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1. INTRODUCTION

Capsicum (Capsicum annuum L.), also known as bell pepper, sweet pepper,
shimla mirch, and green pepper is one of the highly remurative annual herbaceous
vegetable crops, belonging to family Solanaceae. It is rich in vitamin A, vitamin C
and minerals like calcium, magnesium, phosphorus, and potassium (IIHR
2012).Originated in Mexico and Central America, it is being cultivated worldwide,
especially in temperate region of Central and South America and European continents
as well as in India and China. India contributes to one fourth of world production of
capsicum with an average production of 268mt/ha per annum, with an average
productivity of 12.6t/ha (Indian Agristat.2014-2015). Andra Pradesh, Karnataka, are
leading producers of capsicum fallowed by Maharashtra, Tamil Nadu, Himachal
Pradesh, and hilly areas of Uttar Pradesh, in the country (Sreedara et al., 2013).

Recently capsicum consumption is increasing in India, which is attributed to
the increasing demand by urban consumers. However, its productivity is very low in
India compared to western countries. The crop being a temperate one it can be grown
round the year, under protected structures, where temperature and relative humidity
(RH) can be manipulated. Capsicum requires day temperature of 25-30°C and night
temperature of 18-20°C with RH 50-60 per cent. If temperature rises above 35°C or
falls below 12°C fruit setting is affected (IIHR 2012). Production of capsicum is also
constrained by many diseases, pests and disorders that reduce fruit quality and yield.
Damage can also be caused by a wide range of major biological agents that cause
damage including fungi, bacteria, viruses, insects, nematodes, birds, and mammals.
The most important diseases caused by fungi are powdery mildew, anthracnose,

Cercospora leaf spot, stem and fruit rot and damping off.

Use of chemical fungicides for management of fungal diseases leads to health
hazards and environmental pollution, which in turn lead to increased vulnerability of

crops to further infection by the pathogens. It may also lead to development of



resistant strains of pathogens. Moreover, crop failure due to diseases results in heavy

economic losses especially in poly house cultivation, which requires very high input

cost. Hence precise disease management with emphasis on biocontrol is essential for

assuring profitable farming in protected structures.

In this context, the present study was under taken with the objective; to assess

the incidence and severity of fungal diseases of capsicum under protected cultivation

and to formulate an eco-friendly management practice against the diseases. The study

included the following experiments.

1.

Assessment of incidence and severity of fungal diseases of capsicum
under protected and open conditions in farmers’ fields.

Characterization of major fungal pathogens of capsicum under polyhouse
and rain shelter conditions.

Management of fungal diseases of capsicum under poly house and rain
shelter.

Enumeration of phylloplane microflora of capsicum under protected
condition, as affected by foliar treatments.

Study the survival of bio control agents on phylloplane of capsicum under
protected condition.
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2. REVIEW OF LITERATURE

Capsicum (Capsicum annuum L.) is one of the most popular fruit vegetables
belonging to family Solanaceae grown throughout the world. It is rich in Vitamin A,
Vitamin C and minerals like calcium, magnesium, phosphorus, and potassium. Owing
to its economic importance as a high value vegetable crop, production of capsicum
under protected condition has become popular in urban and semi urban areas of the
country. However, cultivation of capsicum in poly/net house is facing many
production constraints like new pests, diseases, micro nutrient deficiencies and so on
(IIHR 2012).The crop suffers from many diseases caused by fungi, and bacteria, and
viruses among which fungal diseases are the most prevalent, such as powdery mildew
(Leviellula taurica (Lev.) Arnaced), anthracnose and fruit rot (Colletotrichum
capsici) Syd. Butler and Bisby, stem and fruit rot (Fusarium solani (Mart.) Sacc.) are
major fungal diseases affecting capsicum under polyhouse. These diseases cause
significant yield loss up to 50 percent (Dubey and singh.,2012).

Use of synthetic fungicides is not acceptable owing to increasing concern of
food safety due to various undesirable effects they cause. Moreover, it is reported that
only 0.1per cent of the chemicals used for crop protection reach target pathogen,
leaving 99.9per cent in the environment causing hazardous effects on non-target
organisms (Pimenttel 1995). Effective biological management of fungal diseases of
capsicum by Trichoderma viride and Pseudomonas fluorescens has been reported by
Ngullie et al., (2010). However it may not be economic, if disease is severe. Hence a
bio intensive method is suggested for effective and economic management of

diseases in protected cultivation (Jeffries and Koomen, 1992).

The literature collected for study are presented below under the following headings
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2.1. Protected cultivation of vegetables

2.2 Diseases of capsicum under protected cultivation
2.2.1 Cercospora leaf spot

2.2.2 Anthracnose and fruit rot

2.2.3Powdery mildew

2.2.4 Stem and fruit rot

2.3 Management of fungal diseases of capsicum
2.3.1Management by chemical control

2.3.2 Management by biological control

2.4 Effect of fungicides on no-target microflora
2.5Survival of biocontrol agents on leaf surface
2.1. Protected cultivation of vegetables.

Protected cultivation or greenhouse cultivation is the most contemporary
approach to raise horticultural crops and has spread extensively all over the world in
the last few decades. Protected cultivation also known as Controlled Environment
Agriculture (CEA) is highly productive, conservative of water and land and also
protective to the environment (Jensen, 2002). About 130 countries in the world are
engaged in greenhouse vegetable production commercially. The world scenario
depicts the area under protected cultivation to be nearly 6,93,787 hectares while total
estimated area under greenhouse vegetable production in the world is 4,73,466 ha
(Hickman, 2016). Presently around 25.000 ha are under protected structures, in our
country out of which the area under vegetable crops is about 2,000 ha. So far, 1108

poly houses of size 40-400 m? are actively engaged in crop production in Kerala and
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the major vegetables being cultivated in poly houses are salad cucumber, capsicum,
yard long bean, bhindi and tomato. Studies conducted in Kerala Agricultural
University at the Precision Farming Development Centre (PFDC), Thavanur,
revealed that cultivation of vegetable crops in kitchen garden under rain shelter
ensured year round production of vegetables needed for a family (Menon, 2010). The
cultivation of crops such as tomato, salad cucumber, chilies, cowpea, cauliflower and
capsicum in rain shelter in a rotational manner gave very high yield compared to

cultivation in open field.

Greenhouse capsicum production is a lucrative industry in itself though it is
more laborious than growing tomatoes. Despite the fact that it is a valuable crop with
excellent prospects, it is slow growing, needs a high temperature to develop, fruit set
occurs in periods and fruits are harvested in flushes. Different coloured varieties of
capsicum, viz. red, yellow, green and black are high in demand at fast food
restaurants for variety of food preparations, extraction of natural colours and
preparing oleoresins and oils. They may also be used for producing paprika which is
used for colouring foods, flavoring and in sauces (Burt 2005). The coloured varieties
rich in Vitamin A, Vitamin C and antioxidants along with processed products have
very well added to the market value of capsicum and fetch a premium price in the
international market. Even though the major damage caused to capsicum is through
thrips, mites and fungal pathogens like Pythium, Rhizoctonia, Botrytis, powdery
mildew, Fusarium wilt and Cercospora leaf spot, (Sabir and Singh ,2012) also cause

extensive damage to the crop.

According to Indian Agristat (2014-15), area under capsicum cultivation in
India comes around 21 ha, while production and productivity are 268MT and 12.67mt
ha'! respectively. However, in Kerala the area of capsicum cultivation is only 0.06 ha,
with production of 0.61t and productivity 10.17mtha.
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2.2 Diseases of capsicum under protected cultivation

Greenhouse vegetable crops are vulnerable to various pests and diseases.
Since poly houses are enclosed structures, it provides favorable environment for rapid
multiplication of plant pathogens. Once the inocula enter in to the structures, spread
is very fast because of absence of natural enemies due to enclosed atmosphere. The
spores of airborne pathogens like powdery mildew, downy mildew and gray mold are
produced in large quantities, under humid conditions. They are released most readily
when humidity drops. The most frequently occurring air born fungal pathogens in
protected structures are species of Alternaria, Botrytis, Cladosporium, Didymella,
Erysiphe, Fulvia, Leveillula, Phoma, Phytophthora, Pseudoperonospora, Puccinia,
Sclerotinia, Septoria and Sphaerotheca and common fungal diseases, that thrive
under the polyhouses include grey mold (Botritis cinerea), tomato late blight
(Phytophthora infestans), tomato leaf mold(Cladosporium fulvumsyn. Fulviafulva)
and powdery mildew in capsicum (Leveillula taurica) roses and various other crops
(Yucel et al., 2013).

The major diseases affecting capsicum in protected structures are powdery
mildew (Leviellula taurica (Lev.) Arnaced), Cercospora leaf spot (Cercospora
capsici) (Heald and F.A wolf) anthracnose and fruit rot (Colletotrichum capsici)
(syd). Butler and Bisby, and Pythium aphanidermatum stem and fruit rot (Fusarium
solani (mart). Sacc). These cause significant yield loss up to 50 percent (Dubey and
singh, 2012).
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2.2.1Cercospora leaf spot

Cercospora leaf spot leads to serious losses in capsicum production when
crop is grown under protected structure. The disease is observed world- wide, but it is
more severe in tropical and sub-tropical regions where warm humid condition
prevails (AVRDC, 2004).

2.2.1.1Symptomatology and epidemiology of Cercospora leaf spot

Initially disease appears on younger leaves. The spots are circular with
a light gray center and reddish-brown margin, which enlarges up to lem diameter.
Later the spots become tan with a dark ring on the margin and yellowish halo under
high humid atmosphere. Concentric zonations are seen in the spots, resulting in a
frog-eye appearance. The tissues at the center of the lesion dry up and often drop out
to from short holes. When numerous spots occur on the foliage, the leaves turn
yellow and may drop or wilt. Defoliation is often very severe. Spots also develop on
stems and petioles but they are oblong rather than circular, fruit are not affected. The
fungus survives in or on seed and as tiny black stromata in old affected leaves in the
soil, spores will survive in infected debris for at least one season. Foliar infection
occurs by direct penetration. The spores require water for germination and
penetration of the host, however, heavy dew appears (o be sufficient for infection.
The disease is most severe during period of warm temperature during the day and
excessive moisture (either from rain or overhead irrigation). Growth of the pathogen
is limited if the temperature is <5°C and >35°C. The pathogen is spread by splashing
water, wind driven rain, wind, or implements tools, workers, and by leaf to leaf
contact (AVRDC 2004; Suresh, 2013).
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2.2.1.2Characteristics of Cercospora capsici

Mycelium consists of smooth, branched, septate, hyaline hyphae,
Conidiophores are erect, slightly divergent, sub cylindrical, unbranched, geniculate,
pale brown, smooth, and thick-walled. Conidiogenous cells are terminal as well as
intercalary; Conidia are hyaline, solitary, subcylindrical, very slightly curved, sub-
acute to obtuse, thin-walled, smooth, base obconical to round. Sexual stage was not
observed. Colonies are smooth to slightly irregular, erumpent, even to slightly uneven
margin. On V8medium the fungus produces colonies which are smoky black-centered
with slightly whitish margin, slow-growing, do not cover whole plate after even one
month, with less sporulation. Also with on PDA, the colonies are of medium dark
with white margin, moderately growing, cover whole plate within 20 days, also with
much less sporulation, Red color pigmentation is clearly visible on the inverted plate,
indicating the presence of cercosporin toxin. In potato dextrose broth the fungus
grows ball-like appearance with loose mycelium on outer surface. Optimal
temperature for growth is 25°C (Meghvasi et al., 2013).

2.2.2 Anthracnose and fruit rot

Anthracnose and fruit rot is one of the most important diseases of bell pepper
(Capsicum annuum) in tropical and subtropical region. In mild to warm climate and
rainy seasons, fruit production losses can reach as high as 100 per cent when
adequate control measures are not applied (Alves et al, 2015). The pathogen is
distributed in North America, Europe, Africa, American Saman, Australia, Federal

states of Micronesia, Fiji, Vanuater (Mckenzie, 2013).
2.2.2.1Symptomatology and epidemiology of anthracnose and fruit rot

Disease symptoms may occur either during the crop development in the field

or after harvest, but only the fruit exhibits symptoms. Infection begins with the
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appearance of small, circular, depressed lesions that rapidly expand and have no
defined diameter. When relative humidity is high, the formation of a pink or orange
conidial mass may be observed (Lopes and Avila, 2003).Environmental factors play a
major role in the development of disease epidemics. The relationships among rainfall
intensity, duration and crop geometry and dispersal of inocula possibly lead to
different level of disease severity (Dodd et al., 1992). The effect of temperature often
interact with other factors, such as leaf surface wetness, however, appear to have the
most direct influence on the host. Generally, infection occurs during warm, wet
weather. Atmospheric temperature around 27°C and high humidity (a mean 20%) are
optimum for anthracnose and fruit rot disease development (Robert et al, 2001;
Harp, 2008).

2.2.2.3Characteristics of Colletotrichum capsici

On PDA the fungus produce white mycelium initially which later turns arial
mycelia and whitish gray. In slide culture appressoria appear dark brown, spherical,
ovate or obclavate, smooth walled. Acervuli are dark brown to black and conspicuous
for their dark setae (Shenoy et al., 2007). Conidiomata, acervuli, producing conidia in
a slimy grey-white matrix, many setae, conidia 17-26x3-4pm in size aseptate,
smooth-walled, hyaline, curved, tapered towards both ends, ends pointed (Mckenzie
,2013).

2.2.3Powdery mildew

On chilli (Capsicum annuum, C. frutescens) powdery mildew Leveillula
taurica is more widely distributed than an any other crop. Distributed in Asia,
Mediterranean region, but pepper is the only solanaceous host on which the powdery
mildew has been recorded in sub-sharan countries in Africa, as well as in many
regions of south and Central America, and of Australia. (Palti, 2013).
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2.2.3.1Symptomatology and epidemiology of powdery mildew

The symptoms of powdery mildew begin as discolored spots on the upper
surface of leaves as white-gray to purple growth of the causal organism; similar to
downy mildew is observed on the lower side of the leaf. Infected areas dry up and
turn black. When infection is severe the disease causes defoliation up to 100 per cent.
No disease symptoms were observed on stem and fruits. Infection usually progress
from the older to younger leaves and both seedlings and mature plants are affected.
When the atmospheric temperature is 25°C, and the relative humidity is 85per cent,
the disease development is very fast (Ondieki, 1971). However, leaf shedding was
more pronounced at a lower humidity of 50per cent. For each leaf shedding at higher
humidity, three leaves shed at the lower humidity. The powdery mildew causes
extensive losses, both directly and also indirectly, when leaf shedding exposes and
fruits to the sun leading to sunscald (Palti, 2013).

2.2.3.2 Characteristics of Leveillula taurica

The endophytic intercellular mycelium, which develops chiefly in the host’s
mesophyll tissue, but may also extend to the cells of the palisade tissue, consists of
irregular septate hyphae that may be sinuous or straight, and are up to 10pm in
width(Tramier,1963). This mycelium in many hosts is most abundant and is
immediately below the epidermis of the lower leaf surface. In certain hosts, varicose
granulations, are also observed in conidiophores, are sometimes apparent in the
intercellular hyphae. In some hosts, hyphae arising from intercellular mycelium
emerge through stomata together with the conidiophores (Rostam, 1983). Two types
of conidia are generally recognized in Leveillula taurica. Primary conidia, those
formed first on the conidiophores, usually have tapering tips, while secondary
conidia, those formed subsequently, and have more rounded tops. The two types of
conidia are similar in size (Palti, 2013).On pepper, Clerk and Ayesu-offri (1967) have
described primary conidia as pyriform while secondary conidia were cylindrical.

10
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Kurtet al., (2004) have characterized the shape of primary conidia formed on pepper
as “boat-like” and secondary conidia as elliptical.

Rostam (1983), has remarked that conidial chains are more often observed on
plants grown under shelter (polyhouse), and less commonly on plants growing in the
open. Attachment of mature conidia to conidiophores is so weak, that conidial chains
disperse at the slightest movement of air. Cleark and Ayesu-affei (1967), observed
germination of conidia on the surface of pepper leaves, and determined that conidia
do not germinate as long as they are attached to conidiophores and that spores born in
chains germinated just as freely as single spores, and the position of the spore in the
chain had no effect on its germination potential. The length of conidiophores
decreased as water stress increased, and the percentage of branched conidiophores
decreased greatly, from 17.5 per cent in non-stressed to only 2.5per cent in severely
stressed plants (Carsae and Clerk, 1985).

2.2.4 Stem and fruit rot of capsicam

The distribution of Fusarium oxysporum is known to be cosmopolitan. The
disease is most destructive in warm climate and warm, sandy soils of temperate

regions. It can become severe only in green house (Agrios, 2004).
2.2.4.1 Symptomatology and epidemiology of stem and fruit rot of capsicum

Stem and fruit rot is the most important disease caused by F. oxysporum in
sweet pepper plants. The disease first appears as slight vein clearing on the outer
portion of the younger leaves, followed by epinasty (downward curling) of the older
leaves. At the seedling stage, plants may wilt and die soon after symptoms appear. In
older plants, vein clearing and leaf epinasty are often followed by stunting, yellowing
of the lower leaves, formation of adventitious roots, wilting of leaves and young
stems, defoliation, marginal necrosis of remaining leaves, and finally death of the

entire plant. Browning of the vascular tissue is a strong evidence of stem and fruit rot
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in sweet pepper. The pathogen is primarily spread over short distances by irrigation
water and contaminated farm equipment’s. The fungus can also be spread over long
distances either in infected transplants or in soil. Although the fungus can sometimes
infect the fruit and contaminate its seed, the spread in fungus by way of the seed is
very rare (Fletcher, 1994).

The fungus invades the plant with its sporangial germ tube or mycelium by
penetrating the plant's roots. It can be infected directly through the root tips, through
wounds or at the formation point of lateral roots. Once inside the plant, the mycelium
grows through the root cortex intercellular. When the mycelium reaches the xylem, it
invades the vessels through the xylem pits (Agrios, 2004). Due to the growth of the
fungus within the plant's vascular tissue, the plant's water supply is greatly affected.
This lack of water induces the leaves' stomata to close, the leaves wilt, and the plant
eventually dies. At this point that the fungus invades the plant's parenchymatous
tissue, until it finally reaches the surface of the dead tissue, where it sporulates
abundantly. The resulting spores which on their turn act as new inoculum for further

spread of the fungus (Jarvis et al, 1994).
2.2.4.2 Characterization of Fusarium sp.

In solid medium, such as PDA (Potato Dextrose Agar), the different special
forms of F. oxysporum can have varying appearances. In general, the mycelium first
appears white, and then may change to a variety of colors ranging from violet to dark
purple-according to strain or special form of F. oxysporum. If sporodochia are

abundant the culture may appear cream or orange in color (Smith et al., 1988).

F. oxysporum produce three types of asexual spores, microconidia,
macroconidia and chlamydospores. Microconidia are one or two celled and are the
types most and frequent produce by the fungus under all conditions. It is also the type
of spore most frequently produced within the vessels of infected plants. Macroconidia

are three to five celled, gradually pointed and curved towards the ends. These spores
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are commonly found on the surface of plant killed by this pathogen as well as in
sporodochia like groups. Chlamydospores are round, thick-walled spores, produced
either terminally or intercalary on older mycelium or in macroconidia, these spores

are either one or two celled (Romberg and Davis, 2007).
2.3 Management of fungal diseases of capsicum

Fungal diseases of capsicum are managed through chemically, biologically

and biocontrol agents to reduce the yield loss and increase the production.
2.3.1 Management by chemical methods

Effective management of fungal diseases of capsicum in open as well as in
protected structures by chemical fungicides has been reported by several workers.
Ondieku (1971) reported that benomyl was found to be effective against powdery
" mildew of capsicum. Smith et al., (1999) suggested that tebuconazole (folicur) and
propiconazole (tilt) provided excellent control of powdery mildew of capsicum.
Chaudhary et al, (2015) used nine different fungicides including systemic and
contact against powdery mildew. Results showed that out of nine, four were very
effective to control the powdery mildew which includes hexaconazole,
difenoconazole, propiconazole, triadimefon. The percent disease severity was the
least and the yield was the highest in hexaconazole. Integrated disease management
for the control of powdery mildew (Leveillula taurica) of bell pepper has been
evaluated and it was found that sequential spray of tebuconazole and difenconazole is
effective for control powdery mildew in bell pepper (Manojkumar et
al.,2008).Sulphur, hexaconazole, dinocap, azoxystrobin are recommended for control

of powdery mildew of capsicum under protected cultivation(IIHR,2012).

Hadden and Black (1989) suggested that field application of chlorothalonil
and maneb is effective for the control of anthracnose and fruit rot in bell pepper. The

chemical fungicides generally recommended for controlling anthracnose and fruit rot
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disease are based on copper compounds, dithiocarbmates, benzimidazole and triazole
compounds. However efficacy of new chemicals like strobelurins based fungicides
(azoxystrobin, pyraclostrobin) for management of disease has been reported
Waller.(1992).Damage caused by anthracnose in bell pepper can be reduced when
integrated management measures are adopted, including use of healthy seeds of
known origin and application of registered fungicides (Azevedo et
al.,2006).Experiment conducted in green house and field for management of
anthracnose and fruit rot of chill showed that application of propiconazole gave a
dramatic reduction of the disease (Gopinath et al.,2006). Azoxystrobin was highly
efficient for management anthracnose and fruit rot, powdery mildew in chilli was
reported by (Anand et al., 2010).

Solel (1970) reported the efficacy of benomyl and benzimidazole for the
control of Cercospora leaf spot. According to Khunti et al, (2005) all the triazole
fungicides performed better as compare to conventional fungicides against
Cercospora leaf spot. They found that minimum disease intensity and higher yield is
obtained by application of hexaconazole, penconazole and tridemorph for control of

the disease.

Song et al. (2004), studied the effect of fungicides for control of stem and
fruit rot in tomato, and found that, prochloraz and carbendazim were the most
effective fungicides with low toxicity. Nel et al., (2007) showed that benomyl and the
dimethylation fungicides significantly reduced the disease severity of Fusarium wilt
when applied as a root dip treatment. Chlorothalonil, mancozeb and carbendazim are

recommended for control of Cercospora leaf spot (ITHR 2012).
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2.3.2 Management by biological methods

Owing to the public concern on food safety issues, efficacy of biological
control agents is being tested against most of crop pests especially in poly house
(Vukovic et al., 2012).Use of environmentally friendly biological control agents can
more effectively control the soil borne phyto pathogens (Nam et al, 1988; Park,
1989: Saleem et al., 2000). One of the most studied commercial biocontrol agents is
Trichoderma. The most commonly used biocontrol agents for the management of
diseases include Trichoderma spp. and fluorescent Pseudomonads. Trichoderma
isolates are known for their ability to control foliar pathogens (Elad and Freeman,
2002).According to Panpatte et al.,(2014), the mechanism of biological control by P.
fluorescens against foliar pathogens include antibiotic production, competition, HCN
production and elicitation of a disease-resistance response, i.e., induced systemic
resistance (ISR).

Kokalis- Burelle ef al,, (2002) conducted field trials to evaluate tomato and
pepper transplants amended with formulations of several plant growth promoting
rhizobacteria (PGPR) with soil solarization. Results showed that there was significant
reduction in Fusarium colonies in pepper roots, at 45 days after planting compared to
the untreated control. Mao et al., (1998) evaluated various biocontrol agents for soil
borne disease control in pepper and tomato. It was found that seed treatment with
Gliocladium virens (GI-3) and Burkholderia cepacia (BC-F) reduced damping off in

bell pepper.

Kiss (2003) reported Ampelomyces sp as a potential biofungicide for control
of powdery mildew compared to other fungicides. Dubey et al, (2007) reported
Trichoderma viride and T. harzianum as the best antagonists for growth inhibition of
several soil and seed borne plant pathogen. Sahi and Khalld (2007) studied in vitro
biological control of Fusarium oxysoprum causing wilt in capsicum annum. They

reported that Trichoderma species have potential to suppress the colony growth of
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Fusarium oxysporum incitant of stem and fruit rot in sweet peppers. Manojkumaret
al.,(2008) conducted field evaluation of eight biocontrol agents against powdery
mildew of bell pepper, and out of them, two biocontrol agents ie Ampelomyces
quisqualis ~ and  verticillium  lecanigave  minimum  percent disease
incidence.Seangnak.et. al., (2013) reported the use of antagonisitic. Streptomyces spp.

against chili wilt disease caused by Fusarium oxysporum sp capsici.
2.3.3S0il solarisation

Soil solarization is a cost-effective and environmentally safe nonchemical soil
disinfestation method that, under appropriate conditions, can ensure an effective
control of a wide range of pathogens, weeds and pests. Increase in soil temperature by
solarization is sufficiently high and prolonged to cause irreversible damage to
pathogens (Fenoll et al.,2010). Therefore, this technique is particularly suitable for the
Mediterranean climate, where the occurrence of high summer temperature can ensure

effective control of fungi, nematodes and weeds (Comprubi et al.,2007).

Soil solarization is done by covering moistened soil with transparent
polyethylene which allows the sun's radiant energy to pass in to the soil where most
of this energy is trapped and not reflected back owing to the change in the wave
length on reflection and thus increasing the soil temperature (Katan, 1981).This
increase in soil temperature in the presence of moisture is the mechanism by which
soil borne diseases are controlled in solarized soil. Greenberger et al.,(1987) reported
that solarized soil is frequently more suppressive &less conducive to certain soil
borne pathogens than non-solarized soil, soil solarization has also been successfully
combined with the fungal biocontrol agents Trichoderma  harzianum, and
Talaromyces flavus, which were added to the soil or planting material. Even though,
this technique is more effective with direct sun light, it has been reported that inside
green house also it produces significantly higher soil temperature and can therefore

be effective in control of soil born plant pathogens (Elmore et al.,1997) Candido et
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al.,(2008) conducted soil solarization in greenhouse for a period of 79 days and
reported that difference in temperature between solarized and non-solarized soil was
on an average 7.1,6.4,and 6°C respectively, at 10,20,30 cm depth respectively. The
maximum temperature was 47.3°C in solarized soil and 39.4°C in non-solarized soil
at 10cm depth, moreover, soil solarization improved soil structure and increased the
availability essential plant nutrients and further increase plant growth, harvestable
yield, and crop quality. The growth response of plants in solarized soil is a well-
documented phenomenon and has been verified both in green house experiments and
under field condition (Candido et al., 2008).

Fungal diversity of any soil depends on a large number of factors such as pH,
organic content and moisture (Rangaswami and Bagyraj, 2005). Gaddeyya et
al.,(2012) reported that on isolation of soil microflora from polyhouse soil isolated
173 fungal colonies of 15 fungal species were obtained by serial dilution method,
study conducted by Jasuja et al,.(2013) revealed that soil solarization in polyhouse
effectively reduced the soil microflora viz, fungi, bacteria and actinomycetes.
Changes in the population of soil-borne micro- organisms during and after soil
solarization are attributed to increased soil temperature, thus leading to disease
supperesion and enhanced plant growth. The common bacteria, Staphylococcus
aureus, Esherichia coli, Pseudomonas aeruginosa, Bacillus anthracis and Bacillus
substilis are predominant species in the soil samples, and common fungi include
Aspergillus niger, Aspergillus flavus, Trichoderma sp, Fusarium oxysporum, and
Rhizopus sp.

2.4 Phylloplane microflora

The phylloplane microbial communities present on the leaf surface, including
fungi, bacteria, and actinomycetes have been shown to perform important ecological
functions and be both beneficial and harmful to their host plant. In agricultural and
horticultural crops, some phylloplane microbes have antagonistic properties against
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plant pathogens while few may themselves be pathogens also. Some others can
influence the crop physiology. Understanding the influence of agricultural practices
on phylloplane microflora is important in order to create the best conditions for crop
development. Blakeman (1985) reported that the activity of both saprophytes and
pathogens on leaves is dependent on the microclimatological conditions at the plant
surface as well as on the chemical environment. Bacteria, yeasts, and filamentous
fungi may form resident populations on leaves. For enumerating the phylloplane
micro flora, microorganisms are usually washed off the leaf surface in a wash buffer
(Morris et al, 1997), which is then inoculated onto artificial growing media and
incubated. Dilution ranges can be used to control the density of microorganisms on
the plates. Phylloplane microorganism populations can be described in terms of
population density and species richness. The density of culturable microorganisms is
commonly described as the number of colony forming units (cfu) per unit of sample
(Bakker, 2004).

The use of foliar pesticides to control diseases can major disruption of
phylloplane microorganism populations, often reducing the number and diversity of
organisms. This cause a negative effect on naturally occurring biological control,
which in some occasions make the plants more susceptible to other disorders
(Bosshard et al., 1987). Moreover, the activity of fungicides is affected by naturally
occurring compounds on the leaf, interacting synergistically or antagonistically with
the fungicides and this gives an indirect indication of pesticide residue residing in the
foliage and on fruits (Dik, 1991), Gokulapalan (1998) reported the harmful effect of
plant protection chemicals on epiphytic microflora on rice. Elad er al., (1996) studied
establishment of an active Trichoderma population on the phylloplane and effect on

grey mould (Botrytis cineria).

18



2.5 Survival of bio control agents on leaf surface

The fungal biocontrol agents T. viride survive mainly on the hyphae of the
pathogen present on the leaf surface or else it may get transferred to resting spores
where, bacterial biocontrol agent P. fluorescens survive on surface wetness brought
about by a thin film of water on leaf surface or by leaf exudates (Hirano and Upper
2000). Survival of Trichoderma strains may be quantified by serial dilution method
on semi selective medium (Elad and Kirshner, 1993) however, morphologically it is
not possible to distinguish between isolates in a mixture. Cirvilleri et al. (1999)
reported that the population densities of P. fluorescens strains decline within 30days
after inoculation on plant species such as pepper, tomato, eggplant, and strawberry.
Freeman et al, (2004) who studied the variability of the Trichoderma strains the
variability of the Trichoderma strains T-39, T-105, T-161 and T-166 application.
Furthermore, survival of the strains declined undetectable levels after two weeks
incubation

The survival of P. fluorescens and 7. viride sprayed on rose leaves was
assessed by taking leaf samples at 5,15,30,45,60 and 75 days after foliar application.
Leaf samples (1g) were transferred to a test tube containing 100ml o sterile water and
after through shaking, the population of P. fluorescens and T. viride in suspension
was established by dilution plating, using King's B medium for P. fluorescens and
TSM for 7. viride (Elad and Freeman,2002). P. fluorescens and T. viride multiplied
on rose leaves and suppressed the pathogen population. Because it modified the leaf
habitat by depleting the pathogen and did not allow the multiplication of Diplocarpon
rosae (Karthikeyan et al., 2006)

19

54



Materials T Methods



3. MATERIALS AND METHODS

The present study on “Management of fungal diseases of capsicum (Capsicum
annuum L.) under protected cultivation'” was conducted at the Department of Plant
Pathology, College of Horticulture, Vellanikkara during 2015-2017. The details of
materials used and techniques adopted for the investigation are described below.

3.1 Assessment of incidence and severity of fungal diseases of capsicum under
protected structures in farmers’ field

A survey was conducted during August-February 2016-2017 by selecting
polyhouses where capsicum is grown at Vellanikkara, Thanniyam, Elanad, Manalur
and Puranattukara, in Thrissur, Chithaliin Palakkad, Plamootikada and Neyyattinkara
in Thiruvanathapuram. Incidence and severity of fungal diseases of capsicum in poly
houses were assessed using standard score chart and procedures (Plate 1). The major
meteorological factors such as temperature and relative humidity influencing the crop

and pathogen prevailing in the structure and open condition were recorded.

In present survey, diseases viz. powdery mildew, leaf spot, fruit rot and stem
rot and fruit rot on capsicum were observed in farmers’ poly houses. Per cent disease
incidence (PDI) was calculated using the formula suggested by Wheeler, (1969).

Per cent disease incidence (PDI) = Number of plants infected X 100

Total number of plants

Percent disease severity (PDS) was calculated, using 0-5 scale (Suresh, 2013)
Table 3.1, for leaf spot (Plate 3) and 0-9 scale (Mayer and Dator, 1986) Table-3.2, for
powdery mildew (Plate 2) as furnished below. In each polyhouse, five locations were
selected and ten plants were observed at random in each location. Total of five leaves

two each from bottom, middle and one from the top of the plant were observed.
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Table 3.1 Score chart for leaf spot capsicum Table 3.2 Score chart for powdery mildew capsicum

Score Per cent leaf area

infected

0 No infection

1 Below 10 per cent
infection

2 >10-25per cent
infection

3 >25-50 per cent
infection

4 >50-75 per cent
infection

5 Above 75 per cent

infection

Score | Per cent leaf area
infected

0 No infection
1 Below 1per cent infection
3 <1-10 per cent infection
5 >10-25 per cent infection
7 >25-50 per cent infection
9 >50 per cent infection

Per cent disease severity (PDS) was calculated using the following formula (Wheeler, 1969)

PDS=

Sum of all disease ratings

X100

Total number of leaves observed X Maximum disease score
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3.1.1 Correlation analysis of incidence and severity of fungal diseases of
capsicum with meteorological factors

Data collected during the survey was subjected to correlation analysis using
SPSSv16.0 data editor to assess the influence of meteorological factors on incidence

and severity of fungal diseases in protected structures.
3.2 Symptomatology, isolation and characterization of the pathogens

Infected plant samples with symptoms of leaf spot, stem and fruit rot,
powdery mildew and fruit rot were collected separately from different locations
during the survey (Plate 1). Symptoms of each disease were carefully observed and
compared with the photographs and description available in the literature. The
specimens were also subjected to examination under microscope and the characters of
pathogens associated were studied. Pathogens were isolated from the infected
specimens. Samples were washed under tap water, pressed on a blotting paper to
remove excess water and small bits were taken from infected area of the leaf along
with some healthy area. The bits were surface sterilized with one per cent sodium
hypochlorite solution and then washed in three changes of sterile water. The bits were
then placed on Potato Dextrose Agar (PDA). Hyphae ramifying from the leaf bits on
PDA were sub cultured to fresh mediated plates and incubated under room
temperature, The cultures were purified by hyphal tip method and maintained for
further studies. The cultural and morphological characters of the isolated fungi were
studied.
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3.2.1 Pathogenicity

The pathogenicity of the organisms associated with different diseases was
tested by artificial inoculation on healthy plant parts. Healthy leaves, twigs and fruits
collected from the field were washed under tap water and wiped with 70per cent ethyl
alcohol. The leaves /twigs/fruits were inoculated with actively growing seven to eight
day old culture of pathogen after giving pin pricks (Plate 8). Piece of moist cotton
was placed over inoculated area and the inoculated leaves/twigs/fruits were kept in
humid chamber and observed daily for the appearance of symptoms. Plant parts on
which pin pricks were given and piece of moist cotton was placed over the area
served as control. The symptoms developed on inoculated area were observed, and
compared with the symptoms produced on natural infection. The pathogens were
reisolated from the infected area, and the characters were studied and thus proved the

Koch's postulates.
3.2.2 Cultural and merphological characterization of pathogens

The cultural and morphological characters of the isolated pathogens viz.,

colour, rate and pattern of growth, conidial and conidiophore characters were studied.
3.2.3 Molecular characterization

Purified cultures of the pathogens isolated from leaf spot, fruit rot, and stem
and fruit rot were sent to Rajiv Gandhi Center for Biotechnology Thiruvanathapuram,
for molecular characterization. The ITS sequences (Plate 11) obtained were blasted in
NCBI web site, similarity of sequences was studied and the pathogens were
identified.
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3.3In vitro evaluation of bio control agents and fungicides against powdery
mildew of capsicum

In vitro evaluation of treatments against powdery mildew was carried out
using the method suggested by Tenhovirta, (2012) as (Plate 12). The treatment details

are given below.

Table 3.3 Treatments details of in vitro evaluation against powdery mildew of

capsicum

Treatments Foliar spray

Tl Trichoderma  viride(asperellum)
(20 g.L'Y)

T2 Pseudomonas fluorescens(20g.L-")

T3 Kocide (0.2per cent)

T4 Mancozeb (0.2 per cent)

T5 Tebuconazole (0.1 per cent)

T6 Difenoconazole (0.05 per cent)

T7 Control

Healthy leaves of capsicum were collected from the field, washed thoroughly
with tap water, and foliar treatments were applied using hand sprayer. The treated
healthy leaves were placed on moist filter paper in Petri plates. Conidia of Leveillula
taurica from infected leaves were then gently brushed on to the treated leaves in the
Petri plates. The inoculated leaves were incubated at room temperature. Lesions were
measured and leaf area infected (LAI) was calculated. Inoculated untreated leaves

served as control.
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3.4 Field experiment for management of fungal diseases of capsicum under
protected cultivation

Field experiments were conducted under rain shelter of size 200m* and
polyhouse of size 300m? both having gable type roof, constructed in North-South
direction in the Department of Plant Pathology, College of Horticulture,
Vellanikkara(Plate13). The experiments were carried out during June to February,
2016-2017 to evaluate different treatments for the management of fungal diseases of

capsicum under protected condition. The details of the experiment are as follows.
Design  :RBD

Treatments: 7

Replication: 3

Plot size :3X1.0m?

Spacing  : 0.5X0.5 m?

Variety : Indra

Season : October to January (2016-17)
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Table 3.4 Treatment details of field experiments

Treatment | Description Concentration (%)

Tl Soil solarisation+ soil application of Trichoderma | 2%
viride(asperellum) (as per POP)

T2 T1+Seed treatment and foliar spray with | 2%
Pseudomonas fluorescens

T3 T1+Seed treatment with carbendazim+ mancozeb | 0.2%
+foliar spray with copper hydroxide

T4 T1+Seed treatment with carbendazim +mancozeb+ | 0.2%
foliar spray with mancozeb

TS5 T1+Foliar spray with tebuconazole 0.1%

T6 T1+Foliar spray with difenoconazole 0.05%

T7 Untreated Control

Fungicides used for the experiment

Sl. | Chemical name Trade name Contact/systemic | Concentration (%)

No

1 | Carbendazim (12%) + Saaf 50 WP Systemic 0.2%

Mancozeb (63%)

2 | Copper hydroxide Kocide Contact 0.2%

3 | Mancozeb Indofil M 45 Contact 0.2%

4 | Tebuconazole Folicur 25EC Systemic 0. 1%

5 | Difenoconazole Score 25WP systemic 0.05%

Biocontrol agents used for the experiment

Description Concentration (%)

Trichoderma viride(asperellum)(KAU) 2%

Pseudomonas fluorescens 2%

Cowdung+Neemcake + Trichoderma 1kg/m?

viride(asperellum)
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3.4.1 Preparation of nursery

Nursery was raised during July —September 2016, in protrays using soil less
medium, consisting of coir pith, perlite and vermiculate in 3:1:1 proportion by
weight. Capsicum seeds treated as per technical program were sown one seed per

cavity. Per cent seed germination was recorded.
3.4.2 Field preparation

Field experiments were conducted in polyhouse and rain shelter
simultaneously (Plate 13). Land inside the structure was ploughed and thoroughly
prepared into beds of size 3.0x1.0 m?.In treatments T1 to T6 the beds were subjected
to soil solarization for 90 days, then polythene sheets were removed, and seedlings
were transplanted at a spacing of 0.5mx0.5m and 3-4cm depth. Fertigation and
irrigation were carried out using drip irrigation system.

3.4.2.1 Soil solarization

Beds of 3x1m? size and 10 cm height were taken, irrigated using rose can and
the beds were perfectly leveled. Transparent polythene sheet of 150 gauge thickness
was stretched and spread over the beds so that it was placed touching the surface and
there were no air pockets in between. The sides of the polythene sheet were sealed by
putting soil (Plate 14). Soil solarization was carried out during June-August for a
period of 90 days in protected structures. Soil thermometers were installed at 10cm
depth (Plate14) in solarized and non-solarized beds in polyhouse and soil temperature
was recorded at 7:30 am and 2:30 pm daily during the period of solarization.
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3.4.2.2 Enumeration of soil microflora

Soil samples were collected from inside polyhouse and rain shelter. Then it
was thoroughly mixed and using quadrant method, the quantity was reduced to 100g.
It was then air dried and filtered using the sieve of mesh size 2mm. Enumeration of
soil microflora viz, fungi, bacteria and actinomycetes was done using serial dilution
and plating technique. The sample (1g) was added to 99ml sterile water, shaken for
one minute and serially diluted upto 10 dilution. For isolation of fungi, bacteria and
actinomycetes 103, 10%&10% dilutions were plated on Martin's Rose Bengal
Streptomycin Agar, Nutrient Agar, and Ken knight's Agar respectively. Microbial
suspension (1ml) of the respective dilution was pippeted into sterile Petri plate and
15ml of molten cooled medium was added. Three replications were kept for each
sample. The plates were then incubated at room temperature, and fungal, bacterial
and actinomycetes colonies were counted at 24"hrs, 48"hrs and on 7" day
respectively. The population of microflora was expressed as number of cfu g of dry

soil.
3.4.3 Management of fungal diseases of capsicum under protected cultivation

The effectiveness of selected plant protection chemicals, biocontrol agents as
per Table. 3.4 was tested against fungal diseases of capsicum under protected
condition. Application of treatments was given at the onset of the disease. Subsequent
sprays were given at 15 days interval. Systemic fungicides were sprayed three times,
and contact fungicides and biocontrol agents were applied two times. Disease severity
of cercospora leaf spot was recorded using 0-5 scale (Table3. 1) before spraying and
15 days after each spraying. From each plot, four plants were selected at randomly,
and a total of five leaves from each plant were observed. Based on the per cent leaf

area infected, disease severity was calculated as described in 3.1.
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3.4.3.1Meteorological parameters

Temperature and relative humidity inside the polyhouse and rain shelter were
recorded at 7.30 am and 2.30pm daily during the experiment using temperature and
moisture meter which are permanently installed in the structures. Correlation analysis
was performed between major meteorological factors and disease severity using
SPSS v16.0 data editor. Per cent disease severity in control, recorded at 15 days
interval and temperature and relative humidity during the week prior to the date of

observation of the disease were utilized for the analysis.
3.4.3.2Biometric observations

Biometric observations such as plant height, days to flower, days to harvest,
were recorded and tabulated to know the effect of treatment on these parameters
(Plate15 and 16)

3.4.3.3Economic analysis

Total cost incurred and total returns per plot (3m?) were calculated separately
for the treatments. The benefit: cost ratio was calculated at market price (Rs.50kg™)

of capsicum.
3.4.3.4 Incidence of other diseases and pests

Incidence of pests and other diseases of capsicum in polyhouse and rain

shelter was observed (Plate 17)
3.5 Enumeration of phylloplane microflora of capsicum

The methodology adopted by Elad and Kirshner (1993) was used for
enumeration of phylloplane microflora. The phylloplane microflora (fungi, bacteria

and actinomycetes) of the crop was estimated using serial dilution plating of leaf
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washings to know the changes due to the treatments. Capsicum leaves were collected
from all treatments in polyhouse before spray and at five days after each spray. Area
of the leaf used for the study was measured by graph paper method. Then the leaf was
cut into small pieces and added to 100ml sterile water, agitated well for one minute
and 1ml of the leaf washing was plated on suitable media (Plate 18). Viz Martin’s
rose bengal streptomycin agar, nutrient agar and Kenkight's agar for fungi, bacteria
and actinomycetes respectively. Population of the phylloplane micro flora was

expressed as number of cfu cm™? area of leaf.
3.6 Survival of the Pseudomonas fluorescens on phylloplane of capsicum

The population of biocontrol agent sprayed on leaves was estimated at
periodical intervals of 5, 10, 15, days after spraying using serial dilution of leaf
washings as in 3.7. Here, the medium used was King's B agar for isolation of P.
fluorescens. Leaves were collected from field before and after treatment application
at an interval of five days. For isolation of P. fluorescens, 10® dilutions were used.
The diluted leaf washings was plated and colonies of P. fluorescens were counted at

48h. of incubation. The Population was expressed as cfu cm-? area of leaf. (Plate 19).
3.7 Statistical analysis

The data collected during experiments were analyzed using web agri-stat
package (WASP) 2.0
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4. RESULTS

The studies on ‘'Management of fungal diseases of capsicum (Capsicum
annuum L.) under protected cultivation * was conducted at the Department of Plant
Pathology, College of Horticulture, Vellanikkara during 2015-2017. The study
consisted of survey on incidence and severity of fungal diseases of capsicum in
farmers’ field and experiments under protected structures. Experiments to evaluate
different treatments against fungal diseases of capsicum were conducted in poly
house and rain shelter simultaneously. The survey was conducted during 2016-2017
by selecting poly houses where capsicum was being cultivated (Plate 1). During the
survey, eight poly houses from three districts viz. Thrissur, Palakkad and
Thiruvanathapuram were visited. The incidence and severity of fungal diseases of
capsicum in protected structures were assessed using standard score charts (Tables3.1
and3.2) and procedures. The major meteorological factors such as temperature and
relative humidity (RH) influencing the crop and the pathogens prevailing in the

structures and open condition were also recorded using whirling psychrometer.

4.1 Assessment of incidence and severity of fungal diseases of capsicum under
protected structures in farmers’ field

Incidence of fungal diseases like powdery mildew, leaf spot, fruit rot and stem
and fruit rot were noticed in the poly houses where capsicum was being cultivated.
Per cent disease severity (PDS) for leaf spot varied from 2.97 to 5.36. Per cent
disease severity for powdery mildew varied from 3.1 to 90.23. Incidence of leaf spot
was found to be high during rainy season in Vellanikkara, Thannlyam and Manalur
and the PDS were 3.8, 5.37 and 2.37 respectively. Incidence of powdery mildew was
observed in all the poly houses except Vellanikkara. The disease severity was the
highest in Plamootinkada (90.23) followed by Neyyatinkara (89.76) and
Manalur(82.3).Incidence of Stem and fruit rot and anthracnose was observed only in
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Vellanikkara and the per cent incidence was very less ie 0.5 and 1 per cent
respectively (Table 4.1).

Meteorological data was recorded in (Table 4.1.1) using whirling
psychrometer and temperature and moisture meter. A wide variation was noticed in
the major meteorological parameters among the polyhouses, which may be attributed
mainly to the season, type of the structure, location etc. In general temperature and
RH are higher inside the polyhouse compared to outside. There was no significant

correlation between temperature and RH and the disease severity at the time of visit.

Table 4.1 Incidence and severity of fungal diseases of capsicum in farmers’ poly
house

Polyhouse Disease Meteorological parameters
PDS PDI Inside Outside
Period (Stem polyhouse polyhouse

Location 2016- | (leaf | (Powdery | (Fruit and
2017 | spot) | mildew) | rot) | fruit | Temp | RH | Temp | RH
rot) (0 | (%) | (O | (%)
Vellanikkara July | 5.36 - 1 0.5 30.50 | 79.0 | 29.8 | 78.0
Thannlyam Aug | 338 7.2 - - 33.80 | 81.0 | 32.7 | 80.0
Elanad Aug 53 - - 3166 | 785 | 30.5 | 76.6
Manalur Aug | 297 82.3 - - 2450 | 82.0 | 23.0 | 810
Chithali Sept 3.1 - - 36 89.0 | 355 | 81.0
Poranattukara | Sept 9.6 - - 3333 | 783 | 31.1 | 76.0
Neyyatinkara | Feb 89.76 - - 31 85.0 | 29.5 | 86.0
Plamootinkada | Feb 90.23 - - 32 90.0 | 305 | 89.0

PDS-Per cent disease severity
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Platel Field visit for assessment of incidence and severity of fungal
diseases of capsicum

Field visit Poly house

Powdery mildew

Stem and fruit rot



Plate 2 Score chart for powdery mildew of capsicum

Abaxial

Adaxial

Plate 3 Score chart for leaf spot of capsicum
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4.2 Symptomatology of fungal diseases of capsicum

Diseased specimens were brought to the laboratory and were observed under
microscope by preparing slides from the infected tissues. Purified, cultures were also
subjected examination under microscope to study the cultural and morphological

characters of the fungal pathogens.
4.2.1 Symptomatology and characterization of powdery mildew of capsicum

Initially, the symptoms of powdery mildew appeared as discolored spots on
the upper surface of leaves, where later white-grey to purple powdery growth of the
causal organism, was observed on the lower side of the leaf (Plate 4). Infected areas
dried up and turned black. As infection became severe, the disease caused defoliation
also (Plate 4). Symptoms were not observed on stem and fruits. Infection progressed
from the older to younger leaves. The disease caused reduced growth of leaves and
fruits led to low quality and quantity of the produce. At the later stage of infection,
the leaves were completely covered with powdery growth of the pathogen. The
powdery growth on the leaves was observed under the microscope, two type's
conidia were observed. The primary conidia with tapering tips and of size of 66x8-
12um (Plate 4) and the secondary conidia with rounded tips 60-74x14-2.9pm (Plate
6). The conidia and conidiphores characters of the pathogen were similar to that of

Leveillula taurica.

4.2.2 Symptomatology and characterization of leaf spot of capsicum

The disease appeared as circular spots on leaves with a light grey center and a
reddish-brown margin, the spots grew up to one cm in diameter. The disease was
observed first on young leaves. Spots later became tan with a dark margin and a

yellowish halo around the spots. Concentric zonations were observed on the lesions
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Plate 4 Symptomatology and characterization of powdery mildew of capsicum

Powdery growth on surface of the leaves

Primary conidia (400X) Secondary conidia (400X

Young germinating conidium of Leveillula taurica (400X)
S3



Plate 5 Symptomatology and characterization of Cercospora leaf spot in capsicum

Cercospora leaf spot Frog eye symptom

Cultural characterization of Cercospora capsici

Growth on PDA Dark discoloration

Morphologic characterization of Cercospora capsici

Conidiophores (400X) Conidia (400X)




(Plat 5) which had the typical “frog-eye” appearance. The center of lesions dried up
and dropped out as the leaves got aged. Numerous spots were seen on the foliage and
the leaves turned yellow and dropped off prematurely. Symptoms were not observed
on the fruits. The fungus was isolated on PDA, which grew very slowly and the
colony attained 4cm diameter only, at one and half months of growth. However
sporulation was not observed in culture. Dark discoloration of the medium was
observed when viewed from the bottom of the plate (Plate 5).The conidia and
conidiophores present on the lesion on the infected leaves were subjected to
observation under microscope. Conidiophores were erect, slightly divergent, sub
cylindrical, unbranched, geniculate, pale brown, smooth and thick walled of the size
32-80X1-2pm (Plate 5).Conidia were hyaline, sub cylindrical, slightly curved of the
size of 28-76X1-1.5pm(Plate 5).The cultural and morphological characters of the

fungus were similar to that of Cercospora capsici.

4.2.3 Symptomatology and characterization of fruit rot of capsicum

Symptoms first appeared on mature fruits as small, water soaked, yellow or
dark sunken lesions which rapidly expanded. The lesions enlarged up to 3to 4 cm in
diameter and coalesced (Plate 6). Fully expanded lesions were dark red to light tan in
color with varying amounts of visible dark acervuli bearing spore mass on the lesions.
On PDA (Potato Dextrose Agar), the fungus grew as white mycelium later becoming
grey-green with age. Conidia were aseptate, and hyaline, curved and tapered towards
both ends with the size of 17-26X3-4pm (Plate 6). The cultural and morphological

characters of fungus were similar to that of Colletotrichum capsici.
4.2.4 Symptomatology and characterization of stem and fruit rot of capsicum

The disease first appeared as slight vein clearing on the outer portion of the
younger leaves, followed by epinasty (downward curling) and yellowing of the lower

leaves. Formation of adventitious roots, wilting of leaves and young stems,

34

55



Plate 6 Symptomatology and characterization of fruit rot of capsicum

Symptoms on fruit Growth on PDA Conidia(400X)

Plate 7 Symptomatology and charcterisation of stem and fruit rot

Symptoms on stem Growth on PDA Micro and
macro conidia (400X)
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defoliation, marginal necrosis of remaining leaves, were observed and finally entire
plant wilted and dried up (plate 7). On isolation the fungus associated with the
disease produced white mycelium on PDA, which later changed to violet to dark
purple in color (Plate 7). When observed under the microscope two types of conidia
were found, which were similar to the micro and macro conidia of Fusarium sp.
(Plate 7). The microconidia are two celled with the size of 5-6.4X3-3.4ym and
macroconidia are five celled of the size 15-28.5X3.2-5.4pm.The cultural and

morphological characters of the fungus were similar to that of Fusarium sp.

4.2.5 Pathogenicity test

The Pathogenicity of fungi associated with fruit rot, leaf spot and stem and
fruit rot were tested by artificial inoculation on healthy plants parts. Fungi associated
with various symptoms observed during the survey, where isolated and inoculated on
healthy plant parts ie, fruits and leaves and twigs (Plate 8). In the case of fruit rot
symptoms were observed on fruit and leaves after five days of inoculation. The
symptoms were similar to those observed in natural infection; however, the lesions
were darker than those observed in field. Symptoms were not observed on leaves
during the study. But on artificial inoculation, lesions were formed on leaves also.
However the size of lesion was smaller compared to lesions on fruits (Plate 9). In
case of stem and fruit rot, symptoms were produced after six days of inoculation on
twigs and fruits. On twigs there was rotting and discoloration of the entire twig and
on fruits, the symptoms began as dark decaying spots. Later it enlarged and formed
rotten lesions, on which white mycelial growth of the fungus was observed. In the
case of leaf spot, very small dark spots were produced after eight days of inoculation.

However, typical symptoms as in natural infection were not noticed.

4.2.6 Molecular characterization of pathogen

Purified cultures of pathogens isolated from Cercospora leaf spot (CEC), fruit
rot (COC) and stem and fruit rot (FUS) were sent to Rajiv Gandhi Centre for

35

E7



Plate 8 Pathogenicity test for fungal diseases of capsicum.
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Plate 9 Symptoms on artificial inoculation

A. Stem and fruit rot

Control Inoculated White mycelium on the stem

B. Fruit rot

Control Inoculated Small circular spot

C. Leaf spot

Inoculated Control
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Plate 10 Molecular characterisation of pathogens

. A CEC COC FUsl

Ladder

COC

3KB
1.5KB

1KB

500 bp

100 bp

DNA ITS PCR product

Plate 11 sequencing analysis

r II1 Sequences '

>SR877-CEC-ITS
AGGGATCATTACTGAGTGAGGGCCTTCGGGCTCGRCCTCCAACCCTTTGTGAACRCAACTTGTTGCTTCGGGGGCGACCC
TGCCGIIICGACGGCGAGCGCCCCCGG&GGCCTICRAACACTGCATCTTTGCGTCGGAGTTTAAGTAAATTAAACKAAAC
ITICAACAACGGATCTCITGGTTCTGGCATCGAIGAAGAACGCAGCGAAATGCGAIA&GTAAIGIGAATIGCAGAATTCﬁ
GIGAATCATCGAATCTTIGAACGCACAITGCGCCCCTTGGTATTCCGAGGGGCATGCCTGIICG&GCGTCATITCRCCAC
TC&AGCCICGCTTGGTATTGGGCGCCGCGGTGTTCCGCGCGCCTCAAAGTCTCCGGC?GAGCTGTCCGICTCTAAGCGIT
GTGATTICATTAATCGCTTCGGAGCGCGGGCGGTCGCGGCCGTT&AATCTTTCACAAGGTTGACCTCGGRTCRGGTAGGG
ATACCCGCTGAACTTAA |

>SR877-COC-ITS
AGGGAICAITACTGAGTTACCGETCATCAACCCTTTGTGAACATACCTILACTGTTGCTTCGGCGGGTAGGCGICCCCTR
ARAAGGACGTCTCCCGGCCCTCTCCCGTCCGCGGGTGGGGCGCCCGCCGGAGGAIAACCAAACTCTGAITTAACGACGIT
TCIICTGAGIGACACEAGCAAATAATCAAAACTTTThACAACGGATCICTTGGTICTGGCAICGhTGAAGAACGCRGCGA
AATGCGATAAGIAATGTGAATTGCAGAATTCAGTGhATCATCGAA?CTTTGAACGCAC&TTGCGCCCGCC&GCATTCIGG
CGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGIGITGGGGCTCT&CGGIIGACGTAGGCCCTIAA
AGGIAGTGGCGGACCCTCTCGGAGCCTCCTTTSCGTAGIAACATTTCGTCTCGCATTGGGRTTCGGAGGGACTCTAGCCG
TAARACCCCCAATTITACTAAGGTIGACCICGGAT CAGGTAGGAATACCCGCTGAACTTAA

>SR877-FUS1-1IT1IS5
AGGGATCATIACCGAGTTTACRACTCCCAAACCCCTGTGAACATACCAATTGTIGCCICGSCGGRTCAGCCCGCTCCCGG
ThAAhCGGGACGGCCCGCCAGRGGACCCCTAAACTCTGTTTCIATRTG?AACTTCTGAGT&AAACCATAAAIhRATCAAA
hCTITCAACAACGGAICICTTGGTICTGGCATCGATGAAGAACGCAGCAAAATGCGAThAGThAIGTGAATTGCAGAATI
CRGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAAC
CCTCAAGCCCCCGGGTTTGGTGTIGGGGRICGGCGAGCCCTIGCGGCARGCCGGCCCCGAAATCIAGTGGCGGTCTCGCT
GCAGCTTCCAITGCGTAGIAGTAAAACCCTCGC&ACTGGTRCGCGGCGCGGCCAAGCCGTTAAACCCCCAACTTCTGAAT
GTTGACCICGGATCAGGTAGGAATACCCGCTGARCTTAR

CEC-Cercospora capsici

COC-Colletotrichum capsici
FUS- Fusarium sp.



Biotechnology Thiruvanathapuram, for molecular characterization (Plate10). The ITS
sequences (Platel1) obtained were blasted in NCBI web site, similarity of sequences
was studied. Based on sequence similarity the identity of the pathogens causing leaf
spot, fruit rot and stem and fruit rot was confirmed as Cercospora capsici,

Colletotrichum capsici, and Fusarium sp. respectively.

4.3 In vitro evaluation of fungicides and biocontrol agents on powdery mildew of

capsicum

Prior to the incidence of diseases, the fungicides and biocontrol agents were
evaluated in vitro to study their efficiency against powdery mildew of capsicum. Data
presented in Table-4.2 and Fig. 4.1 indicates that T5-tebuconazole (0.1per cent) is the
most effective fungicide to control powdery mildew followed by T6-difenoconazole
(0.05per cent) and Pseudomonas fluorescens also recorded better results comparative

to other treatments (Plate 12).

Table 4.2 In vitro evaluation of bio control agents and fungicides on powdery

mildew of capsicum
Treatments Per cent leaf area infected (LAI)
2DAS* 4DAS 6DAS
T1-Trichoderma viride(asperellum) (2 10.2¢ 11.1¢ 11.9%
per cent)
T2- Pseudomonas fluorescens(2 per cent) | 4.7° 5.8b 8.7°
T3-Copper hydroxide(0.2per cent) 9.08¢ 10.2¢ 13.2¢
T4-Mancozeb(0.2 per cent) 11.3¢ 12.5¢ 13.6¢
T5-Tebuconazole(0.1 per cent) 0@ 02 0?
T6-Difenconazole(0.05 per cent) 1.5° 1.74% 2.17°
T7-Untreated control 11.2¢ 13¢ 14.3¢
CV 26.03 33.98 24.12
CD 3.13 4.669 3.867
DAS Days after spraying
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Plate 12-In vitro evaluation of treatments against powdery mildew

Hand spraying Placing infected leaf on the treated leaf

Control Treated Control Treated .



Fig. 4.1. In vitro-evaluation of treatments against powdery mildew of capsicum
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4.4 Management of fungal diseases of capsicum under protected condition

Field experiments were conducted simultaneously in polyhouse (300m?) and
rain shelter (200m?) during June -February of 2016-2017 to evaluate different

treatments for management of fungal diseases of capsicum (Plate13).
4.4.1 Soil solarisation

In all treatments except T7 (control) soil solarization was carried out for
period of 90days before transplanting. Soil thermometers were installed at 10cm
depth in solarized and non-solarized beds in polyhouse (Plate 14) and soil
temperature was recorded at 7:30 am and 2:30 pm daily during the period of

solarization in Table 4.3.

Table 4.3 Soil temperature of solarized and non-solarized soil in polyhouse and
rain shelter

Std Soil temperature at 10cm depth
week Polyhouse Rain shelter
7:30am 2:30pm 7:30am 2:30pm

S NS S NS S NS S NS
21 31.21 | 2985 | 36.07 | 3424 | 31.50 | 29.50 | 34.00 | 31.75
22 31.57 | 3021 | 35.10 | 33.95 | 29.50 | 27.50 | 33.00 | 32.00
23 31.28 | 30.14 | 3557 | 33.71 | 31.00 | 28.00 | 36.50 | 32.00
24 30.85 | 30.14 | 35.00 | 3335 | 32.00 | 28.00 | 37.00 | 34.50
25 30.71 | 3050 | 34.78 | 33.55 | 3250 | 29.00 | 36.50 | 34.00
26 30.04 | 28.18 | 3478 | 29.18 | 31.00 | 30.00 | 3550 | 34.50
27 30.05 | 29.57 | 3592 | 29.57 | 32.00 | 30.50 | 35.50 | 33.00
28 29.16 | 2850 | 35.07 | 3533 | 31.00 | 29.00 | 34.50 | 34.00
29 29.21 | 28.07 | 33.85 | 31.64 | 32.00 | 31.00 | 36.00 | 34.00
30 31.14 | 2942 | 35.21 | 3392 | 32.50 | 30.00 | 34.00 | 32.00
3 3031 | 29.12 | 3562 | 3350 | 30.00 | 28.50 | 35.50 | 31.00
32 30.71 | 2985 | 35.83 | 35.00 | 3250 | 31.00 | 37.00 | 33.50
33 2864 | 2835 | 34.28 | 31.83 | 30.00 | 28.50 | 35.50 | 32.00
*average temperature of seven days  S-Solarized soil NS-non solarized soil

2

37



Plate 13 Protected structures for field experiments

Poly house Rain shelter

Plate 14 Soil solarization and installation of soil thermometers in protected structures

Poly house
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Fig. 4.2. Soil temperature in solarized and non-solarized soil in polyhouse
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Data on soil temperature of both solarized and non-solarized beds during the
period of solarization are presented in Table-4.3. In general, soil temperature was
found to be high in polyhouse compared to rain shelter, and in both the temperature in
solarized beds was higher than non-solarized beds. In polyhouse there is an increase
in soil temperature up to 6.35°C in solarized beds over non-solarized beds at 2:30pm,
at which, temperature ranged from 33.85-36.07°C in solarized beds, whereas in non-
solarized beds from 29.18-35.33°C (Fig.4.2). At 7:30am, soil temperature in solarized
beds inside the polyhouse varied from 28.64-31.57°C, whereas in non-solarized bed it
ranged from 28.18-29.85°C (Table 4.3).

In rain shelter, there was an increase of soil temperature up to 4.5°C in
solarized beds over non-solarized beds at 2:30pm. During this period temperature
varied from 33-35.5°% in solarized beds, whereas in non-solarized beds from 31-
34.5°C (Fig.4.3).At 7:30am, soil temperature in rain shelter varied from 29.5-32.5°C,
whereas in non-solarized beds from 31-34.5°C.

4.4.2 Enumeration of soil microflora in polyhouse and rain shelter

The population of fungi, bacteria and actinomycetes in solarized and non-
solarized soil was estimated in polyhouse and rain shelter. Results are presented in
(Table 4.4). During the period of solarisation, there was reduction in the population of
soil microflora such as fungi, bacteria and actinomycetes in all the plots, in poly
house. But in rain shelter the population of fungi and actinomycetes were less and

that of bacteria was more in solarized plots compared to non-solarized plots.
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Table.4.4 Population of soil microflora in solarized and non-solarized soil in

polyhouse and rain shelter
Soil microflora Polyhouse Rain shelter
Solarized plot | Non-solarized Solarized plot Non solarized

plot plot
Fungi (x10°cfu g") 13.3* 13.66 3.33 4.66
Bacteria (x10°%fug”) | 0.66 11.33 6.00 2.66
Actinomycetes(x 1.66 1.33 2.66 3.00
10°cfu g?)
cfu - colony forming units * Mean of three replication
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4.4.3 Analysis of soil nutrients

Soil samples collected from polyhouse and rain shelter (Table 4.5) were

analyzed for soil reaction, electrical conductivity and major and minor nutrients.

Table 4.5 Soil nutrient status inside polyhouse and rain shelter

- SRE—— Poly house Poly house non- Rain shelter Rain sh.elter non-
solarized soil solarized soil solarized soil solarized soil
pH 6.3 6.2 6.4 6.1
Electric conductivity 0.014 0.042 0.057 0.031
(dSm)
Total nitrogen (%) 0.14 0.23 0.13 0.16
Total pl:;;sphoms 0.17 0.14 0.20 0.13
Total pofas)sium (%) 0.13 0.11 0.130 0.09
Calcium (ppm) 0.56 0.46 0.76 0.37
Magnesium(ppm) 0.36 0.46 0.48 0.39
Iron(ppm) 5.16 5.01 537 4.69
Manganese (ppm) 796.0 824.0 861.0 725
Zinc(mg/kg) 155.2 138.0 203.6 103.6
Copper(ppm) 55.0 53.0 65.8 52.4

In poly house as well as in rain shelter, all soil nutrients were higher in

solarized soil except for total nitrogen, iron, zinc and manganese. It was found that

soil reaction and EC are slightly higher in solarized soil compared to non in both the

structure.
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4.5 Management of fungal diseases of capsicum under polyhouse and rain
shelter

The effectiveness of plant protection chemicals, and biocontrol agents were
tested against the fungal diseases of capsicum under polyhouse and rain shelter. The
crop was raised during August to February 2016-17. Foliar application of treatments
was given at the onset of Cercospora leaf spot. Subsequent sprays were given at
15days interval. Disease severity was recorded leaf spot using 0-5 scale (Table 3.1)
for Cercospora leaf spot and 0-9 scale for powdery mildew (Table3.2) before
spraying and 15days after each spraying.

4.5.1 Effect of treatments on seed germination of capsicum

Effect of seed treatment on seed germination was studied and it was found
that, treatment with Pseudomonas fluorescens, gave 100 per cent germination
whereas, the per cent germination was only 92 in seed treated with carbendazim+
mancozeb and 80 in control (Table 4.12 and 4.13)

4.5.2 Effect of treatments on management of Cercospora leaf spot and yield of
capsicum in polyhouse

Results of the field experiment for management of fungal diseases of
capsicum in poly house are presented in Table 4.6. Incidence of Cercospora leaf spot
was noticed 77 days after planting in poly house. Before spray there was no
significant difference in disease severity among the treatments. There was a gradual
increase in the disease until the second foliar treatment, however, subsequent to the
second foliar application, the disease severity was reduced. All the treatments were
found to be superior to control in reducing rate of increase of the disease compared to
control. Lowest disease severity was recorded in T4 (mancozeb) at all the stages of
observation and per cent reduction over control was 52.51 per cent after the second

spray followed by T5 (tebuconazole) which showed 36.83 per cent reduction in
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disease severity after last spray. However, treatments T4 and T5 were on par after

each spraying.

Among biocontrol agents, soil solarization with Trichoderma viride
(asperellum) along with seed treatment and foliar spray with Pseudomonas
fluorescens (T2), gave the best result in the reduction of Cercospora leaf spot which
accounted for 40.51per cent over control. T2 is followed by T1 (soil solarization with
soil application of Trichoderma viride (asperellum)) where the reduction was39.98
per cent. Treatments T1 and T2 were found to be on par with chemical treatments T4
and T5, after second treatment.

Effect of treatments was reflected on yield of capsicum also and all the
treatments recorded higher yield than control. Even though the lowest PDS was
recorded in T4(mancozeb), mean yield was found to be more in treatment T5 and T6
with an increase of 70.31 per cent and 58.96 per cent respectively over control.

However, mean yield was found to be on par with the treatment T4.

4.5.3 Effect of treatments on management of Cercospora leaf spot and yield of
capsicum in rain shelter

Results of the field experiment for management of fungal diseases of
capsicum in rain shelter are presented in Table 4.7. Incidence of Cercospora leaf spot
was noticed 82days after planting in rain shelter. Before spray, there was no
significant difference in disease severity among the treatments. There was a gradual
increase of the disease till the second foliar spray however, all the treatments at all the
stages of observation were found to be superior to control in reducing rate of increase
of the disease. Lowest disease severity was recorded in T4 (mancozeb) at all the
stages of observation and the per cent reduction over control was 43.20 after second
spray. Treatment T4 was followed by T5 (tebuconazole) which showed 22.65 per
cent reduction in disease severity after the last spray. However, treatment T4and T5

were on par after each spraying.
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Among the biocontrol agents seed treatment with Trichoderma viride
(asperellum) along with foliar spray with Pseudomonas fluorescens (T2) gave the
best result in reducing Cercospora leaf spot, which accounted for 30.06per cent
reduction over control. T2 is followed by T1 (soil solarization and soil application of
Trichoderma viride (asperellum)) where the reduction was 29.25per cent. Treatment

T1 and T2 were found to be on par with chemical treatment T4 and T5
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4.5.4 Effect of treatments on management of powdery mildew and yield of
capsicum in poly house

Data presented in Table 4.8 depict the efficacy of various treatments against
powdery mildew of capsicum in polyhouse. Incidence of powdery mildew was
noticed 180 days after transplanting in poly house. But the first spray was given on
78" day after transplanting, subsequent to the incidence of Cercospora leaf spot.
Hence all the treatments were applied prophylactic in the case of powdery mildew.
Initially the per cent disease severity was zero in T5 followed by T4 (0.53per cent),
and T6 (5.05 per cent), whereas T4, T5 and T6 are on par. Per cent reduction over
control was 100 per cent in T5. After the 2" spray per cent disease severity was again
zero in T5 followed T4 (8.63per cent). Per cent reduction over control was 100 per
cent in T5 and 82.11 per cent in T4. After 3" spray also per cent disease severity in
T5 and T6 was zero and 14.25per cent respectively. Per cent reduction over control
was 100per cent in T5, and 83.23 per cent in T6, which showed that systemic
fungicides, tebuconazole and difenconazole are highly effective for control of

powdery mildew of capsicum.

Among biocontrol agents, seed treatment Wwith Trichoderma viride
(asperellum), along with foliar spray with Pseudomonas fluorescens (T2) gave the
best result in the reduction of powdery mildew, which accounted for 68.90 per cent
over control. Treatment T2 was found to be on par with the chemical treatment T6

also.

Effect of treatments was reflected on yield of capsicum also and all the
treatments recorded higher yield than control. Mean yield was found to be the highest
in the treatment T5 followed by T6 with per cent increase of 70.31 and 58.96 per cent

respectively over control.
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4.5.5 Effect of treatments on management of powdery mildew and yield of
capsicum in rain shelter

Data presented in Table 4.9shows the efficacy of various treatments against
powdery mildew of capsicum in rain shelter. Incidence of powdery mildew was
noticed 116 days after transplanting in rain shelter. But the first spray was given on
84 day after transplanting, subsequent to the incidence of Cercospora leaf spot.
Hence all the treatments were applied prophylactic in the case of powdery mildew.
After initial spray, disease severity was the lowest in T5 (0.36 per cent) followed by
T6 (0.55per cent) and they were on par. The per cent reduction over control was 98.2
and 97.2per cent in T5 and T6 respectively. After the 2" spray per cent disease
severity was 5.03 and 17.73per cent in T5 and T6 respectively. Per cent reduction
over control was 94.2 per cent in T5 and 79.5per cent in T6. However after the a4
spray the per cent disease severity in T5 was 6.47 per cent, where as in T6 was 8.24
per cent. Per cent reduction over control was 78.44 in T5 and 72.55 in T6. It showed
that systemic fungicides, tebuconazole and difenconazole are effective for control of

powdery mildew in rain shelter

Among biocontrol agents, seed treatment with  Trichoderma
viride (asperellum), along with foliar spray with Pseudomonas fluorescens (T2) gave
the best result in the reduction of powdery mildew, which accounted for 57.46per
cent reduction over control followed by T1(Soil solarization and soil application of
Trichoderma viride(asperellum)) where reduction was 57.06 per cent over control.
Treatment T1 and T2 found to be on par with chemical treatment T5 and T6 also.

The effect of the treatments was reflected on yield of capsicum also and all
the treatments recorded higher yield than control, Mean yield was found to be the
higher in treatment T5 followed by T6 with per cent increase of 63.07 and 55.43 per

cent respectively over control.
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4.5.6 Meteorological parameters

Temperature and relative humidity inside the poly house and rain shelter was
recorded at 7:30 am and 2:30 pm daily during experiment (Table 4.10). Temperature
was found to be higher in polyhouse compared to rain shelter. In poly house the
temperature varied from 23.07-32.42°C at 7:30am and 32.22-39.18°C at 2:30pm,
relative humidity inside the polyhouse varied from 46.61-72 per cent at 7:30am and
55.42-95.56per cent at 2:30pm.In rain shelter, temperature varied from 21 02-32.9°C
at 7:30am and 29.04-36°C at 2:30pm,and the relative humidity varied from 46.8-91.9
per cent at 7:30am and 63.14 to 94 per cent at 2:30pm
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Table 4.5.7 Correlation analyses of severity of fungal diseases of capsicum with

major meteorological parameters

Correlation analysis was performed utilizing the data collected during the
field experiments (Table 4.11). It was found that there is significant positive
correlation between severity of Cercospora leaf spot and temperature in poly house
(Fig.4.4). Where as in rain shelter, the disease severity was showing significant

positive correlation with RH (Fig.4.5).

However in the case of powdery mildew it was found that there is significant
positive correlation between disease severity and temperature in poly house (Fig.4.6).
Severity of powdery mildew was not significantly correlated with RH in poly house,

and also with temperature in rain shelter (Fig.4.7).

4.11Correlation analysis of severity of fungal diseases with major
meteorological parameters

Meteorological Correlation coefficient
parameter Cercospora leaf spot Powdery mildew
Poly house Rain shelter | Poly house Rain shelter
PDS PDS PDS PDS
RH 0.425 0.997** -0.638 0.63
Temperature 0.967* 0.245 -0.867* -0.376

PDS-Per cent disease severity

*Correlation is significant at 0.05 level

RH- relative humidity
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**Correlation is significant at 0.001 level
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Fig.4.4. Influence of meteorological parameters on severity of Cercospora leaf spot in
poly house
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Fig.4.5. Influence of meteorological parameters on severity of Cercospora leaf spot in
rain shelter
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Fig.4.6. Influence of meteorological parameters on severity of powdery mildew in poly
house
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Fig.4.7. Influence of meteorological parameters on severity of powdery mildew in rain
shelter
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4.5.8 Effect of treatments on the biometric characters

Biometric parameters such as height of the plant, days to flowering, days to
fruiting, days to harvest, height of the plant were recorded during field experiments
(Plate 15 and 16) Effect of seed treatment on seed germination was also observed
(Table 4.12 and 4.13).

4.5.9 Effect of treatment on biometric characters of capsicum in poly house

In polyhouse experiment (Table 4.12) effect of seed treatment on seed
germination was studied and it was found that, treatment with Pseudomonas
fluorescens gave 100 per cent germination whereas, the per cent germination was
only 92 per cent in seed treatment with carbendazim 12%-+mancozeb 63% and 80 per
cent in control. There was significant difference in all the biometric parameters such
as height of the plant, days to flowering, and days to fruiting and days to harvest.
Highest plant height was observed in T2 and the lowest in T7. Moreover there was
slight earliness in flowering and fruiting in T3, T1 and T6, compared to other

treatments. The highest yield was found in T5 followed by T6 (Plate 15).
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Table 4.12 Effect of treatments on biometric characters of capsicum in poly
house

Biometric characters*

Treatment PSG | Height [ Daysto | Daysto | Daysto | Yield(
of the | flowering | fruiting | harvest | kg/plot
plant )

(cm)
T1- S+SA of Trichoderma 90 50.37° | 61.66" 68.0° 101° 26.8°
viride{asperellum) (as per POP)
T2- T1+ST and foliar spray with | 100 | 86.20° | 78.33° 78.66™ | 96" 32.13%
Pseudomonas fluorescens (2%)
T3 -T1+ST with carbendazim12% | 92 61.09° | 58.33" 71.33° [ 91.66° | 29.73*
+mancozeb63% (@2g.kg") +foliar
spray with copper hydroxide
(0.2%)
T4 -T1+STwith carbendazim 86 44.66" | 80.33" 86.66% | 104.0° | 35.96"
12%-+mancozeb63% (@2g.kg") +
foliar spray with mancozeb (0.2%)
T5- T1+Foliar spray with 92 52.93" | 87.33° 93.33e | 76.66*° | 42.00°
tebuconazole. (0.1%)
T6- T1+Foliar spray with 86 55.48" | 63.00° 75.66™ | 90.3® | 39.2%
| difenconazole (0.05%)
T7-Control 80 45.66° | 74.33° 85.33 [ 104.3° | 24.66'
CV - 18.56 | 6.54 7.04 8.41 8.28
CD - 18.70 | 8.29 10.01 14.2 4.83
S-Soil Solarization SA-Soil Application ST-Seed Treatment PSG-Per cent seed
germination
4.5.10 Effect of treatment on biometric characters of capsicum in rain shelter
In rain shelter experiment (Table 4.13)effect of seed treatment on seed
germination was studied and it was found that, treatment with Pseudomonas
fluorescens gave 100 per cent germination whereas, the per cent germination was
only 92 per cent in seed treatment with carbendazim +mancozeb and 80 per cent in
control. There was no significant difference among the treatments with regard to any
of the biometric parameters except yield. Yield was the highest in T5 followed by T6
(Plate 16).
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Plate 15 Various stages of the crop in polyhouse

Transplanting stage One month after transplanting

Fruiting stag Harvesting stage
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Table 4.13 Effect of treatments on biometric characters of capsicum in rain

shelter
Biometric characters™
Treatments PSG | Height |Daysto |Daysto | Days | Yield(k
of the | flowering | fruiting | to g/plot)
plant harvest
(cm)
T1- S+SA of Trichoderma 90 52.14 80.667 99.0 124 24.66°
viride(asperellum) (as per POP)
T2- T1+ST and foliar spray with | 100 | 61.66 95.66 116.6 130 32.57%
Pseudomonas fluorescens (2%)
T3 -T1+ST with 92 61.20 94.66 112.0 1193 | 31.20"
carbendazim12% +mancozeb63%
(@2g.kg") +foliar spray with
copper hydroxide (0.2%)
T4 -T1+STwith 86 53.08 103.0 123.3 140 34.1%
carbendazim12%-+mancozeb
63% (@2g.kg") + foliar spray
with mancozeb (0.2%)
T5- T1+Foliar spray with 92 65.47 98.3 110.6 146.0 | 36.3*®
tebuconazole. (0.1%)
T6- T1+Foliar spray with 86 63.71 98.6 116.6 | 136.66 | 34.6*
difenconazole (0.05%)
T7-Control 80 58.70 85.0 109.3 130 22.26°
Cv - 25.67 8.52 7.76 11.30 | 8.69
CD - NS NS NS NS 4.76
S-Soil Solarization SA-Soil Application ST-Seed Treatment PSG-Per cent seed
germination
4.5.11 Economic analysis
Economic analysis of the treatments was carried in case of field experiments. Benefit:
Cost ratio was calculated at the market price je Rs.50 kg™ for all the treatments.
88
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Plate 16 Various stages of the crop in rain shelter

Fruiting stag Harvesting stage
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4.5.12 Economic analysis of capsicum in poly house

Benefit: cost ratio of different treatments in polyhouse was calculated and

presented in Table 4.14. At the market price for all treatments (Rs.50 kg™') the highest

B:C ratio was observed in treatment T5 (Soil solarization+ soil application of

Trichoderma+ foliar spray with tebuconazole) ie2.18:1.

Table 4.14 Economic analysis of capsicum in poly house

Benefit: Cost ratio

Benefit: Cost ratio

Treatments Total | Yield(kg | @Rs. 50kg’
cost /plot) Total B:C ratio
return
T1-S+SA of Trichoderma 824 26.8 1340 1.62:1
viride(asperellum) (as per POP)
T2- T+ ST and foliar spray with 898.4 |32.13 1606.5 1.78:1
Pseudomonas fluorescens (2%)
T3- T1+ST with carbendazim12%-+ 946.5 | 29.73 1486.5 1.56:1
mancozeb 63% (0.2%) + foliar spray with
copper hydroxide (0.2%)
T4-T,+ST with carbendazim12%-+ 940 35.96 1798 1.91:1
mancozeb63% (0.2%) + foliar spray with
copper hydroxide (0.2%)
T5-T+Foliar spray with tebuconazole 959.5 |42 2100 2.18:1
(0.1%)
T6-T;+Foliar spray with difenconazole 948.3 |39.2 1960 2.0:1
(0.05%)
T7- Untreated control 815 24.66 1233 1.5:1
S- Soil Solarisation. ST- Seed Treatment SA-Soil Application
90

57




Table 4.5.13 Economic analysis of capsicum in rain shelter

Benefit: Cost ratio of different treatments in rain shelter was calculated and

presented in Table 4.15. At the price of Rs.50kg'for capsicum, the highest B:C ratio

was observed in T5 (Soil solarization+ soil application of Trichoderma+ foliar spray

with tebuconazole) je. 1.93:1.

On comparing between polyhouse and rain shelter it is found that B:C ratio is

more in all the treatments in polyhouse than those in rain shelter except (T2-Ti+ Seed

treatment and foliar spray with Pseudomonas fluorescens). However in both poly

house and rainshelter T5 was found to be highly economic cmpared to all other

treatments.

Table 4.15 Economic analysis of capsicum in rain shelter

Benefit: Cost ratio
Benefit:
Treatments Total cost | Yield(kg | Cost ratio @Rs.
/ 50kg™”
plot) Total B:C
return ratio
(Rs)
T1-S+SA of Trichoderma viride (asperellum)(as | 820 24.66 1233 1.50:1
per POP)
T2- Ti+ ST and foliar spray with Pseudomonas 890.5 32.57 1628.5 1.82:1
Auorescens (2%)
T3- T1+ST with carbendazim12%-+ 953 31.20 1560 1.63:1
mancozeb63% (0.2%) + foliar spray with copper
hydroxide (0.2%)
T4-T+ST with carbendazim12%+ mancozeb 933.75 34.1 1705 1.82:1
63% (0.2%) + foliar spray with copper hydroxide
(0.2%)
T5-T,+Foliar spray with tebuconazole (0.1%) 939.5 36.3 1815 1.93:1
T6-T,+Foliar spray with difenconazole (0.05%) | 938.6 34.6 1730 1.84:1
T7- Untreated control 793 22.26 1113 0.14:1

S- Soil Solarisation. ST- Seed Treatment SA-Soil Application
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4.5.14 Incidence of other diseases and pests

Incidence of other diseases and pests were also recorded during the
experiment. Major incidence of bacterial wilt (Ralstonia solanacearum) was noticed
in polyhouse and rain shelter, and minor incidence of leaf curling, mosaic. Infestation
of pests such as fruit borer (Helicoverpa armigera), aphids (Aphis gossypii), and

mealy bug (Phenacoccus parvus) was recorded (Plate 17).
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Plate 17 Incidence of pest and disease other than fungal diseases in protected structure

Bacterial wilt (Ralstonia solanacearum)




4.6 Enumeration of phylloplane microflora under protected condition.

The phylloplane microflora (fungi, bacteria, actinomycetes) of the crop was
enumerated before and after each spray using serial dilution plating in both polyhouse
and rain shelter (Platel8).

4.6.1Population of phylloplane fungi in polyhouse

In Table 4.16, changes in fungal population due to foliar treatments are
furnished. The first spray was given at five months after transplanting when there was
incidence of leaf spot caused by Cercospora capsici. Before the spray there was more
or less uniform phylloplane fungal population on the leaves, but after the first spray
there was significant difference among the treatments at 1% level of significance. It
was observed that, there was a drastic increase in the population of fungi during this
period in control (T7). However, the population declined even in the control during
second spray. After third spray population of fungi increased in T1,T5 and T6.The
reduction in phylloplane fungal population was the most in the T6,T5 and
T4.(Fig.4.8)

U4
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Plate 18 Enumeration of phylloplane microflora of capsicum

Assessment of leaf area Extraction of phylloplane microflora
in sterile water

Media used Incubation of plates

Fungi-Martin Rose Bengal Agar
Actinomycetes-Ken knights Agar
Bacteria-Nutrient Agar

Phylloplane fungi Phylloplane bacteria Phylloplane actinomycetes
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Table 4.16 Effect of foliar treatments on phylloplane fungi of capsicum in poly

house
X 10 cfu /cm® * leaf area
Before | After | After | After | Per cent
spray | 1%  haa ™ reductio
Treatment spray |spray |spray |n  over

control

Ti-Soil _ solarisation  +soil  applicaion of | 0.20°| 0.90b° | 1.22*| 1.90° -30.5
Trichoderma viride (asperellum) (2%)

T, T,+Seed treatment and foliar spray with | 0.39°[ 113°[ 059" | 1.18°| 10.60
Pseudomonas fluorescens (2%)

Ty Ti:Sced treatment with carbendaziml12%+ | 0.18' | 0.70| 0.72°| 0.52°| 60.60
mancozeb 63% (0.2%) + foliar spray with copper
hydroxide (0.2%),

Ti-T,+Seed treatment with carbendaziml2%+ 0.2°| 039%| 0.20°| 0.38“| 71.281.0
mancozeb 63% (0.2%) +foliar spray with
mancozeb (0.2%),

Ts-T+Foliar spray with tebuconazole (0.1%) 0.28* 0.22° | 0.14°| 0.25°| 65.90
twice at 10 days interval,

Ts-T+Foliar spray with difenconazole (0.05%) 0.17° 0.12°| 0.02°| 0.45°

T;-Untreated control 0.15" 2.3* | 0.18°| 1.32°

4.6.2 Population of phylloplane bacteria in poly house

In Table 4.17 changes in bacterial population due to foliar treatments are
furnished. In the case of bacteria also, before the treatment application the population
was more or less uniform on the leaves, but after the 1% spray there was significant
difference among the treatments. It was observed that there was drastic decrease in
the population of bacteria during this period in all the treatments whereas, the
population was drastically declined in treatments T5 and T6 tebuconazole and
difenconazole respectively. After the 2" spray bacterial population was the highest in
T2 (8.21). After the 3" spray there was drastic reduction in the phylloplane bacteria
in T5 andT6. However, the data in Table 4.17 indicate differential effect of fungicide
treatments on phylloplane bacteria. The contact fungicide (T3 and T4) and systemic
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fungicides (T5 and T6) cause a sudden decline of bacteria but after the second spray,

the effect is reversed as there is increase in population (Fig.4.9).

Table 4.17 Effect of foliar treatments on phylloplane bacteria of capsicum in

polyhouse
X 10 cfu/cm* * leaf area
Treatment
Before | After | After | After3rd | Per cent
spray | 1" 2 spray reduction
spray | spray over
control
T,-Soil solarisation +soil ~application of | 1.65 1.06* |6.98" [049 34.66
Trichoderma viride (asperellum) (2%)
T,-Ti+ Seed treatment and foliar spray with | 1.39 0.543° [8.21° [0.40™ 46.6
Pseudomonas fluorescens (2%)
Ts-T1+Seed treatment with carbendazim12%+ | 2.02 0.510° |7.58" | 0.26° 65.3
mancozeb63% (0.2%) + foliar spray with
copper hydroxide (0.2%),
Ty- T1+Seed treatment with carbendazim12%-+ 2.11 0.443° | 0.64 0.05° 93.33
mancozeb63% (0.2%) +foliar spray with
mancozeb (0.2%),
Ts-T,+Foliar spray with tebuconazole (0.1%) | 1.52 0.17° 0.48" | 0.36™ 52
Te-Ti+Foliar spray with difenconazole | 0.50 0.35% | 1.27° | 047 59.57
(0.05%)
T;-Untreated control 1.38 1.14° 2.34" | 0.75°

4.6.3 Population of phylloplane actinomycetes in poly house

Data on population of phylloplane actinomycetes in poly house

presented (Table 4.18). Before application of treatments as well as after the first and

second spray, there was no significant differences in population of actinomycetes.

But after the third spray, the population varied significantly. The population of

actinomycetes decreased in the all treatments during the experiment. The reduction

was more in fungicides. (Fig.4.10)

62

97




Table 4.18 Effect of foliar treatments on phylloplane actinomycetes of capsicum

in polyhouse
X10 cfu /cm? of leaf area
Treatments
Before | After | After After | Per cent
spray | 1% 2"spray | 3™ reduction
spray spray | over
control
Ti-Soil solarisation +soil application of | 0.44 | 0.04°| 0.03"| 0.05°| 35.06
Trichoderma viride (asperellum) (2%)
T2-Ti+ Seed treatment and foliar spray 0.23| 0.04° 0.01¢| 0.11* | -42.85
with Pseudomonas fluorescens (2%)
T3-Ti+Seed treatment with 0.20| 0.01° 0.04 | 0.009¢ 88.3
carbendazim12%+ mancozeb 63% (0.2%)
+ foliar spray with copper hydroxide
(0.2%),
Ts- Ti+Seed treatment with 0.35| 0.01° 0.07° | 0.007¢ | 90.90
carbendazim12%-+ mancozeb 63% (0.2%)
+foliar spray with mancozeb (0.2%),
Ts-Ti+Foliar spray with tebuconazole 0.24| 0.01° 0.122 | 0.010¢| 87.01
(0.1%)
Tes-T)+Foliar spray with difenconazole 0.20 [ 0.006c| 0.07ab| 0.013%| 83.11
(0.05%)
T7-Untreated control 034 0.0122| 0.03bc | 0.077°

)

4.6.4 Population of phylloplane fungi in rain shelter

Data on Population of phylloplane fungi in rain shelter presented (Table

4.19).The first spray was given at five months after planting. Before spray there was

more or less uniform phylloplane fungal population on the leaves, but after the first

spray there was significant difference among the treatments at 1% level of

significance. It was observed that, there was a drastic increase in the population of
fungi during this period in control (T7).While there was decline in the population of

T3,T4,T5,T6 as plant grows, there is increase in phylloplane fungi as it evidence from
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Fig.-4.8 Effect of foliar treatments on phylloplane fungi of capsicum in polyhouse
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Fig.4.10 Effect of foliar treatments on phylloplane actinomycetes in poly house
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increase in fungi in control(T7). However population declined after 2°* spray in all

the treatments including control (T7), and after 3™ spray in all the treatments there

was drastic reduction in the population of phylloplane fungi. (Fig 4.11).

Table 4.19 Effect of foliar treatments on phylloplane fungi of capsicum in rain

shelter
X 10 cfu /cm** leaf area
Treatments
Before | After | After After | Per cent
spray | 1™ 2"spray | 3 reduction
spray spray | over
control
T\-Soil solarisation +soil application of | 1.29"| 2.00° 1.79° | 0.80°| 3220
Trichoderma viride (asperellum) (2%)
T>-Ti+ Seed treatment and foliar spray with | 1.11° [ 1.37° 1.68° | 0.93"| 21.18
Pseudomonas fluorescens (2%)
Ts-T\+Seed treatment with carbendazim12%-+ 1.34* | 0.81° 0.76™ | 0.22° 81.3
mancozeb 63% (0.2%) + foliar spray with
copper hydroxide (0.2%),
Ts- Ti+Seed treatment with carbendazim12%+ | 0.68° | 0.53% 0.06° | 0.07° 94.0
mancozeb 63% (0.2%) +foliar spray with
mancozeb (0.2%),
Ts-Ty+Foliar spray with tebuconazole (0.1%) 0.67° | 0.28° 0.063° | 0.11¢ 90.6
Ts-T,+Foliar spray with difenconazole (0.05%) 0.67° | 0.22° 0.08° | 0.14* 88.13
T7-Untreated control 0.50" | 0.90° 1.14% | 1.18

4.6.5 Population of phylloplane bacteria in rain shelter

In Table 4.20, changes in bacterial population due to foliar treatments in rain

shelter are furnished. In the case of bacteria also, before the treatment application the
population was more or less uniform on the leaves, but after the 1% spray there was
significant difference among the treatments. It was observed that there was decrease
in the population of bacteria during this period in all the treatments whereas, the
population was declined drastically in treatments T5 and T6 (tebuconazole and
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difenconazole respectively). After the 2" spray bacterial population was the highest

in T2 (2.63). However, after 3 spray reduction in the phylloplane fungi was
observed in all the treatments. The data in Table 4.20 indicate differential effect of

fungicide treatments on phylloplane bacteria. The systemic fungicides (T5 and T6)

cause a sudden decline of bacteria but after the second spray, the effect is reversed as

there is increase in population (Fig.4.12).

Table 4.20 Effect of foliar treatments on phylloplane bacteria of capsicum in

rain shelter
X 10 cfu /cm?*' leaf area
Before | After | After | After | Per cent
Treatments spray | 1% 24 3 reducti
spray |spray |spray |on over
control
T,Soil solarisation +soil application of | 128 | 1.37°| 2.04°| 040°| -11.11
Trichoderma viride (asperellum) (2%)
T,-Ti+ Seed treatment and foliar spray with | 1.34°| 2.44°| 263*| 0.93*| -158.3
Pseudomonas fluorescens (2%)
T3-Ti1+Seed treatment with carbendazim12%-+ 1.38% | 0.95¢| 1.23¢| 0.17¢| 527
mancozeb63% (0.2%) + foliar spray with
copper hydroxide (0.2%),
Ts- T1+Seed treatment with carbendazim12%+ | 0.67°| 0.53¢| 0.36%| 0.10°| 72.2
mancozeb 63% (0.2%) +foliar spray with
mancozeb (0.2%),
Ts-Ti+Foliar spray with tebuconazole (0.1%), 1.17¢| 0.73¢| 0604 0.10°| 722
Ts-T:+Foliar spray with difenconazole (0.05%) 1.28| 1.25"| 0667 0.06°| 0.83
T7-Untreated control 1.552 | 0.05°| 0.57| 0.36°
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4.6.6 Population of phylloplane actinomycetes in rain shelter

Change in the population of phylloplane actinomycetes in rain shelter are
presented in Table 4.21 before and after the treatments. There was no significant
differences in population of actinomycetes. The population of actinomycetes
decreased in all treatments during the experiment, and the reduction was more in
fungicides (Fig.4.13).

Table 4.21 Effect of treatments on phylloplane actinomycetes of capsicum in rain
shelter

X 10 cfu /cm?*fleaf area

Treatment Before | After | After | After | Per cent
spray | 1% 2™ 3 | reduction
spray | Spray | spray | over
control
T:-Soil solarisation +soil application of | 0.06 | 0.067 | 0.047 | 0.03 0
Trichoderma viride (asperellum) (2%)
T2-Ti+ Seed treatment and foliar spray with 0.03 | 0.023 | 0.042| 0.04 -33.3
Pseudomonas fluorescens (2%)
Ts-T1+Seed treatment with carbendazim12%+ 0.05| 0.047 | 0.078| 0.02 33.3
mancozeb 63% (0.2%) + foliar spray with
copper hydroxide (0.2%),
Ts- T1+Seed treatment with 0.08 | 0.063 | 0.090 | 0.021 30
carbendazim12%+ mancozeb 63% (0.2%)
+foliar spray with mancozeb (0.2%),
Ts-T,+Foliar spray with tebuconazole (0.1%) 0.06 | 0.063 0.02| 333
0.063
Te-T)+Foliar spray with difenconazole | 0.02 | 0.024 0.01 66.6
(0.05%) 0.130
T7-Untreated control 0.08 | 0.055| 0.063 | 0.03
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4.7 Survival of bio control agents in the phylloplane of capsicum in poly house

Survival of Pseudomonas fluorescens on phylloplane of capsicum are
furnished below in Table 4.22 (Plate 19). On spraying with Pseudomonas fluorescens
there was generally on increase in its population in poly house and rain shelter.
Initially, phylloplane population of Pseudomonas fluorescens was 2.03cfu/cm? leaf
area, which increased three fold by third spray 8.83cfu/cm? leaf area. In rain shelter
also same trend was observed, where initially phylloplane population was 1.55
cfu/cm? which reached 6.92cfu/cm? leaf area after third spray. Pseudomonas

fluorescens survived up to 15days after spraying as it is shown in Fig.4.14 and 4.15.

Table 4.22 Survival of Pseudomonas fluorescens in the phylloplane of capsicum

in poly house and rain shelter

Treatment Pseudomonas fluorescens(X 10cfu cm?)
T2-T1+ ST | Poly house Rain shelter
with foliar

Before | After 1% | After 2*@ | After | Before | After 1 | After | After
spray cd nd ed

spray | spray spray 3 spray | spray 2 3
Pseudomonas

spray spray | spray

fluorescens

2.03 2.63 5.097 8.83 1.55 3.22 5.21 6.92
(2%)

T1-T:-Soil solarisation +soil application of Trichoderma viride (asperellum) (2%)

ST-Seed Treatment
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Effect of foliar treatments on phylloplane bacteria in rain shelter
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Special media used King’s B Agar Pseudomonas fluorescens
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5. DISCUSSION

Protected cultivation of vegetables is a fascinating technology gaining
tremendous importance in India in the recent years. Capsicum, (Capsicum annuum
L) is one of the most preferred vegetables grown under protected condition in the
developed world. In India also, protected cultivation is being adopted on a large scale.
Government of Kerala is also encouraging polyhouse and rain shelter cultivation of
vegetable crops. Capsicum is a cool season crop, but it can be grown round the year
in protected structures where temperature and relative humidity (RH) can be
manipulated. However, in protected structures, prevalence of microclimate which is
congenial for multiplication and spread of plant pathogens predispose the plants to
diseases. Among the various diseases, fungal diseases are causing major loss in
tropical and subtropical condition, resulting in qualitative and quantitative losses.
Farmers have for many years relied up on chemical control to manage the diseases
which resulted in many undesirable effects like environmental pollution,
accumulation of toxic substances and development of resistance in pathogen.
However, biological control alone may not be effective for economic management of
diseases. Hence there is an urgent need to develop bio intensive methods for disease
management. Accordingly the present study was to undertaken assess the incidence
and severity of major fungal diseases of capsicum under protected cultivation and to

formulate an eco-friendly management practices against the diseases.

5.1 Survey for assessment of incidence and severity of fungal diseases of

capsicum

Survey was conducted in three districts of Kerala by selecting eight poly
houses where capsicum was being cultivated during August-February 2016-17.
Incidence and severity of fungal disease of capsicum were assessed using standard

score charts. Powdery mildew was noticed in all the poly houses except Vellanikkara,
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irrespective of the season. However Cercospora leaf spot was noticed only during
rainy season (July-August). During the survey it was found that, temperature and RH
are higher inside the poly house compared to outside. The increase in temperature
inside polyhouse is the result of greenhouse effect brought about by the polythene
roof, i.e retention of major parts of reflected radiation from the earth'’s surface. Thus
most of the energy which is transmitted into the poly house is retained inside and
causes increase in atmospheric temperature (Board.2004). Use of fogger and
increased plant transpiration due to high atmospheric temperature are major reasons
for high RH in poly house. Studies have revealed that closed environments enable the
spores of the pathogens to stay inside the poly house for longer period so as to cause
more infection. This coupled with higher RH leads to higher rate of diseases in poly
houses (Reshma, 2016)

5.2 Symptomatology and characterization of pathogens

Plant samples with symptoms of fungal diseases such as powdery mildew,
Cercospora leaf spot, anthracnose, and stem and fruit rot were collected from various
poly houses. Powdery mildew was found to be the most devastating disease of
capsicum in polyhouse. Symptoms on leaves such as white-grey to purple growth of
the causal organism, powdery growth on lower side of the leaf were observed
initially, later infected area of leaves became dried up and turned brown. There was
severe defoliation also. But symptoms was not observed on stem and fruits. The
observation confirmed earlier reports of (Palti 2013).

Cercospora leaf spot disease appeared on leaves as small brown spots, which
enlarged later. When numerous spots occurred, the leaves turned yellow and dropped
off. Concentric zonations were seen on the spots. Incidence of anthracnose on fruits
occurred either from field or after harvest. Infection began with appearance of small
circular, depressed lesions that rapidly expanded and hence no defined diameter.
According to Lopes and Avia (2005), when relative humidity is high, the formation
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of pink or orange conidial mass may be observed. However, in the present study,
conidial mass observed was white. Stem and fruit rot of sweet pepper first appeared
as slight vein clearing on the outer portion of young leaves followed by epinasty of
older leaves. Infection at the seedling stage may cause wilt and drying of seedlings
soon after symptom appearance. But incidence of the disease was not observed
during seedling stage in the present study. Pathogenicity of the fungi associated with
the diseases was proved by artificial inoculation on healthy plant parts. The cultural
and morphological characters of the pathogens were studied and the pathogens were
identified. The identity of the organism was further confirmed by molecular
characterization. It was confirmed that the leaf spot, fruit rot and stem and fruit rot of
capsicum are caused by Cercospora capsici, Colletotrichum capsici, and Fusarium
sp. respectively. Major meteorological parameters such as temperature and RH were
recorded during survey. However, there was no significant correlation observed
between these factors and the severity of diseases in farmer’s poly house. Later in the
study it was found that meteorological factors 15 days prior to the disease incidence

are influential on the severity of diseases.

5.3 In vitro evaluation of fungicides and biocontrol agents on powdery mildew of

capsicum

Prior to the incidence of diseases, the fungicides and biocontrol agents were
evaluated in vitro to study their efficiency against powdery mildew of capsicum. Data
presented in Table-4.2 indicates that T5-tebuconazole (0.1per cent) is the most
effective fungicide to control powdery mildew fallowed by T6-difenoconazole
(0.05per cent) these two fungicides belonging to the triazole group are dimethylation
inhibitors(DMI) which have preventative, curative and antisporulant action, against
powdery mildew. These, fungicide also cause abnormal growth of the fungi and
eventually death (Muller, 2007). The results of the present study is in confirmation
with the findings of Manojkumar et al.,(2008) who reported that among the systemic
fungicides, tebuconazole was best chemical for control of powdery mildew of bell
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pepper, among the bio control agents Pseudomonas fluorescens also recorded better
results comparative to other treatments the results of the present study is in
confirmation with the findings of Raghavendra (2005) reported that among several
biocontrol tested Pseudomonas fluorescens was superior over the other treatments for

control of powdery mildew in chilli.

5.4 Field experiments for management of fungal diseases of capsicum under
protected condition

Field experiments were conducted under polyhouse and rain shelter at the
Department of Plant Pathology, College of Horticulture, Vellanikkara during August
to February 2016-17, to evaluate different treatments for the management of fungal
diseases of capsicum under protected condition.

5.4.1 Soil solarisation inside poly house and rain shelter

Solarisation has been commercially exploited in sick soils under open
condition, where direct sunlight is available. However, it has been found to be
effective under protected condition also, when the period of solarization is extended
for growing high value crops Elmore et al,(1997), Reshma (2016) reported that
solarisation in green house produces higher soil temperature than solarization in open
fields during cooler weather. Therefore it will be more effective in cooler weather.
Hence, in the present study solarisation in polyhéuse and rain shelter was carried out
for a period of 90 days before transplanting capsicum seedlings. Soil temperature at
10cm was recorded during the period of solarisation. . It was found that in both poly
house and rain shelter the temperature in solarized beds was higher than non-
solarized beds. In polyhouse, there was an increase in soil temperature by 6.35°C at
2:30pm, and in rain shelter soil temperature increased up to 4.5°C over non-solarized
beds. It was also observed that there was lesser diseases in solarized plots compared
to control. Since fungal pathogens were killed by the increased temperature in

presence of moisture. When moistened soil is covered with transparent polythene
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which allows the sun's radiant energy to be trapped in soil and most of this energy
transmitted to the soil is not reflected back and thus increasing the soil temperature
(Katan, 1981).Increase in soil temperature is the most important mechanism by which
soil solarisation brings down the population of pathogenic organisms, weeds and
nematodes (Camprubi et al., 2007).

5.4.2 Enumeration of soil microflora

There was a reduction in the population of fungi, bacteria, and actinomycetes
in solarized soil. This is because of higher temperature prevailing under the polythene
sheet, the results confirms the findings of (Candido et al, 2008) who reported that
soil solarisation under greenhouse condition also increases soil temperature to level

lethal to many soil borne plant pathogens and weeds.
5.5 Management of fungal diseases of capsicum under protected condition

The main objective of the study was to assess the incidence and severity of
fungal diseases of capsicum under protected cultivation and to formulate an effective
and eco-friendly management strategy against the diseases. Therefore it was essential
to test the efficacy of selected plant protection chemicals and biocontrol agents
against the major diseases of capsicum under poly house and rain shelter. Initially an
in vitro evaluation was conducted to compare the efficacy of different treatments
against powdery mildew of capsicum. It was found that, tebuconazole (0.1%) was the
best effective fungicide against powdery mildew which gave 100 per cent control of

the disease.

Two experiments were conducted simultaneously during June-February 2016-
2017 in polyhouse and rain shelter in the Department of Plant Pathology College of
Horticulture Vellanikkara, the treatments included systemic and contact fungicides,
and biocontrol agents.
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5.5.1 Effect of different treatments on Cercospora leaf spot of capsicum under
poly house and rain shelter

In polyhouse, incidence of Cercospora leaf spot was noticed 77 days after
transplanting and there was a gradual increase in the severity of the disease
throughout the period of experiment. However all the treatments recorded lower
disease severity compared to control. The lowest disease severity was recorded in the
contact fungicide, T4 (mancozeb foliar spray) and the per cent reduction was found to
be 52.51 per cent after the second spray. Prashant (2004) has reported the efficacy of
mancozeb against Cercospora capsici who recorded 100 per cent inhibition of
mycelia. This results was further confirmed in field condition by Khali and Jalaluddin
(2004). Mancozeb is an ethylene bisdithiocarbomate which inhibits spore germination
of fungi. It has multisite action against a wide range of fungi including ascomycetes,
basidomycetes and imperfect fungi and also ooomycetes (Gullino et al,
2010).Between the two systemic fungicides T5(tebuconazole) was more effective
than difenconazole. These two fungicides belonging to the triazole group are
dimethylation inhibitors(DMI) which have preventative, curative and antisporulation
action against powdery mildew, these fungicides also cause abnormal growth of fungi
and the eventually death(Muller, 2007). The results of the present study, confirms the
findings of Suresh (2013), who could observe that among the non-systemic
fungicides mancozeb was the best compound against the Cercospora leaf spot in
chilli.

Between the two biocontrol agents, treatment T2 (Pseudomonas fluorescens)
recorded better reduction in severity (40.51 per cent). The results agree with findings
of Raguchander et al, (2005) who found that talc formulation of Pseudomonas
fluorescens is highly effective as seed and foliar treatment against foliar diseases of
urd bean (Vigna munga)Mechanisms of biocontrol by P. fluorescens are well
documented which include antibiotic production, competition, HCN production and
elicitation of disease resistance (ISR) reported by (Vidyasekaran er al,
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1997 Nandakumar et al, 2001. Panpatte et al, 2014). Treatment T1 (soil
solarisation+ soil application of Trichoderma viride (asperellum)) gave only 39.98per
cent reduction in disease, however these where on par after second spray. Elmore et
al., (1997) has reported that soil solarisation is successful in combination with fungal
biocontrol agent Trichoderma for disease management in green house. Reshma,
(2016) has also reported the efficacy of soil solarization and bio control agents for
disease management in protected cultivation.

In rain shelter, Incidence of Cercospora leaf spot was observed 82 days after
transplanting and there was a gradual increase in the disease severity in all treatments.
However the severity was comparatively higher in rain shelter than in polyhouse,
here also the best treatment was mancozeb (T4) as in poly house. But here the
biocontrol agents recorded better efficiency than systemic fungicide. The reason for
better efficacy may be that the bio control agents are less exposed to sunlight and
desiccation inside a protected structure compared to outside. Moreover, the disease
severity was less at the time of spray (3.73 per cent) at which, the biocontrol agents
are more effective. The result suggests that, biocontrol agents is effective when it is

done at very early stage of disease.

5.5.2 Effect of different treatments on powdery mildew of capsicum under poly
house and rain shelter

In poly house, incidence of powdery mildew was observed 180days after
transplanting by which the first spray of fungicides and bio control agents was over.
It was noticed that all treatments recorded lower disease severity compared to control,
and the lowest was in T5-tebuconazole(0.1%) followed by T6-difenoconazole(0.05%)
the per cent reduction was found to be 100 and 83.23 per cent respectively after third
spray. The results confirmed the findings of Hiremath (1996). In the in viro
evaluation conducted earlier in this study also, tebuconazole was the best treatment

with 100 per cent control of the pathogen, whereas difenoconazole at 0.1 per cent
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concentration gave strongest inhibitory action against conidial germination of
powdery mildew among six fungicides when tested in vitro. Higher efficacy of
difenoconazole and tebuconazole in controlling powdery mildew in comparison with
other fungicides has been reported earlier by Nagaraja and Naik (1998) in pea and
Smith et al.,, (1999) in pepper. These two fungicides belonging to the triazole group
are dimethylation inhibitors (DMI) which have preventative, curative and
antisporulant action, against powdery mildew. These, also cause abnormal growth of
the fungi and eventually death (Muller, 2007). The results of the present study is in
confirmation with the findings of Manojkumar et al.,(2008) who reported that among
the systemic fungicides, tebuconazole was best chemical for control of powdery
mildew of bell pepper which gave the highest fruit yield. Recently Saxena et
al,.(2016) and Ruth(2016) were also reported tebuconazole as the best chemical
fungicide against powdery mildew of chillies.

Among the biocontrol agents, foliar spray with Pseudomonas fluorescens
recorded 68.90 per cent reduction in disease severity over control. Reduction in
disease severity by Pseudomonas fluorescens may be attributed to production of
various antagonistic secondary metabolites it produce, siderphores and other anti
biotics (Muthuswamy et al., 1999). Raghavendra (2005) also reported that among
several bioagents tested, P. fluorescens was superior over the other treatments for

control of powdery mildew in chilli.

In rain shelter, incidence of powdery mildew was observed 116 days after
transplanting the severity of the disease was found to be lesser compared to that in
poly house. Here also, the results of the experiment was similar to those in poly
house, and the systemic fungicides ranked first in controlling powdery mildew.
However in the case of bio control agents, efficacy was better in rain shelter

compared to poly house, as in the case Cercospora leaf spot.
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5.5.3 Effect of treatments on the biometric parameters of capsicum in polyhouse
and rain shelter

In poly house experiment there was significant difference among the
treatments in all the biometric characters except number of branches per plant. The
plant height was the highest in T2 (Pseudomonas fluorescens) followed by T8. Days
to flowering and fruiting was earliest in T1 (soil solarisation and soil application of
Trichoderma).Growth promoting effect of soil solarisation and biocontrol agents is
well documented. P. fluorescens is the major plant growth promoting rhizobacterium.
Hol et al,(2013) reported when P. fluorescens enhance plant growth, interact with
plants to enhance the growth and defense, mechanism of Pseudomonas sp. has the
greatest bio control and growth promoting activity (Elad and Freeman 2002). Sarhan
and Snehata, (2014) also suggested that Pseudomonas sp. is a potential plant growth
promoter and antifungal property.

However in rain shelter, there was no significant difference among the
treatments in any of the biometric characters. This confirms the better efficacy of bio

control agents in growth promotion in poly house compared to rain shelter.

5.5.4 Economic analysis of capsicum in poly house and rain shelter

The benefit cost (B: C ratio) was calculated at same price of Rs.50/- kg! for
capsicum for all the treatments. In poly house B: C ratio was found to be highest in
T5 (tebuconazole) followed by T6 (difenconazole). Among the various treatments,
same trend was observed in rain shelter also. However capsicum cultivation in
polyhouse is more remunerative compared to rain shelter. This is brought about by
various factors like higher growth rate and early germination. The capsicum hybrid
Indra was used in present study. Naryanaswamy (2013) has also reported the highest
yield produced by the same hybrid in polyhouse. Many other reports also show that
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greenhouse cultivation of capsicum is highly remunerative and economical. (Grijalva-
Conterras ef al., 2006; IIHR 2012).

5.5.5 Meteorological factors influencing the crop and the pathogen during
experiment

On analyzing the major meteorological parameters during the field
experiment, it was observed that temperature and relative humidity are more in poly
house compared to rain shelter. Severity of Cercospora leaf spot was more or less
similar in both poly house and rain shelter but severity, of powdery mildew was
higher in poly house. As closed structure causes increase in RH which is favored by
the disease spread (Labeda and Cohen 2011).

5.5.6 Correlation analysis of incidence and severity of fungal disease of capsicum
with meteorological factors

Correlation analysis of incidence and severity of fungal diseases with
meteorological factors, was performed utilizing the data collected during the field
experiments. It was found that, severity of Cercospora leaf spot was positively
correlated with temperature and RH, which is in accordance with earlier reports
(Suresh, 2013).

In the case of powdery mildew, negative correlation was observed between
disease severity and temperature which is quiet normal for any powdery mildew.
However, the negative correlation of the disease with RH is due to the fact that at the
time of disease incidence, the RH was more than 70 per cent. It was already reported
by Raghavendra (2005) that when RH increase, above 70 per cent, severity of

powdery mildew decrease with increase in RH.
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5.6 Enumeration of phylloplane micro flora of capsicum under protected

condition

Numerous micro-organisms reside on the aerial surface of plants. In recent
years, the use of these epiphytic micro-organisms of either saprophytic or non-
pathogenic origin, such as bacteria, fungi has attained prominent role in biological
control of foliar pathogens (Gowdu and Balasubramanian.1988). Population of
phylloplane microflora of rice, sunflower, okra have been studied by several
researchers (Gokulapalan1998, Mandhare and Suryawanshi 2009, Ogwu and Oswaru
2014). The importance of beneficial microflora on the phylloplane providing
resistance to foliar pathogens has been highlighted in almost all the reports, some of
these organisms called as residents (Andrew and Kinkle, 1986), may survive on the
leaf surface for a longer period and together form the micro flora of the phylloplane.
The effect of treatments on the phylloplane micro flora i e. fungi, bacteria and
actinomycetes of capsicum in poly house and rain shelter were studied as part of the
investigation in order to select the treatment with least impact on beneficial

microflora a phylloplane.

In the present study in polyhouse it was found that application of contact and
systemic compounds on leaves drastically reduced the population of phylloplane
micro flora. Where, the initial population of fungi was 0.28 cfu/cm? leaf area, which
was reduced to 0.25cfu/cm? leaf area, after third spray. The percent reduction of
microflora over control was 81. Which it indicated that fungicides affect the non-
target microbes. This is in confirmation with findings of Gokulapalan (1989) who
reported the harmful effect of plant protection chemicals on epiphytic micro flora of
rice. In case of rain shelter also the same trend was observed. But the reduction in
population of fungi was more in the contact fungicide T4 (mancozeb) compared to
other fungicidal treatments. Initially the population of fungi in T4 was 0.68 cfu/cm?
leaf area. After third spray, population of fungi was 0.007 cfu/cm? leaf area. Per cent
reduction over control was 94 percent, after third spray. Reports also showed that
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foliar pesticide to control the diseases can cause major disruption of phylloplane
populations often reducing number and diversity of organisms. This causes a negative
effect on naturally occurring biological control, which in some occasions makes the

plants more susceptible to other disorders (Bosshard et al., 1987).

However, with regard to bacterial population, of phylloplane there was drastic
reduction after application of contact and systemic fungicides. In T4 (mancozeb) was
the Per cent reduction over control after third spray was 93.33 per cent in poly house.
This shows that fungicides are highly toxic to non-target bacteria also and the same

trend was observed in rain shelter also.

In the case of actinomycetes, the population decreased in all the treatments
during the experiment. The reduction was more in fungicides. This suggests that
fungicides have a toxic effect on actinomycetes population when applied repeatedly

for two or three times.

5.7 Survival of biocontrol agents on the phylloplane of capsicum in protected

condition

On spraying biocontrol agent like Pseudomonas fluorescens also there is a
general increase in population of bacteria in poly house and rain shelter. In polyhouse
initially the phylloplane population of Pseudomonas fluorescens was 2.03 cfu/cm?leaf
area which increased three fold by third spray (8.83 cfu/cm? leaf area). In rain shelter
also same trend was observed. Initially 1.55cfu/cm?which reached 6.92cfu/cm’leaf
area after third spray. Survival of Pseudomonas florescens on phylloplane has been
earlier reported by Cirviller et al, (1999) which is in confirmation with study on
survival of biocontrol agent in pepper, tomato eggplant and strawberry. Reshma
(2016) has also noticed the increase in population of Pseudomonas fluorescens on

phylloplane of cucumber when applied as foliar treatment.

»
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6. SUMMERY

Protected cultivation is the most contemporary approach to raise horticultural
crops and it is being adopted on a large scale. It is a fascinating technology gaining
tremendous importance in India. Government of Kerala is also encouraging
polyhouse and rain shelter cultivation of vegetable crops. Capsicum (Capsicum
annuum L.) is one of the most preferred vegetables grown under protected condition
in the developed world. It is rich in vit-A, vit-C and minerals like calcium,
magnesium, phosphorus and potassium. Crop suffer from various diseases and among
which fungal diseases such as powdery mildew, Cercospora leaf spot, fruit rot and
stem and fruit rot cause major loss. Farmers have for many years relied up on
chemical control to manage the diseases, which results in many undesirable effects
like environmental pollution, accumulation of toxic substances and development of
resistance in pathogen. However, biological control alone may not be effective for
economic management of diseases, and there is an urgent need to develop integrated
management of fungal diseases. Hence the present study was undertaken with main
objective of to assess the incidence and severity of major fungal diseases of capsicum
under protected cultivation and formulating an eco-friendly management practice
against the diseases. The experiment entitled “‘Management of fungal diseases of
capsicum (Capsicum annuum L.) under protected cultivation’’ was conducted in
department of Plant Pathology, college of Horticulture Vellanikkara, during the
period from August- February 2016-17.

1. Survey was conducted in poly houses where capsicum was being cultivated.
Incidence and severity of fungal diseases of capsicum was assessed eight poly
houses at Vellanikkara, Manalur, Thanniyam, Elanad and Puranattukara in
Thrissur, Chitali in Palakkad and Neyyatinkara, Plamootikada in
Thiruvanathapuram.
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. During the survey major fungal diseases observed are powdery mildew,
Cercospora leaf spot, fruit rot and stem and fruit rot.

. The severity of powdery mildew varied from 5.3 to 90.2 per cent, which was
present in all the poly house except Vellanikkara irrespective of the season.
Cercospora leaf spot was observed only in rainy season and disease severity
varied from 2.9 to 5.4 per cent. Severity of stem and fruit rot was very less i.e.
0.5per cent and that of fruit rot 1 per cent.

. The pathogen causing powdery mildew was identified as Leveillula taurica
based on conidia and conidiophore characters. The fungi associated with the
diseases other than powdery mildew were isolated, pathogenicity was proved
and identified based on cultural and morphological characters.

. The purified cultures were subjected to molecular characterization and it was
confirmed that the leaf spot, fruit rot and stem and fruit rot of capsicum are
caused by Cercospora capsici, Colletotrichum capsici and Fusarium sp.
respectively.

. Field experiments were conducted simultaneously inside the poly house and
rain shelter for management of fungal diseases of capsicum with seven
treatments and three replications. The treatments included two biocontrol
agents (Trichoderma viride(asperellum) and Pseudomonas fluorescens) two
systemic fungicides (tebuconazole and difenoconazole) and two contact
fungicides (mancozeb and copper hydroxide)

. Among the treatments, T4 (soil solarisation + soil application of Trichoderma
+seed treatment with carbendazim+ mancozeb (2gkg’') + foliar spray with
mancozeb (0.2 %) was the most effective for management of Cercospora leaf
spot in both poly house and rain shelter, followed by Tz (soil solarisation+
seed treatment and foliar spray with Pseudomonas fluorescens (20g.L") and
T1 (soil solarisation+ soil application of Trichoderma) and these were

statistically on par.
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8. Among the treatments, Ts (soil solarisation +soil application of Trichoderma+
foliar spray with tebuconazole (0.1 %) was the most effective for management
of powdery mildew in rain shelter and poly house, followed by Te (soil
solarisation +soil application of Trichoderma viride (asperellum) + foliar
spray with difenoconazole (0.05%) and these were on par.

9. Correlation analysis was performed with the meteorological data recorded
during the experiment and per cent disease severity (PDS) at periodic
intervals and it was found that there is significant positive correlation with RH
in rain shelter and temperature in poly house in case of Cercospora leaf spot.

10. In the case of powdery mildew, there was a significant negative correlation
with PDS and temperature inside the protected structures.

11. Economic analysis of the field experiments suggested that the soil solarisation
with soil application of Trichoderma viride (asperellum) in combination of
tebuconazole gives the highest B:C ratio in protected structures.

12. It was found that soil temperature at 10cm depth was higher in solarized soil
when compared to non-solarized soil by 6.35°C and 4.5°C inside poly house
and rain shelter respectively. It was also recorded that the population of soil
microflora was reduced due to solarisation in protected structures.

13. Enumeration of fungi, bacteria and actinomycetes on the leaf surface of
capsicum using serial dilution planting of leaf washings, proved that there was
a drastic reduction in phylloplane fungi, bacteria and actinomycetes after
spraying with chemical fungicides.

14. Survival of biocontrol agents on the phylloplane of capsicum was also studied
and it was found that Pseudomonas fluorescens survived on leaf surface up to
15 days after foliar application. It was also found that repeated sprays

increases the population of P. fluorescens on the leaf surface.

82

(23



References

I &t



7. REFERENCES

Agrios, G.N. 2004. Plant Pathology (3" Ed.). Academic press, Inc. New York.
803p

Aleves, K.F., Laranjeria, A.D., Camara,M.P.S., Camara C.A.G., and Micherefe,
S.J.2015. Efficacy of plant extract for anthracnose in bell pepper fruits
under controlled condition. Horticulture Brasileria 332-338.Available:
http//dx.doi.org/10.1590/s0102-0536201500030009.

Anand, T., Chandrasekaran, A., Kuttalam, S., Senthilraja, G., and Samiyappan,
R. 2010. Integrated control of fruit rot and powdery mildew of chilli
using the biocontrol agent Pseudomonas fluorescens and a chemical

fungicide. Biological Control. 52(1): 1-T.

Andrews, J. H., and Kinkel, L. L., 1986. Colonization dynamics: The island
theory. In: Fokkema, N. J., and van den Heuvel, J. (eds), Microbiology
of the Phyllosphere, Cambridge University Press, New York. pp. 63-76.

AVRDC, (Asian Vegetable Research and Development Centre)2004. Fact sheet
Pepper diseases Anthracnose for Taiwan, China.Available: http:/www.

avrdc.org/LC/pepper/anthracnose .html.

Azevedo. C.P., Cafefiho. A.C., Henz. G.P., and Reis A.2006 Recomendacoes
de manejo da anthracnose do pimentao e das pimentos, Brasilia,

Embrapa Hortalicas. 4p

Bakker, G. R., 2004. The effects of disease management practices on
phylloplane microorganism population of Apple. M.Sc. thesis, Lincoln
University, New Zealand, 4p.



Blackman, J.P., 1985.Ecological succession of leaf surface microorganisms in
relation to biological control. Lindow, S.E. (eds), Biological Control on
the Phylloplane, The Am Phytooathol Society, St.Paul Minnesota, USA,
pp.6-30

Board, N. 2004. Cultivation of fruits vegetables and floriculture. National
institute of Industrial research. Kamala nagar, New Delhi, 453p.

Bosshard, E., Schiiepp, H., and Siegfried, W. 1987. Concepts and methods in
biological control of diseases in apple orchards. Plant Pathol. 17: 655-
663.

Burt. 2005. ‘Growing capsicum and chilies’ Farmnote Department of
Agriculture and food

Carsae, J. C., and Clark, C.C., 1985. Water stress induced changes in the
morphology of the powdery mildew Leveillula taurica (Lev.) Am.
Phytopathol. Z. 112: 217-221.

Camprubi, A., Estaiin, V., El- Bakali, M. A., Garcia-Figueres, F., and Calvet, C.
2007. Alternative strawberry production using solarization, metham
sodium and beneficial soil microbes as plant protection methods. Agron.
Sustain. Dev. 27: 179-184.

Candido, V., D'Addabbo, T., Basile, M., Castronuovo, D., and Miccolis, V.
2008. Greenhouse soil solarization: effect on weeds, nematodes and
yield of tomato and melon. Agron. Sustain. Dev. 28(2): 221-230.

|24



Chaudary, J., Bnyal D. K., Singh A., and Mehra AF.,2015 Status and
distribution of powdery mildew of capsicum under protected cultivation

in Himachal Pradesh and it's management through fungicides. P/ Dis Res.
29(2):208

Cirvilleri, G., Catara, V., Bella, P., and Marchese, E. 1999. Isolation and
characterization of rhizospherebacteria of potential interest for
biological control of soil borne pathogens. Phytophag Palermo. 9: 79-
87.

Clerk,G. C. and Ayesu-Offei, E.N., 1967. Conidia and conidial germination in
Leveillula taurica (Liv.) Am. Ann. Bot., N.S. 31: 749-754.

Dik, A. J. 1991. Interactions among fungicides, pathogens, yeasts and nutrients
in the phyllosphere. In: Andrews, J. H. and Hirano, S. S. (eds),
Microbial Ecology of Leaves, Springer-Verlag, New York, pp. 412-429.

Dodd, ].C. Estrada, A., and Jeger, M.].,1992. Epidemology of Colletotrichum
gloesporiodes in the Tropics, In Bailey, Colletotrichum; Biology,
Pathology and Control.CAB International, wallimg ford, pp.308-325

Dubey, S. C., Suresh, M., and Singh, B. 2007. Evaluation of Trichoderma
species against Fusarium oxysporum f. sp. ciceris for integrated

management of chickpea wilt. Biological control, 40(1): 118-127.

Dubey, K. S. and Singh, R.P. 2012. Diseases and Management of Crops under
Protected Cultivation. G.B Pant University of Agriculture and
Technology, Pantanagar, 149p.

iii

127



Elad, Y. 1996. Biological control of grape grey mould by Trichoderma
harzianum. Crop protect. 13: 35-38.

Elad, Y., and Freeman, S. 2002. Biological control of fungal plant pathogens.
In: Kempken, F. (ed.), The Mycota, A Comprehensive Treatise on Fungi
as Experimental Systems for Basic and Applied Research. Springer,
Heidelberg, Germany, pp. 93-109.

Elad, Y., and Kirshner, B. 1993. Survival in the phylloplane of an introduced
biocontrol agent (Trichoderma harzianum) and populations of the plant
pathogen Botrytis cinerea as modified by abiotic conditions.
Phytoparasitica 21: 303-313.

Elmore, C. L., Stapleton, J. J., Bell, C. E., and Devay, J. E. 1997. Soil
Solarisation: A Nonpesticidal Method for Controlling Diseases,
Nematodes and Weeds. University of California Division of Agriculture
and Natural Resources. USA. 6p

Fenoll, J., Ruiz, E., Hellin, P., Navarro, S., and Flores, P. 2010. Solarization and
biosolarization enhance fungicide dissipation in the soil. Chemosphere
79(2): 216-220.

Fletcher,]. T.1994. Fusarium stem and fruit rot of sweet pepper in the
glasshouse. Plant Patho, 43(1), 225-227.

Freeman, S., Minz, D., Kolesnik, 1., Barbul, O., Zveibil, A., Maymon, M.,
Nitzani, Y., Kirshner, B., Rav-David, D., Bilu, A., Dag, A., Shafir, S.,
and Elad, Y. 2004. Trichoderma biocontrol of Colletotrichum acutatum
and Botrytis cinerea and survival in strawberry. Eur. J.Plant Pathol.
110: 361-370.

iv

128



Gaddeyya, G., Niharika, P. S., Bharathi, P., and Kumar, P. R. 2012. Isolation
and identification of soil microflora in different crop fields at Salur
Mandal. Adv. Appl. Sci. Res. 3(4): 2020-2026.

Gokulapalan, C. 1989. Effect of Plant Protection Chemicals on Foliar
Pathogens and Phylloplane Microflora of Rice. PhD. thesis, Kerala
Agricultural University, Vellayani, 69p.

Gopinath, K., Radhakrishnan, N. V., and Jayaraj, J. 2006. Effect of
propiconazole and difenoconazole on the control of anthracnose of chilli

fruits caused by Colletotrichum capsici. Crop Protection, 25(9): 1024-
1031.

Gowdu, J. B, and Balasubramanian, R. 1988. Role of phylloplane
microorganisms in the biological control of foliar plant diseases. J. Plant
Dis. Prot. 95:310-331.

Greenberger, A., Yogev, A., and Katan, J. 1987. Induced suppressiveness in
solarized soil. Phytopathol. 77: 1663-1667.

Grijalva-Contreras, R.L., Macias-Duarte, R., Robles-Contreras, F., & de Jesus
Valenzuela-Ruiz, M. 2006. Productivity and Fruit Quality of Bell
Pepper under Greenhouse Conditions in Northwest Mexico. Hort
Science, 41(4):1075-1075.

Gullino, M.L, Tinivella, F and Galibaldi, A. 2010 Mancozeb past, present,
future. The Am Phytopathag Soc, 94:1076-1087.

129



Hadden, J. F., and Black, L. L. 1989. Anthracnose of pepper caused by
Colletotrichum spp. In  Proceeding of the International Symposium on
Integrated Management Practices Tomato and Pepper Production in the
Tropics. Asian Vegetable Research and Development Centre, Taiwan,
pp: 189-199.

Harp, T. L.2008. Etiology and management of recent out breaks of pepper
anthracnose in Florida. Ph. D thesis, University of Florida. pp: 80-99

Hickman, G. W. 2016. Greenhouse vegetable production statistics: a review of
current data on the international production of vegetables in

greenhouses. Cuesta Roble greenhouse consultants, Mariposa, 72p.

Hirano, S. S., and Upper, C. D. 2000. Bacteria in the leaf ecosystem with
emphasis on Pseudomonas syringe- a pathogen, ice nucleus and
epiphyte. Microbiol. Mol. Biol. Rev. 64(3): 624-653.

Hiremath, S., 1996 Studies on powdery mildew of Bhendi caused by Erysiphe
cichoracearum Dc .EX. Meat. MSc (Agri).thesis, University of
Agricultural Science Dharwad.

Hol,W. G., Bezemer, T. M., and Biere, A. 2013. Getting the ecology into
interactions between plants and the plant growth-promoting bacterium

Pseudomonas fluorescens. Frontiers in plant Sci.4p.

ITHR (India Institution of Horticulture) 2012. Protected cultivation of capsicum,
Technical Bulletin No.22 (Revised Ed.).India Institution of Horticulture,
Banglore, 52p.

Indian Agristate, Revealig Agriculture in India. 2014-15 Available: Indiastate.

com

130



Jarvis, W. R., Khosla, S. K., and Barrie, S. D 1994. Fusarium stem and fruit rot
sweet pepper in Ontario green house. Can Plant Dis Suev. 72(2):131-
134.

Jasuja, N. D., Saxena, R., Chandra, S. and Joshi, S. C., 2013. Isolation and
identification of microorganism from polyhouse agriculture soil of
Rajasthan. African J. Microbiol. Res. T(41): 4886-4891.

Jeffries, P. and Koomen, 1.1992. Strategies and prospects for biological control
of diseases caused by Colletotrichum In: Baily, J. A., Jeger, M.J. (eds),
Colletotrichum; Biol, pathol and control. Common Wealth Mycol
Institute, Walling ford, pp, 337-357.

Jensen, M. H. 2002. Controlled environment agriculture in deserts tropics and
temperate regions. A world review. Acta Hort. 578: 19-25.

Karthikeyan, V., Sankaralingam, A., and Nakkeran, S. 2006. Management of
groundnut root rot with biocontrol agents and organic amendments.
Archives Phytopathol. Plant Prot. 39(3): 215-223.

Katan, J. 1981. Solar heating (solarisation) of soil for control of soil borne pests.
Annu. Rev. Phytopathol. 63: 211-236.

Khalali, and Jalaludin 2004, Fungicidal Management of Cercospora leaf spot
and powdery mildew of black gram, Bangladesh P1. Pathol.pp:63-66

Khunti, J. P., Bhoraniya, M. F., and Vora, V. D. 2005. Management of
powdery mildew and cercospora leaf spot of mung bean by some
systemic fungicides. J Mycol and Pl Pathol.32 (1):103-105.

vii

[ 3



Kiss, L. (2003). A review of fungal antagonists of powdery mildews and their
potential as biocontrol agents. Pest Manag Sci. 59(4): 475-483.

Kokalis-Burelle, N., Vavrina, C. S., Rosskopf, E. N., and Shelby, R. A. 2002.
Field evaluation of plant growth-promoting rhizobacteria amended

transplant mixes and soil solarization for tomato and pepper production

in Florida. Plant and Soil, 238(2): 257-266.

Kurt, S., Soyler, S., Soylu, EM., and Tok,F.M.,2004 First report of powdery
mildew caused by Leveillula taurica on leek (Allium porrum) in Turkey
Plant Pathology 53,527. Available: 10.11/j.1365-3059.2004.01019

Lebeda, A. and Cohen, Y. 2011. Cucurbit downy mildew (Pseudoperonospora
cubensis) biology, ecology, epidemiology, host-pathogen interaction and
control. Eur. J. Pl Pathol. 129: 157-192.

Lopes, C.A., Avila, A. C. 2003. Doencas, D.P., Diagnose e control. Brasilia.
Embrapa Horticalicas 96p

Mandhare, V. K.,and Suryawanshi, A.V., 2009. Phylloplane microflora of
safflower, Agricultural Science Digest. 29(2): 75-76.

Manoj Kumar, A., Ganeshan G.Reddy K.N,.and Ramachandra, Y.L. 2008.
Integrated Disease Mangement for the Control of powdery mildew
(Leveillula taurica) in bell pepper. The Asian and Australian J of plant
science and Biotechenology 2(2), 107-112

viii

(32



Mao. W., Lewis. J. A., Lumsden, R. D, and Hebbar, K. P. 1998. Biocontrol of
selected soil borne diseases of tomato and pepper plants. Crop

Protection, 17(6), 535-542.

Mayer, J. S, and Dator V.V, 1986, Phytopathometery Techical Bulletin-1(Secial
bulltin-3), Marathawada Agricultural University Parabhani.38p.

Mckenzie , E. 2013 Colletotrichum capsici, Available: http://www.padil.gov.au

Meghvansi, M.K., Khan, M. H, Gupta, R., and Veer, V.2013 Identification of
new species of Cercospora causing leaf spot disease in capsicum

annumicum in northeastern India. Res in microbial. 164:894-902

Menon, J. S. 2010. Concept of rain shelter gaining popularity. The New Indian
Express, 20 Sep. 2010, 12p.

Morris, C. E., Monier, J. M., and Jacques, M. A., 1997. Methods for observing
microbial biofilms directly on leaf surfaces and recovering them for
isolation of culturable microorganisms. Appl. Environ. Microbiol. 63:
1570-1576.

Mueller. 2007 Integrated crop management, newsletter, 1993-2007

Muthuswamy, M., 1999 Bio-fungicides effective tools for management of plant

diseases, pestology pp : 185-193

Nadakumar,R., Subramanian, B., Ramalingam. R, Raguchandran T, and
Saniyappa R. against Rhizotonia socani cousing sheath blight in rice.
Phytopathol mediter. 41:109-119

123



Nagraja, and Naik 1998, Chemical control of powdery mildew and chonephora
rot of peas (Pisum sativum L) pestology. pp. 22-57

Nam, C. G, Jee HJ, Kim C.H, 1988. Studies on biological control of
Phytophthora blight of red pepper. Korean J. Plant Pathol., 4(4): 313-
318

Narayanaswamy, G.2013. Evalution of capsicum (Capsicum annuum L var.
grassun Sendt) varieties under shade net. MSc (Agri) thesis Dr. YS. R
Horticultural University, Anantharajupet. Andra Pradesh.

Nel, B. Steinberg, C., Labuschagne, N., and Viljoen, A. 2007. Evaluation of
fungicides and sterilants for potential application in the management of

Fusarium wilt of banana. Crop Protection, 26(4), 697-705.

Ngulli. M. Doiho, L. Upadhya D.N., 2010 Biological management of fruit rot in
the world's hottest chilli (Capsicum chenense Jacq) J plant protection
Res. 50(3):14p

Ogwu, M.C and Oswar, M. E. 2014 Comperative study of microflora
population on the phylloplane of common okra (Abelmoschus esculatus)
University of Abuja, Gwagwarda. Nigeria. J. Biotech. 17(25). Available
online http:www.ajol.info/ intex.php/njb/index.

Olufemi, A.A., Joseph, O. A. and Abiola, F.A .2014 Antifungal Activities of
Seed Qil of Neem (Azardirachta indica A. Juss,) Global J of Biology
Agric and Health Sci. 3(1); 106-109

Ondieki, J.J.1971.The control of powdery mildew of capsicum with certain
systemic and non- systemic fungicides National agricultural labarataries,
Nairobi, Kenya.

EN



Palti, J.2013. The Leveillula mildews. The botanical review .54 (4): 423- 535,
Springer. Available: http://www jstor.org/stable/4354121

Panpatte, D. G., Sh elat, H. N., Vyas, R. V. and Jhala, Y. K. 2014. Plant
growth promoting rhizobacteria a promising tool for ecofriendly
agriculture. J. Pure Appl. Microbiol. 8(6): 4947-4959.

Park, ].H, 1989. Biological control of Phytophthora crown rot and root rot of
greenhouse pepper with Trichoderma harzianum and Enterobactor
agglomerans by improved methods of application. Korean J. Pl. and
Patholol. 5(1):1-12.

Pimenttel, D. 1995. Amount of pesticides reaching target pests: environmental
impacts and ethics. J. Agril. Environ Ethics. 8:17-29

Prashant,S.P., 2004. Investigation on purple seed stain of soybean caused by
Cercospora Kikuchii, Msc (Agri) Thesis. University of Agricultural

Science Dharwad.

Raghuvendra, B.K 2005 Epidemiology and management of chilli powdery
mildew caused by Leveillula taurica (Lev) Arn. MSc (Agri) thesis.
University of agriculture science Dharwad.61p.

Raguchander, T., Prabukar, K., and Sarniyappam, R., 2005, Field evolution of
Pseudomonas fluorescens and Bacillus substilis on the Management of
Cercospora leaf spot and powdery mildew in urdbean, Legume
Res.28(2):137-139

Rangaswami, G. and Bagyaraj, D. J. 2005.Agricultural Microbilogy, (2" Ed.)
Prentice Hall of India, Pvt. Ltd., New Delhi.47p

xi

(35



Reshma R .T, 2016 Management of Downy mildew (Pseudoperenospora
cubensis (BERK & CURT) (ROSTOV). Of cucumber under protected
cultivation. Msc(Agri) Thesis. Kerala agriculture university,
Vellanikkara. 95p.

Roberts, P.O., Pernezny, K., and Kucharek, T.A., 2001. Anthracnose caused
by Colletotrichum sp on pepper [online] J Univ of Fla/Inst of Food and

Agric  Sci.  Available:  http://edis.ifas.ufl.edu/pp104(Accessed
25/12/2007)

Romberg.,and Davis, R.M. 2007 Host rang and phylloplane of Fusarium solani
sp.enumerati from potato and tomato in California. Plant Dis. 91(5).585-
592.

Rostam, S. 1983. Biologie ecologie, systematology Leveillula, MSc Thesis
University of Paul Sabarier, Toulouse, France.56-71pp

Ruth, C., and Naik, M. T. 2016. Evaluation of Prochloraz 26.7%+
Tebuconazole 13.3% EW against fruit rot, dieback and powdery mildew
on chilli. Plant Archives, 16(2): 869-877.

Sabir, N., and Singh B.2012.Protected cultivation of vegetables in global arena;
A review. Indian J .Agric Sci. 83(2):123-35.

Saleem A, Hamid K, Tarig AH, and Jamil, F.F, 2000. Chemical control of root
and collar rot of chillies. Pak. J. Phytopath., 12(1): 1-5

Sarhan, E. A., and Shehata, H. S. 2014. Potential plant growth-promoting

activity of Pseudomonas spp. and Bacillus spp. as biocontrol agents
against damping-off in alfalfa. Plant Pathol J.13(1): 8p.

xii

(36



Saxena, A., Sarma, B. K., and Singh, H. B. 2016. Effect of azoxystrobin based
fungicides in management of chilli and tomato diseases. Proceedings of
the National Academy of Sciences, India Section B: Biological Sci.
86(2): 283-289.

Seangnak, V, Chaisiri, C. and Nalvmpang S.2013. Use of antagonist
strptomyces spp, against chili wilt diseases caused by Fusarium
oxysporum. Sp. capsici. ] of Agric Techenol 9(7):1895-1908.

Sahi, 1. Y., Khalid, A.N. 2007. In vitro biological control of Fusarium
oxysporum causing wilt in capsicum annuum. University of the Punjab,
Lahaore, Pakistan, Mycopath 5(2); 85-88.

Shenoy. B.D., Jeewon R., Lam, W.H., Bhat, D.J., Than, P.P., Taylor W. J., and
Hyde K.DD. 2007. Morpho-molecular characterization and
epitypificaton  of Colletotrichum capsici (Glomerllaceae,
Sordariomycetes) the causeative agent of anthracnose in chilli fungal
Diversity 27:197-211

Smith, R.F, Koike S.J, Davis M. Subbaroa K, and Laummlen. F 1999 Several
fungicides control powdery mildew in pepper. Calif Agric J. 53 p 40-47

Smith, .M., J. Dunez, D.H. Phillips, R.A. Lelliott, and S.A. Archer, Eds. 1988.
European handbook of plant diseases. Blackwell Scientific Publications,
Oxford. 583pp.

Solel, Z. 1970. The systemic fungicidal effect of benzimidazole derivatives and
thiophanate  against Cercospora  leaf  spot  of  sugar
beet. Phytopathol 60(8): 1186-1190.

Xiii

/137



Song, W.. Zhou, L., Yang, C., Cao, X., Zhang, L., & Liu, X. 2004. Tomato
Fusarium wilt and its chemical control strategies in a hydroponic

system. Crop protection, 23(3): 243-247.

Sreedhara, D.S, Kerutagi, M. G. Basavarja L.B. and Dodamani M.T. 2013.
Economics of Capsicum production under protected condition in
Northern Karnataka, Karnataka J. Agric sci, 26(2):217-219

Suresh,K .R. 2013. Studied on leaf spot of chilli (Capsicum annum L.) caused
by Cercospora capsici Heald and Wolf. MSc (Agri) thesis. University of
Agricultural Science, Banglore

Tenhonita 2012, Studies on the resistance of strawberry powdery mildew
(Podosphaera macularis). Msc (Agri) thesis. University of Helsinki, pp-
27-29

Tramier, R. 1963. Etude preliminaire du Leveillula taurica (Lkv.) Am. dans le
midi de la France. Ann. Epiphyt. 14: 355-369.

Vidyasekran., P, Rabinaran., R. Muthamilan., M, Naya.,r K, Rajappan., K,
Subramania., N , and Vasu math., K.1997 Development of a powdery
mildew formulation of Pseudomonas fluorescens for control of rice
blast 46,291-297

Vukovic, G., Stereva, D., Bursic, V., Mladenova, R., and Lazic, S. 2012.
Application  of GCMSD and LC-MS/MS for the determination of
priority pesticides in baby food in Serbian market, LWT. Food Sci.
Technol. 49:312-319.

Xiv

1



Waller, J. M. 1992. Colletotrichum diseases of perennial and other cash crops,
in Colletotrichum Biology, Pathology and Control, eds Bailey, J. A,
Jeger M. J., editors. (Wallingford: CAB International): 167-186.

Wheeler, B. E. ]. 1969. An introduction of Plant Disease. John Wiley and Sons
Ltd., London, 301p.

Yucel, S., Kececi, M., Yurtmen, M., Yildiz, R. C., Ozarslandan, A., and Can, C.
2013. Integrated pest management of protected vegetable cultivation in
Turkey. Eur.J. PL Sci. Biotechnol. 7(1): 7-13.

139



Appendices

/G-



Potato

Dextrose
Distilled water

2. Nutrient Agar (NA)

Peptone

Beef extract

Sodium Chloride

Agar
Distilled water
PH

APPPENDIX I

1. Potato Dextrose Agar (PDA)

: 200.0g

: 20.0g
: 1000ml

:5.0g

. 1.0g
:5.0g

: 20.0g

: 1000ml
:6.5t07

. Martin's Rose Bengal Agar

Dextrose
Peptone
KH2PO4
Mgso4

Agar

Rose Bengal
Streptomycin
Distilled water

. 10.0g
:5.0g
: 1.0g
: 0.5g
: 20.0g
: 0.03g
: 30.0mg (added aseptically)
: 1000ml



3. Ken knight's Agar (PH 7.0)

Dextrose : 1.0g
KH2PO4 :0.1g
Kcl :0.1g
MgSo4.7H20 :0.1g
Agar : 20.0g
Distilled water : 1000ml

4. King's B Agar

Peptone : 20.0g
Glycerol : 10.0g
K2HPo4 :10.0g
MgSo04.7THZ20 : 1.5g
Agar : 20.0g
Distilled water : 1000ml
PH :7.2-74

%)



APPPENDIX II

Sequence analysis of Colletotrichum capsici

o

istribution of the top 100 Blast Hits on 100 subject sequences

Color key for alignment scores
M <40 W 40-50 Il 50-80 Il 80-200 H>=200
P quene T e
1 90 180 270 360 450
——— e e —— e = =
EE———— e s,
—_—_——— e —e—————
——— e ———— e e
——— e —
—— — e
—_————— e == =
— e ———
—
e e
#
e ——
—— e e e
—_— e —————
—_— e ———
_—— e ——
————— e
—_— e = = —————
— e e ——— e =
e e ——————
e e — e — e ————————m =
_— e e
— e e e e ——
—_——— e ———— e ———————————
— e
——— — e ——————————————
—_—— e
e e
—— e =
e
——— e e e
———— —_— e = =
e e e ——
—_————————, e ———————— e
e e e e
_— e, ———e———————
Select A Mane Selecisd 0
Abgrmerds
— o T Ot £ on | ecense
| Cotetetierum canaii Synes e 185 FUNA, (151, D B5 160 (TH2 J8E 1HHA porel and commttale §iuance . minse. FRIS ) 000 1000 100% 00 00% LCISSSTAY
1] Cobstobiceum capsic senes for 185 R14A (151, K §S Fdeh (THZ TR HRIGA DMBM Md comibete §FauS0CE. 1A DT, Com 000 1000 100N 0.0 100% LOITEGIR
] Castebutsn causss genes e VB0 EGHA T3 & S A 1150 260 R4 porkil suc Comitiete 8 0USOcr. ol ESR06E ) 1000 1000 100% 00 100% LCISEER)
] Cobstubicingn ginscaporkies gaees by S0 HRIA (TS1 % BS rEMA (THZ D60 (GH& ool sl Carmpiale ReRuence rautste HAIIITY ) 1000 1000 WM 00 100% LCaese
[ Colletolichem capat aanes fot 185 fRpA (TE1 5 RS rEMA (TH 2ED (RI65 DAl s ol COmTiets Reuance. soiae CHd MWE0 WE0 WO% 00 100% LCINEGNLY
[ Comowichum caegio gens jor 1ES RE8 115 1. 000 oShs (182 202 of04A BarRal and Comeesty Seousnce. Ralats FRISS 1000 060 0% 00 T100% LCISINTIY
1 Camgtemichum yuncatien ipolate COGH amall yusurd ieanocal HHA gane Daltel RESuence MismE XIRCIES0 suecer 580 ahonomal f148 aene s ity 1000 1000 W% 00 100% KNSl
[] Gotetwilichum imkaken inoipe COTAT 3l ubure ibgeoenal BIA cent DarkH BISNENCE. Iemal NIns CiRe0 soacet 15,60 Mosome Rish sene and igmat s 1000 W008 100% 00 100% HXSSERES 1
"] Colstowichun puncane isalale CCJ1) intevnal bansotied socer ) afbal keousace. S EE IDIEama BN Seee a0 Mesnal FAOKCIDR 03t § scoalul seae 1000 1000 100% 0.0 100% xxmeaIR 3
1 rucalier solgs CCP 4 Aoyt 1 Cadia SRuaeecs S 35 nRosersa BHA quns EaAnsctEd shacel 2 stous W00 1000 WOW 0.0 100% RERSEITAY
[ Cabesskichun pescaben ot HEOO sosll suwid abatomal FNA Sene_ DA Secusncs iitninal Nanaciied soacer 1. 388 f00s0mal R Sene dodimematm 1000 1000 100% 00 100% XSS
g RO Atam susuni BME Seed © Ml ARINence wueinal snacer 1 583 (hosoc BIis otne ang 1000 1000 1W0O% 00 100M KEJBA0ST )
| Cotetosonuen Muncabem i ulals A% wieral Nanecited Abace: L. Dedlal ARoUANCe. 5.5 Atoesial K1 Qe s Ol Masniesd eace: I Carste Atouase, 1000 1000 100% 00 100N jOTRGAZE)
1] Gotwtot i et i wutin iteeomi RS Tene BaNel nrEanoe AsiE ¥R CTied Seate: 1. 3 A BEen o ARt Jene el ideersa Wanaciied At W00 W60 WO 00 100% ENIRSSEY
Colsteictnn cagma shme LGS reeme Nmocnied pusce L petiat axguence, 385 dismvnad BHA an s misrn Seacribe sreom 2 serolste sequence. x 1000 1000 0% 00 100%M KYIZANA4 )
0Og SRt whi s F 21502 WS Flis unss sERE o8 sitesni Lanacoied Aoece: 1. 582 gk N0 Ehen 1000 1000 1W00% 00 100N EEINTAGA
Gttt Suncshim st F213132 Y05 imarsnmmst BR Cons. SRrisl Seausncn. misensl Sanscrded suece 1385 dinesiat BHA seoe a0 mteny genacive 1000 1000 100% 00 100% EAI9TEUR



S

Distribution of the top 100 Biast Hits on 100 subject sequences
Mouse over lo see the title, click to show alignments
Color key for alignment scores
W<40 W 4a0-50 W 50-80 W eo0-200 B >=200

W

1 90 180 270 360 450

S oG Sigrificrs ShigraTeres
Selact AL tmw Sebested 0

Tored Oy E

Drwrscalulon Ve Actmsssm
AR SO0 Cowen v St

LRI NN R 2 as IHEE J15% semsal g yuao g | G AESNSaE 3808 dossea e aasa any suscnal Davastied ausiel l eTulae sRuuenol T WM 0% 00 100% WFIDSSEEY

Ctiadieten dis e iate CAC TINT2 T iemss. Yarn Do PR sateial P18 B18 00N 00 100% AR CETIND Y

Comtimmia s SIS IO 3 183 tbguanas S84 guny certes semeese Inmreal SANeciied sesce | 3 BE el fitie, omn_and Shtne s ial sl cax 915 918 100h 00 100% sazafiiag
CMEATE g S sRED LFe bISeE 1ET rSmamsl ITA Shi GENE] SSSEInt XEe T kv ke d ez | ) A0 chadaoa Fonh yacs ) nlacie nentnsad see 910 SN K00% 00 100% EAMIIITY
CatLaamen tu. M2 108 S2M CFC LTINS 182 Obassinet FILes R80A. DA LIGURISE, SORIE Sapand Seaoe: 1 3 5L (b 0N Jane. it ShImA Zasisse ¥18 $18 100N 00 100N Wliedieny

Caakitges o 4% 10158 pEme (PO ZUB0A 10N sl (RS Qe il eeueCoN NI Eancsind wcaces 1 AN aRre. &S S $I #1800 100% HIISNIRAL
S 4 Mosanas LFT 2I1E 18 2 zacnal e Sassoeteq sacer T 380 Beas gu—g. and rusceel gicy TR O W0OW 00 100M ELIAIERY
CHLEIusn T iiSetaen LT LINUE 18 o st aeon ASTHE TV inmm el Renesied etca: |3 88 Shosamed Fist gese. sl mienal SanEisad sea 218 818 100K 00 oW rimaTId s
Carumimnes of cistanas GI'C IUTI0 VAN 1 s Pl mane Sactien seEEance TS Lecss et soias. L 30K Olesanat A Aeun. 0 ek Saaasd txe I8 588 109 0.0 100% EXImaTaLl

= soersiasoTuLad’ il iug ruwt Snma nesuaeus sueme pecacnked neeiw 1% NE (heinced S wkte aod miuned Sanacited sgs 938 918 1WOR 00 100N ELINATEL
AL e St SR (3 SIA 1S LIS Mol Sl AR08, STk SRS S tacsSed duace 1D B2 SSoLGm Mg Jate aaimiema sanao S18 S0 100% 00 10D% ERLGRII
LA ALOLA R (R Al ASEe e SR GPFL 2 LA 1N 18D iceas st St pans. AMLE MedUslie ST susdiesce: | TE8 soe gene snd sarnE famas 910 w18 WO O ¢  fO0% arliueTas
ol et es SENas TTIE CIFC IANT T LM Mo B RS SACTA JSUNNES. Sinal EAACILAS seace: 1 & AL (SR S A0 SOLIUEDELEINSE BT 913 AW 06 0% sl
= 13 e stesngl 3 ansorives Sasdas 1 5 AL MEsEemAl (09 oene el inleeal dacus 98 B 00N 00 100% ELIGIRIZ)

Carctumta St e G 22010 0N Shulare S5 e s saGUEICe sty Sytegsed iescn | AN iSmsryl Bt smoe s wienel Spaciged . 918 018 wHE 00 100% EIIRSTLY
Cacumienis piscissss svain GPCEE801 LAD kaimmnnd BN Sane. SRiEa TAmAISE. SN ENSCiay sEeces. 1. 3 S USRS R use Sud el et | 918 S8 106 80 100% mriaera)
Cametooes £ CNamms CFT TASE 108 st sl Sies gpes, Sorfal SETTe EINTY SAnkribed snecee | 4 AT dkasnal A sane and miscos baTscited staae: 318 S8 10OR 00 100% EDENA)
CarsmsnEn ot Srudsss CFC IERIT 188 stosnoal A gese st semins et SasicEed 0aer 1 589 el e cenr and guengllMuciied isce U186 938 ID0% 60 108% EDiSaESAl




Sequence analysis of Fusarium sp.

Distribution of the top 100 Biast Hits on 100 subject sequences

Mouse over to see the title, click to show alignments

Color key for alignment scores
W <40 W 40-50 B s0-80 I 80-200

B >=200

5

ﬁ

1 100 200 300 400

00

ignit

Selsct Al lgss Selected )

grimams.
Descnption

FUi AT ST R 18T R G fer 185 intemal RN S TEMIAN
& P Suttet s CaSe 1B e Q60 X L UloaoiT R L l

Eaamnan xx. 46m 55 €24 133 nbosiial A0k Suie Loty sedeeres AIUMY Vacliaed siace | 220 diosumal RIA ogne i kil apgcat 2 o

) Wncameq ROl Mgy JenGITes DISE ERgRETEe couskin (51 (T2 meialt HID

eutired sodeint Riogus gessoyc DA veguence (impey (123 155

Fulbnar 5 goate st gl aten ¥ ek aed Jeee | carM sedence. £6E Suaanu Fes Je0b a0d PAM VARG JGdSar £ complels SQUROCE
Filiatet 15 _souln Ao BIRS0] et PRCIDe0 AROCE | LTSN seQuEncy. 26D 0RadeTul Slvt 28R A0 TR M (0 dedaat { SSOTRASIE RRGNATIE. 3
7] Fasgese) 0 et Antul-Fiey0 | ijgsog B aceCribed spece: | Lagy secueoce 3 B9 oLopainel BNA Sene snd T Eansloted 108081 £ CONKINE DROUMIKA

Euggoum prote gle gy CLILLEL 2ooml Blys 0003 CatM SNQUSNCH RN NI CODH) LEEN {5 1IRORSTTEE RNA Q808 and dilsms kaimcoces 959

43 Span oMty Ey= s e OCTL 0T 185 e somal s Jecs Qarial wemph anaces 1 588 Rithgans ang
Fygaria pogiter g sirpin CCTUEI0 169 nhogomal Ald 004 S SETVench NI KAOICOLSD IRRCH 1 5 BS nEcioTen RNA cene g milemd Raacnied

! ubane peatrgian e CCTUYE | TES e omal fliA el S00E Afdasrcs viie Yanslrsed saactt | SRS (besomal A deoe snd wieenyl Eanssnied

£ 5 scimte (517 3engh gutearsd manomal FNA Rene. ENEN Pac 11 ¥ ] B J20e. a0 oiETa el
Suspuse spticlicapey Dagde 1103 YES maaome A sees SHGHS vEQUET<Y witers ¥RRImDRE AGOCH § S 8T oo HRiA Qena anciniedis WINACOOSD 30

Quary

100%
L

e

ao
oo
L]
a0
oo
(1]
0o
eo
{ 1]
LX)
0o
00
ne
0.0
0o
o0
o0
oo

0%
108%
100%
100%
1W0%
s
1684
0%
100%
100%
100%
100N
s
100%
100%
e
100%
10os

ALCREHON

RIRATEEN
EOENg ]

AY2IeZH )



MANAGEMENT OF FUNGAL DISEASES OF CAPSICUM
(Capsicum annuum 1L..) UNDER PROTECTED CULTIVATION

By
DEEPA PAWAR
(2015-11-107)

ABSTRACT OF THE THESIS

Submitted in partial fulfilment of the requirement
for the degree of

HMaster of Vrience in Agriculture
(PLANT PATHOLOGY)

Faculty of Agriculture

Kerala Agricultural University

DEPARTMENT OF PLANT PATHOLOGY
COLLEGE OF HORTICULTURE
VELLANIKKARA, THRISSUR 68656
KERALA, INDIA
2017

[ &6



ABSTRACT

The present study entitled “Management of fungal diseases of capsicum
(Capsicum annuum L.) under protected cultivation” was conducted in the Department
of Plant Pathology, College of Horticulture, Vellanikkara during June to February
2016-17. The major objective was to assess the incidence and severity of fungal
diseases of capsicum under protected cultivation and to formulate an eco-friendly
management practice.

A survey was conducted in three districts of Kerala, Thrissur, Palakkad, and
Thiruvanathapuram by selecting nine poly houses where capsicum is being cultivated
during August to February 2016-17. During the survey, incidence of fungal diseases
like powdery mildew, leaf spot, fruit rot, stem and fruit rot were noticed on capsicum
under protected structures at various locations. Incidence of powdery mildew was
observed in all the polyhouses except Vellanikkara, and the disease severity varied
from 5.3 to 90.23 per cent. Leaf spot was noticed in three poly houses, during rainy
season, the per cent disease severity varied from 2.97 to 5.36 per cent.
Symptomatology of fungal diseases of capsicum observed during the survey was
studied. The fungi associated with the diseases were isolated and the pathogenicity
was proved. Cultural and morphological characterization of the pathogens was
carried out and the fungi were tentatively identified as Leviellula taurica, Cercospora
capsici, Colletotrichum capsici and Fusarium sp. The isolates were sent to Rajiv
Gandhi Centre for Biotechnology, Thiruvanathapuram for DNA sequencing and
based on molecular characterization, it was confirmed that the leaf spot, fruit rot and
stem and fruit rot of capsicum are caused by Cercospora capsici, Colletotrichum
capsici, and Fusarium sp. respectively.

Field experiments were conducted simultaneously inside the poly house and
rain shelter for management of fungal diseases of capsicum with seven treatments and
three replications. The treatments included two biocontrol agents (Trichoderma viride

(asperellum) and Pseudomonas fluorescens) two systemic fungicides (tebuconazole



and difenoconazole) and two contact fungicides (mancozeb and copper
hydroxide). Among the treatments, T4 (soil solarisation + soil application of
Trichoderma asperellum +seed treatment with carbendazim+ mancozeb (2gkg?) +
foliar spray with mancozeb (0.2 %) was the most effective for management of
Cercospora leaf spot in both poly house and rain shelter, followed by Tz(soil
solarisation+ seed treatment and foliar spray with Pseudomonas fluorescens(20g.L™")
and T1(soil solarisation+ soil application of Trichoderma viride (asperellum)) and
these were statistically on par. Among the treatments, Ts (soil solarisation +soil
application of Trichoderma asperellum+ foliar spray with tebuconazole (0.1 %) was
the most effective for management of powdery mildew in rain shelter and poly house,
followed by Tg(soil solarisation +soil application of Trichoderma+ foliar spray with
difenoconazole (0.05%) and these were on par. Correlation analysis was performed
with the meteorological data recorded during the experiment and per cent disease
severity (PDS) at periodic intervals and it was found that there is significant positive
correlation with RH in rain shelter and temperature in poly house in case of
Cercospora leaf spot. In powdery mildew, there was a significant negative correlation
with PDS and temperature inside the protected structures. Economic analysis of the
field experiments suggested that the soil solarisation with combination of biocontrol
agents and tebuconazole recorded the highest B:C ratio.

It was found that soil temperature at 10cm depth was higher in solarized soil
when compared to non-solarized soil by 6.35°C and 4.5°C inside poly house and rain
shelter respectively. It was also recorded that the population of soil microflora was
reduced due to solarisation in protected structures.

Analysis of population of phylloplane microflora proved that there was drastic
reduction in the population of phylloplane fungi, bacteria and actinomycetes after
spraying with chemical fungicides whereas the population increased after spraying

with biocontrol agents. Survival of biocontrol agents on the phylloplane of capsicum

48



was also studied and it was found that Pseudomonas florescens, survived on the leaf
surface up to 15 days after foliar application.

Thus, the study has confirmed the identity of causal agents of major fungal
diseases of capsicum. Cercospora capsici reported for the first time on bell pepper
from the country. It also suggested economical and effective management practices
against the diseases. Further, the results of the study prove that, timely application of
biocontrol agents gives satisfactory control of diseases without affecting beneficial
microbes
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