SOME ASPECTS OF SOIL FUNGAL ECOLOGY"

By K. RAMAKRISHNAN
( University Botany Laboratory, Macdras 5)

NEeArLY forty years ago Waksman (1916 a, 1916 b, 1917) ch?mm'nstmwc:i by
his pioneering work that the soil which was till theq consldcrcci. an inert
medium, was really a dynamic ecological habitat teeming with an active fun gal
population. Since then numerous other workers all over the wm:ld have
investigated the fungal floras of various kinds of soils. Most of the lltcraﬂufc
on the fungi isolated from soils has been brought together by Gilman (1945).
Many facts of synecological significance have emerged from these ﬁm*is;ic
studies; but these studies by themselves are not strictly ecological. The
recent studies of Zachariah (1949), Warcup (1951) and Tresner, Backus and
Curtis (1954), however, are exceptions. Many autoecological studies have
also been undertaken by plant pathologists in their attempts to unravel the
‘ife processes of plant pathogenic fungi. As a result of such studies, soil-
borne plant pathogenic fungi have been broadly classified as © root inhabitants’
and ‘soil inhabitants’ (Garrett, 1950, 1951, 1952). On the other hand,
facts regarding the influence of factors of the environment on the life of the
large mass of soil fungi which are not known to be pathogenic and hence
are not of immediate economic value, have to be gleaned from the numerous
floristic studies referred to earlier. These findings are briefly discussed
below with reference to the author’s own work on the synecology of the
fungi of three soils in the neighbourhood of Madras.

TECHNIQUES

Many techniques have been devised for the quantitative and qualitative
study of soil fungi. These could be broadly grouped as (1) direct isolation
from soil by plating methods, and, (2) indirect isolation from previously
colonised organic matter or artificial media. The * dilution plate * technigque
of Waksman (1922) as modified by Brierley, Jewson and Brierley (1928) is
a bacteriological technique, adapted for soil fungal studies. This technique
has been largely used for quantitative and qualitative studies. Many workers
have pointed out its limitations both for counting the numbers of fungi and
for their isolation. Modifications have been suggested by Warcup (1950)
who, instead of plating out soil dilutions, plated measured quantities of soil

* Paper read to the Indian Academy of Sciences at the Annual Meetin g al Belgaum in
December 1954 at the Symposium entitled ““Soil Micro-organisms and Plant Well-being.”
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and demonstrated that fungi belonging to the Hymenomycetes could be
made to appear in his ¢ soil plates’. Jensen’s (1935) modification of the Rossi-
Cholodny slide technique and the method described by Jones and Mollison
(1949) have been claimed to give more accurate pictures of the relative
abundance of fungal mycelium in the soil. These, however, because of the
difficulty of operation, have not come into general use, and Waksman’s
technique still remains the most widely used. The technique of indirect
isolation from colonized organic matter or artificial media can generally be
called the ° baiting’ technique, as, in all cases suitable baits are offered to
the fungi for colonization. Butler (1907) was the first to use this technique,
using hemp seeds as baits, for studying soil and aquatic Phycomycetes. Many
later workers on the Phycomycetes like Sparrow (1943) have extensively
and successfully used this technique. The ‘straw burial’ technique of
Sadasivan (1939) as modified by Subramanian (1946) has been used in this
laboratory for the study of soil-borne Fusaria with special reference to their
occurrence and survival in soils. Zachariah’s (1953) work has further helped
to standardise this technique. It may be relevant to refer here to an experi-
ment conducted by the author (Ramakrishnan, 1953) to assess the compara-
tive merits of the ‘root burial’ and °dilution plate’ techniques. Fungi,
as shown in the following table (Table I) were isolated by these two tech-
niques from three soils at Vandalur, near Madras.

It is clear that neither of the techniques brought out all the fungi present
in the soil. Fungi appearing on the dilution plate belonged mostly to the
dry-spored group (Fungi imperfecti and Mucorales) producing enormous
numbers of rather thick-walled, minute spores. These fungi are mostly
saprophytes and are probably capable of withstanding microbial antagonism.
These fungi probably exist in the free soil as spores most of the time. Fungi
appearing on the rot bits on the other hand included strong cellulose decom-
posers like Memnoniella echinata, Chetomium spp. and Fusarium spp. It
is also interesting to note that such °‘soil inhabiting’ plant pathogens like
Neocosmospora vasinfecta, Macrophomina phaseoli and Fusarium solani
appeared only on the root bits. Similar results have been reported by
Zachariah (1953) also. It seems reasonable to assume that these fungi do
not exist in the free soil, but inside vegetable debris which they colonise,
and remain there either as mycelium or in some resting stage. The finding of
Venkatram (1952) that Fusarium solani could be induced to form abundant
chlamydospores by bacterial action is of special interest in this context.

Chinnayya’s (1952) ingenious adaptation of the root burial technique
by the use of ammonia to isolate Coprinus spp. indicates that this technique
has not been fully exploited, and much remains to be done in this field.
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Baiting techniques where artificial media are substituted for organic
substrata have been described by Chesters (1948) and Evans (1954). The
former demonstrated that his perforated  immersion tubes ” filled with nutrient
agar could be used for isolating some rapidly growing fungi. The soil
¢ recolonization tube * has been used by Bvans to study the rate of recoloniza-
tion of sterilized soil by fungi.

An interesting technique has been described by Campbell (1951) for
isolating Phytophthora cinnamomi Rands from infested soils. Here, holes
bored in fresh apples are packed with infested soils when the fungus grew
into the tissue of the fruit and then could be easily isolated in pure culture.
The use of live indicator plants to demonstrate the presence of obligate para-
sites like Plasmodiophora brassice Wor. has been described by Macfarlane
(1952). In this laboratory, Pythium aphanidermatum (Eds.) Fitzpatrick
has been consistently isolated from garden soil by a thick sowing of mustard
seeds. Given optimum conditions of moisture the seedlings were invariably
damped off and got covered with a pure growth of the fungus.

EcoLoGy

From techniques we may pass on to a brief consideration of the chief
factors which influence the abundance and distribution of soil fungi. It is
generally agreed that these factors are moisture, organic matter, reaction
of the soil and the major nutrients, nitrate nitrogen, phosphorus and potas-
sium and certain heavy metals.

Most investigators have found a direct correlation between moisture
content and numbers of fungi (Waksman, 1944; Dixon, 1929 and Jasevoli,
1924). Cobb’s (1932) work has shown that this correlation may not be
clearly seen to the same extent in all soils. The author (Ramakrishnan, 1953)
also found that moisture content and fungal numbers were directly correlated
in the soil of a rice field soil at Vandalur near Madras while in two other
soils no such clear correlation was observable. However, the soil with
the highest moisture-holding capacity had consistently higher numbers of
fungi than those with lower moisture-holding capacities. It is, perhaps, not
logical to look for any unqualified correlation between any factor and fungal
numbers in such a complex medium as the soil where so many conflicting
influences operate.

It is but natural that organic matter should have a great influence on
the numbers of fungi in the soil. The investigations of Waksman (1916 «,
1916 b, 1917 and 1944), Ma (1933) and Jensen (1935) confirm this view.
The author’s studies on Vandalur soils also agree with this conclusion to a

large extent.
B2
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Regarding the effec. of the three major constituents of plant food, viz.,
nitrogen, phosphorus and potassium, as far as the author is aware there is
no report in literature where the changes in these constituents in natural soil
were correlated with their fungal numbers. There are, however, numerous
reports on the effect of mineral amendments on the behaviour of sojl fungi.
It has been found that nitrate nitrogen, phosphorus and potassium stimulate
the development of soil fungi (Waksman and Starkey, 1924). The author
(Ramakrishnan, /oc. cit.) found that in Vandalur soils the variation in nitrate
nitrogen and phosphorus were directly correlated with numbers of fungi,
while the effect of potassium was not clear, possibly because this factor did
not appreciably vary from month to month.

Although no report on the influence of heavy metals on the general
fungus flora of the soil is available, the work done in this laboratory
(Sadasivan, 1951) on the influence of boron, zinc and manganese on the
colonization and survival of Fusaria in soils, demonstrates that this aspect
need further study.

Finally the influence of plant cover on the microfiora of the soil should
be mentioned. Recent studies on the rhizosphere microfloras of various
plants (Katznelson, Lochhead and Timonin, 1948; Agnihothrudu, 1953
Chinnayya and Agnihothrudu, 1953) emphasize the importance of such
studies in understanding the ecology of soil fungi. The work of Tresner

. . B w
et al. (1954) is also of great interest here.
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