ECOLOGY OF THE SOIL FUNGI OF UTTAR PRADESH*
I. Fuxe1 N DIFFERENT SOILS AT ALLAHABAD

by R. K. SaksENa, F.N.L, and A. K. SARBHOY, Botany Department,
University of Allahabad, Allahabad

(Recesved September 24, 1962)

Eighty-four soil samples were collected from the Allahabad Kachhar and
village Jhari. The soil of the first one is generally known as the ‘ Gangetic
alluvial’ and of the second one as the ‘Black cotton’. .The fungi from these soil
samples were isolated by different methods in various seasons and depths.
About 75 different species belonging to various groups, viz. Phycomycetes,
Ascomycetes and Deuteromycetes, were identified with the help of relevant
literature. QOut of these, 24 different species covering 19 genera belonged to the
Phycomycetes and only two genera to the Ascomycetes. Nineteen species of
Aspergillus and eight of Penicillium were also recorded. The remaining
organisms were fungi imperfecti., None of the Basidiomycetes could be
isolated from these soils in spite of our best efforts. The mechanical and
chemical analyses of the soils were also made. In all 16 species belonging to
different groups were new records from the Indian soil.

The beginning of the study of soil fungi was made as early as 1886 when
Adametz in Germany isolated several species of fungi in the course of his
biochemical studies on soils. This work was, however, not followed up till
1902 when Oudemans and Koning isolated and described 45 species of soil
fungi from Holland, the majority of which were new to science. After this
came a large number of contributions from different parts of the world—Hagem
(1907), Lendner (1908), Dale (1912, 1914), Jensen (1912), Jensen (1931), Harvey
(1925), Gray and McMaster (1933), Gray and Taylor (1935), Campbell (1938},
Garrett (1938), Warcup (1955b), Tresner et al. (1954) and Durrell and Shields
(1960). Amongst the Indian workers the names of Shaw (1915), Thakur and
Norris (1928), Galloway (1936), Chaudhuri and Umar (1938), Butler (1939),
Ghatak and Roy (1939), Datta and Chaudhuri (1944), Ravi Prakash and
Saksena (1952), Saksena and Mehrotra (1952), Saksena and Murty (1953),
Shetye (1954), Saksena (1955), Raizada (1957), Dwivedi (1958), Rai and Tewari
(1960), Ghosh and Dutta (1960), Mehrotra and Agnihotri (1961), Mehrotra and
Kumar (1961) and Rai and Mukerji (1961) may be mentioned.

* The authors are deeply grateful to the Council of Scientific and Industrial Researc}?,
New Delhi, for giving financial help to enable them to undertake and carry on these investi-
gations,
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Though studies of soil fungi have been engaging the attention of a large
number of workers, the ecological factors, which govern their distribution,
have not been seriously studied till recently, particularly in India. The
State of Uttar Pradesh is still unexplored. In view of this fact the present
work was undertaken by the authors. This paper deals mainly with different
soils found in the vicinity of Allahabad, giving their chemical composition
and distribution of fungi at various depths during different seasons and their
possible inter-relations. Work on other main types of soils of Uttar Pradesh
will be published in a subsequent paper.

Sotls :

According to Hopkins (1909) Allahabad soils present a greater complexity
than any district in the plains of Uttar Pradesh, with the possible exception of
Mirzapur. The whole of the trans-Ganges tract consists of the ordinary
alluvium of the Gangetic plain, and the same may be said about greater part
of the Duab as also of the Karchana tahsil and the north-east of Meja. " Kar-
chana has the usual belt of light and indifferent soil along the banks of the
rivers Ganges, Jamuna and Tons. Village Jhari in the Karchana tahsil is
about 18 miles from Allahabad. There the chief soil is mar, commonly des-
cribed as Black cotton soil. The other selected place by the authors is the
Belighat in the Kachhar, lying in the north of Rajapur locality. Its soil is
generally known as Gangetic alluvial, full of sand and clay.

Seasons :

The climate of the district is characterized by a delightful cold weather, a
long and almost intolerable hot summer and a rainy season. The winter
season commences from the month of October and lasts up to the end of
February, the average temperature during December and January being 55° F.
This is followed by summer which lasts up to June and then comes the rainy
season. The amount of average rainfall is 40 inches. The maximum tem-
perature during summer is generally 115° F with hot winds blowing through-
out the day. The soil temperatures were recorded when the soil samples were
taken and it was noticed that they were usually 9 to 18° F higher than the
usual aerial temperatures (Table 1).

Method for the collection of soil samples :

The isolations were made from a plot of land, where rice was genéra]ly
cultivated, at Jhari. During the rainy season it usually becomes somewhat
flooded with water. The second type of soil was taken from a plot near the
Belighat. The whole area remains submerged for a long time under the
Ganges water during the rainy season. After the flood-water recedes, this
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TABLE 1

Showing the average temperature and rainfall

) . Temperature
Month Minimum Maximum R,ajm.fa,ll m y R
inches Ganges Jhari
soil 101l
1. August, 1961 82° F 94° ¥ 28-37
2. September, 1961 80¢ F 96° F No rainfall
3. October, 1961 78° F 34° F v v, 98-102° F 924° I
4. November, 1961 52° F 76° F "™ .
5. December, 1961 36° F 50° 1 . \ 90°F w4°F
6. January, 1962 40° F 68° F
7. February, 1962 52° F 62° F . .
8. March, 1962 66° F 100° F 1.21
9. April, 1962 80° F 106° F No rainfall
10. May, 1962 84° F 116° F 1-33 120 F 1197 F
11. June, 1962 84° F 114° F 1-97
12, July, 1962 90° F 110°F - 11-77

area is used generally for the cultivation of barley, wheat and Sarson (Brassica
campestris) crops.

The method used for taking soil samples was a slight modification of that
used by Goddard (1913). It was introduced by Saksena and Mehrotra (1952)
for their studies. In the present case the dug-out pit was 12 inches
deep instead of nine inches. Samples were taken from all the four sides of the
pit and at different depths (2", 4", 6" ... 12" and the surface soil). They were
placed in their respective sterilized containers. This process was repeated
with one more such pit dug out about 100 yards apart from the first one.
The samples were packed in sterilized flasks and brought to the laboratory.
By this way about 14 different soil samples were taken at a time from each
place in every season. In all 84 soil samples were collected.

Soil analysis :

The mechanical and chemical analyses of the soil were made. The pH
values, moisture contents, carbon, nitrogen, nitrates, phosphorus, calcium,
magnesium and manganese of the soils were determined (Tables 2 and 3).
pH valies were recorded with the help of LaMotte’s soil testing outfit. Nitro-
gen was estimated by Kjeldahl’s method and carbon by Walkley’s titration
method. Determination of other mineral elements such as magnesium,
manganese and calcium was done by Hall’s method as outlined in Piper’s
book (1950). Estimation of phosphorus and nitrate was made by LaMotte’s
soil testing outfit (Tables 2 and 3).
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Isolation of fungal flora from the soil samples :

The soil microfungi were studied by four main methods, namely soil
dilution plate method (Waksman 1927), soil plate method (Warcup 1950),
direct inoculation method (Waksman 1916) and lastly the hyphal isolation
method (Warcup 1955a), on three different media, potato dextrose agar,
Czapek’s medium (acidic as well as neutral with rose bengal and strepto-
mycine), and finally on the Hay extract’s agar.

Isolation of water moulds was also done with boiled hemp seeds as baits.

Observations were recorded thrice, first after two days, then after six
days and finally after eight days respectively. The first set of observations at
the end of two days was necessary because the overgrowing flocculent types
such as Rhizopus, Mucor and Trichoderma, ete., had not grown excessively to
interfere with observations of other species. Second time observations were
made when these had come to an advanced stage to enable identification.
Lastly, the slow growing ones had to be cut and replanted in different poured

TABLE 4

Colonies counts on various media in different seasons in
per gram of Gangetic alluvial soil

Different depth

Seasons in inches PDA Czapek Hay
1. Winter GS 50,000 31,000 15,000
G2 38.000 39,000 18,000
G4 41,000 56,000 20,000
G6 29,000 56,000 22,000
8 24,000 41,000 13,000
G10 23,000 23,000 8,000
G12 11,000 17,000 5,000
2, Summer GS 11,000 8,000 8,000
G2 10,000 17,000 12,000
(34 10.000 9,000 8,000
G6 21,000 8,000 8,000
G8 12,000 10,000 8,000
G10 10,000 12,000 8,000
(12 4,000 5,000 5,000
3. Rainy GS 30,000 8,000 13,000
G2 20,000 18,000 12,000
G4 18,000 13,000 10,000
G 18,000 8,000 15,000
38 20,000 12,000 8,000
G10 8,000 8,000 6,000

G12 6,000 6,000 4,000
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dishes for the purpose of further growth in order to save them from being
overrun by the more aggressive types. The number of colonies per plate in
one gm of soil were counted (Tables 4 and 5). The fungi, which produced
maximum number of colonies in all the three seasons, were taken as dominant
species.

TaBLE 5

(olonies counts on various media in different seasons in
per gram of Black rotton soil

Different depth

Seasons .. PDA Czapek Hay
in inches

1. Winter BS 46,000 22,000 18.000
32 34,000 11,600 16.000

B4 12,000 11.000 3,000

B6 14,000 12,000 8.4430)

B8 10,000 12,000 10.000

B10o 3,000 , 7,000 3,000

B12 5,000 6,000 3,000

2. Summer BS 25,000 15,000 8,000
B2 25,000 6,000 10,000

B4 20,000 10,000 8,000

36 15,000 15,000 10,000

B8 9.000 8,00u 10,000

Bi0 8,000 4,000 4,000

B12 4,000 3,000 4,000

3. Rainy BS 30.000 22,000 20.000
B2 24.000 22,000 18,000

B4 15,000 15,000 9,000

B6 13,000 14,000 11,000

Bs 10,000 2,000 6,000

B1o 10.004 8,000 6,000

B12 6.000 6,000 4,000

Pure cultures :

After the isolation of the microfungi, their pure cultures were made by
single spore culture method and sometimes by hyphal isolation method
{(Warcup 1955a).

Identification :

Identification of the organisms were made with the help of the relevant
literature (Thom and Raper 1945, Raper and Thom 1949 and Gilman 1957).

A comparative account of the soil fungi, which were identified in
different seasons, is as follows (Table 6 and Histogram 1}):
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TABLE 6

Showing seasonal distributions of soil fungi

Black cotton soil Gangetic alluvial

No. Organisms

Win. Sum. Rain. Win. Sum.  Rain.
Sugar fungi (Phycomycetes)

1.  Absidia coerulea Bainier + — — — — +
%2, Absidia orchidis (Vuill.) Hagem 4+ — —_ — 4 _

3.  Absidia butleri Lendner — — — — — +
*4,  Absidia ramosa var. indica

Mehrotra and Sarbhoy — + - — — -

5.  Rhizopus stolonifer (Fr.) Lind. -+ + L + + 4

6.  Rhizopus arrhizus Fischer L 4- + < 4 4

7.  Rhizopus oryzae Went and

Gerlings + — + - <+ -+

8.  Phycomyces nitens Agardh + — _ — —

9.  Circinella simplex ven Tieghem — — — + — —
10.  Mucor racemosus Fres. ¢ + — - — - +
11. M. fragilis Bainier + — — — — +
12. M. hiemalis Wehmer + — + + — -
13. M. luteus Linn, — — + - - +
14. M. mucedo (Linne) Brefeld + — — — — _

*15. M. abundans Povah — — — - — n
*16.  Actinomucor elegans (Eidam) Ben.

and Hess. — + — — - —
*17.  Chaetocladium hesseltinii Meh. and

Sarbhoy — — — —_ + —

18.  Zygorhynchus heterogamus (Vuill.) — — — + — -

19.  Cumninghamella echinudata Thaxter -+ — + + — 3

20.  C. verticillata Stadel — — 4 + — +

21.  Syncephalastrum racemosum

(Cohn) Schroeter — + — - — —

22.  Mortierella sp. — + — — — -
¥23.  Allomycessp. 1 -+ + 4+ + + -+

24.  Allomyces sp. 2 + + + + — +

Cellulose decomposing fungi
(Ascomycetes and Deuteromycetes)

25.  Chaetomium bostrychoides Zopf. + — 4+ + — +
*26.  C. cochliodes Palliser — - — 4 —- -
*27.  Emericella sp. -+ — — — — -

28.  Aspergillus fumigatus Fres. + + + + -+ +

29.  A. terreus Thom + 4 + + + 3

30, A. niger van Tiegham + -1 + - -+ T

31.  A. awamori Nakzawa - — - — — -

32.  A. japonicus Saito — e _ _ _ _

33.  A. luchuensis Inui + + 4 - I -+

- presence of the fungus. — ahsenece of the fungus. * new report from India.
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TABLE 6-—concld.

Black cotton soil

Gangetic alluvial

No. Organisms
Win. Sum, Rain. Win. Sum. Rain.
34,  Aspergillus oryzae (Ahlburg)
Cohn + + + + + +
35. A. flavus Link 4+ 4 4 _ + “
36. A. sulphureus (Fres.) Thom and
Church - — - : . _
37. A, variecolor (Berk. and Br.) Thom
and Church - — -+ + — —
38. 4. flavipes Bain. and Sartory — — + 4- — -4
39. A. sydowi (Bain. and Sar.) Thom
and Church + — 4 — 4 €
40. A. ochraceus Withelm + — ES — _ —_
41.  A. carneus (van Tiegh.) Blotch — — — + — —
42.  A. widulans (Eidam) Wint — — - — S 4
43. A, ustus (Bam,) Thom and
Church — — —_ - - +
44. A, niveus Blotch — — — —_ - S
45.  A. versicolor (Vuill.) Tiraboschi — — — —_ — -+
*46, 4. citrisporus von Hohnel —_ + — — — -
47, Penicillium variabile Sopp. + -+ + -+ — &
48. P, citrinum Thom — — — + - +
49.  P. notatum Westling - — — + - +
50. P. chrysogenum Thom 4 — — — — -
51.  P. frequentans Westling 4+ — + — — -+
52.  P. steckii Zaleski “+ — - — — —
*53.  Penicillium sp. (Perithecial) + + - — — —
*54.  Penicillium sp. — + — - — +
55.  Curvularia lunata (Walker)
Boedijin + - + + + +
56.  Cladosporium. herbarwm (Persoon)
Link. + — -+ — — -
*57. C. epiphylum Persoon + - — — — —
58,  Arthrobotrys oligospora + — - _ — —
%59.  Arthrobotrys sp. + — — — — —
60.  Trichurus terrophilus Swift and
Povah + — — - + —
61l.  Stysanus medius Saccardo + - — - — +
62.  Cephalosporium acremonium
Corde - — — + — -
63.  Trichoderma lignorum (Tode) Harz  — - + — - -
64. 7. koningsi Oud. — + — + + +
65. T.wviridee Corde — + -+ —_ — +
66.  Fusarium sp. + — + — — -
67. F. poae (Peck) Wolen. + - + - - +
68. F. avenaceum Sac. . o+ 4+ -+ - -+
69,  Alternaria humicola Oud. —_— + - — - -
*70,  Geotrichum sp. 4 — _ N — —
71.  Gloesporium sp. + - — -+ - -
*72.  Haplosporangium sp. — - — — - -
*73.  Monilia sp. — — + - - -
74.  Fusarium sp. (Sterile) — - 4- - - -
76.  Mycelin sterdia (Four) 2sp. 2sp.  3sp. - 1sp.  2sp.

+ presence of the fungus.

— absence of the fungus.

* pew report from India.
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A critical study of Table 6 shows that there were mostly seven dom-
inant species, viz. Aspergillus terreus, A. luchuensis, A. niger. A. fumigatus,
A. flavus, Rhizopus arrhizus and Cunninghamello sp.

Discusstons and Conclusions :

It has been observed by many workers, viz. Goddard (1913), Takahashi
(1919), Warcup (19556) and Saksena (1955), that the number of fungi goes on
decreasing downwards in the profile. The surface soil up to six inches contains
the maximum number of fungi, showing that they are pronounced aerobes
and would not thrive in deficiently aerated lower horizons of soil as reported
by Saksena (1955) also (Graphs 1 and 2).

Moisture, which is important for the growth of soil microfungi, has a
pronounced effect on the distribution of soil fungi. In water-logged fields
anaerobic conditions affect them adversely. Saksena (1955) has reported
that under such conditions only those forms thrive which are adapted to aquatic
conditions such as species of Allomyces, ete.. members of Saprolegniaceae and
Pythiaceae. Some such aquatic fungi were also recorded in different seasons
from both the soils.

From the present studies it is evident that the moisture contents of the
Black cotton and Gangetic alluvial soils first decrease up to six or eight inches,
and, then, rise as one goes downwards while the number of fungi goes on
decreasing in the lower horizons (Tables 4 and 5).
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During the summer due to persistent drought and high temperature the
colonies were found in less numbers. According to Hawker (1950) the moisture
requirements of fungi tend to indicate that moulds show a vastly different
capacity to face drought. The minimum relative humidity at which fungi
are able to grow is correlated with the concentration of the cell sap and conse-
quently the suction pressure exerted by the hyphae.

Saksena (1955) has mentioned that ‘The survival from a long drought
depends upon the capacity of resting spores possessing thick walls and lack of
vacuoles’. The authors examined a large number of old resisting spores of
several fungi such as A. niger, A. luchuensis, Rhizopus, etc., with the help of
neutral red, which is more or less a specific stain for vacuoles, and found that
they contained tiny vacuoles.

It was the general view of many authors that fungi grew luxuriantly in
acid soils and bacteria predominate in alkaline soils. But Jensen (1931) and
others have proved that fungi are abundantly found in alkaline soils also and
play a dominant role in the microbiological activity of such soils (Waksman
1927).

From the present studies it is clear that the pH of soil samples
generally ranged between six and eight, being neither very acidic nor very
alkaline. From these the authors have isolated 75 different species of micro-
fungi. Bacteria also occur universally but, in general, they are less tolerant
to the acid condition (Waksman 1932). The maximum number of organisms
isolated by the authors from acidic soil (Black cotton soil) is due to the lesser
number of bacterial colonies.

1t is a recognized fact that, from the viewpoint of physiology, carbon,
nitrogen, phosphorus, sulphur, ete., are important for fungi. In the absence of
any one of these the growth and sporulation of moulds as well as of other
micro-organisms are hampered a lot. Magnesimm, manganese and caleium,
though needed in very small quantities, are also essential. The presence of
calcium promotes the aggregation of the soil colloids and gives the soil a
proper aeration and thus promotes the growth of microfungi (Saksena 1953).
It also helps in neutralizing the acids produced by the micro-organisms and
reduces the toxicity in soils. From Tables 2 and 3. it is clearly established
that the Black cotton soil was rich in all these elements as compared with the
Gangetic alluvial soil. This also reflects as to why the Black cotton soil
promoted the growth of a large number of organisins.

Saksena (1955) has very well discussed that it is not easy to place various
fungi into distinet ecological groups. The authors have classified these fungi
according to patterns of Garrett modified by Saksena:

(1) Sugar fungi.—Comprising largely of Phycomycetes which readily
decompose the various sugars.
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(2) Cellulose decomposing fungi.—Compriging various Ascomycetes and
Fungi Imperfecti.
(3) Lagnin decomposing fungi.—Comprising Basidionrycetes.

Sugar funys :

They usually predominate the upper horizon which is rich in organic
matter.

During the present studies the authors came across 24 different species
covering 19 genera, including two species of water moulds. Rhizopus stolo-
nifer, Rhizopus arrhizus and Rhizopus oryzue were the most common species,
present in every season except during summer in both the soils, but R. oryzae
was not found in the Black cotton soil. Six species of the genus Mucor were
recorded. The most common ones were M. racemosus, M. fragilis and M.
hiemalis while the rest had some restricted distribution. Only one species of
the genus Chaetocladium was isolated from the Gangetic alluvial soil in
summer. It was found that in both the soils there was not a single species of
Mucor during the summer season, indicating that Mucors were not resistant to
drought and high temperatures. Different species of Cunninghamella, viz.
C. echinulata and C. verticillata, were common in the Gangetic alluvial soil, but
they were absent in summer. Actinomucor elegans, Circinells simplex and
Syncephalastrum racemosum were also present in both the soils except the first
one which was isolated from Black cotton soil only.

In our collections only one species of Mortierella was isolated though it is
reported in abundance in soils by others. The genus Zygorhynchus, which
has been commonly reported by different workers from lower strata, was also
collected.

Out of these 24 species of Phycomycetes, one species of the genus
Chaetocladium, viz. C. hesseltini Mehrotra and Sarbhoy (1960), which has been
recently reported from this laboratory, and a variety of 4. ramosa var. indica,
were also isolated. Mucor abundans and A. elegans are being reported for
the first time from Indian soils.

Cellulose decomposing fungr :

Ascomycetes : Only two genera, viz. Chaetomium and Emericells comprising
three species, were isolated during the course of present studies. These were
recorded previously by many workers from the soil.

Fungi Imperfecti (Deuteromycetes) :

Moniliales constitute the most common fungal flora of cosmopolitan
origin. They are well known for their cellulose decomposing properties
(Kellerman and McBeth 1912).
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During the present studies 19 species of Aspergillus were isolated. dsper-
gillus fumigatus, A. terreus, A. niger, A. luchuensis. A. oryzae and A. Javus
were common which were encountered in every season in both types of soils.
This clearly demonstrates their wide distribution in the soil. The rest of the
species showed a restricted distribution.

The occurrence of Penicillia in the soil is poor as compared with that of
Aspergilli (Waksman 1932 ; Warcup 19555). Only eight species of Penicillium
were isolated, the most common one being P. variabile which was recorded
almost in all the seasons. The two perithecial forms were also recorded and
efforts are being made to identify them.

Different species of the genus T'richoderma, which is more common and of
world-wide distribution, were also reported. 7. viride and 7. koningii were
common while T'. lignorum was recorded only during the rainy season.

Trichurus terrophilus, Stysanus wmedius and Alternaria lumicola are
also reported from the soil, the most uncommon genus being Arthrobotrys
which has not so far been reported from the soil except on parasitizing nema-
todes. For the first time not only one but two species were isolated in
both the soils ; one of them is A. oligospora while the other is still under investa-
gation.

Geotrichum sp., Haplosporangium sp. and Monilia sp. are for the first time
reported from the soilsin India.  Fusarium allevaceum, which is the commonest
species amongst the soil fungi, was isolated from soils in different seasons.
The other -pecies is F. poae and the third one is still to be identified.

None of the Basidiomycetes was isolated from these soils in spite of our
best efforts,

The maximum number of fungi were isolated with the help of Warcup’s
soil-plate method (1950); next came the dilution method. Hyphal method
was also tried for such fungi as were of rare occurrence and it was found to be
good for the isolation of the Mucorales, rare species of Ascomycetes and als>
for some slow growing organisms.

The results of present studies enable authors to agree with Warcup (1957)
that soil fungi show a well marked periodicity throughout the year, the maxi-
mum number of microfungi being present during the winter and the rainy
seasons. The viable spores and viable hyphae are found during the hot sumi-
mer; some fungi, however, survive the summer as thick-walled hyphae and
spores. )

SUMMARY

This paper deals mainly with different soils found in the vicinity of
Allahabad, giving their chemical composition and distribution of fungi at
various depths during different seasons and their inter-relations.

Soil samples were collected from Jhari village in Karchana Tahsil,

6
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District. Allahabad, and from the Belighat in Kachhar near Allahabad City, the
goil of the first being Black cotton and of the second Gangetic alluvial.

The technique for the isolation and study of the fungal flora was that of
Goddard moditied by Saksena and Mehrotra. Kighty-four soil samples were
examined from different depths in various seasons. Soils were mechanically
and chemically analysed.

For the isolation, soil-plate method, dilution method, direct method, and
hyphal isolation method were followed. Seventy-five different species of
microfungi were isolated and identified belonging to Phycomycetes, Asco-
mycetes and Deuteromycetes. Distribution of these fungi and their relation-
ships as regards the moisture contents, hydrogen-ion concentrations, carbon,
nitrogen, phosphorus and calcium, etc., of the soils were also studied.

Sugar fungi, i.e. Phycomycetes, usually predominate the top horizon.
Twenty-four different species covering 19 genera, including two species of
water moulds, were recorded. Out of these, C. hesseltinii, which was recently
created by Mehrotra and Sarbhoy, was isolatad again by the authors and a
new variety (var. indica) of A. ramose was also created. Mucor abundans and
Actinomucor elegans are being reported for the first time from Indian soils.

Only two generu, viz. Chaetomium and Emericella belonging to the Asco-
mycetes, were isolated during the present studies. Moniliales, which consti-
tute the most cominon flora and are of world-wide distribution in soils, were
reported in abundance. Nineteen species of Aspergillus, eight of Penicilliuin,
three species of Trichoderma, Trichurus terrophilus and Stysanus medius were
also recorded. Two perithecial forms of Penicillium, so far not ideutified,
were isolated from Indian soils. The genus Arthrobotrys is reported for the
first time from the soil.

Geotrichwm sp. and Haplosporangium sp. have been isolated for the first
time from soils in India. In all 16 species belonging to different groups arc
new records from the Indian soil.

None of the Basidiomycetes was found in these soils in spite of the best
efforts of the authors.
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