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ABSTRACT

Subbarao, K. V., Michailides, T. J., and Morgan, D. P. 1993. Effects of osmotic potential and temperature on growth of two pathogens of figs

and a biocontrol agent. Phytopathology 83:1454-1459.

Growth of Aspergillus niger and growth and sporulation of Fusarium
moniliforme, causing smut and endosepsis, respectively, in figs, were
evaluated at 10 osmotic potentials ranging from —0.46 to —4.46 MPa
at 15, 20, 25, 30, and 35 C. Paecilomyces lilacinus, a fungus that naturally
occurs in the cavities of figs, was evaluated under similar conditions.
Experiments also were conducted in the field to study the optimal time
for spraying P. lilacinus as a biocontrol agent. The growth of all three
fungi was affected more by temperature than by osmotic potential. The
optimum temperature for linear growth of both A. niger and P. lilacinus
was 30 C. At optimal temperatures, decreasing osmotic potentials had
the least effect on the growth of A. niger and the most effect on P.
lilacinus. The growth of F. moniliforme was reduced significantly at 35 C
by high osmotic potentials (>—3.12 MPa) and at 15C by low osmotic
potentials (<—1.79 MPa). Based on their ability to grow in hot, dry

environments, the three fungi can be ranked A. niger > F. moniliforme
> P. lilacinus. Regardless of osmotic potential, low temperatures (15
and 20 C) limited the growth of A. niger and explained, in part, why
it does not frequently occur in caprifigs. Regardless of temperature, de-
creasing osmotic potentials limited the growth of P. lilacinus, and thus,
among the three fungi tested, it had the least ability to utilize available
water, yet for P. lilacinus to be effective as a biocontrol agent, adequate
moisture is required. Spraying a spore suspension of P. lilacinus on capri-
figs in mid-March suppressed incidence of endosepsis in fruits by 50%
in comparison with unsprayed trees; the same spray treatments did not
reduce disease on Calimyrna fig trees because of low-moisture conditions.
During the caprifig growing season, temperatures did not exceed 30 C,
and there were frequent rains to provide adequate moisture for P. lilacinus.

Endosepsis, caused by Fusarium moniliforme Sheldon, and
“smut”, incited by Aspergillus niger V. Tiegh., are two important
diseases of figs (Ficus carica L.) that cause significant losses each
year (6). Endosepsis, named for the internal rot of figs, begins
as brownish areas within the fig cavity when the fruit begins
to ripen. When the majority of the florets in the fig cavity are
infected, the disease manifests as water-soaked lesions around
the ostiole and progresses toward the stalk. “Smut” is not a true
smut, so the name is a misnomer. It refers to the black powdery
appearance of dried figs. Endosepsis is common on both inedible
caprifigs (male figs) and edible Calimyrna figs, whereas “smut”
is common only on Calimyrna figs. On Calimyrna figs, endosepsis
appears much earlier than “smut.” The most important environ-
mental factors influencing growth and colonization by Fusarium
spp. are the availability of water and temperature (12). In contrast,
A. niger is less dependent on water and more dependent on tem-
perature (7). Knowledge of the interaction of temperature and
osmotic potential is important in understanding the ecology of
the two diseases. Paecilomyces lilacinus (Thom) Samson, a natural
inhabitant in the cavities of figs, has shown promise as a biocontrol
agent of both endosepsis and “smut” (14). It is important, there-
fore, to identify the environmental conditions that maximize the
benefits of using a biocontrol agent.

Figs are of two types: persistent and caducous. The caducous
figs are a gynodioecious, insect-pollinated crop with distinct male
(caprifig) and edible female figs. The caprifigs serve the dual func-
tion of providing the insect pollinator hibernating site and pollen
for Calimyrna figs. Details of fig pollination and production have
been described previously (25). The pollinator insect, Blastophaga
psenes L., carries both pollen and fungal propagules into the
female fig cavity (2). Therefore, the key to managing endosepsis
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in the edible crop is to obtain disease-free male figs. Until recently,
disease-free male figs were obtained with fungicides (14,21,25).
However, the long-term use of fungicides (including benomyl)
has resulted in decreased vigor of pollinator insects and has in-
creased the incidence of F. moniliforme isolates resistant to beno-
myl, resulting in failure to control endosepsis (15). The recent
search for alternative methods has shown that it is possible to
obtain disease-free male figs for pollination of Calimyrna figs
by carefully choosing disease-free figs in the previous crop of
male figs (14). The use of P. lilacinus as a biocontrol agent to
manage endosepsis and “smut” also has shown promise (14).

The simplest method of measuring fungal growth is by deter-
mining increases in linear dimensions on an agar medium. Al-
though colony radial growth does not take into account changes
in hyphal density or specific growth rate (26), it is usually a reliable
parameter to measure the effect of an environmental variable
on the growth of fungi. Studies on the effect of osmotic potential
on vegetative growth of various fungi show that fungi clearly
differ in their ability to absorb water from their environment
(1,9,11,12,22,31,32), and with decreasing water potential, fewer
species are able to grow and reproduce (4). Decreasing osmotic
potential reduces growth of F. moniliforme because of increased
respiration by the fungus: The energy is diverted away from growth
for use in maintaining turgor of hyphal cells (31,32).

The effect of osmotic potential in combination with temperature
also has been studied with other plant pathogens (1,9,11,22). Some
pathogens not at optimal water potential are unable to overcome
host barriers and attain their full pathogenic potential (4). Such
information is not available for A. niger, F. moniliforme, or
P. lilacinus. The major component of water potential in plant
tissues is osmotic (20); therefore, we evaluated its effect on the
growth of the three fungi in combination with temperature. The
objectives of this study were to evaluate growth and sporulation
of these three fungi at various osmotic potential X temperature



combinations and identify the fig crop for spraying with P. lilaci-
nus for biocontrol of endosepsis. Preliminary results have been
published (23).

MATERIALS AND METHODS

Isolates. Single-spore cultures of F. moniliforme (F-28) and
P. lilacinus (4B11), both originally isolated from cultivated capri-
figs, and of A. niger (AN1), isolated from Calimyrna figs, were
evaluated for growth and sporulation at various osmotic potential
X temperature combinations. The fungi were maintained on silica
gel stored at 4-6 C (27). Inocula of all three fungi for seeding
osmotically adjusted media were produced on acidified potato-
dextrose agar (APDA). For F. moniliforme, the inoculum con-
sisted of 4-mm-diameter disks cut from the advancing margin
of an actively growing colony. Because of the hydrophobicity
of A. niger and P. lilacinus spores, spore suspensions of each
fungus were prepared in 0.1% agar amended with four drops
of Tween-80 per liter. Inoculum for these two fungi consisted
of a 5-ul spore suspension that, after being dispensed on the
agar plate, also occupied an area 4 mm in diameter.

Treatments. The effects of osmotic potential and temperature
on growth of A. niger, F. moniliforme, and P. lilacinus were
determined on PDA amended with various concentrations of KCl
to provide 10 osmotic potentials ranging from —0.46 to —4.46
MPa (30). Actual osmotic potentials achieved were verified at
the end of the experiment with a thermocouple psychrometer
(Model SC-10A, Decagon Devices, Inc., Pullman, WA). Twenty
milliliters of the appropriate medium was poured into 9-cm-
diameter petri dishes left at room temperature (23 = 1 C) for
5 days to allow evaporation of any free moisture. The dishes
then were seeded centrally by either transferring a 4-mm-diameter
mycelial disk of F. moniliforme or dispensing 5 ul of a spore
suspension of A. niger or P. lilacinus. Because media prepared
in different batches are subject to variations in osmotic potentials
(33), dishes sufficient to repeat the experiment twice were prepared
in one batch. Five dishes of each fungus were inoculated as de-
scribed above for each temperature X osmotic-potential combi-
nation. The experimental design was a factorial arrangement of
the three fungi and 10 osmotic potentials within each temperature.
All dishes of a given temperature X osmotic potential X fungus
combination were placed together in a plastic container, sealed,
and incubated in the dark at 15, 20, 25, 30, and 35 C. Colony
diameters were measured as soon as the fastest growing colony
of each fungus in any temperature X osmotic-potential combi-
nation had reached the edge of the dish. The experiment was
repeated once. Sporulation was determined for F. moniliforme
and P. lilacinus by rinsing each culture with 10 ml of distilled
water, scraping the spores with a rubber spatula, and counting
them with a hemacytometer. Sporulation was not determined for
A. niger.

Variance analysis was used to evaluate the effects of experiment
(block), temperature (main plot), fungi and osmotic-potential
combinations (subplot), and interactions with SAS (19). Growth
rates of each fungus at the different temperature X osmotic-
potential combinations were calculated by dividing the respective
colony diameters by the number of days of incubation. Contour
maps of growth rates at different temperature X osmotic-potential
combinations were generated for each fungal species.

Measurement of fruit water potential. Because figs are irrigated
during the summer and sugar content increases as fruits mature,
changes in fruit water potential are expected. Surface drip at
the base of each tree once in 2 wk is the primary means of irrigating
figs. To record the seasonal changes in maturing fruit, water
potentials were measured with a pressure chamber (18) weekly
during August and September of 1991 and July and August of
1992. Ten fruits were cut along the stalk and tightly wrapped
in a plastic bag to prevent evaporation before and during mea-
surement of balance pressure (28). During 1991, fruit water-
potential measurements were made between 1500-1700, which
is usually the hottest time of the day in the San Joaquin Valley
in California. During 1992, however, water potentials were deter-

mined between 1100-1300. Solute potential of Calimyrna figs as
compared to NaCl standards was determined on 12 fresh fruits
with a Wescor model 5500 vapor pressure osmometer (Wescox,
Inc., Logan, UT).

P. lilacinus-sprayed caprifig and Calimyrna figs. The optimum
time for spraying P. lilacinus to control endosepsis and “smut”
was evaluated by spraying both the caprifig and Calimyrna crops.
Ten-day-old cultures of P. /ilacinus were flooded with 10 ml of
sterile-distilled water (with four drops of Tween-80 per liter of
water), and the cultures were scraped with a rubber spatula. The
spore suspension was strained through cheesecloth and diluted
to 107 conidia per milliliter. The spore suspension was sprayed
to runoff on four replicate Calimyrna trees on 7 and 12 June
1990 and 1991, respectively, and on caprifig trees on 22 and 24
March 1991 and 1992, respectively, with a knapsack-type power
duster and mist blower (model DM-9, Echo Inc., Lake Zurich,
IL). Four unsprayed trees in each crop served as the control
treatment. One-hundred Calimyrna figs from each replication of
treatments done during 1990 were harvested on 21 September.
Similarly, caprifigs from treatments done during 1991 were har-
vested on 24 May. In experiments on Calimyrna during 1991
and on caprifigs during 1992, however, 3 wk after spraying (after
the completion of caprification) 20 figs per replication per treat-
ment were collected randomly at weekly intervals, transported
to the laboratory in an ice chest, and the presence or absence
of Fusarium and other fungi in the fig cavity was determined.
Figs from both caprifig and Calimyrna crops were sampled until
maturity. Each season, fruits from each replicated tree were surface
disinfested with 1.6% sodium hypochlorite solution (household
bleach containing 5.25% NaOCI) for 3 min and allowed to air-
dry. The fruits were then split in half longitudinally with a sterile
knife and placed with cut surface facing up over waxed wire
screens (20 X 29.5 cm) in separate, clear plastic containers (23.5
X 32 X 10 cm). APDA prepared earlier was cooled to 45 C
by maintaining it in a water bath and dispensed into each fig
cavity with a sterile pippette as described previously (13). After
5 days of incubation on laboratory benches (24 =+ 1 C), microflora
in the fig cavity were identified to the genus level, and their
incidences were determined for each treatment. The number of
fig halves with Fusarium spp. and A. niger were expressed as
percentages of all figs sampled for each treatment. Analysis of
variance was used to determine treatment differences, and means
were compared by Fisher’s protected LSD (19). Means of
incidence of F. moniliforme and the corresponding standard errors
for each treatment were plotted against the sampling dates for
the caprifig or Calimyrna crop.

RESULTS

Growth. Because colony diameters of all three fungi were con-
sistent in the two experiments, pooled results are reported. Colony
diameter of each fungus was significantly different in the different

TABLE 1. Variance analysis for colony diameter of Aspergillus niger,
Fusarium moniliforme, and Paecilomyces lilacinus at different osmotic
potential X temperature combinations®

Source of variation df  Mean square F P>F

Model 299 3,322.55 1,246.11  0.0000
Experiment (Expt) I 2,522.02 2.13  0.2181
Temperature (Temp) 4 141,855.41 119.89  0.0002
Error, 4 1,183.21
Osmotic potential (OP) 9 7,537.52 48.29  0.0001
Fungi 2 31,014.82 198.69  0.0001
Temp X OP 36 591.01 3.79  0.0001
Temp X Fungi 8 24858.72 159.25  0.0001
OP X Fungi 18 1,123.69 7.2 0.0001
Temp X OP X Fungi 72 359.60 2.30  0.0001
Errory, 145 156.09
Error, 1,200 2.67

Total 1,499

*The coefficient of variation for the experiment was 3.3%.
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temperature X osmotic-potential combinations and was affected
more by temperature than by osmotic potential. The two-way
interactions between temperature X fungi and osmotic potential
X fungi were significant as well as the temperature X osmotic
potential X fungus interaction (Table 1). At optimum tempera-
tures, A. niger (30 C) cultures reached the edge of the dishes
in 4 days, F. moniliforme (25 C) cultures reached the edge of
the dishes in 9 days, and P. lilacinus (30 C) cultures reached
the edge of the dishes in 13 days.

In A. niger, there was a homogeneous growth pattern at all
osmotic potential X temperature combinations. At 15 C, A. niger
had a lag phase (no fungal growth occurred during this period)
of 2 days at all osmotic-potential values, but at all other tem-
peratures, there was no lag phase. Growth of A. niger at 15 C
was negligible and remained nearly constant over the range of
osmotic potentials tested. Growth response at 20 and 25 C was
very similar at all osmotic-potential values, except that higher
growth occurred at 25 C. Maximal growth occurred at 30 and
35 C, and little growth reduction occurred in response to de-
creasing osmotic potentials (Fig. 1A).
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Fig. 1. Mean colony diameters of A, Aspergillus niger, B, Fusarium
moniliforme, and C, Paecilomyces lilacinus after 5, 9, and 13 days of
incubation, respectively, at different temperature X osmotic-potential
combinations.
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In F. moniliforme, there was no lag phase at any of the tem-
perature X osmotic-potential combinations. At osmotic potentials
between —0.46 and —2.67 MPa, the growth pattern was homoge-
neous but changed to a feathery pattern (8) at <—2.67 MPa.
Growth declined linearly with decreasing osmotic potential at
15 C, increased linearly (between osmotic potentials —0.46 and
1.79 MPa) with increasing temperature up to 25 C, and then
declined (Fig. 1B). At 20 C, with each incremental decrease in
osmotic potential from —1.35 MPa, there was a significant cor-
responding decrease in growth. Maximal growth occurred at 25C
and was nearly identical at osmotic potentials between —0.46
and —2.23 MPa. At 30 C, a reduction in growth occurred at
=—3.56 MPa. Least growth occurred at 35 C at most osmotic

25
20
15
= 10
O
~ 5
£ 0
g
g
L
@
o
046 091 135 179 223 267 3.12 356 4.01 4.46
Osmotic potential (-MPa)
as
10
9
8
7
6
5 2
P 3
5 2
® 1
g 0
E
D
2

046 091 135 1.79 223 267 312 356 4.01 4.46
Osmotic potential (-MPa)

354

O = MNWHaEND =~

Temperature ( C)

046 091 135 179 223 267 3.12 356 4.01

Osmotic potential (-MPa)

4.46

Fig. 2. Contour maps of growth rates of A, Aspergillus niger; B, Fusarium
moniliforme; and C, Paecilomyces lilacinus at different temperature X
osmotic-potential combinations. Colony diameters were measured after
5,9, and 13 days for A. niger, F. moniliforme, and P. lilacinus, respectively.
The different shades in the contour maps of of each fungus represent
the growth rates (millimeters per day) of the corresponding fungus.
Numbers in the upper-right corner boxes are growth rates (millimeters
per day) for the corresponding fungus.



potentials; however, growth increased with decreasing potentials
<—2.23 MPa (Fig. 1B), and the promotion of growth at —4.46
MPa was about five times that of —0.46 MPa.,

In P. lilacinus, there was a 1-day lag period at all temperature
X osmotic-potential combinations. At all treatment combinations,
the growth pattern was homogeneous. Although the osmotic
potentials did not decrease growth at 15 C, growth was least
at this temperature. Growth decreased linearly with decreasing
osmotic potentials at 20 C and was reduced to half at —2.67
MPa. At 25, 30, and 35 C, the growth response was identical,
with greater reductions in growth for every incremental decrease
in osmotic potentials (Fig. 1C). At all temperatures, maximal
growth occurred at the highest osmotic potential used (Fig. 1C).

Among the three fungi tested, growth rates at different osmotic
potential X temperature combinations were minimal in P. lilaci-
nus (6 mm "), moderate in F. moniliforme (10 mm ), and
maximal in A. niger (25 mm™*) (Fig. 2). Maximal growth rates
occurred in A. niger and were maintained at 30-35 C over nearly
the entire range of osmotic potentials tested. Growth rates in-
creased with the combination of increasing temperature and de-
creasing osmotic potentials (Fig. 2A). F. moniliforme exhibited
the greatest variation in growth rates at the different temperature
X osmotic-potential combinations. Maximal growth rates oc-
curred at 25-30 C and at osmotic potentials between —0.91 and
—2.67 MPa. Growth rates increased linearly with the temperature
and remained nearly uniform with decreasing osmotic potentials
of up to —3.56 MPa (Fig. 2B). In P. lilacinus, maximal growth
rates occurred at 30 C and at osmotic potentials <—1.35 MPa.
Maximal growth rates within each temperature occurred over
a restricted range of osmotic potentials (Fig. 2C).
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Fig. 3. Sporulation of A, Fusarium moniliforme and B, Paecilomyces

lilacinus after 9 and 13 days growth, respectively, at different temperature
X osmotic-potential combinations.

Sporulation. In F. moniliforme, sporulation at different tem-
perature X osmotic-potential combinations showed trends similar
to those with linear mycelial growth (Fig. 3A). In P. lilacinus,
trends in sporulation at the temperature X osmotic-potential com-
binations tested differed from linear mycelial growth. Although
linear growth was significantly higher at 30 and 35 C in all treat-
ment combinations, maximum sporulation occurred at 25 C (Fig.
3B). At all osmotic potentials, sporulation at 15 C was significantly
lower than at 35 C. At all temperatures, sporulation significantly
decreased with decreasing osmotic potentials (Fig. 3B). Except
at 15 C, P. lilacinus sporulated more than did F. moniliforme
at all treatment combinations.

Fruit water potential. Water potential in the fruits fluctuated
depending on the growth stage of the fruit and orchard irrigation
schedule. However, once irrigations were cut off (days 242 and
210 during 1991 and 1992, respectively) to hasten fig maturity,
water potential fluctuated from only —1.5 to —1.7 MPa during
1991 (Fig. 4A) and from —0.65 to —1.0 MPa during 1992 (Fig.
4B). Although fruit water potentials in 1992 were higher than
in 1991, their ranges during both years were within the osmotic
potentials used in laboratory experiments (Fig. 4). The solute
potential of Calimyrna fruits varied between —1.67 and —3.33
MPa with a mean of —2.33 MPa,

P. lilacinus-sprayed caprifig and Calimyrna fig trees. In 1990,
mature fruit collected from Calimyrna trees sprayed with P.
lilacinus showed 13% incidence of F. moniliforme compared to
8% incidence in fruit collected from unsprayed trees, but this
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Fig. 4. Fruit water potentials (megaPascals) of Calimyrna figs during
the A, 1991 and B, 1992 seasons. Each point is the mean of measurements
on 10 fruits, Measurements were made using the pressure chamber
technique (18). Solute potential of fresh Calimyrna fruits also were
determined with a vapor pressure osmometer.
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difference was not significant. In addition, in 1991, for most sam-
pling dates, the percentage of Calimyrna figs from unsprayed
trees infested with F. moniliforme did not differ significantly from
that of figs collected from sprayed Calimyrna trees (Fig. SA).
In contrast, spraying caprifig trees in 1991 and 1992 with P.
lilacinus significantly reduced the incidence of F. moniliforme
in figs. In 1991, caprifigs from P. lilacinus-sprayed trees had 19%
F. moniliforme, and those from unsprayed trees had 41% (LSD
= 8.5, P = 0.05). The percentage of caprifigs infested with F.
moniliforme fluctuated in both sprayed and unsprayed trees in
1992 (Fig. 5B). At maturity, however, significantly lower numbers
of caprifigs from the sprayed trees had F. moniliforme compared
to the caprifigs from unsprayed trees (Fig. 5B). In addition to
F. moniliforme, other common microflora in the fig cavity were
Serratia spp., Alternaria alternata, Cladosporium spp., and some
yeasts. The total microflora in the cavities of figs from sprayed
trees was less than half of that from unsprayed trees.

DISCUSSION

The three fungi, A. niger, F. moniliforme, and P. lilacinus,
responded differently to the various osmotic potential X tem-
perature combinations. Based on their ability to grow in hot,
dry environments, the three fungi can be ranked A. niger > F.
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Fig. 5. Percentage of A, Calimyrna and B, caprifig fruits infested with
Fusarium moniliforme in trees sprayed with Paecilomyces lilacinus and
fruits from unsprayed trees sampled periodically after the spray. Each
point is the mean of 80 recorded fruits. Vertical bars are the corresponding
standard errors of the means.
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moniliforme > P. lilacinus. Under hot, dry conditions, A. niger
had the most ability to be pathogenic, P. lilacinus had the least
ability to be an effective biocontrol agent, and F. moniliforme
had the ability to be pathogenic under a wide range of conditions.
The growth of all three fungi was affected more by temperature
than by the osmotic potentials employed in our study. The range
of osmotic potentials employed in our study represent the range
that occurs in figs grown in the San Joaquin Valley in California.

The habitat, distribution, and activity of fungi are a function
of their ability to grow at different temperature X osmotic-
potential combinations. 4. niger spores are primarily soilborne
and are carried to the surface of figs along with dust (16) and
to the cavity by beetles that visit figs after sugar accumulates
(17). A. niger is not an aggressive pathogen and does not infect
unwounded figs during earlier stages of fruit growth and de-
velopment (14). A. niger rarely occurs in caprifig crops. On the
edible Calimyrna, it occurs just prior to maturity. The inability
of A. niger to cause “smut” in caprifigs may be due, in part,
to the curtailment of its growth at low temperatures. Highest
growth rates for 4. niger occurred at 30 and 35 C across most
of the osmotic potentials employed in our study. These conditions
probably are optimal also for the expression of its pathogenic
potential. Such conditions are very rare during the caprifig crop
season but common during the latter part of the Calimyrna crop
season, partially explaining why “smut” does not occur on capri-
figs or during the earlier stages of Calimyrna fig growth. Growth
of A. niger also is favored by increasing concentrations of glucose
and fructose, the two major sugars in Calimyrna figs (24). The
absence of these sugars in caprifigs also may prevent “smut” from
developing on this crop.

In contrast to 4. niger, F. moniliforme can be pathogenic under
very diverse conditions (32). Its growth in our study was restricted
by 35 C at high osmotic potentials and by 15 C at low osmotic
potentials. Active growth was maintained at all other temperature
X osmotic-potential combinations. Highest growth rates occurred
at 25 and 30 C over a wide range of osmotic potentials. Woods
and Duniway (32) characterized F. moniliforme as a xerophilic
fungus, and our observations are consistent with their character-
ization. This finding explains, in part, why F. moniliforme is
a pathogen on both caprifigs and Calimyrna figs. Furthermore,
F. moniliforme is transmitted into the cavities of figs during the
inevitable entry of the pollinator insect (2). Inoculation with F.
moniliforme takes place during the very early stages of fig growth
(2); therefore, the fungus can exhibit its pathogenic potential when
optimal conditions develop during the course of fig growth. One
factor that delays active growth of F. moniliforme within the
fig cavity is the abundance of latex in figs during early stages
of growth; latex reduces conidial germination and growth rates
of F. moniliforme (25). At 35 C, F. moniliforme growth was
higher at lower osmotic potentials (<—2.23 MPa) than at higher
osmotic potentials (>—2.23 MPa). The reasons for this reversal
of growth at lower osmotic potentials are unclear, but a similar
phenomenon has been observed in other fungi (25).

The morphological switch to the feathery patterns in some
mycelial fungi at low osmotic potentials has been attributed to
their ability to adapt to desiccating conditions (8). The switch
in some mycelial fungi, including F. solani, also may be the result
of increased K+ uptake from the medium (5). In our study, KCI
was used as the osmoticum to achieve different osmotic potentials
in the medium. The switch to feathery patterns at osmotic poten-
tials <—2.23 MPa in F. moniliforme also may be the result of
increased uptake of K+ from the medium and may indicate its
ability to adapt to desiccating conditions.

The highest growth rates of P. lilacinus occurred at 30 C on
a very narrow range of osmotic potentials employed in our study.
The growth of P. lilacinus at low osmotic potentials, even at
optimum temperature, was lower compared to that of F. moni-
liforme. Based on these results, P. lilacinus can be effective as
a biocontrol agent only under conditions with adequate moisture.
Because these conditions seldom occur during the Calimyrna
growing season, P. lilacinus will not be effective as a biocontrol
agent of F. moniliforme and A. niger in Calimyrna figs. In this



study, spraying P. lilacinus spore suspension on Calimyrna trees
did not suppress the incidence of endosepsis and “smut” compared
with unsprayed trees. In contrast, spraying P. lilacinus spore sus-
pension on caprifig trees significantly suppressed the incidence
of endosepsis in caprifig fruits. During the caprifig growing season,
temperature rarely exceeds 30 C, and moderate temperatures are
accompanied by frequent spring rains, creating optimal conditions
for P. lilacinus. Therefore, in a disease-management scheme for
figs, P. lilacinus is expected to perform well as a biocontrol agent
on caprifigs but not on Calimyrna figs.

P. lilacinus occurs naturally in the cavities of both caprifigs
and Calimyrna figs (14). Spraying P. lilacinus spore suspension
only augments the natural population for effective management
of endosepsis in figs. The fungus also has been extensively used
in nematode biocontrol (10,29). The mechanisms by which P.
lilacinus sprayed on caprifigs lowered the incidence of endosepsis
need thorough investigation, Although rarely implicated in human
diseases, P. lilacinus can cause opportunistic mycotic infections
such as, hyalohyphomycosis, endopthalmitis, and sinusitis in
immuno-compromised patients (3). Therefore, caution should be
exercised and further studies undertaken before the use of P.
lilacinus to manage endosepsis becomes a routine practice.
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