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INFLUENCE OF SOIL MANAGEMENT SYSTEMS ON THE
MICROFUNGAL COMMUNITIES OF POTATO FIELD
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ABSTRACT - Soil microflora of three systems was estimated for two crop cycles. Maxi-
mum fungal propagules were recorded in valley land soil followed by terrace land and
slope land soils. Number of fungal propagules were higher in surface soil which decreased
with increasing soil depth. A total number of 26, 21 and 27 species of fungi were isolated
from valley land, terrace land and slope land respectively. Mucor spp., Fusarium spp., Pen-
icillium spp. and Trichoderma spp. were dominant fungi in all the three systems. Similarity
index of fungal species indicated that valley land was more similar to terrace land and dif-
fered markedly from slope land.

RESUME - Estimation de la microflore du sol de 3 systémes agricoles différents sur 2 cy-
cles de récolte. Le maximum de propagules fongiques est enregistré dans le sol de valiée, il
est suivi par les sols de culture en terrasse puis de versant. Le nombre de propagules est
plus éleve en surface et décroit avec la profonduer du sol prélevé. 26, 21 et 27 espéces de
champignons ont été isolés respectivement des systémes vallée, culture en terrasse et ver-
sant. Les Mucor, Fusarium, Penicillium et Trichoderma sont dominants dans les 3
systémes. Des indices de similarité indiquent que le systéme vallée est plus proche de la
culture en terrasse et différe fortement du systéme versant.

KEY WORDS : microfungal communities, succession.

INTRODUCTION

Soil is impregnated with a variety of heterotrophic microorganisms. In
soil, fungi and bacteria are responsible for breakdown of organic matter and re-
lease of nutrients. They are also known to be responsible for nutrient transfor-
mation, particularly in the case of nitrogenous and phosphatic minerals. Fungi
are most important primary consumers of decomposable materials of soil. Soil
not only provides a very conductive habitat for fungi, but a major part of soil
microbial biomass is comprised of fungi. Clark & Paul (1970) reported about
twice as much fungal biomass as bacterial biomass. Soil microflora thus exerts
considerable influence on the soil fertility and plant growth. In agricultural soils,
ploughing, tillage, application of fertilizers and biocides and type of cultivation
affect the microorganisms. The plant species growing on the soil also exert very
important influence on the population and species composition of the soil fungi
(Mishra & Sharma, 1977).

A number of studies on soil microorganisms have been carried out on
forest and grassland soils (Mishra, 1966; Christensen,‘1969; Lewis et al., 1971;
Widden, 1979). Microbiological studies of agricultural soil have received less at-
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tention (Domsch & Gams, 1972; Soderstrom et al., 1983). Present study deals
with the effect of different agricultural systems on the succession of fungal com-
munities in potato field soil for two crop cycles.

MATERIALS AND METHODS

The study was carried out at Upper Shillong (altitude 1706-1730m, lati-
tude 25°34” and longitude 91°56”E) in east Khasi Hills District of Meghalaya,
India. The climate of the area is subtropical and can be divided into four
marked seasons - (i) a summer season of heavy rainfall (May-September), (ii) a
transitional period of mild temperature and low rainfail (October-November),
(iii) a winter season (December-February), (iv) windy spring (March-April). An-
nual precipitation during the study period was 1570mm and the most rainfall
occurred between April and September. The average minimum and maximum
temperature of the study site was 1.0°C and 23°C respectively. The top soil is

Table 1. Moisture content (MC), pH, Organic carbon (C), total nitrogen (N), available
phosphorus (P) and exchangeable potassium (K) of soils of different agriculture
systems (Data are mean of three depths 10, 20 and 30cm for two years
1985-1986).

Tableau 1: Teneur en humidité (MC), pH, carbone (C), azote (N), phosphore (P) et potas-
sium (K) des sols des différents systémes agricoles (moyenne des 3 profondeurs
pour les 2 années 1985-1986).

Sampling UPLAND TERRACE LAND

date

MC|pH | C N P K MC|pH | C N P K

10 Sep. 31.24 4.58 | 1.55| 0.15] 0.01 ] 0.02 | 38.44 478 1 2.90 | 0.17 | 0.03 | 0.03
20 Sep. 32.04 467|139 0.16 | 0.01 | 0.02{ 37.4% 4.27 | 2.87 | 0.18 | 0.04 | 0.04
30 Sep. 2849471 139 0.16 | 0.02 ] 0.03 | 35.24 4.52 | 2.88 | 0.18 | 0.04 | 0.05
10 Oct. 30.54 4.71 {0921 0.16 ] 0.02 | 0.04 | 34.21] 4.70 | 2.68 | 0.19 | 0.05 } 0.05
20 Oct. 29.14 4.5511.0910.16 | 0.02 § 0.03 | 35.04 4.46 | 2.50} 0.18 } 0.04 } 0.05
30 Oct. 25.54 480 1.29] 0.16 | 0.01 | 0.03 | 30.80y 4.72 | 3.02 | 0.18 | 0.04 | 0.05
10 Nov. |24.64 449]1.37]0.15]0.01] 0.02 | 3048 4.69 | 2.58 | 0.17 | 0.03 | 0.07
20 Nov. |2441 4451156} 0.14{0.01 [0.02] 30.70] 4.68 | 2.44 | 0.17 | 0.03 | 0.04
L.S.D. 04.5]] 0.46 | 6.94 | 0.05 | 0.002 0.004 03.82 0.51 | 1.94 | 0.06 | 0.004 0.00
(P: 0.05)
Sampling VALLEY LAND

date

MC|pH| Cc | N ]| P | K

10 Sep. | 42.74 4.50 | 3.00 | 0.21 | 0.04 | 0.01
20 sep. | 41.24 4.30 | 3.42 | 0.22 | 0.04 | 0.01
30 Sep. | 40.61 4.40 | 2.96 { 022 | 0.04 | 0.02
10 Oct. | 41.13 4.55| 3.10 ] 0.23 | 0.06 | 0.02
20 Oct. | 42.64 4.35|3.28 | 022 0.05]0.02
30 Oct. | 37.14 4.57 [ 3.54 | 0.21 | 0.04 | 0.02
10 Nov. | 38.49 4.26 {3.59]0.20] 0.04 | 0.02
20 Nov. |38.29 424 [3.74|020] 0.03 | 0.01
LS.D. |05.21 047 2.89]0.05]0.004 0.004
(P: 0.05)

b omma .
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sandy loam (sand 72%, silt 10% and clay 18%). Physico-chemical character-
istics of different agricultural systems are given in table 1.

The soil samples were collected from potato fields under three different
management systems. In one type farmers adapt slash and burn type of shifting
cultivation mostly on the hillocks (slope land). The second type is done on
bench terraces built on hill slopes. Between the hillocks some plain lands are
found and on such lands permanent type of cultivation is done which is known
as valley land. Sampling was done at ten days interval for two crop cycles from
10th September, 1985 to 20th November, 1985 and 10th September, 1986 to
20th November, 1986. Soil samples were collected from three depths (0-10, 10-
20, and 20-30cm). The data correspond to mean of three replicate analysis of a
mixed sample collected from five random sites in each field.

Soil plate method was used to assess fungal populations. Martin’s rose
bengal agar medium was used for the isolation of fungi (Johnson & Curl, 1972).
The inoculated agar plates were incubated at 25°C and colonies were counted
after five days. Similarity index was calculated by following Sorenson’s (1948)
model.

2C
A+ B
where A means total number of species in one system, B means total number of

species in second system and C means total number of species common in both
the systems.

Similarity index (%) = x100

Organic carbon, total nitrogen, available phosphorus and exchangeable
potassium were determined by the Walkley & Black’s method (1934), semi-mi-
cro Kjeldahl method (Allen, 1974), sulphomolybdic acid method and flame pho-
tometer method (Jackson, 1973) respectively. pH was measured in soil and in
water mixture (1:5) using an electrical pH meter. Moisture content was assessed
by oven dry method at 105°C. Statistical analysis of data was done by perform-
ing Lattice Square Design (LSD), which determines the significance of apparent
difference in number of fungal propagules among soils from the different sys-
tems, with soil depth, and the significant changes in soil physico-chemical prop-
erties.

RESULTS AND DISCUSSION

Temporal and depthwise variation in fungal population of soils of three
systems is given in Figure 1. The numbers of fungal propagules per gram dry
soil were maximum in valley land soil and minimum in slope land soil. In depth
wise studies fungal population was always highest in surface soil and decreased
along with soil depth. In all the three systems highest fungal population was

_found in October, which was followed by a sharp decline (Fig. 1).

Decrease in fungal population along soil depth confirms the findings of
Soderstrom (19795), Bisset & Parkinson (1979), Deka & Mishra (1984). Surface
soil is usually provided with high organic matter content which in presence of
adequate moisture supply is acted upon by microorganisms to decompose the
complex organic residues into simpler forms, hence the microorganisms are
higher on surface layer of the soil (Mishra & Kanaujia, 1972; Acea & Carbal-
las, 1985). Generally, fungi found in deeper layer are slow growing due to una-
vailability of mineral nutrients and compaction of soil along depth (Saxena &
Sarbhoy, 1963; Mishra, 1966; Dkhar, 1983). In the month of October at the
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Fig. 1. - Number of fungi (fungal propagules) in different agricultural systems of potato
field soil.

Fig. 1. - Nombre de champignons (propagules) dans différents systémes agricoles de sol de
culture de pomme de terre.

middle age of plants, high fungal population in deeper layer may be due to pos-
sible increase in root exudation (Rovira, 1956; Hassink et al., 1991). The maxi-
mum number of fungal propagules in valley land soil might be due to high con-
centration of organic carbon, nitrogen, phosphorus and potassium as compared
to terrace and slope lands (Shukla et al., 1989).

A total number of 26 species were isolated from valley land soil. Absidia
glauca, Rhizopus oryzae and Emmonsiella capsulata were isolated only from the
surface layer (0-10cm) of soil, while Alternaria alternata ansl Phoma sp. were
isolated only from the middle layer (10-20cm). Monilia sp., Penicillium funiculo-
sum and Trichoderma harzianum wete isolated only from 20-30cm depth soil.
Fusarium sp., Mucor hiemalis, M. racemosus, P. brevicompactum, P. chrysoge-
num and T. viride were common at all the three depths of valley land soil (Table
2).

Twenty one species were isolated from terrace land soil. A. alternata,
Humicola fuscoatra and P. fellutanum were restricted only to surface (0-10cm)
soil. Penicillium canescens and Pythium sp. were isolated only from 20-30cm



MICROFUNGAL COMMUNITIES 139

depth soil. Aspergillus flavus, Fusarium poae, M. hiemalis, M. plumbeus, M. ra-
cemosus, P. chrysogenum, P. brevicompactum and T. viride were common fungi
in all the three depths of terrace land soil (Table 3).

Table 2. - Fungal species per gram dry soil x 102 (mean of collection in respective months)
at different depths for two crop cycles (1985-1986) in valley land soil.

Tableau 2. - Espéces fongiques par gramme de sol sec (x 102) aux différentes profondeurs
et pour 2 cycles de récolte (1985-1986) en sol de vallée.

[ [ (1030sep) | (1030 0ct) | (10-20 Nov) |
Fungi 10cm | 20cm | 30cm | 10cm | 20cm | 30cm | 10cm | 20cm | 30cm

Absidia glauca Hagem 2.2 - - - - - 1.9 - -
Alternaria alternata (Fr.) Keissler - - - - 21 - - - -
Aspergillus alutaceus Berk. & Curt. - - 1.2 - - - - - -
Aspergillus flavus Link: Fries - 21 25 - 3.2 3.2 - - -
Aspergillus niger V. Tiegh. - - - 24 4.7 1.0 - - -
Emmonsiella cepsulata Kwon-Chung 55 - - - - - - -
Fusarium oxysporum Schlecht em. Sny. &

Hans. 5.4 4.2 3.2 - - - 3.0 -
Fusarium poae (Peck) Wollenw. - 4.9 34 85 - 74 - - -
Fusarium solani (Mart.) Sacc. - - 1.2 - 55 2.0 - -
Monilia sp. - - 1.1 - - - - -
Mortierella minutissima V. Tiegh. 6.5 4.3 - 6.2 5.0 21 - 2.0 -
Mucor circinelloides V. Tiegh. - - - - - - 54 - 5.1
Mucor hiemalis Wehmer 33 3.6 2.1 44 4.0 33 - 3.0 3.2
Mucor plumbeus Bonord. 2.2 4.5 4.0 3.9 7.1 2.9 5.6 2.1 24
Mucor racemosus Fres. 7.6 4.9 53 10.9 8.7 34 4.0 5.7 2.4
Penicillium brevicompactum Dierckx 3.3 - - 7.8 4.4 - 7.0 3.2 -
Penicillium chrysogenum Thom 9.7 36 4.0 2.2 6.4 6.3 - 44 2.1
Penicillium fellutanum Biourge - 4.3 3.2 B - - - 2.6 -
Penicillium funiculosum Thom - - 1.9 - - - - - -
Phoma sp. - 3.2 2.2 - 4.4 - - - -
Rhizopus oryzae Went & Prinsen 3.2 - - - - - - - -
Trichoderma harzianum Rifai - - 25 - - - - 4.1
Trichoderma viride (Pers.) Gray 4.3 5.7 3.2 3.1 2.1 34 4.7 - 4.2
Sterile white 23 6.2 2.2 3.6 55 7.6 54 44 3.0
Sterile yellow 3.2 32 2.1 4.5 22 1.2 4.0 23 2.1

Twenty seven species were isolated from slope land soil. Arthrobotrys ar-
throbotryoides, Oidiodendron echinulatum, P. canescens, P. citrinum and Phoma
sp. were isolated only from middle layer (10-20cm) of soil, while Rhizopus ory-
zae, T. koningii and Verticillium chlamydosporum were isolated only from
' 20-30cm depth soil. Aspergillus flavus, M. hiemalis, M. plumbeus, M. racemo-
sus, F. oxysporum, P. chrysogenum, P. brevicompactum and T. viride were com-
mon in all the three depths (Table 4).

The effect of temperature and moisture could not be separated for Absi-
dia corymbifera, H. fuscoatra and Pythium sp. in terrace land where combined
temperature and moisture were high. Absidia glauca, Aspergillus alutaceus and
Emmonsiella capsulata appeared to be adapted to high moisture content (Ba-
ruah, 1983) and were found in the valley land. Trichoderma koningii appeared
in the last phase of the study when both temperature and moisture were low.
Dowding & Widden (1974) concluded that pH, temperature and moisture were
the most important factors affecting the composition of mycoflora over 21 arctic
and alpine tundra sites. The genus Aspergillus is extremely common in subtrop-
ical soils (Saxena & Sarbhoy, 1963). Verticillium chlamydosporum and Verticil-
lium sp. had a very restricted distribution and were isolated twice only in slope
and terrace land, showed an extremely aggregated pattern of distribution. Spe-
cies with high colonization densities usually had comparatively high communi-
ties. F. oxysporum, M. plumbeus, M. racemosus, P. brevicompactum, P. chry-
sogenum and T. viride were the common fungi in all the fields. Species of
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Mucor, Penicillium and Trichoderma seem to be tolerant to a wider range of en-
vironmental conditions. Mishra & Kanaujia (1973) isolated more diverse micro-
flora from cultivated soil as compared to grassland and forest soils and they
found that M. hiemalis, A. flavus, A. niger, P. chrysogenum and Cladosporium
herbarum were the most dominant fungi. Species of Penicillium, Fusarium, Mu-
cor and Trichoderma were also dominant fungi in maize (Dkhar, 1983) and rice
fields (Baruah, 1983) due to cold climate and acidic nature of soils of the region.
For a given community, it is generally observed that one or a few species are
numerically predominant and may strongly affect environmental conditions for
other species (Durall & Parkinson, 1991; Wardle & Parkinson, 1991). In the
present study, few species were regularly isolated at relatively high frequencies.
These species also had the most wide-spread and least aggregated distributions.
The low levels of aggregation observed for these species may reflect a relatively
broad or diverse niche space that may be the result of successful adaptation to
many dimensions in the system.

Table 3. - Fungal species per gram dry soil x 102 (mean of collection in respective months)
at different depths for two crop cycles (1985-1986) in terrace land soil.

Tableau 3. - Espéces fongiques par gramme de sol sec (x 10%) aux différentes profondeurs
et pour 2 cycles de récolte (1985-1986) en sol de culture en terrasse.

L ] (10-30 Sep.) (10-30 Oct.) (10-20 Nov.) j
Fungi 10cm | 20cm | 30cm | 10cm | 20cm | 30em | 10em | 20cm | 30cm

Alternaria alternata (Fr.) Keissler 1.0 - - - - - - - -
Absidia corymbifera (Cohn) Sacc. & Trotter - 3.2 22 2.1 33 - - - -
Aspergillus flavus Link: Fries - - . 1.0 52 1.1 2.2 - - 2.0
Aspergillus niger V. Tiegh. - - - 4.2 5.4 29 75 5.7 2.7
Fusarium oxysporum Schlecht em. Sny. &

Hans. . 5.2 2.5 33 3.3 2.7 - 2.7 - -
Fusarium poae (Peck) Wollenw. 5.1 3.1 - 4.1 31 5.5 3.6 2.7 -
Fusarium solani (Mart.) Sacc. - - 31 - - 23 - - -
Humicola fuscoatra Traaen 2.1 - - - - - 25 - -
Monilia sp. - 2.1 1.0 33 2.9 2.9 3.8 2.8 29
Mortierella minutissima V. Tiegh. - 2.2 B - 2.0 - 1.9 - -
Mucor circenelloides V. Tiegh. - - - 2.7 - - - 4.8 -
Mucor hiemalis Wehmer 31 - 2.0 3.8 1.0 2.2 - - -
Mucor mucedo Linnaeus: Fries 2.1 2.9 32 - - 1.9 - - -
Mucor plumbeus Bonord. 3.9 - 1.1 7.8 4.6 2.8 29 3.0 4.6
Mucor racemosus Fres. 9.5 4.9 3.2 2.0 - 3.2 2.6 1.9 -
Penicillium brevicompactum Dierckx 32 21 22 5.9 7.9 2.9 2.9 4.5 4.7
Penicillium canescens - 2.1 - - - 3.9 - - -
Penicillium chrysogenum Thom 8.7 6.3 4.8 5.2 4.0 4.8 2.0 2.9
Penicillium fellutanum Biourge 2.1 - - 9.1 - - 4.7 - 3.0
Phoma sp. - - - - B - - - 1.9
Pythium sp. - - - - - - - 1.9 -
Trichoderma harzianum Rifai - 2.1 1.1 - - - - - -
Trichoderma viride (Pers.) Gray 7.9 7.8 32 4.1 1.9 - 3.9 - 2.1
Verticillium sp. - - - - - 3.0 - - 3.0
Sterile 2.2 1.3 - 29 2.7 29 2.7 1.9

The majority of the taxa showed change in quantity with soil depth. In
agriculture system, widely changes in community structure take place at the sur-
face layer. At greater depth, differences of distribution level or patterns are usu-
ally reversed according to the prevailing conditions (water, potential oxygen and
substrate availability) at various intervals after the respective operations
(Domsch, 1986). It is clear from the results that systems differed from one an-
other as far as soil nutrients are concerned. It has been demonstrated that the
occurrence of fungal species depend upon soil type, soil moisture, mineral nutri-
tion and temperature (VanVuurda & Schippers, 1980). The major elements es-
sential for germination of fungal propagules in soil are nitrogen, carbon and
iron (Benson & Baker, 1970; Kloepper et al., 1980). An estimation of the influ-
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ence (positive or negative) of man'’s activities ranks the impact on some natural
soil properties in the following order, structure = aeration = pH = nutrient
status = toxic substances > depth of arable layer = water status = organic
matter content = soil organisms > sorption capacity = humus quality (Sauer-
beck, 1985).

Table 4. - Fungal species per gram dry soil x 102 (mean of collection in respective months)
at different depths for two crop cycles (1985-1986) in slope land soil.

Tableau 4. - Espéces fongiques par gramme de sol sec (x 102) aux différentes profondeurs
et pour 2 cycles de récolte (1985-1986) en sol de versant.

| | (1030sep) | (10300ct) | (1020 Nov)y |
Fungi 10cm } 20cm | 30cm | 10cm | 20cm | 30cm | 10cm | 20cm | 30cm

Absidia corymbifera (Cohn) Sacc. & Trotter 31 24 2.8 2.1 34 - - 2.1 1.5
Arthrobotrys arthrobotryoides (Berl.) Lin-

dau - - - - 11.6 - - -
Aspergillus flavus Link: Fries - 4.5 0.9 - 2.6 1.7 - - -
Aspergillus niger V. Tiegh. - 0.9 - 16.8 4.2 - - - -
Fusarium oxysporum Schlecht em. Sny. &

Hans. 4.4 115 5.7 8.7 24 35 - - -
Fusarium poae (Peck) Wollenw. - - - 1.7 - - - - -
Fusarium solani (Mart.) Sacc. - - - 3.8 6.4 - - - -
Monilia sp. - 1.5 2.7 - 1.6 1.8 24 1.6 -
Mortierella minutissima V. Tiegh. - 1.9 2.7 - 2.6 4.7 - - -
Mucor hiemalis Wehmer - - 19 3.9 3.6 1.8 1.5 7.2 9
Mucor plumbeus Bonord. 53 10.6 6.8 5.0 10.1 6.2 3.7 1.7 2.3
Mucor racemosus Fres. 5.1 s5.2 52 4.5 4.3 2.9 6.5 62 72
Oidiodendron echinulatum Barron - 0.9 - - - - - - -
Penicillium brevicompactum Dierckx - 2.6 1.9 6.7 - - 1.9 3.2
Penicillium canescens Sopp. - 1.9 - - - - - -
Penicillium chrysogenum Thom 34 6.1 7.8 25 5.2 - 35 35 2.0
Penicillium citrinum Thom - 3.2 - - - - - - -
Penicillium fellutanum Biourge - - - - 25 1.7 - - 2.1
Phoma sp. - - - - 8.6 - - - -
Rhizopus oryzae Went & Prinsen - - - - - 2.8 - - -
Trichoderma hamatum (Bon.) Bain. - 15 1.9 - - - - - 0.7
Trichoderma harzianum Rifai 38 7.8 1.8 5.6 24 8.0 - 6.8 -
Trichoderma koningii Oudem. - - - - 1.7 - - -
Trichoderma viride (Pers.) Gray 5.0 - 1.8 5.0 5.8 8.2 22 22 1.8
Verticillium sp. - - - 3.7 - - - - -
Verticillium chlamydosporum Goddard - - 3.8 - - - - -
Sterile 34 - 1.9 5.2 - 31 2.9 - -

Similarity index of fungal communities of different systems at different

'depths was calculated (Table 5). In valley land, fungal species composition of 0-

10cm depth was similar to 10-20cm depth (68%) and 10-20cm was similar to
20-30cm depth (78%), while 0-10cm was less similar to 20-30cm depth (64%).
In terrace land there was no marked difference in fungal species composition of
the three depths or soils. In slope land soil 0-10cm depth was more similar to
20-30cm depth as compared to 10-20cm depth. When the fungal communities of
0-10cm depths of the three management systems were compared, it was found
that similarity index among three systems varied between 66 and 70%, while at
10-20cm depths it varied between S0 and 70% and in 20-30cm depths the vari-
ation was between 61 and 75%. Among all the three systems it was noted that
the species composition of the valley land was more similar to terrace land and
it differed markedly from slope land soils. Taking similarity index of the fungal
community as an index of homogeneity of habitat (Clarke & Christenson, 1981),
it may be suggested that soil up to a depth of 30cm was almost homogeneous.
However, same does not hold true when we look at the population of fungi (Fig.
1). It appears that during digging or ploughing the soil is mixed, thus the fungal
species are distributed almost uniformly upto the depth studied. Also it may be
inferred that most species were capable of colonizing the soil up to 30cm depth
of soil.
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Table 5. - Comparison of soil fungi using model of Sorenson (1948) for similarity index
(%) at different depths and in different systems.

Tableau 5. - Comparaison des champignons de sol en utilisant le modéle de Sorenson
(1948) pour les indices de similarité (%) aux différentes profondeurs et pour les
différents systémes agricoles.

Slope land (SL}) Terrace land (TL) Valley land (VL)
tocm x 2Wam = 84 Loacm x 20am = 77 10cm x 20cm = A8
10cm ¢ 30om = 91 10zm % Z0cm = 78 10em x Iocm = 44
20cm ¢ Focm = 68 20em x 30cm = 78 20cm ¢ I0ocwm = 78
iocm 20cm 200w Different systems
VL % TL = 68 VL u TL = 58 VL x TL = 73 VL o« TL = 93

TL # SL = 70 TL » 5L = 70 TL % 8L = 71 TL % 8L = 71

VL 8L = &6 VL x SL. = &5 VL % 8L = 61 VL % BL = 67

REFERENCES

ACEA M.J. and CARBALLAS T., 1985 - First result of study of the microbial popu-
lation of humid zone granitic soils. Edafol. Agrobiol. 44: 395-412.

ALLEN S.E., 1974 - Chemical analysis of ecological materials. Oxford, Blackwell Sci.
Publ, 565 p.

BARUAH M., 1983 - Studies on population dynamic and activity measurement of microbi-
al communities of paddy field soil. Ph. D. thesis, North-Eastern Hill University,
Shillong, India.

BENSON D.M. and BAKER R, 1970 - Rhizosphere competition model in soil systems.
Phytoparhology 60: 1058-1061.

BISSETT J. and PARKINSON D., 1979 - The distribution of fungi in some alpine soils.
Canad. J. Bot. 57: 1609-1629.

CHRISTENSEN M., 1969 - Soil microfungi of dry to mesic conifer-hardwood forests in
northern Wisconsin. Ecology 50: 9-27.

CLARKE D.C. and CHRISTENSEN M., 1981 - The soil microfungal community of a
South Dacota grassland. Canad. J. Bot. 59: 1950-1960. -

CLARK F.E. and PAUL E.A,, 1970 - The microflora of grassland. Adv. Agron. 22: 375-
435.

DAKA H.K. and MISHRA R.R., 1984 - Distribution of soil micro.lora in jhum fallows
in north-east India. Acta Bot. Indica 12: 180-184.

DKHAR M.S., 1983 - Studies on ecology of edaphic microbial populations and their activ-
ities in maize fields. Ph. D. Thesis, North-Eastern Hill University, Shillong, In-
dia.

»



MICROFUNGAL COMMUNITIES 143

DOMSCH K.H., 1986 - Influence of management on microbial communities in soil. In:
V. JENSEN, A. KJOLLER & L.H. SORENSEN, Microbial communities in soil.
London, Elsevier Appl. Sci. Publ., 105-112.

DOWDING P. and WIDDEN P., 1974 - Some relationship between fungi and their envi-
ronment in tundra regions. In: A.J. HOLDING, O.W. HEAL, S.F. MacLEAN
Jr. & P.W. FLANAGAN, Soil organisms and decomposition in tundra. Stock-
holm, Tundra Biome Steering Committee, 123-150.

DURALL D.M. and PARKINSON D., 1991 - Initial fungal community development on
decomposing timothy (Phleum pratense) litter from a reclaimed coal mine spoil
in Alberta, Canada. Mycol. Res. 95: 14-18.

HASSINK J., OUDEVOSHAAR J.H., NIJHUIS E.H. and VANVEEN LA, 1991 - Dy-
namics of the microbial populations of a reclaimed polder soil under a conven-
tional and a reduced input farming system. Soil Biol. Biochem. 23: 515-524.

JACKSON M.L., 1973 - Soil chemical analysis. New Delhi, Printice Hall India (P) Limi-
ted.

JOHNSON L.F. and CURL E.A,, 1972 - Methods for research on ecology of soil borne
plant pathogens. Minneapolis, Burgess Publishing Co.

KLOEPPER J.W., LEONG J., TEINTZE M. and SCHROTH M.N., 1980 - Pseudomo-
nas siderophores: a mechanism explaining disease suppressive soils. Curr. Micro-
biol. 4: 317-320.

LEWIS 1.K.,, DODD J.L.,, HUTCHENSEN H.L. and HANSEN C.L., 1971 - Antibiotic
and harbage dynamncs studies on the cotton site. U.S. IBP Tech Rep. No. 111,
Colorado, Colorado State Univ.

MISHRA R.R,, 1966 - Influence of soil environment and surface vegetation on soil myco-
flora. Proc. Natl. Acad. Sci. India 36B: 117-123.

MISHRA R.R. and KANAUIJIA RS., 1972 - Studies on certain ecological aspects of soil
fungi I. Trop. Ecol. 13: 5-11.

MISHRA R.R. and KANAUIJIA RS, 1973 - Studies on certain ecological aspects of soil
fungi 11. Edafol. Agrobiol. 32: 21-34.

MISHRA R.R. and SHARMA G.D,, 1977 - Ecology of soil fungi: Population variation
in relation to varying cover vegetation and soil factors. Sydowia Ann. Ser. 30:
134-140.

ROVIRA A.D., 1956 - Plant root excretion in relation to rhizosphere effect. III. The ef-
fect of root exudate on number and activity of microorganisms in soil. Plant Soil
7:209-217.

SAUERBECK D., 1985 - Funktionen, gute und belastbarkeit des bodens aus agrikultur
chemister sicht materialien zur umweltforschung. Stuttgart, Verlag W. Kohlham-
mer.

SAXENA R.K. and SARBHOY A.K,, 1963 - Ecology of soil fungi of Utter Pradesh.
Proc. Natl. Inst. Sci. India 29: 207-224.

SHUKLA A.K., TIWARI B.K. and MISHRA R.R., 1989 - Temporal and depthwise dis-
tribution of microorganisms, enzyme activities and soil respiration in potato field
soil under different agricultural systems in north-eastern hill region of India. Rev.
Ecol. Biol. Sol 26: 249-265.

SODERSTROM B.E.,, 1975 - Vertical distribution of microfungi in a spruce-forest in the
south of Sweden. Trans. Brit. Mycol. Soc. 65: 419-425.

SODERSTROM B.E.,, BAATH E. and LUNDGREN B., 1983 - Decrease in soil microbi-
al activity and biomass owing to nitrogen amendments. Canad. J. Microbiol. 29:
1500-1506.

SORENSON T., 1948 - A method for establishing groups of equal amplitude in plant so-
ciology based on sij similarity of species content. Kongel. Danske Vidensk. Selsk.
Biol. Skr. 5:1-34.



144 A.K. SHUKLA and R.R. MISHRA

VANVUURDE J.W.L. and SCHIPPERS B., 1980 - Bacterial colonization of seminal
wheat roots. Soil Biol. Biochem. 12: 559-565.

WALKLEY A. and BLACK 1.A,, 1934 - An examination of the Detjaref method for de-
termining soil organic matter and proposed modification of the chromic acid ti-
tration method. Soil Science 37: 29-34.

WARDLE D.A. and PARKINSON D., 1991 - Analysis of co-occurrence in a fungal
community. Mycol. Res. 95: 504-507.

WIDDEN P., 1979 - Fungal population from forest soils in Southern Quebec. Canad. J.
Bot. 57:1324-1331.

-

»

-

)j ’\f‘"%




