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INTRODUCTION

Black pepper (Piper nigrum L.) popularly known as
‘king of spices’ is the most important spice crop of India. It
is a native of Malabar coast of Westernghats of India and
accounts for an annual export earning of Rs.226 crores. 1India,
a leading producer and exporter of black pepper, contributes
about 20 per cent of total world production with an area of
1,833,400 hectares (Sarma and Anandara]j, 1996) with an annual
production of 46,100 tonnes. Kerala accounts for 90 per cent
of total area under pepper in the country. Inspite of steady
increase in area under black pepper cultivation in Kerala,
there is no corresponding increase in production. The average
vield in the state is far from satisfactory (314 kg ha_l). The
productivity of pepper in India (240 kg ha-l) is only 6 per
cent of that of Indonesia (4080 kg ha_l). The reason for such
@ Ppoor productivity can be attributed to various factors

including diseases, pPests and nutrition.

Of the 17 diseases reported in black pepper (Sarma et
al., 1991), foot rot incited by Phytephthora capsici Leonian
emend A. Alizadeh and P.H. Tsao (Tsao, 1991) has been
identified as the major production constraint in India. The
fungus, irrespective of the age of the plant, infects roots,

stem as well as leaves of black pepper and causes a loss of



v
30 to 100 per cent vines (Dutta, 1984). Annual yield loss of

905 and 119 +tonnes of black pepper has been reported from
Kannur and Kozhikode districts (Balakrishnan et al.,, 1886,

Anandaraj et al,., 1989),.

The present management practices against the disease
are mainly prophylactic by applying chemical fungicides
{Bordeaux mixture 1%, copper oxychloride 0.2%). However, the
constant wuse of chemical fungicides bringing about many
environmental and ecological problems  needs to be viewed
seriously. Besides, black pepper being an export oriented
crop, the residual toxicity and connected problems are matters
of major concern. The increasing awareness of the possible
deleterious effect of fungicides on the ecosystem and the
growing interest in pesticide free agricultural products have
created much enthusiasm among the scientists on the biological
control of plant pathogenic fungi. The success of biological
control in many diseases, frequent failure of pesticides and
the difficulties and cost involvement associated with finding
new pesticides furthered the interest in biological control.
Reports are available on the successful suppression of foot rot
pathogen of black pepper by different antagonistic soil
heterotrophic fungi (Anandaraj and Sarma, 1994b; Sivaprasad,
1995; Sarma et al., 1996).  In the present study the concept to
combine the biocontrol agents with different modes of

suppression, wviz., Arbuscular Mycorrhizal Fuongi (AMF) and



antagonistic fungi to maximize the effectiveness of the system

was attempted,

Arbuscular Mycorrhizal Fungi (AMF) are receiving
considerable attention in the recent years becauée mycorrhizal
plants have several advantages over non—mycorrhizal plants.
Mycorrhizal association enables better plant growth and reduces
the infection caused by many soilborne plant pathogens (Mamta
Sharma and MukerJ{TﬁIBQZ). In fact the possibility of using
mycorrhizal system to suppress soilborne pathogens and to
promote . plant growth is under vigorous exploration.
Encouraging results have been reported on the AMF - root
pathogen interaction and the potential of AMF in suppressing
many important pathogenic species including Phytophthoera (Da$f§
and Meﬁggl 1980; Sivapras;ﬁ/;t al,, 1993; Sivapr;g;d, 188%8).
Mycorrhiza induced tolerance to soilborne pathogens is
explained to be due to +the physiological and biochemical
changes occurring in the host (Mosse, 1973; Barea, 1992;
Blee and Apderson, 1996) and also to better host nutrition
(Azcon-Aguilar and Barea, 1987). Mycorrhizal hypha functions
as analogous to plant root hair and helps the plant to acquire
soil nutrients, especially less mobile elements such as P, Cu
and Zn. Further, it improves +the important physiological
traits related +to plant growth and biomass production. The
desirable characters of AMF make it a potential biological

means for controlling soilborne diseases as well as a useful



biofertilizer. However, except the preliminary reports, no
serious attempt has been made to exploit the potential of AMF

to control the foot rot disease and growth improvement.

Since the disease 1is soilborne, antagonistic
microorganisms may play a major role in keeping the population
of pathogen at low levels. In nature, many fungl are known to
grow on other fungl and is generally named as mycoparasites.
Many potential mycoparasites exhibit antiblosis by producing
inhibitory metabolites. Species of Trichoderma, Aspergillus
and Gliocladium are found successful in the control of many
soilborne pathogens (Shukla and Dwivedi, 1979; Claydon et al.,.
1987; Lin et al., 1994). It is reported that foot rot pathogen
is also very well repressed by species of such antagonists

(Sarma et a{., 1996).

It is well esiablished that the microbial inoculants
adapted to soil environmental conditions of the introduced
system will be more competitive and exhibit better
multiplication, persistence and activity. 1In this point of
view the organism developed from native soil will be more
desirable. The microbial interactions, including AMF, in the

rhizosphere are either stimulatory or inhibitory (Linderman,

1888). Reports are available on the positive influence
of AMF with antagonistic organisms and cumulative
effect on disease suppression (Calvet et al,, 1982; Calvet

et al,, 1993). However, no detailed work has been done



in this direction for foot rot disease management. The present

investigation designed to develop a management strategy using

native AMF and antagonists was attempted for the biocontrol of

foot

rot in green house and field with major emphasis on the

following aspects:

Testing the influence of native AMF 1solates against foot
rot incidence and intensity, nutrient uptake and growth of

black pepper

Characterization of AMF associated with black pepper

genotypes in different solls

Isclation and development of fungal antagenists agalinst
Phytophthora capsici through iIin vitro and 1In vivo

screening

Evaluation of AMF and antagonists interaction on

incidence and intensity of foot rot in black pepper

Development of a technique for AMF inoculation to pepper

vines 1n established plantations

Development of foot rot management strategy for

established plantations using selected AMF and antagonists

Analysis of chemical and biochemical changes induced by

AMF colonization in black pepper
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REVIEW OF LITERATURE

*Foot rot’ of black pepper caused by Phvtophthora
capsici 1s a devastating disease causing serious economic loss
in the principal pepper growing countries such as India,
Indonesia, Malaysia and Brazil (de ﬁ;;;d, 1986; Sarma et al.,
1991). No precise data are available on crop losses due to
foot rot incldence. However, crop loss on global scale 1s
estimated to be about 4.5 to 7.5 million dollars (de Wagfal
1979). 1In India, crop loss to the tune of 25-30 per cent vine
death has been reported from Kerala (Nambig;/;nd Sarma, 1977).
The survey conducted in Kozhikode and Kannur districts of
Kerala recorded foot rot incidence of 3.7 and 9.4 ﬁer cent,

resulting in ar annual loss of 119 and 905 +tonnes of black

v v
pepper respectively (Balakrishnan et al,. 1986; Anandaraj
et al,, 1989). There are instances of complete wipe out of

pepper plantations due to the disease in many areas of Kerala

particularly in Idukkl and Wayanad districts.

In 1India, the occurrence ot the disease was known
v v
since 1902 (Barbar, 1902). Although Venkata Rao (1929) isolated
Phytephthora sp. from diseased black pepper in Karnataka, the
first authentic report on the Phytophthora wilt in black
v
Pepper was by Samraj and Jose (1966) from Kerala. The ‘'foot

rot’ pathogen, earlier described as Phytophthora palmivaora



v/

MF, (Sarma et al., 1982: Tszo et al., 1985) has been confirmed
as Phytophthora capsici Leonian emend A. Alizadeh and P.H. Tsao

(Tsao, 1991).

Foot rot disease management 1in black pepper is
mainly based on chemical and cultural methods (KAU, 1996). The
serious health and environmental problems associated with
chemical methods triggered world wlde interest in biological
control. Antagonistic fungi especially species of Trichoderma
were found successful for the biological control of root
diseases of many crop plants. However, attempt made to utilise
such biocontrol agents including AMF and their interaction with
antagonists for the management of foot rot of black pepper 1is
meagre (Sivapfg;ad, 1998). Arbuscular mycorrhizal fungi, in
addition to their role as a deterrent to root pathogens, are
also well recognized for their symbiotic effect on plant growth

and development.
2.1 Effect of AMF on plant. growth

/

Mosse - (1957) demonstrated for the first +time +the
improved P uptake and growth of apple due to mycorrhizal
inoculation and observed that mycorrhizal apple also absorbed

/
more P, K, Fe and Cu than non mycorrhisal pPlants. Later, Baylis
{(1959) confirmed +the enhanced uptake of rhosphorus by
mycorrhizal plants. Since then the beneficial effect of

arbuscular mycorrhizal association on soi} nutrient uptake and



plant .growth has been reported in most crop plants (Gerdemann,
1968; Abbott et al. 1984; Dehne and Backhous, 19886; 0’ keefe
and Sylvia, 1990; Barea, 1992). Improved plant growth in most
cases was related to the increased uptake of micro and macro
nutrients, phosphorus in particular, from ‘P’ deficient soils.
The mycorrhizal growth enhancement has been attributed to the
increased nutrient uptake achieved by increasing the surface
area of absorption mobilising sparingly avallable nutrient
sources and by secretion of ecto enzymes {Sanders and Thinker,

1971; Rhodes, 1880).

Daft and Nicolson (1966) studied the response of
tobacco, tomato and maize to mycorrhizal inoculation and
noticed remarkable increase in growth and biomass production
with AMF colonization. However, the response was dependent on
soil nutrient status and intensity of AMF colonization in the
root. Low P 1level favoured the growth and mycorrhizal
development. Enhanced growth and yield have been reported in
mycorrhizal soybean plants with greater accumulation of N, P,
Ca, Cu and Mn in the foliage than non mycorrhizal plants (Ross
and Harper, 1970; Ross, 1971). Hayman and Mosse (1971) reported
significant increase in shoot dry welght of onion (nineteen
fold) due +to mycorrhizal inoculation in P deficient soil. A
complete correction of Zn deficiency was possible in peach
plants with mycorrhlzal treatment (Glimore, 1971). Mycorrhizal

seedlings of maize when planted in the fileld showed improved



growth compared to non-mycorrhizal control. Further, there was
positive correlation between spore number in +the soil and
extent of root colonization and growth response of +the host
(Khan, 1972). Ross and Gilliam (1973) evaluated seed yield of
mycorrhizal soybean in P deficient soil and noticed increased
plant growth and yield. Mycorrhizal peach seedlings were
reported to extract more Zn and P from soil (La-Rue et al,
1975). Increase in shoot and root dry weight in cowpeé, tomato
and maize showed a positive relationship with mycorrhizal
infection (Sanni, 1976). Amees and Linderman (1878) noticed
higher root volumes with higher per cent mycorrhizal

colonization in easter 1illy in solils of low P availlability.

Bagyara] and Manjunath (1980) found significant
increase in root and shoot weight of cotton, cowpea and finger
millet 1inoculated with Glomus Tasciculatum, The effect was
attributed +to increased uptake of P and Zn due to mycorrhizal
colonization. However, no difference in Mn content over
uninoculated plants was noticed. Onion seedlings inoculated
with &, mwmacraocarpus, G, nosseae and Sclerocystis rubiforeis
produced significantly higher plant growth than in non-
mycorrhizal control (Clarke and Mosse, 1981). Consistent
results on growth and yield of different plants inoculated with
various mycorrhizal isolates have alsc been reported (Krishna,

1981; Marschner and Dell, 1884). The well developred



mycorrhizal root system with an altered cellular process
absorb more nutrients and water by expanded absoxrptive
capacity which in turn results in improved growth and yield of
plants (Graham et al., 1981; Reid, 1984, Hooker et al., 1994).

Hayman (1982) studied the physiology of arbuscular
mycorrhizal symbiosis and observed that the mycorrhizal fungi
reach beyond the depletion =zone and translocate nutrient
directly to +the root cortex. Jarrell and Beverly (1985)
reported dilution of toxic metal concentration in mycorrhizal
plants due to enhanced biomass production which 1is attributed
to the reason for reduced concentration of Mn. in mycorrhizal
soybggn (Bethlenfalvay and Franson, 1989). Studies on the
uptake of immobile nutrients and micronutrients in mycorrhizal
Leucaena leucocephala (Sivaprasad et al., 1993: ManJjunath and
Habte, 1988). Cocoa (Sivaprasad et al,, 1984}, soybean
(Pacovasky, 1986), Cassava and sweet potato (Sivaprasad et al ,,
1989; Sivaprasad et al., 1990a), rice (Sivaprasad et al.,
1890b) and cashew (Sivaprasad et al., 1992) revealed enhanced
uptake, plant growth and biomass Production due to mycorrhizal
root colonization. Berea (1992) that increased level of soluble
P in s0il 1is determinent of mycorrhizal development in the

root.
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Tarafdar and Marschner (1994) studied phosphatase
activity 1in +the rhizosphere and hyphosphere of mycorrhizal
wheat plants supplied with inorganic and organic P sources.
According to them the enhanced plant growth in wheat with
mycorrhlzal 'association was not only due to improved P uptake
but also the better availability of other elements like K, Zn,
Cau, S, Al, Mn, Mg, Fe etc. Mungbean cultivars dually
inoculated with 6., fasciculatum and Rhizobium 8p. increased
plant growth due to enhanced uptake of K, Fe, Zn and Cu in
addition to P. (Panﬁgg’and Thakur, 1994).

v
Sulochana et al. (1995) observed enhanced growth,

vleld and biomass production in cassava inoculated with mixed
inoculum of 6. fasciculatum and 6. etunicatunm, According to
Sivaprasad (1895} nursery inoculation of cardamom seedlings
with Acaulpspeora morrowea and G, mosseae significantly
increased +tillering and growth in the nursery and field.
Similarly, 4inoculation with AMF fungi at the time of planting
significantly increase the growth, biomass production and
rhizome .yield of ginger and turmeric in the gfeen house and
field in o#isol 50il with medium P level (Sivapfﬁggd, 1995;

Joséﬁg and Sivaprasad, 1997a).

In addition +to growth enhancement effect AMF have
been recognised as efficient biocontrol agent of several
sollborne plant pathogens (Dgg;e, 1982; Jaigii and Jalali,
1991, Azcgg-Aguilar and Barea, 1897). Other principal benefits



of arbuscular mycorrhizal symbiosis are reduced transplant
shock (Schenck and Kellam, 1978), tolerance +to ablotic and
biotic stresses (Lavy, et al., 1983; Sieverding 1991; Barea
and Jeffries, 1985), increased photosynthetic efficliency
(Schoenbeck 1978 and Sivaprasad, 18983), enhanced growth hormone -
activities (Sivaprasad (1983), improved water relation (Panwar,

1993).

2.2 AMF as blocontrol agent

As early as 1956 Garret reported that the damage
caused by pathogens in root tissue 1s relatively high when the
AMF structures on plant roots are absent. However serious
studies on arbuscular mycorrhizal symblosis and 1ts possible
protective role against plant pathogens began only in the Ilate

1960’s (Safir 1968).

Ross (1872) noticed internal stem discolouration on
88 per cent of susceptible soybean plants grown in sandy 1loam
soils infested by Phytophthora megasperaa and chlamydosporic
specles of Endogorne. The mortality due to the root rot was
33 per cent. In pots, when Phytophthora was inoculated alone,
17 per cent of plants developed internal stem discolouration
without any mortality. However, even the disease tolerant
cultivars showed more severity of disease when lnoculated with
Endogone ., AMF induced suppression of disease 1incited by

specles of Phytophthora in papava (Ramirez, 1874).



The effectiveness of biocontrol agents including AMF
fungi depends on the virulence and inoculum potential of the
pathogen in the soil. Baltrugghat et al. (1873) reported +that
high inoculum density of Thielaviopsis basicela in +he
rhizosphere of mycorrhizal cotton plants rendered mycorrhizal
fungl ineffective for blocontrol. Seedlings 1inoculated with
Glomus fasciculatum showed significant reduction in the root
colonization by Cylindro carpon destructans i1in strawberry
(Pegg;, 1975). Similarly, mycorrhizal cotton and poinsettia
seedlings exhiblted less damage due to 7. basicela (Schsgﬁbeck
and Dehne, 1877), Pythium wultimum and Rhizoctonia =solani
(Stew;;; and Pfieger. 1977). Root colonlization of AM fungl
suppressed +the oospores of Phytophthera sp. on citrus (D;gis

v
et al,, 1978; Davis and Menge, 1880).

Aﬁé; and Linderman (1878) noticed reduced crop damage
in mycorrhizal easter 1illy by F. oxysporun and attributed
enhanced phosphorus nutrition. Similar observations on
suppression of Phytophthora root rot in alfalfa and citrus have
also been reported (DaGi; et al., 1978). They also reported
little or no resistance to Phytophthora parasitica on citrus
rlants pre inocﬁlated with 6, Tasciculatum and noticed
increasedL, damage in mycorrhizal avacado seedlings by
P, cinnamoni and in cotton by wilt pathogen Verticillium sp.

v
(Davis et al., 1979); Daﬁis and Menge (1980) reasoned the



improved phosphorus nutrition by 6. fasciculatum inoculation as
a factor responsible for increased Verticillium wilt in cotton

and Phytophthora root rot in citrus.

Since both AMF and plant pathogens are soilborne. the

competition for space in the host tissue can influence the

"
development of pathogen and mycorrhizal fungl as well. Davis

and Menge (1981) studied the interaction' effect of nine
different AMF symbionts with Phytophthora root rot 1in citrus
and noticed that 6. fasciculatun and G. constrictum were more
effective for disease suppression. They further observed +that
competition occurs between 6. fasciculatunm and Phytophthora
parasitica for infection site on citrus root. Similar
competition for space between arbuscular-mycorrhizal fungi and

v
Fusarium avenacearum was also noticed in clover (Dehne, 1982).

Take all diseaqe suppression in wheat by AMF was
attributed +to enhanced macro and micro nutrient uptake (ﬁgzs
et al,, 1981).. Although there are numerous reports on
arbuscular mycorrhiza mediated disease suppression in crop
plants, the mycorrhizal symbionts have not been recorded to
interact with pathogens through antagonism, antibiosis or
predation (Bak;; and Cook, 1882). Several other reports
. demonstrated the mycorrhiza mediated pPlant disease suppression
particularly by enhanced nutrient uptake and other

physiological changes in host plant which ameliorate the effect



exerted by solil fungal pathogens such as specles of
v~
Verticillium in crysanthemum (Pegg &and Jouglaekha, 1981)
Gaeumannomyces graminis causing take all disease 1in wheat
ve (P

(Graham and Menge, 1982) Fusarium seolani Iin soybean (Zambolim

[P
and Schenck, 1983), Pythium ultimum disease in polnsettia (Kaye

‘/

et al,, 1984) and Sclerotium rolfsii of pea nut (Krishna and

Bagyvaraj, 1883).

Improved phosphorus nutrition, increased root growth
and subsequent reduction in root exudation (Grgﬂ;m et al.,
1981; Smith et al,, 1986) due to AMF colonization are known to
be +the basis for reduced root infection by pathogenic fungi
(Mamggé Sharma and Mukherji, (1992). The disease suppressive
activity in soybean and poinsettia was attributed to such
improved ‘P’ nutrition by mycorrhizal symbionts (Zamggiim and
Schenck, 1983; Kaye et al., 1984). However no impact of
enhanced 'P’ uptake by mycorrhizal tomato plants in suppressing
verticillium wilt was notlced by Bg;;h and Hayman (1983).
Inoculation with Verticillium alboatrum decreased plant growth
compared to noninoculated controls irrespective of mycorrhizal
status of the plant. It is genera;ly noticed that pathogenic
interference in plant root tissue mostly occur where arbuscular
mycorrhizal fungal structures do not occuf (Ha;i;y and Smith,

1983; Lin&g;man, 1985).

Zambolim and Schenck (1983) studied the root

infecting fungi on soybean seedlings inoculated with



6. mosseae. There was no significant alteration in the per
cent root infection or number of sclerotia produced by the
pathogen (Macrophomina phaseolina) per gram of soil. However,
the crop yield was higher than uninoculated control, indicating
positive influence of arbuscular mycorrhizal symbionts without
affecting the incidence of the pathogen in host. Interaction
between 6. intraradices and Fusarium oxysporum f.sp. radicis
lycopersici in +tomatoes showed that root colonization by
6. dntraradices was not affected by F. oxysporum inoculation.
Roots colonized with 6. intraradices also exhibited reduction
in rot suppression due to Fusarium infection (Caron et al,.,
1986). Several root invading pathogens are known to exert
deficiencies of certain essential elements mainly Ca, Zn, Cu,
Mo and S in host plants while, arbuscular mycorrhizal
formation ameliorates such deficiencies. Pacovasky (1986)
reported alleviated Zn deficiency by AMF in tomato which was

evidenced with pathogenic invasion.

AMF mediated quantitative and qualitative shift in
the microbial population 1in the mycorrhizosphere also
contributes to disease suppression in soil. Mayer and
Linderman (1986) studied the selective influence of mycorrhizal
formation by 6. fasciculatum on actinomycetes and ocertain
rhizosphere bacteria. They noticed +that change in so0il
mlcrobial population stimulates certain microbiota <that are

antagonistic to root rathogens. Application of extract of



rhizosphere soil from mycorrhizal citrus plants reduced
sporangial as well as zoospore production in Phytophthora
cinnamoni, Secilia and Bagyaraj (1987) isolated more
antagonistic actinomyces from the rhizosphere of different
arbuscular mycorrhizal plants than .non-mycorrhizal controls.
Interaction of mycorrhizal fungli with several soil borne plant
pathogens and other organisms also revealed +that enhanced
phosphorus wuptake in mycorrhizal plants reduced membrane
pPermeability resuling in lower root exudation. The
auantitative and qualitative change in root exudates altered
the rhizosphere activity of soil micro organisms including
Plant pathogens (Graham, 1988). Reduction in Fusarium
population was noticed in the mycorrhizosphere of tomato

rlants (Caron, 1989).

The role of arbuscular mycorrhizal symbionts in the
biological control of plant diseases has been reviewed by
Jalali and Chand (1988) with particular emphasis on the
influence of mycorrhizal fungi on disease incidence and
development. They concluded that AMF is a potential biocontrol
agent for the management of root diseases of crop plants.
Chabbra et al. (1992) studied the influence of 6. fasciculatum
on maize leaf blight (Helminthosporium maydis), seedling blight
and stalk rot (F. moniliforme) and Acremenium stalk rot
(Acremonium kiliense) and noticed complete resistance of

mycorrhizal malze plants to F. monilifornme.



The altered physiology of mycorrhizal plants play a
decisive role in the root exudation pattern which 1in turn
influence +the rhizosphere flora (Azcon-aguilar and Bago 1884;
Amora-Lazcano et al., 1898). Volpin et al. (1984) emphasised
that mnmycorrhiza mediated direct defence mechanism 1in the
alfalfa roots protects the plants against the pathogens, while
Gianinazzi-pearson et al. (1994) were of the view that only
weak activation of plant defence mechanism occurred during

mycorrhizal formation.

Joseph et al. (1885) studied +the influence of
mycorrhizal colonisation in relation to natural incidence of
gi;;er rhizome rot (Pythium aphanidermatum). They noticed
that higher arbuscular mycorrhizal colonization reduced the
intensity of rhizome rot under natural conditions. Bealthy
plants showed higher mycorrhizal colonisation than in diseased
ones. OSivaprasad (1995) studied azhukal disease (Phytophthora
meadii) development in cardamom seedlings pre inoculated with
different mycorrhizal fungi. On transplanting to the field of
heavy pathogenic infection, complete disease suppression was
recorded in seedlings inoculated with 6. nmosseae even after one

vear. They also observed varied degrees of rhizome rot

development in ginger when inoculated with different arbuscular



mycorrhizal fungi. Plant mortality was reduced with 6. mosseae
(17%) and 6., fasciculatum. (23%) over control (47%) under field

conditions.

v

Cordler et al. (1996) studied colonisation of root
tissues of mycorrhizal tomatoes by Phytophthora nicotianae and
revealed .that +the pathogen related loss of root biomas and
function was compensated by mycorrhizal fungi. Development of
P. nicotianas was negated by induction of resistance away from
the point of mycorrhizal colonizatlon in +the root tissues.
Blee and Anderson (1996) noticed initial suppression of host
reaction as a signal for induction of such symblotic
interaction in Phaseolus vulgaris inoculated with Gloaus
Intraradices, Aé&gﬁ—ﬁguilar and Barea (1987) reviéwed the
work on arbuscular mycorrhizal symbiont induced plant defense
mechanisms 1in achleving disease suppression in wvarious host
plapts, and suggested that primary access of mycorrhizal fungi
to hést root system coupled with high demand for carbon
compounds may inhibit +the growth of the pathogen and thus

providing protection against the invading pathogens.
2.3 BAMF Assocliation in black pepper

The occurrence of arbuscular mycorrhizal association
in black pepper has been reported by many workers (R;;ésh,
1982; Hanjunéfﬂfand Bagyaraj, 1982). Shiv;giankar and Rohini
Iyer (1988) demonstrated positive effect of AMF (Glomus

fasciculétum) colonlisation on the growth, phosphorus uptake and



nitrate reductase activity in black vepper. The shoat dry
weight was significantly increased resulting 1n the significant
reduction of root-shoot ratio. The growth promotion of black
pepper with AMF association was noticed by Bopaiah and Abdul
Khader (1889). Improved growth of mycorrhizal black pepper
cuttings +through elevated P wuptake was alsc reported by
Sivap;g;ad (1985). Glomus Tasciculatum was effective in
promoting +the rooting and growth of black pepper cultivar
karimunda. The mycorrhizal plants showed higher establishment
rate of 98 per cent in the field (Anandgg;j and Sarma. 1994a}.
Sivaﬁ?gsad (1985) reported 6. monosporum as the most promising
arbuscular mycorrhizal fungus in promoting establishment and
growth of black pepper under green house and fileld conditions.

o
Sarma et al. (1981) noticed low K, Ca and Mg level in

foot rot infested black pepprer tissues and suggested the
application of Ca, Mg and K fertilizer to suppress the foot rot
disease development. Suppressionn of foot rot, caused by ~.
capsici, in black pepper with Glomus fasciculatum was reported
for +the first time by Anand;;;j et al, (1993). Subsequent
reports further established the suppressive effect of
arbuscular mycorrhizal fungl on foot rot incidence, enhanced
root regeneration, nutrient uptake and altered physiology in
mycorrhizal plants which is thought to be a possible reason for

ameliorating foot rot incidence by P. capsici {Anandarail and

Sarma, 1994a; 1994b).



Sivaprasad et al. (1995a) notlced negative relation-
ship between foof rot incidence and per cent mycorrhizal root °
colonisation and spore count in black pepper mycorrhizosphere.
Arbuscular mycorrhizal colonization in black peprer roots was
decreased with increased disease intensity under natural
.conditions. According to Sivaﬁ?&sad (1995) considerable
reduction 1in foot rot incidence could be achieved with native
AMF 1solates which are more adopted to local soil conditions.
Inoculation with éffective native isolates enabled plants to
escape from the disease during the most favourable period for
pathogenic éttack. He further added that, although none of the
mycorrhizal cultures tested could provide absolute resistance,
Glomus wmonosporum, 6. fasciculatum and G. etunicatum were
found to be more effective with less mortality rate of 25, 50
and 25 per cent respectively, as against 75 per cent for non-
mycorrhizal control plants in the field. AMF inoculated black
pepper cuttings when planted in a diseased field, there was
significant reduction of disease 1incidence in mycorrhizal
plants (16.5 per cent) as compared to control (28.5 per cent)
(DAﬁE: 1996).

Sarma et al. (1996) observed enhanced rooting in
black pepper cuttings by different mycorrhizal fungi and
suggested that mycorrhizal development compensate the root
damage by foot rot pathogen (P. capsici). They also reported

considerable reduction in root rot, foliar yellowing and



defoliation in black pepper due to mycorrhizal symbiosis under
field conditions. Sivaprasad et al. (1897) observed +that
incidence of foot rot was significantly less in pepper plants
pre-inoculated with G6Glosus monosporum, Further, the P and
phenol content were enhanced in +the mycorrhizal plants.
However, extensive information on improved nutrition
particularly that of micronutrients and altered physiology

brought about by AMF association in black pepper is scanty.
2.4 Effect of s30il and plant genotypes on AMF distribution

Wide wvariation in the qualitative and quantitative
distribution .of AMF symbionts in relation to soil and host
genotypes have been reported. Potty (1990) conducted a
detailed survey on AMF association in tuber crops grown in
different so0il types. There was wide wvariation in spore
population and AMF colonization with soil and host genotvpes.
Highest spore load was recorded in alluvial soils followed by
sandy and sandy loam soils Species of arbuscular mycorrhizal
fungi belonging to genera 6lopus and Gigaspora were most
predominant in the rhizosphere of tuber crops. Studies on the
mycorrhizal status of plants grown in on overburden soil at
opencast coal mine sites showed the predominance of several
specles of Glonus Iincluding 6. ambissporum, G. marqgiratun,
Acaulospora scorbiculata and Scutellispora calospora (Mehrotra,

1985).



2.3

Studles on +the characterisation of AMF symblonts
assoclated with black pepper showed that Glomus fasciulatum s
the most predominant arbuscular mycorrhizal fungi in
organically rich forest soils of Kerala (Lekha et alI.,, 1895).
Presence of Scleracystis coremicnidés and §. clavispora have
also been recorded. Survey carried out by Sarma et al. (1886)
in Karnataka and Kerala states revealed assoclations of Glonus
fasciculatum, G, microcarpum and Gigaspora gigantea in black
pepper. Similarly +thé influence of host.  genotype and soil
types on AMF association in spice crops (cardamom, pepper,

ginger and turmeric) also has been reported (Sivaprasad, 1995).

2.5 Fungal antagonlists as plant growth stimulants

Reports are available on the stimulatory effect of
blocontrol agents in promoting plant growth when used as either
seed +treatment or soll application. Lindsey (1967) reported
that microorganisms could induce growth of higher plants under
gnotobiotic conditions. Plant growth responses are expected
when the roots and rootlets are maintained in a state of
health necessary for the uptake of nutrients (Bezdicek and
Power, 1883). Beneficlal microrganisms are strong competitors
for one or more nutrients on the root surface and able to
inhibit +the pathogen directly by -producing antibiotics, which
enables them to provide consistent root protection and thus,

the plant growth improvement (Cook and Baker, 19889).
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Raw or steamed soll colonized with T. harzianuas
hastened flowering of periwinkle and increased the number of
blooms produced per plant and biomass production in
chrysanthemum (Chang et al., 1886). According to Windham et
al, (1986) Trichoderma spp. produced a growth regulating factor
that increased the rate of emergence of tomato and tobacco
seedlings. Report on the promotion of radish growth in raw
soil by application of Trichoderma harzianum in the form of
conidia or in peat bran culture formulation was proposed by
Baker (1988). Shoot and root growth +two commercial maize
hybrids grown in 7, harzianum infested soil was found to be
better +than that grown in uninfested field (Windham et al.,
19889).

Vrang et al, (1990) noticed increase in growth and
vield of potato when the seed tubers were inoculated with
Trichoderma spp. Early flowering of potato was also achieved
Wwith Trichoderma viride treatment (Lilyiona, 1991). She also
noticed increased plant height, biomass production and grain
vield in paddy seedlings when treated with culture of
T. harzianum at the time of transplanting. Lynch et al. (1891)
reported that some strains of Trichoderma induced seedling
emergence of lettuce and produced larger plants. In legume
seed treatment with 7. viride and Bacillus subt:‘lis_ along with
Rhizobium  spp. increased nodulation and plant growth
characteristies (Sridhar et al. (1992). -Reports on the effects

of bilocontrol agents on growth of black pepper are scanty.



According +to Sarma et al. (1996) solarised nursery mixture
fortified with mycorrhizal propagules in combination with a
mixture of Trichoderma spp and Gliocladium sp yielded healthy

and robust rooted cuttings of black pepper in the nursery.

2.8 Fungal antagonists for root disease menagement

Biological methods of disease control are mainly
aimed at biological destruction of soilborne pathogens without
impairing ecological balance. Although, concerted efforts on
biocontrol of root pathogen were made since 1930’s (Weindling,
1832), pragmatic approach to tackle the problem was made only
in recent years. The mechanisms involved in the suppression of
the pathogens through ‘'antagonism’ differ among various
biocontrol organisms (Parkinson and Waid, 1960; Mukhopadhyay,

1984).

Use of antagonistic fungal combinations would be more
promsing for achieving better plant disease control. Welvaert
(1961) reported positive effect on the use of combination of
Trichoderma lignorum and Penicillium commune against Fusarium
oxysporunm f. sp, melonis, GSeed inoculation with combinations
of diverse organisms such as 7. viride, P. frequetans ,
Aspergillus sp. and Bacillus subtilis are reported to control
seedling blight and damping off caused by Fusarium spp.,
Rhizoctonia solani and Pythium spp. on cereals, sugarbeet and

mustard (Baker, 1968; Baker and Cook (1974). The biocontrol



activity of the antagonists are invariably assocliated with
their ability of suppression or antagonism of vegetative growth
of pathogens. Denﬁfﬁ and Webster (19?1;, 19;;;) identified
acetaldehyde as an inhibitory metabolite of Trichoderma viride

and recorded production of a chloroform soluble non-volatile

antibiotic from Trichoderma spp.

Several studies suggested +the potential use of
Trichoderma spp. as an effective biocontrol agent against
Phytophthora diseases of crop plants. A number of Trichoderma
SPP are &also known to induce development of sex organs in
normally sterile isolates of Phytophthora sSpp. (Bragz;r, 1971;
Reeves and Jackson, 1972). This phenomena was reported to be
associated with the suppression of vegetative growth of
Phytophthora spp. eithef by volatile or soluble metabolites or
by mycoparasitism (Brégg;r, 1§§;a, 19;gb). Studles _ on
P . cinnamomi in eucalyptus and avacadoc made by Mafgsczuk (1979)
reaffirmed the role of Trichoderna -spp. in +the oospore
formation and 1lysis of hyphae of the pathogen. Besides
Trichoederma spp. number of fungi belonging to the genera of
Coniothyrium, Gliocladiunm, Latesaria, Penicillium,
Sporodesmium, Aspergillus and Fusarium and several bacteria
and actinomycetes are known for their potential biocontrol
activities against soi%borne pathogens including several
species of Phytophthora (Malajg;uk, 1983; Addﬁé, 1890; Néi;rand

Sen, 1992).



Several Aspergillus spp are Eknown to produce
inhibitory substances which play a role in soil fungistasis
(Johng and Singh, 1975). ©Such substances have also been
isolated from the culture filltrates of A. niger, A. flavus and

A, candidus (Shukla and Dwivedl, 1978).

A number of parasitic fungl capable of penetrating
thick walls of both chlamydospores and oospore of Phvtaphthora
sSpp. have been identified (Snﬁg;.et al,, 1977). It was
noticed that Oomycetes, Hyphomycetes and Chytridiomycetes
colonized on oospores of P, megasperma var sojae and
P. cactorum. Bora (1977) demonstrated areatest antagonism of
A. niger on F, selani, R, solani and Alternaria spp. both in
vitro and in vivo. Huaﬁﬁr(lsTS) studied antagonistic activity
of Gliocladium catanulatum against Sclercotinia sclerotiorum and
Fusarium sp. The antagonism was attributed to antibiosis and

hyperparasitism.

The biocontrol potential of T. viride,
P. Tfuniculosum, A, terreus and A. flavus against F. c¢xysporun
f. sp. vasinfectum, the cotton wilt pathogen, was studied by
Tashi;;va (1980). The antagonlstic activity of the organism
was mainly attributed to mycorparasitism and predation.
Production of antibiotic ‘Trichodermin’ by 7T. viride was

demonstrated +to protect cucumber against Fusarium oxvsporum

v
f. sp. lycopersici (Kudryaviseva, 1980). Mafgis et al, (1981)



reported <potential efficlency of the conidial suspension of
T. harzianum, P, Tuniculosum and A. echraceous in controllina
tomato crown rot pathogen (. oxysporum f. gp, radicis-
lycopersici under field condition. The successful biocontrol
of pre and post emergence damping off of +tomato incited by
F., oxysporum, P, parasitica and FP. debarianum was made possible
with the application of 7. viride, Streptomvces griseus and
Bascillus subtilis (Yg/éhia et al., 1881), Incorvoration of
7. viride in seedling flats protected seedlings from root rot
pathogens (Padmgﬁ;bhan and Alexander, 1883). Upéﬁﬂya? and
Mukhopadhyay (1983} reported production of antibiotiecs by
T. harzianum inhibitory to the growth of Sclerotium, roelfsii

ranging from 5.6T7 to 50.67 per cent.

Mycoparasitism by enzymatic 1lysis of pathogenic
fungal hyphae through the production of Beta-(1-3) glucanase,
chitinase, cellulase and protease has been reported (Ef;g
et al,, 1983). Mycoparasitism by 7. harzianum combined with
the production of cell wall degrading enzymes (Riggﬁt et al,,
1986) and volatile 'alkyl pyrones’ antibiotics (Claydon et al.,,
1987) has also been documented. Faﬁii et al, (1994) observed
production of Homothallin II, an isonitrile antibiotic, by a
mutant strain of 7. harzianum., Lin et al (1894) 1isolated
Trichol#n, an effective inhibitor of protein synthesis from

7. viride which expressed antagonism towards R. selani,
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Pythium nunn as a potential mycoparasite of a number
of soilborne pathogens was reported for the first +time from
Colarado by Lifshitz and co-workers (1984a). The mycoparasite
parasitized the hyphae of Phytophthora parasitica and
P, cirnanoni through the formation of appresoria like
structures (Lifshitz et alI., 1984b). Papavizas (1985)
reported that specles of Gliocladium possessed antagoniatic
property against sollborne pathogens. Mycelial preparations of
Trichoderma spp. and 6. virens reduced survival of R. solani by
50 per cent (Lewis and Papavizas, 1985). Direct penetration and
utilisation of protoplasmic content of hyphae of 8., rolfsii by
T. harrianum was observed by Upadhyay and Mukhopadhyay (1986).
According to Mihuata-Grimm and Rowe (1986) +the antagonistic
activity of Trichoderma spp. was highly variable. They
noticed that only 15 per cent of the 1isolates tested were
effective 1n controlling Rhizoctonia damping off in lettuce.
The seedlings, when inoculated with R, solani and 7. harzianum
the latter reduced the damping off incited by the former. The
antagonlism was correlated to the production of volatile and non

volatile antibiotics by 7. harzianunm,

Cristinzio (1987) noticed potential antagonism of
Trichoderma sp. on Phytophthora capsici, iIn vitro. Parasitism
of T. harzianum on R. solani coiling by coiling around and

lysing the host hyphae has been recorded (Wilson et al., 1988).



v
Adams (1980) suggested that blocontrol methods using

antagonistic fungal speclies like 7Trichoederma spp. could be made
successful with atleast 105 propagules g_l soill. According +to
him the parasitic activity of various clones of antagonistic
fungi in natural soils vary with thelr competetive saprophytic
ability. ng; (1990) conducted green house studies to
evaluate the biocontrol activity of several species of
Aspergillus, Penicillium and Trichederma and noticed effective
antagonism by the fungal isolates especially in reducing the
severity of Azalea root rot (P. cinnamomi, P, parasitica) and
cltrus root rot (P. citrophthora or P, parasitica), Inﬁ;;g and
Chamswarng (1990) evaluated biocontrol efficacy of several
species of Penicillium, Trichoderma and Bacillus against
Sclerotium rolfsii ceausing stem rot of tomato. All the
isolates inhibited mycelial growth of the pathogen in vitro,
In green house studies, incorporation of minced —sorghum seed
inoculum of either 7. harzianum or TF. viride along with

-~

5. rolfsii reduced stem rot by 99.4 and 988.8 per cent
-~

respectively. Bopailah et al. (1991) noticed growth inhibition

of P, areci by Aspergillus fumigatus, A, niger and P.

Islandicum.

Pre-colonization of bean seeds with Trichoderma spp,

for 24 hours gave 100 per cent protection agalnst Pythium sp
Ve

Cotes et al. (1992). The effect was attributed to competition

between Trichoderma and Pythium for site nutrients and



attractive substances, and possible release of toxic substances
by Trichoderma specles. Marchetti et al. (18982) reported
strong antagonism of Trichoderma spp. against P. ultimum and R.
solani, The sensitivity of these pathogens was correlated to
the maximum rate and extent of carbondioxide released by
Trichoderna. Both the pathogens with slow  rate of
carbondioxide production  were most sensitive to the
antagonist. Mukherjee and Sen (1992) noticed antagonistic
activity of Aspergillus fumigatus and A. terreus in reducing
seedling blight of Jute. The culture filtrate of A. fumigatus
alone was found to be effective in inhibiting the growth and
sclerotial germination of the pathogen (Macrophomina

phaseolina).

Rathore et al. (1892) noticed production of volatile
and non-volatile substances by T. viride which inhibited the
growth of ginger rhizome rot pathogens viz., Pythiun
myriotylum and Ffusarium solani by 70 and 10 per cent
respectively. Uphadhyay (1992) investigated antagonistic
activity of certain microorganisms and found +that Bacillus
subtilis, Cephalasporium rosen—griseum and 7. harzianum were
highly effective in suppressing the population of Fusariun
udum in soll and root region of pigeon pea. The effect was
also correlated with elevated level of soil fungistasis by
these antagonists. Strong fungistatic effect against F. udum

was also recorded with other microorganlisms such as
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Aspergillus fumigatus , cladosporiunm cladosporionides,

Papulaspora sp and Penicillun decumbers

Benhamou and Chet (1993) demonstrated colling of
T. harzianun around R. solani as an early event preceding
hyphal damage of the pathogen. Chitin  breakdown was also
noticed due to production of chitinase by the antagonist. In
vitro study conducted to determine the volatlle compounds
produced by different isolates of T. harzianum and 7. viride
revealed that presence of caprilic, caprinic and capronic
acids, ethylene and formic aldehydes in different quantities by
the isolates (D’ercole et al., 1893). Further, they found that
the isolates with more ethylene and formic aldehyde production
in vitro gave better control of R. selans and P. ultimum in
tomato and pepper respectively. Harman et al. (1883) purified
the chitinolytic enzymes produced by 7. harzianum. The enzymes
included N-acetyl-beta-D-glucosaminidases, chitin 1,4-beta-

chitoblosidases and endo chitinase.

Abada (1994) recorded the biocontrol potential of
Trichoderma harzianum in reducing demping off and root rot of
sugarbeet both under pot culture and field -~conditions.
Anandaraj and Sarma (1994b) evaluated several antagonistic
fungal isolates against Phytophthora capsici, foot rot
pathogen of black  pepper and recorded potential

biocontrol activity of Trichoderma hamatun and Gliocladium
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virens both under green house and field conditions. Horvath et

al, (1895) studied +the production of soluble antifungal
metabolites by T. harziarum and observed trichorzlianines,
produced during conidiogenesis . was responsible for the

biocontrol.

o
Sankar and Jayarajan (1996) studled the compatibility

of antagonists, such as T. viride, 6. virens and PBacillus
subtilis combinations in controlling root rot of sesamum
(ffacrophomina phaseolina). The combined application of all the
three antagonists resulted in least incidence of root rot as
against individwal antagonists. Saf;a et al, (1996) evaluated
entagonistic potentlal of several specles of Trichoderma and
Glivcladium virens agalnst foot rot pathogen of black peprer.
Among several fungl 1isclated from rhisozphere species of
Aspergillus, Penicillium and Verticillium were found +to be
inhibitory to the growth of Phytephthora on dual culture irn
vitro (Veég;, 1986). Sé;;; and Anandaraj (1996) noticed
healthy black pepper vines 1in the presence of Phytophthera In
silent valley soils of Western Ghats of Kerala suggesting the
co~existance of host and pathogen in undisturbed ecosystem.
Joseph and Sivaprasad (1897b) isolated fungal antagonists from
ginger rhizosphere and noticed that among the isolates
identified Aspergillus fumigatus and Trichoderma viride
significantly reduced the rhizome rot incidence and vpopulation

build up of Pythium aphanidermatum. Similar results of reduced



disease 1incildence with native isolates of Trichoederma spp. on
dual inoculation was also obtained against foot and leaf rot of
betel vine (Ch;:rasia and Bhatt, 1887), sheath blight of rice
(Misﬁga and Sinha, 1997), root diseases of coffee (Nigg;la
Kannan et al,, 1997), collar rot of pigeon pea (Rog;rt and
Saha, 1987) and capsule rot pathogen (Phvytophthora meadii 1in

“
cardamom {(Suseela Bhal e%* al,, 1997).
2.7 Interaction between AMF and antagonists

Arbuscular mycorrhizal fungal interaction with other
soll microorganisms in the rhizosphere of c¢crop plants are
either synergestig-or inhibitory to plant growth. The growth
stimulatory substances produced as a result of microbial
interaction stimulated mycorrhiza formation and rooting of host
Plants. SyltI; and Schenck (1983) recorded inhibitory effect
of certain fungi including 7richoderma sp. on spore germination
of Glomus spp. Linagfman (1988) correlated response of
mycorrhizal plants to mycorrhizosphere and observed the
microbial community stimulated the development of arbuscular
mycorrhizal fungal hyphae and rhizomorphs and suppressed the

growth of soilborne pathogens.

Mycelial growth and spore germination of Glomus
mosseak was stimulated by the presence of Trichoderma spp.
under auxenic conditions (Calvet et al,, 1882). The effect was

due to fungal exudates in the presence of moderate
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concentration of carbondioxide. On the contrary, Wyss et al,,

(1992) reported the inhibition of mycorrhizal colonization by
saprophytic fungi. According to Cai:;t et al. (1993) +the
combined inoculation of Trichoderma aureoviride and Glomus
mosseaeé resulted 1in synergestic effect on the growth of
marigold (Tegetes erecta)., The synerglsm between the fungi
imparted host protectioq against Pythium ultinum. Mc Alf{éter
et al. (1994) noticed that the inoculation of maize plants with
spores of 6, mosseae decreased the population of Trichoderma
koningii and Fusarium solani, T, koningi? inhibited extra-
matrical spore produétion of Glomus nmosseae, and the effect was

attributed +to the production of certain soluble or wvolatile

subgtances that are inhibitory to spore formation.

Dual inoculation of Glemus mosseae and Aspergillus
Tumigatus stimalated maximum mycorrhizal root colonization in
wheat (7riticum aestivum L.) (Tarafdar and Marschner, 1995).
Anand;;aj et al. (1996) reported that field +trials conducted
with black pepper cuttings inoculated wilth arbuscular
mycorrhizal fungi at +the time of nursery planting and
Trichoderma harzianum and Glieocladium virens added every year
in the field reduced foot rot inecidence. Microorganisms
belonging to a wide range of taxonomic group are known to
gtimulate +the establlisment and stability of mycorrhizal

v
symblosis (Singh, 1988).
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2.8 AMF mediated biochemical changes in crop plants

Amino acids play a vital role in the synthesis of
proteins, some of which are essential for the syntheslis of
phenclics and other molecules involved 1in plant disease
resistance (Harborne, 1964; Emmanouil and Wood, 1881). The
positive influence of mycorrhizal association in reducing onion
pink rot caused by Pyrerochaeta te;restrjs was atiributed to
large amounts of reducing sugars in AMF colonized roots (Safir,
1968). Davis (1970) while studying non-pathogenic organisms
associated with mycorrhizal fungi opined +that AMF induced
higher concentration of sugars in mycorrhizal plants were
responsible for the 1inhibition and alteration of toxin
producing ability of the pathogen. Baltruschat and Schoenbeck
(1872) observed negative correlation between chlamydospore
production in Thielaviopsis basicola and myccorrhizal
colonization in +the roots of tobacco and alfalfa seedlings.
The root extract of mycorrhizal tobacco plants with higher
arginine ° “content reduced chlamydospore production in
Thielaviopsis basicola. On the other hand, Dehne et al. (1878)
suggested AMF associated blockage in the ornithine cycle as a
reason for higher levels of arginine content in mycorrhizal
plants. Higher rates of aminoacids and reducing sugars in the
plant root exudates was also correlated with enhanced AMF
colonization resulting in subsequent disease suppression

(Ratnayaka et al,, 1978; Graham et al,, 1981).



The root invading organisms utilise the sugars in the
host for their development. The sugar which forms a major
source of energy for carbohydrate metabolism in host plants is
thus altered due to pathogen invasion. Increased reducing and
non reducing sugar content in blast suscceptible varieties of
rice (Sridﬁ;r 1970; Pr;g;d and Raghunathan, 19872) revealed
increased disease development with enhanced sugar content.
Hence, regulation of sugar content by mycorrhizal fungi in the
host plants plays a decisive role 1n the suppression of
pathogenic invasion. Krisﬂg; {1881) working on groundnut found
decrease in the total and reducing sugar content in roots with
enhanced mycorrhizal formation, and was correlated to
mycorrhizal infection. Further, he noticed enhanced free amino
nitrogen content in mycorrhizal ground nut. Azég;-and Ocampo
(1981) also recorded reduction in total and reducing sugar
content in mycorrhizal wheat root which in turn suppressed
infection by the plant pathogens. Sivapr;;;d (1983) working on
mycorrhizal pigeon pea plants recorded inreased content of
reducing sugars 1in plant top but not in roots. He also
observed enhanced total sugar content on both parts after 25th
day of plant growth. According to him increased carbondioxide
fixation and carbohydate metabolism was attributed to this
effect. ﬁe also noticed enhanced free amino nitrogen
accumulation in Pigeon pea roots during mycorrhizal infection,

which gradually decreased with mycorrhizal development. The



increase is attributed to mycorrhiza initiated assimilation of
free aminoacids from the host cytoplasmic pool. Synthesis of
new proteins or lytic enzymes in pea tissues on 1inoculation
with mycorrhizal fungl hydrolised the polymers of fungal cell
wall and was considered as a possible defence response to
invasion by parasitic organisms (Mauch et al., 1988).
Arbuscular mycorrhizal fungal symbiosis in roots of leek
(Allium porrum) plants induces peroxidase (Spanu and Bonfate -
Fasolo, 1988) and chitinase (Spanu et al., 1989.) activity
during early stage of root colonization which are known to
offer tolerance against pathogenic infection and

multiplication.

Phenolic compounds in plants are considered to be
preformed inhibitors or prohibitins of pathogens which play a
significant role in disease resistance (Kairaly and Farkas,
1962; HMahadevan, 1970). An increased concentration of total
rhenols and orthodihydroxy (OD) phenols on peanut roots due to
arbuscular mycorrhizal development was also recorded (Krishna
1981). Pot culture studies conducted by Krishna and Bagyaraj,
(1983) revealed  that inoculation of peanuts with
G. fasciculatum conferred resistance against Sclerotium rolfsii
attack which was related +to the higher phenolic content in the
host +tissue. Number of sclerotia produced by §. rolfsii on
mycorrhizal roots were much less. On the other hand

mycorrhizal fungl reduced chlamydospore production and reduced

36



mycorrhizal colonization per cent in peanut roots. Morandi
et al. (1984) reported increased level of isoflavanoids, a
factor contributing to disease resistance and its accumulation
in the roots of mycorrhizal soybean during initial stage of
mycorrhizal colonization. However, at later stages of
arbuscular mycorrhizal symbiosis, the concentration was lower
than that induced by pathogens or elicitors. Histochemical
studies on mycorrhizal plants showed enhanced phenolic
accumulation on ground nut roots, at early stages of
mycorrhizal formation (Krishna and Bagyaraj, 1866). However
the phenolic concentration was reduced in the later stages of
mycorrhizal development in host. The flavanoids present in
Plants have been reported to stimulate arbuscular mycorrhizal
fungal development in the host roots (Becard et al., 1982;
Chabot et al., 1892). Increased total phenol content in maize
rPlants due to 6. fasciculatum inoculation has also been
reported (Chabra and Jalali, 1995). The total phenols and
orthodihydroxy phenol content of tissue culture plantlets of
Jack was significantly increased due to AMF inoculation at the

time of planting out of plantlets (Sivaprasad et al,, 1995b).

v

Chemical, physiological and morphological alteration
due to AMF colonization in the host roots were correlated with
induction of host resistance or tolerance against the pathogen

(Mosse, 1973). She also noticed increased root chitinolytic



activity in mycorrhizal plants that facilitated digestion of
arbuscules, This effect also resulted in the effective
suppression of root pathogen (Dehne and Schoenbeck, 1878; Dehne
et al,, 1978). Laimbals and Mehdy (1893) studied biochemical
changes in mycorrhizal bean roots under different soil
conditions. The transient increase in the chitinase and Beta-
1-3-D gluconase activities in the roots were noticed only at
initial stage of arbuscular mycorrhizal colonization, which was
decreased well Below the nonmycorrhizal control plants during
later stage of mycorrhizal symbiosis. Similarly, studies on
isoflavanoids accumulation in mycorrhizal roots of Medicage
truncatula revealed that the level of phytoalexin (medicarpin)
1s high at early stage of mycorrhizal formation (Harrison and
Dixson, 1893). First report on the effect of mycorrhizal
inoculation on the host cytology due to pathogenic infection
was propoéed (Benhamou et al., 1994), They studied, the
stimulated plant defence reaction in mycorrhizal Ri T-DNA

transformed carrot roots infected with Fusariunm oxysporum under

axenic systen. The preinfection of carrot roots with‘

6. intraradices increased protection againat F. oxysporun and
the mechanism was associated with accumulation of newly formed
rlant products at +the site of fungal penetration which

restricted pathogenic growth and penetration.

4o
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MATERTALS AND METHODS

The 1investigation on the management of foot rot of
black pepper with arbuscular mycorrhizal fungi (AMF) and
antagonists was carried out at +the Department of Plant
Pathology, College of Agriculture, Vellayani, Kerala, India
during 1994 to 1987. Black pepper variety Karimunda, a widely
cultivated but most susceptible to foot rot disease was used

for the investigation.
3.1 Isolation of pathogen

The pathogen (Phytophthora capsici) wWas isolated
during July-September 1994 from infected vines and roots of
black pepper and from sick soil collected from the rhizosphere
of wilted vines. The specimens were collected from the
severely affected areas of Idukki, Wayanad and
Thiruvananthapuram districts of Kerala State. The pathogen was
isclated following standard baiting and isolation +technique
(Ribeiro, 1978). The pathogenicity of each 1isolate was
confirmed following Koch’s postulate. The purified isolates
were maintained on oat meal medium in BOD (27+1°C) with

periocdical subculturing.



3.1.1 Growth of P, capsici on s0lid medium

A culture disc of 4 mm diameter of P, capsici
isolates from seven day old culture grown on modified carrot
agar medium (Ribeiro, 1978) was placed at the centre of the
retrl dish containing 15 ml of the medium and incubated at
25+1°C. The mycelial growth of regular colonies were estimated
by taking the means of the colony diameters taken in two
directions at right angle to each other. In the case of
irregular colonies the average of the longest and shortest

linear growth were accounted.
3.1.2 Growth of P. capsici on liquid medium

The growth of P. capsici in liguid medium was tested
by growing 4 mm culture disc of each isolate in 100 ml
Erlenmeyer flask containing 25 ml Bartnicki Garcia’s broth for
10 days (Ribeiro 1978) . The mycelial mats of the 1isolates
Wwere collected, washed and dried in hot air oven at 59-60°C and

recorded the dry mycelial welght.
3.1.3 HMass multiplication of the pathogen

For all the pathological studies the mass culture of
the pathogen was prepared in oats meal-sand medium (1:9 v/v).
The medium was moistened sufficiently, filled in a conical
flask and autoclaved at 1.02 kg cm@™1 for 2 hours inoculated

with 6 mm disc of P. capsici and incubated at room temperature
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for 15 days. The culture so multiplied was used for various

experiments under the investigation.
3.1.4 Pathogen inoculation

Inoculation of the pathogen was done by placing the
oatmeal-sand based inoculum in the root region. of pepper
cuttings at the rate of 5 g polythene ba:ﬂg"1 contalning 2 kg of
potting mixture. Inoculation in the field was given in the
same way, after removing the surface layer of the soil to
expose the roots. Each plant was inoculated and the roots were

again covered with soil.
3.1.5 Testing the virulence of P. capsici isolates

Sixty days old rooted Karimunda cuttings raised 1in
pots filled with sterilised soil were inoculated by mixing
oatmeal-sand based 1inoculum of the pathogen (5 g kg“l soil)
uniformly around the pepper cuttings in the root region. The
data on infection and mortality per cent were recorded on

15th, goth  45th  goth 5ng 75%h goy of inoculation.
3.2 Arbuscular Mycorrhizal Fungal inoculum and inoculation

Guinea grass (Panicum maximumr Jacqg.) colonized with
mycorrhizal fungus was grown in sterilised soil:sand mixture

(2:1 v/v) for four months. The soil:sand mixture containing
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mycorrhizal spores, colonized root segments and hyphae served
as mycorrhizal inoculum. Whenever jinoculation was given, 50 g
of 1inoculum containing 350 spores was placed about 2 cm below

the pepper cuttings at the time of planting.
3.3 Estimation of AMF colonisation

The mycorrhizal colonization per cent in the root
samples of pepper was estimated following the procedure of
Phillips and Hayman (1870). Per cent AMF colonisation was
calculated using the following formula

Number of root segments
with mycorrhizal infection
AMF colomnisation (X) = =  —-—-—-—-=-----=-omoSooooooomes x 100
Number of root segments
examined

3.4 Screening of AMF 1solates on plant arowth and foot

rot incidence of black pepper in green house
3.4.1 Effect on plant growth

An experiment was conducted to evaluate the effect of
AMF isolates on growth characteristics of black pepper. Seven
native arbuscular mycorrhizal fungal isolates viz., Is-6, Pi-6,
Pi-8, Ri-8, Pi-9, Ri-9, PI-11 along with three identified AMF
specles Glomus fasciculatum, G..clarum (ICRISAT, Hyderabad) and

Gigaspora margarita (CTCRI, Trivandrum) were used for the study.
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Amongst  the native isolates, 1Is-6 (DBT project, KAU,
Trivandrum), developed for the biocontrcl of foot rot of black
pepper, was used as a reference culture. The experiment was
conducted in CRD with 4 replications and there were 11
treatments including a non-mycorrhizal control. Three rooted
cuttings were maintained in each replication (polythene bags).
Inoculation with AMF isolates was given at the time of planting
as mentioned in item 3.2. Plant growth characteristics such as

sth

plant height and number of leaves were recorded on Srd. and

Tth month ¢of plant growth. The root length and total plant dry
weight were recorded after seven months of growth. Black
peprrer plants were carefully depotted and washed thoroughly and

then recorded for root length, The plants were oven dried at

60°C until constant weight for recording the dry weight.

3.4.2 AMF isolates on nutrient uptake

Oven dried samples were powdered and used for the
estimation of nutrient, The phosphorus (P) potassium (K),
calcium (Ca), magnesium (Mg), copper (Cu), iron (Fe), manganese
(Mn) and zinc (Zn) content of shoot and root samples of black
pepper plants were estimated following the standard procedure

mentlioned below:



Procedure followed for nutrient analysis
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Nutrient Estimation method Reference
P Vanedomolybdate yellow
colour method Jackson (1973)
K Flame photometric¢ method Jackson (1973)
Ca, Mg, Cu, Atomic absorption Lindsay and
Fe, Mn and spectro photometric Norval, (1878)
Zn. method
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3.4.3 Effect on foot rot lncildence

The preliminary screening of AMF against foot rot
incidence 1in black pepper was conducted in green house using
sterilised soil in polythene bags. The experiment and the
method of inoculation with AMF were same as mentioned in item
3.4.1. The piants were inoculated with pathogen on 120th day

of planting.

The mycorrhizal colonization per cent was recorded at
the +time of inoculation with +the pathogen and 30 days
thereafter. The foot rot infection and mortality per cent were
recorded on 15%B, 30th  4s5th goth ung 75th gay of £,  capsics

inoculation.
3.4.3.1 Estimation of foot rot infection and mortality

Plants were monitored regularly on foot rot infection
and mortality after 1inoculation with pathogen. The +total

number of pepper cuttings infected and dead were recorded



separately and percentage was computed using the following

formula

Infection/ Total number of plants infected/dead

mortality (%) ikttt ikttt x 100
Number of plants in each treatment

3.4.3.2 Estimation of root rot index

The root rot intensity of +the pepper cuttings
inoculated with P. capsicl was scored on Both day of

rathogen inoculation using the following score chart.

Rating score Root rot (%)
(0 - 4)
""" o 7 Reret
1 1 - 25
2 26 - 50
3 51 - 75
4 76 - 100

The Root Rot Index (RI) was computed from the root

rot lntenslty score using the following formula:

Total Root Rot Score

Maximum score (4) x Number of roots examined

The values, thus obtained, for root rot index was
multiplied with hundred and expressed as root rot index (Singh,
1975).
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3.5 Characterisation 'of native AMF assocliated with black pepper

Rhizosphere so0il along with root samples of black
pepper grown in laterite (typic plinthustult), forest(haplic
argiustoll) and sandy (oxyaquic quartpsamment) soils of Kerala
were collectd from different locations. AMF colonisation in
black pepper genotypes grown in different solls were estimated
following the procedure of Phillips and Hayman (1970).
Arbuscular mycorrhizal fungal spores from different soill
samples were extracted by wet sieving.and decanting technique
(Gerdemann and Nicholson, 1863). The spore characteristics were
recorded using stereo and trinocular research microscopes and
the identification of different AMF spores were done following
the classifiction pattern proposed by Schenck and Perez (1988).
The standard photographic slides developed by Hall and Abbott
(1981) for the 1dentification of different species of

endogonaceae were used for comparison and identification
3.6 Isoclation of fungal antagonists of P. capsici

Isolation of antagonistic microorganisms were made
from different sources such as forest soils, decomposing
organic matter, rhizosphere of healthy repper vines in diseased
plantations and vermicompost following the serial dilution
plate technique (Waksman, 1922) using Martins Rosebengal agar.
Samples from 10% and 10® dilutions were rplated in the medium

and incubated at room temperature for development of the
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colonies. The colonies showing antagonistic nature were
isolated, purified and maintained for further studles. The
micro organisms isclated - were subjected for different in vitre

studies.

3.6.1 Testing of fungal antagonists against P, capsici in

culture plate

The inhibition capacity of each microbial isclate
was studied by dual culturing with P. capsici on carrot agar
medium in petriplates. The mycelial disc (5 mm) of the
pathogen from seven days old carrot agar culture was inoculated
asceptically at +the centre of petri dish and incubated at
28+1°C for 24 hours. After incubation, cut 5 mm size mycelial
disc ‘of the antagonists was placed at three corners of the
plate. The observation on radial growth of P. capsici in the
Plate was recorded on fifth day of inoculation with the test
organism. The #£. capsici 1inoculated plate without test
organism served as control. The Per cent Inhibition (PI) was
calculated using the following formula (Kling storm and

Johansson, 1873).

(P. capsici growth (P, capsici growth
in control) - 1in treatment)

(P. capsici growth in control)



3.6.2 Effect of metabolites of fungal antagonists on growth of

P, capsici

The metabolites of the antagonistic organism were
prepared by inoculating 8 mm mycelial disc of respective test
organism separately in a 100 ml flask containing 50 ml of
Czapek’s medium. The organism was allowed to grow in submerged
conditions on a shaker for fifteen days under room temperature.
The broth culture was initially filtered through ﬂ;tman No. 42
filter paper and then through millipore filter of 0.22 um pore
size 1in order +to achieve cell free filtrate containing
metabolites of test organisms. Hundred ml Erylenmeyer <flasks
containing 20 ml of Bartnicki - Garcia’s liquid medium
(Ribeiro, 1978) 1inoculated with 5 mm mycelial disc of
P. <capsici were incorporated with 1 ml of cell free culture
filtrate of the antagonistic organism. Flask inoculated with
the pathogen without culture filtrate served as check. All the
flasks were incubated at 27+1°C for 10 days. The mycelial
production by the pathogen in different treatments and the per
cent inhibition were recorded following the same method

mentioned earlier.

3.6.3 P. capsici population in antagonists amended soil

Plastic pots of size 6.5" x 6.5" Wwere used for the
incubation studies to evaluate the effect of antagonists on the

survival of P. capsici in the soil. The rot containing 1 kg of

50



sterile soil enriched with organic manure (2:1 v/v) was
inoculated with +the pathogen and antagonist isolates at the
rate of b and 15 g respectively. Soil was provided with
Karimunda shoot (5 g) bita as a food base for the pathogen.
Adequate moisture was maintained for the development of the
organisms. All the fifty isolates were included in the study.
The population of P capsici and antagonists was estimated after
60 days of incubation. The medium used for the antagonist was
Martin’s Rosebengal while, modified Tsao’s medium was used for
the 1solation of P, capsici (Ribeiro, 1978). Per cent
Inhlbition (PI) of the pathogenic population was calculated as
follows:

(Population of pathogen (Population of pathogen

in control) = in treatment)

(Population of pathogen in control)
3.7 Mass multiplication of antagonistic isclates

Antagonistic isolates were mass multiplied on wheat
bran-sand mixture (1:5 v/v) following the procedure described

for the multiplication of pathogen.
3.8 Estimation of antagonistic population

Antagonistic population under different experiments
were estimated by serial dilution method using Martin’s
Rosebengal agar medium. For the estimation of Trichoderma spp.

selective medium was used (Elad and Chet, 1983).



3.9 Screening of fungal antagonists on plant growth and Ffoot

rot incidence of black pepper in green house

Based on the performance in the in vitro studies 24
isolates viz., Ay Ag1r Aq3s A14, Aygs A1gs Aggs Agys Agg, Aogs
A27. A28: Azg: 431> A32: 433, A34r A35. A37. Azg. Azgs Agge
Agq1, and App Were subjected for further screening in green
house. Polythene bags of 15 x 10 cm size filled with 2 kg of
sterilised potting mixture (soil:sand:cowdung = 2:1:1 v/v) were
used for raising the pepper cuttings. The potting mixture was
incorporated with different antagonists by mixing +the mass
multiplied inoculum with the top 1 to 2 cm layer soil at the
rate of 30 g bag_l. Five three noded cuttings of black repper
cultivar Karimunda were planted in each bag. Later, the plant
population in +the treatments was made uniform so as to have
three cuttings in each replica@één (Polythene bag). There were
25 treatments including 24 isolates and control, in experiment
conducted in CRD with four replications (Polythene bag) On goth
day of planting, the plant growth and rhizosphere population of
antagonists were recorded. On 120th day of planting all the
treatments were again inoculated with respective antagonist at
the rate of 15 g-bag_l. The pathogen was also inoculated on
120th day following the procedure described earlier. Treatment
with pathogen alone served as control. The foot rot infection

and mortality on the 30%R, 40t anga s50th gng eoth gays of



P. capsici inoculation were recorded. The populations of the
pathogen and antagonists were alsc recorded on BOth day of

pathogen inoculation as described earlier.

3.10 Effect of dual inoculation of AMF and fungal antagonists
on plant growth and foot rot incidence of black pepper in

green house

Five cultures each of AMF (viz., Is-6, Pi-9, Pi-11,
Glomus fasciculatum and Gigaspora margarita) and antagonists
(viz., Ay, Ajy3, Apy, Agp, and Agzg) were selected after the
preliminary screening for testing their dual inoculation effect

on foot rot incidence in black pepper.

The antagonists were incorporated in the unsterilised
potting mixture (@ 1.5 kg per hundred kg) at the +time of
potting mixture preparation. Polybags filled with potting
mixture so prepared were then planted with pepper cuttings.
Inoculation with mycorrhizal isolates was given at the time of
planting. The pathogen was inoculated 120th day of planting as
mentioned earlier. All the possible combinations of AMF and
antagonists, their single inoculation, P. capsicis alone
inoculation and chemical control practices using bordeaux
mixture (1%) and copper oxychloride (0.2%) as per the package
of practices recommendation (KAU, 1996) were included in the
study. There were 38 treatments in the experiment conducted in

CRD with three replications. Each replicate (polythene bags)
had 4 plants.



The treatment details are as follows:

Ty -4 x6. nargarita Ty = M3x 6. nargarita Tyg = Ay x Boaargarita

T, - A x Pi-¢ Ty - Mg x Pi-g Tyg = gy ¥ Pi-9
Ty - A x 6. fascicelaten Tg - Ayy x 6. fascicolaten ¥ 3 - Ay » 6. fascicolaton
Ty -4 xlsb Tg - Aggxlsb UTR TR R L.
Ts = A x Pi-it Tyg - Mgz x Pi-ll Tyg - Ay x Pi-i

Tig = Agg % G, margarita Ty - &35 x B, margarita Tyg = W

TlT - ‘22 x Pi-9 T22 = ‘35 % Pi-% TZT - ‘!3

118 - “22 x 8. fascicolatun 723 - 935 x B, fascicuiatum TIB - ‘21

qu - ‘22 x Is-4 T24 - ‘35 x Is-4 T29 - ‘22
Tyy - 6. margarita Tyy - bordeaux sixtore (BM)
T3p = Pi-9 Tz; - Capper oxychloride (COC)

T3x - 6. fascicalatan Tzg - Control (P, capsici)
13‘ - Is~b

Tss = Pi -11

Observation on foot rot infection and mortality was
recorded after 15th, 3bth, 45th and BOth day of pathogen
inoculation. Antagonistic population in different treatments
were recorded on 100%™ and 200th day of incorporation in
potting mixture. While the observation on AMF colonization in
pepper roots were recorded on 45th. aoth 75th and 120th day of

AMEF inoculation. Separate zet of plants (3 each) were also

3y



maintained for each treatment excluding T36 and T37 to study
the effect of dual inoculation on plant growth. Observations on
plant height and number of leaves were recorded on 210't'h day of

planting.

3.11 Effect of dual inoculation of AMF and fungal antagonists
on plant growth and foot rot lnecildence of black pepper in

field

Forty five days old rooted cuttings raised in
polythene bags with desired combinations of AMF and
antagonistic inoculation were +transplanted to +the field
attached to the Instructional Farm, College of Agriculture,
Vellyani, Thiruvananthapuram to evaluate the combined effect of
biocontrol agents against foot rot incidence in black
reppeYr. The treatment details were same as that of greem house
studies. Second 1inoculation with respective anteagonist and
AMF was given at the time of +transplanting in +the field.
Recommended chemical control methods viz., bordeaux mixture
{1%) and copper oxychloride (0.02%) were also included in the
field study. The chemicals were applied at +the time of
planting in the nursery as well as in the main field as soil
drench. The pathogen was 1introduced one month after
transplanting following the inoculum preparation and
inoculation as described earlier. There were 38 treatments in
the experiment conducted in RBD with four replications. Each

replications had 3 plants. AM colonisation (30%! and 90! gay).

——
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Population of antagonist (30th and 90th day). per cent foot rot
infection (15, 30th, eoth, goth 4gay), plant mortality (30%h,
goth goth  150%h 4day) and plant growth (150" day) were

recorded.
3.12 Identification of AMF and antagonists

The potential native isolates of both AMF and
antagonists were subjected for 1identification. The AMF
isolates were ldentified folowing the classification pattern
proposed by Schéggg and Perez (1988) and compared with the
standard slide collection of (Hdll and Abbott, 1981). The
antagonists were 1dentified (Doﬁggh and Gams, 1980) and

confirmed by Agharkar Research Institute, Pune.

3.13 Standardisation of AMF inoculation technique for

established pepper plantations
3.13.1 AMF inoculation to black pepper in green house

Cowpea (Vigna wunguiculata (I,) Walp), &reen gram
(Vignra radiata (L) Wilezek), Italian millet (Setaria italica
(L) Beauv) and sorghum (Serghum bicelor (L.) Moench were
evaluated as carrier plant for introducing AMF in black pepper
roots under green house condition. Black pepper cuttings were
ralsed in pots of 30x30 cm size filled with sterilized soil.
After forty five days of black pepper growth, top 1-2 cm layer
of soll was removed uniformly from pots and a mixed inoculum of

Gleomus Tasciculatum and Pi-11 (50 g) was spread around the



Plate 1. Method of AMF inoculation in established Plantation

Plate 2. HMultiplication of antagonists in cowdung-neemcake
food base






S

plant. The seeds of the carrier plants were then sown over the
inoculum layer and covered with soil. After germination five
seedlings of each carrier plants were maintained in each pot
around +the pepper plants. . AMF inoculation pepper cuttings
wlthout carrier plants served as control. The experiment was
conducted in CRD with 3 replications. The AMF colonization in
the roots of carrier plants as well as black pepper was
recorded on 301 60PR and 90th day of inoculation following the
procedure of Phillips and Hayman, (1970). Root 1length and

welght of carrier plants and pepper were also recorded.

3.13.2 AMF inoculation to established black pepper vines in

the field

Green gram and sorghum were selected from pot studies
were further +tested as carrier plant in +the field. Pepper
vines of 8 years old were inoculated with mixed AMF inoculum of
6. Tfasciculatum and Pi-11 at the rate of 400 g per vine. The
in situ inoculation with AMF at the ‘dibbling spots’ made in a
circle around the vines was followed for both greem gram and
sorghum (Plate 1). GSeeds were sown over the inoculum and
covered with soll. Two methods of inoculation without carrier
plants viz., AMF inoculation as in dibbling spot and spreading
around the vine and with@ut carrier plants in both the cases
served as two controls. There were 4 treatments in the
experiment conducted in CRD with 3 replications, The
observation on AMF root colonization in black pepper and

carrler plant was recorded on 30th, soth and 90th day of AMF

inoculation.
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3.14 Effect of AMF and antagonists on foot rot 1incidence of
black pepper vines in the established plantation

Based on the performance in the green house and field
antagonistic 1isolates Ayss Apr.8nd Agy, the AMF Is-6, Pi-11
and Glomus fTasciculatum were chosen for further studies on
established pepper vines in the field. The study was conducted
in the pepper garden, at Cardamom Research Station,
Pampadumpara, Idukki district, Kerala. The 8 year old black
pepper vines which had disease:i incidence in the previous
years, were selected for conducting the experiment.
Antagonistic fungi multiplied in dry cowdung - neem cake food
base (Sivaprasad et al, 1998) and soil based arbuscular
mycorrhizal fungal 3inoculum were used. The antagonists
inoculum (Plate 2) with 105 Propagules g_l at the rate of 1.5
kg plant™l. AMF inoculation at the rate of 400 g per vine was
given by in situ inoculation method using sorghum as carrier
plant. The antagonists were applied on 15%h May, 15%h July,
15th August and 30th September, 1997. AMF inoculation was
given on 15%h May and 15%h August. Recommended chemical method
of foot rot disease management viz., bordeaux mixture (1%) and
Copper oxychloride (0.2%) was maintained as check (KAU, 1996).
The chemicals were applied as soil drenching during 15%h May
and 15th August. Food base with antagonists were also included
as check and applied at the time of application of antagonistic
treatments. There were 19 treatments with three replications

in the experiment conducted in Randomised Block Design (RBD}.



The treatment detalls are as follows:

Tl -~ 6. fasciculatum (G.T.)
T, - Is-6

Tg - Pi-11

T; - 6. f.

TB - G. ¥

Tg - 0C t

T13 - Pi-11 x A.T,

T14 - Pi"'ll X AoS.

T15 "Pi_ll x T.y,

Ty

A Tumigatus (A.T.)

A. sydowii

(A.=.)

T. viride (T.v.)

Is-6 x A.T,
Is-6 x A.s.,

Is-6 x T.v.

bordeaux mixture (BM)

Copper oxychloride (COC)

Food base

— Control

on 180%M day the foliar yellowing and defoliation

symptoms of foot rot were scored using the following chart.

Foliar yellowing/defoliation
score (0 - 4)

—...-._.——.___._._.___...__._.___—...._—.-.____.—.__—...___——_-_-.—__———.__...—._——...-_.—__—

No incidence

1
26
51

—

25
50



Based on the score recorded for foliar yellowing and
defoliation on 180YR  day, the per cent leaf yvellowing and
defoliation index were computed following the formula adopted
for per cent root rot index. The intensity of leaf yellowing
and defoliation were finally scored on the basis of the per

cent index using the following chart:

...—.—..———-.——.-.-———_.—-—.————.——-_—__.-._-———-_.—————-.-—-———_—....—————-.-——_—.—-...—_—._

Per cent foliar yellowing/ Intensity score of Folliar
Defoliation index yellowing Egyg/g?efoliation (Df)
"""" o ieidemes TGS
1 -5 1
6 - 10 2
11 - 15 3
16 - 20 4
21 - 25 5
26 - 30 . 6
31 - 356 7
36 - 40 8
41 - 45 8

—-—-..-————_-_._--.-_—__—..-—...——_._-...._—-..——__—_—_...—___..__.._—_._—._.__——___.-_

The mean of foliar yellowing and defoliation scores
of each treatment was expressed as Foot rot disease Intensity

Score (FIS)

FI15

i
o
g
-+
=
5



The observation on mycorrhizal colonization was
recorded on 0, 90, 135 and 180th day of first inoculation. The
population of antagonistic fungi and the resident s0il fungil

including the pathogen was recorded on IBOth day.

3.15 Biochemical changes 1n black pepper due to AMF

colonlzation

Five month o0ld black pepper cuttings raised in
sterilised soll pre-inoculated with selected AMF viz,, 1Is-6,
Pi-9, Pi-11, Gigaspora margarita and Glomus fasciculatur were
used for biochemical analysis. Depoted pepper plants were
washed in tap water and fresh plant top and root tissue samples
were extracted using appropriste solvents as per the
requirement of +the analysis. The influence of mnmycorrhizal
fungli on total free amino acids, total sugar, reducing sugar,
protein, total phenols and orthodihydroxy (OD) phenol content,
cellulase and chitinase activity were estimated the following

the standard procedures and expressed on fresh weight basis.

Gl



Biochemical analysis in black pepper

Parameters Estimation method Reference
Total free Colorimetry “Sadasivam and
amino acid Manikam (1992)
Total sugar and Nelson-Somogi Vé;dasivam and
Reducing sugar Manlikam (1992)
Protein Lowry’'s method v/gadasivam and
Manlikam (1892)
Total phenols Folin cliocalteu v’ﬁahadevan and
method Sridhar (1974)
Orthodihydroxy (0OD) Arnow’s method v’ﬁahadevan and
phenol Sridhar (1974)
Cellulase Dinitro salicylic. b/ggdasivam and
acid method Manlkam (1992)
Chitinase Colorimetry V/ﬁéllar and

Mauch (1988)

B - ey A — Ty — . T T A .y Bt T Ty B - — i — i —— —— e — T —— T — —

3.16 Statistical analysis

The data generated under +the investigation were
analysed statistically following the analysis of varlance

v
(Panse and Sukhatme, 1978).



RESULTS



RESULTS

The salient findings of the investigation on
“"Management of foot rot of black perper with VA mycorrhiza and
antagonists" carried out during 1894-97 are presented in this

chapter.
4.1 Isolation and characterisation of Phytophthora capsici

The 1isolates of +the pathogen were subjected to
morphological and cultural studies. They grew profusely on
carrot agar at 27+1°C and the colony morphology varied with
isolates. The sporangial arrangement of +the 1isolates was
generally umbellate. The sporangial shape varied within and
between 1isolates and had long tapered base and caducus with
length/breadth (L/B) ratio from 1.7 to 2.7 um. Morphological
characters indicated +that +the isolates were Phytophthora

capsici Leonian emend A. Alizadeh and P.H. Tsao.

4.1.1 Growth of P. capsici isolates on solid and 1liquid

media

Growth rate of the seven 1solates, identified as
f. capsici, on carroct agar is presented in Table 1. All the
lsolates from Wayanad district showed relatively higher growth
rate followed by Idukki isolates. Wayanad 1561ates showed

colony diameter ranging from 75.33 - 77.16.mm on 7th day with



Table 1 Growth

€y

of Phytophthora capsici isplates in petriplates

Source

Dry

mycelial

weight
{g)

Coiony
character

Idukki Dist.

Pampadumpara

Kattappana

Thiruvananthapuram

Vellayani

Peringammala

Wayanad Dist.

Ambalavayal

Pulpalley

Mullamkolley

31.00

Dist.

21.33

22.33

51.43

43.33

41.33

50.66

73.80

68,00

b6.b66

90.00

90.00

0.078

0.069

0.087

0.100

0.072

Irregular, fluffy,
thin

Irregular, fluffy,
thin

Irreqular, fluffy,
thick

Uniform, fluffy,
thick

Irregular,fluffy,
thin

Uniform, flufty,
thick

Uniform, fluffy,
thick



Source
135
Idukki Bist.
Pampadumpara 10
Kattappana -
Thiruvananthapuras Dist,
Vellayani -
Peringamnala 20
HWayanad Dist.
Ambalavayal -
Pulpalley 10

Mullamkolley -

% VYalues are mean of 10 plants

30

10

60

20

40

30

90

60

70

40

100

0

100

80

40

100

90

90

pepper

20 60

30

3Q

90

60

30

50

30

40

100

70

70

8o

&y



uniform, fluffy and thick mycella, while Vellayani and
Peringammala isolates from Thiruvananthapuram were
comparatively slow growing and recorded colony diameter of
68.00 and 66.66 mm, respectively. However, the isclate from
Peringammala (0.100 g} and Vellavanl (0.087 g) recorded
significantly higher dry mycelial weight over other isolates
(Table 1).

4.1.2 Testlng the virulence of P. capsici 1solates

All the P. capsici lsolates tested on rooted black
pepper plants incilted the foot rot symptoms (Table 2).
Infection occurred on the fine feeder roots initially and later
spread to the main roots and collar region. In the collar
reglon infection started as a wet slimy dark patch and as
disease progressed rottlng occurred with simultaneously
vellowing of the 1leaves and subsequent defoliation. The
infected vines succumbed to the disease from 30th day onwards.
Peringammala isolate recorded consistently high disease
intensity with 100 per cent infection and mortality by 75th
day. Isolates obtained from Pampadumpara and Ambalavayal had 90
per cent lnfection and mortality by 75th day. The Peringammala
isolate being the most virulent was selected for further

studies.



Table 3 Effect of AMF isolates on growth characteristics of
black pepper cuttings in green house

v - e  — —— et e —— e e ek T v e e e R A M e M B e et S St S R G (e S e — e G o —

e e ey e e e Sy e ——

AMF isolate 90 150
Plamt Leaves .  Plant  Leaves
height (No.plant_l) height (No.plant'l)
(em) (cm)
=6 12.66 2.68 26.00  5.00
Pi-6 10.66 1.66 24.66 5.00
Pi-8 11.00 2.33 20.66 4.00
Ri-8 9.66 1.66 21.33 4.33
Pi-g 14.00 3.33 28.866 5.33
Ri-9 8.00 1,33 17.66 3.33
Pi-11 18.66 3.33 35.33 6.33
Glomus clarum 11.33 2.33 23.33 4.00
Glomus Tascliculatum. 13.00 3.00 27.00 5.33
Gigaspora margarita 14.68 3.33 29.00 6.33
Control 10.00 2.00 19.66 4.33
> (0.05) s N Ns NS

NS - HNot significant

3



Plant height (cm)

Root length (cm)

Dry weight (g Pl-1)

Control

Fig. 1. Effect of selected AMF isolates on growth characteristics of

black pepper in green house



Plate 3. Growth of black pepper cuttings inocculated with
selected AMF in green house






4.2. Screening of AMF Isolates on plant growth and foot rot

Incidence of black pepper In green house
4.2.1 Effect on growth

Influence of arbuscular mycorrhizal fungal 1isolates
on the growth of black pepper cuttings was evaluated under
green house conditions. The connected data are presented In
Table 3 and 4. Observations on plant growth characters on 90th
and 150 day of inoculation revealed that none of the AMF
treatments significantly influenced the growth characteristics
of black pepper cuttings (Table 3). However, AMF isolate Pi-11,
0. margarita and Pi1-9 recorded relatively higher plant growth.
The observations made seven months after inoculation showed the
significant influence of AMF on plant growth (Table 4).
Isolate Pi1-H and Gigaspora margarita induced Increased plant
height of 90.66 and 73,66 cm respectively. (Fig. 1, Plate 3)
Similarly Pi-9 and Glomus fasciculatum also enhanced plant
height to 69.66 and 61.33 cm and was significantly higher than

other treatments except recorded with Is-6 (52.66 cm).

Isolate 1s-6 had given an exceptionally higher leaf
number of 15 (Table 4). However, it was statistically on par
with Pi-11 (14.33) and G. margarita (13.33) and differed
significantly over other treatments. The treatments except
isolate Pi1-8 and Pi-9 recorded significantly higher root length
over control (Table 4). Root length of 30.66 cm observed due

to Pi-11 inoculation was the maximum.



0

Table 4 Growth and biomass production of black pepper seven
months after inoculation with AMF isolates

Plant Leaves Root Dry

AMF isolates height (No.plant *) length weight
(cm) (cm) (g-plant x)

Is-6 52.66 15.00 24. 66 4.11
Fi-6 48.66 9.66 26.66 3.59
Pi-8 47. 66 10.00 22. 33 3.05
Ri-8 44 _00 9.00 24 .66 2.85
Pi-9 69.66 11.00 28.00 4.78
Ri-9 41.00 8.00 22.00 2.52
Pi-11 90.66 14. 33 30.66 5.87
Glomus clarum 41.66 9. 33 24 .33 2.66
Glomus fasciculatum 61.33 11.00 25. 33 3.75
Gigaspora margarita 73. 66 13.33 25.00 3.54
Control 39. 66 8. 66 17.66 2.53
CDh (0.05) 17. 22 2.53 5. 56 0. 79

-f* .Jr



Is-6 Pi-9 Pi-11 G.f. G.m, Control

Fig. 2 Effectof AMF isolates on P, Ca and Mg concentration in black pepper



Table 5 Effect of AMF
content”of black pepper

P content

AMF isolates

Is-6

Pi-6

Pi-8

Ri-8

Pi-9

Ri-9

Pi-11

Glomus clarum
Glomus t"ascicul atum

Gigaspora margarita

Control

CD (0.05)

Q)

0.23
0.22
0. 21
0.21
0.24
0.21
0.28
0.21
0. 25
0.22

0.21

0.03

isolates on

Total
(ng plant 1)

9. 58
7.64
6.28
5. 87
11. 54
521
16. 62
7.06
9.20
7.76

5.19

1. 47

2.

2.

2.

2.

2.

2.

2.

2.

2.

2.

phosphorus

K content
™
2.

69
68
54
45
56
46
55
88
89
61
57

0.20

and potash
Total K
(ng plant 1)
110.07
96.17
76.99
69.02
122.01
61.78
149.69
95.83
108.28
92 .60

65. 11

16.64



Biomass production in black pepper was also
significantly i1nfluenced by AMF isolates (Table 4) Isolate
Pi-11 recorded 5.87 g dry weight, which was significantly
higher than all other treatments (Fig.l). Other isolates Pi-9,
Is-6, G, fasciculaturn, Pi-6 and G. margarita also recorded
significantly higher plant dry weight of 4.78, 4 .11. 3.75,
3.59 and 3.54 g respectively. The control plant had 2.53 g.

4.2.2 AMF Isolates on nutrient uptake

Effect of different AMF i1solates on the uptake of P,
K, Ca, Mg, Cu, Fe, Mn and Zn was analysed. It is clear from
the data that the P concentration and total uptake 1In
mycorrhizal pepper cuttings varied with different AM fungi
(Table 5). Pi-9, Pi1-11 and G. fasciculatum recorded signi-
ficantly higher P concentration of 0.24, 0.28 and 0.25
per cent respectively (Fig. 2). The total uptake due to
colonization by Pi-11 (16.62 mg), Pi-9 (11.54 mg). Is-6 (9.58
mg) and Glomus fasciculatum (9.20 mg) were also significantly

higher than control plants (5.19 mg).

Significant Increase in the  total potassium
accumulation iIn black pepper cuttings were recorded in most of
the inoculation treatments (Table 5). G . fasciculatum recorded
higher K concentration (2.89%), while total *K* accumulation

was more in PI-11 inoculation (149.69 mg plant*1). On the other



Table 6  Effect of AMF jgolates on calcium and pagnesium
content of black pepper cuttings

Ca content Total Ca g content Total mg

AMF isolates ™) (ng plant ]
Is 6 1.43 58. 85 0.38 15. 65
Pi-6 1.29 46. 25 0.32 11.33
=8 1.29 39. 31 0. 32 9. 90
Ri-8 1.32 37.75 0. 32 9.14
Pi-9 1. 46 69. 86 0. 39 18. 75
Ri-9 1.32 33.38 0.29 7.52
Pi-11 1.37 80.75 0. 29 17 .22
Glomus cjarum 1.28 42_ 48 0.24 8. 16
Glomus Tasciculatum 1. 38 51.52 0.34 12.87
Gigaspora margarita 1 39 49 .57 0. 33 11.59

Control 1.23 31. 25 0. 28 6. 28



hand G. clarum that recorded higher °K~” concentration (2.88%)
registered only a Jlow level of total K content (95.63 mg

plant-1).

All the AMF 1solates significantly Increased Ca
concentration in black pepper (Table 6). Isolate Pi-9 ranked
top with 1.46 per cent concentration iIn the plant tissue.
Isolate Pi-11 registered highest calcium uptake (80.75 mQ)
with 1.37 per cent concentration. Other cultures Is-6,
Gm fasciculatum and Gigaspor a margar ita also showed Signifi-
cantly higher Ca concentration and total uptake (Fig. 2).
Regarding the Mguptake, Isolate PiI-9 and 1Is-6 showed
significantly higher Mg concentration of 0.39 and 0.38 per cent
respectively (Table 6, Fig. 2). The total Mg accumulation was
18.75 and 15.65 mg plant-1 respectively. Non-mycorrhlzal
plants had 6.28 mg plant-1.

Regarding the copper uptake AMF 1isolate Pi-11
recorded 19.71 ppm concentration in plant tissue which was
significantly higher than that i1n all other treatments
(Table 7). Significant increase in total Cu uptake was evident
in plants treated with Pi-11 (0.128 mg) and Pi-9 (0.085 mg)
than in control (0.043 mg). The data on Fe content is given 1In
Table 7. Isolate Pi-11 had significantly higher Fe concen-
tration of 417.28 ppm and a total content of 2.446 mg plant-1.

G .fasciculatum also enhanced both Fe concentration (381.29 ppm)



Table 7 Effect of AVF isolates on copper » iron, itanganese and zinc content of black pepper

Qu content Total Cu Fe content Total Fe Mn content Total Mn Zn content Total Z

AVF isolates (opi) tag plant ) (ppa) tag plant *®) <pp=) (@ plant *) <PP*> tag pla
1s-6 16.27 0.067 328.64 1.348 58.24 0.239 37.76 0. 155
Pi-6 16.19 0.057 316.04 1.135 52.29 0.186 38.43 0.137
Pi-B 16.12 0.049 329.81 1.006 48.62 0.148 40.01 0.121
Ri-8 16.74 0.047 346.46 0.977 48.66 0. 140 39.08 O.
Pi-9 17.82 0.085 307.06 1.471 63.08 0.301 33.48 0.158
Ri-9 16.65 0.041 262.23 0.660 51.12 0.127 27.77 0.069
Pi-11 19.71 0.12B 417.28 2.446 52.54 0.30B 37.23 0.217
Glottis clarui 15. 19 0.049 300.88 0.997 57.12 0. 176 25.08 0.082
Glottis TascicuJdatua 17.12 0.064 381.29 1.425 50.12 0.188 39.44 0.146
Gigaspora targarita 16.98 0.056 310.41 1.100 50.53 0.177 31.46 0.112

Control 17.19 0.043 296.27 0.749 41.29 0.104 24.44 0.066



Concentration (ppm)

450 r

I5-6 Pi-9 Pi-1] Gl G.m. Control

Fig. 3. Effect of AM F isolates on Fe, Mn and Zn concentration in black pepper
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Fig. 4. Foot rot infection pattern in black pepper inoculated with AMF isolates
In green house



and total uptake (1.425 mg) in pepper plants. Control plants

recorded Fe concentration of 296.27 ppm and total content of

0.749 mg plant”*.

Significant iIncrease iIn both concentration and total
uptake of Mn were noticed In the case of AMF cultures PiI-9
(63.08 ppm), Is-6 (58.24) and G. clarun (67.12). Total Mn
content of 0.308 and 0.301 mg plant ™ were observed in Pi-11
and Pi-9 1i1noculated plants as against 0.104 mg recorded iIn
control. The respective Mn concentration of pepper plants
inoculated with these two isolates were 52.54 and 63.08 ppm as

against 41.29 recorded for the control (Fig. 3).

With regard to the Zn uptake significant variation 1iIn
concentration and total uptake was evident with different
AMF treatments (Table 7, Fig. 3). AMF isolate Is-6, Pi-6, Pi-8,
Ri-8, Pi-11 and G . fasciculatum showed significantly higher
Zn concentration of 37.76, 38.43, 40.01, 39.08, 37.23 and 39.44

ppm respectively. The control plants recorded 24.44 ppm.
4_.2.3 Effect on foot rot iIncidence

The native isolates of AMF (Is-6, Pi-6, Pi-8, RiI-8,
Pi-9, RI-9 and Pi-11) along with three 1i1dentified cultures
(Pionus clarum, G, fasciculatum and Gigaspora margarita) were
screened against fToot rot disease and the relevant data are
presented in Table 8 and 9. The AMF tested against foot rot

disease showed wide variation in foot rot infection (Table 8).



Table 9 Effect of AMF isolates on foot rot incidence (mortality) iIn black pepper iIn green house

Mortality X
AVF isolates Days after P. capsici inoculation
——————————————————————————————————————————————————————————————————————— Mean
0 45 60 S 0

Is-6 2.37 (8.85) 9.25 (17.70) 26.20 (30.77) 40.00 (39.21) 60.00 (50.75) 27.56 (29.46)
Pi-6 20.00 (26.55) 40.00 (39.21) 53.35 (46.90) 80.00 (63.41) 100.00 (90.00) 58.67 (53.22)
Pi-8 9.25 (17.70) 39.36 (38.84) 60.64 (51.12) 34.90 (76.92) 100.00 (90.00) 48.83 (54.92)
Ri-B 20.00 (26.55) 53.35 (46.90) 100.00 (90.00) 100.00 (90.00) 100.00 (90.00) 74.67 (6B.69)
Pi-9 0.00 (0.00) 9.25 (17.70) 32.91 (34.99) 46.65 (43.06) 80.59 (63.83) 33.88 (31.92)
Ri-9 32.91 (34.99) 60.64 (51.12) 100.00 (90.00) 100.00 (90.00)  100.00 (90.00) 78.71 (71.22)
Pi-11 0.00 (0.00) 9.25 (17.70) 26.20 (30.77) 40.00 (39.21) 60.64 (51.12) 27.22 (27.76)
Gloaus clarua 9.25 (17.70) 46.65 (43.06) 90.76 (72.47) 100.00 (90.00)  100.00 (90.00) 69.33 (62.61)
GJoaus /ascicuiatua 0.00 (0.00) 2.37 (8.85) 20.00 (26.55) 26.20 (30.77) 53.35 (46.90) 20.38 (22.62)

Gigaspora aargarita 20.00 (26.55) 46.65 (43.06) 60.60 (51.12) 80.59 (63.83) 100.00 (90.00) 61.57 (54.91)
Control (P. capsici) 26.20 (36.77) 73.80 (59.19) 100.00 (90.00) 100.00 (90.00) 100.00 (90.00) 80.00 (72.00)
Figures In parantheses are transformed values

Treatment mean Interacti on

CD (0.05) for
transformed means 10.51 12.64
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Fig. 5. Foot rot incidence (mortality) pattern in black pepper inoculated with AMF
isolates in green house



Table 10 Effect, of AMF inoculation on root rot index iIn black
pepper in green house

AMF isolates Root rot index Root rot index (%)
Is-6 0.64 64.77
Pi-6 0. 93 93.42
Pi-8 0. 95 95. 83
Ri-8 0. 98 98.60
Pi-9 0. 85 85.00
Ri1-9 0. 97 97.05
Pi-11 0. 68 68. 18
Glomus clarum 0. 98 98.40
Glomus fasciculatum 0.62 62.50
Gigaspora margarita 0.95 95.00

Control (P. capsici) 0.98 98.60



Plate 4. Effect of selected AMF isolates on foot rot disease
in green house

Plate 5. Suppression of root rot by AMF isolate Pi 11






The disease IiIntensity was maximum on the 60th day of 1inocu-
lation with the pathogen (Fig. 4). G. fasciculatum recorded
lowest 1i1nfection per cent of 53.35 followed by Pi-11 and 1s-6
with 60.00 and 60.61 per cent respectively. Control plants
showed 100 per cent infection by the 607 day. Treatment mean
of different isolates showed that G. fasciculatum, Pi-11, Is-6,
Pi-9 and G. margarita significantly reduced the per cent

infection over control (Plate 4). Similar trend was noticed iIn
plant mortality rate also (Table 9, Fig.5). Glomus fasciculatum

recorded the lowest mortality of 53.35 per cent on oot

day of
inoculation with the pathogen followed by Isolate Is-6 (60.00%)
and Pi1-11 (60.64%). This accounts for a reduction In mortality
rate by 46.65, 40.00 and 39.36 per cent respectively for

G. fasciculatua , Is-6 and Fi-11.

The data on per cent root rot index on the 60th day
to P. capsici 1Inoculation (Table 10) showed comparatively less
root damage on inoculation with G . fasciculaturn (62.50%). Is-6
(64.77%) and Pi-11 (68.18%) over un iInoculated control which
recorded 98.60 per cent (Table 10) The AMF 1isolate Pi-11
having recorded with higher root mass in black pepper cuttings
also considerably lowered the root damage (Plate 5). Higher
root rot index of 98.60, 98.40 and 97.05 per cent were observed

with isolates Ri-8, G. clarum and Ri-9 respectively.



Table 11 Mycorrhizal colonization in black pepper
with AMF isolates in green house

AMF AMF colonization (%)

isolate
Days after inoculation

inoculated

*120 **150 Mean
Is-6 67.22 (55.05) 80.69 (63.90) 73.95 (59.48)
Pi-6 56.73 (48.85) 66.69 (54.73) 61.71 (51.79)
Pi-8 46.65 (43.06) 63.44 (52.77) 55.05 (47.92)
Ri-8 41.61 (40.15) 56.73 (48.85 49.17 (44.50)
Pi-9 63.63 (52.89) 77.17 (61.43) 70.40 (57.16)
Ri1-9 38. 23 (38.18) 48.31 (44.02) 43.27 (41.09)
Pi-11 73.48 (58.98) 85.95 (67.96) 79. 72 (63.47)
Glomus cl arum 48.31 (44.02) 61.72 (51.75) 55.02 (47.88)

Glomus fasciculatum 70.71 (57.21) 79.08 (62.76) 74.90 (59.99)

Gigaspora margarita 68.69 (55.95) 82.14 (64.97) 75.42 (60.46)

Control (P. capsici) 0.00  0.00 0.00 0.00 0.00 (0.00)

Figures 1In parantheses are transformed values
* At the time of P . capsici inoculation
** 30 days after P . capsici inoculation

Treatment mean Interaction

CD (0.05) for
transformed means 9.74

NS



Table 12 AMF
soil

Soil type

Forest
(haplic
argiustoll)

Laterite

(typic
piinthustult)

Sandy
(oxyaquic
quartpsamment)

colonization
types

Location

Mullamkol ley
Fampadumpara
Peringammala
Pulpalley
Ranny
Chengannur
Kunnumpara
Punkulam
Suranad
Vennikulam
Karthikapally
Karuvatta
Kayamkulam
Keerikode
Muthukulam
Ochira

Trikkunnapuzha

in black pepper grown in

Cultivar

KarImunda
Karimunda
Panniyur-1
Panniyur-1
Karimunda
Local
Karimunda
Karimunda
Panniyur-1
Narayakody
Panniyur-1
Arimulaku
Karimunda
Local
Local
Local

Panniyur-1

different

Colonization (%)

32.22
51.66
36. 33
44 _38
53. 84
58.82
62. 50
46 .66
60.00
61.11
78. 57
78.94
66. 66
83.33
73. 68
80.00

73. 33



AMF isolates showed significant difference in AMF
colonisation per cent in the pepper roots (Table 11). Maximum
root colonization was attained with Isolate Pi-11 (85.96%)
followed by G .margarita (82.14%), 1Is-6 (80.69%), G ,fasciculatum
(79.08%) and Pi-9 (77.17%) is that 30th day after 1inoculation
with the pathogen. The AMF cultures Ri-8, G, cJarum and Pi-6
recorded relatively very low mycorrhizal colonization per cent
(56.73 to 66.69). Is-6, Pi-9, Pi-11, g . fasciculatum and

Gigaspora margarita were selected for further studies.

4.3 Characterisation of native AMF associated with black

pepper

AMF colonization and the species associated with
different cultivars grown in same and different soil types,
viz., fTorest (haplic argiustoll), laterlte (typic plinthustult)
and sandy (oxyaquic quartpsamment) soils were studied and the

results are presented in Table 12.

Of the three soil types surveyed the oxyaquic
quartpsamment soils recorded higher root colonization ranging
from 73.33 (rikkunnapuzha) to 83.73 (Keerikode) per cent.
Typic plinthustult soils recorded medium AMF colonization
varying from 46.66 to 62.50 per cent, while in haplic
argiustoll soils relatively Jlower colonization rates of

32.22 to 53.84 per cent were observed. There was variation 1in

H -



Table 13 AMF associated with different pepper cultivars grown

in different locations and 3o0lis

Soil type Location
Forest Peringammala
(haplic
argiustoll)
Pulpalely
Ranny
Laterite Chengannur
(typic Punkulam

plinthustult)Suranad
Vennikulam

Sandy Karuvatta

(oxyaquic
quartpsamment)

Kayamkulam

Ochira

Thrikkunnapuzha

Cultlvar

Panniyur-1

Panniyur-1

Karimunda

Local
Karimunda
Panniyur-1
Narayakodi

Arimulaku

Karimunda

Local

Panniyur-1

AM Fungi

G, fasciculatum
Glomus spp
ScJerocystis @gp

Glomus spp

Glomus spp
Sclerocystis sp.

Glomus spp
Glomus spp
Glomus spp
Glomus spp
Sclerocystis sp

Entrophosphora/
Gigaspora spp
Glomus spp

Gigaspora spp
Glomus pp

Glomus spp
Acaulospora sp

Gigaspora gp
Glomus spp



Table 14 AMF associated with black pepper cultivars grown
the same field

Cultivar™

Karimunda

Kottanadan

Kuthiravali

Balankotta

Kalluvally

Punjarmunda

Cheriyakaniyakadan

Sullia

Doddia

Cylon

Narayakkodi

Padappan

Neelamundi

Perumkodi

Uthirenkotta

Tulakodi

Vel lanamban

* Soil samples collected from Panniyur,

Kerala

AM Fungi

fasciculatum , Gigaspor a
Sclerocystis coremioides, Glomus
G. macrocarpum VvVar. macrocarpum

(00}

clavispora , S. rubiformis,
fasciculatum, Glomus Sp.

®

S. coremioides , G. fasciculatum,
G. multicaule, Glomus Sp.

S. clavispora, S. caremioides,
G. mosseae , G, fasciculatum,
Glomus sp.

G, clavispora, G, mosseae , Glomus

S. clavispora , G. fasciculatum,
G . inver maiurn , Glomus Sp.

S . clavispora , S. coremioides ,
G, Ffasciculatum , Glomus sp,

S. clavispora , G . fasciculatum ,
Glomus sp.

Acaulospora sp., S. clavispora ,
G, Ffasciculatum

S . clavispora , S . coremioides ,
G . fasciculatum

G. fasciculatum , Glomus sp

S. rubiformis , G . fasciculatum ,
Glomus sp

S. coremioides , G. fasciculatum

G. TFfasciculatum, S, coremioides ,
Glomus sp

G, Tasciculatum , S, coremioides ,
Glomus sp

G. fasciculatum, Glomus Sp

G , Fasciculatum , Glomus 3p

Kannur district,

sp.

sp.

in



Plate 6. Glomus species (x 100) from forest soil

Plate 7. Glomus species (X 100) from forest soil






Plate 8. Sclerocystis species (x 100) from laterite soil

Plate 9. Glomus species (x 400) from laterite soil

Plate 10, Glomus species (X 400) from laterite 3oil






Plate 11. Acaulospora species (x 400) from sandy soil

Plate 12. Gigaspora species (x 100) from sandy soil






AMF root colonization with respect to pepper genotypes. In
Karimunda and Panniyur-1 the colonization ranged from 46.66 to
66.66 and 36.33 to 73.33 per cent respectively. However, the
data further revealed that root colonization was more

influenced by soil types rather than host genotypes.

AMF characterisation in black pepper with reference
to different locations of same or different soil types
revealed that, AMF species iIn the rhizosphere of black pepper
was greatly influenced by soil types than plant geno types

(Table 13).

Glomus spp were predominant in haplic argiustoll
(Plate 6 and 7) oxyaquic quartpsamment and typic plinthustult
(Plate 9 and 10) soils. Pepper roots in laterite soils were
also frequently harboured by sclerocystis spp (Plate 8).
However species of Acaulospora (Plate 11) and Gigaspora
(Plate 12) were also frequently observed in oxyaquic

quartpsamment soil.

Observation of the 17 cultivars grown in the same
field showed that species of genus Glomus and Sclerocystis were
the predominant AMF associated with black pepper grown in the
typic plinthustult soils of Panniyur, Kannur district
(Table 14). Sclerocystis clavispora, S. coremioides and
G. Tfasciculatum were the most frequently noticed (Table 14).

Except cultivar Kalluvally all the plants harboured



Table 15 AMF associated with different pepper cultivars

different soils

Laterite soil
(Kannur
district)

Cultivar

. fasciculatum

Panniyur 1 G
G, multicaule
G

igaspor a Sp

Uthiramkotta G. fasciculatum
S. coremioides

Glomus Sp
Aimpiriyan
Wayanadan
Karimunda G. fasciculatum

S. coremioides
Sclerocystis Sp

AM Fungi

Forest soil
(Idukki
district)

G, Fasciculatum
S. clavispora
Glomus Sp

G. Ffasciculatum
S . clavispora
Glomus Sp

G, TFTasciculatum
S. rubiformis
Glomus Sp

grown in

Forest soil
(Wayanad
district)

Gigaspora nigra
Glomus monosporum
Gigaspora Sp

Gigaspora nigra
Glomus Sp

Acaulospora Sp,
G. fasciculatum,
Glomus Uup

Acaulospor a Sp,

G. fasciculatum ,
S. coremioides ,

S. clavispora

G . monosporum ,
G, fasciculatum ,
G

igaspora Sp.



Table 16 Effect of antagonistic fungal isolates on the growth of P. capsici

in vitro
Colony diameter Growth Dry mycelial
Source Isolate No. P. capsici (ntm) inhibi tion (@.) weight of P.
capsici ()
fldukki
di stri ct
Balagran 8.33 80. 17 0.039
29.30 30.24 0.066
Panpadunpar a 23.00 45.24 0.060
36. 60 12.86 0.073
Kallar 32.60 22.38 0.074
21.00 50.00 0. 058
Santhanpar a 31.00 26. 19 0.072
'S 33. 33 20.64 0.071
Chathurangappara At 30. 66 27.00 0.068
10 31.60 24.76 0.071
11 11.33 73.02 0.063
Kattappana 12 2B.60 31.90 0.071
13 9.83 76 .59 0,063
Nundi eruita 14 10. B3 74.21 0.053
15 30.37 27.69 0.070
**tfayanad district
Mullamkolly 16 11. B3 71.83 0.065
17 38.00 9.52 0.074
Ambalavayal 1B 31.30 25. 48 0.068

19 15.33 63. 50 0. 056



Colony diameter Growth Dry mycelial

Source Isolate No. P. capsici (mm) inhi bi tion(X) weight of p.
capsici (@
- i R 68.26 0.065
Pul iyanmmal a 20 13.33
- 79.36 0.052
21 8. 67
Kochara 29 9.00 78.57 0.029
- 0.073
23 38.30 8.81
i 0.069
**Ari apally 24 37.00 11.90
*«Cheyambaa o5 37.30 11.19 0.068
-Kailasappara 26 10.67 74 .59 0.035
27 12. 16 71.05 0.045
ePuthanam o8 14.66 65.09 0.070
eVeluabanchola 29 9.83 76.59 0.061

Kannur district

Kannavum 30 1B. 17 56. 74 0.049
Peravur 31 12.17 71.02 0.048
Panni yur 32 16. 60 60.48 0.046
33 10.00 76.19 0.044
=Peringammala 34 12.67 69.83 0.051
eePazhuppathoor 35 11.83 71.83 0.022
**Kolakappara 36 36.00 14.28 0.064
e=Beenachi i37 12.30 70.71 0.048
eeThavi njal 38 13.30 68.33 0.060
iThiruvananthapuraa
district
Vellayani A39 16.67 60.31 0.036

(Verai compost)



Colony diameter Gronth Dry mycelial
Source Isolate No. P. capsici (mm) inhibiti on(X) Height of P.
capsici (9

Patto™* *40 11.80 71.90 0.051
(Veraieompost)

Vellanad *41 10.33 75.40 0.054
(Vermi compost)
x40 12.50 70.24 0.057
Pathanamthitta
di strict
Ranni *43 35.00 16.67 0.070
*44 28.60 31.90 0.070
Elanthoor *45 28.25 32.74 0.068
*46 26.60 36.67 0.062
Ayroor *x47 29.60 29.52 0.068
*x48 29.33 30.17 0.066
**«Sreekandapuram *49 20.33 51.59 0.063
#Vellayani *50 30.67 26.98 0.066
Control (P. capsici) 42 .00 0.00 0.076

CD (0.05) 3.01 0.011



Plate 13. Growth inhibition of P . capsici by antagonist

Plate 14, Growth inhibition of p, capsici by antagonist 721

Plate 15. Growth inhibition of P .capsici by antagonist A22






. fasciculatum . The AMF species associated with pepper plants
were, to a limited extent, influenced by host genotype
(Table 14). Observation of different cultivars grown iIn
different soils also indicated a clear influence of soil on AMF

species 1n harbouring pepper cultivars (Table 15).

4.4 Isolation and testing of fungal antagonists against

P. capsici 1In vitro

Fifty antagonistic fungi were isolated from 32
s°urces covering different locations and substrates. The
details of source and the number assigned are given Iin

Table 16.

4.4*1 Testing of fungal antagonists against P, capsici in

culture plate

All the antagonistic isolatesshowed clear
inhibitory effect on P. capsici ondual culturing in petri-
plates {Table 16). However, there was wide variation among the
isolates in their antagonistic ability. The growth suppression
of P. capsici by isolates A+ (Plate 13), Au , Al3, aia, alé6,
a2l (Plate 14), A22 (Plate 15), A26,Azg,a33, a35,a”q and A4l
were statistically significant over control. Although all the
fungal isolates established their antagonistic property, only
24 i1solates were recorded inhibition over 60 per cent of P
capsici growth. The Isolate Ax exerted comparatively higher

inhibition (80.17%) followed by Azl (79.36%) and A13 (76.59%).



Table 17 Effect of antagonists on survival of p. capsici in

soil
X¥ |/
_"Population Reduction in
Antagonist === ———— P. capsici
isolate No. Antagonists P. capsici population
(x105 g X) (x103 g 1) )
A1l 7.75 0. 50 89.47
Az 2.75 3.00 36.84
A3 2.00 1.50 68.42
A4 2.75 3.75 21.05
A5 1.00 3.00 36.84
*6 3.50 3.50 26.31
A7 2.75 3.50 26. 31
AS 4.00 2.00 57.89
AQ 2.75 3.75 21.05
A 10 1.50 4.00 15.78
A1l 2.50 2.00 57. 89
A 12 3.50 2.50 47.36
A13 2.75 2.50 47.36
A14 1.00 1.75 63.15
A15 2.75 3.00 36.84
A 16 4.50 1.50 68 .42
A17 2.00 3.75 21.05
A 18 2. 75 3.00 36.84
A 19 1.00 2.50 47. 36
A20 2.00 1.75 64.37
A2l 1.75 1.00 78.94
090 13.75 0.75 84.21
A 23 1.00 3.50 26.31
A 24 2.50 4.00 15.78
A25 2.75 3.75 21.05

A 26 11.00 1.50 68.42



~Population Reduction 1in

Antagonist === —————————— P . capsici
isolate No. Antagonists P. capsici population
(105 g''1) xI03 g 1) )
* 97 3.75 1.50 68 .42
*28 2.50 2.75 42. 10
*29 7.75 1.50 68.42
* 30 1.75 2.75 42. 10
*31 6 .75 0.50 89. 47
*3D 11.00 0. 75 84.91
*33 12.00 0. 33 93.05
A34 2.50 1.75 63. 15
A35 4.50 0.50 89.47
A 36 1.50 3.00 36.84
*37 3.00 0.50 89. 47
*38 1.50 2.75 42.10
A 39 3.00 2.50 47 .36
* 40 4.75 1.50 68 .42
*41 3.50 1.75 63. 15
*42 3.50 0.50 89. 47
*43 1.75 2.75 42. 10
*44 2.50 2,00 36.84
*45 2.00 2.75 42.10
*46 3.50 2.50 47. 36
*47 1.50 2.75 42.10
*48 1.00 2.75 42.10
*49 2.75 3.00 36. &4
*50 1.75 2.50 47 .36
Control - 4. 75 0.00

(P,, capsici )

Mean of 4 replications



4.4.2 Effect of metabolites of fungal antagonists on the

growth of P. capsici

Incorporation of culture filtrates of antagonistic
isolates in the medium showed a general reduction in the growth
of P. capsici (Table 16). Isolate A35 exhibited highest
inhibition followed by A22* *1* *26 and *39* “lle “ry mycelial
weight of P. capsici in the medium amended with metabolites of
A22 and was 0.029 and 0.022 g respectively which accounted
for 61.64 and 71.05 per cent growth inhibition over control.
Similarly, culture fTiltrates of A A 2q and also showed
very effective inhibition and recorded relatively low mycelial
production of 0.039, 0.035 and 0.036 g respectively. Control

plates i1noculated with P . capsici alone had 0.076 g.

4.4.3 P. capsici population In antagonists amended soil

The data pertaining to the effect of amending the
soil with antagonistic organisms on the population dynamics of
P. capsici iIs presented iIn Table 17. The soil amended with
isolates A®, Az\> *22* *31” *327 *33” *35” *37 gUl *42
exhibited more than 75 per cent reduction iIn P. capsici popula-
tion over control. There was a negative relationship between
the population of the antagonist and the pathogen in the soil.

Isolates A22" *32 an(l *33* which recorded a comparitively

higher population of 13.75, 11 and 12 x 105 propagules g*1 soil



Table 18 Effect of antagonists on growth of Black pepper
cuttings in green house

i i Leaves
sotate No. Pl O (No_ plant 1)

Al 24.50 3.25

All 25.25 4.25
A13 24.13 2.75
A14 27 .50 3.25
A16 21.50 2.50
A9 33.50 4.25

A 70 23.87 3.25

A 71 35.25 4.25

A 22 27.37 3.50

= 21.12 2.25

A27 30.75 3.75
A28 20.25 2.50

A 29 30.62 2.75
*31 21.25 2.75

*32 26.37 3.75

A 33 22.00 2.75

A 34 26.87 3.00
A35 30.75 3.50
A3l 23.62 2.75
*38 22.25 2.75

A 39 23.25 2.75
*40 21. 75 2.25
*41 25.37 2.75

*42 22.62 2.75
Control 21.00 2.75

CD (0.05) NS NS

NS - Not significant



Plate 16. Effect of selected antagonists on growth of
black pepper in green house

Plate 17. Effect of selected antagonists on foot rot
incidence iIn black pepper In green house






respectively, were able to reduce the A, capsici population
over 80 per cent. While isolate Agg with 11 x 105 propagules as
an exception recorded only 68.42 per cent reduction in
P. capsici population. Amendment with Ay1,-Ag1s Azps A3, Az
and A4, also showed comparitively low population of 7.5, 1.75,
6.75, 4.5, 3 and 3.05 x 105 pPropagules g_l soll respectively.

There was 4.75 x 103 P, capsici population in control.

4.5 Screening of fungal antagonists on plant growth and foot

rot incidence of black pepper in green house
4.5.1 Effect on growth

The data on biometric observations recorded on goth
day of planting did not show significant influence of
antagonists on growth of black pepper (Table 18). However, the
isolates Ayy and Ajg recorded relatively higher plant height of
35.25 and 33.50 cm, with an average leaf number of 4.25 each
(Plate 16). The plant height and number of leaves for control
plants were 21 cm and 2.75 respectively. Relatively better
plant growth characteristics were also recorded in black pepper
on  inoculation with isolates A14r Ang, Ag7. Agg and Ags wWith
>lant height and leaf number ranging from 27.37 to 30.75 cm and
.75 to 3.5 respectively (Table 18).

i



Table 19 Effect of antagonists against foot rot incidence {infection) in black pepper in green

house
T N heetion 0
Antagonist  —mmmrm e e e e e e e e e e e e e S mS s sms s s e
isolate No. Days after P. capsici inoculation

s o o s o fean
P 0.00 (0.000  0.00 (0,000 16,67 (24.08) 33.33 (35.28) 41,54 (40.12) 18.31 (19.89)
Ay 4,36 (12,04) 24.92 (29.67) 958.45 (49,.85) B3.33 (65.88) 100.00 (90.00) 54.13 (49.49)
Ayg 16.467 (24.08) 156,567 (24.08) 16.67 (24.08) 41,54 (40.11) 50.00 (44.98) 2B.31 (31.47)
Ay §.36 (12.04) 4,346 -(12.04) 9.17 (17.62) 70.84 (72.36) 90.84 (72.36) 39.91 (37.28)
A 9.17 (17.62) 33.33 (35.25) 50.00 (44,98) 95.46 (77.94) 100.00 (90.00) 57.463 (53.18)
Arg 9.17 (17.62} 33.33 (35.25) 50.00 (44,98) 75.48 (40.30) 95.66 (77.93) ©52.73 {47.22)
Aag 4,36 (12.04) 24.52 (29.67) 33.33 (35.24)  95.86 (77.93) 95.66 (77.93) 50.71 (456.57)
Ayy 4.36 (12,04) 41.54 (40.12) 350.00 (44,98) 50.00 (44,98) 58.45 (49.B5) 40.87 (3B.3%)
Ann 4.36 (12.04) 4,36 (12.04) 9.17 (17.62) 98.435 (49.8%) 58.45 (49.85) 26.96 (28.28)
Aoy 4.36 (12.04) 33.33 {35.25) 50.00 (44,98) 83.33 (65.88) 95.646 (77.93) 53.34 (47.22)
Aoz 33.33 (35.25) 41.54 (40.12) 58.45 (49.85) 75.48 (460,30) 90.84 (72.36) 59.93 (51.57)
Aqp 0.00 (0.00) 0,00 (0.00) 50.00 (44,98) 90.B4 (72,36) 100,00 (90.00) 48.17 (41.47)
Aog 0.00 (0.00) 0.00 (0.00) 24,32 (29.47) 75.48 (60.30) 100,00 (90.00) 40.00 (34.00)
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Asy 24.52
A3p 4,38
A3z 33.33
Aza 4.38
Azs 24,52
A3y 4.36
Asg 41.54
A3q 0,00
Ao 9.17
A 24,52
447 9.17

Control 41.54
(f. capsici)

(29.467)
(12.04)
(35.25)
(12, 04)
(29.67)
(12.04)
(40.12)
(0.00)
(17.62)
(29.47)
(17.62)

(40.12)

50.00
9.17
33.33
1,36

33.33

bb6.67

0- 00

50.00

41.54

33.33

66.67

(17.62)
(35.25)
{12.04)
{35.25)
{17.62)
(54.71)
(0.00)

(44.98)
(60.12)
{35.25)

(54.71)

94.84

33.33

SB.45

24,52

41.54

41.54

90.84

58.45

6b.67

b6.67

90.00

Hb6.67

(72.36)
{35.25)
(49.85)
(29.47)
(40.12)
(30.12)
(72.348)
(49,85
(54.71)
{54.71)
(44.98)

(54.71)

100.00
95. 66
90.84
66.67
50.00
bb.567

100. 00
90.84

100. 00
95. 66
90.84

100.00

(90.00)

{(77.94)

(72.35)

(54.71)

(44.98)

{(54.71)

(70.00)

(72.34)

{90.00)

£77.93)

{72.36)

{90,00)

100.00
109.00
109.00
75.48
98.45
bb.67
100.00
100.00
100.00
100.00
90.84

100. 00

{90.00)
£{90.00)
(90.00)
(60.37)
(49.83)
(54.71)
(20.00)
{20,00)
(90.00)
{90.00)
{72.36)

{70.00)

73.87
4B.50
63.1%
38.08
141.57
37.68
7%.81
49.86
63.17
63.68
J54.84

74.98

(65.40)

(66.57)

{56.54)

{33.79)

(39.97

(35.84)

{69.44)

(32.43)

(59.49)

(58.49)

(48.51)

{65.91)
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Figures in parantheses are transformed values

CD (0.03) for

transformed means

Treatment

19.41

Rean

Interaction

1B.63
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Fig. 6. Foot rot infection pattern in black pepper inoculated with antagonists

in green house
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4.5.2 Effect on foot rot incidence

The 24 fungal antagonists selected from in vitro
studies were further tested against foot rot disease in black
pepper under green house conditions. The data on per cent foot
rot infection and mortality are presented in Table 19 and 20.
There was no infection in Ay treatment +ill 3oth day of
inoculation with P, capsici. Seven antagonists, viz., A1, Aigs
A1, Apa. Agg, Agzs and Ag7 brought about significant reduction
in foot rot infection per cent over contrel (Table 19). Least
incidence of 41.54 per cent was recorded with isoclate Al,
followed by A13 wWith 50 per cent as against 100 per cent
incidence observed in control on the éDth day of pathogen
inoculation (Fig. 6, Plate 17). Antagonistic isolate Anq, A22
and Agas showed disease incidence of 58.45 per cent. Certain
isolate (A11. A1g: A28, Az9. 431, A32, A3z, Azg. Azg, Asg. Agy)
did not exhibit any disease suppression effect and recorded

100% infection as in the case of control.

Treatment mean of antagonistic isolates on infection
per cent varied from 18.31 to 79.81. There was a gradual
increase in foot rot incidence and reaching the maximum
infection by soth day (Table 19). The treatment mean computed
for Al, A13, A14, A21, A22' A27, A34, A35 and A39 were
statistically significant in reducing the disease incidence.
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Table 20 Effect of antagonists

greenh house

on foot rot incidence (eortality) in black

pepper in
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Antagonist
isplate No.
30

Ay 0.00 (0.00)
Aqy 4,356 (12.04)
Az 9.17 (17.62)
Ay 4.36 (12.04)
At 9.17 (17.562)
Alg 9.17 (17.562)
Asg 4.36 (12.04)
LY 4.36 (12,04)
Ano 4.36 (12.04)
Aqpy 4.36 (12.04)
Aoy 33.00 (35.25)
Asg 0.00 (0.00)
Aog 0.00 (0.00)
Azy ) 24.52 (2%.87)

31.54

{0.00)

(17.62)
(17.62)
(12.04)
{17.462)
(17.62)
{(29.67)
(30.12)
(12.04)
(17.62)
(40.12)

0.00 (0.00)
0.00 (0,00)

98.45

(49.85)

0.00
58.45
33.33
24,352
90.00
50.00
58.45
50.00
24,52
33.33
30.00
90.00
24,52
b6.67

(0.00)

(49.83)
(35.25)
(29.67)
(43.98)
(44.98)
(49.85)
(44.98)
(29.67)
(35,25)
(44.9B)
(44.98)
{29.67)
(54.71)

33.33
90.84
41.54
75.48
95.66
75.48
90.84
50.00
98.45
75.48
75.48
90.94
75.48
100.00

(35.25)
{72.356)
(40.12)
(60.30)
(77.93)
(60.30)
(72.368)
(44.98)
(49.85)
(60,30)
{60.30)
(72.36)
(60.30)
(90.00)

8.33
40.70
23.30
27.18
41,00
35.96
44,54
36.47
22.92
30.59
50.01
35.23
25, 00
62,41

(8.81)
(37.97)
{27.865)
{28.51)
{39.54)
(35.13)
{40.98)

(35.53) -

{25.90)
(31.30)
(45.16)
(29.3%)
(22.49)
(56.06)
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Az 4,36
Azz 33.33
Aza 4.34
Azs 24,52
Azz 4.36
Azg 41.54
Azq 0.0Q0
Aso 9.17
Agy 24.52
Agn 9.17
Control 41,54

(P. capsici)

(12.04)
(35.25)
(12.04)
(29.467)
(12.04)
(40.12)

(0.00)
(17.62)
(29.67)
(17.562)

{40.12)

9.17 (17.62)
33,33 (35.25)
4,36 (12.04)
24,32 (29.87)
4,36 (12.04)
b6.467 (54.71)

¢.00 (0.00)
41.54 (40.12)
33.33 (35.2)
33.33 (35.29)

8b.67 (54.71)

33.33
33.33

9.17
33.33
24.52
90.84
50.00
bb6.67
50.00
50.00

b56.67

{35.25)
(35.2%)
(17.62)
(35.25)
{29.47)
(72.36)
(44.98)
(54.71)
(44.98)
(44,98)

(54.71)

90.84
90.84
bb. a7
30.00
bb.67
100,00
90.84
100.00
70.84
B3.33

95. 566

(72.36)
{72.38)
(94.71)
{44,98)
(54.71)
(0.00)
(72.38)
(90.00)
(72.38)
(65.88)

{77.93)

34.43
47.71
21.14
33.09
24.98
74.76
35.21
54.35
49,87
43.96

67.463

(34.32)
(44.53)
(24.11)
(34.89)
(27.12)
{64.30)
{29.33)
(50.61)
(45.56)
(40.93)

{56.87)
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transforoed values

¥ Figures in parantheses are
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Treatment aean

19.67
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Fig. 7. Foot rot incidence (mortality) pattern in black pepper inoculated with
antagonists in green house
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Table 21 and antagonists
in pepper rhizosphere in green house
Population of fungi
Antagonist ¥Antagonists ¥, capsici Reduction in
isolate No. P, capsici
(x10% g~1) (x103 g71)  population (%)
Ay 5.50 0.50 86.687
Aq 3.75 2.75 26.67
Aqg 3.50 1.50 60.00
Aig 1.00 1.71 53.33
Aig 4.75 2.00 46.87
Aqg 1.75 1.50 50.00
Agg 2.00 1.75 53.33
Agy 2.75 1.75 63.33
Ago 12.50 0.50 86.67
Aog 1.75 1.50 60.00
Agq 3.75 1.00 73.33
Aog 2.50 1.50 60.00
Aag 4.50 2.76 26,67
Agq 2.75 2.50 33.33
Ago B.75 2.75 26.67
Ag3 12.756 1.50 60.00
Aga 2.50 1.75 53.33
Asg 4.75 0.50 86.67
Agr 5.50 1.50 60.00
A3B 2.75 3.00 20.00
Agg 1.75 1.75 53.33
A0 2.00 2.50 33.33
Agyq 1.75 1.75 53.33
Ago 3.75 2.00 46.67
Control 0.00 3.75 0.00
(P. capsici)

Values are means of 4 replications




Table 22 Effect of dual inoculation of black pepper with AMF

isolates on growth in green house
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Plant height
(cm)

Leaves -1
{No. vlant *)
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Alx G. margarita

St A o T e — ———— - ———— e n ——— — —————

A;x Pi-9
Alx 6. fasciculatun
Alx 1s-6
Alx Pi-11~
A13x G. margarita
A13x Pi-9
Alax 6. fasciculatun
Alax Is-6
A13x Pi-11
A21x G. margarita
Agqx P1-9
A21x G. Tasciculatunm
A21X Is-6
Azlx Pi-11
A22 X G. margarita
Agg x Pi1-9
A22 X 6. Tasciculatun
A22 X Is-6
Agp x P1-11
A35 x 6. margarita
Ags X Pi-9
A35 X 6, fasciculatun
A35 x Is-6
A35 x Pi-11
A
413
A21
A22
A35
G. margarita
Pi-9
G, fasciculatum
I5-6
Pi-11
-Control

103.33

—— - ——— ———— i e
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Mean values computed for Al, A13, A22 and control were 18,31,

28.31, 26.96 and 74.98 rer cent respectively.

Régarding the plant mortality Ay, Agg,s Aggs Aoy, Ago,
Az6> A28> Ang. Azq, Azs, Agy and Agg exhibited significant
reduction in plant mortality over control (Table 20). Isclate
Al' 413, A21' Apo and A35 had the mortality of 33.33, 41.54,
50.00, 58.45 and 50.00 per cent respectively on soth' day as
against 95.66 per cent in control. Isolates A3y Azg and Aa0
also showed 100 per cent mortality. ;5 A similar trend was
observed in +treatment means of various isolates with plant
mortality of 8.33, 23.30, 35.96, 36.47, 22.92 and 33.09 per
cent for effective isolate such as Ay, Ag3, Ay1gs Aoqs Ago and
Azs respectively. Control had the treatment mean of 56.87,
Isolate A; did not register any mortality till 5oth day of

pathogen inoculation (Fig. 7).

Although none of the antagonistic isolates could
provide complete protection agalnst the disease under Ereen
house conditions, the isolates Ags Ay13: Agys Ago and Agg showed
relatively better suppression of the disease and the mortality

rate was minimum. Al was the most effective isolate.

The data Pertaining to the population of antagonists
and R, capsici are given in Table 21. There was negative
relationship between the population of antagonists and that of

P. capsici, All the antagonists reduced ~. capsici population

{3



® Leaves (No. PI-1)
@ Plant height (cm)

Fig. 8 Effect of AMF and antagonists on growth of
black pepper in green house



to a greater extent as compared +to control. The lowest
P. capsici population of 0.50 x;;pa was recorded with A;, Ag,
and Agg. The control had 3.75 x 10° pathogen population. Ay g,
Als’ Agq and Agr showed the population of 1.50, 1.50, 1.75 and
1.00 x 103 respectively. Reégrding the population of
antagonists, isolates Ay, Apo, Agg, Agq and Agr showed a
relatively higher population of_§.50, 12.50, 8.75, 12.75 " and
5.50 x 10° respectively. Ay3 ana Aag had the population of
3.50 and 4.75 x 10° Ay, Ay, Ay, Azg, &nd Ay, recorded
comparatively less population of 1.00 to 2.00 x 10°. The
highest reduction in pathogen population (86.67%) was achieved
with A, A5, and A3s5- Based on the performance under in vitro
and green house conditions isolates Ay A13» Ao Apn and Ags

were selected for further studies.

4.6 Combined effect of dual inoculation of AMF and fungal
antagonists on plant growth and foot rot incidence of

black pepper in green house

4.6.1 EKffect on growth

The dual inoculation effect on growth characteristies
of black pepper in areen house iz given in Table 22.
Antagonistic fungal isolates Ay &nd Apq in combination with
G. fasciculatum gave higher plant height of 98.33 and 103.33 cm
respectively (Fig. B8). Combinations also yielded maximum leaf

number of 12.67 and 14.00. Glomus fasciculatum in combination

)w



with antagonistic isolate Agp also enhanced the plant height
(90.87 cm) and leaf number (17.00). Combination of Agg and
Pi-11 also resulted in the same plant height (80.67 cm) with
leaf number of 16:33 leaves.. Single inoculation of
G. Tasciculatum and Pi-11 recorded the plant height of 70.50
and T70.33 com and leaf number of 12 and 13 respectively.
Antagonists Ay, Apy and Agg recorded 66.67, 71.00 and 70.50 cm
plant height and 10.33, 12.00 and 11.00 leaves respectively.
The control plants recorded the plant height of 48.33 cm with 8
leaves. AMEF cultures 6. fasiculatum, Is-6 and Pi-11 in
combination with antagonist A;, Apy, Agg and Agzg showed
significant influence on growth of black pepper cuttings. The
combination of Ay x G. margirata showed lowest 1longest plant
height (36.67 c¢m) and leaf number (7.33) than recorded for

control.
4.6.2 Effect on foot rot incidence

The dual inoculation effect of AMF cultures Is-6,
Pi-8, Pi-11, Glomus fasciculatur gnd Gigaspora margarita and
antagonists Ay, Ay3, Apy, Agp and Azg on foot rot was studied
in green house. The results are presented in Table 23 and 24.
The infection per cent recorded on 15th, 30th, 45t apng  eoth
day indicated that the infection was maximum on 60%h day in all
the treatments. However, the control plants showed high

infection per cent of 88.31 on the 3oth day of P. capsici

—
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inoculation (Table 23). Amongst the different combinations
tested Aggy x Is-6 and Agy x Pi-11 resulted in asignificantly
lower disease incidence of 75.00 and 82.15 per cent infection
on 60th day compared to other +treatments including control
(100.00%), bordeaux mixture (100.00%) and 97.00 per cent in
copper oxychloride (Plate 18). The observation on the a5th day
indicated significantly 1less infection per cent in bordeaux
mixture (58.68) and copper oxychloride (41.32) treatment
compared to control. On 45th day the rate of infection in
AppxIs-6 combination (50.00%) was on par with +the chemical
control, However, copper oxychloride application showed
significant reduction than Agp X Pi-11 inoculation. Among the
antagonists single inoculation with Agy; showed significant
decrease 1in plant infection on the 45'R ang goth day. All
other treatments with antagonists and AMF recorded more than
890.00 per cent infection on the goth day. The infection per
cent recorded on 60th day showed significant increase when Agy
inoculated with 6. margarita, Pi-8, 6. fasciculatum and Pi-11
Wwhich resulted in 100.00 per cent infection. The combination
of Is-6 and Apy reduced the disease incidence to 75.00 per cent
infection over single inoculation with Is-6 (97.00%). The
isolate Pi-11 on single inoculation recorded 97.00 per cent
Plant infection while the isolates on dual inoculation with
antagonist A;, significantly reduced the infection per cent to
82.15.
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Table 23 Effect of dual inoculation of black pepper with AMF and antagonistic isolates on foot rot
infection in green house

Infection (%)

n——--’————-....--.———-—--_—-.—-o.—--—-——-.—.-u.—-__-_—-.-_-__.-___-.--_--cu_----

Treataent Days after P. capsici inoculation
15 30 45 60 Mean

Ay x 6. margarita 41.32 (39.98)  93.32 (74.99)  97.00 (79.99) 97.00 (79.99) B82.14 (58.74)

Ay x Pi-9 41.32 (39.98)  67.10 (54.98) 75,00 (59.97) 100.00 (90.00) 70.86 (&1.23)
A x 6. fasciculatum 11,70 (19.99)  67.10 (54.98)  $7.10 (54.98) 100,00 (90.00} 41.48 (54.99)
Ay x Is-b 32.90 (34.98) 67.10 (54.98) 75.00 (859.97) 100,00 (90.00) 48.75 {59.98)
Ay x Pi-11 41.32 (39.98)  67.10 (54.98) '47.10 (54.98) 100.00 (90.00) 48.88 (59.98)
Ajz % 6. aargarita 32.90 (34.98) 88.31 (69.98) 97.00 (79.99) 100.00 (90.00) 79.55 (48.73)
Az x Pi-9 BB.31 (49.98) BB.31 (69.98) 97.00 (79.97) 100.00 (90.00) 93.41 (77.49)
Aqz x 6. fasciculatum 30.00 (44.98) 50.00 (44.98) 75.00 (59.99) 100.00 (90.00) &B.75 (59.98)
Ayz x Is-6 41.32 (39.98) 50.00 (44.98) B8.31 (69.98) 100.00 (90.00) &9.91 (61.24)
Az x Pi-11 50.00 (44.98) B82.15 (64.98) B2.15 (64.98) 100.00 (90.00) 78.58 (b66.24)
Apy % 8. margarita 50.00 (44.98)  75.00 (59.97) B2.15 (64.98) 100.00 (90.00) 74.79 (44.99)
Apy % Pi-9 J0.00 (44.98) B2.15 (44.98) 88.3%t (69.98) 100.00 (90.00) 80.12 (67.49)
Apy % 8. fasciculatum 25.00 (29.99) 50.00 (44.98) 58,46 (49.97) 100,00 (90.00) 5B.42 (53.74)
Aoy x Is-b 32.90 (34.98)  41.32 (39.98) 75.00 (59.97) 97.00 (79.99) 41.%6 (53.74)

Apy % Pi-11 58.6B (49.98) 67.10 (54.98) 67.10 (54.98) 100,00 (90.00) 73.22 (62.48)
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Treatment Days after P. capsici inoculation
15 30 45 50 Hean

Agp X G. margarita 11.70 (19.99) 88.31 (69.98) 88.31 (69.98) 100.00 (90,00} 72.08 (62.49)
Agyp % Pi-9 41.32 (39.98) 67.10 {54.9%8) 67.10 (54.98) 100.00 (90,00} 48.88 (59.98)
Agg ¥ 6. fasciculatus 11.70 (19,99) 67.10 (54.98) 88.31 (69.98) ?7.00 (79.99) 65.03 {56.23)
Agp x Is-b 3.01 (10,00) 32.90 (34.58) 90.00 (44.98) 73.00 (59.97) 40.23 (37.48)
Apg % Pi-11 11.70 (19.99y  50.00 (44.98) 75.02 (5%9.99) B2.15 (64.98) 54.72 (47.49)
Azcx G. margarita 11,70 (19.99) 50.00 (44.98) 75.00 (59.97) 100.00 (90,00} 59.1B (53.74)
Azck Pi-9 - 17.86 (24.99) §0.00 (44.98) 88.31 (69.98) 100.00 (70,00) 64.04 {57.49)
Agck . fasciculatus 25.00 (29.99) 75.00 (59.97) 75.00 (59.97) 100.00 {(90.00) 68.73 (59.98®)
Agsx  Is-b 32.90 {34.98) 100.00 (90.00) 100.00 (90,00) 100.00 (90.00) 83.23 (76.23)
Axsx  Pi-1f 32.90 (34.98) 97.00 (79.99) 100.00 (%0.00) 100.00 (90,00) 82.48 (73.74)
Ay 32.90 (34.98) 75.00 {59.97) 82.19 (44.98) 100.00 (90.00) 72.51 (62.48)
Ay 5B.6B (49.98) 75.00 (59.97) 88.31 (69.98) 100.00 (90.00) 80.50 {467.48)
Agy 32.90 (34,98) &7.10 (54.98) 75.00 (59.97) BB.31 (69.98) 45.B3 (54.97)
Ago 11.70 (19.99)  67.10 (54.98) 75.00 (59.97) 97.00 (79.99) 62.70 (53.73)
Aze 41.32 (39.98) B82.15 {64.98) 88.31 (69.98) 100.00 (90.00) 77.95 (66.23)
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Treataent Days after P. capsici inoculation
S - N mean_____
6. margarita 32.90 (34.98) 75.00 (59.97) BB.31 (49.98) 100.00 (90.00). 74.05 (63.73)
Pi-9 50.00 (44.98) 753.00 (59.97) 97.00 (79.99) 100.00 (90.00) B80.50 (68.73)
. fasciculatun 25.00 (29.99) 67.10 (54.98) 75.00 (59.97) 100.00 (90.00) 46.78 (58.93)
Is-4 32.90 (34.98) 67.10 (54.98) B2.15 (54.98) 97.00 (79.99) 69.7%9 (58.73)
Pi-11 41,32 (39.98) 75.00 (59.97) B88.31 (49.98) 97.00 (79.99) 75.41 (42.48)
Bordeaux mixture 11,70 (19.99} 32.90 (34.98) 5B.&B (49.98) 100.00 (90.00) 50.82 (48.74)
Copper oxychloride 11.70 (19.99) 32.90 (34.98) 41.32 (39.98) 27.00 (79.99) 45.73 (43.74)
Control 41.32 (39.98) BB.31 (67.98) 100.00 (90.00) 100.0¢ (%0.00) 82.41 (72.49)

(P, capsici)

Figures in paranthesés are transforeed values

Treatment Mean Interaction
Ch (0.05) for
transformped aeans 14.25 14.61

be



The +treatment mean computed for the combined effect
of Ag, and Is-6 showed the lowest infection per cent of 40.23
as against 82.41 in control (Table 23). Significantly 1low
treatment mean on foot rot infection was also recorded with
Agg X G. fasciculatum (40,23), Agn x P1-11 (54.72%), copper
oxychloride (45.73) and bordeaux mixture (50.82). Antagonilsts
Ay and Ay, alone registered the mean infection per cent of

65.83 and 62.70 respectively.

The plant mortality due to the disease was recorded
from 15th day of inoculation with the pathogen (Table 24). On
the 15th day itself 25.00 per cent mortality was recorded in
control. While antagonists Ags in combination with Pi-9, 1Is-6
and 6. fasciculatum did not result in mortality. 6. wargarita
and Pi-11 with Ay, showed 3.01 per cent mortality. Age on
single inoculation also had only 3.01 per cent mortality.
bordeaux mixture and copper oxychloride application also did
not register any mortality on the 15b%h day. Similarly all the
AMF in combination with Ags did not record death of plants on
15th day.

Antagonistic 1isolate Ago in combination with 1Is-6
recorded 3.01 per cent mortality on 30th day followed by its
combination with 6. fasciculatum (11.70%), Pi-11 (11.70%) and
G. margarita (11.70%), while the mortality rate for Pi-11

inoculation was recorded 41.32 per cent rlant mortality.

[ 4



Table 24 Eftect of duwal inoculation of black pepper with ANF and antagonistic isolates on wortality
due to foot root in green house '
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Treatment Days after P. capsici inoculation
15 30 43 40 Hean

Ax G. margarita 0.00 (00.00) 41.32 (39.98) 58.48 (49.98) 93.32 (74.99) 48.33 (41.24)
Ayx Pi-9 3.01 (10.00)  32.90 (34.98) 58.48 (49.98) 67.10 (54.98)  40.42 (37.48)
Aix 8. fasciculatus 3.01 (10.00) 11.70 (19.99) 50.00 (44.98) 50.00 (44.98) 2B8.48 (27.49)
Aix Is-b 11.70 (9.99) 32.%0 (34.98) 58.48 (39.98) 67.10 (54.98) 42.60 (39.98)
Ay Pi-11 0.00 (0.00) 32,90 (34.98) S8.48 (49.98)  %8.58 (49.98) 37.50 (34.99)
Ayzx G. margarita 0.00 (0.00) 32,90 (34.98) 735.00 (59.97) 88.31 (49.98)  49.05 (41.23)
Ayxx Pi-9 11.70 (19.99) BB.31 (49.98) B8B.31 (69.98) 97.00 (79.99) 71.33 (59.99)
Ayax G. fascicuiatum 25.00 (29.99) 50.00 (44.98) 50.00 (44.98) 82.15 (44.99) 51.79 (46.23)
Ay 15-6 11.70 (19.99) 32,90 (34.98)  %0.00 (44.98) 82.15 (64.98) 44.19 (41.24)
Ayzx Pi-t1 25.00 (29,99) 41,32 (39.98) 5B.48B (49.98)  467.10 (54.98) 48,02 (43.73)
Apyx 6. margarita 0.00 (0,00) 50.00 (44.98) 58.46B (49.98) 58.468 (49.98) 41.84 (38.73)
Apyx Pi-9 11.70 (19.99)  50.00 (44.98) 358.48 (49.98) B2.17 (64.98) 50.43 (44.98)
Apx 8. fasciculatum 11.70 (19.99) 25.00 (29.99) 50,00 (44.98) 98.68 (49.98)  36.34 (346.23)
Agyx Is-6 11.70 (19.99)  32.90 (34.98) 50,00 (44.98) B2.15 (64.98)  44.19 (41.24)
Axx Pi-11 17.B6 (24.99) 38.48 (49.98) 47.10 (54.98) 67.10 (54.98) 52.49 (46.23)

fzgxﬁ. Rargarita 3.01 (10,00) 11.70 (19.99) 58.468 (49.98) 93.32 (74.99) 41.48 (3B.74)
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Treatment Days after P. capsici inpculation

R A N W s Men
AopxPi-% 0.00 (0.00) 41,32 {39.98) 50,00 (44.98) 67.10 (54.98) 39.61 (34.99)
AponB. fasciculatua 0.00 (0.00) 11.70 (19.99) 67.10 (34.98) 75.02 (59.99) 3B.446 (33.74)
AooxIs~b 0.00 (00.00) 3.01 (10,00) 32.90 (34.98) 32.90 (34.98) 17.20 (19.19)
ApmPi-11 3.01 (10.00) 11.70 (19.99) 47.10 (54.98) 47.10 (54,98) 37.22 (33.99)
A=zcxG. margarita 0.00 (00,00) 11.70 (19.99) 67.10 (54.98) 67.10 (54.98) 356.48 (32.49)
AzcxPi-9 0.00 (00,00} 3.01 (10.00) 75.00 (59.97) 75.00 {59.97) 38.25 (32.49)
AzcxG, fasciculatuns 0.00 (00.00) 23.00 (29.99) 32.90 (34,98) B82.15 (64.98) 35.01 (43.74)
Az=xIs-b 0.00 (00.00) 32.90 (34.98) 5B8.48 (49.98) 100.00 (90.00) 47,90 (43.74)
AzsxPi-11 0.00 (00.00) 32,90 (34.98) 75.00 (59.97) 97.00 (79.99) 51.22 (43.74)
Ay 3.01 (10.00) 32.90 (34.98) 58.48 (49.98) 79.00 (59.97) 42.40 (38.73)
Az 11.70 (19.99) 30.00 (44.98) 67.10 (54.98) 868,31 (49.98) 52.28 (47.48)

Aoy 11.70 (19.99) 41.32 (39.98) 5B.48 (49.98) 75.00 (59.97) 46.48 (42.48)
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Treataent

Ao 3.01
A35 0.00
G. margarita 3.01
Pi-9 3.01
6. fasciculatuns 11.70
Is-4 11.70
Pi-11 3.01
Bordeaux aixture 0.00
Copper oxychloride 0.00
Control 25,00

(P. capsici)

(10.00)
(0.00)

(10.00)
(10.00)
(19.99)
(19.99)
(10.00)
(0.00)

(0.00)

(29.99)

11.70
25.00
32,90
50.00
25.00
32.%0
08.68
11.70
11.70

(19.99)
(29.99)
{34.98)
(44.98)
(29.99)
(34.98)
(49.98)
(19.99)
(17.99)
{99.97)

(49.98)
(54.98)
(54,98)
(59.97)
(44.98)
(44.98)
(34.98)
(34.98)
(29.99)
(59.97)

(59.97)
(64.98)

' (69.98)

(64.98)
(59.97)
(59.97)
(39.97)
(29.99)
(34.98)

37.10
43.56
47.83
92.94
40.43
42.40
50.99
19.37
15.42

(34.98)
(38.99)
(42.48)
(44.98)
(38.73)
(39.98)
(43.73)
(22.49)
(19.99)
(57.48)

_-_—__-_____—_-.--._-—_——_——_——...——_——_—-.-.-—__—_—.__.-.-—__——-—---.....——__———_—-.-...—--_-_—_—_._—.-...___-—-_-.--...-—_—...-_———

Figures in parantheses are transforeed values

Treateent mean

CD {0.05) for
transforsed means

13.24

16.04

Interaction
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Fig. 9 Effect of AMF and antagonists on foot rot

black pepper in green house



Plate 18. Foot rot incidence as influenced by dual inoculation
of AMF and antagonists and their comparison with
chemical fungicides (COC -~ copper oxychloride;

BM - bordeaux mixture in green house)






Antagonist A,y alone recorded 11.70 per cent mortality. All
the mycorrhiza alone treatment had a higher mortality than dual
inoculation with appropriate antagonists (25.00 to 58.68%).
Agg in combination with AMF recorded higher mortality (11.70-
32.90%). Chemicaly treated and control plants exhibited 11.70
and 75.00 per cent plant mortality  respectively. The
observations recorded on 45°M and 6oth day revealed the same
trend with general increase in mortality rate (Table 24).
Single 1noculation of antagonist A;, Apy and Ayy; and AMF
isolate Pi-11 and 6. fasciculatum showed significant reduction
in plant mortality. Combination of A5, with 1Is-6 recorded
lowest mortality of 32.90 per cent on 60th day, which was
statistically on par with 32.80 and 25.00 recorded for bordeaux
mixture and copper oxychloride respectively (Fig. 9). The
control plants showed 97.00 per cent mortality. The dual
inoculation of Agg and Is-6 recorded 100 per cent
mortality, while, their 1ndiv;dual inoculation showed 82.15
and 75.00 per cent respectively on 60th day. 6. Tfasciculatunm
with 4, and Apy recorded 50.00 and 58.68 per cent respectively,

as agalnst 75.00 per cent of 6. Tasciculatum alone inoculation.

The combination of Azg and Pi-11 Increased the
mortality to 87.00 per cent, while, it was 82.15 and 75.00 per
cent for single inoculation of Agg and Pi-11. Antagonistic
isolate Ay and Agp with G, margarita, Aj3 with Pi-9, Agg with

Is-6 and Pil-11 increased the plant mortallity over their

L
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Table 25 Antagonistic fungal population in pepper rhizosphere as
influenced by dual inoculation with AMF isolates in agreen

house o
"""""""""""""""""""""""" Days after inoculation
T e 200
Treatment @ —-——-—ossmsemremm e e e
Population
0103 g7h) wiod g7h  t10¥ gh wee® gh
Ay x 6. sargarita  9.25 00 5.00 175
Ay x Pi-9 9.50 2.25 5.25 1.25
Ay % G. fasciculatua 8.25 2,00 4.50 1.00
A} ¥ 1s-6 B.75 2,50 4.75 1.50
A, x Pi-11 ?.00 2.758 .00 2,00
Ayz » 6. margarita 2,50 1.00 1.75 0.75
Ayz x Pi-9 2.25 1.25 1.50 1.00
Agz n 6. fasciculatua 1.75 0.50 1.00 0,25
Ajz x Is-b 2.00 0.75 1.50 0.50
Agz » Pi-11 2.75 0.75 2.00 0.50
Apy x 6. margarita 9.75 1.50 5.75 1.00
Agy x Pi-9 8.00 1.25 5.50 0.75
Apy x B. fasciculatus 10.00 1.75 7.00 1.25
Agy % Is-b 9.50 £.25 6.50 0.75
Agy x Pi-11 9.25 1.50 b.25 1.00
522 X 6. margarita 9.25 4,75 6.25 3.25
Agp x Pi-9 8.50 3.50 5.75 2,50
App % 0. fasciculatus 7.30 3.75 5.00 2.75
Agn % ls-6 9.00 4.50 5.00 3.25

Apg % Pi-11 9.25 5.00 6.00 3.00

O o o L R S T  m y e T AN LS e - —————
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tx10°
Azg % 6. aargarita 3.50
Ags % Pi-9 2.25

835 X 0. fascjculatus 3.00

L S 8 o e S e e o o e g oy ey Y Y T S D M S D S T S ek S et e e St T T

Ags ® Is-b 3.25
Azs x Pi-11 2.75
Ay 9.50
Ayx 2,00
Aoy 10.00
Ao 7.50
CD (0.05) 2.00

2,00

1.75

1.50

1.00

1.25

2,75

0.75

1.50

3.75

2.00

2.25

2.00

9.25

1.50

6.75

5.25

2.50

1.00

0.75

0.73

2.00

1.00

2.50

3.00

b



Table 26 Effect of dual combinations of AMF with antagonistic fungi on aycorrhizal colonization in black
pepper in green house

S o o o o o o e e I o o o o o o 8 0 B 0 (0 k. B Bk ke e o o o o e ok G o .t B R S e o At 3 o 8t o o e 8 e o .

e o T S A8 e T = o

Treataent Days after inoculation
------------------------------------------------------------- Mean
45 40 73 120
Apx 6. margarita 11.57 (19.88) 38.22 {38.23) 30.00 (44,98) 76.99 {61.31) 44.20 (41.10)
Ay Pi-9 18.85 (24,99) 63.40 (52.75) 70.28 (554,74) 73,98 1359.30) 96.63 (48.50)
Ayx 6. fasciculatus 8.16 (16.39) 23.29 (28.84) 31.564 (34,22) 76.99 (41.33) 35.02 (35.24)
Aix Is-6 11.57 (19.88) 31.564 (34.22) 45.59 (43,03) 71.8%9 (57.96) 40.42 (3B.77)
A Pi-11 23.29 (28.84) 71.89 (37.98) B86.08 (68,07) B7.81 (71.36) 67.77 (56.56)
Ayzx 6. margarita 10,00 (18.43) 25.52 (30.98) 34.94 (36.22) 6B.49 (55.43) 34.99 (35.37)
Ayzx Pi-9 6.49 (14.79) 16.60 (24.04) 23.2% (28.84) 63,39 (92.72) 27.43 (30,09)
Ayzx 6. Tasciculatun 11.57 (19.88) 38.32 (38.23) 50.00 (44.98)° 70,08 (56.82)  42.49 (32.98)
Aggx Is-b 10.00 (18.43) 29.92 {33.19) 44.98 (42.10) 76.71 (61.12) 40.40 (38.70)
Agzx Pi-11 13.24 (21.33) 46,65 143.08) 58.39 (49.81) 82.14 (44.97) 50.10 {44.79)
Apgx 6. margarita 18.12 (25.18) 65.23 (53.84%) 82.14 (64.97) 83.40 (65.93) 62.22 (52.48)
Apyx Pi-9 8.16 (16.39) 25.00 (29.99) 31.64 (34,22) 65.03 (53.7%) 32.446 (33.563)
Apyx 6. fasciculatua 13.24 {21,33) 43.31 (41.14) 53.34 (44.89) 71.70 (57.84) 45.40 (41.80)
Agx Is-b 18.27 (25.29) 50.00 (44.98) 98.49 (49.87) B1.88 (64.78) 52.16 (46.23)
Agqx Pi-11 11.57 (19.88) 31.64 (34.22) 43.27 (41.12) 73.56 {59.03) 40.0! (38.36)
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Treatsent Days after inoculation
-------------------------------------------------------------- Mean
45 60 75 120
Agp x 6. margarita 16.560 (24.04) 5B8.39 (49.81) 70.08 (56.82) B6.08 (68.07) 57.79 (49.68)
Agp % Pi-9 19.84 (256.44) 68.35 (55.75) 83.15 (65.73) B9.09 (70.66) 65,11 (54.69)
App x 6. fasciculatua  18.20 (25.29) 61.96 (51.90) 70.08 (56.82) B0.69 (63.90) 97.73 (49.48)
Agp % 1s-b 14.756 (22.59) 56.69 (4B.83) 65.23 (33.83) 77.19 (61.43) 53.47 (46.67)
App x Pi-i1 13,24 {21,33) 60.03 (50,77) 68.78 (56.01) B3.15 (65.74) 56,30 (48.46)
Azg x 6. sargarita 21.62 (27.70) 34.77 (36.12) 46.66 (43.07) 70.33 (34.97) 43,35 (40.97)
Azs x Pi-9 14,76 (22.59) 60.1% (50.86) 70.33 (56.97) 76.99 (61.33) 59.57 (47.93)
Azcx 6. fasiculatum 8.16 (16.59) 31.51 (34,13} 41,62 (40.1&) 71.78 (57.89) 38.27 (37.19)
Azex Is=b 9,60 (18,04) 32.31 (35.24) 44.65 (43.06) . 73,48 (5B.98) 40.51 (38.83)
Azex Pi-i1 9.560 (1B.04) 36.65 (37.24) 48.33 {44,02) 75.47 (60.29) 42.51 (39.90)
G. margarita 18.12 (25.18) 25.00 (29.99) 93.34 (46.89) 71.70 (59.84) 42,04 (39.97)
Pi-% 11.57 (19.88) 22.29 (28.84) 46.99 (43.03) 63.34 (59.72) 35.99 (37.87)
G. fasciculatus 14.76 (22.59) 26.52 (30,98 58.49 (49.87) 73.98 (59.30) 43,44 (40.68)
Is-6 13.24 (21.33) 25.00 (29.99) 50.00 (44.%8) 70.08 (56.82) 39.56 (38.28)
Pi-11 18.27 (25.29) 38.32 (38.23) 65.23 (53.84) B0.6% (62.%0) 50.63 (45.31)
Bordeaux mixture 6.49 (14,75) 44,76 (22.59) 23.29 (28.84) 43.32 (41.15) 29.47 (256.83)
Copper oxychloride 8.16 (16.59) 11.57 (19.88B) 26.44 (30.93) 91.72 (45.97) 24.47 (28.34)
Control 5.00 (12.91) 8.16 (156.59) 21.462 (27.79) 48.33 (44.92) 27.78 (25.31)

A - g T T T — T - ) o S = S S S A S A R S S e L D 8 S S e e S e S S e et

Figures in parantheses are transforeed values

Treatsent mean Interaction

Ch (0.05) for
transformed means 3.50 7.25

1



individual inoculation. Treatment mean computed for mortality
in all the treatments, except single inoculation of A13 and its
combination with 6. fasciculatum, single inoculation of Pi-9
and the combiﬁation of Apy and Pi-11, were significantly 1less

than that of P. capsici alone inoculated control.

The population of antagonists was not significantly
influenced by interaction with different AMF isolates
(Table 25). Antagonistic population on the 1p0th day of
planting was maximum for isolate Agq (10.00x103) followed by Aq
(9.50x10%).  on 200" day after initial inoculation there was
general reduction in the population of antagonists (Table 25).
Antagonist Ago in combination with 6. margirata, Is-6 and Pi-11
recorded population of 3.25, 3.25 and 3.00x10% respectively, as
against 3x10° recorded for Ay, alone inoculation. Similarly fhe
population recorded for Az; (5.50 to 6.75x10%) and 4, 4.50 to
6.00x103 in combination with different AMF tested were also on
par with the population recorded for the single inoculation of

these antagonists (5.25 and 6.75x109).

Interaction of different AMF isolates with Agn on
45th day showed a remarkable increase in AMF root colonization
per cent in black pepper (Table 26, Fig. 10). AMF colonization
on dual inoculation of @, margarita, P1-9, 6. fasiculatum,
Is-6 and Pi-11 with App Was 16.60, 19.84, 18.20, 14.76 and

13.24 per cent respectively. The root colonlzation for their



single inoculation was, 18.12, 11.57, 14.76, 13.24 and 18.27
per cent for respective AMF. The interaction of antagonist A4
with AMF isolates showed both stimulatory and inhibitory effect
on AMF colonization. Isolate A; on inoculation with FPi-11
recorded root colonization of 71.B9 per cent as against 38.32

per cent observed in Pi-11 alone on 60th day.

The combination of 6. fasciculatum with Agg recorded
significantly high influence on the AMF colonization (80.69%)
while i1t was reduced by antagonist Ay (76.99%) and Ay3 (70.08%)
The antagonists Ajy and Ay, were found  beneficial to
G. margarita root colonization. 6. margirata and Pi-9 on
single i1noculation recorded T7T1.70 and 63.40 per cent
mycorrhizal colonization on 120%H day (Table 26). While thelr
interaction with antagonist Ay, resulted in significantly
higher colonization of 86.08 and 89.09 per cent respectively.
Combination of A,y with 1Is-6 recorded 81.88 per cent
colonization as against 70.08 per cent on single inoculation

with Is-6.

Treatment mean computed for AMF root colonization was
observed maximum with isolate Pi-11 x Ay (67.77%) and was
higher +than single inoculation of black pepper cuttings with
Pi-11. Treatment mean of Pi-11 on dﬁal inoculation with Ajg
showed 1lower per cent root colonization (42.51%) over its

single inoculation (50.63%). Similarly, treatment mean for



Table 27 Effect of dual inoculation of black pepper with AMF
and fungal antagonists on growth in the field
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Plant height Leaves
Treatment (cm) (No.Plant™1)
Ajx G. margarita 43.00 6.33
A1x Pi-8 41.33 7.67
Aix 6, Tasciculatun 51.33 10.00
Aix Is-6 47.33 9.67
Aqx P1-11 59.00 9.67
Aigx 6. margarita 41.57 9.33
Aigx Pi-9 49,17 B.67
Aj3gx 6. Tfasciculatum 41.83 7.67
Ai3zx Is-6 51.17 8.00
Ay13x Pi-11 53.67 10.00
A21x G, margarita 40.00 6.00
Agyx Pi-9 42.00 6.33
Apix G, Tasciculatun 58.33 8.67
Agyx Is-6 61,00 7.33
Agyx Pi-11 56.67 11.00
A22 X G. margarita 39.17 6.33
Ago x Pi1-9 41.33 8.00
Ago X 6. Tasciculatun 54.67 9.67
Ago x 18-6 42.33 6.33
Agy X Pi-11 45.00 8.33
A35 x 6. margarita 41.00 8.00
Ags X Pi-8 40.83 7.33
Agp X 6, fasciculatun 51.867 8.33
Agr X Is-6 42.00 7.67
Aag x Pi-11 40.67 8.00
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Plant height Leaves

Treatment (cm) (No.Plant_l)
Ay 40.67 8.00
A3 38.33 ?.00
Aoy 52.867 9.33
Ago 48.33 0.33
Agg ' 54.83 10.00
G. margarita 40.67 7.33
Pi-9 42.00 8.33
6. fasciculatunm 49.50 9.00
Is-6 43.50 7.67
Pi-11 47.83 8.67
Bordeaux mixture 41.33 9.867
Copper oxychloride 42.83 B.67
Control 34.67 6.00
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colonization by 1Is-6 (39.56%) was significantly increased with
A21 (52.16%) and A22 (63.47%). The +treatment means for
different AMF isclates 1n combination with A21 and Azz were

generally stimulatory.

4.7 Effect of dual inoculation of AMF and fungal antagonists
on plant growth and foot rot incidence of black pepper in
the field

4.7.1 Effect on growth

The data on biometric obsrvations on plant growth as
influenced by AMF and antagonists are presented in Table 27,
Maximum plant height of 61.00 cm with leaf number of 7.33 was
recorded in the dual inoculation treatment of Agy. and Is-6 The
combinations of Ay x Pi- 11, Apy x 6. fasciculatum and
Apy x Pi-11 were also found to be enhancing plant growth, the
value recorded for plant height were 59.00, 58.33 and 56.67 cm
respectively. The individual use of AMF isolates Is-6,
6. Tfasciculatum and Pi-11 resulted in plant height of 43.50,
49.50 and 47.83 cm with leaf number 7.67, 9.00 and 8.67
fespectively. The single inoculation of antagonits Al and A21
recorded plant height of 40.67 and 52.67 cm and leaf number of
8.00 and 9.33. Amongst the antagonists, maximum plant height
of 54.83 cm and leaf number of 10.00 was recored for Agg

followed by Agps wWith 48.33 cm height and 10.33 leaves.



4.7.2 Effect on foot rot incldence

The potentia} arbuscular mycorrhizal fungi and
antagonists tested under green house were simultaneously tested
in the field (Table 28). There was no foot rot infection until
the 156%® day of P. capsici inoculation in the treatment
recelving A,y and Pi-9 inoculation. However, infection among
other treatments ranged from 9.17 to 50.00 per cent as against
41.54 per cent for the control. Combinations of Apy and 1Is-6,
Apo and 6. fasciculatum, Pi-9 alone and its dual inoculation
Wwith Azg, and single inoculation of A,y were on par with copper

oxychloride which recorded least infection per cent of 9.17.

There was a general increase in the foot rot
infection with time which attained the maximum intensity on
goth day of P. capsici inoculation. The +treatments except
single inoculation of 6. rfasciculatum or its combination with
A1 and Agy, Pi-11 with A4 and Apy, Ayg with Is-6 and Pi-11,
A9y alone or on dual inoculation with P1-9 and 6. fasciculatun
registered more than éO per cent foot rot infection by goth day
of pathogen inccullattion. The copper oxychloride {COC)
treatment remalned with exceptionally low infection per cent
of 58.68 than that of control (95.66). The combinations of A x
@G. fasciculatunm, AqxPi-11, Aq13xIs-6 and Ag1xXFP1-11 recorded
lower infection per cent of 67.84, 58.45, 66.87 and 67.67
per cent. The lowest foot rot infection of 658.45 per cent was
recorded for AyxPi-11 and Ap1xI3-6, which was less than that

achieved by copper oxychloride treatment (59.68%).

1
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Table 28 Effect of dual inoculation of black pepper with AMF and fungal antagonists on foot rot
infection in the field
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Treataent Days after P. capsici inoculation
------------------------------------------------------------- Mean
15 30 40 90

Ay x 8. margarita 67.84 (55.43) 90.84 (72.346) 90.84 (72.38) 95.446 (77.93) B6.29 (69.52)
Ay x Pi-9 30.00 (44.98) 50.00 (44.98) 50,57 (54.71) 90.84 (72.34) 62.88 (954.26)
Ay x 6. fasciculatus 16.67 (24.08) 41.54 (40.12) 50.00 (44.98) 47.84 (55.43) 44.01 (41.15)
Ay x Is=b 33.33 (35.29) 33.33 (35.25) 58.45 (49.85) B3.33 (45.88)  52.11 (46.54)
Ay x Pi-11 24,52 (29.467) 24,52 (29.67) 41.54 (40.12) 58.45 (49.85) 37.26 (37.32)
Ajxx 6. aargarita 16.67 (24.08) 50.00 (44.98) 75.48 (40.30) B83.33 (45.88) 56.37 (48.81)
A(x Pi-9 32.16 (34.53) 67.B4 (55.43) 75.4B (460.30)} 95.466 (77.93) 67.469 (57.09)
Ayzx 6. fasciculatua 30.00 (44.98) 98.40 (49.B5) 66.67 (54.71) B83.33 (45.88) b4.61 (53.835)
Axx Is-6 14.64 (22.49) 41.54 (40.12) 41.54 (40.12) 6&6.467 (54.71) 41.10 (39.36)
Ajx Pi-11 33.33 (35.25) 33.33 (35.25) 41.54 (40.12) 75.48 (40.30) 45.92 (42.73)
Apx 6. margarita 32.146 (34.33) 58.45 (49.85) 75.48 (60,30} 90.B4 (72.34) 54.23 (34.26)
Apx Pi-9 0.00 (0,00} 33.33 (35.25) 5B8.45 (49.85) 75.48 (50.30) 41.82 (34.35)
Apx 6. fasciculatum 24,52 (29.67) 41.54 (40.12) 50.00 (44.98B) 67.84 (55.43) 43.98 (42.3595)
Apyx Is=b ?.17 (17.562) 41.54 (40.12) 41,54 (40.12) 5B.45 (49.85) 37.38 (36.93)

Azjx Pi-11 24.52 (29.67) 33.33 (35.25) 50.00 (44.98) 4b6.467 (54.71) 43.63 (41.15)
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Treatrent Days after P. capsicl inoculation
------------------------------------------------------------- Mean
15 30 60 90

Aop x 6. margarita 24.52 (29.47) 75.48 (50.30) 75.48 (460.30) 90,84 (72.36) b6.58 (55.65)
Aoy % Pi-9 32.16 (34.353) 5B.45 (49.85) 75.48 (60.30) B3.B3 (45.87) 62,48 (52.64)
App % B. fasciculatuns 9.17 (17.42) 41.54 (40.12) 5B.45 (49.85) 75.48 (460.30) 46.16 (41.97)
App x Is-b 33.33 (35.25)  41.54 (40.12) 75.48 (460,30) 90.84 (72.34) 60,30 (52.00)
Agn x Pi-11 32.16 (34,33) 5B.45 (49.85) 75.4B (60,30) 83.33 (65.88) $2.35 (52.64)
Azc x 6. margarita 41.34 (40.12) 50.00 (44.98) 5B8.45 (49.85) 90.84 (72.36) 50,21 (51,83)
Az5 x Pi-9 9.17 (17.62) B5.3B (47.49) 90.80 (72.36) 95.66 (77.94) 70.25 (58,8%5)
Azsx 6. fasiculatum 32.16 (34.53) 50.00 (44,98) &67.84 (55.43) 90.B4 (72.35) 60.21 (51.83)
Assx Is-6 24.53 (29.467) 75.48 (60.30) 75.4B (60.30) 95.46 (77.9%) 47.79 (57.,09)
Azcx Pi~11 32.16 (34.53) 41.34 (40.12) 47.84 (55.43) 85.38 (47.49) 56.73 (49.39)
Ay 24.52 (29.47) 33.33 (35.25) ©5B.45 (49.85) 90.84 (72.35) 51.79 (46.78)
A3 41.34 (40.12) 58.435 (45.85) 73.48 (60,30) 90.84 (72.35) 66.58 (53.45)
Ay 9.17 (17.62) 24.52 (29.67) 41.54 (40,12) 75.4B (40.30) 37.68B (36.93)
A22 16.467 (24.08) 33.33 (35.25) 5B.45 (49.B5) 90.B4 (72.34) 49.82 (45,38)

Azs 341,54 140.12) 41.54 (40.12) ©5B.45 (49.B3) 90.84 (72.34) 38.09 (50.541)

R D et S S S T S o S I et e T L S TS St e i e S ek e eyt e St S Ak e e o A T . T S 8 Al o o e A T T -



o e e A 8k A o S o e i I iy S W ey . A o g v -

g g - — —

R e e o S oy N ) = P D AL A oy S S e T L e el o e A e ey S S o S — e S o A ok o o oy o e = Y . e = e S S

Treateent

6. margarita 32.16
Pi-9 9.17
6. fasciculatu» 16,67
Is-5 14,64
Pi-11 24.52
Bordeaux mixture 33.33
Copper oxychloride 9.17
Control (P. capsici) 41.54

e = AL S5 2 S e . LS i oy e Rt S L S S 8 B 7 S 0 e g e L o o g T o e R e e e —

(34.53)
(17.62)
(24.08)
(22.49)
(29.67)
(35.25)
(17.62)
(40.12)

599.48
78.89
41.54
40,31
oB. 45
50.00
33.33
67.84

Figures in parantheses are transforaed values

CD (0.05) for
transformed means

156.78

Treateent amean

(50.56)
(62.62)
(40.12)
(39.40)
{49.85)
(44,.98)
(35.235)
(55.43)

NS

(55.43)
(67.50)
(44,98)
(55.43)
(50.30)
(49.85)
{44.98)
{72.36)

Interaction

{72.386)
{72.36)
(60.30)
(72.36)
(72.36)
(54.71)
(50.56)
{(77.93)

(53.22)
{55.02)
(42.37)
(47.42)
{53.04)
(46.20)
(37.10)
(61.44)



Table 29 Effect of dual inoculation of black pepper with AMF and fungal antagonists on plant wmortality
due to foot rot incidence in the field
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Treatsent Days after P. caps}cj inoculation
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Ay x 6. margarita 30.00 (44.98) 75.48 (60.30) 90.84 (72.38) 95.66 (77.93) 77.99 (63.89)

Ay x Pi-9 33.33 (35.25) 50.00 (44.98) 58.45 (49.85) 20.84 (72.34) 58.16 (50.61)
Ay x G. fasciculatua 16.567 (24.08) 41.51 (40.12) 50.00 (44.98) 66.467 (54.71) 43.71 (40.97)
Ay x Is-b 33.33 (35.29) 33.33 (35.25) 50.00 (44.98) 83.33 (65.88) 50.00 (45.34)
Ay x Pi-11 16,67 (24.08) 24.92 (29.67) 41.54 (40.12) 58.45 (49.85) 35.30 (35.93)
Ayxx 6. margarita 4.36 (12.04) 50.00 (44.98) b66.467 (54.71) B83.33 (45.88) 51.09 (44.40)
Agxx Pi-9 24.52 (29.67) 67.84 (35.43) 75.48 (60.30) 95.866 {(77.93) 45.88 (55.83)
Ay 6. fasciculatum 33.33 (35.25)  58.45 (49.85) 66.67 (54.71) 83.33 (65.88) 50.45 (51.42)
Ay Is-b ?.17 (17.62) 41.54 (40,12) 41,54 (40.12) 66.67 (54.71) 39.73 (38.14)
Ay Pi-11 33.33 (35.25) 33.33 (35.20) 41.54 (40.12) 75.48 (60.30) 45.92 (42.73)
Agix 6. margarita 25.52 (29.67) 50.00 (44.98) 75.48 (60.30) 90.84 (72.34) 50.46 (51.83)
Agyx Pi-% 0.00 (0.00) 4.36 (12.04) 5B8.45 (49.85) 75.48 (60.30) 34.57 (30.35)
Apix 6. fesciculatum 24.52 (29.67) 41.54 (40.12) 50,00 (44.98) 67.84 (55.43) 45.98 (42.55)
Apx Is-b 9.17 (17.62) 33,33 (35.29) 41.54 (40.12) 58.45 (49.89) 35.62 (35.71)

Apqx Pi-11 16.67 (24.08) 33.33 (35.25) 33.33 (35.20) b5.67 (54.71%) 37.50 (37.32)
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Treataent Days after P. capsici inoculation
----------------------------------------------------------------- Hean
30 60 90. 150

Ayox G. margarita 9.17 (17.62)  75.48 (40.30) 75.48 (60.30) 90.84 (72.38) 62.64 (52.64)
Agp x Pi-9 "32.14 (3@.53} 90.00 (44.98) 75.48 (60.30) 83.33 {65.88) 60.24 (51.42)
Agp x 6. fasciculatua 9.17 (17.52)  41.54 (40.12) 50.00 (44,98) 75.48 (40.30) 44,05 (40.75)
Apo % Is-b 24.52 (29.67)  33.33 (35.25) 75.48 (60.30) 90.84 (72.34) 06.04 (49.37)
Apg % Pi-11 32.16 (34.53) 58.45 (49.88) 75.48 (60.30) B83.33 (545.87) 62.36 (52.64)
Azc X 6. margarita 32.16 {(34.53) 50.00 (44.98) 30.00 (44.98) 90.84 (72.34) 55.75 (49.21)
Azg x Pi-9 ?.17 (17.62) ° B85.38 (67.49) 90.84 (72.348) 95.66 (77.93) 70.26 (58.85)
Azsx G. fasiculatum  24.52 (29,67) 41.54 (40.12) 67.84 (55.43) 90.84 (72.36) 59.19 (49.39)
Azcx Is-b 24,52 (29.67) 75.48 (40.30) 75.48 (60.30) 95.66 (77.93) 67.79 (57.05)
Azsx Pi-11 24.52 (29.67) 31.54 (40.12) 38.45 (49.85) 85.38 (467.49) 52.47 (456.78)
Ay 24.52 (29.67)  33.33 (35.25) 50.00 (60.30) 90.84 (72.36) 49.47 (45.58)
A3 32.16 (34.53) 58.45 (49,85) 75.48 (44.98) 90.84 (72.34) 54.23 (54.268)
Aoy 9.17 (17.462) 9.17 (17.62) 41.54 (40.12) b6.67 (34.71) 31.63 {32.52)
Aoy 4.36 (12.04) 9.17 (17.62) 598.45 (49.83) 75.48 (60.30) 36.87 (34.95)

‘}5 24.52 (29.47) 41.54 (40.12) 9B.45 (49.8%) 90.84 (72.36) 03.84 (48.00)
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Treataent Days after P. capsici inoculation
T s T T e T 0 150 ean

6. margarita  24.52 (29.67) 59.68 (50.54)  67.84 (35.43)  90.84 (72.38)  60.72 (52,000
Pi-9 4.36 (12,04) 59.68 (50.56) 85.38 {(47.49) 90.84 {72.35) £0.07 (50.61)

6. fasciculatus 16.567 (24.08) 41,54 (40.12) 50.00 (44.98) 75.48 (60.30) 45.92 (42.37)
Is-6 9.17 {17.62) 40.31 {39.40)} 58.45 (49.85) 90.84 (72.36) 49.4% (44.81)
Pi-11 24.52 (29.47) 5B.45 (49.85) 75.48 (60.30) 90.84 (72,36) 62.32 (53.04)
Bordeaux mixture 24.52 (29.47) 50.00 (44,98) 58.45 (49.85) b6.67 (54.71) 49.91 (44.80)
Copper oxychloride 9.17 (17.62) 33.33 (35.25) 50.00 (44,98) 59.68 (50.56) 38.05 (37.10)
Control 33.33 (35.25)  47.B4 (55.43) 90.84 (72.34) 95.66 (77.93) 71.92 (60.24)

{(P. capsici)

Figures in parantheses are transforaed values

Treateent aean Interaction
CD (0.05) for
transforaed means 14.25 N5



Data computed for treatment mean (Table 28) indicated
significantly lower foot rot infection per cent with
G. fasciculatum (45.92%) alone or in combination with A4,
(44.01%), Agy (45.98%) and Ay, (46.16%) antagonist Ay, alone
(37.68%) or its combination with 1Is-6 (37.68%) and Pi-11
(43.63%) and other treatments such as Ay x Pi-11 (37.26%), A;j3
x Is-6 (41.10%), Ay3xPi-11 (45.82%), Ap1xPi-8 (41.82) were also
effective and on par with fungicidal application. Of +the
various treatments tested treatment mean of Ay x 6. nwmargarita
recorded hilghest infection per cent of 86.29 as against 51.79
and 62.63 per cent obtained for the single inoculation of Aq

and 6. margarita respectively.

The data recorded on mortality rate of black pepper
on 30, 60, 90 and 150th day of P. capsici inoculation revealed
wide variation among the treatments (Table 29). Observations on
the 30%h day recorded no mortality with the dual inoculation of
Ay and Pi-9, while the maximum mortality of 50.00 per cent was
noticed with Ay x Gigaspora margarita as against 33.33 per cent
of control. Individual inoculation of AMF isolate Pi-8 and
Is-6 resulted in lower mortality rates of 4.36 and 9.17 per
cent respectively. Antagonists App (4.36) and Agp; (9.17%) also

recorded & very low mortality.

Mortality rates in all the treatments showed rapid
lncrease from the 30th day onward and reached the maximum by

150%h  day of P. capsici inoculation (Table 28). AMF isolates

14}
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Fig. 10 Effect of AMF and antagonists on foot rot inc
in black pepper in field



on 1individwual inoculation registered more than 75 per cent
plant mortality (Table 29). Antagonist A21 alone showed only
66.67 per cent plant mortality. Mortality observed in control
on the 150%h day was 95.66 per cent. Antagonistic lsolates Ay
on co-inoculation with 6. fasciculatum and P1-11, A;3 with
Is-6 and Agq with 6. fasciculatum, Ia-6 and Pl-11 were
recorded 1less +than 70 per cent plant mortality. These
treatments were comparable with copper oxychloride (59.68%) and

bordeaux mixture (66.67%).

Lowest plant mortality of 58B.45 per cent was recorded
With the combinations of A;xPi-11 and Agq x G. Tasciculatun
followed Dby Al X G, fasciculatum (Fig. 10). Combinations of
Ayg x Is-6 and Apy x Pi-11 recorded 66.67 per cent mortality
on the 150th day of P. capsici inoculation. 8Single inoculation
of 6. fasciculatum, Is-6, Agq and Apg showed relatively less
mortality on 30th, soth, goth day of inoculation with the
pathogen (Fig. 1Q). This disease protection exhibited during
the early stade of growth could not be sustained, as it is
evidenced from higher mortality obsexrved with the treatments on
the 150th day of pathogen inoculation. Antagonists Ay3 and Azg
on dual inoculation with 6. fasciclatum increased the plant
mortality to 83.33 and 80.84 per cent respectively. While
the individual effect recorded for 6. fasciculatum, Aq13 and Agg

were 75.48, 80.84 and 90.84 per cent respectively. Similarly,



Table 30 Population of fungal antagonists in ‘the pepper
rhizosphere as influenced by dual inoculation with
AMF in the fileld
Population 8f gftagonists
(x10¥ g soll)

Treatment =0 Zz———--—-—mmom—————eoo——————e- Mean
30 80
Al X G. margarita 2.00 0.50 1.25
Ay x Pi-9 1.00 0.75 0.87
Ay x 6, fasciculatunm 1.00 0.25 0.62
Ay x Is-6 0.50 0.50 0.50
Ay x Pi-11 1.50 0.75 1.12
Aq3x 6. margarita 1.256 0.25 0.75
Aqyax P1-9 1.00 0.75 0.87
Aygx G. Tasciculatun 1.00 0.25 0.82
Aqsx Is-6 0.50 0.25 0.37
Ayzx Pi-11 0.75 0.50 0.62
AgyX G. margarita 5.00 1.50 3.25
Ag1x Pi-9 4.00 1.00 2.50
Ag1x 6. fasciculatunm 4.50 1.7% 3.12
Agix Is-6 4.75 1.50 3.12
Agyx Pi1-11 4.00 1.00 2.50



Population 3f g&tagonists
(x10~ g soil)

Treatment = =0 ——--memsmooso—oooooooomem——oees Mean
30 90
P e T 7T 5
Agp x Pi-8 4.00 1.25 2.62
Apo X 6. fasciculatunm 3.50 1.50 2.50
Agg x Is-6 4.25 1.00 2.62
Agg x Pi-11 4.00 1.25 2.62
Agy x G. margarita 3.50 1.00 2.25
Agsx Pix9 4.00 1.25 2.62
Aggpx 6. fasciculatum 3.00 1.50 2.25%
Aggx Is-6 3.25 1.00 2.12
Aggx Pi-11 3.50 1.25 2.37
Aq 1.50 1.00 1.25
Ayg 1.00 0.75 0.87
Aoy 4,25 1.50 2.87
Ano 3.75 1.50 2.62
Agg 4.00 1.25 2.62
Treatment mean Interaction

CD (0.05) 0.85 0.97



the dual inoculation of Apgq with G. margarita (90.84%) and Pi-9
(75.48%) enhanced the plant mortality compared to inoculation
of Apy alone (66.67%). The mean of per cent mortality (Table
29) for individual inoculation of Apy (31.63%), Ag, (36.87%),
G. Tasciculatum (45.92%) and Is-6 (49.69%) Was slgnificantly
less than that of control (71.92%). Among the combinations
lowest +treatment mean on plant mortality was recorded in the
case of Ay1xIs-6 (35.62%), followed by A1xPi-11 (35.30) then
and AgpyxPi-11 (37.50%)., The mean for individual isolate was
49.69, 62.32, 49.67 and 31.63 per cent for Is-6, Pi-11, Al and
Apy respectively. Highest treatment mean on plant mortality

was noticed with Al X G. margarita (77.99%).

The data on the population of antagonists showed
significant wvariation (Table 30). Antagonists Az1, Apo and
Aazr and their combinations recorded significantly higher
population over Aj, A3 and their combinations on the 30th day
of planting. Agq1 on interaction with G. fasciculatum and Ts-§
recorded population of 4.5 and 4.756 x 10° respectively.
Similar trend was noticed in the case of App with 1Is-6 and
6. fasciculatum. The population was significantly reduced by
go th day. AMF isolates did not exhibit much effect on the

population build up of antagonists.



Table 31 AMF colonization in black pepper as influenced by dual
with antagonist in the field

Treataent

inoculation

6. margarita
Pi-9

6. fasciculatun
Is-é&

Pi-11

G. margarita
Pi-9

6. fasciculatunm
Is-6

Pi-11

6. margarita
Pi-9

G. fasciculatus
Is-4

Pi-11

29.92
43.32
19,84
29.92
599.02
21.62
13.24
33.31
29.92
16,60
50. 00
19.84
34.94
36.65

2B.30

(33.13)

(41.15)

(26.44)

(33.13)

(47.84)

(27.70)

(21.33)

(35.24)

{33.15)

(24.04)

{44.98)

{26.44)

(36.22)

(37.29)

(32.13)

65,05

b66.74

70.08

65.05

77.17

66.82

65.54

17.08

73.56

71.89

75. 11

68. 49

70.28

(53.74)
{54.76)
(56.82)
(53.74)
(61.43)
{54.81)
(54.03)
(56.82)
{(59.03)
{(57.96)
(60.05)
(55.83)
(56.94)
(59.03)

(55.75)

47.48

5995.03

44.96

47.49

66.10

44,22

39.39

25.20

91.71

44.25

62.54

44.17

(33.44)
(47.95)
(41.63)
(43.44)
{54.63)
(41.25)
{37.68)
(36.03)
(46.09)
(41.00)}
(52.52)
(41.13)
(45.58)
(48.13)

(43.94)

cewhd.



ot

Treataent Days after planting
———————————————————————————————— Mean
30 90

ApoX 6. margarita 41,66 (40,18) 71.78 (57.89) 56.72 (49.03)
Appx PE-9 51.67 (45.98) 75.11 {60,085) 63.39 (52,99)
Apox 6. fasciculatus 44.98 (42,10) 71.78 (57.89) 98.39 (49.99)
Agox Is-6 24.8%9 (29.91) 6B.49 (55.83) 45.6% (42.87)
Apox Pi-11 44.98 (82.10) 70.33 (56.97) 57.66 (49.54)
Azcx G. aargarita 28.30 (32.13) 50.00 (50,75) 44.15 (41.48)
Azsx Pix9 45.00 (42.11) 66.567 (54.73) 95.84 (48,42) -
Azex G6. fasciculatua 256,63 (31.06) £8.49 (55.83) 47.56 (43.43)
Azcx Is-6 30.00 (32,20) 61.6B (51.73) 45.84 (42.47)
Azex Pi-11 31.64 (34.22) 71.89 (57.94) 91.77 (46.09)
Ay 20.00 (25,55) 41.66 (40.18B) 30.83 (33.37)
Ay 15.00 (22.77) 26.63 (30.06) 20.B2 (26.92)
Agg 23.01 (28.65) 38.32 (38.23) 30.567 (33.43)
Anp 18.27 (25.29) 39.96 (39.19) 28.12 (32.23)
Azs 16.60 (24.04) 33.26 (35.20) 25,93 (29.42)
G. margarita 38.32 (38.23) 55.02 (47,85) 46.67 (43.04)
Pi-9 24.89 (29.91) 91.67 {45.94) 38.28 (37.93)
G. fasciculatus 26.44 (30.93)  63.58 (52.88) 43.01 (41.%0)
Is-4 28.30 (32.13) 93.41 (45.93) 40.86 (39.53)
Pi-11 23.29 (28.84) 58.39 (49.81) 40.84 (39.33)
Bordeaux mixture 19.84 (26.49) 33.17 (35.15) 26,51 (30.80)
Copper oxychloride 15.00 (22.78) 37.96 {39.19) 25.48 (30,99)
Control 21.62 (27.70) 31.51 (34.13) 26.57 (30.92)

(P. capsici)

Figures in parantheses are transforaed values

Treatment mean Interaction
CD (0.05) for
transforaed means 4,28 S.462



Mycorrhizal colonization recorded on the 30th day
after planting showed that dual inoculation of AMF isolates
with antagonists generally increased the mycorrhizal
colonization in black pepper (Table 31). AMF isolate Pi-8 with
Ay, Agg and Azg, P1-11 with Ay, Asg and Agg; 6. fasciculatum
with Ayg3, Apq and Apy; 6. margarita with Apy, Apy and Is-6
with A5y significantly enhanced the colonlization per cent. The
observation on 90th day revealed significant increase in
mycorrhizal colonization due to introduced AMF (Table 31).
Highest mycorrhizal colonization of 71.17 per cent was obtained
with the combination of AyxP1-11 followed by AgpoxPi-9 (75.11%).
Root colonization per cent of 58.389 and 51.67% was recorded for
single inoculation of Pi~11 and Pi-9 respectively. Mycorrhizal
colonization by all the combinations of 6. Tfasciculatum with
antagonists remained on par with 1ts single inoculation
(63.58%). All the antagonisfs except A35 significantly

enhanced root colonization by 6. margarita, Is-6 and Pi-11.
4.8 Identification of AMF and funga) Antagonists

The AMF isolates Pi-11 and Is-6 were identified as
specles belonging to the genus Glomus the antagonistic isolates
Ays Aq13» Apy, Agg and Agg were identified &and confirmed as
Aspergillus TfTumigatus Fres., Fusarium oxysporum Schlecht. ex
Fr. Aspergillus sydowii (Bain. & Sart.) Thom. & Church,
Trichoderma viride Pers. ex Gray. and Gliomastix nurorum

(Corda) Hughes.
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Table 32 AMF colonization in black pepper due to inoculatlon
through carrler plants in greenhouse

R o —— i ———— — — y —— T — g S o oy TR T A o T — =} ] = e e M gy S kA —— =

e ——— e e o - ek ey T = —

Treatment """ -
30 60 90

BP CP BP cp BP CP
BP+CW 25.00 50.00 48.33 71.66 71.66 78.33
BP+GG 71.66 78.33 85.00 86.66 88.33 80.00
BP+IM 16.66 33.33 43.33 b56.66 53.33 66.66
BP+SM 33.33 53.33 76.66 78.33 83.33 86.66
BP
Control 6.66 - 21.66 - 31.66 -

. ek el TR e M T e e T — et — e o i v A . - e 3 S M - = T = gy S oy e — - — g

*Mean of 60 root bits
CP - Carrier plant; CW - Cowpea; GG - Green gram,
IM - Italian millet; SM - Sorghum; BP - Black pepper



(per cent)

1sation

AMF colon

90—

80

L1

30th day

60th day
E 90th day

Green gram Italian millet

Sorghum Control

Fig. 11 AMF colonization pattern in black pepper inoculated with AMF
through carrier plants in green house
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[ Root fresh weight (g P1 -1)
B Shoot fresh weight (g Pl-1)
£ Plant height (cm)

Italian millet

Fig. 12 Growth of black pepper on inoculation with AMF thorugh carrier plants
in green house



Table 33 6rowth characteristics of black pepper and carrier plants in the carrier plant based
ANF inoculation in green house
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Black pepper {BF) Carrier plant

Treatrent Plant Leaves Shoot Root Root Root Root
height (Nn.plant"l) fresh fresh length fresh length

{co) weight weight -1 {ca) neight_1 {cm)

(g plant™l) (g plant™h) tg plant™

Black pepper + Cowpea 28.66 3.00 B.75 0.73 14.33 0.59 20.33
Black pepper + Green gram 30. 66 4.00 10.11 2,12 21.33 1.564 21.00
Black pepper + Italian millet 26.33 2.566 B8.12 0.67 15,66 0.32 15.33
Black pepper + Sorghun 29. 46 3.33 9.15 1.91 24.00 2.2% 21,00

Black pepper (Control) 25.33 2.33 7.396 0.65 10.00 - -

Ch 10.05) 3.41 0.81 1.64 B.49 8.49 0.73 NS

. T i 0 S T b S S g =S o S Sy iy 7 A ot e i e . M S S S e M A S Y N el S L e e S R o Y e S e o S S i Y S S e T e o R e S S gy P i g S S

NS ~ Not significant

nl



Plate 19. Root growth of carrier plants used for AMF inoculation
(G — green gram; S — sorghum; C - cowpea;
I - Italian millet)

Plate 20. Roeot growth in black pepper as influenced by AMF
inoculation through carrier plants (1 - green gram,
2 - sorghum, 3- cowpea, 4 - Italian millet)






4.9 Standardization of AMF [Inoculation technique for

established pepper plantations

Amongst the different carrier plants tested In green
house, the pepper plants inoculated through green gram
recorded themaximum colonization of 88.33 per cent Tfollowed by
sorghum with 83.33per cent {Table 32, Fig. 11). Roots of
green gram (90.00%) and sorghum (86 .66%) also had remarkably
higher AMFcolonization. AMF colonization in pepper
inoculated through carrier plants were 71.66 and 53.33 per
cent for cowpea and Italian millet. Higher root fresh weight
of 1.64 and 2.21 g plant”l were recorded for green gram and
sorghum respectively (Fig. 12, Plate 19). Pepper cuttings
inoculated with AMF culture using green gram and sorghum as
carrier plants recorded higher plant height of 30.66 and 29.66
cm with fresh shoot weight of 10.11 and 9.15 g and root weight
of 2.12 and 1.51g per plant respectively (Table 33).
Significantly higher root length of 21.33 and 24.00 cm was
recorded in black pepper inoculated with AMF using green gram
and sorghum as carrier plants respectively (Plate 20). The
uninoculated control plants showed 25.33 cm height with shoot
weight of 7.56 g and the root weight of 0.656 g plant’l
(Fig. 12).

Although green gram ensured maximum root colonization
in pots, the field studies Indicated that 1t was inferior to

sorghum as carrier plant for introducing AMF in to the pepper



Table 34 AMF colonization in black pepper due to inoculation
using carrier plants iIn the field

¢AMF colonization (X))

Treatment Days after inoculation
0 30 60 90

BP BP CP BP CP BP CP
T1 51.66 58.33 65.00 61.66  73. 33 66.66 78.33
(BP+GG)
T2 53.33 63.33 65.00 73.33 75.00 78.33 81.66
(BP+SM)
t3 BP 46.66 48. 33 50.00 51.66
(Control)
T4 BP 46.66 48. 33 51.66 53.33
(Control)
+Mean of 60 root bits
GG - Greengram SM - Sorghum
BP -Black pepper CP - Carrier plant

Ti.T2 - Mixed AMF 1nocula (G. fascicuia™un + Pi*Il) applied
to*dibbling spot*
T3 - Spreading inocullum In the basin without carrier plant
- AMF inoculation in "dibbling spots’without carrier plant



AVF colonisation (per cent)

Green gram

Sorghum Control-1

Control-2

AMF in dibbling spot AMF in pepper basin

Fig. 13 AMF colonization pattern in black pepperinoculated with AMF
through carrier plants in established plantation



Plate 21. Growth of carrier plant (Sorghum) around the
pepper vines

Plate 22. Growth of carrier plant (green gram) around the
pepper vines






Plate 23. Arbuscules iIn root cortical cells

Plate 24. Diagrammatic representation of AMF transfer from
carrier plant roots to pepper roots



AMI1 UKTBOOUCTIOM IIV BTA.CK PEPPIK BOOTS
TUROUQFI SORGHUM PLAIFTS



Plate 25. Foot rot symptom In black pepper in established
plantation






rhizosphere (Table 34). Pepper vines inoculated with AMF using
sorghum as ca;rier plant consistently recorded high AMF
colonization with a maximum of 78.33 per cent on the 90th day
of inoculation as against 66.66 per cent and 51.66 to 53.66 per
cent recorded for green gram and control plants respectively
(Fig. 13). Different AMF inoculation methods tested with out
carriler ﬁlants did not influence mycorrhizal colonization in
Pepper roots. The sorghum plants (Plate 21) grown as AMF
carrier plant in the pepper basin showed significantly higher
root length (20.04 cm) and root mass (1.86 g) over green gram
(Plate 22) which recorded 10.50 cm and 0.79 g€ respectively.
Presence of vesicles and arbuscules was noticed in the root

cortical cells (Plate 23 and 24).

4.10 Effect of AMF and antagonists on foot rot Iincidence of

black pepper vines in the established rlantation

Based on the result of the dual inoculation studies
conducted in green house and in the field, AMF cultures Pi-i1,
Is-6 and Glomus fasciculatum and antagonists viz., Aspergillus
fumigatus, Aspergillus sydowii and Trichoderma viride were

further tested on pepper vines in the established plantation.

The foliar yellowing and defoliation symptoms (Plate
25) which were taken as-indices of foot rot incidence, varied
with different treatments (Table 35). Of the AMF tested Pi-11

recorded the least per cent foliar yellowing (9.52%) and



Table 356 Effect of AMF and :tagonistic fungal inoculation on
foot rot incidence ‘n established black pepper vines

- et o . e A A e Ry P e et - ——— Sy e . e . gt Sl oy W . " T S T

Per cent " ancidence index Foot rot
Treatment Rt ettty Disease
Foliar Disease Defoli- Disease intensity
vellowing score ation score score
(0-9) (0-9)
G. T. XxT. v, 0.00 0 14.28 3 1.6
6. T, x A. T, 14.28 3 19.04 4 .5
G. . x A. s. 19.04 4 23.80 5 4.5
Is-6 xT. v, 9.52 2 9.52 2 2.0
Is-6 x A. T. 19.04 4 9.52 2 3.0
Is-6 x A. s. 0.00 0 19.04 4 2.0
Pi-11 x 7. v. 33.33 7 2B.57 6 6.5
Pi-11 x A. F. 23.80 5 14.28 3 4.0
Pi-11 x A. s. 0.00 0 0.00 0 0.0
Gd. T. g.52 2 38.09 8 5.0
Is-6 19.04 4 23.80 5 .5
Pi-11 9.52 2 4.76 1 1.5
T. v, 28.57 6 9.52 2 4.0
A T. 14.28 3 28.57 6 4.5
A. s, 19.04 4 4.76 1 2.5
Bordeaux
mixture 19.04 4 14.28 2 3.5
Copper
oxychloride 9.52 2 19.04 4 3.0
Food base 19.04 4 9.52 2 3.0
Comtrol 42.85 9 23.80 5 1.0
G.f.-Glonus Tasciculatum Tev.-Trichoderma viride

A.f.-Aspergillus fumigatus A.s.-Aspergillus sydowii



Incidence index {per cent)

4577 — —

N

I
|

404 ] — Defoliation index (%)

35- B Foliar yellowing index (%)

e,
30—

B.M

Pi-11 x A21
Is-6 x A21]
CoC

Is-6 x A22 —g
GfxTv

Food base
Control
Pi-11
Pi-11xT.v
T.v

Fig. 14 Effect of AMF and antagonists on foot rot incidence
in established black pepper vines



defoliation (4.76%) index. The antagonists were not as
effective asl AMF on single inoculation 1in suppressing the
disease (Table 35). Isoclate Pi-11 in combination with
A. sydowii recorded nc foliar yellowing whereas its combination
with 7. viride and A. fumigatus increased the foliar yellowing
index from 9.52 per cent (for Pi-11 alone) to 23.80 and 33.33
Per cent respectively. Similarly, 6. rfasciculatum showed per
cent follar yellowing index of 9.52 on single inoculation and
in combination with 7. viride no yellowing was noticed.
Whereas G. fasciculatum in combination with A. Tumigatus and
A. sydowii Iincreased the disease. In the case of Is-6 the
foliar yellowing was reduced on dual inoculation with T. viride
(9.52%) and A. sydowii (0.00%) than 1its single 1noculation
(19.04%). The reduction in foliar yellowing was comparable
with the disease control achieved by the application of copper
oxychloride (9.52%). Untreated control plants showed 42.86 per

cent foliar yellowing.

Amongst single inoculation +treatments Pi-11 and
A. sydowii recorded less than 5 per cent defoliation (Fig. 14).
Although Is-6 registered 23.80 per cent defoliation index on
single inoculation, the dual inoculation with T. viride (9.52%)
and A. fumigatus (9.52%) remarkably reduced defoliation.
G. Tasciculatum with 38.09 per cent defoliation on single
Inoculation, reduced +the incidence to 14.28 per cent when

inoculated in combination with 7 viride. A reduced defoliation

]



Antagonistic fungal population as influenced by dual
inoculation with AMF isolates in the field
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Table 36
Treatment
G.T. xT.v
G.f. x A.T,
G.f. x A.=s.
Is-6 x T.v
Is-6 x A.7.
I5-8 % A.s
Pi-11 x T.v.
Pi-11 x A.f.
Pi-11 x A.=.
G. f.

Is-6

Pi-11

T. v-

A. 7.

A, =,

Bordeaux milxture
Copper oxychloride

Food base

Control
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¥ Adjusted

G.T

A.T. - Aspergillus fumigatus

means to the

regression

antagonistic population (co-variate)
- Glomus fasciculatun;

Teva
; A=,

of

corresponding

- Trichoderma viride
- Aspergillus sydowili

146



Population of fungi (x 10%)
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Fig. 15 Population of antagonists and soil fungi in established black pepper

rhizosphere as influenced by AMF and antagonists inoculation

Food base

Control



observed with the effective biocontrol combinations were
comparable with the disease control obtained by bordeaux
mixture (14.28%) and coppexr oxychleride (19.042%). The
untreated control resulted 23.80 per cent defoliation, The
foot rot disease intensity score computed from per cent leaf
vellowing and defoliation score remarkably varied with the
treatments (Table 35). From the data it 1s evident that
combination of Pi-11 x A. sydowii which recorded the score
of ‘zero’ was most effective of all the treatments under the
trial (Fig. 14). The AMF 1solate Pi-11 alone recorded the
score of 1.5 and ranked second along with 6. fasciculatum x
T. viride combination The data also shows effectiveness of
Is-6 1in combination with the 7. viride and A. sydowii (score
2). A. sydowii alone was also effective against foot rot with
the intensity score of 2.5. The combination of Is-6 and
A. fumigatus wlth the score of 3 was also on par with chemical

methods using copper oxychloride (3.0).

Studies on the relationship between the population of
introduced antagonists and other rhizosphere soil fungi showed
negative relationship (Table 36). Lowest population of soil
fungi (3.62 x 103 g”l) was recorded on 1noculation with
T. viride alone. The population of 7. viride was 14.67x10° g_l
soll. Significant reduction in soil fungal population was also
recorded with A. fumigatus, A. sydowii and their combinations

with all AMF (6. fasciculatum, Is-6, Pi-11) cultures (Fig. 15).
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Table 37 Effect of AMF and antagonistic fungl inoculation on
mycorrhizal colonization in established black pepper

vines
AMF colonization (%)
Treatment @  ---——--——-—--rrm—m e
Days after inoculation
0 80 120 180

G.T.xT.v, 53.35 57.86 64.47 69.93
G.TxA. T, 48.89 55.65 62.25 71.34
G.T.xA.5. 44 .43 51.11 57.79 66.78
Is-6xT.v. 53.35 57.79 62.25 66.78
Is-6xA4.7. 40.00 46.65 55.65 68.93
Is-62A4.s. 48.89 53.35 62.25 71.34
Pi-11xT.v. 51.11 55.65 62.31 66.67
Pi-11xA.7. 42.21 48.89 55.65 68.93
Pl-11xA.s. 46.65 55.65 64.47 73.51
G. f, 46.65 53.42 66.95 71.96
Is-6 42.14 46,65 57.85 64.47
Pi-11 48.89 53.33 60.06 71.96
T, V. 53.35 855,645 57.85 55.65
A. T, 51.11 57.85 55.65 57.85
A, s, 46.67 48.89 51.11 53.35
Bordeaux mixture 46.65 48.89 51.11 53.35
Copper oxychloride 44.43 51.11 53.35 55.65
Food base 48.89 53.35 51.11 48.89
Control 53.35 55.65 51.11 55.65
G.¥. - Glomus fTasciculatum T.ve == Trichoderma viride

A.f. -~ Aspergillus fumigatus A.s. - Aspergillus sydowii



Plate 26.

FPlate 27.

Antagonists colonies from pepper rhizosphere
inoculated with AMF and antagonists (IS.1 -
Aspergillus fumigatus; 15.21 - Aspergillus
sydowii; 1I85.22 - Trichoderma viride)

Fungal colonles in the rhizosphere of control
plants (BM - bordeaux mixture; COC - Copper
oxychloride; CON(CD) - Food base; Control -
Control) :






However, +the effect of introduced AMF on population of
antagonists was not much evident. Inoculation of A. sydowii in
different treatments recorded highest population of 31.00 to
35.67 x IQELEHI soil (Plate 26). Chemical fungicidés recorded)
significantly higher population of resident rhizosphere soil
fungli +than biocontrol treatments (28.18 to 33.86 x 107 3_1).
Highest soil fungal population of 33.86 and 31.52 x10% g™l was |
recorded for food base (cowdung + neem cake) and copper
oxyéhlordie respectively (FPlate 27) while untreated control

recorded rhizosphere fungal population of 14.86 x103-g_1 soil.\

The colonization due to native AMF at the +time of
inoculation with AMF cultures using sorghum carrier plant
ranged from 42.14 to 53.35 per cent (Table 37). Subsequent
increase in colonization was observed with AMF inoculation.
The increase was.more evident by 120th day of AMF inoculation.
6. fasciculatum recorded the higher colonization of 66.95 per
cent on ‘the 120th day followed by Pi-11 (60.06%) and Is-6
(67.85%). Application of chemical fungicides did not show any
slgnificant effect on mycorrhizal colonization in the roots of
established pepper vines. Colonization of 53.65 per cent was
recorded in bordeaux mixture treatment as against 55.65 per
cent of untreated control. All the combingtions of AMF
lsolates with antagonists showed comparatively high root
‘colonization than their single inoculation. Dual inoculation

of 1Is-6 with antagonists markediy increased AMF colonization

177
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Table 38 Effect of AMF inoculation on total free amino acid
in black pepper

Total free Amino acld

AMF isolate {(ug Leucine equivalent g_l)

————————— Toe  Root
1s6  ss.e6  ze6.66
Pi-9 446.66 343.33
Pi-11 513.33 233.33
Glomus fasciculatunm 433.33 176.66
Gigaspora margarita 453.33 290.00
Control 258.66 370.00



(66.78 to T71.34%) than single inoculation (64.47%). Consider-
able increase in AMF colonization over natural colonization was
noticed with the comblnations of Is-6 x A, Tumigatus (68.83%)

and Pl1-11 with A. sydoewii (73.51%) and A. Tumigatus (68.93%).

4.11 Biochemical changes in black pepper due to AMF

colonlzation

Effect of AMF inoculation on the biochemical changes
in black pepper tissue was investigated. The AMF colonisation
did not exert much influence on the total free amino acid
content (Table 3B). Highest aminc acid content in plant +top
was recorded with Is-6 (536.66 ug gl fresh tissue) followed by
Pi-11 (513.33 ug). In the AMF isolate Pi-9, 6. Tasciculatum
and Gigaspora margarita inoculated pepper plants the free amino
acid content was 446.66, 443.33 and 453.33 ug g ! respectively.
Control had 256.60 ug g ! in plant top. All the AMF isolates
recorded low amount of free amino acid in the root tissue
compared to control plants. Among the AMF tested, Pi-9 and
G. margarita showed maximum free amino acid content of 343.33,
290.00 ug g-l. in the root. followed by Is-6 with 266.66 ug g"l.
The lowest amount was recorded on inoculation with
6. fasciculatum (176.66 ug). Roots of control plants contained

370 ug g_l free amino acid (Table 38).

'5)



Table 39 Effect of AHF inoculation on total sugar, reducing sugar and protein

content in black pepper
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Jotal sugar Reducing sugar Protein

(ng glucose.g” 1) (mg glucose.g 1) (%)
ANF isolate  ————-----m--memommme e o — oo

Top Root Top Root Top Root
Is-6 5.33 2.47 2.17 1.67 1.46 1.43
Pi-9 3.58 2.83 1.67 2,33 1.45 1.35
Pi-11 3.67 3.00 2.83 2.00 1.35 1.25
Glowus fasciculatum 3.83 2.17 2.67 1.00 1.54 1.91
Gigaspora margarita 5.00 2.92 1.92 2,67 1.43 1.26
Control 5.47 2,25 3.67 0,75 1.467 1.25
Ch (0.05) NS NS NS 0.50 NS NS
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Amongst AMF tested, Is-6 showed higher +total sugar
content of 5.33 mg & ! fresh plant tissue followed by
G. margarita with 5.00 mg. Pi-9 and Pi-11 had 3.58 and 3.67 mg
as agalnst 5.67 mg of the control plants (Table 38). The total
sugar content in roots did not differ significantly with the
treatments. Highest total sugar content of 3.00 mg was
observed in isolate Pi-11, followed by 6. margarita (2.892 mg)
and Pi-39 with 2.83 mg. 6. fasciculatum recorded root sugar
content of 2.17 mg, whereas the value for the control plants
was 2.25 mg. The reducing sugar content in the plant top of
mycorrhizal black pepper was not significantly influenced by
AMF symbionts (Table 39). All the mycorrhizal plants showed
comparatively lower reducing sugar content ranging from 1.67
(Pi-9) to 2.83 mg (Pi-11) than that was present in control
plant (3.67 mg). However, there was significant variation in
the reducing sugar content in the roots. All the cultures
except 6. fasciculatum (1.00 mg) showed significantly higher
reducing sugar content in pepper roots. The highest
concentration of reducing sugar in the roots was recorded with
G. margarita (2.67 mg) followed by Pi-9 (2.33 mg) and Pi-11

(2.00 mg). Uninoculated control plants recorded 0.75 mg.

Protein content of the plant top of black pepper was
not significantly influenced by AMF inoculation (Table 39).
AMF 6. fasciculatur and Is-6 recorded relatively higher protein

content of 1.54 and 1.46 per cent g"l fresh tlssue respectively

(vh



Table 40 Effect of AMF inoculation on total phenols and
orthodihydroxy phencl content in black pepper

Total pyfnols Orthodihydrogf phenol

AMF isolate (ug.g ) (ug g8 °)

B Root Top Root
15-6 695.27 369.13 206.8 69.9
Pi-8 621.47 305.9 181.23 43.6
Pi-11 590.67 236.93 202.27 69.3
Glomus Tasciculatum 811.97 350.73 245.87 64.3
Gigaspora margarita 633.73 277.17 211.2 50.5
Control (None) 1008.1 312.77 372.27 67.87

ISY



in the plant top. Isolate Pi-11 recorded 1lowest protein
(1.34%). Uninoculated control had 1.67 per cent protein.
Regarding protein content of root, relatively higher values
were noticed with different AMF cultures (Table 39).
6. fasciculatum recorded highest protein content (1.51%)
followed by Is-6 (1.43%) and Pi-9 (1.35%). The lowest protein

content was recorded with Pi-11 (1.25%) and control.

The ‘data on the phenol content in the plant top
showed significant variation (Table 40). All the mycorrhizal
treatments showed relatively lesas total phenol content in plant
top compared +to control plants. Among the AMF cultures 6.
fasiculatum had higher plant top phenol concentration of 811.87
ug. While the isolates Is-6 and G. margarita recordéd 695.27
and 633.73 ug g“l fresh root +tissue respectively. Lowest
phenol content was recorded in Pi-9 (621.47 ug). The control
plants had a concentration of 1009.10 ug total phenol. There
was no significant difference in root phenol concentration
among the treatments (Table 40). However, higher phenol
concentration of 369.13 ug g_l fresh tissue was recorded in the
case of Is-6. 0. fasciculatum and Pi;11 recorded the phenol
content of 350.73 and 305.80 ug respectively in the roots of
pepper plants. Lowest concentration was recorded in relation
to Pi-9 (305.93 ug) as against 312. 77 ug recorded for control

plants.
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Table 41 Effect of AMF inoculation on cellulase and chitinase
activity in black pepper
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Cellulase actlivity Chitinase activity

(ug_ilucgie released (nM N—ace§{1 -1
AMF lsolate min -~ mg - protein) glucosamine h g )
“for  Root Top Root
1s-6 0.527  0.103 129.00  67.43
Pi-9 0.188 0.153 70.36 41.04
Pi~11 0.241 0.101 52.77 76.23
Glomus Tasciculatum 0,286 0.141 29.31 46.80
Gigaspora margarita 0.068 0.230 25.80 36.37
Control 0.107 0.106 40.88 43.98
cd (0.05)  0.034  ©.015 - -
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Orthodihydroxy (0OD) phencl content in plant top and
root of mycorrhizal and non-mycorrhizal pepper plants were
found to be statistically on par (Table 40). Relatively, lower
amounts of OD phenol content in the plant top were observed as
a result of AMF inoculation. 6. fasciculatum recorded 245.87 ug

OD phenol, while the isolate Pi-9 had the lowest OD phenol

content of 181.23.ug-g"1 plant tisue. Control plants were

noted +to have 272.27 ug OD phenol content. A slight increase
in root OD phenol concentration due to AMF inoculation is
evident from the analytical data (Table 40). . Higher OD phenol
content in pepper roots was noticed on inoculation with Is-6
and Pi-11 with value of 69.90 and 68.30 ug g ! root tissue
respectively. The lowest concentration was recorded in Pi-9
inoculation(43.60). Non mycorrhizal control plants had 67.87 ug

OD phenol content in pepper roots.

The data pertaining to the effect of mycorrhizal
inoculation on cellulase activity in black pepper showed
significant variation with AMF cultures (Table 41). Signifi-
cantly higher cellulase activity both in plant top and root
tissue were noticed upon inoculation AMF isclates
(Fig. 186). Highest cellulase activity in plant top was
recorded with Is-6 (0.527 ug glucose released min !, mg1
pProtein) followed by 6. rasiculatum (0. 286). G. margarita
(0.068) was responsible for significantly lower cellulase

activity in plant top than that found in uninoculated control
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(0.107 ug glucose released min -1 mg"l protein). With regard
to the root cellulase activity Gigaspora margarita was found
to encourage higher cellulage activity (0.230) as compared to
control (0.106) while Is-6 and Pi-11 recorded 1lower root

cellulase activity of 0.103 and 0.101 mg glucose released min_1

mg-l protein. Glomus Tasciculatum had cellulase activity of

0.141 ug glucose released m:‘.n—1 mghl protein in black pepper

roots.

Mycorrhizal 1isolates  showed varied amount of
chitinase activity in black pepper (Table 41). AMF isolate Is-6
recorded maximum chitinase activity of 129.00 nM N-acetyl
glucosamine h~1 ghl in piant top followed by Pi-9 (70.36) and
Pi-11 (52.77) comparatively lower chitinage activity in plant
top with G. margarita (25.80) and G. fascjculaﬁum (29.1) was
observed. The root chitinase activity was maximum on
inoculation with Pi-11 (76.23) and Is-6 (67.43) (Fig. 17).
Gigaspora margarita had relativeliy low activity of 36.37.
Control Plants registered 43.98 chitinase activity.
G. Tasciculatum and Pi-9 recorded chitinase activity of 46.80

and 41.04 respe.ctively in the roots,



DISCUSSION



DISCUSSION

The present investigation was undertaken to develop a
viable bilocontrol strategy for the management of foot rot
disease of black pepper. The causal organism of the disease
was 1solated from pepper growing tracts of Kerala. The
morphological studies confirmed the isolates as Phytophthora
capsici Leonian emend A. Alizadeh and P.H. Tsao, the foot rot
pathogen of black pepper (Tég;, 1991). These isolates showed
wide wvariation in the growth rate and pattern in carrot agar
(Table 1). This variation may be due to the difference in the
inherent ability of the pathogen to utilize the nutrients
available in the medium (Daniergon and Davey, 1973). The
pathogenicity test Iindicated marked variation among the
isoclates in symptom development (Table 2). Peringemmala
isolate developed foot rot symptoms as early as on the 15th day
of 1inoculation of the pathogen and registered 100 per cent
mortality of plants by 75th day. Since the environment and
host factors are uniform, the high disease intensity and
mortality noted with the isolate indicated its highly virulent
nature. This isolate was used for +the studies under the

investigation.

Positive influence of arbuscular mycorrhizal fungi
(AMF) on plant growth promotion, biomass production and

Protection against root diseases is well recognised in most of



the plant speciles (Da%g/;nd Nicolson, 1966; Daféfand Okusanya,
1973; BagyE;;J and Manjunath, 1980; Dehﬁgj 1982; Bag?g;ad.
1984; Cardn, 1989; Sivagsad et al., 1993; Sulochana et al .,
1995; Sivapﬁﬁgad, 1985). The present study conducted on growth
of black pepper cuttings preinoculated with various AMF
cultures showed no significant influence on growth till 150t
day of planting (Table 3). However, isolate Pi-11, G. margarita
and Pi-9 recorded higher in plant height and leaf number over
other treatments. All the AMF cultures tested showed
significant influence on black pepper growth and biomass
production by seventh month. Pi-11, Gigaspora margarita and
Pi-9 were more effective and recorded significant increase in
plant height over all other treatments. Such variation among
AMF cultures in stimulating plant growth is observed in crop
rlants (Bagyara] and Manjunath, 1980; Jen;;n, 1982; Sulgghana
et al,, 1995) including black pepper (Shivash;;kar and Rohini
Iyer, 1988; Sivaprzgad et al. 1893; Anan&giaj and Sarma, 1884a;
Sivapraégg, 1995). Regarding the plant dry weight, the native
isolates in general and Pi-11, Pi-9 and Is-6 in particular were
more effective and recorded significantly higher plant dry
welght (Table 4). The -increase in plant growth and biomass
production 1s related +to several factors. The beneficial
effects of AMF such as increased phytohormone production,
photsynthetic efficiency (ShoenE;ck, 1879; Sivﬁggasad, 1983)
aid uptake of nutrients and water (Bagyafgj and Manjunath,

v e .
1980; Davis et al,, 1992; 1993; Panwar, 1993) are known to
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influence growth and biomass production of the host plant. The
higher growth and biomass production achieved with the isolates
in the present study may be attributed to these factors.
Enhanced root elongation was also apparent with native isolates
(Fig. 1). Well developed mycorrhizal root system alters the
cellular process and absorb more nutrient and water by expanded
absorptive capacity which result in improved growth and biomass

production by the plants (Reid, 1884; Hooker et al,, 18984).

Analysis of nutrient content in mycorrhizal black
pepper showed wide variatlion with the AMF cultures (Table 5, 6
and 7). Maximum uptake and translocation of phosphorus was
evident with isolate Pi-11 followed by Pi-9 and Glomus
fasciculatum (Table 5, Fig. 2). 1Is-6, a native isolate, =&also
enhanced the P uptake. The increased ‘P’ uptake in mycorrhizal
plants generally related to the mobilization of the sparingly
available nutrient from areas beyond the depletion zone (Hayman,
1982) through increased surface area of absorption (Reid, 1984)
and also by improving the avallability by secretion of
ectoenzymes (Sanders and Thinker, 1971; Rhodes, 1880). The
native 1solates are more adapted to the soil conditions and
therefore, resulted in better mycelial spread both in root and
soil. This enables better exploration of soil for nutrient and
its transport to root cortex (Wood, 1992; Sivaprasad, 1998).

The per cent K content and total uptake were significantly



increased with native isolates Pi-11, Pi1-9 and Is-6 and Glonmus
clarum (Flg. 2). The avallable reports are suggestive of
positive influence of AMF on the uptake of K and, hence, on
plant growth and disease tolerance (Bethlenfalvay et al,, 1889;
Taraf&g; and Marschner, 1994; Pangg; and Thakur, 1994).
Although there 1s no specific mechanism ascribed to higher
uptake of the soluble nutrient, it could be due to improved
root development and nutrient uptake system conferred by AMF

colonization.

The Ca content was also significantly enhanced
through AMF isolates Pi-9, Pi-11, Is-8 and 6. Tasciculatum
{Table 6, Fig. 2). Enhanced growth and biomass due to
mycorrhizal assoclation alding in Ca uptake have been reported
(Ro?é/and Harper, 1970; Réé;, 1871, Rhogg; and Gerdemann, 18975;
19753. All +the AMF cultures showed significantly higher Mg
concentration in host tissue. Maximum concentration and uptake
was recorded with the inoculation of Pi-9 and Is-6 (Fig. 2).
The relatively low concentration of Mg with Pi-11 was mainly
due to dilution effect brought about by higher biomass
production and 1t was also apparent from the enhanced total Mg
uptake recorded with the isolate. Direct evidence of Mg uptake
and transport by AMF is limited (Kgg;ari et al., 1980),
However, the enhanced uptake of Mg conseauent to AMF coloni-

zation has been observed in most mycorrhizal experiments with

\/
different plant specles (Tarafdar and Marschner, 1994).



The enhanced uptake of Fe, Mn and Zn due to AMF has
been reported by many workers (Pacovsky, 1886; Manjunath and
Habte, 19888; Panwar and Thakur, 1994; Tarafdar and Marschner,
1994). 1In the present study also the Fe, Mn and Zn uptake was
influenced by AMF colonization particularly Pi-11, 1Is-6 and
G. fasciculatum, There was a notable increase in the Mn content
of P1-9 and Is-6 1noculated plant (Fig. 3). This may be due %to
the fact that AMF association favoured better uptake of the
element, while the biomass production was not commensurate with
the uptake to bring about dilution effect. The low
concentration noticed with higher uptake in AMF Pi-11 support
the view. It is reported that the dilution effect is one of the
means of AMF protection against toxic metal (Bethlenfalvay and

Franson, 1989).

Ability of the mycorrhizal fungl to suppress foot rot
incidence and intensity varied with cultures. Glomus
fasciculatum was most effective in reducing foot rot incidence
and plant mortality (53.35%) under sterilized green house
conditions (Fig. 4 and 5). Native isolates Ia-6 and Pi-11 also
reduced the mortality. The symptom development ﬁnd mortality
were at a slow pace in black pepper inoculated with
G. fasciculatum, I3-6 and Pi1-11 as compared to control. Other
AMEF cultures ((PLi-6, Pi-8, Pi-9 and Ri-9 and Gigaspora
margarita) were not effective in suppressing the disease.

Arbuscular mycorrhizal fungi induced tolerance against



infection by fungal pathogens including Phytaphthaera capsici in
black pepper has been reported (Anandg;;J and Sarma, 1984a;
1994b; Sivapfgéad et al., 1995a). In the present investigation
the variation observed with AMF cultures in suppressing the
foot rot incidence can be attributed to the inherent ability of
the organism to suppress the pathogen and to the degree of
defence related physiological and bicchemical changes occurring

in the host due to AMF association (Magse, 1973; Ba;;a. 1992),

The AMF induced resistance against fungal pathogen is
mainly attributed to factors such as improved nutrient uptake
especially phosphorus (Aﬁg; and Linderman, 1978), competition
with +the pathogen for space, nutrition and host phofosynthate
(Hafi;y and OSmith, 1983; Linﬁg;man, 1985), qualitative and
quantitative shif@ in the microbial population in the
rhizospore (Mayé; and Linderman, 1986; SechI; and Bagyara]j,
1987; Grasham, 1988) and altered physiology of the host that
induces host defence mechanism (Smigﬁ and Gia;I£azzi—pearson,
1988). In the present study improved plant nutrient uptake
particularly P was recorded with AMF isolates, viz., Is-8,
Pi-11 and 6. fasciculatum, The enhanced ‘P’ concentration in
plants is considered to retard the cell membrane permeability
a result of which root exudation is declined (Grgﬁgﬁ et al .,
1981), which may restrict the pathogen multiplication and
invasion (Graham and Menge, 1982). The minor and micro-
nutrients also play a vital role in imparting disease tolerance

e
(Pacovasky, 1986; Hoaﬁer et al,, 1994). Concentration and total
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uptake of these elements were consistently higher in black
pepper colonlzed by G. fasciculatum, Pi-1i1i and Is-6.
Excessive concentration of calcium inactivates toxic action of
phenolics and making plants more succeptible to pathogen
invasion (St;;;sl and Unwin, 1870) . This may be one of the
reasons for making the AMF isolate Pi-9, which recorded
consistently higher plant growth and nutrient uptake, less
active against P. capsici invasion. However, optimum calcium
levels leads to the formation of calcium pectate in the host
cell wall by altering the host pectin metabolism which in +turn
retard the cell membrane permeability (CSZL and Stall, 1971).
The better disease +tolerence exhibited by Pi-11, 1Is-6 and
G. Tasciculatum may also be due to these factors as they are
having relatively less amount of Ca than Pi-9. Reduced

nutrient availability might have reduced the multiplication

and development of pathogen in the rhizosphere.

Enhanced Fe uptake and translocation make the plants
more resistent to pathogen invasion, as the activation of
enzymes required for the synthesis of defence related
macromclecules are ascribed to Fe content (Brown and Swine
burne, 1981). Iron mediated synthesis of phytoalexin with
resultant induction of host defence mechanism has also been
reported (Adfﬁ;ram et al,, 1982). Hence, the enhanced uptake
and accumulation of Fe by Is-6, Pi~11 and 6. fasciculatun

wlght have also contributed towards increasing the resistance



of black pepper against foot rot disease. The study also
confirms earlier report of enhanced Fe uptake by mycorrhizal

plants (Mosse, 1957; Tarafdar and Marschner, 1994).

AMF isolates Is-6, Pi-11 and 6., Tasciculatum showed
relatively higher colonization. This could be attributed to the

better infectivity of these AMF isolates and also to positive

host genotype and microsymbiont interaction. The intense

root colonization by AMF offers a direct competition for
space against the pathogen (Davis and Menge, 1980; Linderman,
1985). Since, the microsymbionts already occupied the root
tissue, +the invasion and multiplication of the P. capsici 1is
hindered. Perhaps, this could be the reason for low root rot
index noted in pepper plants colonized by 6. fasciculatum, Is-6
and Pi-11. Further, the well developed root system conferred by
AMF association might have compensated the root damage caused
by pathogenic infection and reduced deleterious effect
(Thompson et al,, 1983; Cordier et al,, 1996). However, it 1s
+to0 be noticed that Gigaspora margarita with a higher root
colonization showed higher foot rot intensity indicating that
the root colonization alone cannot be considered as an index of
disease suppression. There could be physiological, in addition

to physical, barriers also.
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There was qualitative and quantitative variation in
the distribution of AMF in the pepper rhizosphere. Maximum AMF
root colonization in black pepper by native AMF, I1rrespective
of host genotype, was evident in oxyaaquic quartipsamment
(Table 12), while 1lower root colonization was noticed in
highly fertile haplic argiustoll. Low nutrient availability,
especially 'P’, in sandy soils may be ascribed to the higher
colonization (Hayman et al., 1975; Liyanage, 1989).
Predominance of Glomus spp. was evident in all soil types
(Table 13). Beslides Glomus spp. the frequent occurrence of
Acaulospora and Gigaspora in sandy soils (oxyaquic
quartipsamment,) exhibited the clear influence of soil types on
mycorrhizal association. Influence of host genotypes and soil
types on AMF has been elucidated in tuber crops (Potty, 1990)
and splce crops (Sivaprasad, 1995). AMF characterisation
studies conducted in three districts (Idukki, Kannur, Wayanad)
having different soil types depicted specific influence of soil
types rather than genotypes in harbouring different AMF
species (Table 1b5). Glomus fasciculatum was most predominant
with all soil types, irrespective of host genotypes. Earlier
work on AMF characterisation also showed frequent occurrence of
6. Tasciculatum in different soils of Kerala (Lekha et al.,

1995).



The success of biological control with . antagonistic
fungl depends on the availabllity of potential strains having
high competetive saprophytic ability ’(Ad;;s, 19890; HSGLer
et al., 1994) with antagonistic activities 1like predation,
parasitism or antibiosis (Parkfgson and Wa;a. 1960;
Mukhoﬁgahyay, 19984). It 1s well established +that native
isolates, more adapted to the soll conditions, are always
having more competetive saprophytic ability than introduced
cultures (Papazizas and Lawis, 1981). Amongst the 50 native
antagonistic 1solates tested In vitro 24 isolates showed over
60 per cent suppression of growth of P, capsici either by over-
growing or by production of toxic metabolites. Isolate A4,
Anqs Agp and A;5 exerted maximum growth inhibition of
P. capsici (Table 16). Colonies of P. capsici were over grown
by these antagonists and on contact resulted in the 1lysis of
the mycelial strands of the pathogen. Clear zone of inhibition
was also recorded with isolates (Ag;, Azz and Ay), indicating
the possible production of inhibitory metabolites. The direct
renetration and coiling of hyphae (Maféﬁetti et al., 1992) and
enzymatic 1lyslis of the pathogen are the major mechanisms in
inhibition by antagonists (E1Sd et al., 1983; Rideout et al.,
1986; Clay don et al., 1987). In the present study the cell
free culture filterate of Ag3s, Agp, Ay, Agg and Azg showed
considerable inhibitory effect. The enzymes and inhibitor
metabolites present ip the culture filtrate are attributed to

\/
such 1nhibition (Elad et al,, 1983; Cla}ﬁbn et al,, 1887;



D’ercole et al., 19983; Harman et 21,, 1983; Faull et al,,
1994). Hence, it could ‘be concluded that these isolates are

also producing such metabolites inhibitory to P. capsici.

Remarkable suppression of the pathogen was observed
in soil incubation studies also (Table 17). Isolates Ay Agy.
Ago, Agzys Azz, Azzs Azs and-A42 exhibited over 75 per cent
poprulation 3inhiblition of P, capsici. Possible release of
inhibitory substances with elevated levels of fungistasis and
the high concentration of carbondioxide accumulation 1in the
soll, which is detrimental to the survival of the pathogen, as
well as fast multiplication and population build wup of
antagonists (Marchettl et al,, 1982) may also have contributed
to effective pathogenic repression (Johri and Singh, 1975;
Cotes et al., 1892). The higher population build up of the
introduced antagonists (A1, Aggp, Agp and Azz}: in the so0il
indicates thelr competitive ability to multiply and persist in
the so0il. Even at relatively low population, the antagonists
Ap; and Agzy have considerably decreased the FP. capsici
population; probably the isolates are more potent than others
but are not competitive enough to multiply and persist under

the given soll conditions.

The plant growth stimulation due to the biocontrol
agents including several species of Trichoderma and Aspergillus
have been well documented (Windham et al., 1989; Lvnch et al..

1991; Sankar and Jayarajan, 1996). In the present study



antagonistic isolates in general and the isolates An1:A19s Ant,
Agg and Agg in particular showed remarkable increase in plant
height (Table 18). It is reported to be due to the production
of growth hormones (Kloepper and Schroton, 1981; Suslow, 18982:
Windham et al., 1986), release of certain enzymes like
rhosphatases (Tarafdar and Marschner, 1995) and stimulation of

nutrient uptake.

With reference to the foot rot incidence and
intensity, isolate Ay was recorded as most effective one with
remarkable reduction in plant mortality (Table 20). Other
isolates A,g4, A91,Ag9 and Agg also considerably reduced the
disease intensity (Fig. 7). This reflects the effectiveness of
these antagonists to check the multiplication of and infection
by +the pathogen as there was no competition from native flora
in the sterilized s0il system used for the study. It was
observed that antagonists with better growth stimulation (A19»
Ag7 and Agg) Were not effective in disease suppression. These
cultures were subjected for further testing along with selected

AMF' cultures.

Interaction between soil microorganisms in the
rhizosphere would be either beneficial or detrimental to
overall growth and development of plants. The interaction of
selected AMF (Is-6, Pi-9, Pi-11, 6. fasciculatunm and Gigaspora
margarita) and antagonists (A1, Ay3, A21,=A22 and Ag35) on

growth and disease tolerance of black pepper was tested in the

T



green house. Significant growth improvement was achieved with
G, fasciculatum in combination with A5y A4 and Az, over single
inoculation of the cultures, indicating the synergestic
interaction of AMF and antagonists (Table 22, Fig. 8). Plant
growth stimulatory effect of @he antagonists could be
attributed +o hormone production, and the ability +to produce
certain enzymes 1like phosphatase, as seen 1in Aspergillus
fumigatus, which are known to have direct effect on plant
growth (Taragg;r and Marschner, 1895). These effects in
combination with mycorrhizal fungl induced elaborate nutrient
uptake and the physioclogical and biochemical changes in the
host might have favoured the faster growth and development of
the plants. Combined inoculation of Trichoderma aureoviride
and Glenus mosseae has shown synergistic effect on growth of

-
marigold (Calvet et al., 1983).

The maximum reduction in foot rot incidence and
plant mortality was achieved with dual inoculation of A,,xI1s-6
followed by Ay x G. fasciculatum with plant mortality reduction
of 66.08 and 45.45 per cent respectively, which was consi-
derably higher +than that obtained with the individual
inoculation of these inoculants (Fig. 8). Further, both the
combination did not record any mortality beyond 45th day of
P. capsici inoculation. This unambiguously indicates the
positive interaction between AMF and antagonists leading to

protection of the host against the pathogen. Such synergistic



interactions have been reported by many workers (Calvet et al.,

1892; Calvet et al., 1993; Tarafdar and Marschner, 1995),

Beneficial microorganism are considefed strong competitors of
prathogens for one or more nutrients on the root surface and are

able to inhibit the pathogens directly by producing antiblotiecs,
which enable them to provide consistent root protection (Cook
and Baker, 1989). The high antagonistic population and
mycorrhizal colonization observed is an evidence for the

synergistic interaction (Table 25 and 26). Enhanced root
colonization by AMF may be due to positive interaction with
antagonists leading to direct trophic effect, detoxification
and release of certain stimulatory substances or indirect

effect through action on the roots and antagonism to other
microorganisms inhibiting the mycorrhizal development
(Oliveira et al., 1989). Stimulation of mycorrhizal spore
fermination and mycelial spread by the Production of
stimulatory substances by Trichoederma spp. have been observed
(Davey, 1971; Linderman, 1988; Calvet et al., 1992). The
influence of interaction effect on the rhizosphere population
of antagonists was however not substantial. This may be due to
the inherent ability of the antagonists to multiply and persist
in the rhizosphere which perhaps masked the influence of

mycorrhizal fungi.



There was instances of increased incidence of foot
rot and plant growth suppression due to the interaction of AMF
and antagonits. Dual inoculation of Ay x 6. margarita signi-
ficantly increased diseased incidence and intensity and reduced
plant growth over single inoculation. This was a clear indica-
tion of +the suppression of the 1individual effect of the
inoculants by each other in the interaction system. Stimulated
plant growth also, on the contrary, produced higher foot rot
incldence and plant mortality. Combination of Ass x P1-11 and
Agzs x Is-6, which stimulated better plant growth, but was more
vulnerable to P, capsici invasion. This may be due to the
succulent plant growth with no concomitant effect on host
defence mechanism. Hence, the microorganism with growth stimu-
lation activity need not necessarily be a potential biocontrol
agent. The result corroborates the earlier reports of improved
plant nutrition leading to increased disease incidence (AtiI;no
et al., 1976; Davis et al., 1976; Davis and Menge, 1981).
Although Gigaspora wmargarita consistently showed higher
colonization on single and dual inoculation, the pathogenic
infection and mortality were always higher (Table 23 and 24).
This vividly illustrates that the higher colonization and
spread of mycorrhiza in the root cortex alone cannot be taken
as a criterion for inducing disease tolerance. The chemical
control methods using bordeaux mixture and copper oxychloride
as recommended in the package of practice recommendation of

Kerala Agricultural University (18996) substantially reduced the



mortality of pepper vines tc about 30 per cent. The result
obtained with Is-6 and Ay, (32.90%) and G. fasciculatum x Ay

(50.00) are comparable with chemical control.

The effect of dual inoculation of AMF and antagonists
on foot rot was tested under field conditions. Observation on
growth showed significant increase with dual inoculations which
indicate that the interaction is beneficial to the growth and
development of pepper ©plants in the field (Table 27). It is
noticed that the dual inoculations, viz., A;xPi-11 and Ag,xIs-6
were found most effective in reducing plant mortality and in
improving the plant growth. The mortality rate recorded for
the above combination was 58.45 per cent (Fig. 10). This was
better +than that recorded for bordeaux mixture (66.67%) and
copper oxychloride (59.68%). The effective disease suppression
by dual inoculation could be due to the induction of host
defence mechanism and the higher suppression of +the pathogen
achieved with the synergistic interaction of the 1inoculants.
Although Ay, x Is-6 and Ay X G. fasciculatum exhibited exce-
llent disease control in the green house, their performance in
the field was not appreciable. However, moderate dilsease
suppression was achieved with Ay x G, Tasciculatum (66.67%).
The Ago x I8-6 recorded 75.00 per cent mortality on goth day,
while on 150%h day it was 90.84 per cent. This apparantly
indicate +the fallure of the antagonist (Agg) in the field

condltion as the AMF Is-6 has performed well with other
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antagonists A; and Apy. It is worthwhile to note +that the
single inoculation of AMF Pi-11 (90.00%) and Is-6 (90.00%) and
antagonist Ag; (66.67%) recorded higher disease intensity and
mortality than the combination on 150thR day 1in +the field.
Similarly A, with 6. fasciculatum and Pi-11 induced better
tolerance against the disease. Similar trend was also noticed
with +the 1isolates in improving plant growth characteristics.
This clearly demonstrgtes the synergistic effect of AMF and
antagonists on disease suppression and plant growth enhancement
under field conditions. There is no record of work with dual
inoculation for foot root disease management, however, results
agree with the studies made on foot rot incidence and plant
growth in black pepper with single inoculation of AMF and

antagonists (Anandraj et al., 1994b; Anandaraj et al., 1996).

AMF 1isolates Pi-9 and 6. margarita consistently
recorded higher colonization in dual inoculation system over
single inoculation in the field. However, +this was not
reflected on disease tolerance and planf growth characteristics
indicating the ineffective nature of these AMF cultures. On
the contrary, 1isolate Pi-11, Is-6 and 6. fasciculatun with
higher colonization showed better plant growth (Table 27) and
disease suppression (Table 29). In the field study the A1xPi-11
and Apy x I3-6 combinations were as good as the present
recommended chemical control methods using bordeaux mixture and

copper oxychloride (KAU, 19986).
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The selected inoculants were identified on the basis
of their morphological characters. AMF isolates Is-6 and Pi-1l1
were identified as Glomus spp. while the antagonists Ay, Ay3.
A21, A22 and A35 as Aspergillus fumigatus, Fusarium oxysparun,
Aspergillus sydowii, Trichoderma viride and Gliomastix wurorum
respectively, by Agharkar  Research Institute, Pune

(Maharashtra).

Although the pepper plants in the nursery and field
can be inoculated with AMF cultures at the time of planting,
there is no viable technique  hitherto suggested to
inoculate AMF to the root zone of already established pepper
vines. The carrier plant based inoculation method followed in
the present study was found successful. Inoculation through
green gram recorded maximum AMF colonization (71.66 to 88.34%)
followed by sorghum (33.33 to 83.33%) in pot studies (Fig. 11).
Higher AMF colonization could be related with higher root mass
of +the carrier plants, as higher volume of root with 1intense
colonization will introduce more AMF propagules into the
rhizosphere (Sreenivasa and Bagyaraj, 1988). The coherent net
work between roots of carrier plant and pepper cutting may also
favour higher root colonization (Table 32). The present
observation is 1in agreement with the report +that +the AMF
spread from root to root of different plant species and
transfer the nutrient (Barea, 1982). The variation
observed in the colonization per cent of black pepper

is probably due to difference in the intensity of



root colonization and root development of carrier plant. The
colonization écquired through carrier plant has positively
influenced +the growth and biomass production of black pepper

(Fig. 12).

In established pepper plantations sorghum was more
effective +than green gram with the colonization per cent of
78.33 and 66.66 per cent for sorghum and green gram, respec-
tively (Table 34). The control had the colonization per cent
of 51.668 to 53.33 per cent due to resident AMF. The better
colonlzation through sorghum could be attributed to higher root
length and mass with intense colonization than that recorded
for green gram under field condition (Fig. 13). The higher
root length and spread ensures better penetration of sorghum
roots deep into the root zone of pepprer and introduce higher
amount of AMF propagules. On the contrary green gram root
with less length and spread may fail to reach the root zone of
black pepper. The conventional in situ inoculation around the
rlant basin did not show much effect and +the colonization
remained as low as that of uninoculated control (53%). This
novel +technology of AMF inoculation using sorghum as carrier
rlant is viable and can be practiced by farmers for inoculating
the established plantations of pepper vines and other perennial

crops with desirable AMF.
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Irrespective of age of plants, the disease occurs in
the existing pepper plantations and result 1in the serious
economic loss (Balakrigﬁ;an et al,, 1986; Anaﬁg;raj et al,,
1989). The inoculants selected were further tested in an elght
year old pepper plantation-with earlier record of foot rot
incidence. Foliar yellowing and defoliation are the most
prominent and persistent symptom of foot rot in established
Plantations (Abrgﬁam et al,, 1995). Hence the per cent foliar
vellowing and defoliation index were computed for assessing the
rerformance of the inoculants AMF and antagonist inoculation
during pre, mid and post monsoon period ylelded encouraging
results. Of the different combinations evaluated Pi-11 x
Aspergillus sydewmii, G, fasiculatum X T. viride and Is-6 with
T. viride and A. sydowii remarkably reduced the foot rot
disegse and recorded with mean disease score of 0.0, 1.5, 2.0
and 2.0 respectively, as against 7.0, 3.5 and 3.0 recorded for'
control, bordeaux mixture and copper oxychl?ride, respectively.
As observed in the field trial AMF Pi-11, 6. fasciculatum, Is-6
and antagonist, A. sydowii offered better resistance to disease
(Fig. 14). It was also noticed that Trichoderma viride, which
was less effective in the field, in combination with Is-6 and
G. fasciculatum considerably suppressed disease with the mean
disease score of less than that recorded for copper oxychloride
and bordeaux mixture. The effect could be attributed to high
multiplication and activity of T. vir}be ensured by cowdung

neem cake food base (Fig. 15).
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Analysis of the population of antagonists and soil
fungl including pathogen showed that the resident soil fungal
population was significantly reduced with application of
antagonists (Table 36, Fig. 15). This indicates the inhibitory
effect of antagonists on deleterious soll fungl including
P. capsici. The antagonistic effect was further augmented with
AMF and the dual inoculation reduced the rhizosphere fungal
population to 1less than 6x10%. The influence of AMF on
antagonistic population was not so evident; perhaps the effect
was 1indistinguishable because of fast multiplication of +the
antagonists 1in the presence of cowdung-neem cake food base
which is known for its stimulatory effect on multiplication and
activity of species of Trichoderma and Aspergillus (Sivaprasad
et al,, 1998). The stimulatory effect of the food base on the
rhizosphere fungal population was evident from the increase in

the'population from 14.8::103 obhserved in control to 33.86 x 103

in food base applied in pepper basins.

With regard to AMF colonization, irrespective of
antagonist inoculation, all the established vines showed higher

cclonization over control (Table 37). However the colonization
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Fig. 18 Summary diagram of biocontrol strategy developed for foot rot of
black pepper



was relatively low with a maximum of -73.51 per cent in Pi-11 x
A. sydowii as against 46.65 per cent observed at the time of

AMF  inoculation.

The serles of experiments conducted wunder the
investigation vividly established the potential of combining
AMF and antagonists 1in the biocontrol strategy for the
management of foot rot of black pepper (Fig. 18). The
combinations of Pi-11 x A, sydowii, G, fasciculatum x T, viride
and Is-6 x 7. viride or A, sydoewii can be recommended for

farmers level trial.

Amino acids have a role in the synthesis of proteins
some of which are essential for the synthesis of phenolics and
other molecules involved in the development of plant disease
resistance (Harbg;ne, 1964; Emmg;;uil and Wood, 1981).
Analysis of free amino nitrogen content of plant tissue
indicated remarkably high concentration in plant top due to AMF
coloization (Table 38), while, it was consistently 1lower in
roots. The decrease in total free amino acid concentration in
AMF inoculated pepper roots may be attributed to assimilation
by AMF (Siv;;rasad. 1883). The higher amino acid content on
plant top may be due to increased metabolic process in the host
as a result of better nutrition and physiological +traits
conferred by AMF. Increase in free amino acid concentration in

plants consequent to invasion by pathogen has also been

i -1e



v’
reported (Rohringer, 1957). However, the specific role of such
a high 1levels of free aminonitrogen in thg plant defense

against the pathogen needs elaboration.

The total and reducing sugar content in plant top was
consistently less with AMF colonization, while it was consi-
derably higher in mycorrhizal roots (Table 39). This may be due
to higher potassium content which leads to better
transportation of simple . sugars from plant top to root
(Blaéﬁi 1968). AMF induced higher concentration of sugar is
considered responsible for the inhibition of +toxin producing
ability of the pathogen (D;;is, 1870). Similarly, the rela-
tively high protein content observed in the root tissue might
have some role in inducing the disease resistance as it 1is
reported +that proteins are essential for the synthesis of
phenolics and other molecules involved in the plant defense

v
mechanism (Emmanouil and Wood 1981).

Accumulation of phenols are considered as passive or
active defense response in plants (Niéﬁglson, 1992). The
phenol content in mycorrhizal plant tissue ois known to
increase during the initial stage and decline in the later
pPhase of AMF colonization (Krfg;na and Bagyaraj, 1986). In the
present investigation the total and orthodihydroxy (OD) phenol
content. in plant top was less on 150th day :f AMF inoculation

in comparison to that recorded for control (Table 40). This is



in agreement with the view +that phenol concentration in
mycorrhizal plants decreasés after initial phase of clonization
(Hbra{;i et al, 1984). However, the total phenol content 1in
root was higher with Is-6 and 6. fasciculatum while +the OD
phenols did not show much variation. The observation indicates
that the disease suppression observed with AMF ilsolates in
black pepper was not specifically related to the change in the
phenol content. Further, the low phenol content may be related
to the suppression of host defense reaction for the induction
of AMF symblotic system (Blee and Anderson, 1996) which would
further promote more responsive defense reaction against root
pathogen (Az;;;—Aguilar and Barea, 1987).

The activity of hydrolytic enzymes such as cellulase
and chitinase were generally high in AMF colonised plant tissue
(Table 41). However, there was much variation among the AMF
cultures. Except 6. margarita all the cultures recorded
significantly higher cellulase activity in plant top, while, in
the root the activity recorded for Is-6 and Pi-11 was on par
with control (Fig. 16). The higher cellulase activitf has much
relevance with the biocontrol of Phytephthora as cellulose is a
major constituent of the cell wall of the pathogen (Kingﬂorn
et al,, 1991). The relatively less activity recorded in the
roots of Is-6 and Pi-11 inoculated plants in contrast to the
very high activity noticed in the plant top may be attributed

to the pre- occupation of enzymes on substrate in the pathogen.
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This view becomes more relevant in the context <that these
jsolates effectively suppressed the pathogen development and
foot rot incidence. With regard to the chitinase activity it
could be noticed that the AMF isolates (Is-6 and Pi-11) that
effectively suppressed the disease had induced remarkably
higher enzyme activity both in plant top and root (Fig. 17).
However, +this cannot be related to the success in biological
control of foot rot disease, as chitin is not a major

constituent of Phytophthora cell wall.

Mycorrhizal roots exhibit high chitinolytic activity
and it is thought that the enzyme is produced by the host for
the digestion of arbuscules (Dehne, 1977; Priestel, 1880).
The higher levels of chitinase activity recorded with AMF
isolates emphasises the possibility of utilising these isolates
against other fungal pathogens having chitin as a major cell
wall constituent in future investigations. Lytic enzymes that
hydrolyse the polymers of fungal cell wall afe known to be
synthesized in plant tissue as a defence response to invasion
by parasitic organisms (Mauch et al., 1988). Mycorrhizal
colonization also trigger the production of lytic enzymes such
as chitinase and beta 1-3-D-gluconase (Spanu et al., 1989;
Laimbais and Mehdy, 1893) which are involved in +the host
defence mechanism. Hence, the high activity of defence related
proteins recorded might have also contributed in inducing the

disease resistance.
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SUMMARY

The present investigation entitled ‘'Management of
foot rot of black pepper with VA mycorrhiza and antagonists’
was conducted at College of Agriculture, Vellayani during
1994-97. The study was envisaged to develop a biocontrol
strategy using native Arbuscular Mycorrhizal Fungl (AMF) and
fungal antagonists for the foot rot of black peprper in the

nursery and field.

The causal organism from different pepper growing
tracts of Idukki, Wayanad and Thiruvananthapuram districts of
Kerala was 1solated, purified and based on morphological
studies, 1dentified as Phytophthora capsici Leonlan emend
A. Alizadeh and P.H. Tsao. The growth rate and wvirulence
varied with isolate. The isolate obtained from Peringammala,
Thiruvananthapuram district, showed maximum mycelial production
on Bartnickl garcia’s liquid medium and exhibited maximum
virulence amongst the isolates in rooted pepper cuttings. This
isolate was selected for further studies under the

investigation.

Seven native AMF isclates, viz., Is-6, Pi-6, Pi-8,
Ri-8, Pi-9, Ri-9, Pi-11 and three identified cultures such as
Glomus clarum, G. fasciculatum and Gigaspora margarita) were

evaluated for their effect on plant growth, nutrient uptake and



foot rot suppression in black pepper. The AMF cultures Fi-11,
Gigaspora margarita, Pi-9, Is-6 and G. fasciculatum wWere very
effective in enhancing plant growth and biomass production
under green house condition. Analysis of the nutrient status
indicated & nutritional advantage to black pepper due +to AMF
colonization. The effect was more pronounced with isolates
Pi-11, Pi-9, Is-6 and 6., fasciculatunm which recorded
significantly higher concentrations of P, K, Ca, Ma, Cu, Fe, Mn

and Zn in plant tlssue.

The AMF isolates Is-6, Pi-11 and 6. fasciculatum
exhibited significant effect in suppressing the foot rot
disease. Glomus fasciculatum recorded lowest plant mortality
(63.35%) on 90th day of inoculation with the pathogen followed
by Is-6 (60.64%) and Pi-11 (60.64%). Comparatively low root
damage was also recorded with +these 1isolates. Although
Gigaspora margarita exhibited higher root colonlization
(84.14%), it failed to protect the plants against the root
damage and subsequent symptom development. It was generally
observed that growth stimulation and foot rot repression due to
AMF inoculation are two independent traits. However, 1l1lsolate
Pi-11 was an exception. Based on growth stimulation and foot
rot suppression ability AMF isolates 1Is-6, Pi-9, Pi-11,
6. fasciculatun and 6. margarita were selected for further

studies.
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Studies on the AMF colonization in black pepper
cultivars grown in different soils showed high variation among
the so0il types-irrespective of host genotype. Maximum root
colonization was evident in sandy (oxyaquic quartpsamment)
soils. Laterite (typic plinthustult) soils exhibited medium
colonization, while lowest colonization was noticed in nutrient
rich forest ((haplic argiustoll) soils. BSoil types showed a
definite influence on AMF species harboured by pepper plants
rather than host genotype. Species of Glowmus and Sclerocystis,
particularly the G. Tasciculatum, were more common in the
rhizosphere of black pepper. However, Acaulespora spp. and

Gigaspora Spp were also frequently observed in sandy solls.

Fifty fungal aptagonists isolated from different
sources were evaluated for thelr antagonistic property against
P, capsici in vitro, Based on their ability +to¢ suppress
P, capsici either through mycoparasitism, antibicsis and soil
funglstasis, 24 isolates were selected for green house studies.
Amongst the antagonists tested in green house, isolates Aijg and
Agy conslderably enhanced plant growth. While, 1isolates A4,

Aigs Agys Aga, and Agg were more effective in foot rot disease

suppression. The result demonstrated that the plant growth
stimulation and disease suppression tralts are not
interdependent. Isolates Al' A3, A21, Ago, and A35 showed

comparatively better population build up in +the soil and
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suppressed the P. capsici population considerably. However,
reduction in the antagonists population due to seasonal

variation was noticed.

The promising cultures of AMF (Is-6, Pi-8, Pi-11,
6. Tfasciculatum and 6. margarita} and fungal antagonists (A4,
A1g, Aoy, Ago, and Agg) were further subjected for dual
inoculation studies in green house and field. 1In green house
the dual inoculation of 6. Tasciculatum with fungal antagonists
Ay or Agg s;gnificantly enhanced the plant height to 88.33 and
103.33 cm respectively. However, the 1nteraction between
G. margarita and A; was inhibitory (36.67 cm) compared to thelr
individual effect. 1In general higher mycorrhizal colonization
was noticed with synergistic combination of AMF and
antagonists. However, the population of fungal antagonists was

pot evidently influenced by the interactions.

With regard +to foot rot -incidence, the dual
inoculation of Agyy x Is-6, Ay x 6. Tfasciculatum was very
effective. Age x 18-6 recorded lowest plant mortality of
32.80 per cent. The effective combinations also had higher
antagonistic population &and mycorrhizal development. The
disease suppression achieved by dual inoculation was comparable
with that of bordeaux mixture and copper oxychloride

application.



The AMF and antagonists interactions also showed
desirable effect on plant growth and foot root incidence in the
field. Combination of Apy x Is-6 and A; x P1-11 were highly
effective in plant growth stimulation as well as disease
suppression. The lowest foot rot infection of 58.45 per cent
was recorded for A; x P-11 and Apy xIs-6 which was lower than
that achieved by copper oxychloride treatment (59.68%).
Regarding plant mortality, both the combination recorded 1less
than 60 per cent as against 95.66 per cent recorded for
control. The bordeaux mixture and copper oxychloride recorded
66.67 and 59.68 per cent mortality respectively. The AMF
colonization and multiplication of the antagonists were also

favoured by the dual inoculation.

The potential AMF isolates Is-6 and Pi-11 were
identified as species of GIopus while, the antagonistic
isolates Ay, Aqyga, Ag1> Agz, and Agg were confirmed as
Aspergillus fumigatus Fres., Fusarium oxysporum Schlecht. ex
Fr. Aspergillus sydowii (Bain. & Sart.) Thom. & Church,
Trichoderma viride Pers. ex Gray. and Gliomastix nurerup

(Corda) Hughes respectively.

The study was also directed towards developing AMF
inoculation technique for established pepper vines using
‘carrier plants’. Among the four ‘carrier plants’, viz.,
covrwa (Vigna unguiculata (L) Walp), green gram (Vigra radiata

(L) Wilezek), Italian millet (Setaria italica {L)Y Beauv) and
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sorghum (Sorghum bicolor (L.) Moench tested in green house,
intense myéorrhizal colonization in pepper roots was achieved
with green gram and sorghum. Increased growth and biomass
production of black pepper was also noticed with hlgher
colonization. In the field sorghum was most effective in
imparting AMF colonization to pepper roots. Sorghum plants
raised around the eight year old pepper vines with mixed AMF
inocula (6. Tasciculatum + Pi-11) resulted in 78.33 per cent
colonization 1in black pepper roots as against 53.33 per cent
colonization recorded without 'carrier plants’ in control. The
method was found successful to achieve AMF colonization by

introduced AMF in pepper vines of established plantation.

Based on the performance in the green house and field
AMF cultures Pi-11, Is-6 and G. fasciculatum and antagonists
Aspergillus fumigatus, A. sydowii and T7Trichoderma viride were
selected for further testing in established pepper plantation.
The study was conducted Iin eight vyear old peppe; vines.
Antagonists were multiplied in cowdung neem cake food base
prior to field application. Dual inoculation of Pi-11 x
A, sydowii, 6, fasciculatumn x T, viride, I8~6 x A. sydoewii and
Is-6xT. viride were identified as potential combinations for
foot rot management in established plantation. Foliar
vellowing and defoliation score recorded for these treatments

were conslderably less than that recorded for bordeaux mixture

(3 &) and copper oxychloride (3.0) application. The treatment
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Pi-11 x A. sydowii was most effective and did not show any
di;ease symptom which was followed by Is-6 x 7. viride or
A. sydowii with disease score of 2.0 as against 7.0 recorded
for control. Irrespective of AMF and antagonists combinations,
all the treatments showed significantly higher population build
up by the antagonists. The neem cake - cowdung food base was
found highly favourable for the multiplication and activity of
the antagonists in the field. AMF colonization in pepper roots
acquired through the l-c.u.tzlrri.e.r plant’ based inoculation was

appreciable.

Higher aminc acid content was observed in AMF
colonized plant top while the concentration was low in roots.
Mycorrhizal roots showed higher total sugar and reducing sugar
content. While, in plant top it was consistently less.
Relatively high protein and total phenolic content recorded in
root tissue particularly on inoculation with isolate Is-6 and
G. fasciculatum, However, the orthodihydroxy phenol
concentration in AMF inoculated plants did not show
significant variation with that of uninoculated control. The
cellulase and chitinase activity were generally higdh in AMF
inoculated plant +tissue. AMF isolate 1Is-6 recorded higher
cellulase activity of 0.527 ug in plant top and 0.103 usg
glucose released min~1 mg_1 protein in root. The chitinase

activity in the robt was maximum with Pi-11 (76.23 nM) followed
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by Is-6 (67.43 nM). The control plants had 43.98 nM N-acetyl
glucosaming h™! g ! activity in the root. The change in
biochemical constituents 1in black pepper brought about by
potential native AMF isolates Is-6 and Pi-11 were found to be

effective in inducing resistance against the disease.

In +the presenﬁ investigation the combinations of
native isolates of AMF and Antagonists, viz., Pi-11x4., sydowii
and Is-6 with 7. viride or A. sydowii were found very
effective for the repression of foot rot disease in nursery and
field. The disease control achieved by the inoculants was
better than that recorded for bordeaux mixture and copper
oxychlorlde. The present study established the desirability of
selecting the potential native AMF and antagonists for foot

rot disease management and growth improvement.

The extensive studies conducted to develop desirable
combinations of native AMF and antagonists and thelr fileld
testings against foot rot disease and AMF inoculation technique
for established pepper vines are first recordsin this area of

research.
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APPENDIX - 1

Composition of modified Tsao’s medium

Oats meal

Benomyl (substitute for pimaricin)
Ampicillin (substitute for vancomycin)
PCNB

Rosebengal

Agar

Distilled water

60
10
200
100
40
15
1000

ppm
PPm
PPm

mg

ml



Composition of Trichoderma selective medium

MgS0,4 . THO
KHoPO4

NH,4NO4

KCi

Glucose
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ABSTRACT

Extensive investigation was carrled out to develor a
native microbial inoculant based technology involving
Arbuscular Mycorrhizal ¥Fungi (AMF) and fungal antagonists for
the foot rot disease management and growth improvement of black

pepper in the nursery and field.

Phytophthora .capsici Leonian emend A. Alizadeh and
P.H. Tsao, the foot rot pathogen isolated from Peringammala,

Thiruvananthapuram district was found most virulent isolate.

Seven native  AMF cultures and fifty fungal
antagonists were isolated from Kerala soils. AMF isolates were
screened 1in the green house for plant growth improvement and
disease tolerance in comparison with identified species-Glomus
fasciculatum, 6. clarum and Gigaspora margarita, OQf +the ten
AMF tested 1solates Is-6, Pi-11, Pi-9, 6. Tfasciculatum and
Gigaspora margarita were very effective in stimulating growth
and nutrient (P, K, Ca, Mg, Cu, Fe, Mn and Zn) uptake of black
pepper. Regarding the ability of AMF in reducing the foot rot
incidence, Glomus fasciculatum recorded the lowest plant
mortality and root rot indexz (53.35% and 62.50%) followed by
Is-6 .(60.00% and 64.77%) and Pi-11 (60.64% and 68.18%) as
against 100 per cent mortality and 98.60 per cent root rot
index noticed in control. The above five cultures were

subjected for further studies.



Characterisation of AMF associated with different
genotypes of black pepper grown in various soil types indicated
the definite influence of soil type on AMF colonlization. Sandy
soll (oxyaauic quartpsamment) harboured maximum root
colonization while forest soil (haplic argiustoll) had the
lowest. Specles of Glomus particularly 6. fasciculatum was the
predominant AMF assoclated with black pepper irrespective of
soil +type. As an exception Acaulospora and Gigaspora species

were frequently noticed in sandy soils.

Based on +the abllity of the fungal antagonists +to
suppress P. capsici In vitro either +through mycoparasitism,
antibiosis or soil fungistasis, 24 isolates were selected for
greeﬁ house studies. In the further testing isolates A4y, A3,
Any, Ago and Agg significantly reduced the foot rot infection
and increased the plant growth. They showed better population
build up in the soll and suppressed the P. capsici population
considerably. These native antagonists were further teated in

combination with selected AMF in the green house and field.

Under green  house condition, combination of
G. fasciculatum x Ay or Ap; showed significant influence on
growth stimulation, while Is-6 x Apy recorded lowest mortality
of 32.90 per cent due to foot rot incidence as against 87 per
cent in control. The dual inoculation of Is-6 x Apy and Pi-11
x A; was highly effective in plant growth stimulation and

dlsease suppresslion. Both the combination recorded less than



60 per cent infection and mortality due to the disease, while
control showed 95.66 per cent infection and plant mortality.
Bordeaux mixture and copper oxychloride recorded 66.67 and
59.68 per cent mortality respectively. AMF colonization and
multiplication of antagonists were also favoured by dual

inoculation.

The potential AMF 1isolates 1Is-6 and Pi-11 were
identified as species of Gloaus while, +the antagonistic
isolates Ay, Ay3, Agy, Agy, and Agg wWere confirmed as
Aspergillius fTumigatuz Fres., Fusarium oxysporum Schlecht. ex
Fr. Aspergillus sydowii (Bain. & Sart.) Thom. & Church,
Trichoderma viride Pers. ex Gray. and Gliomastix murorum

(Corda) Hughes respectively.

A technique for AMF inocnlation to established pepper
vines was developed using ‘'carrier plants’. Ralsing sorghum
with AMF inoculation around the pepper vines was found
effective to achieve intense colonization in peprer roots by
the introduced AMF in the field. This technique developed for
the pepper vines may be tried for extending to other vrerennlal

crops for AMF inoculation.

Promising AMF cultures Pi-11, Is-6, G. fasciculatum
and antagonlists Aspergillus fumigatus, A, sydowii, Trichoderma
viride were further tested on eight year old established pepper
vines following ‘carrier plant’ based AMF inoculation and

cowdung-neem cake based antagonist inoculation. The treatment



Pi-11 x A. sydewii was most effective with no symptom
development, followed by Is-6 x 7. viride or A. sydowii wlith
disease score of 2.0 as against 7.0 recorded for control. The
disease score for bordeaux mixture and copper oxychloride
application was 3.5 and 3 respectively. Neem cake-cowdung food
base was highly favourable for multiplication and activity of

fungal antagonists.

The amino acids, total sugar and reducing sugar and
total phenols and orthodihydroxy phenol content and activity of
cellulase and chitinase were influenced by AMF colonization
particularly by Is-6 and Pi-11. The positive change could be
related with the relative disease +tolerance recorded for

various AMF isolates.

The development of native AMF and antagonists through
extensive testing in the green house and fleld and also the
technology of AMF inoculation for established pepper vines are

the first record of work.
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