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TOBACCO SUI. STATION AT WINDSOR 

FIGURE 1. Measuring the concentration of benzol vapor in a bed with 
an M. S. A. Indicator. (Page 194.) 

FIGURE 2. Gassing the beds. Grower in background pouring benzol into evaporal 
pans. Bed in foreground covered with cloth and being sprinkled with 

water from nozzle at left. (Page 202.) 

T HIS, the Eighteenth Annual Report of the Tobacco Substation at  
Windsor, comes a t  the close of a season that has been more favorable 

to the growers of all three types of tobacco than any year in the last 
decade. The growing season was somewhat dry: not too dry for good 
development. of the crop, but dry enough to produce a heavy yield that 
is typical of seasons of less-than-average rainfall. Damage from hail or 
windstorms was confined to a few small areas in the tobacco section. 
Disease and insects took less than the usual toll. During the curing 
season, the weather was favorable to a good cure with a minimum of pole 
rot. A shortage of stocks in the hands of dealers and manufacturers, 
due to previous unfavorable seasons, resulted in fair prices paid to the 
growers-for this year's crop. 

New Ruilding One outstanding event of the year and an important 

for 
forward step in Connecticut's tobacco investigations 

Tobacco Research 
was the erection of a new, larger and better building 
to house the laboratories, sorting rooms and ofices of 

the Substation. At the time of writing, January 1, 1940, the building is 
not yet completed but will probably be ready for occupancy before the 
next field season starts. The work has long since outgrown the original 
small wooden building erected in 1922. Moreover, the old headquarters 
are not fireproof and offer no security for valuable research records, tlie 
most complete collection of photographic negatives on tobacco in i\je;v 
England, the excellent tobacco library and the scientific equipment as- 
sembled here. The new building, made of brick, concrete and steel is .as 
fireproof as possible and will insure the safety of the property. 

This handsome colonial structure is in Christopher Wren style, meas- 
ures 66 by 34, feet, and has two stories and a basement. In the basement 

I 
are a modern sorting shop and conditioning room for grading tobacco, two 
completely equipped photographic rooms, laboratories for chemistry, soils, 
and entomology, a work shop and a boiler room. The building is steam 
heated from an oil-burning furnace. On the first floor are a general office 
and ofices for the staff, a plant pathology laboratory, a library and con- 
ference room. On the second floor is an auditorium for meetings of grow- 
ers and space for four laboratories that will be finished when they are 
needed. A cupola over the roof furnishes shelter for weather instruments. 

The old building was made possible by funds contributed by the 
tobacco growers' organization, The Connecticut Valley Tobacco Improve- 

.ing ment Association. The new building is being constructed under super- 
vision of the State Public Works Department, and paid for by joint con- 

~tions of the State and the Works Progress Administration. 
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Change In August, Dr. 0. E. Street, Physiologist and Chemist 
in since 1929, resigned to take a post with the U. S. De- 

partment of Agriculture in charge of tobacco investiga- Staff tions a t  Lancaster, Pennsylvania. During his 10 years 
here, Dr. Street made valuable contributions to our knowledge of tobacco 
culture, particularly on the processes of curing and fermentation, the 
leaching of plant nutrients from tobacco soils, and correlation of growth 
with absorption of nutrients. His departure to take a more responsible 
position is a distinct loss to this Station. Dr. Stuart LeCompte, Jr., has 
been appointed to take his place. 

This branch of our work shows an increase every year. 
Direct Service 

to 
Between four and five thousand samples of soil annu- 

Growers 
ally are brought to the Station for analyses as a basis 
for fertilizer treatment. Most of them are from tobacco 

fields but each year a larger number comes from fields of other farm crops, 
vegetables, orchards, lawns and gardens, as the public becomes more con- 
vinced of the value of these analyses. The Station also receives several 
hundred samples of tobacco seed for germination tests and cleaning yearly. 
The number of these remains practically constant. Since the Substation 
is so near the center of the tobacco growing area, within a half-hour drive 
of most of the tobacco farms of the State, many growers consider i t  profit- 
able to call occasionally for conference with members of the staff. Much 
time is spent in these conferences, but we believe it is a more eflective 
means of giving information than the more usual public meetings. This 
has been supplemented during the year, however, by a few public gatherings 
of growers, by publication of bulletins and circulars, and by many farm 
visits. These last are essential if the staff is to keep in close touch with the 
problems of the industry. 

The Hailstorm One of the few local hailstorms of the year centered on 

of 
the Substation farm, August 4, after the tobacco was 

August 4 
topped, causing a loss estimated a t  50 percent of the 
crop. The tobacco was not blown over, however, and 

the principal damage consisted of scattered holes in the leaves. This did 
not prevent the collecting of the usual data on the experiments, despite the 
reduced commercial value of the crop. In the sorting shop the leaves were 
graded just as if there were no holes in them--eliminating, however, the 
two top grades, light and medium wrappers. The data are probably not 
as reliable as they would be for an undamaged crop but since all plots suf- 
fered equally, comparison among them should reflect true differences. 

The European War 
The war situation in Europe has almost completely 
shut off our supply of sulfate of potash, the standard and form of potash for tobacco mixtures. This has always 

for Tobacco been imported from Germany or France and very little 
is produced in this country, although facilities for adequate domestic pro- 
duction could be developed in a short time if foreign competition were 
eliminated. The same is true of nitrate of potash. America has large 
sources of muriate of potash but this is not suitable for tobacco. In a long 
series of experiments a t  the Tobacco Substation it was shown that there 
are two kinds of potash carriers that are superior to sulfate. The first of 
these is ground stems, a byproduct of nicotine extraction, more expensive 

to use than the sulfate but producing better tobacco. The second one is 
cottonhull ash, a byproduct of the cotton ginning industry in the South. 
Our results show that this also is superior to sulfate and the cost is about 
t,he same as for sulfate in normal times. Both of t'hese are American prod- 
ucts and there is an adequate supply for our needs. . ; ' a  

Fertilizer No detailed reports oo fertilizer tests are includeds:b 

Tests this bulletin. Departure from our usual practice, is 
necessitated by a reduction in the state printing budgkt. 

As i t  happens, none of the previously unreported tests are a t  a stage that 
calls for a full report a t  present. These experiments have been continued 
on the same scale as in previous years, and two new series have been added 
in 1939. One is a trial of sewage sludge from the Hartford Metropolitan 
Sewage Disposal Plant. The second is a test of placement of ferbili%Es 
in or very near the rows, instead of broadcasting. , , ! I  I 

I ;  1) , < , i l I J *  

. I  < y ~ i l v ~ ~ ~  
TABLE 1. DISTRIBUTION OF RAINFALL IN INCHES AT TXE T O B K C C ~ ~  L: (:.I 

S~STATION,  WINDSOR, 1939 j ~ I I ~ C I ! I ~ ~ > ) ! '  

M av June Julv 

By 10day Periods ; i Yc t ! I  ~ I , > ! I  . .  . 

Average for Preceeding 17 Years , , , ,, ,A ,, 
3 48 3.72 3.69 4.28 

L s .  a 

I 
Irrigation Tests on the influence of irrigation, with and without 

Tests the addition of nitrate in the water, are conducted 
every year when the season is dry ,en'ough to  warrant 

the use of water. A short, dry, hot period in July, 1939, ,furnished oppor- 
tunity for one irrigation but rains came soon afterward and little if any 
advantage resulted. 

Ammonification Although many investig?~ipqyIba2je&qqq,mafl~,pql~it1~- 
of fieation, very little' has ~ e e ~ f l o S 1 x q n ~ ~ ~ P P 9 ~ ~ ~ R t , ~ 9 p  

Fertilizers cedes of nitrogenous nitrification tobacco and,y&q je$il(~&$ p ~ f r ~ f p ~ ~ ~ v h  ~ ; ; f i  fi&it ~p 
differences in behavior of fertilizers. Weekly ted s o f t  yaq1, op the,;#~ej - 
source-of-nitrogen" plots for both ammonia and nitia es r re egu< w l k  
the season of 1339.  h he^ are giving int!&thg d&2$ig,akifie8ntfv6~ltd. I t  
is planned to continue the program b h ~ h @ i  t s&+&~tr l~~df .$) td+ ~ ~ ' O h r t j ? t ~ C  
results under different seasonal condi&$.(t Th~#lS%fh~l$ d k y % l ~ l 4 d ~ b ~ -  
portant in explaining injuries to y o u y  grtintd ff6&'~r~ih*~tili~d.s~~~f~~'[ 

I A O . ) ~  I~ ; r~(~ i t i f ) t ) s  rfr)h') I I ~ I H  ~ I I I W I ~  
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two or three leaves is probably influenced by adhering small particleiiof 
sand that could not be entirely removed from the leaves and would be more 
pronounced in a year such as 1938, with frequent, splashing rains. But 

2 7.17 

I 7.19 

CALCIUM 

FIGURE 3. Distribution of calcium in the leaves. Diameters of black balls show relative 
percentages of CaO in leaves. (In this and the follo\ving fignres, a Cuhan Shade plant is 
substituted for Havana Seed because the large size and close setting of leaves of the 

latter obscnre their position on the stalk.) 

even after making allowances for the sand, the ash content of the lower 
leaves is about twice as great as that of the top leaf and tliere is a regular 
rate of decrease as we go up the stalk. The larger contcnt of calcium and 
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magnesia in the bottom leaves could account for a considerable part of the 
differences in total ash. The greater quantity of ash in the lower leaves 
was noted by Jenkins in his analyses of the crop of 1896 (Rept. of Conn. 
Agr. Exp. Station for 1896: 322-333) and by Anderson and Bailey in analy- 
ses of the crops of 1925 and 1926 (Tobacco Station Bul. 10:11). Com- 
paring all the analyses that have been published, we may say in round 
numbers that Connecticut Valley I-Tavana Seed tobacco contains about 
25 percent ash. The averages for 1938 are slightly lower, however. 

Degree of acidity. There is a general increase in acidity of the leaves 
from bottom to top of thc stalk: the range shown here being 6.79 pH 
to 5.31 p13. Whether the degree of acidity per se has any effect on the 
taste or aroma or other quality characteristics is not clear. 

Potash. In both the strains, potash increases regularly up to the 
tenth to  twelfth leaves and then declines regularly to the top. This un- 
usual curve is diflicult to  explain. Previous analyses of crops, for 1896, 
1925 and 1936, uniformly show more potash in tlie bottom leaves while 
this year the bottom leaves are lowest in potash. We know that during 
tlie excessive rains of 1958, considerable available potash was leached from 
the soil and under these cbnditions the plant was probably forced to re- 
utilize the store of potash from the lowcr, more mature leaves, by trans- 
locating i t  to the growing leaves higher up. The average percentage of 
potash for all leaves was 4.47 for the Brown strain and 4.66 for the No. 21 1 
strain. The average for a similar leaf-by-leaf analysis made on the crop 
of 1936 on the same soil and fertilized in the same way was 3.1 percent KzO. 
The lower figure for 1936 is due to the dry growing season of that year. 
Wet seasons invariably show a higher potash content of the leaves than 
dry seasons. This is undoubtedly one of the reasons why tobacco from a 
wet season crop invariably has a longer fire holding capacity. 

Calcium. The percentage of calcium in the bottom leaves is about 2.5 
times as high as in the top leaves and the rate of decrease is quite regular 
from bottom to top (Fig. 3). The average of all leaves is 5.75 for the 
No. 211 strain and 5.29 for the Brown strain. This agrees with previous 
analyses (Bul. 410: 372) which showed that the Brown strain naturally is 
higher in calcium than the No. 211 strain. A similar analysis for the No. 211 
strain in the dry year of 1936 gave an average of 6.77 percent CaO, or 42 
percent more than the wet year crop of 1938. This is further confirmation 
of our previous observation that the percentage of calcium is higher during 
a.dry year and thus the reverse of the behavior of potash. This difference 
is probably due to greater leaching of calcium-much more than the Icach- 
ing of potash-from the soil during a wet year. A low concentration of 
calcium in the soil water results naturally in a rcduced absorption of cal- 
cium arid this is further accentuated by the relatively greater abundance of 
potash which exerts an antagonistic pressure. 

Magnesia. In both strains, the magnesia is highest in the lower 
leaves and decreases regularly to the top, being about twice as high in the 
lower as in the top leaves (Fig. 4). The distribution of magnesia follows 
the same trend as that of calcium. The higher percentage of magnesia 
and calcium in the lower Icaves is responsible for the whiter ash which 
reslllts from combustion of these leaves as compared with the upper leaves. 
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In the dry year of 1936, the percentage of magnesia was twice as great in 
the respective leaves as i t  was in 1938, but the trend followed the same 
course. 

2 1.14 

1 0 1.13 

MAGNESIA 

FIGURE '. Distribution of magnesia in the leaves. Diameters of black balls show 
relative percentages of MgO in leaves. 

Total nitrogen. In contrast to the mineral bases, the nitrogen con- 
tent is lowest in the bottom leaves and increases regularly toward the top 
of the plant (Fig. 5). I t  reaches its peak in the fourteenth or fifteenth leaf 
and then declines in the ultimate leaf, a behavior which was duplicated in 
the crop of 1936. However, the average total nitrogen content of the No. 
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211 strain of that year was higher by 7 percent than the 1938 crop, the 
difference being especially pronounced from the fifth leaf upward. This 
supports the preponderant evidence that total nitrogen, a factor closely 
related to strength of smoke, is highest in seasons of low rainfall. There is 
about three times as much nitrogen in the top leaves as in the bottom. All 
of the different compounds of nitrogen which were determined show this 
same trend of increasing toward the top of the plant. 

3 1.78 

2 1.55 

I 1.60 

TOTAL N I T R O G E N  

FIGURE 5. Dist,ribution of total nitrogen in the leaves. Diameters of black balls show 
relative percentages of total nitrogen in leaves. 

Protein nitrogen does not increase so rapidly as total nitrogen. About 
60 percent of t,he nitrogen in the bottom leaves is in the form of proteins 
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while only about 36 percent in the top leaves is in that form. The rela- 
tively more uniform distribution of this ffaction is consistent with its 
insoluble nature. 

Total volatile bases. This fraction comprises nicotine, ammonia and 
other volatile nitrogenous substances and is, perhaps more than the value 
for total nitrogen, a measure of smoking strength. This value increases 
tremendously from the bottom to the top of the plant, the most rapid 
increase being between tlie fifth and twelfth leaves. 

Nicotine is highest in the upper half of tlie plant. I t  reaches a max- 
imum in tlie eleventh leaf of the Rrown strain and the twelfth and thir- 
teenth leaves of the No. 211 strain. (Fig. 6). 

Ratio of nicotine to total volatile bases is highest in the lower half 
of tlie plant, reaching a maximum in the fifth leaf of each strain and de- 
creasing very regularly thereafter. Wliile nicotine is low in the bottom 
leaves, i t  represents a larger proportion of total volatile bases than i t  does 
higher in the plant. 

Total volatile bases minus nicotine and ratio of ammonia to 
total volatile bases minus nicotine are both considered in their relation 
to ammonia. The ratio indicates the relative abundance of ammonia in 
the volatile group. Where the ratio is low, a large proportion of the total 
volatile bases exists in an undetermined form. This condition prevails in 
the lower leaves, but the ratio increases sharply from the bottom to the top 
of the plant. 

Ammonia shows the greatest range with respect to leaf position of 
any constituents determined. Very low in the bottom leaves, i t  manifests 
a pronounced and regular increase from bottom to top of the plant. The 
other volatile basic substances also show an increase with elevation of 
stalk position, but not to the same degree. This is apparent from the 
values for ratio of ammonia to tolal rolalile bases minus nicotine which also 
show a marked increase from the bottom of the plant to the top. The 
senescence of the lower leavcs is apt to be correlated with appearance of 
the nitrogen in more stable forms. The effect on smoking quality of the 
relatively large amounts of ammonia in the upper leaves is commonly 
recognized as a "stronger" smoke. Compared wit11 the other constituents 
of the cigar, however, even tlie upper leaves of this crop are not high in 
ammonia. Tn particular i t  is lower than other binder types, such as Wis- 
consin, wliich may average above 1 percent (unpublished data). 

A comparison of two strains of Havana Seed tobacco. The analyses 
presented in Table 8 sliow that very simi!ar varieties of the same t ~ p e  of 
tobacco grown side by side and with equal opportunity to absorb food 
elements do not necessarily deposit in their leqves equal percentages of 
the variot~s elemcnts. Thus the Brown variety contains more calcium and 
magnesia, while the No. 211 variety has more potash. The percentage of 
nitrogen is about the same in both strains this year but was higher in the 
No. 211 strain in 1937 (Bul. 410: 372). When we compare the nitrogen 
fractions, liowe\er, we find that although the total nitrogen is about the 
same in both, the protein nitrogen is higher in the Brown strain, hut the 
nicotine and ammonia fractions arc higher in tlie No. 211 strain. Such 
differences in cl~emical composition cannot but have an influence on taste, 
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aroma and combustibility of the tobacco. Correlations between,:the 
uality factors and chemical composition have not been as thoroughly 

jetermined as could be desired but certainly offer a fertile field for further 
chemical research. This also points to the possibilities of improvement by 
selection among strains of a type or variety of tobacco. 

3 1.69 

2 . 1.09 

I . .94 

NICOTINE 

FIGURE 6.  Distribution of nicotine in the leaves. Diameters of black balls sliow~relati-\~e 
percentages of nicotine in leaves. 

Summary. Using two strains of Havana Seed tobacco, leaf-by-leaf 
analyses for total ash, potash, calcium, magnesium, total nitrogen, protein 
nitrogen, volatile bases, nicotine and ammonia were made to determine 
variation in percentage of these components as influenced by leaf position. 
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Total ash decreases from bottom to top, being about twice as abundant 
in the lower as in the top leaf. The average amount of ash in Connecticut 
tobacco is about 25 percent. 

The leaves become more acid from bottom to top. 
Potash percentage is highest in the ninth to twelfth leaves. Previous 

analyses had shown it to be higher in the bottom leaves. The trend is not' 
so marked as for the other mineral bases. 

Calcium is highest in the lower leaves and diminishes regularly up- 
wards, so that it  is two to three times as high in the bottom as in the top 
leaf. 

Magnesia shows the same trend as calcium and is about twice as high 
in the lower as in the top leaf. However, the ash figures on the lower 
leaves may be influenced by the presence of sand. 

Total nitrogen is highest in the top leaves and decreases regularly to  
the bottom where it  is only about one-third as high as in the top. 

Protein nitrogen shows the same trend as total nitrogen but the dif- 
ference between top and bottom is not so great as for total nitrogen. 

Total volatile bases increase rapidly from bottom to top. 
Nicotine is more than three times as high in the top leaves. 
Ammonia is 25 to 60 times as high in the top as in the bottom leaves. 

REPORT ON INSECT INVESTIGATIONS FOR TIIE 1939 SEASON 

A. W. MORRILL, JR., AND D. S. LACROIX' 

THE cobperative investigations on the control of the insect pests of 
tobacco in the Connecticut River Valley which have been carried on 

since 1936 by the Connecticut Agricultural Experiment Station and the 
Bureau of Entomology and Plant Quarantine of the United States De- 
partment of Agriculture2 were continued during the season of 1939. 

In 1938, tests of combination dust mixtures and sprays for the control 
of the potato flea beetle, Epifrix cucumeris Harr., and the tobacco thrips, 
Frankliniella juscaHinds, were made in an effort to obtain a simultaneous 
control of both insects. These were arranged in replicated plots in a Latin 
square and were repeated during 1939. Randomized block experiments on 
naphthalene as a soil fumigant for the control of wireworms, chiefly Limo- 
nius agonus Say, were also conducted. In addition, general field surveys 
and observations of the insect condition in the Connecticut River Valley 
were made during the season. 

The treatments tested in an attempt to  determine a single control 
measure for both the potato flea beetle and the tobacco thrips were as 
follows: 

1. A cub6 mixture containing 1 percent of rotenone; sterilized tobacco 
dust used as the diluent. 

1 Bureau of Entomology and Plant Quarantine. U. S. D. A. and Conn. Agr. Pxp. Sta.,.respectively. 
Morrill. A. W., Jr.. and D. S. Lacroix. Experiments on Control of Tobacco Insects ~n 1936. Conn. 

Agr. E x p ~ .  Sta. Bul. 391: 84-98. 1937. 
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2. A cub6 mixture containing 1 percent of rotenone; sterilized tobacco 
dust used a s  the diluent, with a commercially-prepared, water-soluble 
sulfonate of petroleum hydrocarbons as a wetting agent, used dry, 1 part 
to 100 parts of dust. 

3. A pyrethrum powder, containing exhausted pyrethrum flowers with 
.5 percent of adsorbed pyrethrins, with added antioxident 0.2 percent of a 
petroleum oil. 

4. A spray suspension consisting of 2 pounds of cub6 root powder con- 
taining 4 percent of rotenone, in 400 gallons of water, with the same 
wetting agent mentioned for material No. 3, one part to 800 parts, by 
weight, of insecticidal mixture. 

5. A spray consisting of cub6 powder containing 4 percent rotenone, 
0.5 ounce; alcoholic extract containing 2 percent of pyrethrins, 2 fluid 
ounces; sulfonated castor oil, 1.5 fluid ounces, in water 3.125 gallons. 

6. Untreated check. 

Applications were commenced on June 6 and were discontinued when 
the plant size made further treatment unfeasible. Each of the dusts was 
applied 12 times a t  semiweekly intervals when the weather permitted; 
The rate of application ranged from 6 to 8 pounds per acre a t  the beginning 
of the season to 12 pounds per acre as the plants grew. The sprays were 
applied a t  the rate of 40 to 80 gallons per acre, a t  the same intervals as the 
dusts, but were discontinued after July 14. Ten spray applications were 
made. 

The test plots were replicated six times and were arranged a t  random in 
a Latin square. Each plot consisted of one bent of shade-grown tobacco, 
or one-fortieth acre. Counts of live insects were made on 10 sample plants 
chosen at random in each plot before, and 24 hours after, each application 
of the insecticidal materials. As in previous.years, four primings of three 
leaves each were harvested from 10 plants, also chosen a t  random, in each 
plot. These leaves were then cured in the usual commercial fashion and 
examined for evidences of insect injury and commercial damage. 

Three criteria were used in judging the results of this season's experi- 
ments: The insect population during the growing period of the crop, the 
percentage of leaves showing evidences of feeding by the two insects 
(injury), and the percentage of the total potential wrappers (four per leaf) 
showing commercial damage. Treatment No. 3 was significantly better 
than any of the others except treatmept No. 5 in reducing the thrips 
population, the percentage of leaves injured, and the percentage of wrap- 

W pers damaged. It was also significantly better than treatment No. 
5 in the control of flea beetles. All treatments except No. 5 were 
significantly better than lack of treatment in the control of this 
latter insect, while none of the treatments other than No. 3 was sig- 
nificantly better than the untreated check in the control of thrips. These 
data are shown in Table 9. Because of the unusual dryness of the season 
as well as the lack of further corroborative experiments, recommendations 
concerning the various materials cannot yet be made. 
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Flea Reetlc Thrips 

Relative Loavos Wrappers Relative Leaves Wrappers 
Treatments popula~ion injured2 damaged population XnJured damaged 
- 

Number Percent Percent Number Percent Percent 
1 281 10.2 4.3 181 6 t . t  19.5 
2 356 6.7 2.7 159 76.7 26.6 
3 387 3.8 1.2 30 36.7 6.5 
4 745 10.4 5.2 143 69.0 20.3 
5 425 19.5 3.8 101 65.9 14.3 
6 141 6 25.7 14.9 138 70.3 20.6 

- ------ 
Sig. dif? 294.6 14.2 4 .7 71.9 17.0 11.6 

1 An average of 587.8 leaves was cured per plot and examined for insect injury and damage. 
1 Injury includes all insect feeding wllether cornmmciol damage or not. Damage refers only to  com- 

mercial loss. 
a Figures given are differences which are of statistical signilicance. If treatment totals direr by this 

amount or more, treatments are significantly direrent. 

Wireworm Control Experiments 

On May 1, twelve plots, one-twentieth acre in area (33 by 66 feet) were 
treated with naphthalene a t  the rate of 800 pounds per acre, applied in 
9-inch deep furrows, 9 inches apart, and later harrowed. Twelve similar 
plots were plowed and harrowed a t  the same time but were not treated with 
naphthalenc. The 24 plots were arranged in randomized blocks. Three 
samples, each containing one cubic foot of soil, were selected a t  random and 
sifted in each plot before and a t  weekly intervals after treatment to deter- 
mine the a i r c ~ o r m  population. These samples were taken in the rows of 
plants following setting, though otherwise still a t  random. A 6-foot border 
was left unsampled in each plot in order to minimize the effect of the 
horizontal movement of wireworms and possibly of the vaporized naphtha- 
lene. The effect on the plants was studied by recording the number of 
plants that died. 

Samples made on May 1, the date of application, showed an average 
infestation of 1.74 f .17 wireworms per cubic foot, there being no appre- 
ciable difference in the infestatior~s of t  lie areas assigned to the two different 
treatments. The soil temperatures a t  the times of sampling rose slowly 
from 49 degrees F. on thc date of application to 70.5 degrees F. six weeks 
later. The average reduclio~l of wire\%-orms a t  this time in the treated plots 
uas 48.0 percent, a difference which is statistically significant. Therc was 
a corresponding decrcasc of 19 percent in the number of plants that died 
but this might be attributed to expcrimerltal error. 

While it was thus proved that naphihalene can be applied during cold 
weather and still become effective when temperatures later become favor- 
able, the conirol a a s  inadequate, possibly due to the application being 
made so far in advance of \\arm weatlier and the setting of the tobacco 
plants. Cold weatllcr does not favor the vaporizatio~l of the naphthalene 
and apparently insufficie~~t quantities were liberated prior to June 1. 
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Treatment, similar to that made this year but unreplicated, whjch 
was made on June 15 in 1937, resulted in almost complete subsidence of lhe 
wireworm population in the treatcd area.l These results were not mathe- 
matically significant but i t  seems probable that more adequate contkol 
could be attained in the present experiments by applying tlie mateqial 
later in tlie year or in somew-hat larger quantities. 

I 

F r ~ r ~ n e  7 .  Soil sifting appamt~is used-for determining wire- I 
worm population i n  treated and untreated areas. IVindsor, 

Connecticut, 2939 1 I 

Insect Abundance During 1939 

The first record of actual feeding on tobacco by the Japanese beet 
Popillia japonica Newman, occurred on July 17, 1939, in two fields of sha 
groan tobacco in East J-Tarlford. The heaviest infestation appeared to 
ccntcr in one corncr of one field which had been washed oul by heayy 
rains at the timc of the hurricane in 1938. These washed places had be n 
fillcd nit11 sod taken from a nearby area beside the other infested s1ia8e 
tcnt. A moderate infcstalion was obscrved on wild grape and weeds sulr- 
rounding the tents. The injury to pla~lts a a s  limited to the top l eav~s  
and was negligible considering the number of adults present. It w s 
apparently clue t o  propinquity rather Illan choice on the part of the beetlfs 
althouch individuals brought to the laboratory continued to prefer tobacQo 
to  grape leaves. Several growers reported slight attacks by the .beetles n 
sun-gro~vn tobac~o during the season. 9 

The \vireworrn Limonius agonus Say, was more irijurious to tobac 
this season illan in 1938 but, did not corltintie to  damage l l ~ e  tobacco aft 
the early, r~ormally wet part of I l ~ e  season. 

Conn. Agr. Expt. Station Bul. 410, p. 417 
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The potato flea beetle, Epilrix cucumeris Harr. was abundant until the 
middle of June but the summer brood was very light. A slight increase 
occurred unusually late, after the tobacco was harvested. 

Grasshoppers were not generally as serious as usual but could be found 
in small numbers around almost any field of sun-grown tobacco. The 
common forms, as usual, were the Carolina grasshopper, Dissosteira carolina 
L., and the red-legged grasshopper, Melanoplus femur-rubrrrm DeG. 

The tobacco thrips, Frankliniella fusca Hinds, was very abundant and 
did considerable damage to tobacco throughout the Valley. I t  was found 
on every plantation visited and a t  the end of the abnormally dry season 
was noted even on the top suckers of shade-grown plants. 

FIGURE 8. Japanese beetles feeding on a leaf of shade-grown tobacco, taken from near 
the top of the plant. East Hartford, Connecticut., July 17. 1939 

No specimens of the tobacco budworm, Heliothis uirescens F., were 
observed. Cutworms were not reported as doing any appreciable damage 
and hornworms aere not generally numerous. A few plantations in widely 
separated towns were found to be moderately infested and one severe 
infestation of the southern or "tomato" hornworm, Proloparce sexla Johan., 
\$ as seen in West Suficld. 

The sced corn maggot, Hylernya cilicrura Rond., caused some damage t o  
isolated fields. More growers than usual were affected but, as usual, one 
resetting served lo  eliminate the damage. 
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The spined stink bug, Erzschistus variolarius Beauv., and the tarnished 
plant bug, Lygus pralensis L., aere found occasionally but did less damage 
than usual. 

No damage to  seedbeds from the garden springtail, Bourleliella hortensis 
Fitch, was seen, but mechanical damage caused by the tunnelling of small 
Staphylinid beetles was observcd in Sufield. 

Extreme damage by the potato flea beetle to tobacco planted near 
potato fields was again observed. As reported in 1938, plants on the edge of 
tobacco fields adjoining potatoes were frequently nearly completely skele- 
tonized. 

TARNISHED P L A N T  By6 
GUTWOUUZ APHIS .37V0 

FIGUHE 9. Graph showing the estimated average damage by some of the principal 
insect pests of sun-grown tobacco, as determined by a series of Geld exminations made 

immediately before harvest in the Connecticut River Valley, 1939 

Following the same method adopted in 1937, an estimate was made of 
the total losses sustained in sun-grown tobacco from each insect, based on 
the ratio of leaves damaged to those undamaged. Twenty-two fields were 
examined for insect damage. Five plants were chosen a t  random in  the 
center and five in each quarter of the fields, and an estimate of the insect 
damage to every leaf on each of these plants was recorded. The average 
of these estimates is presented in graphical form in Figure 9. 

Thrips and Flea Beetle Control Experiments 

D. S. Lac~orx l .  

In addition to the experiments on the control of thrips and flea beetles 
which were run in coiiperation with the United States Bureau of Ento- 
mology and Plant Quarantine, experiments were conducted with three 

The  cooperation of Mr. A .  W.  Morrill of Lhe Bureau of  Entomology nod Plant Quarantine. U. S. D. A. 
is  gratefully acknowled~[pd. 
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sprays on shade-gown tobacco and three dusts on sun-grown tobacco. In  the 
spray tests, the treatments were as follows: 

1. Proprietary rotenone compound2 containing 2.5 percent of rotenone, 1.333 
ounces per gallon. 

2. Mixture containing tartar emetic, 4 ounces, and brown sugar. 16 ounces, to  
6 gallons of water. 

3. Proprietary rotenone compounds, 1.75 ounces per gallon. 
4. Untreated check. 

These materials were applied with hand sprayers a t  rates varying from 
80 to 120 gallons per acre. Each of the fcur treatments was applied to 
three plots, one-third bent, or 33 by 11 feet, in sire, and arranged a t  random. 

I>opulation Average Number 
plot per plant populat~oo cured No. leaves showing Total Percent 

hefore per plant lenv:s injury Damage leavos leaves 

trcatlneot durillg season examined only' above 50% injured injured 

Flea beetlc 

1 Injury includes all insect feeding; damage is injury which is of commercial importance. "Injury only" 
means injury exclusive of that which is damaged commercially. 

Counts of live insects were made on 10 plants selected a t  random within 
each plot. As in the case of the co6perative experiments discussed pre- 
viously, they were made immediately prior to each application .and agaln 
24 hours afterward when corlditions ~ermit ted.  An examlnatlon of the 
cured leayes was also made a t  the time of sorting, and records were kept of 
those showing insect damage. The data are given in Table 10. 

While the differences in thrips population were not great enough to be 
of importance, therc were marked diflerences between the flea beetle popu- 
lations of tlrc treated and the untreated plots. I t  will be seen in Table 10 
that treatment No. 2, tartar emetic, showed the smallest number of beetles. 
The uscfulncss of this material, however, is questionable, due to its vlo- 
lently toxic nature and the possibility of residue. 

: "Cehor" 
"Berako" 
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In the second test, with dusts on Havana Seed tobacco, the following 
treatments were applied : 

1. Cube, diluted with tobacco dust to a rotenone content of I percent. 
2. CubC, as above, with commercially-prepared, water-soluble sulfonate of petro- 

leum hydrocarbons added as a wetting and sticking agent, dry. 1-800.* 
3. Exhausted pyrethrum flowers, impregnated with 0.5 percent of pyrethrins. 
4. Untreated check. 

Each of these materials was applied on plots one-twenty-fifth of an  
acre in area. Applications were made on July 14, 18, 21, 25, 28 and 31. As 
with the sprays, counts were made immediately prior to each application 
and 24 hours thereafter when weather permitted. 

These counts indicate that pyrethrum was the most effective in con- 
trolling both the flea beetle and the thrips. The data are given in Table 11. 

Flea Beetle1 
Date Plot Numher Thrips' 

Plot Number 
1 2 3 4 1 2 3 4 

July 143 9 17 4 4 68 129 45 61 

July 17 0 4 0 1 
" 19 4 3 1 6 

55 109 32 65 

" 21 4 0 0 5 71 97 .21 90 
" 22 38 58 

0 4 0 5 5 86 
1 ' 25 2 7 1 0 47 76 3 120 
" 27 17 78 

3 2 5 49 
0 17 

" 28 50 71 
7 23 6 20 - 4 58 

" 29 0 2 26 56 11 109 
2 22 61 85 Aug. 1 4 19 1 25 

4 50 
41 56 1 1  6 2  

' Significant difference--39 
Sig~lificant dilTerence-123 
Count made before first np~licntion. not included in totals. 

FURTHER EXPERINIENTS ON CONTROL OF DOWNY MILDEW 

P. J .  ANDERSON 

FROM the time t.hat downy mildew first appeared in Connecticut in May, 
1937, this Station has conducted, experiments to determine the best 

method of checking thc disease. Results of these have appeared in the 
following publications: 

Downy Mildew of Tobacco. Conn. Agr. Exp. Sta. Bul. 405. December, 1937 
Downy Mildew. Cona. Agr. Exp. Sta. Rul. 422: 26. 1938 
Control of Tobacco Mildew (Blue Rlold) in Seedbeds. Conn. Agr. Exp. Sta. 

Circ. 128. January, I939 
Diseases and Decays of Connecticut Tobacco. Conn. Agr. Exp. Sta. Bul. 432, 

March, 193 0 

* Ultrawet 
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In these publications i t  was shown that none of the spray materials 
tried has given satisfactory results but that successful control was obtained 
by "gassing" the beds with benzol or with paradichlorobenzene. Success 
with either of these materials depends, however, on ability to  secure a 
sufficiently high concentration of the gas in the air of the seedbed to stop 
the growth of the mildew fungus. The concentration depends, in turn, on. 
the surface exposure of the chemical, its rate of evaporation and its rate of 
escape from the beds. A high rate of evaporation and a high surface 
exposure may be entirely nullified by loose beds or other conditions that 
ofler opportunities for rapid escape. 

Concentration of benzol gas required for control. In a series of 
beds in Hazardville, 1938, benzol was applied each night by placing one pan 
(10 inches in diameter) every 9 feet under glass sash. But the mildew 
continued to spread. In order to find the explanation for the failure, 
readings with the M. S. A. indicator1 were made (Frontispiece) a t  every 
hour of the night. None of the readings showed a concentration higher 
than .03 percent. Examination of the beds next day revealed that there 
were so many openings in the glass, between the sash, through cracks and 
under the sideboards, that it  was impossible to build up a lethal concen- 
tration. Even when the number of pans was increased to one to every 
6 feet, the concentration was not high enough. The owner then made the 
beds tighter by replacing broken glass, piling up the soil against the side- 
boards, stopping cracks with wet cloth and nailing slats over the wider 
cracks. When the gas concentration was measured throughout the fol- 
lowing night i t  varied from .06 percent to  -16 percent in different parts of 
the beds. Within 48 hours the disease had stopped and there was no further 
trouble. During the seedbed seasons of 1938 and 1939, in tests similar to 
the I-Iazardville experiment, thousands of readings were made on beds 
throughout the Valley. As a result of these, it  was concluded that a con- 
centration of at least .05 percent is necessary to insure control. Approx- 
imately the same conclusion was drawn by Gumaer2 and by other inves- 
tigators in the Southern States. 

Just how long the concentration must be kept up to this point has not 
been fully determined. It is known that the spores of the fungus are 
developed after midnight or in the very early hours of the morning and 
obviously this is the critical time. Probably i t  is not necessary to maintain 
the concentration all night. With a little experience one learns to dis- 
tinguish fresh sporulation but i t  is not always possible to tell the first 
morning after treatment whether mildew has been stopped. But on the 
second day, if the treatment has been adequate, the old spores have dried 
up and no fresh sporulation will be seen. 

Glass sash vs. cloth covers. It is a cominon belief that glass bed 
covers are tighter than continuous cloth covers and would theref0re.h 
more suitable for confining the air and thus building up the concentratlon 
of fungicidal gas. I n  order to see whether this assumption is warranted, a 
number of tests were made in which the concentration of benzol vapor was 

1 The readings were made with the aid of an instrument known as a Mine S&y Appliapee kindly 
loaned by Mr. P. W. Gumoer who also spent a great deal of time at the Stat~on and furnrshed ~nvaluable 
assistance in cooduaing these experimenb. 

a Gumaer. P. Wilcox. Control of blue mold of tobacco with benzol vapor. Indus. and Eng. Chem. 30: 
1076-1081. 1938. 
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I measured by the M. S. A. Indicator a t  intervals throughout the night in 
adjacent beds, one having average glass sash and the other covered with 
cloth. It will be necessary to describe only one of these tests since all gave 
similar results. 

On May 21,1938, mildew had appeared in some of the beds on a planta- 
tion in West SufEeld. Three beds were used for this experiment,. From 
one, the glass sash were removed and the bed was covered with cloth of 
56 by 60 mesh. The cloth was sprinkled with water a t  sundown and re- 
mained damp throughout the night. Pans of benzol (10 inches diameter) 
were supported on heavy wire hoops above the plants, spaced 6 feet apart. 
An adjacent bed received the same benzol treatment but was covered with 
the ordinary glass sash. A third bed differed only in that the benzol pans 
were 9 feet apart. The night was calm and the average temperature about 
50 degrees F. The gas was tested each hour of the night a t  three different 
locations in each bed by drawing out a sample through a three-sixteenths 
inch brass tube which had previously been inserted through the sideboards. 
The average concentration for each hour of the night is shown in Table 12 
and graphically in Figure 10. 

L" .08 GLASS 

3 DINS 6 ! L C 1  APART 

.06 

-_-- - -. -- 
0 4  -- -9_'ii,. - - .A:%*, 

FIGURE 10. Concentration of benzol gas under cloth and under @Ins- 
- "----. 

The results show that the wet cloth is much more effective in cod~ning 
the air than is the glass. The reason for this difference is obvious. The 
cloth is drawn tightly over the edges pf the boards and the water in the 
cloth seals up all the spaces between the threads. The sash, however, 
usually do not fit tightly on the sideboards, and there are cracks between 
them. Also between the glass panes there are usually small openings which 
allow some gas escape. 

These treatments were repeated the next night and then on alternate 
nights. After the l in t  18 hours there was no further development of 
mildew in any of the beds. A still more striking contrast between glass- 
and cloth-covered beds is shown by the experiment represented in Table 15 
and Figure 13. 
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Dry cloth vs. wet cloth. Gumaer has shown by experiments in North 
Carolina (previous citation) that dry cloth covers, even as dense as 68 by 
72 mesh, are not effective in building up a lethal concentration. When the 
spaces between the threads of the cloth are not sealed with water, the gas 
passes quickly through into the outer air. No experiments for comparing 
dry with wet cloth werc conducted here but some observations incidental 
to the other experiments confirmed his conclusion. Jn some of the experi- 
ments, breezes during the night dried the cloth which had been sprinkled 
at  sundown. Previons readings had shown the concentration of gas well 
above the critical .05 concentration. An hour after the cloth became dry 
the concentration had dropped below .02 percent. Some growers use cloth 
covers regularly in place of glass. -4 number of them have reported failure 
to get control with benzol except a here the cloth was wet by dew or rain, 
or was sprinkled at  sundown. As a rule, sprinkling a t  sundown insures 
wetness tl~roughout the night because heavy dews, common at  this time of 
year, prevent the cloth from drying out. Dry cloth is much less effective 

,than glass. 

Cloth covers over the glass. Since most growers have their beds 
covered with glass sash they fcel that it is more convenient to spread a 
cloth over the glass than to  remove the sash. To test the effectiveness of 
this method the following experiment was conducted on the shade beds at a 
farm in Windsor where mildew had already started in 1938. 

In one bed with ordina~y glass sash, pans were placed 6 feet apart. 
No cloth rover was nsed. 

The second bed with glass sash was also covered with wet cloth (56 by 
60 mesh) and pans were placed 9 feet apart. The cloth extended over the 
edges of the sash and was nailed to  the sideboards. 

The third bed was treated the same as the second but the pans were set 
12 feet apart. 

I n  the fourth bed, there was a similar arrangement but the cloth was 
not nailed. \I1hcre the edges of the cloth lay on the ground, i t  was held in 
place by loose boards. 

The cloth was sprinkled at sundown. Rcadings were taken in three or 
four locations in each bed at  intervals throughout the night of May 27 
with results as indicated in Table 13 and shown graphically in Figrlre 11. 

TABLE 12. CO>~PARISON OF GLASS SASH COVER WITH WET CLOTH COVER. 
WEST SUFFIELD, MAY 21, 1938 
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Distance 
Cover between 

pans 

Cloth 6' 
Glass 6' 
Glass 9" 
Fahrenheit 
Temperature 

- _____--I 
Glass and cloth, 

clot11 nailed 

Glass and cloth, 
cloth not nailed 9 

Distance 
Type of cover between 

Concentration of Gna a t  

P. M. A. h4. 

The night was warm and calm with a heavy dew and no wind, conditidns 
which favored even the glass bed without cover. The concentration in tbis 
bed, however, began to drop at  midnight and sank below the effecti~e 
point before morning. In all of the beds with cloth over the glass, the c n- 
centration remained very high all through the night even though t e 1 
number of benzol pans was less than in the glass covered bed. Even whdre 
the pans were spaced 12 feet apart--only half as many pans as in the bled 
with glass alone-the concentration remained well above the safety poibt. 
It made little difference whether the cloth was nailed to the sides of tbe 
bed or left on the ground at  the edges. AIthough this method invol es 
the use of wider strips of cloth, it reduces the consumption of benzol \by 
one-half. 

I 
I 

FIGURE 11. Effect of wet cloth (56 by 60 mesh) over the glass sash on the concentration 
of benzol vapor. 

I 

pans - 

Glass sash only 6 .09 1 .11 .12 .08 .Oi 
Glass and cloth, 

cloth nailed 9 .09 1 .14 .15 .16 .18 .23 

Concentrntion of  Gas a t  1 

I Since the growers of shade tobacco always have on hand quantities 
of old shade cloth, there would be some economy in using this in place bf 
the heavier 56 by 60 mesh cloth if i t  were effective. Several experimen/ts 

PM 

12 

.21 

.OH 

.06 

53 

8 - -  
.14. 
.06 
.04 

61  

AM 1 

6 

.20 

.07 

.02 

53 

5 --- 
.21 
.07 
.03 

52 

9 

.17 

.07 

.05 

52 

1 

.17 

.07 

.05 

18 

10 _ _  
.22 
.08 
.O5 

52 

3 

.18 

.07 

.03 

48 

2 --- 
.19 
.07 
.04 

11.8 

4 

.21 

.08 

.03 

52 
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were tried to determine this point. One of these on the beds a t  the Station 
was as follows: 

On the night of May 31, 1938, four thicknesses of shade cloth were 
spread over one end (75  feet) of a bed while the other end was left with the 
glass sash bare. A board partition separated the two. Benzol pans were 
distributed in the beds 6 feet apart. The cloth was sprinkled a t  sundown. 
Readings taken a t  each hour of the night are recorded in Table 14.and 
shown graphically in Figure 12. 

The results from this and other similar tests on growers' beds show that 
wet shade cloth over the glass increases effectively the concentration of 
gas in the beds. This cloth remained wet throughout the night. If the 
cloth were doubled so that several thicknesses covered the bed, undoubtedly 
the effectiveness would be increased. 

FIGURE 12. Effect of covering glass sash with four thicknesses of wet shade cloth on the 
concentration of benzol vapor 

Thickness of cloth. The cloth which was used in most of these ex- 
periments was unbleached sheeting with 56 threads to the inch one way 
and 60 in the other direction, weighing one pound to 4 square yards. Since 
new cloth does not absorb water readily i t  should first be washed in a barrel 
of water containing strong washing powder (warm water is best) to remove 
the "sizing" from it. After this treatment i t  will readily absorb water 
when sprinkled. This weight of cloth was first used because experiments 
in the South made by Gumaer had showed that  lighter cloth was not 
practical. Failures of some of the growers here who used lighter cloth 
(without glass) confirmed Gumaer's results. Shade cloth without glass, 
even when folded in six or eight thicknesses and sprinkled, was found to be 
ineffective in confining the gas. 

One test was made to see whether a still heavier cloth would be better. 
At H. C. Thrall's farm, one bed was covered with the usual 56 by 60 clqth 
(no glass), one with an 80 by 80 mesh, while a third bed was covered with 
glass sash. These beds were 6 feet wide and the benzol pans (10-inch 
diameter) were spaced 6 feet apart. Readings of the vapor concentration 
throughout one night, May 25, are shown in Table 15. 
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It may be seen from the table and graph (Figure 13) that the thicker 
cloth increased the gas concentration throughout the night. Since both 
types of cloth produced a concentration well above the safety point, prob- 
ably the extra cost of thicker cloth is not warranted. The concentration 
was so high that in later treatments the distance between pans was in- 
creased to 9 feet and still mildew was completely stopped. 

TABLE 14. EFFECT OF WET SHADE CLOTH OVER THE GLASS SASH. STATION BEDS 
MAY 31, 1938 

I Gas Concentration at - 
P M  A M  

TABLE 15. COMPARISON OF CLOTH OF DIFFERENT \VEIGRTS. THRALL'S MAY 25 

Gas Concentration at 
Type of Cover P M  AM 1 9 1 10:30 I-- 12:15 1:45 ---- I -I 

Covering 

Glass sash only 
Sash covered with shade cloth 
TemperatureFahrenheit . 

Glass sash .02 .02 .02 .07 .09 .08 
56 x 60 c l ~ t h  . I  1 .18 .23 .25 .24 
80 x 80 
Temperature Fahrenheit 

Light wind I No wind. ~ e w  started at 12. 
no dew Fog after 3:OO. 

This experiment was also instructive in showing what effect the atmos- 
pheric condition may have on gas concentration under glass sash. Up 
until midnight a light breeze was blowing and there was no dew. Under 
these conditions it was not possible to build up a concentration in the glass- 
covered hed suficient to insure control of mildew. About midnight the 
wind died and dew began to collect on the glass. The graph (Figure 13) 
shows how the gas concentration began to rise as soon as the wind stopped 
and the dew began to form. This was further accentuated by a fog which 
started a t  about 3:00 A.M. 

' Sprinkling the glass sash with water. In the experiment just re- 
corded and in the course of a number of other experiments where concen- 
tration readings were made a t  hourly intervals throughout the night, i t  
was a h a y s  noticed that as soon as the sash were covered with dew, the 
gas concentration started to rise. These observations suggested that the 
same results might be obtained by sprinkling the glass sash with water a t  
sundown from a hose. The experiment described below shows that this 
assumption was correct. 

On one-half of a 150-foot bed, the sash were sprinkled and those on 
the other half left dry. Pans were set at  6-foot intervals. The hourly 
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readings taken at  three points in each end are recorded in Table 16 and 
shown graphically in Figure 14. 

The curves of concentration shown in Figure 14, considered in connec- 
tion with the atmospheric conditions, are very instructive. The benzol 
was distributed in the beds a t  7 P.M. and the sash on one end sprinkled 
immediately afterward. The weather was breezy until midnight. At  
9 P.M. the concentration on the sprinkled end was well above the safety 

FIG~JRE 13. Cloth of two different thicknesses compared with glass sash. ~ i e c t  on 
benzol vapor concentration. 

FIGURE 14. Effect of sprinkling the sash with water on the concentration of benzol 
vapor in the beds. 

point while on the dry end i t  was hardly suficient to insure control. The 
concentration dropped later. even in the wet sash end, because a light wind 
was drying the sash. Still the concentration remained sufficiently high for 
control. About the middle of the night the dew began to form and the 
breeze died. After the sash were covered with dew, conditions were about 
the same at  both ends of the bed and there were no significant differences 
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in concentration of gas. This experiment demonstrated clearly the ad- 
vantage of sprinkling the glass with water but also showed that during a 
windy night the advantage may be nullified by failure of the sash to remain 
moist. One of the advantages of covering the glass with wet shade cloth 
is that the cloth retains the water and keeps the sash wet all night even 
when there is no dew. 

During some of the experiments there were light rains during the night. 
This always resulted in a rise in gas concentration in the beds. 

Tlle water from dew, rain or sprinkling collects in the cracks between 
the glass or where the glass panes overlap and by sealing these openings 
prevents escape of the gas. The water also swells the wood of the sash and 
hoards, thus making them tighter. 

TABLE 16. EFFECT OF SPRINKLING THE GLASS SASH ON BENZOL VAPOR CONCENTRATION. 
STATION BEDS. MAY 30, 1939 

Gas Coricentration a t  
Treatment of' Glass Sash PM AM 

11 12 5 6 

Drx 
Sprinkled 
Temperature 
Atmosphere 

.05 .03 .I 1 .12 

Windy, no dew 

Effect of wind on benzol vapor concentration. NO experiments 
were set up with the purpose of measuring.the effect of the wind but, in 
connection with all of the tests, the effect of the wind was readily observed. 
Wind, passing over the tops of the beds, causes a suction which draws the 
vapor-laden air out of the beds, and increases or decreases in wind velocity 
can be read quickly in changes in vapor concentration. This was most 
apparent in beds covered only with glass sash. But also in beds covered 
only with cloth, if the wind continued until the cloth was dry the concen- 
tration dropped immediately. Glass sash covered with heavy wet cloth 
were more independent of the effects of wind. Fortunately most of the 
nights during the critical period of May and early June are calm, especially 
after midnight-and dew collects on the sash to seal the crevices. 

Temperature and control. The rate of evaporation of benzol in- 
creases rapidly as the temperature rises so that during a warm night there 
may be two or three times as much of the liquid evaporated as during a 
cold night. This naturally would result in a higher concentration of benzol 
gas during t l ~ e  warm nights. Theoretically there would be the danger that 
concentration during a cold night would be too low to insure control. 
Despite the theory, actual results have not shown this to be true. An 
examination of the tables presented above, where the temperatures through- 
out the night are recorded, and a study of many other data not recorded 
here, fail l o  show any correlation between concentration of vapor and the 
nightly temperature. This may partly be accounted for by the fact that 
the temperatures recorded were those of the air outside the bed while the 
tempel-atore on the ground surface where the plants are growing probably 
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does not show so wide a fluctuation. With the same number of pans in the 
bed, control of the disease has been as good a t  low temperatures-even 
with frost on the outside of the glass-as a t  higher temperatures. Some 
growers used pure benzol and found that i t  had frozen solid during the night 
but apparently without detriment as far as control was concerned. (Freez- 
ing does not occur when the benzol is diluted with a little toluol.) Experi- 
ence up to the present leads us to believe that variations in air temperatures 
during the danger period here are not of any great importance as far as 
control with benzol is concerned. Other environmental factors are much 
more decisive. 

Evaporation surface ratio. The rate of evaporation of benzol is 
proportional not to the quantity of liquid used but to the surface area of 
the liquid ex~osed to the air. This also determines the concentration of 
vapor obtained in the air-all other conditions being equal. The problem 
then is: How much surface area of benzol is required to produce an ade- 
quate vapor concentration in a given area of bed? (Theoretically we 
should work with cubic feet of air instead of square feet of bed, but since 
most beds are of about the same height, the error from variation may be 
disregarded.) The relation which exists between a given exposure surface of 
the liquid and the square feet of bed surface to be protected is called the 
"evaporation surface ratio". Thus the ratio of 1 to  72, which was recom- 
mended in Australia where the benzol method was first used, means one 
square foot of benzol surface in the evaporation pans to 72 square feet of 
bed surface, or 4 sash of our ordinary 6-foot size. In  view of the results in 
the experiments which have just been described showing the effects of 
various external factors, it is obvious that "evaporation surface ratio", 
strictly speaking, is not the determining factor in control. The decisive 
factor is gas concentration; but how is the grower to know what gas con- 
centration he is getting in his beds? 

If every grower could own or have available an M. S. A. Indicator and 
know how to use it, there would be no need to consider surface evaporation 
ratios and also it  would be possible for everybody to get perfect control. 
But this is an expensive, delicate and complicated instrument and not 
practical for most growers. Obviously he must have some other method t o  
guide him in his operations and, in the lack of any more exact rule, the 
use of the evaporation surface ratio would seem to be the best rule to use 
until a better method is devised. In addition to this, he will have to use 
some judgment. Concentration is quite dependent on tightness of beds, 
as previously explained. FIe can readily determine the condition of his 
beds and increase or decrease his evaporation ratio accordingly. Also he 
can find out by inspection of the plants within 48 hours whether or not his 
control is successful and can adjust the ratiwnumber of pans-accordingly. 

Most of the growers use either pie tins of about 10-inch diameter 
(Frontispiece) or firing pans of the wash basin type employed for firing 
with charcoal. The latter have sloping sides but, if filled a quarter of an 
inch deep with a liquid, the surface is a little less than 10 inches in diameter. 
Or, in general, we may say that the surface area of any of the generally 
used pans is roughly one-half of a square foot. Since the usual 6-foot sash 
covers 18 square feet of bed, the use of one pan to each two sash gives a 
ratio of 1 to 72; one to three sash is a 1 to 108 ratio, and one to four sash is 
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1 to 144 ratio. An inspection of the data presented in the preceding tables 
showed that adequate vapor concentration was produced and control 
obtained with any of the above mentioned ratios depending on the type of 
cover. As a resuIt of these and a considerable number of other tests not 
recorded here, the following recommendations seem warranted: 

1. A ratio of 1 to 108, or one pan to t,hree sash, if sash and beds are 
very tight. Sprinkling the glass recommended. 

2. A rat,io of 1 to 72, or one pan to two sash, for ordinary beds which are 
usually not very tight. Sprinkling the glass recommended. 

3. Ratio of 1 to 144, or one pan to four sash, where the glass is covered 
with the heavy cloth mentioned above (56 by 60 threads) or with several 
thicknesses of shade cloth, or where the heavy cloth alone is used on tight 
beds. All cloth should be sprinkled at sundown. 

FIGURE 15. Folir Gumaer wick evaporators for benzol installed in a tobacco bed. 
Note metal reservoir outside of upper end of bed. 

Volume of benzol needed. Since any benzol which is not evaporated 
during the night may be poured back into the container and used a t  the 
next application, i t  is not necessary to  use a carefully measured volume, 
but only to have enough in the pan to  last all night or a t  least most of the 
night. The rate of evaporation varies with temperature, etc., as mentioned 
above, but in general it  has been found that if the bottoms of the pans are 
covered with a quarter of an inch of benzol, the quantity is sufficient. Cal- 
culating on this basis, a gallon of benzol is sufficient for 13 pans; or one 
gallon to 26 sash on the 1 to 72 ratio, 39 sash on the 1 to 108 ratio and 
52 sash on the 1 to 144 ratio. With the price of benzol a t  26 cents per 
gallon then, the cost per sash, per treatment, is between one-half and one 
cent. 
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When should benzol treatment start and how often should it be 
repeated? There seems to  be no object in starting the use of benzol 
before the second week in May, which is the earliest date that mildew has 
been found here. Then repetition every second night is enough. If mildew 
has already been found in a bed, however, i t  is best to treat it two or three 
nights in succession until i t  has been stopped. 

Wick evaporators for benzol. The filling of the pans under the glass 
a t  sundown involves considerable labor a t  an inconvenient time of the day. 
Most of this may be eliminated by the use of a type of wick evaporator 
which is now on the market (Figure 15). Each evaporator unit is a closed 
metal can with a long wick, one end of which is immersed in the benzol 
in the can and the other end hanging down free below the can. The benzol 
passes into the wick by capillarity and then is evaporated into the air. 
These evaporators, bolted to the inside of the headboard of the bed, are 
spaced a t  regular intervals and connected one with another by small brass 
tubes through which the benzol flows through the whole series the length 
of the bed. They are all filled from a metal reservoir outside the higher 
end of the bed. These may be left in the bed throughout the season and 
t h e  only labor required is for the operator to pour a measured amount of 
benzol into the reservoir. It is not necessary to raise or disturb the sash 
a t  all. A series of Gumaer wick evaporators installed in the Station beds 
is shown in Figure 15. 

These evaporators have been tested two years a t  the Station and on the 
plantations of several growers. In all these tests the evaporators were 
spaced 12 feet apart. Except on one farm, where the beds were plainly too 
loose, mildew was satisfactorily controlled in all cases. During these 
tests on the Station farm in May, 1939, readings of the concentration of 
gas were made throughout the night for five nights. Although there was 
considerable variation from night to night, due mostly to atmospheric 
conditions, i t  will be noted from Table 1'7 that the average for each night 
was sufficient to insure control and there was not great difference in favor 
of either pan or wick, although considerably more benzol was used in the 
pans. 

TABLE 17. AVERAGE VAPOR CONCENTRATIONS OF BENZOL PRODUCED BY WICK 
EVAPORATO~S 12 FEET APART AS COMPARED WITH PANS 9 FEET APART 

Date Vapor Concentrations, 
Wicks 

Average for the Night 
Open Pans 

Parndichlorobenzene 

Average 

Since i t  was learned that this material had given promising results 
against mildew in South Carolina, we started experiments with i t  here 
May 20, 1938. On one bed where mildew had already started, pie tins 
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such as we were using for benzol were spaced about 4 feet apart in the 
center of the bed and partially pulverized crystals of paradichlorobenzene 
were spread in thc bottom of the pans a t  the rate of one-half ounce to a 
square yard of bed surface. This was repeated three nights in succession 
and then every alternate night. The nights were warm, not below 50 de- 
grees F. After the second treatment, all the mildew appeared dead and all 
plants remained healthy until set in the field. In an adjacent bed, where 
no mildew had yet appeared, sections of the bed were treated every second 
night with PDB a t  t l ~ e  ratcs of one-quarter ounce to  the square yard and 
a t  one-eighth ounce to the square yard. No mildew appeared in any of these 
sections although i t  invaded untreated sections of the same bed. This 
led us to believe that even with amounts as low as one-eighth ounce to 
the square yard, mildew could be controlled. 

.09 

In a later experiment, a bed was divided into sections 15 feet long and 
the PDB distributed on shelves 3 inches wide along both sides of the bed. 
One section received no treatment. To insure infection, all the bed was 
inoculated with spores of mildew in water which was sprinkled over the 
plants from a watering can. Rates of application of PDB were one-eighth, 
one-quarter and one-half ounce per square yard. Within 6 days after 
inoculation, mildew appeared on the untreated section and spread until 
100 percent of the plants were affected. No mildew could be found on any 
of the sections that had been treated with PDB. No further experiments 
were undertaken that year because i t  was now the middle of June and with 
hot weather the mildew disappeared. 

All tests with PDB were completely successful that spring, but i t  
should be noted that fairly warm weather prevailed throughout the tests. 

Numerous experiments in the greenhouse during the winter of 1938-39 
gave similar results with the night temperature in the greenhouse about 
55-60 degrees F. Complete success was obtained with all sizes of crystals 
up to one-quarter inch in diameter and even when the treatments were 
applied every third night. In these tests wire baskets instead of pans or 
shelves were used. 

In the outdoor beds in the spring of 1939, tests were started earlier 
than the previous year and there were many cold nights and occasional 
frosts. At these temperatures, control with PDB was slow. Even after 
two or three treatments, mildew was not completely stopped during the 
cold nights. 

If the treatments were continued long enough, the disease was finally 
checked but i t  was necessary to increase the dosage or make the application 
earlier in the evening to take advantage of a higher temperature. The 
whole set of tests leads us to conclude' that when the night temperatures 
drop below 45 degrees F., paradichlorobenzene is not as effective as benzol. 

These results are not surprising in view of the known effect of variation 
in temperature on the rate of evaporation of paradichlorobenzene. As the 
temperature decreases there is a very marked decrease in the rate of 
evaporation. The rates a t  various temperatures have been investigated 
by several workers with results which do not agree entirely because of dif- 
ferences in methods of procedure. All show the same general tendency. 
Thus Roark hnd Nelson (Jour. Econ. Ent. 22: 385. 1929) found that the 
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rate of evaporation a t  59 degrees F. was five times as rapid as at  32 degrees; 
a t  68 degrees F. it. was eight times as rapid as a t  32 degrees. Some t.ests 
in the open air of the laboratory here showed the rate approximately 
doubled by increasing the temperature frcm 60 to 70 degrees F. 

This characteristic is also naturally influenced by the size of the crystals, 
because the amount of evaporation depends on tile area of surface exposure. 
This, in turn, is greater when the crystals in a give11 weight of the material 
are smaller. The following experiment serves as an illustration. 

As the material is marketed by the principal producers, there are 10 
crystal sizes ranging from a quarter of an inch (No. 1) down to a size about 
like granulated sugar (No. 10). The other sizes smge at  regular intervals 
between the two. Ten grams of each of four sizes were spread in thin layers in 
watch glasses and exposed to t,he air a t  about70 degrees F.They were weighed 
every 24 hours. The finest material had completely evaporated in three 
and one-half days while it required six and one-third days for the coarsest 
grade to disappear. The diff'erences in the others may be seen from the 
graph in Figure 16. 

FIGURE 16. Effect of size of crystals of paradichlorobenzene on rate of evaporation. 

I t  is apparent from this that if a greater concentration of gas is desired 
in the beds, finer crystals may be used. At fairly warm temperatures, 
however, i t  was not found necessary to use a grade finer than No. 6. Finer 
crystals tend to "lump" unless they are in a very thin layer. When they 
lump they are no more efficient than large crystals. The use of smaller 
crystals may partly overcome the failure a t  low temperatures mentioned 
above but not sufficiently to overcome the temperature effect. 

11. Further Tests on Cigar Binder Types 

0. E.  STREET^ 

THE previous experiments on spraying cigar-leaf tobacco with yeast 
suspensions reported in 1937 (Conn. Agr. Exp. Sta. Rul. 410: 414-443) 

indicated that considerable benefit could be expected from treatments 
1 Formerly Physiologist of the Conn. Tobacco Substetion. now Agronomist i n  Eharge of Tobacco 

Research for U. S. D. A. aL Loncaster. Penn. 
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applied to a 1. ;:.'( 1. type under cornmercial conditions. Early in 1938 an 
arrangement was 111aCc with the Russell Warehouse, Windsor Locks, to 
run such a series 01 experiments. 

The materials chosen were Havana Seed darks, seconds, and No. 2 
seconds, to which were applied yeast suspensions to yield .75 percent, 1.00 
percent and 1.50 percent baker's yeast computed in pounds of moist yeast 
to the hundred pounds of tobacco. Tile technique of application was 
simplified by Grst drying the tobacco carefully in 50-pound lots, so as to 
lower its gross weight sufficiently to allow the application of one to two 
pounds of a concentrated suspension. Check weighings and moisture 
determinations permitted an accurate determination of actual concentra- 
tions. Treatments were applied to entire case lots of a uniform crop. 

The first test was on dark wrappers, with yeast suspensions applied a t  
the three rates, plus an untreated check. All four casts \\--ere placed in 
adjoining positions in the third t,ier of tobacco in a sweat reom azd allowed 
to remain for 31 days. Table 18 indicates the changes in mG<turi: content 
as a result of spraying, in weight, and the corresponding pc.rccntagc.; of 
yeast obtained. 

TABLE 18. MOISTURE CONTENTS, WEIGHTS AND YEAST CONTENTS OF 

DARK WRAPPERS 

Check .75% Yeast 1.00% Yeast 1.50% Yeast 
Bcfore After Before After Before After 

aloisture Con tents 

29.15 29.28 29.91 30.07 31.64 27.01 26.69 

Weight in Pounds 

Percentage of Yeast Obtained 

Temperat.ure records in the cases were taken daily by means of spear 
thermometers, while the room temperature and humidity were obtained 
with a recorder placed at  the same lev,el in the room. Air temperatures 
were maintained a t  a little below 90 degrees until near the end of the run, 
when they were raised to an average of 94 degrees. Temperature gains 
did not consistently favor any one treatment. After an initial lag by the 
untreated case, i t  rose to a peak of 105.5 degrees on the sixth and twenty- 
fifth days. The .75 percent yeast reached 106 degrees on the fourth day 
and 106.5 degrees on the eighteenth day. The 1.00 percent yeast also 
had a peak on the fourth day of 107 degrees and on the twentieth day of 
106 degrees. This latter figure was also reached by the 1.50 percent yeast 
on the sixth day, but i t  failed to exceed 104 degrees after the seventh day. 
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At the end of the fermentation period, the cases were opened, the 
tobacco sampled, weighed and examined. Observations made a t  the time 
were as follows: 

Water-"Sharp aroma, not as much sweat as yeast treatments." 
.75 percent yeast-"Good aroma, much mow completely sweat." 

1.00 percent yeast-"Very well sweat, very good aroma." 
1.50 percent yeast-"Very well sweat, sweet, a little dark." 

Shrinkage of weight was between 7 and 8 percent of the packed weight, 
while loss of moisture ranged from 4 to 6.4 percent. 

Subsequent to the finish of the fermentation, samples of the tobacco 
were withdrawn a t  various times for examination by various experts. 
Samples were sent to Bloch Bros. Tobacco Company, Wheeling, West 
Virginia, immediately a t  the close of the run. Their observations of aroma 
were that the 1.00 percent yeast had the best aroma, the check and .75 
percent yeast were about equal, while the 1.50 percent yeast was not quite 
up to standard. In June, samples were sent to Mr. C. A. Dickinson of the 
American Tobacco Company, New York. Cigars were made, using these 
samples as binders, the other constituents of the cigars being the same. 
They were placed in plain boxes bearing no trade name, with only the 
case number for identification. After aging, these cigars were smoked on a 
blind test basis by numerous persons. Sample comments on the two lots 
follow: 

Check .75 Percent Yeast 

"Very bitter, could not smoke." "Good to  the last inch." 
"Strong, not a good smoke." "Very good cigar." 
"Fairly good, taste not had at first, gets "Too mild. no trace of bitterness." 

worse as it is smoked." "Pleasant smoke, not at all bitter." 
"Not so good, bitter." 

Repeated tests on these cigars by the same and other observers showed 
a consistent preference for the yeast treatment. It seemed apparent that 
the treated tobacco was much more completely fermented and quite ready 
to use although only a few months old. The untreated tobacco showed 
more of tlie raw characteristics. The difference produced by only tlie binder 
was pronounced, but i t  is commonly recognized that if one component of a 
cigar is bitter, i t  will adversely affect the taste of the entire cigar. 

Parallel tests on seconds and No. 2 seconds were started soon after the 
test on darks. These will not be discussed in detail since results simply 
confirmed previous findings. Temperature differences, or net gains, were 
not great with the seconds. However, the behavior of the No. 2 seconds 
was sharply different. The yeast treatment maintained a higher tempera- 
ture from start to finish, the differences ranging from 2 to 13 degrees above 
the check. A maximum temperature of 112 degrees, with a room tempera- 
ture of 97 degrees, was obtained on the tenth day, while the untreated 
peak was 107.5 degrees on the same date. 
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Summary 

Commercial tests on yeast application to Havana Seed binder tobacco 
indicate the following: 

1. The grade known as "darks" was greatly benefited by applications 
of yeast up to 1.00 percent. The treated tobacco had a more completely 
fermented appearance and a more pleasant aroma. 

2. The untreated darks and the .75 percent yeast-treated were used 
as binders on cigars where the other components were identical. The 
results of smoking tests were overwhelmingly in favor of the cigars with the 
treated binders. 

3. Differences with seconds were not as great as with darks. However, 
appearance and aroma of the t,reated tobacco were superior to the check. 

4. Diffcrences with No. 2 seconds were consistently in favor of the 
treated tobacco in temperature gain, appearance and aroma. 


