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LADIES AND GENTLEMEN.

I'AM deeply moved by the overwhelmin kindness i i

Botanical Society has done me by awar%jing thzesgirvggicgag:]ei [I\I/]Id]an
for 1967. It has been instituted in the name of my teacher a deda]
of the greatest botanists of the world, the late Professor Birb'ilnS }(l)n_c
[t fills me with pride and gratitude and in all humility 1 have ac;:ept?d?;.

I gave much thought to the topic of my address to you today and
ultimately | decided to present my views on a fascinating field of
research—the Rhizosphere.

The region of intense microbial activity around the roots of
chlorophyllous plants is known as the *Rhizosphere”. This term
was suggested by_Hlltn_er in 1904, which according to him refers to that
region of the soil which is under the influence of plant root. This
interesting field of Microbiology, however, remained neglected till
19_29 when R. L. Starkey of New-Jersey did a really creative work to
stimulate interest in the relationship between the soil micro-organisms
and the green plants. During the last three decades substantially rich
contributions have been made in this field and the interactions involving
the soil microbes, soil-borne pathogens and higher plants have received
attention of several plant pathologists and microbiologists. Some
terms like ““Rhizoplane™ for external surface of plant root together
with closely adhering particles of soil or debris as well as *“Outer
rhizosphere™ or ““Closer rhizosphere” to designate the sites of micro-
bial concentration have also been in use. Several types of relatg’onshlps
may exist between the plants and its rhizosphere population but
“Commensalism’ or “Protocooperation” is usually the most dqmmant
type of interaction. Rhizosphere is a highly favourabl; habitat for
proliferation and metabolism of the microorganisms. This population
has been intensively investigated by the miCI‘OSCOplC,.Cultu‘ral and bio-
chemical techniques. Different plant species establish _dlﬁerent type
of subterranean flora. The variations have been attributed to 'the
differences in the rooting habits, tissue composition and excretion
products of the microorganism. The primary root I)Opqlatlogfrb
determined by the habitat created by the plants and the beC‘if‘ .‘;ny
flora is. however, influenced by the activities of the initial population-
o Summary of lecture delivered to the Indian Botanical §qciely on
of the award of the Birbal Sahni Medal for 1967 at Varanasi.
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Microscopic examination reveals the presence of vast micro

_ i . . e bial -
lation which include bacteria, actinomycetes, fungi, algae for

and protozog.

7\gc of the plant‘ and environmenpal co_nditions profoundly influence
the microecology of this region. Timonin (1940) recorded the estab
lishment of a rhizosphere microflora within three days of seed gérmi:
nation. Further development of the rhizosphere population depends
on the growth pattern of the plant. Usually, maximum activity in thé
rhizosphere region is reported when the vegetative growth is at ijts
peak. Available data indicate that not all the parts of the root are
equally similar in supporting the rhizosphere population. Maximum
activity is usually exhibited in the central or crown portion of the root
which decreases with the increasing distance in horizontal as well as
vertical direction from the base of the stem. Because of beneficial
influence exerted by very young seedlings, it would seem that during

‘the initial stages the micro-organisms respond to root excretions rather

than to decomposable dead tissue, while during the latter stages
the dead and sloughed-off tissuc contribute substantially to the
microbiological composition of the environment.

There is little or negligible residual microbial effect carried to the
following year. To a great extent the new crop determines its own
rhizosphere composition. Voroshilova (1956) reported that crop
residues, animal manures and chemical fertilizers did not cause any
appreciable qualitative or quantitative changes in the microflora of
root region and in general the nature of the crop played a more decisive
role than the fertility level of the soil.

The influence of root on fungal genera is selective to type rather
than to the total number. Continuous cultivation of a single crop
frequently favours the growth of Rhizopus, Chaetomium, Aspergillus,
Penicillium and Fusarium but the genera dominating the environment
vary with the crop, the soil and the climate. Agnihothrudu (1957)
reported that Aspergilli were much more frequent than any other group
of organism. Working with the rhizosphere microflora of fifteen crop
plants he (Agnihothrudu, 1955) concluded that most of the fungi were
present in vegetative state on the root surface whereas in soil away
from the roots nearly 60-70 per cent colonies were derived from the spores.
Panwar eral. (1967) recorded a large number of fungal species from

- the rhizospheres of some common desert plants colonising the sand-

dunes, Rhizopus, Aspergillus, Penicillium, Chaetomium, Neocosmospora,
Alternaria, Helminthosporium, Curvularia and Fusarium were some
of the common genera which occurred practically all the year round,
while t'he activity of certain forms like Choanephora, Cunninghamella,
Sordaria, Monocillium, Myrothecium, Cladosporium, Cylindrocephalum,

C}’]ephalosporium, Trichothecium, Sporotrichum and Phoma varied with
the plant and the season.

X There ar¢ numerouys reports to show that microbial flora of rhizo-

i:p ere; 1S significantly richer than the flora of non-rhizosphere soil.

orest soils are known to be profusely rich in microflora. Out of the
, :
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,.;i"rjl‘:)u?a h({»(,t'or\, vah{.ch co_nmbutc to the affluence of the MICroorganisms
In i )rcl ;,()1]. ;hc continuous rhizosphere effect™ cannot be ruled out
};(n]( I[')(’)n(;':)]:/.ll‘ plays a fairly dominant role. Tresner es a/. (1954)
und a qlmtg correlation between higher plant communities and soil
micro-fungi.  Pugh (1962) while studying the fungi in coéstal s'o(i)ll
concluded that in upper part of the marsh the d€nse cover By highc:
plants provided 4 *“continuous rhizosphere™ and tHis enabled Cereo-
spera salina 1o become widespread. ’

Somce anteresting work has been carried out on the rhizosphere
pupul;mun of desert plants. Webley eral. (1952) observed that plants
colonising the partly reclaimed  sand-dunes on Scottish coast had in
their rhizosphere much larger number of  microorganisms than were
found m the surrounding  <and. Milosevie (1956) obtained similar
results for the sand-dunes of Yugoslavia,  Panwar ef al. (1967) while
studymg the rhizosphere populations in sand-dunes of Western Rajasthan
concluded that the vegetation cover and seasonal fluctuations had a
profound influcnce on the micropopulation prowing under the influence
of plant roots. A dominant plant specics may nfluence the soil micro-
Hora in two ways, first by the development of its own root region flora
and secondly by contributing litter and humus to the soil which in turn
have agaim a direet bearing on the growth of the plant.  The fact
that the development of soil microflora is so closely associated with
the vegetational succession is of considerable significance. A com-
parative study - of the plant succession  and  rhizosphere microflora
leaves hittde doubt about the significant role which the micro-organisms
play in shapmg the plant communities and in this respect the micro-
population constitutes an important biotic factor,

Some of the substances released by the plant roots have been
identified and 1solated. but the list is far from being complete. The
excreted compounds include amino-acids, simple sugars and nucleic
acid derivatives.  The products vary from plant to plant both in quality
and quantity.  Katznelson eral. (1954) reported the excretion of ten
amino-acids and a reducing sugar with R, similar to that of glucose
from the roots of tomatoes, soyabean, barley and oats. Rovira (1956)
obtamed 22 amino-acids excreted from the pea roots. Bhuvaneswari
and Subba-Rao (1957) spotted several organic acids and sugars from
the root exudates of Sorghum wilgare var. dochna and Brassica juncea.
Roy and Dwivedi (1967) listed leucine, methionine, alanine, glutamllc
acid. aspartic acid, cystine, phenylalanine, arginine, rhamno_se, arabl-‘
nosc. glucose, fructose, sucrose and raffinose as the constituents of
root cxudates of some leguminous crops.

The root excretions have been found to have pronounced influence
on the germination of fungal spores. Barton (1957) reported the
germination of oospores of Pythium mamillatum when they were placed
i soil before growing turnip seedlings while in non-rhizosphere 5_011
or in distilled water they were incapable of germination. Coley-Smith
and  Hickman (1957) made similar observations regarding the germi-
nation in soil of sclerotia ol Sclerotium cepivorum in the presence O
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Roy and Dwivedi (1967) found complete inhibition of conidial
gcrminution of /I('/nm(/./m‘s‘/m/'/‘(/m sativun :u}c{ I'VII.S'(II'I'IIIII.I culmorum
on glass slides in unsterilized soil but majority of the conidia were able
to ggrminalc when wheat scedlings were grown on the slides.  Therce
are several other examples also which demonstrate th.ut roots !lbcrutc
the water-soluble cognpounds which activate the germination of fun_gul
spores. Roberts and Roberts (1939) rc.pm-tcd that substances inducing
an auxin-like responsc in Avena coleoptile were produced in agar media
by 77 per cent of bacteria, 66 per cent actinomycetes and 46 per cent
of soil  fungi. Some common rhizosphere baplcrm I|k§: species of
pseudomonas and Agrobacteriun  are capable of synthesizing indole
qcetic acid. Tt is possible that quxin hiosynthesis may be an important

means of plant stimulation.
The intense microbiologicil activity in the rhizosphere has direct
indirect effect on plant pathogen. Usually, it has been observed
lestructive ift sterile than in normal
(ion of rhizospherc population
Therefore, pathogeric organisms
initiate the infection. In many
n the different varieties of
phere.  Varieties

onion.

or
-that soil-borne pathogens are More ¢

unsterilized soil. The major COMpOSI
consists of non-pathogenic Organisms.
e 1o face this barrier in order to
resistance or susceptibility betwee
are linked with microflora of rhizos
(o wilt caused by Fusarium oxysporuni f. lini, possess
ol micro-organisms than the resistant varieties.
Similarly. tobacco varieties susceptible to Thiclaviopsis hasicola root
rot are known to support a larger number of bacteria, actinomycetes
and fungi in their root zone than the resistant varieties. While studying
the rhizosphere microflora of tea in relation to charcoal stump rot
caused by Ustilina zonata, Agnihothrudu (1959) reported that there
was enormous difference in the density of fungi and bacteria in the
rhizosphere flora of apparently healthy plants and infected ones. A
greater varieties of species were recorded in the rhizosphere of diseased
plants.  Sulochana (1958) made quantitative studies of rhizosphere
flora of two genetic strains of two species of cotton (the diploid sus-
ceptible varieties of Gossypium arboreum race indicum L. and tetra-
ploid resistant Gossypium hirusuium L..) and obtained interesting results
about the nature of the root exudates and their role on the activity
of the plant pathogen. In most of the cases, no satisfactory answer
is available for the differences in the disease resistance between the
varieties of a single-plant species. To a certain extent such variation
can be attributed to the differences in the rhizosphere flora. It seems
quite probable that in resistant varieties root excretions may inducé
:hc development of a flora which is competitive with or antagonistic
rgothzisrc)fc::l;:)gc?(‘)lﬂléll‘mT' (1957) mentioned that successful control of
inﬂuencing lhz) l'hi;()'y hlcs in 'clicvg:l()|3|11cnt ()[ satisfactory method for
may be considered <'l:DHcre _rr]{crqﬂ()ru'. In lhls 'Ilght the rhizosphere
flora. Serves to Dl'()l(c‘cl :]C mlgl()lw(}l.oglcul buffer zone in which micro-
e plant from the attack of the pathogen.

hav
cases the
single-plant species
of flax susceptible
4 greater number

Many workers ir R -
o ;lo\)//in’ 1r]k?lsl in the recent years have envisaged the possibilities
. hcr? i %ﬂ :; plant growth and crop yield by modification of rhizo-
p roflora.  In a number of cases the rhizosphere microflora
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has been altered by giving certain treatments to the plan .

and Cochrane (1956) observed changes in the rhimsp]?crcLmic!rl(t)lf;f»d-(
of bean plants which were sprayed with bordeaux mixture. Rzim'r(l
chandra Reddy (1959), while studying the rhizosphere microflora <;l
rice, observed that urea sprays modified the rhizosphere environmen
by exerting a change both in nature and amount of*root exudates which
In_turn possibly influenced the microbial balance. Roy and Dwiyed;
(1967) reported that foliar spray of certain hormones like indole acctil-
acid or 3-yl-propionic acid resulted increase of rhizosphere populationL

. There are many faces of this intricate type of relationship which
exists between the plant and its rhizosphere population. Undoubtedly
the most important plant contribution to the rhizosphere flora is the
provision of excretion products and sloughed-off tissue which serye
as the sources of energy, carbon, nitrogen or growth factors. Ag a
result of root respiratiqn there is evolution of carbon dioxide which
alters the pH of the sorrounding environment and ultimately influences
the availability of the inorganic nutrients. On the other hand, root
penetration improves soil structure which facilitates microbial oxj-
dation. Respiration of both macro- and micro-organisms leads to
greater CO, production from the rhizosphere than from non-rhizosphere
soil. ~Starkey (1929) has shown that stimulation of organic matter
breakdown in soil of root zone is far more pronounced with mature
than with young plants. Comparative study of the two types of soils
has shown that about two-third of the carbon mineralized is the resu]t
of microbial respiration. Larger CO, liberated in rhizosphere has,
therefore, an obvious influence on the crop nutrition.

Harris (1953) reported that nodulation and nitrogen fixation by
some partially effective Rhizobium strains are enhanced by simultaneous
inoculation with several rhizosphere bacteria and fungi. Nilsson
(1957) suggested that organic phosphorus mineralization using glycero-
phosphates and nucleic acids as substrates was more rapid in rhizo-
sphere than in soil away from the root effect. There are also evidences
to show the capacity of rhizosphere microorganisms to alter the
solubility and subsequent utilization of iron and manganese.

Ladies and gentlemen, in short, I have tried to present before you
some of the important microbial activities of the rhizosphere region.
Like mutualism which usually exists between macro- and micro-
organisms in this region, this field of investigation needs co-ordinated
efforts of microbiologists, plant pathologists, ecologists and soil
chemists. | am sure that each will benefit by the results obtained by

the other.
In the end, I thank you all for hearing me with patience.
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