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DUAL INOCULATION EFFECT OF RHIZOBIUM (COW PEA
MISCELLANY) AND VAM FUNGI ON GROWTH, NODULATION
AND NITROGEN FIXATTON IN PROSOPIS CINERARIA

R. NIRANJAN, R. SHUKLA, R. PAREEK and V.M. RAO
Department of Botany, University of Rajasthan, Jaipur-3020O4, Rajasthan, India.

Ofseveral dual combinations of rhizobial isolates (PC. Rlrz-5, PC Rhz-7, PC Rhz-8) and VAM fungi
(Gigaspora calospora, Glamus fasciculatuin and Glomus ritosseoe) tested, the seedlings inoculated
with Rhizobium (PC Rhz-s) + Glomus mosse.re as twin symbionts recorded maximum enhancement
ofall parameters tested (growth, nodulation and nitrog€nase activity) in comparison to the seedlings
inoculated with Rhizobium alone. Arrnng single inoculated seedlings, the seedling inoculated with
rhizob.ial isolate PC Rhz-5 recorded highest values ofall the paranreters recorded. The highest value
of mycorrhizal root colonization was found in seedlings inoculated with Glomus mosseoe.

Keywords : Enhancement; Growth; Nodulation;:Pro sopis cineraria; Rhizobium.

Introduction

Legumes can form two types of symbiofic
assaciations with microorganisms, one with
Rhizobium sp. involved in fixation of
atmospheric nitrogen, the other with
endomycorrhiza that froms arbuscles and
vesicles, corcerned with the uptake of
phosphorus and other nutrientsl. A lot of
work has been done on dual inoculation of
R hiz o bium and endomyc oshiza to improve
the functioning of dinitrogen fixation and
yield of leguminous crop plants2-7. Literature
on similar aspects with regard to tree
legumes which are very important source
of .fodder and timber has been scanty.
Therefore an attempt has been made to study

influence of R hizobiumand endomycorrhiza
on growth, nodulation and Nr-fixation in
Prosopis cineraria.

Materials and Methods

The surface sterilized seeds of Prosopis
cinerdria inoculated with the symbiotically
three most efficient isolates of Rhizobium
i.e. I-PC Rhz-s, [-PC Rhz.7 and III- PC

Rhz-8 (grown to I O.D at 600 nm in yeast

extract mannitol broth containing 8x108,

5x 10s and 3x I 0s celUml, respecrively) were

sown in pots filled with sterilized soil (2 kg
each). The endomycorrhizal spores of the

three most preferred VAM fungi by the host

(I-Gigaspora calospora, II-Glomus
fasciculatum and IIl-Glomus mosseae

preferred by Prosopis cineraria) as

rnycorrhrzal inoculum to provide 250 spores
per 50 g soil was also added in each pot.
Soil with no microbial addition served as

control. Three seedlings were maintained in
each of the five replicates for each
treatments. The pot trial was carried out for
5 months. The following treatrnents were
used (l) uninoculated" pontrols, (2)
Rhizobium I (PC Rhz-5) alone, (3)
Rhizobium II (PC Rhz-7) alone, (4)
Rhizobium III (PC Rhz-8) alone, (5) VAM
I{Gigaspora calospora) alone (6) VAM II
(Glomus fasciculatum) alone (7) VAM III
{Glomus mosseae) alone and (8) Rhizobium
+ VAM fungi combinations. The three most
effrcient isolates of Rhizobium (PC Rhz-s,
PC Rhz-7 and PC Rhz-8) each combined
with three VAM fungi (Gigaspora
calospora, Glomus fasciculatum and
Glomus mosseae to formnine different dual
combinations of the rhizobial isolates and
VAM fungi.

Following parameters were selected
for the study : shoot length, root length,
shoot and root dry wt., total plant proteins,
total'chlorophylle, total nitrigenr0,
phosphorus contentrr, total soluble sugar'2,
nodule number, nodule dry wt., maximum
nodule size, nodular leghaemoglobinl3,
nitrogenase activityrl of root nodules and
VAM coloniz4tion by root (%).

Results and Discussion

The study reveals that (Table-l) dual
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Effect of single {Rhizobium and VA mycorrhiza individually) and dual (Rhizobium + YA
mycorrhiza combined) inoculation on nodulation (nodule number, nodule dry weight,

maximum nodule size and nodule leghaemoglobin Fig. 1-4) and nitrogen fixation
(nitrogenase activity Fig. 5) in Prosopis cineraria.

Treatments : 1. Uninoculated control, 2. PC Rhz-s, 3. PC Rhz-7, 4. PC Rhz-S, 5. G igaspora

calospora,6. Glomusfasciculatum,T . Glomus mosseae,S.Pc Rhz-5 + Gigaspora calospora,

9. PC Rhz-5 + Glomus fasciculatum, 10. PC Rhz-5 + Glomus mossege, l l. PC Rhz-7 +

Gigaspora calospora, 12. PC Rhz-7 + Glomus fasciculatum, 13. PC Rhz-7 + Glomus

,itossede,14.PCRhz-8+ Gigasporacalospora, 15.PCRhz-8+ Glomusfasciculatum,L6.

l)(' Rhz-S + Glomus ttto,\sL'.te.
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Fig.4 .
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inoculated plants performed better showing

enhanced values of all the parameters in-

comparison to single inoculated plants. Of
several dual combinations of rhizobial
isolate andVAM fungi tested; the seedlings

inoculated with dual c<.lmbination of
rhizobial isolate, PC Rhz-5 + Glomus
mo s s ea e recorded maximum enhancement

of growth (in terms of shoot length' shoot

dry *t, root length, root dry wt.) an{ rn the

values of total plant protein, total
chlorophyll, total sugar, total nitrogen and

total phosphorus conlents as compared to

the seedling inoculated with Rhizo bium P C

Nodulation and total leghaemoglobin

content were greatly influenced by dual

inoculaton in test plants (Fig- 1- ).
Maximum enhancement of nodulation in
terms of nodule number (42.89), nodule dry

wt (S 1.75 mg/g), maximum nodule size (4.0

mm) and total leghaemoglobin content (2.74

mg/g)-was found in seedlings inoculated

with Rhizohium PC Rhz-5 + Glomus
mosseae a$ iompared to other dual
inoculated plants, while seedlings
inoculated with isolate PC Rhz.5 of
Rhizobium alone recorded maximum nodule

number (32.22),rrodule dry wt (59.13 mg),

nodule size (3.5 mm) a{Id total
leghaemoglobin content (1.83 mg/g). Plants

inoculated with VAM and uninoculated
control did not bear nodule (Fig. 5).

Nitrogen fixation in terms of
nitrogenanse activity by nodules was also

in{luenced by dual inoculati on of Rhizobium

and VAM fungi. The maximum nitogenase

activity (ARA) of nodulated roots (Fig. 5)

was rbcorded 1.55p mol CrHo g fresh nodule

wt-rh-r in seedlings inoculated with dual

combination of Rhizobium (PC Rhz-5 +

Glomus mosseae in comparison to the

nitrogenase activity of 1.16p mol CrHo I
fresh nodule wt-rh-r in the seedlings
inoculated with Rhizabium PC Rhz-5 alone ,

showing 33.6202 enhancement of nitogenase

activity.

colonizaiion (Table l) was recorded to be

39.1 /, in seedlings inoculated with dual

combination of Rhizobiutn (PC Rhz-5) +

Glomus mos;eae foltowed by other dual

combinations. Arnong single inoculated

seedlings the highest value recorded was

28.5% far Glomus m.osseae inoculated

seedlings.

The result from the exPeriment
clearly indicated that Rhizobium isolate PC

Rhz-5 and Glomus mosseae formed an

effective dual combination resulting in
highest values of all the parameters shrdied.

The percentage VAM root colonization
enhanced further when VAM was

associated with Rhizobiuti, Tltese results

were also supported by other workers3'rs-r7.

The uptake of major nutrient elementN and

P showed higher values in plants with dual

inoculations in comparison to single
inoculation and uninoculated control- This

is in conformity with the findings of Mosse

et al.ts,Marqunath et al.t6.and Haymanre.

The dual inoculation considerably

stirnulated (enhanced) root nodulation,
leghaemoglobin content and nitrogen
fixation (nitrogenase activity of nodules)

than plants inoculated with Rhizobium
alorre2o-?z. This suggested that effective
VAM fungi such as the species used with
increased uptake of N and particularly P

played a major role in nodulation and

nitrogen fixafonr'3'r7'23'24. The positive
correlation between increased mycorrhizal

infection and enhanced total N and P
contents, nodule dry wt and nitrogenase

activity in Prosopis cineraria further attest

The authors thanks Head, Department of
Botany, University of Rajasthan for
providing necessary laboratory facilities.
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