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IHTRODU GTIOff 9-

She term rhizosphere was introduced by Hiltaer 
(1904) who defined it as the Region of the soil which is 
in dose and intimate contact with the plant roots and 
subject to the influence of the root system. It is a 
widely accepted fact that the plant roots and soil 
microorganisms form an inseparable relationship. 
Interactions may occur between the exudates of the plant 
roots and the products liberated by the activity of the 
microorganisms.

She occurrence of a greater number of 
microorganisms in the rhizosphere than in the soil free 
from the influence of the roots is well established.
She width of the zone of toe soil influenced by the plant 
roots varies with the type of the plant, age of the plant, 
soil conditions, environment and other factors. The 
microorganisms in the soil exert a profound influence upon 
the plant which include a multiplicity of reactions, such 
as, liberation of plant foods by decomposition of organic 
matter, transformation of non-available substances to 
readily available forms, synthesis of vitamins and
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auxins etc. It is now known that the microbiology of 
this region concerns not only the growth of the plant, 
hut also its health and well being. The microorganisms 
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. It has 
been established by many workers 'that varieties susceptible 
to root infecting pathogens harbour a much higher microbial 
population than the resistant ones.

In the present studies an attempt was made to 
determine whether there is any difference in the microbial 
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 
mioroflora in freshly wilted and healthy plants was also 
carried out to determine the extent of change that is 
brought about by wilt. This work was prompted by the fact 
tbat the root system of the plants showing early



symptoms of wilt appeared externally healthy with only a 
few lateral roots discoloured.

It is a well established fact that streptomycin 
sulphate is absorbed and translocated in tomato and many 
other plants. It was therefore considered worthwhile to 
ascertain whether the antibiotic influenced the metabolism 
of the plant in such a manner as to alter the rhizosphere 
population.

Bacterial wilt of tomato being a serious problem, 
a field experiiaient was also conducted to determine the 
comparative susceptibility of some of the available 
tomato varieties.
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REVIEW Qg LITERATORE

Greater percentage incidence of bacteria, fungi 
and actinomycetes in the rhizosphere and the consequent 
positive rhizosphere effect have been repeatedly observed 
by many workers. Timonin (1940)f Loehhead (1940), 
Katznelson and Richardson (1943), Krassinilkov (1944), 
Katznelson et al (1943), Rangaswami and Vasantharajan 
(1962) and many others found that the fungi, bacteria and 
actinomycetes present in the rhizosphere have been 
differentially influenced by the rhizosphere of the 
particular crop.

The special character of the microflora of a 
given rhizosphere is well pronounced and considered !to 
persist throughout the growing period of the plants. 
Starkey (1929 and 1931), Timonin (1940), Agnihothurudu
(1953) and Rangaswami and Venkabesan (1963) observed the 
maximum bacterial population at the flowering stage of 
the crop when it was in the grand stage of vegetative 
growth in the case of annuals. Rangaswami and 
Vasantharajon (1962) found that in perennials the growing 
roots harbour a much greater number of bacteria compared 
to non-growing roots. '



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 
was more noticeable with the bacteria than with fungi.
He obtained 11 to 28 times as great a rhizosphere 
population as elsewhere in the same soil. Rouatt (1959) 
also noted a R:S ratio of 2:1 for bacteria in the 
rhizosphere of wheat three days after planting.

Krassinilkov et al (1936) while studying the 
rhizosphere of wheat, maize, sunflower and soybeans 
found a close correlation between the vital activities of 
the plants and the quantitative composition of the soil 
microflora. In the case of peanuts he found the number 
of bacteria diminishing towards the maturity of plants 
where'as the number of fungi and actinomycetes were 
increasing, ,

The microorganisms may vary with the soil type.
Adati (1939) reported that sandy soils have much les3 popu
lation compared to clayey loams which were rich in organic 
matter. Rangaswami and Venkatesan (1963) also showed that 
dry soils are poorer in microbial population than wet 
soils and top layers of the soil harbour more population 
than the deeper layers.
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Timonin (1940) found that soil amendments as 
addition of manures were of lesser importance in 
determining the abundance of microbial population though 
it increased the soil productivity. Katznelson and 
Richardson (1943) observed marked differenoe in the 
number of fungi and actinomycetes in the rhizosphere of 
tomatoes due to soil sterilisation with steam, 
ohloropiorin and formaldehyde.

Rhizosphere effect on bacteria

Morphological groups in the rhizosphere

Different morphological forms of bacteria such as 
Gram negative and Gram positive rods, oooci etc. are 
present in the rhizosphere and soil. It is known that 
each of the group is differentially stimulated in the 
rhizosphere. Dochhead (1940) reported that the Gram 
negative rods were activated more in the rhizosphere of 
red clover, mangels, oats, tobacco, maize and flax.
Spore forming bacteria were less abundant than in control 
soil. Kraasinilkov (1944) had noted that 95 percent of 
the rhizosphere bacteria constituted the Gram negative rods. 
Among the non-aporing types Gram negative forms were more 
abundant than Gram positive ones. King and Wallsoe (1956)



reported that in the rhizosphere of oats a selective 
stimulation of Gram negative rods occurred. Hovira 
(1956) found that with increasing age of the seedlings 
there was a corresponding increase in the Gram negative 
organisms in the rhizosphere. Rangaswami and 
Vasantharajan (1962) also reported from their studies on 
the microflora of oitsus plants that Gram negative non- 
sporing rods were more abundant in the rhizosphere than 
Gram positive rods and spore formers.

Bhizosphere effect on fungi

Williams et al (1952) in a comparative study of 
the steamed end unsteamed soil around tomato plants found 
that Penicilllum spp. wess more numerous in the unsteamed 
soil, where as Mucor spp. were more in the steamed soil, 
Ebben (1959) also reported that the rhizosphere and root 
surface population of tomato pleats were not very 
different in the steamed and unsteamed soils.

Agniho fchurudu (1953) and Agnihothurudu et al (1955) 
isolated the following fungi from the rhizosphere of 
pigeon pea and sorghum. Species of Aspergillus.
Peni cillium and fusarium. Maorophoma phaseoli. 
Meooosmospora vasinfeota. Al tornaria. Curvularia. Mucor,



Rhizopus. Helmlnthosporium. Trichoderma. Cunnighamella. 
Phoma. Biploflia and Chaetomlma.

Chinnayya and Agnihofhurudu (1953) found that the 
number of fungi, bacteria and aciinomyeetea in the 
rhizosphere of meaophytic plants were higher than those 
of aquatic and marsh species. Contois (1953) while 
studying the rhizosphere of pineapple found that plants 
in lower altitude harboured predominantly species of 
Aspergillus raid Penlcillium where as in the higher 
alti budes Rhi zopus nigricans and Circinella simplex were 
most common. Subba Rso and Bailey (1961) found a species 
of Busarium predominant in the rhizosphere of Verbioillium 
wilt susceptible varieties of tomato plants and Trichoderma 
virlde in the resistant varieties.

Rangaswami and Vgsanbharayea (1962) reported the 
presence of species of Aspergillus. Pen.ioilllum. Pusarium. 
Helminthosporium. Mucor and Rhizopus in the rhizosphere 
of citrus plants.

Rangaswami and Venkatesan (1963) found that tne 
number of fungi gradually increase till the time of harvest 
in the rhizosphere of rice plants.
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Rhizosphere effect on actinomycetes

Timonin. (1940) noted the presence of 7 to 71 times 
greater population of aotinomycetes and bacteria in the 
rhizosphere of wheat, oats, lucerne and peas. Rangaswami 
and Vasaatharajan (1962) reported that the actinowycefces 
were 4 to 20 times more in the rhizosphere of citrus plants 
compared to the non-rhizosphere soil and actinorayoetes 
with antagonistic effect were found greater in the 
rhizosphere. Eangaswsmi and Venkatesan (1963) noted a 
gradual increase in the number of actinomycetes in the 
rhizosphere of rice plants till harvest. A moisture 
level of 20 percent of the total water holding capacity 
of the soil was found optimum for actinomycetes.
Application of potassie and nitrogenous fertilizers 
increased the actinomycetes population while potash had a 
significant effect. The predominantly occurring group 
of aofeinomycetes in the rhizosphere was reported to bt 
Streptomvoea sp. less frequently Micromonospora and 
Hoeardia species also_are seen,

Rhizosphere and root diseases

Comparative studies carried out by many workers 
like lochhead (1940), Timonin (1940), lochhead ejt al (1940)



Harper (1950), Rombouts (1953), Agnihothurudu (1961) and 
Subba Rao and Bailey (1961) on the rhizosphere microflora 
of susceptible and resistant varieties of plants to 
various root diseases have shown that invariably the 
susceptible varieties harbour a much higher microbial 
population than the resistant ones, loohhead et al (1940) 
and Agnihothurudu (1961) found that the bacterial and 
fungal populations were affected much significantly while 
in the case of actinomycetes the difference was less 
apparent. In some oases the resistance has been reported 
to be associated with a higher percentage incidence of 
organisms antagonistic to the pathogen in question in the 
rhizosphere. Agnihothurudu (1955) reported the presence 
of actinomycetes antagonistic to the wilt organism 
ffusarium udum in the rhizosphere of resis bant pigeon pea 
(Ca.1anus oa.ian). Sadasivan and Subramanian (1960) have 
found that the interactions between the various physical, 
chemical end biotic factors of the soil in influencing 
root diseases from their studies on cotton wilt caused by 
Busarium vasinfectum.

Root exudates and microbial population

Hiltaer (1904) claimed that the increased activity 
of microorganisms in the rhizosphere was due to root



excretions. Katznelson et al (1954), Andal et si (1956), 
Bhuvaneswari and Subba Rao (1957), Rovira (1956) and 
Subba Rao end Bailey (1961) found that the root excretions 
of plants were rich in amino acids. Rovira (1956) 
reported the presence of amino acids in the root exudates 
of tomato, subterranean clover and Phalaris tuberoaa.
He found that the exudations were greater in the first 
two weeks of growth. Subba Rao and Bailey (1961) while 
studying the rhizosphere of tomato plants in relation to 
varietal resistance or susceptibility to Vertioillium wilt 
found that the amino acids form the bulk of root exudates.

Absorption end translocation of antibiotics by plants

Effective use of antibiotics especially streptomycin 
against plant pathogenic bacteria has been xepeatedly 
claimed by several authors including Ark (1947),
Zaumeyer £t al (I953), Mitchell et al (1954), Robison ej; si
(1954) and Rangaswami et al (1959) and (1962). In many 
oases streptomycin was reported to be absorbed and 
translocated by the sprayed plants,

Mitchell et al (1954) showed that streptomycin was 
absorbed by stems of bean. Rrarner (1954) reported the 
systemic penetration of streptomycin in the tissues of



both bean and tomato plants, fepier et al (1956) showed 
that s treptomycia sulphate applied to the primary leaves 
of dwarf beans exhibited a marked and consistent systemic 
acta on and it was removed from the point of application 
up to the fourth trifoliate leaves, howler and Goodman 
(1958) noted the downward translocation of streptomycin 
by the Coleus sp. Ihere are, however, a few reports of 
s treptomycin not acting in a systemic manner. Xgre (1956) 
noted that streptomycin entered peach leaves, but it 
acted only as a penetrant. Crosse and Garrett (1958) 
also obtained similar results in the case of streptomycin 
treated cherry leaves. •

howler and Goodman (1958) concluded from their 
studies that absorption was greater when the antibiotic 
was applied to the lower leaf surfaces. Lockwood (1958) 
reported that more s treptomy cin was absorbed by leaves 
incubated in a moist atmosphere than by leaves allowed to 
dry rapidly and leaf age and portion of the leaf sampled 
were important sources of variability in leaf disc assays.

Grey (1955 and 1956) studied the extent to which 
the absorption of streptomycin is influenced by the 
addition of various chemicals. He found that glycerol



increased the absorption of the antibio tic by the 
leaves of bean, tomato, pepper and tobacco. Other 
substances like sorbitol, diethylene glycol and other 
pilyhydroxy alcohols were effective in increasing the 
absorption of streptomycin by bean leaves, but less so 
than glycerol. Rangaswamy et at (19591 also found that 
addition of glycerol increased the absorption of 
streptomycin by citrus leaves.

Rangaswami and Vosantharayan (1961) assessed the 
rhizosphere population of streptomycin sprayed plants in 
order to examine the possible effect of streptomycin 
causing any physiological change m  the plant. They 
concluded that there was no appreciable change in the 
number of microorganisms present in the rhizosphere of 
the oprayed and unsprayed plants. Raag&swsai, et al 
(1962) found that streptomycin had no effect on 
nodulation and it did not significantly alter the 
microbial population in the rhizosphere of daincha 
(Sesbanja aculoata) and sunnhemp (Grotalaria yuncea)

Varietal resistance of tomato to baoterial wilt

Evaluation of resistance in toneto to EseudomonriS 
aolenacearum by artificial inoculation was attempted by



Winstead (1952) and Wins bead and Kelatan (1952). They 
found that the root injury technique was the best in 
evaluating resistance to the bacteria and that the 
susceptibility to the wilt decreased in the resistant 
tomato plants as the age of the plants increased from 
four to eight weeks.



MATERIALS AHD METHODS

I. Determination of the rhizosphere micro flora in 
relation to the age of tomato plants

Marglobe. Bonnybest and Hedcherry were the three 
varieties of tomato selected for the rhizosphere studies. 
These varieties were selected because Marglobe showed 
the highest percentage of wilt while Hedcherry showed 
the lowest with Bonnybes t falling between the two.

Seeds of the ahove tomato varieties were sown in 
different beds of size 15' x 3'. Soon after germination, 
the heds 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 oounts. (Timonin 1940). for the first twenty days 
root washings were taken every fifth day and thereafter 
once in ten days. A total of twelve samples were 
collected during the life of the plant.



Collection of samples

Plants were selected at random from the three 
varieties for the rhizosphere samples. They were 
uprooted, care being taken to keep the root system as 
intact as possible. Simultaneously soil from the same 
field was collected and used as control. It was drawn 
from the bed sufficiently away from the influence of the 
root system and from the seme depth from which the roots 
were taken.

In the laboratory, plants were shaken gently bo 
remove the superfluous soil adhering to the root system. 
The entire root system was then cut off asoptically and 
transferred into a previously weighed flask containing 
100 ml. of sterile distilled water. Sufficient quantity 
of the roots were added to attain a turbidity equivalent 
to the addition of 2 to 3 grams of soil. (Wallace and 
lochhead,1949).

The control soil used for the test was sieved 
through a nine sieve mesh and two samples each of 2 grams 
were weighed separately. One sample was placed in a 
previously weighed clean china dish and placed in a hot 
air-oven at about 105 to 110°0 for six hours, so as to



evaporate the entire moisture, Shea it was coolecl and 
weighed and the moisture consent calculated.

The other sample was transferred into a weighed 
conical flask containing 100 ml. of sterile distilled 
water and dilutions were prepared.

To find the weight of the rhizosphere soil used 
for making the dilutions, the roots within the fla3ks 
were removed carefully taking precautions to see that 
all the adhering soil was 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 
hath and evaporated to dzyness. They were then dried in 
a hot air-ovea at 105 to 110°0 for six hours and the 
weight of the soil was determined making due corrections 
for the aliquots removed for the dilutions. The counts 
were expressed per gram weight of the soil on dry weight 
basis.

This technique was adopted throughout the 
rhizosphere studies and in all cases non-rhizosphere 
soils were eolleoted from the same depth from which the 
roots were taken but away from the influence of the root 
system.



Determination of the total bacteria, fungi and 
aotinomyoetes populations.

Conical flasks containing 100 ml. of sterile 
distilled water to which the plant root system and 
non-rhizosphere soils were added were placed in a shaker 
for half an hour. Appropriate dilutions were then 
prepared from this suspension. Care was taken to 
transfer the aliquots under utmost aseptic conditions 
using sterile pipettes, sterilised previously with one 
side plugged with cotton wool. In all the further 
dilutions each flask of the dilution series was shaken 
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 for the counts of the 
microorganisms was one in million. One millilitre of 
this final dilution was plated in sterile Petri dishes 
along with 15 ml. of the medium used. Different media 
were used for the studies of bacteria, fungi and 
actinomycetes. The media used were
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i ,1. Soil extract agar. (Taylor and Lochhead,1938).

This medium was used for bacteria.

Compositions

Soil extract - 1000 ml.
KgHP0^ - 0.2 gm.
Agar agar - 15.0 gm.

i
I

I'or preparing the soil extract 1000 gm. of soil 
was auooclaved in 1000 ml. of water for half an hour.
Then it was allowed to sediment and the supematent 
liquid was decanted and filtered through No. 41 filter 
paper. In order to hasten the sedimentation of the soil 
particles a small quantity of CaSO^ was added to the 
suspension before filtering. One gram of glucose was 
also added to the above medium to hasten the appearance 
of the colonies. The pH of the medium was adjusted to 6.8.

2. Pentone-dextross agar with rpBe benaal and 
streptomycin. (Martin,1950).

This medium was used for fungi.



Compositions

Dextrose - 10.0 gm.
Peptone - 5.0 gm.
0 2P°4 - 1.0 gm.
MgS04 - 0.5 gm.
Agar agar - 15.0 gm.
Bose Bengal 1 part in 30,000 parts 

of the medium.
Distilled water - 1000 ml.
Streptomycin 30 u per ml. or 0.3 ml. 

per 100 ml. of the 
cooled medium.

(Shis was added only at the time of plating).

3. Jensen's medium.

Shis was used for the counts of actinomycetes. 
Composition:
Glucose - 2.0 gm.
Caesin - 0.2 gm.
K2HP04 - 0.5 gm.
PeCl3 trace
Agar agar - 15.0 gm.
Distilled water - 1000 ml.
pH adjusted to 7 to 7.5.
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She above three media were prepared and autoclaved 
al 15 lb. pressure for half an hour in test tubes, each 
tube con baining about 15 ml. of the media. Before 
pialing the media were melted and cooled to 45-48°C and 
the plating was done using two methods.

Method 1t

One millilitre of the final dilution was transfer
red to a sterile Petri dish using a sterile 1 ml. pipette. 
The plate was rotated gently so as to get a uniform 
spread of the soil dilution in the plate. The cooled 
medium was then poured over the solution and the Petri 
dish was again rotated in a swirling movement so as to 
get an even spread of the soil dilution in the medium. 
(Timonin,1940).

Method 2a

In this method one millilitre of the final soil 
dilution was added direcbly to the test tub© containing 
the melted agar at about 48°0. The test tube was then 
rotated well inside the palms and the solution mixed 
medium was poured directly into the sterile Petri dish.
The Petri dish was then gently rotated to get an even 
spreading of the medium.



Dilution plates were plated in triplicates for 
each method and for each medium. The pistes were then 
incubated at room temperature ie., at about 30-32°C for 
about fourteen days. For fungi the counts were talien 
after six bo seven days as soon as the colonies began to 
appear in the Petri dishes. For bacteria and 
actinomycetes ten to fourteen days incubation was necessary. 
For taking the counts of the colonies of bacteria and 
actinomycetes Spencer's Dark field Qubec colony counter 
was used.

Qualitative determination of rhizosphere microflora 

Bacterias

The bacterial colonies that appeared on the 
dilution plates after fourteen days incubation under the 
laboratory condibions were picked up and slab culbures 
were made In the soil extract semi-solid medium for 
further studies. (Taylor and Lochhead,1938).

Composjbions

Soil extract 
K2HP04 
Glucose 
Yeast extract 
Agar agar
pH adjusted to 6.8.

1000 ml 
0.2 gm
1.0 gm
1.0 gm
3.0 gm



For ialting the bacterial colonies from a plate, 
the place was divided into four sectors and twenty five 
colonies within a single sec Lor were picked up to 
represent each treatment. From pistes where the number 
of colonies were very low, all the colonies were picked 
up. The purity of isolates were maintained during the 
period of study by subcultaring them in the soil extract 
semi-solid medium.

The bacterial isolates were classified according 
to their morphology into (1-ram negative or Gram positive 
cocci and rods and spore formers. Isolates were taken 
from the rhizosphere of 10, 50 and 90 days old plants of 
the three varieties ie., at the seedling, flowering and 
harvesting stages and from the control coils. For Gram 
reaction twenty four hour old culbures were used and for 
the determination of spore formation forty eight hour 
old cultures were used.

2. Fungi;

She fungal colonies that appeared in the plates 
were broadly grouped under four categories namely 
Aspergillus spp., Benicillium spp., Mucoraceous fungi 
and o ther fungi.



Comparison of the rhizosphere microflora of wilted 
and healthy tomato plants

Plants showing the early symptoms of wilt were 
selected for this study. Healthy plants of the some 
variety and age served as control.

In the early s fcages of wilt only a few of the 
branch roots usually showed decay. These may possibly 
be the rooto through which the imthogen have gained 
entry. She bulk of the root system appeared normal.

Both the healthy and wilted plants were uprooted 
carefully and brought to the laboratory along with the 
control soil and soil dilution plates were made as 
mentioned earlier.

III. Bs bimatlon of rhizosphere microflora at different 
soil depths in the same plant

The technique already described nairely, soil 
dilution and plate counts was utilised for determining 
the rhizosphere microflora in the roots of plants 
collected from different soil levels. Hoots were collected 
from 80 days old Bonnybest plants, from depth of 1"-3", 
3"-6" and 6"-10". Control soils were also collected from 
the same depths.



IV. Absorption and tranalocation of streptomycin within 
tomato plants and its influence on the 

rhizosphere microflora

For the determination of the absorption and 
translocation, a series of pots with three plants of 
about six weeks old in each pot, were spr.yed with 
streptomycin sulphate (Glaxo laborr tones 745 U per ag.)

r
at concentrations of 100 ppm., 1000 ppm. and 10000 ppm.
A second set of plants received the same treatment with 
1 percent glycerol added to the antibiotic.

For the rhizosphere studies plants sprayed with 
s breptomycin with and without glycerol at concentrations 
of 1000 ppm. and 10000 ppm. only were used. Of the three 
plants in every pot, one each was sprayed wxth the two 
concentrations of streptomycin and the third served as 
the control.

In both the cases the antibiotic was sprayed on 
the aerial portion of the plants by means of an atomizer. 
Care was taken to prevent the antibiotic from reaching 
the roots through the soil. For this purpose the soil 
surface around the plants was covered with a thick layer
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of cotton wool before spraying. Unsprayed plan bs were 
main tamed as control.

Determination of the rhizosphere microflora of 
both sprayed and unsprayed plants along with control was 
done five days and ten days after spraying by the 
technique already mentioned.

Presence of the antibiotic in the leaves, stems 
end roots of the sprayed plants was assayed after 24, 48, 
72 and 96 hours. Persistence of toe antibiotic in the 
leaves was assayed by the leaf disc method. The diameter 
of the leaf disc used was 8 mm. In the case of stem, 
discs of 1 mm. thickness were used. Small bi ts of about 
5 mm. long are used m  the case of roots. They were 
planted in nutrient media in which the test organisms 
were incorporated. The folio wing bacteria were used as 
the test organisms

(i) Pseudomonas 3olanaoearum. (Culture obtained from
Annamalai University)

(ii) Bacillus sub tilis.

In order to avoid contamination ol host tissues, 
they were washed thoroughly in running tap water first
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aad then surf see sterilised before planting in the test 
organisms# Whole tissues were used for sterilisation. 
They were later on cut into bits of suitable sizes.

For surface sterilisation the following methods 
were tried!- ’

1. hashing the plant tissues in five series of 
sterile water.

2. Surface sterilising in 1:1000 mercuric chloride 
for 15 seconds and then washing in series of 
sterile water.

3. Surface sterilising in 1:10000 mercuric chloride
for 15 seconds and then washing in 3terile water.

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

5. Sterilising in propylene oxide vapours in partial
vaocum. The method adopted was a modification of 
the one devised by Ark (1947).

Technique of surface sterilisation with proo.vlene oxide 
vapours:

Propylene oxide at a concentration of 1 ml. per 
litre of air for ten minutes was U3ed in this method.
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For sterilisation, whole tissues of both sprayed and 
unsprayed plants were first washed in running tap water 
and the leaves, stem and roots were separated. They 
were blotted dry and placed in open Petri dishes. One 
millilitre of propylene oxide liquid was poured in a 
clean china dish and placed in the lower compartment of 
a dessicator of about one litre volume. The Petri dishes 
containing the plant tissues were then arranged over a 
wire gauze inside the dessicator and it was closed air 
tight. (Pig. 1). The air inside the dessicator was dram 
out through the out let and the outlet clossed. The
propylene oxide vapours was' allowed to act on the plant 
tissues for ten minutes in the partial vacuum and then 
the dishes were closed and removed from the dessicator.

Leaf discs of about 8 mm. diameter were then cut by 
using a sterile sharp cork borer. Stem and roots were cut 
to the appropriate size by using a sharp sterilised blade 
and they were plan ted in nutrient media containing the test 
organisms. Before incubatnon the Petri dishes were placed 
in the refrigerator for one hour to facilitate easy and 
rapid exudation of the plant sap.

Observations were recorded after 24 hours, by 
measuring the width of the inhibition ring measured from



Pig. 1. Apparatus used for fche surface sterilisation 
of the plant tissues for antibiotic assay
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ths edge of the test material. To serve as a comparison 
sterilised filter paper discs of the same diameter as that 
of the leaf discs were immersed in the original dilutions 
of the antibio bio used for the sprayings and planted in 
the test organisms. The inhibition zones produced in 
this case was compared with that produced by the plant 
tissues.

Tissues of the unsprayed plants sterilised by 
propylene oxide vapours served as control.

V. Studies on the varietal resistance to bacterial wilt.

The experiment was laid out in a randomised block 
design with eight varieties and four replications. The 
varieties used for the studies were:-

(1) Bonnybbst (2) X-ritchard (3) Yellow plum
(4) Ponflerosa (5) Marglobe (6) Redcherry
(7) Sunrav (8) Ox-heart

(The seeds of these varieties were received from 
Peatonjee P. Pocha and Sons, Poona).

Seeds of the above varieties were sown in earthen 
pots which were filled with soil and compost in tne ratio



3*1. The seedlings were transplanted to the main field 
after 21 days. The bed size used was 15'x3'j the 
spacing given within plants being 9" and between rows 1

In order to get a uniform treatment, known sick 
soil was spread over the beds in equal quantity. One 
basket of compost was incorporated to each bed before 
transplanting. Caaualx ty during transplanting was 
replaced with excess seedlings remained in the respecbive 
po Is.

Daily observations were taken from the date of 
planting till the harvesting stage and the wilt index was 
calculated for each variety. The method adopted by 
liinslead and itelman (1952) was followed with slight 
modiCi cation suitable in rating the plants. The plants 
showing the symptoms of wilt were rated as follows

Rating ts.ympto.iis

0
1

Healthy plant with no symptoms of wilt 
First one or two leaves wiited

2 All lea/es wilted
3 Plant dead,

Wilt index was calculated as follows:-



Disease index = Humber of plants in each symptom 
category x the corresponding numerical grade and the 
products were added. The summation was then divided by 
the maximum numerical grade for the given number of 
plants expressed as a percentage.

Wilt index was calculated for all the varieties 
taking 100 days as the average life period of the crop 
when it was ready for harvest.

VI. Chemical analysis of the soil samples

Since a much higher incidence of ao tlnomyce tes 
was found in the control soils, samples were token both 
from the field and from the po ts where the experiments 
were conducted and analysed chemically to determine the 
nitrogen, phosphorus and polish contents.

The presence of nitrogen, both total and 
available forms was estimated by the Koeldahl's method, 
phosphorus by the volumetric method and potash by the 
gravimetric method.



B E S U 1 I S

I. Eblzosphere microflora in relation to age of tomato
plants

A definite rhizosphere population was found to he 
established within five days after sowing in all the 
varieties. Counts of bacteria, fungi and actinomycetes 
present in the rhizosphere and also in the control soil 
were therefore started from the fifth day of sowing when 
the cotyledons were fully emerged. Both quantitative and 
as far as possible qualitative studies were made of the 
bacterial, fungal and actinomycetes population.

A. Quantitative assessment.

(i) Total bacterial population in the 
rhizosphere and the control soils

There was a marked tendency for the bacterial 
population in the rhizosphere to increase along with the 
growth of the plant and the maximum number was found 
during the flowering stages of the different varieties. 
Germination started on the third day of sowing and the



Cotyledons were fully emerged on the fifth day. Within 
two days of germination, a R:S ratio of 7.37 was noticed 
for the variety MaraLobe and 9-91 and 9.03 for the 
varieties Bonnybes b and Redcherry respectively. From 
then on there was a steady rise in the bacterial 
population till the flowering stage. In Bonnybost 
flowering started at about 46 days after sowing and the 
maximum bacterial population of 159.1 million per gram 
was noticed during this stage. In Marglobe and Redcherry 
flowering commenced on the 52nd day after sowing and in 
this case also the maximum bacterial population of 
181.4 million and 167.6 million per gram respectively 
coincided with their flowering periods. The RsS ratios 
during this period for the varieties Maralobe. Bonavbest 
and Redoherr.v were 13.64, 12.05 and 12.60 respectively. 
After attaining this peak the intensity of population was 
found to decrease gradually. This decrease was found to 
be more or less uniform for all the varieties.

In the case of non-rhizosphere soil which served 
as control, samples were collected from the same depth 
from which the roo ts were taken. When the depth from 
which the samples were collected was increased there was 
a no biceable increase in the bacterial population. The



first sample collected on the fifth day after sowing was 
drawn, from soil less than one inch deep. For the next 
fifteen days soil samples were collected from depths 
ranging from one inch to three inches. From there on 
till the 60th day samples were taken from a depth of 
three to six inches. In the last s tages of growth ie., 
upto 100 days the depth was gradually increased up to 
ten inches.

In the surface soil of about one inch deep the 
population wes only 3.5 million per gram of soil end the 
population steadily increased and reached the peak of 
13*3 million per gram at a depth of six inches. In the 
subsequent samples which were collected from still deeper 
layers though there was a fall in the bacterial population 
a fairly high count, namely, over nine million per gram 
of soil was maintained upto the depth of ten inches.

Though the maximum bacterial population in the 
rhizosphere was noted at the time of flowering, the 
highest R:S ratio was reached between the 20th and 30th 
day of growth. The RsS ratios for Marglobe. Bonmrbe31 
and Redcherry at thas period were 15.24, 14.05 and 14.72 
respectively. Inspite of the fact that there was a fall 
in the bacterial population after flowering, the R:S



ratios were found to be maintained more or less uniform 
till the harvest of the crop, (Table I).

A graphical representation of the incidence of 
total bacterial population 5n the different stages in the 
rhizosphere and control soil is given in Pig. II.

(ii) Total fungal population in the rhizosphere 
and the control soils

There was a steady increase in the fungus 
population of the rhizosphere upto the 15th day after 
sowing. Prom then on there was no appreciable 
fluctuations in the population tall the 70th day. The 
maximum number of fungi was found at about the time of 
maturity of the plant growth. The highest figures Cor 
Marglobe, Bonnybest and Redcherry wore 0.41 million,
0.39 million and 0.48 million per gram of rhizosphere 
soil respectively.

In the control soil also there was a gradual 
increase in the number of fungi upto a depth of six inches. 
The fungal population was higher in the deeper layers of 
six to ten inches the maximum recorded being 0.26 million.



TABLE I

Total Baotorial Population jn the Hhlaofooliere anfi Control soil at 12 elates or growth
6(Population 10 per gram of dry cample)

Age in dajs 10 15 20 30 40 50 60 TO 80 90 100

Control soil 3.5 4.5 5.6 7.5 9.4 13.2 13.3 11.5 12.9 9.9 9.1 9.3
Marglotoe 25.8 53.4 8 3.1 114.3 128.8 152.0 1 8 1 * 4 168.1 146.5 I 12.5 97.9 9 8 .9

S:3 ra^o 7.37 11.8614.84 15.24 13.70 11.52 1 3 . 6 4  14.61 11.35 11.3610.7510.09
Bonnjrtjcsb 34.7 50.0 76.6 92.3 138.4 159.1 152.7 140.6 136.4 121.0 92.2 8 7 .9

R;S ratio 9.91 11.11 13.68 12.3 14.72 12.05 11.48 12.74 10.57 12.22 10.13 8.97
Redoherry 31.6 45.3 68.5 105.4 123.6 147.8 167.6 160.2 135.3 101.5 8 9 .8 8 4 . 4

?*S ratio 9.03 10.06 12.23 14.05 13.15 11.19 12.60 13.93 10.4 8 10.25 9.87 8.61

S.E. .24 5.95 10.57 15.39 11.43 13-92 12.05 12.23 12.85 4. 3.20 7.06
C.D. at 5# 9.78 13.7224.37 35.49 26.36 32.10 27.79 28.20 29.63 lI.25 18.91 16.28

lovcl



Fig* IX* Graphical repr esentatlon of the
distribution of the bacterial 
population in the rhiaosphere of 
the three varieties of tomato at 
different stages of growth* in 
comparison with that in the soil*
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DISTRIBUTIO N  OF T O T A L  BACTERIAL POPULATION

IN THE RH IZO SPHERE AT D IFFEREN T STAGES 

OF GRO W TH  IN COM PARISON

W ITH T H A T  IN THE SOIL



The JUS ratio in relation to f ongi was highest 
15 days after sowing and then there was a gradual fall.
The highest RsS ratio for Marglobe. Bonnybest and 
nedcherry fell respectively from 2.97 to 1.21, 3.74 to 
1.18 and 3.25 to 1.24. (Table XX).

(ill) Total actinomycetes population in the 
rhizosphere and the control soils.

There was a marked increase in the actinomycetes 
population between 5th and 20th days after sowing. The 
increase was more prominent between 5th and 10th day.
After the 20th day there was some change in the population 
bub the pattern of tho change was not uniform for all the 
varieties. There was practically no increase in the 
population in Hedcherry but there was a slight fall in 
the population in M^rglobe. There was a definite increase 
in the population in Bonnvbest towards the later stages 
of its growth. The maximum number of actinomycetes 
colonies recorded for Marglobe was 19.03 million, for 
Bonnybest 19.50 million and for Hedcherry 21.20 million.

In the soil there was a steady increase in the 
aotinomycetes population -with increasing aepth upto about 
six inches and from then on there was no appreciable



EAEDE II

Total gi-aiRa! ropulstlon in the Rhizospliere and control soil at 12 ateaes of growth
(Population 10^ per gram of clry snmole)

Age In days 5 10 15 20 30 40 50 60 70 80 90 100

Control soil 0.06 0.11 0.09 0.14 0.19 0.19 0.20 0.26 0.26 0.25 0. 24 0.22
Marglobe 0.10 0.20 0.26 0.34 0.33 0.32 0.33 0 . 3 2 0.31 0.33 0.41 0 . 3 2

RsS ratio 1.66 1.81 2.88 2.43 1.75 1.69 1.65 1.23 1.19 1 . 3 2 1.79 1.45
Bonnybesb 0.09 0.22 0.32 0.33 0.33 0.32 0 . 3 0 0.2® 0.35 0.33 0.39 0.35

H:S ratio 1.00 2.00 3.55 2.35 1.75 1.69 1.50 1.03 1.35 1 . 3 2 1.62 1.59
Hedcherry 0.14 0.15 0.28 0.29 0.34 0.33 0 . 3 0 0.31 0 . 4 8 0.43 0.36 0.33

R:S ratio 2.33 1.36 3.33 2 . 0 8 1.79 1.75 l.50 1.19 1.85 1.72 1.50 1.50

S.E. 0.13 0.61 1.40 1.61 1.63 1.46 1.45 0.53 2.1*1 0.71 0.78 2.74
C.B. at 5$ level 0.29 1.41 3.23 3.71 3.76 3.37 3.34 1.22 4.87 1.64 1.80 6.32



change in. the population. The maximum number found in 
the control soil was 8.50 million.

The E:S ratios ranged from 2.01 to 3.66 for 
Marglobe, 1.37 to 3.93 for Bonnvbes b and 2.43 to 4.04
for Hedcherry. (Table III).

In general the population of bacteria both in the 
rhizosphere and control soil was greater than that of
actinomycetes and fungi. In the rhizospheie the
percentage incidence of baoteria in relation to the 
total population ranged from 70.4 to 91.41 percent for 
Marglobe, 73.06 to 90.2 percent for Bonnybest and 73*04 
to 89.6 percent for Redcherry. The percentage incidence 
of actinomycetes ranged from 8.56 to 29.4 percent, 9.5 t© 
26.7 percent and 10.21 to 26.2 percent Tor Mar&Lobe. 
Bonnybest and Redcherry respectively. The range in the 
percentage incidence of fungi was found more or less 
uniform for all the varieties namely between 0.1 to 0.4 
percent. The population of bacteria in the rhizosphere 
was found bo be 3 to 10 times as that of actinomycetes 
and about 200 to 600 times as that of fungi.

In the control soil the range in the percentage 
incidence of bacteria, fungi and actinomycetes was less 
prstouneed. The bacterial population varied from 51.1



IABJjE  I I I

Total Aotinom.veetes population in the Khiaosphore and Control soil at 12 slaAeo ol growth
(Population 10® per gram of ury sample)

Age in days 5 10 15 20 30 40 50 60 70 80 90 TOO

Control soil 3.83 4.20 4.79 5.20 6 . 8 3 7.30 7.13 6.33 3.50 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 1 8 . 1 3

B:S rsbio 2.82 3.62 3.43 3.66 2.59 2.48 2 . 3 8 2.63 2.02 2.08 2.28 2.32
Bonnybest 12.70 16.53 17.13 16.93 17.20 1 6 . 8 3  17.60 13.73 19.50 18.57 19.23 19.00
E:S ral '0 3.31 3-93 3.57 3.26 2.52 2.31 2.47 2.95 2.29 2.27 1.37 2.44
Bedcheray 11.30 16.57 15.50 21.00 20.60 20.37 19.10 20.53 21.20 19.83 20.47 20.30
HiS 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

S.B.
C.D. at 5 

level

2.24 2.52 2.85 3.26 2.59 1.78 1.85 1.61 2.45 3.81 2.19 2.27
5.17 5 . 8 1 6.57 7.52 5.97 4 . 1 0  4.27 5.55 5.65 8 . 7 8  5.05 5.23



to 64.4 percent, the actinomycefees population from 34-5 
bo 47.6 percent and the fungus population from 0.9 to 
2.5 percent. It is interesting to note that the total 
bacterial population in the soil is only 1.07 to nearly 
2 times as that of actinomyoetes. In relation to fungi, 
however, the bacterial population was 30 to 60 times as 
fehat of bhe former, (fig. III).

B. Qualitative determination of bhe rhizosnhore microflora

1. Bacteria? Morpholoai cal groups

Shere was invariably a much higher percentage 
incidence of Gram negative organisms in the rhizosphere 
of the three varieties as compared to the control soil. 
Gram negative rods were found to be about 60 percent and 
Gram negative cocci (which include coeeoid rods also) 
about 20 percent in the rhizosphere which was about twice 
as much as in the aon-rhizosphere soil. In the control 
soil on bhe other hand Gram positive organisms and 
sporeformers were more prominent. She mean percentage 
incidence of the different morphological groups in the 
rhizosphere and control soil in the three different 
stages of growth is presented in fig. IV.



Fig* III. Bar diagram showing the percentage
incidence of Bacteria, actinomycetes 
and fungi in the rhiaosphere and



PERCENTAGE INCIDENCE OF BACTERIA A C T IN O M Y C E TE S  AND FUNGI IN

BONNYBEST



Fig. IV. Bardiagram showing the percentage
incidence of different morphological 
groups of Bae fceris In bhe rhizosphere 
and control soils.
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On the total population basis there was a 
remarkable variation in l.he number of the different 
morphological groups of bacteria present in the 
rhizosphere a I the three different stages of growth, The 
population of the Gram negative rods in the rhizosphere 
of Marglobe rose from 28,41 million on the 10th day to 
120.99 million on the 50th day. Subsequently it fell to 
60.35 million on the 90fch day. The same trend was true 
for Bonnybes t and Redcherry also whose population of Gram 
negative rods on the 50fch day were 103.70 and 99.05 
millions respectively.

A more or less similar pattern was noted in the 
control soil also where the maximum number of Gram 
negative rods, namely, 5-21 million were found at a depth 
of about 6” and the number present upto a depth of 1-3" 
and 6-10" being 1.39 million anct 2.28 million respectively.

Similarly in the case of Gram negative cocci also 
the population became 2 to 3 times at the age of 50 days 
and subsequently falling down though the fall was less 
marked thanthat of the Gram negative rods. The maximum 
number of Giam negative cocci found in the rhizosphere of 
Marglobe, Bonnvbest and Hedcherry were 24.13j 21.80 and 
30.51 million respectively. In the case of control the 
maximum at 6" depth was 1,16 million.



Almost the same pattern, of population change was 
noted in the case of Gram positive organisms and spore- 
formers with only slight fluctuation in bhe case of 
Bonny’best only. (Dahle XV to VII).

Though the variation in the number of the 
individual groups of organisms was well marked when the 
total population was baleen into consideration tfhere was 
not much difference in the percentage of any particular 
group of organism at the three stages of growth. In 
other words the rise or fall in the total population was 
proportionately reflected in the various groups of 
organisms in bhe difierent stages.

2. Fungis

Both in the soil and in the rhizosphere Aspergillus 
and Jenlcillium groups formed the predomlnent fungus flora. 
They comprised 86 percent of the to bal population in bhe 
soil. In the rhizosphere they formed 75 to 78 percent of 
the total population.

iviucoraceous group of fungi were found to be about 
3 percent both in the control soil and Margiobe and 7 to 
9 percent m  Bonny best and Redcherr.v.



SABLE IV

Distribufelon of Morphological groups of Bacteria in the Rhizosphere 
and in the Control soils - Stage of the crop: 10 days after sowing 

(Population 10® per gram of dry sample)

Soil
Particulars

Marglohe Bonnybest Hedcherry
$ Popu- $ Popu- R:S

labion lation ratio
Popu- H:S 

la 11 on ratio
Popu- RsS 

lat i on ratio

Total
Populate on - 4.41 53.40 11.9 - 50.04 11.3 - 45.34 10.3
Graft -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 

cocci 12.5 0.55 22.8 12.18 21.8 21.4 10.71 19.3 23.0 10.43 18.9
Gram +ve 

rods 44.2 1.95 11.4 6.09 3.1 11.2 5.61 2.9 9.2 4.17 2.14
Gram +ve 

cocci 6.3 0.28 7.6 4.06 14.5 5.6 2 .8 0 10.0 3.4 1 i 54 5.5
Spore
formers 5.5 0.24 5.0 2.66 10.7 5.8 2.90 12.1 0 0 0



SABLE V

Distribution of Morphological groups of Bacteria in the Rhizosphere 
and in the control - Stage of the crop: 50 days after sowing.

/T(Population 10 per grsm of dry sample)

Soil ffiorglobe
Particulars

Bonnybest Reci cherry
Popu
lation

Popu— RsS i« Popu- SsS i» Popu- R:S 
laiion ratio lation ratio lata on ratio

Iota!
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 

cocci 8.7 1.16 13.3 24.13 20.8 14.3 21.8 19.0 18.2 30.51 26.3
Gram +ve 

rods 26.1 3.47 10.0 18.14 4.5 7.1 10.8 3.1 13.6 22.79 6.5
Gram +ve 

cocci 17.3 2.30 6.7 12.15 5.3 7.1 10.8 4.7 4.5 7.54 3.2
Spore
formers 8.7 1.16 3.3 5.99 5.2 3.5 5.3 4.6 4.6 7.71 6.6



3?ABIiE VI

Bis tribuiion of Morphological groups of Bac fceria la the Khisosphere 
and in the control - St,age of the crop; §0*days aftser sowing 

(Population 10® per gram of dry sample)

Soil ifaxglobe Bonnybest Hedcherry
xtu. viviu.ttx'w

Po pu- 
latioa * Popu

lation
HsS
ratio % Popu

lation
HsS
ratio

* Popu— 
letion

HsS
ratii

lotal
populate on 9.13 97.99 10.7 92.16 10.1 89.8 9.8
Gram -ve 

rods 25.0 2.28 61.6 60.35 27.7 52.4 48.29 22.1 60.2 54.1 24.8
Gram -ve 

cocci 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 40.0 3.65 7.7 7.54 2.1 14.3 13.18 3.6 8.6 7.7 2.1
Gram w e  

cocci 20.0 1.83 3.8 3.72 2.0 9.5 8.76 4.8 5.6 5.0 2.7
Spore
formers 5.0 0.46 3.8 3.72 8.1 4.8 4.42 9.6 5.6 5.0 10.9

"Hu 
3
4





I'ungi other than the above mentioned two groups 
formed about 10 percent in the control soil and 14 to 20 
percent in the rhizosphere.

II. Comparison of the rhizosphere microflora in wilted
and healthy tomato plants

It was found that the roots of the wilted plant 
harboured a much higher microbial population, namely, 
202.58 million as compared to 174.65 million in healthy 
plants.

The difference was more marked in the bacterial 
population which was 18 9.1 million for the wilted plant 
as compared to 158,5 million for the healthy one. Less 
apparent difference was noticed in the case of fungi and 
actinomycetes. (Table VIII),

III. Determination of the rhizosphere mioroflora of a
single plant at different depths

There was variation in the total rhizosphere 
population in the roots of the same plant collected from 
different depths, namely, 1"-3", 3"-6" said 6"-10".



TABLE VIII

Population, of Bacteria, Aotinomyoetes and Fungi in the Control soil and 
rhizospheres of wilted and healthy tomatoes

(Population 10® per gram of dry sample)

Total Bacteria Ac fcinomyee tea Fungi
Particulars Population pTr pTg 17=

Population ra.J.-0 Population raia0 Population '
  FETfeio

Control soil 20.81 13.8 - 6.80 - 0.21 -
Rhizosphere ofwiltoa tomato 202.58 189.1 13.70 13.20 1.94 0.28 1.33
Rhizosphere of
healthy tomato 174.65 158.5 11.49 15.82 2.30 0.33 1.57



The maximum population namely 152.73 million 
occurred in the root surfaces collected from a depth of 
3"-6". In the control soil also the maximum of 20.07 
million was found in this zone. (Table XX).

There was a fall in the population bo th in the 
rhizosphere and control soil at lower depths of 6" to 10", 
hut this fall did not appear to be very marked. The total 
population at this region was 142.72 million and 17.82 
million for the rhizosphere and control soils respectively. 
In the upper layers of 1"-3” depth the population^in the 
rhizosphere and control were 108.88 and 12.84 million 
respectively.

There was a rise in the bacterial, actinomycetes 
and fungus population from depth of 3" onwards both in 
the rhizosphere and control soils. The peak population 
was noticed at 3"-6". Then there was a fall in the 
bacterial population below 6", where as no appreciable 
change was noted in the on^e of actinomycetes and fungi.

In the upper layers of about 1"-3" depth the 
bacterial population was 93.9 million and the corresponding 
numbers obtained at 3"-6" and 6"-10" depths were 134*8 
million and 1 2 3 . 5  million respectively.



T A B LE  I X

Incidence of Bacteria. Ac tunom.y cetes and ffungi In ditferent depths la 
the rhizosphere of a single plant and Control soil

(Population 10^ per gram oF dry sample)

Bacteria Actinomycetes Pungi >
Particulars Total population Population

H:S
ratio

5:S
Population ratio Poxralation :"RTSratio

Pep th 
in 

inches
0 B 0 R H R C R

1" - 3" 12.84 108.88 7.5 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 0.22 0.36 1.63

G = Control R = Rhizosphere



The same tendency was noted in the control also, 
as bhe maximum bacterial population recorded being 11,5 
million at a depth of about 6". So the RsS ratio for 
bacteria was slightly lesser at this depth when compared 
to the other two zones, though the actual count was 
higher.

Belative efficiency of the techniques 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 
bhe sides of the Petri dishes.

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



She draw back in this method was that the 
colonies wea-e found to appear in different layers.
Since the colonies were fairly wide spread this offered 
no hindrance in counting the colonies. She second 
method is preferable to the first one because it is more 
convenient and at the same time efficient.

A preliminary comparative study made about the 
two methods of plating has indicated 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) Effect of streptomycin spray on the 
rhizosnhere microflora

A slight decrease in the microbial population was 
noted in the rhizosphere of plants sprayed with 
streptomycin at a concentration of 1000 ppm. with and 
without one percent glyeerol five days after spraying. 
Shis reduction in the population was more apparent in 
plants which were sprayed with 10,000 ppm. with and 
without glycerol. There was a slight increase in the 
population ten days after spraying. (Sable X a and b).



TABLE X (a)
Effect of streptomycin spray on the rhizoaphere mloro-flora 

(Conoenti'ation of antibiotic used - 10 0 0 ppm. with and wi thout 1 percent glycerol)

Total Bacteria Ac tinomycotes Fungi
Particulars population population B:S 3?atj.o population E:S ratio population BsS ratio 

A B A B A B A B A B A B A B

Control soil 21.39 21.57 12.2 13.1 8 .9 8 8.23 0.21 0.24
Bneprayod

plant 166.40 170.72 149.2 152.6 12.23 11.64 16.89 17.81 1.88 2.16 0.31 0.31 1.48 1.29
Sprayed with
streptomycin
alone 149.64 158.84 132.1 139.6 10.82 10.65 17.21 18.9 0 1.91 2.29 O . 3 3  0.34 1.57 1.42
Sprayed with s traptonyoln
+ 1 percentglycerol 130.84 128.09 116.4 110.2 9.61 8.41 14.2 17.6 1.6 2.14 0.24 0.29 1.14 1.21

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



SABI.B X (b)

BCfect of streptomycin pursy on the rhizospherc micrcflora 
(Conoentration of ent-iblotic used - 10000 ppm. with and without 1$ glyoerol)

lotaX Bacteria Actinomyeetcs FungiJ. SXulCUxQ>S/S
population population B:S ratio population B:S ratio population B;S ratio 

A B A B A B  A B A B A  B A B

Control soil 21.33 22.67 12,6 13.4 8.49 9.01 0.24 0.26
Unsprayed

plant 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 . 2 5  1.19
Sprayed wj th 
s treptomyein
alone 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
Sprayed with 
strep tomyejn 
+ 1 percent
glycerol 114.92 120.86 98.6 106.3 7,8 7.93 16.1 14.3 1.8 1.58 0.22 0.26 0.91 1.00



It was the bacterial population that was chiefly 
reduced in the rhizosphere after the antibiotic spray.
There was not much reduction in the population of fungi 
and actinomycetes. The reduction was more marked in the 
plants sprayed with higher concentration of the 
antibiotic.

(b) Presence of streptomycin in the plant tissues

The antibiotic was present in a detectable form in 
the leaf and stem tissues 24 hours after spraying in all 
the three concentrations tried, namely, 100 ppm., 1000 ppm.
and 10000 ppm. After 72 hours the presence of the
antibiotic was noticed in the roots also. When higher 
concentration of 10000 ppm. was used the inhibitory property 
was found in bne roots within 48 hours.

The inhibition zones were comparatively larger in 
the case of plants sprayed with higher concentrations of 
the antibio tic. The inhibibery property was found reduced 
with time on leaves sprayed with 100 ppm. and 1Q00 ppm. 
of streptomycin with and without glycerol and they Called 
to produce any inhibition after 96 hours of spraying.

In the case of the sten there was an increase in
the inhibitory property 48 hours after spraying and it



gradually decreased with time. She addition of glycerol 
one percent was found to increase the absorption of the 
antibiotic.

Pseudomonas solanacearum was found sensitive to 
streptomycin sulphate in vitro. But it was less 
sensitive when compared to Bacillus subtilis.
(Table XI a and b).

(o) Phybotoxicity of streptomycin sulphate on 
tomato plants

Ho toxic symptoms were observed in plants, sprayed 
with 100 ppm. and 1000 ppm. of streptomycin sulphate with 
and without glycerol. But ehlorotic effect was noticed 
in plants spreyed with the higher concentration of 
10000 ppm. The chlorobic areas were more pronounced in 
the younger leaves near the base of the leaf-lets.
Yellow patches appeared within 24 hours after spraying 
and the patches were found coalescing within 72 hour’s.
The yellow colour of the chlordtio patches was found to 
decrease in intensity with age. The newly formed leaves 
were completely free from the Ioxlg effeess. Ho toxic 
effect could be noted in any other port of the plant.



SABLE SI (a)

Absorption and Sranslocation of Btreptoroyoin In Somato plants 
(Growth inhibition of Bneillns subtilis)

Width of ring in mm.

Plant samples collected Strep. 100 ppm. Strep. 1000 ppm. Strep. 10000 ppm.in .. hr. si' ter spraying Leaf S tern Hoot Leaf Stem Hoot Leaf Slem Root
24 1.0 ++ 0 3.5 1.0 0 6.0 2.25 048 ++ ++ 0 3-25 1.75 0 5.0 3.00 4 4-72 + 0 0 1.0 4 +4* 3.25 1.25 1.096 0 0 0 0 0 1.0 + + 1*75

Control 5.0 8.0 10.75

Sbrep. 100 ppm. Strep. 1000 pom. Strep. 10000 ppm.+ '\f glycerol + 1$ glycerol + \$> glycerol
Leaf Stem Root Leaf S fcem Hoot Leaf S*em Root

24 3-0 + 0 5.0 2.25 0 9.25 4.0 048 1.25 ++ 0 4.25 2.75 0 6.75 3.75 4-72 4- ++ + 1*50 1.75 4-4* 2.0 4- 1.096 0 0 1.75 0 0 1.25 + * 1.75
Control 6.0 9.0 13.5

++ = inhibition above .5 to 1 mm. + = inhibition above .1 to .5 mm.
0 a Ho indication ofinhibition



TABLE XI (b)
Absorption aad Tr an slo cation of Streptomycin, in Tomato plants 

(Growth Inhibition of Pseudomonas solaaacoarum) 
width of ring in mm.

Plant samples collected Strep. 100 ppm. Strep. 1000 ppm. Strep. 10000 ppm.
hr. after spraying Loaf S tern Hoot Leaf Stem Hoot Leaf Stem Hoot

24 + + 0 1.75 & 3.0 ++ 0
48 + + 0 1.75 * 0 2.25 ++ 0
72 0 0 0 ++ 0 0 1.75 ++ ++
96 0 0 0 0 0 +4* 0 0 •f+

Control 1.5 3.5 6.0

Strep. 100 ppm S terp. 1000 ppm. Strep. 10000 ppm.
+ 1# glycerol + 1$ glycerol + 1?J glycerol

Leaf Stem Root Leaff Stem Root Leaf Stem Hoot
24 1.0 + 0 3.0 1.0 0 4.25 2.0 048 ++ + 0 1.75 ++ 0 3.50 1.5 072 + + 0 1.50 4- ++ 1.0 + ++
96 0 0 ++ 0 0 ++ 0 0 ++

Con trol 3.0 5.0 5.25



(a ) Comparative merits of the different methods
of surface sterilisation

Of all the methods tried, sterilisation of the 
tissues with propylene oxide was found to he the best, 
fissues of non-treated plants when sterilised in propylene 
oxide and planted in the test organisms no inhibitory 
effect was produced. Ihis showed that the chemical had 
completely evaporated from the material. Also the plant 
tissues were completely free from oontnmlnents. Apparently 
the chemical did not exert any adverse effect on the 
antibiotic present in the plant tissue. This technique 
of sterilisation can therefore be considered a very easy, 
quick and safe one.

Washing the plant tissues in sterile water alone 
did not prove successful in disinfecting the tissues. 
Contaminants began to grow around the plant tissues which 
Interfered with the normal inhibitory effects of the 
antibio tic.

Sterilisation with mercuric chloride 1:1000 and 
1:10000 was not helpful since traces of mercuric chloride 
were present in the plant tissues even after repeated 
washings in sterile water and this proved to exert an



r>

inhibitory effect on tho test organisms. Tissues of 
plants which were not sprayed with the antibiotic when 
tree,bed in the above manner showed a definite inhibitory 
aone. This mefehod was therefore discarded.

S*reeaing the tissues in the ice compartment of a 
refrigerator overnight was not satisfactory because the 
plant tissues burned flaccid and were difficulb to 
handle. Moreover, this method fliĉ iot help completely bo 
rid the tissues of the contaminents.

V. Basis lance of different boaato varieties to 
bacterial wilt

All bhe eight varieties tested were found 
susceptible to the wilt. The maximum susceptibility in 
every ease was observed in planbo five to eight weeks 
old. Marglobe and fellow nlum showed symptoms of wilb 
even in the nursery stage.

The wilt index of the different varieties were 
s babistically analysed and it was found that there was 
significant difference in bhe wilting coefficients among 
the eight varieties. Tne aaalysss of variance table is 
given in Table XIX.



TABLE X II

Analysis of variance table.

Particulars Sum of D F 
Squares ’ ' Variance P ratio Inference

Total 4870.49 31
Block 75.81 3 25.27 Hot sig- 

nxlicant
Treatment 
(varreties) 3402.49 7 486.07 7.

Signifi- 
33 cant at 

5# level
Error 1392.19 21 66.29

S.E,. = 5.75 C.D. = 11 .96

Ranks Varle ties Wilt index Mean Difference

1 V5 389.29 97.32
2 V3 & 8 341.66 85.42 11.90
3 V* 325.00 81.25 4.17
4 V? 316.54 79.14 2.11
5 V2 289.26 72.32 6.82
6 V1 269.03 67.26 5.06
7 V6 253.32 63.33 3-93



Even though all the varieties were susceptible to 
wilt, Maralobe showed bhe maximum susceptibility with a 
wilting coefficient of 97.32. Yellow plum gad Ox-heart 
raalced second in the order of susceptibility with a 
wilting coefficient of 85.42. He cl cherry with a wilting 
coefficient of 63.44 showed relatively less 
susceptibility among the varieties.

On the basis of bhe drily observation it was seen 
that over 60 percent of the plants wilbed in between the 
fifth and eighth weeks after sowing aid the mosb 
susceptible variety Merglobe showed a percentage at this 
period as high as 91. In the comparatively least 
susceptible Redcherry only 58 percent wilting was no bleed 
during the period. But since then, more plants of this 
variety was also lost. (Table XIII).

VI. Fertility status of the soil.

The fertility status of the soil from the field 
was found to be too low. The percentage of nitrogen, 
both the total and available forma, wes found to be only 
0.056 percent and 0.0056 percent respectively and 
phosphorus 0. 105 percen t and po teah 0.19 percent.



Weekly record of the naaber of -plmfcs wilted In. opch 
variety after teauawlgatanA-

EABLE XXXX

Ho. of weeEs 
after sowing

A
(trsir3~
planted)

5 6 7 8 9 10 1 1 1 2 13 13

Bonnyfcest 1 1 2 23 19 10 18 8 7 g 1 1 1

Prj tchard 1 4 13 24 22 15 19 6 1 0 7
YelJow plum 3 11 9 40 29 8 3 3 2 0 4
Poncieroaa 4 9 19 40 IS 8 4 2 1 0 7
Marglo'be C 1 1 42 36 1 2 1 3 0 0 0 1

Kedchorry 4 14 1 2 23 19 1 2 6 7 1 0 M
Sunrsy 7 21 22 33 8 8 1 3 1 0 8

Ox-heart 5 15 32 38 7 6 5 0 0 0 7



Though the camples frora the po fc yielded as much as 
twioe the quantity of nitrogen as in bhe field, namely,
0 . 1 percent bobal and 0.0171 percent available forms, 
this also can be considered too low. The phosphorus and 
po bash con bent were 0.188 percent; and 0.175 respectively. 
She pH of bhe field soil was 5.1 and that of the pot soil 
5.8. Detailed data is presented below:-

Field Soil Pot Soil 
percenlage cercenbaga

Total nitrogen 
Available nitrogen 
Phosphorus 
Po bash

0.056
0.0056

0.105
0.0171
0.1

0.188

0.19 0.175
5.8pH 5.1



DISCUSSION

The to tel microbial population in the rhizosphere 
of three varieties of tomato at; all the stages of growth 
was significantly higher than that of the corresponding

A,

control soils in the respective stages. This result is 
to be naturally expected and is in confirmity with the 
findings of earlier workers including Tiaonin (1940), 
Lochhead et al (1940), Agnihothurudu (1958) dnd Hangaswami 
and Vasantharajan (1961) who found an increased microbial 
population in the rhizosphere. The increased population 
is attributed to the presence of root efiudrtes and 
sloughed-off tissues in the rhizosphere which stimulate 
the growth and multiplication of the microorganisms.

In correlating the population with the age of 
the plant it was noted that the peak population coincided 
with the flowering stage of the crop. This was true for 
all the three varieties. A similar pattern was observed 
by many workers like Starkey (1929), Timonin (1940), 
Agnihothurudu (1953) and others. The flowering period is 
the peak vegetative s tage when bhe maximum production of 
root exudctes and sloughed-off tissues are expected.
While studying the nature of the root exudates end 
sloughed-off tissues many workers have reported the



presence of various amino acids and sugars in the former 
and probein, cellulose etc. in the later. Rovira (1959) 
and Subha Bao and Bailey (1 9 6 1) reported that in tomato 
generally the bulk of the roo t exudates consis bed of amino 
acids. In the present studies it was noted that the 
bacterial population reached its highest during the 
flowering period. Thereafter, there was a gradual fall.
Ao the plant grows there will be many changes in i ts 
metabolism which may affect the nature and amount of root 
exudates. This naturally will have some bearing on the 
bacterial population. It is possible that the amino acids 
and other substances present in the exudates may be more 
favourable for the multiplication of bacteria than that of 
other organisms.

In all the three varieties under study there was a 
demonstratablo microflora far higher than that in the soil 
was present in the rhizosphere of seedlings five days 
after sowing which means two days after germination. This 
observation agrees with that of Simonin (1940) and 
Rouatt (1959) who reported a similar rhizosphere effect 
in three days old seedlings.

It appears that the depth from which the roots were 
collected also influenced the soil microflora. Studies on



the effect of depth on the rhizosphere of a single plant 
showed that the maximum population occurred at a depth 
of 3"-6". In 80 days old plant the maximum number of 
actively growing roots and rootlets were found in this 
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 microbial population. 
The same trend was noted in the control soil also, the 
maximum population being obtained between 3"-6" as in the 
case of roots. It is therefore possible that the soil 
environment itself will be having some influence on the 
rhizosphere population of the same plant at different 
depth.

Sakaman (1952) believes that the various groups of 
microorganisms are largely concentrated in the surface 
layers of the soil. In the cultivated soils he found a 
gradual change in the number of microorganisms in the 
different depths. Although the bacteria and aotinomycetes 
diminish with increase in depth the proportion is far 
greater for bacteria than for aotinomycetes,

The low population in the top 1" soil can to some 
extent he due to the effect of agronomic operations. The



environmental conditions existing in this layer also may 
not be (favourable for the rapid growth of microorganisms

Icompared to the deeper layers. In the surface layers 
the incidence of fungi and actinomycetes was found less 
while their population was found to be increasing in She 
lower layers both in the rhizosphere and control soils.

The differential stimulation of the various 
groups of bacteria in the rhizosphere of plants has been 
reported by many workers, loohhe&d (1940), Krassimilkov 
(1944) king and Wallace (1956), Bovira (1956) and 
Rangaswami and Vasantharaoan (1961) noted a higher 
incidence of the Gram negative rods in the rhizosphere 
of plants, whereas a higher incidence of Gram positive 
organisms occurred in the control soil. It is interesting 
to observe that throughout the life of the tomato plant, 
the proportion of different morphological groups of 
bacteria in the rhizosphere was maintained though there 
were marked change in the total population.

Of the eight varieties of tomato tried none ohowed 
appreciable resistance to wilt and the difference between 
the varieties was only very narrow. Except in the case 
of Bedcherry, the maximum number of plants wilted when



they were four to eight weeks old. However, three of 
the varieties among them, namely, Maralobe. Bonnvhest and 
Redcherrv were selected for the rhizosphere studies based 
on their comparative susceptibility to wilt.

There was no significant difference in the 
rhizosphere microflora of the three varieties mentioned 
above during their entire life period. This c m  be 
accounted for bhe fact that there was only a narrow margin 
of difference in the susceptibility among these varieties 
as pointed out earlier. Reftcherry, however, appeared more 
resistant before flowering and during this period this 
variety showed a slightly lower population which is in 
keeping with the findings of earlier authors. It is worth 
repeating this work with varieties which show marked 
difference in their susceotibility to infeotion by bhe 
wilt organism. The present results can therefore be taken 
to indicate that in varieties with only a narrow margin of 
difference in wilt resistance, no appreciable change in 
the microbial population can be expected.

A higher incidence of aotinomycetes both in the 
field and pot soils was noticed during the course of this 
study. On the basis of chemical analysis it was found 
that the soil Was very poor in nitrogen. Since the



nutrient status of this soil is low the population of 
the more effective competitors may he diminishing with 
the result that aotinomycetes might have gained 
prominence.

The roots of freshly wilted plant harbour a 
higher population than that of the healthy one. The rise 
in the population was chiefly noted in the case of 
bacteria. Most of the roots of the freshly wilted plants 
appeared normal. There is a likelihood for a marked 
change in the metabolism of the plant in the initial 
stages of wilt, before it succumbs. This might have 
resulted in a change in the quality of the root exudate 
and possibily also in its quantity. The presence of a 
higher microbial population at the time of wilt may be 
due to the above factors. It may be interesting to 
understand a detailed study of the changes brought about 
in the root exudate and the microbial population in plants 
from the time it is infected till it succumbs.

For the detection of streptomycin in treated plants, 
it is necessary to disinfect the tissues before the assay 
is made to destroy the microorganisms which are resistant 
to the action of sbreptomycin. 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 chemical.

Streptomycin sprayed on the leaves was absorbed 
and translocated into the various parts of the plants 
including the roots. The addition of one percent 
glyoerol enhanced the absorption. This is in keeping 
with the observations of earlier workers.

There was a reduction in the total microbial 
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 
metabolism of the plant especially in those which received 
10000 ppm. as expected from the initial ohlorosis. The 
reduction in number is chiefly reflected in the case of 
bacteria. To what extent has the antibiotic diffused 
through the root system is not known. This work is only 
of a preliminary nature and hence, no definite conclusion 
can be drawn with the results now available.



SUMMARY AMS OOffOlUSIOMS

S Studies on tho microbial population, viz., 
bacteria, fungi and actinomycetes in the rhizosphere of 
three varieties of tomato plants, which showed slight 
differences in their susceptibility to bacterial wilt, 
revealed that there was no significant difference between 
the rhizosphere population of the different varieties at 
twelve stages of plant growth. In all cases control soil 
definitely showed a significantly lower population.

The rhizosphere soil was found to favour the 
growth of Gram negative organisms whereas the control 
soil favoured Gram positive organisms. Throughout the 
life of the plant the proportion of the different 
morphological groups of bacteria was maintained steady.

There was positive correlation between the age of 
the plant and the microbial population up to the flowering 
stage, at which the maximum population was recorded. 
Thereafter, there was a gradual reduction in the 
population.

The soil depth influenced the rhizosphere of the 
same plant and also the non-rhizosphere microflora, the 
maximum number in both cases being noted in the middle
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zone of 3"-6" depth. The microbial population decreased 
gradually in deeper zones of above 6".

y  Bhizosphere of freshly wilted tomato plant 
contained a higher microbial population compared to 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 effect was pronounced 
when streptomycin was applied at a concentration of 
10000 ppm.

Absorption and trsnslocation of streptomycin 
readily took place when it was applied as a foliar spray. 
Addition of 1 percent glycerol was found to increase the 
absorption of the antibiotic. Presence of the antibiotic 
was traced in the roots of the sprayed plants 72 houra 
after the spray. The antibiotic could not be detected in 
the leaves 96 hours after spraying.

Streptomycin at a concentration of 10000 ppm. was 
toxic to the plants and produced chiorotic symptoms.

Treatment of the plant tissues with propylene oxide 
vapours was found superior to the other disinfection 
methods tried during bhe antibiotic assay.
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Plate I* Inhibition zones produced by the
different plant tissues viz*,
leafi stem and root after 24 hours ^
and 48 hours after the antibiotic
spray.





II* Inhibition zones produced by the
different plant tissues vis.9 
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