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4. Diseases of Vegetable, Ornamental and Spice Crops (HPI 202) 3 (2+1)

Cticlogy, symptoms, maede of spread, epidemiclogy and
integrated management of diseases of the fellowing vegetabiles,
ownamental and spice cueps: temate, luinjal, chilli, Ghindi,
cabbage, cauliflower, wadish, fnol-fhel, pea, beans, beet noct,
cnion, gaic, fenugreek, ginger, patate, tuunetic, pepper, cumin,
cardamom, nutmeg, corviander, clove, cinnamon, jasmine, wose,
cuassandia, tubierose, geranium. Impestant post-hawest diseases
of vegetabiles and ernamental crops and their management.
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Lecture-1

NURSERY DISEASES OF TOMATO AND OTHER VEGETABLES

Tomato (Solanum lycopersicon L.) is an important vegetable crop grown globally and
consumed as salad, ketchups, sauce, soup, pickles etc. It is also cooked along with other
vegetables to provide taste and is the basic need of the Indian kitchen. Ripened fruits are
good source of ascorbic acid and minerals. The crop is generally grown during winter
months (Oct.- April) in the plains of India while in the hills it is mostly grown during summer
and rainy season, thus fresh fruits are available round the year in the market. Prevalence of
high humidity and warm temperature not only favours the luxuriant growth of the crop but
also favours the development of various fungal, bacterial and viral diseases. Under
favourable environmental conditions, epiphytotics of certain diseases have often reduced
the seedling stand considerably in certain years. Some of the important fungal, bacterial and
viral disease problems of nurseries are described in this lecture.

Aim: To Know the different diseases occurring in nursery beds and infecting tomato and
other vegetables and their management

A) FUNGAL DISEASES
1. Damping Off

» Itis animportant disease specially in tomato and also other vegetable crops
like bell pepper, chillies, brinjal, cabbage, cauliflower, broccoli etc. for which
nursery is raised for transplanting.

»  The disease is fairly common in poorly managed nursery beds, incited often by
the seed and soil borne pathogens.

»  ltisresponsible not only for the poor seed germination and stand of seedlings

but also for carry over of the pathogens to the field where transplanting is done.

Symptoms
The disease manifests in two phases

i) pre-emergence damping-off and ii) post-emergence damping-off.
i) Pre-emergence damping-off:
e Failure of seedling emergence from the soil either due to seed rots or killing
of young seedlings before their emergence from the soil.
e Resulting in patchy appearance of seedlings stands in the nursery in early stages

(Plate-1a).

1 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Plate-1a Symptoms of Pre-emergence damping-off showing patchy appearance

ii) Post emergence damping-off:

e This phase is characterized by toppling over of infected seedlings at any time after their
emergence from the soil.

e The infected tissue initially appears to be water- soaked and soft.

e Subsequently, the stem at the infection points get constricted resulting in toppling over

and mortality of the seedlings (Plate-1b).

Plate 1b. Seedling showing symptoms of post-emergence damping-off

Pathogen (s):
e Species of Pythium, Phytophthora, Fusarium and Rhizoctonia solani Kuhn are the most

commonly associated pathogens.

2 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Among these fungi, the species of Pythium viz., P. aphanidermatum (Edson) Fitzp. and P.
butleri Subram. are more common than others.

The mycelium of Pythium is intracellular, consists of slender, coenocytic and much branched
hyphae.

Asexual reproduction is mostly by means of zoospores, that which are differentiated in a
vesicle, kidney shaped and biflagellate, which later become encysted and germinate by
forming germtube.

In sexual reproduction, one male nucleus from antheridium passes into the oogonium
through conjugation tube which then forms a thick wall spores known as

oospore.

Disease cycle and epidemiology
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Most of the fungi responsible for this disease are both seed and soil borne (Fig.1.).
The species of Pythium survives from one season to the other as mycelium in plant debris or

oospores in the soil.
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Fig. 1. Disease cycle of damping-off of seedlings (Pythium aphanidermatum)

>

Rhizoctonia solani survives in soil indefinitely in the form of sclerotia. Hyphae grow from
these sclerotia and infect seedlings in the nursery beds. Species of Pythium attack the plants
when they are in juvenile stage.

Soil moisture near saturation stimulates mycelial growth as well as asexual reproduction.

High soil moisture, pH 6.0 and heavy soils favour disease development.

3 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




> Pre-emergence damping-off is maximum at 20-25° C while post emergence at 30-40°C.
» The disease is further aggravated in ill-aerated soils with poor drainage having thick stand of
the seedlings.

Management

» Change the nursery site every year.

» Either solarize the soil of the bed with transparent polyethylene (25 um) sheet for
40-45 days during summer months or treat the soil with Formalin (5%) at least 20
days before sowing or apply bioagents like Trichoderma harzianum or T. viride (40
g/m®).

» Treat the seed with captan (0.3%).

» After seedling emergence from the soil, drench the bed with the mixture of
mancozeb (0.25%) and carbendazim (0.1%) and repeat at 7-10 days interval.

» Give light but frequent irrigations.

B) BACTERIAL DISEASES

++ Several bacterial pathogens infest the foliage of nursery plants after their emergence from
the soil surface.

++» Sometimes bacterial spot (Xanthomonas campestris pv. Vesicatoria (ex. Doidge) Vauterin et
al. and canker (Clavibacter michiganensis pv. michiganensis (Smith) Davis et al.) in tomato
and bell pepper and chili etc. and black rot (Xanthomonas campestris pv. campestris
(Pammel) Dowson) in crucifers appear in nurseries and multiply rapidly.

Pathogen characters, disease cycle and epidemiology has been described in lecture No. 3 and 9.
Management

e Use of healthy seed.
e Dip the seed in Streptocycline (100 ppm) solution for 30 minutes.
e With the initiation of the disease spray the nursery beds with Streptocycline (100 ppm).

C) VIRAL DISEASES

» Several diseases like leaf curl and mosaics are of viral nature appear in the nurseries of some
vegetables and carried from nursery to the fields.

» These viruses are transmitted through their insect vectors like aphids and white fly.

» To protect the nursery from these diseases, it is better to raise the nursery under a net
house (40 mesh size) so that the nursery is not exposed to the viruliferous vectors.

> Insecticides Metasystox or Rogor (0.1%) should be applied at regular intervals to keep the

vectors under check

4 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




>

Some insecticide dust like Malathion dust should be applied around the borders of the bed

to restrict the entry of ants and other soil borne insects in the nursery.

Raising virus free vegetable seedlings:

>

Leaf curl is a white fly transmitted viral disease, infestation starts from seedling stage and
continue till harvest of the crop.

The disease is specially seen in the tomato and sometime in chilli too and causes great loss
of the crop.

The leaves of affected plants show curling, mottling, rolling puckering etc. It can be

controlled by the following ways:

Management

D)

Treat the soil of the nursery by carbofuran 3-5 g/sqm”.

Seed treatment with Imidachloprid @ 2.5 g/kg seed.

Cover the seed bed after seed sowing by Agronet by making a tunnel like structure.

Spray the nursery beds 15 days after seed germination at 7 days interval with Metasytox @
1.5 ml/litre of water. Last spray is done 2 days before transplanting.

Remove the infected plants if any in the field and buried in with soil or burn.

NEMATODE DISEASE(S)

Invariably nurseries of tomato, brinjal and cucurbits raised in untreated soils are
infested with nematodes like Meloidogyne spp. (Plate-2)

Infested seedling if transplanted in field carry the nematodes to the fields where the
problem does not exist earlier which may result in severe crop yield losses in later
stages.

Either treat nurseries with Formalin (5%) at least 20 days before sowing or with

Carbofuran (5 g/mz) at the time of nursery bed preparation.

Plate-2.Symptoms of root knot on tomato seedlings

5 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Lecture-2
FUNGAL DISEASES OF TOMATO

Tomato (Solanum lycopersicon L.) is an important vegetable crop grown globally and
consumed as salad, ketchups, sauce, soup, pickles etc. It is also cooked alongwith other
vegetables to provide taste and is the basic need of the Indian kitchen. Ripened fruits are
good source of ascorbic acid and minerals. The crop is generally grown during winter
months (Oct.- April) in the plains of India while in the hills it is mostly grown during summer
and rainy season, thus fresh fruits are available round the year in the market. Prevalence of
high humidity and warm temperature not only favours the luxuriant growth of the crop but
also favours the development of various fungal, bacterial and viral diseases. Under
favourable environmental conditions, epiphytotics of certain diseases have often reduced
the yield considerably in certain years. Some of the important fungal, bacterial and viral

disease problems are described in this lecture.

Aim: To know about different fungal diseases of Tomato and their management.
1. Late blight

Symptoms

» On leaves, disease appears as pale, green, irregular spots on the tips and margins,
which in moist weather enlarge rapidly with central tissue turning necrotic and dark
brown or black.

» On the lower surface of the leaves, a white downy growth of the fungus appears
around the dead areas, which is more prevalent in morning hours when climate is
moist (Plate-1a).

» Brown streaks also develop along the stems.

» On tomato fruits, dark, olivaceous greasy spots are formed, which gradually cover
the entire fruit surface (Plate-1b).

» Finally rotting of leaves and fruit takes place.

1 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Plate-1a On leaves Plate-1b. On fruits

Plate-1. Symptoms of late blight of tomato

Pathogen:

v' The disease is caused by Phytophthora infestans (Mont.) de Bary.

v' The pathogen, disease cycle and epidemiology is described in detail under potato
diseases.

v In India, P. infestans infecting tomato, 3 races namely 1.3.4.7.11, 3.11 and 4.7 have
been identified on the basis of differentials reaction tested on Ry to Ry; on potato
differentials.

v' Race 1.3.4.7.11 has been observed to be occurring both on potato and tomato.

Management

» Follow crop rotation and avoid solanaceous crops like potato in rotation.

» Improve drainage of the field and keep field free from weeds.

» Collect and destroy the infected fruits regularly.

» Before the initiation of the disease, apply one protective spray of mancozeb (0.25%)
followed by metalaxyl + mancozeb (0.25%) at critical stage of disease appearance
and repeat the sprays at 7-10 days interval.

2. Buckeye rot
Symptoms:

» Immature fruits (green colour) irrespective of their development stages are
susceptible.
» Water soaked light brown discoloured spots appear which increase readily showing

concentric dark brown rings slightly resembling the markings as a buckeye (Plate-2a).

2 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




» The lesions rapidly enlarge and with in 3-4 days, whole of the fruit surface turns dark
brown and feels soft to touch.
> In warm and humid weather, white flocculent superficial growth of the fungus consisting of

sporangia and sporangiophpores also develops on the diseased fruits.

> Later, these fruits may drop off from the plant (Plate-2b).

Plate 2a. Infected fruits Plate-2b. Infected fruits fallen on the ground
Plate-2. Symptoms of Buckeye rot of tomato

Pathogen:

» The disease is caused by Phytophthora nicotianae Breda de Hann. var. parasitica
(Dastur) Waterhouse.

» The mycelium of the pathogen is hyaline and coenocytic with branching typically at
right angles. The sporangiophores arise from hyphal threads and produce sporangia.

» The sporangia are broadly ovoid to globose in shape having one hemispherical
papilla at the tip. Chlamydospores are smooth, globose, and slightly yellowish with
thick brown walls, produced abundantly in culture and germinate by producing
zoospores or germ tubes.

» Antheridia are amphigynous, spherical or oval and oogonia are rough, thick walled
and yellowish brown in colour.

» Oospores are aplerotic, 18 to 20 um in diameter with 2 um thick wall.

3 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Disease cycle and epidemiology

v" The fungus overwinters in the soil in the form of oospores or chlamydospores and
can remain active in soil for at least one year without the support of a susceptible
host (Fig.1.).

v' With the onset of monsoon rains, in the presence of high soil moisture and
moderate temperatures (20-25°C), the chlamydospores and oospores start
germinating by producing mycelium and sporangia.

v" The sporangia in turn produce biflagellate zoospores, which are splashed by rain to
the fruits.

v" The symptoms develop on fruits after 3-4 day of infection.

v Infected fruit become mummified and fall down on the ground.

v' The sporangia produced on infected fruits, liberate zoospores which are again
splashed by rain and cause secondary infection.
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Fig. 1. Disease cycle of buckeye rot (Phytophthora nicotianae var. parasitica) of tomato

INFECTED FRUIT FALLEN ON GROUND

OOSPORES

v" Maximum fruit infection under field conditions occurs at a temperature range of 20-
25°C, RH > 80 per cent and high rainfall conditions.
v Higher doses of N resulted in higher fruit rot while higher levels of P resulted in more

yield of healthy fruits and less fruit rot.
4 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Based on weekly temperature and cumulative rainfall, short term forecasting of the
disease can be done. June 20 is considered as the zero date.

The disease is not expected to occur at temperatures at or below 20°C, though at
temperatures of 22.5°C or above even a slight rainfall (10 mm) will result in disease

appearance, which is expected to appear after 4 days of infection.

Management

>

Stake the plants erect and remove foliage and fruit up to a height of 15-20 cm to avoid moist
and stagnant air conditions.

Collect and destroy the affected fruits regularly.

Apply pine needle/grass mulch on the field floor to create a barrier between the host and
soil borne inoculum.

With the onset of monsoon rains, spray the crop with metalaxyl + mancozeb (0.25%)
followed by sprays of either mancozeb (0.25%) or copper oxychloride (0.3%) or Bordeaux

mixture (4:4:50) and repeat at 7-10 days interval.

3. ALTERNARIA LEAF SPOTS

The disease is caused by three different species of Alternaria.

Symptoms

Alternaria solani:

Dark brown spots with concentric rings develop on the leaves, which give target
board effect, the most characteristic symptom of the disease (Plate-3a).

In humid weather, the affected areas coalesce and form dark brown patches. In
severe attacks, affected leaves shrivel and fall down prematurely resulting in early

defoliation.

5 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Plate-3a. Symptoms of Alternaria solani on tomato
Alternaria alternata:

» Spots are small, circular scattered, dark brown spots (Plate-3b).
» Older spots are surrounded by yellow halo.

» The affected leaves dry prematurely.

Plate-3b. Symptoms of Alternaria alternata on tomato

A. alternata f.sp. lycopersici:

6 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




v Spots are small, angular, scattered and light brown in colour (Plate-3c).

v" Spots are not surrounded by yellow halo.

v" The symptoms also appear on stems and branches as light to dark brown spots(Plate

3d).

4 Plate 3¢

Plate-3 C,d. Symptoms of A. alternata f.sp. lycopersici on tomato leaf and stem
Pathogen(s)
Alternaria solani (Ell. and Mart) Jones and Grout:

» The mycelium consists of septate, branched, light brown hyphae, which become darker with

age. Conidiophores emerge through the stomata from the dead centers of the spot.

> Conidia are beaked, muriform, dark and borne singly or in chains of two.
> Five to ten transverse septa and a few longitudinal septa are present in each conidium.

A. alternate (Fr.) Keissler:

7 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




» The conidia occurring on leaflet lesions under field conditions are 1-6 septate.
» The size of beak range from 3.0 - 10.0 um with an average length of 7.9 um.
A. alternata f.sp. lycopersici Grogan Kimble and Misaghi:
» The conidia occurring on leaflet and stem lesions under field conditions are 1-5
septate measuring 17.0 - 50.0 x 10.0 - 13.0 um (av. 34.40 x 12.30 um) and beak

length ranged from 3.0 - 7.0 um with an average of 6.13 um.

Disease cycle and epidemiology

» Alternaria species survive in diseased plants debris and can persist for one to two
years.

» Seed borne nature of A. solani has also been reported.

» Primary infection of lower leaves first takes place through conidia formed on crop
debris in soil. Secondary spread of the disease occurs through conidia developed on
primary spots.

» These conidia are blown by wind, water and insects to the neighbouring leaves\

plants.
> The optimum temperature for infection of A. solani is 28 to 30°C while for A.

alternata f. sp. lycopersici and A. alternata, it ranges between 25-30 and 20-25°C,
respectively.

» Maximum dispersal of conidia occurs in advanced stages of disease development
and in between 9 am and 12 noon.

Management

» Collect and destroy the infected plant debris. Follow at least two years crop rotation.
» Select healthy seed and treat it with captan (0.3%).
» Remove the foliage particularly in indeterminate type of cvs/hybrids up to 15-20 cm
to avoid moist and stagnant air conditions.
» Spray the crop with chlorothalonil (0.2%) or mancozeb (0.25%) and repeat at 10 to
14 days interval.
4. SEPTORIA LEAF SPOT

Symptoms:

v' Water soaked spots appear on the lower surface of leaf.
v Later these spots become more or less circular in outline and show definite brown coloured
margins with grey centre (Plate-4).

8 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




v" A few black glistering pinhead sized pycnidia may be seen in the center of spots.
v" On stem, disease appears as small, slightly elongated, dark spots containing numerous black
pycnidia.

v Black circular spots may also be seen on young as well as on mature fruits.

Plate-4 Symptoms of Septoria leaf spot

Pathogen:
» The disease is incited by Septoria lycopersici Speg.
» On the host, young mycelium is hyaline, thin walled and sparingly septate.
» Pycnidia are subglobose, composed of 2-3 layers of brown cells.
» Pycnidiospores are filiform, slightly curved, hyaline and septate with pointed or
rounded ends. No sexual stage has been reported.
» Two physiologic races have been identified.

Disease cycle and epidemiology:

» The pathogen overwinters in infected plant debris in the form of mycelium or conidia or in
debris of solanaceous weed hosts, such as horse nettle (Solanum carolinense L.) (Fig. 2.).
» The conidia are splashed by rain to the lower leaves of the plants.

» The spores produced in these pycnidia continue the secondary cycle of this disease.

> Temperature of 20-25°C with 75-92 per cent relative humidity is congenial for disease

development.

9 All rights are reserved with Dr. YSPUH&F Solan @ 2012.
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Fig. 2. Disease cycle of Septoria leaf spot (Septoria lycopersici)

Management:

Destruct infected plant debris and use of clean seed.

One to two years crop rotation of non solanaceous crop, trimming of lower leaves and
staking of plants in case of indeterminate varieties/ hybrids have been found useful.
With the initiation of the disease, spray the crop with carbendazim (0.1%) or mancozeb

(0.25%) and repeat at 10 to 14 days interval.

5. FUSARIUM WILT

Symptoms:

>

The disease first appears in the field as yellowing of the lower leaves most commonly at
the time of flowering stage.

The affected leaves die prematurely and the symptoms continue to appear on successively
younger leaves.

One or more branches may be affected while the others remain symptom less.

Browning of the vascular bundles follows rather promptly, and is best seen by cutting of

stem or petiole and examining a cross section.

Pathogen:

>

The disease is caused by the fungus Fusarium oxysporum Schlechtend f.sp. lycopersici

(Sacc.) Snyder and Hans.
10 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




>
>

Mycelium is septate and hyaline at first and becoming cream coloured with age, however,
some isolates produce blue or red pigment.

Micro conidia are ellipsoidal, straight to curved, one to two celled and hyaline.

Macro conidia are hyaline, 3-5 septate, falcate having gradually pointed and curved ends
and appear on sporodochia.

Chlamydospores, both rough and smooth walled, characterized by thick walls are
terminal or intercalary.

They are often solitary but occasionally form in pairs or chains.

Three physiological races viz., race 1, 2 and 3 have been reported world over.

Disease cycle and epidemiology:

>

YV V V VYV V V

The pathogen is soil borne in nature and overwinters in the infected plant debris and in
the soil as mycelium and spore forms especially as chlamydospores.

It spreads over small distances by means of water and contaminated farm equipments, and
over long distances, primarily in infected transplants or in the soil carried with them.
Usually, once an area becomes infested with Fusarium, it remains there indefinitely.

The optimum soil temperature for disease development varies from 25-31 °C.

Hot dry weather favour wilt development.

The disease is more severe in acidic soils (5.6 to 6.5 pH) than in alkaline ones.

Presence of root knot nematodes and monoculture enhance the disease further.

Low nitrogen and high potassium levels in soil predisposes the plant to this disease.

Management

>
>
>

Follow crop rotation of non solanaceous crops and use of healthy seed.

Avoid movement of water from infected to healthy plants.

Combined application of inorganic fertilizers and organic manures is considered effective
in reducing disease incidence.

Application of phosphate fertilizers and nitrate fertilizers help in reducing the wilt
incidence whereas ammonium fertilizers increase disease development.

Treat the seed with carbendazim (0.2%).

Drench the affected plants with carbendazim/ benomyl (0.1%).

Pseudomonas isolates from rhizosphere of different plants can also reduce infection.

Other important fungal diseases of tomato:

Powdery mildew (Erysiphe cichoracearum DC and Leveillula taurica (Lev.) Arnaud),

Phoma rot (Phoma destructiva Plowr. and P. lycopersici Cooke),

11 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




o Verticillium wilt (Verticillium albo atrum Reinke),
¢ Root rot and collar rots (Fusarium solani (Mart.) Sacc.,

e Sclerotium rolfsii Sacc., Rhizoctonia solani Kuhn)

12 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Lecture-3

BACTERIAL AND VIRAL DISEASES OF TOMATO

Tomato (Solanum lycopersicon L.) is an important vegetable crop grown globally and
consumed as salad, ketchups, sauce, soup, pickles etc. It is also cooked along with other
vegetables to provide taste and is the basic need of the Indian kitchen. Ripened fruits are
good source of ascorbic acid and minerals. The crop is generally grown during winter
months (Oct.- April) in the plains of India while in the hills it is mostly grown during summer
and rainy season, thus fresh fruits are available round the year in the market. Prevalence of
high humidity and warm temperature not only favours the luxuriant growth of the crop but
also favours the development of various bacterial and viral diseases. Under favourable
environmental conditions, epiphytotics of certain diseases have often reduced the yields
considerably in certain years. Some of the important bacterial and viral disease problems of
tomato are described in this lecture.

Aim: To know the bacterial and viral diseases of tomato and their management.

A) BACTERIAL DISEASES
1. Bacterial wilt
e Bacterial wilt is one of the most devastating disease in solanaceous plants.
e |tis more serious in warm temperate, subtropical and tropical regions of the world.
e The disease is also called southern bacterial wilt, solanaceous wilt, southern bacterial
blight and by many other common names in countries wherever it occurs.
Symptoms
» Characteristic symptoms of bacterial wilt on most of the hosts are sudden wilting
and death of infected plants.
» Petioles of the older leaves of the infected plants droop down without yellowing.
» Leaves show epinasty symptoms accompanied by yellowing and stunting of whole
plant.
» There is a typical browning of the vascular tissues of roots and stems (Plate-1.).
» Bacterial polysaccharides mechanically block the vascular system, which checks the
translocation of water and minerals resulting in wilting of plants.
» Excessive development of adventitious roots may also take place in tomato.

» Cross sectioned part of the affected root or stem yield whitish milky bacterial ooze.

1 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Plate-1. Symptoms of bacterial wilt of tomato

Pathogen:

>

>

The disease is caused by bacterium Ralstonia solanacearum (Smith) Yabuuchi et al.,
1995).

The bacterium is gram negative, rod shaped, frequently occurs in pairs, motile with 1
to 4 polar flagella and measures 0.5-0.7 x 1.5 -2.5 pm.

It is aerobic and catalase and oxidase-positive and forms nitrites from nitrates.

Five races (racel, 2, 3, 4, 5) and four biovars (biovars I, 1l, 11l and 1V) are known to
occur in different parts of the world.

In India race 1 and 3 and biovar 11, Il and IV are prevalent.

Disease cycle and epidemiology:

v

v

The pathogen is both soil and seed borne in nature and overwinters in infected plant
parts, in potato tubers, in wild host plants and solanaceous weeds and can survive at
least for 2 years in the absence of any host.

Injured and decaying infected tissues release bacteria in the soil which enter plants
through wounds occurring in roots due to cultural practices, nematodes and insects.

Relatively high soil moisture and soil temperature favour the disease.

Management

Control of bacterial wilt in infested soil is very difficult as all the commercial
cultivars are susceptible and no chemical control is available.

Follow long crop rotation with non-solanaceous crops.

Avoid the movement of water from infected plant to healthy plants.

Shifting of date of transplanting to avoid period of high temperature, heavy rainfall or
both.
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= Green manuring or biofumigation with Brassica spp. may reduce the bacterial
inoculum in soil.
= Bacterial antagonists such as Pseudomonas fluorescens, P. glumae, P. cepacia and
Bacillus spp. have also been known to reduce disease incidence.
= Application of bleaching powder (15 kg/ ha) has also been found effective against this
disease.
= The disease can also be controlled effectively if dazomet application is combined with
soil solarization.
= Seedling dip in Streptocycline (100 ppm) for 30 minutes is also effective to some
extent.
= Use resistant cvs./hybrids for cultivation.
2) BACTERIAL CANKER
Symptoms:
» Leaves show wilting symptoms.
» On stem, brown streaks and canker develop.

» Small brown, scabby lesions surrounded by white halo appear on the fruits which

resembles to bird’s eye.

Plate-2a Canker on stem Table-2b Canker on fruits
Plate-2 Symptoms of bacterial canker on tomato
Pathogen:
» Disease is caused by Clavibacter michiganensis sub sp. michiganensis (Smith) Davis
etal.
» The bacterium is aerobic, Gram + ve, coryneform rod with cell growing either singly
or in pairs.
» Pigmented mutants develop due to possession of a range of carotenoid compounds.
» The organism is characterized by oxidation of carbohydrates, being nonlipolytic, it
can only liquify gelatin slowly, the ability to hydolyse starch is weak or absent and
amino acids like biotin, nicotinic acid and thiamine are required for growth.
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Disease cycle and epidemiology:
= The bacterium perennates in infected seed, plant debris and weed hosts.
= Optimum temperature for disease development is 28° C.
= The disease is more severe in wet weather.
Management
v Collect and destroy all infected plant debris.
v Follow crop rotation and tomato should not be grown in infested field for at least 3
years.
v' Use disease free seed and treat them by dipping in the Streptocycline (100 ppm)
solution for 1 h.
v Spray the crop with Streptocycline (100 ppm) followed by copper oxychloride
(0.30%) or Bourdeaux mixture (4:4:50) and repeat at 7-10 days interval.
Other important bacterial disease:

Bacterial spot (Xanthomonas campestris pv. vesicatoria (ex. Doidge) Vauterin et al.)

B) VIRAL DISEASES

3. Leaf curl

Symptoms:
o The major symptoms include chlorosis of leaflets and reduction in their size
accompanied by curling inwards.
o Significant reduction of nodes and internodal lengths occurs giving the plant a bushy
appearance.
o In advanced stages of infection severe stunting and partial to complete sterility
occurs. Infected plants bear few or no fruits.
Pathogen:
= The disease is caused by Tobacco yellow leaf curl virus (TYLCV) which belongs to
the Gemini Virus group.
= The particles are geminate, non-enveloped, 18 nm in diameter and genome consists of
single stranded DNA.
Disease cycle and epidemiology:
» The virus is transmitted through grafting but not through sap, contacts between plants
or seeds. The sole agency of its transmission is the white fly Bemisia tabaci that

transmits the virus in a persistent manner.
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» The virus has a wide host range including cultivated species, weed hosts and

ornamentals.

4. TOMATO MOSAIC
Symptoms:
= Mosaic is characterized by presence of dark and light green patches on the leaflets
which may get distorted and puckered (Plate -3).

= Malformation and reduction in leaf size may also occur. In case of early infection the

plants are reduced in size and remain stunted.
-

Plate 3: Symptoms of Tomato mosaic virus

Pathogen:

R/

+» Tomato mosaic virus (ToMV) is a member of Tobamo virus group.

«* ToMV is an RNA-containing virus with straight rod particles about 300 x 18 nm.

Disease cycle and Epidemiology:
«* Virus transmission in the field either occurs through contact between plants and field
implements.
+* The other modes of transmission are through sap and grafting but there is no vector
involved.
**» The virus is externally seed borne. The infection occurs during transplanting and the virus
has a wide host range.
5. Spotted wilt
Symptoms:
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Plants show bronzing, curling, necrotic streaks and spots on leaves (Plate-4a).
Dark brown streaks also appear on leaf petioles, stems and growing tips.
The plants remain small and stunted.

The ripe fruit show pale or red or yellow areas on the skin (Plate-4b).

YV V. V VYV V

Sometimes affected plants are killed by severe necrosis.

Plate-4b. Symptoms of tomato spotted wilt virus on fruits
Pathogen:
» The disease is caused by Tomato Spotted Wilt Virus (TSWV), Tospo virus.
» The virus particles are isometric, enveloped, and 85 nm in diameter.
» The genome consists of single stranded RNA.
Disease cycle and epidemiology:
= The virus is transmitted by thrips in persistent manner.
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The virus is acquired only by intensive feeding of the larvae and transmitted by
adults.
The virus has wide host range including bell pepper, lettuce, pea, tobacco, potato and

large number of ornamental plant species.

Management:

The viral diseases of tomato can be managed effectively through use of virus free seed
(ToMV).

Remove alternate hosts (TLCV, TSWV).

Use insecticides against the vectors and cultivation of resistant varieties / hybrids.
Seedling bed should be in isolation from ornamental plants and susceptible crops and
the surrounding areas should be kept free from weeds.

Fine mesh netting may be useful for excluding thrips and other insect vectors.
Agqueous extracts of neem (3-5ml/litre water) are known to possess strong antiviral

substances against TOMV.
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Lecture-4
DISEASES OF BRINJAL

Brinjal (Solanum melongena L.) also known as egg-plant, aubergine, Guinea squash, is one of
the important vegetable crops grown almost worldwide. It is native to India, where it has been
cultivated since remote antiquity for its fleshy fruits. Eggplant fruits were a common food in
China as long as 600 BC, when it was called Malayan purple melon. Now, it is extensively
grown in eastern and southern Asia, including India, USA and other countries. The raw
vegetables contains only 15 calories/ 100 g but its caloric value rises sharply when it is fried.
Africans following folk medicine have long used brinjals to treat epilepsy and convulsions. In
Southeast Asia, it is still used to treat measles and stomach cancer. During cultivation, crop is
affected by several diseases of fungal, bacterial and phytoplasma nature, which inflict heavy
losses in its production. A detailed account of various diseases affecting this crop and their

management are described in this lecture.

Aim: To know about different diseases infecting brinjal and their management.
A) FUNGAL DISEASES

1.) Phomopsis blight

Symptoms:

The plants are attacked at all stages of growth.

» In nursery bed, it causes damping off which results from the infection of the seedlings at
the collar portion just above the soil line. After transplanting, circular grey spots with
light coloured centers appear on the leaves (Plate 1a).

» In later stages, the lighter portion is studded with numerous black pycnidia.

» Affected leaves turn yellow and fall down pre-maturely.

» At the base of the stem, the fungus causes characteristic constrictions leading to canker
development and toppling of the plants.

» On fruits, the disease manifests as pale sunken spots, which later enlarge and cover the
entire fruit surface. A large number of dot like pycnidia also develop on such spots
(Plate-1b). If infection of fruits takes place through calyx, the whole fruit becomes

mummified due to dry rot.
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la. On fruits 1b. On leaves

Plate-1. Symptoms of Phomopsis blight on brinjal

Pathogen:

> The fungus responsible for this disease is Phomopsis vexans (Sacc. and Syd.) Harter.
Diaporthe vexans Gratz is the perfect stage.

> The mycelium is hyaline and septate.

> The conidiophores (phialides) in the pycnidium are hyaline, simple or branched,
sometimes septate and arise from the innermost layer of cells lining the pycnidial cavity.

> The pathogen is reported to produce two types of conidia viz., alpha and beta in its
pycnidium.

> Formation of conidia in pycnidia of P. vexans is temperature dependent. At low
temperature (10-16°C), the pathogen produces beta conidia and at high temp. (25-28° C),
the alpha conidia.

> These two forms of conidia get inter-converted when subjected to specific temperature
and alpha and beta are two forms of the same conidium.

> P. vexans produces only one type of conidia in its pycnidia during summer months.
Conidia are hyaline, one celled and sub cylindrical which gradually changed into beta
form.

> Beta form of conidia, the stylospores is filiform, curved, hyaline and septate.

> These spores normally do not germinate. But inoculation of host with beta conidia caused

interveinal necrosis.
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DAMPING OFFfNURSERY)

Perithecia are observed only in cultures which are usually in clustures, beaked,
carbonaceous, sinuate, and with irregular ostiole.
Asci are clavate, sessile and contain eight ascospores.

Ascospores are hyaline, narrowly ellipsoid to bluntly fusoid, one-celled, septate and

constricted at the septum.

SYMPTOMS

LEAF
BLIGHT
FROOTROOT

00
ogo
0Q © inFecTED SEED

°O

\ DISEASED PLANT DEBRIS -

Fig. 1. Disease cycle of Phomopsis blight (Phomopsis vexans) of brinjal

Disease cycle and epidemiology:

» The pathogen is seed borne and also survives in plant debris both as mycelium and
pycnidia (Fig.1.).

» Seed infections directly lead to diseased seedlings.

» The pycnidiospores are disseminated through rain splashes, irrigation water, agricultural
implements and insects.

» High relative humidity coupled with high temperatures is favourable for disease
development.

» Pathogen grows best at a temperature of 21 — 32.5°C with a optimum temperature of 28 —
29°C. Storage rot is maximum at a temperature of 25°C.

> Maximum disease development takes place at about 26°C under wet weather conditions.

Management:

» Cultural practices like collection and destruction of the diseased plant debris, crop

rotation and use of disease free seeds are recommended to reduce the initial inoculum.
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>

Treat the seed with carbendazim (0.2%) or thiophenate methyl (0.2%). With the initiation
of the disease, spray the crop with carbendazim (0.1%) or combination of mancozeb
(0.25%) and carbendazim (0.05%) or copper oxychloride (0.3%) and repeat at 10 to 14
days interval.

2. Sclerotinia wilt

The disease is more important in tarai area (foot hills of H.P and Uttrakhand) of the

country where it causes considerable yield losses.

Symptoms:

>

A\

Circular to elongate water-soaked lesions closer to the inflorescence appear on the
branches followed by watery soft rot.

At the point of infection, a dry, discoloured spot develops.

As a result of tissue necrosis, the portion of the plant beyond the point of infection wilts.
If the infection is at the base of the main stem, the entire plant wilts and if only few
branches are attacked than partial wilting of the plant may take place.

In the advance stages under cool humid conditions, the mycelium emerges out and
creamy coloured compact sclerotial initials as well as matured black sclerotia of varying
sizes are evident on above ground parts.

Fruits are also attacked. The rotting of the flesh takes place and in rotting tissue large

number of sclerotia are seen.
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Pathogen:

>
>

The disease is caused by Sclerotinia sclerotiorum (Lib.) de Bary.

Mycelium in culture as well as on host surface is hyaline, cottony, branched, consisting
of closely septate hyphae, and filled with dense granular protoplasm.

Fungus germinate by two means i.e. myceliogenic and carpogenic (forming apothecia).
Primary infection occurs through ascospore whereas secondary infection takes place
through mycelium.

Microconidia (spermatia) are produced on short lateral branches of the vegetative
mycelium in chains.

When food supply is exhausted and the vegetative growth ceases, the hyphae with
granular protoplasm collect in small dense masses and form sclerotia.

These sclerotia are first white in colour and then turn black.

The sclerotia also germinate by producing stalked apothecia, which range from one to
five per sclerotium when proper humidity and light conditions are provided to
overwintered sclerotia.

The best apothecial development takes place at 7-11°C and their production ceases at 16-
28°C with low soil moisture.

Apothecia are brown in colour and are round or lobate type.

Asci are cylindrical measuring 108-153 x 4.5- 10 um in size and each ascus contains
eight ascospores, which are released in clouds.

Fungus produces oxalic acid which kills cells in advance resulting characteristic hollow
stem.

Disease cycle and epidemiology:

»
>

The fungus survives in soil in the form of sclerotia.

In the presence of proper humidity and light conditions, sclerotia germinate by forming
apothecium which in turn forms asci and ascospores.

The spores, upon escaping from the ascus, lodge on a susceptible host, and a new
infection may originate.

Mycelium from sclerotia is also capable of infecting eggplant.

The pathogen can infect the susceptible host over a wide range of temperatures i.e. from

0 to 25 OC with an optimum at 15 to 20 OC,
The fungus can tolerate wide pH range but is best adapted to an acidic substrate.

Application of nitrogenous fertilizers enhances this disease.
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Management:

>
>
>

Collect and destroy the infected plant debris.

Follow crop rotation with cereals i.e. paddy or maize.

With the initiation of the disease, spray the crop with carbendazim (0.1%) or thiophanate
methyl (0.1%) or combination of mancozeb (0.25%) and carbendazim (0.05%) and repeat
at 10 to 14 days interval.

Fungi like Trichoderma harzianum and T. viride (40 g/ m? at the time of field

preparation) have also been reported as antagonistic to this fungus.

3. Cercospora leaf spot

Several leaf spot diseases affect this crop but the leaf spots caused by Cercospora species

are important which under high humidity conditions cause considerable yield losses.

Symptoms

Cercospora melongenae:

>

>

The symptoms of the disease appear as circular to irregular leaf spots, which are usually
large and brown to grayish brown in colour.
Later spots coalesce together and affected leaves fall down prematurely and sometimes

fruits may rot.

Cercospora egenulae :

>

Early symptoms start as minute water-soaked specks, which gradually enlarge to become
circular to angular leaf spots of 2-6 mm diameter.

Early infection noticed on the lower leaves which gradually spreads upwards with high
humidity and rainfall.

These spots often coalesce to form bigger spots having a papery pale yellow necrotic
region in the center.

The necrotic region in the center disintegrates bearing a shot hole.

Infected leaves turn yellow, droop and fall prematurely resulting in quick defoliation of

the entire plant.
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Cercospora solanigena:
Leaf spots amphigenous circular to irregular later coalescing, necrotic, dark brown in
center and light brown in margin, 0.5-2 mm wide.

Pathogen(s):
The disease is caused by several species of Cercospora like C. melongenae Wells., C.
solanigena Bartiya, Dubey and Singh and C. egenulae (Syd.) Chupp and Doidge.

C. melongenae:

» Conidiophores are simple, dark septate and 30-60 x 4-6 pum in size.

» Conidia are clavate, tapering to a blunt distal tip, sub-hyaline, 3-12 septate and 38- 119 x
4-8 um in size.

C. egenulae :

» Fruiting both epi- and hypophyllous, stromata distinct dark brown, globose to irregular,
fascicles dense to olivacious brown, paler and narrower towards the tip, a septate, not
branched, notgeniculate, undulate with rounded apex and 2.5-4.5 x 3 - 31um in diameter.

» Conidia hyaline to subhyaline, shorter ones distinctly cylindric and very long ones
obclavate or almost acicular, straight or nearly so, 1-5 septate, base subtruncate to
rounded, tip obtuse, 3-6 x 20-85 um in diameter.

C. solanigena:

» Mycelium internal, hyphae branched, septate, dark olivaceous. Stromata well developed,
pseudoparenchymatous, dark, olivaceous, 10-30 pum in diameter.

» Conidiophores arising in fascicles (1-4) from stromata, macronematous to fasciculate,
erect, straight to flexuous, unbranched, smooth, 1-6 transversely septate, geniculate, light
olivaceous to dark brown, 16-100 x 3-5 pm in size.

» Conidiogenous cells integrated, terminal, polyblastic, cicatrized, scars conspicuously
thickened paler in colour.

» Conidia acropleurogenous, holoblastic, dry, solitary, unbranched, 1-5 transversely
septate, smooth walled, hyaline, acicular, straight to curved, base truncate, apex sub acute

to sub obtuse with thickened hilum.
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Disease cycle and epidemiology:

» The fungus survives from one season to another in infected plant debris in soil and also in
infected seeds wherever fruit rot occurs.
Warm days and cool nights are ideal for the infection.

The disease is favoured by high humidity and heavy persistent dews.

YV V V

Water droplets must be present for spore germination and germ-tube penetration.

» Moist wind, irrigation water and insects help in local transmission of the pathogen.

Management:

» Cultural practices like destruction of crop debris, crop rotation, use of disease free seeds
and wider plant spacing should be followed to reduce the primary inoculum of the
pathogen in field.

» With the initiation of the disease spray the crop with zineb (0.25%), carbendazim (0.1%)

or thiophanate methyl (0.1%) and repeat at 10 to 14 days interval.

B) BACTERIAL DISEASES

4. Bacterial wilt
Bacterial wilt is a limiting factor in successful cultivation of eggplant crop particularly in
tropical, subtropical and some warm temperate climates. In hills, the incidence of this
disease was high at intermediate elevations i.e. between 800 to 1400 meter m.a.s.l. and
decreased with the increase in altitude. Symptoms, pathogen, disease cycle, epidemiology
and management are same as described under tomato.
5. Little leaf
This is an important disease particularly in Southeast Asian countries where the activity
of the vector is more.
Symptomes:
» The disease is characterized by reduction in leaf size which has shortened petioles and
leaf lamina (Plate-2).
» There is production of more number of branches and all this results in stunted and bushy
appearance of the plants.
» The flowers are not produced but in case these are produced, that remain green.
Pathogen:
» The disease is caused by Phytoplasma having ovoid or spherical body.

» These measure 40-300 nm in dia. and lack a rigid cell wall.
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» The Phytoplasma are present in phloem sieve tubes.

Plate-2. Symptoms of little leaf of brinjal
Disease cycle and epidemiology:
» Phytoplasma perennates on weed hosts like Datura spp., Vinica rosea and several others.
» The disease is transmitted by grafting and through leaf hopper Hishimonas phycitis and
Empoasca devastans but later is less efficient.

Management:
» Destruction of weed hosts from in and around the field and control of vectors through

application of insecticides is advocated.
» Dipping of seedlings in tetracycline (0.05%) before transplanting followed by soil

application of Phorate (1kg/ha) also keeps the disease under check.

9 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Lecture-5
BELL PEPPER AND CHILLIES

Bell pepper and Chilli (Capsicum annuum L.) popularly known as Shimla Mirch” and ‘Lal
Mirch”, respectively, are important solanaceous crops grown throughout the world. The fruits
are a good source of vitamin A and ascorbic acid. These are native of Mexico with secondary
centre of origin in Guatemala and Portuguese explorer introduced it to Asia. In India, these
are grown in most of the states of the country. During cultivation these crops are affected by
various diseases which reduce the potential yields drastically. In this lecture, a detailed
account of the diseases has been given.

Aim: To know about different diseases infecting bell pepper and chilli crop and their
management.

A) FUNGAL DISEASES
1. PHYTOPHTHORA LEAF BLIGHT AND FRUIT ROT

It is an important disease in those areas where fruiting coincides with the onset of
monsoon rains. Due to favourable climatic conditions the disease is so severe that sometimes
it causes complete defoliation of the plants. In India, disease was first time reported in1968 as
Phytophthora nicotianae var. nicotianae.
Symptoms:

» Symptoms of the disease appear as water-soaked bleached spots on any portion of the
leaf (plate 1a) resulting in premature leaf fall.

» Small water soaked spots also appear on the fruits and the flesh below the skin
become soft and usually there is a distinct line of demarcation between the invaded
tissue and healthy (Plate 1b).

> Whitish mould appears on the rotten fruits under humid conditions and completely
rotten fruits may fall down on the ground.

» Symptoms also appear on collar region of adult plants as water-soaked areas with
whitish growth of mycelium engirdling the collar region and the point of contact of
the soil line.

> The rot often progresses downwards to the roots in the affected plants and there is

sudden drooping of leaves giving the appearance of sudden wilt.
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Plate 1a Symptoms of leaf blight Plate 1b Symptoms of fruit rot

Pathogen (s):

>

Two species of Phytophthora namely P. capsici Leon and P. nicotianae (Breda de
Hann) var. nicotianae Waterhouse have been found associated with the disease.

In P. capsici mycelium is hyaline, branched and non-septate but few septa are found
in case of old hyphae.

The sporangia are hyaline, ovoid to pyriform or sometimes round to lemon shaped,
non-pedicillate with a predominant, hemispherical papilla at the apex.

The oospores are circular to spherical which are found to germinate either by germ-
tubes or by stalked or sessile germ sporangia.

In P nicotianae var. nicotianae, the mycelium is hyaline branched and non-septate
with branches at right angles.

The sporangia are hyaline, non-pedicellate, globose to subglobose with a prominent
beak like papilla at the apex (Plate 2a).

The sporangia germinate by production of 15 to 20 zoospores.

Oospores are formed abundantly on aerial and submerged mycelium in culture.

The oospores are thick walled golden brown in colour (Plate 2b).

Plate 2a Sporangia of P. nicotianae var. Plate 2b Oospore of P. nicotianae var.

nicotianae nicotianae

Disease cycle and epidemiology:
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» Both pathogens survive in the form of oospores in the soil as well as in infected seed
(Fig.1.).

» Fungus germinates only by means of zoospore and not by means of germ tube as in
buck-eye rot pathogen of tomato.

> Presence of abundant rainfall, high RH and warm weather are essential for initiation
of this disease.

» Heavy rains help in sporangial formation and their germination by zoospores which
are splashed with spattering rains.

» After infection, sporangia are produced on the fruit surface and are carried by wind to
the adjoining fruits and foliage.

> Temperature ranging from 22 -25° C along with high humidity (>80%) favour disease
development.
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Fig. 1. Disease cycle of leaf blight and fruit rot (P. nicotianae var. nicotianae)
Management:
» Collect and destroy the infected leaves and fruits regularly.
» Drainage of the field should be proper to avoid water stagnation.
» Apply pine needles/ grass mulch on the field floor before the onset of monsoon rains.
» Spray the crop with metalaxyl + mancozeb (0.25%) with the onset of monsoon rains
followed by sprays of either mancozeb (0.25%) or copper oxychloride (0.3%) or
Bordeaux mixture (4:4: 50) at 7 to 10 days interval.

2. ANTHRACNOSE AND RIPE ROT
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Symptoms: The symptoms of the disease appear in two phases i.e. die-back and

anthracnose and ripe fruit rot.
a) Die-back :

>

>
>
>

Symptoms appear as necrosis of tender twigs from the tip downwards.

The entire plant or branch may wither away.

The twigs become straw coloured in advanced stages of the disease.

Large numbers of black dots (acervuli of the fungus) are seen scattered all over the

necrotic parts of the plants.

b) Anthracnose and ripe fruit rot:

» The disease is noticed on fully mature green fruits as well as on red ripe fruits.

» The symptoms are characterized by the appearance of small, circular, yellowish to
pinkish, sunken spots on the skin of the fruits which spread in the direction of long
axis (Plate-3).

» As the fruit matures, these spots become brownish to black and severely infected
fruits look straw coloured and bear numerous dots like acervuli in concentric
rings.

» The seeds produced in such fruits are discoloured and covered with mycelial mat.

Plate-3. Symptoms of anthracnose and ripe fruit rot of bell pepper
Pathogen:

» The disease is caused by Colletotrichum capsici (Syd.) Butler and Bisby. (Tel:

Glomerella cingulata (Stoneman) Splaud and Schrenk.

» The mycelium of C. capsici is septate, intercellular as well as intra-cellular and aerial

mycelium appears light to dark grey in colour.

» Acervuli are round and elongated in shape (Plate-4). Setae are scattered, brown, 1-5

septate, rigid and swollen at base and acute at apex.

» Conidiophores are short, hyaline to faintly brown, cylindrical, septate or aseptate.
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» Conidia are falcate, fusiform with acute apices and narrow truncate base and they are

uni one celled, hyaline and uninucleate.

Plate-4. Acervulus of Colletotrichum capsici
Disease cycle and epidemiology:

» The pathogen survives both in infected plant debris and in the infected seed.

» The fungus can survive in plant debris in the soil for at least nine months which serve
as source of primary infection, whereas secondary infection takes place through wind
borne conidia.

> A temperature of 26° C and presence of free moisture or RH 100 per cent is optimum
for disease development and progress.

Management:

» Collect and burn the infected plant debris.

» Remove and destroy solanaceous weed hosts from in and around the field.

» Use seed from healthy fruits.

» Treat the seeds with captan (0.3%).

» Spray the crop with carbendazim (0.1%) or thiophanate methyl (0.1%) or combination
of mancozeb (0.25%) and carbendazim (0.05%) and repeat at 10 to 14 days interval.

3. Cercospora leaf spot:
Symptoms:

» On leaves, symptoms appear as circular spots with brown borders and light coloured,
faded or grayish central part which resemble the frogeye (Plate-5), so the disease is
also called as frogeye leaf spot.

» When many spots appear on the leaves, such leaves turn yellow and fall down
prematurely.

» Symptoms also appear on the stems and petioles as elongated or irregular spots.

» Symptoms are also observed on fruits.
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Plate-5 Symptoms of Cercospora leaf spot of bell pepper

Pathogen:

>
>

The fungus responsible for this disease is Cercospora capsici Heald & Wolf.

The fungus is characterized by dark brown stromata, which produce fasciculate,
straight or slightly curved, continuous, simple yellowish brown conidiophores,
producing polymorphous, cylindrical, fusoid 1to 3 septate, acrogeneous yellow to

brown conidia broad and tapering towards the apex.

Disease cycle and epidemiology:

» The fungus mainly perennates through the infected plant debris in the form of
mycelium or stromata.

» In areas where fruit infection occurs, the fungus can also overwinter in the form of
infected seed.

» The conidia develop on the overwintering stromata which serve as the source of
primary infection.

» These conidia are disseminated by wind and rain splashes to the leaf surface where
they germinate and cause infection.

> Disease development is favoured by high humidity ( > 95%) and temperature (20-25°
C).

Management:

» Collect and burn the infected plant debris. Follow crop rotation and maintain proper
drainage in the field.

» Use healthy seeds and treat the seeds with captan (0.3%).
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» Spray the crop with carbendazim (0.1%) or thiophanate methyl (0.1%) or combination
of mancozeb (0.25%) and carbendazim (0.05%) or difenoconazole (0.03%) and repeat

at 10 to 14 days interval.

4. Powdery mildew:
It is one of the important disease problems of this crop particularly in protected
cultivation conditions.

Symptoms:

» On the under surface of the leaves white to grey-coloured spots appear (Plate-6) while
their corresponding upper surface exhibit yellow lesions with brown necrotic centers.
Affected leaves curl upwards.

» Premature senescence of the leaves results in defoliation.

» Severe infection may cause die-back of the twigs or branches and stunting of plants
followed by fruit drop.

Plate-6 Symptoms of powdery mildew on the under surface of the leaves

Pathogen:
» The fungus Leveillula taurica (Lev.) Arnaud (anamorph = Oidiopsis sicula scalia
Syn. Oidiopsis taurica (Lev.) Arnaud) is responsible for this disease.

» Itis an obligate parasite and ectendophytic mycelium.

v

Conidiophores are long and multi-branched.
» Conidia are dimorphic (pyriform and cylindrical) and conidia are borne singly or in
short chains and their size vary according to the isolate.
Disease cycle and epidemiology:
» The pathogen has wide host range including both cultivated and wild hosts which
ensures the survival of the pathogen from one season to another.

> Temperatures of 25-30° C favour germination of conidia.
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> High relative humidity during night than day time and temperatures < 30° C are
favourable for the disease.

» Low relative humidity i.e. < 50 per cent favours disease spread.

Management:

» Cultural practices like wider plant spacing, sprinkler irrigation and misting in
protected structures along with increased air circulation are effective in keeping the
disease under check.

» With the initiation of disease spray the crop with systemic fungicides like
hexaconazole (0.05%) or carbendazim (0.1%) or difenoconazole (0.03%) and repeat
at 10 to 14 days interval.

B) BACTERIAL DISEASES

6. Bacterial spot
The disease affects bell pepper/ chillies and tomato. Bacterial spot of capsicum was

first reported from Florida, USA by Sherbakoff (1918), but in India, disease was
observed for the first time at Poona during 1948.
Symptoms:

» On leaves, initially the lesions are water-soaked, circular or irregular that becomes
necrotic with brown centers and thin chlorotic borders (Plate-7a).

» These lesions are generally sunken on the upper surface of the leaves and slightly
raised on the bottom.

» In favourable environmental conditions, these spots coalesce and give a blighted
appearance and such leaves turn yellow and fall down prematurely.

» Lesions on the stem are narrow, elongated and raised.

» Lesions on fruit initially begin as green spots, which enlarge and later become brown
in colour (Plate-7b).

» These spots are raised with a cracked, roughened wart like appearance.

» During periods of high humidity, fruit around the lesions may start rotting.

-
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a) On leaves b) On fruits

Plate 7. Symptoms of bacterial blight

Pathogen:

>

>

>
>

The bacterium responsible for this disease is Xanthomonas campestris pv. vesicatoria
(ex Doidge) Vauterin et al.

The bacterium is motile, strictly aerobic, Gram -ve, rod shaped with round ends, non-
spore forming and possesses a single pollar flagellum (Monotrichous).

Bacteria occur singly but occasionally in pairs and rarely in short chains.

Its colonies on nutrient agar or on specific medium yeast dextrose agar (YDA) are

lemon yellow, slightly convex, wet and shining.

Disease cycle and epidemiology:

» The bacterium persists in infected seeds and plant debris.

> Moderate temperatures along with high precipitation and relative humidity favour
disease development.

> Infection of the plants can take place at a wide range of temperature i.e. 15 to 35 ° C.

> The optimum temperature lies between 22 to 34° C and maximum disease develops in
between July and September.

» The bacterium is disseminated within a field by wind driven rain droplets, clipping of
transplants and aerosols.

Management:

> Since the disease development requires high precipitation and high relative humidity,
fields should be well drained, free of low-lying areas to minimize water-logged
conditions.

» The field should be rotated with non-solanaceous crops and bell pepper/ chillies
should not be rotated with tomato.

» Use of disease free seeds also reduce the immediate availability of primary inoculum
and ensures disease free transplants.

» Sprinkler or overhead irrigation of the field should be limited to keep the disease
under check.

> Treat the seeds by dipping in Streptocycline (100 ppm) for 30 minutes. Spray the crop

with Streptocycline (100 ppm) with the initiation of the disease.

7. Bacterial wilt

It is an important disease of this crop. Symptoms, pathogen, disease cycle and

epidemiology and management are same as described in tomato.
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C) VIRAL DISEASES
8. Mosaic

Symptoms:

>

Different types of mosaic pattern are produced depending upon the type of virus or
virus (s) involved.

Potato virus Y and its strains generally induce vein and stem necrosis.

Pepper veinal mottle virus causes mosaic, mottling, distortion and filiform of the
leaves leading to bushy appearance of the infected plants (Plate- 8).

Cucumber mosaic virus produces mosaic, mottling symptoms, reduction in leaf

lamina and filiformy.

Plate-8. Symptoms of pepper veinal mottle virus

Pathogen:

>

Y

Different viruses like Potato virus Y (PVY) and its strains, cucumber mosaic virus
(CMV), tobacco mosaic Virus (TMV), tobacco etch virus, pepper vein banding virus,
pepper mottle virus and pepper sever mosaic virus besides chilli mosaic virus are
involved in producing mosaic symptoms in this crop.

PVY virions are filamentous flexuous rods, non-enveloped and consist of single
stranded RNA.

CMV virions are isometric, non enveloped, 29 nm in dia. having single stranded
RNA.

TMV virions are rod shaped non-enveloped having ss RNA.

Pepper mottle virus is filamentous flexuous having ss RNA.

Pepper severe mosaic virus is also filamentous flexuous of 761 x 13 nm size

consisting of ss RNA.

Disease cycle and epidemiology:
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» All associated virus (s) are sap transmissible.

A\

Except TMV, others are aphid transmissible.

» Predominant aphid vectors are- Myzus persicae, Aphis gossypii and A. craccivora
which transmit the virus (s) in non-persistent manner.

» The abundance activity of vectors and the prevailing environmental conditions affect

the virus multiplication and spread.

9. Leaf curl
It is an important disease of this crop and cause significant yield reductions if the
vector is present in the area.
Symptoms:
» The symptom of the disease appears as curling of the leaves followed by reduction in
their size which later turn pale yellow in colour (Plate-9).
» The older leaves become leathery and brittle.
» The affected plants become stunted.

» Fruits formation in susceptible cultivars is rudimentary and distorted.

Plate-9 Symptoms of tobacco leaf curl virus

Pathogen:
» The disease is caused by tobacco leaf curl virus (TLCV), which belongs to
Bigeminivirus group.

» The virus consists of geminate isometric particles measuring 18 to 20 nm in diameter.

Disease cycle and epidemiology:
» The virus survives from one season to another on various annual and perennial hosts

and transmitted to pepper by the vector white fly named Bemisia tabaci.
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» The epidemic of the disease depends on the availability of the vector, sources of
inoculum, vector activity and their population and prevailing environmental
conditions.

> During wet weather, the spread of the disease becomes slow due to reduced activity of
vector.

Management:

> Pepper varieties like Punjab Lal, Perennial and Guhati Black are resistant to mosaic
viruses belonging to Poty and Cucumovirus groups.

» Planting of maize as barrier crop is also helpful in reducing the mosaic incidence.

» Combined use of yellow traps and insecticidal sprays reduces the population of
vectors.

Minor disease of importance are:
i.  Stem rot (Sclerotium rolfsii Sacc.),
ii.  Grey mould (Botrytis cinerea Pers. ex Fr.),
iii.  Choenophora blight or bud rot (Choenophora cucurbitarum (Berk. & Rav.) Thaxter),
iv.  Fusarium wilt (Fusarium oxysporum Schlecht. ex Fr. f. sp. capsici)

v.  Soft rot (Erwinia caratovora sub. sp. carotovora (Jones) Bergey et al.).
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Lecture-6

DISEASES OF BHINDI/LADYFINGER/OKRA

Bhindi (Abelmoschus esculentus (L.) Moench) also known as ‘okra’ or ‘lady’s finger’ is one
of the important vegetables grown throughout the country both under open and protected
structures. During cultivation, the crop is severely infected with various diseases, which not
only reduce the quantity but also affect the quality of the fruits. This lecture deals with the
fungal and viral diseases affecting this crop and their management.

Aim: To know about different diseases infecting bhindi /okra and their
management.

A) FUNGAL DISEASES
1. FUSARIUM WILT

The disease can appear on any stage of plant growth and the crops planted during
summer months suffer more than the crops planted during February-March.
Symptoms:

» The characteristic symptoms of the disease appear as yellowing and stunting of the
plants followed by wilting and rolling of the leaves (Plate-1) and finally the plant dies.

> Before the appearance of typical wilting symptoms, the leaves hang down during
daytime and recover again in the night but ultimately they wilt and die.

» Vascular bundles of the affected plants appear as dark streaks and the whole stem is

blackened in case of severe infection.

Plate-1. Symptoms of Fusarium wilt of okra

Pathogen:
» The disease is caused by Fusarium oxysporum f.sp. vasinfectum (Atkinson) Snyder
and Hansen.

» The mycelium is hyaline and intracellular in the host.
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» Macroconidia are mostly 3 septate and microconidia are 0 to 1 septate.

» Macroconidia are fusiform, falcate, curved and formed on sporodochia and pionnotes.
In mass these conidia appear buff to salmon orange in colour.

» The microconidia are 5-12 x 2-3.5 pm while macroconidia are 40-50 x 3-4.5 pm in
size.

> Both intercalary and terminal chlamydospores are formed which are broadly ovate.

Disease cycle and epidemiology:

» The fungus survives from one season to other in the form of chlamydospores and in
infected seeds.

> In contact with the host roots, the chlamydospores or conidia germinate and penetrate.

» The pathogen proliferates extensively in the cortical tissues, extending up and down.

> After some growth in root cortex, the pathogen reaches the xylem vessels where it
multiplies very rapidly and result in browning of xylem vessels and clogged at further
places.

> The optimum temperature for growth of the fungus is 25°C and for disease
development ranges between 22 — 28° C.

» Moisture is not that much important for infection.

Management:

» Cultural practices like long crop rotations, exposing the soil to the sun during summer
months by deep ploughing, soil solarization and destruction of diseased roots are
some of the practices which can reduce the disease.

> Some cvs. of okra like Pusa Sawani and Pusa Makhmali have been reported resistant
to this disease.

» Use healthy seed and treat with carbendazim (0.2%).

2. CERCOSPORA LEAF SPOT

Symptoms
Three different species of Cercospora are associated with this disease. The symptoms
of each species are described below:

Cercospora abelmoschi:

» The fungus produces indefinite leaf spots but grows as a sooty mould on the lower
surface of the leaves (Plate-2).

> Severely affected leaves roll, wilt and fall down to the ground.
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Plate-2. Symptoms of Cercospora leaf spot on okra

Cercospora hibiscina: The fungus produces dark olivaceous patches of mould on the lower

surface of the leaves.

Cercospora malayensis: The spots caused by this species produce definite leaf spots with

grey centers and red to purple borders.

Pathogen(s):

>

The disease is caused by three species of Cercospora like C. abelmoschi Ell. & Ev.,
C. hibiscina Ell. & Ev. and C. malayensis Stevens.

These species differ in their size of conidiophores and conidia.

In C. abelmoschi, the conidiophores are long, brown and bear pale olivaceous, slightly
tapered conidia.

The conidiophores of C. hibiscina are extremely long sometimes up to 1000 pum in
size, narrow and bear conidia that are sometimes hyaline and appreciably more
narrow then those of C. abelmoschi.

The conidiophores of C. malayensis are borne in clusters of 5-20 and bear conidia,

which are colourless, narrow, long, and tapering from the blunt base to the sharp tip.

Disease cycle and epidemiology:

>

The fungus overwinters in the infected plant debris as conidia or stromata in soil and
also on the wild species of Abelmoschus.

The conidia in favourable weather conditions, germinate and cause infection of the
host through stomata.

The spores produced on the primary spots are blown by wind and cause secondary
infections.

The three species cause infection in moderate temperatures (25-29° C) and high
humidity.

3 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Management:

» Cultural practices like collection and destruction of infected plant debris, crop rotation
and destruction of wild hosts from in and around the field should be followed to keep
the disease under check.

» With the initiation of the disease, spray the crop with fungicides like carbendazim
(0.1%) or benomyl (0.1%) or mancozeb (0.25%) or chlorothalonil (0.2%) and repeat
at 10 to 14 days interval.

3. Powdery mildew
Powdery mildew is an important disease of this crop and under favourable weather
condition causes significant yield reductions particularly if the infection takes place at
in early stages of plant growth.
Symptoms:
» Symptoms first appear as minute discoloured patches with thin fine meshwork of
white mycelium arising at many places on the upper surface of lower leaves (Plate-3).
» These white patches soon join together to form larger white greyish powdery coating
discernible on the severely affected leaves and in later stages the affected leaves turn

yellow and finally drop.

Plate-3. Symptoms of powdery mildew of okra
Pathogen:
» The disease is caused by Erysiphe cichoracearum DC.
» The conidia are single celled, hyaline, barrel-shaped and in long chains.
» The conidial dimensions vary with the physiologic race and the host.
» Cleistothecia are globose, dark with hyaline to dark brown and mycelioid appendages.
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>

>

They contain 8 to 18 asci and the asci are pedicellate, ovate to broadly ovate or
ellipsoid.

The number of ascospores per ascus is usually two, rarely three. The ascospores are
one celled and hyaline oval to sub-cylindrical.

Disease cycle and epidemiology:

» The primary infection of the leaves is caused by wind blown ascospores (wherever
cleistothecia are present) or by conidia formed on the earlier sown crop/ indoor
cultivation in the neighbouring areas.

> In the process of infection, conidia germinate and after penetration, colonization of
the entire leaf takes place.

» The conidia formed abundantly on primary infections are blown by wind and air
currents and cause secondary infections and the cycle is repeated.

> The pathogen requires 60-80 per cent relative humidity for the development of the
disease and dry conditions for the growth and sporulation of the fungus.

Management

With the initiation of the disease spray the crop with fungicides like wettable sulphur
(0.25%) or dinocap (0.05%) or carbendazim (0.05%) or hexaconazole (0.05%) or

difenoconazole (0.03%) and repeat at 10 to 14 days interval.

Other Important Diseases

Root rot by Macrophomina and Rhizoctonia solani

B) VIRAL DISEASES
4. Yellow vein mosaic (YVM)

Symptoms:

>

The characteristic symptoms include vein yellowing and thickening of leaves forming
a net work of veins and veinlets in the infected leaves (Plate-4).

Initially the leaves exhibit only yellow coloured veins but under severe infection, the
leaves become completely chlorotic and turn yellow.

The chlorophyll content of the leaves is reduced. Infected plants produce very few
small sized leaves, deformed and give a stunted look.

Affected plants produce very few small sized pale fruits.
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Virus

Plate-4. Symptoms of yellow vein mosaic in okra

The disease is caused by Yellow Vein Mosaic Virus (YVMV) and belongs to the
Bigeminivirus.

The size of virus is 18 x 30 nm.

Virus particles are spherical, isometric measuring 28-30 nm.

Transmission

Virus is not sap transmissible but under artificial conditions, it can be transmitted by grafting.
In nature, virus is transmitted by white fly Bemisia tabaci.

Disease cycle and epidemiology:

>

The virus is not sap transmissible but under artificial conditions it can be transmitted
by grafting. In nature, the virus is transmitted by insect vector, white fly (Bemisia
tabaci Genn.) in a persistent manner.

Both wild and cultivated plants serve as the source of inoculum and the incidence of
the disease in a particular area depends upon the prevalence of wild or cultivated host
plants, population buildup of the vectors and environmental conditions.

Dry hot weather with little or no rainfall was conducive for disease development and
also for the multiplication of the vector population

Management:

>

Various cultural practices like destruction of wild hosts from in and around the field,

avoidance of mixed cropping of pumpkin , adjustment of date of sowing to avoid the
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period of maximum population of the whiteflies and regular removal of affected
plants upto 55 days help in reducing the incidence of the disease.

» Application of yellow coloured polythene mulch significantly delays the appearance
of the disease.

> Use resistant cultivars like Punjab Padmini, Punjab-8, Prabhani Kranti and Hissar
Unnat.

» Four sprays of Metasystox (demeton-S-methyl) at 15, 30, 45 and 60 days after sowing
have been reported effective in controlling the insect vectors and keeping the disease

under check.

7 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Lecture - 7
FUNGAL DISEASES OF CABBAGE, CAULIFLOWER, RADISH AND
KNOL-KHOL -1

Cruciferous vegetables are important Kharif vegetable crops, which are grown both
for table and seed purposes. This vegetable group constitutes crops like cauliflower, cabbage,
radish, turnip and knol-khol. These crops are grown throughout the country and are attacked
by number of diseases which not only reduce the quantity but also quality of the produce. The
diseases, which are of common occurrence, are described in detail in this lecture.

Aim: To know about different fungal diseases infecting cabbage, cauliflower, radish
and knol-khol and their management — Part I.

A) FUNGAL DISEASES (PART - 1)
1. CLUB ROOT

This disease is also known as finger and toe disease and was first discovered by
Woronin in Russia. This is a very serious disease of cauliflower, cabbage, broccoli and
Chinese cabbage and in India it is common only in Darjeeling.
Symptoms:

» The disease initiates from the roots and first symptom on the above ground plant parts
appear as epinasty on hot sunny days followed by yellowing of leaves and reduction
in the vigour of the plants.

» The underground roots of such plants are hypertrophied forming clubs of different
shape and sizes depending upon the infection sites.

» The malformation generally occurs in primary, secondary and tertiary roots and
sometimes extends to hypocotyls.

> Infected plants wilt in direct sunlight.

» The clubs are easily invaded by the secondary saprophytic organisms, causing rotting
of the roots.

Pathogen:

» The fungus responsible for this disease is Plasmodiophora brassicae Wor.

» The incitant is biotroph, endocellular and plasmodial fungus.

» The life cycle involves production of two different plasmodial phases i.e. sporangial
plasmodium which gives rise to thin walled sporangia and sporogenic plasmodium
which produces thick walled, hyaline and spherical resting spores.

» The planospores are anteriorly biflagellated and uninucleated.

» Plasmodia and secondary sporangia may be seen in root hairs and epidermal cells.
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>

The resting sporangia are spherical, uninucleate and minutely spiny.

Disease cycle and epidemiology:

>

The fungus can survive in soil for several years in the form of resting spores which
are disseminated by water and other cultural operations.

Seedlings raised in infested soil also help in spreading of the pathogen to uninfested
fields.

The fungus can also perennates on wild cruciferous plants.

The pathogen enters the host through the root hairs and injured roots.

After entry, the invaded host cells enlarge and the fungus multiplies to develop into
plasmodium.

As a result of cell division, the fungal spores are distributed to the newly formed cells
which give the club shaped appearance to the root tissues.

Such infected roots decay and release the spores in the soil.

Soil temperature ranging from 9-30° C, moisture and pH play an important role in

disease development and its progress.

» Cool and wet climate along with acidic soils (pH 5.0- 6.3) are most favourable for
development of the disease.
Management:
> Destruction of diseased debris and wild hosts from in and around the field helps in

YV V VYV V

reduction of primary inoculum.

Amend the infected soil with lime to increase the soil pH to 7.2 and immediate
irrigation is must.

Use disease free seedlings for planting in healthy areas.

Soil solarization has also been found effective in reducing the inoculum.

Use resistant cultivars if available.

Soil drenching or dipping of the seedlings in benomyl (0.05%) or carbendazim
(0.05%) solution for 15-20 minutes before transplanting helps in reducing the disease
incidence.

Besides these, combination of calcium cyanamide with nitrogen and boron completely
inhibits clubbing and root hair invasion by suppressing the resting spore germination.
Biocontrol agents like Pseudomonas fluorescens and Streptomyces graminofaciens

helps in reducing size and growth of club as well as root infection.

2. DOWNY MILDEW

It is widespread in those regions of the world, which have cool and wet climate.
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Symptoms:

>

The first symptoms of the disease are evident as small brown spots on the lower
surfaces of the leaves.

The spots are covered gradually with the downy growth consisting of conidiophores
and conidia of the fungus (Plate-1a).

Upper surface of the leaves corresponding to spots turns light yellowish in colour
(Plate-1b).

Young leaves having a number of such spots turn yellow and drop off early whereas
older leaves usually persist.

The deformities are also seen on inflorescence where flowering stalk thickens and
becomes elongated and curved.

Black sunken spots are also produced on cauliflower and broccoli curds as well as on

cabbage heads.

Plate-1a. Symptoms of downy mildew on seedlings
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Plate-1b. Symptoms of downy mildew on leaves

Pathogen:

>

The fungus responsible for this disease is Peronospora parasitica (Pers.) Fr. which is
an obligate parasite.

The mycelium of the fungus is strictly intercellular with large, finger-shaped
intracellular haustoria which become clavate and branched and nearly fill the cell
cavity.

The sporangiophores are produced during darkness, which are divided into primary
and secondary branches (dichotomously branched), which ultimately bifurcate to form
sterigmata which bear the single sporangium at the tip.

The sporangia are broadly oval, ellipsoidal and hyaline and they fall off mainly by
hygroscopic twisting of the sporangiophores in response to change in atmospheric
humidity.

The oospores are globose measuring 26 to 43 um in diameter.

They are enclosed in crest like folds and appear pale yellow in colour and germinate
by germ tube.

Disease cycle and epidemiology

>

The downy mildew pathogen perennates as oospores in senescence host tissues and
Albugo candida induced malformed inflorescence (Fig.1.).

It also survives as conidia on leaves and inflorescence and as latent systemic
mycelium in seeds or infected plant debris.

Infections are favoured by low temperatures and high atmospheric humidity following
rain or dew.

The penetration is usually direct but occasionally also occurs through stomata.
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» Primary infection occurs due to soil borne oospores while conidia released from
conidiophores found on the cotyledons or hypocotyls favour secondary spread.

> Water droplets also help the pathogen dispersal over short distances.

> The optimum temperature for conidial germination is 8 — 12 ° C while penetration of

the host by infection hyphae and formation of the haustoria occurred most rapidly at

169 and 20-240C, respectively.
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Fig. 1. Disease cycle of downy mildew of crucifers
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Management:
» Collect and destroy the infected plant debris and perennial weed hosts.
> Crop rotation with non cruciferous plants.
> Use disease free seeds. Heat treatment of seeds at 43 — 50° C for 20 minutes and
treating them with Apron metalaxyl + mancozeb (0.3%) is also effective.
> Spray the crop with metalaxyl + mancozeb (0.25%) or mancozeb (0.25%) or copper

oxychloride (0.3%) and repeat at 10 to 14 days interval.

3. ALTERNARIA LEAF SPOTS
Alternaria diseases are the most common and serious menace to the cultivation of
crucifer vegetables world over. Infection on young leaves, stems and siliquae generally

results in heavy yield losses as well as quality of seed.
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Symptoms:

>

The leaf spots incited by A. brassicicola appear as minute dark brown to black spots,
which may enlarge by forming concentric rings (Plate-2a) and each spot is surrounded
by a yellow halo of chlorotic tissues.

In humid weather, the fungus appears as a bluish growth in the centre of the spots.
The spots caused by A. brassicae are similar to those described above but they tend to
remain smaller i.e <1 cm and light brown in colour.

The spots caused by A . raphani are slightly yellowish.

Browning of cauliflower/ broccoli heads occur which generally begin at the margin of
the individual flower or flower cluster.

Plants grown for seeds show dark necrotic elongated lesions on the main axis,
inflorescence, branches and on the siliquae.

Infected seeds remain small in size, shrunken, discoloured or covered with fungal

growth and have low viability.

Plate-2a. Symptoms of Alternaria leaf spot of crucifers

Turnip and rutabaga foliage and roots may also become infected in field but root
symptoms develop after being placed in storage.

The leaf spots are nearly circular, often zonate and are of various shades of brown to
black. Radish plants kept for seed purpose are severely affected by A. raphani.

On leaf, the spots are raised, spherical to elliptical and 0.5-1 cm in diameter, black
sporulation may also appear on the lesions in the humid weather, the center soon
dries and may drop down.

Pathogen (s): Three species of Alternaria are responsible for this disease: A. brassicicola
(Schw.) Wiltshire, A. brassicae (Berk.) Sacc. and A. raphani Groves & Skolko.
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brassicae:

Attack most of the crucifer vegetables and produce conidia of bigger size with larger
beak.

Mycelium is immersed, hyphae branched, septate, hyaline.

Conidiophores are simple, erect, bearing one to several small but distinct conidial
scars.

Conidia are solitary or occasionally in chains of up to 4, obclavate, rostrate with 16-19
transverse septa and 0-8 longitudinal or oblique septa, pale or greyish olive, the beak
about 1/3 to 1/2 the length of the conidium.

brassicicola:

Produces smaller conidia with shorter beak.

Mycelium immersed, hyphae branched septate, hyaline at first, later brown or
olivaceous brown.

Conidiophores arising singly or in groups of 2-12 or more, emerging through stomata,
usually simple and erect Conidia mostly in chains of up to 20 or more, nearly
cylindrical, usually tapering slightly towards the apex or obclavate, the basal cell
rounded, the beak usually almost non-existent, mostly less than 6, transverse septa,
often constricted at the septa, pale to dark olivaceous brown, smooth or becoming
slightly warted with age.

Plate-2b. Conidia of A. brassicicola
raphani:
Usually attacks radish
Conidiophores are simple or occasionally branched, septate and olivaceous brown in
colour.
Conidia are formed commonly in chains of 2-3, straight or slightly curved, obclavate

or ellipsoidal, generally with a short beak, mid to dark golden brown or olivaceous
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brown in colour, smooth or sometimes minutely verruculose, with 3-7 transverse and
often a number of longitudinal or oblique septa.
Disease cycle and epidemiology:
» The pathogen perennates on infected plant debris, in or on infected seeds and
cruciferous weeds.
> Moderate temperature (21- 27° C), high relative humidity (95-100 % at least for 18h)
and splashing rains favour the disease development and spread.

> The optimum temperature for sporulation is 18-24 and 20-30°C for A. brassicae and

A. brassicicola, respectively, at which both fungi produce spores in 12-14 h.
> At temperature >249C, sporulation of A. brassicae is inhibited.

> A raphani infection progresses rapidly at 22-269C.
Management:
> Collect and destroy the infected plant debris. Use disease free seeds and treat them
with captan (0.3%).
» Spray the crop with mancozeb (0.25%) or copper oxychloride (0.3%) and repeat at 10
to 14 days interval.

8 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Lecture — 8

FUNGAL DISEASES OF CABBAGE, CAULIFLOWER, RADISH AND
KNOL-KHOL -1

Cruciferous vegetables are important Kharif vegetable crops, which are grown both for table
and seed purposes. This vegetable group constitutes crops like cauliflower, cabbage, radish,
turnip and knol-khol. These crops are grown throughout the country and are attacked by
number of diseases which not only reduce the quantity but also quality of the produce. The

diseases, which are of common occurrence, are described in detail in this lecture.

Aim: To know about different fungal diseases infecting cabbage, cauliflower, radish
and knol-khol and their management — Part 11.

A) FUNGAL DISEASES (PART - I1)
4. STALK ROT

This is an important disease of cauliflower seed crop (late varieties). Once this disease
gets introduced in a field, it is very difficult to raise a healthy crop in the same field without
taking appropriate control measures.

Symptoms:

» The symptoms of the disease start appearing with the earthing up of plants.

» The infection starts from the lower most leaf petiole touching the ground.

» The infected leaves lose their turgor during day time and droop down to the ground,
but regain turgidity during night or early morning.

» The yellowing starts from tips of the older leaves downwards which shed,
prematurely.

» In most of the cases, mid-rib and petioles at a point touching the soil, show small,
discrete to large irregular dark brown to black necrotic lesions (Plate-3a).

> The lesions are covered with fluffy growth of extrametrical fungus under cool and
humid weather.

> Rotting from petioles advances to the stalk where dark brown to black spots are
produced which girdling whole of the stem at ground level.

» The stalk rot progresses towards the curd and occasionally whole of the pith portion
up to the forks of curd branching get completely rotten (Plate-3b).

1 All rights are reserved with Dr. YSPUH&F Solan @ 2012.
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The pith and the curd also rot, giving way to large cavities lined inside with fluffy
mycelium and numerous sclerotia of the causal fungus.

Under cool humid conditions, the mycelium emerges out and can be seen sticking to
affected portion of the plant.

With the progress of the disease, curds are also affected and show brown to dark
brown rotting which may start from any portion of the curd, but generally from the
center.

The affected tissue becomes soft and mushy bearing numerous sclerotia.

Inflorescence is also affected during the months of April-May in hilly areas.

If there are plenty of rains during bolting and seed setting, the fungus progresses fast
and engulfs whole of the branches and inflorescence where mycelium can be seen
hanging out with sclerotia sticking to it.

However, if the weather is dry, the mycelial growth is restricted only up to branches.

affected branches become dry and bear shriveled seeds.

Plate-3a- On petioles Plate-3b. On stalk with sclerotia

Plate-3. Symptoms of Stalk rot of cauliflower

Pathogen:

>
>

The disease is caused by Sclerotinia sclerotiorum (Lib.) de Bary.

Mycelium in culture as well as on host surface is white, cottony, branched, consisting
of closely septate hyphae.

Micro-conidia are produced on short lateral branches of the vegetative mycelium in
chains.

When the food supply is exhausted and the vegetative growth ceases, the hyphae with
granular protoplasm collect in small dense masses and form sclerotia.

These sclerotia are first white in colour, then turn black and are round to irregular in

shape.

2 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Disease cycle and epidemiology:

>
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The fungus overwinters in the form of sclerotia in soil as well as in the diseased plant
debris (Fig.2).

In the presence of proper humidity and light conditions, sclerotia germinate by
forming apothecia, which in turn form asci and ascospores.

If the spores, upon escaping from the ascus, lodge on a susceptible host, a new
infection may originate.

Mycelium from sclerotia is also capable of infecting cauliflower.

During cool and moist weather fluffy mycelium appears on the host surface and when

food is exhausted, the mycelium coagulates and starts forming sclerotia.
The fungus can infect the host at a temperature ranging from 0 to 25 OC with an

optimum at 15 to 20 °C and high humidity (95-100%) also favours the disease
development.

Application of nitrogen aggravates the disease.
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Fig. 2. Disease cycle of stalk rot (Sclerotinia sclerotiorum) of cauliflower

Management:

> Follow long crop rotations with paddy and maize.

> Remove infected leaves at weekly intervals.
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Soil amendment with oil cakes like sunflower and mustard and mulching with pine
needles and sunflower inflorescence also reduces the disease incidence.

Some antagonistic fungi like Trichoderma harzianum, T. viride, Gliocladium virens
and Coniothyrium minitans have been found promising in managing this disease.
These fungi either inhibit the development of new sclerotia or destroy the developed
ones by colonizing them.

In chemical control, sprays of fungicides like carbendazim (0.1%) or thiophenate
methyl (0.1%) or mancozeb (0.25%) or combination of mancozeb (0.25%) and
carbendazim (0.05%) effective in reducing the disease.

Initiate sprays immediately after earthing up and repeat at fortnightly intervals.

5. WHITE RUST OR BLISTER

It is the most common disease of radish and other crucifers and cause considerable

losses when it occurs along with downy mildew.

Symptoms:

>

Two types of infection i. e. local or leaf phase and the systemic or stag head phase
occur in different crucifers.

Local infection results in isolated pustules on leaves and stems which show
characteristic raised, glossy white blisters 1 to 2 mm in diameter.

Systemic infection stimulates hypertrophy and hyperplasia resulting in enlarged and
variously distorted organs (Plate-4).

The inflorescence may become enormously thickened, fleshy and greenish leading to
sterility.

The thickened inflorescence is generally known as stag head.

Blisters after rupturing the host epidermis release white powdery mass comprising of

sporangia.
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Plate-4. Symptoms of white rust of crucifers
Pathogen:
» The disease is cuased by Albugo candida (Pers. Ex Chev.) Kuntze.
> Itis an obligate parasite reproducing both sexually and asexually.
» Mycelium is intercellular and non-septate.
» Numerous short conidiophores arise from the mycelium, which are arranged in rows
beneath the host epidermal layer press on the epidermis to cause the pustule/ blister.
» Inside the pustules, sporangia are produced in chains arising from the sporangiophores
at the base of the cavity.
» The sporangia are hyaline, spherical, thick walled, hyaline and interconnected by a
pad of gelatinous disc like tissue.
» In the presence of moisture, these pads swell and disintegrate, freeing the sporangia in
the chains and they germinate either by germtube or by producing zoospores.
» The oospore is spherical with a thick irregular wall, deep yellow to dark brown in
colour.
Disease cycle and epidemiology:
» The fungus survives either as oospores in the infected plant debris or mixed with
seeds or as perennial mycelium in some weed hosts (Fig.3).
» These oospores may germinate in the ensuing crop season to produce zoospores,

which serve as primary inoculum.
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» Secondary spread is through sporangia produced on the spots caused by primary
inoculum.
> Moisture is essential for germination of sporangia through zoospores.

> The optimum temperature for germination of sporangia by zoospores is 20° C.

Zoospore
Germination =

Encysted ' %3 Cauliflower leaf\

Zoospore

¢ Intercellular

My celium with
N\ haustoria

2 Infected leaf

Germination &,
of oospore <&¥

Fig. 3. Disease cycle of white rust of crucifers
Management:

> Practices like collection and burning of diseased plant material in order to prevent
oospore formation, reduction of humid conditions around the plants by maintaining
proper spacing, crucifer weed free cultivation, application of fertilizers like
phosphorus, potassium and avoidance of excess application of nitrogen keep the
disease under check.

> With the initiation of the disease, spray the crop with metalaxyl + mancozeb (0.25%)
followed by sprays of Bordeaux mixture (4:4:50) or mancozeb (0.25%) or copper

oxychloride (0.30%) and repeat at 10 to 14 days interval.
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Lecture—-9

BACTERIAL AND VIRAL DISEASES OF CABBAGE, CAULIFLOWER, RADISH

AND KNOL-KHOL

Cruciferous vegetables are important Kharif vegetable crops, which are grown both

for table and seed purposes. This vegetable group constitutes crops like cauliflower, cabbage,
radish, turnip and knol-khol. These crops are grown throughout the country and are attacked
by number of diseases which not only reduce the quantity but also quality of the produce. The
diseases, which are of common occurrence, are described in detail in this lecture.

Aim:

To know about different bacterial and viral diseases infecting cabbage,
cauliflower, radish and knol-khol and their management.

A) BACTERIAL DISEASES
1. BLACKROT
Symptoms:

>

Initial symptoms of the disease appear as chlorotic lesions along the margins of leaves
which progress in the direction of midrib forming “V”-shaped lesions (Plate-5).

The veins and veinlets in the chlorotic area turn black and with the passage of time,
the blackening of veins advances to the stem and from there to other leaves and roots.
The stem and stalk of infected leaves show blackening of vascular tissues.

Due to the systemic infection, black spots appear on flower stalk and siliques.

The heads of cabbage and curds of cauliflower are also invaded and become
discoloured. The roots of radish and turnip are also invaded from leaves which show
discolouration and internal breakdown.

The infection of this pathogen may be followed by attacks of soft rot bacteria or

Sclerotinia sclerotiorum.

| e

Plate-5. “V” Shape lesions of black rot of crucifers
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Pathogen:

>
>
>

>

The disease is caused by Xanthomonas campestris pv. campestris (Pammel) Dowson.
It is a small, rod shaped, aerobic, gram negative, non-spore forming bacterium.

The bacterium has a single polar flagellum (monotrichos) and it is catalase positive,
hydrogen sulphide positive, oxidase negative and does not produce nitrate or indole.

It produces a yellowish extracellular polysaccharide (EPS) called Xanthan on media
containing glucose.

X. c. pv. campestris hydrolyses starch, a characteristic that is used for easy
recognition of the bacterium on Schaad’s selective medium.

Its growth is inhibited or retarded in acidic range of pH.

Disease cycle and epidemiology:

>

The pathogen survives in infected seeds, diseased plant debris and on cruciferous
weeds (Fig.4.).

When the infected seed germinates, the seed coat that comes out along with the
cotyledons serves as the source of primary inoculum.

The bacterium enters cotyledons through the marginal stomata and passes into true
leaves through hydathodes.

On entry, the bacteria move to the xylem vessels where they multiply rapidly and
move up and down in the plant.

When the disease inoculum is present in the field, secondary spread is facilitated by
splashing of contaminated soil by irrigation water and/ or rains, blowing of fallen
leaves and occasionally by insects.

The optimum temperature for the disease development is about 26.5 to 30°C,
minimum being 5°C and maximum 36°C.

Heavy rains have been reported to be responsible for the fast spread of the pathogen

and the disease through splashes.
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Fig. 4. Disease cycle of black rot (X. campestris pv. campestris) of crucifers
Management:
> Follow crop rotation with non-cruciferous crops for at least two years.
> Use disease free seeds and treat them either with hot water (52° C) for 30 minutes
followed by same duration dip in Streptocycline solution (100 ppm) or by dipping the
seeds in Streptocycline (100 ppm) solution for 30 minutes to eradicate the pathogen.
> In disease prone areas, apply grass or pine needle mulch on the field floor.
» With the initiation of the disease, give fortnightly sprays of combination of
Streptocycline (100 ppm) and copper oxyxhloride(0.3%) or mancozeb (0.25%).

B) VIRAL DISEASES
1. CAULIFLOWER MOSAIC
Symptoms:
> Vein clearing or banding symptoms are produced on the leaves ultimately leading to
mosaic pattern (Plate-6).
> Only the young leaves are affected initially in which light green patches appear.

> Early infection may cause reduction in plant growth leading to stunted look.
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Plate-6. Symptoms of cauliflower mosaic
Pathogen:

» The disease is caused by Cauliflower Mosaic Virus which belongs to caulimovirus
(CaMV) group.

» Virions are isometric, 50 nm in dia. and non-enveloped and the genome consists of
unipartite double stranded DNA.

Disease cycle and epidemiology:

» The virus is transmitted by mechanical inoculation as well as by different species of
aphids particularly Brevicoryne brassicae and Myzus persicae in semi-persistent
manner.

> Besides cabbage and cauliflower, the virus has been reported to infect other Brassica
spp. under natural conditions.

Management:
Control of aphid vectors through the use of insecticides like Metasystox (0.1%) at an

appropriate stage is helpful in reducing the spread of the disease.

Other disease of minor importance are:

i.  Yellows : Fusarium oxysporum Schlech: Fr f.sp. conglutinans (Wollenw.) Snyder &
Han

i.  Wire stem : Rhizoctonia solani Kuhn

iii.  Ring spot : Mycosphaerella brassicicola (Fries ex Duby) Lindau
iv.  Powdery mildew :Erysiphe polygoni DC.
v.  Leaf spots : Cercospora brassicicola Hennings; C. cruciferarum Ellis and Everhart

vi.  Soft rot or Curd rot : Erwinia caratovora subsp. carotovora (Jones) Bergey et al.
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