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1. INTRODUCTION

Chilli is one of the most important solanaceous vegetables cultivated
throughout India. It is.an indispensable adjunct to the diet of people of this
country. Chilli imparts pungency for culinary purpose and is used for
seasoning and adding red colour. In fxlesh stage, it is a rich source of vitamin
C and A. India is the largest producer of chilli in the world contributing 25
per cent of the total world production. On an average it occupies an area of
9.65 lakh hectares with a production of 10.74 lakh tonnes of dry chilly

(Sasikumar and Sarma, 2000).

One of the reasons for low production is ascribed to the losses of the
crop caused by various diseases. Among the fungal diseases, damping off
incited by Pythium aphani’dermatum (Edson) Fitz. in nurseries is a major
constraint in chilli production causing even up to 90 per cent mortality (Sowmini,
1961). Pythium spp. are essentially soil-borne and are very difficult to manage.
At present fungicides are used to manage the disease. But .frequent and
indiscriminate use of fungicides often lead to environmental pollution and
development of fungicide resistance in pathogens. In this context, the
relevance of management of such diseases by resorting to alternative
ecofriendly strategies such as biocontrol becomes more prominent. In a
sustainable management system, the deterrent property and growth
enhancement of Arbuscular Mycorrhizal symbiosis could be exploited in

association with other microbial inoculants such as Azospirillum.

The study on arbuscular mycorrhizal fungi association in plants is

receiving considerable attention in recent years as mycorrhizal association




enables better plant growth by higher uptake of nutrients (Harley and Smith,
1983; Chandrashekara and Patil, 1997; Rajagopal and Ramarethinam, 19'97)
and reduce infection by soil-borne plant pathogens (Azcon-Aguilar and Barea,
1996; Quarles, 1999). Encouraging results have been obtained on the potential
of AMF in promoting resistance against important plant pathogenic fungi
including Pythium spp. (Hwang et al., 1993; Sivaprasad, 1993; Thomas et al.,
1994; Odebode et al., 1997; Joseph and Sivaprasad, 2000). The mechanism of
mycorrhizae-induced tolerance in plants is mainly due to physiological and
biochemical changes in host (Gianinazzi-Pearson et al., 1996) and microbial
changes in the mycorrhizosphere (Azcon-Aguilar and Bago, 1994). The
desirable attributes of AMF on plant growth and health make them potential
agents for biocontrol and as an useful biofertilizer. However no attempt was

made so far to exploit the potential of AMF for the management of damping

off in chilli. -

Azospirillum spp., which are associative nitrogen fixing bacteria
capable of fixing about 20-25 kg N ha™' which improves the growth of crop
plants and thereby indirectly reduces the harmful effects of pathogens. They

are known to increase root development and biomass production through the

production of plant growth hormones.

Both AMF and Azospirillum are ecofriendly microbes and can be
exploited to the maximum for vegetable production. However, not much work
has been done on the management of damping off and growth improvement in
chilli with native species of AMF and Azospirillum. Hence the present
investigation was undertaken to develop efficient nati;/c AMF and

Azospirillum cultures for sustainable management of damping off and growth




improvement in chilli. The study was undertaken with major thrust on the

following aspects.

L]

Isolation of the pathogens associated. with damping off of chilli.

Screening of native arbuscular mycorrhizal fungi for suppression of

damping off.
Standardisation of method of AMF inoculation and inoculum

requirement.
Isolation of native Azospirillum spp.
Screening of native isolates of Azospirillum spp.

Effect of interaction of AMF and Azospirillum on management of

damping off and growth improvement in chilli.
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2. REVIEW OF LITERATURE

Chilli (Capsicum annuum L.) is one of the most important spice crops
in India. It is affected by several diseases caused by soil-borne pathogens and
among them damping off is the most devastating one. The most common fungi
inciting damping off of seedlings are species of Pythium, Phytophthora,
Fusarium, Rhizoctonia, etc. Among these fungi, several species of Pythium
have been implicated as the most common causal agent of the disease.
Pythium aphanidermatum (Edson) Fitz.,, a soil inhabiting pathogen is
distributed worldwide and is a pathogen of more than 80 species of higher |
plants (Middleton, 1943). Gattani and Kaul (1951) identified Pythium
aphanidermatum as the causal organism c.)f damping off of tomato seedlings.
Sowmini (1961) found that three isolates of Pyrhium could infect 20-day-old
Capsicum annuum seedlings. Pythium aphanidermatum isolated from infected
seedlings caused 90 per cent damping off in chilli. Pythium filamentosa and
Pythium aphanidermatum isolated from soil recorded 80 and 75 per cent
damping off, respectively (Devadoss, 1971). Pythium aphanidermatum also
caused damping off in sugarbeet, radish, tobacco, papaya and various species

of cucurbits (Bhargava, 1941).

At present, seed treatment and soil drenching with fungicides are the
recommended practices for the management of the disease. However these
methods are not widely practiced due to economic loss, residue problems etc.,
whereas biological control is simple, inexpensive and eco-friendly method for

disease management. In the present study, attempts were made to evolve a



management strategy for damping off of chilli employing native arbuscular

mycorrhizal fungi along with native species of Azospirillum for growth

enhancement.
2.1 Arbuscular mycorrhizae and plant growth

Arbuscular mycorrhizal (AM) associations in plants are formed by a
group of Zygomycetous fungi belonging to the order Glomales (Morton and
Benny, 1990; Rosendahl er al., 1994). They form chlamydospores or

azygospores in the rhizosphere, rhizoplane and sometimes in the feeder root

tissues.

The beneficial effects of AMF associations in the host nutrition
especially in the uptake of ‘P’ is well documented (Mosse, 1973; Harley and
Smith, 1983; Joseph, 1997, A}bdul-Khaliq et al., 200~I). Mycorrhizal infection
enhances plant growth by increasiﬁg nutrient uptake either by increasing the
absorbing surface and mobilizing sparingly available nutrient sources or by
secretion of ectoenzymes (Rhodes, 1980; Bolan er al., 1987). AM plants
absorb and accumulate more ‘P’ than non AM plants either due to more
efficient translocation coupled with better exploration of soluble ‘P’ by the
fungal hyphae or due to solubilizatioh of insoluble ‘P’ by the AMF. The role
of AMF in the uptake of other nutrients viz., Cu, Zn, Ca, K, Fe, Mn is also
well documented (Marschner and Dell, 1994; Abdul-Khaliq ef al., 2001).
Further AM association increases the uptake of water (Safir er al., 1971,
1972), reduce stress responses of plants to toxicity and drought (Atkinson and
Davidson, 1972; Guttay, 1976), improve soil texture and reduce soil erosion
(Clough and Sutton, 1978) and enhances revegetation of degraded soils like

mine soils (Pfleger er al., 1994). The potential of AM association in



suppressing soil-borne pathogens is the focal point of investigation of the

present study.
2.1.1 AMTF as biocontrol agent against soil-borne pathogens

Past and current research indicates that mycorrhizal fungi can deter or
significantly reduce the effects of soil-borne pathogens on the host plant.
Diseases caused by soil-borne fungi are influenced by the colonization of
VA-mycorrhiza in the root system. In general mycorrhizal plants suffer less
damage and the incidence of disease is reduced or pathogen development is

inhibited (Azcon-Aguilar and Barea, 1996).

The first reported evidence of the effect of arbuscular mycorrhizal
fungi in inducing disease resistance in plants was by Safir (1968) in onion
against pink rot disease caused by Pyrenochaeta terrestris which was later
confirmed by Becker (1976) with Glomus fasciculatum and Glomus
margarita. The role of AMF in reducing wheat rot (Urocystis tritici) was
emphasized by Khan and Khan (1974). The study on the influence of AMF
(Glomus mosseae) on vascular wilt of tomato caused by Fusarium oxysporum
f.sp. Iycopersici showed that the disease was reduced when plants were
preinoculated with the AMF and the spread of the pathogen in the host was
arrested (Dehne and Schoenbeck, 1975). Similarly AM association
significantly reduced the incidence and intensity of wilt of cucumber caused
by F. oxysporum f.sp. cucumerinum (Dehne, 1977), tomato wilt incited by
F. oxysporum f.sp. lycopersici (Dehne and Schonbeck, 1979), root rot of
citrus incited by Phytophthora parasitica (Davis and Menge, 1980), Thielaviopsis

basicolu in cotton (Schonbeck and Dehne, 1977), Rhizoctonia soluni in




poinsettia, Macrophomina phaseoli in soybean and Cylindrocladium

scoparium in yellow poplar (Stewart and Pfleger, 1977),

The suppressive effect of Glomus fasciculatum and G. mosseae on
F. oxysporum f.sp. lycopersici of tomato and Rhizoctonia solani of poinsettia
was acmonstrated by Schenck and Kellam (1978). Woodhead (1978) found
that association of G. calidonius and G. etunicatum with soybean in steamed
soil reduced the harmful effect of Phytophthora megasperma cv. sojae.
Reduction of infection levels of Thielaviopsis basicola in G. fasciculatum
inoculated sweet orange seedlings (Davis, 1980) and reduction of wilt
incidence of F. oxysporum f{.sp. ciceri in G. fasciculatum and G. mosseae
inoculated chickpea (Jalali and Thareja, 1981) were the salient earlier

documents of biocontrol using AMF.

Graham and Menge (1982) reported that take all disease of wheat
caused by Gaeumannomyces graminis was suppressed by G. fasciculatum
inoculation. The disease was favoured by ‘P’ deficiency and enhanced ‘P’
uptake of mycorrhizal fungi helped in counteracting the effect of take all
fungus. In peanuts, G. fasciculatum was found to provide resistance against
Sclerotium rolfsii (Krishna and Bagyaraj, 1983). The pathogen produced less
sclerotia inwmycorrhizal roots. Jalali (1983) observed significant suppression
of R. solani and Fusarium sp. by mycorrhizal inoculation with potential
strains of Glomus spp. in legumes. Inoculation of G. mosseae reduced the

damage and infection of pathogenic root infecting fungi in soybean (Zambolin'

and Schenck, 1983).

Evidence from glasshouse pot experiments suggested that Gigaspora

calospora exerted an inhibitory effect on the development of pigeon pea




blight incited by Phytophthora drechsleri f.sp. cajani (Bisht et al., 1985).
Infection of pea by the root rot pathogen (dAphanomyces euteiches) was
suppressed by G. fascicularum when the plants were preinoculated with AMF
and the pathogen was inoculated after 2-4 weeks. The‘ resistance induced was
partially systemic (Rosendahl, 1985). Vrot and Grente (1985) reported the

biological control of pink disease of chestnut incited by Phytophthora

cinnamomi by the mycorrhizal symbiosis.

Caron et al. (1986) observed that Glomus intraradices significantly
reduced the incidence and development of crown and root rot of tomato
incited by F. oxysporum f.sp. lycopersici. Preinoculation of G. fasciculatum
and G. tenue was found to suppress the fusarial wilt of Albizia procera and
Dalbergia sisoo and reduced the pathogen population in the rhizosphere
(Chakravarthy and Mishra, 1986). Graham (1986) also emphasized the
importance of preinoculation with AMF for effective disease suppressién.
VA-mycorrhiza are capable of counteracting the populations of soil-borne
pathogens of stem rot (Sclerotium oryzae) and sheath blight (Rhizoctonia
solani) by inducing disease resistance potential of rice plants under irrigated
condition (Gangopadhyay and Das, 1987). Jalali (1987) reported the
significant reduction of root rot of mungbean by AMF inoculation. Biocontrol
of fusarium wilt of tomato and pepper caused by F. oxysporum f.sp.
lycopersici and F. o;cysporunz f.sp. vasinfectum were reported by Al-Momany
and Al-Raddad (1988) using seven isolates of Glomus spp. These isolates
reduced the disease in tomato and pepper at different intensities. Igbal and
Nasim (1988) studied the biological deterrent activity of AMF to damping off

pathogen, R. solani and observed that cauliflower seedlings preinoculated



with AMF survived better and resisted damping off attack significantly.
Inoculation of AMF inhibited the infection of Macrophomina phaseoli

causing stunting root rot of rough lemon seedlings (Singh and Singh, 1989).

Chulan et al. (1990) reported that preinoculation of cocoa seedlings
with mycorrhizal fungi significantly reduced the pathogenic infection of
Ganoderma pseudoferreum which caused red root disease. Simultaneous
inoculation of VA mycorrhizal fungi (G. fasciculatum) with the pathogen
(Sclerotium rolfsii) reduced the incidence of disease in wheat (Harlapur ef al.,
1990). In a study on the interaction of G. mosseae and root rot pathogen
Macrophomina phaseolina in mungbean, Jalali er al. (1990) found that
mycorrhizal inoculation significantly restricted the spread-of the pathogen in
host root tissues. Cassiolata and Melo (1991) investigated that tomato plants
colonized by G. leptotrichum and Acaulospora morrowae showed greater
disease resistance to damping off caused by R. solani than non mycorrhizal
ones. Inoculation of AMF enhanced the nutrient uptake and reduced the wilt
disease severity of cumin incited by F. oxysporum f.sp. cumini (Champawat,
1991). Hwang et al. (1992) found that alfalfa seed[ings inoculated with AMF

had significantly lower incidence of wilt caused by Verticillium albo-atrum

and F. oxysporum f.sp. medicagnis.

The suppressive effect of AMF on foot rot of black pepper has been
extensively studied. (Anandaraj ef al., 1993, Anandaraj and Sarma, 1994 and
Sivaprasad er al., 1995). When black pepper vines were inoculated with
AMF, it suppressed the root pathogen (Phytophthora capsici). The root rot
and subsequent folia; yellowing were also reduced. The inter relationship

between AMF and phytotoxic micromycetes which are causative agents of



apple replant disease was imllestigated by Catska (1994). Inoculation of
G. fasciculatum and G. macrocarpum suppressed the microorganism. In
cardamom, the biocontrol of damping off caused by F. moniliforme and
R. solani using AMF was investigated by Thomas er al. (1994). AMF
inoculation not only reduced the severity of the disease but also increased

plant growth characteristics and P uptake of roots.

Azhukal disease of cardamom caused by Phytophthora nicotianae was
rémarkably reduced in green house and field conditions and improved the
growth conditions of the plant due to AMF inoculation, at the secondary
nursery planting time. Of the different AMF tested, G. mosseae was most
effective for disease. control while Acaulospora morrowea was better for
stimulative plant growth (Sivaprasad, 1995). Cordier ef al. (1996) noticed
that colonization of tomato roots with mycorrhizal fungi protected the root
cortex from Phytophthora nicotianae var. parasitica. Increased plant
resistance to Phytophthora was observed in tomato plants inoculated with
G. mosseae (Trotta et al., 1996). Reduction of fusarium root rot of black
pepper from 50 to 80 per cent was obtained by mycorrhizal inoculation
(Chu et al., 1997). Inoculation of G. intraradices brovided reduction of root
and stem rot of cowpea caused by Phytophthora vignae (Fernando and
Linderman, 1997). Kulkarni es al. (1997) observed that G. fasciculatum was
found to be most effective in nullifying the effect of Sclerotium rolfsii
affecting groundnut. In integrated management of root rot disease of
safflower, inoculation of G. fasciculatum suppressed Macrophomina

phaseolina infection (Prashanthi et al., 1997).

/0




Bodker ef al. (1998) reported that AMF inoculation (G. intraradices)
not only increased the P uptake but also reduced the disease severity of root
rot of pear caused by Aphanomyces euteiches. Quarles (1999) reviewed the
role of VA mycorrhiza in prevention of plant disease and the mechanism of
protection. Peanut plants inoculated with G. mosseae had a lower incidence
of root rot, decayed pods and death than non mycorrhizal ones. (Abdalla and
Abdel-Fattah, 2000). G. mosseae inoculation earlier than the pathogen
(R. solani, and F. solani) significantly increased the survival percentage (80.9
and 84.9 per cent) of Acacia nilotica and Dalbergia sisoo seedlings (Kaushik
et al., 2000). Matsubara ef al. (2000) reported that seedlings of asparagus
inoculated with AMF induced resistance to violet root rot caused by
Helicobasidium mompa.  Sivaprasad et al. (2000) studied the effect of
inoculation of VAM fungi in black pepper cuttings on foot rot disease
incidence and growth. Inoculation of G. monosporum gave absolute
protection to 50 per cent of the plants. The bioprotection of pea roots against

Aphanomyces euteiches by AMF (G. mosseae) was reported by Slezack et al.

(2000).
2.1.1.1 AMF as biocontrol agent of Pythium incited disease

In one of the early attempts, Stewart and Pfleger (1977) reported that
damage due to Pythium ultimum in poinsettia was significantly reduced in
mycorrhizal plants.” They further suggested that once the AM association is
established, it can deter the pathogen infection and development in the host
plant. The suppressive effect of G. fasciculatum and G. mosseae on Pythium
ultimum in poinsettia was also demonstrated by Schenck and Kellam (1978).

The interaction of G. fasciculatum and P. ultimum on green house grown

I




poinsettia was analysed by Kaye et al. (1984) at different population levels of
the pathogen and found that mycorrhizal colonization, plant height and foliar

‘P’ content was remarkably greater in soils containing moderate population of

the pathogen.

Rosendahl and Rosendahl (1990) investigated the interaction between
Pythium ultimum, G. etunicatum and Glomus spp. in cucumber seedlings.
VAM inoculation before or at the same time of inoculation of pathogen
increased the survival of seedlings. Rosendahl ef al. (1992) observed that the
presence of AMF (Glomus spp.) reduced the damping off caused by Pythium
ultimum in vermiculite grown cucumber and the protective effect was present
even if the pathogen was introduced simultaneously with AMF. Calvet et al.
(1993) reported that mycorrhizal fungus inoculation protected the marigold
plants from P. ultimum. Hwang et al. (1993) discussed the influence of AMF
on growth stimulation of sainfoin in Pythium infested soils and found that
G. fasciculatum and G. intraradices reduced the severity of damage. The
interaction of AMF with P. aphanidermatum, the casual agent of rhizome rot
of ginger was investigated by Rohini Iyer and Sundararaju (1993). The AMF
association in ginger was found to reduce the disease incidence and suggested
that prior inoculation with AMF was effective in ameliorating the deleterious
effect of the pathogen. Similarly, Sivﬁprasad (1993) also obtained biocontrol

of rhizome rot of ginger with G. fasciculatum and G. mosseae.

In Tagetes patula, G. intraradices reduced the infection by P. wltimum
and the pathogen population was ten times lower in mycorrhizal plants than in
controls (St.-Arnand ef al., 1994). Inoculation of cardamom with G. fasciculatum

remarkably reduced the severity of damping off caused by Pythium vexans in

2



addition to increased plant growth due to high ‘P"uptake (Thomas et al.,
1994). Joseph er al. (1995) studied the influence of mycorrhizal colonization
in relation to natural incidence of ginger rhizome rot caused by
P. aphanidermatum. They noticed that high AM colonization reduced the
intensity of rhizome rot under natural conditions. Healthy plants showed
higher mycorrhizal colonization than diseased ones. Odebode er al. (1997)
reported that pepper seedlings simultaneously inoculated with AM fungus
(G. deserticola) and pathogen (P. aphanidermatum) or dually inoculated with
mycorrhizal fungi before pathogen, suppressed the disease symptom.
Ratti et al. (1998) observed that treatment of G. aggregatum 15 days prior to
P. aphanidermatum inoculation and simultaneous inoculation of these two,
reduced lethal yellowing by 80 per cent and 60 per cent respectively, when

compared with P. aphanidermatum treatment alone.

Joseph and Sivaprasad (2000) found that two isolates of Glomus sp.
isolated from rhizosphere of ginger reduced the rhizome rot incidence of
ginger (P. aphanidermatum) and pathogen build up and enhanced the growth
and yield significantly.

2.2 Standardization of method of AMF inoculation

Various methods are used for the inoculation of arbuscular mycorrhizal

fungi in the nursery and in the main field.

Successful application of vesicular arbuscular mycorrhizal fungal
inoculum by seed treatment could be obtained in onion and tomato by
Gaunt (1978). Multiseeded pellets of Glomus and Gigaspora spp. were used

effectively in white clover (Powell, 1979). Placing cowpea seed and inoculum
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(G. mosseae) in the same planting hole increased root infection, shoot yield,
phosphorus content and grain yield (Islam and Ayanaba, 1981). The next best
method of inoculation for cowpea was broadcasting. In green gram and
blackgram both placement and seed treatment were equally effective in

increasing growth.

Hayman et al. (1981) reported that when inoculation of red clover with
G. fasciculatum and G. cladonicum was done, maximum colonization was
“obtained by placing inoculum along with the seeds in furrows (placement)
followed by multiseeded pellets. Successful seed inoculations of Glomus spp.
in sorghum, blackgram and acid lime were obtained by Shanmugam and
Ramaraj (1982). Ferguson and Menge (1986) found that broadcasting,
banding and drilling were more effective in the field inoculation of citrus
seedlings with VAM fungus (G. deserticola) than seed inoculation or
application of Iyophilized roots to both direct seeded or transplanted citrus
seedlings. Ramaraj and Shanmugam (1986) found that placement was the
best method for G. efunicatum and G. mosseae in cowpea while in green
gram, highest effect was obtained by seed treatment with G. etunicatum and
G. fasciculatum. In blackgram, the growth response due to different methods
of inoculation varied with VAM fungus species. However placement of

G. etunicatum recorded highest shoot weight, root weight and pod weight.

Sukhada (1987) found that application of VA mycorrhiza at the rate of
1kg in rows 10 cm apart in raised nursery recorded 40 per cent colonization.
Application of VA mycorrhizal cultures in small furrows made in the raised
nursery beds recorded higher bulb yield of 20.52 t ha™ in bellary onion

(Gurubatham er al., 1989). Petgen er al. (1998) observed that placement of
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inoculum of AMF (G. mosseae) as deep band at a soil depth of 9-18 or

36-45 cm increased the growth and nutrient uptake of grapevine root stocks.

2.3 Standardisation of AMF inoculum requirement

Not much work has been done on the quantity of AMF inoculum to be
applied to achieve satisfactory colonization. Anwar e/ al. (1979) reported
that addition of 15 g AMF inoculum to 400 g of soil without mycorrhizae
significantly increased the fresh weight, dry weight and mycorrhizal
development but it did not significantly affect the height increase or root
length of seedlings. Sukhada (1987) demonstrated that application of 1 kg of
soil containing hyphae, vesicles, chlamydospores and arbuscules of
G. fasciculatum in the nursery bed of 1 x 1.5m size in rows substantially
increased the growth, nitrogen content, phosphorus content and yield of
tomato. This recorded 40 per cent mycorrhizal colonization. Subbiah (1994)
inoculated nursery beds of chilli and bellary onion with VAM fungi at the rate
of 1 kg m>. Rajagopal and Ramarethinam (1997) in an interaction study
between VAM and tea roots, satisfactory colonization was obtained when

G. fasciculatum was applied at the rate of 2 x 10* cells pot™.

Balikai et al. (1998) obtained a survival percentage of 40.7 in mulberry
cuttings when VAM (G. fasciculatum) was applied at the rate of 5 t ha™
Shrihari and Sreenivasa (1998) found that the best dose of G. macrocarpum
was 50 and 60 g/10 kg of black clay and red sandy loam respectively for chilli
Cv. Byadagi-. Fernandez et al. (1999) used 10 per cent of total seed weight as
the dose of mycorrhizal inoculation. He could obtain 15-30 per cent increase

in grain yield with this dose.
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2.4 Azospirillum- an associative diazotroph

Azospirillum is an associative nitrogen fixing bacterium which grows
in association with various graminae and other host plants. They occur freely
in rhizosphere also, but fix nitrogen only under microaerophilic condition. It
was Beijerinck (1925) who described a vibroid soil bacterium that seemed to
fix atmospheric nitrogen. It was initially called Azorobacter spirillum and
later renamed as Spirillum lipoferum. Tarrand et al. (1978) grouped the
strains under S. /ipoferum into two groups (I and II) and assigned them to a

new genus Azospirillum.

Azospirillium lipoferum is a very common soil and root inhabitant in
tropics, subtropics and temperate regions of the world (Dobereiner and Day,
1976). Rao et al (1978) noted the presence of Azospirillum in different soil
types like alluvial, laterite, pokkali and kari. Charyulu and Rao (1980) found
that Azospirillum occurs in acid soils with pH as low as 3.2 and in alkaline
and saline soils with pH of 8 to 8.8 (Purushothaman and Oblisami, 1985).
The occurrence of Azospirillum in the roots of number of tropical forage
grasses (Balandreau, 1975; Dobereiner and Day, 1976; Neves et al., 1976),
rice (Lakshmikumari et al., 1976; Rao et al., 1978), wheat (Neyra and
Dobereiner, 1977), plantation crops (Govindan and Purushothaman, 1985) and

cotton and soybean (Bashan, 1991) has been reported.

2.4.1 Morphology and Pﬁysiology of Azospirillum

Azospirillum is a gram negative, aerobic bacterium which has a typical

curved rod shape, motile with polar flagellum and contains poly beta hydroxy
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butyrate (PBH) granules and DNA base composition of 69-71 mole % G + C

(Tarrand er al., 1978).

Sugars in general are poor carbon substrates for 4. lipoferum. It grows
moderately in galactose or acetate but poorly in glucose or citrate. Optimal
growth and nitrogenase activities are observed when Azospirillum lipoferum
was grown on malate, succinate, lactate and pyruvate (Day and Dobereiner,
1976; Dobereiner and Day, 1976; Okon ef al., 1976). Dobereiner and Day
(1976) showed that 4. lipoferum can utilize glucose and sucrose as sole

carbon source. But glucose and sucrose are poor carbon sources for

A. brasilense. Tarrand ef al. (1978) observed that 4. lipoferum can grow on .

glucose where as 4. brasilense cannot. They also studied the physiological
tests like catalase activity, acid production from glucose, utilization of
different carbon sources, pH requirement and salinity (I per cent NaCl).
Kundu and Krishna (1990) reported that among differen£ carbon sources

studied for the growth of Azospirillum, malate has been found the best

recording 0.090 absorbance at 560 nm.

2.4.2 Nitrogen fixation by Azospirillum

The ability of Azospirillum to fix nitrogen has been confirmed by many
workers using micro kjeldhal assay and acetylene reduction assay and N

isotope studies (Lakshmikumari et al., 1976; Okon et al., 1976, Depolli et al.,
1979).
Azospirillum fixes nitrogen only under microaerophilic conditions

(Lakshmikumari ef al., 1976). Day and Dobereiner (1976) reported that

efficiencies of nitrogen fixation on malate or glucose are similar and 52 mg
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nitrogen per g of malate or glucose was fixed by Spirillum lipoferum.
Dobereiner and Day (1976) could obtain nitrogen fixation values as high as
115 mg N g! of lactate. Thé nitrogen ﬁxatioin of the bacteria was found to be
in the range of 20-24 mg N g! of carbon source (Okon er al., 1976). Nelson
and Knowles (1978) observed that nitrogen fixation ranged between 4.7 and
28 mg N g' of malate. Subba Rao er al. (1980) used two strains of
A. brasilense from rice which did not possess denitrifying character but fixed
maximum amount of nitrogen of 28-36 mg N g of calcium malate with a

saving of 40 kg N ha™! as inorganic nitrogen application.

Govindan (1982) reported that Azospirillum isolates varied

considerably in their ability to fix nitrogen which ranged from 1.40 to 20.36
mg N g of malate. The nitrogen fixing capacity of Azospirillum isolates
varied from 9-18 mg g™ of malate (Rai and Gaur, 1982). Dobereiner (1983)
noticed that the efficiency of nitrogen fixation increased with increasing age
of the culture. The nitrogen fixation was 92 mg N g™' of lactate and 49 mg N g”!
of glucose for A. brasilense and A. lipoferum, respectively, in early stationary
phase. Sasikumar (1996) observed that nitrogen fixing capacity of
Azospirillum isolates showed wide variations i.e., between 11.20 and~21.28 mg
N g of malate. A. lipoferum had a higher average nitrogenous activity than
A. brasilense both in NFB medium and in association with wheat roots (Han

and New, 1998).
2.4.3 TAA production by Azospirillum

Research reports confirm that many Azospirillum strains produce plant
hormones in broth cultures (Jjepkema and Burris, 1976 and Tien et al., 1979).

The production of phytohormones by the microorganism seems to play an
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essential role in the Azospirillum plant interaction. These include IAA,
gibberellin and cytokinin like substances (Tien er al., 1979). The
phytohormones induced root hair multiplication, shortening and thickening of

roots in monoxenic cultures (Umali-Garcia, 1978).

Conversion of tryptophan to auxin by A. brasilense was reported by
Re);nders and Vlassak (1979). Tién et al. (1979) observed that indole-3-acetic
acid and indole lactic acid were produced by A. brasilense from tryptophan
and that JAA production increased from 1-100 pg ml™'.with increase in
tryptophan concentration. Govindan (1982) found that Azospirillum in shake
culture conditions produced maximum amount of IAA (1358.6 pg 100 ml™)
compared to static culture (231.125 pg 100 ml'). Hartman er al. (1983)
identified indole;3-pyruvic acid, indole-3-acetaldehyde and indole-3-acetic
acid as the substances that are excreted by A. brasilense Sp7 strain. The
isolates produced IAA in broth culture upto 16 pg ml"'. Jain and Patriquin
(1985) suggested that when tryptophan was added to the medium, the level of
TAA was increased to 50 pg ml™'. Crozier ef al. (1988) obtained a maximum
IAA of 26.1 pg ml™" culture broth after salkowski assay. Azospirillum isolates
from roots of cactaceae species produced, higher amount of IAA (36.5 — 77 ug ml™)
whereas from opuntia roots produced low amounts of IAA (6.5 — 17.5 pg ml™)

(Mascarua ef al., 1988).

Fallik er al. (1989) reported that IAA produced by Azospirillum in
tryptophan free culture medium was 32-40 ug ml™'. He also observed that the
Azospirillum inoculated maize seedlings were found to have higher amount of

free and bound IAA compared to control. Sangwan (1990) suggested that the
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biomass of pearl millet was improved by 4. brasilense strain particularly by
the release of higher amount of phytohormohes. Growth regulating substance
ranging from 11-60.5 p moles was produced by 4. brasilense which improved
the growth of pearl millet (Sangwan and Kundu, 1992). Andreeva er al.
(1993) found that in the roots of'legumes inoculated with Azospirillum, the
IAA content was three fold higher than in uninoculated roots. Omay et al.
(1993) demonstrated that in the presence of ammonium in the liquid culture
solution, IAA released from bacterial cells was considerably higher in the
corresponding ni.trogen free medium. Baca es al. (1994) quantified IAA

production which increased from 1.6 to 50 pg ml™' with the addition of

tryptophan to the medium.

Yamini Varma (1995) observed that the Azospirillum isolates from
pepper produced maximum quantity of IAA equivalent to 69 g ml™?. Its
production was maximum during second week of culture growth. Sasikumar
(1996) in his study found that the production of IAA by the Azospirillum
isolates ranged between 26 pg ml”' to 55 pg ml"' which led to better root
elongation of rice seedlinés. In addition to fixing nitrogen, strains of
A. brasilense released plant growth regulating substances during late log
phase (Kundu et al., 1997). Dobbelaere et al. (1999) reported that [AA

production by Azospirillum alters the root morphology in wheat.
2.4.4 Effect of inoculation of Azospirillum on plant growth

Inoculation with Azospirillum increased root length particularly of root
elongation zone. Increased cell division in the meristematic region of

inoculated plants resulted in better root elongation. Moreover the inoculated
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plants showed increase in number of lateral roots with dense root hairs, root
volume and root dry weight (Dewan and Subba Rao, 1979). Karthikeyan
(1981) found that inoculation of Azospirillum increased the plant height and
_dry matter accumulation in rice. Inoculation with 4. brasilense increased the
growth, dry matter production, root growth, number of lateral roots and root
hairs in pear]l millet (Venkateswarlu and Rao, 1983). Govindan and Chandy

(1985) found that inoculation of the diazotroph Azospirillum could induce
rooting in pepper cuttings.

Inoculation of wheat seedlings with Azospirillum increased the total
shoot and root dry weight, plant height, number of fertile tillers and grain
yield than control treatments (Kapulnik ef al., 1985; Bash'an, 1986). After a
field experiment, Gopalaswamy and Vidhyasekaran (1987) confirmed that
split application of Azospirillum through seed, seedlings and soil increased
the plant height. Hadas and Okon (1987) observed significant increase in root
length, top and root dry weight and total leaf area of tomato plants due to
Azospirillum inoculation compared to uninoculated controls. Parvatham er al.
(1989) investigated that inoculation of Azospirillum increased the root
growth, root volume, plant height, girth and number of leaves of bhindi. Also
Azospirillum treatment showed increase in total numbér of flowers and fruits
which may be due to the increased activity of hormones produced by
Azospirillum. Inoculation of chickpea seedlings with A. brasilense produced
greater root and shoot dry weight and root length than the uninoculated plants
(Gallo and Fabbri, 1990). Savalgi and Veena (1990) reported that inoculation

of Azospirillum in sunflower seedlings resulted in increased lateral root
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formation, number of root hairs, height of seedlings, root mass and shoot dry

weight.

Govindaswamy et al. (1992) observed an increase in total grain yield
and straw yield of rice due to Azospirillum inoculation and inoculation of
Azospirillum in cabbage gave significantly higher yield than the untreated
control (Jeevajothi er al., 1993). Paramaguru and Natarajan (1993) suggested
that seed treatment and soil application of Azospirillum combined with
application of 56 kg N ha™' was found to increase the plant height, number of
primary branches plan't'l and number of lateral roots plant™ under semidry
conditi‘on. Inoculation of Azospirillum spp. in maize plants, showed a
significant increase in shoot and root dry weight over the control (Fulchieri
and Frioni, 1994). Significant increase in plant height, stem girth, root length
and root weight was recorded by inoculation of Azospirillum brasilense in
coffee seedlings (Swarupa, 1996). Rousta et al. (1998) reported that
inoculation of Azospirillum in maize and wheat increased the height, shoot
and root drymatter. Most of the native strains had better effect on different
growth indices of inoculated plants than foreign strains. Jha and Mishra
(1999) could obtain highest tuber yield of sweet potato when 40 kg N ha! was
supplemented with 10 kg Azospirillum ha' as soil application. Seed
inoculation of 4. brasilense in wheat plants increased the leaf area,
chlorophyll concentration, nitrate reductase activity, total biomass production
and grain yield compared to untreated control (Panwar and Ompal Singh,

2000).
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2.5 Synergistic effect of AMF and Azospirillum on plant growth

In general mycorrhizal inoculation together with diazotrophs gave
better results than diazotrophic treatment alone. Application of VA-mycorrhiza
alone or together with Azospirillum has been found to benefit crop growth and

yield (Subba Rao et al., 1985; Subbiah, 1994; Rajput, 1999).

Menze (1985) found that in Paspalum notatum and Panicum virgatum,
interaction between Azospirillum and VA-mycorrhiza were efficient only at
pH 6.5 and yield was higher than that of uninoculated plants. Pacovsky er al.
(1985) reported that in sorghum inoculated with both the endophytes
(Azospirillum and VAM), the presence of A. brasilense in the rhizosphere
increased VAM colonization and biomass while nitrogen input due to
Azospirillum decreased possibly due to competition for carbohydrates. Subba
Rao et al. (1985) observed that soil inoculation with G. mosseae and
G. fasciculatum in the presence of 4. brasilense produced significantly higher
dry matter production and grain yield in barley. Inoculation of sweet potato
cuttings with VAM fungi (G. fasciculatum and G. mosseae) and Azospirillum
significantly increased the growth, plant nitrogen and phosphorus content,
tuber weight and star(;h content (Kandasamy ef al., 1988). Padma (1988)
found that combined inoculation of VA mycorrhizal fungi (Gigaspora
calospora, Glomus margarita, G. mosseae, G. fasciculatum and A. brasilense)
enhanced the dry weight, nitrogen and phosphorus content of papaya plants.
Dual inoculation of maize with 4. brasilense and G. fasciculatum produced
significant increase in plant growth, yield and dry matter (Sreeramulu et al.,

1988).
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Al-Nahidh and Gomah (1991) observed that the shoot and spike dry
weight of wheat was greatest with Azospirillum and VAM inoculation. Dual
inoculation of G. mosseae and A. brasilense increased the plant dry weight
and N content in Sorghum bicolor in pots (Subhashini and Potty, 1992).
Likewise, combine-d inoculation of Gigaspora margarita and A. brasilense in
coffee seedIings significantly increased the shoot length, root length and total
dry weight of plants compared with uninoculated controls (Kumari and
Balasubramanian, 1993). Subbiah (1994) reported that application of
biofertilizers (VAM + Azospirillum) in combination with 75 per cent of
recommended dose of nitrogen registered higher yield of chilli pods. Dual
inoculation of VAM fungus G. aggregatum and A4. brasilense increased the
growth, yield and oil content of palmarosa significantly over uninoculated
control (Neelima and Janardhanan, 1996). Murumkar and Patil (1996) found
that combined inoculation of VAM fungi and a mixed diazotroph gave the

highest yield of 19.1 t ha™ in bell pepper.

Kennedy and Chellapillai (1998) found that combined inoculation of
VAM fungi and Azospirillum showed increased height, total dry weight, VAM
colonization and total N and P uptake in shola tree species. Sonawane and
Konde (1998) observed that Azospirillum in combination with mixed VAM
culture resulted in higher mycorrhizal colonization. Chezhiyan et al. (1999)
reported that application of VAM and Azospirillum along with 75 per cent
NPK was effective in increasing bunch weight of hill banana var. Virupakshi.
Rajput (1999) also obtained 13 per cent increase in yield due to combined

inoculation of Azospirillum and VAM in bajra.
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3. MATERIALS AND METHODS

3.1 Isolation and purification of the pathogen

Damping off affected chilli seedlings collected from areas of
Thiruvananthapuram district with high incidence of the disease were cut into
small bits and surface s.terilized in 0.1 per cent HgCl, for one minute. It was
then washed in three changes of sterile water and placed aseptically in sterile
petri dish containing potato dextrose agar (PDA) (Appendix I) and incubated
for 48 h at room temperature (25 °C + 4). The fungal mycelium growing out
from the diseased bit was brought into pure culture in PDA slants. The
pathogenicity of the isolates was proved by inoculating the culture bits on
healthy seedlings of chilli under aseptic condition. The most virulent isolate
was selected, its cultural characteristics and symptom development were
studied and the identification of the pathogen was done. The pathogenicity of

the fungus was periodically tested on the host plant to ensure the virulence of

the culture.
3.1.1 Symptomatology of damping off of chilli

The manifestation of the symptoms of the disease was studied by
observing the development of the disease in the field under natural conditions
and by artificial inoculation of healthy chilli seedlings grown in greenhouse
with the most virulent isolate of the pathogen. The symptom dcvelobment

was monitored.
3.1.2 Mass multiplication of the pathogen

The pathogen was mass multiplied in sand oat meal (19:1) medium.
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3.1.3 Sand oat meal medium

The medium was prepared by mixing washed fine white sand with oat
meal in the ratio 19 : I (w/w). Sufficient quantity of water was sprinkled and
mixed thoroughly to keep the medium moist. The 250 g mixture was sterilized
in one litre conical flask at 121 °C for one hour. “Actively growing culture
bits of the pathogen were aseptically transferred into the flask and incubated

at 25-30°C for 15 days. The culture so multiplied was used for inoculation in

various experiments under investigation.

3.2 Arbuscular mycorrhizal fungi (AMF) inoculum multiplication and

inoculation

Sorghum (Sorghum vulgare Pers.) colonized with different isolates of
AM fungus was grown in sterilized soil : sand mixture (2 : -1 v/v) for four months.
The soil : sand mixture containing mycorrhizal spores, colonized root segments
and hyphae served as mycorrhizal inoculum. Inoculation was done by
incorporating 50 g each of inoculum per pot with soil and thoroughly mixing it to

a depth of 5 cm.

3.2.1 Screening of native AMF cultures for disease suppression and

growth improvement in chilli

A pot culture experiment was conducted to evaluate the effect of nine local
cultures of AMF, viz., M|, My, M3, My, Ms, Mg, M7, Mg Mg and one identified
culture, Glomus mosseae (M)g) available in the Department of Plant Pathology,
College of Agriculture, Vellayani on suppression of damping off and growth

improvement in chilli. The variety Jwalamukhi was used for the experiment.
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Potting mixture in the ratio of 1 : [ : 1'(Sand : Soil : FYM) was used for the study.
NPK fertilizers were applied as per POP recommendations for chilli (KAU, 1996)
The experiment was conducted in completely randomised design with two

replications and following twenty two treatments.

Ty — MoPo Ti2- MsP,
T2~ MoP, Ti3— MgPo
T3 - M;Py Tia—MgP,
T4— MPy Tis=M:Pg
Ts— M2Po Tie— MoPy
Te— M,P, T17 - M;sP
T7'- M;3Py Tis— M;sP,
Tg - M3P, Ty9 — MoPy
To— M4Py T20— MgP,
Tio— M4P, Ta1 = MyoPo
T - M;Pg T2 - MyoP,y

My — Control (without AMF)

M, Ma, M3, My, Ms, Mg, M7, Mg and Mg — Native cultures of AMF
Mo — Identified culture of Glomus mosseae

Py — Without inbculation of Pythium aphanidermatum

P; — With inoculation of P. aphanidermatum

3.2.1.1 Inoculation with the pathogen and incidence of damping off

Fifteen-day-old culture of the pathogen mass multiplied in sand oat
meal medium was inoculated 10 days after transplanting at the rate of 30 g

per pot. The pots were irrigated regularly so as to maintain a very high



humidity for providing conducive environment for the development of the

disease and per cent disease incidence was recorded.

3.2.1.2 Biometric characteristics and yield

Observations on important plant growth parameters such as plant
height, number of secondary branches, stem girth, root length and yield were

recorded at the time of harvest. The dry weight of plants were determined

after oven drying at 60 °C.
3.3 Standardization of method of AMF inoculation

The experiment was conducted to select the best method of application
of AMF inoculum in the nursery. The AMF inoculum consisted of root bits,
mycelial fragments and mycorrhizal spores. The inoculum was applied at the rate
of 2 kg m™>. The experiment was conducted in completely randomised design with

six treatments and four replications. The treatments were
T; - Mixing with surface layer soil

T;- Incorporating with organic manure

T;- Mixing with seed

T4- Spot inocu.lation

Ts-Inoculation in nursery furrows

Tg- Placing in the rootzone

Variety:Jwalamukhi

Mycorrhizal colonization percentage was recorded 20, 30, 40 and 50

days after inoculation.
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3.3.1. Estimation of percentage mycorrhizal colonization

The percentage mycorrhizal colonization in the root samples of chilli
was estimated following the procedure of Phillips and Hayman (1970). The
root samples were cleaned free of soil particles, cut into one ¢cm bits and fixed
in FAA (Formaldehyde : Acetic acid : Alcohol in 5:5:90 proportion) for one
day. The roots were then autoclaved for hydrolyzing with 10 per cent
potassium hydroxide solution at 1.02 kg em™ for 15 minutes. The alkalinity
of the samples were then neutralized with one per cent hydrochloric acid.
Staining was done by steaming the root bits in 0.05 per cent trypan blue
solution in lactophenol reagent (lactic acid-20 ml, phenol-20 ml, glycerol-40
m! and distilled water-40 ml) and destaining was done by adding lactophenol.
The stained root bits were arranged on a clean slide covered with cover slips
and scanned under compound microscope for the presence of mycelium,
vesicles and arbuscules of arbuscular mycorrhizal fungi (AMF). The AMF

colonization percentage was calculated as given below.

AMF colonization Number of root bits positive for AMF colonization ‘

percentage = x 100
Total number of root bits observed

A minimum of 50 root bits from each treatment were scanned for

estimating the AMF colonization percentage.
3.4 Standardization of AMF inoculum requirement

An experiment was conducted to select the optimum quantity of AMF

inoculum requirement for chilli nursery. The AMF inoculum consisted of
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mycelial fragments, mycorrhizal spores, root bits etc. Based on the previous
experiment, inoculation bf AMF in the nursery furrows was found to be best
and this method was followed with six different doses and the percentage
colonization was recorded. The experiment was laid in completely randomized

design with six treatments and three replications. The treatments were

— =

T,- 0Ogm

T,- 200gm?
T3- 400 gm™
Ts- 850 gm™

Ts- 1250 g m>
Ts- 1600 g m™
Variety: Jwalamukhi

Mycorrhizal colonization percentage on 20, 30, 40 and 50 days after

inoculation was recorded as per the procedure described in 3.3.1
3.5 Isolation and purification of Azospirillum from chilli roots

The isolation of Azospirillum was done by following the method of
Bulow and Dobereiner (1975). Chilli roots from different locations of
’I‘hiruvangnthapuram district were collected for the isolation of native species
of Azospirillum. The roots were cleaned to remove all adhering soil particles
and other debris in clean tap water and later washed thoroughly with sterile
water. The samples were then cut into pieces of 0.5c¢cm length, surface
sterilized with 80 per cent ethyl alcohol for 30 seconds and then washed

repeatedly with sterile water. The surface sterilized bits were aseptically
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transferred to test tubes containing semisolid nitrogen free bromothymol (NFB)
blue medium (Appendix I). After 48-72 hours of incubation at 37°C, appearance
of characteristic pale dense pellicle just below the surface of the medium indicated
the presence of Azospirillum. The colour of medium changed from yellowish
green to blue. From the positive tubes a loopfull of the culture was transferred to
fresh semisolid malate medium and purified by three serial transfers. Final
purification was done by streaking purified cultures on potato infusion agar
(Appendix I). Single dry wrinkled colonies that appeared on the plates were
transferred to semisolid NFB after incubation for three days. The formation
of white subsurface pellicle confirmed the presence of Azospirillum. The
pure cultures were streaked finally on Okon’s medium (Appendix I) and

stored at 4°C for further use. The Azospirillum isolates (Az) were given code

numbers from 1-44.
3.5.1 Morphological characterization of Azospirillum isolates

The isolates of Azospirillum were grown in semisolid malate medium
in screw capped vials. Gram’s staining was done according to Hucker’s
modification (Frobischer, 1964). The shape and size of bacteria was studied

using 72 hours old culture.
3.5.2 Estimation of in vitro nitrogen fixation

One hundred ml of NFB medium supplemented with 50 mg yeast
extract was taken in 200 ml conical flask and Iml of inoculum was added
aseptically. Aflter seven days of incubation, the medium was concentrated to
five ml by keeping in sand bath and it was digested with 10 ml concentrated

H2504 and digestion mixture. Digestion was carried out until the contents
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were clear. After cooling, the aliquot was transferred to volumetric flask and
the volume was made upto 100 ml. Ten ml of the aliquot was taken in the
Kjeltec digestion tube and total nitrogen was estimated (Humphries, 1956).

The results are expressed as mg of nitrogen fixed per gram of malate.
3.5.3 In vitro production of Indole Acetic Acid (IAA)

Nitrogen-free malate broth was prepared without addition of
bromothymol blue indicator and 100 ml of the broth was taken in 250 ml
flasks. After sterilization, freshly prepared filter sterilized L-Tryptophan
solution was added so as to get a final concentration of 100 pug ml™*. Fresh
Azospirllium cultures were used to inoculate the flask and incubated for seven
days in dark. The extraction and estimation of IAA from culture filtrate was
done following the method of Chandramohan and Mahadevan (1968). The
cultures after seven days incubation, were centrifuged to remove the bacterial
cells and the supernatant was acidified to pH 3 with IN HCIL. IAA was
extracted with equal volumes of diethyl ether in a separating funnel at 4°C.
The extraction was repeated thrice using 100 ml diethyl ether for each
extraction. The diethyl ether extracts were pooled and ether was flash
evaporated at 35-40°C and tﬁe residue was dissolved in two ml methanol.
IAA in the methanol fraction was quantitatively measured using Salper’s
reagent (Salper’s reagent was prepared by taking 1 ml 0.5 M ferric chloride in 50
ml 30% perchloric acid). To 1.5 ml distilled water in a test tube, 0.5 ml
methanol residue was mixed and four ml of Salper’s reagent was rapidly added.
The samples were incubated in dark for one hour for maximum colour development.
The colour intensity was read in spectrophotometer at 535nm. Th:e quantity of JAA

in the culture filtrate was calculated from the standard curve.
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3.5.3.1 Preparation of standard curve

A standard curve was prepared by using an aqueous solution of IAA
(E-Merck India Pvt. Ltd, Bombay) of different concentrations such as 10, 20,
30, 40 and 50 ug ml”'. To five ml of each of this dilution, 1.6 m} of methanol
and 13.4 ml of Salper’s reagent were added to get a final volume of 20 ml.
These tubes were incubated in dark for 1 h at room temperature. The colour
intensity was measured at 535 nm in spectrophotometer. The standard curve
was prepared by plotting the OD values on Y-axis and concentration of IAA
(ug ml™') on X- axis. Thev quantity of JAA produced by different isolates of
Azospirillum was determined with the help of this standard curve. The final

value was expressed as microgram of IAA per millilitre of culture broth,

3.5.4 In vitro screening of Azospirillum isolates for growth and biomass

production in chilli

All the 44 isolates of Azospirillum were screened for growth and
biomass production. The experiment was conducted in medium sized uniform
cups filled with potting mixture consisting of farr;lyard manure, sand and soil
in the ratio 1:1:1 under green house condition. The variety Jwalamukhi was
used for the study. Chilli seeds were soaked in respective isolates of
Azospirillum broth for 30 minutes prior to sowing and sown in cups. The
experiment was conducted in CRD with three replications. The seedlings
were grown for 40 days with regular irrigation. The chilli seedlings were
carefully removed from the cups and biometric observations such as plant

height, root length, dry weight of shoot and root were recorded after oven

drying at 60 °C.
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3.5.5 In vivo screening of selected Azospirillum isolates for growth,

biomass production and yield

Based on in vitro screening, the native Azospirillum isolates Az-1,
Az-2, Az-3, Az-24, Az-4] and reference culture Az-40 were selected for the
study. The experiment was conducted to identify the best Azospirillum isolate
for growth improvement in chilli. The experiment was conducted in
completely randomised design with seven treatments and three replications.
Chilli seeds were soaked in respective selected isolates of Azospirillum for 30
minutes prior to sowing. At the time of transplanting the chilli seedlings were
given root dipping in the respective Azospirillum isolates and transplanted to
pots containing potting mixture of sand, soil and FYM in the ratioof 1 : 1 : 1. The
plants were irrigated regularly. Observations on important plant growth
parameters such as plant height, stem girth, root length and yield were

recorded at the time of harvest. The dry weight of shoot and roots were

recorded after oven drying.
3.5.6 Physiological characterization of selected isolates of Azospirillum

Based on in vitro and i‘n vivo screening the native Azospirillum
isolates Az-1 and Az-2 along with the reference culture, Az-40 were. selected
and characterized by studying their utilization of different carbon sources,
biotin requirement, acidification of peptone based glucose medium, catalase

activity and pH sensitivity.
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3.5.6.1 Utilization of different carbon sources

The selected native isolates of Azospirillum viz., Az-1 and Az-2 were
tested for the utilization of three different carbon sources namely glucose,
fructose and sucrose along with the reference culture Az-40. The selected
Azospirillum cultures were grown in test tubes containing the above carbon
sources with 0.3 per cent ammonium chloride. The tubes were inoculated
with 0.1 ml of 72 h old broth culture of the respective Azospirillum isolates
and incubated at 28 + 1°C in an incubator. Three replications were maintained
for each treatment. The extent of growth was measured after 144 h of

incubation using UV- visible spectrophotometer at 600nm.

3.5.6.2 Biotin requirement

The selected isolates of Azospirillum were grown in NFB malate broth
with or without 0.04% biotin to study the biotin requirement. The tubes were
inoculated with 0.1ml of 72 h old broth culture of the respective Azospirillum
and incubated at 36+1°C in an incubator. Three replications were maintained
for each treatment. The extent of growth was measured after 144 h of

incubation using UV-visible spectrophotometer at 600 nm.
3.5.6.3 Acidification of peptone based glucose medium

The medium with the following composition described by Kreig and

Dobereiner (1984) was used to detect the production of acid by Azospirillum

isolates.
Peptone :2g
MgS04. 7 H,O lg

(NHs); SO, ‘lg

3



FeCls. 6 H,0 £0.002 g
MllSO4. Hzo :0.002 g

BTB in dil. KOH :0.025 g

This was prepared in 950 m] distilled water and the pH was adjusted to
7.0 and sterilized by autoclaving. After cooling, 50 ml of 20% w/v filter
sterilized glucose was added aseptically. The tubes were inoculated with 72 h
old cultures of Azospirillum. The development of yellow colour after 48-96 h

incubation indicated acidification.

3.5.6.4 Catalase activity

A loopful of 72 h old Azospirillum from semisolid malate medium was
taken on a clean glass slide. One ml of hydrogen peroxide was poured over it.

A brisk effervescence indicated the presence of catalase activity in the culture.

3.5.6.5 Growth in different pH

The selected Azospirillum cultures were grown in test tubes using malate
broth containing 0.3 per cent NH4Cl and with pH initially adjusted to 4, 5, 6, 7 and
8, respectively. The tubes were inoculated with 0.1 ml of 72 h broth culture of
respective Azospirillum initially grown at pH 7 and incubated at 28 + 1 %C in an
incubator. Three replications were maintained for each treatment. The extent of
growth was measured after 144 h of incubation using UV-visible

spectrophotometer at 600 nm.
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3.6 Dual inoculation of native AMF and Azospirillum on disease

suppression and growth improvement in chilli

An experiment was conducted to evaluate the effect of the selected

AMF cultures (Mg and My) and Azospirillum isolates (Az-1 and Az-2) on

disease suppression and growth improvement in chilli. The variety

37

Jwalamuhki was used for the study. NPK fertilizers were applied as per POP

recommendation for chilli (KAU, 1996). The experiment was laid out in
completely randomised design with eighteen treatments and three replications.

The following were the different treatment combinations.

T1 = MoAoPo Tio— MsA P,
Tz — MoAoP) T — MgAzPo
T5 - MoA1Pg Ti2— M3A,P,
Ta— MoA Py T3 — MgAgPq
Ts — MoAzPg T4 — MoAoP,
Ts — MpA2P, T15— MyA Py
T7 — MgAoPy Ti6~ MgAP,
Ts — MgAoP, Ti7—MsA,Pg
To— MgA Py Tis— MyA,P)

M; and My - Selected native cultures of AMF
Ay and A; - Selected native isolates of Azospirillum (Az-1 and Az-2)

Po - Without inoculation of Pythium aphanidermatum '
i
P,- With inoculation of P. aphanidermatum '

“r




3.6.1 Inoculation with the pathogen and incidence of damping off

Fifteen-day-old culture of the pathogen mass multiplied in sand oat
meal medium was inoculated 10 days after transplanting at the rate of 30 g
per pot. The pots were irrigated regularly so as to maintain high relative
humidity for providing conducive environment for the development of the

disease and per cent disease incidence was recorded.

3.6.2 Growth characters and yield

Observations on important plant growth parameters such as plant
height, number of secondary branches, stem girth, root length and yield were

recorded at the time of harvest. The dry weight of plants were determined
after oven drying.
3.7 Statistical analysis

The data generated from the experiments were subjected to analysis of

variance (ANOVA) after appropriate transformations wherever needed.
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4. RESULTS

4.1 Isolation and purification of the pathogen

Different isolates of the causal organism inciting damping off of chilli
were isolated from highly infested areas of Thiruvananthapuram district in
potato dextrase agar (PDA). The fungus was brought into pure culture (Plate 1)
and pathogenicity was proved. The most virulent isolate causing damping off
of chilli was selected and identified as Pythium aphanidermatum (Edson) Fitz.
based on morphological and cultural characteristics. The hyphal width ranged
between 3.3 to 6.6 pm in diameter. The sporangia consisted of terminal
complexes of swollen hyphal branches varying from 50 to 200 pum in length
and 4 to 10 pm in width. The oogonia are terminal, globose and smooth arid
antheridia are terminal or intercalary and are club shaped. The oospores are

single, smooth and 17-19 um in diameter.

4.1.1 Symptomatology of damping off of chilli

Detailed symptomatology was studied in plants artificially inoculated
with Pythium aphanidermatum. In post emergence damping off, the infected
seedlings turned pale green and brownish. Water soaked lesions were seen
(Plate 2) at the basal portion of the stem. The infected tissues turned soft and
water soaked. The lesions girdled the stem and finally the seedlings became

constricted at the base and the plants callapsed (Plate 3).
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Plate 1| Pure culture of Pythium aphanidermatum (Edson) Fitz.

Plate 2 Natural infection of damping off of chilli seedlings showing
water soaked lesions

Plate 3 Damping off infected chilli seedlings compared with healthy
seedlings
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PLATE 2 PLATE 3



4.2 Arbuscular mycorrhizal fungi (AMF) inoculum multiplication and

inoculation

Sorghum roots colonized by AMF grown in soil : sand mixture was
used as the AMF inoculum throughout the study. The inoculum was applied

at the rate of 50 g per pot.

4.2.1 Screening of native AMF cultures for disease suppression and

growth improvement in chilli

Chilli plants preinoculated in the nursery with nine native AMF
cultures along with one identified culture of Glomus mosseae were used for
the study. The data on the per cent disease incidence and biometric

characteristics are presented in Table 1 and 2.
4.2.1.1 Inoculation with the pathogen and incidence of damping off

The pathogen P. aphanidermatum mass multiplied. in sand oats medium
was applied at the rate of 30 g per pot and the per cent disease incidence was
recorded. Chilli seedlings pre-inoculated with My cul.ture recorded no disease
incidence (0.00) and was signiﬁcantly superior in suppressing the pathogen
(Plate 4) over 6ther AMF cultures and control (Table 1). The next best
culture was Mg which recorded a disease incidence of 15.80 per cent as
against 61.42 per ceﬁt noticed in uninoculated control (Plate 5). Seedlings
p;e-inoculated with Glomus mosseae (M) recorded a disease incidence of
30.58 per cent and was statistically on par with the other native AMF cultures
such as Mg, My, Ms, M7, M3 and M; which recorded 30.73, 33.89, 35.40,

35.47, 38.29 and 41.38 per cent, respectively (Table 1).



Table 1. Effect of AMF inoculation on suppression of
Pythium aphanidermatum infection in chilli

Treatments Per cent disease Per cent reduction over

incidence control

MoP, 77.15 (61.42) R
M,P, 47.78 (43.54) 38.46
M,P, 48.73 (41.38) 43.32
M;P, 38.42 (38.29) 50.20
M;4P; 31.13 (33.89) 59.69
M;P, 33.59 (35.40) 56.46
MP, 26.14 (30.73) . 66.12
M,P, 33.69 (35.47) 56.33
M;P 7.42 (15.80) 90.38
MyP, . 0.00 (0.00) 100.00
M) oP, 25.89 (30.58) 66.44

CD 10.611 -

Figures in parentheses are values after angular transformation




The disease reduction over control was 100 per cent in chilli seedlings
pre-inoculated with culture Mg followed by 90.38 per cent in seedlings pre-
inoculated with culture Mg (Table 1). These two native AMF cultures were

selected for further studies.

4.2.1.2 Biometric characteristics and yield

»

The data on the effect of inoculation of different native AMF cultures
and Glomus mosseae on the growth characteristics of chilli are presented in
Table 2. Significant increase in height was observed in plants pre-inoculated
with AMF. The treatment MyPg recorded the maximum plant height of 68.33
cm. However this was statistically on par with treatments MaPy (61.33 cm),
M;3Po (60.83 cm), MgPy (56.83 cm), MsPp (55.50 c¢cm) and MgPp (55.17 cm)
(Table 2). These treatments were significantly superior to the control (MgP,)

which recorded 39.00 cm (Table 2).

The number of secondary branches was significantly higher in chilli
plants pre-inoculated with AMF. It was maximum in the treatment M;¢P,
(36.67). This was statistically on par with other treatments such as MgyPg
(35.83), MoP; (33.75), M;Pq (32.50) and M;P; (29.83). All these treatments

were found to be significantly superior to the control which recorded 22.83

number of secondary branches (Table 2).

Significant increase in the root length was observed in chilli plants
with AMF inoculation. The treatment Mj,P, recorded the maximum root
length of 24.25 cm (Table 2) and this was statistically on par with other
treatments such as MyPy (24.00 cm), M¢P; (23.96 cm), MgP; (23.33 cm), M;P,

(23.17 cm), MgPy (23.13 cm), MoPq (23.11 cm), MyP) (22.75 cm), MgP, (22.58 cm),



Table 2. Effect of AMF inoculation on growth characteristics and yield in
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chilli
No. of
Treatments PZZ:E])K s;:a(:::::?e? Ste(l:; n%)inh 12?;:1 \VE%\EI (g\g:::l(:")
(n o_piant") (cm) (g plant™)

MgPo 37.67 17.67 2.96 18.33 8.75 32.50
MoP; 39.00 22.83 3.30 17.25 11.35 16.67
MPg 49.67 16.62 3.10 19.10 15.00 34.79
M,P, 44.50 20.50 3.25 16.25 12.50 60.00
M,Py 61.33 26.50 3.88 24.00 15.00 4833
M,P, 46.00 21.25 3.30 24.25 15.00 65.25
M;P, 60.83 24.83 3.50 23.33 19.17 65.83
M;P 45.67 29.83 3.65 . 23.17 17.50 109.17
M,Pp 68.33 22.67 3.11 19.57 19.16 43.33
M;P, 49.75 27.00 3.75 22.75 14.50 74.42
M;Py 55.50 21.13 2.80 19.25 12.50 62.50
M;P, 42.00 17.17 3.10 18.96 11.67 59.58
MePy 55.17 26.21 3.00 21.75 15.00 4042
M¢P; 40.50 20.33 3.33 23.96 13.33 29.66
M,Py 47.50 32.50 3.42 20.33 15.00 15.00
M;P, 33.83 24.50 298 14.67 13.33 30.00
M;sP, 45.46 23.46 2.65 23.13 22.45 50.42
M;zP, 3933 28.67 291 23.33 22.75 25.83
MqPg 56.83 35.83 3.75 23.11 2099 50.83
MyP, 37.99 29.16 3.08 22.58 27.50 52.00
M 0Py 50.49 36.67 3.47 20.15 14.67 64.17
MoP, 38.50 33.75 2.65 18.33 15.00 28.75
CD - 13.490 7.471 NS 5.175 9.127 38.130




Plate 4 Effect of native AMF (MyP;) on suppression of damping off in

chilli
1 - MyP,
2 — Control

Plate 5 Effect of native AMF (M;sP;) on suppression of damping off in

chilli
1 - M3gP,
2 — Control

Plate 6 Nursery furrow method of application of AMF inoculum in chilli



PLATE 4

PLATE 5
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MgPo (21.75 cm), M7Py (20.33 cm), MoPg (20.15 cm) and M;Pg (19.10 cm). These

treatments were signiﬁcanily superior to the control which recorded root

length of 17.25 cm.

The dry weight of chilli plants was significantly higher in plants
inoculated with AMF. Maximum dry weight of 27.50 g plant” was recorded
in the treatment MoP; (Table 2) which was statistically on par with other
treatments such as MgP;, MgPo, MgPg, M3Pgq and M4Pgy which recorded 22.75,
22.45, 20.99, 19.17 and-19.16 g plzint"I respectively. The control plants

recorded a dry weight of 11.35 g plant™.

Inoculation of AMF cultures resulted in significant increase in the
yield of chilli plants. M3P, recorded the highest yield of 109.17 g plant” as
against control which recorded an yield of only 16.67 g plant™ (Table 2). The
other treat;nents M4P;, M3Pg, MaPy and M,oPy recorded 74.42, 65.83, 65.25

and 64.17 g plant'l respectively (Table 2).

The observations on stem girth was not significant. However the
maximum stem girth was recorded in M>Py (3.88 c¢m) whereas in control, the

stem girth was 3.30 cm (Table 2).
4.3 Standardisation of method of AMF inoculation

Different methods of AMF inoculation in the nursery were tried and
the data on AMF colonization at different intervals, viz., 20, 30, 40 and 50
days after sowing are presented in Table 3. The inoculum was applied at the
rate of 2 kg m™2. The application of AMF inoculum in the nursery furrows
(Plate 6) gave maximum per cent colonization uniformly in all the intervals of

observation.




Table 3. Effect of different methods of AMF inoculation on per cent
mycorrhizal colonization in chilli

Colonization (%)

Treatments

20 DAS

30 DAS |

40 DAS

50 DAS

T, (mixing with
surface layer
soil)

63.54 (52.83)

73.60 (59.06)

58.35 (49.81)

63.30 (52.69)

T,
(incorporating
with organic
manure)

71.14 (57.49)

70.36 (56.99)

55.62 (48.22)

67.67 (55.33)

T3 (mixing with
seed)

78.95 (62.67)

54.29 (47.44)

68.21 (55.67)

68.47 (55.82)

T4 (spot
inoculation)

85.36 (67.47)

76.14 (60.74)

70.28 (56.95)

61.22 (51.47)

Ts (inoculation
in nursery
furrow)

92.54 (74.12)

96.48 (79.15)

92.54 (74.05)

87.07 (68.89)

Te (placing in
root zone)

70.43 (57.03)

66.24 (54.45)

70.19 (56.90)

54.02 (47.29)

CD

9.700

12.750

15.449

8.708

DAS - days after sowing
Figures in parentheses are values after angular transformation



On 20" day of observation, maximum AMF colonization of 74.12 per
cent was recorded in the treatment consisting of application of inoculum in
the nursery furrows (Ts). However, this was statistically on par with spot
inoculation, which recorded 67.47 per cent colonization. The other treatments
such as mixing with seed, incorporating with organic manure, placing in the
root zone and mixing with surface layer soil recorded 62.67, 57.49, 57.03 and

52.83 per cent colonization, respectively (Table 3).

After 30 days of AMF inoculation, the per cent colonization was
significantly superior in the treatment consisting of application of inoculum in

nursery furrows (79.15) as against the other treatments (Table 3)) which

recorded a per cent colonization of 60.74 (spot inoculation), 59.06 (mixing

with surface layer soil), 56.99 (incorporating with organic.manure), 54.45

(placing-in root zone) and 47.44 (mixing with seed).

At 40 day of observation, AMF inoculation in the nursery furrows
(Ts) recorded the maximﬁm per cent colonization of 74.05 which was
significantly superior to all other treatments (Table 3). The other treatments
spch as spot inoculation, placing in root zone, mixing with seed, mixing with
surface layer soil, incorporating with organic manure recorded 56.95, 56.90,

55.67, 49.81 and 48.22 per cent colonization, respectively.

The observation on 50" day also showed that application of AMF
inoculum in' the nursery furrows' was significantly superior (68.89) to all the
other methods of application such as mixing with seed, mixing with organic
manure, mixing with surface layer soil, spot inoculation and placing in the
root zone which recorded 55.82, 55.33, 52.69, 51.47 and 47.29 per cent

colonization, respectively (Table 3).
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Table 4. Effect of different doses of AMF inoculum on per cent

mycorrhizal colonization in chilli

Treatments

Colonization (%)

20 DAS

30 DAS

40 DAS

50 DAS

T, (0 gm?)

12.12 (20.37)

26.14 (30.60)

15.75 (23.34)

39.04 (38.65)

T, (200 g m™?)

21.34 (27.49)

34.55 (35.97)

56.73 (48.90)

61.97 (52.27)

T; (400 g m?)

47.09 (43.32)

54.42 (42.59)

60.10 (50.82)

72.62 (58.54)

T+ (850 g m?)

62.28 (52.09)

80.55 (65.17)

77.96 (62.10)

86.45 (68.73)

Ts (1250 g m™)

62.69 (52.33)

87.31 (69.31)

83.00 (65.74)

86.42 (69.65)

Te (1600 g m™?)

72.99 (58.67)

89.68 (71.40)

80.75 (64.19)

91.67 (73.62)

CD

- 7.380

12.16

6.10

13.6]

DAS - days after sowing
Figures in parentheses are values after angular transformation



4.4 Standardization of AMF inoculum requirement

Application of inoculum in nursery furrows which was found to be the
best method was selected for this study. The data on the effect of different
doses of AMF inoculum application in the nursery on the percentage
mycorrhizal colonization at 20" 30™ 40" and 50" day after sowing are
presented in Table 4. Maximum per cent colonization was recorded in the

treatment Te (1600 g m™) and this was statistically on par with Ts (1250 g m™)

and T4 (850 g m?).

On 20" day, the treatments Tg (1600 g m), Ts (1250 g m™) and T,
(850 ‘g m%) recorded 58.67, 52.33 and 52.09 per cent colonization and were
statistically on par and superior over the uninoculated control which recorded
20.37 per cent colonization (Table 4). The other treatments T3 (400 g m™)

and T, (200 g m™) recorded 43.32 and 27.49 per cent colonization,

respectively.

(

After 30 days, the percentage colonization was maximum in the
treatment T¢ which recorded 71.40. However this was statistically on par
with Ts and T4 which recorded 69.31 and 65.17 per cent colonization,

respectively. The other treatments T3 and T, recorded 42.59 and 35.97 per

cent colonization, respectively (Table 4).

On 40™ day, maximum per cent colonization was recorded in the
treatment Ts followed by T¢ and T4 with 65.74, 64.19 and 62.10 respectively
(Table 4) and were statistically on par. At 50" day, maximum per cent
colonization was recorded in the treatment Ty with 73.62 (Table 4). However

this was statistically on par with Ts, T4, T3 and T, which recorded 69.65,
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68.73, 58.54 and 52.27 per cent respectively where as the control (T;) showed
38.65 per cent colonization. Application of AMF inoculum at the rate of 850

g m™> which recorded satisfactory colonization was selected as the economic

dose.
4.5 Isolation and purification of Azospirillum from chilli roots

Azospirillum was isolated from chilli roots collected from chilli
growing areas of Thiruvananthapuram district following the procedure
described in 3.5. After 48-72 h of incubation at 37°C, appearance of
characteristic pale dense pellicle just below the surface of the medium indicated
the presence of Azospirillum. The colour of medium changed from yellowish
green to blue. From the positive tubes, a loopfull of the culture was transferred to
fresh semisolid malate medium and it was further purified by three serial transfers.
Final purification was done by streaking purified cultures on potato infusion agar.
Single dry wrinkled colonies that appeared on the plates were transferred to
semisolid NFB after 3 days incubation. The formation of white subsurface
pellicle confirmed the presence of Azospirillum. In all, 44 isolates of

Azospirillum were obtained.
4.5.1 Morphological characterization of Azospirillum isolates

The morphological characters of the isolates such as size, shape and
presence of poly beta hydroxy granules were studied in 72 h old culture
grown in semi solid malate medium. The isolates were small to medium sized
rods. Eventhough polymorphism was noted, majority of the isolates were

curved rods. The poly beta hydroxy granules were present in all the isolates.
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Table 5. In vitro nitrogen fixation and IAA production by native Azospirillum

isolates

Azospirillum isolates

Nitrogen fixation mg N
fixed g of malate

[AA production (pg ml™h

Az-1
Az-2
Az-3
Az-4
Az-5
Az-6
Az-7
Az-8
Az-9
Az-10
Az-11
Az-12
Az-13
Az-14
Az-15
Az-16
Az-17
Az-18
Az-19
Az-20
Az-21]
Az-22
Az-23

Az-24

19.53
20.00

15.86

49.66

55.00

26.00

26.00

£o



Table 5. Contd...

Azospirillum isolates

Nitrogen fixation mg N
fixed g‘l of malate

IAA production (pg ml™)

Az-25 17.20 26.67
Az-26 16.40 23.33
Az-27 12.13 27.33
Az-28 16.73 31.33
Az-29 14.37 31.67
Az-30 17.33 27.33
Az-31 15.47 30.00
Az-32 12.66 24.33
Az-33 14.93 24.00
Az-34 14.00 29.67
Az-35 16.20 39.33
Az-36 14.00 23.33
Az-37 15.86 25.67
Az-38 14.93 27.67
Az-39 14.93 30.67
Az-40 19.53 50.00
Az-41 18.40 48.66
Az-42 16.20 24.33
Az-43 16.80 26.67
Az-44 17.53 25.00
cD 2.354 5.786 .




All the isolates took the colour of the counterstain safranin in gram staining

and appeared pink indicating that they are gram negative.
4.5.2 Estimation of in vitro nitrogen fixation

The in vitro nitrogen fixation by the isolates of Azospirillum ranged
from 11.20-20.00 mg N g"' malate (Table 5). The ﬁaxin1um nitrogen fixation
of 20.00 mg N g' malate was recorded in Az-2. However this was
statistically on par with Az-1, Az-40, Az-24 and Az-41 which recorded 19.53,

19.53. 19.20 and 18.40 mg N g’! malate respectively.
4.5.3 In vitro production of Indole-Acetic Acid (IAA)

Indole acetic acid production by the different isolates of Azospirillum
showed wide variations ranging from 21.00 to 55.00 pg ml" (Table 5). The
isolate Az-2 recorded the maximum IAA production of 55.00 ug ml"'. This
was statistically on par with the IAA produced by the reference culture
(Az-40) and Az-1 which recorded 50.00 pg ml' and 49.66 pg ml’
respectively. The isolates Az-6 and Az-14, recorded the minimum IAA

production of 21.00 ug ml™ each.

4.5.4 In vitro screening of Azospirillum isolates for growth and biomass
production in chilli
The influence of Azospirillum isolates on growth and biomass
production of chilli seedlings was studied and the data are presented in the
Table 6.

Out of the 44 isolates screened, 10 isolates of Azospi?illum produced

significant increase in height of chilli seedlings over uninoculated control
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Table 6. Effect of inoculation of Azospirillum on plant growth
characteristics in chilli under in vitro conditions
Az;)ss(ﬁz:tiéium Height (cm) Roc)(tCIl::;lgth Sl:Voec;tg lclitrly th,):itgcli]rgr
(g plant™) (g plant™)
Az-1 10.50 8.60 0.116 0.045
Az-2 11.70 9.33 0.169 0.080
Az-3 10.73 8.10 0.108 0.039
Az-4 7.33 5.93 0.067 0.028
Az-5 7.43 4.93 0.059 0.029
Az-6 8.03 6.67 0.079 0.026
Az-7 7.50 4.67 0.079 0.019
Az-8 6.60 . 433 0.049 0.020
Az-9 7.60 6.07 0.070 0.038
Az-10 6.80 7.07 0.058 0.033
Az-11 9.07 6.73 0.074 0.025
Az-12 8.00 - 7.17 0.066 - 0.029
Az-13 7.50 6.67 0.054 0.035
Az-14 6.93 6.50 0.077 0.031
Az-15 8.83 7.17 0.085 0.027
Az-16 7.83 4.83 0.067 0.029
Az-17 7.00 5.17 0.064 0.022
Az-18 8.83 7.50 0.066 0.022
Az-19 7.67 6.73 0.049 0.024
Az-20 6.57 6.07 0.657 0.039
Az-21 6.93 5.07 0.072 0.026
Az-22 8.50 6.17 0.067 0.032
Az-23 7.83 7.73 0.071 0.026
Az-24 10.33 8.20 0.108 0.026




Table 6. Contd...

Az‘i):é) 1Ztiééum Height (cni) Roo(tc.:::;]gth Sl:vz?;lcligy R“(::itgc}il?
(g plant™) (g plant™)

Az-25 9.00 6.83 0.090 0.025
Az-26 8.17 7.43 0.082 0.031
Az-27 8.70 7.23 0.084 0.030
Az-28 8.33 6.77 0.086 0.036
Az-29 9.50. 6.33 0.076 0.021
Az-30 9.17 6.27 0.668 0.026
Az-31 7.67 5.73 0065 0.029
Az-32 9.00 5.90 0.091 0.023
Az-33 8.66 7.10 0.070 0.032
Az-34 8.30 7.50 0.095 0.030
Az-35 9.17 8.17 0.091 0.035
Az-36 8.00 5.77 0.093 0.030
Az-37 9.23 7.17 0.085 0.024
Az-38 8.17. 5.90 0.055 0.023-
Az-39 8.67 6.73 0.069 0.025
Az-40 11.00 8.50 0.166 0.057
Az-41 10.23 7.83 0.087 0.052
Az-42 7.93 6.50 0.088 0.025
Az-43 8.83 6.73 0.072 0.053
Az-44 8.50 7.73 0.084 0.022
Control 7.67 6.46 0.082 0.030

CD 1.455 1.660 0.0305 0.0225




Plate 7 Influence of Az-2 on growth of chilli seedlings under in vitro

conditions
1 — Seed treatment with Az-2
2 — Control

Plate 8 Influence of Az-1 on growth of chilli seedlings under in vitro

conditions.
1 — Seed treatment with Az-1
2 — Control

Plate 9 Influence of Az-2 on root elongation of chilli seedlings under in
vitro conditions.

1 — Seed treatment with Az-2
2 — Control

Plate 10 Influence of Az-1 on root elongation of chilli seedlings under in
vitro conditions

1 — Seed treatment with Az-1
2 — Control
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(Table 6). The maximum height of 11.70 cm was recorded in seedlings
inoculated with the isolate Az-2 (Plate 7) and this was statistically on par with
Az-40 (11.00 cm), Az-3 (10.73 cm), Az-1 (10.50 cm) (Plate 8) and Az-24

(10.33 cm) whereas the uninoculated control plants recorded a height of 7.67 cm.

Inoculation of five isolates of Azospirillum showed significant increase
in root length over uninoculated control. The isolate Az-2 recorded the
maximum root length of 9.33 cm (Plate 9). However this was statistically on
par with Az-1 (8.60 cm) (Plate 10), Az-40 (8.50 cm), Az-24 (8.20 cm), Az-35
(8.17 cm), Az-3 (8.10 cm), Az-41 (7.83), Az-44 (7.73 cm) and Az-23 (7.73 cm)

(Table 6). The uninoculated control plants recorded a root length of 6.46 cm.

Maximum dry weight of shoots (0.169 g plant) was recorded in Az-2
inoculated seedlings. However, this was statistically on par with Az-40 which
recorded a shoot dry weight of 0.166 g plant™ as against 0.082 g plant™ in the

control plants (Table 6).

The dry weight of root was significantly superior in plants inoculated
with Az-2 which recorded 0.080 g plant”' compared to the other treatments

including the uninoculated control which recorded a root dry weight of 0.030

g plant™! (Table 6).

4.5.5 In vivo screening of selected Azospirillum isolates for growth,

biomass production and yield

Based on in vitro nitrogen fixation, indole acetic acid production and
growth and biomass production, six isolates of Azospirillum viz., Az-1, Az-2,
Az-3, Az-24, Az-41 along with reference culture Az-40 were selected for

in vivo screening. Chilli seeds were treated with selected isolates of
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Azospirillum at sowing and seedlings were given root dip at the time of
transplanting. The data on the effect of inoculation of selected Azospirillum

isolates on growth, biomass production and yield in chilli are presented in

Table 7.

The Azospirillum treated seeds germinated two days earlier than the

uninoculated control. The treated seeds took five days for germination as

against seven days taken for control (Plate 11).

Significant increase in the height of chilli plants were observed when
treated with Azospirillum. Inoculation with Az-41 recorded the maximum
plant height of 28.83 cm. However, this was statistically on par with the
treatments such as Az-1 (27 cm) (Plate 12), Az-2 (27 cm) (Plate 13), Az-40
(25.66 cm) and Az-24 (25.5 cm). These treatments were found to be
significantly superior to the uninoculated control which recorded a plant

height of 18 cm (Table 7).

Azospirillum inoculated plants recorded a significant increase in root
length. Maximum root length of 26.77 cm.(Table 7) was obtained in plants
treated with Az-1. However, this was statistically on par with Az-2 (26.08 cm)
and Az-24 (26.00 cm) which were significantly superior to the uninoculated

control (16.16 cm).

Maximum yield of 15.7 g plant”' was recorded in plants inoculated
with Az-40. However, this was statistically on par with Az-2 and Az-1 which

recorded 14.0 g and 10.7 g plant™’ respectively (Table 7).

Significant increase in the shoot dry weight was recorded when treated

with Azospirillum. Inoculation with Az-3 recorded maximum shoot dry
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Table 7. Effect of inoculation of native Azospirillum on plant growth

characteristics and yield in chilli under in vive condition

Azospirillum | Height Root Stem girth Yield Shoc?t dry Root dry
‘solates (cm) length (cm) (g plant™) we:ghtl weight
(cm) © (gplant™) | (g plant™)
Az-1 27.00 26.77 1.8 10.7 4.1 1.8
Az-2 27.00 26.08 1.7 14.0 4.4 2.0
Az-3 21.80 18.83 1.5 83 4.5 1.8
Az-24 25.50 26.00 1.9 9.7 3.5 1.7
Az-40 25.66 25.00 1.6 15.7 4.2 1.8
Az-41 28.83 22.16 1.9 6.7 34 1.6
Control 18.00 16.16 1.1 5.0 1.6 0.6
CD 5.024 3.643 NS 5.112 1.49 0.485
Table 8. Effect of different carbon sources on growth of selected
Azospirillum isolates
Growth (OD at 600 nm)
Azospirillum isolates
Az-1 Az-2 Az-40
Glucose 0.937 0.592 0.733
Fructose 0.561 0.485 0.632
Sucrose 0.759 0.410 0.592
CD 0.0887 0.1340 NS




Plate 11 Effect of Azospirillum on germination of chilli seeds
1 — Seed treatment with Azospirillum
2 — Control -

Plate 12 Influence of Az-1 on growth characteristics and yield in chilli
under in vivo conditions-

1 - Control ‘
2 — Seed treatment + seedling root dip with Az-1

Plate 13 Influence of Az-2 on growth characteristics and yield in chilli
under in vivo conditions

1 — Control
2 — Seed treatment + seedling root dip with Az-2
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v;/eight of 4.5 g plant™ (Table 7) and was statistically on par with the other
treatments such as Az-2 (4.4 g plant"), Az-40 (42 g plant"), Az-1 (4.1 g plant ‘l),
Az-24 (3.5 g plant’") and Az-41 (3.4 g plant™).

The root dry weight was also significantly superior in chilli plants
inoculated with Azospirillum. Inoculation with Az-2 recorded the maximum
_ root dry weight of 2.0 g plant". and was statistically on par with Az-1 (1.8 g
plant™), Az-3 (1.8 g p]ant"), Az-40 (1.8 g plant."), Az-24 (1.7 g plant™) and
Ai-4l (1.6 g plant") and were significantly superior to the uninoculated

control (0.6 g plant™).

Observations on stem girth was not significant. However, the
maximum stem girth was recorded in the treatment consisting of inoculation

with Az-24 (1.9 cm) whereas in the control, the stem girth was 1.1 cm.

Based on in vitro and in vivo screening, native Azospirillum isolates

viz., Az-1 and Az-2 which performed best were selected for further studies.
4.5.6 Physiological characterization of selected isolates of Azospirillum

Based on in vitro and in vivo screening, two native isolates of
Azospirillum viz.', Az-1 and Az-2 were selected for studying the utilization of
different carbon sources, biotin requirement, acidification of peptone based
glucose medium, catalase activity and pH sensitivity. Az-40 was used as
reference culture. The data on the characterization studies are presented in

Table 8, 9, 10 and 11.
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Table 9. Effect of biotin on growth of selected Azospirillum isblates

Growth (OD at 600 nm)

Biotin requirement .

Az-1 Az-2 Az-40

Biotin 0.424 0.602 0.633

Non-biotin 0.414 0.775 0.780
CD NS NS NS

Table 10. Acidification and catalase activity of selected Azospirillum

isolates

Azospirillum isolates

Acidification of
peptone based
glucose medium

Catalase activity

Az-1
Az-2

Az-40

+

Table 11. Effect of different pH on growth of selected Azospirillum

isolates
Growth (OD at 600 nm)

pH

Az-1 Az-2 Az-40
pH4 0.254 0.028 0.013_
pHS5S 0.452 0.065 0.083
pHé6 0.465 0.766 0.510
pH7 0.521 0.621 0.561
pH8 0.317 0.610 0.366
CD 0.0793 0.0932 0.0349




4.5.6.1 Utilization of different carbon sources

The data on the utilization of different carbon sources by two selected
native Azospirillum isolates, viz., Az-1 and Az-2 along with the reference
culture, Az-40 are presented in Table 8. In NFB medium, malate was
substituted with either glucose, fructose or sucrose. The medium was

inoculated with the selected Azospirillum isolates and growth was measured

after 144 h of incubation.

When glucose was used as carbon source, the isolate Az-1 recorded a
maximum OD value of 0.937. This was significantly different when fructose
and sucrose were used as carbon source (Table 8). The isolate Az-2 recorded a
maximum OD value of 0.592 when glucose was used as carbon source and
this was statistically on par with fructose (0.485). Az-40 showed no

significant difference in the growth between the different carbon sources.

4.5.6.2 Biotin requirement

The biotin requirement of the two selected isolates, viz., Az-1 and Az-2
were studied and the data are presented in Table 9. There was no significant
difference in the growth of the selected Azospirillum isolates when media was
supplemented with or without biotin. However, the isolate Az-1 recorded a
maximum OD value of 0.424 with biotin. Whereas the isolates Az-2 and Az-

40 recorded a maximum OD value of 0.775 and 0.780 without biotin.
4.5.6.3 Acidification of peptone based glucose medium

The data on the acidification of peptone based glucose medium with
the selected native isolates of Azospirillum, Az-1 and Az-2 along with

reference culture, Az-40 are presented in Table 10. The isolate Az-1 acidified
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the peptone based glucose medium by changing the colour from blue to

yellow (+) whereas Az-1 and Az-40 did not cause any colour change (-).

4.5.6.4 Catalase activity

The catalase activity of the selected Azospirillum isolates are presented
in Table 10. All the Azospirillum isolates produced brisk effervescence

indicating positive catalase activity.
4.5.6.5 Growth in different pH

The effect of different pH levels on growth of two selected native
Azospirillum isolates, Az-1 and Az-2 along with the reference culture (Az-40)

was studied and the data are presented in Table 11,

The isolate Az-1 recorded a maximum OD value of 0.521 at pH 7 and
this was statistically on par with the growth at pH 6 (0.465) and pH 5 (0.452)
whereas the isolate Az-2 recorded a maximum OD value of 0.766 at pH 6 and
this was significantly different from the growth of the isolate at the other four
levels of pH (Table 11). The isolate Az-40 showed a maximum OD value of
0.561 at pH 7 and this was significantly different from the growth at pH 4, 5,

6 and 8.

4.6 Dual inoculation of native AMF and Azospirillum isolates on disease

suppression and growth improvement in chilli

Chilli seedlings pre-inoculated with two selected native AMF cultures
(Mg and My) were used for the study. Azospirillum isolates viz., Az-1 and
Az-2 were applied as seed treatment at sowing and seedling root dip at the
time of transplanting. The pathogen Pythium aphanidermatum, mass

multiplied in sand oats medium was inoculated 10 days after transplanting.
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Table 12. Effect of combined inoculation of native AMF and Azospirillum -

on suppression of damping off in chilli

Per cent reduction over

Treatments Per cent disease

incidence control
MoAoP, 80.83 (65.12) -
MoA,P, 54.16 (47.41) 33.00
MoA,P, 37.50 (36.90) 53.61
M;zAoP, 41.58 (39.84) 48.56
M;A P, 41.66 (40.00) 48.46
M;3A,P, 23.15 (28.74) 71.36
MyAyP, 14.29 (22.27) 82.32
MgA P, 31.47 (29.80) 61.07
MoA,P, 22.03 (27.39) 72.75

CD 18.362

Figures in parentheses are values after angular transformation




Data on per cent disease incidence, growth characters and yield were recorded

and presented in Table 12 and 13.
4.6.1 Inoculation with the pathogen and incidence of damping off

Chilli seedlings pre-inoculated with native AMF (MyA(P,) recorded the
least per cent disease incidence of 22.27 (Plate 14) and this was significantly
superior as against the control (MgAoP;) which recorded 65.12 per cent
disease incidence (Table 12). However this was statistically on par with
MsA, Py (27.39), M3A P (28.74), MoA [P, (29.80), MyA,P, (36.90) and

M3AoP; (39.84).

The treatment MgAoP; recorded 82.32 per cent disease reduction over

control and MgyA,P; recorded 72.75 per cent disease reduction.

4.6.2 Growth characters and yield

The data on the effect of dual inoculation of native AMF and

Azospirillum on growth characteristics of chilli are presented in Table 13. -

Dual inoculation of AMF and Azospirillum resulted in significant increase in
height of plants. The treatment MgA,P recorded the maximum plant height of
44.00 cm (Plate 15). However, this was statistically on par with M3A,P,
(43.00 cm), MgAPy (39.16 cm) and MgAyPy (35.83 cm) as against the control

MoAoP, which recorded 29.83 cm (Table 13).

The number of secondary branches was significantly higher in chilli
plants inoculated with AMF and Azospirillum. It was maximum in the
treatment MgA,Pg (8.50). This was statistically on par with the other
treatments MoA;Py (8.17), MgA Py (6.17) compared to control, which

recorded 2.50 (Table 13).
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Table 13. Effect of combined inoculation of native AMF and
Azospirillum on growth characters and yield in chilli

. No. of Stem Root pry .
Treatment Height | secondary girth length weight of Yleld-n
(cm) branches plant (g plant™)
(no plant™) (cm) (cm) (g plant™)
MopAoPo 28.67 5.17 3.08 13.50 10.83 26.66
MoAoP, 29.83 2.50 2.67 11.22 7.33 23.33
MoA Py 40.17 4.50 3.08 19.83 13.67 53.33
MoA P, 25.83 5.67 2.82 14.94 5.67 26.66
MoA;Pg 31.67 8.17 3.13 23.08 13.50 18.33
MpA,P, 24.17 6.50 2.62 15.58 7.67 30.00
M3sAoPo 35.83 5.67 2.87 27.40 13.00 48.33
MsAoP, | 27.33 4.67 2.95 15.22 7.67 25.00
MsA Py 39.16 6.17 3.15 18.42 12.17 21.67
M;3A, P, 29.16 6.00 3.05 15.71 7.67 ‘ 41.67
M;3A,Py 43.00 7.83 3.25 21.27 13.83 35.00
M;sA,P, 24.50 5.83 - 2.80 14.22 6.83 26.67
MyAoPy 32.17 5.83 2.67 20.22 12.50 58.33
MoAoP, 32.50 5.00 3.08 16.53 7.43 53.33
MoA Py 31.67 5.17 3.40 16.44 12.93 36.67
MoA P, 30.17 5.83 3.23 15.07 8.83 23.33
MyA,Py 44.00 8.50 3.53 24.58 14.33 76.67
MoA,P, 31.50 4.50 2.75 14.33 7.33 36.66
CD 9.313 2.417 NS 9.876 4.083 24019




Plate 14 Influence of native AMF (M9AoP1) on suppression of damping
off in chilli

1-M 9AO0P,
2 - Control

Plate 15 Influence of native AMF and Azospirillum (MgA2Po) on growth
characteristics and yield in chilli

1 - MoA2Po
2 - Control
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The root length was maximum (27.40 c¢cm) in the treatment MgAgPy and
this was statistically on par with MgAiPy (24.58 cm), MpA,Pp (23.08 cm),
M;gA2Po (21.27 cm), MgAgPg (20.22 cm), MoA Py (19.83 cm), MgA Py (18.42 cm)
as against the control (11.22 cm). Combined inoculation of AMF and
Azospirillum significantly increased the dry weight of chilli plants. Maximum
dry weight of 14.33 g plant' was recorded in MgA,P, (Table 13). However,
this was statistically on par with MgA,Po (13.83 g plant™), MoA Py (13.67 g
plant™), MgA,Pq (13.50 g plant™), MgA¢Py (13.00 g plant™), MoA Py (12.93 g
plant™), MoAoPy (12.50 g plaﬁt") and M3A Py (12.17 g plant™") compared to

the control (7.33 g plant™).

Dual inoculation of AMF and Azospirillum significantly increased the
yield of chilli plants. MgA,Pg recorded the highest yield of 76.67 g plant™ and
this was statistically on par with MyAP, (58.33 g plant™), MgAoP; (53.33 ¢
plant™) and MyA, Py (53.33 g plant™') whereas the control recorded an yield of
23.33 g plant™.

The observation on stem girth was not significant. However, maximum

stem girth was recorded in MoA,P¢ (3.53 cm) whereas the control recorded a

stem girth of 2.67 cm (Table 13).
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S. DISCUSSION

Damping off is one of the most devastating diseases of chilli which
c;duses serious damage to the crop both in the nursery and in main field.
Management of Pyrhium damping off using fungicides has become less
popular due to high cost, residual toxicity and environmental hazards. The
present investigation was undertaken to explore the possibility of management
of damping off and improvement of growth in chilli with native species of
AMF and Azospirillum. The causal organism inciting damping off of chilli
was isolated from diseased chilli seedlings collected from highly infested
areas of Thiruvananthapuram district and the pathogenicity was proved. The
most virulent isolate was selected and the morphological and cultural
characteristics showed that the isolate was Pythium aphanidermatum (Edson)

Fitz. as reported by Sowmini (1961).

Positive influence of AMF on plant growth promotion, biomass
production and protection against root diseases is well recognized in most
plant species (Jalali and Jalali, 1991; Sivaprasad, l995°; Sreeramulu and
Bagyaraj, 1999). In the present study, a preliminary screening trial was
conducted to identify efficient AMF cultures capable of suppressing damping
off of chilli. Eventhough the ability of AMF to suppress 'the disease varied
with different cultures, 100 per cent disease reduction was obtained in plants
pre-inoculated with Mg culture followed by 90.38 per cent with Mg culture
(Fig. 1). Among the cultures screened, Mg and Mg were highly effective in

reducing the incidence of the disease (Table [). The ability of AMF in
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Fig. 1. Incidence of damping off in chilli as influenced by AMF
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suppressing damping off has already been reported in crops like cucumber
(Rosendahl and Rosendahli, 1990), ginger (Rohini Iyer and Sundararaju, 1993;
Joseph, 1997), cardamom (Thomas ef al., 1994) and pepper (Odebode ef al.,
1997). When plants were pre-inoculated with AMF, the spread of the
"pathogen in the host may be restricted (Dehne and Schoenbeck, 1975). The
AMF induced resistance against fungal pathogens could also be attributed to
factors such as improved nutrient uptake especially phosphorus (Ames and
Linderman, 1978; Abduil-Khaliq et al., 2001), competition with pathogen for
space, nutrition and host photosynthate (Harley and Smith, 1983; Linderman,
1985), qualitative and quantitative shift in microbial population in the
rhizosphere (Mayer and Linderman, 1986; Secilia and Bagyaraj, 1987;
Graham, 1988) and altered physiology of the host that induces host defense

mechanisms (Gianinazzi-Pearson ef al., 1996).

Variations were observed in the response of chilli plants to different
AMF cultures on growth characteristics, biomass production and yield. In
general, all the native AMF isolates enhanced growth, biomass and yield of
chilli plants (Fig. 2). The enhanced growth can be attributed to better uptake
of nutrients by AMF inoculated plants. Maximum root length and height were
recorded in plants inoculated with M, culture whereas the biomass was higher
in plants inoculated with Mg and Mg cultures (Table 2). The yield was
significantly greater in plants inoculated with M3 culture. Stimulation of plant
growth is the inherent ability of AMF isolates which depends on the
efficiency of hyphae to spread in the soil and absorb the nutrients beyond the
depletion zone and make it available to the plants (Marschner and Dell,

1994). The increase in growth, biomass production and yield in AMF
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Fig. 2. Effect of AMF on biomass production and yield of chilli

i ' ' ’ ¢ i
C . c—— ALV —
: s ) ' 10N E
5 s i #« n
i 1 - unnnummmnm.mwmﬂth§ [N -
1 ' . [ b R
| _ foao:z > E
_ oS | £ 8
: n e | S
’ iéf ; % (w:u\
‘ ) M.&nqmwz m. vmmuu
‘ : ST L5
! . i%ﬁ =
] b
¥
t
]
t
[
1 i !
~ B '
] ! !
i . .
1{ :
1 ?
3
1
1 1
1
t
1
. .
¢ . s
X ,
- RRaTTT
) . ¥
, .
)
X .
\ \
i
[ t
L «
1
. .
0 1
. .
o o o
o < ﬂOU [{e]
- -

{ved 7 6) pleik pue Jybiam g




inoculated plants were: reported earlier in chilli (Bagyaraj and Sreeramulu,
1982 and Sreeramulu and Bagyaraj, 1986), cassava (Sivaprasad ef ‘al., 1990),
tomato (Mallesha er al., 1994), papaya (Balakrishna er al., 1996), cowpea
(Gupta et al., 1999), tomato (Thippeswamy and Sreenivasa, 1999) cucumber

(Cigsar et al., 2000) and papaya (Johnkennedy and Rangarajan, 2001).

Thus, the cultures Mg and My were found to be highly effective in
suppressing damping off incited by Pythium. Interestingly, another culture
M, increased the root length and height of chilli plants whereas cultures Mg
and My could enhance only the biomass production. But the yield was
maximum in plants inoculated with culture Ms. Thus it is clear that the ability
of AMF for growth stimulation and disease suppression are independent traits
and fhey need not occur together in a single culture. A culture effective for
growth enhancement and higher yield may be a poor biocontrol candidate.
Similarly an AMF culture having potential biocontrol efficiency need not
induce significant growth enhancement (Vidhyasekaran, 1990). It is highly
desirable if a culture possessing both the qualities could be obtained. In the
present investigation the native AMF cultures viz., Mg and Mg have been
identified as effective cultures in suppressing damping off as well as

increasing biomass production.

The study on standardisation of suitable method of inoculation of AMF
in chilli nursery revealed that inoculation in nursery furrows (Fig. 3) recorded
the maximum percentage colonization uniformly at different intervals of
observation (Table 3). By placing AMF inoculum in nursery furrows along
with the seeds, more root infection could be obtained. This may be due to

direct contact of the inoculum with seed and emerging root. The results of
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in chilli
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Fig.3. Effect of methods of inoculation on AMF colonizat
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ion in chilli

Fig. 4. Effect of different doses of AMF inoculum on colonizat
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this experiment supports the view of Hayman er al. (1981) in red clover,

Sukhada (1987) in tomato and Gurubathan et al. (1989) in bellary onion.

Application of AMF inoculum in nursery furrows was identified as the
best method and this method was selected to standardize the quantity of AMF
inoculum required for chilli nursery. Different doses of AMF inoculum
application were tried (Table 4). Eventhough maximum colonization was obtained
with 1600 g m™ (Tg), the rate of 850 g m™ was selected as the economic dose for
achieving satisfactory colonization (Fig. 4). Similar results were obtained by Sukhada
(1987) who could get 40 per cent colonization using 1 kg inoculum in tomato.
Almost similar results were also reported by Subbiah (1994) in chilli and bellary

onion and Shrihari and Sreenivasa (1998) in chilli.

The association of Azospirillum with crop plants such as maize,
sorghum, sugarcane and forage grasses (Lakshmikumari es al., 1976); wheat
(Kavimandan et al., 1978 and Padshetly et al., 1986); pepper (Govindan and
Chandy, 1985); bhindi (Parvatham ef al., 1989); barley (Lukin et al., 1992);
cabbage (Jeevajothi et al., 1993) and chilli (Paramaguru and Nagarajan, 1993)
has already been reported. In the present study an attempt was made to
isolate Azospirillum from chilli roots collected from different locations of
Thiruvananthapuram district. Forty four isolates were obtained and these
isolates grew well in semisolid malate medium. This medium encouraged the
growth of Azospirillum probably by providing microaerophilic conditions and
thereby reduced oxygen concentration. The growth of Azospirillum occurred
as a white undulating pellicle below the meniscus (Burlow and Dobereiner,
1975; Lakshmikumari et al., 1976; Burris ef al., 1977). The purified isolates

on transfer to semisolid medium formed the characteristic white undulating



Fig. 6. In vitro nitrogen fixation of selected Azospirillum isolates
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pellicle and the presence of Azospirillum was confirmed. The purified isolates
were then subjected to morphological studies. All the isolates were gram
negative, motile and contained poly beta hydroxy granules. They were short

to medium sized slightly curved rods.

The isolates of Azospirillum were screened for in vitro nitrogen
fixation. The reference culture (Az-40) was also used for the study. The in
vitro nitrogen fixation by different isolates showed wide variations (Table 5).
The isolate Az-2 recorded maximum nitrogen fixation of 20.00 mg N g’
malate (Fig. 5) and the least amount of nitrogen fixation of 11.20 mg N g
malate was recorded by isolate Az-10. Perhaps this variation may be due to
the difference in their inherent capacity to fix nitrogen. Many earlier
researchers have reported that in vitro nitrogen fixation by Azospirillum is
highly variable (Subha Rao er a/., 1980 and Purushothaman and Vijila, 1988).
The quantity of ﬁitrogen fixed by the isolates were similar to that obtained by

many workers (Okon ef al., 1976; Govindan,1982 and Sasikumar, 1996).

The different isolates of Azospirillum were screened along with the
reference culture (Az-40) for the production of indole acetic acid under in
vitro conditions. Many research workers have reported the production of IAA
by Azospirillum (Tien et al., 1979; Hartman et al., 1983; Baca et al., 1994,
Kundu et al., 1997). The isolate Az-2 produced maximum amount of JIAA
(55.00 pg ml") (Fig. 6) whereas isolates Az-14 and Az-6 produced the least
amount of IAA (21.00 pg ml™") under in vitro conditions (Table 5). The
variation in IAA production may be due to the difference in their inherent
ability to produce phytohormones. Similar variations in the amount of JAA

production by different isolates of Azospirillum has been observed earlier also
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(Mascaru ef al., 1988; Baca ef al., 1994; Yamini Varma, 1995 and Sasikumar,

1996).

All the 44 isolates of Azospirillum along with the reference culture
(Az-40) were subjected to in vitro screening to study their effect on growth
and biomass production of chilli seedlings. The different isolates of
Azospirillum were used for seed treatment of chilli at the time of sowing.
Many earlier researchers have obtained increased growth and drymatter
production due to Azospirillum inoculation in crops livke pearl millet
(Venkateswarlu and Rao, 1983), in wheat (Bashan, 1986) and in sunflower
(Savalgi and Veena, 1990). The results of the present study revealed that out
of 44 isolates screened, Az-1, Az-2, Az-3, Az-24, Az-40 and Az-41 recorded
significant increase in seedling height and root length (Table 6). The dry
weights of the shoot and root were higher in seedlings inoculated with Az-2.
Such growth enhancement in chilli seedling may be due to the production of
phytohormones, particularly. IAA by the Azospirillum isolates. In a study

with rice seedlings, Subramanian (1987) also obtained similar results.

Based on in vitro IAA production, nitrogen fixation, growth and
biomass production of chilli seedlings, six best isolates of Azospirillum viz.,
Az-1, Az-2, Az-3, Az-24 and Az-4] including reference culture (Az-40) were
selected for in vivo screening to study the effect of Azospirillum inoculation
on growth, biomass production and yield in chilli. [t was observed that the
chilli seeds treated with Azospirillum germinated two days earlier compared
to the control which took seven days for germination. All the six isolates of
Azospirillum could produce significant increase in plant height, root length,

dry weight of shoot and root (Fig. 7) when compared to uninoculated control

il
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plants. As a result of phytohormone production there is increase in cell
division of the meristematic region of inoculated plants which resulted in
better root elongation, dense root hairs, root volume and root dry weight
(Dewan and Subba Rao, 1979). These observations were in agreement with
the findings of Hadas and Okon (1987) in tomato, Parvatham er al. (1989) in
bhindi and Paramaguru and Natarajan (1993) in chilli. Among the six isolates
tested, Az-1 and Az-2 which performed best under both in vitro and in vivo

conditions were selected for further studies.

The selected isolates viz., Az-1 and Az-2 along with reference culture
Az-40 were characterized by studying the utilization of different carbon
sources, biotin requirement, acidification of peptone based glucose medium,

catalase activity and pH sensitivity.

The utilization of different carbon sources by the selected 4zospirillum
isolates viz., Az-1 and Az-2 along with the reference culture Az-40 were
studied under in vitro conditions. In NFB medium, malic acid was substituted
with either glucose, fructose or sucrose and inoculated with selected cultures,
incubated for 144 h before their growth was measured. The isolate Az-1
recorded a maximum growth of 0.937 when glucose was used as carbon
source. The isolate Az-2 also showed a maximum growth of 0.592 with
glucose, followed by fructose (0.485) and the least with sucrose (0.410). The
reference culture (Az-40) had no preference for glucose, fructose or sucrose
(Table 8). The present study revealed thth the i1solate Az-1 prefers glucose
and isolate Az-2 grew well both in glucose and fructose medium. The results
are in agreement with the findings of Dobereiner and Day (1976), Tarrand er al.

(1978); Indira and Bagyaraj (1997) who reported that A. lipoferum is capable
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of using glucose as a sole carbon source for growth in N free semisolid
medium whereas A. brasilense is not capable of utilizing glucose as a sole

carbon source for growth in N free semisolid medium.

When the medium was supplemented with or without biotin, there was
no difference in the growth of Azospirillum isolate (Table 9). Eventhough
there are earlier reports regarding the requirement of biotin for Azospirillum
(Tarrand er al., 1978) in the present investigation, the selected Azospirillum

isolates did not show any preference for biotin.

In the study on the acidification of peptone medium, it was observed
that the isolate Az-1 produced acid in the peptone medium whereas isolates
Az-2 and Az-40 did not produce acid in peptone medium. This acidification
has been obtained earlier by Tarrand er al. (1978) and Indira and Bagyaraj
(1997) with 4. lipoferum which acidified the peptone medium whereas

A. brasilense did not acidify the peptone medium.

With regard to catalase activity, all the selected Azospirillum isolates
produced brisk effervescence when hydrogen peroxide was added. Similar

positive catalase activity has been reported earlier by Sasikumar (1996).

From the physiological studies it can be presumed that the isolate Az-1
resembles the characters of 4. lipoferum whereas isolate Az-2 has characters

similar to 4. brasilense (Tarrand ef al., 1978 and Indira and Bagyaraj (1997).

The pH sensitivity of Azospirillum isolates were tested under in vitro
conditions using malate broth initially adjusted to different pH such as 4, 5, 6,
7 and 8. The isolate Az-1 grew well at pH S, 6 and 7 whereas the isolate Az-2

and Az-40 grew well at pH 6 and 7. Eventhough the native Azospirillum
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Effect of dual inoculation of AMF and Azospirillum on

Fig. 9.

suppression of damping off in chilli
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isolates were obtained from chilli roots grown in acidic soils they could grow
well at pH 5, 6 and 7. The ability of Azospirillum to grow in acidic (Charyulu
and Rao, 1980), neutral (Indira and Bagyaraj, 1997) and alkaline soils

(Purushothaman and Oblisami, 1985) has already been reported.

The selected native cultures of AMF viz., Mg and My and the native
Azospirillum isolates viz., Az-1 and Az-2 were used to study the interaction
effect of AMF, Azospirilltbn and Pythium aphanidermatum in chilli on
suppression of damping off and improvement of growth, biomass production
and yield in chilli under pot culture conditions. Mycorrhizal inoculation
alone (MgA(P;) could suppress the damping off by 82.32 per cent over control
(Fig. 9). The ability of AMF to suppress the damping off may be due to the
competition with pathogen for space, nutrition and host photosynthates
(Harley and Smith, 1983; Linderman, 1985) or the alteration of the
physiology of the host which induces host defence mechanisms (Gianinazzi
Pearson et al., 1996). Dual inoculation of AMF along with Azospirillum
(MgA;P|) could also reduce damping off by 72.75 per cent over control (Table 12).
This may be due to effect of Azospirillum and AMF interaction which makes
the plant healthier by way of enhénced uptake of nutrients and trigger of host
defense mechanisms. Eventhough dual inoculation of AMF and Azospirillum
could suppress the damping off, Azospirillum had no direct effect on disease
suppression. No report is available on the interaction effect of AMF and
Azospirillum on the suppression of damping off. However some work on
interaction effect of AMF with other diazotrophs like Rhizobium

leguminosorum has been reported by Dar er al. (1997) in common bean in
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reducing root rot pathogen (Fusarium solani) and Rabie (1998) in Vicia fabae

in reducing Botrytis fabae infection.

Dual inoculation of AMF and Azospirillum could also enhance growth,
biomass production and yield in chilli (Fig. 10). The treatment MgA,P recorded the
maximum plant height (44.00 cm), number of branches (8.50 no plant™), yield (76.67
g plant™) and dry weight (14.33 g plant™) whereas the root length of 27.40 cm was
maximurﬁ in MgAoPg. This positive response of AMF and Azospirillum on growth
and biomass production may be due to the enhanced uptake of nutrients especially
phosphorus, potassium and zinc (Abdul-Khaliq et al., 2001) by AMF and production

of phytohormones by Azospirillum (Sangwan, 1990).

The increase in root length due to AMF inoculation may be to absorb
the nutrients present in the soil and make it available to the plants. Similar
reports of increase in growth, biomass production and yield due to dual
inoculation of AMF and Azospirillum has already been reported by Subba Rao er al.
(1985) in barley and Sreeramulu er al. (1988) in maize, Kumari and

Balasubramani (1993) in coffee.

The present investigation emphasizes the importance of pre-inoculation
of AMF in the chilli nursery as a prophylatic measure to prevent pathogen
attack. The technology of combined inoculation of AMF and Azospirillum could
be recommended for adoption by the vegetable farmers. This study forms the
first report of its nature in vegetables. Eventhough the present study was carried
out in chilli, the same cultures could be recommended for all transplanted

solanaceous vegetables after confirming the results through field trials.
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- 6. SUMMARY

Chilli (Capsicum annuwm L.) is an important transplanted vegetable of
Kerala. Damping off incited by Pythium aphanidermatum is one of the
devastating diseases of chilli both in the nursery and in main ﬁeld.‘ The
present study was taken up with the objective of management of damping off

and improvement of growth in chilli with native species of arbuscular

mycorrhizal fungi and Azospirillum.

The different isolates of the pathogen inciting damping off were
isolated from diseased chilli seedlings collected from highly infested areas of
Thiruvananthapuram district and pathogenicity was proved. The most virulent
isolate was identified as Pythium aphanidermatum (Edson) Fit'z. based on

morphological and cultural characteristics.

Nine native AMF cultures along with one identified culture
(Glomus mosseae) were screened for suppression of damping off and growth
improvement in chilli. Chilli plants pre-inoculated with Mg and Mjg culture
recorded least disease incidence and this was significantly superior over the
other AMF cultures. Also significant increase in plant height, number of
secondary brar;chcs, root length, dry weight and yield were observed in chilli
plants pre-inoculated with native AMF. Based on the screening trial, two best

cultures of native AMF viz., Mg and My were selected for further studies.

Different methods of inoculation of AMF in the nursery such as mixing
with surface layer soil, incorporating with organic manure, mixing with seed,

spot inoculation, inoculation in nursery furrows and placing in root zones
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were studied. Of the different methods tested, inoculation in nursery furrows
recorded the maximum per cent colonization uniformly at different time

intervals when compared to other methods.

Application of AMF inoculum in nursery furrows which was found to
be best method was selected to standardize the quantity of inoculum required
for chilli nursery. Different doses such as 0 g m™%, 200 g m™2, 400 g m™2, 850
g m2, 1250 g m™? and 1600 g m™ were tried. Of the different doses of AMF
inoculum studied, application at the rate of 850 g m™, which recorded

satisfactory colonization, was selected as the economic dose for chilli

nursery.

Forty four isolates of Azospirillum obtained from chilli roots collected
fror.n different chilli growing areas of Thiruvananthapuram district were
screened for in vitro nitrogen fixation, IAA production and biomass
production. The Azospirillum isolate Az-2 fixed maximum amount of
nitrogen followed by Az-1, Az-40, Az-24 and Az-41. With regard to in vitro
IAA production, the Azospirillum isolate Az-2 produced maximum IAA

followed by Az-40 (reference culture) and Az-1.

The chilli seeds treated with the different native Azospirillum isolates
were subjected to in vitro screening to study the effect on growth and biomass
production in chilli seedlings. Significant increase in height, root length, dry
weight of shoot and root were obtained with majority of Azospirillum isolates.
Based on in vitro screening, the native Azospirillum isolates such as Az-1,
Az-2, Az-3, Az-24 and Az-4] along with reference culture Az-40 were
selected and subjected to in vivo screening for growth, biomass production

and yield. Significant increase in height, root length, yield, shoot and root

"



dry weight were obtained in Azospirillum inoculated plants as against the
control. Based on in vitro and in vivo screening, native Azospirillum isolates,

Az-1 and Az-2 were selected for further studies.

The selected Azospirillum isolates viz., Az-1 and Az-2 along with
reference culture Az-40 were characterized, by studying the utilization of
different carbon sources, biotin requirement, acidification of peptone based
glucose medium, catalase activity and growth at different pH. When glucose
was used as carbon source, the isolate Az-1 showed maximum growth
whereas isolate Az-2 showed maximum growth both in glucose and fructose.
However the isolate Az-1 acidified the peptone based glucose medium
whereas Az-2 and Az-40 did not acidify the peptone based glucose medium.
The isolate Az-1 is related to 4. lipoferum whereas Az-2 and Az-40 has the
characters similar to A. brasilense. Regarding the growth of Azospirillum
isolates in different pH, the isolate Az-1 grew well at pH 5, 6 and 7 whereas

'Az-2 and Az-40 grew well at pH 6 and 7.

Effect of combined inoculation of the selected native AMF cultures
(Mg and M) and Azospirillum isolates (Az-1 and Az-2) on damping off
suppression and growth improvement in chilli was studied. Pre-inoculation of
My culture alone (MgAgP,) recorded the least disease incidence. Eventhough
dual inoculation of AMF and Azospirillum (MsA2P;) could suppress the
damping off, Azospirillum had no direct effect on disease suppression.
However dual inoculation of AMF and Azospirillum (MyA,Pg) could
significantly increase plant height, number of branches, dry vs}eight of plants
and yield. The AMF culture Mg was found to be the best in Suppressing

damping off incited by Pythium aphanidermatum whereas for growth

¢



improvement of chilli, dual inoculation of AMF culture My along with

Azospirillum (Az-2) was found to be the best.

The present investigation emphasizes the importance of pre-inoculation
of AMF in the chilli nursery as a prophylatic measure to prevent pathogen
attack. The technology of combined inoculation of AMF and Azospirillum
could be recommended for adoption by the vegetable farmers. Eventhough the
present study was carried out in chilli, the same cultures could be
recommended for all transplanted solanaceous vegetables after confirming the

results through field trials.
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APPENDIX -1

COMPOSITION OF DIFFERENT MEDIA

(a) Potato dextrose agar

Potato : 200 g
Dextrose : 20¢g
Agar : 20 ¢g
Distilled water: 1 litre

(b) Nitrogen free Bromothymol blue (NFB) medium

(Baldani and Dobereiner, 1980)

Malic acid S 5g
K,HPOy4 , : 05¢g
MgS0,4. 7H,0 : 0.2g
Na(Cl : 0.1g
CaCl, : 0.02 g
Trace element solution : 2 ml

Alcoholic solution of

Bromothymol blue (5%) : 2 ml
Fe EDTA (1.64 % w/v aqueous) : 4 ml
Vitamin solution : 4 ml
KOH : 4¢
Agar : 1.75 g
Distilled water : [ litre

pH : 6.8



Trace element solution is prepared as follows

Na,M04. 2H,0 : 200 mg
MnSOq4. H>0 : 250 mg
H3;BO; : 280 mg
CuS0Oy4. SH,0 : 8 mg
ZnSO04. TH,0 : 24 mg
Distilled water : 200 ml

Vitamin solution is prepared as follows

Biotin : 10 mg
Pyridoxin : 20 mg
Distilled water : 100 ml

(c¢) Potato infusion agar (Baldani and Dobereiner, 1980)

Potato : 200 g
Mal.ic acid : 25¢g
KOH : 20¢g
Sucrose : 25¢g
Vitamin solution 1.0 ml
Agar : 15g

Washed potatoes were boiled for 30 minutes and the solution was
filtered. Malic acid was dissolved in 50 ml H,O. Two drops of bromothymol
blue (0.5 % solution of ethanol) was added and pH was adjusted to 7.0 with
KOH (green colour). Sucrose, vitamin solution and agar were added to the

potato filtrate and made upto 1000 ml.



(d) Okon’s media (Okon et al., 1977, medium as modified by

Lakshmikumari ef al., 1980)

K>HPO4 : 6.0 g
KH,PO4 : 4g
MgSO, : 02¢g
NaCl : 0.1g
CaCl, : 0.02¢g
NH,CI : 1.0g
Malic acid : 50¢g
NaOH : 30g
Yeast extract : 0.1g
Na;MoO,4 : 0.002 g
MnSO4 : 0.001 g
HsBOs3 : 0.001 g
Cu (NO3), : 0.0004 g
ZnS04 : 0.002 g
FeCl; : 0.002 g

Bromothymol blue
(0.5 % alcoholic solution) : 2 ml
Distilled water : 1 litre

pH : 6.8
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ABSTRACT

Management of damping off, the most destructive disease of chilli both
in nursery and main field incited by Pythium aphanidermatuhz (Edson) Fitz.
using native AMF was attempted in the present investigation. Out of nine
native AMF and one identified culture (Glomus mosseae) screened, the

cultures Mg and My were found effective for suppression of damping off and

growth improvement in chilli.

Application of AMF inoculum in the nursery furrows along with chilli
seeds was very effective for rapid and easy colonization of AMF. Likewise
application of AMF inoculum at the rate of 850 g m™ was selected as the

economic dose for achieving satisfactory colonization of AMF.

Azospirillum spp. were isolated from chilli roots collected from
different locations of Thiruvananthapuram district. The in vitro nitrogen
fixing capacity of the isolates ranged between 11.2 and 20 mg N g"l of malate
and TAA production between 21 and 55 pg ml™'. Six best isolates which
performed well under in vitro screening were selected and subjected to in vivo
screening for growth, biomass production and yield in chilli. The isolates
Az-1 and Az-2 which performed well both under in vitro and in vivo
screening were selected for further studies. Based on the characterization
studies it was found that the isolate Az-1 is related to Azospirillum lipoferum
and Az-2 is similar to Azospirillum brasilense. The isolate Az-1 grew well at

pH 5, 6 and 7 whereas the isolate Az-2 grew well at pH 6 and 7.



In the study on the interaction of native AMF and Azospirillum on
damping off disease suppression, pre-inoculation of chilli seedlings with My
culture alone recorded the least disease incidence. Eventhough dual
inoculation of AMF and Azospirillum could suppress the damping off,
Azospirillum had no direct effect on disease suppression. However dual
inoculation of AMF and Azospirillum (MyA,Py) significantly increased the
growth, biomass production and yield in chilli. The present study forms the
first report of the synergistic effect of AMF and Azospirillum for the

management of damping off and growth improvement in chifli.

The present investigation emphasizes the importance of pre-inoculation
of AMF in the chilli nursery as a prophylatic measure to prevent pathogen
attack. The technology of combined inoculation of AMF and Azospirillum
could be recommended for adoption by the vegetable farmers. Eventhough the
present study was carried out in chilli, the same cultures could be
recommended for all transplanted solanaceous vegetables after confirming the

results through field trials.



