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ABSTRACT

Effect of inoculation of three AM fungi on growtbrfprmance of Centella asiatica plant was evaluafBaree AM
fungi namely, Glomus fasiculatum, Acaulospora fteeeand Gigaspora margarita were used in the prestuady.
The plantlets of Centella asiatica were grown iygmouse condition with three replicates for eamratment and
harvested at 80 days of growth. The result showat the number of leaves in Gi. margarita inocethpots were
increased when compared to other two AM fungi ifeted pots and control. The highest root length whserved
in control and Gi. Margarita and highest shoot lémgwvas observed in G. fasciculatum compared to rothe
treatments and control. Whereas, the highest febsiot weight was recorded in plants treated witlio&eata when
compared within the treatments and control. Totigl @eight biomass, mycorrhizal dependency and iz
inoculation effect was high in Gi. margarita inoatéd plants compared to other two treatments armdrob The
results of present study indicated that both Girgadta and A. foveata may be considered as goanwthr
promoter for better biomass yield in C. asiaticaiethis used as brain tonic, in the treatment ofartic diseases
and mental disorders in the Ayurvedic system oficiresd

Keywords: Arbuscular mycorrhizal fungi,Centella asiatica, Gigaspora margarita, Glomus ¢aatum,
Acaulospora foveatayurveda.

INTRODUCTION

Centella asiaticd_. Urban (synHydrocotyle asiaticd..) belongs to family Apiaceae. It is a well known imgtéve
herb in Ayurvedic medicine and an important multjgmse plant species native to Sri Lanka and SoutAé&ica. It

is also found in certain parts of India, Pakistdadagascar and Eastern Europe. The leaves andamotsed in the
treatment of a number of ailments ranging fromefastealing of small wounds, chap, treatment of eegeminor
itching, insect bites, chronic venous insufficienskin ulcers, etc. because of its anti bacteaati-feedant, anti-
filarial, anti-leprotic, anti-stress, anti-tuberosis and wound healing properties [1, Bhe increasing harvesting
and marketing o€. asiaticaspecies endangers the long term sustainabilityneeds conservation strategy for this
plant. Though presently it is listed in least conceategory of the IUCN [3], considering its higkedicinal value, it
is the matter of concern for its conservation Méggetative propagation df. asiaticais not enough to meet the
timely need of pharmaceutical industries. Propagatia seed is insufficient due to low seed visilimprovement
of plant survival and growth enhancement througérahte methods is feasible. Selecting suitableombizae is
one such method as the knowledge of host spegifididAM fungi in a specific natural ecosystem ispiontant as it
is known to affect the plant growth and development

Arbuscular mycorrhizal fungi clearly play an impaont role in terrestrial ecosystem, such as grags|amhere they
influence plant community structure and nutrientlityg [5]. The interaction between plant root amahdi called
mycorrhizae, are found in approximately 90% ofvascular plants [6]. Since AM fungi require oxygenthrive
and since many wetland plants have been describadramycorrhizal [7, 8, 9], it has been assumatl AM fungi
have little significance in wetland ecosystems. ldoer, recent field studies show that AM fungi existvetlands
and colonize many hydrophytic plants [10, 11, 12,14, 15]. AM fungi have been found in the rodtsabmerged
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macrophytes [16, 17], salt marsh plants [18, p&nts in oligotropic wetlands [20], wetland woaghecies [21, 22]
plants in prairie potholes [23], wetland plantsirerglades [24] and plants in recently rehabildatetlands [12].
Out of 49 species examined in the aquatic habifalBEenmark, 9 were found to harbour AM fungi [25].

The association between AM fungi and wetland plamhy mediate co-existence of plant species and kakmce

of the hydrophytic community as in terrestrial ggisms [26]. One of the main functions and ecolalgioles of

AM fungi is providing enhanced phosphorus nutrittorplants; thus the effect of soil available pHuspis is often

assessed in wetland ecosystems [27]. The AM fuogjahization of wetland plants may be particulatgpendent
on the interaction between plant phenology and satness [28]. Arbuscular mycorrhizal fungi are omnaj
component of rhizosphere microflora in natural gstmms and play significant role in the re-estdinlient of

nutrient cycling [29], modify the structure and &tion of plant communities [30] and are useful aadors of

ecosystem change [31]. In the present study antefias made to study the effect of AM fungi on gtbw
enhancement dt. asiatica

MATERIALSAND METHODS

Selection of AM fungusfor inoculation

Individual AMF spores showing hyphal connection evésolated by the wet sieving and decanting metl3@d
from the air-dried rhizosphere soil samples colldcirom Western Ghats of the Karnataka region. cialieAM
fungal species were mass multiplied usBgrghum bicolorL. as host plant. The soil used in this study was
classified as sandy loam having pH 7.79 and withilable phosphorous of 47,8 g'of soil. The soil and sand
were dry sterilized by placing in hot air oven fbdays at 150C. The soil and sand (1:1 V/V) was used to fill the
pots for mass multiplication of AM fungi by trapltiure method [33]The S. bicolourplants were allowed to grow
for 80 days under greenhouse conditions. The plaste irrigated regularly to maintain sufficientilsmoisture.
After 80 days, the upper portion of the plant wamoved retaining the root of the plant along withl, swhich
served as AMF inoculum. This inoculum was stored&t till further use.

AM fungal inoculation in pot experiment

The selected mono-specific AMF inoculu@l¢mus fasciculatupAcaulospora foveatand Gigaspora margariti
(Fig. 1) multiplied by trap culture method was ugedinoculateC. asiaticaplants in green house condition to
analyze the efficacy of individual species of AMhfli on the growth enhancement. The plant letehtella
asiaticawere procured from Biotechnology Center, HulimaBengaluru and planted in sterilized soil prepared a
mentioned above. Different treatments used in tlesgnt study were; sterile soil/sand mixer sensdaamtrol and
sterile soil/lsand mix + 50g of each of the AMF inhuns considered as inoculated. All the treatmewgse
maintained in triplicate. The experimental potsaveraintained in the green house condition at a ¢eatpre of 22
+ 1°C, and watered regularly to maintain the soil moistlevel close to field capacity. In this experim@o
inorganic nutrients were added to the plants. Nestrdictive growth measurements were taken and ligalesting
was carried out after 80 days of planting. The fpfemameters like number of leaves, shoot lengtte wecorded at
every 20 days of interval after planting. The totait length was recorded after final harvest.

Estimation of Fresh and Dry weigh

The biomass of separated root and shoot washedutoly to remove all the adhering soil particlesunning tap
water, gently pressed in folds of filter paper émpve excess moisture. The fresh weight of bottbibmass was
determined and the samples were wrapped in papeplaned in hot air oven at 7@ for 48 hours. After 48 hours,
the plant parts were removed, cooled in desiccatodsreweighed to record dry weight.

Mycorrhizal Dependency (M D)

Dry weight of root and shoot and degree of respdasmycorrhizal dependency was calculated, whidngéhe
difference between the total biomass of the indedland non-inoculated plants and was expressadbascentage
of the dry biomass. Mycorrhizal dependency value walculated according to the formula of Plenchettal,
(1983) [34].

MD = Dry weight of inoculated plants/Dry weight mén-inoculated plants X 100

Mycorrhizal Inoculation Effect (MIE)

Dry biomass of root and shoot data was recordedatoulate the MIE for accessing the growth improgatn
brought about by inoculation with a indigenous Aihgi in unsterilized soil. MIE was calculated by tollowing
formula [35].
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MIE = Dry weight of inoculated plants - Dry weighit non-inoculated plants X 100
Dry wetgif inoculated plants

Physico-chemical properties of soil

Physico-chemical properties of soil used in thesené study was collected in sterile polyethylengsbasing soil
auger from the depth of 30 cm and subjected folyaisasuch as soil pH, Electrical conductivity amehailable
phosphorus at Central Sericulture Research andifgainstitute, Mysore, Karnataka.

Statistical analysis

All the data were statistically analysed using arasr ANOVA (Analysis of variance) by SPSS. Differenemong
treatments were determined using Tukey’s multiplege tests (TMRT) at a significant level of p=0.0&ta are
presented as Mean + Standard Error (SE).

RESULTSAND DISCUSSION

Physico-Chemical properties of soil

The result Physic&hemical properties of the soil used in the prestuidy clearly showed that the sterilized soil
had slightly high phosphorous content when comp#&oednsterilized soil. The pH of sterilized soil svalightly
basic in nature condition compared to unsteriliszed which was slightly acidic. The electrical camtivity was
also found to be high in sterilized soil comparedunbsterilized soil. The physic-chemical parametéected the
efficacy of the AM fungal inoculums used in the g@et study. Among the three inoculums used in tlesgnt
study,Gi. margaritaperformed well in high pH, high electrical condwi and high avail phosphorous in soil.

Effectson AM fungi inoculation on growth parameters

The efficacy of three AM fungi on growth performancf C. asiaticashowed a positive effect by increasing the
growth parameters like number of leaves, root lenghoot length, whole plant weight, root weight ahoot
weight in inoculated plant compared to control ('Bab). The number of leaves increased in all tloeutated plants
compared to control (Fig.2). Within and between treatments, a significant increment in leaf numbers
observed in plants treated wi@i. margaritaand A. foveata All the three AM fungal species failed to showyan
effect on root length enhancement compared to ebrdut within the treatment&i. margaritaproved to be good
compared to other two inoculum. The highest shength was observed in plant inoculated wWithfasciculatum
when compared to other treatment and control (Faple

The highest fresh weight of root was recorded @flants inoculated wittsi. margaritawhen compared to other
treatments and control, whereas highest fresh sheigiht was recorded iA. foveatacompared to other treatments
and control. However, the plants treated withfoveatashowed the highest total mean fresh weight whiels w
significantly high when compared to other treatraeamd control plants (Table-1).

Estimation of dry weight

The highest total dry weight biomass was recordaqalants treated witfsi. margaritawhich showedt.67g of total
biomass when compared to the control plant andinvitiie treatmentg¢Table-1).Mycorrhizal dependency value
was high inGi. margaritawith 152.11%, followed bys. fasiculatumwith 137.45% andh. foveatawith 122.47%
which showed the lowest percentage. The mycorrhimatulation effect was also high in plants treawdth Gi.
margarita with highest percentage of 34.26% and followedGyfasiculatumwith 27.25% andA. foveatawith
18.35% which was lowest.

Centella asiaticahas wide application in Indian and Chinese tradal system of medicines with documented
evidence for wound healing and neuroprotective améaging potential. Considering the increased atedfor its
utility, it has to be conserved before it shifte fhlace from least concern to threatened categoyCN Red list
[3]. In the present study an effort was made toeustaind the efficacy of three AM fungal specietareasing the
biomass of the plant in order to find a host specM fungal species. Several earlier results ssygeat AM
fungal inoculation made significance differenceeimhancing growth, oil yield and nutrient acquisitio Mentha
arvensis[3], increase in the production of essential niCioriandrum sativunj37] and also diversity of AM fungi
associated with aquatic and marshy plant speaiet)ding Centella asiaticg36]. Dhami [38] reported positive
effect on parameters like root length, shoot heighbot and root ratio, shoot and root biomasSentella asiatica
andBacopa monniemplants upon AM inoculation.

The results of present study reveal that, all tiree AM fungi were proved to be effective eitheririgreasing
number of leaves, root and shoot length or totsHrand dry biomass and also the mycorrhizal degpeydof
Centella asiaticawhich corroborates the earlier reports [39, 40;48]. The difference observed within the
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treatments of AM fungi may be due to the host prafee of AM species as reported by earlier worlkersome
medicinal plant likePhyllanthus amarusand Withania somniferg45] and Coleus forskohlii[50]. It has been
reported that species of AM fungi differ signifi¢ggnin their ability to improve plant growth andherr aspect of
plant performance [51, 52]. AM fungi are considetedhave a wide host range and there is some dagree
ecological specificity between AM fungi and plafi8]. The present result clearly indicates tlait, margaritaand

A. fovaetaoutperformed thé&s. fasciculatunby increasing biomass of fresh weight, mycorrhdependency and
mycorrhizal inoculation effect i€. asiaticaand may be considered as a good inoculums. The feeeselecting
efficient AM fungi that can be used for inoculatidgfferent mycotrophic plants, has been stressed/drnjous
workers [54, 55, 56].

Table-1: Effectson AM fungi inoculation in field experiment

No. of leaves Root length Shoot length Whole weight Root weight Shoot weight Total dry weight
i (cm) (cm) (@) (@) @ (@

CON | 34.66%36.01 25.1+2.26° 26.76+2.85 8.065.65 1.25+1.39 6.81+4.31° 3.07+2.98
GF 62+19.46" 18.9317.12 39.53+10.42 14.37+1.51 2.1+0.88" 12.27+0.73 4.22+1.07
AC 39+41.14° 17.3+17.87 31.93+28.19 19.05+24.38 2.61+3.87 16.41+20.48 3.76+4.38
GM | 64.66+8.02 24.26+4.05 37.16+2.92 16.31+2.54 2.84+1.39 13.48+2.77 4.67+0.47

CON - Control, GF Glomus fasiculatum, AC- Acaulospora foveata, GMyaSpora margirata
Values are Means of 3 replicates + Standard Erkalues with the same letter within same columreémh parameter are not significantly
different at £ 0.05 levels means values of different superscagssignificantly different by Tukey s multipfnge tests with respect to species

main effect.
"
A B C
Fig 1: Mycorrhizal strainsused to inoculate Centella asiatica plants: (A) Glomus fasiculatum, (B) Acaulospora foveata and (C) Gigaspora
margirata

(A) (B) ©

Fig 2: Centella asiatica plant growth after (A) 30 days, (B) 60 daysand (C) 80 daysin a green house condition
CONCLUSION

In the present studyGi. margarita and A. fovaetashowed positive results in all the parameters also in
increasing the biomass @f. asiatica As mycorrhizal symbiosis is a highly evolved malistic relationship for
plant establishment, this study provides a greairéufor utilizing the efficient strains of mycoizhl fungi to
exploit them for the beneficial effects in estalieent of seedlings, increase in productivity ardlioe the fertilizer
application required for obtaining economic productof C. asiaticaplant under field conditions. It is often
assumed that AMF will play a more pivotal role iiteenative systems than in conventional systems. r@sults
indicate that the use of mycorrhizal inoculatioraifeasible approach f&. asiaticaproduction. The green-house
experiment suggested that AMF inoculation can imeeegrowth and biomass production significanthyhds been
observed that different AMF isolates influence ttast plant growth and qualitative differences ie #econdary
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metabolites production. Therefore, further studies needed for selection of effective AMF r asiaticagrowth
and secondary metabolites production.

Acknowledgment
The authors are thankful to the Institution of Hierece, University of Mysore for providing finantisupport and
extending essential facilities to carry out of ttésearch work.

REFERENCES

[1] Chakraborty T, Babu SPS&ijtoterapia, 1996, 67(2), 110.

[2] Srivastva RYN, ShuklaCentral Inst. Med. Aromatic Plant§997, 19(4), 1049.

[3] Gupta AK, Chaturvedi S, Sharma AKlycorrhiza 2009, 20(4), 10.

[4] Ahmad RU,Medicinal plants: new vistas of resear@art |). Today and Tomorrow Printers and Publishers,
New Delhi, 1993, p 221-258.

[5] Jackson RM, Mason PAJycorrhiza 1984, 60.

[6] Allen EB, Allen MF, EIm DJ, Trappe JM, Molina, Rincon M,Plant andSoil, 1995. 170, 47.

[7] Mosse B, Stribley DP, LeTacon Edvances in Microbial Ecologylenum Press, New York981, pp 137.
[8] Anderson RC, Liberta AE, Dickman LAecologia, 1984, 64, 111.

[9] Mejstrik V, Sov. J. Ecql1984, 15, 18.

[10] Brown AM, Bledsoe CJ. Eco] 1996, 84, 703.

[11] Cooke JC, Lefor MWJ. Environ. Managel998, 14, 131.

[12] Turner SD, Friese CF, Restdtcol 1998, 6, 44.

[13] Cantelmo Jr. AJ, Ehrenfeld J®@lycorrhiza,1999, 8, 175.

[14] Thormann MN, Currah RS, Bayley S®getlands;1999, 19, 438.

[15] Turner ST, Amon JP, Schnebl RM, Fries @Ftlands2000, 20, 200.

[16] Clayton JS, Bagyaraj DAguatic plants;1984, 19, 251.

[17] Tanner CC, Clayton J3quat. Bot1985, 22, 377.

[18] Rozema J, Arp W, Van Diggelen J, Van EsbroekBvbekman R, Punte Hicta Bot. Neerlandical986, 35,
457,

[19] Van Duin WE, Rozema J, Ernst WHBgric. Ecosyst. Enviror,990, 29, 107.

[20] Sondegaard M, LaegaardMature 1977, 268, 232.

[21] Keeley JEAmM J. Bot 1980, 67, 6.

[22] Lodge DJPlant Soil,1989, 117, 43.

[23] Wetzel PR, van der Val AGZan. J. Bat1996, 74, 883.

[24] Azi T, Sylvia DM, Dore RFEcol. App| 1995, 5, 776.

[25] Beck-Nielsen D, Vindaek, Madsefsgquat. Bot2001, 71, 141.

[26] Hart M, Klironomos JN2002, Diversity of arbuscular mycorrhizal fungi and ecs&m functioning,
[27] Smith SE, Read DJycorrhizal Symbiosjsl997, Academic Press, San Diego, California, USA.
[28] Miller SP,New Phytal2000, 145, 145.

[29] Peterson RI, Ashford AE, Allaway W@®ustralian Journal of Botany985, 33, 669.

[30] Douds DD, Millner PDAgriculture Ecosystems and Environmet®99, 74, 77.

[31] Mc Gonigle TP, Miller MH,Soil Biology and Biochemistry1,996, 28, 263.

[32] Gerdemann JW, Nicolson TiMycol. So¢1963, 46, 235.

[33] Walker C, Vestberg MAgricultural Science in Finlandl994, 3, 233.

[34] Plenchette C, Fortin JA, Furlan V, Plant and, <983, 70, 191.

[35] Bagyaraj FJ, Manjunath A , Govinda Y 3$ournal of Soil Biol. Ecql1988, 8, 98.

[36] Radhika KP, Rodrigues BRguatic Botany2007, 86, 291.

[37] Kapoor R, Giri B, Mukerji KG,J Sci Food Agric2002b, 82, 339.

[38] Dhami NK, Dissertation, Thapar Institute Enggming and Technology, PatiaR05

[39] Nemec S, Lund E] Essent Oil Re4990, 2, 287.

[40] Abu-Zeyad R, Khan AG, Khoo ®Jycorrhiza 1999, 9, 111.

[41] Fester T, Maier W, Strack Dycorrhiza, 1999, 8, 241.

[42] Kapoor R, Giri B, Mukerji KGWorld J Microbiol Biotechnol2002a, 18, 459.

[43] Rojas-Andrade R, Cerda-Garcia-Rojas CM, FHasna ndez JT, Dendooven L, Olalde-Portugal V, R&@mo
Valdivia AC, Agron J, 2003, 71, 903.

[44]Copetta A, Lingua G, Berta BJycorrhiza 2006, 16,485.

[45] Earanna N, Ph.D Thesis, University of Agricuétl Sciences, Bangalor2001

[46] Bobby VU, Bagyaraj DMVorld J. Microbiol. Biotechno003, 19, 175.

[47] Nisha MC, Rajeshkumar $dian J. Sci. Technp2010, 3(6), 676.

[48] Vasanthakrishna M, Bagyaraj DJ, NirmalnathNBw Forests1995, 9, 157.

15
Pelagia Research Library



Seema H. Siddur and Rajkumar H. Garampalli Asian J. Plant Sci. Res,, 2016, 6(3):11-16

[49] Rajan SK, Reddy BJD, Bagyaraj Oxhyr. Ecol. Manage2000, 126, 91.
[50] Gracy LS, Bagyaraj DMycol. Res2005, 109, 795.

[51] Liu RJ, Luo XSJ. Lai-Yang AgriCollege 1988, 5(6), 13.

[52] Liu RJ,J. Plant Nutr 1989, 12, 997.

[53] Rosendahl S, Rosendahl CN, Sochting\gric. Ecosyst. Envirqri992, 29, 329.

[54] Abbott LK, Robson ADAust. J. Agric. Req,982, 33, 389.
[55] Bagyaraj DJ, Varma AAdv. Microbial Ecol 1995, 14, 119.
[56] Jeffries PCrit. Rev.Biotechnol 1987, 5, 319

Pelagia Research Library

16



