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Isolation of rhizosphere, non-rhizosphere and rhizosplane mycofora was done at early, pre-flowering, flowering
and fruiting stages of plant growth. The number of fungi/g dry soil and fungal species were maximum at early
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stage. A slight increase in number of fungi at the late fruiting stage was observed.
INTRODUCTION

The term "Rhizosphere" was coined by Hilther (1904) to
describe the portion of soil where microorganism mediated
processes are under the influence of the root system. Clark
(1949) proposed that ecological niche or habitat provided for
microorganism by root surface be designated as the
rhizoplane. Their growth and excretion influence
microorganisms present on the root surface of the plant.

Many workers observed stimulation of fungi in the
rhizosphere such as Agnihothrudu (1955), Sosova and Vasin
(1961), Babeva and Seveleva (1963), Rangaswamy and
Vasantharajan (1962), Bharadwaj (1970), Mohammad (1985)
and Jain (2001). Commonly, fungi in the rhizosphere soil are
several times greater than those of root free soil.

MATERIAL AND METHODS

For the isolation of rhizosphere mycoflora, plants from
each plot was dug out with the help of sterilized trowel and
was gently tapped so as to remove loosely adhering soil,
and roots were cut off with sterilized scissors and were placed
in 250 ml flask containing 100 ml sterilized distilled water.
The flask was shaken vigorously to get uniform soil water
suspension. One ml of this suspension was transferred to
each petridish and then 15 ml sterilized Czapek’s medium of
the following composition was poured in each one: KH,PO,
1.09; MgS0,, 7H,0 0.5g; Kcl 1.0g; FeS0, trace; yeast powder
0.5g; NaNQ, 2.0g; Dextrose 10.0g; Agar - Agar 15.0g and
distilled water 1000 ml (cooled to 40°C). Five replicates were
used for the rhizosphere. The remaining soil suspension after
removing root was dried in an electric oven at 105°C for 24
hrs and the weight of the oven dried soil was calculated. The
number of fungi appearing in one ml solution was counted
and the average of colonies calculated.

For the isolation of non-rhizosphere mycoflora, soil was
taken away from the root system. 10g of the soil sample was
taken in a 250 ml flask containing 90 ml sterilized distilled
water.

The flask was then shaken vigorously to make uniform
soil suspension, and dilution series of 1:100, 1:1000, 1:10000,
were prepared. One ml suspension of each dilution was
transferred in plates and nutrient medium. Separate pipettes
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were used for each dilution. Moisture content of the soil was
determined. For calculation of fungi/g of dry soil in the non-
rhizosphere, the average number of fungal colonies of 5 plates
were multiplied by particular dilution and the average was
calculated.

The moisture content of soil was taken into consideration
while calculating the fungi/g of dry soil. The percentage
occurrence of fungi in rhizosphere and non-rhizosphere was
calculated.

The method of Harley and Waid (1995) was employed to
study the rhizoplane fungi. Roots were taken out from the
flask and washed thoroughly with several changes of
sterilized distilled water. Roots were first dried with sterilized
Whatman’s filter paper No. 44 and then small root bites of
10mm size were cut off and five bites were placed on sterilized
Czapek’s agar medium in sterilized petridishes. Five
replicates were used for the rhizoplane study. Inoculated
plates were incubated for 5-6 days at 25°C and thereafter
fungi were isolated and identified.

RESULTS AND DISCUSSION

Rhizosphere, Non-Rhizosphere and Rhizoplane
mycoflora :

RHIZOSPHERE

In all 35 fungal species were isolated from the rhizosphere
soil out of which 4 species were from Phycomycetes, 2 from
Ascomycetes and 29 from Deuteromycetes. The latter
dominated the rhizosphere mycoflora with 83% of the total
fungal population. The dominant species in the rhizosphere
were Rhizopus nigricans, Syncephalastrum racemosum,
Paecilomyces fusisporus, Aspergillus flavus, A.terreus,
A.niger, Pcitrinum, Fusarium udum, White sterile mycelium
whereas Mucor luteus, Cunninghamella echinulata, Phoma
glomerata, Botryodiplodia theobromae, Cephalosporium
coremioides, Trichoderma lignorum, A.luchuensis,
Trichothecium roseum, Torula convoluta, Cladosporium
cladospoioides, Curvularia lunata, Fusarium nivali and
Phylostica sp. were of rare occurrence and were obtained
once or twice. They were rare also because their %
occurrence was very low (Table-1).
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TABLE -1 : Percentage occurrence of rhizosphere, non-rhizosphere and rhizoplane fungi at different stages of plant
growth. (Mean of three plots lying very close to one).

Rhizosphere Non-Rhizosphere Rhizoplane

Name of fungi E PF FL FR PF | FL FR E PF FL | FR
Rhizopus nigricans 6 4 2 3 - 14 6 - - - -
4 - - - - - -

Mucor luteus - - 2 -
Cunninghamella echinulata - - - 2

Syncephalastrum racemosum 21 5 40 - - 10 - - - 7 -

W w o~ NMm

Chaetomium globosum - - 6 -

Neocosmospora vasinfecta - - 7 -
Phoma glomerata - 3 - - - - - - - - - -
Botryodiplodia theobromae 1 - - - - - - - - - - -
Chaetomella horrida - - 5 - - - - 6 - - - -
Verticillium glaucum - - - 5 - - - - - - - -
Paecilomyces fusisporus 3 17 - 15 6 10 4 6 - - - -
Cephalosporium coremioides 1 - - - - - - - - - - -

Trichoderma lignorum - -
Aspergillus flavus 37

~
w O
—_
o
'
—_

A. terreus 10 7 - - - -

15 12 - 19 - 27

4
1 1

A. luchuensis 1 3
A. niger 5 4
2

-
w
[¢;]

A N O
-

A. candidus -
A. nidulans - - 2

A B NO NN S~ O NO
©
©
'
'
'
'

o W
'

Penicillium citrinum 1 11 -
Trichothecium roseum - -

1
1
w0 >~ p
1
1
1
1
1
1
1

Papulospora sp. - -
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Total number of species 20 16 13 14 22 18 15 15 5 4 3 4
isolated

E-Early stage, PF-Pre-flowering stage, FL-Flowering, FR-Fruiting stage.



Int. J. Mendel, Vol. 30 (1-4), 43-46, 2013

Study of Rhizosphere

TABLE-2 : Average number of fungi/g of dry soil (In thousand) in the rhizosphere (R), non-rhizosphere (NR) number of
species isolated from R, NR and Rhizoplane (RP) and R/S ratio of the test plant.

State of Sampling R Fungi/g No.of No.of NR No. of R/S ratio
of dry soil species in species on Fungi/g of species
R RP dry soil NR
Early stage 197.31 20 5 27.26 22 7.23
Pre-Flowering Stage 132.21 16 4 32.24 18 4.10
Flowering Sage 101.57 13 3 24.03 15 4.22
Fruiting Stage 127.94 14 4 26.91 15 4.75

Amongst the common fungi present both in the
rhizosphere and non-rhizosphere, % -age occurrence of
Syncephalastrum racemosum, Paecilomyces fusisporus,
A.flavus, A.terreus and white sterile mycelium was more in
the rhizosphere. The % -age occurrence of R. nigricans, A.
luchuensis, A. niger, P. citrinum, Cladosporium lignicolum,
and A. humicola decreased in the rhizosphere in comparison
to non-rhizosphere. 20,16,13, and 14 fungal species were
isolated from early, preflowering and fruiting stages,
respectively (Table-2 ).

Non-Rhizosphere

28 Species were isolated from non-rhizosphere soil, out
of which 4 were Phycomycetes, 1 Ascomycetes and 23
Deuteromycetes like the rhizosphere. The Deuteromycetes
were the dominant group covering 82%of the total soil
mycoflora. The species isolated from the non-rhizosphere
were mostly common to rhizosphere. 7richothecium roseum,
Humicola fuscoatra and Curvularia lunata were confined only
to non-rhizosphere. The dominant species were R. nigricans,
M. luteus, Cunninghamella echinulata, T./ignorum, A.
luchuensis, A. niger, A. candidus, Cladosporium lignicolum
and F. roseumand Chaetomium globosum, Papulospora sp.
were of rare occurrence. 22,18,15 and 15 fungal species were
isolated from non-rhizosphere soil at early, pre-flowering,
flowering and fruiting stages respectively (Table-1).

Rhizoplane

Fungi isolated from rhizoplane were comparatively less
in number than those in the rhizosphere and non-rhizosphere
(Table-1). In all, 7 species were isolated out of which one
belonged to Phycomycetes and one belonged to
Deuteromycetes. A. niger, Fusarium udum and white sterile
mycelium were the dominant species. (Table-1).

Quantitatively the rhizosphere soil harboured higher
number of fungi/g than the nonrhizosphere soil (Table-1). The
enrichment of rhizosphere mycoflora was also evident by
the high R/S ratio which was more than one (Table-2).
Considering the different groups of fungi isolated from the
rhizosphere and non-rhizosphere it was observed that the
latter in comparison to the former showed higher percentage
of Phycomycetes and Deuteromycetes and lower percentage
of Ascomycetes. Though all the fungal species isolated from
the rhizosphere of the plants were not isolated from the non-
rhizosphere, yet such species, which could be isolated only

from the rhizosphere of the plant, were not many and were of
rare occurrence.

Starkey (1958), Papavizas and Davey (1961) and Neal
et al. (1964) reported that the rhizosphere mycoflora differs
both qualitatively and quantitatively from the general soil
mycoflora. Singh (1967), Gupta (1971), Pandey (1970), Singh
(1970), Kumar (1993), Jain (2001) and Deo (2006) also
observed difference in the rhizosphere and non-rhizosphere
mycoflora. Kumar and Gupta (2006) reported that the
maximum number of fungi/g of dry soil was more at early
stage. Mishra (1968) observed that fungi in the rhizosphere
decreased as the age of the plant increased. Gupta and
Paliwal (2009) reported maximum number of fungi/g of dry
soil at the early stage. Rovira (1956) reported that qualitative
as well as quantitative change take place in the root exudates
with the growing age of the plant.

The present study revealed a significant quantitative
difference between rhizosphere and non- rhizosphere
mycoflora which is evident by the R/S ratio. The number of
fungi/g of dry soil and fungal species were maximum at early
stage. The number of fungi was found less than the early
stage and a slight increase in the number of fungi at late
fruiting stage was observed.

Reason for the presence of maximum number of fungi at
early stage of plant growth may be either due to the presence
of maximum number of amino acids and sugars in the root
extract. Agnihotri (1964) reported an increase in the exudation
of amino acids, glutamine, glucose, fructose and decrease
in organic acids. Bhuvaneshwari and Subba Rao (1957)
reported that root exudate is the main factor which influences
the rhizosphere microflora. Its fluctuation with growing age
of the plant has been correlated with the quality and quantity
of root exudation which are supposed to change with age of
the plants. The slight increase in R/S ratio and the number of
fungi at late fruiting stage may be attributed to the availability
of food by the death and decay of the roots of the plant and
may be important factor in influencing the rhizosphere fungal
flora at the fruiting stage.

ACKNOWLEDGEMENT

The author is thankful to Dr V.K. Gupta, Reader,
Department of Botany, Narain (P.G) College, Shikhabad, for
guidance and to Dr. M.C. Yadav for providing facilities.



Int. J. Mendel, Vol. 30 (1-4), 43-46, 2013
References

Agnihotri, V. P. 1964 : Effect of the foliar spray of urea on
aspergilla of the rhizosphere of Triticum vulgare L .Plant and
soil, 10 (3) 364-370.

Agnihothrudu, V., 1955 : State in which fungi occur in the
rhizosphere. Naturwissenschaften, 42 515-516.

Babeva, I. P., and Sseveleva, N. D., 1963 : Yeast in plant
rhizosphere. Mikrobiologiya,32 86-93.

Bharadwaij, S. D., 1970 : Rhizosphere studies in relation to
nodulation in two leguminous plants. Doctoral Thesis, Banaras
Hindu University, Varanasi (India).

Bhuvaneshwari, K. and Subba Rao, N. S., 1957 : Root
exudates in relation to rhizosphere effect. Proc. Ind. Acad. Sci.
45 299-301.

Clark, F. E.,1949 : Soil microorganisms and plant roots.
Advances in Agron. 12 41-288.

Deo, Kapil, 2006 : Studies of rhizosphere fungi and application
of some chemicals on nodulation and growth of Glycine max
(L) Merrill. Ph. D Thesis, Dr. B.R. Ambedkar University, Agra.

Gupta, P. C., 1970 : Foliar spray of gibberellic acid and its
influence on the rhizosphere mycoflora. Plant and soil 34
233-236.

Gupta, Shalini, and Paliwal, S. P., 2009 : Study of rhizosphere,
non-rhizosphere and rhizoplane mycoflora at different stages
of growth of Cicer arietinum. J. Phytol. Res. 22 (2) 287-290.

Harley, T. L., and Waid, J. S., 1955 : A method of studying
active mucelia on living root and other surfaces in the soil. Trans.
Brit. Mycol. Soi. 38 104-118.

Hiltner, L., 1904 : Uber rsure Earfahrungen and Problem aufem,
Gebiet dere, Boden bacteriologic and unterbes on derer
Beruckrichtigung der Girunadumgug and Brahe. Aradesh. Long
Ges.98 59-78.

Jain, Vivek., 2001: Effect of rhizosphere mycoflora and foliar
application of certain chemicals on nodulation and growth of
Vigna mungo L. Hepper. Doctoral Thesis, Dr. B. R. Ambedkar
University, Agra.

Kumar, Anant., and Gupta, V. K., 2006 : Effect of foliar spray
of gibberellic acid on the rhizosphere and rhizoplane

Mahesh Babu and N. N. Khan

mycoflora of Vigna sinensis L. Sevi Ex. Hassk. J. Phyto. Res. 20
(1) 103-109.

Kumar, Satish., 1993 : Rhizosphere mycoflora studies in relation
to nodulation of Vigna radiata L. Wilezek. Doctoral Thesis, Agra
University, Agra (India).

Mishra, K. B., 1968 : Rhizosphere mycoflora of fire yielding
plants. Ph. D.Thesis Banaras Hindu University, India.

Mohammad, G., 1985 : Influence of alachlar and aluchloralin
on the rhizosphere and rhizoplane fungi of Soybean crop. J.
Maharastra Agric Univ, 9 (3) 303-305.

Neal, J. I, Bollen, W. B., and Zak, B., 1964 : Rhizosphere
microflora associated in the mycorrhizal of douglas fir. Canad.J.
microbial. 10 259-265.

Pandey, B. N., 1970 : Role of micronutrients in the dominance
of fungi in the rhizosphere. Doctoral Thesis, Banaras Hindu
University (India).

Papavizas, D. G., and Davey, C. B., 1961 : Extent and nature
of the rhizosphere of lupines. Plant and soil 14 215-236.

Rangaswamy, G. and Vasantharajan, V. N., 1962 : Studies on
the rhizosphere microflora of citrus trees |. Quantitative incidence

of micro organisms in relation to root and shoot growth. Canad.
J. Microbiol, 8 483-485.

Rovira, A. D. 1956 : Plant root excretion in relation to rhiiosphere
effect IV. Influence of plant species, age of the plant, light,
temperature and calcium nutrition on exudation. Plant and Soil
11 53-54.

Singh, B. P., 1970 : Rhizosphere mycoflora of two leguminous
plants growing under natural and artificial condition. Doctoral
Thesis, Banaras Hindu University (India).

Singh, P. N., 1967 : Comparative study of the fungal population
in the rhizosphere of forbs growing under natural and artificial
conditions. Doctoral Thesis, Banaras Hindu University (India).

Sosova, T. P., and Vasin, V. B., 1961 : The microflora of the
rhizosphere of Oak. Byull. obschchestva Natur. Ser. Bioi; 66
102-115.

Starkey, R. I., 1958 : Interaction between microorganism and
plant roots in the rhizosphere. Bact. Rev 22 154-160.



