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after flowering stage. However,
thizoplane with the cnset of senescence.
mater.

screened from the root region of soybean at scedling, preflowering, flowenng, postflowering and sensecent stages of growth
and they differed both quantitatively and qualitatively. The average number of fungi/g soil gradually increased from seedling b flowering
stage, thereafter their frequency declined at sénes¢ent stage. Aspergilli were dominant follow&d by penicillia and fusaria in the non-
thizosphere and thizosphere regions.

In the eardy vepetative growth stages Phycomycetes were very frequent, but their population declined
the frequency of Magrophomina phaseolin. N

spora vasinfecta gradually increased on

Total number of fungi shawed a negative comrelation with soil pH, total organic carbon and organic

Key Words Frequency Fungi Phycomycete Rhizoplane Rhizosphere Soybean

Dynamism of Metabolic interactions between microor-

ganism and root system of green plants is complex, since
the population varies with the type of plant and even with
the same plant at different growth stages. Microbial
population in the root region increases with age of a plant
and reaches maximum with the vegetative development,
and with the onset of senéscence the population gradually
declines to the level present in the surrounding soil follow-
ing the death of plant and decomposition of its tissues
Katznelson 1965, et al. 1980, Antique et al. 1982). More-
over, moisture status, temperature and pH of the soil, and
host exudation affect the activity of saprophytes and

pathogens at different root zones of a plant (Griffin 1972,
Rovira 1965).

These studies provide some understanding of sapro-
Phytic and pathogenic microorganisms developing in
different regions of the root and help in the manipulation
of the rhizosphere population for biological control of
soll-borne pathogens causing root diseases. Besides host
Susceptibility, climatic and edaphic factors govern the
disease incidence. Hence the present investigation has
be?ll designed to study the population dynamics of non-
rhizosphere, rhizosphere and rhizoplane fungiof soybean

(Glycine max (L.) Merr.) at different growth stages in
relation to environmental factors.

Il‘;lATERIALS & METHODS Soybean seeds (cv Punjab-

B Wex:e sown 1n rows (15 x 15cm)in an experimental piot of the
Otanical Garden, Banaras Hindu University after the first hcavy

Tins in June, 1983, Fungal population and soil characteristics were

deterpined at seedling, preflowering, flowering, post-flowering and
senesteit stages of plant growth.

Determination of physico-chemical properties of soih Soil texture
(sand, silt and clay) was determined as suggested by Piper (1944).
Water holding capacity, moisture content and temperature of the soil
were measured (Misra 1968). Soil pH was measured by a digital pH
meter using soil-water extract (1:10 w/v). Total organic carbon was.
determined by rapid titration method (Walkley & Black 1934), -
whereas total organic matter content was estimated by multiplymg
the total organic carbon with 1.724 (Robinson 1952).

Isolation of non-rhizosphere fungi Soil samples were collected near
plants free from the influence of root systems in sterilized polythene
bags using sterile spatula. Soil samples (10 g) were transferred 10 250
ml Erlenmeyer flasks containing 100 ml sterilized (1.4 Kg/cm?2 for
1 h) distilled water. The flasks werg shaken vigorously on a horizon-
tal electric shaker (120 throws/min. 1.5 cm displacement/throw)
and' [suitable dilutions ( 1:10” and 1:10° |) ~were. prepared.
in sterile distilled water. One ml aliquot of the soil suspension
from 1:10° dilution was poured in Petri plates containing 20 ml
Markins medium. Five replicates were maintained. The fungal
colonies were counted after incubation at 25+1°C for 1 week).
Isolation of rhizophere fungi -
The root system of soybean plants was carefully removed
from the soil and gently tapped to remove the adhering soil

particles. The roots cut into bits (2 cm long) were transfered

to a 250 ml Erlenmeyer flask containing sterile distilled
water. Appropriate dilutions (1:10> and 1:10°) were prepared.
(The fungal population was assessed as described above. Dry
weight of soil of the stock solution was determined according
to Timonin (1940). R:S ratio (a ratio of microbial number
per un.it weight of rhizosphere soil (R) to that of adjacent
non-rhizosphere soil (S)) was determined (Katznelson 1946).
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Isolation o plane fungi The method of Harley & Waid (1955)

was cmploycu 1or the 1solaton of intimately associateu 1unEr Wil
the root surface. The root pieces used for the isolation of thizosphere
fungi were collected and washed (8-10 times) with sterile distilled
water. The surface mositure of root bits was removed by blotting
with sterile blotting paper. Five root bits were transferred to Petri
plates containing Manins’ medium. Five replicates were main-
tained. The plates were incubated for 1 weck at 25+1 C, and the

colonies growing aa the bits were recorded.

RESULTS The meteorological observations and physico-
chemical characteristics of soil collected during the ex-
periment are presented in the Fig. 1 and Table 1 re-
‘spectively. A total of 54 fungi were isolated from the non-
r-hizos'pherc, rhizosphere and rhizoplane regions or soy-
been at seedling, preflowering, flowering, post flowering
and senescent stages of plant growth (Table 2). Of the
fungi recorded, aspergiili were dominant followed by
penicillia, fusaria and other forms. The dominant fungi in
the non-rhizosphere soil were Alternaria alternata (Fr.)
Keissl., Aspergillus flavus Link ex Fr., A Jumigatus Fres.,
A.luchensis Inui., A. niger van Tiegh., and A.Terreus
Thom, whereas from the rhizosphere they were A. flavus
A. fumigatus, A. luchuensis, A. niger, A. terreus, Cladospo-
rium cladosportioides (Fres.) de Vries, Curvularia lunata
(Wakk.) Boed., and Fusarium oxysporum Schlecht. More-
over, rhizoplanealsoharboured some dominant fungi.,A.
niger Cladosporium herbtirum (Pers.) Link ex Gray, F.
oxysporum, f. solani (Mart,) Sacc., Macrophomina

phaseolina (Tassi) Gold., Neocosmospora vasinfeet,
Smith and Rhizoctonia solani kuhn.

Drechslera australiensis (Bug.) Subram. & Jain ex Ellig
Myrothecium roridum Tode ex Fr., Nigrospora Sphaeric‘;
(Sacc.) Mason and Periconia byssoides Pers present in the
rhizosphere, qnd M.phaseoilina and N. vasi.-rfectapreSem
in the rhizoplane regions were not detected in the non-
rhizosphere soils. N. vasinfects was frequently isolateq
from all the growth stages of the plant exeept irom
preflowering stage, while M. phaseolina and . solan;
were detected after seedling and preflowering stages
repectively. ’

Tlle members of Moniliales were dominant followed b
Mudorales, Mycelia sterilia and H ypocreales. The funga)
taxa included 5 Phycomycetes, 1 Ascom ycete, 45 Deutarg.
mycetes and 3 Mycelia sterilia.

Average number of fungi per unit dry wt of soil and R;S
ratio gradually increased from - seedling to flowering
stage, thereafter declined with the commencement of
plant senescence (Table 3). Total number of fungi of nop-
rhizosphere soil showed positive correlation with tem-
perature (r = 0.84) and negative correlation with pH (r=
-0.94), total organic carbon (r = -0.83) and total organic
matter (r = -Q.97) (Table 4). similarly, aspergilli and
penicillia of the rhizosphere soil revealed negative corre-'
lation with”total organic carbon {r = -0.92 and -0.91
respectively).
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Table 1. Physico-Chemical Properties of Soil Collected During Various Growth Stages of

Soybean Plants
o Propenjes‘ Grovith stages (months)**
'SDL (July) PRF (Aug) FLR (Sept) PFL (Oct.) SNT (Nov.)

Temperature 31 3 30 24 19
pH 1.5 7.4 73 7.4 7.4
Total organic

carbon (%, W/W) 0.082 0.064 0.057 0.059 0.064
Toﬂl organiC

natter (%, W/W) 0.142 0.111 0.099 0.102 0.109

+ Mechanical composition - Sand, 67.50%; Silt, 21.25%;

Clay, 11.25%; Water holding capacity, 32%

++ Samples were collected at 30 day interval.
SDL, Seedling; PRF, preflowering; FLR, flowering;

PFL, postflowering; Snt, Senescent

DISCUSSION Qualitative and quantitative variation of
fungal population in the non-rhizosphere and
rhizosphere of plants as influenced by environmental
factors have been reported earlier (Roy et al. 1980, An-
tique ef al. 1982, Upadhyay & Rai 1982 ). Stimulation of
rhizosphere fungi with the vegetative growth of soybean
might be due to rhizosphere effect which is caused by root
exudates and sloughed off root tissues (Ramchandra
Reddy 1959, Rouatt & Katznelson 1961). Rovira (1965)
described that the rhizosphere and rhizoplane microflora
may be regarded as selective sieve, absorbing some exu-

date constituents and, in turn, releasing exudates from
their own cells.

In So.ybean rhizosphere some fungi were restricted to a
'z);m'cse‘“hr.l‘@t region and growth stage of soybean (Table
01; rhiz::uve action and specificty of root exudates
il .Pllel'e.and rhizoplane microflora with a consid-
iy S;Muhtlon of certain micro organisms and/or the
beenpro microorganisms and suppression of others have
e o:ported (Yoshida & Sakai 1962,). F. solani, F.
Wer:frum’ M. phaseolina, N. vasinfecta and R. solani

equently observed on the rhizoplane of soybean

ma:le 2). These fungi are considered as root pathogens of
Ybean (Nyvall 1979).

Th .
gr:v::lelquency of M.phaseolinagradually increased with
of soybean; moreover, its incidence is favoured by

host senescence (Sabet et al. 1961). Wyllie & Calve
(1969) reported that the sclerotial formation of »
phaseolina was conditioned solely by flowering and p
set and other variables such as soil moisture and temper -
ture were subordinate in their effect. It may be expl...
that the plants’ aging cause decline in resistence whic.
allows colonization by root pathogens. A linear increas.
in recovery of M. phaseolina from the rhizoplane of
soybean plants with the sampling age has been reported
by Mueller - et al. (1985).

The succession of micro organisms in root regions of green

plants depends upon the plant age and environmental

factors. No definite pattern in variation of fungal species
was observed. However, the sugar loving fungi such as
Mortierella subtilissima, Mucor spinosus, Rhizoctoma

solani, Rhizopus nigricans, etc., were frequently detected in
the early growth stages in the rhizosphere and rhizoplane
regions followed by the members of deuteromycetes.
Moreover, variation in the non-rhizosphere fungi at dif-
ferent growth stages may be attributed to the seasonal
fluctuation of edaphic factors such as moisture, tempera-
ture, pH, ueration,organic mater, available nutrients, etc.

(Griffin 1963, 1972). Menszies (1970) described that pro-
duction of passive propagules by several root pathogens
on substrates in soil in high rain fall areas was usually
much less than in the dry irrigated areas.
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Table 3. Average Number of Fungi Present in the Non-Rhizosphere and Rhizos

phere Soil of Soybeay, at
Differen Growth Stages.

Soil Average number of fingi (x 104/g)
Growth stages
SDL PRF FLR PFL SNT
Non-rhizosphere 5.037 5.064 7.060 6.622 5.187
Rhizosphere 8.460 12.770 20.019 17.406 15.076
R:S rato 1.679 2.521 2.835 2.629 2.906
SDL, seedling; PRF, preflowering;

FLR, flowering; PFL, post-flowering;

SNT, seneseent,

‘i‘able 4 Correlation Coéfficient (r) Values Between Edaphic Factors and Population of Fungi in the
Non-Rhizosphere and Rhizosphere of Soybean.

Edaphic factors Fungal Population
Total number Aspergilli Penicillia Fusaria
NR RS NR RS NR RS NR RS

Moisture 0.27 0.11 0.66 0.35 .65 0.59 0.12 -0.32
Temperature 0.84 0.32 0.60 -0.01 -0.58 -0.88* -0.80 -0.84
pH -0.84 -1.0** -0.43 -0.94* 0.38 -0.62 -.049 -0.40
Total organic carbon -0.83  -0.94** -0.35 -0.73 0.27 -0.64 -0.14 -0.31
Total organic matter  -0.97**- 1.19%* 043 -0.92* 0.07 -0.01* 027 -0.49

* Signaficant at P = 0.05;
** Significant at P = 0.01.
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i significant correlation between the total number of
nizosphere fungi, and pH and total organic carbon may
N explained by the fact that on increasing the microbial
ogmunity the organ!c susbraies are rapidly utilized
resulting in decrease in pH and total organic matter,
Chaturvedi & Dwivedi (1984) have also reported lower-
ing of total organic carbon and pH, and release of nutri-
ents from the substrates in large amount with subsequent
increase in microbial community of sail.

We propose that vakiation in the population of non-
rhizosphere microfungi occurred with respect to the envi-
rdnmental factors whereas. that of rhizosphere and rhiz.
oplane fungi would have hbeen due to stimulation by host
exudates. A gradual increasg in the frequencies of M.

eolina and N. vasinfecta with the onset of senescene
clearly explains the effect of plant age on their incidence.
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