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The association between Alternaria macrospora and Alternaria alternata, responsible for the development of atemaria
blight @sease in cotton, was evaluated in artificially inoculated greenhouse plants and in naturally infested field plants. When
greenhouse plants were inoculated with suboptimal doses of both pathogens (< 1.2 x 10" spores/mL) infection was greater than
when sepaately inoculated by each pathogen at optimal dosage. In field-grown, naturaly infected plants (Gossypium
barbadensg), both pathogens were found together in more than 40% of the plants. A second field-grown cotton species
(Gossypium hirsutum) exhibited infection mainly by either A. alternata or both pathogens together. When both cotton species
were naturaly infected by both pathogens together, the number of A. alternata spores (either airborne or on the leaf surface)
was greater than that of A. macrospora. We propose that A. macrospora together with A. alternata create a disease composite
responsible for altemaria blight symptoms in cotton.
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Sur des plantes artificiellement inoculées en serre et Sur des plantes naturellement infectées au champ, les auteurs ont évalué
l'association de 1'Alternaria macrospora et de 1'Alternaria alternata responsables pour le développement de la brdlure
alternarienne chez le coton. Lorsque les plantes en sen a sont inoculées avec des doses suboptimaes des deux pathogénes (<1,2
x 10* sporesmL), llinfection est plus forte que lorsqu'on les inocule séparément avec chacun des pathogénes a son taux
optimum. Chez les plantes cultivées au champ et naturellement infectées (Gossypium barbadense), les deux pathogénes se
retrouvent ensemble chez plus de 40% des plants. Une deuxiéme espéce de coton cultivée au champs (Gossypium hirsutum)
montre de l'infection surtout par I’ A. alternata ou encore par les deux pathogenes ala fois. Lorsque les deux especes de coton
sont naturellement infectées par les deux pathogenes ala fois, le nombre de spores de 1'A. alternata (provenant par la voie des
ars ou Sur la surface foliare) est plus élevé que cdui de 1'A. macrospora. Les auteurs proposent que I'A. macrospora,
concurremment avec 1'A. alternata, provoque une maadie composite responsable des symptdmes de la brilure aternarienne
chez |e coton.

Mots cles : Alternaria, maladies du coton, Gossypium barbadense, Gossypium hirsutum
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Introduction

Leaf blight is an important disease of cotton plants in Isradl.
Two pathogens are probably responsible for symptom produc-
tion. Alternaria macrospora is conddered the man causd
agent for Gossypium barbadense cv. Pima plants (6, 15) but
not for Gossypium hirsutum cv. Acda plants (14, 24). Alter-
naria dternata is capable of producing blight  symptoms in
both cotton species but is found mainly on G. hirsutum plants
(9, 20, 27).

The epidemiologicd factors governing this dissase ae
largely unknown. One pathogen, A macrospora, is seedborne
and can be trandferred within the fidd by various biotic and
abiotic factors (3, 5, 7). Cotton cotyledons appear to be the
most susceptible host organ to this pathogen (4). The other
pathogen, A. alternata, overwinters in wild beet plants (9) and
can be transferred by the wind for short distances within the

'Author to whom all correspondence should be addressed.

fidd (10). Observations carried out in fields of both cotton
species reveded a regular occurrence of heavy blight infec-
tions. However, the pathogen(s) directly responsible for this
phenomenon remains to be determined (Y. Bashan, unpub-
lished data).

The objectives of this study were (i) to define which of the
fungd species is presant in Alternaria blight lesions in two
catton species and (i) to suggest a possible disease association

between A macrogpora and A adternata in  blight-infected
cotton leaves.

Materials and methods
Organisms

Alternaria  macrospora  Zimm. (ATCC 62363) and A
dternata (Fr) Kesder (S1) (99 were used as inoculum.
Cotton plants (G. barbadense cv. Pima S5and G. hirsutum cv.
Acda S}2 were used as host plants.
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Plant growth conditions

Cotton plants were grown by one of the following methods. (i) In
50 and & ha commercid fidds in the Bet-Shean valley, northeastern
Igad (for climatic and geographical details regarding this region see
ref. 10), 610 plants per metre per row were grown following stand-
ard procedures used in cotton production in Isragl. Cotton plants of the
two species were grown in separate fields. (i) Cotton plants des-
ignated for artificia inoculation were grown from seeds in 5L pots
containing peat - coarse vermiculite - volcanic dust (1:1:1, v/viv), four
plants per pot (two G. barbadense and two G. hirsutum plants) in a
plastic-covered  greenhouse lacking environmental  control.  Plants
were fertilized (100 mUpot) with half-atrength Hoagland's nutrient
solution (18) every week after germination.

Pathogen growth conditions, plant
tests

Pathogens were cultivated and inoculum was prepared as previ-
oudy described (3). Cotton plants with three to five true leaves were
inoculated with ether A macrospora or A aternata a a rate of
12 x 10" conidiaml, suspended in sterile deionized water. This
concentration is the optimal spore concentration for initiating disease
(3). Inoculation was accomplished by brushing the leaves with a small
brush containing spore sugpension at a rate of 1 mL/lesf (9). In dud
inoculation experiments, the inoculum concentration of each patho-
gen wes adjuded to different levels in erile deionized water, com-
bined, and inoculated onto the plants. Each pot was covered with a
separate, loosely sedled, large, prewetted polyethylene bag and incu-
bated in a controlled growth chamber in the dark for 16 h a 25 + 1°C.
Later, the plants were returned to the greenhouse for an additiond inc-
ubation of 5 days. The plastic bags were removed daily for a few min-
utes to improve aeration. No cross contamination of inoculated plants
by the other fungal species was detected when plants were inoculated
with only one pathogen. Control plants were identically treated with
dead grrradiated spores (25 kGy) or with sterile water. Pathogenicity
tests weae peformed as previoudy described (3). Dis-ease incidence
was caculated as the percentage of plants exhibiting symptoms (at
least three leaves of each plant had more than one symptom per lesf).

Fiddsampling

During the sampling periods of 1986, mogt plants in esch fidd
exhibited Alternaria blight symptoms (10). Plants for detailed and-
yses were taken from the center of each field. Plants were randomly
chosen by throwing a tm gtick severa times along a row to produce a
total of 438 plants for study . Severa randomly chosen leaves (three to
five per plant) were sampled from the centrd part (20 cm below the
upper canopy) of each plant, placed in small polyethylene sedled bags,
and immediately transferred to the laboratory. The leaves were sorted
into two categories, i.e, leaves with visble symptoms (>1 lesion per
leaf) and leaves without symptoms. Only 2 out of the 438 plants
sampled exhibited both infected and noninfected leaves. After
examination, the leaves were lyophilized as previoudy described (8).

inoculation, and pathogenicity

Detection of A. macrosporaand A. aternatain dried leaves

Both pathogens were recovered from the dry leaves as follows: lesf
samples (gpproximately 0.5 g each) were milled by a General Electric
mill model 5XBGOOB (1725 rpm, 0.25 hp, 60 mesh) intoa very fine
powder under aseptic conditions. Portions (0.1 g) were suspended in
50 mL of liquid Czgpek medium, supplemented with 250 mg/L
chloramphenicol (CC) (12), in 125mL Erlenmeyer flasks. The flasks
were vigoroudy shaken for 4 h (250 strokes/min) @ 28 + 2°C. The
durry was decimdly diluted in the same medium, and 0.1 mL of
diquot was spread with a glass rod on the surface of solid CC medium
supplemented with 1 mg/L of the surfactant Triton N-101 (alkyl-
phenylpolyethyleneglycol) (CCT, 21) to prevent overgrowth of funga
colonies on the medium (Sigma Chemicad Co., &. Louis, Mo.). None
of the irradiated spores, used as controls, developed funga colonies on
the growth medium. Spore formation in the developing colonies was
induced as previoudy described (3). Thepresence of each path
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ogen in each sample was determined according to spore morphology
as described by Joly (19) and Simmons (25). Percentage of plants
infected ether by single pathogen or by both pathogens was calcu-
lated fromthis analysis.

Counting of spores on the leaf surface

The inoculated, diseased leaves (2 to 4 g/sample, the third, fourth,
and fifth leaves from plant top) obtained from both cotton species
were cut into small pieces (0.5 cm? each), submerged in 50 mL 0.06
M potassum phosphate buffer, pH 7.0, supplemented with 0.15 M
NaCl (PBS) in beskers, and subjected to a mild sonication (3 min at
10 W, 4°C; Sonifier B-12, Branson Sonic Power Co., CT). This
sonication removed surface spores and had no effect on the viability
of fungal spores of the two species when tested by treating spores
from pure cultures. The leaf pieces were then filtered through a gauze.
The supernatant containing spores of a pathogen was decimally
diluted and plated on CCT medium. The resulting fungd Species were
determined as described above. All leaf pieces (after sonication and
filtration) were examined under a stereoscopic microscope to confirm
removd of nearly dl surface spores. This method was found superior
to mecerating leaves by high-speed homogenizers that generdly
yidlded a higher propagule number resulting from the development of
colonies of mycdlid fragments (7, 9).

Trapping of A. macrospora and A. dternata airborne spores in the
fidd

Two gravity spore traps were operated in the "Eden" Regiond
Experimentad Station in the Bet-Shean valey during the annud Alter-
naria blight epidemic period of August to September 1986. Traps were
located downwind, one in a G. barbadense plot and the other adjacent
to a G. hirsutum plot. Although not artificialy inoculated, cotton
plants that were grown in these plots exhibited Altemaria blight
symptoms. Trap assemblage, sampling, and counting of arborne
spores were described in detail e sewhere (10).

Experimental design and Statigtical analyss

Experiments were randomly designed in five replicates where two
pots served as a replicate. Each experiment was repeated twice. Since
usudly both experiments share a Smilar trend, data from both exper-
iments were combined and analyzed usng Fisher's least Sgnificant di-
fference (LSD) analysis or Student's ttest analysis a P £ 0.05. Fidd
samples were randomly taken as described above from regular comer-
cid fieds in five replicates. Data from dl fidd samples, including da-
taof airborne spores, weare combined and subjected to LSD andysis.

Results

Occurrence of A. macrospora and A. dtemata in vishly infected
and in symptomless cotton plantsin the field

An andyss of the presence of A macrospora and A. alternata
in leaves of two fiedgrown ocotton species was performed. In G.
barbadense plants showing symptoms, occurrence of each
pathogen was similar (28 £+ 3% of dl plants were infected by either
of the pathogens). However, a dggnificantly higher number of
plants were infected by both pathogens (Fig. 1 A). In G. hirsututn
plants exhibiting symptoms, most plants contained many A
aternata propagules but only a few A. macrospora. However,
more than 40% of all plants contained both pathogens (Fig. 1 A).

In symptomless plants, smilar trends were detected in both
cotton species but  a a lower magnitude (Fig. 1B). A dgnify-
cant number of symptomless plants were free of propagules of any
pathogen. Thus, these plants were consdered hedthy (Fig. 1B).

Soore formetion on the leaf surface of two cadton species after
dual inoculation with A. macrosporaand A. atemata
After  dud inoculation (A. macrospora-A.  alternata,
6 x106 x 10° sporesmL) spore counts on the cotton leaf sur-
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(A) Infected plants
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(B) Symptomless plants
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Fic. 1. Occurrence of A macrogpora and A alternata in (A) visbly infected and (B) symptomless cotton plantsin thefield. For each
cotton species within each subfigure, columns followed by different letters differ significantly at P £ 0.05.

face reveded dgnificatly more A dternata spores on  both
cotton spedies (Fg. 2A). Spore production retio on leaves
beween A mecrogpora ad A dtenata wes 1185 in G
barbadense plantsand 1:4.3in G. hirsutum plants.

Inoculation of the two species of cotton plants by a dsngle
pahogen showed tha in G. barbadense plants both pathogens
produced a smilar number of spores on the ledf suface In
G. hirsutum plants, A mecrogpora produced a gmdl  number
of spores However, in this cotton species, A dternata pro-
duwsd a higher amount of spores then its pore production in
dud inoculdion (Fig. 2B). Consequently, the gpore produc-
tion raio (A mecrogporaA  dtenata) inceessd from 111 in
G. barbadene plants to 1:252 in G. hirsutum plants. And-
yss of the host effect on spore production reveded a sSgnifi-
cant host effect in thetwo types of inoculaions (Fg. 2).

Dissae inddence in two ootton oedies after dual  inoculation

with A. macrogporaand A. dternata

In G. barbadense plants, A mecrogpora initisted symp-
toms in 61% of the inoculaed plants and in only 3% of
G. hirastum plats (Fg 3). The remaning inoculaed plants
of both gedes remaned symptomless  Inoculdion  with
A dtenata yidded visble symptoms in 8% o G.
barbadense plants and in 56% of G. hirsuum plants Dud
inoculdions with suboptima  concentrations of each  pethogen
increesad dissee inddence over inoculdions with a sole pah
ogen (over 9% of dl inoculated plats were vishly infected).
In  G. hiraum plants the inoculum combingion ratios
(A mecrogporaA dtenata) reponsble  for  caud the
incese  in  diseese  inddence was 6 x 10%6 x 10 ad
4 x 108 x 10° sooresmL. In G. barbadense plants the inoc-
ulum combingtion raios were 8 x 1074 x 10°, 6 x 10*6 x 10,
and4 x 10°8 x 10° sporesml_ (Fig. 3).

(A) Dudl inoculation (B) Separate inoculation
G.borbadense G.hirsutum G.barbadense  G.hirsutum
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Fic. 2. Spore formation on leaf surfaces of two cotton species
(A) after dud inoculation with A macrospora and A. aternata and
(B) dfter inoculation by each pahogen separately. Numbers
represent the ratio between the numbers of A. macrospora and A
aternata spores produced on the leaf surface. For each cotton
gpecies within each subfigure, columns followed by a different
lower case leter differ sonificantly a P £ 0.05. Within each
subfigure, columns followed by a different upper case letter differ
significantly aP £ 0.05.

Soore formetion on the leaf surface of two ootton pedies
ehibiting alternaria blight symptomsin thefidd

Aternaria  mecrogpora and A dternata goores were

Oetected and enumerated in 47 lesf samples of fiddgoawn

plants exhibiting dtemaia blignt symptoms In generd, the

number of A alternata gpores produced in dl sampleswas
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Fa. 3. Percentage of plants exhibiting symptoms on leaves of (A) G. barabadense and (B) G. hirsutum after dud inoculation with

various concentrations of A. macrospora and A. alternata.

higner compared with the number of A macrogpora in both
cotton soecies On G. barbadense plants A mecrogpora pro-
dwed an aveage of 44 x 10 spores per one ledf, while A
dternata produced ddidicdly dgnificatly higher number  of
sores (9 x 10° spores per ore ledf). On G. hirstum plants, A
mecrogpora producsd an avarege of 2 X 1035pore~:.peronelea‘.
Atenaria dtenata dso produced dgnificantly more  spores
dso on G. hirstum plats (9.16 x 10° sores par one led).
Soore  production  ratio (A macrogporaA. dternata)  vaied
from 1114 to 1214 The aveage ore production raio
beween the pahogens in each cotton oecies reveded a 12
ratio in G. barbadense plants. The ratio increesed to 146 in G
hirsutum plants.

Trapping of A. mecrogpora and A. dtemata airborne spores in
thefidd

FHdd sampling peformed on four occesons duing an Alte-
naia blight epidemic reveded that a lage amout of A
dternata spores compared  with A mecrogpora spores  were
trapped in fidds of both cotton speces In a fidd of G
barbadense, the number of trgoped A mecrogpora  ar-
ba'reqjaeswasma/erageof%q)oraperSOOaﬁsﬁme
pe 2 h, while the number of arborne sgores of A atanata
was dgnificantly higher (96 spores per 300 om' suface per 2
h. In a fidd of G. hirsutum, the number of arbome spores of
A mecropora was 48 spores per 300 o’ surface per 2 h).
Smilar to the previous fidd, the number of arbomne A
aternata was sgnificatly higher (103 spores per 300 onf
rfece per 2h).
Discussion

This dudy presents evidence that the common, economi-
cdly importat Altenaia blight of cotton is caused by the
asodiation of a leest two Alternaria species, A macrogpora
and A dtenata Dud colonizaion coud be deected a the
lesf levd where the two pahogens were shaing the same oot
ton leaf. The rdaive humidity in the atifidd inoculaion
expaimets resembled in exposure time the naturd dew hours
in the Bet-Sheen vdley. On many nights, the cotton plants in
the fidd ae subjected to dew from a few hours dter sunsst
until after sunrise (10).

Alternaria macrospora is soldly a cotton pathogen. On the
other hand, the pathogenicity of A aternata strains varied.
Strains belonging to the A. alternata complex of species (25)
are pathogenic to numerous plant species (1, 13, 23) inclu-
ding cotton (2, 9, 27). However, this complex of species is
better known as a common saprophyte (19). Alternaria pro-
pagules are abundantly detected everywhere. Alternaria sp. is
being usad as a common modd organian for human dlergy
studies (17). Our study does not reved which is the primary
causd agent, or whether there is a primary and secondary dis-
eae agent. The higher amount of A. alternata spores found
on infected leaves does not necessaily indicate that A. altern-
ata is the main agent and that A. macrospora is the second-
ay one. Rather it may reflect a higher sporulaion capability
of A alternata, without adirect relation to pathogenicity.

Ancther cotton leaf disease composed of two disease
agents was previoudy reported for Alternaria tenuis and
Cercospora gossypina. A dngle repat by Cavert etal. (11)
dated that this disease composite caused a severe and
premature defoliation. Conversdy, Miller (22) and Sinclar
and Shdla (26) clamed that this is a minor disease and tha
the diseasecausng organisms were non-aggressve
pahogens that invaded only weskened leaves. This disease
compodite, exclusvely detected in the United States, is not
known in any other cotton-growing area of the world (6), and
research in this direction has not been pursued any further.

Airborne spores of pathogenic fungi ae an accurae
indicator of their presence in the fidd (10,16). The present
study shows that both pathogens produce viable airborne
spores during the cotton crop season, dthough the number of
A dternata arborne spores is dgnificantly greater than those
of A macrospora. Yet, as indicated earlier, this is not directly
related to pathogenicity. It rather reflects higher numbers of
A adternata spores being produced on cotton leaves, an
improved release mechanism of the spores to the &, a better
cagpacity for dissemination because of smaler spores, or spore
production by saprophytic A. aternata on debris under the
crop. Neverthdless, our data indicate that since the spores of
both pathogens are abundant in the air or upon cotton, the
probability that a single plant can be infected by both patho-
gensis more common than rare.

In conclusion, this study shows that both A. macrospora and
A adternata are cgpable of dmultaneoudy infecting cotton
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leves and ae often asodaed with Altenaia blight symp-
toms on the same plat or even on the same led. Thus we
propoe that Altemnaia blight dissese of ootton can be defined
& a dissae composte of two pahogens The contribution of
each disease agent to the overdl disease requires further study.
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