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I~TRODUCTION 

Blue mold (P(!~·ono8J>oJ'a tabaclna Adam) now occurs in almost all 
of the tobacco-producing areas of the United States. The disease 
is primarily a plant-bed problem excepting in the small sections pro­
ducing shade-growll cigar wrapper where It occasions some field loss. 

1 Received for publication lIllY 27, 1041. 
"~'ormerly junior patlioiogi~t, United Stlltes D"pllrtIDl'nt of Agriculture, noW with the 


Puerto nico Experiment Stitt ion. lUo Piedras 

3 Decensed April 20, 1930. 

'The writers nrc under oblh.:ntlon to many of theirllssocilltes for valuable suggestions

and aid during the conduct ot these experiments a11(1 in partlcnln,r to Mr. E. G. Mos!!. 
Tobacco Stlltion, Oxford, X. C•• and to the Barrett Company. New York City. 1l1so to tlie 
M!.ne Sufety Appliltnce Co .• Pittsburgh, Pa.• for the IOlln of special equipment in connection 

with the benzol experiments. 
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]\crost severe blue moM damage has occurred in Georgia. There 80 per­
cent of the plants were killed in 1937,25 in 1938, and 50 in 1939. The 
..'1isease occurs regularly each year in practically all plant beds in the 
area from Florida to ~Iaryland, inclusive. It is also common in Ten­
nessee, Kentucky, Ohio, Perulsylvania, Connecticut, and Massachusetts. 
However, it should be noted that. blue mold frequently occurs without 
causing serious damage, and many beds suffer a light attack, which 
merely delays transplanting a few clays, after which the plants recover 
promiJtly and completely. On tl.le whole it has. now become quite 
clear that blue mold, although sel'lOUS and costly, IS not nearly so de­
structive in this country as in Soutl~ Australia. 

Since the crops of individual growers have a. good chance to escape 
severe damage, eyen in an area. such as Georgia, the natural tendency 
is for the grower merely to sow more beds rather than to undertake 
control measures that are comparatively laborious and costly. This 
is obviously why growers in the major producing areas have never 
b(>('ome interested in the benzol gas treatment, despite the fact that 
this treatment, as reported originally by .A.ngell et a1. (6)5 and con­
firmed by many workers s~l\.:e then, is both safe and highly effective. 

The aggregate loss~s cans(>d by blue mold, however, are large. 
Throughout the entire flue-cured belt the growers now plant double 
the pl:ult-bed area that was considered adequate prior to the appear­
ance of blue mold, and this alone means an increased expense of about 
$5,000,000. Therefore, then' is a very definite Berel tor a blue mold 
control measure that is simple and inexpensive enough to be generally 
acrepted and used hy tIl(' growers. 

Clayton et al. (8) have previously reported the development and 
testing of the cappel' oxic1l'-('ottonseed oil S~~:'<ly mixture, alHI this 
treatment is being extensively and satisff'.ctori~y used. It is inex­
pensive and has all excellent 'physiologiral effect on plants that are 
to be transplanted. Disadvantages of tlj~ treatment nre: (1) Appli­
cations must be made twice "'eeldy, sta rting in advance of the dis­
~nse; and (2) the treatment does !lot cor'lpletcly eliminate blue mold, 
1~ merely reduces the amount of dIsease tt. such a degree that it causes 
httle or no damage. In contrast, gas treatment has the advantage 
that it ne<'d not be started until after the (lisease is actually present 
in the bed. 

,yith the!'e problems .in mind the writers, us one phase of blue moll1 
control investIgation, haw conducted nn intensive study of gas treat­
ments be·ginning in the fan of 1935 and continuing to date. Only 
one preliminary note, recording the development of paradichloro­
henzene gas treatment (3) has b(>en published. becauf'e t.here appeaJ'l>c1 
little reason to prE'sent results of this study until substantial progress 
had b(>el1 made. As the benzol method is (lefinitply safp and effective. 
the progress sought was greater simplicity find cli.eapness. . 

METHODS OF STUDY 

Blue mold develops readily in th(' gl'eenhou!;c, and optimum concli­
dons for the disense can be maintained during the period November 1 
to l\Iarch 1. TInder suitablo greellhonse conditions 80 to 100 percent 
of the untreated plants are regularly killed, hence greenhouse '::I)ndi­

" Hqlie lIUmbcl'l; in pllrel\lheli~S rcff'r to Literlllul'C Cited, p. 37, 



CONTROL OF BLUE MOLD DISEASE 3 

tions average more severe tha.n those encountered in out-of-door plant 
beds. It has been possible, consequently, to obtain a vast amount of 
useful information from greenhouse experiments, checked of course 
with suitable subsequent p}ant-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-door work, the 
writers have been fortunate in having an abundance of plant beds 
available, and plots have ranged in size from as little 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 area killed; counts of number of plants killed; and 
record~ or time of transplanting and number of plants set. 

EXPER.IMENTS WITH BENZOL 

The original Australian recommondation was that a benzol evap­
orating surface of one seventy-secollel of the bed area be maintained. 
No account was taken directly of the amount of benzol used. In 
1938 Olayton and Gaines ('7) suggested that 1 fluid OUllce of benzol 
be used per square yard lJer night (about 3 quarts per 100 square 
yards), with an evaporating surface of one one-hundredth of the 
beel area. McLean et al. (13) sllggested that for greater safety a 
mixture of benzol and lubricating oil might be used in the Jlropor­
Lion of 1 to 5. Gumaer (10), using wick evaporators, obtained satis­
factory control with as little 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 enclosures of glass lwd wood 
approximately 1 yard square were constructed. Benzol concentru­
tions were regulated as follows: A.ir was piped from an air com­
pressor into the top of a chamber which was provided with five 
outlets uniformly distributed around 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 ~L benzol sm·face. 
These surfaces varied in size, and hence the uniform air streams 
going to the plant units took up different 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 measured 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 !ll1fl completely 011 each night. 'Veighing'S showed 
that vaporizatiollQuring successive nights was very unifo-cm and 
direct meaSUl'.ements of benzol vapor in the plant units confirmed 
this. The concentration in each unit started at zero at 4: 30 p. m. 
and mounted steadily until 11;le units were opened at 8 a. m. Thus, 
the average concentration for the entire treatment period would be 
about one-half the maximum figure given in table 1, column 3. Re­
Te'l'ring to table 1, column 2, it may be seen that the maximum con­
centration measured was about one-third the amount that would 
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have been present had all the vaporized benzol been retained in the 
plant case. Night tUllperatures were 60° to 65° F., and day tempera­
hU'es rose to a, maximum between 70° and 800 Humidity records• 

showed that saturated air conditions prevailed from about 5 p. m. 
to 8 a. m. 

T • .\BU; 1.-l'he allWl/llt of 7)(.,lIz07 "(I/loriz('(l and, ille JJ/(/;l:iIllI/JII, COllccl;~ratioll.~ 
"eache(l 'in thc trcatmellt chambers 

'I.'otal Relation or I 'rotalCalculat('d CaJ~!1latcd Measured IRelation or 
vaporized nlaxinlum vaporized 

benzol Mcasured benzolmaximunl measured (m) maximum maximum measured (m) 
per night concentruw pcr night conccntra­ to calculated co,nccntra- con centra- , to calcul~tcd

tion ilOS- (c) maxima hon pos- lion' (e) maxima(cubic cen- lion (cubic cen­sible (m/c) sible . (m/c)timeters) timctcrs) 

----O-.-69-I-p-cr;i%~ -l-'<r~~o~:I- -~>e'::'I~t:I:--1-6-.1-I-p::~~~ - ~>e-r~-~n-5t- Percent 
36.4 

2.a3 .20 .(H9 24.5 ' 22..; 1.0n .65 a3.1 
3.5 .ao .097 32.3 I 2!i.•'i 2.30 .R3 36.115.75 .liO I .16 I :l3.3 >,i, :10.0 1.16 37.13.1:1 

9.1 .79 .27 J_ :34.2,___--',___---'___--'____ 

The results from Dxe separate experiments fire combined jn table 2. 
As the l'('cords of the untreated checks show, conditions were extremely 
favorable for blue mold development. Previous experiments hn,ve 
shown that tl. treatment thn,t gives partial control under such severe 
disease conditions may be expected to give better, and perhaps even 
completp., 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 fungicidal, because the hlCuba­
tion period was increased from the 6- to 7-c1:ty interval with the un­
treated checks, to 12 to 13 days, find because the number of plants 
killed was redu('('d in most ('xperiments. 

TAnr.~; 2.--PI/Jlf/h'i(/(/1 !llId pltylof'icla/ '/'C/lIfj(,8 Of 11011:::01-1'(/[10/' ('ol/{'('lItrafioIlS 

----------,-""-"-"­
. I IBlue 1I10ld I Plants I}I;[axlmuf!l measur?( con- ; incubation kilkd by Growth rctardntion cause!l by (reatment 

_.-:~:~~p:rccnt_)_I period ,_ "diS')o~_..__ "_____ 

Untreated checks_____ J)~Yto i I ro~~~ix> INone. 
O.otS", _ 12 to 13 50 to 100 Do. 
0.049_., W to 21 0 to 20 Do. 
O.09i I 0 ])0. 
0.16, 0 1 Do.I I 

0.27 ! 0 Do. 
0.5L ___ ,." 0 Slight growth retardation in 2 expcrimcnts. 
n.f>; ". --I 0 Slight rctardation of growth.
u.83 n Moderate rctardation of growth. 
l.IG """ __ ±_" () scverorctardatiO~~fgrOwt~~__ "____ 

'Vith a benzol maximum of 0.0-:1:9 the incubation period was about 
three times longer than usual, 16 to 21 days as compared to 6 to 7 
da.ys, find plant mortnlity "-as reduced to a maximum of 20 percent. 
\Vith fi, benzol maximum of 0.097 occasional yellowed areas were ob­
!"erved but no aetive disease. It was not until a maximum of 0.51 
percent of benzol waf> reached that measurable toxic effects to the plant 
were observed. At this point there was a. slight but distinct growth 
retardation. Growth retardation became pronounced with a benzol 
maximum of n.R3 percent and Y(,l'y prononnced Itt 1.1 G pcrecnt. 
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Higher rates were not used in the present experiments, but Pinckard i, 

at al. (14) report that leaf necrosis occurs with 2 percent of benz(ll 
if the leaves are wet, and with 3 percent if the leaves are dry. In 
this case the concentrations were uniform for exposures of 12 to 19 
hours. The same investigators report that-
Concentrations of benzol vapor in air of approximately 0.5 percent lJ.y volume or 
greater were leth:ll to sporangia of the tobacco-downy-miluew fnngU!3. Repeated 
exposure of infected seedlings to less than 0.5 percent by volume of ben2l)1 
inhibited spurulation. 

Although this last statement would appear to be somewhat indefinite, 
it seems that in the present experiments fungicidal effects were 
obtained at very much lower benzol levels than were used by these 
workers. Thus, the average concentration of the writers' minimum 
treatment \Vas approximately one-half of 0.018 or 0.009 for the al1­
night period, and even this retarded disease development. However, 
these differences do not appear to be of great importance since dura­
tion and frequency of exposures would. ha.ve much effect on the values 
arrived at. 

The important conclusions to be drawn from these experiments are: 
(1) Benzol treatments rising to a maximum ~oncentration of 0.1 ' 

percent gave complete disease control, and treatments eight times 
this strong were required before distinct plant injury occurred, and 
even this Was only a moderate retardation of growth. 

(2) There was no sharp break between effective and ineffective 
benzol concentrations. Even the weakest treatment used had dis­
tinct value, and under many actual plant-bed conditions would 
probably have given adequate disease control. 

·When benzol concentrations in plant beds were check~d with the 
Mine Safety Appliance Co. instrument, refldings were taken ill 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 feU between 0.1 and 0.2 pereent. 

Gumaer (10) reports that in COllnecticut hlue mold developed to 
some extent when ~naximum readings did not ri~e above 0.03 percent; 
but that disease development was cheeked completely by 2 nights' 
treatment with concentrations about 0.05 percent throughout the 
night. This latter treatment 'would correspond closely "\yith that re­
ported in table 2 where from 0 to 0.097 percent was Hsed, anel . it is 
interesting to note tiHlt this was the minimum completely effective 
concentration used in the greenhouse experiments (table 2). "\-Volr 
et al. (18) state that­
fungistatic action L!'I :;:eeured when lJ!.'llzol-yullor COllC<.'lltl'ations in the atmo!\­
phere range from 0.025 to 0.10 percent by volume during the niglJtly periods of 
treatment. Minimal volume percentage CUllcl'fltl'ations of benzol vapor for 
funglcidul action within see(l beds are approximated within the range 0..10 
to 0,50. 

To check on the amount of benzol required to control blue mold in 
the plant bed, many tests have been conducted each year with differ­
ent rates. The results of these tests showed that 112 ounce per sqU!l.re 
yard of bed (about 1% quarts per 100 square yards) gave dIstinct but 
not perfect control. Twice this amount, 3 quarts l)er 100 square 
yards, gave complete disease control without injury. Doubling the 
rate again sometimes resulted in retardation of plant growth. How­
ever, the optimum rate of benzol is dependent on other factorS, such 

http:sqU!l.re
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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 FOR 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 
l1 variety of modifications luwe been tded. Thus Gumaer (10) de­
scribed n, wick system of vaporization, which very ingeniously main­
tained (L constant rate of vaporization regardless of temperature. 
Other wick-type vaporizers also have been developed. 

The open-pan method is cumbersome, as the pans must be filler! 
individually and are easily overturned. The wick-evaporator system 
overcomes these disadvantages, but the wick evaporntors are relatively 
expensive and growers might experience difficulty in keepillg them op­
erating properly. The writers have used val'ious simple types of 
evaporators, such as tin cans with cloth wicks and open troughs filled 
with sawdust. In most of these tests the benzol rate was ;) quarts 
per 100 square yards of bed and good diseuse control was obtained 
jn all tests, although benzol-vapor measurements showed that with the 
!'awdust trough typ~ of evaporator there was a tendency for most of 
the benzol to be vaporized eurly in the eveni.ng, whereas with the 
wick-type evaporators more uniform concentrations were maintained, 
The gelH'ral conclusion was that considering simplicity and cost, the 
pan1l1ethod or vaporization was the most satisfactory. 

DISTHIBlJTION OF EVAPORATORS AND EVAPOHATING AHEAS 

:Many experimcnts haw been condude<1 with diffcrent distances 
hetween pan evaporators. In gellcral, it has becn found that the 
greatest distance between pans should iwt be more than I:; to 10 feet, 
:ilthough with very tight beds this distance has been increased suc­
cessfully to as much as 12 feet. 

Various cyaporating areas, ~~5' ~~o, ~h, 1/100, %2;;, ~l:".iO' and ~~oo, 
of the bed area have been used during th9 pl'('sent cxperiments. A 
rate of ~oo of the bed area was sdected as best, as this makes 1t. 
possible to use inexpellsive piep:l11s and have a distance of ]101 

I!lOre than about 8 f{let hetween pans. .Also, 3 quarts of benzol pel' 
100 square yards can be vaporized readily using this pan spacing, 
and~ by means to he described later (p. 8), it is easily Jlossible In 
vaporize e\'('n larger qnantiti('s or henzol withollt inCl'C'Hf;ing the llUl11­
bpI' of pans. 

TYPE OF CLOTH COVERS 

Ordinary tobacco cloth with thread C(}tlIlts from 18 to 3u, both 
single and double thicl(J1{'sses, muslin ha.viilg thread counts ranging 
from 40 to 72, and special watel'l)l'oof cloth were all used as covers 
during these experiments. TIH~ results show that thcrc is ]10 sharp 
breaking point, but mcrely u. gradual increase in the effectiveness of 
treatment as the tightn('ss of the covel' increases. 'Vith singll' 
weights of ordillary toba('co cloth and benzol at the rate of 3 quarts 
per 100 square yards, the di!'iease control ,wus slight. Even with a 
:36 to 40 cloth there was a(](·quate protection for only a small area 
immediately around the evapol'at-ol's. With thread counts between 

http:eveni.ng
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40 and 46 the degree of control obtained approached what might be 
termed "commercial control," i. e., abundant infection but generally 
very little actual damage. ·With threacl counts above 50 adequate 
control has been obtainedrElgularly, but still each increase in the 
tightness of the cloth had PL measurable effect; thus 68 x 72 was more 
effective than 64 x 64, and the latter in tmll 1110re effective than 
56 x 56. 

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

The desirability of using covers that allow rain penetration has 
been recogpized, and a 68 x72 muslin will shed most 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 Gumaer (10) and \VoH 
et al. (18), and the disease control results anci benzol measurements 
of the writers' experiments support fully their conclusion; namely, 
that the heavier the cover the better the benzol vapor' retention and 
also that wet covers retain the vapor far better than dry. 

BED CONSTRUCTION IN RELATION TO BENZOL-VAPOR TREATMENT 

Growers throughout the Southeastern States, where blue mold is a i: 
serious problem, rarely make beds that are less than 3 yards wide, and 
usually they are 5 to 10 yards "\vide. The side walls are generally 
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. 

INTERNAL TREATMENT WiTH BENZOL 

Interval treatment in the judgment of the writers offers the only 
important way in which the labor anci expense of the benzol gas tl'eat­

. ment can be materially reduced. The original Australian (5) recom­
mendation involved treatment each night. However, .A.11un et al. 
(2) recently reported that treatment on alternttte nights has given 

satisfactory blue mold control at a number of locations over a 2-year 

period. In this country Kincaid and Tisdale (11) suggest treatmen.t 

for 3 or 4 nights, and then no furf;her treatments until the disease 

again becomes active. Anderson (,'1) states that when the treatment 

is just started it is advisable to continue 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 sufficient. 1Volf at al. (18) 

~'3port that 100 cc. of benzol per square yard (about 10 quarts 'per 

100 square yards) £01' 2 nights completely checked the disease and 250 

cc. (about 26 quarts per 100 square Yt1.l.'ds) 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, unc1 at vuriou13 rutes. In repeated tests, 
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using 64 x 64 con~n;, benzol at the rate of 3 qnarts pel' 100 
square yards twice a weel;: greatly reduced the amount of mold, 
whereas 5 quarts per 100 square yards either eliminated or greatly 
reduced infection. Rates of treatment exceeding iJ quarts were 
found ummfe, as plant injnry resulted in SOUle tests. A practicH 1 
problem in using thc higher rates was how to vaporize the full 
amOlUlt.) particularly during cool nights. Thi~ can be accomplished 
by increasing the evaporating smfacc ratio to one-fiftieth of the 
bed urea, but the larger number of pans would be objeetionable. .A 
much more satisfactory solutioll wns 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 mnslin. function­
ing as a wick, made it possible to Yaporiz('. the larger amounts of 
benzol. 

'Vith the arrangement illustratefl, it was possible to vaporize 5 
quarts of benzol pel' 100 Rqu:u'e yal'(l" even Oll ,,·oolnights. Treatment 
at this rate twice weekly p:tlve excellent control of blue mold. Ful'­
thermore, this method of treatment is quite safc, ;IS no plant injury 
resulted. Although a yariety of other methods of benzol treatmeJlt 
wpre. tripd out, they prove(l either too pX]H'nsivp to install 01' too 
cumbersomc to Ill' t'ollsitlere<l prnctieal. 

CONCLCSIONS REGARDING BENZOL TRE,\T;\fENTS 

Large-scale r('peated tests have clemollstratl.'d that most growers 
considcr allY fOJ'm of benzol treatment a" entirely too ('ul11bersome. 
A.lso, tnnk-car distribution would be required to provide benzol at 
l1loderat(' C'osts. On tIl(' other hand. material snch as pamdichloJ'o­
benzene is rcadily available. beeau~e it cnn be ecollomieally sold in 
small quantities. 

It is concluded, 11owev£'r, that effective and sate henzol treatment 
can be obtained 'with tl'eatments h\'o tjn1('s a '\\'eek usillg: (1) Benzol 
at the ratc of 5 qnarts pel' 100 square yaJ'ds ot bed; (2) an evaporat­
ing-pan surfac£' of on£' one-hnnc1J'edth of tIll' heel area with the aid of 
cloth ",ieks and ",ith pans 8 to 10 teet apal't; and (;3) a muslin covcr, 
60 to 65 thread ('Ollllt, weighing about 4% Olillces pCI' SqUlll'(' yard. 

INJI'RY FRO;\[ BENZOL TllEAT:\tENT 

Immediate plant injury fl'ol11 benzol trf'atl1lent Clln only resnlt from 
extreme negl('ct. as the margin of safl'ty is very great. :Howevcl', 
toxic soil aftereffeds have heen ohserv('cl for 2 y('al'S at the Arlington 
Experiment Farm, Arlington, Va. Beds that ,,'P1'e 118('(1 f()\· gas­
treatment experiments in tIll' spring were planted to tobacco again in 
the late summer, alHl the plants in the gassed arl'HS JIl,l(ll' ()nl~? a silll1tp<l 
g'rowth. However, these ill ('freds disa ppeal'ed l>y the' following 
spring, and plant g"l'Owth was nOl'111al again. These toxic effccts 
arc a matter of ::;0111(' eoncern. and the questioll of possible enmulative 
toxic effects from benzol tr('atment. when llse<1 at pcrmanent plant­
bed locations must. be ('onsiclered. So faL' the (',-i<1cl1(,(, is that toxic 
aftercffects are \lot, usual, and eVCll ",lwl1 thpy O('('tU' tl\(\)' elo not per­
sist fJ-OI)) one senson to the 1H'Xt. 



9 C()XTROL OF BLrE }'fOLD DI:-:E,\~E 

FlIOIIU I - l'lau' ,I,,'d r P',' 11II1'1,! IIi' h I"'"~III: ,I. '1'1", ;J.\';t nl'll'irl" 1"'r1 Itn,.; ,..In t 
'''lIPpfJt'i" 1'''1' II", 11('" \.1' IJIII~1i1i (".\'"'' whi,'lI is [',,111'(1 lI'p Oil till' I'i;!ht. n, Jil" 
t;)i]..; "f tl ... PHI: al·I'"'~"IJI"I'I.\"III .. (lit' IiI, ,'IIY"I' 1I~1'r1 ttl 1,I"'p "lit "aill allil 
IIJI' pip,'" "r lIill-lill \\"I'ic:hr.,,j \\'i'li ;t ,.'"'lI'. '1'1,,' 11111']11"'1' or I hi" 1II11"lill 
ill flip P~lll 1:-- tit !llf"!'P;j"P \·~IJ}fIl·ixati"JJ illJd ill-1H'(' t"l,dllf'l' tllf' UlIlllhpl" IIf 1ml,' 
I'I'I]lIir.I/ 

BU'E :'IIOLD Cc):\THOL CSI:\C; Y.\POH THE.\'L\IE?\TS 
OTI lEn '1'1 L\:\ BE:\ZOL 

~ ) I.UI. 

III IllI'il' lJl'i!.!illal 1'1'1)(11'1 .\II!.!!'II ('\ :11, (.~) :,(alc·1! tlrat tol1lo1 W:\,.; 
,,!Ill!)': a~ 1'II""(i\" ;1~ Ill'IIZ,,], .'\,\"JIII \\:1- ;!I""lill'ldio!H·d. I.alPl' (/\ 
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they reported tests with various commercial petroleum fractions, and 
Allan, Hill, and Angell (1 and 5), reporting on tests with different 
vapors, concluded that "only benzol ga.ve 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 hir,her in the series than toluene are 
not likely to be of practical value.' In this country McLean et al. 
(13) reported that mOllochlol'obenzene was both effective and safe. 
Beginnin~ in 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 "'ith a, variety 
of other chemicals with a view both to finding effective vapors and 
to measuring their efIiciency in terms of benzol, on a quantitative 
basis. In the Australian work, dosage WitS reported in terms of 
evaporating surface, and little definite information was given as to 
the amounts actually vaporized, although it was pointed out that the 
rate of vaporization would depend on the boiling point of the ma­
teriaJ, the surface exposed, and the temperature. The writers early 
became interested in xylol, because of its apparent efIiciency in disease 
control and also because there were indications that it had a more 
favorable effect on the plants tllan did benzol. 

In 1937 and 1938 at Tifton, Ga., and at Arlington Farm, Va., 
xylol at rates from 21 to 33 fluid ounces per 100 square yards and 
benzol at rates from 64 to 100 fluid ounces per 100 square yards of 
beel gave excellent cUsease control with no plant injury. A variety 
of muslin anel glass covers were used. These. results suggesteel that 
xylol, volume for volume, wa~ almost three times as effecti,'e as benzol. 
A greenhouse experiment ';vas conducted to test this, using benzol at 
rates of 10, 20, and 30 cc. per square yard and xylol at one-third 
these rates. The results are given in table 3. 

'I'.\BLF: a.-CoIHparative '111/(' '11101(1 control eJJic-ielll'!J of .1"!JloT mId. IJf'lIzol 

ThNi(\ n~sulb; indieatp that xylol was more than two but less than 
thrre times ns {'frecti"e. as henzol. Also it was notrcl here, as had 
lwen observed ei:.;cwhcrc, that the xylol-tI.·cated plants were [1 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, it is understood that. 
although the artificial-gas industry is producing an excess of benzol. 
the available supply of ~"Ylol is limited. Therefore, any new large­
scale use might result in increased prices. 

ETHANE GROUP 

A study of the ethane group as yapor fungicides has yielded 
much of interest. The clichlot'oethane, despite the fact that it has 
been found to be an effective substitute for plll'adichiorobenzene (lG) 
in peach-borer control, has shown little Tnngicidnl ynlne against blue 
mold. The beta-trichloroethane and the pentnchlol"Oethane. however, 
have proved distinctly fungicidal, whereas the crYKtltline hexachlo­
roethane ,,'as ineffective. 

Both the trichloroethane and pentachlol'oetltalle have high boilin;; 
points, anel poor resuIts have been obtained in some of the writers' 
plant-bed tests ·with these materials nnder cool conditions. 1Vith 
adequate Yaporization () fluid ounces of pentaehlol'oethane has given 
as good control as 100 fluid ounces of benzot ·which makes this ma­
terial the most potent of all, or about 17 times as effectiYe as benzol, 
yolume for volume. Pentachlorpetbane, however, has one Herious 
defect. Plants treated with this vapor show no injury until they 
are exposed to an exceptionally bright warm clay and then the leaves 
suffer from sudden and excessive wilting and finally 1)\\1'n severely. 
In the absence of bright sun the p1ants grow Bormally, but obviously 
this limits the practical pO!:lsibilitieH of pentachlr)l"(wtlmne. Beta­
trichloroethane is not so effective fungieiclall,V mi the pcntachloro­
ethane, but plant-beel experiments indicated that it was about fivc 
times as effl'eti,-c as benzol, volumc To!' volume. No j rouble with cx­
('eRsive wilting was encountered ,yith this gas. and also the toxic soil 
("onclitions that sometimes lwrsist after IH'llzol treatnwnt wcre not 
observed after treatments. 

The resl1lts of II l'('pl'psentatin' gl'l'l'nhollsl' tl'Ht showing till' COI1\­

pal'ati,'c eiIectiYl'l1l'SH of lenzol. heta-trir·!J loroethalle and ]1l'ntaehlo­
roethane are gi yen in taulc 4:. 

T.\l\u: ,L-('OIlLIHll"atin' /!II/(' Uloid (·O/ltrot. C'Uieir'lICII Of br'lI:()I. /".(a-lrir·hl(I/·(wl//lI1I(', 
tlltd'I)('lIt(l('hloroctl/(/11(' 

J~('an~s scvl'rely tJiscns~'(l in-­
(;as 1:l11(1 trC'ntmcnt r;H,p JU,'r S'HUlro )tJrd _ ..... ~ 


(l'ubie ('('ntimrt(~r~j 


Plot J J'Iot2 J'lot :l Plot .[ 

J)cnzol: lVll.lII.uer ;'{lImber .J.Vwmoer J,\"'umut:r 
10 • III , 6fi ' fi6, 282 
1IL _ ns' 28 16i 
30 .••.•.••••••••• 45 i 01 2~ I 65 

Beta·trichloroethane: 
2,._ '''; i fid 21m 
3 ..• 48 Hi!lll' 20 ! 
0 ....... ' ........ . 29 Ii 60 

Penlachlorocthnllc: 
2................. . J; 791~ I 
3....................... . 2:1 o i 31 
O•.•..•..••••..••.••••..•. O· 9a'iCIH;cks•• _••.••_......_•••_............ _••_ 8~ 87 I 9~ j 352 

I 
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Pentachloroethane proved the most effective and satisfactory of 
all treatments for use in the greenhouse. At Arlington Farm, it 
was necessary to use three sections of a greenhouse 25 by 100 feet 
for other tobacco work while one section was used for blue mold 
investigations. The use of benzol was impracticlll because of fire 
hazard, and it was found very difficult to mn,intain 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 shallow pan over an n,lcohol lamp. 
Usually adequate control was obtained by treatments two times a 
week. 

INTERVAL TREATMENT WITH BETA-TRICHLOROETHANI:-Limited tests 
imlicate that 2 or 3 nights' treatment "'jth 15 to 20 cc. of 
beta-trichloroethane per square yarl~ (1% to 2 quarts per 100 
square Yllrds) will check mold development completely and is snJe 
to use. Beta-trichloroethane has a high boiling point, and hence if 
pan evaporations are used, a piece of cloth must be placed in each 
pan to serve as a wick and facilitattl evaporation. III 1938 a beta­
trichloroethane dust was made, using a very absorbent carrier. This 
dust sCl1tterecl on boards gave successful control. Therefore, it might 
be possible to use high-boiling-point liquids that are very potent 
fungicidally in the form of dnsts. 

OTHER nASES 

In addition to xylol and the ethanes, limited tests have indicated 
that paraldehyde, which is a. benzene compound and not an aldehyde. 
is effective against blue mold when nsed at the same :mte as xylo( 
Many materials, snch as formaldehyde, chloropicrin, lUlpthalene, ana­
line, and the cyclohexanes, have Leen tried and show little or no 
value. 

BLUE MOLD CONTHOL \VITH PAHADICHLOHOBENZENE 

Although the writers were first. to obtain successful control of 
blue mold "with paradichlorobenzene (0), they were not the fit'st 
to conduct tests \yith this material. McLean, vYoIf, Dllrlcis, and 
Gross (13) reported paraclichlorohenzene as one of a gol'OUp of ma­
terials tested in 1937 which showed no fungicidal vIllue, and the 
writers were advised by Dr. Angell u that paradichlol'obenzene "was 
ono of the many materials used in their experiments and that it 
proved ineffective. However, the writers' early experience "with this 
materilLI indicated that it had distinct possibilities fl'om a practical 
viewpoint. Bllt it was apparent that (1) paradichlorohenzene waS 
less safe than henzol, becanse the margin between concentrations 
pffective in disease control and concentrations cansing plant injury 
was less and (2) the vaporization problem with paradichlorohen­
zene presented mllny complications. Therefore, to provide an ade­
quate basis for successful use of pllrudichlol'obenzene under practical 
conditions it was decided that a very thorongh study of the factors 
involved should be made. 

n (·UI·I·"liP"IIfI"",'" ill flh'~ "I' lit" HII'iHI')Jt or 'fohn' <'0 11I,·psIIIIIIIIIlIlH. 
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W'ith 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 
paradichlorobenzene are: The size of the crystltls (evaporation sur­
face), which changes as vaporization proceeds; the distribution of 
the crystals on a given surface; and the nature of the surface on 
"hich the crystals rest. In addition, the usual problems of fungi­
cidal and .phytocidn.l dosage, spacing of treatments, and type of covel' 
[tre also present. 

In presenting experimentn,l results, some of the vaporization prob­
lems peculiar to parucliehlol'obenzene will be considered first, for, 
as will be shown Jater (p. 21), proper vaporizatioll is the Hccret to 
suceess with this material. 

VAPORIZATION IN RELATION TO SIZE OF THE PARAOICHLOROBENZENE 
PAHTICLES 

Commercial concerns sell different grades of paraclichlol'obenzene. 
and the grades are based on particle size. The avernge particle size 
of grades used in the present experiments is S110W11 in table 5. 

'I'.\uu: 5.-Pal'ticl(! ,~i,~:e ()f (liffal'f'lIt [Jracles ot pal'arlieTllornl}('lIZeIW 118(>rl ill. tTLf' 
eWJle'l"imeni _~ 

• I I (01 '"c '1~~:a:o'l n'~~~b~~~f I:' '~-'~~-I~-'~II~:~rn~e\ !I;;i~~~fCommcrCIn gral 0 nO. dinmeter purticles pcr .OlllrnerclIl grill c. o. diameter particles per 
I 7 gm ,2 lot 7 glll.:! lot 

--------! .-.~ .~.-~~,- - - ..---~--
I )[m. i Number Ii I "rTll. , Nwmhcr 

~:==========~: 11: ~~ 1":·:·-::=-:.. 18~ -_:-:::::.. _ ~ ~ : 1: gg I 5, ~~g 
4 .... -.- ...... ~ .. - . _~_~~.~ __ .~~_~Ill ..._._.................1 .50 I 
 15,400 

I Muterinls purchased fr<lIII the ~ol"ny Sales Corporation, Sew York, S. Y. 
, About ).4 ounCe. 

The surface, of course, increases us particle size diminishes and 
theoretically the sl1lallee the particle the more l'n.pid the .vaporizatioll. 
In the following test 14-glll.1ots weee distributed as eyenly as possible 
over areas 22 by 3 inches. Temperntures with different determina­
tions ranged from 510 to (j1° F. Exposures were for the period 4: 30 
p. m. to 8 Il. m. 

~~AUU~ 6.-1·ltpori:::'l.llioll of p((rall/chlo'l"olJan:::'cllc (IS nffectcrl 11" purtir'lf' 8i::e. 

'\V:8:"-,·~-' .~--.-..- '·apUri7....:ttion pcr night 

Commercial 

grade No. I(]jnme~cr --- 'I . I I 

______ il~~ partIcle ~i~I~~I-~1~L~t~J_:~~_8th __::~~ 
~'[1Il. Grum.II Grums Grams GT(l1mr Gmm., Grams Grams Grams (/Ttl1WI

4...._. __ ._. __ ~_ •• 2.BU 3. " 2.5 ·1.7 3.8 3.U -1.2 2.8 4.1 211.2 
(i. ____...._..~~••• 1.96 0.2 'j.1 7.0 7.2 5.2 0.5 5.8 7.9 00.8 
0...... _.......... ,03 9.2 8.0 10.1 10.9 10.7 10.7 O. i 10.0 70.3 
11......_......... .00 8.5 7.U 11.5 11.1 11.2 11. 0 9.1 11.1 81.4 

The vaporization with grade No. G was about 74 percent greater 
than with No.4, Itnd with No.9 about 56 percent greater than with 
No.6. However, the difference between No.9 and No. 11 is not ap­
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preciable and, furthermore, a pulverized grade (diameter of particles 
about 0.33 nUll.) was used, and vaporization was quite uneven. The 
difficulty with crrades such as No. 11, or finer, is that the particles 
tend to aggreWtte and hence are not; easy to distribute properly. 
Therefore, as the result of repeated tests it is concluded that it is not 
practical to use smaller size particles than No.9. 

VAPORIZATION AS AFFECTED BY SURFACE AREA OVER \\THICH THE 

CRYSTALS ARE DISTRllWTED 

Vaporization of paradichlorobenzene is affected not only by the 
size of the crystals but also by the size of the area on which these 
are distributed. In the early experiments relatively light treatments,
1112 pounds per 100 square yards of bed, were used at frequent inter­
vals. This amount ,,,as distributed on board shelves equaling about 
one-eighteenth of the total bed area, and ~ood vaporization was se­
cured. In order to determine whether, if disease conditions were 
severer it might not be advisable to increase the dosage to 3 or 4 
pounds, a 11ew experiment was undertaken in which board evaporat­
mg surfaces and No.9 crystals were used. First 1%-, 3-, and 4lj2­
pound rates were used, all on the same size evaporating sm'face (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 area. 

The results are given in table 7 and show quite clearly that merely 
increasing the amount of paradichlorobenzene did not appreciably in­
crease the amount vaporized. On the other hand, if as the rate was 
increased from 11/2 to 3 and 4Y2 pounds the distribution area ,,,as in­
creased from 1/18 the bed area to 1/9 and 1/6, the amount vaporized 
increased almost proportionally_ 

T....JlLE 7.-l'aporization 0.8 1'elated to the' (/1I10unt at pfLradichlomb('llzelle u.q('(l 
c£1Hl the ,~ize of the area. orel' 101llch the crl/8tals arc di.~tl·ibuted 

, 
Paradi· Size Vaporization

cbioro- oC 
 -.- --------------- ­henzenc dis· 
per 100 trio First night SI!C'(mc1 night 
squnrc hu· 
ynr(}g tion ---- I ­
(lhs.) areal Piot 1 IPlot 21 Plot a IPInt ,I l\:ll'un Plot; I IPlot 2 Plot~ Plot l l\fNlTl 
---------~r ·-i---'·----··- --_., - ---- .---- .. ---- -- ­~ ~~ 

i Per· J i Per· 
arams Om m·II .Grams'Grums Grams cent Grums f Grams Grams- Groms Gram." ('ellt

Hi 1/18 5.3 ,t.5 5.0 5.0 4.95 iO.7 6.5 0.3 0.2 n.ll 0.25 89.3 
3 1/18 5..1 5.8 5.6 5.6 5.03 40.2 8.3 8.3 0.8 i.l i. G3 54.5 
'Hi 1/18 5.0 ii.8 5. i 5.7 5.78 27. ii 8.3 8.4. 8.3 8.3 8.33 :\9.7 
I~i 1/18 4.8 5.0 ~. 8 5.0 5.05 i2. I 0.1 7.6 i.O i.l 0.95 !J'J.3
:1 1/9 9.2 10.4 9.8 9.7 9.78 69.!l 12.2 H.O 13.0 13.3 13.13 !l3.8 
'\]'i 1/G 13.8 H.O 14.2 14.1 14.02 66.8 17.tl 19.2 20.2 W.O 19.30 91.9 

I Fractional purt of total be,1 fin'iI. 

VAPORIZATION IN HELATION TO THE NATURE OF DISTRIBUTION SURFACE 

In addition to the area of the surface over which the paradichloro­
. benzene is scattered, the nature of this surface has an important bear­
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ing on the rate of vaporization. In tIm present experiments solid 
surfaces, board or metal, and open surfaces, either tobacco cloth or 
wire meSh, were used. ]j'or 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 does 
not permit sman particles of pamdichlorobenzene to fall through 
so readily onto the plants·below. Many comparisons have been made 
between the diiferent materials, and table 8 gives the results of It rep­
resentative test. In this experiment the treatment Wm,i 10.5 gm. per 
night per 1 square yard unit, and tIle temperature was 67° to 710 F. 
The cover WtlS double 28 x 32 tobacco cloth . 

.As may easily be seen (table 8), the vaporization from the solid 
board surface was only five-niuths that from eiilier the wire screen 
or the tob!\cco cloth, the figures for these latter two running close 
together. 

TMlLE 8.-Vaprj/·;zu.tion f.n r('/mioll. to typl" of .~1/l1a(·(· on whi('h 111/' 
pa,radiClLlorobeltz('IH' i8 !li8tri/J(~tetl. 

1 VnpOriZ{\tiUll p~r ni~ht i: 
Type o( surface 1---,--'--------~---~ ToblI ~ ~(<".ln 

, 1St ! 2d ! 3d 4th 15th i 6th i l 
----------- --- --------'-- ---'--,-_.­

: Gram..' Or111/111' Gra1/lll" Gram.1 GrallL'; 0,,'111.1, Ora11"'! P.rcerll 
T!,baccoelot~(2S:t32) •••____•_____.. 9.1: 9.0 I lO.~. 10.~ S.U j 9.~, ~!.31 9O.~ 
WlrescrCt!n(40.tn~shl.. ___ •• _.•• __ ._ 0.0' 9.0, 10••,' 10.0 9.3, 9.0 al.S 91.,
}3oBrd. ________• ___._...____ ...____ ., 5.0 5.0 i U.2: 6.3' 4.0! 4.t 30.6 !S.1t 

V.-\PORIZATIOX AS AFFECTED BY THE l:-'''TERACTIOX OF SIZE OF CRYSTA,,-S 

A~D TE){PERATCRE 

The rate of vaporization of paradichlorobenzene is dependent on 
temperature. Thus, Roark and Nelson liJ) have presented data 
showing that if, at u temperature of 36° F., vaporization is l'epresented 
by the figure 1, at 50° F. the vaporization value will be appro:-:i­
mat ely 2, and at 60° F .. it will rise to 4. All of these temperatU1:es 
may be encollntered 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 yaporizes may vary widely 
depending on temperature. It has already been shown (p. 13) that 
the rate of vaporization is affected by thej,;racIe ancI, hence~ the size 
of particles and the evaporating surface. ·1.herefore1 it would appear 
that by varying the gmde the effects of temperature changes might 
either be accentuated or reduced. 

Table 9 gives results from a serles of out-oi-door plant-bed plot",. 
These plots were each 4 square yards, and theptu'adich[orobenzene 
'lJas scattered on 28 X 32 tobacco cloth tlUtt covered the entire beel area. 
Treatments were in duplicate, but: owing to time limitation, the 
paradichlorobenzene remaining was collected from only one plot 
eadh morning. (8 a.~.). The results from nine sets of w,:iohings are 
arran~ed on the baSIS of average tempemture and prond'e a range 
from l<l'ft to right of 43.5° to 69.8° F. 
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TABLE 9.-Relution Of Ute size of pcwudiclilorobenzene particles and of 
tempeI'uftU"e to tlw"amollnt vaporized 

j Amount nporize({ per night' RlUlgcof 
Commercial per 100 vaporiza-

Rato 
Covergrade No. 	 square tion 


yards' I 1st 2d 3<1 4th 5th 6th ith 8th 9th values 


I Pcl. Pct. Pct. Pct. Pci. Pct. Pct. Pet. Pct. Pet. 
2 15.9 ff.S 9~.9 1J7. :J er.s 49.0 55.2 16.4 48.4 15.9-55.2

Dry••__ ••• 2~' Sl.S 30.0 9S.9 M.6 52.0 73.5 91.1· 82.8 92.7 22.8-92. i
4 __________ .._ r'L--1 Lb$. 

Dry•••• _ .• 4 2$.1 er.o 98.9 53.0 50.4 70.4 88.1 76.9 85.2 22.1-83.1 
6______________ 2 15.0 eo.S 4e.l 40.9 35.5 58.6 68.9 51.0 57.2 15.0-68.9{wet.......Dry ______ 

2~' 88.S 85.S 48.2 74.8 68.5 86.3 97.5 94.5 97.0 :13.8-97.5Dry._____ • 4 to. 1 31.4 40.8 69.8 64.3 83.5 98.9 98 5 29.1-96.9
92.61 .{WCL_____ 2 92.4 99.9 59.7 ;5.4 69.5 89.0 90.3 73.8 76.1 32.4-110.3 

2~' 62.5 70.0 79.9 99.S 97.9 100.0 100.0 100.0 100.0 62.5-100
Dry••__ •__ -1 51.8 M.8 00.3 9S.0 94.5 100.0 100.0 100.0 100.0 51.8-100 

9______ • ____ ... Dry______ • 

OF. I010'.'0],'. 'OF., 010'.,010"1 OF., OF., OF., OF.•-\veragetempcrature____ .•. __ •..•.. ~,,5 47.1 M.2 55.5 55.5 64.:l 61;.8 fiS.9 69.S 43.5-69.8 
Mlnlmum tempcrature____________ • '"t U 43.7 53.5 M.O 47.0 60.0 64.0 63.5 65.5 39.o--6ii.5 

• Paradichlorobenzene distributed over entire be,l surface on 28 x 32 tobacco cloth, cover 62 x 64 muslin. 
1 Italic figures rcpresent Val)orizatioll values either too low to be effective or too hig:. to husare. 

' 
Paradichlorobenzene not vaporized when the beds are opened in 

the morning is lost, and any treatment that allows most of the mao 
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 perl.!ent, out of 81 values 40 
showed either less than 45-percent or more than 93-percent vaporiza­
tion. However, it is quite apnarenti also that if the smaller No.9 
grade was used on cool llights~ when the minimum dropped to 39° 
:111d43.7° F., for example. und the larger size, No.6 or No.4, was used 
on warmer nights, the danger of either too slow or too rapid vaporiza­
tion could be reduced. 

The results given in table 9 are but a small fraction of the records 
of this partiCUlar experiment. With l·espect 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 genr::ral, 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 
above brief summary Hnd attention given to the l)hmt injury en­
countered. This injury WHS very pronounced followmg treatment on 
the warm nights with paradichlorobenzelle No.9. V:tporization 
figures were usua]]y 95 to 100 percent on these nights and it seemed 
likely that injury was clue to the too rapicl vaporization early in 
the evening. To obtain information on this point paradichloroben­
zene was Ilpplied at the rate of 2% pounds per 100 square yardE; on 
the 28 x 32 tobacco cloth, using removable. trays. The amount 
vaporized was determilled for each third of the night, 5 p. m. to 10 
p. m., 10 p. m. to 3 u. m., an{13 11. m. to 8 11. m. Vaporization "nInes are 
given in table 10 for one. cool night (minimum below 45° F.), two 
nights of medium tempet'lItnrc (minimmu between 45° and 60°). 
and one warm night (minimum above, 60P 

). 
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TAIIT..E lO.-Q,ullltitiet ; of pamdicll1orOuellzl!lIc 1"I1IIoriz('ll. Illl/"ill!1 lliffereltt pa·rlll
of Uta night a·.~ ralafell to telllllCrntll r~ 

FIRST TREATMEN'I:', MDHMUM 39· F. 

Aver· Vsporj...~tion on-
COlluICrcial agogrado No. Ynpori7.lItiQn pcrimi ­

________. . .•.~_._..•.____+t~_T_.f_r~_r. ~!!~:.I Plot 3\ A"crnge 
\ 

i: • F. Grqm.• ! Grums !Gram. Grums Percont 
5 p. nl. to 10 p. m •••___._._._••_____ 49.3 I 1.25 1.12 1.07 1.15 16.1 

4____ ._•. _. _____ 10 p. m. to 3 a. m ••____••••_..._••___ 44.7 .58 f .67 .0'\ .62 S.7
{3n.m.toSa.m•.• __•• __._._••••_••_ 39.7 .67, .83 .77 .76 10.6 

5 P .rn.tOJO)l.m•.••••••_••••••••__ 49.3 1.66; 1.651 1.1ir. 1.65 23.2 
6•••-_••.•. ---- 101' • .I1I. to3n.m••. .,_•.•...••._.___ 44.7 .87: .i2 . liS .76! 10.0{3n.m. toSa.m•.•___...........___ 39.71 1.31 'I 1.24 1.07 1.21 W.9 


S)l.m.toW)l.m._......._•• _..____ 49.3 3.\I:!.3.78 3.54 3.71il 52.5 

9._ ..........___ lOp.m.toaa.m••.. __••••••__••____ 44.7, 1.12 1.25 1.39 1.25 17.,~


{_~______ 3n.m.to8n.rn••• - ............--.-- 39.7\ 1.20 1.05 1.161 1.14\~ 


SECOND 'l'REATMF.NT. l\UNIMl1M 41)0 F. 

i5 Jl. m. to 10 p. m ••.•••••.•••••.•___ r.S.2 i I.S·\' 1.78 1.71 1.78 24.0 
-1. ___ ._ ... _._ •••_ {lOll. m. to 3 a. m ...............___• 02.3! .89 .OS .79 .79 11.0 


3 n. m. to 8 a. III •. __•••_••_.......__ 15.6
49. 51· ~: ~/2,<; 1.21 1. 1~ 1. 12
5 p. m. to 10 p. Ill ........_.......... :14.3 


6 ________ .•__.•I~ 10 p.m. to:1 n. Ill., __...........__ ~~ 1.~ ~= t= tti 15.S
{ :1 n. m. to II II. ilL .._..........._._ 49.51 15.0
1.114 .97 1.20 1.07 
5 p. III. to \0 p.1Il ...._ _____........ 58.2 5.22 0.27 \ 5.0,[ 5. 18 72.5 


o ., ........____ 10 I).m. to 3 n. Ill ...•••_.......____• 52.3 1.0·\ 1.20 1.40 I I.~I 17.0
{:1.>1. ro. to 8 n. 1Il••••••••___.......__• 40.51 .5t .4Q ,·Il i .·17 \ 6.6 
____________________-L__~____L___~______~____ 

'I'nIRD 'rREATMEX'l', l\UXDlt'l\[ 51° F • 
.."._.__... -.... 

I. ,i;I:.':·t~~~ p. Ill••••__• __•••••••..! 53. I 1. 53 1.2!J J.43 I 1. 42 ! 19.8 
·1 ... -_ .... ..-- ll

lO p. III. to:l n. m .... __••.__••• __ . __ .' 52. G .$8 1.00 1.:15 i 1.08 I J5. t~ 

3 U. Ill. to 8 n. III.•__ ••••••• ' ........ 52.4 1. :Il 1.18 .92 • I.HI 15. !I
: r ,
p. III. to]O p.lII ...............- .. 5:J.I 2.28 1.81 I.SS 1.99 t 27.H 


6 .. . - _.. ... ' !(\ p. m. to:1 n. Ill .......___ •__• ____ • 52.() .tJ2, 1.12 l.fiU I l~2Q 10.8
~ ~ 

I.1 u. Ill. to 8 ".1Il ...............,. __ 52..\ '1. i2j I.SO I 1.19 1.07 22•.0
:{5 I}. m. to 10 p. Ill I.................. 5:t 1 ·1.53 .1. 4H 62.8 

.........._.__ 10 p. m. to:l n. III . __......_....... \ ·1.50 I t~~ 1 ~23 I
9 52.6 2. 82 1.84 31.3 

. 3 u. In. to 8 n.III ............___......1 02.4 .56 ; • ·\7 I .no ! -:51 \ 7.6 

I I i ...-- ------~.- ,----­

FOUR'l'H 'l'REA1'l\lEX'l" 1IllXl1111'1I1 65.5° F. 
..... ....... - -~-.- I 


51). m. to lOp. III ..................; 3.59 ;\.C,:I 3.781 52. 9 

{ •••••__ • __ •••_ to p. )11. to:l n. III...... ___........... , 73.667.4 I 4.1.:14 

12 1 I. 68 1.8·' 59 Zl.2
{:I n. 111. to sll.IlI •••--- ...............l (\6.8 1.12 1.31 1.03 J~ 1ft 10.2

1. 1'5 1'. m. to lOp.1II .•. ____ ....... .. ia.6 5.25 t ·1.62 ·\.73 ·1.87 liS. 2 


6 ........-- .... 10 p.)11. to:l n.III ..... __ ... .. .....1 1.:lS i I.OS J. II-! 1.77 2·1.7
{ ~H! ,.,:I n.1II. to 8 u. Ill...... .' __ ..._ hb.8 I .-15 .37 5. L 
5 p. Ill. to 10 p.III._ ...... ....... , 73.6 i: 1~~ l. i.03 u: iii \ 7.0:1 t 9S.4 

9. ' __""" '_"110 p. JII. to:l u. III... .... . ...... "'1 67.4 I ,Ot I 11 I .22 I.U 
__ t3 n. m. to 8 n. 111.____................ , 60.8 l o : 0. o I o II I o 


t nato of npplic-dtioll 2!·.! /lounus [lcr JOO squnre yarus. 

The results in table 10 show very dearly thnt. in an cases maximum 
Yfl.porization with paradichlorobenzene occurred during the first oue­
thinl of the night. This is mlttlral, since at this time tempel'lltures 
are highe~t and the maximum sm'face is exposed. With the first 
trl~abnent recorded in table 10 (minimum 39°F.) the ease 'with which 
the No. 9 crystals Yllporized WtlS clearly an advantage,. and it. js 
ohvious that the use of the No. 4: was very wasteful, as about two­
thirds of the amount applied remained unvapol'ized when the beds 
were opened in the morning. "With the fourth treatment the sihm,. 
tion is very different; No.9 v!ll)orized almost completely by 10 p. m. 
and ellused severe plant injury (fig. 2). No. 4: ga.va goo(l disens~ 

-U,4770·-.t2--3 
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FI(;t;m: ~,-IllnlH'Uel! of the :size of the 1l.u'adiellloro!wllzPIW crYlitalli OIL the rate 
of YIII10rizatioll: A, UutrC:;lted Cill'l"\;:; n, tl"('a1t~d with Xl), ti cry::I;t!li; G, 
trl':J.tPti witll Xo, !) err"t"I", Both Baud (J \\,prl' trpHlpll at thl' ratp (If 21,~ 
VOlllllili llPl' 100 sqnilre )'ard;; of bcd, The No, (j erp:t:JI" ,'olltrolleti the di"e.l,;c 
withont plaut irIjnry, will're.l" the No, !J ('HlI"ed ~l'\'l'l'l' \)tlrllill~, 

('olltroI without illjUl'Y, Xotl' 11m\" dm:pJy \'HIHJI'izati:1I1 Y:llut's for No . 
..\- at tlIP hi!!h tl'IllIH'['atul'(' ill tlH' fourth tl'('allll('lJ~ COlllpal'P with the 
"lIpol'izatioll of Xo, 0 at tIll' lo\\' tl'IilI)('l'atut'P of tIll' fit'st trl'allll(,llt. 

Thps!' I'l'Hllts rai~p<l a tplPstioll n:-; to tIl\' disPllS('-!'olltl'ol ('frl'etiY(~­
Ill'"" of (I'Plltllll'lIt, dUl'ill!! the l'ady alHI ]atp. part of the ni/!ht, It 
has I)('PII S]IOWIl that, Oll(' pfl'!,!,t of' lll'llzol "apol' is to illhihit gPl'mintl­
t ion of :-P0l't's alltl Sjl()I'PS art' fOl'lllt,(t tlllrill!! tIll' l'ady hOllt'S of the 
JII(Jl'llillg alll)!lt 4: to {j .t. Ill, COIIH'<[II(,lltly, it ~('('1l1Pd po!'siIJh' that ('X­
POSIII'(' of plllnt!') io pHI'n<li('h1ol'ohpllzPlH'. \'apm',; (lllrill/! the eal'ly part 
of t1ll'. Ilight, \\'md!l1>l' 1I111l'l1 Ip"s ('f['('!'lin' thall I'XP()~lU'l' later, 

'I'D "l'tt II' t1li" <[lIPst iOIl th!' followill!! pX(ll'l'illlPllt \,as e!llldll('t!'d in 
til(' !!1'('('lIho\ls(', Thl'l'{' lots of' pl,lllt,; \\'PI'l' pla!'!'(l jn Ptlell of 14 
"('IHu'a(t\ ('1l1'lo;.('d Illiits. FOUl' IIllil" \\'('1'1' lIot tl'('atl'(l. TIll' I'Plllain­
ill!! to IIl1i!.- \\'pl'(' dil'i!h'(l jnio 2 s(,I'i('s oj! ;; llllit:; (':tell, Spl'it's L\. 
1'l';'('i\'('<1 tIl!' XII, !l !!l'a<1l' of ptll'tl(li!'hiol'olH'llz('lll' at thp I'atl' of 4 
pOlllJd" IWI' ]()() "(lll:u'(' yn I'ds Oil tl 1. wi('(I-\\'l'l'kly ~I'1I1,dll!t, and sl'l'ips 
B thl' sanl!' tl'('allll('llt wit h No, (j U'I'lUh', 

'1'11(11'(' \I'PI'l'· ;\ lots (If plHnts ill (~\('h of tlH' 10 11'(':11('(1 \Inits, Tl'pat­
Illl'llt of lob lllll!l ;~ wns -,tal'1!'(1 at -(::W p, Ill. Lob 1 W(,I'l' l'l'l1l()\'l'd 
at U: L) lI, Ill. HII(l lots :1 pllt ill fllP!I' pitH'!', III this 1ll:tlllll'r all lots 
1 \\'('J'l' tl'l'ntl'd 1'0]' T:ii hOlil's cllll'illg' tIll' ill'st lltll r of tIlt' lIi/!ht. Loh, 
~ \\'1'['(' tl'l'at!'d for Ih!' salll(, IH'l'io<l but dUl'ill!! t1l!' t"l'('oIHl half or the, 
Ili!!ht. Hnt!. lols:\ \\'('1'(' ll'l'atl'cl alllli.!!ht 1'01' a tolal (II' 1.)1 ~ how',., Tho 
liilll'!''; ill tlt(' third ('Olnllill of ia\Jh II show till' p!'n'Plllag!' of pam­
dicItJol'ol;(,11Zl'IH' \';lpol'izl'd dlll'ill/! t1l(' dif['l'l'l'lIt (l'pa(lll(,l1( pl'I'iotlH, 



TABLE H.-Comparative blue lIlold control efficiency of half-night and all-nif/ht treatments with paradichlorobenzene 

j! Diseased IC8\"es 'on- (") 
I 

PlnoLs 3 killml! ~ 
Dccember 18 December 21 Decembcr 27 1-3Series, commerrilll !'rnde No., nnd l-ot Vapor· ::ctrcntment pcriod No. IzntlOn' 

Plot Plot ~ Plot Plot 
Moull Monn o;o,,1"ull J Mr.nn 

1 2 3 4 5 1 2 3 4 5 ".l1 2 3 -1 5-- -------- -----1- -------- gll;J~. :J:J;o. 
~ 

Pct. No. No. No. No. No. ,Yo. No. No. No. No. No. No. No. N~. No.Serics A, nsin!, No. II: 
4:30 p. m. to 12:15 n. m .•••••••••• 1 4·1.28 4 3 2 5 1 3.0 24 38 III 25 12 23.6 . I I 3U.0 15 Ii 17 II 1012:15 n. m. to 8 n. m ••••••••••••• 35 7·1 26 4511'; 13. 62 35.82 6 5 10 8 12 8.2 3 I 43 40 38 40 38. 4 81 85 110 08 1104:30 p. m. to 8n. m •••.•••• _•••••• 3 SO. 10 o 0 1 1 1 .6 oO.n 25 32 25]28 25 27. o 

Untreated eherk •• _••••••••••••••••.• 135 135 .,•.•..• __ . 13.1 
5 

135 
3 

. 
0 
'. 
4 0 

.. •.. 
2.4 

135 
3 

135 
0 

_. 
2 

I 
4 0 1. S 2 3 1 0 0 1. 2 ~ 

Series B, nsing No.6: t"'~ 45 4:i ~ ~... 

4:30 p. m. to 12:15 n. m........... t:l
1 39.56 23 25 10 13 17.4 3S 31 26 III 12 25.8 69 61 55 ,17 60 62.2 22 HI 18 16 !!1 IS. ,1!!:15 a. m. to S n. m.............. 21 32. 20 37 34 34 27 ag j :13.6 59 55 01 44 fi2 56,2 Ilil 00 104 105 109 102.6 22 27 26 36 2-l 27. o t:l
4:30 p. m. to 8 n. m............... 3 71.7tl 0 0 0 1 
 .0 7 6 4 2 6 5.0 60 20 21 4 23 25.6 7 II 2 3 4. 4 .... 
-j 135 135 _"'r_ •• -. 4,; ·15 t;j 

Untreatcd r.h(·ck.........._.......... ....... 135 135 ,.... '1 135 135 en 

I ..~·I > 

I Thc menn in each case of 30 sepnrnto determinutions. gj»Total leaves exposed, 135 pcr plot. 

3 'l'otallllants exposed, 45 pcr plot. 


c.o J--I 
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Although somewhat more parac1ichlorobenzene vaporized during the 
first half of the night as compared to the second half, the difference 
is much less than is usually found in out-of-door beds. Furthermore, 
it is to be noted that) whereas the lot,e; of plantf:-! treated fronl 4:: 30 
p. m. to 12: 15 a. m. started with zero concentration, the lots treated 
from 12: 15 a. m. to 8 a. lD.• had the carry-over of vapors from tho first 
half of the night. The arrangement, therefore, wns favorable -to the 
12: 15 n. m. to 8 a. m. treatment. 

These result8 bring out two points of great interest. Both hal£­
night treatments ,,'ere much inferior to the, all-night treatment; and 
treatment from 4 :30 p.l11. to 12 :15 a. m. gn.ve lwtter disease control 
than treatment from 12 :15 a.111. to 8 a.1l1. It would appear that, 
although the organism sporulates in the early hours of the morning, 
this has no paTticulur significance with respect to gas-treatment con­
trol, and that treatment oyer a long period is most desirable. In this 
latter connection it should be noted that in the previous table when 
the small-sized crystals, No.9, were used at high temperature, the 
result was a high 

V 

vaporization rate 'which used up the entire dose 
during the first third of the night.. This very short treatment 'Ims 
quite ineffective in disease control and also was associated with severe 
plant injury. It is apparent, therefore, from the standpoints of 
effectiveness aml safety that the paradichlo:robenzene treatment 
should be so conducted as to difitribnte ytlporization throul!llOllt the 
night. 

VAPORIZATION AS AFFECTED BY DIFFEHENT ~[ETHOJ)S OF DISTHIBl'TING 

THE PARAJ)JCHLOHOBENZENE 


III the original announCt'ment of successful control of blue mold 
by pamclichlOl'Qbenzene tI'0a tment ern ~ l'derencc 'Ims made to the 
distribution of the crystals on ho,lr<1 shelves atblchecl to tIl(' sides 
of the beds. Later AnderHon (,J) recommended wire haHkt'ts. 

In subHeqncnt experiments the writers have t]'ipd tobacco cloth as 
strips stretched at intervals (lCl'OSS the beds and as a covering for 
the entin' beel. The lath']' metl\otl has ht'C'll gt'llemlly )'Pl!ardecl as 
being probably the most practical. ' 

To obtain morc definiU' information Oil the distrihution method 
lind to take into cOl1si(kl'ation tIw cfl'pcts of temperatllrc :uHl size '. 
of crystal, the following' expf'I'inll'llt 'Ims conducted. All treatments 
in this experiment ,,'Pl'(' at tlw mte of ~% pounds pl'r 100 squarc yardS 
of bed area. In table 12 till' diHtl'iblltion nwthocl is liste<l in the first 
column, the size of tlll' distribution tll'P:t in relation to totul hed al'ca, 
in the s('eoml, the gmde of (,l'.\'stals ill the third, und Y:tporizatioll 
figures are showll ill the remaining C01UlllllS. 

• 

J 
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'l'.\BLE 12.-Fullorizufion of para(lic1l101'01)(,IIZCIIC as affected. /1/1 '/Iwfllo(l of l/istriIJ1ltioll, .~iz(' of (·r/l.~t(l18, (Il/(~ tempertltlll't' 

] ~ 	 \~I\pnrizntion ~ & 
~ 	 ~-= -.I "-,,- _.~______ o.--~_____ • ----. -~~~...-~,.----------------. 	 om 

Pllrudlchloroh'·Il7.N"~ I~s I ~~ First IllghL i. .Sc('OI;tlllirht • 'l'hird night Fourth night . Fifth night ~~ n 
dlstribntfoll 011- :§ [;; . c$ -;::--:-""0," --'--I-:;-~-"'-'---- "- -~-"-"'--l-' .. - --,-;,-,-.------ '-""--1'-"-'-1---"- !:>..., §a 

~ . ~: ~ , ~ t ~ :. :. ~ ~ ,i!l ~ b.O§-fo H 
~ ~ .:2'..9 .\\"l'rng{' .9!.Q .\\'I'fIlgl' .E J. .9 i .:\vcrnge S . ..sa, Av('rngo I oS 1.2 .:\\rl!rn~o ~::i-a ::um U5 ~ :.; C-j'c., ~i~i ~~: ,P-1r~ ~ o 

t"---------- .. '-' ..--- --.----- ------.-----.. ·--··1--- ' ... -'--,--------___ 

'J'o1)ncco r!~th (en· i ; (1m. (1m.' (1111,,' Per. 0111. (1m. (/m.! Pet. (/m.· (/111. ' am. I Pel. (1m. 1 Om. 0111., Pel. Om. Om. j' 0111. 'Pet. Pct. o 
tiroro'rcrl....... 1I1} '{2 •. 1U 2.51) 12..1.; al.3 2.78 2.3u 2,[,i: :In. 0 -1.08 ~ a.71i 3.92 I 5·t,0 5.14 5.01 5.08 71.1 0.4i 6.1iIl 6.49 90.0 31:3-90.9 "'1 

Tolmc(\} l'lot II (strips) 1:0; X I I I I. 95 2.02 1.1l9 27.0 2.04 2. 1:1 2.07 r. 211.0 :I. J.I i :1.42 :I.2S' ·li;.11 4.2:\ 4.11 4. Ii 58.4 O. 18 6.0a 6. U 85.6 27.9-85.6 
Iloonlslwh·,'s,.... 1/18,' c, I.!!() 1.21 1.22' 1i.1 1.2il 1.25 1.27 r )7.8 1..1-\' 2.0:! 1.7·1 2·1.4 2.22 1 2.52 2.37 3:1.2 4.61 .5.15 4.liO 68.6 li.1-(18.6 t:J:j 

Wire bnskds .... ' 1/1:?'~: .55 .Iio! . GO I d. t .82 .71i • in II. I . \J.l 1.01 . ,111 13.11 I. Zl 1. 30 1. 30 1 18.2 3.30 3.28 I 3. 3~ 50.6 8. ·1-50. 6 
Tohacro 	 cloth (en' I I I ;. I 

tirl\ cover\.. ..~. 1/1} {3. :!~ 3. fi6 13. ,;2 ·19.3 1.50 .1. 18 .1. 37 61. 2 5.5:1 15.112 5.7:1, 80. a 6.54 6.5-1 0.54 f 01. 6 7.08 7.06 7.0i ~ 
99. 0 149.3-90. 0 

'l'ohncco cloth (strips) 1/11 IXo,' 2.58 2. HI 2.7{\ :;{. S I Z.80 3.4:1 :l.12 4:!. i 4. +I ·1. PO .1.0710:;." 5.0fo 5. iii .~. 29 7·1.2 6. i4 6.69 ~. 71 91.0 3i. 8-94. 0 
JJWlfll shclws.. , 1/18 • ., I. Oil 1,,10 1. 2:1 17.2 J. -10 1. 4:1 J. ·15 j 20.2 2. Oil 2.2S 2. III :10.7 2. fill 2.80 2.05 37. I 5.28 5.70 5.40 7tl.9 17. 2-711. 9 ~ 
~~~fl;;;:~I'~\~,tii··(~il:· 1/122 j I' HI • HtJ! .72 10.1 1 1. Oil 1.011 1. 00 1 15.3 1. 5!1 . 1. M U.e i 22.0 1. 04 1. ·18 1.56 21. S 3.22 a.2O S.21 45.0. 10.1-45.0 o 

t" 
tin'('()wrl....... I/I} {".au n.fo0 '0.·1" 00.:1 I6.78 0.38 0.58! 112.2 7.12; i.l:1 i.131\)0.S 7.1217.].1 7.13 90.9 7.14 7. H i.14 100.0 Ino. 3-100. 0 tl 

'l'Ohncrocloth(strIPS)., 1/61 Xo.O 13.58 3.30 a,-li ·IRoIi ·J.8·1 4.03. 4.7-1 IOli'.'1 6.-1:1 I 6.:10 6.:l7j811.2 11.!1I t),f,2 6.7i V4.8 7.07 7. 10 7.09 99.3 4S.Il-90.:! tlBonnl sltrl\'"s .. .! 1/18 i I I..f~ 1.49 l1.40 2U.8 1. U-I I 1. 7.; 1. S5 2[,. \l 2.:lS 2.8:1 2.111 aG. tl :1.2:1 a. H 13.:J.l 40. S 0.2:J O. 26 I0.25 I 87. 5 20. 8·87. 5 ..... 
Ul 

---.~,~~----.' .•- --- -- ---- 1 	 --~-'--.~ t'j 
C 7.1. 	 >-F. 	 °P.. I 	 I 0].'.

AY!'TI\~l' IlIgltt tClllperntUrc ' . I :Ut ~l 47.11 "Po .15.51 OF. 5!J.51 1l8. 9 38. 5-flS. 9 gj
?J1ntmnl11l1ight tel11\lcmtllrQ ..... _. al 5 ~O ~O ao f~l. 5 :14. 5-<113. 5 

-------- .---~.-----


I Fractionlll port. of tol.nl bed nrc". 

~ 7.101 gm. per plot IIpplied. 


M 
i-' 

I..· ... 
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The value!:; obtained with grade No.6 (table 12) indicate that at 
the lowest temperature 49.3 percent of the crystals actually vaporized 
for tobacco doth (entire cover) and 10,1 percent for wire baskets. 
This meilllS that with 2Y2 pounds applied the actual treatment dosage 
was in the one instance 1.2 pounds and in the other 0.25 pound, or 
that the two treatments were in no respect comparable. 

On the basis of the previous estimates (p. 16) that vaporization 
rates below ':1-5 percent nre ineffective and above !J3 percent are likely 
to cause plant injury, it is apparent that many of the treatments 
listed in table 12 were either ineffective or dangerous. In 26 of a 
total of 55 treatments thel'e recorded less than 45 percent of the 
pamclichlorobenzene was vaporized; in 7, more thaTJ 93 percent ,vas 
yaporized; and in only 22 <lid vaporization values fall between 45 
and 93 percent. Again it is apparent that at low temperatures, 
minimum below +5° F., No. 9 distributed over the entire tobacco 
cloth was most effective. Other effective treatments at low tempera­
tlll'es were No.6 over the entire tobacco cloth and No, 9 on cloth 
;;tl'ips-. 

At medium temperatures, minimum 45 0 to 600 F., Nos. 6 and 4 on 
tobncco cloth or cloth strips, and No.9 011 boards all gave favorable 
Yllporizatiolls, At high temperatures, minimnm 61 0 and above, Nos. 
G and 4 on cloth strips 01' boards or wire baskets, No, 4: on tobacco 
cloth, and No. 9 on boards all gave favorable vaporization. 

One. fact. desel'Yes special mention, and that is the safety of trt'at­
ment using eitlwr boarcls or wire bask-pts. Table 12 shO\ys with these 
methods a maximum vaporization "'itlt No, 9 of 87.5 pel'('ent at the. 
high temperatures, which is still well within the saiety margin. 
Injury has heen rarely cn(,Olllltel'ed in numerous tests where these 
methods of vaporization were llSe(l. Tl1('Y are, howpvel', quite in­
effective at low temperatures. and very wasteful unlpss, as Anderson 
has sugg('sted (3). the ha;;kets can be removed in the morning and 
replaced in tll(' ('yening. Tll(' use of the tobacco cloth either covering: 
the entil'e l)(>d or as f'trips, therefore, is definitely more effective 
and f'implt'J". but also ]e;;s safe. 

HEIGHT OF YAI'ORIZIXG SCRFACE OX THE PLANT BED 

As a Il.mttl'l' of IH'('e:lntioll, (luring the COUl'l:iC of the present experi­
lIH'nts with (lifi'el'ent tYP(.'l:i or l:illrfaCel:i on which the pamdichlol'oben­
Ze11(' 'nlS distrihuted, the etl'('('t of lwight of the Yllpodzation surface 
ill the bed WaS tcsie(l. f)i(h' hoards when llsed were located neal' the 
l:ioil l:illl'ffl(,(', just \l1Idel' tIl(' muslin. and halfway between. These 
(liffel'ellcNi had no effE'ct. HowPY('r, wlwn thE' crystals are scattered 
OWl' a cloth ('oYl'!'ing- the Plltin' b('d s1ll'facE' til(' situation is different. 
III the Sprill!! of 11m!) expel'iments were cOl1(lneted in which the 
tobac('o cloth was stretched just I1nder the mURlill about 1:3 inches 
ahow. the soil: down a to 4: in(']l('s from tile IlHuil ill, tlll(l down (j to 8 
inches. jllRt fOllChill!! tips of tIl(' pl:l11ts (table 1:3), 
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TAm.£: 13.-'The effeot of lIeiuhtin plallt bed. of tobacco doth on 'llJhit'h. paradi­
chlol"ObellZell6 -i.'l dilltt'ibuted on the 1/I01d cOllt,'ol allli'1/lullt injury lty t"catmellt 

Ram oC treat- \ Diseased IllR\"CS__ ' _, Pl!lut injnry 1 

ment per 100 L~cat!oll of to- I
/ 

I 
~ '1~?~C!r~~i baeeo cloth ~ ~', ~ I~ I~ I ~ I~ Ii ~ I~ J ~ I ~ I~ I~ Ig

~,_U_S._lin_(p._ou._n_d_S)_lt_.______ ~,._~_I E: , ~ j h I E: IE: ! <- ~ I E: 1E: I E: ~ i ~ ! E: . ~ 
No. INa. INa. INa. INa. iNa. 'No. ,No. INa. IND. liND. IND. ',No. iNa. INa. 

Imml'diatcly nn- 7'1' 14' 12' 6, 0 4' 43' 7.2,,' 1 1 l' 1 '1 I 1 II 
dcr muslin. I It;" I: 'i 

21~r~0~.1!fi~~d Di~~~cs~ to 4 51 71 J.l 181 -l: II 49,8.2 1.5, 1..'1 1 i 1.5 1 11 1l.25 
1 1Dr~~~es~ to 8 6, 26 31 29\' 0/ 2, 94\,15.7',1.5;2 !21 1.5 UlI·Y071 1 1 1ImmCdiBte)y nn- 101' 71 22 ° 0 01 39 6.5 , J ',' I II I I I I I ,1der mushn. , ' : I1 

3 lr~u~~li~.nd Dr~gcs~ to 4 01 0 21 01 01 01 2 .3 2.1 2.,\2.1,:l 13 1:1. 3,2.43 
11D!'wn 6 to 8 6'18 2.i\ 8' °, ° 57 9.5 2)2.:1"2.3 3.:1: 2,SI 2.0;,2.6 !mchc:;. • . r,1 _ ~ _ 'I ' ,1 1 1 1

ImmCdlntC!J un· 3 .1 9 01 0, 0, /" _." / 1, / 1,/ / / 1 
dcr musltn. 1 1 l' I <' / 513 ._4 pounds and D!'wr. 3 to 4 01 0, 1\ 01 0" 01 / .2,2.;;:J '2.9,'/ '/"'," ,"'v,

dr~- muslin. mchcs I I I I 
Down (; to S 2 6 10 11' 0 0 29, 4.8 :1 ,:!. 5, :1., 4 'j 3.83. Ii,!inci!p~.. I 1 1 I t j ! " q i ,,_ J . .' .I.,q ~ 
ImmCdIatCI~ Ull- 0, ° 0, 0 0 0 0 0 ' __ , _., _.1 /." I." 1,,,,_.0_

dcr muslin. I 1 Ii, i' I '1 
2H pounds and Down 3 to·j 0 0 0 0' 0' 0' 0 () 4, .,: Ii 5! j Ii 4.54.8:1 

wct muslin. inches. I I!, . I " I 
Down Ii to 8 0' 0 0 0 0 0' 00 \'4.5:5 15 4.94.0·1.4·l.i8! inches. 02' _~l _I ! ' I 1 I I ' 

gJee~________....-.................. 71 "I ,°1 131 47, S7 • 1..4tiO 78.2 
ICC·_..... y. . .... ___ , 61 84; 120, 46, S6; 47VO.O,' i . 1 

...-------.... -----~.-~. -----­
. !Injury ratings-l=no injury; 2=slight injUry; 3=U1odcrah' injury; ~=scv(\rc injury; 5=vl'ry severe. 
1tlJur~-. 

The results in table 13 are of distinct practical interest. In this 
experiment it was possible to llse paradichlorobenzene at the rates of 
2y'~, 3, and 4: pounds per 100 square yards provided the tobacco cloth 
ho}(ling the crystals was stretched immediately below the muslin. If, 
howevCl', the cloth was dropped down 3 to 4: inches or 6 to !::) inches 
below the muslin, the lowest rate of 2~~ pounds was still safe, but 3­
and 4-pound rates wem progressively more injllrious. 

Temperature conditions during this expel'iment were moderate to 
high (night; minimum in the range 50° to 65° F.), and the severe 
injury with tIle 2%-pound rate ilnd wet muslin occurred particularly 
on warm nights. Here again the increased safety from ]ocatiIlg tlw 
tobacco doth lligh is apparent. Surprisingly it di(l not make much 
difference in the amount of inj lIry whether the tobacco doth was 
dropped down only 3 to 4: inches or 6 to 8 inches. .As to disease con­
trol, the 2%-pound rale lmdm' dry muslin allowp.d considerable 
disease development, thou~h d(>folintion "'as insi~TJ1ificant as COIll­

pared with the checks. At 3- and 4:-pound rates most elfl'('tive disease 
('ontl'nl was obtained wi-th the paraClichlol'obellzene scntteretl on to­
bacco cloth located 3 to 4 inches b{']ow the mllslin. On the whole, 
however, the height of the 10bateo cloth did not huyc ;l great denl to 
do with the fungicidal effectiveneF;s of the treatments. It is 110t 
meant to imply that the treatments tested in table 13 have fl'l'ouently 
caused as much injury us WIIS eneonntered in this (lxlWrilllent b(>cause, 
with lower temperatUl'es, injury hns never hl:'en f;llCh nIl impodt~llt 
fnctor. 

http:4.94.0�1.4�l.i8
http:1:1.3,2.43
http:lr~u~~li~.nd


24 'HJCHXICAL BULLETIX 790, 1:. S. DEP'l'. OF At;HlCTL1THE 

The, height of the surface on which the paradichlorobenzene crys­
tals are distributed is an imporhmt phytocidal factor when tobacco 
cloth covering' the entire beel is used. "When boards or ba~kets are 
used to hold the crystals, they car be placed immediately Ilbove the 
plants or just below the muslin ~yithout. an¥ eflect on injury. It seems 
apparent that when the crystals are cbsb:lbuted on the tobacco cloth 
dose to the .plunts the quick build-up of toxic concentrations im­
mediately around the plants is fuvored. l;'igul'e 3 illnstrates tlUI bad 
('fleet of haying the tobacco cloth too close to th(' plants. 

Fral'nt: 3.-l'ara(]klllol'ollPlIzcnc trl'ntllH'llt in l'l'lntioll to tlw lll'ight of thc sur­
fnc(' on which the cry>'!al;; are tJistrilmll'l1: ,1, I'lanl,; In'a!l'tl with th(' CI'YHtrllH 
l"('attf'l'N[ on tohu('('o doth 12 10 1:\ indH's nho\'l' the ground; B :lnd C', plant,; 
tl'eatl'd with tllP ('loth I) to 10 ill('hl'i'i alld G to 7 illehp,; al)(1\"(' the g1'Ol1nl1, 
l'e"l)(,(·tiyply. All tl"('all11(,1I1'; wt'l'e nt the rate of -1 11°111\(1,; DCI' 100 iif(lHll'e 
yardii of lJ('(l. Xote that inj1lry resulted when. tlte crystals were ('lose to the 
plant", Band 0, hut not WI1(,11 they wcre well above the vlnnts, "t. 

RETEXTIOX OF P.\l\ADICHLOHonENZEXE VAl'OI\S IN BEDS BY VAHIOCS 
TYPES OF Conms 

In addition to factorH tlw t determine, the amount of paraclichloro­
benzeu(' vllporized, t]'('atnwnt effl'cC i;:; dptPl'llliIlP(l to It tOl1Hidl'l'ahh' 
degree by the type of cover lIsecl to enclose the b<'(l. The pl'<'viol1s 
discussion has beell cOJ1c<'rl1ed primarily with factors that influence 
the rate of vaporization. '111(\ ability of di[('l'ent types of bed coyers 
to retain the y[tpors can also be meastlredin terms of clis(,HS(', control 
and plant injury (table. 14). 
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TAnLE H.-Bille mold ~o»trol ollll plant 'inju/"J/ in l'elalion to the 1IIII00Illt of 
pamdich(01'()ocn::cnc 'u,~cd. aud the (,Y/le of Cover 

Pam­ ni~n.~ iujurr Tr~atmcnt injury
d;chlo­
roben- Sizi' of Awr- I ------- I 
Zbno uistrib- age Inrected leo,·c. 2 Plnnts killod 3 I 
roiH, Iltio~ I ~'ajlcr- - - - ... _. 1-· '! Siuntiu!( IDurnill!! !Plants 

l!I"r llX! arell 11Z,n i l>ll I I ' or pIau's Of!"IIV"S 1kllleu
s~:J~ 1Plot 1 Plot:l Plot 1 j I'M 2 I \ ! 

---- -;:l1ld)-- -;;;;;;; ;':;;:t~'/ll/IbfJ\-1/11I"trl'~\:/I:",ul----;;;;e-' -~ ;;e:: 
'/'I.'i.nmustill'lj
"0
"h x, , 

~}ll
"I
-If!: 

]1'8
1/9
Ji6 

71.1 
7(1.0
fill. 7 

'4
j 

,! I 
" 

• 0 
H~ 
34
0 

2;
0
0 

53 ~Ofll·. 
0 I do .••• __
0 uo.. 

~Oll" 
do 
uo 

II 
II 
tJ 

'rhicklllus!iu, 
62 x IH. 

};"/'
:,\.,; 

. 
~f. 

'118 
1
,1

'(9). 

1118 

h2.S 
.')2.1
fl/J.4 
48.0 

27 
0
0 
0 

4:1 
0
0 
0 

II 
0
0 
0 

{) 
(j
0 
0 

'10_____ ... 010 
.do ...__ ...uo

Slight .• ___ .._uo 
~Oll('.... .do.. 

n 
I) 
I) 
() 

{ 
IY" 1/18 

Glass ______ •. !~~l ~}~ 
(,heck . _____... ____ ••1........ 

44.3 
~n 

0 
0 

240' 

() 
0 

'210 ! 
0 
0 

iIi 

0 
0 

SO' 

.\I(lUernle ," d'L..
~.'.e,.('rt' '.~.'(.•.\..er".: 

()
J~: 

Do..__ • __ ---ooooT--oo--. ,__24_0 __2_40_1_~~.'_ SO ; __ 

I Fractional part or total brd area, 
, 'l'otallea\'os exposed 240 per plot. 
3 '.rota! plants exposed 80 pl'r plot. 

In this experiment three types or bed covers '''ere used-thin muslin 
36 x 40, tight muslin 62 x 64) ltild glass. It -,yill be noted (table 14, 
column 4) that much more of the paradi<:h]orobenzene vaporized 
under the thin lUuslin than under tlll' 62 x 64 cloth and lIIore UJld(>\, 
(he 62 x 64 cloth than under glnss. This is :t general and consistent 
effect, l1an1(~ly: that the tighter the cover tlw lower the percentage 
of vaporization, However, considpring the amonnt of pamdichloro­
benzene vaporized as related to the disease-control and plant-injury 
records, it will be observed that nOlle of tIll' treatments under 36 x 40 
muslin causecl injury all(I that. only when paradichlorobenzcne was 
applied at the rate of 4Y:J pounds per 100 sqUtll'P yards, with 3 pounds 
actually vaporizecl, was the cliseasp control complete. rn(iel' 6~ x &1 
cloth, half this amount, vaporization at.. tllt' rnte of 1Y:J pounds per 
100 square yards gave complete control; and under glass, yaporiza­
tion at the rate of 1/5 ponnd Pet' 100 wl'lart' Yilrd~ did the same, 
Under glnss, 'vaporization at the rate of 1.2 pounds per 100 squarp 
yards kiHed every plant. Obviollsly then' would be little point to 
considering l'ffectjve dosage without considering type of covel' 
(fig. 4), since in thiR experilllent the effective dosage in terms of 
parudichlol'obenzene actually VllPOI'izpd rangNl f,'om 1':1) to :-\ pounds 
per 100 square yards of bt'cl. 

In both 1938 and loan l1UnWI'O\lH experimentH wpre conducted in 
out-of-door plant beds llsing (1) gmdes of tobacco cloth ranging 
from 24 x 26 to 32 x 36 and weighing from 1 to 1.5 OlmCNi pel' sqUUl'l' 
yard; (2) muslins ranging frotH 36 x 40 t~ 68 x 72 and wpighing IL'OHl 
3.25 to 5 ounces per square yard; (3) ll/!ht canvas; and (4:) glass 
sash, The results from these testf; need not be presented in detail 
but may be snmmarized briefly as follows: Tobaceo cloths, either 
single or double, in out-o£-door beds do not hold the paradichloro­
benzen('. vapor;; s\lfficiently well to /!ive adequate, or even measure­
able, disease ('on t1'O I in most insbtn('l'H, although in occasional well­
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FWUlm .J-,-l';[l':l(lichlol'Ohl'nz('np tl'pnlIlll'nt in rl'latioll (I) tY]lP of cOl'pr: "t, Gla~,; 
covel'; YflDor concentration \\'a~ ~() l'x('p:;~i\'l' ail tl) retard growth. IJ, IIl'a\-y 
JlIllslin «():.! x 134) eo\,('I'; (lisl'a~e ('lIlItrollpll withont plant injul'Y. (t, Thin 
.lllllKlin (:lG x .j() c'o\'!'I'; "a POI' l'ptpntiol1 inadequate to gi\'(~ ('11ll1l1Iete tli~l'a:;e 
('ontro1. All Dlant;;, PXCPllt untl'Pnlell ellPck D, .were. trcatp(! at the mtl' of 
2 pOUlHlf' ppr 100 square yarllH of hl'd. 

shelterc(l olltsidc lOCfLtions control '\\'as ohtainN1. Li.ght Jl1nc;lins 
\ylth thl'l'ad. COUllt around 40 to 4G, ltYl'l'aging :l.~ to ;),;i onnces pel' 
SqUlU'I;'. yard, OItPIl givc fail' control, but thpy urI) not to he rl;'com­
lllPndp(/ £01' most, l'1l'l'etivc il'('atnH'llt. ~\. llIlIslin G:2 x (j·k aWl'nging 
4.;; OllIlCl'S PPI' f'(lIHtl'P. yant hn>l bC'en lI~e(l ('x(ellsi\'l'ly jll these 
pX]>('I'inlPllts lIlld if' not COl1si<il'I'l'<l too lwa \',\'. If t l\(' 111llS' 
lin is to hl~ )ll(J\'pd llnd llsNl Oil ;.;pn'm] bpds, it is slIbjP('(p(l to 
8('\'(,1'(' simins and HUlst ht' stroll!!. l\111C;liIlS iili x (jO alld 50 x ;1(\, 
averaging- 4- Ollnces 1)(')' f'qllill'l' yal'{l, ha\'P. gi \'l'n sat is£aetol'Y results, 
tho1lgh lIot <Juite P(llla] to thos(' from. tl\(' 62 x n+ IIllls1in. The (j') x 7(1 
llluslin, 1'1Il1ning- Ii 01111('(':'; 1)(']' sqnaro Ylll'(l to t lIP pOl1lHl, \\'ltS sllpel'iot' 
ill gas l'(,(pntioll to t1)(' lightpl' \wights bllt was so tight as to 1)(' 
prneticlilly jmpel'\'iollS to wai('l' as SOOIl as it bC('11111P \\'1'1 i cons('· 
qU(,lltl,\" thc (j;l x (j·l \l'as 1>I'P1'(,l'1'C'(1. Li/-tht cam'as \\'as tou Ill'lt,"), alit! 
stiff. Glmis sash ]H\,\,(\ bpPIl l'<'pOI'l<'cl to gi\'('. poor ),('SllltS, but doubt· 
1<'8s bpCllUSC', LllPY wert' ol(l nnd l('aky. The glass sash used by tIl('. 
writers wenl 11(,\\' and Light and I.!'an~ ('x{'plll'llt rl'slllts. Hc)\vp\,pl', 
tllPir VPI',Y ('olllpll't(', l'ptpntioll of tl\(I gas Il1tH1p. it. ('asy -rOl' plttnt injur), 
to 0('('1[1', it fot' pXlulIplp, (lw sash ,\\,('l·P. elospcl :t littlp. pady on tl 

w:trlll p\'PHillg. Th(' cost, plus the dallg'(II' of injury, makes sash 
impractical in most an':Is. 

CO:-\T(:-\('Ors DAY A:-\n ;\J(iHT TIIEAT;\(E:-\TS 

III tlll' I'llI'll' (layc; of tlw 1,Pllzol tl'patnH'llt in Australia the IlPds 
wen' llP1Hu'(>nlly eiosl'd most of tilt' t iIllt', nnd it wtis 110t, nllt il lat('l' 
that tll(' jJml't i('(>' Was n<lopt('d of oppning tll(' ht'(ls (llll'ing the day 
aJl(I YltPOI'izillg tl1<' gas ollly at:. nig-llt. Sill('p pal'a<ii('hlol'o\l('nz('1I1' has 
1)('('11 llIH1(>t, ('onsidJ'I'Htion, sCn'l'tti ('olltill1l0llS tl'pain1l'llts han' b(,(,11 
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recommended. One by McGee (12) advocated 3 to 5 pounds per 100 
square yards of bed Ilnd 1 to 3 treatments a week. This treatment 
was to be carried out under ordinary cotton plant-bed cover's, either 
single or double. Although it had been established that with the ; 
usual nightly treatment satisfactory control could not be obtained 
1n out~of-door beds under double cotton, the possibility that, by using 
large quantities of paradichlorobenzene and continuous vaporization, 
adequate disease control migl1t he attained stilll'emained to be investi­
(rated. 
eo The question of vaporization during day and night periods 
is first considered. Paraclichlorobenzene No.1, largest size crystals, 
aucl No. 6 -\Yere used in preliminary experiments at the rate of () 
pounds pel' 100 square yards. It was found that with the No.1 
vaporization was too slow. vVith the No. () the vaporization of the 
28-gm. dose in the closed units required 72 hours. If the heel was 
kept constantly closed, about 53 percent of the vaporization occurred 
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 clay, practically all the paradiuhl.orobenzene ,vas lost during the 
daytime period. Therefore, since it was established that a one­
close treatment could be carried out and that about half the pam­
diehlorobenzene would be vaporized in the closed bed during the 
daytime, 8 :L. m. to 4 p. m. period, it became of interest to know what 
'YOlud be the disease-control value of this daytime treatment. Sev­
eral experiments were conducted to settle this question, and the 
data given in table 15 are from a representative tcst. 

'I'AUf.E 15.-0rnn[U/I·tltil·(' 11111(' mold ('OJlfrol ellh:il'lw!J 1)1 (/I(J/ (/"Jill ni!lhf tl'PtltJII('IIIN 
-with 11!ll'lldielt/orobcIlzene 

l'ara­ 1'lnn(5 killed 

dichlo­

roben­
zene \ ",'ri~s.\ I I S,'ri{'s n , I St'ri('~ A I Series n • TrNlUtl~nt ,u.'riod

p~r 100 
squaf(1 I ' I I ~r('nl1 I I :-ft'll1
yards I I'lo\.11'lot 'Plot l'lot Plot 11'10(, V 10(. Plot 

(lbs_) I I 2 I J I 2 I 2 I 2 


---------'--;;:. NO_' .Yo. '--;;:' --I No. ~·o~ No. --;;:- ­

I ~~ -1::\0 p. m. to S~. m., 15},-hour


nighL _________ • _____ II 0 20 1I;' () () 2 0 0.5 

l}~ 81\. m. to 'I::~O p. m., 8~2-llour 


dny__ , ____ .. a4 :l!i 260 ~l 90.5 o o 40 8 12.0
:J 41 .\ J3.5 o (] 22 o 5.5Che~k:~!~()~~~~ ~~ny _n~~I_ ~'!~~~t. :~_=:= 2:~~ 240 280 2-10 251. 5 liS ;2 75 M 07. a 

I 

I 'Potnl ,Jlants per plot exposc<180; totullcllvt'S 240. 

'Total plants per ,>lot exposed IO!); \.otallcaves :1Il0. 


A study of the disease connts in tablp 15 shows that blue mold 
coiltrol was perfect in all but one of the four plots receiving the 
regular nightly treatments. The same treatments dUl'ing the daytime 
gave very poor co.ntrol, and the combination of day and night treat­
ment fuiled to give as good control as night tl'eatment. lit general 
these and other similur results have iniled to indicate any real value 
from daytime treatment. 

Continuing the study of treatments involving Y!Lpol'ization of 
paraclichlorobenzene continuously during the day and night, using 
coverings of c10tlble tobacco doth, several experiments were conducted 
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in the greenhouse in which 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 exposed 
to infection after the treatment was concluded, all were destroyed. 

The possibilities of continuous treatment under double tobacco cloth 
were further investigated in out-of-door plant beels at A:dington 
Farm in 1938 and at Tifton, Ga., in 1939. In a few of these tests 
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 differenc", 
appears to be that in well-protected locations the double tobacco 
cloth retains the vapors fairly well, but in the usual bed, exposure to 
air currents makes for very poor vapor retention. Certainly there 
appeareu no reason to give further considerution to treatments using 
double tobacco cloth. 

The writers haNe not conducted extensive tests with the night und 
day treatment using the heavy muslin covers, as recommended by Tis­
dale and Kincaid (17), for the reason that in several experiments 
muslin covers were left in place on cloudy, cool days and severe plant 
injury occurred. In each instance 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 believed that the margin of 
safety is too narrow with the parac1ichlorobenzene to justify the 
hazard of such daytime treatments. 

INTERVAL TREATIVIENT 

In early experiments it \yas established that if paradichlorobenzene 
was used at the rate of 7 gm. per square yard (about 1112 pounds })(,l' 

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 treatnlents gave effec­
tive cljsease control (fig. 5). In the following experiment, paradi­
chlorobenzene was used (1) nightly at the rate of 6 gm. per squure 
yard; (2) every third night at the rate of 18 gm.; (3) every fourth 
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 ,vas 
employed in the tests. The 6-gm. nightly rate was a little less than 
the amount required for most effective control. The leai-c('nnt means 
in table 16 are in each case the average for four plots. The differ­
ences in disease development in the different series are accounted for 
by the varied inoculation procedures. Series A was inocuInted 80 
hours prior to first treatment; Series B was inoculated 8 hours be­
fore treatment; and Series C was not inoculated but merely exposed 
to natural infection. 
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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 sguare yards with dry cover and half this rate with 
wet cover (table 1'7). 

TABLE 17.-Bllle mold cOl/trot et/icicl/cy of treatmcnts ICitlt paradichlorulicllzel/c 
at differellt illten:als tlsi»!! teet alia dry 11111slin cu'vel·.~ 

. Discnsedleaves 'Plants killed, 
April3! AprflG April 12 April 21 


:-<umber and fre· 
 I i 

Coverqueucy of treat· 
nlC.nts Plot Plot Plot Plot 

'-,-..-...,,- § § ;;;...= ~ ., .=11 21 3 ,.<; 1 2 3 ..<; 1 2 3 ;; 1 3 .... 
---- - - - .- - - - - - - -
No. No. No. No . .J.,\f'o l\T(I. No. No. No. No. No. ]\TO. 

2 on OOl1SCl"llt ivt., WeL. 0 0 4 J.3 35 42 26 34.3 130 127 124 127 27 24 21t24 
nights. 

20n illternate nights. .do.•• n 0 0 0 25 19 35 20.3 120 lIS 129 124.3 30 24 loI24.~ 
3 on cousccutivo .do•••• 0 0 0 0 1 1/ 7 5. i' 117 104 116 112.3 29 23 24 25.3 

nights. 
2 on consccuth"e Dfl·.. • 43 48 38 43.3 121 125 23 21 10 21. o 

nights. 71 41 6 S. i 1 1271121 

20n alternate nighL • • do .•• 3 2 4 3.0 ]SI 21 ]9 ]8.3 1I8 121 J21 I!!fl 2325. ~ Check .••.•••_ ._ •• 1~{Hi _~~ 145.3 
]50 ]SO ]SO ISO lSO j JSO ISO ISO ~I ~I :1.,36.1

I 
18 days after the first treatment. 

The data in table 17 show that 8 days (April 3) after treatmen/' 
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 e:xi;ra disease-control value as compared with 
the 2-night 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, blue mold 
was active in all the treated plots .• However, the leaf counts on 
A.pril 12 are given, as well as the mortality records on April 21, to 
bring out a point frequently observed, llamely, that even a limited 
amount of gas treatment, which temporarily checks the disease, has 
some permanent disease-control value. Note that the. final counts 
both on leaf infection and on plant kill are lower in the treated than 
in the untreated check plots. 

Finally, it seemed possible that if the disease was <;hecked by two 
effective treatments the first week it might be possible to control it 
by less frequent treatments during the following weeks. Disease 
conditions were exceptionally severe throughout the following experi­
ment and, hence, provided a very critical test. In each series two 
treatments were glven on alternate nights, after which the schedule 
was as indicated in the first column of table 18. 
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TABLE 18.-BlrI6 mold coniml efficiency of treatments wit/~ Ilaradichlorobenzellc 
at more 1cideZy spaced iltten)als 

Diseased leaves 2 Plants kllle4 • -
April 6 .\prU 10 Apr/I 16 April 28

Frequency of treatment 1 --. o. .. .. ..~ - ""~ .. 2 - "".. .. ::\:00 ~ .sa .sa ~ :: ~ j~ E: E: ~ -I>.. t:-< t:-< ~ ~ £ ~ ~ f ~ ~ 
I- ---

No. No. No. No. No. No. No. No. No. No. No. NG. NG. No. No. No.
Each second night_____ ._••• 0 0 0 0.0 29 31 30 33.0 50 63 57 56.7 0 0 0 0.0Each thirdnlght____________ 0 0 0 .0 59 82 69 iO.O 172 2J6 205 1!l4.3 10 11 13 !l.a 
Each fourth nlfhL-------.- 0 0 0 .0 102 130 142 124.7 234 256 240 243.3 12 14 10 15.0Each filth nlg t ______• _____ 0 0 0 .0 113 !l7 128 12i.3 2-\4 243 231 239.3 25 19 2422.7Each sixth night__________ 15 21 ]3 16.3 2i5 272 2.54 267.0 301 2i0 230 270.0 25 29 3028.0 

231 314 3321292 3 329 319 335 327.7 :Hl 325 326 330.7 113 84 0089.0
Check_____ .• ______________ ._ 

. 

I All treatments at rate at H2 pounds pcr 100 square yards under wet 62 x 64 muslin. 
• 'I'otsllclwes e.wosed, 350 pcr plot. 
a Total plants exposed, 140 per plot. 

Table 18 shows that under the very severe conditions of this ex­
periment even alternate-night trea.tment did not eliminate the disease, 
although most of the infected lea.ves 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 
tt'eatment only every fifth or sixth night mll.y distinctly reduce dis­
ease dama~e, as indicat~d particularly by the reduction in the number 
of plants killed from 89 to 15 and 22.7 per plot. 

DISCUSSION 

TYPE OF GAS 

It hus been found that the benzol gas treatment, developed ill 
Australia, is very effective against blue mold. The margin of safety­
that is, the difference between fungicidal and phytocidal vapor con­
centratiolls--is extremely wide. Furthermore, if benzol is used at the 
rate of 5 quarts per 100 square yard,> of bed area, two to three treat­
ments a week will give excellent disease control. This amount of 
benzol 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 
as too cumbersome and laborious. It is certainly true that, with the 
wide beds (3 yards or more) most growers prefer, it is difficult 
to fill the pans and to prevent them from being overturned once they 
are fined. Despite its effectiveness and safety, the benzol-~as treat­
ment cannot be considered as a· practical solution of the blue mold 
problem for the average grower. 

Xylol, beta-trichloroethane, and pent.achloroethane are very effec­
tive gas-treatment materials, and the latt~r has proved especially 
suitable for use in the greenhouse during the winter. These materials, 
howe veri are all liquids, and for practical use present the same prob­
lems as penzoL 

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, liahle. to cause plant injury than henzol. However, because 
of its convenience, growers have shown much interest in this type 
of gas treatment. The experiments here reported indicate that an 
understanding of certain fundamentals will do much to insure success 
with parndichlorobenzene. One of the first problems ill using para­
dichlorobenzene is ))0'" to distrihute it in the bed most effectively, 
In the. first plant-hed experiments at the Coastal Plain Experiment 
Station, Tifton, Ga., in 1938, the crystals were scattered on boards 
placecl in the beel. The. next tests "-ere conclucted at the Pee Dee 
Experiment Station, Florence, S. C., ana the boards were attached 
to the sides of the beds as shelves. :Meanwhile other experiment:; had 
ShO'''ll (table 8) that. vaporization was much more rapid if th~ 

!"!Gem; G.-Bed :l1'l'an!!ed iOI' f{a::; tre'Ltlllcut with ll:lmlikhlfll'olJellzeue, 'Ille bed 
1S divided inlo two :;l'clioll.~ eaeh 4 hy 20 y.1I'<I:;. 'Ihe pille el'Os:; SlIlll){Jrts are 
2 ~'ard;; apart and the win> ruuning IPllgtllwi~e to ('.)elt l;('('tion is ];) inch('s 
ahoye the gl'OUUel, 'rile top of tJlP sic1(~-w:l1l log~ is nIJollt 7 incllPs from tile 
ground ,mrfaC'(', Note the toiJac('o ('loth ou the l('ft on which the pa l':H1i('hloro­
bellzelle iR s('atl('1'l'd, nnd tlw muslin in tile t'l'l1ler iiO it call IH~ mil'd to treat 
I'ither 1It'(1 !'eetioll. A pnrtitioll dl)\yn tIl!' ('Pliler i:; ('ol1('(':lle([ hy tll(' muslin, 

('I'j'st:tlS '''ere H:attel'ecl o\·el.' a porou') sUI'face, and so it seemed logical 
to make IISP. of the tolmcco doth already pre~ent in the bed (fig-. 6). 
In Connecticut where the gl'Ower:; use sash and have 110 tobacco cloth, 
the use or wire haskets attached to tIl(> sides of the bed:; was sug-g-estecl. 
Table 12, however, indicat(>s that with cool lIights the pamdichloro­
benzene in such wire baskets y:tpol'ized only abollt one-fourth as 
rapidly as the same amount 01: paradiehlol'oi>eJlzene scattered over 
the tobacco cloth. This method, (,O!)s('Cjuf'ntly, il-; at a great disn<l­
vanhwc in cool \\'p:tther, hilt thp uuthors found it vel'y effective anel 
;afe \~hell the night tcmp('ratlll.'l'!'; an' i)i)'~ F. and above. As tL 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 area one­
sixth the total beet area, have proved satisfactory (fig. 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 (~en­
erul, it has been, found that a 24- to 26-thread-count tobacco cloth 
will hold the No. 6 crystals very well; but, if a smaller size crystal is 
used, cloth having a tight~r weave is required. 

FIGURE 7.-Paradichlorobenzene cryst/lls scattered on temporary strips of 
tobacco cloth, 3 feet widc, stretched across the bcd Hcry 18 feet. Adequate 
vaporization requires that thc crystals be above the plants am! well scattered. 

TYPE OF 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 loss o(;curs throll'yh the overhead cover. The 
writers used new and tight glass sash :In'a found that they made very 
effective covers. However, few tobacco growers used sash, and where 
they do the sash are generally too old and letlky to be satisfactory. 
Extensive tests were made with tobacco cottons ranging from 18 to 36 
threads per inch. These were used in both single and double thickness 
and both wet and dry. On the whole, such covers have given very 
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. Muslins 
running 48 to 56 threads pel' inch lutve proved distinctly more effective. 
Finally, in 1939 and 1940,. a 62 ~ M 7 Im~slin averan'ing 4% ounces 1?er 
square yard was made avaIlable 111 quantity by the Surplus Commochty 
Division of the Agricultural Adjustment .Administration. This ma­
terial was quite satisfactory and <1istinc~ly superior to lighter weight 
gntdes. Still tighter and heavier muslins, as, for example, tL 68 x 7~ 
product, weighing 5 ounce::; pel' square yard, have been used and found 
slightly more effective in retaining vapors than 62 x G4, but such grades 
become almost impervious to rain when ,Yet and hence are lIOt so satis­
factory, In general, growers who 11llve considered using'paradich~oro­
lJenzelle tl'eatment have sought to snye money by purchasll1~ very hght­
weill"ht grades of muslin. If costs are figured on a 3-yetu' basis it will 
be found that such cheapl·r muslim; do not reduce treatment costs 
because they soon wear out. Also the expenditure for paraclichloro­
benzene will be increa!';ed (see tnble 14). 

Discussion of the muslin cover would not be ('omplete without a 
consideration of the value of artifi('ial1y wetting it. Soaking the mus­
lin with watel' makes it pnletically impervious to gas. Coven; not 
~oaketl by artifieial wetting are often damp, but a damp cover is not 
gn:,;-impervious to anything like the same degree as a wet cover. 
Therefore in referring to wet covers, covers that are water-soaked are 
meant. Under most conditi()I1s, the greatest vaporization of paradi­
l'hlorobenzene oceUl'S during the first third of the treatment period 
(table 10) the reason bping that dlu'ing this period the greate:,;t pal'a­
dichlorobenzene :,;urfaee is <'xpos(>d and the temperature average is 
highest. A covel' that is llot arl ificially wetted usually becomes soaked 
with dew about the end of this period, but l)l'ior to this time there is 
a considerable loss of vapol'. Artificial wetting largely prpvents this 
loss by im;uring a practically imperviolls coverthrollghout the night. 
XnnH';rous experiments have shown that with wet cover:,; the amount 
of pamdichlorobenzene required is only half as much as with dry 
('overS. It wouM appear logical t.o recommend that the lHlI:,;lin be 
soaked with water at the :,;tart of each treatmpnt. However. many 
t('sts have In.'oilght out two practical objpdion:,;, First, it is often Ilo't 
convenient for growers to ·wel· their ('OWl'S, and 'ful'ther, they arp likely 
to clallllH'n rathel' than ~oak thel11 and sO not obtain the thorough seal­
ing eil'ect. Sp(·ond. it hn~ been found that by using water-soaked 
covers tIlt' danger of injury is grl':ttly illcl·eased. IlIjllry is most likely 
to oc('ur 011 w:trlll nights hecause of exct'ssi\'(~ Yaporiznti()1l of the pan~­
di('hlorolwllzclle during the {·ady evening. The 11se of "'t't ('overs 
Hnder such conditions greatly increases the likelihood of jlljlll'),. To 
meet this situation the g)'ower (lesil'ing to use wet ('overs can either omit 
wctting 011 :t warm night or else st:ut the trcatment vcry late, 7::30 01' 

S p. m. It should be noted tltat Ill'W ('overs ('an not lw thol'ollghly wpt 
until the sizing ha:,; been removed by washing with soap and "'atc!'. 

SIZE OF CIIYSTt\LS ANIl QlTANTITY "Ell TIIEA'I':'lENT 

The diffel'ent sizPil of ('I'ystnls lIsl'd in tlll'sl' l'xpel'inwllts are listed in 
table G, Ul'Il(Jps No. a and :\'0. 4: proved \,('I'Y satisfac\:ory 011 warIll 

'1.AH dptcrJllincd from three St.~l)uI'Hle tutJllplLlR HJwlyzE;'d Ill' tilt! BIII'euu of })talll1nrlb;. 
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nights and No.9 on cOOlllig;ltS. Considering hehllyior under a wide 
rnnge of temperature conditions, however, No.6 is recummended. ..As 
to rate of treatment, with covers that were not artificially wet) good 
blue mold control was obtained ,,-ith rates fl'om 2 to 4 pounds per 100 
square yards. Lesset· amounts were ineffective on a twice weekly 
schedule and greater amounts injurious. 'Vith covers artificially wet, 1, 
lY2, and :2 pounds gave excellent di!-;ense control; 2~~ pOUlHl!-; is defi­
nitely too much. Growers, however, have reported using 3 and 4, 
pounds uncleI' wet covers, Lut this is dangerous with a good grade of 
muslin COVel' and a well-com;tructed bed, providing the COver is thor­
oughly wet. In general~ 2% to 3 pounds with the cOYer dry or damp 
and IV:! pounds with the cover water-soaked are about the right 
amoUllts. It is interesting to note that 2 pounds pet· 100 square yards 
is the minimulll that is r(;'asonably effective with the dry C'lIver and tIll' 
maximum that ('an he lISl'd wif"h compal'ati,'<' safety 1IIHl<'I' a wet COV('I'. 

D ITHATIOX OF THEAT~I E;s'T 

"Tith cool, clondy days, tl'l'atllll'nt can be slal·tNI as l'al~y ns 4: p. m., 
lind on bt'ight warm days T: 30 p. m. is pal'ly enough. (sually treat­
Illeuts should Htart about sundown, Ilnd the beds should bp opened about 
H n, m. Allowing covers to remain in plaee throughout cool, cloudy 
da.n; has bl't'll tried and found to bt· danlrerous bpcause very little 
sunHhinc lIIay cau:,;e severe plant injury, Howe"el', effective results 
do rt'cLllin' as JOIl!! a treatnlPlll jlPI'iod ai-' i:-; practieal (table 11). 

Xl'~[BEH OF TIlEAT:\IE;s'TS 

The lIas trpatnwnt will ellPek (lisea!:'l' dl'n']opllIl'nt t'n'lI after 
tIlt' mold has madt' its llppearallCt', II()\\'t>wr, it is not safe to delay 
tl'('atlllent tno long, pal'ti('ularly whell one, muslin is to be used 011 

s(>,-eral beds. III g<'lH'ml, it is tl(h'isable to l)l'gin as soon as tIlt' 
disea!:'(>, appears in tIl(> vieinity and to follow some regular schedule. 
because growers are too busy to kl'cp disease devp]opmenb:; under close 
obselTation. ancl these d{'Yelopments often Occllr with unexpected 
rapidity. The llumber of treatments required per "'e(.k will vary 
somewhat with conditiollf; and localitit's. ",Vhen blue mold is active 
under wry cool ('ollditiollS, as is oftt'n the cast' in Georgia, thre{' 
treatmellts a week al'e lHh-ii:;able; anel in beds when' cOllsiderablp 
diHeast' is lH\'Hent at the staIot: treatnwnts on two and tllrel' consecu­
tive nightH ill" <}('simhl('. In most at'cas two tl'eatmenfi;, a week arl' 
adequate, and tll('!-;(' should be so spaeed as not to have mOl'c than 
It 4-day interval between treatments during pel·jods when the dis­
('ase is active. TI'patments should continue as long as pl'otection is 
requirecl. In different sections and years the period during 'which 
protection has been reqnirecl has varied from 2 to 8 weeks. In 
general, from 5 to 10 tl'eatments hnve been sufficient. 

S(1MMAHY 

Contl'olletl experiments showed that benzol-vapor concentrations 
reaehing It. mllximum of 0.018 percent, OWl.' the period 4: 30 p. m. to 
R ll. m., distinctly retarded blue mold development, whereas 0.097 
percent gave complete disease control. A concentration reaching 
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a maximum of 0.83 percent produced growth retardation. Hence, 
the phytocidal level was about eight times the fungicidal level. 

In plant beds blue mold control was obtained with maximum. 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; (~) 
an evaporating pan surface of one one-hundredth the bed aren.; with 
supplementary cloth wicks (fig. 1) and with pans 8 to 10 feet apart: 
(3) a muslin cover, 60- to 65-thread count, running about 4% ounces 
per square yard. 

Tests with other vapors h:1Ve shown that xylol is about 2'l~ times 
as effective as benzol, beta-trichloroethane 5 times as effective, and 
pentachloroethane about 15 times as ('ffective. Pentachloroethane 
has the serious disadnmtage that the treated plants are likely to 
wilt severely when exposed to bright sun. 

Paradichlorobenzene gave effecth~e blue. mold control and has· cer­
tain practical advantages oyer benzol. It is much more' convenient 
to use, but, because the margin of safety is less than with benzol, a 
thorough understanding. of the limitations of pamdichlol'obenzl'1lC. 
particuhn'ly with respect to vaporization, is essential. . 

Several factors affect the vaporizH.tion of paraclichlol'obenzene. 
(1) Size of crystals. The vaporization. rate increased as crystal size 
decreased until a. diameter of about 0.93 mm. was reached. Still 
smaller particles were unsatisfactory because ther tended to aggre­
gate. (2) Surface over which the crystals are scattered. Vaporiza­
tion was almost twice as rapid from an open surface of tobacco cloth 
or "ire mesh as from a solid board surface. (3) Area over "'hich 
the crystals are distributed. Using the same rate of treatment the 
vaporization rate under cool conditions "'as foul' to' five times as 
great with crystals scattered over [l. cloth covering the entire bed 
t,s it was with crystals held in small ,,·ire baskets. (-1:) Temperatu1'(\ 
is an important factor, the effects of which can to some degree be 
compensated for by varying the size of crystals or the method in 
which they are distdbuted. Fnc1el' vcry c(Jol conditions the small{'st 
crystals and the widest distribution (over tobacco cloth covering tIlt' 
entire hed) are desirable. Fnder warm conditions larger crystals 
anel distribution on hoard shelves Ot· in wi)'(' b:u,k('ts will give gooel 
results. In general, frolll the viewpoint of disease control, a vapor­
ization figure above 45 percent is desirable, wherel~'i f)'om the YIeW­
point of plant s:lfety it is adyisahle not to have vaporization ('xeeed 
93 percent. 

Measllrements of paradichlorobenzene Yftporization during dif­
ferent periods of the night showed that maximum valnes were 
usually obtain('c1 during the first third of the night. On warlll 
nights, with a small-size grade of crystals, Ruch Its No.9, practically 
all the pamdichlol'obenzene may evaporate ,luring this period, and 
under such conditions plant inJury is likely to result. 

)Iost effective disease control is obtained by cxposllre to th(' vapors 
throughout the. night. If, however, treatment is limited to half tIl(' 
night. then treatment during the first half is slightly superiol' to treat­
lllent during the second half. Daytime treatment ga.ve jne1l'ectiv(' I 

disease control und frequently caused severe plunt injury. 
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The danger of plant injury was greatly reduced by suspending the 
paradichlorobellzene well above the plant, i. e., 12 to 18 inches above 
the surface of the soil. 

The amount of paradichlorobenzene required to control blue mold 
depends to a large extent on the tightness of the cover. 'Vith covers 
of varying tightness, from. 1/5 pound to 3 pounds of vaporized para­
dichlorobenzene was required per 100 square yards of iJed. Soaking 
the muslin cover with water reduces the para'dichlorobenzene dosage 
required for disease control·b~T about one-half but increases the danger 
of plant injury. 

Two treatments per ,,"pe],: were the minimulll lllunbel' thut eould be 
depended on to give adequate blue mold control. Treatments must 
be continued liS long as blue mold pi'otectioll is desired. 
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