Indian J. Pharm. Biol. Res. 2014; 2(1):45-50

CODEN (USA): 1JPBO7

ISSN: 2320-9267

Indian Journal of Pharmaceutical and Biological Resarch (IJPBR)

Journal homepag&mww.ijpbr.in

Original Research Article

Role of arbuscular mycorrhiza fungi on tolerance tosalinity of the tree legume
Albizia lebbeck (L.) inoculated by Rhizobium

Gaurav Bhushart, Santosh Kr Sharmé, Priyanka Sagar, Nishtha Setff and A.P. Singht

143Department of Environmental Science, Bareilly College, MJP Rohilkhand University, U.P., India.
Department of Botany, University of Rajasthan, Jaipur, Rajasthan, India.
3Department of Chemistry, SSJ University Campus Almora, Kumaun University, U.K., India.

ARTICLE INFO:

Article history:

Received: 19 February 2014
Received in revised form:
27 February 2014

Accepted: 28 February 2014
Available online: 20 March
2014

Keywords:

Arbuscular mycorrhiza fungi
Albizia lebbeck,

Acaulospora laevis,
Rhizobium,

Nodulation,

N, fixation and salinity.

ABSTRACT

Myrica esculenta (Myricaceae) an@®yzygium cumini(Myrtaceae), the Indian traditional fruits The
effect of different level of salinity on growth, dolation and Nitrogen fixation of single and dual
inoculated tree legumes which help arbascular nikiczal fungi (AMF) Acaul ospora laevis Gerd.
and Trappe withRhizobium bacteria in the presence of different levelsalingy (concentration

of NaCl) conducted in earthen pots in a completehdomized block design with three replications
resulted in effective plant growth, shoot and rfoioimasses, nodulation ang fikation. The effect
of different levels of salinity (concentration ofaBl) on growth, nodulation and,Nixation of
single Rhizobium or AMF alone) and dual inoculateBHjzobium + AMF ) tree legume has a pot
culture experiment using The parameter growth ,ufedibn, nitrogen fixation and % AMF
colonization of roots were considerable influeneéth the increase in salt concentration from 0.5
% to 4.0 % NaCl. It was observed that the mycoahizee legume (inoculated with the most
preferred AMF Acaulospora laevis) performed better in the increasing levels of regli in
comparison to non-mycorrhozal ones. These investigm suggested a protective role play by
AMF in providing resistance to the tree legume aglinjurious effects of salinity. Inoculation of
efficient strain of AMF Acaulospora laevis) during the course of study, prevented the injusio
effects of salinity in the test plants due to erdeal water and sustainable nutrient uptake thereby
promoting growth, nodulation and biogeochemical dycle (fixation of nitrogen) of the tree
legume under investigation.

1. Introduction

Current development

in sustainability

involve a iaaal network that can absorb nutrients from the soik $tructure and

exploitation of soil microbial activities [1] andhé use of less
expensive, though less bioavailability sources lahipnutrients
like Rock phosphates (RP), which may be made &vailay
microbiologically mediated processes [2]. It is Wmo that
microorganisms are activated in the soil-plantriatee where a
microcosm system, the rhizosphere, develops [3-B§ role of
other microorganisms e.g., the so called plant grgewvomoting
rhizobacteria (PGPR), as modifiers of soil feiknd facilitators
of plant establishment is being considered [4, BM{corrhizal
symbiosis plays an important role in nutrient aygliin
agricultural and natural ecosystems [11]. AM fungionize the
root cortex of plants and develop an extrametribgphal

functionalities of these AM associated microbiaimeounities
differ from those of the rhizosphere [12] and tmgcrobial
compartment has been named
Conversely, soil microorganisms can affect AM fotima and

function [1-3]. The mycorrhiza helper bacteria &mown to

stimulate mycelial growth of mycorrhizal fungi oo £nhance
mycorrhizal formation [1, 14, 15]. The microbiologily

solubilized phosphate could, however, be taken uyp ab
mycorrhizal mycelium, thereby developing a syndigis
microbial interaction [1]. Phosphorus (P) is addethe form of

phosphatic fertilizers, part of which is utilizeg plants and the
remainder converted into insoluble fixed forms [16]
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The contribution of their process to plant nutritis unclear and 3. Results and discussion
because of the possible refixation of solubilizéwgphate ions

on their way to the root zone [8, 17]. AccordingMoradiet. al.
Arbuscular Mycorrhizal Fungi (AMF)
significantly increased fresh and dry weights obathand root
inoculation with AMF and /or Mesorhizobium can iease plant
growth, significantly in the soil with low nutriesbntent.

The requirement of P is high in legumes [18] andrdfore
leguminous plant respond more to mycorrhizal ingectthan
cereals, which indirectly enhance the biologicélagien fixation
through increased P availability specially in swiith low P
content [19, 20]. Rosendahl and Rosendahl expaittad the
vesicular arbuscular mychorrhizal fungi have thdlitgbto
protect plants from salt stress [21]. Mychorrhizasociation
helps the plants to withstand stress maximum Ne@ihte [22].
No reports are available on the levels of mychaation on
growth and nutrient uptake of tree legume growrRajasthan
under salinity stress condition. In the presenttuhe role of
AMF (the most preferred AMAcaulospora laevis ) and the
percentage of AM colonization on growth and nutrieptake of
tree legumeilbizia lebbeck (L.) under salinity are discussed.

2. Materials and methods

Role of most preferred AMF on tolerances to differsalinity
(NaCl) levels of test plants inoculated with modficeent

Influence of arbascular mycorrhizal inoculation glant growth

and Rhizobium(shoot and root length), plant dry matter product{shoot and

root dry weight) and nutrient uptake level unddfedent levels
of salinity stress condition are given in TablelkTtghest value
of growth in terms of shoot length (49.1 cm), shdpt weight
(0.103 @), root length (68.1 cm) and root dry wei@h105 g)
was observed irRhizobium isolated AL Rhz + Acaulospora
laevisinoculated plants at the first level of salinifiyy{0%NaCl)
which also served as control. The same parametesther dual
inoculated plants decreased at the subsequent|€iged%, T;-
0.5%, T-1.0%, T-2.0%, T;-3.0% and §4.0% NaCl) of salinity.
Among Rhizobium (AL Rhz) or AMF( Acaulospora laevis) alon
inoculated seedling, highest values of shoot ler(@Hh8 cm),
shoot dry weight (0.88 g), root length (60.5 cmY anot dry
weight (0.94 g) was recorded in ARhz -9 inoculated plants at
To (0% NaCl) . All the above parameters decreaseth wie
increasing salinity levels. The uninoculated sedsorded the
least values of all the above parameters.

The dual inoculated seedling recorded maximum wahbfetotal
plant protein, total chlorophyll, total N and Tofalat the level
(To) of salinity. The values decreased at the subsedegels.
Among single inoculation plants, the valuesRhizobium (AL

Rhz) inoculated plants were highest at first levekcampared to
other levels of salinity. The uninoculated seediegorded the

Rhizobium was studied. A pot culture experiment was condlctpwest values (Table 1).

for six months with sterilized soil using plastiotp to prevent
leaching of NaCl from the bottom. The surface il seeds
pelleted with rhizobial isolates were sown in pais AMF
inoculums pad containing 250 spores/50 gm soilterAt5 days
of seedling establishment the pots were saturaitd different
concentrations of NaCl viz., 0.5%, 1.0%, 2.0%, 3.884 4.0%.
Pots with no addition of salt (NaCl) served as wuntThree
replicates of pots, each containing five seedlingee maintained
for each treatment and were periodically irrigateith the
sterilized water. The various treatments includedeny;-0%, T;-
0.5%, T,-1.0%, B-2.0%, T,-3.0% andE-4.0% NaCl. Each of
these treatments consisted of uninoculated conRiilzobium

The nodulation (nodule number, nodule dry weighgximum
nodule size) and nitrogen fixation in term of ngemase activity
by nodules were recorded highest in seedling iratedl with
dual combination of Rhizobium (AL Rhz) + AMF( Acaulospora
laevis) (Fig.1) the maximum nitrogenase activity of naated
roots was recorded 1.7 mojH g fresh nodule fin seedling
inoculated with dual combination dRhizobium (AL Rhz) +
Acaulospora laevis in comparison to the nitrogenase activity of
1.3 1 mol GH, g* fresh nodule # in the seedling inoculated
with Rhizobium (AL Rhz) alone, at the first level of salinity. The
phenomena of nodulation and nitrogen fixation vpoor and

alone andRhizobium + AMF inoculated sets. The parametergecrease drastically at the subsequent level ifitya{Fig.1).

selected for the study were shoot-root length, shod root dry
weight, total plant protein [23], total chlorophyiR4], total
nitrogen [25] and total phosphorus content [26dduie number,
nodule dry weight and maximum nodule size [27]ragenase
activity [28] of root nodules and AMF colonizatiby roots (%).

Tablel. Effect of salinity (Salt concentration ) orgrowth, nodulation, N,-fixation and root colonization of Albizia |ebbeck
inoculated with Rhizobium (AL Rhz) and AM (Acaulospora laevis). (Values are Mean * Standard deviation of 15 repiation)
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Salinity
levels
To
(0% NacCl)

Ty
(0.5% NaCl)

T
(1.0% NaCl)

Ts
(2.0% NaCl)

T,
(3.0% NaCl)

Ts
(4.0% NaCl)

Treatments
Uninoculated
Control
Acaulospora
laevis

AL Rhz

AL Rhz +
Acaulospora
laevis
Uninoculated
Control
Acaulospora
laevis

AL Rhz

AL Rhz +
Acaulospora
laevis
Uninoculated
Control
Acaulospora
laevis

AL Rhz

AL Rhz +
Acaulospora
laevis
Uninoculated
Control
Acaulospora
laevis

AL Rhz

AL Rhz +
Acaulospora
laevis
Uninoculated
Control
Acaulospora
laevis

AL Rhz

AL Rhz +
Acaulospora
laevis

Shoot
lengt
h
(cm)
30.5+

4.1
35.6 +
2.2
36.8 =
2.8

49.1 +
0.1
28.4 +
2.1
345+
2.4
353 =
4.7

47.2 +
15
26.7%
0.5
31.2+
2.9
335+
1.6

442 +
3.2
22.9+
2.5
305+
4.1
323+
4.3

431+
11
134 +
3.6
17.2 +
2.7
195+
1.2

25.7 %
1.8

Uninoculated Control

Acaulospora laevis

AL Rhz

Shoot
dry
weight
(9)
0.75+

0.01
0.85 +
0.07
0.88 +
0.08

0.103
+0.03
0.73 %
0.04
0.82 +
0.09
0.89 =
0.03

0.95 +
0.07
0.65 .+
0.06
0.79 +
0.05
0.81
0.08

0.93 +
0.02
0.63 +
0.09
0.68 =
0.05
0.73 %
0.04

0.75 +
0.02
0.53 %
0.05
0.58 +
0.08
0.63
0.01

0.65 *
0.06

Root
lengt
h
(cm)
62.4 +

4.5
66.3 +
51
60.5 +
8.3

68.1 +
2.9
56.0 £
5.2
64.5 +
7.1
59.2 +
4.2

66.5
1.9
46.4 +
4.4
61.7 £
8.1
545+
6.3

59.6 +
2.8
425+
1.7
49.5
7.6
50.7 £
3.6

55.6 +
2.5
36.9 %
0.8
325+
3.1
30.4 £
1.7

42,6 +
7.3

Root
dry
weight
(9)
0.79+

0.33
0.84 +
0.02
0.94 +
0.05

0.105
+0.20
0.76 =
0.05
0.83 +
0.12
0.85 %
0.03

0.92 +
0.28
0.672
0.12
0.83 %
0.15
0.82 %
0.03

0.90 +
0.01
0.57 +
0.14
0.78 £
0.21
0.76 =
0.02

0.85+
0.32
0.34
0.09
0.44 +
0.05
0.49 =
0.07

0.53 %
0.02

Total
plant
protein
(mg/g)
98.93 +

1.05
126.5 +
2.72
130.6 +
4.1

199.7 +
2.05
96.36.+
1.21
120.2 +
2.19
126.3 +
0.51

199.7 +
2.05
91.23 +
1.51
108.51
+1.98
121.01
+1.12

152.22
+1.10
73.21+
1.22
88.29 +
1.53
108.14
+1.42

122.64
+1.04
60.11 +
1.02
78.12 %
1.73
88.04 +
1.00

92,41 +
1.21

Total
Plant
chlorophyl
I (mg/l)

0.89 40.21
1.18 +0.38

1.49+0.42

1.85 +0.12
0.89 40.12
1.18 £0.22

1.35+0.02

1.85+0.12
0.78 40.01
1.11 +
0.620

1.15+0.72

1.55 +0.09
0.67.40.15
1.01 +0.07

1.06 +£0.38

1.24 £0.12
0.63 40.32
0.90 +0.21

0.96 +£0.38

1.10 £ 0.04

Plant survived for 10-15 days of the treatment

AL Rhz + Acaulospora laevis

N_
conten
t (%)

(dry
weight

)
1.05+
0.01
1.26 +
0.21
1.45+
0.01

1.52 +
0.04
0.98 +
0.05
1.14 +
0.13
1.22 +
0.05

1.25 +
0.04
0.86 +
0.03
0.97 +
0.17
1.03 +
0.01

112+
0.07
0.78.+
0.05
0.85 +
0.07
0.89 +
0.01

0.92 +
0.09
0.68 ¢
0.11
0.74 +
0.03
0.80 +
0.04

0.90 =
0.79

=
conten
t (%)
(dry
weight
0.16 +
0.00
0.19+
0.01
0.17
0.01

031+
0.00
0.12 +
0.01
0.17 +
0.00
0.15 =+
0.01

0.28 =
0.00
0.09 =
0.00
0.14
0.00
0.11 +
0.01

0.19+
0.00
0.08 +
0.00
0.10 £
0.00
0.09 =+
0.01

0.16 +
0.00
0.07 =
0.01
0.08 +
0.01
0.75 %
0.00

0.10 £
0.01

AM
colonizatio
n (%)

Zero

30.5+4.1

Zero

305+4.1
Zero
30.5+4.1

Zero

305+4.1
Zero
305+4.1

Zero

305+4.1
Zero
305+4.1

Zero

305+4.1
Zero
30.5+4.1

Zero

30.5+4.1
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Fig. 1 Effect of salinity (salt concentration) on growth,nodulation, N2-fixation and AM root colonization of
Albizia |ebbeck inoculated with Rhizobium (Rhz) and AM (Acaulospora laevis) (Value are Mean + Standard
deviation of 15 replicated)
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Treatments: T (0% NacCl)-1. uninoculated contrd, Acaulospora laevis, 3. AL Rhz, 4. AL Rhz + Acaulospora
laevis, T1(0.5% NaCl)-5. uninoculated controf. Acaulospora laevis, 7. AL Rhz, 8. AL Rhz + Acaulospora laevis, T,
(1.0% NacCl)-9. uninoculated controlL0. Acaulospora laevis, 11. AL Rhz, 12. AL Rhz + Acaulospora laevis, T;
(2.0% NaCl)-13 uninoculated controll4. Acaulospora laevis, 15. AL Rhz, 16. AL Rhz + Acaulospora laevis, T,
(3.0% NaCl)-17 uninoculated control,8. Acaulospora laevis, 19. AL Rhz, 20. AL Rhz + Acaulospora laevis

individuals. At 4% NaCl treatment individuals swed for 10-15
Highest percentage of AMF root colonization (Talile was days only.
recorded to be 42.4% in seedling inoculated withaldu
combination ofRhizobium (AL Rhz) + Acaulospora laevis and in  The result from the experiment clearly indicatedt fRhizobium
only AMF (Acaulospora laevis) inoculated plants, percentage ofsolate ALRhz and AMF Acaulospora laevis formed an effective
AM root colonization was recorded 39.5% at theelefdy) of dual combination resulting in highest values ofta# parameter
salinity. The value decreased with the increassalimity levels. studies at the first level of salinity )T The percentage AMF was
The salinity level did not support the growth ofettltest associated withiRhizobium. These results were also supported by
other workers [29-32].
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The under salinity stress condition, it was fouhdttthe growth observations have been supported by Rosendahl esenRahl
rate of plants decreased according to the incrédasdevel of and Hirrel and Gerdemann [21,22].

salinity. Even though the plants had low growth paned to the

uninoculated control plants, the treated plantsated with AM) Conflict of interest statement

showed more growth than their non-mycorrhizal ceuptrts. ) )
We declare that we have no conflict of interest.

The data presented in table suggested that inoaulat efficient

strain of AMF ( Acaulospora laevis) during the cseirof the Acknowledgement
study, prevented the injurious effects of salimitythe test plants
due to enhanced water and nutrient uptake therebmqting

growth, nodulation and nitrogen fixation of theetlegume under
investigation. It was not that the percentage otanshization

was directly proportional to the growth rate, naduhnd

nitrogenase activity under salinity stress conditidhe above

The authors wish to express their thanks to thelHPapartment
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