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numbers of centers of spread, and may materially reduce the per-
centage of wildfire in the crop when harvested. '

14. Do not topdress fields on which tobacco is to be planted
with stalks or refuse from badly infected crops.

13. Rotate tobacco with other crops if practicable.
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‘Experiments in the Curing and Fermentation
of Connecticut Shade Tobacco, 1922.

G. H. CHAPMAN,

It 1s a well-established fact that the curing of tobacco is a life
process, and that fermentation has to do with the changes taking
Jlace after the cells of the leaf are dead. It is readily understood,
if: course, that under certain conditions the two processes may
ake place simuitanecusly, particularly in the later stages of the
ring.
- As has been pointed out by Dr. W. W, Garner, of the Bureau of
lant Industry, curing involves principally the two somewhat
imilay physiological processes of respiration and translocation of
mobhile nutrients. The course of these processes, especially respi-
tion, is greatly influenced hy the prevailing temperature and
humidity, These factors largely determine the character of the
red leaf, ‘
‘Except in a rough way it is impossible to control temperature or
imidity in ordinary shed curing of shade or stall tobacco, and
msequently in our climate, where rapid changes in temperature
1d humidity are prevalent, there usually is found, even in a crop
good growth, a wide variation in color and leaf quality in dif-
rent seasons, and sometitnes in the saine season.
Many attempts have been made to perfect an artificial or con-
lled method of curing tobacco, but until automatic control
paratus was devised, little progress was recorded, which would
d to make the grower independent of weather.
he Carrier Engineering Co. of New Yorl, and particularly Mr.
. Buensod of that company, have spent a number of vears
kg on the application of control wethods to the curing of
b__cco., and to a certain degree thev have heen successful in devis-
atisfactory equipment for the control curing of cigar leaf
co. It was the writer’s good forfune to have assisted for two
2008 m the development of this process on a commercial scale
orto Rico, and it was beleved it would he possible to obtain
factory results on Connecticut tobacco. Some work along this

o
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line had already been done by Mr. W. S, Pinney of Suffield, and
Mr. Buenscd. Tt was hoped that very interesting data could be
secured without going to the expense of erecting a plant at the
station this year, by using a cabinet of small dirhensions holding a
dozen or more sticks of tohacco, and on which cabinet the same
control apparatus as emploved in commercial plants was attached.
A description of the cabinet used in these experiments is given
below :

- DEscrIPTION 0oF CABINET.

The cabinet is built of two galvanized iron casings with a two-
inch layer of magnesia between to provide for sufficient msulation
to protect the interior from being affected by any external changes

Figure 1. Carrier Ejector Processing Cabinet,
showing arrangement of controls,

of temperature. Fig. (1) shows the general arrangement of the
experimental cabinet with control apparatus in place. The air
circulation within the cabinet is accomplished by the Carrier ejector
system. Air from the fan is blown through a series of cone-
shaped nozzles located across the end of the cabinet near the ceil-
ing. The entire volume of air within the chamber is kept in con-
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“stant motion following a circuit beginning with a rapid movement

cross the top of the chamber and completed by a slower move-
ment it the opposite direction across the remainder of the chamber.
Dampers control the relative amounts of fresh air or return air
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Figure 2. Cat showing air circulation in cabinet.
Note particularly induced circulation.

sed. Tfig. (2) shows the movements of air curreats in the cham-

Humidiﬁcation is brought about by atomizing spray nozzles
erated by compressed air. Almost any humidity can be obtained
ill. The humidity is controlled by a hygrostat which may be
f at any desired point. The temperature is controlled by a
hel?_mDStat which also may be set wherever desired. Once ad-
sted, uniform conditions of temperature and humidity may be
untained indefizitely, as the controls operate the heaters and
ays automatically.
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Osr1ECT OF EXPERIMENTS.

The several experiments which were carried on during the sea-
son are here outlined:

Experiment A. To determine the possible influence of plant
maturity or time of picking on the color, quality, and yield of
second priming Shade Cuban tobacco, all tobacce being cured with
uniform temperature and humidity.

FExperiment B. To compare the results obtained by artificial
or control curing with the ordinary shed curing of second priming
Shade Cuban tobacco, the tobacco for both tests being harvested
at same time from same field.

Experiment €. To determine the effect of variations in tem-
perature and humidity on the color, quality, and yield of third
priming tobacco. This priming, as 1§ well known, has a tendency
to be rather dark in color, and either heavy or light as the case may
be. The packers and manufacturers, however, declare that if light
colors could be obtained in this priming that many of the leaves
would make desirable wrappers, and this would enhance the value
of the crop considerably.

Experiment D. To determine if the changes taking place in the

process of ordinary bulk fermentation are comparable to those of
artificial or control fermentation.

Experiment A, Influence of plant maturity or time of harvest-
ing on color, quality, cte., of 24 (4th-7th leaves inclusive) priming
Shade Cuban tebacco, cwring conditions being uniform.

Mr. J. B. Stewart furnished two rows of tobacco for this ex-
periment, and beginning at one end of the row, four leaves (4th-
7th inc.) were picked at two-day intervals, Enough leaves were
picked each time for four lath of tobacco, two for control curing
and two for bara curing, The leaves were picked “running”, no
attemipt being made to reject undesirable leaves or plants. This
tobacco was set the 19th of June, and the first lot of ZA priming
leaves was taken August 3d, forty-five days from time of setting.
The last lot was taken August 28th, sixty-seven days from time of
planting. The first lot would be classed by growers as too green,
and the last Iot as over-ripe. In this experiment the curing was
carried on at a temperature of 93° F., and a relative humidity of
81-829,. Table (1) gives the data on the various pickings and,
the per cent of grades produced. For grading purposes, lots A,
B, C, D (very immature to slightly immature) were grouped to-
gether as were E, ¥, G, H, T (slightly immature to mature) and
T, K, L, M (mature to over-ripe).

TABLE L
CURING EXPERIMENT A.

EXPERIMENTS IN CURING AND FERMENTATION.

Control Cure. Relative Humidity 81-827
2A Picking (4th-7th inc)

Temperature 95° F.

Tabacco Set June 19, 1922,
Tabacco from J. B. Stewart.
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Control Curing. A study of the above table brings out som
rather significant data on effect of maturity as related to the cun
of tobacco, at least in so far as the season is concerned. While th
actual number of days in the field would probably vary from sea
son to season, the results on maturity effects would be the same
It will be observed that grading percentages are given not only b
weight, which is the customary method of stating the yield of dif
ferent grades, but also by count of leaves in the different grades,

It will be observed that in all three groups the percentage of th
four top grades was higher than is obtained by the ordina
method of barn curing.

Lot A-D inclusive, green tobacco, yielded of L's and LV’s 54.
per cent, while lot E-T inclusive, slightly green, vielded 76.65 pe
cent, and the ripe to overripe tobacco in Iot J-M inclusive, yielde
61.75 per cent of these grades, There can be no question but tha
lot E-I, picked from fifty-three to sixty-one days after setting i
the field, yielded the largest amount of fancy tobacco, followed b
lot J-M, consisting of ripe to overripe tobacco picked from sixty
three to seventy d.ys after planting., The immature or very gree
tobacco, lot A-D, picked from forty-five to fifty-one days after
setting, yvielded the lowest percentage of L’s and LV’s. Itistob
noted that in this grading the percentage of L'V’s is considerabl
larger than of the L’s. The difference hetween these two grade
was very little and, under ordinary sorting conditions, most of th
L¥’s would be classed as L’s. Tn fact, in lot E-I, aiter the sortin,
was completed one packer was unable to differentiate when th
Tots were mixed, between the L’s and the LL'V’s, and stated tha
they should all be put into one grade, L'’s.

It iz also worthy of note that while in lot J-M, the percentage ¢
L’s by weight is greater than in either of the other lots, the drop in
LV’s is also much greater. Tt is alsc to be noted that on the very:
green tobacco the percentage of LL’s is almost double what 1s.
found in either of the other lots. Another fact worthy of note is:
that in lot E-I, the percentage of the V grade 1s Jess than half that
found in either lot, A-D or J-M.

The quality of the tobacco in lot E-1 also was much better than,
in either of the other two lots.

The percentage of grades in all the lots, however, is very satis
factory, but this high percentage, of course, is due to the control
of temperatures and humidities during the cure.

We are led to conclude from this experiment that Cuban Shade
tobacco harvested slightly on the green side will yield a higher per
centage of top grades than tobacco picked very greem or ripe to;
overripe, and that with growing conditions approximating those:
of last season the zecond picking should be taken from hity-one to-
sixty-one days after setting in the field. ' :

irse in a different season or under different growth condi-
e yiclds might, and probably would, vary somewhat from
obtained this past season. It would seem questionable if we
get a definite time limit in which to pick tobacco in vary-
ons, but possibly after further study it may be found that
iven set of growing conditions we may be able to closely
zte the period for taking the different pickings. Anw
“would give us information on this point would be better
hé haphazard way in which tobacco is picked at present. All
tions to date indicate that much of the tobacco is har-
0 late to give a maximum percentage of top grades,
ntrol methods of curing, however, it can be seen from
e:that it is possible to extend the picking period over a
ible length of time and still produce a high yield of desir-
bacco. This can not be dome in barn curing. This is
it out forcibly as a study of the results cbtained in Experi-
which is described as follows:

iment B. A comparison of ariificial or control curiug
nary barn curing of second priming Shade Cuben to-
ctobacco being taken from the same field and harvested
e date. : .

jhacco used in this experiment was from the same field as
Experiment 4, and, as stated in the description of that
nt, double the number of leaves needed were harvested
;one-half of each lot being used i Experiment A4, and
s.0n Experiment 5. The data as to setting and harvesting
e-as in ILxperiment 4. The only difference between A
that 4 was cured under control conditions, and B was

he shed.,

ble (11) will be found the data together with the per cent
; .btained from barn curing. As in Experiment A, lots
sive, very immature to slightly green, were grouped to-
:were lots E-T inchusive, slightly green to mature, and
nelusive, consisting principally of overripe tobacco. As
ous experiment the grading per cent is given by weight
s well,
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o e
= = ™ § ] ﬁ 1 e 1]d1\iﬂ a comparison between the barn curing and con-
EEREN w ™ = i discussion of the per cent of the various ci'ades pro-
PRI e e v he different lots of the barn-cured tobacco is given, as
ER =2l s | - o 8 s even more clearly than Experiment 4 the mﬂuence of
P&E - I3 5la S n percentage of high grades obtained. Lots A-D inclu-
R o b R = Ided only 46.3 per cent of top grades, of which only 10.3
mooe | g =& = TG were [’s and LV’s, Lots E-I “inclusive vielded 77.25 per
I | E = Tle o o 3 fcjviltop grades, oflgvhlc;} i—l .5 per cent were L's and
E=E i I = | B = |5 | e ts inclusive vielded 76.4 per cent of the four to
L e = E f jfAwhich only 21 per cent were L’s and LV's. ?
= = . 5. clearly indicated again that under growth conditions
L this past season, second priming tobacco harvested fifty-
g o N W) sixty-one days after, setting in the field yielded by far the
= S % = cco. That which was picked too green p}‘oduced only a
e ely small per cent of high grades, while the tobacco
g ™ = > the middle period as compared with the later period
SR o | ¥ LN w |2 als of the four top grades nearly alike. It is significant
@ = 03 g & 8 = ‘the overripe tobacco a considerably larger per cent of
B || w v T E o FE V’S-, which, of course, are less valuable, than in the to-
E —% w | - = (i = 12 o (2 ked m the amiddle period.
o E g >‘S “E . =R |2 < |5 orthy of note that atthough in our barn curing of the to-
B LA et = ] _btamed for leaves plcked in the middle period 77.25 per
= ; . 5 = ] o - four top grades, Mr. Stewart, ha1vestmg the same pick-
<K EE = =8 i b 1e. same field on August 13th (early in this period), ob-
& w9 L ‘ — yield of ?O per 1(:ent top grades i111 barn (]:juringél which is
AR — enomenal for this past season. Tt may be said that the
%' [ :aé & S i f gpkgradtlis this year 1n Shade Cuban tobacco for this par-
£ icking does not appear to run over 75 per cent, and on
© 23 3 Z‘ ; ) tations 1s much Foliver than this. b
~ Ll .
C e e, hvious that the time of pickinU is an even more important
barn curing than it is in control curing. We should
£, v guard against picking the tobacco too green, hut on the
33 paanny U ) ld_, 1f it is allowed to mature, as it often is, the percentage
= E ssand LV's is reduced. 1t is sometimes very difficult to judge
) Z tobacco is ready to he harvested, but it is one of the
o c g rtant factors in the production of desirable leaf, and in
3 o whon DehoE 283 i aubt the picking should be on the green or immature side,
o | A= ; han wait for Full maturity of the tobacco.
= G Ct_cmnp'umcm of the results obtained in control cured vs.
N 2| mwmo monno =m0G g ed 2A priming of Shade Cuban tobacco is given in the fol-
- $E| g .. CToOOTT IR able in tabular form. Duplicate lots of tobacco as shown
2= ol A g (1) and (11) are compared:
== : 5
R _ e
22 | 3| wwmon HAELUne A
=
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TABLE IIL

COMPARISON OF BARN CURE WITH CONTROL CURE.
Duplicate Lots Cured.

l Grading @, by Weight,
Lot { { | Al
| L l LV ‘ L. | v JOthe
A-D Control Cure | 131 | 4L0 | 2125 | 1805 | 46
(very inunature) Barn Cure i 0.0 10.3 1195 | 2405 | 337
-I#% Control Cure 16.65 | 60.0 1185 ! 835 3.3
(slightly immature), Barn Cure I 15.05 1945 | 1565 | 271 | 227
J-M Contrel Cure ‘ 282 1 3355 | 128 ‘ 1825 | 72
(mature-overripe) Barn Cure 2.15 ‘ 1885 | 2145 | 340 28.5

T3 per cent.,
comparable with results here.

*In Mr. Stewart’s 2A priming from this feld picked with lst F, barn cured, which &
been stated as sorting 90 per cent. four top grades, the grading was as follows: L’s and L
LL's 17.3 per cent., V's 0.0 per cent, all others 10 per cent.  This is clos

It is unnecessary to go into further discussion of the results ob-
tained by the two methods of curing. The conclusion is obvious.
One point, however, is worthy of repetition; with control curing,
aside from production of a higher per cent of desirable grades as
compared with barn curing, the time during which tobacco can be
picked and still yield very large quantities of top grades is at least
three times as long as when the tobacco is barn cured.

If this or a similar process of control curing can be economically
installed for Connecticut Valley tobacco, many of the losses now
met with will be avoided and profit assured.

Experiment C. To deiermine the effeci of variations in tem-
perature and humidity on the cure, particularly as vegards color
of third priming tobacco. :

The production of more light tobacco in third priming Shade
Cuban would raise the value of the crop considerably, and in this
experiment an attempt to secure data as to the temperature and
humidity conditions necessary to bring about this improvement in
the coler of the third priming was made.

Owing to the fact that only one curing cabinet was available, it
was impossible to secure data on tobacco picked on any one date,
subjected to variable temperatures and humidities. It was neces-
sary to proceed as in our other experiments, picking the tobacco
at intervals, and varying the temperature and humidity conditions
at different times. This, of course, necessitated the later picked
lots of tobacco being cured under different conditions than the
earlier, but it was not believed this would operate against the value
of the experiment, as it is almost axiomatic that the riper tobaceo
gets, the lighter will be the general color, although as it ripens
there is a great tendency to spotting and double colors. The to-
bacco used in this experiment was a third priming from the planta-
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5STS ; . In the table given
ions of Messrs, Ransom and A. A. Clark. the 1 _
ggll(l)w is shown the date of picking, the length ol time in cure, and
he results cbtained.

TABLE TV.

J. Ransom.

i
om A, AL Clark.

CURING EXPERIMENT C.
Control Cure.

Third Priming (13th-16th leaves inc

— — )
f /5 1 mperatur Relative | saracter of Tobacco Colors.
}?131:11?; Déij‘el.n Te-c:}fpi?h?:;.”e Humidity B Chara
50 ° F 816 | Fair (Light brown——dark muddy
Auig 23 i g 9“5 T w7 Fair ELight brown—Red)
« 50 10 “ | Fair (Light brown-—Red)
3(1) 10 v | 81-83% | Fair (Light brown—Red)
St 10 |os00° F. | 83% | Poor (red—dark muddy)
i : g “ w | “ Poor (r_ed—dark muddy)
# } | 11 100° F i Fair (Light brown—dark muddy
Y9 i0 W [ “ Very poor (blue black)
o1 \ 9 w oo o ! Very poor {blue black)

"The conditions carried on lots A-D inclusive were 95 Fah_re.n—'
eit and 81 per cent relative humuidity. The relative uhlgniu(_hty
was then raised to 83 per cent, and the temperature to 10(? ahr enc—l
eit, lots E and F being subjected to this rising tempemtu;e zfcn
humidity, while lots & to I inclusive were cured un_lform y g.tYa
emperature of 100° Fahrenheit and 83 per cent refative hunTl ity.

We had no data to indicate the probable aptimum temperature
nd humidity to use as in the case of the second priming tobacco.
Examination of the different lots after curing would indicate that
he curing of this third picking was much too fast, and_l‘lthgt pos;sz—l
ly lower temperatures should have heen used. It will be no e1
kat lots A-D inciusive, which were more inumature tobacco and
ured at a temperature of 95° Fahrenheit and 81 per cent 1(}-’:13.151?!6
humidity, are reported as fair in color, :vhﬂe the 101:'5 E-Tinc 11151_\ f:,
ured at temperatures from 95-100 _Fahrenheat and rela?'»e
humidity of 83 per cent, are very dark in color, muddy, and esg
sirahle than barn cured third picking from the same field. Lots
-1 inclusive, however, compare very iavorably u_nth the average
n of third picking this past season, but there 15 not SL}t)fﬁc‘lell‘[}
increase in light-colored grades of tobacco, and the 1'esult5'o1 tlamec
' these experiments are negative. }t is believed 'that wit (; ower
temperatures, keeping the tobacco alive for a Jonger period, more
favorable results would be obtained. ) o

It would seem that if we can subject third priming Shade Cuban
bacco to proper temperatures and htzmidlpes in a correct ]jrel}i_
tion in control curing, it ought to be possible to produce light-
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colored tobacco, and more work along this line is planned. It is
known that under favorable conditions in barn curing, we occa-

sionally get very nice third priming tobacco.

We know that late fertilization and other factors influence the
character and composition of tobacco to a great extent, particu-
iarly the body and color; but as the development of color i curing
is so dependent on temperature and humidity, it would seem that
uniess the leaf composition of the upper leaves of Shade Cuban

tobacco 1s such as to preclude the control of the various changes,
favorable results ought to be obtained.

Experiment D. To compare the changes taking place in bulk
Ffermentation and in “open” or control fermentation of tobacco.

Mr. Buensod has been very much interested in the possibility
of the control method being applied to the fermentation of tobacco
as well as to the curing, and has done considerable work in Porto
Rico along this line. Some of the tobacco, both barn cured and
contrel cured, was in part bulk fermented at the warehouses of
the American Cigar Co., and duplicate samples were fermented
by the open method {so-called} in the experimental cabinet.

In this method the hands are pinned as closely as possible on
the Jath and hung in the cabinet and there subjected to the desired
temperature and humidity. Some of the lots were fermented in
the cabinet for a longer period than others, the temperature car-
ried ranging from 114-115°, and the relative humidity 81-85%.
The tine of treatment varied from 514 to 1734 days.

The results obtained were not encouraging although the tobacco
looked to be fermented sufficiently, and the colors were set
satisfactorily. A comparison of bulls fermented with control
fermented tobacco in the duplicate lots indicated that the same
changes had not taken place in the control fermented tobacco as
had taken place in bulk fermentation. The evenmg and setting
of the colors by both methods was satisfactory, but the elasticity
and water retaining capacity of the bullk fermented tobacco was
far superior to that of the coutrol fermented lots. The taste
of the control fermented tobacco was hitter wlile that of the hulk

_fermented was sweet and wholesome. Color comparisons between

bulk fermented and control fermented tobacco as determined hy
alcohol, cold and hot water, and benzol extractions, showed that
while residual green coloring matter was present in comparatively
large amounts in the control fermented tobacco, it had almost dis-
appeared from. the bullk fermented tobacco; also the amount of
brown coloring matter was much less in the control fermented

than in the bulk fermented. The control fermentation in the

cabinet seemed to affect more the surface of the leaf, and so far
as could be judged, did not extend to the body of the leaf to any
great extent. An analysis of duplicate lots of leaves after fermen-
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tation also showed that the reduction of protein content was not
more than half as much as in the control fermented as in the buik

fermented tobacca. .

On the whole it may be stated that so far as can be judged from
this experiment, the fermentation of tobacco by the open or con-
trol method is not satisfactory. It may be that a variation of con-
‘ditions would produce better results. ) _

This same result has been observed in Porto Rican tobacce

ermented by the control method, but tht?re it developed that after
‘ageing in the bale for some months, no difference between the bulk
‘fermented tobacco and the control fermented could be noted.
his would indicate that in bull fermentation the tobacco is prac-
tically finished during the fermentation, but that' in control fer-
‘mentation the process is incomplete, and a considerable amount
f natural atter-fermentation occurs in the bale. There 1s one
ignificant difference hetween the two methods which may Dbe re-
ponsible for some of the varying results; that is, in bulk fermen-
ation the tobacco is tightly packed together, and the quantity
f air around the leaves is very small, and oxidation or other
hemical changes probably differ from those in the control fer-
mentation where the constant circulation brings large amounts of
air in contact with the leaves. Complete analytical data on the
different duplicate lots of bulk fermented and control fermented
“tobacco cured under the same conditions at the same fime 15 1ot
yet available, but this will be presented in a later report. .
" In conclusion, it is desired to acknowledge the co-operation of
he Carrier Engineering Corporation in conducting these experi-
ments, They not only loaned the experimental cabinet but de-
frayed a thi rd of the cost of the experimeut.. Mrr.‘ A C Buensu.d,
of the Corporation, also spent several weels in VWindsor, supervis-
ing the details of operating the cabinet.



