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ABSTRACT

Michailides, T. J., and Morgan, D. P. 1994, Dynamics of Blastophaga
psenes populations, availability of caprifigs, and fig endosepsis caused
by Fusarium moniliforme. Phytopathology 84:1254-1263.

Propagules of Fusarium moniliforme, which causes endosepsis of
Calimyrna figs, were vectored on the body of the fig wasp pollinators,
Blastophaga psenes. Scanning electron microscopy indicated that
microconidia and mycelial fragments of F. moniliforme were attached
to the wasps’ bodies along with grains of pollen. Contamination of adult
fig wasps occurred after they emerged from the flower galls, the specialized
flowers within a fig syconium in which the wasp eggs hatch and develop.
No adult wasps artificially removed from the flower galls were infested
with propagules of F. moniliforme but 91-100% of those that emerged
from infected syconia of pollinator cultivars (caprifigs) became contami-
nated. On bagged branches, more than twice as many spring crop caprifigs
were infested with F. moniliforme after pollination with five or 10 winter
crop caprifigs than when only a single winter crop caprifig was used.
Similarly, more than twice as many wasps emerging from spring crop
caprifigs that had been pollinated with five or 10 winter crop caprifigs

were infested with F. moniliforme than were wasps from spring crop
caprifigs pollinated with only one winter crop caprifig. Furthermore, pol-
lination of Calimyrna figs with spring crop caprifigs that had been polli-
nated with five or 10 winter crop caprifigs resulted in higher incidence
of endosepsis than when only one winter crop caprifig was used. The
use of more spring crop caprifigs than necessary for pollination of
Calimyrna fig increased the number of wasps entering the cavities of
Calimyrna syconia. The relationship between the number of wasps in
the syconium cavity and incidence of endosepsis in the cavity or ostiole
of Ca]lmyrna syconia was described with a second degree polynomial
cquatlon (R*=094 —098; P < 001) The presence of three or more
wasps in the fruit cavity resulted in 100% incidence of F. moniliforme
on the ostioles while the presence of five or more wasps resulted in 100%
incidence of contamination within the cavity. In the field, incidence of
fig endosepsis increased when high populations of wasps coincided with
limited availability of receptive fruit crop.

Additional keywords: caprification, eye-end rot, internal rot, pink rot,
symbiosis, vector.

The edible Calimyrna fig (Ficus carica L.) and the inedible,
pollinating caprifig (F. carica L.) are gynodioecious plant species
linked by the pollinator fig wasp (Blastophaga psenes L.) (34).
For reproduction, fig wasps depend on the ovaries of figs in which
their larvae develop (34). The fruit of both edible and inedible
figs contains numerous ovaries and is called a syconium (Fig. 1).
In an immature syconium, tightly packed florets line the inner
wall of a fleshy, hollow receptacle. The wasp gains to access the
interior florets via an apical ostiole, which is lined with overlapping
scales (Fig. 1).

Syconia of the inedible caprifigs bear both female and male
flowers in each syconium (hermaphrodites) (Fig. 1) while the
syconium of the Calimyrna fig bears only female flowers (3).
Caprifig trees produce three to four crops of syconia annually
(Fig. 2) (5). The winter crop (mamme) is initiated in the fall
and matures in late winter (mid- to late March). The spring crop
(profichi) is initiated in late winter and matures in mid-spring
(beginning of June). The scant summer crop (mammoni) develops
either single or double fruits during summer and autumn. The
spring crop of caprifig syconia (profichi) contain the most pollen
and are used directly for the pollination of the Calimyrna edible
figs (Fig. 2).

Fig fruits of the edible Calimyrna cultivar are susceptible to
several diseases among which smut (caused by Aspergillus niger
Tiegh. [9,30] and other Aspergillus spp.) and endosepsis (caused
mainly by Fusarium moniliforme J. Sheld.) are the most dam-
aging. Figs are also afflicted by a complex of diseases causing
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mold (Alternaria, Penicillium, Eurotium, and Cladosporium spp.)
or souring (caused by various species of yeasts [9,32]). Smut and
mold have been very damaging to the fig industry in some years.
For instance, during 1979 to 1990, smut and mold ranged from
4.5 to 17.3% and sour rot from 2.1 to 6.1% of merchantable
Calimyrna figs (California Fig Institute, unpublished data).
Although smut disease is the subject of a separate investigation,
in this study we do report whether overpollination had any effects
on these diseases; this research, however, emphasized the effects
of overpollination on fig endosepsis.

F. moniliforme infects both caprifigs and edible figs, causing
fig endosepsis. The first detailed description of fig endosepsis
and its transmission by the fig wasp pollinators concluded that
the wasps carried F. moniliforme propagules on their wings (6).
However, the wings and the greater part of the antennae detach
as she enters a syconium (2,10,17). Thus, it is not known if the
wasp carries conidia of F. moniliforme directly into the cavity
on her body, or if the fungus grows through the ostiole (Fig. 1).

The discovery that the fig wasp causes endosepsis by vectoring
spores of F. moniliforme from the caprifig (in which the disease
is endemic) to the edible Calimyrna fig, led to legislation to culture
caprifig trees and the Calimyrna trees in separate locations (33).
Typically, growers of Calimyrna fig either maintain separate iso-
lated caprifig orchards or purchase spring crop caprifig figs that
have been managed to reduce incidence of endosepsis (12,20,
21,27). This management involves collecting the winter crop in
mid-March, splitting each fig in half, and then either dipping
(26,27) or spraying the fig halves with fungicides (20). The treated
winter crop caprifig halves are placed in small paper bags and
hung back on the caprifig trees to pollinate the young spring
crop caprifigs (Fig. 2).



Pollination of Calimyrna fig flowers occurs when the young
figs are 9.5-13 mm in diameter. Four to five pollen-loaded, spring
crop caprifigs are hung in Calimyrna orchards at 3- to 5-day
intervals over a 2- to 3-wk period. The efficiency of pollination
is monitored by splitting fruit and checking the presence or absence
of wasps in the fruit cavity. Growers, however, occasionally
overpollinate the Calimyrna crop. Overpollination can cause ex-
cessive fig splitting, but in some years also can increase yields.
There are no experimental data concerning the effects of over-
pollination on fig endosepsis or on the relationship of the wasps’
population dynamics. Consequently, we undertook this study 1)
to explain how fig wasps become contaminated with propagules
of F. moniliforme, 2) to evaluate the effects of overpollination
on the incidence of endosepsis and other diseases in both caprifigs
and Calimyrna figs, and 3) to ascertain the relationships among
the population dynamics of fig wasps, caprifig crop availability,
and the incidence of endosepsis. Parts of this study have been
reported previously (17,18).

MATERIALS AND METHODS

Contamination of fig wasp with F. moniliforme. To determine
when wasps become contaminated with propagules of F. monili-
Sorme, adult wasps were sampled from spring crop caprifig
orchards in June and July in 1989, with four sampling methods.
First, wasps were collected by placing a sterile glass tube (18
X 2 cm) secured with sticky tape to the ostiolar end of fruit
during morning (9:00 a.m.). Fruit chosen for sampling showed
signs of loosening of the ostiolar scales, which is when mature
fig wasps usually begin to emerge. The test tubes remained
attached to the fig fruit for 2 h, which was sufficient to collect
at least 50 wasps per test tube. Second, five samples each of
50 emerged wasps were collected arbitrarily from trees in a com-
mercial caprifig orchard in sterile paper bags. Third, mature
caprifigs were collected, surface disinfected in 0.089; NaOClI, and
placed individually in a sterile glass beaker (250 c¢m®) covered
with sterile mesh to prevent wasp escape. Fourth, in the laboratory,
near-to-mature female and male wasps were dissected directly
from the inflorescence galls (flower galls) of mature spring crop
caprifigs with the aid of a dissecting microscope (10-20X), and
sterile transfer needle and tweezers. Upon removal from the galls,
each wasp was squeezed (killed) with the tweezers and five repli-
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Fig. 1. The fig syconium, depicting the various parts of female (f) and
male (m) inflorescences.

cates of 35-50 female wasps were selected arbitrarily and placed
in petri dishes (9 cm diameter, 7- 10 insects per dish) that contained
acidified (2.5 ml of a 25%, v/v, lactic acid per liter of medium)
potato-dextrose agar (APDA). The dishes were incubated at 23-25 C
and the fungi developed from the wasps were recorded 5 days
later. Most of the above experiments were repeated on several
dates. The means and their standard deviations of the incidences
of F. moniliforme and Alternaria spp. were calculated and pre-
sented for each collection method on each sampling date.

Male and female wasps obtained from caprifigs also were pre-
pared for scanning electron microscopy. Insects were fixed in
1% glutaraldehyde in a 0.01 M phosphate buffer (pH = 7.2) for
24 h, rinsed in three half-hour changes of distilled water,
dehydrated in ethanol (stepwise in 30, 60, 80, 95, 95, and 95%
for I h in each step), then stored in 100% ethanol (200 proof)
until used. Prior to observation, the insects were critical point
dried with carbon dioxide, glued on small aluminum strips, and
mounted on SEM stubs. The samples were coated with 60%
palladium-40% gold, observed with a scanning electron micro-
scope (International Scientific Instruments DS-130, Santa Clara,
CA [dual stage, 10kV, 1.2 A]), and photographed. The spores
of F. moniliforme were identified based on their characteristic
shape and dimensions, using the illustrated manual for identifica-
tion of Fusarium spp. by Nelson et al (25) and those of Alternaria
and Cladosporium spp. based on their shape, dimensions, and
characteristic ornamentation (7,11).

Effects of number of winter crop caprifigs on contamination
of fig wasps, incidence of F. moniliforme in spring crop caprifigs,
and endosepsis in Calimyrna figs. Winter crop caprifigs were
collected from a commercial orchard, surface disinfected in 0.08%
NaOCI for 2 min, sprayed with 95% ethanol, allowed to dry,
and then split in halves with a sterile knife. Figs with golden
yellow to rusty brown internal color, a symptom associated with
the early stages of infections by F. moniliforme, were separated
for use in a second experiment. The symptomless caprifig halves
were arranged in one layer over clean paper towels and one,
five, or 10 halves taken arbitrarily were each placed in a sterile
brown paper bag (12.5 X 25.0 cm). Ten bags were prepared for
each number of fig halves. The bags were closed, arranged in
randomized complete block design, and incubated at 25 C for
9 days. After 24-48 h, 35 dead wasps were selected from each
replicated bag and placed in five 60-mm petri dishes that contained
APDA (seven wasps per dish). The incidence of F. moniliforme
and other fungi growing on the medium was recorded after 5
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Fig. 2. A simplified diagram of pollination in nonedible caprifigs and
edible Calimyrna figs ( Ficus carica L.). Caprifig trees produce three major
crops per year: winter crop (mamme), spring crop (profichi), and summer
crop (mammoni). The spring crop caprifigs are collected by the growers,
and hung in the orchards of Calimyrna trees so fig wasps (Blastophaga
psenes L.) can deposit pollen grains in the fruits of Calimyrna fig trees.
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days incubation at 25 C. This experiment was repeated twice
with other batches of symptomless figs and two additional experi-
ments were done, with figs showing the discoloration symptoms
of endosepsis. Analysis of variance was used with the least signifi-
cant difference (LSD) for mean separation. Incidences of fungi
were transformed with the standard arcsine square root trans-
formation only when the variances failed the F-max test for
homogeneity of variances (8).

Field experiments were established in early March 1987 in an
orchard of caprifig trees of cv. Roeding 3 in Madera County.
Winter crop caprifigs were removed from 28 shoots bearing 15-25
spring crop syconia and the shoots were covered individually with
bags (100 X 50 cm) made from 100% cotton organdy. On 31
March, when spring crop syconia were receptive to the wasps,
one, five, or 10 halves of winter crop caprifigs (in 12.5 X 7.0
cm paper bags) were placed in four sets of seven cotton bags.
The process was repeated 5 days later so that each treatment
had 0, 1 + 1,5+ 5, or 10 + 10 halves of winter crop caprifigs
per bag. Treatment-replications were arranged in a randomized
complete block design. Spring crop caprifigs collected from each
shoot were evaluated macroscopically as healthy or diseased
(obvious external decay). Figs were then split in half and placed
in plastic containers with the inflorescences facing up. Three to
four drops of melted APDA (45 C) were placed in each cavity
of the split figs (19). Incidence of F. moniliforme and other fungi
growing on the APDA was recorded after 4-5 days of incubation
at 23-25 C.

The above experiment was repeated in 1992 and 1993. Spring
crop caprifigs were bagged and incubated with one, five, or 10
halves of winter crop caprifigs on 26 and 31 March 1992 and
on 23 and 29 March 1993. On 19 May 1992 and 24 May 1993,
28 shoots bearing 10-19 fruit on 15 different Calimyrna trees
were covered with cotton bags that had been washed previously
in chlorinated water. Two spring crop caprifigs from each treat-
ment were transferred to bagged shoots on Calimyrna trees on
21 May 1992 or 7 June 1993. One or two additional caprifigs
were added to each bag on | June 1992 or 11 June 1993. Treatments
were replicated seven times. Other spring crop caprifigs were
collected on | June 1992 and 11 June 1993 and sealed in paper
bags. After 5 days emerged wasps were counted, and 100 wasps
per replication were placed on APDA (10 wasps/dish). Calimyrna
figs were harvested on 3 September 1992 and 10 September 1993,
Each time, Calimyrna syconia figs were examined for obvious
fungal decay, and the incidence of F. moniliforme and other
filamentous fungi was determined with the agar-drop technique
as described above (19). In both years, fruit from nonpollinated
controls (bagged shoots to which no wasps were introduced) was
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Fig. 3. Flights of fig wasps (Blastophaga psenes) in a caprifig orchard
in Merced County in 1989 and incidence of Fusarium moniliforme in
winter, spring, and summer crop caprifigs. Points represent the average
number of wasps on four yellow sticky traps and mean incidence of F.
moniliforme in seven 20-fruit samples.

1256 PHYTOPATHOLOGY

evaluated for the incidence of F. moniliforme and other fungi,
as above (19). The relationships between the number (0, 1, 5,
and 10) of winter crop caprifigs bagged with spring crop caprifigs
that were used for pollinating the Calimyrna figs and the incidences
of F. moniliforme in spring crop caprifigs (cavity or ostiole),
in wasps emerged from spring crop caprifigs, and of endosepsis
disease in Calimyrna figs, were determined with regression pro-
cedures (SAS Institute Inc., Cary, NC, release 6.04).

Relationship of flying adult female wasps, availability of caprifig
syconia, and fig endosepsis. Flying fig wasp populations were
monitored at three locations: 1) from 20 April until 10 November
1989 in a commercial caprifig orchard in Madera County (contain-
ing trees of cvs. Roeding 3 and Stanford); 2) in a row of 15
caprifig trees at the Kearney Agricultural Center in Parlier, Cali-
fornia, from 13 April until 25 July 1989, and 3) from 23 March
through 15 October 1993 in a commercial caprifig orchard in
Tulare County (also containing Roeding 3 and Stanford trees).
Three to four yellow sticky traps (Pherocon A.M. Trap, Tréce,
Inc., Salinas, CA) were hung in trees at each location, and were
replaced every 2 wk except for the last set of traps, which was
allowed to stay in the field for approximately 50 days.

At the same locations, incidence of endosepsis in caprifigs was
determined by periodically collecting six samples of 20 syconia
from six trees in the proximity of the sticky traps (for sampling
dates see Fig. 3). For all samples, the agar-drop technique (19)
was used to determine incidence of F. moniliforme and other
fungi. In addition, the number of caprifig syconia available for
pollination as wasp emerged from the previous crop was deter-
mined periodically on 10 random shoots on each of three Roeding 3
and three Stanford caprifig trees in the commercial orchards.

The incidence of F. moniliforme on summer crop caprifigs was
also determined in 1990 in the orchard in Tulare County and
three other caprifig orchards, one each in Fresno, Madera, and
Merced counties. Eighty to 120 summer crop caprifigs were col-
lected on each sampling date (sampling from 23 June to 20
October) and processed with the agar-drop technique (19) as
described previously. In addition, to determine the levels of con-
tamination of wasps emerging from summer crop caprifigs, on
22 September and 18 October 300 wasps were collected arbi-
trarily from mature caprifigs in the orchard in Tulare County
and placed on dishes containing APDA (10 per dish) as described

TABLE 1. Incidence of Fusarium moniliforme and Alternaria spp. on
fig wasps ( Blastophaga psenes) that matured in spring crop caprifigs ( Ficus
carica)

Incidence (%)*"

Date Wasp collection method F. moniliforme Alternaria spp.©
5 May From flower galls 0.0+0.0 0.0+ 0.0
17 June From plant surfaces 420+54 532+73
At emergence from
syconium® 20+09 0.0+0.0
From flower galls 0.0£0.0 0.0 +0.0
23 June From plant surfaces 78.5+ 10.2 341+94
At emergence from
syconium® 335+7.1 20105
From flower galls 0.0+ 0.0 0.0+ 0.0
I July From plant surfaces 54.0 £ 8.1 704+ 11.6
At emergence from
syconium* 7.6+27 0.0+0.0
At emergence from
syconium® 44409 0.0 £ 0.0
From flower galls 0.0+ 0.0 0.0£0.0

| July At emergence from

diseased syconium 91.0 + 4.2 — 100.0°

*Incidence was based on five replications of 35-50 wasps incubated on
acidified potato-dextrose agar.

"Values are means *+ standard deviations.

¢ Alternaria alternata comprised more than 95% of isolates recovered.

“In 250-ml sterile beakers covered with a nylon mesh (0.5 mm opening).

“In sterile glass tube secured with a tape to the ostiolar end of the syconium.
"In two experiments, respectively.




previously. Data were summarized by calculating the mean and
standard deviation for numbers of caprifigs per 10 shoots of each
cultivar, fig wasps captured per trap, and incidence of F. monili-
Jforme on summer crop caprifigs and of wasps that had emerged
from these caprifigs on each sampling date.

Effects of numbers of wasps in fruit syconia on disease incidence.
To determine how numbers of wasps affect incidence of endosepsis
in Calimyrna figs, a Calimyrna orchard that contained a Roeding 3
caprifig tree located on the west border of the orchard was selected
and sampled in 1992 and 1993. In June, 2-3 wk after pollination,

40 Calimyrna fruits were arbitrarily collected from each of 12-25
trees located 3-16 m away from the caprifig tree. Sampling dates
were 5 June 1992 and 17 June 1993. All the figs were surface
sterilized, allowed to dry, and split in half aseptically; the numbers
of wasps in their cavities were counted with the aid of a dissecting
microscope (10-20X). Subsequently, fig halves were divided into
three groups: halves with zero; halves with one, two, three, four
and five wasps; and halves with 6-25 wasps per cavity. Halves
were placed in plastic containers with the cut surface facing up.
Four drops of melted APDA were placed in each cavity as

Fig. 4. Scanning electron micrographs of body parts of fig wasp (Blastophaga psenes) emerged from winter crop (mamme) caprifigs showing attached
propagules of Fusarium moniliforme. Spores (microconidia) on A, leg (1,030X), B, wing (520X), C, antennae (235X), D, ovipositor (515X), and
E and F, on different leg parts of fig wasps (1,550x [E] & 820x [F]). CH (in A and B) indicates spores of a Cladosporium sp.
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previously described (19). F. moniliforme and other molds were
recorded after 4-6 days incubation at 23 C. The relationship
between the numbers (0-6) of wasps in a syconium of a Calimyrna
fruit and the incidence of F. moniliforme in the ostiole or cavity
was determined with a regression procedure (SAS Institute Inc.,
Cary, NC, release 6.04). For this analysis, figs containing 6-25
wasps were considered as having six wasps since 1009 of these
figs were infested with F. moniliforme.

RESULTS

Contamination of fig wasps with F. moniliforme and other
fungi. F. moniliforme was not detected on any female wasps
dissected from flower galls of caprifigs (Table 1). In the field
emerged wasps collected from plant surfaces had a significantly

Fig. 5. Scanning electron micrographs of body parts of female fig wasps
(Blastophaga psenes). A, Mycelium, conidiophores (phialides), micro-
conidia of Fusarium moniliforme, and pollen grains on the leg of a fig
wasp (240X); B, a group of microconidia of F. moniliforme on a segment
of the abdomen of a female wasp (550X); C, germinated pollen grains
and microconidia of F. moniliforme on the body of wasp (775X); and
D, a germinated fig pollen grain held by a hair on the leg of a female
wasp (1,610X).

higher incidence of both F. moniliforme and Alternaria spp. than
those captured in sterile test tubes or beakers as they emerged
from syconia, regardless of the collection date (Table 1). Ninety-
one to 1009% of the wasps emerged from diseased spring crop
caprifigs were contaminated with F. moniliforme (Table 1). Alter-
naria spp. were recovered consistently only on wasps collected
from plant surface. Incidence of F. moniliforme on wasps at
emergence from syconia was similar among sampling dates except
for 23 June, on which incidence of F. moniliforme was significantly
higher (Table 1).

Scanning electron microscopy. Microconidia of F. moniliforme,
measuring (3.5)-4.5-(6.5) mm in length, were abundant on almost
all insect parts as well as on the bodies of male and female wasps
emerged from winter crop caprifigs (Fig. 4A-F). Legs of female
wasps (Fig. 4A), wings (Fig. 4B), antennae (Fig. 4C), ovipositor
(Fig. 4D), and legs of male wasps (Fig. 4E & F) had numerous
microconidia of F. moniliforme. In some cases, spores of A.
alternata and Cladosporium spp. were also observed on the wasps
(Fig. 4A-B [ch]).

Both female and male wasps obtained from spring crop caprifigs
had abundant fig pollen grains, which averaged 12.3 um in
diameter. In addition, microconidia of F. moniliforme, mycelia,
and phialides were observed on both female and male wasps (Fig. 5).
Mycelial fragments with phialides (Fig. 5A), groups of micro-
conidia (Fig. 5B), germinated microconidia of F. moniliforme
among pollen grains (Fig. 5C), and germinated pollen grains
(Fig. 5D) were also present on the body of female wasps emerged
from spring crop caprifigs.

Effects of number of winter crop caprifigs on contamination
of fig wasps. In two of the three experiments, the incidence of
contamination of F. moniliforme on wasps that had emerged
from five or 10 winter crop caprifigs enclosed in the paper bags
was significantly higher than the contamination of wasps that
had emerged from one winter crop caprifig (Table 2). Similarly,
in all experiments, the incidence of wasps contaminated with
Cladosporium spp. was greater for the 10 caprifig treatment than
for the five or one caprifigs; differences in incidences of wasps
contaminated with Alternaria spp. or yeasts were noted in only
one experiment (Table 2).

Regardless of the number of winter crop caprifigs enclosed
in the bags, the incidence of F. moniliforme on wasps that had
emerged from caprifigs with symptoms of endosepsis ranged from
38-899% (Table 3) compared with 2-58% for symptomless syconia
(Table 2). There were no significant differences among the treat-
ments for the incidence of F. moniliforme and the other filamen-
tous fungi and yeasts recovered from these wasps. Other fungi
recovered occasionally from wasps placed on APDA were A.

TABLE 2. Effects of number of symptomless winter crop caprifigs ( Ficus carica) enclosed in paper bags on contamination of fig wasps® with Fusarium

moniliforme and other fungi and yeasts

Number of winter

Incidence (%)°

Exp." crop caprifigs F. moniliforme Alternaria spp. Cladosporium spp. Yeasts
1 | 74 1.0 8.5 14.0
5 10.7 0.0 3.2 21.0
10 27.6 1.0 15.8 22.6
LSDg s 17.1 1.1 10.4 28.1
2 1 10.2 0.5 0.7 21.4
5 13.0 0.6 1.6 12.4
10 17.0 0.6 12.4 14.4
LSDg s 223 1.1 6.6 19.7
3 1 0.4 3.7)° 0.1(1.5) 3.5(10.8) 4.5 (13.7)
5 61.8 (57.6) 0.1(1.5) 2.4 (9.0) 0.1(1.1)
10 36.6 (37.3) 3.0 (9.9) 22.1 (28.0) 11.5 (19.8)
LSDy s awn (19:7) ... (4.8) ... (10.5) ... (11.6)

*Fig wasps matured and emerged from the caprifigs while in the paper bag.

"Experiments | and 2 had ten and experiment 3 had five replications in which one, five, or ten halves of winter crop caprifigs were enclosed

in paper bags.

“Averages from ten (exp. 1 and 2) or five (exp. 3) replications of five petri dishes that contained acidified potato-dextrose agar and ten wasps

per dish; the dishes were incubated at 23 C for 5-7 days.

“Values in parentheses are the means of the transformed data, using the standard arcsine transformation; the statistical analysis was performed

on the transformed data.
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Fig. 6. Effects of number of winter crop (mamme) caprifigs used for pollination of spring crop (profichi) caprifigs on incidence of Fusarium moniliforme:
A, in the cavity of spring crop caprifigs (in 1987); B, in the cavity and ostiole of spring crop caprifigs, and on wasps emerged from these fruits
(in 1992). Data points represent the average of seven replications of 10-15 fruits and 50 wasps per replication.

niger, Botrytis cinerea Pers.:Fr., Paecilomyces lilacinus (Thom)
R. A. Samson, and Penicillium spp.

Effects of number of winter crop caprifigs on incidence of F.
moniliforme on spring crop caprifigs and endosepsis in Calimyrna
figs. In 1987 and 1992, more than twice as many spring crop
caprifigs were infested in the cavity by F. moniliforme after
pollination with five or 10 winter crop caprifigs than with one
(Fig. 6A and B). Contamination of ostioles with F. moniliforme
followed the same pattern as cavity contamination (Fig. 6B). In
contrast, 35% of spring crop caprifigs pollinated with one winter
crop caprifig were contaminated by Cladosporium spp. but only
12 and 8% of spring crop caprifigs pollinated with five and 10
winter crop caprifigs, respectively. Other fungi most frequently
recovered with the agar-drop technique from these figs were Alter-
naria and Penicillium spp., P. lilacinus, and various yeasts.

In both 1992 and 1993, the fewest wasps (227 and 304, respec-
tively) hatched from spring crop caprifigs pollinated with 10 winter
crop caprifigs and the most (364 and 470, respectively) from those
pollinated with one winter crop caprifig; the mean numbers (310
in 1992 and 449 in 1993) of wasps hatched from spring crop
pollinated with five winter crop caprifigs ranged between those
of wasps emerged from caprifigs of the two other treatments.
More than twice as many wasps that emerged from spring crop
caprifigs pollinated with five or 10 winter crop syconia were
contaminated with F. moniliforme than wasps that emerged from
spring crop caprifigs pollinated with only one winter crop caprifig
(Fig. 6B).

The relationships of the number of winter crop caprifigs bagged
with spring crop caprifigs and the incidence of F. moniliforme
in the cavity, the ostiole, and the plated wasps were quadratic
(P < 0.01) with a maximum level of contamination occurring
with six to eight winter crop caprifigs. Cladosporium and B.
cinerea were associated with 52 and 259, respectively, of wasps
that had emerged from spring crop caprifigs pollinated with only
one winter crop syconium. The incidence of Penicillium spp.,
however, was significantly (P < 0.05) higher on wasps emerged
from spring crop caprifigs pollinated with five or 10 than with
one winter crop caprifig (data are not shown). Nonpollinated
controls enlarged to 25-35 mm, turned yellow within 2 wk after
bagging, and dehisced from the shoot; no fungi developed on
the solidified agar drops placed in the cavity of these nonpollinated
syconia.

In 1992, Calimyrna syconia pollinated with spring crop caprifigs
that had been pollinated with five or 10 winter crop caprifigs
averaged 88-929% incidence of endosepsis but only 60% were
infected when the caprifig used was pollinated with a single
syconium from the winter crop (Fig. 7). In 1993, 38 and 63%
of the Calimyrna figs pollinated with spring crop caprifigs that
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Number of winter crop caprifigs bagged with
spring crop caprifigs
Fig. 7. Effect of number of winter crop (mamme) caprifigs used for polli-
nating spring crop (profichi) caprifigs, which were then used to pollinate
Calimyrna figs, on the incidence of endosepsis of dry Calimyrna fruit.

Data are the average of seven replications of 10-15 fruits collected on
4 September 1992 and 10 September 1993.

had been with five and 10 winter crop syconia, respectively, were
infested by F. moniliforme (endosepsis disease) but only 14%
of those pollinated with caprifigs that had been pollinated with
a single syconium (Fig. 7). The relationship between the number
of winter crop caprifigs bagged with spring crop caprifigs and
incidence of endosepsis of Calimyrna was quadratic (R* = 0.86
— 0.99; P < 0.05). The number of winter crop caprifigs used
to pollinate spring crop caprifigs did not affect the levels of smut
(6-8% in 1992 and 0-7% in 1993) or Alternaria mold (0-5% in
1992 and 19-449% in 1993; caused by A. alternata (Fr.:Fr.) Keissl.)
in Calimyrna figs (9). In both years, when caprifigs were not
added to bagged Calimyrna shoots, the syconia enlarged up to
25 mm, turned yellow, and dehisced from the shoot into the bag.
No fungi developed on the solidified agar drops placed in the
cavity of non-pollinated Calimyrna figs.

Relationship of flying adult female wasps, availability of caprifig
syconia, and fig endosepsis. In the orchards in Merced and Tulare
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counties, the number of wasps captured on sticky traps peaked
in mid-June in both 1989 (Fig. 3) and 1993. Wasp populations
decreased significantly in late July 1989 and in early July 1993,
In each year, a second peak in the wasp population occurred
during late September to early October (Table 4). In the orchard
at Kearney Agricultural Center, the first peak in flying wasps
occurred during the first week of June, with 240 wasps captured
per trap per day from late May to early June. By the end of
June, an average of only 1.3 wasps were captured per trap per
day. A small peak (10 wasps/trap/day) was detected near the
end of March 1993 in the orchard in Tulare County.

The availability of summer crop caprifigs present during the
season in the orchard in Merced County increased with time for
both Stanford and Roeding 3 cultivars (Table 4). The lowest
number of syconia available for pollination occurred at the end
of June, following the peak of flying wasps in mid-June (Table 4
and Fig. 3). Up to 21 wasps were observed in some of the summer
crop caprifigs in July 1988 and June 1993. An average of eight
wasp females was recorded for caprifigs collected on 3 July 1989.
In this orchard, the incidence of F. moniliforme from the end
of June to the beginning of July ranged from 80-90% (Fig. 3).
In contrast, in the experimental orchard at Kearney Agriculture
Center, six to seven summer crop caprifigs were recorded per
shoot in June 1989 with one to three wasps per syconium, and
the incidence of F. moniliforme was only 23.3%. In 1993, in the
orchard in Tulare County, 0.2-1.0 summer crop caprifigs were

recorded per shoot 1 July but the number of fruit increased to
3.3-5.7 per shoot by 15 October. In this orchard, 86% of the
caprifigs had propagules of F. moniliforme in July but only 16%
in October.

The highest incidence of endosepsis occurred approximately
I mo after the highest peak of flying wasps. Levels of endosepsis
of winter crop caprifigs reached 60-65% from the middle to the
end of March and declined in the spring crop caprifigs during
April, May, and June (Fig. 3). Disease increased to 90-95% by
mid-July in the scarce summer crop caprifigs but decreased during
August and September as the availability of caprifig syconia
increased. A second but smaller peak in disease and flying wasps
occurred from late September to October (Table 4 and Fig. 3).
Levels of disease recorded in early November were similar to
those determined from the middle to the end of March. Wasp
flights did not occur after 10 November.

The incidence of F. moniliforme ranged from 82 to 999% in
samples of summer crop caprifigs collected during June and July
in the four caprifig orchards (Table 5). But in caprifigs sampled
in autumn, the incidence of F. moniliforme ranged from 43-879%.
In addition, 83 and 78% of the wasps that had emerged from
caprifigs collected on 22 September and 18 October, respectively,
showed contamination with F. moniliforme.

Effects of numbers of wasps in fruit syconia on disease incidence.
In both experiments, 10-25% of pollinated Calimyrna syconia
were infested with F. moniliforme when no wasps were detected

TABLE 3. Effect of number of symptomatic winter crop caprifigs (Ficus carica) enclosed in paper bags on contamination of fig wasps" with Fusarium

moniliforme and other fungi and yeasts

Number of winter

Incidence (%)°

b

Exp. crop caprifigs F. moniliforme Alternaria spp. Cladosporium spp. Yeasts
1 1 67.2 0.0 0.7 53
5 37.6 0.8 6.2 13.8
10 88.8 9.0 0.8 2.6
LSDy g5 17.0 8.4 4.4 8.7
2 1 53.2 10.3 8.3 8.8
5 58.7 6.9 5.9 9.4
10 49.5 15.2 10.8 5.4
LSDy g5 29.5 19.3 11.4 14.6

*Fig wasps matured and emerged from the caprifigs while in the paper bag.

"Both experiments had ten replications in which one, five, or ten halves of winter crop caprifigs were enclosed in paper bags.
“Averages from ten replications of five petri dishes that contained acidified potato-dextrose agar and ten wasps per dish; the dishes were incubated

at 23 C for 5-7 days.

TABLE 4. Numbers of caprifig fruit developing during summer and fall,
and number of fig wasps (Blastophaga psenes) trapped on yellow sticky
traps in a commercial caprifig orchard in Merced County in 1989*

TABLE 5. Incidence of Fusarium moniliforme on summer crop caprifigs
collected from four commercial orchards and on wasps (Blastophaga
psenes) that had emerged from these figs in 1990

Number of caprifigs per 10 shoots®

Date” cv. Stanford cv. Roeding 3 Fig wasps per trap*

3 May 0.3+£05°
16 May 0.0+0.0
30 May 0.0 £0.0
12 June 6,510 + 520.4
16 June 5,391 + 268.6
19 June 2,302 £ 398.3
28 June 1.0£0.9 03+£0.5 3,241 £ 582.6
13 July 700 £ 198.7

7 August 30.7£7.6 43109 0.3£0.5
29 August 23.0+79 87+ 1.0 0.3£0.5

6 September v i 323+119
20 September 26.7+ 4.0 18.3 £ 49 74.3 % 14.1
10 November 49.3 £+ 6.1 21.3+£5.0 203.3 + 109.4

*Results in 1993 showed similar trends to those of 1989.

"Yellow sticky traps were changed every 2-3 wk except during the period
12-19 June and 20 September to 10 November 1989,

“Ten shoots on each of three trees of cv. Roeding 3 and three trees of
cv. Stanford were observed.

“Fig wasps were counted with the aid of a dissecting microscope (10X).

“+ values represent standard deviations.
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Orchard Site or source Collection date F. moniliforme (%)"

A 23 June 95.8 £ 5.0
28 June 879+ 4.6

B 6 July 81.7+£ 119
C I 6 July 938 +4.2
2 6 July 928+ 7.0
3 6 July 96.2 3.4
4 6 July 940+ 3.5
5 6 July 98.8 + 1.2
A 13 July 858+ 56
D 20 July 98.8 1+ 1.2
A 1 22 September 86.3+ 8.3
2 22 September 859+ 56

Wasps” 22 September 833+ 11.2
A | 18 October 64.5+ 2.8
2 18 October 42,6 £ 8.5
Wasps 18 October 776+ 44
B 20 October 21,5+ 8.8

“Average of four to six 20-fruit replications determined by using the
agar-drop technique (19) + standard deviation.

®Average of six replications each of five petri dishes containing acidified
potato-dextrose agar and ten wasps per dish; the dishes were incubated
at 23-25 C for 4-5 days.



in the fruit cavity (Fig. 8A-B). As wasp numbers in the cavity
increased, incidence of F. momhﬁ:rme also increased. Five or
six wasps per syconium resulted in a 100% incidence of F. monili-
JSforme in the cavity (Fig. 8A and B). In general, F. moniliforme
incidence was higher on ostioles than in cavities. Sixty to 67%
of pollinated Calimyrna syconia were infested with F. moniliforme
in the ostiole when no wasps were detected in the fruit cavity.
The relationships of the numbers of wasps counted in the fig
cavity and the incidence of infestation by F. moniliforme in the
cavity or the ostiole were best described by second-degree poly-
nomial equations (P < 0.01).

DISCUSSION

This study shows that F. moniliforme, causing fig endosepsis,
is not transmitted transovarily by the fig wasp (Table 1). Instead,
the wasps become contaminated with spores of the fungus either
in the cavity of figs or from their contact with plant surfaces.
Interestingly, wasps collected from the upper surface of leaves
had significantly higher incidences of both F. moniliforme and
Alternaria spp., including A. alternata. Michailides et al (21)
observed propagules of Fusarium spp. on 1- to 2-yr-old shoots
of Calimyrna and I- to 3-yr-old shoots of Roeding 3 caprifig
trees. In addition, Fusarium spp. propagules were found on young
and old fig leaves, petioles, and on surfaces of infected fruit
(advanced stages of infection). This suggests that the chance of
contamination of a clean wasp increases as the wasp walks on
shoots, leaves, petioles, and fruits before reaching the ostiole of
a receptive fig. Contamination of the wasps with Alternaria and
Cladosporium spp. probably occurs similarly as these fungi are
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Fig. 8. Relationship of number of fig wasps ( Blastophaga psenes) observed
in the cavity of Calimyrna fig fruits and incidence of Fusarium moniliforme
determined in the fruit cavity or ostiole. Data are the means of three
20-fruit samples (A) in 1992 and (B) in 1993.

not commonly found sporulating in the cavity of caprifigs. The
incidences of contamination with F. moniliforme of wasps col-
lected from plant surfaces were significantly (P < 0.05) smaller
than those of wasps collected from diseased syconia (Table 1)
because emerged wasp populations represent individuals from
both healthy and diseased spring crop syconia.

Several species of yeasts were associated with the fig wasp
pollinator in previous studies (29) and in this study. Contam-
ination of wasps with yeasts results in contamination of the cavity
of Calimyrna figs with yeast propagules that can cause fermenta-
tion and souring of the fruit tissues containing sugars (9,32).
However, other insects (dried fruit beetles and vinegar flies) can
also vector yeasts in the fig cavity, resulting in souring of figs
(14,22). Incidence of sour figs is one of the tests when figs are
inspected for separatmg the merchantable product (1).

Scanning electron microscopy showed that microconidia of F.
moniliforme could be found easily on almost all parts of male
and female wasps. Male wasps emerge earlier than the females,
move around within the cavity of the caprifig syconium, and
impregnate the females while still in the inflorescence galls
(2,16,24). It is at this time that the male wasps can become
contaminated from a sporulating colony of F. moniliforme in
the cavity and spread its spores over the cavity. Female wasps
probably become contaminated in the cavity of the syconium
as they emerge from the flower galls. The behavior of male and
female wasps explains the very high levels of contaminated wasps
(up to 100%) emerging from diseased caprifigs (Table 1),

The bagging experiments in the laboratory clearly showed that
enclosing more than one winter caprifig resulted in higher contami-
nation levels of emerging fig wasps with F. moniliforme. This
is because the chance of including symptomless infected caprifigs
in the bag increases as more figs are used. In the third experiment
with symptomless caprifigs (Table 3), however, the incidence of
F. moniliforme on wasps emerged from 5 and 10 caprifigs was
greater than in experiments one and two, suggesting that incidence
of disease was higher in this batch of figs than in the caprifigs
used in experiment one and two. When symptomatic figs were
used there was no relationship between the number of caprifigs
and incidence of F. moniliforme on emerged wasps, suggesting
that symptomatic figs contained abundant sporulation of F
moniliforme. An average of 1.5 X 10° spores of F. moniliforme
are present in the cavity of a symptomatic fig (T. J. Michailides,
unpublished), explaining the high levels of contamination on
wasps emerging from these figs.

All wasps detected in fruit cavities were wingless and 71% of
the caprifigs observed 2-3 wk after pollination had detached wasp
wings either on top of the outer ostiole or among the ostiolar
scales (17). About 50% of caprifigs that did not have any wings
on the outside of the ostiole had wings trapped among the ostiolar
scales. Brostein (3) and Galil (10) also observed in syconia of
other Ficus spp. tufts of detached wings of fig wasps pushing
through the tight ostiolar opening and suggested that this was
direct evidence that wasps had entered the syconium. The high
incidence of detached wings on the ostioles of summer crop
caprifigs and Calimyrna figs can be explained by the fact that
these syconia were scarce at a time when a peak of emerging
wasps imposed greater competition for these limited sites for
oviposition. Because pollinator wasps have a lifespan only 1-3
days (4,15,28) and individual syconia lose their attractiveness to
pollinators within 1-2 days of the first entry (4), the wasps have
to find a syconium as soon as they emerge from a syconium
of a previous caprifig crop. Kjellberg et al (16) observed dozens
of wasps trying to enter syconia at the same time of the season.
We also observed dozens of wasps trying to enter the scarce syconia
of summer caprifigs and the syconia of a Calimyrna tree (the
only one) found in the caprifig orchard in Tulare County
(T. J. Michailides, unpublished). Wings on the ostioles are easily
detected by their reflection of sunlight and their presence is used
by growers to monitor the progress of pollination.

The number of wasps that hatched from syconia of spring crop
pollinated with 10 winter crop caprifigs was significantly smaller
than when one to five winter crop caprifigs were used. Brostein
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(3) reported that total wasp offspring maturation is influenced
by the number of pollinator wasps per syconium and the number
of mature wasps is often low when pollinator entries are high.
Emergence of fewer wasps in these syconia can result in lower
activity in the fruit cavity. This may explain why the incidence
of contamination with F. moniliforme of spring crop caprifigs
that had been pollinated with 10 winter crop caprifigs and on
the wasps that had emerged from these caprifigs was about the
same as when five winter crop caprifigs were used for pollination
(curvilinear lines in Fig. 6).

This study presents the first experimental evidence from the
field showing that overpollination of caprifigs (using more winter
crop caprifigs than necessary) resulted in significantly higher
incidence of F. moniliforme in the spring crop caprifigs. This
increase in disease incidence led to greater numbers of emerged
wasps infested by F. moniliforme (Fig. 6B). This suggests that,
when more than the sufficient number of winter crop of caprifigs
is used, there is a greater chance of including symptomless (but
infected by F. moniliforme) caprifigs in the pollination process.
Most importantly, when spring crop caprifigs that were pollinated
with five to 10 winter crop caprifigs were used to pollinate
Calimyrna fruit, significantly more endosepsis developed on the
mature, dry fruit of Calimyrna figs (Fig. 7). Thus, increases in
disease as a result of overpollination can occur at two different
stages: 1) pollination of spring crop with more winter crop caprifigs
than necessary; and, 2) pollination of the Calimyrna with spring
crop caprifigs (Fig. 2). Growers, therefore, should avoid overpolli-
nation at either stage in order to keep endosepsis at manageable
levels.

To avoid overpollination, the process of pollination should be
monitored closely either by recording the incidence of wings
attached to the ostiole or by determining the number of wasps
present in the fruit cavity. If a large number of split figs show
no signs of fertilization, additional caprifigs should be added to
the bags hung on the trees. Experience in recognizing the receptive
stages of development of figs in both caprifigs and Calimyrna
crops is, of course, helpful in achieving optimum pollination.

Because of the limited numbers of available caprifigs (summer
crop) in early July and the very high numbers of flying wasps
(Fig. 3), strong competition for sites was observed. This intense
competition is shown by 1) the numerous wasps surrounding the
eye of developing fruit and trying to enter through the scales
in the cavity, 2) the high numbers of wasps recorded in the cavities
of fruits during this period, and 3) the unusually high incidence
of F. moniliforme propagules in the cavity of these figs (Table 5).
Incidence of F. moniliforme in Calimyrna figs was similarly
affected by the number of wasps trying to gain entry. The presence
of three wasps in the cavity was associated with 100% contamina-
tion of ostioles but five to six wasps in the cavity were required
to result in 100% F. moniliforme contamination in the fig cavities.
Microconidia of F. moniliforme attached to the wasps’ bodies
are probably more important for causing disease than are those
attached to their wings. A higher incidence of fig endosepsis in
the ostiole than in the cavity, and the smaller number of wasps
required for contaminating the ostiole than the cavity of the
syconium, suggest that propagules of F. moniliforme can be
deposited among the scales of the ostiole. In addition, wasps’
wings or wasps (10) contaminated with F. moniliforme trapped
among the ostiolar scales may contribute to the higher incidence
of endosepsis disease on the ostiole (eye) than in the cavity of
figs (Figs. 6B and 8A-B).

Nonpollinated caprifigs or Calimyrna fruits quickly dehisced
from the plant and dropped. The fact that the cavity of these
figs is sterile is yet another strong indication that initially the
microflora detected in the cavity of the figs is brought in by
the fig wasp. Miller and Phaff (23) were unable to isolate any
microorganisms from the fig cavity until after pollination.
Furthermore, the more wasps entering the fig, the higher the
chances for figs to become contaminated with propagules of F.
moniliforme and develop endosepsis. Although various species
of thrips have been detected in cavities (13) and nitidulid beetles
(Carpophilus spp.[14,31]), it is believed that thrips enter the cavity
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after the ostiolar scales of figs become loose and the nitidulid
beetles when figs start ripening (14,22). Thrips, however, have
been reported to carry other microorganisms causing decay in
figs (13).

Prior to this study experimental evidence that overpollination
results in higher incidence of fig endosepsis in Calimyrna figs
was missing. Although there is a general belief among growers
that overpollination results in more diseased fruit, this is the first
study to show the effects of overpollination on incidence of fig
endosepsis and the relationships of population dynamics of fig
wasp to disease incidence, explaining how the disease became
endemic in both cultivated and wild caprifig pollinators. In culti-
vated figs, overpollination affects the number of wasps entering
the cavity, thus influencing the chance of contamination of the
cavity by F. moniliforme. Optimum pollination should reduce
the disease. For instance, in wild caprifigs where pollination is
done without human interference, the incidence of endosepsis
in these figs is lower than in the cultivated ones (T. J. Michailides,
unpublished).
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