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Lecture-16
DISEASES OF POTATO - |

Potato (Solanum tuberosum L.) is an important vegetable crop and is cultivated in an
area of about one million hectares in India. One to three crops per year are taken under varied
agroclimatic conditions. The cultivation of this crop is often affected due to attack of various
diseases caused by fungi, bacteria, viruses and nematodes. This lecture deals with the

important fungal disease problems in potato and their management.

Aim: To know about different fungal diseases infecting potato and their management -
I
A. FUNGAL DISEASES - |
1. LATE BLIGHT

Late blight is the most destructive disease of potato throughout the world. It was first
recorded in the beginning of nineteenth century in the Andes Mountains of South America.
The fungus moved from this place to Europe around the year 1842 and established in Ireland
where it caused severe epidemic in 1845-46, resulting in famous Irish famine. Four million
people were directly affected by this epidemic and many (approx. 1.5 Million) among them
faced death with millions migrating to other parts of the world. Since then, the disease has
been reported from almost all parts of the world wherever potato is grown. In India, the
disease was first reported from Nilgiri Hills in between 1870 and 1880. Since then, it is
appearing in plains as well as in hills regularly. In Himachal Pradesh, disease was first
reported from Kumarsain of Shimla District by Butler (1903).
Symptoms:

» The symptoms of the disease appear on leaves, stem and tubers.

» Initially small water-soaked lesions develop near the tips and margins of the leaves
which rapidly grow into large, brown to purplish black, necrotic lesions under
favourable weather conditions (Plate 1a).

» During morning hours, whitish downy growth of the pathogen consisting of
sporangiophores and sporangia can be seen on the edges of the lesions mostly on the
underside of the leaves.

> Light brown to dark brown lesion appear on stem and petioles which may elongate
later and girdle the affected parts (Plate 1b.)

» Since the disease is polycyclic in nature, the entire crop in the field may be killed in
one or two weeks and field give blighted appearance (Plate 1c)..

» The tubers may get infected by rain washed sporangia from the diseased foliage.
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» The infected tuber show irregular, small to large, slightly depressed areas of brown to
purplish skin which extend deep into the internal tissue of the tubers (Plate 1d).
» The infected tuber tissue which is firm and dry in the beginning is often invaded by

secondary pathogens, mainly bacteria both in the field or poorly ventilated storage

places resulting in to soft rot of tubers.

Platelc. View of late blight infected field Plateld. Late blight infected potato
tubers
Plate-1. Symptoms of late blight of potato (Courtesy T.S. Thind)

Pathogen:

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

» The mycelium is coenocytic, endophytic, hyaline, branched and intercellular.

» Sporangiophores arise from the internal mycelium through stomata and are slender,
hyaline, sympodially branched, indeterminate, relatively thick walled, septate having
side branches with swollen base (Plate 2).

» Sporangia develop on the tip of the sporangiophores and are hyaline, thin walled,
lemon shaped, distinctly papillate.
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» On maturity, the sporangium turns to the side, growth of the sporangiophore continues
which looks to have zigzag growth with characteristics swellings at the nodes.

> P. infestans is heterothallic for sexual reproduction and involves two mating types
namely A 1 and A 2.

> In India, although A 1 mating type is of common occurrence, prevalence of A 2 type
has been recorded in Shimla Hills after 1984.

» Antheridia and oogonia are produced after A 1 and A 2 mating types come in close
contact. Antheridia are amphygynous while oogonia are spherical.

» Oospores are thick walled and develop after fertilization.
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Plate-2 Sporangiophore and sporangia of Phytophthora infestans

Disease cycle and epidemiology:

» The fungus perpetuates as dormant mycelium in the infected tubers in the cold storage
or in infected tubers left in the field at temperatures <30° C (Fig. 1).

> Infected tubers transported from hills may also carry latent infections.

» Oospores even if formed rarely, also serve as source of primary inoculum.

» Tomato growing in the vicinity of potato may produce initial inoculum if infected
early and act as collateral host.

» The infected tubers generally give rise to diseased haulms on which the pathogen
sporulates during suitable weather conditions, thus providing primary sporangial
inoculum for further spread.

» Cool moist conditions favour the disease spread while dry spells kill the fungus
quickly.

> Relative humidity >90 per cent coupled with suitable temperature (12-24° C) is most

important for disease development.
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> The sporangia germinate at temperature ranging from 2-30° C.

> Temperature around 16-18° C are optimum for mycelial growth while 9-16° C are
optimum for sporulation.

> At atemp. 12-13° C, the sporangia germinates by producing zoospores while direct
germination of sporangia takes place around 24° C.

» Initial low temperatures thus, can help in assuming the high disease severity in the

crop.
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Fig.1. Disease cycle of late blight of potato

Forecasting:
» Several methods of late blight forecasting have been developed for better disease

management through proper planning of spray programme.

» These are primarily based on record of temperature and rainfall or relative humidity
and predict the probability of the late blight development assuming the presence of
inoculum. “BLITECAST”, a forecasting model is being used in North-eastern U.S.A.

for timing fungicide application.
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Such disease prediction rules have also been developed in Netherlands (Dutch Rules)
and England (Beaumont Rules).
In India, CPRI people achieved complete success in predicting outbreaks of late blight
in the hills. According to them:-

i) the 7 day moving rainfall (30 mm for Shimla, 28.9 mm for Ootacamund and 38.5 mm

for Shillong) and mean temperature of 23.9° C or less continues for 7 days, the disease

would appear within 3 weeks and if

ii) hourly temperature ranging between 10-20° C associated with 80 per cent or more

relative humidity continues for 18 h for 2 consecutive days, the blight would appear

within a week.

Management:

>

YV V V V

Use healthy seed and cull piles near cold stores should be destroyed.

High ridges and proper earthing up prevents tuber infection.

Restrict irrigation during cloudy days.

Use resistant varieties like Kufri Giriraj.

Give timely application of fungicides like mancozeb/ chlorothalonil/ propineb
(0.25%) as prophylactic sprays (1% week of November for main crop in plains and
I1rd week of June in hills) and repeat at weekly intervals.

Repeat sprays promptly after rain. Use metalaxyl + mancozeb or cymoxanil +
mancozeb (0.25%) only when disease risk is likely to be severe and favourable
weather conditions persist.

Avoid the use of formulations containing metalaxyl alone.

Digging of tubers should be done after 2-3 weeks of dehaulming.

2. EARLY BLIGHT
Symptoms:

>

The symptoms first appear on older leaves as dark brown oval or angular spots or
lesions surrounded by chlorotic zone, which may extend much beyond the lesion due
to the presence of toxin “alternaric acid” produced by the pathogen (Plate 3).

Under favourable climatic conditions, they enlarge rapidly, become irregular and may
involve entire part of the leaf lamina.

Concentric ridges appear on the necrotic tissue giving them target board appearance,
lesions on leaf coalesce together and give blight appearance.

Dark brown lesions are produced on stem and petioles, which break at the point of

infection.
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» On the tubers, the lesions are slightly dark, sunken and round to irregular in shape,

with time infected tubers show dry rot symptoms.

Plate 3. Symptoms of early blight

Pathogen:
» The fungus responsible for this disease is Alternaria solani Sorauer.
» The mycelium is septate and pale to olivaceous brown.
» Conidiophores arise singly or in small fascicles, through stomata from the mycelium
present in the dead centres of the spots.
» Conidia are usually solitary, obclavate, oblong to ellipsoid, tapering to a beak almost
of the same length or even longer as that of the conidial body.
» Conidia are muriform, pale to golden or olivaceous brown having 9-11 transverse and
0 to few longitudinal septa.
» No perfect stage of the fungus has been recorded.
Disease cycle and epidemiology:
» The fungus overwinters as mycelium or spores in the infected plant debris.
» The pathogen also infects other hosts like tomato as well as solanaceous weeds which
may play an important role in its survival.
» Primary infection occurs on older leaves early in the season.
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> In general, hot and humid climate with frequent rains is favourable for disease
development.

> A temperature range of 26-28° C with 70-80 per cent RH is favourable for the
development of the disease.

» The disease is often more severe when the plants are predisposed by injury, poor
nutrition or other types of stress.

Management:

» Various cultural practices like removal and destruction of diseased haulms from the
infected field after harvest, use of healthy seed tubers for planting and proper
fertilization of the plants should be followed.

» With the initiation of the disease, spray the crop with mancozeb (0.25%) or
chlorothalonil (0.2%) and repeat at 10-14 days interval.

> Resistance source is available with Solanum phureja and S. chacoense which can be
exploited for breeding resistant cultivars.

» Cv. Kufri Sindhuri provides good resistance against this disease in plains.
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Lecture-17
DISEASES OF POTATO - I

Potato (Solanum tuberosum L.) is an important vegetable crop and is cultivated in an
area of about one million hectares in India. One to three crops per year are taken under varied
agroclimatic conditions. The cultivation of this crop is often affected due to attack of various
diseases caused by fungi, bacteria, viruses and nematodes. This lecture deals with the other
important fungal disease problems in potato and their management.

Aim: To know about different fungal diseases infecting potato and their management -
1.

A. FUNGAL DISEASES - Il
3. BLACK SCURF
Black scurf causes qualitative damage as it decreases the quality and market value of the
tubers both for table as well as seed purpose.
Symptoms:
» Stem canker and blight phase and the scurf phase are the two distinct phases of the
disease.
> In stem canker phase, the growing tips of sprouts show browning.
> Sunken, circular or elongated brown necrotic spots may also be observed on the
sprouts.
» Severely affected sprouts are killed.
> Later, when shoots emerge, similar necrotic lesions are observed on the stem which
may extend downwards and may completely girdle the stem.
» The most prominent symptom of black scurf is the presence of black crust on tubers
due to the formation of sclerotia of the fungus (Plate 4).
» The pathogen produces a large number of sclerotia superficially on the surface of
growing tubers.
» These sclerotia may be hard or spongy forming a black crust of scurf on the tuber
surface.
» These are normally seated on the skin and do not cause any damage to the tuber
inside.

> Black scurf phase is more common than stem canker in India.
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Plate-4. Symptoms of black scurf on potato tubers

Pathogen:

» The disease is caused by Rhizoctonia solani Kuhn.

» The perfect stage of the fungus is Thanatephorus cucumeris (Frank) Donk.

» The fungus is described in detail in bean diseases.

Disease cycle and epidemiology:

» The fungus perpetuates in the form of sclerotia on the seed tubers or in the soil.

» On germination in the presence of moisture, the sclerotia produce mycelium which
may cause infection on the sprouts, stem or young tubers.

» The fungus can survive in soil for many years.

» The fungus although has a wide host range but shows some level of specificity
depending on the host crops.

» The strains infecting members of graminicolous crops do not generally cause
infections on solanaceous crops including potato and vice verse.

» Soil moisture and temperature are the two important factors affecting scurf
development.

» Low temperature and high soil moisture are conducive for infection on sprouts and
stems.

» This phase is not common on early autumn crop in North Indian plains as the
temperature remains high.

» The more common phase is black scurf where the sclerotia formation is favoured at
temperature 28°C.

» The number of sclerotia on tubers varies with soil temperature and moisture.

> Black scurf on tubers is more common in crops grown in sandy to sandy loam and

moderately wet soils.
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Management:

>

Planting of healthy and disease free tubers is helpful in reducing the incidence of the
disease.

Two to four years rotation with cereals, brassicas and legumes is helpful for the
management of this disease.

The increase in organic matter content of the soil helps in reducing the population of
the fungus through enhanced activity of the antagonist microorganisms.

The normal unsprouted tubers should be dipped in carbendazim (0.1%) or Monceren
25 SC (0.25%) for 10 minutes.

The seed after treatment should be dried under shade by spreading on the floor of the

cold store.

4. POTATO WART

The disease is quite serious in temperate regions of the world. In India, the disease

was first reported by Ganguli and Paul (1953) from Darjeeling and is presently restricted to

that area only due to restrict domestic quarantine on this disease.

Symptoms:

>
>

YV V VYV V

All the underground parts except roots are attacked.

The plant cells multiply rapidly at the infection site and produce hypertrophied tissue
masses resulting into wart type symptoms on the tubers and beads like projections on
the stems or stolons varying in size from small protuberances to large intricately
branched structures (Plate-5 a &b ).

Warts are normally soft, pulpy, spherical and similar in colour to tubers.

The colour may change to green on exposure to sunlight.

Sometimes whole tuber may be covered with warts.

Sometimes secondary microorganisms invade the wart tissues causing their

decomposition.

Plate 5a. Warts on tuber Plate 5b. Wart infected plant

Plate 5. Symptoms of potato wart
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Pathogen:

>

>

The disease is caused by fungus Synchytrium endobioticum (Schill.) Perc. which is
holocarpic and endobiotic in nature.

The fungus produces sporangia which release a large number of uniflagellate
planospores and originate from different sori, these behave as planogametes and

copulate to form zygospores which act as resting sporangia of the pathogen.

Disease cycle and epidemiology:

>

The resting sporangia are released into the soil on disintegration of warty structures
where they can remain dormant for several years.

When soil becomes wet after irrigation or rainfall in the next spring, these resting
sporangia germinate and cause fresh infections.

The longevity and viability of resting spores are affected by soil type and crop
rotation.

Other factors like soil moisture and pH also affect the process of infection.

For germination of resting spores and sporangia, a free film of water is necessary.
When moisture conditions are available, infection can occur at temperatures ranging
from 10-24° C and at soil pH ranging from 4 - 8.6.

The optimum temperature for infection is 21° C and slightly acidic or neutral pH is

preferred.

Management:

>
>

Since the pathogen is soil borne, its eradication is very difficult.

Strict domestic quarantine measures enforced in India have helped to restrict the
disease to Darjeeling district only.

Follow crop rotation with non-host crops for 8-10 years.

Some potato lines viz., Rondo, Edina, Mira from European countries have shown
considerable resistance to wart.

Varieties developed by CPRI, Shimla like Kufri Jyoti, Kufri Sherpa, Kufri Jeevan and

Kufri Muthun have demonstrated resistance to late blight as well as wart.
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Lecture-18
DISEASES OF POTATO - 111

Potato (Solanum tuberosum L.) is an important vegetable crop and is cultivated in an

area of about one million hectares in India. One to three crops per year are taken under varied

agroclimatic conditions. The cultivation of this crop is often affected due to attack of various

diseases caused by fungi, bacteria, viruses and nematodes. This lecture deals with the

important bacterial and viral disease problems in potato and their management.

Aim: To know about different bacterial and viral diseases infecting potato and their
management.

A) BACTERIAL DISEASES

1. BROWN ROT
Symptoms:

>
>

Both above and underground plant parts are affected.

There is a sudden wilting and death of the infected plants or collapse of one or more
branches is observed.

Wilting appears during July in the hills about two weeks after the onset of monsoon
rains (Plate 1a).

Many wilted plants also show stem rot at soil level.

Greyish brown discolouration appears through the stem of affected tubers (Plate 1b).
Cross-section of such tubers reveals a distinct brown discolouration in the vascular
ring.

A slight pressure on the cut tuber causes oozing of typical grayish white bacterial
slime out of the vascular ring.

Vascular browning is a characteristic symptom of the disease.

In North-eastern hills, lenticels infection of potato tubers in the form of water-soaked

lesions is quite common.
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Plate 1a. Symptoms on plant Plate 1a. Symptoms on tuber
Pathogen:
» The bacterium associated with this disease is Ralstonia solanacearum (Smith)
Yabuuchi et al.
» Itis arod shaped, Gram negative bacterium measuring 0.5-0.6 x 0.8-1.2 um and having
1-4 polar flagella.
> Three races of the pathogen have been identified and potato is affected by race 1 and 3.
Disease cycle and epidemiology:
> R. solanacearum is both soil and seed borne and can survive in infected crop debris,
potato tubers, wild host plants and weeds.
> Infested soil and infected seed tubers serve as sources of primary inoculum.
> Bacterial masses released in the soil by brown rot affected plant parts help in the
survival of this bacterium.
> This bacterium survives in the soil for extended periods and enters the roots through
wounds made by transplanting, cultivation or insects and through natural wounds
where secondary roots emerge.
> A high temperature regime (28-30° C) and relatively high soil moisture are favourable
for wilt development.
» The bacteria multiply rapidly inside the water-conducting tissue of the plant, filling it
with slime.
> This results in a rapid wilt of the plant, while the leaves stay green.
> If an infected stem is cut crosswise, it will look brown and tiny drops of yellowish
00ze may be visible.
Management:
> ltis difficult disease to manage as the commercial cultivars are highly susceptible and
chemical control is not feasible.

» The reduction of the initial inoculums is of prime importance to manage bacterial wilt.
2 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




Use of disease free seed is important for avoiding introduction of this disease to new
fields.

In disease prone areas, plant whole tuber.

Follow wheat-maize rotation at least for 2-3 years.

Application of stable bleaching powder @ 12 kg/ ha has been found to reduce

bacterial wilt by 80 per cent when applied in furrows at the time of planting.

2. COMMON SCAB

Symptoms:

» Symptoms of scab are generally seen on tubers and are categorized as shallow and
deep pitted.

> In shallow scab, the affected tubers show superficial roughened areas, sometimes
raised about but often slightly below the skin of the tubers.

» The lesions of scab consist of corky tissue which is the result of abnormal
proliferation of the cells of tuber epiderm due to invasion by the pathogen.

» The lesions may vary in shape and size and the color is brown.

> In deep pitted scab, the lesions are dark brown or almost black and measure 3-4 mm
or more in depth surrounded by hard corky tissue.

» They may join together involving entire surface of the tuber.

> Quite often, multiple types of symptoms such as slightly brownish roughening of
tuber skin, proliferated lenticels with hard corky deposition, concentric series of
wrinkled layers of cork around central black core, raised rough and corky pustules and
deep pits surrounded by hard corky tissue are produced.

» Russet scab in the form of superficial encrustation is also becoming quite common in
the state.

Pathogen:

> The disease is caused by a bacterium Streptomyces scabies (Thaxter) Waksman and
Henrici.

» The mycelium of the pathogen is slender, branched with few or no cross walls.

> The spores are cylindrical or ellipsoid produced on special hyphae that develop cross
walls from tip and spores are pinched off.

» The S. scabies is gram positive and aerobic bacteria.

Disease cycle and epidemiology

>
>
>

Streptomyces scabies can survive in soil for several years under favorable conditions.
The infected tubers play a major role for its survival from one season to the other.
The diseased plant debris and infested soil help in survival of the pathogen and also in

initiating disease in succeeding crop of potato.
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» The pathogen can be distributed through movement of soil by wind, water and
cultural operations.

» Various soil factors influence the severity of the disease.

» Streptomyces scabies is active in the pH range of 5.2-8.0 and the severity of disease
increases with the increase in pH.

> A temperature range of 20-30° C is most suitable for the growth of the organism.

> Optimum temperature for infection is slightly below 20° C and for lesion development
slightly above 20°C .

» The pathogen is active in dry soils and is suppressed by watering.

Management:

> As the disease is both tuber and soil borne, it is difficult to control it.

» However, some management practices have been adopted to check this disease.

> Healthy and blemish free seed tubers should be selected for sowing in order to reduce
the primary source of inoculum.

» Green manuring and cultivation of certain legumes before planting potato has been
emphasized as important cultural practices in controlling common scab.

» Green manuring probably increases the activity of certain actinomycetes and other
bacteria which are antagonistic to S. scabies.

> Soil moisture is important factors in the development of disease, it has been exploited
for minimizing the losses.

» Successful control of potato scab can be achieved by frequent irrigations of the field
at weekly intervals from tuberisation until maturity.

» The tubers can be disinfected by dipping them for 10 minutes in Emisan (0.25%).

B) VIRAL DISEASES
1. LEAF ROLL VIRUS (POTATO LEAF ROLL VIRUS)

Symptoms
> There is rolling of upper leaves.
> Infected leaves remain upright and turn pale yellow in colour.
» Plants produced from infected tubers show rolling of lower leaves and stunting of
plants with upright habit (Plate 1).
> Rolled leaves are leathery, stiff and brittle. Marginal interveinal chlorosis of leaflets is

visible on upper leaves.
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Plate 1. Symptoms of potato leaf roll virus on plants

Virus characters

Disease cycle and epidemiology:

>

>

Potato leaf roll virus is transmitted through infected tubers and spreads through
several species of aphids.

It is more severe in warm climate.

2. MOSAIC (POTATO VIRUS X, POTATO VIRUS Y AND POTATO VIRUS S)
Symptoms:

>

YV V V V V

PVX induces interveinal mild mosaic symptoms with light and dark green patches,
mottling with stunting and often crinkling with more virulent strains.

There is considerable dwarfing of plants with reduction of leaflet size.

PVY induces severe or rugose mosaic.

Veinal necrosis may also occur and plant remain stunted.

Severe mosaic causes rugosity, bunching or twisting of leaves.

Symptoms caused by PVS are barely perceptible as mottle or faint vein bending.

b

Plate 1. Symptoms of potato mosaic virus on plants
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Virus characters
Disease cycle and epidemiology:
» Mosaic viruses are transmitted by infected tubers, cutting knife and aphid vectors
names .
» Many plants of solanaceae, chenopodiaceae and leguminoseae act as alternate and
collateral host hosts of this disease.
Management:
» Always use virus free certified seed from reliable sources.
» Rouge out infected plants as soon as these are first noticed in early crop period.
> Keep the aphid population under check by spraying insecticides like Rogor or
Metasystox @ 250 ml/acre or apply 5 kg of Thimet 10G/acre at first earthing up.
> Cut the haulms in 4™ week of December when aphid infestation starts (20 aphid /100
leaves) and leave the tubers in soil to mature till the end of February.
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Lecture-19

Diseases of Cumin

Cumin (Cuminum cyminum L.) popularly known as Zeera comprises of yellowish to
light grayish brown seeds of a small slender annual herb of the coriander family, believed to
be the native of Egypt, Syria, Turkestan and the Eastern Mediterranean region. It grows to a
height of 30-45 cm and produces a stem with many branches bearing long, finely divided,
deep green leaves and small flowers, white or rose in colour, borne in umbles. In India, cumin
is cultivated in almost all states except Assam, Kerala and West Bengal. During cultivation it
is infected by various diseases which are described in detail in this chapter.

Aim: To know about different diseases infecting cumin and their management.
1. WILT:

Losses from this disease range from 5-60 per cent.
Symptoms:

» The characteristic symptoms of the disease are drooping of leaf tips leading to
mortality of the plants.

» Later in the season, the colour of the leaves changes from green to yellow, beginning
from the oldest leaf and extending upward to the younger ones resulting in the wilting
of the entire plant and if a part of the stem is affected resulting in partial wilting.

> If infection occurs at flowering stage, no seed formation takes place and if formed
they are small and shrivelled.

» Internal symptom: brown vascular discoloration is common

Pathogen:

» The disease is caused by Fusarium oxysporum f.sp. cumini (Schlechet.) Prasad &
Patel.

» The fungus produces micro and macro conidia as asexual spores on sporodochium
and vegetative spores are chalamydospores.

Disease cycle and epidemiology:

» The pathogen is soil borne.

> It perpetuates in the form of chlamydospore in the soil.
Management:

i) Follow long crop rotation.

i) Use healthy seed.

iii) Two to three summer ploughing and application of decomposable organic matter

like cakes (castor and mustard) and poultry manure (2.5 t/ha) reduces disease.
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iv) Use resistant cvs./lines like UC-33, MC-43, UC-62 and UC-90.
V) Seed treatment with carbendazim (0.2%) followed by sprays with the same
chemical (0.1%) have been found effective in reducing the wilt incidence.
2. BLIGHT:
The disease was first reported from Kaira districts of Gujrat and since then it has been
recorded from all cumin growing areas of the country.
Symptoms:

» The symptoms of the disease appear as minute necrotic areas on all above ground
parts of the plants which turn purple in advanced stages and later turn brown and
black.

» The affected parts of the plants become blighted.

> Severely affected plants bear no seeds or shriveled seeds.

Pathogen:

> The disease is caused by Alternaria burnsii Uppal, patel & Kamat.

» Mycelium consist of septate, branched light brown hyphae.

» Conidiophores are dark in colour bear conidia which are dark septate having

transverse and longitudinal septa.

Disease cycle and epidemiology:

» The pathogen is both seed and soil borne in the form of infected plant debris.

» Cloudy and humid weather aggravates the severity of the blight.

> A temperature range of 23 — 28° C is optimum for the development of the blight.
Management

» Collect and destroy the infected plant debris.

> Use healthy seed and treat the seed with captan (0.3%).

» With the initiation of the disease, spray the crop with fungicides like mancozeb

(0.25%) or propiconazole (0.03%)
» Use tolerant lines like MC-43, Gujrat Cumin-1, RZ-19 and Gujrat Cumin-2.

3. POWDERY MILDEW:
The disease is widespread in most of the cumin growing areas of the country and may

cause losses upto 50 per cent during the years of epiphytotics.

Symptoms:
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» The disease appears as greyish specks on the lower leaves which enlarge and
cover the leaf surface.

» Stem, flowers, umbels and fruits are also covered with fungal growth.
» The infected plants bear few, shriveled, light weight seeds.

Pathogen:

» The disease is caused by Erysiphe polygoni DC.

» The fungus is ectoparasitic, spreading on the surface of the host and sending haustoria
into the epidermal cells to draw out nourishment.

» The fungus hyphae are hyaline and septate and conidiophores arise from it vertically
bearing conidia either singly or in short chains.

> Conidia are ellipsoid to ovoid, mature conidia fall off and get dispersed by wind.

> Later in the season, cleistothecia (sexual stage) appear as dark coloured, round,
minute bodies scattered in the mycelial web.

Disease cycle and epidemiology:
» Wherever cleistothecia are formed they explain the disease cycle, otherwise it

survives on the weed/ cultivated hosts as conidia.

> Optimum temperature for disease spread is 26.7 to 35° C.

Management:
The disease can be effectively controlled by spraying fungicides like dinocap
(0.05%), carbendazim (0.1%) or hexaconazole (0.05%) and repeat at 10- 14 days

interval.

4. WITCHES BROOM
» The disease was first observed in Rajasthan where it caused upto 31 per cent yield
losses.
> Itis caused by a phytoplasma and tetracycline hydrochloride has been found effective
in suppressing it.
All rights are reserved with Dr. YSPUH&F Solan @ 2012.
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Lecture-20

DISEASES OF PEPPER

Black pepper (Piper nigrum L.), popularly known as Kali Mirch belongs to the family

piperaceae is one of the most popular spice and is known as the “King of Spices” due to its

inte

rnational trade. Black pepper is the dried, mature but unripe berries (fruit) of P. nigrum, a

branching vine or a perennial climbing shrub mostly found in hot and moist parts of the

Sou
affe

thern India like Kerala, Karnataka, Tamil Nadu and Pondicherry. During cultivation, it is

cted by several diseases which not only reduce the quantity but also quality of the

produce. Diseases affecting this crop are described in detail in this lecture alongwith their

management practices.

Aim: To know about different diseases infecting black pepper and their management.

PHYTOPHTHORA FOOT ROT:

The disease was first reported in 1902 from Wynad district of Kerala. The crop losses due

to foot rot of black pepper have been reported to the tune of 119 to 905 tonnes per annum

in Kerala.
Symptoms:

»  The symptoms start as water soaked lesions on the lower surface of the leaves (Plate
1a) and these lesions later enlarge rapidly, involving 25-70 per cent of the leaf lamina
(Plate 1b).

»  With the onset of south-west monsoon during may —June, runner shoots arising from
the base of the vine are also infected.

»  The leaves later become flaccid and droop and the plants show die-back symptoms.

»  The foot rot infection occurs as wet patch at the collar region of the vine resulting in
varying degree of rotting of the main stem (Plate 1c).

»  There is yellowing and gradual drying of the foliage leading to sudden death of the

plant and hence the disease is also called quick wilt (Plate 1d).

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




: e, = - 3 P . “
Platela Water soaked symptoms on leaves Plate 1b. Characteristic lesions on
leaves

Plate 1c. Lesions on the runners ' Plate 1d. Symptoms of quick
wilt
Plate-1. Symptoms of Phytophthora foot rot of pepper.

Pathogen:

» The disease is caused by Phytophthora palmivora (Butler) Butler but now it is
changed to P. capsici Leonian.

» Mycelium is hyaline, branched 3.3-8.6 pm wide and non-septate but few septa are
found in case of old hyphae, typically hyphal branches arise at right angles, often
variously swollen and tuberous and of abnormal diameter.

» Sporangia are rarely produced or almost absent in culture, the sporangia are hyaline,
ovoid to pyriform or sometimes round to lemon shaped, non-pedicillate with a
predominant, hemispherical papilla at the apex.

» The zoospores are reniform to oval, biflagellate and remain motile for 20-30 minutes,
then shed flagella and become encysted and germinate by means of germ tubes.

» Qospores are formed abundantly in aerial as well as submerged mycelia in the

medium.
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>

The oogonia are hyaline, circular to spherical, the oogonial stalk is encompassed by
persistant amphygynous antheridium.

The oospores are circular to spherical, the oospores are found to germinate either by
germ tubes or by the rupture of oosporic walls.

The fungus does not produce chlamydospores.

Disease cycle and epidemiology:

» The pathogen is soil borne and infected plant debris serves as the major source of

inoculum.

> A temperature of 23-29° C, relative humidity of 81-99 per cent, daily rainfall of 15.8-

23 mm and sunshine of 3.5 h /day favours aerial spread.

> Vertical and lateral spread of the disease is noticed due to rain splashes during foliar

infection.

> The disease gradually spreads to the upper region of the bush with intermittent rain

splashes.

Management:

) Use healthy planting material.

i) Removal of infected vines from the plantation is essential to reduce the inoculum
buildup. The movement of soil through farm implements from diseased to healthy
gardens may also be prevented.

iii) Application of soil amendments like neem cake, cotton seed and groundnut meal
(250 g/m?) is also useful in managing the disease.

iv) Two sprays of Bordeaux mixture (5:5:50) during the pre monsoon and mid
monsoon period reduce the aerial infection.

V) To minimize the soil borne inoculum, drenching of soil around the vines with
copper oxychloride (0.3%). Fungicides like metalaxyl + mancozeb (0.25%) or
cymoxanil + mancozeb (0.25%) can also be used for spraying.

Vi) Soil application of bioagents like Trichoderma virens and T. harzianum @ 5x 10°
cfu/g inoculum has also been found effective in the management of this disease.

vii)  Different species of pepper like Piper colubrinum, P. arboretum and P.

sarmentosum have been found resistant while cvs. like Narayakodi, Kallu valley,

Uthirankotta and Balankotta were tolerant to this disease.

SLOW DECLINE OR WILT
Symptoms

> It is considered to be a complex disease caused by a combination of fungi and
nematodes coupled with soil moisture stress and malnutrition.
» Meloidogyne incognita in combination with Fusarium solani Sacc. f. sp. piperi
results in the wilt (Plate-2).
3 All rights are reserved with Dr. YSPUH&F Solan @ 2012.




» The pathogenicity of root knot (M. incognita) and burrowing nematode

(Radopholus similes) has also been proved individually.

N
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Plte-2. mtdms of slow decline or wilt of peper

Pathogen:

The disease is caused by Fusarium solani Sacc. f.sp. piperi.

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.

Disease cycle and epidemiology:

The pathogen is soil borne in nature.

It perpetuate in the form of chlamydospores in the soil.

It requires high temperature for infection.

More damage is done by the organism in association with Meloidogyne

YV VYV

incognita than individually.

Management:
) Application of neem cake @ 1kg/vine reduce M. incognita population under

field conditions.
i) Apply Phorate (3 g a.i./vine) application twice a year for the management of

both nematodes.
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iii) Mycorrhizal fungi Glomus mossae, G. fasciculatum, Gigaspora margarita and
Acaulospora laevis also show varying degree of root knot suppression.

Iv) Piper colubrinum is resistant to both root knot and burrowing nematode.

3. ANTHRACNOSE
The disease is also known as “Pollu’. Spike shedding due to this disease can go upto 10

per cent. In early infection, there is up to 77 per cent weight loss of berries while late
infection causes 56 per cent infection.
Symptoms:
» The symptoms on young leaves and spikes appear as small brown specks which
are surrounded by yellow halo (Plate-3a).
» In severe form, defoliation and spike shedding may also occur.
» Small cracks develop on the berries after the infection has been established, thus
reducing the quality of the produce.
» The infection on tender berries causes darkening of the pericarp and affects their
subsequent development (Plate-3Db).

» With time, these dry up resulting in chaffey berries, hence the name ‘pollu” which

means the hollow berry.

Plate-3a. Symptoms of anthracnose on leaves Plate-3b. Symptoms on tender berries
Plate-3. Symptoms of anthracnose on pepper
Pathogen:

» Three species of genus Colletotrichum like C. gloeosporioides (Penz.) Penz. & Sacc.,
C. necator Masse and C. capsici (Syd.) Butler & Bisby have been reported to be
associated with this disease.

» 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.
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» Conidiophores are short, hyaline to faintly brown, cylindrical, septate or aseptate.

» Conidia are falcate, fusiform with acute apices and narrow truncate base, one celled,

hyaline and uninucleate.

Plate-4. Acervulus of C. capsici
Disease cycle and epidemiology:
» Since the vines are perennial, the disease symptoms appear throughout the season and
thus the life cycle of the pathogen continues.
» Dioscorea triphylla is a collateral host.
» The pathogen require high humidity in the form of dew, the maximum disease
incidence i.e. 28-34 per cent occur during the months of August and September.
Management
1) Sprays of carbendazim or benomyl (0.1%) at 10 to 14 days interval have been found
effective in reducing the intensity of this disease by reducing the black spots per berry
and also increase berry yield.
i) Three sprays of Bordeaux mixture (5:5:50) during June-July, late July and late August
have also been found quite helpful in reducing the disease.
4. LITTLE LEAF

The occurrence of the disease has been reported from Sri Lanka. However, the cause
of the disease has not been established but a phytoplasma may be associated with this
disease.

The symptoms of this disease include chlorosis of leaves, shortening of
internodes, proliferation of branches, greening and enlargement of floral bracts.

Seeds from infected vines germinate poorly.
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MOSAIC

The virus produces symptoms as chloratic , irregular patches and the leaves are
shrunken. Sap inoculation of indicator plants reveal symptoms resembling those of
cucumber mosaic virus.

The virus is transmitted to young pepper plants by grafting and by aphid Aphis
gossypii.

4. STUNTED DISEASE

The disease was first recorded in black pepper nursery at Neriamangalam, ldukki,
Kerala during the year 1975 and is now prevalent in Idukki and Wynad districts of
Kerala and in Karnataka.

Symptoms:
» The leaves of the diseased plants become chlorotic having varying degrees of

reduction in the size and are crinkled.

» The internodal distance is reduced and stunting symptoms are produced.

» Witches broom symptoms are exhibited occasionally on affected vines.

Pathogen:

e A strain of cucumber mosaic Virus (CMV) has been identified as one of the
causal agents besides, a strain of badana virus.

Disease cycle and epidemiology:

» Mealy bugs transmit the virus from infected to healthy vines.

» The disease spread is rapid through planting material.

Management: Selection of healthy vines for transplanting is important.

5. PHYLLODY

» This disease was first noticed in parts of Wynad in Kerala.
» The disease is suspected to be caused by Phytoplasma.
Symptoms:
» The spikes are converted into leaf like structures instead of normal flowers.

» The production of berries is hampered but the vines are not killed.
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Lecture 21
DISEASES OF SMALL CARDAMOM

Small cardamom (Elettaria cardamomum Maton) is cultivated mainly in the forests of

Western Ghats of the country and during cultivation, it is affected by number of diseases

which cause heavy yield losses.

Aim: To know about different diseases infecting small cardemom and their

management.

1. AZHUKAL OR CAPSULE ROT

Azhukal, a Malayalam name which literally means rotting, is a serious disease of this

crop and causes a crop loss upto 30 per cent.

Symptoms:

>

>

During monsoon period, the disease appears on tender leaves and capsules as water-
soaked lesions, which are surrounded by yellow halo and later on these lesions turn
black and the tissues become dead.

In advanced stages, the infection spreads to panicles and tillers.

In extreme cases, the rhizomes also rot resulting into the death of the plant.

Immature infected capsules rot and fall off emitting a foul smell but mature capsules
become shriveled after infection.

Pseudostems and roots are also infected.

Pathogen (s):

>

>

Initially Phytophthora nicotianae (Barda de Hann) var. nicotianae Waterhouse was
reported to be the causal agent of this disease.
Later on, the involvement of Pythium vexans de Bary and also Phytophthora meadii

McRae A, mating type and Fusarium spp. have also been reported.

Disease cycle and epidemiology:

>

The associated pathogen(s) are soil borne in nature and overwinter in the form of
oospores or chlamydospores.

Colocasia plants are reported to be the collateral hosts of P. meadii.

Wet and humid weather conditions accompanied with low temperature prevailing in
the plantations are highly favourable for the disease development.

During August, the high rainfall and resultant increased relative humidity become the
most congenial conditions for the disease development.

Management

i)

i)

Avoid movement of rhizomes from diseased area to disease free area for planting.

Remove infected panicles and rhizomes.
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iii) Improve drainage in the plantations.

iv)  Soil amendment with neem cake has also been found effective (250 g/m?).

v) Biological control of P. meadii infections using antagonistic fungi like Trichoderma
spp. and Laetisaria sp. has also been found effective.

vi) Application of fungicides like Bordeaux mixture (4:4:50) or copper oxychloride

(0.3%) or metalaxyl + mancozeb (0.25%) or Aliette (0.3%) has been recommended.

2. RHIZOME ROT /ROOT ROT/DAMPING OFF
Rhizome rot is one of the oldest endemic fungal disease occurring in different parts of
Kerala and Karnataka and is also called clump rot. The disease has also become
increasingly important in nurseries causing damping-off. The disease incidence ranges
from 9 to 60 per cent in different areas of Idukki.
Symptoms:
» The foliage of the infected plants becomes yellow followed by drooping of leaves.
» The infection is initiated at the collar region which becomes brittle and breaks off
even at slight disturbance.
» As the disease advances, rotting of the collar region starts which extends to the
rhizomes and roots and the affected tillers later fall off.
» Rhizome rot and shoot lodging is are severe during monsoon season.
» In seedlings, the damping off symptoms are produced and these die and collapse

€N Masses.

(Photo curtsey: V.B. Sanath kumar)
Plate-1a. Symptoms of the disease on collar region
Plate-1b. Symptoms of the disease on foliage

Plate-1 Symptoms of Rhizome rot/ root rot/ damping off of small cardamom
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Pathogen:

Pythium vexans de Bary and Rhizoctonia solani Kuhn are the two fungi associated
with rhizome rot while Fusarium oxysporum Schlecht.: Fr. is involved with seed

and seedling rot.

Disease cycle and epidemiology:

» Pathogens responsible for this disease are soil borne and the apparently healthy
seedlings from infected nurseries serve as the carrier of the inoculum to the main
field.

» Poor drainage is considered as the main predisposing factor for disease initiation.

» Intensity of rainfall influences the disease development and more than 80 per cent
infection occurs in between June-October.

» Nematode (Meloidogyne incognita) predisposes the seedlings to damping off or
rhizome rot caused by Rhizoctonia solani.

Management

) Roguing of infected plants in older plantations and change the site of nursery.

i) Proper drainage.

iii) Apply pongamia cake (250g/m?) and Eupatorium leaves as mulch is useful in
reducing the damping-off.

iv) Treat nursery bed soil with Formaline (5%) three weeks before transplanting.

V) Treat seed with carbendazim +thiram (0.25%) or carbendazim + captan (0.25%)
or captan alone (0.4%) after treatment with nitric acid minimize seed rot
incidence.

vi) With the initiation of the disease, spray the crop with the metalaxyl + mancozeb

(0.25%) or Bordeaux mixture (4:4:50) and repeat at 10-12 days interval.

3. CHENTHAL OR BACTERIAL CANKER
This is a foliar disease and is locally known as Chenthal. Maximum reduction of 7-13

per cent in the yield has been noticed in Mysore variety.

Symptoms:

>
>

Elongated water soaked lesions appear on the abaxial surface of young leaves.

In advanced stages, the lesions become brown to dark brown with a pale yellow
halo and the leaves wither resulting in wilting of pseudostems.

The disease affected gardens present a burnt look.

Flowers produced after disease appearance fail to form capsules.
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Pathogen:

» Corynebacterium, a gram positive bacterium was reported as the causal organism.

» There are reports of association of Colletotrichum gloeosporioides (Penz.) Penz.
& Sacc. and Cercospora sp. also with the symptoms.

> After infection, the lesions develop in 12 h at temperature of 22-24° C at 90-95 per

cent relative humidity.

Management

)

i)

i)

Weeds and ginger are collateral hosts and it is desirable to remove such weeds and
avoid ginger cultivation.

Provide adequate shade and use mulches to conserve moisture to reduce the
disease.

Spraying with Penicillin (0.01%) controls the disease. Spread of the disease can be

checked by sprays of mancozeb (0.25%).

VIRAL DISEASES
4. MOSAIC OR KATTE DISEASE

The disease is locally known as Katte meaning a disorder and is known as marble
disease in Anamalais. The disease is widely distributed in cardamom growing tracts
of India with incidence ranging from 0.01 to 99 per cent. The infection of plants at the
seedling stage leads to cent per cent losses in yield.

Symptoms:

>

Y

Slender chlorotic flecks measuring 2-5 mm in length appear on the youngest leaf of
the affected tiller which later develop in to discontinuous pale green stripes which run
parallel to the veins from the midrib to leaf margin (Plate-2 a &b).

All new emerging leaves show characteristic mosaic symptoms with stripes of green
tissue evenly distributed over the entire leaf lamina.

Mosaic type of mottling is often seen on the leaf sheaths and young pseudo stems.
The infection is systemic in nature and gradually spreads to all the tillers in a plant.

In advanced stages, the affected plants produce shorter and slender tillers with few
shorter panicles and degenerate gradually.
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(Photo curtesy: V.B. Sanath kumar)

Plate-2 Symptoms of mosaic or Katte disease of small cardemom

Pathogen:

e The disease is caused by Katte virus which have 650 x 10-12 nm homogenous

flexuous particles and inclusion bodies.
Disease cycle and epidemiology:

e |tis transmitted by banana aphid Pentalonia nigronervosa Coq.

e Clones from infected gardens, seedlings raised in the vicinity of infected
plantations, voluntary seedlings collected from infected plants and few infected
zingiberaceous hosts form the primary source of disease introduction to cardamom
plantations.

e Entry of the virus also occurs in contiguous and nearby plantations upto 1000 m
from the external inoculum source.

Management
) Use healthy planting material which reduces the spread of the disease.
i) Periodic surveillance of the plantations should be done at least twice a year to

detect the virus infection and infected plants may be removed immediately.

5. KOKKE KANDU

The disease is of recent origin especially in cardamom growing pockets of Hassan, Coorg
and Chickmagalur districts. The occurrence of the disease has also been reported from North
Kanara in Karnataka. The incidence of the disease ranged from 10.4 to 42.8 per cent in

Hongadahalla.
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Symptoms:

>

YV V V V

The first symptom of the disease is vein clearing which may be continuous or
discontinuous and later these affected areas turn necrotic followed by shredding of
lamina.

All the new shoots are stunted with yellow mottling on pseudostems.

Light yellow mottling is often clearly visible on panicles and capsules.

Plants produce distorted leaves and capsules in advanced stages of infection.

The new leaf gets entangled in the old leaf and forms characteristic hook like tillers
and hence the name Kokke Kandu.

Rossetting of leaves and cracking of capsules are also seen in advanced stages of
infection.

The newly infected plants show only faint discontinuous vein clearing symptoms with
clear mottling symptoms on pseudostems in the summer months.

The affected plants decline very rapidly and become stunted and perish within the

same year of infection.

Pathogen:

The disease is caused by a vein clearing virus. Successful transmission of the disease

is obtained through cardamom aphid Pentalonia nigronervosa Coq., f. caladii.

Management:

>
>

The affected plants should be destroyed.
Since the infections are detected in nurseries located in the vicinity of affected
plantations, it is imperative that the nursery sites may be selected away from such

plantations.

Other diseases of importance are: Nilgiri Necrosis Disease (Virus).
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Lecture 22
DISEASES OF LARGE CARDAMOM AND NUTMEG

Aim: To know about different diseases infecting large cardamom and nutmeg and their

Management

A. LARGE CARDAMOM

Large cardamom (Amomum subulatum Roxb.) is shade loving crop and is grown

under humid and cool conditions. Sikkim has largest area under the crop in India. The crop ia
affected by various fungal and virus diseases.

1.

LEAF STREAK
Symptoms:
» The symptoms of leaf streak are characterized by the presence of numerous
elongated translucent streaks on young leaves along the veins.
» Within 3-4 days the streaks turn reddish brown and develop a straw coloured
necrotic area in the centre which is surrounded by prominent dark brown margins.
Pathogen :
e Leaf streak is caused by Pestalotiopsis royenae(D.Sacc.) Steyaeri.
e Accervuli are dark brown to black.
e Conidia are multiseptate, usually 5-celled, three median ones are brown and
two end ones are hyaline, having simple or branched appendages.
Disease cycle and epidemiology
e Cool and moist weather favours the disease.
e Pathogen overwinters in the form of acervuli or dormant mycelium.
Management
i) The glosey variety, with a crinkled leaf pattern is more susceptible to the pathogen
than the Sawney variety, which has smooth leaves.

i) Fungicides like carbendazim (0.1%), zineb (0.25%) are effective.

2. RUST
Symptoms:
> The disease is mostly observed during May and June on the lower surface of
leaves in the form of minute, brown uredosori (Plate-3).
» The numerous uredosori are surrounded by chlorotic halos during early stages of
development.
> In severe cases, the whole leaf gets covered by uredosori resulting in premature

drying.
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(Photo curtesy: V.B. Sanath kumar)
Plate-3. Symptoms of rust on large cardemom
Pathogen:
» The disease is caused by Phakopsora elettariae (Racib.) Cummins.
Disease cycle and epidemiology:
Management:
» Spray the crop with mancozeb (0.25%) or tebuconazole (0.05%) and repeat after
10 t0 15 days interval
3. LEAFSPOT AND BLIGHT
Symptoms:
» The disease is recorded around Gangtok causing heavy foliage damage.
» Minute grey spots with chlorotic haloes develop on the leaves mostly from the tips
of margins (Plate-4).
» The spots are irregular in shape, with a prominent reddish brown margin
surrounded by chlorotic holes and the central portion becomes necrotic.
» Several such spots often coalesce and give a blighted appearance to the foliage.

(Photo curtesy: V.B. Sanath kumar)

Plate-4. Symptoms of leaf spot and blight of large cardamom
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Pathogen:

The disease is caused by Pestalotiopsis versicolor (Speg.) Steyaert.

4. ANTHRACNOSE
Symptoms:
» The disease is prevalent during April to September.
» Minute brown spots appear on the leaves initially which expand very fast during
rainy season.
> A typical spot is generally elliptical upto 5 X 4 cm in size with greyish white
centre, brown margins and surrounded by a chlorotic halo.
» The black acervuli arranged concentrically in greyish white portion of the spots,
can be seen by the naked eye.
» The spots are more conspicuous on the upper surface.
» The spots coalesce and the entire leaf blade either dries up in winter or rots during
rainy season. Perithecia are found in dry leaves.
Pathogen:
e The disease is caused by Glomerella cingulata (Stons.) Spauld &Schrenk (Ann.
Colletotrichum gloeosporioide(Penz.)Penz. & Sacc.
e Ascomata single or in groups mostly immersed in host tissue.
e Ascospores small, hyaline.

e Conidia straight and cylindrical.

Disease cycle and epidemiology:
» The pathogen overwinters in the form of mycelium in the plant debris. Conidia
are produced in acervuli.
» High humidity along with moderate temperature favour the disease.
Management
» Collect and destroy the infected plant debris.
» Spray the crop with carbendazim (0.1%) singly or in combination with mancozeb
(0.25%)
5 WILT
Symptoms:
» This is one of the important diseases of large cardamom in nursery and field.
» Maximum damage to the nursery occurs in February and March.

» The intensity of the disease is severe in plantations from October to February.
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» Sudden wilting of the plant or individual leaf is the characteristic symptom of the
disease.
> The first symptom is chlorosis of the older leaves at the junction of petiole with
pseudostem.Chlorosis begins at the base of the petiole of one or two of the older
leaves and progresses to the younger ones.
» The emerging heart leaf commonly shows necrosis and the base of the pseudostem
may split.
» All the leaves eventually collapse leaving the pseudostem exposed.
» Brown to black vascular discolouration is seen in the outer leaf sheath throughout
the pseudostem.
» The roots show blackening and the bark is peeled off easily.
> Finally the whole clump dries up.
Pathogen :
The disease is caused by Fusarium oxysporum (Schlech. ex. Fr.).
Pathogen and disease cycle and management are explained in tomato diseases

chapter

6. SPIKE ROT, ROOT ROT AND COLLAR ROT
Symptoms:
» The initial symptoms appear as water-soaked areas with purple brown margins on
calyx or corolla.
» The infection extends very fast and results in complete rotting of flowers and
failure to form capsules.
» The whole spike becomes slimy, soft and watery.
> Yellowing of seedlings is the main symptom of the disease in the nurseries while
the pseudostems are attacked near the ground level.
» The affected portion becomes constricted, watery and soft as a result of which
seedlings collapse.
» Roots of affected seedlings are destroyed completely.
Pathogen :
The disease is caused by Rhizoctonia solani Kuhn.
Pathogen, disease cycle and epidemiology are explained in potato diseases.
Management:
> Rouging of plants, field sanitation, proper drainage, removal of diseased plant debris

and weeds are effective in reducing the disease.
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> Before the onset of monsoon drench and spray with carbendazim (0.1%) or Bordeaux
mixture (4:4:50) or mancozeb (0.25%).
VIRAL DISEASES

7. CHIRKEY
Symptoms:
» This is a major disease of large cardamom.
» The disease spreads rapidly and the symptoms can not be identified unless closely
observed.
> In young leaves, discrete pale green to yellow longitudinal stripes running parallel
to each other cab be seen, but in mature leaves, the symptoms are masked.
» The flecks measures 2.5 mm and the characteristic mosaic symptoms are also
seen.
> The affected plants produce flowers and spikes but without capsules.
Pathogen :
> The disease is caused by a virus.
Disease cycle and epidemiology
» The corn aphid Ropholosiphum maydis is the vector for the disease.
» The disease is also spread by planting infected suckers.
Management:
> Removal of volunteers .
> Use healthy planting material.
> Control aphid vectors.
8. FOORKEY
Symptoms:

» The foorkey disease was first reported by Vasudeva in 1956.

» It causes severe damage in Darjeeling district of West Bengal.

» The symptoms of the disease are production of bushy growth of stunted shoots which

are sterile.

Pathogen :

> Disease is caused by a virus.

> Virus particles are 32 nm in diameter.

Disease cycle and epidemiology:

» Ttransmitted through banana aphid Pentalonia nigronervosa.

> Diseased plants survive for few years but remain sterile and unproductive.
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Management:
> Infected plants should be uprooted and the surrounding are drenched with systemic
insecticides to control movement of aphids on the main host as well as collateral hosts
such as corn, banana, peach and squash.
» The plantation should be regularly sprayed once in three weeks with metasystox to

check the movement of aphids.

B NUTMEG
1. LEAF SPOT AND SHOT HOLE
Symptoms:
» The initial symptoms of the disease appear as sunken spots surrounded by a yellow
halo.
> Later, the central portion of the necrotic region drops off resulting in shot hole
symptoms.
> Die back symptoms are also observed in some of the matured branches.
» On young seedlings, drying of the leaves and subsequent defoliation are observed.
Pathogen:
The disease is caused by Colletotrichum gloeosporioides (Penz.) Penz. & Sacc.

Pathogen, disease cycle and epidemiology have been described under Large Cardemom.

Management:
i)  Collect and destroy the infected plant debris.
i)  Apply prophylactic sprays of Bordeaux mixture (5:5:50) and repeat 2 or 3 times at 14

days interval

2. THREAD BLIGHT

The disease manifests in two types:

a. White thread blight:
The first is a white thread blight wherein fine white hyphae aggregate to form
fungal threads that traverse along the stem underneath the leaves in a fan
shaped or irregular manner causing blight in the affected portion.

b. Horse hair blight:

» The symptoms of this disease appear as fine black silky thread of the fungus form an
irregular, loose network on the stems and leaves.

» These strands caused blight of leaves and stems.
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> However, these strands hold up the detached, dried leaves on the tree, giving the

appearance of a bird’s nest, when viewed from a distance.

Pathogen:
White thread blight is caused by Marasmius pulcherima while horse hair blight is
caused by Marasmius equicrinus.
Disease cycle and epidemiology:
» These fungi perennate as mycelium in dried up leaves.
» These diseases are severe under heavy shade.
Management:
i) Follow phytosanitation and shade regulation practices.
i) With the initiation of the disease spray the crop with Bordeaux mixture (5:5:50).

3. FRUIT ROT
Symptoms:
» On immature fruits, the symptoms of the disease appear as splitting and rotting of
fruits which ultimately drop prematurely.
> In case of fruit rot, the infection starts from the pedicel as dark lesions and gradually
spreads to the fruits, causing brown discolouration of the rind resulting in the rotting.
» In advanced stages, the mace also rots emitting a foul smell.
Pathogen:
» The disease can be due to both physiological and pathological regions.
» The fungi associated with this disease are Phytophthora spp. and Diplodia natalensis

Pole-Evans.

Management:

1) Spray the crop with Bordeaux mixture (5:5:50) when the fruits are half mature.

Other diseases of importance are:
> Die-back (Diplodia spp.)
» Dry rot (Stigmina myristicae)

> Root rot (Fomes noxius and F. lamaoensis)

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




Lecture -23
DISEASES OF CORIANDER

Coriander (Coriandrum sativum L.) is an important spice crop grown for its leaves

and fruits and forms an important constituent of our daily diet and add flavor to the dishes

like curries and soups. During cultivation, it is affected by several diseases, which cause

significant yield reductions. This lecture deals with the diseases affecting this crop and their

management.

Aim: To know about different diseases infecting coriander and their management.
1. CORIANDER WILT

The occurrence of the disease in India has been reported from Madhya Bharat as early

as 1952. In favourable weather, the disease causes significant yield reductions.

Symptoms

>

Initial infection occurs on radicles causing brown lesions, rotting of tissues and finally
pre-emergence mortality.

In post-emergence, underground portion of hypocotyls initially develops lesions,
which slowly coalesced and girdled the region leading to death of the plants.

Adult stage symptoms are typical and characteristic of Fusarium wilt.

The wilt symptoms are initiated by yellowing and curling of lower leaves.

Gradually these symptoms get extended up to the apical portion, and during this
period lower leaves become dry and plants droop.

Affected plants generally remain stunted and bear less flowers and fruits.

Pathogen:

>

>

The fungus responsible for this disease is Fusarium oxysporum f.sp. coriandri Narula
& Joshi.

The mycelium is abundant, fluffy and cottony white to light pink, both micro- and
macro conidia are produced.

Later in the season chlamydospores are also produced.

Disease cycle and epidemiology:

>

Y V VYV V

The fungus is soil borne and overwinters in the form of chlamydospores.

In favourable weather conditions, chlamydospores germinate and cause infection.
Microconidia and macroconidia are produced which cause secondary infections.
Optimum temperature and pH for the disease is 28° C and 5.8 to 6.9, respectively.

Infection increased with the increasing soil moisture content.
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Management
i) Follow long crop rotations.
i) Collect and burn the infected plant debris
iii) Addition of oil cakes in the soil and raising of soil pH to 8.2 is also found
effective in reducing the disease incidence.
iv) Coriander varieties/ lines like MP 5365 and UD 373 showed least infection to the
disease and can be used in breeding programme for developing resistant varieties.
V) Treat the seed with carbendazim (0.2%) followed by sprays with carbendazim
(0.1%) reduce the disease.
Vi) Seed treatment with Trichoderma viride (4g/kg seed) was also found effective in
reducing the disease incidence.
2. STEM GALL
It is the most important disease of this crop causing considerable yield losses.
Symptoms:
» The disease is systemic in nature and manifests in the form of tumour like swellings
on all aerial parts of the plants (Plate-1a).
» The galls are soft and fleshy when young, later becoming hard and woody as they
grow old.
» The peduncle as a whole appears abnormal with outgrowths or malformation along
with hypertrophied flowers and fruits (Plate-1b).

Plate- 1a. Symptoms of stem gall of coriander
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Pathogen:
» Fungus responsible for this disease is Protomyces macrosporus Unger.

» Hyphae are intercellular, closely septate and broad, branching is irregular, scattered
cells in the hyphae swell, form ellipsoidal or globose bodies, which later develop in to
chlamydospores.

» As the chlamydospores mature, a thick, hyaline and three-layered wall measuring 50
to 60 um in diameter surrounds them.

» The mycelium of the fungus is only found in the tumours although the resting spores
of the fungus cause systemic infection.

Disease cycle and epidemiology:

» The disease is seed and soil borne in nature.

» In soil the fungus overwinters in the form of chlamydospores.

» The chalamydospores germinate in the presence of water by rupturing the outer wall.

» The inner wall is pushed out to form vesicle, which appears in continuation with the
mouth of the crack.

» The protoplasm passes into this vesicle and the nucleus divides several times forming
100 to 200 daughter nuclei.

» The protoplasm also divides by cleavage into several uninucleate masses.

» On maturity, these spores separate and collect in the centre of the vesicle. The latter

bursts and the spores are set free.
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» These spores further multiply by budding in yeast like fashion and cause infection of
the host.

»  Minimum/maximum atmospheric temperature and relative humidity plays an
important role in the initiation and development of this disease.

» Potassium and nitrogen fertilizers reduced stem gall incidence while phosphorus
fertilizers increased it.

» A pH of 7.5 was most suitable for infection while minimum infection occurred at pH
5.5.

Management

i) The disease affects less in the early and late sown crops. Sowing crop around 16
October and 16 November gave minimum yield losses.

i) Use of clean and healthy seed and follow suitable crop rotation.

iii) Use resistant cvs./ lines like JD 1, G-5365-91, Pant Haritma, UD 20, Rcr 41, Pant-1,
CIMAP 2053.

iv) Seed treatment with captan/ thiram (0.3%) followed by their foliar sprays were found
effective in managing this disease.

3. POWDERY MILDEW
Powdery mildew of coriander is an important disease of this crop and in favourable

dry weather conditions can cause significant yield reductions.
Symptoms:
» The disease first appears as minute discoloured specks from which a powdery mass
radiates on all sides.
» Large areas on the aerial parts of the host may be covered with white floury patches
(Plate-2). The superficial mass consists of the mycelium and spores of the fungus.
» In advanced stages of attack, infected peduncles dry prematurely and render the
flowers sterile or lead to poor seed setting.

PRS2 R

(Photo curtesy: Dr. Sanath Kumar, V.B.)
Plate-2. Symptoms of coriander powdery mildew
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(Photo courtesy: N. Mehta) coriander

Platela. Symptoms of powdery mildew of cumin on leaves

(Photo courtesy: N. Mehta) coriander

Plate-1b. Symptoms of powdery mildew on cumin stem
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Pathogen:

>

>
>
>

>
>
>

The disease is caused by Erysiphe polygoni DC. which is an obligate parasitic fungus.
The mycelium is generally fine, persistent, rarely thick.

The conidiophores arise vertically from the superficial hyphae on the host surface.
Conidia are formed singly or in short chain, ellipsoid or ovate with vacuolated
cytoplasm.

Sometimes late in the season, but not always on coriander leaves in the field, the
cleistothecia appear as sharp, black minute bodies scattered in the mycelial web.

The ceistothecium is provided with a number of myceloid appendages.

Usually four to eight asci are formed in each cleistothecium.

Each ascus contains three to five ascospores.

Disease cycle and epidemiology:

>

Wherever the cleistothecia develop on dead plant debris, these serve as the source of
primary inoculum for the next season.

Otherwise the fungus overwinters in conidial stage on different hosts in the area,
which cause primary infection.

Wind blown conidia cause secondary infections on other plants.

Conidial germination is best in between 20-24°C.

A fairly dry soil and heavy application of nitrogenous fertilizers tend to increase the
incidence of the disease.

Management

> Collection and destruction of infected plant debris, application of balanced doses of

fertilizers and early planting reduce the overall disease severity.

» Accessions CIMAP 2053 and CIMAP 2096 showed a high degree of tolerance to

powdery mildew.

Efficacy of various fungicides like Cosan, Sultaf, Karathane WD, Elosal, Thiovit,
Morocide, carbendazim and thiophanate methyl has been reported against this
disease.

Four and three application of dinocap provided satisfactory control of the disease in
the late and early maturing cultivars, respectively.

However, these could be further reduced to three and two if the sprays are timed at
flowering, seed formation and full fruiting stages in the late maturing cultivars and at

seed formation and fruit formation stages in the early maturing cultivars.
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4. Seed Rot and Seedling Mortality
Many fungi viz., Alternaria alternata , Aspergillus candidus, A. flavus, Curvularia
lunata, C. pallescens, Cladosporium oxysporum, C. herbarum, Fusarium spp.,
Penicillium spp. and Stachybotrys spp. from seeds of coriander and one soil
inhabitant Pythium irregulare have been reported to induce seed and seedling
mortality. The pre-harvest rains increased the frequency of endophytic seed mycoflora
(species of Alternaria, Cladosporium and Curvularia) and reduced the germination of
spores. Seed treatment with mancozeb, captan, carbendazim + captafol and captafol

proved effective to some extent to achieve better crop stand.
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LECTURE- 24

DISEASES OF CLOVE, CINNAMON AND FENUGREEK

Aim: To know about different diseases infecting clove, cinnamon and fenugreek and
their management.

A. DISEASES OF CLOVE
Clove (Eugenia caryophyllus (Spreng.) Bullock & S.G. Harrison) popularly known as

Laung belongs to family Myrtaceae is an air dried , unopened flower bud obtained from

a medium sized, evergreen, straight trunked tree that grows in Kerala and Tamil Nadu.

The term “clove” is derived from the French word ‘Clov’ and the English word ‘clout’

both meaning ‘nail’ from the likeness of the flower bud of the clove tree to a broad

headed nail. In India, clove was introduced in 1800 by the East India Company. During

cultivation the trees are affected by several diseases which cause significant yield

reductions. In this lecture, important diseases along with their management practices are

described.

1. LEAF SPOT, TWIG BLIGHT AND FLOWER SHEDDING
The disease was reported from Kerala and when the flowers are seriously affected

there is heavy shedding and the losses are huge.

Symptoms:

>

>
>
>
Pathogen:
>
>
>

The symptoms of the disease appear as small, circular to oval-brown scattered

specks on the leaf lamina.

These specks gradually enlarge and develop into distinct spots having ashy-gray

centres and darker margins.

Several spots coalesce together leading to the formation of necrotic patches.

Later the infection proceeds to petiole resulting in defoliation.

On young twigs, isolated brown dots appear which coalesce to form large necrotic

areas and lead to die-back symptoms with eventual death of the twigs.

On flowers, black buds appear, pedicels shrivel and are killed.

In heavy and continuous rainfall, profuse shedding of flowers occurs.

Whitish growth of the fungus can be seen in fallen flower buds.

The disease is caused by Colletotrichum gloeosporioides (Penz.) Penz. & Sacc.

The mycelium is grayish white, thin and sparsely septate.

Acervuli are glabrous, rounded and elongated or irregular in shape with setae.

1
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»  Conidia are cylindrical with obtuse ends, one celled and are formed on aseptate,
hyaline or faintly brown cylindrical phialidic conidiophores.
Disease cycle and epidemiology:
» The organism has a wide host range and the infection is by air-borne conidia.
» Heavy and continuous rainfall favour the infection and disease spread.
Management
)] Destroy weed, Clerodendron growing in clove gardens as it serves as the
collateral host.
i) With the initiation of the disease spray the crop with Bordeaux mixture (4:4:50) or
mancozeb (0.25%) and repeat at 14 days interval particularly in rainy season.

2. SUDDEN DEATH
It is a one of the serious disease of clove.
Symptoms:
> On mature trees, slight chlorosis occurs on the leaves which results in a sudden and
rapid leaf fall followed by wilting of the plants.
» Complete death of the plants occurs within a few days.
» The roots are also affected by the pathogen.

Pathogen:
> The disease is caused by Valsa eugeniae Nutman & Roberts.

» The perithecia are produced in large numbers.
» The ascospores are formed during the rainy season and are washed down to the soil

where they infect the roots.

3.LITTLE LEAF
Symptoms:
» The affected trees exhibit symptoms of complete repression.
» The trunk shows numerous protuberances.
» The branches grow at acute angles with the trunk giving a cone-shaped appearance to
the tree.
> Leaves are reduced in size, internodes are short and primary and secondary branches
are arranged closer to each other.
» The disease also affects seedlings in the nursery.
> Presence of short internodes and clustering of small, crinckled leaves is also observed.
Pathogen: The disease is caused by Phytoplasma.

Management: The disease can be kept under check by spraying tetracycline.
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Other diseases of importance are:
i. Die-back : Cryptosporella eugeniae Nutman & Roberts.
ii.  Sumatra or die-back : Endothia sp., Phymatotichum sp. and Phytophthora sp
ii. Leaf blight : Cylindrocladium quinquiseptatu Boedijn & Reitsma

B. DISEASES OF CINNAMON
Cinnamon (Cinnamomum zeylanicum Blume) popularly known as Darchini belongs

to family Lauraceae is an important tree species of India. Cinnamon consists of layers of
dried pieces of the inner bark of branches and young shoots from the evergreen tree. It is
obtained when the cork and the cortical parenchyma are removed from the whole bark. The
thickness of the bark ranges from 0.2 to 1.0 mm. In India it is grown on the west coast and
western Ghats. During cultivation the trees are affected by several diseases which cause
significant yield reductions. In this lecture, important diseases along with their management
practices are described.

1. LEAF SPOT AND DIE-BACK

A severe leaf spot and die-back disease of this crop has been observed in many parts
of Kerala which is serious both in nurseries and grownup trees.
Symptoms:

» Small spots develop on leaf lamina which gradually enlarge and coalesce to form
irregular patches. Ultimately the leaves dry up and the pathogen spreads to the stem
resulting in die-back symptoms. Young seedlings are killed. In mature trees, small
specks appear which increase in size resulting in necrotic blotches. Light to deep
brown concentric zones develop on the spots during alternate dry and wet conditions.
Shot hole symptoms are rarely noticed.

Pathogen: The disease is caused by fungus Colletotrichum gloeosporioides (Penz.) Penz. &
Sacc.

Pathogen, disease cycle and epidemiology have been described under clove diseases
Management:

i) Collect and destroy the infected plant debris.

i)  With the initiation of the disease, spray the crop with Bordeaux mixture (5:5:50) or
copper oxychloride (0.3%) or combination of mancozeb (0.25%) and carbendazim

(0.1%) and repeat at 14 days interval.

2. CANKER

The bark canker of this crop occurs in the west coast of sumatara and indonesia. The

pathogen has also been reported from india.
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Symptoms:

» irregular and vertical necrotic stripes (1-5 cm) appear on affected plants. The cankers

are sunken with zonations and separated from the healthy tissue by a black line.
Pathogen:

» The disease is caused by phytophthora cinnamomi Rands.

» The hyphae are broad, hyphal swellings typically spherical (42 um). Sporangiophore
are thin (3 um) and occasionally branched. Sporangia are broadly ellipsoidal or ovoid
(33 x 57 um), papilla absent.

» Oogonia (40 pm) have smooth walls and become yellow or golden with age.
Antheredia amphigenous, long and measure 21-23 x 17 um. Oospores hyaline, nearly
filling the oogonium and thick.

Disease cycle and epidemiology

> The optimum temperature for growth of the fungus is 24-28° C.

Management:
)} Soil application of sulphur has been recommended for the control of this disease.

C) DISEASES OF FENUGREEK

1. Powdery mildew:
Symptoms:
e The symptoms of the disease appear as white, floury patches on both sides of the
leaves as well as on other green parts of the plant (Plate-1).
e The floury patches consist of the mycelium, conidiophore and conidia of the
fungus.

Plate-1. Symptoms of fenugreek powdery mildew
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Pathogen:

e The disease is caused by Erysiphe polygoni DC.

e Fungus Oidiopsis taurica (imperfect stage of Leveillula taurica) has also been
reported to be associated with this disease.

e The mycelium of Erysiphe is generally fine and persistent ,rarely thick.

e The haustoria develop as outgrowths from lobed swellings. The haustorium
penetrates the cell wall and forms a sac in the epidermal cell.

e Conidiophores arise vertically and each bears several spores in chain.

e In dry temperate zone, perithecia appear as sharp black specks, scattered on the
surface of the white mycelium.

e During following season, they disintegrate and liberate ascospores which
germinate and infect the new crop.

Disease cycle and epidemiology:
e Wherever the perithecia are formed they explain the mode of perrenation.
o In other areas the pathogen survives as mycelium and conidia on the host and on
other annual and perennial hosts.
e The disease is more prevalent in dry weather and moderate temperatures.

Management:

o Sow the crop by the end of the October.

o Use resistant variety like Prabha. Lines GC-39UM-32, GC-7, GC-20 and UM-34
have also been reported as resistant and can be utilized in breeding programme.

o With the initiation of the disease spray the crop with wettable sulphur (0.2%), or
hexaconazole (0.05%) or dinocap (0.06%) or difenoconazole (0.04%) and repeat
at 10-14 days interval.

2. Root rot

Symptoms:
e The symptoms of the disease appear in 30-45 days old plants as rotting of roots
leading to yellowing of foliage.
e The affected plants wither and dry up.

Pathogen:
e The disease is caused by Rhizoctonia solani Kuhn.
e The pathogen is described under French bean diseases.

Disease cycle and epidemiology:

e The fungus is soil borne and survives in the form of sclerotia.
o Disease cycle and epidemiology is described under French bean diseases.

Management:
o Follow 3-4 years crop rotation.
o Soil amendment with neem cake (1 t/ha) alone and in combination with

Trichoderma reduces root rot.

o Seed treatment with carbendazim (0.2%) followed by drenching @ 0.1 per cent
effectively controls this disease.
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LECTURE-25

DISEASES OF ROSE - |

Rose [Rosa spp. (Rosa moschata, R. chinensis, R .indica)]) is a woody perennial
plant, within the family Rosaceae. There are more than 100 species. They form a group of
erect shrubs and climbing or trailing plants, with stems that are often armed with sharp
prickles. Flowers are large and showy, in colours ranging from white through yellows and
reds. Most species are native to Asia, with smaller numbers native to Europe, North America,
and northwest Africa. Species, cultivars and hybrids are all widely grown for their beauty and
fragrance. Rose plants range in size from compact, miniature roses, to climbers that can reach
7 meters in height. Different species hybridize easily, and this has been used in the
development of the wide range of garden rose. During cultivation, roses are infected with
many diseases which not only reduce the quality but quantity of flowers. This lecture deals

with the fungal diseases infecting this crop along with their management.

Aim: To know about different fungal diseases infecting rose and their management.

1. POWDERY MILDEW:
This is a very serious disease of this crop both in open and protected structures and affects
both quality and quantity of cut flowers. Severe mildew growth reduces leaf growth, the
aesthetic value of plants, photosynthetic efficiency and there by plants growth and
stability of cut flowers.
Symptoms:
» Small, discrete lesions appear on the stems, leaves or sometimes on the flowers (Plate
1,2).
» Production of numerous conidia gives the affected plants a white powdery
appearance.
» Newly unfolded leaves are most susceptible, becoming increasingly resistant with
age.
The young growing tips are completely covered by the mildew.
As the cells are killed, dark spots may be noticed on the infected leaves.

Infected flower buds do not open.

YV V V V

The petals may become discoloured, dwarfed and finally die.
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Plate 2: Symptoms of rose powdery mildew on stem

Pathogen:
» The disease is caused by Sphaerotheca pannosa (Wallr. Ex Fr.) var. roseae Wor.
» The appendages on cleistothecia of S. pannosa are vestigial or lacking and its
ascocarps are usually embedded in felt like mycelium.
» Each cleistothecium contain single ascus which bear usually 8 hyaline and elliptical

ascospores.
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Disease cycle and epidemiology:

> Infection of dormant buds is the primary mode of perennation.

» Conidia are produced at the primary infection sites readily dispersed by air
movement.

» Warm and humid weather with cool nights favours the development of the disease.

> A temperature of 21°C and relative humidity ranging between 97-99% is quite
effective for the spread of the pathogen.

Management:

» Pruning of infected shoots at the end of the season and burning of these shoots will
help to prevent overwintering of the fungus.

> Lowering of the night humidity by fans and /or venting or heating is recommended for
greenhouse roses.

» Spraying the crop with fungicides like hexaconazole (0.05%), difenoconazole
(0.03%), triadimefon (0.075%), fenarimol (0.04%) or carbendazim (0.1%) effectively
check this disease.

> Use resistant sources, if available.

» Biological control of pathogenic fungus can be obtained by applying hyperparasites

like Sporothrix floculosa, Penicillium sp., Cladosporium sp., Cephalosporium sp. and

Tilletiopsis pallescens.

2. BLACK SPOT

It has also been called as leaf blotch, leaf spot, blotch, rose actinonema and rose leaf

asteroma and star sooty mould. This disease is considered as most troublesome disease of

garden roses worldwide including India.

Symptoms:

>

Brown to black, nearly circular spots (2-12 mm in dia.) often has fringed margins with
a feathery hyphal growth which appear on both sides of leaves (Plate-3).

The affected leaves turn yellow and drop prematurely due to the formation of ethylene
which is more in green leaves infected with this disease.

Other above ground parts like fruits, sepals, stipules, petioles and peduncles may also
develop similar spots.

Infections on petioles and stipules are usually small and inconspicuous while petal
infection usually causes formation of small, reddish spots accompanied by distortion
of the surrounding tissues.

Close examination of the lesion reveal the presence of small black acervuli which

may be distributed over lesion surface or found in concentric circles.
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Plate-3. Symptoms of rose black spot on leaves

Pathogen:

>
>

Diplocarpon rosae Wolf (Ana: Marssonina rosae (Lib.) Lind.).

The apothecia are globose to disc shaped, subcuticular, radiate and are 100-300 pum in
dia.

Asci are inoperculate, oblong, and cylindrical, short stalked, 70-80 x 12-18 pum and
contain a pore.

Each ascus contains 8 ascospores which are oblong, elliptical, hyaline, and unequally
two-celled, constricted at the septum and are 20-25 x 5-6 um in size.

The paraphyses are numerous, filiform, septate and enlarged at the tips.

Conidia are 18-25 x 5-6 um in size, hyaline, oval to elliptical with single septation
and are formed in an acervulus.

Acervuli are formed on leaves and young shoots during the summer, while apothecia
and spermogonia are borne on decaying overwintering leaves.

Disease cycle and epidemiology:

>
>

The fungus perennates on overwintering rose leaves and infected stem tissue.
Although the perfect stage has been recorded in certain geographic areas, but their
role is not understood in the pathogen life cycle.

For rapid spread of the disease, temperature ranging between 0-33°C, with optimum

temperature (24°C) and more than 85% relative humidity is favourable.
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Management:

>

>

>

Removal of overwintering inoculum by eliminating infected leaves is helpful in
limiting the inoculum spread.

Avoid overhead irrigation and dense planting to allow good air circulation through
leaf canopy and do not allow leaves to remain wet or high humidity for more than 7-
12 hours.

Sprays of Bordeaux mixture, wettable sulphur, carbamates, ergosterol-inhibiting
fungicides like triforine, benomyl-zinc, chlorothalonil, mancozeb provide effective
control of this disease.

Jawahar and Pusa Sonia varieties of rose are resistant to black spot disease

3. GREY MOULD
Symptoms:

>
>
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On leaves, water soaked lesions are formed which spread very fast.

On flowers, infection developed in form of water soaked lesions causing premature
fading, discolouration and dropping.

The infection is gradually seen in the inner whorl of the flowers.

This disease prevents the blooms to open.

Buds turn brown and decay.

Individual petal turns brown and shrivels.

Infected parts may be covered with grey to greyish brown mycelial growth which

often sporulate profusely and spread fast coinciding with the period of senescence.

Pathogen:

>
>

>

The disease is caused by Botrytis cinerea Pers. ex Fr.

Mycelium is septate, produce branched conidiophores which are 2 mm or more in
length and 16-30 pum thick on which conidia of 6-18 x 4 x 11 pum size are formed, are
single celled, ellipsoidal, hyaline to pale brown.

Sclerotia of variable shapes and sizes are produced.

Disease cycle and epidemiology:

>

The pathogen perennates either in the form of mycelium or sclerotia in the infected
plant debris.

The conidia are airborne and maximum disease occurs during June and July.
Prolonged periods of free moisture favour infection.

For conidial germination, 18 to 25°C temperature and relative humidity between 93 to
100 per cent is optimum.
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Management:

> All fallen leaves and other plant debris should be collected and destroyed to reduce
the primary inoculum level.

> In greenhouses, proper ventilation should be maintained to prevent formation of free
water on the plants.

> Spray the crop either with carbendazim (0.1%) or thiophanate methyl (0.1%) or
benomyl (0.1%) or iprodione (0.1%) and repeat at weekly interval.

» The postharvest development of this disease in cut flowers can be suppressed when

flower buds are sprayed with 1 mM solution of giberellic acid.

4. RUST
The disease is of worldwide distribution. Heavy losses occur due to premature defoliation.
Symptoms:

» On upper leaf surface, minute, orange pycnia appear.

> Yellow to brown pustules impart rusty appearance to the shoots.

» The fungus produces aecial stage in spring.

» The aecia are prominent as yellowish lesions on the lower surface and the spores get
released as the soral membrane fragments following the rupture of the epidermis
(Plate-4).

»> They are erumpent, bright orange, usually surrounded by a distinct but narrow
chlorotic area.

> Aecia and pycnia also appear on petioles and young woody stems.

> After aeciospores infect the leaves, the uredinial stage starts forming as a whitish
fleck on the lower surface of the lesion.

» Mature uredinia are reddish, orbicular-shaped and contain orange coloured
urediniospores which are released about 14 days after the leaf become infected.

» These spores continue to cause new infections throughout the summer.
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Plate 4. Symptoms of rose rust

Pathogen:

e Several species of Phragmedium are responsible for this diseases but P. mucronatum
(Pers. Ex Pers.), P.fusiformie J. Schrot, P.tuberculatum, P. rosae-pimpinelifoliae
Dietel are important.

Disease cycle and epidemiology:

» The rust fungus overwinters either in the form of teliospores or as mycelium in the
infected stems.

» The optimum temperature range for aeciospores and urediniospores germination lies
in between 15 to 21° C while teliospores are produced at 18° C.Wind helps in release
of rust spores and their short and long distance dispersal.

Management:

» Remove infected leaves and stem infection near the crown and destroy them.

» Perform severe pruning to destroy the stem infection.

» Spray the plants with dithiocarbamates, sulphur fungicides, oxycarboxin or ergosterol
biosynthesis inhibiting fungicides.

» Hyperparasites such as Darluca fulvum, Tuberculina vinosa and Verticillium lecani

can be exploited as biocontrol agents.
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Other minor fungal diseases:

Vi.
Vii.

viii.

Xi.

Die-back: Diplodia rosarum Fr., Botryodiplodia theobromae (Pat.), Colletotrichum
gloesporiodes (Penz.) Penz. & Sacc.

Anthracnose: Sphaceloma rosarum (Pass.) Jenkins (perfect stage-Elsinoe rosarum
Jenkins and Bitanc)

Downy mildew: Peronospora sparsa Berk.

Verticillium wilt :Verticillium albo-atrum Reinke & Berthold and V.dahliae Kleb.
Black mould: Chalaropsis thielavioides Peyr.

Crown canker: Cylindrocladium scoparium Morg. and C. floridanum Sob. & Sey.
Brown canker: Cryptosporella umbrina Jenkins (Imperfect stage-Phomopsis spp.)
Stem and graft canker : Coniothyrium fuckelii Sacc.; perfect stage- Leptosphaeria
coniothyrium (Fckl.) Sacc.)

Colletotrichum leaf spot: Colletotrichum capsici (Syd.) Butler

Cercospora leaf spot : Cercospora rasicola Pass.

Phytophthora stem blight :Phytophthora megasperma Drechsler
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LECTURE-26

DISEASES OF ROSE - 11

Rose [Rosa spp. (Rosa moschata, R. chinensis , R .indica)] is a woody perennial plant, within
the family Rosaceae. There are more than 100 species. They form a group of erect shrubs and
climbing or trailing plants, with stems that are often armed with sharp prickles. Flowers are
large and showy, in colours ranging from white through yellows and reds. Most species are
native to Asia, with smaller numbers native to Europe, North America, and northwest Africa.
Species, cultivars and hybrids are all widely grown for their beauty and fragrance. Rose
plants range in size from compact, miniature roses, to climbers that can reach 7 meters in
height. Different species hybridize easily, and this has been used in the development of the
wide range of garden rose. During cultivation, roses are infected with many diseases which
not only reduce the quality but quantity of flowers. This lecture deals with the bacterial and

viral diseases infecting this crop along with their management.

Aim: To know about different bacterial and viral diseases infecting rose and their
management.

A) BACTERIAL DISEASES
1. CROWN GALL
Symptoms:

» The disease is initiated with formation of galls on the stems and roots.

» Galls first appear as small protuberances on the plant surface and may eventually
enlarge to 10 cm or more in size and are commonly found on crown portion (Plate-
5a).

» These are soft at first, but later may become hard and woody.

> Plant growth slows down and in succeeding year many plants die.

» Sometimes aerial galls are produced on the stem, leaf petioles and cut ends of stem
where flowers had been removed. Plate 5 b&c

Pathogen:

> Bacterium Agrobacterium tumefaciens (Smith & Townsend) Conn. is responsible for
this disease.

» The bacterium is aerobic, gram negative, rod shaped and non-sporulating measuring
0.4-0.8 x 1.0 -3.0 um.
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» They are motile and have 1 to 5 lateral flagella, but non-motile variants are also in
existence.

» The colonies are convex, circular, glistening and translucent.

Plate-5. Symptoms of rose crown gall on stem and roots.
Plate a,b &c description

Disease cycle and Epidemiology:

» The bacterium persists saprophytically in the soil for long periods in the absence of
the host plants.

> Latent infections can also be a means of dissemination.

> It can multiply and spread rapidly at an optimum temperature of 25-30°C.
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» The bacterium enters the plant through wounds produced after pruning or during
cultivation or insect damage.

> Disease spread through infected plants, movement of contaminated soil, water, tools
etc.

» Overhead sprinklers and insects are major causes of extensive aerial gall formation.

Management:

> Integration of practices like chemical treatment, selection of clean stock, sanitation,
biocontrol methods judiciously can reduce disease.

> Heating of soil to a temperature of 60°C for 30 minutes in glasshouse by following
steaming or aerated steam is useful.

» Tools used for pruning, cuttings or cultivation should be thoroughly washed and
disinfected at frequent intervals and care should be taken to minimize wounding
during cultivation.

> Gallex or Bacticin (0.1%), copper oxychloride (0.3%), copper sulphate (0.2%) can be
applied on wounded areas.

> Biocontrol agent Agrobacterium radiobacter (K-84), a non pathogenic strain can be

applied as seed or pre-plant dip for minimizing the disease spread.

B) VIRAL DISEASES
6. ROSE MOSAIC
Symptoms:
> Light green to yellow mottle patterns appear on the leaves (Plate-6).
The leaf blade around the chlorotic area is sometimes more or less distorted.
The chlorosis seen in unorganized line pattern or blotches.

Blossom appears dwarf and often more pale coloured than normal.

YV V VYV V

Stunting growth, smaller leaves, bending at the tips, blind shoots on which no
terminal blossoms are produced may also considered as a part of rose mosaic
syndrome.
Pathogen:

e Rose Mosaic Virus.

e The virus is isometrical partical.
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Plate 6. Symptoms of rose mosaic on leaves

Disease cycle and epidemiology:

The virus is transmitted mechanically by budding or grafting and nematode.

Management:

>

>
>

Discarding of infected plants, thermotherapy and indexing on selective indicator
plants to eliminate virus from infected material used for propagation are effective
strategies for the management of this disease.

Inactivate the virus at 38°C by growing plants in chambers for 4 hrs.

Disinfect tools.

Other minor diseases:

i
ii.
iii.
iv.
V.
vi.
Vil.

viii.

Bacterial spot and blight: Pseudomonas syringae

Rose streak: Rose Streak Virus

Rose ring: Rose Ring Virus

Tobacco streak: Tobacco Streak Virus

Rose mottled: Rose Mottled Virus

Rose yellow mosaic: Rose Yellow Mosaic Virus

Rose rosette: Rose Rosette Virus

Strawberry latent ringspot: Strawberry Latent Ringspot Virus
Rose spring dwarf: Rose Spring Dwarf Virus

Rose colour break: Rose Colour Break Virus
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LECTURE-27

DISEASES OF JASMINE

Jasmine (Jasminum spp. like J. arborescens, J. auriculatum, J. grandiflorum, J.
malabaricum, J.mesnyi, J. primulinum, J. sambac, J. rex) belongs to family Oleaceae and is
in both shrub and vines with about 200 species, native to tropical and warm temperate regions
of the world. The leaves are either evergreen or deciduous. During cultivation, it is also
infected by several diseases which reduce the quality of flowers drastically. In this lecture
different diseases infecting Jasmine are described in details.

Aim: To know about different diseases infecting jasmine (Jasminum spp.) and their

management.

1. LEAF BLIGHT:
The disease is widespread in its occurrence. In India, it has been reported from
Punjab, Bangalore and Pune.
Symptoms: Different blight symptoms are produced by two different pathogens:
a) Cercospora jasminicola:
» The symptoms appear as circular to irregular, reddish- brown spots with a darker
border on both surfaces of leaf and on other aerial parts of the plant.
» Severe infection leads to premature defoliation which has an adverse effect on
flowering.
» The pathogen also attacks the stem and branches.
b) Alternaria jasmini:
» Symptoms appear as reddish brown circular spots (2-8 mm in dia.) on the upper
surface of leaves which spread rapidly during rainy season.
» In severe disease conditions, vegetative buds and young branches dry up.
Pathogen:
o Cercospora jasminicola Muller &Chupp infects Jasminum officinale and Alternaria
jasmini attacks J. auriculatum.
» C. jasminicola produces conidiophores which are amphigenous, arising in groups on
a dark brown, thick-walled stroma, simple, septate, pale to olivaceous brown and
geniculate with hyaline and narrow tips.
» However conidia are numerous, hyaline, multicelled with 9-13 transverse septa, 36-88
x 1.53-4.5um, obclavate to cylindrical, straight to curved with obconically truncate

base and subacute tip.
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» Conidia of A .jasmini are muriform, beaked, brown, smooth and in chains.
Disease cycle and epidemiology:
» The spread of the disease is high during rainy season with slight high temperature and
humidity regimes.
Disease cycle and epidemiology are explained in detail under tomato and okra
diseases.
Management:
» Collect and burn the infected plant debris.
» With the initiation of the disease, spray the crop either with carbendazim (0.1%) or
benomyl (0.1%) or mancozeb (0.25%), or copper oxychloride (0.3%) and repeat at
fortnightly interval.

2. LEAF SPOT
Symptoms:
> Irregular to circular distinct spots are produced which are light yellow with reddish
brown margins on upper surface and light grey on the lower surface.
» The leaf spots caused by Septoria aichisonia are identical to anthracnose and show
numerous pycnidia.
Pathogen:
» Septoria aichisonia Sydow.
» The fungus forms simple pycnidia with thin walls. Conidia are filiform, hyaline and
multiseptate.
Disease cycle and Epidemiology
Disease cycle and epidemiology are explained in detail under tomato diseases.

Management:
e Spray the crop either with zineb (0.25%) or mancozeb (0.25%) and repeat at 10 to 14
days interval depending on the severity of the disease.

3. RUST
The disease is wide spread in India and has been reported from Himachal Pradesh,
Jammu and Kashmir, Maharashtra, Uttar Pradesh, Madhya Pradesh, Bihar, karnatka
and Rajasthan.

Symptoms:

» The fungus attacks leaves, stem and inflorescences.
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Leaves show the presence of orange coloured aecial cups on both sides, but
predominantly on the lower surfaces (Plate-1a & b).

The fructification or sori are formed on the thickened portions.

The sori are initially yellow owing to their contents, the aeciospores later turn darker

due to formation of teliospores.

On under surface of leaf b) On upper surface of leaf

Plate 1. Symptoms of Jasmine rust
The infected portion becomes hypertrophied, cankers develop at the affected portions
especially on the stem and blisters or swellings are formed on the leaves.
The affected portion later thickened and gets puckered and flower buds do not open in

severe conditions.

Pathogen:

>
>

>

Uromyces hobsoni Vize.

The pathogen produces aecia which are raised, scattered, orange-coloured, aecidioid
while aeciospores are orange-yellow, thin-walled, 16.5-21 x12-18um in size.

The teleutospores are dark brown, one celled, mostly ovate, thick-walled, 35-45x20-
30 um in size and pedicel is hyaline or yellow in colour.

The spermogonial stage is not observed.

Disease cycle and epidemiology

The infection is more in winter and spring season.

Management:

>
>

Collect and destroy the infected plant debris.
With the initiation of the disease, spray the crop either with mancozeb (0.25%) or EBI
fungicides like hexaconazole (0.1%) or difenoconazole (0.05%) and repeat at 10 days

interval.
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4. WILT
The disease is most prominent on J. sambac.
Symptoms:
e The above ground symptoms include yellowing of lower leaves which gradually
spread upwards and finally resulting in death of plants.
Pathogen:
The disease is caused by fungi Fusarium solani (Mart.) Sacc. and Sclerotium rolfsii
Sacc.
Disease cycle and epidemiology are mentioned under Peas and Beans.
Management:
» Follow long crop rotation.
> Solarize the soil atleast 40 days prior to planting.

> Drench the soil around the plant with carbendazim (0.1%).

5. MYROTHECIUM LEAF SPOT
Symptoms:
On leaves, symptoms appear as circular to irregular, brown to dark brown spots
surrounded by yellowish halo but no sporulation is observed on these spots.
Pathogen:
» Myrothecium roridium Tode ex Fr.
> Conidia are aseptate, pigmented, black in mass, wet when young, drying to become
hard, shiny black, convex with a white halo of mycelium, 7.2 x 1.8 um in size.
Disease cycle and epidemiology
» The pathogen survives in infected plant debris

» Moderate temperature and high relative humidity favours the disease.

Management: Spraying the crop with carbendazim (0.1%) or zineb (0.25%) at 10-14 days
interval is advocated for the control of this disease.

6. ANTHRACNOSE
Symptoms: Two different pathogens results in different types of symptoms:
a) Elsinoe jasminae:
» Circular to angular, raised spots with slight depressions on the lower surface of the
leaves which are pinkish buff in colour and 1-5mm in diameter.
> Similar spots appear on tender shoots also.

» Later these spots coalesce to form large patches.
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b) Colletotrichum jasminicola:
> Large, circular, distinct and brownish to grayish spots outlined with brown to
yellowish halo appear on the upper surface of the leaf.
» The infected tissues turn grayish in due course, become papery and fall off.
» Spots are studded with numerous acervuli.
Pathogen: Two different fungi Elsinoe jasminae Bitanc. & Jenkins and Colletotrichum
jasminicola Tilak are associated with the disease.
» In E. jasminae, the ascomata is composed of pseudoparenchymatous epithecium and
measured 45-110x 20-45um in size.
> Acervuli are intra-epidermal, erumpent, elongated to elliptical, light brown with the
basal stroma giving rise to compactly grouped yellow conidiophores measuring 12-
27x 32-75um in size.
> In Colletotrichum jasminicola, acervuli are numerous, epiphyllous, erumpent, globose
to cushion-shaped, 80-140 x 64-120um in size, setae are numerous, long, dark, thick
and septate with pointed tips.
» Conidia are numerous, one celled, hyaline, oblong with rounded ends, guttulate, 8-15
X 4 -4.5um in size.
Disease cycle and epidemiology
» The disease incitants overwinter in infected plant debris.
» High humidity and moderate temperatures are favourable for the initiation and spread
of the disease.
Management:
» Collect and destroy the infected plant debris.
» Spray the crop either with zineb (0.25%) or copper oxychloride (0.3%) and repeat at
10-14 days interval.

7. LEAF SPOT AND STEM BLEMISH
Different leaf spotting fungi have been found infecting this crop which are described
below:

Symptoms: Three different types of fungi cause various types of symptoms:

a) Cylindrosporium sp.:

o Spots on leaves and stems are distinct, irregular and smoky-grey in colour which later

turn blackish grey. The diseased tissues fall off prematurely.
b) Phyllosticta jasminina:
o Infectious spots are usually circular, pale fulvous to brownish with smooth margins.

Adjacent spots become large by coalescing together.
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c) Cladosporium spp.:

o On leaf lamina and on the margins, the symptoms appear as light yellow areas which later
turn light brown and coalesce forming large patches and eventually result in blight
symptoms.

o Effuse velvety olive brown colonies appear on the lower surface of the leaf.

Pathogen: The fungi responsible for these spots are described below:

Cylindrosporium sp. Grev.

» Acervuli are few, subepidermal, subhyaline, cushion to cup-shaped, 200-280 x 200-
250 um in size.

» Conidia are numerous, hyaline, filiform, straight to curved with 2-5 cells, transversely
septate and 35-44 x 4-4.5um in size.

Phyllosticta jasminina Rao.
> Pycnidia are epiphylous, ampuliform to subglobse, later erumpent, ostiole, 90-170um

in diameter.Spores are hyaline, 1-celled, ovoid to oblong, 5.5-8.5 x 3.3-4.5 um in size.

Cladosporium spp.:

» The hyphae are branched, septate, subhyaline 2-3um wide.

» Conidiophores are macronematous, septate, simple, rarely branched, pale brown or
olive brown and 96-160 x 4-9um in size.

» Conidia are simple or in chains produced terminally or subterminally, ellipsoidal or
cylindrical with rounded ends, subhyaline to olive brown, 10-58 x 4-11um in size and
with upto 2 septa.

Disease cycle and epidemiology
» These pathogens overwinter in infected plant debris.
> The disease spread is favoured by temperatures ranges between 20 - 25°C along with

high humidity.

Management:
» Collect and destroy the infected plant debris.
» Avoid dense planting, shading of plants, and excessive watering of the beds and
fields.
» Spray the crop with carbendazim (0.1%) or mancozeb (0.25%) and repeat at 14 days

interval.
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8. MOSAIC
Symptoms:
» The diseased plants show stunted growth and yellowish green appearance with small
leaves.
> Yellowish green to chlorotic flecks of 1-2 mm in diameter appear irregularly on the
leaf.
» The streaks later form ring like structure which are more conspicuous on the older
leaves.
Pathogen:
The virus responsible for this disease is Jasmine Mosaic Virus.
Transmission: The virus is graft transmitted on Jasminium simplicifolium, J. sambac and J.
pubescens.
Disease cycle and Epidemiology
Management:
Destruction of the infected material and use of healthy stock is recommended.

J. auriculatum is found relatively tolerant to the mosaic virus.

9. Phyllody
Symptoms:
» The disease is supposed to be caused by Phytoplasma
» The affected plants produce malformed, reduced greenish flowers like structure
instead of fragrant white flowers or panicle, which are reduced and become ovate in
shape.
» The greenish corolla lobes become reduced and ovate in shapes.
> Flower parts are transformed into leaf like structures.
Management:
Use disease free cuttings for planting and spray tetracycline hydrochloride (250ppm)
for effective checking of the disease.
Other diseases:
i.  Crown gall : Agrobacterium tumefaciens (Smith & Townsend) Conn,
ii.  Blossom blight : Phoma sp. and Phomopsis pavgii Shukla, Pathak & Rao
iii.  Root rot : Armillaria tabescens (Scop.)
iv.  Leaf spot : Colletotricum gloeosporiodes(Penz.) Penz. & Sacc.
v. Alternaria leaf spot : Alternaria alternata (Fr.) Keissler
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LECTURE-28

DISEASES OF CROSSANDRA

Crossandra (Crossandra infunbuliformis) belongs to the family Acanthaceae. C.
infunbuliformis is known as ‘Firecrackers’ and is cultivated for their brightly coloured
flowers. It is very popular tropical flower and native of Southern India, Malaysia and Sri
Lanka. During cultivation it is infected by several diseases which reduce the quality of flower

drastically. In this lecture different diseases infecting Crossandra are described in details.

Aim: To know about different diseases infecting Crossandra and their management.

A) FUNGAL DISEASES
1. WILT
The disease is considered as one of the most damaging disease of this crop and cause
considerable yield losses.
Symptoms:
» The characteristics symptoms of the disease include drooping of the leaves, marginal
yellowing and rotting of the roots or rootlets.
Pathogen:
The disease is caused by Rhizoctonia sp. and Fusarium solani (Mart.) Sacc.
» The mycelium of Rhizoctonia sp. is septate, brownish, dolipore type, 5-14 um wide.
» The lateral branches of the mycelium are constricted at branching point and possess
septum near the junction.
» The sclerotia are small and brown to black in colour.
» F. solani mycelium is septate and produces microconidia, macroconidia and
chlamydospores.
Disease cycle and epidemiology:
» These fungi overwinter in the infected plant debris as well as in soil as sclerotia or
chlamydospores.
> Moderate to high temperatures with fair amount of moisture was found conducive for
disease development.
» The infection is more severe if the nematode (Pratylenchus sp.) predisposes the plant

for the attack of the pathogens.
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Management:
» Collect and destroy the infected plant debris to reduce the primary inoculum.
» Follow long crop rotation.
> Soil amendment with neem cake (250g/m?) and soil solarization for 40-45 days during
summer months are also helpful in managing this disease.
» Drenching of soil with carbendazim (0.1%) or thiophanate methyl (0.1%)

immediately after appearance of the symptoms gave good control.

2. BOTRYTIS SPOT AND BLIGHT:
Symptoms:
» The disease appears during the rainy season.
> Infected flowers show dark brown spots.
> In favourable weather, the disease assumes serious proportions and entire
inflorescence dries up. The infection occurs on the leaves and stalks.
Pathogen:
» The fungus responsible for this disease is Botrytis elliptica (Berk.) Cook.
» Branched conidiophore bear conidia which are aseptate, hyaline, botryos, mostly 20-
30 x 13-18 pm in size
» Sclerotia are sometimes forms
Epidemiology:
> Pathogen perennates either in the form of mycelium or sclerotia in the infected plant
debris.

> Warm and humid weather is favourable for this disease.

Management:
» Collect and destroy the infected plant debris.
» With the initiation of the disease, spray the crop with carbendazim (0.1%) and repeat

at 10 to 14 days interval.

3. SCLEROTIUM WILT
Symptoms:
» The initial symptoms of the disease appear as flaccidity and drooping of leaves which
ultimately become yellow and finally dry up.
» The fungus mainly affects the roots and collar portion of the stem.
> Both tubers and roots show wilting symptoms.
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» Thick cottony growth of the fungus is visible on the rotten stem and petioles at soil

level.
Pathogen:

» The disease is caused by Sclerotium rolfsii Sacc.

» The fungus consists of coarse hyphae and the size of cells ranges from 150-250
Mm X 2-9 pm.

» The hyphae of this fungus pathogen are characterized by the presence of clamp
connections and a peculiar method of branching, which are valuable aids in
ascertaining its taxonomic position.

» The sclerotia (0.5-1.5 mm in dia.) at first white but becoming brown with age are
more or less smooth and glossy and somewhat resemble mustard seed.

Disease cycle and Epidemiology:
» The fungus overwinters in the form of sclerotia in soil.
» Warm and humid climatic conditions favour this disease.
Management:

» Cultural practices like crop rotation, collection and destruction of infected plant parts

and soil solarization for atleast 45 days should be followed during summer months.

» Drench the soil with zineb (0.3%) and repeat at 10 to 14 days interval.
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LECTURE-29
DISEASES OF TUBEROSE

Tuberose (Polyanthes tuberosa L.) or ‘Rajnigandha’ belongs to the family Asparagaceae. It
iIs a prominent plant in Indian culture and mythology. The flowers are used in weddimg
ceremonies, garlands, decorations and various traditional rituals. It is a night blooming plant
thought to be native of Mexico. The tuberose grows in elongated spikes that produce clusters
of fragrant waxy white flowers that bloom form the bottom towards the top of the spike. It
has long, bright green leaves clustered at the base of the plant and smaller, clasping leaves
along the stem. During cultivation, the tuberose crop is affected by several diseases. In this
lecture different diseases infecting tuberose are described in details.

Aim: To know about different diseases infecting tuberose and their management.

A. FUNGAL DISEASES
1. CROWN ROT OR STEM ROT
Symptoms:
» The fungus attacks the leaves and flowers at the ground level and causes rotting which
ultimately results in defoliation and toppling of spikes.
» Mycelia masses appear on leaf surface at or near the soil level.
» Soon the infected portion loose green colour due to rotting which extend and engulf
whole leaf.
» The infected leaves fall down prematurely which results in the weakening of infected
plant and such plants do not produce flowering shoots.
Pathogen:
» The disease is incited by Sclerotium rolfsii Sacc.
The fungus has been is described in chapter Crossandra diseases.
Disease cycle and epidemiology:
» The fungus overwinters in the soil as sclerotia.
» Sclerotial germination is induced by volatiles that emanate from crop residues in the
soil.
> Disease development is affected by high temperature and moisture, which favour
sclerotial germination and optimum mycelial growth.
> Sclerotia germinate at 10- 35° C, and the fungus requires > 99 per cent relative
humidity.

» Sclerotial germination decreases with increased soil depth due to reduced aeration.

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




Management:
» The infection can be reduced by minimizing the moisture level of soil and destruction
of plant debris.
Follow long crop rotation.
Solarize the soil atleast 40 days during summer months.

Soil amendment with oil cakes (250g/m?) also reduces the disease.

YV V V V

With the initiation of the disease, drench the plants with propineb (0.25%) and repeat
at 10 to 14 days interval.
2. BORTYTIS SPOTS AND BLIGHT
Symptoms:
» On leaves, somewhat water-soaked, small to large spots appear with brown
margins which become necrotic during dry conditions.
Pathogen:
> Botrytis elliptica (Berk.) Cook
» Conidia are aseptate, hyaline, botryose mostly 20-30 x 13-18 pum in size.
Disease cycle and Epidemiology:
» Pathogen perennates in the form of mycelium or sclerotia
» Warm humid weather favour the disease
Management:
» Spray plants with mancozeb (0.25%) or carbendazim (0.1%) or combi
fungicides like Companion (0.25%).
3. LEAF SPOT
Symptoms:
Water- soaked spots appear on the leaves which later turn elliptical or round brown.
Later these spots coalesce together.
Pathogen:
» The fungus Fusarium equiseti (Corda) Sacc. is responsible for this disease.
» The mycelium of the fungus is septate and produces microconidia, macroconidia and

chlamydospores.

Disease cycle and epidemiology:
» The fungus over winters in soil as chlamydospores.
> High soil temperature (25-28°C) favour the disease
Management: Spray / drench the crop with mancozeb (0.25%) and repeat at 10 days interval.
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B) BACTERIAL DISEASES
4. FLOWER BUD ROT
Symptoms:
» The disease is induced by bacterium mainly on young flower buds and results in dry
rotting of buds with brown scorched, necrotic discolouration of peduncles.
> At later stage, bud shrivels and become dry.
Pathogen:
» The disease is caused by a bacterium Erwinia spp.
Disease cycle and Epidemiology:
> Disease spread is more in warm wet period
Management:

Application of streptocycline (150 ppm) is recommended to control this malady.

Other diseases:
Viral diseases are incited by Tuberose Mild Mosaic Virus (TMMV).
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LECTURE-30
DISEASES OF GERANIUM - |

Geranium (Pelargonium graveolens) belongs to the family Geraniaceae. It has great
importance in the perfume industry. It is cultivated on large scale and its foliage is distilled
for its scent. During cultivation, the tuberose crop is affected by several diseases. In this

lecture different diseases infecting geranium are described in details.

Aim: To know about different diseases infecting geranium (Pelargonium gravedans) and

their management - I.

A) FUNGAL DISEASES
1. PYTHIUM BLACK LEG
The disease primarily occurs on cuttings under propagation or may develop in plants at
any age. The losses vary from traces to 100%.
Symptoms:
» The foremost symptoms of the disease are appearance of brown water-soaked areas at
the base of cuttings or where stems have been otherwise wounded.
> The disease progresses rapidly several inches upto the stem, with affected areas
becoming coal black.
> Leaves wilt as the rot advances upto the stem and eventually the plant dies.
» The coal rot symptoms distinguish the disease from the cutting rot phase develop in
case of Botrytis blight, which is dull brown to dark brown in appearance.
Pathogen:
» Pythium spp.viz; P. irregulare Buisman, P. debaryanum Hesse, P. myriotylum
Drechsler, P. splendens Braun.
» The pathogen forms filamentous inflated, spherical, ovoid to pyriform sporangia and
the differentiation of zoospores takes place in vesicle.
» Oospores are plerotic or aplerotic.
Disease cycle and epidemiology:
The spread occurs primarily due to the use of infested sand in the cutting benches,
infected potted soil and infected plant cuttings.
Management:
» The incidence of the disease in commercial greenhouses can be reduced by the use of
sterile propagating media, disease-free stock plants and strict sanitation practices.
> Avoid overhead watering to the plants and use of bottom heat to speed up the rooting

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




>
>

Fungicides drench with etridiazole, fenaminosulf and metalaxyl (0.25%) are effective.
Amendment with Trichoderma viride and Streptomyces sp. to P. splendens infested

soil-less media delayed the expression of symptoms by 22-28 days.

2. BOTRYTIS BLIGHT

Symptoms:
» The fungus grows and sporulates rapidly on old and dying leaves, stems and dying
floral parts.
> Infected petals wilt and drop on the foliage where they serve as a source of infection
to leaves.
> Definite leaf spots occur under humid conditions in green houses, frequently the
entire leaf and petiole get involved.
» The early fading or drying up of blossom is a common feature.
Pathogen:
> Botrytis cinerea Pers. ex. Fr. (perfect stage: Botryotinia pelargonii Roed).
» Conidia are aseptate, hyaline mostly 8-14 x 6-9 um in size.
» The fungus also forms sclerotia just beneath the cuticle or epidermis.

Disease cycle and epidemiology

» The fungus survives either through the mycelium or sclerotia.

» The disease is more apparent during propagation and flowering.

> High moisture level in greenhouse predisposes the plants to infection.

» Wounds of any kind predispose tissues to infection and colonization by the pathogen.

> Pathogen may also become saprophytic but can seriously damage the healthy
geraniums, particularly those tissues that are soft and succulent.

> The sporulation of the pathogen is maximum at 20-25°C but decreases with high
temperature 30°C.

Management:

» Regulate the relative humidity levels in greenhouse that can be accomplished by
proper spacing and watering and by ventilation and heating.

> It is also essential to evacuate the warm, moist air in the evening, replacing it with
cool, dry air that is then heated to a desirable temperature.

> Proper sanitation, debris removal from the growing area reduces the level of disease
spread.

» Grow tolerant disease varieties of geranium like Hawkeye, Waltztime, Hazel, Marian

and Pearl Bailey.
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>

>

Fungicides such as Benomyl (0.05%), chlorothalonil (0.2%) or their combination can
be used as protectants against infection.

Captan (0.25%) with certain copper and sulphur mixtures (0.2%) and Vinclozolin
(0.2%) alone is efficacious in protecting the plants.

3. RUST
Symptoms:

>

The typical symptoms of the disease are white flecks, pinhead size usually on the
upper surface of leaves while directly beneath these white flecks on the lower surface
of the leaves are found small, white or chlorotic blister-like pustules.

As the chlorotic spots enlarge, the pustules in the centre enlarge, erupt and become
reddish brown with spores.

Uredia are then observed in a more or less circular fashion around the original sorus.
Most rust spots are formed on the lower surface of the leaves although they
occasionally form on the upper surface.

Heavily infected leaves turn chlorotic and defoliate.

The spots are more apparent on leaves but also may develop on petioles, stipules and

stems.

Pathology:

>
>

>
>

Puccinia pelargonii-zonalis Doidge.

The fungus produces subglobose to ovate, light brown uredospores measuring
24.5x22.0 um, thin echinulated with two equatorial germ pores.

Telial stage is comparatively very rare.

The fungus is microcyclic; teliospores are 36-50 x 16-24 um in size.

Disease cycle and epidemiology

>

>

Heavy spore production and pustule formation occurred within 14 days of infection at
21°C.

The germination of these spores are accelerated in water at an optimum temperature
of 16°C although the infection is more at 21°C than the higher temperature of 27 °C.
The fungus forms appressoria and penetrated through the stomata by intercellular
hyphae and intracellular haustoria.

The fungus overwinters in diseased leaves in form of uredospores.

Management:

>

Use resistant cultivars for planting such as Crimson Fire, Yours Truly, Sincerity and

Springtime Irene.
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Follow thermotherapy with a 24 hr water saturated air at 38°C or a 90 sec dip in
water at 50°C, of course there is little injury to small expanding leaves with the hot
water treatment but no effect on plant growth retardation is observed.

Application of mancozeb (0.25%), tridimefon, oxycarboxin and triforine (0.05%
each) fungicides at two weeks intervals give preventive or curative effect.

Bitertanol (0.05%) can be applied as spray at 30 days intervals.

4. VERTICILLIUM WILT
Symptoms:

>

The most common symptoms are bright yellow spottings on leaves, severe necrosis of
shoot terminals or else extreme dwarfing of plants accomplished by foliar
discoloration or wilting.

The collapse of few leaves in the middle or upper portion of the main stem or side
branches of the plant is noticed in some cultivars.

At first, the petiole remain normal but after few days, they turn yellow and wilt
followed by a gradual drying of the infected leaves and petioles resulting in leaf drop
and defoliation of the affected area of the plant.

In final stages the affected plants may show the dieback symptoms or drying tips of
branches and brown to black discolouration of the main stem and branches.

The browning is limited to the vascular tissues.
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Plate 1. Symptoms of Verticillium wilt

Pathogen:
» Verticillium albo-atrum reinke & Berthold and V. dahliae Kleb .
» Conidiophores, branches and phialides are commonly in verticals.
» Conidia are aseptate, hyaline, in slimy masses.
» V. albo-atrum does not form microsclerotia while V. dahliae forms true
microsclerotia.
Disease cycle and epidemiology
» The pathogen(s) overwinter in the soil. Summer months are more conducive
for the spread of the disease.
Management:
» Use culture-indexed plants as stock material or certified disease free seed, sterile soil
or planting media and strict sanitation measures.
» Suppress the symptoms by drenching with Benomyl at 1.5 g a.i/4.5] at the rate of
200ml/plant.
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LECTURE-31
DISEASES OF GERANIUM

Geranium (Pelargonium graveolens) belongs to the family Geraniaceae. It has great
importance in the perfume industry. It is cultivated on large scale and its foliage is distilled
for its scent. During cultivation, the tuberose crop is affected by several diseases. In this

lecture different diseases infecting geranium are described in details.
Aim: To know about different diseases infecting geranium and their management - I1.

A) FUNGAL DISEASES
4. SCLEROTINIA CROWN ROT
Symptoms:

> It is a frequent disease in bedding plants causing damping-off of seedlings or crown
rot of older plants.

» Under moderately warm and humid weather the rate of spread is more rapid and is
easily identified as cottony growth of the fungus that develops in the lower parts of
plants.

> Later black sclerotia, upto 1/8 inch in diameter appear on leaves and stem.

Pathogen:
» Sclerotinia sclerotiorum (Lib.) de Bary.
» Tuberoid sclerotia are formed which are usually 5-15 x 3-5 mm in size.
» Ascometa discs are 1-10 mm in dia. and ascospores are 9-13 x 4-6.5 um in size.
Disease cycle and epidemiology

» The fungus survives as sclerotia in the soil.

» Cool and humid weather favours the disease development.
Management:

> Use of certified disease-free seeds in sterile media and sterile containers, strict
sanitation with regards to benches, pots, debris, discarding of the affected plants, and

increased spacing of the remaining plants and careful watering is recommended.
6. ALTERNARIA LEAF SPOT
Symptoms:

> The spots are more conspicuous on the undersides of the lower leaves on the plants,

but the upper young leaves may also be infected.
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> Initally the infection appears as water- soaked area, less than 1mm in diameter on the
lower surface of the leaf which may enlarge upto 6-10mm in diameter and become
irregular and the necrotic spots usually limited by the large vein of the leaf.
» Some of the spots have several concentric rings of darker brown tissues surrounding a
dark center.
> Severe infection may Kill the leaf or cause considerable leaf fall.
» Dead leaves shrivel and blacken and fungus sporulates profusely.
Pathogen: Three pathogens Alternaria tenuis Neergaard, A. alternata (Fr.) Keissler and
Macrosporium pelargonii Ell. & Ev. are associated with the disease.
Alternaria tenuis:
» Mycelium is septate and pale to olivaceous brown in colour.
» Conidiophores arise singly or in small fascicles through stomata from the mycelium
present in the dead centres of spots.
» Conidia are olivaceous brown, smooth having transverse and few longitudinal septa.
Disease cycle and epidemiology
» The pathogen(s) overwinter in infected plant debris.
» Warm and humid climatic conditions favour the development of the disease.
Management:
» Collect and destroy the infected plant debris.
> Apply mancozeb (0.25%) or captan (0.2%) or chlorothalonil (0.2%) as foliar sprays as
the disease starts appearing.
Other fungal diseases of importance are
i.  Cercospora leaf spot : Cercospora brunkii(Ell.& Gall)
ii.  Rhizoctonia root and crown rot: Rhizoctonia solani Kuhn
iii.  Fusarium rot : Fusarium oxysporum Schlecht., F. solani (Mart.) Appel et Wollenw,
F. nivale (Fr.) Ces and F. roseumLK.

iv.  Damping-off : Pythium and Rhizoctonia spp.
B) BACTERIAL DISEASES

7. BACTERIAL BLIGHT

Symptoms:

» The infected leaves either produce round leaf spots or large, angular dead area

depending upon the variety.
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> Leaves, stem and cuttings are susceptible where the spots appear as small water
soaked on undersides of the leaf having well defined margins, slightly sunken with 2-
3mm in dia. and rarely coalesce together.

> Later it is followed by necrosis and wilting of the leaves, which abscises or droops
and hangs on the plant for a week or two.

» The original spots turn brown to black and become hard and dry.

» Stem rot symptoms has given the term black rot to the disease.

» Vascular bundles in stems and branches of plants infected with the bacteria become
brown to black within 2-4 weeks of infection.

> At this stage one or more leaves on a branch will usually wilt and exhibit the angular
necrotic symptoms.

» Thereafter, pith and cortex turn black and the exterior portions of the stem become
grey and dull.

> The stem rapidly blackens and shrivels into a dry rot, leaving the fibers and epidermis
intact and the rest as a disorganized non-viscous mass.

> The roots become are blackened but not decayed and the plants are often difficult to
uproot.

» Symptoms if present on cuttings fail to root and slowly rot from the base upward.

> The leaves wilt and often show the typical angular necrosis and wilt.

» Stem become dull black-brown just like the stem rot phase.

Pathogen:

» The bacterium Xanthomonas campestris pv. pelargonii (Brown) Dye, X. campestris
(Pammel) Dowson causes the disease.

> Bacterium is an aerobic, gram-negative, non-spore forming round rods, 1-1.5 x 0.5-
0.7 um in size, single or in pairs or sometimes in short chains, motile with polar
flagellum.

Disease cycle and epidemiology

> Bacterium can grow best at 25-27°C. The symptoms are more evident in cool
conditions on plants and if exposed to warm conditions the disease resulted in sudden
wilting and death of the plants.

» The dissemination of the pathogen is carried out by splashing water either during
propagation in the misted area or by routine overhead watering procedures.

> Seed transmission is also an important mode of spread of the pathogen.
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Management:

> A thorough greenhouse clean-up is essential such as discarding all infected stock
plants and debris, scrubbing down benches, clean up clay and plastic pots by steaming
or sodium hypochlorite solution or formaldehyde soak for 10 minutes is essential.

> Provide good ventilation in greenhouse with good cultural practices.

> Prevent introduction of bacterium via cutting into a clean greenhouse by using
culture-indexed cuttings and avoid excess crowding.

» Dip the cutting knives or other instruments by dipping in 70% alcohol and flaming

between each stock plant.

Other bacterial diseases reported on crop plant are:
i.  Bacterial Leaf spot: Pseudomonas cichorii (Swingle) Stapp.
ii.  Southern Bacterial wilt : Pseudomonas solanacearum E.F.Sm
iii.  Bacterial fasciation : Clavibacter spp

iv.  Crown gall: Agrobacterium tumefaciens (E.F.Sm. & Twn.) Conn.)

C) VIRAL DISEASES
8. GERANIUM LEAF CURL
Symptoms:
> Irregular to circular, chlorotic areas 0.5-5mm in diameter appear on leaves which
often cause ruffling, crinkling, malformation and dwarfing of the foliage.
» The centers of the chlorotic spots may become brown with a chlorotic border and
severely affected leaves become yellow and droop down.
> Brown elongated corky raised necrotic area usually form on the petioles and stems
and in extreme cases, the entire top portion of the plant may turn brown and die.
» Symptoms are more prominent in spring months leading to disfiguring and dwarfing
of the plants.
» The young leaves of affected plants are wrinkled and deformed with slightly
thickened hyaline spots which later become yellow and form small necrotic spots.

» The virus is transmitted by white fly vector, plant parts, grafting and sap.

Other viruses infecting Geranium are:
i.  Pelargonium Line Pattern Virus (PelLPV),
ii.  Pelargonium Flower break (PelFBV),
iii.  Cucumber Mosaic Virus,
iv.  Tobacco ringspot (TRSV),
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v.  Tomato ringspot (TomPSV),

vi.  Tobacco mosaic, ----------------

vii.  Tomato black ring, -

viii.  Tobacco rattle, ------------------------
ix.  Yellow Net Vein Virus (YNVV) and
X.  Pelargonium Ringspot Virus (PelRSV).
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