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GENERAL INTRODUCTION



Amongst a number of weed species common in north-east

region of India, Eupatorium adenophorum, Spreng, E. riparium,

Regel, and Osbeckia crinita Wall. ex. D. Don, are very frequsnt.

The genus Eupatorium belongs to family Asteraceae and the

Osbeckia to Melastomataceas.
E. adengphorum is native of Mexico and was reported
from India, first of all from Nilgiris (Fysdn, 1915, 1920;

Shankarnarayan, 1958). Dutta (1978) reported the wide occu-

rrence of E. adenophorum and its distribution in cultivated

fields as well as in open forest areas of N.E. region, between

the altitude 1066 m to 2130 m.

E. riparium is native of America, but the literature
about its distribution is lacking from India and abroad.
MoTooka gt al., (1967) reported its occurrence as a weed sbecies
from Hawaii while Auld (1970) reportéd its presance in Austra-
lia. Dev (1981) surveyed the distribution of E. riparium and
noted that it is very much restricted in distribution. It could

be located only around ths altitude of 1500 m.

Osbeckia crindita is the indigenous species. Clarke

(1879) described two species of Osheckia, the 0. stellata and
Q. crinita, distributed in Himalaya Terai from Kumaon to
Bhutan (alt. 500 ft) and in Khasi hills (alt. 3000-6000 ft).
Balakrishnan (1981) merged the 0. cringta in 0. stellata and
reported its wide distribution in Meghalaya. Houwever, in the

present work, the nname Osbeckia crinita has been retained




because, the merger of the tuo species is still to get an

acceptance.

The success of any plant speciés introduced in an
_area depends 6n a number of ecological factors. Grime (1979)
in his ecological classification of plants proposed, the
competitors, the stress-tolerators amd the ruderals. He also
emphasfzed the impbrtance of mycorrhizal associations particu-
larly, the ectotrophic type, associated with the plant species
adapted to nutrient stresses. His conviction seems to hold
good for the tree species, as most of such species are reported
to have‘ectomycorrhizal associations and only a few gensra of
furest trees of econbmic importance form endomycorrhiza {(i.e.
Acer, Wlmus, Liquidamber, Fraxinus (Mexal, 1980). However,
considerinc the plant communities as a Uhole,_the ectototro-
phic mycorrhizal associatiocns are found only in 3 % (Meyer,
1973) or 5 % (Mexal, 198C) plants while the vast majority of
the remaining species possess the vesicular—argg%ular type of

mycorrhiza {Gerdemann, 1975; Mexal, 1980).

The introduced weed species E. adenophorum is highly

aggressive and dominating followed by E: ripariume. Although,
D. crindta is the indigenous species but compared to the other
two, its distribution is very sparce. A third species of

Eupatorium, E. odoratum, which is also prevaleht at lower

altitudes (between 100-950 m.) has been reported to be highly

mycotronhic (Graw gt al., 1979). It may be that E. adenophorum

3

as well as the E. riparium are alsc highly mycotrophic and



because of this they are growing luxuriently in the vast area
of north east region. The soil of north east region is phos-
phate deficient and the successful growth of the mycotrophic
species in such a condition may be expectad. Moreover, the land
of this region has been greatly disturbed through the shifting
agriculture, resulting into poor soil nutrient status. There-
fore, the chances of survival of the plant speciss entering
into the symbiotic relationship with the beneficial microor-

ganisms is more.

The present study was undertaken to evaluate the

mycorrhizal status of E. adenophorum, E. riparium and Osbeckia

cringta. The study includes the field observations and glass
house experiments dealing with the various aspects of
vesicular-arbuscular mycorrhiza. The general mycorrhizal status
bF highly disturbed and relatively less disturbed lands, and
the infective potential of the mycorrhizal propagules of the
soils have also been evaluated in order to understand the impact.
of the present agriculture system on the efficient functioning

of vesicular-arbuscular mycorrhiza.



REVIEW OF LITERATURE



The work of Reissek "Endophyten der Pflanzenzelle',

published in 1847 was a definite description of the assoéiation |
of fungi with the underground parts of plants. Since then,
many workers observed such an association and have tried to
interpret them. The saprophytic genus Mgnotropa drew much
attention because of its underaground parts being completely
enclosed within a layer of fungal tissue. Kamienski (1881)
interpreted the underground structure in two ways (i) that all
the material passing to the plants must pass through this
fungal mantle ang {ii) that it may be parasitic upon the neigh-

bouring plants.

Working on the same line Germen botanist Frank (1885)
proposed the term "Mycorrhiza" for such a composite orgah of
Fungus.and root. He also recognised two types of mycorrhiza,
the ectotrophic (hauing'external sheath) and the endotrophiu
(lacking a sheath). The much faster growth of the mycorrhizal
seedling was also hinted by him. Frank (1894) further expressed
the view that mycorrhizal pants were capable of absorbing or-
ganic nitrogen from a nitrate deficient soil. This "Nitrogen
theory" of mycorrhiza was houever, not accepted by other

workers.

As garly as 1905 Galloud reportsd the presence of
vesicular-afbuscular mycorrthiza (VAM) in the roots of many
angiosperms and described two types of UA-mycor:hizal infection
differing in tHé>extent and location of arbuscla@s. Houngr,
by late 1950's it was realised that the differen£ infection
characteristics uefe caused by the same or a closelylrelated

group of fungi.



Peyronel (1923) observed Hyphal connections between the
fruiting bodies and mycorrhiza in the soil and advocated the
inclusion of these endophytes under the genus Endogone. Peyronel
et al., (1969) gave three terminology for the common types of
mycorrhizas,lviz., Ectomycorrhizae, Endomycorrhizae and Ecten-

domycorrhizae. Since then, these terminology are used world

wide.

Asai (1943) raised the plants in sterilized soil as
well as in a mixture of sterilized and unsterilized soil and
reported the occurrence of mycorrhizal infection in the mixed
soil condition. The mycorrhizal plants also showed better grouth
performance as compared to the non-mycorrhizal plants groun in

sterilized soil only.

Garrett (1950) remarked about the evolution of mycorr-
hiza and wrote, "Evolution of the root imhabitimg relationship
has culminated in the mycorrhizal association im which a state

of true symbiosis has bean achieved.

Confirming the earlier observation of Peyronel, Mosse
(1953)‘also observed the fruiting bodies of Endagone attached to
extramatrical mycelium of mycorrhizal roots of strauwberry. She
also established mycorrhizal infection in the strauwberry plants
and apple cuttings, inoculating the surface steyilized spores
and sporocarps and noted the significantly greater grouth rate

in mycorrhizal plants (Mosse, 1956,1957).

Mosse (1959) further sugoested that Endogong spores.

depend on other soil microorganisms for germination. They &lso



lack root penetrating ability because under pure aseptic condit~ .
ion, when seedlings were grown in N-deficient inorganic salt me-
dium, the VAM fungus failed to penetrate the plant roots unless

assisted by a Pssudomgnas sp. (Mosse, 1962).

Mosse and Bowen (1968) gave a broad outline for the
identification of different types of Endogonaceous spores based
on the nature of cytoplasm, wall structure of spores, presence or
absence of attached hyphae, the attachment of hyphae and the

colour of spores.

Mosse and Phillips (1971) established mycorrhizal infec-

tion in Jrifolium parviflorum in a culture medium and recorded

that the presence of nitrogen in the media inhibited the infec-
tion while the presence of iron accelerated the same. They also
found CaHPUa, Ca-phytate, Na-Phytate, Fe-phytate, Phytin, leci-
thin and DNA as the suitable sources of phosphate for both the

symbionts and inositol as suitable source of carbon for Endogones.

Mosse and Hayman (1971) showed the imprgved grouth of
the plants pre-inoculated with VAM fungi, transplanted to the

pots containing unsterilized soil.

Mosse (1972) further noted that the different strains
of mycorrhizal fungi had not the similar effect on plant growth.

Among three types of spores used, the E, type, stimulated the

3
growth of Paspalum notatum the most, while the laminate spore

types proved to ba the least effective in all the tests. pH of
the soil wvas also found to ba the important factor in datermi-

ning the effectiveness of different strains. She (1975) indica-



ted that the introduced strains of mycorrhizal fungi were more
competant to stimulate the growth of the plants compared to the

indigenous aness

Mosse and Hepper (1975) established the VAM infection
in clover root organ culture using a modified uhite's medium and
noted the pH of the medium to be a very critical factor in the

establishment of mycorrhizal infection.

Mosse gt ale., (1976) showed that the VAM fungi could
improve the plant growth by utilizing the added rock phosphate
from the acid soil while in neutral and alkaline soil it failed
to do so. In the same study they also observed that the lequmi-
nous plants formed nodules only when they became mycorrhizal and
the added phosphate improved the nodulation as well as nitrogen

fixation.

Mosse (1977) further exhibited that the introduced str-
ains of VAM fungi uere more efficient in utilizing the added
rock phosphate compared to indigenous mycorrhizal strains and
also the inoculum density in the soil played important role for
the respeonse of inoculated endophytes and not the soil phosphate

status.

Baylis (1959, '61), obtained increased growth coupled

with phosphate uptake in Griselinia. Baylis gt al., (1963) also

showed that grouwth of Podocarpus torata and P. dacrydioides was

greatly stimulated by mycorrhizal fungi in nutrient deficient

soils.

Regarding the role of mycorrhiza in the improvement of
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plant grouth and phosphorus uptake.Baylis (1967) remarked,
... the phycomycetous endophytes assist uptake of phosphate

from éoils far below the minimum agricultural standard of ferti-
lity. They may occur at higher levels of available phosphate and
their presence may be detrimental to the growth of their host,
but plants that are growing rapidly because phosphate is readily
available and no other factor is limiting, are often free from

infections".

Baylis (1970,1972) put forth his idea that the genera
deficient in root hairs have greater dependence on mycorrhizas
or added phosphates for growth in phosphorous deficient soils

than the plants with finely branch)toot systems and numercus
root hairs. Baylis (1975) further added that the primitive
angiosperms like members of Magnoliales were more dependent on
VA-mycorrhizae for their nutrient uptake even in relatively less

fertile soils as they lacked root hairs.

Nicolson (1959,1960) studied the mycorrhizal status of
sand dune grasses and reported, variation in the degree of in-
fection in a natural succession. In uﬁstable and building phase
with little organic matter, in the stable phase with high organic
matter and in the mast mature sand dune system, the mycorrhizal

infection was low, high and louw respectively.

Nicolson (1967) indicated that the cultivated soils
harboured more mycorrhizal spores compared to natural and semi-
natural communities and that the types of spores and the frequen-
cy of their occurrence was subject to the seasonal, annual and

local variations.



Nicolson and Johnston (1979) found the Glomus fascicul®-

tus as the only endophyte spreading with the grass roots in a
dune system producing spores and sporocarps. lhey also obserVEdL
the bstter growth performance of the mycorrhizal plants in sand
dune system but indicated the complexity of interactions betuwsenm

host, endophyte and edaphic factorse.

Gerdemann and Nicolson (1963) suggested a technique for
the isclation of mycorrhizal spores and sporocarps from ths soil

by wet-sieving and decanting method.

Gerdemann (1964) also performed grouwth experiments with
maize and tulip plants (1965) and observed ‘the similar results
of growth enhancement along with the increased nutrient uptake

by mycorrhizal plants over non-mycorrhizal plants.

Gerdemann and Trappe (1974) published a detailed accourt
of endoganaceous spores which proved helpful in the identifica-

tion and classification of the mycorrhizal sporese.

Daft and Nicolson (1966) studied the effect of added
phosphates of different solubility in the response of VA-mycorr-
hizal infection in sand culturé and found that the mycorrhizal
plants grew better than non-mycorrhizal ones when fertilized with
relatively insoluble forms of phosphates. Daft and Nicelson
(1969a) also observed that the repeated small doses of soluble
phosphate over longef period as well as a larger single dose
application in the eérly growth period, both interfered with the

grouth of mycorrhizal fungi in maize.

Daft and Nicolson (1969b) showed the effect of different
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concentrations of mycorrhizal Spores‘on the initiation and
spread of mycorrhizal infection and grouth of the plant. Plants
inoculated with high number of séores produced more uppsr leaves
‘and retained more louwer leaves whereas plants inoculated with
low number of spores, retained more louwer leaves than uninfected
plants. However, the level of infection was not influenced by
the number of spores. They expressed their view in the following
words, "As nodulation has been evolved a mechanism for nitrogen
fixation, vesicular-arbuscular mycorrhizae may have been evolved
as a means for the more efficient extraction of phosphorus from

the pedosphers'.

Daft and Nicolson (1972) established a quantitative
relationship among the size of root system, infection of roots,
pigmentation of roots and the ectocarpic chlamydospores pro-

duction in tomato and maize inoculated with Endogone macrocarpa.

Daft and Okusanya (1973) examined the role of VA-
Mycorrhizae in relation {o the anatomy and reproductive ability

of the plants and found an increase in the amount of vascular

tissues as well as flower production in mycorrhizal plants.

The leaves of the plant along with the duration of
light bas marked effect on the.mycorrhizal development and
plant growth. Daft and El Giahmi (1978) showed that the defo-~
liation of maize and tomato plants reduced the mycorrhizal
incidence and spread whereas tha long day favoured the growth

respanse of mycorrhizal plants.

Estimation of the mycorr-hizal infections in the roots

was a difficult problem, before Phillips and Hayman (1970)
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suggested a methodology of clearing the roots by boiling with

KOH solution and then staining in cotton blue.

Hayman (1970) studied the spore populations in a wheat
field along with the mycorrhizal infection of roots and found
them to be influenced by the soil status and the season. He found
high number of spores in July uwhich began to decrszase after
September but remained unchanged from December to June. The effe-
ct of formalin treatment of soil was alsoc observed next year
with marked decrease in spore numbers. The overall increase in

spore number and mycorrhizal infection was recorded in summers.

Hayman (1974) further showed that the host growth was
stimulated more with 25000 lux light than with 13000 lux at
23°C and 14-23°C dgyjnal cycle. No stimulation in growth was
recorded at 14°C and 13000 lux light even in low phosphate level

of soile. However, the infection rate wvas high in.longer day

langths with high light intensities.

Hayman and Stovold (1979) in a survey of New South
Wales soil reported more spores in agricultural soils than in
natite grass;and soils. Hayman and Mosse (1979) also suggested
the inoculation of white clever plants with selacted VA-myco-

rrhizal strain for better grouth under field conditions.

An increased yielc in soyabean was found by Ross and
Harper (197C) when an artificial inoculatiom treatment of VAM

fungi was given to a fumigated field plot.

Khan (1972) recorded an overall increase with respact

to growth, dry matter prodiction, number of grains per ear along
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with the high phosphate uptake in the mycorrhizal maize over
non-mycorrhizal onas. He : also made a survey of the occu-
rrance of VA-mycorrhizae and recorded the presence of infection
and Endogone spores in the rhizosphere of various halophytes,
xerophytes and hydrophytes. He found that barring few, almost all

the plants were associated with mycorrhizal fungigKhowm,19v4),

Khan (1981) tested the asfficiency of Glomis macrocarpus

var macrocarpus, L. mossczae, Sclerocystis rubiformis and a E3

strain of Rothamsted Experimental Station, on the grawth of
onion in the unsterilized coal washery waste from Coal-cliff
collieries and found that the mycorrhizal onions werc signifi-
cantly (P> 0.05) better in all the growth parameters than the

control. S. rubiformis was the poorest and E3 type, the most

consistent in growth stimulation.

Sanders and Tinker (1971) found that the same source of
phosphate is utilized by mycorrhizal as well as non-mycorrhizal
plants and that the external mycelium of the endomycorrhizae is
responsible for increased uptake of phosphorus. Sandars (1975)
further indicated that the high levels of phosphorus within the

plants inhibited the infection by VA-mycorrhizal fungi.

Sutton and Barron (1972) described a new technigue
*floatation-adhesion technique' for the recovery of spores from
the soil. They also obssrved the seasonal change in tha spore
numbers in the s0il. The number of spsres showed a decreasing

trend depth uwise.

Sutton (1973) recorded the three phase pattern of
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mycorrhizal development i.e. a lag phass, a phase of extensivc

development and a phase of constancy in the root of Phascolus

Vulga _I‘iS .

The extensive mycelial development beyond the root
region has the property of aggregating the sand particles. This

was shown by Sutton and Shappard (1976) in Phaseolus vulgarius

inoculated with Glomus species, in the sand dunes.

Crush (1973) observaed a very interesting dual behaviour

of mycorrhizal fungus Glomus tanuis. It depressed the growth

rate of gress in the limited conditions of glass house but sti-
mulated the same under field conditions. He (1974) further addad
that the tropical legumes were much more dependent on mycorrhi-
zas for their grouwth than the temperate species and correlated
this difference with the root hair development. Also, uwhen

Trifolium repens and Lolium perenne were grown together, the

mycorrhizal association preferentially stimulated the growth of

the former i.e. a legume.

Furlan and Fortin (1973) also observed the three phase
development pattern of mycorrhizae and added that the tempera-
ture alterations affzcted the duration of these phases. Simi-
larly at different light intensities they recorded the enhancaed
growth rate of host plant but more pronounced growth was ob-
served under 10 k lux light regime. The light intensity also

increased the spore production (Furlan and Fortin, 1977).

Besides other nutrients uptake, the mycorrhizal roots

are also capable of absorbing Zn and S, was reported by Gray
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and Gerdemann (1973).

Hattingh et al., (1973) indicated that mycelial network
of endomycorrhizal fungi enables plants to explore a larger vo-

lume of soil beyond the root surface.

Hattingh and Gerdemann (1975) gave a more practical
method of establishing the gquick and desired mycorrhizal esta-
blishment in the seedlings by sowing the seeds pelleted with

efficient mycorrhizal inoculum.

Bakshi (1974) along with his co-workers, virtually did
a pioneer work in the field of mycorrhizae in India. He studied
the ectomycorrhizal as well as the endomycorrhizal associations
of Indian trees, and other ciops. He also isolated and identi-
fied the Endoganaceous spores in the Indian soils and shouwed
their effects on the growth of various plants under different

fertilizer treatmentse.

HO and Trappe (1975) further added to the existing
knowledge of mycorrhizae. They observed that the two VA-myco-

rrhizal fungi, Glomus mosscae and G. macrocarpus had the nitrate

reductase system by which they were capable of reducing the

nitrate to nitrite.

Powell (1975) examined the roots of Rushes and Sedges
and found them non-mycorrhizal. He expressed the view that due
to their extensive and finely branched root system they do not

need the association of mycorrhizal fungl.

Powall (197§§ studied the germination of spores, the

develoomental stages of the mycelium of the germinated spores
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and of those emerging from the root segments, on agar-coated
glass slides burried in soil. The spores germinatad within 16
days with or without the presence of onion roots. The hyphae
developad from the spores formed a fan-lime structure before
penutrating the roots while the hyphae emerging from the root
segments did it without making any such structure. He presumed,
that the different pattern of the infection by the resting
spores and the wmycorrhizal root-segments were bzacause of their
different nutrient supply. :He (197&3 found that the introduced
VAM strains were more efficient in stimulating the grouwth of
white clover compared to the indigenous ones and concluded that
the white clover was highly dependent on infection Ey mycorrhi-

zal fungi in many hill country soils of New Zealand.

Powell and Daniel (1978) further observed that the
mycorrhizal plants could recover the soluble as well as insolu-

ble forms of phosphate more than the non-mycorrhizal plants.

Powell (1979a) used the seeds pelleted with the heavily

infested mycorrhizal s oils (indigenous) containing Glomus tenuis

and Gigospora margarita separately and obtained the more in-

creased growth and dry matter production by ths introduced
endophytes compared to indigenous ones. He (1979b) also tested
the duration value of the superphosphate and five different
types of rock phosphates with respect to their efficient recov=-
ery by the mycorrhizal fungi. It was prEfGed that the fertili-
zer value of the superphosphate decreased more‘ﬁapldly compared
toc ether rock phosphates over suc09351ve harvesta\hn all soils.
The efficiency of mycorrhizal fungi &n the uptgﬁa/of phosphate

L e
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decreased after successive harvest, as the available phosphate

levels in soils also deplsted.

Powell (1981) reported 27% increase in seed yield of
barley with 35% increased phosphorus content of the seed, as a
result of inoculation with introduced strains of VA-mycorrhizal

strains compared to the indigenous strains.

52p Rhodes and Gerdemanp (1975)

In an experiment with
found that the phosphate absorption zone of the hyphae of the

Glomus fasciculatus was extended unto 7 cm from the root surface

of the mycorrhizal roots of onion. Rhodes and Gerdemann (1978)
further demonstrated the increased uptake of sulphur by the
mycorrhizal roots. They observed that the external mycelium of
the mycorrhizal root played important role in the translocation
of the nutrients. They also reported that calcium was not trans-

located as readily as phosphorus.

Cox and Tinker (1976) ruled out the possibility of the
digestion of the mycorrhizal fungal hyphae or arbuscles by root
cells of the host plant for the phosphate transfer, instead
they suggested the transfer of phosphate across the membranes of
fungus mycelium, within the host root cells, as the most proba-

ble mechanism for this.

El-Giahmi et al., (1976) recommended the use of pre-
inpculated plants with some efficient mycorrhizal fungal strains
for the better growth performance in soils treated with fungal

toxicants.

Gianinazzi-Pearson and Gianinazzi (1976,1978) observed



11

some qualitafive changes in soluble phosphatases in the myco-
rrhizal onion roots. In the root extracts of onion infected by
Glomus mosseae they detected a band of additional soluble
alkaline phosphatase specific to VAM infection in Polyacryla-
mide electrophoretic gel. In continuation, Gianinazzi and Giani-
nazzi-Pearson (1979) further observed that only immature and
little vacuolated terminal arbuscular branches showed signific-
ant acid-phosphatase activity while the strong alkaline activi-
ties were localized within the vacuoles of mature arbuscles and

in the intercellular hyphae.

There are two sources for the propagation of mycorrhi=-
zal infection, the resting spores and the already infected roots.
Hall (1976) tested their infective ability and found that thse
mycorrhizal root segments were more effective for the fresh
infection of the host roots and subsequently their better grouth,
in comparison to the restiﬁg spores. He also'observed that diff-
erent strains of mycorrhizal fungi had different effect in sti-

mulating the growth of the plants.

Hall (1977) published a descriptive account of the
spore morphology and some deyelopmental zharacteristics of
certain specific mycorrhizal fungi. The publication of A key
to the Endogonaceas® by Hall and Fish (1979) is certainly the
most upto-date record of the tndoqone spores. Almost all the
genera and species have been assigned to the appropriate place

in the taxonomy of the Endogonaceae.

Hall and Armstrong (1979) indicated that the soil

erosion had its adverse impact on the mycorrhizal status of
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the soile. The plants grown in the eroded soil respond very less
mycorrhizal infection, suggesting the removal of mycorrhizal

propagules from the =roded soils.

Kormanik et al., (1977) emphasised the applied value of
mycorrhiza and stated that the treatment of nursery beds uwith
adequate andomycorrhizal inoculum may reduce the amount of

fertilizer used.

Schoknecht and Hattingh (1976) in a study with X-ray
microanal?sis found that the cells of mycorrhizal roots of
onion, lacking arbuscles, did not contain even the measurable
amount of phosphate, uhereas the cells with arbuscular structurs

showed high amount of phosphate.

Smith and Daft (1977,1978) indicated the indirect role
of mycorrhizae in symbiotic nitrog=n fixation. They demonstrated
that at any particular soil-phosphate lebel, the mycorrhizal
infection increased the total P contents, grouwth, nodulation and

nitrogen fixation in Medicago sativa. A delay in the early VAM

infection led towards delay in the establishment of bacterial
nodulation and finally the nitrogenase activity of the nodules.
The nodulation also seemed <o be dependent on the P-level of

the roots. Smith ard Bouwen (1979) also suggested to consider the
suitable temperature adjustment for the establishment of the
dual infection of VAM fungi and wiitrogen fixing organism in

roots of leguminous plants.

Smith and Smith (1981a) failed to find any toxic effect

of soil sterilization on the establishment of mycorrhiza in
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Trifolium subterraneum but stated that the growth of Brassica

gleracea, which did not form mycorrhiza was better in sterilized
soilss The authors also (1981b) compared the effectiveness of
the natural and artificial mycorrhizal inoculum and found that
the grouwth responses of plants inoculated artificially were less
than those inoculated with natural inoculum and this was related
to the delay in the initiation of mycorrhizal infection. They
also observed that in artificial inoculation, the location of
inoculum in the pot was an important factor in determining the

incidence and spread of infection in the host root.

Read et al., (1976) found that all the plant specises
in the major vegetation types of East Central England were my-
corrhizal and the members of Gramineae were particularly more
infected. In the limestone grassland the mycorrhizal infection
was also observed in the members of Cyperaceae and Juncaceae.
Throughout the year they recorded the high infection levels and
in‘the most nutrient stressed situation the infection levels
vere the highest. It ssemed that the means of mycorrhizal pro-
pagation was the root to root contact and not the chlamydospores

which were aluays less in number.

In another study Read and Haselwandter (1981) observed
that in some Austrian alpine plant communities; the levelw of
VAM infection were highest in closed herb~rich communities at
intermediate altitudes (1900 to 2500 m). In the fertilized hay
meadouws of lower altitude (1600 m) and in the nival zone, above
3000 m, the endogonaceous infections were light. The fine

endophyte Glomus tenuis was the main mycorrhizal fungus coloni-
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zing the roots in case of the latter. At different altitudinal
range they observed that many plants were infected with a dark
septate hyphae which weresalso present in the roots of the
members of Cyperaceae. The ectomycorrhizal associations were
also presént in some herbaceous sppecies as well as in Salix spp.

upto 2500 m.

Abbott and Robson (1977) studied the distribution
pattern of mycorrhizal fungi and saw the effect of some endo-
phytes on plant grouth. They observed that the non-mycorrhizal
plants produced more dry matter in tops at given phosphate
concentrations than the mycorrhizal plants at similar phosphate

doses.

Abbott and Robson (1978) further added that in un-
sterilized so0il, the inoculation of introduced VA-endophyte did
not reduce the infection by the indigenous VA-endophyte. The
different endophytes differed in their ability to stimulate the
growth and phosphate uptake of subterranean clover but the

inoculation with the isolates of Glomus menosporus had more

pronounced effect on the growth compared to G. fasciculatus.

The nutrient status of the soil/plant may influence
the anatomical behaviour of VA-mycorrhizae to some extent.
Abbott and Robson (1979), found that the hyphae in nitrogen
deficient plants were slightly wider than those in nitrogen
adequate plants. The no¥mal doses of phosphorus had no effect on:
the branching pattern, the arbuscular-structure, ﬁumber/and

other anatomical charac%ers of the hyphae but the addition of

phosphate in a dose, more than that required for maximum plant
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yield, inhibited the vesicle formation. They concluded, “the
anatomy of vesicular-arbuscular mycorrhizas formed by a parti-
cular endophyte species, grown under a range of conditions, may
not be as variable as has been generally assumed. There is scope
for identification of species of endophyte within plant roots.
Furthermore, some features of infection morphology could provs

to be useful for taxonomic purposes®.

Barrow et al., (1977) indicated that the VA<Mycorrhizas
had no access to the firmly bound phosphates in soil and that tre
increased uptake of pheosphates by m?corrhizal plants are mostly
due to the larger volume of soil explored by the mycorrhizal

fungal mycelium.

Becker and Gerdemann (1977) suggested the use of colori-
metric method in quantifying the extent of VA-mycorrhizal infec-
tions in the roots, instead of other time taking methods. They
obtained the significant correlation of percentage of yellouw
roots by weight, with the yellouw colour water extracts, with

chitin- content and with root/shoot ratio.

Hepper (1977) elso used the cdlorimetric method for
the estimation of mycorrhizal infection by digesting the fungal
chitin pressnt in the root and subsequently measuring the opti-
éal density of the glucosamine, the end product of the chitin

digestion.

Hepper (1981) suggested some techniguesfor the axenic
grouth of seedlings infected with VA-mycorrhiza using agar,

paper or glass as support. These methods were found suitable for
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the study of interaction between VAM fungus and the host seedlivg
roots, including spore germination, the hyphal growth and the

root penetration mechanism.

Johnson (1977) found most of the plants infected with

either Rhizophaqus tenuis alone or the mixture of the two and

concluded that the R. tenuis was probably the pioneer VA-

endophyte in New Zealand forest.

Fitter (1977) hinted that even mycorrhizal infection
may be deleterious to a species grown in phosphate deficient
soil, if another species growing together has more competitive

ability symbioticallye.

Azcon gt al., (1978) obtained the more pronounced growth
in the plants treated with VAM fungi and cell free preparations

of Rhizobium, Azotobacter and Phosphobacteria (a pseudomonafs),

together. The bacterial cultures behaved like pure plant hor-
mone in improving dry weight and infection levels, compared to

mycorrhizal comtrol plants.

Mycorrhizal dependency of wheat cultivars was observed
by Azcon and Gcampo (1981) but neither mycorrhizal dependency
nor mycorrhizal infection levels were found to be directly
affected by N.P.K. Ca or Mg concentrations in plant. They further
observed that the non-mycorrhizal varieties of wheat cultivars
lacked sugar in their root exudation and it was assumed that the
VA-mycorrhizal infection results into a decrease in reducing
as uéll as total sugar content of root extracts, which subse-

quently influences the degree of infection.
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Bagyaraj and Menge (1978) observed the synergistic

effect of the interaction of Glomus fasciculatus and Azotobactnar

-y

chroococcum on the growth of tomato. An increase in the popula-

tion of Bacteria and Actinomycetes was also recorded in the rhi-
zosphere. R reduction in the size and number of root knot galls
caused by nematode species, was .indicated by Bagyaraj et al.,

(1979), following the inoculation with mycorrhizas.

Bagyaraj in a subsequent study (1979b) for the first
time reported the occurrence of VAM infection in some aquatic

plants, from a tropical country, India.

Carling et al., (1978) also found the additive effect
of dual infection, i.e. mycorrhizal fungus and nitrogen fixing
bacteria on the grouth of legukes. Along with the total dry
we ight, the nodule dry ueiéht also increased which further
resulted into increased nitrogenase and nitrate reductase acti-
vities of the nodules. The mycorrhizal substitute was the proper
dose application of phosphate which had the:similar effect as of

mycorrhizas.

Cooper and Losel (1978) estimated the lipid conhent
of the mycorrhizal and non-mycorrhizal roots and found that the

former contained significantly more total lipid than the latter.

Cooper and Tinker (1981) further demonstrated that the
translocation of phosphates in the hyphae occurred normally by
protoplasmic streaming but they did not rule out the possibility
of a bulk flow of hyphal content, under a water potential

gradient.
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The reports on the role of VA-mycorrhiza in controllir;
the diseases or reducing the severity or incidence of the disc .-
is not very encouraging. Davig et al., (1978) found that ths
mycorrhizal avocado seedlings were more severely attacked by

Phytopthora cinnamami than the non-mycorrhizal controls. No

difference in the seeadlings of citrus and alfa-alfa was obsarved,
whether it was mycorrhizal or not. Similarly Davis gt al.,
(1979) recorded more severe disease incidence in the Vertici-

cillium-uilt of cotton, inoculated with Glomus fasciculatus than

the control ones.

Davis and Menge (1981) further added that the associa-
tion of VAM fungi in citrus, though did not provide any resis-

tance to Phytophthora rot but certainly provided some tolerance

to it. In a similar study Davis and Menge (1981) shouwed that
growth response to mycorrhizal infection was reduced to 23 and
58 percent by inoculation with 20 and 50 chlamydospores of

Phytophthora parasitica 9_1 soil, in the sueet orange. Also, 20

chlamydospores of the pathogen had no effect on the percentage

infection but 50 chlamydospores reduced it by 72%.

Godse gt ale, (1978) also reported the enhanced grouth
of couw-pea when inoculated with the Rhizgbium sp. and VA-endo-

phyte together.

The members of Chenorodiaceae and ftruciferae are
reported to be free from mycorrhizal infection but Hirell et al-.,
(1978) reported that some plant species of thess families may
show mycorrhizal infection if prown together with other myco-

rrhizal plants. Hirell and Gerdemann (1979) also indicated the
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possibility of the carbon transfer from one plant to another

via VA-mycorrhizal fungal mycelium.

Macdonald and Lewis (1978), on the basis of cytochemiza
studies noted the occurrence of acid phosphatase, glutamate
dehydrogenase, succinate dehydrogenase, glyceraldehyde - 3 - pho-
sphate dehydrogenase, Glucose 6- phosphate dehydrogenase, NADH

and NADPH diaphorases in Glomus mosseae and concluded that the

fungus possaessed an Embden-Meyerhof-Parnas system, a tricar-

boxylic acid cycle and a hexose monophosphate shunt.

Macdonald (1981) developed a compact autoclavable
hydroponic culture system for the production of mycorrhizal in-
fection axenically. The principle behind this was the circula-
tion of tiquid at low air pressure with an additional device of
the glass fibre air fitters for maintaining the sterility. It
had also the provision of sampling the nutrisnt solution time

to time, for analysis and sterility test.

Matare and Hattingh (1978) could not observe any effect

of Glomus fascigulatus on the incidence or subsequant develop-

ment of disease by Phytophthora cinnamomi in the root rot disease

of avocado seedlings.

Menge et al., (19784 )further added that the ccncentra-
tion of phosphorus within the plant and not the soil phosphate
status, was the requlatory factor in determining the coloniza-

tion, infection and spore production by VAM fungi.

Menge et al., (1978b) expressed their vieuws that citrus

root stocks in general, exhibited the gréatest mycorrhizal de-
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pendency with the least fertilization.

The method of soil sterilization had its impact on the
efficiency of VAM fungis Menge st al., (1979) suggested to use
some selected pesticides to remove the pathogenic organisms from
the soil instead of heat treatment which was as harmful to the

pathogen as to the mycorrhizal fungi.

Ratnayake (1978) obtained a correlation between the
phosphate content of the root and the amount of phosphate added
to soil. The root exudation at lower P applications was signi-
ficantly more in comparison to high P applications. They pro-
posed a hypothesis, "that phosphorus inhibition of mycorrhizal
symbiosis uaséésociated with a membrane-mediated decrease in

root exudatione.

Raven gt al., (1978) put forth their opinion that my-
corrhizas might have a considerable role in nitrogen nutiiticr

of plants particularly when ammonia is the source of nitrogen.

Sparling and Tinker (1978 a,b,c) studied the mycorrhi-
zal infectior in pennine grassland in detail. They bbserved
small seasonal effect in root infection but recorded highest
infection in winter and slight variations in root infection at
different depths. In case of grasses, the mycorrhizal uptake of
P was found to be significant only when the soil was severely
depleted, otherwise the fine, much branched rnot system was
sufficient for the same. They also discussed the different res-
ponses of various mycorrhizal fumgi in relation to phosphorus

and lime applicétions, for the establishment of clover during
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improvement of hill grass-land.

Alvarez et al., (1979) reported that the absence of
organic layers in the forest of California, favoured the pre-
sence of mycarrhiza as well as improved grouwth of uhite fir-

seedlings.

Atilano and VanGundy (1979) observed no significant
difference as regards the number of chlamydoépores, amang the
soils, treated with systemic, non-fumigant and fumigant nemati-
cides. Similarly, there was no difference in fruit yield but
fruit loss due to rot disease was reduced in all oxamyl treat-

ments.

_ The agrieultural practice of erop-rotation influences

the mycorrhizal status of the field. Black and Tinker (1979)
observed that after the rotation of crop, there was a long delay
before an appreciable infection percentage developed in the
roots; which was followed by a rapid increase and then a con-
stant value. The delay in infection interfered with the crop

nutritien and the final yield was found to be negatively rela-
ted to percentage infection. They further added that other soil
factors were not very impertant in influencing the mycorrhizal
infection but a slight correlation between infectiom percentage,

clay contenmt and pH was observed.

Waidyanatha gt al., (1979) showed that the growth and

nodulation of Pueraria and Stylosanthes and also nitrogenase

activity of the former, grown in methyl bromide treated soil

were severely retarded unless the plants were infected by VAN



28

fungi or given a large dose of rock phosphate (500 mg/kg soil).

The VAM infection also helps plant to incorporate more
carbon from external sources, compared to non-mycorrhizal plants,
was indicated by Losel and Cooper, (19793 in a study with labe~

lled 14C in onions

Graw 8t al., (1979) tested the specificity and effecti-~
vity of VA-mycorrhiza on 19 host plants and found that Glgmus
macrocarpus formed efficlent mycorrhizal infection with mos$

speties, whereas Ge gerdemannii could do it only with Eupatorium

odoratums Other mycorrhizal fungi showed the host specificity to

lesser degree.

Graw (1979) found that the efficiency of VAM fungi was
dependent on pH of the soil which played a signhificant role in

release and absorption of bound phosphatess

Heap and Neuman (1980a) demonstrated the mycorrhizal
fungal hyphal connections among the roots of the same plant

Lolium gerenhe and also in in bestween the roots of different

plant species L. pesfenne and Plantago lanceclata, which were

growing together in a permanent pasture. The authors (1980b)
further, showed that mycorrhizae could increase phosphate tran-
sport between different plant species, but failed to explain
whether there was a direct trapsport from one oot to another
via inter-connacting hyphae or the phosphate fifst left the

donor root, before bsing taken by the mycorrhizal hyphae.

Mishra and Sharma (1979) studied the distribution of
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Endogone species and the mycorrhizal status of the forest trees
in the humid forest of Meghalaya. The mycorrhizal association of
the important species of ferns of north-east India was reported
by Mishra gt ale, (1980). All the fern species studied possessed
the vasicular-arbuscular type of mycorrhizae and the species of

Glomus, Gigaspora, Acaulospora and Sclerocystis wers isolated

from the soils where different fern species were growing. In a
recent study Mishra et al., (1981) evaluated the inoculum poten-
tial of the mycorrhizal fungi and found that 40 or more endo-
phytes incculation per plant (in case of maize), produced the

highest mycorrhizal infection and growth.

Nemec and O'Bannon (1979) observed that the response
of different strains of mycorrhizal fungi was different in the

soils treated with different kinds of socil fumigants.

Nemec (1979) further added that the VAM inoculation had
good symbiotic effect on the plants irrespective of the diseased
or healthy conditions. Nemec (1980) studied the effect of 11
fungicides on the mycorrhizal fungi and found that Captan,

Chloroneb, Metalaxyl, NaNS’ and even Captafol had little or no

harmful effect on Glomus species.

Nemec and Meredith (1981) detected an increase in the
total and free amino acids algng with nitrogen in the leaves

of non-mycorrhizal plants of citruse.

The increasing rate of air polliution had its detrimen-
tal effect on the VA-Mycorrhiza. McCool gt al., (1979) recorded

a reduction 'in the height and dry weight of the plants as well as
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the reduction in spore number when they exposed the mycorrhizal

plants to 0Ozen and HC1l gas.

Miller (1979) found that the disturbed lands were de-
void of VAM fungi and also the plants colonizing the disturbed

lands were only the non-mycorrhizal.

Moorman and Reeves (1979) and Resves gt al., (1979)
screened the plant species of the disturbed lands and found that
leass than one percent plants in the disturbed lands were myco-
rrhizal. They also got éxtemely lower spore population in the
disturbed soils and expressed the orinion that the colonization
of the non-mycorrhizal plant species on the disturbed lands

might effect the successional stages in the natural community

ultimately.

Rabatin (1979) noted the highest degree of infection
by fine endophyte Glomuys tenuis in most phosphate deficient soil.s
and less infection by the same endophytes in ths soil rich in

available phosphorus, in graminaceous plant species.

The mycorrhizal associations alsoc help host in Zn
uptake along with other nutrients. Swaminathan and Verma (1979)
observed that the yield responses of crops closely followed the
pattern of Zn uptake with exception of potato and even in pota- -
to the starch contenfs of tubers were found to increass commen-
surately with the level of Zn in leaves. They also indicated
that in Zn deficient soils, the mycorrhiza restricts to more

easily available fractions of Zn.

The beneficial effect of mycorrhizal associations can
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be exploitad in a big way by introducing the efficient endo~-
phytes in tﬁe agricultural fields. Ouusu-Bennoah and Mosse
(1979) found encouraging stimulated growth of onions, lucern
and barley when some selected VAM endophytes were introduced in

the field soilse.

Weijman and Meuzelaar (1979) examined the biochemical
nature of the cell wall of the mycorrhizal spores and found
some similarity with the spore structures of the members of

zygomycetes.

Antibus gt al., (1980) reported that the respiration

in the endomycorrhizal roots of Salix niqra and in the ectomy-

corrhizal roots of S. rotundifolia was only partially sensitive

to cyanide treatments.

Bllen and Allefi (1980) found five of the seven annuals,
colenizing the stripemine reclaimed sites in Wyoming as non-
mycorrhizal. The spore population and the mycorrhizal infec-
tions were also low at these sites, compared to the native

prairie levels.

A significantly increased cytokinin concentrations in
the leavés and root of mycorrhizal plants was also recorded by
Allen et al., (1980). Allen et al., (1981a) further studied
the effect of various combinations of phosphate sources on the

establishment of VAM fungi in Bouteloua qracilis and found

Ca-phytate as the more suitable P-source fotr the more benefi-
cial symbiotic association. Besides improved grouwth and in-

creased P content, they also noted the high chlorophyll concen-
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trations and more alkealine phosphatase activities in the myco-
rrhizal plants than in the non-mycdrrhizal plants. In another
study, Allen (1981b) found the enhanced water and nutrient up-

take and also photosynthetic rate in mycorrhizal B. gracilis.

Chambers et al., (1980a) showed the inhibitory effect of
the combined nitrogen treatment in the form of NaND3 and
(NH4)2504 on the development of vasiaslar-arbuscular mycorrhiza,
the nodulation and the nitrogenase activity in Trifolium
subterraneum. The overall grouth also decreased by the combined
nitrogen treatments. Chambers gt al., (1980b) further indicated
that the mycorrhizal infection was also reduced by two nitrifi-

cation inhibitors, namely 2-chloro-6 (trichloromethyl) pyridine

and 2-trichloromethyl pyridinse.

In a recent publication Giovannetti and Mosse (1980)
discussed in detail about the msrits and demerits of the various

evaluation techniques used for the mycorrhizal studies.

Haseluwandter and Read (1980) studied the fungal asso~-
ciation in dominant and sub-dominant plants of high=-alpine vege-

tation system and found Glomus tenuis as the most common endo-

phyte associated with t he most of the plant species. They also

found the constant association of Rhizoctonia species with a

non-mycorrhizal plant Carex and hinted towards the possibility

of Rhizgctgnia spe. behaving like a mycorrhizal association.

About the reduced infection at higher altitude they remarked
"The lower infection found at higher altitudes may be a result
of reduced host photosynthesis and hence lower assimilate supply

to the mycobiont®.
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Kellam and Schenck (1980) studied interaction betueen

VAM fungus Glomus macrocarpus and a root knot nematode Meloido-

qyne incognita in soybean and found that the plants infected

with both the organisms had significantly fewer galls per g
root, greater root weights and higher yieldé than those infected
with nematode only. They also observed that the presence of
mycorrhizal fungi reduced the number of galls formed by the
nematode and the presence of the nematode affected the mycorrhi-
zal development only in the immediate area of the gall. However,
the nematodes, had little effect on the mean percentage infec-

tion and the chlamydospore production by the VAM fungus.

Kelley (1980) established VAM association in Nyssa
sylvatica under flooded condition and noted the maést mycorrhizal
association near main root region and suggested that under
flooded conditions, the intermal oxygen transport might be a
limiting factor td mycorrhizal development in the distal parts

of root.

The reduction in mycorrhizal infection by the Boron
deficiency in soil was reported by Lambert et al., (1980).
They (1980b) further indicated that the indigenous mycorrhizal
propagules were more efficient for the beneficial effects on
plants, because the non-indigenous strains could not adapt to

the changed edaphic factors.

Levy and Krikun (1980) published a paper on the water
relations of Litrus jambhiri influenced by VA-mycorrhiza and

stated that the mycorrhiza could help plants to recover from
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water stress by resgulating stomatal movements.

Ocampo et al., (1980) indicated that the barriers to
VAM infection in Ynon-hosts™ might be due to some structural
characteristics of root cortex or epidermis and not because of
root exudates. When the "non-hosts" were grown with same host

species, the former could get slight infection by VAM fungus.

Ocampo and Hayman (1981) found that the amount of VAN
infection in a host plant was not depressed in soil previously
cropped with a "non-host' plant, even uhen the roots of precedim
"non-host" plant were retainmed intact in the soil. Contrary to
the expectation, the presence of "non-hosts" stimulated the sarly
establishment of VAM in the host crops. They also observed the
vesicular-arbuscular hypbhae growing in the moribund roots of

"non-hostsf.

Ojala and Jarrell (1980) developed a hydroponic-sand
~culture system for mycorrhizal studias and obtained favourable
results with regards to yield and other growth parameters. The
advantage of the system is the recycling of the nutrient solu-~

tions several times a day.

Pairunan et al., (1980) examined the effect of soluble
énd insoluble sources of phosphorus on the efficiency of VA-
Mycorrhiza. They found no difference in the growth and dry
matter producfion by mycorrhizal or non-mycorrhizal white cloter
at any source of phosphorus given. At @ertain concentrations of
phosphorus given, in taps, the noh-mycorrhizal plants produced

more dry matter than the mycorrhizal plants supplied with super-



35

phosphate. However, the mycorrhizal induced growth response was
more obvious at intermediate doses of phosphate application. They
also reported more uptake of Zn and less Ca by the mycorrhizal

plants.

Rose (1980) reported VAM associations in some actino=-
mycetous nodulated nitrogen fixing plant species. Rose and
Youngberg (1981) also studied the effect of mycorrhiza on these
plant species and found the increase in growth as well as the P

and N contents of the plants having this tripartite association.

Ross (1980) advocated the exiistence of the "mycosphere"
surrounding the mycelium of VAM fungus which snabled the roots
to absorb the metabolites produced by other organisms in the
region. He further, stated that these accumulated metabolites
uithin the fungus and/dr root played important role in inhibitimg
or reducing the sporulation of mycorrhizal fungus within and

outside the root.

Schenck and Kinloch (1980) studied the early coloniza-
tion of roots and extramatrical production of speres in 6 crops
grown as monoculture for 7 years in a newly cleared site and gﬁt
variable response of different types of mycorrhiza on different
cropse They concluded that such wariable‘responses were little
affected by other factors except the specific host characteris-

tics which seemed to be more important.

Rbout the mycorrhizal role in disease control, Schenck
(1981) pointed out “Past and current research indicates that

mycorrhizal fungi can deter or significantly reduce the effects
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of some pathogens on the hpst. Most of the evidences, howsver,
are fromAlaboratofy green house, or microplot studies. Little
work has been done in the field, and no delibsrate efforf has
been made in commercial agriculture to control root disease with
mYcorrhizae. In_my opinion, preliminary results of green house

studies look promising and justify further investigations".

Warner and Mosse (1980) on the basis of a short expe-
riment reported that the VAM fungl could spread independently

in soil and seemed to play some saprophytic role in soil system.

Bisrmann and Linderman (1981) proposed a different
method of evaluating the mycorrhizal status of plant in which
they estimated the percentage of length of the root segments'
containing VAM fungal structure, instead of determining the
percentage infection of roots. They got the confidence limits
within 10% of the mean when 7 samples, each with 25 randomly

selected 0.5 to 1.0 cme. root segments were examined.

Bradley g% al., (1981) reported that in Calluna
vulgaris the mycorrhizal association provided the resistance to
heavy metals toxicity and alsc it led to the significant reduc-

tion of heavy metal content of the shoot.

Clarke ard Mosse (1981) obtained better yield, when
Barley crop was inoculated with VA-endophyte in fields They also
found that withou: any addition of phosphate in soil, only
mycorrhizal infection doubled the production of ears in terms of
fresh weht but wien phosphate was added it increased the ear

production more *han inoculation.
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Daniels and Menge (1981) hinted the commercial produc-
tion of VAM fungus Glomus epigeous. More sperocarps were pro-
duced by the endophyte in association with Sudan grass and also
better grouth response was recorded in a number of crops uhen
inoculated with G. gpigeous. The high spore producing capacity,
efficiency on a wide range of host plants, ease of storage and
less loss of germinability of this VAM strain was considered of
great ﬁotential value for commercial production and sffective

exploitation.

Gould and Liberta (1981) found that the inmeulum
potential of the mycorrhizal spores decreased due to =il storage
and this decrease was proportionate to the increase in storage

time.

Besides growth and high phosphorus content, a very much
~higher hydraulic conductivity of the root system was observed

in mycorrhizal plants compared to non-mycorrhizal ones by Hardie
and Leyton (1981). They also observed that under uwater stress
conditions the mycorrhizal plants developed higher leaf area
than the non-mycorrhizal plants and that they could survive at
such soil water potential which were below than that to be

tolerated by the nomn-mycorrhizal plants.

Krishna et al., (1981) showed a number of anatomical
and histochemical differentiation in the mycorrhizal and non-

mycorrhizal Eleusin coracana. They noticed well marked increase

in the thickness of leaves, size of mid-rib vein, major, minor
and last veins, the motor cells, mesophyll cells and number of

plastids in the leaves of mycorrhizal plants. Also, the leaves
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of the mycorrhizal plants contained higher amounts of insoluble
polysaccharides and insoluble proteins than the leaves of noh-

mycorrhizal plants.

Manjunath and Bagyaraj (1981) studied the effect of
different components of VAM inoculum on the grawth of onion. The
infected root segments and the extramatrical chlamydospores,
both stimulated the growth but the former was more efficient
compared to the latter. However, the use of only associated mi-
c;oorganisms of the roots or the sterilized infected segments as

inoculum, failed to enhance the growth at all.

Manjunath et al., (1981) studied the effect of inocula-

tion of Glomus fasciculatus, Beijerinckia mobilis and Aspergillus

higer either singly or in combination, on onion plants. Except
A. niger, they found better plant growth, when inoculated singly
the remaining two inoculum. They also found that the inoculation
with B. mobilis stimulated the spore production by VA-Mycorrhiza,
In general, the combined inoculation treatment was found to be

much beneficial than single.

Rich and Schenek (1981) made a comparative study of the
plant parasitic ﬁematode and mycorrhizal chlamydospores and
obtained a positive correlation betuween the tuo. They recorded
more spore and nematode in first 15 cm. soil depth but the depth-
wise variation was found to be influenced by the individual

plant species.

Saif (1981) found that the oxygen cencentration in the

~ soil atmosphere greatly influenced the grouth and mineral uptake
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of the host Eupatorium odoratum infected with Glomus macrocarpuc.

At all levels of oxygen concentration, the mycorrhizal plants
produced more shoot and root dry weights than non-mycorrhizal
ones, except at 0% level. He alsoc found a positive correlaticn
betueen nutrient uptake and the increasing 02 concentrations in
mycorrhizal plants, Phosphate content of mycorrhizal and non-
mycorrhizal plants differed significantly but there was -ho

relationship with 02 concentrations.

Schroder gt al., (1981) suggested the transplantation
of the fast spreading mycorrhizal inoculated grass species in
the field, for the extensive spread and sstablishment of VA-

mycorrhiza in fumigated mycorrhiza free soils.

John (1981) described a simple method for synthesizing
the pure tuwo membrane VAM infections, using very simple culture

media.

On the basis of ultrastructural studies and the locali-
zation of the ATPase activities on arbuscles Marx gt al., (1982)
proved the earlier hypothesis right that the nutrient exchange
in VA-mycorrhizas occur across the living host fungus interface
and also the phosphate transfer from fungus to host is facilita--
ted by the active transport mechanism in the finer branches of

arbuscles.

Jensen (1982) found that Glomus constrictus and the tuwo

isolates of G.fasciculatus enhanced the growth rate of Barley

along with the ingreased uptakée¢ of P, Cu and Zn whereas (igaspora
margarita proved very poor to do sg and the effect was nat more

than the non-mycorrhizal control.



STUDY AREA AND CLIMATE
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The present étudy was carriesd out at Shillong which is
situated at 35°34'N, 91956'E. The altitude varies from 1250 to
1960 m. Physiographically the entire area is hilly coveredbuith
pine forests (Pinus kesiya). The soil is rea laterite under
red loém or brown loam soil type. The sand content of the soil
is upto 90 % at some places and it is acidic in reaction with
pH rangdang from 4.9 to 6.7. The soil is rich in nitrogen con-
tent in the form of organic matter (above 7.0-7.5%). However,
the amount of phosphorws is very low ranging betuwssn 20 Kg/acre

to 50 K/acre.

The climate of Shillong is cool with uwinter tempera-
ture goind douwn to 4-5°C in the month of January. The louwer
temperature of winter results into frost which can be seen
sﬁmatiges early in the morning during December and January. The
maximum temperature goeslupto 25°C in the month of Aprile. The
average maximum temperature is 20.729C and minimum temperature
12.77°C. The rainfall is spread over all the months except
Novembery December and January when it is either nil or very
lesse The average annual rainfall is 173.53 mm. Similarly the
average humiditmf%%ry high ranging between 71.38 to 84.21 in a

diurnal cycle.

The typical summer season is not found at Shillong.
However, based on the meteosological conditians the year can be

divided into following seasons.

Winter season:- UWinter season starts at the end of Ocfsober and
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continues upto middle of February. The average lower tempe-
rature during winter is 7.9°C and maximum temperature 16.61°C .

The rainfall is very low.

Spring seasont- The period from the middle of February upto
middle of April covers the spring season which experiences
very high wind velocity with less humidity and moderate

temperature.

Rainy seasoni- The rainy ssason extends from $he middle of

April to the -middle of October. However, the seyly period of
the rainy season is a bit warm representing sumher, while the
lat2r period of the season is comparatively cool. Due to high

rainfall the humidity is also very high during rainy season.

The data of the temperature and rainfall, during
the study period (1979-80 and 1980-81) has been presented in

Figo 1-



Fig. 1 Data of the temperature and rainfall during the
period of 1979-81. Histograms, rainfall; #—8,
mean daily maximum temperature; O——0, mean

daily minimum temperature.
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Studies on the vesicular-arbuscular mycorrhizae of Eupatorium

adenophorum Spreng, E. riparium Regel, and Osbeckia crinita

Wall, ex. Don. under natural conditions.

Introduction

Eupatorium adenophorum, E. riparium and Osbeckia

crinita are the three commen uweed species of north-east India.
They occupy a vast area in cultivated land as well as in forest.
The wide occurrence of these weed species have tﬁe wide spread
root system in soil and therefors, the rhizosphere activity of
these weed species may have marked influence on the microbial
activity, the mycorrhizal activity and subsequently the general

soil fertility of the region.

The rhizosphere of the plant species is the site of
greater microbial activity and also harbour the higher micro-~
bial population than the adjacent soil (Katznelson et al.,1948;
Clark, 1949; Starkey, 1958; Rovira, 1965 and Timonin, 1965). .
The seasonal changes, the soil fertility and the age of the
plants, affect the mycorrhizal infection and the éxtramatrical
spore population (Hayman, 1970: Mosse, 1973a). The sources of
the mycorrhizal propagation under nmatural tondition mr the
infected root systems, the endogone spores produced by them
and the mycorrhizal hyphae spread in sopil. The vesicular-
arbuscular mycorrhiza is least host-specific (Mosse, 1973aj
Gerdemann, 1975) and thus the wide spread root-system of any

plant species may enrich the general mycorrhizal status of the
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field soils. The higher mycorrhizal potential of the soil can

support the better grouwth of the crops also.

The present work was undertaken to svaluate the myco-
rrhizal activity within the root and also in the rhizosphere
of the three weed species in relation to the changes in the
soil nutrient concentration. In addition to this, the fungal

flora of the rhizosphere has also been assessed.

Material and Methods

The pure stands of Eupatorium adenophorum, E. riparium

and QOsbeckia crinjta, were selected for the study. Several

small sesdlings of £« adenophorum and E. riparium were tagged

just after their emergence in the month of March/April in natu-

re. But in case of Osbeckia crinita, no seedlings were found to

be emerging from the seeds and all the sproufs emerging in the
month of March/April were traced to be connected with the
tuberous roots lying beneath the soil surface. So, the roots
and rhizosphere soil, in case of Q0. crindta were collected only

from the new roots coming from the young sprouts.

Collection of Samples- The area of 20 m x 20 m was marked in
the pure stands of the three weed species. From this area the
s0il with intact root system upto 10 cm. depth was collected
from 6 different spots and brought to laboratory in sterilized
polythene bags. The sterilized polythene bags were used only
for the year 1979-80, when the rhizosphere fungal flora uas

also estimated.
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Further, in the laboratory, the roots of all the three
weed species were separated from the soil for the inoculation
pF the rhizosphere fungal flora and for the mycorrhizal inFec—b
tion assessment, separately. The separated roots of thse repli-
cates were mixed to form a composite sample of rooct and similar-
ly the soils were mixed for the composite sample of soil. The
pH and the moisture content of the rhizosphere soil were assess-
ed immediately. The inoculation for the rhizosphere fungal flo=-
ra was also done within 4 hours of the collection. The mycorrhi-
zal infection was assessed either same day or otherwise, the

roots wsre preserved in F.R.A.

Rssessment of rhizosphere fungal flora- The fine roots (mostly
tertiary) which are mostly infested with the vesicular-arbuscu-
lar mycorrhiza, uwere gently tapped in order to remove the extra
soll particles from the root surface and the roots with closely
adhered soil particles were transferred to the conical flasks
containing 100 ml. sterilized distilled water. These conical
flasks were shaken on the mechanical shaker for 15 minutes and
finally 0.5 ml of the suyspension was inoculated in each 5 petri-
plates containing Rose-Bengal-Agar medium (Martin, 1950). The
inoculated plates were incubated for 6-7 days at 25°C in B.0.D.
incubator. The total fungal colonies which appeared after incu-
bation were counted and the fungal species were identified. The
weight of the rhizosphere soil was determined after removing
the root from the conical flasks and evaporating the water

from the soil suspension first on the hot plate and then in a

hot air oven at 105°C for 18 hours. After drying, the conical
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flasks were cooled and weighed, and the weight of the conical
flask was deducted from this weight, which fipally gave the

weight of the rhizosphere soil suspended in the water.

The total fungal population was calculated as follous:
Total no. of fungi/g soil

- No. of fungal colony X dilution factor
Weight of rhizosphere soil (g)

X 100

Determination of mycorrhizal infection and isolation of Endogone
spores- The root was cut into approximately 1 cm. segments ard
boiled in 10% KOH for 90 minutes, washed with waterand slightly
acidified with 5% acetic acid. The staining was done in cotton
blue and the stained segments were obseriked under microscope
for the estimation of infection. The method was followed accor-
ding to Phillips and Hayman (1970). The percentage infection
was calculated as follous:
>
No. of infected segments

% infection = , X 100
Total segments observed

The Endogone spores were isolated by wet-sieving and
decanting technique (Gerdemann and Nicolson, 1963). 10 g soil
was stirred in 500 ml uwater, in a beaker, allowed to stand for
one minute and decanted to pass through_ the sieves of the size
156 my, 90 4 and 50 . The process was repeated thrice and the
spores retained on the sieves were washad thoroughly in tap
water. Further, all speres were collected together and filtered
on the Whatman No. 1 filter paper. The spores were counted under

simple stereomicroscope.



46

Soil analysisi-

pH and moisture content determinaticn~ 10 g of soil was
diluted in 50 ml distilled water and stirred for 15 minutes an
mechanical shaker. The pH was read in amelectric digital pH
meter. For the determination of moisture content, 10 g soil
was dried in a hot air oven at 105°C for 24 hours and we ighed.,

The percentage moisture content was calculated as follows:

Loss in weight on drying {(g) X 100
Initial sample weight

% moisture content =

Organic matter determination- 1 g sieved soil (through 0.2 mm.
sieve) was taken in a 500 ml conical clask in which 10 ml
K,Cr,0, (1N) and 20 ml Conc. H,50, were added and left for 30
minutes. After that, 200 ml distilled water and 10 ml ortho-
phosphoric acid (85%) were added and finally titrated with

FeSD4 (1N) using diphenyl amine as indicator. The percentage

organic matter was calculated according to the formula given

belows
Vv, -V
% organic matter = ————=2- X 0.003 X 100 X 1.724
W
Where, V1 = Volume of K2Cr207
U2 = VYolume of FeSD4
W = Weight of soil (g).

Total nitrogen determination- 10 g sieved soil was transferred
in a 300 ml digestion flask and moistened with 25 ml of distill-
ed water. After about 20 mnts, 20 g mixed catalyst (20 g copper

sulphate + 3 g mercuric oxide + 1 g selenium dioxide) and 35 ml
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of Conce. HZSU4 were added. The digestion was done first by lou
heating and afteruards at high temperature, in digestion units.
The digestion was completed in about 2 hours, when the uhole
content was diluted with distilled water in a 800 ml flask and
disﬁilled in presence of 40% sodium hydroxide. The released
ammonia was ahbsorbed in 4% boric acid and titrated with N¥14
HCl. The percentage nitrogen was calculated as follouwss

1.4
S

% nitrogen (T - B) X NX

Where, T = Sample titration
B = Blank titration
N = Normality of Acid
S = Sample weight (q)

Determination of available phosphorus+ The available phospho-
rus was first extracted in Ammonium fluoride extraction solu-
tion. The extraction solution was prepared by mixing 15 ml
NH,F solution (37 g/1000 ml1) with 25 ml HC1 (0.5 N) and 460 ml
distilled water. & g sieved soil was taken in 100 ml conical
flask in which 14 ml extraction solution was added and stirred
for 15 minutes on mechanical shaker. The sxtract was filtered
through Whatman No. 44 filter papere. 2 ml of this aliguate uas
diluted with 5 ml water and further added with 1 ml ammonium
malybdate and 2 ml stanus chloride to develob the blue colour
and reading the optical density. The 0.D. was read at 660 nm.

and converted into known units through the standard graph. The

available phosphorus (ppm) was calculated as follouws:
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Available P (ppm)

ppm of P in solution X combined volume

aliquate (ml) X sample Wt (g)

Determination of exchangeable potassium- The potassium uas
extracted in Ammonium acetate solution (pH 7), which was pre-
pared bﬁ mixing 575 ml of glacial acetic acid with 600 ml of
ammonia sclution and diluted to 10 liters with distilled watere
The pH was adjusted to 7 + 0.05 with the help of acetic acid or
ammonia solution. 10 g sieved so0il was stirred with 250 ml of
extraction solution for one hour and filtered through Whatman
Noe 44. The exchangeable potassium was re@d in a photo-flame
meter and converted into known unit through standard graph. The

calculation was done according to the formula:

gxchangeable K (mg/g)

C (ppm) from qraph X_solution volume
103 X sample wt (g)

A1l the methods of soil analyses were follouwed

according to Jacksen (1967) and Allen (1974).

Results

Mycorrhizal infectign:

The mycorrhizal infection in E. adencphorum ranged

between 50 to 80 percent throughout the year except in uinter
months when it was very high. The infection level was compara-

tively higher in 1980-81 but the pattern of infection remained
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similar during both the years (Fig. 1a2). The analysis of

variance shouwsd that the mycorrhizal infection was negatively
correlated with most of the data with respect to soil proper-
ties as well as climatic factors (Table 1.4), but the signi-
ficant relationship was noliced only with maximum and minimum

temperature.

Like £+ adenophorum the higher infection percentage
was also recorded in E. riparium during winter months and the
maximum infection percentage was observed in January (1979-80)
and December (1980—81). A depression in infection occurred.in
March (1979-80), April (1980-81) and in September (in both the
years) (Fig. 1b). The mycorrhizal infection did not follow the
similar pattern during both the years. In 1979-80 it was found
to be positively correlated with pH, nitrogen (significant at
5% level) and potassium but negatively correlated with others.
The negative correlation was found to be significant with

maximum temperature (5% level) and minimum temperature (1%
level) while in 1980-81 it was not significant statistically

(Table 1.5).

The infection pattern in Osbeckia crinita was guite

‘different from the other two speciess. The infection shouwed the
increasing trend from March/April i.e. from the beginning to
December i.e. the end of the life cycle and almost similar
pattern was observed in both the years (Fig. 1.2). The analysis
of variance showed that th2 mycorrhizal infection was negatively |

correlated with the climatic dates and the soil properties
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except with organic matter and total nitrogen in 1979-80 and

with available phosphorus in both the years.(Table 1.6).

The observation of the roots for the mycorrhizal
Vinfection revealed that in a2 12 month cycle sometimes dual’
and/or triple mycorrhizal infection (distinguished morpholo-
gically) developed in the root cortex. The external vesicles
(characteristics of Gigaspora sp.), ths fine endophyte (cha-

racteristics of Glomus_ﬁenuis) and the coarse esndophyte

(formed by more than one mycorrhizal strain) were observed
either singly or in associations sometimes. When the percentage
infection by G. tenuis was estimated in the year 1980-81, in

case of E. adenophorum and E. riparium it was fou d to be

negatively correlated (significant at 5% level) with the
average temperature and particularly with lower temperature

of winter months (Fige 1.3).

The higher spore population was observed in the

rhizosphere of E. adengphorum throughout the year in 1979-80

and 1980-81. Two peaks of maximum spore numbers, one in August
and another in December were observed during the year 1979-8C
but in the year 1980-81 no marked fluctuation in spore popula-
tion could b= gbserved (Fig. 1.1.a). The relationship of spore
population was found to be positive with moisture content, the
organic matter and the total nitrogen, but negative with the
otherse. The significant correlation was obtained only between
spore population organic matter and nitrogen in 1980-81

(Table 1.4).
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The spore papulation in the rhizosphere of L.riparium
was comparatively less in 1980-81 than the previous year. The
gradual increase in spore population was observed from June
to November, which further declined graduslly in 1979-80, but
no trend could be observed in 1980-81 (Fig. 1.1.b). In the
year 1979-80 a significant (P > 0.05) positive correlation
was found betuween spore population, pH and organic matter
while the relationship with maximum: temperature was negative
(significant at 5% level). Howaver, no correlation was found to

be significant during 1980-81 (Table 1.5).

In case of Osbeckia crindta the spore population

showed only little fluctuation upto August which decreased in
September, but later on a different trend was followed in the
subsequent year. During the period 1980-81, thz spore popula-
tion increased to maximum peak in October and declined subse-
quently. In 1979~80, houever, it maintained a continuous
increase upto December (Fig. 1.2); The negative relationship

of spore population with maximum temperature, minimum temperatu-
re and the rainfall was found to be very significant (P > 0.01)
in 197§-80 while in 1980-81 the significant (P > 0.05) rela-

tionship could be obtained only with nitrogen (Table 1.6).

Based on morphological characters three mycorrhizal
furgi could bas identifisd viz., Gigaspora sp., Glomus sp. and

the spescies of Sclergcystis. The Gigaspora sp. were found

to be very less (never more than 8 in 10 g soil) whilz the

Sclerocystis sp. could be seen only rarely. The majority of
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the Endogone spores probably belonged to more than one species

of Glomus.

Rhizosphere fungi:

The total fungal population in the rhizosphere of

E. adenophorum and E. riparium exhibited almost similar pattern

throughout the year (Fig. 1.4). It was less and remained un-

changed from March to June which began to increase afterwards.
An abrupt decrease in fungal population was noticed in Septem-
ber which again increased sharply but afterwards it maintained

a decreasing trencd.ln case of (sbeckia grinita very less number

of total fungi was recorded and also the trend was different
from the other tuo species. It remained unchanged upto June

but showed the continuous increase, subsequently, reaching
maximum in December (Fig. 1+.4). The fungal population in tre
rhizosphere of- 0. crinjta showed significant positive relation-
ship with Endggone spores (P> 0.05) and infection percentage
(P > 0.01) and significant negative relationship with maximum
tempdrature (P> 0.01) and minimum temperature (P > 0.05).

The relationship of the rhizosphere fungi in case of E.

adenophorum and E. riparium wes not found to be significantly

correlated with any of the factors. The most common fungi

'present in the rhizosphere were, ygasts, Irichoderma viride,

Pgnicillium sp., Phoma humicula along with the Sterile white

mycelium colonies which were frequently isolated (Table 1.7).



The percentage YA-mycorrhizal infection and
Endoggne spore population in two year cycle.

a, £E. adenophorum; b, E. riparium.
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The percentage VA-mycorrhizal infection and
Endogone spore population in two year cycle of

Usbeckia crinita.
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Fige 1.3 Relationship of the average temperature with
the percentage occurrence of the "fine endophyte®

in the root of E. adenophorum (a) and E. riparium

(b) in one year cycle (1980-81). 0—0, 3veragé
tempenoture .
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Fig. 1.4 The total fungal population in the rhizosphere

of £. adenophorum, E. riparium and 0. crinita

during 1979-80.
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Tables1.1. Rhizosphere soil properties of Eupatorium adenophorum

——

Moisture Organic Total Rvailable Exchangeable

Sampling pH content matter Nitrogen Phosphorus Potassium
months (%) (%) (%) (ppm) (mc/q)
I 1I I II I II I II I 11 I 11
June 5.80 5.95 33.33 58.73 2.75 3441 0.25 0.19 10.60 5.9€8 0.33 (013
July 5.46 5.46 56.47 35.14 4.47 2.98 0.27 0.21 2.52 4.40 .21 0.18
Rugust 5.60 5.91 68.63 21.21 4.98 2.22 0.31 0.10 6.60 10.70 0.30 C.14
September 5.47 5.60 72.31 27.22 4.78 1.84 0.29 0.20 5.20 4473 .41 012
October 5.60 5.76 36.61 32.14 3.80 3.32 0.24 0.20 2.52 4.40 0.17 0.14
November 5.58 6.20 27.30 36.99 4.45 4.19 0.29 0.22 5.20 5.51 0.2? 0.15-
December 5.55 5.80 40.84 31.22 4.65 3.72 0.28 0.19 5.20 4.80 0.23 0.13
January 6.10 5.97 7.18 19.15 4.23 2.689 0.30 0.17 10.60 6.62 C.28 0.14
February 6.30 5.98 8.93 21.05 4.75 2.54 0.28 0.15 9.45 5.75 0.24 0.15
March 6.55 6.07 5.26 21.95 4.35 2.28 0.31 0.11 5.99 5.51 0.29 0.17
April 5.80 5.86 33.33 17.65 2.20 2.83 0.21 Q.12 3.62 3.94 .19 (.28

May 5.70 6.10 21.21 54.80 3.10 2.93 0.20 0.14 3.31 12.78 0.25 0.23




Tabla: 1.2 Rhizosphere s6il properties of Eupatorium riparium

Moisture Organic Total Available Exchangeable

Sampling pH content matter Nitroaen Phosphorus Potasgium
months 1 11 I (%) 11 1 (%) 11 I (%) 11 1 (me)II I(mgﬂﬁll
June 5.73 5.50 39.08 42.86 2.26 3.52 0.22 0.19 . 6.93 7.10 0.21 0.17
July 5.80 5.50 49.13 26.58 4.26 3.78 0.217 0.19 2.76 2.68 0.18 0.18
August 5.40 5.80 57.23 21.35 4.60 3.15 0.21 0.20 4.72 6.62 0.13 0.16
September 5.63 5.60 40.84 27.22 3.0 1.84 0.23 0.20 5.20 4.73 0.17 0.12
October 6.0 5.50 52.43 28.15 3.90 3.20 0.25 0.20 7.70 4.40 0.20 0.14
November 6.10 5.70 29.87 25.0 3.66 3.10 0.19 0.14 3.62 5.51 0.17 0.13
December 6.10 5.76 32,10 23.0 322 3.88 0.25 0.16 2.09 8.03 C.23 0.15
January 6.30 5.87 23.15 19.15 4.45 2.69 0.32 0.17 B.66 6.62 0.23 0.14 .
February 5.85 5.98 11.48 20.05 4.15 2.60 0.28 0.13 5.50 5.80 .20 0.15
March 6.10 5.90 1111 28.21 4.17 4.14 0.29 0.12 7.70 2.21 0.17 0.18
April 5.79 6.03 25.0 21.95 2.87 3.55 .23 0.17 3.0 3.62 0.24 0.25
May 5.60 5.90 21.217 54.80 2.0 3.10 0.19 0.20 3.0 9.61 0.30 0«25

I = (1979-80); II = (1980-81).



Tables: 1.3 Riizosphers soil properties of 0Osbeckia crindita

— —.

Moisture Organic Total Rvailable Exchaﬁgeable
Sampling pH ) content matter Nitrogen Phosphorus Potassium
mont hs (%) (%) (%) (me (WQ/Q)

I 11 I 11 I I1 I ‘11 I 11 I 11
lvlarCh 5.30 - 16627 - 4075 - D-SO - 3086 - 0014 -
April 4,90 5.56 14494 23.46 2.30 4.09 0.219 0.23 7.70 3.94 0.15 0.20
fay 5.30 5.70 15.87 31.41 2.68 3.40 0.19 0.13 13.90 6.62 0.18 0.10
June 5.33 5.50 29.53 33.33 4.10 3.76 0.24 0.18 4.33 5.51 D.44 0.10
July 5.30 5.50 43.21 26.58 4.24 3.78 0.25 0.19 4.33 2.68 0.18 0.18
August 5.20 5.51 41.44 18.76 4.919 3.88 0.31 0.16 4.72 4.40 0.17 0G.10
September 5.30 5.60 44.92 27.22 4.48 3.26 . 0.28 0.14 6.93 5.98 0.19 0.07

October 4.92 5.50 17.23 23.10 3.05 3.26 0.30 0.19 13.78 4.42 0.15 0.05
November 5.20 5.30 12.35 11.11 4.90 4.60 0.28 0.23 2.92 5.97 0.18 0.12
December 5.33 5.40 24.68 12.10 3442 3.40 0.28 0.18 3.94 8.03 0.17 0.13

I = (1979-80)3 II = (1980-81).



Tables 1.4

D

Relaticonship (r) of the spore population, ‘he mycorrhizal infection with rhizosphere

soil properties and the climatic factors in Eupatorium adenophorum

Rhizosphere

soil properties

VNt R T m mcsmmw s s oy

e e am—om A

Climatic factors

\ Max. Min. Rain-
pH MC om N P K T T a1l
Spore
population
1979-80 -0.432 0.246 0.411 0.359 -0.012 -0.146 ~-0.348 -0.251 -0.251
1980-81 0.099 0.109 0.741%% 0.625% -0.480 ~-0.119 -0.391 -0. 301 -0.291
Infection
percentagse
1979-80 0.167 -0.486 -0.111 -0.064 0.146 -0.423 -0 .597% -0.648% -0.470
1980-81 -0.284 -0.184 0.066 ~-0.150 -0.108 -0.065 BO.655% -0.593% -0.403 °
MC = Moisture content, OM = Organic matter, N Nitregen, P = Phosphorus,

K = Potassium, T = Temperature.

* Significant at 5% level; ** Significant at 1%

level.



Table: 1.5 Relationship (r) of the spore population, the mycorrhizal infection with

rhizosphere soil properties and the climatic factors in tupatorium riparium

Rhizosphere soil properties i Clipstic fsctors
‘ Max . Min Rain-
H KIS oM N

P P K T T Fall
Spore
population
1979-80 L.576% 0.040 0.584% 0.373 0.144 -0.532 ~-0.651% f0.547 -0.517
1980-81 0.196 -0.151 0.2309 -0.094 -0.361 0.342 0.118 ~0.079 -0.060
Infection
percentage
1979—80 09527 —60168 -00013 0-589* ’0.087 00393 -0-654* -00697** —00338
1980-81 ~0.552 0.124 0.438 0.065 0.280 -0.260 ~0.042 0.175 0.023

MC = Moisture content, 0N

K = Potassium, T

Temperature

Organic matter, N = Nitrogen, P

= Phosphorus,

# Significant at 5% level; *¥ Significant at 1% level.



Table: 1.6

Relationship (r) of the spore population, the mycorrhizal infection with

rhizosphere soil properties and the climatic factors, in Osbeckia crinita

Rhizosphere soil properties Climatic factors
pH ' mC oM N P K Max . Mine. Rain=-
T T fall

Spore
population
1979-80 0.183 -0.387 0.084 0.391 -0.205 ~0.263 -0.790%% ~0.819%% -0,735%%
1980-81 -0.50 -0.284 0.341 0.756% -0.306 0.077 -0.154 -0.219 -0.375
Infection
percentage
1979-80 -0.035 -0.195 0.148 -0.640% 0.215 0.069 -0.620% ~0.532 -0.510
1980-81 -0.367 -0.439 -0.299 -0.364 0.451 0.719% -0.321 -0.091 -0.335

MC = Moisture content, OM = Organic matter, N = Nitrogen, P = Phosphorus,

K = Potassium, T = Temperature.

# Significant at 5% level; *¥ Significant at 1% level.



Tabls H Te7s

List of fungi present in the rhizosphere.

Fungd JAN FEB MAR APR MAY JUN JuL AUG ocT NOV DEC
isolated : —
B AR BC B C B C B C B B B BC ABC AB
Absidia spinosa T - -t -~ - + - - - - + - - e - = - -
Lendner. . 4
Acremonium sp. - - - - + - - - - - - - e et - = -
Alternaria - - - - - - - - - - - _— - et = - -
alternata
A. tanuis Nees. - - - - - - - - - - - - _— . = - - = -
Ascomycetes - -+ - - - + - - - - - _—— e - - = -
Aspergillus ni- - - - - - - -+ -+ + + -+ ++ + o+ o+
ger Van Tiegh.
Aspergillus sp. - - = - - - - - - - - - - - - e e = = o=
Aureobasidium sp.- - - - - - - - - - - - - - - -- === - -
Cephalogsporium - - - - - + + + + + - + + - - -+ = = + -
Chastonlin op  m - - —— = Fme mmm m—m == i} - oo
Cladosporium spe. + - + - + + + + + + - - + + -+ o+ +
Geotrichum sp. e i R R - - - e 4 - = = -
Isaria sp. - - - - - -+ - - + o+ - + - B
Hucor sp- - - =+ - -+ + - + + + - - T
Monilis sp. - - - - - - - -+ - - - - - _— .- - - - -
Paecilomyces spe = = - = - - + - - - - - - - - - - - - - - -
Papularia sp. - - =+ - - - - - - - - - - - - - - -
Phoma humicola o m=ra + + - - + - + - - - = + + + + +

Grimes. Connor
and Cummins .

(Contd----)



Table ¢ 1.7

Fungi
isplated

FEB

MAR

APR

MAY

JUN

JuL

AUG SEP

ocT

NOV

DEC

C A

B

c

A

B

C

A

B

C

A

B

C

A

B

c

ABC ABC

Penicillium

fum-

dgatus
Penicillium sp
Spc 1
Penicillium
Spo 2

Pythium sp.

Rhizopus sp.

2Lopulariopsis
SP.

Trichoderma vi-

ride Pers.txe.
Gray.

Verticillium
Spv
Yeasts 1
Yaast filamen-
tous 2
Starile white
mycelia

Sterile Black
mycelis

A = 0Osbeckia

o

crinita;

Eupatorium adsnophgorums

C = Eunatorium

riparium.
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Discussion

The highest infection level was achieved by all the
three plant species in winter months as has alsoc been reportec
by Sparling and Tinker (1978a). The life cycle of the Osbgckia
crinita is completed within 8 or 9 months befueen Mérch/ﬁpril
and December. The mycorrhizal infection in this plant species
increased with the age of the plants (Hayman, 1970). The age
of the plant was not related to the infection level in case of

E. adenophorum because the higher infection level was main-

tained throughout the year (Fig. 1.1.a). However, in E.riparium
comparatively lower infection percentage was noticed at
seedling stage around March/April. Although both the species

of Eupatorium are found mostly under similar conditions in
nature, therefore, the difference in the infection pattern
among them should be attributed to the individual plant

charactere.

The seasonal influsnce on the dominance of the ®fine

endophyte” (Clomus tenuis) uas interesting. It appeared that

the louwer temperature in the winter months favoured ths acti-
vity of G. tenuis beecause the negative correlation betuween the
infection percentage by this endophyte and the average tempe~

rature (—0.589 and —0.610 in case of E. adenophorum and

E. riparium respectively) was found significant at 5% level
(Fig. 1.3 a,b). The occurrence of fine endophytic infection

(Rhizosphagus tenuis) in tussock grasses in New Zealand at

higher altitude has also been reported by Crush (1572). The
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presence of G+ tenuis as the dominant endophyte in most of the
plant species of higher alpine vegetation (Haseluandter and
Read, 1980), and the dominance of the G. tenuis in winter

months in case of Eupatorium species, suggest that the activity

of G. tenuis is mostly favoured by lower temperature.

- ARlthough not presented in data, it was observed that
the external vesicles (formed by Gigaspora sp.) always appeared
‘during summer months (between March to Uctobar). It can be
assumed that the higher temperature of the enviromment favoured
the activity of the Gigaspora sp. The co-existence of the fine
endophyte as well as the coarse endophyte has also bgen repor-

ted by Ali (1969) and Crush (1873).

The Endggone spore population Fbund in the rhizosphere
of all the three plant speciss was quite within the range of
what has been reported by others (Mosse, 1973a). Houwever, no
clear trend in spbre population could be obtained in case of

E+« adenophorum and E. riparium and also the correlations: with

mast of the edaphic charécters were not found to be signifi-
cant statistically. The dominance of the G. tenuis during win-
ter months may be considered to be important factor behind
this because, L. tenuis produces such a small spores which
cannot be recovered on the sieves of 50 a4 pere size (Hayman,
1978). The geographical conditions of the north-east region
and the agriculture practice followed by the local traibals
could also be considered. The shifting cultivation practice,

exposes the top soil to heavy erosion due to high annual
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rainfall. Therefore, the water Fiou carriss the soil parti-
cles, the organic matter and the nutrients alona uith the
Endogone spores because most’of the spores are preseht only in
upper 15 cm depth of soil (Mosse, 1973a). Probably this may
be one of the reasons as to why most of the correlations be-
tween the spore population as well as the percentage infection
wers not Foundvto be significant with respect to soil pro-
perties. On the other hand the climatic factors such as
temperature (maximum and minimum) and the rainfall shbued the
negative relationships with the spore population and the
mycorrhizal infection which were sometimes found significant
at 1% level also. Therefore, it can be concluded that the
rainfall~and the temperature fluctuation which are controlling
envirommental factors of this region have marked influence on
the mycorrhical status of the so0il and the plant species. As
regards the "rhizosphere effect’, it has been reported that
the spore population is not related to the host species
(Kruckelman, 1975). The gensral increasing trend of the spore

population in the root region of the Osbeckia crinita may be

attributed to its annual character because in the later half
of the 1life cycle when the roots were dying the increase in

spore population was expected (Hayman, 1978).

The increase in population of rhizosphere fungi

during July-November in case of E. adenophorum and E.riparium
may be attributed to the high moisture and comparatively warm

atmospheric conditions which would have favoured the greater
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fungal activity either directly or through the "rhizosphere
effect?, because that period happens to be the greater grouwth

period of both the Eupatorium species. However, in case of

OUsbeckia crinita, higher fungal population was recorded in the

later half of the life cycle. The contribution of the dead
roots in the surrounding may be the reason of the highest
fungal population in the month of December (Alexander, 1978),

when the plants die after flowering and fruiting.



CHAPTER 1I
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The comparative studies of the Vesicular-arbuscular mycorrhizal

status of two contrasting siteso.

Introduction

The ubiquitous nature of vesicular-arbuscular type of
mycorrhiza is well knouwn (ilesse, 1973; Gerdemann, 1975). The
mycorrhizal association with the root system is so preQalent
that it is difficult to separate the non-mycorrhizal root from
the natural conditions. Wilhelm (1966) stated truely that under
field conditions, plants do not strictly speaking have roots—

they have mycorrhiza.

The shiFting cultivation which is common in north-east
India, has disturbed the lands of this region to a great extent.
The frequent burning of the above ground vegetation has its
adverse effect on the normal root produbtion capacity of the
soil. The natural roots are the sites of mycorrhizal prolifera;
tion and the network of the mycelial extensions of the mycorrhi-
zal fungi bayond the root surface in addition to other soil
fungal species are reported to be responsible for the aggrega-
tion of sandy soils (Bond, 1960; Bond and Harris, 1964; Thornton
.,E__t,_g_l_-, 1956; and Sutton and Sheppard, 1976). The hilly slopes
of this region, which receives very high rainfall anoually,
have creafed a favourable condition for the accelerated soil
erosion, particularly when the aggregating power of the soil

has been reduced considerably.
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During the process of so0il erosion not only the fer-
tile soil but the mycorrhizal spores (uhich are mostly found in
the upper soil horizons) are also washed along with the srodsd
soil. Therefore, it was thought relsvant to assess the mycorr-
hizal loss in such a disturbed situation. The present work
deals with the comparative study of two sites with respeet to
seasonal changes in root production, the nutrients concentra-
tion, with special reference to the mycorrhizal infection and

the mycorrhizal spore populations at different soil depths.

flaterial and PMethods

Two contrasting sites, one open, upland and the other
closed, doun the hills, were selected. The open site designated
as Site I was under frequent disturbahce of burning and uas

characterised by the very sparge overstorey of Pinus kesiya

with the understorey dominated by the herbaceous weed species

like Osbeckia crinita, Arundinella benghalensis, Imperata

cylindrica and Launea spe. On the other hand, the closed site
designated as Site II, was an old forested fallow with the

denge Pinus kesiya as the dominant tree component of the over-

story and Eupatorium adenophorum and E. riparium as the domi-

nants of understory.

The sampling area of 20 m X 20 m in both the sites
were marked and the soil samples uere collected from six depths
(0-5, 5-10, 10-15, 15-20, 20-25 and 25-30 cms) and six random-

ly selected spots. The sampling was started in 0October, 1980
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and four samplings were done in order to cover four seasons.
January represented the winter, April, the spring, July, the
rainy and October, the autumn seasons. All the samplings uwere
done at the end of the respective months. It is important to
mention here that Site I was subjected to burning in the third
week of March 1981, and hence the sampling of April was done

after five weeks of burning.

Further, from each lot of soils of different depths,
50 g soil with intact root systems was weighed in duplicate and
from the weighed samples the root materials were taken out
carefully by small forceps under very shallow water in a tray.
These roots were thoroughly washed in water and weighed after
being blotted between the filter papers. The ectomycorrhizal
roots and also the dead roots (distinguished morphologically,

by the presence of dichotomous branching and black colour res-

pectively) were removed before weighing. Later on each repli-
cate of roots of different depths were mixed together separa-
tely. However, the root seperation on individual plant species
level could not be done in order to minimise the loss of fine
roots (Sparling and Tinker, 1978a). + K soil samples repre-
senting sach replicates were further mixed together and except
a small amount which was taken for the pH and moisture con-
tent determination, the rest was air dried before the Endogone

spores were isolated and the nutrient analyses were done.

For the estimation of mycorrhizal infection in the

root system, comparatively thimnmer roots were cleared, stained
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(Phillips and Hayman, 1970) and observed under microscope. In
case of lower depths, the root matsrials were considerably less,
particularly at Sits II, hence only 40-60 root segments could

be observed.

The Endogone spores were isolated from 10 g air dried
soil in triplicete following the method wet-sieving and decan-
ting (Gerdemann and Nicolson, 1¢63) and the spores retainea on
the sieve pore size of 150 wi, 90 u and 50 4 uwsre separately
filtered on the filter paper (Whatman No.1). The spores were

counted under simple stereomicroscops.

The following methods were followed for the estima-
tion of nutrients concentration of soils Walkely Blsck methed
for organic matter, Micro-Kjeldahl method for total nitrogen
and Molybdenum blue method for available phosphorus - as
outlined by Jackson (1973). The potassium was extracted in
ammonium acetate solution (pH - 7) and read in flame photo-,

meter, following Allen (1974).

Results

Seasonal variationt—- The root weight in the April sample of
Site I uwhich was taken after 5 weeks of burning was signifi-
cantly less than others. Afterward the root weight shﬁued a
conttinuous increase along the seasons and was maximum in
January (Fig. 2.1b). The higiiest peak in root production was

observed in October at Site II but an abrupt fall was recorded
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in July (Fig. 2.1b). The vesicular-arbuscular mycorrhizal in-
fection folloued almost the pattern of root weight in all the
seasons and at Site II it show2d a significant (P> 0.05)

positive correlation (r = 0.94) to each other (Fig. 2.1b).

The spore population exhibited the reverse trend and
generally Sile I harboured less number of spores than Site II.
In the rainy season (July) the sbore population was highar at
Site II but less at Site I. The seasonal fluctuation of spore
population showed reverse trend at both the sites (Fig. 2.1c).
The analysis of spore size revealed that the majority of the
sporesy were of the size > 90 a, followed by > 50 4 and
least were the spores > 150 4 (Fig. 2.1a), in the total spore

populations.

The soil O6f both the sites was acidic (Fig. 2.2e).

The moisture content of the soil at both the sites was lowest
in January and highest in July but comparatively higher moistu=-
re percentage wss recorded in Site Il than Site I in all the
seasons (Fig. 2.2.f). The soil organic matter, the total nitro-
gen and the available phosphorus of on2 site was found negati-
vely correlated to other. Two maxima, one in April and another
in October were observed for organic matter and nitrogen at
Site I whilz in contrasf to this, two depressions uere noted

at Site II during the same period (Fig. 2.2c,d). The maximum
peak in avsilable phosphorus was achieved in July at Site I

and in April at Site Il but the eorresponding concentrations

of the same at both the cites were generally reverse to each
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other (Fig. 2.2.a). The maximum potassium peak was observed

in July and also their fluctuation in concentrations due to
season were similar at both the sites (Fig. 2.2.b)e In general,
the concentration of all the nutrients was higher at Site II

and the seasonal effect was more pronounced at Site I.

Depth-wise variations:- The decrease in root weight along

the depth was common at both the sites (Fig. 2.3). Houwever,

the total root production was significantly greater (P > 0.05)
at Site I than Site II throughout the seasons along the depths,
except at lowar depths (20-~30 cms). At Site I, the decreasing
order of root weight was significant (P > 0.05) in upper 3
depths (D-15 cms) and in two depths (0-10 cms) at Site II. The
mycorrhizal infection percentage also showed the similar de-
creasing trend aleong the deﬁths but it was always significantly
higher (P > 0.05) at Site I in comparison to Site II (Fig.2.3).
The range of percentage infection was A5-47 in Site I and °7-13
in Site II. No infection was recorded in the root at lower two

depths (20-30 cm) in Site I1 in rainy season (July).

The total Endogone spores, also followed the decrea-
sing trend along the depths except at 0-5 cm. depth at Site II
when it exhibited ths unusual lower numbers than 5-10 cm.
depth (Fig. 2.4). The spore population was significantly
higher (P > 0.05) at Site I1i, in general, except.at upper
layer (0~5 cm). Here again, it uas clear that the sporss
ranging in size between 150 a4 and 90 4 constituted the major

portion of the total spore numbers followed by the size



63

betueen 90 4 and 50 A4« The spores > 150 M uefe leasﬂt in
numbers Houever, the decreasing orde£ of the spores were
significant (P > 0.05) upto 20 cm depth in Octobar, upto

15 cm'in January and July but only unto 10 cm in April in
case of Site I whereas at Site II on the other hand it was
significant upto 20 cm depths in October, upto 15 cm in April

and upto 10 cm in January and July.

The phosphorus and potassium concentrations in soil
shouad a8 decreasing trend with the increasing depths at both
tha sites (Fio. 2.5 a,b). The overall concentration of phos-
phorus however, was always higher at Site I than Site II
while the concentration of potassium was higher at Site II in

comparison to Site I at all the depths.

The trend of organic matter and nitrogen concentra~
tion was quite different in Site II while in Site I it follo-~
wed the usual decreasing tepend (Fig. 2.5 c,d). The organic
matter was only slightly less at 0-5 cm depth in Sjte II
which increased further and remained nigh and almost unchanged
at all the depths. The nitrogen concentration in Site II de~
creased at 5-0 cm depth but afterwards it showed an increasing

trend along the depths.

Discussion

Nutrient concentration was generally highest at upper

horizon (0-5 cm). At Site II the high nitrogen and organic



Fige 2.1 a.Seasonal variation in the Endogone spore popu=-
lation of different size categories present
vertically in the soil upto 30 cm depth at

Site I and Site II.

b.Seasanal variation in the root weight and the
percentage VA-mycorrhizal infection of the root
present vertically in the soil upto 30 cm depth
at Site I and Site II. O~ , mycorrhizal
infection at Site Ij A——A , nycorrhizal
infection at Site II; Q0———0, root weight at

Site I; ®&——8, root weight at Site II.

c.Seasonal variation in the Endoqone spore popu-
lation present vertically in the soil. upto
30 cm depth at Site I and Site Il. O———0, spores

at Site 1, #——8, spores at Site Il.
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Fige 2.2 Seasanal variation of the nutrients concentration
in the soil of Site I and Site 11. O——0, Site Ij
0, Site II.
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Figs 2.3 Depth=-wise variation in the amount of root and
the percentage VA-mycorrhizal infection of the

root, present in the soil of Site I and Site II.
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Fig. 2s4 Depth-wise variation of the Endggone spores of
different size categories in the soil of Site I

and Site I1.
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Fige 2.5 Uepth-uise variation of ths nutrients concentra-

tion in the soil of Site I and Site II.
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The correlaticn-coefficient value {(r) of the

TablesZ.1

Ehdogone spore population and nutrient
‘concentrations of 4 ssasons: (d.f = 3)

rganic . .

- Hatter Nitrogen Phosphorus Potassium
s
O

i site 1 0.936% . 0.750"°  _p.g14% ~0.436"
E;
Iy
qa

. N y

S Site 11 D»2632NS 0346 S -0.9916%*% ,D‘ZBORS
2
Y]

# Significant at 5% level, ** Significant at % level.

NS = Not significant.
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matter content at all the depths was probably due to the
continuous deposition of the eroded soil rich in organic mattzr
brought by water current from up the hills, Similar reason may
be attributed to the gemerally high nutrient concentration at
Site II than Site I. However, the available phesphorus was
aluays higher at Site I at all the depths which was probably
due to the éreater microbial activity and release of soluble
phosphate Lecause of the open light and high temperature condi-
tion of the site. The importance of top soil in maintaiming the
fertility level is well known. The surface layer of soil is
continuously enrichaed by the organic matters deposited through
surroundings and the nutrient status of the belowaoround soil
also greatly depends on the mineralization process at the top
because the sam= released nutrients reach down the profile

along with the uwvater movemsnt (Gupta and Rorison, 1975).

The depthuise decrease in the root weight at both the
sites was similar to the obse}vations of Sparling and Tinker
{1975, 1978a). The decreasing trend of mycorrhizal infection
along the depths, houever, was contrary to Sparling and Tinker
(1975), who found little diffsrence in infection level upto
25 cm. depth but beyond that they alsoc noticed a decline in
infection. In general,; the nutrients concentrations, mycorrhizal
infection, as well as Endogone spore: population decreased with
depth, except in the case of organic matter and nitrogen content
of the soil of Site II. The Endogone spores were higher in unper

denths. Mosse (1873a) also found the maximum spore numbers at
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upper 15 cm depths. The decrease in spores number along the
depth was also racorded by Sutton and Ba;ron (1972) and

Schwabi and Reeves (1981). The unusual less number of spores

at upper hcrizon of soil (0-5 cm) at Site II may be attributed
to the death of spores either by predation or parasitism or

spore dispersal into or out of the soil volume (Janos, 1975).

The reduction in root weight during the psak season
of growth i.e. in April (spring) in case of Site I was probably
due to the disturbance eaused by burnihg in the third wsek of
Marchs. In general, the rainy season (3uly) was found to have
greater effect on the root production, the mycorrhizal infec-
tion, the spore populaticn and in tegulating .thé nutrient
cdncentrationsa,fhe exceptionally low root weight followad by
reduction in mycorrhizal infection found in July was also
~ probably due to high moisture of the soil. Although, not
' SignifiCant, but a nenative correlation was found between the
moisture content and the root weight in different seasons. The
nutritional status, except phosphate of Site Il was very high
in the month of July, but still the root production and
mycorrhizal infection was very less. The remarks of Keely (1980),
with reference to Mosse (1973a) %the increased soil nutrients
will tend to reduce mycorrhizal formation since the plant is
less depehdent on the fungus for obtaining adequate nutrisent
supplies', seems to hold good for this. Another reason may te
the limitation of oxygen due to water filled pore space of the
soil at Site II and in that condition thevmycorrhizal fungi

which are aerobic by nature will have to depend on host for
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oxygen demand (Read and Armstrong, 1972). The moisture induced
reduction in mycorrhizal infection was also reported by
Redhead (1975). Therefore, under such a stress=d condition

the reduction in root growth folloued by the reductiion in
mycorrhizal infection may not be unusual as both the partners

of the symbiosis are interdependent.

The high root weight with higher mycorrhizal infac-
- tion at Site I, may be attributed to the greater mycorrhizal
gffect in nutrieht deficient sopil condition of the site

(Mosse, 197%;; The constancy in mycorrhizal infection in all

the seasons at Site I was probably due to some self-regulatory

mechanism as suggested by Sparling and Tinker (1978a).

Expept in October, the higﬁ level of infection at
Site I was followed by low number of spores, which was a
finding similar to Mosse and Bowen (1968) and Redhead (1271).
The decrease in the availahle phosphorus in different seasons
was coupled with an increase in the total %ndogone spores and
this negative correlation was Qery significant in both the
sites. However, it appeared that the higher spore population
at Site II, specially in the rainy season (July) was also
partly due to the deposition of the spores carried by the
Qater flow from the upland to down the hills, because after
the end of rainy season the spore numbers shoot up very high at
Site I in the month of October. According to Sutton and Bafron
(1972) Hthe seasonal decline in spore populations may be

accounted for by spontaneous germination or death, ingestion
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by soil faupa, destruction by fungal or other parasites,or

. 3 £ . * 3 - ’f
by stimuletion of agermination in the presence of living host™.

Two peaks of nitrogen, one in spring (April) and
another in autumn (Uctobcr) was observed at Site I which was
similar to the observation of Uilliams.(1969), However, as the
spring is immediately followed by rainy scason, the increased
concentration of nitrogen and organic matter of the uplands
soils (Site I) were probably washed to the valley land (Site II),
where the increased concentrations of these nutrients were
observed in July (Fig. 2.2 c,d). Potassium concentration uwas
alsc found tg be affectad byhthe rainy season. UOn the other
hand, the fluctuation in the concentrations of phosphorus in
different séasons was not like other nutrients. The concentra-
tion of the available phosphorus declined toc a gresater extent
in the rainy season in case of Site Il. The phosphate is rela-
tively immobile (Bisleski, 1973) and thus its transport along
the wvater flow from upland would also be relatively less.
‘Further; the heavy shading and comparatively low temperatura
with excess of moisture in soils of Site II was probably the
least favourable condition for the microbial release of the
nutrients including phosphate. Therefore, the low concentration
of available phosphorus in Site II @ven in rainy scason uas

probably duvue to the reasons mentioned above.

The seasonal changes in the nutrients concentration
were not found to be significantly correlated with mycorrhizal

infection at both the sites, but rhe Endogone spore population
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‘was positively correlated with organic matter and nitrogen ir
Site I (Tablz 2.1) which was probably due to tha nutrient
deficient condition of the socil. The same correlations were
however, not significant in case of the nutriemnt rich soils of
Site II. The Endogone spore population, oh the other hand sﬁoued
significant negative correlation with the available phosphorus

at both the sites (Tabls 1).



CHAPTER III
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The comparative study of the mycorrhizal infective potential

of the soils of contrasting sites.

Introduction

The tbp soil contains the maximum number of spores
(Mosse, 1973a) and therefore the erosion of top soils not only
removes the nutrients from the soil but also removes the myco-
rrhizal spores, which are not less than biological fertilizer
in promoting the growth of th%plants in-nature. The soil of the
lands situated down the hills receives the mycorrhizal spores
carried by water flou from uplands along with the top soils.
The mycorrhizal spores present in the bertical column of the
soils may also include the spores which settle down with water
movement down the profile. Therefore, the infective potential
of the mycorrhizal propagules, (including spores or resting
hyphae) present at different horizons of soils in disturbed
upland and comparatively less distufbed valley land, was

assessad.

Material and Methods

The characteristics of both the sites have aiready
been described in the chapter 2. The soils of all the six
depths collected from.both the sites in the month of April
1981 were filled in plastic pots (1.5 Kg. capacity) after
removing the roots from the soil. The gquantity of soil was

1 K. in all the pots.
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The pre-germinated onion seeds were transferred to
each pot at the rate of 5 per pot which were thinned to 3 per
pot after one week of growth. Three replicates of pots with
altogether 9 replicates of plants were maintained under glass
house conditions till five weeks of growth when the harvest was
taken. Plants were watered with ordimary tap water, thrice a

week, during the experiment period April-June, 1981.

After the harvest, the roots uere separated from the
shoots and the entire roots of replicate plants were assassed
for mycorrhizal infection, separately for each depths. The
roots were cut into 1 cm. pieces, cleared in KOH and stained in
cotton blue according to the method of Phillips and Hayman
(1971). While observing the root segments for the presence or
absence of mycorrhizal infection, the number of mycelium entry
points, the percentage occurrence of arbuscles and vesicles,
the mycelial coils formed within the root cortex and the types
of endophytes, distinguished morphologically were taken into

e‘ﬂ, 3

account. The "fine endophyt was probably the strain of

Glomus tenuis and the "coarse ewdophyte®, some species of

Glomus, as also observed by others (Crush, 1973, Ali, 1969).

Results

The infec¢tive potential of soils of Site I was
considerably low in comparison to Site II. No infection was
recorded in the soils of Site I taken from the depths betusen

20-30 cm. (Table 3.2). Even the plants grown in the soils
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between 10-20 cm depths at Site I did not shou the sign of
healthy grouthe. On the other hand, the infective potential

of the soils of Site II showed its superiority over Site I in
all the respecté, and although low, the infection uwas recorded
in the soils of louer depths also. The percentage infection,
the intensity of infection, the number of entry points per cm.
of root, showed a decreasing trend along the depths at both the
sites (Table 3.2). The "coarse endophytes" dominated aver "fine
endophytes® in cplonizing the root courtex ard the "fine sndo-.
phytes" were found to be confined at upper layer of soils only
in both the sites. The arbuscles and vesicles percentage, the
occurrence of %coil" like structure in the root cortex shouwed

a decreasing trend along the depths of soil at Site I but did
not show any trend at Site II. The shoot weight of plants
grown in the soils of Site II (Table 3.3) showed no relation-
ship betwsen shoot weight and mycorrhizal infection and it
appeared that the hutrient rich soils of Site II did not

require the mycorrhizal association to support the plant grouth.

Discussion

The comparatively higher mycorrhizal infection at
Site I under field conditions (Table 3.1) was most praobably
due to the spread of infection through infected roots and not
through Endogone spores (Baylis, 1969; Sparling and Tinker,
1978a).because, in the pot experiment with the soils of Site I,

a measurably poor infection was recorded (Table 3.2). The



Table: 3.1 The general mycorrhizal status and the nutrients concentrations of the soils of
Site I and Site II under field conditions.

e

Mycorrhizal status Soil properties

e <0l B D s ap B ) g 2 S =

.
Depths Infection Spore numbers; Organic matter Total N Rvailable P Exchangeable K
e - o '
(CITI) (/‘*) ' (1009 1 SOil) E (/’) . (%) (Ppm) (mg/g)
I Il I II j I 11 I II I II I Il

0-5 84 70 2570 1750 1.86 1.44 0.16 0.14 6.62 7.25 0.07 0.15
5-10 76 71 1280 2580 1.32 2.04 0.19 0.15 3431 4441 0.04 0.12
10-15 68 55 820 1330 0463 1477 0.06 0.14 2.48 3¢31 0.03 0.12
15-20 38 11 550 680 0.33 1.92 0.04 0.14 221 2.36 0.03 0.08
20-25 48 6 638 560 0.12 1.98 0.03 0.14 331 3.22 0.02 0.10

25=30 37 13 690 670 0.09 2.04 0.04 0.4 3.62 4,90 0.02 0.10




Table: 3.2

Mycorrhizal infective potential of the soils of
two sites (I and II)

! Depths (cm)
Parameters H
! 0-5 5-10 10-15 15-20 20-25 25-30
]
o S 1 51.0 19.30 11.70 3.30 0 0
% infection
11 63.1 0.0 27.5 13.80 5.70 4.0
Entry points/ I 3.10 2.30 1.20 0.70 0 0
cme. root
segments II 7.60 3.0 2.90 1.50 1.0 1. 30
I 64.0 56.0 3%.730 9.0 0 0
% arbuscles
: 11 63.40 16.6 22.70 11.10 27.0 0
o X 1 28.60 25.50 18.0 13.40 0 0
70 coils
(Pelotomes) 171  ,¢. 80 60.0 50.0 55.5 50.0 100
, i1 25.0 13.0 7.50 2.30 0 0
% wvesicles
11 75.60 53.30 27.30 11.10 75.0 66.60
No . of uesicles/I 4.96 3.60 1.30 0.40 0 0
infected seg- '
menbs 13.10 5.30 440 0.60 5.0 7.70
% find 1 21.40 ) 0 0 0 0
endophyte  1; 4.90 10.0 14.20 0 0 0
. 1 46440 100 100 100 0 0
qo course
endophyte 17 gg.29  76.60 58.50 100 100 100
% fine + I 32.14 0 0 ] 0 0
cogarse
endophyte 11 26.80 13.30 27.30 0 0 0
Intensity of I A + * * - -
infection 1 . t + + + +




Tables 3.3 Shoot, dry weight (mg) of the onion plants grown in the

soils of different depths. X + SE

Depthg(cms)
Sites 0-5 5-10 10-15 15-20 20-25 25-30
Site I  3.B7+0.51  2.9+0.38 2.4+0.24 2.0+0.28 1.85+0.24  1.76+0.32
7.2+0.54 2.59+0.52

Site II  6.5+0.65 5.6+0.53 7.03+0.56 7.79+0.62
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conditions of Site I was comparable to the "eroded soils"®
which are poor in mycorrhizal infection (Hall and Armstrong,
1979). The cause of disturbances in case of Site I has been
explained in the chapter 2. The extremely poor performance of
the mycorrhizal propagules present in the soils of Site I can
be attributed to the various Factors.induced by disturbances,
including: (i) The extremely poor nutrient status of the soils
of Site I (Table 3.1) which inhibits the mycorrhizal formation
as reported by Hayman (1970, 1975), Porte and Bente (1972),
Mosse (1973a), Kruckelman (1975), MclLveem, Spotts and Davis
(1975), who suggested that the excessive high or the extremely
poor nutrient status of the soils, both are inhibitory to
mycorrhizal formation. The organic material of soil alsoc pro-
vides a base to mycorrhizal spores to propagate as saprophytes
and further penetrate the new roots (Warner and Mosse, 1980).(ii)
The soil moisture, the temperaturz, the light intensity (Hayman
et al., 19763 Hayman, 1974), the various chemical factors of
soil (Schwab and Reeves,1981) and the associated microorganisms
(Mosse, 197%5, all the factors are disturbed in a disturbed
land, which are very important for the successful mycorrhizal

establishment.

Contrary.to Site I the infective potential of Site II
‘was considerably good (Table 3.2). The VAM fungi can survive
in soil as spores or hyphae (Gerdemann, 1675) and their
viability is also retained in sopil at least for a yeér (Hayman,

1975). The conditions at Site Il was more congenial for the
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preservation of the viable spores which uwas also seen in the
pot experiment uhere the soil of the louest depth (25-3C cm)

was also able to infect the root (Table 3.2)

The dominance of the fcoarse endophyte® at all the
different depths soills and the confinement of the 'fine
endophyte' at upper depths only, revealed that the active zone
of the fine endophytes are mostly the upper horizons of the
soil. The number of entry points showsed a decreasing trend
along the increasing depths which was sinilar to the decrea-
sing infection percentage probably due to decreasing order of
viable spores or hyphae along the depths. The number of entry
points at the upper depths of soil at Site II (Table 3.2)
was similar to Sanders and Tinker (1973), who observed 6
entry points per cm root in onion. The observation of Hall
(1977) that the infection in soils low in aveilable phosphorus
had more arbuscles and vesiclzs than the soil with higher
available phosphorus, was comparable to the findings of this
study. The vesicles numbar and their percentage occurrence
showed no trend and a similar erratic behaviour of vesicles
was found by Redhead (1975) in a different study. The formation
vof “coils™ by the mycelium of thé endophytes was probably
host induced and not due to different mycorrhizal strains
(Boullard ard Ferchau, 1962; Hayman, 1975). The high nutrient
levels of soil minimises the need of mycorrhizal infection
(Mosse, 1973a) and therefore the #coil® formation (very high

in Site II, Table 3.2) as a result of host resistance seems to
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be more convincing. This was obvious from the shoot weight in
the soils of Site II, which increased according to the rich
soil nutrient levels along the depths (Table 3.3) and not

‘according to the mycorrhizal infection levels (Table 3.2).

The improvement in the soil fertility for the revege-
tation of the disturbed lands by exploiting the rich soils of
Site II conditions, would be far superior to the additions of
other fertilizers because these sort of mixing the soils would
not only increase the symbiotic fungal populations, but other
microorganisms also, which are resoonsible for nitrogen
fixation, soil aggregation and also improving the physical and

chemical properties of soils (Schwab and Reeves, .1981) .
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Effect of soluble phosphate (NaQHPDA) on the vesicular-

arbuscular mycorrhiza of Eupatorium adsnophorum Spreng.

Introduction

Graw et al., (1979) included Eupatorium odoratum in

the group of plants which depends entirely on vesicular-
arbuscular mycorrhiza for their phosphate uptake and gcouwth.
Gardemann (1975) compared the growth of mycorrhizal and non-
mycorrhizal plants on different fertility levels in order to
determine the mycorrhizal dependency of a particular species.
The role of vasicular-arbuscular mycorrhiza on the growth and
phosphate nutrition of the plant has been extensively discussed
(Mosse, 1973a, Gerdemann, 1975). The decrease in the vesicular-
arbuscular infection of plant roots in response to phosphate
additions to soil has also beasn obssrved (Mosse, 1973b; Sanders,
1975, Abbott and Robson, 1977b; Menge gt al., 1978a and Jasper
et al., 1979). The present study was undertaken to evaluate the

mycorrhizal dependency of E. adenophorum in relation to

phosphate additions (0-5 g per pot) to soil. The role of
mycorrhizae in the uptake of nitrogen and pptassium has also

bgen discussed.

flaterials and Methods

The garden soil of the following properties: organic
matter 2.2%, total nitrogen 0.2%, available phosphorus 4.2 ppm,

exchaggeable potassium 0.15 mg/q, and pH 5.6, was diluted 4
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times by adding acid washed sand in 1:4, soil : sand ratio.

THis mixture was autaclaved two times at 15 1lb pressure for

3 hours with an intervel of 24 hours, in order to remove the
mycorrhizal propagules from the soil. 3K of this soil ¢ sand
mixture was put in the plastic pots and left for two weeks under
moist condition to overcome any toxic effect of steam sterili-

zation and to regain the microbial activity.

Nine concentrations of Na,HPO, i.e. 0, 0.1, 0.2, 0.4,

4
0.6, 0.8, 1.0, 3.0 and 5.0 gs were mixed thoroughly in separa-
te pots. B8 pots were used for each concentration of phosphate.
4 of these pots for each concentrations were used as 4 repli-

cates for mycorrhizal treatments and remaining 4 for the non-

mycorrhizal treatments.

The local isolate of mycorrhizal fungi Glomus tenuis,

isolated and maintained on the host Eupatorium riparium was

used as mycorrhizal inoculume. 50 ml of the inoculum containing
roots and soil was evenly spread below 3 cm of the soil surface
in the pots meant for the experiment of mycorrhizal treatments.

The remaining pots to be used for non-mycorrhizal experiments
received the twi€e filtered washings of the same inoculum in
order to keep the other microbial characters similar in both

the sets.

The seads of E. adenophorum were germinated on moist

filter paper in petriplates at 230°C in an incubator and 6 num-

bers of 5 days old seedlingswere transplanted in every pots,
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thch were finally thinnad to 3 per pot after one week of
growth. The experiment was conducted under glass house condi-
tions during the months April-August 1981. The pots were vatered
at every alternate day for 4 weeks and then twice a week till
the end of the experiment. The plants were harvested after

16 waaks s

Measuremantss~ The shoot and root length was measured by
goneral scalss. The diameter of 1st internode of stem was mea-
sured by slide callipers. Tha leaf area was calculated aon per
plant leaf dry weight basis, after determiézythe total area of
leaves of a plant by planimeter. The dry weight was obtained

after drying the plant materials at 80°C oven and rewe ighing

till constant weight.

Porcentage infection:~ For the measurement of the psrcentage
infection, the roots of approximately 1 cm. were cleared in
KOH and stained with cotton blue, following the methods of
Phillips and Hayman (1970). 70 to 100 root sagments were
observed under microscope, based on the quantity of roots, for

the presence or absence of infaction.

Chitin assays- The chitin assay of tha infected roots, was
done according to the methods of Tsuji 2t al., (1969) and Rida
and Drysdale (1972). The roots were washed carefully in the
tap water and a portion of them was cut into small picces and
blotted between filter papers. 100 mg of the blotted ronots
were weighad in’duplicate one for chitin assay and another for

dry weight determination. For the chit.in assay, the roots were
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grinded in mortar and pestle with acetone, then washed with
distilled water and boiled in concentrated KOH (120 g dissolved
in 100 ml) at 130°C for 90 minutes. Alkali was removed further
with the help of 75% and 40% ethancl. Subsequently removal of
alkali was done through centri%uging te€¢hnigue. The residue, in
the form of 'chitosan' was deaminated with NaNBz, KHSU4 and

sﬁlfamate (NH450 NH?) which was finally reacted with 3-methyl -

3

2-benzothiazolone-hydrazone hydrochloride (MBTH) and FeCl3 to
read the optical density at 650 nm. The Glucosamine hydrochloride
standard was also reacted with MBTH and FeCl3 for the colour

development ard 0.D. reading,; for the comparison purpose .

Plant material analysis:~ Root, stem and leaves uere pouwdered
separately in small grinder and also sieved by 0.2 mm sieve. from
sieved material, the total nitrogen was estimated by the micro-
Kjeldahl method. Potassium and phosphorus was estimated through
dry ashing method. For phosphorus, the magnesium acetate was
added in the plant material before ashing while for potassium
the ashing was done directly. Further, the molybdenum blue
met hod uaé used for phosphorus estimation and flame photometer
for potassium reading. All these methods were followed as
suggested by Allen (1974). The nitrogen and potassium analysis
of the non-mycorrhizal plants grown at 0 and 0:+1 phosphate
levels were not done due to very small gquantity of plant materiszl.

Soil analyses were done as mentioned in Chapter I.

Results

The chitin estimation in the form of glucosamine units
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showed a more definite trend of intensity of mycorrhizal infec-
tion in comparison to percent age infection observed by root slide
method. In both the cases the mycorrhizal infection decreased
with the increasing concentrations of phosphate in soil (Fig.

3-13) .

The mycorrhizal induced enhanced grouth was observed
at lower to medium doses of phosphates, which failed to remain
so at higher concentrations. The shoot and root length (Fig.3.2),
the leaf numbers and the leaf area of the mycorrhizal plants
(Fig. 2.3, a,c) showsd a similar grouwth behaviour with the
initial increase and then a general decreasing trend along the
phosphate gradients. The diameter of the first internode also
~exhibited the similar pattern but at 3.8 and 5.0 g phosphate
lavels a l1little increase was observed wihch was not significant

statistically (Fig. 3.3, b).

However, when coﬁpared with the non-mycorrhizal plants
the shoot length of the.mycorrhizal plants was found signifi—
- cantly greater at all the phosphate levgls except at the highest
one while the root length increase could be observed to be
significant only upto 0.4 g phosphate levgls of soil. Similarly,
the diameter of the first internode and the leaf number of the
mycorrhizal plants were significantly greater than the non-
mycorrhizal plants only at the lower levels of phosphate in seoil.
The leaf area of the mycorrfnizal plantg was always significantly

greater than the non-mycorrhizal plants (Fig. 3.3 a).

Although the increasing trand in the root dry matter
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production was observed in mycorrhizal as well as non-mycorrhi-
zal plants but the rate of increase was reverse to each other
along the phosphate gradient of the socil. The mycorrhizal
plants produced significantly more root dry weight at»louer
levels of phosphate whereas non-mycorrhizal plants produced
higher root dry weight at higher levels of phosphates and sig-
nificantly higher at the highest phosphate level (Table 4.1).
The shoot biomass and the total biomass produced by the myco-
rrhizal plants were significantly greater than the non-mycorrhi-
zal plants at louer phosphate levels but due to greater shoot
biomass production by the non-mycorrhizal plants at higher
phosphate levels, the differences were reduced to a level not

significant statistically (Table 4.1).

The root/shoot ratio was aluways lesser in the
mycorrhizal plants than the non-mycorrhizal plants The non-
mycorrhizal plants gave a higher root/shoot ratioc value at
lower phosphate levels which became louer at intermediate
doses of phosphate and again increased at highest phosphate

1evels (Table 4.1).

The nitrogen content yas highest in the leaf than in
the stem and root. The leaf nitrogen content of the mycorrhizal
plants was highest at the 0 phosphate level and lowest at the
highest phusphate level and almost constant with little decrea-
sing trend at intermediate levels. On the othey hand, the leaf
nitrogen content of the non-mycorrhizal plantg was higher

compared to mycorrhizal plants upto 0.6 g phosphate levels only,
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which declined further and showed a decreasing trend (Fig.3.4c).
Almost similar trend was noted in stem and root of the non-
mycorrhizal plants, but in case of mycorrhizal ones a constant
lguel of nitrogen was maintained at all the phosphate levels of

soil (Fige 3.4 a,b).

The potassium content in the lsaf of non-mycorrhizal
plant was higher upto 0.6 g phosphate levels which became less
afterwards. The same in case of mycorrhizal plants was constant
at all the phosphate levels (Fig. 3.4 f). In case of stem, the
non-mycorrhizal plants had always higher potassium contant than
the mycorrhizal plants (Fig. 3.4 e). There was no difference in
the potassium content in the rocot of either mycorrhizal or non-
mycorrhizal plant and it exhibited a constant value without being

aftected by phosphate in soil (Fig. 3.4 d).

The mycorrhizal aséociatioﬁ had stimulating effect on
phosphate uptake and a fairly high concentration of phosphate
was observed in the leaf, stem and root of.the mycarrhizal plants
_compared to other two i.e. Nitrogen and Potassium (Fig. 3.5).

- The mycorrhizal induced phosphate uptake was effective only at
very lower level of phosphate in the soil. However, a constant
high concentration of phosphate was maintained in the leaf, stem
@s well as root of the mycorrhizal plants, with a very little
decreasing trend towards higher soil phosphate. On theother hand
a continuous increasing trend of phosphate was observed in the
leaf, stem and root of non-mycorrhizal plants along the increa-

sing phosphate of soil.



Fig. 3.1a The relationship between the amount of
glucosamine and the percentage VA-mycorrhizal
infection in the root of the mycorrhizal plants

of E. adenophorum groun in a range of phosphate

additions in soile O—=—=0, percentage VAM infec-

tion; 0-=--=0, glucosamine content.

b The relationship between the amount of
glucosamine and the phosphorus percentage in
the root of the mycorrhizal plants groun in a
range of phosphate additions in sogil. =0,
percentage phosphorus in root; 0----0, glucosa-

minz content.
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3.2 The root and shoot length of the mycorrhizal
and non-mycorrhizal plants grown in a range of

phosphate additionsin soil.
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Fige 3.3 The differences in leaf area (a)y stem diameter
(b) and leaf number (c) of the mycorrhizal and
non-mycorrhizal plants grouwn in a range of

phosphate additions in soil.
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Fige 3.4 The allocation of nitrogen and potassium in the
leaf, stem and root of the mycorrhizal and non-
mycorrhizal plants grown in a range of phosphate

additions in soil.
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Fig. 3.5 The allocation of phosphate in the leaf, stem
and root of the mycorrhizal and non-mycorrhizal

plants groun in a range of phosphate additions

in soil.
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Table: 4.1 Root wt, shoot wt, total biomass and root/shoot ratio of the mycorrhizal

plants grown in a range of phosphate levels on per plant basis.

Phosphate lavels ~ Root wt Shoot wt Total Biomass Root/shoot
g/pot - (g) (g) (g) ratio
D +M D'Dg_to '04*:'6 O n41i0 512 DoSDiDc"E-).(% O"ZA;-.—D‘OBZVK'%
=N .0.0025%0.0007 0.005%0.0008 0.008%0.001 0.57%0.18
0.1 +M 0-.15+0.07%% 0.74+0.17%% 0.9+0,23%% 0.2+0.05%
* -m 000051:09003 0000910-004 0101109004 Da46i0022
0.2 +M 0.20+0.05%* D.76+0.2%% 0.96+0.24%% 0.27+0.07
° M 0.004%0.003 0.011%0.006 0.015%0.007 0.3:%0.28
0.4 +M 0.21+0.05 0.98+0.4% 1.24+0. 4% 0.24+0.09
° —m 00111006 0-46_':6-3 0060:004’] 003:00144
+ 0.21+0.04 1.240.23%% 1.42+0.27%%  © 0.16+0.03%
0.6 M 0.186F0.07 0.68%0.11 0.86F0.74 0.28%011
+M 0.22+0.04 0.93+0.17 1.15+0.19% 0.27+0.06
c.8 - 0.20%0.07 0.66%0.14 0.86%0.19 0.30%0.11
+M 0.29+0.06 0.99+0.3 1.2+0.34 0.22+0.03
1.0 -1 0.24%0.07 0.73%0.3 0.97%0.36 0.28%0.02
- ¥*
M 0.24+0.13 1.13+0.45 1.37+0.56 0.2+0.04?
3.0 - 0.26%0.11 0.86%0.18 1.14%0.26 0.32%0.09
. 0.23+0.14
M 0.28+0.DO% 1.28+0. 39 1.56+0.44 .+
5.0 M 0.46%0.18 1.17%0.28 1.56%0.36 0.4130.12

s ens,

Ualﬁes are the mean of 10 renlicates with standard deviation.

## Significant at 1% level,

* Significant at 5% level.
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Discussiaon

The estimation of mycorrhizal infection by chitin
digestion method was found comparatively more suitable than the
observation of the percentage infection by root slide method
only. The percentage infection was positively correlated with
the glucosamine content of the mycorrhizal root and the corre-
lation coefficient value (0.601) was very near to the statis-
tical significant value (0.632) at 5 percent level. Becker and
Gerdemann (1977) also found the similar relationship betusen
percentage infeétion and the glucosamine content of the
mycorrhizal root. But at the highest soil phosphate leovel, when
the percentage infection of the root was measurably less, the
glucosamine content was not truely as such (Fig. 3.1 a). This

observation put some doubt on the sensitivity of the chitin
assay technique, in case of least infected root materials. Simi-
lar doubts have been raised by Tatareu and Touze_(1975), Hepper
(1977), Sakurai st al., (1977) and Sharma gt al., (1977), on
the plea that the age of the fungal mycalium, the different str-
uctural pattern of the mycorrhizal fungus within the root tissuss,
and the different environmental conditions may play significant
role in the composition of fungal chitin.%Donald and Mirocha
(1977) and Nandi (1978) suggested to apply chitin assay techni-
que only when the presence or absence of the infection is to be
determined. The chitin assay would be more perfect if added

with the chemical analysis of the fungal compounds and othar
histological observations (Whipps and Lswis, 1980). However, the

result of this experiment is in agreement with Hepper (1977)
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who sugyested to use the chitin assay technique in combination

with the stained root slide observation.

The root/shoot ratio in the mycorrhizal plant uas
always less, indicating their proportionate growth at all the
phosphate levels, whereas the same in case of non-mycorrhizal
plant was very high at the louwer phosphate levels, uwhich
gradually became less. Houever, if considering the lower scil
phosphate stage only, which was the real phosphate deficient
condition and subssquently, the cecngenial condition for the
mycorrhizal effect, the root/shoot ratio value of the mycorrhizal
plant was significantly lesser than the non~-mycorrhizal ones.
The lesser root/shoot ratio in the mycorrhizal plants has also
been repérted by Hayman and Mosse (1971), Mosse and Hayman

(1971), and Becker and Gerdemann (1977).

The percentage nitrogen in the leaf, stem and root of
mycorrhizal plants was more than non-mycorrhizal plants at
higher phosphate level but less at lower phosophate level.
Though, not with the mycorrhizal experiments, Williams (1948)
~and Hills et al., (1970) found an increase in the nitrogen
uptake in the plants grown in a grade of phosphates, but no
report on the mycorrhizal induced nitrogen uptake have been

published except in leqguminous plants (Gzrdemann, 1975).

The explanation for the lower potassium content in the
plant tissues of the mycorrhizal plants, even at the active
phase of the mycorrhizal infection, i e. at the lower phosphate

.level in soil, would be difficult, except to assume the dilution
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effect dueito large volume of the plant tissues of the mycorrhi-
zal plants, as has been discussed by Menge et al., (1978¢) in
case of citrus plants. In the highly infertile soil the probable
uptake of the potassium through the large volume of Soil explo-
ration by the mycelial extension of the mycorrhizal fungi has
also been pointed out by Mosse (1973a) and a similar yieu point

may be extended to the nitrogen uptake.

The percentage infection or the glucosamine content of
the mycorrhizal root was inversely proportiomal to the amount of
phosphate in soil. The root length of the mycorrhizal plants also
behaved according to the glucosamine content of the roots, but
the phosphate content of the mycorrhizal root was negatively
correlated wit h the fungal chitin (Fig. 3.1b). These observations
were similar to the findings of Sanders (1975) and Menge gt al.,
(19782), who found that the high phosphate concentration within
the root system regulated the infection and colonization of
mycorrhizal fungi and not the phosphate concentration of the

soil.

The general growth superiority of the mycorrhizal
plants over man~mycorrhizal plants at lower soil phosphate level
seemed to be the dirsct effect of the mycorrhizal induced in-
creased growth of the former, but at the higher doses of the
phosphate tihe growth of the mycorrhizal as well as non-mycorrhi-
zal plants was almost similar as found by Pairunan gt al.,(1980)
The reduction in the mycorrhizal induced groutﬁ, when the phos-

phate in soil is no longer a limiting factor, has also been
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reported by Daft and Nicolson (1966), Pairunan et al., (1980).

It apﬁeared that the stimulating growth influence of
the mycorrhizal infection was less in case of rocot growth than
the shoaot, because the point of no significant differeoce
between the root growth of the mycorrhizal and non-mycorrhizal
plants was reached at very lower phosphate level (after 0.2 g/
pot'level), while the same in the shoot growth was reached at
comparatively higher phosphate levels (after 0.6 g/pot leusl).
The probable reason forAthis might be the soluble nature of the
phosphate which could be absorbed by the non-mycorrhizal plants
also and the roots"being in the direct contact of the source

would have responded earlier to the shoot grouth.

The higher amount of phosphate in the leaf, stem and
root of ths mycorrhizal plants at lover levels d6f phosphate was
due to mycorrhizal infection, which declined at higher phosphate
levels probably due to reduction in mycorrhizal action. But
compared to the other two nutrients i.e. Nitrogen and Potassium,
the accumulation of phosphate was fairly higher in the leaf,
stem as well as root, which may be attributed to the higher
concentration of the soluble phosphate in the soil. According
to Epstein (1972); if the nutriients are in excess, they are
accumulated within the plant tissues above the levels that
immediately'promote growth. The high phosphate concentration in
the roots of the mycorrhizal plants may haye some regulating
mechanism in the phosphate flow to shoot (Allen, 1981). The

various ways, through which the mycorrhizal fungi extract
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phosphate from soil has been well discussed by AllenA(1981Z

The higher concentration of the nittogen, phosphorus
and potassium in the leaf, than the root and stem may be attri-
buted to the preferential demanding sites, expiained as the point
of greatesf meristematic activity or "sink-strength" by Chapin

(1980).

Although the percentage nitrogen and potassium was
lesser in the mycorrhizal plants at lower levels of phosphate,
but it never declinmed abruptly at any levels of phsphate, as uas
exhibited by the non-myco;rhizal plants. Therefore, it may be
concluded that whether mycorrhizae helps in the uptake of nitro-
gen and potassium or not, is open to question, but certainly
it helps to retain or maintain a definite status of nutrients
within the plant tissues without being affected by the highly
imbalanced nutrient condition of the soil which was created by

the higher phosphates, in the present experiment. Further, the

exceptionally greater growth performance of the Eupatorium

adengphorum, inocculated with the Glomus tenuis, than the non-
mycorrhizal plants, even without any addition of phosphate i.e.

at 0 level, in soil, it appeared that the Eupatorium adenophorum

is a highly mycorrhizal weed species and, this also may be one of
the reasons as'to why it grows luxuriantly in the phosphate

defigient s3il of the North-East India.
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The effect of indigenous and introduced vesicular-arbuscular

endophytes on the growth and nutrient uptake of Eupatorium

riparium Regel.

Introduction

The different strains of vesicular-arbuscular
mycorrhizae differ in their effect on the growth and nutrient
uptake of the plants, particularly the phosphate (Mosse, 1972b;
Powell, 1975b, 1979b§ Hall, 1976)« The intrbduced endophytes
have baen ;eported to be superior to the indigenous ones in
promoting the grow:h (Mosse and Hayman, 1971; Mosse, 1975,1977) .
The stimulated growth of the pre-inaculated seedlings, planted
in the test soil, under glass house conditions (Mosse and Hayman,
1971; Mosse gt al., 19763 Mosse, 1977; and Pouwell and Daniel,
1978) and in the field soils (Khan, 1972, 1973; Saif and Khan,
1977) have been shown. Even the two isclates of the same
Endogone species have bsen found to differ in their ability
to enhance the ogrowth (Abbott and Robson, 1978). However, the
effect of the combined treatment of the two endophytes in the
sterilized soil, on the infection and colonization of the root
and on the grouth and nutrient uptake of the plants has not

been studied. In the present study the effect of the introduced

endophytes Glomus fasciculatus and Glomus mgsseag in comparison

to the indigenous endaphyte Glomus tenuis and the combination

of the indigenous endophyte with the two introduced ones, has

been investigated with respect to root colonizing ability, the

growth stimulation and the nutrient uptake.
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Materials and Methods

The garden soil with the soil properties as follows:
pH 5.5, organic matter 2.87 (%), total nitrogen 0.14 (%),
available phosphorus 4.3 (ppm) and exchangeable potassium
0.17 (mg/g) was mixed with the sand in 1:1 ratio, and sterili-

" zed in the autoclave. 3 K of this soil mixture was filled in
30 plastic pots and left for 15 days under moist condition to
regéin the usual microbial activity. The mycorrhizal inoculum

used,was the Glomus fasciculatus, (provided by Dr Menge, USA) .

G. mosseae (provided by Dr. Hayman, U.K.) and the indigenous

ones Glomus tenuis (isalated locally) which were maintained in

pure pot culture on the host Eupatorium adengphorum Spreng.

S0 ml of the roots and soil of the above mentioned three
mycorrhizal strains were evenly spreaoc 3 cm. deep in the soils
in 15 pots, using 5 pots for each, separately. In another set,
the mixture of the indigenous endophyte G. tenuis + G, fasci-
culatus, and G. tenuis + G. mosseae, (25 ml each in both) was
used as inoculum. A control of non-mycorrhizal inoculation

was kept for the comparison sake.

The seeds of Eupatorium riparium were germinated

in a moist chamber at 3C+2°C in a B.0.D. incubator and seven
days old seedlings were transplanted in each pots. After
another 7 days of growth a thinning was done in order to allouw
only two healthy seedlings per pot to grow further. 10 repli-
cates of plants were maintained for each of the treatment till
fhe end of the experiment. The experiment was conducted under

glass hause conditions betueen April and October, 1981 and the
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harvesting was done after 22 weeks. The plants were watered
with tap water, every alternate day for 4 weeks in the begi-

nning and thrice a week afterwards.

The: dry weight of the root and shoot was deter-
mined by drying them at 80°C in oven for 48 hours, and the
nutriert analysis of the plant material as well as the soil

was done according to the methods described in chapter 1 and 4.

The infection percentage was estimated by the root
clearing and staining method (Phillips and Hayman, 1970). The
measurement of the intensity of infection was based on the
visual observation in which the root segments were groupsd into
following frequency classes i.e. U—ZS% = +, 25-50% = .++,

50-75% = +++ aﬁd 75~100% = ++++. Similarly, the quantification
of each of the mycorrhizal fungi, within the root cortex in
the camhined treatments was based on the visual observation

with the limited purpose of describing their behaviour only.

Results

In the single treatments of mycorrhizal fungi,
the indigenous endophyte G. tenuis produced the 100% infec-
tion and intens ity and same was found in both the combined
treatments (Table 5.1). However, the competitive colonizing
ability of the two fungal symbionts was different in the tuo
combined treatments. In one combination, the colonization of
G. tenuis was highly suppressed by the other partner, i.e.

G. fasciculatus while in another one, G. tenuis suppressed the




30

spread of G. mosseae. The proportion of the tuo mycorrhizal

fungi was 1:4 (G. tenuis : G. fasciculatus) and 4:1 (G. tenuis

: Go mosseae) (Table 5.1)+ The infection percentage as well as

the intensity of infection both uere higher in G. fasciculatus

than G. mosseage

The gfouth of the plants did not shouw any definite
trend in response to mycorrhizal infection nor was it related
to the nutrients uptake. However,.the highest infection levels
were followed by higher phosphate concentration in the root

(Fig. 4.2).

The G. fasciculatus superceded all the other

mycorrhizal strains in promoting the growth of root as well
as shoot, while the local isoclate G. tesnuis exhibited the
poorest growth performance. Stunted root growth was observed
in the trea£ment of G« tenuis which was alsoc raflected on
shoot growth (Fig. 4¢1). The combination of G. tgnuis with
G+ mosseae promoted the shoot growth but retarded the same

in combination with G. fasciculatus, when compared %o the

single treatment of G. mosseae and G. fasciculatus respectively,

but the root grouth was reduced in both the cases (Fig. 4.1).

In gene:al,vall the mycorrhizal treatments werse
superior to the mon-mycorrhizal control in promoting the grouth
of the plants. Among the treatments, the effectiveness of the
different VAN fungi in the enhanced growth of the shoot wes

in the following decreasing order: G. fasciculatus > G.

fasciculatus + G. tenuis > G. mosgeas + G« tenuis » G.
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mosseae and G. tenuis, while in case of root the trend was:

G. fasciculatus > G. mosseasg » G. mgsseae + G. tenuis >

——

G. fasciculatus + G. tenuis > G. tenuis (Fig. 4.1). Whereas

G. fasciculatus showed the significantly greater grouwth

performance, G. tenuis showed the significantly lesser grouth
in all the sets. But as far as total biomass is concerned, the

treatment of G. mosseae and both the combined treatments had

almost similar effect which showed significantly greater grouth
performance from G. tenuis as well as from control but signi-

ficantly lesser from G. fasciculatus (Fig. 4.1).

The root/shoot ratio was highest (0.84) in control

and least (D.18) in the combined treatment of G. fasciculatus

+ G. tenuis, but compared to control the root/shoot ratioc
value was significantly lower in all the mycorrhizal treatments

(Fig. 4.2).

The nutrient analysis of the plant material showed
the highest concentrations of nitroéen in the shaoot of the
plants treated with G. mosseae followsd by G. mosseag + G.
tenuis, but in the rest of the treatments it was not different

from control (Fig. 4.3).

The phosphorus uptake was stimulated by all the
mycorrhizal treatments which uas eviden£ from the comparison
from control (Fig. 4). The most effective mycorrhizal fungi
for the phosphorus uptake in shoot was G. mosseae followed by

G. tenuis and G« fasciculatus. The combination of G. tenuis

gither with G. fasciculatus or with G+ mosseae reduced the
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uptake of phosphorus in shoot, compared to the single treatmans

of G. fasciculatus and G. mosseae respectively (Fig. 4.3).

It appeared that the G. mosseae either alone or in
combination with G. tenuis favoured the potassium uptake more
than control but in other mycorrhizal treatments the potassium
concentration in the shoot was not different from cohtrol except

G. fasciculatus + G. tenuis. The percentage potassium content

of the shoot was highest in combined treatment of G. mosseas +

Ge. tenuis.

The allocation pattern of the nutrients in root

did not show any definite trend but the dual infection of (.

mosseae + G. tenuis and 8. fasciculatus + G. tenuis favoured
the higher allocation of the nutrients towards root, compared

to others (Fig. 4.3).

Discussion

The grouth of the plants was not related to the
infection or the intensity of infection of the roots by either
of the mycorrhizal treatments and according to Mosse (197%a),
it is not necessary that the effectivity of the mycorrhizal
species should be related to the state of infection. The
introduced endophytes increased the growth more than the
indigenous species G. tenuis, even at the lower infection levels.
This observation was similar to others (Powell, 1976; Mosse,

1977), who also found that the introduced endophytes did increass



Fige 4.1 The effect of different VA-mycorrhizal strains

on the root, shoot and total biomass production

in E. riparium.
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Fig. 4.3

The allocation of nitrogen phosphorus and
potassium in the root and shoot of the plants
inoculated with different strains of VA~
mycorrhizal fungi. Abbreviations are same as in

Fige 4.2+ NIy, non-mycorrhizal.






Table: 5.1 The percentage infection ahd tha intensity of

infection of different VAM fungi.

VAM species % infection Intensity

Glomus fasciculatus 71 S+

Glomus fasciculatuys

100 ++++

+
Glomus tenuis (4:1)
Glomus mosseae 68 ++
Glomus moasese
100 ++++

+

(1:4)

Glomus tenuis

Glomus tenuis 100 4+
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the grouth without showing increase in percentage infection.

Moreover, the achievement of high percentage infection may also

be delayed if the root growth is fast (Sutton, 1974) .

The exceptionally poor grouth performance by G.
tenuis which was a native endophyte of E. riparium was surpri-
sing. Howsver, the behaviour of a particular mycorrhizal fungi
in the field cannot be expected to be the same under glass
house conditions (Powell and Daniel, 1978, discussion part).

The growth depression in grass species inoculated with G. tsnuis
under glass house conditions was noticed by Crush (1973). G.

tenuis in combination with G. fasciculatus as well as G. mossgas

adversely affected the root grouwth compared to G. fasciculatus

and G. mosseae separately. The double endophytic treatment was
also followed by the high root phosphate concentration almost
equal to shoot phosphate concentratioh. The greater uptake of
‘phosphate by G. tenuis is well knoun (Powell and Daniel, 1978)
and probably same source of P is utilised by all mycorrgizal
fungi (Powell, 1975b). Therefore, the possibility of uptake

of P by the double endophyte at an enhanced rate may be pre-
sumed which ultimately should be attributed to the very high P

concentration in the root.

The arrested growth of the roots in case of G.
tenuis and its combination with other two may be explained in
term of phosphate induced toxicity in root (Mosse, 1973b).
The retention of phosphate in root, which is near to source,
may be at tha cost of P supply in the shoot (Brouwer, 1962)

ard this may also play some role in controlling the P concen-
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tration in shoot (Smith, 1982). Therefore, the extremely
reduced growth of the root due to high concentration of Py
achieved through the efficient mycorrhizal activity of G.
tenuis, may be presumed to be one of the cause of reduced
growth even at 100% infedtion level. It would be morse clear if
it is assumed that these phenomena are interrelated and

interregulatory.

It is not possible in this experiment to explain
the ekact mechanism of the mycorrhizal species, which stimula-
ted ‘the growth of the plant without showing any relationshih
with the percentage infectdéon and percentage nutrient concen-

tration. But whatever, mechanism may be there, decidedly

G. fasciculatus was much more efficient than others in pgomo-
ting the grouth of E. riparium. Even in combination with

G. tenuis, it suppresssed the spread:of G. tenuis in root cortex
and the total biomass produced by this combinad treatment vas
almost equal to the biomass produced by G. mossgae and G.
mosseae + G. tenuis and all were significantly greater than

the indigenous endophyﬁe G+ tenuis as well as the control.

The high efficiency of mycorrhizal strain E:3 (Gilmore, 1968)
ond Frsh,
which is not other than G. fasciculatus (Hall. 1979) in acid

soils has also been observed by Mosse (19723), and Powell
(1976) . Mbsse (19724) also indicated the inefficiency of

G. mosseaz in acid soil but the combination of Gs mosseag and
G+ tenuis had slightly stimulating effect on the shoot growth
compared to G« mosseag alone. Although, g.vtenuis suppressed

the colonization of G. mosseae in the combined treatment, |-
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the dual infection had favourable effect on shoot grouwth.
Mosse (1972a) expressed the view that the contaminating micro-
organisms associated uitﬁ different mycorrhizal endophytes

can alsoc have some effect on the growth of the host. The
rhizosphere organisms are well knoun to compete with-plants
for nutrients especially P (Barber and Loughman, 1967; Barber,
19683 Bowen and Rovira, 1966). The changed role of endo-
mycorrhizal fungi G. tenuis, as a typical rhizosphere organismr
under different environments - has also been suggested by Crush
(1973). It may be possible that G. tenuis which is competent
enough to function in acidic environments, would have created
a congenial atmosphere in spil for stimulated activity of

L+ mosseas which subseguently resulted into increased shoot

growth.

The root/shoot ratio was highest and significantly
greater in control than any other mycorrhizal treatments,
which was a common observation of others (Mosse, 1973a,
Gurdemann, 1975). Houwever, the rest of the mycorrhizal trest-
ments showed different values for root/shoot ratio which may
be due?%ifferehces in efficiency of mycorrhizal fungi and

the biomass allocation strategy of the host in response to

endophytes.

The nitrogen concentration in shoot slightly
increased in case of G. mosseae singly and in cembination with
G. tenuis and same was the pattern with ﬁotassium concentration;

but in no case it was lesser than control except the potassium
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concentration in case of G. fasciculatus + G. tenuis. In

general, the root N P K concentration was highest in both the
combined treatments and in G. tenuis. The involvement of

G. tenuis in higher phosphate uptake has already been discussed
earlier, but regarding other nutrients also, this may hold
good, because the uptake of other nutrients may be indirectly
linked with the increased uptake of phosphate through the
mycorrhizal chanel (Smith gt al., 1981). It cannot be concluded,
but it appeared that G. mosseae had sone effect on the pote-
ssium uptake which was found to be further higher in cambina-
tion with G. tenuis. The role of mycorrhiza in potassium

uptake has also beesn indicated by Mosse (1973a) and Powell
(1975c) .



CHAPTER VI
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The effect of vesicular-arbuscular mycorrhizae on the growth

of Osbeckia crinita Wall. ex. D.Don. grown in sterilized and

unsterilized natural soil.

Introduction

The effectiveness of the vesicular-arbusculaer
mycorrhizae under different soil conditions have been studied
(Mosse, 19732a). The artificial inoculation has comparatively
less effect on the growth of the plants than those with the
natural inoculum (Smith & Smith, 1981b). The grouth of plant
is very much influenced by the associated microorganisms in
the soil. The sterilization of soil in order to remove the
exzisting mycorrhizal propagules also removes the natural
- microbial population from the soil, which may be both benifi-
cial or harmful. Therefore, the comparative study on tﬁe effoct
of VA-mycorrhizae was undertaken to observe the behaviour of

the mycorrhizae on the successive stages of growth of = .

Qsbaekia crinita.

Material- and Methods

The field soil, where the nmatural 0. crinita
population was growing was collected from upper- 0-10 cm denth
and sieved through Mesh. No. 30 (pors size 500 u ). The soil
was sandy in nature with following properties: pH 5.3, organic
matter 4.75 (), total nitrogen 0.30 (%), available phosphorus

2.86 (ppm) and exchangeable potassium 0.14 (mg/q). The total
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'

Endogone spore population was 46/g fresh weight of soil.

A portion of the soil was sterilized in an autocla-
ve and tha sterilized soil was filled in 30 plastic pots of 1.5 K
capacify.‘15 pots from this lot were used for the mycorwzhizal
inoculation and the same number vas used for the non-mycorrhizal
control experiment. The natural unst=srilized scil wss also
filled in another 15 pots for the natural mycorrhizal experiment:
5 g of the sieved soil in the form of inoculum was mixed tharou-
‘ghly to the upper 3 cm soil layer of the pots meant for the
inoculated mycorrhizal experiment and Endogone free, filtered
washings of ihe same so0il was mixed in the pots to be used for

the control -experiment.

Seeds of (Osbeckia crinita were kept in an
incubator at SQiZOC; for 24 hours under maist condition and
just burst seeds were transferred to the pots at the rate of
6 sseds per'pot. After 15 days of growth, the seedlings were
thinned to 2 per pot with a care of allowing only healthy and

alike seedlings to grow further in all the treatments.

The expariment was conducted under glass house
conditions during the months March-August 1981 and were watered
thrice a week with ordinary tap water. Three harvests ware taken
at an intervel of 2 months and 5 pots with 10 plants altogether

were taken as replicates.

Measuremants:~ The percentage mycorrhizal infection uwas

measured by the root clearing.and staining technigue of Phiilips
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and Hayman (197C). Tha plant materials were analysed for
nitrogen, phosphorus and potassium, in the last harvest only.
The soil analysis as well as the plant material analysis uwzs
done according to th%%ethods described in chapters 1 and 4.

The dry weight of the root @nd shoot was determined by drying

“at 80°C for 48 hours and reweighing till constant weight.

N Results

Mycorrhizal infections:- The mycorrhizal infection in the
inoculated plants increased at s=cond harvest but again decrea-
sed at third harvest whil2? the vesicles formation could increase
only at last harvest. The intensity of infection showed a
increasing trend in inoculated plants (Table 6-1)« ‘he infec-
tion percentage and the intensity of infection in case:- of
natural mycorrhizal plants were high throughout and no change

in the occurrence of vesicles could be observed at any harvest

(Table #.1).

Growth:= The growth performance of the plants in both ths
mycorrhizal treatments was significantly greater than the non-
mycorrhizal control at all the stages of growth. At the time of
first harvest, the natural mycorrhizal fungal association
favoured the grouth of the nlants, over inoculated mycorrhizal
counterparts but the results were statistically n&t s.igwificant.
However, after initial decrease, the {noculated plants shoued

a continuous inérease in the growth at other two successive

harvests (Fig. 5.1). The shoot growth of the inoculated nlants
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was significantly greater than the natural mycorrhizal plants
at second harvest and at the time of third harvest the root,
shoot and the total biomass, all ware significantly higher in
the inoculated plants than the natural ones (Fig. 5.1). The

root/shoot ratioc in both the mycorrhizal treated plants was

lesser than the control except at last harvest when a reverse

trend was observed (Fig. 5.2).

Nutrient uptake:- The nitrogen content found in leaf, stem and
root of both the type of mycorrhizal treated plants uaé not
different from control sets (Fig. 5.3). The potassium also
remained unchanged in the leaf and stem but was higher in the
raots of the inoculated plants over natural mycorrhizel treat-
ment and control. Among the mycorrhizal treatment the highest
potassium percentage was observed in the roots of the inoculated

pants (Fige. 5¢3).

The phosphate content of the mycorrhizal plants
uas higher than the control at all the harvests. The amount. of
phosphate accumulated in the leaf of the inoculated plant was
as high as in root while in the natural mycorrhizal plants the

root phosphate content was higher than the leaf (Fig. 5.3).

Discussion

The higher infection percentage coupled with the
very high intensity of infection observed in natural mycorrhizal
treated plants (Table £.1) was probably due to higher myconrrhi-

zal inoculum density in the unsterilized natursl soil than the



The root, shoot and total biomass production

by Osbeckia crinita growing in natural unsteri-

lized soil, sterilized soil inoculated with
mycorrhizal fungi and the sterilized soil

without mycorrhiza at different stages of growth.
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Fige 5.2 The root/shooct ratio of the plants growing in
natural unsterilized soil, sterilized soil
inoculated with mycorrhizal fungi and the
sterilized soil without mycorrhiza at different

stages of grouwthe.
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Fige

5.3

The allocation of nitrogen, phosphorus and
potassium in the leaf, stem and root of

Osbeckia crinita grown in natural unsterilized

s0il, sterilized soil inoculated with mycorrhi-
zal fungl and the sterilized sgil without

mycorrhiza.
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Table: 6.1 The infection of vesicular-arbuscular mycorrhizae at different
harvests.

' T
i Inoculated _g Natural.
Harvest i Infection Vesicles Inte”SitY€ Infection Vesicles Intensity
periods b (®) (%) ; (7) (%)
i :
2 manths 43 20 + 8?2 18 44
(I harvest) '
4 months 90 18 . 88 22 St
(11 harvest)
6 months 71 773 PRI .186 21 b4

(III harvest)
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sterilized and inoculated ones but the initial increase in the
growth of the former over the latter, may be attributed te the
earlier stimulating effect of the mycorrhizal infection which
was very high since the beginning. However, a depression in
growth, precéding heavier infection, in case of inoculated
plants may also be accounted for this (Coormer, 1975). A reduc-
tion in the mycorrhizal infection in- the inoculated plants at
last harvest was not usual but the faster rate of grouth of the
roots than theyrate of spread of infection may be the reasan
(Smith, 1982, discussion part). This was svident from the root
dry weight production (Fig. 5.1) and also the root/shoot ratio

(Fig. 5.2).

-

The high root/shoot ratio value of the control
plants than both the mycorrhizal treated plants was due to the
greater allocation of the resources towards the faster growth
,0f the root than the shoot in the nutrient deficient condition
in the control plants as a result of absence of mycorrhizal
association (Chapin, 1980). The decrease in the root/shoot
ratio in the control plants over the mycorrhizal counterparts
at the last harvest was prohtably due to the strong sstablishmant
of the roots in the soil in the beginning and the faster allo-

cation of the resources towards the shoot growth at latter

stage.

The higher phosphate pertentage present in the

leaf, stem as well as root of the natpréf‘ﬁg@orrhizal plants

\7
\

/*

e 101459

was probably due to the greater mycorrhizal ac1i\ify which was
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evident from both the higher infection percentage and intensity
of infection (Table 6.1). It may be assumed that the higher
phosphate accumulation in the natural mycorrhizal plants,
particular}y in the root has some adverse effact on thz normal
growth of the plants, and due to this it could not compete with
the growth of inoculated plants at advance stages of growth.
The phosphate induced toxicity has also been reported by fiosse
(1973b) . fioreover, the population of the associated microorga-
nisms in case of unsterilized natural soil was manifold high

in comparison to the sterilized soil of the inoculated treatment
and the probability of the presence of some parasitic organisms
affecting the healthy growth of the root and the plant as a

whole in turn cannot be ignored completely.

The potassium content in tfe inoculated plants,
particularly in root was considerably higher than the control
and the natural mycorrhizal plants and if the hiocher dry
veight of the root and also the shoot tissues are taken into
account, the concentration of the potassium in the mycorrhizal
plants would be considerably higher than the non-mycorrhizal
rontrol. The dilution of the nutrient in the larger volume of
plant tissues bf the mycorrhizal plant has also bean discussed
by Menge et al., (1978c). The possibility of the uptake of
other minerals, besides phosphate, by vesicular-arbuscular
mycorrhizae has been indicated by Janos (1975). The potaésium
uptake in the plants through the mycorrhizal channel may be
taken as spontaneous phenomenon. In the nutrient deficient

soils the enhanced uptake of the potassium is facilitated by
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VA-mycorrhizae in the field conditions (Mosse, 1973a). HOQBV@P;
the increased potassium uptake of the mycorrhizal plants is
probably the indirect effect of improved phosohate nutrition
(Smith gt al., 1981). 1he gradual increase in the growth of the
inoculated plants, compared to the arrested grouth of the
natural mycorrhizal plants, may be attributed to the gradual
development of the mycorrhizal infection and nutrient uptake,
subsequently, which might have averted the accumulation of the
nutrients to a toxic level, bscause of the Eontinuous dilution
of the nutrients in the larger volume of the plant tissues. It
may be concluded that the inoculation with the VAM fungi in

sterilized soil is more =ffective in promoting the grouwth of

the plants than growing in natural unsteriliz=d soil.
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The effect of mycorrhizal inoculation (Glomus tenuis) in
combination with Irichoderma viride Press. Gray on the

growth of Eupatorium adenophorum Spreng.

Introduction

The microorganisms present in the rhizosphere of
the plants are influenced by the root exudates and these
microorganisms in turn, provide the available nutrients to the
plants,; releasing them from the unavailiable sources, through
their enzymatic activities. The mycorrhizal inoculation under
sterilized s&il ﬁondition, no doubt helps plant, in nutrient
uptake and growth subsequently, but it also restrict the full
utilization of the resources, which could have been explaited
in a better way, through the activity of the intact microbtial
system in soil. According to Mosse (197%) "contaminating
microorganisms associated with different endophytes can also
have small but significant effects on the grouth of the host .
The present work was designed to study the effzct of mycorrhi-

zal fungus Glemus t:=nuis on the growth of Eupatorium adenc-

phorum in presence of the saprophytic fungus Irichoderma yiride.

Material and Methodse.

G. tenuis was sel:cted as the mycorrhizal inoculum

- s s e

for the present exp:riment because, it also formed the symbio-
tic relationship with the root of E. adenophorum, under natural

o

condition (Chapter 1). Secondly its “fine mycelium" is highly



CHAPTER VII
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efficient in phosphate uptake from the soil (Powell and
Daniel, 1978). The reason behind the selection of Trichoderma
yiride was its constant presence in the rhizosphers of E.

adenophorum. Further, the low pH has been reported to favour

the activity of Trichoderma (Chet aid Baker, 1980).

The soil used for the expariment was acidic with the
soil properties as follows: pH 5.3, organic matter 2.6 (%),
total nitrogen 0.19 (%) available phosphorus 4.2 (ppm) and
exchangeable potassium 0.15 (mg/g) The soil vas sterilized
in autoclave and 1 iy of the sterilized soil was filled in the

plastic pots of 1.5 ¥ capacity.

The seeds of Eupatorium adenophorum uwere surface
sterilized by 0.1 % mercuric chloride (0.1 g dissolved in
100 ml, 75 % alcohol) and germinated at 20°C on wvater agar

mediume

Preparation of mycorrhizal inoculum:- The strain of Glomus

tenuis isolated and maintained on Eupatgrium adenophorum,

under glass house conditions was used as the mycorrhizal
inoculum. The roots infected with G. tenuis were first washed
thoroughly in tap water and then uvere cut into small pieces.
In order to get rid of the caontaminating microorganisms, they
were surface sterilized with 0.1 % mercuric chloride, and
washed in a series of sterilized distilled/ﬁ%%ssérdcedure

was standardized by earlier trials and it was ensured thst

no fungal species develop fropm the finally washed rooté, in

Czapek-Dox-agar medium.
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Preparation of spore suspension:i- Some spores of T. viride
cultured on Czapek-Dox-Agar medium, were transferred to a
conical flask containing 100 ml sterilized distilled water
aseptically, and were stirred on a mechanical shaker for 15
minutes. The nuhber of spores per ml. of suspension was measured
according to Seeley Jr. and Vandemark (1970), as follows:
0.01 ml of the suspension was pspread on 1 sq. cme. area
marked in the middle of a slide. Then the marked area uas
observed under microscope and the spores present in 25
.microscopic fields were countede.
The number of microscopic field present in ths 1 sg. cm. area
of slide was determined as belouw:

The area of microscopic field = w r?

The number of microscopic field per sqg. cm. 351/1ﬂ r2 = X
As D0.01 ml. of spore suspension was spread on 1 sg. cm. area,
s0, each microscopic field covered 0.01 or ?%5>(«% = % mle
of spore suspension.
Therefore, each spore in a field rapresented Y number per ml
and hence, the mean numbter of spores (in a microscopic fisld)
x- Y, gave the number of spores present in 1 ml of suspension.
Accordingly, 450, 900, 1500, 7500, 15000 and 30000 spores .uere

mixed to the top sterilized soils of the pots separately. Tle

pots used for control experiment were kept free from Irichoderma

inoculation.

Further, 3 lots of 2 gs mycorrhizal inoculum uere
‘placed 2 cm. below the upper soil surface at 3 places in a pot

and 7 days 0ld seedlings were transplanted on them, ensuring
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that the root of the seedlings got contact with the mycorrhi-

zal inoculum. In this way, 3 seedlings per wot and 3 pots par
preatment were maintained as replicates. The plants uere
watered with sterilized distilled water at every alternate day
for 2 weeks and thrice a week afteruvards. The experiment uas
conducted during May-Oct, 1981 and the only harvest was taken

_after 18 weeks.

The dry weight of the plant material, the percentage
mycorrhizal infection and the shoot phesphate concentration
were detérmined as described in chapter 4. Similarly the soil
analysis for pH, organic mattery, N, P and K was done as

mentioned 1in chapter 1.

Results and discussian

The additions of JTrichoderma viride in the soil

favoured the grouwth of the plant with respect to root, shoot
and total biomass production (Fig. 6.1). However, the increase
in grouth was not found to be significant statistically. The
root/shoot ratio did not exhibit any regular pattern (Fig.6o1)-
Thé mycorrhizal infection was recorded higher (above 60 %)

at every level of spore concentrations of J. viride and it
showed significant positive reletionship (r = 0.791, P> 0.01)
with the phosphate concentration of shoot. This observation
was contrary to Sanders (1975) uwho obtained neqative relation-
ship between phosphate concentration and the mycorrhizal

infection of the plant. However, when the percentage infection
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is considerably higher, even the little fluctuation in the
intens ity of infection may presumably result into changes in
phosphate uptake of the plant. This is particularly important
in case of G. tenuis which is highly efficient in phosphate

uptake (Powell and Daniel, 1978).

The saprophytes in soil initiate the enzymatic
degradation of the organic matter, releasing thereby the
otherwise unavailable nutrients. These released nutrients (P
in particular) is readily absorbed by the plants through the
mycorrhizal channels The synergistic effect of another sapro-

phytic fungus Cylindrocarpon was also observed by Paget (1975).

Manjunath et al., (1981) reportad the beneficial effect of the

combined treatment of a VAM fungas (Glomus fasciculatgg),

saprophytic fungus Aspergillus niger and a bacterium on the
but
growth and nutrient uptake of onion plant/they also failed to

obtain the significant increase in growth in case of single

treatment of A. niger.

Although, the additions of T. viride did not increase
the grouwth of E. adenophorum significantly but it indicated
favourable influence towards the increasing growth and phos-
phate uptake. Therefore, it can be prested th~t if the suitable
microorganisms are screened and inoculated along with the

mycorrhizal inoculum it might increase the yields



Fige 6417 @ The effect of the combined treatment of

mycorrhizal endophyte Glomus tenuis and the

saprophytic fungus Trichoderma viride on the

growth of E£. adenophorum. ﬁﬂ] , root biomass;:

zza s shoot biomassg Ej o total biomass.
b The root/shoot ratio under simnilar conditionse

c The relationship of percentage mycorrhizal
infection and the percentage shoot phosphate
concentration under similar conditions.
Histograms, percentage mycorrhizal infectiong
O~~—0, shoot phosphate concentration.

Concentrations of the spores of Irichoderma

viride, 0; no spore; 1, 450 spores; 2, 900 spores;

e

3, 1500 spores;: 4, 7500 spores; 5, 15000 spores;

6, 30000 spores.
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GENERAL DISCUSSION
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The vesicular-arbuscular mycorrhiza is so prevalent
in pature that "it is far easier to list the plant families in
which they have not been found than to compile a list of plant
families in which they are known to occur" (Gerdemann, 1975).
The symbiotic relationship of host and the mycorrhizal fungi
have developed probably from the time when the land flora came
into exzistencea (Nicolson, 1967) and this collateral. evolution
has achieved so much interdependence that their survival in
separation is difficult to think (Harley, 1969). The spores
produced by the VAN funéi is also wuniversal and practical ly
all soils, irrespective of the vegetation structure are in

possession of Endogone spores (Nicolson, 1967; Gerdemann, 1968).

The external extensions of the mycelium beyond the
reach of the roots, provide the large surface area to absorb
the nufrients, which are transported back to the host. "Despite
their relatively small biomass, the mycorrhizal fungi (myco-
bionts) are vital for uptake and accumulsation of ions from soil
and translocation to hosts because of their high metabolic
rate and strategically diffuse distribution in the uprer soil

layers”, Trappe and Fogel (1977).

The nutrient defliciant sails are the sites of greater
mycorrhizal activity. The functicn of the mycorrhiza has mainly
b:en associated with the phosphate uptake in the nhosphate

deficient soils (Mosse, 1573a).
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The soil of north-east India is phosphate deficient
and favourable for greater mycorrhizal activity (Mosse, 10734 ) -
Higher mycorrhizal infection was recorded (Fic. 141,1.2) in

the three importan: uweed species, viz., Eupatorium adenophorum,
P 9 ’ a )

E. riparium and Osbeckia crindta, throughout the year (1979-8C

and 1980-31). Wint:r season was found to have the maximum
favourable effect on the mycorrhizal irfection percentage
(Fige 11, 1.2). Similar was the observation of Sparling and

Tinker {1978a). The annual plant species i.e. Osbeckia cringta

shouwed a general increasing pattern of infection with the ags

of the plant, as was observed by Hayman (19%0) in case of wheat
in one crop-cycle, But, this pattern was not followed by the
other tuo perennial species i.e. E. adengphorum and E. ripariume.
The high average anﬁual rainfall and comparatively long and
severe winter period (Fig. 1) appeared to be the controlling
factors of the local enviranment. and the same was reflected in
the mycorrhizal behaviour. The rainfall, the maximum and the
minimum temperature showed mostly negative relationship with

the percentage infection and thé Endogqgg spore population

(sometimes significant at 1% level).

The strains of Glomus tenuis forming the distinguished

“fine mycelium®™ in the root cortex of the host plants was found
to be the most efficient endophyte of the winter months (Fig.
7.3). The obsergations of Crush (1973) and Haselwandter and
Read (1980) is in agreemsnt with this finding that the louwer

temperature favours the activity of G. tenuis.

The depth-wise study of the distribution of roots, the
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mycorrhizal infection and the Endoogne spore population
indicated a general decrease, along the increasing depth in

the vertical column of the soil (Fig. 2.3, 2.4). The trend

was more or less similar to Sparling and Tinker (1978a), Sutten

and Barron (1972) and Schuab and Reeves (1981).

A-study in relation to the disturbances caused by
the prevalent agriculture practice of the north-east India
revealed some interesting and alarming informations. The
shifting cultivation, which consists of the cutting of the
ex=isting vegetation including tree species and burning of the
same after drying before the cultivation, has initiated a lot
of imbalances in the proper functioning of the natural eco-
system. As the period of burning is immediately followed by
the rainy season, when usually the crops are sown, the nutrient
rich top soil is washed along with the running water. In this
way, not only the nutrients, but the most valuable ingredients
of the soil community, the Endogone spores are also removed,
as they occur mostly in upper soil layers (15 cm. depth,
Mosse, 1973a). The exceptionally higher population of Endogone
Sporés at Site 1l when the gquantity of the root and the
mycorrhizal infection of root was measurably less in the rainy
season (Fig. 2.1).is self explanatory that the spores would
have been carried along with the eroded soil from the adjoi-
ning hills. This has resulted into the excessive deposition of
the organic matter and other nutrients (N,P,K) at the valley
lands (Site II), far more than the‘actual consumption, at one

extreme and measurably poor nutrients €oncentration at another
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extreme at hills i.s. Site I (Fig. 2.2, 2.5), not even
sufficient to support the normal growth of plants. Under the
circumstances the mycorrhizal fungi are supposed to play
significant role in converting the unavailable sources of
nutrients, particularly, the phosphate, to the available forms
and supplying the same to tﬁe host plants. But, the experiment
conducted to test the infective potential of the contrasting
sites indicated that soils of the disturbed lands (site 1)
have lost the infective power probably due to the lower
mycorrhizal imoculum potential (Teble 3.2). The eroded soils
are poor in mycorrhizal infection has also been reported by
Hall and Armstrong (1979). These observations also indicate

a probable alarming condition in the near future if this sort
of disturbances are allowed to continue. The hypothesis of
Reeves et al., (1979) ir this regard is important to mention:
that (1) Disturbance of soil leads to reduction and possibly
elimination of propagules of mycorrhizal fungi (because host
plants are reduced in numbers): (2) Reduced numbers of propa-
gules leads to a lower potential for infection of neuw host
plants; (3) Non-mycorrhizal species become established because
normally mycorrhizal plants die in the seedling stage (for
lack of mycorrhizal fungi); (4) Success of non-mycorrhizal
species further reduces the propagules of mycorrhizal fungi
since the fungi are obligate symbionts; (5) Total elimination
of mycorrhizal fungi obviates compatition by mycoerrhizal
higher. plants; (6) Succession is slowed because of the lack of

potential mycorrhizal fungi (these fungi may be &low invaders);
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and (7) The harsher the site the greater the potential for
elimination of mycorrhizzl propagules. The process might be
irreversible because the chlamydospores or azygospores are

larger in size and poorly adapted to dissemination (Nicolson,

1975) .

The glass—house experiments confirmed the observations
of others (Sanders, 1975; Abbott and Robson, 1977b; Menae gt al.;
19878a; and Jasper et al., 197¢) that the additions of phosphate
sources, in availahble or unavailable forms inhibited the
mycorrhizal infection (Fig. 3.1a2). The effect of mycorrhizal
fungi G. tenuis in presence and absence of phosphate (NaZHP04)9

on the growth of Eupatorium adenophorum showed that after

certain level of pohsphate (0.4 g/3 ¥ soil in this case) the
growth of the non-mycorrhizal plants was at par with the

mycorrhizal plants (Table 4.1).

The comparative study of the two methods of assessing
the mycorrhizal infection viz., the chitin digestion method and
the root slide method, indicated that the former was superior
to the latter, generally, but in case of lowest infection (Fig.
3-13, at 5 g, P/pot) the sensitivity of the chitin digestion
method was found to be doubtful. Similar doubts have be=n
expressed by Tatareau and Touze (1975), Hepper, (1977), Sakurai,
et al., (1977) and Sharma et al., (1977) on the ground that
the age of the fumgal mycelium, the structural pattern of the
mycorrhizal fungi within the root cortex or the envirormental

changes, may alter the composition of fungal chitin. Whipps and
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Lewis (1980), suggested to follow some other histoloaical
observations simultaneously with the Chitin digestion me thod
in order to get more accuracy in result. Similarly, Hepper
(1977) opined to use the Chitin assay method in combination

with the root slide mathod.

The different strains of mycorrhizal fungi differ in
their effect on the growth of the plants. Tuo strains viz.,

Glomus fasciculatus and G. mogsseae native to U.S5.A. and U.X.

respectively, when introduced to soil (in pot experiment) uere
found superior to the local endophyte G. tenuis in promoting
the growth and nutrient uptake in case of E. riparium. The
variable effect of different mycorrhizal strains on the grouth
of the various host plants has been observed in a numbter of
studies (Mosse, 1972t; Powell, 1975b, 1979b; Hall, 1976).
Sinilarly, it has been reported that the introduced endophytes
are superior to the indigenous ones in promoting the grouth and
nutrient uptake (Mosse and Hayman, 1971; Mosse, 1975, 1977).

Among the introduced endophytes, G. fasciculatus was found io

be highly efficient in favouring the enhanced growth of

Eupatorium riparium (Fig. 4.1). The afficient functiocning of

G. fascicula tus in acid soils has been reported by Gilmore

(1968), Hall and Fishk (1979), Mosse (1972a) and Powell (1876).
Mosse (1972a) also indicated the inefficiency of G. mosseae

in acid soil. Though G. tenuis showed the poorest grouth
performance among all the mycorrhizal strains, in combination
with G. mosseae it enhanced the shoot growth, however, in

T - e oere

combination with G. fasciculatus it failed to do so (Fig. 4.1).
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G. tenuis had also contrasting effect on the colonization of

the root cortex in combined treatments. At one hand, the

development of G. tenuis was checked by G. fasciculatus, while

on thes other hand,vthe same G. tenuis checked the spread of

G. mosseae (Table 5.1).

In general, the nitrogen, phosphorus and potassium
concentration in the root of the combined treatment of G-

fasciculatus + G. tenuis and G. mosseas + G. tenuis was higher

than other mycorrhizal treatmsnts. The efficiency of G. tenuis
in greater uptake of phosphate has been reported by Pouell and
Daniel (1978). The other nutrients are also absorbed by the
mycorrhizal fungi passively along with the increased uptaks of
phosphate (Janos, 1975; Smith et al., 1981). The interesting
observation in cese of L. mosseaeg was that it helped in
potassium uptakg more than other mycorrhizal fungi (Figs 4.3).
The possible role of mycorrhizal fungi in potassium uptake has

been indicated by Mosse (1973a) and Pouwell (1975e) .

The sterilization of soil in order to remove the
existing mycorrhizal propagules, also removes the associated

microorganisms. The experiment conducted with Osbeckia crinita

under sterilized and unsterilized soil conditions indicated
that the inoculation of VAM fungi in sterilized soil is
comparatively better in promoting tie grouth of the plants

than growing in unsterilized natural soils (Fig. 5.1). Although
this observation was contrary to the expectation, houwever, it

can be explained in two waysj; firstly, the strong competitiaon
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faced by the VAM strains due to associated microorganisms
and secondly, the probable presence of some parasitic

microorganisms in the unsterilized mnatural soils.

But the other experiment with Eupatorium adenophorum

indicated a different and expected result. Thse inoculation of

Trichoderma viride, (a common saprophytic fungus frequently

observed in the rhizosphere of Et. adenoghorum) along with the
mycorrhizal fungi G. tenuis had the favourable effect on the

growth of the plant compared to the Trichoderma frae

mycorrhizal inoculation treatment (Fig. 6.1)+ The result was
although not significant statistically but the trend uas
favourable and encouraging and therefore it can be concluded
that if a proper screening aof the soil microorganisms is done
and the efficient strains of the same is added with the

mycorrhizal inoculum it may increase the yield.



SUMMARY
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Thé agriculture-system prevalent in the north-east
India is the shifting cultivation type which includes the
cutting of the exmisting vegetation and burning of the same
~after drying. The time period of slash and burn is as such
_that the burning is immediately followed by rainy season, uhen
the cultivation is done usually. At this stage, a number of
weed species invades the burnt sites. The Eupatorium adenopho-
rum, Spreng, E. riparium, Regel, (Asteraceas) and Osbeckia
crinita Wall. ex. 0., Oon (Melastomaggeée) are among the early
colonizers which occupy the vast area of the cultivated land

and forest.

The vesicular~arbﬁscular mycorrhizal studies of these
weed species revealed that they are highly mycotrophic as
considerably higher mycorrhizal infection was recorded through-
out the year (1979-80 and 1980-81). Baéed on morphological
characters, three types of VA~mycorrhizal fungi were disting-
uished which dominated within the root cortex, under the

influence of seasonal variation. The strain of Glomus tenuis

was favoured by the low temperature of winter months, while
the Gigaspora species appeared to be active during summer
monthse. A third type of infection observed was probably due to

some strain of Glomus species.

Similarly, the Endogone spore population was also
found to. be higher in the root region of these weed speciss.

Among the spores the members of Gigaspora, Sclerocystis and
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Glomus species were observed but the -majority of spores belong-

ed to Glomus species.

The studies of the fungal flora of the rhizosphere,

showed that Osbeckia crinita attracted the least number of

fuhgal species. The highest number of fungal flora was

recorded in case of Eupatorium adenophorum followed by E.

ripariume. The most common fungi, isolated frequently were the

yeasts, Trichoderma viride, Penicillium sp., Phoma humicola

and Sterile mycelium.

In a depth wise (upto 30 cm) study it was found that
the distribution of roots, the mycorrhizal infection of the
roots and the Endogone spore population, all showed a decrea--
sing pattern along the depths af soils. The pot experiment
conducted with the snils of different depths and contrasting
sites (one highly disturbed hilly land and another relatively
less disturbed valley land) indicated that the highly dis-
turbed sites have lost the mycorrhizal infective power due

to lower inoculum potential of the mycorrhizal spores (Endogone)'

The highly mycotrophic nature of the Eupatorium

species were further confirmed by the pot experiments in glass
house. The additions of soluble phosphate (Naszoa) inhibited
the mycorrhizal infection and at the highest phosphate level
(5 g/2 Kg s0il) the infection percentaée was reduced to 16 %
only. The growth of non-wycorrhizal plants was similar to the
mycorrhizal plants at the higher phosphate levels (after 0.4

g/3 kg soil). The growth of the mycorrhizal plants houwevsr,
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was found to be far better than the non-mycorrhizal plants

when groun without phosphate.

-

The introduced endophytes, G. fasciculatus and G.

mosseag, native of U.5.A. and U.K. respectively, when inocu-

lated to Eupatorium riparium, in pot experiments, enhanced the

growth and nutrient uptake, far better than the local endophy-
te, G. tenuise. Howsver, the combination of G. tenuis and G.
mosseae (1:1) induced gréater shoot growth while the combina=-

tion of G. tenuis and G. fasciculatus retarded the same.

The microorganisms of the soil play significant role
in the nutrient cycling of the ecosystem. The mycorrhizal
activity under natural unsterilized soil condition (with
intact associated microorganisms) and sterilized condition
(without associated microorganisms) revealed that the inocu-
lation of mycorrhizal fungi in sterilized soil has greater
benificial effect on the growth of the plants (Osbeckia crinita
in this case) because of the competition free environment.

However, another experiment done with E. adenophorum indicated

that the inoculation of the saprophytic fungus Trichoderma
viride, in association with the mycorrhizal fungus G. tenuis
had synergistic effect on the grouth and phosphate uptake. The
contrasting result of the two experiments suggested the middle
path i.e. the screening of the rhizosphere microorganisms and
inoculation of only the efficient ones, in association with the
efficient mycorrhizal fungi would have more beneficial‘effect
on the grouth and nutrient uptake of plant than the inoculation

of mycorrhizal fungi singly.
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Plats 1

Effect of differsnt dosss of phosphate on the
growth of £. adengphorume 1y 0 g; 2, Cet g3
39 Ca2 g3 4, Gel g3 5, Ceb g} 6, CeB g3

Ty Vel g3 8, 360 g3 9, 5.0 gs The ssquance
is non-aycorrhizel and aycurrhizal in each

treatmante.
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Plate 2

Tha colonization of mycorrhizal endophyte in
roote a, the hgevy colonization; b, modaerate
colonizationy ¢, very sparce coclonizstion by
mycorrhizal fungl at 0.1, Ce.8 and %0 g

phosyhate lavals in soll resgectivelye.



PLATE - 3



Plate 3 Gcecurrence of different strains of aycorrhizal
fungl under tha influsnca of ssasonal changes
in the plents grouing in nature. a, fine
sndophyta in . pliparius; b, fine end coarse
andophytes togethar in the root of L. adang-
gborusis c, vesicles structure in L. adgngohg-
Zul; d, external vesicles, tha characteristic

of Ligagsuops sces in §e adengphogug.






Flate &4 a, »porccerp) of loous spe attachad with ths
rcot of Usbackis crinite; b, extramatrical
spora production by ge gioopium, undor

natural conditiona.



PLATE = 4



Flats 5 The differant types of spores isclated from

ths soile a, Ljgaspora spe 1; b, Gigesioza
8pe 23 €, Jclgrocystls spe; dy 5lOBYS Sie
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#late & The different typas of Llomua spe isclated
from the soll. a, sporocsrp of Glomus sp. 13
b, sporacarp of lg®ys spe 23 ¢, spare of
Llgmys sp.
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