12 FRrRuUIT VARIETIES JOURNAL

Literature Cited

1. Mowry, H. and A. F. Camp. 1928. Blue-
berry culture in Florida. Fla. Agric. Exp.
Sta. Bull. 194.

2. Sharpe, R. H. and G. M. Darrow. 1959.

Breeding blueberries for the Florida
Climate, Proc. Fla. State Hort. Soc. 72:
308-311.

8 _—____ and W. B. Sherman. 1971.
Breeding blueberries for low chilling re-
quirement. HortScience 6:145-147.

Germination of Apple Pollen as Influenced by Fungicides
S. M. RiEs!

Abstract

Pollen collected from two apple cultivars
was tested in the laboratory for germinability
in solutions of the fungicides or bactericides
which are commonly applied during bloom
to control apple diseases. Dodine signifi-
cantly (P = 0.01) reduced ‘Jonathan’ and
‘Golden Delicious’ pollen germination. Pol-
len grains which did germinate, however,
produced germ tubes which elongated at
the same rate as controls. Streptomycin at
50 ppm had no effect on either germination
or germ tube elongation of ‘Golden Deli-
cious’ pollen but significantly (P = 0.01)
reduced germination at 100 ppm. All fungi-
cides applied at recommended rates for dis-
ease control significantly (P = 0.01) re-
duced apple pollen germination. Benomyl
and sulfur affected pollen germination the
least while the dithiocarbamate fungicides
(zineb, metiran, dinocap-mancozeb) and
captan proved most toxic.

Introduction

The most common and serious
pathogens affecting apple production
and the diseases they cause are Ven-
turia inaequalis (scab), Gymnospo-
rangium spp. (rusts), Erwinia amylo-
vora (fire blight) and Podosphaera
leucotricha (powdery mildew). These
diseases require that fungicide control
measures be initiated prior to and con-
tinuing through bloom until disease
pressure subsides usually during the
summer. Fungicide appﬁcations dur-
ing bloom for disease control are cur-
rently recommended by many exten-
sion plant pathologists.

Several researchers have reported
non-target effects of fungicides on ger-
mination of various fruit pollens. Rich
(5) observed that captan adversely
affected apple pollen germination in

vitro but not in vivo. Eaton (1, 2, 3)
found that captan reduced in vitro
sweet cherry pollen germination, in
vitro strawberry pollen germination,
and in vivo apple pollen germination.
Shawa, et al (6) reported that captan
inhibited cranberry pollen germina-
tion in in vitro tests. The following re-
port details the effects of captan as
well as several other commonly ap-
plied fungicides on the in vitro ger-
mination and germ tube elongation of
‘Jonathan’ and ‘Golden Delicious’ ap-
ple pollen.

Materials and Methods

Nonsprayed ‘Jonathan’ and ‘Golden
Delicious’ apple blossoms at the bal-
loon stage were randomly picked on
1 May 1974. Anthers were excised by
rubbing the blossoms across a 12-mesh
screen. They were dried at room tem-
perature (24° C) for 48 hours in cul-
ture plates, and this caused them to
dehisce. This preparation containing
both pollen grains and floral parts was
stored in sealed glass vials at —16° C
until used.

A germination medium containing
0.3M raffinose and 0.001% boric acid
in glass distilled water was prepared
(4). Germination medium (0.4 ml)
was placed in each of 12 depressions
of porcelain plates. Aliquots (0.1 ml)
of fungicide or bactericide suspen-
sions in distilled water containing five-
fold the desired test rate was added to
each depression thereby leaving a
final fungicide concentration equiva-
lent to the rates given below. All rates
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are expressed in either pounds per 100
gallons or in parts per million (ppm)
of formulated product for better
reader understanding. Fungicides ex-
amined for their effect on pollen ger-
minability and the rates tested were
the following: streptomycin (Agri-
Strep 17W, Merc) at 0, 10, 25, 50, 75,
and 100 ppm; dodine (Cyprex 65W,
American Cyanamid) at 0, 0.25, 0.375,
0.5, 0.75, and 1 pound per 100 gal-
lons; captan (Captan 50W, Stauffer)
at 0, 0.5, 1.0, 1.5, 2.0, and 2.5 pounds
per 100 gallons; sulfur (Sulfur 90W,
Niagara) at 0, 1, 2, 3, 4, and 5 pounds
per 100 gallons; benomyl (Benlate
50W, du Pont) at 0, 2, 4, 2 ounces plus
1 quart of superior oil, and 1 quart of
superior oil per 100 gallons; zineb
(Dithane Z-78 75W, Rohm & Haas)
at 0, 0.5, 1.0, 1.5, 2.0, and 2.5 pounds
per 100 gallons; metiram (Polyram
80W, Niagara) at 0, 0.5, 1.0, 1.5, 2.0,
and 2.5 pounds per 100 ga]lons and
dinocap-mancozeb (Dikar 80W, Rohm
& Haas) at 0, 1, 2, 1 pound + 3 ounces
Triton B-1956, 2 pound + 3 ounces
Triton B-1956, and 3 ounces Triton
B-1956.

Immediately following addition of
each test fungicide to the germination
medium, pollen was transferred to
each depression with a camel hair
brush. The pollen, germination me-
dium, and fungicide were mixed with
an inoculation needle. The depression
plates were immediately placed on
moistened Kim Pak cellulose paper
pads in covered plastic boxes to re-
duce evaporation and incubated at
room temperature (24° C). Germina-
tion was stopped after two hours by
the addition of 0.1 ml of 3% gluter-
aldehyde in 0.005M phosphate buffer
at pH 6.8. All plates containing
pollen-fungicide-germination medium
were frozen at —30° C until examined.

Percent germination and the amount
of germ tube elongation was deter-
mined by thawing porcelain plates
containing treated or nontreated
(controls) pollen and observing sam-

ples on microscope slides at 40X on a
Reichert Visopan viewing microscope.
Tube elongation in cm was measured
directly from the viewing screen. Con-
trols consisted of pollen added to 0.4
ml of germination medium and 0.1 ml
of distilled water. At least 200 pollen
grains were examined per fungicide
rate tested and all experiments were
replicated twice. Fungicide treat-
ments were arranged in a split-plot
design with two replications. Treat-
ments were assigned at random to the
whole unit in a randomized complete
block design; rates were assigned as
subunits within each whole unit.

Results

Apple pollen grains are triangular
to circular in shape. When germina-
tion occurs a single germ tube grows
from one of the 3 apices. Germ-tube
growth was rapid when no inhibitory
compound was present with tubes
averaging 4.7 cm long after 2 hours
of incubation. The percentage germi-
nation was not dependent upon either
the number of pollen grains placed in
the germination medium or upon any
significant alteration of the pH of the
germination medium by the fungi-
cides at the rates examined. All re-
sults are expressed as percentages of
the controls.

Table 1. Effect of different concen-
trations of streptomycin (Agri-Strep
17W) on in vitro germination and
germ tube elongation of apple
(Malus domestica cv. ‘Golden Deli-
cious’) pollen.

Rate Germination Germ tube growth
(ppm formulated (% of controls) (% of controls)

product) Golden Delicious Golden Delicious

0 100.0 100.0
10 101.5 104.2
25 74.4 87.9
501 75.9 96.2
75 75.9 83.2
1001 56.5 71.5
LSD, 1% level 26.9 41.8

1Commonly recommended rate .or rates to obtain
disease control.
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Streptomycin, the only bactericide
tested, is frequently applied for fire
blight control during the bloom period
at recommended rates of 50 to 100
ppm. Table 1 shows that strepto-
mycin reduced germinatoin at 100
ppm (P =0.01) but reduction in
germ tube elongation of ‘Golden De-
licious’ pollen was not statistically
significant at any rate tested.

Dodine commonly applied to con-
trol apple scab during the sprin
(Table 2) significantly (P = 0.01

Table 2. Effect of different concentra-
tions of dodine (Cyprex 65W) on
in vitro germination and germ tube
elongation of apple (Malus domes-
tica cv. ‘Jonathan’ and ‘Golden Deli-
cious’) pollen.

Germination Germ tube growth

Rate (% of controls) (9% of controls)

(Ibs. formulated Jona- Golden Jona- Golden
product/100 gal.) than Delicious than Delicious

0.00 100.0 100.0 100.0 100.0
0.251 29.4 21.8 111.5 445
0.3751 11.8 20.6 100.7 29.8
0.501 84 116 872 216
0.75 2.5 109 1105 326
1.00 43 1381 472 40.1
LSD, 1%level 64.5 287 95.0 41.8

1Commonly recommended rate or rates to obtain
disease control.

reduced germination of both ‘Jona-
than’ and ‘Golden Delicious’ pollen at
all rates examined. Dodine, however,
appeared to have no statistically sig-
nificant effect on germ tube growth
of ‘Jonathan’ pollen but had a pro-
nounced effect on ‘Golden Delicious’
tube elongation even at the lowest
rate tested.

Less frequently used fungicides
such as captan or sulfur were also
phytotoxic to pollen. Captan at the
recommended orchard use rate of 2
1b/100 gal. reduced germination of
‘Jonathan” pollen by 96% and germi-
nation of ‘Golden Delicious’ pollen by
85% (Table 3). The lowest captan
rate tested significantly (P = 0.01)
reduced germination. Germ tube

Table 3. Effect of different concentra-
tions of captan (Captan 50W) on
in vitro germination and germ tube
elongation of apple (Malus domes-
tica cv. ‘Jonathan’ and ‘Golden Deli-
cious’) pollen.

Germination Germ tube growth

Rate (%% of controls) (9% of controls)

(Ibs. formulated Jona- Golden Jona- Golden
product/100 gal.) than Delicious than Delicious

0.0 100.0  100.0 100.0 100.0
0.5 209 430 354 245
1.0 122 11.1 816 220
1.5 10.1 83 175 180
2.01 4.0 148 453 251
2.5 79 145 270 162
LSD, 1% level 27.6 287 519 420

1Commonly recommended rate to obtain disease con-
trol,

elongation was also significantly re-
duced.

Sulfur reduced pollen germination
but was less toxic to ‘Golden Deli-
cious’ pollen than to ‘Jonathan’ pollen
(Table 4). Significant (P = 0.01) re-

Table 4. Effect of different concentra-
tions of sulfur (Sulfur 90W) on in
vitro germination and germ tube
elongation of apple (Malus domes-
tica cv. ‘Jonathan’ and ‘Golden Deli-
cigus’) pollen.

Germination Germ tube growth

Rate (% of controls) (% of controls)
(Ibs. formulated Jona- Golden Jona- Golden
product/100 gal.) than Delicious than Delicious
0 100.0 100.0 100.0 100.0
1 60.2 832 580 790
2 594 81.8 625 68.7
3 555 850 647 58.0
4 27.3 830 523 51.1
51 29.6 69.8 443 473
LSD, 1% level 21.2  33.0 548 421

‘Coinmonly recommended rate to obtain discase con-
trol.

duction of ‘Jonathan’ pollen germi-
nation occurred at rates of 1 1b/100
gal or higher while ‘Golden Delicious’
pollen was not significantly affected
even at rates as high as 5 1b/100 gal.
Generally, sulfur had less effect in
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preventing germ tube elongation than
many other fungicides.

Benomyl (Table 5) at 2 ounces in
combination with 1 quart of Superior

Table 5. Effect of different concentra-
tions of benomyl (Benlate 50W) on
in vitro germination and germ tube
elongation of apple (Malus domes-
tica cv. ‘Jonathan’ and ‘Golden Deli-
cious’) pollen.

Germination Germ tube growth

Rate (% of controls) (% of controls)

(Ibs. formulated Jona- Golden Jona- _Golden
product/100 gal.) than Delicious than Delicious

0 100.0 100.0 100.0 100.0
2 787 727 464 380
11 60.2 56.6 37.1 253
2+ 1 qtoill 48.1 331 523 224
1 gt oil 69.1 733 669 545
LSD, 1% level 22.1 28.6 437 41.6

1Commonly recommended rate or rates to obtain
disease control.

oil per 100 gallons significantly (P =
0.01) reduced pollen germination of
both cultivars, although nearly half
the pollen grains germinated. Simi-
larly, benomyl at 4 oz per 100 gal sig-
nificantly reduced germination of both
apple cultivars but more than half the
pollen grains germinated.
Dithiocarbamate-containing fungi-

Table 6. Effect of different concentra-
tions of zineb (Dithane Z-78 50W)
on in vitro germination and germ
tube elongation of apple (Malus
domestica cv. ‘Jonathan’ and
‘Golden Delicious’) pollen.

Germination Germ tube growth

Rate (% of controls) (% of controls)

(Ibs. formulated Jona- Golden Jona- Golden
product/100 gal ) than Delicious than Delicious

0.0 100.0 100.0 100.0 100.0
0.5 56.2 329 445 567
1.0 147 219 3.1 318
1.5 7.2 5.1 3.6 397
2.01 0.6 51 863 129
2.5 06 135 291 252
LSD.1%level 23.1 332 438 589

cides (zineb, metiram, and dinocap-
mancozeb, Tables 6, 7, and 8, respec-
tively) all adversely affected pollen
germination and tube elongation in
a similar manner. All significantly
(P =0.01) reduced pollen germina-
tion of both apple cultivars by 85-
100% and germ tube growth by 60-
1009 at rates recommended for

Table 7. Effect of different concentra-
tions of metiram (Polyram 80W)
on in vitro germination and germ
tube elongation of apple (Malus
domestica cv. ‘Jonathan’ and
‘Golden Delicious’) pollen.

Germination Germ tube growth

Rate (% of controls) (% of controls)

(ozs. formulated Jona- Golden Jona- Golden
product/100 gal.) than Delicious than Delicious

0.0 100.0  100.0 100.0 100.0
0.5 3.7 193 512 255
1.0 2.4 82 352 207
15 3.7 81 317 144
2.01 0.0 7.0 0.0 105
2.5 0.0 1.6 0.0 9.0
LSD, 1% level 83.5 283 921 43.7

1Commonly recommended rate to obtain disease con-
trol.

Table 8. Effect of different concentra-
tions of dinocap-mancozeb (Dikar
80W) on in vitro germination and
germ tube elongation of apple
(Malus domestica cv. ‘Jonathan’
and ‘Golden Delicious’) pollen.

Germination Germ tube growth

Rate (% of controls) (% of controls)

(1bs. formulated Jona- Golden Jona- Golden
product/100 gal.) than Delicious than Delicious

0.0 100.0 100.0 100.0 100.0
1.0 2.1 11.2 500 117
2.0 2.1 7.8 357 17.0
1.0 + 3 oz.

Triton B 1956 14 17.1 293 179
2.0 + 3 oz.

Triton B 19561 1.4 140 125 20.0
3 oz. Triton

B 1956 634 808 80.6 892
LSD, 1% level 54.0 26.8 90.9 45.0

1Coinmcmly recommended rate to obtain disease con-
trol.

1Commonly recommended rate to obtain disease con-
trol.
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cedar-apple or quince rust disease
control.

Discussion

Streptomycin is commonly applied
at 4-day intervals during the bloom
period to control the blossom blight
phase of fire blight. This bactericide
had no adverse effect on pollen germi-
nation at rates of 75 ppm or less. It
would appear, therefore, that this
spray can be continued without affect-
ing fruit set.

Other spray materials, frequently
applied during bloom, varied in
toxicity to apple pollen in these tests.
The toxicity was either reflected in
reduced germination or in many cases
reduced germ tube growth. A com-
parison of Tables 2-8 shows that the
materials least likely to inhibit pollen
germination during bloom are beno-
myl at either the 4-ounce or 2-ounce
in combination with Superior oil rate,
or sulfur at the 2-pound rate. Benomy]
at these rates will control both apple
scab and powdery mildew but will not
control the rust diseases.

The rust diseases frequently require
control measures during bloom. Of
the currently recommended fungi-
cides tested, all were severely phyto-
toxic to pollen under the test condi-
tions employed. Bloom sprays of
dithiocarbamate-based fungicides may
reduce fruit set and adversely affect
yield especially in a year when a
limited number of flower buds sur-
vive the winter.

Because of the potential reduction
in fruit set due to fungicide applica-
tions during bloom, growers should
avoid fungicide sprays where practi-
cal during full bloom. Careful tim-
ing of fungicide sprays with an appli-

cation when the king blossoms are at
full pink should provide adequate dis-
ease protection until the petal-fall
stage when a normal spray program
could be resumed.

It must be emphasized that the data
presented in this report represents
only laboratory results. Generally,
under field conditions, more pollen
and flowers are present than necessary
to insure a full crop. Therefore even
though many commonly used fungi-
cides resulted in reduction of germin-
able pollen under laboratory condi-
tions these same fungicides may not
have a measurable effect in reducing
fruit set in the field. Studies that are
currently under way will investigate
the importance of fungicide toxicity
to fruit set under field conditions.
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