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Effect of Lesion Age, Humidity, and Fungicide Application  
on Sporulation of Alternaria alternata, the Cause of Brown Spot of Tangerine 
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Alternaria brown spot (ABS) produces 
black necrotic lesions on leaves, twigs, and 
fruit of tangerines and their hybrids 
(18,21). Lesions appear 2 to 3 days after 
infection and expand rapidly due to pro-
duction of a host-specific toxin. Severe 
infection results in extensive leaf and fruit 
drop and twig dieback. On remaining fruit, 
lesions vary from small, black necrotic 
spots to large sunken pockmarks, thus 
reducing the value of the fruit for the fresh 
market. Worldwide distribution of the 
pathogen has expanded greatly in recent 
years. ABS is a serious problem in semi-
arid as well as in humid citrus-producing 
areas (18). 

The causal agent of ABS was originally 
designated as Alternaria citri Ellis & 
Pierce (9). More recently, Solel (13) con-
sidered it to be a pathovar of A. alternata 
and designated it as A. alternata (Fr.:Fr.) 
Keissl. pv. citri. Others have found what 
they consider to be species-level morpho-
logical and biochemical differences among 

isolates of the tangerine pathotype (1,12) 
and have designated 10 species of Alter-
naria among isolates pathogenic to tanger-
ine (12). Our molecular phylogenetic stud-
ies indicate that all of the small-spored 
Alternaria isolates from citrus are closely 
related (7,8). We consider them to be A. 
alternata and use that species designation 
in this article. 

The disease cycle of A. alternata is rela-
tively simple (18,21). Conidia produced on 
symptomatic tissue are dispersed aerially 
and deposited on plant surfaces where they 
germinate and infect susceptible tissue 
when available, usually from March to 
November. Conidial release is triggered by 
sudden drops in relative humidity or by 
rainfall events (20). In previous studies (5), 
we found that the optimum temperature for 
infection was 23 to 27°C and that 4 to 8 h 
of leaf wetness was sufficient for limited 
infection, but 12 h or more resulted in a 
higher disease incidence. In field studies, 
we found that the conditions that favored 
infection were: (i) rainfall greater than 2.5 
mm, (ii) leaf wetness duration greater than 
10 h, and (iii) average daily temperatures 
between 20 and 28°C (15). This informa-
tion was used to develop a predictive 
model, the Alter-Rater, to assist in timing 
of fungicide applications (3,10,16,17). 

Sporulation of Alternaria spp. in culture 
has been studied extensively, but informa-
tion on conidial production on host tissue 
is more limited (11,14). Since Alternaria 
spp. are necrotrophic, sporulation is great-
est on tissues recently killed by the patho-

gen. In previous preliminary studies, we 
found that the tangerine pathotype of A. 
alternata sporulated best when infected 
leaves were moist or held at high humidity, 
but produced no conidia on infected leaves 
held at 50 to 70% relative humidity (20). 
Whiteside (23) noted that sporulation was 
more abundant on diseased shoots than on 
fruit and felt that the fungus overwintered 
on diseased shoots, which provided the 
primary inoculum in the spring. 

In most groves of susceptible cultivars 
in Florida, inoculum levels are high and 
conidial numbers were not a limiting factor 
in infection. In earlier field studies, the 
number of conidia trapped was not related 
to the amount of infection (17) and had no 
value in predicting infections or the need 
for fungicide applications. Rain events 
increased infection, but probably also 
washed airborne conidia from the atmos-
phere and reduced the number trapped 
(17). However, a better understanding of 
the temporal and spatial aspects of conidial 
production may allow modifications in 
cultural and disease management strategies 
that would reduce inoculum levels and 
facilitate control. The objective of this 
study was to evaluate the effects of type of 
plant organ, lesion age, cultivar, relative 
humidity, and fungicide application on 
conidial production. 

MATERIALS AND METHODS 
General methods. All inoculations 

were conducted using isolate EV-31s of 
the tangerine pathotype of A. alternata 
originally recovered from a leaf of Minne-
ola tangelo (Citrus paradisi × C. reticu-
lata) (6). Conidia were produced in culture 
as described previously (5). New shoots 
were spray-inoculated with a suspension of 
about 104 conidia per ml, covered with a 
plastic bag, and placed in a mist bed for 14 
to 16 h at 22 to 28°C. 

For measurement of sporulation, 4-mm-
diameter disks were cut from the tissue 
bearing lesions of Alternaria brown spot. 
Leaf disks bearing a single lesion were 
placed on a moist filter paper in petri 
dishes and incubated with 12 h per day of 
fluorescent light at 23 to 25°C for 48 h. 
Unless otherwise noted, 10 disks for each 
of four replicate samples were placed in 
0.5 ml of water, vortexed, and the conidial 
concentration determined by counting all 
conidia recovered in 0.2 ml on a micro-
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scope slide. The area of the lesion was 
calculated from the radius, which was 
measured with a caliper, and the conidial 
counts were expressed as the number of 
conidia per mm2 of lesion area. 

Effect of organ type and cultivar on 
sporulation. Mature trees of Minneola and 
Orlando tangelo (C. paradisi × C. reticu-
lata) and Murcott tangor (probable C. 
sinensis × C. reticulata hybrid) were se-
lected in groves at the University of Flor-
ida, CREC, for this study. Leaves, twigs, 
and fruit were monitored for symptom 
appearance, and samples were collected at 
10-day intervals beginning 10 days after 
symptom appearance. Sporulation was 
determined as indicated above except that 
only five lesions per sample were used for 
the fruit and twig lesions. 

Effect of leaf age on sporulation. Le-
sions from Minneola tangelo leaves from 
inoculated plants in the greenhouse and 
from shoots on mature trees in the field 
were sampled beginning 10 days after 
symptom appearance. Sporulation was 
measured as described above at 10-day 
intervals for 2 months. 

Recently matured symptomatic leaves 
were collected from mature Minneola 
tangelo trees to determine the amount and 
duration of sporulation on abscised leaves 
on the grove floor. Four replicate samples 
of 20 leaves each were placed in mesh 
bags and located beneath the trees in the 
field. Five to seven leaf disks were col-

lected from each bag at 4-day intervals for 
2 weeks and sporulation determined as 
described above. 

Effect of relative humidity on sporula-
tion. To determine the effect of relative 
humidity on sporulation, closed desiccators 
were set up with salt and sucrose solutions 
to create different relative humidities. Satu-
rated solutions of NaNO3, sucrose, KNO3, 
KH2PO4, as well as distilled water, were 
used to create relative humidities of 74.0, 
85.0, 92.5, 96.0, and 100%, respectively 
(24). Humidities in the chambers were veri-
fied by a Ratio Signal Remote Thermometer 
(Fisher Scientific, Pittsburg, PA). Chambers 
were maintained at 25°C. Inoculated leaves 
of Minneola tangelo (20 to 30 days old) 
were used as a source of lesions. Four repli-
cate sets of 10 lesions each were placed in 
the chambers for 48 h and conidial numbers 
determined as described above. 

Effect of fungicide application on 
sporulation. In the first experiment, fungi-
cides were applied to runoff on branches of 
mature, symptomatic Minneola tangelo 
trees in the field with a 10-liter hand pres-
surized sprayer to determine the effect of 
these products on sporulation. Pyraclos-
trobin was applied as Headline at 0.25 g 
a.i./liter, trifloxystrobin was applied as 
Gem at 0.125 g a.i./liter, azoxystrobin was 
applied as Abound at 0.19 g/liter, ferbam 
was applied as Ferbam Granuflo at 9.1 g 
a.i./liter, and copper hydroxide was applied 
as Kocide 2000 at 1.4 g of metallic copper 
per liter. One day after application, four 
replicate samples of 10 lesions each were 
collected arbitrarily from leaves on the 
treated branches as well as from an equal 
number of nonsprayed controls. 

In the second experiment, the effect of a 
single application of selected fungicides on 
subsequent sporulation was assessed. Two 
mature Minneola tangelo trees were 
sprayed to runoff with a high pressure 
sprayer with pyraclostrobin and copper 
hydroxide at the above rates, and two were 
left nonsprayed. Four replicate samples of 
10 lesions each were collected arbitrarily 
from each treatment at 1, 7, 14, and 21 
days after spraying. Conidial numbers 
were determined as described above. 

In two other experiments, the effect of 
multiple applications of fungicide on 
sporulation under field and greenhouse 
conditions was determined. In the field, 
sprays were applied to 25- to 30-day-old 
lesions as above using pyraclostrobin, 
azoxystrobin, and copper hydroxide at the 
above rates. Sporulation was assessed as 
described above at 7, 15, and 28 days after 
applications on treated leaves and on non-
sprayed control leaves. Additional fungi-
cide sprays at the same rates were made 
after 7 and 15 days immediately following 
sample collection. In the greenhouse, Min-
neola tangelo trees with 20- to 25-day-old 
lesions on mature leaves were sprayed to 
runoff with the same fungicides and rates 
using a hand sprayer. Lesions were col-

lected and sporulation determined as de-
scribed above on sprayed and nonsprayed 
controls. As in the field experiment, appli-
cations were repeated after sampling on 
days 7 and 15 after the first spray. 

Statistical analysis. The effects of vari-
ous factors were compared by analysis of 
variance. All conidial numbers were trans-
formed to the log10 prior to analysis to 
normalize the variances. For each experi-
ment, the variances of measurements in the 
two separate runs of each experiment were 
shown to be equal using the Bartlett’s two-
tailed F test. Thus, data from each of the 
two experiments were pooled. Mean sepa-
rations were conducted using the Waller-
Duncan k-ratio t test, P ≤ 0.05. In some 
instances, curve-fitting was conducted to 
determine the relationship of time after 
leaf abscission or relative humidity to co-
nidial production. All analyses were con-
ducted using SAS Version 8.2 (SAS Insti-
tute, Cary, NC). 

RESULTS 
Effect of plant organ, lesion age, and 

cultivar. Sporulation was much greater on 
leaf lesions than on lesions on fruit or 
twigs (Fig. 1). Conidial production did not 
begin until leaf lesions were about 10 days 
old. Sporulation was very high from 20 to 
40 days after lesion appearance on all three 
cultivars, but declined to low levels by 50 
days after lesion formation. The greatest 
conidial production on twigs occurred 
about 30 days after symptom development. 
No conidial production was observed on 
fruit lesions until 70 days after symptoms 
developed, but by 80 days, sporulation had 
declined considerably. 

The analysis of variance indicated that 
cultivar had a significant effect on sporula-
tion on leaves. Conidial production was 
greatest on Minneola and Orlando tange-
los, and lower on the less susceptible Mur-
cott tangor (Fig. 1A). There were too few 
conidia produced on fruit or twig lesions to 
conduct statistical analyses. However, 
except for twigs at 30 days after lesion 
development, nearly all of the conidia were 
observed on lesions of Minneola tangelo, 
the most susceptible cultivar (Fig. 1B). A 
few conidia were produced on fruit of 
Orlando tangelo after 80 days (Fig. 1C). 

In other experiments, the effect of lesion 
age on Minneola tangelo was assessed in 
the field and greenhouse. In the field, 
sporulation did not begin until 2 weeks 
after lesion formation (Fig. 2). Conidial 
production peaked from 20 to 40 days after 
lesion formation and then declined. In the 
greenhouse, where leaves were dry for the 
entire period after inoculation, sporulation 
did not begin until 20 days after symptom 
appearance. As in the field, sporulation was 
greatest from 20 to 40 days after symptom 
appearance and declined thereafter. 

Sporulation on symptomatic leaves 
placed on the grove floor was very high 
initially and 4 days after placement (Fig. 

Fig. 1. Conidial production of Alternaria alter-
nata on brown spot lesions on different tissue of
field trees of Minneola and Orlando tangelos
and Murcott tangors with time after symptom
appearance. A, leaves, B, twigs, and C, fruit. 
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3). However, by 8 days after placement, 
sporulation was minimal and was virtu-
ally zero by 12 days thereafter. 

Effect of relative humidity. The num-
ber of conidia produced was low at 74% 

RH and greater at 85% RH and above (Fig. 
4A). The percentage of lesions producing 
conidia was very low at 74% RH, in-
creased at higher relative humidities, and 
declined slightly at 100% RH (Fig. 4B). 

Effect of fungicide application. In the 
initial experiment, the QoI fungicides pyra-
clostrobin, trifloxystrobin, and azox-
ystrobin, as well as copper hydroxide, 
substantially reduced sporulation 1 day 
after application (Table 1). There were no 
significant differences among those treat-
ments. Ferbam application failed to reduce 
conidial production significantly. 

In subsequent experiments, the effects 
of single applications of the QoI fungicide 
pyraclostrobin and copper hydroxide were 
assessed. In the field experiments where a 
single fungicide spray was applied, sporu-
lation was reduced by both fungicides at 1, 
7, 14, and 21 days after spraying (Fig. 5). 
Only on one date was there a significant 
difference between the two fungicides. 

In other experiments in the greenhouse 
and field, the effect of two QoI fungicides, 
azoxystrobin and pyraclostrobin, and cop-
per hydroxide on sporulation was meas-
ured with multiple applications. In the 
greenhouse experiment, copper hydroxide 
had no significant effect on sporulation at 
7 or 14 days after the first application but 
did reduce sporulation slightly at 28 days 
(Fig. 6A). Both QoI fungicides reduced 
sporulation at 7 and 14 days after the first 
application, but only pyraclostrobin re-
duced sporulation after 28 days. By 28 
days, conidial production in the control 
was very low. In the field, all three fungi-
cides reduced conidial production 7 and 
14 days after the first spray, but not at 28 
days (Fig. 6B). Conidial production was 
low after 14 and 28 days even in the con-
trol. 

DISCUSSION 
Other than a few limited observations 

(23), there is very little information avail-
able on the conditions affecting sporula-
tion of A. alternata or the duration of co-
nidial production on lesions on citrus 
tissue. As with other Alternaria spp. 
(11,14), A. alternata on citrus is a necro-
troph and produces necrotic lesions on 
leaves, twigs, and fruit by production of a 
host-specific toxin (18). We found that 
sporulation began about 10 days after 
symptoms formed on leaves and continued 
for about the next 40 days. By about 60 

days after symptom appearance, conidia 
were no longer produced. 

Whiteside (23) noted that sporulation 
was more abundant on leaves than on fruit. 
His observations indicated that most of the 
infected leaves dropped before winter, and 
he felt the pathogen overwintered primar-
ily on twigs. We observed many infected 
leaves, twigs, and fruit on trees during 
winter. Despite the fact that our results 
show little sporulation 60 days after lesion 
development, lesions may be able to pro-
duce a few conidia that would serve as 
primary inoculum in the spring. Lesions on 
fruit appear to require more time to pro-
duce conidia. Most tangerines and their 
hybrids are harvested in late fall or early 
winter, thus removing most fruit inoculum 
sources. However, late-maturing hybrids 
such as Murcotts and offbloom fruit of 
other cultivars also could serve as a source 
of primary inoculum. 

No comparative studies have been con-
ducted to measure sporulation on organs of 
different cultivars. However, lesions on 
Minneola and Orlando tangelos are much 
larger than those on less susceptible hy-
brids such as Murcott (21). Thus, it might 
be expected that more conidia would be 
produced in groves of highly susceptible 
cultivars than of more tolerant ones. More-
over, we demonstrated here that conidial 
production on more susceptible cultivars is 
also greater per unit area of leaf lesion. 

In earlier studies, we found that conidial 
production was greatest when leaves with 
lesions were maintained slightly moist or 
held at high humidity (20). Alternaria spp. 
are known to thrive under semiarid condi-
tions (11), and brown spot is a serious 
problem in semiarid citrus areas (15,18). In 
the current study, we found that sporula-
tion was abundant at 85% RH and above. 
There was an indication in the previous 
study (20) and in the current one that the 
presence of free water on the leaves is not 
conducive to conidial production. 

A possible problem in monitoring sporu-
lation is the presence of saprophytic A. 
alternata that are widely present in citrus 
groves (18). In this study, conidiophores 
were observed to emerge directly from the 
lesion area, thus making it less likely that 
they were saprophytes. In a previous study 
of cultures from airborne conidia in a 
grove with brown spot, we found that less 
than 1% of the isolates were nonpatho-
genic (20). Thus, most of the conidia 

Fig. 4. Effect of relative humidity on A, sporula-
tion of Alternaria alternata on brown spot le-
sions, and B, percentage of lesions with conidia
present on Minneola tangelo. * = significant at
P ≤ 0.05. 

Fig. 2. Effect of lesion age on conidial produc-
tion of Alternaria alternata on brown spot le-
sions on Minneola tangelo in the field and 
greenhouse. 

Table 1. Effect of fungicides on sporulation of Alternaria alternata on brown spot lesions on Minneola 
tangelo 1 day after application 

Fungicide Rate (g a.i./liter) Conidia/mm2 of lesion 

Control … 40.5 az 

Pyraclostrobin 0.25 4.1 b 
Trifloxystrobin 0.125 3.6 b 
Azoxystrobin 0.19 5.8 b 
Ferbam 9.1 22.2 a 
Copper hydroxide 1.4 5.4 b 

z Mean separation by the Waller-Duncan k-ratio t test, P = 0.05. Average of two experiments. 

Fig. 3. Effect of time after placement of de-
tached, symptomatic Minneola tangelo leaves
on the grove floor on conidial production of
Alternaria alternata on brown spot lesions. ** = 
significant at P ≤ 0.01. 
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measured in this study were most likely 
produced by pathogenic isolates, although 
we cannot eliminate the possibility that a 
few were from saprophytes. 

Fungicides that are currently recom-
mended for control of ABS in Florida are 
copper products and the QoI fungicides, as 
well as ferbam and neem oil under certain 
circumstances (19). Copper fungicides and 
the QoI fungicides are highly effective in 
preventing infection and reducing disease 
incidence (10,15,22). However, their effec-
tiveness in reducing inoculum production 
of ABS was unknown. The ability of QoI 
fungicides to reduce sporulation of other 
fungi on citrus (4) and on many other 
crops is well-established (2,25). Based on 
the current research, it appears that the QoI 
fungicides, and except in one experiment, 
copper products, substantially inhibit 
sporulation of A. alternata, thus reducing 
disease pressure. 

Multiple sprays applied to the same le-
sion did not appear to have a greater effect 
on sporulation than a single spray, al-
though they were not compared directly on 
the same experiment. However, subsequent 
sprays would reduce sporulation on newly 
formed lesions. In practice, groves may 
require monthly to weekly applications 
from the first leaf flush in the spring till 
midsummer depending on the cultivar and 
the disease history in the grove (3,10,19). 
In the development of the Alter-Rater pre-
dictive model (16,17), we were unable to 
relate counts of airborne conidia to disease 
incidence. Thus, in heavily infested groves, 
inoculum is probably in excess and 
weather factors are the primary determi-
nants of disease incidence and severity. 

Cultural measures such as wider spacing 
to improve air circulation and planting of 
susceptible cultivars on sites with good air 
drainage (19) not only may help reduce 
infection, but also may reduce inoculum 
production by decreasing the duration of 
wetting periods. Copper and QoI fungi-
cides reduce inoculum by reducing lesion 
formation, but also reduce inoculum pro-

duction directly on existing lesions. Har-
vesting of fruit prior to the spring flush of 
growth may help reduce primary inocu-
lum. Planting of groves with wider spacing 
to improve air circulation and fungicide 
applications on foliage may serve to re-
duce disease pressure on fruit. 
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Fig. 5. Effect of time after a single application
of fungicide on day zero on conidial production
of Alternaria alternata on brown spot lesions on
Minneola tangelo in the field. 

Fig. 6. Effect of application of fungicide at 0, 7, 
and 14 days on conidial production of Alter-
naria alternata on brown spot lesions at 7, 14, 
and 28 days after the first application in A, the 
greenhouse, and B, the field. Arrows indicate 
timing of fungicide applications. 


