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ABSTRACT

The family Brassicaceae (Crucifers) including a number of vegetables grouped as Cole crops, root crops, herbaceous
vegetables, oleiferous (oilseed) crops, and also ornamental plants, were observed to be infected by six species
of Alternaria, causing leaf spots and blight, lesions on stems, petioles, silique; blossom blight, seedling blight, and
damping off. Alternaria brassicae, the representative species of Brassicaceae was found to infect plants of all the groups
of Crucifers followed by A. raphani restricted to eight hosts, A. brassicicola to five, A. japonica to four and A. alternata to
only broccoli and radish. A. cheiranthi appeared to be a single species of Alternaria confined only to wallflower
(Cheiranthus cheiri) to cause the leaf spot disease. Symptoms of all the groups of Brassicaceous hosts due
to Alternaria species, the most distinguishing morphological features of the causative fungus have been described. The
differences in symptomatology and etiology of diseases have been critically analyzed. A very simple and feasible key has
also been framed for the correct and easy identification of all the six species of Alternaria associated with brassicaceous

vegetables, oleiferous and ornamental plants.
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Alternaria is a worldwide fungal genus that comprises
saprobic, endophytic, and pathogenic species [1]. It is allied
with a variety of substrates like seeds, plants, agronomic
products, animals, soil, etc. Species of Alternaria are known as
stern plant pathogens, causing major losses in a wide range of
crops [2]. Alternaria makes large monetary losses due to its host
range and its worldwide distribution. Approximately, 300
species of the genus Alternaria have been notified globally,
which includes Alternaria alternata, Alternaria brassicicola,
Alternaria solani, Alternaria arborescence, Alternaria
infectoria, and Alternaria tenuissima [3]. These Alternaria
species have been reported to cause diseases in more than 400
plant species, in which A. alternata alone infects nearly 100
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plant species. It is also responsible for post-harvest diseases in
several crops [4]. This paper deals with disease analysis and
parasitism of Alternaria species on brassicaceous vegetables,
oleiferous crops, and ornamental plants. Oilseed crops and
vegetables of the Brassicaceae family play a significant role in
the national economy owing to their oil content and nutritive
value, and they form virtually the essential constituents of the
human diet. Oil-yielding (oleiferous) crops like rapeseed,
mustard, rai, and raya are the main sources of oil for cooking
purposes. Brassicas are the backbone of the vegetable garden.
They include major cole crops like cauliflower, cabbage, knol
khol, and broccoli, as well as herbage vegetables that are
commonly grown in India and European countries. Besides
these, there are several root vegetables included in the family
Brassicaceae, like radish, turnip, and ornamental plants also.
Fifteen hosts, including oilseeds, vegetable crops, and
ornamental plants, are included in the family, commonly called
"Crucifers" (Table 1). Brassicaceae is a rich family from an
economic point of view, but like other crops, they are also
affected by several diseases of different origins, among which
Alternaria diseases are one of them. Because of their occurrence
from seedling to maturity stage and storage, they reduce the
quantity and quality of their produce. It suffers greatly due to
attacks by six species of Alternaria, viz., A. brassicae, A.
raphani, A. brassicicola, A. japonica, A. cheiranthi, and A.
alternata (Table 1) [5-6].
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Alternaria species associated with various Brassicaceous hosts

The disease in Brassicaceous hosts is identified by many
names as Alternaria blight, Alternaria leaf spot, Alternaria pod
spot, Alternaria dark leaf spot, black spot, and an early stage as
"damping off" [7]. The seed production of Brassicas has been
reported to be significantly reduced by the attack of Alternaria
diseases which invade the curds, heads, and siliquae and the
causative pathogens penetrate the seeds besides damaging the
assimilatory tissues of the leaves and stems [8-11].
Alternarioses often occur on older leaves, since they are close
to the soil and are more rapidly infected as a consequence of

rain splashes or wind-blown rain [12-14]. Among the six
species of Alternaria infecting vegetables, oil yielding
oleiferous crops, and ornamental plants (Table 1). A. brassicae
is a more destructive one and occurs more frequently [15] and
is the representative species infecting Brassicaceous hosts [16-
17]. A. raphani, A. japonica, and A. brassicicola have been
reported from every continent on Crucifers [18-19]. A.
cheiranthi is only a pathogen of a wallflower and A. alternata,
a ubiquitous fungus infecting broccoli (cole crop) and radish
(root crop). A great deal of variation occurs in all the species
with regards to their morphological characters [20-21].

Table 1 Alternaria species associated with Brassicaceous hosts

Hosts Alternaria spp.

A. Vegetables :

I. Cole crops

a. Cabbage (Brassica oleracea var. capitata) Alternaria japonica
Alternaria brassicae
Alternaria brassicicola

b. Cauliflower (Brassica oleracea var. botrytis) Alternaria brassicae
Alternaria brassicicola
Alternaria raphani
Alternaria japonica

c. Knol khol (Brassica oleracea var. caulorapa) Alternaria brassicae
Alternaria brassicicola

d. Broccoli (Brassica oleracca var. italica) Alternaria brassicae
Alternaria brassicicola
Alternaria raphani
Alternaria alternata

I1. Herbage Vegetables

a. Kale (Brassica oleracea var. acephala) Alternaria brassicae

b. Brussel sprout (Brassica oleraracea var. gemmifera) Alternaria brassicae

c. Rocket (Eruca vesicaria) Alternaria japonica

I11. Root crops

a. Radish (Raphanus sativus) Alternaria brassicae
Alternaria japonica
Alternaria raphani
Alternaria alternata

b. Turnip (Brassica rapa sub sp. rapa) Alternaria brassicae

B. Oilseed crops :
a. Rapeseed/mustard (Brassica juncea /
B. campestris)

Alternaria raphani
Alternaria japonica

Alternaria brassicae
Alternaria brassicicola
Alternaria raphani

b. Raya (Eruca sativa) Alternaria brassicae

C. Ornamental plants:

a. Candytuft (Iberis amara) Alternaria brassicae
Alternaria raphanin

b. Wallflower (Cheiranthus cheiri) Alternaria cheiranthi

c. Stock (Matthiola incana) Alternaria brassicae
Alternaria japonica
Alternaria raphanin

d. Lepidium (Lepidium sativum) Alternaria raphanin

Alternaria species associated with Brassicaceous vegetables
Cole crops

These are the vegetable crops of temperate regions of the
family Brassicaceae (Crucifers), which include cabbage,
Chinese cabbage, cauliflower, knol khol, and broccoli. In India
also, these are the crops of the winter season. Among these
vegetables, knol khol is the underground root vegetable of
which roots and tender parts are utilized. Alternaria blight is one
of the most widely occurring diseases of cole crops and is
caused by four species of Alternaria, viz., A. brassicae, A.
brassicicola, A. raphani, and A. japonica, of which the first two

are worldwide pathogens. One more, A. alternata also causes
the leaf spot disease, confined only to a single cole crop broccoli
[22-24].

Symptomatology

The symptoms caused by five species of Alternaria on
cole crops as follows:

(i) Alternaria brassicae: Symptoms caused by A.
brassicae in all the vegetables included under cole crops,
initially start from the margin of leaves or at the tip and spread
inward. The dark brown irregular spots are accompanied by a

 CARAS



1694

Res. Jr. of Agril. Sci. (Nov-Dec) 13(6): 1692-1701

characteristic "yellow halo" appearance and have distinct or
indistinct zonations, which increase in size in a concentric
manner (Fig 1a). Two or more spots may coalesce to form
bigger spots. In the well-advanced stage, some of the spots are
covered with a dark olive-green mass of the fungal spores [25-
26].

Fig 1a Symptom (i) concentric ring (ii) shot-hole appearance of
Alternaria brassicae on cole crop

(if) Alternaria brassicicola: The leaf spot disease of
cauliflower, cabbage, and broccoli caused by Alternaria
brassicicola are circular to elliptical and olivaceous in color
which vary from 4-10 mm in size. In case of severe infection,
several lesions coalesce to cover a larger area (Fig 1b). Severely
infected leaves show a burning effect, which ultimately dries up
and may fall prematurely [13]. The pathogen has been reported
to be seed-borne in nature.

Fig 1b Symptom of Alternaria brassiciola on cole crop (cabbage)
showing concentric lesions on the abaxial leaf side

(iii) Alternaria raphani: The symptoms of Alternaria leaf
spot of cauliflower and broccoli, caused by A. raphani are
brown to dark brown patches starting from the margin of leaves,
which develop inward in an irregular fashion (Fig 1c). The
affected areas soon turn blighted and wither [27-28].

(1)

Fig 1c Symptom of Alternaria raphani on upper (i) and (ii) lower
surfaces of cole crop (Brocoli)

(iv) Alternaria alternata: Broccoli is the only cole crop
that is also infected by A. alternata. The symptoms of Alternaria
leaf spot of broccoli caused by A. alternata, primarily appear as
minute dark brown lesions which start from the margin and
center of leaves, and at a later stage of disease development, a
number of spots coalesce to form the irregular dark brown
patches (Fig 1d) [29].

Fig 1d Symptom of Alternaria alternata on cole crop (enlarged
view)

(v) Alternaria japonica: Cole crops like cabbage and
cauliflower are infected by A. japonica. The disease caused by
this fungus is reported on all continents, found often in North
America, Europe, and the Middle East [30]. It is known to affect
most parts of infected plants depending on the growth of the
stage. Like, hypocotyls, cotyledons of seedlings and on the
leaves, petioles, stem, inflorescences, fruits (silique), and seeds
of matured plants. Leaf lesions are normally small black to grey,
dry with raised margins [31], and sometimes surrounded by
raised margins [32]. It is a seed-borne pathogen of plants in
Brassicae, and its disease may occur wherever the hosts of this
family are grown [33].

Herbage vegetables

These are the vegetables that yield nutrients in shoots
developed above ground. They include "pot-herbs" and
"salads". The most nutritive part is the tender and more or less
thickened stem. Sometimes as in kale, brussels sprouts and
rocket leaves are most important all belonging to the family
Brassicaceae. Kale and Brussel’s sprout get infected by A.
brassicae while A. japonica causes the leaf spots and lesions in
the rocket (Eruca vasicaria), which are light black in
appearance. Black lesions also appear on tender shoots which
lead the shriveling and falling in immature conditions [34].
Symptoms of disease on these three herbaceous vegetables
resemble those as described in Cole crops. As these two species
of Alternaria occur on the foliage, sometimes due to severe
infestation, the quality and quantity of produce are greatly
reduced by making it unfit for consumption [5].

Root crops

Radish: It is considered a poor man’s vegetable. This
root crop is attacked by 4 spp. of Alternaria viz., A. raphani, A.
alternata, A. japonica, and A. brassicae (Table 1). The leaf spot
due to A. raphani appears first and is the most common of
worldwide occurrence (Walker, 1952). The symptoms appear
as brown to dark brown patches starting from the margin of
leaves, which develop inward in an irregular fashion. The
affected areas soon turn blighted and wither [5], [7]. On seed
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crop of radish, the causative fungus produces circular black
spots, up to 4 mm in diameter as "black pod blotch" [18] and
"black patches" on Chinese radish during post-harvest storage
[35]. Secondary infection may also occur due to the
transmission of spores by rain splash and wind-borne conidia
[12]. Symptoms produced by Alternaria pathogens are more
common, but some variation may also be noticed. As in the case
of A. japonica, the spots are initially black in the center due to
sporulation, but the center eventually dries out and falls out
[35]. The symptoms of Alternaria leaf of radish caused by A.
alternata initially appear as minute dark brown lesions which
start from the periphery or center of leaves. At the later stage of
disease development, a number of lesions (spots) coalesce to
involve more areas in an irregular fashion [29]. In A. brassicae,
the spots are dark brown, circular, scattered on leaf surfaces
with zonation somewhat different from the symptoms produced
by A. raphani and A. alternata [36].

Turnip: It is an annual vegetable crop cultivated for the
consumption of its succulent root. A. japonica Yoshii is a
pathogen of turnip to cause the disease symptoms which are
observed both on leaves and roots. A. japonica causes mainly
black spots of Crucifers (Brassicacea). It is considered more
dangerous during the seedling stage. The fungus affects its host
in all stages of growth right from roots to inflorescences.
Infection generally causes black or grey sunken lesions with a
concentric yellow border. On leaves, the infection may cause
dark water-soaked spots. Infection may be found anywhere on
plants. Lesions on seedlings and stems cause the "damping off"
stage [37]. Black sunken lesions also appear in the swollen
storage root [38]. Infected seeds become black or grey.
Transmission of A. japonica occurs from infected seeds and
plant debris or conidia produced in wet conditions [39]. Other
hosts of A. japonica are cauliflower, cabbage, wild and
cultivated rocket [34]. A more or less similar type of symptoms
is produced by all species of Alternaria infecting this
underground root crop [40].

In A. raphani, the lesions are nearly circular often zonate
and show various shades of brown or black coloration. The
fungus also causes leaf spots on the plants kept for seeds [41].
It has been observed that when foliage is infected, the roots also
get affected which results in the reduction of the number and
size of roots [42]. A rot of turnip in storage has been described
by Chupp and Sherf [13]. Narain and Saksena [27] reported A.
raphani to be associated with turnip whereas, Agarwal [43]
recorded A. brassicae on this host causing the more or less
similar type of symptoms as on other cole crops caused by this
pathogen.

Knol khol: This root vegetable included in the cole crop
also is used raw or uncooked and in cooked form also and tender
leaves are utilized as greens. In this vegetable crop, two species
of Alternaria may be attributed to causing leaf spot and blight.
They are A. brassicicola and A. brassicae. The symptoms
produced by these two pathogens overlap to some extent and
the pathogens may attack simultaneously but even there are
some distinctions in symptoms. Like in other cole crops, the leaf
spots due to A. brassicicola are dark brown to black, circular,
varying from 4-10 mm in size, and are surrounded by dark
concentric zonations. More severe occurrence of disease may
be noticed in seed crops of knol khol. Severely infected leaves
lastly dry up and may fall prematurely. The spots incited by A.
brassicae have much in common with that of A. brassicicola.
They are mostly smaller and also lighter in color having distinct
concentric zonations and 'yellow halo' appearance [44]. Both
the pathogens are seed-borne and may cause low germination
[23].

Alternaria spp. associated with Brassicaceous oilseed
(oleiferous) crops

Rapeseed and mustard: Four species viz., A. brassicae
[45], A. brassicicola [46], A. raphhani [47] and A. alternata
[48] parasitize the oleiferous crops like rapeseed, mustard, and
raya causing the characteristic leaf spots and blight, lesions on
stems, branches and petioles, inflorescence and siliquae. A
comparative study of disease symptomatology and etiology has
been made with the ultimate aim to develop a most suitable and
feasible key and correct identification of Alternaria spp. allied
with oil-yielding crops of Brassicaceae.

Symptomatology

The symptoms caused by four species of Alternaria on
Oleiferous crops are as follows:

(i). Alternaria brassicae: Symptoms start from the
margin of leaves or at the tip and spread inward and downward
accordingly. The dark brown, irregular spots are accompanied
by a characteristic "yellow halo™ appearance and have distinct
zonation, which gradually increases in size in a concentric
manner. The spots may coalesce to form larger areas [49]. The
well-developed spots are covered with a dark olive-green mass
of the fungal spores with a shot-hole appearance (Fig 2a).

Fig 2a Symptom of (i) dark brown (ii) yellow halo of Alternaria
brassicae on the oleiferous crop (enlarged view)

(ii) Alternaria brassicicola: The leaf spots due to this
pathogen are circular to elliptical and olivaceous in color which
vary from 4-12 mm in size with clear distinct zonations. In
severe infection, several lesions coalesce to cover a large area
and cause drying and death of leaves. The young and actively
developing leaves are almost free from the disease or may have
small necrotic areas. The severely infected leaves show a
burning effect, which ultimately dries up and may fall
prematurely (Fig 2b).

(iv). Alternaria alternata in this case symptoms initially
appear to produce minuscule, dark brown patches which start
from the margin or center of the leaf, and at a later stage of
disease development, a number of spots coalesce to form the
irregular dark brown spots (Fig 2d).

(iii). Alternaria raphani: The spots are brown to dark
brown in patches starting from margin of leaves, developing
inwards, in irregular fashion. The spots are circular to irregular
in appearance, dark brown with indistinct zonations on both
surfaces of leaves. The affected areas soon turn blighted and
wither. Necrotic lesions also appear on petioles, branches,
stems and siliquae (Fig 2c).
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Fig 2b Symptom of Alternaria brassicicola on the oleiferous crop
(enlarged view)

Fig 2c Symptom of Alternaria raphani on (i) leaf and (ii) stem (iii)
siliquae of the oleiferous crop (enlarged view)

Fig 2d Symptom of Alternaria alternata on the oleiferous crop
(enlarged view)

It has been observed that the lesions coalesce rapidly and
cause premature ripening and splitting of siliquae and may
result in a high level of seed infection. Infected seeds are
shrunken, discolored, or covered with fungal growth and have
low quality. Cankers may form just below the inflorescence
which may result in the premature death of plants. Under such
a situation, there is a great loss not only in yield but also in the
quantity and quality of oil contents [50].

Alternaria spp. associated with Brassicaceous ornamental
plants

A comprehensive study on leaf spot diseases of
ornamental plants was made by Bilgrami in [51]. Later, Sohi
[52] carried out some investigations on important diseases of
ornamental plants. Chakrabarti et al. [53], Singh et al. [54]
made an exhaustive study on diseases of ornamental plants
caused by different entities including the species of Alternaria.
A number of ornamental plants are also utilized for medicinal
purposes [55] and have been found to be infected by some
species of Alternaria [16].

Symptomatology

(i). A. brassicae: On stock (Matthiola incana) due to
infection of A. brassicae, the leaves become pale greyish green
with concentric zonations and the center becomes dark brown
to black with sporulations [56].

(ii). A. raphani causes symptoms almost similar to those
as described on radish and turnip. On candytuft (Iberis amara)
there is the involvement of two species of Alternaria in the
causation of the leaf spot disease. The symptoms due to A.
brassicae are circular in shape, small in size, and dark brown
with distinct concentric zonations.

(iii). A. cheiranthi: The leaf spots produced by A.
cheiranthi only on wallflower (Cheiranthus cheiri) appear in
the beginning as small dots, scattered on leaf surfaces. The
mature spots are variable in size, 2-8 mm in diameter, dark
brown with yellow margins and distinct zonations, and
abundant sporulation [57]. The fungus is known to survive in
seed and soil [58].

(iv). A. raphani: Lepidium (Lepidium sativum), an
annual ornamental plant was observed to be affected only by A.
raphani in which the spots are scattered, brown to dark brown
in appearance with the formation of indistinct zonations [59]
whereas in case of, the spots are irregular in appearance, light
brown with indistinct zonation and profuse sporulation [28].

In general, all the pathogens produce leaf spots mostly
circular or irregular in shape and turn light to dark brown in
color with slight distinct zonations with or without "halo" [8].
The symptoms caused by different species of Alternaria on
different Brassicaceous hosts have close resemblance with that
described by Changsri and Weber [22], Walker [12], Ellis [45-
46], Narain and Saksena [27], Atkinson [41], Narain [44],
Gupta and Basuchaudhary [26], Meena et al. [60].

Comparative symptomatology of Alternaria diseases on
Brassicaceous hosts

The comparative pathogenicity and symptom of
Alternaria spp. occurring on Brassicaceous hosts plant part has
been presented in (Table 2). The symptoms caused by different
species of Alternaria on different Brassicaceous hosts have
close resemblance as described by Walker [12], Changsri and
Weber [22], Narain and Saksena [27], Narain et al. [5], Narain
[28], Gupta and Basuchaudhary [26], Chand et al. [24].
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Table 2 Comparative symptomatology of Alternaria diseases occurring on Brassicaceous hosts plant part
Alternaria Alternaria Alternaria Alternaria Alternaria Alternaria
Symptoms brassi -~ . . . : -
rassicae brassicicola raphani alternata cheiranthi japonica
Leaves Spots dark brown Numerous, Spots dark Spots minute Spots are On leaves
to black with halo  dark brown to brown or to large, dark  minute to large, dark, water-
chlorotic tissues, black spots, 4-  black, 3-8 mm brown, often almost circular, soaked spots
0.5to 12mmin 10 mm in in size, raised coalescingto  scattered onthe  later on black
diameter and in a diameter, with distinct form irregular leaf surfaces, or grey sunken
concentric circle.  zonate, lesions or indistinct dark brown with distinct leaf spots with
with sooty zonations. patches. zonations and yellow border
black abundant
appearance. sporulation.
Stems The dot like linear ~ Spots/lesions Lesions dark Lesions are Lesions Black, linear
or elongated numerous, brown to dark brown variable in size,  sunken lesions
lesions. dark brown to black, in a and elongated. dark brown in which cause
black. linear manner. color. "damping off"
Siliquae Linear, elongated The Irregular Lesions Irregular
or dot-like lesions,  appearance of brown to coalescing and - brown to
without concentric minute dark black lesions. splitting type. black lesions
rings. brown to black
spots.
Heads/ Dark brown spots ~ Spots brownto  Spots are dark  Cankers may Spots are dark Spots/lesions
Inflorescence  in the beginning black in color brown to form just brown to black scattered,
increase in size with a sooty black in color. below on in color. brown to
with sporulation. appearance. nearly mature black in color
heads.
Roots - - Black patches - - Black sunken
lesions on
swollen

storage roots

Fig 3c Conidiophores of
Alternaria brassicicola (x650)
(Ellis 1971)

Fig 3a Conidiophores of
Alternaria brassicae (x650)
(Ellis 1971)

Characteristic of Alternaria spp. associated with Brassicaceous
hosts

The formation of massive, multicellular, melanized
conidia  with  longitudinal and  transverse  septa
(phaeodictyospores) is a fundamental taxonomic trait of the
genus Alternaria. The broadest part of these conidia is towards
the base, and they progressively taper to an extended beak,
giving them a club-like look. On short, erect conidiophores,
conidia are generated in single or branched chains. The most
distinguishing characters of various species of Alternaria
associated with Brassicaceous hosts are-

(i). Alternaria brassicae (Berk.) Sacc.

Conidiophores in groups (2-10), usually simple, erect,
geniculate, septate, greyish to olive, 15-150 x 5-10 um in size;
Conidia solitary or occasionally in chains of 3-4, straight or

slightly curved, obclavate, rostrate with 5-10 transverse and 0-
8 longitudinal or oblique septa, olive or greyish olive, 40-150 x
15-30 pm in size; Beak usually pale brown, short, cylindrical,
10-130 pum in length and 3-8 um in width (Fig 3a).

Fig 3d Conidiophores of
Alternaria raphani (x650) (Ellis
1971)

Fig 3e Conidia of Alternaria
alternata (x650) (Ellis 1971)

(ii). Alternaria brassicicola (Schw.) Wiltshire

Conidiophores singly or in groups (2-12), occasionally
geniculate, cylindrical, septate, pale to mild olivaceous brown,
20-75 x 4-8 um; Conidia mostly in chains of up to 20 or more,
usually tapering slightly towards apex, obclavate, basal cell
round, apical rectangular or as truncate cone with 2-10 cross
and 0-6 longitudinal septa, pale to dark olivaceous brown, 20-
120 7-25 pum in size; Beak usually non-existent (Fig 3b).

(iii). Alternaria raphani Groves and Skolko
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Alternaria cheiranthi

Fig 3g Conidia of Alternaria cheiranthi (x650) (Ellis 1971)

Conidiophores are simple or occasionally branched,
septate, olivaceous brown, 2.5-8.0x25-150 um in size; Conidia
in chains (3-4), obclavate or ellipsoidal, dark golden brown to

olivaceous brown, with 3-7 transverse and often a number of
longitudinal or oblique septa, and 20-60 um long and 10-30 pum
thick; Beaks of conidium smaller than that of A. brassicae;
formation of chlamydospores in chains or in groups (Fig 3d).

(iv). Alternaria alternata (Fr.) Keissler

Conidiophores singly or in groups, simple, septate,
straight, geniculate, pale to mid olivaceous brown, 24.5-68.5 x
3.50-7.25 pm in size; Conidia formed in long and often
branched chains, varying in shape and sizes, dark brown,
smooth to verruculose, 8.50-53.50 x 5.0-21.50 um in size;
Beaks usually short, conical or cylindrical but never equal in
length of conidium, often one third or half of the spore body,
usually lighter in color, 10-45.5 pm in length and 1.5-6.5 pm in
width (Fig 3e).

(v). Alternaria cheiranthi (Libert) Wiltshire

Conidiophores dark olive-buff to buffy brown, septate,
singly or in groups, mostly simple but branched also, 25-153 x
3.5-8.0 um in size; Conidia singly or in the chain (3-4), light
olive to a golden brown, oval to ellipsoidal or elongated, ovoid
to pyriform often with rounded base, with 4-12 cross and 2-10
longitudinal septa, 15-95x10.5-25.0 um in size; Beaks often of
the same color of spore body, 4.5-45 pm in length and 3.0-7.5
pm in width with 0-3 cross septa and prominent scars (Fig 3f).

(vi). Alternaria japonica Yoshii

Conidiophores are simple or occasionally branched,
septate, 55-60 x 5x6 um in size; Conidia long, ellipsoid or long
ovoid with a rounded apical cell without a distinct apical beak,
80-100 (55-70) x 20-30 (18-22) um in size with 3-7 transverse
and 1-3 longitudinal septa; Beak rudimentary; Chlamydospores
usually formed in culture (Fig 3h).

Fig (3h) Conidia of Alternaria japonica (i) Chain of conidia (ii) Chlamydospores (enlarged view)

Comparative variation in Conidial morphology of Alternaria
spp. infecting Brassicaceous hosts

On the basis of conidial morphological observations of
all the six species of Alternaria in culture (PDA) as well as in
nature (host) and their comparative variation [16] [20], [61] are
mentioned in (Table 3). In nature, A. brassicae conidia are
much longer and have long genuine beaks, and they are
generated individually on the conidiophores. A. brassicicola
produces conidia in longer chains without beaks [62]. A.
raphani and A. japonica are known to frequently produce
chlamydospores in culture. In A. raphani conidia are with short

beaks whereas in A. japonica the conidia are with bluntly
rounded apical cells rather beakless [63-64].

A. alternata and A. cheiranthi are quite different in
morphological characters from the species associated with
crucifers [5]. Conidia of A. alternata are produced in long
chains with short conical or cylindric beaks, polymorphic and
universal in nature while in A. cheiranthi, conidia are produced
in short-chain (2-3) with a short beak and have a greater number
of both cross and longitudinal septa and being confined only to
wallflower (Cheiranthus cheiri). This fungus has been reported
from India by [44].
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Table 3 Conidial variation of Alternaria species infecting Brassicaceous hosts
Morphological Alternaria Alternaria Alternaria Alternaria Alternaria Alternaria
characters brassicae brassicicola raphani alternata cheiranthi japonica
Conidiophores Mid-pale greyish Pale mid Olivaceous Olive Pale olive Olivaceous
to olive, simple, olivaceous brown, simple or brown, with scars ~ brown, simple or
erect, swelling at  brown, simple, occasionally erect, produced occasionally
base, geniculate,  septate, erect branched, simple,and  singly or in branched.
septate. or curved. septate. septate. groups. Septate
Length 15-150 pm 20-75 um 25-150 pm 24.5-68.5 um  25-153 pm 55-60 um
Width 5-10 um 4-8 um 2.5-8 um 3.50-7.25 um  3.5-8 um 5-6um
Conidia
Conidia in chain Solitary or Up to 20 or Up to 3-4 Upto20or Solitary or 2-3  In short chains
occasionally up to 4 more more in chains of2t03
Shape Obclavate Obclavate Obclavate or Polymorphic Oval to Ovoid to
rostrate ellipsoidal ellipsoidal ellipsoid
Color Olive or greyish Pale to dark Golden brownto  Dark brown  Dark brown Light brown or
olive olivaceous olivaceous mid-brown
brown
Cross-septa 5-10 2-10 3-7 3-10 4-12 3-8
Longitudinal septa 0-8 0-6 0-5 0-8 2-10 1-3
Length 40-150 pum 20-120 pm 20-60 pm 8.5-53.5 um 15-95 um 80 - 100 um
Width 15-30 pm 7-25 pm 10-30 pm 5.0-21.50 pm  10.5-25 pm 20 - 30 pm
Beak
Length 10-130 pm Non-existent 5-75 um 10-45.5 um 4.5-45 um  Without a distinct
apical beak
Width 3-8 um - 2.5-6.0 um 1.5-6.5 um 3.0-7.5 um -
Cross-septa 0-5 - 0-3 0-3 0-3 -
Chlamydospores - - Thick-walled, in - - Dark thick-walled,

chain or groups

multicellular

Key to identify Alternaria spp. parasitic on Brassicaceous hosts

Based on the cultural and morphological characters of all
the six species of Alternaria, a very simple and feasible key has
been framed for ready identification of Alternaria spp.
associated with Brassicaceous oilseeds, vegetables, cole crops,
herbages, and ornamental plants [65]. Joly [66] has also
emphasized the need and importance of framing of a key of
most common species of Alternaria.

I.  Conidia solitary or occasionally 3-4 in chains, obclavate,
rostrate, tapering gradually into thick cylindric
DEAKS. ....veeiece e A. brassicae

Il. Conidia in long chains, consisting of twenty or even more:

(@)  Conidia usually cylindrical, basal cells rounded and
apical cell more or less rectangular and beaks usually

almost non-existent.........cocovvvereincinnn, A. brassicicola
(b)  Conidia usually variable in shape (polymorphic), often
with  short conical or cylindrical short beaks
......................................................................... A. alternata

I1l. Conidia 3-4 in chains, straight or curved, obclavate or
ellipsoidal, generally with short beaks:

(@) Conidia with a limited number of cross and longi-

septa, chlamydospores formed abundantly in culture

............................................................................ A. raphani

(b)  Conidia with numerous cross and longitudinal septa,
without ~ chlamydospore  formation  in  culture
........................................................................ A. cheiranthi

IV. Conidia small, with a rounded apical cell and without a
distinct beak, chlamydospores formed in culture
.......................................................................... A. japonica

CONCLUSION

Alternaria is a fungus genus including saprobic,
endophytic, and pathogenic species found all over the world.
They are notorious plant diseases, wreaking havoc on a wide
range of crops. The symptoms and characteristics of Alternaria
species on brassicaceous vegetables, oleiferous crops, and
ornamental plants have been discussed in this article. It has been
severely harmed by the attack of six well-known Alternaria
species viz: A. brassicae, A. brassicicola, A. raphani, A.
japonica, A. alternata, and A. cheiranthi. A. brassicae is the
most harmful and appears most frequently among them, and it
is the representative species infecting Brassicaceous hosts. On
Crucifers, A. raphani, A. japonica, and A. brassicicola have
been found on every continent. A. cheiranthi is a wallflower
pathogen, while A. alternata is a common fungus that infects
broccoli (cole crop) and radish (root crop). Alternaria blight is
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one of the most common diseases of cole crops, and it is caused
by four Alternaria species: A. brassicae, A. brassicicola, A.
raphani, and A. japonica, the first two of which are global
pathogens. Alternaria symptoms on oleiferous crops include
lesions that consolidate quickly, causing premature ripening
and splitting of siliquae, as well as a high level of seed infection.
Seeds that have been infected are withered, discolored, or
coated in fungal growth, and are of poor quality. Cankers can
occur right below the inflorescence, causing plants to die
prematurely. There is a significant decrease in yield, as well as
the amount and quality of oil content, in such a condition. All
infections cause leaf spots on ornamental plants that are
typically circular or irregular in shape, light to dark brown in
color, and have slight distinct zonations with or without "halo."
All six Alternaria species may be easily taxonomically
classified based on conidial morphological observations
because they generate massive, multicellular, dark-colored
conidia with longitudinal and transverse septa. Conidia are
generated in single or branched chains on short, erect

conidiophores and conidia are broadest towards the base and
progressively taper to an elongated beak, giving them a club-
like look that is unique to Alternaria species.
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