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i. INTRODUCTION

Black pepper {Piper nigrum LA popularly known as "Ling o f  Spices" is a native 

of Malabar coast o f Western ghats o f India. U is one of the important spice crops fetching 

an annual export earning of Rs. 4165.22 million to the Country (Rajan and Sarma, 2000). 

India, a leading producer and exporter o f black pepper, has a unique position in spice 

trade and contributes to the major share o f total world production with a production 

staggering around 60-65 thousand tonnes per year (Peter and Nybe, 2003). In India, more 

than 90 per rent o f the area under black pepper is confined to Kerala state. InspUe ofthis, 

the productivity o f  black pepper realized in the state is not in any way near to the 

potential yielded level expressed by the crop. One o f the major factors attributed to this 

low productivity is the high incidence o f  the devastating disease, the foot rot of black 

pepper.

Phytophthora capsici Lennian emend A. Aiizadeh and P.H. Tsao, the foot rot 

pathogen, is very serious in all black pepper growing areas o f the state and take a heavy 

toll o f the crop every year (Sarma el a/., 1994 and Anandaraj and Sarnia, 199!-;'!. This 

disease continues to be the major production constraint in all the pepper growing 

countries. The annual crop loss due to Phytiiphihora foot rot on global scale is estimated 

to be around 4.5-7.5 million dollars (Rajan et a i, 2002), The crop loss due ro foot rot of 

pepper is reported to range upto 30 per cent (Samraj 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 Karin ur) o f Kerala 

(Anandaraj el a!., 1989a). Irrespective o f the age o f the plant, the iungus infects roots, 

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

Black pepper is propagated mainly through stem cuttings raised in rmrseiy. One 

o f the important factors, which limit the production o f quality cuttings o f  black pepper in 

the nursery, is the occurrence of'diseases. Among the various diseases. Phytophthora rot 

incited by P. capsici is the most .serious one. This disease assumes serious proportions 

during South West monsoon and if proper and timely management practices are not 

adopted, cent percent mortality o f cuttings may occur. At times, this soil home pathogen



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



is inadvertently carried from nursery (o the main held, d apparently healthy cutting:-' from 

infected nursery' are used for pluming.

As in the case o f many other soil borne diseases, Phytophthora rot in black pepper 

nursery is also not am enable to a single method o f control. Hence, an integrated approach 

involving cultural, biological and chemical methods are essential. Use o f disease free 

planting m a te r ia l ,  sohui.-.auon o f no may niirUum, addition o f AM fungi and bioconrro! 

agents like TrichoPerout spp.. regulation of aeration and shade and prophylactic 

application of fungicides tor the management o f this disease her been '.veil documented 

(Anandaraj and Sanaa. 11>94). However, at rimes these measures may not provide desired 

level of management of the disease. Main reasons behind this failure are selection of 

biocontrol agents suitable for particular locality', inadequate and untimely cultural control 

operations ant! the improper use o f fungicides incompatible with the antagonists.

Considering the above facts, the present study was undertaken on the management 

o i Phytophthora rot of biack pepper in the nursery with the following objectives:

<* Isolation o f the pathogen

• Isolation of antagonists o f  P.capsici jYom black pepper nurseries from Thrissur 

district

• Assessment o f comparative efficacy o f selected antagonists wit!; T.hanhammt to 

P.capsici

• Assessment o f level o f compatibility o f selected antagonists and T.harzianum to 

common fungicides, insecticides and fertilizers used in pepper gardens

• Evaluation of antagonists in black pepper nursery
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2. REVIEW  O F LITERATURE

Phytophthora disease in black pepper nursery, incited by the ubiquitous soil borne 

limy us. Phytophthora t apski, poses serious threat in the production o f quality planting 

material. This disease causes extensive damage to black pepper cuttings in the nursery as 

well as to pepper vines in the main field. Phytophthora rot disease in die main field is 

known as Phytophthora foot rot or quick wilt. Leafinans (1934) recorded vine death of 

about 10 per cent in West Borneo. Harper (1974) leported an yield loss o f 50 per cent in 

Indonesia due to this disease. In India, forty to fifty percent destruction ofpepper vines due 

to the epidemic o f  the disease was recorded during 1967-68 (Dewaard, 1979). Sastry (I v82) 

and Dutta (1984) recorded heavy incidence of the disease in Uttar?. Karma da and onimoya 

districts o f Karnataka causing 100 per cent death o f vines in some gardens.

Crop toss to the tune o f 25-30 per cent vine death has been reported from Kerala 

(Nambiar and Sarma, 1977). A survey conducted at Kozhikode and Kannur districts of 

Kerala, revealed that foot rot incidence m.nged from 3.7 and 9.4 per cent resulting in an 

annual loss of 119 and 905 tonnes of black pepper respectively (Balakrishnan ei ah, 1986). 

There are instances o f complete wipe out o f pepper plantations due to the disease in many 

areas o f Kerala particularly in Idukki and Waynad districts. Incidence a f Phytophthora rot 

is more pronounced in rooted cuttings raised in conventional nursery. It was estimated that 

about 123 million rooted cuttings were required to replant or gap fill 50 percent o f the rotal 

area under pepper in India (Sarma el al., 1988). Ifthe disease is unchecked in the nursery, it 

would result in the complete destruction o f cuttings and further, any latent infection o f the 

cuttings from the nursery would spread (he disease in the field resulting ir. the introduction 

and establishment o f  the dreaded pathogen in the main field.

Sudden collapse and death o f  pepper vines was first reported from Lampung. 

Indonesia in 1885. In India, occurrence o f the disease was reported as early as 1902 

(Barber, 1902) from Waynad regions o f  Kerala. Butler (1906) coined the term “will” for



the disease o f black pepper where there was a rapid death o f  the plant. Rao (1929) isolated 

Phytophthora sp. from diseased black pepper from Karnataka. Later, Muller (1936) 

reported a similar type o f disease from Dutch East Indies caused by Phytophthora 

patmivora var. piper is and he coined the term “foot rot”. Samraj and Jose (1966) gave the 

first authentic report on the Phytophthora wilt in black pepper from Kerala. They 

established the pathogenicity o f Phytophthora in black pepper and adopted the 

identification as P. patmivora var, pi peri net. Nambiar and Sarma (1977) referred the disease 

as quick wilt disease of black pepper based on the sudden wilting and death o f  the vine, 

However, the terminology o f the disease has been changed to Phytophthora foot rat.

2.1 CAUSAL ORGANISM

Rao (1929) and Leafinans (1934) id end Bed the pathogen only up io <hc generic 

level. Muller (1936) first identified the Phytophthora isolates from black pepper as 

P. patmivora and added a varietal epithet ‘piperis’ on the grounds o f its pathogenicity to 

Piper nigrum. But later, various other workers treated it as P. patmivora without giving any 

importance to the variety (Holliday and Mowat. 1963; Turner. 1969: Alconero et al„ 1972 

and Nambiar and Sarnia. 1 976).

in the Cocoa Phytophthora workshop held in 1976 at Rothamstcd Experimental 

Station. England, it was agreed that there were three and possibly more distinct fomis like 

MF(, MFi, MFi and MF4, ‘other types'" and “pepper forms” and that the black pepper 

isolates o f  P. patmivora should be described as a separate species. Since then, the foot rot 

pathogen of black pepper was designated as P. patmivora MF4 that exhibit different 

degrees o f morphological variation (Sarma et at., 1980 and Tsao et a 1985)

Certain non- piper isolates o f the so called P. patmivora MF4 were later renamed as 

P.capsici by Kunimoto et at. (1976) and some black pepper isolates were likewise 

identified as P. capsici (Kasim, I97S). Brasicr and Griffin (1979) noted that Phytophthora 

isolates from black pepper closely resembled P. patmivora MF4 in sporangia! shape (fan 

shaped/ umbellate), sporangia! pedicel type (extremely long pedicels), double septate



sporangia, oogonial morphology and their ability to respond to Triehodenna and therefore, 

suggested both black pepper and MR, forms as one and the same species, indeed, many 

morphological similarities exist between P.capsici and the so called P palmivora and 

therefore. Piper nigrum isolates formerly thought to be MFj were considered to be 

P. capsici by Kaosiri et al. (1978) and Sarma el at. (1980).

Detailed studies have been carried out on the variability and biology of the 

organism (Sastry' and Hegde. 1987a and Santhakuman, 1987). The fungus often exhibited 

umbellate sporangia! ontogeny with caducous sporangia with long pedicels Sporangia! 

shape varied from ovoid to pyrifomi 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.i isolates and P.capsici) into 

a single species and were designated as Phytophthora capsici Leonian emend A. Alizadeh 

and P. id. Tsao. Some of die ini pa r im  characteristic features o f P.capsici ax given by Tsao 

and Alizadeh (l 988) and Zent mover ( 1988) are given in Table l .

2.2 EPIDEMIOLOGY AND DISEASE SPREAD

Many workers carried ol:: various studies, w hich  lead to a better understanding of 

the ep idem iology and spread of loot rot o f  black pepper.

The pathogen. P.paltttivont infecting various crops is most active in warm tropica! 

regions receiving higher amounts o f rainfall (Coleman, 1910: Sundararaman and 

Ramakrishnan, 1924 and Rao, 1927). Mulier (1936) reported that the chief source of 

infection o f  Phytophthora on black pepper was contaminated and diseased plant refuse. He 

also reported that the symptom o f 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 (1963), Samraj and Jose (1966) 

and Nambtar and Sarma (1976) also made similar observations.



l’abic 2.1. Characteristic features o f P.capsici

SL.No. Characters Description

I Colony morphology
petalioid pattern wttli diffuse edge; uniform dense 

aerial mycelium over entire colony on CA medium.

II Sporangial characters

I Shape
spherical, ovoid, obovoid, ellipsoidal, fusiform, 

pyrifbrm, rounded/tapered base.

2 Papilla prominent occasionally

3 Sporangial size 40-52 x20-31 pm

4 L/B ratio 1.6-2.0

5 Caducity caducous

6 Pedicel type narrow, long and not occluded

7 Pedicel length 20-150pm, sometimes upto 250um

8 Ontogeny umbellate / irregular

III Chlamydospores rarely produced.

Tsao and Aiizadeh (1988) 

Zentmeyer (!988)



Transmission of the pathogen through rain and wind were reported by main 

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 Sarawak due to continuous 

wet season coupled with application o f large amounts o f  organic fertilizers. According to 

them infection started from fine roots, supporting the fact that the disease was soil borne.

Nambiar and Sarma (1977) reported that spread o f the disease mainly o ecu red 

through soil and water. Mammoorty and Pillai (1981) noticed rotting of black 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 patmivora served as collateral hosts for black pepper 

infection. According to Ramachandran et aJ. (1986), the spatial distribution of 

Phytophthora propaguies in a plantation showed that inoculum was more up to 30 cm from 

the base and in upper layers o f soil. It decreased with increase in depth and distance from 

the base o f  the vine.

Sastry and Hegde (1987 b) observed that will o f pepper was favoured by nigh 

rainfall and high relative humidify, Natr et a!. (1988) opined that a positive significant 

correlation was there between weekly incidence o f disease and relative humidity, rain fell 

and number o f rainy days, while the maximum temperature and bright sunshine hours 

showed significant negative correlation with disease in a pure black pepper plantation.

In addition. Ram ac hand ran et al. (1990) observed that the initial symptom appeared 

on tender leaves and terminal portions o f runner shoots creeping on the ground, which 

indicated that the soil was the primary source o f inoculum. Planting o f such looted cuttings 

raised from runner shoots leau to gradual inoculum built up from its early stage o f the 
growth.

Matsuda et at. (1994) opined that outbreaks o f pepper root rci were enhanced bv 

long periods of cloudy, humid weather with occasional rainfall. Anandaraj (1997) also 

noticed tiiat infected plant debris in the soil and infected and dried up vines in tiic gardens



appear lo be the primary source of inoculum and also opined that cutmmilative feeder root 

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

Mammoony (2003) reported that daily rainfall o f l  5.8-23.0 mm, temperature range 

o f 23-30 "C, relative humidity o f 80-99 per cent and sunshine hours 2.8-3.5 hours per day 

favoured the initiation and spread o f  infection. He also found that the pathogen survived m 

in tested plant debris and even in sod upto 19-24 months in the absence o f host plant,

2.3 SYMPTOMATOLOGY

Many workers studied the symptomatology on Phytophthora 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 to the loss o f  turgidity in leaves and leafstalks resulting in 

drooping. Muller (! 936) observed that all parts o f the plant at all stages of growth we;e 

susceptible io the disease and according to him typical symptoms like leaf ret, collar ret 

and root rot are generally observed in a foot rot infected plant. He aiso observed 

inconspicuous greyish brown lesions near the rip and margin o f lower leaves.

Samraj and Jose (1966) observed that infection occurred at a height o f  25 cm above 

the soil level. They also found that leav es turn pale and flaccid and ultimately the plant 

died. Holliday and Mowat (1963) and Turner (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 o f  symptoms within 36-48 h 

o f leaf inoculation. Lee (1973) reported vascular browning at the points beyond the site of 

infection.

Appearance o f water soaked lesions on the leaves and stems o f  infected vines and 

brown discolouration of infected fine roots were reported by Mammootty el a t (1980). 

They also observed flaccidity o f  younger and mature leaves followed by yellowing of



younger leaves. Mammootty and Pillai (1981) observed two types o f  rotting symptoms in 

pepper nurse;y. In one case, decaying starts at the lower cut end which gradually spreads 

upwards and ultimately the plant dies, whereas in the second type, rotting starts at the soil 

surface level and spreads both upwards and downwards.

Sarnia and Nambiar (1982) noticed acropetal and basipctal advance o f die pathogen 

in black pepper vines infected at the collar region. Discolouration o f  vascular bundles was 

also observed. According to Ramachandran et al. (1986), infections at tire base (collar and 

foot) and roots were more destructive as they lead to outright death o f vines. Sarnia et al.

(1988) treated root and stem infection o f vines as most fetal as the infected vines 

succumbed withm 10-20 days. Anandaraj and Sanna (1995) reported that be ing a soil borne 

pathogen, the fungus gained entry into main roots through fine roots and reached the foot 

and collar o f  the vine and culminated into foot rot. Further, rotting o f  mots impeded 

transportation o f water and minerals thus brought physiological drought in plants.

2.4 MANAGEMENT OF THE DISEASE

2.4.1 Chemical control

Several workers studied the effect o f plant protection chemicals and fertilizers 

against foe pathogen. P. capsici.

2.4.1.1 Fungicides

According to Turner (1969), Per bain and Anthracoi gave best results as protectants 

and were comparable to copper fungicides and that Brunolex and Nectryl weit very 

effective for soil drenching against P. palniivora on black pepper. Tumei (1970) uiso 

reported that laboratory' screening of fungicides for use as soil drench against foot rot of 

black pepper showed thai Vapam Til lex and Dazomet to be the most effective.



Kheng (i971) observed the effectiveness o f difolatan as leaf protectant and soi! 

drench followed by Uspulum and Kocide 101 against P. paimivora on black pepper. 

According to the Anon. (3 972). difolatan and Bordeaux mixture controlled P. palmivora of 

black pepper in the field. Turner (1973) elucidated the in vitro effect c f  Vapam. Tiliex, 

Dazomet and Shell SD-345 followed by Verdasan and Nectryl against the sporangia! 

production o f P. palmivora. Filani (1976) noticed that the growth o f P. palmivora was 

restricted by cuprous oxide, copper sulphate, copper oxychloffde, copper hydroxide and 

copper carbonate at all concentrations tested and that total inhibition was produced by 

cuprous oxide at 200-250 ppm. Mammootty (1978) observed reduced growth of 

Phytophthora causing foot rot o f  black pepper in media incorporated with D(thane M-45 

and Dithane Z-78.

A significant reduction in infection of black pepper was obtained after treatment 

with Actidion. difolatan. copper oxy chloride, Bordeaux mixture and DOWCOVf-269 

against foot rot infection. (Anon., 1977). Kueli and Khew (1980t reported that difolatan. 

copper oxychloride, Vapam. Verdasan, ethridiazole, cyclokeximide and DOWCOW-369 

were very effective for decreasing the rate of infection caused by Phytophthora in black 

pepper. The effectiveness o f Bordeaux mixture as drench and spray fur the control of 

nursery diseases ofblack pepper was well established bv Mammootty et al. ( i580),

Bruck ct at. ( KfoC j reported imu the effect of metalaxy! on Phytophthora spp. was 

by blocking the formation of secondary haustoria and mycelial growth inside the leaf 

lesion formation and sporulation. Kucb (1982) noticed the effectiveness o f Ridomil 

(metalaxyl) followed by RE-26940, DOW-4408, Previcur N and Captalbl in the control of 

Phytophthora toot rot ofblack pepper. Prophylactic spraying of Bordeaux mixture (hper 

cent) followed by soil drenching with Emisan (0.1 per cent) coupled with foliar application 

o f Difolatan (0.1 per cent) at weekly intervals effectively controlled tire rotting disease in 

pepper nurseries (Mammootty and Piilai, 1981).

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

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



cent copper oxychloride twice as a pre monsoon and post monsoon treatment reduced the 

disease incidence (Sarma et al., 1987), In addition, they also reported that spraying the 

cuttings in the whole nursery with Bordeaux mixture (Iper cent) or copper oxvchloride 

(0,2per cent) or prophylactic spray v/itli Ridomil-Ziram (2.5mt I'1) at monthly intervals 

gave good control o f Phytophthora 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 to R a m  ac hand ran and Sarma (1985), the ‘post control of P. pahnivora 

MF4 on Piper nigrum was obtained with Ridomil compared to Hthridhtzoi? (Ternuoi) and 

fosetyl aluminium (Aliette). Sastvy and Hegde (1987) also reported similar observation:-,. 

Kasim (1986) obtained lowest disease index on infected black pepper with Rid ■uni! 

followed by Aliette and Dithane M-45.

Ramachandran et al. (1988) noticed the sensitiveness o f different isolates of 

Phytophthora to metalaxyl from different host plants including black pepper. 

Ramachandran et al. (1990) opined that it was not hazardous to use Metalaxyl in pepper 

plantations as detectable levels o f metalaxyl were not observed in dried black pepper 

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

Malebennur et al. ( i 9 9 1) stated that percentage disease incidence was lower in 

black pepper vines treated with Bordeaux mixture - copper oxychloride or Bordeaux 

mixtuie - metalaxyl or Bordeaux mixture - Captafof Nair and Sasikumaran (1991) and 

Mammootty et al, (1991) reported that Bordeaux mixture gave the best control against foot 

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

Reduction in the incidence o f foot rot o f black pepper with Bordeaux mixture 

pasting, spraying and drenching (BMPSD) was noticed by Nair et al. (1993). However. 

Sarma (1994) opined that soi) drenching with copper oxychloride and Bordeaux mixture 

spraying alternated with Ridomil were effective in reducing toot rat infection. Soil 

drenching with a mixture o f  metalaxyl, mancoze-b and benomyi zku  gave good control of



the disease (Matsuda et al., 1994). Sarma et at. (1994) also reported that metalaxy] - ziram 

was found effective in checking infection and fosetyl Al was the next best.

Aerial spraying and soil drenching o f potassium phosphonate (Akomin-40) gave 

maximum reduction o f foliar and root infection (Veena and Sanna, 2000). They noticed 

absence o f phytotoxicity on black pepper even at 4 000ppm o f Akomin-40.

The studies conducted at Kerala Agricultural University revealed the effectiveness 

o f Bordeaux mixture, Akomin, Difolatan and Validamycin as drench and spray in checking 

the incidence and severity o f Phytophthora rot in black pepper nursery. Further, it was 

reported that fungicides viz., Bordeaux mixture, AgalloL Bayer'5072, Thiride and Dithane 

M-45, checked the growth o f  the fungus in vitro as well as in the nursery, Ccntroi of tot 

disease in pepper nursery with Ridomil. Cuman L. Ritalin. Thiride, Bayer-5072 and 

Emisan was also reported (KAU, 2000).

Veena et al. (2002) noticed that the sporulation o f  P. capsici o f black pepper was 

the most sensitive stage to potassium phosphonate mid that the mycelial growth was least 

affected. Spraying Bordeaux mixture and drenching the basiri with either Bordeaux mixtu>e 

or copper oxychloride was advocated against the loot roi incidence o f black pepper 

(Mammootty, 200.1). Alternate application of potassium phosphonate and mctalaxyl was 

also recommended.

There are many reports on the chemical control o f various other species of 

Phytophthora on different crops. Wilson et al. (i974) reported complete inhibition of 

mycelial growth o f Phytophthora species causing leaf and capsule rot o f cardamom with 

Ceresan wet, Difolatan, Dithane C-90, Dithane M-45, Kocide, Miltox and Thiride.

Figueiredo and Lellis (1981) reported the effect o f copper oxy chloride in inhibiting 

the growth o f P. patmivora under in vitro conditions. According to Coffey and Bower 

(1984), P. patmivora was very sensitive to mctalaxyl even at lower concentration of 

0. Ipg m l T e y  and Wood (1984) xported that among the eight fungicides tested in vitro



against P.palmivora, mancozeb and cycloheximide were highly toxic 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 et al. (1996) revealed that metalaxyl 

followed by Captan and copper oxychloride inhibited the mycelial growth of P.cactorum. 

Foliar sprays o f  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.

Jiazliuang and Yan (2000) could control papaya epidemic disease caused by 

P. palmivora and P. capsici by spraying metalaxyl. According to Mahanty (2000), fbsetyl 

Al was the best in inhibiting the germination o f  sporangia o f P. parasitica, which caused 

foot rot in betel vine, while mancozeb and chlorothalonil were the best in inhibiting the 

growth ofmycelial cultures.

May and Kimati (2000) found that metalaxyl was the most efficient fungicide for 

inhibiting the mycelial growth o f  P. parasitica. Several reports in early years indicated that 

application o f high concentration (>1000 ppm) of neutralized phosphorous acid and its salts 

(phoshonite and phosphonate) could directly protect the plants by inhibition and 

interference o f the mycelial growth and sporangia! production o f  Phytophthora species and 

other members ofOomycetes (Ann, 2001).

2.4.1.2 Fertilizers

It is found that not much work has been conducted on the in vitro effect of 

fertilizers against Phytophthora spp. However. Lilly and Barnett (1951) reported that in 

genera] nitrate nitrogen favoured the mycelial growth o f many fungi. Cameron and 

MUbrath (1965) and Pal (1974) reported that ammonium nitrate acted as the best nitrogen 

source for the growth o f Phytophthora spp.



According to Jain et al. (1982), among the inorganic nitrogen salts, ammonium 

nitrate supported the growth o f P. parasitica var. nicotkmae followed by ammonium 

sulphate and ammonium chloride. Jayasekhar and Muthusamy (2000) studied the effect of 

six nitrogen sources viz., ammonium sulphate, ammonium chloride, ammonium nitrate, 

sodium nitrate, potassium nitrate and peptone on growth of/*, capsici, the causal agent of 

foot rot of black pepper. They found that ammonium nitrate was the best nitrogen source 

for the growth o f isolates that recorded three fold increase o f  mycelial dry weight, which, 

was closely followed by ammonium sulphate and ammonium chloride.

2.4.2 Biological control

According to Baker and Cook (i 974). biological control is defined as “the reduction 

o f inoculum density or disease producing activities of a pathogen or parasite in its active or 

dormant state, by one or more organisms, accomplished naturally or through manipulation 

o f environmental, host or antagonist or by mass introduction o f one or more antagonists'1. 

Biological control, using microorganisms against the plant pathogens is an effective and 

alternative tool in managing the disease and is gaining importance in recent years, It aims at 

biological destruction o f soil borne pathogens without impairing ecological balance. 

Although concerted efforts on bioconcrot o f pathogens were made since 1930’s (Weindling,

! 932), pragmatic approach to tackle the problem was made only in recent years.

Sauna et al. ( 19 9 1 ) emphasized the need for biological control by manipulating the 

microbial status o f soil suppressive to the pathogen. Baker and Cook (1974) stsied that 

"antagonistic potential resides in every soil microorganism and antagonists should be 

sought in the rhizosphere rather than in the soil mass as their effective activity will be 

probably on the root surface"

A number o f fungi belonging to the genera Talaromyces, Pencil Hum were found 

antagonistic to P.pulmivoru o f black pepper (Dutta, 1984). Also, Conioihyrium, 

GUocudium, Trichoderma, Latesuria. Sporadesmium, Aspergillus and Fu\arivtti and



several bacteria and actinomycetes are knour. for thei? potential biocontrol activities 

against soil borne pathogens including several species o f Phytophthora (Malajezuk, 1983: 

Adams, 1990 and Naik 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 control (Natarajan and Manibhushanarao, 1996). A combination of 

fungal antagonists like Aspergillus spp. and PeniciUium spp. and several rhizosphere 

bacteria like fluorescent Pseudomonads isolated from different pepper growing regions 

were found to delay foliar infection and provided prolonged protection to black pepper 

against P.capsici (Jubinaand Girija, 1997 and 1998).

2.4.2.1 Trichoderma spp.

Among die antagonists, Trichoderma plays a vital role in plant disease management 

and has opened new vistas for the commercialization. Several studies suggested the 

potential use o f Trichoderma as an effective biocontrol agent against Phytophthora diseases 

o f crop plants. The genus Trichoderma has beer demonstrated to he a potential biocontrol 

agent against plant pathogenic fungi (Liu and Baker, 1 9801.

2.4.2.1.1 lit vitro antagonism o f  Tncimderaia spp.

Antibiotics produced by Trichoderma spp. have long been reported to be involved 

in biocontrol activities (Weiadlmg. 1934). Pyke and Diet/. (1966) described derm ad ice, a 

major volatile antibiotic produced by Trichoderma. Dennis and Webster (i 971) stated that 

the inhibitory' action o f antagonists against the pathogen in vitro might be due to the 

production o f inhibitory volatile metabolites. Reeves and Jackson (1972) and 

Brasier (1975) reported that Trichoderma spp. induced development of sex organs in 

normally sterile isolates o f Phytophthora spp.



A number of parasitic fungi capable o f penetrating thick walls o f both 

chlamydospores and oospores have been identified (Snahe et ah, 1977), The mechanisms 

by which Trichoderma spp. control disease Included competitive saprophytic ability, 

antibiotic production, direct parasitism and lysis (Ayers and Adams, 1981 and Bell et al. 

1982). Antagonistic activity o f the organism was mainly attributed to mycoparasitism, 

antibiosis and predation, Mycoparasitism by enzymatic lysis o f pathogenic fungal hyphae 

through the production o f enzymes like |i -  (1-3) glucanasc. cliitinase, cellulase and 

protease has been reported by £lad et al. (1983), Crist inzio (1987) noticed potential 

antagonism of Trichoderma species on P.capsici in capsicum in vitro. Mycoparasitism by 

T. harzianum combined with the production o f cell wall degrading enzymes (Rid out et al., 

1986) and volatile alkyl pyrones, antibiotics (Claydon et al.. 1987) has also been 

documented.

Vinod (1988), Gokulapalan (1989) and Mukherjee et al. (1989) observed m at 

between fungal antagonists and the pathogen, the parasitic hyphae o f the fungal antagonists 

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 10s propagules per gram soil. Cates (1990) visualized large scale 

use o f Trichoderma as a biological fungicide in control o f  plant diseases. Georgieva (1991) 

reported that soil application o f T.viride (2 g /  vine) to black pepper at the time of 

transplanting was highly effective titan metalaxyl compounds against Phytophthora root 

rot.

In vitro study by D’Ercole et al. (1993) revealed that T. harzianum  and T. viride 

produced volatile compounds like caprilic, caprinic, capronic acid, ethylene and formic 

aldehydes. Hannan et al. (1993) purified chitinolytic enzymes produced by T. harzianum. 

Pauli et al. ( 1994) observed production o f homothaiin II and isonitrilc antibiotic by mutant 

strain o f T. narzianuni. According to Kausalya and Jeyarajan (1994), Trichoderma spp. can 

survive for long periods in soil o r 'y  m the presence o f fond base in the form of organic 

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



Thomas et al. (1996) observed various antagonistic mechanisms of Trichoderma 

spp. and concluded Trichoderma as a potential bioagent against Phytophthora o f smai! 

cardamom. Antagonistic potentiality o f Trichoderma mutants when grown in dual culture 

against toot rot and wilt causing pathogens was estimated by using a modified antagonistic 

index by Kasinathan ( i 998).

Sivasithamparam and Ghisalberli (1998) listed 43 substances produced by 

Trichoderma spp. that have antibiotic activity and o f  these alkyl pyrones, isonitriles, 

polyketides, peptaibols.diketopiperazines, sesquiterpenes and steroids have frequently been 

associated with biocontrol activity o f some species and strains o f  Trichoderma, Bhai (2000) 

observed that Trichoderma spp. overgrew the colony o f Phytophthora and parasitized the 

hyphae when both were grown on agar media. She also observed hyphal lysis, penetration 

and coiling of the parasite besides the production o f volatile compounds.

2.4.2.1.2 In vivo antagonism o f Trichoderma spp.

Sanna et al. (1994) noticed predominance o f  Trichoderma spp. antagonistic against 

P.capsici in black pepper. Anandaraj and Sarma (1994 and 1995) recorded potential 

biocontrol activity o f T. humatum and Gliocadium virens both under green house and field 

conditions. They also reported the disease suppressive role o f  Trichoderma spp. against

P. capsici.

Sivaprasad (1997) reported enhanced crop protection against P. capsici from dual 

inoculation o f  VAM and Trichoderma spp, in black pepper. Robert (1998) elucidated the 

effectiveness o f AMI- isolates Pi - 11, Aspergillus sp. and T. viride in reducing the symptom 

development in black peppe: by /'. capsici. Sodsa-art and Soytong (1999) noticed that a 

mixture o f Trichoderma am! Chaetamium mycc fungicides significantly controlled the root 

and stem rot of black pepper caused by P. pain, Pay a.

fciad el al. (1999) observed that some Trichoderma strains clearly are potent 

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



production o f chitinase and peroxidases in both root and leaf tissue o f treated plants. 

According to Hannan (2000). Trichoderma spp. exhibited two types o f mechanisms like 

rhizosphere competence, which is the ability o f 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 o f  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 ofper cent disease incidence 

caused by Phytophthora in betel vine, the use o f  highly effective isolate of T.harzianum 

was much safer and gave equivalent yield in terms of number and weight o f  leaves 

produced,

Patel and Anahosur (2001) revealed that mode o f  antagonism of T.harzianum was 

not necessarily similar towards all host fimgi. T. harzianum and Aicaligenes sp. strain 

AMB-8 applied alone or in combination significantly reduced the incidence o f P. capsici in 

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 foot rot 

disease and the isolate T. harz-26 was most adaptive to the rhizosphere o f black pepper 

when compared to other isolates.

The isolates o f Trichoderma viz., T. virens, T. aurvoviride, T. harzianum, 

T. pseudokoningii, T. polysporum, T. longibrachiatum and T. koningit were able to inhibit, 

overgrow and lyse the mycelia of P. capsici o f black pepper to varying degree (Saju, et al,, 

2002). He also reported that percentage inhibition o f foot rot by different species of 

Trichoderma varied from 20-81 per cent. Sarma (2002) noticed the disease suppression of 

root rot o f  black pepper caused by P. capsici through soil application o f T. harzianum. 

Same effect was also noticed with the application o f  VAM,



According to Papav/zas (1985}, integrated approach can be successful only if 

antagonists are compatible with fungicides and biooesticides. Integration o f effective 

antagonists with fungicides is important for the management o f diseases. It is felt that, if the 

pesticide tolerant strains o f Trichoderma spp. are identified then it may be possible to use 

them with lower concentration o f desired fungicide against the pathogen. For sued 

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

Several workers reported tha! some strains o f T. harzianum  Rifai were tolerant to 

fungicides and were used for the integrated control o f  plant diseases (Henis et al., 1979; 

PapaWzas and Lewis, 1981; Papav/zas, 1982; Upadhyay and Mukhopadhyay, 1986), The 

fungicides viz., chlorothalonil, MBC. Captan and Captafoi were found as tolerant for 

T. harzianum even at higher concentrations (upto 2000 pgml'1) in spore germination tests 

(Moity et al., 1982; Papav/zas et at., 1982).

Metalaxyl (0.1 per cent) and carbendazim (0.0065per cent) were seemed to be safe 

tolerance limit (ED J0) for T.harzianum. Similar results were obtained for Metalaxyl 

(Mukhopadhyay et at., 1986, Muk’ erjee et a/., 1989) and for carbendazim and benomyl 

(Papav/zas et al., 1982 and Viji et al., 1997).The compatibility o f fungicides such as 

Captan, chlorothalonil. PCNB. Chloroneb, metalaxyl and potassium phosphonate to 

Trichoderma spp. has been reported by Moity et at., (1982); Wongwathanarat and 

Sivasitbamparan, (1991) and Rajan and Sarma, (1997). Captan was found fungicidal to 

T. viride while, it had little effect on T. harzianum (Krishnamoonhy and Bhaskaran,

1994). They also observed that in the copper uxychloride poisoned medium, T. harzianum 

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

Mondal et al. (1995) found that the mycelial growth o f all the Trichoderma spp. 

was arrested to a greater extent with the addition (if 200 and 500 ppm Carbendazim and 

tebuconazole in cuhure medium. /. komngii, !. harzianum and T. lignosum were 

compatible with carboxin at 200 and 500 ppm concentration. Sharma and Mishra (1995)



reported that fungicides like metalaxyl, chlorothalonil and Captafol showed little inhibition 

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

Singh et al. (1995) screened several isolates o f Trichoderma spp. (7'. harzianum, 

T. reesei and T. koningii) against common fungicides like Captaf, DithaneM-45 and Thiram 

and they found that the growth o f T. harzianum was inhibited to an extent o f 94.5 per cent 

at 500 ppm of Captaf, 63 percent with 500 ppm o f Dithane M-45 respectively after 3 days 

o f incubation. The 200ppm concentration ofThiram completely inhibited the growth of the 

isolates, while the growth o f T.viride and T. koningii were found compamtivciy compatible 

for all the fungicides tested.

Shanmugham ( 1996) found that Bordeaux mixture completely inhibited the growth 

of T. viride. May and Kirr.ati (2000) reported that among several context and systemic 

fungicides tested, metalaxyl at all tested rates (1, 10,100 jag l l) did E>ot  interfere with the 

mycelial growth o f Trichoderma. According to Akbari and Parakhia (2001), thirsin, 

mancozeb. tridemorph. metalaxyl MZ and fosetyl- Al were found non- inhibitoiy to 

T. harzianum. T. viride and G.virens at all concentrations tested. Chlorothalonil was found 

inhibitory to T harzianum and T. viride but not to G. virens. Carbendazim inhibited the 

growth of antagonists at ail concentrations tested.

Among two systemic and six non-systemic fungicides tested, tolerance of 

T. harzianum for metalaxyl was seven times higher than Carbendazim (Sharma et al 

2001). They also reported that mancozeb and copper oxychloride inhibited maximum 

growth at 785 and 805 gg m l1 respectively. Also, the concentration o f 169,375 and 625 gg 

m l'1 o f  Captan. Captafbl and chlomdialomi seems to be a safer tolerance limit for the 

biocontrot agents. However, there was an increasing trend o f inhibition at higher 

concentration o f the fungicides tested.



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 o f P. capsici. Hence, Trichoderma spp. 

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

Very few reports are available on the compatibility o f  insecticides with 

Trichoderma spp. Shanna and Mishra (1995) studied the compatibility o f  the biocoutrc1} 

agent, T. harzianum, utilized tot the management o f Phytophthora foot xot of black pepper 

(Piper nigrum) with aldicarb. phorate and carbofuran applied for the management of 

nematodes and mealy bugs. The study indicated that these insecticides were less toxic. 

Jebaltumar et al. (2000) reported that phorate and chlorpyriphos could be safely applied 

with T. harzianum for the management o f Phytophthora foot rot, nematodes and mealy 

bugs on black pepper.

Sushir and Pandey (2001) opined that among the four insecticides tested in iniro, 

chlorpyriphos (Durmet 20 EC) was found more safer as it has no adverse effect on radial 

growth upto 2000pl ml ~5 concentration, whereas endosulfan (Thiodan 35 EC) and 

triazophos (Hostathion 40 EC) were found to be more toxic even at 50gl ml 1 which 

showed growth inhibition o f 55.55 and 57.77 per cent respectively. However, growth 

inhibition o f 40 percent was observed with dimethoate (Rogor 30 EC) at 125 pi m l_I

Trichoderma spp. being compatible with potassium phosphonate and 

chlorpyriphos indicated their potential for IDM with dual mode o f action in suppressing 

both pathogenic fungi and plant parasitic nematodes and with growth promotion in black 
pepper (Sarma, 2003).



The interaction o f growth o f T. harzianum with soil application of nutrients in the 

form of fertilizers has not been investigated clearly yet. Though Trichoderma spp. were 

seemed to be a versatile class o f fungi, capable o f utilizing a wide range o f nitrogen sources 

(Danielson and Davey, 1973), the specific reports about the relative efficacy of various 

nitrogen sources are inadequate. According to them nitrogenous fertilizers may have 

definite influence on the population and activity o f Trichoderma propagules introduced to 

soil.
In general, nitrate nitrogen is most favourable for mycelial growth of many fungi 

(Lilly and Barnett, 1951). Kaufman and Williams (1965) and Rajan and Singh (1974) 

reported that nitrogen significantly influenced fungi antagonistic to soil borne plant 

pathogens. They also reported that application o f fertilizers increased the population levels 

o f soil saprophytes leading to increased antibiosis and competition.

Danielson and Davey (1973) reported that ammonium nitrate was found as the best 

nitrogen source for three species of Trichoderma tested. Neelamegam (1992) observed 

better growth of T. viride when ammoniacfti form of nitrogen was incorporated into the 

medium. Krishnamoorthy and B^askaran (1993) noticed a significant increase in 

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

Sliarma and Mishra (1995) reported urea as a good source o f nitrogen for 

T. harzianum, which was not only supportive, but also stimulatory to the growth and 

sporulation followed by ammonium sulphate. In addition to this, muriate of potash was 

appreciably tolerated by the bioagent, whereas zinc sulphate was highly toxic to the fungus. 

Jayaraj (199.5) also supported these findings. Minerals like Mg, IJ and K are essential for 

sporulation o f Trichoderma spp. (Jackson et a!., 1991).

Jayaraj and Ramabadran (1997) studied the influence o f three nitrogenous fertilizers 

(urea, ammonium sulphate and ammonium chloride) on survival and competitive 

saprophytic ability o f T. harzianum. It was found that all the nitrogenous fertilizers



favoured the growth and survival o f 71 harzianum in soil. Ammonium sulphate enhanced 

the growth and survival o f T. harzianum to the maximum extent followed by urea and 

ammonium chloride.

Jayaraj and Ramabadran (1998) also evaluated the efficacy o f various nitrogen salts 

on the in vitro growth, sporulation and production ofcellulase 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, sporulation, 

production ofcellulases and antifungal substances, while urea and calcium nitrate recorded 

the least growth i.e., the addition o f inorganic forms o f nitrogen increased the production of 

fungal biomass.

2.4.2.1.6 Role o f Trichoderma spp. as plant growth regulators

Lindsey (1967) reported that microorganisms could induce growth of higher plants. 

Several reports are available on the stimulating effect o f biocontrol agents in promoting 

plant growth when used as either seed treatment or soil application. Chang et al. (1986) and 

Mukhopadhyay (1988) demonstrated increased growth response o f several crop plants in 

the presence o f biological control agents, which may be caused by a direct effect on the 

plant as a biofertilizer or by control o f some undiagonised plant pathogens. According to 

Windham et al. (1986) Trichoderma spp. produced growth regulatory factors that increased 

the rate o f  emergence o f  tomato and tobacco seedlings. Shoots grown in T. harzianum 

infested soil were found to be better than that grown in uninfected field (Windliam et a!., 

1989). Vrang et al (1990) noticed increase in growth and yield o f potato, when the seed 

tubers were inoculated with Trichoderma spp.

Lynch et al. (1991) reported that some strains o f  Trichoderma induced seedling 

emergence o f lettuce and produced larger plants. Lilyiona (199 i) observed early flowering 

o f potato was with T. viride. Seed treatment with T. viride and B a d  Hus suhtibs along with 

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



et al., 1992). Biological seed treatment 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 o f black 

pepper. According to Sarnia et al. (1996 a), solarized nursery mixture fortified with 

mycorrhizal propagules in combination with a mixture o f  Trichoderma spp. and 

Gliocladium sp. yielded healthy and robust rooted cuttings o f black pepper in the nursery. 

Treatment 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 noil-inoculated treatment of 

Capsicum annuum (Cruz and Cistiema, 1998). Seed germination, plant height, dry weight 

o f roots, shoots and grain yield o f soybean was found significantly maximum in plants 

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

The ability o f Trichoderma spp. to increase the rate o f  plant growth and 

development, including their ability to cause the production o f mote robust roots has been 

reported by Binimol (2000) and Harman (2000). Lisha a  al. (2002) noticed that the 

Trichoderma isolates obtained from black pepper rhizosphere from silent valley showed 

growth promotion to the tune o f 55-516 per cent as compared to control. 

Rajan et 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 a long 

time.

2.4.3 Integrated management of Phytophthora rot in black pepper

According to Papavizas (1985). in foe integrated management o f  diseases, a 

combination o f cultural, chemical and biological control measures is adopted besides 

growing o f disease tolerant lines. In view o f the insensitivity o f the bioagents to some 

chemicals, biological treatment was integrated with suitable fungicides. Such treatments 

were found highly effective and resulted in enhanced crop performance when compared to 

biological or chemical treatmeni done (Mukhopadhyav *■/ a!., 1^86 and Upadhyay and



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

borne pathogens (Raj and Kapoor. 1993).

Katan et al. (1976) and Katan (1981) studied the effect o f soil solarization for 

controlling various soil borne diseases. Sanaa d  a!. (19883 reported that raising rooted 

cuttings in fumigated nursery mixture from the runner shoots collected from disease free 

gardens or raising single nodcd cuttings through bamboo method of multiplication would 

ensure disease free planting material. In addition, soil amendments like cotton seed and 

groundnut meal suppressed P.palmivora of black pepper. Anandaraj et ai. (1989 b) 

suggested that application of 13 o idea ox mixture along with other cultural practices were 

very effective in managing the incidence o f foot rot disease o f black pepper. Sadanandan

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

Moens and Ben-aicha (1990) and Satour et a I (1991) reported the effectiveness of 

soil solarization in controlling Phytophthora disease in tomato and capsicum. The efficacy 

o f soil solarization in suppressing soil bome plant pathogens was well established by Katan 

and DeVay (1991). Hartz et al. (1993) observed significant reduction in the population 

of P. cactorum and P. citricola by solarization. Solarization along with application 0.2 per 

cent o f neem cake showed minimum infection in the pepper nursery followed by plain 

protection measures as per Package of Practices o f  KAU (KAU, 1994).

Sanna et at. (1994) and Anandaraj and Sarma (1995, 1998) suggested spraying o f 

Bordeaux mixture and soil drenching with copper oxychloride (0.2per cent) and foliar spray 

o f Ridomil / potassium phosphonate (0.3per cent) during the monsoon period and 

application o f bio control agents such as Trichoderma, Gliocladium and VAM to prevent 

population build up of the P.capsici o f black pepper along with phytosanitation measures. 

Sanna et al. < 1994) reported that sod temperature o f solarised bed rose to as high as 50°C, 

which was about 10 to 121 C higher than non-sol a rise 9 sod. They also repotted the eiYicacv 

of soil solarization alone or in combination with bio control agents in managing P. eapsici.



The incidence o f foot rot o f  black pepper was reduced by Bordeaux mixture pasting, 

spraying and drenching (BMPSD) + neem seed cake. BMPSD +Hme and BMPSD + neem 

seed cake+ lime (Nair et al., 1993). Soil solarization amended with neem cake combined 

with foliar spray o f metalaxyl recorded 81.3 -95.5 per cent control ofblack shank disease of 

tobacco incited by P. parasitica var. nicotianae (Wajid ei al., 1995). Yucel (1995) observed 

that solarization alone or in combination with methyl bromide was effective in controlling 

blight o f capsicum by P. capsici.

The incidence o f Phytophthora foot rot was reduced in treatment combination of 

cultural practices + soil application of phorate + neem cake + four rounds o f Bordeaux 

mixture (spray and drench) + application o f Bordeaux paste + second round o f Akomin 

(spray and drench) and third round of Ridomil MZ-72 WP (spray and drench) (Malebennur, 

et al. 1991 and Lokesh and Gangadharappa, 1995). Anandaraj et at. (19961 studied the 

suppressive effects o f VAM on root damage caused by P.capsici and nematodes in black 

pepper and reported that the extent o f  root damage and foliar yellowing was less in VAM 

inoculated plants and provided better root protection against these plant pathogens. 

Sivaprasad (1997) also supported the benefits o f VAM in reducing foot rot o f black pepper.

Sarma et al. (1996 a. b) opined that !DM, with T. harzianum as a component for the 

management o f  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 metalaxyl and 

potassium phosphonate and could be used lor the management o f  Phytophthora disease in 

pepper. Increased growth response o f ginger plants and significant yield increase were 

obtained through solarization (Vilasini, 1996). Hegde and Anahosur (1998) reported that 

integrated management o f foot rot ofblack pepper included application of neem cake + 

T. harzianum + metalaxyl + garlic and mustard seed extract -• mulching o f the wet soil with 

transparent polythene sheets during hot summer.

The incidence o f Phytophthora foot rot was the least in vines treated with potassium 

phosphonaie (0.3per cent spray twice in the season) and T. viride (20 g/virse) along with 5 

kg ofl-YM  to basins o f vine (AICRPS, 2000). It was also found that in the second trial



conducted by A1CRPS. lowest disease incidence was noticed in the treatment receiving 

dipping in T. harzianum followed by treatments receiving Bordeaux mixture (Iper cent) 

through spray and drench.

In the third disease management trial by AICRPS (2000), the most effective 

treatment against leaf and branch infection o f black pepper was spraying and drenching 

with Akomin (potassium phosphonate), followed by application o f biocontrol agents. 

However, in the case o f  death o f  vines due to wiit, Bordeaux mixture (lper cent) spraying 

and drenching with 0.2 per cent copper oxychloride were found to be effective. Forty-Kve 

days solarised, T. viride incorporated Fytoian drenched treatment was highly effective auo 

there was cent percent control o f  the disease (Binimol, 2000).

According to the annual report o f AICRPS (2001). metalaxyl gold h- Trichoderma 

was found most effective against the disease. The spraying and drenching of Ridomil and 

application o f biocontrol agent and the combination o f these two were also found effective 

in controlling the disease and they were on par with the spraying o f  Akcmin and its 

combination with bioagent. Solarization o f potting mixture and inoculation o f 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 o f  black pepper (Binimol, 2000 and Mammootty, 2003).



Materials and Methods



3. MATERIALS AND METHODS

3.1 ISOLATION OF THE PATHOGEN

The pathogen causing Phytophthora rot disease o f 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 tor one minute and then repeatedly washed in two to 

three changes o f sterile water. These sterilized bits were then placed on carrot agar 

(Appendix I) in sterile Pe tridishes and incubated at room temperature. When the fungal 

growth was visible, mycelial bits were transferred to carrot agar slants. The isolate was 

purified by single hyphal tip method. The cultural and morphological characters of the 

isolate were studied.

3.2 PATHOGENICITY

The pathogenicity o f  the isolate obtained was proved by following Koch’s postulates. 

Mycelial discs o f  the pathogen from seven day old culture grown on carrot agar were 

inoculated on the lower surface o f the leaves of pepper variety, PanniyuM after giving 

pinpricks. The humidity was provided by placing moist cotton over it. The inoculated 

leaves were placed in polythene bags and incubated. Observations were recorded on the 

development o f typical symptoms o f the disease. 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 o f  study.

3.3 ISOLATION OF RHIZOSPHERE MICROFLORA

The soil samples were collected during the month o f June 2C01 from the 

rhizosphere o f healthy pepper cuttings adjacent to the infected ones. The samples were



collected from pepper nurseries raised in Government iarms (Seed farms) at Chelokkara. 

Pazhayannur, Mannuthy and Pananchery of Thrissur district. The samples were pooled 

separately, shade dried and the total micro flora were quantitatively estimated by serial 

dilution plate technique (Johnson and Curl, 1972). Martins Rose Bengal Streptomycin 

Agar, Thornton's standardized Agar and Kenknights Agar media were used for estimating 

fungi, bacteria and actinomycetes (Appendix 11) at dilutions o f 1G'2, 10*4 and 10"4 

respectively.

Fungi - The fungal colonies developed on dilution plates were transferred to Potato 

Dextrose Agar medium (PDA) (Appendix 1). Pure cultures o f fongi obtained by single 

hyphal tip isolation method were maintained in PDA. A;: artompr wos made to identify iho 

fungi upto the generic level.

Bacteria -  The bacterial colonies developed in the dilution plates were streaked on 

Nutrient Agar (NA) (Appendix I) and single colony isolation was made. The pure culture^ 

were maintained on NA slants.

Actinomycetes -  The single colonies ol'actinomycetes developed on Kenknights 

Agar were transferred to test tube slants o f the same medium and maintained in pure 

culture.

3.4 GROWTH OF RHIZOSPHERE MiCROFLORA AND PATHOGEN

3,4.1 Fungi

For measuring the growth rate o f  rhizosphere fungi, 8 mm disc from actively growing 

zone of each fungal isolate was transferred to the centre o f  Petridish containing PDA 

medium. The plates were incubated at room temperature and diameter o f  the fungal 

colonies were measured at intervals o f  24 h until the fungal growth covered the entire 

Petridish to know their respective growth rates.



3.4.2 Bacteria

For estimating the growth rate o f bacterial isolates, the bacteria were streaked on NA 

plates and measurement o f growth o f  single colonies developed were recorded for five days 

at 24 h intervals.

3.4.3 Actinomycetes

Aclinomyeeies were grown on Kem.iiigilts Agar as described i:i section 3.4.1. 

Observations on growth were taken at intervals o f 24 h for a period of 14 days.

3.4.4 Pathogen

For estimating the growth rate o f Phytophthora capsici, the pathogen was grown on 

PDA by employing the method as in fungi and measurements were taken for seven days at 

an interval o f 24 h.

3.5 In vitro  SCREENING OF RHIZOSPHERE MICROFLORA FOR THEIR 

ANTAGONISTIC PROPERTIES AGAINST P. capsic i

3.5.1 Fungi

3.5.1.1 Screening o f  rhizosphere fuugcA isolates

Twenty fungal isolates were tested for their antagonistic effect against P.capsici by 

dual culture method outlined by Skidmore and Dickinson (1976). The organisms were 

inoculated as dual cultures after giving due consideration for the growth rate o f  both the 

pathogen and the potential antagonists. Mycelial disc (8 mm) of the pathogen from seven 

day old culture grown on carrot agar was inoculated aseptically on one side o f  a Pe tridish 

and incubated at room temperature for 4S h. After this. 8 mm mycelial disc of the foil gal 

isolates was inoculated in the same PDA plate, 3.5 cm away from the pathogen disc and
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incubated. Three replications were maintained {breach 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 o f  reaction ofthe antagonist on the pathogen was 

recorded. The standard culture o f Trichoderma harzianum was also tested for its 

antagonism to P. capsici. The per cent inhibition o f mycelial growth o f the pathogen (1) 

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

C - T
1 = ----------------------- X 100

C

where C - Growth ofthe pathogen in control (mm)

T - Growth ofthe pathogen in dual culture (mm)

The nature o f antagonistic reaction of rhizosphere fungi tested against P.capsici was. 

assessed by following the method o f  Purkayastha and Bhattacharya (! 982) and assigned to 

four categories.

Homogenous : Free intermingling o f hyphae

Overgrowth ; P.capsici overgrown by test organism

Cessation o f growth : Cessation o f growth at the line o f contact

Aversion : Development of clear zone o f inhibition

3.5.1.2. Selection o f efficient antagonists

For selecting the most efficient isolates o f  rhizosphere fongi, which showed 

antagonism against P.capsici, a modified antagonistic index (Al) suggested by Kasinathan 

(199S) was employed. Fot this, tout criteria w>„ per cent inhibition o fthe  pathogen (PI), 

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



pathogen (SOOP) and width o f inhibition zone (IZ) were Taken into eoxis idem non. Thus the 

antagonism index was calculated which is the product o f  PI, CB, SOOP and 1Z.

Al = PI x CB x SOOP x \Z

The various criteria for arriving at antagonism index were worked out as follows.

* Percent 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 et al (1982) for Trichoderma was 

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

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

Antagonism

Score
Description

1
Pathogen partially/completely overgrew the antagonist strain or colonized one 

third o f medium surface and antagonist covered one third o f  medium surface

Padtogen /  antagonist colonized one half o f the medium surface and neither 

dominated each other
... ....... _ ....................

3
1

Initiation o f overgrowth of antagonist on pathogen

4 Overgrowth ofantagonist on pathogen up to two third o f  the medium surface

5

..........

Complete overgrowth on pathogen and covered the entire medium surface

Beil et al. (1982) considered an isolate o f Trichoderma to be antagonistic to 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.



• Speed o f overgrowth on pathogen (SOOP):

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

antagonist/both is given in Table 3.2.

Table 3.2. Score chart of speed o f overgrowth on pathogen

Score
. . .  ■■

Description

1 Pathogen overgrown on antagonist strains

2 Neither antagonist/pathogen overgrew on each other

3 Antagonist completely overgrew on pathogen after 48 h
1

4 Antagonist completely overgrew on pathogen within 24 -  48 h.

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

antagonistic, if the score falls between ! -2. then they were not antagonistic.

• inhibition zone fIZ):

For comparing the inhibition zone (IZ) produced by fungal antagonist, the following 

scotes given in Table 3.3 were employed.

Table 3.3. Score chart of inhibition zone

Score inhibition Zone (IZ)

! ' No IZ
11 i.0-2.3 rnm

2.6-5.0 nun

4 >5 mm



For isolates that do not produce any inhibition zone, a weighted value o f one was 

given uniformly.

3.5.2 Bacteria
3.5.2.1 Screening o f  rltir.osphere bacterial isolates

Twenty bacterial isolates were tested for their antagonistic eliect against P. capsic by 

dual culture method (Utkhede and Rahe, 1983). Potato Dextrose Agar (PDA) was allowed 

to solidify in sterilized Pctridishes. Mycelial disc o f 8 mm size o f the pathogen was 

inoculated at the centre o f the Petridish 48 h prior to inoculation o f the bacteria. The 

bacterial isolates were inoculated as a line o f streak on either side o f  the pathogen leaving 

2.25 cm from the edge o f the Petridish. Plates with P. capsici alone served as control. Three 

replications were maintained for each bacterial isolate. Obseivations on growth o f  the 

pathogen were taken at regular intervals upto five days. The per cent inhibition ofmycelial 

growth of the pathogen was calculated as mentioned in 3.5.1.1.

3.5.3 Actinomyeetes

3.5.3.1 Screening o f  rhizosphcre actinamycetes

In the case o f  actinomycetes, rive iso lares were tested for their antagonistic effect by 

dual culture method. The isolates wete inoculated two days prior to inoculation o f  the 

pathogen. The gro'vth o f  antagonist and pathogen was recorded at 24 h intervals upto 14 

days. Replications and control were maintained as in the case o f  fungal isolates,

3.6 IDENTIFICATION OF EFFICIENT ANTAGONISTS

An attempt was made to identify the two efficient antagonists, which showed high 

antagonistic index. For this, the cultural characters o f the two antagonists like growth, 

colony colour and pigmentation were studied by growing them in Petridishs*, containing 

PDA Morphological characters were studied by slide culture technique (Riddel, 1950).



Observations wen: made on the type o f branching pattern o f conidiophore, length and 

breadth of phialide and shape, size and colour o f spore.

3.7 MECHANISM OF ANTAGONISM OF SELECTED FUNGAL ANTAGONISTS ON

P .capsici

To study the mechanism o f antagonism o f two selected fungal antagonists on 

P. capsici, the dual culture technique o f Dennis and Webster (1971) was used. Ln 90 mm 

sterile Petridishes, sterile PDA was poured and allowed to solidify. Sterilized cellophane 

discs o f 90 mm diameter were placed over this so as to lie flat on the medium using a pair 

o f sterile forceps. An agar disc o f  8 mm diameter containing die mycelium o f P.capsici 

taken from an actively growing culture o f  the fungus was inoculated at one end o f the 

Petridish 48 h prior to inoculation o f the antagonists, which was placed two cm away from 

the pathogen. The plates were incubated at toon; temperature and observations were taken 

at regular intervals until there was some hyphai contact. Microscopic observation for 

hyphal interaction was taken by cutting out one sq.cm. portion of cellophane containing 

intermingling hyphal growth of antagonist ana pathogen and mounting in cotton blue lacto 

phenol. Photomicrographs o f mycoparasitism exhibited by the antagonists were taken.

3.8 COMPATIBILITY OF SELECTED ANTAGONISTS AND T.harzianum  TO 

COMMON FUNGICIDES, INSECTICIDES AND FERTILIZERS

The in vitro compatibility o f 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 (Rikerand Riker, 1936).

3.8.1 Fungicides

The following fungicides given in Table 3.4 were used for in vitro evaluation.



Table 3.4. Fungicides used for in vitro evaluation against antagonists

SL. No. Chemical name Trade name
Concentration 

(per cent)

1 Mancozeb Indofil M- 45 0.2, 0.3, 0.4

2 Captan Captaf 0.1,0.2,0.3

3 Propineb Anthracol 0.05,0.1,0.15

4 Metalaxyl + Mancozeb Ridomil MZ 0.2, 0.3, 0.4

5 Potassium phosphonate Akomin -  40 0.2, 0.3. 0.4
I

6 Copper oxychloride Fytolan 0.2, 0.3,0.4

7 Copper hydroxide Kocide 0.1, 0.2, 0.3

8 CuSOj t  lime Bordeaux mixture 0.5, 1.0. 1 5

9 Chlorothalonil Kavach 0.2,0.3.0.4

3.8.2 Insecticides

The insecticides used for in vitro evaluation are presented in Table 3 5.

Table 3.5 Insecticides used form vitro evaluation against antagonists

SL.No. Chemical name Trade name Concentration (per cent/ kg a.i ha'1)

1 Endosuifan Nagsulfon 35 EC 0.04,0.05,0.06

2 Monocrotophos Nuvacron 36 EC 0.04, 0.05, 0.06

3

4

Chlorpyriphos

Dimethoate

Durlax 20 EC 

Rogor 30 EC

0.01,0.02, 0.03 

0.04,0.05,0.06

5 Quinalphos Ekalux 25 EC 0.03,0.04,0.05

6 Cypermethrin Biloyp 10 EC 0.01.0.02,0.03

7 Phorate Phorate 10 G
.

1.0, 1.5 2.0 kg a.i h a 1

8 Carbofuran furadan 3 G j O..'*. 0.75, 1.0 kg a.: ha"!



3.8.3 Fertilizers

The following fertilizers depicted in Table 3.6 were used for in vi.ro evaluation.

Table 3.6. Fertilizers used for in vitro evaluation against antagonists

r .... 

SL.No.
■

Name Concentration (per cent)

1 Urea 1.0, 1.5, 2.0

2 Rajphos 2.0, 2.5, 3.0

3 Muriate o f 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 o f  fungicides, insecticides and fertilizers needed to get the desited 

concentration was added to 100 ml sterilized, molten PDA medium, mixed well and poured 

into sterilized Petridishes at the rate o f 15 ml per plate. To avoid contamination, the 

fertilizers were exposed to U.V light in the laminar flow for a period o f 45 min before 

adding into the medium. After solidification o f  the medium, mycelial discs o f 8 mm 

diameter from actively growing antagonists were cut and placed at the centre o f each 

Petridish. Control consisted o f PDA medium alone inoculated with the antagonist. Three 

replications were maintained for each concentration o f the chemicals. The inoculated 

Petridishes were incubated at room temperature and the observations on the growth and 

sporulation o f the antagonist were taken when the control dishes showed full growth. The 

per cent inhibition o f mycelial growth of antagonists was also calculated using the formula 

given in 3,5.1.1.



3.9 EVALUATION OF FUNGICIDES, INSECTICIDES AND FERTILIZERS 

AGAINST THE PATHOGEN

A similar method as mentioned in section 3.8 was followed for testing the effect of 

fungicides, insecticides and fertilizers on growth o f  the pathogen, P.capsici. All the 

fungicides, insecticides and fertilizers used for in vitro testing against the antagonists were 

taken for this study also. Three replications were maintained in each case and observations 

were recorded until the control plates showed foil 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 P hytoph thora  DISEASE IN BLACK PEPPER NURSERY

An experiment was laid out to study the efficacy o f two selected antagonists and 

standard culture o f T.harzianum against Phytophthora rot disease in pepper nursery. The 

experiment was carried out during February -  August 2002 at CCRP form at College of 

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

Design : CRD

Replications : 3

Treatments : 20

Number o f bags / replication : 40

Number o f  plants / bag : 4

Variety : Panniyur I

The Treatment details (Fig.3.1)are presented in Table 3,7.
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Table 3.7. Del ails of various treatments

i
T reatm ent

Ti Control

t 2 Disease control as per PoP o f K AU

T,

t 4

Trichoderma harzianum alone

Selected antagonist from Thrissur (Trichoderma viride)

t 5 Selected antagonist from Thrissur (Trichoderma Iongibrachiatum)

t 6 Soil solarization for 30 days + T. harzianum

t 7 Soil solarization for 30 days + T.viride

t 8 Soil solarization for 30 days +T,longibrachiatum

t 9 T. harzianum + Ridomil MZ (1.25 g I'1)

T io T. viride + Ridomil MZ (1,25g I*1)

Ti, T.Iongibrachiatum + Ridomil MZ (1.25 g Tf)

Tia Soil solarization for 30 days + T.harzianum + Ridomil MZ (1.25 g I"1)

To Soil solarization for 30 days -r 7’. viride+ Ridomil MZ (1.25 g I'1)

T 14 Soil solarisation for 30 days + T.Iongibrachiatum + Ridomil MZ (1.25 g I'1)

T is T. harzianum + Potassium phosphonate (3 ml I'1)

T I6 T.viride + Potassium phosphonate (3 ml I'1)

T 17 T. Iongibrachiatum + Potassium phosphonate (3 ml I"1) |

T,s Soil solarisation for 30 days + T. harzianum + Pot. phosphorate (3 ml I'1)

T 19 Soil solarisation for 30 days + T.viride + Potassium phosphonate (3ml !**)

T2o Soil solarisation for 30 days + T.iongibrachiatum + Pot. phosphonate (3 ml I'1)

3.10.1 Preparation of potting mixture and soil solarization

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

made inio a raised bed o f height 25 cm and size 3 m x 1 in. The bed was levelled and 

watered sufficiently with a rose can. The poiiing mixture was then mulched with 150 gauge 

transparent polyethylene sheet. The sides o f the sheet were covered with soil to keep the





sheet in position. Care was taken to keep the sheet in close contact with the potting 

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

3.10.2 Soil tem perature

Soil temperature of solarized and non-solarized soil at a depth of 5 cm, 10 cm and 

15 cm were recorded. For this soil thermometers were installed by making a hole in the 

centre ofthe bed at a depth of 5 cm. 10 cm and 15 cm. Soil temperature was recorded daily 

at 8:30 a.m. and 2:30 p.m. for entire 30 days. The microbial load was estimated before 

solarization and immediately after removal o f polyethylene sheet.

3.103 Soil inoculation of antagonists and AM fungi

Polyethylene sheets were removed from the potting mixture 30 days after 

solarization and both the solarized and non-solarized potting mixture was filled in 

polyethylene bags o f size o f 10 cm x 15 cm according to the treatments. After filling both 

solarized and non-solarized soil in polybags, mass multiplied T. harzianum and selected 

antagonists [T.viriJe and T.longibrachiatum) grown on rice bran were incorporated @ 4g 

bag'1 depending upon various treatments. Also AM fungi recommended for black pepper 

were given as a common treatment at the rate o f  20g bag"1 except in Ti (Control) and T-j 

(POP, KAU).

3.10.4 Planting

The nursery was raised in a permanent nursery structure fitted with a shade net that 

allowed 50 per cent light infiltration. Cuttings o f pepper variety Panniyur -1 obtained from 

the pepper garden o f  the Department o f  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 cultural operations were carried out as 

per the Package of Practices Recommendations, ‘Crops’ 1996 (KAU, 1996). The initial 

spraying o f fungicides was given at the onset o f  monsoon during the month of lune and



repeated five times at fortnightly intervals as per the treatments. In addition, during die 

second week o f July, the inoculum of the pathogen was spread uniformly to all the 

treatments.

3.11 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 o f cuttings sprouted in each treatment was counted 20,30 t>nd 45 days 

after planting (DAP) to calculate the sprouting percentage. Also observations on the 

number of cuttings rotten and those which remained dormant were taken at 45 DAP

3.11.2 Per cent disease incidence

The incidence o f  Phytophthora rot in the nursery was recorded at weekly intervals 

starting from fourteen weeks after planting (WAP) for four times by periodic observations 

and the per cent disease incidence was calculated as follows:

Number o f cuttings infected x 100

Per cent disease incidence - ______________________________________

Total number o f sprouted cuttings

3.11.3 Per cent disease severity

The severity o f disease on the leaves was recorded using a score chart based on 

0-5 scale as shown in Table 3.S.



Table 3.8. Score chart fur severity of disease on leaves

Score Description

0 No leaves infected

1 Lesions covering < 10 per cent leaf area

2 Lesions covering > 10 < 25 per cent leaf area

3

4

Lesions covering > 25 < 50 per cent leaf area 

Lesions covering > 50 < 75 percent leaf area

5 Lesions covering > 75percent leafatea

Five poly bags were randomly selected from each treatment and the severity was 

assessed at weekly intervals from the fourteenth week after planting {WAP) upto 4 weeks. 

Per cent disease severity was calculated using the fonnula suggested by V/heeler (1969).

Sum c f  all numerical ratings X 100 

Per cent Disease Severity (PDS)  --------------------------------------------------------

Total number o f leaves observed X Maximum disease score

3.11.4 Per cent mortality of pepper cuttings

Per cent o f mortality o f cuttings was recorded at nineteenth WAP. The 

percentage o f mortality o f pepper cuttings was calculated using the following formula:

Number o f cuttings dead x 100
Per cent Mortality ■» ----------------------------------------------------------

Total number o f sprouted c uttings



3.11.5 Estimation of soil microflora

Soil samples were collected from different treatments one, two and three months 

after planting. Population o f 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 containing four cuttings was randomly tagged in each 

replication o f different treatments for recording biometric observations. The following 

observations were taken at 45, 60 and 90 DAP.

• Height o f plants -  Distance from the base o f the cutting to the growing point was taken 

as the height o f the plant.

• Number o f leaves per plant -  Number o f leaves was recorded by counting the number 

o f fully opened leaves o f  the plant.

3.12 STATISTICAL ANALYSIS

Analysis o f variance was performed on the data collected in various experiments 

using the statistical package MSTAT (Freed, 19EJ6) Multiple comparison among treatment 

means was done using DMRT.



Results



4. RESULTS

The results o f the studies carried out to evaluate the efficacy of selected native 

antagonists alone or in combination with fungicides for the management of 

Phytophthora rot disease in black pepper nursery are presented in this chapter.

4.1 ISOLATION OF THE PATHOGEN

The fungal pathogen causing Phytophthora disease in black pepper nursery 

was isolated from the naturally infected cuttings collected tiom Thrissur district. The 

fungus was purified by single hyphal tip method and maintained on potato dextrose 

agar (PDA) and carrot agar slants (CA) by periodic subculluring.

4.2 PATHOGENICITY

Pathogenicity o f  the isolate was tested on leaves o f black pepper variety 

Panniyur-1. On artificial inoculation o f the leaves, pale water soaked lesions appeared 

within a period o f 48 h. which later turned black. The lesions gradually enlarged 

covering large areas o f the leaves. The isolation o f  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 moiphclogical 

studies. Pure culture o f 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 in the central portion (Plate 2). Hyphae fine, non-septate, smooth upto 

8.5pm wide. Sporangial arrangement umbellate, sometimes irregular. The number of 

sporangia arising from a common point was often 4-10 and sometimes more per umbe! 

(Plate 3b). Sporangia elongated, base usually tapered towards the stalk (>15pm stalk 

length), papillate, caduceus, 45-52 x 18-25 pm with L/B ratio o f 1.9, some upto 

2.3pm. Sporangium occurred in various sliapes from subsphericaL ovoid, obovoid.



Plate. 2. Culture of Phy tophthora capsici

Plate 3. Mycelium with sporangia o f Phytophthora capsici 

a. Different shapes of mature sporangia

h S n n ra n o ia l n n tn n rn v



ellipsoid, pyriform or sometimes irregularly elongated (Plate 3a). Based on these 

characters the pathogen was identified as Phytophthora capsici Leonian 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 Government farms at 

Chelakkara, Pazhayannur, Mannuthy and Pananchery areas o f  Thrissur district. The 

samples were collected from the rhizosphere o f  healthy pepper cuttings from diseased 

nurseries. Soil microorganisms viz., fungi, bacteria and actinomycetes were isolated 

from these samples by serial dilution plate technique and the resuits are presented in 

Table 4.1.

Front the data, it was evident that the rhizosphere population o f  microbes 

varied with different locations. In general, the bacterial population was found to be the 

maximum followed by fungi and actinomycetes. The population o f  fungi showed 

variations among the different rhizosphere soil o f  pepper nurseries. The highest count 

o f  fungi (3!.17xl02 cfu g 'soil) was obtained from the soils o f Pazhayannur nursery 

followed by pepper nursery o f  CheJakkara (21.5Gxl02 cfu g*'soil). The least count of 

10.67x102 cfu g^'soil was observed in Pananchery nursery. Similarly, the highest 

population o f bacteria (23.33xl04 cfu g~' soil) was recorded in Pazhayannur nursery 

that was closely followed by Chelakkara nursery' (22x104 cfu g'1 soil) and the least 

population was recorded in Pananchery nursery (12xlG4 cfu g '1 soil). The population 

o f  actinomycetes varied with different locations with a maximum population of 15 x 

104 cfu g '1 soil in Pazhayannur nursery and the least count o f  3.67 x 10 4 cfu g '1 soil 

from Pananchery nursery.

Based on cultural characters o f the rhizosphere microbes isolated, the 

representative colonics were subcuiturcd and used for further studies. Thus, 22 fungi, 

20 bacteria and five actinomycetes were selected. Attempts to identify' the rhizosphere 

fungi upto their generic level based on the morphological characters revealed that, out 

o f the different fungal isolates, nine belonged to the genus Trichoderma, three to the



Table 4.1. Rhizosphere microflora from black pepper nurseries at different
locations of Thrissur district

Locations Fungi (xlO2 cfu g '1) Bacteria (xlO4 cfu g‘!) Actinomycetes (xlO4 cfu g'1)

Chelakkara 21.50 22.00 14.67

Pazhayannur 3 1 . 1 7 23.33 15.00

Mannuthy 14.35 17.6 7 6.34

Pananchery 10.67

. . .  _ . _

12.00 3.67



genus Aspergillus, two each to Rhizopux and PeniciUium and the rest of the cultures 

remained unidentified.

4.5 GROWT H OF RHIZOSPHERE MICROFLORA AND THE PATHOGEN

The growth rate o f different rhizosphere microflora which comprised of 22 

isolates o f fungi, 20 isolates o f  bacteria and five isolates o f actinomycetes obtained 

from different locations were studied. In addition to this, the growth of the pathogen, 

P. capsici and the standard culture o f  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 (IF, 2F, 3F, 10F, 2 IF, 22F, 33F, 34F, 35F) and Rhizopus (14F, 

28F) were very fast growing and covered the entire Petridish within a period o f three 

to four days. The standard culture o f  T.harzianum also attained full growth within 

three days. The growth rate o f  different Aspergillus 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 PeniciUium isolates, 13F and 25F were very slow growing covering 

62 mm and 60 mm respectively even at 12 days after inoculation. The unidentified 

fungi (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 o f  seven days,

4.5.2 Bacteria

The growth o f bacterial isolates was studied and the results are presented in 

Table 4.3. Out o f the 20 isolates, three isolates (4B, 9B, 183) exhibited fast spreading 

growth and covered the entire Petridish within 72 -  120 h o f inoculation. The 

remaining ones showed variation in their growth with the maximum diameter of 

colonies o f  12 mm by isolates 2.B, !3B and 21B followed by 10B with a diameter o f



Sl.No. Fungal isolates
---------------

■kMean growth in diameter (ram) 

Days after inoculation (DAI)

•

17

» 3 4 5 6 7 8
---------------1

10 11 12

1 IF (Trichoderma sp.) 42 80 90

2 2F (Trichoderma sp.) 24 36 65 90

3 3F (Trichoderma sp.) 44 64 90

4 4F (unidentified) 25 64 84 90

5 9F (unidentified) 8 21 40 54 72 82 90

6 10F (Trichoderma sp.) 45 66 90

7 13F (Penicillium sp.) 9 13 16 19 30 34 41 47 50 56 58 62

8 ! 4I; (Rhizopus sp.) 9 30 90

9 15F (unidentified) 24 41 70 90 *

10 16F (unidentified) 25 44 64 90 ' '

11 17F (Aspergillus sp.) 15 30 43 55 70 85 90

12 20F (Aspergillus niger) 17 34 52 60 75 84 90

13 2 IF (Trichoderma sp.) 21 50 75 90

1 4
22F (Trichoderma sp.) 30 80 90

15 25F (Penicillium sp.) 9 15 19 24 28 34 39 41 46 51 55 60

16 28F (Rhizopus sp.) 20 53 90

17 33F (Trichoderma sp.) 24 72 90

18 34F (Trichoderma sp.) 40 65 90

19 35F (Trichoderma sp.) 36 67 90

20 36F (Aspergillus sp.) 14 22 31 38 46 53 60 64 69 73 81 90

21 3$F (unidentified) 30 49 74 90

22 39F (unidentified) 8 19 33 55 69 79 90

23 T. harzianum (Std. culture) 24 73 90

'24 Phytophthora capsici 17 36 50 63 79 84 90

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



Table 4.3. Growth of bacterial isolates

SI. No. Bacterial
Isolate

, „ --- T

* Mean growth (mm)

RemarksHours of incubation

24 48 72 96 120
I-  1 IB ^  0.5 1.0 1.0 1.5 2.0 Circular

2 2B 3.0 r  7.0 h 8.0 10.0 12.0 Circular
n3 3B 1.0 4~.0~ 1 6.0 7.0 8.0 Circular
4 4B 22.5 45.0 67.5 67.5 1 90.0 Spreading
5 5B 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 1.0 2.0 2.5 3.0 Circular
8 j 8B 2.0 3.0 4.0 5.0 5.0 Circular
9 ! 9B 22.5 45.0 67.5 90.0 1 90.0 Spreading

r  io | iob 3.0 6.0 8.0 9.0 10.0 Circular
11 i 1 IB 1.0 2.0 3.0 4.0 4.5 Circular j
12 | 13B 4.0 8.0 9.5 11.0 12.0 Circular |
13 ! 14B 1.0 2.0 3.0 4.0 5.0 i Circular j
14 i 15B 3.0 6.0 7.0 8.0 9.0 Circular
15 ! 16B 1.0 4.0 5.0 5.5 6.0 Circular
16 1 17B 3.0 4.0 ' 5.0 r 5.5 6.0 Circular
17 T  13B 22.5 67.5 r  9 0 . 0 90.0 90.0 Spreading
18 I 19B 1.0 2.0 2.0 2.5 3.0 Circular
19 20B 1.0 6.0 7.0 8.0 | 9.0 Circular
20 i 21B 4.0 8.0 9.0 11.0 | 12.0 Circular

* Mean o f three replications



10 mm after 120 h o f inoculation. The least growth o f 2 mm after 120 h o f inoculation 

was recorded by the isolate 1B.

4.5.3 Actinomycetes

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

and recorded only 28-55 mm growth even at 12 days after inoculation (Table 4,4).

4.6 In vitro  SCREENING OF RHIZOSPHERE MICROFLORA FOR THEIR 

ANTAGONISTIC PROPERTIES AGAINST' THE PATHOGEN

4.6.1 Fungi

4.6.1.1 Screening of fungal isolator.

The twenty-two rhizosphere fungal isolates and the standard culture of 

T. harzianum were screened for their antagonistic effect against P. capsici as 

described in the chapter material and methods. The antagonistic reactions o f the 

organism in dual culture and per cent inhibition o f the pathogen were recorded.

From the data ('fable 4.5 and 4.6), it was evident that all the fungal isolates 

tested were antagonistic against the pathogen. Out o f  the 23 isolates including 

T. harzianum, 13 o f  them showed cent per cent inhibition on the growth of 

P.capsici. They included 10 isolates o f  Trichoderma spp. (IF . 2F, 3F, 10F, 21F, 

22F, 33F, 34F, 35F) and two isolates o f  Rhizopus sp. (14F and 28F) and one 

unidentified culture (16 F), The rest o f the fungal isolates showed a per cent 

inhibition ranging from 37.78 to 77.78 on the seventh day o f  incubation.

It was noticed that among the fungal isolates which showed 100 per cent 

inhibition, all the isolates o f  Trichoderma and Rhizopus overgrew the pathogen. 

However, the isolate 22F showed a slight aversion initially as they showed a clear 

zone o f inhibition between the paired organisms and later completely overgrew 

the pathogen resulting in death and disintegration o f tlie organism. Several 

isolates like 9F, 17 F, 20F, and 36 F exhibited a cessation o f growth at the point of



Sl.No. Actinomycete
Isolates

*Mean growth diameter (mm)

Days after inoculation (DAI)

1 2 3 4 5 6 7 8 9 10 11 12

1 1A 8 8 10 1 i 14 15 17 20 22 24 25 28

2 2A 8 8

9 10 17 22 25
--- 1
29 32 33 34 35

3 5 A 8 S 9 10 15 20 24 31 38 46 52 55

4 7A 8 8 11 13 16 19 20 22 25 27 29 30

5 8A 8 8 12 12 18 22 27 32 36 41 45
1_

50

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



i ..................... ■'1
!ii *Mean radial growth (mm)

Time of inoculation 
of pathogen

i
i Fungal Isolate

Days after inoculation (DAI)

I I 3 1 < 5 6 7

i
1

A 3 P A
"

P A P
! A

P
i

A P a !
I

P A P

2 days prior to 
Antagonists

I I t : '  ! IF (Trichoderma ^p.) 25 25 14 52.5 5
-b

62 0 - -
i

"
- * -

' ?? ! 2 F (Trichoderma sn. ; I 25 77 11 53 9 1 62 0 - - - - -
i— : 3F (Trichodcrmc s o . ) i2 24

r!,'/i
|m1

13 5! 8 i 62 0 - ■ - -

, , ' 4F (unidentified) 10 24 13 j 25 13 26 - U 14- ! 26 14 25 14 25 14 25 ;
1 9F (unidentified) 8 i 21 10 28 12 25 18 20 27 10 27 10 27 10 j

| I0F {Trichoderma sp.j JC j 25 25 13 53 10 i 62 0 - . - - - - i
i V [ 14F (Rhizopus sn f 8 i 27 10 20 18 22 i 55 0 - - - - - - [
[ _  ... . . 1 35F (unidentified) S 1 25 8 25 to 23 i 14 21 18 15 18 15 18 15

| 16F {unidentified} io ! 27 12 27 44 10 i 62 0 - - - - - -
I i7F (Aspergillus sp.) 8 ! 25 15 21 17 19 ! 19 17 19 17 19 17 19 17
! 20F (Aspergillus niger) 8 ! 24 13 18 16 18 i 20 15 20 15 20 15 20 15
! 2 IF (Trichoderma sp.) 14 i 21 2S ■ 8 53 4 1 62 0 - - - - i
i 22F (Trichoderma tc.) 11 ! 26 21 13 60 o j - - - - - - - !

99 : 28 F (Rhizopus sp.) 10 | 22 15 r  22 21 IS i 52 0 - - - * - - j
t' , -.jp t Trichoderma a?.) 55 | 25 26 10 , 5! , 6 | 62 0 - - _ - ii
}> 34F (Trichoderma so.) 12 i 24 25 1 9 i 65 0 i - - - - _ - i

!
| 35F (Triehodenna s.t.) 12 j 26 25 12 ■ 55 8 ! 62 0 - - - - - i -
j 36F (Aspergillus sp.) s j 22 13 , 20 ; 18 18 i 22 15 25 10 i 25 10 25 ! '0

L_. I 3SF (unidentified') 9 ‘ 23 13 ‘ 24 : 15 25 i io 26 10 26 10 26 10 pi j o\

39F (unidentified) 8 i 24 8 7.1 i to 26 i 10 27 10 27 i i0  i 27 10 i 27
} r, harzianum [3 r 24 26 , 10 I 63 i ° ! - 1* - * ! -

2 days after 
Antagonists 13F (PenicMium sp.'< ,5 !

!
17 19 \ ~ ̂ I: 7i 

1 " ‘
t
■ 25 i 21 28 21 26

i

I 22
I

27 22 j 28

L '-9 i 25 F (PenieiUium sp.) \ 18 f 15 20 i 2 4 j 20 28 j 22 1 7 7  
1__~ 22 7 7 5 22 27

\rn\1
~ 

—
i i 27

o f  3 re p lica tio n , Ritji.; growth intiicatcs ih e dialrtclev o f  original d isc A - A ntagonist. P- rat-h a^ n



Table 4.6. hi vitro screening of fungal isolates against P.capsici

Sl.No. Fungal isolates

Per cent inhibition (PI)

4 t!‘ Day of 
incubation

ioo 
.... 100

7 ,h Day of 
incubation

Antagonistic
reaction

_ 1
2 ....

! F (Trichodcnna sp.) 
21'' (Trichoderma sp.)

100
j 00 r B J

3 3F {Trichoderma so.) 100 100 B

r_____... ,
4
5

41- (unidentified) 
9F (miidentilied)

42.22
55.55

44.44
77.78

6 1 OF (Trichoderma sp.) 100 100
7 13F (Penicillium sp. ) 37.78 37.78 A
8 14F (Rhizopus sp.) 100 100 L_ B . H
9 15F (unidentified) 53.33 66.67 A |
10 16F (unidentified) 100 100 B ■ j
11 17F (Aspergillus sp.) 62.22 62.22 C
12 20F {Aspergillus niger) 66.67 66.67 C
13 21F (Trichoderma sp.) 100 100 3
14 22F (Trichoderma sp.) 100 100 D & B
15 25F (Penicillium sp.) 44.44 44.44 A
16 28F (Rhizopus sp.) 100 100 3
17 33F (Trichoderma sp.) 100 100 B
18 34F (Trichoderma sp.) 100 100 B
19 35F (Trichoderma sp.) 100 100 B
20 36F (Aspergillus sp.) 66.67 77.78 nV.
21 38F (unidentified) 42.22 42.22 A
22 39F (unidentified) 42.22 42.22 D
23 T, harzianum 100 100 3

A-Homogenous 
B- Overgrowth 
C-Cessation o f growth 
D-Aversion



contact with the pathogen. The species o f Pencillium (13F and 25F) intermingled 

freely with P. capsici without showing any signs o f interaction. The isolate 36F 

also showed a slight aversion towards the pathogen.

4.6.1.2 Selection o f efficient antagonists

From among the different fungal isolates, the most efficient isolates were 

selected by employing the method o f Kasinathan (1998). For this a modified 

antagonistic index (Al) was calculated as described in materials and methods which is 

the product o f colonization behaviour (CB), speed o f overgrowth on pathogen 

(SOOP), per cent inhibition (PI) and inhibition zone (IZ).

It was noticed that the fungal isolates showed an Al ranging from 106.66 to 

3000 (Table 4.7). The highest Al o f 3000 was registered by the isolate 22 F 

{Trichoderma sp.) followed by 34 F (Trichoderma sp.) and T.harzianum which 

recorded an Al o f 1500 (Plate 4) . About ten isolates showed Al o f  1200. The least Al 

o f  106,66 was shown by the isolate 16F.

4.6.2 Bacteria

4.6.2.1 Screening of bacterial isolates

The bacterial isolates obtained were evaluated against P. capsici by dual culture 

experiment. Among the 20 bacterial isolates, only four o f  them showed inhibition of 

P.capsici (Table 4.8). The isolates viz., 20B, 15B, 9B and 2B showed a clear zone o f 

inhibition demarcating the growth o f pathogen and the bacteria. All o f  them showed a 

per cent inhibition o f 70 and above. Among them, the maximum inhibition of mycelial 

growth was recorded with the isolate 9B followed by 2B and the minimi tin with 15B.

4.6.3 Actinomycetes

4.6.3.1 Screening of actinomycete isolates

Soil actinomycetes were screened for their antagonism using the dual culture 

technique. The pathogen was inoculated eight days after the antagonist due to very 

slow growth o f actinomycetes. The study revealed that none o f the actinomycetes was



Sl.No. Fungal isolate PI C B SO O P

[

IZ

...

.

A l

1 IF (Trichoderma sp.) 100 4 3 1 1200
2 2F (Trichoderma sp.) 100 4 j 1 1200
3 3F (Trichoderma sp.) 100 4 3 1 1200
4 4F (unidentified) 42.22 2 2

.
168.88

5 9F (unidentified) 55.55 3 2 1 333.3
6 1 OF ( Trichoderma sp.) 100 4 3 1 1200
7 13F (PeniciUium sp.) 37.78 2 2 151.12
8 14F ( Rhizopus sp.) 100 4 3 1 1200
9 15F (unidentified) 53.33 1 1 i i 106.66
10 16F (unidentified) ICO 4 3 1 1200
11 17F (Aspergillus sp.) 62.22 3 [  2 1 373.32 !

12 20F (Aspergillus niger) 66.67 J 2 I 400.02 |

13 21F ( Trichoderma sp.) 100 4 3 i 1200 !
14 22F ( Trichoderma sp.) 100 5 3 r 3000
15 25F (PeniciUium sp.) r  44.44 2 - t ,  -

l  1 177.76
16 28F (Rhizopus sp.) 100 4 3 i

©J
©

I1 
. 

i1 
.

17 33F (Trichoderma sp.) 100 4 3 i 1200
18 34F ( Trichoderma sp.) 100 5 a i ) .% Q

19 35F (Trichoderma sp.) 100 4 J i 1200
20 36F (Aspergillus sp.) 66.67 3 2 i 400.02
21 38F (unidentified) 42.22 2 2 l 168.88
22 39F (unidentified) 42.22 2 2 '%J 168.88
23 T. harzianum 100 5 3 1 1500

PI - Per ecnl inhibition
CB - Colonization behaviour
SOOP - Speed o f overgrowth on pathogen (h)
IZ - Inhibition zone (mm)
Al - '  Antagonistic index



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

SI. No. Bacterial isolate
Per cent inhibition (PI)

3rd day of incubation 5th day of incubation

i 15B 65.82 70.0

2 9B 74.68 77.78

3 2B 72.15 75.56

4 20B 70.89 74.44



antagonistic to the pathogen as evidenced by the full growth of the pathogen hi the 

Petridishes.

4.7 IDENTIFICATION OF EFFICIENT ANTAGONISTS

1’hc two Trichoderma spp. (34 F and 22 F) that showed a high antagonistic 

index o f 1500 and 3000 respectively were selected and identified based on the cultural 

and morphological characters (Fig. 4.1a). Photomicrographs o f the standard culture o f 

T. harzianum were also taken (Plate 6a).

4.7.1 Trichoderma sp. (Isolate 22 F)

Colonies smooth, translucent, pale yellow radiating from the centre o f the 

ftingal 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 o f  the 

colony show lemon yellow at first and later turn dark brown after four days. Mycelium 

septate, smooth walled and hyaline. Conidiophore branching simple. Phialides formed 

singly or alternately along the main branch. Phialides 6.9-11.5 x 2.3-2.5pm, bottle 

shaped abruptly attenuate towards their short conical apices (Fig. 4.1c). Phialospores 

3.6-4.5pm, ellipsoidal, subglobose or globose, smooth walled and pale green. 

Chlamydospores numerous, globose, smooth walled and hyaline. Based on these 

characters, this isolate was identified as Trichoderma longibrack'mit/m  tvifai ag^r, 

(Rifei, 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 o f loose scanty aerial hyphae, which make the 

colonies, appear somewhat wliitish. At maturity, conidial areas dark green (Plate 6c), 

whilst the reverse side remains uncoloured. A typical ‘coconut odour’ is emitted by 

Older culture. Mycelium hyaline, smooth walled, septate and much branched. 

Conidfophores with dendroid branching system. Phialides in false or irregular whorls 

mostly with less than four phialides (8-14 x 2.4-3pm) in each whorl (Fig 4.1b). 

Phialospores subglobose, globose or short ebovoid, 3.45-5.75 pm, surface minutely
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Plate 4. Cultures o f Trichoderma spp.

a. T. harzianum
b. T. viride
c. T. longibrachiatum

Plate 5. Trichoderma spp. and P capsici 
in dual culture

a. T. harzianum
b. T. viride
c. T. longibrachiatum

a.

Plate 6. Photom icrographs o f selected fungal antagonists and T. harzianum 
a. T. harzianum  b. T. viride  c. T. longibrachiatum

(100 X) (45 X )  ( 4 5 X )
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c. Trichoderma longibrachiatum b. Trichoderma viride

Fig. 4 .1 . C on id iop h orcs and p h ia iospores o f Trichoderm a spp,



rough walled (spiny). Chlamydospores globose, rarely ellipsoidal, hyaline, smooth 

walled. Based on these characters, the isolate was identified as Trichoderma viride 

Pers. ex S.F. G ray aggr. (Webster, 1964).

4.8 MECHANISM OF ANTAGONISM OF SELECTED FUNGAL ANTAGONISTS 

ON P. capsici

The standard culture o f  T.harzianum and the selected antagonist T.viride (34F), 

proved to be efficient parasites o f  P. capsici. The main pathogenic hyphae were found 

tightly held by coiling slender hyphae o f  the antagonists (Plate 7a , 8a). In addition, the 

parasitic hyphae o f the antagonists penetrated the host hyphae at several points and 

grew alongside the inner cavity o f  the host hyphae. Besides overgrowing and coiling, 

the antagonists also caused disintegration o f the pathogenic hyphae (Plate 7b). It 

was observed that though T.Iongibrachiatum (22F) caused coiling and penetration o f  

host hyphae, the degree o f antagonistic action was comparatively lesser tlian the other 

two antagonists (Plate 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 o f  T harzianum and the selected antagonists (T.viride and 

T.Iongibrachiatum). 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 o f  these chemicals to the 

Selected antagonists and T.harzianum. 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



Among the nine fungicides tested, Bordeaux mixture at all concentrations 

completely inhibited the growth o f all the antagonists, while the remaining fungicides 

at different concentrations showed varying percentage o f  inhibition. In general, it was 

noticed that as the concentration o f  fungicides increased, there was an increased 

inhibition o f the antagonist. It was observed that all the three species o i Trichoderma 

proved to be compatible with Ridomil MZ, Akomin-40, Indofil M-45 and Anlhraco! 

as they showed comparatively good growth in the poisoned media. The least growth 

o f  the antagonist was observed in media containing Kocide, closely followed by 

Captaf, Kavach and Fytolan.

Results revealed that the response o f T.harzianum to different fungicides at 

various concentrations differed significantly (Fig. 4,2). It was observed that the 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 per cent inhibition o f 23.33. Cent per cent Inhibition o f the 

fungus was recorded with BM at all concentrations. Fytolan at all concentrations and 

Ridomil MZ at 0.4 per cent concentration were on par with each other and recorded 

per cent inhibition ranging from 43 to 48 per cent respectively. The response o f 

T. harzianum to Captaf, Kavach and Kocide was very poor indicating their 

incompatibility. It showed a per cent inhibition o f 82.22 at 0.3 per cent concentration 

o f  Captaf, 77.78 per cent at 0.3 and 0.4 per cent concentrations o f  Kavach and 80 per 

cent at 0.3 per cent concentration of Kocide.

The response o f  T. viride also differed significantly to various fungicides 

(Fig. 4.3). It recorded a per cent inhibition o f 11.11 with fndolii M-45 (0.2per cent) 

and Ridomil MZ (0.2per cent) which were closely followed by Akomin-40 (0.2per 

cent) with a per cent inhibition o f 15.56. Cent per cent inhibition was exhibited with 

the fungicide BM at all concentrations followed by Captaf (0.3pcr cent), Kocide 

(0.3per cent) and Kavach (0.3 and 0.4per cent). Anthracol at 0.15 per cent and Fytolan 

at all concentrations were on par with each other and recorded a per cent inhibition 

upto 45 per cent.

In the case o f T.longibrachiatum to different limgicides at varied 

concentrations, it was observed that the fungus was paniaiiy compatible v/tlb



SI.No. Fungicides Concentration 
(per cent)

T. harzianum T.viride T. Iongibrachiatum

*Mean 
diameter of 
colony (m m ).

P er cent 
inhibition 

over control

‘ Mean 
diameter of 
colony (ram)

Per cent 
inhibition 

over control

‘ Meandiame 
ter of colony 

(mm)

Per cent 
inhibition 

over control

1 Indofil M-45 0 . 2 78 b 13.33 80 b 1 1 . 1 1 74 c 17.78

0.3 70 c 2 2 . 2 2 6 8  d 24.44 60 f 33.33

0.4 58 g 35.56 60 e 33.33 52 g 42.22
2 Ridomil MZ 0 . 2 62 f 31.11 80 b 11.11 70 d 2 2 . 2 2

0.3 56 h 37.78 75 c 16.67 6 8  d 24.44

0.4 51 i 43.33 62 e 31.11 54 g 40.00 ;

3 Akomin-40 0 . 2 69 c 23.33 76 c 15.56 81 b 1 0 , 0 0  !

0.3 6 6  de 26.67 60 e 33.33 71 d 2 1 . 1 1  i

0.4 50 i 44.44 51 g 43.33 60 f 33.33 j
4 Captaf 0 . 1 24 k 73.33 2 2  h 75.56 2 2  i 75.56 |

0 . 2 18 1 m 80.00 i l i j 87.78 14j 84.44 |

0.3 16 m 82.22 9 j 90.00 13j 85.56 j
5 Kavach 0 . 2 31 j 1 .65,56 2 0  h 77.78 13 j 85.56 i

0.3 201 77.78 19 h 78.89 9 k 90.00

0.4 2 0 ! 77.78 1 2  i 86.67 0 k 1 0 0

6 Anthracol 0.05 69 c 23.33 60 e 33.33 70 d 2 2 . 2 2

0 . 1 6 6  de 26,67 56 f 37.78 64 e 28.89

0.15 63 ef 30.00 50 g 44.44 42 b 53.33 !
7 Bordeaux, mixture 0.5 0  n too Ok 1 0 0 0  k too j

1 . 0 On i 0 0 0 k 1 0 0 Ok 300

1.5 0  n 1 0 0 0 k 1 0 0 Ok 1 0 0

8 Fytolan 0 . 2 49 i 45.56 50 g 44.44 291 67.78

0.3 47 i 47.78 50 g 44.44 25 i 72.22

0.4 47 i 47.78 45 g 45.00 24 i 73.33
9 Kocide 0 . 1 2 1  1 76.67 24 h 73.33 * 2  j 86.67

0 . 2 191m 78.89 19 h 78.89 H j 87.78

0.3 181m 80.00 14 ij 84.44 0 k 1 0 0

;o Control 90 a 90 a 90 a

* Mean o f  three replications. In each column figure j  followed hy same icttet donot differ significantly according to DMRT
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■  Indofil M-45 (0.2% )
□  Ridomil M Z(0.2% )
■  A kom in-40(0.2% )
□  Captaf) 0.1% )
□  Kavach(0 .2 % )
O  A nthracol(0.05% )
□  Bordeaux.m ixt(0.5% )
□  Fytolan(0.2% )
□  Kocide(0 , 1 %)
H  Control

□  Indofil M-45(0.3% )
□  Ridomil M Z(0.3% )
□  A kom in-40(0.3% )
□  Captaf) 0.2% )
□  Kavach(0.3% )
□  Anthracol(0.1 %)
□  Bordeaux.m ixt( 1%)
□  Fytolan(0.3% )
□  Kocide(0 .2 % )

0  Indofil M -45(0.4% )
□  Ridom il M Z(0.4% )
□  A kom in-40(0.4% )
□  Captaf)0.3% )
□  K avach(0.4% )
□  A nthracol(0.15% )
□  Bordeaux.m ixt( 1.5%)
□  Fytolan(0.4% )
□  Kocide(0.3% )



Akomin-40 at 0.2 per cent concentration followed by Indofil M-45 (0.2per cent) 

which showed a per cent inhibition o f 10 and 17.78 respectively (Fig. 4.4). The fungus 

showed a per cent inhibition o f 22.22 and 40.0 at 0.2 and 0.4 per cent o f  Ridomil MZ 

followed by 53.33 at 0.15 per cent o f  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 O.lper cent), Captaf (0.3per cent) and 

Kavach (0.2per cent) with an inhibition per cent o f 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 o f the various cultures o f  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 o f 

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 o f 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 o f  eight insecticides viz., Monocrotophos, 

Chlorpyriphos, Endosuifan, 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 o f  sensitivity to the different insecticides tested. All the tliree 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 o f growth and the remaining insecticides 

recorded varying rates o f  inhibition at different concentrations.



SI. No. Fungicides Concentration 
(per cent) T. harzianum T.viride T.longibrachiatum

1 Indofil M-45 0.3 +++ +++ +++

2 Ridomil MZ 0.3 + T + -H-+- -H—I-

3 Akomin-40. 0.3 + + +

4 Captaf 0.2 + - -

5 Kavach 0.3 - - -

6 Anthracol 0.1 - - -

7 Fytolan 0.3 'FT - -

8 Kocide 0.2 - - -

Good : +++
Moderaie : ++
Sparse : +
Absent :



Considering the incompatibility o f  individual antagonists, it was observed that, 

T. harzianum was compatible with Phorate and Carbofuran at all concentrations as 

there was no inhibition on the growth o f the fungus (Fig. 4.5). Chlorpyriphos at 0.01 

per cent, recorded 50 per cent inhibition However, Us higher concentrations were 

incompatible. Contrary to this, the response o f the fungus towards Monocrotophos and 

Quinalphos at all concentrations was very poor which recorded cent per cent 

inhibition. In addition to this, F.ndosulfan at all concentrations, Dimethoate at 0.06 per 

cent and Cypermethrin at 0.03 per cent recorded more than SO per cent inhibition 

indicating the incompatibility o f these insecticides to the antagonist.

Monocrotophos at all concentrations were completely inhibitor)' to the growth 

o f  T.viride, which was followed by Quinalphos that recorded an inhibition o f 88.89 per 

cent at all concentrations (Fig. 4.6). More than 80 per cent inhibition was recorded 

with Hndosulfan and Cypermethrin at all concentrations and Dimethoate at 0.06 per 

cent concentration respectively. Phorate and Carboiuran were found compatible with 

the fungus. Chlorpyriphos (0.01 per cent) showed lesser compatibility than Phorate and 

Carbofiiran, which recorded 34.44 per cent cfBcacy over control in inhibiting the 

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

The mycelial growth o f T.longibrachiatum 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 Chlorpyriphos (0.01 per 

cent), which recorded an inhibition percentage o f 57.78, but their higher two 

concentrations showed 76.69 and 78.89 per cent inhibition respectively.

The sporulation o f antagonists in various insecticides incorporated media was 

recorded and the results are given in fable 4.12. Good sporulation o f the antagonists 

was noticed with Phorate and Carbofuran, Moderate sporulation was recorded with 

Cypermethrin and Chlorpyriphos by T.viride and T.longibrachiatum. whereas 

T. harzianum showed good sporulation with the latter. T. viride and T. longibrachiatum 

showed sparse conidial production in the media incorporated with Endosulfan.



SJ.No. Insecticides

..

Concentration

T. harzianum T .v ir id e
■■
TJongibrachiatum

*Mean
colony

diameter
1mm)

Per cent 
inhibition 

over control

*Mean
colony

diameter
(mm)

Per cent 
inhibition 

over control

*Mean | 
colony 

diameter 
(m m )

Per cent 
inhibition 

over control
1 Monocrotophos 1 0.04% 0 * 1 0 0 o m 1 0 0 '  0 ^ " 1 0 0

0.05% 0  * 1 0 0 0 m 1 0 0 0 " 1 0 0

0.06% o k 1 0 0 0  m 1 0 0 0 “ 1 0 0

' 2 Chlorpyriphos o.o i% 4 5 1b 50.00 59b 34,44 38b 57.78
0 .0 2 % 2 2  a* 75.56 26* 71.11 2 1 11 76.67
0.03% 17®h 81.11 23 d 74.44 19d 78.89

3 Endosuifan 0.04% 13' 85.56 15* 83.33 1 0 d 88.89
0.05% 13' 85.56 13,Jt 85.56 9 d 50.00

! 0.06% i r J 87.78 1 2 Jtl 86.67 8 d 91.11
4 Dimethoate 0.04% 24c 73.33 2 1 ' 76.67 25 72.22

0.05% 2 4 ^ 73.33 2 0 ' 77.78 f  2 0 ^ 77.78
0.06% 1 0 J 88.89 17r 81.11 18d 80.00

5 Quinalphos 0.03% ' 0 L' 1 0 0 1 0 *' 88.89 0 d 1 0 0

0.04% 0  * 1 0 0 1 0 “ 88.89 o d t 1 0 0

[ 0.05% 0  k 1 0 0 1 0 “ 88.89 0 d | 1 0 0

e Cypermethrin 0 .0 1 % 2 0 *' 77.78 16^' 82.22 14d j 84.44
0 .0 2 % 19'* 78*89 14**' 84.44 12d i 86.67
0.03% I 7 h 81.11 1 3  hu 85.56 1 2 “ 86.67

7 Phorate 1 . 0  kg a.i per ha 90* 0 90* 0 o o ■

0

1.5 kg a.i per ha 90* 0 90* 0 90* 0

2 . 0  kg a.i per ha 90* 0 90* 0 90* 0

8 Carbofuran 0.5 kg a.i per ha 90* 0 90* 0 90* o

0.75 kg a.i per ha 90* 0 9 0 “ 0 90* 0

n ! 1 . 0  kg a.i per ha 90* 0 90* 0
r -  90* 0

9 Control ! 90* 90* 1 90*

*  M ean o f  three re p lic a tio n
In each column figures followed by same letter donot differ significantly according to DMRT.
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Fig. 4.6.C'ompatibility of Trichoderma viride with insecticides

Insecticides

Fig. 4.7.Compatibility of Trichoderma longibrachiatum  with
insecticides

0  Monocrotophos 0.04%
■  Chlorpy nphos 0 . 0 1 %
□  Endosulfan 0.04%
I] Dimethoate 0.04%
□  Quinalphos 0.03%
□  Cy permethrin 0 .01 %
■  Phorate 1.0 kg a.i per ha
■  C arbofuran 0.5 kg a.i per ha.
□  Control

□  Monocrotophos 0.05%
□  Chlorpyriphos 0.02%
□  Endosulfan 0.05%
□  Dimethoate 0.05%
□  Quinalphos 0.04%
□  Cypermethrin 0.02%
□  Phorate 1.5 kg a.i per ha
□  Carbofuran 0.75 kg a i per ha

□  Monocrotophos 0.06%
□  C hlorpy riphos 0.03%
□  Endosulfan 0.06%
□  I )imelhoaic 0.06%
□  Quinalphos 0.05%
□  ( 'ypermcthrin 0.03%
13 Phorate 2.0 kg a.i per Ha 
SI Carbofuran 1.0 kg a.i per ha

Insecticides

Fig. 4.5.Compatibility of Trichoderma harzianum  with insecticides



SI. No. Insecticides Concentration T. harzianum T. viride
T.longibrachiatum

1 Chlorpyriphos 0.02% '+++ + + ++

2 Endosulfan 0.05% + + ■f +

3 Rogor j 0.05% + + + + + + -r+

4 Cypermethrin 0.02% + + + +"b + +

5 Phorate 1.5 kg a.i /ha + + + + - H - - H - +

6 Carbofuran 0.75 kg a.i /ha + - H - + + +

Good . +++
Moderate :
Sparse +
Absent



T.harzianum also showed good spo lia tion  with Dir net hr. ate and moderate conidial 

production with Endosuifan.

4.9,3 Fertilizers

Fertilizers like urea, Rajphos, MoP, Factomphos arid ammonium sulphate 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 cent) followed by Rajphos (2per cent) (Fig.4.8). The response o f  T.harzianum to 

higher concentrations o f 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 control in inhibiting the fungus while urea 2 per cent recorded

42.2 per cent inhibition.

For T. viride, MoP at all concentrations were compatible (Fig. 4.9). The higher 

concentration (3per cent) o f  Rajphos and ammonium sulphate recorded a per cent 

inhibition o f 22.1 and 21.3 respectively. Partial inhibition o f mycelial growth of the 

fUngus was noticed with the higher two concentrations (2per cent and 3per cent) of 

Factomphos, which recorded a per cent inhibition o f 49.3 and 40.3 respectively. Urea 

was found inhibitory to the fungus at its higher concentration (1.5 and 2 per cent) as 

they recorded a per cent inhibition o f  33.9 and 40.2 per cent.

In the case o f T. Iongibrachiatum, full growth o f the firngus was noticed with 

lower concentration o f MoP and ammonium sulphate (Fig. 4.10). This was followed 

by urea (1 per cent) and MoP (3 per cent). However, the mycelial growth o f  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 o f  54.4 and 64.4 respectively. 

Rajphos at its higher concentration recorded an inhibition o f  28.9 per cent.



SL No, Fertilizer Concentration 
(per cent)

T. harzianum T.viride
i

TJongibrachiatum

*Mean 
diameter of 
colony (mm)

Per cent 
inhibition 

over control

*Mean 
diameter of 

colony (mm)

Per cent 
inhibition 

over control

*Mean 
diameter of 
colony (mm)

Per cent 
inhibition 

over control
i Ure2 1.0 74.0d 17.8 74.0“ 17.8 86.0b 4.4

• 1.5 70.0' 22.2 59.5f 33.9 71.0s 21.1 |
2.0 52.0* 422 53.8s 40.2 48.0J 46.7 |

Rajphos 2.0 86.0b 4.4 82.0' 8.9 81.0“ 10.0 ;
2.5 80.0' 11.1 74.5“ 17.2 79.0' 12.2 j
3.0 74.0d 17.8 70.1' 22.1 64.01, 28.9 |

3 1 MOP 2.0 90.0' o ■ 1 90.0* 0 90.0* 0 !
i 2.5 79.0' 12.2 90.0* 0 90.0* 0 ;

3.0 75.0“ 16.7 1 86.0b ~ 1 4.4 87.0b 3.3 i
4 Factomphos 2.0 58.0f 35.6 53.3s 40.8 56.0* 37.8

2.5 55.0g 38.9 4 9 3 b 452 4I.0ir 54.4
3.0 j 41.0* 54.4 40.3* 55.2 32.0t 64.4

5 Amm-sulphate 2.0 88.0* 2.2 87.5b 2.8 90.0* 0
2.5 80.0' 11.1 80.5' 10.6 84.0' 6.7

i 3.0 74.0“ 17.8 70.8' 21.3 73.0f 18.9
6 Control 9 0 1 o It j 90"

* Mean of three replications.
In each column figures followed by same letter dcnot differ significantly according to DMRT



M
ea

n 
co

lo
ny

 
di

am
et

er
 

(m
m

) 
M

ea
n 

co
lo

n)
 

di
am

et
cr

(m
m

)

Fertilizers

<xi
80

70
60

50

40

30

20
10
0

00

80

70

60

50

40

3 0

20
10
0

Fig.

Fertilizers

Fig. 4.9.Compatibility of Trichoderma viride with fertilizers

Fertilizers

4 .1 ((.Compatibility of Trichoderma longibrachiatum on fertilizers

■  Urea 1%
□  Urea 2%
0  Rajphos 2.5 %
□  MOP 2%
□  MOP 3%
□  Kactomphos 2.5%
□  Ammonium sulphate 2%
□  Ammonium sulphate 3%

S  Urea 1.5%
■  Rajphos 2%
□  Ramhos 3 %
□  MOP 2.5%
■  Factomphos 2%
□  Factomphos 3%
□  Ammonium sulphate 2.5% 
0  Control



4.10 EVALUATION OF FUNGICIDES, INSECTICIDES AND FERTILIZERS 

AGAINST THE PATHOGEN

The in vitro sensitivity o f 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 o f  P.capsici to different fungicides are 

presented in Table 4.14. There was significant difference among the fungicides at all 

concentrations tested in inhibiting the growth o f  the pathogen (Fig. 4.11). Out o f  the 

nine fungicides tested, Indofil M- 45, Ridomil MZ, Captaf BM, Fytolan and Kocide at 

all concentrations completely inhibited the growth o f  the pathogen. Though, the higher 

two concentrations o f  Akomin-40 (0.3per cent and 0.4per cent) showed complete 

inhibition o f  the growth o f P.capsici, its lower concentration o f 0.2 per cent permitted 

only slight growth and recorded 83.33 per cent efficacy over control in inhibiting the 

ftmgus. It was noticed that Kavach at all concentrations and Anthracol at 0.05 and 0.1 

per cent concentrations recorded per cent inhibition between 60 to 75.56 respectively. 

However, the higher concentration o f Anthracol (0.15per cent) completely inhibited 

the growth o f  the fungus.

4.10.2 Insecticides

The relative efficacy o f eight different insecticides at varied concentrations on 

in vitro growth o f f .capsici is presented in Table 4.15.

The insecticides viz., Monocrotophos, Endosuifan, Quinalphos and 

Cypermethrin completely inhibited the mycelial growth o f  the fungus at all 

concentrations tested (Fig. 4.12). Chlorpyriphos, Dimethoate, Phorate and Carbofuran 

permitted slight growth o f the fungus. Among insecticides, which supported growth of 

the pathogen, maximum mycelial growth o f  the fungus was observed at the lower 

concentration o f Phorate (1kg a.i ha'1) and Carbofuran (0.5 kg a.i ha'1), which only 

recorded an inhibition o f  68.89 and 70.0 per cent respectively. Chlorpyriphos and'



Tabic 4.14. //; vitro sensitivity o i P. capsici to fungicides

SI.No. Fungicide Concentration 
(per cent)

F. capsici

M ean 
d iam eter of 

colony (mm)

Per cent 
inhibition over 

control
1 Indofil M-45 0.2 0(0.707)11 100

0.3 0(0.707)d 100
0.4 0(0.707)" 100

2 Ridomil MZ 0.2 0(0.707)“ 100
0.3 0(0.707)“ 100
0.4 0(0.707)11 100

3 Akomin-40 0.2 15(3.89) *" 83.33
0.3 0(0.707)d 100
0.4 0(0.707)“ 100

4 Captaf 0.1 0(0.707)d 100
0.2 0(0.707)d ' 100 '
0.3 6(0.707)d 100

5 Kavach 0.2 30(5.55)b 66.67
0.3 28(5.34) * 68.89
0.4 22(4.71)* 75.56

6 Anthracol 0.05 36(5.96)“ 60.00
0.1 27(5.21)* 70.00
0.15 0(0.707)d too

7 Bordeaux mixture 0.5 0(0.707)" 100
1.0 0(0.707)" 100
1.5 0(0.707)d 100

8 Fytolan 0.2 0(0.707)“ too
0.3 0(0.707)“ 100
0.4 0(0.707)“ 100

9 Kocide 0.1 0(0.707)“ 100
0.2 6(0.707)“ 100
0.3 0(6.707V1 i 6o “1

10 Control T 90(9.51)* 1

* Mean of three replications.
In each column figures followed by same letter donot oilier significantly according to DMRT. 
Figures in parantheses are Vx+0.5 transformed values.



SI.No. Insecticides
Concentration 

(per cent)

P. capsici
‘ Average 

diameter of 
colony (mm)

Per cent 
inhibition over 

control
1 Monocrotophos 0.04 0  k 1 0 0

0.05 0  k 1 0 0

0.06 o k 1 0 0

2 Chlorpyriphos 0 . 0 1 1 7 ' 81.11
0 . 0 2 13" 85.56
0.03 111J 87.78

3 Endosuifan 0.04 0  k 1 0 0

0.05 0  k 1 0 0

0.06 0  * 1 0 0

4 Dimethoate 0.04 1 5 s 83.33
0.05 1 2 1 86.67
0.06 1 0 J 88.89

5 Quinalphos 0.03 0 k 1 0 0

0.04 0  k 1 0 0

0.05 0  k 1 0 0

6 Cypermethrin 0 . 0 1 t r k 1 0 0

0 . 0 2 o k 1 0 0

0.03 o k 1 0 0

7 Phorate 1,0 kg a.i per ha 28" 6 8 . §9
1.5 kg a.i per ha 25 Clt 72.22
2.0 kg a.i per ha iy 78.89

8 Carbofuran 0.5 kg a.i per ha 2 7 c 70.00
0.75 kg a.i per ha 2 5 11 72.22

! 1.0 kg a.i per ha a s r'1 72.22
Control 90 ■'

CD (0.05) 1.42

* Mean o f t h K v  implications
I n  cac l i  o ' I l i k u - fi  Li H i e s  l o l l o w c d  b v  s a n i o  l c t l t T  d m u ' t  d i i k . r  h c i u j t  l\ : t l_- <_.«i u i t i "  r. o  ! ) M R  T,
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Dimethoate at all concentrations recorded more tlian 80 per cert inhibition over 

control.

4.10.3 Fertilizers

The results furnished in Table 4.16 indicated significant effect on growth o f 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 o f  the fungus. Among them, Factomphos at 3 per cent concentration recorded 

the maximum inhibition o f  57.2 per cent, while the value recorded for ammonium 

sulphate (0.3per cent) was 42.2 per cent.

The higher concentration o f urea (2per cent) and Rajphos (3pcr cent) recorded 

a per cent inhibition o f 11.1 and 17.8 respectively while their lower concentrations, 1 

and 1.5 per cent o f urea 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 o f  MoP (2 and 2.5per cent).

4.11 MANAGEMENT OF P h y to p h th o ra  DISEASE IN BLACK PEPPER

NURSERY

A nursery experiment (Plate 9a) was carried out to study the efficacy o f the 

two selected antagonists viz., T.viride and T.longibrachiatum along with T. harzianum 

on the management o f  Phytophthora rot o f  black pepper nursery. The experiment was 

conducted as described in materials and methods.

4.11.1 Soil solarization

Temperature o f  the solarized and non-solarized potting mixture was recorded 

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



Sl.No. Fertilizer Concentration 
(per cent)

i

P. capsici \

*Meau diameter of 
colony (mm)

Per cent inhibition 
over control i

1 Urea 1.0 86.5 D 3.9
1.5 84.0 * 6.7
2.0 80.0 c 11.1

2 Rajphos 2.0 84.0° 6.7
2.5 80.0 c 11.1
3.0 74.0 e 17.8

3 MoP 2.0 82.4c 8.4
2.5 80.0 c 11.1
3.0 77.6 a 13.8

4 Factomphos 2.0 55.7 R 38.1
2.5 47.6J 47.1
3.0 38.5 * 57.2

5 Ammonium sulphate 2.0 67.81 24.7
2.5 61.0s 32.2
3.0 52.01 42.2

6 Control 90,0*
.

* Mean of three replications
in  each column figures followed by same letter dortot differ significantly according to DMRT.



Plate 9. View of the nursery experiment
a. Before infection
b. After infection



and 15cm depth. Soil temperature at 8:30 am and 2:30 pm were recorded and are 

presented in Table 4.17. After covering the potting mixture with the polyethylene 

sheet, heat build up occurred within 24 -- 48h.

It was observed that the soil lernpenuuts in the solarized potting mixture was 

always higher than that o f  the non-solarized. During solarization period, the soil 

temperature ranged from 47.5 to 58 °C at 5 cm depth, 35 to 46 °C at 10 cm depth and

37.5 to 45 °C at 15 cm depth in the solarized potting mixture at 2:30 pm, while the 

maximum temperature in the non-solarized potting mixture ranged from 33 to 38 °C, 

31 to 33.5 °C and 24 to 25 f;C at 5,10 and!5 cm depth respectively. Further, it was 

noticed that, the maximum soil temperature o f 58 °C at 5 cm depth in solarised soil 

was on 6-3-02, which was 23 °0  higher than that o f non-solarised soil.

The population count o f soil rnicroflora viz., fungi, bacteria and actmomycetes 

was also recorded as mentioned in materials 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 102 cfu g 'so il) was recorded immediately 

after solarization, compared to the count taken before solarization (34 x 1(F cfu g 1 

soil).

A significant reduction in the population o f bacteria (123 x 304 cfu g" soil)) 

was recorded in the solarized soil on the day of removal o f  polyethylene sheet 

compared to the initial count (258.6t) x !04 cfu g'1 soil) recorded before solarization.

The initial count o f  actinomycetes recorded before solarization in the potting 

mixture was 32.66 x 104 cfu g '1 o f  soil. The population o f actinomycetes was reduced 

to 23.33 x 104 ciu g 1 in the solarized soil.

4.11.2 Effect of treatments o»i sprouting of black pepper cutting;

The number o f  sprouted pepper cuttings in each treatment was recorded 20, 30 

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

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

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



Non solarized soil Solarized soil

Date Soil Temperature °C at different soil depths Soil Temperature °C at different soil depths
5 cm 10 cm 15 cm 5 cm 10 cm 15 cm |

8.30 am 2 JO pm 8.30 am 2.30 pm 8.30 pm 2.30 pm 8.30 am 2.30 pm 8.30 am 2.30 pm 8JO pm 2 JO pm
08-02-02 29.0 35.0 28.5 31.5 21.0 24.0 34.0 48.0 28.0 38.0 32.0 37.5
09-02-02 28.0 33.0 27.5 33.5 20.0 24.0 35.0 48,0 28.0 35.0 ■ 32,0 37.5
10-02-02 28.0 35.0 27.5 31.0 20.0 25.0 35.0 48.0 i 27.0 38.0 ~ ' 31.5 37.5
11-02-02 28.5 35.5 27.0 31.5 21.0 25.0 34.0 47.5 | 28,G 38.0 32.0 ”7 38.0
12-02-02 29.0 36.0 28.0 32.5 20.0 25,0 34.0 49.0 j 28.0 39.0 30.0 38.5 -
13-02-02 27.0 35.5 28.0 32.0 20.0 25.0 35.0 54.0 i 28,0 39.0 33,0 39 5 J
14-02-02 28.0 35.5 27.5 32.0 21.0 25.0 35.0 56.0 28.0 39.0 39.0 1
15-02-02 28.0 35.0 27.5 32.0 21.0 25.0 35.0 54.0 28.0 39.5 33.0 40.0
16-02-02 28.5 36.0 28.0 33.0 19.0 25.0 35.0 54.0 28.0 40.0 33.0 40.0

717-02-02 28.0 36.5 28.0 33.0 20.0 25.0 35.0 56.0 28.0 40.0 32.0 ' 40.5
18-02-02 28.0 37.5 27.5 33.5 20.0 25.C 35.0 56.0 28.0 42.0 ' ri 41.0
19-02-02 28.0 37.0 27.0 33.5 20.0 25.0 35.0 56.0 28.0 42.0 35.0 41.5 ;
20-02-02 28.0 34.5 27.0 32.0 20,0 24.0 35.0 53.0 28.0 39.5 35.0 40.0 |
21-02-02 30.0 38.0 27.0 33.0 20.0 25.0 35.0 56.0 28.0 43.0 35.0 42.0 s
22-02-02 29.0 37.5 28.0 33.5 20.0 25.0 35.0 56.0 29.0 43.0 35.3 1 42.0

' 23-02-02 28.0 37.0 27.0 33.0 20.0 25.0 i 35.0 56.0 28.0 43.0 34.0 42.0
24-02-02 28.0 37.0 27.0 33.0 20.0 25 0 34.0 56,0 28.0 43.0 34.0 42.0
25-02-02 28.0 36.0 27.0 33.0 20.0 25.0 35.0 56.0 28.0 42.0 33.0 42.0
26-02-02 28.0 37.0 27.0 33.0 20.0 25.0 35.0 56.0 28.0 44.0 34.0 42.0 ^
27-02-02 29.0 37.0 27.0 33.0 20.0 25.0 35.0 56.0 29.5 44.0 34.0 43.0
28-02-02 29.0 38.5 27.5 34.5 20.0 25,0 35.0 57.0 30.0 45.0 35.5 43.5
01-03-02 29.5 37.0 28.0 34.C 20.0 25.0 1! 35.0 56.0 30.0 44.0 36.0 43.5
02-03-02 30.0 39.0 29.0 35.0 22.0 h 26.0 35.5 57.0 29.0 45.0 36.0 44.0
03-03-02 29.5 i 39.5 29.0 35.0 22.0 26.0 ! 35.5 p ' 5 7 . 0  ' 30.0 45 .C 36.0 44.0
04-03-02 31.0 r 38.0 30.0 33.0 23.0 25.0 35.0 i 54.0 28.0 43.0 36.0 41.0
05-03-02 28.5 39.0 29.0 35.0 22.6 26.0 35.0 ! 57.0 30.0 45.0 36.0 44.0
06-03-02 31.0 41.0 30.5 35.0 21.0 27.0 35.0 58.0 28.0 46.0 36.0 45.0
07-03-02 31.0 40.0 30.5 35.5 20.0 26.0 35.0 57.0 28.0 45. C I 36.0 44.0
08-03-02 30.0 oo o

I

f 31.0 33.0 2i .0 25.0 53.0 54:0 29.0 42.0 34.5 T 41.0
09-03-02 31.0 39.0 32.0 35.5 21.0 27.0 30.0 56.0 28.0 45.0 31.0 .“3.5.

i 1 c z 1



Treatment Sprouting (Per cent) Dormancy (Per cent) 
(45 DAP)

Rotten (Per cent) 
(45 DAP)20 DAP 30 DAP 45 DAP

T! 29.33 ^ 59.33 dt 75.67 ̂ 20.52(4.55)* 3.81(1.90)“
T2 51.G0ifc 78.67 ̂ 86.67 abcd 10.32(3.21)* 3.37(1.88)*
T3 42-33 atK<t 73.33 ^ 82.67 16.45(4.02)a 1.55(1.41)* I
T4 36.00 ̂ 66.67 77.00 *bcde 18.5(4.23) * 4.49(2.16)“
T5 39.33abal 69.00 78.33 a!K<is 17.64(4.22)“ 4.04(2.13)*
T6 47.33 **“* 81.67sb 89.00 9.37(3.13 i * 1.72(1.45)*
T7 55.(JO1 6 81.00atl 8 8 . 0 0  ** 11.08(3.32;* 0.92(1.15)*
T 8 43.67 8l>cd 78.00 alKd 85.33 ^  1 i 1.08(3.33)* 3.59(1.89)*
T9 40.00 *b4d 67.67 76.33 abcd£ 17.73(4.25?“ 5.95(2.37)* J;
TfO 38.67 aEsa_ 68.33abcdt 8 4 .0 0 * ^ 12.30(3.53)“ 3.87(2.01)* j
T i l 25.00 d 57.67c 73.00 dc 21.15?4.63 * 5.80(2.26)" i
T12 56 .0 0 ^ S'OJO^ 90.00*" 8.07(2.91)* 1.91(1.49)’ j
TI3 54.00 8(1 82.67* 89.67311 9.42(3. Ml* 0.92(1.07)a
T14 46.67*B“1 74.33 abcJc l _ ~  M.00t o e “ 13.28(3.52; * 3.48(1.92)*
T15 36.00 alJCd 6 2 .3 3 ^ 74.67 ̂ 22.65(4.79)3 2.54(1.73)"
ri6 38.00 atKd 67.33 atKde 82.67 16.1 ](4.07ia 5.23(2.38)*
T17 3 2 .0 0 ^ 60.33 cde 72.33* 22.49(4.63)a 4.98(2.29)*
T18 54.33 *b 85.33* 88.67 ̂ 8.78(2.99)a 2.59(1.73)*
T19 57.00“ 79.00 *tK 89.33 *b 7.81(2.86)* 3.00(1.87)*
T20 54.67 ̂ 81.33 86 90.33 * 12.05(3.29)* 0.95(1.15)*

1 j C on su l T ,: 7! iongibrachiarum * Ridormi MZ
T; D isease  control as per PO P o f  KAO Ti; S o il so i. for 3 0  days r 71 harzianum -r- R idom il M Z
T Trichoderma hanianaum  a lone T o S o il so l. Tor 30  days + T. viride +  R idom il MZ

T , Selected  antagonist from  T h n ss u a T  viride) T u S o il sol. for 30  days +  7. iongtbrachiatum  + R idom il MZ

h Selected  antagonist &om ThrissurtT./onj'ii/'acfcitiium ) Tu T. fkjrxiarsum +P ot, phosphonate
Tt S o il so l. for 30  days ■+ T, harzianvm T l6 T. viride +■ Pot. phosphonate
T , S oil sol for 30  days + 6  viride 1 ), 7 . tonvibrachiaiitm  +  Pot. phosphonate

S oil sol. for 3 0  d a js  “ T. Icngibrachiate/ti T
J I t S oi) so l. foi 30  days ■* 7. hjrziamurr+ Pot.phosphonate

T.harziannum  v  R idom il MZ T 19 S o il sol for 30 days +T.viride * Pot phosphonate

T,„ T viride+ R idom il M Z Tjo S o il w i  for 3G tiays -i 7. Jon^ibrcctaatum ■* Pot phosphonate



observation. Maximum sprouting percentage o f 57 was recorded in treatment f  19 (Soil 

solarization -r T.viride + Potassium phosphonate) 20 DAP which was on par with alt 

other treatments except Tm (T. Iongibrachiatum + Ridomil MZ) and Ti (Control). The 

feast sprouting percentage o f 25.0 was noticed in IT- Control plants recorded a 

sprouting o f 29.33 percent.

A significant change o f sprouting o f  pepper cuttings was noticed 30 DAP 

among the treatments. Maximum sprouting percentage o f 85.33 followed by 82.67 was 

recorded in T u  (Soil solarization + T. harzianum ■+ Potassium phosphonate) and T 13 

(Soil solarization + T.viride + Ridomil MZ), which were on par with other treatments 

except T u, T j7, Tu and Tj. Minimum sprouting o f 57.67 was recorded in Tu followed 

byT! (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 o f 

pepper cuttings as noticed in T6, T7, T8 ,Ti2 ,Tu ,T 14 , T 18t T p  and T20. In addition, 

plants raised as per PoP (T2) also showed good sprouting. Out o f the various 

treatments, highest sprouting percentage o f 90.33 was observed in T2o (Soil 

solarization + T.longihrachiatum + Potassium phosphonate), which was on par with 

the remaining treatments except T p  (7’ Iongibrachiatum + Potassium phosphonate), 

T u  (T.harzianum + Potassium phosphonate), Tu and IT  The feast percentage of 

sprouting was recorded in T 17 (72.33) followed by Tu (73.0). The treatment T n was 

statistically on par with Tiand T u , which recorded a sprouting percentage o f 75.67 and 

74.67 respectively.

The observation on rotting o f cuttings and those cuttings that remained 

grccn/dormant 45DAP was also recorded. Although there was no significant difference 

among the various treatments, a higher percentage o f rotting o f 5 . 9 5  was recorded in 

T9 (T.harzianum + Ridomil MZ) and the least was shown by T i3 (Soil solarization + 

T.viride + Ridomil MZ), which recorded a rotting percentage o f 0.92. Maximum 

dormancy percentage o f 22.63 was observed in T f5 and the minimum o f 7.81 was 

recorded in T 19 (Soil solarization + T.viride + Potassium phosphonate).



4.11,3 Effect o f various treatm ents on the incidence and severity o f Phytophthora

rot disease in black pepper nursery

With the onset of m onsoon six sprayings o f fungicides were given on the 

naturally infected pepper cfittings 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 percentage 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 o f  disease incidence o f 7,53 was recorded in Ti 

(Control) followed by T J2 (Soil solarization + T.harzianum + Ridomil MZ), which 

were on par with the remaining treatments. The least percentage o f disease incidence 

(2.1) was observed in Tg (Soil solarization + T. Iongibrachiatum) followed by T3 

(T.harzianum alone) (Fig, 4,14).

Observation on disease severity on fourteenth WAP, revealed that, the cuttings 

in treatment T ]2 (Soil 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 10 (T.viride + Ridomil MZ), Tg {T.harzianum + 

Ridomil MZ) and T 13 (Soil solarization + T.viride + Ridomil MZ) which were 

statistically on par with the remaining treatments except for T[ (Control), T2 (POP), T3 

{T.harzianum alone) and T4 {T.viride alone). The highest PDS (46.93) was registered 

in the treatment T i (Control).

Statistical analysis o f  the data on disease 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 T6 (Soil solarization + T.harzianum) (Fig. 

4.15). The least percentage o f  disease incidence was noticed in T u  (Soil solarization >- 

T.viride + Ridomil MZ)(7.83) and Tm (Soil solarization + T.Iongibrachiatum + 

Ridomil MZ)(7.83) followed by T |2 (Soil solarization + T.harzianum + Ridomil 

MZ)(8.57). However, the cuttings in treatment T i2 recorded the minimum PDS (12.8)



Treatment
Fourteenth WAP Per cent efficiency of the treatment 

over control
Per cent disease 

incidence
Per cent disease 

severity Disease incidence Disease severity
T1 7.53 (2.53)1 46.93(6.84) 2 - -
T2 3.53 (1.96}* r 16.80(4.12)' 53.08 64.20
T3 2.60(1.73)* 19.73(3.90)’ r 65.47 ~ ' 57.95
T4 3.97 (1,84)a 26-40(4.78) * 47.32 1 43.75
T5 3,40 (1.92)* 21.07(4.27)^ 54.85 55.11
T6 5.53 (2.36)! 28.27(4.86)** 26.52 39.77

; T7 3.73 (2.04)1 14.13(3.22)** 50.42 69.88
( T8 2.10 (1.47)' 22.93(4.47)** 72.11 51.13

T9 4 23 (2.15)* 8.27(2.80)^ 43,78 82.39
T10 4.23 (2.14)* 8.00(2.76)b 43.78 82.95
Til 6.60 (2.43)* 18.67(3.83)’* 12.35 60.22
T12 7.33 (2.64) * 4.53(1.83jb 2.61 9034

r T13 5.73 (2.34)“ 9.33(2.77)b 23.86 30.11
I-  T14 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
TI6 3.93 (2.06)' 19.20(4.14)*6 47.76 59.09
T17 5.37 (2.34)* 14.93(3.88)** 28.73 68.18
TI8 5.20 (2.25)' 15.73(3.81 r* [ 30.94 66.47
T19 6.03 (2.50)* 15.47(3.92)** 19.88 67.04
120 7.00 (2.65) * 19.47(3.87)** 7.04 58.52

T, Contra! Tu 71 hn^ibravhiatum  +  Ridom il MZ
T; D isease  control 2;  pcr fO ?  o fK A U T 12 S oil sot for 30  days +71 harzianum +Rjdornii M Z

T, / :rl:(Jrr:,;s Jiamanaum  1 c  n.‘ T ,. Sod  sol. for 30  dnvs ' 71 viride +  Ridom il MZ

T, S elected  antagonist from Thtisttur (71 viride) T i. S oil so l. for 30  days + 71 toiigibrachiaium +  R idom d MZ

T . S elected  an ltgen tst from Tnnssur (TJongibrarhiatum'; T u 71 hanianum  +Pot. phoisphcmatc
T, Soil sol. for 70  days +71 harzianum Ti„ 71 viride +  Pot. phosphonate
T S oil sol for 30  days + 7 ’ viride T,r 71 + Pot. phosphonate
l n S od  s.y fo r .3 0 d a y s + j  lonyibmcliiaintn Tu S oil so l. for 30  days +71 hanianum + Pot.phosphonate

T , T hanianaum  -■ R idom il M Z Tio Soil sol for 30 days +Tviridc Pot. phosphonate

T L, V i ■ RidJUli! MZ 3 !"J Soil sol for 30  days +71 Iongibrach'*itum + Pot phosphonate



Treatment
Fifteenth WAP Per cent efficiency o f the treatment 

over control
Per cent disease 

incidence
Per cent disease 

severity
Disease incidence Disease severity

TI 27.87(5.1 1)' 69.87(8.38)' - -

T2 10.27(3.14)' 36.80(5.96),b 63.16 47.33
IT 17.00(4.06)' 30,67(5.42)ab 39.00 56.11
T4 19.17(4.29)' 37.87(5.47) * 31.23 45.80
TS 18.50(4.23)' 36.80(6.02) 'b 33.62 47.33
T6 24.80(4.92)' 48.00(6.91),b 11.02 31.30
T7 19.37(4.12)’ 29.87(4.95)'b 30.51 57.25
18 18.60(3.93)“ 36.27(5.81) *b 33.26 48.09

.T9 12.23(3.44)' 1" 22.93(4.62)* 56.11 67.18
T10 10.40(3.17)' 20.53(4.53)* 62.68 70.61
Til 11.97(3.22)' 25.20(4.71) * 57.06 63.93
T12 8.57 (3.01)' 12.80(3.62)b 69.26 81.68
T13 7.83 (2.86)' 23.73(4.65) * 71.89 66.03
T14 7.83 (2.86)' 21.01(4.46) * 71.89 69.85
T15 13.73(3.58)' 32.00(5.59)* 50.72 54.20
T16 15.97(3.83)' 26.93(4.76) * 42.71 61.45
T17 13.07(3.52)’ 21.87(4.60) * 53.12 68.70
T18 r 12.33(3.54)' 29.60(5.21),b 55.75 57.64
T19 15.70(3.88)' 26.93(4.97)* 43.67 61.45
T20 16.57(3.89)' 42.13(5.93)* 40.56 39.70

T, Control T i j T. Iongibrachiatum + Ridom:! MZ

'h D isease  control as per POF o f  K A U T ,j Soil sol. for 30  days ■ 7 harzianum  +R idom il MZ

I I Trichoderma harzianaum  c lone T u S oil sol. for 30  days + 71 viride + R idom il MZ

r, S elected  antagor.is. from Thrissur (71 viride) T |4 S oil sol for 30  i n  + T Iongibrachiatum + it  idem . 1 MZ

Ts Selected  antagonist from Thrissur (TJongibrachiatum) T ;J T. harzianum + P ot phosphonate

Tt S oil sol for 30  day; +-71 harzianum T,« 71 viride ~ Pot. phosphonate
T Soil sol for 30  days +71 viride T ir 71 Iongibrachiatum + Pot phosphonate
T , S oil sol. for 30 days + T. iongibrachiatum 1 i» Soil sol. lot 30  days +71 harziam--m+ Pot phosphonate

T , T.harzranai.m • R idom il M Z T L9 Soil so! for 30  days +T.vinde + Pol.phosphonate

i 10 T riiidc+ R idom il M Z T » Soil sol for 30  da vs +7: longibrachiamm  + Pol. phosphonate
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Treatment
Sixteenth WAP Per cent efficiency of the treatment 

over control
Per cent disease 

incidence
Per cent disease 

severity Disease incidence Disease severity
T] 38.23(6.10)* 62.40(7.93) * - -
T2 13.57(3.67)* 23.47(4.65)b 64.51 62.39
T3 30.63(5.44)5 32.27(5.71)*b 19.87 48.29
T4 33.77(5.71)a 46.93(6.82)ab 11.67 24.79
T5 29.57(5.36) * 31.47(5.6l)*b 2 2 . 6 6 l_ 49.57
T6 33.40(5.79)* 46.67(6.84) *b 12.63 25.21
T7 25.53(4.94)* 42.40(6.3 8 ) ab 33.21 32.05
T 8 34.63(5.80)* 43.47(6.59) *b 9.41 30.34
T9 IS.13(4.17)* 26,13(4.97 >*b I 52.57 58.12

T10 15,37(3.77)* 31.47(5,301at 59.80 49.57
T il 14.67(3.75)’ 17.87(4.12)° 61.64 71.37
TI2 17.80(4.27)* 34.13(5.84)ab 53.44 45.30
T13 15.63(3.94)’ 20.00(4.33)b 59.11 67.95
314 14.60(3.78)* 28.53(4.98)ab 61.81 54.27
T15 18.23(4.26)* 30.40(5.50) *b 52.31 51.28
T16 21.13(4.46)* 26.93(5.00) *h 44.72 56.84
T17 19,17(4.33)* 25.87(5.01) “b 49.86 58.55
T ! 8 21.70(4.68)* 38.40(6.22)ab 43.24 38.46
T19 20.17(4.43)* 27.73(5.00) *b 47.25 55.56
T20 [ 24.50(4.85)* 28.27(5.ll)* b 35.91 54.70

T. Control Tu
T i D isease  control as per POP o f  KAU Tu
T, Trichoderma harzianaum a lone Tu

S elected  antagonist from Thrissurt 71 viride) Tu

Ts Selected  antagonist from Thrissurf 71 longibrachiatum) !':<
T(, S oil sol. for 30 days * i Harzianum Ti*
13 S oil so l for 30  days *T viride T,j
r . S oil so l for 30 days -* 71 longihrachiatvm f i*
T , T.harzianaura +  Ridonvii M Z Tu
Ti„ 71 viride' R idom ii MZ lit-

7* longibrachiatttm  +  R idom il M Z

Soil sol for 3 0  days +7! harzianum  +  R idom il MZ
Soil sol for 3 0  days +  T. viride +  R idom il M Z
Soil so l, for 30  days +  T. /ongibrachiatum * Ridom il MZ

T, hanianvm  +Fot phosphonate
7. viride +  Pot phosphonate
7. hnyibr^risiarunt  ̂ Pot phosphonate
S o :l soi lor 30  days + 7 . harzianum* Pot.phosphonate
Soil $oj for 30  Jays fT" viride-* Pot. phosphonate

so* for 3 0  day's +T. iongibrackiatvnt + P o t  phosphonate



and showed the maximum percentage efficiency over control (81.68) in checking the 

Severity o f the disease. While, the plants in treatment T t (Control) recorded the 

maximum PDS of 69,87, which was on par with all other treatments except Tu.

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 (T2) to a maximum o f 38.23 in T t (Fig. 4.16). However, there was 

significant difference among the treatments on the percentage o f disease severity. The 

least disease severity was recorded in treatment Tn (TJongibrachiatum + Ridomil 

MZ) (17.87 per cent) closely followed by treatment T u  (Soil solarization + T.viride + 

Ridomil MZ)(20.0 per cent) and T2 (POP) (23.47 per cent) which were on par with 

other treatments except Ti (Control) which recorded the maximum disease severity 

(62.4 per cent). The treatment Tu showed more than 70 per cent efficiency in 

checking the severity o f  the disease.

At seventeenth WAP (Table 4.22), it was noticed that there was a  significant 

difference among the treatments in the percentage o f disease incidence and severity 

(Fig. 4.17). During the period o f  observation, the minimum disease incidence was 

observed in treatment T2 (POP) (17.6 per cent) closely followed by T 14 (Soil 

solarization + TJongibrachiatum + Ridomil MZ) (18.4 per cent) and T n  (Soil 

solarization + T.viride + Ridomil MZ) (18.43 per cent). All other treatments recorded 

comparatively higher disease incidence ranging from 21.8 in treatment T2 to 58.4 in T4 

(T.viride alone). However, the maximum disease severity o f  66.4 was recorded in the 

control treatment (T 1) and the minimum disease severity o f  19.73 was recorded in Tu 

(TJongibrachiatum + Ridomil MZ) with maximum percentage efficiency o f the 

treatment (70.28) followed by T2, T 13 and T 14.

The data on percentage o f disease incidence and severity recorded during 

different intervals o f  observation were further subjected to pooled analysis (Fig. 4.18). 

The results (Table 4.23) o f  the analysis revealed significant difference among 

treatments on the incidence and severity o f  Phytophthora rot in black pepper nursery. 

The data revealed that the minimum disease incidence o f  11.27 per cent was noticed in 

treatment T2 (PoP) followed by l j 4 (Soil solarization + TJongibrachiatum +  Ridomil



. j—

[ Seventeenth WAP Per cent efficiency of the treatment 
over control

1 Per cent disease 
incidence

Per cent disease 
severity Disease incidence Disease severity |

T I | 53.07(7.22)“b 66.40(8.17)* -
“ 1

T2 17.67(4.24)d 22.93(4.82)™ 66.71 65.46
13 45.30(6.69) *bed 40.53(6.39)*™ 14.64 38.96
T4 i 58.47(7.44)* 34.13(5.85)™ 40.17 48.59 !
T5 : 47.23(6.85)*™“ i 45.33(6.77)*b 1 1 . 0 0 31.73
T6  i 50.43(7.13)“* 44.53(6.71 )‘b 4.97 32.93
T7 ( 38.57(5.23)*™“ 38.13(6.17)^ 27.33 42.57
18 ! 42.77(6.51)*™“ 37.33(6.14)* 19.41 43.78
T9 i 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
T i l  ! 26.27(5.02)“™“ 19.73(4.45)c 50.51 70.28
T12 ■ 21.80(4.70)™“ 29.87(5.4!)™ 58.92 55.02
T13 ■ 18.43(4.28)“ 24.53(4.83?™ 65.27 63.05
'114 1 18.40(4.18)“ 24,80(4.82)™ 65.33 62.65
TI 5 | 29.63(5.37)*™“ 28.00(5.30)™ 44.16 57.83
T16 | 26.07(4.95) *™“ 27.47(5.07?* 50.88 58.63
T17 1 29.37(526) a™“ 29.07(5.37)™ 44.66 56.22
T18 ! 30.27(5.53)*™“ 35.47(6.00?* 42.97 46.59
T19 T 26.27(5.15)“^ 26.13(5.00)™ 50.5] 60.64
T20 i 38.73(6.08)“*“ 36.53(6.00)™ 27 01 44.98

T , CfirilTOj Tu
T. i l l ;  ease  corrrol aJ per PO P o f  K A U T .i
Tj Triehodenna hirzinnauir. a lone T 13

T. Selected  antagonist from Thrissur (T  viride) T „

Tj Selected  antagonist from Thrissur (TJangibrachiarum) T .
Tf Soil sol for .10 days " 7 harzianum Tu.
Tr So;! sol fc . 30  days ->T. viride T „
f t S o i3 sol. lor 3(1 days * 7". iongibrachiatum T »
Tt harzianaum  t  Ridcrntl MZ T,«

T.o T. v i’-ide-r P. derr.'i MZ I »

T. longibrachi.7 um +  R idom ii M Z

Soil w l .  for 3 0  days +7'. harztanum+ Rid omit MZ
S oil so I. for 30  days + 7. viride +  R idom il MZ
Soil sol for 30 days +  T. iongibrachiatum  + Ridomil M Z

T. harzianum +P ot phosphonate

7 viride *  Pol. phosphonate
7. htt&ihrochtefum  +  Pot phosphonate
Soil soi for 30  days +T. harzianunr+ Pot.phosphonate
S oil sol fo: 30  days + 7 viride + Pot phosphonate

Soil sol for 30  days ^T. Iongibrachiatum  + Pot phosphonate
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Table 4,23. Pooled analysis of various treatm ents on disease incidence and severity of
Phytophthora ro t in pepper nursery

TTreatment
Pooled data

Per cent efficiency o f  the treatment 
over control

Per cent Disease 
incidence

Per cent D isease  
severity Disease incidence Disease severity

TI 31.70(5.55)* 61.40* - -

T2 11.27(3.39)b 25.00“ 64.45 59.19
T3 23.90(4.87)" 30.80“ 24.61 49.76
T4 28.83(5.26)" 36.33“ 9.05 40.76
T5 24.70(4.95)ab 33.67“ 22.08 45.09
T6 28.53(5.36)" 41.87“ 10.00 31.76
—

. 2. / 21.83(4.64) *b 31.13* 31.14 49.22
To 24.53(4.92)" 35.00“ 22.62 42.93
T9 14.37(3.73)" 20.27c 54.67 66.88

110 13.00(3.56),b 22,47c 58.99 63.30
T il 14.90(3.80) *b 20.37c 53.00 66.72
T12 . 13.90(3.79)" 20.33c I-  56.15 66.78
T13 11.90(3.45) *b 19.40" 62.46 68.29
TI4 11.70(3-41)b 22 4 7 c 63.09 63.30
T15 16.17(3.99)" 26.45“ 48.99 56.83
T16 16.77(4.03)" 25.13“ 47.10 58.98 !
T17 16.77(4.07)" 22,93c 47.10 62.55
TiS 1737(422)" 29.80“ 45.21 51.38
T19 17.03(4.12)" 24 07“ 46.28 60.70
n o 21.70(4.60)" 21.60“ 31.55 P  48.46

Ti C ontrol T it T  longibrachiatum  +  R id om il M Z

T j D is e a s e  con tro l u s per P O P  o f  K A U T o S o il so l. for 3 0  days +T. harzianum  + R id om il M Z

T i Trichoderma uarztanaum  a lo n e T |, S o il so l. for 3 0  d ays +  71 viride +  R id o m il M Z

Ta S ele cted  a n t ig e n  is f from  T h rissur (7'. viride j T u S o il  soL  for 3 0  days +  71 longibrachiatum  +  R id o m il M Z

T j S e le c te d  an tagon ist from  T h rissu r (T.longibrachiatum} T i- 71 harzianum  + P ot. p hosp h onate

T i S o il  so l. for 3i) d ays  +T. harzianum T i6 T. viride +  P at. p hosp h onate
T. S o il s o t  for i f )  d ays  +T, viride T „ T. longibrachiatum  +  ? o t . p h osp h on ate
T , S o il  so l for 3 0  d ays +  T. longibrachiatum. T u S o il so l. for 3 0  d ays +71 harzianum-^ Pot. p hosp h onate

T j T.ttarzianaum + R id om il M 2 T u S o il s o l for 3 0  days r  T. v i r i d e P ot.p h osp h on ate

T o f  viride-r R id om il M Z Tin S o il so l for 3 0  days +T longibrachiatum  + P o l phosp h onate
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MZ) (11,70 per cent) and T u  (Soil solarization + T.viride + Ridomil MZ) (U .9ner 

cent). It was also observed that these treatments had more than 60 per cent efficiency 

in checking the disease incidence when compared to control. However, the minimum 

per cent disease severity (19.4 per cent) was observed in treatment T 13 (Soil 

solarization + T.viride + Ridomil MZ) which was on par with all other treatments 

.except Ti (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 o f  various treatments on mortality o f  pepper cuttings was recorded 

nineteenth WAP and are presented in Table 4.24.

A considerable variation in the mortality o f  pepper cuttings was noticed among 

the treatments. It was noticed that the maximum mortality (87.2 per cent) occured in 

control T], which was 011 par with treatment T3 (T.harzianum alone). The cuttings in 

treatment Tu (T.longibrachtatum + Ridomil MZ) recorded the least mortality per cent 

(53.37) and was found superior to other treatments followed by T <4 (Soil solarization t  

T.hngibrachiatum + Ridomil MZ), (POP) and T u  (Soil sniari/atinc. + T.viride + 

Ridomil MZ). It was observed that I); recorded the maximum per cent efficiency of 

the treatment over control (38.80per cent).

4.11.5 Effect of treatments on the population of soil microflora

The effect o f  various treatments 011 the population o f  soil microflora viz., fungi, 

bacteria and actinomycetes in the potting mixture was estimated one, two and three 

months after planting.

4.11.5.1 Fungi

The data (Table 4.25) on the total mngal population showed significant 

fluctuation among the treatments at different intervals o f  observation. In general, it 

was observed that the total fungal population was comparatively higher after two 

months o f  planting. Comparatively lesser number o f  fungal propagules was recorded 

during the last observation taken three MAP. The iota! fungal population one MAP



T reatment Per cent mortality Per cent efficiency of the I 
treatment over control

T1 87.20a -  ■ i
T2 56.43ef 35.29
T3 86.93ab 0.31 ’
T4 82.77abcd 5.08 1
T5 86.13 ib 1.23 '
T6 85.00aK: 2.52 j
T7 84.40 abcd 3.21
T8 85,33ab 2.14
T9 6 I .6 0 'r 29.36
T10 62.60cdrf 28.21
T II 53.37r 38.80
T!2 62.33 dtf 28.52
T13 57.00cf 34.63
T14 56.43 f 35.29
T15 64.47 ̂ 26.07
T J6 79.30lbcd 9.06
T17 60.77ef 30.31
T18 77.6? 10.93
T19 71,07bai' f 18.50
T20 7 6 . 4 0 ^ 12.39

Tr Control Tu
T; D isease  eo o iio i os per POP o f  KAO T i;

13 'i'richodcnyta harzisnaum  a lone T „

T i S elected  an a g o n is t  from T h m sm fZ l vtrids) T „

T, S elected  antagonist from Thnssur'71 longibrathhlum) T |i

t 6 S cii soi for 30  days + 7 , honi.inttm t ;4
T , So:! so l. for 30  days +71 viridu ’fit
i « S oil soi. for j 0  days * 71 tongibrachiutym 7 14

T b/irzianzum  +  R iJom il MZ Ti»
3 ic T. virirfe+ R idom il M Z 7 jo

T. tongibracki/rium +  R idom il M Z

S o il so i. for 30  days + 71 barzianum+ R idom il M Z
Sol! set for 30  days +  T vinde  +  R idom il MZ

S o il sol for 30  days +  T. longibrachiatum  -  R idom il MZ

T. ftaniam im  +Pot. phosphorate
T viridc + Pot. phosphonate
T tortgibrochiatum +  P o t  phosphonate
S o il sol for 3 0  days + 7  haniam un*  Pot.phosphonate
S o ii sol fot 30  days ' /  virtde -  Pot phosphonate

S o i! sol for 30  days +71 longibrachtamm  + Pot phosphonate



...

Treatment

. 1 ---- — —■—---- --
2Fungal count (xlO cfu g ' soil)

1 M A P 2 M A P 3 M A P  I
T! 13.33(3.61)?b 10.00(3.17)' 24.67(4.85)’ ;
T2 14.00(3.76)ab 23.33(4.84) ̂ 15.00(3.76)a° i
T3 7.33(2.78) b 12.67(3.57)ab£ 6.00(2.52)b

r  T 4 8.67(2.98) ib 14.33(3.82)abt ! 1,00(3.38)*'
T5 13.33(3.68) ab 15.33(3.95)ab,; 6.33(2.59)° ;
T& 26.67(4.66)’ 14.33(3.81)abc 6.67(2.67)b
T7 9.67(3.19) A 25.33(4.96)* 13.00(3.49),b
TS 7.67(2.81) b 17.33(4.17)aSK 9.00(3.06)b I
T9 12.33(3.52) ab 11.67(3.48)abc 8 .0 0 (2 .8 8 ) b i

T10 11.00(3.30) I3.33(3.64)abc ”~l 9.67(3.U ) b
T il 18.67(4.38) ’h 16.00(4.05)abc 11.00(3.39)b
T12 18.00(4.24) *b 11.00(3.36)hc 7.67(2.83)b ~1
n ? 13.67(3.76) * 11.33(3.43)bt 8.33(2.92)b
Tî S 16.00(4.05) ,b 13.00(3.63)at>c 12.33(3.48)’°
T15 9.67(3.17) ,b 12.33(3.50)abc 9.00(3.04)b
T ib 14,67(3.88)^ 12.00(3.50)abi 8.67(2.99)b
T17 15,33(3.97)" 17.33(4.17)abt 12.33(3.58)ab
T1S 14.33(3.80)ib 17.00(4.05)“* 10.33(3.23) b
r i9 16.00(4.03) *b 11.67(3.48),b" 10.33(3.27)b
720 r  16.67(4.08) ’b 8.67(3.02) c 11.33(3.44)

T, Control Tir T iongibrachiatum + Ridornil M Z

T: Llistase control as per FOP o f  KALI Tu S oil soi. for 30 days +T. herzianvx\+  R idom il MZ
T, Yrirhodermu harziunuum  a lone Tu S oil sol for 30 days +  T. viride +  R idom il MZ

Selected antagonist from Thn.ssttrfZ. virrde) T ij Soil so l. for 30  days +  T. Ijr.g I b m e  hiamr' 1 R idom il MZ

Eelcelett antagonist from 1 ftns$ur(Tlongibrachiaium) T:s r  harziamtm +Pot phosp iionait

14 S oil sol. for 3 b rti.ys + T  huniamnri 1 T. virtue +  Pol phnspiionate
Tj S oil soi for 3d d a .s  +T. viriiit■ l r T. /ongibrucftiatum ■ Pot. phosphor.ate
T, S oil i: '1 for 30  days +  Y !ongibru:hiuium T i. Soil sol for 30  days ■ r  har:iumun+ Pot phosphonate
T» T.h^irziunaum ' R idom d MZ Soil sol lor 30  days •‘■I'.vindt* PoL phesphonale

T,„ T. viride-* R idom tl M Z T » Soil sol for 30  days - .  .’ . r .  i tr o .i  ;tur, - Pot phosphonate

MAP: months after planting
In each column figures fo llow ed by sam e letter don of differ significantly aeeord'ne »o DM RT. 
fig u res in para nth esc* are \'x r0 .5  transformed values.



was minimum in treatment T3 (T.harzianum alone) followed by Ig (Soil solanzation + 

T.longibrachiatum) and the maximum was recorded in T& (Soil solarization -1- 

T.harzianum). However, after two MAP, the highest population (25.33) was observed 

in T7 (Soil solarization + T. viride) and the least (8.67) in lio  (Soil solarization ■ 

T.longibrachiatum + Potassium phosphonate) and Tj (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 o f bacteria was also noticed at 

different intervals o f  observation (Table 4.26).

One MAP, the highest count o f  187.67 x 104 cfu g' 1 soil was noticed in the 

treatment T h  (Soil solarization + T.longibrachiatum + Ridomil MZ) and the least 

count o f  15.67 x 104 cfu g' 1 soil was observed in T6 (Soil solarization + T.harzianum). 

At the end o f two months, T4 (T. viride alone) recorded the highest population o f 

122.33x 104cfu g"1 soil, which was on par with f y, T6, Tm, Tu Tu and the least count 

o f 25.33x104 cfu g ' 1 soil was recorded in T u  (T.harzianum + Potassium phosphonate).

A gradual increase in the population o f  bacteria was observed at the end o f 

three months after planting. Tu recorded the highest count o f  153x 104 cfu g ' 1 soils 

and the least was observed in T u  (55.67x 104 cfu g*1 soil).

4.11.5.3 Actinomycetes

It was observed (fable 4.27) that there was no significant difference in the 

population o f actinomycetes among the treatments one and two months after planting. 

However, the highest population o f 61.67x104cfu g_isoil was observed in T 14 (Soil 

solarization + T.longibrachiatum + Ridomil MZ) one MAP and the least was observed 

in T$ (Soil solarization + T.harzianum) with a count o f  10.0xl04cfu g '!soil.

After two months, there was a general increase in the population o f 

actinomycetes compared to the previous periods o f  enumeration. The maximum count 

o f 39.33 x 104 cfu g‘fsoil was noticed in Tg and the least o f  9.33 was observed in T14.



Treatments Bacterial count (xlO cfu g " soil) j

_____ I MAP 2 MAP 3 MAP
_  J* 47.00 (6.31)bedef 34.00(5.71)cd 102.33(9.82)

T2 85.67(7.87)*,*d' f 40.67(6,22) “* 9833(9.76)
T 3 19.00(4.3 7)'f 45.00(6.72)bcd 100.67(9.97)
T4 48.67(5.98)tKdef 122.33(10.87)* 108.67(10.30)
To 57.00(7.39)"bcdel 48.67(6.94)bcd 64(8.00)
T6 15.67(3.86)f 82.00(9.04)lb<: 68.33(7.97)
T7 31.33(4.84)^ 49 .33(6 .67)^ 90.67(9.43)
T8 3 9 .0 0 (6 .0 5 )^ 39.67(6.13) 58.00(7.65)

32.67(5.57)cdcl 111.33(10.39) *b 87.67(9.23) |
n o 26.67(5.02)dtf 82.00(9.06) 124.00(10.97)
T il 143.33(11.70)*^ 70.33(8.32),lw) 153.00(12.22) !
T 1 2 104.00(10.14),lKd' f 35.33(5.95) “* 77.00(8.71)
T13 117.67( i 0.72)’bcd' 55.67(7.02)bcd 82.67(9.07)
T14 187.67(13.18)* 46.33(6.81) bcd 55.67(7.43)
T15 56.00(7,43)'’jeŜ 25.33(4.83)d 10333(10.12)
T16 108.00(10.27)tbcdc* 69.67(8.21) * * 81.00(8.98)
T17 127.33(11.19)^ 49.33(6.90) bcd 61.00(7.84)
T18 176(12.30)"b 39.67(6.27) cd 60.00(7.77)
T19 97.33(9.20)ibedti 37.33(5.73)ed 87.67(9.36)
T20 7 8 .6 7 (8 .3 0 )* ^ 46.67(6.34) “* 84.33(9.18)

T i Control Tn
i l D isease  control as per POP o f  K A U T,r

Tj Trichoderma harzianaum  a lone T l!

t t S elected  antagonist from T h n ssu r ( T  viride) Tit

T ? Selected antagonist from Thrissur (T.longihrachiatum) Tis

T, S oil so l for 3 0  days +7'. harzianum T 16
I 7 S oil so l. for 30  days +71 viride T n
T , Soil so l.30  days + T. iangibiachiatum 3 ’■
T 7 T-kaninnattm  '  R idom il M7. 3 n
1 n> T viride-  R id w r .i i  M 2 T »

T. longibrackiaxum  +  R idom il MZ
S o il so l, for 3 0  days +7". harzianum+ R idom il M Z
S o ii so l. for 3 0  days +  T. viride +  Rjdom 'l M Z

S o il so l. for 30  days +  T, longibrachiatuni - R idotni1 '

T harzianum  +Pot. phosphonate

T. viride +  Pot. phosphonate
T. langibrachiaium  + Pot. phosphonate
S o il so l. for 30  days +T. harzianunrr Pot. phosphonate
So:] sol for 30  days + 7 iviritfe+  Pot. phosphonate

Soi] sol for 30  days +T, lor.gibrachiatum i Pot p hosphor ale



Treatment Actinomycetal count (x 1 tdg'1
1 MAP 2 M AP 3 MAP

T1 13.33(3.62)* 23.33(4.21)* 53.00(7.30) *
T2 20.00(4.24) * 19.33(4.25)* 52.67(7.23) *
T3 21.67(4.34)* 22.33(4.09)* 64.67(7.99)* ^
T4 26.33(4.82)’ 21.00(3.81)* 68.00(8.24)*
T5 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)*
T7 10.67(3.26)’ 31.33(5,48)* 52.33(7.21)*
T8 15.67(3.89)’ 24.07(468)* 50,00(7.08)* |
T9 19.00(4.24)* ^23 67(4.27)’ ^ 66.00(7.86)* 1

T10 ! 17.00(4.04)* 23.33(4.53)* 71.00(8.39)*
T il 38.00(5.65)’ 38.00(5.72)* 77.00(8.80)*
T12 23.33(4.44)’ 19.00(4.36)* 64.67(7.90)*
T13 55.00(6.47)* 24.00(4,53)* 77.67(8.73)*
T14 61.67(6.19)* 9.33(3.08)* 54.67(7.42) *b
T15 47.33(5.83)* 13.00(3.60)* 68.00(8.25)*
T16 50.33(6.26)* 14.00(3.76)* 61.33(7.77)*
T17 51.33(7.14)' lt-.00(3.92)* 73.33(8.56)*
T18 23.33(4.54)’ 25.33(4 73)* 37.00(6.06)b
T19 34.67(5.62)* 18.67(4.00)* 55.33(7.43)*
T20 20.67(4,36)* 11.33(3.29)’ 53.00(7.22)*

T, Control T h 7  Iongi bra ch iat urn + R td o m l MZ

t 3 D isease  control as per POP o f  K A U T u S oil so!, for 30  days h T- hariijim m
T , Trichoderma hanm naum  a lone T  [3 S oil so l. for 30  days +  71 viride R id om il M Z

T , S elected  antagonist from T hnssur (71 w id e ) T m S oil sol for 3 0  days + T longtbruchiafutfi t- R idom d MZ

T j S elected  antagonist from Thrissur {T.hngibrackitjrutK) Tin T. harziantm  +PoL phosphonate

t 6 S oil so l, for 30  days -i-T. harzianutti T k T. viride + Pot, phosphonate
T , S oil sol.for 30  day's +71 viride T r T. iongibrachiasum +  Pot phosphonate
T« S oil so l.30  d ays +  T. tongibrachiatun Tis Sod  Sol. for 30  days r7\ harzisnum r  Pot.phosphonate
T , T.harzianatw  ■+ R idom il MZ Tis S oil sol for 30  days -rT.viride^ Pot,phosphonate
T ,, T  t•tride+ R idom il MZ T m S oil sol for 30  days -LT, longibrachlai^m  4 Pot phosphorate

MAP; months after planting.



However, after three montlis, a significant difference was noticed among the 

treatments with a maximum count o f  77.Ox 104cfug*lsoil in Tn (T.longibrachiatum + 

Ridomil MZ) and the least count was observed in T ]S (Soil solarization + T.harzianum 

+ Potassium phospho nate) (3 7. Ox 104cfug‘lsoii).

4.11.6 Biometric observations

Biometric observations like height and number o f  leaves per plant were taken 

45,60 and 90 DAP to know whether the treatments had an effect in the growth o f the 

plants.

4.11.6.1 Height o f the plant

The observations (Table 4,28) recorded on the height o f  plants at different 

intervals revealed a significant variation among the treatments. It was observed that at 

all intervals, the cuttings in treatment T7 (Soil solarization +Tviride) recorded the 

maximum height, 'lifts was followed by T u  (Soil solarization + T.longibrachiatum + 

Ridomil MZ), which recorded a plant height o f  16.73 cm 90 DAP. Plants under 

control had a height o f 12.47cm (90 DAP).

4.11.6.2 Number of leaves

The data (Table 4.29) on the number o f  leaves at 45 DAP recorded the 

maximum value (6.33) in T7 (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 o f  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, Ts (Soil solarization +T.longibrachiatum) was the most effective 

in increasing the leaf number (20.67), which was significantly superior to the control 

Ti (13.33) followed by T2 (PoP) (11.67).



Treatment
Height o f the plant (cm)

45 DAP 60 DAP 90 DAP
T1 12.33 ab 12.47 bc 13 .60*“
T2 10.93*“ 13.27*“ 13.77*“
T3 11.70^ 13.17 b= 15.00**“
T4 12.27*b 13.93‘tK 15.70 *b
T5 8.10" 12.87 *“ 13.57 *“
T6 12.20ab 13.90 a*“ 1433**“
77 14.50* 16.53* 19.00*
TS 13.33*b 14.83**“ 16.03 ab
T9 11.03*“ 12.67 *“ 13.30 *“

T10 1 ] .87ab 13.77 *“ 14,43 **“
T il 1130*b 12.83 *“ 13.23 ̂
T12 12.l3‘b 15.00 “h 15.57 *b
T13 12.67*b 15.23‘h 15.87
T14 11.90^ 13.731,0 16.73 *b
T15 12.03*b 13.77 *“ 14.30**“
T16 11. 13**“ 13.30*“ 13.90*“
T17 I0.33bc 12.03' 12.83*“
T18 12.27*b 13.53 *“ 15.43abc
T19 I2.63ab 14.97 ‘h 16.30ab
T20 11.90*b 14.00**“ 14.93'

r: Control T u T. lungibrachirnum + Ridomil M Z

T i D isease  control as per POP o fK A D ’ T u S oil sol. for 30  days +T. harnanum  • R idom il M Z

Tt Trichoderma barzianaum  a lone T u S oil sol, for 30  days + T. viride + R idom il MZ

i 4 S elected  antagonist from Thrissur (”. viride) Tu S oil sol for 30  days + T. iangibrachiatum ■* R idom il MZ

T 5 S elected  antagonist from Thrissur (T.hngibrachiaium) T ti T. harzianvm  +Pot, phosphonate
T ' 0 S oil so l. for 30  days +71 harziarrjm T ;t T. viride + Pot. phosphonate
T- S ail sol for 30  days *7. viride T  [7 T. lorgibrachiatvm  +  Pot. phosphonale
Ti S oil Sol. for 30  days +  T. longibrachiatum T a S oil sol for 30 days +71 harzxcmimr Pot.phosphonate
y . T barzianaum  +  Ridom ii M Z T u S oil sol for 30  days +Jivrride+ Pol phosphonate

'  :■ T vir:de+ R idom il MZ t » S oil soi for 30  days * I longibrochiatvm  a- p o l phosphei.a

WAP: months after planting
In each column figures followed by same letters dooot differ significantly according to IJMRT



Treatment No. o f leaves per plant
45 DAP 1 60 DAP 90 DAP

T1 5.00 ‘ [ 6 .6 7 31,011 13.3304
T2 4.33" 6.33 1,04 11.6 7 4
T3 5,33* 6 .3 3 ^  1 18 .00^
T4 5.67" 6.67abcd is-e?"604 1
T5 4.67" 6.00 ** 13.6704
T6 5.00" 1 7.33~"Eh1 1 6 .3 3 ^
17 6.33" 8.67' 18.33"60
T8 5.67" 7.33 20.67 s
T9 4.67" 5.670(1 15.67

T10 4.33" 6.00bod 1633 "h04
! T il 4 .33“ 5.33 d 13.6704

T12 5.67" 8.00 ̂ 17.67 **
T13 5.33' 8.00 *b
TI4 5.33" 7.67 ** 16.67"^
T15 4.33" 6.33 “ 15.67“
TI6 4.67" 6 .001,04 1 5 3 3 ^  ~ ■
T17 4.33" 6.00 ^ 13.67^
T18 5.33" 6 .6 7 ^ I5.33ll“
T19 5.33" 7.67"bo j 19.67 "h

! T20 5.33" 8.00 * 18.33**

Ti Control T„

T; D isease  control as per FOP o f  K A U T |;

T , Tnchoderma tjorzianaum a lon e T 1;

Tt S elected  antagonist from  ThnssurfZ. viride) Tu

Ts Selected  antagonist from TbnssuiiTdongibrachwlumi T

T„ S oil so l. for 30  days +71 harzianum T it
Tt S o il sol. for 30  days +71 viride r .r
T, S oil so l.30  day's + T langibrachiatum 3 i*
T , Theuzianaum  +  Rid anti 1 M Z Tm

1’iu 71 viridrr  Ridomil M Z T a

I . iongihrnchiatum  +  R idom il MZ
S oil so l for 30  days +71 har:tanun:+ Ridomil M Z

S oil s o l.  lor 30  days +  7. fi' idc +  R idontii MZ
S oil so l. for 3 0  days + 71 liingit'raciiiatii/n - R idom il MZ

7. harzianum  +PoL phosplionaic

T. viride +  Pot. phosphonate
71 iongihrachiatum  +  PoL phnsphonete
Soil so l. for 3 0  days + 7 . harziauun.-i- Pot.phosphonate
Soil so l for 30  days +T.*ii ide Pot r ro-sphonait

S oil so l for 3C dayr + 7  hngihrtiriunljia - Pot phosphonate

MAP: months after planting
In each column figures followed by same letters donot differ significantly according to DMRT



Discussion



5. D ISC U SSIO N

Phytophthora disease is one o f the major constraints in the production o f 

quality rooted cuttings o f black pepper. This disease, incited by the soil borne fungus 

Phytophthora capsici, causes extensive damage in black pepper nurseries. Further, it 

has been observed that if cuttings from infected nurseries are used for planting, the 

pathogen is unknowingly introduced to the main field, resulting in severe occurrence 

o f  Phytophthora foot rot in pepper plantations. Though, reports o f  successful control 

o f  this disease by integrating various cultural, biological and cheniical methods are 

available and being practiced, in certain periods, Phytophthora rot disease assumes 

serious proportions in the black pepper nurseries especially during heavy monsoon 

periods. In view o f the serious nature o f this disease in tlie nursery and the potential 

threat it poses in the main field, the present study was undertaken for the effective 

management o f  Phytophthora rot in the pepper nursery using selected native 

antagonists alone or in combination with fungicides.

The occurrence o f Phytophthora foot rot or quick wilt o f  pepper was reported 

by many workers from various pepper growing areas o f  the world (Coleman, 1910; 

Barbar, 1902; Butler, 1906; Rao, 1929; Leefmans, 1934; Muller, 1936; Samraj and 

Jose, 1966; Harper, 1974; Nambiar and Sarma, 1977; Dewaard, 1979; Sastry, 1932; 

Dutta, 1984 and Anandaraj et ah, 1989a). Mammootty and Pillai (1981) and Sarma tii 

al. (1988) observed extensive damage in black pepper nursery due to Phytophthora 

rot. In the present investigation, the causal organism o f the disease was isolated from 

infected plants o f  black pepper nurseries o f  Thrissur district and the pathogenicity of 

the isolate was established. The cultural and morphological characters o f  the pathogen 

causing Phytophthora rot o f  black pepper nursery were studied which included colony 

and sporangia! characters like sporangial ontogeny, size, shape, L/B ratio and pedicel 

length. The fimgus produced uniformly dense cotton woo! like aerial mycelium with 

petalloid pattern on carrot agar medium. The mycelium was eocnoeytic. producing 

sporangia in an umbellate fashion. Sporangia papillate, caducous, long stalked 

(>I5pm), ovoid to pyrifomi, 45-52 x 18-25 pm with an L/B ratio o f  1.9 to 2.3. The 

characters studied were almost in conformity with those reported by many workers for 

Phytophthora capsici (Kaosiri et a t,  1978; Sarma et al., 1980; Zentmeyer, 1988;



Sastry and Hegde, 1987 b; Santhakumari, 1987 and Tsao and Alizadeh, 1988). Hence, 

based on the cultural and morphological characters coupled with pathogenicity on 

black pepper, the isolate was identified as Phytophthora capsici Leonian emend A. 

Alizadehand P.H. Tsao (Tsao, 1991).

Success in control o f  Phytophthora rot in black pepper nurseries with chemical 

fungicides has been reported by several workers (Mammootly et al. 1980; Mammootty 

and Pillai, 1981; Ramachandran and Sarma, 1985; Nair and Sasikumaran, 1991; Veena 

and Sarma, 2000). However, the constant use o f  chemical fungicides may bring about 

many ecological problems including the development o f  resistant strains o f the 

pathogens. The increasing awareness o f  the possible deleterious effects o f  chemical 

fungicides in the ecosystem have created interest among the scientists for locating 

biological control agents against soil borne diseases and foot rot disease o f 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 antagonists winch 

would be more adapted to the soil conditions and having more competitive saprophytic 

ability than introduced cultures (Papavizas and Lewis, 1981).

Cook and Baker (1983) stated that, the starting point for biological control is 

often the isolation o f  potenikd antagonists from root environment where disease in 

lacking such as suppressive soil or from healthy plants in diseased fields. Further 

Baker and Cook (1974) opined that antagonists should be 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 microbes 

prevalent in the rhizosphere o f  different pepper nurseries o f  Thrissur district. For this, 

the soil samples were collected from the rliizosphere o f  healthy plants from diseased 

nurseries and the quantitative estimation was carried out. Results o f  the study revealed 

more abundance o f 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 et al. (1994) observed that in Phytophthora 

suppressive soils, the population o f  bacteria and actinomycetes was 30 and 3 5  times 

more than that o f  conducive soils. Jubina and Girija (1998), while studying the 

microflora o f  rhizosphere soil o f  black pepper, also observed the abundance o f soil



bacteria. The variation in the population of soil microbes o f  different nurseries miglit 

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

After the quantitative estimation o f rhizosphere microflora, representative 

cultures o f  fungi, bacteria and actinomycetes were selected based on cultural 

characteristics o f  the colonies. So from the soil microbes, 22 isolates o f  fungi, 20 

isolates o f  bacteria and five isolates o f  actinomycetes were selected for further studies. 

The antagonistic action o f these organisms against P. capsici was estimated by dual 

culture method (Skidmore and Dickinson, 1976; Utkhede and Rahe, 1983) alter giving 

due consideration to the growth rate o f  the --.cii microbes and the pathogen. Further the 

efficacy o f the isolates was compared with the standard culture o f  [\ harzianvm 

specific against Phylophihora foot rot pathogen o f  black pepper.

The results o f  the study revealed that, all iiingal isolates including 

T. harzianum tested were antagonistic to P. capsici in varying proportions. Among 

them, 13 isolates showed cent per cent inhibition on the growth o f the pathogen. 

While, others recorded a per cent inhibition ranging from 37.78 to 77.78. it was also 

observed that the majority o f  the isolates screened, over grew the pathogen within a 

short period o f time while, the remaining ones showed cessation, homogenous and 

avertion o f growth as reported by Purkayaslha and Bhattacharya (1982). Rajan et aL 

(2002) studied the antagonistic reaction o f different Trichoderma isolates obtained 

from the rhizosphere o f  black pepper and reported varying percentage o f  inhibition o f  

growth o f  the pathogen. Further, it is also pertinent to note that among the 13 fimgal 

isolates that showed 1 0 0  per cent inhibition, 1 0  o f  Uiern belonged to the genus 

Trichoderma and the rest two to Rhizopus spp. and one remained unidentified. 

Predominance o f  Trichoderma spp. in the rhizosphere soil o f  crop plants and its 

potential as effective biocontrol agent has been established by many workers 

(Mukhopadhyay, 1995; Harman, 2000 and Doraiswamy et aL, 2003). Out o f  the 20 

bacteria tested, only five were antagonistic to the pathogen with a per cent inhibition 

ranging from 70 to 77.78, while none of the actinomyceteo allowed antagonistic action 

against the fungus. Similar results were observed by Gokuiapalan (1986) and Jubtna 

and Girija (1998). Among the microflora, the fungal isolates exhibited promising 

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



For the selection o f the most efficient fungal antagonists from among the 

various isolates studied, the method suggested by Kasinathan (1998) was employed. 

For this, the antagonism index (Al) o f  the organism was worked out which he 

considered as pertinent in the selection o f the most efficient antagonists in vitro. The 

Al o f  the organism was arrived at by taking into consideration the various parameters 

like per cent inhibition, colonization behaviour o f  the antagonist, speed o f over growth 

on pathogen and inhibition zone. The study revealed that Al o f  the fungi tested ranged 

from 106.66 to 3000. Thirteen isolates which recorded cent per cent inhibition o f 

growth o f  the pathogen showed an Al o f  1200 and above. The maximum Al o f 3000 

was exhibited by isolate 2 2  F (Trichoderma sp.) and the next higher value o f 1500 was 

recorded with isolate 34 F (Trichoderma sp.) and T.harzianum. So the native 

antagonists that showed an Al o f  1500 (34 F) and above (22 F) were selected for 

further studies. The standard culture o f  T. harzianum, which recorded an Al o f  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 phialidcs o f 6.9-11.5 x 2.3-2.5pm were formed singly or 

alternately along the main branch with phialospores o f  3.6-4.5pm, ellipsoidal, 

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. Phial ides formed in false or irregular whorls mostly with less 

than four phiakdes (8—14 x 2.4—3pm) in each whorl Phialospores subgiobose, globose 

or short obovoid, 3.45-5.75 pm with a spiny wall. These cultural and morphological 

characters were in conformity with that reported by Webster (1964) for Trichoderma 

viride and hence this isolate was identified as Trichoderma viride Pers. ex S.F. Gray 

aggr.



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 like 

mycoparasitism, antibiosis, competition tor nutrients or space, tolerance to stress 

through enhanced root and plant development, induced resistance, solubilization and 

sequestration o f  inorganic nutrients and inactivation o f pathogenic enzymes. Also, it is 

likely that other mechanisms may be present but yet to be discovered. Hence, 

investigations were carried out to find tlie mode o f  action o f selected antagonists on 

P.capsict in comparison with that o f T. harzianum. It was observed that all the three 

antagonists were fast growing and overgrew the slow growing P.capsici colony within 

three days and this type o f growth was comparable to that reported by Vinod (1988) 

and Mukheijee et al. (1989) in Pythium sp by T. harzianum and Thomas et al. (1996) 

and Bhai et al. (2000) in the case o f  Phytophthora sp. by different species o f 

Trichoderma. In addition, the inhibitory effect o f these fungi against P. capsici may be 

attributed to various reasons like competition, antibiosis or the production o f volatile 

compounds by the bioagents as suggested by Dennis and Webster (1971), A slight 

zone o f inhibition was initially observed at the point o f  contact between 

T.longibrachiatum and P.capsici, which may be due to the production o f inhibitory 

metabolites (Elad et al., 1983).

The hyphal interference between the antagonists and the pathogen was 

investigated by the method suggested by Dennis and Webster (1971). On microscopic 

observation o f the intermingling growth o f the organisms on cellophane paper, it was 

found that the interaction o f  the organisms lead to mycoparasitism in the form of 

hyphal coiling, penetration and disintegration o f the host hyphae leading to death of 

the pathogen. Similar observations were reported by Bell etal. (1982), D ‘Ercole et al., 

(1984) and Hannan (2000) by Trichoderma spp. on various plant pathogens. 

According to Bell et al. (1982), the hyphae o f  Trichoderma penetrated the mycelium 

o f pathogens and grew luxuriantly within it and the pathogenic hyphae were severely 

ruptured at the points o f contact with hyphae o f  Trichoderma ultimately leading to 

hyphal lysis. The role o f  cell wall degrading enzymes in this type o f antagoiiistic 

action produced by the antagonists was well elucidated (Elad et al., 1983; Rideout ct 

al., 1986; Claydon et al., 1987). So the Trichoderma spp. used in the study is found to 

have effective parasitic effect on the pathogen m addition to some degree o f antibiosis



According to Sartna and Anandaraj (1998), for the effective management o f  

Phytophthora foot rot o f  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 o f the crop 

where plant protection measures play an important 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 

fbrther care must be taken to select a suitable combination. So in the present study, the 

compatibility o f the two selected antagonists and T. harzianum with commonly used 

fungicides, insecticides and fertilizers were evaluated.

Studies on compatibility o f  Trichoderma spp. to different fungicides revealed 

that all the fungicides exerted varying levels o f inhibition. A complete inhibition o f the 

growth o f all antagonists was observed with Bordeaux mixture and higher percentage 

o f  inhibition was recorded with Kocide, Captaf and Kavach, indicating incompatibility 

o f these fungicides with the antagonists tested. The above finding on the effect of 

Bordeaux mixture is in agreement with that o f  Shanmugham (1996) who reported that 

Bordeaux mixture completely inhibited the growth o f T.viride. Krishnamoorthy and 

Bhaskaran (1994) observed Captan as fungicidal to T.viride, while, it had little effect 

on T.harzianum. Contrary to this, Singh et a l (1995) found higher per cent inhibition 

o f  growth o f T. harzianum at 500 ppm o f Captaf, which is in agreement with the 

present finding. 1*he inhibitory effect o f  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 o f  Trichoderma spp. with Chlorothalonil (Moity el al. 

1982; Wongwathanamt and Sivasithamparam, 1991; Rajan and Sarma, 1997). But 

Sharma and Mishra (1995) reported only slight inhibition o f Kavach to T.harziamim. 

The variation in response o f the Trichoderma spp. to the above fungicides observed 

during the study from those reported earlier might probably be due to the variation 

among isolates oi the antagonists. A perusal o f  the literature revealed no reports o f 

inhibitory effect o f  Kocide on Trichoderma spp.
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However, it was observed that in media incorporated with Indofil M-45, 

Anthracol, Akomin and Ridomil MZ, there was good growth of all antagonists proving 

their compatibility. Similar results on the compatibility o f  Trichoderma spp. with 

Mctalaxyl, Mancozeb and Potassium phosphonate have been noticed by many workers 

(Moiety et a l 1982; Wongwathanaral and Sivasithamparam, 1991; Shanmugham 

1996; Rajan and Sarma, 1997; May and Kimati, 2000; Akbari and Parakhia, 2001). 

Thus, the two selected antagonists and T.harzianum can be safely tried along with 

above fungicides in the integrated management o f  Phytophthora rot in black pepper 

nursery. Another point observed during the study was that T. viride, 

T. longibrachiatum and T. harzianum showed difference in their response to copper 

oxychloride fungicide, Fytoian. Earlier report suggested that copper oxy chloride 

fUngicides were not compatible with Trichoderma spp. (Sharma et al., 2001).

Contrary to these observations, it was revealed that Fytoian exerted below 48 

per cent inhibition to the growth o f 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, T.viride exhibited sparse mycelial growth. 

Shanmugham (1996) reported 56.66 per cent inhibition o f  T.viride with Fytoian. 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 o f  this disease in the nursery to a  certain extent without 

much adverse effect on the antagonist.

Hie effect o f  various fungicides at their recommended dosage on the 

sporulation o f Trichoderma spp. was studied. It was found that Indofi] M-45 and 

Ridomil MZ supported the growth and showed good sporulation o f  all the three 

antagonists, while, sparse conidial production was observed with Akomin-40. 

Sporulation was absent in the case o f  all antagonists in media incorporated with 

Captaf, Kavach, Fytoian and Kocide except for T.harzianum, wliich showed sparse 

sporulation with Captaf and Fytoian. Different workers reported the tolerance o f 

T. harzianum to mctalaxyl in spore germination tests even at higher concentration 

(Moiety et al. 1982; Papavizas et ah, 1982; Sharma et al, 2001). But, contradictoiy to



the results o f  the present study, they also reported that the fungal antagonists in 

sporulation tests tolerated Chlorothalonil (Kavach) and Captaf to some extent. The 

inability o f  T.viride to sporuiate in Fytolan incorporated media was reported by 

Krishnamoorthy and Bhaskaran (1994). However, they reported that T. harzianum 

showed normal growth and sporulation with copper oxychloride, which was in non­

conformity with the present observation.

The in vitro compatibility o f  insecticides with the three antagonists were 

studied and it was found that Monocrotophos and Quinalphos showed 100 per cent 

inhibition on the growth o f antagonists. However, Endosulfan, Dimethoate, 

Cypcrmethrin and higher concentration o f Chlorpyriphos exerted more than 70 per 

cent inhibition. Thus, it could be concluded that these insecticides were incompatible 

with the antagonists. The lower concentration o f Chlorpyriphos (O.Olper 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 o f 

antagonists in media Incorporated with these systemic insecticides. Sharrna and Mishra 

(1995) reported that Phorate and Carbofuran applied for the control o f  nematodes and 

mealy bugs in black pepper were found less toxic to T. harzianum.

According to Jebakumar et al. (2000), Phorate being a systemic pesticide has 

no effect on direct contact with T.harzianum whereas Chlorpyriphos being a contact 

insecticide has retarding effect on the growth o f  T. harzianum in in vitro studies. But 

when used in soil, no such inhibitory effect was noticed. This opinion is found 

reasonable in the case o f  Carbofuran also. Sushir and Pandcy (2001) had conducted 

similar studies and reported that Chlorpyriphos (Durmet 20 EC) has no adverse effect 

on radial growth upto 2000 pi ml ' f whereas Endosulfan (Thiodan 35 EC) was found 

more toxic even at 50 pi ml 4  which showed growth inhibition o f 55.55 per cent. The 

growth inhibition o f 40 per cent was observed with Dimethoate (Rogor 30 EC) at 125 

p! ml 4 . So, insecticides, which are being used for the control o f  nematodes and meaty 

bogs o f black pepper, can be safely used along with the antagonists o f  P.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 o f  these insecticides to the basin o f 

black pepper plants since it would have a deleterious effect on the antagonists.
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The sporulation o f  antagonists ih midis incorporated 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.viride and 

T. longibrachiatum showed only sparse conidial production with Endosulfan while 

T. harzianum showed moderate sporulation. According to Jebakumar et al. (2000), 

Phorate at 6-36 ppm did not affect the sporulation o f T. harzianum whereas 

Chlorpyriphos retarded sporulation o f the antagonist.

In order to boost up the productivity o f  pepper cuttings, application o f 

fertilizers is resorted to, in addition to the application o f biocontrol agents and plant 

protection chemicals. So an in vitro evaluation was conducted to study the 

compatibility o f  biocontrol agents with fertilizers viz., Urea, Rajphos, Muriate o f 

potash, Ammonium sulphate and Factomphos. It was found that all the fertilizers 

except, Factomphos supported comparatively good growth o f the antagonists. For all 

three antagonists, the higher concentration o f Factomphos recorded a per cent 

inhibition ranging from 54.42 to 62.4 respectively. The response o f the antagonists to 

the higher concentration o f the Urea (2per cent) was comparatively poor and recorded 

a per cent inhibition ranging from 40.2 to 46.7. Rest o f  the fertilizers were compatible 

to  all the three species o f  Trichoderma to varying extent.

A significant increase in the population o f  T. viride in soil was noticed by 

Krishnamoorthy and Bhaskaran (1993) following the application o f nitrogen nnH 

phosphorous fertilizers. Jackson et ah (1991) also supported the present finding that 

Rajphos is compatible with the three species o f  Trichoderma, which may be attributed 

to the tact that phosphorous is essential for sporulation o f Trichoderma spp, In 

addition, previous reports (Sharma and Mishra, 1995) are also in line with the present 

study that Urea is a good source o f nitrogen for T. harzianum which was not only 

supportive but also stimulated the growth and sporulation and this was followed by 

Ammonium sulphate. Moreover, according to them, Muriate o f  Potash (MoP) was also 

tolerated by the bioagent. Partial inhibition o f  the antagonists observed in the case o f 

Factomphos may be due to the presence o f sulphur in the fertilizer as Sharma and 

Mishra (1995) reported that zinc sulphate was highly toxic to T. harzianum. But the



compatibility o f  Trichoderma spp. to Ammonium sulphate may be due to the presence 
o f ammoniacal form o f nitrogen that is more preferred and most favourable for 

mycelial growth o f the tiiree Trichoderma spp. (Neelamegam, 1992). Jayaraj and 

Ramabhadran (1997) also observed the enhancement o f  growth and survival o f T. 

harzianum with Ammonium sulphate to the maximum extent followed by Urea and 

Ammonium chloride.

Another study was conducted to find out the in vitro inhibitory effect of 

fungicides, insecticides and fertilizers on the growth o f  P.capsici. The same chemicals, 

which were used for testing the compatibility with antagonists, were used in this study 

also. Results o f  the study showed that among the different fungicides tested, Bordeaux 

mixture, Fytoian, Kocide, Captan, Ridomil MZ and Indofil M-45 at different 

concentrations completely inhibited the growth o f the pathogen. It was also noticed 

that the higher two concentrations o f  Akomin (0.2 per cent and 0.3 per cent) and the

0.15 per cent concentration o f Anthracol inhibited the fungus. The lower 

concentrations o f  Anthracol and Kavach recorded an inhibition ranging from 60 to 75 

per cent. The in vitro inhibitory effect o f  Bordeaux mixture, Copper oxychloride. 
Copper hydroxide, Mancozeb, Metalaxyl and Anthracol against foot rot pathogen o f 

black pepper was reported by many workers (Turner, 1969; Filani, 1976; Mammootty, 

1978; Ramachandran and Sarma, 1985 and KAU, 2000).

Veena et a l  (2002) observed the inhibitory action o f Potassium phosphonate 

against P. capsici o f black pepper and they further opined that compared to mycelial 

growth, sporulation stage is the most sensitive stage. There are no reports o f  the effect 

o f  Captan and Kavach on P. capsici. However, Khan et at. (1996) observed the 

inhibitory action o f  Captan against Phytophthora causing crown and root rot o f apple 

and Mahanty et at. (2000) noticed the sensitiveness o f  Kavach against the pathogen 

causing Phytophthora foot rot o f  betel vine. Eventhough, Bordeaux mixture, copper 

oxychoride (Fytoian), Ridomil 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 tiked 

to control the pathogen, P. capsici of black pepper. However, the field efficacy 

fiingicides has to be tested before recommending for largo scale field appiibltlbh. 

Further, as evident in the case o f  lower concentration o f Potassium phb^jiliiJAate



(Akonrin), the study also pointed out the importance o f usage o f correct dosage o f  

fungicides, otherwise the proper control o f  the pathogen will not be possible.

Out o f tiie eight insecticides tested in vitro, four o f  them viz., Monocrotophos, 

Quinalphos, Endosulfan and Cypermethrin al 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 

o f  these insecticides on P. capsici. As many o f these insecticides were regularly used 

to control insect pests o f  pepper, the present investigation revealed that the application 

o f  these insecticides had an indirect effect in checking the growth and multiplication of 

P. capsici.

The in vitro effect o f 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. I'taese fertilizers showed 

a per cent inhibition ranging from 3.7 to 17.8. Factomphos and ammonium sulphate 

partially inhibited the mycelial growth o f  the fungus at all concentrations. The higher 

concentration o f  Factomphos (3 per cent) exerted more than 50 per cent inhibition over 

control. Not many studies were carried out on the growth o f  P.capsici in fertilizer 

incorporated media. However, Jayasekhar and Mufhusamy (2000) observed that 

Ammonium sulphate supported the growth o f  P. capsici, which was contradictory to 

the present study as Ammonium sulphate showed an inhibition per cent ranging from 

24.7 to 42,2, The reason attributed to this inhibition in growth o f pathogen in 

Ammonium sulphate and Factomphos incorporated media may be due to the effect o f 

sulphur present in these fungicides. Urea favoured the growth o f the pathogen, which 

may be due to the feet 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). Tee pathogen must have utilized phosphorus o f 

Rajphos and potassium o f Muriate o f  potash for their growth thereby resulting in very 

less inhibition o f  growth.

Nowadays, the strategy for plant disease management lias shifted from absolute 

and single method of control to integration o f different approaches o f  disease 

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



comprising o f  cultural, biological and chemical methods individually or in 

combination were reportedly found to be effective in combating the Phytophthora rot 

o f black pepper nursery to a certain extent, an effective control o f  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 o f chemicals, selection o f bioagents not suited to the 

particular location and lack o f adoption methods which hinder the growth, 

multiplication and infection o f the pathogen. As selection and use o f  native isolates o f 

antagonists is one o f the important factors for the successful management o f  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 o f  Horticulture, Vellanikkara, 

Potting 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 o f coil 

temperature.

Observations on soil temperature recorded during the entire 30 days of 

solarization revealed a high build up o f 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 5 cm depth 

was always 30°C and above at 8.30 a.m while at 2.30 p.m, at the same depth, the 

temperature for most o f these days was above 50 °C which was 20-21°C higher than 

that recorded at 8.30 a.m  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; Patel, 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 o f the disease. The result of 

estimation o f 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 o f  bacteria, fungi and actinomycetes compared to the initial 

count.



The sprouting percentage o f  cuttings in different treatments was worked out at 

different intervals, which showed significant difference. After 45 DAP, in general, if 

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 T20 (Soil solarization + T. longibrachiatum + Pot. 

Phosphonate) immediately followed by T 12 (Soil solarization + T. harzianum 

+Ridomil MZ) while, the least sprouting percentage was observed in T t7 

(71 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 o f  rotting was observed in T7 (Soil solarization + T. viride) and 

Tj 3 (Soil solarization + T. viride + Ridomil MZ) followed by T20. The maximum 

rotting percentage o f 5.95 was observed in T9 (T. harzianum + Ridomil MZ) followed 

by Tp (T. longibrachiatum + Ridomil MZ). Similar findings were obtained by Biniraol 

(2000). She noticed the effectiveness o f soil solarization and addition o f 

Trichoderma spp. in increasing the sprouting percentage and reducing pre-sprouting 

mortality o f  black pepper cuttings.

During the onset o f monsoon, in June, prophylactic application o f fungicides 

was given and was repeated at fortnightiy intervals for five times. Observations on 

disease incidence and severity were recorded four times al weekly intervals starting 

from the third week o f 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 o f  treatments on the severity o f the disease.

On the 14th WAP, the maximum disease incidence was noticed in plants in 

control (Tt) and minimum in T* (Soil solarization + T. longibrachiatum). However, 

disease severity was maximum in control and minimum in T !2 (Soil solarization + 

T.harzianum + Ridomil MZ), followed by T ]0 (71 viride + Ridomil MZ), T9 

(71 harzianum + Ridomil MZ) and T n (Soil solarization + T.viride J<- Ridomil MZ). 

The treatment T i2 recorded an efficiency o f more than 90 per cent over control. 

During the 15th WAP, again there was no significant difference among treatments on



disease incidence with maximum in T| (Control) and minimum in T | 3 (Soil solarization 

+ T,viride + Ridomil MZ) and T u  (Soil solarization + T.longibrachiatum + Ridomil 

MZ). Here also control plants (T 0  recorded more disease severity and was on par with 

all treatments except T u  (Soil solarization + T.harzianum + Ridomil MZ) which 

recorded minimum value followed by T «0 and Tu. On 16th WAP, there was no 

significant difference among the treatments, the control plants (T |) recorded the 

maximum disease incidence and minimum in T2 (Pop) followed by T n  and T n. 

During this period, the minimum disease severity was recorded in Tu 

(T.longibrachiatum + Ridomil MZ), which also showed the maximum percentage 

efficiency over control followed by T o and T %. The data on the per cent disease 

incidence on 17* WAP showed significant difference with the minimum disease 

incidence in T2 followed by Tu, T 13 and T 12, All the other treatments recorded 

comparatively a higher disease incidence with a maximum T4 (7’ viride alone) 

followed by control (T 1). The minimum disease severity was recorded 111 Ti 1 followed 

by T 2,T 9 , T u andT u .

Further, the data obtained at different intervals o f  observation were subjected to 

pooled analysis to draw a meaningful conclusion. A significant difference among the 

treatments on the incidence and severity o f Phytophthora rot in black pepper nursery 

was noticed. The minimum disease incidence was noticed in treatment T? (PoP) 

followed by T u  (Soil solarization + T.longibrachiatum + Ridomil MZ) and T ^  (Soil 

solarization + T.viride + Ridomil MZ) recording more than 60 per cent efficiency over 

control. The least disease severity was in treatment T ]3 that was on par with ail other 

treatments except control (Tj). It was also to be noticed that in Ridomil MZ sprayed 

plants, there was comparatively less disease severity. The per cent mortality o f rooted 

pepper cuttings was also studied after 19th WAP. It was observed that the least 

percentage mortality o f 53.37 was recorded in T.longibrachiatum incorporated 

Ridomil MZ sprayed treatment (Tn ) followed by T 2> T u  and T j3 More than 85 per 

cent mortality was noticed in control (Ti)-

The effect o f Bordeaux mixture in reducing the incidence o f Phytophthora rot 

in black pepper nursery as well as in the main field were reported by many workers 

(Mammootty et al., 1980; Mammootly and Pillai, 1981 and Sarma et al., 1987; 

Malebennur et a l,  1991 and Nair el al., 1993). There are many reports on the



effectiveness o f  soil solarization, bioeontroi agents alone or in combination with 

fungicides like Metalaxyl or Potassium phosphonate in managing P. capsici infecting 

black pepper (Malebennur et ah, 1991; Sarnia et ah, 1994; Anandaraj and Sarma. 

1995, Lokesh and Gangadharappa, 1995; Hegde and Anahosur, 1998; AICRPS, 2000 

and AICRPS, 2001). Further, the study also emphasized the importance o f selection of 

efficient native isolates o f  antagonists viz., T.viride and T. longibrachtatum in the 

management o f 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 o f  T. harzianum.

As a  part o f  the nursery experiment, the population o f  soil microflora viz., 

fungi, bacteria and actinomycetes in different treatments were estimated. The study 

indicated a fluctuation in the population o f  soil microbes in various treatments at 

different periods o f  observation. Similar findings were reported by (Stapleton and 

DeVay, 1982; Kurian, 1992; Vilasini, 1996; Raj et a l, 1997; Binimol, 2000).

The observation on height and number o f  leaves o f  pepper cuttings in different 

treatments were recorded. It was noticed that cuttings raised in solarised potting 

mixture incorporated with native antagonists, especially I  viride, exerted a significant 

effect in increasing the height o f  cuttings. With regard to total number ofleaves, it was 

also observed that addition o f native antagonists in solarised potting mixture had a 

positive effect in increasing the leaf production. These observations are in conformity 

with that reported by Binimol (2000). She reported that soil solarization and 

application o f  T.viride and T.harzianum had a positive effect in increasing the height 

and number o f  leaves in pepper cuttings. Effectiveness o f  solarization in enhancing the 

growth parameters in crop plants by making available the required nutrients have been 

reported by many workers (Chen and Katan, 1980; Vilasini, 1996; Binimol, 2000). 

There are many reports on the increased growth response o f  plants by soil application 

o f Trichoderma spp., which may be due to the production o f growth promoting 

substances by the antagonists (Chang et ah, 1986 and Windham et ah, 1986; 

Mukhopadhyay, 1994; Harman, 2000).

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

incorporation o f antagonists and application o f  Ridomil MZ had a favourable effect in



checking the Phytophthora rot in black pepper nursery and it is comparable with tlie 

recommended chemical control with one per cent Bordeaux mixture.



Summary



Phytophthora rot is the most destructive disease o f  black pepper nursery 

inflicting heavy crop losses. Considering the seriousness o f  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 o f  the disease.

The pathogen was isolated from infected plants o f  black pepper nursery and its 

pathogenicity was established. Cultural and morphological characters o f  the pathogen 

were studied. On carrot agar, the fungus produced petalloid uniform dense aerial 

mycelium with fine, non-septate hyphae. Sporangia were borne in an umbellate 

fashion on an elongated pedicel o f more than 15 pm length. Sporangia are papillate, 

ovoid to pyriform caducous with an L/B ratio o f  1.9 to 2.3. Based on the cultural and 

morphological characters coupled with pathogenicity, the causal organism of 

Phytophthora rot o f  black pepper nursery was identified as Phytophthora capsici 

Lconian emend A. Alizadeh and P. H. Tsao.

Rhizosphere microflora from healthy pepper plants in diseased nurseries were 

isolated. A quantitative estimation o f the rhizosphere micro flora from different 

nurseries revealed more abundance o f soil bacteria followed by fungi and 

actinomycetes. Based on cultural characters o f  the rhizosphere micro flora, 22 fungi, 20 

bacteria and five actinomycetes were selected for further studies.

Antagonistic action o f these microflora against F.capsici was studied by dual 

culture method in comparison with tliat o f  standard culture o f  T. harzianum. The study 

revealed that all fungal isolates and five bacterial isolates were antagonistic towards 

the pathogen with varying degrees. Among the fungal isolates, 13 isolates including 

T.harzianum recorded cent per cent inhibition o f P.capsici. From among the fungal 

isolates that showed antagonistic reaction in dual culture, further selection of efficient 

ones was carried out based on the antagonistic index (AJ). The isolate 22 F 

{Trichoderma sp.) showed the maximum Al o f 3000 followed by isolate 34 F 

(Trichoderma sp.) and T. harzianum with an Al o f  1500 each. The cultural and 

morphological characters o f  the efficient native isolates (22 F and 34 F) were studied



and were identified as Trichoderma longibrachiaturn Rifai aggr. and 

TYichoderma viride Pers. ex S.F, Gray aggr.

The compatibility o f  the selected antagonists and T. harzianum to nine 

common fungicides used in pepper gardens was assessed. It 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 T. viride and T. harzianum and incompatible 

with T. longlhrachlatum.

The in vitro effects o f  eight insecticides towards the antagonists were tested, 

Phorate and Carbofuran at all concentrations supported good growth o f  the antagonists 

revealing their compatibility. Monocrotophos and Quinalphos exerted complete 

inhibition o f the antagonists while Endosuifan, Dimethoate, Cypermethrin and higher 

concentration o f  Chlorpyriphos exerted higher percentage o f inhibition indicating 

incompatibility o f  these insecticides to the antagonists.

The in vitro sensitivity o f  antagonists to the common fertilizers viz., urea, 

Rajphos, Muriate o f Potash, ammonium sulphate and Factomphos were studied and it 

was found that all the fertilizers except Factomphos supported comparatively good 

growth o f the antagonists. But the higher concentration o f Urea was more inhibitory to 

the fungi than its lower two concentrations.

The effect o f 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 o f  Akomin-40 and Anthracol completely inhibited 

the growth o f P. capsici. The lowest concentration o f Akomin-40 and Kavach at 

different concentrations did not completely inhibited the pathogen.

Out o f  the eight insecticides tested in vitro, Monocrotophos, Quinalphos, 

Endosuifan and Cypermethrin at all concentrations completely inhibited the growth o f 

P. capsici whereas Phorate, Carbofuran, Dimethoate and Chlorpyriphos exerted 

inhibition ranging from 65 to 90 per cent.



In the ca s e  o f  fertilizers, ex cep t  for Fa cto m pho s  and a m m o n iu m  sulphate rest 

o f  the ferti l izers viz.,  urea, Muriate o f  potash and Rajphos  supported comparatively  

go od  growth o f  the pathogen in vitro.

A  nursery exper iment  w as  conducted  to s tudy the e f fec t  o f  solarization,  

se lec ted  native antagonist s  viz., T. viride  and T. longibrachiatum  and the standard 

culture o f  T. harzianum  a lone  or in combination  wi th  fung ic ides  for the management  

o f  Phytophthora  rot in b lack pepper nursery.  The exper iment  w a s  laid out at Col l ege  o f  

I lorticulturc with 20 di fferent treatments and replicated thrice.

Soi l  temperature at di fferent depths o f  solarized potting mixture was recorded 

for 3 0  days .  There w a s  a build up o f  temperature in the solarized potting mixture  

compared  to the non-solarized on es  and the build up w a s  more  pronounced  at 5 cm  

depth.  Solarizat ion resulted in the reduction o f  fungi ,  bacteria and ac t inomycetes  in the 

potting mixture.

A  signi f i cant d i f f erence in the percentage o f  sprouting o f  pepper cuttings in 

different  treatments w a s  observed  at various intervals.  In general ,  it w a s  observed that 

4 5  D A P ,  more  than 84 per cent  o f  sprouting w a s  not iced  in treatments where  solarized  

potting mixture and biocontrol  agents  were  used,  wi th  the m a x im u m  sprouting per cent  

in T 20 (So i l  solarization +  T.longibrachiatum +  Pot.  phosphonate ) ,  fo l lowed  by T u  

(So i l  solarization + T.harzianum  +  Ridomi l  MZ).  Plants  raised as  per PoP (Ti )  also  

sh o w e d  go o d  sprouting percentage.  N o  s ignif icant  d i ff erence a m o n g  the treatments  

w a s  observed  on the rotting o f  cuttings at 45 D A P  wi th  the m a x im u m  percentage o f  

rotting in. t reatment  Ty {T,harzianum  +■ Ridomi l  M Z )  and the m in i mu m  in T u  (Soil  

solarization +  T.viride  +  Ridomi l  MZ).

Prophylact ic  application o f  fung ic ides  for the respective  treatments w a s  given  

at the onset  o f  m o n s o o n  in June at fortnightly intervals for s ix  t imes.  Observations  on  

the d i se as e  inc idence and severi ty we r e  recorded at w e e k l y  intervals for four t imes and 

it w as  found that there w a s  no s ignif icant  d i f f erence on d i sease  incidence  foi the first 

three intervals but it w a s  signif icant  during the last observation.  Ho w ev e r ,  data on the 

disease  severi ty at different intervals sh o w e d  signif icant  di ff erence.



Ana ly s i s  o f  the poo led  data taken at different intervals o f  observation showed  

signif icant  d i f f erence  on  the incidence and severi ty o f  the disease.  The minimum  

disease incidence  w a s  not iced in treatment T 2 (PoP)  f o l l o w ed  by T l4 (Soi l  solarization 

+ T.longibrachiatum +  R idomi l  MZ)  and T 13 (Soi l  solarization +  T.viride  4- Ridomil  

MZ) and these treatments recorded more  than 6 0  per cent  e f f i c i e n cy  over  control.  The  

least percentage o f  d i sease  severity w as  noticed in pianos in treatment T n  that w a s  on  

par with other treatments except  control  CH). The m in i mu m  mortal i ty w as  observed in 

t reatments incorporated with T. longibrachiatum  and Ridomi!  M Z  sprayed plants and 

this w as  c lo se l y  f o l lo w ed  by T 2, T u  and T ]3 and the m a x im u m  in control.

A  f luctuation in the populat ion o f  soi l  microflora in different  treatments was  

observed .  T h e  cuttings raised in solarized pott ing mixture incorporated with 

antagonist s  e spe c ia l l y  T. viride  had a s ignif icant  e f fec t  in increasing  the height  o f  

cuttings.  Further, addit ion o f  native antagonists  viz., T. v iride  and T. longibrachiatum  

in solar ized pott ing mixture had a signif icant  e f fec t  in increasing  the l e a f  number.
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APPENDIX - 1

M EDIA COM POSITION

1. C A R R O T  A G A R

Carrot : 200 g

Agar : 20.0 g

D istilled water : 1000 ml

2. POTATO DEXTROSE AGAR

Potato : 200 g

Dextrose : 20.0 g

Agar : 20.0 g

Distilled water : 1000 ml

3. NUTRIENT AGAR MEDIUM 

Glucose : 5g

Peptone : 5g

B eef extract : 3g

NaCl : 5g

Agar : 20g

Distilledwater : 1 litre

p H : 6.5 to 7.5



AffKNOtX -_n 

MKD1A CO M PO S?/'IO N

1. M A R T I N 'S  ROSK B E N G A L  S T R E P T O M Y C I N  A G AR M E W U M

Dextrose : lOg

Peptone : 5.0 g

K H 2PO 4 : l -Og

MgSO,t ; 0.5 g

Agar : 20 g

Rost: Bengal : 0.03 g

Streptomycin : 30 mg (added ascptiealjy to the sterilized medium) 

Distilled water . 1000 nil

KEN K N IG H T S  AGAR M E i M l M

D e x t r o s e  . ig

Ki DPO.r ; 0.! g

N aNO; : 0.1 g

KCI : 0 , i g

MgSO.) : O. ig

Agar : 20g

D is t i l l e d w a te r :  ! 000 in i



3. THORNTON’S STANDARDISED AGAR

Mannitol : 1.0 g

Asparagine : 0.5 g

K2H P 0 4 : l.O g

K NO 3 : 0.5 g

MgSO< : 0.2  g

CaCl2 : 0.1 g

NaC! : 0.1 g

Ferric Chloride :: 0 .0 02g

Agar : 20.0  g

D istilled water : 1000  ml

p H ; 7.4
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Abstract



ABSTRACT

Phytophthora  rot is the serious disease o f black pepper nursery. An investigation 

was carried out to isolate and select the efficient antagonists from black pepper nurseries 

and use them alone or in combination with fungicides in the integrated management of 

the disease. The experiment was laid out at CCRP farm at College o f Horticulture, 

Vellanikkara,

The pathogen causing the disease was isolated and identified as Phytophthora 

capsici Leonian emend A. Alizadeh and P,H.Tsao based on the cultural and 

morphological characters. Quantitative estimation o f  rhizosphere microflora from 

different pepper nurseries yielded more soil bacteria followed by fungi and 

actinomycetes. All the 22 fungi, five out o f 20 bacteria and none o f the actinomyceios 

tested were antagonistic to P. capsici. Among the fungal isolates, 13 isolates including 

standard culture o f T. harzianum recorded cent per cent inhibition o f  P. capsici. F urther, 

selection o f the efficient isolates was carried out based on the antagonistic index (Al). 

The isolates 22 F and 34 F recorded an Al o f3000 and 1500 respectively and these were 

identified as Trichoderma longibrachiatum and Trichoderma viride. The standard culture 

o f T. harzianum also recorded an Al o f 1500. The three antagonists were found parasitic 

on P.capsici as evidenced by excessive coiling, penetration and disintegration o f 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 T.viride and 

T, harzianum but incompatible with T. longibrachiatum. Among the eight insecticides 

tested, Phorate and Carbofuran showed compatibility with the antagonists, whereas 

Monocrotophos, Quinalphos, Endosulfan, Dimethoate, Cypermethrin and higher 

concentration o f  Chlorpyriphos were incompatible. In general, fertilizers like Urea, 

Rajphos, Ammonium sulphate and Muriate o f potash (MoP) were compatible with 

antagonists, while, Factomphos and higher concentration o f Urea did not support good 
growth.



Bordeaux mixture, Fytolan, Kocide, Indofil M-45, Ridomil MZ and Captaf at all 

concentrations and higher concentration o f 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, Endosuifan, 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 o f potting mixture resulted in the build up o f soil temperature and the 

build up was more in the upper layer o f soil. Solarization o f  potting mixture and 

application o f biocontrol agents had a positive effect in increasing the sprouting and 

reducing the pre-sprouting mortality o f  cuttings and is comparable to plants raised as per 

PoP. Observations on the incidence and severity o f Phytophthora rot in black pepper 

showed that in general soil solarization, application o f  antagonists and spraying o f 

Ridomil MZ had a favourable effect in checking the disease and the effect is almost 

similar to that o f  disease management as per PoP.

A variation in the population o f soil micro flora in different treatments was 

observed. Tfif cuttings raised in solarized potting mixture incorporated with native 

antagonist^ had a significant effect in increasing the height and number o f  leaves.




