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I.INTRODUCTION

Tomato (Lycopersicon esculentim Milly is the world’s most important vegetable
crop because of its wide spread production. It is also known as a protective food due to its
special nutritive value. It is a rich source of minerals, vitamin A and C, organic acids,
cssential aminoacids and dietary fibres. The lycopenc pigment in tomato is a powerful anti-

oxidant and also helps in preventing the incidence of prostrate cancer.

At present, India ranks sixth in the world production of tomato with an area of 0.5
m.ha. and production of 8.4 m. . in 1999-2000 {Indian Horticulture Database, 1999). The
area under tomato in Kerala is very less due to various constraints and large-scalce cultivation
is mainly confined to the Palakkad district. Moreover, the tomato growing areas are facing a
threat from several diseases such as bacterial wilt, damping-off, fusarium-wilt, early blight,

late blight, mosaic. leaf -curl ctc. which result in yield losses.

The bacterial wilt caused by Ralstonia solanacearum is one of the most important
discase and cause extensive losses in tomatoes in Asia/South Pacific region (Persley, 1986).
The pathogen is soil-borne and is known for its endemic persistence in the soil. The disease
occurs in diverse soil types of acidic and alkaline nature. It affects solanaceous vegetable
crops in most states of India including Kerala, which is having a tropical humid climate
conducive for the incidence of bactenal wilt. The destructiveness of the disease is due to
wide host range for the causa! organism. The loss in yield may vary between 10.8 and 100
per cent depending on the varieties and stage at which infection occurs along with the

environmental conditions (Kishun, 1987).

The control of bacterial wilt discase (R. solanacearum) with chemicals is not
cffective due to the variation in pathogen. Morcover, indiscriminate use of chemicals may
result in development of resistant strains of the pathogen as well as affect the human health
due 1o direct consumption of vegetables. In this context, biological control of plant diseases

1s an alternative due to its eco-friendly nature, cost-effectiveness and long lasting cffects.



Arbuscular Mycorrhizal Fungi are ubiquitous in nature and are found in symbiotic
association with majority of crop specics. The role of AMF in rclation to P uptake, and
improving plant growth has been studied extensively, but its role as a biocontrol agent in
suppression of soil-borne pathogens is not extensively studied. Therc are reports of AMF
association with tomato reducing bacterial wilt caused by Pseudomonas solanacearum as
carly as 1979 (Halos and Zonlla, 1979). In India, many workers reported the beneficial
cffects of AMF as a biocontrol agent in inhibiting the growth of soil borne pathogens. Most
of the work related to AMF as biocontrol agents have been carried out under pot culture
conditions using commercial cultures. Therc are also reports that pre-inoculation of
mycorrhiza before pathogen infection protected the plant from the diseasc. However, work
related to the screening of native cultures of AMF and their rolc as biocontrol agents are

very less in Kerala.

Hence, the present study on “Biocontrol of bacterial wilt in tomato using arbuscular

mycorrhizal fungi” was undertaken with the following objectives.

* To identify promising AM fungi from tomato and maize rhizospheres of high and
low wilt incidence

* To screen AMT cultures against Ralstonia solanacearum

* To determinc the optimum inoculation time and inoculum density of AMF against
bacterial wilt

* To test the efficacy of promising AMF cultures under field condition
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2. REVIEW OF LITERATURE

Pseudomonus solanacearum, the bacterial wilt pathogen of solanaceous crops was
first reported by Burril (1890) in potatocs us an unidentificd bacterial pathogen from Umted
States. The first definite description of £, solunacearum causing bacterial wiit in potato,
tomato and eggplant was published by Smith (1896). . solanacearum (Smith.) is the causa!
organism of bacterial wilt of solanaccous and aiso aboutl 200 other plant species and 1s «
widely prevalent soil-bome pathogen (Kehman, 1953). Review of the new records of
bacterial wilt shuce 19365 shuw ed that wore than 20 additional families of plants are hosts of
P. solanacearum {Hayward, 1994). The bacterium has been renamed as Ralsionma
sofanacearum (Yabuuchi ef al., 1995) based on sequencing of 16SrRNA which led to the

, proposal of genus Ralstonia.

The occurrence of bacterial wilt of tomato in India was first reported by
Hedayathullah and Saha (1941) from West Bengal, Dass and Chattopadhyay (1955) studied
in detail pbout bacterial wilt of brinjal and estimated an averagejreduction in yield of 54.6 to

02.3 per cent dug to this diseasc.

The viability of the pathogen in the soil under laboraton;y conditions was 16 months
{Dass and Chattopadhyay, 1955) and in somc cases less than 1 year (Rangaswami and
Thirunavikarasu, 1904). R. solunccearum (Smuth) Yabuuchi ef al. invades the roots of
diversc plant hosts from the soil and aggressively colonizes the xylem vessels causing

lethal wilting known as bacterial wilt disease (Tuns-Kersten ef al., 2001 ).

In Kerala, studies on the various aspects of bacterial wilt of solanaceous crops were
carricd out by many rescarch workers, One of the major areas of study on bacterial wilt m
solanaccous crops was the screening and selection of germplasm for varietal resistance w
bactenal wilt i solanaccous vegetable crops (Rahim, 1972; Celine, 1981; Peter er al., 1984:
Rajan, 1985; Gopalakrishnan and Peter, 1991 Markose, 1996; Singh, 1996; Paul, 199%8).
The studies curried out by George (1973); Devi (1978); Nayar (1982) and Jyothi (1992)



pertained o the ctiology, survival and control of bacterial wilt pathogen ol solanaccous

vegelable crops.

Vevetable growers are suffering [rom heavy fosses every year due to this discase and
cultivation of solanaceous vegetables is getunyg restricted. The discase affects solanaceous
vegetable crops in most states of India and loss in yield duc to the disease 1n tomato has

been reported (o be as high as 90 per cent {Rao, 1976; Kishun, 1986).
2.1 BACTERIAL WILT CAUSED BY RALSTONIA SOLANACEARUM

The bacterial wilt caused by R. solanacearum has become a serious problem in the
cultivation of crop plants, cspecially solanaceous vegetables. The pathogen has a wide hpst
range and race differentiation, which makes it even more difficult to identify the pathogen
and control the disease. Under this section the identification of the causal crganism of
bacterial will in various crops especially solanaceous crops with the host specific race and

biovar causing the wilt discasc has been revidwed.

Gabr and Suleh (1998) isolated (he bacterial pathogen from brown-rot infected potato
tubers causing wilt of potato plants and compared for their pathogenicity in different hosts.
Bascd on the results of physiological and biochemical tests, it was identificd as racc 2 of

Burkholderia (Pseudomonas) solanacearum [R. solunacearum) Biovar 11

Gupta ef al. {1998) reported the occurrence of bacterial wilt in tomato i |limachal
Pradesh and the causal organism was 1dentitied as P. solunucearun [R. solunacearunt| and
its pathogeticiy was contirmed. Abdalla ef «l. (1999)1solated R. sofanccearum from willed
tomato plants and revealed that the isolated bacterium belonged to race T and biovar 4 of K.
sodengecarin. In o similar study, Garcia ef ol (1999 studied the bacteral discase of
tomato (c.v. RioGrande) n different localities in Venezuela and reported that all the isolaies

were R solanaccarem belonging to biovar 2A



Ner and Hsien (1999 demonstrated that baclerial \x;ill in some, but not all ccotypes
of Arabidopsis thaliana. were caused by strains of R. solanacearum. Khan et al., (1999)
identificd the causal organism of bacterial wilt of tobacco as K. solanaceqrum by fatty acid
profiles and pofymerasc chain reaction-restriction fragment length polymorphism (PCR-
RFLP) analysis. Physiological and biochemical test also confirmed this conclusion. Sharma
and Rana (1999) observed that in 1994-95, bacterial wilt caused by R. solunuccarum was
present in 80 per cent of 310 Zingiber officinade ficlds surveyed in Himachal Pradesh.
Huang er al., (2000} observed the occurrence of bacterial wilt of jute in some [ields in
Central Taiwan, Based on cultural charactenstics, physiological and biochemical propertics,
Biolog system and pathogenicity test, the causal orgamsm was identifted as R,
solgnacearum. The 1solate obtained in this study was race 1 and biovar 4. The pathogen
could induce wilting not only on jute but also on other solanaceous plants. Sumithra e a[.:
(2000) conducted a field survey in Kamataka during March-July, 1994 and observed that
bacterial wilt of eggplant was widespread in the state. They 1solated the pathogen and its
pathogenicily test was carried oul. The pathogen was identified as R. solanacearum.

Dookum er «/.. (2001) determined the genetic diversity among R. solanucearum
strains isolated from potato, tomato, beans and anthurium using RFLP technique. The
bacterium belonging to race 1 biovar 111 has heén reported in Mauritius on several crops and
plant species. James {20301) observed biovar differentiation of the Rafsionia isolates of
tomato, brinjal and chilii from 3 locations viz., Vellanikkara, Kumarakom and Ambalavayal
in Kerala, She identified the tomato isolate from Vellanikkara and chilli isolates from
Kumarakom and Ambalavaval as belonging to biovar 1l A and the brinjal and chilli isolates
of Vellantkkara, brinjal and tomato isolates of both Kumarakom and Ambalavayal as
belonging to biovar 111 She also reported that all the Vellanikkara and Kumarakom isolales

belonged 1o race 1. whereas the Ambalavayal 1solates belonged to race 3.

Osiru ¢r awl., (2001 reported that bacterial wilt was a serious devastating discase
limiting tomato producuon in Uganda and Worldwide. The causal organism was identificd

as R. soluanaccartn. The above mentioned reviews clearly points out that the pathogen R.



solanacearum has wide host range and it 1s the race 1 of the pathogen which cause wilting in

tomato.
2.2 FACTORS INFLUENCING RALSTONIA POPULATION IN THE SQOIl.

The Ralstonia population is influcnced by various environmental and soil factors.
The environmental factors like rainfall, air temperature and scason determines the pathogen
population. The soil factors cxert a much greater influence on the pathogen population. The
type ol soil. soil temperawure, sotl moisture, soil nutrients ctc. are some of the soil factors
mfuencing the pathogen population. The effect of these [actors 1s reviewed under this

seclion,
2.2.1. Environmental factors

Bora er al., (1990) conducted a ficld experiment to investigate the cffect of
environmental factors on tHe incidence of bacterial wilt caused by R. solanacearum of
tomatoes. They observed that bacterial wilt incidence was significantly correlated with soil
tlemperature, air  temperature and total rainfall. Small variations in an individual
environmental paranieter catised variations in wilt incidence and Relative Humidity had no
correlation with wilt incidence. They were of the opinion that soil temperatures from 25-30
"C accompanied by a maximum air temperature of 26-30 °C and monthly rainfall ranges
from 200-300mm favourced bacterial growth and multiplication resulting in severe wilt

ncidence.

Sunaina and Gupta (1998) studied the relationship between seasons and severity of
bacterial wilt ol potato under field conditions in the Kumaon hills of Uttar Pradesh. They
observed that i summmer the wilt incidence was high, presumably because high temperature
and rainfall during these months promote bacterial wilt development, contrasting with the

auntumn season when no wilted plants were obscrved. The soi! population of Ralstonia and



wilt incidence were maximum n July, the hottest and wettest summer month with mecan

minimom and maximum atr temperature ranging hetween 20.5 and 28°C.
ging

Hazarika and Das (1999} reported that wilt incidence was sigmficantly correlated
with mean temperature, rainfall and relative humidity during the crop growth period. The
influence of environmental factors on the Ralstonia population has not been studied in
detail. The available information in this aspect clearly denotes the role played by rainfall,

season and air temperature on the Raistonia population in the soil.
2.2.2 Soil factors

The soil factors arc known to exerl a much greater influence on the pathogen
population in the soil. The influence of soil factors like soil type, soil temperature. soil
moisture, soll pH and soil nutrient status on the pathogen population has been reviewed 1n
this section. Kcsiwval (1976) noticed survival of R. solanucearum for six months at 35°C
with 20-40 per cent moisture and for 24 months at 25°C with 60 per cent moisture under
natural conditions. He also reported that R. solanacearum survived at 30cm depth for 6
meonths in cultivated fallow land and at a depth of 9cm in weed fallow land.

; 5

Shekhawat er af., (1978) reported that . solanccearim survived in the hills, deccan
and central plateau and eastern plains in a variety of soil types having strongly acidic to
alkaline reaction. Shekhawat ef af., (1979) noticed that P. selanacearum persi'sted in the soil
in viable and virulent form at least for 2 years even in the absence of its host both in the hills
and plateau. They-also obscrved that the bacterium perpeluated, tlhc hills and m e
plateau, in sandy-loam, medium black, red and yeHlow and brown hill seils and under soil

pH ranging between 4.5 10 7.3,

Elsas er al., (2000) studied the survival of a selected R. solanacearum biovar 2
1solate, strain 1609 1n a loamy sand and silt loam soils to asscss the effect of temperature and

soil moisture content. At 12 or 15 and 20°C, a gradua! decline of the population densities



was observed in both soils, from the established 107 to 10° ¢fu g of dry soil to significantly
reduced levels, occasionally bordering the limit of detection (10% cfu o' of dry soil) in
period of approximately 90 1o 210 days. Soil type affected the rate of population decline at
20°C with the greatest decline occurring in loamy sand soil. Moderate soil moisture
fluctuations of approximatcly pF 2 did not affect the survival of R. solunacecrum 1609 in
soil. flowever, severe drought drastically reduced the population of strain 1609 in both the

s01ls.

Keshwai o wd., (20005 1evealed that alt differences in pathegen population and
diseasc incidence of wilt in different soils were statistically significant which indicated that
the so1l did affect the pathogen and the discase incidence significantly. They also observed
that Rewa sotl which was clay loam n texture exhibited highest degree of disease incidence
(71.5 per cent) and the lowest discase mcidence (25 per cent) was found in Balaghat soil
which was silty clay. The silty clay soil also had the lowest pathogen population, whereas
highest population of pathogen was observed in ¢lay soil. High sand content and low silt or
clay content of soils was found to be unfavourable for this pathogen and wilt incidence.
Similarly, Keshwal ¢ «f., (2000) studicd the effcet of water holding capacity (WHC) and
field capacity (FC) in different soils of Madhya Pradesh on the pathogen population and
disease index and observed that sandy-loam soil having i?.3 per cent FC and 34.6 per cent
WHC harboured muinimum number of R. solanacearum inciting 32.2 per cent wilt in tomato
crop. The effect of WHC and FC of soil on the pathogen was more evident in clay soil. The
clay soil having 66 per cent WHC and 36.2 per cent FC harboured more pathogen causing

more disease (03 per cent) as compared to clay soil having lower FC and WHC.

Yamazak (2001) investigated the relation between the development of bacterial wilt
induced by R solanvcearum and calcium nutcition in‘tomato (Lycopersicon escidentum 1.).
Increased Ca concentrations 1 the nutrient solution reduced the discase severity in the
seedlings of resistant cultivars. and deercased the population of the pathogen in stem. The
resistance was affccted by the Ca concentrations after infection with the pathogen, but not

before infection. suggesting that the Ca concentration of the cell walls before infection



. might not be dircctly involved in the Ca-dependent resistance. These results indicated that

the resistance of tomato to bacterial wilt was markedly affected by Ca nutrition of the host.

The review work relating to influence of soil factors on pathogen population clearly
indicated the role played by soil type, soil moisture, soil temperature and soil nutrition.
Sandy soils in general recorded low Ralstonia population whereas clay soils increased the
pathogen population. Among the soil nutrients, calcium was found to enhance the resistance

ol tomalo 1o bacterial wilt.

[
T

DIVERSITY OF ARBUSCULAR MYCORRHIZAL FUNGI (AMF)

The AM, fung are ubiquitous in nature and are found in symbiotic association with
the roots of higher plants. The AM fung are influenced by various factors including host,
environment and soil. So, there exists extreme diversity of AMF with changes in host,
environment and soil factors. The influcnce of these factors on the AMF diversity is
reviewed in this section. Lekha et al., (1995) observed that Glomus fasciculatim was the
most predominant arbuscular mycorrhizal fungus in organically rich forest soils of Kerala.
The presence of Sclerocystis coremioides and S. clavispora has also been recorded.
Similarly, Glomus microcarpum was the most predominant AMF spore found among the
diffcrent AMF species identified in both south and north Kerala (Potty, 1990, Hankumar
and Potty, 1999).

Mchrotra (1995) studied the mycorrhizal status of plants grown in an over burden
soil at open cast coal mine siles and observed the predominance of several specices of
Glomus including G. ambissporum, . marquratum, Acauwlospora scorbiculata and
Scwtellospora calospora. Trimurtulu and Johri (1998) reported that Glomus was the most
predominant genus and contributed more that 50 per cent of spore population in different
taral soils of Uttar Pradesh. They also observed that in general Gigaspora spp. were next to
Glonus spp. n distribution with an exception in loam soils where Acaulospora spp. were

next to Clonus spp.



Harikumar and Potty (1999) reported the presence of AMF 1solates belonging to the
specics of Acandospora, Gigaspora, Glomus, Scleorcystis and Scutellospora from the sweet
potato soils of Kerala. They also reported that the distribution pattern of AMF in soils of
southern and northerm Kerald varied considerably with southern Kerala soils harbouring 14
AMF  species belonging to  Acaulospora, Gigaspora, Glomus, Sclerocystis  and
Scutellospora, whereas soils of northern Kerala harboured 11 species belonging to these

genera, except Scutellospora.

Glomus sp. was observed as the predominant AMF species from difterent cowpcea
growing areas of Thrissur district (Beena, 1999). Beena et af., (2000) examined the diversity
. of arbuscular mycorrrhizal (AM) fungi associatgd with Iponoea pes-caprae of lhe
Moderately disturbed dunes (MDD) and Scverely disturbed dune (SDD) of West Coast of
India. The survey revealed the occurrence of 31 species in MDD and only 7 species in SDD.
Members of family Glomaceae were predominant followed by Acaulosporaceac and
Gigasporaceae. Pooled data indicated that Glomus mosseae wad most dominant, followed by
G.dimorphicum, Gigaspora gigantea, Acualospora taiwania, Glomus fasciculatum and
Glomus sp. 27ss. Glomus mosseae, . dimorphicum and Gigaspora giganfea Were most
common in both MDD and SDD. Raji (2002) reported Glomis sp. to be the predominant

AMF spore type from different tomato growing areas of Kerala.

The review work carried out by research workers are in confirmation with the
ubiquitous nature and diversity of AMFE with respect to crop, location, cnvironment and soil.
It 15-also scen that Glomus spp. are the most predominaat among AMFE and arc able (o

survive under diverse agroclimatic conditions.
24 BIOCONTROL OF BACTERIAL DISEASES USING AM FUNGI

Biocontrol potential of VAM fungi, which is a ubiquitous symbiont in the roots of

higher plants in cultivated soil has been realized (Gerdemann, 1968). Biological protection
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of the plants duc to VAM association was first reported by Saffir (1968). Withelm (1973)
pointed out that the interactions between VAM and plant pathogens in the rhizosphere have
important implications in biclogical control and like most 1nstances of biological control,
mycorrhizac can never confer complete immunity against root diseases, but impart a degrec
of resistance or tolerance against soil horne plant pathogens. The role of AMF in the
management of soil-borme diseases was well established (Schenck and Kellam. 197§;
Schenck, 1981; Dchne, 1982; Bagyaraj, 1984; Roscndahl, 1985; Smith, 1988, Jalali and
Chand, 1987; Azcon-Aguilar and Barea, 1997 and Kumar ef al., 2000). However, there arc

only few reports of hiological suppression of bacterial diseases by VAM fungi.

Reduction in severity of bacterial wilt of tomato caused by P. sclunacewrum was
reported by Halos and Zorilla (1979). They observed that prior inoculation of tomato roots
with Glomus mosseae reduced the bacterial wilt incidence in both baked and non-baked soil
to & per cent and 59.1 per cent respectively followed by dual inoculation (AMF 1 P.
solanacearum), where the wilt percentage for baked and non-baked soil was 37.79 per cent
i and 56.32 per cent comparcd to 90 per cent wilt ind¢idence in P. solanacearum inoculated

. plants.

Garcia-Garrido and Qcampo (1988) reportetl that tomato plants with AM fungi
reduced rhizosphere population of Erwinia caratovora. Garcia-Garrido and Ocampo (1989)
also studied the effect of inoculation of Glomus mosseae on Pseudomonas syringae in
~ tomato. They reported that dual inoculation of G. mosseae and P. syringae reduced the

population of the bacterium in the riuzosphere region.

Kobayashi (1991) observed that inoculation of VAM fungi along with application of
charcoal compost was eftective 1 reducing the level of bactertal wilt of tomato caused by /.
solanaceqrum under green house conditions. Suresh and Rat (1991) noticed that mycorrhizal
root extract significantly reduced the population of P. solunacearum. The population in

control was 154.74 x 10" cells ml", whilc in treated it was 86.25 x 10 * cells ml’'. Nasr



(1993) reported that mycorrhizal extracts from tomato roots infected with  Glomus

Jascicutatum reduced populations of . solanacearum in nutrient broth.

Sharma ef «f., (1995) obscrved reduction in bacterial blight of mulberry caused by
Pseudomonas syringae pv. mori due to inoculation of . mosseae and (5. fascicularum. Sood
et al., (1997) evaluated the cffect of five isolates of VAM fungi for the control of bacterial
wilt of tomato c.v. Roma. (. mosscae was found to be highly effective in promoting
germination. scedling vigour and completely controlling the disease till the termination of
potted experiment 48 days afler challenge inoculation with R. solunacearum (race [ biovar
I, followed by (7 fasciculatum, in which discase appearcd atter 35 days of challenge
inoculation. [n a similar study, Akbar {2002) studied the effect of VAM application on the
bacterial wilt incidence «caused by R. solanccearum in the tomato varieties Pusa Ruby and
Sakthi. He reported that the per cent wilt incidence of Pusa'Ruby at 60 DAP was 44.44 pcr
cent for control and for G. fasciculatum inoculated plants it was 25.93 per cent. However,
for Sakthi variety the control plants recorded 33.3 per cent wilt incidence and the

mycorrhizal treated plants recorded 7.4 per cent wilt incidence.

Raji (2002) reported a reduction in bacterial wilt incidence due 10 VAM inoculation.
;

The bacterial wilt mcidence recor(‘ied by the mycorrhizal plants of varicty Sakthi was 17.72
per cenl as against 44.25 per cent in uninoculated control. The VAM 1noculated plants of
variety BWR-1 recorded a five per cent reduction in wilt incidence compared to control.
Kumar and Sood (2002) observed that enrichment of soil with VAM and application of
bacterial antagonists viz., Pseudomonas fluorescens and Bacillus coreus reduced the wilt
incidence siginificantly as compared to control in tomato cvs. EC 191536 (modcrately
resistant) and Solan Gola (susceptible). The sync;_"gistic effect 1n the rcduction of wilt

incidence wus obscrved, when (. mosseae was combined with antagomists.
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3 INFLUENCE OF OPTIMUM TIME TFOR AM FUNGH INOCULATION ON

e8]
-

DISEASIL: SUPPRESSION

The plant pathogens and nematodes multply rapidly and gam access into the root
system of plants even belore mycorrhiza are able to estabhish symbrotic association with rool
system ot higher plants The myportance of opumum time for AME noculation 1s thus
mmportant. The mportance of pre-inoculation of crop plants wh mycorrhiza before the

attack by the pathopen 1s reviewed n this scction. Hussey and Roncadori (1982) observed

that the sequence m which piants are inoculated with a pathogen relative to the tine o!

VAM fungal inoculation might affect the nalure ot the mteraction. Hussey and Roncadori
(1982) reported that pre-colonization with VAM fungi 1s a realistic system {or containerized
or transplanted hosts that can be moculated with VAM tungi before they arc planted inlo

field soil.

Linderman (1985) stated that root mfection by fungal and nematode pathogens
preceded mycorrhizal root colomization. He reporied that the entry of these pathogens could
be prevented f mycor-hiza were allowed to precolonize the root system before they wic
attacked by the pathogen. The moculation method 1o pre-colomze the plams with the VAAM
fungus 2-4 weeks before pathogen mocufation was found to be the best time of VAR
moculation. This techmque allowed VAM fungs time to colomze roots before they were
challenged with the pathogen (Davis and Moenge, 1979, Thompson «f af, 1983;
MacGuidwin ¢ ai, 1985, Cooper and Grandison, 1986; Grandison and Cooper, 1986; Smith

et al, 1986).

fyer and Sundararzju (1993) mvestigated the nteraction of AMEF with /ythium
aphanidermatim and Meloidogyne copnita and found that the AME Glomus mudticanle
and G scicularmm sigmficantly enhanced growth of ginger and reduced the disease
incidence. They suggested that prior moculation with AMF was effective 1n ameliorating the

deleterious effect of the pathogen. Ansuva {1993) observed that pre-inoculation of AMFEF and
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dual moculation (AMF + Fusariun) enhanced plant survival and reduced wilt incidence of
Chick pea. Sivaprasad (1995) studied the azhukkal disecase (Phytophthora meadii)
development in Cardamom secdlings pre-inoculated with different mycorrhizat fungi. On
trunsplanting to the field of heavy pathogenic infection, complete disease suppression was
recorded in seedlings noculated with (7. mosseac even after one year. Baby and Rao (1996)
observed that prior inoculation of VAM fungi gave the best result for the control of Sheath
Blight incidence of rice [ollowed by simultaneous application. Inoculation of AM fungl after
the discasc cstablishment failed to protect the crop. The AMF inoculated black pepper
cuttings when planted in a diseascd {ield recorded significant reduction of disease incidence

in mycorrhizal plants (16.5 per cent) as compared to control (28.5 per cent) (DARE, 19906).

Azcon-Aguilar and Barea (1997) reviewed the work of arbuscular mycorrhizal
symbiont induced plant defense mechanisms in achicving disease suppression in various
host plants. He suggested that primary access of mycorrhizal fungi to host root system
resulted in utilization of carbon compounds necessary {or the growth of the pathogen and
thus provided protection against the invading pathogens. Vigo ef al., (2000) invedtigated the
mipact of colonization by arbuscular mycorrhizal fungus G. mosseae on tomato root
necrosis caused by soil bome pathogen Phytophthora parasitica. Seven and Silxteen days
after inoculation with zoospores of the pathogen, roots of plants colonized by VAM had 39
per cent and 30 per cent fewer infection loct respectively than those that were not
inoculated. At harvest, 26 days afier inoculation with the pathogen, 61 per cent of roots of
non-colonized plants were necrotic compared with only 31 per cent in VAM colonized

plants.

The 1mportance of pre-inoculation of mycorrhiza in discase suppression has been
very well emphasized by the research work camied out by many research workers. In
addition, the pre-moculation of mycerrhiza resulted in the development of mycorrhizal
seedlings which could be transplanted to the main ficid. This is particularly suited for
transplanted crops like tomato where we can develop mycorrhizal seedlings which has the

potential to restrict the discase development when transplanted to the main field.
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2.6 INFLUENCE OF AM FUNGAL INOCULUM DENSITY

Researchers secking to increasc plant growth stimulation or inoculum production
have carcfully studied the influence of inoculum density on root colonization and
subsequent sporulation. Baylis (1969) reported that greater moculum dosages would result
in no further increasc in root colonization once an upper himit of root colonization was
rcached. Daft and Nicolson (1908) demonstrated lower initial colonization levels in
tomatoes inoculated with low inoculum numbers than in plants which reccived large
inoculum dosage. Regardiess of inoculum level, similar colonization levels were achieved

by the end of the experiment. However, in annual crops with short growing seasons high

inoculum dosages may be required if maximum plant growth stimulation is to be achieved. |

The studies conducted by many researchers (Johnson, 1977; Carling e «/., 1979 and
Ferguson, 1981) have also shown that increased inoculum dosage resulted in increased

percentage root colonization.

Ortas (1996) inoculated Sorghum cv. SSV; and leek plants with four mycorrhizal
fungi and recorded maximum spore population with G. mosseae in sorghum and with
G, etunicatun n leek plants. He observed maxintum dry weight, phosphorus uptake and per

cent VAM infection with inoculum rate of 18g pot” in the soil with low phosphorus.

Lovato et al. (1999) reported that theoretically, one good propagule 1s sufficient to
assure arbuscular mycorrhizal infection, but in this casc the process of colonization miay be
too long to be of agronommie interest. In practical terms, however a good application rate 1s
about 1-2 kg of bulk soil inoculum m™ of scedbed (which means approximately 3000 to
10000 propagules). [n the case of higher seedling densities the inoculum density can be
fowered as the plantlets have @ ercater probability of encountering a propagule. Akbar
(2002) studied the percent wilt incidence for the tomato vaneties Pusa Ruby and Sakthi at
20DAP, 40DAP and OODAP under pot culture conditions. He inoculated (rlomus

fusciendatum @ 50¢ 35¢m’ pots. The AM infection 60 DAP for Pusa Ruby was 12.42 per
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cent and 11.11 per cent for Suktht. The wilt inctdence 60 DAP was 25.93 per cent and 7.4
per cent for Pusa Ruby and Sakthi respectively, when compared to 44.44 per cent and 33.33

per cent in control for the two varieties.

Rajt (2002) investigated the pre-inoculation effect of Eruthimapthi isolate (Crlonms
sp.) on the per cent will incidence of three tomato varieties Pusa Ruby, Sakthi and BWR-1
under field conditions in comparison with uninoculated Pusa Ruby, Sakthi and BWR-1. The
nursery was inoculated with Eruthiampathy isolate @ 500g m™ and it was observed that the
per cent wilt incidence of VAM inoculated Sakthi variety was 17.62 per cent compared Lo its
control (48.25 per cent) aller six weeks. Similarly, VAM inoculated BWR-1 recorded 38.33
per cent wilt incidence compared to 43.70 per cent for its control and variety, Pusa Ruby
recorded per cent wilt incidence of 98.75 per cent and 100 per cent for VAM inoculated and
uninoculated control respectively. Studies with inoculation ‘of rice cv. Ranjit with 20-200g
pot' of Acualospora sp. showed that a level of 100g pot” was best for plant growth and root
colonization. Dry weight of plants and root colomization was significantly higher in
niycorrhizal plants than non-mycorrhizal plants, but roof proliferation was lower (Singha er

al., 2000).

' The inoculum density was found to vary with the type of AME, host, soil factors ctc.
Moreover. it was observed that higher initial inoculum level particularly in annual crops
with short growing scason might be required if maximum plant growth stimulation 15 1o be
achieved. Thus, the optimum noculum density of AMF cannot be standardized, but has to

be lormulated based on specific agroclimatic conditions.
2.7 FACTORS INFLUENCING THE EFFICIENCY OF AM FUNGI

The AMF population 1 sotl is influenced by many factors that are broadly classificd
under two headings viz., abiotic and biotic factors. The major abiotic factor influencing
AMFT population 15 the soil factor. In addition, the effect of light intensity, seasons and

fertilizer application are also reviewed under this heading. The host plants are the most

/6



mportant hictic factor imfluencing AMF population n soil. In addition, the influence of

other soil microflora 1s also reviewed 1 this section.
2.7.1  Abiotic factors
2.7.1.1 Soil factors

The arbuscular mycorrhizal fungi popularly known as AMF are symbiotic {ung:
associated with the roots of higher plants. The soil factors thereforc exert maximum
influcnce on the AMF. The influence of various soil factors such as soil type and tillage, soil
pH, soil moisture, soil temperature, sot! salinity, heavy metal accumulation and sotl fertility

on AMF have heen reviewed in this section.
2.7.1.1.1 Soil type and tillage

Bakersphicegal  (1953) obsetved that  light textured soil supported the
endomycorrhizal fungi to sporulate heavily, but their survival was generally more in loamy
soils than in sandy soils. Potty (1990) qbserved highest spore load in alluvial soils followed
by sandy and sandy loam soils. Trimurtétlu and Johrt (1998) reported that silty clay loam soil
recorded the highest population of VA mycorrhizal spores and the lcast was recorded by

loam soils.

McGomugle et ol {1990) proposed the hypothests that there is @ hiyphal network n
the sotl which can be reactivated by.new fungal development and that disturbance of the soii
damages this network and consequently 1ts functioning. They also observed that the P
uptake in undisturbed soil even when there was no difference in the level of infection in the
plant roots. Jasper ef al., (1991} observed a lowering of AMF infectivity in disturbed soil.
Miller and Jastrow (1992) reported that there was an array of interactions between the
symbiotic association and modifications in soil conditions and tillage deeply affect the

performance ot AMF,



2.7.1.1.2 Soil pH

Green er al., (1976) obscrved that the pH optimum for spore germination would
probably differ with each VAM species and the environment to which each is indigenous.
They observed that Gigasporu coralloidea and G. heterogama from more acidic soils
germinated best at pH from 4 to 6. Il was also noticed that G. epigaeum occurred over a
wide range of soil pH with optimum germination occurring between 6 and 8. Gerdemann
and Trappe (1974) observed that G. mosseae common in alkaline flatland soils germinated
well on water or soil extract agar at pH 6 to 9. T‘hus, it appcars that pli can influcnce the
germination of VAM fungal spores, but germination seems to occur within a range which is

still acceptable for plant growth.

AMF species have distinct behaviors at different levels of pH as demonsirated by
Graw (1979). In this work, it was shown that plant growth was more affected by arbuscular
myrorthizal symbiotic efficacy than by the level of root colonization which means that it
was not the extent of development of the fungus itself that was impaired but the functioning
of the symbiosis. This reinforces the i1dea that AMF must be chosen according to the soil

charactenstics. Young er ¢/, (1985) reported that VAM spores were highly influenced by pH

of the soil than any other factor.
2.7.1.1.3 Soil moisture

The influence of soil water potential on VAM fungal spores has been studied by
Daniefs and Trappe (1980) using G. cpigaeum added to silt loam of varied moisture
contents. (r. epigacum spores germinated best at moisture contents between field capacity
and soil saturation. Below field capacity, germination declined with no germination
occurring below -31 bars. Koske {1981) studied the effect of soil water potential on
germination of Gigasporu gigantea placed on sand to which concentrations of polyethylene

glycol were added. G. gigantea germination was strongly inhibited at — 10 bars but higher

/8



levels of germination could eventually be obtained at low water potential, if spores were
incubated longer. He further observed that germ tube length was reduced at low water

potential.

Nelsen and Safir (1982) observed that greater root colonmization eccurs in drought-
stressed plants than in plants receiving adequate water. They suggested that low moisture
levels could reduce the diffusion rate of nutrients such as phosphorus and decrease the
availability of these nutrients to the plants, Graham and Timmer (1984) and Fitter (1988)
have reported that the higher resistance of mycorrhizal plants to drought may m many cases
be explained by a better nutrition of the plant. Experiments with Figna and Soybeans led
Auge ef al., (1992) to conclude that mycorrhizal plants present greater resistance to drought
and /or faster recovery after a stress period du.e to either a better performance of the
mycorrhizal roots in extracting water from the soil or to a different hydraulic relation
between roots and shoots caused by the presence of AMF. However, Kaushal (2000)

obscrved hat spore population of VAM wus negatively correlated with soil moisture.
2.7.1.1.4 Soil temperature

Furtan and Fortin (1973) and Hayman (1974) reported that higher temperatures
generaily resulted in greater root colonization and increased sporulation. Schenck and
Schroder (1974) studying the cilects of temperature on VAM cstablishment, observed that
maximum arbuscle development occurred near 30°C but the mygelial colonivation of the
rool surlace was greatest between 28 and 34°C. However, sporulation and vesicle

development was greatest at 35°C.

Schenck et al., (1975) suggested that the temperature range over which germination
occurs also depend on the species of VAM fungi and environments to which they are
ecologically adapated. They observed that Florida isolates of Gigaspora sp. germinated best
on soil extract agar incubated at 25 to 35°C, while Glomus mosseae from a cooler

Washington state environment germinated best when incubated at 18 to 20°C. Daniels and
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Trappe {1980) observed that Glomus epigaeum from Oregon germinated best at 22°C.
Moreover, Koske (198!} found optimum germination for Gigasporu gigantea from Rhode
istand to be 30'C. Ferguson (1981) noticed that pcriods of ccld stress followed by
maintenance of high soil temperature increascd colonization and sporulation, Smith and
Bowen (1979) and Graham er «/., (1982) hypothesized that high temperature increased both
"~ VAM fungus growth and root exudation, which could lead to increased VAM colonization.
It must be remembered that soil temperature are far more important in the production of

VAM inoculum than air temperature.

2.7.1.1.5 Soil salinity

Salinity is a common problem in arid areas and it may affect mycorrhizac. AMF
associated with citrus roots or soils had chlamydospores positively corrclated with pH and
Sodium which are indicators of soil salinity (Nemec et ¢l., 1981).

Ojala er al., (1983) reported that arbuscular mycorrhizac may increasc plant
tolerance to salimity either by improved P nutrition or by other mechanisms which are not
clear. Improved growth and productivity of Sesbania grandifloruy under salinity stress
through Glomus macrocarpum inoculation was reported by Giri and Mukerji (1999). The
percentage VAM colonization of roots, production of VAM fungal spores in the rhizosphere

and number of root nodules were significantly higher.

2.7.1.1.6 Accumulation of heavy metals

The major fimiting factor to plant growth in acid soils is often related to high levels
of cxchangeable aluminium which seriously impair root development and alfect P
absorption. However, arbuscular mycorrthizae may help to overcome this problem.
Maluf et af., (1988) reported the role of arbuscular mycorrhizas as an important factor of
adaptation of plants to soils with high levels of aluminium. They worked with two varieties
of Laeucaena lewcocephala, one tolerant and another intolerant to acidity and soil

aluminium and observed that the mycorrhizal effect was more pronounced on the intolerant



variety. Mikanova et af., (2001) determined the effect of heavy metal pollutants (Cd, Pb, Zn
and As) on the soil microflora and their activities. Increased content of heavy metals in the

sotl - plant system resulted in a decrease i1 VAM colonization paramecters.
2.7.1.1.7 Soil fertility

The effect of high soil fertility on root colonization depends on the host plant grown.
Strezemska (1975) observed that root colonization of rye, wheat, barley and oats was
reduced after years of cropping in highly fertilized soils, but colonization of bean roots was
not similarly reduced under these conditions. Menge et al., (1978) reported that much of the
influence of soil fertility on root colonization is plant mediated. The VAM root colonization
- is inhibited at high phosphorus levels because of the decreased root exudation. Thus, the
content of phosphorus in the roots can mediate root colomzation by VAM fungi (Ratnayake

et al., 1978; Sieverding, 1979; Graham er af., 1981; Nelsen and Safir, 1982).
2.7.1.2 Light intensity

Many workers studied the effect of light on the AMF sporulation and root
colonization. All these studies have been done under green housc conditions and more
‘rescarch .is necessary to sce whether the results apply to the field as well. It was generally
observed that increased light intensity increased percentage colonization (Peyronel, 1940;
Hayman, 1974; Furlan and Fortin, 1977 and Ferguson, 1981) and Boullard (1957, 1959);
Tolle {1958); McCool (1981) and Johnson et al., (1982) noticed that daylengths also

increased root colonization.

Hayman (1974) and McCool (1981) reported that a photoperiod of more than 12 hr
was important than light intensity in providing high levels of root colonization. Daft and El-
Giahmi (1978) reported that if suitable daylength was provided, increased light intensity
might still increase colomzation. Ferguson (1981) observed that fow light intensily can

significantly reduce root colonization, but its effect on sporulation may be less pronounced.



2.7.1.3 Effect of fertilizers

It is widely accepted that maximum root colonization and sporulation occur 1n soils
of low. fertility, It is observed that phosphorus at high levels significantly reduce root
colonization (Kruschcheva, 1960; Daft and Nicolson, 1968; Hayman, 1970; Ross, 1971 and
Khan, 1972). Sumilarly. application of nitrogen fertidizer not only reduced root colonization
but suppressed spore germination as well (Hayman, 1970, 1975); Porter and Beute, 1972
and Redhead, 1975).

Bevege (1972) Tound that root colomzation increased as nitrogen content inereased,
if phosphorus levels were moderate. However, at higher levels of phosphorus nitrogen

applications were inhibitory.

Daniels and Trappe (1980} observed that addition of nitrogen and potassium did not
apparently stimulate or inhibit germination. Koske (1981) obscrved no difference in
germination of Gigaspora gigendca spores regardless ol phospliorus concentrations. Siqueria
et al., (1982) however obscrved that a phosphorus amendment increased sporc germination
on water agar, but nitrogen and potassium amendments had no effect. Jalali and Thareja
(1985) reported that in phosphate rich soils mycorrhizal density was poor, while root

samples tron soils of low phosphorus status had extensive mycorrhizal colanization.

Manjunath and Bagyaraj {(1980) rcported that the application of phosphorus as
Superphosphate  did not reduce (he percentage root  colonization by VAM  fungi
(7. fascieularum. but increascd the extramatricial chlamydospores i the soil. O'Keefe and
Sylvia (1991) observed that heavy P fertilization cause reduction in root colonization by
AMF and this may cause a decrease in the concentration of Cu and Zn in plant tissuc,
Steenivasa (1994} studied the response of ¢hilli to inoculation of VAM fungi at different
phosphorus levels o the ficld. Root colonization and sporufation by the VAM fungi

G macrocarpon md G, fascicrdatum ercased with the additton of P oupto 36.2 kg ba 7, but
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decreased with further increase in P. Majjigudda and Sreenivasa (1996} reported that per
cent root colomzation and spore count of G. fuscicrlatum in wheat were increased with

increase in P level upto 75 per cent of the recommended dose.

Devt and Sitaramiiah (1998) observed increased root colonization of black gram by
G. fasciculatum and G. constrictum In superphosphate treatment when compared to rock
phosphate treatment. Fathima ez al., (2000) studied the effect of different levels and sources
of phesphorus on VAM mycorrhizal root colonization and spore load in mulberry cv.
Kanva- 2 scedlings. In saplings inoculated with (. fasciculatum root colonization was
highest with P at 30 ke ha' wi™' in the form of DAP. In the case ol (7. mosseae inoculated
seedlings. root colonization was highest with application of P at 30 kg ha™ yr'" in the form of
MRP (Mussoric Rock Phosphate). Spore load in the mulberry rhizosphere was siginificantly
higher with p applied at 30 kg ha! yr'] as MRP than with at thc recommended rate of 120 kg

N - L
™" yr'" as SSP.

Alloush et al., {2000) reported that the percentage root colonization of VAM
(Cr. clartm) mereased two fold or more when mycorrhizal plants were grown with organic
matter (12.25 g kg'l) + soluble phosphorus (50 mg K H ; PO 4 kg'') and orgunic matter +
rock phosphate (200 mg P kg ). Kaushal (2000) observed that sporc population was
negatively corrclated with organic carbon and soil phosphorus. However, there was no
correlation m spore population and percent of root colonization with regards to changes in

soil mtrogen.

Sharma and Adholeya (2000) reported that a positive response to mycorrhizal
moculation was evident at lower levels of P only. The percentage of root length colonized
by AM fungr deercased {rom 31 percent to three percent, as the concentration of P increascd

bevond 14 ppm soil P,
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Valentine ef af., (2001) studied the interactions between phosphorus supply and total
nutrient availability on mycorrhizal colonization. Plants grown at low P with high

concentrations of other nutrients had the highest VAM infection. _
2.7.1.4 Seasons

VAM fungal population have been reported to show seasonal variation based on the
spore numbers isolated (Mason. 1964; Hayman, 1970; Sutton and Barron, 1972 and Black
and Tinker, 1979). Sail and Khan (1975) have reported increased VAM spore population in
winter months, Singh er /., (1992) correlated the variation in spore density and VA
mycorrhizal colenizatien of kinnow and rough lemon seedlings with change of season. The
infection of VA mycorrhizal fungi was observed maximum in June and minimum in
November. The maximum and minimum spore populations of endophytes in soil were

recorded in June and Oclober respectively.

Mago and Mukerji (1994) observed seasonal variation in the percent root
colomzation with VAM fungi. They noticed that the lowest colonization was during winter
and highest during late summer and autumn. Shamin et af. (1994) also recorded seasonal
variation in VAM colonization on perennial plant species and found maximum colonization
in spring and then it gradually decreased in the following season reaching munimum in

winter,

However. Requena er o/, (1990) reported that climatic vartation influenced the
-selection of AMF or regulated the incidence of certain specific strains in the soil. Bhaskaran
and Selvarg) (1997) observed a relatively high fungal spore density during the summer
season at all four different coastal locations of Tamil Nadu. Harikumar and Potty {1999)

noticed species variation of AMF 1n soils of southern and northern parts of Kerala, The

marked difference obscrved in the species diversity can be attributed to the influcnce of

agroclimatic differences with the northern part of Kerala experiencing heavy-rainfall (4000

mm) than the southemn part (1500 mm),
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Kaushal (2000) reported seasonal variations in the spore population. The number of
spores was highest in the rhizosphere soil of Acacia nilotica during the months of July and

August and lowest during summer (May and June).

The importance of soil factors on the AMF population has been clearly demonstrated
by the studies conducted by many research workers. The undisturbed soil greatly favoured
the AMF population and diversity. The sotl pH acceptable for plant growth was also suited
for the germination of AMF spores. It was also observed that low soil moisture potential
favoured the AMF population in soil. A soil temperature between 28 — 34°C favoured AMF
root colonization and it was found that soil temperature was far more important for the
production of VAM incculum than air temperature. Heavy metal accumulation and high soil
fertility reduced the AMF population and root colonization. The increase in light intensity
and photoperiod had a positive influcnce on the growth of AMF and root colonization,
Among the fertilizers, heavy P fertihization was found te decreasc rool colonization. The
AMF spore population and diversity werc also found to be influenced by seasonal variation.
Thus, 1t was obscerved that (he various abiotic factors imdividually and in combination play
an mportant role in determining the AMF spore population and the extent of root

colonizalion.
2.7.2 Biotic factors

The AM [ungi are found n symbiotic assoctation with roots of higher plants.
Therefore, in addition to abiotic factors the biotic factors like host, genotypic vanation
among the host, cropping sequence, rhizosphere effect and root exudates also-exert an cqual
influence in determining the AMFE population in soil. In addition to host factors the soil

microflora also inlluence the AMF population in soil.

2.7.2.1 Host facrors

Bayhs {19069) suggested that no evolutionary stimulus for spore production existed,

if root growth was not intermittent. He found that in temperate climate where root growth by



perennial plants is more or less continuous, few spores were produced despite relatively high

levels of root colonization.

Mosse (1973) reported that certain VAM species may be more efficient in
stimulating the growth ol certain plant species, but each VAM fungus is generally able to
colonize every VAM host species. The incidence of VAM fungal species (determined as
spore numbers in soil) depended upon the plant specics which was colonized. It appeared
that the host plant could affect sporulation and possibly survival of VAM fungi
(Kruckelmann, 1975; Schenck and Kinloch, 1980). Danicts and Trappe (1980} obscrved no
additional stimutation ot germination in the presence of host roots and germination occurred
equally well in the prescnce of non-host or ectomycorrhizal plant roots which could lead to

reduced populations of VAM fungt in soils,

Cultivation in general and monoculturc in particular reduced the spectrum of species
found in a soil and relatively few species were present after several years of continuous
culuvation {Allen and Boosalis, 1983: Daniels and Bloom, 1983). Brundrett ef «/.. (1996}
suggested that factors like cuitural practices and vegetation in the locality may also be
contributing in deciding the dominance of & particular AMF spcoics,

2.7.2.1 Cropping sequence

The number of growing scasons in the absence of a host plant apparently influence
VAM survival whether the sotl is fullowed or cropped to a non-host. Hayman {1970) in
samipling wheat plants through a growing scason, ohserved that root colonization and spore

production increased through the scason, peaking just prior to harvest.

Black and Tinker (1979) reported that the spore levels gencrally decreased by the
cnd of a barley growing season, but a greater rate of decrease was evident in [allowed or
non-host cropped soil. They also noted that a year of fallow or non-host cropping reduced by

half the colonization level 1n the subsequent barley crop. In the case of monoculture of non-
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host plants, germination in the absence of host roots could be detrimental and resulted in

reduced populations of VAM fungi in the soil (Powell, 1979).

Ocampo (1980) however observed no difference in co_lonization levels whether
plants were grown in soil kept tallow lor 10 weeks prior to planting or in soil amended with
moculum stored under refrigeration. These results suggest that the length of time a host 1s
absent may influence the amount of inoculum that survives, Ocampo et al., (1980) also
suggested that VAM fungi may be able to derive some benefit {from non-host plants and that
non-host cropping may favour the development of VAM fungi more than fallowing. The
greatest imitial root cotomization occuwrred m soil pre-cropped with a host plant, more root
calonization oceurred o soil pre-cropped with o non host plant than i so1l previously

fallow: After 8 weeks. however, the colonization level was similar in all plants,
2.7.2.2 Genotvpic variation of the lost

St. John (1980} observed that plants might vary in their dependence on the symbiotic
association with AMF duc 1o their physiological and/or unatomical differences.
Trouvelot er af.. (1982) reported dilferences among old and more recent wheat varicties in
their receptivity to AMF. Potty (1990} conducted a detailed survey on AMF association in
tuber crops grown in different soil types and a observed wide variation in spore population
and AMF colonization with host genotype. The dependence ol citrus on arbuscular
niveorrhizae wus related to differences among root stock propertics such as root anatomy
and plant growth rate. and that plants dependent on mycorrhiza have mectabolic
characteristics that stimulated infection, which did not occur in less dependent root stocks

(Graham and Sylvertsen, 1985; Graham et «f., 1991).

Guillemin et al., (1992) in their work with pineapple observed that there was
specificity among plant varietics and (ungal isolates regarding stimulation of plant growth.
Plants of the Qucen and Smooth Cayenne varieties grew better when inoculated with

Glomus sp. {isolate LPA 21) than wiath Glons cluriun, Seuttelospora pellucida ol Glonus
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sp. (isolate LPA 23), while plants of Spanish variety showcd highest growth increase for

Glomus sp. (isolated LPA 25).

Sivaprasad (1993) reported the influence of host genotype and soil types on AMF
‘assoctation in cardamom, pepper, ginger and turmeric. All these works point out the
necessily of taking into consideration the existence of arbuscular mycorrhizal symbiosis in
the selection processcs, since greater yields at lower costs can only be obtained when better

fitness ol plant species or variclics to this association is exploited,

2.7.2.3 Rhizosphere effect and root exudates

The presence of plant roots causes a rapid and intense stimulation of the microbial
population in the rhizosphere region (Hiltner, 1904). Hepper and Mosse (1975) observed
that only about 30 per cenl (on average) of the inoculated spores readily germinate
ndicating a certain degree of soil fungistasis towards AMF spores. They also observed that
the proximity of roots to spores could overcome such fungistasis. Mosse and Heppcr {1975)
and Powell (1976) showed that the initial direction of germ tubes produced by germinating

“spores of AMF was not influenced by the presence of host roots.

Smith and Walker (1981} observed that mycorrhizal colonization was initiated at the
zone of elongation from where root exudation was the greatest. ‘Grabam {1982) ohserved
that germimation of Glonms epigacum spores was increased and that germ tube length was
greater when spores were cxposed to root exudates, The germ tubes of these treated spores
also branched more {requently than non-treated spore germ tubes. Volatile exudates released
from roots were responsible for a chemotropic response by aerial germ tubes of (igaspora
greantea (Koske, 1982). There was indirect evidence that volatile organic compounds act as
messengers affecting dircction and /or growth rate of the germ tubes of AMF (St. John et af..

1983},
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Barca (1986) observed thal the contribution of autotrophic higher plants o the
mutualistic relationships of the arbuscular mycorrhiza (AM) appears to begin betore the

AMEF have been established in the root cortex. Becard and Piche (198%a} observed that the

presence of a growing root significantly stimulated the growth of AMF fungi even when

there was no root fungal contact and active fungal growth ceased up on root removal. In
.ano{hcr experiment, Becard and Piche (1989b) used transformed roots of carrot to ascertain
the effects of some root metabolites on the axenic growth of AMF. They demonstrated Lhat
the hyphal growth of Gigasporu mdrgarfta was stimulated greatly by a synergistic
interaction between volatile compounds from the root and other root exudates, Root volatiles
alone provided little stimulation and root exudates alone had no effect. It was also apparent
that CO; was a critical root volatile involved in the stimulation of hyphal growth from
spores of AMF. Becard and Piche (1989b) and Gianinazzi-Pearson er al., (1989} suggesicd
the presence of flavanoids as active components in the root exudates which could actively

stimulate growth of AMF.

Koske and Gemma (1992) reported that volatile compounds relcased by roots acted
as a common form of chemical communication between the microbial components 11 soil by
thetr ability to move over greater distances and this is especially important to AMF as they
can be stimulated by plant signal far from the root surface. Root exudation affected the
saprophylic growth and development of AM fungi by acting on the rate of the hyphal
growth, frequency of branching and direction of growth {Koske and Gemma, 1992;

Glovannetti ef af., 1996).
2.7.2.5 Interaction between soil microorganisms and AM fungi

Gritfin (1972) observed that the activity of soil microflora influenced by soil

temperature may affect the rate of VAM hyphal lysis or hyper-parasitism of spores. It was

noticed that bacteria depleted the nutrients around spores, thus increasing the leaching ol

nutrients from spores and induced autolysis of fungal spores. Old and Wong (1970}

suggested ihat bacteria can penetrate spores but more commonly remain on the spere
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surface. while producing {ungal cell wall degrading enzymes as well as enzyvmes to
disintegrate the fungal protoplasm. The presence of the nematode Meloidogyne arenaria
completely negated the heneficial effect of the mycorrhizal fungus Glomus fusciculatim n

grape vine and reduced mycorrhizal root colonization.

Ross and Ruttencutter (1977) suggested that the comparative susceplibility of VAM
fungal specics to hyperparasites probably influenced their survival in sotl and may also
influence the competitive ability of these [ungt. The fungi most frequently found to
hyperparasitize VAM fungal spores belong to the Mastigomycolina with a zoosporic stage
in their life cycle which included Rhizidiomveopsis sp. (Schenk and Nicolson, 1977
Sparrow, 1977), Phivctochytrium sp. (Ross and Ruttencutter, 1977; Daniels and Menge,
1680) and a Pyrhiwm like fungus (Ross and Rultencutter, 1977). Anderson and Patrick
(1978) discovered that the perforations and depressions in spores were caused by vampyrid
amoebae which could constrict their bodics sufficiently to pass through the nucleopore
filters.

Krishna er «l., (1982) studied the intcraction between the VAM  fungus
(. fasciculatwm and the actinomycete Streptomyces cinnamomeus introduced into the
rhizosphere of finger millet. Individual inoculation of either organism resulted in enhanced
plant growth, whercas sinﬁlllaneous inoculation had an antagonistic effect on Céllch other

each suppressing the growth and multiplication of the other in the rhizosphere.

Wamock ez af., (1982) observed that leek plants colonized by Glomus fusciculatum
failed to show a growth response. if Collembola or Springtails were present. They suggested
that m the presence of (_Iollel.nbolu, the VAM I’ungu-s might not be active or that (Toilcmbola
might have grazed on external VAM hyphae. Sylvia and Schenck (1983) recorded inhibitory

effect of certain fung! including Trichoderma sp. on spore germination of Glomus spp.

Linderman (1985) correlated response of mycorrhizal plants o mycorrhizosphere
and obscrved (he microbial community stimulated the development of  arbuscular

mycorrhizal fungal hyphae and rhizomorphs and suppressed the growth of soil borne
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pathogens. Mvyeelial growth and sporc germination of (v, mosseae was stimulated by the
presence of Trichoderma spp. under axenic conditions {Calvet ef «l., 1992). The effect was
duc to fungal exudates in the presence of moderate concentrations of carbondioxide.

Wyss ef al., (1992} reported the inhibition of mycorrhizal colonization by saprophytic fungi

According 1o Calvet er al, (1993) the combined (noculation of Trichodernia
anreoviride and (. mosseae resulted 1 synergistic effect on the growth of marigold (7egetes
erecta). The synergism between the fungi imparted host protection against Pythim witimom,

Datnoff et af., (1995) reported that root rot disease severtty was significantly reduced

when a combinatfon of T, ficrzianum and (. intraradices were used in tomalto.

The host factors was found to influence the AMF population in soil as these fungi are
found in symbiotic association with the plant roots. Morcover, it was also observed that
monoculture reduced the spectrum of AMF species found in soil. The length of time a host
was absent and variation in host genotype mfluenced the amount of inoculum that survived.
The tmportance of root exudates has also been emphasized fin the review with the root
exudates, especially volatile organic compounds acting as messengers affecting growth rate
and dircction of growth of germ tube, It was also observed that soil microorganisms
slimulaltlzd the growth of AMF hyphae and rhizomorphs and suppressed the growth of soil-
bome pathogens. However, soil microorganism inhibiting the AMF have also been reported.
Thus, the selection of AMFE should take into consideration the symbiotic association the
fungus has with the root systcm of higher plants together with their intcraction with soil

microflord.
28 PERFORMANCE OF AM FUNGI UNDER FIELD CONDITIONS

Khan (1972 and 1975) carried out the trials on VAM inoculation of maize and wheat
and found very large growth responses in shoot dry matter and grain yield to mycorrhizal
inoculation. The mycorrhizal scedlings were pre-inoculated before transplant and the field

sotls were deliberately chosen to have low populations of indigenous mycorrhizal fungi.
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Saif and Khan {1977) reported a 290 per cent response in grain yicld to VAM
inoculation with a similarly large response in vegetative growth. The mycorrhizal plants
were inoculated as seedlings in the glasshousc and transplanted to the ficld at 4 weeks old
and approximately 85 per cent of the root system were already mycorrhizal. Build up of
mycorrhizal infection in the control plants was very slow with only 20 per cent of the root
system mycorrhizal with the indigenous fungi after 3 months. They concluded that a large
part of the apparent responsc to inoculation of the barley crop was duc to the pre-inoculation
of the seedlings. Menge et al., (1978) obscrved decreased transplant shock in mycorrhizal

avocado plants rather than in non-mycorrhizal.

Johnson and Crews (1979) transplanted Azalea with or without prior VAM
inoculation into an unsterilized ficld site and found much better survival and growth of the
imoculated plants at 4 months after transplant. This demonstrated the long-term respenses ol
VAM inoculation in unsterilized field soils. Islam and Ayanaba (1981) carried out a field
experiment to compare pre- -noculation (and subsequent lransplammg) with seed inoculation
directly mto the field. Both inoculation techniyues increased plant shoot dry matter and
nodule matter exactly over control plants. Grain yield data, in which VAM inoculation in the
ficld seed bed carried out,was increased by 50 per cent and that of pre-inoculation treatment

+

by 26 pcr cent.

Powell and Bagyaraj (1982) reporied that VAM inoculation in the seed furrow lcad
to highest mycorrhizal infection levels and best growth responses. Sréc:amulu and Bagyuraj
(1980) inoculated chilli nursery beds with fourdifferent VAM fungl, G. fasciculatum, G.
albidun, (; macrocarpum and isolate 1y and mycorrhizal seedlings were transplanted to the
field. Inoculation of G. fusciculatun resulted In maximum increase in plant height, number
of flowers. shoot dry weight and yield. Akbar (2002) conducted a ficld experiment to étudy
the eficct of G. fusciculatum 1y controlling the bacterial wilt incidence of the tomato varicty
Sakthi. Mycorrhiza was inoculated at the time of sowing @ 50g pot” 10 raise seedlings for
rransplanting to the field. The G. fasciculatum treated tomato plants recorded increasc in

plant height. wet weight, dry weight, root length and vield over control. The wilt incidence
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of the VAM inoculated plants were 65.78 per cent when compared to 73.84 per cent in

control.

Raji {2002) nvestigated the effect of the Eruthiampathy isolate (Glomus sp.) on the
percent wilt incidence of three tomato varictics Pusa Ruby, Sakthi and BWR-1 under field
conditions. The tomato scedlings were pre-inoculated with the native 1solate @S00g m” in
nursery beds. The percent wilt incidence of the variety Sakthi and BWR-1 were
considerably less, when compared to control, wluch recorded 100 per cent wilt. She also
observed a marked increase in fresh weight, dry weight, root weight and fruit yield over the
uninoculaled plants. The percentage root colonization and VAM spore count also rccorded

an increase 1n mycorrhiza inoculated plants over that of control.

The pathogen, R. solanacearum was found to be associated with the bacterial wilt
discase of many crop plants including solanaceous vegetables. The bacterium belonging to
race 1 was found to incite the bacterial wilt in tomato. Both environmental and soil factors
influence the pathogen population m the soil. Sandy soils generally recorded low Relstonia
population and the pathogen was found to survive bver a wide range of pl. Higher calcium

content in soil however imparted resistance to the plants agaimst the bacterial wilt pathogen.

The AM fungi arc ubiquitous in nature and found in symbiotic association with the
roots of higher plants. Among the diverse types of AMF, Glomus spp. was found to be the
mosi predominant genus. The role played by AMF as a biocontro] agent has been proved
beyond doubt. It 1s also ebscrved that pre-inoculation of plants with AMF provides much
greater protection against soil-borne pathogens. The optimum dosage of AMF varied with
the host typc and soil fuctors. It was obsgl‘\-*cd that higher initial inoculum ‘dcnsil_\,-'
particularly in annual crops with short growing season may be required, if maximum plant
growth stimulation 1s to be achieved. In addition, various abiotic and biotic factors cxert
their influence on the AMLE spore germination, population and root colonmization. The
performance of AME n the ficld has not been studied extensively, but the available

information suggests that AMF is able to enhance the growth and yield of crops in the field.
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3. MATERIALS AND METHODS

The studies on ‘Biocontrol .01‘ bacterial wilt in tomato using arbuscular
mycorrhizal fungi’ was conducted at the College of Horticulture, Vellanikkara, Thrissur
during the period 2000-2002. The isolation and identification of AM fungi from tomato
and maize rhizosphere of high and low wilt incidence, screening of AMF cultures against
Ralstonia solanacearum under pot culture conditions, determination of the optimum time
of inoculation and inoculum density for the control of bacterial wilt under pot culture as
well as field experiment were conducted for the study. The details of the materials used

and methods followed are presented below.
3.1 COLLECTION OF SOIL SAMPLES

The rhizosphere soils were collected from tomato and maize plants of high wilt
(Vellanikkara, Thrissur dt.) and low wilt incidence (Ozhalapathy and Eruthiampathy,
Palakkad dt.) arcas. A total of six so1l samples were collected (Table 3.1 and Fig.1).

32 [SOLATION OF AM FUNGATL SPORIES

The AM fungal spores were isolated from the rhizosphere soil by wet sieving and
decanting method (Gerdemann and Nicolson, 1963). About 250g of rhizosphere soil was
suspended in 1000mI water and stimed well. After settling of the heavicer particles, the
supernatant was filtered through a set of sieves of size 425, 250, 105 and 45 microns
{(Jayant test sicves, Jayant Scientific Ind. Mumbai, 400 002). Finally, the soil suspension
present in 45,105 and 250 micron sieves were transferred to 100ml beakers separately by
gentle washing. The spore suspension was filtered through Whatmann No: 1 filter paper.
The (tlier paper containing spores were placed in a petridish and observed under
stereomicroscope. The number of similar sporcs were picked and counted separately
based on the shape and cotour of spores. The isolated spores were transferred to

moistened {ilter paper for further studies.



Table 3.1 Locations of Soil Samples Collected from High and Low Wilt Incidence

Areas
SL.No. Location Host Degree of wilt
’ incidence
1 Ozhalapathy (OT) Tomato (local variety) Low wilt
{Palakkad district)
2 Fruthiampathy (ER) | Tomato (Sakthi-resistant Low wilt
(Palakkad district) variety)
3 Ozhalapathy (OM) Maize Low wilt
' {Palakkad district)
4 | Vellanikkara (VIM) | Tomato (Mukthi-moderately High wilt
| (Thrissur district) resistant variety)
5 Vellanikkara (VBT) | Tomato (BT-1 — Susceptible High wilt
(Thrissur district) Variety)
0 Vellanikkara (VM) | Maize High wilt
{ Thrissur district) _’
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3.2.1 Identification of AM fungi

The spore characters viz., colour, shape, size, surface configuration, wall layers,
number of hyphae, form of hyphae and alignment of hyphae with the spore axis werc
recorded. They were identified by comparing the spore characters with the synoptic keys
{Trappe, 1982). The predominant spores from each soil sample alone were selected for

further studies.
3.2.2 Size of AM fungal spores

The spores transferred to moistened filter paper were measured using ocular

micrometer pre-calibrated with stage micrometer under 40x magnification.

»

3.2.3 Enumeration of AM fungal spores in the rhizosphere soil

The number of AMF spores in the rhizosphere soil was recorded as described in

section 3.2,

3.2.4 Enumeration of Ralstonia selanacearum in the rhizosphere soil

The rhizosphere population of R, solanacearum in the six soil samples collected
from high and low wilt incidence areas were estimated by serial-dilution technique using

Triphenyl Tetrazolium Chloride (TZC) medium (Kelman, 1954) (Appendix. 1),
3.2.5 Soil nutrient analysis

The six soil samples were analysed for the nutrients N, P, K, Ca and Mg by the

standard methods (Table32) and the pH of the six soil samples were also determined.
3.2.6 Commercial AMF culture

The commercial AMF culture was obtained from Dept. of Agrl. Microbiology,

TNAU, Coimbatore for comparison and testing with native cultures.
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Table 3, 2 Methed used for soil nutrient analysis

SL No. Nutricnt Method of estimation - Reference |

1 N Alkaline Potassium Subbiah and Asija
{ Available) Pcrmanganate method (1956)

2 P Ascorbic acid blue colour method | Watanabe and
(Available) (Bray-1 extraction) Olsen (19635)

3 K Flame Photometer Jackson (1958)
(Available)

4 Ca and Mg EDTA method Hesse (1971)

(Available)
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3.2.7 Mass multiplication of AM fungal inoculum

The predominant spores from cach soil sample were surface sterilised in
Chloramine T (0.2 per cent) solution followed by streptomycin (0.02 per cent) and
washed with sterile water 3-4 times. The sceds of sorghum were surface sterilised with
Sodium hypochlorite (0.1 per cent) for 10 minutes and washed with sterile water. The
sterilised soil : sand {1: 1) was added to earthern pots (capacity 5 kg). A small quantity of
soil mixture was taken out at the centre with a surface sterilized glass rod and the surface
sterilised spores were washed down {rom the filter paper using sterile water and surface
sterilised sorghum sceds were sown and covered with soil. The TNAU commereial
culture was also mass multiplied in sterile sol ; sand (1:1) with sorghum as host. The
plants were watered daily using sterile distilled water. Ruakara nutrient solution (Smith
et al., 1983) (Appendix 2} was applied @ 50ml pot' at 10 days interval for a period of
60 days. Thelplzmts were maintained for 90 days. The shoot portion.of the sorghum
plants were cut and removed 90 days after sowing. The roots were also cut into smal
pieces and mixed thoroughly with the soil. The infected root bits, hyphae and

rhizosphere soil from the pots were used as inoculum for further studies.

33 SCREENING OF AMF CULTURES AGAINST R. SOLANACEARUM UNDER
STERILE CONDITIONS

A pot culture experiment was conducted for screening the AMF cultures against
R. solanacearum. The inoculum was obtained by collecting the ooze from wilted tomato
plants in the field. The predominant six native isolates of AMF obtained were screened
along with one commercial culture individually and its combinations (Table 3 3). The
experiment was conducted in polybags (18 em x 13 cm) containing 650 g of sterile
potting mixture (soil : sand : cowdung) in the ratio of 2:1:1. The experiment was laid out
in Completely Randomised Design (CRD) with three replications and each replication

had two plants.

3.3.1 Tomato variety used

The highly susceptible variety Pusa Ruby was used for the experiment and the

seeds were obtained from [ARL New Delhi
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Table 3. 3 AMF culturesused against Ralstonia solanacearum

ESI No. | Treatments | AMF culture L —I
| T Glomus sp. (OT) ]
2 T Glomus sp. (OT) + Glomus sp. (ER)
3 T, Glomus sp. (OT) + Glomus sp. (OM) ~
4 T, Glomus sp. (OT) + Glomus sp. (VTM) ]
5 Ts Glomus sp. (OT) + Glomus sp. (VBT)
6 T, Glomus sp. (OT) + Glomus sp. (VM)
7 T, Glomus sp. (OT) + Commercial culture (TN)
8 Ts Glomus sp. (ER)
9 Ty Glomus sp. (ER) + Glomus sp. {(OM)
10 Tio Glomus sp. (ER) + Glomus sp. (VIM)
11 Ty, Glomus sp. (ER) + Glomus sp. (VBT)
12 T2 Glomus sp. (ER) + Glomus sp. (VM)
13 Tis Glomus sp. (IIR) + Commercial culture (TN)
14 Tia Glomus sp. (OM) )
15 Tis Glomus sp. (OM) + Glomus sp. (VTM)
16 Tis Glomus sp. (OM) + Glomus sp. (VBT)
17 Tyq Glonus sp. (OM) + Glomus sp. (VM)
18 Tig Glomus sp. (OM) + Commercial culture {TN)
19 Tie Glomus sp. (VTM)
20 Ty Glomus sp. (VTM) + Glomus sp. (VBT) N
21 Ta | Glomus sp. (VTM) + Glomus sp. (VM}
22 Ty Glomus sp. (VTM) + Commerciai culture (TN)
23 Ty Glomus sp. (VBT)
24 Ty Glomus sp. (VBT) + Glomus sp. (VM)
25 Ts Glomus sp. (VBT) + Commercial culture (TN)
26 Tsq Glomus sp. (VM) N
27 Ty Glomus sp. (VM) + Commercial culture (TN)
28 Ty | Commercial culture (TN) ]
29 Tay Unineculated control

OT — Ozhalapathy tomato,

ER - Eruthiampathy tomato

OM — Ozhalapathy maise
VTM - Vellanikkara tomato { Mukthi)

VBT — Velianikkara tomato (BT-1)
VM - Vellanikkara maize
TN — Commercial culture from TNAU
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1.3.2 Raising of tomato sccdlin'gs

Sterilised soil : sand : cowdung mixture {1:1:1) were filled in the plastic pots
(20.32 cm size of capacity 3 kg) and surface sterilized Pusa Ruby seeds (0.1 % sodium

hypochlorite for 10 minutes) were sown.
3.3.3 AMF inoculation and transplanting

At the time of transplanting, the AMF inoculums in different combinations
{Table.3) were added to the tomato plants. Sixteen grams of AMF inoculum (@25g ke
s0il) were added to each polybag in the case of individual treatments and in the case of
combinations a total of 32 ¢ AMF culture were taken and mixed before adding to the
polybags. In the control, no AMF was added. The 30-day-old seedlings were

transplanted to polybags (@ 2 bag™'). The plants were watered daily using sterile water.

3.3.4 Artificial inoculation of R. selanacearum to mycorrhizal infected tomato

plants

The wilted tomato plants were collected from the wilt-sick field of the Dept. of
Olericulture, College of Horticulture, Vellanikkara. The basal portion of the wilted plants
was washed thoroughly and a slant cut was given using a sharp kmfe, The cut portion
was then kept immersed in a beaker containing water for 45 minutes without disturbing
to collect the bacterial ooze. A horizontal cut was made in the rhizosphere region of
mycorrhizal mfected tomato plants 30 days after AMF inoculation with a sharp knife to
injure the roots (James, 2001). The freshly collected bacterial ooze of 10 ml (O.D. = 0.3

al 600 nm) was poured in the rhizosphere region of the tomato plants in each polybag.
3.3.5 Observations
The AMYF per cent root colonization, the rhizosphere spore count, the percent wilt

incidence, number of days of plant survival and biometric characters of the plants were

recorded.
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3.3.5.1 Per cent root colonization

The AMF per cent root colonization was assessed using the method described by
Phillips and Hayman (1970). The roots were washed in tap water to remove the adhering
soil particles and were then cut into bits of one cm length and fixed in formalin: acetic
acid: alcohol mixture (FAA) (Appendix 3). The root bits fixed in FAA were washed
thoroughly in water to recmove the fixative. The washed root bits were softened by
simmering in 10 per cent KOH at 90°C for one hour. After cooling, the excess KOH was
washed - off in tap water and then ncutralized with two per cent HCI. The root bits were
then stained with 0.05 per cent trypan blue in lactophenol (Appendix 4) for three
minutes. The excess stain from the root tissue was removed by cleaning in lactophenol.
The root bits were examined under microscope (40x) for AMY colonization. The per cent
AMF colonization was determined using the following formula.

Il

Number of infected root segments

Per cent root colonization = x 100

Total number of root segments observed

3.3.3.2 AMF spore count

The AMF spores in the rhizosphere region were determined as described in the

scclion 3.2,

3.3.5.3 Percent wilt incidence

The number of plants showing wilt symptoms were observed daily upto 90 days
after transplanting and percent wilt incidence was calculated as follows:

Number of plants wilted
Per cent wilt incidence = x 100
Total number of plants

3.3.5.4 Number of days the plants survived

The observation for number of days of plant survival was recorded daily upto

flowering.
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3.3.5.5 Dry weight of the plant

The dry weight of the wilted plants was determined after drying the plant samples

to a constant weight at 60",

3.3.5.6 Root length

The root length of the wilted plants was taken from the collar region 1o the tip of

the longest root using a measuring scale and expressed as cenfimetre.

34 DETERMINATION OF OPTIMUM TIME FOR AMF INOCULATION AND
THL OPTIMUM INOCULUM DENSITY FOR THE CONTROL OF
BACTERIAL WILT

A pot culture experiment using wilt-sick soil was conducted to determine the
optimum inoculation time and optimum inoculum density of AMF in checking the
incidence of bacterial wilt, The three standard commercial species of Glomus viz.,
G. mosseae, G. fasciculatum and G. intraradices were used to determine the optimum
moculation time and optimum inoculum density. The experiment was laid out in
Completely Randomised Design {(CRD) with three replication and each replication had 3

plants. The treatment details are as follows:

Factor 1: Time (1)

ty - Control

1; — At the time of sowing

ta 135 days before transplanting

13— At the time of transplanting
Factor 2: Inoculum density (Id)

idy Control

Id, - AMF @ 25g kg™! soil

[d) - AMF (@ 50g kg soil

Id: - AMF @ 75g kg soil
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The treatment combinations were

tylds  Control

tId, At the time of sowing + 25g kg'' soil

t;Id; At the time of sowing + 50g I.(g,'l s01]

t,Idy - At the ime of sowing + 75g kg'1 sotl

t;Id; 15 days betore transplanting + 252 kg soil
1,1d; - 15 days before transplanting + 50g kg soil
t>Idy - 15 days before transplanting + 75g kg soil
t:1d, - At the time of transplanting + 25g kg soil
t:Id; At the time of transplanting + 50g kg" soil
1yId; At the time of transplanting + 75g kg™ soil

3.4.1 Raising of Pusa Ruby scedlings

Surface sterilized Pusa Ruby seeds were raised in sterile soil : sand : cowdung
mixture (1:1:1) filled in plastic pots (20.32 cm capacity 3 kg). The seedlings for each

treatment combination were raised separately.
3411 AMF inoculation at the time of sowing

In the case of the treatment combination tId,, tId; and t;Id;, where the
mycorthizal inoculum need to be added at the time of sowing, the mycorrhizal inoculum
was added to the respective plastic pots @ 25g kg™, 50g kg™’ and 75g kg™ respectively

and the seeds of Pusa Ruby were sown in poly bags filled with sterile soil.
3.4.1.2 AMF inoculation at 15 days before transplanting

The same procedure was followed as described in section 3.4.1.1 except that the
moculum were added 15 days before transplanting (15-day-old seedlings) to the plastic
pols. The soil in the rhizosphere region was gently raked using a spatula and the

moculum was added. In the casc of the treatment combinations t;1d,, t;id; and t;1d: the
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mycorrhizal inoculum was added at 15 days before transplanting to the respective plastic

pots @i 25 ky!, S0 kg™ and 75¢ ke,
3.4.1.3 AMF inoculation at the time of transplanting

The same procedure as described in section 3.4.1.1 was followed cxcept that the
inoculum were added to thc carthem pots at the time of transplanting (30-day-old
seedlings). The earthern pots were filled up with the potting mixture of wilt sick soil :
sand : cowdung (2 : 1 : 1) and to this the required dosage of inoculum was added and
mixed thoroughly before the scedlings were transplanted. The treatment combinations
used were t31d;, 131d; and t;1d; where the mycorrhizal inoculum was added (@ 25g kg'!,

50¢ kg and 75g kg to the respective carthern pots,
3.4.2 Transplanting

The seedlings from each treatment viz., at the time of sowing, at 15 days before
transplanting and at the time of transplanting with inoculum density @ 25g kg™, 50g kg’
and 75g kg " were transplanted to carthern pots (capacity 5 kg) filled with potting mixture
2:1:1 (wilt sick soil : sand : cowdung) (Plate 1). The cultural practices as per package of

practices recommendations of ‘Crops’ (KAU, 1996) were followed.

3.4.3  Application of nutricnt solution
Plants were given Ruakara nutrient solution (Smith ef a/., 1983) without P @

25ml polybag™ at 10 days interval upto 30 days.

3.4.4 Observations

The AMF root colonizaton of the plants, the rhizosphere AMF spore count,
percent wilt incidence, number of days of plant survival and biometric characters were

recorded till all the plants wilted as described in the sections 3.3.5.5 and 3.3.5.6.
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Platel. A view of an experiment on determination of optimum inoculation
time and inoculum density of AMF under pot culture



35 SCREENING OF EFFECTIVE NATIVE AMF CULTURES AGAINST
BACTERIAL WILT

A pot culture cxperiment using potting mixture of wilt-sick soil : sand : cowdung
(2 : 1 : 1) was conducted to screen the best five native AMF cultures in combination
obtained [roms screening trial (section 3.3) at 15 days before transplanting and @ 75 g
kg soil against bacterial wilt along with the commercial culture. The treatments details

were as follows:

~ AMT cultures used
Glomus sp. (OT) + Glomus sp. (ER)
Gfom's—p.'@)TH_Gmw-
T, Glomus sp. (OM) + Glomus sp. (VBT)

Treatment

Commercial culture (TN)

Note : AMF was inoculated 15 days before transplanting @ 75 g kg soil

The experiment was laid out in Completely Randomized Design (CRD) with

three replications. Llach replication had a total of 3 plants.
3.5.1 Raising of Pusa Ruby seedlings

Pusa Ruby seedlings were raised in sterile soil : sand : cowdung mixture {(1:1:1)
filled in pots. The seedlings for cach treatment were raised separately and inoculated
with AMF at 15 days before transplanting @ 75 g kg™ soil.
3.5.2 Transplanting

The seedlings were transplanted to earthern pots of capacity Skg filled with

potting mixture 2:1:1 (wilt sick soil : sand : cowdung). The cultural practices as per

package of practices recommendations of ‘Crops’ (KAU, 1996) were followed.
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3.5.3 Observations

The AMF root colonization of the plants, the rhizosphere AME spore count,
percent wilt incidence, number of days of plant survival and biometric characters viz.,
plant height, root length, root weight, fresh weight and dry weight were recorded.

3.5.3.1 Plant height

The height of the plant was measured from the soil level to the tip of the plant

using metre scale and expressed as centimetre.
3.5.3.2 Root length

The root length was taken from the collar region to the tip of the longest root

using a metre scale and expressed as centimetre.
3.5.3.3 Root weight

The root system of the plants were separated, washed and dry weight was

recorded.
3.5.3.4 Fresh weight of plant

The fresh weight of the plants were recorded after uprooting the plant at the time

of harvest.
3.5.3.5 Dry weight of plant

The dry weight of the plants were recorded after drying the plant sample to a

constant weight at 60°C.
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3.6 FIELD EXPERIMENT

A field cxpcriment.was conducted to study the efficacy of five promising AMI
cultures and its combinations {obtained from pot culture studies) along with commercial
culture. The study was undertaken at the Vegetable Research Farm of College of
Horticulture, Vellanikkara using the varieties Pusa Ruby (susceptible} and Mukthi
{moderately resistant) (Plate 2). The experiment was laid out in Randomised Complete
Block Design with four replications. Each replication had 12 plants each of Pusa Ruby

and Mukthi. Each plot sizc was 2 m x 2.7 m. The treatments were as follows:

T\ - Glomus sp. (O1) + Glomus sp. (1ER)

Ty -- Glomus sp. (OT) + Glomies sp. (VM)

T - Glomus sp. (OM) + Glomus sp. (VBT) »
T, — Commereial culture (TN)

T5 — Chemical control with Kocide (0.2 per cent)

T, — Absolute control

3.6.1 Nursery

Seedlings of Pusa Ruby and Mukthi were raised on nursery beds (0.5 m?). Fach
mycorrhizal inoculum (@75g kg~ so0il) was added at 15 days before transplanting as band
application in the nursery (Mamtha, 1999).

3.6.2 Transplanting

The 30-day old mycorrhizal seedlings of Pusa Ruby and Mukthi were
transplanted to the field. For the treatment T, Kocide @ 0.2 per cent was drenched on
the ridges at the time of transplanting. In this treatment no mycorrhizal inoculation was

done. The cultural practices as per package of practices recommendations of ‘Crops’
(KAU, 1996) were followed.
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3.6.3 Obsecrvations

The AMT spore count and R. solunacearum population were determined at
monthly intervals as described in sections 3.2 and 3.2.4. The per cent root colonization,
percent wilt incidence and number of days of plant survival were recorded as described
in sections 3.3.5.1, 3.3.5.3 and 3.3.5.4. The biometric characters viz., plant height, root
length, root weight, fresh wetght and dry weight were recorded as described in sections
353.1,3532, 3533, 3534 and 3.5.3.5. The number of fruits and yield were also

recorded.
3.6.3.1 Fruit number

The fruit number of each plant were recorded at the time of harvest.
3.6.3.2 Yield

The yield of fruits were recorded at the time of harvest to determine the yield per

plant.
36 STATISTICAL ANALYSIS

The recorded data were statistically analysed using MSTAT package (Freed,
1986} and the different treatments were subjected to DMRT. The percent wilt incidence

data were transformed using the transformation procedure available in the package.
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4. RESULTS

The studies on “Biocontrol of bacterial will in tomato using arbuscular
mycorrhizal fungi” were studied at the College of Horticuiture, during the period 2000-
2002. The soil samples from high and low wilt incidence areas of Thrissur and Palakkad
districts were collected and the AMF were isolated and identified. The native AMF
alongwith the commercial culture was scrcened under sterile and unsterile pot culture
conditions to test their efficacy in reducing the infection of bacterial wilt pathogen. The
efficacy of the selected AMF isolates under field conditions were also carried out. The

results obtained during the studies are given below.

4.1 ANALYSIS OF RHIZOSPHERE SOIL SAMPLES FROM HIGH AND LOW
WILT INCIDENCE AREAS

4.1.1 Soil pH

The soil samples collected from tomato and maize rhizospheres of low wilt areas
of Ozhalapathy and Erutlhhampathy had pli of 6.3 - 7.1. Whereas, the soil samples of
high wilt (Vellanikkara} arcas were acidic in nature and the rhizosphere soil of maize
from Vellanikkara recorded the lowest pH of 52 (Table 4.1). The soil pH from
Ozhalapathy area recorded a pH > 6.0. Ilowever, the Vellanikkara soils recorded a pH
ranging between 5.2 - 6.5, The rhizosphere soil from BT-1 tomato varicty (highly

susceptible) recorded the highest ptl of 6.5 at Vellanikkara.
4.1.2 Population of Ralstonia selanacearum

The population of R. solanacearum was the lowest (1 x 10* cfu g soil) in the
case of rhizosphere sotl of tomato from Ozhalapathy, followed by rhizosphere soil of
Mukithi variety of tomato from Vellanikkara (2 x 10* cfu g soil). The highest population
of R. solanucearun (14 x 10% cfu g_" soil) was recorded in the case of rhizosphere soil of

tomato from Eruthiampathy (Table 4.1).



Table 4.1 Soil pH and Ralstonia solanacearun population in the soil samples collécted
from high and low wilt incidence areas

(VM)

Ralstonia
SL No: Location Host pH solanacealrum
population
(10* cfu g”* soil)
1 Ozhzlapathy (low wilt) — Tomato 6.3 1
(OT) _
2 Eruthiampathy (low wilt) — | Tomato 7.1 18
(ER)
3 Ozhalapathy (low wilt) — Maize 6.8 11
(OM)
4 Vellanikkara (high wilt) — | Tomato (Mukthi- 5.6 2
(VTM) moderately resistant
variety)
5 Vellanikkara (high wilt) - | Tomato (BT-1 - 6.5 14
(VBT) Suscceptible variety)
6 Vellanikkara (high wilt) - | Maizc 5.2 14

Note: Each value represents an average of three replications
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4.1.3  Soil nutricent status

The available nitrogen content was highest (360.64 kg ha''y for the rhizosphere
soil of tomato from Ozhalapathy followed by the rhizosphere soil of tomato from
Eruthiampathy (337.12 kg ha'). The lowest available nitrogen status (176.64 kg ha'')
was recorded for the rhizosphere soil of maize from Ozhalapathy (Tablc 4.2). In the case
of available P, the rhizosphere soi} of Mukthi tomato variety recorded the highest (19.78
kg ha™') followed by rhizosphere soil of tomato from Ozhalapathy (14.25 kg ha'}. The
lowest available P content (1.99 kg ha') was recorded for the rhizospherc soil of maize
rom Ozhalapathy followed by the rhizosphere soil of tomato from Eruthiampathy (4.66
kg ha'). The available K content was maximum (727.74 kg ha') for the maize
rhizosphere soil from Ozhalapathy. The available K content of Vellanikkara soils were
generally low and the maize rhizosphere soil from Vellanikkara recorded the towest
(78.4 kg ha™"). '

The available Ca status of Ozhalapathy and Eruthiampathy soil were generally
higher when compared to the Vellanikkara soil. The highest available calcium (10.2 meq.
L") in soil was recorded for the tomato rhizosphere soil from Eruthiampathy followed by
maize rhizosphere soil from Ozhalapathy (8.4 meq. L'). The available calcium was
lowest (4.4 meq. L") for the tomato rhizosphere soil from Ozhalapathy followed by the

rhizosphere soil of the tomato variety BT-1 from Vellanikkara (4.8 meq. L™).

‘The Mg content also recorded the same paltern as was scen in the case of calcium
with the Ozhalapathy and Eruthiampathy soils recording a higher magnesium content
when compared to Vellanikkara soils. The highest available magnesium (2.6 meq. 1)
was recorded for the maize rhizosphere soil from Ozhalapathy followed by maize
thizosphere soil from Vellanikkara (2.2 meq. L'). The lowest magnesium content was
recorded for the rhizosphere soil of the tomato variety Mukthi from Vellanikkara (1.2
meq. L") followed by tomato rhizosphere soil from Ozhalapathy (1.6 meq. L™). The
rthizosphere soils of tomato from FEruthiampathy and that of the tomato variety BT-!

from Vellanikkara recorded the same magnesium status (2.0 meq. LY.
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Table 4.2 Soil nutrient status of high and low wilt incidence arcas

53

. SL No, Soil sample A | ! | K ) “a | Ve | |
: (kgha) : (kgha") | (kgha™)| (meq.L.”) | (meq.1.”) |
1| Ozhalapathy (OT) 36064 | 1425 | 59712 © 44 16
i) Eruthiampathy (ER) | 337.12 | 466 | 653.10 10.2 20
3 TOzhalapathy (OM) | 176.40 199 | 727.74 8.4 26
4 Vellanikkara (VTM) | 32032 | 19.78 | 197.12 5.0 1.2
3 - | Veltanikkara (VBT) | 28448 ;""?,28 197.12 4.8 2.0
0 Vellantkkara (VM) 19712 538 78.40 3.0 22



4.1.4 AM fungal spore count

The total AM fungal spore count (48 10g !

soil) was highest for the maize
rhizosphere soil from Ozhalapathy and the lowest (28 10g " soil) was recorded for the
rhizosphere soil of the tomato variety BT-1 {wilt susceptible} from Vellanikkara and the
rhizosphere soil of tomato from Eruthiampathy (Table 4.3). The maize rhizosphere soil

from Vellanikkara recorded a spore count of 40 10g

and that from Ozhalapathy
recorded a spore count of 48 10g " soil. The rhizosphere soil from Mukthi tomato variety

showed a spore count of 42 10g " soil.
4.2 IDENTIFICATION OF AM FUNG!

Thf: AM fungal spores in each rhizosphere seil sample were identified by their
colour, shape, dimension, surfacc configuration, wall layers, number of hyphae,
alignment of hyphae and form of hyphae and compared with synoptic keys (Trappe,
1982) (Table 4.4), The tomato rhizosphere soil from Ozhalapathy had AMF spores
belonging to Glomus sp., and dcaulospora sp. The most predominant AMF spore was
identified as Glomus sp. with a spore count of 30 10g "' soil (Plate 3a). It was globose,
brownish black in colour with dimensions ranging between 50-60 pm and a smooth
surface configuration at maturity. The crushed spores had a single wall layer. There was
single, straight, cylindrical, small, aseptate hypha that was aligned straight with the spore

axis.

The AM fungal spores belonging to Glomus sp. and Acaulospora sp. were
recorded from the tomato rhizosphere soil from Eruthiampathy. Glonius sp. with a spore
count of 23 10g ' soil was the most predominant AMF spore. It was globose, brownish
black in colour with dimension ranging between 40-60 um. The surface configuration at
maturity was smooth and the crushed spores had a single wall layer. The hypha was

absent.

The maize rhizosphere from Ozhalapathy recorded the presence of AMY spores

of Glomus sp. which had a spore count of 42 10g “'s0il (Plate 3b). It was ovoid, brownish
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a. Ozhalapathy tomato b. Ozhalapathy maize

¢. Vellanikkara tomato (Mukthi)

d. Vellanikkara BT-1 tomato e. Tamil Nadu commercial culture
Plate3. Predominant AMF spores in different locations



Table 4.3 Total AM fungal spore count in rhizosphere soils of high and low wilt

incidence areas

- e S S —
| SLNo Location ; Host Total SpOl‘(:!S 10g
' i efsail
T Ovhalapathy (low Tomato 35
b | wilty OT B L - _ ]
2 Eruthiampathy ! Tomato 28
i (low wilt) — ER ‘ ) B i
3 (Ozhalapthy (low ! Maize 48
o wily - OM |
. — Vellanikkara(high | Tomato 42
L |wily -VIM | N .
!— 5 Vellanikkara i Tomato 28
- | (high wilt) VB_T___\ )}
6 | Maize 4¢

Velladikkara ’

 {high wilt) - VM




Table 4.4 Morphological characters and identification of AM fungal spores isolated from high and low wilt incidence areas

T
I

No. of

Sl Dimension Surface Wall layers Alignment of Spore v
Location Colour Shape (pm) configuration | (crushed hyphae hyphae with Form of count A.'“F .
No : . attached to ’ . hyphae a Identification
at maturity spore) spore axis 10g™ soil
| the spore -
t ! Ozhalapathy ascplate, ,
' Tomate {(OT 50- i ' ,
©n Brown Globose 30-70 Smooth Single Single Straight constr_lcted : 1 Cilepmnes sp.
: at potnt of i
) i attachment
Rlack Globose 40-70 Smooth Single Absent - 1 Acanlospora sp.
B _ straight, | |
Brownish i . . . cylindrical, . e
! black Globose 50-60 Smooth Single Single Straight small 30 Clonus sp.
; ; aseplate _
A CIIIO\N]Sh Glohose 70-80 Smt}oth Smgle AbSCHt - 1 il Spr-
brown ) . o B
aseptale,
| Yellow Ovoid 50-60 Smooth Single Single Straight bulbous 1 Criemuy sp.
i L . _base |
; - Light l f
i . brownto | Globose 40-50 Smooth Single Absent - - 1 Clamues sp.
| i yellow - ' ) <}
L9 Eruthiampathy Brownish - e
Tormato (ER] black Globose 40-60 Smooth Single Absent - - 23 (J.-I.Jmn.ﬁ sp.
Single '
Brown Globose 40-60 Smooth 8 Absent - - ] 1 Girmnues sp. !
‘ : Single ! 1 S
| | Black Globose 30-50 Smooth Absent - 1 oo lospora sg.
i L 1o straight. | o S
‘ ' £ Globose 40-60 Smooth Single Single Straizght aseptate, 2 : L lins sp.
i | brown
| | small I
|' - ‘ . — =
| |
. ‘! I Yellow Ovoud 30-30 Smooth Single Absent i l ' Conins sp. ’
: ] i i - _.I | . _
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1

————y—

slrang ol

' ’ i No.
. ' 1 Dimension Surface Wall layers 0. of Alignment of ] - Spore M
Location Colour Shape (um} i configuration (crushed hyphae hyphac with Form of count AME
) ' H " at maturit spore) attached to Dore axis hyphae 110g"" soil Identitication
L . ; ; a ¥ pore the spore SP & 3 i _
Ovzhalapathy ] | i straight, ‘
Maize (O} ‘ | . : . indrical. i
aize (OM) Brown | Globose 40-60 Smooth Single Single Straight Cyi;ﬁ;;’a 2 | Crionnas S
B : aseptate I ~
Brownis L . y .
E:;ﬂ“h Ovoid 50-70 Smooth Single Absent - - 42 Ciionins sp.
Yellow Ovoid 40-60 Smooth Single Absent - - 1 Cilomus sp.
|
Light - . i - .
Globose 40-60 Smooth Single Absent - - 1 Glomus sp.
brown .
I
| Black | lTe;gula 40-60 | Smooth Single Ahsent - - _ 2 £l e 5
C Wellanikkara | o | P ) aseptate |
Mukthi Tomato . .. . . stratght, C
. Black . Glohose 160 Smaoth Sugle Single Straght o i 2 S v
INTADY = = s cylhindrical. |
- S S _ small
ascptate
i . : . .. . straight, ..
i Brown Globose 50710 Smoeth Single Sigle Straight Lo , 1 foamny sp.
N N cylindrical. .
i small i !
| straight, | i
Brownish | )\ e 60-70 Smooth Single Single Straight ASCPLAte A Ghmne p.
i black cylindrical, |
} L smal) j |
[ B '[ aseptate ‘ i - B
L Vellow Globose 50-60) : Smooth Single Sinple Strasght S‘T‘“‘gm‘ 2 . i s sp
! - =T 4 = = cvhindrical, '
' L | L small | ,.
. - [ aseptate '
' Llé“'h_t Ovoid 20-30 Smwoth sSimgle Single Stresela sl 2 G0 s sp
brown C b g

L&



Wall layers

No. of

Sl ., Dimension Surface hvphae Alignment of | Form of Spore \MF
N- ; Location Colour Shape (pm) configuration | (crushed att%itl:;] dt hyphae with hvphae count ldcn’tilﬁcation
0 | ! at maturity™ spore)” ed to spore axis P 10g" soil
I the spore
&  Vellanikkara straight,
BT-1 Tomate ) . ) cylindrical
(VBT) Brown Globose | 60-70 Smoaoth Single Single Straight aseplate, 1 Claomus sp.
! ] small
Br];jl:f:;h Ovaoid 50-60 Smooth Single Absent - - 25 Glomus sp.”
Yellow | Globose | 40-60 Smooth Single Absent . . 2 Glomus sp. |
L. :
6 Vellanikkara aseptate )
Maize {VM) Brownish ; . G - straight, . .
black Globose 50-70 Smooth Single Single Straight eylindrical, 34 Crltmus sp. .
B small o i
! i3rown Globose 40-60 Smwoth Single Ahsent - 2 Colontus sp.
' S
i ' aseptatc -
Light . .. . i straight, | _..a. .
I| s | Globose | 50-70 Smooth Single Single |  Straight eslindrical. 1 | Cilomus sp.
| small !
Black Ovoid 36-30 Smooth Single Absent - 1 Celanius sp. “
—] . - --.—1:
aseptate ‘
. ; . . N straight, . _
Yellow | Globose 20-40 Smooth Single Single Straight ; T 2 Ciops sp.
cylindrical,
small

Note:

{(-) means hypha is absent

* - indicates the most predonunant AMF
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black in colour with dimension ranging between 50-70 um, a smooth surface

configuration and a single wall layer. The hypha was absent.

Scleracystis sp. and Glomus sp. were the AMF spores recorded from the
rhizosphere soil of the tomato variety Mukthi from Vellanikkara. Glomus sp. with a
spore count of 35 10g ' soil was the most predominant AM fungal spore (Plate 3c). It
was globose in shape, brownish black in colour with dimension ranging between 60-70
sm and a smooth surface configuration at maturity. The crushed spores had only a single
wall layer. The hypha was single, straight, cylindrical, small and aseptate with its

alignment being straight with the spore axis.

The AM fungal spores belonging to Glomus sp. were recorded in the rthizosphere
soil of the tomato variety BT-1 from Vellanikkara (Plate 3d). They had a spore count of
25 10g "' soil. It was globose, brownish black in colour with dimension ranging between
50-60 um. The surface configuration at maturity was smooth and the crushed spores had

a single wall laycr. The hypha was absent,

The maize thizosphere soil from Vellamkkara recorded the presence of Glomus

sp. with a spore count of 34 10g ™'

soil. The Glomus sp. spores were globose, brownish
black in colour with a dimension ranging between 50-70 um. The surface configuration
at maturity was smooth and the crushed spores had a single wall layer. The hypha was
single, straight, small, cylindrical and aseptate with its alignment being straight with the

SpOore axis.

4.3 SCREENING OF DIFFERENT PREDOMINANT AMF CULTURES AGAINST
R SOLANACEARUM

The screening ol different AMF cultures against R. solanacearum under pot
culture using sicrile potting mixture were carricd out using the six predominant native

isolates individually and in combinations along with one commercial culture.
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4.3.1 Per cent AMF root colonization

The per cent root colonization for the treatments (Tis) Glomus sp. (OM) +
Glomuy sp. (VBT) and (T,) Glomus sp. (OT) + Glomuys sp. (ER) was highest (50 per
cent) followed by (Ty) Glomus sp. (OT) + Glomus sp. (VM) and commercial culture
{TN) which recorded 30 per cent root colonization, The control plants recorded only 10

per cent root colonization (Table 4.5).

4.3.2  AMF spore count

The spore count was found to be highest in the case of (13) Glomus sp. (OT) +
Glomus sp. (ER) (85 spores 10g ™' soil) followed by (Ty6) Glomus sp. (OM) + Glomus sp.
" (VBT) (80 spores 10g * soil). The control plants recorded the lowest spore count of 10
spores 10g ' soil (Table 4.5).I

4.3.3 Dry weight of plant

The treatments did not show any significant differences with respect to dry
weight of the plant. The highest dry weight (9.13 g) was recorded in (T,) Glomus sp.
(OT)+ Glomus sp. (ER). However, the control plants {Ty9) recorded the lowest dry
weight of 2.16 g (Table 4.6).

4.3.4 Root length

There was no significant difference between the treatments with respect to root
length. The highest root length (7.67 ¢m) was recorded in (1)) Glomus sp. (OM) +
Glomus sp. (VBT) and (Ty9) Glomus sp. (VIM) + Glomus sp. (VBT) followed by (T5)
Glomus sp. (OT) + Glomus sp. (ER) (6.5 cm) (Table 4.6). The treatment (T,) Glomus sp.
(OT) (2.67 ¢m) showed the lowest Toot length. The control plants (Tz) had a root length

of 5 cm.
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Table 4.5 Effeet of different species of Glemus on percent root colonization and
rhizosphere spore count of tomato under sterile conditions

— i . . . —
.E SI. No. | Treatment i Per ce'nt |:00t Spore count Iﬂg" of soil |
_ _ colonization |
L Jhony o 10 5t
2 Ior iR 50 8

3 0T - OM) . 10 53
R YT T 1) R 20 s
S LOI-VBT) i 10 _ o7
R ST R GV _; 30 e
7 COT - TN) 20 60

.8 ChR(ER) 20 .85
O TEReOM) 10 s
007 T (ERVIM) 10 6

11 | Ty, (ER = VBT) 20 53

12 T {FR = VM) B 20 64 B
13 C (R = TN) 20 o 58
14 11, (OM) 10 .58

B [ T:(OM- VIM) 10 80

16 T4, (OM + VBT) | 50 g0
17 TeoMeyMy 10 e
ﬁ B . I]\[()l\l . TNL___ . 10 ____5? 1
19 T (VT 10 55
1200 Ta (VTN 2 VBT) 0 10 58
20Ty (VIM VM), | 20 57

22 T (VIMETN) A R Y
23  Th(vBTY, 10 63
24 54 (VBT + VM) 10 55 y
25 (VBT +TN) 20 61
20 D (VM) 10 S
27 T tVMEE TN N 10 _ 55 _
28 Bt 5 30 S-S

29 ~Control o 10 10

Note ;- Bach value represents an average of 3 iepheation

OT-Ozhalapathy tomato, 1 R

NN Vetlamikhara Mukth o Lomato), VB - Vellamkkara BT -1 (tomato).

Fruthiampathy tonato, O\

VA Vellamb kg mawe. TN Commercial cultare

Ozhalapathy maize.



Table 4.6 Effect of different species of Glomus on dry weight and root length of tomato
under sterile conditions

"SI No. Mreatment | Dry weight Root length
! @ | {m)

L Ton) og6 " | 267 °
2 ' T,(OT +CR) 913 ¢ 850 ™
3 T, (OT+0M) | 246 " 433
14 14(0OT + VTM) 492 583 ™
5 T(OT 1 VBT) 541 ™ 500 B
o | Ta0T+vMy 159 ° 3
7 T.(OT + TN) © 438" 547 ®
En Te(ER) 3 | s ™
(9 |To@ER+OM) 330 7 R

10 Tio (ER + VM) 258 ° 500 ¢

11 Ty (ER + VBT) 496 467 °°

12 TL(FR+VM) & 108 ° 433 ™

13 T s(ER + TN) ! 633 @ 517 ** |
14 Tu(OM) - 130 ° 450 *

15 [T (OM + VM) S an® 6.17 ** B
10 4 N, (OM - VBT) 654 > | 767 ° .
17 | T)7(OM + VM) 3 483 *° |
18 T« (OM =~ TN) 22 ® 500
|19 T1o (VTM) _ 342 ® 367 *

20 | T (VIM+VBT) | 209 ° | 767 °

0 TTLviMevMy T 8 4.50 ™ B
22 T TH(VIM+ TN) i 383 ® 447 ¢ N
23 " T (VBT) 478 * 447 ™
24 Ty (VBT +VM) 481 600 ]
25 T2 (VBT + TN) 359 * 533 *
20 TV 189 " s
2 Tn(VM TN A E - <

-8 T (IN) 123 °° ' 4.50

: 9 - Control _ 216 ° i 500 ¥
Note: Lach value represents an average of 2 oreplication

OT-Ozhalapathy tomato, ER - Prathinmpaths wmate. M Ozhbalapathy maize,

VIM- Velamikkara Mukthi { Tomato)., VI3 - Vellamikkara BT 1 (tomato),

VML Vellamikkara nunze. TN- Commerciad culture



4.3.5 Number of days of plant survival

There was no significant differences among treatments with respect 10 the
number of days of plant survival. The treatment (T} Glomus sp. (OM) + Glomus sp.
(VBT) recorded the maximum number of days of plant survival (11 days) followed by
(T3) Glomus sp. (O1) + Glomus sp. (ER) {(10.83 days). The minimum number of days of
plant survival (4.5 days) was recorded in the casc of (T,) Glomus sp. (OT). The control

plants (T39) survived for 8 days (Table 4.7).
4.3.6 Percent wilt incidence

There was no significant difference between the treatments for percent wilt
incidence. The treatments (T\g) Glomus sp. (OM) + Glomus sp. (VBT), (T3) Glomus sp.
(OT) + Glomus sp. {ER) and (T(,). Glomus sp. (OT)+ Glomus sp. (VM) recorded the
lowest (83.33 per cent} percent wilt incidence (Table 4.7). All the other treaiments,

including control {Tse), recorded 100 percent wilt incidence.

4.3.7 Selection of most effective AMF culturcs against R, solanacearum

The AMF cultures (T)¢) Glomus sp. (OM) + Glomus sp. (VBT) and (Ty) Glomus
sp. (VIM) + Glomus sp. (VBT) recorded the maximum root length (7.67 cm). The
lowest root length was recorded for (T,) Glomus sp. (OT) (2.67 cm). The AMF culture
(T3) Glomus sp. (OT) + Glomus sp. (ER) recorded the maximum dry weight (9.13 g) and
the lowest dry weight was with (T,) Glomus sp. (OT) (0.66 g). The maximum number of
days of plant survival was recorded in (Tyy) Glomus sp. (OM) + Glomus sp. (VBT)
(11.00 days). The AME cultures (Ty) Glomus sp. (OT) recorded minimum number of
days of plant survival (4.5 days). The treatments (T;) Glomus sp. (OT) + Glomus sp.
(ER). (Tg) Glomus sp. (OT) t Glomus sp. (VM) and (T\6) Glomus sp. (OMY+ Glomus
sp. (VBT) recorded the lowest percent wilt incidence (83.33 per cent) (Table 4.8). Based
on the dry weight of plant, root length, number of days of plant survival and percent wilt
meidence the AMI cultures (T2} Glomus sp. (OT) + Glomus sp. (ER), (T,) Glomus sp.
(OT)+ Glomus sp. (VM) and (T) Glomus sp. (OM) + Glomus sp. (VBT) were selected
for the further studies (Table 4.8).
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Table 4.7 Effect of different species of Glomus on number of days of plant survival and
percent wilt incidence under sterile conditions

—
Sl. No. Treatment | Number of d'ays of Percent wilt incidence 7|
plant survival ‘
1 T, (OT) 4.50° 100.0 " (1.37%) |
2 T;(OT + ER) 10.83 ° 8333 *(1.17) O
3 T;(OT + OM) 6.67 @ 1000 *(37
4 T4 (OTVTM) 8.17 o 100.0 *(1.37") K
5 Ts{OT + VBT)_ 8.00 > 106.0 *(1.377) ='
L6 Te (OT + VM) 9.33 8333 ° (1,179
7 T, (OT + TN) 9.83 © 100.0 * (1,379 !
8 Tz (ER} 8.50 * 100.0 * (1379
9 Ty (ER.+ OM) 6.83 ™ 100.0 7 (1.37 %
| 10 T,o (ER + VTM) 8.00 *° 100.0 *(1.377)
11 T, (ER + VBT) 9,33 2° 100.0 *(1.37 %
12 T12(ER + VM) 8.83 100.0 *(1.379
13 Ti:{(ER + TN) 10.00 * 106.0 (1379 1
14 T4 (OM) 583 ° 100.0 *(1.37 %
15 Tis(OM + VTM) 7.83 ** 100.0 " (1.37%)
| 16 T, (OM + VBT) 11.00 ° 83.33 * (1.17%
17 T2 (OM + VM) 7.00 ** 100.0 *(1379
18 Tx{OM + TN) 783 106.0 *(1.379
19 Tio(VTM) 817 100.0 *(1.37%) j
20 Ty (VIM + VBT) 7.00 1000 (1379 |
21 T2 (VIM + VM) 8.33 *¢ 1000 ° (1379 .
22 T {(VTM + TN) 917 * 100.0 *(1.377)
23 T.:(VBT) 7.17 % - 100.0 * (1379
24 T2 (VBT + VM) 7.50 * _ 1060 (1377
25 Tas (VBT + TN) .33 ** 1000 ° (1375
26 T2 (VM) 550 100.0 (1379
27 Ty (VM + TN) 617 ™ 100.0 " (1379
28 T2 (TN} 617 ™ 1000 *(1.37%
29 Control 8.00 ** 100.0 *(1.37% ‘

Note ; Each value represents an average of 3 replication

OT-Ozhalapathy tomato, ER - Eruthiampathy tomato, OM — Ozhalapathy maize,
VTM- Vellanikkara Mukthi (Tomato)}, VBT- Vellanikkara BT -1 {tomato),

VM- Vellanikkara maize, TN- Commereial culture

Values in parantheses represent transformed data



Table 4.8 Effect of different species of Glomus on dry weight, root length, number of
days of plant survival and percent wilt incidence under sterile conditions

VTM. Vellapikkara Mukithi comator, V3T Vellumkkars B -1 (tomato),

8-V ellamkkara mae, UN- Commereal culture

Values i paranthesefrepresent translformed data

S1. No Treatment W weight I Root length | No. 0fdaysoT!;— Pereent wild _"
S W (em) | plant survival | incidence |
b O] 66 " 2.07 450° | 1000 "e1377) |
2 1O - ERY 913! .50 % 10.83 * 8333 “;1 17
R A S B TS S A R T U 1“"' '
4 T {OT 1+ VIM) 492 Sy §.17 ™ 100.0 " (137"
s [0 ven | S3 M T S0 ] T 00 ™ 000 f(1aTy
L'i; CPTaorivMy ] ese ) ] 933 T g3 Yl n N l
o7 101 - TN) dag T sag 9.83 100.0 ° 117}
R T N Y N Y e I - 100.0 *(1.37%)
9 JLL(ERCOMy 0 330% a3 6.83 & 100.0 “{1 e
10 | Tu(kR+VIM) | 258 " So0h 8.00 ™ | 1000 °(1.377)
i1 [T, (ER 3 VBT) 496 % 4.67 9.33 ¥ 1000 “(1.37°) |
12 [ Th(ER+ VM) 198 " 433 % 8.83 ™ 100.0 * (1377
13 T (ER + TN} 633 ™ 517 | 1000 ® 1000 *(1.379
14 T (OM) o 130 ° 450 ™ T 583 ™ 1000 *(1377)
15 | T OMVTMy | 431 617 © 783 ™ | 1000 (1377
16 [ T1(OM + VBT 654 % | 767 11.00 ° 8333 “(1.17%
|17 lTa©OMivM) | 3ol ™ T gt 7.00 ™ 100.0 " (1.37 %)
| 18 ] Tw(OM - TN) 272" k00 7.83 ™ 1600 "(1.37")
9 | TeVTMYy ] 2a2 ™ s 8.17 ™ 1000 *11.37%
20 Tu(VIM 5 VBT 200 L 767t [T 700 100.0 (1377
21 T (VTM + VM) 088 " a5 ™ TR T g0 {1 7Y
EED 1,,(\, M+ IN) gy Doy g7 100 0° i? )
T Traven C N L N v I LR R N
24 Tq(VB[ VMY 4ol T 6.00 7.50 ™™ 100 0137
AT 25 T T (VBT 7 IN) 389 % 533 8.33 * 100.0 ° (1 37h
1260 [ T(vM) B T 100.0 *(1.37 )_ﬂ
|2 L (VM IN) ] et 3330 6.17 ™ 100.0 *(1.37%)
a8 | TwN) _1 123 © } 4.50 ™ 6.17 ™ 100.0 *11.37% w
|29 | Centrol o216 ° 5.00 8.00 ™ 100.0 *(137% |
Note : Lach value represents an average of 3 replication
OT-Ozhalapathy tomate, KR Eruthiampathy wmato, 0M - Ozhalapathy maize,



4.4 OPTIMUM INOCULATION TIME AND INOCULUM DENSITY OF AMF FOR
THE CONTROL OF BACTERIAL WILT

The optimum time for AMF inoculation and the optimum inoculum density for
the control of bacterial wilt in tomato under pot culture conditions were carried out using
the three standard commercial species of Glomus viz.,, G. mosseae, G. fasciculatum and
G. intraradices at the time of sowing, 15 days before transplanting and at the time of

transplanting @ 25¢ kg™’ soil, 50g kg soil and 75g kg™ soil respectively.
4.4.1 AMF inoculation at the time of sowing

4.4.1.1 D weight of plant

There was no significant difference between the treatments for dry weight of the
plant at the time of sowing. The maximum dry weight was recorded by AMF inoculation
(T7) @ 25g kg'' (2.73 g) followed by inoculum density (T2) @ S0g kg'' (2.31 g).
However, control plants (T} recorded a dry weight of 0.93g (Tablc 4.9).

4.4.1.2 Root length

The treatments showed no significant differences for the root length due to AMF
mnoculation at the time of sowing. The maximum root length was recorded with inoculum
density (T2) @ 50g kg'! (5.44 cm) followed by AMF (Tq) @ 25g kg™’ (4.78 cmy). The
control plants (1'4) recorded a root length of 4.67cm (Table 4.9).

4.4.1.3 Number of davy of plant survival

The trecatments showed no significant differences for the number of days of plant
survival. The AMI inoculation (Ty) @ 75g kg recorded the maximum number of days
(53.22 days) of plant survivaj followed by inoculum density (T,) @ 25¢g ke (47.89
days). The contro! plants (Ty) survived for 16 days (Table 4.9).
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Table 4.9 Fffect of different species of Glomus at the time of sowing on dry weight, root
length, number of davs of plant survival and percent wilt incidence under
wilt-sick soil

| Glomus o Number of Percent wilt
Treatment Dry weight | Root length | days of plant .
\ | g \

- SP (g) | (em) survival Tildence g

T, Gm (Id,) | 0.147° J[ 256 T 47.89° 66.66 (0.95)"
T, Gm(ldy) | 231" 1 544° | 3489 100.0 (1.40)* |

Ts Gm (1d;) 1.70° . 378" 32.22% 66.66 (0.95)"
T Grdd) | 032% | T3 | 6550 100.0 (1407 |
Ts 1 Gfady | 010" T 200 4422 66.66 (0.95)°

T Lorady [oeed™ | 40T 39.00" 1] 7777 (L14Y
. T> Gi (1d)) 2,73 5.00°% 23.55" 88.88 (1.25)" |
T (“(11« T aogh T g 40.34" 88 : z)ﬂﬂ
; Lordy o 2,087 0. __ 40347 $8.88 (1.25)

T Gigdy | re1™ J A00® 53.27° 100.0 (1.40)°

L Tw [ Commol | 093" | 4677 ~16.00% 100.0 (1.40)° |

~Sare s bach vilue reprosents an

om -

ld, 25g kg soil. Id-

VeI

: I'\_'P]]C\I']

Values in paranthessrepresent transformed data

voowtle 2 plams ineach repheauon

S0g ke 'soil Id, Tig ke soil

Glomiy masseae, Gi- Glomus fasciculatum, Oi- Glomus intraradices
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4.4 1.4 Percent wilt incidence

The treatments showed significant differences for percent wilt incidence. The
inoculum density (1)) @ 25g kg™, (T+) @ S0g kg and (Ts) @ 75g kg'] recorded the
minimum percent wilt incidence (66 per cent). However, control plants (T,,) recorded

the maximum {100 per cent) percent wilt incidence (Table 4.9),
44,2 AMTF inoculation at 15 days before fransplanting
4.4.2.1 Dry weight of the plant

The treatments showed significant diffcrences for dry weight of the plant
inoculated with AMF at 15 days before transplanting. The AMF tnoculation (Ts) @ 50g
kg recorded the maximum dry weight (6.74 g). The control plants (T ) recorded a dry
weight of 3.07 g (Table 4.10).

4.4.2.2 Root length

The root length recorded significant differences among the treatments for AMF
inoculation at 15 days before transplanting. The inoculum density (T3) @ 75g kg™ (7.88
cm) recorded the maximum root length followed by inoculum density (Ts) @ 50 g kg ™
(7.67 cm). The control plants (Ty) recorded a root length of 7 cm (Table 4.10).

4.4.2.3 Number of days of plant survival

The treatments recorded significant differcnces for the number of days of plant
survival. The AME tnoculation (T4) w 73y kg" recorded the maximum number of Jays
(105.8 days) of plant survival followed by inoculum density (Tg) @ 50g kg (104.1
days). In the control, plants (To) survived only for a period of 54.3 days (Table 4.10).

4.4.2.4 Percent wilt incidence

The percent will incidence recorded significant differences between treatments at

15 days before transplanting. The AMF inoculation (T5) @ 25g kg™, (Ty) @50g kg'* and

2%



Tahle 4.10 Effeet of different species of Glomus 15 davs hefore transplanting on dry
weight, root length, number of days of plant survival and percent wilt
incidence under wilt sick sail

] , Number of .
"I’reatment Glomus . Dry weight | Root length | days of plant Pftrc'entwﬂt
‘ sp. : . incidence
(g) (cm) survival o
" T L Gm (1)) 3.68° | 6.557 64 89 77770114y
T T Omdy | 443 | 7337 67.78" 7777014
T T Om(d)| 4547 | 788 49677 | 88.88(1.25)"
Y Grady | 282" [ e89® 1 S8 1 7777(104% ]
| iE Gf (1dy) 6.74° 1 767° | 6333 1 77.77(L10)"
| T. | Gfdds) 081° | 155" 105.8° | 22.22(0.46)
T Gi (1d)) 070" ;  1.33" 95.78" 22.22 (0.46)°
Ty | Gi(dy 0.807 1.77% 104.1° 22.22 (0.46)
T, TGy | 12,947 477" 67.11% 7777 (LToy"™ |
| Ty | Conwol | 3077 7.00% 54.30™ | 100.00 (1.40° |

Note : Fach vatue represents an average of 3 replications with 3 plants in each replication
]
Lot e Bl Uiosines fuscrcadaiting, An- Slunies iitraradio os
- | . - B . - N .
Id, - 8¢ ke Usorh Ids - 30p ke soil, K 752 kg soil

Values in paranthesesrepresent transformed dala
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(To) @ 75¢ ky'' were on par and recorded the minimum bacterial wilt index (22 per

cent). The control plants (Tyg) alone recorded 100 percent wilt incidence (Table 4.10).

4.4.3 AMF inoculation at the time of transplanting

4.4.3.1 Dryweight of the plunt

The treatments recorded significant differences for dry weight of the plant at the
time of transplanting. The control plants (Ty,) recorded the highest dry weight (4.49 g).
The minimum dry weight (0.16 g) was recorded with AMF inoculation (T4) @ 25g kg’
(Table 4.11).

4.4.3.2 Root fength R

The root length among the treatments recorded significant differences. The
control plants (T|p) recorded the maximum (10 ¢m) root length. The minimum root

length (1.55 cm) was recorded by AMF inoculation (Te) @ 75g kg™ (Table 4.11).
4.4.3.3 Number of days of plant survival

The treatments showed significant differences for number of days of plants
survival. The AMF inoculation (Fg) @ 75g kg’ recorded the maximum number of days
of plants survival (98.89 days) followed by inoculum density (T;) @ 25g kg' (85.45
days). The control plants (Tig)} recorded 56 days plant survival {Table 4.11).

4.4.3.4 Percont wilt incidence

The treatments showed significant difterences for percent wilt incidence with
AMLF inoculation at the time of transplanting. The inoculum density (Ty) @ 75g kg
recorded mintmum percent wilt incidence (33 per cent). The control plants (T ) recorded

maximum percent wilt incidence (100 per cent) (Table 4.11).
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Table 4.11 Effect of different species of Glomus at the time of transplanting on dry
weight, root length, number of days of plant survival and percent wilt
incidence under wilt sick soil

Number :

Treatment | Glomus sp. Dry weight | Root length | of days of Plerc.entwiit
(g) (cm) plant incidence

survival .

T Gm (1d;) 0.88" 5,77 17.00°° | 100.0 (1.40)°

T. | Gm(ldy) 1.10° 8.33% 19.56° 100.0 (1.40)* |

T, Gm (1ds) 1.19° 4.88% 51.55%° | 66.66 (0,995 °

T, G (1d,) 0.16° 5.11% 9.11° 100.0 (1.40)*

Ts Gf (1d;) 2.01° 5.99" 34.11% | 100.0(1.40)°

Te Gf (1dy) 249 | 633" 6022 | 77.77 (1.14)"

T, Gi (1d)) 2177 | 355" 85.457 | 55.55 (0.84)"

Ty Gi (1dy) .77 433" 72.00™ | 66.66 (0.99)

1 T, Gi (Id3) 1422 | 155 98.89° | 33.33(0.58)"

[ T Control | 449 | 10.00° 56.00°" 100.0(140)11

Nete : Each value represents an average of 3 replications with 3 plants in each replication
Gm - Glomus mosseae, Gf- Glomus fascicularum, Gi- Glomus intraradices
1d, - 25g kg soil, 1d, — 50g kg'' soil, Id; - 75 kg'' soil

Values in parantheses represent transformed data



4.4.4 Selection of best time of AMF inoculation and inoculum density

The AMF treatments {at the time of sowing, at 15 days before transplanting and
at the time of transplanting) clearly showed that the percent wilt incidence (1,) ‘@ 3¢
ke was the least (22 per cent) at 15 days before transplanting followed by AMI
inoculation (T4} (@ 75¢ kg "at the time of transplanting (33 per cent). The number ol
days of plant survival was maximum (105.8 days) «v 75 ki (T} followed by inoculum
density (Ty) @ 50g kg ' (104.1 days) at 15 days before transplanting whereas at the time
of transplanting the AME inoculation (T} @75¢ kg™ recorded the maximum number of
days of plant survival (98,89 days). I'he minimum percent wilt incidence (66 per centy at
the ttne of sowing was recorded by inoculum density (T)) 1w 25¢g kg'l, (Ts) @ S0g ku'
and (1) @ 75 kg™ whereas (he maximum number of days of plant survival was
recorded by AMT inoculation (Ty) @ 75¢ kg'i (53.22 days). Based on dry weight of
plant, percent wilt incidence and number of days of plant survival AMF inoculation @
75g kg™ at 15 days before transplanting was found to be eftective. Ilence, the optimum
inpculation time and inoculum density of AMF at 15 days before transplanting (@ 73¢

kg soil were selected for further studies (Table 4.12).

4.5  SCREENING 0OF SELECTED AMF CULTURES AT THE OPTIMUM

INOCULATION TIME (15 DAYS BEFORE TRANSPLANTING) AND
INOCULUM DENSITY (@ 75G KG' SOIL) FOR THE CONTROL OF
BACTERIAL WILT

The effective native AME cultures obtained from screening trial for the control of
bactertal wilt were carried out under unstenle pot culture conditions to assess the

suttability oF optimunt iwoculatios tme and inocalam density,
4.5.1 Plant height

The treatments showed no significant differences with respect to plant heisht,
The weatment {13 Glosies sp. ¢OMY 4 Glomus sp. (VBT) recorded the maximum plant
height (46.66 cm) followed by (T5) commercial culture (N} (41.33 c¢m). The control

plants (1) recorded the Towest plant height (35.66 cm) (Table 4.13).
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Table 4.12 Comparison of different species of Glomius at the time of sowmg, 15 days before transplanting and at the time of

transplanting
C - ) © 7 At(ime of sowin (1)) i 15 days before transplanting (t } B | At the tite of trans ﬁ;uﬁing {1 Yy
‘ z ‘ i \‘“mhg. i _ﬁ__.____’_ ._L_rg_(_l_ B L LI, e fﬁ. ng (N
g Glomus | Dry Root ~Hmber Percent | Dry Root Number of | Percent Dry Root un t Pereent
= : L i l of days . LT X : . . i of davs .
g 1 sp. weight + length planls wilt weight | length ‘ days plants . wilt | weight | length platﬁs wilt
- (g} {cm) |i suru\cd l ingidence (2) | (cm) | survived | incidence | (a) {cm)  survived incidence
T T T T g 800 e Ui | e T Tome LT e
IJ (i {_I.d|_] | ()_14j | 2560 47.89 I (0‘95)}, 368 | D li 04 .89 (. 14)‘”, i o | -l 700 ‘1.4{:”__.-_
T 1 ! vl . | b 100.0 : | b T A R T LN e 100
- ins(ldy o 231 4400 4897 " 437 7.33° 778" ol A 936" L
B T A (1)) S Y Lo o TR G
; T- I - I ~rpth 3 agdh ab 66.606 REL — a h SSSS i a L 51 <ol s I‘(‘
_ ) i 3 o . Th0
L Gy 0 s | oesst . 1000 oghnegm | gg o :h | 0T e gy T b
_ A e _4} (1.40) Jr i ARE Fo Ly
T g : 4 b ah 06. 6() : ) ab 2 TIET O 20t o I 1000
; { : : 7 3.33 \ 399 2.
e e T 200 M2 gesh O TOT | 8] e | L oy
O Graan | oot | oaur o000 ORI e 1058 e U (N L A
f 11ds) (3.0 ‘ kYN 5_{1.14)_,[ | R | [0,40}]‘ 2 ..__ B NBET )
ST _ gaa | a | cab 88.88 ! 0.07" | b " 22.22 a1 eeb ( N $3,.55
. 5. © 23.53 a 23 5.7¢ 7 358 5.41 <
_ ,i Gi(1d) 2. | 00 . 27 a5y 1 95.78 (0.46)° 2.1 8 4ﬁ__.r___10-_b_ﬂ_h_
T, r . ! n { " " ‘ 88.88 | 0.807 ® b 2222 | g A & | 6660
| i 4, 4 7 433 72
U Gra b oaest | e ( 4034 [ e 1.77 047 ey ‘ L7743 l 200" oo
Ty , b | cq g 100.0 n rmyab w1177 142 T . 3
X P4 . i 0. _ 7 . : QR
| G ad) | e t ‘ 5322 ‘ (apy | 29| a7 A o | s 9 ooy
] T R - T . T T T
Fo " control 003 | 4gr | 1e00% | 1000 5w | 700" | 54307 | 1000 T4 10.00" ‘ 36,00 Lon.o
T Ebiall Ml Al 1) S M ; A0 S ol S SE LI
Note : Fach value represents an average of 3 replications with 3 plants in each replication
Cim — Glomus masseae. Gf - Glomus fasciendarum, Gi Glomus inpraradices
d- 25g ke soil, 14, - 50g ke soil. Id;  75eke soil
Values 1o paranthesesrepresuvnt tanstormed dala
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Table 4.13 Effect of AMF inoculation 15 days before transplanting @ 75 g kg’ soil on
the plant height, root length, root weight, fresh weight and dry weight under
wilt sick soil

| Plant height |

Root length

Root weiaflt

Fres h\\Telg ht Dry i\-‘t‘igﬁ

| Treatments (cm) (cm) (g) ® @
1, 1833 ° 544 ¢ 025 ° 5.59 * 140 "
T, 4055 * 6.00 * 0.21 * 400 ] o0 ®

T 46.66 ° 532°% ] 023" 5457 1 136 ]
Ty 4133 7 6.00 * o 042° 6.93 ° 1734 |
Ts 35.66 ° 433 022 ° 172 P 043 °

Note : Each value represents an average of 3 replications with 3 plants per replication

Ty Glomus sp. {OT) ' Glomus sp. (ER)

Ta— Glomus sp. (O1) + Glomus sp. (VM)

Ty - Glomus sp. (OM} + Glomus sp. (VBT)

Control

T, - Commercial culturc {TN)
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. 4.5.2  Root length

There was no significant difference among the treatments for root length. The
treatments (13} Glomus sp. (O1) + Glomus sp. (VM) and (T4} commercial culture (T'N)
recorded the maximum root length (6.00 cm) followed by (Ty) Glomus sp. (O1) -
(Homus sp. (ER} (5.44 cm) and (15) Glomus sp. (OM) + Glomus sp. (VBT) (5.32¢m).

The control plants (1) recorded the Towest root length (4.33 cm) (Table 4.13).

4.5.3 Root weight

Ihe treatments did not difter significantly with respect to the root weight. The
treatment (T4) commercial culture (IN) recorded the maximum root weight (0.42 g)
followed by ('[‘1)‘ Glomus sp. (OT) — Glomus sp. (ER) (0.25 g). The control plants (1)
recorded a root weight of 0.22 g. (Table 4.13). .

4.5.4  TFresh weight

The treatments did not differ signficantly with respect to the fresh weight of the
plant. The treatment (13) commercial culture (TN) recorded the maximum fresh weight
{6.93 ¢). The native cultures (1) Glomus sp. (OT) + Glomus sp. (ER), Glomus sp. (0T}
+ Glowmuy sp. (VM) and Glomus sp. (OM) + Glomus sp. {(VBT) recorded fresh weights
which were on par. Among the native cultures, (1)) Glomus sp. (OTY + Glomus sp. (FR)
recorded the maximum fresh weight (359 g). The control plants (Ts) recorded the

minimum fresh weight (1.72 g) (Table 4.13).

4535 Dry weight

The treatments did not differ significantly with respect to the dry weight of the
plant. The treatment (T,3) commercial culture (TN) recorded the maximum dry weight
(1.73 ¢). The control plants (Ts) recorded the minimum dry weight (0.43 g). The dry
welght of the plants inoculated with the native cultures (T)) Glomus sp. (OT) + Glomus

sp. (VR (1) Glomus sp. (OT) + Glomus sp. (VM) and (T1) Glonus sp. (OM) + Glonius



cape (VBTY were on par and among them Oy Glomus spo () + Glomas sp. (1R}

recorded the ghestdry weight (1.39 g (Table 4.13).

4.5.6  Number of days of plant survival

The treatments differed significantly with respect to the number of days of

plant survival The weatment (1+) Glosus sp. (OMY + Glomus sp. (VBT) recorded the
maximum number of days of plant survival (82.11 days). followed by (13} Glomus sp.
(OTYy Glomus sp. (VM) (80.11 daysy which were on par. The control plants (1)

recorded the least number of days the plants survived (51.0 days) (Table 4.14).
4.5.7 Percent wilt incidence

The treatments did not differ significantly with respect 1o percent wilt incidence.
The minimum percent wilt incidence (55.55 per cent) was recorded by (T3) Glomus sp.
(OM) : Glomus sp. (VBT). The control plants (Ts) recorded 100 percent wilt incidence.
The treatments (1)) Glomus sp. {O1) + Glommus sp. (ER), {12) Glomus sp. (OT)
Glomus sp. (VM) and (Ta) commercial culture (I'N) were on par and among them (T5)
Glomus sp. (OT) + Glomus sp. (VM) recorded the minimum bacterial wilt incidence
(66.66 per cent) (Table 4.14).

4.5.8 Per cent root colonization

The per cent root colonization was maximum (40 per cent) for the treatment (1)
Clontes sp. (O + Glomus sp. (VM) followed by (T)) Glomus sp. {OT) + Glomus sp.
(LR and (1) Glomars spp. (OM)Y + Glomaus spp. (VBT) which recorded 30 per cent root
colonization. The treatment (1) commercial culture (TN} recorded only 20 per cent root

colonization. The per cent root colomzation of control plants {Ts) was zero (Table 4.15).
4.59 AM fungal spore count
The AM fungal spores were maximum {or the treatment (13) Glomus sp. (OT) +

Glomus sp. (VM) (175 spores 10g 's0il) Tollowed by (1) Glomus sp. (OT) + Glomus sp.

(LRY and (1)) commercial culture (TN} which recorded spore count of 155 spores
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Table 4.14 Effect of AMF inoculation 15 days before transplanting @ 75 g kg™ soil on

the number of days of plant survival and percent wilt incidence under wilt
sick soil

| Treatment Number of d.ays of Percent wilt incidence
1 _ plantsurvival | " ]
P T e ® 88.88 *° (1.257)

T, | 80.11 * 66.66 ™ (0.95™)
Ay 555t o) ____
L T e sRERT s
T s 100.0° (1.40%)

Note : Each value represents an average of 3 replications with 3 plants per replication

T, = Glomus sp. (OTY * Glumus sp. (ER) T4 - Commercial culture (TN)
T: - Glomus sp. (OTY * Glons sp. (VM) i Ts - Conlrol
Ty - Glomus sp. (OM} + Glous sp. (VBT)

Value in paranthesdrepresent transformed data



Table 4.15 Effect of AMF inoculation 15 days before transplanting @ 75 g kg soil on
spore count and percent root colonization

Spore coun't_"_"T‘ e
|

. Percent root
Freatment

(10 ¢ "' soil) colonization
— _r_l— I . - 30_ _________ i
- T - ___ﬁ_S_N_ o _TﬁlU___ 1[
N R P
T l I TR j
S S I R
Nole: Each value represents an average of 3 replication
Ty - Glomus sp. (OT) + G}fmirm sp. {EFR) T, - Commercial culture (TN) !
T, Glomus sp. (OTY + Glomus sp. (VM) Ts - Control

Ty - Glowies sp. (OM)Y + Glomus sp. (VBT)
1
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l(}g']snil. The spore count from contral 1) was the least (80 spores 1(}g"soil] (‘Tabic

4.15).

4.5.10 Selection of the AMF cultures for field studies

The treatment {T1) Glomus sp, (OM) A Glesmus sp. (VBT) recorded the lowest
pereent will incidence (55.55 per cent) followed by (Ta) Glonus sp. (OT)+ Glomus sp.
(VM) (66.66 per cent). The number of davs of plant survival was maximum for the
weatment (Ty) Glomus sp. (OM) + Glomus sp. (VBT) (82.11 days) followed by (1)
Glomus sp. (O + Glomus sp. (VM) (80.11 days). The plant height recorded by (73)
Glontus sp. {OM) + Glomus sp. (VBT) {46.06 ¢m) was the maximum followed by (T;)
Crlomuys sp. (OTY + Glomus sp. (VM) (40,55 cm). The treatments (T,) Glomus sp. (OT) +
Glomus sp. (ER), (13) Glomus sp. (OT) + Glomus sp. (VM) and (T3) Glomus sp. (OM) +
Glomuys sp. (VBT) for fresh weight, dry weight, root length and rool weight did not differ
significantly and were on par. Based on the number of days of plant survival, percent
wilt incidence and plant height the native cultures (T2) Glomus sp. (OT) -+ Glomus sp.
(VM) and (T3) Glomus sp. (OM) + Glomus sp. (VBT) were selected as the best two

among the three native cullures (‘tabie 4.16).
4.6 FIELD EXPERIMENT
A licld experiment to determine the efficacy of the selected AMF cultures

obtained from the pot culture experiment under both sterile and un-sterite conditions

were carried out at the Vegetable Rescarch Farm of College of Horticulture.

Vellamkkara with the tomato variety Pusa Ruby (highly susceptible). The tomato variety

Mukitht (moderately resistant) was used for comparison.
4.0.1  IMant height
I'me treatments differed significantly {or plant height in the case of Pusa Rubyv.

The treatment (To) Glonnes sp. (OTY + Glomas sp. (VM) recorded the maximum (23.75

cm) plant height. The control plants (1) recorded the lowest (8.75 cm) plant height.
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Table 4.16 Evaluation of effective AMF cultures at the optimum inoculation time

and inoculum density

. . . e
Plant Root Root Fresh Dry Nl(;:lb::;for Percent
| Treatment | height | length | weight | weight | weight lb;nt wilt
{(cm) ' {cm) (g) (g) (g) slf}rvival incidence
ih
T 38.33° | 5.44* |.025° | 559%™ | 1.39% | 522 ?lgfsgh)
3 = a a ab ab a 66.06 ab
T, 40.55 5.99 0.21 4.00 1.00 80.11 (0‘95‘”’)
. a a a ah ab a 55.55 b
T; 46.66 5.32 0.23 545 1.36 82.11 (0.84b)
1 ~a a 4 - a a ab 88.88 i
T, 41.33 | 5.99 0.42 6.93 1.73 62.78 (1.25%)
. 15 6f: ] | qﬂ%d (.2?:1 . h ,%b ( h lf}OO'i
T. i 25,66 ‘ 437 1.22 1.72 (.47 51.00 (1.40%)

Note : Each value represents an average of 3 replications with 3 plants per replication

Ty Glomus sp. (1) + Glomus sp. (ER)

Ta— Glomus sp. (O1) 4 Glonmus sp. (VM)

Ts— Glomus sp. (OM) + Glomus sp. (VBT

Value in paranthesostepresent ransformed data

T; - Control

T, - Comercial culture { TN}
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There was no significant difference bcl.wccn treatments with respect to plant
height in the case of Mukthi. The treatment f'l'x} Glomus sp. (OM) + Glomus sp. (VBT)
recorded the maximum (44.22 cmy plant height followed by (T7) Glonnes sp. (OT) -
Glomus sp. (VM) (42.27 cm) and (T4) commercial culture (TN) (41.51 em) which were
on par. ‘The control plants (T;) recorded the minimum (31.03 ¢m) plant height (Tabie

4.17).
4.6.2 Root length

The treatments differed significantly for root length in the case of Pusa Ruby.
The treatment (T} Glomus sp. (OT} + Glomus sp. (ER) recorded the maximum (13.0
cm) rool Jength followed by (Ta) Glomus sp. (OT) + Glommus sp. (VM) (8.75 cm). The

controi plants (Tg) with 5 ¢m root length was the lowest.

The root length of Mukthi variety differed significantly between treatments.
Among the native AMF, (T3) Glomus sp. (OM) + Glomus sp. (VBT) recorded maximum
root length (15.13 cm). The chemical treatment (Ts) with Kocide {0.2 per cent) recorded
the maximum (22.45 cm) rool length. The control plants (T,) recorded the lowest (6.25

cm) root length {Table 4.17).
4.6.3 Root weight

The treatments differed significantlv with respect to plant root weight in the case
of Pusa Ruby. The treatment (T} Glomus sp. (OT) + Giomus sp. (ER) recorded the
maximum root weight (3.51 g) which was followed by the treatment (13) Glomus sp.
(OT) + Glomus sp. (VM) (1.92 ). The control plants (Tq) recorded the lowest (1.05 g)

root weight.

There was signtficant difference among treatments for the plant root weight in the
case of Mukthi. The chemical treatmemt (1) with Kocide (0.2 per cent) recorded the

maximum (10.32 g) root weight followed by (13) commercial culture (TN) (7.17 g). The

B!



Table 4,17 Effect of AMF inoculation on the plant height, root length, root weight, fresh weight, dry weight, fruit number and
fruit weight for Pusa Ruby and Mukthi tomato varieties under field conditions

im- S __ __ -  Pusa Ruby ‘Mukthi
E —  PusaR uby. — : ‘ : T
Treatment P‘lfjjllt : flo'ot ! Bt_‘mt ! I:“r.e-sh [)lr) ~ Fruit Fr:ult Pl_ant [ Root : llh.]?t ; Fr‘r.esh D_r} Fruit [. f‘.l:ll
heieht © Iength weight | weight © weight | number weight . height length weight | weight | weight number weight
L (em) L (em) (8) (g} (g) (g) {cm) feny) @ . (8) (8) R )
! i o 497
| R | 1825 " £ 13.00 * | 351 | 1556 * | 3.11 * - - 36.19 " | 963 | 480 ¢ 3219 * | 9.95° 3g7s* 9
i ) T : L
! E 237570 875 | 192 | 17.09 * | 342° - - 4227 675° 1.80 | 3322 % | 563 48007 | 28.16"
! ; | : —
T I 1625 71 8.00% | 1.20 ° | 17.09 ° | 342° - - 4422 ° 1 15137 | 560 % 29227 | 7.63% | 347357 50
" ST TR ' ] . T \ : F R
A SR8 T 725 1Al ™ 1391 278 0 - S o417 T przas™ o 77 P 2291 ¢ 653" 3425 6
. e - I L ; : e ' )
s 1727 000 | 110 ¢ [ 1545 ] 309 ¥ - - 39427 [ 2245 7 01032 7 [ 2420 ™ 1167 | 3375 | sgaze
i T, | o ¢z o | e e b _ - b d | . w | 1 d he : h 35,58
; | 8750 | 5.00 1.05 10.50 210 " - - 13103 6.25 ¢ ! 3.60 1.24 40 702 5.7% be

Note : Each value represents an average of 4 replications with 12 plants per replication

T, - Glomus sp. (O + Glonis sp. (ER) T, — Commercial culture (TN)
T~— Glomuy sp. {OT) ~ Glomus sp. (VM) T: — Chenucal control (Kocide 0.2%)
Ts— Glomuex sp, (OM) + Glomuy sp. (VBT) T, - Control —— - -
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treatment {(12) Glones sp. (1) Glomus sp. {VM) recorded the lowest rool weight

(1.8 ¢). The control plants (Tg) recorded a root weight ol 3,39 ¢ (‘Table 4.17).
4.6.4 Fresh weight

The treatments did not differ significantly for fresh weight in the case of Pusa
Ruby. The treatments {13) Glomus sp. (OM) + Glomus sp. (VBT and {13) Glomus sp.
(O = Glomus sp. (VM) recorded the maximum fresh weight (17.09 ¢) and were on par.

The control plants (1.} recorded the towest fresh weight (10,5 g).

There was no significant difference between the treatments with respect to fresh
weight 1 the case of Mukthi. The treatment {T;) Glontues sp. (OT) i Glomus sp. (VM)
recorded the maximum fresh weight (33.22 ¢) followed by (T,) Glomus sp. (OT) +
Glomus sp. {ER)Y (32,19 g).'Thc control plants {Tg) recorded the lowest fresh weigﬁt
{(11.24 ¢).

The fresh weight of Mukthi variety was higher for all the treatments when

compared to Pusa Rubv variety (Table 4.17).
4.6.5 Dry weight

The dry wetght of Pusa Ruby did not ditfer significantly between treatments. The
treatment (1) Glomus sp. (OM) + Glomus sp. (VBT) and (1) Glomaus sp. (O1) |
Crlomus sp. (VM) recorded the maximum (3.42 g) dry weight and they were on par. The

control plants ( 15,) recorded the Towest dry weight (2.10g).

The treatments differed signiticantly with respect to plant dry weight in the case
of Muktht. Among the treatments with native AMF, (T)) Glomus sp. (OT) * Glomus sp.
(ER) recorded maximum dry weight (9.95 ). The treatment (T~) Glomus sp. (1) +
Gl sp (VM) recorded the Towest plant div weight (5,63 ). However, the chemical
treatiment { 1<) with Kocule (0.2 per cent) recorded the maximum dry weight (11.07 g) in
the case of Mukthi, The control plants (T,) recorded plant dry weight of 7.12 g (Table
417,
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4.6,6  Fruit number

The plants of the vaniely, Pusa Ruby wilted 32 days after transplanting and thus
was not able o bear any fruits. So, the data for fruit number and fruit weight could not be

coilected.

The treatments did not differ significantly for fruit number in the casc of Mukthi.
The treatment (1) Glomus sp. (OT)+ Glomus sp. (VM) recorded the maximum (48.0)
fruit number. The control plant (Ty) (5.75) recorded the lowest fruit number. The
treatments (11) Glomus sp. (OM) + Glomus sp. (VBT), (T)) Glomus sp. (OT) + Glomus
sp. (ERY}, (T4} commercial culture {TN) and the chemical treatment (1s) with Koeide (0.2
per cent) were on par and among them the treatment (1) Glomus sp. (OT) + Glomus sp.

(ER) recorded the maximum (38.75) (Table 4.17).

4.6.7 Fruit weight

The Pusa Ruby plants did not survive and wilted within 32 days of transplanting

and hence froit weight could not be collected.

The frint weight of Mukthi differed significantly between treatments. The
chemical treatment (15) with Kocide (0.2 per cent) recorded the maximum (58.33 g)
fruit weight followed by treatment (T)) Glonws sp. (OT)+ Glomus sp. (ER) (49.74 ).
The lowest fruit weight (28.16 g) was recorded by (T3) Glomus sp. (OT) + Glomus sp.
(VM) The control plants {'F,) recorded fruit weight (35,58 ¢} which was on par with the
weatment (1) Clonny spc (ONY 0 Gl sp (VBTY (AR5 ¢y and (T4) commercial

culture (ITN) (32.63 ¢) {(Table 4.17).

4.6.8 Number of days of plant survival

The plants did not differ stpnificantly with respect to the number of days of

survival in the case of Pusa Ruby. The chemical treatment (Ts) with Kocide (0.2 per

cent) recerded the maximum (32.07 days) number of days in the case of Pusa Ruby. The
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control plants (1) with 15.25 days recorded the least number of days. Among the native
AME, (T2) Glomus sp. (1) + Glomus sp. (VM) recorded the maximum number of days

(31.65).

The treatments differed sigmificantly with respect to the number of days of plant
survival in the case of Mukthi. The trecatment (15) Glomus sp. (OT) + Glomus sp. {VM)
recorded the maximum (50.33 days). The least number of days (45.04 days) was
recorded by the control plants {T,). All the treatments were on par (Table 4. 18) (Plate 4a

& 4h).
4.6.9 Percent wilt incidence

The (reatments did pot differ significantly with respect to percent wilt incidence
in the case of Pusa Ruby. The Pusa Ruby plants recorded 100 percent wilt incidence for

all the treatments, including the treatments inocutaled with native AMF.

The treatments did not show any significant difference with respect to percent
wilt meidence in the case of Muktht, The treatment (Ts) Glomus sp. (OM) + (lomus sp.
(VBT1), (1)) Glomus sp. (OT)+ Glonnes sp. (ER) and control (T,) recorded 100 per cent
wilt incidence in the case of Mukthi. The treatment (T4) commercial culture (TN)
recorded the Towest (93.72 per cent) percent wilt incidence followed by {Ts) Kocide (0.2
per centd (95,80 per cent} and (T2) Glomus sp. (OT) + Glomus sp. (VM) (97.90 per

cent). All the reatmenis were on par. (Table 4.18).
4.6.10 Per cent ruot colonization

In the casc of Pusa Ruby varicty, the per cent root colonization was maximum
(40 per cent) tor (1) Glomus sp. (OT) + Glonus sp. (VM) followed by (Ty) Glomus sp.
(ONY - Glomus sp (VBT (1) Glopas sp. (O + Glomuy sp. (ERY and {12)
commerciad culture (TN) which all recorded 30 per cent root celonization. Control plants

('Y recorded zero per cent root colonization,
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Table 4.18 Eftect of AMF inoculation on the number of days of plant survival and
percent wilt incidence for Pusa Ruby and Mukthi tomato varieties under
field conditions

' PusaRi Ruh\ ) e Muktlu ___‘
Treatments Number of Percent wilt Number of Percent wilt '
days of plants L days of plant j
incidence . incidence

___survival survival |
L __?8& 10[) 05 (1.40° ) 4860 % | 1000 * B (1.4 409 J
3165 * | 100 {)_(_1_4_0 ) . 5033 ° 97.90 *(1.37 )__'
o 2733° | 100.0 (1407 | 46.11 ° | 100.0 * (1.40 )_
2624 11000 f(1.407) 47.08 ° | 93.72 * (131 )_
3267 ° | 10{) {) (_l 409 4851 * |95 80 * (1347 ‘
U525 T 1000 T(140% | 4504 ° | 100.0 * (1407 |

Note © Each value represents an average of 4 replications with 12 plants per replication

T\ = Glomus sp. tQT) + Glomus sp. (ER) T:-
T2 Glomus sp. (OT) + Glomus sp. (VM)
Contrl

Ty Glomus spoOM) L Glomus sp. (VBTY T,

Value n paranthesesrepresent transformed data

Conunercial culture {TN)

T: — Chemical control (Kocide 9.2 per cent)



In Mukthr vancty, the per cent root colontzation was maxitmum (60 per cent) for
(323 Glomus sp. (O~ Glomus sp, (VM) followed by (143 Glomus sp. (OM) + Glones
sp VBT and (V) Clamus sp {OT) + Glamas sp. (£R) which recorded 50 per cent ront
colonization. Vhe treatment (T3 commercial culture (TN) recorded 40 per cent root

colonization. The control plants {T4) recorded 10 per cent root colonization (Table 4.19).

4.6.11 AMVF spore count

The winal AMFE count in the feld at the time of transplanting was 132.75 spores
t()g_'is{}il, The AMF spore count at 30 DAY Jor Pusa Ruby was maxtmum for (1))
Glomus sp {OT) + Glonmus sp. (ER) (14425 spores l()g"soil) followed by (Ty) Glomus
sp. (OT) + Glomues sp. (VM) (141.5 spores }Og“'snil} and (13) Glomus sp. (OM) ¢+
Glomus sp. (VB') (140 spores 10g 1 soil). The minimum spor;e count {107.5 spores 10

g'lsoii) was recorded for (Tg) control (Table 4 19).

At 60 DAT, the maximum spore count was lor (Ty) Glomus sp. (OT) + Glomus
sp. (VM) (1765 spores 10g” soil} followed by (1) Glomus sp. {OT) + Glomus sp. (ER}
(150 spores 10g soil) and (T3} Glomus sp. (OM) + Glomus sp. (VBT) (144.75 spores
10g"s0il}. The control plants (T,) recorded the lowest spore count {§09.5 spores 10g
'sotl). The spowe coum for all the weatments including control showed a higher value at

G0 DA'T when compared to the spore count af 30 AT,

In the case of Muktht varicty, the imnal AMF count in the field at the time of
pansplanting was 13275 spoves 1007 oil, The AME spore count at 30 DAL was
maximum {or (Tr} Glomus spo (O« Glomas sp. (VM) {1625 spores E(ig'gmi}}
followed by (13) Glomus sp. {OM) < Glomus sp. (VBT) (152.5 spores 10g ' soil) and
(1)1 Glomaus sp. (O1) + Glomus sp. (ER) (149.0 spores 10g's0if) and. The minimum

spore count (115.5 spores 10 ¢ soil) was recorded for (Ty) control.,

A6l DA, the maxtmum spore count was for (T2} Glomus sp. {OTH Glomus
sp. (VAL 2100 spores 10g soily tallowed by (15) Glomus sp. {OM) 4 Gloemes sp.

VDY 0192 7S spares 10g 5oy and (T3 Glomus sp. (OT) 4 Glonn gp {ERY 11725



Table 4.19 Effect of different AME cultures on percent root colonization, spore count
and R. solanacearum population forPusa Ruby and Mukthi tomato varieties
under field conditions

- — pia by _ e _
|
Tatal AMF Ralstonia - Total AMF Ralstamia
= spore count population g _E spore count population
o E g (10 g " soil) { x 10" ¢fu g’ soil) ‘EE (10g " soil} | (x 10" cfu g’ soil) |
; 5 :_—1- o L i é = . A I
= oo . =] . |
| 3 &% 30 60 30 60 &~ 3 30 60 30 60
. 3 | DAT DA'T DAT DAT DAT | DAT ;| DAT | DAl
Ty | 2o | 14425 | 1500 | 685 | 8275 | 5o | 1490 | 1725 | 60 76
| 4g o 1a1s [ 17675 7475 | 885 60 | 1625 | 2100 70 82.5
T~ 39 | 1400 | 14475 [ 75 97.5 50 | 1525 | 192.75 | 085 | 8575
Lo | 3o | 1235 | 1275 | 73 84 40 | 1355 | 1605 | 705 81
]: TV 1250 1_2_9_7? 78 9605 10 1250 | 129.75 72 B R0.5 |
Lo 75 | 1095 | 99 | 125 e 97 120 .
I _ 1 o Jsspss 4ot

Note :l-ach value represents an average of 4 replications

Ty Glons sp. (O1) + Glomus pp. (ER)

Ta = Glomus sp. (OTY + Glomus sp. (VM)

T Gl {-();\-’I) S Glomns sp VBT

T4 — Commercial culture {TN)

Ts - Chemical control (Kocide 0.2 per cent)

T. - Control
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spores 10g 7 soil). The control plants {1T,) recorded the lowest spore count (128.5 spores
10g ' s0il). The spore count for all the treatments including control showed a higher value

al 60DAT when compared to the spore count at 30 DA, (Table 4.19).
4.6.12 Enumeration of Ralxtonia selanacearim

The initial Redstonia population in the field at the time of transplanting was 53
x 10 cfu ml™. The pathogen population in the field did not show much variation for Pusa

Ruby and Mukthi varicties of tomato.

Ihe R. solanacearon population i Pusa Ruby at 30 DA'T was maximum (9% x

10% ¢fu mI™y for (T,) control and the lowest was for {1'1) Glomus sp. (OT) + Glonus sp.

(ER) (685 x 10% cfu ml"). The pathogen population registered an increase for all the

treatments including controi at 60 DAl when compared to their population at 30 DAT.

The R. solanacearum population was maximum for (Ts) control (125 x 10* cfu ml”) at

60 DAT and the lowest was recorded for (T1) Glomus sp. (OT) + Glomus sp. (ER)
(82.75 x 16° cfu mi™).

Similarly, in the case of Mukthi, the R. solanacearum population at 30 DAT was
maximum (97 x 10* ¢fu mI"} for (T¢) control and the lowest for (T} Glomus sp. (O1) +
Glomus sp. (ER) (60 x 10* cfu mI™). The pathogen population recorded an increase at 60
DAT when compared to their population at 30 DAT for all the treatments. The maximum
population of R. solanacearun at 60 DAT was recorded for (T,) control {120 x 10* cfu
mi™!y and the lowest for (T Glomus spp. (O + Glons spp. (ER) (76 x 10* cfu ml")
(Table 4.19).

The pre-inoculated seedlings of tomato varieties Pusa Ruby and Mukth) were
found to delay the incidence of bacterial wilt disease. In the case of Pusa Ruby the
treatment (V) Glamus sp. (OT) £ Glomus sp. (VM) delayed the bacterial wilt incidence
upto 45.65 davs after AMF (noculation. The same treatment recorded maximum percent
root colonization (40 per cent) and spore count (176.75 spores 10 g'] soil). However, the

minimum Kefstonfa population (82,73 x 1ot etu ml'l) was recorded by the treatment (T,)
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Glomus sp. (OT) + Glomus sp. (ER) at 60 DAT. The percent wilt incidence was 100

percent for the fomato variety Pusa Ruby.

Similarly, in the case of Mukthi vartely the treatment (13) (lomus sp. (OT) +
Glomus sp. (VM) recorded maximum number of days of plant survival (65.33 days atler
AMF inocutation). The treatment also recorded maximum percent root colonization (60
per cent) and spore count (201.0 spores 10 g ' soil). The fruit number was maximum
(48.0) for (1) Glomus sp. (OT) + Glomues sp. (VM), whereas the fruit weight recorded
the maximum (49.74 y) for the treatment (11) Glomus sp. (OM) + Glomus sp. (VBT).
The Raistonia population was minimum (70 x 10* cfu ml") for {Ty) Glomus sp. (OT) +

Glomus sp. (ER) at 60 DA'T.
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5. DISCUSSION

The AM fungi arc ubiguitous 1n nature and are found in symbiotic association with
the root system of higher plants. The role of AMF in promoting plant growth through
nutrient absorption cspecially phosphorus has been extensively studied. But its role as a
biocontrol agent in controlling soil borne diseases has not been studied in detail. [n the
present study “Biocontrol of bacterial wilt in tomato using arbuscular mycorrhizal fungi”,
the importance of native AMF in reducing bacterial wilt in tomato under pot culture and
field conditions has been highlighted. Morcover, the importance of optimum time of AMF
moculation and optimum inoculum density in reducing the wilt disease has been discussed

i detail n this chapter.

The bacterial wilt pathogen is known to survive in soil in a viable and virulent form
in the absence of its host for more than 2 years over a wide range of pH. There are no reports
of pH having a direct influence on the pathogen population in the soil. But there are reports
of incrcasc m nutrient content in the soil induced by pH, reducing the population of the

pathogen i the soil and thereby reducing the wilt incidence.

The pH of Vellanikkara soils was in the acidic range with pH ranging between 5.2 —
0.5, However, the Ozhalapathy and Eruthiampathy soils had pH towards the ncutral range of
0.3 - 7.1 The low wilt incidence in Ozhalapathy and Eruthiampathy soils may be due to
high pl{ induced increase i calcium content in the soil. The calcium content for
Ozhalapathy and Eruthiampathy soils (8.4 meq. L ' and 10.2 meq. 1. respectively) was
ligher when compared o the Vellamkkara soil (4.8 meq. L ". This is in confirmation with
the fiidinegs of Yamazakt (2001} who reported that increased calciom concentration m the
nutrient solutton reduced the bacterial wilt severity in the seedlings and reduced the
pathosen populatton m stem. s result indicated that the resistance ol tomato 1o bacterial

wilt 1s markedly affected by calcium nutrition of the host.



The AMI are symbiotic associations of fungi with the roots of higher plants, They

help the plants in absorbing nutnents from the soil. Therefore, the sotl nutrient content playy
a major role mn determining the AME population in the soil, with the P content exerting the
major influence on the AMF. The results of the nutrient status of the six soil samples with
respect to N, P, K, Ca and Mg in relation to their influence on AMF is discussed in this

section,

The low P content {1.99 kg ha') in Ozhalapathy and Eruthiampathy (4.66 kg ha™)
so1ls indicated that such soil types arc suitable for the growth and development of AMF
which in tum imparts resistance to the plant. In a similar study, Jalali and Tharcja (1985)
reported that in phosphate rich soils, mycorrhizal density was poor, while root samples from
soils of low phosphate status had cxlensive mycorrhizal colonization. The P content in
Vellanikkara soils was higher when compared to Ozhalapathy and Eruthiampathy areas. The
high P content in these soils might have affected the efficiency of AMF in controlling the

bacterial will.

In the present study, it was also observed that nitrogen content in Vetlanikkara soils
were generally lower when compared to that of Ozhalapathy and Eruthiampathy soils.
However, the lowest nitrogen content (176.4 kg ha™'} was recorded by the Ozhalapathy
maize rhizosphere soil which also recorded the lowest P content (1.99kg ha'). Tt was
observed by Hayman (1970) that application of nitrogen fertilizer not only reduced root
colonization but suppressed spore germinution as well. The low soil fertility of Ozhalapathy
matze rhizosphere which was indicated by their low N and P content might have stimulated
the AMF spore production. The K content ot Vellanikkara soil was lower when compared to
Ozhalapathy and Eruthiampathy areas. The K ostatus of the soils did not stimulate the AMFE
activity which s m agreement with reports of Daniel and Trappe (1980) and Siquenia et ol |

(1932),

The soll factors such as soil pil] soil nutrient status and soil fertility influenced the

AME spore population i the soil. Since the AMF are symbiotic fungi, a soil pIl range
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favouring plant growth 1s most suited lor AMF multiplication and growth. The results on
soil pH, sotl nutrient status and soil fertility of the six soil samples usced in the present study

is discussed.

The AMF spore count was highest (48 10g " of soil} in the case of maize rhizosphere
soil of Ozhalapathy (OM) due to the low N and P content coupled with a near neutral pH of
6.8. The soils of low fertility has a pronounced positive effect on the AMF spore
germination and colonization (Hayman, 1970). With respect to the effect of pH on spore
germination. 1t was [ound that a pH range lavouring plant growth alse influenced AMUE
spore germination (Green et al., 1970; Young et «f., 1985). A pH of 6.8 can be considered as
ncar ncutral and this together with the low fertility status of the maize rhizosphere soil of
Ozhalapathy (OM) might have resulted in the increased AMF spore production. In the case
of the rhizosphere soil of the tomato variety BT-1 from Vellanikkara (VBT), the AMF
spores were the lowest indicating that a lower soil pH (6.53) and higher N and P content
than the maize rhizosphere soill from Ozhalapathy resulted in reduced AMF spore
production. This indicated the neced for screening AMF cultures suitable for a particular

edaphic factor mm a given situation.

The AM [ungi arc ubiquitous in nature and are secn in symbiotic association with the
roots of higher plants. The host, so1l and environmental factors together influence the AMF
diversity 1 the soil. The most predominant AMF genus belongs to Glomus. The AMF
spores 1dentilicd from the soil samples from Palakkad and Thrissur districts confirmed the

findings ot earlicr workers,

The AMLE spore 1solated from high and low wilt incidence arcas mdicated the
presence ot Glomus sp. Acadospo a sp, and Sclerocystis sp. in all the thizosphere soils. n
a similar studv Tlankumar and Potty (1999) reported the presence of AMFE isolates
helonging o Acauwlospara sp., Glonus sp., Sclerocvstis sp. and Gigaspora sp. from soils of

north Kerala which 1s in concurrence with the present results obtained from high walt and
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low wilt incidence areas of Thrissur and Palakkad districts, As there is AMF diversity in

soils with host preference, it is very essential to identify AMF and screen for a suvitable host.

However, Glomus sp. was the most predominant in all the locations indicating the
adéptability of Glomus sp. to a wide range of soil and environmental factors. These results
~ are in concurrence with earlier studies of Harikumar and Potty {1999), Beena (1999} and
Raji (2002), where the predominance of Glomus spp. in the soils of Kerala has been

reported. The predominant AMF from each location were selected for further studies.

The screening of different AMF cultures against Ralstonia solanacearum under pot
culture using sterile potting mixture were carried out using the six predominant native
isolates and one commercial culture individually and in combinations. This was done to
determine the most suitable AMF culture (individual or in combination) capable of reducing
the wilt incidence and improve the plant dry weight and root length. There are reports of
AMF cultures in combination performing better than individual cultures. The present study
was carried out to determine the most efficient AMFE culture which could reduce the wilt

incidence and increase the plant dry weight and root length.

The per cent AMF root colonization was highest (50 per cent) in the case of the
trcatment (T2} Glomus sp. (OT) + Glomus sp. (ER) when compared 1o (Ty9) control plants.
The AMF spore count was also found to be highest (85spores 10g ™ soil) in the case of
Glomus sp. (OT) + Glomus sp. (ER) when compared to control plants (10 spores 10g *' soil).
These results indicated that mixed cultures of AMF performed better when compared to
individual AMFE. Miller ef al. (1989) also observed that a mixture of two AMF specics, viz.
Glomus mosseae and Glomus macrocarpum promoted plant growth better than individual
fungus which confirms with the present findings. Moreover, the spore number i1s an
indication of the per cent root colonization as reported by Daft and Nicolson (1972). The
commercial culture {TN) recorded only 30 per cent root colonization, which suggested that
mdigenous fungi adapted to particular edaphic conditions possess some survival advantage

over introduced species in soils of similar conditions such as their ability to colonizu better,
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spread through the plant or sporulate, greater inoculum potential and competitive ability
(Lambert er al., 1980). This study indicated that the native AMF isolated from the low wilt
- (Palakkad) and high wilt (Thrissur) incidence areas were better than the commercial culture
as they could adapt much faster than the introduced AMF. Moreover, the study also
indicated the importance of mixed cultures over individual cultures as the former could
.bring about better percent root colonization and also increased spore population in the

rhizosphere region.

The AMF association with the root system of higher plants helps in the absorption
of more nutrients from the soil. This in turn lead to an increase in growth of the AMF
inoculated plants which was evident from their increased dry weight. Moreover, since the

AMF are associated with the root system, it effectively mcreased the root length.

The dry weight of plant recorded the maximum (9.13 g) in the case of the treatment
(T1} Glomus sp. (OT) + Glomus sp. (ER) when compared to (T2o) control (2.16 g) (Fig. 2).
The treatment (Tio) Glomus sp. (OM) + Glomus sp. (VBT) recorded the maximum root
length (7.67 ¢cm) when compared to (Tae) contro) (5 cm) (Fig. 3). The treatment (Tos)
commercial culture (TN) recorded a dry weight of 1.23 g and a root length of 4.5 ¢m. These
results indicated that mixed cultures of AMF performed better when compared to individual
cultures. This is in confirmation with the findings of Miller e al. (1989), where it was
observed that a mixture of two species was better that individual fungus alone. This also
indicated a reciprocal stimulation between fungl, or in a given environment, they have
different abilities in nutrient uptake and transfer to the plant, which eventually added up

promoting plant growth.

The results also confirmed that fungt are often more efficient at increasing plant
growth in soils to which they have become adapted. In a similar study, Lambert ot al.,
(1980) also reported the adaptation of indigenous VAM fungi to particular edaphic

" conditions over introduced species in soils of similar conditions. This might be due to their

better colonization, sporulation, greater inoculum potential and competitive ability over the
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non indigenous AM fungi. This study indicated that the native AMF isolates promoted plant
growth to a much greater extent when compared to the commercial culture. This once again
confirmed the better adaptability of the native AMF isolates to a particular edaphic situation

when compared to the commercial cuitures.

The treatment (Ty) Glomus sp. (OM) + Glomus sp. (VBT) recorded the maximum
number of days of plant survival (11 days) followed by (T2) Glomus sp. (OT) + Glomus sp.
(ER) (10.83 days) and (T,) Glomus sp. (OT) + Glomus sp. (VM) (9.33 days) when compared
to (T19) control (8 days) (Fig. 4). The treatment (T,g) commercial culture (TN) inoculated
plants survived for only 6.17 days and the lowest was recorded by (T)) Glomus sp. (OT)
(4.50 days). The percent wilt incidence for the treatments (T ¢} Glomus sp. (OM) + Glomus
sp. (VBT), (T3) Glomus sp. (OT) + Glomus sp. (ER) and (Te) Glomus sp. (OT) + Glomus sp.
(VM) recorded the lowest (83.33 per cent). All the other treatments recorded 100 per cent
wilt incidence (Fig. 5). These results indicate that the dual inoculation of different AMF
species resultedin increased biomass and also survival of the plants (Thomas et «f.. 1994;

Swvaprasad er al., 1995),

These results also indicated the importance of indigenous AMFE in reducing the per
cent wilt mcidenc¢ and increasing the number of days of plant survival. This is in
confirmation with the findings of Nandakumar et af., (2003) who reported that the native
AMF reduced the percent wilt incidence and increased the number of days of plant survival
when compared to the commercial cultures. This is because indigenous AMF are bctter
adapted to a particular edaphic situation and posscs some survival advantage over
mitroduced spofcs such as their colonization ability, competitive ability etc. In a similar
study Lambert e al., (1980) demonstrated the efficiency of indigenous AMF in root

colonization and enhancing plant growth compared to non-indigenous AMF,

Based on the number of days of plant survival and the percent wilt incidence the
AMF cultures (T ) Glomus sp. (OM) + Glomus sp. (VBT), (Ta) Glonus sp. (OT) -+ Glomus

spoERY and (1) Glomus sp. (O7T) = Glomus sp. (VM) were found to be effective against £,
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solanacearum. Among these native cultures, the treatment (T¢) Glomus sp. (OM) + Glomus
sp. (VBT) delayed the wilting upto 41 days (after AMF inoculation). These results indicated
that dual inoculation is better than individual inoculation. This indicated that there was
reciprocal stimulation between fungi and in a given environment, they have different
abilities in nutrient uptake and transfer to the plant and that these abilities eventually
combine to give a better result (Miller er al., 1989). In the case of dual inoculation, the
inoculum density of AMF spores was more which in tumn increased the root colonization
thereby reducing the bacterial wilt incidence. This is in confirmation with the findings of
Daft and Nicolson (1968); Ferguson (1981). But, all the dual inoculation treatments were not
effective which may be due to the fact that the inoculum potential per unit of inoculum, of
each species varies (Daniels er al., 1981). Thus, the dual inoculation of treatments (T)¢)
Glomus sp. (OM) + Glomus sp. (VBT), (Tz) Glomus sp. (OT) + Glomus sp. (ER) and (Ty)
Glomus sp. (OT) + Glomus sp. (VM) were selecled as they gave less percent wilt incidence
and maximum number of days of plant survival when compared to other treatments. Among
these treatments, the treatment (T4) Glomus sp. (OM) + Glomus sp. (VBT) was the best as it
gave the least percent wilt incidence (83.33 per cent), maximum number of days of plant

survival (11.0 days after bacterial inoculation) and maximum root length (7.67 cm).

The determination of the optimum inoculation time and inoculum density are equally
important for the screening of the best AMF. The optimum inoculation time and inoculum
density varied with the host and soil factors. The inoculation time and inoculum density are
particularly important in the case of short duration crops like tomato where we can go for
pre-inoculation of the tomato seedlings in the nursery before transplanting to the field so that

they have the potential to survive for a longer time and thereby give more yield.

The AMF inoculation at the time of sowing showed that the dry weight and root
length of the plant was increased when compared to control. The AMF treatment (T;) with
inoculum density @ 50 g kg recorded a dry weight (2.31 g), when compared to (T)p)
control (0.93 g) (Fig. 6). The maximum root length (5.44 cm) was also recorded for the
treatment (T) with AMF inoculation @ 50 g kg™ (5.44 cm) when compared to (T)) control
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for increasing the percentage root colonization which in turn increased the root length.

Moreover, being non-indigenous AMF they required a higher inoculum density to establish
on the roots as they have to compete for space with the indigenous AMF spores in the soil.
This work is in confirmation with the results of Daft and Nicolson (1968) and Ferguson
(1981) who examined the influence of inoculum dosage on rate of colonization and observed
that increased inoculum dosage resulted in increased colonization and thereby increasedthe
root length. The increase in root colonization helped in better absorption of nutrients as the
absorptive capacity of the root system was enhanced due to the AMF colonization. This in
ium contributed to the improvement in plant growth which in turn is highlighted by the
increase in dry weight of the plant. This was especially important with respect to annual
crops like tomato with short growing seasons where high inoculum dosages may be required
if maximum plant growth stimulation has to be achieved (Wallace, 1973; Hayman, 1982;
Harley and Smith, 1983; Reid, 1984).

The treatment (Tg) with inoculum density @ 75g kg™’ also recorded the maximum
number of days of plant survival (53.22 days after transplanting to wilt sick soil), when
compared to (To) control (16 days) (Fig. 8). The treatment (T;) with inoculum density @
75 g kg’ recorded minimum percent wilt incidence (66 per cent) when compared to 100 per
cent wilt incidence in the case of (T)g) control (Fig. 9). These results clearly indicated that
the higher inoculum density enhanced root growth through an increase in phosphate uptake
by AM fungi. The increased root growth in turn expanded the absorptive capacity of the root
system for nutrients and water and this explains the increased tolerance of mycorrhizal and
P-fertilized plants as they could compensate for loss of root mass or function caused by the
soil borne pathogens. Cordier et al., (1996) also observed that mycorrhiza induced root
growth could compensate for the root loss caused by soil borne pathogens. This explains the
lower percent wilt incidence and maximum number of days of plant survival for the
treatment with inoculum density @ 75 g kg'soil. Moreover, the findings of Sood er al.,
(1997) is in confirmation with the results obtained in the present study. He reported that

Glomus mosseae was highly effective in controlling the bacterial wilt disease in tomato c.v.
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Roma till the termination of potted experiment, 48 days after challenge inoculation with R.
solanacearum. Kumar and Sood (2002) observed that the wilt incidence in the G. mosseae
treated susceptible tomato cultivar Solan Gola was 44.4 per cent when compared to 83.3 per
cent in control which further confirmed the effectiveness of AMF in reducing the wilt
incidence. Nandakumar et al., (2003) reported that the native AMF prolonged the disease
incidence by as much as 40 days after inoculation with the wilt pathogen, when compared to
18 days in control. Moreover, they also observed that the percent disease incidence was
reduced in native AMF treated plants, when compared to those treated with the commercial

culture.

The treatment (Ts) with inoculum density @ 50g kg soil recorded maximum dry
weight (6.74 g) when compared to (T)o) control plants (3.07 g) (Fig. 10). The treatment with
inoculum density @ 75g kg (T3) and 50 g kg™ (Ts) recorded maximum root length (7.88
cm and 7.67 cm respectively) when compared to (T)o) control (1.33 cm) (Fig. 11). This
might be due to the higher AMF inoculum density. As the AMF inoculum density was more
the ability of the AMF spores to form symbiotic associations with the root system was
increased resulting in higher per cent root colonization. This in turn increased the absorptive
capacity of the root system resulting in the absorption of more nutrients and water, thereby
enhancing the plant growth. This is in concurrence with the earlier studies (Wallace, 1973;
Hayman, 1982; Harley and Smith, 1983; Reid, 1984). The results of the present study
therefore explained for the increase in plant dry weight and root length with increase in

inoculum density.

The number of days of plant survival was also found to be maximum (105.8 days)
for the treatment (T¢) with inoculum density @ 75 g kg™’ (Fig. 12). The treatment (T,) with
inoculum density @ 75g kg™ recorded the lowest percent wilt incidence (22 %) when
compared to 100 per cent in (T)p) control plants (Fig. 13). The root colonization percentage
was increased due to the increase in inoculum density. This in turn was found to increase the
absorptive capacity of the roots which helped the plants to compensate for the loss of root

mass or function caused by the attack of soil borne pathogens. This finding is in
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confirmation with the results reported by Cordier et al., (1996), where the role of
mycorrhizal induced root growth compensating for the root loss caused by soil borne
pathogens is highlighted. Sood et al., (1997) reported that Glomus mosseae was highly
effective in controlling the bacterial wilt disease in tomato ¢.v. Roma till the termination of
potted experiment 48 days after challenge inoculation with R. solanacearum. In a related
experiment, Kumar and Sood (2002) reported that the per cent wilt incidence of the
susceptible tomato cultivar Solan Gola was reduced to 44.4 per cent when compared to 83.3
per cent in control when they were inoculated with G. mosseae. Nandakumar et al., (2003)
reported that the native AMF prolonged the disease incidence by as much as 40 days after
inoculation with the wilt pathogen when compared to 18 days in control. Moreover, they
also observed that the percent disease incidence was reduced in native AMF treated plants
when compared to those treated with the commercial culture. This is in confirmation with
the results of the present study where the disease was delayed upto 105.8 days. The
maximum survival of plants and lower wilt incidence observed in the present findings is

thus explained due to the increase in inoculum density of mycorrhiza.

The control plants (T)p) recorded maximum dry weight (4.49 g) (Fig. 14) and root
length (10 cm) (Fig. 15) when compared to AMF treatments with different inoculum
densities. The reason for the increased dry weight and root length of control plants may be
due to the fact that the seedlings were raised without AMF inoculation and only at the time
of transplanting to the wilt sick soil, AMF inoculation was carried out. The AMF that was
inoculated might have faced competition from the indigenous AMF present in the wilt sick
soil resulting in poor root colonization and establishment of inoculated AMF. This might
have accounted for the decrease in plant dry weight and root length of the AMF treated
plants when compared to control. This is in confirmation with the findings of Lambert et a/.
(1980) where it was reported that indigenous VAM fungi were more adapted to the
particular edaphic conditions as they possessed some survival advantage over the non-

indigenous ones of introduced species.
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The treatments (To) with inoculum density @ 75 g kg recorded maximum number
of days of plant survival (98.89 days) when compared to (T)o) control (56 days) (Fig. 16)
and the same treatment (Ty) also recorded the least percent wilt incidence (33 per cent) when
compared to (Tg) control (100 per cent) (Fig. 17). The higher inoculum density of the
inoculated AMF resulted in more root colonization and thereby was able to reduce the
incidence of bacterial wilt. The AMF inoculation @ 25 g kg, 50 g kg’ and 75 g kg was
done at the time of transplanting and it might have taken some time for the inoculated AMF
spores to establish on the roots which resulted in less number of days the plants survived.
The control plants on the other hand was colonized immediately by the indigenous AM
fungi due to its better adaptability to the particular-soil conditions and this accounted for the
survival of control plants upto 56 days. The percent wilt incidence for the treatments @ 75
g kg was comparatively less due to the better AMF root colonization (Cordier et al., 1996).
Moreover, the findings of Sood et al., (1997) is in confirmation with the results obtained in
the present study. He reported that Glomus mosseae was highly effcctive in controlling the
bacterial wilt disease in tomato c.v. Roma till the termination of potted experiment 48 days
after challenge inoculation with R. solanacearum. Kumar and Sood (2002) observed a
reduction in the percent wilt incidence of the susceptible tomato cultivar Solan Gola from
83.3 per cent in control to 44.4 per cent in G. mosseae treated plants. Nandakumar et al.,
(2003) also reported delay in disease incidence for native AMF treated plants upto 40 days
after inoculation with wilt pathogen R. solanacearum compared to 18 days in control. The
higher inoculum density has led to more root colonization which in turn reduced the

bacterial wilt incidence and increased the number of days the plants survived.

The optimum inoculation time and inoculum density were tried in different
combinations. Based on the dry weight of the plant, root length, percent wilt incidence and

maximum number of days of plant survival, the inoculation time and inoculum density were

selected.

The dry weight (6.74 g) and root length (7.88 cm) of the plant was found to be higher

at 15 days before transplanting when compared to the AMF inoculation at the time of
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sowing and at the time of transplanting (Fig 18 and 19). The AMF treatments (at the time of
sowing, at 15 days before transplanting, at the time of transplanting) showed that the number
of days the plants survived was maximum (105.8 days) (Fig. 20) and percent wilt incidence
was the lowest (22 per cent) (Fig. 21) when AMF was inoculated at 15 days before
transplanting. These results clearly showed that pre-inoculation of AMF (at 15 days before
transplanting) gave better plant growth and also reduced wilt incidence and increased the
number of days the plants survived. The AMF inoculation at 15 days before transplanting
might have allowed the AMF time to colonize roots much efficiently than at the time of
sowing and at the time of transplanting thereby reducing the bacterial wilt incidence.
Moreover, this also prevented the indigenous ineffective AMF from colonizing the roots.
Th.c.: results showed that the lower percent of wilt incidence, maximum number of days of
plant survival, maximum plant dry weight and root length was noticed in the treatments
where AMF was inoculated at 15 days before transplanting. The findings were in
concurrence with the earlier works (Halos and Zorilla, 1979; Davis and Menge, 1979,
Thomson er al., 1983; Hussey and Roncadori, 1982; Grandison and Cooper, 1986; Smith ez
al., 1986; Iyer and Sundararaju, 1993; Sivaprasad, 1995) who observed that inoculation
method to pre-colonize the plants with the VAM fungus 2-4 week before pathogen
inoculation was the best and it is a realistic system for transplanted crops that can be
inoculated with VAM fungi before they are planted into field soils. In the present study, the
pre-inoculation with AMF was carried out at the time of sowing (4 week before
transplanting to wilt sick soil) and at 15 days before transplanting (2 week before

transplanting to wilt sick soil).

Similarly, the percent wilt incidence was the lowest (22 per cent) and the maximum
number of days of survival (105.8 days) were recorded when the AMF inoculum was
applied @ 75 g kg soil. These results indicated that higher inoculum density formed a
mechanical barrier in preventing the entry of pathogens as a result, the disease incidence was
less. It was reported that increased inoculum dosage resulted in increased AMF colonization

-rate and in annual crops with short growing seasons, high inoculum dosages may be required

if maximum plant growth stimulation has to be achieved which in turn gave immunity to
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plants against the pathogen. In earlier studies, Daft .and Nicolson, 1968; Johnson, 1977,
Carling er al., 1979 and Ferguson, 1981 have reported the influence of inoculum density on
rate of colonization and suggested that higher inoculum density increased root colonization
which in turn imparts resistance to the plant against the pathogen. The results of the present
study very well confirmed the role played by high inoculum density and pre-inoculation of
plants with AMF atleast 2 weeks before pathogen inoculation in delaying the wilt incidence

and increasing the number of days of plant survival.

Based on the dry weight, root length, number of days plants survived and percent
wilt incidence, the selection of the optimum inoculum time was carried out. It was found
that the AMF inoculation at 15 days before transplanting recorded much higher dry weight,
root length, maximum number of days the plants survived and minimum percent wilt
incidence when compared to AMF inoculation at the time of sowing indicating that the
AMF root colonization was delayed due to the absence of roots. Therefore, AMF could not
infect hosts, It was also observed that the percent wilt incidence for the AMF inoculation at
the time of transplanting was more when compared to 15 days before transplanting with the
number of days of plant survival was less for AMF inoculation at the time of transplanting
than at 15 days before transplanting. This indicated that AMF inoculation at the time of
transplanting resulted in competition with the indigenous AMF resulting in lesser root
colonization of the introduced effective AMF as it took more time to adapt itself to the
particular edaphic condition. Hence, it can be seen that even though plants survived and
percent wilt incidence was reduced, the AMF inoculation at the time of sowing and at the

time of transplanting are not suitable as indicated in the present study.

After finding out best time of inoculation and inoculum density, further studies were
conducted with the effective AMF obtained from screening trial so as to assess the

effectiveness of AMF at standardized inoculum density and best time of inoculation.

Among the native isolates, the treatment (T;) Glomus sp. (OT) + Glomus sp. (ER)
recorded the maximum fresh weight (5.58 g), dry weight (1.39 g) and root weight (90.25 g)
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(Fig. 22). This might be due to the competitive ability of the indigenous AMF isolates. This
result is in concurrence with the findings of many research workers (Daft and Nicolson,
1972, Lambert ez al., 1980; Miller et al., 1989). They observed increased plant growth from
inoculation of indigenous VAM species over the non-indigenous VAM species (commercial

culture).

The treatment (T3) Glomus sp. (OM) + Glomus sp. (VBT) recorded maximum
number of survival days (82.11 days) (Fig. 23) and the least percent wilt incidence (55.33
.per cent) (Fig 24), when compared to control which recorded less number of days (51 days)
and 100 per cent wilt incidence. These results indicated that mixed cultures of native
effective AMF isolated from different locations were better able to control the wilt incidence
suggesting reciprocal stimulation between fungi. This is in confirmation with the findings of
Miller et al., (1989). They also observed a similar result where mixture of two species was

better than individual fungus alone due to their stimulatory effect on cach other.

Moreover, the native isolates were better adapted to the particular edaphic conditions
and possessed some survival advantage over introduced species (Lambert ez al., 1980). This
indicated that the native isolates of AMF were more beneficial in reducing the wilt
incidence, and increasing the number of days the plants survived. This is in confirmation
with the findings of Nandakumar er al., (2003) where it was reported that the native AMF
prolonged the disease incidence by as much as 40 days after inoculation with the wilt
pathogen when compared to 18 days in control. Moreover, they also observed that the
percent disease incidence was reduced in native AMF treated plants when compared to those
treated with the commercial cultures. In addition, the native isolates were also seen to
promote the plant growth. It was also observed that the mixed native cultures gave better

result when compared to the application of individual native cultures.

The treatment (T;) Glomus sp. (OT) + Glomus sp. (VM) recorded the maximum
spore count (175 spores 10g'l soil) and maximum per cent root colonization (40 per cent)

when compared to (Ts) control which recorded a spore count of 80 spores 10g™ soil and zero
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per cent root colonization. The treatment (T4) commercial culture (TN) recorded only 20 per
cent root colonization and a spore count of 155 spores 10g” soil. The results indicated that
‘mixed inocula were better than either fungus alone. Moreover, spore numbers might be an
effective measure of root colonization as was found in the results. The commercial culture
recorded low per cent root colonization and low spore count than the native isolate. This
also indicated that the non-indigenous AMF (commercial culture) failed to develop in
comparison with indigenous AMF. The findings of research workers Daft and Nicolson,
1972; Lambert et al., 1980; Miller et al., 1989 are in confirmation with the results of the

present study.

However, the corresponding per cent root colonization (30 per cent) and spore count
(139 spores 10g ! soil) of the treatment (T3) Glomus sp. (OM) + Glomus sp. (VBT) were
less compared to that of (T;) Glomus sp. (OT) + Glomus sp. (VM) which recorded per cent
root colonization of 40 per cent and spore count of 175 spores 10g™ soil even though the
wilt incidence was more than Glomus sp. (OM) + Glomus sp. (VBT). Thesc results
suggested that the preferential association between certain plant and fungal species can be
evaluated with respect to combinations which provided the greatest root colonization or
maximum sporulation but these three factors were not necessarily correlated (Mosse, 1975).
The result explained why the treatment (T3) Glomus sp. (OM) + Glomus sp. (VBT) recorded
a low wilt incidence and maximum days of plant survival even though the sporulation and

per cent root colonization were less.

As the native AMF cultures recorded a higher spore count and per cent root
colonization over the commercial culture, it was evident that the native cultures were better
adapted to a particular edaphic situation when compared to the introduced cultures. Based
on the number of days of plant survival, per cent wilt incidence, plant height, per cent root
colonization and spore count, the native culture combinations of Glomus sp. (OM) + Glomus
sp. (VBT) and Glomus sp. (OT) + Glomus sp. (VM) were selected as the best two among the

three native culture combinations.
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The effect of AMF on the fresh weight,-dry weight, root length, root weight and
plant height were studied under field conditions using the tomato variety Pusa Ruby (highly

susceptible) and the tomato variety Mukthi (moderately resistant) was used for comparison.

The AMF inoculated Pusa Ruby plants recorded improved plant growth with respect
to the biometric parameters viz., plant height, root length, root weight, fresh weight and dry
weight over the control plants. The chemically treated plants also recorded increased plant
growth over control. However, the treatment (T4) with commercial culture (TN) recorded
much less growth promotion when compared to the native cultures (Fig. 25 and 26). The
results are in confirmation with the findings of Miller et al., (1989) who observed that dual
inoculation of two species gave a much better stimulation for plant growth when compared
to individual application of a particular species. Moreover, the reduced growth of Pusa Ruby
on inoculation with the commercial culture is in concurrence with the results of Lambert ez
al., (1980) and Raji (2002) where indigenous fuhgi were more efficient at increasing plant
growth in soils to which they have become adapted.

The AMF inoculated Mukthi plants also recorded increased plant growth over
control with respect to the biometric characters viz., plant height, root length, root weight,
fresh weight and dry weight. As in the case of Pusa Ruby, the native AMF inoculated
Mukthi plants recorded improved plant growth over the commercial culture (TN) with
~ respect to plant height, root length, fresh weight and dry weight (Fig. 27 and 28). Chemical
control (Ts) also recorded increased plant height, root length, root weight, fresh weight and
dry weight over control. These results indicated that the native isolates are better adapted to
local conditions, when compared to the introduced AMF cultures (Lambert er al., 1980;
Raji, 2002).

The effect of AMF on the percent wilt incidence and number of days of plant
survival were studied under field conditions using the tomato varieties Pusa Ruby (highly

susceptible) and Mukthi (moderately resistant) was used for comparison.
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The Pusa Ruby plants recorded 100 per cent wilt incidence at 31.65 days after
transplanting in wilt sick soil (46.65 days after AMF inoculation) (Fig. 30) for all the
- treatments and the maximum number of days of plant survival was recorded for the
treatment (Ts) with kocide (0.2 per cent) 32.67 days after transplanting to wilt sick soil. It
was also observed that the treatment (T4) commercial culture (TN) inoculated plants
survived only for 26.24 days after transplanting (41.24 days after AMF inoculation), which
was less than that recorded by the native cultures (Fig. 29). However, the treatments with the
native and commercial culture of AMF recorded more number of days of plant survival
when compared to control (15.25 days after transplanting to wilt sick soil). This is in
confirmation with the findings of Sood e al., (1997) who reported that Glomus mosseae was
highly effective in controlling the bacterial wilt disease in tomato c.v. Roma till the

termination of potted experiment 48 days after challenge inoculation with R. solanacearum.

A similar study conducted by Nandakumar et /., (2003) also reported that the native
AMF was able to delay the diseasc incidence by 40 days after inoculation with the wilt
pathogen R. solanacearum when compared to control where wilting occurred within 18 days
which further confirms the present finding. The results also indicated that Pusa Ruby being a
susceptible variety, was more pronc to wilt incidence and this might be the reason for the
100 per cent wilt incidence recorded by the variety (Paul, 1998; Akbar, 2002; Raji, 2002).
The reason for biological control not much effective against wilt incidence may be due to
the fact that biological control with mycorrhizae, like most instances of biological control,
can never confer complete immunity against root diseases, but impart a degree of resistance
or tolerance against the soil borne pathogens (Wilhelm, 1973). The native isolat;s prolonged
the disease incidence as they were more adapted to particular edaphic conditions and possess

some survival advantage over introduced species in soils of similar conditions.

Although chemical control with kocide (0.2 per cent) at the time of transplanting
increased the number of days of plant survival (32.67 days), the wilt incidence recorded was
100 per cent. This result is in contrast with the findings of Akbar (2002), who reported that

chemical control with kocide @ 0.15 per cent as drenching at time of planting and 30 DAP
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gave the least wilt incidence for the resistant varicty Sakthi under field conditions. The
wilting per cent of Sakthi variety of tomato under field conditions was only 42.54 per cent at
75 DAP. The difference in result obtained in the present study with chemical control might
be due to the fact that in the present study, Pusa Ruby variety of tomato was used. This
variely is highly susceptible te bacterial wilt and this may have resulted in the higher wilt
incidence when compared to the variety Sakthi which is resistant to the wilt pathogen
resulting in lower wilt incidence. Thus, susceptibility of the .Pusa Ruby variety"ﬁﬁ wilt
pathogen might be due to variation in host genotype which in turn played an important role
in the AMF symbiotic association and in turn influenced the incidence of bacterial wilt
{Graham and Sylvertsen, 1985, Graham et al, 1991; Jayaraman and Kumar., 1995;
Markose, 1996; Nakaho et al., 2000).

The least bacterial wilt incidence (93.72 per cent) recorded by Mukthi variety was
for the treatment (T4) with the commercial culture (TN} (Fig. 30). This result indicated the
efficiency of the commercial culture (TN) over the native isolates of AMF. This might be
due to the competitive ability of the commercial culture over the indigenous AMF isolates.
This result 15 in concurrence with the findings of many research workers (Powell, 1976,
Powell, 1977a, 1977b, 1977¢) and Powell and Daniel (1978). They observed increased plant
growth from inoculation with non-indigenous VAM species even into non-sterile solls
containing indigenous species. The only native isolate combination 1o record less than 100
per cent wilt incidence was the treatment (T;) Glomus sp. (OT) + Glomus sp. (VM) (97.90
per cent) which also recorded the maximum number of days of plant survival (50.33 days
after transplanting i.e., 65.33 days after AMF inoculation) (Fig. 29). This is in confirmation

with the findings of Sood er al., (1997) who observed that Glomus mosseue was highly

effective in controlling the bacterial wilt disease in tomato ¢.v. Roma till the termination of

potted experiment 48 days after challenge inoculation with R. solanacearum.

A similar finding by Nandakumar et al., (2003) where the native AMF was able to
prolong the disease incidence by 40 days after inoculation with R. selanacearum turther

confirm the results obtained in the present study. The chemical control (Ts) with kocide (0.2
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per cent) also recorded less than 100 per cent wilt incidence. The native 1solate combinations
(T3) Glonus sp. (OM) + Glomus sp. (VBT) and (Ty) Glomus sp. (OT) + Glomus sp. (ER)
recorded 100 per cent wilt incidence in Mukthi. The wilt incidence being less for the
commercial culture (TN) might be due to the fact that initial growth of the non-indigenous
fungi {commereial culture) was faster than the native isolates. The findings ol many
previous workers (Powell, 1976, 1977a, 1977b, 1977¢c; Powell and Daniel, 1978) are in
concurrence with the results of the present study. Moreover, plants may vary in their
dependence on the symbiotic association with AMF due to their physiological or anatomical
‘differences (St. John, 1980; Markose, 1996; Nakaho, 2000). This in turn affects the host
response to bacterial wilt incidence. The adaptabilily of the indigenous isclates 10 a
particular edaphic condition due to the possession of some survival advantagec over
introduced species in soils might have resulted in maximum days of plant survival recorded
by the native isolates. The native isolates possess better colonizing ability, faster spread
through plants and sporulate and greater inoculum potential and competitive ability

(Lambert et af., 1980).

The per cent wilt incidence recorded by chemical control was less than that recorded
by the native 1solates. This might he due to the effect of the host itself more than that of
AMEFE. Because Mukthi 1s a moderately resistant variety of tomato against bacterial wilt and
the host genotype itself provided some sort of resistance to the plants. The survival of the
plants inoculated with AMF upto 50 days after transplanting (G5 days after AMF
inoculation) m unsterilized ficld soils also indicated the long term response of VAM
inoculation. This is in confirmation with the earlier findings of Johnson and Crews, (1979);
Stvaprasad, (1995). They observed that mycorrhiza inoculated plants transplanted to the
field rccorded much better survival and growth of the inoculated plants at 4 months after
transplant. Moreover, the high bactertal wilt incidence recorded by mycorrhiza inoculated
plants may be due to the fact that biological contrel agents do not impart complete immunity
against soil borne pathogens, but only a certain degree of tolerance, which is true in the case

of mycorrhiza also (Wilhelm, 1973).
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The per cent root colonization of Pusa Ruby variety of tomato at 60 DAT was the
highest for the treatment (T;) Glonuis sp. (OT) + Glomus sp. (VM) and this corresponded
with the high spore count at 60 DAT for the same treatment. The AMF infection in the
chemically treated plants (Ts) was only 10 per cent which was only better than (Ts) control,
The spore count showed an increase at 60 DAT from that recorded at the time of
transplanting and 30 DAT. The contro} plants recorded a lower spore count which did not
change appreciably at 60 DAT. These results indicated that spore count was related with per
cent rool colonization as suggested by Daft and Nicoloson (1972). Moreover, the availability
of a host (Pusa Ruby) may have resulted in an increase in spore population at 60 DAT {rom
the nitial count. The root colonization and spore production of the VAM isolates cspecially
the native ongs increased during the growth period of the crop. This might be due to the
availability of host roots lor colonization as VAM are symbiotic fungi found 1n associalion
with roots of crop plants. These resulls are in concurrence with the findings of Hayman
(1970) who observed that root colonization and sporulation increased through out the

~ growing season, peaking just prior to harvest.

This results have been further confirmed by the findings of Raji (2002) for the
tomato varieties BWR-1 and Sakthi where an increase in spore count and root colonization
during the growing season was observed which is in concurrence with the results of the
present study. The chemucal control using kocide (0.2 per cent) registered a lower spore
count and per cent root colonization. This might be due to the harmful effect of the chemical
on the indigenous and introduced AMF species. This was evident from the reduction in
spore count in the chemical treated plots from the initial spore count before chemical
treatment. The decrease in spore count naturally led to a decrease in per cent root
colonization. This result is in confirmation with the findings of Akbar (2002) where it was
observed that the per cent root colonization recorded was the lowest for the kocide (¢ 0.15

per cemt) treated plants.

The R. solunacearum population in the initial stage at the time of transplanting was

“y
bl

53 x 10% cfu ml”. The Ralstonia population increased in all the treatments and the least
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Raistonia population was recorded by the treatment (T} Glomus sp. (OT) + Glomus sp.
(ER) (82.75 x 10* ¢fu mi"") at 60 DAT when compared to (T) control (125 x 10* cfu mi™),
The pathogen R. solanacearum is endemic to the Vellanikkara soils and are known to
survive for long periods in soil in the absence of the host. The initial Ralstonia population
itself was high and the presence of the Pusa Ruby variety of tomato resulted in the built up
of the pathogen population which was evident from the present study. The Raistonia
population in the Vellanikkara soil was found to increase in soil with the growing season as

reported by Raji (2002) which confirmed the results of the present study.

In the casc of Mukthi varicty, the percentage root colonization at 60 DAT was the
highest (60 per cent) for the treatment (T,) Glomus sp. (OT) + Glomus sp. (VM) and this
also corresponded with the high spore count at 60 DAT. The AMF infection in the kocide

| (0.2 per cent) treated plants (1s) was only 10 per cent and the control plants (T,) also
recorded 10 per cent root colonization. The spore count showed an ncrease at 60 DAT from
that recorded at the time of transplanting and 30 DAT. The contro! plants recorded a lower
spore count {128.5). These results are in confirmation with the findings of Daft and Nicolson
(1972). The availability of host may have resulted in increase of spore population at 60 DAT
from the initial count. The root cxudales from the host plants might have stimulated the
spore production of AMF which is in confirmation with the findings of Becard and Piche
(1989a). They observed that thc presence of a growing root significantly stimulated the
growth of AM fungi cven when there was no root fungal contact and active fungal growth
ccased upon root removal. The root colonization of the AMF isolates cspecially the native
ones increased during the growth period of the crop, This might be due to the availability of
host roots for colonization as VAM are symbiotic fungi found in association with roots of

~ crop plants.

These results are in concurrence with the findings of Hayman (1970) who observed
that root colonization and sporulation increased through the growing season, peaking just
prior to harvest which is in concurrence with the results of the present study. The chemical

control with kocide (0.2 per cent) registered a lower spore count and per cent root
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colonization. This might be due to the harmful effect of the chemical on AMF species. This
is evident from the reduction in spore count of the chemically treated plots from the initial
spore count before chemical treatment. The decrease in spore count naturally led to a
decrease in per cent root colonization. This result is in confirmation of the findings of Akbar
{2002) where he observed that the per cent root colonization recorded was the lowest for the

kocide treated plots. i

The Raistonia population of Mukthi did not show much variation when compared to
that observed in the Pusa Ruby rhizosphere. The least Ralstonia population was recorded for
the treatment (T ) Glomus sp. (OT) + Glomus sp. (ER) (76 x 10* ¢fu ml”') at 60 DAT when
compared to (Ty) control (120 x 10 ¢fu ml™}. The Vellanikkara soils are conducive tor the
survival of the Ralstonia population and the presence of the host (Mukthi) might have
resulted in the build up of the pathogen population at 60 DAT. The Ralstonia population in
the Mukthi rhizosphere did not show mugch variation when corﬁpared to that found in the
Pusa Ruby rhizosphere. The results observed in the present study is in concurrence with the
findings of Raji (2002), where it was noticed that the Rulsroniu population in seil increased

with the growing season.

The rhizosphere spore count and per cent root colonization for Pusa Ruby was
comparatively less when compared with that of Mukthi rhizosphere soil. This may be duc to
the fact that the Pusa Ruby being a susceptible variety, is less colonized by AMF when
compared to the moderately resistant Mukthi variety which recorded a much higher
colonization and spore count. This is in confirmation with the findings of Harikumar and
Potty (1999) and Raji (2002) where they reported root colonization of more than 85 percent
in sweel potato and tomato grown in Vellanikkara soils. Raji (2002) also reported high
spore count in the AM inoculated rhizosphere of tomato variety Sakthi and BWR-1, which
are resistant and moderately resistant varieties, This further confirms the higher root
colonmzation of Mukthi variety when compared' to Pusa Ruby. But, even then the root
colonization and spore count in Mukthi variety were very less, when compared to the results

of Raj1 {(2002). This might be due to the climatic factors prevailing during the crop growth
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period. The increase in spore count was not much at 60 DAT from what was present at 30

IDXAT. This might be duc to the heavy rains during this period (Appendix 5).

The initial spore count was less as there was heavy rain during the time of
transplanting. The spore population increased gradually for the native AMF inoculated plots
at 30 DAT as the indigenous AMF are better able to adapt to natural edaphic conditions
(Lambert et al., 1980) and there was reduction in the rainfall. The soil temperature might
also have influenced spore production rather than air temperature {Smith and Bowen, 1979,
Graham et al., 1982). The soil temperature from date of transplanting upto 30 DAT was
hetween 30-35°C and this favoured spore production (Schenck and Schroder, 1974). This is
i confirmation with the resuits oblained for sporc production at 30 DAT in the present

study.

However, after this period (30 DAT), the soil temperature gradually increased and
reached beyond 40°C. During the period between 30 DAT and 60 DAT the soil temperature
. was generally more than 35°C. This might have had an adverse eflect on AMF sporulation
and root colonization as the optimum temperature for AMF sporulation and root
colonization is 30-35°C. As a result, the per cent root colonization and sporulation
decreased. This confirmed the slight increase in spore count and AMF root colonization at

60 DAT.

Moreover, heavy rains during the 6" week afier transplanting (42 DAT) reduced the
spore count drastically and this confirms with the results obtained by Trimurtulu and Johri
(1998) where they reported higher spore count during the post rainy (November) and Winter
(February) months when compared to summer {(May) and rainy (August) months when the
spore count was less. This further explains only a slight increasc in spore count obscrved in

the present study during the month of October (60 DAT).

Another factor which might have influenced the AMF spore count and root
colonization 1s the sunshine hours {photoperiod). The sunshine hours during the period 30
DAT was 8.7 hr day' and that during 60 DAT was 2.1 hr day”'. This difference in

photoperiod might have influenced the AMF spore count and root colonization as was
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reported by Hayman, 1974; McCool, 1981; where they observed that a photoperiod of 12hr
or more may be more important than light intensity in providing high levels of root

colonization.

) The Ralstonia population in the initial stage at the time of transplanting was 53 x 10°
cfu ml_". There was a gradual increase in the Ralstonia population for all the treatments in
both the tomato varieties as the crop growth progressed. The Ralstonia population was the
lowest for the treatment (T} Glomus sp. (OT) + Glomus sp. (ER) although the per cent
" AMF root colonization and spore count was highest for (T;) Glomus sp. (OT) + Glomus sp.
(VM). The maximum Rulstonia populatioﬁ was recorded at 60 DAT when the minimum and
maximum temperature was 23.1-29.36 °C. This confirms with the results obtained by
Sunaina and Gupta (1998} where they observed that maximum soil population of Ralstoniu
occurred when the mean minimum and maximum air temperature ranges between 20.5-28
“C. The period at 60 DAT also happened to recgive heavy rainfall (268.3 mm week™') and

this also is in concurrence with the observations of Sunaina and Gupta (1998).

The soil temperature during this period (60 DAT) at 5 cm. 10 c¢m and 15 ¢m depths
varied between 26-31 °C and the maximum air temperature was 29.3 °C. The period
h.clwccn 30 DAT and 60 DAT reccived around 310 mm of rainfall. This data suggested that
the increase in Ralstonia population at 60 DAT was due to the favourable environmental
conditions which 1s in confirmation with the ﬁndirigs of Bora et al. (1996). Thev observed
that a soil temperature range of 25-30 °C accompanied by maximum air temperaluse 26-30
°C and monthly rainfall ranging between 200-300 mm favoured bacterial growth and

multiplication resulting in severe wilt incidence.

The present study cicarly showed that dual inoculation of AMF selected from
different locations gave better control of plant diseases and also improved plant growth
when compared with inoculation of individual AMF. Another important aspect found in this
study was the effect of pre-inoculation of AMF and the determination of the optimum
moculum density. 1t was found out that pre-inoculation of tomato seedlings 13 days before

transplanting gave best control of the bacterial wilt pathogen and optimum inoculum density
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was found to be 75 g kg 'soil. The lower inoculum densities @ 25 g kg™ and 50 g kg’ soil
failed 1o give effective control. Morcover, in the ficld experiment it was found that the
sclected native AM fungl were able to prolong the occurrence of the disease upto 47 days
after AMF inoculation in the case of Pusa Ruby (highly susceptible} and 65 days after AMF
inoculation in the case of Mukthi {moderately resistant). This is in confimation with the
~ findings of Sood et al., (1997). They observed that Glomus mosseae was highly effective in
controlling the bacterial wilt disease in tomato c.v. Roma till the termination of potted
experiment 48 days after chatlenge inoculation with R. solancearum. This brings to the fore
the importance of an integrated approach in the control of bacterial wilt pathogen. The use
of tolerant/resistant varieties, clean cultural practices avoiding root injury, correct planting
time, removal of wilted plants from the field and the use of biocontrol agents including
effective native AMF cultures could provide better control against the bacterial wilt
pathogen. The most effective native AMF found to reduce wilt incidence (97.90 per cent)
and prolong the occurrence of discase (65 days after AMF inoculation) was (T5) Glomus sp.
(OT) + Glomus sp. (VM) 1n the case of Mukthi varicty of tomato, whereas in the case of Pusa
Ruby, the same treatment (T;) Glomus sp. (OT) + Glomus sp. (VM) prolonged the disease
occurrence upto 46.65 days after AMF inoculation. However, the culture Glomus sp. (OT) +
Glomus sp. (VM) could not reduce the wilt incidence significantly in Pusa Ruby which

recorded 100 per cent wilt incidence.

The present study clecarly indicated that the AMF is a potential biocontrol agent
under pot culture but under field conditions AMF could only delay the incidence of bacteriaj
wilt which could be due to the influence of soil, host and environmental factors on the
performance of the inoculated AMF. Moreover, bjocontrol agents can never confer complete
immunity against the root diseases but imparts resistance /tolerance against soil- borne
pathogen. But there are reports of AMF and bacterial antagonists significantly reducing the
wilt incidence in susceptible tomato cultivars when applied simultaneously. However,
extensive studies are needed under field conditions to test the long-term effect of AMF
;llﬁplicali011 individually and in combination with other antagonists in biocontrol of bacterial

wilt,
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6. SUMMARY

The present study on “Biocontrol of bacterial wilt in tomalo using arbuscular
mycorrhizal fungi™ was carried out at the Dept. of Plant Pathology, College of Horticulture,
Vellanikkara during the period 2000-2002. The experiment consisted of isolating and
identifying AMF fungi from high and low wilt incidence areas of Thrissur and Palakkad
districts. The predominant AMF from these locations were screened under sterile conditions
and the optimumy inoculum density and inoculation time determined under unsterile pot
culture conditions. This was tested in the field to find out the efficacy of the sclected AMFE
at the standardized inoculation time and inoculum density under ficld conditions. The

summary of the results ohained are given helow:

The soil semples were collected from high and low wilt incidence areas of Thrissur
and Palakkad district from tomato and maize rhizospheres. The soil samples were analyzed
for their nutricnt status as well as pH. The pH of Vellanikkara soils (Thrissur) was acidic,
whereas that of Ozhalapathy and Fruthiampathy (Palakkad) were towards neutral to
alkaline range. The enumeration of Ralstonia solanacearum population was undertaken to
find out the population of the pathogen in the high wilt and low wilt soils, The maximum
Ralstonia population was found in tomato rhizosphere soil of Eruthimapathy and the
minimum 1n tomato rhizosphere soil of Ozhalapathy. The soil nutrient status viz., N, P, K.
Ca and Mg content were determined for the six soil samples in addition to their pH. The
nitrogen, potassium, calcium and magnesium content of Ozhalapathy and Eruthiampathy
sotls were hivher when compared to Vellamkkara soils. However. the P content of

Ozhalapathy and Eruthiampathy sotls were considerably less than that in Vellanikkara soils.

The AME present in the six soil samples were isolated and identified. The
predonminant AMF m all the soils were (Homus sp. The other AMF gencra like Acanlospora
and Sclerocystis were also identified. The enumeration of the total AMF spores in the soils
from high wilt and low wilt arcas was carncd out and the maize rhizosphere soil of

Ozhalapathy recorded the maximum spore count,



The screening of the predominant AME spores individually and in combination
against R. solanacearwm usig sterile potting mixture was carried out along with a
commercial culture of AMY from TNAU for comparison. The per cent root colomzation and
AMT spare count was maximum for (lomus sp. (OM) + Glomus sp. (VBT) and Glomus sp.
(OTY 4 Glomus sp. (ER) with the control plants recording the least. The maximum dry
weight was recorded in Glomus sp. (OT) 4 Glomus sp. (ER) whereas Glomus sp. (OM) -
Glomus sp. (VBT) recorded maximum root length and maximum number of days of plant
survival. The treatments Glomus sp. 1OT) = Glomus sp. (ER), Glomus sp. (OT) « Glonus
sp. (VM) and Glomus sp. (OM) - Glomus sp. (VBT) recorded the least percent wiit
incidence whereas all other treatment combinations recorded 100 per cent wilt incidence.
, Based on the dry weight, root length. maximum number of days of plant survival and
percent wilt incidence. the AME cultures Glonus sp. (OT) + Glomus sp. (ER), Glomus sp.
(OTY + Glomus sp. (VM) and Glomus sp. (OM) + Glomus sp. (VBT) were sclected.

The optimum inoculation time (at the time of sowing, at 15 days before transplanting
and at the time of transplanting) iy combination with inoculum density (@ 25g kg 'soil, 50g
kg 'soil and 75g kg'soil) were carried out using AMF cultures under unsterile pot culture
conditions. The treatment combination at 15 days before transplanting @ 75g kg 'soil
recorded maximum dry weight and root Tength, maximum number of days of plant survival
and minimum percent wilt incidence. Bascd on these observations the ircatment
combination at 15 days before transplanting (@ 75g kg'isoil was selected for further pot

culture studies and field experment.

The effective native AME isolutes obtained from screening experiment were tested al
the standardized noculum density and inoculation time under unsleriie pot culture
conditions to determine the most effective AMFE. The plant height, root length, root weight,
fresh weight and dry weight recorded the maximum for the commercial culture, Among the
native AMF, Glomus sp. (OT) 4 Glomus sp. (ER) recorded the maximum for the above

mentioned parameters and was lound the best. The native AMF isolates survived much
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longer and gave lower will incidence. The native isolate combination of Glomus spo(OM) +
(slomus sp. (VBT) recorded the maximum days plants survived and lcast percent wilt
mcidence. The native AMFE combination Glomus sp. (OT) + Glomus sp. (VM) recorded the

maximum spore count per cent root colonization.

The field experiment was undertaken to test the efficacy of the screened cflective
AMF cultures. Both Pusa Ruby (highly susceptible) and Mukthi (moderately resistant)
tomato varicties were used for the study. The fresh weight, dry weight, root length and plant
lieight recorded the maximum for (Homus sp. (OT) + Glomus sp (VM) in the case of Pusa
Ruby, whereas in Mukthi, the commercial culture (TN) recorded maximum dry weight, root
length and root weight. The vanety Mukthi alone produced fruits as Pusa Ruby did not
survive upto flowering with the native AMF culture combination Glomus sp. (OT) + Glomus
sp. (VM) recording the maximum. However, the fruit weight was maximum in the treatment

with kocide (0.2 per cent).

The number of days of plant survival was maximum for the treatment with kocide
(0.2 per cent) in the casc of Pusa Ruby. Among the native isolate combination Glonus sp.
(OT) + Glomus sp. (VM) recorded the maximum number of days of plant survival. The
percent wilt incidence was 100 per cent {or all treatments. The treatment Glomus sp. (OT) +
Glomus sp. (VM) recorded the maximum number of days of plant survival followed by
Glomus sp. {OTY + Glomus sp. (ER) in the case of Mukthi. The wilt incidence was the least
for commercial culture (TN) followed by chemical control with kocide (0.2 per cent). The
only natise AMFE 1selate to record less than 100 per cent wilt incidence was Glomus s (OF)

+ CGlomus sp. (VM)

The AMF spore count was maximum 1 Glomus sp. (OT) + Glomus sp. (ER) and
Glomus sp. (OT) + Glomus sp. (VM) at 30 DAT and 60 DAT respectively in the case of
Pusa Ruby. However, in the case of Mukthi the AMF spore count at 30 DAT and 60 DAT
was maximum in Glomus sp. (O + Glomus sp. (VM). The per cent root colenization in

both Pusa Ruby and Mukthi was maximum in Glomus sp. (OT) + Glomus sp. (VM) The
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Ralstoniy population in the rhizosphere did not show much variation with respect to the
tomato varicties Pusa Ruby and Mukthi. The pathogen population in the rhizosphere of both
varieties recorded the maximum for control with the treatment Glomus sp. (OT) + (lomus

sp. (ER) recording the minimum at 30 DAT and 60 DAT.

The present study indicated that the native AME culture combination Glomus sp.
{OT) + Glomus sp. (VM) could prolong the discase incidence upto 32 DAT (45 days afier
AMT inoculation) in susceptible varietics and upto S0 DAT (65 days after AMF inoculation)

in moderately resistant onc.
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Appendis |

1. Tripheny! Tetrazoliom Chloride (17.0) media composition

Peptone

Casein hydrolysate
Glucose

Agar

Distilled water

PH

SN0y
1.0g
3.0 ¢
1200 ¢

S 1000 ml
2 7.0

1% TZC was added to a final concentration of 5 ml/l after autoclaving

Appendix 2

1. Ruakara nutrient solution composition

Solution A

MgNO,
CaNOQ;
NH4NO;
KN,
Waler

4) Boron
b) Manganese Chloride

¢y Zince Chloride

dy Cupric Chlonde

b Ammonum molvbdate

1 Cobalt Chlorde

Solution B
2225 ¢ NaCl 1.5g
755¢ K,50, 1298 ¢
Ny NaySO4 25¢g
10.25 ¢ Water 451
451

Minor nutrients

3¢ (500 ml)
: 2 1.2 g {dissolve 11 20.26 ml of 0.1 N
%H{J Nl with water}
SN u(dissolvein 117.3ml of 0.1 N
st mlwith water)
1__ vidissolve n 12.07 ml of 0.1 N

Soa ml with water)

S22 wm 500 ml water
S04 e i SO0 ml waler

Place 5 m! of cach minor nutrients in a bottle and dilute with 2.5 | w]

Ferric citrate

1352 i 119 mbof 1 N HCI and dily

300 ml of Solution A - 300 ml of Solution B + 150 ml of minor nut
ml of ferrc citrate and miake upto 4.3 T with water.

HCl and make upto
HCH and make upto

HC1 and make upto

ater
te to 2.5 1 water

rent solution + 22.5




Appendix 3

Formalin : Acetic acid : Alcohol (FAA) composition
Formalin (40%) S ml
Glacial acetic acid 5 ml
Ethanol (95%) 90 ml
Appendix 4
Trypan blue composition
Trypan hluc 50 mg
[.actophenol : 100 ml

Lactophenol composition

Lactic acid : 10 ml
Phenol 10 mi
Glycerol 20 ml

Water ;20 ml



Appendix 5
Weather parameters during the field experiment {August Novcm_lj_c___r, 2002)

..f\n‘lhif.'llln ] _ Soil temperature ('C) RIT (%) Sunshine Rainfall ‘
Date | temperaturc( (') L Sem ___ILJEJI_‘I]____ 15em o | hours (mm)
Max. lr Min, ¢ Max. | Min. | Max. | Min. | Max. j_Miﬂ._ Max. | Min. (h/day) o
py | 1
I 286 ¢ 222 311 | 2504 298 | 252|291 4256 95 79 0.9 94
week : i L
) RS S i .
August T
-y 2" 27.9 228 1303|247 | 288 | 248 | 282 | 252, 94 83 2.0 337
week - D _ | S I S S
August i | :
3 ©30] 234 334 1 25041 32.0 5 258 1 31.1 | 26.0 93 72 5.4 tO13R ‘
| week S - - :
August | .
4" | 309 | 240 | 395 | 27.0 | 364 1273 (349 | 279 | 93 | 65 73 1 38
© week | : ;
Sept ‘ '
1" 208 | 23> 334 1 267 ] 334 2701 321 | 275 94 71 5.5 34
| week B ] e
Sept '| : |
2" 307 1 229 300 | 26.3 | 36.1 1266 | 344 | 27.1 92 63 8.7 -
week o | | L.
Sept '
R 313 228 1 415 4 27.6 1 385 | 28.1 | 369 | 28.7 91 59 83 -
week B L B e
Sspt_ . ,
R " s 22 442 0287 0 391 0291 383 1299 90 55 8.2 -
week L )
Oct
1 32.2 233 373 | 274 | 357 1277 | 346 | 28.4 89 67 5.7 51
week ‘ B
Oct \
o 2072 230 1309 1 26.0 | 302 ' 2606 | 297 | 263 93 89 2.1 268.3
\\eck_ i ' _ .
Oct ; ' !
3 301 23.0 ‘ 334 20 318 | 259 1 306 | 26.2 02 74 4.3 25.1
- “'{.’ek _— . S B
0Ot ' ! ' '
4" . 31A 233 | 273 | 2551 337 2737326 (276 2 66 6.4) 90
woeek [
N e R e e v B B
1 C 3106 Co233 0347 [ 2031 323 2641 313 | 269 84 01 5.7 L334
week | o ‘l B L ' | .
Nov ] T
2 P31y 235 353 ] 26,6 | 33.0 2681|326 | 273 Q0 606 4.7 8.7
week : ] ol o
Nov ‘
N 31.2 232 339 ] 26,1 | 31.9 | 26.3 | 31.0 | 26.7 83 59 4.7 9.4
Nov o ! .
4+ 313 7 233 1 36,8 [ 257 348 12063 33.1 | 269 78 03 0.8 4
week | ] | [ |
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ABSTRACT

The studies on “Biocontrol of bactenial wilt in tomato using arbuscular mycorrhizal
fungi™ were carried out at the Dept. of Plant Pathology, College of Horticulture,
Vellanikkara during the period 2000 2002, The main objectives of the study were to
identily suituble native AME from high and low wilt incidence arcas of Thrissur and
Palakkad districts. screen them against Raldstonia solanacearum in pot culture under sterile
and wilt sick conditions, te determine the eptimum inoculation time and noculum density of
AN Lo st e ldiengy G AN e walsiek field.

The soil samples collected from Thrssur and Palakkad district were analyzed for
their nutrient status, pIl. Ralsronia population and total AMF spore count. The Vellamikkara
soils were acidic with low N, K, Ca and Mg and high P content when compared ©
Oczhalapathy and Lruthanmpathy soils. The Ralsfonia population were generally higher n
Vellanikkara soils. On the other hand, Ozhalapathy soils had higher AMF spore count. The
Glomus sp. was found to be the most predominant AMF in the soils of high wilt
( Velianikkara, Thrissur districty and low wilt incidence (Ozhalapathy and Liruthiampathy,

Palakkad district).

The screeniny of the predominant native AMF cultures against R, solanacearim
were carried oul individually and in combimations under steriic conditions along with the
TNAU commercial culture tor comparison. The treatments with the native AMF
combinations 1. Glonues sp. (OTY = Glomus sp. (ER), Glomus sp. (OT) + (domus sp.
(VA and Clomms sp (ONY - Gloms sp. {VBT) recorded the least percent wilt incidence
with the native ANME combinanion Glonms sp. (OM) + Glomus sp. (VB'T) recording the
maxunum nuiber o divs of plant survival (11 days). The dry weight and root length were

alsa higher for these three native AMIF combinations,

The determimation of the optimum inoculation time (at the time of sowing. at 15 days
hefore transplanting and at the tme of transplanting) in combination with the inoculum

densty (e 23 2 ke sob St e ke sorland 73 g¢kg 0 soil) were carried out using different



species of AMF in pot culture using wilt sick soil. The inoculation time at 15 days before
transplanting 75 g kg ™' soil was found to be optimum. This was evaluated further, under pot
culture and field experiment studies using the native AMF combinations selected from the

screening experiment.

The selected native AMF combinations from the screening experiment were tried at
1S days before transplanting @ 75 ¢ kg ~' soil in pot culture using wilt sick soil in
comparison with the TNAU commercial culture to select the best two combinations for the
fteld experiment. The native AMF combinations recorded the least percent wilt incidence
and maximum number of days of plant survival when compared to the TNAU commercial
culture. The AMF combinations Glomus sp. (OM) + Glomus sp. (VBT) and Glomus sp.
(OT) + Glomus sp. (VM) were found to be the best.

A field experiment to test the efficacy of the selected native AMF culture
combinations were carried out using the tomato varieties Pusa Ruby (susceptible) and
Muktht {moderately resistant). The native AMF combination Glomus sp. (OT) + Glomus sp.
(VM) recorded maximum number of days of plant survival (32 and 506 days respectively) in
both the tomato varieties. However, it could not prevent wilt incidence in the case of Pusa
Ruby variety, which recorded 100 percent wilt, and Mukthi variety 97..9 % wilt incidence.
The same native AMF combinations Glomus sp. (OT) + Glomus sp. (VM) also recorded
maximum fruit number in Mukthi whereas Pusa Ruby did not produce fruits as they did not

survive even upto flowering.

The present study clearly indicated that the nattve AMF combination Glomus sp.
(OT) + Glomus sp. (VM) was the best in pot culture studies using wilt sick soil and could
delay the disease incidence in the susceptible Pusa Ruby variety of tomato upto 82 days after
transplanting. However, under field conditions it could delay the disease incidence in the
susceptible variety Pusa Ruby only upto 32 days and in the moderately resistant variety
Mukthi upto 50 days. So more extensive studies are needed to develop a suitable native

AMF to control the bacterial wilt in tomato which is effective under ficld conditions.
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