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Establishing monoxenic culture of arbuscular mycorrhizal fungus Glomus
intraradices through root organ culture
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Abstract: Arbuscular mycorrhizal fungi are soil fungi distributed worldwide, forming symbiosis with most of the
vascular plants for their growth and survival, which is used for sustainable agriculture and ecosystem management.
This study investigated the establishment of monoxenic cultures of Glomus intraradices in association with
transformed carrot hairy root. The G.intraradices spores were isolated from sugarcane rhizosphere by wet sieving
and decanting technique and propagated in open pot culture. Transformation in to carrot hairy root was done using
Agrobacterium rhizogenes. Surface sterilization of G.intraradices spores co-cultured with transformed carrot hairy
root in Modified Strulla and Romand (MSR) medium was found the host root growth as well as for germination AM
spores. After three months of incubation in dark condition, significant production of extensive hyphal growth on
MSR medium and an average of 8500-9000 spores per petri dish was observed. The in vitro inoculum exhibited
higher potential of root colonization due to numerous intraradices mycelium with extensive spore load. The
produced monoxenic inoculum can be used in place of traditional system where it has a advantage of producing
contaminant free propagulas. Thus the monoxenic culture system, a powerful tool, of AM sporulation, can be used
for the mass production of monoxenic inoculum of AM fungi besides studying its biology.

Keywords: Carrot hairy root induction, Glomus intraradices, Monoxenic inoculum, MSR medium, Sugarcane
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INTRODUCTION first reported, thén vitro association of aEndogone
species with plant. In the mid-1970s, Mosse and
Hepper (1975) successfully established a culturanof
AM fungus associated with excised roots of tomato

Continued increase in global population, with the
limitations in the world's supply of natural resoces,
extensive use of chemical fertilizers and degeimrat ; ,
of the environment is a major challenge to theari ~ (Lycopersicum  esculentunMill) and red clover
tural production today. Contrary to the chemical (T: pratense L.) in gelled medm_m. Aftgr this
fertilizers, organic manures and bioinoculants legs  Primlinary work, ten years later the first obsevatof
expensive and achieving high productivity without N Vitro AM inoculum production using carrot hairy
harming the environment. In order to implement sach 00t was developed by Becard and Fortin in 1988.
plan, the judicious use of nature’s own bioferiliz Similarly Chabote_t al. (1992) developed monoxenic
such as arbuscular mycorrhizal fungi (AMF) (Frank, culture of AM using a mono-compartmental method.
1885) are Obligate symbionts behavior belonging toYSing another approach  Declerai al., 1996,
the phylum Glomeromycota (Schuessiral., 2001) estabhshedn vitro AM |noculurr_1 by dual culture sys-
that cannot complete their life cycle without etitb tem havmg sterilized mycorrhizal root segments and
ing a functional symbiosis with host plant. AMF Agrobacteriumtransformed carrot rootFortin et al
enhances the nutrient availability especially plhosp (2002) psed split-p!ate method of monoxenip _culture
rus, augment water uptake and induces resistanfeParating a proximal compartment containing the
against diseases and boost the crop yield (Lekisedg carrot root an_d AM furjgus from a d|s_tal compartment
Koids, 2005). Conventional methods available for {0 develop high density AM spore inoculum. Many
large scale production of AM fungi are pot cultigat ~ different strains of AM fungi have been developed i
with sterilized soil, aeroponics, hydroponics ameepy ~ Monoxenic culture system. However, (ljdgt al,
house basedn vivo methods (ljdoet al., 2011). 2011_) reported that onIyGIo_mus intraradices
However these methods have limitation in high duali SPecies complex are fast colonizers that are able t

inoculum productionProductionof monoxenic AM ~ Multiply around ten thousanth vitro propagules in
culture underin vitro conditions is one of the most -/ months of incubation. However, all the above

promising ways toobtain high number of spore reported studies have taken a Ipng period (aroun_d 7
propagules in a shortest time with contaminationMonthes) to produce monoxenic AM spores using

free inoculum(Binondoet al., 2012). Mosse (1962) different explants. This sporulation time when
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compare to conventional methods is much longer an
difficulty to commercialization. In order to prodac
high quality inoculum with higher number of spones
a relatively shorter period of time it is importatat
develop suitable method for inoculum mass produc
tion. Studies related to this area are less éenr
present study aims to mass produce high potenti;
monoxenic G. intraradices inoculum with help of

transformed carrot hairy root in shorter time span. Figs.1& 2. Hairy root induction from carrot after 1-2 week
incubation on the MS medium.

MATERIALSAND METHODS

Fungal inoculum propagation: G. intraradicesfungi /
used for this experiment was isolated from thef/s
rhizosphere of sugarcane and multiplied in poturalt
of maize Zea maysL. var-NK6240). The soil-sand
mix (2:1 w/w) substrates were sterilized in an
autoclave at 15 Ib for half an hour to kill the
indigenones AMF propagules and to avoid cross -
contamination. After 60 of days incubation the soil t':r?nssfo'\rﬂniza ﬂ‘a‘l‘llrt'p"cat'on OfFig. 4. Co —Cultivation

y root on they4,9h Root organ culture.
samples were collected from pot, spores were slat pMSR medium. 9 9

by wet-sieving and decanting technique (Daniels ang “

Skipper, 1982). The mycorrhizal root were removec
from pot culture,estimation of AM colonization }
was done byroot clearing and staining technique
(Phillips and Hayman, 1970) Al
Sterilization of spores: The G. intraradices spores ‘r P
were surface sterilized according to Becard anthePic A
(1992) by showing then for 10 min in a 2 % w/v . : '
Chloramine-T with Tween 20 (0.1 % v/v) which then E(Ia%SSégrgltrgerCr;n|rl1rgtr|g;1adénglg 6. ) EXtenhSIVe hyphal
followed by 30 min in antibiotic solution containg germ tube growth.. etwork growt
(Streptomycin 200 mg/lit, Ampicillin 200 mg/lit. Em —

spores were rinsed for several times with sterite d ‘  ‘

tilled water and store af@.
Carrot hairy root culture: Freshly harvested carrots |,
were surface sterilized using 0.1 % Hg@ir 10 min
with continuous stirring. They were further rinsed
three times (each for 5 min) in sterile distillecter
and then dipped in 70 % ethanol for 30 sec anc# =gt :
superficially flamed and peeled out. Each carros wa Fig.7. Formation of newG. Flg 8. In vitro mass produc-
sliced into 0.5 cm thick discs and were p|aced &0 intraradices spores frontion G. |ntrarad|ces spores on
MS (Murashige and Skoog19623)lates with the basal 9&m tube. the MSR medium.

sides facing upwards. A loopful of 48 hours old ae
A. rhizogenes (MTCC-532) strain was pricked .
manually for wounding on carrot surface and incebdat ‘

at 28°C in dark for 2-3 weeks.

Monoxenic culture of AM inoculum production by !:

root organ culture (ROC): The surface sterilizet. !
intraradicesspores, and Ri-t-DNA transformed carrot ' -~ o b
hairy root were associated routinely in Modified .
Strulla and Romand ' (MSR) _mediur(ﬁtrulla and -+ Fig.9. Cluster of mature inFig.10. Presence of internal
Romand 1986). The MSR mediun composed of (g/llt)vit?(')' G intraradices hyphae and vesicles with in
MgSO;7H,0 — 73.9, KN@-7.6, KCI -6.5, KHPO,- spores mycorrizal infected carrot
0.41 Ca(NQ@)..4 H;0-35.9, NaFeEDTA-0.16, ' root.
microelements-MnSgE4AH,0-1.225 CuSQ5H,0-1.1,
ZnSQ,.7H20-0.14, HBO3-0.925, NaMO,.-2H,0-
0.12 (NH)6 Mo070,4.4H,0-1.7, Vitamins-Calcium
panthotenate-0.09, Biotin-0.0001, Nicotinic acid;0.
Pyridoxine-0.09, Thiamine-0.1 and Cyanocobalamine-
0.04 Sucrose- 10. The pH was adjusted to 5.5 befor

Arbuscules  Hyphae

adding gallon gum (3g/lit) after that the mediumswa
sterilized @129C for 15 mins. 10-15 spores of AM
fungi were placed in different location near theeegn
ing growth tip of pre grown carrot hairy root. The
plates were incubated in inverted position at’@7in
the dark condition.
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RESULTS darkness at 2T provided a suitable condition for
bacterial strains to insert their copies of Ri t®N
These findings were pointed out by Mugnier and
Mosse, (1987) who observed that transformation
efficiency is highly dependent on the bacteriahistr
Qsed, which is related to the typevirf plasmid, binary
lasmid or bacterial chromosomal background as a
actor influencing hairy root initiation. The
co-cultivation ofG. intraradices sporeswith carrot
hairy root was used in present study, becauseeif th

Assessment of colonization potential of

G. intraradices in pot culture: The root colonization
potential of isolateds. intraradicesAM fungus under
green house condition was 45 percent and th
maximum spore count (140 /100g of soil) was
observed in sand mixture substrate after 60 days o
inoculation. Plants subsequently grown without AMF
had no sign of AM colonization. The results clgarl

indicated thf"‘t the i_solate.tfs. intraradiges spore is comfort of propagation and better adaption in celtu
alive and viable with ability to colonize roots and 34 normal root. This result is supported by Douds
multiply qu_lckly at sixty days of moculgtpn. (2002) and Gadkaet al. (2006), where transformed
Agrobacterium meqhated- tr_ansfor mation: After _10 Daucuscarota DC1 and DChairy roots respectively

to 15 days of ”_‘°°“'<’f‘“°” withAgrobacterium — paye peen successfully used to initiate monoxenic
rhizogenes callus _mductlon was observed on the ¢ re of AM fungi through root organ culture. dénr
surface of carrot discs, fqllowed by ap_pearan_cehef study 3-7 days Co- Cultivation with transformedroéar
transformed.r(.).ots. on thﬁ‘?'e wall of discs (Fig. 1). 45t andG. intraradicesspores, the hyphal growth was
Hairy root initiation continued to occur upto 2-3 moves towards host root. Desouza and Berbara, 1999

weeks (Fig. 2). A typical hairyoot growth was  ,pqerved that 80 % of spore germination and hyphal
observed the appearance of numerous lateral rOOtﬁrovvth on the 1t

fday of incubation. Hyphal growth
(Fig. 3) and its characteristic exhibiting the nibga ay O} incusation. Hypha gro

hi h habit. Th ¢ d hai lengths of over 10 mm from germination spores have
geotrophic growth habit. These transformed haiiSo  poan reported under the best experimental condition

were subsequently subcultured in fresh MS medium(Douds and schenck,1991) After that germ tube
co_ntaini_ng antibiqtic sol_ution, cefotaxime at 25@/m branched and auxiliar,y cells grew in all directions
(H|M_ed|a,Mumba|, '“d'a!) to make it _free from g40ved by hyphae proliferation numerously neag th
A. rhizogenesThe bacterial free hairy roots (around 6 .+ ang density of hyphae on the surface of the
cm long) were cut, transferred to a MSR medium and,,oqium. The same result was noted by Cestal.
incubated for 5 days at 2€ in the dark condition. (2013) who observed that iin vitro culture of

In vitro propagation G._lntrarad|ceﬂ After Seven Gigaspora decipiensand Clomus clarumproduced
days of co-cultivation, (Fig.4) the spore germioai typical structures like branched asorbing structure
and hyphal growth was observed from surface gag) after spores germination. Pratap chandran and

sFeriIized G. intraradices spores (Fig. 5). . with potty (2010) also reported that vitro co-culture of
simultaneous growth of germ tube towards hairy root AM fungi C. microcarpumwith Vigna vexilatehairy

After the initial contact between the germ tube #mel . 0 "the 1220 days of incubation 60 % of media

rloz?ht’ dg;/e. Ilgtfrri(r:wznligggoc;(;;zéz{;()igctjoboalfti(?rl]a;(earr?ﬁube surface was c_o_vered with heavy mycelial network
. . growth and fan-like structures were observed. A3@r
prod_uced, multiply laterial b_ranches on the TOO” an days of incubation, it was observed that in thisdgt
media surface by extensive hyphal proliferation pea,y sporulation took place with extensive hyphal
(Fig.6). After that, rapid enlargement of mycelium o6k We observed numerous vegetative spores of

th? form of clgjstersdanldhj[he fo(;mation;] i neWG?mr G. intraradiceswere produced in the medium after two
(Fig.7) was observed within 30 days. The rate ofep months and spores matured to light brown colouwa to

formation was slow during next 30 Days which was dark brown colour (Fig. 9). In our investigaticthe
followed by a rapid increase in spore number ofi 70 rate of sporulation was higher after 70 days
days of incubation was observed. An average of 8500icubation. The reason might be due to the decrefse
9000 spores per petri dish was produced after 380N g,crose and other mineral component level in the
of incubation (Figs. 8,9) . medium. Similar trend was observed by Jareesll.
T_hree month old r_oot_s were harvested from prtidish, (2013) who showed that the rate of sporulation
vitro . AM colonl_zanon was observed _byoot depended on the sucrose concentration of the media.
clearing and staining technique, the stained rootgyeqjm supplement with sucrose had less sporulation
showed numerous interal hyphae, arbuscules angha the medium without sucrose. This result wes a
vesicles. The percentage of myc_orrhizmlonization supported by the study of Diop (1994) and Clark
aroundr5-80 % was recorded (Fig. 10) (1997) on Water agar medium without supplement
DISCUSSION mineral also showing support to sporulation of AM

) . spores. In the present study MSR medium was most
Carrot is one of the most suitable and well known gppropriate medium, through which approximately
model plant species for hairy root production (Bido 8500 to 9000 spores can be produced per plate &fter
et al., 2012).In this present study, it was observed thatmonths of root organ culture. ljdet al. (2011) also
inoculation of carrot discs with 48 hours old reported that M medium (Becard and Fortin 1988) and
A. rhizogenegMTCC-532) culture and incubated in MSR medium (Strullu and Romand 1986) are
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frequently used for culture AM fungi on ROC. Diop, T.A., Plenchette, C. and Strullu, D. G. (18R4Dual

Declarck et al. (1996) developed MSR medium to axenic culture of sheared-rood inocula of vesicular

optimize the growth of intracellular mycelium and arbuscular mycorrhizal fungi associated with tomato
: - ; - roots.Mycorrhiza,5: 17-22.

expe_n_swe sporulation of the fu_gues under vitro Douds, D. D. and Schenck, N.C. (1991). Germinatind a

condition. In event of sporulation Declercit al.

hyphal growth of VAM fungi during and after storage
(2001) found same trends when carrot was usedsts ho i, il at five matric potentialsSoil Biology and

plant to produce 8,40Glomus intraradicespores per Biochemistry23: 177-183.
petri plate after 12 weeks of incubation. Douds, D.D. (2002). Increased spore productiorGhymus

. intraradicesin the split-plate monoxenic culture system
Conclusion

by repeated harvest, gel replacement, and resugply

; lucose to the mycorrhizdycorrhiza,12:163-167
The root organ cultural method produced mycorrhizal 9 S .
9 - . b - Y . Fortin, J.A., Becard, G., Declerck, S., Dalpe, WAr8aud,
root segments holdinds. intraradices spore with .
) - M., Coughlan, A.P. and Piche, Y. (2002). Arbuscular
Agrobacteriumthat transformed carrot hairy root as

. e mycorrhiza on root-organ culturéSanadian Journal of
host partner on MSR medium, establishing mass Botanyg0: 1—20.

production of pathogen freés. intraradices AM Frank, A.B. (1885). Uber die aut wurzal Symbioseilbende

inoculum. This ROC method providing extensive Eran ahrung genisser Baume durch unterridische.Pilz
monoexnic spore production in a small space and ove Berichte der Deutschen Botanischen Gesellsclaft,
short period of time. This type of AM inoculum 128.

production would significantly increase the numbér ~ Gadkar, V., Driver, J.D. and Rillig, M.C. (2006). Avelin

spore loads, to be inoculated in field, greatly vitro cultivation system to produce and isolate soluble
influencing the production of agricultural and factors released from hyphae of arbuscular mycoathi
horticult fungi. Biotechnology Letter28:1071-1076.
orticulture crops. 1Jdo, M., Cranenbrouck, S. and Declerck, S. (20Ethods
for large-scale production of AM fungi: past, prese
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