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Pinus Kesiya Royle ex Gordon is an early
coloniger among the tree species at higher altitude
(1100 - 1600 i) of Meghalaya. Forests are rapidly vanishing
due to shifting agricul tural practice prevailed in northe
eastern India, Long and continuous harshment of site, in
slash and burnt agricultural practice may initiate the
colonization of nonmycorrhigal grasses and other plant
speciea, which may mnuf the germination and propagation

of mycorrhigal fungi and tree species. Purthermore, it may
thus slow down the process of succession and may alter the
pattern of species composition (Reeves gt pl, 1979,¥iller,
1979), Northeeastern Indis receives maximum precipitation
(Mawsmai « Cherrapunji) in world but it is provoked towards
desertification due to less mycorrhigal symbionts popula-
tioa(!ulhra 8t gl unpublished). On the other hand, fast gro-
wing demand for energy and timber due %o increasing human
population pressure, provided an @pportunity to work on this
topic to serve two broad ideas. I - Analysis of fungal syme
biont (Mycorrhigal fungl) with pine tree, which may be used
in aforestation, reclamation and silvicultural programies on
waste land. II - To improve the growth of tree, wood gquality
and protect tuem from fungal pathogen by exploiting certain
effective mycorranizal fungi. Tntrty'lthr« mycorraizal fungi
were observed with pine (Zinug Kesiys /loyle) in nature,
Among basidiomycetes,agaricales were maximum in number to

form mycorrhissl association, Age of pine tree influenced the
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population of sporocarp of fungal symbionts. Middle

rainy season i.e. June to September was most conducive :

for the development of sporophores of mycorrhigal fungi.

No .poroo-rp was observed during winter months. !_g;otu.
Clitocybe, Collybia, Cortinarius and Iricholoms were first
to produce their fruiting bodies. Boletus edulis, B.luteus,
Lactariug deliciosus, L. S», Hussula delics and Scleroderms
geaster were dominant mycorrhigzal fungi. mttcrcnt kind of
mycorrhigae were observed in nature but bifurcate to
coralloid forms occurred frequently., lMycorrhizal fungi were
fmmd to influence significantly the bacterial, actinomycetes
and fungal population in rhizosphere of pine. ‘Simutmt
variation ia higher fungal species in pines of different age

groups was also obtained.

Pure culture studies on agar with pine and
mycorrhigal fungi confirmed tneir symbiotic relationship.
Different mycorrhigal fungl induced different kind of
mycorrhiza, however, bifurcate type was most comnon,Variae
tion in time for mycorrhizae establ ishment with different
forms was also observed. Intensity of mycorrhigzae v;riol
from species to species. Variation in mantle, Hartig net
and colour of mycilium was also recorded.

Studies on mycorrhigae in pot culture exhibited
that mycosymbionts reduce mortality and induce robust growth



in pine seedlings. ifficiency of mycorrhigae development
vaéid from gymbiont w symbiont. Mycorrhisal inoculs tion
also stimulated stem growth, root leagth, leaf production
and leaf size. Uninoculsted pine seedlings grew weak snd
mui«t the yellowish havu and symptoms of stunting.
Photosynthetic pigment (Chlorophyll) was greater in inocue
lated seedlings tuan uninocula ted ones. Jutrient status
analysis revealed that uptake of almost an. the cations
and anions is enhanced in mycorrhigal seedlings than non-
mycorrhisal omnes. Phosphorus uptake was found fowr times
greater in inoculated seedlings than uninoculated ones.
Bifurcate tv corrallodd types of mycorrhigae were found
dominante Chroantographical aand Colorimetrical studies on
 sugar and amino-acid nup of roots of mycorrhigal inoculae
ted and Ma Awscsatd that sycorrhisal roots have
different kind of sugars and aminoacids and also possessed
more sugars and asinocacids taan nonmycorrhiszal root system.
'Allocation of higher biomess in above ground and below
ground parts was observed in nodli.ng_- inocula ted with
mycorrhigal fungi. Significant varistion in dry mmtier proe
duction and mycorrhigae dailopunt was observed,

nmt::ame fungal species were isolated from
nonrhigosphere (Ni), raizosphere (15S) and rhisoplane (®P)
regions of ﬁaerruial roots of pine. Highest number of
fungal species wewrecorded in rhizosphere region. Abglidis,



Fusarius dominated nonrnigzosphere while in rhigosphere

region Irichoderma, feniedllium end Gladosporium were
dominant. dhigoplane was surrounded by basidiomycetes

toroughout tae study. lrichodermg and fenicillium were

also dominantly associated in this region. Highest micro-
bial population was observed during rainy icaoon in all

the three reglons of mycorrhnigal roots. idaphic and climae
tio oondltion‘-nignificantly influenced the microvial popue-
lation. Hitrogen, Phosphorus and Potassium content varied
seasonally ia mycorraisal roots. Sugars and aminoacids
status was also different in different months of mycorrhigal
roots. Hutrient status of mycorrhizal roots influenced signie
ficantly the microbial population.

Present study emphasised that a variety of
mycorrhtsa{ formsare associated with pine which increase
absorptive surface area of roots add enhance nutrient uptake
and survivality of pines. lycorrhigae also 1nf1u¢nc: the

microbial complex in rinigosphere region.
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The term mycorrhiza was first coined by Frank
(1885) to denote the association between fungus and root
(mykesy funguss rhiga: root). Mycorrhiga based on its
morpholozical characters has been delineated in two major
groups i.e., ectomycorhiza(where fungus does not enter inside
the cortical cells and lies intercellularly and may form
mantle and Hartig net) and .endomycorrhigza (where fungus
enters inside the cortical cells and growsboth within and
between the cortical cells, but does not form any fungal
sheath or Hartig net). A third group: ectendomycorrhisza
is also recognised (where fungus forms Hartig net and pene~
trates inside the cortical cells). Many beneficial fungi
form association with roots of higher plants. It has now been
well established that such association is more or less a
rule and not the exception. In certain cases, however, like
contrd%mo (Cactaceae exception), Plumbaginales, Cruciferae,
Helobiae, Farinosae, Cyperales, Droseraceae, Denotheraceae
and ndorrhamoai; mycorrhigzae generally areé¢ not repor ted,
Certain nonmycorrhigal plants on the other hand when trane
storid from marshy to dry habi tat develop mycorrhigae,

Host of the tree species particularly the
members of the familles : Pinaceae, Paaouo, l!atﬁhcou.
Silicaceae and Tiliaceae possess ectomycorrhizal associa-
tion. Ectomycorrhiszae are generally formed by higher basidio-



mycetes but the members of the ascomycetes, deuteromycates
and some gygosporic species of phycomycetes have also been
reported to form this type of association (derdemann,1974;
Trappe, 1962, 1977).

- Endomycorrhiga is mainly formed by two types
of fungi i.e. those with septate and nonseptate hyphae.
Fungi of the former group are generally associated with the
roots of orchids and tne members of Lricales group. Among
endomycorrhiga, vesicular arbuscular mycorrhiza (_!_Ll) is
widely distributed and is formed by phycomycetous fungl
belonging to the family Endogonaceae. Vesicles function as
a storage or reproductive organs while the arbuscules serve
primrily as an organ for nutrieat exchange between plant
root and the fungus. Arbuscules have very short 1ife and
may collapse within few hours after discharging the nutriut;.
The hypha may re-enter in the same cell and may again form
the arbuscules. Versicular-arbuscular mycorrhiza does not
induce morphological changes in the roots of host plant

v/-nd they play very little role in protection of roots from
pathogans.

Ectomycorrhiga helps in the establ ishment and
survival of forest tree species through absorption of
inorganic nutrients, production and supply of growth regula-
tors, deterrent to rovot pathogens, decreasing soil toxicity
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and increasing resistance to extreme soil temperatures.

In absence of mycorrhiga, tree species become stunted and
yellow or they may even die. lMycorrhizal fungi generally
are not host specific and may have wide range of host
spectrum, A tree 'apoeiu may harbor more than one fungal
symbiont at a given time. The wcorrhinl fungi depend on l
host plant for supply of simple carbohydrates, a photosyn-
thate of green plants and cannot compete with saprophytic \
microorganisms in utiliging energy from litter decomposition.
Ectomycorrhige modify the morphology of roots and this
change is correlated with the production of cytokinins and
other growth regulators which increase the physiological

process of the roots.

Mycorrhigal association develops when either
a spore or mycelium of mycorrhigal fungi encounters the
roots of planted seedlings. The spore germinates and myce-
lium surrounds the roots and enters inside it. If the
process is delayed the seedlings either die or evem if
survive becomes itnntod. To overcome this practical problem
in forestry, uoculation of the seedlings with suitable
mycorrhigal fungi before or at the time of planting 1}.
recomnended, Supply of fertiliger and water does not help
the recovery of the stunted seedlings until the suitable
mycorrnigal fungi are inoculated. This phenomenon becomes
more ciear when an exotic tree species fails to flourish

if planted in absence of the mycorrhigal fungi.



Though studies on ectomycorrhigae have received
enough attention during the past few years, yet the nature
of mycorrhigal formation is not properly undorn;ood. fho
factors affecting the host and the fungus and their
interaction in relation to eavironmental and edaphic face
tors need careful investigation.

It has been found that pine seedlings grow
better in presence of Joletus felleug and jebeloma mego-
Rhseum (Hosendohl, 1943), However, their efficiency at
species level for nutrieant uptake and plant growth may
vary in different environmental conditions. Some of them
nay tolerate a wide range of environmental conditions while

few others may not,.

" A large quantum of information is available on
phosphorus uptake by mycorrhigal fungl but the knowledge on
uptake of other nutrients is fragmeantary. Some indications,
however, exist about the upfakc of sulphur (dhodu and
Gerdemann, 1978+4),ni.rogen, (Melin, 1952; Richard, 1964),
Calcium, magnesium, iron and other elements.

After the introduction of term rhizosphere by
Hiltner (1904) it is now well established that maximunm
biological activity lies in root region than in soil away

from root. ¥ ,corrhigal and rhigospheric microbes play an



indispensable role in nutrient cycling, converting nutrients
.from unavailable to avsilavle form, releasing some enzymes
and chemicals which regulate nutrient absorption by root

and mintainingva balance between pathogenic and nonpatho-
genic population of soil ecosystem. Some of the rhigospheric
microbes may be selective in their effect on the growth of
mycorrhizal fungi and their metabolic products regulate the
association of a particular fungus with host plant(Nye,1968).
In wmycorrhizal roots the nature of the exudates which regue
late the root microflora may be differeat. [?idot exudates
gmx;ally have the selective effects on th- root microflora
and this nature of selectivity of ectomycorrhiga is not
understood properly. The studies on the interaction of
rhigospheric microflora and mycorrhigal fungi may provide
better information regarding the understanding of synergism,
satelism and antagonism processes in a forested ecogystem,
The study will provide clues rogaﬁding the nature of divere-
sity ami ecotypic variation on effectiveness of certain
ectomycorrhizal fungi and will offer thovimon-o opportuni-
ties for management of forests(Marks and Xozlowski , 1973),

1t is obvious that raigosphere region exerts a
preferentinl effect on symbiotic or parasitic asscciations.
A detalled investigation of the microbiology of the root
region in tais ligat u. therefore, warranted,



_ So0il temperature, pH and nutrieant status have
great impact on the proper functioning of the mycorrhiza.
Laboratory gtudhc on the effect of these factors are
Qunahlo. Not much is, however, known about the field

donditiou where numerous otner factors also operate

simul taneouslys

The present work was undertaken to understand

the ecology of mycorrhizal association of pine (2inug
 kesiyg Royle) and also its effect om rhigosphere popula=

tion and matri.nt eyeling in a subtropical pine forest

ecosystem, lycorrhizal fungi and rhisosphere mn'hhl :
complexes were studied at regular montily interval for

three .years. Pure cultures of fun@l symbionts were obtained

by using differeant toch#iquoc. To confirm their symbiotic

relationship with pine, a_xonic. mycorrhigal synthesis in

agar was alsc conducteds Their role in nutrient upteke was

assessed in pot culture studies.
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Frank (18488) coined the f.erm mycorrhiga for
a fungus-rvot organ and later on in 1587 he distinguished
two types of mycorrhisa i.e. ectotrophic and endotrophic,
according to the presence of fungal hyphae outside (inter)
or inside (intra) the cortical cells of root. He assumed
that fungal assceciation is purely a symbiotic one. Masui
(1927) opined that mycorrhiza is a fomm of parasite and
he ccmpared the hyphal invasion with the damping off of
seedlings inoculated with the fungus Iricholomg mgtsutake.
-kelin and Nilson (1950) using radioactive technigques
confirmed the uptake of phosphorus by the mycorrhigal
hyphae of pine. Kelin (1952) demonstrated that mycorrhizal
fungi do not fix atmospheric nitrogen but transport the
apmonium ni trocgen to the host,

Pontana (1962) in a survey of mycorrhizal
association noticed that 14 tree species from plain, hill
and mountains of Italy possessed ectotrophic mycorrhiza.
In some of the localities, however, he also observed a
phycomycetous type of mycorrhizae along with ectotrophic

mycorrhizae.

fichard and Wilson (1965) noticed the changes
during mycorrhizal development in [igug caribgea, after
addition of nutrients, but they did not observe any direct
correlation between concentration of carhobydrate and
mycorrhizal development, hey also suggested that



carbon/nitrogen status should be taken into consideration
while relating the mycorrhizal development in plant,

Miller (1967) isolated and identified three
different kinds of cytokinins produced by jhigopogon
Legeolug an ectomycorrhizal fungus and suggested that the
cytokinins may be responsible for the change in morphology
of ectomycorrhisal roet.

Theodorou (1968) reported phytase acticity in
mycorrhizal fungi and found that they effect sodium snd
calcium phytate but not ferric phytate.

Theodorou and Bowen (1969) studied the effect of pH
and nitrate on the mycorrhizal development in Jinug radiats.
They cbserved that at pH 6.2 growth of pine was about
60-80% higher than at pH 8 and mycorrhizal development
was 60% lower at pH 8 than at pH 6.2, At pH 5, the
nitrate (575 ppm) had no effect on the growth of pine
while at pH 8 it affected the growth adversely.

Theodoreou (1971) inocculated seeds of Pinus
radiata with spores of Jhigopogos luteolug. 45/ and 36
enhancement was noted in height of fumigated and unfumiga ted
s0ils respectively. In fupigated soil rhizomorph population
was higher. He (1975) further observed that different
mycorrhizal fungi respond to different il water potential.
The maximum mycorrnigal infection was at 13/ « 207 and it



- decreasci at 27%.

Theodorou and Sowen (1971) found that non-host
plants have iannibitory effect on mycorranizal fungi of

Liage radiats either by producing phytotoxins or by
lowering the nutrient status.

Daft and Nicolson (1969a) observed that the
effect of endogone on growth of plants depends upon the
inoculum density of the former. They (1969b) further
reported that Vesicular arbuscular mycorrhisza and phosphate
nutrition are interrelated processes. [hey observed that
endophytase activity was depressed when soluble PO, was
applied over increasing period or when it is applied at an
early phase of growth of host plant. According to them
mycorrhizal fungl are more efficfent in extracting phosphorus
from podosphere and are very important in cycling of the
key metabolic element like nitrogen. '

Daft and Ckusanya (1975) observed that mycorrhisal
infection increased the amount of vascular tissue in toma to,
Legtunis and maize plants. Sesides tiis 1% also stimulated
flower production in [gtunia, formation of fruits in strawe
berry and development of pollens in maige. The stimulation
of entogeny and senescence in touato leaves may be due to

groduotioa'or gsome hormones.

Daft and Hacskaylo (1977) inoculated th red maple
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in sand and aathrocite waste with Jlomus macrogarpus
var-geogporus or Gigesspora gigants and found that
mycorrhigal plants had greater phosphate ani nitrate uptake
than ronmycorrhizal cnes., They correlated this nutrient
status to the leaf sige, nton.mtoq.y and cheaical
composition of plant tissues.

Farx (1969) studied the antagonism of ectotrophic

mycorrhizal fungl to fhytophthora cingemong and other root
pathugens, He found that the growth of fortyeight root
pathogens was nearly half with Laccaria laccata, Lactarius
deliciosug, Leucopaxillug gerealis var-gigeise, Pisclithus
linctoriug 2nd Suillus luteus. Maximum antibiotic activity
was observed at rapid growth phase in liguid culture. Age of

culture, incubation and temperature strongly influenced the
production of inhibitory substances. He identified antibacterial

substances produced by Leucopaxillug gerealis var-piceina,
as diatretyne nitrite. e observed 207 inhibitbn in

LZhytophthora ginpamomi by 50-70ppb and suggested that it

also has fungistatic property. liigher concentration of this
antibiotic compound was found lethal to 2. cinngmomi and
bacterial growth was inhibited by 12ppm. Iie also remarked

that this antibiotic does not have any effect on pine germination
in aseptic conditions upto a concentration of 40ppme. In

aseptic conditions 10ppm concentration, however, has phytotoxic
effect on the growth of seedlings.
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Marx aad sryan (1969) reported that Jclecrodermg
m' an ectomycorrhizal fungus produces aatibliotics
which are very effcctive against several pythiaceous fungi.
Jesides its function ge biclogical deterrent it also
increascs the absorbing capacity of pecan.

Marx (1970) reported that ectomycorrhizae of
short leaf pine are resistant to infection by pathogenic
fungi. He also stated that fungal mantle functions as
mechanical barrier and Hartig'net checks the spreading of
pathogenic fungi. He d1d not observe tae production of
antibviotic by an ectomycorrbizal fungus-Pgilothug-tinctorius
and thus biological contreol in this system is mainly attributed
to mechanical barrier only.

Marx and Sryan (1971) indicated that genetie
constitution of Pinus glliottl may regulate the ecto-
mycorrhizal development and benefit may vary from one

progeny o other,

Marx gt gl (1971) reported thet endomycorrhizae
(indozone mogsea) increases ithe growth of rough lemon
(Citrus lemon) but not of the sour orange (C. gurantium).

rvarx (1972) concluded that ectomycorrhizae help
in biological control of root pathogens by their complex
defence mechanism, sct.mycorrhizae de ending upon the
conditions may act as physical, mechanical and chemical



12

barrier to tne root pathogense. Hé (1975) further nmo.hd
that mycorrhigae could be better exploited in rovot disease
control than physiclogical processes and their ecological
significance in biological control should be given proper

attention.

In another study, Narx (1975) found that tree
species having ectomycorrhizae with "isolithug tinctorius
could survive and grow better than monmycorrhizal plante.
He advised that on = strip mined lands the ectomycorrhizal
fungi could be exploited potentially ‘or reclamations.

larx (1975) further reported that all exotic
specics of pine possess ectomycorrhizae, while Supressus
mgerocarpg has vesiculare-arbuscular mycorrhizae The
- mycorrhizal pines grew better than nonamycorrhigal. The

main fungel symbionts were [igolithus tinctoriug, Ifhelaphora
Lerrestris and Cenogoccun graniforme.

Larx li al (1976) inoculated three pine speces
with vegetative hyphae and basidiospores of Pisclithus
tinctorius in thxjn nurseries in Georgia, florida .and North
Carolinae. In North Carclina 140 percent growth stimulation
was noticed by vegetative inoculation of 2. tinctoriug on
seedlings of Pigus tgeda and 100 percent in 2. viriginiats
and P. gtrobuse
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Marx g% gl (1977) correlated that ¥ and P level
in soil decreases sucruse content of short roots of lobolly

pine and the susceptibility of pines to ectomycorrhigae
development by iselithug tinctorius 2180 decreased.

Kejstrik and Benecke (1969) -tﬁxed~'tho ectotrophic
mycorrhizae of Alnus viridis (chaix) and distinguished three
distinct types of mycorrhizae., They found that 60- of
mycorrhizal roctlets absorb phosphate five times more rapidly
than non-mycorrhigzal rcots. The root nodules of the host
plant do not take anydctive part in phosphorus absorption.

Mejstrik (1970) observed two main types of
mycorrhigal infection which were classified as tranel tive
between ptyophagus and to typophagus mycorrhizae. He (1972)
further studied the inteasity and freguency of veaicular
nycorrhizal infection in species of Molinietum goeruleae L.
in relation tc the fluctuation in ground water table and
found that it does not exert a strong direct influence on
the intensity of mycorrhigal infection during its vegetative
period. .

Tfrappe and Strand (1969) observed that long
agricultural practices result in ectomycorrhiszal destruction
and seedlings transplanted on such sites do not survive until

ectomycorrhizal fungi are inoculated. They further noticed
that if some fertilizer is added with ectomycorrhizal fungi,
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seedling development is improved.

Irappe (1977) attempted to provide a detailed
aoéount on selection of ectomycorrhizal fungi for inocculation
in forestry nursery practices. !le concluded that inoculum
potentiality of mycorrhigal fungi should be determined to
see how effective a given fungus is in host vigor. A
continuous series of experiments in an organiged way is
required to cope with such a diverse problem. The screened
fungi should be refined with laboratory tests and followed
by experimental inoculation of seedlings and planting them
unbooqﬁany to a variety of sites.

Beveze (1970) concluded that mycorrhiza in hopp pine
are beneficial ia phosphorus and nitrogen uptake vnly when
available nutrient level in s0il is high, whereas at low

level the effect is not favourable.

Palenzona and Fontana (1970) found that the ftype
of s0il also has effect on the development and morphology
of mycorrhizae and tney supported the Slankis-hypothesis .
of nitrogen availability in soil and mycorrhiza development,

Hadley and Williamsoa (1971) observed linear
increase in length and breadth of protocorm of Dgetylorrhiza

purpurellg just after the infection by symbiotic fungi,
whereas the growth of uninfected protocorm was neglegible.
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They suggesied tant in mycorrhizal plants the growth may

be atimulated just after the entry of hyphae and before
1ntraoellular- lysis of the hyphae. They opined that 'u‘ution"
of endophyte is only defensive mechanism not a pr;rﬁniciu
for a growth stimulant, and growth stimulation takes place

by transferring nutrient from fungus to host.

Hayman and Mosse (1971) found in onion a large
increase in shoot dry weight upto eighteen fold and with
Soprosme nineteen fold by adding phosphate. Ijycorrhiza also
had similer type of offoo't (fifteen times in Coprosus and
twelve fold in onion) in absence of phosphate fertil izer.
kycorrhigal root could make available phosphorus to plants,
while nonmycorrhigal rx.;oto ﬁnod to do so.

irupa and Pries (1971) showed that the production
of volatiles is associated with the active mycelial growth
of Bolctus W a mycorrhizal fungus of pine, Some
of these volatile substances were found to have fungistatic
property. They observed six times higher concentration of
these volatile substances in mycorrhizal roots than the
nonmycorrhiszale They susgested that production of the
fungistatic volatile o;-gnnic compounds may be correlated

with the disease resistance of mycorrhigal root,

Mosse and Phillips (1971) studied ¢ fect of
phosphate and o ther nutrients on the esta
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mycorrhisa in irirolium parviflorum inoculated with

fndogone spores. Iney observed that Caphytate, Camonohydrogen
phos phate, Na-phytate, Fe-phytate, Phytin, Lecithin and DNA
were good sources of ?04 {for the plants and the gybionts

both.

Mosse and Hepper (1975) established vesiculare
arbuscular mycorriiza in clover root orgsn cultures. The
found that pH of the m dium is a critical factor for
determination of initiation and spread of mycorrhizal
infection. '

Mosse gt gl (1976) studied the interaction
between vesicular-arbusaarlar mycorrhiza, atilization of
rock phosphate and nitrogen ri;ing organism in three legumes~
and in Gnions. They observed tmt‘ in neutral and alksline
soil, rock phosphate was unavailable to mycorrhigzal roots.

Hosse (1977) observed that vesicular-arbuscular
aycorrhizae stimulate the nodulation by rhizobia due to
increase in utilization of more phosphate from non-availabvle
rock phosphate but she did not observe any relationsaip
between phosphorus and nodulation in irradiated soid.

Safir g¢ gl (1971) noticed that mycorrhiza
produced by Endogone mossege, decreases the resistance to
water transport in Soyoveans (Glucine wiax L.). fhe decrease
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was assocliated with an increase in the growth of shoot.

Khan (1972) found that vesicular-arbuscul ar
mycorrhiza increases grow;h. dry matter, grains number
per ear and grain weignt in maize. It also helps in
gru'ter uptake of phosphoruse.

Khan (1974) investigated the Endogone spores
in rhigosphere 30il and al® incidence of mycorrhizae in
halophytes, xerophytes snd hydrophytes. fe suggested that
except in a few, vesicular-arbuscular mycorrhiza fregquently
occur in almost all the plants,

Lhan and Saif (1975) studied seasonal variation
in Eadcgone population in wheat field., ~Number of Endogone
spores in wheat field svil was almost similar during the
vegetative growtn and tillering stage of wieat plants.

The sxtent of mycorrhizal infection was related to Badogone
population.

Rambelli gt gl (1972) confirmed the nitrogen

fixing activity in the mycorrhizosphere of 2inus radisty
by gas chromatograph technigue. '

Hattingh gt gl (1975) demonstrated the movement
of P32-labelled phosphate from soil to mycorrhizal plants
and concluded that the mycel ial network of endomycorrhisal
fungi enables plants to remove phosphate from larger socil
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volume, extending hyphae beyond the immediate vicinity.

of the root surface.

Mexal and iHeid (1973) studied the effect of
water stiress on three ectiomycorrhizal fungl. Zgnococoun
graniforme was quite tolerant and exhibited maximun growth
at 15 bars water potential, while JSuillus luteus and
Zhel ephora ferrestris grow well at -5 bars.

Zak (1975) provided a meaningful and practical
classification to e¢ fomycorrniza in nature. The systeam
provides a better understanding of the {reguency, demiv
and the variation of the qmbio#ts.

Zakk (1975) conc uded that thg mycorrhizae benefit
the trees in phosphorus uptake ani in pro tection f rom
pathogens, rowt aphids and nema todes. Lhe association also
Belps the plants from phytotoxins produced by soil microe

organisms.

Zak and Larsen (1978) recognized three new
ectomycorrhizae of Zgeudo-~tsugs menziesii formed by
Zyggoporia kerresitris vers. lilacinoroses, parigil and
gublutea.

Baylies (1974) reviewed the evolutionary
significance of phycomycetous mycorrhiza in hn& flora and
concluded that fungi have become an unseperable symbiont

due to long coevolutionary processes.
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dowen ¢t 8l (1974) demonstrated that Zn absorption
was higher in ecto and endomycorrhizae of Elmus radigis
and Argucaria cunninghanil respectively tnan nommycorrhiszal

roots.

Crush (1974¢) reported that in phosyhate deficieant
soils vesicular-arbuscular mycorrhiza strongly stimulates the
ncdulation and growth of Controsemg pubescens, Styloganthes
guvagensig, Irifoliun reopens and Lotus pedunculgtug. He found
that tropical legumes are much more dependent on mycorrhisza
than temperate and sugzested that when luguninous and
nonleguminous plants are growm together mycorrhizas
preferentially stimulate the growth of legumes and also the
nodule formation.

Crush (1976) found that mycorrhizal plants of

Igifolium gepens and I, pratenge grew better than aon-
mycorrhizale He observed that some mycorrhiszal fungl were

parasitic to T. Lybridus and Medicago gativa and .mutid
that the endophyte-hos ¢ relationship in symbionts changes
from mutalism to parasitism on increasing of phosphorus
availability.

Hayman (1974) studied the effect of light and
temperature on d«velopment of vesicul ar-arbuseular mycorrhisza
and growth of onions in phosphate deficient soil, laximum
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nucber of arbuscules and the best growth of the host

was observed in the presence of 25000 lux at 25°C while
no growth s:timulation was noted at 14°C in light intensity
of 15000 lux.

Lamb and 4 ichard (1974) observed that in a
801l lacking mycorrhigal fungi, addition of phosphate
® 40kg/ha enhances the mycorrhiza formation in Pimug radiats.
Besidiospores inoculation was better effective than
chlamydospores,

Strzemska (1974¢) studied 37 species of Graminease
and Papilionaceae and found that all the species have
endotrophic mycorrhizal association. He observed that
variation in p:H'au soil had no effect on mycorruizal
development. The prescnce of endomycorrhige was an essential
and constant feature of these plants.

Thoen (1974) reported sevea subtypes of mycorrhiza
¢classified on "lominik classification System" of Pinug
insularis and observed several mushrooms under pines md
Eucalyptug canopy. Sulllus gregulatus was more frequent.

He found tknt introduction of symbiont from the litter of
old plantation has more beneficial effect on growth of
seedlings in nursery than those of young plantations.

Vozso and Hacskaylo (1974) identified both ecto
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and endomycorrhiza in five species of FPopulus and on the
basis of their histochenical studies suggested that protein
syanthesis in mycorrhizal roots was more in mycorrhigal

roots than in case of non-uycorrhizal ones.

Dehne and Schonbeck (1975) observed that degree
of wilting caused by Fusarium oxysporum ¥ar. lycopersici
decreased significantly in tomato plants when inoculated
with Glomus mogsseag. They found higher chloroph:/ll content
ion flux in leaves of mycorrhizal plants than in case of

nomimycorrnizal ones.

Gadgll and Gadgil (1975) concluded timat mycorrhisal
fungl suppress the litier decomposition in Zinus radlats
forest. [he actual mcchanism of suppression, nowcvué. is
unknown. Ihey stated that moisture and pH do not play a
significant role in relation to function ofmycorrhisa.

Gaie (1975) synthnesized ec tomycorrhizae with
Ziselithug tinctoriug and Jetula pendula in labaratory
condit ions.  In a subsequent study he (1977) successfully
synthesized mycorrhiga in cuttings of woody plant with
Paxillus involutws anl Pigolithus arhigus under axenic conditions.

Harley (1975) critically reviewed the problems in
mycotrophy. He remaried that studies on mycorrhiza have
gathered yuite good information regarding the effect of the
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association on plant growth and the uptake of mineral
nutrients, He further suggested that carbon nutrition
studies should now be given importance. The selectivity aml
permeability of fungal symbiont and movement of nutrients
within symbiotic system are the problems to be solved in

~ future.

Harley gt gl (1977) studied the effect of potassium
phosphate, 24DNP, KCN and HCLAK on the respiration of beech
mycorrhiza during ageing They observed that cyanide and
DHP applied together induced considerable inhibition and
further addition of MCLAN caused additionel innibition.

Ogawa (1975a) studied the effect of seasonal changes
and ageing of pine in relation to development of mycorrhiza in
a forest ecosyséem and triei to investigate the ecological
niche as a basal study for artificial cul ture. '

Powell (1975) found that in natural field the rushes
and sedges possessed less 1nfe§tioa and had only mycelium
in epidermal cells. In pot culture studies he noticed that
the n_onnycorrmm plants produced more dry matter than
mycorrbizal and in P~deficient scil they rejected mycorrhizal
infection.

Powell (1976) studied development of mycorrhizal
infection by root segmentis and Ladogone spores by agar coated
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011:10 technique, burried in suil; He found that Endogone
spores germinate after 16 days and .give rise to a fan like
hyphae, and infection in onion roots takes place in

proximiﬁy of these spores. Iile also observed that indigenous
mycorrhizal fungi enhanced dry matter of shoot 1350¥% (in steep-
laxid goil) to 7% in silt loam over nonnycorrhizal plants.

Hle revealed that L A

o
than indigenous fungi. ile did not obtain any correlaticn

endomycorrhigal spore was more effective

between phosphorus uptake efficiency of mycorrhizal fungi
and frequency of their hyphal cunnection in soil and the
root systems In a later study he (1977a) Ifurther observed
90% more growth in shoot of clover inoculated with B, than
indigencus spores in silt loam and 50% more in soutn aspect
Waingaro soil but 42# less in north aspect “aingaro soil.
Rate of uptake of phosphate was 108% greater in kg Gthan
indigenous mycorrhizal fungi. He suggested that i, should
.bo introduood in hill couniry soil %o lncreasec uptlake of
residual and fertilizer phosphorus from soil. He (1977b)
found that mycorrhisgal fungi stimulate shoot growkh in

rye grass (Lellum pereane L.). Gigaspora margarites stisulated
from 8% less to 213% more phosphorus uptake than indigencus
mycorrhizal fungi in first crop of four hilly country soils.
After four successive crops uptake ranged fram59% to 550%
in four socils. In depleted suils after successive crops
neamycorrhizgal and less effective mycorrhaizal fungi were
not able to help in uptake of phosphorus properly.
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Powell and Simmparamtmaa (1977 ) studied the
rate of iafection in grass and legume species under field
conditions oy indigenous mycorrhizal fungli and revealed
that infection occurred quickly throughout theyear, except
in late winter due to water logging. Mycorrhigal fungi

stimulated the nodule fomtion.

Powell and Daniel (1978) demonstrated that Nauru
rock phosphate could be utilized by mycorrhizal plants but
15 unavailable to noamycorrhizal pleants. Plants intocted
with Glomug tecguis and indigenous ucorrbiul fungi utiliged
10-27% of the phosphate fertilizer while 0.4-13% could be
utilized Ly nonmycorrhigal ones.

Scannerini gt gl (1975) suggested three -noooéuivo
stages of fungal symbiont in a gradual digestion of micro-
organisms. Iransition and the continuity between haustoria,
¢oils and arbusculcs and the existence of bacteria like
organisms give explanation for the oontinuous flow of
‘materials to the hos® cells. This cytological relationship
helps in understanding of morphological display for the
increased metabolities consumption by host cells and function

as predator.

Schenek gt gl (1975) studied the effect of
temper»ture and light on the germination of the spores of
‘endomycorrhizal fungi. lighest germination in Glomus mogsgeae
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occurred at 20° while in M goralloides and
S. fJeterogama it was obtained at v+“C, Darkness hed

significantly superior role in spore germination.

Stribley gt gl (1975) observed that relative
growth rate in mycorrhircal plants increased due to more

absorbing area.

Ashton (1976) detected 18 basidiomycetes
intimately associated with _ucalyptus reznans and they
formed mycorrhiza ranging from simple to coralloid type,
fhe colour of mycorrhiza largely depends on type of the
funganl symbiont. He observed that mycorrhizal development
was enhanced by light intensity, diminished by high level
of nitrogen and was unaffected by high level of phosphate.
Inoculation of mycorrnizal fungi in rich loamy soil enhanced
plant growth better than other seoil.

Azcon gt gl (1976) ovserved that indogone and
two bacteria are capable of solubilizing rock phosphate
in vitro. They noted that when Janagdula gpica was inoculated
with fndogone and bacteria, phosphorus uptake was more than
in plants inoculated either by indogone or by bacteria sloneé .-

Guycox and Tinker (1976) concluded that transfer
of phosphate thio ugh arbuscular digestion is not so significant
as compared W the transfer thrmugh the membrane of living
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fungus and this is more related tw the mechanism of
phospha te uptake.

al .
(1976) emphasized that in forest

£
Harvey,
management, prescribed vurning and soll organic matter
should be given proper atiention to save the ectomycorrhisal
association a8 most of the active mycorrhisae live in the
organic fraction layer (66 percent in humus, 21 percent in

decayed wood and 8 percent in the charcoal).

Hepper (1976) developed a colorimetric method
for measuring glucosamine a resultant of conversion of
chitin and correlated this with the intensity of vesiculare
arbuscular mycorrhiza in roots.

Purves and Hadley (1976) found that Goodyers
Lepeng could grow on 1f glucose and potato extract as
ssymbiotically but it grew best with symbiotic fupgi on a
c¢ellulose carbon source. le stated that protocorms acquire
high level of starch in asymbiotic conditfons ani grow
slowly while in association with the symbiont growth was
rapid and no starch was observed, Their studies in
plantlets revealed a greater incorporation of insaluble
substances in mycorrhizal rcots than that of nonmycorrhizal

oncse

Sanni (1976) collected the spore forming vesiculare
arbuscular myco:r:izal fungi and studied their effect on the
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growth of Vigna unguiculsta, Lycopersicon egculentum
and Jeg mays. He observed that vesicular-arbuscular

mycorrhiza has a positive correlation with P and N amount
in tissue.

Schoknecht and Hattinga (1976) examined onion
-hroota with vesicular-arbuscular mycorrhizal fungi (lomusg
fasciculgtus and G . QRossedady scanning electron microscopy
(5:M) and energy dispersive x-ray microanalysis techaiques
and found tim ¢ the cailo having arbuscules possessed more
phosphorus and those lacking arbuscules did not possess
measurable amount of phosphorus. Other chemicals (S, C1,
K and Ca) were also present in more quantity in mycorrhizal

cells than in those of nonmycorrhizal ones.

Alvarez and Gobb (1977) studied the mycorrhisae of
Abdes concolor and they recognised nine different types
of mycorrhizae occurring in naturally growing white fir
seedlings in North Central Sierra Nevada. (Cegnococcum
' m was also observed, They found that none of the
naturally occuring mycorrhisal types were found on nursery
seedlings.

Barrows and ioncadori (1977) found that Gigagpors
margarits enhances the rootings in juphorbis pulcherrima
and the mycorrhizal plants grow better under low fertility
and moisture stress. Addition of proper gquantity of phosphate
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increased the mycorrhizal degolopment but a high and
low gquantity inhibited the growth,

Becker and Cerdemann (1977) suggested a
colorimetric method for guantification of vesicular-
arbuscular mycorrhiza in omfons inoculated with Glomusg
fagciculgtuge They found that mycorrhizal iafection
determined by Chitian assay or steining procedure had
significant correlation with percentage of yellow roots
by weight and the colorimetric method also had significant
correlation with root/shoot ratiocs.

Blaich (1977) report& a yeast jureobagidium
pullulans to form mycorrhizae with Vitis reparis under
sterilized conditions. The fungus producod Hartignet,
plectenchyma tic layer and induced inter nodal elongations

of rootlets.

Clement gt gl (1977) observed that ectomycorrhiza
improves growth of Yigus anigra. The association also
eliminates chlorusis, reduces cations level in foliar
tissues and corrects the pathways of auinoacids and protein
synthesis. [lgusg glgrg seedlings could be grown with
mycorrhiza on svil having more calcium carbon#to. while
it failed to survive without mycorrhizal fungl and exhibi ted
the syzptoms of chlorosis, unbalanced nitrogen metabelism
and high cations in tissues,



Purlan and Portin (1577) studied the effect

of different light intensities on formation, reproduction
and influence of vesicular-arbuscul ar mycorrhiza on onion
plantse They found that lower light intensity enhances
mycorrhizal infection. They further observed that spore
production was directly proportional to light intensity
and the maximum growth was observed under 10 KIUX light
intensi ty.

Homola and listrella (1977) listed the species
of Boletaceae which were supposed ® form ectomycorrhizae
with the tree species in laize. TIhey found that except
one or two fungal species other occur with most of the
tree and do not have any specificity witn the host plant.

Johnson (1977 ) found that in New Zealand a
typical vgsicular-arbuscular mycorrhiza is dominant in
liverworts, monocots, dicots and in coniferous plants.
He observed nine different types of sporocarpic species
and their distribution was influenced by soil: types but

not by plant species. He concluded that Qhigophagus tenuisg
is apoloneer endophytic mycorrhizal fungus.

Kormanik gt al (1977) revealed that many of
the hardwood species reguire mycorrhizal infection in the
production of seedlinis. lLate associa tion of fungi caused
inferior grade of seedlings. |

Rencadori and fHussey (1977) found that when
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an endophytic fungus Gigospora margarita was jointly
inoculated with a nemn tode Mgpoiddsyne incognita, stunting
caused by this nematode was reduced by the development

of mycorrhizae. Agygospores were produced in joint culture,
while G. margaritg did not affect the production of the
egse of nematode but increased the total number of eggs

as mycorrhigal root system is generally larger than the

nonmycorrhizal ones.

Smith and Daft (1977) observed that mycorrhiga
enhanced the nodulation, nitrogenase activity aand aitrogen
and phosphate content of Ledicagc gativa. They suggested
that tripartite symbiosis i.es legume, rhiscbium and
mycorrhigal fungus results in better growth than uni or bi
partli te symbiosis.

Von (1977) observed that vesicular-arbuscul ar
mycorrhigza develops not only in rcots but also in the pegs
of Arachig hypogeas when grown in insoluble phosphate. He
assumed that phosphate content is enhanced in these pegs
also.

Bagyaraj and lenge (1978) studied interaction
between vesicular-arbuscular mycorrhisa and Azgtobacter
and the effect of the association on rhisosphere and plant
growth. They found maximum bacterial and actinomycetes
population in the rhisosphere of mycorrhizal andi Agotobac ter
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ghroocogoum than nonincculated one. Fangal population

was effected by V.A. mycorrhiza (Glomus fagciculatug)
and Agotobacter ghroccogcum, Dry weight of mycorrhizal
and Agotobacter inoculated plants was significantly
higher than dry weight of noninoculated plants.

Bagyara) and Manjunath (1980) have reported
that mycorrhizal fungi significantly increased the root
and shoot dry weights and phosphorus uptake in crop
plants under unsterile soil conditions.

Cooper and Lossel (1978) observed that mycorrhizal
roots have more lipid ani trigluceride than nonmycorrhi sal
rocte. External mycelium possessed more neutral lipids
(Triglyceride, diglyceride and free fatty acids).

Daft and Elghiami (1978) demonstrated the stimulation
in growth of the host by jlndogone species. They reported
that phosphorus concentration and inoculum density are
responsible for mycorrhlgal action. They suggested that
mycorrhiza may not be s8¢ important in agricul ture where
good fertility level exists but on the other hand inoculation
would be of ecclogical importance in uﬁnl communities
where fertility level is poor.

Hall (1978a) studied the effect of vesicular-
arbuscular mycorrhiza and of five different phosphorus levels
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on the growth of Trifolium repens and Lolium peresne

when grown in pure and mixed cultures. Vesicular-
arbuscular mycorrhizal clover was found t¢ have better
inter and intra specific competative ability for phosphorus
with rye grass, iye grass develops less vesiculare
arbuscular mycorrhiza and had poor phosphorus responses
due to nitrogean deficiencye.

Hirrel gt gl (1978) surveyed Chenopodiaceae
and Cruciferae families for vesicular-arbuscul ar nmycorrhiza
and concluded that when plants are grown in natuml condition
this association develops. The association, is, however,

not seen in pure culture.

Hacdonald and Lewis (1978) cyptochemically demonstra-
ted the acid phosphatases and dehydrogenases in vesiculare
arbuscular mycorrhizal fungus Glomus mogsese. Acid phosphe tase
activity occurred in lysing and growing fungal hyphae andihey
interpreted that fungus has ENP (Lmbden leyerhof Parmes)
system, a tricarboxylic scid cycle and a hexose monophosphate
shunte.

Pearson and Gianinazi (1978) in enzyme extracts
of onion roots inoculated with Glomus mogseae demonstrated
the presence of soluble alkaline phosphatase specific to
vesicular-arbuscular mycorrhizae. IThey observed a close

correlation between mycorrhiza-specific phosphatase activity
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and development of symbiont and host, Maximum activity
occurs at 100# arbuscular stage. rhis activity they
related to assimilation of phosphorus in vesiculare
arbuscular mycorrhisal system.

Schonbeck (1978) observed that morrhiﬁl
roots were more resistant to Pusarial wilt of tomato and
root rot in tobacco and cotton than nonmycorrhizal plants,
e also found that mycorrhisal roots had adverse effect
on the development and establishment of a root nematode

Wills and Cole (1978) studied by scanning
electron microscopy (S:lM) the vesicular bodies in mycorrhizal
roots of Zinus mugo (Turra) and concluded that their nature
of relationship with Hartig net is unsolved.

Gianinazi gt gl (1979) studied the localization
and distribution of acid end alkaline phospha tase in enion
roots infected with a vesicular-arbuscular mycorrhizal fungi,
i.e. Glomug mogseag (Nicul and Gerd.)e They found a strong
aclid phosphatase actiivi ty in termingls of immature arbusculé.
and alkaline phosphatase in mature arbuscule and intercellular
hyphaee

Nicoleson and Schenck (1979) reported 21 species

of endogonaceae from Florida. The species were found to
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form vesicular-arbuscular mycorrhisa,

Malloch gt gl (1980) provided a critical
review on ecological and evoluttdn-ry significance of
mycorrhizal symbiosise They emphasised that endomycorrhizal
plants usually occur in forests of high species richness, _'
whereas ectomycorrhizal omes occur in forest of low species

richness,



FE AR LRI TSRATIRERER LR S0 B RIRTEA SR ERE A FL R EER TR

o -
& a
* I p
. AT E R I A L 8 A N D .
* p -
& M E T H 0 D 8§ +
° L4
o o
° "
PRSP ER . RS EE BEE WER T I R T ITY CEARBERPERETTRERS



39
gelection of Site and Sempling

Riat Khwen pine forest Mawlai, Shillong(Meghalaya)

. was selected for the present study. The forest had different
age groups of plantations starting from those raised in

1955 to 1979. A comparative study of the different planta=
tions, vig. 195656, 19656 and 1975 was done for the fungi during
the year 1§75-16. As no significant variation in the micro-
fungal flora was observed amongst the different plantations,
1965 pine plantafion was selected for the detailed investigae
" tion. The sites are represented by black dots in Plate 1

and 2, Also this plantation is least affected by bictic
agencies which also accounted for the selection. The site
is situated at an alti tude of 1200 i from sea level. The
Khasi Hills get the maximum precipitation in the world,
Average rainfall per year in the area 18200 cm. The soil is
loamy sandy. Salpl.ing of soil, mycorrhizal roots and
mycorrhigal {ungl was done at monthly interval from October
1976 to September 1978, Macrofungi were collected from May

to. November only in each year. During the other part of the

year the macrofungi were not availables

Observations for the occurence of mmcrofungi in

the pine forest was carried out during the years 1976-1978,
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In addition to pure stands of pine (B. Kesiya Rovle) as
dominant tree species other undergrowth vegetation come
prised of Lantgna Samers, lmperata g¢ylindrica, Lupatorium
gdenophorum, Smilex sp. and a few trees of Schiemg wallichii.

Collection and observations of sporophores of
higher fungi which could be expected to be associated with
Binus kegiyg floyle were done in a uniform forest site.
The mutual relationship was determined by tracing the
hyphal connections between fruiting bodies and mantle of
mycorrhigal roots of pine tree. rne observations were mde
at a regular monthly interval from May - November each
year. The sporophores were collected in sterilized contai-
ner and brought to the laboratory for identification and
isolation in pure cultures. The occurrence and. abundance
of higher fungi were determined .n the basis of the
appearance of the sporocarps in pine forest during the
period of investigation. Sporophores of higher fungi were
identified as suggested by Singer (1968).

For quanti tative study of sporophores ten pine
trees of sane age were selected randomly. Observations
were made on meonthly interval from May to November of
1978 and 1979. Distance of the sporocarps from the tree
trunk was measured and plotted out on graph. Percen tage
relative abundance of macrofungi was calculated from the
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following formula =

Percentage relative
a

After calculs ting porcmt@ge relative abundance
the macrofungi were grouped in different classes, viz.
dominant (81 « 100%), common (61 - 80%), frequent (41 -601),
occasional (21 - 40) and rare (1 - 20£) Vittal, 1976).

For the isolation of the fungl from closely
associa ted mushrooms, the young immature or developing
fruit bodies, free from insect attack were collected
from pine forest community in a steriliged polythene bags
and were brought to the laboratory. The dorsel surface of
the cap of these sporocarps was sterilized with 90% alcohol
and were then kept in sterilized Petriplates. To minimise
the contamination, the sporophores were aseptically ?ut
into pleces end small pieces of tissue taken from inside
were inoculated to the nutrient medium, Only one pilece
was incculated in eacn plate and ten plates were used in
each case. The inoculated plates were incubated at 20%C
for 25 days. The plates were checked at a regular interval
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and the contaminated ones were discarded. Isolates were
then examined and' those with clamp connections were sorted
out and purified by‘!_;yphal cut method, Pure cultures were
maintained in a refrigerator at 10°C taroughout tae

period of inveatigation.

Leolation of myeorrhigal fungi Lrom reotp =

Roots from different trees were randollj
collected at monthly interval from Uctober 1976 to
Setevber 1978, Por the collection of mycorrhiszal roots a
sharp steriliged knife was used and the roots of about
10 « 15 cm. size were collected in a sterilized specimen
tubes and brought to the laboratory and washed thoroughly
with water. The roots were then examined under binocular
microscope and young active ones with fungal mantle were
sorted out. Iwenty pleces of approx. 5 mm size were finally
prepared from such roots and were transferred to another
test tube containing a few drops of liquid detergent
( Teepol, BDH) and shaken vigorously for 1 - 2 minutes. The
-detergent was then poured off. The root segments were later
transferred to a 250 ml conical flask which had 150 ml
sterilized water. The flask wita root ocgunt—a was shaken
vigorously to wash the roots and this process was repeated
5 - 6 times. After wasiing, root seguents were surface
steriliged with 1 percent solution of sodium hypoehlorite
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for 10 minutes and were transferred to another sterilized
conical flask (250 ml). The root segments were given about
10 washings with steriliged water., After proper washing,
the segments were removed and transferred to steriliged
Petridishes.

Different nutrient media were tried ( a list
is given separately) but Hagém agar mediwn(Modess, 1941)
with 80 ppm streptomycin sulphate proved best, ﬂme root
segments (approx. 5 mm) were inoculated im each plate.
The segments were tested under aseptic conditions before
plating. All the inoculations were done in four plates which
hed twenty replicates. The inoculated Petridishes were
incubated at 20°C in dark in a BOD incubator for 25 dayse
After the incubation period, the plates were taken out
and examined for the growtn of mycorrhigal fungi. The
cul tures thus obtained were transferred to cul#ure tubes
which had slants of malt extract or Hagem agar medium
These cul ture tubes were incubated for about 6 -~ 7 days

and were stored in freege at 10°G.

Isolation of rhizosphere microflora i=

For the study of rhizosphere microflora young
root system with mycorrhizal association was dgg out care=

fully with a atorilhod spatula and brougnt to tae laboratory
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15 steriliged polythene bags. The root system was tapped
gently to remove the extra soll and cut into 1 cm seguents
by steriliged scissors. The roots with closely adhering
soil particles were aspetically transferred to a conical
flask containing 100 ml of distilled sterilized water.

The flasks were wrist shaken for about 10 minutes keeping
mouth closed with steriliged co tion plug to get a homo=
genous s30il suspension which was used for assessment of
bacteria and actinomycetes. One ml aulptmién was pipetted
out with steriliged pipette on nutrient plates containing
suitable medium (described separately). In each case
separate steriliged pipette was used. Inoculation was done
in five replicates for each sample. The root segments were
tahn out froi this rhigospheric suspension and were
washed several times with steriliged water to remove the
adhering soil particles in another steriliged conical fl ask,
The rhizospheric suspension in conical flask was dried in
hot air oven at 106°G for 18 hours, covled at room temnpera=
ture and weighed, The dry weight¢ of rhisospheric soil was
also determined by evaporating the suspension left after
the inoculation separately on a hot water bath and finally
keeping them in a hot air oven at 108°¢ for 18 hours.
Thereaf ter, the soil was cooled to room temperature and
was weighed. Microbial population (Actinomycetes and bacteria)
per g dry soil and root was calculated separately by
estimating the soil and root present in one ml of suspension.
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Simul taneously the corresponding nonrhigospheric soil

gamples were sampled away from root regions of Pinug
kesiya Royle. The upper few mm soil surface was discarded
and below it a pit of 10 x 10 cn® was made to collect

the soil from five different places and a composite sample
‘was made to minimige the sample variation. The samples

were brought to the laboratory in steriliged polythene:hzl.

10 g of nonrhizospheric soil was weighed in
aspetic conditions and the suspension and dilution series
were prepared in 250 ml sterilized conical flasks which
nad 90 ml of distilled steriligzed water., The 1 1 10000
dilution series was finally selected for bacterial and
actinomycetes inoculation. 1 ml/plate of soil suspeasion
from this series was imoculated on nutrient media, for
bacteria (beaf extract) and actinomycetes(starch case in
agar medium supplemented with nystatin of 50 mg/litre).
Ten replicates were used for each saaples and separate
sterilized pipeties were used for different sets. The
suspension was uniformly spread over tn; entire surface of
the medias. All inoculations were done aseptically in a
laninar flow chamber.

For the isolation of fungi, Warcup's (1950)
method was used. 0.005 g of soil was transferred to each

-
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plate by means of the flat end of a fine spatula. The me thod
for collection of rhigsospheric and nonrhigospheric soil

was same as discussed earlier in case of bacteria and
actinomycetes isolation, For inoculation of rhigospheric
s0il the mycorrhigal root system was taken and tapped in

a steriligzed Petridihand was homogenised with the help of
small sterilized glass rod., In case of nonrhigospheric

soil about 6 g of s0il was taken into steriliged Petriplate
and was homogenigzed with a steriliged glad#s rod, VWith the
help of fine flat spatula, soil (0.003 g) was taken and
transferred to a sterilized Petriplate. The soll was

spread over tae plates by putting few drops of distilled
steriliged water and rotating the plate. About 15 ml auto-
claved nutrient medium (Martin rose bangal agar medium
supplemented with streptomycin sulphate 30 mg/litre) and
the soll particles were dispersed in medium by rotating

the plate thoroughly. Each sample was replicated in ten
plates and all steps were conduc ted in aseptic conditions.

For the isolation of rhigoplane fungi, the remie
ning part of the mycorrhigsal roots collected 15 case of
rhigosphere study was aseptically transferred to separate
conical flask containing 100 ml sterilized distilled water.
The conical flask was hand shaken vigorously. These roots
were given about ten washings and were transferred to

sterilized Petridish. The water from outer surface of the
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goots was soaked with steriliged Wntmn filter paper.
Thereaf ter, the roots were aseptically cut into small
segments (5 mm approx.). The pleces were then teased with
the help of sterilized needles and inmoculated in sterilized
Petriplate containing Martin's rose bengal agar medium |
(15 ml.) supplesented with streptomycene sulphate (30 mg/
litre). Pour segments were plafed out in each plate and '
ten plates were inoculated in each case,

Inoculated plates were incubated at 25 % 1%
in BOD incubator for five days for fungi. In case of
bacteria and actinomycetes the incubation was done at
30 % 19C in becteriological incubator for 24 hours and
seven days respectively. After the incubation period the
plates were taken out for gquaantitative determination. The
bacterial, actinomycetes and fungal colonies were counted
with the help of automatic colony counter. Pungal colonies
were identified upto generic and specific level (Gilman,
19593 Subramanium,1971; Barnett and Hunter, 1972). Slow
growing forms were transferred tc fresh nutrient plates.
Isolation and purification of fungli for detailed study were
done either by single spore method or by transferring a
portion of hyphal mass to fresh media in 5 cm plates. Pure
cul tures were maintained by transferring the isclates to
the slants of malt extract and Csapak's dox agar media.
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After two to three days of incubation of the tubes at
26 =+ 1°c, all the cultures were kept in freegze and

maintained at 5%C.

Quantitative assessment of bacterial and actle
nomycetes popula tion was done by multiplying the dilution
factor to the average number of colonies per plate after
correcting the figures by taking moisture content into
considerations Total fungal popula tion was calculated as
per g of dry weight of soil. Rhigoplane fungi were calcula=
ted as propagules per segment (5 mm) of mycorrhizal roo ts.

Percentage relative abundance of fungl was
calculated as detailed below =

Percen .
relstives® . Total number of individuals of fungus . 400

abundanse Total number of all fungal species

After calculating # relative aiumlanco of the fune
gal species they were grouped in different classes, vig.
dominant (81 « 1007). common (61 - 80%), frequent (41 - 60%),
occasional (21 - 40%) and rare (1 - 20°) as suggested by
Vittal, (1976).



The seeds of Pinug kesiyg Royle were collec=-
ted from the Riat Khwan forest during the month of Januae
ry 1978 and stored in refrigerator at 10°C, sufficient
quantity of seeds were surface steriliged in 5/ Sodium
hypochlori te solution for about 5 minutes and washed
repeatedly with steriligzed water in 250 ml conical flasks.
After washing, the seeds were transferred to steriliged
Petridishes. The germination of the seeds was carried out
in the moist chamber which were made by putting cotton
and filter paper, in the Petriplates. Sufficient water was
added to keep the chamber humid. The chambers were steriliged
in an autoclave for 15 minutes at 15 1b/inch pressure. The
surface sterilized seeds were transferred aseptically to
the moist chambers. Ten pine seeds were transferred
each chamber, which were then kept in BOD incubator with
light arrangements ( 20000 lux). Every alternate day the
moist chambers were checked for water and wherever necessary
steriliged water was given with the help of steriliged
pipeties., Seedlings with about 2 cm long radicles were
transferred to test tubes with proper media (described

separately).

Une week before starting seed germination
experiments cultures of mycorrhizal fungl were inoculated
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on M N (Melin Norkman's medium, described separately)
medium from stem cultures maintained in culture tubes at
low temperature (5% in freese). These pla tes were incubae
ted at 20°% in dark for one month,

For mycorrhigae synthesis the culture tubes
of 19,6 x 2,2 em @sige were selected, These tubes were
washed with liquid socap (Teepol BDH) and water, cotton
plugged and dried., The culture tubes were steriliged in
an autoclave unier 15 1b/inch pressure for 15 minutes. At
the same time A,T, medium (Agar thiamine described on
separate sheet) was prepared and steriliged. 100 mg. of
steriliged thiamine (dissolved in 19 ml of distilled water)
after filtering through bacteriological fil ter paper was
added to the autoclaved cooled medium (40°C). The pH of
mediun was adjusted 0 5.0 « 6.0 after autoclaving.

20 days o0ld seedlings were transplanted in these
cul ture tubes. After ten days, the tubes were inocula ted
with pure cultures of different mycorrhisal fungi separately.
Fungal inoculum (0.8 ,.3) from each culture was placed
near the roois of pine seedlings on the surface of medium,
20 tubes were used for each set. The culture tubes were
kept in a BCD incubator which had light arrangementses To
maintain 70 « 90’ humidity the water was placed in plates at
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lowest column of the incubator. A constant temperature
(zo‘c) was maintained throughout the study.

The mycorrhizal establishment was observed
(ten replicates) regularly at the interval of 15 days
and after twelve months of mycorrhigal establ ishment,
twenty culture tubes at a time were taien out. The tubes
were kept for about one hour on hot water bath for liqui-
dating tnhe culture medium and the whole synthesis set was
nood'od in water, The mycorrhisae 'm‘ observed under
binocular microscope for morphological characters. The
mycorrhigal roots were then preserved in F.A.A. (5 + 5 +
90 ml V/V, formalin (4), acetic acid glacial and ethyl
alecohol (707) respectively). The mycorrhigae 'm passed
through a series of alcohol and embedded in paraffin
(Jonnson, 1940). Paraffin blocks of mycorrhigal roots were
prepared and cut (12 « 15 4 thick) with rotary micro tome.
The ribbons were fixed and spread over the slides(glass)
and passed turough the xylol-alcohol series and stained in
safranin and fast green. The stained slides were mounted
in canada balsam and observed under microscope for mntle
structure, Hartig net and penetration of fungal myeelium
in cortical region of the seedlings.



For the study of mycorrhisae qnthcdo in pot
cultures, the soil was collected from bo tanical garden of
North Eastera Hill University, Shillong (Meghalaya).

The soil was sterilized in autoclave at 20 1b/inch pree
ssure for 2,5 hours two times. About 1 kg. (moisture
content 185 and pH 5.7 org. matter Mijsteriliged soil
was filled in plastic pots (11.5 x 11 em) with drain
holes covered by a layer of stean steriligzed small stones,
Heal thy ma ture sporphores collected from the pine stand
under stuly were dried in freeze at 5°C with silice gd for
about three months and were used for fur ther experimen ta=
tion, Five dominant mycorrhizal fungl viz. Scleroderms
aurantium, fuseula lutes. Lactariug deliciosus, Boletus
gdulig and Amgunita sp. were selected. After drying the
sporocarps were squeeged with hand and were screened
through 125 um mesh sieve. Experiment was randamisgely
designed. 12 pots were used for each treatment. ITreatments
were used as follows.

I. Uninoculated sterilisged soil.

Il. 2 gn of fridge dried basidio carps of different

species, vis. Augnity sp. Scletus gdulis, Lactartiug
deliciogug, Jupsulg Jutes, and JSeleroderma gurantiun
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were mixed to each pot which had 1 kg of steriliged soil.

12 sets were maintained in each case. 10 decrease
the effect of detoxication by stean steriligation and for
the establishment of mycorrhigzal fungi, the pots were left
for 3 months in glass house.

In the month of May, seeds of pine collected
from the Riat Khwan forest in the months of December and
January, 1978 and stored at ;o°c. were taken out and soaked
for 24 hours in steriliged water, After soaking, surface
sterilization of seeds was done in 30f Hydrogen peroxide
for 30 minutes .m the seeds were then gtvin 10 « 12 washings
with steriliged water. Thoroughly washed seeds were trane
sferred to steriliged Petriplates.

About 2 mm deep holes were made in soil with the
help of steriliged needle and one pine seed was introduced
in each hole with the help of steriliged forceps. The
seeds were covered with the soil of the pot. 20 seeds were
put in each pot.

Number of germinated seedlings was counted at
monthly interval for six months. Seedlings were observed
for survivality by counting their number in each month
and percentage of survival of pine seedlings in each
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treatment was determined by the following formula 3

:gm:y of Total number of pine seedlings at the time
pine secdlings Sf-Darvesting _x100

Total number of pine seedlings at the time
of germination

lycorrhigal assessment was done by hmuﬁng
the seedlings and observing the intensity of infection.
Percentage mycorrhigal association was obtained by counting
dichotomously forked rootlets at a regular interval of one
month after germination and the process continued for six
monthse

Percentage of
mycorrhigae = Total number of dichotomously 1'01:»1}J _—
establ ishment %oﬁ aumb er

The growth of plants was assessed in terms of

the M‘@t of plant and number and length of leaves at
monthly interval for six months. 20 scedlings were harvested
every time for the assessment. After six months fresh and
dry weight of above ground stem and leaves was recorded.
Simul taneously fresh and dry weight of underground roots
was also caleulated. Dry weight was calculated by oven dry
me thod,
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After narvesting mycorrnigal roots were fixed
in ".A.A. These rocts were dehydrated, embedded and fixed
in paraffin (Ja&uln. 1940), Sections of the paraffin fixed
mycorrhigal roots (12-15 um thickness) were cut by rotary
microtone. ¥dcroscopic examination was done after staining
and mounting the sections. Chlorophyll content of fresh
leaves of six months old plants was determined (method
given separately). Total nitrogen, phosphorus and potassium
(methods are given separately) was also determined,

pH of mycorrhizospheric and non-mycorrhizospheric

soil was determined by digital pH meter. 20 g of soil was
suspended in 100 ml of double glass distilled water. The
soil suspension was'stirred for 15 minutes on magnetic stirrer
before taking the piie The moisture content was determined by
drying 10 g freshly collected soil in a hot air oven at
106°C for 24 hours. The dried scil was cooled at room
temperature in a desiccator and finally the samples were
weighed. Percentage of moisture content was calculated from
the formula given below'y

Loss in weight on drying(g)

Percentage of moisture content = x A
Initial sample weight(yg)




The quelitative and quantitative determination
of amino acids was done by uxi‘&irectional paper chromato=
graphy and colorimeiric methods (Smith, 1960a). 1 g of
fresh mycorrhigal r.ots was grinded in 5 ml of 95+ ethyl
alcohol. The extract was iltered through filter paper.
The filtrate (0,02 ml) was pipetted with the help of
micropipette and épottod on onruﬁtograpby shee ts (Whatman
Noel)s After spoting the sheets were kept in a developer
(n - butanol, glacial acetic acid and distilled water in
the ratio of 60:15:25 respectively) for 12-14 hours. The
chromatograms were alr dried. ‘he location reagent;
ninhydranin (0.2 percent in acetone w/\() was sprayed over
the chroma tograms by glass automiser, air dried at room
temperature and finally dried at 60°Cin oven for about
2 minutes. The spots developed were marked with 2B lead
pencil. The rf values of amino acid of root extracts were
compared witnh the rf value of known anincfacida. Total free
amino acid content present in mycorrinigzal rvot extract was
estimated by the method described by Peach ami Iracey (1v65). '
fhe values were expressed in pifleomgdry  roots. '

UULBIw

yualitative and quantitative determination of

sugars was carrled cut by unidirectional peper chromatography
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and colorimetric methods (Swith, 1960b and Peach and
Iracey, 1965). The extract was cbtained as in. case of
alino:aoido and 0,02 ml of the former was spotted with

the help of micropipeites on 50 x 50 cm Whatman (No.1)
chromatograhic sheet, After spotting the sheets were

kept in a saturated chamber of developer (n - Sutanol,
Acetic acid glacial and distilled water in the ratio of
60:15:25 ml respectively). After running the chromatograms
for 12-14 hours they were air dried and sprayed with

p anisidine (0.2 in Hel w/v). Standard chroma tograms were
also run side by side and spots develuped were identified
.(Smith, 1960b). The total sugar of the sanple was determined
by Anthrone reagent method and optical ucvnsity was measured
on -peotronio-éo. Ine amount of sugar was cxpressed as pg/icowy
fresn weigaht of the mycorrhigal rocts. )

suantisative determination of calorophyll:-

Acetone (80 ) method was umed for the determination
of c¢hlorophyll (Allen, 1974). 10g fresh pine leaves were
grinded in 80  acetone with few pinch of sodium sulphate
salt. The grinded material was filtered and centrifuged
at 15000 rpm for § minutes. The suplernatant was used for
photome tric Apurpoae. For total chlorophyl]l, reading was
tacen at 6562 n» against 80 - acetone as blank and calculated
by the following formula: |
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= (0652) (29)

Por chlorophyll a and culorophyll b reading was taken at
663 nm and at 645 nm respectively against 80+ acetane as
blank and the amount was calculated with the following
formulae:

Bg chla/mi = 12,7 (0D 663) = 2,69 (0D645)
pg chlb/ml = 2249 (0D 645) = 4,68 (0D665)

Letemination of organic magter:

Available organic matter of rhigospheric and
nonrhigospheric soil was determined by Walkley=ilack(1934)
method (Allen, 1974). 500 mg powder of dried soil was
sieved through 0.2 mm mesh placed in 500 ml conical flash
which contained 10 ml of 1H chrzo., solution, The mixture
was gently mixed and left for about 50 minutes. 1o the
flask was added 200 ml of water, 10 ml of 85- phosphoric
acid and 0.2 g NaP, Pew drops of Diphenyl amine were added
as an indicator. The solution was titrated with 0.5 N Ferrous
sulphate solution and calculations were done according to
the following formula:

Percentage of organic matter (L) = 10 (1 -g ) x 1.08
Yhere [ = Sample titration, ml Ferrous sul hate solution..
S = Standardization blank titration, ml Ferrous

sulpha te solution,
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Determina tion of total H. in soil and plant tissue:

The total nitrogen in soil and plant tissue was
deternined by Kjeldanl method (Uutlined by Hishra, 1968).
65.0g powdered and sieved (thr.ugh 0.15 ma mesh/inch) soil
and 0.5g dried, sieved plant tissue (through 0.4 ma mesh/
inch) were rapped in a gqualitative 11 cm Whatman il ter
paper and dropped in 800 ml Kjeldanl digestd on flask.

0.20g of Ha Uy plus catalyst digestion mix ture was added,

23
50 ml of water was added to eacu di'géqﬁon flask and left
for 50 minutes. 55 ml of concentrated i 50, was added later
t0 eacih flaak and mixed by wirling the flask and kepifor
digestion in a Kjeldahl digestion unit. For the determination
of nitrates o0 ul of cone. H,50, containing 1 g of Salyeyelic
acid was also added and left for 50 minutes. Then § g
Raasz().é. 5H20 and 50 ml of water were added to the mixture
and digestion continued. The digestion was continued for
1=1.50 hour and temperature was adjusted between 362-410°C.
At the end of digestion, the heating was stopped but fume
exhaus tion was continued until {fuming stopped. 500 ml of

BH4 free water was added to cooled f{liask.

In 500 ml conical flas< 26 ml of 45 Soric acid ‘Wll
pipetted and 4 drops of Bromecrescl green methyl red indicator
solution was added. A glass receiver tube was attached to
the still and placed in the flau were mixed and placed in
distillation stand at about 40° angle. About 1.25 ml of 40
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NaOH was poured. Heating was swiicned on and solution was
mixed thorouginlye. After about 50 ml of distillation, receiver

flask and tubes were di-eonnectod.

fhe boric acid was titrated with jh-0¢1" At tie
end point vlue colour disappeared an: a single drop in
excess changed the solution to pink colour. The percentage
of Nitrogen was calculated by the following formula.

Percentage of N = (T-3) x H x *g‘

Vhere T = Sample titration, ml standard acid
B = Blank titration, ml standard acid
5 = Welgant of sample in g.

 Determina tion of ‘otassium:

Potessium was determined by Flamephotometer
Sray method (outlined in Allen, 1974), J50,0g of fresnly
collected soll passed through a 0.0 um sieve was transferred
to 500 ml conical flask. J00 ml of 1IN HH‘OAG solution was
added. The flasks were shaken for about 50 minutes.
Suspension was filtered. The fil&ah was collected in a
beaker and evaporated to dryness on a hot plate. The sides
were washed with miom and evapora tion was a2ll owed to
continue till dryness. O ml of 50 percent 3202 was added
and the solution was digested for about 90 minutes. The

solution was finally evaporated to dryness.

The sides of beaker were washed and two drops of
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1 percent FPhenolphathalein were added. 10+~ Na OH (0.5 ml)
was also added. The same quantity was added to blank. The
solution was evipomted to dryness on a hot plate ani
subsequently 2 ml of WH; free 1N HCl was added. The Nel

| was dried. After cooling the beaker 15 ml of 1N Wi 4 OAC
was added and solution was filtereds It was then placed
in the flame photometer for flame emission. The potassium
in ppm was determined by the following formula

mg mk x 2000

pom Oof K =
weight of sample (g)

mg mk wag determined with the help of gtandard known curve,

;Sried plant material was ground in mortar and
pestle to {ine powder and passed through sieve (0.05 mu).
Further analysis was carried cut following the procedures
given by Allen (1974). Total phosphorus was measured
colorimatrically after saturating of dry ash wita l'g (NOg )2
by the Molybdenum Blue methode Calcium and Magnesium were
analysed by LOUIA titration ne.thod.

Stasistical spalyeis of data:
Date obtained unier present investigation were

statistically amlysed by applying analysis of variance and
correl ation coefficien. using standered method (Smith, 1969),
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ul ture me u ] courge of inv tion.

0

(Martin, 1950)

Agar, 20 gj KHQPO,;, 184 8 304 7320. 0.5 g3 Peptone,
6 &3 Dextrose, 10 g Rose Beggal (1.), 3.3 ml,
distilled water, 1000 mi S8treptomycin, 50 mg.

2, Jutcient Agar (vifoo Mamuel, 1955).
. Agar, 15; Beef extract, B gj Peptone, b g; Nell, 8 g;
~distilled water, 1000 ml. After autoclaving pH adjusted

t0 73

\nav.es and illiams, 1Jdow)

Agar, 18 g; Sterch, 10 g4 Casein (Vivamin free)y, Oed %)
xlos. 2 g3 Navl 2 33 Kzﬁ?()"i, 2 g3 Mg 30‘ . 7320, 0.5 g3
CaCoa.'O;,z 33 .;~‘e.-}u‘i ?Hzo, 0,01 g; distilled water,

1000 ml, Nystatin and actidions, 50 ug/ml of each.

After autoclaving pH was adjusted to 7-7.2

4. Hagen Agar (Modified by Modess, 1941)
Agar, 20 g, Glucose, 5 g} Mal:u extract, 5 g} KHgP. s 0.5 gt

Mg SUg TH,0p 0.5 & HH,Cl, 0.5 g; PeCl,, Ovl ml (1)}
distilled water 1000 wl. pH adnusted t0 H.5 = 6 af ter
autoclaving. -

5. Melin~Norkrans' nutricnt solution (Hoditfieds Marx,1lv6va)
Agar, 15 g3 vaCly, 0.08 g; NaCl, 0.04g; KH2P04. 0.5 g3
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(Niy)® HPOgy 0.25 g5 Mg 50, 7HyO, 0.15 g PeCly (1%)
1.2 ml; Thiamine HCl, 100 ug; Malt extract (paste) 3 gj
distilled water, 1000 ml. After autoclaving pH was
adjusted to 8.5 -~ 5.7,

6s Malt exiract ager medium (Raper and Thom, 1949)
Malt extraes, 20 g: D.xtrose, 20 g; Peptone, 1 g3 Agar
20 g3 distilled water, 1000 ml. Medium autoclaved at

15 1b/ineh for 15 minutes.

7. Czapeghs Dox agar wedium (Raper & Thom, 1949)
Agar, 15 g; RaNOa. 3 g KgﬂPO‘. 185 Mg 3047320, 0.5 83
KCl, 0.5 g3 Fe:‘;c‘i. 0.01 g3 Sucrose 30 gy Yeast powder,
1 g; distilled water, 1000 ml, After aterlization pH

was adjusted to 7.0

8. Ep agar medjium (Paclhluoka and Pechlewski, 1974).
Agar, 15 g; Glucose, 20 g; kaltose, 5 g; (NH,) C.H, 08,
0.5 g3 KH,PO4y 1 g3 Mg 50,47Hy0, 0.5 g3 Cgi, (0H) (Coo)y
FeoHgO (17) 045 mlj Za S0y (0.25) po5 ml; Iniamine 50 ugj
distilled water 1000 ml.

9. AL agar medium (Pachlawska and Pachlewsiki, 1974).
Agar, 15 g3 Thiamine, 100 ugj distilled water, 1000 ml.
Following to autoclave the pH of medium amounted to
5eb = 6,0.



Map of Meghalaya. S5ite of study is shown by closed circles.
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Enlarged map of study site. Plantations are shown by
closed circles.
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Shillon_ lies between £0.04°N latitude nnd
92,47°E longlitude. Physicgraphically the area exhibits
a reamnant of an ancient plateau of Pre Csmbrian Peninsular
- belt uplifted to its present form, The Kermel of the
Plateau is exposed Archaen gnesises and phyllitos intruded
later by younger granites and basic sul ts. The cl ear marked
preserved cycles of denudation of this ancient plateau are
still prominant. It is hidden beneath the mesogoic traps
along the central southern fringe and Cretaceous Tertiary
and post Tertiary sedimenis. The presenl form of physio=-
grapiic conliguration of plateau is the mnlt of change
in geological evenis since Mesogzoic era to present day as
evident from polycyclic ercsicnal surface at waricus levels.
Shillong plateau in its present form of an altitude varying
from 610-1544 ¥ above sea level ums been blockea uplifted
since Zurassic time and its historic structural geology starts
wita the effusion of plateau baults'(Sylhet traps) tﬂbugh
fractures and faults in the basement and upliftment and
subsidence in adjacent basement blocks, This tectonic force
has been vertically domina ted and controlled by differential

movement along these basements fractures.

The scils of the district is red laterite under
red loam or brown loam svil type. The texture varies from
very ligat (sand upto ¥U percent insome parts of eastern
part of the district) aand very heavy (high clay contents in
low lying area oi tae district). The fertility status of soil
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represent tauat Nitrogen contents in term of organic
carbon percentage is very high (above‘70<75-) whereas
phosphorus is very low (less then 20 kg./acre) or medium
in certain soll (20-50 xg./acre). Soil of Shillong is
acidic in reaction and pH varies between 4=0,0.

Based on metereclogical comditions of the
region, the year may be broadly classified into rainy, winter

and spring seasons.

1. Jainy seagons It starts from the second week of April
and ends in last week of October. From middle of April to
middle of ¥ay the procip:l.ﬁtion is slightly less, whereas
from middle of Vay to July the highest rainfall could be
recorded. Again August, September and Uctober receives
comparatively less rainfall thsn previcus montas, thus the
rainy season may further be splitted into earlj. middle

and later rainy pericds. The maximum rainfall (approx. 80
percent) occurs during middle rainy pericd. The mean relative
humidity during rainy season 1.. about 75 and 86 percent at
8450 Bele and 5,50 pemie respectively. The average rainfall
is J51.0.5 cm. and mean maximum and minimum tempera tures

are 24° and 10.5° respectivelye.

2. dinter season: It extends from November t. the middle
of Pebruarye. The period is characterised with low temperature
and less rainfall, The average maximum and minimum tempers tures

are recorded as 16,1° and 7.5°C respect.vely with an average
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rainfall of le15 cme. lhe mean relative humidity is
approximately 59 andi4 percent at Ged0 Ao and 5,350 peme

respectivelye.

oo Soring seagons It extends from second week of February
to the middle of April. The period is characterised with
high velocity of wind and l1ess humidity with moderate
tonponfuro. The average rainfall is accounted to 5.15 cm
in this season. The mximum and minimum temperatures are
20,5° and 12,5° along with 54 agd 73 percent average
reiativo humid ity at 8,50 a,m. and 5.50 p.m. respectively.

Practically thne typical summer as prevalent in
other parts of the country does not exist but during rainy
season (June-iugust) mean mxinun and minimum temperature
rises to Z4° and 19°C respectively and one can enjoy the

summer of this hill station.

The climmtological data for a whole period
(Cctober 1976 -« Heptember 1973) of investigation are
presented in Plate 3,



LXplanation of Plate 3.

Clima telogical data of the study area.

Rainfall; Histogram, laximum temperature:
Gloéed circle, Minimum temperature: Open eircle;
‘Ralatin humidity at 5.50 pemia: Closed triangle,
Relative humidity at 8.50 a.m.: Open triangle.
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During the course of present inveatigation
thirty three mycorrhizal fungi were observed from taree
different age groups of pine (2inus kesiyg foyle)
plantation (Appendix 1 & 2)¢ Ihe maximum fungal species
were noted in oldest plantations and the minimum in the
youngest ones., In 1977, 20,82 and 25 fungal species were
recorded frou 1970, 19656 and 1955 plantations respectively
while in the second year of investigation (1978), the
number observed was 24,25 and 42 in above plantations
respecSively, It was found that more than one mycorrhisal
fungl were associated with the same tree, (’late 7a). ihe
sporocarps of the higher fungl started appearing after
few showers, in the month of Fay and disappeared at the
beginning of winter season i.e, in November. MNay to
November months were qul te favourable for the growth and
development of "ppormrp: of mycorrhizal fungi in pine
stands of Meghalayae

Ine sporocarps of Bgletus spp. Clitocybe 8ipey
and Sollybig sppe appeared first in May of Rhe year 1977
while in the following year (May 1973), JBoletug sppey
glitooybe sppes SOrtinariug sppeand Irigholoms were

first seen with fruiting bodies. The maximum production

of sporocarps was observed during June to September each
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year which declined in the following months (Plate

7a). Boletug spp., Slitocybe spre., Jussuls spp. and
Jegleroderma sppe occurred fregquently during the course
of investigation. Amanits spp. and lpnocybe spp. were
also observed frequently 17n 1977 and 1978 respectively
(Plate 7 2 & b). All fungi belonged to Basidiovmycetes
except Cenococcum grapniforme and an unidentified member
of fungi imperfectii, Among the dominant species,
Soletus edulis, J. luteus, Lactariusg delicicguas L. sp,

fussula delica and jJcleroderms geagter were cbserved
in different months of inveatigation in all three

plantations, (’late 6). These dominant and common

mycorrhizal fungal species mainly occurred from Jume to
Sep-tember but few species like joletus sp. and L.deli-
gioggs were comuonly found in the month of Uctover and
Pay in 1955 and 1965 years of pine plantation
respectively, (Plate 6)¢ It was observed that the
maximum fungal species appeared in oldiest pine
plansations i.ee 1955 than other plantations except
 4n July (1978) when higher number of fungal species
were observed in 1960 plantation than the others

(Plate 8 and 9),.

The gquantitative date revealed that June
and July months favoured the maximum production of
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8 porocarps per tree in 1978 and 1977 respectively
(Plate 4 and 5)¢ In Novemwber the minimum number of
sporocarps per tree was recorded., e highest sporoe
carps per tree were obaerved in 1955 plantation in
July and June (1977 and 1978) but this trend was
not followed in other months and in some months like
August, September, Uctober and November (1975) the
maximum production of sporocarps was found in the
oldest plantation i.e. 1955 (Plate 5).

The statistical analysis of variance exnibited
a pattern that age of pine plantation influenced the
sporocarp production and species occurrence significantly
influenced by age of pine and sampling period (lavle 3.6).
A'oomhum beiween mycorrhisal fungi, actinomycete
and fungal population was also observed (lable 358). It
indicated that fungl in rhigoplane and actinouycetes
in rhiscsphere might influence the sporocarp production
of mycorrhizal fungi (Table 33).

Different macroscopic characters of different
mycorrnizae were observed (Table 1). The colour reactions
of sporophore, rhaisomorph and mycorrhizae were cbserved,
however not much difference could be obtained (Table 2).
The internal structure varied in association with fumngnl
symbiont (Paple 7).
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Table 2. Colour reaction of some common sporocarp, rhizomorph and mycorrhisza of Pinug kesiya
to different chemical reagent.

Fungal species I-‘oo}.3 Solne &:!0' Conce SNH4CH Cone. fKOH (16») ‘elzer soln.
¥ Brown (Blackish) { inkish purple fblack Black ediish purple
Boletug sp. R§ ited %mack gsrou ;I.i.ght brown hzgm yellow
; ' )
H{S Wm 'fEF W
H ght brown eddish brown Light »ink : ght green
)
Seleroderma spe R§ Red(crystal shaped) !Black ;Ligh-t Red 301“0 yellow might yellow
et e i JW—W ‘
s' Srown *Blac !Hg%o green rk green vellowish brown
Lrcoperdon @p. 1§ Yellow {Srownish violet jNo colour ’Light red ‘!ellow
3 pite _lirown elll 014 e
Sy Light brown {Bronish red ¢irown 18la 15rown
Amanita sp. R3 Pinkish red ;..\ron i-'shito !Brown i!lo colour change
r 1 : ;mgg 0 co : o .2 ow
E g tSronish black '!Eo ooiour "Pink g%iﬂ
L]
Zusgula sp. d' No colour zPink, Black ilo colour sGzt'un !Brom
'
1 Srown !ﬁ t brown 'ao colour ohmoﬂ. 3 0 colour ¢
Lactariug sp. d. a.d(ory-numuon)‘a zlo colour change}Pink iLight pink

i
SL red 0 colour ¢ go,oc ouromgogooolmchnne
cortinariug sp. h‘i Red !Bronioh black ‘lo colour ohnngogBron ,Light green

_Ji: Red Aibark brown  luhite inigpt brown 1Mo colour chan

S = SPORCCARP
R = RHIZOMORPH
I = MYCOKRHIZA

L9



fahle 3. Analysis of variance of total higher fungal species in different
plantations (1977). :

i , o . Calculated Table value
source of variation , IR 55 ' KSS ’ value ' g 1.
SOIDling period é 64.67 10.7 0.73 3.00¢ 4.32%s
Differemt agc plantations 2  104.96 52.48 3,89 3.88%  6.93%%
Error 18 176.33 14.6

Total ’ 20

* and ** significant at & and 1 percent level respectively.
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Table 4.  Asalysis of variame of total higher fumgal species in different
plantations (1978).

Source of variation S 1; 38 g M3S :!"‘aloulated g Isble value

a H value I - W
Sampling period 6 29.39 . 4.89 0.84 3,000 4,020
Different age plantations 8  98.96 448 8453 3.8 6.93
Error 12 6u.61 5.8

fotal 20

* and ** significant at 6 and 1 persceat respectively.
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Table 50.
age group (1977).

Analysis of variasnce of total higher fungi in d4ifferent plant

H Yo 14 ;
Source of variation i BF} 0SS} MSS }“';1"“]1“" ! F" ';ﬁj@
Sampling period . 6 4.27 0.71 i 300® 45200
Different age groups 2 15.856 9.9 6,18 3.88 6,920+
Error ‘ 12 19.39 1.6
fotal 20

* and ** ginificant at § and 1 percent rupcctivd.y.‘

04



Analysis of wvariance for total higher fungi in different age growps

Tadble 6.
of pine plantations (1973).
Source of variation T O5F ! 8S -3 KSS sCaloulated & :ﬁble value
H - J.Yalue . O 1z
Sampling period é 15.77 2.20 1.19 3.00% 4,828
Different age groups 2 24.57 18.28 6.39 é.é& 6.93 98
krror 12 25.14 1.92
total 20

® and *+ gignificant at & andi 1 percent level respectively.
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Explanation of Plate 4.

Showing the pattern of mycorrhizal fungi (per pine
tree) in pine plantatiocns of different age groups in
1977 ( = 1970, = 1965 and = 1955).
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Explanation of Plate 5.

Showing the pattern of mycorrhigal fungi (per pine
tree) in pine plantations of dif ferent age groups in

1978 ( = 1970, = 1965 and = 1955).
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Explanation of Plate 6.

Plate 6 is showing the distribution pattern of
higher fungal species in piae‘'plantations of
different age groups (1977 and 1978)

( = 1970, = 1965, = 1955 year
of plantations; = Dominant, = Common
in 1977 and = Dominant and = Common

in 1978 ) -



DISTRIBUTION OF MYCORRHIZAL FUNGI IN PINE PLANTATIONS

OF DIFFERENT AGE GROUPS
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- kxplamation of Plate 7a.

. Seasonal variation in occurrence of higner fungi

formin: mycorrhizal associaticn with pine (1077).
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Lxplanation of ?late 7b.

Jeasonal variation in occurrence of nigher fungi
forming mycorrhizal association with pine (1978),
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LExplanation of Plate 8,

Plate 8 is exhiting the monthly variation in total
number of mycorrhizal fungal species in pine

plantations of different age groups (1977).
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Explanation of Plate 9%

Plate 9 is exhibiting the monthly variation in total
number of mycorrhizal fungal species in pine

plantations of different=mge groups (1978).
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Lxplanation of Plafe 10A.

Nyeorrhizal association with pine under natural conditions.

Pige1 = Lussulg delica, "ige2 = Joletus sp., "ig.d = Amanitg
verna, Fige4 = Scleroderms geaster with bine seedling,

Pig.d = S. geaster associated with pine roots,
Fige6 = Basidomyceteus hyphae (3. gdulig).



PLATE -104A




Lxplanation of Plate 103,

Different types of mycorrhizze of pine in nature,

Fdge1 = Dichotomous with apical swelling (Lactarius
deliciosus), Migy2 = Small dichotomy proceeding towards
tuberculate type of mycorrhizae (Boletus sp),

Fige.d = Enlarged dichotomy ( x30x), Fig.4 = Tuberculate
mycorrhizae enclosed in fungal mycellium (3. edulis),

Pig.d = Coralloid mycorrhigae with rhigomorph (Lycoperdon
pyriforme), Fig.6 = Simple small dichotomy (Amanita sp)
and Pige7 = Corralloid mycorrhizae enclosed in fungal myce-
llium and sclerotia of unidentified fungili imperfectii.






Explanation of Plate 11A.

Variation in internal structure of mycorrhiza.

PMlgel = Lovse fungal mantle (M) (Cenocogcum graniforme),
Pigs2 = Compact fungal sheath (Lactarius deliciosus),

Figed = Hartignetl and mantle of Boletug edulis and

Pige4 = Loose mantle and nutrient discharge (Amanita verna).
Nagnification x 400,






Explanation of Plate 113,

Variation in internal m@rpnolo,-_.;y of mycorrhizae.

Pig.1l = Compact, smootih mantle (fungi imperfectii,
unidentified), Fig.2 = Thick mantle and Hartig net,

Figed = Routh mantle (Amgnita sp)y FPig.4 = Loosely

arranged mantle (@richoloma sp), Fig.d = Thick black,
compact with extending basidiomycetes mycellium (Janocybe sp)
Fig.6 = Loosely interwooven mantle with extending basidiomy-

cetous mycellium (Sclerod erma geaster). Magnification x 400.
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Amagits sp., Joletus edulls and Solerodermg
gurantium were found %0 synihesise mycorrhisal
association after one month of germination. JLgctariug
delicio-gus and Rugguls lutea synthesized mycorrhiza
after two months of geed germination, After
establishment of wﬁorrhi:al symbiont with the roots
of pine a steady increace in the fungi was cbserved.
Scleroderma gurantium and Joletug edulis induced the
maximum mycorrhisal roots (lable 11). After six months
of harvesting of the seedlings 78, 81 and 82 percent

of mycorrhizae were synthesized with [aotariug delicicgus,
Lmanits epe and Sgoletusg edulis respectively. Jussuls

dutes and Sgleroderma guragtium stimulated 85 and 86
percent of mycorrhisal association with the seedlings

(Table 8)¢ All the fung=l species produced ectomyco=
rrhizae. Inspite of best precautions some of the roots
in case of control set (unincculated) also exhibited
mycorrhizal developments The percentage infection in
econtrol, however, was only 85+, Uninoculated seedlings,
exhibited very poor type of ectomycorrhiza (lable 8).

Jifferent mycorrhigal fungi were responsible
for different degree of survivality of the seedlings
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( %sble 9). Highest survivality of pine seedlings
was observed in the post inoculated with Jglerodermg
gucantium. As compared to uninoculated (control)
seedlings, mycorrhizal seedlings exhibited very low
degree of mortality.

Inoculation of mycorrhisal fungli affected
the growth of pine seedlings. Some of the fungi i.e.
Jussule lutea and Amanits sp. stimulated the stem
growth which was almost double to that of uninoculated
(control) seedlings. In all the sets mycorrhiza
favourably affected the growth of stem (lable 10)s It
was found that the production of amycorrhizal roots also
was much higher in inoculated lndlnip than that of
gorresponding uninoculated control sets (Zable 11). |
The maximum mycorrhigal roots per seedlings were cbserved
in Selerodersa aurantius followed by Jagtarius deliciosus.
Ip- uninoculated seedlings very few mycorrhisgal roots
were observed (lable 11).

Besides stem and roots, leaf production,
eize of leaf and photosynthatate pigments were also
affected by the mycorrhisal fungi (Table 12, Plate 27, 28
~ and 29)., Also the inoculated seedlings possessed higher
number of needles. The maximum needles were pr'oduood'ia

the sets inoculated with [getarius deliciosus and
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Gugsula lutea. Uninoculated (contrel) seedlings
generally possessed less number of needles, and they

were small in sigze and yellow in colour. JSoletus edulis
stimulaged the maximum amount of total calorophyll
production and it was followed by Jussulg lutea

(Flate 29), Uninoculated sets could synthesisze the
lowest amount of chlorophyll a, chlorophyll b and total
chlorophyll (Plate 27 and 29). %he maximum production
of photosynthetic pigments i.e. chlorophyll a and
chlorophyll b was obtained in the seedlings inoculated
with Soleroderms aurauiium and Joletus edulig. In
comparison to other mycorrhiszal fungli Lactariug
deligiogug could stimulate the aynthesis of chlorophyll a
and chlorophyll b least.

Siomass production was also influenced by
mycorrhigal fungi, Above ground and below ground dry
matter production was higher in incculated sets., The
maximum above gro.nd biomass was noticed in the sets
inoculated with jmgulita spe and it was followed by

Lactarius deliciosus. Below ground biomass was maximum
in the seedlings inoculated with Jusgulg Jutesa. The mximum

total biomass was observed in case of Lagtarius gdeliciogus
set and 1t was followed by Joletus gdulig. Uninoculated
gets exhibited nearly half total biomass production in

comparison %o Lactarius deliciosug production of above



ground and below ground biomass was very poor inm
uninoculated seedlings ( Iable 13).

Amongst the type of ectomycorrhigal
association, bifurcate and coralloid types were found
to be dominant with the seedlings of [linug kegiys
floyle (fable 14), In all the inocculated sets

. develoyment of mantle was common which was conspicuously
absent from noninoculated planks. The colour of mantle
varied in case of different fungal symbionts, i.e.,
yellowish white, wiite, brownish white, and white type

of mantle -as produced with jJoletus edulig, Scleroderua
Qucapcium, Lactariug deliclosus, Hussula lukea and
Amanite sp. respectively. Lacgarius gdeliciosug and
Jugsulg lutes narboured smooth mantle, whereas Joletug
Sdulis exhibited both i.e. smooth and rough types of

mantle. lycelium was observed around the mycorriigae
in inoculated sets waile uninoculated sets lacked the
development of any mycelium in root region (Ifable 14).

Statistical analpais of data for analysis
of variance exhibited that mycorrhigae development and
dry matter production was significantly influenced by
fungdl symbiont treatment (Table 16 and 18).
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Table 14. Ectomycorrhizal characteristics in response to mycorrhizal fungi
inoculated in pine seedlings in pot cultures.
v H v : T -y {“ -
. . ' Iype of ! kycelium/
Mycorrhizal fungi J;:nnr.h gbolour i&n'tacoi aysorrhisa i = & dl i—colour
Amanita ep. + White Smooth  Bifurcate + ¥hite
Beletug edulls + Yellowish Smooth Bifurcate + Yellowish
long few sur-
rounded with
mycelium
Lacsariug deliciosug v “hite Smooth Bifurcate + ¥hi te
saall i-2
. corralloid
Rugsula luteg - Browmish Smooth  3ifurcate + White
& racemose
Sclercderma aurantium + Yellowish Rough Bifurcate, + Yellowish
: corralloid ‘
Control - - Rough Bifurcate - -

£S



Table 15.

Analysis of varisnce for stes height of pine seedlings.

Sourge oi variation }: or g 53 ; 1SS g alcdlated g gaple wlue
Sampling period 5  80.46  16.09 94.6 2,80 3.86
Treatuents | 5 8.21 1.64 .64 2.60 3.86
Error 28 4,38 0.17

Total 38

¥8



fable 18, Analysis of wvariation for mycorrhisal development in pine seedlings.

G8

Source of variation §r op g 33 E XSS }: val culated g gible value
sampiing period 8  61265.35  1225.3 33.78 2.60 5.86
Treataents | 5 3156.48 637.29 1.75 2.60% 3.86%
Errﬁr 25 9066.56 362,66

- —— —
Total 35

* Significant at 5.11c¢vel.
*® significant at 1. level.
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Table 138,

Analysis of variance for dry matter produc tion in relatiea to

mycorrhisal fungi inooulation to yine seedlings.

-T

' H * " ; 4
VAT S s , = j{Calculated ¢ Table value
Sourc. of variation :L.J? i 83 !1 kiSS ! value E B4 17
Samplin, period § -119538.71  119538.71 2,41 6.610  16.26%e
Treatments 5 =127625.11 2845.0 0.05 2.60% 3.86%e
Error 8 -247165.88 49452, 76
Total 11

® and ** sigaificant at 5% lcvel and at 1% level respsctively.

05
-~
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Explanation of Plate 12.

Lffeet of mycorrhizal fungi on growth of pine
seedlings in pot cultures. (A = Amanita sp,
B = Boletus edulis, L = Lactarius deliciosus,

R = Sugsula lutea, S = Scleroderma aurentium
and ¢ = Control).






bExplanation of Plate 13,

Showing the effect of mycorrhigal fungi inoculation
on root production. (Abbreviations are explained in
Fig. 12)0






Explanation of Plate 14.

Showing the root morphology caused by diff erent
fungal symbiont inoculation in pot culture
studies (Abbrevations are explained in Fig. 12).






Explanation of Plate 15,

Showing different mycorrhizal roots produced by
different fungal symbionts in pots. (Abbrevations
are explained in Plate 12).
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Letomycorrhizsae of Amgndta sp. |

Appearance of first ectomycorrhisa was
recorded after three months of the inoculation. The
number of mycorrhigae formed was low., liainly monopodial
branches developed. Swollen tij of mycorrhisza was
covered wita wanite fungal mantle. ﬂu mantle was siort,
continuous and compact. At the oﬂ' of experiment, the

average mycorrhiza per seedling was 20 (Fig.1, Plate 16).

setomycorrhizae of A. Yyerage

The first mycorrhizal formtion was observed
after tﬁo'au a half sonths since inoculation. Ihe |
development of morrhua in this set was slightly faster
and at the end of experiment an average bf 42 mycorrhiza
per seedling was recorded, dycorrhizae were dichotomously
branched. Bifurcaiion started at short distance of
rootlet and was simple. The whole mycorrhisal rootlet
was enclosed in looscly inter-woven fungal sheath. The
mantle was white in colour and provided smooth appearance
t0 mycorrhiza., The mycorrhisae were produced voth above
and within the substrate ( Pig. 2, Plate 16).

Lotomycorrhisae of A. EADLS. !
The appearance of firet mycorrhizsa was

recorded aiter three months since 1noon;.tien and it

|

|
#



20

s uccessively increased reaching to an avicuo number
of 60 per seedling at the end of the experiment,

. Mycorrhizae were very oinp]@, with short bifurcations,
The branching occurred sligntly away from the main
roots The mantle was brownish in col our (Pige 3y
Plate 16).

setomycorrhizae of Jolotus edulig.
First mycorrhiza was noted af ter cne month

since inoculation and the aumber of mycorrhiga increased
rapidly. The repeated bifurcate dichotomeus branching
resulted in a coral like forms. At the end of experiment
- number of mycorrhigae amo.nted upto 120 per seedling.
The mantle was white in the beginning wiich changed to
grean colour subsequently. The thin rhizomerph ¢ ype of
structures were alsc observed. The coral forms
mycorrhizae Were mloud in loosely fine mycelium

( Pige4, Flate 16),

Lotomycorrhizae of J. Juteug.

- The first occurrence of mycorrhiza was noted
after one month of the inoculation. ne producdon of
mycorrhisa increased rapidly towards the end of
experiment, The mycorriizal rootlets previously grew
without any coverage of mantle but at later stage whole

rootlet uyotim was covered with light oTau coloured
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mantle. lMycorrhigae were mostly producodi aerially

but few were also observed in the mbltﬁu. No regular
branching was followed at its initial stage but later
on dichotomous, branches were ocbserved. At the
liquidation of experiment the number of mycorrhiza
amounted to 120 per seedling (Pig.1, Plate 17),

Ectomycorrnizae of Jenococcum grapiforme
The appearance of first mycorrhisa was

noticed after one cnd a half moaths since inoculation.
The number gradually increased snd reached the aaximum
at the time of nquiidauon of the experiments Ihe
mycorrhizae were simple generally unbranched but few
dichotomous bifurcate branches were also observed. These
were formed throughout the root systems The black
characteristic mantle with radially extended hyphae
covered the rough surfaced mycorrhiza. Sometimes this
mantle covered only apical portions but reached upto the
base of mycorrhiza. ‘he total number at the end of
experiment was 210 per secdling ( Pig. 2, Plate 17),

Letomycorrhizae of Slitocybe gigants

- The appearance of first mycorrhiza was
noticed after two and a half months since inoculation.
Gradusl increase and development of amycorrhiza amounted
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to 80 per seedling at the final phase oq experizent.
Lack of dichotomous branches in this set was a
characteristic feature, lycorrhigal rcots were simple,
small in length, and appeared without disruption ia
mantle. It was alsc noticed that long lateral branches
got converted into mycorrhiza maintaining gfhe conginuity
of mantle. T he mantle was white in colour. Mycorrhizae
were distributed on the whole root system (Fig. 5, Plate
17). |

Setomycorrhizae of Cortinarius Qucosug.
The first mycorrhiza appeared after three

months since inoculation. lMycorrhizae were produced both
in agar substrate and in aerial portion, The number at
the end of experiment reached upto 70 per seedling.
Irregular branching was characteristic fesature and pure
dichotomy was lacking The simple, elong: ted mycorrhisae
were slightly thick with yellowish mantle (Fig. 4,

Plate 17). |

betomycorrhizae of Jgocybe rimosa.
The appearsnce of first mycorrhiza was

observed after three and a half months s#co inocula tion.
The growth and development of mycorrniga was gradual. The
¢haracteristic long dichotomously bifurcated mycorrhizal

|
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rootlets provided a coral like form ;Hg‘L 1, Plate 3),
The tip of rootlets was covered with thin loose white
yellowish mycelium These mycorrhiszae wers more on
middle portion of root and at the ead of the experiment
total average number was accounted to 70 per seedling.
The mantle was smooth (Pig. i am 2, qutc 18),

Letamycorrhizsse of Lgctariug .p;

Mycorrnizal formation was tirit observed
afyer three and a half months since inoculation. The
nurber of mycorruniza amounted on average to 90 per
gseedling at the end of the experiment. Both type of
mycorrhizae i.e., unbraached and dichotomously branched
were observed (Pig. 3, Flate 3) (¥ig. 4, Plate 3). The
tips of these roovtlets were swollen and enclosed into a
mantle. Tie colour of the mycorrhizal roots was light
brown and the mycorrhizae were distributed on the whole
root q-tu; The mycelium was attached at base and also
enveloped to short dichotomous branches (Fig. 5 antl 4,
Plate 18).

Ec tomycorrhizae of [« dglicicsug. |
The first mycorrhize appeared after four months
since inoccula tion., Mycorrhlizae were n:rn;u mostly on aerial
portion along with some in agar substrate. Long simple
‘
' !
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dichotomous branches with broad bifurcation along with
swelling apical portions of the branches were observed.
The basal portion of rootlets was surrounded by a mat
of mycelium of whitish colour., lMantle surface was
smooth and glossy (Figs 1, Plate 19). The average
number of mycorrniza at the time of liguidation of
upertuaf amounted to B0 per seedliag.

Letomycorrnizae of jaigopogon luteolus

‘ The appearance of first mycorrhiza uﬁl

noted after one and a nalf months of the inoculation.

The mycorrhigae which at the beginning were noticed at
upper portion spread hnr:en the ent ire rcot aystem.
These were dichotomously bvifurcated and simple monopodial.
Multiple vifurcation was not observed. ¥ycorraigae were
short, covered with compact white mantle which provided
tain rhigomorph like structures upto the base of rootlets
(Fige 2, Plate 19). GSrown droylets were al® observed at
the tip of well d eveloped mycorrnisas the total number
amounted to 115 per se:dling at the end ¢f iavestigation.

Ec tomycorrhizae of Jussula spe
The first mycorrnisa was recopded after fowr

months since the inoculation, The mycorrhizae were simple
unbranched elongated and light brown in cclour, The white



95 |
|

c¢oloured mantle covered the whole rootlets The
ayecorrhizal production increased steadily snd accounted
to 42 per seedling at the end of experiment. Lfhe thin
white mycelium extended from rcotlets provided somewhat
glossy appearance to ite These werd mostly produced |
in upper and middle part of root system (Pig. 3,
Plate 19), '

setomycorrhizae of J. Jeliga. B
The appearance of first mycorriiza was

noted after four and 2 half monthe of inceulation.The
gradusl increase in mycorrhizae attained sn average of

30 per seedling at the time of 1liquidation of experiment,
The production of mycorrhiza was mainly confined to upper
aerial portion of root system. Mycorrhisae were long
elongated, simple, dichotomously branched. The apices

of long dichotouy were again bifurcated into suortened
thin segments, At juvenile stage of mycorrhiza the colour
of mantle was white turning to light brown in c¢ld ones,
Loose attached mycelium was also observed ak the base of

footlets (Pt‘. 4y ?late 19)e

Lo tomycorrhizae of Juillus m.

The firet formation of mycorrhiza was noticed
after one month since inocculation, Simple shortened
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dicho tomous, bifurcated mycorrhizae were fiormed., These
were covered with massy creamy coloured white mycelium
(¥ig. 1, Plate 20). The bifurcated branches possessed
the tendency of multiple brinohh; and due to the
swelling of apical tips ‘mq gave an appearance of
bulbous forms. The mantle was light brownish at later
stage. The mycorrhizae were distributed on all over the
root gystem and attained an average number to 150 per

seedling.

setomycorrhizae of Jgleroderma aurentium.

The ajpearance of first mycorrhiza was
recorded after two moniths since inoculations ZThe
mycorranizae increased gradually and reached apto an
average of 160 per seedling at the end of experiment.
The mycorrhisee were simple, dichotomougly bifurcated
with short depression of apical end which was slightly
owollen (Fige 2, Plate 20)s The rootlets possessed a
light yellowish mantle and freguently ocourred at
aerially and also in the substrate throughout the entire

root systemn, |

uetomyocorrhizae of Lgicholoma ®pe 1
First mycorrhiga was oburvad:u.tor one and

|

nalf menths since inoculation. Uccurrenceé of mycorrinizaéd
|
|
|

|



97

was noticed throughout the entire root system, The
mycorrhigae were moi-nly dicho tomously branched with
short lobe enclosed in cottony white myceltum (Pig, 3,
Plate 20)s The freguent repeated branching of rootlets
provided an appearance of coral like s tructure., The
¢olour of mantle was white, The average number of
mycorrhiga was accounted to 140 per seedling at the
last phase of the expeériment.

Letomycorrnizae of unidentified fungi imperfectii.

The first mycorrhizal appearance was noticed
af ter one month of inoculaticn, The number of mycorrhiza
increased gradually and attained an average number of
130 per seedling. coth monopodial to dichotomous rootlets
were cbserved (Fig. 4,and 5, Plate 5)s The dichotomous
aycorrhiszsae with frequent division provided a structure
like coral forms (Fig. 4, Plate 20)., The mycelium was
loosely attached to the roétlets., The colour of mantle

-and mycorrhiza was browi
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Explanation of Plate 16.

Fig.'l ¢ Letomycorrhiza of Pinus kesiya with Amanita sp.
in Vivo - above the substrate - monopodial
branch with swollen tip.

Fig. 2 : Letomycorrhiza of P. kesiya with A. mapps in
Vivo - following preservation.
Fije 3 ¢ Letomycorrhiza of P. kesiya with As verna in

Vivo « mycelium enclosed dichotomous branches

and also mother branch - following preservation.
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Explanation of Plate 17.

Fig.

Fiéo

't Ectomycorrhizae of Pinus kesiya with S, luteus

in Vivo - following preservation.

¢ Betomycorrhizae of P. kesiya with ococecum

graniforme in Vivo - following; preservation

surrounded with black characteristic mycelium,

¢ Letomycorrhizae of E. kesiya with Clitocybe
giganta in Vivo - following preservation
monopodial branching.

Fig. 4 : Ectomycorrhizae of P. kesiyg with Corkinarius

mucosus in Vivo - following preservation.






Explanation of Plate 18.

Fige 1 & 2 3 Lctomycorrhizae of Pinusg kesiya with

Inocybe rimose in Vivo - above the
substrate (1) and following the

preservation (2), mycelium attached
to dichotomy.

Fige 3 & 4 : Ectomyecorrhizae of P. kesiya with
Lectarius sp. in Vivo - in substrate (3)
and foilowing to presew ation (4).






Explanation of Plate 19.

Fige 1 : Ectomycorrhizae of Pinus kesiya with

Figo 2

Lactarius deliciosys in Vivo - dichotomous
branches with mycelium attachment following

.

preservgtion.

Betomycorrhizae of £. kesiya with ihizopogon
luteolusg in Vivo - following to preservation,
both mono ami bipodial branches.
Letomyeorrhizae of P, kesiya with Rugsula sp.
in Vivo - above the substirate.
Letomycorrhizae of P. _kesiyg with R. delic
in yivo - large end young dichotomy.






Lxplanation of Plate 20.

Figel ¢ Ectomycorrhizae of Finis kesiya with
Scleroderma aureatium in Vivo - repea ted
dichotomous branching.

Pigeo : betomycorrhizae of P, kesiya with Suillus
bovinus in Vive - young dichotomy with long
mycelium mass,.

Eetomycorrhizae of P. kesgiya with Iricholomg sp.

Piged 1
in vivo « Coral like form emclosed in mycelium,
Pige4 & 53 Letomycorrhizae of P. kegiya with an

unicentified fungi imperfectii in vivo - Coral
like form (1) and monopodial branch (2) in
later case (2) mother branch transforming

into mycorrhizal branch.






Hinety nine fungal species were isolated
from all three regions of mycorrhizal roots. Noarhizos-
pherey rhigosphere and rhigzoplane regions harboured
seventy eight, eighty two and forty four fungal species
respectively (lable 24)., Nonrhigosphere region comprised
of thirteen phycomycetes, four ascomycetes, fifty eight
deuteromycetes and three sterile forms. From shizosphere
region, fifteen, five, sixty and tio fungal species
belonging to phycomycetes, ascomycetes, dmtuﬁootu
and sterile fungl respectively were isolated. Eleven,
on:, thirty, one and one fungal species bpelonging. to
shycomycetes, ascomycetes, deuteromycetes, sterile form
and basialomycetes were recarded from rhisosphere xigton
(Table 22), Members of deuterompoetes, however, were
always highest in occurrence.

fhe maximum number of species was recorded
from rhigosphere region. lhigoplane region harboured
the lowest number waich was primeruly because of the
fall in the number of deuteromycetes (Table 24),

Nonrhizogphere was dominated by Abgidia,
Lucor, Irichoderma, Zenicillium, Cladosporium and
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Lusarius, Apsidia, while jrichoderma, fealcillium and
¢ladosporjum appeared domimantly in rhigosphere region
also, Hhigoplane region was dominantly associated

with Jrichoderma and Zgnicillium species (Ilable 24).

Certain fungal species, viz. 4bgidia
sylindrospora, Jucor ulewalis, Lythium sp., frxichodermg
Liride, Zenieillium lilacinus, E. guryeogems, Acresonium
sp. and Jerticillium sp. were frequenily recorded from

nonrhigosphere region (iable 24).

Abeidis gopvmbifera, A gylimiroohora,
uaninghamella elesanss Ascomycete (?), 2hous goxsnime,
<Lichoderms viglde, - Aspergillug glgens A
Laparii, Zepdedilium prefeldionum, L. ghryoogenum,

Lo gitrinug, L. grelooduy var, gcpipuletum, L. fellutianum,
Ze frequentang, 2. imclicatum, . Janthengilum, P.liliacinum,
2. gxalicum, L. Zubruge L. Yerzucosug ver. gyclopdum,
ASzegoniun spey Yerticlllium sp., Cladosporium oxygporum,
Jusarium sp. and white sterile form were isolated from

all the three, i.e, Niy i3 and ¥ regions of mycorrhisgal
roots (Table 24)s The highest fun,al species in non- |
rhizosphere (Ni), runigosphore (RH) was recorded in July
while in ranigoplane ( . F) Mgnsit nuuber was observed

in Cetober (Table 25).
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Pew fungal species i.e. Jlocladium gharturus,
Lsuncaiells gchinate, Lhialopporg fagtigiate, Lgtarnigiug
aniscpliag, zurvularis jungta, Zgichurus spiralis,
woniothyrium sp. and yellow sterile forms were restricted
to nonrhigosphere only. leurcesora gitohnila, Asperzillug
aculeatus, 4+ Aidulanss Zenicilliua Lumogorogense
kupeaieilliun ®p, Lycogome peculoicsa, Sladosporium
hecbarum, Jauveris bassisns =nd Lpigocoum purpurascens
¢ould be recorded only from the rhizosphere region.
Aspergillug (gleucus group), Gladesporium yersicillatug,
Lleochaeta ep, Zugarium grtarosporioides, Hectria

haematogoccs and pagidiomycete (?) forms confined to
rhigoplane only (Pable 24 ),

The highest fungal population in ncarhigosphere,
raizsosphere and rhisoplane regicns was recorded in the
month of Jume (1977) anmd ia July in following year (1978),
(Plate 21 and Plate 22)s |

A definite pattern of variation in bacterial
population (expressed in per g dry weight of soil in NR
and R:s regions and per segment for ¥ region) was
observed in three regicns of mycorrhiszal roots. Sacterial
population in rhizosphere was geanerally higher than
nonraigosphere and rhiscplane regions except in May (1977)

when nonrnigosphere harboured larger bacterial populaticn
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than rhizosphere (Plate 25 and 24)., The highest cacterial
population in NR, &S and i” regions was observed during
August (1977) and July (1978),(Plate 25 and 24),

The maximum actinomycetes population was
obtained in July from all the turee regiomns (NR, RS
and 5P) during the course of investigation (Plate 25 and
26).

Statistical analysis of data revealed a
significsnt variance between total fuagal actinomycetes
and vacteria with sampling period (Iable 26, 27, 29, 30,
a1 and 32)s Significnt analysis of variance due to
- nonranisospnere, riaisoshere and rhizoplane regions and
different taxonomic groups and =ctinomycetes population
was also ocbserved, A positive significant correlation
between soil available phosphorus, available potassium
and moisture content with fungi of fn. AS and ¥ regione
was obtained (lable 33), while soil organic ¢arbon lhond‘
a negative correlation with the bacterial population of
NR region, Soil pil, moisture content, availabl e potassium,
available phosphorus, temperature and rainfall exhibited
a positive correlation with bacteria of NR, %5 and RP
regions. Significoat correlation between actinomycetes
oumd temperatures,rainfall, soil pH, mois ture content and
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available potassium was observed (Table 53). Among
~autrient contents of mycorrhigal roots, Ritrogen,
Potassium and sugar contents of roots significantly

influtnced the microvial population (Table 33),



Table 22, Distribution of total taxcnomic groups of fungi in noarhisosphere (NR)

raigosphere (RS) and rhigoplane (RP), (1876-78).

L ] }' ' | {

laxonomic groups § RR § RS § RP
Phycomycetes £5(43) 35(32) 16(15)
Ascomycetes 6(a) ‘ 10(14) - (1)
Busidionycetes | - | - - (1)
Deuteromycetes 97(75) 94(94) 45(33)
L.yeelia sterila | 1(6) | 4(4) (1)
Total 128(150) 141(1:4) 64(51)

. Pigs. outside the bracket for 1y76-77 and inside the brackets for 1977-78,

QN1



Table 25
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Jistributicn of rungli of different

taxonomic groups in nonrhizospnere,
rhigzosyphere and rhiigoplane reglons,

T H T
Taxonomic groups i NR 3 K. ; R?
H H M
shroonyeeteq
Auaidla spp. < d 3
wycor aps. 3 4 3
Sunninghamelle spp. 2 3 2
Other Phycomycetes 8 ] 3
Amgomycetes ¢ ° 1
Deuteromycetes
dciohederna erp. é ¢
Agpperzillug seo. 6 ¢
£eniedllivg spp. 20 22 12
Sladosperium sop. L)
Jusariua spoe 5 5
Other Deuteronpycetes 18 16 6
Kycella sterilie v 2 1
basidiomycetes - - 1
73 82 44

e ]
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Tavle 24, Distribution of different fungal
species in nonrhigosphere (NR),
rhisosphere (RS) and rhizoplane(RP)

regions,

Fungal species ! NR T RS L RP
Phycomycetes
Lbsidia gopymifers + + +
4+ gylindrospora + e +
A+ heterogoors e 4t +
dhigopug adsricans + + +
Lucor gircinelloides * - * +
L+ hisualis + + -
&+ Zasemosus **e * +
s spe (racemosus section) - - +
Leztierella ®pe - . v
Susninghanells esiinulats & L -
Se elegans - + +
Se 8De + -ty -
2yacephalastrun sp. + + -
Lykhiun spe ++ + 4
Phycomyoete (?) + - .
Lscomycete
chaetomium globooum - + -
Jsurospora sitoonils - . -
Ascomycetes (?) + + -
Jeuteromycetes
Lhomopsig spe + + -
homa sorzhing . . .
2etaloliopeis glissliuinets + - -
- + +

Seotrichum spe
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Pungal species

| iy |

4gichoderma Lamatun
4+ harasigum

4. leongibrachistum
4. Lonlngil

4. Xiride

&t 8Pe

Aspergillug sp. (glaucus group)
4+ aculeatus

A+ Sischazi

4« Llavue

4 piduleng

A+ Bdger

4« S4lohureus

4. lamaril

Ae Yersicolor
Zenicillium brefeldlianun
£+ brevicompactun

£+ shrysozegun

&+ gitrinus

2« Sexylophilum

L. szustosun

Ee gyclopium vare gchinulatus
£« daleae '

2+ fellutianun

2« fxequentans

Le fumogorogens

Le helicun

L« dmplicatum

£« islagndicun

+ + 4+ +

+

+4

+

#0+.+++++++t++#++++l+.'
+

+ + F + 0 + 4+ 3 )

+ +
b

++4+

+ + 4+ + + 4+ + 4+ 4+ 4+ ¢

8+ 10 ) + 4 1+ 0L At
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- a—

Fungal species

b--l

=
od

Lr—

.
-

L Janthinellum

L. Jiliscigun

L+ plaricans

L. oaalicun

«¢ Jlbrum

S Jariotil

S+ Yerrucosum var. gyclopium
Lupenicillium sp.
Scopulariopsig brevigaulis
Gliocladium rogeun

ﬁo 8P »

Ulocladium cparfurun
Agremonium spe

Sclerotinia ricini (Botrytis state)
VLecticdllium sp.
4iichothecium rogeunm
Lycozone peruiciosg

%+ gohaerospermum

+

l++lO++l+++l+lt++x++++o+++++

l.lll++0i.*+4‘0++04‘04l*4+++++++

+ 0 0 4+ 0 L+ 0 0 8Ly
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Fungal spccies

o

| 2L X

~
L £51

> - oy

2

curvularia lunata
Altexnaria alternata
ipicinurys gpiralis
£+ arthrosporioldes
£ Benililorme

X+ SRI8DORUR

£+ s0lani

xi [ §+ 1

gonlothyrium sp.
Jeuveris bassiaga

Bycelia aterilia
Sterile dews: tiaceous

Sterile septate (white)

Sterile (yellow)
Basidiomycetea

¢ ¢ 0 4 ¢ + ¢ 41 ¢ 2+ 94

+ 4

*+ 4+ 8 0+ 4+ e+t s+

+

s ¢+ 8 & 8

¢t + 8 + 0

++t Jominant
- Sub uominant
+ 1are
« Absent
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Table 25, Distribution of total number of fungi in
the nonrhizosphere (Ni) rhisosphere (RS)
and rhisoplane (RP) of Rinus kesixa

(197678 ),

! : i
Eonths 1 BR { RS { RP
Oatober 1976 8 11 .8
November 1976 8 14 4
Degembexr 1476 4 7 )
January 1977 12 ] 8
Pebruary 1977 8 9 8
March 1977 7 11 4
April 1977 8 7 6
May 1977 1 13 4
June 13977 16 15 4
July 1977 16 17 6
August 1977 12 14 5
September 1977 12 14 4
Uotober 197 p &) 10 4
Kovember 1977 12 15 4
December 1977 13 14 5
January 1978 11 14 8
Pebruary 1978 12 8 6
March 1978 11 13 4
April 1978 13 12 3
May 1978 1e 10 3
June 1978 16 11 é
July 1378 18 9 ]
Augus t 1978 11 10 4
September 1978 11 11 3




Table 26, Analysis of variance for fumngal population in nounrhizosphere (HR)
rhisosphere (RS) amd rhizoplame (RP) regions (1976-1977).

" f SNSRI
H " H
Source of variation | 0P ; ss § kSs ‘ Calculated |} Iable walue
! ' M value ! Q% m
bus to (NR, KS & RP) 2 286,06 143,03 o227 Se2d 5.72
treatments
Due to sampling 11 129,89 11.80 1.83 2.27¢ 3.200e
Period
Error ‘ 22 141.28 6.48
AR R . R NS
Total : 35

* and ** gigaificant at 5 and 1 perceat level respectively.

49!
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Table 350. Analysis of variamoce for actinomycetes population in nonrhizos phere (NR),
rhigosphere (R3) amd rhigoplane (RP) regioms and sampling period
(1977-78).

R ] ,Calculated | Table valus
Source of variation ! JF ! 58 83 } value 5~
' H ' M
Due to (KR, RS & KP) 2 2312,58 1156.19 64,77 3.h4 5.72
treataents ot
o)
L=p
Due to ssmpling period 11 218.72  19.97 111 2,27 3,200 ’
Error ‘ ' 22 398,88 + 17.85
Total 1

* and ** gignificant at 5. and 1. level respectively.
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Table 32, Analysis of variance for bacteria in noarnigzi.sphere (Ni), rhisosphere (R3)
' and rhizoplane (iP) regions and sampling period (1977=78).
T H T
Source of variation ; spt  ss ! mss  iCaloulated g Table value
1 ' ' { value ; 5 1
Due to treatments ' 2 19.27  98.13 32.71 3.44 5.72
(n RS and RP) :
v
Due w -.”lm perﬁ“ 11 31.92 2,90 0.98 2.4“‘2.25' Sedbad, 1200
. -~
QO
Error 22 8.0 3.0
Total 35

* and ** gigaificant at 5. and 1 level respectivelye.



Table 35¢. Correlation and regression coefficient among different variables and
microbial population iz noarhizosphere, rhizosphere andi rnizoplane regions.

g i
Variables/Nicrobial} -
P opulation { m | uo
P gsx - 13 «17 .21 .09 23 -e04 =22 .04 «29
1976-77{ us - 98 -k - 24 «01 «G9* «09 «18 =37 -7
RP -010 -.2 o°3 .2‘ 021 -.13 -.17 -.‘7 0.17
’ ‘ NR -005 -0558' - 16 "062 -.76. -.3 '.45 "o‘g -o”
1977-?8‘ RS -014 010 049 060' 060. 017 018 -.015 -009
{ e “e38 = 086® .45 B4  o25  =.058 .18 =o20 =17
n NR 067 .27 "080. 010 -0‘8 .«55 02 062. 042
1976775 us 52 «G7% w19 25 wodd 47 23 «B63% =32
{ &P -el2 17 23 TH* 34 «e007 =e32 =410 <024
2 NR WBT® L T4* —,41 42 L66%  ,5B* ,58% .55 .64
1977078 RS 017 026 -058 '.08 038 0‘2 0‘8’ .22 .“.
e .20 .51 -007 s 03‘ 001 -e 12 024 - 71.
N inn WB2%  ,68% w48 .13 .19 JT8B® 4B 47 LT3
1976‘77 RS 06?. v 69. - 26 - 20 - 02‘ . 72' . 61. - 60' "ooa
R RP -.% 015 .24 058. 0012 011 025 .53‘ -059
NR 037 37 .18 W42  L60* «,073% ,045 .18 .25
1977-781 RS “ed49 =053 14 4034 .20 .26 =,009 .03 .1
RP - 66' -.60" 050 -'029 -.25 ‘035. ‘.85‘ ‘-068. 039

¥ = Pungi; B = Dacteria; A = Actinomycetes; LU = Noisture contents; OC = Urganic carbon;
AVP = Available Phosphorus; AVEK = Available Potassiumji ¥in, temp.= Ninimum Temperature;
Kax. temp.= Maximum temperature and * = Significangf.

671



Table 33be Correlation coefficient between microbial population of rhigzosphere,
rhigoplane and nutrient conteants of root.

Variable/iicrobial § -y
Populaticn Llitrlsm ]Phoophoru {Potassium {iamino acids]  Sugar

’ - ' ' A .
1976-77 15 -e23 | =15 ~.24 - 054 - 26

RP o 10 -~ 89 L] 26 - 27 _ - 67
P 'RS - 5% -8 «30 - 28 - 20
1977-78 -.3? - 22 -7 - 16
B frs .48 .06 47 _ .46
1976=77 ypp .27 .27 .39 .13 -.016
B dS -.3-5 - 16 0071 . 0023 060'
1 977.?8 RP -.tO o‘s - 037 039 055'
A RS .67 -0031 . 75% =002 .33
AT I .068 - 10 18 =12 -.16
A RS 07 —el? .46 .33 .36
1 9"-78 RP © 056 - 17 - 6 - 05 042

F = Pungi; B = Bacteriaj A = Actinomycetes and * = Significant,

02T
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Explanation of Plate 21,

Monthly variation in fungal pdpulation in different
regions of pine (1976-1977), (NX = nonrhizosphere,
RH = rhigosphere and RP = rhizoplane).
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Explanation of Plate 22,

Monthly variation in fungal population in different
regions of pine (1977-1978), (RH = rhizosphere,

NR = nonrhizosphere, and RP = rhizoplane).
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txplanation of Plate 2o,

Montinly variation of actinumycetes populztion in

nonrhizospnere (NR), rhaizosphere (RH) and rhizoplane (RP)

reglond of pine (1976~1977).
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Lxplanation of Plate 24,

Monthly variation of actinomycetes population in
nonrhizospnere (NR), rhizosphere (RH) and

rhizoplane (RP) regions of pine (1977-1978).
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Explanation of Plate 25.

Monthly variation in bacterial population in
nonrhizosphere (NR), rhizosphere (RH) and
rhigoplane (RP) regions of pine (1976-1977),
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Explanation of Plate 26.

Monthly variation in bacterial population in
nonrhizosphere (NR), rhizosphere (RH) and
rhizoplane (KP) rcgions eof pine (1977-1978),
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adochemical Analvais:

Amino Acids content ¢ root toi= nizhﬁocn
aminc acids were chromatogramed ifrom the extracte of
ayoorrnizal roots of 2igug kesiya during 1976-1978,
Leucine, metnionine, Alanine, ‘heaylalanine, Jipheny-
lalazine, Amincbutyeic acid, Glutamic acid and Iyrosine
were f{reguently observed wanile Argmine, Histidine, .
Jystine, Prolina and Serine were of infregquent occcurrences
Valine and Tarsonine were detected cnly in September
(1977) and May (1975), Iwo unidentified amino acids
(Rf value 0«89 and 0.80) were aleo detected (Table
59=40),

The amcunt of total free amino acids ( pg/100mg
dry root) exhibited almost a similar variation pattern
durug the course of study. The maximum total free amino
acids during botu the years was observed ia June, The
second maxima was obtained in January, whereas the minimum
amount was recorded in October (1976) and November (1977)
(Plate 31)e ;

Suzars in the root extracisie Lleven sugars were detected

from the mycorrhiszal ruots during the course of investiga-
ticn (Table 57-58), Glucose, Sucrose, Raffinocse and Ribose

sugars were detected frequently whereas Galactose, Fruc tose,




maltose and xylose were less freguent, Two unidentified
sugars content ( Mg/100 mg dry root) was always observed
ia June, Another maxims was observed in 'Janwy.
z's'onnbct (1976) and December (1977) noﬁtu yielded

the minimum amount of sugars (Plate 31). |

Variation in pH of the soil samplea of

nonrhizosphere and rhigosphere regions was not much. Same
wae the case for ghe samples collected at different time
intervals. The samples always exhibited acidic nature
(Tavle i4)e Moisture content was alvays maximum during

the rainy months (July, August) snd it dropped considerably
towards the end of the winter moaths (March) (Table 54 and
38)e

The organic carvon was maximum in Januray in
both nonrhizosphere and rhigosphere regions and the
ainimum was recorded during the rainy season. Ihe
avallable phosphorus varied from 0,01 « 0.08 percent
in rhigosphere and 0,01 « 0405 percent in nonrhi zosphere
(Table 34 and 35)« IThe available potassium was determined
in the range 0,09 « 0,32 percent in rhizosphere and 0,30 «
Ued35 percent in nonrhizosphere regions during 1976-1977



125

and 0,08 « 0,57 percent in RS and 0,00 = 0,57 percent
- 4in NR regions during 1977-1978 (Table 34 aumd 35).

Sitrogen, phogphorus and potagsiup contents in
mucorrhigal rootgs

The aitrogen contents of mycorrhisal roots
varied from 0,56 -« 1,7 percent (1970=1977) and 0,58 =
1.60 percent (1977-1978), The highest nitrogen was
deternined in June, The phosphorus was also unm during
June and July. ihe phosphorus amount varied between 0.1 -~
U.55 percent. Phosphorus content in mycorrhizal roots was
less dud ng the winter, The potassium content varied
vetween 0. 2 = 0,92 percent during the period of
investigation (Table 56), |

All mycorruizal fungi induced = esigaificant

increase in nutrient status of the seedlings (Plate 32).
The nitrogen content in above jround parts of the seedlings
inoculated with Juggulg luteg was almost doudble then the
uninoculated ones. Other mypcorrhizal fungi also enhanced
nitrogen accumulation in ground parts of the seedlings
(Plate 32).' The phosphorus content in sbove ground parts

of the seedlinge inoculated with jmdnite ep saowed an

ey
% d



increase of about five times over the control sets.
Likewise the pine seedlings inoculated witha othpr
mycorrhizal fungl also exhibited an increase in phosphorus
"content of above ground parts \Plate 52), The potassium,
calcium and magnesium uptake in the seedlings was also
stimulated by the mycorrhizal fungil.

In below gro.nd parts also nutrient level
Was onhmod by morghiul fungi. @ nutrients like
nitrogen, phosphorus, potassium, calcium and magnesium
in roots were favourably influenced in inoculated
seedlings (Plate J5&).

Amige acids conteats in pine geedlings ipogulated with
fycorgilzal fungi:

Eleven aminc acids were isclated in above
and below ground parts of the seedlings. Leucine,
Aspartic acid, Aminobutyric acid were guite freguent
in below ground paris whereas Histidine, ’roline and
fyrosine were infrequently detected from ibovo ground
part o_.f the seedlings, Qualitatively amino acids were
more in inoculated seedlings than that of noninoculated
vnes, In above ground parts Leucine and Amincbutyric
acid were dominant whereas ‘henylalanine, Cystine,
Arginmg and Histidine were infregquently detected. The



total free amino acids wescmore in above and below -
ground parts of seedlings inoculated with mycorrhizal i(-ungi

than those of ncninoculated cnes (facvle 42 ani Plate 31).

Sugar contents ia pine geedlings inocculgted with
mycorchisal fungi:

Ten sugars were detected from above and below
ground parts of the seedlings. 5ath quantitatively amd
qualitatively more sugars were observed in pine seedlings
inoculated with mycorrhizel fungi (Zable 41 and Plate 31).
In ncninoculated secdlings, Sucrose, Glucose, Xylose,
aml Sorbuse sugars were detected from above and below
‘ground parts of seedlings while in case of inoculated
sets in addition to the above sugars Fructose, Raffinose,

- were.
Galuctose and rhamnose sugars,aleo observed.



Table 34. « Physico chemical characteris tics of soil in nonrhizosphere am
rhizosphere regions (1976-77).

S ]
p:::l“iﬂc; = T v !6;“%.555! ”;g.!f M;.:r ! oH ; X % rg; arbon ‘ v. ' V.Re
> S— e - i X - : : L

0e te 5030 22 310 0.04 0.18 5,26 21 3.18 0,07 0.17
Nov, 4.95 20.2 3.20 0,02 0.10 4,95 20 3.47 0.05 0.29
Dec, 4.50 22 3.20 0.04 0.24 4.40 21.5 3.76 0.08 0.18
Jan. 4.60 20 4.10 0.06 .23 4.56 19.0 4.06  0.03 0.32
Peb. 4,70 18 3.6 0.01 0.21 4.7 17 3.12 0.02 0.23
Mar. 5.10 13.0 3.15 0.03 0.34 5.10 14 2.65 0.04  0.45
Apr. 5.40 15.5 2.80 0,04 0.14 5.45 15 2.88 0.03 0.16
May 5.55 28 2.7 0.06 0.18 5.50 27 3,83 0,08  0.32
June 5.90 28 3.32 .05 0.38 5.05 28 2.83 0,05 0.17
July 595 30 " 2490 0.02 0.27 5.90 24 2.47 0.01  0.10
Aug. 5.80 29 2.60 0.02 0.25 5.75 31 2,64 0,028  0.22

Sept. 060 27 2,70 0.04 0.20 5. 55 28 2.95 0.04 0.20

821
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Table 36. Nitrogem, phosphorus aml potassium coniedts of mycorrhisal) roots of
Zigas kxesira (1976 -1978),
v
lons ‘ Year : 3 N 3 3
= 1
ﬂitro?cx; 1976=77 1.1 0e78 087 0.66 0.56 0.58 0.68 0,98 1.7 1.4 1.2 1.1
Phosphorus " 0426 0031 0.17 0.20 0.17 0.20 0.21 0.24 0.34¢ 0.20 0.28 0.20
Potassiun ® 0,60 0.50 0.55 0.34 0,35 0,32 0.46 0.60 0,68 0.78 0.80 0.45
\ : .
?nospnozm‘ - 0e28 0e30 0e30 0028 0485 0616 0017 0.20 0.35 0.35 0.32 0.26
)
Pom-(au . 068 0.55 0.852 0.58 0,588 0.58 0,52 0.80 0.92 0.84 0.68 0.50

0€T
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Lxplanation of Plate 27.

Showing the total chlorophyll a and chlorophyll b
in pine seedlings inoculated with different fungal
symbionts (Abbrevations are e xplained in Plate 12).
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Explanation of Plate 28,

Effect of myeorrhizal fungl inoculation in pine on
production of total chlorophyll in pot culture studies
(Abbrevations are explained in Plate 12).



is of Chla and Chl b /Mg

Synthes

)
!

ceseneeee
e e s w e

e s ®s % an e @

IR

Chl a

Chl b

L

Treatments




Explanation of Plate 29.

Effeét of mycorrhizal fungi on production leaf
numbers and size in pine seedlings in pot cul ture
studies (Abbrevations are explained in Plate 12).
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Lxplanation of Plate 350.

Total sugar and amino acid contents of above and
below ground parts of pine seedlings inoculated

with different fungal symbionts (Abbrewiations are

explained in Plate 12).
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Explanation of Plate 31,

Monthly variation in total sugar and améno acid
- production (1976-1978) in mycorrhizal roots.
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Lxplanation of Plate 32.

bifect of mycorrhizal fungl in different nutrient
status of pine seedlings. (Abbrevations are explained
in Plate 12).
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A large number of a'g./ aricales and puff ball
ave iavolved in development of mycorrhizal association
with trees in their natural habitat (Ashton, 1976
liacskaylo and Bruchet, 1972), Some of them may be short
lived in natural conditions and may be influenced by
environmental conditions{larx and Bryan, 1969; Zak and
Larsen, 1978).

The consistent occurrence of sporocarps with
intimate association of roote of trees is indicative of
mycorrhizal formation by a fungus. The sporophores of
thir tytwo mycorrhizal fungl were observed during late
spring and rainy season( Appendices 1 & 2 ). Ho sporophore
was found during the winter months. The formation of
sporophores may be atiributed to climatic conditions of
the places The characteristic black jet like mycorrhiza

formed by Cegococcum graniforme was also observed. Fruiting
bodies of Amanita, Joletus, Laclarius, fussule and Scleroderug
were dominant and were commonly assocliated with Zinug kesiys
‘toyle in natural stands, Among thirtythree mycorrhizal fungi,
fifteen could succesafully be isclated in culture and the
rest could not be grown on synthetic media inspite of repeated
attempts. Probably, the technique adopted and the media

used were not suitable for their isolation,

The highest sporophore production of the
nycorrhizal fungl was observed during mid rainy season
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Yainy

(Plate 4=9)s In the beginning and the end of the season

the fruiting bodies of higher fungi were }cu. A pouitivo
significant correlation was noted between total sporophore
production and temperature, minfall, humidity and seil
moisture. Hacskaylo (1967) and Marx (1970) have reported
that temperature, light intensity, pH and other environmental
factors affect the development of mycorrhizal fungi.

It was observed that sugar content of pine
root exhibited a positive correlation witn the development
of mycorrhiszal fuagi (Tavle 33). This is in conformity
witn the views of earlier workers that the conceantration of
carbohydrate in root aystem is responsible forbroduction of
the sporophore (3jorcmann, 1942; Harley, 1975).

Daring the prcuntrinvuti.g-txon.. di fferent
types of mycorrhizae were observed (lable 5)s <‘he most
dominant was the dichotomous type, Ilowever, other forn like
digitate coralleoid, simple, tuverculate and racemose were
also observed (fable 5). The variation in colour of mantle,
its surfaces, mycelim or rhizomorph and colour reactions
was observed (Ilable §). Inis variation may be correlated
t0 the chemical composition of fungus forming the mycorrhizae
(2ax, 1973; Alvarez and Cobb Jr, 1977). Such criteria are
often used in classifying the ectotropnic mycorrhisza (oominik,
1959; Zak, 1Y75)e The problem of mycorrhizae identification
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in natural conditions, however, still remains unsoclved

and 1% needs further investigation.

Ho mycorrhisal fungi specific to a pine stand
was recorded. The age of plant significantly influenced
the species composition .Appendices 1 & 2). The highest
number of species was recorded in oldest plantation. Besides
the nutrient availability in root, this could also be
correlated to the edaphic conditions of the place,

All the fungi which could be cultured developed
mycorrhisal association. The synthesis of symbiotic
relations confirmed the findings of mycorrhigal association
in natural habitat (Pable 20 & 21, Plate 16-20) with pine
tree. Due to lack of isolation of all fungi observed in
natural conditions in culture it was not possible to test
their ability for woérrhisal development in aseptic
condi tions.

It was noticed (Table 20 & 21) that certain
genera i.e. Boletus, CGemococcum, Sulluig, Scleroderma,
Iricholoms and a member of fungi imperfectii exhibited
greater intensity of mycorrhiszae develoyment, while certain
other genera formed relatively lesser number of ectomycorrhizae.
lany fungl have been shown to have a broad spectrum of host
plant ~ . and are able to form mycorrhigae from comiferous

to deciduous trees (Irappe, 1962; Pachlewski ani Pachlewska,
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1974; darx and Ross, 1978; Molina, 1979).

Tine taken for the first appearance of
mycorrhiga varied from sgpcies to species (Imble 20 & 21).
karlest development of mycorrhizae was shown by few genera
e.ge Boletus, Suilliug, Cenococcum and thé member of imperfectii,
whereas maximum time was needed by Jussulse and Lactariug
(Table 20 & 21)+ The appearance of first mycorrhizae which
is reported to be a good indices of .:.o-ug myc orrhizal
activity may differ from fungus to f:ngus and also with the
range of host plants. Certain pau'a possess capacity to
form mycorrhizae efficiently vhi].o others may lack thi.l
ability, (Melin, 1953; Trappe, 1962; Pachlewski and
Pachlewska, 1974; ¥Wilcox gt al, 1974; Palmer and Hacskaylo,
1970). |

Different pattern of branching in mycorrhizae
was observed (Plate 16=-20). Majority of the fungi dev.lopci
dichotomous bifurcated mycorrhiza while others fornid coral
and simple straight structures (Plate 16-20)s Ihe intensity
of bifurcation and length of mycorrhigae differed from
species to species, wiich may be accounted to the type of
growth harmones produced by cc tomycorrhigzal fungi (Miller,
19713 Slankis, 19753 Pachlewski and Pachlewgcka, 19743
Froidevaux, 1975; Prouidevaux and Amiet, 1976a,b,c). The
formation of ectomycorrhiz=e in and above the substrate



141

differed with the fungal associates. Nycorrhizae
formed even inside the substrate had an aerial mycelium
which indica%ed the need for good aeration.

The surface of mantle and structure were
conditioned by the type of ectomycorrhisal fungi. Smooth
mantle with pubegent appearance was observed with Amanita,
Lactarius =nd Rusgulg (Plate 16-20), while rough, creamy
to brown coloured mantle was formed by others., However,
colour variation in aspeptic agar condi tion was not
remarkable.

However, a black coloured characteristic
@mantle was observel. Such macromorphological characters
may be of great help in identification of mycorrhisae in
natural habitat (Zrappe, 1962; Zak, 1976).

Large microbial population in an unstable
equillibrium state has been recognised in root region
(Brown, 1975). Rhigzosphere stimulates the competition
for space and nutrition at inter and intra-gpecific level
among different organisms like bacteria, fungi, actinomycetes,
free living nematodes and protosoans (Garrett, 1963),

Higher microbial populationw as observed in
rhizosphere region {(Plate 21-26) and this could be accounted

to the amount of nutrient present in root (Brown, 1975;
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flovira, 1969; Campbell, 1977) and to the age of plants
(Vancura and Hanglécova, 1972; Mishra and Kanaujia, 1972).
The number may differ from slight to many fold in
rhizosphere of different plants (Rambelli, 1975). The
increase in microbial number has also been correlated

to the presence of senescent and lysed microbial cells

on root surfaces by SEM and light ;1croccophio studies
(¥artin, 1978; Bowen and Foster, 1979). The rhisospheriec
effect has been shown by various other uthoﬁ like cdtmt
glide method (Hulpoi, 19563 Linford, 1959), SEM (Campbell
and Rovira, 1973; xlliott, gt gl, 1979) and transmission
electron microscopy (Foster and Rovira, 19783 lovira gt al
1980).

It was observed that nonrhizosphere region

(Zable 25) was dmddnated by ibsidis, Mucor, Zrishoderma.
Zsaicillium, Cladogporium end Pugarium species which
produce propagules capable of rapid growth and occupy
the habitat away from root. This may probably be due
their low competitive gbility and thus tend to #llow the
r strategy in r and k systems (Southwood, 1976). In
rhisoplgne region of Linug kesiyg the whole rootlet is
enclosed by slow growing fungal forms which are
characterised by possessing high competitive ability
(Bowen, 1980) and the organisms may follow the k strategy.
dherefore, the manipulation of certain forms present in
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the environments for their feasibility to go from r to
k or vice versa will provide a new opening in the field
of biological contrel.

fable 5 and appendix 1 and 2 revealed that
certain fungal species i.e. wm aidulang,
Ulecladium chartarum, Jemnoniells echinate, Lihlglophorg
fastiglate, Netarchizium anisophae, Curvularia lunatas,
skichurug spirallg end gonlothyrium sp. in nomrhigospherej
Heurospors gitophila, 4. flavug, fenicillium fusogorosens,
dupenicillium sp, Lycogone peruiciopa, gladogporium
bBerborum, Juuverig bassions, Lpicoccum purpurugceng and
Stachybotrys in rhigosphere; and Nectris haemagococca,
ie glauca, 8. Yerticillatum, Pleochaetajand an unidentified
Hagidiomycetes in rhisoplane, wn"o specific to the
environments. Zukovskaya (1941) and Berosova (1941) while
studying the rhizosphere of various plants, found that the
plants possessed a capacity to stimulate individual specific
microfiora and this difference even may occur between and
along roots. Sivasithamparam and Parker (1979) observed
different microbial population on nodal and seminal roots
of wheat plant, Bawen (1980) and Bowen and Rovira (1973)
by inoculating organisms on root surface found different
colony development on different sites. It has also been
repérted that certain microorganisms in rhi gosphere also
stimulate the penetration of fungal syublonts (Rambelli, 19753
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FPoster and Marks, 1967; Bagyaraj and Menge, 1978;
Katznelson gt gl 1962).

During the course of investigation, various
climatic and edaphic fuctors influemced the microbial
. aetivity differently (lable 33). MNishra ead Sharma (1977)
and Widden (1979), nave emphasized the role of soil and
other factors in regulating the microbial population.
Fungal population in nonrhizosphere was significantly
correlated with soil moisture and available potassium
(1977-78), 1n rnisocphore and rhizoplane regions
available ‘hosphcrus, available Potassium and soil moisture
significantly influenced the population of fungi. PJH played
a significant rdle on bacterial and actinomycetes population
in nonrhizosphere and rhiszosphere regions (Table 35). Since
a majority of microbes live in water film, they may be
governed by soil structure and water conditions (Campbell,
1977) and pH plays a complex role in determining the
microbial population because of its control on nutrient
availabili ty, absorption ani engymatic activity.

Significant correlation was shown by bacteria
and actinomycetes with ¢limm tic factors e.ge. temperature,
humidity and reinfall (Table 33). Campbell (1977)
mentioned that a variety of factors govern the microbial
population and inspite of that, it is an a pparent paradox
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that overall soil populetion could be seen siable,
though having mosaic of local environmental and
neignbouring interact ons in this dynamic eguillibriunm.

The variability in nutrient contents of
mycorrhigal roots (Plate 31 and Table 37) in differeant
peasons also affected the microbial population. Hitrogen
and total sugar exhibited a positive significant correlation
with actinomycetes (1976-77) and bacteria (1977-78)
rupoctivuy in rhizosphere region. Goring and Clark
{(1948) have showed thad® rhizosphere microorgani sms are
affected by nitrogen availability. Ihe amino-acid end
sugar -peom in root differed according to the activity
of roote (Plate 31) and it is reported that the relative
amount of each compound may influence the rhizospheric
population (Vancura and Hanslikova, 1972). This effect
varies from plant to plant (Rambelli, 1973). Bowen anl
Rovira (1976) while analysing the amino acids and sugars
of uodnngd grown in controlled conditions, have indicated
that glucose and fructose are widely distributed simple
sugars, Other high molecular weight polysaccharides and
amino-acids like Alanine, Serine, Leucine, Valine, Glutumic
and Aspartic acids, however, are also important in the
nutrition requirements of micrcorganisms. Das (1980)
found that solil microbial popuilation is also effected by
different degred of litter dooon?uiuon in pine forest,
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which may add different types of organic acids. sugars

and amino acids to the soll envircnment. Ian symbidtic
system, 1t has been rcporfod that from few perceat toa
quarter of tree's photosyntihte could be used by ecto=
mycorrhigas (Newman, 19783 Crush 1976) and in similar

way microbes can sustain a concentration gradient and
diffusion parallel to morrhiul fungi for glucose

and fructose (Harley, 1975). Hdovira gf gl (1979) have
recognised that substances in rhizosphere region may be

of Amioua root origins like exudates, secretions,
mucilages, mucigal and lysstes. Further, Rovira gt gl
(1980) have indicated that fungal gels are more stable

than mucilage derived {rom roots and this was correlated
with the capacity of vesicular-arbuscular mycorrhisae to
increase the aggregatiom of soil (Sutton and Sheppard,
1976). <Ihe carbon budget of mycorrhisal root may influence
the normal soil microflora (Harley, 1975; Sowem, 1950) and
the use of amino-acids in rhizosphere of mycorrhizal roots
of various trees by fungi has been widely reported (iambelli,
1962, 1966, 1973).

It has been suggested that nutritionand energy
are two limiting factors in rhiposphere microbial competition
(Rambelli, 1973) and excretions of mycorrhigal roots may
probably play an important role in selection of microorganisms.
Inhibitory of stimulatory effect may also be due t0 gquality



and gquantity of excretions through the fungi of
mycorrhisal roots and thus they may effect the development
of certain microorganisms in the region. DJifferent amino
acids (Schianer, 1976; Krupa gt gl 1-73) have been reported
in pine roots, whose loakage may alter the microbial

popula tion.

A posotive significant correélation between
mycorrhiszal fungi and population of fungi and actino-
mycetes of rhizoplane and rhizosphere revealed that
mycorrhisae of pine have stimulatory effect on most
probable mﬁcr of these organisms (Table 33). Neal gt gl
(1968) while studying the rhizosphere of mycorrhisae
of red adlder and douglas fir, found that microbial
popuiation (ammonifying and nitrate reducing microbes)
differs qualitatively as well as guantitatively in both
nonrhizosphere and rhizosphere regions. A stimulatory -
effect of mycorrnizal fungi on the population of streptomyces
has also ,htcn.ohaned (likola, 1965). It was suggested
that the increased actinomycetes population through the
production of the antibiotics may inhibit the growth of
ceértain micru-organisme An obscure effect of actinomycetes
by mycorrhisosphere has also been reported (Hambelli, 1966).
Piltrates of symbiotic fungi have also been found to have
stimulatory effcet on rhizospheric popul@tion in good
garden solls (iambelli, 1973). Khan and Saif (1974) found



a synergistic effect on bacteria andi Endogong in
rhizosphere of wheat plant. Ogawa (1977) found that
Liricholoms matsutake a mycorrhizal fungus significantly
influenced the composition of fungal species at different
eites. He (1978) further pointed that this influence

may differ in recovery of soil fungal flora, from one
mycorrhigal species to another. In rhizosphere of certain
mycorrhizal trees an irregular pattem of microbial
population in differcnt seasons has also been reported
(ilambelli gt gl, 1972)e It has been further noted that
rhizosphere of yellow birch mycorrhiza mey innibit fungal
population and gls¢ has stimulatory effect on the population
of actinomycetes and bacterias Thus it may be indicated
that the n_imbm population may significantly be altered
by the nature of mycorrhigae (fupgdl symbiont). Therefore,
further investigation in rhizosphere microbiology in
relation to different gymbionts and thelr effect on
excretions is necessary and it may provide enough information
on interactional Studies. F“urther, it may be stated that
the s tudy of the nature of exudates through fungal symbiont
would also be informative in understanding of the selectivity
of mycorrhiza (Slankis, 1973). ’

Ectomycorrhiga is characteristic feature of most
woody plants. The association helps in survival and better



149

srowth of the plant. The fungal symbiont glso play
a significant ecological and evolutionary role in
existense of vascular plants (Malloch, gt gls 1980).

Ihe pine seedlings inoculated with mycorrhizal
fungi induced better growh in the plants anl reduced the
mortality rate in early stages of the seedlingse On the
other hand, uninoculated seedlings hed high mortality
rate and even ooodlinga which could survive were wesk,
pale and dwarf (Iable 9 and Plate 12 & 13)¢ ™ailure of
high mortality has been reported in certain moamycorrhizal
trees (Wright, 19643 Bakshi, 1974) and survivalship (60
percent or more) has been a sured in plants with mycorrhizal
infection at t he time of transplanting. Iycorrhizal fungl
had to play a crucial role in establishment of host plant
because they increase absorb-ing surface area of the roots
and also enhance the nutrient uptake. Nycorrhizae bave
been suggested as underground energy suppliers w host
plants (Melin, 1926, 3jorkmanmn, 1949)« The woody plants
particularly pines have poor development of root hair
and seedlings at early stage of devdoﬁnt require an
additional organ to cope up with the nutrient requirement
in general and phosphorus in particmr (Baylis, 1970).
lycorrhiga in absence of proper root hairs may act as
an alternative for phosphorus uptake (rom soil which is
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not readily available, like other elemen ts. Ihis
nutrient vulild mechanism at early age of tree may probasly
be helpful in reducing the mortality in pine (Table 9).
Higher survivalship has frequently veen reported in
gseedlings inoculated with mycorrhizel fungi (Moser,
1966,1959; -Shemakhanova, 1967; Tfheodorcu and Bowen,1971;
flacskaylo and Voggo, 1971; Lamb and Richard, 19743 Shenck
and Kinlock, 1980). Anocther probable reason for reducing
mortality rate in umycorrhizal seedlings may be attributed
to their ability to check the root pathogen (Marx, 1969a,
b; Marx and Davey, 1969¢,d) and root rot causing nematodes
(Kellam and Schenck, 1980)e In pine, it has veen observed
that seedlings at early stage of growth are heavily infected
by soil vorne organism, Jugarium oxygporum which is
responsible for wilting and high mortality ian natural
environment (Misora g% al 1981). In mycorrhizal roots,
they may check the entry of this organism either by
producticn of certain chemical substances (Marx, 1969b)

or by bringing a cnange in physical and chemical
characteristics of seedlings (Fope, 1980; Nagy et al,
1980)e The control of F. gxysporum and other organisms

by mycorrhizal fungl has been very well demonstrated
(Marz, 1969b; Uehne, 15773 Shonbeck, 19783 Sikora and
Schonbeck, 1975; HNemec, 1978).

It was observed that the relative growtn of pine
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seedlings was enhanced by mycorrhigal fungi within a
period of six months since their inoculation (iable 10,
11 and 12). Purther, increase inshoot and root dry
weight in inoculated seedlings was also observed (Iable
13)s Similar pattern of increase has also been reported
in other crop plants by the mycorrhizal fungi (Hayman and
liosse, 19713 Sanni, 1976). Inducement in growth and
development of gree: colour in pine seedlings (linus
Laribaea) was observed by Hacskaylo amd Vozszo, (1967).
Uninoculated seedlings on the other hand exhibited the
symptoms of chlorcsis and stunting which could not be
reverted back, even after fertilizing them, till suitable
mycorraizal fungi were inoculated. ience, it may be
assumed that mycorrhisal inoculation in pine is necessary
flor their establishment, survivalship and better growth in
natural habitat, Significant increase in plant height
and leaf number was also observed in woody plants propaga ted
vegetatively (Kormanik gt gl, 1969), It was observed that
few mycorrhizal fungl i.e. Jussuls lutea and Amanita sp.
had better response to stem growth of the seedlings (Table-
10). Other fungal symbionts on the other hand affected
different growth paramete.s of the seedlings. The use of
such specific highly beneficial fungal symbiont may be of
great help in artificial regeneration programmes. lexal and

Reid (1973) stated that few selected ectomycorrhizal fungi
(Cenococcum graniforme, Suillus luteus and Zhelophora
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terrestris) not only differ with respect to inducement

of growth but also have different  response W water stress
in controlled conditions. The differences in mycorrhigal
produc tion and dry welght of the p;lanis were statistically
insignificant. However, significant uifferences were
observed in shoot neight and leaf production of seedlings
which may be attributed to the level of efficiency of the
mycorrhizal fungl (Ifable 15-19), . WFejstirik, 1975; hason,
1975; bajstrik and Keawse, 1975; Daft and Elglanmi, 1978;
liayman, 1980 havealso ocbserved better growth in seedlings
of Eucalyptus on semi-sterile lateritic soil incculated
with ectomycorrhizal fungi.

Eycorrhizal fungi not only stimulated shoot
height and dry welght of above and below ground parts
of seedlings but also the total root length (Table 11).
Thus they provided a relatively Jarger absorptive surface
area in a given soil volume, which may be an explanation
for enhancement in growth through increased uptake of
nutx;iemc. e increase in root length by a Pigolithus
tinctoriug a mycorrnizal fungi has been reported (Marx,
1969a,03 John, 1950).

The pattern of establishment and development
of mycorrhizae in seedlings varied from symbiont to symbiont

(Table 6)a The colour of mantle and size of mycorrhiszae
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also differed from species to species (Table 14, Plate

14 & 15). These macromorphological characters may be

of some help in identification of Wypes of mycorrhiszae

in nature (Zak, 1973). Differences in development of
mycorrhizae could alsc be attributed to their variation
in zrowth behaviour and actual number of fungal propagules
in contact with root of seecdlings (frappe, 1977 and Farx,
1976) and thus their clear understanding may again
supplement previous verdict in selection of efficlient

mycorrhizal fumgi.

Analysis of nutrients in jine seedlings
highlighted that phosphorus uptake was fourfold greater
in mycorrhizal seedlings than uninoculated ones (Plate 32).
’he enhanced growtn is generally correlated witu increased
phosphorus uptake (Gerdecmmnn, 19683 Mosse, 1975). Though
the source of phosphorus for mycorrhigal and nonmycorrhizal
plants may remain same, but substantial evidences favour
that mycelium of mycorrinizae is regponsivle for increased
phosphate uptake and transloca tion to host plants (Sander
and Tinker, 1971; Hayman 2na kosse, 1972a,03 Pearson and
linkery 1975). Iincreasecd uptake of phosphorus by mycorrhizal
fungi is reported (Vaft and Hicolson, 1969a,b; Fosse and
Haymn, 1971; Pearson and iead, 1975; teyer, 19743 losse,
£t al, 1.76; Johnson, 1977; Davis and Nenge, 1980; lieap and

- Newman, 19800) in many plaants and & phosphate pool is
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s treaming to the host plant and thus fungal hyphae make .
link between root and soil (ileap and Newman, 1980a). It
is assumed that the multiphase éptako mechanism in which
each phase obeys Nichaelis Menten Kinetics, is involved in
mycorrhigal root system as nas been reviewed in case of
certain crop plants (Nissen, 1974). The recent studies

on engymatic mechnanism (Gianinazzi and Gianinagzi, 1976)
revealed that new bu_zds of alkaline and acidic phosphates
appeared in mycorrhizal ruots, which were abseat in
.nowoorrhinl roots and these specific bande accounted
for 22=-52 percent of total alkaline phosphate activi ty
(Gianinazgi and Gianinapzi, 1978). Based on their
observation, they further (1579) speculated that this

uSP (Mucorrhigal specific phosphate) is of fungal origin.
In our studies on. enzymatic level, in mycorrhizal and none
mycorrnizal pine seedlings (Mishra and Sharma, unpublished),
different patterns of phosphatases, (alkaline a nd acidic)
peroxidases, dehydrogenases and esterases ia diiferent
fungal inoculated mycorrhizae were observed. Variation
was also seen in some fungal symbiont inoculated in
different pine populationss. This is of interest that these
fungal symbionis enhance the cagzymatic pool in host plant
and not only phospaatases but also other eazymes may
differ with different population of same houst or with a
variety of host, In ultrastructural studies, a greater
acid phosphatase activity has been recorded on the tips of
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arbuscules but not in ei ther host cells or senescent
fungal hypnae (Soannermi et al, 1975) and the great
alkaline phosphatase activity was correlated with ISP

and finally with the number of arbuscules (Gianinizszi

and Gianinizzi, 1979). The occurence of dehydrogenase and
acid phosphatase has al s0 been shown by ENS studles in
vascular plants (Macdonald and Lewis, 1978). SN and
l=ray micro-analysis studies have also indicated a

larger amount of phosphorus pool in cells with intimate
association of arbuscules (Schoknecht and Hattingh, 1976).
lowever, the actual mechanism invidlved in phosphate uptake
needs further iavestigation,

Plate 52 indicates that uptake of other major
nutrients i.e. Nitrogen, Potassium, Calcium and Magnesium
is also enhanced by mycorrhizal fungi. Tnis enhancement
may probably be responsible for better growtn of the
seedlings inoculated with fungnl symbionts (Plate 12 & 15).
However, the differene in the nutrients was not significant.
( fable 35)e It has been reported (Mosse, 1957; Baylis,
1969; Gerdemann, 1964; Hoss and Harper, 1703 Bowen gt gl
1974 and BSartscni and Garrec, 1980) that mycorrhizal fungi
increased the total amount of Calcium, Magnessium, iron,
Sodium, Boron, Copper and Manganese, PMurther Zinc deficiency
was also not observed in mycorrhigal peach secdlings (Gilmore,
1971).

Nevertneless, uptake of nutrients though low
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{(Plate J2) would be of significance especially to pine
trees which lnyo a slow growth rate. Inhanced absorbing
capacity by mycorrhizal fungi has been reported to be
more active in field conditions (Bowen, 1968,1973).
Phosphate uptake by mycorrhizal fungi al so improved

bac terial nodulation and nitrogen fixation in leguminous
(¥osse, gt al, 1976), and actinomycetous nodules in
nonleguminous (Mishra and Sharma, 1980) plants.

The amocunt and type of sugars and amino acids
were different in symbiotic gystem of inoculated seedlings
than neninoculated ones (Table 38 anmi 39)., Noamycorrhiszal
seedlings possessed only few simple sugars whereas a variety
of sugars and aminoacids wetedetected in mycorrhizal roots
(Table 39)s. It has been found (Harley, 1569,1275) that
heterctrophs fungal symbionts are well adapted to receive

- the supply of carbon as photosynthate of autotrophs rather
than froam humus or soil, and they convert these sugars
into unavailable form to host plant. Clement g% gl (1977)
have reported that mycorrhizal fungi eliminate chlorisis,
correct the amino acid and protedn synthesis po thways in
Ligus nigrs. It has also been reported that upto ten
percent of carbohydrates and aminoacids could be made
available to the root fungi (Richard, 1964). The flow of
carbohydrate f rom the site of photosyathesis to the
accumialation has been suggested (Harley, 1975) and these
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sinks are known w be regul ated by harmones (Kumar a‘l
Wareing, 1974).

The radiocactive studies (Lewis and Harl ey,
1965) have revealed that carbohydrate sink in the form
of organic aoidy is located into the tips of mycorrhizae.
This may probably be due W the entrance of substances
into metabolic pathways of symbionts and host at the
regions The nature of mechanism involved in allowing the
carbohydrates across the fungal membrane to the host plant
in operating wetabolism 1is opened for further course of
investigation. The reversal movement of carbohydrate and
amino ascids from the site of storage is not yet fully
known and it deserves detalled studye.



e ok M o e O o e R o R o e A o o ke ol ook ok ok ok ok ok

* A KRR KR

*
*
*
*
S U M M A RY .
*
*
L 3
*
*

wEE ok KRR ARERR kR RRERRR kR RRR KRR



159

Pinus kegiya Royle ex Gordon is an early
coloniger among the tree npeo:léa at higher altitude
(1100 -« 1600 ) of Meghalaya. Forests are rapidly vanishing
due to shifting agricultural practice prevailed in north-
eastern India. Long and continuous harshment of site, in
slash and burnt agricultural practice may initiate the
colonization of nonmycorrhigal grasses and other plant
species, which m inhibit the germination and propagation of
mycorrhnizal fungl and tree species. Furthermore, it may thus
- slow down the process of succession and may alter the pattern
of species composition (Reeves gt gl, 1979, Hiller, 1979).
Roith-oaitm India receives maximum precipitation (Mawsmaie
Cherrapunji) in world but it is provoked towards desertifi-
cation due to less mycorrhizal symbionts population(Wishra
et al unpublished). On the other hand, fast growing demand
for energy and timber due to increasing humsn population
pressure, provided an opportunity to work on thii topic to
serve two broad ideas. I. Analysis of fungal symbiont
(#ycorrhigal fungi) with pine tree, which may be used in
aforestation, reclamation and silvicultural programnes on
waste land. II « To improve the growth of freo, wood gquality
and protect them fram fungal pathogen by exploiting certain
effective mycorrhizal fungi. rhirtythree mycorrhizal fungi
were observed witn pine (2inug kegiya foyle) in nature.
Among basidliomycetes agaricales were maximum in number to
form mycorrhigal anooiation. Age of pine troe- influenced the
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population of sporocarp 6: fungal symbionts., Middle
rainy season i.e., June to September was most conducive

' for the development of sporophores of qycorrhisal fungi.
No sporocarp was observed during winter months. Hgletus,

Clitocybe, Co0llybia, Cortinarius and Iricholoma were first
to produce their fruiting bodies. Boletus edulis, 3. luteus,

Lactarius deliciosus, L. Sp, Zussulg delicg and Sclerodermg
geaster were dominant myecorrhigal fungi. Differeat kind of

mycorrhigae were observed in nature but bifurcate to
coralloid forms occurred frequently. lycorrhizal fungi were

found to influence significantly tne bacterial, actinomycetes
and funénl population in rhigosphere of pine. Significant
variation in higher fungal species in pines of different age
grdupl was alsc obtained.

Pure cul ture studies on agar with pine and
mycorrnizal fungi confirmed their symbiotic rg}ation'hip.
Different mycorrhigal fungi induced different kind of
mycorrhiza, however, bifurcate type was most common., Varia=
tion in time for mycorrhlgzae establishment with different
forms was also observed. Inteasity of mycorrhizae varied
from species to species. Variation in mantle, Hartig net

and colour of mycelium was also recorded.

Studies on mycorrhizae in pot cultiure exihibited
that mycosymbiovnts reduce mortality and induce roovust growth
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in pine aoedling-; Lfficiency of mycorrhizae development
varied from symbiont to symbiont. Mycorrhigal inoculation
alsc stimulated stem growth, root leangth, leaf production
and leaf sige. Uninoculated pine seedlings grew weak and
exhibit?d the yellowish leaves and symptoms of stunting.
Photosynthetic pigment (Chlorophyll) was greater in inocu-
lated seedlings than uninoculated ones. Nutrient status
analysis revealed that uptake of almost all the cations

and anions is enhanced in mycorrhiszal seedlings than none
mycorrinigal ones. Phosphorus uptake was found four times
greater in inoculated seedlings than npinoculntod ones.
Bifurcate to corralloid types of mycorrhigzae were found
dominant., Chromatographical and Colorimetrical studies on
sugar and amino-acid flux of roots of mycorriizal inocula-
ted and uninoculatiziigh ;atod that mycorrhigal rcoots have
different kind of sugars and amino-acids and also possessed
more sugars and amino-acids tnan nonuycorrhigal root system,
Allocation of higher bionalo'in above ground and below
ground parts was observed in seedlings inoculated with
mycorrhigal fungl., Significant variation in dry matter proe

duction and mycorrhigase development was observed.

Hintynine fungal species were isolated from
nonrhigosphere (#R), rhigosphere(iS) and rhigzoplane(RP)
regions of mycorrhizal roots of pine, Highest number of
fungal species 'nl'recorded in rhigosphere region. Absidia,
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Mucoer, Irichodersa, Renicillium, Cla dosporium and

Pusarium dominated nonrhizosphere while in rhizosphere
region Irichoderma, Penicillium and Cladogporium were
dominant. Rhigoplane was surrounded by basidiomycetes
throughout the study. Irichoderm and Penicillium were

also dominantly associated in this region, Highest micro=
bial popula.tion was observed during rainy season in all

the three regions of mycorrhigal roots. Edaphic and climge
tic condition significantly influenced the microbial popu=
latioh. litrogen, Phosphorus and Potassium content varied
seasonally ia morrﬁtul roots, Sugars and aminoacids
status was also different in different months of mycorrhigzal
roots. Nutrient status of mycorrhizal roots influenced signie
ficantly the microbial population.

Present study emphasised that a‘varioty of myco=
rrhigal forms aw associated with pine which increase
absorptive surface area of roots and enhance nutrient uptake
and survivality of pines. lycorrhigae also influence the micro-
bial complex in rhizosphere region,



HRBEARERR AN ERRRRER

-

H :
i i
s REFPERENCES &
s i
»

H .
5 *

HEBRTERRARNERNRRENENES



163

Allen, S.5. 1974: Chemical analysis of ecological materials.
Blaok-oll Scientific Publication, Oxford.

Alvarez, I.P., and Cobb Jr, F.W, 1977: kycorrhizae of Abies
concolor in California., Can. J. Bot. 58, 1545-1560.

_Mntord. AeEsy Linglee, !, and Chilvers, G.A. 1975 Polyphose
phate in Bucalypt mycorrhizas: A cytochemical
demonstration. HNew Phytol. 74, 447-453,

Ashton, D.H. 1976: Studies on the mycorrhizae of Jucalyptusg
gZesnans P. Nuell. Aust. J. Bot. 24, 723-741.

Agcon, H., Barea, J.l. and Hayman, D,S. 1976; Utilization
of rock phosphate in alkaline soils by plants inoculated
with mycorrhizal fungi and phosphate solublizing bacteria.
Soil Biol. Biochem. 8, 1565-158.

Bagyaraj, D.J. and lenge, J.A. 1978: Interaction between a
VAM and Agotobacter and their effects on rhizosphere
microflora and plant growth. HNew ‘hytol. 80, 567=573,

jJagyaraj, DeJ. and Manjunath, A. 19803 Responses of crop plants
to va mycorrhigal inoculation in an unsterile Indian
80il., New Phytol. g8y SJ9=90,.

Bakshi, S.K. 1974: lycorraniza and its role in forestry. -

PL 480 project report, LVehradun, 1-89.

Sarnetty, H.L. and Hunter, 5.5, 1972: Illustrated genera of
imperfect fungi. Burgess Publishing Co. Vinneapolis,
Ninnesota. 241pp.

Barrows, J.B. and Roncadori, Re.W. 1977: Endomycorrhizal synthesis
by Gigaspora margarita in Poingettis. Mycologia §9,
1175=1154, |



164

Bartschi, H. and Garrec, J.°. 1980: ¥icrolocaliszation of

Jaylis,

B.yli..

Baylis,

Becker,

some mineral elements in cortical cells of myco=
rhizal and nonmyeorrhizel Vitis vipifera L.

C, R.Acad. Sei. Ser. D. 290, 919-922,

Ge 2. 5. 1959: Effect of vesicular arbuscular
mycorrhizae on growth of Griselling littoralig
(Cornaceae), New Phytol. §8, 274-280.

Ge "I'. S. 1970: Root hairs and phycomycetous mycorrhizas
in phosphorus defficient soil. Plant and Soil.

33y 715=716. o

GeTeSse 1974: The cvolutimry_ significance of
phycomycetous mycorrhizas. In.Mechanisms of regulation
of plant growth (Bieleski, R.L., Perguson, A.R. and
Cresswell, M.M¥.eds.,) Bull. 12, The HZoyke Soc. Of H.Ze
Wellington. 191-193,

¥.N. and Gerdemann, J.%. 1977: Colorimetric quantificae
ttoi of vesicular arbuscular mycorrhizal infection in
onion., New "hytol. 78, 289295,

*Beresova, E.P, 1941: licroflora of the rhigosphere of flax.

3evege,

Kicrobiology (UsSsk), 10, 918.
DeIe 1970: Vesicular-arbuscular mycorrhizas of

Araucaris gunninghauil and their role in nitrogen mnd

and phosphorus nutrition. Anszaas 42nd Congress Port
Nereshy Section 12 Bot. 1-17.

Bieleski, R.L. 1975t Phosphate pools, phosphate transport and

phosphate availability. Ann. lev. Pl. Physicl.24,<25-52.



163

*3jorkman, L. 1942: Uber die Bedingungen der iykorrhizabildung
bei Kiefer und fichte. Symb. Botan. Upsal, §, 1-191.

*Bjorkman, E. 1949: The ecological significance of the
ec to trophic mycorrhizal association in forest trees.
Svensk Bot. Tidskr. 43, 223262, |

#5laich, R. 19773 Versuche zur Kunstlichen mykorrhigabildung
bei. Sond. der. Zeits. Yitis. 16, 92=37.

Bowen, G.D. 1965: Phosphate uptake by mycorrhizas and
uninfected roots of Jigus radiats in relation to root
distribution. <Irans. Ninth Inf. Cong. Soil. Sei,
Adelaide. 2, 219-228, |

Bowen, G. Do 1975: Kineral nutrition of ectomycorrhizae. In
Ectomycorrhizae their no'olo-gy and physiology. (Eds.
Marks, G.C. ani Kozlowski, T.T.); Academic Press,
London, pp.151-208. |

Bowen, G.D. and Rovira, A.De 1975: Are modelling approaches
useful in rhigzosphere microbioclogy?  Bull. Ecol. Rese.
Comm., Stockholm. 17, 445-450.

Bowen, G.De¢y Skinner, ﬁ.l‘. and Bevege, D.i. 1974: Zinc uptake
by mycorrhizaland uninfected roots of Zinus radiatg and
Agaucaris cugginghemij. Soil 5iol. Sicchem. §, 141-144.

Bowen, G.D. and Rovira, A.D. 19763 Microbial colonization of
plant roots. Aann. Heve Phytopathol. 14, 121-144.



166

*Bowen, G. D. 1978: Dysfunction and shortfalls in symbiotie
responses, In Plant Diseases. (Eds. J.G, Horsfall and
EeB, Cowling)e 3y 251-256, Academic Press, New !ori.

Bowen, G.D. and Foster, R.C, 1979: Dynamics of microbial
colonization of plant roots. In Syiponiul on Soil
microbiology and plant nutrition. (Zds. ".J. Broughton
and John, C.K.)e Ppeléd=ile Univ, Malaya, Kuala Lumpun,

Bowen, G;D. 1980: kisconceptions, concepts ani approaches in
rhigosphere bioclogy. Ian Contemporary licrobial Lcalogy
(Eds. Ellwood, Hedger, Latham, Lynch ani Slater).
PP.285=302. Academic Press, London.

Brown, N.E. 1975: Rhigzosphere microorganisms - opportunists,
bandits or benefactors. In.S50il microbioclogy - 2 critical
review (Ed. Walker, N.). Butterworth & Co. I.ondén.
PPeZl=id, |

Campbell, i, and Rovira, As D 19733 A study of the rhizosphere
by scanaing electron microscopy. Soil.Biol. Biochem,

So 747-752. |

Campbell, Re 1977: Microbial Ecology. Blackwell Seientifie
Publications, Oxford, London.

Clement, A., Garbaye, J. and Tacon, P, Le. 1977: Importance
des ectomycorrihizes dans la resistance au calcair@

du Pin noir (Zigus nigra. Arn. 88p. pigricans Host).
fcole P"lant. 12, 111-131e



167

Cooper, x.‘l._.'ud Losel, D.,¥. 1978: Lipid physioclogy of
vesicular arbuscular mycorrhiza., I. Composition of
lipids in roots of onion, clover and ryegrass ;
infected with Glomus mosceae. New Phytol. 8Q, 143-151.

voxy Ge.y Sanders, Fele.y Tinker, P.B, and ¥ild, J.A. 19753
Ultrastructural widencoi”rohtion to host endophyte
transfer in a vesicular arbuscular mycorrhiza. In.
Endomycorrhiza (Lds. Sanders, P.LE., Mosse, B. and
Tinker, P.B.)e Academic Press, London, pp.297-312,

Crush, J. ie 1974: Plant growth responses to vesicular
arbuscular mycorrhiza., VII. Growth ani nodulation of
‘some herbage legumes. New Phytol. 73, 745-749,

Crush, J.R. 1976: Lndomycorrhigzae and legume growth in some
soils of the hokudc-hn&n; Canterbury, New Zealand.
NeZe Agric. Res. 19, 475-476.

Daft, M.J. and Nicolsom, I.H. 1969as Effect of Badogone
mycorrhiza on plant growth, III. Influence of inoculum
concentration on growth and infection in tomato. New
Phytol. 68, 953-961.

Dafty Nede and Nicolson., I.H. 1969b: Effect of Lndogone
mycorrhiza on plant growth, II. Influence of soluble

phosphate on endophyte anl host in maize, New Phytol,

88, 945-952.
Daft, l.J. and Hacskaylo, L. 1977: Growth of ondomyoorrhiinl and

nonmycorrhizal red maple seedlings in sand and anthraci te
'”}o Porest Science. ﬁ’ 207=216.



168

Dafrt, ¥.J., and Okusanya, B.O. 19783 .ffect of sndogone
mycorrhiza on plant growth. VI, Influeance of infec-
tion on the anatomy ani reproductive develo.ment in
four hosts. New Phytol. 72, 1355=1339.

Dafty MeJdo and nlgiahmiy AsAe 19703 wfiect of arbuscular
mycorrhiga on plant growth, VIII. uffect of
defoliation and light on selescted hosts. New Phytol,
80y ©65=571.

Dasy P.Ke 1980: Micrubial dccomposition of pine (Zinup
kesiva) litter: an ecological s tudy. Ph. i lhesis,
Rorth bkastern iill University, Snillonz, India.

Davis, R,M. and Menge, J.A. 1930: Influence of lomug
fagciculgtug and suil phospanorus va ggytoshthoras
root rot of gjitruge. Phytopathwology. 70, 447-452.

Dehne, H.::e and ichonbeck, ¥, 1975: Untersuchungen uber den
.Einflub der endotruphen mykorrhiza auf die [fugarium -
welke der tomato. The intluence of the endotrophioc
mycorrhiza on the fusarial wilt of tomato., Pflxrankh.
10, 650-632,

*Dehne, H.:w. 1977: Untersuchungen uber den £influb aer
endotrophen mycorrhiza auf die Fugarium welke on
tomato und gurke., uJiss., ionne.

#, Jifco #anual 19833 vifco lavoratories, Inc. Detroit,
¥iche



169

Dominik, T. 1959: Synopsis of a new classification of the
ectotrophic mycorrhizae established on morphological
and anatomical characteristics. Mycopath. Mycol.
apple 1ls 509=-567.

Blliotty LePeyGilmour, C.M., Cochran, V.L., Coby, C. and

" Bennett, D. 1579: Influence of tillage and residues

. on wheat root microflora and root colonigation by
nitrogen fixing bacteria. In "The soil root interface
(Eds. Harley, J.L. and Russell, R.5.) pp.242-258,
Academic Press, London.

Fontana, A, 1962: Hesearches on the aycorrhizae of the genus
"Salix", Allonia. 8, 67-85.

Foster, %C. and Marks, GC. 19673 Observations on the
mycorrhizas of forest trees., II. The rhizosphere of
Pinus radicta, J. Don. Aust., J. Biol, Sei. 20, 915-26.

Foster, R.C. 2nd Rovira, 1.0, 1978: The ultrastructure of the
rhizosphere of Irifclium gubterrgneusm L. In Microbial
Ecology (Edse M, ‘o Loutit and J.A. . ¥iles). pp.278-290 .
Springer Verlag, Berlin.

*Frank, A.3. 1888: Ueber die auf Wurzelsymbiose beruhende
Ern - ahrung gewisser Baume durch Unterirdische Pilge.
Bor.»-Dﬂt. S0te Gese gy 125-140.

*Prank, A.5. 1887: Ueber nene Mycorrhiza - Formen, Bcf. Deut.
Bote Gese §, 595~408.



170

Proidevaux, L. 1973: The ectomycorrhigal association,
Algus rubrg & Lactardus obscuratuge Can. J. For,
Ress 3y 601=603,

Proidevaux, L., and Amiet, R. 1975a: Synthese en cul ture
pure de l'asscciation mycorrhizienne [inue cembra L.
& Suillug placidug. Bonord. Sond. Burops. J. For
Path. §, 50-52.

Prouidevaux, L. and Amiet, s 1975b: Synthese en cul ture
pure de l'association mycorrhizienne Pinus gilvestris
Le & Hpigopogon rubescens Tul. Sond Eurcp. J. Tor,
Pathe §, 5357,

Froidevaux, L. and Amiet, &, 1975c¢c: Ectendomycorrhizas
£inus mugo & Solebus edulig sep. edulig et L. ceabra
Suillus yariezatug obtennes en culture pure., Sond,.
Lurovpe Jeo Mor. Path. §, 57-61. ,

Furlan, V. and Fortin, J.A. 1977: Effects of light intensity
on the formation of vesicular arbuscular endomyco-
rrhizas on Allium cepa by Gigaspora galospora. New
Phytol. 79, 335«340.

Gadgil, R.L. and Gadgil. P.D. 1975: Suppression of litter
decogposition hy mycorrhizal roots of Zinus radigta.
NeZeds For. Sod. By 33-41.

Gale, W, 1975: Synthese D ectomycorrhyzés, En miliu controle,
intre Pigolithus $inctoriug et Jetula penduta. 94 eme

Congre's de 1' Association francaise pour 1¢

avancement des Sclences 3-ruxelles, 1«8,



171

Gaie, ¥W. 1977: Synthese mycorrhigienne an depart de bout-
ures application a Salix repens associe A Paxillus

davolutug et a “iselithus arhigus, Bull. Jard.
30%. HNat. Bdgo Bull. Hat. "lantentrun 3‘71“
47, 91-98,

Garret, SD. 19633 Soil fungi and soil fertility. The lace
Millan Co., New York. | '

Gerdemann, J.%W., 1964: The effect of mycorrhizae on the
growth of maize, Mycologia. §6, 342-349,

Gerdemann, J.VW. 1968: Vesicular-arbuscular mycorrhiza and
plant growth. Ann. Hev. Phytopathol. §, 597-4138,
®Cerdemann, J. ¥, 1974: Eycorrhizae. In. ‘he plant root and its
eavironment. ( 2d. E.W. Carson).Univ, Press Va,

Charlotteaville, pp.<05=213,

Gianinagzzi, V.P, and Gianinagzzi, S, 1976: Enzymatic .mdicl'
on the metabolisms of vesicular arbuscular mycorrhisza.
I. Effect of mycorrhiza formation and phosphorus
nutrition on soluble phosphate activities in enion
roo ts. Physicl. Veg. J4, 853-841.

Gianinazzi, V.P, and Glaninogzi, S. 1978: Engymatic studies
on the metabolism of Vesicular arbuscul ar mycorrhisa.
I1. Soluble alkaline phosphatases specific to
mycorrhizal infection in onion roots. Physiclogical
Pl. Pathol. 12, 45-03J.



172

Gianinazgi, 5. and Gianina zi, V.7, 1979: . ngymetie
studies on the metabulisns of vesicular arbuscular
mycorrhiza, III. Ulfrasiructural localizaticn of
acid and alkaline phosphdtane in onion roots
mgcted‘by Glomus mosseae (Nicol & Gerd)., New
Fhytol. g2, 127=-132.

Gilman, J. . 19593 A manmal of soll fungi. Oxford and
IsH Puble Coe. Calcutta, :50pp.

*Gilmore, Ae.ke 19713 4ihe influence of endotrophic
mycorrhnizae on the growth of peach seedlings. J. Am,
Soce Horte Soie 28y 35=07,

®Goring, C.A.I. and Clark, P.k. 194d: Influence of crop
growth on mineraligation of ni trogen in the suil,
Proc. Soil, Sci. $So00. Am. 1o, 201-266,

Guy Cox and Iinker, Ys5e 1J76: fransloca tion and trantfer
of nutrients in vesicular arbuscular mycorrhizas. I.
fhe arbuscule and phosphorus transfer. . guantitative
ul trastructaral study. New Phytol. 72, $71-578.

Hacskaylo, =. 1967: Mycorrhizae. Indispensable invasicons
by fungle Agric. Sc. Rev. 5, 15=20¢

Hacskaylo, L. and Voggzo, Je.A. 1967: Inoculation of Zipms
garibaea with pure cultures of mycorrsizal fun i in
‘uerto nico. :r.ce 1ith. Int. Union Por. Hes. Org.

Conge 9y 1u9=14d,



173

Hacekaylo, L. and Vozzo, Jde. As 1971: Inoculation of
Pinug caribaesa with ectumycorrnizal fungi in
Puerto iico. Forest Sei. 17, 259.

{acekayloy . and Bruchet, G. 19721 Heblomas as
mycorrhigal fungi. Bull. Torrey Bot. Club,
28, 17-20.

Haddy, G. and #illismson 1971: Analysis of the post ine
fection growth stimulus in orchid mycorrhiza.
New Phytol. 7Q, 445-:885.

Hall, I.ite 1978a: iffects of endomycorruisas on the
competitive avility of whi te clover. HeJd.J. Agric,
Rase 21, 509-515.

Harley, Jo.L. 1969: The biology of mycorrhigae. Leonard
Hi1ll, London, < _ 4ppe

Harleyy JoL. 1375: Proolems of mycotrophy. In "Endomjoo—
rriiigas” (.dse. ifeLe Sanders, Mosse, 3. and Tinker
PeBe)y PPpel-24e ‘cadeuic Press, Jondon.

Harley, J.Le. ¥oCready, CoC. and Wedding, He.Pe 1977: Control
of respiration of beach mycorrhizas during ageing,
New Phytol. 78, 147=-159,.

Harvey, A.E. larsen, :'.J. and Jufgensen, M.P. 19763
Distribution of ectomycorrhizae in a mature Douglas
fir/larch forest soil in Western Montana. For. 3eci.

g2, 393-398,



174

Hattingh, M.J., Gray, L.5. and Gerdemann, J.W, 1973: Uptake
. and translocation of J2P - labelled phosphate to onion
roots by endomycorrhigal fungi. Soil. Sei. 116,
Su5=587,

Hayman, &5, and Mosse, B. 1971: Plant growts responses
to vesicular arbuscular mycorrhiza., 1. Growth
of ndogone inoculated plants in phosphate
defficient soils, New Phytol. 70, 19=27,

Hayman, D, S. and Mosse, B. 1972ast Plant growth responses
to vesicular arbuscular mycorrhiza.I. Growth of
Zndogong inoculated plants in phosphate deficient
soils. Hew Phytol. ZQ, 19=-27.

Hayman, D.S. and Mosse, B, 1972bs Plant growth resgnses
to vesicular arbu.cular mycorrhiga.IlI. Increased
uptake of labile P from soil. New Phytol, 71, 41-47.

Haymen, D.5, 19743 Plant growth responses % vesicular
arbuscul ar mycorrhiza.,Vi., Sfiect of 1ight and
temperature, New Phytol. 73. 71-80.

Hayman, i 5. 19803 Mycorrhiza and crop production. Nature,
287, 487,

Haynes, Rede. 1980: Ion exchange properties of roots and
ionic interactions within the root apoplasm: thdir
role in ion accumulation by plants. I he Sotanical
Heview. 48, 70=990.



175

Heapy Aod. ani Newman, E.I. 1980a: Links between roots
by hyphae of VAM., Hew Phytologist. g8, 169-172,

Heapy A.J. and Newman, 5.I., 1980b: Ithe influence of VAN
on phosphorus transfer between plants. New
Phytologiste. 88y 175-180.

Heppery, Co.M, 1976: A colorimetric method for estimating
vesicular arb.scular mycorrhizae infection in
roots. Soil Biol. Biochem. 2, 15-18.

*Hil tner, L. 1904: Uber renere Erfahrungen und Probleme
auf den Gebiet der Bodenbakteriologie und unter
besonderer Berucksichtigung der Grimdugung und
Brache. Arb. Deut. Landwrtsch. Ges. 98, 59-78,

Hirrel, 4.C, Mehravaran, H, and Gerdemann, J.W. 1783

| Vesicular-arbuascular mycorrhizae in the chenopodiaceae
and cruciferae: d they occur? can.. Jo Bot. §6, 2010
2817, |

Homola, ReL. and Nistretita, P.A. 197/: Ectomycorrhizae of
Maize: A listing of Boletaceac with the associated
hosts. Life Sciences and Agric Expt. Stn. Univ.
Maine Bull. 735, 1-19,.

*Hulpoi, N. 19563 Demonstration von mikroorganismen der
‘rhizosphare vermittels der aufwuchsplatten methode
nwh chotodny. Arch. ¥ikrobiol., 7, 759.

John, St. T.V. 1980: Root size, root hairs and mycorrhizal
infection. A re-examination of Baylis's hypothesis
with tropical trees. New Phytol. 84, 4835-488,



176

Johansen, .s»:. 19408 Plant micro tecianigyue., hcGraw lill
Book Coe.y, Ince New York, ‘

Johnson, P.N. 19773 kycorrhizal endogonaceae in g New
Zealand forest. New Phytol. 78, 161=170.

Katznoiaon, Hey douatt, J.V. and Peterson, .. . 19623
The rhizogphere effect of mycorrhizal nd none
mycorrhizal roots of yellow birch seedling.Can.
Je Bot, 4Q, 077-32,

Kellam, M.K. and Sohenck 198C: Interaction between a
Vamycorrhigal fungus and root knot nema tode on
soybean. Phytopatholezy. 7Q, 295-2906,

Khan, A.G. 1972;: The effect of veasicular arbuscular
mycorrhnizal associations an _rowth bf cei'eals.
Rew Phytul., 7], 61u=01¥.

Kham, A.G. 19743 The occurcence of mycorrhigas in halophytes,
.hydropaytes and xXecrophytes soils. Journal of General
Nicroblology. 8. 7=~14.

Khan, A.G. and 3Saif, 5. .« 19743 he influence of season
and stage of plant develop.ient on microorganisms
assocliated with fleld growm wheat mycorrhisae.
Journ., kath and Seilences. ], 165-169,

Kormanik, P.7., iryan, #W.C. and Schultz, i.C. 1969s
kndomycorrhigzal inoculation duri ng transplanting
improves growth of vegetatively propagated yellow
poplar. The Pl. Propa;ore 23y 4-5e



s B

Kormanik, P.?., Sryan, ¥.C. and soh_nln. R.Co 19772
Quality hardwood seedlings reguire early mycorrhie
gal development in nursery. beds. Proc, Four teenth
South. Fir, Tree, Improv. Conf. Gainesville,

!'h; 289=2d0,

Krupa, S. and Pries, N. 19713 Studies on ectomycorrhizae
of pine,I. Production of volatile orgamic compounds.
Can. J. Bot. 48, 1425-1431.

Krupa, S.3 Fontana, A. and Pelengzona, M. 1975: Studies on
the nitrogen metabolism in ectomycorrnigae. Status
of free and bound amino acids in mycorrhizal and
nonmycorrhizal root systems of Pigug nigrg and
Corlylus avellana.

®*Rfumar, D. and Yareing, P.F 1974: Studies on tuberization
of Solanum gndigeng. II. Growth normomes and
tuberization. New Phytol., 73, 835-540.

*Kuster, E. and Williams, S.2, 1964: Selection of media
for isvlation of streptomycetes. Nature, 202, 929,

Lamb, R.J. and Richard, B.N. 1974: Inoculations of pine with
mycorrhizal fungl in natural soils. I. Effect of
density and time of application of inoculum and
phosphorus amendment on mycorrniszal infection.
Soil Bicl. sicchem. §, 107-171.

*Lewis, D.ils and Harley, J.L. 1965: Carbohydrate physiclogy
of mycorrhizal roots of beech.l. The identity of
endogenous sugars and utilization of exogenous

sugars, New “hytol. 94, 224-237,



178

sLinford, M.de 1939t Attractiveneass of roots and exelised
shoots tissues to certain neua todes, Helminthol
50Ce washe By 11.

Kacdonald, R.M. and Lewis, I, 19781 The ocourrence of some
acld phoapha tases end dehydrogenases in the

vesicular arbuscular mycorrhisal fungus Glomug
monsens. New Phytol. gQ, 136-141.

Mglloch, DeWej Plrogynski, K.A. and .:vun, P.He 19501
Ecological and evolutionary significance of
mycorrhizal symbiosis in vascular plant (A Review)
Proceed. Nat, uc. USA. 77, 2110-2118.

Marks, G.C. and Koslowski, ?.,T. 1973t ictomycorrhisaes

 their ecology and physiology. Academic Preas,
New York.

*Martin, J.P. 1960t Use of acid, iose Bengal amd
Streptomycin in the plate method for estimmtion
of soil fungi. Soil Sei. 69, 215=232.

Martin, J.K.. 1v78: The variation with plant age of root
carbon available to soll microflara. In Mlcrobial
ecology (sdse Loutit, Me¥. and Hillesy, JeAsne)s
PPeRIP=30L, Jpringer Verlag, Berlin.

Marx, D.H. 1969as Antazonism of mycorrnisal fungli to root
pathOgenio.fungi and soil bacteria. Phytopathology.
82, 153=165.



Marx, »He 1963bs Production, identification and biological
activity of antibiotics produced by [euco paxjillus
cerealis var., »iceina. Phytopathology. 9Y, 411-417.

urk, D.H. and Bryan, <.C. 1'969?&7 3tudies on ectomycirrhigzae
of pime in an electronically airfil tered, alr
conditioned, plant rowth mom, Can. J. 50t. 47
1903=1909, ‘

Marxz, D.H. and isryans ieve 1'9697{ Selerodermp bov s an
ectotropnic mycorrhizal fungus of Pecan. . hytopathology.
59, 112d=1152.

¥arx, D.H. and Davey, C.B, 19690: Resistance of aseptically
faormed mycorrnigae w infection by aylcohthorg
cinnamomi. hy topathology.f38, 549-558,.

¥arx, D H and ilavey, C.B, 1969d: Hesistans e of naturally
occurring mycorrhizae to iniections by .. ginpgpo:ni.
Phytopathology. §P, 559-565.

Marx, DH. 13970: e influence of ectotrcphic mycorrhi sal
fungl on the resistance ©f pine roots 10 pathogenic
infections, V. Resistance of mycorrhizae to infectim
by vegetative mycelium of Phvtophthoras ciunamong.
Phytopathology, 6Q, 1472=1473.

‘n, D.H. and iryan, Weue. 19713 Pormation of ectomycorrnisae
on Balf-sip progeniss oi slash pine in aseptic cul ture,
Forest ici. 217, 438-492,

Merrx, D.H., liryam, : .C. am Jampbell, W, A, 1971 .ffcot of
endomycorrhisae formed by Lndo.one BORESRE on
growth of yviiruy BHycologia, gd, 122:=1:26,



150

Marx, D.H. 1972: Letomyeorrhizae as biologicsl deterrents
3568 to pathogenic root infections. Ann. Hev,
Phytopathol. 10, 429-453.

Harx, D.H. 1973t Mycorrhizae and feeder root diseases.
In, Setomycorrnizae their eculogy and physiclogy
(Bds. Manks @it.,ond , kpabowshi , T, ). ... Acad.
Press~». ... New York ani: London, 551-381.

Varx, D.Hs 1975d4: lycorrhizae and establishment of trees
o strip mined land. <he Ohio Joumal of Science
15, 288-297,

Marx, D.H. 1976: Synthesis of ectomycorrhizae om loblolly
pine seedlings with basidiospores of Jisolithug

W. Fore. Seie. g, 15=20, ‘.
lan_. D.Hey Bryan, W. " ., and Cordell, C. = 19763 Growth

and ectomycorrhizal develoyment of pine seedlings
in nursery scils infested with the fungal symbiont
- Lisolithug tinctoriugs, rest Science 22, 91-100.

Narx, D.He.y Hatoh, A.B. and Hendicino,Jd.f . 1977: High soil

fertility decreases sucrose content sud susceptibility

of loblolly pine roots to ectomycorrhizal infection

by Eiselithus sipctoriugs. Can. J. Hot. §5, 1569=-1574.
larx, D.H. ani Ross, L.W. 1978: Aseptic synthesis of

ec tomycorrhizae on 2lnug taeda by haiidiooporu

of Zhelephora terrestris. Can. J. Sot. 48, 197-198,



151

¥ason, P, 1975: T he genetics of mycorrhizal associations
between Amanita mugcarig and Setulg Verrucosge
In Development and Function of Roots. (ida, Torrey,T-6.
and QdarksenT.).icadesic Press, London, PPeH6T7=574,

#lasui, K. 1927: A study of ectotrophic mycorrhizas of
woody plants. Yem. Coll. 3e¢i. Kyoto Unive B III.
2, 2-149. |

Mejstrik, V. and Benecke, U. 1969: The ectotrophic
mycorrhizas of Alpug viridis (Chaix) 4C. and
their significance in respect to phosphorus uptake
New Phytol. §8, 141-149,

Mejetrik, V. 1970: The anatomy of roots and mycorrhizae
of the orchid Jendrobium cunninghemii Eindl.
Biologia Plantarum (Praha) 12, 105-109.

Mejstrik, V. and Krause, H.H, 1970: Uptake of 32P by
2inus radigts roots inoculated with Juillus luteus

and Cenococcum graniforme from different sources
of available phosphate. New Pwtclo 230 157-140,

Yejstrik, V. 1975: The effect of mycorrhizal infection of
Zinug sylvestrig and [icea abies by two Doletus
@pecies on tho accunulation of phosphorus. New
Phytol. 74, 455459,

*ielin, . 1925: Untersuchungen uber die Bedeutung der
Bawm-mykorrhiza. Jena, Pischer. 152pp.



182

*yelin, 5, and Nelson, H. 19503 Iransfer of radicactive
phosphorus to pine seedlings by means of
mycorrhizal hyphae. Physicl. Plant. g, 85-92,

*ielin, E. 19523 Transfer of labelled nitrogen from an
ammonium source to pine seedlings thramgh nyco-
rrhizal mycelium, Secensk, Bot., Tidskr. 48, 251-285.

¥uelin, i 1955: Physiclogy ©f mycorrhigal relations in

| plantse. Mn. Rev, Plant. Physicl. 4, 325-346,
Mexaly, J. nd Heidy CePePe 1973: The growth of selecged
mycorrhizal fungi in response to induced water
stress., Can. J. Bot. g1, 15679-1558,
Meyer, F.H. 1974: Physiclogy of mycorrhiga. Ann. iteve, Pl,
, Physiocl. 23, 567-586, ‘
#jiikola, P, 1966: The value of adding nitrogemn to forest
scils. In annual report of research conduc ted under
grant authoriged by public law 480, (Dept. Silvicult.
Univ, Helsinki, Finland).
Miller, C.0. 1967: Zeatin and Ziatin riboside from a
mycorrhizal funguse. Science. 157, 1056-1057,
Miller, C.0s 1971: Cytokinin prod.ction by mycorrhizal
fungi. In kycorrhizae ( Ed., E. Hacskaylo). USDA,
“ovt. Print. off, Washington, D.C. ppe168-174,
¥iller, R.M. 1979: Some occurrence of vesicular arbuscular
- mycorrhiza in natural and dl sturbed ecosystems of
red desert. Can. J. Bots 97, 019=625,



¥ishra,

¥isnhra,

Mishra,

Mishra,

Mishra,

Fodess,

Molina,

183

R. 1968: zcology Vorkbook, Oxford and IBH
Publishing Company, New Delhi

Rele and Kanaujia, H.S. 1972: Investigation into
rhigosphere mgcoflora. XIII. Lffect of foliar
application of certain plant extracts on
Pennisetum typhoides P. Burm Stapf & Hubb.

Israel J. Agrice ies. g2gy J=V

ReRe and Sharma, G.D. 19773 wolo_gy of soil

fungi. I. Population variation in relation to
varyin; cover vegetation and scil factors.

Sydowia iycol. Seci. g0, 154-140.

HeRe and Sharma, G.D. 1980: Report on root nodule
formation in _upatorium spp. Curr. Sci. 49, 444-46,
ReRey Sharma, GeDs and Tiwari, B.K. 1981: Report

on Fugarium wilt in pine (Rinus kesiya Royle).
Current Science 50, 44.

Oe 1941: Zur kenntinie der mykorrhizabildner von
kiefer und Pichte. Symb., Bot. Upsal. §, 1-147,

He 1979: Pure cul ture synthesis and host specificity
of red aldor.lvoorrniue. Can. J. Bot. §7, 225=1228.

Mosse, Be. 1957: Growth snd chemical nature of mycorrhigal

and nonmycorraizal apples. Nature, London, 179,
922-924.

Mosse, s and Hayman, D.5. 1971: Plant growth responses

to vesicular arbuscular mycorrhiza.IlIl. In unsterb-
lized field soils, New Phytol. 70, 29«34,



184

Mosse, B. and Phillips, J.M. 1971: The influence of
phosphate and other nutrients oa the development
of vesicular arbuscular mycorrhizae in cul ture.

J. Gen. Nicrobiol. 83, 157-166.

losse, B. 19733 'Mvances in the study of vesicular
arbuscular mycorrhiza. ‘Ann. Hev, Ph,ytopat"n..
i1, 171-196, ‘

Mosse, B. and Hepper, C. 1975: Vesicular arbuscular
mycorrhizal infections in root organ cultures.
Physiological Plant Pathclogye. Qs 215-223,

Mosse, 3., Powell, C.Ll. and Haysan, D.S. 1976: Plant
growth responses ‘to vesicular arbuscular mycorrhiza.
IX. Interact on between vesicular arbuscular
mycorrhiza, rock phosyhate and symbiotic nitrogen
fixation, New Phytol. 78, 3J1-542.

Mosse, 3., 1977: Plant growth responses to v esicular
arbuscular mycorrniza., L. Responses of Jtylosanthes
and lgige to inoculation in unsterile svils., New
Phytol. 78, 277-288.

*lioger, e 1958: Die kunstliche mykorrhigalmpfuang von
forst pflanszen, Il. 2ie Torfstremk ultur von
mykorrhizapilzen. Forstwiss Zentralol. I7, 257=520.

*loser, M. 1959: Die kunstliche mykorraigaimpfung von forst-
pflanzen, 1II, Vie Impfmethodic im forstgarten.
Porstwiss Zeantrabl. 70, 195=202,



185

Nagy, 5., Nodby, H.Le and Nemee, 5. 15803 Composi tion of
lipids in roots of six citrus cultivars infected
with the VA mycorrhizal fungus, {lomus mosseag.
New lefolo@.nt. 80y O77=i84.

Heal Jrey Jdeley Luy KeCe, Bollen, W,B8, and Irappe, J.N.
1968: A comparison of rhigospyhere microflora:
associated with mycorriigae of red alder and
douglas fire Proceed. North Vest Scient, Assoc.

* Anne Meet., April 14-15, 57-70.

Nemec, S, 1978: fesponses of six citrus rootstocks to
three species of (lomug, a mycorrhizal fungus.
Proc. Fla. State Hort. Soc. §1, 10-14

*Newman, E,I. 1978: Root microorganisme, their significance
in the ecosystem. B5icl. Rev. §3, 511-544.

Nicolson, 1.H. and Schenck, N.C. 1979: Endogonaceous
mycorrhizal endophytes in Florida. Mycologia.

73, 178-1.8,

Nissen, P. 1974: Uptake mechanisms: Inorganic and organic
‘An.n. Reve Pl. Physiol. 28, 55=79.

*Nye, P.l, 1966: Ine effect of the nutrient intensity and
buffering power of a soil and the absorbing power,
size and root hairs of a rooty, on nutrient absorp-
tion by diffusion. Pl. Soil. 25, 81-105.

*Nye, P.H. 1968: Processes in the root environmen t.

‘. Seil 3ci. . H. 205.



186

Ogawa, M, 1975a: Ficrobial ecology of mycorrhiszal fungus,

Iricholomg matsutake Kto et Mai (Sing.) in Pine
forest I. Pungal Golony ('Shiro') of ZIricholoma
matsutake. Bull. Govt. For. Exp. Sta No 272, 79-121.

Ogawa, ¥, 1977: Wicrobial ecology of mycorraizal fungus. =
Jricholoma matsutake (Ito et Immi) Sing. in pine |
forest, IIl. Fungal florae in Shiro soclil and
on the mycorrhiga, Bull. Govte Fore. ixp. Sta. No.
295, 106-170.

Ugawa, M, 1978: Microbial ecology of '"Shiro' in Iricholomg
matsutake (S. Ito et Imai) Sing. and its allied
species. VII. fricholoma flavo gastaneusn Hongo

in Cagtagopsip guspidata forest, Irans. Mycol.
Scce Japan. 13, o7-40,

Pachlewski, %. and Pachlewska, J. 1974: Studies on symbiotic
properties of mycorrhigal fungi of pine (Pinug
gilvegtrig L.) with theaid of the method of
mycorrhizal synthesis in pure cul tures on agar.

Por. Res. Inst., Varsaw. 228pp.

Palenzona, ¥, and Pontana, A. 1970: Soil type influence
on three waite pine mycorrhizal forms. Allonia 16,
101-1135,

Palmer, J.G. and Hacskaylo, =, 1970: Lctomycorrhizal fungi
in pure cul ture. \I. Growth on single carbon sources.

Physicl, Plantarum 23, 1187-1197.



187

Peach, K. and Tracey, ".b. 19556s Modern methods of

Pearson,

Pearson,

Fearson,

plant analysis. Springer Verlag, Serlin, Germany.
VeGe and Gianinazszi, 5. 1976: Eansymatic studies
on the metabolism of vesicular-arcuscular
mycorrhiga, II. Soluble alkaline phospha tase
specific to mycorrhisal infection in onion rvote.
Physioleogical “lant Pathology JZ, 46-0J.

Ve ani Read, DuJ. 1978: The biology of mycorrhisa
in the iricaceae.ll. Transport of amoWu
and phosphorus by thp endophyte and the
mycorrhiza. New Phytol., 78, 1325=-1351,

Ve nnd linkery, Pele 1975: Measurement of
phosphorus fluxés in the external hyphae of

end 0 mycorrhigzas. In. Endmycorrhizas. (ide.
Sanders, P.E., losse, 3, and Tinker, P.3,)
Acedemic Press, ppe271-276,

Popey, Fele 1980: Influence of Glomus fagciculatug

Powell, C

mycorrhizae on some physical and chemical
characteristics of Platanus ggcidentalis
seedlings. Can, J. BDote. §8, 1601

eLle 1975: lushes and sedges are noamycotrophic.
Plant and Soils 48, 401-464.

Powelly, C.Ll. 1976: Development of mycorrnigal infections

from jndogone spores ani infected root segmen ts.
frans. ire. lycol Soe, 66, 459-845,



188

Powell, C.Ll. 1977a: lycorrhizes in hill country soils.iIl,
iffcet of incoculation on clover growth in unsterile
soils. N.Z. J. Agric. Res. 20, 945=348,

Povoil., Celle 197703 kycorrhigas in hill country scils.

V.. Growth responses in ryegrass. N.Z. J. Agric.
Res. 20, 495-502.

Powell, O;I.l. and S5ithamparanathan, J. 1977: Mycorriizas
in hill country soils. IV, Infection rate in
grass and legume species by indigencus mycorrhizal
fungi under fizld conditions. Ne.Z, J. Agric.

Res, 20, 489-494,

Powell, C.,Ll1 and Daniel, J. 19783 Kpcorrhizal fungi
stimulate uptake of soluble and insoluble phouphto
fertilizer from 2 phospha te deficient soil. New
Phytol., 80, 551-3058,

Purves, S. and Hadley, G. 1976: The physiology of symhiods
in Goodyera repens. New Phytol. 77, 609-696,

*lambelli, A. 1966: 2inus radiatg D. Don. nei suoi
rapporti con I'ambient microbico del terreno,
Pubble Ccnt, Sper. Agre. Porest, Rome, g, 31.

Rambelll, A., Albonetti, 5.G., dartoli, A., PFreccero, V.,
Panelli, C. and Puppi, G. 19723 A week fixer of
atmospheric nitrogen associated to myco:rhizas of

P4inus radiata. D. Don. Ann. Bot. (1ome) 3},
171173,



159

*fambelli, ., Freccero, .. and Fanelll, ¢. 1972:
Indazini sulla microrrnizusfera di Jinus
Zadiata O. Don. Yubvle Ccnte - PEre AgZK.
Forest, Rome }1l. 271=79,

Rambelli, A. 1975: Ifhe rhigosphere of mycorrhisgae.

In cctomycorrhizae thelr ecology and physioclogy
(Eds. Marks, G.C. and Kozlowaki, 7, Te) ppe299=
349, Academic Preass, New fork and London.

Raper, K.3. and Thom, C. 1949: Manual of the pencillia.
The “illims and villkins Co., Baltimore 'Ad.

Reeves, F.B., iagner, D., Moorman, T. and Kiel, J. 1273
The role of endomyoo rrhizae in revegetation
practices in the Semiarid West, I. * couparison

of incidence of mycorrnizae in severely disturbed
Vs. natural environments. m. J. Bot., 66, o=-13.

Rhodes, L.H. and Gerdemann, J.:. 1378a: Hyphal translocation
and uptake of sulfur by VAKk of onion. soil Biol.
Biochem. 10y 550=060.

iihodesy L.le and Jerdemann, J. . 1978b: Influence of
phosphorue nutrition on sulfur uptake by VAL
onion. Soil Bicl. Bilochen. 1y, S01-364,

Richard, B.N. and “ilson, GeLe 1965: Nutrient supply and
mycorrhiga development in Caribbean pine. Forest -

Sci. 2. 408, -



190

*idchard, B.N. 1964: Fixation of atmospheric nitrogen
in coniferous forests. Aust. Forest. 23, 68,

Richard, B.N. 1974: Introduction to the seil ecosystea.
Longman Group Limi ted.

Roncadori, R.%. and Hussey, R.S. 1977: Interaction of the
endomycorrhizal fungus Slggspora margaritg and
root-knot nematode on cotton. Phy topathology.

67, 1507-1511.

*Rosendonl, R.U. 1943: The eifect of mycorrhigal and
nonmycorrhizal fungi on the availability of
difficult soluble potassium and phosphorus. Soil
Sei. Soce Am. Proce Z, 477-479.

Hoss, J.P. and Harper, J.A. 1970: Lffect of Zndogone
mycorrhigae on soybean yields. Phy topa the 80,
1652-1656., | |

fiovira, A.D. 1969: Plant root cxudafo-. Botanical Reviews,
38y 5557,

Tovira, A.D., Foster, R.C. anm Maptin, J.K. 1979: Hote on
terminology: Origin, nature and nomenclature of
uhe organic materials in the rhizosphere. In. "The
soil root interface" (Eds, J. L., Harlegy and R,S.
Russel), ppel-4, Academic Press, London. |

*Rovira, A.D. Bowen, G.D. and PFoster, R.C. 1980: The
nature of the rhizosphere and the influence of the
rhizosphere microflora and mycorrhizas on plant
nut-ition, In. iacyeclopedia of plant physiclogy,



151

new seriea (kds., Lanchi, A, and Bieleski, R.L.)
12, (In Press).

Safir, ....., Boyer, J.5., and Gerdemana, J.:. 1371:
Mycorrgizal eahancement of water transport in
soybean. 3cience. 172, 581-b8J.

Sanders, F.i. and Tinker, P.B. 1971: kechanism of
absorption of phosphate from s0il by _niozae
mycorrhizas. Rature (London)_gd., 278=2/9.

Sanni, S. O.V 1976: Yesicular arbuscular mycorrhiza in
. some Nigerian soils and tiheir effect on the
growth of cowpen (Yigzne ug.niculaga) tomato
(ueopersicon gagulentum) mad maire (Zea mave).
Rew rhytol. 77, 667-671.

Scannerini, 8., Bonfante, P. F. and FPontana, A 1975: An
ultrastructural model for the host symbicnt
interact on in the enuotrophic mycorrhizae of
Ornitnogalum umbellatum L. In Endomycor:hiza
(rdse sanders, Perey, Mosue, B, and Tinker, P.id.)
Acadenic Press, London, .pe¢dl13-324.

Shemakhanova, N,li, 1.67: Lycotrophy of wvody plants. Isr,
Program Sci., [rensl. Jerusalem. ...,.nal in.
Russion, Izd. Akod. Nank, SuiSR, hMoscow 1¥o2),
929 Ppe

Schenck, X.C., Graham, S.0., and Greems N.k. 1975:
Temperature and light efifcct on cwntamination



152

and spore germination of vesicular arbuscular

mycorrhizal fungi. Mycologia. 67, 1189-1192,

 Schenck, H.C. and Kinlock, HeAe 1980: Incidence of
mycorrhigzal fungi on six field crops in mono=-
culture on a newly cleared woodland site.

- Kycologia, 72, 445-456.

Schinner, VeR. 1976: Aminosauren bildung durch
mikroorganismen aus der rhizophare der $irbe
(2inus cembra L.)s. Sond. aus. Forst. Cemtral.
925, 301-306,

Schoknecht, J.D, and Hatiingh, M.J., 19763 Xray microanalysis
of elements in cells of V.a.mycorrhigal and non-
mycorrhizal onions. Mycologia. 88, <96-30J¢

Schonbeck, F. 1975: iffect of the endotrophic mycorrhisza
on disease resistance of hnigher plaats. J.Pl.
Dis. Prot. 5, 191-196.

Sikora, %A, ani Schonbeck, ¥ 197@: Effect of Vea.m,.
(Z» mosseag, on the population dynamics of the
root knot nematode Jgloidogyre incosnigs and
¥ papla - VII. Int. Cong Pl. Prot. V, 158-166,
loscow,

Singer, i« 1962: The agaricales in modern taxonony.
Cramer, VWeinheim, pp.915.

Sivasi thamparam, K. and Parker, C,A. 1979: Rhizosphere
microorganiams of seminal and nodal of wheat
grown in pots, Seoil Bicl. Biochem, 11, 155-160.



153

Slankis, V. 1973: Hormonal relationships in mycorrhizal
developument. In. ectomycorrnizae their ecology
and physiclogy. (Eds. Marks G.C. and Kozlowski,
Tele) pPPe 251-298, Academic Fress, New York and
London.

Saith, I. 1960a: Amino acids, anudes and related caompounds
In: chromatographic and electrophoretic techaique.
PP+82=142 by I. Smith (eds.) Williams Heinmann
¥ecial Books Ltd., London.

Smith, I. 1960b: Sugars and related compounds. Ibid, pp.ZL46-
260,

Smith, C.A.B. 1969: Biomathematics the principles of
mathenatics for stuients of biological and general
science (Vol.2). Charles Griffin & Co. Ltd.,
London, pp.68<. |

Smith, S.5. and Daft, M.Jde. 1977: Interactions between
growth, phosphate content and nitrogen fixation
in mycorrhizal and nonmycorrhizal Medjcgzo
sativa. Auste Je. Plant Physiol. §, 405415,

Stribley, DPe., iead, Jod. and Hunt, =R 1975: The biology

of mycorrhiza in the ericaceae. V. Ihe effects
of mycorrhizal infection soil type and partial
soil sterilization (by gamma-irradiation) on

growth of Cranberry (Yaccinium magrocarpon Aet.)
Hew Phytol. n. 119«150.



154

Southwood, T.R.E. 1976: Bionic stratecgies and population
parame ters. In, theoretical ecologye principles
and applications (Ed. May, R.M.) Dpe26-48,
Slackwell, Oxford.

Strzemska, J. 1974: The occurence and intensity of
mycorrhizas in cultivated plants. Proc, 10th
Int Cong. Soil Sci. loscow. 3, 81=36.

Subramanian, C.V. 1971: Hyphomycetes. Indian Council of

_ Agricultml Research, New Belhi.
Sutton, Je C. and Sheppard, B.R. 1976: Aggregation of
. sand dune soil by eniomycorrnizal fungi. Can.
d. Bote e 326-333,

Theodorou, C, 1968: Inositol phosphates in needles of
2inus padiata D. Donani the phytase activity
of mycorrhizal fungi. 9th Int. Congr. Soil Sei.
Trans. 3, 483-90,

Thoodorou-, Ce 1971: The phytase activi ty of the mycorrhie
sal fungus jhigopogon lugeolus. Soil Biol.
Siochem. 3, 52-90.

Theodorou, <. andi dowen, G, D. 19713 Effects of non host
plants on growtlof mycorrgizal fungi of radiata
pine. Aust, Forestry. 35, 17=22,

Theodorou, C. ani Bowen, G.D., 1969: The influence of pH
and nitrate on mycorrhizal associa tions of finug
m D. Don. Auste 0%, u. 5967,



195

Theodorou, C. 1978: 30il moisture aml the mycorrhiszal
association of 2ingus radiats O Don. Soil Biol.
3iochem. 10, 33-37. ' '

Thoen, D. 1974: Premieres indications sur les mycorrhizes
et les champignons mycorrhiziques des plantations
d'exotiques du Hant-Shaba (Re'publigue du Zaire)
Bull. Rech Agron Gembloux §, 215-227,

*Irappe, J.k. 1962: Cegococous gramiforme - its
distribution, ecology, mycorrhiza formation,
inherent variation. Ph.D, Thesis Univ. Wash.
Seattle. 148pp. '

Irappe, J.V. and Strand, R.P, 1969: Eycorrhizal deficiency
in a doug].aa fir region nursery. Forest Science
15, 381389, |

Irappe, JeM. 1977: Selection of fungi for ectomycorrhizal
inoculation in nurseries. Ann. Rev, Phy topa thol.
15, 203-22, '

Vancura, V. and Ranzlikova, A. 1972: “oot exudates of
plants, IV, Differences in chamical composition
of secd and seedling exudates. Plang & Seil.

36, 271282,
*Vittal, V.B, 1976: Stadies on litier fungi.I. Mycoflora

of Atlantia and Syunosporig litter. roc. Ind,
Acad. Sei. ﬂ. 155-1358, : ‘



156

Von, P.N. 19778 sinflub der boden temperatur und

orguu.ichu' stoffe im boden auf die Wirkung

~ der Vesikular arbuskularen mykorrnisa,
Dissertation sur erlangung des doktorgrades der
landwirtschaftlichen fakultat der georg. August
Univ. Gotiinghen, pp.i26.

Vozgo, J.A. and Hacskajlo, L. 1974: Endo and ectomyco-
rrhizal association in fire populus species.
Bulle Torr. 5Sote Cluh. 301, 182-186,

Walkley and Black, I.A. 1954: Rapid titration method.
Soil Sei. 37, 29-38. |

Warcup, J.H, 195@: The scil plate method for isolation
of fungi from soil. Nature, London. 168, 117,

Widden, P. 1979: Pungal populations from forest soils in
Southern Quebec. Can. J. Bot, §7, 1324-1351.

Wilcox, HeE.y Neumann, R G. and vang, Ced.K. 1974:
Characteri stics of two fungi producing
ectendonycorrnizee in m:um. Cane Jo
Bote BB, <279-2282.

Willsy Bede and Cole, AelLed. 1978: A gcanning clectron
microscopy study of 'vesicular bodies' in
mycorrhizal roots of Zigus mugo (Turra). New
Phytol. §Q, 579-532.

Wright, E. 1964: kycorrhizae and survival of douglas fir
seedlings. Fore. lanag. Res, Note 50 1-12,Corvallis.



197

Zak, Be 1973: Classification of e tomycorrhizae. In.

' Ectomycarrhizae their ecology”’ and physiology
( Marks,G.C. and  Kozlowski yTu T.)s ..
Acad. Press. Inc. New York and London. 435-78,

8. 197631 Pure cul ture synthesis of bearberry

‘mycorrhizae. van. J. Bot. 54, 1207-1305.

Zaky B. ani Larsen, !eJ. 1978: Characterization and
classificetion of mycorrhizae of douglas fir. III.
Lseudotuga mengiesii & Lyssoporig (Poria)
leryestris vars. lilacinoroses, pariksii and
gublutea. Can. J. Bot. 1416-1426,

B. 1975: lycorrhisae and container seedlings. 25rd
Aan. %“est Int. For. Dis. Work Conf. Proc. For,
Serve USDA, Z21=23,

*7ukovskaya, P.W. 1941: Changes in bacteriorrhize of

cultivated plangs. “icrobiology (Ussr) 210, 919,



Appendix B

List of fungi.
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4 gylindrogodgrn lagem
A Lelercsporsg ling yong
dugor gereinelloides Vantieghem
L. hiemalis Wehmer
Le zacemogug Fresanius ’
Sunpinghamells cohigulata ‘hax '
C. glegans lLandmer
Shactomium globosugy Xunje ex otand,
Neurospors gitophila OSueer & Dodge
Lhcma sorgnina
Zgstaloviopeds digelninata (Thum) Steyaert
Jzichoderma Ramatum (Boan) 3ain
2. baraginum Rifaldg.gr
2. koningll Oud aggr
2. lengibrachistus Hifel aggr
de Yizide Pers ex 5P CGray
Jupergiliug sculeatug Iisuka,
A« Lischerd Var gpinogug Haper and Funnell.
4 Llavuys Link extr.
4o aidulags (Edidan) ¥inter



L+ piger Vantiegham

A+ gulshureug (Fres) Thom ani Church
Ae jamarii Kita

Ae ¥ersigolar (Vuill) Tirabd
Zenieillium brefeldianus Jodse

Pe brevicompectum (Vize) Brown & Samitha
L. ghrysogemus Thom

L. gitcinug Thom

L gorylophillum Diercky and others
&+ Syclopiug Raper & Thom

Le dalesg 7aliski

Ze Lellutinum BSiocurge

Le Lreguentans WVestling

L« fumogorosens (Vize) Spown & Samith
&+ Belicum Raper & Thom

2. dmalicatug Biourge

&+ Adslagdicun Sopp

2+ Janshenellug Biourge

£+ Mliscimus thom

Le pigricang Sainer ex lhom

2e gxalicum Currie & Thom

L+ Zubrum Stoll.

L+ Yagiosii Bainer

&¢ ¥orrucosua Westling Samson, Stolk & Hodlok
dggpulariopeias brevicaulis (Sacc) Salner



Gliccladium roseun (Link) Thom
Jlocladiun ghartopun (Preuss) Simuons
Jriegotpecium rogeuy Link

Lycogens pericicga (Vagn) lLelacroix
Zapularis pullulans (deBary) Berkhout
Lazaogiells ecilmety (iiv) Galloway
Sladosporiys gladosporicides (Pres) devries)
¢+ herbarum (Person) Link

§+ Sxysporug derk & Cukt

S sphaerospormun enz

&+ Scnuigsimun Cooke

Zhialophors fastiglosa (lagerd Lunderberg & mu) Conant
Lesarrhisium aaisoplige (Metschn) Sorokin
Altecnaris altergats (7r) Heissler
Zgichurus gpizelis Hasvelor.

Zusarium gscumipatus 511 & WV

L. acshgosgorieddes Suerd

L. moniliforme Sheld.

L. 9xyspdrusm Schlecht

L. gelani (Mart) sacc,

Bauveris bagsians (B5al) Vuillimin



List of mycorrhizal fungil.

A Yerma (Bull. ex Pr. ) Pers. ex Vitt,

Boletug sdulis Bull, ex Pr,

e Jutous (L. ex Pr) 8.7, Gray.
Zantuzalliug flococggous Schwelnits
Sollybia contluens (Pers, ex Pr) Kummer
S mgculata (A. et 5. ex Fr.) Kummer
C. gadcata (Fr.) Quelet.

Corsinarius mugosug (Sull, ex ¥r.) Pr.
Le deliciosug (L. ex Fr.) Bk et ir,
Lepiots cylpeolaria (Fr) Guelet.
Liceperdon ayrAforme Senff.
Jarasimus rotula ries.

Jyceng atroalbs (7%.) Saccarado
dudgzopogoq lukeolus “re

~4gouls delica Fries.

i lutes (Huds. ex Pr.) Fr,
Seleroderma aureatium Vaill. ex Pers.
&+ geasger

Zuillug bovinegs (L. ex Pr,) 5. ¥ Gray.
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