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DUAL INOCULATION EFFECT OF RHIZOBIUM, (COW PEA
MISCELLANY) AND VAM FUNGI ON GROWTH, NODULATION
AND NITROGEN FIXATION IN PROSOPIS CINERARIA
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Of several dual combinations of rhizobial isolates (PC.Rhz-5, PC Rhz-7, PC Rhz-8) and VAM fungi
(Gigaspora calospora, Glomus fasciculatuim and Glomus mosseae) tested, the seedlings inoculated -
with Rhizobium (PC Rhz-5) + Glomus mosseae as twin symbionts recorded maximum enhancement
of all parameters tested (growth, nodulation and nitrogenase activity) in comparison to the seedlings
inoculated with Rhizobium alone. Among single inoculated seedlings, the seedling inoculated with
rhizobial isolate PC Rhz-5 recorded highest values of all the parameters recorded. The highest value
of mycorrhizal root colonization was found in séedlings inoculated with Glomus mosseae.
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Introduction

Legumes can form two types of symbiotic
associations with microorganisms, one with
Rhizobium sp..involved in fixation of
atmospheric nitrogen, the other with
endomycorrhiza that froms arbuscles and
vesicles, concerned with the uptake of
phosphorus and other nutrients'. A lot of
work has been done on dual inoculation of
Rhizobium and endomycorrhiza to improve
the functioning of dinitrogen fixation and
yield of leguminous crop plants®”’. 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 Rhizobium and endomycorrhiza
on growth, nodulation and N,-fixation in
Prosopis cineraria. '

Materials and Methods

The surface sterilized seeds of Prosopis
cineraria inoculated with the symbiotically
three most efficient isolates- of Rhizobium
i.e. I-PC Rhz-5, II-PC Rhz-7 and III- PC
Rhz-8 (grown to 1 O.D at 600 nm in yeast
extract mannitol broth containing 8x10%,
5x10% and 3x10°® cell/ml; respectively) were
sown in pots filled with sterilized soil (2 kg

mycorrhizal 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 treatments were
used. (1) uninoculated controls, (2)
Rhizobium 1 (PC Rhz-5) alone, (3)
Rhizobium 11 (PC Rhz-7) alone, (4)
Rhizobium 11 (PC Rhz-8) alone, (5) VAM
I (Gigaspora calospora) alone (6) VAM 11

"(Glomus fasciculatum) alone (7) VAM 111

each). The endomycorrhizal spores of the -

three most preferred VAM fungi by the host
(I-Gigaspora calospora, II-Glomus
fasciculatum and 11I-Glomus mosseae
preferred by Prosopis cineraria) as
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(Glomus mosseae) alone and (8) Rhizobium
+ VAM fungi combinations. The three most
efficient isolates of Rhizobium (PC Rhz-5,
PC Rhz-7 and PC Rhz-8) each combined
with three VAM fungi (Gigaspora
calospora, Glomus fasciculatum and
Glomus mosseae to form nine 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 protein®,
total chlorophyll®, total nitrigen'®,
phosphorus content'’, total soluble sugar'?,
nodule number, nodule dry wt., maximum
nodule size, nodular leghaemoglobin'?,
nitrogenase activity'* of root nodules and
VAM colonization by root (%).

Results and Discussion

The study reveals that (Table-1) dual
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_Effect of single (Rhizobium and VA mycorrhiza individually) and dual (Rhizobium + VA
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. PCha 5,3.PCRhz-7,4. PCRhz-8, 5. Gigaspora
calospora, 6. Glomus fasciculatum, 7. Glomus mosseae, 8. PC Rhz- 5+ Gigaspora calospora,
9. PC Rhz-5 + Glomus fasciculatum, 10. PC Rhz-5 + Glomus mosseae, 11. PC Rhz-7 +
Gigaspora calospora, 12. PC Rhz-7 + Glomus fasciculatum, 13. PC Rhz-7 + Glomus
mosseae, 14. PC Rhz-8 + Gigaspora calospora 15. PC Rhz-8 + Glomus fasctculatum 16.
PC Rhz-8 + Glomus mosseae.
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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 and VAM fungi tested, the seedlings '
inoculated with dual combination of

rhizobial isolate, PC Rhz-5+ Glomus
mosseae recorded maximum enhancement
of growth (in terms of shoot length, shoot
dry wt, root length root dry wt.) and in the
values of total plant protem total
chlorophyll total sugar, total nitrogen and

total phosphorus -contents as compared to
the seedling inoculated w1th hazobmm PC

Rhz-5 isolate alone.

‘Nodulation and total leghaemoglobm
content were greatly influenced by dual
inoculaton in test plants (Fig. 1-4).
Maximum enhancement of nodulation in
terms of nodule number (42.89), nodule dry

‘wt (81.75 mg/g), maximum nodule size (4.0

mm) and total leghaemoglobin content (2.74
mg/g)-was found in seedlings inoculated
with Rhizobium PC Rhz-5 + Glomus
mosseae a$ compared to other dual
inoculated plants, while seedlings
inoculated with isolate PC-Rhz-5 of

Rhizobium alone recorded maximum nodule *
‘number (32. 22) nodule dry wt (59.13 mg), .

nodule ‘size (3.5 mm) and 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
influenced by dual inoculation of Rhizobium
and VAM fungi. The maximum nitrogenase

-activity (ARA) of nodulated roots (Fig. 5)
was recorded 1.55p mol CH, g fresh nodule
wt'h?! in seedlings inoculated with dual
combination of Rhizobium (PC Rhz-5 +
Glomus mosseae in comparison to the
nitrogenase activity of 1.16p mol CH, g

fresh nodule wt'h! in the seedlings -

inoculated with Rhizobium PC Rhz-5 alone,
showing 33.62% enhancement of nitrogenase
activity.

Maximum percentage VAM root

colomzanon (Table 1) was recorded to be
39.1% in seedlings inoculated with dual
combination of Rhizobium (PC Rhz-5) +
Glomus mosseae followed by other dual
combinations. Among single inoculated
seedlings the highest value recorded was
28.5% for. Glomus mosseae inoculated
seedlings.

The result from the experlment
clearly indicated that Rhizobium isolate PC

.Rhz-5 and Glomus mosseae formed an

effective dual combination resulting in
highest values of all the parameters studied.
The percentage VAM root colonization
enhanced further when VAM was
associated with Rhizobium: These results
were also supported by other workers>'>"".
The uptake of major nutrient element N 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.'®, Manjunath et al.'. and Hayman".

The dual inoculation considerably
stimulated (enhanced) root nodulation,
leghaemoglobin content and nitrogen

fixation (nitrogenase activity of nodules)

than plants inoculated with Rhizobium
alone?®?2, 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 fixation'*!"?**. 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
to these observations®. '

Ackndwledgement

The authors thanks Head, Department of
Botany, University of Rajasthan for

providing necessary laboratory facilities.

References

1. Crush J R 1974, New Phytol. 73 743

2. Abbot L K and Robson A D 1977. Aust. J. Agric.
Res. 28 639 ]

3. Subba Rao N S, Tilak K V B R and Singh C S



10.
11.

12.

13.

J. Phytol. Res. 15 (2) :

1086, Plant and Soil 95 351

Ramaraj B and Shanmugam N 1990, Interaction
of vesicular-arbuscular-mycorrhiza (Glomus
etunicatum) and Rhizobium in-cowpea. In : B.L.
Jalali and H. Chand (eds.). Current trends in
Mycorrhizal Research. pp. 107-108

Vyas R. and'Srivastava H P 1995, Effect of dual

inoculation with Rhizobium japonicum and .
Glomus fasciculatum on yield and growth of -

cluster bean. Mycorrhizae biofertilizers for the
future. Proceedings of the Third National
Conference on Mycorrhiza. 238

Gupta Nibha and Rahangdale R 1999, Jr. Exptl.~

Biology. 37 1005

Srinivas, Podeti 2000, VA- Mycorrhtzne of

Godavari Beli Forest with Reference to two
Forest Tree Speczes Ph.D. Thesis. Depanmem
of Botany, Kakatiya University, Warangal
(A.P.), India.

Lowry O H, Rosebrough A L Farr and Randall
R J 1951,.J.Biol. Chem. 193 265

Armon D J 1949, Plant Physiol. 241

Bremner J M 1960, J. Agric: Sci. 55 11.
Chapman H D and Pratt P E 1961, Methods of
analysis for Soils, Plants and Waters. Univ. of
California pp. 169-170

Dubios M, Gilles K, Hamilton J K, Rebers P A

and Smﬁh F 1956, Nature 168 167
Hartee E F 1957, Haematin compounds. In : R.

Peach, M.V. Tracey (eds.). Modern Methods of v

Plant analysis 4. Springer Verlag, pp. 197-245

14.
15.
16.

17.

.22,
23.
24

25.

149-153, 2002 153

Hardy R W F, Holsten R D, Jackson E K and
Burns R C 1968, Plant Physiol. 43 1185
Bagyaraj D J, Manjunath A and Patil R B 1979,
New Phytol. 82 141 )
Manjunath A and Bagyaraj D J 1984, Trop.
Agric. 61 48

Singh 'C S 1990, Vesicular arbuscular (VA)
‘mycorrhiza in presence of Rhizobium sp. enhaces
nodulation, N, fixation, utilization of pigeon pea -
(Cajanus- cajan) as assessed with a "N
technique. In : B.L. Jalali and H. Chand (eds.)
Current trends in mycorrhizal research, pp. 152.
Mosse B, Powell C L and Hayman D S 1976,
New. Phytol 7029 .

‘Hayman D'S 1986, MIRCEN. J App. Microbiol.
Biotech. 2 121

Varma A K 1979, Folia Microbiol. 24 50_1
Sharma P, Niranjan R, Lal B and Rao V M 1990,

- Interaction between Rhizobium (cow: pea
miscellany) and mycorrhizal fungi and their
stimulatory effects on Acacia nilotica (L.) Del. -
In : B.L. Jalali and H. Chand (eds.). Current
Trends in Mycorrhizal Research, pp. 202-204
Pokhriyal T C, Uniyal Kamala, Chaukiyal S P
and Thapar H S. 1992, Van-Vigyan 30 123
Smith S E and Daft M J 1977, Aust. J: Plant
Physiol. 4 403
Michelsen A and Rosendahl 1990, Plant and
S0il. 1247 -

‘Cruz E D, Manalo M Q, Aggangan N S and
Tambalo J D 1988, Plant and Soil 108 111



