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Introduction



i, iINTRGDUCTION

Siack pepper {Piper nigrum L), poputarty known as “King of Spices™ is a native
of Malabar coast of Western ghais of India, 1t is one of the important spice crops feiching
an annual export earning of Rs. 4165.22 million 1o the Country (Rajan and Sarma, 2000).
India. a teading producer and exporter of black pepper, has a unique position in spice
trade and contributes to the major share of total world production with a production
staggering around 60-65 thousand tonnes per year (Peter and Nybe, 2003). In India, more
than 90 per cent of the area under black pepper is contined to Kerala state. Inspite of this,
the productivity of black pepper realized in the state is not in any way near to the
potential yielded level expressed by the crop. (n= of the major factors aitiibuied o fhis
low productivity is the high incidence of the devastating disease. the foot rot of black

pepper.

Phytophthora capsici Leonian emend A, Alizadeh and P.H. Tsao, the foot rot
pathogen, is very serious in all black pepper growing areas of the state and take a heavy
toll of the crop every year (Sarma ¢f of., 1994 and Anandaray and sarma, 199%). This
disease continues to be the nyjor productcen constraing in all the geoner growing
countries. The annual crop loss due 10 Pliviopinhera foot rot on giobal scale is exritnuied
to be around 4.5-7.5 million dollars {Rajan er af | 2002), The crop loss due 1o toot rot of
pepper is reported to range upto 30 per cent (Samry and Jose, 1966 and Nambiar and
Sarma, 1977). Crop loss due to foot rot during 1982-1986 was estimated as 3.4 and 9.4
per cent in two major pepper growing districts (Kozhikode and Kannur) of Kerala
(Anandara; ¢f al., 1989a). lirespective of the age of the plant, the fagus utects roocs,

stem, leaves and all other parts and causes severe crop loss (Plate 1).

Black pepper 1s propagated mainly through stem cuttings raised in musery. Qne
of the unportant {actors, which timit the production of quality cutings of black papper in
the nursery. 1s the occurrence of diseases. Amony the various discases, Phwophthora rot
incited by £. capsici is the most serious one. This disease assumes serious proportions
during South West monsoon and it proper and idmely mavagement practices are not

adopied. cent per cent mortality of cuttings may cocus. At times, this <otl bome pathogen



Plate.l. Symptoms of Phytophthora rot in black pepper nursery



is inadvertently carred from awrery to the main fcld, ifapparently healthy cuttingy fom

infected nursery are used for planting.

As n the case ofmany other soif borme diseases. Phyrophthora vot in black pepper
nursery is also not amenable to a single methad of control. Hence, an integraied approach
invoiving culwral, biclogical and cheraicel meibods are essential. Use of disease free
planiing material, solurizsidon of poiting nixbor, addition of AM fungt and biecontrol
agenis like 7richoderma spp. regalstion of aeration and shsde and prophviacts
application of fungiides tor the mmoasement ofshis dhzease hos beep welf docuraented
(Anandaraj and Suima, 1994), However, at times these niecasures may 1ot provide aesized
leve) of management of the discase. Main reasons bebind this faiture are ssiection of
biccontrol agents suitable for particalar locality. madequate and untimely cultural conirol

aperations and the linnroper use of furgeides inconipatible with the antagonisrs,

Uonsidenng the above facts, the present study was undertaken an the managemerit

of Phvtophuhore vat of biack pepper in the nursery with the following objectives:

&

Isolation of’the pathoyen

e Isolation of antagonists of f.capsici ftom black pepper uurseties from Thrissur

districi

e Assessment of comparative efficacy of selected antagonists with Tohgrzianum 1o

P.capsici

* Assessment of level of compaiibility of selected aagonists and T harzianim 1o

common fungicides, msecticides and fertilizers used in pepper gardens

» Evaluation of antagonists in black pepper nursery
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2. REVIEW OF LITERATURE

Phytophthora disease in black pepper nursery, incited by the ubiquitous $01i borne
fungus. Phvtophithora Capsici, poses serious threat in the production of quality planting
material. This disease canses extensive damage to black pepper cuttings in the nursery as
well as to pepper vities in the main field. Phytophthora tot disease in the main field is
known as Phytophthora foot rot er quick wilt. Leafinans (1934) recorded vine death of
about 10 per cent in West Borneo. Harper (1974) reported an yield loss of 50 per cent in
Indonesia due to this disease. In India. forty to fifly per cent destruciion of pepper vines due
to the epidemic ofthe disease was recorded during 1967-68 (Dewaard, 1979). Sastry {1982
and Dutta {1984) recorded heavy incidence of the disease in Uttava Kannada and Shistoga

districts of Karnataka causing 100 per cent death of vines in some gardens,

Crop loss 10 the tune of 25-30 per cent vine death has been reported from Kernla
(Nambiar and Sanna, 1977). A survey conducted at Kozhikode and Kannur districts of
Kerala, revealed that foot rot incidence ranged ffom 3.7 and 9.4 per cent resuiting in an
annual loss of 119 and 905 tonnes of black pepper respectively (Balakrishnan ef a/., 1986).
There are instances of complete wipe out of pepper plantations due to the disease in many
areas of Kerala particularly ir Iduicki and Waynad districts. Incidence of Phyionfithora rot
is more pronounced in rooted cuttings raised in conventional nursery. It was estimated that
about 123 million rooted cuttings were required o replant or gap fill 50 per cent of the wotal
area under pepper in India (Sarma ¢/ af., 1988). Ifthe discase is unchecked in the nursery, it
would resuit in the complete destruction of cuttings and fuither, any latent infection of (he
cuttings from the nursery would spread the disease in the field resulling ir the introduction

and establishment of the dreaded pathogen in the main field.

Sudden collapse and death of pepper vines was first reported from Lampung,
Indonesia in i885. In India. occurrence of the disease was reported as early as 1902

(Barber, 1902) from Waynad regions of Kerala. Butler {1906) coined the term “wil(” for
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the disease of black pepper where there was a rapid death of the plant. Rao (1929) 1solated
Phytophthora sp. from diseased black pepper from Karnataka. Later, Muiler (1936)
reported a similar type of disease from Dutch East Indies caused by Phytophthora
palmivora var. piperis and he coined the term “foot r01”. Samraj and Jose (1966) gave the
first authentic report on the Phvtophthora wilt in black pepper from: Kermla. They
established the pathogenicity of Phviophrthora in black pepper and adopted the
identification as P. paimivora var. piperina. Nambiar and Sarma (1977) referred the disease
as quick wilt disease of black pepper based on the sudden wilting and death of the vine,

However, the terminology of the disezse has been changed to Phytophthora foot rat.,

2.1 CAUSAL ORGANISM

Rao (1929) and Leafinans {1934} identified the pathogen oaly vp 1o e penuic
level. tMuller (1936) firsi identified the Phizophthora isolates tiom black nupper us
P. palmivora and added a varietal epithet ‘piperis’ on the grounds of its pathagenicity to
Piper nigrum. But later, various other workers ircated it as P. palmivara without giving any
importance to the variety (Holliday and Mowat. 1$€3: Tumer. 1969: Ajconero ef af., 1972

and Nambiar and Sarma. 1976).

in the Cocoa Phytophthora workshop held in 1976 at Rothamsted Experimentai
Station. England. it was agreced that there were three and possibly more distinct forms like
MF(, MF,, MF; and MF,, “other types” and “pepper forms™ and that the black pepper
isolates of P. palmivora should be described as a separate species. Since then, the foot rot
pathogen of black pepper was designated as P. palmivora MF, that exhibit differem

degrees of morphotogical variation (Sarma ef al., 1980 and Tsao ¢f al., 1985)

Certain non- piper isvlates of the so catled P. palmivora MF, were later renamed as
P.capsici by Kunimoto ¢ al. (1976) and some black pepper isolates were likewise
identified as 7. capsici (Kasim, 1€78). Brasicr and Griffin (1979) noted that Phymphthora
tsolates from black pepper closely resembled 2. palmivera MY, in sporangial shape (fan

shaped/ umbellate). sporangial pedicel type (extremely long pedicels), double sepiaiz



sporangia. cogonial morphology and their ability to respoud to Trichoderma and thesefore.
suggested both black pepper and MF, forms as one and the sane species. Indeed, many
morphological similarities exist between Pcapsici and the so called P palmivora and
therefore. Piper nigrum isolates formerly thought to be MFy wete considered to be

P. capysici by Kaosir ¢f al. (1978) and Sanna ef i, (1980},

Detailed studies have been carried out on the vanability and biology of the
organism (Sastry and Hegde. 1987a and Santhakumari, 1987). The fungus ofien exhibited
umbellate sporangial ontogeny with caducous sporangia with long pedicels. Sporangial
shape varied from ovoid to pyriform with a tapering base. The fungus grew luxuriantly at
25-30 * C on carrot agar medium. Sporangial production was abundant under continuous

light and zoospores germinated within 15-20 minutes after encystment,

Tsao and Alizadeh {1988) merged the two species {MF, isolares and P.eapsicd} niw
a single species and were designar:d as Fhviaphthora capsizi Leonian emend A. Alizadeh
and P.H. Tsao. Some of tie impor i characteristic features of /. capyiei ax given by Tsao

and Alizadeh (1988) and Zentmever (1988) are given in Table 1.
2.2 EPIDEMIOLOGY AND DISEASE SPRUAD

Many workers carried ot various studies. which lead to a better undersianding of

the epidemiology ond spread of feot rot o biank pepper.

[he pathogen. P palmivora infecting various crons is most active in wam tropica!l
regions receiving higher amounts of rainfall {(Coleman, 1910: Sundararaman and
Ramakrishnan, 1924 and Rao, 1927). Muller (1936) reported that the chief source of
infection of Phytophthora on black pepper was contaminated and diseased plant refuse. He
also reported that the symptom of the disease was more pronounced under high relative
humidity (91-99 per cent) and low temperature (19-23°C) and the pathogen remained
inactive when the season was dry. Holliday and Mowat (i963), Samraj and Jose (1966)

and Nambiar and Sarma (1976) also made similar observations.
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Tabte 2.1. Characteristic features of Pocapsics

i m——— . — —raa iy

SL.No. Characters Descripiion
" ['petatioid paitern with diffuse edge: ‘uniform dense

I Colony morphology ] . .

aerial mycelium over entire colony on CA medium.
1 Sporangial characters

spherical, ovoid. obovoid, ellipsoidal. fusiform,
! Shape i

pyriform, rounded/tapered basc.
2 Papilia prominent occasionaily
3 Sporangial size 40-32 x 20-3Tum
4 L/B ratio [,6-2.0
5 Caducity caducous
) Pedicel 1ype narrow . long and not occluded
7 Pedicel length 20-150um, somstimes upto 250um
8 Ontogeny umbeilate / irregular
m Chlamydospores rarely produced.

Tsao and Alizadeh (1988)

Zenmmeyer

(1988)



Tronsmission of the pathogen through rain and wind were reported by mamy
workers (Muller, 1936; Holliday and Mowat, 1963 and Anon., 1965). Holliday and Mowat
(1963} also observed that the spread of the disease was rapid in Sarawvak due to continuous
wet season coupled with application of large amounts of orgame fertilizers. According to

them infection started from fine roots, supporting te fact that the disease was soi! borne.

Nambiar and Sarma (1977) reported that spread of the disease mainly occured
through soil and water. Mammooity and Pillai (1981) noticed rotiing of ovlack pepper
cuttings in the nursery under cloudy atmospheric conditions with higher atmospheric
temperature and humidity. Das and Cheeran (1985) opined that arecanut, rubber, cocoa,
coconut and cardamom harbouring P. padinivora served as collateral hosts for black pepper
infection, According to Ramachandmn er ol (1986), the spatial distribution of
Phytophihora prepaguies 1n a plantation showed that inoculum was more upwe 39 ¢m from
the base and in upper layers of soil. It decreassd with increase in depth und distavce from

the base of the vine.

Sastry and Hegde {1987 b} observed that wilt of pepper was favoured by high
rainfall and high relative hwmidify, Natr er «f. {1988) opined that a positive signifcant
cotrelation was there benween weekly incidence of disease and relative humidity, rainfall
and number of rainy days, while the maximum temperature and bright sunshine howrs

showed significant negative correiation with disease in a pure hlack pepper plantation.

In addition. Ramachandran er af. (1990) observed that the initial symptom appeared
on tender leaves and terminal portions of runner shoots creeping on the ground, which
indicated thai the soil was the primary source of inoculum. Planting of such reoted cuttings
ratsed from yunner shoots iead 10 gradual inoculuts built ap from its early stage of the

growth.

Matsuda ef al (1994 opined rhat ousbreaks of pepper root roi were nhanced by
long pertods of cloudy, knmid weather with occasional raindull. Anandargj (1997} also

noticed that infected plant debris in the soil and infocted and dried up vinas in the gardens



appear 10 be the primary source of inosulum and also opined that cumnnlative feeder roct

rot reaches the main root system ultimately culminaiing in foot rot.

Mammoortty (2003) reported that daily minfall of 15.8-23.0 mm, iemperature range
of 23-30 “ C, relative humidity of 80-99 per cent and sunshine hours 2.8-3.5 hours per day
favoured the initiation and spread of intection. He also found that the pathogen survived in

infested plant debris and even in soil upto $9-24 months in the absence of host plant,

2.3 SYMPTOMATOLOGY

Many workers studied the svmpiomatology on Phytophthera foot rot disease of

black pepper.

According to Butler (1906), the first visible symptom was the starved appearance of
the vines and this was attributed te the loss of turgidity in leaves and leaf'staliks resulting in
drooping. Muller (i936) observed that all paris of the plant at all stages of growth weie
susceptible o the disease and according to him typicai symptoms like leaf ret, coliar roi
and root rot are generally observed in a foot rot infected plant, [le aiso observed

inconspicuous greyish brown lesions near the tip and margin of lower leaves.

Samnraj and Jose (1966) observed that infection occurred at a height of 25 cm above
the soil level. They also found that leaves twrn pale and flaccid and ulvimately the plant
died. Holliday and Mowat {1%63) and Tumer {1969) from Sarawak and Nambiar and
Sarma {1976) from India observed zonate lesions with fimbriate margins on the infected
leaves. In addition, Turner (1969) observed rapid development of symptoms within 36-48 h
of leaf inoculation. Lee {(1973) reported vascular browning at the points beyond the site of

infection.

Appearance of water soaked lesions on the leaves and stems of infected vines and
brown discolouration of infected fine roots were reported by Mammootty e al. (1920).

‘They aiso observed flaccidity of younger and matre leaves followed by yellowing of



younger leaves, Mammootty and Pillai {19831} observed two 1ysee of rotiing symptomns in
peppet nursery, In otte case, decaying starts at the lower cut end whick gradually spreads
upwards and ultimately the plant dies, whereas in the second type, rolt:ng siuits at the soil

surface leve} and spreads both upwards and downwards.

Sarma and Nambiar (1982) noticed acropetal and basipetal advance of the pathogen
in black pepper vines infected at the collar region. Discolouration of vascular bundles was
also observed. According to Ramachandran er af. (1986), infzciions at the base (coilar and
foot) and roots were more desiructive as they lead to outright death of vines. Sarma et al.
{1988) weated root and stem infection of vines as most fatal as the infected vines
succumbed within 10-20 days. Anandaraj and Sarma (1995) reported that being a soil bome
pathogen, the fungus gained entry into main roots through fine roots and reached the foot
and collar of the vine and culminated into foot rot. Twther, rotting of roots impeded

transportation of water and minerals thus brought physiological drought in plants.
2.4 MANAGEMENT OF THE DISEASE
2.4.1 Chemical controd

several workers studied the effect of plant protection chemicals and fortilizers

against the pathogen. P.capsic!,
2.4.1.1 Fungicides

According to Tumner (196%), Ferbam and Aathiacol gave best resulis as proteciants
and werec comparable 1o copper fungicides and that Brunolex and Nectryl wete very
effective for soil drenching against P. palmivora on black pepper. Turnes {1979) viso
reported that laboratory screening of fungicides for use as soil drench against fooi rot of

black pepper showed that Vapaa. Tillex and Dazomet to be the most effective.
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Kheng (1971) observed the effectiveness of difolatan as leaf protectant and soil
drench followed by Uspulum and Kocide 101 against P. paimivora on black pepper.
According to the Anon. (1972), difolatan and Bordeaux mixture controlled P. palmivora of
black pepper in the field. Tumer (1973) elucidated the in vitro effect of Vapam. Tillex,
Dazomet and Shell $D-345 followed by Verdasan and Nectryl agamst the sporangial
production of . palmivora. Filani (19276) noticad thut the growth of 2. palmivora was
restricted by cuprous oxide, copper sulphate. copper oxychloride, copper hydrexide and
copper carbonate at all concentrations tested and that total inhibition was prodnced by
cuprous oxide at 200-Z50 ppm. Mammoowy (1978} observed reduced prowth of
Phytophthora causing foot rot of black pepper in media incorporated with Dithane ¥-43

and Dithane Z-78.

A significant reduction n infection of black pepper was obtained aficy treatment
with Actidion. difolatan, copper oxy chloride, Bordesux mixture and DOWCOW-269
against foor rot infection. {Anon,, 1977). Kueh and Khew (1980} reported that difolaian.
copper oxychloride, Vapam. Verdasan, cthridiazole, cycloheximide and DOWCOW.-265
were very effective for decreasing the rate of infection caused bty Phytophthora in black

pepper. The effectiveness of Bordeaux mixture as drench and spray for the conticl of

nursery diseases of black pepper was well established by Mammootty 2 o/, (i $80).,

Bruck « af. (198G} reported ihat the effect of inctzlaxy! on Phyvrophtisora spp. was
by blocking the formanon of zecondary haustoria and myeelial growth inside {re leaf
tesion formation and sporulation. Kueh (1982) noticed the cffectiveness of Ridomil
{metalaxyl) foliowed by RE-26940, DOW-4408, Previcur N and Captaiol in the conwol of
Phyisphihora foot rot of black pepper. Prephylactic spraying of Bordeaux mixture (Iper
cent) foliowed by soil drenching with Emisan (0.1 per cent) coupled with foliar application
of Ditolatan (0.1per cent) at weekly intervals effectively contrelled the rotting disease in

pepper nurseries (Mammootty and Pillai, 1981).

Prophylactic application of Bordeaux paste to the collar, once during May- June

period and foliage spray and soil drenching with Bordeaux mixtuie {(Iper cent) or 0.2 per



cent copper oxychloride twice as a pre monsoon and post monsoon treatment reduced the
disease incidence (Sarma ef al., 1987). In addition, they also reported that spraying the
cuttings in the whole nursery with Bordeaux mixture (I1per cent) or copper oxychloride
(0.2per cent) or prophylactic spray vith Ridomil-Ziram (2.5ml Iy at monthly intervals
gave goond control of Phyrophthora rot in nursery. Besides, metalaxyl was found
compatible and synergistic with insecticides like endosulfan and quinalphos, the pesticides

used in black pepper pest control.

According o Ramachandran and Sarme (1985), the bast contre) of P pefinivors
MF on Piper nigrum was obtained with Ridomil corapared to Ethndiazole (Teraiol) and
fosetyl aluminium {Aliette). Sastry and Hegde (1987) also reported similar observatiorns,
Kasim (1986) obtained lowest disease index on infected black pepper with [ldoumi)
followed by Aljette and Dithane M-45,

Ramachandran et af. (1988) notized the sensitveness of different isolates of
Phytophthora to metalaxyl from different host plants including black pepper.
Ramachandran er a/. (1990) opined that it was not hazardous to use Metalaxyl in pepper
plantations as detectable levels of metalaxyl were not observed in dried black pepper

berries from vines treated four and six months after fungicide application.

Malebennur ef al. (1991) stated 1hat percentage disease incidence was lower in
black pepper vines treated with Bondeaux mixture - copper oxvchloride or Bordeaux
mixture - metalaxy! or Bordeaux mixture - Captafol. Nair and Sasikumaran (1991} and
Mammootty ef al, (1991) reporied that Bowdeaux mixture gave the best control againsr foot

rot incidence of black pepper followed by metalaxyl, copper oxychloride and Captafol.

Reduction in the incidence ot foot rot of black pepper with Bordeaux mixture
pasting, spraying and drenching (BMPSD) was noticed by Nair ef al. (1993). However,
Sarma (1994) opined that soi) drenching with copper oxychloride and Bordeaux mixture
spraying alternated with Ridomil wers effective in reducing oot rot nfeetion.  Soil

drenching with a mixture of metalaxyl, mancozcb and benomyi alsu orve 90od contro! of



the disease (Matsuda ef al., 1994), Sarma ¢/ af. (1994) also reported that metalaxyl - zirawg

was found effective in checking infection and fosety! Al was the next best. -

Aerial spraying and soii drenching of potassium phosphonate (Akomin-40) gave
maximum reduction of foliar and root infection (Veena and Sarma, 20600). They noticed

absence of phytotoxicity on black pepper even at 4000ppm of Akomin-40.

The siudies conducted at Kerala Agricultural University revealed the effectiveness
of Bordeaux mixture, Akomin, Difolatan and Validamycin as drenciz and spray in checking
the incidence and severity of Phyiephthora rot in black pepper nursery, Further, it was
reported that fungicides viz., Bordeaux mixture, Agallol, Bayer-5072, Thiride and Dithane
M43, checked the growth of the fungus in vifro as well as in the nursery, Contwoi of 3t
disease in pepper nursery with Ridomil. Cuman L. Kitazin, Thiride, Bayer-5072 and

Emisan was also reported (KAU, 2006},

Veena er al, (2002} noticed that the sporulation of P. capsiei of black pepper was
the most sensitive stage to potassium phosphonate and that the inycelial growth was }zasi
affected. Spmaying Bordeaux mixture and drenching the basin with either Bordeaur mixture
or copper oxychloride was cdvoeatzd against the foat ror incidence of black peppor
(Mammootry, 2003). Altemate application of potassium phnasphonate and metalaxyl was

also recommended,

There are many reports on the chemical conwol of various other species of
Phytoptuhora on different crops, Wilson et «f. (1974) repornted complete inhibition of
mycelial growth of Phytophthora species causing leaf and capsule rot of cardamom with
Ceresan wet, Difolatan, Dithane C-90, Dithane M-45, Kocide, Miltox and Thiride.

Figueiredo and Lellis (1981) reported the effect of copper oxy chloride in inhibiting
the growth of P. palmivora under in vitro conditions. According to Coffey and Bower
(1984), 7 palmivora was very sensitive to metalaxy]l even at lower cuncentration of

0.1ug ml”. Tey and Wood (1984) reported that among the cight fungicides tasted in vifro
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against 7. palmivera, mancozeb and cycloheximide were highly 1oxic at low concentration.
Among the different fungicides tested in vitro, Raghu and Chandramohanan (1993) found
that Ridomil MZ, Foltaf and Captaf inhibited P palmivora infection on the detached cocoa

pods.

The in vitro studies conducted by Khan ef al. {1596} revealed that metalaxyl
followed by Captan and copper oxychloride inhibited the mycelial growth of P.cacrorum.
Foliar sprays of partially neutralized phosphonic acid substantially reduced tuber infection
by P. Infestans causing potato late blight, Johnson and Palaniswami {1999) observed that

Ridomil in in vitro could effectively control P.palmivora causing cassava tuber rot.

Jiazhuang and Yan (2000) could control papaya epidemic disease caused by
P. palmivora and P. capsici by spraying metalaxyl, According to Mahianty (200{), fosety!
Al was the best in inhibiting the germination of sporangia of P. parayitica, which caunsed
foot rot in betel vine, while mancozeb and chlorothalonil were the best in inhibiting the

growth of mycelial cultures.

May and Kimati (2000) found that metalaxyl was the most efficient fungicide for
inhibiting the mycelial growth of P. parasitica. Several reports in early years indicaied that
application of high concentration (>1000 ppm) of neutralized phosphorous acid and its salts
(phoshonite and phosphonate) could directly protect the plants by inhibition and
interference of the mycelial growth and sporangial production of Phytophthora species and
other members of Qomycetes (Ann, 2001).

2.4.1.2 Fertilizers

It 1s found that not much work has been conducted on the in virro effect of
fertilizers against Phyvrophihora spp. However, Lilly and Bamett (1951) reported that in
general nitrate nitrogen favoured the mycelial growth of many fungi. Cameron and
Miibrath (1965 and Pal (1974) reported that ammonium nitrate acted as the best nitroges

source for the growth of Phyraphthiora spp.
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According to Jain er al. (1982), among the inorganic nitrogen salts, ammoniue:
nitrate supported the growth of P. parasitica var. nicotianae followed by ammonium
sulphate and ammonium chloride. Jayasekhar and Muthusamy (2000) studied the efiect of
six nitrogen sources viz., ammonium sulphate, ammonium chloride, anunonium nitrate,
sodium nitrate, potassium nitrate and peptone on growth of /. capsici, the causal agent of
foot rot of black pepper. They lbund that ammonium nitrate was the best nitrogen source
for the growth of isolates that recorded three fold increase of mycelial dry weight, which

was closely followed by ammonium sulphate and ammonium chlornide,
2.4.2 Biological control

According to Baker and Cook (1974), biological control is defined as “the reduction
of inoculum density or disease producing activities of a pathogen or parasite in its active or
dormant state, by one or more organisms, accoraplished naturally or through manigpulation
of environmental, host or antagonist or by mass introduction of one or more antagonisis”™,
Biological control, using microorganisms against the plant pathogens is an effective and
alternative tool in managing the disease and is gaining tmportance in recent vears, It aims at
biological destruction of soil bome pathogens without impairing ecological balance.
Although concerted efforts on bioconerol of pathogens were made since 1$30°s (Weindling,

1932), pragmatic approach re tackie the probiem was made only inecem vears.

Samma ot af (1991} emphusized the need for biological contiol by manipniuting the
microbial status of soil suppressive 10 the pathogen. Baker and Conk (1974) stated that
"antagonistic potential resides in every soil microorganism and antagonists should be
sought in the rhizosphere ratier than in the soil mass as their effeciive activity will be

prehably on the root surface™

A number of fimgi belonging to the genera Talaromyees, Pencilling: were found
antagonistic to Ppalmivory of black pepper (Dutia, 1984). Also, Coniothvrizim,

Glivcadium, Trichoderma, Latesaria, Sporodesmium, Aspzegiflus and Fusarivm and



several bacteria and aclinoinycetes are knowr for their potentiyl biocontrol activines
against soil bome pathogens including several species of Phyrophihora (Malajezuk, 1983:

Adams, 1990 and Natk and Sen. 1992),

Biological control, especially using fungal antagonists against fungal pathogens has
gained considerable attention and appears to be promising as a viable supplement or
alternative to chemical contro! (Natarajan and Manibhushanarao, 1996). A combination of
fungal antagonists like Aspergillus spp. and Penicillium spp. and several rhizosphere
bacteria like fluorescent Pseudomonads isolated from different pepper growihg regivns
were found to delay foliar infection and provided prolonged protection to black pepper

against P.capsici (Jubina and Girija, 1997 and 1998).
2.4.2.1 Trichoderma spp.

Among the antagonists, Trichvderma plays a vital role in plant disease managemeni
and has cpened new vistas for the commescinlization. Several studies suggesied the
potential use of Trichoderma as an effective biocontrol agent againsi Phytophikora diseases
of crop plants. The genus frichoderma has Lzer demonstrated 1o be & potential biocontrol

agent against plant pathogenic fungi (Liu and Baker, 1920).
24218 I vitro antagonism of Frcinderig snp,

Antibiotics praduced by Trichoderma spp. have long been reporied to be invoh od
in biocontrol activities { Waindling., 19343, Pvke and Dietz (1966) described dennadine, a
major volatle antibiotic produced by Trivhoderma. Dennis and Webster (i971) stated that
the inhibitory action of antagonists against the pathogen in vifro might be due 1o the
production of inhibitory volatie metabolites. Reeves and Jackson (1972) and
Brasier (1975) reported that Trichoderma spp. induced development of sex organs in

normally sterile isolates of Phyrophthore spp.
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A number of parasitic fungi capable of penetrating thick walls of both
chlamydospores and oospores have been identified (Snahe 7 /., 1977). The mechanisms
by which Trichoderma spp. control disease included coispetitive saprophytic ability,
antibiotic production, direct parasitism and lysis (Ayers and Adains, 1981 and Bell er «l.
1982). Antagonistic aciivity of the organism was mainly aunbuwd to mycoparasitisin,
antibiosis and predation. Mycoparasitisin by enzymatic lysis of pathogenic fungal hyphae
through the production of enzymes like § - (1-3) glucanase. chitnase, cellulase and
protease has been reported by Elad er al. (1983). Cristinzio (1987) noticed potential
antagonism of Trichoderma species on P.capsici in capsicum i1 vitro, Mycoparasitism by
T. harzianum combined with the produciion of cell wall degrading enzymes (Ridout ¢f af .,
1986) and volatile alkyl pyrones, annibrofics {Claydon ef «i.. 1987} has glsc been

documented.

Vinod (1988), Gokulapalan (1989) and Mukherjee =5 al. (1989) observed thai.
between fungal antagonists and the pathogen, the parasitic hyphae of the fungal antagonisis
overgrew the pathogens at several places and ran closely along with host hyphae. Adams
(1990) suggested that biocontrol methods using Trichoderma spp. could be made
successful with at least 10° propagules per gram soil. Cates (1990) visualized large scale
use of Trichoderma as a biological fungicide in control of plant diseases. Georgieva (1991)
reported that soi! application of T.viride (2 g / vine) to black pepper at the time of
transplanting was highly effective than metalaxyl compounds against Phyfophthora root

rot.

In vitra study by Y’Ercole et al. (1993) revealed that 7. harzianum and T, viride
produced volatile compounds like caprilic, caprinic, capronic acid. ethylene and formic
aldehydes. Harman er al. (1993) purified chitinclytic enzyines produced by 7. harzianum.,
Faull er al. (1994) observed production of hoinothalin IT and isonitrile antibiotic by mutant
strain of 7. harziarnym. According 1o Kausalya and Jeyarajan {1 994}, Trichoderma spp. can
survive for long periods in soil or’y in the presence of food base in the form of organic

substrates like farmyard manure, wheat braa. rice bran and groundnut shell.



Thomas ef al. (1996) observed various antagonistic mechanisms of Trichodermu
spp. and concluded Trichodzrma as a potential bioagent against Phyiophihora of smail
cardamom. Antagonistic potentiality of Trichoderma mutants when grown in duai culture
against root rot and wilt causing pathogens was estimated by usiag a modified antagonistic

index by Kasinzathan {1998).

Sivasithamparam and Ghisalbeni (1998) listed 43 substances produced by
Trichoderma spp. that have antibiotic activity and of these alkyl pyrones, isonitiles,
polyketides, peptaibols. diketopiperazines, sesquiterpenes and steroids have frequently been
associated with biocontrol activity of some species and strains of Trichoderma. Bhai (2000)
observed that Trichodernia spp. overgrew the colony of Phytophthora and parasitized the
hyphae when both were grown on agar media. She also observed hyphal Ivsis, penetration

and coiling of the parasite besides the production of volatile compounds.
2.4.2.1.2 In vive antagonism of Trichoderma spp.

Sarma ¢f al. (1994) noticed predominance of Trichoderma spp. antagonistic against
P.capsici in black pepper. Anandaraj and Sarma (1994 and 1995) recorded potential
biocontrol activity of 7. hematum and Gliocadium virens both under green house and field
conditions. They also reported the disease suppressive role of Trickoderma spp. against

P. capsici.

Sivaprasad (1997} reported enhanced crop protection against P. capsici from dual
inoculation of VAM and Trichoderma spp. in black pepper. Robert (1998) elucidated the
effecuivencss of AMF isolaies Pi-11, Aspergillus sp. and T. viride in reducing the symgiom
development in black pepper by /. capsici. Sudsa-art and Soytong (1999) noticed that 2
mixtute of Trichoderma and Chactoniium myce fungicides significantly conurolled the root

and stewn rot of black pepper caused by P. palmivera.

biad er al. (1999) observed taat some Trichodermu sirains clearly are potent

inducers of SAR-iike rezponses which may be indicated by defense responses like



production of chitinase and peroxidases in both root and leaf tissue of treated plants.
According to Harman (2000), Trichoderma spp. exhibited two types of mechanisms like
rhizosphere competence, which is the ability of the microorganisms to grow and function in
the developing rhizosphere and induced systemic acquired resistance (SAR), which gave

long term protection at a substantial distance from the infection court.

Joe (2000) revealed the efficacy of Trichoderma mixed with compost in controlling
Phytophthora sp. in black pepper. According to Mahanty et al. (2000), although biological
control approach was not better than chemical control in terms of per cent disease incidence
caused by Phytophthora in betel vine, the use of highly effective isolate of T.harzianum
was much safer and gave equivalent yield in terms of number and weight of leaves

produced.

Pate! and Anahosur (2001) ravealed that mode of antagonism of T.harziamum wes
not necessarily similar towards all host fungi. 7 harzianum and Aicaligenes sp. strain
AMB-8 applied alone or in combination significantly reduced the incidence of L. capsiciin
black pepper nursery (Anith and Das, 2001). According to Rajan et al. (2002), T. virens
{(TV-12) and T. harzianum (T-harz-26) were found more effective to control the foor rot
disease and the isolate T. harz-26 was most adaptive to the rhizosphere of black pepper

when compared to other isolates.

The 1solates of Trichoderma viz.. T. virens, T. aurcoviride, T. harzianum,
T. pseudokoningii, T. polysporum, T. lungibrachiatum and T, koningii were able to inhibit,
overgrow and lyse the mycelia of P. capsici of black pepper to varying degree (Saju, ef al.,
2002). He also reported that percentage inhibition of foot rot by different species of
Trichuderma varied from 20-81 per cent. Sarma (2002} noticed the disease suppression of
root rot of black pepper caused by P. capsici through soil application of T. harzianum.

Same effect was also noticed with the application of VAM,



2.4.2.1.3 Compatibility of Trichoderina spp. wivh: fungicides

According to Papavizas (1985}, integrated approach can be successtul only if
antagonists are compatible with fungicides and biopesticides. Integration of effective
antagonists with fungicides is important for the management of diseases. It is felt that, if the
pesticide tolerant strins of Trichoderma spp. are identified then it may be possible to use
them with lower concentration of desired fungicide against the pathogen. For such

treatments, Trichoderma isolates may serve as an additive component in IDM system.

Several workers reported that some streins of 7. harzianum Rifsi were tolerant to
fungicides and were used for the integrated control of plant diseases (Henis e7 al., 1979,
Papavizas and Lewis, 1981: Papavizes, 1982: Upadhyay and Mukhopadhyay, 1286}, Tie
fungicides viz., chlorothalonil, MBC. Captan and Captafoi were und as wlerant for
T. harzianum even at higher concentrations (upto 2000 pgm!™) in spore germination tests

(Moity ¢r al., 1982; Papavizas et af., 1982).

Metalaxyl (0.1per cent) and carbendazim {0.0065per cent) were seemed to be safe
tolerance limit (ED 5o} for Tharzianum. Similar results wene obtained for Metalaryt
(Mukhopadhyay ¢f al., 1986, Muk efec et al., 1989) and for carbendazim and benomyl
{Papavizas er al., 1982 and Viii ¢ al., 1997).The compatibility of fungicides such as
Captan, chlorothalonil. PCNB, Chloroneb, metalaxyl and potassium phosphonate w
Trichoderma spp. has been reported by Moity e/ ai., {1582); Wongwathanarat and
Sivasithamparan, (1991) and Rajan and Sarme, (1997). Captan was found fungicida! w
7. viride while, it had little effect on 1. barziarun (Koshnamoaorhy and Bhaskarasn,
1994). They also observed that in the copper oxychloride poisoned medium, T. karzianim

showed normal growth and sporulation while, 7 viride did not sporulate.

Mondal ¢f al. (1995) found that the mycelial growth of all the Trichoderma spp.
was arrested to a greater extent with the addition 0200 and 500 ppm Carbendazim and
tebuconazole in culwre medivw. 0 koningi, 1. harzianum and T. lignosum wers

compatible with carboxin at 200 and 500 ppm concentration. Sharma and Mishra (1995)
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reported that fungicides like metataxyl, chlorothalonil and Captatol showed little inhibition

to T. harzianum, while Thiram was highly inhibitory even at low concentrations.

Singh ¢r al. (1995) screened several isclates of Trichodering spp. (I. harzianum,
T. reesei and T. koningii) against common fungicides like Captaf, DithaneM-45 and Thiram
and they found that the growth of T. harziunum was inhibited to an extent of 94.5 per cent
at 500 ppm of Captaf, 63 per cent with 500 ppm of Dithane M-135 respectively after 3 days
of incubation. The 200ppm concentration of Thiram completely inhibited the growth of the
isolates, while the growth of T.viride and T koningii were found comparatively comgatible

tor all the fungicides tested.

Shanmugham (1996) found that Bordeaux mixture completely inhsbiied the growth
of T. viride. May and Kimati (2000) reported that among several contact and systeniic
fungicides tested, metalaxyl at ail tested rates (1, 10,100 pg 1"} did vot interfere with the
mycelial growth of Trichoderma. According to Akban and Parakhia (2001), thiran,
mancozeb. tridemorph. metalaxyl MZ and fosetyl- Al were found non- inhibitory o
T. harzianum. T. viride and (.virens at all concenirations tested. Chlorothalonil was found
inhibttory to 7. harzianum and T, viride but not to G. virens. Czrbendazim inhibited the

growth of'antagonists at all concentrations ested.

Among two systemic and six non-systemic fungicides tested, tolerance of
T. harziunum tor metalaxyl was seven times higher thin Carbendazim (Sharma et al.,
2001). They also reported that mancozeb and copper oxychloride inhibiied maximum
growth at 785 and 805 ug ml” respectively. Also. the concentration of 169, 375 and 625 ug
ml” of Captan. Capiafol and chlosodhalonil seems to be a safer tolerance limit for the
biocontrol agents. Iowever, there was an tncreasing trend of inhibiton at highsr

concentration of tize fungicides tested.
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2.4.2.1.4 Compatibility of Trichoderma spp. with insecticides

In the integrated disease management programme (IDM) chemicals are applied
along with biocontrol agents. According to Sarma et al., (1996 b) and Eapen and Ramana
(1996) Phorate was applied to control nematodes whereas antagonistic Trichoderma spp.
was added to soil to prevent population build up of P. capsici. Hence, Trichoderma spp.

need to be pesticide resistant/ tolerant for use in such programmes,

Very few reports are available on the compatibility of insecticides with
Trichoderma spp. Sharma and Mishra (1995) studied the compatibility o {the biocoutrol
agent, T. harzianum, utilized for the management of Phyrophdhora foot rot of black pepper
(Piper nigrum) with aldicarb, phorate and carbofuran applied for the munagement of
nematodes and mealy bugs. The study indicated ihat these insecticides were less toxic.
Jebakumar ef al. (2000) reported that phorate and chiorpyriphos could be safely applied
with T. harzianum for the management of Phytaphthora fcot 701, nemawodes and mealy

bugs on black pepper.

Sushir and Pandey (2001) opined that among the four insecticides tested in vivro,
chlorpyriphos (Durmet 20 EC) was found more safer as it has no adverse effect on maddial
growth upto 2000ul ml 7 concentration, whereas endosulfan (Thiodan 35 EC) and
triazophos (Hostathion 40 EC) were found to be more toxic even at 50ul m! * whick
showed growth inhibition of 55.55 and 57.77 per cent respectively. However, growth
inhibition of 40 per cent was observed with dimethoate (Rogor 30 EC) at 125ul nul

Trichoderma spp. being compatible with potassium phosphonate and
chlotpyriphos indicated their potendal for IDM with dual mode of action in suppressing
both pathogenic fungi and plant parasitic nematodes and with growth promotion in black

pepper (Sarma, 2003).



2.4.2.1.5 Compatibility of Trichoderma spp. witk fertilizers

The interaction of growth of 7. harzianum with soil application of nuirieats in the
form of fertilizers has not been investigated clearly yet. Though Irichoderma spp. were
seemed to be a versatile class of fungi, capable of utilizing a wide range of nitrogen sources
(Danielson and Davey, 1973), the specific reports about the relative efficacy of various
nitrogen sources are inadequate. According 1o them nitrogenous fertilizers may have
definite influence on the population and activity of Trichoderma propagules introduced to
soil.

in general, nitrate nitrogen is most favourable for mycelial growth of many fungi
(Lilly and Bamett, 1951). Kaufman and Williams (1965) and Rajan and Singh (1974)
reported that nitrogen significantly influenced fungi antagonistic to scil bome plant
pathogens. They also reported that application of fertilizers increased the populatiorn levels

of soil saprophytes leading to increased antibiosis and competition.

Danielson and Davey (1973) reported that ammonium nitratz was found as the best
nitrogen source for three species of Trichoderma tested. Neelamegam (1992) observed
better growth of T. viride when ammoniacal form of nitrogen was iacorporated into the
medium. Krishnamoorthy and Bhaskaran (1993) noticed a significant increase 1n

population of T. viride in soil following application of nitrogen and phosphate fertilizers.

Sharma and Mishra (1995) reported urea as a good source of nitrogen for
T. harzianum, which was not only supportive, but also stimulatory to the growth and
sporulation followed by ammonium sulphare. In addition to this, muriaie of potash was
appreciably tolerated by the bioagent, whereas zine sulphate was lnghly toxic 16 the fungus.
Jayaraj (1995) also supported these findings. Minerals like Mg, P and K are cssentizl for

sporulation of Trichoderma spp. (Jackson et al ., 1991),

Jayaraj and Ramabadran (1997) studied the influence of three nitrogenous &rtilizers
(urea, ammonium sulphate and ammonimn chloride) on survival and competitive

saprophytic ability of 7. harzicmien. 1t was found that all the nitrogenous fartilizers



favoured the growth and suivival of 7. harzianum in soil. Ammonium sulphate enhanced
the growth and suivival of 1. harzianum to the maximum extent. followed by urea and

ammonium chloride.

Jayaraj and Ramabadran (1998) also evaluated the efficacy of various nitrogen salts
on the in vitro growth, sporulation and production of celiulase and antifungal substances of
T. harzianum. They reported that among the various nitrogen sources, ammonium nitrate,
ammonium sulphate and sodium nitrate recorded the maximum growth, sporulaticn,
production of cellulases and antifungal substances, while ures and calcium nitrate recordeq
the least growth i.e.. the addition of inorpanic forms of nitrogen increased the nroduction of

fungal biomass.
2.4.2.1.6 Role of Trichodermu spp. as plant growth regulators

Lindsey (1967) repoited that micioorganisms could induce gpoval of higler plants,
Several reports are available on the stimulating effect of biocontrol agents in promoting
plant growth when used as either seed treatment or soil application. Chang ¢/ al. (1986) and
Mukhopadhyay (1988) demonstrated increased growth response of several crop plants in
the presence of biological comrol agents, which may be caused by a direct cffect on the
plant as a biofertilizer or by countrol of some undiagonised plant pathogens. According to
Windham e/ al. (1986} Trichoderma spp. produced growth regulatory factors that increased
the rate of emergence of tomato and tobacco seedlings. Shoots grown in T. horzianum
infested soil were found to be better than that grown in uninfected field (Windham et ol .,
1989). Vrang et al (1990) noticed increase in growth and yield of potato, when the seed

tubers were inoculated with Trichoderma spp.

Lynch et al. (1991) reported that some strains of Trichoderma induced seedling
emergence of lertuce and produced larger planis. Lilyiona (1991) observed early flowering
of potato was with 7. viride. Seed treatment with 7. viride and Bocilius subtilis along with

Rhizobium spp. increased nodulation and plant growth characteristics in legumes (Sridhar



et al., 1992). Biological seed treaument not only reduced the disease but also increased plant

stand (Mukhopadhyay, 1995).

Very few reports are available on the effect of biocontrol agents on growth of black
pepper. According to Saima er al. (1996 a), solarized 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.
Treannént with T. harzianum under greenhouse conditions significantly increased root
length, root dry weight, plant height, leaf number, leaf dry weight, leaf area, stem diameter
and flower number per plant compared to the non-inoculated treatment of
Capsicum annuum {Cruz and Cistierna, 1998). Seed gemmination, plant height, dry weight
of roots, shoots and grain yield of soybean was found significantly maximum in plants

raised from 7. harzianum treated seeds (Dutta and Das, 1999).

The ability of Trichodermc spp. to increase the rate of plant growth and
development, including their ability to cause the production of more robaust roots has been
reported by Binimol (2000) and Harman (2000). Lisha o al. (2002) noticed that the
Trichoderma isolates obtained frort black pepper rhizosphere from silent valtley showsd
growth promotion 0 the wne of 55-ii16 per cent as compared 0 control.
Rajan er al. (2002) reported that the isolate of T. harzianum (T. harz-26) efficiently
proliferated in soil and gave good protection to the root system against P. capsici for » long

time.
2.4.3 Integrated management of Phytophtlora roi in black pepper

According to Papavizas (1985). in the integrated management of diseases, a
combinatton of cultural, chemical and biological control measuzes is adopted besides
growing of disease tolerant lines. In view of the insensitivity of the bioagents to some
chemicals, biological treatment was integrated with suitabie fungicides. Such treannents
were found highly effective and resalted in enhanced crop performance vifien compared 1o

bivlogical or chemical treatmen: clone (Mukbopadhvay ef of., 1986 and Upadhivay und



Mukhopadbyay. 1986). In addition. soil solarization was found effective to control soil

bormne pathogens (Raj and Kapoor. 1993),

Katan ef al. (1976) and Katan (1981) siudied the effect of soil solarization for
controlling various soil borne diseases. Savng of ol (1988 1eportad that raising rooted
cuttings in fumigated nursery mixtwre from the rurner shoots collected from disease free
gardens or raising single noded cuttings through bamboo method of multiplication would
ensure disease free planting material, In addition, soil amendments like cotton seed and
groundnut meal suppressed F.palmivora of black pepper. Anandarsj ef al. (1589 b)
suggested that application of Bordeaux mixture along with other cultural practices were
very effective in managing the incidence of foot rot disease of black pepper. Sadanandan

(1989) observed that application of neem cake reduced the disease incidence.

Moens and Ben-aicha (1990} and Satour er af (1991) reported the effectiveness of
soil solarization in controlling Phytophthora disease in tomato and capsicum. The efticacy
of soil solarization in suppressing soil bome plant pathogens was weall established by Katar
and DeVay (1991). Hartz ef al. (1993) observed significant reduction in the population
of P. cactorum and P. citricola by solarization. Solanzation along with applicatior 0.2 per
cent of neem cake showed minimum infcction in the pepper nursery foliowed by plant

protection measures as per Packags of Practices of KAU (KAU, 1994),

Sarma ef ai. (1994} and Arandara) and Sarma (1995, 1998) suggested spraying ot
Bordeaux mixture and soil drenchiig with copper oxychloride (0.2per cent) and foliar spray
of Ridomil / potassium phosphonate (0.3per cent) during the monsoon period and
application of bio conirol agents such as Trichoderma, Gliocladium ard VAM to prevent
population buiid up of the P.capsici of black pepper along with phytosanitation measares.
Sarma er of. {199:4) reported that soil temperature of solarised bed rose 10 as high 2s 50°C,
which was abour 10 1o 12°C higher thai non-solarised soil. They alse iepovimd the efficrey

of 301l solarization alone or in combpination with bivcontel agents in managiang £ capicd,



The incidence of foot rot of black pepper was reduced by Bordeaux mixture pasting,
spraying and drenching (BMPSD) + neem seed cake. BMPSD +lime and BMPSD + neem
seed cake+ lime (Nair et al., 1993). Soil solarization amended with neem cake combined -
with foliar spray of metalaxyl recorded 81.3-95.5 per cent contrel of black shank disease of
tobacco incited by P. parasitica var. nicotianae (Wajid e: al., 1995), Yucel (1995) observed
that solarization alone or in combination with methyl bromide was effective in controlling

blight of capsicum by P. capsici.

The incidence of Phytophthora foot rot was reduced in treatment combination of
cultural practices + soil application of phorate + neem cake + four rounds of Bordeaux
mixture (spray and drench) + application of Bordeaux paste + second round of Akomin
(spray and drench) and third round ot Rido:nil MZ-72 WP (spray and drench) (Malebennur,
er af. 1991 and Lokesh and Gangadharappa, 1995). Anandaraj ef al. (1996) studicd the
suppressive effects of VAM on root damage caused by P.capsici and nematodes 1u black
pepper and reported that the extent of ront damage and foliar yellowing was less in VAM
inoculated plants and provided better root protection against these plant pathogens.

Sivaprasad (1997) aiso supporied the benefits of VAM in reducing foot rot of black pepper.

Sarma er al. (1996 a. b) opined thai IDM, with 7. hurzignum as a component for the
management of foot rot, reduced the disease incidence from 25 per cent to 15 per cent in
the field. They also reported that biocontrol agents were compatible with metaiaxyl and
potassiumn phosphonate and could be used for the management of Phytophthora disease in
pepper. Increased growth response of ginger plants and significant yield increase were
obtained through solarization (Vilasini, 1996). Hegde and Anahosur (1998) reported that
integrated management of foot rot of black pepper included application of neem cake +
T. harzianum + metalaxyl + garlic and mustard seed extract < mulching of the wet soil with

transparent polythene sheets during hot summer,

The incidence of Pliviophthora foot rot was the least in vines treated with potassium
phosphonarte (0.3per cent spriy twice in the season) and 7. viride {30 g/vine) along with §

kg of FYM to basins of vine (AICRPS, 200G¢). It was also found tha: in the second trial
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conducted by AICRPS, lowest disease incidence was noticed in the freatment receiving
dipping in 7. harzianum tollowed by treaiments receiving Bordeaux mixture (Iper cent}

through spray and drench.

In the third disecase management trial by AICRPS (2000), the most efiective
treatment against leaf and branch infection of black pepper was spraying and drenching
with Akomin (potassium phosphonate), foilowed by applicatior of biocontrol agents.
However, in the case of death of vines dus2 to wiki, Bordeaux mixture {1 per cent) spraying
and drenching with 0.2 per cent copper oxychloride were found to be effective. Forly-five
days solarised, T. viride incorporated Fytotan drenched treatment waus highly effectivs zue

there was cent per cent control of the disease (Binimol, 2000),

According to the annual report of AIURPS (2001). metalaxyl gold + Trichoderma
was found most effective against the disease. The spraying and drenching of Ridom:l and
application of biocontrol agent and the combination of these two were also found ¢ffective
in controlling the disease and they were on par with the spraying of Akemin and its
combination with bioagent. Solarization of potting mixture and tnoculation of beneficial
organisms such as VAM and Trichoderma were adopted for producing disease free
planting material. Besides enhancing plant growth, it also offered protection against nursery

disease of black pepper (Binimol, 2000 and Mammootty, 2003).
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3. MATERIALS AND METHODS

3.1 ISOLATION OF THE PATHOGEN

The pathogen causing Phytophthora rot disease of black pepper nursery was isolated
from naturally infected plants from Thrissur district. The infected leaves were collected and
cut into small bits with both healthy and infected portions and were surface sterilized with
0.1 per cent mercuric chloride solution for one minute and then repeatedly washed in two to
three changes of sterile water. These sterilized bits were then placed on carrot agar
{Appendix I) in sterile Petridishes and incubated at room temperature. When the fungal
growth was visible, mycelial bits were mansferred to carrot agar stants. The isolate was
purified by single hyphal tip method. The cultura! and morphological characters of the

isolate were studied.
3.2 PATHOGENICITY

The pathogenicity of the isolate obtained was proved by following Koch's postulates.
Mycelial discs of the pathogen {rom seven day cld cultute grown on camrot agar were
inoculated on the lower surface of the leaves of pepper variety, Panniyur-t afier giving
pinpricks. The humidity was provided by placing moist cotton over it. The inoculated
leaves were placed in polythene baus and tncubated. Observations were recorded on the
development of typical symptoms of the discase. The pathogen was re-isolated from the
artificially inoculated leaves and compared with the original isolate, This isolate maintained

on carrot agar slants was used throughout the course of study.
3.3 ISOLATION OF RHIZOSPHERE MICROFLORA

The soil samples were collected during the month of june 2001 fiom the

rthizosphere of healthy pepper cuttings adjacent to the infacied ones. The samples were
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collected from pepper nurseries raised in Government iarms (Seed farms} at Chelakkar
Pazhayannur, Mannuthy and Pananchery of Thrissur district. The samples were pooled
separately, shade dried and the total microflora were quantitatively estimated by scrial
dilution plate technique {Johnsor and Curl, 1972). Marins Rose Bengal Streptomycin
Agar, Thornton’s standardized Agar and Kenknights Agar media were used for estimating
fungi, bacteria and actinomycetes {Appendix I1) at dilutions of 102, 10* and 107

respectively.

Fungi - The fungal colonies developed on dilution plates were transterred to Potaio
Dextrose Agar medium (PDA) (Appendix 1), Pure cultures of fungi obtained by single
hyphal tip isolation method were juainained in PDA, A attempr was made o idennify the

fungi upto the generic level.

Bacteria - The bacterial colonizs developed in the dilution plates were streaked on
Nutrient Agar (NA) (Appendix 1) and single colony isolation was made. The pure culiies

were maintaited on NA slants,

Actinomycetes — The single colonies of actinoinycetes developed on Kenknights
Agar were transferred to test tube slams of the same medivm and mainisined in purz

culture.
34 GROWTH OF RHIZOSPHERE MICROFLORA AND PATHOGEN
3.4.1 Fungi

For measuring the growth rate of rhizosphere fungi, 8 mm disc fom actively growing
zone of each fungal isolate was transferred 10 the centre of Petridish coniuining PDA
medium. The plates were incubaed at room temperature and diameter of the fungal
colonies were measured at intervals of 24 h until the fungal growth covered the entire

Petridish to know their respective growib rates.



3.4.2 Bacteria

For estimating the growth rate of bacterial isolates, the bacteria were sireaked on NA
plates and measurement of growth of single colonies developed were recorded for five days

at 24 h intervals.
3.4.3 Actinomycetes

Actinomycetes were grown on Kenhtights Agar as desenbed 1n gection 341

Observations on growth were taken at intervals of 24 h for a petiod of 14 days.
3.4.4 Pathogen

For estimating the growth rate of Phytopithora capsici, the pathogen was grown on
PDA by employing the method as in fungi and measurements were takei for seven days at

an interval of 24 h.

35 /n vitro SCREENING OF RHIZOSPHERE MICROFLORA FOR THER
ANTAGONISTIC PROPERTIES AGAINST 2. capsici

3.5.1 Fungi

3.5.1.1 Ecreening of rhizosphere fung i fsolaies

Twenty fungal isclates were tested for their amagonistic effect against P.eapsici by
dual culture method ocutlined by Skidmore and Dickinson (1976). The organisms were
inoculated as dual cultures after giving due consideration for the growth rate of both the
pathogen and the potential antagonists. Mycelial disc (8 mm) of the pathogen from seven
day old culture grown on carror agar was inoculated aseptically on one side of a Petridish
and incubated at reom temperature for 48 b, After this, 8 mm myvcetial disc of the fungal

isolates was inoculated n the same PDA plate, 3.3 cm away from the pashogen dise and
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incubated. Three weplicaiions were maintained for each isolate. The pathogen and the fungal

isolate grown in monoculture served as control,

The growth measurements were taken at regular intervals after 24 h of inoculation of
the antagonists upto five days. The nature of reaction of the aniagonist on the pathogen was
recorded. The standard culture of Trichoderma harzianum was also tested for its
antagonism to P. capsici. The per cent inhibition of mycelial growth of the pathogen (I)

was calculated using the formula suggested by Vincent (1927).

C-T
[= ————— X100
C
where  C - Growth ofthe pathogen i controi {inm)

T - Growth of the pathogen in dual culture {mm)

The nature of antagonistic reaction of rhizosphere fungi tested apainst P.capsici was

assessed by following the method of Purkayastha and Bhattacharya {1982) and assigned to

four categonies.
Homogenous : Free intermingling of hyphae
Overgrowth : Peapsici overgrown by test organism

Cessation of growth  : Cessation of growth at the line of contact

Aversion . Pevelopment of clear zone of inhibition

3.5.1.2. Selection of efficient antiuponists

For selecting the most efficient isolates of thizosphere fungi, which showed
antagonism agatnst P.eapsici, 2 modified antagonistic index (Al) suggestzd by Kasinathan
(1998) was employed. For this, tour eritera viz., per cent inhibition of the pathogen (P),

colenization behaviour of the antagonist on the pathogen (CB), speed of overgrowth o, the



pathogen (SOOP) and width of inhibition zone (12} were maken into considerarion. Thus the

antagonism index was calculated which is the product of PI, CB, SOOP and IZ.

The variou

Al=PIxCB x SOOF x 1Z

1s criteria for arriving at antagonism index were worked out as follows.

e Per cent inhibition: It was worked out as mentioned in 3.5.1.1

¢ Colonization behaviour of antagonist on pathogen (CB):

For studying CB, the description suggested by Bell er al {1982) for Trichoderma was

followed with slight modification, the details of which are furnished in Table 3.1.

Table 3.1. Score chart of colonization behaviour of zutagonist on pathogen

Antagonism L.
Description
Score
Pathogen partially/completely overgrew the antagonist strain or colonized one
L third of medium surface and aniagonist covered one third of medium surface
Patirogen / antagonist colonized one half of the medium surface and neither
2
dominated each other
3 Initation of overgrowth of antagonist on pathogen
4 Overgrowth of antagonist on pathogen upto two third of the mediun surface
5 Complete overgrowth on pathogen and covered the entire medium surface
|
Bell ¢r al. (1982) considered an isolate of Trichoderma to be antagonistic 10 the
pathogen, if the mean score for a given comparison was greater than or equal to 3 but not

highly antagonistic, if the score was between 1-2.
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«  Speed of overgrowth on pathogen {SOGP):

The score for time taken by the antagonist/pathogen to overgrow after the contact ¢f

antagonist’both is given in Table 3.2.

Table 3.2. Score chart of speed of overgrowth on pathogen
e 1
Score Description i
f
1 Pathogen overgrown on antagonist strains |
2 Neither antagonist/pathogen overgrew on egach other :{
3 Antagenist completely overgrew on pethngen afler 48 b [
- e . . |
4 Antagonis: compietely overgrew on pathogen within 24 - 48 h. |
|
. A _ . 1

The mean score of a given comparison falling between the classes 3-4 were

antagonistic. if the score falls between -2, then they were nos antagonistic,

e Inhjbition zone (1Z):

For comparing the inhibition zone (I7) produced by fungel antagonist, the following

scotes given in Table 3.3

were employed.

Table 3.3. Score chart of inhibition zone

} Score Inhibition Zone (1Z)
b
| 1 Mo 12

T T A e
}r—_“ﬁ”— o 2.6-5.0 mm

i 4 >3 mm
I S
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For isolates that do not produce any inhibition zone, a weighted value of one was

given unitormly,

3.5.2 Bacteria
3.5.2.1 Screening of rhizosphere bacterial isolates

Twenty bacterial isolates weie tested for their antagonistic etfect against P. capsic: by
dual culture method (Utkhede and Rahe, 1983). Potato Dextrose Ager (PDA} was alloweid
to solidify in sterilized Petridishes. Mycelial disc of 8 mm size of the pathogen was
inoculated at the centre of the Petridish 48 h prior to inoculation of the bacteria. The
bacterial isolates were inoculated as a line of streak on erther side of the pathogen leaving
2.25 cm from the edge of the Petridish. Plates with P. capsici alone served as control. Three
replications were maintained for each bacterial isolate. Observations on growth of the
pathogen were taken at regular intervals upto five days. The per cent inhibition of mycelial

growth of the pathogen was calculated as mentioned in 3.5.1.1.

3.5.3 Actinomycetes
3

.53.3.1 Screening of rhizosphere actinamycetes

lin the case of actinomyceres, five isolates were tested for their antagonistiz effect by
dual culture method. The isolates werg inoculated two days prior to icoculation of the
pathogen. The growth of antagonist and pathogen was recorded at 24 b imervals upto 14

days. Replications and conuol aere maintained as in the case of fungal isolates,
3.6 IDENTIFICATION OF EFFICIENT ANTAGONISTS

An atteinpt was made to identity the two efficient antagenisis. which showed high
antagomistic index. For this. the cultural churscters of the two antagonists Lke growth,
colony colour and pigmentation wete studied by growing them in Petidishss containing

PDA. Morphological characters were studied by stide culture techniaue (Riddel, 1950).



Observations were made on the type of branching pattern of conidiophore, length and

breadth of phialide and shape. stze and colour of spore.

3.7 MECHANISM OF ANTAGONISM OF SELECTED FUNGAL ANTAGONISTS ON

P.capsici

To study the mechanism of amagonism of two selected fungal antagonists on
P. capsici, the dual culture technigue of Dennis and Webster (1971) was used. In 90 mm
sterile Petridishes, sterile PDA was poured and allowed 1o solidify. Sterilized cellophane
discs of 90 mm diameter were placed over this so as to lie flat on the medium using a patr
of stenile forceps. An agar disc of 8 mm diameter containing the mycelium of P.capsici
taken from an actively growing culture of tise fingus was inocuiated at one end of the
Petridish 48 h prior to inoculation of the entagonists, which was placed two em away from
the pathogen. The plates were incvbated at voom: temperature and obscrvaiions were takon
at regular intervals until there was some hyphal contaci. Microscopic cbservation for
hyphal interaction was taken by cutting vut ane sq.om. postion of cellophane containing
intermingling hyphal growth of antagonist aud pathogen and mounting in cotton blue lacto
phenol. Photomicrographs of mycoparasitism exhibited by the antagonists were iaken.

3.8 COMPATIBILITY OF SELECTED ANTAGONISTS AND T harzianum TO
COMMON FUNGICIDES, INSECTICIDES AND FERTILIZERS

The in vitro compatibility of the selected antagonists and the standard culture of
T. harzianum to fungicides, insecticides and fertilizers commonly used in pepper gardens
were studied by Poison Food Technique (Riker and Riker, 1936).

3.8.1 Fungicides

The following fungicides given in Tuble 3.4 were used for ip vitre evaluation.
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Tabie 3.4. Fungicides used for in vitro evaluation against antagonists

3.8,2 Insecticides

The insecticides used for in vitro evaluation are nresented 1a Table 3.3,

SL. No. Chemical name Trade name Couceniration
(per cent)

1 Mancozeb Indofil M- 45 02,03,04

2 | Captan Capiaf 0.1.0.2,03
3 | Propineb Anthracol 0.05,0.1,0.15
4 Metalaxyl + Mancozeb Ridomil MZ 02.03,04 o
5 Potassium phosphonate Akomin — 40 0.2,03,04 |
6 Copper oxychloride Fytolan 0.2,03,04
7 Copper hydroxide Kocide 0.1,0.2,053
8 CuSQ, -+ lime Bordeaux mixture 1 0.5, 1.0.1.5
9 Chlorothalonil | Kavach o L'EJE,"(_}.-BT:(;.Z“WJW"

Table 3.5 Insecticides used for fn vitro evaluation against antagonisis

SL.No. | Chemical name —“;'rade name Concentration {per cent/ kg a.i ha™)
1 Endosulfan Nagsulfon 35 EC 0.04, 0.05, 0.06
2 MonocrotopTlos Nuvacron 36 EC 0.04,0.05,0.06
3 Chlorpyriphos Durlax 20 EC 0.61,0.02,0.03
4 | Dimethoate Rogor 30EC |  0.04,06.05 006
s Quinalphos Ekalux 2SEC | 0.03, 0.04, C.05
6 | Cypermethrin Biloyp 10EC | 0.01,0.02,0.03 o
7 | Phorate Phomae 10G | 7 10,15 2.0 kg i ha?
[#8 l(‘arbofumn Fuadan 30 !'l 0.5 075, 1.0 kg adha” _i
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3.8.3 Fertilizers

The following fertilizers depicted in Table 3.6 were used for in vitro evaluatiou,

Tabile 3.6. Fertilizers used for in vitro evalnation against antagonists

Ir SL.No. Name Concentration (per cent) |
I | Urea B 1.0,1.5,2.0
2 Rajphos 20,25,30
Muriate of potash 2.0.2.5.3.0
4 Ammonium sulphate | 2.0,2.5,3.0
5 Factomphos 2.0,2.5,3.0 |

The quantity of fungicides, insecticides and fertilizers needed to get the desired
concentration was added to 100 ml sterilized, melten PDA medium, mixed well and poured
into sterilized Petridishes at the rate of 15 ml per plate. To avoid contamination, the
fertilizers were exposed to U.V light in the laminar flow for a period of 45 min before
adding into the medium. After sclidification of the medium, mycelial discs of 8 mm
diameter from actively growing antagonists were cut and placed at the centre of each
Petridish. Control consisted of PDA medium alone inoculated with the antagonist. Three
replications were maintained for each concentration of the chemicals. The inoculated
Petridishes were incubated at room temperature and the observations on the growth and
sporulation of the antagonist were taken when the control dishes showed full growth, The
per cent inhibition of mycelial growth of antagonists was also calculated using the formule

givenin 3.5.1.1,
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3.9 EVALUATION OF FUNGICIDES, INSECTICIDES AND  FERTVILIZERS
AGAINST THE PATHOGEN

A similar method as mentioned in section 3.8 was followed for testing the efteci of
fungicides, insecticides and fertilizers on growth of the pathogen, F.capsici. All the
fungicides, insecticides and fentilizers used for in vitro testing against the antagonists wee
taken for this study also. Three replications were maintained in each case and observations
were recorded until the control plates showed full growth. The per cent inhibition of

mycelial growth of the pathogen as given in 3.5.1.1 was also calculated.

3.10 MANAGEMENT OF Phytophthora DISEASE IN BLACK PEPPER NURSERY

An experiment was laid out to study the efficacy of two selected antagonists and
standand culture of 7. harzianum against Phytophthora rot disease in pepper nursery. The
experiment was carried out duning February — August 2002 at CCRE fhaa ai College of

Horticulture, Vellanikkara. The details of the experiment are as follows:

Design : CRD
Replications 0 3
Treatments : 20

Number of bags / replication : 40

Number of plants / bag -

Variety : Panniyur |

The reatment details (Fig.3.1) are presented in Table 3.7.
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Table 3.7. Details of various treatments

Treatment

U - ]
T, Control
T. | Disease contrel as per PoP of KAU o ST
T Trichoderma harzianum alone T
Ty Selected antagonist from Thrissurifﬁéﬁ&iéﬁ;r_a viride) o i
Ts Selected antagonist from Thrissur (Trichoderma longibrachiatum)
Ts Soil solarization for 30 days + T. harzianum | T
T Soil solarization for 30 days + T.viride
Ts Soil solarization for 30 days +T.longibrachiatum
To T. harzianum + Ridomil MZ (1.25 g 1)
Tio T.viride + Ridomil MZ (1 25g 1)

Ty T.longibrachiatum + Ridomil MZ (1.25g17)
T2 Soil solarization for 30 days + 7. harzianum + Ridomil MZ (1.25 g 1)
Tis Soil solarization for 30 days + T.viride+ RidomiiMZ (125g1")
Tia Soil solarisation for 30 days + T.longibrachiatum + Ridomil MZ (1.25g17) |
Tis T. harzianum + Potassium phosphonate (3 ml 1) T
T T.viride + Potassium phosphonate (3 mi 1) T !
Tir T.longibrachiatum + Potassium phosphonate (2 ml I™) i
T Soil solarisation for 30 days + T. harzianum + Pot. phosphonate (3 ml1™)
Tio Soil solarisation for 30 days + T.viride + Potassium phesphonate (3ml 1'})
T2 Soil solarisation for 30 days + T./ongibrachiarum + Pot. prosphonate (3 1l 1)

3.10.1 Preparation of potting mixture and soii solarization

The potting mixture consisting of sand : soil : cowdung in the o of 1:1:1 was

made mto a raised bed of height 25 cm and size 3 m x 1 m. The bed was levelled and

watered sufficiently with a rose can. The potting mixture was then mulched with ! 30 yauge

transparent polyethylene sheet. The sides of the sheet were covered with soil to keep the
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Fig. 3.1. Lavout of the nursery experiment

Contro] B

Disease control as per POP of KAU
Tr&choderma har=ianaum =-alone

Scle‘cled antagonist from ﬂlrissﬁr-(f viride)

Selected antagonist from Thrissur (7 longibrachiatum)

Soil sol. for 30 days +7. harzianum
Soil sol .for 30 days +T. viride

Soil s0.30 days + T. longibrachiafum

T horzianaum +Ridomil MZ

T viride+ Ridomil MZ

T longibrachiatum + Ridomil MZ

Soil sol. for 30 days +T. harzianum+Ridomil MZ
Soil sol. for 30 days + 7. viride +Ridomit MZ

Soil sol. for 30 days + T longibrachiaium + R id MZ
T harzianum +Pot. phosphonaie

T. viride + Pot. phosphonate

7. longibrachiatum + Pot, phosphionate

Soil sol. for 30 days +T. Aarzicaum+ Pol.phosphonate

Soil sol for 30 days + T viride+ Pot.phosphonate

Soil sol for 30 days +T. fongibrachiutun +
Pot phosphionate
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sheet in position. Care was taken to keep the sheet in close contact with the poiting

mixture, The polyethylene sheet was removed 30 days after solarization.

3.10.2 Soil temperature

Soil temperature of solarized and non-solarized soil at a depth of 5 cm, 10 cm and
5 cm were recorded. For this soil thermometers were installed by making a hole in the
centre of the bed at a depth of 5 cri. 10 cm and 15 cm., Soil temperature was recorded datly
at 8:30 am. and 2:30 p.m. for entire 30 days. The microbial load was estimated betore

solarization and immediately after removal of polyethylene sheer.
3.10.3 Soil inoculation of antagonists and AM fungi

Polyethylene sheets were removed from the potting mixture 3G days after
solarization and both the solarized and non-solarized potting mixwure was filled in
polyethvilene bags of size of 10 ¢m x 15 ¢m according to the treatments. After filling both
solarized and non-solarized soil in polvbags, mass multiplied 7. harzianum and selected
antagonists (I viride and T.longibrachiatum) grovm on rice bran were incorporated (@ 4g
bag™ depending upon various treatmenss. Aiso AM fungi recommended for black pepper
were given as a common treatment at the mate of 20g bag™ except in T; (Conirol) and T
(POP, KAU).

3.10.4 Planting

The nursery was raised in a permanent nursery structure fitted with a shade net that
altowed 50 per cent light infiltration. Cuttings of pepper variety Panniyur -1 obtained from
the pepper garden of the Department of Plantation Crops and Spices, College of
Horticulture, Vellanikkara were used for the experiment. Two node cuttings were planted
@ 4 per polybag and mulched with leaves. All the culiural operations were carried out as
per the Package of Practices Recommendations, ‘Crops’ (996 (KAU, 1996). The initial

spraying of fungicides was given zt the onset of monsoon during the month of Yune and



repeated five times at fortnightly intervals as per the treatments. In addinon, during the
second week of July, the inoculum of the pathogen was spread uniformly to all the

treatments.

3.1t  OBSERVATIONS RECORDED

Observations on sprouting percentage, total soil microflora. disease incidence and

severity and other growth parameters at different intervals were recorded.
3.11.1 Sprouting percentage

The number of cuttings sprouted in each treatment was counted 20, 30 and 45 days
afler planting (DAP) to calculate the sprouting percentage. Also clservations on the
number of cuttings rotten and those which remained dormant were iakevear 45 DAP.
3.11.2 Per cent disease 1cidence

The incidence of Phytophthora rot in the nursery was recorded at weekly intervals
starting from fourteen weeks after planting (WAP) for four times by pericdic observations

and the per cent disease incidence was calculated as follows:

Number of cuttings infected x 100

Per cent disease incidence =

Total number of sprouted cuttings

3.11.3 Per cent discase severily

The severity of discase on the leaves was recordad using a score chart based on

—35 scale as shown in Table 3.8.
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Table 3.8. Score chart fur severity of disease on leaves

Score t Description
L_ ' 0  I'Noieaves infected T
! "~ | Lesions L'o—\-‘ering < 16 per ceut leaf area
2 | Lesions covering >10 < 25 per cent leaf area

Lesions covening > 25 < 50 per cent leaf area

Lesions. COvenng >50<75 pcr cent leaf aren

7] I U

Lesions covering > 7Spert cent leaf atea

Y S NS I T S S

Five polybags were randomly selected from each treatrnent ang the sovenity wis
assessed at weekly intervals from the fourteentb week after planting { WAZ) upto 4 weeks.

Per cent disease severity was calculated using the fonmula suggested by Wheelar {1969),

Sum cf all numerical ratings X 100

Per cent Discase Severity (PDS) =

Total nuinber of leaves observed X Maximum disease score
3,11.4 Per cent mortality of pepper cuttings

Per cent of mortality of cuttings was recorded at nineteenth WAP. The

percentage of mortality of pepper cuttings was calculated using the following formaula:

Number of cuttings dead x 100

Per cent Monahty = —

Toutal number of sprouted cuttings
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3.11.5 Esfimation of soil micyoflora

Soil samples were collected from different treatments one, two and three months
after planting. Population of fungi, bacteria and actinomycetes in different treatments were

estimated by serial dilution plate technique as mentioned in 3.2.
3.11.6 Biometric observations

Five polybags each comaining four cuttings was randomiy tagged in each
replication of different treaiments for recording biometric observations. The {following

observations were taken at 45, 60 and 90 DAP.

e Height of plants - Distance from the base of the cutting to the growing point was taken

as the height of the plant.

s Number of leaves per plant — Number of leaves was recorded by counting the number

of fully opened leaves of the piant.
312 STATISTICAL ANALYSIS

Analysis of variance was performed on the data cellectad in varions experiments
using the statistical package MSTAT (Freed, 1986). Multiple companson amony treatment

means was done using DMRT.



Results
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4. RESULTS

The results of the studies carried out to evaluate the efficacy of selected native
antagonists alone our in corabination with fungicides for the management of

Phytophthora rot discase in black pepper pursery are presented in this chapter.
4,1 ISOLATION OF THE PATHOGEN

The fungul pathogen causing Phytophthora discase in black pepper nursery
was isolated trom the naturally infected cuttings collected from Thrissur district. The
fungus was purified by single hyphal tip method and maintained on potato dextros:

agar (PDA) and carrot agar slanis {CA) by periodic subcultuiing,

4.2 PATHOGENICITY

Pathogenicity of the isolate was tested on leaves of black pepper variety
Panniyur-1. On artificial inoculation of the leaves, pale water soaked lesions appeared
within a period of 48 h. which later turned black. The lesions gradually enlarged
covering large areas of the leaves. The isolation of the pathogen from artificially

inoculated leaves yielded the same organism.

4.3 CULTURAL AND MORPHOLOGICAL CHARACTERS OF THE PATHOGEN

The isolated fungal pathogen was subjected to cultural and morphological
studies. Pure culture of the fungus on CA was slightly petalloid with uniformly dense
cotton wool-like aerial mycelium over entire colony, rarely stellate or radiating and
more dense i the central portion (Plate 2). Hyphae fine, non-septate, smooth upto
8.5um wide. Sporangial arrangement umbellate, sometines irregular. The number of
sporangia arising from a common point was often 4-10 and sometimes more per umbe!
(Plate 3b). Sporangia elongated, hase usually tapered towards the stalk (>15um stalk
length), papillate, caduceus, 45-52 x 18-25 um with /B ratio of 1.9, some upto

2.3um. Sporangium occurred in varwus shapes from subspherical. ovoid, obovoid,



Plate. 2. Culture of Phy tophthora capsici

Plate 3. Mycelium with sporangia ofPhytophthora capsici

a. Different shapes of mature sporangia

h Snnranoial nntnnrnv
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ellipsoid, pyriform or sometimes itregularly clongaied (Plate 3a). Based on these
characters the pathogen was identificd as Phytophthorc capsici l.eonian amend

A. Alizadeh and P.H.Tsao

4.4 COLLECTION OF SOIL SAMPLES AND ISOLATION OF MICROFLORA
FROM THE RHIZOSPHERE

Soil samples were collected from pepper nurseries raised in Goverement farms at
Chelakkara, Pazhayannur, Mannuthy and Pananchery areas of Thrissur district. The
samples were collected from the rhizosphere of healthy pepper cuttings from discased
nurseries. Soil microorganisms viz., fungi, bacteria and actinomycetes were isolated
from these samples by serial dilution plai¢ technique and the resuits are presented in
Table 4.1.

From the data, it was evident that the rhizosphere population of microbes
varied with different locations. In general, the bacterial population was found to be the
maximun followed by fungt and ﬁctinomycctcs. The population of fungi showed
variations among the different ritizosphere soil of pepper nurseries. The highest count
of fungi (31.17x10? cfu g'soil) was obtained from the soils of Pazhayannur norsery
followed by pepper nursery of Chelakkara (21.50x10% cfu g'soil). The least count of
10.67x10* cfu g'soil was observed in Pananchery nursery. Similarly, the highest
population of bacteria (23.33x10* cfu " soil) was recorded in Pazhayannur nursery
that was closely followed by Chelakkara nursery (22x10° cfu g" soilj and the least
population was recorded in Pananchery nursery (12x16* cfu g soil). The population
of actinomycetes varied with different locations with a maximum population of 15 x
10* cfu g soil in Pazhayannur nursery and the least count of 3.67 x 10 * cfu g soil

from Pananchery nursery.

Based on cultural characters of the rhizosphere microbes isolated, the
representative colonics were subcultured and used for further studizs. Thus, 22 funzi,
20 bacteria and five actinomycetes were selected. Attermpts to identity the rhizosphere
fungi upto their generic level based on the morphiological characters revealed that, out

of the different tungal isolaies, nine belonged (o the genus Trichoderma, three to the



Table 4.1. Rhizosphere microflora from black pepper nurseries at different

locations of Thrissur district

| ‘Locations Fungi (x10° cfp g™y E Bacteria (x10° ch g") Actinomycetes (xi0* cfu g-l)
Chelakkara 21.50 22.00 14.67
Pazhayannur 31.17 23.33 15..00

Mannuthy 14.35 17.67 6.34
Pananchery 10.67 12.00 3.67

Ly
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genus Aspergillus, two each to Rhizopuy and Penicillium and the rest of the cultares

remained unidentified.
4.5 GROWTH OF RHIZOSPHERE MICROFLORA AND THE PATHOGEN

The growth rate of different rhizosphere microflora which comprised of 22
isolates of fungi, 20 isolates of bacteria and five isolates of actinomycetes obtained
from different locations were studied. In addition to this, the growth of the pathogen,

P. capsici and the standard culture of Trichoderma harzianum were also studied.

4.5.1 Fungi

The growth of the fungi studied including the pathogen, varied widely as
shown in Table 4.2. Among the different fungal isolates, those which belonged to the
genus Trichoderma (1F, 2F, 3F, 10F, 21F, 22F, 33F, 34F, 35F) and Rhizopus (14F,
28F) were very fast growing and covered the entire Petridish within a period of three
to four days. The standard culture of T.harzicnum also attained full growth vithin
three days. The growth rate of different 4spergillus spp. was found highly varying.
The isolate 36F (Aspergillus sp.) took 12 days to complete the full growth whereas
isolate 20F (Aspergillus niger) and 17F (Aspergillus sp.) took only seven days.
However, the Penicillium isolates, 13F and 25F were very slow growing covering
62 mm and 60 mm respectively even at 12 days after inoculation. The unidentified
tungi (9F, 10F, 15F, 16F and 39 F) showed varying growth rate and took four to seven
days to attain 90 mm growth in Petridishes.

The pathogen P. capsici attained full growth within a period of seveis days,
4.5.2 Bacteria

The growth of bacterial isolates was studied and the results are presented in
Table 4.3. Out of the 20 isolates, three isolates (4B, 9B, 18B) exhibited fust spreading
growth and covered the entire Petridish within 72 -- 120 h of inoculation. The
remaining ones showed variation in their growth with the maxinmum diameter of

colonies of 12 mm by isolates 28, 13B and 21B followed by 10B with a diameter of
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'T'able 4.2. Growth of fungal isolates

*Mean growth in dlameter (mm}
Si.No. Fungal isolates o Days after inoculation (DAI)
1;345'&?&‘}11&—',1-12
i S . 4
I \F (Trichoderma sp.) 17 | 42 | 80 | 90 '
2 | 2F (Trichoderma sp.) 1241366590
3 3F (Trichoderma sp.) 44 [ 64 | 90
4 |4F (unidet;iﬁed)n 25| 64 { 84 | 90 |
s |9F (unidentified) 8 [21]40|54] 72182190
6 10F {Trichoderma sp.) 45 ;66 | 90
7 13F (Penicilliur sp.) 9 11311619 |30{34{41{47|50|56]|58 62|
3 (4F (Rhizopus sp.) 9 13090
9 | 15F (unidentified) 24 | 41|70 |90 |
.10 16F (unidentified) 25144164 |90 '
11 | 17F (dspergillus sp.) 15130 | 4355|7085 {90 a
12 | 20F (dspergillus niger) 17 3452|601 758490
13 21F (Trichoderma sp.) 211507590
: 14 22F (Trichoderma sp.) 308090 )
15 25F (Penicillium sp.) 9 [15(19(24|2834(39|4146)51] 55 60
16 | 28F (Rhizopus sp.) 20 | 53 | 90
17 33F (Trichoderma sp.) 24 | 72| %0
18 34F (Trichoderma sp.) 10 165 | 90
19 | 35F (Trichoderma sp.) 35167 90 |
20 | 36F (Aspergiliusspy | 14| 22| 31|38 |46 | 53 |60 |64 |69 |73 |81 |90
21 | 38F (unidentified) 30|49 | 74 | 90. |
22 39F (unidentified) 8 119(33155[69;79|90 o
23 T. harzianum (Std. culture} | 24 | 73 | 90 -
24 Phytophthora capsici 171361350 63. 79 1 84 {90

* Mean of three replications. 8mm growth indicates the diameter of original disc.



Table 4.3. Growth of bacterial isolates

* Mean growth (mm)
Sl. No. BIa cterial Hours of incubation Remarks
solate
24 48 72 96 120
1 B 0.5 1.0 1.0 1.5 2.0 Circular
P2 2B 3.0 7.0 8.0 10.0 12.0 Circular
E 3B 1.0 4.0 6.0 7.0 8.0 Circular
4 4B 225 45.0 67.5 67.5 90.0 Spreading
5 58 1.0 4.0 5.0 6.0 6.0 Circular
6 6B . 1.0 2.0 2.5 3.0 4.0 Circular
7 7B 0.5 10 2.0 2.5 3.0 Circular
8 8B 2.0 3.0 4.0 5.0 5.0 Circular
9 9B 22.5 45.0 67.5 90.0 90.0 Spreading
10 10B 3.0 6.0 8.0 9.0 10.0 Circular
! 11B 1.0 2.0 3.0 4.0 4.5 Circular
[ 12 13B 4.0 8.0 9.5 11.0 12.0 Circular
i3 14B 1.0 2.0 3.0 ¢+ 40 5.0 Circular
14 15B 3.0 6.0 70 | 80 9.0 Circular
15 16B 1.0 4.0 50 1| 5.5 6.0 Circular
16 | 17B 3.0 4.0 50 | 55 6.0 Circular
17 12B 22.5 67.5 90.0 90.0 90.0 Spreading
18 19B 1.0 2.0 2.0 2.5 3.0 Circular
12 ‘ 20B 1.0 6.0 7.0 8.0 9.0 Circular
20 i 2IB 4.0 8.0 9.0 11.0 12.0 Circular |

™ Mean of three replications

0%
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10 mm after 120 h of inoculation. The least growth of 2 mm after 120 h of inoculation

was recorded by the tsolate 1B.

4.5.3 Actinomycetes

The growth of actinomycetes was studied. All of them were very slow growing

and recorded only 28-55 mm prowth even at 12 days after inoculation (Table 4.4).

4.6 In vitre SCREENING OF RUIZOSPHERE MICROFLORA FOR THEIR

ANTAGONISTIC PROPERTIES AGAINST THE PATHOGEN

4.6.1 Funagi
4.6.1.1 Screening of fungal isolates

The twenty-two rhizosphere fungal isolates and the standard culture of
T. harzianum were screened for thelr antagonistic effect against P capsici as
described in the chapter material avd methods. The antagonistic reactions of the

orgzanism in clual culture and per cent ivhibition of the pathogen were recorded,

From the data (Table 4.5 and 4.6), it wus ¢vident thet all the fungal isclates
tested were antagonistic against the pathogen. Out of the 23 isolates including
T. harzianum, 13 of them showed cent per cent inhibition on the growth of
P.capsici. They included 10 isolates of Trichoderma spp. (1. 2F, 3F, 10F, 21F,
22F, 33F, 34F, 35F) and two isolates of Rhaizopus sp. (14F and 28F) and one
unidentified culture (16 F). The rest of the fungal isolates showed a per cemt
inhibition ranging from 37.78 to 77.78 on the seventh day of incubation.

It was noticed that among the fungal isolates which showed 100 per cent
inhibition, all the isolates of Trichoderma and Rhizopus overgrew the pathogen.
However, the isolate 22F showed a slight aversion initiaily as they showed a clear
zone of inhibition between the paired organisms and later complewcly overgrew
the pathogen resulting in death and disintegration of the orgenism. Several

isolates like 9F, 17 F; 20F, and 36 F extubiied a cessation of growth at the point of



Table 4.4. Growth of actinomycete isolates

*Mean growth diameter (mm)

SLNo. | A_ctli;?lgz;:ete ] Days ?fter inoculation (D'AI)
(314 5]6l7;8i9l10]11]12
1| 1A 10f1101a]15]17]20122] 24 | 25 | 28
2 | 2A 9 1101722 25120132 33 | 34 | 35
3 5A o (1015120 | 24]31138] 46 | 52 | 55
4 TA 1113116119 20220251 27 { 29 | 30
5 8A 12012118 122127/3236] 41 | 45 | 50

* Mean of three replications

8mm growth indicates the diarieier of original disc



Table 4.5. Growth of P. capsici and fungal isolates in dual culture

o T - ' 7

| *Mean radial growth (mm)

: . . | . :
Tlm:;fo; ;:ii?;:;(::tmn | Fungal Isolate L | | Days after moculahoq (DAI)
; : ! i | 2 | 3 | 4 [ 5 6 7
: : i i ; : '
| !!AEP]A’!P A—‘PEA Plalp|aleiale
2 days prior to ; R ] i ! ; i ,
Antagi:misrs L IF {Trichoderma s3.) i {___I 25 : 23 4| 14 1525, 3 | 62 0 L ) T .
! B | 2F (Trichodarmasny ' 12 - 25 [ 27 1 11 153 | 9 1 62 | o[ - R e
3 o UAF (Frichoao i 25T sy 8 62 [0 | - | - ST
! o __14F (unidentitted) i 10 24 1 i3] 25 113 126 1 14 1261 14 | 25 {14 125 ] 14 125 ]
] P 9F {unidentiicd) 8 | 2i [ i0 { 28 ;12 1'25 [ 18 120 27 | 10 {27 110 | 27 | 10
i_____ . L 1QF (Trichodermasp.y 1 3C 0 25 | 25 13 | 53 10 62 | ¢ - . - |- - e
b e U M4F (Rhizopusspl 0B 27 10 1 20 11812 ¢ 55 10 - - - - -
. | ISF (unidentifiet | 8 | 25 | & | 25 | 10 | 23 ; 14 [ 21 | 18 | 15 | 18 | i5 | 18 |15
{ 16F (unidentified) e T 27 2T 27 va4l 10 62 0 - . -~ -
i . | 17F (dspergilius 5p.) 8 125 1151 21 t17 1 18 | 19 | 171 19 117 |19 | 17 | 19 | 17
I | 20F (Aspergillus niger) 8 t 24 13! 18 | ¢ 18 1 20 [157 20 | 35 1201 15120 1 15
) N | 21F (Trichodermasp) ' 14 1 21 | 28 |8 {53 1 4 | 62 { 0 | - - e
! o w . | 20F (Trichodermasx) | it 26 21 113 160 | O} - - - ‘ i S
N { 28F (Rhizopussp) 1 10 © 22 T 15 72221 18 : 52 | 0| - N
. N | 33F {Trichodermaspy 1 15 | 25 | 26 | 10 |51 i 6 | 62 10 - - b -
B R |34F (Trichodermasz) 1 12 | 24 135 | 9 (&5 | o i - - - R
e { 35F (Trichodermasyy | 12 1 26 125 112 1 é5 T8 62 | 6 | - RN
L b, 36F (Aspergiliussy., | 8 : 22 | j3 © 20 i I8 | 1& { 22 1151 25 | 10 125 | 10 [ 25 | 10
i e 38F (unidentified) | 6 ' 23 [ 13 ' 24 - 15 1 25 [ 40 [ 26| 10 | 26 | 10 (26 | 10 | 26
o s 139F (unidentified) | R | 24 [ 8 {21 10l 26 30 127) 10 [ 27 Uio!27 |10 27 ;
5 . | Tharsignum 113 | 24 178 | 10 | 63 ' @ - LT - e -
2 days after l __T 0ot e T ,”- D ng L o o PRI I L :
| Antagonists ! 138 (Penicillium sps j__lD : 1“. i:_ 22 __i 21 .I 25 _1 21 28 21 2 I 22 “ 2 _L:___
L 1 25F (Penicillium sp.} | & 1 15 | 70 i 24 | 20 | 28 | 22 |27 | 22 1§ 37 221 27 % 23 | 27 |

*Mean of 3 replications, Rinn: growdh indicates the diaincier of eriginal dise. A- Anlagemist, P- Fuih@uen



Table 4.6. In vitro screcning of fungal isolates against P.capsici

Per cent inhibition (PI)
SLNo. Fungal isolates 4" Day of 7 Day of Antagonistic
incubation incubaticn reaction
U (@vichodermaspy | 106 ] 1e0 B
___?-_____i 20 (Trichodermespy 1 109 _wo B
3 |38 (Trichedermaspy + 400 ¢ 1040 B
4| 4F (unidentificd) 0 4222 adas AT
|5 9l (unidénliﬁcd) I - 77.78 L ﬁ'
|6 | 10F (Trichoderma sp.) | 100 100 I
7. | V3F (Penicillium sp.) 37.78 37.78 A
8 141 (Rhizopus sp.) 100 100 ) B
9 | 15F (unidentified) 53.33 66.67 A
10 | 16F (unidentified) 100 100 B
L1 | 17F (Aspergillus sp.) 62.22 62.22 C
12 | 20F (Aspergillus niger) 66.67 66.67 C
13 | 21F (Yrichoderma sp.) 100 100 B
14 | 22F (Trichoderma sp.) 100 100 D&B
15 | 25F (Penicillium sp.) 44.44 44 44 A
16 | 28F (Rhizopus sp.) 100 100 B
17 | 33F (Trichodermusp.) 100 100 B
18 | 34F (Trichodermasp.) 100 100 B
19 | 35F (Trichoderma sp.) 100 100 B
20 | 36F (Aspergillus sp.) . _ 66.67 7198 C
21 | 38F (unidentified) 4 422 A
22 [ 39F (unidentified) 1 ax 4270 L
23 | T. harzianum 190 100 8
A-Homogenous
B- Overgrowth

C-Cessation of growth
D-Aversion



contact with the pathogen. The species of Pencillium (13F and 25F) intermingled
freely with P. capsici without showing any signs of interaction. The isolate 36F

also showed a slight aversion towards the pathogen.

4.6.1.2 Selection of efficient antagonists

From among the ditferent fungal isolates, the mosi efficient isolates were
selected by employing the method of Kasinathan (1998). For this a medified
antagonistic index (Al) was calculated as described in materials and methods which i
the product of colonization behaviour (CB), speed of overgrowth on pathogen

(SOOP), per cent inhibition (PI) and inhibition zone (1Z).

It was noticed that the fungal isolates showed an Al ranging from 106.66 10
3000 (Table 4.7). The highest Al of 3000 was registered by the isolate 22 F
(Trichoderma sp.) followed bty 34 F (Trichoderma sp.) and T harzianum which
recorded an Al of 1500 (Plate 4) . About ten isolates showed Al of 1200. The least Al
of 106,66 was shown by the isolate 16F.

4.6.2 Bacteria

4.6.2.1 Screening of bacterial isvlates

The bactertal isolates obtained were evaluated against P.capsici by dual cultive
experiment. Among the 20 bacterial isolates, only four of them showed inhibition of
P.capsici (Table 4.8). The isolates viz., 20B, 15B, 9B and 2B showed a clear zone of
inhibition demarcating the growth of pathogen and the bacteria. All of thein showed a
per cent inhibition of 70 and above. Among them, the maximum inhibition of mycelial

growth was rccorded with the isolate 9B followed by 2B and the minimurn with 15B.

4.6.3 Actinomycetes

4.6.3.1 Screening of actinomycete isolates

Soil actinomycetes were screened for their antagonism using the dual culure
technique. The pathogen was inoculated eight days afier the antagonist due tc very

slow growth of actinomycetes. The study revealed that none of the actinomycetes was



Table 4.7, Selection of efficient fungal ahtagonists

T T
I
SLNo. Fungal isolate Pi | ¢B |soor| 1z | Al |
: k
| i
S B S -
! IF _(Trichodermasp) 100 4 3 Vo] 1200
2 |2F (Irichodermasp.) 100 | 4 3 | 1 1200 ]
3 | 3F (Trichoderma sp.) 100 4 1 3 T ] 1200 |
|4 | 4F (unidentified) 2 2 | 2 | 168.88 |
S |9F (unidentified) _ 5555 | 3 2 | 3333 |
6 10F (Trichoderma sp.) ! 100 4 3 b ] 1200 |
7 13F (Penicillium sp.) __'F___.}?.?s 2 2 1] isiz
8 14F (Rhizopussp.) 1 100 4 3 1200 |
9 15F (unidentified) 53.33 172 01| 10666
10 ] 16F (unidentified) 10 4 1 3 b g 11200 !
11 | 17F (Aspergillussp) | 6222 3 | 2 RN
| 12| 20F (Aspergillus niger) 6667 | 3 | 2z i 1 17d0002 |
13 21F (Trichoderma sp.) —[___100 4 3 i 1200 |
|14 22F (Trichoderma sp.) 1w s 3 2 3000
I5 | 25F (Penicillium sp.) 4444 | 2 2 1 1 17176
|16 | 28F (Rhizopusspy ) 100 ;4 3 1] 1200
17 |33F (Trichodermasp) | 100 | 4 | 3 | v [ 1aoe |
18 | 34F (Trichodermasp) | 100 s {3 T T ase
_ 19| 35F (Trichoderma sp.) o | 4 1 3 ] 1200
20 | 36F (Aspergillus sp.) 6667 | 3 1 2 I 400.02
21 | 38F (unidentificdy 4222 | 2 [ 2 1 168.88
22 139F (unidentified) | 42221 2 | 2 3 ! léess |
23 (T harziamen ] 100 | 5 1 3 1| 1300
PI - Per cent inhibition
CB - Colonization behaviour
SOOP - Speed of overgrowth on pathogen (h)
[Z - Inhibition zone (mm)

Al - Antagonistic index



Table 4.8. I vitro screening of bacterial antagonists against P. capsici

r—

Per cent inhibition (PI)

Sl No. Bacterial isolate
: 3rd day of incubation 5th day of incubation
1 15B 65.82 - 70.0
2 9B 74.68 77.78
3 2B 72.15 75.56
4 20B 70.89 74.44

Ly
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antagonistic to the pathogen as evidenced by the fuli growth of the pathegen in the

Petndishes.

4,7 IDENTIFICATION OF EFFICIENT ANTAGONISTS

The two Trichoderma spp. (34 F and 22 F) that showed a high antagonistic
index of 1500 and 3000 respectively were selected and identified based on the cultural
and morphological characters (Fig. 4.1a). Photomicrographs of the standard culture of
T.harzianum were also taken (Plate 6a).

4.7.1 Trichoderma sp. (Isolate 22 F)

Colonies smooth, translucent, pale yeliow radiating from the centre of the
fungal disc (Plate 6b). The conidial areas gradually change their colour from olive
green to bright yellow. Pigments secreted into the medium, so that the reverse of the
colony show lemon yellow at first and later turn dark brown after four days. Mycelium
scptate, smooth walled and hyaline. Conidiophore branching sinple. Phialides formed
singly or alternately along the main branch. Phialides 6.9-11.5 x 2.3-2.5um, bottle
shaped abruptly attenuate towards their short conical apices (Fig. 4.1c). Phialospores
3.64.5um, ellipsoidal, subglobose or globose, smooth walled and pale green.
Chlamydospores numerous, globose, smooth walled and hyaline. Based on these
characters, this isolate was wdentilied as Lrichodermo longibrachiusam Rifai agur.
(Rifui, 1964).

4.7.2 Trichoderma sp. (Isolate 34 F)

Colonies form smooth surfaced, watery white and sparse mycelial mat, which
later become hairy from the formation of loose scanty aerial hyphae, which make the
colonies, appear somewhat whitish. At maturity, conidial areas dark green (Plate 6¢),
whilst the reverse side remains uncoloured. A typical ‘coconut odour’ is emitted by
older culture. Mycelium hyaline, smooth walled, scptate and mwuch branched.
Conidiophores with dendroid branching system. Phialides in false or irregular whorls
mostly with less than four phialides (814 x 2.4-3um) in each whorl (Fig 4.1b).
Phialospores subglobose, globose or short obovoid, 3.45-5.75 um, surface minutely



Plate 4. Cultures of Trichoderma spp.  pjate 5. Trichoderma spp. and P capsici

in dual culture

a. T. harzianum a. T. harzianum
b. T. viride b. T. viride

c. T. longibrachiatum c. T. longibrachiatum

Plate 6. Photomicrographs of selected fungal antagonists and T. harzianum

a. T. harzianum b. T. viride c. T longibrachiatum
(100 X) (45 x) (45X )



50

a. Trichoderma harzianum

c. Trichoderma longibrachiatum b. Trichoderma viride

Fig. 4.1. Conidiophores and phialasperes of Trichodermia spp.

e e ————— e e e e < e e
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rough walled (spiny). Chlamydospores globose, rarely ellipsoidal, hyaline, smootna
walled. Based on these characters, the isolate was identified as Trichoderma viride

Pers. ex S.F. Gray aggr. (Webster, 1964).

4.8 MECHANISM OF ANTAGONISM OF SELECTED FUNGAL ANTAGONISTS
ON P.capsici

The standard culture of T’ harzianum and the selected antagonist T.viride (34F},
proved to be efficient parasites of P.capsici. The main pathogenic hyphae were found
tightly held by coiling slender hyphae of the antagonists (Plate 7a , 8a). In addition, the
parasitic hyphae of the antagonists penetrated the host hyphae at several points and
grew alongside the inner cavity of the host hyphae. Besides overgrowing and coiling,
the antagonists also caused disintegration of the pathogenic hyphae  (Plate 7b). It
was observed that though T longibra:aiatum (22F) caused coiling and penetration of
host hyphae, the degree of antagonistic action was comparatively lesser than the other

two antagonists (Plaie 8b).

4.9 COMPATIBILITY OF SELECTED ANTAGONISTS AND T harzianum TO

COMMON FUNGICIDES, INSECTICIDES AND FERTILIZERS USED IN
PEPPER GARDENS

Different fungicides, insecticides and fertilizers commonly used in pepper
gardens were evaluated at various concentrations to know their compatibility with the
standard culture of T harzienum and the sclected antagonists (T viride and

T.longibrachiatum). The results are reported herein.
4.9.1 Fungicides

Nine fungicides viz., indofil M-45, Ridomil MZ, Akomin—40, Captaf, Kavach,
Anthracol, Bordeaux mixture {BM), Fytolan and Kocide, each at three different
concentrations, were evaluated to study the compatibility of these chemicals to the

selected antagonists and 7" harziarnum. The resuits are presented in Table 4.9,



Plate 7. Mycoparasitism of P.capsici by T. harzianum
a. Coiling b. Disintegration

Plate 8. Mycoparasitism of P. capsici by selected fungal antagonists
a. Coiling of T. viride b. Coiling of T.longibrachiatum
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Among the nine fungicides tested, Bordeaux mixture at all concentrations
completely inhibited the growth of all the autagonists, while the remaining fungicides
at different concentrations showed varying percemage of inhibition. In general, it was
noticed that as the concentration of fungicides increased, there was an increased
inhibition of the antagonist. It was observed that all the three species of Trichodermu |
proved to be compatible with Ridomil MZ, Akomin-40, Indofil M-45 and Anthracoi
as they showed comparatively good growth in the poisoned media. The least growth
of the antagonist was observed in media containing Kocide, closely followed by
Captaf, Kavach and Fytolan.

Results revealed that the response of T hAarzignum to different fungicides at
vatious concentrations differed significantly (Fig. 4.2}, If was observed that thic fungus
showed the least inhibition with 0.2 per cent Indofil M-45 with a per cent inhibition of
13.33. This was closely followed by Akomin-40 (0.2per cent) and Anthracol (0.05per
cent), which recorded a par cent inhibition of 23.33. Cemt per cent in'yhitiot: of the
fungus was recorded with BM at all concentrations, Fytolan at all concentrations and
Ridomil MZ «t 0.4 per cent concentratior: were on par with each other and recordad
per cent inhibition ranging from 43 to 48 per cent respectively. The response of
T harzianum  to Captaf, Kavach and Kocide <was very poor indicating their
incompatibility, It showed a per cent iuhibition of §2.22 at (.3 per cent concentration
of Captaf, 77.78 per cent at 0.3 and 0.4 per cent concenirations of Kavach and 80 per

cent at 0.3 per cent concentration of Kocide.

The response of T.viride also differed significantly to various fungicides
(Fig. 4.3). It recorded a per cent inhibition of 11.11 with Indotii M-45 (8.2per cent)
and Ridomil MZ (0.2per cent) which were closely followed by Akomin-40 (0.2per
cent) with a per cent inhibition of 15.56. Cent per cent inhibition was exhibited with
the fungicide BM at all concentrations followed by Captaf (0.3per cent), Kocide
(0.3per cent) and Kavach (0.3 and 0.4per ceat). Anthracol at 0.15 per cent and Fytolan
at all concentrations werc on par with cach other and recorded a per cent inhibition

upto 45 per cent.

In the case of ILlongitrochiatum 0 different Llmgiciles at  varicd

concentrations, it was observed that the fungus way pariially cowpaiinie vilh



Table 4.9. Compatibility of Trichoderma spp; with fungicides

T harzianum Tviride T.longibrachiatum
SL.No. Fungicides Concentration _
(per cent) *Mean Per cent *Mean Per cent | *Meandiame Per cent
diameter of inhibition diameter of inhibition ter of colony inhibition |
colony (mm}. | over control colony (mm) | over control (mm) over control |
1 Indofil M-43 0.2 78b 13.33 80b 1.1 T4c 17.78
0.3 e 2222 68 d 24.44 60 f 33.33
0.4 38g 3556 60e 3333 52¢ 4222
2 Ridomil MZ 0.2 62 f 31.11 80b 11.1L 704 2222
0.3 56h 37.78 75¢ 16.67 68 d 24.44
0.4 514 43.33 62e 31.11 S4g 4000
3 Akoniin-40 02 69 ¢ 23.33 76 ¢ 15.56 81hb 10,00 |
03 66 de 26.67 60e 3333 7id 21.11 jl
0.4 501 44 44 g 43.33 60 f 33.33 J
4 Captaf 0.1 24k 73.33 22h 75.56 22i 75.56 |'
0.2 18 I m 30.00 1 §7.78 14 8444
0.3 l6 m 8222 9] $0.00 i3 85.56 ]
5 Kavach 0.2 31j 65.56 20h 77.78 13j 85.56 i
0.3 201 7778 15h 78.89 9k 90,00
0.4 20! 77.18 12i 86.67 0k 100
6 Anthracol 0.05 69c '23.33 60 ¢ 33.33 70d 2222
0.1 66 de 26.67 561 37.78 b2 18.89
0.15 63 ef 30.00 502 44 44 42k 53.33 ;
7 | Bordeaux mixmre 0.5 0n 100 0k 100 0k 160
1.0 On 100 0k 100 ak 100
i.5 On 100 ok 100 Dk 100
8 Fxtolan 0.2 49i 45.56 50¢g 44.44 29i 67.78
0.3 471 47.78 50g 44 44 251 7222
0.4 47 i 47.78 45g 45.00 241 7333
9 Kocide 0.1 | 211 | 76.67 24 h 73.33 12 86.67
0.2 1$Im |,  78.89 i9h 78.89 1j 87.78
0.3 18 Im 4'_ 80.00 i 84.44 ok 100
i0 | Contrl 90 a ! a 90 a '

* Mean of three rcpiicﬁlions, In eaclk: column Seures followed by sanc ietter donot difier significanily aceerding to DMRT.

9



Fungicides

Fig. 4.2.Compatibility of Trichoderma harzianum with fungicides

Fungicides

Fig. 4.3.Compatibility of Trichoderma viride with fungicides
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Fungicides

Fig. 4.4.Compalibility of Trichoderma lonf>ihrachialum with

m Indofil M-45 (0.2%)
O Ridomil MZ(0.2%)

m Akomin-40(0.2%)

O Captaf)0.1%)

O Kavach(o.2%)

O Anthracol(0.05%)

0O Bordeaux.mixt(0.5%)
O Fytolan(0.2%)

0O Kocide(o,1%)

H Control

oooooooodg

fungicides

Indofil M-45(0.3%)
Ridomil MZ(0.3%)
Akomin-40(0.3%)
Captaf) 0.2%)
Kavach(0.3%)
Anthracol(0.1 %)
Bordeaux.mixt( 1%)
Fytolan(0.3%)
Kocide(o .2%)

Ooooooooe

Indofil M-45(0.4%)
Ridomil MZ(0.4%)
Akomin-40(0.4%)
Captaf)0.3%)
Kavach(0.4%)
Anthracol(0.15%)
Bordeaux.mixt( 1.5%)
Fytolan(0.4%)
Kocide(0.3%)



64

Akomin-40 at 0.2 per cent corcentration followed by Indofil M—45 (0.2per cent)
which showed a per cent inhibition of 10 and 17.78 respectively (Fig. 4.4). The fungus
showed a per cent inhibition of 22.22 and 40.0 at 0.2 and 0.4 per cent of Ridornil MZ
followed by 53.33 at 0.15 per cent of Anthracol. Bordeaux mixture at all
concentrations and Kocide (0.3per cent) completely inhibited the antagonist and these
were immediately followed by Kocide (0.2 and 0.1per cent), Captaf (0.3per cent) and
Kavach (0.2per cent) with an inhibition per cent of 87.78, 86.67 and 85.56
respectively. It was also observed that Fytolan was more inhibitory to this fungus

compared to the other two antagonists.

The sporulation of the various cultures of Trichoderma spp. in the fungicide
incorporated media at their recommended dosage, which supported their growth was
also studied and depicted in Table 4.10. It was noted that all the species of
Trichoderma showed good sporulation with Indofil M-45 and Ridomil MZ. In
Akomin—40 incorporated media, all fungal antagonists showed sparse conidial
production. There was no sporulation of the three antagonists in media incorporated
with Captaf, Kavach, Anthracol, Fytolan and Kocide except for T harzianum, which
showed sparse sporulation with Captaf and Fytolan.

4.9.2 Insecticides

The in vitro sensitivity of eight insecticides viz, Monocrotophos,
Chlorpyriphos, Endosulfan, Dimethoate, Quinalphos, Cypermethrin, Phorate and
Carbofuran, each at three concentrations, was tested against the three
Trichoderma spp.

It was evident from the data (Table 4.11) that the antagonists exhibited varying
per cent of sensitivity to the different insecticides tested. All the three species of
Trichoderma were found to be compatible with Phorate and Carbofuran at all
concentrations tested. Monocrotophos and Quinalphos were incompatible with the
antagonists showing complete inhibition of growth and the remaining insecticides

recorded varying rates of inhibition at different concentrations.



Table 4.10. Effect of fungicides on the sporulation of Trichoderma spp.

SI.No. | Fungicides Ct)(l;(;in::::;on T harzianum T.viride T.Iangibrackiatum |
1 Indofil M-45 0.3 +++ 4+ =+
2 Ridomil MZ 0.3 it -t At
3 Akomin-40 0.3 + + N
4 Captaf 0.2 + - ,
5 Kavach 0.3 - - .

6 Anthracol 0.1 - - -
7 Fytolan 0.3 + -
8 I Kocide - 0.2 - N -

Good S
Moderate : ++
Sparse +

Absent : -



65

Considering the incompatibiiity of iadividual aniugonists, it was observed that,
T harzianum was compatible with Phorate and Carbofuran at all concentrations as
there was no inhibition on the growth of the fungus (Fig. 4.5). Chlcrpyriphos at 0.01
per cent, recorded 50 per cent inhibition. However, s higher concentrations were
incompatible. Contrary to this, the response of the fungus towards Monocrotophos and -
Quinalphos at all concentrations was very poor which recorded cent per cent
inhibition. In addition to this, Fndosulfan at all concentrations, Dimethoate at 0.06 per
cent and Cypermethrin at (.03 per cent recorded more than 30 per ceat whibition

indicating the incompatibility of these insecticides to the antagonist.

Monocrotophos at all concentrations were completely ichibitory to the growth
of T.viride, which was followed by (uuinalphos that recorded an inhibition of 88.89 per
cent at all concentrations (Fig. 4.6). More tian 8G per cent inhibition was recorded
with Endosulfan and Cypennethfin at all concentrations and Dimethoate at 0.06 per
cent concentration respectively. Phorate and Carbofuran were found compatible with
the fungus. Chlorpyriphos (0.01per cent) showad lesser compatibility than Phorate and
Carbofuran, which recorded 34.44 per cent cfficacy over conirci in inhibiting the

fungus, while its higher concentrations showed raere than 70 per cent inhibition.

The mycelial growth of Tllonglbrachiatum was completely arrested with
Monocrotophos and Quinalphos at all concentrations (Fig. 4.7). Cypermethrin and
Endosulfan at all concentrations were also found inhibitory to the antagonists as they
showed more than 80 per cent inhibition. Phorate and Carbofuran at all concentrations
were found compatible with the fungus. This was followed by Chiorpyriphos (0.01per
cent), which recorded an mhibition percentage of 57.78, but their higher two
concentrations showed 76.69 and 78.89 per cent inhibition respectively.

The sporulation of antagonists in various insecticides incorporated media was
recorded and the results are given in Table 4.12. Good sporulation of the antagonists
was noticed with Phorate and Carbofuran. Moderate sporulation was record=d with
Cypermethrin and Chlorpyriphos by T.viride and T.longibrachiatum, whereas
T. harzianum showed good sporulation with the latter. T viridz and T longibrachiatum

showed sparse conidial production in the media incorporated with Endosulfan.



Table 4.11. Compatibility of Trichoderma spp. with insecticides

f | |
|‘ T. harzianum T.viride T.longibrachiatum
Si.No. Insecticides i Concentration "Mean Per cent *Mean | Per cent *Mean
| Folony inhibitio colony o ee colony .Pe? ‘fent
F diameter 1 diameter inhibition diameter inhibition
'| {mm) over control (mm) over control over control
1 Monocrotophos | 0.04% 0% 100 a" 100 (“{;E‘)
f 0.05% 0F 100 0" 100 0 166
] 0.06% 0F 100 o™ 100 ¢ iog
2 Chlorpyriphos 0.01% 45® ° : 778
50.60 59 34 .44 38" 57.78
i 0.02% 22°% 75.56 26° 71.11 219 76.67
- - 0.03% 17¢ 81.11 23° Ta.44 19° '
3 Endosuifan b 0.04% 13' 85.56 158 £3.33 igd 5835
0.05% 13" 85.56 137 85.56 9° gggg
0.06% 1 87.78 125 36.67 &’ 1
4 Dimethoale 0.04% 24° 73.33 21° 76.67 25% i)
_ ! 0.05% 24 73.33 20° 77'7é 3?1" ;‘21?':
. | 0.06% 10° 8.89 177 811 18°¢ r
| s Quinalphos i 0.03% 0* 100 107 §8.89 07 yoi
! 0.04% 0F 100 10% 88.89 0° igg
_ 0.05% [ 100 109 88.89 ¢ 1
¢ Cypermethnn 0.01% 267 7778 165 8222 14° 8 T
0.02% 19 78.89 148 84.24 12° i sg:;
. o 0.03% 17" 81.11 137 85.56 12" '
i Phorate 1.0kga.iperha 50° G 90* 0 90" o
_ 1.5 kg a.i per ha 90! 0 | 90 0 90" 9
- - Z0kgaiperha 90* 0 ' 96° ) 90" ?}
arbofuran | 0Skgadiperha 90" 0 90° i 90" 2]
}l 0.75 kg a.i per ha 90" ¢ 90" ] 90* 6
. - : 1.0 kg a.i per ha 9p* 0 90" 0 s0° 0
L_ Contro ] 90° 90°* 90° )

* Mean of three replications
In each column figures followed by same letier donot differ signiticantly according 1o DMRT.

L9
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Fig. 4.5.Compatibility of Trichoderma harzianum with insecticides

Insecticides

Fig. 4.6.C'ompatibility of Trichoderma viride with insecticides

Insecticides

Fig. 4.7.Compatibility of Trichoderma longibrachiatum with

0 Monocrotophos 0.04%
m Chlorpy nphoso.01%

0O Endosulfan 0.04%

11 Dimethoate 0.04%

O Quinalphos 0.03%

O Cypermethrin 0.01%

m Phorate 1.0 kg a.i per ha

m Carbofuran 0.5 kg a.i per ha.

O Control

insecticides

O Monocrotophos 0.05% O Monocrotophos 0.06%

O Chlorpyriphos 0.02% O Chlorpy riphos 0.03%

O Endosulfan 0.05% O Endosulfan 0.06%

0O Dimethoate 0.05% O l)imelhoaic 0.06%

O Quinalphos 0.04% 0O Quinalphos 0.05%

0O Cypermethrin 0.02% O ('ypermcthrin 0.03%

O Phorate 15 kg a.i per ha 13 Phorate 2.0 kg a.i per Ha

O Carbofuran 0.75 kg a i per ha Sl Carbofuran 1.0 kg a.i per ha



Table 4.12. Effect of insecticides on the sporulation of Trichoderma spp.

SL No. Insecticides Concentration T. harzianum T.viride L.longibrachiatum
1 Chlorpyriphos 0.02% H+ ++ ++
2 Endosulfan 0.05% ++ + +
3 Rogor 0.05% +++ - +
4 Cypermethrin 0.02% +i+ ++ ++
5 Phorate 1.5kgai/ha ++ ++ -H—l-
6 Carbofuran 0.75kga.i/ha -+ -+ +H+
Goed e
Moderate ;. -+
Sparse +

Absent

69
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T harzianum also showed good sporuletion with Dimnethoate and moderate conidial

production with Endosulfan.

4.9.3 Fertilizers

Fertilizers like urea, Rajphos, MoP, Factomphos and ammonium suiphate at
various concentrations were evaluated for compatibility to the three antagonists. The
study indicated that all the fertilizers, except Factomphos were compatible with the
antagonists to various extents (Table 4.13).

T.harzianum proved to be compatible with MoP and ammonium sulphate (2
per ¢ent) followed by Rajphos (2per cent) (Fig.4.8). The response of 7 harziarum to
higher concentrations of urea (1.5 and 2.0per cent) and Factomphos (2.5 and 3per
cent) was comparatively poor. Factomphos (3per cent) recorded 54.4 per cent
inhibition compared to contrel in inhibiting the fungus while urea 2 per cent recorded
42,2 per cent inhibition.

For T.viride, MoP at all concentrations were compatibie (Fig. 4.9). The higher
concentration (3per cent) of Rajphos and ammonium sulphate recorded a per cent
inhibition of 22.1 and 21.3 respectively. Partial inhibition of inycelia! growth of the
fitngus was noticed with the higher two concentrations (2per cent and 3per cent) of
Factomphos, which recorded a per cent inhibition: of 49.3 and 40.3 respectively. Uren
was found inhibitory to the fungus at its highsr concentration (1.5 and 2 per cent) as
they recorded a per cent inhibition of 33.9 and 40.2 per cent.

In the case of T.longibrachiatum, full growth of the fungus was noticed with
lower concentration of MoP and ammonium sulphate (Fig. 4.10). This was foliowed
by urea (1per cent) and MoP (3per cent). However, the mycelial growth of the fungus
was arrested to a greater extent with Factomphos at its higher two concentrations (2
and 3per cent), which recorded a per cent inhibition of 54.4 and 64.4 respectively.
Rajphos at its higher concentration recorded an inhibition of 28 .9 per cent.



Table 4.13. Compatibility of Trichoderma spp. with fertilizers

. T. harzianum T.viride T.longibrachiatum
SL. No. Feriilizer Co(:l;(zn:::gon *Mean Per cent *Mean Per cent *Mean Per cent
diameter of inhibition diameter of inhibition diameter of inhibition
L colony (mm) | over control | colony (mm) | over control | celeny (mm) | over control
; ! ~ Urea 1.0 74.0° 17.8 74.0¢ 17.8 86.0° 4.4
15 70.0° 222 5957 7339 71.0° I
2.0 520° 422 53.88 40.2 48.0’ 467 |
2 Rajphos 2.0 86.0° 4.4 82.0° 8.9 81.0° 10.0
1 2.5 | 80.0° 111 74.5% 172 79.0° 12.2 |
30 74.0° 17.8 70.1° 22.1 64.0" 289 |
37| TMoP 2.0 [T 00" 0 50 0* 0 50.0° c |
| ‘ 2.5 | 79.0°¢ 12.2 90.0* 0 90.0° 0 ,
L 3.0 ' 75.0°¢ 16.7 86.0° 44 87.0" 3.3 i
- Factomphos 2.0 58.0° 35.6 53.3¢ 40.8 56.0° 37.8
2.5 55.08 38.9 493" 452 410" 34.4 |
30 | 4.0 544 40.3° 552 3207 644 |
5 Amimn.sulphate 2.0 ! 88.0" 2.2 87.5° 28 90.0° 0 ‘
2.5 80.0° 1.1 80.5° 10.6 84.0° 6.7
[ i 30 74.0° 17.8 70.8° | 213 730° 189
6 |  Control 90* 90°* | - 90" B |
* Mean of three replications.

In each column figures followed by same letter donot differ significantly according to DMRT
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4,10 EVALUATION OF FUNGICIDES, INSECTICIDES AND FERTILIZERS
AGAINST THE PATHOGEN

The in vitro sensitivity of the pathogen, P.capsici, to fungicides, insecticides
and fertilizers commonly recommended for use in pepper gardens was tested.

4.10.1 Fungicides

The data on in vitro sensitivity of P.capsici to differemt fungicides are
presented in Table 4.14. There was significant difference among the iungicides at all
concentrations tested in inhibiting the growth of the pathogen (Fig. 4.11). Qut of the
nine fungicides tested, Indofil M- 45, Ridomil MZ, Captaf, BM, Fytolan and Kocide at
all concentrations completely inhibited the growth of the pathogen. Though, the higher
two concentrations of Akomin—40 (0.3per cent and 0.4per cent) showed compicte
inhibition of the growth of P.capsici, its lower conceutration of 0.2 per cent parnitted
only slight growth and recorded 83.33 per cent efficacy over caniro! in inhibiting the
fungus. It was noticed that Kavach at all concentrations and Anthraco) at .05 and 6.1
per cent concentrations recorded per cent inhibition between 60 to 75.56 respectively.
However, the higher concentration of Anthracol (0.15per cent) completely inhibited
the growth of the fungus.

4.10.2 Insecticides

The relative efficacy of eight different insecticides at varied concentrations on

in vitro growth of P.capsici is presented in Table 4.15.

The insecticides viz., Monocrotophos, Endosulfan, Quinalphos and
Cypermethrin completely inhibited the mycelial growth of the fungus at all
concentrations tested {Fig. 4.12). Chlorpyriphos, Dimethoate, Phorate and Carbofuran
permitted slight growtl: of the fungus. Among insecticides, which supported growth of
the pathogen, maximura mycelial growth of the fungus was observed at the lower
corcentration of Phorate (kg ai ha'') and Carbofuran (0.5 kg a.i ha'), which only
recorded an inhibition of 68.89 and 70.0 per cent respectively. Chlorpyriphos and’



Table 4.14. In vitro sensitivity of P. capsics to fungicides

P. capsici ;
SLNo. Fungicide Co(nccntratlon Meun Per cent
per cent) diameter of inhibition over
L colony (mm) control
] Indofil M-45 0.2 00707 1 100
0.3 0(0.707)° 100 |
0.4 0(0.707)° | 00
2 Ridomil MZ. 0.2 0(0.707)" 100
0.3 0(0.707)° 100
1 04 00707 1 100
3 Akomin-40 0.2 15(3.89) ¢ 8333
0.3 0(0.707)° 100 ]
- 0.4 0(0.707)° 100
4 _ Captaf 0.1 0(0.707)° 100
02 0(0.707)° o
e 0.3 0.70n* 100 ]
5 Kavach 0.2 30(5.55)" 66.67
0.3 28(5.34)™ 68.89
B 0.4 22(4.71)% 75.56 !
6 Anthracol 0.05 36( 5.96)b 60.00
0.1 27(5.21H"™ 70.00 _
0 0(0.707)° 100
7 Bordeaux mixture | 0.5_'_- ' 0{0.707;° 100
10 0¢0.707)" 100 |
1.5 _0(0.707)¢ 100 |
8 Fytolan 02 ~0(0.707)° 100
03 0(0.707)¢ 100
- _ 04 L 0(0.707)° 100
9 ____Kocide 01 i 00.70n T 100 !
B ST % SO S (%) K M N
R 0(0.707) | 190
L 10 | Control e 90095)° 1. o

* Mean of three replications,
In each column figures followed by same letier donot differ significantly according to DMRT.
Figures in parantheses are ¥x+0.5 transformed values.



Table 4.15. In vitro sensitivity of P. capsici to insecticides

* Mean of three replications
Dcedt coluae fgures followed by seime letior douot diiter stignificant by accandimg T TAIRT,

P.capsici
SI.No. Insecticides Concentration *Average Per cent
(per cent) diameter of | inhibition over
colony (mm) control
1 Monocrotophos 0.04 0" 100
(.05 0~ 100
006 0F 100
2 Chlorpyriphos 0.01 177 111
0.02 13" 85.56
0.03 1:° 8778
3 Endosulfan 0.04 0F 100
005 O
0.06 0F 100
4 Dimethoate 0.04 15¢ 83.33
0.03 12" 86.67
0.06 10! 88.8%
5 Quina!phos 0.03 0F 100
0.04 0" 100
B 003 0 100
6 1 Cypermethnn 0.01 gr 100
0.02 0F 100
0.03 0F 100
7 Phorate .| 1.0kgaiperha 28" 68.89
1.5 kg a.iper ha 25°" 72.22
] 2.0 kg a.i per ha 19° 78.89
3 Carbofuran O.5kgaiperha | 27° 70.00
e T 0.75 ke a.i per ha 259 72.22
! [Okpaiperha | 25 7222 o
Control S E_' B o o B
CCD (0.03) T 14

Sh
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Dimethoate at all concentraticns recorded more than 80 per cect inhibition over

coftrol.
4.10.3 Fertilizers

The results furnished in Table 4,16 indicated significant effect on growth of the
pathogen by the fertilizers tested in vitro.

In general, all the fertilizers except Factomphos, followed by ammonium
sulphate supported comparatively good growth of the fungus (Fig. 4.13). Factomphos
and ammonium sulphate at all concentrations had a significant effect in inhibiting the
growth of the fungus. Among them, Factomphos at 3 per cent concentration recorded
the maximum inhibition of 57.2 per cent, while the value recorded for ammonium

sulphate (0.3per cent) was 42.2 per cent.

The higher concentration of urea (2per cent) and Rajphos (3per cent) recorded
a per cent inhibition of 11.1 and 17.8 respectively while their lower concentrations, 1
and 1.5 per cent of ureca and Rajphos 2 per cent were on par with each other and
recorded only 3.9 and 6.7 per cent inhibition respectively. This was followed by the

lower two concentrations of MoP (2 and 2.5per cent).

4.1 MANAGEMENT OF Phytophthora DISEASE IN BLACK PFPPEK
NURSERY

A nursery experiment (Plate 9a) was carried out Lo study the efficacy of the
two selected antagonists viz., T.viride and T.longibrachiatum along with T. harzianum
on the management of Phyfophthora rot of black pepper nursery. The cxperiment was
conducted as described in materials and methods.

4.11.1 Soil solarization

Temperature of the solarized and non-solarized potting mixture was recorded

during the entire 30 days of soil solarization by installing soil thermometers at 5, 10



Table 4.16. In vitro sensitivity of P. capsici to fertilizers

SLN F. e Concentration _ P. capsici '
e ertilizer (per cent) *Mean diameter of \ Per cent inhibition |
colony (mm) over control |
} Urea i.0 86.5° 3.9
' 1.5 84.0° 6.7
2.0 80.0° i 11}
2 Rajphos 2.0 84.0° 6.7
2.5 80.0° 11.1
3.0 74.0°¢ 17.8
3 MoP 2.0 e 82.4° . 84
: : 2.5 80.0° : 11.1
3.0 77.6° 13.8
4 Factomphos - 2.0 55.7" 38.1
-. 25 47.6° 47.1 J
- EY 38.5F 57.2 !
5 Ammonium sulphate | 2.0 67.8" 24.7
- 2.5 61.0% ' 32.2
. 3.0 52.0' 42.2
6 Control 90.0°

* Mean of thre« replications
In each column figures followed by same lztter donot differ significantly according to DMRT.

8L



Plate 9. View of the nursery experiment
a. Before infection
b. After infection
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and 15cm depth. Soil temperature at 8:30 am and 2:20 pm were recorded and are
presented in Table 4.17. Afier covering the potiing mixture with the polyethylene
sheet, heat build up occurred within 24 — 48h.

{t was observed that the =0il tempersicte i the solaized potiing midure was
abways higher than that of the nou-solarized. Dhuring solarizetion pevod, the soi
temperature ranged from 47.5 to 58 9C at 5 cm depth, 35 to 46 °C at 10 om depth and

7.5 t0 45 °C at 15 cm depth in the solarized potting mixturs at 2:30 pm, while the
maximum temperature in the non-solarized potting mixture fanged from 33 to 38 °C,
31 to 33.5 °C and 24 to 25 °C 4t 5,10 and15 cm depth respectively. Further, it was
noticed that, the maximum soil temperature of 58 °C at 5 cr depth in solarised soil

was on 6-3-02, which was 23 °C higher than that of non-solarised soil,

The population count of soil microflora viz., fungi, bacteria and actinomycetes
was also recorded as mentioned in materlals and methods. The soil microbial count
was taken before and after solarization. It was observed that in general a significant
reduction in the fungal population (27.33 x 10 cfu g'soil) was recorded immediately
after solarization, compared to the count taken before solarization (34 x 107 cfu g
soil).

A significant reduction in the population of bacteria (123 x 10° ¢fu g7 soil))
was recorded in the solarized soil on the day of removal of polyethviene sheet

compared o the initial count {258.6u x 10° cfu g soil) recorded before solerization.

The wmitial count of actinomycetes recorded before solarization in the poiting
miikture was 32.66 x 10* cfi: g of soil. The population of actinomyeetes was reduced
to 23.33 x 10* ctu g in the solarized scil.

4.11.2 Effect of treatments on sproating of black pepper catling

The number of sprouted pepper cuttings in each treatment was recorded 20, 39

and 45 days after planting (DAP) and sprouting percentage worked out.

The results of the study shown in Table 4.18 revealed a significant difference

of sprouting of cuttings among the various treatments at different intervals of



Table 4.17. Soil temperature at different depths during the solarization period

. Non solarized soil Solarized soil
Date Soil Temperature °C at different soil depths Soil Temperature °C at different soil depths
Scm 10 em 15em Scm 10 ecm IScm
. 8.30 am | 2.30pm | 8.30am | 2.30pm | 830 pm ; 2.30 pm | 8.30am ; 2.30 pm | 8.30am | 2.30 pm | 8.30pm | 2.30 pm
08-02-02 29.0 35.0 285 315 21.0 24.0 34.0 48.0 28.0 38.0 320 315
09-02-02 28.0 33.0 275 335 20.0 24.0 350 48.0 28.0 350 32.0 375
10-02-02 28.0 35.0 275 31.0 20.0 25.0 35.0 48.0 27.0 38.0 31.5 315
11-02-02 28.5 355 27.0 315 21.0 250 34.0 47.5 28.0 38.C 32.0 38.0
12-02-02 29.0 36.0 - 28.0 32.5 -20.0 250 34.0 4% 0 28.0 39.0 30.0 385 i
13-02-02 2740 35.5 28.0 32.0 I 200 25.9 350 54.0 28.0 39.0 330 39 3 41
14-02-02 28.0 35.5 27.5 320 | 210 25.0 35.0 56.0 28.0 39.0 O
15-02-02 28.0 350 275 32.0 i 21.0 25.0 350 54.0 28.0 39.5 3340 i 45,0 X
16-02-02 285 | 360 280 | 330 19.0 25.0 35.0 54.0 28.0 40.0 3.6 | 400
L 717-02-02 28.0 36.5 28.0 i 33.0 20.0 250 35.0 56.0 28.0 40.0 320 40.5
18-02-02 28.0 37.5 275 335 20.0 250 350 56.0 28.0 42.0 | 350 41.0
19-02-02 28.0 37.0 270 335 20.0 25.0 350 56,0 28.0 42.0 I 330 41.5 :
20-02-02 28.0 34.5 27.0 320 20.0 24.0 350 53.0 280 39.5 330 40,0
21-02-02 30.0 38.0 27.0 33.0 20.0 25.0 350 36.0 280 43.0 . 350 420
22-02-02 29.0 37.5 28.0 335 20.0 23.0 350 56.0 29.0 43.0 E 355 42.0
23-02-G2 280 370 27.0 33.0 20.0 : 25.0 35.0 56.0 280 43.0 4.0 420
24-02-02 28.0 37.0 27.0 33.0 209 ‘ 250 340 56.0 28.0 43.0 34.0 42.0
25-02-02 28.0 36.0 27.0 330 20.0 250 350 56.0 28.0 42.0 | 3240 420
26-02-02 28.0 37.0 27.0 330 20.0 250 350 56.0 28.0 44.0 ! 34.0 42.0
27-02-02 29.0 7.0 27.0 330 20.0 250 35.0 56.0 29.5 44.G 34.0 430 |
- 28-02-02 29.0 385 275 345 20.0 25.0 35.0 570 300 450 355 43.5
01-03-02 29.5 37.0 28.0 340 200 250 350 56.0 30.0 440 36.0 435
02-03-02 |  30.0 39.0 29.0 35.0 20 | 360 | 353 57.0 29.0 45.0 360 “o |
(03-03-02 205 395 290 35.0 220 26.0 385 57.0 30.0 45¢ 36.0 44.0 ¥
| 04-03-02 310 380 | 300 33.0 23.0 25.0 35.0 54.0 28.0 42.0 36.0 410 |
05-03-02 28.5 390 1 290 350 220 26.9 35.0 57.0 30.0 450 | 360 440
06-03-02 31.0 4i.0 : 305 350 Zi0 27.0 35.0 58.0 280 46.0 . 360 43.0 :
07-03-02 310 405 | 305 355 20.0 26.0 350 57.0 28.0 456 | 360 a0 |
08-03-02 | 30.0 3821 310 33.0 2i.0 25.0 350 54.0 29.0 £20 | 345 210!
09-03-02 | 310 39.0 320 1 355 | 210 7.0 300 56.0 28.0 450 | 310 435 ]
] I l ]

(U



Table 4.18. Effect of various treatments on sprouting, dormancy and rotten percentage

In each columm figures foilowed by same letter donat differ significcnily according to DMRT.

Figures ;n paraniheses are vx+0.5 toansfermed vahes.

Treatment Sproutmg (Per cent) Dormancy (Per cent) Rotten (Per cent)
20DAP | 30 DAP 45DAP (45 DAP) (45DAP)
T 29.33° 56.33% 75,675 20.524.55)° 381(1.90)°
T2 51.60°% 78.67 5% 86,674 10.32(3.21)° 3.37(1.88)°
- T3 4233 | 7533%% T gy gy el 16.45(4.02)° 1.55(141)"
R 36.00°% | 66.677°° 77.00 P 18.5(4.25) ° 4.492.163"
TS 39337 T 69.005 78.33 e 17.64(4.225" 4.04(2.13)°
T6 4733 81.67° 89.00™ | 9.37(3.13)° 1.72(145° |
T7 55.00% 81.00™ $8.00% | 11.083.32;° 0.92(1.15° |
B T8 43.67°4 | 78.00°F | 8533 | 11.08(3.33)° l 3.59(1.89)° }
_ T9 40.00%7 1 6767" 7633°°F 1 17 773425 : 595237 !
I TI0 6750 | 6833 | sap0™ | ias00sa° | 3.872.01)° ;
| Til 25.00° 57.67° 73.00° 21‘ {34.63° } 5.80(2.26)
| T12 56.00™ §0.33% 50.00% | R0%2.91) ‘ 1.91(1.49)°
Ti3 54,00% 82.67° 89.677 ! 94231455 09201.07;"
T4 46677 | 74337 34.00%% 13.2803.52)° 5.48(1.92)" |
T15 36.00 ™ 6233 % 1467 | 22,6479 i 2540173y
T16 38.00% | 67.33% 82.67 2 16.11(4.073° ‘ 523238 |
T17 32,004 60.33 72.33° 22.49(4.63;° | 4.68229)° !
T18 54.33% 85.33° 88.67 % 8.78(2.99)° 2.59(1.73)° i
T19 57.00" 79.00%° 89,33 % 7.81(2.36)° 3.00(1.87)"
120 54.67% §1.33% 50.33" 12.05(3.29)° | 6.95(1.15° ;
T Conirul - Ti: T iongidvackicrum + Ridomii MZ.
T: Disease control 25 per POP of KA Tz Soil s0i. for 30 days » 7. Asrzigrum +Ridomil M
T Trichoderma harzianaur alone Ta Saoil sab. for 36 davs + T viride + Ridomil MZ
Ta Selected entaporist from Thrissun( 7. viride) T Soil sol. for 30 days + ¥ ivngihrachiatum + Ridomil MZ
s Selected antagonist from Thrissur( T /orgibrachiatum) Tis T hurzianum +Pot, phosphenste
Te Sanl sol. Sor 30 days + 7. harzianm Te T. viride + P phosphonate
Ty Soil sol. for 30 days +7, viride T T tonzibrachiatum + Tot. phospronate
Ta Soil sol. vor 30 duys + T. lengibrachiatum Tie Soil sai. for 30 days + . harziamurt Pol phosphonate
Ta T harzianawr -+ Ridomi! M2, T Seil sal for 30 days - Fvicide + Pot phosphonate
T T virde+ Ridomi) M7 T Seil 5o for 3G tavs + 7. Joagibrociiatum + Pol phosphonate

-
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observation. Maximum sprouting percentage of 57 was recorded b treatment Ty (Soil
solarization + F.viride + Poiassium phosphonais) 20 DAP which was on par with alt
other treatmenis except Ty (T, longibrachiatum + Ridomil MZ) and Ty (Control). The
least sprouting percentage of 25.0 was noticed in T;. Control plants recorded a

sprouling o[ 29.33 per cent.

A significant change of sprouting of pepper cuttings was noticed 30 DAP
among the treatments. Maximum sprouting percentage of 85.33 followed by 82.67 was
recorded in Ty (Soil solarization + 7. harzianum + Potassium phosphonate) and T3
(Soil solarization + T.viride + Ridomil MZ), which were on par with other treatments
except Tis, Ti7, T1y and T,. Minimum sprouting of 57.67 was recorded in T, followed
by T, (59.33).

It was evident from the data that 45 DAP, solarized potting mixture
supplemented with Trichoderma spp. showed more than 84 per cent sprouting of
pepper cuttings as noticed in T, Ty, Ts ,T12 ,T13 ,T14 , T1s, T1e and T In addition,
plants raised as per PoP (T;) also showed good sprouting. Qut of the various
treatments, highest sprouting percentage of 90.33 was observed in Ty (Soil
solarization + T longibrachiatum + Potassium phosphonate), which was on par with
the remaining treatments except Ti» (7.longibrachiatum + Potassium phosphonate),
Tys (T harzianum + Potassium phosphoraie), Ty, and T;. The least percentage of
sprouting was recorded in T7(72.33) followed by T (73.0). The treatment 7, was
statistically on par with Tyand T)s, which recorded a sprouting percentage of 75.67 and

74.67 respectively.

The observation on rotting of cuttings and those cuttings that remained
green/dormant 45SDAP was also recorded. Although there was no significant difference
among the various treatments, a higher percentage of rotting of 5.95 was recorded in
To (T harzianum + Ridomil MZ) and the least was shown by Ti3 (Soil solarization +
Tviride + Ridomil MZ), which recorded a rotting percentage of 0.92. Maximum
dormancy percentage of 22.63 was observed in Tys and the minimum of 7.81 was

recorded in Ty (Soil solarization + T viride + Potassium phosphonate).
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4.11.3 Eficct of various treatments on the incidence aad severity of Phytuphthora

rut disease in black pepper nursery

With ihe onset of monsoon, six sprayings of fungicides were given on the
naturally infected pepper cuttings at fortnightly intervals in respective treatments.
Observations on the disease incidence and severity (Plate 9b) were recorded at weekly
intervals for four weeks and the peiccntage efficiency of the treatments over control

were calculated.

Data on disease incidence during fourteenth week after planting (WAP)
revealed that there was no significant difference among the treatments (Table 4.19).
However, the maximum percentage of disease incidence of 7.53 was recorded in T
(Control) followed by T;; (Soil solarization + T harzianum + Ridomil MZ), which
were on par with the remaining treatments. The least percentage of disease incidence
(2.1) was observed in Tg (Soil solarization + T.longibrachiatum) followed by T;
(T.harzianum alone) (Fig. 4.14).

Observation on disease severity on fourteenth WAP, revealed that, the cuttings
in treatment T, (Seil solarization + T harzianum + Ridomil MZ) recorded the
minimum severity (4.53 per cent) and maximum percentage efficiency over control
(90.34) followed by treatment T)p (T.viride -+ Ridomil MZ), Ty (T harzianum -+
Ridomil MZ) and Ti; (Soil solarization -+ T.viride + Ridomil MZ) which were
statistically on par with the remaining treatments except for T (Control), T2 (POP), T;
(T harzianum alone) and Ty (7.viride alonc). The highest PDS (46.93) was registered

in the treatment T {Control).

Statistical analysis of the data on discase incidence during fifteenth week after
planting (Table 4.20) revealed no significant difference among the treatments.
However, it revealed that the plants in T, (Control) recorded maximum disease
incidence (27.89 per cent) followed by Te (Soil solarization + T.harzianum) (Fig.
4.15). The least percentage of disease incidence was noticed in T3 {Soil solarization -
Tviride + Ridomil MZ)(7.83) and Ty (Soil solarization + T.longibrachiatum +
Ridomil MZ)(7.83) followed by T, (Soil solarization + T harzianum + Ridomil
MZ)(8.57). However, the cuttings in treatment Tz recorded the minimum PDS {12.8)



Table 4.19. Effect of various treatments on the incidence and severity of Pliytophthora rot in pepper nursery (14 WAP)

¥8

Fourteenth WAP ] Per cent efficiency of the treatment
Treatment — | over control
' Per cent disease Per cent disease | ... o - .
‘ oL L Disease incidence | Disease severity
, incidence severity
i T1 7.53 (259 * 46.93{6.84) ° - -
T2 3.53(1.96)° 16.80 (4.12)" 53.08 64.20
T3 2,60(1.73)° 19.73(3.90)* 65.47 5785
T4 3.97 (1.84)° 26.40(4.78)" 47.32 ] 4375
T5 340 (1.92)" 21.07(4.27)% 54.85 5501 |
Th 5.53 (2.36)* 28.27(4 865 2652 ; 39.77
T7 3.73 (2.04)* 14.133.22)° 5042 | 69.88
T8 2.10 (147)° 22.93(4.47)% 7200 51,13 |
T9 423 (2.15)¢ 827(2.80)" 4378 82.39
T10 423 (2.14)* 2.00(2.76)° 43,78 82.95
Til 660 (243)° 18.67(3.83)" 12.35 i 60.22 |
T12 7.33 (2.64)° 4.53(1.83)° 2.61 | 90.34 !
T13 573 (2.34)° 9332770 25.86 i 30.11
T4 6.00 (2.50)* 15.47(3.69)" 20.32 67.04
T15 3.10 (1.90)* 15.40(3.93)™ 58.83 67.19
T16 3.93 (2.06)° 19.20(4.14)™ 47.76 59.0%
T17 537 (2.34)° 14.93(3.88)" 28.73 68.18
Ti8 520 (2.25)* 15.73(3.81° | 30.94 66.47
T:9 6.03 (2.50)° 154703.92)° | 19.88 67.04
T20 7.00 (2.65) * 1947387 1 7.04 58.52
T, Cantro! Tn T longibrachioanm + Ridomil MZ
T- Disease control 25 per FOP af KAL Tu S01 30l For 3G days +T. harziamim +Ridemi) MZ
Ta 1rehoderma harcionoum zlon: T Lotl snl. for 30 days + 7. viride + Ridomi{ MZ
T Selected antazonist fram Thriscur (T, viride) Tie Soil syl for 30 days + T longribrachiaium + Kidomit MZ
Ts Relected antzponist itom Trrissur (Flongibrachiotun’ T 7. harzianwin +Poi. phosphonate,
T, Soil sol. for 20 days +7, harzionum T i viride + Pot. phosphonate
T- Snilsel for 50 davs +F viride T 7. longibrachiatum + Pot. phasphonate
Tx Sea s for 30 days + T Jonpiby acliiatum T Soit sol. for 30 days +7. harziomunr+ Pot phosphoncte
Ts I haszianaum - Ridomii MZ Fin Soil so! for 30 days +7viride Pot.phosphonaly
T Pl viride+ Ridomi! M7 T Soil sol for 3 days +T fongibrach:atum + Pot.phosphonate

In each column figures tollowed by sume ictter donot differ significantly according to DMRT,
Figures in pacumheses are ¥x+0.5 transformed voluns. (WAP:weeks aftet planting)



Table 4.20. Effect of various treatments on the incidence and severity of Plytophthora rot in pepper nursery (15 WAP)

Fifteenth WAP Per cent efficiency of the treatment
Treatment over control
Per cent disease | Per cent disease . A - ;
. . Disease incidence Disease severity
i incidence severity
: Tl ; 27.87(5.11)" 69.87(8.38)" - -
| T : 10.27(3.14)" 36.80(5.96)™ 63.16 47.33
P 13 E 17.00(4.06)* 30.67(5.42) = 39.00 56.11
L T4 . 19.17(4.29)* 37.8%541)% 31.23 45.80
I T5 i 18.50(4.23)® 36.80(6.02) ™ 33.62 47.33
l T6 ' 24.80{4.92)" 48.00(6.91) » 11.02 31.30
| T7 19.37(4.12) " 29.87(4.95)* 30.51 57.25
1% 18.60(3.93)" 36.27(5.3ﬁm 33.26 48.09
3 9 | 12.23(3.44)° 22.9'_’:('4.62)'IIJ 56.11 67.18
! T10 B 10.40¢3.17)° 20.53(4.53) = 62.68 70.61
| T1} 11.97(3.22)* 25.20(4.71) © 57.06 63.93
T12 .57 (3.01* 12.80(3.62)" 69.26 81.68
T13 '_ 7.83 {2.86)" 23‘?3(4.65)'—” 71.89 65.03
Tl4 ! 7.83 (2.86)° 21.01(4.46)"’ 71.89 €5.85
T15 i 13.73(3.58)" 32.00(5.59) 50.72 54.20
T16 i 15.97(3.83)° 26.93(4.76)5[’ ' 42.71 61.45
T17 13.07(3.52)* 21.87(4.60) * 53.12 68.70
T18 : 12.33(3.54€)° 29.60(5‘21)alb 55.75 57.64
T19 ! 15.70(3.88)" 26‘93(4.97)55 43.67 | 61.45
T20 i 16.57(3.89)* 42,13(5.93)® 40.56 I 39.70
T, Control Ti T. longibrachianm + Radom:l MZ
s Disease control 25 per POF of KAU Tz Seil sol. lor 30 days +7, harcianu +Ridomil MZ
T Trichoderma harzianzum elone T Soil sol. for 30 daye + T wirige + Ridomi| M7
Ta Selected antagonis. {rom Thrissur {T, viride) Tu Soii sol. for 30 davs + T temgibrachiatm + Ridomit MZ
Ts Selected antagamist o Thnssur (T longtbrachiatun) Tis T. harzianum +Pot. phosphonate
Te Soil sol. for 30 davs +T. harzianum Tie T. viride + Pot. phesphonate
T; Soil sol.for 36 dovs + 7. viride Tz T. longibrachiatum + Pot. phosphonate
Ts Soil sol. for.3C days + 7. jongibrachiatum Tis Soil sel. {or 30 davs +T hgrziasem+ Pot phosphenate
Ta T har=ranarm + Ridomil MZ T Soil so! for 30 days +T wride + Pot.phosphenaie
Tie T vizide+ RiJomil MZ Ta Sot! sal for 30 davs +T longidrachiames + Pot.phosphonate

In caco column figures followed by same letter donot differ significantly zecarding to DMRT.
Figures in parantheses are ¥x+0.5 transformed values. (WAP:weeks after planting)
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Table 4.21. Effect of various treatments on the incidence and severity of Phytophthora rot in pepper nursery (16 WAP)

JI Sixteenth WAP Per cent efficiency 0:“ thle treatment
| Treatment " Per cent disease Per cent di e ' SYELEpE :
| incidence seferitlsfeas Disease incidence | Disease severity
Tl 38.23(6.10)° 62.40(7.93)* - -
™ 13.57(3.67°* 23.47(4.65)° 64.51 62.39
i T3 30.63(5.44)* 32.2%(5.71}® 19.87 48.29
! T4 33.775.71)*° 46.93(6.82) 11.67 24.79
' T5 29.57(5.36)" 314756 1) 22.66 49.57
T6 33.40(5.79)° 46.67(6.84) 12.63 25.21
i T7 25.53(4.94)° 42 40(6.38) 33.31 32.05
_' T8 34.63(5.80)° 43.47(6.59)® 9.41 30.34
' T9 18.13(4.17)° 26.13(4971"° 52.57 58.12
T10 15.37(3.77)° 31470530 F 59.80 49.57
Til 14.67(3.75}° 17.87{4.12)° 61.64 71.37
Ti2 17.80(4.27)* 34.13(5.84) " 53.44 45.30
f T13 15.63(3.94)° 20.00(4.33)° 59.11 67.95
[ T14 14.60(3.78)° 28.53(4.98) ™ 61.81 54.27
Ti5 18.23(4.26)* 30.40(5.50) *° 52.31 51.28
T16 21.13(4.46)* 26.93(5.00)™ 44.72 56.84
T17 19.17(4.33)" 25.87(5.0) % 49.86 58.55
T18 21.79(4.68)° 38.40(6.22)" 43.24 38.46
T19 20.17(4.43)° 27.73(5.00) ™ 47.25 5556
120 24 50(4.85)° 28.27(5.11)™ 35.91 54.70
T Control Tn T. longibrachiatum + Ridomil MZ

T, Disease contral as per POP of KAU

T Soii sol. for 30 days +7T. harzianum + Ridomil MZ

T, Trichoderma Rarzianaum alone T Sail sol. for 30 days + 7. viride + Pidomil MZ

T4 Selected antagonist (rom Thnssur T, viride) Tu 2ail sol. for 30 days + I fongibrachiorum < Ridomil MZ
Ts Selected antagonist from Thrissur( T fongibrachiatum) s T. harzianuwm +Pot. phosphonate

Tu Soil sol, for 30 days +7 aarzionum T T. viride + Pot. phosphenate

T, Soil sol. for 30 days + T viride T T, bosrigibraciiarmt + Pot. phosphonate

N Soil sol. for 30 days + 7. fongidrackiatum T Soi sol. tor 30 duvs +7. hgrzianuat Potphosphonate

Ts T harcignaue: + Ridomit MZ T Son soi for 30 Javs +7 viride+ ot phasphonate

Tic T viride- Ridomii MZ T Souf st for 30 duys +T tongibrackiatm + Pot phosphonate

In each column fizures followed by same letter donot diffe: significanily according to DMRT.

Figures in parantheses arc ¥x+9.5 transformed values.

(WAP:weeks atter planting)
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and showed the maximum percentage efficiency over control (81.68) in checking the
severity of the disease. While, the plants in treatment T, (Conirol) recorded the

maximum PDS of 69.87, which was on par with all other treatments except Tha.

Observations on disease incidence recorded during the sixteenth WAP showed
no significant difference among the treatments (Table 4.21). It was noticed that the
cuttings in various treatments recorded a per cent disease incidence ranging from a
minimum 13.57 (T,) to a maximum of 38.23 in T, (Fig. 4.16). However, there was
significant difference among the treatments on the percentage of disease severity. The
least discase severity was recorded in treatment Ty, (T longibrachiatum + Ridomil
MZ) (17.87 per cent) closely followed by treatment T3 (Soil solarization + T.viride +
Ridomil MZ)(20.0 per cent) and T, (POP) (23.47 per cent} which were on par with
other treatments except T, (Control) which recorded the maximum disease severity
(62.4 per cent). The treatment T,, showed more than 70 per cent efficicncy in
checking the severity of the disease.

At scventeenth WAP (Table 4.22), it was noticed that there was a significant
difference among the treatments in the percentage of disease incidence and severity
(Fig. 4.17). During the period of observation, the minimum disease incidence was
observed in treatment T, (POP) (17.6 per cent) closely folowed by T4 (Soil
solarization + T.longibrachiatum + Ridomil MZ) (18.4 per cent) and T); (Soil
solarization + 7.viride + Ridomil MZ) (18.43 per cent). All other treatments recorded
comparatively higher disease incidence ranging from 21.8 in treatment T, to 58.4 in T,
(7T.viride alone). However, the maximum disease severity of 66.4 was recorded in the
control treatment (T,) and the minimum disease severity of 19.73 was recorded in T,
(Tlongibrachiatum + Ridomil MZ) with maximum percentage efficiency of the
treatment (70.28) followed by T;, T;; and T4.

The data on percentage of discase incidence and severity recorded during
different intervals of observation were further subjected to pooled analysis (Fig. 4.18).
The results (Table 4.23) of the analysis revealed significant difference among
treatments on the incidence and severity of Phytophthora rot in black pepper nursery.
The data revealed that the minimum disease incidence of 11.27 per cent was noticed in
treatment T, (PoP) followed by T4 (Soil solarization + T longibrachiatum + Ridomil



Table 4.22. Effect of various treatments on the incidence and severity of Phiytophthora rot in pepper nursery (17 WAP)

— 1 '——_‘__'__‘_.“‘_"_—_.'_‘—_"'_"___"‘J
1[_ i Seventeenth WAP Per cent efl“:)c‘:ent‘::y O;rt’}e treatment [
i Treatment ! - . - er coniro

| Per cent disease : Per cent disease . . . . ‘
- . Disease incidence Disease severity
b ____incidence severity T !
i Ti U 53.077.20" 66.408.17) | - -
! T2 i 17.67(4.24)° 22.93(4.82)% 66.71 65.46
! T3 L 45.30(6.69) ™ 40.53(6.39) > 14.64 38.96 |
i T4 | 38477.44)° 34.13(5.85) -10.17 48.59 |
i TS5 ! 47.23(6.85) %4 45.33(6.77)" 11,00 31.73
I f ab
T6 | 5043(7.13)% 44.53(6.71) 4.97 3293
17 C 3857523y | 38.13(6.1 mE | 27.33 42,57 -
B T8 47 77[6 snt 37.33(6.1- 33(6.14)™ 19.4] ! 43.78
: 19 | 22.80(4.63)>% 23.73(4.78)° | 57.04 64.26
T10 | 21.93(4.50) 29.87(5.44° | 58.67 55.02
Til | 2627(5.02)™4 ] 19.73(4.45)° 50.51 70.28 i
T12 o 21.80{470)™ | 2987(5.41)F 58.92 | 55.02 R
T13 [ 18.43(428)T | 24.53(4.83)° | 65.27 B 63.05 '
' i 18.40(4.18)7 24.80(4.82) 65.33 62.65
i 115 L 29.63(537)™9 28.00(5.30)™ 44.16 57.83
[ __Ti6 | 26.07(4.95) I 27.47(5.00% 50.88 58.63 :f
| T17 | 2937(526)™ 1 29.07(5.37)% 44.66 56.22 |
T18 | 3027(5.53)™F 1 3547(6.00)" 42.97 46.59
T19 T 2627(5.15)™% 1 26.13(5.00) 50.51 60.64
i 120 | 38.736.08)™ 1 36.536.00% | 2701 44.98
Y Cantrol Th T. longibrachiarum + Ridomii MZ
T: Mhzease control a3 por POP of KAU LT Soil sel. for 30 days +7° harziantm=+ Ridomit MZ
T Trichoderpia fg-cianaur alone Tis Seil sol, for 30 days = 7. viridz + Ridomil MZ
Ta Selected antaganist from Thrissur (7. viride) T Soil sol foi 30 days t T. fongibrackiatum + Ridomil MZ
Ts Setected antagoinisi from Thrissur {Tlongibrachiarum) T T harcianum +Pot. phosphonate
Te Soil sol. for 30 Auw 2T horziamum T 7 wviride + Pot. phosphonate
Tz Soitsol fec: 30 days +T. wiride T 7. fongrbrachiatum + Pot phosphonate
Te Soil sol. for 20 davs + T. longibrachiatum T Soil soi. for 30 days +T. harziarunrt Pot.phosphonate
Te T harzianmum ~ Ridertl MZ, Tie Soit 50 for 30 days +7 viride+ Pot phosphonate
Ta Fovirtde+ Lodomil MZ Tx Soil sof for 30 davs ~ T forgebrackiatym + Pot phosphonale

in each column figure

s tellowed by same leter donot difrer significantly according o PMRT,

Figures in parantheses are vx+0.5 tramsformed values,  {WAP:weels after planting)
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Fig. 4.16. Per cent disease incidence and severity 16 WAP
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Fig. 4.17. Per cent disease incidence and severity 17 W AP



Table 4.23. Pooled analysis of various treatments on disease incidence and severity of
Phytophthora rot in pepper nursery

i_n ! Pooled data Per cent efficiency of the treatment
| Treatment Fe-——— — e _over control
i | Per cent Disease Per cent Disease . - . . r
[ ! s . Disease incidence | Disease severity
. ? _incidence severity _
i Tl i 31.70(5.55)* 61.40° - -
i T2 1127339)° 25.00% 64.45 59.19
i T3 ! 23.90(4.87) ™ 30.80 24.61 49.76
L T4 | T883(526)° 36.33% 9.05 40.76
TS 2470495 33.67% 22.08 45.09
L T6 l 2853(5.36)% 41.87"™ 10.00 31.76 |
! T P 21.83(4.64)° i 31.13™ 31.14 49.22
: T8 | 24.53(4.92)% ! 35.00™ 22.62 4293
Ty 1 14316.79)® 4' 20.27° 54.67 66.88
L T10 | 13.003.56)® | 23 47° 58.99 63.30
}’ Til ~14.90(3.30)* 20.37° 53.00 66.72
[ T12 1 13.93TINT 20.33° 56.15 66.78
P T3 T 1.90(3.45) 19.40° 62.46 ! 68.29 i
T4 11.70(341)° 2247° 63.09 B 63.30
N ; 16.173.99% | 26.45% 48.99 56.83
IF T16 | 16.77(4.03) ! 25.13% 47.10 58.98
LY r 16.77(4.07) ™ 22.93° 47.10 62.55
t Ti8 17.37(422)% 2 80 45.21 51.38
i TI9 17.03(4.12)° 2407F 46.28 60.70
[ T2 21.70(4.60)* 4 21.60% 31.55 48.46
T Control Tu T longibrachiatum + Ridomii MZ
T IMsease covrol as per POP of KAU T Soil sol. for 30 days +7. harzicnum + Ridomil MZ
T Trichoder wa liarztangunt alone T Soil sol. for 30 days + T. viricde + Ridomil M2
Ta Selected antagonizt from Thrissur (7. viride} T Soil sol. for 3¢ days + T. Jongtbrachiatum; + Ridomil MZ
Ts Selected antagonist from Thrissur (7 longibrachiciun) T T. harzianum +Por. phosphonate
Ta Scil sol. or 30 days +T harzianum Tis T. viride + Fat. phosphonaie
T- Soil soi. for 30 days +7, viride T T. longibrachiatum + Pot. phosphonate
Te %oil sol. for 20 days + T. fongrbrackatur T Soil sol. for 30 davs +T. harzigaum+ Pot.phosphuonate
Ta T farzianaier + Ridomii MZ Tie Soi! sol for 30 days r7T.viride~ Pot.phosphonate
Tia I viride~ Ridomil MZ Tm Soil sol for 30 davs +T {engibrachiatmm + PoLphosphonate

In cach column figures followed by same letier donot differ significantly according 1o DMRT.
Figures in parantheses are ¥x+0.5 transfnmed values. (WAP:weeks after planting)
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MZ) (11.70 per cent) and Ty; (Soil solarization + T viride + Ridomil MZ) (1i.9per
cent). It was also observed that these treatments had more than 60 per cent efficiency
in cheeking the disease incidence when comparsd to control. However, the rainimus
per cent disease severity (19.4 per cent) was observed m treatrient T3 (Soil
solavization + T.viride + Ridomil MZ) which was on par with all other treatments
,except T, (Control) which recorded the maximum disease severity (61.4 per cent).

4.11.4 Effect of treatments on mortality of pepper cuttings due to P. capsici

The effect of various treatments on mortality of pepper cuttings was recorded
nineteenth WAP and are presented in Table 4.24.

A considerable variation in the mortality of pepper cuttings was noticed among
the treatments. It was noticed that the maximum mortality (87.2 per cent) occurad in
control T), which was on par with treatment T3 (T harzignum alone). The cuttings in
treatment 'y, (1" {ongibrachiatum + Ridomil MZ) recorded the least mortality per cent
(33.37) and was found superior to other treatments followed by T4 (Soi! solavizatior -+
T.longibrachiatum + Ridomil MZ), T, (POP) and T,; (Soil sniarizatnon + Toviride +
Ridomil MZ). It was observed that 1;; recorded the maximum por ceet effiziansy of

the treatment over control (38.80per cent),
4.11.5 Effect of treatments on the population of seil microflora

The effect of various treatments on the population of soil microflora viz., fungi.
bacteria and actinomycetes in the potting mixture was estimated one, two and three

months after planting,
4.311.5.1 Fungi

The data (Table 4.25) on the total fungal population showed significant
fluctuation among the treatments at different intervals of observation. [n geteral, it
was observed that the total fungal population was comparatively higher after iwo
months of planting. Comparatively lesser number of fungal propagules was recorded

during the last observation taken three MAF. The ioial fungal population one MAP



Table 4.24. Effect of treatment on mortality of pepper cuttings due to P.capsici

1 Treatment I Per cent mortality Per cent efficiency of the |
B treatment over control i
. Tl §7.20° - :
T2 5643 1 35.29
T3 86.93 > i 031 -
T4 { 82.77 i. 5.08
| Ts 86.13* 123 !
T 85.00" 2.52 ;‘
| 17 1 84.40° 3.21
8 - 85.33% 2.14
19 61.60¢ 29.36
T1o 62.60 4T 28.21
T 53.37" o 38.80
Ti2 6233 | 28.52 i
113 _ 57.007 ] 34.63
T14 56.43° l 35.29 <
T1S 64.47 >t 26.07
Ti6 79.30 ¢ 9.06
| T17 | 60.77 30.31
T18 77.67 <t 10.93
T 71,07 18.50
_ T 76.40 obedef 12.39
T, Cortro. i T. longibrackiomm + Ridemil MZ
T Disease coaite) a3 per POP of KAU Tiz Soi} soi. for 30 days +7. harzianum+ Ricomi} MZ
T Trichoderma harzianawm dlone Tiz Soil gcl for 30 davs + T, virrde + Ridomi MZ
Te Selected anizgonist from Thrissur{ T, viridz) T Soil sol. for 30 days + T. longibrachiatum + Ridom:l MZ
Ts Selected antagonist from Thrissur T fongibrachiatien) T:s 7. harziamem +Pot. phosphonate
Ts Seii sob for 3 davs + 7. harzianum Tw 7 viride + Pot, phosphonate
T. Soil sol. for 20 days + 7, viride T T fongibrachiatum + Pot phosphonate
Tx Soii sob. for 511 days + T, longibrachiaium Tis Soil sol. for 30 days -+ 7. harziamum+ Pot.ohosphonate
T, T aarziancym + Ridomail M Ty Saii sol for 30 days +F viride + Pot phosphonale
Te 7. viride+ Tidomil MZ T Sorl sol for 30 days +7. fongibrackuarum + Pot phosphonate

o each calvmn figures followed by same letier donot differ significantly according to DMRT.
WA P:weeks alter planting



Table 4.25, Effect of treatments on the total fungal population of soil

MAP: months afier planting

in each soiumn figurez foliowed by same letter donot differ sienificamly sceording to DBMRT.

Figures in perantheses are Vir{0.5 gransformed values.

0

Treatment Fungal count (x10” ¢fu g "' s0il)
_ 1 MAP 2 MAP 3 MAP j
T1 13333607 10.00(3.17)° 24.67(485°
Y 14.00(3.76)™ 2333(4.84)® 15.00{3.76)~"
T3 733278 ° 12.67(3.57) ™ 6.00(2.521°
T4 867(2.98) 14.33(3.82) **° 11.00(3.38)7
T5 13.33(3.68) ® 15.33(3.95)™ 6.33(2.59)" |
1% 26.67(4.66 )" | 14.33(3.81)"™ 6.67(2.67)°
17 9.67(3.15) * 25.33(4.96)° 13.00349)°
TE 767280 ° 1 1733@an™ 9.00(3.06)° i
. 5 1233352 * 1 11.67(3.48) 8.00(2.38)" ;
| T10 11003301 ° i 13.33(3.64)™ 9.67(3.11)° !
[ Ti 18.67(4.38) ™ 16.00(4.05) ™ 1L003.39)° i
Ti2 —1%00(4.24) ™ 11.00(3.36)" 767283 |
13 13.67(3.76) * 1133(3.43)% 833(292)° |
. Ti4 16.05(4.05) ® 13.00(3 .63} 12.33(3.48)*
T 9.67(3.17) 12.33(3.50) 9.00(3.04)°
Tie 14.67(3.88)” 12.00(3.50)*" 8.672.99°
T1Y 15.33(3.97)™ 17.33(4.17) 12.33(3.58)"
TI8 L 1433380)F 17.00(4.05) % 10.33(323)°
e ! 160005030 11.67(3.48) ™ 10.33327° |
T T 16.47(4.08)% B 8.67(3.02) ° 11.33344)° |
T, Cunirol T T fongibrachiotua + Ridorail MZ
T Disease control as per FOP of KAU I Soil su1. for 3Q days + 7T, horzignum+ Ridomii MZ
T Veinkodermag harsionaum alone Ty Soil sol. for 30 days + T. viride + Ridomil M7,
Ts Sewted antagonist from Thnssan(7. viride) Tu Seil sol. for 30 days + T. longitrachianim + Ridomil MZ
T Selactad antagomist ffem Thrissud T fongibrachiarun) T [ Rarcianum +Pot. phosphonie
Te ot soh. for 30 duvs +7. harciammm T 7. virige + Pet. phosphionaie
T Soil sei. for 30 da,s +7. wridy 1;- T, longibrachiatum + Pot, phosphonate
Ta Seil 5ol for 30 days + 17 Jengibrochiatum T Soil se! for 30 days +1 harzispum+ Pot phusphonate
Ty T harzianaum + Ridom} M2 Tie Soil 50! lor 39 days + 2 virid2+ Poi phosphonate
Tin T vinde+ Ridamil M2 T Soil sol iue 30 davs - * lencibrasioerun: - Pot phosphonate

I
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was minimum in treatment T (7. harzianum alone) followed by T (Soil solarization +
T longibrachiatum) and the maximum was recorded in Te (Soil solarization
T harzianum). However, afler two MAP, the highest population (25.33) was observed
in T; (Soil solarization + 7lviride) and the lcast (8.67) in Tae (Soil solarization +
T longibrachiatum + Potassium phosphonate) and T; (Control) (10.0).At three MAP, it
was observed there was a built up of fungal propagules in the control plots

(24.67)which recorded the maximum fungal population.
4.11.5.2 Bacteria

A considerable variation in the population of bacteria was also noticed at

different intervals of observation (Table 4.26).

One MAP, the highest count of 187.67 x 10 cfu g soil was noticed in the
treatment T4 (Soil solarization + T.longibrachiatum + Ridomil MZ) and the least
count of 15.67 x 10* clu g soil was observed in T, (Soil solarization + 7. harzianum).
At the end of two months, T4 (T.viride alone) recorded the highest population of
122.33x 10%cfu g soil, which was on par with Ty, Tg, Ty, Ti1, Tis and the least count
of25.33x10°% cfu g! soil was recorded in T)s (T harzianum + Potassium phosphonate).

A gradual increase in the population of bacteria was observed at the end of
three months after planting. T}, recorded the highest count of 153x 10* cfu g’ soils
and the least was observed in Ty (55.67x 10* cfu g™ soil).

4,.11.5.3 Actinomycetes

It was observed (Table 4.27) that there was no significant difference in the
population of actinomycetes among the treauments one and two months afler planting.
However, the highest population of 61.67x10%fu g"'soil was observed in Ty4 (Soil
solarization + T.longibrachiatum + Ridomil MZ) one MAP and the least was observed

in Ts (Soil solarization -+ 7. arzianum) with a count of 10.0x10%fu g 'soil.

After two months, there was a gencral increase in the poptlation of
actinomycetes compared to the previous periods of enumeration. The maximum count

of 39.33 x 10* cfu g’ soil was noticed in Ts and the least of 9.33 was observed in Tya,



Table 4.26. Effect of treatments on the total bacterial populatior of soil

Lo

'| T . 4 R o
j Treatments | Bact_enal count (x10" cfu g = soil) |
- I MAP 2 MAP 3 MAP |
If* Ti 47.00 (6.31)"' 34.00(5.71) 102.33(9.82)
, T2 85.67(7.87)0 40.67(6.22) % 98 33(9.76)
L T3 19.00(4.37)% 45.00(6.72)%7 100.67(9.97 i
3 T4 | 48.67(5.98)™4 122.33(10.87)* 108.67(10.30) |
- T5 | 57.00(7.39y0% 48.67(6.94)%9
L L 67(6.94) 64(8.00)
g T6 | 15,67(3.86) 82.00(9.04) ** 68.33(7.97) |
| T | 31.33(4.80)% 49.33(6.67)™ 90.67(9.43) 1
i T8 39.00(6.05)>% 39.67(6.13) 58.00(7.65)
L. 19 32.67(5.57™ 111.33(10.39)*° 87.67(9.23)
| T10 26.67(5.02)% 82.0((9.06) > 124.0001090 |
P TN | 14333011700 70.33(8.32)* 153.00(12.22) ,_
INNE: | 104.00(10.14)* 35.33(5.95)% 77.00(8.71)
L T13 117.67(10.72)"™ 55.67(7.02)> 82.67(9.07) L
j T14 137.67(13.18) 46.33(6.81) " 55.67(7.43)
| T15 56,007,437 1 25.33(4.83)" 103.33(10.12)
| T16 108.00(10.27)"° 69.67(8.21) 81.00(8.98)
[ T17 127.33(11.19)™ 49.33(6.90) %7 61.00(7.84)
| T18 176(12.30)™ 39.67(6.27) 60.00(7.77)
t T19 97.33(9.20)4 37.33(5.73) 87.67(9.36) |
! T20 | 78.67(8.30)"> 46.67(6.34)% 84.33(9.18) ]
T, Cortrol Tu T. Iongibrachigrum + Ridomil MZ
T Disease cunirel as per POP of KAU Tz Soil sol. for 30 days +7. harzianum~+ Ridomil MZ
T Trichoderma horzianaum alone Ths Soii sel. for 30 days + T. viride + Ridomil MZ
Ta Selected antagonist from Thrissur (7. viride) T Soil sol. for 30 days + T\ longibrachiatun + Ridomit P2
Ts selectzy] antagonist from Thrissur (F./longihrachiatum} Tus T. harzignum +Pot. phosphonate
[ . Soill sol. for 30 days +7 harziaram Tis T. viride + Pot. phosphonate
T Soil sol.ier 30 days +7. viride T T. longibrachiosum + Pot. phosphonate
Fy Soil 56130 davs + T. Iorgrbrachiamum T Soil sol. for 30 days +7. harzianum+ Pot.phosphenate
Ta Fharsiaraum + Ridomil M7, T Soil sal for 30 days + I viride+ Pot.phosghonate
Tie T viride= Ridomii M2 Tz Sail sol for 30 davs +7T. fongibrackiatum + Pof phoiphonatn

In cach column figures followed by samie letier donoi differ significantly according to DMRT.
Figures in parantieses are vx+0.5 transformed values.  (MAP: months after planting)



Table 4.27. Effect of various treatiments on the total population of actinomycetes

Treatment Actinomycetal count (x10°g™ cfa)
1 MAP 2 MAP 3 MAP
T1 13.33(3.62)° 23.33(42D)° 53.00¢7.30) *°
- T2 20.00(4.24)° 19.33(4.25)* 52.67(7.23)
T3 21.67(4.34)" 22.33(4.59)° 64.67(7.99)* !
T4 26.33(4.32)° 21003 81)" 68.00(8.24) *
Ts 12.33(3.58)° 23.33(4.69)" 45.67(6.64) ™
T6 10.00(3.16) 39.33(6.04)" 49.33(6.95)®
17 10,67(3.26)" 31.33(5.48) 52.337.2H®
T8 15.67(3.89)" 24.67(4.68)" 50.60{7.08)*" ’-.
T9 19.00{4.24)" 23.074.27)° 66.00(7.89° |
T10 | 17.0064.0H"* _j 23.334.539)° 71.00{8.3%) i
T11 38.00(5.65)" | 318.00(5.7)° 77.00(8.80}°
T12 23.33(4.44)" 16.00(4.36)" 6467790 |
T13 55.00(6.47) " 24.00{4.53)" 77.67(8.73)"
T14 61.67(6.19)" 5.3303.08)" 54.67(7.42) 2
T15 47.33(5.33)* 13.00(2.60)* 68.00(8.25)™ i
T16 50.33(6.26)" 14.05(3.76)" 61.33(7.77) %
T17 51.33(7.14)" 16.60{(3.92)" 73.33(8.56)°
TiZ 23.33(4.54)° 25.33(4.73)° 37.00(6.06)"
T19 34.67(5.62)° 18.67(4.00° 55.33(7.43}*
T20 20.67(4.36)" 11.33{3.29)° 53.00(7.25*
T, Control T T longibrachiatum + Ridomil MZ
Tz Discase contro! as ner POP of KAU Tu Soil sal, for 30 dave - 7. harzianem
Ts Trichoderma harzianoum along T Sotl sel. for 30 days + T. viride ~ Kidorail MZ
T, Selectzd antagonist frotn Thrissur (7. wirvde) Tu Soil sol. for 3¢ days + 7. Jengtbrachianan — Ridomit M2
Ty Selecied antagonist frem Thiissur (T fongibrachivnas) T T. harzianum +PoL phosphonzais
Ts Soil sol. for 30 days +7. harzianur Tis T. viride + Pot. phosphonate
T, Soit sol.for 30 days +7 veride T T. longibrachiarum + Pot phosphanate
T Soil s0l.30 davs + T fongibrachiatur Tis Soul sol. for 30 days 7. harzianum+ Pot.phosphonets
Ts Tharzignana + Bidemil MZ g Soil so0l for 30 davs +7 viride~ Pot.phosphonate
Tu I viride+ Ridomil MZ T Soi! sol for 30 days + 17 longifirackiaium + Fol phosphonate

MAP: months afler planting.

in each volumn figures followed by same leiiess donot differ significantly cecording to MR Figures
in parantheses are ¥x+0.5 transformed volues,
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However, after three months, a significant difference was noticed among the
treatments with a maximum count of 77.0x 10°cfugsoil in T\, (7. longibrachiatum +
Ridomil MZ) and the least count was observed in T3 (Soil solarization + T. harzianum
+ Potassium phosphonate)(37.0x10%cfug 'soil).

4.11.6 Biometric observations

Biometric observations like Lieight and number of leaves per piant were taken
45,60 and 90 DAP to know whether the treatments had an effect in the growth of the

plants.
4.11.6.1 Height of the plant

The observations (Table 4.28) recorded on the height of plants at different
intervals revealed a significant variation among the treatments. It was observed that at
all mtervals, the cuttings in treatment T, (Soil solarization +7.viride) recorded the
maximum height. This was followed by T4 (Soil solarization + T longibrachiatum +
Ridomil MZ), which recorded a plant height of 16.73 ¢m 90 DAP. Plants under
control had a height of 12.47cm (90 DAP).

4.11.6.2 Number of leaves

The data (Table 4.29) on the number of leaves at 45 DAP recorded the
maximum value (6.33) in T, (Soil solarization +T.viride). However, there was no
significant difference among the treatments.

At 60 and 90 DAP, there were significant differences on the number of leaves
per plant, The maximum leaf number (8.67) was observed in 30 days solarised,
T.viride incorporated treatment T, (60 DAP) that was significantly superior to all other

treatments,

At 90 DAP, T (Soil solarization +7.longibrachiatum) was the most effective
in increasing the leaf number (20.67), which was significantly superior to the control
T, (13.33) followed by T, (PoP) (11.67).



Table 4.28. Effect of various treatments on the height of pepper plants

Treatment Height of the plant (cm)
I 45DAP 60 DAP 90 DAP
! T i 1233 ™ 1247% 13 .60%
T2 | 10.93% 1327% 13.77%
T3 11.70° 13.17% 15.00%¢
T4 1227 13.93%< 1570
T5 210 12.87 13.57%
- T6 | 12.20® 13.90™* 14.33%¢
17 i 14.50° 16.53* 19.00*
T8 13.33% 14.83%* 16.03*
T 11.03% 12.67% 13.30%
Ti0 11.87" 13.77% 14.43 %>
TI1 11.30% 12.83% 13.23%
T12 12.13% 1500 15.57%
T13 17.67% 15.23 % 15.87 % --
T14 11.90™ 13.73 % 16.73% 8
T1s 12.03% 13.77™ 14.30%
Ti6 11.13** 13.30> 13.90%
Ti7 10.33% 12.03° 12.83 %
Ti8 12.27° 13.53" 15.43 ™
TI19 1263 14.97% 16,30
T20 11.90" 14.00™ 14.93°
. Cuntro! Tl 1 T. lungibrachiatum + Radonul MZ
N Discase control as per POP of KAL Ty Soil sol. for 30 days +T. harzianum+ Ridomil MZ
1: Trichoderma harzianaum slone T Soil soi. for 30 days + T. viride + Ridomil MZ
1. Selected antaganist from Thrissur {7, viride)} T: Soil sol. for 30 da::: + T longibrachiatum + Ridomil pi7
T Selected antagonist from Thnssur (T longibrachiatum T i ) +
Ts Soil sol. for!;i days +T. a‘mrn‘amz:u ¥ ) T-_: :;‘ t:-’;ﬁu:ot ];::SPPT:::;"“C
T- Soil sol. for 30 days + 7. viride T T. longibrachiatum + Pot. phosphenate
Tx Soil sol. for 30 days + 7. longibrachiatum Ta Soi! soi. for 30 days +7. harzicrunr+ Poi.phosphonate
v, T harzianaum + Ridom M7 Tw Soi! so! for 30 days + 7 vrride+ Por phosphonate
Tu T viride+ Ridomil M7 T Soil soi for 30 days +7. fongirachiotium + ol phosnhorase

WiAP: months after planting

in each column figures followed by same letters donot differ significantly according to IMMRT



Table 4.29. Effect of treatments on number of leaves of pepper plants

Treatment | * No. of leaves per plant _I
' 45 DAP 60 DAP 90 DAP
Tl 5.00° 6.67 > 1333
| T2 433" ‘ 6.33™ 11677 |
| T3 5.33" 6.33%9 18.00
] T4 567° | _ 66777 15677
] 4.67" | 6.00% 13.67%
T6 5.00° 7.33%% 16.33 " |
17 6.33° 8.67° 1833 |
T8 5.67° 7.33%7 20.67"
| - T9 4.67° 567 15672
_____TI0 | 433° 600" 16337
! T11 433" T 5337 13.67%
| Ti2 567" | 8.00% 17.67% |
Ti3 533" | 8.00™ 1967 |
T4 533" 7.67% 16.67%
Ti5 4327 6.33% 1567
L Ti6 4,67° 6.00%% 1533
T17 4337 6.00%" 13.67%
T18 533 6.670F 1 1533
I T19 533" 767 | 1967%
! T20 533 | 8.00® | 1833%™
T; Conirol Tn T. fongitrachiamm + Ridomil MZ
T [risease control as par FOP of KAU T Soil sol. for 30 days + 7. Aarzignam~+ Rigumil ML
Ts Trichoderia harzianaum alone T Soil sol. lor 30 days + T. wiride + Ridomin MZ
T Selected antaganist from Thrissun(7. viride) T Suil sol. for 30 days + T. lomgilraciiotum - Ridomit MZ
Ts Selected antagonist from Thrissur{ T longibrachiomnt T T. harzianum +PoL phosphonaie
Te Sotl sol. for 30 dzvs 4T, harziznum T T. viride + Pot. phosphonats
T+ Soii sol for 30 days +T. viride T T longibrachiarum + Fot phospioanic
Te Secil £ol 30 days + T lungisrachintum Tie Sail sol. for 30 days +T. harZaiaiz. Pot phosphnnate
Ts T harzianaum + Ridomil MZ Tw Soil sol far 30 dayy +T virige + Pat rhiyrlnae

Tw T, viridr+ Ridomil M2 Tw Sail sol for 30 daye +T. Jongibeacinatun ~ Frit phasphonate

MAP: months after planting :
in each column figures followed by same letters dunot diffcr significantly according to DMRT
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5. DISCUSSION

Phytophthora disease is one of the major constraints in the production of
quality rooted cuttings of black pepper. This disease, incited by the soil borne fungus
Phvtuphthora capsici, causes extensive damage in black pepper nurseries. Further, i
has been observed that if cuttings from infected nurseries are used for planting, tiw
pathogen is unknowingly introduced to the main field, resulting in severe occurrence
of Phytophthora foot rot in pepper plantations. Though, reports of successful control
of this disease by integrating various culivral, biological and chemical methods are
available and being practiced, in certain periods, Phvtophthora rot disease assumes
serious proportions in the black pepper nurseries especially during heavy monsoon
periods. In view of the serious nature of this disease in the nursery and the potentii
threat it poses in the main field, the present study was undertaken for the effective
management of Phytophthora rot inv the pepper nursery using selected ative

antagonists alone or in combinaticn with fungicides,

‘The occurrence of Phytophthora foot rot or quick wilt of pepper vas veponed
by many workers from various pepper growing areas of the world (Coleman, 1910;
Barbar, 1502; Butler, 1906; Rao, 1§29; Leefmans, 1934; Muller, i936; Samrdj and
Jose, 1966; Harper, 1974; Nambiar and Sarma, 1977; Dewaard, 1979; Sastry, 1992;
Dutta, 1984 and Anandarsj ef ai., 1989a). Mammootty and Piilai (1981) and Sarma e/
al. (1988) observed extensive damage in black pepper nursery due to Fhytovhihora
rot. In the present investigation, the causal organism of the disease was isolated from
infected plants of black pepper nurseries of Thrissur district and the pathogenicity of
the isolate was established. The cultural and morphological characters of the pathogen
causing Phytophthora rot of black pepper nursery were studied which included coloay
and sporangial characters like sporangial ontogeny, size, shape, L/B ratio and pedicel
length. The fungus produced uniformly dense cotton wool like aerial maycelium with
petalloid pattern on carrot agar medium. The mycetium was cocnoeytic, producinig
sporangia in an umbellate fashion. Sperangia papillate. caducous, long stalked
(>15um), ovoid to pyriform, 45-52 x 18-25 pm with aa L/B ratio of 1.9 to 2.3. The
characters studied were almost in conformity with those reported by miany workers for

Phytophthora capsici (Kaositi et al., 1978; Sarma et «l., 1980; Zentmeyer, 1988;
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Sastry and Hegde, 1987 b; Santhakumari, 1987 and Tsao and Alizadeh, 1988). Rence,
based on the cultural and morphological characters coupled with pathogenicity on
black pepper, the isolate was identified as Phytophthora capsici Leonian emend A.
Alizadeh and P.H. Tsao (Tsao, 1991).

Success in control of Phytophthora rot in black pepper nurseries with chemical
fingicides has been reported by several workers (Mammootty ef /. 1980; Mammootty
and Pillai, 1981; Ramachandran and Sarma, 1985; Nair and Sasikumaran, 1991; Veena
and Sarma, 2000). However, the constant use of chemical fungicides may bring about
many ecological problems including the development of resistant strains of the
pathogens. The increasing awareness of the possible deleterious effects of chemical
fungicides in the ecosystem bave created interest among the scientists for locating
biological control agents against soil borne diseases and foot rot disease of black
pepper is no exception to this. It is very well established that due to the variability
existing in the pathogen, it is ideal to select and develop native antagomsis wnich
would be more adapted to the soil conditions and having more competitive saprophyiic
ability than introduced cultures (Papavizas and Lewis, 1981).

Cook and Baker (1983) stated that, the starting point for biological control ig
often the isolation of potential antagonists from root environment where disease iy
lacking such as suppressive soll or from healthy plants in diseased fields. Further
Baker and Cook (1974) opined that antagonicts should b sought in the rhizosphere
rather than in the soil mass as their effective activity will be on the root surface.
Hence, in the present study, an attempt has been made to select antagonistic microb:s
prevalent in the rhizosphere of different pepper nwseries of Thrissur district. For this,
the soil samples were collected from the rhizosphere of healthy plants from discased
nurseries and the quantitative estimation was carried out. Results of the study revealed
more abundance of soil bacteria, actinomycetes and fungi in that order in different
pepper nurseries. In addition, variation in the population of these microbes was also
noticed in different nurseries. Jeyarajan ef al. (1994) observed that in Phytophthora
suppressive soils, the population of bacteria and actinomycetes was 30 and 35 times
more than that of conducive soils. Jubina and Girjja (1998), while studying the

microflora of rhizosphere soil of black pepper, also obscrved the abuadance of soil
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bacteria. The variation in the popalation of soil microbes of different nurseries might

be due to the varied type of soil and climatic conditions prevailing in the nurseries.

After the quantitative estimation of rhizosphere microflora, representative
cultures of fungi, bacteria and actinomycetes were selected based on culturdl
characteristics of the colonies. So from the soil microbes, 22 isolates of fungi, 20
isolates of bacteria and five isolates of actinomycetes were sclected for further studies.
The antagonistic action of these organisms against P. capsici was estimated by dual
culture method (Skidmore and Dickinson, 1%76; Utkhede and Rahe, 1983) after giving
due consideration to the growth rate of the si:il microbes and the pathogen. Further the
efficacy of the isolates was compared with the standard culture of T. harzianum

specific against Phytophthora foot rot pathogen of black pepper.

The results of. the study revealed that, all fungal isolates includig
T. harzianum tested were antagonistic to P. capsici in varying proportions. Among
them, 13 isolates showed cent per cent inhibition on the growth of the pathogen.
While, others recorded a per cent inhibition ranging from 37.78 to 77.78. it was also
observed that the majority of the isolates screened, over grew the pathogen within a
short period of time while, the remaining ones showed cessation, komogenous and
avertion of growth as reported by Purkayastha and Bhattacharya (1982). Rajan ef al.
(2002) studied the antagonistic reaction of different Trichoderma isolates obtained
from the thizosphere of black pepper and reported varying percentage of inhibition of
growth of the pathogen. Further, it is also pertinent to note that amoug the 13 fungal
isolates that showed 100 per cent inhibition, 10 of them belonged to the genus
Trichoderma and the rest two to Rhizopus spp. and one remained unidentified.
Predominance of Trichoderma spp. in the rhizosphere soil of crop plants and its
potential as effective biocontrnrl agent has been established by wany workers
{Mukhopadhyay, 1995; Harman, 2000 and Doraiswamy et af., 2003). Cut of the 20
bacteria tested, only five were antagonistic to the pathogen with a per cent infubition
ranging from 70 to 77.78, while none of the actinomycetes showed antagonistic action
against the fungus. Similar results were observed by Gokulapalan (1986} and Jubina
and Girija (1998). Among the microflora, the fungal isolates cxhibited promising

effect against the pathogen and hence these were subjected to further studies.



For the selection of the most efficicnt fungal antagonists from among the
various isolates studied, the method suggested by Kasinathan (1998) was employed.
For this, the antagonism index (AI) of the organism was worked out which he
considered as pertinent in the selection of the most efficient antagonists in vifro. The
Al of the organism was arrived at by taking into consideration the various parameters
like per cent inhibition, colonization behaviour of the antagonist, speed of over growth
on pathogen and inhibition zone. The study revealed that Al of the fungi tested ranged
from 106.66 to 3000. Thirteen isolates which recorded cent per cent inhibition of
growth of the pathogen showed an Al of 1200 and above. The maximum Al of 3000
was exhibited by isolate 22 F (Trichoderma sp.) and the next higher vaiue of 1500 was
recorded with isolate 34 F (7richoderma sp.} and T.harzianum. So the native
antagonists that showed an Al of 1500 (34 F) and above (22 F) were selected for
further studies. The standard culture of T harzianum, which recorded an Al of 1500,

was also employed as comparison.

The two promising native isolates (22 F and 34 F) were identified at species
level by studying the cultural and morphological characters. The isolate 22 F produced
lemon yellow pigments in culture, The conidial areas were olive green to bright
yellow. The mycelium septate, smooth walled and hyaline with simple conidiophore
branching. Bottle shaped phialides of 6.9-11.5 x 2.3-2.5um were formed singly or
alternately along the main branch with phialospores of 3.6-4.5um, ellipsoidat,
subgiobose or globose, smooth walled and pale green. These characters were almost
similar to those reported by Rifai (1964) for Trichoderma longibrachiatum and hence

it was identified as Trichoderma longibrachiatum Rifai aggr.

The other isolate 34F produced whitish colonies, which on maturity turned
dark green. The mycelium septate, smooth walled and hyaline with dendroid
conidiophore branching. Phialides formed in false or irregular whorls mostly with less
than four phialides (8-14 x 2.4-3pum) in each whorl. Phialospores subglobose, globose
or short obovoid, 3.45-5.75 um with a spiny wall. These cultural and morphological
characters were in conforinity with that reported by Webster (1964) for Trichoderma
viride and hence this isolate was identified as Trichoderma viride Pers. ex S.F. Gray

aggr,
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It is well known that the antagonistic organisms bring out action on the
pathogen by various mechanisms thereby reducing the incidence and severity of the
disease. According to Harman (2000), there are numerous mechanisms iike
mycoparasitism, antibiosis, competition for nutrients or space, tolerance to stress
through enhanced root and plant development, induced resistance, solubilization and
sequestration of inorganic nutrients and inactivation of pathogenic enzymes. Also, it is
likely that other mechanisms may be present but yet to be discovered. Hence,
investigations were carried out to find the mode of action of selected antagunists on
P.capsici in comparison with that of 7. harzienum. It was cbserved that all the three
antagonists were fast growing and overgrew the slow growing P.capsici coioﬁy withir:
three days and this type of growth was comparable to that reported by Vinod (1988)
and Mukherjee et al. (1989) in Pythium sp by T.harzianum and Thomas er ul. (1996)
and Bhai er al. (2000) in the case of Phytophthora sp. by different species of
Trichoderma. In addition, the inhibitory cffect of these fungi against P. capsici may be |
attributed to various reasons like competition, antibiosis or the production of volatile
compounds by the bioagents us suggested by Dennis and Webster (1971). A slight
zone of inhibition was initially observed at the point of contact between
T longibrachiatum and P.capsici, which may be due to the production of inhibitory
metabolites (Elad er al., 1983).

The hyphal interference between the antagomsts and the pathogen was
investigated by the method suggested by Dennis and Webster {1971). On microscopic
observation of the intermingling growth of the organisms on cellophane paper, it was
found that the interaction of the organisms lead to mycoparasitism in the form of
hyphal coiling, penetration and disintegration of the host hyphae leading to death of
the pathogen. Similar observations were reported by Bell ef @i (1982), D *Ercole et al.,
(1984) and Harman (2000) by Trichoderma spp. on various plant pathogens.
According to Bell ef al. {1982), the hyphae of Trichoderma penetrated the mycelium
of pathogens and grew luxuriantly within it and the pathogenic hyphae were severcly
ruptured at the points of contact with hyphae of Trichoderma ultivsalely leading tc
hyphal lysis. The role of cell wall degrading enzymes in this type of antagoristic
action produced by the antagonists was well elucidated (Elad er al., 1983; Rideout ¢f
al., 1986; Claydon et al., 1987). So the Trichoderma spp. used in the study is found to
have effective parasitic effect on the pathogen in addition to some degree of antibiosis
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and these fungi could be atilised for the managemens of Phytophthora ot in biuck

pepper nursery.

According to Sarma and Anarclaraj (1998), for the effective management ot
Phytophthora foot rot of black pepper, an integrated approach involving cultural,
chemical and biological measures are to be adopted. As pepper is a remunerative crop,
farmers are adopting all available methods to increase the productivity of the crop
where plant protection measures play an imporiant role. Hence, while adopting
integrated disease management practice using antagonists, it is imperative that
pesticides including fungicides, insecticides and nematicides and even fertilizers
commonly used in black pepper must be compatible with the biocontrol agents and
further care must be taken to select a suitable combination. So in the present study, the
compatibility of the two selected antagonists and 7. harzianum with commonly used
tungicides, insecticides and fertilizers were evaluated,

Studies on compatibility of Trichoderma spp. to different fungicides revealed
that all the fungicides exerted varying levels of inhibition. A complete inhibition of the
growth of all antagonists was observed with Bordeaux mixture and higher percentage
of inhibition was recorded with Kocide, Captaf and Kavach, indicating incompatibility
of these fungicides with the antagonists tested. The above finding on the effect of
Bordeaux mixture is in agreement with that of Shanmugham (1996) who reported that
Bordeaux mixture completely inhibited the growth of T.viride. Krishnamoorthy and
Bhaskaran (1994) observed Captan as fungicidal to T viride, while, it had listle effect
ou {.harzianum. Contrary to this, Singh et al. {1995) found higher per cent inhibition
of growth of T harzianum at 500 ppm of Captaf, which is in agreement with the
present finding. The inhibitory effect of Kavach (Chlorothalonil) on T. harzianum and
T. viride was noticed by Akbari and Parakhia (2001). On the contrary, there are many
reports on the compatibility of Trichoderma spp. with Chlorothalonil (Moity et al.
1982; Wongwathanarat and Sivasithamparam, 1991; Rajan and Sarma, 1997). But
Sharma and Mishra (1995) reported only slight inhibition of Kavach to T.harzianum.
The variation in responsc of the Trichoderma spp. to the above fungicides observed
during the study from those reported earlier might probably be due to the variation
among isolates of the antagonists. A perusal of the literature revealed no reports of

inhibitory effect of Kocide on Trichoderma spp.
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However, it was observed that in media incorporated with Indofil M-45,
Anthracof, Akomin and Ridomil MZ, there was good growth of al] antagonists proving
their compatibility. Similar results or the compstibility ot Trichoderma spp. with
Metalaxyl, Mancozeb and Potassium phosphonate have been noticed by many workers
(Moiety et al., 1982; Wongwathanarat and Sivasithamparam, 1991; Shanmugham
1996; Rajan and Sarma, 1997; May and Kimati, 2000; Akbari and Parakhia, 2001).
Thus, the two selected antagonists and T hargzianum can be safely tried along with
above fungicides in the integrated management of Phytophthora rot in black pepper
nurbery Another point observed during the study was that 7. viride,
T. longibrachiatum and 7. harzianum showed difference in their response to copper
oxychloride fungicide, Fytolan. Earlier report suggested that copper oxychloride
fungicides were not compatible with 7richodernia spp. (Sharma et al., 2001).

Contrary to these observations, it was revealed that Fytolan exerted below 48
per cent inhibition to the growth of T viride and T. harzianum, while,
T. longibrachiatum recorded more than 70 per cent inhibition. According to
Krishnamoorthy and Bhaskaran (1994), in copper oxychloride poisoned medium,
T harzianum showed normal growth, while, 7. viride exhibited sparse mycelial growth.
Shanmugham (1996) reported 56.66 per cent mhibition of T.viride with Fytolan. So,
from the present finding, it would be concluded that T, viride and T. harzianum are
partially compatible with copper oxychloride fungicide and hence, could be integrated
together in the management of this disease in the nursery to a certain extent without

much adverse effect on the antagonist.

The effect of various fungicides at their recommended dosage on the
sporulation of Trichoderma spp. was studied. It was found thst Indofil M-45 and
Ridomil MZ supported the growth and showed good sporulation of all the three
antagonists, while, sparse conidial production was observed with Akomin-40.
Sporulation was absent in the case of all antagonisis in media incorporated with
Captaf, Kavach, Fyiolan and Kocide except for T harzianum, which showed sparse
sporulation with Captaf and Fytolan. Different workers reported the iolerance of
1. harzianum to mctalaxyl in sporc germination tests even at higher concentration

(Moiety er al. 1982; Papavizas et al., 1982; Sharma et al., 2001). But, contradictory to



the results of the present study, they also reported that the fungal antagonists in
sporulation tests tolerated Chlorothalonil (Kavach) and Captaf to some exient. The
inability of T.viride to sporuiate in Fytolan incorporated media was reported by
Krishnamoorthy and Bhaskaran (1994). However, they reported that 7. harzianum
showed normal growth and sporulation with copper oxychloride, which was in non-

confirmity with the present observation.

The in vitro compatibility of insecticides with the three antagonists wers
studied and it was found that Monocrotophos and Quinalphos showed 100 per cent
inhibition on the growth of antagonists. However, Endosulfan, Dimethoate,
Cypermethrin and higher concentration of Chlorpyriphos exerted more than 70 per
cent inhibition. Thus, it could be concluded that these insecticides were incompatible
with the antagonists. The lower concentration of Chlorpyriphos (0.01per cent) exerted
a per cent inhibition ranging from 34.44 to 57.78 against the antagonist. However,
Phorate and Carbofuran were compatible as evidenced by the luxuriant growth of
antagonists in media Incorporated with these systemic insecticides. Sharma and Mishra
(1995) reported that Phorate and Carbofuran applied for the control of nematodes and
mealy bugs in black pepper were found less toxic to T. harzianum.

According to Jebakumar ef af. (2000), Phorate being a systemic pesticide has
no effect on direct contact with T harzianum whereas Chlorpyriphos being a contact
ingecticide has retarding effect on the growth of 7% harzianum in in vitro studies. But
when used in soil, no such inhibitory effect was noticed. This opinion is found
reasonable in the case of Carbofuran also. Sushir and Pandey (2001) had conducted
simtilar studies and reported that Chlorpyriphos (Durmet 20 EC) has no adverse effect
on radial growth upto 2000 pi ml - whereas Endosulfan {Thiodan 35 EC) was found
more toxic even at 50 pl ml ! which showed growth inhibition of 55.55 per cent. The
growth inhibition of 40 per cent was observed with Dimethoate (Rogor 30 EC) at 125
plml . So, insecticides, which are being used for the control of nematodes and mealy
bugs of black pepper, can be safely used along with the antagonists of 2.capsici.
However, Monocrotophos and Quinalphos that are very effective against pollu beetle
on black pepper but incompatible with the antagonists should be applied with care.
Every effort has to be made to prevent dripping of these insecticides to the basin of
black pepper plants since it would have a deleterious effect on the aatagonists.
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The sporulation of antagonists i media incotporated with insecticides were
studied and it was observed that all antagonists showed good sporulation with Phorate
and Carbofuran, while, moderate sporulation was recorded with Cypermethrin and
Chlorpyriphos by T. viride and T. longibrachiatum, whereas T. harzianum showed
good sporulation with the latter as well as with Dimethoate. T.wviride and -
T. longibrachiatum showed only sparse conidial production with Endosulfan while
T. harzianum showed moderate sporulation. According to Jebakumar et ai. (2000),
Phorate at 6-36 ppm did not affect the sporulation of 7. harzianum whereas
Chlorpyriphos retarded sporulation of the antagonist.

In order to boost up the productivity of pepper cuttings, application of
fertilizers is resorted to, in addition to the application of biocontrol agents and plant
protection chemicals. So an in vifro evaluation was conducied to study the
compatibility of biocontrol agents with fertilizers viz.,, Urea, Rajphos, Muriate of
potash, Ammonium sulphate and Factomphos. It was found that all the fertilizers
except, Factomphos supported comparatively good growth of the antagonié.ts. For all
three antagonists, the higher concentration of Factomphos recorded a per cent
inhibition ranging from 54.42 to 62.4 respectively. The response of the antagonists to
the higher concentration of the Urea (2per cent) was comparatively poor and recorded
a per cent inhibition ranging from 40.2 to 46.7. Rest of the fertilizers were compaiible
to all the three species of Trichoderma to varying extent.

A significant increase in the population of 7. viride in soil was noticed by
Krishnamoorthy and Bhaskaran (1993) following the application of nitrogen and
phosphorous fertilizers. Jackson er al. (1991) also supported the present finding that
Rajphos is compatible with the three species of Trichoderma, which may be attributed
to the fact that phosphorous is cssential for sporulation of Trichoderma spp. In
addition, previous reports (Sharma and Mishra, 1995) are also in line with the present
study that Urca is 2 good source of nitrogen for T. harzianum which was not only
supportive but also stimuiated the growth and sporulation and this was followed by
Ammonium sulphate. Moreover, according to them, Muriate of Potash {MoP) was also
tolerated by the bioagent. Partial inhibition of the antagonists observed in the case of
Factomphos may be duc to the presence of sulphur in the fertilizer as Sharma and
Mishra (1995) reported that zinc sulphate was hightyxtoxic to 7. harzianum. But the
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compatibility of Trichoderma spp. to Ammounium sulphate may be due to the presence
of ammoniacal form of nitrogen that is more preferred and most favourable for
myceéhal growth of the thwec Trichoderma spp. (Neelamegam, 1992). Jayaraj and
Ramabhadran (1997) also observed the enhancement of growth and survival of 7.
harzianum with Ammonium sulphate to the maximum extent followed by Urea and

Ammonium chloride,

Another study was conducted to find out the in vifro inhibitory effect of
fungicides, insecticides and fertilizers on the growth of P.capsici. The same chemicals,
which were used for testing the compatibility with antagonists, were used in this study
also. Results of the study showed that among the different fungicides tested, Bordeaux
mixture, Fytolan, Kocide, Captan, Ridomil MZ and Indofil M-45 at different
concentrations completely inhibited the growth of the pathogen. It was also noticed
that the higher two concentrations of Akomin (0.2 per cent and 0.3per cent) and the
0.15 per cent conceniration of Anthracol inhibited the fungus. The lower
concentrations of Anthracol and Kavach recorded an inhibition ranging from 60 to 75
per cent. The in vitro nhibitory ¢ffect of Bordeaux mixture, Copper oxychloride,
Copper hydroxide, Mancozeb, Metalaxy] and Anthracol against foot rot pathogen of
black pepper was reported by many workers (Turner, 1969; Filani, 1976; Mammootty,
1978; Ramachandran and Sarma, 1985 and KAU, 2000).

Veena et al. (2002) observed the inhibitory action of Potassium phosphonate
against P. capsici of black pepper and they further opined that compared to mycelial
growth, sporulation stage is the most sensitive stage. There are no reports of the effect
of Captan and Kavach on F. capsici. Jiowever, Khan et al. (1996) observed the
inhibitory action of Captan against Phyfophthora causing crown and root rot of apple
znd Mahanty et al. (2000) noticed the sensitiveness of Kavach against the pathogen
causing Phytophthora foot rot of betel vine. Eventhough, Bordeaux mixture, copper
oxychoride (Fytolan), Ridomi! MZ and Potassium phosphonate are recommended to
control Phytophthora rot in black pepper, the present in vitro study pointed out that
Copper hydroxide (Kocide), Captan, Mancozeb and even Anthracol can also be tised
to control the pathogen, P.capsici of black pepper. However, the field efficacy o# tHésb
fungicides has to be tested before rccommending for largo scale field appﬁb&ﬂbh.
Further, as evident in the case of lower concentration of Potassium phﬁshﬂdhhte
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{Akomin), the study also pointed out the iwportance of usage of correct dosage of
fungicides, otherwise the propet control of the pathogen will not be possible.

Out of the eight insecticides tested in vitrn, four of them viz., Monocrotophos,
Quinalphos, Endosulfan and Cypermethrin at all concentrations inhibited the growth of
the pathogen whereas Phorate, Carbofuran, Dimethoate and Chlorpyriphos exerted
inhibition ranging from 68.89 to 88.89 per cent, thus indicating the deleterious effect
of these insecticides on P. capsici. As many of these insecticides were regularly used
to contro! insect pests of pepper, the present investigation revealed that the application
of these insecticides had an indirect effect in checking the growth and multiplication of

P. capsici.

The in vitro effect of common fertilizers applied in black pepper against the
pathogen was assessed and it was observed that the fertilizers viz., Urea, Rajphos and
MoP had not much inhibitory effect on growth of the fungus. These fertilizers showed
a per cent inphibition ranging from 3.7 to 17.8. Factomphos and ammonium sulphate
partially inhibited the mycelial growth of the fungus at all concentrations. The higher
concentration of Factomphos (3 per vent) exerted more than 50 per cent inhibition over
control. Not many studies were carried out on the growth of P.capsici in fertilizer
incorporated media. However. Jayasekhar and Muothusamy (2000) observed that
Ammonium sulphate suppotizd the growth of 7 capsici, which was contradictory to
the present study as Ammonium suiphate showed an inhibition per cent ranging from
24.7 to 42.2, The reason attributed to this inhibition in growth of pathogen m
Ammonium sulphate and Factomphos incorporated media may be due to the effect of
sulphur present in these fungicides. Urea favoured the growth of the pathogen, which
may be due to the fact that the pathogen utilizes or rather prefers ammoniacal form of
nitrogen, Similar findings were reported by several workers (Cameron and Milbrath,
1965; Pal, 1974 and Jain et al, 1982). The pathogen must have utilized phosphorus of
Rajphos and potassium of Muriate of potash for their growth theredy resulting in very
less inhibition of growth,

Nowadays, the strategy for plant disease management has shified from absolute
and single method of control to integration of different approaches of disease

management at economically acceptable level. But, eventhough, integrated approach



comprising of cultural, biological and chemical methods individuelly or in
combination werc reportedly found to be cffective in combating the Phytophthora rot
of black pepper nursery to a certain extent, an effective control of the disease is not
obtained always. Reasons attributed to these are factors like macro and microclimatic
conditions in and around the nursery, variation in the causative organism, improper .
and untimely application of chemicals, selection of bioagents not suited to the
particular location and lack of adoption methods which hinder the growth,
multiplication and infection of the pathogen. As selection and use of native isolates of
antagonists is one of the important factors for the successful management of this soil
borne disease, the present nursery experiment was undertaken to harness the effect of
solarization and selected native fungal antagonists individually and or in combination
with fungicides. The fungicides selected were reported to be effective against the
pathogen as well as compatible with the bioagents. The experiment was laid out as
delineated in the technical programme at the College of Horticulture, Vellanikkara,
Polting mixture was solarized using 150 gauge polythene sheet for 30 days with an
idea to eliminate the pathogen and pathogenic nematodes due to build up of soi
temperature.

Observations on soil temperatute recorded during the entire 30 days of
solurization revealed a high build up of soil temperature in the solarized potting
mixture compared to the non-solarized one. The maximum temperature build up
occurred at 5 cm depth. Further, in solarized soil, the soil temperature at § ¢m depin
was always 30°C and above at 8.30 am while at 2.30 p.m, at the same depth, the
temperature for most of these days was above 50 °C which was 20-21°C higher than
that recorded at 8.30 am. Such build up in soil temperature in solarized soil were
reported by many workers (Katan et al., 1976; Katan, 1981; Chandran, 1989; Vilasini,
1996; Binimol, 2000; Patei, 2001). They also opined that the increase in soil
temperature have a deleterious effect on the microbial population including the
pathogen, which ultimately lead to the less incidence of the disease. The result of
estimation of the soil microflora before and after solarization was also in line with the
above observation by these workers. It was noticed that after solarization there was a
decrease in the population of bacteria, fungi and actinomycetes compared to the initial
count,



The sprouting percentage of cuttings in different treatments was worked out at
different intervals, which showed significant difference. After 45 DAP, in general, it
was observed that the maximum sprouting percentage was noticed in treatments where
solarized potting mixture and biocontrol agents were used. The maximum sprouting
percentage was noticed in treatment Tyq (Soil solarization + T. longibrachiatum + Pot.
Phosphonate) immediately followed by T2 (Soil solarization + T. harzianum
+Ridomil MZ) while, the least sprouting percentage was observed in Ty
(T. longibrachiatum + Pot. Phosphonate). Further, comparatively lesser percentage of
rotting was noticed in treatments where solarized potting mixture and antagonists were
tried. Eventhough, there was no significant difference among the treatments, the
minimum percentage of rotting was observed in T; (Soil solarization + T. viride) and
Tis (Soil solarization + T. viride + Ridomil MZ) followed by Ta The maximum
rotting percentage of 5.95 was observed in Ty (T. harzianum -+Ridomil MZ) followed
by Ty (7. longibrachiatum +Ridomil MZ). Similar findings were obtained by Binimol
(2000). She noticed the effectiveness of soil solarization and addition of
Trichoderma spp. in increasing the sprouting percentage and reducing pre-sprouting

mortality of black pepper cuttings.

During the onset of monsoon, in June, prophylactic application of fungicides
was given and was repeated at fortnighitv intervals for five times. Observations on
disease incidence and severity were recorded four times at weekly intervals starting
from the third week of July. Results on the percentage incidence of disease recorded
during the first three intervals did not show any significant difference among the
treatments, while it was significant at 17 weeks after planting (WAP). However, data
on the disease severity taken at all the four intervals showed significant differences,

indicating the effect of treatments on the severity of the disease.

On the 14™ WAP, the maximum disease incidence was noticed in plants in
control (T1) and minimum in T (Soil solarization + T, longibrachiatum). However,
discase severily was maximum in control and minimum in T, (Soil solarization +
T harzianum + Ridomi! MZ), followed by T o (7. viride + Ridomil MZ), T
(7. harzianum + Ridomil MZ) and T |4 (Soil solarization + 7,viride + Ridomil MZ).
The treatment T,: recorded an efficiency of more than 90 per cent over control.

During the 15™ WAP, again there was no significant ditference among treatments on
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disease incidence with maximum in T, (Control) and minimum in T;; (Soil solarization
+ T viride + Ridomil MZ) and T4 (Soil solarization + T longibrachiatum + Ridomit
MZ). Here also control plants (T;) recorded more disease severity and was on par witl:
all treatments except T,; (Soil solarization + T harzianum + Ridomil MZ) which
recorded minimum value followed by T ¢ and Tis. On 16" WAP, there was no
significant difference among the treatments, the control plants (T,) recorded the
maximum disease incidence and minimum in T, (PoP) followed by T (4 and T 1.
During this period, the minimum discase severity was recorded in Ty
(T.longibrachiatum + Ridomil MZ), which also showed the maximuwn percentage
efficiency over control followed by T ;3 and T ;. The data on the per cent disease
incidence on 17® WAP showed significant difference with the minimum diseasz
incidence in T, followed by Tis Tz and T ;5. All the other treatments rccorded
comparatively a higher disease incidence with a maximum Ts (7. wviride alonc)
followed by control (T;). The minimum disease severity was recorded in Ty followsd
by T, T, Tyz and Tya.

Further, the data obtained at different intervals of observation were subjected to
pooled analysis to draw a meaningful conclusion. A significant difference among the
treatments on the incidence and severity of Phyrophthora rot in black pepper nursery
was noticed. The minimum disease incidence was noticed in treatment T; (PoP)
followed by T4 (Soil solarization + T.longibrachiatum + Ridomil MZ) and T; (Soil
soladzation + T.viride + Ridomil MZ) recording more than 60 per cent efficiency over
control. The least disease severity was in treatment T,; that was on par with all other
trcatments except control (T,). It was also to be noticed that in Ridomil MZ sprayed
plants, there was comparatively less disease severity. The per cent mortality of rooted
pepper cuttings was also studied after 19% WAP. It was observed that the least
percentage mortality of 53.37 was recorded in T.longibrachiotum incorporated
Ridomil MZ sprayed treatment (T1,) followed by T ,, Ti4 and T3, More than 85 oer

cent mortality was noticed in control (T:).

The effect of Bordeaux mixture in reducing the incidence of Phyrophthora rot
in black pepper nursery as well as in the main field were reported by many workers
(Mammootty et af., 1980; Mammootty and Pillai, 1981 and Sarma er af., 1987;
Malebennur et al., 1991and Nair er al, 1993). There are many reports on the
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cffectiveness of soil sofarization, biocontrol agents alone or in combination with
fungicides like Metalaxyl or Potassium phosphonate in managing P. capsici infecting
black pepper (Malebennur ef al., 1991; Sarma ef al., 1994, Anandaraj and Sarma.
1993, Lokesh and Gangadharappa, 1995; Hegde and Anzhosur, 1998; AICRPS, 2000
and AICRPS, 2001). Further, the study also emphasized the importance of selection of
efficient native isolates of antagonists viz., T.viride and 7. longibrachiatum in the
management of the disease as evidenced by the positive response exerted by the native
antagonists in reducing the disease incidence and severity compared to the standard

culture of T harzlanum.

As a part of the nursery experiment, the population of soil microflora viz.,
fungi, bacteria and actinomycetes in different treatments were estimated. The study
indicated a fluctuation in the population of soil microbes in various treatments at
different periods of observation. Similar findings were reported by (Stapleton and
DeVay, 1982; Kurian, 1992; Vilasini, 1996; Raj et al., 1997, Binimol, 2000).

The observation on height and number of leaves of pepper cuttings in different
treatments were recorded. It was noticed that cuttings raised in solarised potting
mixture incorporated with native antagonists, especially 7. viride, exerted a significant
e¢flect in increasing the height of cuttings. With regard to total nuinber of leaves, it was
also observed that addition of native antagonists in solarised potting mixture had a
positive effect in increasing the ieaf production. These observations are in conformity
with that reported by Binimol (2000). She reported that soil solarization and
application of T.viride and T harzianum had a positive effect in increasing the height
and number of leaves in pepper cuttings. Effectiveness of solarization in enhancing the
growth parameters in crop plants by making available the required nutrienis have been
reported by many workers (Chen and Katan, 1980; Vilasini, 1996; Binimol, 2000).
There are many reports on the increased growth response of plants by soil application
of Trichoderma spp., which may be due to the production of growth promoting
substances by the antagonists (Chang er ., 1986 and Windham e al., 1986;
Mukhopadhyay, 1994; Harman, 2000).

Thus, the nursery experiment revealed that, in general, soil solarization,

incorporation of antagonists and application of Ridomil MZ had a favourable effect in
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checking the Phytophthora rot in black pepper nursery and it is comparable with the

recommended chemical control with one per cent Bordeaux mixture.



Summary




6. SUMMARY

Phytophthora rot is the most destructive disease of black pepper nursery.
inflicting heavy crop losses. Considering the seriousness of the disease, the present
study was undertaken to isolate and select the efficient antagonists from black pepper

nurseries and use them in the integrated management of the disease.

The pathogen was isolated from infected plants of black pepper nursery and its
pathogenicity was established. Cultural and morphological characters of the pathogen
were studied. On carrot agar, the fungus produced petalloid uniform dense aerial
mycelium with fine, non-septate hyphae. Sporangia were borme in an wnbellate
fashion on an elongated pedicel of more than 15 um length. Sporangia are papillate,
ovoid to pyriform caducous with an L/B ratio of 1.9 to 2.3, Based on the cultural an:d
morphological characters coupled with pathogenicity, the causal organiém of
Phytophthora rot of black pepper nursery was identified as Phyiophthora capsici
Leonian emend A. Alizadeh and P. H. Tsao.

Rhizosphere microflora from healthy pepper plants in diseased nurseries weie
isolated. A quantitative estimation of the rhizosphere microflora from difterent
nurseries revealed more abundance of soil bacteria followed by fungi and
actinomycetes. Based on cultural characters of the rhizosphere microflora, 22 fungi, 20
bacteria and five actinomycetes were selected for ﬁrther studies.

Antagonistic action of these microflora against F.capsici was siudied by dual
culture method in comparison with that of standard culture of . harzianum. The study
revealed that all fungal isolates and five bacterial isolates were antagenistic owards
the pathogen with varying degrees. Among the fungal isolates, 13 isolates including
T harzianum recorded cent per cent inhibition of P.capsici. From among the fungal
isolates that showed antagonistic reaction in dual culture, further selection of eflicieni
ones _was carried out based on the antagonistic index (Al). The isolate 22 [
(Trichoderma sp.) showed the maximum Al of 3000 followed by isolate 34 F
(Trichoderma sp.) and T. harzicnum with an Al of 1500 each. The cultura! and

morphological characters of the efficient native isolates (22 F and 34 F) were studied
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and were identified as Trichoderma longibrachiasum Rifai aggr. and

Trichoderma viride Pers. ex S.F. Gray aggr.

The compatibility of the selected antagonists and 7. harzianum to nine
common fungicides used in pepper gardens was assessed. [t was found that Bordeaux
mixture, Kocide, Captaf and Kavach were incompatible with the antagonists, while,
Indofil M-45, Ridomil MZ, Akomin and Anthracol were compatible. However,
Fytolan was partially compatible with 7. viride and 7. harzianum and incompatible

with 7 longihrachiatum.

The in vitro effects of eight insecticides towards the antagonists were tested,
Phorate and Carbofuran at all concentrations supported good growth of the antagonisis
revealing their compatibility. Monocrotophos and Quinalphos exerted complete
inhibition of the antagonists while Endosuifan, Dimethoate, Cypermethrin and higher
concentration of Chlorpyriphos exerted higher percentage of inhibition indicating

incompatibility of these insecticides to the antagonists.

The in vitro sensitivity of antagonists to the common fertilizers viz., urea,
Rajphos, Muriate of Potash, ammonium suiphate and Factomphos were studied and it
was found that all the fertilizers except Factomphos supported comparatively good
growth of the antagonists. But the higher concentration of Urea was more inhibitory to

the fungi than its lower two concentrations.

The effect of fungicides, insecticides and fertilizers used in pepper gardens
against the pathogen P.capsici was evaluated in vitro. It was observed that Bordeaux
mixture, Fytolan, Indofil M-45, Kocide, Ridomil MZ and Captaf at all concentrations
and the higher two concentrations of Akomin—40 and Anthracol completely inhibited
the growth of P.capsici. The lowest concentration of Akomin-40 and Kavach at
different concentrations did not completely inhibited the pathogen.

Out of the eight insecticides tested in vitro, Monocrotophos, Quinalphos,
Endosulfan and Cypermethrin at all concentrations completely inhibited the growth of
P.capsici whereas Phorate, Carbofuran, Dimethoate and Chlorpyriphos exerted
inhibition ranging from 65 to 90 per cent.
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In the case of fertilizers, except for Factomphos and ammonium sulphate rest
of the fertilizers viz., urea, Muriate of potash and Rajphos supported comparatively

good growth of the pathogen in vitro.

A nursery experiment was conducted to study the effect of solarization,
selected native antagonists viz., T. viride and T. longibrachiatum and the standard
culture of 7. harzianum alone or in combination with fungicides for the management
of Phytophthora rot in black pepper nursery. The experiment was laid out at College of

Horticulture with 20 different treatments and replicated thrice.

Soil temperature at different depths of solarized potting mixture was recorded
for 30 days. There was a build up of temperature in the solarized poiting mixture
compared 1o the non-solarized ones and the build up was more pronounced at 5 cm
depth. Solarization resuited in the reduction of fungi, bacteria and actinomycetes in the

potting mixture.

A significant difference in the percentage of sprouting of pepper cuttings in
different treatments was observed at various intervals. In general, it was observed that
45 DAP, more than 84 per cent of sprouting was noticed in treatments where solarized
potting mixture and biocontrol agents were used, with the maximum sprouting per cent
in Ty (Soil solarization + T.longibrachiatum + Pot. phosphonate), followed by T,
(Soil solarization + T harziamm + Ridomil MZ). Plants raised as per PoP (T») also
showed good sprouting percentage. No significant difference among the treatments
was observed on the rotting of cuttings at 45 DAP with the maximum percentags of
rotting in_ treatment Ty (7 Aarzianwm + Ridomil MZ) and the minimum in T3 (Soil

solarization + T viride + Ridoinil MZ).

Prophylactic application of fungicides for the respective treatments was given
at the onset of monscon in June at fortnightly intervalg for six times. Observations on
the disease incidence and severity were recorded at weekly intervals for four times and
it was found that there was no significant difference an disease incidence for the {irst .
three intervals but it was significant during the last observation. However, data on the

disease severity at different intervals showed significant difference.
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Analysis of the pooled data taken at different intervals of observation showed
significant difference on the incidence and severity of the disease. The minimum
disease incidence was noticed in treatinzint T (PoP) followed by T4 (Scil solarization
+ Tlongibrachiatum + Ridomil MZ) and Tis (Soil solarization + T.viride + Ridoml
‘MZ) and these treatments recorded more than 66 per cent efficiency over control. The
least percentage of diseasc severity was noticed in planis in treatment T3 that was on
par with other treatments except control (T,). The minimum mortality was observed in
treatments incorporated with 7. longibrachiatum and Ridomi! MZ sprayed plants and

this was closely followed by T;, T4 and Ty; and the maximum in control.

A fluctuation in the population of soil microflora in different treatments was
observed. The cuttings raised in solarized potting mixture incorporated with
antagonists especially T, viride had a significant effect in increasing the height of
cuttings. Further, addition of native antagonists viz.,. T. viride and T. longibrachiatumn

in solarized potting mixture had a significant effect in increasing the leaf number.
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APPENDIX -1

MEDIA COMPOSITION

. CARROT AGAR

Carrot :200 g
Agar :20.0 g
Distilled water : 1000 ml

. POTATO DEXTROSE AGAR

Potato :200 g
Dextrosc ;200 g
Agar :20.0g
Distilled water : 1000 ml
. NUTRIENT AGAR MEDIUM
Glucose B : 5g
Peptone : 5g
Beef extract :.3 g
NaCl : 5g
Agar | : 20g
Distilledwater : 1 litre

p" - 6.5107.5



MEDIA COMPOSITION

1. MARTIN'S ROSE BERGAL STREPTOMYCIN ACAR MEDIUM
Dextrose D i0g
Peptone 2.0y
KH-PO, RIEY
MgSO, 0.5 ¢
Agar 20 ¢

Rose Bengal 0,03 ¢

Streptomyein 1 30 mye {(added aseptically to the sterilized medium)
Distilled wuter . 1060 m

2. KUNBNIGHTS AGAR MiEDIUM
Dextrase St
Kil.PO, HES A I
NalNQ. 0t e
K 0]
MgSQ), g
Agar 20g

Distilled water ; {000 mi
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3. THORNTON’S STANDARDISED AGAR

Mannitol : 10g
Asparagine : 05g
K,;HPO, : 10g
KNO; - 05¢g
MgSO, : 02g
CaCl,  0lg
NaCl : 01g

Ferric Chloride : 0.002g
Agar :200g

Distilled water : 1000 mi

| pH : 74
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Abstract



ABSTRACT

Ihytophthora rot is the serious disease of black pepper nursery. An investigation
was carried out to isolate and select the efficient antagonists from black pepper nurseries
and usc them alone ot in combination with fungicides in the integrated management of

the disease. The experiment was laid out at CCRP farm at College of Horticulture,
Vellanikkara.

The pathogen causing the disease was isolated and identified as Phyrophthora
capsici Leonian emend A. Alizadeh and P.H.Tsao based on the cultural and
morphological characters. Quantitative estimation of rhizosphere microflora fiom
different pepper nurseries yielded more soil bacteria followed by fungi and
actinomycetes. All the 22 fungi, five out of 20 bacteria and none of the actinomyceates
tested were antagonistic to P. capsici. Among the fungal isolates, 13 isolates inciuding
standard culture of T. hgrzianum recorded cent per cent inhibition of P. capsici. Further,
selection of the efficient isolates was camied out based on the antagonistc index (Al
The isolates 22 F and 34 F recorded an Al of 3000 and 1500 respectively and thess were
identified as Trichoderma longibrachiatum and Trichoderma viride. The standard culivre
of 7. harzianum also recorded an Al of 1500. The three antagonists were found parasitic
on P.capsici as evidenced by excessive coiling, penetration and disintegration of the

hyphae.

The fungicides viz,, Bordeaux mixture, Kocide, Captaf and Kavach were
incompatible with the three antagonists, while, Indofil M-45, Ridomil MZ, Akomin and
Anthracol were compatible. Fytolan showed partial compatibility with 7 viride and
T, harzianum but incompatible with 7. longibrachiatum. Among the eight insecticides
tested, Phorate and Carbofuran showed compatibility with the antagonists, whereas
Monocrotophos, Quinalphos, Endosulfan, Dimethoate, Cypermethrin and higher
concentration of Chlorpyriphos were incompatible. In general, fertilizers like Urea,
Rajphos, Ammonium sulphate and Muiiate of potash (MoP) were compatible with
aniagonists, while, Factomphos and higher concentration of Urea did not support good
growth.
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Bordeaux mixture, Fytolan, Kocide, Indofil M45, Ridomil MZ and Captaf at all
concentrations and higher concentration of Akomin-40 and Anthracol were inhibitory to
P. capsici. The insecticides Phorate, Carbofuran and Chlorpyriphos showed
comparatively good inhibitory effect against the pathogen but complete inhibition of
pathogen was noticed with Monocrotophos, Endosulfan, Quinalphos, Dimethoate and
Cypermethrin. The fertilizers viz., urea, MoP, Rajphos supported growth of the pathogen

while, Factomphos and ammonium sulphate exerted an inhibitory effect.

Solarization of potting mixture resulted in the build up of soil temperature and the
build up was more in the upper layer of soil. Solarization of potting mixture and
application of biocontrol agents had a positive effect in increasing the sprouting and
reducing the pre-sprouting mortality of cuttings and is comparable to plants raised as per
PoP. Observations on the incidence and severity of Phytophthora rot in black pepper
showed that in general soil solarization, application of antagonists and spraying of
Ridomil MZ had a favourable effect in checking the disease and the effect is almost

similar to that of disease management as per PoP.

A variation in the population of soil microflora in different treatments was
opserved. The cuttings raised in solarized potting mixture incorporated with native

antggonists had a significant effect in increasing the height and number of leaves.





