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ABSTRACT

The effects of microbial symbiosis (Rhizobium and AM fungi, namely Funneliformis caledonius and Glomus bagyarajii) on
growth and contents of NPK and proline (Lens culinaris Medik.) in leaf tissues of lentil grown in autoclaved compost
mixed garden soil (S) and 25% fly ash mixed composted garden soil were investigated. With or without inoculation of
Rhizobium and AM Fungi (Funneliformis caledonius and Glomus bagyarajii). Application of 25% fly ash (FA) with garden
soil (S) and inoculation with Rhizobium (R) and AMF Funneliformis caledonius (F) enhanced yield and NPK content in lentil
leaves to a significantly high level than any other treatments. Overall yield response of Lentil (Lens culinaris Medik.) to
various microbial inoculation and fly ash amendment may be arranged in the following increasing order as S < S+R < S+F
< S+R+G < S+R+F < S+A < S+A+R S+A+G < S+A+F < S+A+R+G < S+A+R+F. The trend was recorded in the relative
accumulation of phosphorus and potash content in the leaf. The nitrogen content in leaves was least in the plants grown
in fly ash amended soil (S+A) without any microbial organism. The stress indicating proline content was highest in this
treatment (S+A). application of Funneliformis caledonius (F) in this combination (S+A+F) reduced the plant stress as
evident from relatively lesser proline accumulation.
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Inoculation of crop specific strain of Rhizobium
significantly increase the production and yield of pulses [1-3].
Rhizobium on interaction with roots of host legume plant forms
root nodules, where in Rhizobium transforms atmospheric
nitrogen (N2) to ammonia (NHs), which is taken up by host
plants in exchange of small amounts of carbon-containing
molecules [4]. In addition to Rhizobium, pulses are also host
plants for Arbuscular Mycorrhizal (AM) Fungi [5]. AM fungi
facilitate adequate availability of water and nutrients in addition
to resistance of host against stress [6-10]. AMF and Rhizobium
are potentially key determinants of plant cohabitation and
grassland productivity by maintaining adequate nutrient uptake
in host from nutrient limited habitats [11]. Plants acquire
synergistic benefits on association with a large number of
symbionts as their growth performance predictable exceeds
additive effects with each of individual symbionts. Many
studies of legumes, arbuscular mycorrhizal fungi (AMF), and
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rhizobial interactions [12-15] have demonstrated that AMF and
Rhizobium increase plant growth by increasing the availability
of a limiting nutrients like phosphorus (P) and nitrogen (N).

Fly ash benefits soils by improving their physical,
chemical, and biological characteristics of soil [16]. Fly ash
amendment also boost lentil yield and NPK uptake in host
plants [17]. The goal of the study was to find out the effect a
25% fly ash application in soil in combination with AMF
(Funneliformis caledonius or Glomus bagyarajii) and
Rhizobium inoculation on vyield, nutrient uptake, and proline
content in Lentil (Lens culinaris Medik.).

MATERIALS AND METHODS

The garden soil was collected from the agriculture farm
areas of Aligarh Muslim University, air dried composted with
farm yard manure (3:1 ratio) and divided into two portions. One
part of the soil was amended with 25% fly ash (3:1 ratio) and
other part of composted garden soil without fly ash amendment.
The soil, either with or without fly ash, was autoclaved twice
with 24 hours interval at 121°C for 20 minutes each time. The
fly ash used in the experiment was directly collected from the
ash pan of Kasimpur Thermal Power Plant, Aligarh (UP, India),
air dried, and sieved (2 mm mesh size).

Eighteen pots filled each with sterilized autoclaves
garden soil and fly ash amended soil. The pure culture of 2
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species of AM fungi (F. caledonius and G. bagyarajii) were
procured from CNBRCD's Bangalore and multiplied. Seeds of
lentil (Lens culinaris Medik.) were surface sterilized with 0.5%
sodium hypochlorite (NaClO) for 15 minutes and washed with
double distilled water. The lentil seeds were treated with
jaggery and Rhizobium culture and dried in the shade. 50 gm
multiplied inoculum of each AMF species was separately
inoculate in small pit in the pots. All treatments had three
replicates.

Treatments

i). Composted garden Soil (S)
ii). S+ Rhizobium (S+R)
iii). S+ Glomus bagyarajii (S+G)
iv). S+ Funneliformis caledonius (S+F)
v). S+R+G
vi). S+R+F
vii). S with fly ash (S+A)
viii).  S+A + Rhizobium (S+A+R)
iX). S+A+ Glomus bagyarajii (S+A+G)
X). S+FA+ Funneliformis caledonius (S+A+F)
Xi). S+tA+R+G
xii). S+A+R+F

All 12 treatments were (i) soil (S), (ii) soil+Rhizobium
(S+R),  (iii) soil+Glomus bagyarajii (S+G), (iv)
S+Funneliformis caledonius (S+F), (v) S+R+ G, (vi) S+R+ F,
(vii) S with fly ash (S+A), (viii) S+A+Rhizobium (S+A+R), (ix)
S+A+Glomus bagyarajii (S+A+G), (X) S+FA+Funneliformis
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Fig 1 Interactive effects of Mycorrhiza and Rhizobium with 25% fly
ash on nitrogen (mg/gm) content of Lentil (Lens culinaris Medik.) at
90 days after sowing (S= soil, F= Funneliformis caledonius and G=
Glomus bagyarajii, R= Rhizobium and A= Fly ash)
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Fig 3 Interactive effects of Mycorrhiza and Rhizobium with 25% fly
ash on Potassium (mg/gm) content of Lentil (Lens culinaris Medik.)
at 90 days after sowing (S= soil, F= Funneliformis caledonius and G=

Glomus bagyarajii, R= Rhizobium and A= Fly ash)

caledonius (S+A+F), (xi) S+tA+R+ G, (xii) StA+R+ F.

Each treatment was carried out three times. The plants
were irrigated as when required. Nutrient uptake (NPK) and
proline accumulation was recorded in 90 DAS and yield in 120
DAS old plant. The proline content was determined following
the conventional method of Bates et al. [18]. Nitrogen content
in dry leaves of plants was estimated following the protocols of
Linder [19], phosphorus content following the protocols of
Fiske and Subba Row [20], respectively, and the potassium
content was determined by flame photometer that is the method
of [21]. The statistical analysis and Duncan’s multiple range test
were carried out using SPSS software version 20 and a one-way
ANOVA (SPSS, Chicago, IL, USA).

RESULTS AND DISCUSSION

Effect of tripartite symbiosis on yield, nutrient uptake and
proline content

The yield responses of lentil varied on inoculation with
Rhizobium, AM fungi (Funneliformis caledonius and Glomus
bagyarajii) when applied alone or in combination and with or
without fly ash amended soil. The tripartite symbiosis between
lentil, Rhizobium, and the selected AM fungus increased the
yield and nutrient uptake in host plants and reduced the stress
as proline content decreased on microbial association (Fig 4).
The overall effects of microbial inoculation on nutrient uptake
in host plant was in the increasing order as- S < S+R < S+G <
S+F < S+R+G < S+R+F < S+F < S+A+R < S+A+G < S+A+F
< S+A+R+G < S+A+R+F.
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Fig 2 Interactive effects of Mycorrhiza and Rhizobium with 25% fly
ash on Phosphorus (mg/gm) content of Lentil (Lens culinaris Medik.)
at 90 days after sowing (S= soil, F= Funneliformis caledonius and G=

Glomus bagyarajii, R= Rhizobium and A= Fly ash)
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Fig 4 Interactive effects of Mycorrhiza and Rhizobium with 25% fly
ash on Proline (umol/gm) content of Lentil (Lens culinaris Medik.) at
90 days after sowing (S= soil, F= Funneliformis caledonius and G=
Glomus bagyarajii, R= Rhizobium and A= Fly ash)
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The nutrient uptake on microbial inoculation (R, F and
G) was higher in 25% fly ash amended soil that is garden soil
with fly ash (Fig 1-3). The pods™ plant, seed weight and seed
yield of lentil inoculated with microbes increased on application
of 25% fly ash in garden soil as compared to soil without fly
ash (Fig 5-7). The increase in number of pods? plant, seed
weight and seed yield* plant increased on microbial inoculation
in the order as — S < S+R < S+G < S+F < S+R+G < S+R+F <
S+A < S+A+R < S+A+G < S+A+F < S+A+R+G < S+A+R+F.

The nitrogen content of lentil plant leaves rises in the
following order - S+A < S < S+R < S+G < S+F < S+R+G <
S+R+F < S+A+R < S+A+G < S+A+F < S+A+R+G <
S+A+R+F. Phosphorus and potassium uptake, on the other
hand, were observed to be similar as yield parameters like: S<
S+R < S+G < S+F < S+R+G < S+R+F < S+A < S+A+R <
S+A+G < S+A+F < S+A+R+G < S+A+R+F.

The proline content was highest in lentils treated with
25% fly ash (FA) alone, indicating that application of fly ash
alone stressed the lentil plant, but inoculation of Rhizobium and
F. caledonius in lentil grown in soil, or F. caledonius in fly ash
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Fig 5 Interactive effects of Mycorrhiza and Rhizobium with 25% fly
ash on number of pods plant of Lentil (Lens culinaris Medik.) at 120
days after sowing (S= soil, F= Funneliformis caledonius and G=
Glomus bagyarajii, R= Rhizobium and A= Fly ash)
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Fig 7 Interactive effects of Mycorrhiza and Rhizobium with 25%

fly ash on seed yield! plant of Lentil (Lens culinaris Medik.) at

120 days after sowing (S= soil, F= Funneliformis caledonius and
G= Glomus bagyarajii, R= Rhizobium and A= Fly ash)

Nutrient uptake in Lens culinaris inoculated with
Rhizobium alone or with one of the selected AM fungi increased
significantly and in turn promoted crop yield (Fig 1-3 and 5-7).
Rhizobium associated with pulse crops fix atmospheric nitrogen
in the form available to the host plant [30-32] and AM fungi in
exchange of small amounts of carbon from host plant increase
the uptake of water, micro and macronutrients in addition to
phosphorus solubilization [33-34]. This combination of the

amended soil, reduced the stress as evident from reduction in
proline content in respective treatments (Fig 4). Single
inoculation of these microbes had no statistically significant
effect on proline content compared to uninoculated lentils,
showing null and void stress in the plant (Fig 4).

The NPK content of lentil plants inoculated with
Rhizobium and Glomus bagyarajii or Rhizobium and
Funneliformis caledonius was higher than NPK content in lentil
plant grown in soil without these microbes [22-24]. Fly ash rich
in phosphorus, potash and several micronutrients also promote
plant growth when applied in the field. In the present study, the
inoculation of Rhizobium and one of the two selected species of
AM fungi (F. caledonius and G. bagyarajii) increased the yield
and NPK content in L. culinaris grown in sterilized composted
garden soil as compared to the plants grown without these
microbes (Fig 1-3 and 5-7). Leguminous crops develop a
tripartite mutual connection with AM fungi and Rhizobium in
the natural environment [25-27]. The tripartite symbiotic
association between pigeon pea, Rhizobium and AM fungi
promoted the growth of the host plant [28-29].
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Fig 6 Interactive effects of Mycorrhiza and Rhizobium with 25% fly
ash on hundred grain weight (gm) of Lentil (Lens culinaris Medik.) at
120 days after sowing (S= soil, F= Funneliformis caledonius and G=
Glomus bagyarajii, R= Rhizobium and A= Fly ash)

roles of both Rhizobium and AM fungi had been more effective
in the present experiment (Fig 1-3 and 5-7).

The extraradical mycelium of AM fungi extend from the
host’s root to the nearby soil volume past the rhizosphere and
enhancing plant uptake of less accessible nutrients, primarily
phosphorus [35-36]. In addition to phosphorus availability, AM
fungi also facilitate uptake of other diffusion-limited nutrients
like Cu, Zn in the host plants [37] as both these micronutrients
play important role in useful enzyme activities.

Chemical fertilization, especially in large quantities, is
not recommended; thus, delivering N and P naturally through
AM fungi and Rhizobium considerably contribute to improved
yield output while being agriculturally and environmentally
sustainable [38-41]. Overall plant growth-promoting effects of
Rhizobium, F. caledonius, and G. bagyarajii, each applied
alone or in combination, improved plant growth in the
following ascending order: Soil (S) < S+R < S+G < S+F <
S+R+G < S+R+F. This demonstrates that a tripartite symbiosis
between L. culinaris, Rhizobium, and F. caledonius increased
yield and nutrient uptake of plant more than with other
symbionts were used singly or in combination (Fig 1-3 and 5-
7).

These findings clearly show that the combined
inoculation of nitrogen-fixing Rhizobium bacteria and AM
fungi namely G. bagyarajii or F. caledonius enhanced uptake
of nutrients in host plant without any antagonizing effect of
interaction between these microorganisms and host plant.
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Similar beneficial effects of tripartite symbiotic partnerships
have been reported in other leguminous crops [42-43]. In this
experiment, the accumulation of proline is indicated stress in
the decreasing order as- S+A > S+A+R > S+A+R+G >
S+A+R+F > S+A+G > S+A+F > S+R+G > S+R+F > S+F >
S+G > S+R > S. This statistical categorization of proline built
up in lentil suggested that plants were under stress without
presence of Rhizobium or AM fungi.

The application of fly ash alone increased the proline
concentration in our studies, indicating stress (Fig 4) this could
be due to the presence of heavy metals in the fly ash as reported
earlier [44-45]. The increase in proline concentration in plants
caused either by fly ash or drought increases to the extent of the
defensive capacity of the host plant [46]. As is also evident with
the finding of present experiment.

CONCLUSION

Our findings show that adding Mycorrhiza and
Rhizobium along with FA 25% helpful in promoted growth and
economic yield of lentil (Lens culinaris Medik.) than growing
only in FA amended soils. Our findings on inoculation of the
Rhizobium AM fungi (Funneliformis caledonius and Glomus
bagyarajii) in pulse crops in context of climate change the and
environment friendly sustainable use of FA.

Acknowledgment

The authors are thankful to the Department of Botany for
providing the necessary facilities and financial assistance. The
authors are also thankful to Dr. D. J. Bagyaraj for Providing
AMF culture.

LITERATURE CITED

1. Compant S, Clément C, Sessitsch A. 2010. Plant growth-promoting bacteria in the rhizo- and Endo sphere of plants: Their role,
colonization, mechanisms involved and prospects for utilization. Soil Biology and Biochemistry 42: 669-678.

2. Saikia SP, Bora D, Goswami A, Mudoi KD, Gogoi A. 2012. A review on the role of Azospirillum in the yield improvement of
non-leguminous crops. African Journal of Microbiology Research 6(6): 1085-1102.

3. Lesueur D, Deaker R, Herrmann L, Brau L, Jansa J. 2016. The production and potential of biofertilizers to improve crop yields.
In Bioformulations: For sustainable agriculture (Eds) Springer New Delhi. pp 71-92.

4. Kala TC, Christi RM, Bai NR. 2011. Effect of Rhizobium inoculation on the growth and yield of horse gram (Dolichos biflorus
Linn). Plant Archives 11(1): 97-99.

5. Gough EC, Owen K J, Zwart RS, Thompson JP. 2022. The role of nutrients underlying interactions among root-nodule bacteria
(Bradyrhizobium sp.), arbuscular mycorrhizal fungi (Funneliformis mosseae) and root-lesion nematodes (Pratylenchus
thornei) in nitrogen fixation and growth of mung bean (Vigna radiata). Plant and Soil 472(1): 421-449.

6. Augé RM. 2001. Water relations, drought and vesicular-arbuscular mycorrhizal symbiosis. Mycorrhiza 11(3): 42.
d0i:10.1007/s005720100097.

7. Augé RM. 2004. Arbuscular mycorrhizae and soil/plant water relations. Canadian Journal of Soil Sciences 84: 373-381.
d0i:10.4141/S04-002.

8. Porcel R, Aroca R, Ruiz-Lozano JM. 2011. Salinity stress alleviation using arbuscular mycorrhizal fungi. A review. Agronomy
for Sustainable Development 32: 181-200.

9. Augé RM, Toler HD, Saxton AM. 2015. Arbuscular mycorrhizal symbiosis alters stomatal conductance of host plants more under
drought than under amply watered conditions: a meta-analysis. Mycorrhiza 25: 13-24.doi:10.1007/s00572-014-0585-4.

10. Zhu B, Gao T, Zhang D, Ding K Li, C, Ma F. 2022. Functions of arbuscular mycorrhizal fungi in horticultural crops. Scientia
Horticulturae 303: 111219.

11. Zhou J, Wilson GW, Cobb AB, Zhang Y, Liu L, Zhang X, Sun F. 2022. Mycorrhizal and rhizobial interactions influence model
grassland plant community structure and productivity. Mycorrhiza 32(1): 15-32.

12.Jin L, Sun X, Wang X, Shen Y, Hou F, Chang S, Wang C. 2010. Synergistic interactions of arbuscular mycorrhizal fungi and
rhizobia promoted the growth of Lathyrus sativus under sulphate salt stress. Symbiosis 50(3): 157-164.

13. Abd-Alla MH, El-Enany AWE, Nafady NA, Khalaf DM, Morsy FM. 2014. Synergistic interaction of Rhizobium leguminosarum
bv. viciae and arbuscular mycorrhizal fungi as a plant growth promoting biofertilizers for faba bean (Vicia faba L.) in alkaline
soil. Microbiological Research 169(1): 49-58.

14. 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(4): 1045-1054.

15. Afkhami ME, Stinchcombe JR. 2016. Multiple mutualist effects on genome wide expression in the tripartite association in
between Medicago truncatula, nitrogen-fixing bacteria and mycorrhizal fungi. Molecular Ecology 25: 4946-4962.

16. Varshney A, Dahiya P, Sharma A, Pandey R, Mohan S. 2022. Fly ash application in soil for sustainable agriculture: An Indian
overview. Energy, Ecology and Environment 1-18.

17. Panda RB, Biswal T. 2018 Impact of fly ash on soil properties and productivity. International Journal of Agriculture,
Environment and Biotechnology 11(2): 275-283.

18. Bates LS, Waldren RP, Teare ID. 1973. Rapid determination of free proline for water-stress studies. Plant Soil 39: 205-207.

19. Lindner RC. 1944. Rapid analytical methods for some of the more common inorganic constituents of plant tissues. Plant
Physiology 19(1): 76.

20. Fiske CH, Subbarow YJ. 1925. The colorimetric determination of phosphorus. Biol. Chemistry 66: 375-400.

21. Hald PM. 1946. Notes on the determination and distribution of sodium and potassium in cells and serum of normal human
blood. Jr. Biol. Chem. 163: 429-434.

22. Adnan M, Shah Z, Fahad S, Arif M, Alam M, Khan IA, Mian IA, Basir A, Ullah H, Arshad M, Rahman IU. 2017. Phosphate -
solubilizing bacteria nullify the antagonistic effect of soil calcification on bioavailability of phosphorus in alkaline soils.
Scientific Reports 7(1): 1-13.

23. Wahid F, Fahad S, Danish S, Adnan M, Yue Z, Saud S, Siddiqui MH, Brtnicky M, Hammerschmiedt T, Datta R. 2020.
Sustainable management with mycorrhizae and phosphate solubilizing bacteria for enhanced phosphorus uptake in
calcareous soils. Agriculture 10(8): 334.

¢ CARAS



1001 Res. Jr. of Agril. Sci. (Jul-Aug) 13(4): 1087-1091

24.

25.

26

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

Wahid F, Sharif M, Fahad, S, Adnan M, Khan IA, Aksoy E, Ali A, Sultan T, Alam M, Saeed M, Ullah H. 2019. Arbuscular
mycorrhizal fungi improve the growth and phosphorus uptake of mung bean plants fertilized with composted rock phosphate
fed dung in alkaline soil environment. Journal of Plant Nutrition 42(15): 1760-1769.

Larimer AL, Lay KC, Bever JD. 2014. Synergism and context dependency of interactions between arbuscular mycorrhizal fungi
and rhizobia with a prairie legume. Ecology 95(4): 1045-1054.

. Omirou M, Fasoula DA, loannides IM. 2016. Bradyrhizobium inoculation alters indigenous AMF community assemblages and

interacts positively with AMF inoculum to improve cowpea performance. Applied Soil Ecology 108: 381-389.

Kavadia A, Omirou M, Fasoula DA, Louka F, Ehaliotis C, loannides IM. 2021. Co-inoculations with rhizobia and arbuscular
mycorrhizal fungi alters mycorrhizal composition and lead to synergistic growth effects in cowpea that are fungal
combination-dependent. Applied Soil Ecology 167: 104013.

Bhattacharjee S, Sharma GD. 2012. Effect of dual inoculation of arbuscular mycorrhiza and Rhizobium on the chlorophyll,
nitrogen and phosphorus contents of pigeon pea (Cajanus cajan L.). Advances in Microbiology 2(4): 561-564.

Lalitha S, Santhaguru K. 2012. Improving soil physical properties and effect on tree legume seedlings growth under barren soil.
Agricultural Science Research Journal 2(3): 126-130.

Mazid M, Khan TA. 2015. Future of bio-fertilizers in Indian agriculture: an overview. International Journal of Agricultural and
Food Research 3(3): 10-23.

Pathak DV, Kumar M. 2016. Microbial inoculants as biofertilizers and biopesticides. In: Microbial Inoculants in Sustainable
Agricultural Productivity (Eds) Springer New Delhi. pp 197-209.

Singh Z, Singh G. 2018. Role of Rhizobium in chickpea (Cicer arietinum) production-A review. Agricultural Reviews 39(1):
31-39.

Etesami H. 2020. Enhanced phosphorus fertilizer use efficiency with microorganisms. In: Nutrient Dynamics for Sustainable
Crop Production (Eds) Springer, Singapore. pp 215-245.

Etesami H, Jeong BR. 2021. Contribution of arbuscular mycorrhizal fungi, phosphate—solubilizing bacteria, and silicon to P
uptake by plant: a review. Frontiers in Plant Science 12: 1355.

Bagyaraj DJ, Sharma MP, Maiti D. 2015. Special Section: Sustainable Phosphorus Management Phosphorus nutrition of crops
through arbuscular mycorrhizal fungi. Current Science 108(7): 1288-1293.

Nanjundappa A, Bagyaraj DJ, Saxena AK, Kumar M, Chakdar H. 2019. Interaction between arbuscular mycorrhizal fungi and
Bacillus spp. in soil enhancing growth of crop plants. Fungal Biology and Biotechnology 6(1): 1-10.

Desai S, Kumar GP, Amalraj LD, Bagyaraj DJ, Ashwin R. 2016. Exploiting PGPR and AMF biodiversity for plant health
management. In: Microbial Inoculants in Sustainable Agricultural Productivity (Eds) Springer New Delhi. pp 145-160.
Mahabadi MM. 2010. Wheat (Triticum aestivum L.) grain N uptake as affected by soil total and mineral N, for the determination

of optimum N fertilizer rates for wheat production. Communications in Soil Science and Plant Analysis 41(13): 1644-1653.

Miransari M, Mackenzie AF. 2010. Development of a soil N test for fertilizer requirements for corn production in Quebec.
Communications in Soil Science and Plant Analysis 42(1): 50-65.

Miransari M, Mackenzie AF. 2011. Development of a soil N test for fertilizer requirements for wheat. Journal of Plant Nutrition
34(5): 762-777.

Miransari M. 2011. Interactions between arbuscular mycorrhizal fungi and soil bacteria. Applied Microbiology and
Biotechnology 89(4): 917-930.

Veselaj E, Sallaku G, Balliu A. 2018. Tripartite relationships in legume crops are plant-microorganism-specific and strongly
influenced by salinity. Agriculture 8(8): 117.

Lata K, Sharma TK, Dassani S. 2021. Effect of mycorrhiza and rhizobium inoculation on the growth and yield of mung (Vigna
radiata) plant. Plant Archives 21(1): 1847-1850.

Dar MI, Naikoo MI, Rehman F, Naushin F, Khan FA. 2016. Proline accumulation in plants: roles in stress tolerance and plant
development. In: Osmolytes and Plants Acclimation to Changing Environment: Emerging omics technologies (Eds) Springer
New Delhi. pp 155-166.

Raj S, Mohan S. 2016. Impact on proline content of Jatropha curcas in fly ash amended soil with respect to heavy metals.
International Journal of Pharmacy and Pharmaceutical Sciences 8: 244-247.

Alderfasi AA, Selim MM, Alhammad BA. 2016. Evaluation of plant densities and various irrigation regimes of sorghum
(Sorghum bicolor L.) under low water supply. Journal of Water Resource and Protection 8(1): 1-11.

¢ CARAS



