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Powdery Mildew
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Within recent years the floricultural
industry has witnessed an almost incredlble
advance in the sclience of insect control.
Not only do the meterials at present avall=-
able give untelievably high kille, but many
of the methods of application are easier and
more economical than anything we would have
dared hope for only e short time ago. First
came the sodium selenate soll treatment
which was, and still is one of the simplest
and most effective means of controlling in-
sects and leaf nematodes on many crops.

Soon afterward the use of azobenzene as a
fumigant for controlling red spiders and
many other insects was developed by Profes=-
sor W. E. Blauvelt.

Growers had hardly learned to pronounce
azobenzene before the use of serosols con-
talning HETP or TEPP threatened to replace
1t. And now stralning at the leash 1ls the
most remarkable eerosol nf them sll -
Parathlon. But, as so often happens, the
solutlon of one type of problem has brought
Into focus another.

Perheps at no time 1n the past have the
powdery mildews been so important or so dif-
ficult to cope with, and, as we shall eee
later, this sltuation may in considerable
part be 1laid at the door of the new tech-
niques of 1insect control. It is proposed
here to present some fundamental facte which
may in part explein this situation and help
us to keep better control of mildew - though
the author is not sufficlently rash as to
offer elther a simple or a certain remedy
for rose mildew!

Temperature and Powdery Mildew

Let us look first at the effect of tem-
perature on the powdery mildew fungus 1itself
and later consider its relation to relative
humidity - which is equally, 1f not more,
important.

Powdery mildew has often tcen consider-
ed a cool weather fungus, and this 1s true
enough 1f we define cool. Tn floriculture
"cool" commonly connotes temperatures below
550F., and by this criterion many of the
powdery mildews could not be considered cool
weather fungi.

The optimum temperature for maximum ger-
mination of rose mildew spores, for example,
is about 70°F., while the temperatures for
most rapid germination run from 76° to &20F.

Careful tests have shown about 20% germination

after 5 hours at 82° and 14% at 76°, with
only 7 1/2 % after 7 hours at 70°, though
the total germination after U8 hours was
greatest at 70°. One reason for this is that
higher temperature hastens those processes
leading to death of the spores as well as

those causing germination. But the signifi-
cant thing is that, with proper relstive hu-
miditles, infectlon can occur very rapidly
around &0° - before the loss of viablillty be-
comee a serlous factor.

Lookinz at the effect of temperature on
other processes, we find that temperature of
76-282° not only hasten germination, but also
gapeed up spore production. For 1instance,
gsome new spores ¢f rcee mildew are produced
in as 1little as 3 days at these temperatures,
but not at 70°?. And after 5 days sposulation
is much mcre copius at 76° than at 70°.

It may be emphasized here that mildew
1s a fast operator as fungl go. We see that
germination and infection may occur in as
little as 3 or 4 hours, contrasted with & to
10 hours for such fungl as the carnation
leafepot and rose blackspot organisms and
over 24 houre for the Septoria causing chrys=
anthemum leafspot. We find new spores being
produced in as little as 4 days with mildew
as contraepted with 10 days to 2 weeks with
the other dlseases mentioned. This means
that mildew has a very short life-cycle which
pyramids the rapidity with which the disease
may become epidemic. It may be well to in-
Ject here also the fact that the spores are
very readily detached and carried by eir
currente which enables them to be moved very
rapldly to new infection centers without the
need of splashed water. In fact, this ra-
pldity of movement is somewhat essential for
maximum development of the potentialities of
the fungus.

As was alluded to before, temperature
also affects the degradation processes and
we find that at 92-9U°F., spore visbility
drops to nothing after 24 hours even at fa-
vorable humidities, while the spores may re-
main alive almost twice that long at 70°.
Even at best, however, the spores do not
survive more than about 2 days. This may be
contrasted with the spores of most fungl,
which may survive for weeks, months or even
yeare. It also glves us a flicker of hope
that if we find the right material, the
eradication of mildew from a moderately ieo=-
lsted greenhouse may be & possibility.

One more point on temperature - at tem-
peratures continuously in the 90'e or per-
heps as low as &5, mildew could not persist.
But we cannot grow roser or other greenhouse
crops at such temperatures, nor would many
of us want to.

Effect of Relative Humidity

Although temperature ie important in
1te effect on mildew, relstive humidity is
perhaps the more important controlling fac-
tor, since temperature is favorable at least
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part of most every day in all areas where
roses can be grown. When we egtudy the ef-
fects of relative humidity in the laboratory
we find some appsrently contrsdictory results.
Very careful teste have chown, for example.
that rose mildew spores do not germinate at
reletive humidities belew 95% on glass elides.
Any greenhouseman would be willing to swear
that mildew develope at much lower humiditles.
And laborstery teste usirg rose leaves in the
ssme apparatus back up this belief. We find,
for exsmple, good germination and 1nfection
at relative humidities aes low as 25% to 30%.
The explanation of thie appeare to lie in

the fact that the relative humidity at the
eurface of the leaf, which i1s constantly
transpiring water, ls almcet alwaye up above
95%. This offhend looks rather dlecouraging
tut 1t should be pointed out that the percen-
tage germination on leaves falle off rapidly
as the relstive humidity of the atmosphere
falls below §5% and 1g only about hslf as
great when the relative humidity reaches 50%.

Looking further we find that, as with
temperature, other processee are affected by
relative humidity. Thus, development of the
milder mycelium 1s much poorer at 20% rela-
tive humidity than at 972. Likewlse, the
production of spores 1s greatly reduced at
low humidities. Relative humidity 1le of fur-
ther importance in its effect on longevity
of the sporer. The lower the humidity the
more rapldly the spores lcse viabllity, this
being very marked at higher temperatures.

It is seen, then, that while no single
effect of lew reletive humidity would alone
limit mildew, the combination of effectes
would be very important. At low relatlive
humidity fewer spores germinate and fewer
infectione deveclop; these in turn grow more
elcwly and produce fewer spores, which suc-
cumb more rapldly, germinste more poorly and
produce fewer new infectione; etc., etc.
Maintenance of low humidity thus pays com-
pound interest.

We cannot finish discussion of relative
humidity without calling attention to the
greatest apparent paradox of all - that
while powdery mildews require high humidity
at the leaf surface for germination and in-
fection the sporees will not germinate well
and the fungus will not develop in liquid
water. Most growers are now aware of the
fact that frequent springing hinders mildew
development and this has led tc the erron-
eous assumption by some that high humidity
discourages mildew. We must distinguish be=
tween high humidity and the formation of
liquid water = a sllght, but importent dif-
ference.

Effect of Temperature

on Relative Humidity

We come now to the effect of tempere-
ture on relstive humidity, which calls at
last for a practicel definition of relative
humidity. At any given temperature the air
will holé@ just so much molsture before 1t
condenses to liquid water, fog, or dew, at

which point the atmosphere 1s satursted.

The relafive humidlity is the percentage
of the actusl amount of moisture in the alr
at a given temperature relative tc the tetal
emount necessary for seturstion. Now then,
the amount necessary for saturatinn veries
with the ftemperature, more being needed at
high temperatures, so that 1f we have a 1lit-
tle lees than 1s necessary for saturation at
a glven temperature a slight drop 1ln tempere-
ture may make that amount sufficlent for s
saturation. This may be clearly 1llustrated
during cold weather by noting the vepor con-
densation when one exhales. The amount of
water in the breath i1s not sufficlent for
saturation at body temperature but when sud-
denly chilled 1t becomes sufficient and thre
vepor 1lg evident.

This same thing happens iln a greenhouse
when the air 1s suddenly chilled by drafte.
Here the vapoer may not be evident but the
relative humidity may be ralsed hlgh enough
to favor mildew. The striking effect of
relatively slight drops in temperature 1s
ghown by the fact that at 70°F. a drop in
temperature of only 0.2 of a degree 1s suf-
ficlent to ralse the relative humidity from
99% to 100%. It should be pointed out that
in a greenhouse, which has abundant alr-leaks,
gradual changes in temperature have much less
effect. Sharp drops in tempersture, however,
are almoet immediately followed by equally
sharp rises in relative humidity.

Summary of

Temperature=-Humidity Relatione

A review of the evidence leads us to
the conclusion that, although mildew develop-
ment 1s directly affected by temperature,
there 1e 1little likelihood of echieving any
appreciable control by growing susceptible
crops above or below the optimum range for
the fungus. Powdery mildews develop over
tco wide a range to permit this. Relatlve
humidity, however, has a marked effect on
many of the life processes of powdery mildews,
and although we cennot expect to eliminate
mildew by controlling relative humldity, we
may be able to reduce 1ts severity.

We have seen that relative humidity 1ie
directly affected by changes in temversature,
rising rapidly when the temperature 1is sud-
denly lowered. The maintenance of uniform
temperature throughout the greenhouee should
therefore be attempted at all times = cer-
talnly no rapid drope in temperature should
be permitted, even though this may mean some
heat throughout the year. Admittedly, this
will not completely control mildew, but 1t
may help greatly.

In the relationship between liquid wat-
er and mildew we find at least a partial ex-
rlanation of the increace 1in rcse mildew dur-
ing the peet few seasone. The old practice
of syringing with water for red splder con-
trol definitely helped tc keep mlildew in
check. Furthermore, a number of the ineec-
ticidal spraye which were used for many years
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however, with the use of sodium selensate,
fumigants, and aerosole for insect control,
mildew 1s able to builld up unhindered. Des-
pite this, no one wents to go back to the
relatively poor insect control afforded by
syringing and spreying, and 1t is hoped that
a renewed sttack on the problem will give us
a means of controlling mildew which 1ls satls-
factory from all angles.

Comments on

Existing Mildew Treatments

Within the pest few months several ma-
teriale new to us have been offered as mil-
dew controls. Most of these have not been
adequately tested sc that we cannot paes
Judgment. Very startling claims are made
for scme of these, but we are not yet in a
pcsition to condemn or approve them - and
may not be for some time to come. We have
not yet forgotten the long serles of red
eplder sprays, many of which looked goecd at
first but later fell down or eventually
proved to "harden" or otherwise injure the
plants.

Some of the old standbye still prove ef-
fective for mildew on most crops other than
roses. For example, mildew on snapdragons,
chryssnthemume, hydrangeas, etc., usually
ylelds readily to sulfur dusts or sprays.
falachite green esolution, or malachlite green
and sulfur, are also effective in most mill-
dew cases and still occasionally save the
day with roses. -The generally ponrer resgults
nox obtalned with malachlite green on roses
may find an explanation in the fact that this
treatment wae developed in the days when
syringing wae generally practiced and mildew
was ususlly much less severe tc start with
than 1t is today.

Attention may be called to a case re-
cently observed by us in which good old-
fashioned soap and soda was effectlive in
practically eradicating a severe casg of
roce mildew. This involved repeated applica-
tions of soap and scda spray followed by
syringing to wash off the derosit. The
value of thls treatment, as with other soapy
materials, may lie in the fact that a large
proportion of the mildew mycellum is
thoroughly wetted and killed.

All of the materials which have been
adequately tested to date, however, are
elther not sufficlently effective for rose
mildew, or cause some plant injury, or in-
volve an excessive amount of labor. The
need for a renewed attack on the problem is
therefore obvious.

*Most of the data in this paper are taken
from Cornell Memolr, 223, "The Effect of
Temperature and Relative Humidity on the
Powdery Mildew of Roses", by Dr. Karla
Longrée.
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