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Dhaptersl
INTRODUCTION
The chickpea (Cicer arretin um L.} belongs
o family leguminocese originated from south-west Asia is an
important pulse crop grown in India.lt is cultivated in
countries belonging to tropical and sub-tropicel olimatic
regions.In india it is cultivated on large scale in Fuaniab,

Harivana, Utter Fradesh, Bihsvr, Madhva Fradesh, Rajssithan,

It is mostly cultivated in rabi sesaon, as it is
favoured by cool climate and morning daw . In Maharashtra it
is o grown as rabl pulse orop in bBlack soils covering 433.6
thousand hactares area and total production 205.9 thousand

tonnes with an average of 473 Hg. ( Annonymous, 19935).

Chickpea is good souwrce of protein containing
about nineteen pee cent protein in grains on dry weight
basis. It provides guite a large number of aminog aclids,
mallic acid and oxalic acid which are highly useful for
intestinal disordes . It is known to supply 358 calories
energy from 1808 gram of kernals which is more than  any

tegume crop except Lupin and OGroundnut diokhande, 1982 ).

Legumss have plaved a prominant role in increas-

ing soil nitrogen level,there by boosting agricultural pro-



guction. This is obviously dusg to their ability to i at-

mosphiric gaseous nitrogen in a symbiotic assoclation with

rhizobia. This is particularly more important since the
of Ffertilizer nitrogen has increased several fold so also
most of ferbilizer nitrogen drain off or leach from soil
after application there by increases the cost of production.
Bow @ deavs bthers is trend Lo avolid chemicals those may be
fertillizer or pesticides so as to avoild pollution. Chemical
fartilizers also affects adversely soil natural condition

and microflora im it

The another important limiting factor in chemi-
cal nitorgen fertilizers is that thsy are imported which re-
guiire foreign exchange. Biological nitrogen +ixation there
fore,has greater relevance. Thus, use of more and more
biotertillizers can reduace the stress on import and therese by

save the forelign exchanges.

India is the world’'s largest producsr of
chickpea with 65 per cent of world' s production . However,in
India and also in Maharashtra per hacteare production is

quite low . The low productivity is due to various reasons,

anong which less efficient population of mative rhizobia is
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one of  fthe dmportant fectors. The rhizobia nodalating

chickpea are highly specific in intectivity and
affinity with any of members of Ernown oross inoculation
groups  (Gawr and Sen, 1979 . This situwation suggests the
reed of inoculation and establishment of sfficilent strains

of fRhizobium irnfecting chickpea. S5uch shrains must be able

Eal

o conpste  local

i

Lo produce effective nodoles and able

rihvicobia.

|
|

i :
Feeping in view these needs various

|
i

Rhizabiunm isolates are ysed in presesnht investigation with

P

Fillowing obiectives on &hickp@& varisty BDN—9 -3

Ly To isolate local Rhifwbium isolate from chickpea.
20 Nodulation on host

Y Fresh and dry weight of nodule.
1
4 Fresh and dry weight, of plant.

Y Root and shoot length of plant.

i

&3 Nitrogen content of blantu
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REVIEW OF LITERATURE
2.1 General.

The symbiotic relationship of Rhi-
robium in chickpea was reported inm past by many workers.
Raju (1924) showed that Rhizebium infecting chickpea is
fighly specitic in their nodolating ability and nodulate
crly chickpes crop . However, Gaur and Sen (1979 reported
thalt some strains of ohickpea rhlzobia couwld nodulate Sesba-

shania 5e5bhan.

nia Hipinosa anc D

Boonkard  and WéeMer (198E) reported
reduction  din native population o1 cowpea rhizobla aftsre
Flooding. Rupsla, et. al. (1%87) also rveported that the
rhizobial population reduces to the extent of 180 folds,
whan fislds werse Fflooded with websr. This suggested & ne-
cessity of artificial irnoculation of rhizobis in ochickpesa

e grown atter flooding. Rupsla and Saxena (1987)  have

i

) . ‘
shownt that population below 10 per gram of soil do not
cause nodulation in chickpesa. Response to the artificial

inoocuwlations were evident in the fields with such low level

of native rhizabisl population.,

The inoculation of KRhizeobium with ssead

Rave given squal vield with halt of the recommanded dose of

&



fertillizer with that of full Ffertillizer dose without Kbi-

robiun inoculation (Shinde e, al. 1985).

2.2 Isolation of native Rhizobium.

Rhizebium are usualy idsolated by using
simple isolation techrnique. The surface sterlized nodules
are washed with sterile water and crushed in water blank.

The bhacterial suspension o obtainesc

is diluted serially and
wmed  for plating. Bacterial suspension is streaked on so-
lidified medium in petriplete. Yeast extract manitol agar
mediunm was found to be most satisfactory and has been used

by many workers (Vincent, 1978 VYvyanjane, 19733 Islam and

Alfandi, 192203 Fatil and Shinde, 19883 Wyanne et.

Jadhav, 19

Fupsla and Saxena, 198731 Pawer, 19873). Hhi-

P

Fobidm grows well on veash exbtract manitol  agsare sediam

producing characteristic well isolated watery transluscent

i

molonies. Ths Rhirobium do not ab

orb congored dye and
there by rhizobia can be wesll differentiated from other

contaminants (VMincent, 19707,

Vincent, (1970) also suggested few oriteria
for the purpose of ldentification such as colony charachter,

reaction  to congorsd,  gram reaction, cell morphology

growth on alkalineg medium, growbth on lactose medium, eodula-

o on host @
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2.3 Comparison of Rhizobium isolates.
The chickpea Rhizobium strains interaction shown
that chickpea response to efficient strains. This has besn

el

ted 1n dncreass in varlous nitrogen fixing traits like
nodule number,noduels mass, acetviens reduction schivity,
plant odey matter content, probein content o leg-hasmoglobin
content  and seed vield., (Rail and Singh, 19773 Fatil  and

o
foes

.
it

i
£
e

inde, 178@; Sharma et. al. 19813 Gupta e, al. 1996
Vaishya and Gajendragadbkar, 1983 Balsubramanian et. al.,

1985y Biller eft. al., 1985 Fawar, 1287,

Medhane and Fatil (1974 reported an lnorea

-y

ed yield by 24 to 24 per cent with the inooculation of

eight strains of Rhizobium. The variouws stralng have shown

{Meharohand

diftferent sffect in sgsesd vield of ohic

arnd Hana, 1977)

Telam (1279 reported an incrocase in mamber of

modules from ons o elghteen arcd in s

il yvield from  1.ED

1.51 tonnes per hactare in chickpea with the inoculation of

aight strains of Rhrzobium. Rai and Singh (1979 reported

alol of

@l i

By 1309 to E39%.8 pere

cent whan inoculated with eight strains of chiclkpeas Rhizobi-

am o EE-R e the bighest vield door

followad by strain
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e

B2y, Gf-bH, 687 and GFf-8 Where 26 to 28 per cent incre

was observed. However, thers were no significant difterences

in nocdulationand noduls mass. Ibrabhim and Shadibkh (1986

b
ashiown that strain 161-A was supsriar over strain Ch-118% in
incroasing the seed yield.

Fhatting and Ohonsikar (19810 studied five ohiok-

pEa Rhizeobium strains. They found that nodulation was highest
with strain GA-7 while seed vield and nitrogen uptake with
FENM strain. Batra and Rao (198%) While studying four strains

-y
H b

A

o Rbizobium observed that inorsase in seed vield was 4E

.

pear cent with & steain HAU, 2405 per cent by strain IARI and

SAoper cent with strain LSaL -803.

Postudied  the interaction

Brine v et.
betweaen five sbtrains of Rhirzebium and fouwr chickpea oculti-
vars. hey found that increase in all growth parameteres and
nitrogen content was noticed with the inoculatiorn of strains

A0, I and I98.

2.4 Parametres of Rhizobium strain evaluation :

bDeveral parametres such as nodule number, nodoals

freshwelght,nodule  dry  weight, volume of nodulss,
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lerngth, shoot length, plant dry weilght, plant {fresh weight,
ritrogen content of plant, protein content of seed, oil

content of sesd, yvield of pods, straw yield o leg-hasmo-

globin content of nodules, nitrate redouctass activity of

intact noduales, wreidess content of leaves, tetrazoliam
reduct evse activity ete. have besen used by different workers
for evaluating nitrogen fixing ability of Ehizebium strains

Cloaw anrnudl Straiidom, 1974 annonyvaows, 19963 Eulbkarnil et. afo,

1275 3 Dalela and Lodha,1%9743 Hamdi ed. al. , 19783 &

al., 19€8 3 Mundada et. al., 198@; Nambiar and Dart, 1980;:
Elkan et. al., 12813 Teixseira et. al.,1i?81l:; Fremer and
Faterson, 128803 Fremer and Paterson, 1982: Fadam and Desi,

1985 Sharma et. al., 1989 Vailshya and Dube, 19913 Rawat

et al., 1990 Chandra, 1999; Falwe and Fawls, 1996)

Various workers ob that artificial inoouwla-—

tion of Rhizobiose inoculation increase nodualation and seesd
viaeld., (Fatil and Shinde, 1988; Jlswaram et. al., 19715 Islam,
1979; Sabu and Behara, 1972; Shriram and Samual, 19763 kEhat-
tirmg and Ghonsikar, 17810,

Tswaram et. al. (1971) observed significant

increase in nodule mnumbner dus to Shrzobium inoculatiorn in

Mung-bean orop. Patil and Shinde (1988 observed inor

nodulation with FhRizobium ing

lation  in chickpea.Similar
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trend was noticed by Singh et al. (197%) in Pigeon pea

culbivars.

Shriram and Samual (19746) reported that Rhizobi-
um strains increase nodulation which was reflected in highsre
iy matter production, higher nilbtrogen uptake  and 1t7s

translocation to the sesd.

Fhatting and Ghonsikare (1281 studied five
strains of chickpea and found that strain G6-7 increased
nodulaton while FEN  strain incracased sesed yvield and niteo—

gen uphtake.

Vaishya amd Dube (19%1) conducted the experiment
with twenty three Cultivars of Rhirebiuw and GI-315 Variety

of chickpea. They found that these twenty thres steains

significantly increased noduls  nuober , nodoles diey welght
ard  grain  yvield over the oconteol. These isclates also
signiticantly differ among themselves also.

Fawat et. al. (1991) reported that KRhizobium
strain H-45% prodoced significantly more number of nocdul es

cveEr cortrol and obther treatments. Chandrera (19959) reported

significantly more number of nodules and noduls dey oweilght

Locase 0fFf Rhircobrom inoculation over the control.
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Falve and Fawle (1994) while working with soy-
bhean Sradyvrhizeobium Syvmbiosis  found  that Bradvrhbhizobium

sigriificantly incressed noduls number, dey weight of nodals

afed plant dry weight over the control.

Raju and Varma (1984) reported that there was
sigrnificant incredse in nodule number and nodule dey weight
per plant due to Rhlzobium trestment alone or Rhizobium in
conbination with lowsr level of

nitrogen i1.e. upto 185 Eg  NMe

per hactare over the rest of the treatment of gram.

Gajendragadiar and Yaishya (1982 shown with
threse vears experimentation signifticant increase in nodules

b .

Vaishya ef. al. 019283 found that sesd inoculiion
with Rhizobiuw significantly increased the number and weight
of nodules.  Singh e#¢. al. (1975 reporited that application
of nitrogen and phosphorus incoreased number of nodules and
dry  weilght of s4fective nodules per plant. Balsubramaniam
et. al.il?4d) showed that multistrain inoculation gave more
modules and higher nodales dey owelght o similar trend was

obsarved by Sawase and Fatil (19845 .
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Naivr, e, al.(1274) reported incrcasse in mean
dry welght of nodoles duae to inoculation over uninooulatec
control . Sawena et a2l.019735) reported increase in fresh
wizight of rmodoeles in inoculated plant over uninoculated
plant of pigeonpea. More &, al. (1981) reported higher
nodule weight dus to higher RFhizeobium in groundnot ekd-
OSSP H e

Fatil and Medharne (1974) reported increase in

dry matter content in chickpesa plant dus to seed inoculation
ot different Rhizeobium strains over uninoculated control.
Reddy et. al.(1978) concluded that dry welght of black gram
was Lnoreased when seeds were treated with Rhizoebium inocu-

Lam.

£y

Maurya and Sarnoria (1982 observed that ©the
Rhigobium inoculation signiticantly increase dry welght per

ot Bengal gram.,

plamt in

Gharma et. al. (198%9) reported that Shizcedium
inoccuwlation have signiticantly increassed plart Feadlght,
oranches, pods, root nodules psr plant over the uninooculated

control .
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Raut and Fohire (1991} conducted eupsriment
with various phosphorus fertillization level and alones
Rhizoblium treatment during 198881, 1981-82,and 1982-83%. The
riochale number, noduls wieght, dey matter per plant, nitrogen
accumlation and vield per hectore were found to be signifi-

ceantly increased in Rhizobium inoculation trezatment over the

ird e lat control during all these three vears experimnen-—

tation indivicdually and also in pulled analsis.

2.5 Nitrogen content of plant.

The Rhizobiuw inooulation to the pulse crop in
germral  incereasss the total nitrogen content of  plant
(Rudbe, 19746y Shriram and Samuel, 19763 Azcon ed. al. 1979
More et al., 19813 Raju and Varma, 17845 Sabhu and Behara,

12723 Bingh and FPrasad, 197&3.

Sahw and Hehara (1972) obseseved that the niteo-
gern content of root, shoot and grain protein of growncnut,
cowpea  and  green gram werse considirably  incoreased dus to

Fhizobium inoculation.

Fubde (1976) reported that Rhizobiam inoculation

alorne o in combination with phosphorus  and  sulpher  sig-
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nificantly increased nitrogen and phosphorus content of
AL .

Shreiram and Samuel (1974 concluded that all
rhizobial incculant except [ARI culture increased nitrogen
up take by plant arcd 1t’'s transloction to the ssed in

chickpes.

More et. al. (1981) reported that Rhizobium in-
ooulation supplimented with 15 Kg nitrogen per hectare have
Shown  madimum nitrogen wptaks in peanut. Simidlar resulits in

gresn gram were reported by Raju and Varma (1984).

Mawrya and Sanoria (1982) Shown that Rhizobium
incculation significantly increased nitrogen and phosphoros

content of

dim Bengal gram.

Frasad and Sanoria (1984) reported that Rhizobi-
um  incoculation significantly increased grain protein over
urninoculated control in Bengal gram. They observed that the
crude protin was 24.18 per cent in case of Rhizobium treat-

e

ment where as it was 23,08 per cent in uninoculated control.



Faut and Eohire (1991) conducted exsperimsnt with
various phosphorus level and alone KRhirobium inoculation
treatment during 1980-81,1981-82 and 1982-B3. The noduls
rnumb2er, nodoale weight, dry matter per plant, nitrogen ac—
cumslation and vyield per hactare was found to be signifi-
cantly increaesed in Rhizebrium inoculation treatment over the

urninooulated control during all these three years edperimen—

tation individually and also in pulled analvsis.
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Chapter 2I11

MATERIAL AND METHODS.
3.1 Isolation of native Rhizobium isolate and sub-
culturing of Rhizobium isoclates.

The plumpy pinkish nodules were selected for
isolation from the chickpea plants grown in field of Agrono-—
my Dept. Marathwada Agricultural University Farbhani, during
Fabi ssason 199594, For ilsalation of Rhigobium single
module was wsed. The nodule was separated carefully from
root Ieaving small portion of root attached to the noduls.
Module was further washed in running tap water to remove
adh® ing soll particles. 7The nodule was surface sterillized
by dmmuwrsing in 99 per cent sthanol for five minutes amnd 9.1
pEr cent merouric chloride for three minutes. Further, bl
nodule was washed in six successive changes of sterile water
with the help of sterillized glass rod and allowed to stand
for  about five minutes in starile water +for soaking. The
suspension obtained by orushing nodule was streaked asephi-
cally on surface of acidified congored vesst extract manitol
agar (YEMA) mediam in petridish. Composition of YEMA is
given in Table ~1. As the congored stain was not absorbed by
Ehigebium but it is absorbed by obther bacteria Viz. Agrobao-

terfur thereby, they were differentiated from Rhizobium.

e . . - -l e .
e plates were incubated at 28 3 2YC temprature in

BOD incubator, The plates were examined after three days of
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ot

Table - 1

Composition of congored yeast extract manitol agar medium.

Ingrediants Quantity

Distilled waber 1 liter

Marii ol 13.8 g

S aragar 15%.8 g

ot . hydrogen phosphate D.5 g

Dodium sulphate d.1 g

Magrnesium sulphatea B.2 g

Yeasnt sxtract @.5 g

i 7
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inculation daily. The bacterial colonies appeared within
tive to seven davs of incubation. The Well isolated,
raised, translusent colonies were selected and transferred
aseptically to YEMA Slants in test tubes with the help of
sterile inoculating needle. Sub—culturing was donse till
wrdform colonies typical of rhizobla were obtairned. The
isolates were also mentained on YEMA slant throughout the

pariod of investigation,

The isolat

receivied from  the Micro-biologist
{pulses), Agriculhural Research station, Badpapur, Dist.
Jalna were also multiplied on YEMA broth. The yeast extracs
manitol brobth prepared and filled in conlcal flasks having
capacity 258ml. Nearly 158ml broth was added in each cond-
cal flask. The identical growth weas talkern from sub-culture
and added in berocth o in aseptic condition o The whole proos-

dure was done in lsolaton cham ber. The conical flasks were

i

then kept on shaker and continecus shaking was giv.érn o
provide asveation to Rhilrzobkium. The shaking was given for

seven davs.

The isolate obtained from root nodule of chick-

paa plant collected from field of Department of Agronowwy,



Marathwada Agriculitural

(183

University,

Farbhani

WAL

3 1 Leed looal

PR

Congored
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plating.

rnduc ted
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with ftwenty- +ive treatments having four replictions was

For noduls studies sand culture evperiment was

urndertaken. For growth characters the soil, sand and farm

conduct the experimsnt.

vard manurs based mediwm was used to

In both the superiments the treatments and replictions rnumb-

Details of treatments were given as follows.

EYE O WETE HAME .

G222 G2

G~19

G411 G-47 549 G-51 G561

B G-75 G-8E G-87 G- 17

RN local Nitrogen Control

chpesa Rhizobium isolate.
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3.2.1. Sand culture expderiment.

The ability of isolates based on the production
of nodules on chickpesa was ascertained in potbt culiure trial
conducted in scresn howse, Depacrtment of Flanmnt FPathology,
MAL) Farbhani o The gar-then pots of 2" size were used for

-y

trial. The sand waes sterillized in auvto-clave at 1.9 kKgliom®

vapour pressure with 121,00 temperature {for 20 minutes and
used for experiment. The pots were filled with sterillized

sand. The surftace sterilized seeds of ochickpea variety BDN-

WEFE  BOWN LN

G2 were sown in these pots. Tear el s

pot ard finally five plants per pot wers maintained. Fots

ware watered with sterillized water. To provied different
rmuatrisnts for growth of plant, & nubtrient solution ( Table-2
) was added at the rate of 108 ml pe2r pot at the sowing
time and  Sml per pot every day there afiter.

The cultures under test were incouwlated in the

form of Rhizobiuam isolates sub-cultured and multiplied on
veast extract manitol broth for one week.

Twenty two cultures plus ocne local i.e. i oall
twanty threse oculiverses were tested in this experimsnt. In
control pots with sterile water at the rate of Sml per pot

wias acoled .
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Table — 2

Statement showing composition of long Ashton nutrient

solution.

Ingrediants

MgSog « 7Heo
K - HF e 4

MNafe Edta

Ca5m4
RNRiztilled water

ula!

Trace element solution
Moty . 4b-o

GUSQQ.ﬁHEQ

Znﬁa4,?H2m

HEBQE

NaoMao . dHao

Distilled water

Iml of trace element
solution.

aglution

pey

Chtantity

2.17% g

2.841 g
(5 ppm Fecls)

LI - 4

277 g
?.630 g
1 liter

H.8

.22 g
2.86 g
B.288s8 g

1 liter

lLiter of nutrient
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O the fortytifth day of plant germination,
plant were depotted and nodulation studies were wndertaken.
Nodulation studiess consist of nodule number, noduls fresh

weight and nodule dry weight.

2]
tJ
tJ

« Soil culture experiment.

A osoll pobt oculturs experiment was conducted in

screen house,Department of Flant Pathology, MAY Parbhani .
The earthen pots used were 9" size. The soil, sand and faerm

yvard marure were baken in praportion ot 502025385,

. . i r*.o“t =
This mixture was then sterillized at 121 .0 with
1.9 Kg/ome vapour pressure in autoclave for S8 minutes.

Thern pots werse filled with this mixture.

Ten surface sterillized seeds of chickpea ov
EDN~%-3 were sown in each pot  Reirobiuam strainsg multiplied
on o yeast extract manitol broth were applied just below the
seed at the rate of & ml per hill. Im control treatment
sterile water was applied. The pots were watered with ste@r—
ile water. At ter germintion thinning was done and five

plants per pot were maintained .

O the forty-+ifth day of the plant germination

the plants were depotted and used to measuwre different



growth contribe ting characters Viz plant  helght, ot

e}
-

length, fresh weight of plant, dry weight of plant and

nitrogen contant of plant.

2.3 Details of aobservation.

The observations were recorded by using differ—
ent units and measurements, Lreatment and replication wise.
The average of five plants was taken.The datsa obtailned {from

. . . 4 . ., .
varinus edperiments was sublected to stattstical analyvysis as

mer methods described by Fanse and Sukhatms (1947).

Z.3.1. Comparative studies of Rhizobium isolates for
nodulation
For variows observations on nodulation viz.

rocdule number ynodule fresh weilght and module dey welight the

nodules were collected per plant treatment and r Lo

i
=
et
s
1

wise atter depotting of plants from sand culiuwre expesriment.

a) Nodule number.
The plamnts grown in sand cultuwre experiment were
depotted carefully . The root svstem was washed taking care
that no nodules are lost in the process and physical ocount

ot ramber of nodules was done.
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b)Fresh weight of nodules.
Hfter uprooting the plants from sand culturs
axpariment were washed carefully. The nodules of sach
plant wers ssparated and weights were btaken on elechtronic

weaighing bhalance

cIiDry weight of nodules.
The nodulss wers separated carefully from  roots and
dried in oven at 62°C  for 5 hrs. The last constant weight

was recorded as dry weight.

3.3.2. Comparative studies of Rhizobium isolates for
growth parameters.

The growth parametres viz plant height, root
length, plant fresh weight and dry weight etoc. wers measured
from plants depotted from soil experiment. The data obtained
was  based on average of five plants per treat—ment =T

replication.

a) Plant height.
Before depotting the plant, height was oeasured

from soil  base to the top of plant, by using a metee scale.
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b) Root length.
After depotting the root length was measured by

metve scale from stem oot joint to the tip of tap root.

) Fresh weight of plant.
After depotting, roote were washed and the whole
plant welght was measured by using elecltromnic weighing bal-

EPVE »

d} Dry weight of plant:—
The plants were oven dried at &0 s 20 for &
hre, The last constant welight was taken as dry weight of

plamt .
J.3.3 Nitrogen content of plant.

The oven dried plant (Root + shoot + nodules )
was ground to powder fTorm and nitrogen content was sstimated

by Kieldhal method (A.0.A.C. 1935)

hkjeldhal method of Nitrogen estimation.

Frinciple - (NHp )50, present in HoBSoh HaOL extract
is decoposed by adding conc NaoH. The NHE evolved is ab-

sorbed in boric acid solution. The ammonium horate formed is
titrated with std. acid, From Volume of std. acid 4 N is

Calculated.



Reagents for digestion

Conc. HNox Conc. HaSog  Conc. HOlog
Reagents for Distillation :-

1ra.oR2N H2$m4 - Take @,436ml of HaBo, and pour it in small
amount of water make up the volumes to 12000 ml

2340 per cent sodium hydroxide (NaoH}
Y Boric acid: Imdicator solution —~ Flace 8R8gm of pure boric
acid {(HzBoz) in a five liter flask marked to indicated a
volume of 4 litre, add about 2800 ml of water and heat and
Ewirit the flask until the Hybow is dissolved, cool the
splubtion, add 80 ml of mixed indicator solubtion prepared by
dissolving B.0990 gm of bromocresol gresn and A,08846gm of
methyl red in 108 ml of ethonol.Then add @.1N NaoH contine-
ously until fhe solution assumes reddish purple tin@&(gHﬁ,m)
and make the solution to 4 litres by adding water mix the

solution befores use.

Procedure:

(A} Digestion

1) Weigh 2.5 gm of finely ground plant sample and transfer
it into & 5@8ml long necked reflux flask.

SiAdd 4.4m) of digestion soultion |

ZIdHeat very genthy until the material reachtion subsidis then

mest strongly



4)Continue heating until the HaBo, is drive off and the
HaBoyg is reflusing dm@n the neck of flashk.

SyContinue the digestion until &ll traces of vellow colour
due to residual organic matter has gone and then heat for a
further 20 minutes ( This will genrally need 1.3 hrs).
&HiRllow to cool and carefully dilute with water.

73Ccol agalin and dilute to 5@ ml in vouwlmetric flosk with
water.

£3) Digest is ready for nitrogen estimation.

BiDistillation:

NFipette out 10 ml of digested material into distillation
flask (5808 ml).

MTake 18 ml Boric acid indicator solution in bheaker and
placce it wunder condenser. Ensure that tip of condenser dip
into éﬁlutian.

Z) Add 12 ml of 4@ per cent sodium hydroxide in distillation

1]

flask.

438tart heating aflter making reguired connection.
SYFinnally insure thaet all nitrogen is received which is
tested by a plece of red litmus papesr.

H18top distillation.

ZTitrate it against 0.0 N HaBoy till green colour changes



to faint redish purple. Note down the burrete reading and

codtulate percent nitrogen in plant samples.

Reactions:
1 ) H-:.}“Ct :I+TNH4UH e ( N!"l_q ) :‘F‘N -.“*"“.:- H:\("‘
2Y2¢ NH4 } EE{C:!E%—:’-H 23(34 i E NH4 ) ESC" 4-t—H3E{QE;
3)3H2504:(NH4)SBBE
(VOL.OF HoS0,¥N)X0.014XV0L OF MACEX100

e S g e S
VOLUME TAKEN XWEIGHT OF SAMPLE TAKEN






Chapter IV
RESULTS
The results of  the diftferent e peEr Lmen s
conducted in  present investigation are presented in this

chapter.,

4.1 Sub—culturing of Rhizobium isolates and their
multiplication :
The twenty two  dsolates of Sfhizobiunm v

obtained from microbiologist (pulses) Agricultural researoh

22

mtation, Badnapuwr. One culturs was isolated from chickpesa
crop grown in field of Department of Agronomy, Marathawada

Agricultural  University, Farbhani. These lsolates WE I &

Flouwrdishly multiplied on veast extract manitol agar  mediom
having nutral pH, with incubation temperature of 30+2YC

within seven days. All the isolates produced circular

transluscent  watery railsed colonies with entire margin.

i

These isolates were then multiplied on veast extract manitol

broth. The iscolates grown well in seven dave.

4.2 Pot culture experiment.

The two pot culture expriments Vie., sand cullure
and soil (soill+tsand+FYMiS8:25:25 ratio) culture experisents
were conducted  having  twenty five  treatments with  four
raplications. Twenty five treatments corsists of twenty two

isolates  from Ogricultural Re

Station Radnapuwr, one

local from Farbhani i.e. isolated  in laboratory ot
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Department of FPlant Fathology, M.aWU., Farbhani, then one
treatment of nitrogen application and control without
rnitrogen without Rhizebium treatment. Out of ten seeds sown

per pot nearly five o ssven seads weres germinated per  pot.

Five plants of cohickpes per pobt were mentalned tor

@ruperimental purpos

4.3 Effect of Rhizobium inoculation and nitrogen application
on nodule parametres:
3.1 Nodule number:

e datse perteining nodule number  in ohickpess

was presented in table—3 and depicted graphically (graph 13.

It is evident from the data that  twenty three

Rhizobium isola have shown significant increase in number

!

et

i L e pet chickpea plant. The Rhizobium  isolate G702

induced  the highest numbar of nodales  per plant (3R.56)

o late G (27.58) and ilsolate 6469 (22.58).

fol lowsd by
These three meritorious Lsalates also significantaly

thiffer from sach other amown g themselves.

The data shows that the nodule numbesrs was
increasad more o less  signhificantly over the conbrol
indicated that application of Rhizobium increased nodule
ramber . However alone nitrogen application reduce thes

rnodules per plant.
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Table - 3
Nodule number per plant of Chickpea (BDN-9-3) as influenced
by various isolates of chickpea Rhizobium on 45th day

after sowing.

Br . Treatment Mean nodules Increasse (%)
f LY g

(g rambye - over cornterol

15.080
21 .08 1
1.
19070
15,75
1. ¢
14.5
19
13, 0E
12,50
1A 25
14 .08
27 .58
T 25
19 .25
2250
20,58

2 A

o

-

b

T T

L& AT
183,14
133,48

41.84
185,67
173.85

G118
FEN{Llocal) 1é . BB
Nitrogen & 05 =
Control LA e e o
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4.3.2 Fresh weight of nodule.

The data pertaining to fresh weight of nodules
inl=l plant  as  influenced by  inoculation  of difterent
Rhizobium isolates in chickpea are presented in table-4  and

depicted graphically {graph I11).

The deata colearly indicated that significant
difference exists amowng ths treatments. The significant

s

in fresh weight was noticed in all  the Rhizobiun
inoculation treatments over the control. The increase in
nodule fresh weight was infloenced by increase in number  of

nodules and also increase in nodule size.

The highest nodule fresh weight was obtailned  in
igolate G772 (3574 mg) followsd by isolete G-64 (366mgl  and

isolate G-51 (ZHmg).

FReduction in nodule fresh weight was noticed in
treatment where only nitrogen was applied. Thiz indicate
that nitrogen application adversely affect the &Ehizobiunm

activity.



Table -~ 4.
Nodule fresh weight per plant of chickpea (var— BDN-9-3) as
influenced by various isolates of chickpea Rhizobium on
45th day after sowing.

8. Traatment Mearn nodule Increases {(A)

fubes fresh welght over conteol
{ram)
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u o a
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4.%.2% Nodule dry weight.
g
The data pertaining with nodule dry wesight of
plants  are presented in table-9 and depicted graphically

Cgraph T11).

The data cleady indicated that substantial
increase in nodele dry weight was observed in twenty  therse
treatments, where Rhizobium isolates were applied over the
conteal (urninoculated) and alone nitrogen application

treatment .

leo bheasn oheserved. The incculstion of isolate G732

i

produced highest nodule dey weight (22.806mg) . The isolsts G-
4 and isolate G-146 both stand second in merit with  having
nodule  dry weight (18.9%9mg) per plant. The third position
was  of dsolate G-75 (18.1S5mg) . Nitrogen alone application

adversely affect the nodule dry weight (12.80é6mg) .

4.4 Effect of Rhizobium inoculation and nitrogen application
on growth parametres of chickpea plant.
4.4.1 Plant height:

The relevant data on plant height as observed on
forty  fiftth day is presented in  table -4 and depilcied

graphical ly (graph IV).
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&
Plant height per plant
by various isolates of

SOWing.
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The datae presented in table shown that there is

zignificant increase in height of plant. The chickpea plant

it control treatment had an average height of sixteen om.

The highest height was obteirned in treatment number thirteen

(G531 4

plate) followsd by trestment number twenty four 1.,

alone nitrogen application and G647 isolate.

OF the twenty four treatments fiftesn treatments

have shown significant incrsase over control. However, the

treatments have no  significant difference among

thenselves.

The result indicate that Rhrizobium inooulation

increased chickpea plant helight numericaly significant.

4.4.2 Root length:
The data pertaining to roobt length of plant is

presented in table -7 and depicted graphically {graph Y.

The results of root length are statisticaly
ronsignificant. However, ruamsrical increase in root length
was noticed in all twenty three treatmernts over the control

except btreatmant number eilght 1.e. isclate 5-38.
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The highest root length was ohserved o chickpea
plant  inoculated with native Rhizrobium isolate (1é oms)
followad by  disclate G282 (1%.1%cms) and isolate G—-32%

(18%cms ).

4.4.3 Fresh weight of plant:
The relevant data on fresh weight of ohickpes
plant is  presented in table -8 and depicted graphically

{graph Y.
Data presented in table-8 shown that there is
significant increase in fresh weight of chickpea plant  over

e control i a2ll twenty four trestments.

The highest plant fresh welght was

imolate B-72 (A.358 g) followed by isolate G-49

ritrogen treatment (H.218 gl

4.4.4 Dry weight of plant:
The data pertaining to  the dry weight of
chickpea plants is  presented  in table-9 and depicted

graphically (graph YITi.

The irnooulation of Rhizobiun itsolates ared
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Table — 8
Fresh weight per plant of Chickpea (BDN-9-3) as influenced
by various isolates of chickpea Rhizobium on 45th day after

S0Wing.
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Table — 9

Dry weight per plant of Chickpea (BDN-2-3) as influenced by

various isolates of chickpea Rhizobium on gsth day after

sowing.
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ritrogen fertilizer alone application to ohickpea plants in
pot culture  ewpsriment sigrnificantly increased the dry
weight of plants over the control in  which no L hrogen
applied and no Rhizebium inoculation done. This oclearly
indicated that Rhizebiue inoculant  and  alone nitrogan
application have significantly increased the plant growth.
The inoculation of isolate 6-72 produced highest

plant (1.@37 g) followsd by isclate G203

e}
A

dry  welght o

s e T T %

(1.0235 gy and isolate G6-73 (1.0EEE g,

4.5 Effect of treatment of different Rhizobium isclates on
total Nitrogen content of chickpea.

The data pertaining to nitrogen content of
chickpea plant  was  pressnted  in table-18  and depicted

graphically (graph VITI).

he data clearly indicated fthat there Was

substantial increase in total nitrogen content of plant  iIn
all twenty four treatment over the control. The signiticant

differences among iscolates were also observed.

The inoculation of isclate G6-78 had significant
affect  on total nitrogen content ofplant (3.805 per et

g

followed by isolate G-87 (Z.6173 per cent) and iminlate LbO-15%

par centl.
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Table — 10
Nitrogen content per plant of Chickpea (BDN-9-3) as
influenced by various isolates of chickpea Rhizobium on

asth day after sowing.
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Chapter -~V
DISCUSSION

Mitrogernows fertilizsrs are sdxpensive and  need

import from obther countries and there by require 8upenseg
foreign  exchange. This situation is not  favorable  for

ornomy of  developing contries like India. Hence it is

necessary to find oult maximum possibilities of nitrogen

fertilizers substitution by biological nmitrogen Ffization.
The wide gap between the nitrogen reguirment and its
production, the soil water pollution hazards, whers 1t is

being used on large scale, has crested reservation in the

use of nitrogenous fertilizers. Among the variouws biclogic

nitrogen fivation system swvmbiobtio ribrogen fixation

hium symbiosis  is  the  most

i

o iation  of  legume Rbixz

fficient nitrogen fixing system, which account neacly

i

twenty millon metric tones of nitrogen per yvear {(Subbars

1962 .

Chickpea iz the third widely grown grain leguns

o

in  the world and nodulated by  highly  specific Rhizobiuwm

shrians., Ohickpsa RRhizebia do not show atfinity to any  of

the members of known cross incculation groups (Raiuw, 19

The poor nodalation in chickpesa acocounted  for

tielde where ohickp

low population of fhizobium in G

are not drncloded in the cropping pattern or dus Lo exslbance

cof Anedfid st Ahizebial population. Inm this  view &fforls
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. - - . M
are needed for searching the efficient strains to see Yhesh

adapt-ability to our agroclimatic and soil situation of  our

e LOn .

During +the course of investigation differsent
chickpea Rhirobia isolates were obtained from microbioclogist
(pulses)  Agricultural Ressarch station, Badnapur  and  one
Farbhani Jlocal isolate, isolated from the roo module on

chickpea planmt grown  in the fisld of the Department

[}
s

figronomy , Marathawada Agriculturs University, Farbhani.  Tha
isolates were studied for theilr nodolation characters in
sand cultuwre saperiment. The isolates shtudied for  their
stfect  on plant growth were studied in soil, sand and  farm

vard manuwre (2il:l) culture ssperiment.

The Rhizobium  isolates  were  found to ez
signiticentely superior in almost all parametres over Lhe

oy heol . The differences also oSk beatwesan Vel WwikE-A

isolates also. The nitrogen  +ixing ability  is mexstly

crovverned by noduls number, nodale deyy owelght and presenos of

leg-hasmoglobin. In LY

tigation all the Khizebium

iwmola

by mocule number  sigrnific

TE ]y .

mumber was found In isolate H-72 followsd

The highest



£4%5)

5% . Dimilar trend of resulits are aleo bhsen

by G951 and O
repor e i India and abroad. (Faju and Marma, 1984y

Gajendragadkar  and YVaishyva, 19835 Vaishva, ef. al.,

Tswaram, et. al., 1971 3 Chowdhary, &t. al. 19275 ). Iswaram
gt. al, (1971) ochserved ten fold increase in nodule  number
clue ko Ablzobiam inoculation in mungbean. Rajuw  and  VYarma

{1984) reported that there was significant improvement in

rmodule number per plant dus to Ahizebium treatment.

The application of alone nitrogen reduaced  the

rodul e number per plant in

investigation. Similar

results are also been reporied by Sundaram, et. al.(1979);

Joseph and Hethecingbton (1984). Hernand® and  Hill {15
shown that availibility of nitrates (Hgﬁw) from fertilizers
imhibit the production of noduale. This might  hawe  been
attributed to the tedency of plant to take redily availabls

ritrogsen rather than nitrogen theough symbiotic  preoo

Howswer, the nodule numbers wers found o be dnoreased  at

lower level of onibtrogen (Rajuw and Varoa, 1984).

fe the Fr

she o weignt and dry weight of oodole

are of the criterians in nodulation character, these studies

g el 2 INVE

L [ stigation., The fresh we

ight




A

.
N
i
e

of module was found to be lnoresased significantly dus Lo
applicaticn of Rhizebium inoculants. Similar results are
#lso been reported by Patil and Medhane (1974). In pressnt

investigation the Ahizobium isclates shown significant

increass in dry welght of nodule. The other workers from

varios centre also shown similar trend in chickpea and other

pulses. (Dhoudhary et.al.,

Fatil and Medhans, 19743

SGanoria, 19823 Raiu and

=a
&“z

Reddy ef.al. ,» 197833 Mowrvya an

The Rhizobiuw inooculations have incrsased e

plant height and root lengbh. Similar resulits are also
reporited by many workers. (Sharma et.al.,198%; Medhane

Fatil 1974 : Savena et.al. 1975).
ki Kl 4

Fraeah welght and dey welght of ohd
irnoculation with Rhizobium itwolates were  found )

AT R

sl significantly over uninooulsted control in pr

investigation.

ard Medhaoe 1974 ve

inpeoulation with differnt  shrains of  Rhrrzobium in gram

iRl e

of bhe oey weighh

sigrificantly.



(47)

:::.?
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hansky (19770 reported bthat the nitrogen appli-

cation do not stimulate nodulation and dey matter scoumula-
Lion in soybean orop.
Feddy et.al. (1978 concluded that dry weight of

were breated with Rhjzobiuwm

black gram increased when seer

inoculation., Raut and Hohildre (1991} abserved that thers

i

igniticant inorease in dry matiter per plant  over  the

control .

Foz oo et.al. i97%y  stated that glomous
inoculation plants of Medicagoe sativa , the inoculation of
Rhizobiun was gffective and it incrsased plant dry  weight
nearly by S8 per cent.
tiom it has  bDesn observed

Im present investd

that inoculation of chickpea seeds with Rhirobium isclats

incressad the nitrogesn content of plant. Howesver, izolate
“Fe

A had given highest nitrogen content of plant followsd by

G837 anc G173,

Inocreasse in nitrogen  content  and  thers by

in protein content of plant also been reporisd by



My WOr ket

More et.al.,

content of

CHreEssmciram

wnooulation.,

fhizobiun

ororrben

inoowlation

OVEa

™

-~
i

e
ow
-

PHaku and Behara, 197 Frasacd and Sanoria,

1598% ) .

g 7y

o that

Sakny and Behara (19 obhserved

At

oty shoot and grain in o groundnot, cowpeas

wenre considerly  increased  doue  to Rivixaobium

and Sanoria C1ERE) reapiorted that

Frrams

sigrnlfticantly increased grailn profteain
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Clhapter-Y1
SUMMERY

Nitrogen 1s an important plant nutrient playing
& kbey role in growth  and crop peoduction. Nitrogen
availability of owr crops comes through two sources 1.8,
incrganic  ohemical fertilizers and bioleogical nitrogen
fivation {symbiotic and by free living micro-organism) . T
presart dovestigation the varicous Rhizebium  isolates were

studied tor theivr ability of fixing nitrogen symbiotically.

The rmitrogen fixation and it's supply to  the
plant generally expressed in terms of increase in effective
nodule nuabse, nodale dey weight, plant dry welght and root-
shoot  length. Thus, these parameters were considered +for
sy in  present  dnvestigation. The two  pot culture

srperiments Viz. sand culture and soil, sand, F.Y.M. slnha

culture experiments wers carvied. Data pertaining to  hhese
growth  paramstres was subliescted to statistical analyvsis.
sl tes of these data tables were statistically significant

edeept root-shool length. Over all when all these paramelres

studied 1f was fournd that increase in parametres was noticed

bLium isolates inoculations over the uninoocunlal

mbrol . O0F the twenty-five treatments studied the sffective

rnodule numbesrs  were highest in gram Rbhizobiuw  isolate G-

O e
F

bt followed by G531 27,580 and G~69

regards bthe nodale fresh oweight, the highest fresh  weight



was recorded in H-7E2 followed by G464 and 6-31. The isolate

followed by G-&4 and G-7% shown the segquencial dsore

in nodule dey weight.

The =soil, sand and FYM pot culture esupsriment,
the substantial increase in shoot-root length, fresh waight,
chry waight and nitrogen content of plant was observed where-

aver  Rhizobium isnlates were tried over the uninoculsted

asntrol . As regards the plant height isolate G531 had  shown

Ll g

21 centimeter shoot length which had shown 31025 per cent
increass  over control which was followsd by alones niirogen
application and isolate G-43. Observations on  root  length
indicated that highest root length was noticed in FParbhani
local  dsclate followed by G-29 and G-7, When fresh  welight
was studisd it is found that fresh weight of chickpea was

more iv plant dinoculated with G-73206.3580) followed by G-51

ey

and Farbhani local (6.21g).

The most reliable criteria of growth d.e. plant
dry  weight was also been undertaken in evaluating ohickpeea
isolates in present investigation. The highest planmt  dry
wedght was noticed in G-72 (1.03g) followsd by G232 (1.@0E5g)
and  H-7E01.82¢) . The Rhizebium ilscolate inoculations and

alons nitrogen application treatement i.8. in all 24



treatment nitrogen content of plant significantly increased
over the uninoculated and no nitrogen given control. This
data clearly indicate that Rhizceobium isolates +ixed the
nitrogen symbiotically  and tranmslocated it into the host
plant. Nitrogen content of the plant was increased  in
isolate G-73 followed by G-B7 and G-123.

Whern all ths parametres under study were s@en,

it is ohserved that iscolate G722 rank +irst in merrit.
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