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Gas Treatment for the Control of Blue
Mold Disease of Tobacco'

By EnwaRp E. CLAYTON, senior pathologist, Joax G. GAINES, assistant paficiogist,
KExDALT J. 81w, egent, THoxMas E. SurrH, agent, Hanolo H, Foster” junior
pathologist, W. Bl Luxw,? asseciate agrowomist, and THoumas 'W. GRagal,
agent, Division of Tobaeeo Imvestigations, Bureau of Plant Indusiry*

United States Department of Agriculture, Bureau of Plant Industry, in co-
operation with the Georgia Coastal Plain Experiment Station, the North Carolina
Department of Agriculture, the North Carolina Agricultural Experiment Sta-
tion, and the Agricultural Experiment Stations of South Carolina and Maryland,
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INTRODUCTION

Blue mold (Peronospora tabacina Adam) now occurs in almost all
of the tobacco-producing areas of the United States. The disease
is primarily a plant-ped problem excepting in the small sections pro-
ducing shade-grown cigar wrapper where it oceasions some field loss.

t Received for publieation May 27, 1841,

2 Poemerly junior patboagist, United States Deparunent of Agricubture, now with the
DPueprte Itiro Bxporliment Stution, Blo Tiedrag

3 Decengad April 29, 1530, :

+ The writers are under obligntion to many of their assoctates for valuable suggestiona
and e!d during the conduct of these experiments and in partieulnr to Mr. E, G, Moss,
Tobaceo Station, Oxford, N. €., aml to the Barrett Compuny, New York City, nlso to the
Mina Safety Applirnce C’o., Plttsburgh, Pa., for the Toan of special gquipment in connection
with 1 benzol experiments. 1
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Most severe bize mold damage has occurred in Georgia. There 80 per-
cent of the plants were killed in 1937, 25 in 1938, and 50 in 1939. The
Jisease occurs regularly each year in practically all plant beds in the
area from Florida to Maryland, inclusive. It is also common in Ten-
nessee, Kentucky, Ohio, Pennsylvania, Connecticut, and Massachusetts,
However, it should be noted that blue meld frequently oceurs without
causing serious damage, and many beds suffer a light, attack, which
merely delays transplanting a few days, after which the plants recover
promptly and completely.” On the whole it has now become quite
clear that blne mald, although serious and costly, is not nearly so de-
struetive in this country as 1n South Australia.

Since the crops of individual growers have a good chance to escape
severe damage, even in an area such as Georgia, the natural tendency
is for the grower merely to sow more beds rather than to undertake
contrel measures that are comparatively laborious and costly. This
is obviously why growers in the major producing areas have never
become interested in the benzol gas treatment, despite the fact that
this treatment, as reported oviginally by Angell et al. (4)° and con-
firmed by many workers since then, 1s both safe and highly effective.

The aggregate losses caused by blue mold, however, are large.
Throughout the entire flue-cured helt the growers now plant double
the plant-bed area that was considered adequate prior to the appear-
ance of blue mold, and this alone means an increased expense of about
%3.300,000. Therefore, there is a very definite need for & blue mold
control measnve that i simple and inexpensive enough to be generally
accepted and used by the growers.

Clayton ot al. (§) have previously reported the development and
testing of the copper oxide-cottonseed oil stray mixture, and this
treatment is being extensively and satisfretort'y used. It is inex-
pensive and has an excellent physiclogical effect on plants that are
to be transplanted. Disadvantages of tl is treatment are: (1) Appli-
cations must be made twice weekly, stacting in advanee of the dis-
ease; and (2) the treatment does not conipletely eiiminate blue mold,
it merely reduces the amount of disease te such a degree that it ciuses
little or no damage. In contrast, gas treatment has the advantage
that it need not be stavted until after the disease is actually present
in the hed.

With these problems in mind the writers, as one phase of hlue mold
control investigation, have conducted an intensive study of gas treat-
ments beginning in the fall of 1935 and continuing to date. Only
ene preliminary note, recording the development of paradichloro-
henzene gas treatment (2) hus been published. because {here appeared
little reason to present results of this study until substantial progress
had been made. As the benzol method is definitely sufe and eHective.
the progress sought was greater simplictty aml cheapness.

METHODS OF STUDY

Blue mold develops readily in the greenhouse, and optimum condi-
tions for the disense can be maintained during the period November 1
to March 1. Ulncler suitable greenhonse conditions 80 to 100 percent
of the untreated plants are regularly killed, hence greenhouse zondi-

# [talie numbers in parenthoses refer to Llterature Cited, p. 37.




CONTROL, OF BLUE MOLD DIREASE 3

tions average more severe thun those encountered in out-ef-deor plant
beds. It has been possible, consequently, to obtain a vast amount of
wsaful information from greenhouse experiments, checked of course
with suitable subsequent plant-bed experiments. For greenhouse
work, plants were grown in pots and thinned to uniform stands, about
44 per 6-inch pot and 14 per 4-inch pot. For out-of-deor work, the
writers have been fortunate in having an abundancs of plant beds
available, and plots have ranged in size from as Iittle as 2 square yards
to entire beds of more than 100 square yards,

The following have been used to measure the effectiveness of the
various treatments: Counts of leaves showing the characteristic fun-
gus spores and sporophores; counts of diseased leaves graded as to
proportion of total areq killed ; counts of number of plants killed; and
records of time of transplanting and number of plants set.

EXPERIMENTS WITH BENZOL

The original Australian recommendation was that a benzol evap-
grating surface of one seventy-second of the bed area be maintained.
No account was taken directly of the amount of benzol used. In
1938 Clayton und Gaines {7) suggested that 1 fluld ounce of benzol
be used per square yard per night (about 8 quarts per 100 square
yards), with an evaporating surface of one one-hundredth of the
bed area. McLean et al. {73) suggested that for greater safety a
mixture of benzol and lubricating oil might be used in the propor-
tion of 1to 5. Gumaer (20}, using wick evaporators, obtained satis-
factory control with as liftle as 1 quart of benzol per 100 square
yards. These and other results naturally raised the question as to
what were the relative fungicidal and phytocidal levels with the
benzol treatment.

To obtain information on this subject énclosures of glass and wood
approximately 1 yard square were constructed. Benzol concentra-
tions were regulated as follows: Air was piped from an air com-
pressor into the top of a chamber which was provided with five
outlets uniformly distributed arvound the bottom. The air from
each outlet passed through a glass tube to a can and thence to one
enclosed unit. In the bottom "of each can was a benzol surface.
These surfaces varted in size, and hence the uniform air streams
going to the plant units took up diffevent quantities of benzol vapor.
To increase or decrease the concentration it was merely necessary
to insert in the can a dish with a larger or smaller surface. Benzol
concentrations within the plant units were messured with a Zeiss
interferometer.

The air supply was regulated by two valves; one of these was
adjusted and then left unchanged, the other was turned completely
off each morning and completely on each night. Weighings showed
that vaporizatioi cmrin% successive nights was very uniform and
direct measurements of benzol vapor in the plant units confirmed
this. The concentration in each unit started at zerc at 4:30 p. m.
and mounted steadily until the units were opened at 8§ a.m. }i‘hus,
the average concentration for the entire freatment period would be
about one-half the maximum figure given in table 1, column 3. Re-
ferring to table 1, column 2, it may be seen that the maxzimum eon-
centration measured was about one-third the smount that would

R e PO ELY,
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have been present had all the vaporized benzol been retained in the
plant case. Night temperatures were 60° to 65° I, and day tempera-
tures rose to o maximwm between 70° and 80°. Humidity records
showed that saturated air conditions prevailed from about 5§ p.m.

to 8 a.m.

TasLy 1.—The awonitt of Beaznl vaporized and e senivame coneenivations
reached in the tregiment cliumbers

Total | cqtenlaten Remtionof || ool | Galoulated | Relati
‘ 2 ; clation of
benzol 4 T Grum | Measured |y leired G 'hemiol 1 | maximum Measured j measured {m)
M apor;zﬁ(f} concontra- | INSHII | o paloulated || TAPOUZEC 1 concentre- | TUNCINED Do calentated
per THE lion pos- | SEMEETLTE- [Ty paxima || 20T TUE tion pos- | S9TEEATA . Yo maxima
{cubic cen- sibie tion () (eubie cen- sibl tiom {mje)
timelers) Limeters}
Prereent Pereeul Mercent Pereent Pereent ) Pereent
i}, 6l .46 0018 LD 5.1 1.40 03] 36.
233 .20 49 M5 235 1. a0 L85 331
3.5 .40 . ony s 34, 4 30 5 I a6l
575 Ll i a3 | A0 .13 1. 16 371
13 LD o L2 ' : I

The results from five sepavate experiments are combined in {able 2.
Astherecords of the untreated checks show, conditions were extremely
favorable for blue mold development. Previons experiments have
shown that a treatment that gives partial control under such severe
disease conditions may be expected to give better, anc perhaps even
complete, control where conditions prevail that are less favorable to
the disease. It was evident that even the lowest concentration of
benzol, maximum 0.018, was strongly fungicidai, because the incuba-
tion period was increased from the 6- to 7-day interval with the un-
treated checks, to 12 to 13 days, and because the number of plants
killed was reduced in most experiments.

Tanle 2—=Fungieidal wnd phylocidal ranges of bewzol-rapor capeentrations

! Aluemeld ;  Tlanis

contrations (percent) | incubation | killed by

AMMaximuoin mensured coll- CGirowll retardation eanswl by treatment

| perind digense
e = R e ——— L ——
' Days Pereent
Untreated clecks. . : Giny | B)toIDD | Narte,
[+11] 1 121013 50 to 100 1Jo.
aMd o L - Hito21 Dto 20 o
7. . N 4] T
. .. [t} 1o,
Q n

[+ 5
n } Slight prowth retardation in 2 experiments,
o | Stight retardation of growlh,
0| Maowlerate retardation of growlh.
0 | Bevero retardalion of growth.

mEosos
SBEENE3

With a benzol maximum of 0.049 the incubation period was about
three times longer than usual, 16 to 21 days as compared to 6 to 7
duys, and plant mortality was reduced to s maximum of 20 percent.
With a benzol maximum of 0.097 occasional yellowed areas were ob-
cervedl hut no active disease. It was not until a maximum of .51
percent of benzol was reached that measurable toxic effects to the plant
were observed. At this point there was 2 slight but distinct growth
retardation, Growth retardation became pronounced with a benzol
maximum of 0.83 percent and very preonounced at 116 percent.
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Higher rates were not used in the presen{ experiments, but Pinckard
et al. {14) report that leaf necrosis ocenrs with 2 percent of banzal
if the leaves are wet, and with 3 percent if the leavés are dry. In
this case the concentrations were uniform for exposuves of 12 to 19
hours. The same investigators report that—
Concentrations of benzol vaper in air of approximately 0.5 percent hy volume or
grenter were lethal to sporangia of the tobacco-downy-nildew fungus, Repeated
exposure of infeeted sgeediings to less than 0.5 percent by volume of benzni
inbibited spuruiation.
Although this last statement would appear to be somewhat indefinite,
it seems that in the present experiments fungicidal effects werc
obtained at very much lower benzol levels than were used by these
workers. Thus, the average concentration of the writers’ minimum
treatment was approximately one-half of 0.018 or 0.609 for the all-
night peried, and even this retarded disease development. However,
these differences do not appear to be of great importance since dara-
tion and frequency of exposures woull have much effect on the values
arrived at.

The important conclusions to be drawn from these experiments are:

(1} Benzol treatments rising to a maximum concentration of 0.1
percent gave complete disease contrel, and treatments eight times
this strong were required before distinet plant injury occurred, and
even this was only a moderate retardation of growth.

{2) There was no sharp break between effective and ineffective

benzol coneentrations. Kven the weakest treatment nsed had dis- °

tinct value, and under many actual plant-bed conditions would
probably have given adequate disease control.

When benzol concentrations in plant heds were checked with the
Mine Safety dA.ppliance Co. instrument, readings were taken in plant
beds that showed maxima of 0.5 and 0.6 percent. However, in many
beds when entirely adequate disease control was being obtained, the
maximum readings fell between 0.1 and 0.2 percent.

_Gumaer (10) reports that in Connecticut blue mold developed to
some extent when maximum readings did not rize above (.08 percent;
but that disease development was checked completely by 2 nights’
treatment with concentrations about 0.05 percent throughout the
night. Fhis Jatter treatment would correspond elosely with that re-
ported in table 2 where from 0 to 0.097 percent was used, and it is
interesting to note that this was the minimum completely effective
concentration used in the greenhouse experiments {fable 2). Wolf
et al. (I8) state that—
fungistatic actien ig secured when henzol-vapor concentrations in the atmnos-
phere range from 0.025 to .10 pereent hy volume during the nightly periods of
treaiment. Minimal velume percentage concentrations of bengzol vapor for
funogg(:}idal action within seed beds uare approximated within the range 0.3
¢ D.bik

To check on the amount of benzol required to control blne mold in
the plant bed, many tests have been conducted each year with differ-
ent rates. The results of these tests showed that ¥4 ounce per square
yard of bed {about 114 quarts per 100 square yards) gave distinet but
not perfect control. Tiwice this amount, 3 quarts per 100 square
yards, gave complete disease control without mjury. Doubling the
rate again sometimes resulted in retardation of plant growth. How-
ever, the optimum rate of henzol is dependent on other factors, such

e vy ¢ o ke
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as frequency of application, type of cover, etc., and some of these
factors will be discussed in the following paragraphs.

METHODS TOR VAPORIZING BENZOL

In Australia open pans have been used to provide evaporating sur-
faces, usually one seventy-second of the bed area. In this country
a variety of modifications have been tried. Thus Gumaer (/0) de-
scribed o wick system of vaporization, which very ingeniously main-
trined a constant rate of vaporization regardless of temperuture.
Other wick-type vaporizers also have been developed.

The_open-pan methed is cumbersome, as the pans must be fillerl
individually and ave ensily overturned. 'The wick-evaporator svstem
overcomes these disadvantages, but the wick evaporators ave relatively
expensive and growers might experience difficulty in keeping them op-
erating: properly. The writers have nsed various simple types of
evaporatars, such as tin eans with cloth wicks and open troughs filled
with sawdust. In most of these tests the benzol rate was 3 quarts
per 100 square yards of bed and good disease control was obtained
in all fests, althongh benzol-vapor measurements showed that with the
sawdust trough typb of evaporator there was o tendency for most of
the benzol to be vaporized early in the evening, whereas with the
wick-type evaporators more uniform concentrations were maintained.
The general conclision was that considering simplicity and cost, the
pan method of vaporization was the most sutisfactory.

DhsTRIBUTION OF EvAPORATORS AND EVAPORATING AREAS

Many experiments have heen conducted with different distances
between pan evaporators. In general, it has been found that the
greatest distance between pans should not be more than 8 to 10 feet,
although with very tight beds this distance hus been increased suc-
cessfully to as much as 12 feet.

Various evaporating aveas, Y5, 144, L95y Yoo, ¥ o5y Yian, and g4,
of the bed area have heen used during the present experiments. A
rate of ¥4, of the bed arven was selected as best, as this makes it
possible to use inexpensive piepans and have u distance of nof
more than about 8 feet hetween pans.  Also, 3 quarts of benzal pev
100 square yards can be vaporized readily using this pan spacing,
and, by meuns to be described later (p. 8), it Is easily possible to
vaporize even larger quantities of benzol without increasing the num-
her of pans.

Tyre or CLore CoveERs

Ordinary tobaceo cloth with thread counts from 18 to 36, both
single and donble thicknesses, muslin haviog thread counts ranging
from 40 to 72, and special waterproof cloth were all used as covers
during these experiments. The results show that there is no sharp
hreaking point, but, merely a gradual incrense in the effectiveness of
treatment as the tightness of the cover increases. With single
weights of ordinary tobacco cloth and benzol at the rate of 3 quarts
per 100 square yards, the disense control was slight, Even with a
36 to 40 cloth there was adequate protection for only a small area
nmnediately arcund the evaporators, With thread counts between



http:eveni.ng

CONTROL #F BLUE MOLD DISBASE 7

40 and 46 the degree of control obtained approacked what might be
termed “commercial control,” i. e., abundant infection but generally
very little actus] damage. With thread counts above 50 adequate
control has been obtained regularly, but still each increase in the
tightness of the cloth had & measurable effect; thus 68 x 72 was more
ef?ective than 64 x 64, and the latter in turn more effective than
56 x 56.

Glass sash were also used and, if tight, they held in the benzol
vapors more effectively than any cloth. However, the usual glass
sash ave so leaky that they are not satisfactory.

The desirability of using covers that allow rain penetration has
been recognized, and a 68 £72 muslin will shed mosf, of the rain after
it is wet. However, with the development of interval treatment in
place of nightly treatment this disadvantage from tight covers has
been lessened. The advantage of heavy over light covers, and of wet
over dry covers, has been effectively shown by Gunaer (10} and Wolf
et al. {18}, and the disease control resuits and benzol measurements
of the writers' experiments support fully their conclusion; namely,
that the heavier the cover the better the henzol vapor retention and
also that wet eovers refain the vapor fax better than dry.

Bep ConsTrUcTION 1N RELATION To BENzOL-Varor TREATMENT

Growers throughout the Southeastern States, where blue mold is a
serious problem, rarely make beds that are less than 3 yards wide, and
usually they are 5 to 10 yards wide. The side walls are gencrally
constructed of logs. The writers have built beds of many types, but
have found (9}, as has been generally recognized, that benzol treat-
ment cannot be used conveniently in wide beds, because of the diffi-
culty in reaching the pans, and that it is not desirable to have the
side walls less than 8 to 10 inches high, because of the danger of the
pans being overturned by sagging cloth,

IwreRNAL TREATMENT Wit BrxzoLn

Interval treatment in the judgment of the writers offers the only
important way in which the labor and expense of the benzol gas treat-
" ment can be materially reduced. The original Anstrulian (5) recom-
mendation involved treatment each night. However, Allan et al.
(2} recently reported that treatment on alternate nights has given
satisfactory blue mold control at & number of locations over a 2-year
pericd. In this country Kincaid and Tisdale (17) suggest treatment
for 3 or 4 nights, and then no further treatments until the disease
again becomes active, Anderson (8} states that when the treatment
is Just started if is advisable to confinue for 2 or 3 nights in succes-
sion, if the mildew has been noted in the beds. If the disease is not
present, every second or third night is sofficient. Wolf et al. (18)
=sport that 100 ce. of benzol per square yard (abous 10 quarts per
100 square yards) for 2 nights completely checked the disease and 250
cc. {about 26 quarts per 100 square yards) for 1 night was effective,
and although a moist cover was used with the latter rate, no plant
Injury resulted.
In the present experiments benzol treatments were used for 2, 4, 6,
and 7 nights per week, and at various rates. In repeated tests,




8 TECHNICAL BULLETI(N 799, U. 8. DEPL. OF AURICULIURE

using 64 x 64 covers, benzol at the rate of 3 quarts per 100
sq}uare yards twice a week grestly reduced the amount of muold,
whereas 5 quarts per 100 square yards either eliminated or greatly
reduced infection. Rutes of treatment exceeding 5 quarts were
found unsafe, as plant injury resulted in some tests. A practical
problem in using the higher rates was how to vaporize the full
amount, particularly during cool nights. This can be accomplished
by increasing the evaporating surtace ratio to one-fiftieth of the
bed area, but the Targer number of pans would be objectionable. A
mueh more satisfactory solution was to use the regular one-hundredth
ratio and to place in each pan a piece of muslin with a small stone
tied in the center to serve as a weight (fig. 1}, The muslin. function-
ing as a wick, made it possible to vaporize the larger amounts of
henzol.

With the arrangement illustrated; it was possible to vaporvize 5
quarts of benzol per 100 square yards even on ool nights.  Treatment
at this rate twice weekly pave excellent control of blue mold.  IFur-
thermore, this method of treatment is quite safe, us no plant injury
resulted. Although a variety of other methods of benzol treatment
were tried out, they proved either too expensive to install or too
cumbersome to be considered practical.

ConcLrsions REGARDING BExzorL TREATMENTS

Lavge-scale repeated tests have demonstrated fhat most growers
consider any form of benzol treatment as entirely too cumbersome.
Also, tank-car distribution would be required to provide benzol at
moderate costs. On the other hand. maferial such as paradichloro-
benzene is rendily available, because it can be economically sold in
small quantities.

Tt is concluded, however, that effective and safe benzol treatment
cuan be obtained with tveatments two times o week using: (1) Benzol
at the rate of 5 quarts per 100 squarve ynrds of bed; {2) an evaporat-
ing-pan surface of one one-hmndredrh of the bed area with the aid of
cloth wicks and with pans § to 10 feet apart; and (3) & muslin cover,
G0 to 63 thread count, weighing abont 444 ounces per square yard.

IxJURY FROM BeExzon TREATMENT

Immedinte plant injury from benzol treatment can only result from
extreme neglect. as the margin of safety is very great. Flowever,
toxic soil aftereffects have been observed for 2 years at the Aorlington
Experiment Farm. Arlington, Va. TBeds that weve used for gas-
treatment experiments in the spring were planted to tobacco again in
the late summnier, and the plants in the gassed aveas made only astunted
growth.  However, these ill effects disappeared Ly the following
gpring, and plant growth was normal again. These toxic effects
are a matter of some concern. and the question of possible cumulative
toxie effects from benzol treatment when used at permunent plant-
bed locations must e considered. S far the evidence is that toxic
aftereffects are vot usual, and even when they oceur they do not per-
sist from one zenson to the next.
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BLULX MOLD CONTROL USING VAPOR TRENTMENTS
OTHER THAN BIENZOL
Ny
T vleir ovigim? report Nowell o0 alo (7)) stated that tolual was
ahoost ses vllective as benzol Nvlol was aleo wentioned. Later o i
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they reported tests with various commereial petroleum fractions, and
Allan, Hill, and Angell (7 and ), reporting on tests with different
vapors, concluded that “only benzol gave complete protection from
the disease, and that only toluol and X3 solvent were likely to be of
value as substitutes.” They also state that “the degree of control
obtained with hydrocarbons depends upon their content of aromatics
of low boiling point. Aromatics 11igher in the series than toluene are
not likely to be of practical value.” In this country McLean et al.
(12) reported that monochlorobenzene was both effective and safe.
Beginning m the fall of 1935 the writers conducted tests with a
variety of materials, searching for one that would be simpler and
cheaper to use than benzol. With the discovery that paradichloro-
benzene was effective for control (6) it appeared that this objective
had been achieved, in large part at least.

In addition, however, experiments were conducted with a variety
of other chemicals with a view both to finding effective vapors and
to measuring their efficiency in terms of benzol, on a quantitative
basis. In the Australian work, desage was reported in terms of
evaporating surface, and little definite information was given as to
the amounts actnally vaporized, although it was pointed out that the
rate of vaporization would depend on ihe boiling point of the ma-
terial, the surface exposed, and the temperature. The writers carly
became interested in xylol, because of its apparent efficiency in disense
control and also because there were indications that it had a more
favorable effect on the plants than did benzel,

In 1937 and 1938 at Tifton, Ga., and at Arlington Farm, Va,,
xylol at rates from 21 o 33 fluid ounces per 100 square yards and
benzol at rates from 64 to 100 flnid ounces per 100 square yards of
bed gave excellent disease control with no plant injury. A variety
of muslin and glass covers were used. These results suggested that
xylol, volume for volume, was almost three tines as effective as benzol.
A greenhouse experiment was conducted to test this, nsing benzol at
rates of 10, 20, and 30 cc. per square yard and xylol at one-third
these rates. The results are given in tuble 8.

AnLE Be—Couparatice Huee mold condrol efficieney of rylol dud boadol

| Loal disenso development niter 30 doays t in—

Gosaud treatment S 7 T .
rate poer square o Tlet PloL 2 Mot 3 Tlok 4 , Tatal
yard feable 0 v L0 [ —_— )
centimeters) | I . In 1 In In
: n- u - ” - wul ! - ol . - "
1 feeterd Bl l prote | PO | oot | Pt | feetea | 17eud s feeled | Bl
Tenzal: .i.\'rrmhn".\'rl mler: N pleer, Nuwher Nn taber Numbzr|Nnﬂdjrr:;\'umiu'r'.\'u.mbrr; Nonher
F I ' li n 0 i 0 l 0 o 0
o . 32 L n 1] 1] I3 ! [/ 1 1]
0. s I 13 i 20 17 17 IE i [E] A ' [ira N
! . 0t fl 0 0 = n | 0 n 0 0
z 11 ! 1 n 2 0 9 4 i 14
G S § 19 : 1w 15 185, b 1 2 i 73 53

1A eheek plants demT after 18 days.

These results indicate that xylol was more thau two but less than
three times ay effective as benzol.  Also it was noted here, as_had
been observed elsewhere, that the xylol-treated plants were o little
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more vigorous than those benzol-treated. Thus, on the basis of
efficiency and cost, these results indicate that xylol is fully as satis-
factory for mold control as benzol. However, 1t is understood that.
although the artificial-gas industry is producing an excess of benzol.
the available supply of xylol is hmited. Therefore, any new large-
scale use might result in increased prices.

Ernane Groupe

A study of the ethane group as vapor fungicides has yielded
much of interest. The dichloroethane, despite the fact that it has
been found {o be an effective substitute for paradichlorcbenzene (16)
in peach-borer contrel, has shown little fungicidal value against blue
mold. The beta-trichloroethane and the peatachloroethane, however,
have proved distinetly fungicidal, whereas the erystaline hexachlo-
roethane was ineffective.

Both the trichloroethane and pentachloroethane have high boiling
points, and poor results have been obtained in some of the writers’
plant-bed tests with these materials under cool conditions. With
adequate vaporization § fluid ounces of pentachioroethane has given
as good control as 100 fluid cunces of benzol, which makes this ma-
terial the most potent of ull, or abont 17 times as effective as benzol,
volume for volume. Pentachlorgethane, however, has one serious
defect. Plants treated with this vapor show no injury until they
are exposed to an exceptionally bright warm day and then the leaves
suffer from sudden and excessive wilting and finally burn severely.
In the absence of bright sun the plants grow narmally, but obviousty
this limits the practical possibilities of pentuchlorociluine, Beta-
trichloroethane 1s not so effective fungicidally as the pentuchloro-
ethune, but plant-bed experiments indiculed that it was about five
times ag effective as benzol, volume for volume. No {rouble with ex-
cessive wilting was encountered with this gas, and also the toxic soil
conditions thut sometimes persist after benzoel treatment were not
observed after treaiments,

The results of a representative greenhouse fest showing the com-
parative effectiveness of Tenzol. beta-triehlovoethane and pentachlo-
roethane are given in table 4

TARLE 4 —Mompiealive Bue wmold controf Cficioncy of benzol, heba-trickioroethene,
wndd pentueiilorocthane

Lenves severely idisensed in-
Gy aend {renfigrent ke par spiuere anl e — e . [ -

feuhic contimplerss T i
Plat ] Plot 2 "ol 3 Pt b Tutal

Henzol: MNiunber Numder Number Musaber Nuesher
16 . . i . ) o 257
5. 2 167

ol 85

30 .. .

Beta-trichiorcelliase: N .
4 . EL

3 e T . ! ] % 15 147

i 1 [ 4]

i 255
8. .0 L.
Pentochiloronthng
200 . .-

G..
Chueks
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Pentachloroethane proved the most effective and satisfactory of
all treatments for use in the greenhonse. At Arlington Farm, it
was hecessary to use three sections of n greenhouse 25 by 100 feet
for other fobacco work while one section was used for Ivjlue mold
investigations. The use of benzol was impractical because of fire
hazard, and it was found very diflicult to maintain effective concen-
trations of xylol. The volume of pentachloroethane required was so
small, 100 to 200 cc. per 25- by 25-foot greenhouse unit, that it was
possible to vaporize it in a sghallow pan over an aleohol lamp.
Usnally adequate control was obtained by treauments fwo tlmes a
weelk.

IxTERVAL TREATMENT WITH BETa-TRICHLOROETHANUI—Limited tests
indicate that 2 or 3 nights’ treatment with 153 to 20 cc. of
beta-trichloroethane per square yara {1i4 to 2 quarts per 100
sijuare yards} will check mold development completely and is safe
to use. Beta-trichlorcethane has a high hoiling point, and hence if
pan evaporations are used, a piece of cloth must be placed in each
pan to serve as n wick and fueilitate evuporation. In 1938 a beta-
trichloroethane dust was made, using o very absorbent varvier. This
dust seattered on boards gave successful control.  Therefore, it might
he possible to use high-boiling-point liquids that are very potent
fungicidally in the form of dusts.

OTHER (GASES

In addition to xylol and the ethanes, limited tests have indicated
that paraldehyde, which ig a benzene compound and not an aldehyde,
is effective against blue mold when used ut the same rate as xylol
Many materials, such as formaldelyde, chloropicrin, napthalene, ana-
line, and the cyclohexanes, have been tried and show little or no
vajue.

BLUE MOLD CONTROL WITH PARADICHLOROBENZENE

Although the writers were first to obtain successful control of
biue mold with paradichlorobenzene (8), they were not the first
to conduct tests with this material. McLean, Wolf, Darkis, and
Gross (73) reported paradichlorobenzene as one of a group of ma-
terials tested in 1937 which showed ne fungicidal value, and the
writers were advised by Dr, Angell® that paradichlorobenzene was
one of the many materials used in thetr experiments and that it
proved ineffective. However, the writers’ early experience with this
material indicated that it had distinet possibilities from a practical
viewpoint. DBut it was upparent that (1) paradichilorobenzene was
less safe than benzol, beeause the margin between concentrations
effective in disease control and concentrations causing plant injury
was less and (2) the wvaporization problem with paradichloroben-
zene presented many complications. Therefore, to provide an ade-
quate basis for successful use of paradichlorobenzene under practical
conditions it wus decided thut a very thorough study of the factors
involved should be made.

S Correspondense B Mes af The Division of Tobacen TnvoestTgntinnes.
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With benzol the vaporization rate depends primarily on tempera-
ture and vaporization surface, and this latter remains constant
throughout the night. Some of the complexities introduced by
paracichlorobenzene are: The size of the crystals (evaporation swr-
fnce), which changes as vaporization proceeds: the distribution of
the crystals on a given surface; and the nature of the surface on
which the crystals rest. In addition, the usual problems of fungi-
cidal and phytocklal dosage, spacing of treatments, and type of cover
are also present.

In presenting experimental results, some of the vaporization prob-
lems pecnlinr to paradichlorobenzene will be considered first, for,
as will be shown later (p. 21), proper vaporization is the sceret to
success with this material.

VAPORIZATION 1IN RELATION TO Siz OF THE PABADICHLOROBENZENE
PARTICLES

Commercial concerns sell different grades of paradichlorobenzene.
and the grades nre bused on particle size. The avernge particle size
of grades used in the present experiments is shown in table 5.

Tasue 5.—Particle size of differcat grades of paradichilorobenzene nsed in fhe
! #
eiperinenty

)
.-&\'uimgu ! Averape
Averagn numiberof | ~ \: tq 1 | Avernpe | number of
dimineter | porticles per Conernercinl gruic No, digmeter | perticles per
I I T Emd et VTt o

Commerein] grade Mo, !

| Mwm, § Number VX
I .t:(i e e R Lag !

Mniher
4

O | T . RN 5, 452
L {13 WE AL LB 15, #H3
RN DR | |
! dfnterinls purehased frooe the Satvny Bules Corpoendion, New York, 5. Y.
* About 15 ounce.

The surfuce, of course, increnses as particle size diminishes and
theoretically the smuller the particle the more rapid the saporization.
In the following test 1d-gin. lots were distributed as evenly as possible
over areas 22 by 3 inches. Temperatures with different determina-
tions ranged from 51° to 61° F. Exposures were for the period 4: 30
p.m.to8a m.

Taver G—Veaporization of paradichlorobenzene as affected by purticle sive
] ) i

Averagn Vaporizntien pur night
dismeler

ofvstilel gge ooq 4w |k Bl “Totni

Commercial
prade Mo,

A, Grama | tromes | Grams | Grams | Grams | Grows | Grems
3.1 2.5 4. 3.8 3.6 4.2 2.8

4.2 T. 7.2 5. [ ah
3 0. L] [N 3.7 i
1. L. ol

i 1
i 1 ] Lo

The vaporization with grade No. 6 was ubout 74 percent greater
than with No. 4, and with No. 9 about 56 percent greater than with
No. 6. However, the difference between No. § and No. 11 is not ap-
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preciable and, furthermore, 4 pulverized grade {diameter of particles
about 0.33 mun.) was used, and _vaporization was quite nneven. The
difficulfy with grades such as No. 11, or finer, is that the particles
tend to aggregate and hence are not easy to distribute properly.
Therefore, as the result of repeated tests it 1s concluded that it is not
practical to use smaller size particles than No. 9.

VAPORIZATION AS AFFECTED BY SURFACE ABREA OVER WHICH THE
CrysTals AR DistrisrTEn

Vaporization of paradichlorobenzene is affected not only by the
size of the orystals but also by the size of the area on which these
are distributed. In the early experiments relatively light treatments,
114 pounds per 100 square yards of bed, were used at frequent inter-
vals. This mnount was distributed on board shelves equaling about
one-eighteenth of the total bed area, and good vaporization was se-
eured. In order to determine whether, if disease conditions were
severe, it might not be advisable to increase the dosage to 3 or 4
pounds, & new experiment was undertaken in which board evaporat-
ing surfaces and Ne. 9 crystals weve used. IFirst 134-, 3-, and 414-
pound rates were used, all on the same size evaporating surface {one-
eighteenth of the bed area). Then the same rates of application
were repeated, but as the dosage increased the distribution surface
was also increased as follows: First, 1/18; then, 1/9; finally, 1/6 the
bed ares,

The results are given in table T and show quite clearly that merely
increasing the amount of paradichlorobenzens did not appreciably in-
crease the amount vaporized. On the other hand, if as the rate was
inereased from 134 to 8 and 434 pounds the distribution area was in-
creased from 1/18 the bed area to 1/9 and 1/86, the amount vaporized
increased almost proportionally.

Tawtg T—Vaporization ag reluted to the wmount of puradichiorobenzene wsed
une the size of Hhe area over which the crystals are distribuied

Paracdi- | Size Yaporization
chlora- | of |_ __ .
henzone| dis-
ner 30| i First night Beeondd night
sguanre | bi-
vards | tlon l | ! !
{ibs.) |aren! | Plot 1] Plot 25 1oe 3 | Plok ! Mesin Plot 1| Tlot 2] Plot 3 | Plot t] Moeas
(= e i .‘ Lo e e ——
i 1 Fer- . fer-
Cramg |Grawy (Craws Orams }Gram | cent iCGrums Graway |Grams |Cromy |Grama | cent
134] 1118 53 4.5 5.0 5.4 l .45 T 6.8 6.3 4.2 6.4 625 %3
3 1/i8 5.5 5B 58 &6 il <) 0.2 8.3 8.3 6.3 w1 7. 63 54.5
4341 118 59 58 BT 5.7| 578| 25 %3 R4 B3 B3| Ra3 80,7
1186 118 4.8 5.4 4.8 i 5.6 21 fil 7.6 7.0 7.1 {81 W3
3 1/8 9,2 10,4 4.8 8.7 9.78 | fnb 2% 140 13.9 331313 3.8
438 1| 1% 4.0 i4.2 14.1)] .02 06, 8 17. 8 Il 19.2 20.2 8| 1930 a1.%

! Fractionid part of Lot Lied ares,
VAPORIZATION TN RELATION TO PHE NATURE oF DISTRIBUTION SURFACE

In addition to the avea of the surface over which the paradichloro-
. benzene is scattered, the natore of this surface has an important benr-
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ing on the rate of vaporization. In the present experiments solid
surfaces, board or metal, and open surfaces, either tobacco cloth or
wire mesh, were used. For the most part, however, board rather than
metal surfaces were used because of lesser cost, and cloth rather than
wire, because the cloth is more readily available, costs less, and dees
not permit small particles of paradichlorobenzene to fall through
so readily onto the plants-below. Many comparisons have been made
between the different materials, and table 8 gives the results of a rep-
resentative test. In this experiment the treatment was 10.5 gm. per
night per 1 square yard wnit, and the femperature was 67° to 71° F.
'The cover was double 28 x 32 tobacco cloth.

As may easily be seen (table 8), the vaporization from the solid
board surface was only five-ninths that from either the wire screen
or the tekacco cloth, the figures for these latter two running close
together.

Tamre S8—Vaporization i velation to type of surfice on which e
puradichlorobencene ix distribeted

i Vaporizativn per nizht ;

- : : i \ Tatal | Meun
st 5 32 T o3 #h o, Sth o 6th | |

Type of sarface

. : . . 1
S rams Crams. Creme Gramy  Gremst - Groms | Urams * Pereent
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Ws- Wi 59 %3 .3 Wt
9.0° NS VR BT 83! 0.5 505, 4%
- .01 8.3, 40 i1 3t 61 FUN

Tobacea eloth (18x3M .

VAPOBIZATION AS AFFEGTED BY THE INTERACTION OF S12E oF CRVSTALS
aND TEMPERATURE

The rate of vaporization of paradichliorobenzene is dependent on
temperature. Thus, Roark and Nelson (25} have presented data
showing that if, at u temperature of 36° F., vaporization is represented
by the fgure 1. at 30° F. the vaporization value will be approxi-
mately 2, and at 60° F. it will vise to 4. All of these temperatures
may be encountered in plant beds during the course of treatments for
blue mold, hence it is apparent that, with equal amounts of paradi-
chlorobenzene used, the rate at which it vaporizes may vary widely
depending on temperature, It has already been shown (p. 13} that
the rate of vaporization is affected by the grade and, hence. the size
of particles and the evaporating surface. fhel‘efore, it would appear
that by varying the grade the effects of temperature changes might
cither be accentuated or reduced.

Table 9 gives results from a series of out-of-door plant-bed plot..
These plots were each 4 square yards, and the paradichlorobenzene
was seattered on 28 x 32 tobacco cloth that covered the entire bed area.
Treatments were in duplicate, but, owing to time limitation, the
paradichlorohenzene remaining was coliected from only one plot
each morning (8 a. m.). The results from nine sets of weighings are
arranged on the basis of average temperature and provicfe a range
from loft to right of 43.5° to 69.8° F.
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Tasrt B—Relation of the size of puredichlorobenzene purticles and of
temperature o theamouni vaporized
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| Faradichlotobenzene distributed over entire bed surface on 28 x 32 tobaeeo cloth, cover 82 x 64 muslin.
1Jtallc figures repregent vaporization values aither too low Lo be elfeetive or too high to busato,

Paraidichlorobenzene not vaporized when the beds are opened in
the morning is lost, and any treatment that allows most of the ma-
terial to remain unvaporized on the cotton is obviously inefficient.
On the other hand, as will be shown later (p. —), vaporization that
approaches 100 percent is likely to proceed too rapidly for plant
safety. Taking as the limits 45 and 93 percent, out of 81 values 40
showed either less than 45-percent or more than 93-percent vaporiza-
tion. However, it is ciuite apparenti also that if the smaller No, 9
grade was used on cool nights, when the minimuwm dropped to 39°
and 43.7° F., for example, and the larger size, No. 6 or No. 4, was used
on warmer nights, the danger of cither too slow or too rapid vaporiza-
tion could be reduced.

The results given in tabie 9 are but a small fraction of the records
of this particular experiment. With respect to disease control these
records show that all nine treatments gave adequate blue mold con-
trol as measured (1) by plant survival, (2) by weight of plant pro-
duced, and (3) by counts of infected leaves. The check plots were
severely damaged, defoliation being general, and in many plots the
stand was reduced over 75 percent. To give these data in detail,
however, would involve much space, so they will be omitted with the
nbove brief summary and attention given to the plant injury en-
countered. This injury was very pronounced following treatment on
the warm nights with paradichlorobenzene No. 9. Vaporization
figures were nsually 95 to 100 percent on these nights and it seemed
likely that injury was due to the too rapid vaporization early in
the evening. To obtain information on this point paradichloroben-
zene was applied at the rate of 214 pounds per 100 square yards on
the 28 x 32 tobacco cloth, using removable trays. The amount
vaporized was determined for each thivd of the mght, 5 p. m. to 10
p.m, 10p.m. to3 a. m,,and 3 2. m. to 8a. m. Vaporization values are
given in table 10 for one cool night (minimum below 45° F.), twa
nights of medium temperature (minimum Detween 43° and 60%),
and one warm night (minimum above 60°).
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Tanie 10—Qurentities of pavedichlorobenzene vuporived during different perts
of the night ux related to temperalure

FIRST TREATMENT, MINIMUM 39° F.

Aver- YVuporizgtion on—-
CE";_‘S;:'}?(;"“ Yaporizntion peziod te:g‘{?cr-
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Sp.m. o 0D M- 45,8 1 L2 1,12 .07 1.1 1G. 1
L Wp. o, todo.m_. R .08 0 .07 .61 .62 8.7
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Beicvemeee e R pemotodaam, o e '1 i ; Y
Ja WS o B i “ GLE, 0@ )}

! Rate of application 2}y poomds per 100 square yatis,

The resnlts in table 10 show very clearly that in all cases maximum
vaporization with paradichlorobenzene occurred during the first one-
third of the night. This is natural, since at this time temperatures
are highest and the maximuwm surface is exposed. With the first
treatment recorded in table 10 (minimum 39°F.) the ease -vith which
the No. 9 erystals vaporized was clearly an advantage, and it is
obvious that the use of the No. 4 was very wasteful, as about two-
thirds of the amount applied remained unvaporized when the beds
were opened in the morning. With the fourth treatment the gitu-
tion is very different; No. 9 vaporized almost completely by 10 p. m,
and caused severe plant injwry (fig. 2). No. 4 gave good disense
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A

Frooke 2—Influente of the sige of the pereadichiovobenzene erystids on Hie pate
of vaporization: 4, Untreauted ebecl; B, woewdod with Noo Goceyslalss G,
troaied with No, @ erysinls, Both 8 sl € were treated ab the pate of 214
pounds per 00 square yards of bed.  The No. § ery=tii= conlrofled the disgisc
withemt ptant ojury, whereas the No. 9 eaused sovere burning,

control withont injury.  Note bow clozely vaporization values for No.
4t the high temperatave in the fourth treatment compure with the
vaporization of No. 9 at the low tempernture of the first treatinent,

These restdts raised o question ns o the disease-contro! effective-
ness 0f trentment during the enrly and late part of the night. It
has been shown that one effert of Denzol vapor 3s to inhibit gormina-
Giore of spores e spores e formed diving the early howrs of the
moening abowt f to § a.nn Consequently, it seensed possible that ex-
pasure of plants to prradichlorobenzene vapors during the carly part
nf the night would Be mmel less effective than exposte lafer.

To ~ettle this question the Tellowing experiment was condueted n
the greenbouse, Three lots of plints were placed In cach of 14
separate ohelosed anits Fonr units were nof treated. The remain-
e 310 amit- were divided into @ series of 5 units vach. Serles A
received the No. 0 grde of paradichtorobeuzene at the rate of 4
ponnds per 100 square vards on o twice-weekly sehedile and SOPI08
B the seme treatment with No. § grude.

There were 53 Jots of plants in each of the 10 Oeated units. Trent-
mont of Job= 1 and 3 was started at £:30 pone Lot 1 owere removed
at 12: 15 a0 amd Jots 2 put in their place.  In this wanner all lots
U wore treated for 757 hours daring the fest all of the night. Lots
2 were treated Tor the same period but duaring the second half of the
night. and lots 3 were trealed all night fora tolal of 1515 hours. The
fonres i the third colmnn of table 11 show the percentage off para-
dichlorobenzene vaporized during the different treatment periods.




TaBLE 11.—Comparative blue mold control efficiency of half-night and all-night trealments with paradichlorobenzene

Series, commercial erde No., and
treatment period

Vapor-
ization !

Discased leaves 2 on—

December 18

December 2t

December 27

Plants 3 killed

Plot

Plot

Plot

Mean

Mean

Serics A, using No. 0:
4:30 p. m. to12:15 8. m
12:150.m.to0 8 9. m..
4:30p. m.to§e.m

Untreated check., . .ou..

Series B, using No. 6;
430p.m.to 12:15a. M.
12:15a. m.toSa. m
4:30p. m. to 8a. m

Untreated check [,

1 The mean in cach case of 30 separate determinations,

¥ Total leaves exposed, 135 per plot.
3 Total plants exposed, 45 per plot.

asvasia a0l dnTE 0 TOUMILNOD
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Although somewhat more paradichlorobenzene vaporized during the
first halt of the night as compared to the second half, the difference
is much less than is nsually found in out-of-door beds. Furthermore,
it is to be noted that, whereas the lots of plants treated from 4:30
p- m. te 12:15 a. m. started with zero concentration, the lots {reated
trom 12: 13 a, m, to 8 a. m. had the ¢avry-over of vapors from the fivst
half of the night. The arrangement, therefore, was favorable-to the
12:15 a. m. to 8 a. m. treatment.

These results bring out two points of great interest. Beth half-
night treatments were much inferior to the all-night treatment; and
treatment from 4:30 p.m. to 12:15 a. m. gave hetter disease control
than treatment from 12:15 a.m. to 8 w.m. It would appear that,
although the organism sporulates in the early hours of the morning,
this has no particular sigmificance with respect to gus-treatment con-
trol, and that treatment over a long period 15 most desivable.  In this
latter connection it shonld be noted that in the previous table when
the small-sized crystals, No. 9, were used at high temperature, the
result. was a high vaporization rate which used up the entire dose
during the fivst third of the night. This very short treatment was
quite incffective in disease contrel and also was nssociated with severe
plant injury. It is apparent, therefore, from the standpoints of
cffectiveness and safety that the paradichlovchenzene trentment
should be so conducted ns to distribute vaporization throughout the
night.

VAPORIZATION A8 AFFECTED BY DIFFERENT METHODS oF DisTrintriNg
THE PARADICHLOROBENZENE

In the original announcement of successtul control of bhlue mold
by paradichlorebenzene treatment (). 1eference was made to the
distribution of the crystals on board shelves attached to the sides
of the beds. Later Anderson () recommended wire haskets.

In subsequent experiments the writers have tried tobucco cloth as
strips strefched at intervals neross the beds and ag a covering for
the entire bed. The latter method has heen generally regavded as
being probably the most practical.

To abtain more definite information on the distribution method
nnd to take into consideration the effects of temperniure and size
of crystal, the foliowing experiment was conducted.  All treatments
in thig experiment were at the rate of 235 pounds per 100 squiave yards
of bed avea. In table 12 the distribution method is listed in the fivst
column, the size of the distribution area Ju velation to total bed aren
in the second, the grade of crystuls in the third, and vaporization
figures are shown in the remaining columns,
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he values obtained with grade No. 6 (table 12) indicate that at
the lowest temperature 49.8 percent of the crystals actually vaporized
for tobacco cloth (entire cover} and 10.1 percent for wire baskets.
This means that with 214 pounds applied the actual treatment dosage
was In the one instance 1.2 pounds and in the other 0.25 pound, or
thai the two treatments were in no respect comparable,

On_the basis of the previons estimates {p. 16) that vaporization
rates below 45 percent are ineffective and above 93 percent are likely
to cause plant injury, it is apparent that many of the treatinents
listed in table 12 were either ineffective or dangerous. In 26 of a
total of 55 freatments theve recorded less than 45 percent of the
paradichlorobenzene was vaporized; in 7, more than 93 percent wus
vaporized; and m only 22 did vaporization values full between 45
and 93 percent. Again it is apparent that at low temperatures,
minimum below 45° F., No. 9 distributed over the entire tobacco
cloth was most effective.  Other effective treatments at low tempera-
tures were No. 8 over the entire tobacco eloth and No. 9 on cloth
strips.

At medium temperatures, minimum 45° to 60° F., Nos. 6 and 4 on
tobacco cloth or cloth strips, and Xo. 9 on boards all gave favorable
“aporizations, At high temperatures, minimum 61° and above, Nos.
6 and 4 on_cloth strips or boards or wire baskets, No. 4 on tobacco
cloth, and No. 9 on bonrds all gave favorable vaporization.

One fact deserves special mention, and that is the safety of treat-
ment using either boards or wire baskets. Table 12 shows with these
methods a maximum vaporization with No, § of 87.5 percent at the
high temperatures, which is still well within the safety margin.
Injury has Leen rarely encountered in numerous tests where these
methods of vaperization were used. They are, however, quite in-
effective at low temperatures, and very wasteful unless, as Anderson
has suggested (3). the baskets can be removed in the morning and
replaced in the evening.  The use of the tobacco cloth either covering
the entive bed or as strips, therefore, Is definitely more effective
and stmpler. bist alzo less safe.

Hecrr orr VAPORIZING SURFACE ON TIE PLANT BED

As amatter of procaution, during the course of the present experi-
ments with different types of surfaces on which the paradichloroben-
zene was distributed, the effect of height of the vaporization surfuace
in the bed was tested,  Side hoards when used were located neur the
soil surface. st under the muslin. and halfway between. These
differences had ne effect.  Fowever, when the cryatals are seattered
over a cloth covering the entire bed surface the situation is difierent.
In the spring of 1039 experiments were conducted in which the
tobaceo cloth was stretched just under the muslin abhout 13 inches
above the soil: down 3 to 4 inches from the muslin, and down 6 to §
inches, just touching tips of the plants {lable 13).
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Tawig 13.—The effect of height in plant bed of tobacco clotic ow which paradi-
chlarobenzena iy distridited on the mold control end plant injury by treatient

Rato of treat- i 1yiseased leaves Plant injury L
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' . P i '

; I Tnjury ratings—l=nn injuory; 2=slight injury; =moderate injury; d=severe Injury; d=very severe
njury.

The results In table 18 are of distinet practical interest. In this
expertment it was possible to use paradichiovobenzene at the rates of
214, 8, and ¢ pounds per 100 square yards provided the tobacco cloth
holding the crystals was stretched immediately below the muslin.  If,
howewer, the cloth wus dropped down 3 to 4 inches or 6 to 8 inclhes
below the muslin, the lowest rate of 23/ pounds was still safe, but 8-
and 4-pound rates were progressively more injurious.

Temperature conditions during this experiment were moderate (o
high (nighe minimum in the range 50° to §5° F.), and the severe
injury with the 21-pound rate and wet muslin occurred particulacly
on warm nights. Fere again the increased safety from locating the
tobacco cloth high is apparent.  Surprisingly it did vot make much
difference in the amount of injury whether the tobacco cloth was
dropped down only 3 to 4 inches or 6 to 8 inches.  As to disease con-
trol, the 21/-pound rate under dry muslin allowed considerable
disense deveiopment, though defolintion was ingignificant as com-
pared with the checks. At 3- and 4-pound rates most effective disense
confrol was obtained with the paradichlorobenzene scatteved on to-
bacco cloth located 3 to 4 inches below the muslin.  On the whole,
however, the height of the {obaceo cloth did not have & great deal to
do with the fungicidal cffectiveness of the treatments. It is not
meant fo imply that the trextments tested in table 13 have frequently
canged as much Injury ug was encountered in this experiinent because,
with Jower temperatures, injury has never heen such an important
factor, .
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The height of the surface on which the paradichiorobenzene crys-
tuls are distributed is an important [phytncidal fuctor when tobueco
cloth covering the entire bed is used. When boavds or baskets ave

used to hold the crystals, they car be placed immediately above the
plants or just below the muslin without any effect on injury. 16 seems
apparent that when the crystals ave distributed on the tobacco cloth
close to the plants the quick build-up of toxic concentrations im-
medintely around the plants is favored. Figure 3 illustrates the bad
effect of having the tobaceo cloth too close to the plants.

A - \ T .

Frarn: 3—~—Daradichlorohenzene treatment in relation Lo tie height of the sur-
Titep ot which fhe erystals are distrilintted ; 4, 1Mants {ronted with the ervstals
centterell on tobaeeo clutl 12 {0 13 fnches above the ground; 2 oand ), plants
treated with the eloth 9 to 10 Inches and 5 lo 7 ineles above the gronnd,
respoctively.  All treniments were at the rate of 4 ponuds per 100 square
Fards of hed. Nole that injury resulied wien the ceysluls were close to the
plimty, B and €, but net whenr they were well above the plants, A

RETENTION OF PARADICUHLOROBENZENE Varons 1N Beos sy Vanous
Tyres or Covers

In addition Lo factors that determine the amount of paradichloro-
benzene vaporized, trentment effect is determined to a considerable
degres by the type of cover used to enclose the bed. The previous
discussion has been concerned primavily with factors that influence
the rate of vuporization.  The ability of different types of bed covers
to retain the vapors can also be measured in terms of dizense control
and plant injury {table 14).
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Tanre 14——FBinve moid {tﬂﬁtrol ard plant injury in velation fo the amount of
paradicliorobenzene used and the type of cover
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In this experiment three types of bed covers were used—thin muslin
36 x 40, tight muslin 62 x 64, and glass. It will be noted (table 14,
column 4) that much more of the paradichlorobenzene vaporized
under the thin muslin than under the 62 x 64 cloth and more under
the 62 x 64 cloth than under glass. This is a general and consistent
effect, naumely, that the tighter the cover the lower the percentage
of vaporization. However, considering the amount of paradichloro-
benzene vaporized as relaied to the disease-control and plant-injury
records, it will be observed that none of the treatments under 86 x 40
muslin caused injury and that only when paradichlorobenzene was
applied at the rate of 44 pounds per 160 square yvards, with 3 pounds
actually vaporized, was the disease control complete.  Under 62 x 64
cloth, half this amount, vaporization at the rate of 114 pounds per
100 square yards gave complete control; and under glass, vaporiza-
tion at the rate of 1/5 pound per 100 square yards did the same.
Under glass, vaporization at the rate of 1.2 pounds per 100 square
yards killed every plant. Obviously theve would be little point to
considering eflective dosage without considering type of cover
(Big. 4). since in thiz experiment the effective dosage in terms of
paradichlorobenzene actually vaporized ranged from 1.5 to 3 pounds
per 100 square yards of bed.

In both 1938 and 1939 mumerons experiments wore conducted in
out-of-deor plant beds using (1} grades of tobneco ¢loth ranging
from 24 x 26 to 32 x 36 and weighing from 1 to 1.5 ounces per square
yaved; (2} musiins ranging from 36 x 40 to 68 x 72 and \\'c\igﬂling from
3.25 to B ounces per square yard; {3) light cunvas; and (4) glass
sash.  The resuits from these tests need not be presented in detail
but may be summarized briefly as follows: Tobucco cloths, either
single or double, in out-of-door beds do not held the paradichlovo-
benzene vapors sufficiently well to give adequate. or even meusure-
able, diseuse control in most instunces, aithough in oceasional well

[T
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. . o £

ke +o—aradichlorohenzene (rentment in relation tu type of cover: A, Glass
cover; vapor concenlratiun was 20 exeessive s o velaed growh, L Ieavy
muslin (G2 x G4) eover; dizense controlled without plant injury, (’ Thin
nmslin {36 x 400 cover; vapor refentton inadequatle to give complete dixeise
control, AN plants, except untrested eheck D, were treated ab fhe rute of
2 pounds per 100 Bguare yards of hed.

sheltered outside locations contral was obtained. ILight muslins
with thread count around 40 to 40, averaging 3.2 to 3.5 ounces per
square vard, often give fuiv control, bub thm are no[, to be vecoms-
mended for most effective teeatment, A muklin 62 x GL aver nuing
4.3 ounees per square yard, has been used cxt.vnsi\'t-]y in these
experiments and i not considered  foo heavy., If the mus
lin is to he moved and used on several beds, 16 s subjected to
severe straing and must be strong. Musling 56 x 60 and 50 x 56,
avernging 4 ounces per square yard, have given satisfactory results,
tlnmfrhnot (uite equal to those from the 62 x 6+ muslin. The 65 x 70
11111‘-.1111 running 5 ounees per square yard to the pound, was superior
n gax retention to the lighter weighls but was so ight as to he
]JI.l('LI(LlII\' impervious to wualer as soon as it became wef 5 conse-
quently, the 62 x 68 was preferred. Light ennvas was too heavy and
sUHE Griass sash have been veported to rive ]mol results, but doubt-
less because they were old and leaky. The wlass sash used by the
writers wers new and tight and gave exe ollent results, However,
(heir very complete retention of tha g e it ensy for plant i 111]111\
to oceur, 1T, for example, the sash were alosed g little carly on a
warm evening. The cost, plus the danger of injury, makes sash
impractical in nost arvas,

Coxtxrors 12y axn N TREATMENTS

In the rarly davs of the benvol treatment in Australin the beds
were apparently elosed most of the time. and it wak not until later
that the prctice was adopted of opening the heds during the day
and vaporizing the gas only b night. Sinee |]lI:l({lt]ll(ll(]l)i‘ll/l'lll' s
been under consideration, severnl continnons (readments have been
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recommended, One by McGee (12} advocated 3 to 5 pounds per 100
square yards of bed and 1 to 8 treatments a week, This treatment
was to be carried out under ordinary cotton plunt-bed covers, either
single or double. Although it had been established that with the
usual nightly treatment satisinctory control could not be obtained
in out-oi-docr beds under donble cotton, the possibility that, by using
large quantities of paradichlorobenzene and continuous vaporization,
adeqimte disease control might be attained still remained to be investi-
guted.

Z The guestion of vaporization during day and night periods
is first considered. Paradichlorobenzene No. 1, largest size crystals,
andl No. 6 were used in preliminary experiments at the rate of ¢
poundg per 100 square yards. It was found that with the No. 1
vaporization was too slow. With the No. 6 the vaporization of the
28-gm. dose in the closed units required 72 hours. If the bed was
kept constantly closed, about 33 percent of the vaporization oceurred
during the period from 8 a.m. to 4:30 p.m. and 47 percent during
the remaining 16 hours. If, however, the bed remained open during
the day, practically all the paradichicorobenzene was lost during the
daytime period. Therefore, since it was established that a one-
dose treatment could be carried out and that about half the para-
dichlorobenzene would be wvaporized in the closed bed during the
daytime, 8 @ m. to 4 p. m. period, it became of interest to know what
would he the disease-control value of this daytime treatment. Sev-
ern]l experiments were conducted to settle this question, and the
duta given in table 15 arve from a representative test.

TARLE 15 —Cenprrative htie wold eontrol eficiency of duayg and qright trealmeils
k § Y i
with pardadicilorobenzene
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10° A0 g, ML e S 0 L, Like-linur
night . . ... .. .. [} 1] ) nloa it ] 2 1] 0a
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day. o .. L — dl 46 | a6 ) | 905 1] 1} i S 1210
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LT U S HG | o280 HE 2515 -] i T4 ] 67,3

1Potal plants per plot exposel B0; wtal leaves 240,
Totnl plants per ot exposed 100; Lolod Jeaves S0,

A sty of the disease counts in table 15 shows that blue mold
control was perfect in all but one of the four plots receiving the
regular nightly treatments. The same treatments during the daytime
gave very poor control, and the combination of day and night treut-
ment failed to give ns good contrel as night treatment. In general
these and other similar vesults have failed o indicate any veal value
from daytime treatment.

Continning the study of treatments involving vaporization of
paradichlorebenzene continuously during the day and night, using
coverings of double tobuaceo cloth, several experiments were conductecd

e



28 TECHNICAL BULLETIN 799, U. S. DEPT. OF AGRICULTURE

in the greenhouse in whieh various weights of crystals were placed in
the units and the covers allowed to remain in place for 4 days and 5
nights. In each instance plants were inoculated in advance of treat-
ment and in some cases the treatment for 4 days and 5 nights was
repeated. Extensive data were taken, but only the conclusions will
be presented. Paradichlorobenzene at the rate of 12 pounds per 100
square yards in the treatment continued for 4 days and 5 nights gave
control; lesser amounts were inadequate. However, the prolonged
shading made the plants very succulent and, when they were expose:l
to infection after the treatment was concluded, all were destroyed.

The possibilities of continnous treatment under double tobscco cloth
were further investigated in out-of-door plant beds at Arlington
Farm in 19388 and at Tifton, Ga., in 1939. In a few of these fests
some degree of control was obtained, but in the majority of the ex-
periments even large applications—for example, 12 pounds per 100
square yards twice a week—gave no control whatsoever. Whereas in
the greenhouse it was possible to obtain control by this method, in the
plant bed it usually failed completely. The reason for this difference
appears to be that in well-protected locations the double tobacto
cloth retains the vapors fairly well, but in the usual bed, exposure to
air currents makes for very poor vapor retention. Certainly there
appeared no reason to give further consideration to treatments using
deuble tobacco cloth,

The writers have not conducted extensive tests with the night and
day treatment using the heavy muslin covers, as recommended by Tis-
dale and Kincaid (77), for the resson that in several experiments
muslin covers were left 1n place on cloudy, cool days and severe plant
injury occurred. In each justance the sun came out for just a short
time, but even this short interval was sufficient to produce damage,
particularly under wet covers. It is helieved that the margin of
safety is too narrow with the paradichlorobenzene to justify the
hazard of such daytime treatments.

IxTERVAL TREATMENT

In early experiments it was established that. if paradichiorobenzene
was used at the rate of 7 gm. per squarc yard {about 114 pounds per
100 square yards), treatments two or three times a week did not give
as good disease control as treatments five to seven times a week.
However, if the rate was Increased, intermittent treatments gave effec-
tive disease control (fig. 5). In the following cxperiment, paradi-
chlorobenzene was used (1) nightly at the rate of 6 gm. per square
yard; (2) every third night at the rate of 18 gm.; (3) every founrth
night at the rate of 24 gm. under a dry cover; and (4) every third
night at the rate of 9 gm. under a wet cover. A 62 x 64 muslin was
employed in the tests. The 6-gm. nightly rate was a little less than
the amount required for most effective control. 'The leaf-ceunt means
in table 16 are in each case the average for four plots. The differ-
ences in disease development in the different series are acecounted for
by the varied inoculation procedures. Series A was inoculated 80
hours prior to first treatment; Series B was inoculated 8 hours be-
fore treatment; and Seriés C was not inoculated but merely exposed
to natural infection.
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These data bring ont =ome inferesting pobit=. The trentiment eneh
third night was three tines o~ strong s the treatment each night.
and tie firures <how that diseise conteal was superior, Trentuient
four fimes s strong, overy inllilh mght. gave wamnd disease contiol,
bt there was ‘-!I""Iii plant injury.  With wet covers. the amount of
paradichlarshenzene could e reduesd ose-lall without sacrifice of
disen~e control but with o distinel jnerease i plint injury.

Trestment st intervals wave good restdis provided the dosage wis
adetately fnereased,  The next question considered was how wide Iy
apart condd treatients be spaced. Repeited experiments, the dels ails
ol which need not be glven, showed that o singede treatment was not
suflicient effcetively o ehieck Bine mold if conditions were favorable
for the disease. T Tuether experiments the valne of 2= and J-night
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treatments and the value of alternate versus consecutive night treat-
ments was considered. Paradichlorobenzene was used at the rate of
4 pounds per 100 square yards with dry cover and half this rate with
wet cover (table 17(5.

TARLE 1T.~-Blue mold contrel efficicncy of trealments with paradichlorobenzenc
at different iniervais using wet and dry muslin covers

. Disensed losves  Plants Killed

April 3t Aprilo Aprif 12 April 22

Number and fre-

quency of Lresat-
ments Plot Plot Plat Dlot

2 tizhsl; 2

. .| Vo ; No.| No,
2 ont consecutive § Weto.. .3 4 42 34,3 1307 127

nighis.
2analternatenights.] do.__ S W] A L3 1) dis
3 on consccutivo 4 1317] 104

nights,
2 on consecutive | Iy i & 48 1257, 12t

nights.
2onaifernatentiphts | _do. . 31 3 23 & 1i8] 121 29’
Cheek H{: HY 3 158 1.5{}i 150 37

1§ days sfter the first trestment.

The data in table 17 show that 8 days {\April 3) after treatment
all treatments had given successful disease control as indicated by
comparison with the checks. The counts 3 days later show that the
3-night treatment had extrn disease-control value as compared ‘with
the 2-might treatment, and the figures also indicate that two treatments
on alternate nights were slightly more effective than the same number
on consecutive nights, This series was not treated further, and, as
conditions for disease development continued favorable, biue mold
was active in all the treate(F plots., However, the leaf counts en
April 12 are given, as well as the mortality records on April 21, to
bring out a point frequently observed, namely, that even a limited
amount, of gas treatment, which temporarily checks the disease, has
some permanent disease-control value. Note that the finul counts
both on leaf infection and on plant kill are lower in the treated than
in the untreated check plots.

Finally, it scemed possible that if the disease was checked by two
effective treatments the first weelk it might be possible to control it
by less frequent treatments during the following weeks. Disease
conditions were exceptionally severe throu;fhout the following experi-
ment and, hence, provided a very critical test. In each series two
treatments were given on alternate nights, after which the schedule
was as indicated in the first column of table 18,
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TanLe 18.—RBlue mold control cfficiency of treatments wilh paradichlorobenzene
atl wmore twidely apaced tntervals

Disersed {eaves t Flantz killed *
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3

Frequency of treatment

Plut 2
ot

No.

#

REREE s

Fach Alth night_. 244
Each sixits night. - 3 254|267, 0f 301
Check = 1202, 3] 320 LT 3

BRESoZ | Mean

- =1y

(]
1)
0
1]
5

2

! AN treatroents Bt yate of 134 pounds per 100 squere yards under wet 62 x G4 muslin,
* Total leaves exposed, 350 per plot.
2 Total plants exposed, 140 per plot.

Table 18 shows that under the very severe conditions of this ex-
periment even alternate-night treatment did not eliminate the disease,
although most of the infected leaves were only slightly to moderately
damaged and no plants were killed. The results also show that under
very severe conditions, such as obtained in this experiment, even
treatment only every fifth or sixth night may distinctly reduce dis-
ease damuage, as indicated particularly by the reduction in the number
of plants killed from 89 to 15 and 232.7 per plot.

DISCUSSION
TyrE oF Gas

It has been found that the benzol gas treatment, developed iu
Australia, is very effective against blue mold. The margin of safety-—
that is, the difference between fungicidal and phytocidal vapor con-
centrations—is extremely wide. Furthermore, 1f benzol is used at the
rate of 3 quarts per 100 square yards of bed area, two to three treat-
ments a week will give excellent disease contrel. This amount of
henzol can be readily vaporized with the aid of home-made cloth
wicks (fig. 1, B). However, numerous large-scale tests made by
growers have shown that for the most part they regard the treatment
4s too cumbersome and laborious. It 1s certainly true that, with the
wide beds (3 yards or more) most growers prefer, it is diffieult
to fill the pans and to prevent them from being overturned once they
are filled. Despite its effectiveness and safety, the henzol-gas treat-
ment cannot be considered as a practical solution of the blue mold
problem for the average grower,

Xylol, beta-trichlorcethane, and pentachloroethane are very effec-
tive gas-treatment materials, and the latter has proved especially
suitable for use in the greenhouse during the winter.  These materials,
however, are all liquids, and for practical use present the same prob-
lems as i)enzal.

Paradichlorobenzene is a solid and consequently can be marketed
inexpensively in small amounts and is easily distributed in plant beds.
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It is more liable to cause plant injury than benzol. However, because
of its convenience, growers have shown much interest in this type
of gas treatment, The experiments heve reported indicate that an
understanding of certain fundamentals will do much to insure success
with paradichlorobenzene. One of the first problems jn using pava-
dichlorobenzene is how to distribute it in the hed most effectively,
In the first plant-bed experiments at the Coastal Plain Experiment
Station, Tifton, Ga., in 1938, the crystals were scattered on boards
placed 1 the bed. The next tests were conducted at the Pee Dee
LExperiment Station, Florence, 8. C., and the boards were attached
to the sides of the beds as shelves,  Meanwhile other experiments hacl
shown {table 8) that vaporization was much more rapid if the

i » AL

Mgl G—RBed avranged for mzs treadment with paradichlorobenzene.  The bed
ig divided into two goctions each 4 hy 20 yards,  The pole eross supports sre
2 yards apart and (he sive raoning lengthwize to each section is 153 inches
above the ground.  The top of the side-wall logs is aboul T inches from the
gromnd surface.  Nole the tobaceo ¢loth on (he left on which the paeadichloro-
benzene is gearfeved, and e muslin jn the cemer sno it e e ased o lrenc
vither hal seetion. A partition down the conter is conecaled by the muaslio.

erystals were seatteved over a porows surface, and so it seemed logical
te make use of the tobaceo cloth already present in the bed (fig, 6).
In Connecticut. where the growers use sagh and have no tobaceo cloth,
the use of wire baskets attached to the sides of the beds was suggested.
Pable 12, however, indicates that with cool nights the paradichloro-
henzene In such wire baskets vaporized only about one-fourth as
rapidly as the same wmount of pavadichlorobenzene scattered over
the tobacco cloth. This method, consequently, is at o great disad-
vantsge in cool weather, but the wuthors found it very effective and
cate when the night temperatures ave 55° F. and above. As a sub-
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stitute for the tobacco cloth covering the entire bed, strips of either
tobacco cloth or thin cheesecloth, 1 yard wide, stretched across at the
rate of one strip to each 18 feet of bed to give an evaporation aren one-
sixth the total bed area, have proved satisfactory (fg. 7). Reference
to table 12 shows that under cool conditions the Inexpensive cloth
strips provide vaporization about three times as great as the wire
baskets. In beds where the cloth-strip evaporators have been used,
they remained in place throughout the treatment period, and the
plants beneath were in no way retarded. However, the cloth strips
should be 12 to 15 inches above the surface of the ground, In gen-
eral, it has been, found that a 24- to 26-thread-count tobaceo cloth
will hold the No. 6 crystals very well; but, if & smaller size crystal is
used, cloth having a fighter weave is required.

Fisupe T.—Paradichlorobenzene erystals seulterad ol temporary strips of
tobaceo cloth, 3 feet wide, stretehed across the bed every 18 feet. Adequate
vaporization requires that the crystals be above the plunts and well seattered.

Tyee or Cover

Although the first problem is to vaporize the paradichlorobenzene,
the second is to hold in the vapors. Tight sidewalls are one factor,
but the greatest vapor Ioss occurs throngh the overhead cover, The
writers used new and tight glass sash and found that they made very
effective covers, However, few tobacco growers used sash, and where
they do the sash are generally too old und leaky to be satisfactory.
Extensive tests were made with tobreco cottons ranging from 18 to 36
threads perinch. These were used in both single and d%uble thickness
and both wet and dry. On the whole, such covers have given ver
ineffective disease control. Lightweight muslins 40 x 40 and 42 x 40,
running 3.2 to 3.5 ounces per square yard, have given fair control in a
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number of tests, but results were not completely satisfactory. Muslius
running 48 to 56 threads per inch have proved distinetly more effective.
Finally, in 1939 and 1940, 2 62 x 647 muslina veraging 414 ounces pey
square yard was made available in quantity by the Surplus Commodity
Division of the Agricultural Adjustment Administration. This ma-
terinl was quite satisfactory and distinetly superior to lighter welght
crades,  Still tighter and heavier muslins, s, for example, o 68 X T2
product, weighing 5 ounces per square yard, have been used and Found
slightly move effective in retaining vapors than 62 x 64, but such grades
become almost impervious to rain when wet and hence are not so sutis-
factory. In general, growers who have considered using paradichloro-
henzene treatment have songht (o save money by purchasing very light-
weight grades of muslin. It costs ure fignred on a 3-year busis it wilt
be found that such cheaper musling do not reduce treatment costs
because they soon wear out. Also the expenditure for paradichloro-
benzene will be increased {see table 14).

Discussion of the mushin cover would not be complete without a
considerntion of the value of avtificially wetting it. Soaking the mus-
lin with water mukes it practically impervious to gas. Covers not
sonked by artificial wetting are often damp. but » damp cover is not
cas-impervious to anything like the same degree as a wet cover.
Therefore in referring to wet covers, covers that are water-sounked are
meant. Under most conditions, the greatest vaporization of paradi-
vhlorobenzene oceurs during the first third of the treatment perviod
{table 10} the reason being that during this period the greatest pars-
dlichlorobenzene surface is exposed and the temperaiure average is
highest. A cover that is not art Hielally wetted usnally becomes soaked
with dew ubout the end of this period, but prior to this time there is
A considerable loss of vapor., Artificial wetling largely prevents this
loss by insuring a practically impervious cover throughout the night.
Numerous experiments have shown that with wet covers the amount
of paradichlorobenzene vequired is only half as much as with dry
covers. It would appenr logical to recommend that the muslin be
sonked with water at the start of each trealmeni. However, many
tests have bronght out two practical objections,  TFirst, 1t is often not
convenient for growers to wet (heir covers, and further, they ave likely
{o dampen rather than souk theni and so not obtain the thorough seal-
ing eoffeet. Second, it hax been found that by using water-soaked
covers the dunger of injury is greatly increased.  Injury is most likely
o oceur on warm nights because of excessive vaporization of the para-
dichlorcbenzene during the cearly evening. The use of web covers
nnder such conditions greatly increases the likelihood of imjury. To
meet this situation the grower desiring to use wet covers can either omit
wetting on n warm night or else start the treatment very late, 7:30 or
g p.m. It shoukl be noted that new covers eannot he theroughly wet
until the sizing has been removed by washing with soap and water.

S12E OF CRYSTALS AND QUANTITY PER THREATMENT

The different sizes of erystals used in these experiments ave Tisted in
table 5. {irades No. 3 and No. o proved very safisfactory en wann

7 AM defermined from three seprente seinples sulyeed by the Dureas of Stamdards.
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nights and No. 9 on cool nights. Considering behavior under a wide
range of temperature conditions, however, No. 6 is vecommended. As
to rate of treatment, with covers that were not artificially wet, good
blune mold control was ebtained with rates from 2 to 4 pounds per 109
gquare yards. Lesser amounts were ineffective on a twice weekly
schedule and greater amonnts injurious.  With covers urtificially wet, 1,
116, and 2 pounds gave excellent disease control; 215 pounds is defi-
mtely too much. Growers, however, have reported using 3 and 4
pounds under wet covers, but this is dangerous with a good grade of
muslin cover and a well-consiructed bed, providing the cover is thor-
oughly wet. In generul, 215 10 3 pournds with the cover dry or damp
and 134 pounds “with the cover water-sonked ave about’ the right
amounts. It is interesting te note that  pounds per 100 square vards
is the minimum that is reasombly effective with the dry cover and the
maximum that ean be used with comparative safety nnder & wet cover.

Dugation or TrEATMENT

With cool. clondy days, treatment enn be strted as early as 4 p. m,,
wnd on bright warm days 7: 30 p. . js earty enough.  Usually treat-
meuts should start about sundown, and the beds shonld be opened nbout
8 a.m, Allewing covers to remain in place throughout eool, eloudy
sdays has been tried and found to be dangerous because very little
sunshine nay eause severe plant njury. owever, effective results
do require us Jong a treatment period as s practical (table 11).

NUaner oF TREATMENTS

The gras treatment will check disease developnient even after
the mold has made its appenrance. However, it is not safe to delay
treatment too long, particularly when one mustin is Lo be used o
seversl beds. In general, it iy advisable to begin as soon ns the
disease. appears in the vicinity and to follow some regular schedule.
heciuse growers ure too busy {o keep disease developments wnder close
observation, andl these developments often oceur with unexpected
rapidity.  The number of trentments required per weel will vary
somewhat, with conditions and loealitivs. ~ When blue mold s active
under very coul conditions, as is often the cnse in Georgia, three
treatments o weele are advisable; and in beds where consideruble
disease is present at the start, treatments on two and three CONSeeu -
tive nights are desivable.  In'most areas (wo treatments a week are
adecuate, and these should be so spaced as not to have more than
a 4-day interval between treatments during periods when the dis-
ense 18 active.  Treatments should continue as long as protection is
required. In different sections and years the perod during whicl
protection has heen yequired has varied from 2 to 8 wecks, In
general, from 5 to 10 treatments have been sufficient.

SUMMARY

Controlled experiments showed that benzol-vapor concentrations
reanching a maximum of 0.018 percent, over the period 4:30 p. m. to
§ a. m,, distinctly rvetarded blue mold development, whevess 0.097
percent gave complete disease control. A concentration reaching
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a maximum of 0.83 percent produced growth returdation. Hence,
the phytocidal level was about eight times the fungicidal level

In plant beds blue mold control was obtained with mazimum meas-
ured benzol concentrations falling between 0.1 and 0.2 percent.

As the result of repeated tests it is concluded that effective blue
mold control can be obtained with twice-weekly treatments using
(1) benzol at the rate of 5 quarts per 100 square yards of bed; (2)
an evaporating pan surface of one one-hundredth the bed area; with
supplementary cloth wicks (fiz. 1) and with pans 8 to 10 feet apart:
(3) a muslia cover, 60- to 65-thread count, running about 444 ounces
per square yard.

Tests with other vapors have shown that xylol is about 214 times
as effective as benzol, beta-trichloroethane 5 times as effective, and
pentachloroethane about 15 times as effective. Pentachloroethune
has the serious disadvantage that the treated plants are likely to
wilt severely when exposed to bright sun.

Paradichiorobenzene gave effective blugimold control and has cer-
tain practical advantages over benzol. It is much more convenient
to use, but, because the margin of safety is less than with benzol, a
thorongh understanding, of the limitations of paradichlorobenzene.
particularly with respect to vaporization, is essential.

Several factors affect the vaporization of paradichlorobenzene.
(1) Size of crystals. The vaporization rate increased as crystal size
decrensed until a diameter of about 0.93 mm. was reached. Still
smaller particles were unsatisfactory because they tended to aggve-
gate.  (2) Surface over which the crystals arve scattered. Vaporiza-
tion was almost twice as rapid from an open surface of tobacco cloth
or wire mesh as from a soﬁid hoard surface. (8) Arvea over which
the crystals ave distributed. Using the same rate of treatment the
vaporization rate under cool conditions was four te five times as
great with crystals seattered over a cloth covering the entire bed
x5 it was with crystals held in small wire baskets. (4) Temperature
is an important factor, the effects of which ean to some degree be
compensated for by varying the size of crystals or the method in
whieh they are distributed.  Under very cool conditions the smallest
crystals and the widest distribution (over tobaceo cloth covering the
entire bed) arve desirable. Tnder warm conditions larger crystals
and distribution on bourd shelves or in wire bagkets will give good
results. In gencral, from the viewpoint of disease control, a vapor-
ization figure nbove 45 percent is desirable, whereas from the view-
point of plant safety it is advisable not {0 have vaporization exceed
93 percent.

Mensuremenis of paradichlorobenzene vaporization during dif-
ferent periods of the might showed that maximum values were
wsually obtained during the first third of the night. On warm
nights, with a small-size grade of crystals. duch as No. 9. practically
all the paradichlorobenzene may evaporate duving this period. and
under such conditions plant injury is iikely to result,

Most effective disease control is obtained by exposure to the vapors
throughout the night. If, however, trentment is lnvited to half the
night, then treatment during the first half is slightly superior to treat-
ment during the second half. Daytime treatment gave ineffective
disease control and frequently caused severe plant injury.
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The danger of plant injury was greatly reduced by suspending the
paradichlorobenzene well above the plant, i. e., 12 to 18 inches above
the surface of the soil,

The amount of paradichlorohenzene required to control blue mold
depends to a large extent on the tightness of the cover. With covers
of varying tightness, from 1/5 pound to 8 pounds of vaporized para-
dichlorobenzene was required per 100 square yards of bed. Soaking
the muslin cover with water reduces the paradichlorobenzene dosage
required for disease control by about one-half but increases the danger
of plant injury.

Two treatments per weelk were the minimum number that could be
depended on to give adequate blue moid control. Treatments must
be continued us long as blue mold protection is desired.
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