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INTRODUCTION TR

The term rhizogphere was initroduced by Hilimer
(1904) who defined it ss ‘he Yesion of the soil which is
in close znd intimate comtact with the plant roots znd
subject to the influence of the root system. It is a
widely accepted fact that the plant rools and smoil
microorganisms form sn inseparazble relabionshiyp.
Interactions may occur bebween the exudates of the plant
roois and the producis liberated by the sebivity of the

nicroorganisms.

The occurrence of a grestor nmunmber of
microorganisms in bthe rhizosphere than in the soil fLree
from the influence of bthe roots is well estbablished.

The width of the zone of ihe soll influenced by the plant
roots varies with the type of the plant, age of the pient,
soil conditions, envivomment and othaer lactors. The

wicroorganisme In the goil exert s profound influence upon
the plamt which include o multbiplicity of reamctions, such
as, liberation of plant foode by decomposition of owganie
natber, transformebtion of non-availzble subsiances to

readily avallable forms, synthesis of vitamins and



auxing ete, It is now known that the microbiology of

this region concexns not only the growth of the plant,

but also its health and well being. The microorganisme

in the rhizosphere are also known to play an important
role in determining the susceptibility and resistance of
the plant to some of the root disease pathogens. I+{ has
been established by many workers that varieties susceptible
to root infecting pathogens harbour a much higher microblel

population then the wresisbtant ones.

In the present studies an sbismpt was made to
determine whether ‘there is any difference in the microbigl
population in the rhizosphere of ‘three different tomato
varieties which showed some differences in susceptibility
to bacterial wilt. Counts were taken from the fifth day
of sowing the seeds until harvest at twelve intervals.

The influence of soil depth on the population in
the rhizosphere and of the soil was also studied.

A comparative assessment of the rhizosphere
microflora in freshly wilted and hezlthy plants was also
carried out to determine the extent of change that is
brought about by wilt. This work was prompted by the fact
that the rool system of the plants showing carly



symptoms of wilt appeared externally healthy with only a

few lateral roots discoloured.

1% ig a well esbablished fachk that sbrepbonycin
sulphate is absorbed and transiocated in tometo and many
other plants. I4 was therefore considered worthwhile %o
ascertein whether the antibiotic influenced the metazbolisn
of the plant in such a manner s to alter the vhizoaphere

population,

Bacterial wilt of tomato being a serious problenm,
a field experiment was also conducted to determine the
comparabive suseeptibility of some of +the available

tomgto verieties.



RDVIEW OF LITERATURE

Greater percentage incidence of bacteria, fungi
and actinomycetes in the rhizosphere and the consequent
positbive rhizosphere elfect have been repestedly observed
by many workers. Timonin (1940)' Lochhead (1940),
Katznelson and Richardson (1943), Krassinilkov (1944),
Katznelson et gl (1948), Rangaswami and Vasanthars)sn
(1962) end many others found that the fungi, bacteria and
actinomycetes present in the rhizosphere have been
differentrally influenced by the rhizosphere of the

particular crop.

The special character of the microflorz of a
given rhizosphere is well pronounced and considered %o
persist throughout bthe growing period of the plants.
Starkey (1929 =and 1931), Timonin (1940), Agaihothuruda
(1953) =nd Rengoswemi and Venkabesen (1963) observed the
maximum bacterigl population 2% the flowering stage of
the crop when it was in the grand stage of vegetative
growth in the case of znnusls., Rongaswomi and
Vasantharajon (1962) found that in perennials the growing
roots harbour z much greater number of bacteria compared

Iy /
to non-growing roots.
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Age of the plant has got a remarkable influence
on the development of ‘the rhizosphere microflora.
Timonin (1940) noted the establishment of a rhizosphere
microflora within three days of seed germination and it
wes more moticeable with the bacteria then with fungi.
He obtained 11 to 28 times as great e rhizosphere
population as elsewhere in the same soil. Roustt (1959)
algo noted a R:S ratio of 2:1 for bacteria in the

rhizosphere of wheat three days after planting.

Krasainilkov et gl (1936) while studying the
rhizosphere of wheat, malize, sunflower and soybeans
found a close correlation between the vital activities of
the plents and the quantitative composition of the soil
microflora. In the case of peanuits he found the number
of bacteria diminishing towards the maturity of plants
where: 2s the number of fungi and zctinomycetes were

increasing. -

The ‘microorgenisms may vary with the soil type.
Adati (1939) reported that sandy soils have much less popu-
lation compared to clayey loams which were rich in organic
matter. Rengaswami and Venkatesan (1963) also showed that

dry soils sre poorer in microbisl population than wet
soils and top layers of the soil harbour more population
than the deeper layers.



PTimonin (1940) found that soil amendments as
addition of menures were of lesser imporbance in
determining the abundance of microbial population though
it increased the so0il productivity. Katznelson and
Richardson (1943) observed marked difference in the
number of fungl end actinomycetes in the rhizosphere of
tomatoes due to soil sterilisation with stean,

chloropiorin and formaldehyde.

Bhizosphere effect on bacteris

Morphologicel groups in the rhizosphere

Different morphological forms of bacteria such es
Gram negative and Grau positive rods, cocci etc. are
present in the rhizosphere and soil. I+t is known that
each of the group is differentially stimulazted in the
rhizosphere, ILochhead (1940) reported that the Gram
negative rods were activated more in the rhizosphere of
ved clover, mangels, oats, tobaeco, maize and flax.
Spore forming bacteria were less gbundant than in control
soil. Krassinilkov (1944) had noted that 95 percent of
the rhizosphere bacteria constituted the Gram negative rods.
Among the non-sporing types Gram negative forms were more
abundant Lhan Gream positive ones. King and Wallzoe (1956)



reporbted that in bthe rhizosphere of oats a selective
stimulatbion of Gram negative rods occurred. Rovira
(1956) Found that with incressing age of the seedlings
there wag s corresponding incresse in the Grzm negative
orgsnisws in the rhizosphere. Rangaswemi snd
Vasantharajan (1962) also reported from their studies on
the microflora of citeus plants that Gram negative non-
sporing rods were more sbundsut in the rhizosphere than

Gram positive rods and spore formers,

Bhizosphere effect on fungi

Williams et 21 (1952) in & couparative study of
the steomed and wnsteamed zoil around btomato plants found
that 2enicillivm spp. wew aore numerous in the unstesmed
soil, where as Hucor spp. were more in the steamed soil,
Bbben (1959) also reported that the rhizosphere snd rooh
surfzce population of bomato plenbs were not very

different in the steamed and wmstesmed soils.

Asniho thurudu (1953) and Agnihothurndu et gt (1955)
isolabted khe following fungi from the rhizosphere of
pigeon pes and sorghum. Speclez of Aspergillug,
Penjcillium and Tuszrium, Macrophoma phaseolid,

Neocosmosporz vesinfecta, Alblernarvis, Cuvvularia, Mucow,

A



Rhizopus, Helminthosporium, Irichoderma, Cunnighemells,
Phoma, Diplofis end Chaetomium.

Chinnayys and Agnihothurudu (1953) found that the
number of fungi, bacteria and actinomyceies in the
rhizosphere of measophylic planis were higher bthan bthose
of aguatic and marsh species, Countois (1953) while
studying the wrhizosphere of pineapple found that plantbs
in lower zltitude harboured predominently species of
Aspergillus ond Penicillium where os in the higher
al bibudes Bhizopus nigricans end Cirecinells simplex were
most common, Subba Rso and Beiley (1961) found a species
of Fusariuvm predominent in the rhizosphere of Verbicillium
wilt susceptible verieties of tomato plants and Irichoderme

yviride in bthe resistant varietbies.

Rengoswanil and Vesenbharejen (1962) reporded the

presence of species of Agpergilius, Penicillivm, Fuserium,

Helminthospovium, Mucor ond Rhizopus in the rhizosphere

of cibrus planis,

Eongeswani and Venkaotesean (1963) found thab ine
number of fungli gradually increase till the time of harvest

in bthe rhizospheve of rice planls.



RBhizosphere effect on actinomycetes

Timonin (1940) noted the presence of 7 to 71 Himes
greater population of zotinomycetes mnd bacteria in the
rhizosphere of wheat, oats, lucerne and peas. Rangsswami
and Vasentharsjan (1962) reported that the actinomycetes
were 4 to 20 times more in the rhizosphere of citrus plants
compared to the non~rhizosphere soil and getinomycebes
with antbagonistic effect were found greater in the
rhizosphere. Rengeswsmi and Venkatesan {1963) noted 2
gradual increase in the number of actinomycetes in the
rhizosphere of rice plants till “harvect. A‘moisture
level of 20 percent of the total water holding capacity
of the soil waes found optimum for zctinomycetes.
Application of potaseic and nitrogencus fert lizers
increesed the actinomycetes populntion while potash had a
significant effect. The predominantly occurring group
of mobinomycetes in the rhizosphere was reported to bé
Streptomyces sp. Less frequently Micromonospors and

e
Hocordia spécies slso-are seen,

Bhizosphere and rool disceses

Comperatbtive studies carvied out by many workers

like Lochhead (1940), Timonin (1940), Lochhead et al (1940)



Harper (1950), Rombouts (1953), Agnihothurudu (1961) =nd
Subba Rao and Bailey (1961) on the rhizosphere microflora
of susceptible and resistant varieties of plants +to
various reot diseases have shown that invariably the
susceplible varieties harbour s much higher microbizl
population them the resistant ones. ILochhead gt gl (1940),
and Agnihothurudu (1961) found that the bacterial and
fungal populztions were affecbed much signiticantiy while
in the case of actinomycetes the difference was less
apparent. In some ooses the resistance has been reported
to be associated with a higher percentage incidence of
organisms antagonistic bo the pathogen in guestion in the
rhizosphere. Agnihothurudu (1955) reported the presence
of actinomycetes antagonistic bo the wilt organism

Fusarium wdue in the rhizssphere of resistant pigeon pea

(Cajanus gnjon). Sadasivan and Subramanizn (1960) have

found that the inberactions bebween the various physical,

chemical and blotic facltors of the soil in influencing
root di;\ééses from their studies on cotton wilt caused by

Fusgriun vasinfectum,

Root exudates sud wmiecrchial population

Hiltner (1904) claimed thal the increased activity

of microovgeaisms in the rhizosphere was due to root



excretions. Katznelson et zi (1954) Andal et sl (1956),
Bhuveneswari and Subbe Rao (1957), Rovira (1956) =and
Subba Rao znd Bailey (1961) found that bhe root sxcrelions
of plents were rich in amino zcids. Rovira (1956)
reported the presence of auine secids in lhe root exudates
of tomato, subtervranean clover and FPhalaris tuberosa.

He fownd that the exudations were grveaber in the firsy

two weeks of growth. Subba Reo and Bailey (1961) while
studying the rhizosphere of bomabto plants in relation 1o
varietbal resislance or susceptibility to Verticillium wilt

found that the aming acids form the bulk of root exudzies.

Absorption end translocabion of snbibiobics by planbs

Effective use of enbibrotics especrally streptomycin
agains t plant pathogenic bacteria has been repecabedly
claimed by several aubhors including Avk (1947),

Zaumeyer et gl (1953), bitchell et 21 (1954), Robisom gb gl
(1954) and Remgaswami et zl (1959) znd (1962). In many
oases olreptomycin was veporbed to be abscrbed and

translocaled by the sprayed pianis,

Mitchell eb gl (1954) mhowed that strepbomycin was
absorbed by stems of bean. “ramer (1954) renorted lhe

systemic penetration of cirepbomycin in the tissuwes of




both bean and tomato plants. Nepier et al (1956) showed
that sbreptomyecin sulphate opplied to the primary leaves
of dwarf beans exhiblbed a marked and congistent sysitewic
action and i¥ was removed from the point of applicatbion
upto bthe fourth brifoliste leaves. Dowler and Goodman
(1958) notled the downward btransloeasbion of slreptomyein
by the Joleus sp. There are, however, a few reporbs of
s brepbomycin not asebing in a sysiemlic manner. Dye (1956)
noted Lhat stbrepiomycin entered peach leaves, bul it
acted only as = penebrsnb. Crosse and Garrvebt (1958)
2l30 oblalned similay resulbs in bthe case of sitrephomycin

<

tPeoted cherry leaves.

Dowler znd Goodmen (1958) conciuded from their
otudies bhat sbsorpbion wes greaber when bthe anbibiolic
wes ppplied to the lower lesf surfrces., Lockwood (1958)
reported bhat more streptomycin was absorbed by lezves
inecvbated in 2 woist atnosphere ihan by leaves allowed to
dry rapidly ond leaf age and p‘:)rtlon of the leaf sampled

were imporlen’ sources of variabliidty in leaf disc assays.

Grey (1955 md 1956) studied the extent to which
+he sbsorpbion ol sireptomyein is influenced by the

addition of vezrious chewicals. He Lound that glycevol

A0
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increased the absorption of the antibiotic by the
leaves of bean, towato, pepper and tobacco. Other
substgnees like sorbitol, diethylene glycol amnd other
phlyhydroxy alcohols were effective in increasing +thoe
absoxrption of sbreptomycin by bean leaves, but less so
than glycerol. Rangsswamy eb zl (1959) also found thet
addition of glycerol increused the sbsorption of

gtreptouycain by ciitrus lenves.

Sengeswani and Vasantharnjan (1961) assessed Lhe
rhizosphere populziion of sbrepbomycin sprayed plants in
order bo exmnane the posgibie cffect of streplomycin
causing any physiologliczl change n the plant. They
concluded that bthere wazs no apprecizile change in the
nurber of microorgznisms rresent in bthe vhizosphere of
the cprayed znd unsprayed planls. Ieageswanmi, et al
(1962) icund thet streptomycin had no offect on
nodulztion and it did not significently ol ler the
wicrobigl pogwlabion in the riizosphere of deincha

Sesbania seulesia) and sunnhemp (Crotzlaris junces)

Variebal resigstance of tomebo to bacherizsl wilt

Eraluation of resigisnce in tometbo to Tgeudomonns

solenscearum by svtificiasl incculalbion was abitempbed by




Winstead (1952) =nd Winsbtead and Kelaman (1952). They
found that bthe root injury bechnique was bthe best in
evaluating resistance to the bacberia and that bhe

suscepblbllity bo the wilt decrezsed in lhe vesisbtand
tomzto plants as the age of the plants incressed from

four to eight weeks,

LS




MATERIALS AND WMETHODS

I. Determination of bhe rhizesphere microflors in
relation Ho the age of tomasto plants

Margiobe, Bonnybest and Redchexrry were the bhree

varieties of tomato selected for the rhizosphere stbtudies.
These varieties were sclected beczuse Marglobe showed
the highest percentage of wilt while Redcherxry showed
the lowest with Bonnybest Lalling between the two.

Seeds of the above tomgto varieties were sown in
different beds of size 15' x 3'. Soon after germinabion,
the beds were thinned out. Assessment of the rhizosphere
microflora was started from the Fifth day after sowing,
when the cotyledons were fully emerged. The method
adopted in the present studies was the soil dilution and
plate counts. (Timonin 1940). Tor the first bwenty deys
ro0t washings were taken every fifth day and thereafter
once in ten days. A total of twelve samplos were

collected during the life of the plant.



Collection of samples

Plents were selected at random from the three
varieties for the vhizosphere sauples. They weve
uprooted, cave being taken to keep the root system as
intact as possible. Simul taneously soil from the same
field was colleckted and used as conbrol. It was drawn
from the bed sufficiently away from the influvence of +the
root systbem and Lrom the szme depth from which the roots

were taken,

In the laboratory, plants were shsken genbly bo
remove the superfluous soil asdhering to the root system.
The entire root system was then ocut off asepbically and
tronsferred Into 2 previously weighed flask containing
100 ml, of sterile distilled water. Sufficient quanliby
of the r00%s were added to abiain a turbidity equivalent
$o the additlon of 2 to 3 grams of soil. (Wallace znd
Lochhead,1949).

The conlbrol soil used for the test was sieved
through a nine sieve mesh znd two samples each of 2 grams
were weighed separstely. One sample was placed in a
previously weighed cleen china dish and placed in g hod

gir-oven @t about 105 to 110°0 for six hours, so as to

oo
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evaporate the entire moisture. Then it was cooled and
weighed and the moisture conbent calculazied.

The other sample was transferred into a weighed
conical flask containing 100 ml, of sterile distilled

water and dilubions were prepared.

To find the weight of the rhizosphere soil used
for mgking the dilutions, the roots within th; flasks
were removed carefully taking preczutions to see that
ell the adhering soil wae well washed off from the root
system, the washed water being collected in the original
flask itself. The flasks were then placed in a water
bath and evaporated to dryness. They were then dried in
a hot air-oven at 105 to 110°C for six hours amd the
weight of the soil was determined meking due c;;rections
for the aliguots removed for the diluisio;s. The counts
were expressed per grem welght of the soil on dry weight

besis.

This teclmique was adopted throughout the
rhizosphere studies and in ;ll cases non-rhizosphere
80ils were colleocted from the same depth from which the
roots were tzken but away from the influence of the root

system.

L4
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Determination of the totel baeteris, fungi and
actinomycetes populations.

Conical flasks containing 100 ml. of sterile
distilled water to which the plant root system and
non-yhizosphere soils were added were placed in a shaker
for half an hour. Approprigte dilutions were then
prepaved from this suspension. Care was taken <o
transfer the aliquols under utmost aseptic conditions
using sterile pipettes, sterilised previously with one
gide plugged with cotbon wool. In 211 the further
dilutions each flask of the dilution series was shsken
for two minutes before transferring an aliquot to the
next flask care being taken to remove the suspension

while it was in motion,

The final dilution prepared foxr the counts of the
microorganisms was one in million., One millilitre of
this fingl dilution was plated in sterile Petri dishes
along with 15 ml. of the medium used. Different medie
were uzed for tﬁe studies of bacteria, fungi and

actinomyocetes, The media used were
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1. Soil extract ager. (Taylor and Lochhead,1938).

This medium wee used for bacteria.

Compogitions

Soil extract - 1000 ml.
KEHPO 4 - 0.2 gu.
Agar agar - 15.0 gn.

|
- |

Por preparing the soil exiract 1000 gm. of soil
was auboclaved in 1000 ml. of waber for half sn hour.
Then it was gllowed to sediment and the supernatent
liquid wes decanted and filtered through No. 41 filter
paper. In order to hasten the sedimentalion of the soil
perticles 2 small quantity of CaSO 4 Wes added 4o the
suspension before filtering. Onf gram of glucose was
also added to the above medium to has;en the appearance

of the oolonies. The pH of +the medium waes adjusted to 6.8,

2. Peptone~dextross agar with rose bengal end
gtreptonycin, (Martin,1950).

This medium was used for fungi.



Composition:

Dex trose
Peptone
KH2PO 4

UgsS0o 4

Agar egar
Rose bengal

Distilled water
Streptomycin

(This was ndded only
3. Jensen's medium.

This was used
Comgosiﬁon:

Glucose
Caesin

K2HP0 4

FeCl 3

Agor agar
Distilled waler

- 10.0 gm.
- 5.0 gm.
- 1.0 gm.
- 0.5 gm.
- 15.0 am.
- 1 part in 30,000 parts

of the medium.
- 1000 ml.
- 30 u per mi. oxr 0.3 ml,
per 100 ml. of the
cooled medium.

at the time of plating).

for the counts of amctinomycetes.

- 2.0 gn.
- 0.2 gm.
- 0.5 gm.
Sae trace

- 15.0 gm.
- 1000 ml.

pH adjusted to 7 to T.5.

i)
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The sbove fhree mediz were prepaved and suboclaved
at 15 1b. pressure for hzlf an hour in test tubes, eech
tube combaining zbout 15 ml, of the media. Before
plaling the media were melted znd cooled to 45-48°C end

the plating was done using two methods.
Method 1:

One millilitre of bthe fingl dilution was bransfer—
ved to a aterile Petri dish using a sterile 1 ml, pipetie.
The plate wos rotbated gently so as fo geb a uniform
spread of the soil dilution in the plate. The cooled
medivm wes then poured over the solution and the Pebri
dish was egain roizbed in s owirling movement so as ¥o
get an even spread of the soil dilution in the medium.

(Timomln,1940).
Method 21

In this method one millililyre of the finsgl wsoil
dilulion was zdded directly to the test tube contzining
the melted ager a2t zbout 48°C. The test tube wes then
robtated well inside the pelms and bthe solubion mixed
medivm was poured dlrectly inbo the sterile Pebri dish.
The Petri dish was then gently robated to get an even

spreading of the medium.
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Dilution plates were plaled in btriplicabes for
each method end for emch medium. The pletes were then
incubated at voom temperature ie., at about 30—32°C for
gbout fourteen days. For fungi the counls were baken
after six bo seven dsys as soon as the colonies began to
appear in the Petri dishes. For bacteria and
acbinomyceies Len to fourteen days incubation was necessary.
For taking lhe counts of the colonies of bacteriz =nd
acbinomycebes Spencer's Iark Field Qubec colony countexr

was used.

Qualitabtive determination of rhizosphere microflors
Bacterins

The bacberial colonies that appeared on the
dilution plates afber fourkeen dzys incubation under the
laborzbory condibions were picked up and slagb cul tures
were made in bhe soil exlbract semi-solid medium for

furbher siudles. (Teylor and Lochhead,1938).

Composi bions

Soil extract - 1000 ml.
K2H904 - 0.2 gm.
Glucose - 1.0 gn.
Yeast extract - 1.0 gm.
Agar agar - 3.0 gn.

pH adjusted to 6.8.
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For taking the bacterial cclonies from a plate,
the I&ace was divided into four sectors and twenty five
colonie\s within a single seclbor were picked up tc
represent each treatment. Trom plstes where the nuwber
of colonies were very low, all the colonlies were picked
up. The purity of isolales were umamintzined dvuring the
period of siudy by subculturing them in the soil exbract

semi-solid medium.

The bacterial isolates were classified according
t0 their morpholosgy into CGram negative or Gram posiitive
cocel and rods and spore foymers. Isolates were baken
from the rhizosphere of 10, 50 and 90 days old planis of
the three varieties ie., at the seedling, flowering znd
harvesling stbtoges and from the control soils. For Grem
reaction iwenty four hour old cul tures were used and for
the determinabtion of spore formatlon forby erght hour

old cultures were used.

2. fungi:

The fungal colonies that sppeared in the plates
were broadly grouped undexr four categories naumely
Aspergillws 8pp., Penicillium spp., Mucovaceous fungi
and other fungi.
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II. Couwparison of the rhizogsphere microflora of wilted
and heslthy tomalo plants

Plants showing the eerly symptoms of wilt were
selected for this study. Healthy planbs of the same

variety and age served zs conbrol.

in the early stages of wilk only = few of the
branch rools usually showed decay. These may possibly
be ‘the voobs through which the palhogen have gaoined

enbry. The bulk of the root sysiem appesred normal.

Both the heglthy znd wilted planbs were uproolbed
carefully and brought to the laboratory =zlong with ihe
contyol soil and soil dilution plales were mode as

mentioned earlier.

IT1I. Zsbimation of rhizogsphere microflora at different
50il depthe in the sazme plant

The bechnique zlready described navely, soil
dilution and plate counls wes ubilised for determining
the rhizosohere microfloyra in ihe roots of plants
collected from different goil levels. Fools were colliected

from 80 days old Bonnybest plants, from depth of 1"-3",
3"=6" and 6"-10%. Conbrol soils were also collected from

the wame depths.



IV. Absorphion znd tranglocation of sbrepbomycin wiithin
‘bomato planbs ond its influence on the

zhizosphere microflora

For the determination of the zbsorpbion and
translecalion, o series of pots with three plants of
about six weeks old 1In each pok, were spr.yed with
streptomycin sulphztbe (CGlaxo leborrbories 745 u pey Mg )
al concenlrations of 100 ppnu., 1000 ppm. =nd 10000 ppm.
A second set of plants received the same irestment with

1 percent glycerol added to the anbibiotic,

For the rhizosphere slbudies planbts sprayed with
s breptonycin with and without glycevol at concentralions
of 1000 ppm. znd 10000 ppme. only wexre used. Of the lhree
plants in evexry pot, one ezch was spresyed with bhe two
concentrations of sbreplomycin and Lhe third served as

the control.

In both the cases the antibiotic was sprayed on
the aserial portion of bthe plants by means of an atomizer.
Care was baken bo prevent the antiblotic from reaching
the roots throagh bthe soil. For bhis purpose the soil

surface sround the plonts wes covered with a thick layer

«3
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of cotton wdol before spraying. Unsprayed planbs were

wainloined as control.

Determination of the rhizosphere microflors of
both sprayed and unsprayed planls slong with control was
done five days and ben days alter spraying by the

technigue already mentioaed.

Presence ol the enbabiobic in bhe leaves, < lems
cnd vondke of bhe sprayed placts was assayed alter 24, 48,
72 and 96 hours, Persistence ol bane snbiblotlc in the
ileaves wus assayed by the leaf disc method. The diameter
of the leal disc used was 8 mm. In the case of sten,
drses of 1 mm. thickness were used. Small bils of sbout
5 um. long zve used in Lhe case of rocots. They were
planted in nubrient media in which the lesl organisms
were incowporsaled. "The following bacboria were used as

the test orpemismsi-

(i) Pseudomonss solanacearum. (Cul bure obbtained Lrom
Annamalai Universiby)

(ii) Bazcillus gubbkilis.

In order to avoid conlaminaiion ol host btissuen,

they were wushed thoroughly in running bep wober fivsd
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and then surfece sterilised before planting in the test

organisms. Vhole tissues were used for sterilisation.

They were later on cut into bits of suiisble sizes,

For surface sterilisation the following methods

were iriedie

1.

2,

3.

4.

5.

washing the plant tissues in flve series of

sterile water.

Surface sterilising in 1:1000 mercuric chloride
for 15 seconds znd then washing in series of

sterile water.

Surfece sterilising in 1:10000 mercuric chloride

for 15 seconds and then washing in sterile water.

Sterilising by freezing in the ice compartment of
the refrigerator overnight. (Slight modifiestion
of Gray's method 1955).

Sterilising in propylene oxide vapours in psrtisl
veocum. The method adopbed wes a modification of

the one devised by Ark (1947).

Technigue of surface sterilisation with propylene oxide
Yapours:

Propylene oxide at a concentraiion of 1 ml. per

litre of air for ten minutes was used in this method.



For sterilisation, whole tissues of both sprayed and
unspreyed plants were firs+t washed in running tap walexr
and the leaves, stem and rools were separated. They
were blotted dry and plzced in open Pelri dishes. One
millilitre of propylene oxide liguid was poured in a
clean china dish and placed in the lower compartment of
a dessicator of about one litre volume. The Pebri dishes
containing the plant tissues were then arranged over =z
wire gauze inside the dessicstbtor and it was closed air
tight, (Pig. 1). The air inside the dessicator was drawm
out through the out let and the outlet clossed. The
propylene oxide vapours @zﬁ‘allowed to act on the plant
tissues for ten minutes in the parbtial vacuum and them

the dishes were closed and removed from the dessicatbor,

Leaf discs of sbout 8 mm. dicmeter were then cut by
using a sterile sharp cork borer. Stem and rools were cut
to the appropriate size by using a sharp sterilised blzde
and they were planted in nutrient media containing the test
orgonisms, Before incubation the Petri dishes were placed
in the refrigerator for one hour to facilitate essy and

rapid exudatior of the plant sap.

Observations were recorded aftbter 24 hours, by

measuring the width of the inhibition ring measured from



Fig. 1. Apperatus used for the surface sterilisation
of the plant tissues for antibirotic assay
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tho edge of the test materisl. To serve as a comparison
sterilised Tailier paper disos of the same diameter as bthatb
of the leafl discs were immersed in the original diluwtions
of the anlibioktic used for the sprayings amd planted in
the test orvganisms. The inhibibion zones produced in

this case woas compared with that produced by the plant

tissues.

Tizsues of the wasprayed planbs sierilised by

propylene oxide vapours served as control.

V. Situdics on the variectal rcsistance to bazeberial wilb.

The experiuent was laid out in a randomised block
design with eight varieties and Ffour replicstions. The

variebies used for the studies were:—

(1) Bonnybbsk (2) Pribchard {(3) Yellow plum
(4) Ponderosa (5) Marslobe (6) Redcherry
(7) Suurgy {8) Ox—~heart

(The seeds of those varielbies were received frou

Pestongee 2. Poche ond bens, Poona).

Seecds of the above varieties were sown in ¢arthen

pots which were filled with soil omd compost in tae ratio

)



3:1. The seediings were transplanied to the main field
after 21 days. The bed size uscd was 15'x3', bthe

spacing given within planis being 9" and between rows 1

in order bo get a uniform btrextument, known sick
801l was spread over (he beds in equal quantaibty. One
beskeb of compost was Incorporaled 'bo emch bed before
trensplanting. Cesualitbty Quring brangplanting was
repluced with excess seedlings rewained in the respechkive

po bs,

Daily observalbions were bzken from the dale of
planbing Lill lhe harvesting stage and dhe wilt index was
caloulated for each variety. The melhod adopted by
winstead and Kelman (1952) was followed wiih slight
mwodlficabion suiteble in ratiug bhe planks., The planis

showing &the symptoms of wilt were rated as follows:-

Ratbing Sympltous
0 Healthy pilant with no symptoms ol wilb
1 First one or lwo loaves wilted
2 AT lesves wiltbed
3 Plant dead.

Will andex was calculebed a3 {followsi-~



Digease index = Number of plents in each sympitom
calegory x the corresponding numericzl grade and the
producths were added. The summabion wes then divided by
the maximum numerical grade Cor the given number of

planis expressed as a porcenbage.

Wilt index was calculated for all the voriebies
baking 100 days as the averasge 1ife period of the crop

when it was ready for harvest.

Vi. Chemical snalysig of bhe s0il ssmples

Since o much higher incidence of actinomycetes
was found in the conlrol soils, samples were tcken hoih
from the Tield and from the pobs where 1lhe experiments
were conducted and snalysed chemlically to determine Lhe

nitrogen, phosphorus znd polash conbenbs.

The presence of nitrogen, both btobzl and
available forms wan estimated by the Kjeldohl's method,
phosphorus by the volumetric melhod and potash by the

gravime bric mebhod.



EESULTS

I. Rbizogphere microflora in relation 10 age of tomato
plants

A definite rhizosphere population was found bo be
established within five deys =fter sowing in 21l the
vayrieties. Counts of bacteris, fungi and actinomycetes
present in ‘the rhizosphere end ziso in the control soil
were therefove started from the fifth day of sowing when
the cotyledons were fully emerged. Both quantitative and
a8 far a3 possible gualitetive studies were made of the

baclerial, fwngal and actinonycetes population.

A. Quantitative sssessment.

(1) ZTotal backerial population in the
rhizosphere znd the contyol soils

There was a marked tendency for the backerial
population in the rhizosphere to increzse along with the
growth of the plant and the maximun number was found
during the flowexing slages of the different varieties.

Germination slarted on the third day of sowing and the
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Cotyledons were fully emerged on bhe f£fifth day. Within
‘two days ol germination, a R:S ratio of 7.37 was nobiced
for the variety Marglobe and 9.91 and 9.03 for the
varieties Bonnybesbt and Redcherry respectively. From

then on there was a steady rise in the bacterigl
populabion %ill the flowering sbage. In Bomnybest
flowering started at szbout 46 days efter sowing end the
naximum bacteriesl populabtion of 159.1 million per gram
was notbiced during this stage. In lorglobe and Redcherry
flowering comnenced on the 52nd doy after sowing and in
this cagse also the maximum bacterial population of

181.4 million and 167.6 million per gram respechively
coincided with btheir Flowering periods. The R:S ratios
during this period for bthe varieties liasrglobe, Bonnybest
and Redcherry wewre 13.64, 12.05 end 12.60 respectively.
After abbaining this peak +the inlensity of populabion was
found to decrease graduelly. This decrecse was Tound to

be more or less uniform for all the varielies.

In the case of non-rhizosphere soil which sexved
as conlvol, samples were collected fxrom the same depth
from which the roots were btaken. When bhe depth from
which the sauples were collected was increased there was

a noticeable increase in the bacterial populsztion. The



first sample collecked on the fifth day after sowing was
drsvm fyom goil less than one inch deep. PFor the next
fifteen doys soil samples were collected frow depths
renging from one inch to bthree inches. From there on
$ill the 60th day samples vere taken from a2 depth of
three to six inches. 1In the last stbages of growth ie.,
upto 100 days the depth was gradually increassed upbo

ten inches.

In the surface soil of about one inch deep the
population wes only 3.5 million per gram of =zoil cnd bthe
populatbion steadily increased and reached the peak of
13.3 million per grem at g depth of six inches. In the
subsequent samples which were collected from still deeper
layers though there was a Lall in the paclerial populaibion
a fairly high count, nemely, over nine million per gram

of soll was maintained upto the depth of lLen inches,

Though lhe maximum bacterial populalion in tne
rhizosphere was nobted ab lhe bkime of flowering, the
highest R:S ratio wes resched beitween bhe 20th and 30th
day of growth. The R:3 ratios for lMarglobe, Bonnybest
and Redchexry at this period were 15.24, 14.05 and 14.72
respectively. Insplte of the Tact thab bthere was a fa2lil
in the bacberial population aflber f[lowering, the R:S
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ratios were found to be maintgined more or less uniform

511l the harvest of the crop., (Table I1).

A graphical representation of the incidence of
otal bactorial population in the different stzges in ilhe

rhizosphere and conkrol soil is given in Fig. Il.

(ii) Zotal fungal population in the rhizosphere

and the conbrol goils

There was & 3teedy increase in bthe fungus
population of +the rhizosphere upto the 15th day afber
sowing. From then on there was no gppreciable
fluctuabions in the population till +the T0th day. The
maximum number of fungli was found ab about the time of
maburity of the plant growth. The hichest figuves lox
Marglobe, Bonnybest and Redcheryy wore 0.41 milllion,
0.39 million and 0.48 million per sram of rhizosphere

so0il rcspectively.

In the control soil zlso there was z gradusl
inerecase in the number of fungi wpto a depthh of six inches.
The fungal populzlbion was hizher in the deeper leyers of

six bo ten inches the maximum recorded being 0.26 million.



T4BLE I

Totzl Bactorial Populabion iu the Bhizosphere snd Conbrol soil sk 12 shoges of growth

(Populalzon 106 per gram of dry sample)

Age in days

5 10 15 20 30 40 50 60 70

80 90 100

Comirol soil
Maxglohe
R:8 rabio
Bornybos b
R:D vobio
Redcherry

R:S rabuo

3.5 4.5 5.6 Te5 9.4 13.2 13.3 11.5 12.9
25.8 53.4 83.1 114.3 128,8 152.0 181.4 168.1 146.5
7.37 11.86 14.84 15.24 13.70 11.52 13.64 14.61 11.35
34,7 50,0 76.6 92.3 138.4 159.1 152.7 14C.6 136.4
9.91 11.11 13.68 12.3 14.72 12.05 11.48 12.74 10.57
31.6  45.3 68,5 105.4 123.6 147.8 167.6 160.2 135.3
9.03 10,06 12,23 14.05 13.15 11.19 12.60 13.93 10.48

9.9 9.1 9.8
i12.5 97.9 ¢8.9
11.36 10,75 10.09
121.0 92.2 87.9%
12,22 10.13 8.97
101.5 89.8 84.4
10.25 9.87 8.61

3,.,

C.D. al 5%
lovel

4.24 5.95 10.57 15.39 11.43 13.92 12.05 12.23 12.85
9.78 13.72 24.37 35.49 26.36 32.10 27.79 28.20 29.63

4. 88 8.20 7.06
11.25 18,91 16.28




Fig. 1l. Grazphiczl representation of the
disbribution of the bacterial
population in the rhizosphere of
the three varieties of tomato at
different stages of growth, in
comparison with that in the soil.
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DISTRIBUTION OF TOTAL BACTERIAL POPULATION
IN THE RMWIZOSPHERE AT DIFFERENT STAGES
OF GROWTH IN COMPARISON

WITH THAT IN THE SoiL

So %0 70 =14 90 100



The R:S ratio in relastion Lo fungl was highest
15 days after sowing and bthen there was a gradusl fall,
The highest R:S rabio for Merglobe, Bonnybest and
Hedcheryy fell respecbively fwom 2,97 1o 1.21, 3.74 o
1.18 znd 3.25 bo 1.24. (Table II),

{iii) Total schinomycetes popwlaiion in ihe

rhizosphere znd the conirol soils.

There was g warked increase in the sclinomycetes
populalion between 5th and 20bh doys after sowing. The
increase wes more prominent between 5th and 10th day.
Alber the 20th day bthere was some change in the populaiion
bub the patiern of the change was not uniform for all the
veriebres, There was practically no increczse in the
population in Redcherry but bhere was s slight f2ll in
the population in Murglobe. There was & definite incresse
in the populaiion in Bonnybest towards the laler sbages
of its growth. The maximun number of actinomycetes
colonies recorded for Marglobe was 19.03 million, Ffor

Bonnybest 19.50 million and for Redcherry 21.20 million,

In 1he $0il bthere wag 2 sieady increase in ihe
acbinomycebes populecbtion with incressing uepth upto about

six inches end from lhen on there was 1o gpprecieble
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TABLE II

popula sion in bthe Bhizosphere and combrol soil =i 12 admges of erowth

{Populnbion 106 per grom of dry sample)

Age in days 5 10 15 20 30 40 50 60 70 8 90 100
Con byol. goil 0.06 0.11 0.09 0.14 0.19 0.19 0,20 0,26 0.26 0.25 0.24 0.22
WMarglobe 0.10 ©0.20 0.26 0.34 0.33 0.32 0.33 0.32 0.31 0.33 0.4 0.32
R:S wabio 1.66 1.81  2.88 2.43 1.75 1.69 1.65 1.23 1.19 1.32 1.79 1.45
Boanybest 0.09 0.22 0.32 0.33 0.33 0.32 0.30 0.28 0.3% 0.33 0.39 0.35
R:S vratic 1.50 2.00 3.55 2.35 1.75 1.69 1.50 1.08 1.35 1.32 1.62 1.59
Redcherxy 0.14 0.15 0.28 0.29 0.34 0.33 0.30 0.31 0.48 0.43 0.36 0.33
R:S vatio 2,33 1.36  3.33 2.08 1.79 1.75 1.50 1.19 1.65 1.72 1.50 1.50
5.E, 0.13 0.61 1.40 1.61 1.63 1.46 1.45 0.53 2.1 0.71 0.78 2.74
C.D. at 5% level 0.29 1.41 3,23 3.71 3.76 3.37 3.34 .22 4.87 1.64 1.80 6.32




change in the population. The maximum number found in

‘tho conlrol soil was 8.50 million.

-

The R:S ratios ramged Tfrom 2,01 to 3.66 for
Mareglobe, 1.37 to 3.93 for Bomnybest and 2.43 Ho0 4.04

for Redcherry. (Table III).

In general the populabion of bacteria both in the
rhizosphere and conirol soil was greaber than bthat of
actinomycetes and fungi. In bthe rhizosphexs bhe
percentage incidence of bacteria in relsbion to the
total populgotion ranged Lrom T0.4 to 91.41 percent for
Marglobe, T73.06 Ho 90.2 perccnt for Bonnybest and 73.04
to 89.6 percent for Redcherry, The percentage incidence
of actinomycetes ranged from 8.56 ko 29.4 percent, 9.5 40
26.7 percent and 10.21 to 26,2 percent lor Marglobe,
Bonnybest and fedcherry respechbively. The range in the
percentage incidence of fungi was found more or less
uwniform for all the variebies namely between 0.1 to 0.4
percent. The population of bacleria in the rhizosphere
was found bo be 3 to 10 bimes as that of zactinomyceles

and about 200 to 600 bimes 23 Lhat ol Ffungi.

In bhe coalyrol soil the range in the percentage
incidence of bacteoria, fungl and actinomycebes was legs

proounced. The bacterizl population varied from 51.1



TABLE 111

Totbal Actinomycebes populatlon in dthe Rhizogphere zund Conlrol soll ot 12 sbocen of srowdh

(Populazbion 106 per grem of dry sample)

Age in days 5 10 15 20 30 40 50 60 T0 80 g0 100

Control moll 3.83 4.20 4,79 5.20 6.83 7.30 7.13 6,33 8.50 8.17 8.13 7.80

Marglobe 10.80 15.23 16.43 19.03 17.70 18,07 17.00 16.70 17.19 17.00 18.50 18.13
R:S ralio 2.82 3.62 3.43 3.66 2.59 2,48 2.38 2.63 2.02 2,08 2.28 2,32
Bonnybeat 12,70 16.53 17.13 16493 17.20 16.83 17.60 13,73 19.50 18.57 19.23 19.00
R:S ralio 3.31 3.93 3.57 3.26 2.52 2.31 2.47 2.95 2.29 2.27 1.37 2.44
Redcheryy 11.30 16.57 i5.50 21,00 20.60 20.37 19.10 20.53 21.20 19.83 20.47 20.30
H:S ratio 2.95 3.94 3.23 4.04 3,02 2.79 2.68 3.24 2.49 2.43 2.52 2.60
5. B. 2.24 2,52 2,85 3.26 2.59 1.78 1.85 1.61 2.45 3.81 2.19 2.27

C,D. at 5% 5.17 5.81 6,57 7.52 5.97 4.10 4.27 5.55 5.65 8.78 5.05 5.23
level




%o 64.4 percent, the actinomycetbes populatbtion from 34.5
o 47.6 percent and the fungus population from 0.9 o
2.5 percent, I% is interesting to note that the total
bacterizl population in the soil is only 1.07 to nearly
2 times as lhat of actinomycetes. In relation to fungi,
however, the bacterizl population was 30 %o 60 times as

that of the former. (Fig. IIIL),

B. Qualitative detexminglbion of bthe rhizogphere microfiora

1. Bacteria: Norphological sroups

There was invariazbly a much higher percentage
incidence of Gram negabive organisme in the rhizosphere
of the three variebies as compared to the control soil,
tUram negative rods were found &o be about 60 percent and
Gram negative cocei (which include coccoid rods glso)
gbout 20 percent in the rhizosphere which was aboul iwice
as much as in the aon-rhizosphere soil. In the control
301l on bthe other hand Gram positlive organisms and
sporeformers were more prowmincnt. The mean percentage
incidence of the diflercnt morphological groups in lLhe
rhizosphere ond conbrol =01l in the ithree different

sbtages of growth is presented in Fig, IV.



Fig., 1II. Bardiagrem showing the percentage
incidence of bzcleria, actinomycetes
and fungil in the rhizosphere and
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fig. IV, Bardisgrem showing the percentage
incidence of different morphological
groups of bacteria in bthe rhizosphere
and control soils.
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On the total population basis there was a
remarkable variation in Lhe numbexr of the diffevent
morphological groups of bacteria present in the
rhizoaphere al Lhe three dilferent sbages of growbh. The
population of the Gram negzlive rods in lhe rhizosphere
of Mazrglobe vose [rom 28,41 willion on the 10th day %o
120.99 million on ‘the 50th desy. Subsequently it fell bo
60.35 million on lhe 90bth day. The same lrend was true

Lor Bomnybesb wnd Redcherry also whose population of Gram

negabive 2ods on the 50th day were 103.70 and 99.05

millions respectively.

4 wore or less similcr pablexn was noted In bthe
conbrol sorl also whers the meximun numbey of Granm
necalbive rods, namely, 5.21 willion were found ab a depth
of zbout 6" and lhe nvmber presenl upto a depth of 1~3"

wnd 6-10" being 1.39 mellion snu 2.28 nillion respechbaively.

Similerly in the cese of Gram negative cocei zlso
the population becsme 2 %o 3 times al the age of 50 days
and subseguenbly lalling down bthiousgh the £all wes leso
marked thanlhal of the GPsm negative rods. The maximum
nuaber of Gram negalive cocci found in +the vhizosphere of
Marslobe, Bonmnybest and Bedcherry were 24.13, 21.80 znd
30.51 million recpectively. In bthe case of conlrol the

maxlmumn abl 6" depth was 1,16 miilion.

10
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Almost the ssme pabtexn of population chaenge was
noted in the case of Gram positive organisws snd spore-
formers with only slight fluctuat.on in the case of
Bonnybest only. (Table IV o Vil).

Though ‘the variabion in the number of the
individual groups of organisms was well mavked when the
total population was tzken inbko consideraition where was
not much diffcrence in the percenlage of aay partbicular
srouvp of oxganism ab the three siages of growth. In
ather woxrds the rise ox fall in the %otzal popuviation wos
proportionately reflecked in tvhe various groups of

organisms in bthe difiervent =lages.

2. JTungi:

Both in the soil aznd in the rhizosphere Aspergillus
and fenielillium groups Tformed the predouwinent fungus flora.
They comprised 86 percent of the totbtal population in bhe
soil. In the rhizesphere bthey formed 75 bo 78 percent of

the botal population,.

ducoracecus group of fungi were found to be about
3 percent both in the conbrol soil =nd lMarglobe amd 7 +o

9 percent i1n Bounybest and Redcherry.




TABLE IV

Distribution of Morphological groups of Bacteria in the Rhigzosphere
and in the Control soils - Stage of the crap: 10 days after sowing

(Population 106 per gram of dry sample)

Soil Marglobe Bonnybest Redcherxyy
Particulars
% Popu~ P Popu=~ R:S % Popu~ R:S % Popu~ R:S
latkion lation ratlo latbtion ratio labion ratio
Tolal
Populgtion - 4.41 53.40 11.9 - 50.04 11.3 - 45434 10.3
Gran =ve
rods 31.5 1.39 53.2 28.41 20.1 56.0 28.02 20,2 64.4 29.20 21.0
Gram ~ve
cocel 12,5 0.55 22.8 12.18 21.8 21.4 10.7 19.3 23.0 10.43 18.9
Gran +ve
rods 44.2 1.95 11.4 6.09 3.1 11.2 5.61 2.9 9.2 4.17 2.14

Grom +ve |
cocel 6.3 0.28 7.6 4.06 14.5 5.6 2.80 10.0 3.4 1.54 545

Spore
formers 5.5 0.24 5.0 2.66 10.7 5.8 2,90 12.1 0 0 0




TABLE V

Distribution of Morphologicazl groups of Baocberia in the Rhizosphere
and in the contxol ~ Stage of the crops 50 days altber sowing.

(Populatiion )06 per grom of dwy semple)

Solil Morglobe Bonaybest Redchexrry
Particulars
% Popu- % Popu~ R:S % Popu~ R:8 % Popu- R:S
lation lation ralio lation rotio lation wratio
To bal
population 13.30 181.4  13.6 152.4  11.5 167.6  12.6
Gram =-ve

rods 39.2 5.21 66,7 120.99 23.2 68.0 103.7 19.9 59.1 99.05 19.0

Gram -ve
coccl 8.7 1.16 133 24.13 20.8 14.3 21.8 19.0 18.2 30.51 26.3

Gram +ve
rods 2641 3447 10.0 18.14 4.5 7.1 10.8 3.1 13.6 22.79 6.5

Gram +ve
cocel 17.3 2.30 6.7 12.15 5.3 Tl 10.8 4.7 4.5 T.54 3.2

Spore
formers 8.7 1.16 3.3 5,99 5.2 3.5 563 4.6 4.6 T.71 6.6




TABLE VI

Tisbelbution of Worphologicel groups of Bacberia in the Rhizosphere

and in bhe control - Stuge of the cryop: §0'deys alber sowing

(Population 106 per gram of dry sample)

Parbiculars

Soll targlobe

Bounybest Redcherry

% Popu~ H Popu- R:S % Popu- R % Popu~ R3S
lation lotion alio lation ratro letion ratio
To bal
popitiation 2.13 97.96 10.7 92,16  10.1 089.8 2.8
Gram =ve
roda 25,0 2.28 61.6 60.35 27.7 52.4 48,29 22.% 60.2 54.1 24.8
Eraom «ve
cocel 10,0 0.91 23.1 22.63 24.9 19.0 17.51 19.2 20.0 18.0 19.8
Gram +ve
rods 4-0-0 3-65 707 7‘54’ 2.1 14—03 13-18 3-6 8-6 707 2.1
Gram +ve
cocal 20.0 1.83 3.8 3.72 2.0 9.5 8.76 4.8 5.6 5.0 2.7
Spore
foxmers 5.0 O. 46 3Q8 3.72 8:1 4-8 4. 42 906 506 500 10.9

9% 4L
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Pungi other than the above mentioned 4wo groups
formed about 10 percent in the conbrol soil znd 14 to 20

percent in the rhizosphere.

Ii. Jomparigon of the rhizogphere microflora in wil led
znd heal thy tomabo plants

1t was found that bthe roots of the wilted planl
harboured s much higher microbial populabion, nemely,
202,58 million as compared to 174.65 million in healthy
plants,.

The difference was more marked in the bacterisl
population which was 189.1 million for the wilted plant
as compered to 158,5 million for the healthy one. Less
apparent difference was noticed in the case of fungi =nd

actinomycetes. {Table VIII),

ITI. Determlnation of the rhizosphere microflors of »

gingle plant at different depbhs

There was variation inr the total rhizosphere
population in the roots of the ssme plant collected from

different deplhs, namely, 1%-3", 3"-6" gnd 6"-10".



TABLE VIII

Population of Bacteria, sctinomycetes end Fungi in the Conbrol soil and
rhizospheres of wilted and healthy btomatoes

6

(Population 10° per grom of dry sample)

Total Backeria Acbinomyce bes Fungi
Particulers >
Population Populet R:S - R:S P R:S
opulation . .- ZPopulation 1 opulation *
ratio _ra 1o ratio
Control soil 20.81 13.8 - 6.80 - 0.21 -
Rhizosphere of
wilbed tomotbo 202.58 189.1 13.70 13.20 1.94 0.28 1.33

Rhizosphere of
heal thy tomato 174.65 158.5 11.49 15.82 2,30 0.33 1.57




The maximum populabion namely 152.73 million
occurred in the root surfaces collected from z depth of
3"-6", 1In trhe conlrol scil =zlso bLhe maximum of 20.07

nillion was found in this zoane. (Table IX).

There was a fall in the population both in the
rhizosphere znd control soil at lower depths of 6% Ho 10Y,
but this £21l did not appear to be very marked. The botal
populabion ab bhis vegion was 142,72 willion and 17.82
million for the rhizospheve and conbrol scils respectively.
In the upper layers of 1"=3" depth the poPulatiog/: in ‘the
rhizosphere and contrel were 108,88 znd 12.84 nillion

vespecbively.

There was a rise in the bacterizl, azclinomyceten
and fungus populztion from depth of 3" onwards bobh in
the rhizosphere and control soils. The peak population
wos notrced af 3"-6". Then there waes a [ell in the
backerisl populsbion below 6", where as no gpprecigble

change wes noted in the czse of gcolinomycelbes and fungi.

In the upper layers of agbout 1"-3" depth Lhe
bacterial population was 93.9 million and the corresponding
nunbers obtained at 3"-6" znd 6“-10Y depbths were 134.8

million and 123.5 million respectively.



TABLE IX

Incidence of Bamctoria, Acbinomycetes and Fungi In different depths in

the rhizosphere of a single pland and Conbrol soil

(Population 106 per grom of dry sample)

Particulars Total population

Bacteria

Actinomycetes

Pungi

R:S
Population ratioc

Hio
Population ratio

Rio
Population ratio

Jepth
in [ R c R ¥ B R [ R
inches
1" - 3" 12,84 108.88 Te5 93.9 12,52 5,20 14,72 2.83 0.14 0.26 1.85
3" - 6" 20.07 152.73 11.5 134.8 11.72 8.30 17.61 2.11 0.24 0.32 1.33
6" - 10" 17.82 142.72 9.8 123.5 12,60 7.80 18.86 2.41 90.22 0.36 1.63
G = Conbrol R = Rhizosphere



The seme tendency was noted in the control =lse,
as the maximum bacterial population recorded being 11,5
million at o depth of zbout 6". So the R:8 ratio for
bacteria was slightly lesser at this depth when compared
to the other two zones, though the actual count wes
higher.

RBelative efficiency of the technigues used in plating
the soil dilution

In the first method wherein the soil dilution was
poured into the dish before the incorporation of the
medium, the colonies were found crowding more towards

the sides of the Petri dishes.,

The second method which consisted of incorporating
the soil dilution directly into the medium in the test
tube wes found more easy in handling and also when plated
it gove a more uwniform spread of the colonies. In this
method since the soil dilution weos transferred directly
into the medium in the test tube and thorough rotation
was done immediately, there wag lesser chance of the
sudden cooling of the medim and hence less difficulty
wa® experienced in pouring the media uniformly in the

Petri dishes.



The draw back in this method was that the
colonies were found to appear in different layers.
Since the colonies were fairly wide spread this offered
no hindrence in counting the colonies. The second
method is preferable bto the first ome because it is more

conveaient gnd at the same time efficient.

A preliminary comparative sbtudy made about the
two methoda of plating has indiczted that there is no
appreciable difference in the total counts of the
colonies. However, since ‘the first method is the more

established one it has been followed in this work,

IV, (a) ZEffect of streptomyecin spray on the
rhizosphere microflora

A slight decrease in the microbial population was
noted in the rhizosphere of plants spraoyed with
streptomycin at a concentration of 1000 ppm. with =znd
without one percent glycerol five days after spraying.
This reduction in the population was more apparent in
plents which were sprayed with 10,000 ppm. with and
without glycerol. Th/ere was & slight incresze in tlhe

)
population ten days after spraying. (Table X a =nd b).

e



TABLE X (a)

BLfeet of sitreplomyein spray on lhe rhizosphere microflora

(Concenirabion of entibiedic uged - 1000 ppm. wilh and wibhout 1 percenl glycerol)
Total Bacberia Actinomycotes Fungi
Porbloulare population  populzbion R:S ¥etio population B:S vailio populablon R:S rztio
A B A B A B A B A B A B A B
Comtrol soil  21.39 21.57 12.2 13.1 8.98 8.23 0.21 0.24
Unsprayod
plant 166440 170,72 149.2 152.6 12.23 11.64 16.89 17.81 1.88 2.16 0.31 0.31 1.48 1.29
Sprayed wikh
sireptomycin
alone 149.64 158.84 132.1 13%.6 10.82 10.65 17.21 18.90 1.91 2.29 0.33 0.34 1.57 1.42

Sproyed with
sirepbomycin
+ 1 pevcent
&lycerol 130.84 128.09 116.4 110.2 92.61 8.41 14.2 17.6 1.6 2.14 0.24 0.29 1.14 1.21

A = 5 daye afber spraying B = 10 days after spraying



TABLE X (B)
Bffech of streptonyein svroy on bhe rhizosphere micrveflors

(Concentration of ankibiodtic used - 10000 ppm. wikh and without 1% glyecerol)
Tobal Baetberia Ackinomycetos ™
Particulars w i
population population R:S ratio populabion R:S vabio populsition R:S ratio
A B A B A B A B A B A B A B
Conbrol soll 21.33 22,67 12.6 13.4 8.49 9.01 0.24 0,26

Unsprayed
plant

Sprayed wibh
s breptomycin
alone

Sprayed with
strepbomyein
+ 1 percent
glycerol

169.31 176.99 151.8 158.7 12.04 11.84 17.21 17.98 2.02 1.99 6.30 0.31 1.25 1.19

144.66 147.83 128.2 130.5 10.17 9.73 16.18 17.03 1.90 1.89 0.28 0.30 1.17 1.15

114.92 120.86 098.6 106.3 7.8 7.93 16.1 14.3 1.8 1.58 0.22 0.26 0.91 1.00
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It was the bacterial populabion that was chiefly
reduced in the rhizoasphere after the antibiotic spray.
There was mnot much reducbkbion in bthe populatbion of fungi
znd actinomycetes. The reduction was more morked in the
plents sprayed with higher concenbrabion of the

antibiotic.

(b) Presence of streptomycin ia the plant tissves

The antibiotic was present in a detectable form in
the leal and stem tissues 24 hours after spraying in all
the three comcenvrgirons tried, nsmely, 100 ppm., 1000 ppm.
end 10000 ppm. Al%er 72 hours the presence of the
entibiotic was notrced in bhe roois slsc. When hlgher
concenlration of 10000 ppn. was used the inhibitory propexby

was Found in btne woots within 48 hours.

The inhibitbtion zonez were comparabively larger in
the case of plaals sprayed with higher concentrations of
ihe antibiolic. The inhibibeyy property was Lfound reduced
with time on leaves sprayed with 100 ppm. and 1000 ppm.
of sbryepbouyewn with and withoub glycerol and they falled

to produce sny inhlbition after 96 hours of sprayins.

In the osse of lhe slen bthcre was an increase in

the inhibitory property 48 hours afler spraying and it



gradually deeressel with time. The addition of glycerol
one percent was found to incresse bhe zbsorption of the

entiblotic.

Pseudomonas golanacearvm wes found sensitive bo

streptomycin sulphate in vitro. Bui it was less

sensiblive when compared to Sacillus sublilis.

(Tgble XI g «nd D).

(c) Phybotoxielty of siveptomycin sulphale on
tomato plants

No toxiec symptoms were observed in planits, aprayed
with 100 ppm. and 1000 ppm. of sirepbtomycin sulphabe wilh
and without glycerol. But chloxotic effect was notbiced
in plante spreyed with lhe higher concentration of
10000 pgm. The chlovolic areas were more pronownced in
the younger leaves neay the base of the leaf-lets.

Yellow paiches apvesred within 24 hours afler spraying
and the patches were foumd coalescing wibhin 72 hours.
The yellow colovy of bhe chlorétic pabches was found bo
decresse in inbenuiby with age. The newly Tormed leaves
were complelely free from the loxnic effeces. No loxic

effoct could be nobed an any other parit of the plank.

&



TABLE XX (a)

Absorpbion and Tramslogcation of streptomycin in Tomato plonts

(Growth inhibition of Baorllus subkilis)
S S

Width of »ing is mm,

Plant samples collected Strep. 100 ppm. Strep. 1000 ppm. Slrep. 10000 ppume
in .. hr. afbtor spraying Leaf Stem Root Leaf Btem Root Leaf Stem Rood
24 1.0 + 0 3-5 1.0 0 6'0 2:25 0
48 e b 0 3.2 1.7 O 5.0 3,00 44
72 + 0 0 1.0 + e 325 1.25 1.0
96 0 0 4] 0 0 1.0 + + 1.75
Conlrol 5.0 8 10.75
Sbrep. 100 ppm.  Strep. 1000 pom, otrep. 10000 ppm.
b glyecerol + 1% slycerol + 1% glycerol
Leaf Stem  Root Lea?f Stem Root Teaf Siem  Roob
24 3.0 L 3 0 500 20 25 o 9' 25 4-0 0
48 1.25 44 0 4.25 2.75 4] 6.75 3.75 +
T2 + op + 1.50 1.75 LR 2.0 4 1.0
96 0 (4] 1.7 O (] 1.25 + ¥ 1.75%
Control 6.0 900 13-5

+4 = inhibibion above .5 to 1 mn.

+ = inhibition above .1 t0 5 mn.
0 = o indication ofinhibition



TABLE XI (b)
Absorption gnd Translocabion of Streptomycin in Tomabo plaenis

(Growth inhibition of Pseudomonas solanacoarum)

widbh of ring in mn,

Plant samples collect?d Strep. 100 ppr. Strep. 1000 ppm. Strep. 10000 ppm.
in .. hr. after spraying g .r Stem Root Leaf Stem Root Leaf Siem  Root
24 + + 0 1.75 4+ /] 3.0 e 0
48 + + 0 1.75 + 0 2.25 44 0
T2 0 0 0 4 0 0 1.75 +4 4+
96 (o} 0 0 (4} 0 e 0 0 bt
Control 1.5 3.5 6.0

Strep. 100 ppm Stexrp. 1000 ppm. Sbrep. 10000 ppm.
+ 1% glycerol + 1% glycerol + 1% glycerol

Leaf Stem Root Lead® Siem Root Leaf Stem Hook

24 1.0 + 0 3.0 1.0 o] 4.25 2.0 0
48 e + o 1.75 +4 4] 3.50 1.5 0
T2 + + 0 1.50 + 4+ 1.0 + e
96 0 ] g 0 O e 0 0 PR

Control 3.0 5.0 5.25




(d) Compsrmiive merilbs of the differenl methods

of surface sterilissbion

OFf 21l bhe methods tried, sberilisation of the
tissues with propylene oxide was found %o be the best.
Tissues of non-treated planis when sterilised in propylene
oxide and planted in the test organisms no inhiblbory
effect was produced, This showed that bhe chemical had
completely evaporated from the matorisl. Also bhe plant
tissues were completely free from contaminents. Apparently
the chemlcal did not exert any adverse effect on the
ankiblolliec present in the plant btisswe. This bechnique
of sierilisalion can bthercfore be considered & very easy,

qgquick and safe one.

Washing bhe plant bissues in sterile watler alone
did no% prove successful in disinfecting the tissues.
Contaminenils began o grow around the plant Lissues which
interfered with the normal inhibitory effects of the

antibiobic,

Sterilisation wibh mercuric chlovide 1:1000 and
1:10000 was not holpful since braces of mevcuriec chloride
were present in the plant tissues even afber repeabed

weshiags in sterile water anéd bthis proved to exert an



inhibitory effect om the test organisms. Tissues of
plani:s witich were not sprayed with the antibiotiec when
treated in the zbove mammer showed = definite inhibitory

zone. This mebhod was therefore discarded.

Freezing the btissues in bhe ice coupartment of a
refrigeralor overnight was not satislzclbory becauze the
plent tissves turmed [laoceid and were difficulb o
haadle. HMoreover, this method ﬂiqﬁo’l‘. help complelely bo

rid bue bissues of lhe contaminents.

V. Resisleice of differenl bomato varisties 1o

bacterial will

All bhe eight variebies tesied were found
suscepbible b0 the wilt., The nmaximum susceptibility in
every case was observed in planbo five ‘to elght weeks

old. iavslobe and fellow nivm showed syupioms of wilb

even in bhe nurseyy siage.

The wil+t index of Lhe drffevent varieties were
s babistically analysed and it was found that there wae
signaficanl dirference in bthe wiltang coeflicients among
the eight variebhies. Tne analysas of varisnce table is

given in Table XII.
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TABLE XIX

Analysis of variance table.

Particulavs ggﬂagzs D.F. Varience T ratic Inference
Total 4870.49 31
Block 75.81 3 25.27 <% Bot sig=-
naifticant
Tregtment Signifi-
(varieties)  3402.49 7  486.07 7.33 cant atb
5% level
Error 1392.19 21 66,29
S.L. = 5,75 C.D, = 11.96
Renks Varlebies Wilt index Mean Diflerence
1 v5 389.29 97.32
2 V3 & 8 341.66 85.42 11.90
3 V4 325.00 81.25 4.17
4 v7 316.54 T9.14 2.1
5 V2 289,26 72.32 6.82
6 1 269.03 67.26 5.06
7 V6 253,32 63.33 3.93




g

Eventhough all the varieties were suscepbtible %o
wilt, Marglobe showed the maximum susceptibility with a
wilting coefficient of 97.32., Yellow plum znd Ox~heart
ranked second in the order of susceptibility with a
wilting coefficient of 85.42. Redcherry with a wilbtiag
coeflicient of 63.44 showed relalively less

gsusceptibility auong the varieties.

On the besis of the drily observation it was seem
that over 60 percent of Lhe plenibs wilbted in between the
£ifth and elghth weeks after sowing and the wmosh
susceptible veriety Merglobe showed z percenizge at Lhis
period as high as 91. In the comperstlively least
susceplible Redgherry only 58 percent wilting was nobiced
during the period. But siace then, more plonbs of this

variety was =lso logt. (Table XIII).

¥I. XFertility sbatus of ihe soil.

The fertility stabus of bhe soil from the field
wzs Fomnd to be too low. The percentiage of nitrogen,
both the btobal and zvzilable forms, was found to be only
0.056 percent and 0.0056 percent respectively and

phosphorus O.105 percent and potash 0.19 percent.



TABLE

XIIX

Weogkly vecord of the numbery of plenbs widled in cech

yariety afber bronsplenbing

planted)
Bonaybest 3 32 23 12 10 18 8 7T 2 1 1M1
£rischard 1 4 13 24 22 15 19 6 1 0O T
Yellow plum 3 i1 9 40 29 3 3 2 0 4
Ponderosa 4 9 19 40 16 4 2 1 0 7
Mavglobe G 11 42 36 12 1 3 0 0 0 1
Redcherry 4 14 12 23 19 12 6 T 1 © i4
Sunrsy 7 24 22 33 8 8 1 3 1 0 8
Ox-heart 5 15 32 38 7 6 5 o 0 7

e



Though bthe camples [from the pot yielded s nuch as
twice the gquantity ol nitrogen as in the field, nsmely,
0.1 percent bobtal and 0.0171 percent avziloble forms,
this also cen be considered Hoo low. The phosphorus ond
pokash conkent were 0.188 pereent =nd 0.175 respectively.
The pH of the field soll was 5.1 and thet of bthe pot soil

5.8, Detailed date is presented below:w

Field Soil Pol Soil

percenboae pexycenbage

Total nitrogen 0.056 0.1
Availeble nitrogen 0.0056 0.0171
Phospnorus 0.109% 0.188
Do bash 0.19 0.175

pH 5.1 5.8
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DISCUSSION

The Hotel mierobial population in the rhizosphere
of three varieties of tomato ab all the stazes of growth
was significently higher than that of the corresponding
control solls in the respeclive stages. T}fis result is
to be naturally expected and is in confirmity with the
findings ol earlier workers including Timonin (1940),
Lochhead et al (1940), Agnihothurudu (1958) énd Rangeswami
and Vasantharajen (1961) who found an increased microbial
population in bhe rhizosphere. The increased populalron
is gliributed to the presence of root edudrtes znd
sloughed-oflf lissues in bthe rhizosphere which stimulale

the growbh and muléiplicabion of bthe microorganisms.

In correlating the population with the age of
the plant it was noted bhal the peak population coincided
with the flowering stage of the evop. This was true for
all the three varieties. A similar pzatbern was observed
by many workers like Starkey (1929), Timonin (1940),
Agnihotiurudu (1953) and others. The flowering period is
the penk vegetative obage when bhe maximum production of
root exudc.bes and sloughed-off tissues are expecled.
While sbtudying +the nalure of the root exudales and

sloughed-off {issues many workers have reporied ‘the



presence of various amino azcids aznd sugars in the former
and pro bein, cellulose ebe. in the later., Rovira (1959)
and Subba Rao and Bziley (1961) reported that in bomato
generzlly the bulk of the yroois exudates consisbed of amino
zeide. In the presenb sbtudies it was noted that the
bacterial population reached i%s highest duving the
flowering period, Therealter, there was a gradual fall,
As the plant grows there will be meny chunges in iks
mebtabollisnm which may affect bthe nature and amount of root
extdates. This naturally will have some bearing oa the
bactorinl pepulation. It is possible that the amino sclids
and other subslances prement in the exudates may be more
favour=ble for the multiplication of baeteria than bthat of

obhor oxfonisns.

In gll the ‘three variellies under study there was 2
demonstratable microflors Tar higher than khat in bhe =so0il
was present in bthe rhizosphere of seedlings five days
after sowing which memans two days after germinalion. This
observobion agrees with that of Timonin (1940) and
Rouabt (1959) who reported a similar rhizesphere eifeck

in bthree dayc old secdlings.

1t appeers that the depth from which bhe roobs were

collected =lgo influenced the 2£0il microflora. Studies on



the effect of depth on the rhizosphere of z single plant
showed that bthe maximum popwlation occurred ot a depth
of 3"-6"., In 80 damys old plant the maximum number of
actively growing roots and rootlets were found in bhis
zone. In soils above 3" and below 6" the number of
actively growing roots was comparatively less. Hence,
presence of the actively growing roots may be one of the
reasons for the higher incidence of microbizal population.
The same trend was noted in the control soil azlso, the
meximum population being obtained between 3"-6" as in the
case of rcots. I+ is therefore possible thet the soil
environment ilself will be having some influence on the
rhizosphere population of the same plent at different
depth.

Wakaumen (1952) believes bhat the various groups of
microorganisms are largely concentrated in the surface
layexrs of the soil, In the cultivated soils he founé a
gradual change in the number of microorganisms in the
different depths. Although the bacteria and actinomycetes
diminish with increase in depth the proportion is far

greater for bacteria than for actinomycetes,

The low population in the top 1" soil cam to some

extent be due to the effect of sgroncenic operations. The



environmental conditions existing in this layer glso may

not be }«favourable for the rapid growth of microorgsnisms
i

compared to the deeper layers. In the surface layers

the incidence of fungi end actinomycetes was found less

while their population wzs found to be increasing in the

.

lower layers both in the rhizosphere and control soils.

The differentizl stimulation of the vericus
groups of bacteria in the rhizosphere of plants has been
reported by meny workers. Lochhead (1940), Krassimilkov
(1944) King and Wallace (1956), Rovire (1956) and
Rangaawami and Vasanthevajan (1961) noted a higher
incidence of the Gram negative rods in the rhizosphere
of planis, whereas g higher incidence of Gram positive
organisms occurred in the conlrol soil. It is interesting
to observe that bthroughout the life of the tomzbo plant,
the proportion of different movphological agroups of
bacteria in the rhizosphere was maintzined bthough there

were marked change in bhe ‘otal population.

Of the eight varieties of tomato btried none showed
appreciagble resistance to wilt end the difference beiween
the varieties was only very narrow. Excepb in the czse

of Redcherry, the maximum number of plants wilted when



they were four to eight weeks old. However, three of
the varieties emong them, nemely, Marsgiobe, Bonnybest snd
Redcherry were peleoted for the rhizosphere studies based

on their comparetive susceptibility to wilt.

There was no significant difference in the
rhizesphere microflora of the three varieties mentioned
above during their entire life period. This czn be
accounted f;)r the fact that there was only s narrow margin
of difference in the susceptibility among these varielies
as poinked out earlier. Redchevrry, however, appeared more
resistant before flowering and duxing this period this
variety showed & slightly lower population which is in
keeping with the findings of ezrlier aulhors. It iz woxth
repeating this work with varieties which show marked
difference in their suscentidbility to infeotion by bhe
wilt orgeaism. The present results can lherefore be itaken
to indicabe that in varieties with only a narrvow margin of
difference in wilt resistence, no apprecizble change in

the microbigl population can be expected.

A higher incidence of actinomycetes both in the
field and pot soils was noticed during the course of this
study. On the besis of chemicsl anzlysie it was found

that the s0il was vexry poor in nitrogen. Since the



p
nutrient status of this soil is low the population of
the more effective competitors may be diminishing with
the result that actinomycetes might have gained

proninance.,

The roots of freshly wilbed plant harbour a
higher populetbtion than thaet of the healthy one. The rise
in the popuvlation was chiefly noted in the case of
hacteria. Most of the roots of the freshly wilted plents
gppeared normal. There is s likelihood for a marked
change in the metabolism of the plent in the initial
stages of wilt, before it succumbs, This might have
resulted in a change in the quelity of the root exudatbe
and poseibily zlso in its quentity. The presence of a
higher microbial population at the time of wilt may be
due to the above factorz. It may be interesting to
wnderstend a detailed study of the changes brought about
in the root exudste =nd the microbial population in plants
from the time it is infected till it succumbs,

For the detection of streptomycin in treated plents,
it is necessary to disinfect the bissues before ‘the assay
is made to destroy the microorganisms which are resistant
to the action of streptomycin., Otherwise these organisms
will interfere with the results, Of the different



techniques tried, sterilisation with propylene oxide was
found to be the best and also the easiest. This is
considered due to the efficient disinfecting property

compiled with the highly volatile nature of the chemicsal.

Streptomycin sprayed on the leaves was absorbed
and translocgbed into the various parts of the plenis
including the roots. The addition of one percent
glycerol enhanced the absorption. This is in keeping

with the observations of earlier workers.

There was @ reduction in the totgl microbisl
population in the rhizosphere of the streptomycin sprayed
plants five days after spray. It is likely that the
antibiotic might have exerted some influence on the
mebabolism of the plant especially in those which received
10000 ppm. as expected from the initizl chlorosis. The
reduction in number is chiefly reflected in the cese of
bacteria. To what extent has the sntibiotic diffused
through the root system is not known. This work is only
of g preliminary nature and hence, no definite conclusion

can be drawvn with the resulbts now available.
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SUMMARY AND CONCLUSIOHNS

v 5tudies on the microbiel population, viz.,
bacteria, fungi and actinomycetes in bthe rhizosphere of
three variebies ol tometo plants, which showed slight
differences in bheir susceplibility to bacterisl wilk,
revealed that bthere was no significant difference bebween
the rhizosphere population of the different variebies at
twelve ztages of plant growth. In 2ll cesses conbrol soil

definitely showed a significanitly lower populalion.

The rhizosphere soil was found to favour the
growth of Gram negative organisms whereas the conbrol
50il fovoured Gram positive orgznisms. Throughout the
life of the plant the proportion of the different

moxphological groups of bzcterlia was mainlbained steady.

There was positive correlation bebtween the age of
ihe plemt and the microbisl population up to the flowering
stage, at which the maximum population was recorded.
Thereaftor, there was a grodual reduction in the

populabion,

The soil depth influenced the rhizosphere of the
seme plant end also the non-rhizosphere microflora, the

maxinum nuwber in both cases being nobed in the middle



zone of 3"~6" depth. The microbizl population decreased

gradually in deeper zones of above 6.

v Rhizosphere of freshly wilted tomabo plamb
contained a higher microbizl populabion comparcd bo the

healthy plant.

A decreasing tendency in the population, which was
marked with bacteria, was observed in the rhizosphere 5
days after streptomycin spray. The effecht was pronounced
when slreptomycin was applied at a concentration of
10000 ppm.

Absorpbion =nd translocation of streptomycin
readily took place when it was applied as a folior spray.
Addition of 1 pevrcent glycerol was found o incrense the
absorption of the antibiotic. DPresence of the anbibiolire
was lraced in the roots of the sprayed plants 72 hours
after the spray. The ankibiobtic could not be detected in
the leaves 96 hours after sSpraying.

Streptomycin at s concentraztion of 10000 ppm. was

foxic to the plants and produced chlorotic symp boms.

Tregtment of the plant tissues with propylene oxide
vapours was found superior to the other disinfection

methods btried during the antiblotic assay.
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Plate I. Inhibition zones produced by the
different plant tissunes viz.,
leaf, stem and root after 24 hours
and 48 hours after the antibiotic

3pYray.




48 hours after spray




Fikete II. Inhidbition zones produced by the
different plant tissues vix,,
leaf, stem and root after 72 hours
and 96 hours afder the antibiotie

SpTray.



