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The present study has been undertaken to assess the magnitude of mycorrhization in the aromatic

fiu"i-.f commercial importance gfowing in- and around Allahabad, under natural or cultivated

conditions. A total or riup*i". of-uto-uti" plants belonging to 10 different genera were collected'

Out of which , Atemisk pallarWall. and Tagetes erecAl' belonged to family Asteraceae' Mentha

arvensisDc., M. pip"itit., Ocimum basilicuml. and O. sanctwn L. toLamiace'ae, lasminum

ixburghianunWiticfr and J. nmbac (L.) Aiton to Oleaceae, Pandanus odontissimusL'f to

pandanaceae , cynbopogon flexuosusStapf., c. martinii (Roxb.)wats., c. wintarianusJowitt and

Vetiveria zizanioides(Z)Nash to poaceae and Cifiis aunntifoliaSwingle arrd Munaya koenigii(L')

Spreng. to Rutaceae. t, tt 
" 

pt"t nt study, all the aromatic plants were found to be mycorrhizal'

ho*"ier, wide variation. ,r"r" observed in the intensity of root infection and sporulation. Percent

root bit infection in the aromatic plants ranged from}O A72%. Maximum percent root bit infection

was recorded in Tagetes erectal. and minimum in Artemisiapallenswall'

Keywords : Aromatic plants; Diversity; Mycorrhizal status;.vAM Fungi.

hoduction
l;ornmic significance of the aromatic plants can be traced

:'- tbe fact that the aroma chemicals contained in them

:ue1' a vital role in our day to day living as spices'

xmdiments and food flavoring agents, perfumes, 'rlrars'

mC deodorants, drugs and ointments, gum exudates and

:n.oresins, antibacterial, germicidal and insecticidal

ryEnts etc. Because of such vast and varied applications'

:Locntial oils are in consistent demand all over the world'

:rrc;iatly in developed countries, like EU, USA, China'

;u"+n, East European countries etc.

Application of some native biological input such

n* ubuscuiar mycorrhizal (VAM) fungi is relatively a

lE - approach and promising approach for improving the

nrtormance of the crops. Plants exhibit considerable

c{,endence on mycorrhizal association for an adequate

aryply of nutrients and water' enabling them to thrive

r.tn under shess conditions. [n a number of recent reports

r r:a< been well established that the VAM fungi enhance

'm lbility of plants to cope with environmental stresses'

;merally privalent in the degraded ecosystems' by

rroviding i number of nutritional and physiological

Eefitsl{.
The present study has been undertaken to

determine the mycorrhizal dependency of some of the

aromatic plants so that they may be exploited to perform

well under alkaline/sodic soils of Allahabad, Uttar

Pradesh, lndia.
Material and Methods
Population and divenity of VAM fungi associated with

thi arumatic plaa*-Asystematic survey of some aromatic

plants growing under natural or cultivated conditions in

and around Allahabad was undertaken during 2004-2005

to assess the population and diversity of VA mycorrhizal

fungi associated with them and to determine the intensity

of VA mycorrhizal association in their roots'

Sample Collection:Root samples of the aromatic plants

along with their rhizospheric soils were collected' Samples

of at least three individuals per plant species were collected

and mixed. Samples were brought back to the laboratory

and the roots of the plans along with the flrne roots present

in the rhizospheric soils were washed with tap water and

processed for the determination of root colonization' Soil

samples were air dried in shade at room temperature and

sieved for the estimation of VAM spore population and

diversity.
Estimaiion of VAM Association in the Roots:Intsnsity of

VAM colonization in the root samples was determined
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by the method given by Philips and Hayman5' For

qlantification of VAM colonization 100 rool bits were

mounted on slides (10 per slide) in lactophenol and

examined under a compound microscope (CH2Oi'

Olympus). Percent root bits colonized was calculated and

ttre pircent root length colonization was assessed by

evaluating the colonized root tissue as a proportion ofthe

total length of observed roots.

Deteruination of VAM Spore Population: VAIvI spore

population was determined in 20g air-dried soil in

triplicates for each sample by wet sieving and decanting

method6. Soil solution was passed through the sieves of
500pm, 210pm, 150pm,90pm and 6opm in descending

order. VAMF spores were tiansferred on filter papem'

which were counted under a stereoscopicbinoculn at20x

magnification. Number of spores was expressed as the

mean of three rePlicates.

Idmtification of VAM Fungl:VAlvIF spores were mounted

in PVLG and PVLG + Melzer's reagent (l:1 v/v) and

identified to the species level using the synoptic keys of

Trappe?, Schenck and Perez8 and INVAM species guide

(http//: invam.caf.wvu.edu).
Results and Dlscusslon
In order to assess the magnitude of mycorrhization in the

aromatic plantsof commercial importance growingin and

around Allatrabad' under natural or cultivated conditions'

a systematic survey was undertaken. A total of 15 species

of aromatic plants belonging to 10 different genera were

collected. Out of which, Artemisia pallens Wall' and

Tagetes erectal. belonged to family Asteraceae, Mentha

aiensisDC., M. pipemtaL., Acimum basilicumL' anrd

O. sancnmL. to Lamiaceae, tasminum rcxbutgbianum

Wallich and L sambac(L.) Aiton to Oleaceae, Pandanus

odoratissim us L. f' to Pandana ceae, Cymbopogon

tlexuosusStapf., C. mattinii(Roxb.) Wats ', C' winwianus

Jowitt and Vitiveria zia nioidq(L.) Nash to Poaceae and

Citus aunntifolia Swingle arrd Munaya koenigii (L')
Spleng. to Rutaceae.' I VAM intensity in these plants was measured in

terms of VAM association in their roots and the VAIrd

spore population and diversity in the rhizospheric soils'

fn" Ootton VAM intensf in the aromatic plants have

been represented in Table I and diversity of VAM fungi

associated with aromatic plants in Table 2'

VAMAssociation in the Roog ofArumatic Plants zY A}ttI

association in the roots of aromatic plants was estimated

in terms of percent rootbits infected and percent root

length colonized by VAIVT fungi. All the aromatic plants

surieyed were found to be hyconhizal' however' the

extent of mycorrhization and the type of VAII{ infection

varied with the plant sPecies.

Percent rootbit infection in the aromatic plants

ranged from 20 to 72%, Maximum percent rootbit
infection was recorded in Tagetes eteohl. and minimum

h ktemisia paltensWalt. Similar tend was observed in

case of percent root length colonization, which ranged

from 8 ta62%.Itrere also maximum peroent root len$h
colonization was recorded in Tagetes erecta L' and

minimum in Artanisia pallens W all.
Based on the ext€nt of VAM association'

aromatic plants were categorized into three different

groups. Cymbopogon flexuosus Stapf., Pandanus
-odorutistimrt L.f, Tagetes etecta L. al0id Vetiveria

zianioidaQ-.) Nash strowed high VAIvI intensity, where

percent rootbit infection was more than Wo. C. maXinii

. iRoxb.)Wats., C. wintarianus Jowitt, fasminum
toxbnrghiuumWallich, .L sunbac (L.) Aiton. Mentha

anansisDC. and Ocimwn sarrotuntL. showed moderate

VAIvI intensity, where percent rootbit infection ranged

betrn een 40 to @%. Howev6, Afiemisia pallens W all',
Citus auantifoliaSwingle, Meatha piponaL., MunaS'a

kocn$&) Spreng. and &imtn basilicumL. showed

low VAM intensity, where percent root bit infection was

less than 40%.
In case of Mwnl'a lc@rWG) sPrcng' onlY

hyphal infection was observed, whelpas, in Attemisia

pllewVl tll., fukntha arvensisDC. and Tagetes ercctaL'

Lnly vesicular infection was observed. Hyphal as well as

vesicular infection was rccorded n Cifrtts auantiifolia
Swingle, Csmhopogon flexuosas Stapf., C. martiaii
(Roxb.) Wats., lasmiaum rcxbutghianlan Wallich' il
smfuc (L.) Nwn, Matha pipenaL., Ocimua bsilicum

L., Ocimum sanctuml. and Pandarus odontissimusL' f,
However, in c ax of Qmbqogon winarianus lowitt and

Vetiveria zianioides(L.) Nash orily hyphal, vesicular as

well as arbuscular infection was observed (Flg'4 and 5)'

VAM Sporc Population and Divetsity in the Rhizaspheric

Soils of the Aromatic Plants.' A positive correlation

betrreq the VAM association inthe roots and the VAM
spore population in the rhizospheric soils of the aromatic

piaotJ was observed. VAM spore population in the

ihizospheric soils of the aromatic plants ranged from 8 to

44 VAM spores/l0g air dried soil. Maximum spore

population was recorded in Clmbopogoa flexuosusStapf'

and minimum in htemisia pallensW all.
A total of 34 species belonging to four different

genera of VAIvI fungi were isolated as the most dominant

forms associated'with the aromatic plants. Glomus was

rpcorded as the most dominant genus with 24 spocies'

viz.'G agregatum, G austale, G caledonium, G'



L Phytol. Res.25(2) :197-2O7,2012 199

* 1. Mycorrhizal intensity in the roots and VAM spore population in the rhizospheric soils of aromatic plants
gnring under natural or cultivated conditions in and around Allahabad.

tuaticPlants Mvcorrhiznfinn

Infected Colonization Infection

VAM Association VAM Spore
Population (/10g

air dried soil)
,lUaisiapallensWall.
&ts aunnti fo I ia Swingle
@pogon flexuosusStapf.
C@pogon mafiinii (Roxb.) Wats.

Qfupogon wia tan'an us lowitt
kn iown ruxburghianun Wallich
bninuq sambac (L.) Aiton
hrfraaryensisDC.
bftapiperutaL-
knya koenigii (L.) Spreng.
(bfrntn basilicumL.
(bimtnsancfinnL.
Maus odontissimusL.f.
t4etes erecaL.
Wiveria zizanioides (L.) Nash

20
38
68
46
52
56
48
48
33
25
34
42
67
72
70

26
55
31
40
48
40
34
23
18

2t
32
52
62
53

H,V
H,V
H,V

H,V,A
H,V
H,V
v

H,V
H

H,V
H,V
H,V

V
H,V,A

15

44
26
30
20
26
2+
t2
9
l8
27
35
38
4L

E Hypahae, V: Vesicle, A: Arbuscule

oonstrictum, G. dimorphicum, G. geosporum, G.

ifrandices, G invetmaitm, G mosseae, G totfituumard
14 unidentified species named Glomus sp. AYKI to
AVK14, followed by Acaulospnwith six species, viz.
A. appendiculata, A. delicat4 A. laevis and three
ullentified species named Acaulospon sp. AVK1 to
AVK3, Sclerccystiswith three speies, uiz S. pachycaulis,
S siauosaandan unidentified species named Sclerucsrstis

ry. AVKI, and Gigaspora with a single unidentified
spocies named Gigaspora sp. AVK1 (Frg. 1-3).

Glomus mosseae was recorded as the most
frcquent VAIri fungi associated with all the aromatic
plants, except Cymbopogon martinii (Roxb.) Was., C
winwiaauslowit" Iasninum sanfuc (L.) Ntan, Ocimum
bsilicum L., Pandanus odorutissimusL.f and Tagetes

awtaL.,followed by G aggregatumand G invermaium.
ln case of genus Acaulospor4 A. laevis was the most
frequent species associated with Csanfupogon llexuosus
Stapf., C. mafiini(Roxb.) Wats., lasmiaum nmbac(L.)
Ajton, Tagetes erectaL. and Vetiveria zia nioides (L.)
Nash. However, in case of genus Sclerucystis, S. sinuosa
was the most frequent species associated with
Cymbopogon tlexuosus Stapf., C. wintarianas Jowi$,
Mentha arvensis DC. and Pandanus odontissimus L.f

Likewise the least frequentVAM fungal species

among the aromatic plants were GigasWn sp. AVKI
associated with Muraya koenigii.(L.'; Spreng. only,
Glomus sp. AVK6 associated with Pandanus

odoratissimus L.f only and Sclerocystis sp. AVKI
associated with Cyntbopogon winArianus Jowitt only.
However, in case of genus,4 caulospory Acaulospon sp.
AVKI associated with Afiemisia pallens Wall. And
Ocimum basilicum L. and Acaulospora sp. AVK3
associated with lasminum sambac (L.) Aiton and
Pandanus odoratissimus L.f. were the least frequent
species.

In the present study, all the aromatic plants were
found to be mycorrhizal, however, wide variations were
observed in tlre intensity ofrootinfection and sporulatione
10. These variations in the mycorrhizal status of different
plant species could be atfiibuted to several factors related
to the host symbiont" soil or environmentll-16. However,
since factors related to soil; symbiont or environment were
more or less uniform for all the aromatic plants included
in the present study, factors related to host plants seem to
be mainly responsible for the variation in mycorrhizal
stafus17.

A comparison of the mycorrhizal infection and
sporulation in different aromatic plants included in the
present study shows that a direct correlation between the
two was lackingts. [n a number of plant species, heavy
root infection was coupled with low sporulation or a low
root infection with heavy sporulation. Only in few cases,
the magnitude of the root infection and sporulation was
of a similar order, while the root infection is retated to the
vegetative phase of the endophyte, the sporulation to its
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Fis.l.DominantVAMsporesisolatedfromtherhizosnhericsoilsofaromaticplants.
A.-Gtomusaggresatumschenck&STith;B 

Gt:\':i";.11fl'*:"1f-":'"1"*tt*;flrc,ffXi::::;h
irli#;:::,':i:##;i::i;ffEiiidi: tzil"*"'i*rararlices Schenck& smith; F Gtomus dimorphtcu

Boyetchko&rewarl;-G- glo*u"l A,u#.t:,." ^;::",^"iX:;Xl;t*k&smith;r'Gtomussp'AVKGLI:'";#:ilN"',:ffi ;,;id;;;;;;;avrcr-:;r-acautosporaspAVKA3
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DominantVAM spores isolatedfromthe rhizospheric soils of aromatic plants.
nr;rr sp. AVKGL6; B. Glomus sp. AVKGL5; C. Sclerocystis pachycaulis Wu & Chen; D. Sclerocystis sinuosa

&Bakshi;E. Gigasporasp.AVKGI1;F. Glomus sp.AVKGLT; G.Glomus sp.AVKGLS; H.Acaulospora
*', ii{ l: I. Glomus geosporum (Nicolson & Gerdemann) Walker; J. Acaulospora appendiculara Sieverding &
m,"r- K. Sclerocysrls sp. AVKSI;L. Acaulospora sp. AYKAZ.
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Fig, 3. DominantvAM spores isolated from the rhizospheric soils of aromatic plants.

Al'Glomus mosseae Nicolson & Gerdemann; B. Glomus constrictum Trappe; C. Glomus sp. AVKGL

Acaulospora appendiculata Sieverding & Schenck; E. Glomus sp. AVKGL12 F. Glomus sp. AVKGL1

Acauloiporadilicata;H.Glomussp.AYKGL1l;I. GlomusinvermaiumHaTT;J.Glomussp.AYKGLI3;K.Glon
AVKGLI4 )

L. Acaulosporalaevis Gerdemann & Trappe.



F":, {.VAM association in the roots of aromatic plants.
\.- 4./!emisiapallensWall;B.Cymbopogonmartinii(Roxb.)Wats.;C. Jasminumsambac (L.)Aiton.; D.lasminum

^r;arghianumWallich.; E.Tagetus erectaL.;F. Cymbopogonwintarianus Jowitt.;G. Cymbopogonflexuosus Stapf.;
[. "t tt' e ri a zizanioide s (L.) Nash.
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Fig,S.VAM association in the roots of aromatic plants'

A. Mentha antensisDC.;8. MenthapiperataL.;C. Pandanus odoratissimuml.f.; D. ocimum sanctumL"E' Ocimunt

basilicumL.;F.Murrayakoenlgli (L.) Spreng.iG. Citrus aurantifoliaswitgle.
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mproductivepotential.Beingthedivergentphasesofthe 10. EnkhtuyaB,OskarssonU,DoddJCandVosatkaM
E" the specific requirements for optimum expression
dte two are expected to be different. This might have
h the probable reason for the lack of a direct
nmelationbetweenthelevelofrootinfectionandspore 11. Schenck NC,KinlochRAandDicksonDWlg75,
1n&rction by the endophyte as observed in the present
ndr*.
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