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ABSTRACT

The potential for Mycosphaerella melonis to develop
tolerance to benomyl was examined.

Surveys of diseased

plant material from greenhouse collections before and after
benomyl applications indicated that tolerance in natural
populations of M. melonis did not occur.

The benomyl

tolerance found after screening sensitive cultures and after
UV exposures was not stable.

However, because isolates of

M. melonis could be grown in the presence of low concentra
tions of benomyl after pycnidiospores were first germinated
on benomyl free media, the potential for benomyl tolerance
does exist.

vii

INTRODUCTION AND LITERATURE REVIEW

Gummy stem blight, caused by Mycosphaerella melonis
(Passer.) Chiu and Walker, is an important disease of
cucumber (7).

It was first described on leaves of a Chinese

variety of cucumber in France in 1891 (6).

Since then, M.

melonis has been reported as a pathogen of seeds, seedlings,
and mainstems, leaves and fruits of mature melons and
cucumber plants in the United States and Europe (5, 18, 37).
Recently it was reported in Arizona as a pathogen of
greenhouse cucumbers (35).

In 1974, the disease was first

observed in a greenhouse on two-week-old seedlings of
Cucumis sativas L. cv. 'Toska'.

The following year, no

seedling disease occurred, but lesions were observed on
leaves of mature plants.

M. melonis was isolated from stem

lesions and diseased fruits.

In October, 1978, infections

on mature cucumber plants occurred in nearby commercial
greenhouses.
infected.

As before, stems, leaves, and fruits were

In July, 1979, infections involving stems, leaves,

and fruits of mature plants were again observed in the
commercial greenhouses.

Yield losses were substantial.

Control measures consisted of venting the greenhouses to
eliminate free moisture (18, 35), and the application of
carbamate and copper based fungicides.
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Benomyl (Benlate,
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E. I. du Pont de Nemours & Co., Wilmington, DE) was the only
systemic fungicide used (48).
Since its introduction in 1968 (15), benomyl has
been used extensively both as a soil drench and a foliar
spray for disease control in fruit and vegetable crops (17,
49).

Benomyl (methyl 1-(butylcarbamoyl)-2-benzimidazole-

carbamate) hydrolyzes to methyl benzimidazole-2-yl-carbamate
(MBC) both in solution (2, 8, 39) and in plants (39, 45).
MBC is also referred to as carbendazim (19, 52).
When benomyl and MBC are applied as a soil drench,
they are taken up by plant roots.

The compounds move

passively up xylem tissue and accumulate in the leaves of
mature plants (17, 29, 39).
fruits (17, 26, 45).

Very little has been found in

The rate of uptake has been related to

the degree of transpiration (17, 39, 45) in treated plants.
Studies have found that benomyl is absorbed by plants better
at a low pH (46); however, it is reported to be more
fungitoxic at a higher pH (2).

In seedlings, benomyl moves

first to the cotyledons, then up to the developing leaves
(22).

The dense growth of mature cucumber plants in green

houses and the continuous mechanical wounding from pruning
makes complete coverage by fungicides difficult.

The low

solubility of benomyl in water (17, 47) decreases the rate
of root absorption.

The movement of benomyl (or MBC)

through the xylem and subsequent accumulation in leaf tips
and margins (39, 45) leaves a large portion of the plant

unprotected unless applications are frequent enough to
achieve fungitoxic levels throughout the transpirational
stream (17, 39, 45).
Benomyl and its derivative, MBC have been found to
disrupt cell division in sensitive fungi (9, 24).

It was

found that interference with mitotic division occurred
through interaction with tubulin, the protein subunit of
spindle fibers, preventing polymerization into normal
microtubules (11, 12, 19).

Investigations have shown both

compounds to be fungitoxic (8, 24).

An exception to this

trend was found in Saccharomyces pastorianus.

Hammerschlag

and Sisler (23) found that benomyl was toxic to S^.
pastorianus, whereas, MBC was not.
In 1969, Schroeder and Provvidenti (44) reported
resistance to benomyl in powdery mildew of cucurbits.

Today

reports of resistance to this fungicide are numerous (12,
16, 20, 21, 28, 30, 33, 40, 42, 43, 47, 50, 51).

Further

more, in spite of the implementation of alternate fungicide
programs, reports of benomyl tolerance in Botrytis cinerea
(34, 38) and Mycosphaerella citri (49, 50) have occurred.
The rapid spread in the development of resistance has been
attributed to the site specific activity of benomyl, as well
as its continuous use (14, 19).

The biochemical mechanism

of resistance was studied using Aspergillus nidulans (11, 13
19).

It was found that a mutation resulting in a change in
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the amino acid composition of tubulin led to a decreased
affinity to MBC without affecting normal spindle fiber
function.
Because of the widespread use of benomyl, it is
important to know the frequency with which plant pathogens
develop tolerance.

Therefore, this study was initiated to

survey for benomyl-tolerant strains of M. melonis in green
houses in Arizona and to assess the potential for emergence
of tolerance.

METHODS AND MATERIALS

Collection and Culture Techniques
Collections of infected plant stems, leaves and
fruit were made from the greenhouse before and after benomyl
applications.

Collected plant material was examined for the

presence of pycnidia and perithecia of M. melonis.
Cultures of M. melonis were obtained by suspending
infected plant material over V-8 agar.

Cultures were

incubated on a laboratory bench top under constant
fluorescent light at 24-25°C.

The light source consisted of

two fluorescent tubes (Westinghouse 15 watt 715T 12kw)
suspended 32.5 cm above the petri plates.

After 24 hours

plates were examined and single ascospore colonies
transferred to V-8 agar and maintained under the conditions
previously described.

Continuous fluorescent light has been

found to enhance development of pycnidia and perithecia of
M. melonis (10).
A second technique to induce perithecial formation
(1) was also used.

Five millimeter diameter mycelial discs

of M. melonis were placed on 2.5 cm squares of autoclaved
dialysis tubing on water agar.
fluorescent lighting at 24-25°C.

Plates were incubated under
After 30 days, mature

perithecia could be observed at the agar-dialysis tubing
interface.
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Screening for Naturally Occurring Benomyl Tolerance
Initial screening for benomyl tolerant strains of
M. melonis involved suspending infected plant material over
benomyl V-8 agar and benomyl-water agar or imbedding small
pieces of infected stems, leaves, or fruit in benomyl-V-8
agar and benomyl-water agar.

In each case concentrations of

benomyl ranged from 0.1 ng/ml through 2 \xg/ml.
water agar served as controls.

Plain V-8 or

When showered ascospores

from suspended stems did not germinate on benomyl amended
agar, the same stems were resuspended over V-8 agar to
obtain monospore cultures of sensitive strains.
Benomyl amended agar was prepared by first suspending
a measured amount of Benlate in 100 ml of sterile distilled
water (SDW) for 24 hours (47).

Then the solution was filter

sterilized using a disposable syringe and filter unit
(Millex-GS 0.22 micromoles), added to V-8 agar (10% V-8
juice, 2% agar) or 2% water agar after autoclaving, and
poured into 9 cm diameter plastic petri plates.

Concentra

tions of benomyl were expressed as micrograms per ^milliliter
(lig/ml).

All media included 100 p.g/ml streptomycin sulfate.

Screening Sensitive Isolates for the
Development of Benomyl Tolerance

Mycelial Discs
Mycelial discs (5 mm) from stock cultures were used
to detect any inhibition of growth on V-8 agar plates toward
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a 5 mm disc of V-8 agar containing 12.5 or 25 p,g/ml benomyl.
The discs of V-8 agar containing 12.5 or 25 ng/ml benomyl
were placed on one side of a petri plate.

Twenty-four hours

later the mycelial disc was placed on the opposite side of
the plate.

Transfers to V-8 agar served as controls.

Ascospores
Ascospores were showered onto 1 [ig/ml benomyl-V-8
agar from dialysis tubing squares.

Plates were incubated

under constant fluorescent light at 24-25°C.

Cultures were

examined for germination and growth on a daily basis.

Pycnidiospores
Pycnidiospore suspensions were obtained by flooding
7 day old cultures of M. melonis growing on V-8 agar with
SDW.

The pycnidiospore suspension was collected and filtered

through three layers of sterile cheese cloth.
streaked onto 5 and 10 ng/ml benomyl-V-8 agar.
replications of each concentration were made.

Spores were
Three
The plates

were incubated and observed in the same manner as ascospore
cultures.

UV Induction of Benomyl Tolerant Mutants
UV induction of benomyl tolerant mutants was
conducted in the following manner.

A pycnidiospore suspen

sion of a sensitive isolate was quantified using a
hemocytometer, then 10 ml aliquots were placed in plastic
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petri plates (approximate depth 3 mm).

Plates were

irradiated for 15, 60, 120, and 180 seconds in an incubator
maintained at 25°C.

During each exposure the petri plates

were positioned 25 cm from the light source with the lids
off.

Plates were removed from the UV source after comple

tion of exposure.

The UV source consisted of two tubes

(GE 20 watt F 20T 12-BLB black light).

Controls consisted

of a pycnidiospore suspension placed the same distance from
the UV source, but with the petri plate lid on.

After

exposure, a 0.1 ml aliquot of each irradiated suspension was
transferred to V-8-agar containing 10 n,g/ml benomyl.
replicates were done for each exposure time.
as a media control.

Five

V-8 agar served

Plates were then incubated on a

laboratory bench under constant fluorescent light at 23-25°C.
A total of 4 experiments were conducted.
To rule out complete photoreactivation of mutants
(25, 27), duplicate sets of plates for each exposure time
were wrapped in tinfoil and maintained in total darkness at
approximately 25°C.
germination.

All plates were checked daily for spore

Developing colonies from single spores were

isolated and maintained on V-8-agar containing 10 p,g/ml
benomyl.

Tolerant isolates were considered to be those that

could grow and sporulate on 10 ^g/ml benomyl-V-8 agar.
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Evaluation of the Stability of Benomyl Tolerance
Permanence of benomyl tolerance found in screened
sensitive isolates and UV induced mutants was tested.
Germination and growth of pycnidiospores, ascospores, and
mycelial discs was evaluated on 10 ng/ml benomyl-V-8 agar
after one or two transfers to benomyl free media.
The effect of an increase in media pH on benomyl
tolerance was also examined.

A solution of 5% KOH in SDW

was added to V-8 agar and benomyl-V-8 agar to adjust the pH
to the desired level.

To rule out pH effects on mycelia,

growth rate comparisons were made between selected benomyl
tolerant isolates obtained from UV studies, and benomyl
sensitive isolates.

Mycelial discs (5 mm) from 7 day old

cultures of both groups were transferred to V-8 agar adjusted
to various pH values (range 4.7 to 8.0).
daily.

Growth was measured

Radial growth measurements were made by measuring

the colony diameter in 2 directions perpendicular to each
other.

The average was used for radial measurement

recordings.
Pycnidiospores and mycelial discs of isolates
tolerant to 10 ng/ml benomyl were transferred from V-8 agar
at measured pH ranges of 4.7 to 8.0 to 10 ng/ml benomyl V-8
agar at a pH of 4.7, 6.0, and 8.0.

Four replications of

mycelial inoculations and two replications of pycnidiospore
suspensions were made for each pH examined and the test was
repeated once.
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Ascospores of benomyl tolerant isolates were also
examined for growth on benomyl-V-8 agar at a higher pH.
Mycelial discs of isolates growing on 10 ng/ml benomyl-V-8
agar in which no pH adjustment had been made were transferred
to dialysis tubing squares on water agar.

For comparison,

ascospores of benomyl sensitive isolates were also screened.
After perithecial development, squares were suspended over
plates of 10 n,g/ml benomyl-V-8 agar at a pH of 4.7, 6.0, and
7.8.

V-8 agar served as a control.

Three replications were

made per pH level, and the test was repeated three times.

Pathogenicity Studies
Pathogenicity comparisons were made between selected
sensitive and tolerant isolates.

Detached cucumber fruits

were surface sterilized with a 10% chlorox solution.

A hole

was cut into each end of the fruit using a sterile blade.
A mycelial disc of a resistant and a sensitive strain were
placed in opposite ends.
aseptically replaced.

The removed cucumber cube was then

Scotch tape held the cubes in place

over the mycelial plugs.

Four cucumbers were inoculated in

each test, and the experiment was repeated once.

Inoculated

fruit were incubated in plastic bags on a laboratory bench,
and kept at room temperature.

After four days, the diameter

of watersoaked and chlorotic areas surrounding inoculation
sites was measured.
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Reisolations were made from three of the inoculated
cucumbers.

Tissue from both tolerant and sensitive strain

inoculations was taken from the advancing margin of watersoaked lesions.

Samples were placed on V-8 agar and 10

ng/ml benomyl-V-8 agar.

RESULTS

Collection and Culturing
M. melonis was isolated from plant material
collected before and after benomyl spraying.

Colonies

derived from single ascospore isolates were incubated on
V-8 agar under continuous fluorescent light and consistently
produced pycnidia and perithecia (Fig. 1).

Somce diffi

culties were encountered in growing cultures of M. melonis
on dialysis tubing squares.

Up to 30 days of incubation

were necessary for perithecia to develop on the dialysis
tubing squares and if the squares were left on water agar
for longer than 30 days, the dialysis tubing squares
frequently would fall apart when removed.

Screening for Naturally Occurring
Benomyl Tolerance
In initial surveys no growth of M. melonis occurred
on benomyl-V-8 or benomyl water agar from suspended infected
plant material.

Imbedding infected plant material in

benomyl-V-8 agar and benomyl water agar also resulted in no
growth.

However, pycnidia on plant tissue were viable where

transferred to V-8 agar.

Transfers of pycnidia to benomyl-

V-8 agar produced no growth.
Cucumber fruits appearing pinched and narrowed
(Fig. 2) at the flowering end were picked off vines prior to

12
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Fig. 1.

Three week old colony of M. me.lonis derived from
single ascospore after incubation on V-8 agar under
continuous fluorescent light.

Fig. 2.

Cucumber fruits· appearing pt,nche.O, and nar~owea at
the flowering end that we~e p~cked off vines prtor
to benomyl applications~

14
and 1 week after greenhouse benomyl applications.

After the

benomyl application the frequency of recovery of M. melonis
from fruit samples decreased substantially (Table 1).

Table 1.

M. melonis isolations from infected greenhouse
cucumber fruit before and after benomyl applica
tions.
No. positive isolations
made out of total

Collection time

Rep.

Before spraying

1
2
3
4
5

3/4
2/6
3/4
0/5
3/4

After spraying

1
2
3
4
5
6
7

9/10
0/7
0/7
0/7
0/7
0/9
0/8

8

2/10

9
10

0/8
3/12

Screening of Sensitive Isolates for the Development
of Benomyl Tolerance

Mycelial Discs
Discs of 12.5 iig/ml benomyl-V-8 agar were examined
after 14 days.

Both mycelia and pycnidia were found.

This

experiment was repeated twice using 25 ng/ml benomyl-V-8
agar blocks and the isolated obtained from the 12.5 p,g/ml
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V-8 agar disc.

In the second trial after 3 weeks, growth

was observed in V-8 agar, but a zone of inhibition surrounded
the 25 p.g/ml V-8 agar block in all 3 replicates.

In the

third trial, the mycelial disc was placed 2.5 cm from the 25
benomyl agar block and colonization occurred.
Transfers from the 25 ^g/ml agar block to 25 (ig/ml benomylV-8 resulted in no growth.
and sporulation occurred.

V-8 agar controls grew normally
No sporulation occurred on the

25 ng/ml benomyl agar block.

Two out of three hyphal tips

transferred from the 12.5 ng/ml agar block to 5 ng/ml
benomyl-V-8 agar were successful, but continued transfers to
5 ppm benomyl-V-8 agar from the newly obtained 5 p,g/ml
benomyl-V-8 agar isolates resulted in no growth.

Ascospores
When mycelial discs from sensitive isolates were
transferred to 0.1 p,g/ml benomyl-water agar, growth occurred
in one out of five trials.

Mycelial discs of this tolerant

isolate were transferred to dialysis squares on water agar
and 0.1 ng/ml benomyl-water agar.
cases.

Perithecia formed in both

However, when these dialysis squares containing

perithecia were suspended over V-8 and 1 (ig/ml benomyl-V-8
arar, growth occurred on V-8 agar alone.

Pycnidiospores
Forty-eight hours after pycnidiospore suspensions
from benomyl sensitive isolates were streaked over 5 and 10
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ng/ml benomyl-V-8 agar plates, a few scattered colonies were
noted on one plate of 5 ng/ml benomyl and one plate of 10
|j,g/ml benomyl.

After 30 days of growth on 10 |j,g/ml benomyl

V-8 agar, mycelial transfers were made to 10 and 20 ng/ml
benomyl-V-8 agar and V-8 agar controls.
when transferred to V-8 agar controls.

Growth occurred only
When the above

experiment was repeated, no growth was obtained from
pycnidiospore suspensions streaked onto 5 and 10 p,g/ml
benomyl-V-8 agar.

UV Induction of Benomyl Tolerant Isolates
UV exposures were started when it became evident
that the benomyl tolerance found from screening sensitive
isolates was not retained.

In the first test, single

pycnidiospore colony growth was observed on 10 (ig/ml
benomyl-V-8 agar for exposure times of 15, 60, and 120
seconds maintained under fluorescent light.

Single spore

colonies were transferred to fresh 10 p,g/ml benomyl-V-8
agar plates.

After one week of incubation at 24°C, growth

covered the entire petri plate and sporulation occurred in
all transfers.
Ultraviolet induced mutants were found to be light
stable.

Therefore, incubation in the dark following UV

exposure was not done in later experiments.

Single spore

isolations were not made from plates maintained in the dark
following UV exposure.

After two weeks, growth covered the
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petri plates for all exposure times, but no pycnidia or
pseudothecia had formed.

Pycnidia did form after these same

plates were left under fluorescent light for one additional
week.
The second UV experiment was done to quantify the
number of pycnidiospores used.

The same UV source was used

for exposure times of 0, 60, 180, and 240 seconds.

Spore

concentration was diluted to 500 spores per ml SDW.

No

growth occurred on 10 ng/ml benomyl-V-8 agar following
exposure, although germination occurred on V-8 agar.

No

difference was noted in the number of germinated spores on
V-8 controls upon increasing exposure times.
In the third UV experiment, spore concentration was
diluted to 450 spores per ml and exposure times ranged from
0, 15, 20, 30, to 40 minutes.

After incubation for four

days, there was no growth on 10 pig/ml benomyl-V-8 agar
plates.

There was spore germination and growth on the V-8

control plates from each time exposure.

Single spore

colonies were selected from the V-8 control of the 40 minute
exposure and transferred to 10 (xg/ml benomyl-V-8 agar.
After 24 hours, mycelial growth was observed on 9 out of 10
transfers made.
The last UV experiment was a repeat of the third,
plus a second pycnidiospore control.

The second pycnidio-

spore control was not placed under the UV source, but was
screened against benomyl along with the UV exposed

18
pycnidiospores.

After two days, no growth was noted on any

of the 10 p,g/ml benomyl-V-8 agar plates from any exposure
time.

Again, there was spore germination and colony forma

tion on V-8 agar following each exposure time as well as
from both controls.

Two single spore colonies from each

control and exposure time were transferred to 10 ng/ml
benomyl-V-8 agar.

After 3 days, growth was observed in all

transfers and colony diameters were measured (Table 2).

Table 2.

Colony diameter of single spore isolates of
irradiated M. melonis pycnidiospores after three
days of growth on 10 ng/ml benomyl-V-8 agar.
UV exposure in minutes
0
0
15
15
20
20
30
30
40
40

Growth in cm
2.2
2.3
1.2
2.5
2.5
1.6
1.5
2.0
1.1
2.5

Evaluation of Benomyl Tolerance Stability
In tolerant isolates found in surveys of sensitive
strains, benomyl tolerance was lost after one transfer of
spores and mycelia to V-8 media.

Continuous transfers of
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spores and mycelia on 0.1 ^g/ml benomyl water agar or 10
jig/ml benomyl-V-8 agar was not successful (Fig. 3).
Ascospores and mycelia of UV induced tolerant
isolates retained their benomyl tolerance after one transfer
to V-8 agar.

However, the retention of tolerance was

greatly reduced after a second transfer to V-8 agar.
Continuous transfers and subsequent culturing on 10 (j-g/ml
benomyl-V-8 agar was done using mycelial discs only (Fig. 3).
Pycnidiospores of UV induced tolerant isolates retained no
tolerance to benomyl after one transfer to V-8 media.
A preliminary test showed that increasing the pH of
V-8 agar did not affect the mycelial growth rate of a
benomyl sensitive isolate of M. melonis.

Comparisons of

tolerant and sensitive isolates on V-8 agar at a pH of 4.6,
5.6, 6.0, 7.5, and 8.3 (Table 3) revealed no differences in
growth rate between isolates or pH.
Table 4 shows the results of mycelial transfers of
one benomyl tolerant isolate to V-8 agar at raised pH
measurements and the subsequent transfer to 10 p,g/ml
benomyl-V-8 agar at lower, equal, or a higher pH.
pycnidiospores germinated.

No

Mycelial growth occurred only

when a transfer was made to benomyl-V-8 agar at a pH equal
to or lower than the pH of the plate from which transfers
were made.
Ascospores from benomyl tolerant isolates did not
germinate on 10 ^g/ml benomyl-V-8 agar at a pH of 6.0 or

V8 AGAR

w 10/xg/ml BENOMYL IN V8 AGAR

GERMINATION

COLONY GROWTH

w ^,NS,STENT
^ TRANSFERS

r
w IO/xg/ml BENOMYL IN V8 AGAR
^ NO GERMINATION

r

PYCNIDIOSPORE
SUSPENSION

NO ^ IO/xg/ml BENOMYL IN V8 AGAR
uv

v

NO GERMINATION

V8 AGAR

w 10 Mg/ml BENOMYL IN V8 AGAR

GERMINATION^COLONY GROWTH

Fig, 3.

.

[^CONSISTENT
TRANSFERS

Sequence of transfers of M. melonis following ultraviolet irradiation or
without ultraviolet irradiation.
to
o

Table 3.

a
Growth rates of selected benomyl sensitive and tolerant isolates on
V-8 agar and V-8 agar with added KOH to increase the pH.
Growth of tolerant isolate

Growth of sensitive isolate
Days

4

5

6

2

3

4

5

lb
2
3

1.5
2.2
0.6

3.3
3.9
1.1

4.7
6.3
1.3

6.2
7.9
1.9

9.0

1.5
1.5
1.6

3.0
2.9
2.8

4.6
5.0
4.1

6.0
6.7
4.9

5.5

1
2
3

1.6
2.5
0.8

3.4
4.2
2.5

4.8
6.2
3.9

6.3
7.9
5.3

8.1

2.2
1.8
1.8

4.0
3.4
3.3

5.5
5.3
4.5

6.4
7.0
5.5

6.0

1

3.2
4.3
2.9

4.6
6.3
4.6

5.9
7.5
6.3

o

3

1.7
2.6
1.5

2.2
2.1
1.7

4.0
3.6
3.3

5.5
5.8
4.3

6.5
7.4
6.0

1
2
3

1.8
3.3
4.5
2.5
5.8
4.0
contaminated

5.6
7.2

7.9

2.1
2.1
2.0

4.0
3.5
3.4

5.5
5.7
4.7

6.7
7.3
6.2

7.7

1
2
3

2.1
2.5
1.7

6.0
7.8
6.6

2.2
2.3
1.1

4.2
4.0
3.3

5.7
5.7
4.2

6.9
6.7
6.3

rate measurements made in cm.

^Test results represent the average of 5 replications.

00
•

CO

•

o
00

4.7
6.3
4.7

•

o
00
a Growth

3.4
4.2
3.0

00

7.5

**r

•

2

D
I

•

4.7

6
OC

3

OC

2

PH

•

Test No.

00
•

Days

Table 4.

Sequence of transfers of a benomyl tolerant isolate of M. melonis.

Initial
10 M,g/ml benomyl
V-8 agar pH

V-8 agar
pH for
the first
transfer

10 n,g/ml benomyl
Trial l a
Trial 2
V-8 agar pH for
the second
PycnidioPycnidiotransfer
Mycelia spores
Mycelia spores
4.7

4.7

-

-

-

8.0

-

-

-

-

-

+

-

+

—

-

+

-

—

-

+

-

-

-

6.0

+e

-

-

-

-

-

-

-

4.7

+

-

+

-

6.0

+

—

+

—

-

-

+f

-

4.7

+

-

+

-

6.0

+

-

+

-

+

-

+

-

•

•

ci
+ indicates growth; - indicates no growth.

d

b

g

Four mycelial reps were used in each trial.
c
Two pycnidiospore reps were used m each trial.

•

4.7

•

o
00

_d

00
•
o

6.0

+
_d

•

o
00

7.5

-

o
00

6.0

+

o
00

4.7

_c

6.0

4.7
5.5

_b

•

Plates contaminated.
Three of four reps +, one -.

f

Two reps +, two reps -.

7.8.

Germination did occur on 10 |j,g/ml genomyl-V-8 agar

without added KOH.

Ascospores from benomyl sensitive

isolates did not germinate on 10

benomyl at any pH.

Pathogenicity Studies
Pathogenicity studies revealed no difference in
virulence between selected UV induced benomyl tolerant and
benomyl sensitive isolates (Fig. 4).

M. meIonis was

identified from reisolations of the watersoaked, chlorotic
lesions of both benomyl tolerant and senstitive cucumber
inoculations when pycnidial and pseudothecial development
occurred.

No growth occurred when the benomyl sensitive

isolates were transferred to 10 p,g/ml benomyl-V-8 agar.
benomyl tolerant isolations made on 10 |ig/ml benomyl-V-8
agar did grow.

The
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Fig. 4.

Inoculation of detached cucumber fruits using UV
induced benomyl tolerant (left) and benomyl
sensitive (right) isolates.

DISCUSSION

Surveys of collected diseased plant materials
indicated that tolerance to benomyl in natural populations
of M. melonis did not occur.

The benomyl tolerant isolates

found in surveys of sensitive cultures and after UV exposure
were not stable.

However, the potential for benomyl

tolerance does exist.

In vitro screening for tolerance

development in sensitive isolates (4, 21, 40) as well as UVinduced tolerance (3, 13, 36) have been used to demonstrate
the potential development of tolerance in a fungus.
Ultraviolet light is frequently used as a mutagenic
agent because of the ease with which mutations are obtained
(6, 25).

Even though the UV spectrum is effectively removed

from the light that passes through the plastic roof of the
greenhouses studied, the point mutations induced by UV light
are similar (25) to the mutation shown to be necessary to
change the amino acid arrangement of tubulin (11, 19).
Fungi vary in sensitivity to UV irradiation within a
genus (41) and among genera (3, 6).

Consequently, an

exposure time had to be determined for the induction of a
benomyl tolerance mutation without killing all spores.

The

exposure times in the first two studies were less than 4
minutes.

This encompassed the range of exposure times that

Ben-yephet, Henis, and Dinoor (3) had found in Ustilago

25
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hordei.

In the third and fourth UV studies, exposure times

were increased when benomyl tolerant mutants were not
consistently found.

In previous studies using UV irradia

tion to induce fruiting of M. melonis, an exposure time of
20 minutes was found by Chiu and Walker (6) to give a
maximum kill of 90%, and a 40 minute exposure resulted in
the greatest percent of mutants among survivors without a
significant increase in percent kill.
No differences were found in the pathogenicity or
growth rates of selected sensitive and UV-induced tolerant
isolates of M. melonis.

However, it has been reported that

changes in virulence or other characteristics in Cercospora
beticola could take place after only a short period in
culture (16).
Stable UV-induced tolerance to benomyl was demon
strated in Fusarium oxysporum f. sp. melonis (2),
Trichoderma harzianum (36) , and Ustilago hordei (3).
Results of comparisons of fitness between induced benomyl
tolerant and sensitive isolates of U. hordei showed that the
percentage of tolerant strains mixed in populations of
sensitive strains decreased over time.

Also no differences

were revealed in growth rate studies on benomyl-free agar
between benomyl tolerant and sensitive strains (3).
Conversely, Ruppel (42) failed to induce benomyl tolerance
by UV irradiation of sensitive isolates of Cercospora
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beticola even though resistant isolates had been found in
the field.
Screening of benomyl sensitive strains has resulted
in reports of laboratory tolerance in Cercospora
arachidicola (30), Verticillium dahliae (47), Botryotinia
fuckeliana (4 0), and Ceratocystis ulmi (4) before the
appearance of field tolerance.

Tolerance found in C. ulmi

remained stable after 15 transfers to fungicide free media.
Even though both tolerant and sensitive isolates of B.
fuckeliana were found to be pathogenic, the sensitive
isolate was thought to be slightly more aggressive.

Ruppel

and Scott (43) did not find a benomyl tolerant isolate of
C. beticola in vitro even though benomyl tolerance had
already been documented in the field.

He found no differ

ence in the fitness of benomyl resistant and sensitive
strains recovered from the field.
The potential for benomyl resistance observed in
Fusarium oxysporum f. sp. melonis by Bartels-Schooley and
MacNiell (2) was not found to be significant in a field
situation.

Their work plus Ruppel 1 s studies (42, 43)

emphasize the importance of coordinating laboratory and
field experiments when evaluating plant pathogens for
fungicide tolerance.
It was significant to find mycelia of M. melonis
more tolerant to benomyl than ascospores which in turn were
more tolerant than pycnidiospores.

However, growth did

occur when UV-irradiated and non UV-irradiated pycnidiospores were first germinated on V-8 agar then transferred
onto.10 ng/ml benomyl-V-8 agar.

Talboys and Davies reported

enhanced growth of colonies on benomyl-amended agar after
conidia of V. dahliae were first allowed to germinate on
benomyl free agar for 24 and 48 hours (47).

They observed

the growth phase most sensitive to benomyl to be that which
immediately followed germination.

These findings could

explain why pycnidiospores of M. melonis could grow on 10
p,g/ml benomyl-V-8 agar after no UV exposure if germinated
on V-8 agar first (Table 2).
Heritability, or the persistence of tolerance is an
important consideration in determining significance of
tolerance in the continued use of a fungicide (19, 32, 33).
In addition to the loss of tolerance in M. melonis when not
constantly exposed to benomyl, the UV-induced benomyl
tolerance maintained by continuous subculturing was lost if
the pH was increased.

Bartels-Schooley and Macniell also

have shown that benomyl toxicity increases with pH (2).
Media pH alone was found to have no effect on mycelial
growth of benomyl tolerant or sensitive isolates of M.
melonis.

The toxic effect of a higher pH seemed to be

minimized (Table 4) by decreasing the change in pH between
transfers from V-8 agar to 10 ng/ml benomyl-V-8 agar.

The overall instability of UV-induced benomyl
tolerance in M. melonis plus the observed differences in
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induced and spontaneously occurring tolerance suggested an
indirect UV effect resulting in alternative resistance
mechanisms rather than a UV selection of survivors (25).
UV induced formation of photoproducts in cell components
other than the nucleic acids can produce chemical mutagens
resulting in a more temporary tolerance.
The question remains as to how important laboratory
tests are in tolerance studies.

In vitro studies play a

significant role in determining the potential for tolerance
development (13, 19, 31, 33) when control measures begin
to lose their effectiveness.

Correlations with field studies

are essential to compare the population levels of resistant
strains with the degree of disease control.

The potential

for a tolerant pathogenic strain to exist in natural popula
tions can also be examined (13, 31, 32, 33).
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