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INTRODUCTION




IRTHONUGDION

It is known that changes in the metabolism of plants
will usuelly be reflected in the microbial population of the
rhizosphere alsos In most nommel healthy plants, the microbial
population of the rhizosphere increases with age, reaches the
pevk at the itime of flowering and then declines. However, if
the metabolism of the plent is altered by any means it cam bring
about quentitative and qualiiative changes in the rcot exudates
which in turn will influence the miecrobial population of the
rhizogpheres Thus it hag been found by some of the ssrlier
workers that certain chemicals like 2,4-Ds ureca and gibberellie
acld, when applied on the foliage can bring sbout chonges in the
microbisl population of rhizogphere es a result of altered host

metaboliom,.

Infection of plants by pathogens may also be able to
bring about changes in the host metebolism. Whatever be the
magnitude and nature of these chenges, their effects may be
noticeagble in the rhizosphere also. Bowever, our knowledge
about this aspect 25 very limived and it is based on the work
of Lekshmilumeri {1960), Rangasnathan (1965) and Balalkrishnen
(1967) on virus diseases. It was Found by these enthors that

infection of plents by wviruses cen bring about a beneficial



effect on the microflora of the rhizosphere in so far as their
population is markedly increased. Similar changes in the host
metabolism apre alpo possible when planis are lnfecled by Pungal
and bacierial pathogens eventhough we have pracsieally 7o

informabtion about this ssmecte Ir is 1n thas cuntext thwt the

present study was undeviaken.

The collar rot of sword bean plants due 10 Ruizoctonis
wag selected for this study meinly because the organism uswzlly
girdles ibe stem, renders the phloem tissue inactive and finally
kills the plant. The blockage of the phloem tissue wJ11 prevent
the downwaped translocaitron of mubriemts. Furtber, Rhigochtonis is
known %o produce toxic medabolic products which may diffuse into
the host tissues, These pathological conditions cen normally
bring about profound chenges in the metebolism of infecied plants

from the time of infection till the desth of the plant,

In the present work an attempt has been made t0 assess
the oxlent of changes that are brought avousv on the carbohydrate
and nitrogen content of the root system and also on the microbial
population of the rhizosphere as a result of furenl infection.
For comparative purpose the rhizogphere of healihy and also those

of ring~-barked sword bean plants have been studied.



Ring-barking preveris the dowmwaxd branslocavion of
nutrients and thus brings sbout the death of the plants eventhough
thes dezth is nob strictly conparable with thrt brought cbout by

Phizoctoris.
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REVIEW OF LITERATURE

A positive rhizosphere effect evidenced by greater
incidence of microorganisms in the rhizosphere of different
plants as compared to the soil away from the root systems has
been reported by various investigators like Hiltner (1904),
starkey (1929 2, b), Adati (1939), Timonin (1940 a, b),
Lochhead {1940), Katznelson end Richsrdson (1943, 1948),
Kressilnikov (1944), Katznelson et al (1948), Rangaswami and
Vasantharajen (1962) and Sundsra Rao and Venkataramen (1963).
They found that fungl, bacteria and actinomycetes present in
the rhizosphere have been differentially influenced by the
rhizosphere of the pariicular crop. A negative rhizosphere
effect was, however, reported by Bhuvaneswari (1958) in the

cage of Brassica juncea and Allium cepa.

Various factors such as iype of plant, age of plant,
soil conditions, envirommental conditions ete¢. are ¥nmown to

exert considerable influence on the rhizosphere microflora.

Clark (1947) pointed out that appreciable error may
oceur in the use of rhizosphere soil on the basis of which
miorobial number is expressed. When plants are collected from

soils having verying degrees of moisture content the amount of
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goil adhering to the root system will be considerably different.
Rengaswaml and Venkatesen (1963) reported & lesser microbisl
population in the dry soil than in wet s0il. Peterson gt al
(1965) reported that the population of bacteria in the
rhizosphere decreased from 90 per cent to 30 per cemt of the

total moisture holding capacity.

Mati (1939) found that the influence 'of cereals on
the development of microorganisms was generally more powerful
than that of legvmes. Roy (1949) reported greatest number of
fungi at a depth of 47 in the case of paddy soils.

Pimonin (1940 a, b), Agnihothurudu (1953),
Pirsanova (1956) and Rengeswaml and Venkatessn (1963) observed
a maximum bacterial population at the staege of flowering and

a decline there after in the case of annuals.

Katznelson and Hichaxdson (1943) noted marked
differences in the rhizosphere of tomato plants as a result of

s0il sterilization with steam, chloropicrin and formaledchyde.

Starkey (1929 a, b, 1931) reported the influence of
the stage of plant growth upon the abundance of the microorganisms,
Krassilnikov et 21 (1936) while studying the rhizosphere of wheat,
maize, sunflower and soyabeans found & close correlation between

the vital activities of the plants amnd the gquantitative



composition of the soil microflora. In the case of peanuts he
found the number of bacteria to be diminishing towards the
meturity of plants where as the mumber of fungi and actinomycetes
were increasing. Timonin (1940 a, b) noted the establishment of
a rhizosphere microflora within three days of seed germination
and it was more noticeable with bacteria then with fungi, He
obtained 11 to 28 times more rhizosphere population than elsewhere
in the seme soil, Rovira (1956) and many others found that with
an uncrease in age of plants there was a corresponding increase
in the microbial population in the rhizosphere. Ronatt (1959)
obiained 92¢ 1 RS ratio for bachteria in the rhizosphere of three
days 0ld wheat seedlings, Lugsuskas (1961) reported meximum
populetion et the most intensive stage of plant growth. He also
reported more fungli in sandy soils than in clayey scils.
Agnihothurudu (1953) and Rengeswami and Venkatesan (1963) observed
e meximum bacterial population at the stage of flowering in the
growth period. Rema Devi (1964) observed an increase in the
microbial population in the rhizosphere of tomato plants
oorresponding to increase in the age of the plants and the
maximum population was recorded at the flowering stage.
Rangaswani and Vasantharajan (1962) found thet in perennials

{the growing roots harbour o mich greater number of bacteria
compared 0 non-growing roots. Rengaswemi and Venketesan (1964)



working on paddy reporied that fthe rhizosphere effect varied
with maturity of root, depth of soil, age of plant etc.
Remigius (1956) observed maximm microblal population in the
rhigosphere of paddy at the siage of flowering end a gradusl
docline thoreafiers, Balakrishnan (1967) reported 2 definite
rhigosphere population within 3 days of gexminailion of tobacco
seeds. The population sbeadsly increased with the age of plant
$ill flowering, afier which there was a decline in a1l the
three groups of microvrgenisms {viz.) bzclerma, sctinomyecetes

Pimonin (1941) found that the s0il amendments as
addition of menures were of lesser importence in determining
the abundance of microbial population though it increascd soil
productivity, Timonin and Lochhead (1948) reported that the
microfiora was most abundant for the central or erovm position
of the rocts and more particularly in vertical direction from
the base of the roots, Becker et o1 (1952) found that the
equilibrium of baeteriz end fungal population of the rhizosphere
altered when the root debris of phanerogams were incorporaied
in the soil. Contois {1953) noted that the rhizosphere microfiora
of plants are influenced by altitude, rainfall and soil pH.
Rouatt ¢t al (1963) found that microorganisms in the xoot zone

are directly influenced by the temperature. Rangaswami and



Venkatesan (1963) showed thev the sop layers of soil harbour
more population vhan the deeper layers. Ranganathan (1965)
studying the microflora of various rovt regions of banana plant
came 10 ihe concluzion vhal the middle regron of the zoots
harboursd the highkest population followed by the tip region and
then the base. Jdccording to lum the differences are due to the
nature and extent of actively growing lateral roots found in the

different vegions and to the surface/volume ratic.

Root exudatss and rhizosphere effect

It is now widely accepied that the increzsed activity
in the rhigzosphere is due wo organic materials oxuded from the
roots. Amino acids, sugars, tanin, alkaloids and numerous other
substances are knowr to be present in root exudates. Hiliner (1904)
expleined the wncreased activity of the microorgenisms neazr the
roo% zone as due to ihe excretions of ihe roots., Miller (1938)
reporfted thab the growing pocils liberate more exudatos than the

non-growing older roots.

Katznelson gt al (1954, 1956), Andal at 81 (1956),
Rovira (1956), Bhuvenesveri and Subberae (1957), Subbarno and
Bailey (1961) found that the root exmdates of plants were cich
in sminoscids. Buxton (1956) studying the effect of rool exudates

on the rhizosphere populalions of pea varieties with different



susceptibilitics to throe races of Fusarium oxysporum f. pisi found
that the variety susceptible f0 race I had more fungi, bacterie,
and actinomycetes near its root surfaces than the one resistant

to race I. This showed that varieties resistant to Fusarium
oxysporum fo pist either secrete substances that prevent rece Y
spores from germinating or stimulaete the production of a soil
microflora exerting this effects. Rovira (1956) reported the
presence of amincacids in the root exudates of tomato, subterranean
olover and Phalaris itubeross. He found that the exudations were
greator in the first two weeks of growth. Bawden (1957) sugzested
that the reasons for the rich populations and greater activity of
micxobes near the root system mey in paxrt reflect the action of
roct exudates in stimulating dominant miorobes but there may be
many other contributing factors also. Mmvaneswari (1960) found
that the root exudates of rice variety GEB 24 resistent to

Faserium monilifoyme exhibited fungistatic effect on the pathogen

and encouraged the growth of saprophytic fungzi, bacterie and
aotinomycetess The root exudates of resistant varieties inhibited
spore germination, germ tube growth and radial growth of pathogen.
The root exudates of resistant veriety contain more asparagine
end oystine than the susceptible varieties. Subbarzo and

Bailey (1961) while studying the rhizosphere of tomato plants

in relation to the varietal reaction to verticillium wilt found



that the smincacids form the bulk of the root exudabes., Also
they found that the resistant varieties of 6 weeks 0ld plants
exuded only 3 aminoasids whereas the susceptible variety secoreted
5 amino-acids. Buxton (1962) reported that bansna variety
Gros-Michel, susceptible to Panawma wilt exuded more quenility of
18 aninoacids. Of these 13 were found to be commoa for hoth,
resistant (Lecatan) and susceptible varieties. He found that
the roolt exudates of Lacatan veriety inhibited the erore

germination of Pusarivm oxysporum f. cubense. Buxton alzo

reported that the suscepiible variety had 1.5 times more
carbohydratos in the exudates of young roots than in the

resistant variety.

Sulochans (1962) repocked thet diplord strains of
cotton susceptible 0 Fusaprium wilt was found 0 exude greater
amounts of amino-scids and vatemins than amphidiploid and
resigtant varietiess. Singh (1967) was able %o isolate six amino-

acids from the root exmudates of corn planis,

Wost (1939) reported ihat flax seedlings exerefed
significant amount of thiamine and biotin. Timonin (1943)
obzerved that Bison variety of flax resistant to wilt caused by
Fugeyium lini excreted hydrocyenic acid through rooits. Rangaswami
and Belasubranmonien (1963) also noticed hydrocy=mnic scid in the

root exudates of cholam varieties 00 2 and K1.
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Differentio) effect of rhizosphere on soil micro-orgenisms

1. Bacteria: .

Several workers have found thay various groups of
bacteria have been differentially stimulated in the rhizosphere
doponding upon the type of the plant. fTaylor and Lochhead (1938)
classified the organimms into eight groups and reported that the
non~sporing short rods comprised nearly 90 per cent of the total
rhizosphere bacterzal populaizon. Lochhead (1940) foumd that
fram negative rods were activated more in the rhizosphers of red
clovern, mangels, Oatisy tobacco, maize and flax. Spore forming
bacteria were lesser in the rhizosphere then in the control moil.
Lochhead (1940) and Rovira (1956) found thet with incressing age
of the seedlings there was a corresponding increasse in the Gram
negative organisms in the rhizosphere. Loohhead and Chase (1943)
found that morphological groups of bacteria have got no direct
correlation with their nutritional requirements. They 2lso
reported a grealer percentege of incidence of aminoacid requiring
bacteria in the rhizosphere of mangel. Similaxr observalions wers

made by Rovira (1956), Subbarao (1961) and Andal et a1 (1956).

Krassilnikov (1944) reported that 95 per cent of the
rhizosphere bacteria constituted Gram negative rods. Among the

non spore forming types Gram negative forms were more abundent
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then Gram positive ones. Krassilnikov (1946) reported

95.5 per cent of the rhizosphere bacteria as non-sporing iypes.
Contois (1953) while investigating the rhizosphere of pinc apple
observed a comstent association of Gram negative non-sporing

rods which ococurred abundantly along with cocci. Xing and
Wallace (1956) reported that thers occurred a selective
stimlation of Gram negative rods in the rhizosphere of oats,
Rangaswami and Vasantharajen (1962) studying the microflora of
citrus plants reported thet Gram negative, non-gporing rods were
abundant in the rhizosphere than Gram positive rods and spore
formers. Rangeswaemi and Bzlasubramonisn (1963) selso observed that
Gram negative bacteria were dominating in the rhizosphere of
cholam while Gram positive and sgpore forning bocheria were abundant

in the control soxl.

Various workers have reported a greater incidence of
different physiologlcal groups of bacteria in the rhizosphere.
Lochhead (1940) reported a greater incidence of gelatin liguifiers
than nitrate reducing forme in the rhizospherse of red clover,
mengels end oats. Katznelson and Richsrdson (1943) while studying
the rhizogphers of tomato plants found a tendency for the bacheria
with simple requirements and those requiring amincacids to

predominate rin the rhizogphere.



ii. Fangls

Chatak end Roy (1940) isolated 23 species of fungi
from the rice fields including several phycomycetes, species

of Aspercillus, Penicillium, Fusarium demerum, F. orthocerag,

F. oxysporum end F. polani, Katenelson end Richardson (1948)
reported gualitative differences between the fungi of the
rhizogphere and the non rhizospbere eo0il. They observed that
Cledosporium was abhundant in strew berry rhizosphere &t 100 days!
growth where as Yerticillium was predominent at 220 days.

Roy {1949) revesled that Aspgrsillus mirer was present in all
50il samples examined. Chinnaya snd Agnihothurudu (1953) found

that the number of fungi. bacteria and actinemycetes in the
rhizogphers of mesophytic plants were higher than those of
aguatic and marsh species. Contois (1953) reported that pine
apple plents grown at lower altitudes harboured Aspergillus and
Penicillivm species abundently bvt in higher 2ltitudes Ehizopus

nigricens and Circinella simplex wers more. Agnihothurudu (1953)

and Agnihotlurudu gt gt (1955) isolated species of Asperzillus,
Penieillium, Fuserium, Alternaris, Curvularia, Mucor, Rhizopus,
Helminthosporium, Trichoderms, Cunninghamells, FPhome, Diplodia,
Chactomium and Magrophomina phaseoli from the rhizosphere of
Pigeon pea and sorghum. MNontegut (1957) observed that out of the
total fungal population in sandy soils 82.5 per cent were Fungi
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imperfecti, 6 per cent Fhycomycetes, 11 per cent Aseomyceies
and 0.5 per cent Basidiomycetes. Rangaswaml and Vasantharajan

(1962) reported species of Aspergillns, Penicillium, Fusarium,

Helwminthosporium, Mucor and Rhizopus from the rhizosphere of
citrus plants. Jes (1963) while studying the ecology of soil
fungl in vice fields reported that the fungel associationg with
rice root changes with the growth of the crop. DJuring the ecarly
stage of the vegetative growth common soil fungl such as

Aspergillus and Penicillium were found associsbted with the roots

of older plants. Rangsswami ond Venkataraman (1963) found that
nunber of funm gradually increased in the rhizospherc of plants
%311 the time of harvest. Balakvishman {1967) found that spocies

of Aspergillus and Penicillium formed the predominant group of

fungi in the rhizosphere and control seil eof tobacco.
1ii. Actinomycetes:

There are only few reports regarding the effeot of
rhizosphere on the different groups of actinomycetes. Timonin
(1940 a, b) obtained 7 10 71 times greater actinomycetes population
in the rhizosphere of wheat, oats, lucerne ond peass Rangaswami
and Vasantharajan (1962) revorted the presenee of 4 %0 20 times
moxe of actinomycetes in the rhizosphere of ecitrus plants than

in the non~rhizosphere s0il, They further noted that actinomycetes
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with sntagonistic effects were more prominert in the rhizosphere
than in the non-rhizosphere soil. Rangaswami and Venkatesen (1963)
noted a steady wncrease in the actinomycetes population in the
rhizogphere of rice 4ill harvest. Among the actinomyceles identified
the most predominantly occuring group was Ssreptomyces spscles.

Micromonogpors and Nocardia species were also present vhough not

freguently. Venkatesan and Rangaswami (1964) in their studies

on the microflora of the rhizosphers of rice found thet the number
of aotinomycetes was more n the rhigogphere than in the non-
rhizosphere soil. Agnihothurudu (1955) while studying the
fungistatic organisms in the rhizosphere of pigeon=-pez found thet

Sireptonyces grissus were abundent. Noocerdis and Micromonospora

gpecies were also ohtained.

Rhizogphere microflora in relatron to root infection

Cextsin crop varieties susceptible to infection by so0il
borne fuagi are known to exert a greater rhizosphere efifect than
the resistant varietios. Thom and Humfield (1932) studying the
tobacco planis susceptible to Thielavia root rot reporied higher
zhizosphere populaetions in the susceptible variebies. Timonin
{1940) reported higher porvlations in the Fusapium susceptidle
varislies of flax, Lochhez¢ et 21 (1940) found that the rhizosphere

of wilt susceptible %tohacco plants supported an sbuadant cuantity of
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Gram negative short rods and harboured lesser number of coccoid
forms, spore formers and Gram positive rods. They also found that
there was variation in the different nutritional groups also, as
amino nitrogen vequiring bacteria were supported more by resistant
varietiese Timonin (1943) in the comparative studies on the
rhigosphere ¢f Bloon 2ad Novelby flax, resisiont and susceptible,
respectively, to Fusapium lini demonsirated tbat the ineidence of

Albevnsris tenuis group, Cepholosporium micola, Fusari®: bulbogenum,

F. culnoxua, I oxysporum, Fe solani, Helminthosporium sativum,

Yertioiliivm, Penicilliom chrysogem:m, P. intricatum, Pe lerrestre,

Trichoderma viride and . album increased by the rhizosphere effect

of rssistent as compared to suscepizblo varioty. Harper (1950 a, b)
and Rombouts (1953) studying the rhizosphere of hanana plants in
relation 10 panamz wilt, rveported higher populations in the
susceptible varietios. Agihothurudu (1955) noted actincmycetes
antagonistic %o the wilt organism Pusarium wdum in the rhizosphere
of resistant pigcon~pea. Subbarao snd Bailey (1951) in their
atudies on the resistonce and susceptibility of tomato plants to
Yorticillium wilt inveriably proved that susceptible varieties

herbour muach higher population than resistant ones. lLaey and

Borner (1962) reported lesser population of Yertieillium slboatrum

in the rhiszosphere of resistont speeies of Mentha than in

gusceplible vaprieties,
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Rhigoctonia collar rot

ERhizoctonia is considered to be an ommivorous plant

parasite, which attacks & wide variety of hosts. In India the
fungus is kmown to attack economic crop plants like cotton,

cow pea, green gvam, tomato, potato, brinjal, cucurbiis, tobacco,
sesamun etcs There is no recomd of the fungus causing coller

rot of sword beams (Cansyelia ensiformis IC«) in India.

Butler (1918) reported that RBhizoctonia golani infected cowpea
seedlings on the stem and at the growing points, bub in the fleld
the attack usually begins at the ground levels In describing the

nature of attack on colion by Rhigootonia species he reported that

the fungus attacks the base of the stem cansing e robting of the
stem at the ground level and the upper part of the %ap root
chiefly affecting the bast and externmal tissues which bresk down
into fibrous shreds. The hyphee of the fungus ocour in the deeper

layex of the bast and on the surface of the root.

Metsumoto {1923) in his studies on the physiology of
Rhizoctonia solanl reported the stalings phencmena observed in
cultures of the fungus. The {loxic substances mey be in activated
by heating sud the growth of the fungus ic pronmoted by merely
eliminating them, Nobecours (1928) reported the development of
substance antegonistic to the growth of oschid bulbs by the



orechid mycorrhize (Hhizoobtonia sp.)s Kerr (1957) using the

ocellophane bag technique demonstrated that the roots of raddish
were destroyed due to the growth products of Rhizootonia probably
due to a toxin., Stalmen and Harrar (1957) in describing the
antagonistic activities of this organism stated that soms races
of Rhizoctonia can ceuse distortions and death of roots of certain
erop plents at a distance of at least one centimetre without ever

touching the rcots.

Ring-bexking and ite eoffecls on nlants

In order to demonstrate the conduction of food maberials
in plants, Halpighi (1686) removed ring like pieces of bark by
naking %wo parallel cuts enciroling the stems of plants like Prunug,

Quince, Querous, Saliv etc, He Observed the accumulzation of food

coming down from the leaves, at the vpper portion of the ring.
¥any workers have subsequently confirmed the above findings.
Nageli {1861) proposed the term phloem for the tissues concerned
with the conduction 0f cell saps Wunch (1930) by his experiments
with ringing, grafting and shading of the foliage established
bark as the principal pathway of food materials. Bxtensive
experimentetion by Cotin and Knight pleced the goncept of movement
of food materials in the bark on a firm basis and the discovery of
the sieve tubes by Hartig (1837) revealed the particular part of

the bark vhich is coneerned vith this movement.



Mason and Maskell (1928 a, b) analysed the bari and
wood derived from the stem above and below the ring at different
time intervals after ringing and found that the ringing resulted
in a marked accumulation of sugars above the ring and their decline
below the ring. Kitrogenous compownds were generally affectled

sinilarly.,

Bainging expeciments have been used wath much success
in studics vath varuses. Benaett (1956) and Dsau (1956) showed
that asny vivuses ~re irai19locstad 11 the phloem dupang theiwr
systemic invasion of the plend. Phloem limited varuces are

unable to pass a mnged part of the stem.

Leach (1937, 1935) secommended riag-barking as a
contzol mecsuce ageinst gcook diseases. Working with
drmilloria melles cr lea he demongiraved that lhis orgonism
deveclops freely as pacasive on lhe rools of many plani species
once the wops hove been felled. If e trces were killed by
ring-baylang some tame hefors felling their rcols get invaded

by hamless saprophiles sach ag Rhizootonia baleticola ete.

2ad not by A. mellea. Wappe~ (1939) obsrrved that inm teees
ring-barked 4% moaths hefosce felling, bthe rooie hed losh
52 pazr cowh of theiz shooth condent as 3% o 4 uonths and

66 por cent at 6 monilhs alber wregiwent.



Ezekiel (1940) reported that topping or girdling of
infected cotton plants at the advancing mergins of root rot
spots in midsummer may sreatly shorfen the survival period of

Phymatotrichum omnivorum.
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MATERIALS AND METHODS

A locsl bushy veriely of sword besn (Camavelia

meiformis IC.) obteined from the Agriculiural College Farm was

ised. The plents were raised in earthern pots of 12" diameter.
The potiting mixbture consisted of farm yard menure, river sand and
gerden soil in the ratic 1:111 (V/V). Only one plant was grom

in eaoch pots

The clinxe of Thizochonis sps used in the present
studies was isolated from naturally infecied sword bean plants

2ad maintained on Potato Pexitrose Agar medium,.

Plants showing aniform growth and size were selected
and they were divided into {hree lots of 25 planty eachs One
lot was ased for Inoculation, tho second lot was used for
ring-barking end the third lot served as contrels Inocuistion
a8 well as sing-barking were doné 25 days after germination of
secds by vhich 'Isi;ze the seedlings had put forth three Ho four
true legves. These plents wers veed for rhizosphere situdies.

L similar roc of plantc werc used for chemical enalysis.

s Inoculation
Inoculations were done at the region just above the

cotyledons (approximately 2 to 3" ehove the ground level) with
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five days 0ld culture of the fungus. The region %o be inoculated
was injured with three to four pin pricks just before inoculation
in order to hasten the infection. Culture bits were applied at
thie region and it was covered with moist cotton wool (Plate I).

Ring~barking was dong av the region just above the
cotyledons as in the cess of inoculated plants using sterile
razor blades. Two parallel cuts encircling the stem were made
ain the bark and the ring 1like piece of bark formed by the cut was
removed from the stem, The width of the bark removed was egual
in 211 caces and wae about 1 cm, in size. Care was taken to see

thet the cub Gid not extent to the wood region (Plate I).
The control plants did not receive any tresiment.

All the experimental plents inoluding the control
were kept undex identical conditions with regerd to watering

and other operations.

Control soil was drawn from a separate pot which was

kept slong with the experimental pots for the purpose.



111, Collection of semples

Watering of the pots was always done in the morning only.
Samples for rhizosphere studies and chemical analysis were drawn in
the afierpoon. Samples were dravmn simultansously from healthy
vlenvs, piants which were inoculated, plants which were ring=bzrked

and control soils

The root samples requirved for the assessment of the
rhizosphece microfiora was collecled as per details givon below.
The plants were uprooted =ith a block of soil and the soil around
the root syslen was removed carefully by gentle shaking., The
root system wos then tapped genilly with 2 sterile needle o remove
ine superfivous soil adhering o 1t. The roots were cut into
preces of about 3 to 4 eme ascptically and transferred into
erlenmeyer flasks containing 100 ml, of sterile distilled waler.
Sufficiens quantity of ihe roois were zdded to attain a turbidity
equivalent to the addution of 1 to 2 gm. of soil (Wallzce and

Lochtiead, 1 949) .

Iv. Quenvitaevave debermination of the rhizosphere microfliora

The egsessment of rhizosphere microflors was done as
pex mebhod descrived by Timoain (1940), The {irst sample was
drawm on the day of inoculation (25 days after germination),

Subsequent samples were drawn al three dayes interval.



Tlacks containing 100 ml. of sterile distilled water
into which the roots were added, were shaken for about half an
hour on a mechanical skekers Appropriate dilutioss were prepared
from this suspension. The final dilution used for plating was
131,000,000, The dilution was prepared by two successive transfers
of one ml. aliquot from the lower concentration to 99 ml. of
agterile distilled waters In all the dilutions each flask of the
dilution series was shaken for two minutes before transferring the
next aliquot, care heing itaken 4o pipette the suspension while it
was in motion. All the transfers were done wnder aseptic conditions
using pipetites sterilized with one end plugged with cotton wool.
One mls of the final suspenszion was used for plating in sierile
petridishes alongwith 15 ml. of the medium. Different medis were

used for dbacteria, actinomycetes snd fungi. The medis used were:

i. Soil extract egar (Tsylor and Lochhead, 1938).

This medium was used for bacteria.

Compositions

$0il extrach ] 1000 ml.
K2m4 H 042 geo ’
Agar agap s 15.0 g

For preparing the soil extract 100,0 gu, of soll was

autoclaved in 1000 ml. of water for hslf em hour at 15 lbe. pressure.



Ther it was allowed to sediment and the supeznatent liquid was
decanted and filtered. A small guantity of Caso4 was added to
hasien the sedimentation. It was filtered through No. 41 filter
paper, The volume was mede upio 1000 mls One gram of glucose
was added $0 hasten the appearance of colonies. The pH of the

medium was adjusted to 6.8 prior to sterilization.

ii. Peptone dextrose azer with rose hengal and sireptomycin
{Maxrtin, 1950)

Compositions

Doxtrose H 1040 g

Pepione [ 50 gv

KHaPO 4 ] 140 g

Hg@4 t 0:5 &

Agax agar H 1540 &

Distilled water s 1000 ml.

Rose bengal ] 1 part in 30,000 parts
of the medium.

Streptomyoin : 20 M go por mie

{Tne streptomycin was added only ab the time of plating)

This medium was used for fungi.
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1ii. Xen~Jnightle agax

Composition:
Flucose g 1.0 g
KZHPO4 $ 0.1 e
S0 H 0.1 ()
Hig: 4 g
Eat;iil)3 H 0.1 g»
Fel s 0.1 2.
Agar agar : 15.0 g»
Distilled waler + 1000 mi.

Thao medivm was vseo for cetinomyceles,

The above 3 medis were prevared and autoclaved in test
tubes at 15 1b. vressure for 20 minutes. 15 nl, of the medivm was
taken in esch tube. Before plating the media were melited in a

water bhath, cooled to 45 to 48°C and the plating was done.

A% first the plataing was done by using the mevhod
suggested by Tamonin (1940}, One mi., of Lie finel dilubion was
transferzed into a sterile petridish using a sterile papebbe.

The plate vas rotated gently to spread the suspension uaiformly
in the plate. The medium, melited and cooled to 48°C was then poured
over this and the plate was again rotateu to get aa even spread

of the suspension and the mediam. In vhis wmethod 1he colonies
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appeared to meb erowded towards the periphery of ithe patrzidich.
Therefors & modification in the methed was wade as sugzested by
Remn Devi {1964), One ml. of the final dilution was pouced
directly t0 the iest tube containiag melted medivm 2% 48°¢. The
test tube was bhen rotaled well between the paims and the medium
wag poured into the sterile petridish. The pebradish was then
rotated genlly 0 get an even spread of the medium. The colonies
appeared uniformly distributed when the platiing was done by this

nsihod,

The dilutions were plated iun triplicale for each group
of microorgenismg. The plates were incubaied au room temperature.
Counts of fungel colonies were taken 6 to 7 days after plating es
soon as the colonies began to appear. Counls of bacteria and
actinomyceles were taken af'ter 14 days. Spsncer's Dark Freld
Guebec Colony counier was used for counting ihe colonies of bacterie
and actinomycetes. The counts were exprsssed in miliions per gram

of the soil on dzy weight basis.

To find the dry weight of the rhazosphers seils used for
preparing the dilutions, the roots were rscmorsed from wvhe flask after
weshing down 21l the adhering soil parbiclec inbo the seme flask.
The susepusion in Lhe Flask wasg evaporaved to dryness br placing it

in a waber nalh. Afler that the flask was %epv in 2 hor air oven
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at 105°C to 110*C for six hours. These were then allowed o cool
in the oven iteelf and were weighed. The dry welght of the soil
was determined, making necessary corrections for the sligquots of

so1l removed during dilutions (Herr et al, 1961).

This technique was followed throughout the rhizosphere

studies.

V. ualitotive determinetion of bacteria in the rhizosphere

The bacterial colonies ware picked up 14 days after
plaiang and stabouliures were made for fupther studiess Foz this
the semi~g0lid s0il extroet medium wes ugedx (Taylor and

Lochhead, 1938)a

Composition of the medium:

Soil exiract H 1000 ml s

. »

RZI{PO 4 H 0e2 e
@lucose H 14C &
Yeast exiract H 10 g
Arar agar $ 3e0 g

PH ad justed %0 6.8

For taking the bacterial colonies from a plate, the
surface area of the plate was divided into four sections and all
the colonies within a single sector were picked up to represent
each treatment.
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The bacterial isolates were classified according to
their morpholozy and Gram reaction. For Gram rezction 24 hours
old cultures were used and for the determination of spors formers

48 hours 0ld cultures were used.

ViI. Fungi present an the rhizosphere

The fungzal colonies that appezred in the plateos were
identified to the exlent possible. All the wnidentified species

were grouped under other fungi.

VIL. Chemical analysis of the root system of healthy, ring-barked

and inoculated sword bean plants

i. Collection of samples:

Sampling was done at 3 stages of growth of ihs healthy,

inoculated and ringed plents as given below:

15t sample: On the day of inoculation, i.s., when plents ware
25 days' old.
2nd samples 10 days after inmoculaiion (36 days' old).

3rd sample: 18 days after inoculation (43 days! old).

Samples were collected from the same set of plants that
were used for the rhizosphere studies. Only the root systeu (below

the collar level) was taken for analysis.



30

The reot system for the estimation of botal sugsrs
was dried at 105°C for 6 hours in a hot-air oven. The persentage

of moisture and dry matser were also debernined.
ii. BEstimation of sugars:

Tyo grams of the moisbure free plant maverial was taken
in aa Brlcameyer flask to which 180 ml. of water and 20 ml. of
concentrated hydrochloric ecid were added. The flagk was provided
with a refluz condenser and boiled for two and a half hours, cooled
and neviralized with sodium hydroxide initially and then with
sodium carbonate. It was then filtered and the filirate was made
upto 200 ml. snd the quentity of total sugers was estimabed by

titration sgainsgt Fshling's solution.

10 1. of Fehling's eolution (5 ml. of A and 5 mle of B)
was measured inio a conzocal flask, diluted with 20 ml. of water,
heated to boiling end then filtrete was added from & burebbe.
When & faint precipitate was obtained 2 %o 5 drops of methylaene
blue was added and the #itration was completed at the stags of
discolouration of methylene blue. The percentage of tohal

sugars were celculated as followss

Porcentage of Factor for Fehling's solubtion x 200 x 100
total sugar Pitwe value x weignt in gram
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iii. Estimation of erude fibre:

Two grams of the roistuze free plant material wes
taken in zn Erleumeyer flask. About 200 ml. of 1.2%5 per cent
sulphuric acid was sdded and the solution was heated to boiling,
After about 20 mimutes digestion the conlents of the fiask were
filtered through e linen supporied in e flutied funnel and
washed free from acid with boiling water. The residus on the
1linen was transferred completely to the flask and 200 ml. of
1.25 per cent boiling sodium hydroxide was added to it through
the same linen and the contents of the flask was digested for
30 minutes. Afterwards it was filtered through the same linen
and vmshed free of alkali with boiling water and later washed twice
with alcohol. The pvesidue was scraped into a silican crucible,
dried free of moisturc and weighed after cooling. Then the
content of the crucible was ignited to white ash in a muffle
at 600°C and was weighed again. The differences between the
two weights gave the weisht of crude fibre and was expressed

as percentage.
iv. Botimation of total carbohydrates:

For the determination of total carbohydrates the sugers
and crude fibre estimated separately were added and represenited

ags per oent.
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ve Estimation of total nitrogen:

Total nitrogen was estinated according to the method

glven by Paper (1950).

One gram of moisture free plant material was trensferred
into a kjeldahl digestion flask, containing 20 ml. of concentrated
sulphuric acrd 0 which was added 10 gram of potassium sulphate
and one gram of copper sulphate and digested. After the completion
of digestion as evadenced by the appearance of a light blue colour
the [lask was cooled and water exbtracis of the digested material
was bicnsferred into a 800 ml, distillation flask. About 100 ml.
0. 40 per cen® sodium hydroxide was added to it and distillation
was carried oui. The distiliate was collected in en Erlenmeyer
flask consaining a known quanbity of 0.1 normal svlphuric acid.
When about 150 ml. of distillate was collected distilletion was
stopped and the excess acid was back tibtrated with 041 normal

sodium hydroxide using methyl red as indicatox.

Titre value for calculation is the volume of normal
sulphuric acid used for neubralisation of with the alkalli Fformed
by distillation. The volume of acid not uweed during distiliation
was determined by titration with 0.1 normal sodium hydroxide. The

difference in the volume of acid taken to the volume determined
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by titration, give the volume of acid used for nsutralisation

during distillation, This volume become the titre value.

Percentage of nitrogen Titre value x 0.0014 x 100
in the plant material Weight of materaal in grams

VIII. Effect of ring-beriking and incculation with Rhizoctoniz sp.

on root development of sword bean plants

The wet weight and dry weight of the x00t systom of
healthy, ring-bazked 2nd incculated plants were detemained at

3 stages. Averzge of 10 plants were teken in each ozse.

IX, Effect of growing swoxd bean sesdlings in the culfure filirates

of Rhizocotonia sp.

The fungus was grown in conical flasks containing sterile
Richard's solution. After 12 days growth the cultures were filtered
through thick layers of cotton wool. Healthy sword bean seedliangs
(15 days 01d) grown in pots were carefully removed end Shc yoots
were washed thoroughly under a jet of water. The stem and roots of
these plants were dipped in Q.1 per cent mercuric chloride golution
for 1 minute and then washed in three changes of sterile water.
These were then placed in 250 ml. Erlenmeyer flasks each conteining
200 ml. of the culture filtrate wiith the rcot system completely

wrnersed in the filirate. Oaly one seedling was placed in each



flask and this was kept in position by means of sterilie

cotton wrapped around the stem of the seedling at the mouth of
the flask. Seedlings placed in sepsrate flasks containing
sterile Richard's solution and sterile water served as controls.

The plents were kept under observation.

34
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RESULTS

X. Symptomatolo

i. Effect of inoculation with Rhiszoctonia sp. on sword bean plantss

First visible signs of infection were noted on the third
day after incculation when the felty growth of the fungus was seen
at the inoculated wregion. By this time the leaves showed & number
of oily or water soaked lesions. Theso lesions were more prominent
on the lower fully ewpended leaves. The fungel growth enciveled the
slem al the inoculated region in about 5 to 6 days afber inoculation,
The bark at this region showed a gradusl decay and disintegration.
The lesions on the leaves enlarged end some of them coalesced
forming larger discoloured arees. The colour of these lesions
gradually becawe dirby yellowe. In about 8 days aiter inocuiation
the leaves beceme dull grey in colour and sterved drooping with a
cheracteristic inward rolling. The rolling and drooping progressed
upto 13th dey by which time moet of the leaves became yellow in
colour. Compleie wilitang and death of the plant with shedding of

leaves was nobiceable by the 16th day of inoculation (Flate 2 & 3).
ii. Bffevt of rimg-barking on sword bean plants:

The leaves of the ringebarked plants exhibited 2 general

discolouration from the third day onwards without developing any
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lesion. The green colour almost completely faded by the 6%th

day. By the 9th day after ring-barking the lower leaves started
rolling inwards and became distinetly yellow in colour. Yellowing
of the upper leaves was evident by the 11th day after ring-barking
by which time the vlanls sterved chedding of leaves. Complete
wilving and deavh of Lhe glanis occurved by the 13th day

{Plate 2 & 3).

II. Quantitative determination of the microflora in the rhizosphere

of healthy, rinewbarked and inoculated sword bean pianis

A steady increase in the rhizosphere microflora of
healihy plent was noted as the plent beceme older. The total
microbial population when the plants were 25 days old was only
73421 millionsand this increased to0 218.51 millions when the planis
became 43 days old. The population in the control soil at the

above twd periods were only 18.5% and 19.83% millions,

Ring-barking as well as inoculation with Fhizoclonia sp.
oxerted o siimalatery effect on the rhizosphere microflora. This
stimlatory effect was noticeable in 811 the three groups of
organisms. There was a greater incidence of bacteria, fungi and
acbinomycetes in the rhizosphere oFf plents which received the

trecatment, Thas increese in the population was noticesble from



the thixd dey afteor the treaiments From sixth day onwards

tho inorease wap®gerseater in plants which ware inocxlated with
Rhizootonia sp. than thooe wers ringebarkeds Thue on the 18%th
day af'ter the trastment the total nicrobial population 4n the
rhizoaphera of healthy, ring~barked and inoculated plants vews
218,51, 245.25 and 306417 millions respectively (Table I).

i+ Bactoria:

Tho bacterisl population in the rhizogphexre of healthy,
ring=barked and inoculated plants showed a stesdy and wignificant
increaco throughout the period of observation. Thors wag 8 sharp
inoresse in the bacterdel population in the ringebarkaed plants
three days aftsr the treaiment and this inorsase was greater than
that noted in tho inoculated plant. Thus the baoterial population
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in the ringebsrked plants rose to 70.19 millions from 41.87 miilione

while that in the inoculated plants increased only to 64.85 millions

(7able II)s The subscquent increases in the bacterial populaiion
wore throughout grester in the inoculated plant thon in the
ring~bariked plants Six days after the treatment the population
in the inoculated plont pone from 64465 millions €0 95,30 millions
while in the ring-barked plant it ruse only 1o 75.04 millicons from
70419 millions. At the seme time the population in the healthy
plm,t rose from 49.35 milliono 0 58,75 nillions. On the 18%h



Total microbirsl populeiions in ihe rhizosphere of heslthy, inoculated and ring-barked

TABLE X

plants

sword bean

Age of the plant

25 days 28 days 32 days %6 days 40 days 43 deys
Treatrment (day of (3 days (6 days (40 days {14 days {18 days
treate after after arter of bey after
ment) treatuent) treatment) treatment)  treatment) treatnent)
Heal thy 7321 83.73 97.09 10957 17501 218.51
Ring-barked T3.21 108.31 130.71 149450 216.07 245.25
Inocuiated T3.21 104430 155.62 196414 283.25 306417
Control soil 18.53 20016 19-25 19011 20057 19.83
L
(,
El
i
0
~y/
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TABLE II

. gword bean planbs

Total bacterial populasions in the rhizosphere of healthy, zing-backed and inoculated

dge of the plant

25 days 28 days 32 days 36 days 40 days 43 days
(day of (3 goys 6 days {11 daye (14 daye (18 days
treat~ after after after after after
Treatnout ment treatment) trostment) treatment) twentment) trestnent)
Popu= R.Se Popu= ReSe Popu— R.S. Popu= RS, Popz HeSe Povu~ ReSe
lation ratio lation mrat20 3latbion ratio 1lation wratioco lation ratio 1labtion wratio
Healthy 21487 3441 49¢35  4e13 58,75 5430 61.84 5.53 102.47 B.3% 125,54 10.31
Ring=barked 41.87 3.41 7019 S5.87  T5.04 677 94.07 B.42 120.47 9473 141,20 11.60
Inoenleted 41487 3441 64485 He42 95430 B8.60 123428 11.04  163.70 1330 17711 14.55
Control =0il 12.26 s 11.95 s 11.07 .o 11.17 ve 12431 . 12.17 .o

68
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day afier the treatment the population in the rhizosphese of
haalthy, ring-borked and inoculated plant increased 0 125.54,
141420 and 177.91 millions respectrvely. The corresponding R:S

ratios were 10,31, 11,60 aad 14.55 (Pable II).
ii. Actinomycetess

The acbinonycetes populaition in the rhizosphere also
showed a slcady increave as the plaab becaws older. The increase
was grealter in the rWizosphere 0f ringebarked a:nd ineculatzd
212nt, the ineresse in the labter being nore peoncuaced. On the
thard day afiecr tre vreailment she actinomyceles porulatuion in the
heelthy, ring-barked and inocculated plant were 29.97, 33.7C and
34.81 millions respectively. The corresponding R:S ravios were
Aeldy 4463 and 4482 respectively. The rhizocphere vopulwlzcon of
ring~barked and i1noculated plant showed a steep crezns (a vhe
14th day after the treatment. The populacion increasal from
49,01 rmllions t0 85.48 milliong in the wang-harked plany and {zom
€4.64 millions e 10%.36 millions in the inoculated plans. On the
184h day the popalalion incressed to 80.42, 89.00 and 110,73 millions
in the zhazosphere of healthy, ring-baried and inoculated plant.

The cvrs esponding RiS £ab10s were 12,17, 14,07 2prd 17,01 (Table III).



TABLE III

Total actinomycebes perviatvions in ithe rhizosphere of healthy, risgebarked and inoculated

sword bean plants

Age of the plant

25 days 28 days 32 days 36 days 40 deys 43 days
(dzy of {3 days (6 days (11 adays (i4 days {18 aays
freat- afftar after af ter after after
Tre.: tnont mans) breatment) troatnent) Svestment) tweatnent) trentment)
Popu= Ro.S. Popu~ R.S. Popu- R.S. Popu- ReSs Popu=~ RB.S. Popu~ R.S.
Jetion watio latlon revio lation ratio lation raJic 1laiion ratio lation ratio
Boelthy 2631 5.25 29,97 414 33¢35 4.65 42.43 6.26  065.27 9.26 80.42 12.17
Rin ~bs-ked 26491 £.25 33.70 4465 49.61 6,96 49,01 To25 85,48 12,10 89.00 14.07
Laoculaied 2691 5.25 34481 482 53,98 Te52 64.64 9,54 103.36 14.64 110.73 17.01
Con.rol soil Je12 *a Te24 ew T-17 &s 6077 oe 7.06 I 6033 e

184
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121, Fungi:

The fungal population in Jhe rhizosphere of healthy,
ring-barked and inoculated plant also showed an increase, This
increase was more proaounced in the ring-barked andé inoculated
plants The increase in the inooculated plant was always greaber
than in the ring-barked plaant. The population on thza third day
afver the lreatmeni on the healthy, ring-barked and inocuiased
plant were 4447y 4042 and 4.64 milliouns rospectively with the
corresponding R:S rat108 of 4454y 454 and 4.TCe There wnag o
steep increase in Jhe fungel populazion of lbe rhizospbere of
ring~varked and inoculated plani on Jhe 141k day afber the
treatment,. In she ring-barked plant “he population of 6.42
millions on the 10th day increased to 10.i2 millions and in the
1moculated plant the increase was from 8412 millions to 16490
nillions. The correspending R:S ratios on Lhis day were 8435 and
13,12+ On ihe 18th day afver the treatiment the fungal populetion
in the rhizosphere of healihy, ring-bagked and inccuiaited plans
increased t0 12455, 15.05 and 18433 millions respectively wath

the corresponding R:S ratios 9.43, 11.31 and 13.77 {Tabie IV),

TIT. Qualitative detemmination of bacteria in the rhywogphere of

hralthy, ring-barked and inocvlated sword hean plenis

The {reutment did not materially affect the percentage

of different morphologicel groups of bacteris present in the



TABLE IV
Fotal fungel populabions in the rhizosphere ¢ hesithy, ring=-barked and imoculated sword bean

Planice

Age of the plant

25 days 28 days 32 days 36 days 40 éays 43 days

(dey orf (3% days (6 days {11 days (14 days (18 days

treat- alter afler after after after
Tyeutment Lent) treatiment) troatment) seeatient) treatuent) ‘treatment)

l‘opu- Rele PO}*u- R.Da POF’J." R.Se PO?R- Hobre Popn-— HeSe Popu- R.Se
letion watic lation wratio letion ratie lation xratio Jaticen retico lation ratio

Heallhy 4442 3483 4o 454 4499 4.94 530 4453 Te3n 6410 12,55 9443
Ring-parked 4.42 3487  de42 4454  5.T6 5470 6432 540 10412 8.35 15.05 11.31
Incoula ved 4.42 5.8% 4464 4,78 6,34  6.,27 8.12 6e94 16,10  13.12  18.33  13.77
Con.zol soil 1415 o 0.97 .o 1.01 .e 1.17 . 1420 ve 1.33 ve




I0° PER GRAM OF DRY SOIL

POPRPULATION

TOTAL FUNGAL POPULATIONS IN THE RHIZOSPERE OF HEALTHY,
RING-BARKED AND INOCULATED SWORD BEAN PLANTS

20
v
4
7
rd
7
s
7
7
-
7
s,
7/
7
7
7
//
»
16 ] )
/
/
II
II I/
/ /
/ /
7 /
/ /
/ /
/ /
l/ /
] //
/ /
/
/ /
12 _| / Y
/j /
7 I/
/ /
/I / /
/ o //
/ 7/ /
I/ // //
/ / /
1 Vs /
/ / /
/ Vi //
I 7 ;
o / /
8 — > , ;
P / /
i // /
-
e
P // /
i 4 /
- /
i / Ve
e e 7
-~ e -
P — PR
P P e
,// ’/, //
- PR 0
PR - P P
,,_,—'/:/’/ T
e T e
et T = S T e @
4 ]
———————————— p
I e Sy e pmmmm e .
o 1 1 | !
3 153 0 14 18

NUMBER OF DAYS AFTER TREATMENTS

CONTROL SOl ~—=———~ HEALTHY ~———— — INOCULATED —— ——--- RING - BARKED



44

rhizospheree A higher incideace of Cram negative rods was
noticed in the rhizosphere of healthy, ring-berked and inoculated
planis while there was a preponderance of Gram positive rods 1a

tne s01l.

The per cent incidence of gpore formers in the control
soil wes higher than that in the rhigosphere of healthy, ring-barked
.
and inoculated plants. While the percentage of spore formers in
the <0l ranged bebween 28.89 and 31.00 that in the healthy.
ring-berked and inoculated plants ranged between 10.80 to 12470,

7.00 ©0 12,00 end 6.50 0 12.70 (Table VIII).

There was also no appreciable difference ia ithe
percentage of the difrerent groups of bacheria preseant in the
rhizosple.e 2% tine three atares of plant growth when the camplings

vere made (Tables ¥ to VIII).

IV, ¥uner present in bho rhizosphere

Specres of Aspergallius and Penicillium were predominant

in the control soil and 1in the rhizogphere of healwhy, ring-barked
and inoculated plants. In the Aspergillus gooup Of Orgunisms,

Aspersillus miger was more abuncant and formed wore than 50 per cent

of the total nuuber occurred. Other zmpourtant genera of fungi noted

werve Rhizopus, Iraichodemma, Choelomium, Fussrium and Pesialotaz.




TABLE ¥V

Distribution of worphological groups of bacterie in the rhizosphere of

of healiry sword bean plamts on the day of trsatmenvs

Control moil

Healthy plant

Particulare Percenioage Populaiion Percentlage Population
Total population os 12.26 .s 41.87
Gram -ve vods 17.84 2,19 42,76 17.91
Gram -ve cocci 144,28 1476 2150 9.00
Cran +ve rods 43429 528 20,20 8.46
fram +ve cocel 24467 3.03 15.52 6450
Spore formers 30.00 3.57 12.70 5.06

S¥



TABLE VI

Distribution of moxphological groups of bacteria in the rhizosphere of hoalihy,

inoculated and ring-barked sword bean plamis, 10 days afier the

treatment

dontrol so0il

Healthy vlant

Ping-mzrked pland

Inoculaied plant

Particulars For- Popu~- Pey- Popu~ Par- Popr = Pep- Pepo=-
ceatepe lation centage lation centaze lation centage lotaion
Potal popniation sa 11.17 .r dieB4 »e 94,07 .o 123,38
Gram =ve rods 22,23 2.49 45550 2841 49.27 46253 49.14 60.63
Gram =ve €OCCL 16466 1.86 18,50 1144 29,5C 20.73 22,61 27.90
Gram +ve vods %3422 4.26 15425 9443 16475 15.75 18.12 22,36
Gram +ve coceci 22.89 2.56 2075 12.83  12.5C 11.76 10.13 1249
Spore formers 28,89 3423 10480 6.68 7+35 6.91 ©650 8,02




TABLE 1W&I
Dlstribuiion of morphological groups of bacleris in the rhizosphere of healthy, inoculated and

ving-barked swoxd bean rlants, 18 days afiecr the treatments

Contrcl soil Healthy plant Ring-baxrked plant TInoculated plant

Perticulers Per~  Popu- Por-~  Popu~ Per- Popu= Por=- Popu~
centege lation centage lation centage lation ceniage lation

Total population .e 1217 .o 125.54 .o 141.20 .e 177.11
Gram =ve rods 22420 2.70 46400 57.74 50,20 T0.88 52400 92.09
Gram =yve cOgoi 15.00 1.83 22.00 27.62 22.60 31.91 235425 41.18
Gram +ve rods 40435 491 16400 20.09 17.00 24.00 1817 32.18
Gram +ve cocel 22445 2.73 16,00 20.09 10.20 14.41 6458 11.66
Spore formers 31.00 3717 11.00 13.81 7.00 9.88 T+35 13.02

Ly



TAPLE VIII
Percentege distribubtion of the different morphological groups of bacheria in the rhuzosphere of healthy

inoenlated and ring-backed swed bean plants at three stages afler the treatwent

Gram «~va rods

Gram -ve cocci

Gram +ve rods

Gran +ve coccl

Spore formers

Treatments

A ) G A B ¢ A B c A B C A B ¢
Healthy 2278 45450 46.00 29450 184,50 22,00 20420 15.25 16,00 15452 2075 16400 92.T0 10.80 11.00
Ring=barked 42.T8 49425 50420 21450 21450 22460 20,20 16,75 17400 15¢52 2450 10420 12,70 T«35 T.00
Inoculated 42.T8 49.14 52.00 21,50 224671 23.25 20.20 18,12 18,17 15¢52 10.13 6458 12,70 6.50 7.35
Control soll i7.84 22.23 22.20 14428 16466 15.00 43,21 38.22 40¢35 24467 22.89 22.45 30,00 28.89 31.00

A = day of inceunlation

B =

10 days after inoculation

C = 18 days after inoculation

8¥
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The per ceont incidence of Mucoraceous fungli was greater
in the rhigzosphere of healihy and ring=bzrked plants than in the
soil and in the rhizosphe.e of inoculated plants. While the
percentage 1ncidence of the Mucoraceous fungi was only 5.72 per cent
in the control so0il t{hese in the rhizosphere of healthy, rin@-'barkad
and Inoculated plants were 12,29, 8.09 and 5.04 per cent respectively

(Table IX).

Brizogtonia sp. was not obtained from any of the

samples used for plabing.

V. Chemical snalysis of the root system of heslthy, ring-barked
and inoculated sword bean plant

i. Percentage of moisture and dry matier:

A degrease in the percentage of moisture in the root
system of healthy, ring-barked and inoculated plant was noticed
as vhe plants beceme olders The reduction in the msisture conient
was greater in the inoculated and ring-berked plant. The maximum
reduotion was noticed in the xingw-barked plant. While the
moisture content in the rcot system of healthy plant fell fxom
824,80 to T0.72 per cent within a period of 18 days that in the
ring-barked plant fell to 61.52 ver cent during tho same period.
The moisture content of inoculated plent fell from 82.80 o

63,88 {Table X).



TABLE IX

Percentage incidence of differesnt fungi in the rhizosphere of healthy, ring-barked

and inoculated sword bean plants

Group of organiswms

Pendeilliun and Mucoraceous Other
Treatments Aspergillus spp. fongli fungi
Control soil 93.28 SeT2 100
Healthy 89.00 10.29 0.T1
Ring-harked 20,00 8.09 1.91
Tnoculated 93.42 5.04 1.54

(Ot



TABLE X

Porcentage of moisture and dry matter in the root gystem of healthy, ring=barked

and inoculated sword been plants

Pervcenvage of moisture

Percentage of dzy malier

Treatmentso Healthy Ringe Inocu~ Healthy Ringw Inocu-
barked lated barked loted
Bay of trectmont
{25 days) 82,80 82.80 82,680 17.20 17+20 17.20
10 days after treatment
(36 days) 74001  64.84 6752 25,99 35216 32.46
18 days alfter treatment
(43 days) T0.T2  61.52 63.88 29,28 38448 36412




1i. Percentage of total sugars:

The root system of healthy, ring-barked amd inoculated
plant showed a decrease in the total sugars on dry weight basis
as tho plant became older. This reduction was very highly
pronounced in the ease of ring-barked plant. While the percentage
of total sugers in the healthy and the inoculated plent fell from
9.63 40 6435 and 5.%6 vespectively within 18 days that in the
ring~barked planits fell from 9.63 to 2.20 during the same period
{Table XI).

iil., Perceniage of crude fibre:

The root system of healthy plant showed an increase in
1he perceniage of crude fibre 2s the plant became older. 3Bub in
the ring-barked and imoculated plant there was a dreastic reduction
in the percentage of crude fibre. Vhile the percentage of crude
fibre which was 21.60 on the day of trealment rose 0 32.23 per cent
in the healthy plamt in 18 days it fell 0 4.30 per cent in
ring-barked plant and 10.86 por cent im inoculated plant during

the seme porrod (Pable XII).
ive Porcentage of tofal carbohydrates:

The percentage of totel carbohydraies in ihe healthy

plant was found %0 increase with age on dxy basis. In the ring-barked



TABLE XI

Percenlage of total sugars in the rool system of heolthy, ring-barked

and inoculated sword bean plants

Number of days afber Healthy Ring-barked Inoculeted
treatment (Try basis) (Dey basis) {Ixy basis)

Day of treatment

(25 days) 9463 9463 9.63
10 days aftor treatmoend

(36 aays) 8455 5¢13 6.95
18 days afler treatment

43 days) 6035 2,20 5.36




TABLE XII

Percentoge of orude fabre in the root syster of heaslthy, riag-barked

ond inoculated sword bean plents

Muwber of days afber Healthy Ring-barlked Inoculated
szoatuent (Dry vasis) (Zry basis) {Dry bosis)

Day of treadment
{25 days) 21.60 21,60 21460

10 days after trecataosnt
(36 gays) 28.25 10,21 17453

18 days after treatment
(43 gays) 32,23 4430 10,86
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and inoculated plent on the oiher hand the psreentage of $o4al
carbohydrates decreased as a result of the itreatment. This
reduction was very highly pronounced in the ring-barked plent
when the percentege of totzl carbohydrates increzsed to 38,58
Dor cent from 31423 per cent in 18 days it fell to 16.22 por cent
in the inoculated plant and to0 6.50 per cent in the ring-barked
plent during the same period (Table XIII).

v. Porcentage of total nitrogens

The perceniage of fotel nitrogen decressed with ags of
the plent and aleo as e wesult of ring-barking and incculation.
But this decrense was very pronocunced in the ring-barked and
inoculated plante Maximum reduction occuryed in the ping-barked
Pplant, While the percentage of nitrogen in the healthy plant
Pell from 2,56 to 2.06 per cent it fell o 0.43 per cent in the

inoculated and to 0.18 per cont in the ring~barked plant (Table XIV).
vi, Carbohydrate/nitrogen ratios

The carbohydrate/nitrogen ratio in the root system of
healthy, ring-barked and inoculated plant widened as the plant
became older. But this widening wes more pronounced in the
ring~barked and inoculated plent. In the healthy plent the
initiel ¢/N ratic of 12.20t1 changed to 18.72:1 in 18 daywm.



TABLE XIXIX
Percentage of carbohydrales in the root system of healihy,

ring-barked andé inoculatsd sword bean plants

wor

Number of days after Healvhy Ringebarkad Inoculated
treatment (Dry basis) {Dey vasis) {Dwy basis)

Day of treatment

(25 days) 31423 31.23 31,23
10 days after troeatment

(36 aays) 36480 15434 24438
18 days efter treatment

(43 days) 38.58 650 16422




TABLE XIV
Percentage of total nitrogen in the roob system of healthy,

ring=barked and incculated sword beoan planis

Wumber of days after Healthy Ring-barked Iroculated
treatment {Try basis) {fwy vowis) (Dey bosis)

e ——

Day of treatment
(25 days) 2.56 2.56 2.56

10 days after trsatment
(36 davs) 2423 0.25 0.82

18 days after broatment
(4% days) 2.06 0.18 0443

44
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But in ring-borked and inoculated plant it changed to 36.11:1

and 37.72:1 respechively during the same period. KNo significant
difference conld therefore be moted in the final O/N watic of the
ring-barked and inoculated plant. 4n sbhrupt widening in the c/H
ratio of ring~barked plant from 12.2031 $0 61.36:1 was noticed
10 days after the treatment and this feil to 36.191:1 18 days
after the treatment. The widering of the C/N ratios in the
healthy and inoculated plent was on the other hand gradual
(Table XV).

VI. Effect of ring-barking and inoculation with Rhizochoniz ep.

on the root development of sword bean plent

The ring~-barked and inooulated plant exhibited poor
root development after the itreatment., There was a progressive
decline in the dry weight of their root system after the treaitment,
the ring-barked plant showing 8 more pronounced decrecases. Wien
the healihy plant showed an increese in weight of r»oot system
from 1407 g» ©0 3+95 g» within a period of 18 days the wing~
barked and inoculated plant showed a decreass f¢ 0.14 g« and
0.28 g. respectively (Table XVI)s It was further noticed that
nodulations was practically absent om the root system of ring-
barked and inoculated plant while the healthy plent had profuse

noduletiong on their roots.



TABLE XV

Carbohydrate/ni+rogen.ratio in the root system of haalthy, ring-borked and

inocvlated sword bhear plants

Womber of days after Healthy Hing-varked insensed
incculation

Iay of inooulation
(25 days) 12.20:1 12.20:1 1242021

10 days after anoculation
(36 days) 1650121 61436121 29.T%:1

18 days after inoculailion
(43 days) 18.72:1 3601127 277221

6%



TABLE ZEVI

Development of root system in the heaithy, ring-barked and

inoculated sword bean plentis

Heal lny Ding-borked TIroovioced
Number of deys afier (Iry weight) (Dry weight) (Twy weizhi)
treatment arne gille 8o

Day of trerement

(25 days) 1.07 1.07 1.07
10 days after treatwent

(36 deys) 2.66 0436 1.16
18 daye afvewr bresimont

(43 day=) 3.95 0.14 0.28

69



VII. Effect of growing sword besn seedlings in the culture

filtrates of Rhizoctonia =p.

The lower leaves of the seedlings which were placsd in

the oulture filirates of the fungus developed light greyish yollow

lesions within twenty four hours. These lesions enlavged
involving the entire leaf lamima in 3 dayss The tender leaves
also turned palos These symptoms are similar to those noted on
plants which were artificially inoculated. The plants wilted
completely within five days. The seedlings placed in flasks
containing sterile Richard's solufion and s.erile waber did nob

show any symptom of wilting (Plate 4).
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DISCUSSION

Ring=-barking as well as inoculation with Rhizoctonla sp.
brought zbout merked inoreases in the rhizosphere microbial
population of sword bean planis. This inerease was notiesable
in the case of £ll the three groups of crganisms, namely,
bacteria, fungi end actinomycetes and it became svident on the
third day of the treatments The microbial population in the
rhizogphere of healthy sword bean plants also showed & steady
increase with age, tut the increase noted as a result of treatments
was significently greater. While the fotel microbial population
in the healthy plant rose from 73421 mitlionsto 218,51 millions
in 18 days, it rose 10 245.25 millions and 306,17 millions in
the ring-barked and inoculated plent respectively, during the

seme perioda.

The increase in the microbial population was greater
in the ring-barked plent than that in the inoculated plant 3 days
after the treatment, The population in the healthy, ringebarked
and inoculeted plant at this time were 83%.73, 108.31 and 104.30
millions respectively. This pattern soon changed and the
population in the inoculated plant rose zbove that of the
ring~barked plant 6 days after the treatment. From thon onwards

the populetion in the inoculatsd plant increased at s higher pace



as compared to thet in the ring-barked plant.

Ring~barking can usually be expected t0 result in
a sudden stoppage of downward translocation of nutrients,
thereby causing a much faster depletzon of reserve food malerials
in the root systems Inoculation wath Rhizoctonia, on the other
hand, can bring about such a situation only gradually. Complete
sboppage of downwvard trzmslocation of nutrients in this case
can occusr only when the entire phloem tissue around the stem is

rcndered inactive. This possibly explains why the initial

ancrease i the microbial population was greater in the ring~barked

plants ag gompared to the inoculated plants.

Ring-barking as well as inooumlation can be expected
%0 influence the metabolism of the plant, which 1n turn cen
bring ahout quansitailive and qualivative changes in the zoot
exudates. These changes will normally be xeflected in the
nrexobial population of tho rhizosphere. The trexd of incrcese
in the miorobiel populstion of the rhizosphere in inocculased
plant is indicativo that the changes in these plants are not
broght about exclusively by the mechenieal blocking of the
vhloem tissue. It ie apparent that some other factor alsc came

wnto operation goon after inoculation as was evidenced by bhe
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sudden rise in the microbisl popmiation 3 days after inoculation,
before the fungus could completely girdle the steme Ii is
possible that as the fungus grew on the stem its metabolic
products might have diffused into the tissues of the host. This
seems %0 have exerted a greater influence on the rhizogphere
mierofloras than that brought about by the mechanical blockage of

the phloem tissue.

Phat Rhizoctonra is able to produce btoic meiabolic
products 15 known fzom the works of Kerr (1957). Usaing the
celluphane Dag technique he demonstrated that the roots of
raddish vere destroyed by the growth products of Rhizoctonia
probably due to & toxin present therein. Sickman and Harrar
(1957) have also mentioned gbout some antagonistic substances

of Bhizoctonia which c¢an cause distortions and death of roois

of certain plants &t 2 distance of atlesst one centimetre without
gver touching the rools. Yn the present studies also the fungus
was found 4o produce some unknown ioxic subsbances in vitro.
Sword been plants vhich were grown in the culture filirates
wilted, menifesting symptoms more or less similar to those

produced due w0 infection.

Results of chemical anslysis chowed 2 marked reduction

in the carbohydratie, nitrogen and moisture content in the woot
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system of ring-berled nd =noculated plants. This reduction

was greater in the ring-barked pleatbte Total carbohydrates in

the ring=barked plant fell to 6.5 per cent from 31.23 per cent,

18 days after the tweatuent while it fell only to 16.22 per cent
in the inoculaied plant. Similarly total nitrogen in ringwbarked
plant fell feom 2.56 per cent to 0.18 pexr cent while in the
inocule sed plant fell only to 0.43 per cent. This is clear
indication that the reserve food materials in the xoot system of
ring-barked plant were depleted faster than thst in the inoculated

plant,

Some what similer resvltis have boon obtained by

Mason and Maskell (1923), Leach (1937) and alsc by Wepper (1938),
in other plauts. These authors noted o faster depletion of
sterch and other nutrients from the root system of plant which
were ring-barked. Leach (1937) therefore suggesved ring-barking
of trees in advence of clearing jungles for the establishment of
now plantations, =0 that the roots of such trees will encourege
the growth of saprophytic fungi which in turn will eliminate

root disease fungi.

T4 1s evident that ring-bar! lng and alsze infection by

Ehiroetonia were able to influenece favoursbly the mierobial

pomulation in the rhilzosphere. Though the nature of changes



that were brought about in she metsbolism of plants by
ring=barking and inoculation does not appezr to be similax,
their ultimate effecis on the rhizosphere were more or less
similar in s0 far as they helped to increase the microbual
acuivaty of this zecion. In both czses the piant tissves
died though the death was quicker in the ring-bharked plant

a5 & resullt of ihe faghter depletion of mutraents. Such roois
can be expected t0 eacourage the growth of organisms that
deccempose dead ovganic matter erpecially celluloses Perhaps
a study of the muiritional cequirements of the different groups
of orgenisme presant in the rhizosphere may be necessary for
a2 better understanding of the changes that are brought about
in ihe microbial populavion of the rhizosphere as a resulb of

ring=-barking snd anfection hy Rhizoetonia.

(@p)
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SUMMARY AND CONCLUSION

The collar rot disease could be induced srtificially
in gword bean plants by imoculetion with Bhizoctonia sps The
fungus girdled ihe stem in 5 to 6 days ard fimelly brought about
the death of the plant within 16 days. Ring~berking on the other

hand brought about the deaih of tho plant in 13 days.

Inoculation of sword bean plants with Rhizoctoniaz was |,
found to influence favourably the rhizosphere microflora of
sword bean plants. Ring-barking also brought aboul & more or
leas similer beneficiel influenco, PThe wicrobiel pogulaizon
in the rhizogphere of healthy sword bean plants increased as
the plant became older dbub the increase noted in treated planis

was markedly greater than that in healthy plants.

The anitial increase in the microbial population was
greater in ring-barked plants ihan {that in plants inoculated
with Rhizoctonia. This is congidered due to the sudden stoppage
of downward translocation of nubtrients in the ring-barked plants
thereby bringing about a much faster depletion of ine roserve

food meterials an the root system.

The population in the rhizosphere of inoculated plants

increased more raprdly after the 3rd day and it became greator
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than that of ihe ring-barked plants on the 6ih day, This

position was maintained till the last sempling.

The increase in the populatiion was noticeable in
all the three groups of organiems, namely, bacteria, fungi

and actinomycetes.

Gram negative bacteria were predominant in the
rhizosphere of healthy and treated plants throughoui while

Gram positive organisms were predominant in the soil.

Aspereallus and Penicillivem group of fungi were
sbundant in the rhizosphere @s well as in the soil. Rhigogtonia
could not be obtained from bthe rhizosphere and also from the

goil,

There was a fall in the carbohydrate and nitrogen
content of the root sysitem of ring-barked and inoculated plents.
This fall was more raprd in the ring-barked pla:ats.’ The capid
depletion of carbohydrates and nitrogen in the root system is
considered bo encourage the growth of cellulose decomposing

organisms in the rhizosphere.

The fungus was found to produce some unimown toxic
substances in vatro. Sword bean plants which were growa in

the culture filtrates of the fungus wilted, manifesting symptoms



69

more or less similar to those produced dus to infection. The
increase in microbial population noted in the rhizosphere of
inoculated plents is therefors considered due to0 changes in the
melabolism of plamte brought about by the combined action of
mechanical bhlockage of phlocm ftassue and the Hoxxc subsitances

produced by the fungus.

The ultimate effecss of infection and ring-barking
on the rhizosphere wers more Or less similar In s¢ far these

treatments favoured the microbial populatbion.
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PLATR I
The plants on the day of Hreatments {25 days old)
E = Healthy

R =  Rang-barked

D = Inoculated






PLATE II
The plants on 10 days after treatments (36 days old)

S - Healthy
R - Ringsbarked
» - Inooulated






PLATE III
The plants on 18 days after inoculation (43 days eld)

E = Healthy
R =  Ring-barked
P = Inooulated






FLATE IV

The growth of the sword bean seedlings in the culture filtrates
of fungus and the oentrol plants

1. Gulture filirate
2. Sterile Richard's medium
3. Sterile distilled water






