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INTEGRATION OF ARBUSCULAR MYCORRHIZAL
TECHNOLOGY WITH MICRO-PROPAGATION

Qe of the inportant applications of nodern bictechno ogy in
agicldtueisitsuseintissue cutue Invitroncropropagati on
techniques areincreasingy being godied to large scd e producti on
o quity patingnaterials especidly infrut crops and woody
tiner trees. There are faur inportat stages in the mergoropeceti on
of plants irrespective of the various techni ques enpl oyed for it.
They aethergeeaaionininvitrg prdifeaion d the regareraes,
rotingininvitroadfa trasgdataiond thepatlesinthe sal
o fidds. @ these thelast stageis very crucid ad inportat wth
respect tothe estadishmant o the invitroderived gdatles. It hes
been estadished thet tissue cuture plantlets have very d vergent
| eaf anatony and physi d ogy and hence require an acclinatizati on
period during the transition fromcul ture to green house, froma
tatal umaturad systemtothe very natura enviroment. Inthe in
vitrocondition, plantlets are heterotrophic and get very high
favarad e codtias for their goth Bt inthe exvitrosituaion,
the patlets have to swich over toatatroohic nutrition, invdving
nornal photosynthetic activity and vater relations. The platl ets
nay not be able to wthstand such sudden shocks of the
enviromnenta changes, nostly due to sone aberrant characteristic
fesures o invitroderived patlets.

Physiological features of tissue culture plantlets

e of the najor inpedinents to the success of
mcrorgegationis the very iichnartdity rae o invitropgatles
either during acclinatization phese o during trasfer tothe fidd
codtios. Grerdly, nost o theinvitroderived patlets fal to
survive. \ery often desiccation and witing are the nai n causes of
lowsurviva . It hes been estinated that roughy only 25 percent of
theinvitroregeneraed p atl et's has been successfu ly transp ated



exvitroad still fener trasferedtothefidd Schadsgparting
state of afars hes been atributed to certan uderlying cases, o
wichthe abarat feaues daatteisticd invitroderived datlets
aesigificat. Sne of such features are as fd | ons.

1. Leaves with poor or no development of cuticular wax:

The high humdity inthe cd ture vessd s hinders the devel gnert
of cuiclead epicuticda vax onthe newy energ ng | eaves. Viien
such platlets are pated ot they udergo desi ccation and dryi ng.
It hes been ticed thet the plisade cdls of ledf suface are poorly
devel oped and pronounced nesophyl | ai r spaces.

2. Impaired stomatal mechanism:

The inpaired stonatal nechani smhas been attributed to the
anornal orientation of merdfibrils and hi gh deposition of cd cium
inguardcels aswvell as highlevds of Na+inguard cells which
nay interfere wth the novenent of Kt

3. Poor photosynthetic activity:

¥

LRl N O L 1, ,
e T T ETTE T ET




Because of the availability of enough sugar in the nedi um
the invitrogowng patlets are nat truy photoautatrophi ¢ but
mxo o heterargohic. Poor agaizaiond gaainthe cHhoodasts
o theinvitrogonngdatles dogwtheidaed effect produced
by ehfereinthe g ass vessd s gestly catribue to their decressed
patosyrthetic dility.

4. Vitrification of shoots:

\itrificaion o shoas todfferet edet due to non devd gment
o cuicda vex ad associ ated poor vascd ar tissue dfferertiation

5. Poor vascular connection:

Foating of shoots preceded by intervening cal | using and poor
associ ation of conducting tissues of root and shoat (poor vascu ar
comnecti on between roat and shoat) hinder the absorption of vater
through the roots and its proper transportati on to the shoat.

6. Root hair development

Lack of proper roat hair deve opnent in gererd drectly affects
the absorption of nutriets fromthe sail.

7. Dehydration and pathogenic infection:

Poor devel opnent of cuticul ar vax together wth the defunct
stonatal systemleads to excessive dehydration of tissue cuture
platlets. The nicropropagated pl antl ets often fail to conpensate
thisvaer |oss thraugh effective vater absorption ad transportaion
The absorption organ, viz., theroat har is nat properly devel oped
and vascu ar connection between root and shoat is defective. This
utinately ends up wth heavy nortality due to dehydrati on and
wlting. Further, plantlets devel oped under controlled aseptic
condi tion wthout any exposure to mcroflora are highy v nerabl e
to mcrobia infection as its defence nechanismhas not been
triggred exrlier. Al these daracteristics taggther with aher fatas



such as utingly processing of plantlets, exposure to ufavourad e
seesod coitions ec. are cotribuingininoressing the nartdity
during transplantation. Bforts to overcone these probl ens by
adopti ng newtechnol ogi es net wth varyi ng degrees of success.
Successful hardening and ex vitro establ i shnent of plartlets are
very dten achieved by inocd aion wth Abuscd a Mcarhizd Ring
(AMP) at the tine of planting out. AMfungi have been shown to
play a very crucial rdein supporting the survival, gronh ad
establ i shnent of nicropropagated pl ants..

Mycorrhizal Association

The termnycarrhi zae denates “fungus roats”. It is asynidic
associ ation betveen host plants and certain group of fug a the
root system inwiichthe fugd partrer is benefited by dataining
its carbon requirenents fromthe photosynthates of the host and
the host intunis benefited by data ning the noch needed nutrierts
especi a |y phosphorus, cal ¢i um copper etc., wiich are atherwise
inccessidetoit, wththe hdp o the fine absorhing hyphee o the
fungus. Based on the type of associ ation forned by the ubi quitous
fug two broad groups, viz., Ectonycorrhi zae and Ehdonycorrhi zae
have been recogni zed.

Bdonycorrhizal fungi growintraand interce luarly forning
specific fugd structures inthe corticd regon of the host. These
fug arefurther dvided into three subgroups. They are Eicad,
achidand the ubiquitoss ad large group of arbuscd ar nycorrhi zal
(AV) fungi. BEicoid nycorrhizal fungi have septate hyphae and
coonze pants b ongng to Bicacese, Vkereas orchid nycarrhi za
fug are asgtate wth c anp camecti ons, and cd ani ze archi daceous
plants. The nycorrhizal fung having aseptate hyphee are grouped
under vesicu ar arbuscu ar nycorrhizal fung (AVH

Characteristics of arbuscular mycorrhizae

AVifungi are ubiquitous in nature and col oni ze nost of the
cultivated crops except nenbers of Chenopod aceae, Q@ uci feraceae
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and Gryophyl | aceae. They are obligatel y synhi oti c and col oni ze
the carticd regon o the very fine aosarbing roats of host pats.
Al sal fug that fomarbuscu e are placed uder order Gonal es.
The arder Gonal es bel ongs to cl ass Aigoycetes of the subd vision
Zygonycatina. @ the six recogn zed genera, Gonos, S erocysti's,
Ent er ophosphora and Acaul ospora formboth vesicles and
arbuscu es. Ggaspora and Sutd | ospora do nat have the intrarad ca
vesid es. They posses the fdlowng creracteristic fetures in gererd

Vesicles and arbuscules:

AMIfungi have aseptate nycel i umand upon col oni zation do
not change the norphol ogy of plant roots. G root col oni zati on
the AMfung produce two specialized structures knomn as vesicl es
and arbuscu es inthe cortex regon of root. Abuscu es are conpl ex
structures simlar to haustaria produced wthin the host cdls. They
serve as sites of nutrient exchange between host and the fungus.
The vesicles are terminal, ovate to g aoose structures that cotan
dos o ydlovadl. It isreotedthet vesides aethnvaled act
as tenporary food storage organs, but when vesicl es renai n
thickval | ed they night function as resting spores.

Obligate symbionts:

Abuscd ar nycorrhizal fung are a ways found associ ated wth
ahost pat. Al efatstocudturethe fug onlaboratory ned a
have been found to be futil e

Form morphologically distinct resting spores:

The fungus produces resting spores (chl anydospores) in soil
whi ch vary in size ranging from100-600 pmand are recovered
fromsal by vet sieving They produce typicd AMifectionin axenc
altues
Colonize the cortical region of feeder roots:

AMfung are only found associated wth cortica tissues of
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very fine feeder roats. N visible tissue danage cod d be produced
Gonth of nycdiumisine adintraceluar.

External mycelium :

The external nyceli umof the fungus is conprised of coarse
hyphae and a tuft of nuch finer thin valled absorption hyphae.
The absorption hyphee are inportant structures wth regard to g ant
nirition It isocoprised of strategcdly daced netvark o addi ti ordl
absorbing surface which enable the plart totap sal nutrients ad
vater beyond the depl eti on zone, whi ch are atherwse i naccessibl e
topat roas. Nirient ios taken up by the hyphee are transported
through the hyphae and rel eased in the root cells by neans of
arbuscu es.

Beneficial attributes of AMF to plants

It isavel docunented fact that the host pat i's enornausly
benefited due to AMassoci ation. This i ncl udes the enhanced Ut ake
of phosphorus and other nutrients, inparting resistance to stress
condi tians such as draught, high st concertrati on and heavy netd
toxicity, assistinginthe enhanced nitrogen fixation by | eguninous
pats, resistacetosal borne dsesses, inproved vater rdations,
early estadishnet and goth of nursery seed ings, preverting sail
eosion ec.

Improved nutrient uptake

Irrespective of their type, the nost inportat rde of AMfung
istoamsabnuriets franthe sal intropics aenat dficient ad
trasfer themtotheir hosts. Athagh dl thesdlsintrgics ae
deficit in phosphorus, its unavaladlity due to phosphorus fixati on
isfoudtobeanso constraint. Thisistrueinthe case of nary
agicdtud lasininda paticdarly theadidc sals o kKerda
The presence of AMfung inroats of crops gomn in such solls is
foud usefu wth reference to their phosphorous ytake. Meorrhi zd
structures effectively take up phosphorus froml over concertrati on
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a vwhichnornal plant roots fail.
Futher, the AMfung increase the
surface area of absorptive system
o pdat adegdaethesal by the
external hyphae beyond the root
hai rs and phosphorus depl eti on
zone. Absorbed phosphorus is
converted to pol yphosphat e
gauesinthe ederrd hyphee ad
pessed to the arbuscu es far trarsfer
to the host. The sane nechani sm
a so hd ps the ytake of patassium
zinc, iron, copper, nagnesi umand
cdcium Hfect of AMinadngthe
uptake of nutrients, particdarly
phosphorus, has been well
docunented in stud es conducted in
cassava, bl ack pepper, cashewand
| egunes grown i n phosphorus fixing
sdls o Krda

Better water relations

AMfungi play an inportant
rdeinthe vater ecooy of fdats.
Their associ ation i nproves the
hydradic codutivity o theroa a
lorer soil vater patetids adths
i nprovenent is one of the factors
contributing tovards better uptake
o vater by dats. Asg led witirg
after sal dying ddna ocor in
marhizd dats util sal vae paetid ves cosidrady |overed
(approx. L.OM Pa) Leaflets of Leucaena plants inocul ated wth
VAnycorrhizae dd not wit at axylempressure potertia as | ow




as 2.0 Mra.

Drought tolerance

@l oni zation by AMfungi can i nprove drought resistance of
plants. This has been denonstrated in green house studies in
cultivated crops such as wheat, oni on Gypsi cumand red cl over as
vell as severd other pant species. Hdd grom corn pats shoned
a renarkabl e resistance to vater stress wen inocu ated wth AV
Mcorrhi za i nduced drought tol erance can be related to factors
associ ated wth Avicol oni zati on such as i nproved | eaf vater and
turgor potentials and nai ntenance of stonatal functioning and
transpiration, greater hydradic conductivities and i ncreased roat
I ength and devel opnent .

Well developed root system

Dee to endonycorrhi zal inocu aion, the nicropropegated p ants
have changed root norphol ogy. It caused increase in laterd root
nuniber and root |ength. The AMpl ants devel op a nore econonical
root systemwhichis nore efficient in absorption of nutrients ad
vater. Mcorrhizal inocuation stinolates rooting and gronth and
thereby transplant surviva o cuttings ad seedings raisedinthe
nursery nedia They also help in estadlishnent of pant cover on
mre sals, eroded sals, indstrid veste. VWere the dat cover is
dffadt toestddish

Enhanced phytohormone activity

The activity of phytohornanes like cytokinin and indd e acetic
acidissigificantly higher inpants inocuated wth AM Hgher
hornone production results in better gronth and devel opnent of
the g at.

Increased photosynthesis

I ncreased efficiency in photosynthesis due to AMfungi has
been doserved. The reduction in stonatal and nesophyl | resi stance

to carbon di oxide uptake, increassed chlorophyll content and better
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hydration of plarts brought about by AVF cd oni zati on favours the
carbon d oxi ce fi xati on

Salt and heavy metal tolerance

Qrtain pants that are known to be hal gphilic are cd oni zed
by AMfung. Sne of these plants show high td erance to osnatic
stress. Qnion and bell pepper plants showed i nproved growth in
saline soils wen inocu aed wth AMfung . Hwvever, the salinity
of soil was narked by change in the species distribution anong
AMfug . Sverd studesindcate that cdonization of plants by
AMfug cofers pratections against taxic netd s. AVigrasses grom
inZn polluted soil showed reduced Zn toxicity. Apparently,
nycorrhi zae can enhance plant uptake of toxic netals, but they
nay a so afford protecti on fromthese netadl s.

Soil structure

The nycorrhi zae are inportat contributors to soil stability.
Qwiously, by increasing nutrient uptake, they i nprove plat cover
and roat proiferation. The large anount of AMfungal hyphae in
sal saevestobmd sal patides together admaintanthe staality.
Ths AMfug pdayardeinecsioncatrd. Inlowfertility eroded
sal the uilizaion o sdected AMfug dagwth stater fertilizer
canincresse the pat estadisment ad foud wlsefd in afaestaion
progranme. Soil conpaction results in reduced plant growth an
root devel opnent, water content and soil aeration. In such soils
mearhizd incdaionisfordtodleiae soe o theill efects

of conpacti on.

Interaction with soil pathogens

The sai | borne pat hogens such as certain fung and nenat odes
are knommto beinhibited by the AMfungi in plant root system
In nany crops an inverse rel ati on between AMF associ ati on and
the incidence of fungal and nenat ode pat hogens are observed.
Atificid inocdaion o seedings add cuttings wth an goropriate
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AMfungus in nursery is foud to reduce the attack of funga and
nenat ode pat hogens. Thi s has been observed i n nany crops such
as bl ack pepper, cardanom g nger turneric, so anaceous veget dd es,
anmarant hus and | egunes in the studies conducted in Keral a
Agricultural Lhiversity. Species of Pythium Phytophthora and
R zoctonia are responsibl e for inportant diseases inthe nursery
adfiddd mjo cgs o Krda Aility of AWFtoinduce tderace
to these pathogens is very wel | estadl i shed

Enhanced phenol activity

The nechani sminvol ved i n the nycorrhiza i nduced di sease
tad erance nay be the changed physid ogical and bi ochenmicdl nature
of the host plant. Increased production and activity of phendic
conpounds due to AMF col oni zati on has been observed. Ti ssssue
cituepatlesinocd aed wth AMfug hed ahiger atho d hydric
phrend inthe root tissue. Hgher phendic content increases the
def ence nechan smaof the host plat and thereby inparts resi stance
to various d sesses.

Integration with other soil micro-organisms

There is apositive interacti on betveen AMfung and nitrogen
fixi ng bacteria such as Rhi zobi umin | egunes, Asospirillumand
Aadecter innon legunes and frankiain actinorrhiza pats. AW
associ ation renarkadl y increases the ol tiplication, persistence ad
ntrogenfixationrae o these becteria Inlegnes, particd aly the
AMVidependent crops |ike subabul and red gramtwo to three fol d
increase in nitrogen fixation due to co-inocu ation of Rhizobi um
and AMfungi has been noticed. Asimlar positive interaction
exi sts between AMF and phosphorus sol ubi | i zi ng micro-or gani sns.

Crop response to AMF inoculation

Hfect of nycorrhizal fug on gronh of their host has been
studied wth a spectrumdf crops, includ ng nncrooropagated pl ants
and soil conditions. The nost renarkabl e consequence of AM
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codonizaionis the enhanced host goth adyidd Ths effect is
nost narked when crops are grown in phosphorus deficient soils.
Incressed goth o vidd de to atificid inocd aion wth AVIfung
has been wel | docunented through green house and fi el d studies
invegetades, paticuarly brinjd, tawto ad chillies, |egunas such
as cowpea, pi geon pea and soybean, inportant cereals |ike
seasanus and groundnut etc. Sudies conducted at the Keral a
Agicutua Unversity enphasi ze the i nportance of AVF technd ogy
inthe regos. Breficid effects of AVF have been established in
bl ack pepper, cardanom cashew cocoa, ginger, turneric, cassava,
sveet potato, nol berry, transpl anted vegetab es, | egunes and | ow
ladrice flower pats like 2nmiaand narigd ds. The response to
inocd dionvaries wth oo, sal ad AMfug . Haoe it is necessay
toidetify and appropriat e conti nati on to achi eve naxi nambenefit
of AMF i nocul ati on.

Association of AMF on tissue culture plantlets

I'nocul ati on wth AMF on nicropropagate pl antlets i nproves
its estadishnent and gothinthe fiedd Ufotunatdy nat nouch
vark hes been coducted inthis line Bt the fewconvincing reports
decisivdy prove thet successfu hardening and ex vitro estad i smarts
o pantlets codd be achieved by inocd ati on wth AMfung a the
tine of panting ou.

Qe of the earliest reports one the effect of AMfungus on
apd e cl ones suggested that the goth and | esf minera content o
two appl e cl ones propagated in vitro vere increased substantialy.
Smla enanced effect onthe goth o invitrocdtued strakerry
platlests coul d be achieved due to the associ ati on of AMF. The
roting d patles o galic regeeraed francd | us vies sigificatly
enhanced due to inocul ation wth Gonous nasseae. The transpl ant
success and grovth of Robus i daeus and Hstacia integerrina were
achi eved wth nycorrhiza i nocu aion..

The effect of arbuscd ar nycorrhizal i nocu ati on vias eval uat ed

13



innicropropegated Rypul us el taids (R ars) to deternine wihnet her
AMinocu ation helps inthe hardening, survival, estadlishnent and
oronth of mcropropagated plants and the correct stage a which
nicropropagat ed plants are to be inocul ated. A mixed i nocul um
conpri sing of G onus spp. and Acaul ospora spp.isol ated from
natural soils was used for the study. The isolate mxture was
nai ntai ned on Zea nays. The spores were isd ated fromthese sal s,
surface sterilized using 0.4 percent streptonycin su phate and 200
ng per litre chorann T sd uti on ad vashed repested y wih sterile
vater. Aspore suspension vas nade in sterile vater wth a spore
density of 200 spores per nh. Two nh suspensi on was used for
inocu ation. The contrd s vere inocd aed wth 2 nh sterile vater.
The effect of AMF at three different stages of grow h of
morqroegted dats viz, @ S-a thestage o the invitropdats
gvenroating stinuus, b) S- rooted but non hardered plants and
¢) Srrooted and hardened plarts placed in sterile sand wth AV
spares vere evd uated The arbuscu a mycarrhizal cd oni zati on after
two weeks and prior to transpl anting vere estinat ed.

A positive response of nicropropagated pl ants due to AMF
inocd aionves naticed indl the three stages. Though the respose
vas narked for the § ande S plants, they did not survive during
the extended period of thetria. The resuts showthe stage three
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(S) plats are best suted for AVFinocu aion The cd onization
and positive response of AVlassoci ation were nanifested interns
of activeroot groth. Gnpari son over the edtended period of tine
shoned better survivd of AMinocu ated pdats. Grtrd pats codd
not wthstand the outdoor anti ent tenperature and none of them
survi ved

Hfet of AFontisste cdtue florer patsis dso evaragng
Inadfferent study & W layan, evduated the effect of AMFin
etacing o suvivd, goth characteristics ad upgtake of nurients
by nicropropagat ed anthurium AMF was incorporated into the
rooting nediumat the tine of planting out through i nfected root
bits. The study was conducted wth Gomus constrictumand G
et uni catum Opservati ons on AVF col oni zation, grovth paraneters
and nutrient uptake were recorded upto 45 days after treatnent.
The resul ts showed positive response due to AMF associ ation |ike
i ncreased survival percentage, enhanced grovth and nutrient upt ake
ad early fl onering

Mcr gor gpeget ed avocado plats gererd |y exhibited | owsurvi va
ad very slowrate of grovth during acclinatization Inocd ation of
G fasci cul at umon nicropr opagat ed avocado pl antl et's i nproved
the fornation of well devel oped roat system shoot grovih, shoot-
root ratio and N cotent in plant tissues wich he ped plants to
tderate erviromantad stress transplating. It was concl uded that
i nococul ation of AMF seens to be the key factor for subsequent
growt h and devel opnent of nacropropagat ed pl ants of avocado

M cr opor opagat ed Amnona cherinol a are nore dependent on
nycorrhizal fornation for opti nimgronh than plants derived from
seeds. The greatest effect of AMF on grovth was observed when
they were introduced after acclinatization period. Apart from
ingroving the survivabi lity ad qu ity of tissue cuture patles,
nhcr opropagat i on provi des stress td erance to plantl ets. Hizynes
dleviaging stress are thought to be the inportant factor invd ved
The response of fruit and ornanenta plants toinocu ation wth G
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inraadcss vaied wthvarities. Tnisis a@tribedto dffeecein
rod cdonzaion Wentrasgatedtofidd themcarhizd pats

vere consistently healthier than non-nycorrhiza plarts.

Inthe case of rose, the plantlets regenerated by invitro
technique codd nat survive the autdoor conditions. Inthe hardening
experinert the plantlets shoned desiccation and wilting, and after
fourth week 100 percent nortal ity was observed. Atenpt nade to
establish the rose plantlets wth AMFinocu ation a the tine of
plating out vas net wth renarkad e success. Al the six species
o AVMIfug testedinthe study sigificatly incressed the survivd,
gonh ad estddishment o rose pdatles. N mycorrhizd cortrd
plaits codd not wthstand the outdoor condition for along periad
and showed heavy nortality fromthird week onwards and
surprisingy, a 100 percent nortality vas noticed by fourth week.
Srvivd rae goth cderacteristics adtine reqired for flomering
varied wth AVF species. G etuni catumwas found to be nost
effective and recorded 65 percent establi shnert a ong wth better
plat grovth and early fl onering.

The effect of AMFonthe survival of invitro generated jack
plants and the resul tant change in phend content under ex vitro
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Spores of
AMF fungi

Growth of banana TC
plantlets (c-control, M-AMF
inoculated at the time of
planting out)

Rose plants, control
plants in the process
of wilting

Anthurium TC
plantlets established
with AMF inoculation

Vesicles of AMF in
the root cortex

Root growth in TC
plantlets of banana
inoculated with AMF

Arbuscules of AMF
in the root cells

Growth of Alocasia TC
plantlets (c-control,
M-AMF inoculated

plantlets established
with AMF

Growth of banana
plantlets inoculated with
AMF and Azospirillum (MA)
and control
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condi ti ons vere eval uated using five arbuscu ar nycorrhiza funga
species and found that inadditiontothe bereficia effects, the
tad and orthod hydric prend cotet vere dso sigificatly hger
in AFinocdated patlets. This higher phend cotent, especidly
the orthod hydric type, accouts for the higher tderance to sal
borne d seases.

Athougth the ex vitro establishnent is not a najor prob em
in banana and A ocasia plantlets, inoculation wth AVF at the
tined patingou, inaddtiontothe gened incresse in survivd
rate, renarkady inproved the goth ad vigor o patlets. Efect
of AVF was nore evident on banana. Shoot and root wei ght were
signficantly higher intreated plants. The dua inocu ation wth
Aeospiri |l umaugnent ed the bi onass of banana and A ocasi a by
30 and 17 percent over inocd ation wth AMF a one. The synerg stic
interaction of AMFand Azospirill umhd ps to reduce herdening periad
and inprove ex vitro gronth and devel opnent of plantlets.

Inocul ation of AMfung significantly inproves the survival
percentage, goth characteristics ad ytake of nuriets o inwvitro
drivedpatlegsinthe evitrocodtion Thetechndogy isvidde
and useful to tackle the survival and establishnent probl em
associ ated wth tissue clture datles ad d so to produce energ zed
tisse altue gatles.

The probable mechanism of protection:

Brery positive aspect of AWFis usefu to corect o conpensate
the physid ogical defect of micropropegeted pl antl ets whi ch can be
sunmari zed as fol | ovs:

(nsequent to the poor devel opnent of cuticul ar vax and the
defunct state of stonata, there is an excessive dehydration from
plantlets. Lack of nornal devel opnent of root hair and vascul ar
comnecti on between shoat and roat further aggravate the situation
a6 these factars directly affect the absorpti on and transport of veter
and other nutrients. Axenic conditions fol oned for devel oping

18



plantlets nake it highly sensitive to nmicrobia infection. Such
platlets, wenpated ou toou door codtions, very often neet
wth high nartaity due to desiccation and nicrobia infection.

Mcorrhi zal hyphae functi oni ng synonynous to root hair not
only conpensat e the deficiency inroot hair devel opnent but al so
renarkad y increase the overd | uptake of vater and nutrient ioms.
Hphee distributed inthe root cortica regon though not proved
nay bridge the defective vascd ar comectionand aid inthe transport
of water and mnera nutrients fromroot to shoot. Fhysiad ogical
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and bi ochenncal changes brought about by AMF associ ation render
the plantl ets nore resistant to nicrobia infection and stress
codtias. Ths, the mjar defects of tissle cuture patles, viz,
poor absorption and transportation and sensitivity to nicrobial
infection codd be corrected wth desiradd e traits of AV assod dion
Further, the vigorous grovth and devel opnent of plant due to AW
colonization wll a so contribute to the higher survival and
estedishrent of patlets.

Mycorrhizal inoculum and inoculation of plantlets

Choice of AMF fungus :

Appropriate AMfungus nay be chosen fromanong vari ous
netive AFisdates of the desired plant species, after a previaus
sAetinfa fudtiod copaikility. If schefidet tiveisdaes
are not available, nake use of any AMfungus which i s proved
effective on plat species uder study.

Multiplication of AMF cultures :

Mss nitigy the AMfugs insterilesad : sal (11 mixture
o any other suitable growh ned umusi ng Fhodes grass or Gi nea
grass as host plant. Ruiakura or Hbagland plant nutrient sol ution
containing half of the reconmended phosphorus is given once in
avesk Ater Vdays o gonh exract suficient nuher o vidde
spores fromthe grow ng nedi umfol l owng the wet sieving and
decanti ng procedure.

Preparation of inoculum :

Srface sterilize the spores with streptamyci n su phate (0.04%
and chloramne T (200 ng 1%). Veish thoroughly wth sterile vater
torenove dl the dsinfectat. Sspend the sporesin sterile vater
wth an approxi nate density of 50 spores ni! to use as spore
inocdum V| cdonzed pcorrhiza roots free fromso |l perticles
can a so be used as inocul um after proper surface sterilization
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Inoculation time :

Incdaioncanbegvena theinvitrostage o rodting dating
out for acclinatization and transplanting to the field after
acclinatization. If the plant species is having survival and
establ i shnent probl ens, then the VM nocu ati on has to be gi ven
either during rooting stage or at the tine of planting out. If
incddionisa thelae sapie, tragdatingtothefidd it wil
help only inthe field estad i shnent and groath.

Inoculation :

Rl threefarthd the sl dastic pats wsd ly used far dating
out the mcropropagated plants for acclinatization wth sterile
planti ng nedi um Apply 4nh of spore suspension or one gramof
nycorrhizal roat bits of 3-5 nmsize as a | ayer over the nedi um
Race the pdatl e aove the poarhizd layer ad cover with dating
nedum This facilitates a close cotact of inocd umwth the root
and early cd oni zation,

Growing condition :

The inocu ated plants are gom in green house or nist  chanfoer
asit ishbeingfdloned for acclinatization wth required hunndi ty
and light. Howvever, an extended day |ength of 16 hours wth cod
white fluorescent |anp favours the nycorrhizal devel opnent.

Conclusion

The corvinci ng reparts of the effect of arbuscu ar nycorrhi zae
inenhancing the survival and estadl i shnent of the nicropropagat ed
plantlets enphasi ze the inportance of AMFin plant tissue cuture
technd ogy.

Ml cr opr opagati on has been conmerci al |y expl oited i n woody
perennid tree crops. Uhder such situation AMFinocu aion a the
hardening stage itsef has nore re evance because an AMF cd oni zed
pat a theearly stage itsdf hes gt abetter chace o goth ad
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survival under stress cond tions such as infection by soil borne
pat hogens, drought etc. when conpered to plants cd oni zed by rative
AW at alater stage of its ggovth or to a non-nycorrhiza plant.
However, it is still doubtful howfar biotechnol ogists and
nhcrobi o ogi sts have recogni zed this fact. Rant pathd ogists ad
nicrobi ol ogi sts engaged i n nycorrhi zal research nay be unavere
o the pddens o nicropropegation Snnlarly, biaechnd og sts nay
not be well inforrmed of the potentialities of AMF in
nicropropagati on. Sooner or later this powerful tool wll be
recogni zed and the technology will be integrated wth

nicr opr opagat i on.
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