hlghost nodules 

wore noted on 80th day of the sowing of which the black 

nodules were maximum. She highest number of nodules was 

observed i n K-31, PG-2, PG-5 and K-59 but ehaffa variety 

produced l e s s number of nodules as compared to other 

var ie t i es at the second stage. 
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The peak period ©f pink nodules was observed at 60 

days of sowing except in chaff a in which pink nodule 

percentage decreased eventhough, miaber of nodules 

increased from 9.60 to 14.80 in numbers. 

At the third stage of an observation, i t was found 

that the par cant pink and total number of nodules were 

decreased In a l l the varieties except PQ-2, in which 

nodulaa vara increased in number froa 17.80 to 18.20 per 

plant, hut red pigmented nodule percentage was decreased 

froa 93 to 87. 

At this stage a decrease in pink or total nodules 

was not mora in varieties v i s . . PG-2, i-G-5, N-3Q. and H-69 

but i t was more in chaffa eventhough total number of 

nodulaa was not fluctuating much. 

At the fourth stage of observation i . e . a t 100 days 

of sowing i t was found that tha total number of nodules in 

a l l the five varieties were decreased tremendously and pink 

nodule percentage was also decreased considerably with 

increased number of black nodulas. while decrease in pink 

nodule percentage was found to be tha sa ximum l a chaff* 

variety as compared to other varieties. The total nodulaa 

ware also laast in tha sane variety, i t was further obser­

ved that total number of nodules were mora in ft-31 followed 

by PO-6, PQ-2 and H-59 whereas the per eant of pink nooulas 

was mora in PG-5 followed by pu-2, H-59 and H-31. in general, 



• «--« i • •••Muj.u'iiCiH , n crsrn 40 davs a f i c ; 

Hlate 2 J NuHula t lon In crem 60 days a f t o r n o u i n q . 
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P l a t s 3 : N o r i u l a t i i ^ ir>. — am SG ri,,y- a f t e r R o w i n g 

i - I s t c 4 : ( i a d u i a t i u n i n gra-n l oo cays cvfinr s o u i n c , 
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i t was revealed from Table 1 tint total number of nodules 

wore the maximum on 60tb day froa sowing in PG-5, J»-3L, 

S-69 and chaffa varieties except pG-2 variety in which 

aaxlaua nodules were found 80th day of sowing. 

An increase in total master of nodules iron 40 to 60 

days was two-fold in a l l varieties except chaffa. After 60 

days t total nodules were decreased except in PG-2 and i t 

was continued during 80 to 100 days in a l l the varieties. 

In PG-2 variety the maximum nodules were on 80th day which 

was slightly Ineroasod fron£Q to 80 days and decreased 

thereafter. 

She pmt cent pink or affective nodules increased from 

40 to 60 days after sowing in a l l varieties except In 

chaffa. So the poak point of nodule activity was noted 

around 60 days in PG-2, HG-6, i«-31, and K-fi8 and in ease 
o f chaffa, i t was between 40 and 60 days. 

After 60 days, pins, nodule percentage sas found to 

be decreased slowly during flowering and pod f i l l ing stages. 

I t was also found that the decreaso in percentage froa 80 

to 100 days was more than 60 to 80 days In a l l the varieties. 

Besides| i t was found that in aH the varieties at Init ia l 

stage i . e . at 40 days of sowing black or Ineffective nodules 

were loss In number but th# nuaher was Increased thereafter. 

In that also an increase was slower frost 40 to 60 days but 

It was aore after 60 days in a l l varieties and was found 

to be highest In between 80 to 100 days after sowing. 
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4.3 ifqfi^apiPlftotto »¥ , JPUfOfiffl eonftonfr, t 

lbs results regarding the leghasaoglobln content 

and nitrogan content In the nouulea at different stages 

of various gram varieties are presented in Sable 2. 

Results reveal that the leghasglobln content increased 

with the ago of a plant and i t was continue a up to the 

flowering stage. 

Similarly, nitrogen percentage in nodules was found 

to be increased with the age of a plant up to 60 days 

i . e . up to the aaxiausi flowering stags. 

18 the variety pa-2, the leghaemoglobin content at 

40 days i . e . at f irs t observation stage was 0.17 G.U. and 

thereafter i t was increased up to 0.31 L.i». at the age of 

60 days i . e . at the second stage of observation. Therefore, 

the maxiauiB leghaeaoglobin content was found between 40 to 

60 days and thereafter i t was decreased up to 0,2D o.U. at 

80 days and 0.11 O.D. at 100 days observations i . e . at 3rd 

and 4th stage of observations. 

I t was further observed frost the Sable 2 that 

nitrogen percentage in a nodule goes on increasing with 

the ago of a plant iron 1.68 to 2«10%M*» at 40 days and 

60 days, respectively. In general, i t was revealed that 

the Bjaxiauai altrcgsn content was at flowering stage 

(60 days) and thereafter i t was ueclined. From results of 

Phule Q»2 variety i t was found thai, with an increase in 



labia 2 : Laghaeaoglobin and nitrogen content (par cant) of nodules at uliferent growth 
stages In soma varieties of gram (optical density per gnus) 

3ta 
'ar^eties 

Stage/days Lb 
Pbula ftr2 

M 
rWi t o-g 

LB N 
N-ai 

Lb 8 
Jfcg. 

Lb 8 
• J B B S M A A M W I 

Lb 8 

40 0.17 1.68 0 .23 1.96 

60 0.31 2.1© 0.36 2.80 

80 0.20 1.82 0.27 2.20 

100 0.11 1.30 0 .14 1.50 

0.17 1.96 0.16 1.54 

0.28 2.66 0.29 2.38 

0.26 2.38 0.26 2.10 

0.11 1.90 0.18 1.6$ 

0.16 1.68 

0.21 2.66 

0.19 2.00 

0.13 1.48 

r~ value 0.96 

• calculated 4.83 

*t* table 
value 2.92 

0.99 

9.96 

2.92 

0.97 

5.60 

4S« 9 b 

0.95 

4.32 

0.94 

3.79 

2.92 

3 3 3 S 3 S 5 a s : : : : : : s : 3 S 5 s : : : : s : 2 : : : 2 : 3 : ^ : : 3 S S 3 : i : : 5 3 : 3 : 3 S ^ B 3 a 8 M : 3 3 3 S z s s = ; : 3 s t f t f ! s s 3 a 3 S M : 

Lb = Ltjghaemoglobin (optical denslty/g). 

H = Nitrogen I 

> 
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leghaenoglobin In nodules nitrogen content, vas also 

increased up to the age of 60 days ana thereafter the 

leghaenoglobin as vei l as nitrogen content was decreased, 

hence, these two factors are interdependent and correlation 

was found to be significant at five per cent level of 

significance. 

In variety phule 0-6 leghaenoglobin 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 CD. at 40 and €0 days and 

nitrogen from 1.06 to 2.80 per cent. Thereafter the 

leghaenoglobin content was decreased from 0.36 to 0,27 CD. 

and 0.14 at 80 and 100 days, respectively and nitrogen 

content was also decreased from 2.8 to 2.2 and 1.3 per cent 

at 80 and 100 days, respectively. She s*xlnu& leghaeao-

globln and nitrogen content in this variety was found to be 

at 60 days i . e . at aaxlsmm flowering stage, of which 

leghaenoglobin was found to be very active in fixing 

ataespherie nitrogen to the aaxlsran extent in nodules, 

thereafter the leghaenoglobin as well as nitrogen content 

was slowly decreased with the age of a plant. 

Fron the results of N-31 variety, i t was found that 

at the f irst observation stage the leghaenoglobin content 

was 0.17 CD, and thereafter i t was increased up to 60 days 

(0.22 CD. ) . By the sane way nitrogen content was also 



F i g . 1 : Leghaaraio9l«bin, Hitrogen and Dry mat ter c o n t e n t of gram Cv. PG-2 as in f luenced by days, 



F i g . 2 : Leghaemoglobin, Ni t rogen and Dry m a t t e r c o n t e n t of gram Cv. 
PG-5 as i n f l u e n c e d by d a y s . 



Fig.3 : Leghaeraoglobin, Nitrogen and. Dry matter content of gram Cv, 
M-31 as influenced by days. 



Fig.4 : Leghaemoglobin, Nitrogen and Dry matter content of gram Cv, 
N-59 as influenced by days. 



F i g . 5 : Leghaemoglobin, Ni t rogen and Dry m a t t e r c o n t e n t of gram Cv. 
Chaffa as i n f l u e n c e d by d a y s . 
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found to be increased fyoa 1.96 to 2.66 par cent at 60 

days or maxisjua flows ring stage. The leghaenoglobin as 

wall as nitrogen content was decreased from 0.26 to 0.11 

and 2,38 to 1.90 0..a,,respectively at 60 days and 100 days 

stage of observations. However, i t was further noted that 

the leghaeaeglobla and nitrogen content during 60 to 80 

days i . e . at the second and third observation stage a 

decrease was very sl ight. Xhis was attributed towards the 

naxinum flowering occurs during this period and also pod 

formation and pod f i l l ing takes place. I he correlation 

between these two lagradiants at four stages was worked 

out and found to be highly eig nil leant at five per cent 

level of significance in the variety. 

the correlation between leghaeaoglobln ana nitrogen 

content in nodules of gran variety 24-6© at four different 

growth stages was found to be significant at five par cent 

level of significance, in which laghaastoglobin and nitrogen 

content a t 4D, 609 80 and 100 days was 0.16, 0.29, 0.86 

and 0.12 and 1.64, 2.38, 2.10 and 1.60 per cent, respectively 

which indicates that the leghaenoglobin increased with an 

increase in age of a plant and i t was aaxlaua at 60 days 

I .e . at the second stage of observations at which maximum 

flowering took pl&ce and thereafter i t was decreased. 

Similar results ware obtained with the cvs. Jt*3L, PG-6 and 

PG-2. 
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However, results with chaff a variety indicated that 

It boing a short duration variety content of leghaenoglobln 

sad nitrogen was less as eoapared to other varieties at 

f i rs t observation (40 days) stage. Both of these lngiadients 

increased up to 0 . 4 c.w. ot leghaejaoglebln and 2*66 per cent 

of nitrogen at 60 days which was found to bo the maximum 

and thereafter both the ingredients were decreased. She 

correlation between leghaeaioglobin and nitrogen content at 

four growth stages i . e . 40, 60, 80 and 100 days of a l l five 

graa varieties was found to be significant a t five per cent 

level of significance. 

In general, It was found that the leg haemoglobin was 

highly correlated with nitrogen content at various growth 

stages of gmm varieties, with ax. increase in the leg hae­

moglobin in a U the five varieties from 40 to 60 days 

nitrogen percentage was also found to be increased corres­

pondingly. She highest amount of leghaeaoglobln was found 

to be present i n the variety pG-6 followed by PO-2, S-31, 

8*59 and chaffa at 60 days observation i . e . at the maxiaua 

flowering stage. Similarly, nitrogen percentage was found 

to be highest in the saae variety at the saae growft stage. 

4 decrease in leghaemoglcbin and nitrogen content started 

free 60 days in a l l varieties but i t was less in long 

duration varieties i . e . PO-2, PO-8, N-3L and H-59 and more 

in short duration variety l ike chaffa in 60 to 80 days 

period of growth but thereafter a considerable reduction 
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l a the leghaaaoglobln and nitrogen content was found in 

a l l the varieties. 

Frost the results presented in fable 2 , i t was found 

that a significant correlation of legnaeaoglobln and 

nitrogen content was the highest in variety phule G-5 

followed by N-31, PG-2, S-S» and chaffa at a l l the four 

stages of observations. 

From Table l and fable 2 , i t was further revealed 

that more the percentage of effective nodules more was 

tha legheemoglobin and nitrogen content in nodules of a n 

the varieties* 4s the black noauU percentage increased 

from 60 days age of plants, the ieghaeaoglobin as wall as 

nitrogen content decreased because of the pink or effective 

nodule percentage was found to he decreased froa 60 days 

onwards and i t was found to be very low at 100 days obser­

vation at this stage wry low percentage of pink nodules 

was noticed. 

The results recorded in Table 3 regarding dry matter 

weight and nitrogen content of gram at the different growth 

stages were found to be increasing froa the f irst stage of 

observation to the second stage of observation i . e . at 6U 

days of gran. The dry patter weight of a l l varieties at 

a l l stages of growth was increasing but an increase in 
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dry weight fro» the f irst stage to the second stage vas 

two*fold or at very fast rate but thereafter an increase 

vas very low In a l l the varieties, 

She highest ary satter weight was i'ouna to be at the 

4th stage of observation i . e . a t 100 days after sowing in 

the variety PG~* (2,16 g/piant) followed by £i«31, PG-2, 

8-69 and ejmffa. 

She total nitrogen In dry natter was increased f roxn 

the f irst stage to second stage in a l l the varieties i . e . 

at 60 days observation. However, the increase was rather 

low and thereafter i t was decreased. She low per cent 

nitrogen was found at the la s t stage of observation i . e . 

100 days age of plants. She maximum percentage of nitrogen 

was present in the variety PG-6 at 60 days age (1.40 per 

cent) followed by H-3L, P0-2, i,-69 and chaffa. 

She results regarding dry matter weight and nitrogen 

coiitent are presented in Sable 3 which reveal that the 

nitrogen content in plants was maximum in a l l varieties at 

60 days. She rate of dry Batter increase was also found 

to be maxiatsn up to 60 days of a plant in a l l the varieties 

and thereafter i t was decreased. 

«<6 froftfoos^o.bifl, ana, PU mtS&X « 

She results in respect of the leghaesoglobln eontent 

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



labia 4 t Leghaaaoglobln content of noaules and <iry natter of graa i n 
different variotioa. 

stago/eays LB Si L b m L b 5 * t L b IS Lb 5M 
OD/g (g) OJ/g (g) Ol^g (g) Oii/g (g) CU/g ((> 

4D 0.17* 0.38* 0 .23 0.37 0.17 0.40 0.16 0 .42 0.16 0.36 

60 0.31 0.80 0.36 0.96 0.28 0.97 0.29 0 .73 0.21 0.81 

80 0.20 1.60 0.27 1.88 0.26 1.75 0.36 1.33 0.19 1.66 

100 0.11 1.95 0.14 2.15 0.11 2.10 0.12 1.75 0.12 1.66 

Lb * L«gha«woglobin; OD * Optical donslt? 

* = Moan of f lvo plants . 

0) 



5'7 

presented in labia 4 which indicate that tha rata of 

increase of dry natter at an in i t ia l stage was rather 

higher than at a lattar stage. An increase of dry matter 

from 40 to 60 days was two-fold because of tha highest 

aetiveness of legbaenoglobin which fixes more anougfc of 

nitrogen and enhanced the growth of tha plant and produced 

•ore of vegetative growth. 

ifter 60 days observation tha pod formation started, 

an energy stored in tha plant body gets declined as well 

as leghaenoglobln was also declined and ultimately 

nitrogen fixation was affected as wall as dry matter pro­

duction also gets reduced considerably* She rate of vege­

tative production at the f irst to second stage was increas­

ed at faster rate than the second to third and third to 

fourth stage. She aajdnun dry natter production was 

observed in the variety Phule G-6 (2.16 g) because of the 

presence of more aaount of leghaonoglobln in nodules of 

the variety in i t s whole growth period followed by K-3L 

(2.10 g) , PO-2 (1.95 g) , fi-59 (1.75) and ehaffa (.1.66 g) . 

Although, the legbaenoglobin content was nore in 

PG-2 at the second stage than J-.-31 but the total leghaeao­

globin in the overall growth period was less than 8-31 

and hence, the production of dry natter was nore in N-31 

than in PO-2 and aane case was found in the variety N-59. 

An Increased nitrogen content in the noaules of 

gran variety *as found to be increased fron 40th day of 
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sowing to maximum Hovering stag*, thus, the aaxicua 

nitrogen content in nodules was observed at the flowering 

stage and decreased thereafter, This decrease in nitrogen 

content of nodules at the advance stages of a plant was 

attributed towards their uti l isat ion for protein synthesis 

in the seed. 



 
 
 
 
 
 
 
 

 



DISCUSSION 



5, tixscus&oi 

6.1 1'he present investigation was undertaken to study 

th« following objects t 

(1) A study on the nodule t ion pattern, effective 

and ineffectiveness of the nodules in soae 

promising varieties of chickpea. 

( i i ) A study on the comparative leghaeaoglobln 

and nitrogen content at different growth 

stages of the crop. 

( i l l ) 4 study on the effects of the leghaenoglobin 

content on nitrogen fixation in nodules at 

different growth stages, 

(iv) A study on the relationship of leghaeaoglobln 

and the total dry matter of plants. 

(v) A study on the leghaemoglobin content and i t s 

effect on the nitrogen content in a plant body. 

5.2 »odu3,atlon : 

The results obtained regarding the nuaber of pink 

and black nodules (Sable 1) reveal that a larger percen­

tage of white9 pink and black nodules was observed at 40 

days after sowing, 60 days or at the flowering stage and 

Maturity stage, respectively, in general, the maximum 
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number of nodules wer« observed at the flowering stag* 

( i . e . at 60 days of sowing) ana decreased as the plant 

•god, in early stages of the growth, an assimilation 

Uk«a plaeo with very less amount of dissimilation. 

However, after flowering stage whatever nutrients absorbed 

and synthesised by a plant, were uti l ised for the pod for-

nation* Similarly, whatever nutrients available in no4iO.es, 

get diverted towards the pod foxmatlon. Xherefore, nodules 

get disintegrated as a plant goes to maturity ana then they 

become black and nonfunctional• ihese results are in 

xtt eonSonsity with the results of Bhag ml and Tadav (1972) ; 

sahu (1974 I Pawar and Khuspe (1976) j Singh (1987) and 

Pa t i l (1978) who also reported that in general, the total 

number of nodules increased even up to post flowering 

stage (pod formation stage) but decreased as the plant 

natures* In the present investigation, the maximum number 

of pink nodules (94 per cent) were observed in the variety 

PG-6 folbwed by R-31, PO-2, H-59 and chaffa. Similar 

results were also reported by pa t i l (1978) and Ohag (1981) • 

It has been veil established by Kubo (1939) * 

Virtanen ,g$ al.(1947) ana number of other workers that 

functional root nodules contained a red pigment of 

haemoglobin nature named 1 eghaenoglobin. with the aging 

of the nodules the leghaemoglobln gets irriversible eon* 

verted to the black non-functional fores in a l l the 

varleJ.es under study. These results BV% in cenfentity 

http://no4iO.es
http://varleJ.es
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of Swaraj and Garg (1977) , who stated that in cowpe*, 

the presence of laghaatnoglobln was more at the flowering 

stage which gave red colour to the nodules. After flower­

ing i t was converted to a nonfunctional form i . e . black 

fonu Therefore, the ineffective nodule percentage at 

later age gats increased. 

6.3 ^haemoglobin and ffjltrogen content i 

The results regarding the presence of leghaeaio-

globin and nitrogen content in nodules presented in Table 

3 show that at the in i t ia l stage i . e . at the 40 days 

observation sta e, the presence of lftgh&emoglofeln was l e s s . 

Shis was attributed towards the loss number of pink nodules 

and BO re nuaber of white nodules which resulted into less 

nitrogen fixation, 

At 60 day observation i . e . at the maxisma flowering 

stage, pink nodules wore more in number and the content 

of leg haemoglobin was also increased in a l l varieties. 

Besides, the nitrogen percentage was also increased during 

this stage, 

When pod fonsatlon starts the leghsjenogloeln content 

gets decreased, results into the reduction in the nitrogen 

fixation, these results confirm the Hidings of experiments 

of higau d and Puppo (1977), They reported that leghaesso-

globin enhances the nitrogen fixation in soybean. They 

further stated that nitrogen fixation decreased with the 
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decrease in leghaemoglobin consent in pea. similarly, 

Swawg and Garg (1977) reported that a high amount of 

leghaemoglobin and nitrogen was p res ant in nodules at 

flowering and decreased with maturity in cowpea. Davidson 

(1973)} M€lik sarkisyan j t a£.(i9?6) started that nitrogen 

fixation i s stimulated dua to the presence of leghaemo­

globin in lupin, «ain and Bewari (1976) also showed rela­

tionship between weight of nodules, their leghaemoglobin 

content a «l nitrogen content of soybean. 

As the leghaemoglobin i s a main factor for the 

nitrogen fixation, at flowering stage, i t increased to 

i t* maximum since at this sta^e the saxiMtai leghaemo­

globin was present. I t was also found that at this stage 

the maximum per cent of pink nodules in a l l the varieties 

was noticed after which nodules get disintegrated. As the 

carbohydrates content i s reduced, the leghaemoglobin 

gets irriverslblo converted into black non-functional 

form which resulted into the reduction of nitrogen too. 

Ihe leghaemoglobin and nitrogen content of nodules 

was highly correlated in the variety PG-5. This variety 

also showed the maximum amount of leghaemoglobin at the 

flowering stage as compared to other cultlvars. This was 

attributed towards the presence of high amount of nitrogen 

besides, this variety formed the maximum number of pink 

nodules at this stage. More or less similar results were 

recorded in remaining varieties. 
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Ihe results regarding ury natter weight and 

nitrogen content (Tabla 3) show that too nitrogen content 

of al l the varieties was naxinun at 60 days of crop aga 

(flowering stage). so also the dry matter increase was 

found to ha najdnun. These results are in conformity of 

those reports* by Bhlde ejt â « (1961) who established a 

correlation between the dry natter valgbt or plants and 

their nitrogen content, pa t i l (1979) studied effects of 

eosaaareial flhjfrntflinj inoeulants under different levels 

of nitrogen on nitrogen content of shoot and root dry 

natter of plants at various growth stages and found out a 

higher percentage of nitrogen i n dry natter at naxinun 

flowering stage, loneseu (1958) j Fedrov and Mate (1961) § 

pa t i l (1978) and Ohag (I9d) who observed that the nigrogan 

content of a plant was naxlnuB at the flowering stage as 

compared to othor stages of the growth in Vetch, pea and 

gran, respectively. 

After the naxinun flowering stage, the pod fo mat ion 

starts and nitrogen in a plant body started a ccnsmlating 

in pods instead of vegetative production. Hence, the 

nitrogen in a plant body declines to a very lev levels 

at this stage. The variety po-6 produced a naxinun dry 

natter followed by fl-31, FG-2,., H-59 and chaffa. Similar 

results ware reported by Deshnukh (1980)| Patll (19&»} 

Pa t i l (1978) and Ohag (1981). 
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the nitrogan Is «®ant for the growth and production 

of a plant. At tha init ial stags or early stage, nitrogen 

la uti l ised for the vegetative growth of a plant and gets 

saturated in a plant body l t sa l f . At a later stage I t i s 

uti l ised for the pod formation and gets concentrated In 

pods only, so also due to »ora vegetative growth at the 

in i t ia l stag* carbohydrates synthesis was more. These 

carbohydrates were util ised by the bacteria which wore 

present in nodules. Because of getting carbohydrate as a 

source of food in aaple quantity, bacteria f ix ataospherlo 

nitrogen in higher quantities which create balance in 

nutrient status of a plant for i t s satisfactory growth 

and production. Hence, the rate of dry natter production 

increased up to the flowering stage after which the 

nitrogen Is used for pod fostation and irrlverslble change 

of leghaenoglohln in nodules create iabalance of nutrients 

In a plant body and decrease the rate of dry natter 

production proportionately. 

6 - 6 P**rp*;«* ttt^lsatfron t 

She increased nitrogen content in the nodules of 

graa, was found to be increased from 40th day of sowing 

to the maximum flowering stage. Thus, the saxlsnai 

nitrogen content in nodules was observed at the flower­

ing stage and decreased thereafter. Shis decrease in 

nitrogen content of nodules at the advanced stages of a 
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plant was a t tr ibute towards choir ut i l isat ion for 

protein synthesis in the seed. Shese results are, 

therefore) in agreement with those reported by Xonescu 

(1978) { Federou and Hlste (1961) ; Lin-a (1963); Uari 

Sbankar and Kushwaha (1971); Sahu U973) $ pa t i l and 

Monlz (1974) j Kabish ishag (1974); Singh and saxena 

(1978) and Patil (1978) who also observed a differential 

response in different varieties of the c 9 s they studied. 

A close relationship between the toxtal number of 

nodules ana nitrogen content of plant at 4C days, flower* 

ing stage, pod formation and maturity sta^e of the plant 

was observed. In other words, higher the number of nodules 

more was the nitrogen content of the plant at a respective 

stage. \ The variety PG-6 formed nodules of bigger size 

and pink colour as compared to other varieties in the 

present investigation. These results are, therefore, In 

conformity of those reported by Virtanen ejj a^. (1947); 

Ionescu (1958) ; Lint a (19C3); sahu (1973 and Khurana ^ , 

(1978) who also reported a close and positive correlation 

between the total number of nodules and nitrogen content 

of a plant. I t i s further stated that the maximum nodules 

and nitrogen content were noticed in the variety PO-5 at 

60 day i . e . at the maximum flowering stage, whereas i t was 

least in the variety chaff a.. 



 
 
 
 
 
 
 
 

 



SUMMARY 



©, SUMMAfiY 

the present invest igation was undertaken to study 

the nodulation pattern, leghaemoglobin and nitrogen content 

and i t s correlation with the ago of a plant i n sone promising 

var ie t ies of gram. 

^ Besults reveal that more number of nodules vara noticed 

i n FQS variety at the 60 day growth staga follow ad by £-31 , 

P0-2, N-59 and ehaffa. At the i n i t i a l staga of the growth 

ef fect ive nodules vara mora as compureu to inef fect ive 

nodules. The aaxlaiai par cant or e f f e c t i v e nouules was 

found in a variety PG-o at the flowering staga, followea by 

K-31, pQ-2% M*©9 ana ehaffa. In the variety PG-6, a nodule 

size was also big as compared to other varieties at the 

flowering stage. at the in i t i a l stage, black nodules were 

lass in a l l varieties but i t was increased as a plant 

reaches to Its aaturity. I t was further noted that the 

total dry weight of nodules par plant was also more in the 

variety PG-6 than other varieties at the flowering staga. 

After the flowering staga a aaturity of grain starts and 

due to diversion of nutrients, nodules gat disintegrated. 

Hence, a sjajdaun nodula weight was found at the flowering 

staga In the variety PG-6. 

As the presence of leghaeaoglobln at the in i t ia l 

staga was lass the nitrogen fixation waa also leas in a l l 

the varieties, At the flowering staga the leg haemoglobin 
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in a nodule was mora and hence the nitrogen fixation 

was also wore. At the maturity stage due to the irrever­

sible change of the leghaemoglobln i t s percentage was 

reduced and nitrogen fixation was also reduced at a very 

low level* In general, I t was found that there la a 

d o s e correlation between the leghaemoglobln content i n 

nodules and nitrogen fixation by bacteria at a l l stages 

of the crop growth in a l l varieties of gran. 

From the in i t ia l stage up to the flowering stage. 

the leghaenoglobin was increasing and i t was in an active 

form due to which vegetative growth rate was higher than 

later stages* Due to acre vegetative growth carbohydrate 

formation (synthesis) aas more which creates balance in 

the nutritional ratio ;*t in a plant body for growth* 

As leghaeaoglobln content was more at the flowering 

stage the nitrogen fixation was also sore of which very 

l i t t l e amount of nitrogen was uti l ised for the ro*th 

of a plant* Therefore, sore amount of nitrogen was 

present in a plant body before fruiting* After flowering 

a pod formation starts and nitrogen in a plant body gets 

accumulated in pods* 
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