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Abstract
Symbiotic association of rhizobium with legumes plays a key role in biological nitrogen fixation while the arbuscular mycorrhizal (AM)
association with high plants can increase the availability of poorly mobile nutrients such as phosphorous. In legumes both the symbiots can inhabit
and synergistically affect each other in various stress conditions such as drought and mineral deficiency. Understanding the impact of tripartite
interaction between AM and rhizobacteria under different abiotic stress can be a powerful strategy to improve the soil condition and plant yield in
sustainable way.
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Introduction
Legumes are agriculturally and ecologically important crop as
they are the major source of food and feed worldwide. Legumes are
also a key component of biological nitrogen fixation (BNF). Legumes
form two types of symbiotic association with soil microorganisms.
The symbiotic association established between legumes and
diazotrophic bacteria is unique and exclusive to legumes only. In
this association, the bacteria inhabit in the host plants’ root nodules
and fix the atmospheric nitrogen (N2) into biologically available
form, i.e., ammonia [1]. The second association occurs between
legumes and arbuscular mycorrhiza fungi (AMF) it is very common
in majority of terrestrial vascular plants [2]. AMF colonize plant
roots and reach the surrounding soil by creating extensive network
of mycelium. This intense mycelium network reaches beyond the

depletion zone where poorly mobile nutrients such as phosphorus
(P) are present [3].

The effect of either AMF or rhizobium on host plants have been
studied more intensively while the combined effect of AMF and
rhizobium are less studied. The tripartite interaction of legumes
with rhizobium and AMF is more complex than the symbiotic
association of legume with rhizobium or AMF alone. Rhizobial and
mycorrhizal association can synergistically affect the plant growth
[4-6] but the interaction of these two symbionts can also reduce the
growth of plant [7,8].
In tripartite interaction, the environmental factors and nutrient
availability along with AMF and rhizobium may influence the
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overall plant growth and yield. In different conditions of light, it has
been found that AMF and rhizobium association can positively and
negatively affect the seed production in lema bean [8]. In normal
light condition the association of these two symbionts showed
synergistic effect while in limited light AMF negatively affect the
nitrogen fixating capacity of rhizobium inhabiting in lema bean [8].
In case of prairie legume Amorpha canescens, AMF and rhizobia
together increased the biomass. Also, it has been reported that the
decrease in nodulation due to addition of nitrogen can counter by
the coinfection of AMF [5].
Maintenance of rhizobial symbiosis requires high level of P,
probably because the concentration of P is significantly higher in
microbial cell [9]. P deficiency not only affects the nodule formation
but also affect the photosynthetic capacity of plant [9]. As AMF
generally improve the P availability, the AMF symbiosis is expected
to positivity affect the functioning of rhizobial association with
host. It has been reported that AMF stimulates the nitrogen fixation
in two Medicago species under low P availability [10]. The positive
impact of AMF along with rhizobia on biological nitrogen fixation

under low P availability have been reported in cowpea and prairie
legume [5,11]. On the other hand, under P-sufficient condition,
they compete for the carbon (C) and negatively affect the biomass
production [7,12].
Tripartite interaction of legumes with rhizobia and AMF can
improve plant growth and biomass production under drought
stress [13,14]. The AMF association could stimulate the rate of
nodule formation under stress conditions [14]. AMF could also
reduce the oxidative stress and improve carbon metabolism of
nodules [15,16].
These studies suggest that the benefit of the symbiotic relation
of rhizobia and AMF is dependent upon the environment conditions.
In stress conditions, such as drought, the presence of AMF along
with rhizobia can be a significant strategy to improve the growth
and production of legumes. Further, plant stress tolerance induced
by these symbionts needs to studied under field conditions. For the
sustainable crop production and maintenance of eco-physiological
system, the cumulative effect of rhizobia and AMF along with the
soil and environmental conditions should be studied in detail.

Acknowledgement
None.

Conflict of Interest

Volume 7-Issue 3

2. Smith SE, Read DJ (2008) Mycorrhizal Symbiosis. Cambridge: Academic
Press.
3. Raven JA, Edwards D (2001) Roots: evolutionary origins and
biogeochemical significance J Exp Bot 52: 381-401.

4. Kaschuk G, Leffelaar PA, Giller KE, Alberton O, Hungria M, Kuyper TW
(2010) Responses of legumes to rhizobia and arbuscular mycorrhizal
fungi: a meta-analysis of potential photosynthate limitation of
symbioses. Soil Biol Biochem 42: 125-127.

5. Larimer AL, Clay K, Bever JD (2014) Synergism and context dependency
of interactions between arbuscular mycorrhizal fungi and rhizobia with
a prairie legume Ecology 95: 1045-1054.
6. van der Heijden MGA, de Bruin S, Luckerhoff L, van Logtestijn RSP,
Schlaeppi K (2016) A widespread plant-fungal-bacterial symbiosis
promotes plant biodiversity, plant nutrition and seedling recruitment.
ISME J 10: 389-399.

7. Bethlenfalvay GJ, Pacovsky RS, Bayne HG, Stafford AE (1982) Interactions
between nitrogen-fixation, mycorrhizal colonization, and host-plant
growth in the Phaseolus-Rhizobium-Glomus symbiosis. Plant Physiol
70: 446-450.

8. Ballhorn DJ, Schadler M, Elias JD, Millar JA, Kautz S (2016) Friend or
foe - Light availability determines the relationship between mycorrhizal
fungi, rhizobia and lima bean (Phaseolus lunatus L.) PLoS ONE 11:
e0154116.
9. Jakobsen I (1985) The role of phosphorus in nitrogen fixation by young
pea plants (Pisum sativum). Physiol Plant 64: 190-196.

10. Püschel D, Janoušková M, Voříšková A, Gryndlerová H, Vosátka M, et al.
(2017) Arbuscular Mycorrhiza Stimulates Biological Nitrogen Fixation
in Two Medicago spp. through Improved Phosphorus Acquisition. Front.
Plant Sci 8: 390.
11. Ankomah AB, Zapata F, Hardarson G, Danso SKA (1996) Yield, nodulation,
and N-2 fixation by cowpea cultivars at different phosphorus levels. Biol
Fertil Soils 22: 10-15.

12. Reinhard S, Martin P, Marschner H (1993) Interactions in the tripartite
symbiosis of pea (Pisum sativum L.), Glomus and Rhizobium under
nonlimiting phosphorus supply. J Plant Physiol 141: 7-11.

13. Takacs T, Cseresnyes I, Kovacs R, Paradi I, Kelemen B, et al. (2018)
Symbiotic effectivity of dual and tripartite associations on soybean
(Glycine max L. Merr.) cultivars inoculated with Bradyrhizobium
japonicum and AM fungi Front Plant Sci 9: 1631.
14. Hao Z, Xie W, Jiang X, Wu Z, Zhang X, and Chen B (2019) Arbuscular
Mycorrhizal Fungus Improves Rhizobium-Glycyrrhiza Seedling
Symbiosis under Drought Stress Agronomy 9(10): 572.

15. Porcel R, Barea JM, Ruiz-Lozano JM (2003) Antioxidant activities in
mycorrhizal soybean plants under drought stress and their possible
relationship to the process of nodule senescence New Phytol 157: 135143.
16. Goicoechea N, Merino S, Sanchez-Diaz M (2004) Contribution of
arbuscular mycorrhizal fungi (AMF) to the adaptations exhibited by
the deciduous shrub Anthyllis cytisoides L. under water deficit. Physiol
Plant 122: 453-464.

No conflict of interest.

References

1. Bolger TP, Pate JS, Unkovich MJ, Turner NC (1995) Estimates of seasonal
nitrogen-fixation of annual subterranean clover-based pastures using
the 15N natural-abundance technique. Plant Soil 175: 57-66.

Citation: Shweta Singh, Sivalingam Anandhan, Rupesh Kumar Singh. Interaction between Arbuscular Mycorrhiza and Rhizobacteria
with Legumes : A Promising Strategy to Fight with Abiotic Stress. World J Agri & Soil Sci. 7(3): 2021. WJASS.MS.ID.000662.
DOI: 10.33552/WJASS.2021.07.000662.

Page 2 of 2

