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« INTRODUCTIO

Nature, it seems, has provided for every crop at least
one pest. The competition thus created is a fight the world
over between man and pest, and it has aptly been called the
greatest war of all times. For a time, 1t seemed as if man was
golng to be the loser. But, in order to circumvent the law of
nature that decrees that for every crop there shall be two
clalmants: on the one side, he who planted it and expects to
harvest 1t as a rightful product of his labor; and on the other,
the many forms of inéaeﬁs and fungi which live upon this crop,
apparently no 1&33 anxious than the grower himself to reap the
harvest, man has resorted to a sclentifically concelved and
executed plan. Insecticides in the form of solids, liquids, and
gages have been used. Records show that insecticlides were used
as long ago as 1,000 B.C. However, the first insecticldes were
more often useless than useful. The essential property of the
early insecticldes was a disagreeable odor rather than a
poisonous nature.

Nieotipe solutions and tobacco dust were among the first
insecticides used. Nicotine solutions and compounds proved to
be very successful and still are dependable and quite safe so
far as delicate plant tissue is concerned. Nicotine is the only
insecticide of plant origin produced in the United gtates of

which there is an ample source. However, the demand for tobacco,
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the source of nicotine, for other purpocses resulted in high
prices being pald for tobacco. This just about eliminated the
use of tobacco for producing nicotine except for that tobacco
whieh 1s fit for no other purpose. Hence, the resultant short-
age of nicotine and its compounds, and the directing of research
toward providing other and cheaper insecticides.

This investigation deals with the preparation of a nico-
tine hydrochloride dust from the entire tobacco plant and the
economic possibility of the tobacco farmer cultivating tobacco
for the purpose of selling his tobacco to manufacturers that
produce the insecticlde. Some work is being done along this line
by the Agricultural Department. In 1943, the Department's to-
bacco diversion program was successful in adding 1,800,000'
pounds of nicotine sulfate solution to the regular supply of
nearly 2,250,000 pounds, making a total of about 4,000,000
pounds.

The purpose of this investigation is:

1. Preparation of a nicotine hydroechloride dust
insecticide from the entire tobaceco plant.

2. To make a study of the costs of cultivating
flue cured tobacco and the costs of cultivating tobaeco that
could be used'for the preparation of the dust.

3« To determine the price at which the tobacco
farmer could sell high nicotine content tobacco and still make
the profit he realizes from the cultivation of flue cured

tobaceco.



The Cost of Producing and g

The difference between gross and net producer income
from tobaceco is accounted for by the cost of production and
sale, These costs are both monetary and non-monetary, and the
latter are usually difficult of exact uvualuntion‘l).

Direct Costs. The monetary costs of production are the
actual investments in land and eapital, the cost of fertili-
zers, the cost of p&adﬁation, eredit, and the wages paid to
hired labor. The monetary costs of sale are transportation and
storage costs, (if not supplied from farm facilities), and the
warehouse charges themselves. Non-monetary costs comprise
losses in land fertility, the farmer's and his family's labor,
work hours from farm live stock and equipment, and fuel for
euring, (if cut off the farmj; if bought, this becomes a mone-
tary cost). From farm to farm, the various costs shift between
monetary and non-monetary. Some farmers hire labor and others
use family labor; some use horse drawn equipment, some hand
operated, and others use tractor drawn machines. Thus it 1is
difficult to differentiate between the categories of cost, or
to determine a falr cost per unit of production for all the

flue cured farna(l).
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Haotter(kg) states the cost-relationships of the tobacco
farmer rather aptly: a very considerable proportion of the
costs are accounted for by the labor (about 80%) either per-
formed by the farmer and his family or hired. Thus, tobacco
cultivation 1s merely a divise for the farmer to use his land
and sell his labor rather cheaply and .occasionally make a small
profit. |

In studies which have been made of the costs of raising
an acre of tobacco, there have been no consistent practices of
inclusion or exelusion of most items. However, all the studies
do recogonize the fact quoted above, and endeavor to meet it
by assuming all man'hoﬁra of labor as hired at the prevalling
rate., On this 5&:13; Unéervaod(ga’ arrived at an average cost
of $127.35 for raising and transporting one acre of tobacco
(warehouse costs are not included) in Pittsylvania County,
Virginia in 1933. Of this amount, $86.24 represented the cost
of 438.6 man hours of labor at the rate of $0.197 per hour.

If i1t is assumed that the entire labor bill was provided by
unpaid family labor (including the farmer's own), then the
cash cost of ralsing and transporting to market one acre of
tobacco was $41.11 (it should be noted that this figure still
includes such indirect and imputed costs as fuel, and the in-
terest and user costs for land, mechinery, etec. Many of these
costs do not necessitate any out-of-pocket expenditures). For
the same tobacco the average yield was 642 pounds per acre,
and the average warehouse charge was $0.62 per 100 pounds, or



$3.98 per acre. Thus using these figures and assuming all labor
furnished by the famlly, the average cash cost of ralsing and
selling one acre of flue cured in that area was not more than
$45.09. If this figure can be considered as representative of
the entire Virginia 0ld Belt; which in 1933 had an average
flue cured value per acre (based on acreage and total farm
value of the flue cured crop) of $118.00, then the net money
income in that area from one acre of tobacco was §73.00. For
farms studied (by Underwood) the average tobaceco crop value
per acre was nearly §93.00.

Similar studies made 1n other sections of the flue
cured area produce a’wiﬁe range of total méstu per acre, de=-
pending on the étudiua. Oaleulation such as the above, which
asiu&s all labor unpaid, furnish the lower estimates and those
assuming all labor paid furnish the higher ones. Actual costs
probably average between these two limits. Hewever, 1t is appar-
ent from the figures given above that the tobaceo farmer seldom
gets less from his crop than his actual cash outlays. Woofter
(49) says, "When it 1s stated that the farmer loses money on
his erop it does not generally mean that he sells for less than
the cash invested in production, but that he does not earn, for
his labor, a wage equal to the usual level of farm wages".
[n It is distinetly possible that one of
the most important production costs of tobaceo culture is loss
of soll fertility, either through erosion or through depletion.
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Since organic matter in the soll is not consistent with high
quality tobacco, there are few alternate uses of possible soll-
building rotations that prove attractive to the flue cured pro-
ducer. Thus the soll is used rather continuously, without cover
erops, and more constant danger of loss of fertility(l)f

. The farmer who ralses flue cured seldom

falls to realize more for his crop than his actual cash invest-
ment. However, in most years he and his famlly recelve less
for their labor than does the average hired agricultural
laborer, In addition, the fact that tobacco (a2 soil depleting
erop) cannot be grown in rotation with soil building crops, and
the fact that good tobacco fields are usually under almost con-
tinuous cultivation, intensify the possibilities of erosion and
loss of soil fertility. If the irreplaceable soll is added to
the high unpaid labor bill, it is quite possible that tobacco
culture is in the long view, a distinetly unprofitable enter-
prist(l);

Detailed Costs

0os f Growin g¢o, The cost of growing tobacco
as camputad by Uadorwoed(ﬁg) included all costs incurred before

harvesting the orop, whether the items roproﬁontod cash outlay
or not. It included the cost of performing all operations in
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producing plants, land preparations, transportation, trans-
planting, and all the work done between plant setting and the
beginning of harvest. Fertilizer, seed, manure, cover crop ex-
pense, poison, crop insurance, and land use were included as
growing costs.

Cost of FProducing Plants., About one-half of the total
labor required in producing plants was spent in preparing,
sowing, and fertilizing the bed. About two-fifths of the total
labor of producing plants was absorbed in weeding and watering
the beds, Work animals were used mostly in cleaning the ground
of roots and stumps and hauling water. The total cost of doing
all the work of producing plants, ineluding horse work and the
use of cover ¢léth and equipment, averaged $12.77 per one hun~
dred sguare yards of plant bed. This accounted for 84.5% of
the total cost of producing plants. About two-thirds of the
total cost represented man labor. Fertillzer and manure account-
ed for 12.6% of the total cost. The average total cost of pro-
duecing five thousand plants, or about enough to plant an acre
of tobaceo was #4.34(29)w

Table I, page 8, gives a tabulation of the cost incurred
in produecing tobaceo planﬁu(ag), and Table II, page 9, glves
8 summary of the costs of producing tobaceo plants(30),

gost of Plowing. The average cost of plowing (or fallow-
ing) tobacco was }3.64 per acre. The average amount of labor
was 8,5 man hours and 14,5 horse hours. The average cost for

the use of equipment was $0.21 per acre. Average plowing cost



Table I Labor, power, and equipment .costs in producing tobaceo plants

Average for 100 square yards of plant bed

Operstion Men lsbor Horse work Equipment| Total
. cost cost
Hours Cost Hours Cost
Preparing,sowing,fertilizing 24.8 $5.17 7.5 | $0.90 ¢0,.18 $6.25
Fencing snd covering B4 0,69 1.15* 1.84
M&i&s 15.2 3,08 0.1 0,01 3,09
Watering 4.6 1.00 3.7 0045 0,05 1.50
Top dressing 0e3 0,06 0006
Hiscellsneous 0.1 0,03 0,03
Total 48,4 $10,03 11.3 $1.36 $1.38 (812,77

*Includes annual chsrge for cover cloth.

Underwood, F, L. Flue Cured Tobacce Farm Management. Va, Agri. Expt. Sta. Bull,

64, pai3, (1939).

ngw




Table I1 Summery

of costs of producing tobsecco plents

Average for 100 Average for 5,000
square yards plants Percent
of totsl

cost

smount Cost : | Amount Cost
dan 1ab0r, hours 48 4 %13 «U3 13.6 %2.81 66,3
Horse work,hours 11.3 1,36 362 0038 960
Cover cloth 1.15 0632 746
Eguipment use 0023 0,08 1.4
Seed,ounces 0.7 041 0.2 0012 2.8
Fertilizer,pounds 159.8 1.72 44,8 0.48 11.3
Hanure,pounds 74.8 0,19 21,0 0.06 1.4
Poison 0003 0.01 Ce2
Total $15.12 $4.24 100,0

Underwood, ¥, L, Flue Cured Tobacce Farm Mansgement., Va. Agri. Expt. Sta. Bull.

pe Ul4, (1939).
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varied with the kind of implement, slze of tobacco fleld, and
kind of soil.

In this operation, 63.1% broke their tobacco land with
two-horse turning plows, and 27.56% used one-~horse turning
plows. The average cost per acre for this operation was slight-
| ly less for two-horse than for one-horse turning plows. A
saving in man labor more than off set the higher horse work
and equipment cost incurred in the use of two-horse plaws(sg).

The average cost of plowing on the farms using tractors
was only $2.40 per acre.

Table III, page ll, gives the comparative costs of
plowing tobaceo land with different implements(31),

; The Cost of Cultivating or Rebreaking. This operation

was a cultivation of the fleld in preparation for planting. It

was not necessary and was performed by only about half of the
farmers covered in this study. The average cost of this opera-~
tion was $1.78 per acre covered once. The average labor re-
quirement was 5.9 man hours and 6.1 horse hours per acre per
operation(3l).

Table IV, page 12, gives the comparative cost of gulti-
vating tobacco land before planting with different imple-
ments(32), |

Cost of Harrowing. The average cost of harrowing tobacco
land was $0.71 per acre. More than 75% of the farmers who

harrowed their tobacco land used two-horse teams. The average



Table III Comparative costs of fallowing tobacco lend with different implements

Average costs per acre

Kind of plow m labor Horse work Equip- | Total

_ ment

Hours | Cost | Hours | Cost

One-horse turning plow 10,2 |$2.10 | 10,2 [$1.58 | §0.15 | §3.38
Two~horse turning plow 1 7.9 1.62 | 15,9 1.66 Os21 3.4
Double shovel,colter or singles shovel 12.5 | 3,735 | 12,5 4429 0,12 8,14
Colter snd two-horse turning plow 10.6 2,31 | 1405 2023 0631 4,85
One~- and two-horse mm& plow 10,0 1.81 134 1,65 0.23 3,69
Part or all tractor plowed 2.4 | 0,62 | 0.4 | 0.18 1.60° | 2,40
All farms® 8.5 |#1.75 | 14.5 |$1.68 | $0.21 | $3.64

lincludes 4 farms using both colter and one-horse turning plow.

2Information regarding kind of plow not obtained on three farms, while eme farm did net
fallow tobaceco lsnd buts opened the rows after cultivating once.

3Includes 2 hours trsctor use at $1.29 per acre.

?n&on)rué. Fs Lo Flue Cured Tobacco Farm Memagement. Va. Agri. Expt. Sta. Bull, 6. p. U5,
193%).




Table IV Comparative costs of cultivating taham lsnd before planting, by kind of mp}.mtl

Average cost per acre per cultivation

Kind of implement Man labor Horse work

. Equip- | Total
: ment

Hiourg | Cost Hours | Cest
One-horse cultivator 4,6 |%0.79 4,6 | 80,45 $0,04 $1.28
Double shovel 5.8 1,17 5,8 0062 0,09 i.88
One-horse turning plow 8.4 1.59 8s4 0,73 0,09 2041
A11 kinds 5.9 |$1.12 6.1 | $0,59 $0,07 §1.78

"“Iaeluén only farms using one kind of implement,

Underwoed, F. L. Flue Cured Tobacco Farm Hmaga&at. Va, Agri. Expt. Sta. Bull,
6*3@ Pe kst (1939)‘»

"8.{"
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cost of harrowing an acre once with two-horse harrows was $0.66
as compared to $0.87 for one-horse harrows. The farmer that
harrowed with a tractor accomplished the harrowing at a cost of
$0.50 per acre(Ba);

Table V, page 14, gives the comparative cost of harrow-
ing tobaceo land with one or two haraes(ﬁﬁ);

Cost of Disking. About 75% of the farmers who reported

this operation used horse drawn disks, mostly with two-horse
teams. Two-horse dlsking was considerable cheaper than that
done with one-horse. Tractor disking was more expensive than
horse dlskling because the saving in man and horse hours was
not sufficient to offset the cost of operating the tractor and
the use of a more expensive disk. The average cost of all disk-
ing was $1.02 per acre and required 2.2.man hours and 4.5 horse
hours(33),

Table VI, page 15, gives the average costs of disking
tobagco land with different 1mylcmentl(33).

Cost of Dragging or logging. The average cost of drag-

ging was §0.69 per acre covered once. This operation reguired
1.8 man hours and 3.0 horse hours. The cost of dragging or log-
ging with twe~horse teams was less than dragging with one~-
horse teams(jj).

Table VII, page 16, gives the average cost of dragging
or logging tobaceofland(34J. .

Gost of lLaying Off Rows. The average cost of laying off

tobacco rows was $0.84 per acre. This ﬁ&a a one-horse Jdb,



Table V Comparstive costs of harrowing tobacco lend with one or two horses

Average cost per acre per harrowing

Number of horses ilan lsbor Horse work
Equip- | Total
ment
Hours | Cost Hours | Cost
One 2.2 @.*? 202 %9539 $0.95 @.8?
Two 1.6 0.31 . % 1 0,32 0,03 0,66
All farms 1.6 |$0.3¢4 3.0 | $0.34 $0.03 | $0.71

Underwoed, F, L, Flue Cured Tobacco Farm Management. Va. Agri. Expt. Sta.

3911. 6”1‘. Pe h’?g (1939)‘

m'{?tw




Table VI Average costs of disking tobaceo land

Cost per acre per disking

Size of team ¥an lsbor Horse work Tractor use
Disk | Total

Hours | Cost Hours | Cost Hours Cost use

One-horse 6,9 #1.03 609 *Qo“ @.65 *1030
Two-horse 23 0,48 4.6 0042 003 0,93
Three-~ or four-~heorse 2.0 0.38 7.2 0.64 0,08 1.07
Ml horse~digking 2e4 0,49 ol Q.46 0,04 0.99
Tractor 09 0.18 % 0.9 *ﬁo?s 0630 1.24
All disking 2.2 |$0.45 4.5 |$0.41 0.1 | $0,09 | $0.07 | $1.02

Underwood, F. L, Flus Cured Tobacco Farm Management. VYa. Agri. Bzpt. Sta. Bull. 6Y.

pe 47, (1939).




Table VII Average costs of dragging or logging tobacco land

Cost per acre per dragging

Size of team| WMan lasbor Horse work
Use of | Total
drag
Hours Cost | Hours | Coat
One=horse 2.6 $0.46 2.6 | $0.33 $0.03 $0.82
Two=horse 1.5 031 360 0o32 0,08 0e66
All farms 1.8 *003‘ 3.0 ‘0038 *ch ’0.59

Underweod, F. L. Flue Cured Tebacco Farm Management. Vea.

Agri, lxph Sta, Bull. sho Po hs. (1959)0
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requiring 2.4 hours per acrel34),

Coat of Fertilizing | nz. The most common method

of fertilizer application was to open the row with a2 single
shovel, distribute the fertilizer in the bottom of the furrow,
elther with a drill or by hand, and 1list the row. Listing was
usually accomplished by going twice to the row with a one
horse turning plow to prepare a ridge, or bed, in which the
plants were aet} Most of the fertilizer was bought on a de-
livered basis at the farm, so that hauling did not represent
a direct labor cost on tobaceo. However, a certain amount of
hauling to the rield'was inecluded in calculating the cost of
fertilizing tobapao. Th# tnt§1 cost of hauiing and distrib-
uting feréilizef; exclusive of the price of fertilizer, aver-
aged $1.21 per acre. This operation reguired 3,9 man hours
and 2.6 horse hours. The labor of listing averaged 4,7 man
hours and 4.6 horse hours per acre. The average total cost
per acre, including equipment used was §$1.60. In some cases a
combination fertilizer-drill and lister was used. Including
the extra men required for handling the fertilizer, the man
labor used with the lister averaged 3.6 hours per acre, which
was five hours less than the total for performing the two
separate operations of fertillizing and listing. The total
cost of using the combination fertilizer~drill and lister was
only $1.28 per acre listed, as compared to $2.81 per acre for
the combined cost of fertilizing and listing when performed

as separate cperatians(34).



Table VIII, page 19, glves the average cost of fertiliz-
ing and listing tobacco land(EA).

Cost of Marking Hills. The labor of marking hills varies
from merely walking across the field and stepping in the places
where the plants were to be set, to drawing a two or three row
marker across the rows and working up a small area for each
plant with the hoe. The average amount of labor used in making
hills was 4.1 man hours and 0.5 horse hours per acre. The total
cost averaged $0.90 per acre narked(35),

Gost of Planting., Tramsplanting required 17.4 hours of
man labor per acre. This inecludes the labor of drawing the
plants from the bed. Other expenses ineurred in planting of
the tobacco were watering expenses and replanting expenses. The
total cost of transplanting, watering, and replanting averaged
$4.74 per acre(35),

Table IX, page 20, glves a tabulation of the cost in-
curred in planting tabaeeo(BB).

Growing After Planting. The cost of growing tobacco
from transplanting to harvest ineluded all tillage operations,
topping, suckering, and worming. The tillage operations in-
cluded siding down, cultivating, hoeing, chopping, splitting
middles, laying by, using sweep, and hilling. The cost of
labor, power, and equipment for these operations averaged §$22.65
per acre, of which' 887 represented man labor. The average labor
requirement was slightly more than 100 man hours and 21 horse

hours per aere. All hand operations combined accounted for



Table VIII Average costs of fertilizing and listing tobacco land

Average costs per acre

Operation Man labor: Horse work
Equip- | Total
ment

Hours Cost | Hours| Cost

Hauling and distributing fertilizer | 3.9 $0.81 2.6 | $0.32 $0.08 | $1.21

Listing 4.7 | 0.95 | 4.6 | 0.54 Ooll | 1,60
Total 8.6 | $1.76 | 7.2 | $0.86 $0.19 | $2.81
Combinetion drill end listert 3.6 | $0.68 | 4.5 | $0.44 $0.16 | $1.28

ln- combination fertilizer drill and lister was definitely reported used on 9 farms.
The average acresage of tobacco grown on these farms was 13,5, as compared to 8.1 on
the farms that reported fertilizing end listing as seperate operations.

Underwood, ¥, L. Flue Cured Tobacce Farm Management, Va., Agri. Expt. Sta, Bull, Gh.
p. 48, (1939).
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Table IX Costs of planting tobaceo

Average per acre, all farms

lan labor Horse work
; Equip= | Total
ment cost
use
Hours Cost | Hours | Cost
mm‘ﬂtm 17.4 ‘50“ 0e3 ’0062 60.51 ’ao&
Watering 05 0,09 0.3 0.04 0:13
Replanting So6 1,09 1.09
Total 23,5 | $4.67 0.6 |$0.,086 $0.01 | 84,74

Underweod, F. L. Flue Cured Tobacce Farm Mznagement, Va, Agri,

kpta Sta. Bull, 61‘9 Do }491 (1939)‘

¥
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about four-{ifths of the total man labor for growlng after
plantins(Bs).

Table X, page 22, gives the labor, power, and equipment
cost of growing tobacco after plan$1n5(36).

gost of Land Use, The average value of the land on which
tobaszeo was grown on these farms in 1933 was §335.28 per acre.
The zo0st of the use of this land averaged §2.26 per acre. The
charse for the use of owned land was slightly higher than for
rented land because the owned land was more valuable, and ine-
terest on the value of the land constituted 7% of the total
charze, Taxes and miscellaneous charges each averaged 25 cents
per acre(37),

Table XI, page 23, gives eost of land use for to-
baceo(38), |

Cost of Fertilizer, Fertilizers applied on tobaceco were
charged at thelir actual cost to the growers and the cost of
hauling and application were included with labor and equipment
charges. However, most of the fertilizer was bought on a de=-
livered basis at the farm. The average cost of fertilizer used
on tobaceo fields was $20.34 per ton, or ,8.50 per acre ferti-
lized. The total cost of fertilizer, including the value of
the rerﬁiliaér, was $9.78 per acre rerti11zeal37),

Table XII, page 24, tabulates these costs(38),

Gost of Manure, Where manure was used, the average of
the growers' estimates of the value of the manure used on the

tobaceco flelds, including the cost of hauling and spreading



Table X Labor, power, and equipment costs of growing tobaceo after planting

Average per acre, all farms

Operation Man labor Horse work
Equip~| Total
ment cost

cost

Hours| Cost | Hours | Cost
Siding down 0.2 | $0.,05 0.1 | §0,01 £0,06
Cultivating 14,9 | 3,04 | 15,0 1.71 $0.22 4,97
Hoelng 2l.2 | 4.14 0,02 4.16
Chopping 4.9 | 0.94 | 0.01 0.95
Splitting middles 0e6 | 0,13 0.6 0,07 0.0L1 0,21
Laying by _ 3.8 | 0,76 3.8 043 0.07 1.26
Using sweepl 1.6 | 0035 | 1.6 | 0.18 0,02 | 0,53
Emm GQ? ; 9.3.5 3:1‘
Topping 8e4 | 1.67 1.67
&Ghriag and worming 4367 8,66 8,66
Spraying snd applying poisom 0s1| 0,02 0,02
Total 100.1 [$19.,90 | 21.1 | §2.40 $0.35 |§22.65

lrpe terms "sweep” and "Buzzaerd wing" are used interchangeably ia this tab-

ulation.

Underwood, F. L. Flue Cured Tobacco Farm Management, Va. Agri, Expt. Sta.

Bull. 64 p. 50, (1939).




Table XI Cost of ltné'nse for tobaceo

Average per acre

Iten
ommedl | Renteal All farms
Aversge value | $36,60 $33.56 {§35.28
Taxes 3 023 3 Go27 % 0e25
Interest 1.83 1.67 1,76
Other costs 025 026 0025
Total $ 2,31 $ 2.20 § 2,26

lhoes not include fsrms on which part of the
land was owned snd part rented.

gadarsoaa, F. L. Flue Cured Tchacco Farm

ﬁ&agmnto Ya. &gﬁa mt. Sta. Bull, 6}4‘- 3‘520

(1939).



Table XII .Costs of fertilizing tobaceo fields

: Avﬁrago per acre fertilized
Item _
, Gusntity Cost
Man labor 3.9 hours $0.81
Horse work | 206 hours 0,32
Other eguipment 0.091
Total lsbor and equipment #l.22
Fertilizer 842,1 pounds : 8,56
Total ecost < $9g‘?8

lmeindes 91 miles of truck use at 10,1 cents per mile,

Underweod, ¥, L. Flue Cured Tobaceo Farm Management.
Vs, Agri. Bxpt. Sta. Bull. 64, p. 52, (1939).
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was $5.21 per ton. The average cost for manure used on tobacco
flelds on all farms represented 1.3% of the total cost of grow-
ing tobacco to harvest time and averaged $0.71 per acre of to=-
baceo grewn(BB).

Cost of Cover Crops., The average cost of producing
cover crops was §$5.29 per acre of cover crop. The production of
rye (the most eaammn gover crop), wheat, and crimson clover
required more man and horse work per acre than cowpeas so that
the average cost for rye was somewhat higher than for all cover
erops combined. The average cost for rye cover crop was $5.59
per acrel39),

Table XIII, page 26, gives the cost .of cover crops for
tabaeea(BQ); : : ,

ggéﬁ of §§rax and Dust, In addition to the use of poisons
in the form of spray or dust on plant beds, polson was applied
on tobacco flelds to asslist in the control of worms. The labor
of applying polson was enumerated separetely from that for
suckering and worming. The average cost of this operation was
%1,17 per acre of tobaceo. Man labor averaged 3.1 hours per
acre and constituted 71% of the total cost of the operation'’9),

Table X1V, page 27, gives the cost of applying polson
on tobacco rie1as(40), |

Cost of Insurance, The average amount of insurance
carried on farms on‘wh;gh this item was reported was $76.00
per acre and the avérag; premium paid w#s $10.28 per $100.00

of insurance, This gave an average premium of §7.32 per acre



Pable XIII Costs of cover crops for tobacco

Averasge per mcre of cover crops

Iten Rys A£1]1 cover crops
Guantity Cost tnantity Cost
Seed 160 bushel $1¢06 *1033
Fertilizer 2.2 pounds $0,021
lisn lebor 9.5 hours 197 9.1 hours 1.83
Horse work 17,1 hours 2.21 18,0 hours 1.99
Equipment use 04412 04422
Total $5.59 $5.29

10&9 ferm spplied 400 pounds

scres of cowpeas.
Z2ncludes 7 hours of tractor use st 74 ceants per hour

on 2 farms.

of fertilizer worth $3 on two

Underwood, ¥, L. Flue Oured Tobaece Farm Mensgement. Va. Agri.
hpt. Sta. Buile. &u Fo 53' (1939)!



Table XIV Costs of applying poison on tobaceco fields

Average per ascre covered

Item
Cuantity Cost
Man labor 3.1 hours $0.83
Equipment use 003
Total labor and equipment $0.886
Materials 0031
Total cost $1.17

Underwced, F. L. Flue Cured Tobscece Yarm Mensgement,
Va. Agri. Bxpt. Sta. Bull. 64. p. 54, (1939).
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insured, Insurance on tobacco buildings and equipment was in-

eluded in the cost of the use of these 1tama(&°).

gost of Interest, Interest on equipment, land, and

buildinzs was ineluded in the cost calculated for these ltems.
Interest charges were also calculasted on costs at a rate of
6% per annum from the date each item of cost was incurred to
the date the tobaceo was marketed, They were caleulated on
both labor and materials used in production. Interest charges

on growing cost averaged $1.57 per acro(4°)y

Cost of Harvestins, The average labor and_equipm@nt 
cost of harvesting all tobacco on all farms was $15.80 per
acre, of which man labor constituted 87.7%. The average labor
requirement per.acre was 71l.5 man hours and 1T.l1 horse hours.
Total haf?qsbing cost, inecluding 1n£ere§b on costs and mis~
cellaneous charges, averaged $16.24 per acre. Harvesting by
priming required 50% more man labor per 100 pounds of tobaceo
'than harvesting by cutting. On the basis of the average yleld
per acre of tobaceo produced on these farms, the difference
would amount to 28 hours per aore‘él).

Table XV, page 29, gives the costs of harvesting to-
paceol41),

Gost of Curing, The chief cost of curing tobacco was
the labor of tending fires. This operation requires the éonp
stant wetchfullness of an attendant during the entire period.
However, the attendant was often able to sleep for short
periods of time whil# keeping a carafulv;atah on his riréﬁ.



Table XV Costs of harvesting tobaceco

Average per acre,

all tobscee
Item :

Hours Cost

Mlan labor 7165 315 286
Horse work 171 1.73
Equipment use 0021
Total labor and equipment $15,80
Interest on costs 0e23
Hiscellaneous 0021
Total harvestinz cost £16,24

Underwood, F. L. Plue Cured Tobacco Farm Management,

Va. Agri. Bxpt. Ste. Bull, 6%, p. 55, (1939),

-62-
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Only the actual labor of attending the curing barn has been
ineluded in the cost of curing tobaceco. This represents about
three~fourths of the total time for which the fires were oper-
ated., The average amount of labor required for firing a curing
of primed tobacco was 68.7 hours. Generally, cut tobaceo re-
quired a longer period and slightly more labor than primed to-
bacco, because of the molsture content of the stem, and the
raoi that some of the leaves on the cut tobaceo were immature
and required more heat for proper curing than leaves primed

at the proper stage of maturity. The total curing cost aver-
aged $3.95 per one hundred pounds of tobaceo, or §35.33 per
acre of tcbaeaa‘“a).'

Tapla XVI, pege 31, glves a tabu%atian of the costs
incurred in the curing of tabacc«‘“z).

Varketing. In this study the farm cost of marketing
tobacco included all costs involved in handling the erop
after curing. All preparation for market as well as the
grower's part in the actual selling wag classed as farm costs
of marketing. This included all work of moving the tobacco in
the barn, rehanging, moving to sweat-house or pit, packing
down, srdering, stripping, sorting, tying, loading, hauling,
and attenﬁing'to the sale of the erop. Warehouse charges
were deducted from the amount receilved for the tobacco and

were not ineluded as farm costs of markpting(43).

Cost of Storing and Ordering. In this study, moving,



Table XVI Costs of curing tobaceo

Aversge per 100 pounds
Itenm

guantity Cost
#en labor, hours 11,2 $2.25
Barn use 067
Flues 0,10
Sticks 0el0
Othey equipment U.01
Wood, cords 03 076
Zerosens , 0e0L
Interest on costs 005

Total §2.95

Underwoed, F. L. Flue Cured Tobacco Ferm Manpagement,

Va. Agri. Expt. Sta. Bull, 64, p. 56, (1939),




rehanging, and packing have been combined and called storing,
while moving to a sweat-house or pit and ordering have been
combined and called ordering. Labor of storing and ordering
¢ounted for a little more than 18% of the total farm labor
used in marketing. The average cost of storing was $0.983 and
the average cost of ordering was $0.288 per one hundred pounds
(44)

Table XV1I, page 33, gives the cost of storing and
ordering tobaaco(44).

ying. Labor of strip-
ping, sorting, and tying in "hands" averaged about 13.5 hours
per one hundred pounds and the cost averaged about $2.62 per
one hundred pounds(43),
Table XVIII, page 34, gives the cost of stripping,
sorting, and tying tobaaee‘““’.

sosts of Loading, Hauling, and Selling, Farm labor used
in loading and hauling tobacco and attending the auetlion aver-
aged 2.53 hours per one hundred pounds sold., The average farm
costs of these operations was §0.79 per one hundred pounds.
The cost of disposing of cut tobacco was §0.09 per hundred
greater than for prime tcb&cce(hsj.

Table XIX, page 35, gives the cost of loading, hauling,
and selling tobaeao(a#).

sturns. The average net total

cost of producing flue-cured tobaceo was $126.70 per acre.
With ylelds of saleable tobacco averaging 641.4 pounds per



Table XVII Cost of storing and orderiag tobacco

Avorag§ costs per 100 pounds
Item _
Amount Cost
Storing:
lan labor, hours 2028 $00432
Horse work, hours 0093 04093
Equipment use 0,013
Bailding use 09240
Interest on tobacco 06196
Total ‘ $0,973
Ordering:
Man labor, hours 1,38 $0.269
Horse work, hours 0615 04,017
Equipment use C4002
Total £0.288

Underwood, Fo L. Flue Cured Tobacco Farm Management. Va,
Agri. kp!. Sta, Bull. SHO Pe 580 (1939)'



Table XVIII Cost of stripping, sorting, emd tying tobacco

Average costs per 100 pounds

Item
Amount Cost
Stripping, sorting, tying:
Han labor, hours 13,46 $2,563
Stovewood, cords 0.02 0,047
Eguipment use 0,008
Total $2.618

Underwoeod, P, &, Flus Oured Pobacec Farm Management. Va,
.lgr!. m@» Fta, 3%111, Sk' Pe 5‘. (193§}.



Taeble XIX Cost of loading, hauling, and selling tobacco

Average costs per 100 pounds
Item
Amount Cost

Losding, heuling, selliang:
Men laber, hours 2,53 $0.499
Horse work, hours 0,52 0,041
Truek uss, miles 047 0,027
Automobile use, miles 1.99 G079
Other sguipment use 0,005
Hired haulimgh : 0,138
liiscellsneous 0,001
Total $0.790

1m average cost of hired hauling was 32,6 cents per
100 pounds hired hauled,
Underwood, ¥, i. Flue Cured Tobueeo Ferm Mopagement. Va,
wi’ kpta Sta, Bull, 6&‘0 Do 55. (1939).
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acre, this was 2 net cost of $19.75 per one hundred pounds to-
baceo sold. The average price received for all tobacco sold
was $13.67 leaving a net loss of §39.01 per acre or $6.08 per
on hundred pounds,

The largest single item in the cost of production was
labor, which amounted to about 44 days per acre and constituted
slightly more than two~§hirds of the total cost., The average
value of labor used in producing tobacco was §0.197 per hour,
However, the major portion of this labor did not represent a
cash cost, since 1t was the time spent by farm operators, crop=-
pers, and unpaid members of their families. The return to pay
for labor, above all other costs, averaged $0.108 per hour.

Horse and mule work averaged 85.5 hours per acre, at a
cost of $0.11 per hour. More than two-thirds of this was used
in growing the tobacco to harvest time. Other power and equip=-
ment use combined averaged $3.75 per acre, or 2.,9% of the
total cost.

About three-eighths of the total labor on tobacco was
spent in conducting the operations required for growing the
erop, one-sixth was for harvesting, one-sixth for curing, and
a little more than one~fourth for marketinz. Labor constitu-
ted about three-fifths of the growing costs, 85% of the
harvesting costs, 5T# of curing costs, and about four-fifths
of the costs of marketing..

Of the total cost of growing tobacco to harvest time,

averaging §55.84 per acre, commercial fertilizer eonatibﬁted
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16.2%4. Total fertility costs, including commercial fertilizer,
barnyard manure, and costs of producing cover and green manure
erops for tobaceo averaged §9.96 per acre of tobacco, or 17.8%
of the growing cost of harvest time.

Other important items of cost were yood, land and
building use, and interest, The use of wood averaged 2 cords
per acre, at a cost of $2.58 per cord. Land and building use
averaged $8.,08 per acre and constituted 6.4% of the total cost
of production. Interest charges on costs and on harvested
tobaceo until date of sale averaged §$3.40 per acre, or 2.7%
of the total cost. , _

Growing costs accounted for 43.8%s harvesting costs,
12,8%; curing 19.9%4; and marketing, 23.5% of the total cost
of produotian(ga).

Table XX, page 38, gives summary of costs and returns

in producing aobaaao(As).:



Table XX Summaery of all costs and returns in producing tobseeco

=38

Aversge per acre

Itenm Percent
of total
Quantity Value
Crowing:
Men labor, hours 169,00 .| $33.78 60,5
Horse or mule work, hours 58,10 6,68 12,0
Tractor use, hours 0,04 ‘0,03
Truck use, miles 0,02
Plant bed cloth 0636 0.7
Other equipment 0,99 1.8
Seed and planis 0,13 0.2
Fertilizer, pounds 888,80 8,07 16,2
Mianure, pounds 272,90 0.71 1.3
Cover crop 0,18 0.3
Spray end dus? 0,02
Insursuce 0,06 Oel
Interest 1,87 2.8
Lend use 2026 451
Total $56.84 | 1000
Harvesting:
Men labor, hours 71.5 $13,.86 85,4
Horse or mule work, hours 17.1 1.73 10,6
Other equipment - 021 1.3
Interest 0.83 1.4
Other harvesting costs 0021 1.3
Total $16.24 | 100,0
Curing:
Msn labor, hours 72,10 $14045 | 57.1
Other equipaent 1,30 5ol
Building use 4028 16,9
Wood, cords 1,90 4,87 18,2
Interest 0,35 1.4
Other curing costs 0,08 0.3
Total $26.33 | 100,0
Marketing:
lMan laber, hours 126,00 $24.13 8006
Horse or mule work, hours 10,30 0096 302
Truck use, miles 3,00 0.18 0.6
Automobile use, miles 12.80 0,51 1.7
Other equipment 0,17 0.6
Hired hauling, pounds 276.20 0.89 340
Storage bullding use 1.54 8ol
Interest on tobacco 1,25 4.2
Stovewood, cords 0,10 0430 160
Other marketing costs 0,01
Totel $29,94 | 10040
Summery s
Man labor, hours 438,60 $86,24 67,7
Horse or mule work, hours 85,50 9,37 Tod
Tractor use, hours 0004 0,03
Truck use, niles 3,02 0,18 Oel
Automobile use, miles 12.80 0081 U.4
Use of other squipment 3003 2.4
Seed and plants 0:13 0.1
Fertilizer, pounds 888,60 9.07 7ol
Msnure, pounds 272,90 0,71 Oe6
Cover orop 0,18 Ol
Spray and dust 0,02
Curing wood, cords 1.90 4487 348
Stovewood, cords 0010 0630 0.2
Land use 2026 1.8
Insursnce 008 0.l
ht'ﬂ.t 5040 267
Hired hauling 0.89 0,7
Miscellesneous 0.28 0.2
Total, all costs $127,35 | 100,0
Credit for stems, pounds 234,10 0,65
Net costs $126,70
Tobaceo sales, pounds 641,40 87,69
Net loss $39.01

Underwood, F. L. Flue Cured Tobacce Farm Management., Va.

Agri. BExpt. Sta. Bull. 64, p. 67, (1939).




=G0

Introduction

Niecotine has long been used as an insectlcide. At
present approximately a million pounds of the alkalolid are
produced annually in the U.S., the product being marketed
chiefly in the form of nicotine sulfate. Up to the present the
supply of nicotine has been derived almost entirely from
byproducts of tobacco manuf&etureu, partiaularly stems, leaf
scrap, and allppinga{ and from low grade or damaged leaf poors
ly suited for thg manuraoture'af tobaceco prbdueta and there=-
fore comminding %&ry'lnw prices, In view of the fact that in
recent years there has been a marked increase in demand for
nicotine as an insecticide, it has seemed desirable to study
experimentally the possibilities in growing tobacco primarily
for extraction of niaatina(14).

The tobaceco crop of this country as now grown 1s esti-
mated to contaln an average of 2.5 to 3.0 per cent nicotine
(in the leaf), and the average yileld of leaf is about eight
hundred pounds per acre. Because of the woody character of
the stalks, thelir content of nicotine is too low to Jjustify
thelr utilization for extraction burpasas, but this does not
exclude thelr use iﬁ a’duai made from géinﬂlng the tobacco.

The upper range in nicotine content of the leaf, which 1s-



attained only coesssionmslly, ie from 6 to 8 per oent (18],

¥or the ten year period of 198030 the cstimated avere
age acpe values of the tobaceo orop was J135.00 or about $0.17
por pound, The corresponiing output of nicotine per acre, even
for those types of tobaseo having the highest content, would
be only 30 to 40 pounds, ani on the besis of a dollar per
pound farm value for the nicotine, whioh ia materially bigher
than prevailing prices *mym to nicotine in tobacuo bypro=
duots, the gross return would be §30.00 to §40.00 per scre,
Aetually the farm value of such tobsooo when diverted to
niootine extraction has everaged §0.02 to 04025 por pound, or
not more than about $20,00 per sore. Obvioiusly the per acre
produstion of nicotine must be greatly imoressed or the cost of
growing the crop wust be grestly lowered to make 1t m::%ham
for the smrover to receive & ressonable return on the orcp
which 48 to e used ww‘ for insecticidal purposcss The
nesessary incresse in nicotine production per acre oan be age
complished only by inoreasing ﬁm tonnsge of tobaces or the
percentagze acntent of the alkaloid op Wa‘” .

tiana showing any pronise er neeting
iisotiane rustiss L. Frelisinery tests
with thias amazm wepre begun more than 25 wmm Bgo, but it
bos been pospible only in recent years to undertehke sufficlente
ly comprenensive experiments to yield mm&u leu, |
eapecially ae to the mest favorable Mitlm of soil M
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climate for obtaining very high nicotine production. During
this interval, reported results of experiments with N, rustica
in western New York State, indicated a yleld of one hundred to
one hundred fifty pounds of nicotine per aero(lﬁ).
Present commercial tobacco culture is sharply local=-
ized. However, the tobacco plant can be readily grown under
a very wide range of soll and climatic conditions if the quale
ity of the product is ignored, so that culture for insecticidal
purposes need not be restricted to present tobacco producing
areas. On the other hand, environment is an important factor
affecting the quantity of nicotine formed in the plan$(14).
Available information shows that three major factors
or groups.of factors influence the tonnage of dry matter pro-
duced per acre and the nicotine content of tobaeeo(la):
1. The speeciles, variety, and straln used;
2, the environment in which the plant is grown,
primarily the conditions of soil and climate;
3« the cultural, curing, and handling methods em-
ployed as a.a.,'time of transplanting and
harvesting, spacing of plants, topping, and

suckering operations.
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Relative Efficlencies of 3Species, Varieties, and
Strains for Production of Nicotine

There are many specles of Nicotiana, but only two have
the growth characteristics and content of nicotine that would
Justify consideration for present purposes, namely, N, tabacum,
which 1s the ordinary tobacco of commerce, and N. rustica, also
utilized for production of smoking and chewing tobaccos in
certain foreign countriescls)m

Although from the earlier observations N. rustica was
known to contain as a rule a higher percentage of nicotine,
because of its relatively small size, as compared with most
varieties of N. tabacum, there remained a question whether it .
would consistently give higher yilelds of nicotine per acre.
Systematle tests were therefore conducted to determine which
would produce the greatest amount of nicotine when grown under
the same conditions at different locations. In table XXI, page
43, it is evident that N. rustica has usually produced a much
higher yield of nicotine per acre than ordinary tobacco. For
reasons that were not definitely determined, the growth of
N. rustica at Lakin, West Virginla, was unsatisfactory, except
in 1938, resulting in a low yield of nicotine. At the other
locations the nicotine produced by N, rustica, in pounds per
acre, was almost double that obtained from ordinary tobacco.

However, where temperature, soll conditions and pests appear to



Table XXI Summary of yields of tobacco, percentage content of nicotine in the tobascco, snd production
of nicotine per acre in plantings of N, rustice end ordinary tobascco at Davis, Calif,, Msdison, ¥is.,

‘02-0T °d °028 °1TING °YOeJ °V°(°§°fl "OUI0OIN JO eoanog
Sumoxp °q ‘ALpwey pue ‘°y °n ‘uoveg ‘°y °p ‘Lexjrvyoy

*(2n61)
€ 82 0D0wvqoy]

Lakin, We Va., and Arlington Farm, Va,, during the period 1934-38

Yield per acre (20~ | Nicotine content | Praduction of nicoe
percent-moisture (20=percent-nois- tine per acre
basis) “-| ture basis) :

Location Year

N. rustica|Ordinery | N, rustica|Ordinary | N, rustica|Ordinary

tobacco : tehaceo tobaceo

Pounds Pounds Percent Percent Pounds Pounds

1934 2,144 2,945 6097 2445 149,85 7268

Davis, Calif, 1936 3,488 2,500 5468 3468 198.2 92,0
= 1556 3,010 2,859 B85 3,72 157.,0 106,.4
Average 2,881 2,768 6,07 S488 171.6 9042
1934 3,008 1,396 337 Se13 104,5 43,7

19386 54513 1,156 4030 2.62 151.0 303

Hadigon, Wis, 19836 1,625 1,244 3402 2010 49,1 26,1
1837 2,801 1,168 537 4.51 160,0 52.7

1928 35,629 1,692 280 2669 101.6 45.5

‘Average 24969 1,331 - 3677 5,01 113.2 387
1934 1,111 2,698 3437 4,02 36,01 108,5

19356 1,088 1,220 Sedb 2.88 37 3561

Lakin, W, Va. 1936 1,579 1,781 363 3693 500 70 .0
1937 1,358 3,010 4e37 313 59 .4 94,2

1938 4,150 2,263 342 2469 142.1 60,9

Average 1,817 2,194 3465 3433 65.1 7547
1934 2,317 2,787 7,03 Sel9 162.9 89.2

Arlington Farm, Va, | 1935 3 492 2,671 £.68 4,59 197,1 122.6
1936 5,555 2,664 4,75 4,47 25467 119.2

Average 3,718 2,707 5,82 4,08 204,9 11063

@ g*?n
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interfere with the growth of N. rustica the tobacco does not
always double the quantity of nicotine. This was usually the
result of a higher nicotine content, although in some instances
an increased tonnage of dry matter is the chief factor., It 1s
surprising that N, rustica, which is a much smaller plant than
N, tabacum, was able to produce in many instances a larger
amount of dry matter than ordinary tobacco, Some of the dif-
ference is due to the ineclusion of the stalk in the H. rustlcs
yields, whereas weights shown for ordinary tobacco represent
only the leaf, but the greater amount was due to the increased
thickness and weight per unit area of the N. rustica lear(ls).
In addition to its practical importénce, the possibility
of further inecreasing nicotine yields from N. rustica is a
matter of some theoretical interest, The principal avenue of
approach appears to be in greater ylelds per acre of dry mate-
rial. This might be accomplished by producing strains of
N. rustica with larger leaves, by increasing the thickness or
'dennity of the leaves, or by obtaining combinations of these

with an increased number of leaves(lS).

Effect of Cultural Methods off Nigotine Yields

The use of suitable cultural methods often constitute
the prineipal means the grower has for better adapting the to=-
bacco plant to some particular use. This 1s particularly true
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where the production of nicotine is of chief conecern, Some
cultural methods or procedures that may be modified are; Top~
ping and suckering of the plants, spacing in the flelds, vary-
ing the transplanting and harvest dates, use of irrigation,

and applying manures and fartilia@rm(lﬁ)n

Handline High-Nicotine Tobaccos

In order to produce a crop that will yleld large quan-
tities of nlcotine peér dcre 1t 1s important to gilve close
attention to certain details. As the N. rustica specles pro-
duces much higher yields of nicotine than ordinary tobacco
under suitable conditions, the requirements, for growing this
species to best advantage, which differ somewhat from those
of ordinary tobacco, should be the principal consideration,
N, rustica will not produce maximum quantities of nicotine if
it is allowed to become stunted even for comparatively short
periods during the gseedling or later growth stages. It is
therefore important to transplant promptly from the seedbed
as soon as thé plants attain sufficient size, Transplanting
to the field as soon as danger of frost is past 1s also roéam»
mended\, as thia‘sp@clos,makss the best growth during cool
molst periods, such as are commonly prevglent early in the

seawn( 17) °
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 Use of a vigorously growing strain of N. rustica that

does not mature too rapidly is another important point in grow-

ing this plant for profitable production of nicotine. Although
the planting distance in the rield required for best resulis
may vary somewhat, depending upon conditions, as a rule a dis-
tance of 15 to 18 inches in rows 30 to 36 inches apart will
glve satlsfactory rsaults(17).

Topping and suckering are opératians of the utmost im-
portance if maximum yilelds of nicotine are to be obtalned.
Suckering should begin even prior to topping in order to en~
courage leaf development, Hard and fast rules cannot be given
in regard to height of topping. There appears to be no con-
sistent advantaéa for low topping over high topping but it is
evident that topping of some kind 1s absolutely necessary if
good ylelds of nicotine are to be obtained. The suckers of
lateral branches should be removed after topping at regular
intervals of 7 to 10 days for the first two or three opera=~
tions, after which the intervals may be somewhat longar(17).

Possibly the most important consideration relative to
building up a high content of nicotine in N. rustica is that
the plants shguld pe allowed to remain in the fleld for as
long a time as possible- up to 60 days after topping- provided
there are no serious losses of the lower leaves by drying or
disease(lv). !

To avoid important losses of nicotline the curing or
drying process should be as rapid as possible and should take



place under conditions that willl prevent leaching of the dried
or partially dried material by rain or water from other sauraes;
Once the crop is dry it will keep for a considerable period
without much loss of nicotine if the molsture content does not
again become high as a result of high atmospheric humidity or
other conditions. The crop possibly could be baled in the same
manner as hay, but the moisture contained in the leaf at the
time of baling or packing must be low to avold fermentation.
Important losses of nicotine may be expected if there ls any
conslderable fermentation at any stage of curing or drylng(17).

The Cost of Growing N. Rustica as a Source of Nigotine

In the small plantings used in the present studies
concerning the Quantity of nicotine produced by N. rustiea it
has not been possible to obtain accurate data on the labor
requirements for growing the crop. As the number of plante
grown per acre is essentially the same as in the case of the
burley type of tobacco, the labor requirement surveys that
have been made for the latter should be more or less appli-
cable to N. fustiga with respect to most of the important
cultural oparatioﬁa. One group of operations, however, would
not be the same, ngme;ty,, topping, wormling, suckering and spray-
ing or dusting. This complex item would correspond more nearly

to the requirements for dark-fired tobd&eo except that,
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géince there are approximately twice the number of plants per
acre, this figure would need to be doubled. Figures for the
several major operations, derived in this way from surveys of
labor requirements that have been made in the burley area and
the dark-fired area of Kentucky, are shown in table XXII, paze
49¢18)(19) | 14 44 evident that inexperienced labor ordinarily
ecould not accomplish the necessary operations in the time in-
dicated. These figures do not include many other items of cost
in producing the crop, such as rent of the land, dryinz sheds,
and the cost of marketing: and these figures may be expected,

also, to vary considerably in different 1eealit1eu(13)o



Table XXII Approximate hours of man labor snd horse work required for producing sn scre of N, rustica

tobaceo snd their distribution between the principsl operations of culture, on the basis of require-

ments for growing burley snd dark-fired tobaceo in Kentuecky

_ Average Average
Operation ; man lebor | horse work
Hours Hours
Plent bed 1?7 S
Field preparation 19 38
Transplanting 31 10
Cultiveting with plow 13 15
Cultivating with hoe 24
Topping, worming, suckering, and spming or dusting 108
Cutting and housing 58 22
Curing 1
Total : ; 271 90

ﬁailnrtrcy, J. Bo, Bacon, C. W., and Ready, D» &zwiag Tobacco as a Source of
Ficotine. U.S.Deke Tech. Bull, €20, p. 36-37, (19L2).

N
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Nicotin ecticides

Need For Effective Insecticides, The seriousness of in-

gsect pests was realized quite some time ago by the country at
large. This was due largely to the tremendous devestation of
such pests as the Japanese beetle, which made its appearance

in New Jjersey in 1916, The insecticide manufacturers made con-
slderavle progress in the commereial production of high quality
insectlcides, and growers all over the country rapidly replaced
their ciude homemade material, which consisted in most cases of
some form of nicotine spray or dust, with commercial products,
which are chemically controlled, unirorm,praduots(lo). Lead
arsenate was used by all frult growers as an insecticide until
the year 1926. However, people objected to the arsenical resi-
due left on the fruits after it had dried(47). The following
seagon many arsenlcal ilnsecticides were studled anew, and

many new insecticlides were developad(é). This caused the re-
birth of the use of nicotine sulfate.

The Structure and Properties of Riguggne. Nicotine, the
alkaloid of tobacco, is one of the simplest of the alkaloids.
It 1s a tertiary secondary base containing a pyridine ring and
hydrogenated pyrrote ring with a methyl group attached to the
nitrogen atom!T), The sbructural formula for beta-nicotine is

glven as follows:
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Pure nicotine is an olly liquid and one of the most

deadly poisons known. Chemically, it is & weak base, uniting
with acids to form salts. It 1s therefore possible to obtaln a
great many different compounds of nigotine, and it is reaaoaablo
to suppose that some of these may be more toxle to insects than
others. In experiments, however, nothing has been found to be
decidedly superior to nicotine itself, Nlcotine has been com-
bined in the thﬁéretiaally proper proportions with the follow-
ing acidss acetic, boric, carbolic, cresylle, formic, hydro-
chloric, hydrocyanic, hydrofluoric, oleic, salicylic, stearic,
and tartaric. Of these compounds none has shown positive
superiority over nicotine itaelf(az).

Determination of the Nigotine in the Tobagco. The de=-

termination conslists essentially of steam-distilling the nico=

tine into an acid solution and then preciplitating the nicotine
by adding silicotungstic acld., The following method may be
used for determining the nicotine content of either tobacco
leaves or of nicotine 1naeatic1dea(1)(3).

For tﬁe determinatidén, use a sample that contains from

5 to 10 mg. of the nicotine. Welgh this, then cover the sample
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with 2 or 3 ml, of water. Now add two drops of phenolphthal-
ein., Next, 2dd in excess a 40% solution of sodium hydroxide.
gteam 1s passed into the flask and is kept at a pressure of 1.5
to 2 feet of water,

The beaker used to receive the diutillate must contain
3 ml. of hydrochloric aecid (1~4) and 5 ml., of water. The dis-
tillation is continued for 30 minutes and 100 ml. of the dis-
tillate 1s collected.

Té precipitate the nicotine, 1 ml. of silicotungstic
acid (127 solution) is used for each 10 mg, of nicotinre or
less. After the precipitation, the aover@ﬁ samples are trested
with heat over a steam bath for 15 minutes and then cooled
elewly to room temperature and maintained at 0°. overnight.
The precipitate is filtered through ¢. 5. & 8. No. 589, white
ribbon filter paper end washed with 100 to 200 ml. of hydro-
chloric acid (1-2000).

Transfer the paper and precipitate to a weighed crucle
ble and heat this for seven minutes at a temperature of 960%F. or
until all the carbon is destroyed. Then the erucible 1ls heated
over a Teclu or Meeker burner for not more than 10 minutes.
The weight of the residue multiplied by 0.114 will give the

weight of the nicotine present in the sample.

Nicotine gulfate as an Insecticide. Nicotine sulfate is

the most extensively used of 211 the nicotine compounds. It 1is
used by florists and groenhouse men for aprayina and rumigan
tien, In animal husbandry, it 1s used extanaivaly for ﬁipping
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cattle for scab-mite, llce, and sheep-tick. In the poultry
field, nicotine is used for internal parasite control and for
fighting body lice and mites. In the truck gardening fleld,
application as a spray or in dust form is quite wide for the
control of many insects. It is used extensively in connection
with commercial fruit grewingeﬂs)c

oride. The hydro-
gen chloride and the hydrogen sulfate radical will both attach

themselves onto the nicotine formula in the same manner and
position. The two compounds being similar in properties 1ls the
reason that the chloride will be equal or even better as an
insecticide than the sulfatell2), Grawley(s) proved the latter
to be true. ' 2

Advantages of a Dust Insecticide Over a Spray. Insectl-
cides are usually applled either as a dust or as a spray. An
insecticide dust has several advantages over a liquld spray.
It can be applied much more easlily and quickly than a spray,
and a dust hopper can be refilled in much less time than a
gspray tank. The dust particles reach m@re-insecta than the
spray, particularly on the under side or in curled leaves.
Power dusters cost less than power sprayers, while hand duste
ers are easler to carry and to operate than hand sprayers.
Usually much less than 100 pounds of dust is requlred to cover
an acre, while to spray the same area requires at least 100
gallons, weighing at least 800 pounds; on this account dusters

can be operated on wet ground and hill sides inaccessible to
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sprayers. For sprayling with nicotine sulfate, a soap spreader
is required, and the whale o0il or fish oll commonly used must
be heated to dissolve 1t, which causes delay and 1s a disagree-
able task avolded when the dust 1is uaad(5)¢
Properties of an Insectleidal Dust. In order for in-
secticidal dust to be effective, it must be finely powdered.
At least 50% to T75% of the dust must pass a 300 mesh sieve.
It nust possess adhesive qualities. In the case of nicotine
insecticide, the dust must contain between 0,05 and 0.,06% nic-
otine. The nicotine is always present in the form of a sa1t(8),
Disadvantages of Hicotine Dusts. Nicotine dusts so far

used consist of a nmixture of nicotine sulfdte and some dust

as powdered fullers earth, keolin, hydrated lime, calclum
carbonate, gypsum, sulfur, or other absorbent material. These
dusts have all proven more or less unstable and must be used
soon after tﬁﬁy are made., MﬁDﬂﬂn&ll‘lB) found that the fac~
tors influencing the loss of nicotine from the dusts were prine
cipally the physical and chemical nature of the absorbent used
and the container in which the dusts were stored. Obviously,
then, the consumer may unknowingly use a worthless product.
How the Dust Acts. The nicotine dust, in which the
nicotine is p&aaent in the form of a salt, can be made much
more powerful by éd&in@ hydrated lime. When the dust becomes
wet with dew, the ldme and nicotine sulfate or hydrochloride
react to form the chloride or sulfate afﬂlime and free nigon

tine. This free nicotine is much more effective in killing



-55‘9

(8)

insects than is nicotine in the salt form' ‘.,

The main object to be kept in mind 1s to produce the
most powerful dust possible with the minimum amount of nicotine.
The toxie strength of the dust is influenced both by the form
and amount of nicotine used and the nature of the filler. Two
alternatives are presented in utilizing a given amount of
nleatina(gj).

1. To make the dust of such a nature that the
nicotine will be as volatile as possible and the
maximum amount be given off in the minimum of
time. This means, of course, that the dust will
lose its efficiency very soon after application.

2. To make the nicotine less volatile, so that the
dust will act more slowly but for a longer tiume,

Effect on Nigotine. When nicotine sulfate is mixed with

koalin or any other inert material the nicotine remains in the
form arAniootins sulfate, When hydrated or quick lime is used,
however, a reaction takes place forming sulfate of lime and
free nicotine. The latter is more volatile than nicotine sul-
fate and for this reason dust made with quick lime or hydrated
lime 1s more powerful for the same amount of any dust made

with any inert riller(QA).
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Drying Effect of the Piller. It is possible to use as
the filler some materials, such as quick lime, whilch combine
chemically with water as well as simply absorbing it. This 1is
- a great advantage in making nicotine dust (24),

Irritating or Burning Effect of the Flller. Nothing

should be used as the filler which might possibly cause

injury to animal or vegetable 11fa(24).

Physlical Nature of the Filler

Fineness. The more finely divided the filler the better
dust it will make. It will blow and stiek better and thus the
nicotine will be brought more closely into contact with the
1nseets(25).

Welght. At first thought a light, bulky materlal would
seem the best for dusting, but this is only partially true. To
some extent at least a fairly heavy material 1s desirable
because it can be blown into thick vegetation with more force
than a very light material‘zS).

Dryness. It 18 very desirable that the filler be as
dry as possibie before adding the nlootineczs).

Abgorptiveness. Experience has indicated that nicotilne

is more freely given off from materials which do not absorb it
readily and that fillers of the latter class therefore produce
& quicker acting dust, which seems to be best(ZS).



Materials Which Have Been Used as Fillers

Kaoline. It is a'whita, goft, extremely fline substance,
of rather light weight, quite absorptive of molsture, and
drying into soft, chalky, easily pulverized lumps. It 1s free
from chemical effects, and forms in many respects an ideal
£111er(26),

Hydrated Lime. Its absorptive, blowing, and $t;ck1ng

qualities are excellent. It reacts with nicotine sulfate,
forming free nicotine. The chief objection to hydrated lime
is the irritating effect which it has on the skin and eyes of
the opergtor(aﬁ?. : , .

Quick Lime. Quick lime takes up a large amount of
moisture in slaking or hydrating. This 1s a great advantage
in making nicotine dust. The disadvantage of quick lime is
the heat which is generated in the reaction, causing the loss
of some of the nimotine(as).

Lime Carbonate. This is avallable in various forms

such as air-slaked lime, refuse sugar beet lime, ete. When
dried and finely pulverized such materials make a very
satisfactory'filler. They have no effect upon nilcotine sul-
phate(26),

Gypsum-Flaster. All forms of gypsum and plaster are

heavier and not so dusty as kaolin. They are also apt to be

coarser unless regréund. The various bﬁilding plasters, from
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which a portion of the water has been removed by heating, act
as driers and do not produce heat. They have the disadvantage
of forming hard lumps in drying, None of the materials men-
tioned react with nicotine sulfate(aﬁ).

Diatomaceous Earth. This is extremely light and ab-
sorptive msterial, but it does not form a good dust. It tends
to ¢ling together in flakes and particles. Its great absorp-
tiveness seems to be a disadvantage rather than an advantage,
since.the nicotine 1s not given up freely and quickly, as is
most deairable(zﬁ).

Tale. When thoroughly pulverized it makes a very good
dust and sticks well. It does ﬁot react with nicotine sulfate
(26)

Sulfur. Sulfur is frequently added to nicotine dust on
acgount of its value as an insecticide or fungicide, rather
than simply as 2 mechanical carrier. Ih the latter capacity
it is heavy nonabsorptive and rather expensive. However, when
mixed with sulfur a given amount of nicotine is more effective
against insects than with any of the other fillers mentioned.
This may be due to the fact that sulfur, being a poor absorb-
ent, gives off the nicotine more rapldly than do some of the
other materials., Only the finest grade of sulfur should be
used(ag).

Tobagso Dust. When well ground this 1s a very ab-

sorptive material and makes a good dust. Tobacco dusts act
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more slowly than nicotine dusts containing the same amount of
nicatinm(aﬁ). )

Methods of Preparation. greever(9) prepared nicotine
hydrochloride using hydrochloric acid. 'The leaves were ground
into particles the size of salt erystals. This gives the aeid
a better chance to react with the tobaceco, thus forming nieco-
tine hydrochloride. After enough water had been added to dilute
the acid to 36.0 per cent, a 1000 liter round bottom flask was
filled about half way. Plenty of room was left for agltatlon of
the mixture. This mixture was allowed to set for a week or ten
days with occassional shaking to aid the reaction. At the end of
this time a complete reaction had taken place in the flask.

The mixture was filtered and the residual tobacco powder
was left in the filter paper and discarded. The liquid was a
concentrated solution of nicotine hydrogen chleride. This lig-
uld was placed in a large beaker and steam distilled until an
almost pure solution of the nicotine hydrochloride had re-
sulted."

Crawloy(a) prepared nicotine hydrochloride using HCl
gas. The following procedure was useds

Gassing of the Tobageo.”The tobacco samples to be gassed

were placed inside the gas chamber on a tray made of one-fourth
ineh mesh wire screen., After fastening the top securely on the
chamber, the gas generator was started and the hydrogen chloride

gas was passed into the chamber. An effort was at first made to
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maintain a gas pressure of about two inches of water in the
chamber, but this was later found to be unnecessary. All that
was negessary was to maintain a slight pressure to be certain
that the chamber was full of the gas throughout the run. As
auggésted by Land(ll), 100% gas was used in treating the to-
bacco. The gas was taken directly from the generator without
passing it through a metering device.

st After the tobacco was treated

with hydrogen chloride gas to form nicotine hydrochloride, the
material was ground in an ordinary meat chopper. The resulting
tobaceo was placed in a ball mill and was pulverized until the
dust was fine enough for at least 50% to pass a 200 mesh sleve,
The dust was then ready for application as an insecticide.

8is. In order teo deter=-

mine the per cent nicotine activated by the gassing, 1t was
necessary to first separate the activated nlcotine, or nlco-
tine hydrochloride, from the pure nicotine, This separation
was based on the difference in solubllities of the two sub-
stances, The samples to be analyzed were first ground in a
mortar and were then placed in a large filtering funnel fitted
with 5rﬂinary’filhar papers The tobageo was thea washed with
water at a temperature between 90 and 100°F., until no pre-
cipitation was obtained when a portion of the filtrate was
treated with silicotungstic acid. The nicotine hydrochloride

was washed out of the sample, leaving the nicotine. The
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analysis for the unreacted nicotine was the standard A. 0. A. C.
silotungstic acid method of analysis, as already given in the

review of literature,"

-
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111, EXPERIMENTAL

urpese of the 5t

This study was undertaken for the followlng reasonsg

1. Nicotine and its compounds have long been used as
insecticides, and are in great demand at the present.

2. Tobacco, the source of nicotine, 1s such a valuable
commodity that only waste has been used as a source
of nieoﬁina for years.

5« N. rustica tabacum, a species of tobaceo, has a high
nicotine content, and has been grown under climate
and environment suitable for other types of tobacco.

The purpose of the invegtigation 1s as follows:

1. Preparation of a nicotine hydrochloride dust insecti-
¢ide from the entire tobacco plant.

2. To make a study of the costs of cultivating flue
cured tobacco and the costs of cultivating tobaceco
that could be used for the preparation of the dust.

3¢« To determine the price at which the tobacco farmer
coul& sell high nicotine content tobacco and still
make the profit he realizes from the cultivation of

the flue gured. tobacco,
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Plan of Investigation

This investigation will be conducted in the following
stepst
l. Review of literature

a. Costs of growing flue cured tobacco.

b. Costs of growing high nicotine content tobacco.

¢. Preparation of nicotine dust insecticides.

2., Construection of egquipment necessary

a, Equipment for analysls of tobacco to determine
percemntage of nicotine present.

b, Equipment for the treatment of the tobacco with
HCl gas to convert the nicotine to nicotine
hydrochloride.

3¢ Collection of operating date

a. Percentage cf nicotine originally present in
tobaceco.

b. Percentage of nicotine present in tobacco after
treatment with HCl gas for specific intervals of
time before grinding.

o; Percentage of nicotine present in tobacco after
treatment with HOl gas for specific intervals of
time after grinding.

d. Size of particles after grinding in pebble mill
uuingro.s“ diameter pebhiéa for specific intervals
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of time before treatment with HCl gas.

8ize of particles after grinding in pebble mill
using 1" diameter pebbles for specific inter=-
vals of time before treatment with HCl gas.
8ize of particles after grinding in rod mill
using miscellaneous rods for specifie intervals
of time before treatment with HCl gas,

Size of particles after grinding in Lancaster
Countercurrent Batch Mixer for specifie inter-
vals of time before treatment with HCl gas.
Size of particles after grinding in pebble mill
using 0.5" diameter pebbles for specific inter-
yals of time before treatment with HCl gas.
Size of particles after grinding in pebble mill
using 1" diameter pebbles for specific inter-
vals of time after treatment with HCl gas.
8lze of particles after grinding in rod mill
using miscellaneous rods for specific inter-
vals of time after treatment with HCl gas.

Size of particles after grinding in Lancaster
Countercurrent Batch Mixer for specifiec inter-

vals of time after treatument with HCl gas.

4, Qaleulation of results

8

b.

Coste of growing one acre of flue cured to=-
baceo wherever 1t 1s necessary.

Costs of growing one acre of high nicotine
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content tobacco.

¢. The price per pound at which a farmer would
have to sell the high nicotine content tobaceco
in order to realize the profit he makes from
the cultivation of flue cured tobacco.

d"Pareentage of nicotine converted to nlcotine
hydrochloride after treatment with HC1l gas for
specific time intervals.

e. Percentage of particles of a given size after
grinding for specific time inzarvala;

T+ The optimum time of treatment with HC1l gas and
grinding or combination of the two.

Materials

Sodium Chloride, crystals. Used in gas generator to
produce HCl gas. Mulkey‘SQIt'co., Detrclﬁ, Michigan.

Acid sSulfurie, A. C. 8. Std., sp. gr. 1.84, assay
95-96%, lot No., E-207018. Used in gas generator to produce HC1
gas. Jo T. Baker Co., fhillipsburg, New Jersey.

Acid gxdrochlorig, A, Co 8. 8td., sp. gr. 1.19, aﬁsay
36.1%, lot No. 325460. Used to prepare solutions of 1 to 4
and 1 to 2000 used 1n determinaticn of nieotine in tobacco.

Je T. Baker Co., Phillipsburg, New Jersey.



=656

Acid Silicotungstle, crystals, C. P, Used to prepare

12% aqueous solution as analytical reagent in determination
of nicotine in tobaceo. Fisher Scientifie Co., Pittsburgh,
Pennsylvania. \

Sodium Hydroxide, flake, 76% NagC, code 2256, lot No.
C1l08J. Used to prepare 40% aqueous solution used in determi-
nation of nicotine in tobacco, General Chemical Co., New York,
New York.

Tobageo, scrap,Aflus—ourad, 1946 crop. Used to prepare
a nicotine hydrochloride dust insecticide., Mr., W. L. Bowers,
Rt. 3, Chase City, Virginia,

Paint, Tygon, code No., TP-6l White, Control Ho. 7154,
Used to paint gas chamber, top and shelves to prevent
corrosion by HCl gas. U. 8, Stoneware, Akron, Ohlo.

Lime, hydrate, Used in analytical determination of
nicotine in tobacco after treatment with HCl gas. Obtained
from New River Lumber Co., Blacksburg, Virginia,

Gas, Pyrofax, Used as fuel for Bunsen and Tirrill
burners.

Water, distilled. Used to prepare all aqueous
solutions used in the determination of nicotine in tobacco.

Phenolphthalein, Used as indicator in determination

of nicotine in tobacco,

Ammonium Hydroxide, sp. gr. 0.60, 28% NHz, code 1243,
lot No. 6133. Used to furnish NHz. General Chemloal Co., ,
New York, New York.



Flagk, Pyrex round bottom, 1000 ml., (one). Used as
steam generator for analytical determination, of nicotine in
tobacco,

Stopper, Rubber, three-hole, No. 8, (one). Used as
top for steam generator. i !

Tubing, Soft glass, 6 mm. inside diameter, 3' long,
(one). Used as pressure gage on steam generator.

Flask, Pyrex round bottom, 500 ml,, (one). Used as
distillation flask for analytical determination of nicotline
in tobaceco.

gStopper,- Rubber, two-hole, No. 6, (one). Used as top
for distillation flask.

Trap, Kjehdahl, (one). Used as 1liquid trap between
distillation flask and condenser in analytical equipment for
determination of nicotine in tobacco.

Condenser, Glass, water, (one), Used tniemnﬂaﬁsa
distillate in the analytical determination of nicotine in
tobacco.

Stopper, Rubber, one-hole, No. 4, (one). Used as top
for condensef.

Beakers, Pyrex, 150 ml.,, (eight). Used as distillate
recelivers in the analytical determination of nicotine in

tobaceo.
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Tubing, Soft glass, 3 mm, inside diameter, (various
lengths). Used as connections between parts of analytical
apparatus.

Tubing, Rubber, (various lengths). Used as connections
between parts of analytical apparatus. (See Figure 1, page 69).

Burner, Bunsen, (one). Used to heat water in steam
generator.

Burner, Tirrill, (one). Used to reduce volume of liguid
in distillation flask.

Tripod, Iron, (one). Used to hoid erucibles while heat-
ing residue over burner.

Gamze, Wire, asbestos center, (one}; Uged to hold
cruclbles whlle:.heating residue over burners.

Beaker, Pyrex, 250 ml. (one). Used as steam bath in
analytical determination of nicotine in tobacco.

Rack, Funnel, wcoden, (one). Used to hold funnels for
filtrations in analytical determination of nicotine in
tobaceco.

Funnels, Pyrex, long stem, (two). Used to filter
precipitate in analytical determination of nicotine in tobacco.

Paper, Filter, Whatman, No. 40, 11.0 cm., ashless.

Used to filtér precipitate in analytical determination of
nicotine in tobacco. Manufactured by W. and R. Bolston, Ltd.,
England.
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Dishes, Evaporating, porcelain, Coors, 3" dlameter,

(four): Used to hold aampleé during heating in the determina~

tion of the moisture content of tobacco.

grueibles, Poreelain, 20 ml. capacity, Coors, (ten).
Used to fire smaples and to hold samples while reactlon with
lime was carried out.

Tongs, Monel metal, (one pair). Used to handle cruci-
bles.

Dessicators, Glass, (two). Used to hold crucibles and
residue while cooling.

Bottles, Glass, weighing, (four). Used to weigh
samples of tobacco aftepr drying in the determination of the
moisture content in tobacco.

amps, Steel, (six). Used as supports for

steam generator, distillation flask, and condenser.

Watchglasses, 2" dlameter, (four). Used to weigh out
samples of tobacco and as coversg for distillate recelvers
during heating over steam baths.

Balance, Analytical, Becker Chainomatliec, (one). Used
to welgh all samples in analytical work. Manufactured by
Seederer-Kohlbusch Ine., Jersey City, New Jersey.

WQgggﬁg, Analytical (one set). Used in weighing all
samples of tobacco in analytical work. Manufactured by Will

Corporation, Rochester, New.fork.
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gven, Drying, Electric, (one), Serial No., 100-2761,
Cat. No. 1250, Temp. range 35 to 180°C. Volts 110, Cycles
60, wWatts 100, Amp. 5.5, Phases 1, Type A. Used to dry
samples of tobaceo in moisture determination. Manufactured by
Frecision Sclentifie Co., Chlecago, Illinois. ‘

Furnace, Electric, (one), Serial No. 1400, Type Ko.
9921, KW 1.35, Volts 220, Amp. 6.13, Safe working Temp.
1760°¢,, Maximum 1860°F., Used to fire samples after filtra-
tion. Manufactured by Cocley Electric Manufacturing Corpora-
tion, Indianapolis, Indiana,

Pipette, 10 ml., 0,1 ml, graduations, (one). Used to
measure out small amounts of solutions.

Pipette, 2 ml., 0.1 ml. graduations, (one). Used to
measure out small amounts of solutions.

Cylinder, Graduated, 100 ml‘, 1 ml. graduations, (one).
Used to measure out large amounts of solutions.

Jars and Flasks, Glass, assorted, (seven). Used as
containers for 1 to 4 HCl, 1 to 2000 HCl, 40% NaOH, 124
Sillcotungstic acid, NaCl, distilled water, and lime,

Mortar and Pestle, Porcelain, Coors, (one). Used to
pulverize sagples of tobacco.

Thermometer, Glass, (one), =15 to 360%., 1° gradua-
tions, Used to read temperature of electric drying oven.

Brothecom, New York.
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Thermometer, Weston, (one), 200 to 1000°%. 10° gradua-

tions. Used to read temperature of electric furnace. Manu-
factured by the Western Electrical Instrument Corporation,
Newark, New Jersey,

Jdar, Glass, one pound coffee, (one). Used as HCl gas
generator,

Funnel, Separatory, 125 ml., (one)., Used to run HpS0,
into the gas generator.

Stopper, Rubber, two-hole, No. 12, (one). Used as top
of gas generator. .

Can, Steel, Standard 0il Chassls Lubrication Grease,
(one). Used as gas chamber. (See Figure 2, page T3).

oth, Hardware, 1/4" mesh, (200 8q. in). Used as

‘shelves in gas chamber.

Bolts, stove, round head, 4" x 1/8", (six). Used as
shelf supports in gas chamber.

Pipe, Iron, 3/8" dlameter, 6" long, (two). Used as
inlet and ouxlét of gas chamber,

Iron, 1" angle, (39 3/16"). Used as clamps to hold top
of gas chamber on securely.

Bolts, Machine, square head, 3" x 3/16", (two). Used
to tighten and clamp top of gas chamber by screwing into the
welds provided on the gas chanmber.

Pinchecoecks,” (three). Used on inlet and outlet of gés

chamber and on the safety valve of steam generator.
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Bottle, Glass, 1/2 pint, (one). Used as HpO trap
between gas chamber and HCl gas sbsorber.

gtopper, Rubber, two-hole, No. 11, (one). Used as top
of water trap.

Jar, Brown glass, one gallon, (cne). Used as HCl gas
absorber.

stopper, Rubber, one-hole, No. 12, (one). Used as top
for HCl gas absorber.

Tubing, Soft glass, 3 mm., inside dlamster, (various
lengths). Used as connection between pleces of gassing
equipment.

Tubing, Rubber. Used as connectlions between pleces of
gassing equipment. (3ee Pigure 3, page T5).

Ei;;, Patterson Rod and Pebble, Motor driven, (one).
Used to grind tobacco.

Pebbles, Stone, 1" diameter (approx.), (10 kg.). Used
as grinding unit in rod and pebble mill to grind tobacco.

Pebbles, Stone, 1/2" diameter (approx.), (10 kg.).

Used as grinding unit in rod and pebble mill to grind tobacco.

Rods, Steel, miscellaneous, 18" lengths (approx.),
(10 kg.). Used as grinding unit in rod and pebble mill to
grind tobacco.

Box, Ice, Coco=-Cola (one). Used to maintalin samples

at 3°C. overnight.
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Yotor, Induction, General Electric, (ome), Type K,
Model 5K204A2002, Frame 204, Volts 220/440, Amp. 3.38/1.69,
gpeed FL 1130, 1 hp., No. JU 2096, Used to drive rod and
pebble mill; Manufactured by General Electric Company,
Schenectady, New York,

¥ixer, Lancaster Countercurrent Rapid Batch, (one),
US Patents Nos, 1663830~1728598-1797301, Type SKH, Year 1940,
Ho. 127. Used to grind tobaceo. Manufactured by Lancaster
Iron Works Inc., Lancaster, Pennsylvania.

ﬁ;gggb Induction, General Electric, (one), totally
enclosed, fan caoled, Model 5KG254920, Frame 254, Type K&,
Volts 820/440, uyclea 66, 3 Phase, Amp. 10/5, Speed FL 1130,
Patent 1595945w1695947, 3 hp., No. JU 1630. Used to drive
Lancaster Countercurrent Rapid Batch Mixer. Manufactured
by General Electric Company, Schenectady, New York.

Riddle, Combs Gyratory, (one). Used to separate
particle sizes of ground tobacco. Manufactured by the Great
Western Manufacturing Company, Leavenworth, kansas.

tiotor, Electrie, General Electric, (one). lodel
5KH65AB64, Type KH, 1 Phase, 1/6 hp., Cycles 60, Amp. 3.0,
Volts 110, RPM 660, Temp. rise 55°C., Continuous. Used to
drive riddle. Manufactured by Gemeral Electric Company,

Schenectady, New York,
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Sereens, Tyler standard, with pan and top, (three),
Hoss 100, 200, and 325, Used to separate particle sizes of
ground tobacceo. Manufactured by the W, 5. Tyler Company,
Cleveland, Ohilo.

alance, Triple beam, 500 gms, capaclity, 0.1 gnm.
accuracy, (one). Used to weigh salt, Manufactured by Fisher
Selentific Company, Plttsburgh, Pennsylvania,

Balance, Double beam, 21,1 kg, capacity, 1 gm,.
agecuracy, (one). Used to welgh samples of tobaceco éurins
grinding. Manufactured by Newark Scale Works, Newark,

New Jersey.,

Plate, Hot, i@uﬁh, ”Aﬁtamp” haatar;ﬂllﬁ Vs, (OnO),
Used to Heat waier torvataam bath. vanutactured by Fisher
Seieﬁtitie Company, Pittsburgh, Pennsylvania.

Since none of the solutions

used in the analytical determination of nicotine were
avallable, all had to be made up using materials that were
avallable and d;stillod water,

sodium hydroxide was available reported as 76% NayO. This

corresponds to approximately 98% pure NaQH, To calculate. how
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much NaOH to weigh out for the solution, 1000 ml. of diatilled
water was used as a basis, The proportion 1000 - x ¢ 100 *

x ¢ 40 was used. This gave a weight of 666.67 grams. Singe

the NaOH was only 98%, 666.67 divided by 0.98 gave a total
welght of 680,28 grama of the flake NaOH. This amount was
weighed out and dissolved in 1000 ml, of distilled water,

Crystal silicotungstic aeld, C. P, was avallable. To calculate
how mueh of the acld to weigh out for the solution, 1000 mla

of distilled water was used as a basis. The proportion

1000 - x ¢ 100 = x ¢ 12 was used. This gave a welght of 136,36
grams of silicotunzstic aeld, This amount was welghed out and
dissolved in 1000 ml, of distilled water.

chloric acid, sp. gr. 1,19, assay 36.1%, was available., To
caloulate how many ml. of the acid to measure out, 1 liter of
solution, or 1000 grams, wes used as a basis. Zach ml, of the
available acid contained 1.19 x 0,361 or 0.42959 grams of
HGl. A 1 to 4 solution contains 1 gram of HCl to 4 grams of
water. Therefore, a liter of the solution, or 1000 grams,
will contain 800 grams of water and 200 grams of HCl. The pro-
portian.0.42§59 t 1 = 200 ; x was used, This gave 465,56 ml.
as the amount of original acid to measure out., This amount
was measured, put into a 1000 ml. volumetric flask and then
the flask was filled to the 1000 ml. mg?k by adding dist}lled

water.
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4, Preparation of 1 to 2000 Hydrochloriec Acld. Hydro-

chlorie acid, sp. gr. 1.19, assay 36f1%, was avallable., To
caleulate how many ml, of tha acid to measure outﬁ 1 liter, or
1000 grams, was used as & basis, Fach ml., of the avallable
acid contalned 1.19 x 0,361 or 0.42959 grams of HCl. A 1 %o
- 2000 solutlon contains 1 gram of HC1l to 2000 grams of water,
or 0.5 grams of HCl to 1000 grams of waters The proportion
0,42959 ¢ 1 = 0,5 t x was used, This gives 1,16 ml, as the
amount of original acid to measure out. This amount was
measured, put inte a 1000 ml, volumetric flask, and then the
flask was filled to the 1000 ml, mark by adding distilled
waters This did not give an exact 1 to 2000 solution, but
since measuring:.out 1.16 ml. was only an egtimate between
1,10 and 1,20 ml,, it gives a solution that is adequate
since the solution is only used for washing purposes.

Construction and Assembly of Equipment. The equipment

used in this investigation can be divided into four major
categorles, These are: analytical equipment, gassing equip-
ment, grinding equipment, and auxlliary equipment. Only the
gassing equipment required any construetion.

1. Assembly of Analytical Eguipment. All the pleces
of apgaratusiuaed in the analytical equipment can be obtalned
from any chemical stock rooms The analytical apparatus was
assembled on a frame work of iron pipes, A ring was used as a

support for the bottom of the 1000 ml. Pyrex round bottom

flask and a clamp was used to support the neck. A HNo, 8,
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‘three~hole rubber stopper was used as the top. A plece of
soft glass tubing 5 feet long with an inside dlameter of 6 mm.
was put into one of the holes so that the end of the tublng
wae b@lbw/the surface of the water in the flask. This served
as & pressure gagé. A 6" plece of 3 mm. inside diameter soft
glass tubing was put into another hole in the stopper. A
pi@aa of rubber tubing was put on the upper end of this plece
of glass tubing and & pincheock fastened onto the rubber
tubing. This"aérved as a safety valve to release excess
pressure in the flask. From the third hole, another piece of
5 mm. inside diameter soft glase tubing served as a delivery
tube to carry thg mtéam”ganaiated to the distillation flask.
' 7hé aistillation flask, a 500 ml. Pyrex round bottom
flask, was supported in the same manner as the steam gen-
erator., A No. 6 two-hole rubber stopper was used as the top.
Into one hole, a plece of 3 mm. inside dlameter, soft glass
tubing was inserted so that the end of the tube was only a
small distance from the bottom of the flask., This was done
go that the end of the tube would be below the surface of
the very small amount of liguid that would be in the flask
during distillation. This pilece of glass tubing was bent
and fitted with a small plece of rubber tubing on the end in
such a manner that a connection could be made with the de-
livery tube from the stéam generator. The lower portion of
a Kjeldahl trap was inserted into the other hole, and the

top portion of the trap was bent so as to lead to the top of
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a water condenser. The water condenser was fitted with a
Noe« 4 one~hole rubber stappér at ‘the top. A plece of 3 mm.,
inslide dlameter, soft glass tubing was inserted into this
hole, and the upper gection of the tubling was bent so that
a connection could be made with the upper portion of tubing
of the Kjeldahl trap. The connection was made by using a
small plece of rubber tubing.

Rubber tubing was used as connections from the water
tap to the lower part of the condenser and from the upper
part of the condenser to a drain. A Bunsen burner was used
to heat the water in the steam generator and a Tirrill
burner. was used to reduce the volume of liquid in the dis-
tillation flask during the distillation, Rubber tubing was
used as conneetions from the gas main to the burners,

Figure 1, page 69, glves & schematic dlagram of the
assembled analytical apparatus. |

2. Construction of Gas GhamgggQ A "standard 01l
Chassls Lubrication Grease" steel can was used as a gas
chamber. The can was provided with a top that was fitted
with a rubber gasket. The can was firat cleaned inside and
out with gascline to remove all the grease. Then a hole,
3/8" diameter, was bored 2" from the bottom of the can.
Another hole, 3/8" diameter, was bored opposite the first
hole and 2 3/8" from the top of the can. A 6" plece of

3/8" iron pipe was then welded in these holes to serve ag



inlet at the bottom, and outlet at the top, for HCl gas.

A 1/8" diameter hole was then bored in the side of the
ean 8" above the bottom. Then twe more holes were bored on
approximately 120° angles frem the first hole. A 1/8" round
head stove bolt, 4" long, was put into each of these holes
and a nut screwed on them on the inside of the can to secure
them. These three bolts served ga the supports for a 100 sq.
in shelf of 1/4" mesh hardware cloth.

Three more 1/8" diameter holes were bored in the san
in the same manner 17“ above the bottaﬁ of the can. These
holes were fitted with stove bolts for another shelf of the
hardware eloth.

In order: for the gas chamb&r.to be leak proof, some
clamp had te be devised for clamping the top of the can on
securely., The csn was provided with two wells exactly oppo-
gite each other into which 3/16" bolts would fit. A plece of
1" angle iron 28" long was formed into an octagon with
3 1/2" sides., Two holes, 3/16" diameter, 10 1/2" oanﬁer to
center were bored in one of the sides of a 11 3/16" piece of
the angle iron. These two pleces of angle iron served as a
clamp for the tops. The octagon was placed on the top, exert-
ing pressure at eight points on the top. The stralight plece
of angle iron was then put across the octagon and a square
head machine bolt 3/16" diameter and 3" long was inserted
through the hole in each end and screwed into the wells
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previded in the can.

Shelves of 1/4" mesh hardware cloth, 10" square, was
then cut and put inte the can.

HCl gas is very corrosive, so the can had to be pro=-
tected from this. The can, inside and out, ineluding shelf
supports, top, clamp, and inlet and outlet plpes, was painted
with a thiek coat of Tygon white paint. This first coat was
allowed to dry for about a week, and then another thick
coat of Tygon was applied,

Figure 2, page T3, givea a drawing of the coumpleted
gas chanmber. | )

ment. o construction was
required :for the rest of the gassing appafatun. 411 that was
necessary was to assemble the individual pleces. A one pound
glasas cwfrqe Jar was used as the HCl gas generator. A No, 12
two~hole rubber stopper was used as a top. A 125 ml. separa-
tory funnel was inserted into one of the holes to provide a
‘means of running the HpS0, into the generator to react with
the NaCl and produce HCl gas. A plece of 3 mm. inside dlameter
soft glass tubing was then used to connect the gas generator
with the 1n1gt of the gas chamber. This piece of rubber
tubing was provided with a pinchecock so that the flow of

HCl gas to or from the gas chamber could be stopped or

" started at will,

The gas generator and the gas oh@mb@r were the two



main pleces of the gassing equipment. The HCl gas absorber
was provided to absorb all excess HCl gas that would be pres-
ent after the termination of an experimental run.

A water trap was provided between the gas chamber and
absorber to absorb any water vapor that might get into the
chamber from the HC1l gas absorber. A 1/2 pint glass jar was
used as the water trap., This jJjar was filled approximately one
third full with Hpo804 to absorb the water. A No. 11 two-hole
rubber stopper was used as the top. Into each of the two
holes, a plece of 3 mm., inside diameter soft glass tubing was
inserted. One of these was connected to the outlet of the gas
chamber by using rubber tubing. This plece of tubing was also
provided with a.pinchecock so that the flow of HCl gas from
the chamber could be started or stopped at will. The plece of
tubing to be connected with the absorption chamber was ad-
Justed so that the end of the tubing was jJust above the
surface of the HpS804 in the water trap.

A one gallon brown glass Jjar was used as the HCl gas
absorber. This was fllled about two thirds full with water.

A No., 12 one-hole rubber stopper was used as a top. A plece
of 3 mm,., inside‘diametar soft glass tubing wes inserted into
the hole and.adjusted so that the end of the tubing was Just
above the surface of the water. The water trap and HCl gas
absorber were connected with a plece of rubber tubing.

Figure 3, page 75, glves a drawing of the assembled
gassing egulpment. it :



4, Grinding and Auxiliary Rou
ing equipment and all pleces of auxiliary equipment were eithepr

pment . All pleces of grinde

standard equipment in the Unit Operations Laboratory of the
Chemical Engineering Department of the Virginia Polytechnle
Institute or could be obtained from any chemical stock room.
Hence no constructlon or assembly was necessary.

Sempling. Both whole leaf and finely zround tobacco were
used in the analytical determination of nicotine. Hence, o
method of sampling that would give a uniform sample had to be
devised for each.

1. gampling lLeaf Tobaceo. About two pounds of the tobaceo
were selected as the material for tests invélving the whole
tobacco leaf. The leaf was torn up into smaller pleces of
different slzes; the smallest pleces still being large enough to
retain its leafy characteristics. Then all of this was mixed
thoroughly with the hands and placed in a contalner, When a
sample was deslred, pleces were removed from the container, and
smaller pleces torn from them to he welghed as the sample. When
enough had been obtained for a single sample, the remaining
-pleces were put back into the container and the whole lot remixed
with the hands.

2..5amgi1§g Ground Tobaeco. No special method of sampling

was used, As a sample was needed, it was taken from the contalner,
the agsumption being that a thorough mixing had occurred during
the grinding process and shaking on the r;édle*
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ples. All samples used in the molisture

determinations and determinations of nicotine content were
welghed on a Chainomatic analytical balance. The weighing of
the residue in the analytical determination of nicotine was
also done on the analytical balance. The weighing of the salt
used in the gas generator to produce the HCl gas was done on a

triple beam laboratory balance of 500 gms. capacity.

accurately. Then an adjustment of the weilghts was made so that
when enough sample was added to balance the weights, a sample
of 0.,5000 gm. or l.Qéoo'gm. was weighed uui; depending on the
ad justment of the weights.

2. Welghing of Residue. The residue was welghed in a
porcelain cruclble, The crucible had been weighed previously
and the welght of the residue was obtalned by subtracting
the tare welght of the crucible from the total welght of the

erucible and residue.

boterm;g&tian. The dried sample was weighed in a glass welghing
bottle. The welghing bottle had been welghed previously and
the welgzht of the dried sample was obtalned by subtracting

the tare weight of the welghing bottle from the total welght

of the bottle and dried sample.
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« A sheet of paper was placed on the

balance and weighed. The weights on the beam of the triple beam
laboratory balance were then adjusted so that when enough salt
had been put on the paper to balance the weights, 100 gms. of
salt would be weighed out. Extreme accuracy was not necessary
in this operation.

Determination of Moisture Content. Each time that samples
were weighed out for the determination of nicotine, a moisture

determination was made. The method used was that suggested and

used by Wellu(aa)

+» A 1.0000 gm., sample of tobaceo was welghed
out and put into an evaporating dish. The sample was then put
into the electriec drying oven. The temperature was maintained
at 140°C. At the. end of 24 hours, the sample was removed from
the oven and immediately transferred to a glass welghing bottle
to prevent the dried sample from biakins up moist;ra from the
atmosphere. The weight of the dried sample was then determined
a8 previously mentioned. The weight of the dried sample was then
subtracted from the original weight and the difference was
divided by the original weight to determine the percentage
moisture.

les. A deseription of the procedure for

one gassing operatien_will suffice since each was done in
exactly the same manner. The sample to be gassed was placed on
the shelf, E, (Figure 2) of the gas chamber (the leaf tobacco
on a plece of paper and the ground tobacco on a watchglass).
The top, @, wus Shen plseed en the obaaber and alasaped ¥ighily



on by serewing the bolts, B, of the elamp, A, into the wells
provided in the can, The outlet, D, of the gas chamber was
¢losed by means of the pincheoock on the rubber tubing connecting
the outlet of the chamber to the water trap, C, (Figure 3). One
hundred grams of NaC¢l was put into the gas generator, B, and
the generator was connected to the gas chamber, Forty ml. of
Hg80,; was then put inte the separatory funnel, E. The entlre
amount of Hp30, was then allowed to run into the gas generator
producing the HCl gas. After one hour had passed, the outlet of
the gas chamber was opened and the excess HCl was absorbed in
the absorption apparatus, D. This was done only if the duration
of the gassing operation was one hour. If the duration of the
operation was more than one hour, at the end of each hour the
inlet, ¥, (Figure 2) to the gas chamber was closed and the

gas generator was dlsconnected, washed out and recharged with
100 gms. of salt. Then 40 ml. more of HUl gas was run into the
generator, and the inlet opened by removing the pinchecock.

Then at the end of the second hour in a two hour operation, or
at the end of the third hour in a three hour run, the excess
HC1 gas was absorbed as described above. The top of the gas
chamber was then removed and the gassed samples removed from
the gas ahambér.

Preperation of Samples for Analysis. A sample of llme
equal in weight to the gassed sample was welghed out while the
sanple was being sasaed. Immediately upoh removal of the gassed
sample from the gas ehambér, it was mikéﬁ with lime. Appéoxima&uxr
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20 drops of water was then added to facilitate the reaction be-
tween the lime and any nlcotine hydrochloride. The sample was
then allowed to set from 40 to 48 hours before the nicotine
determination was made. Blank samples (not gassed) were handled
in the same manner.

ng of Nicotine. A description of

one analytical determination of nicotine will suffice since
each individual analysis was done in éxaotly the same manner.
The sample to be analylzed was put into the distillation
flask, D, (Figure 1). Using a pipette, 3 ml. of distilled water
was put into the flask. Pive ml. of water was put into the
distillate receiver, F. Then 3 ml. of 1 to 4 HC1l was put into
the distillate receiver. The distillate receiver was then put
into place at the foot of the condenser, E, so that the end of
the condenser was below the surface of the liguid in the
distillate receiver. Two drops of phenophlthalein was then put
into the distillation flask. Since the samples had already been
mixed with lime, it was alkaline, but 0.5 ml. of 40% NaCH was
added to the distillation flask. Meanwhile the Bunsen burner
had been heating the water in the steam generator, A, to¢ the
bolling point, and the cold tap water had been turned on so
that it was running through the condenser. The connection was
made between the distillation flask and the condenser. As soon
as the water in the’ steam generator was boliling steadlily, the
connection was made between the steam generator and the distil-

lation flask, and the distillation begun. As soon as the
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distillation was going smoothly, heat was applied to the distil~
lation flask by means of the Tirrill burner. This was done to
reduce the volume of the liquid in the flask. A pressure of 2.5
to 3.0 feet of water was maintained in the steam generator. This
was observed by means of the pressure gage. Distillation was
continued until about 100 ml, of dlstillate was collected and
the liquid in the distillation flask was reduced to dryneas.

One ml. of 12% silicotungstie acid was then added to the distil-
late to preclipitate the nicotine that had been distilled over,
During the distillation, water in a 250 ml. beaker had been
bolling on a hot plate. The sample was put on this steam bath
for 15 minutes. While the sample was on the steam bath, the
analytical apparitus-was disassembled and the distillation
flask, trap, condenser and delivery tube were washed out and
reasgsembled for the next run. At the end of the 15 minutes, the
sample was removed from the steam bath and allowed to cool
slowly to room temperature. The sample was then placed in an

ice box and maintained at approximately 3°C. overnight. The
precipltate was filtered out on Whatman No. 40 filter paper.

To make sure that all of the precipitate was gotten out of the
distillate recelver, half of the filtrate was poured back into
the distillate receiver and refiltered, and then a quarter of
the filtrate was poured back into the distillate receiver and
refiltered. The preelpitate was then washed with 150 ml. of

1 to 2000 HCl. The filter paper was then placed in a cruclble
and put into the electric furnace. The temperature of the



furnace was maintained at 960°F. As soon as the filter paper had
been completely burned, the cruclble was removed from the furn-
ace and heated over the Bunsen burmer for 10 ninutes. The cruci-
ble was then placed in a desiccator and allowed to cool for 1
hour. At the end of the cooling perlod, the welght of cruclble
and residue was determined as previously described. The welight
of the residue was multiplied by 0.114 to give the welght of
nicotine. The welght of nicotine was divided by the welight of
sample to give the nicotine percentage on the wet basis. Further
division of this by 100% minuse the moisture content gave the
nicotine content on the dry basis.

Gelculation of Percentage Nicotine lLost By Vaporization

After Gassing and Mixing With Lime. The dry basis nicotlne con-
tent of & gassed sample wag divided by the dry basis nicotine
of the blenk (not gassed) sample. This gave the percentaze of
;cyiginal nigotine still present in the sample. This amount
subtracted from 100% gave the percentage of original nicotine
lost by veporization. This is reported as the percentsge nico-
tine converted.

@rinding Tobacco. The grinding with each of three grinding

units; 1" pebbles, 1/2" pebbles, and rods was done in exactly
the same manner in the Patterson Rod and Pebble Mill. Five
hundred grams of tobacco was weighed out and put into the mill.
Then 10 kg, of the grigd;ng unit was put into the mill. The top
of the mill was put into place and clamped. The mlll was started
and the grinding eperation,was continuedﬂfar 5 hours. At the

end of the 5 hours, the grinding unit wasvremoved from the mill,
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caution being taken to brush off all that was possible of the
tobacco that had adhered to the unit, Then the ground tobacco
was brushed from the mill into the screens for a screen anal~
ysis. After the screen analysis, the total sample was put back
into the mill,_the grinding unit was again put into the mill,
and the grinding operation carried out for another 5 hours. In
practice only that portion insufficiently ground would be ire-
turned to the mill. In this study, the degree of grinding in a
definite length of time was desired.

Screen Analysis. The screens used were 100, 200, and 325

mesh with pan and top. The ground tobacco wags put into the 100
mesh sereen. The top was placed on this and the set of screens
was placed in the riddle. The riddle was run for 5 hours. The
screens wére then removed from the riddlé and the individual
screens and pan with the tobacco on it were weighed. The weight
of the screen and tobacco minus the tare weight of the screen,
which had been determined previously, gave the amount of
tobacco that had passed through the screen above the screen
being waighed. This weight of tobaceco divided by the total
weight gave the percentage of tobacco through the screen above
the screen being weighed.

Method of Increasing Moisture Content. Some of the

ground tobacco that had passed through a 200 mesh screen was
placed on a plece of cotton cloth. The cloth was then folded
to form a bag when held in the hands. This bag was then held



in the stream of steam issuing from the delivery tube, B,
(Flgure 1) of the steam generator. The bag was rotated so that
steam would strike all sides of it., From time to time the to-
baceo in the bag was agitated to expose all the tobacco to the
steam. This was continued for about 15 minutes. Then the to=-
bacco was put into a glass Jar and allowed to set for several
days to gilve the molsture a chance to become evenly distribut-
ed through the entire mass of tobacco.

Determination of Free and Combined Nicotine in Tobaceco.
A sample (2-3 grams) of tobacco was placed in the distillation

flask and covered with HpO. No caustlc was added. Ten minutes

after distillation was begun the distillate receiver was re-
moved and. another inserted in its yiaee.vThis'wns repeated
at the end of each 10 minute interval until 80 minutes had
passed, As each distillate receiver was removed, the nicotine
distilled was precipitated with silicotungstic aclid. Then the
rest of the procedure in the analytical determination of
nicotine was carried out. Upon determining how much nicotine
had been distilled each 10 minutes, a curve was plotted with
time in minutoa.an the abscissa and the weight of nicotine in
mg . diatilled'per 10 minutss as the ordinate. By assumlng
that the hydrolysis of the combined nicotine to free nicotine
and the subsequent distillation of the free nicotine would
take place in a straight line relationship, and that the free
nicotine originally present would distill off during the

first time intervals, the relative proportion of free nicotine



to total nicotine content could be observed.

Treatument with Nﬁg, The treatment of the tobaceo with

the NH3 was very gimilar to treatment with HCl gas. Approximote-
ly 100 ml. of NHyOH was put into the gas generator. The samples
of tobaceo to be treated were put into the gas chamber and the
top was clamped into place. With the outlet of the chamber
¢losed, the NH,OH in the gas generator was heated with a hot
plate. This liberated NHj from the NH4OH. The treatment with
the NHy was for 1 hour.

Tests with N, rustica. All tests performed with N. rug-
tica were exactly the same as with ordinary tobacco with the
exception that in the analysis for nicotineé only 0.2000 gram
samples were used because of the high nieotine content. Also,
in grinding, the N. rustica was ground for only 1 hour with
rods.

Caloulation of Cost of Growing One Acre of N. rustiga.
The cost of growing one ascre of N, rustica was calculated on
the same basis as Unﬁewwm@é(zﬂ) caloulated the cost of grow-

ing one acre of flue cured tobacec. The cost of man labor was
calculated at §$0.197 per hour and the cost of horse work was
calculated at $0.11 per hour. For other cost items, such as
use of taels,'land, ete., the cost charged to one acre of

N, rustica was the same as charged by Underwood. In caleulat-

ing the cost of marketinmg the N. rustica, some items had to
be determined by other means. For instance, the item~ Truek

use~ was determined by the price charged ($0.30 per hundred



»§0=

pounds) at the present time by truck owners to haul the flue
cured tobacco from surrounding territory to the Chase Clty, Va.
tobagco market. Also the item~ hired hauling- was calculated
on the railroad freight rate for carload lots of cut tobacco
in no contalners ($1.13 per hundred pounds) from Chase City,
Va. to Richmond, Va. The figure for the total poundage pro-
duced by one acre of N. rustica was the average poundage pro-
duced during the three years of experimentation at Arlington

Farms, Va.



Data and Re t

The following tables and figures give the observed data
and the results calculated during the course of this investi-
gation. /

Table XXIII, page 98, gives a detailed statement of the
cost of produecing one acre of N. rustica tobacco.

Table XXIV, page 29, gives a summary of all costs and
returns in raising one acre of N. rustica tobascco. The values
marked with an asterick(®) are figures for flue cured tobaecco
taken from Table XX, page 38. These figures were included for
purposes of comparison. '

Table XXV, page 100, gives the effect of partiecle size,
moisture content, treatment with NHz, and time of exposure
to HC1l gas, on the conversion of nicotine in tobacco to
nicotine hydrochloride,

Table XXVI, page 101, gives the results of screen
analysis of tobaceco after being ground in the rod and pebble
mill using 1" pebbles, 1/2" pebbles, and rods as the grinding
unit.

Table XKVII,'page 102, glves the effect of grinding
on the loss of nicotine from tobacco by vaporization due to
heat generated during the grinding.

Figure 4, page 103, is the plot of the data contained
in Table XXVI. | i '



Pable XXVIII, page 104, gives the results of steam dis-
tillation of %rﬁinary tobageo to determine the proportion of
free niaetiﬁaftm total nicotine content.

Tablé %XIX, page 105, gives the results of steam dis=
t;llatien of N. rustice tcbaceo to determine the proportion of
free nieetins:tc total nicotine content.

Figure 5, page 106, 1s the plot of the data contalned
in Tables XAVII and XXVIII.



Table XXIII

Detailed Statement of the Cost of Producing One Acre of

N. rustica Tobaceo

Average Per Acre

Item Total
Quantity | Value
Growingi {
Man labor, hours @ $0.197 212.00 |§4L.76
Horse or mule work, hours & $0.11 68.00 T.48
Tractor use, hours O.14 0.03
Truck use, miles 0.02
Plant bed cloth 0.36
Other equipment - 0,99
Seed and plants Q.13
Fertilizer, pounds 888,60 2.07
Manure, pounds 272.90 0.7T1
gover erop : 0.18
Spray and dust 0.02
Insurance : T.32
Interest 2 6% per annum 1.57|
Land use ; 2.26|§71.88
Hervestings
Man labor, hours 58,00 |$11.43
Horse or mule work, hours 22.00 2.42
Other equipment 0.21
Interest O. 23 !
Other harvesting costs 0.21|$14.50
Curing:
Man labor, hours 1.00 | § 0.20
Other equipment 1.30
Building use 4,28
Interest 0.35
Other curing costs 0.08|§ 6.21
Marketings :
Man labor, hours 10.00 | § 1.97
Heorse or mule work, hours 20.00 2.20
Truck use 11.15
Automobile use 1.60
Other equipment 0.17
Hired hauling, pounds . 3,718.00 | 42.01
Storage building use 1.54
Interest on tobacco 1.25
Other marketing costs 0.01| §61.90

Grand Total

$154 .49




Table XXIV

Summary of All Costs and Returns in Raising One Acre
of N, rustica Tobaceo

Average Per Acre

Item

- Quantity | Value
Man labor, hours 281,00 | §55.36
Horse or mule work, hours 110.00 | 12.10
Tractor use, hours 0.04 0.03
Automotive transportation 12.75
Use of other equipment 3.03
Feed, fertilizer, and poison 10.11
Use of land and buildings 8.08
Ingurance T.32
Interest ‘ ’ 3.40
Hired hauling, pounds 3,718.00 | 42.01
Miscellaneous 0.30
Total all costs B154 .49
Tobacco sales, pounds @ $0.04 | 3,718.00 | 148.72
et loss $39.01% 5.77
Unpald labor 86 .24% 55.36

Net profit 47.23% | 49,59 |

*
These flgures do not apply to N, rustica. They are

the fligures for flue cured tobacco
for comparison purposes.

nserted

here
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Table XXV

Effect of Particle Size, Moisture Content, Treatment With NH3z, and Time of Exposure to HCl Gas,
on the Conversion of Nicotine in Tobaceo to Nicotine Hydrochloride

Time of Treatment|Moisture Content
Weight : Nicotine
Test| of |Type of |Size of |With HOl| With NHz| 140°% | 105° |Yield of | Content |Nicotine
No. [Sample| Tobaece |Tobaceo 24 hrs.| 24 hrs.|Nicotine [(Dry basis)| Converted
£l hrs. hrs. g ‘ u’e X ’
1«3 |0.,5000| Ordinary| Leaf - - 16.39 . 6.2928 1.51 o
4"‘ 9- 5600 Ordimry Jdeat 1 - 16.59 ”» 60299‘ 1 027 15039
7-9 |0.5000| Ordinary| Leaf 2 - 18,23 - 5.2896 1.29 14,57
10«12 |0,5000| Ordinary Leaf S - 18.01 e 6 .31&& 1.30 13.91
135-16(0.5000( Ordinary| Ground - o 18,80 - 3.8632 0.95 -
17-16|0.5000| Ordinary| Ground ) | . 18.50 = 344086 0.84 11.88
20-22 | 0.85000| Ordinary| Ground 2 - 17.47 - 3.4884 0.85 10.53
23-26|0.5000( Ordinary| Ground 1 - 45,04 - 2.3256 0.85 10,5838
27-29(0.5000| Ordinary| Ground - - 18.39 | 14.18 | 5.7114 1.40 -
30-36|0,5000| Ordinary| Ground 1 : § 18.39 | 14.18 | 4.3890 1.08 22.86
36-37|0.2000( rustieca | Ground - - 15.48 - 4,5114 2.67 -
58-40)|0.2000| rustica | Ground 1 1 15.48 - 2.,1090 1.25 53.18




Table XXVI

Results of Sereen Analysis of Tobaceco After Being Ground in the
Rod and Pebble Mill Using 1" Pebbles, 1/2" Pebbles, and Rods as
the Grinding Units

Time |Moisture Through 100 |Through 200

Grind-| of |Content Retained | & Retained| & Retained
Test| ing |Grind- 1400C on 100 on 200 on 325

No. |Unit ing 24 hrs.|Mesh Screen|Mesh Screen|Mesh Sereen

hrs. % i %

la %”peb. 5 18.67 27.80 17.20 47.00
1b |z"peb. 10 18.67 18.80 15.20 55.20
2a |[1"peb., 5 17.70 23.80 26,20 46 .60
2b |1"peb. 10 17.70 14.20 60.20 20,60
3a | rods 5 17.70 26,20 20.20 53.60
3b | rods 10 17.70 11.40 25,20 66,60

~T0%~
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Table XXVII

Effect of Grinding With Rods on the Loss of Niec-
otine From Tobaceo by Vaporization Due to Heat
Generated During the Grinding

Time of |Welght |Yield of |Molsture | Nicotine
Grind- of Nicotine |Content Content

Test ing |Sample 1409, ((Dry basis)
No. i 24 hrs.
hrs. gm. ng. ;
17-20| 4 0.5000| 4.4232 14.28 1.03
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Table XXVIII

Results of gteam Distlllation
of Ordinary Tobacco Without
Caustic to Determine the Pro-
portion of Free Nicotine to

Total Nicotine Content

| Time of Yield of
Sample |Distillation | Nicotine
- No.. min. it

p A 10 3.4542

2 20 3.0780

3 30 2.6676

4 40 2.4510

5 50 2.6676

6 60 2,5878

7 70 243142

8 80 2.2572
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Table XXIX

Ruaul@n of 3&»&m pPlstillation

s Tust Tobaeoo Without
gaustic to Determine the Pro=-

portion of Pree llecotine to
Total ¥Wisotine Content

Time of Yield of
Sample | Distillation | Nicotine
No«- |- min. ng e
1 10 u?@@ﬁ
2 20 3&97
3 30 303402
4 40 2.9526
| 50 3.3516
6 60 249
g gg 2. 7474
2,7360
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IV, DISCUSSION OF RESULTS

Economic Feaslbllity of Growling N, rustica as a Cash

Crop. The economic study of growlng flue cured tobacco made
by Underwood(28) was for the 1933 flue cured tobacco crop in
Pittsylvania County, Va. The records on which the study was
based were obtained by the survey method. It was the object
of the study to collect and analyze statistically data con-
cerning the organization and operation of a comparatively
large number of tobacco farms for the purpose of determining
the relative importance of the major factors assoclated with
variations between farms in the returnayfram tobacco.

Ecﬁnomia conditions are constantly changing, and a
given set of conditions may not be repeated for many years.
Henoe, the economlec situation in 1939, when the results of
the survey were published, was not the same as it was at the
time the survey was made. Nelther ls the situation the same
today as 1t wae in 1933 or in 1939.

N. rustica has never been grown as a commercial crop

in the United States. In fact, the extent to which N. rustica

has been growh has been limited to small experimental patches.
In growing these small experimental patches, the emphasis
has been on the ma;imgmﬁprpduction of n;zetine per acre,
either by increasiﬁg the percentage of nicotine, increasing

the poundage per acre, or by a combination of both.
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Very few farmers would be able to state at once the
total hours of labor required to produce an acre of tobacco,
but most of them can name falrly accurately the tasks that were
performed and the time required for each, such as fallowing or
breaking the land and setting plants, so that a correct total
may be obtained. In the case of N, rustica such information
wag not available. The labor requirements for N, rustica have
therefore been determined by other means. As the number of
plants grown per acre is essentlally the same as in the case
of the burley type of tobaceco, the labor requirement surveys
that have been made for the latter should be more or less
applicable to Ef rustica with respect to most of the important
aulturalJOperationa; One group of operaiions, however, would
not be the same, namely, topping, worming, suckering, and
spraylng or dusting. This complex item would correspond more
nearly to the requirements for dark-fired tobacco except
that, sinece there are apprcximately twice the number of plants
per acre, this figure would need to be doubled. Pigures for
the several major operations are derived in this way. This
item is highly important because the labor costs in growing
tobacco is a high percentage of the total cost. For example,
the cost of man labor and horse work constituted 75.1% of

the total cost of growing flue cured tobaccc as computed by

Underwood(28), For N. rustica, the cost of man labor and
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horse work was 57.8% of the total cost. The important thing

to remember is that while the man labor is charged in the cost
accounting, it seldom represents a cash outlay since the labor
is done by the farmer and members of his family. After all
other expensées have been met, the farmer can then pay himselr'
for his labor. By dividing the total number of hours worked
into the money left, the farmer can determine his hourly wage
rate, ’

In the case of the flue-cured tobacco there existed
a net profit of $42.23 for 438.6 hours. This gives an hourly
rate of §$0.108. For N. tica, the economiec study based on
the study made by underwood (28) ghows a net profit of $49.59
for 281 hours. This gives an hourly rate of $0.177. There-
fore, the farmer is being paid more for hils labor and at the
same time has 157.6 hours in which to engage in some other
profitable enterprise.

As stated before, economie conditions vary, and a
given set of conditions may not be repeated for many years.
The time at which Underwood conducted his survey could not
be considered normal. Neither can the present be considered
normal. Certainly, then, any conclusions drawn from the
economiec atudy ean not apply today, nor can they apply to
what may be considered a normal year.

However, unless the methods of cultivation 1n growing
tobacco change radically, and this 1s very unlikely, the

labor required will continue to constitute a majority of



the cost of growing either flue cured tobacco or H. rustica.
If the price pald for tobaceo, the production per acre, and
costs other than labor all vary from time to time, and these
items are known, they can be substituted for the values as
given in Table XX, Summary of All Costs and Returns in Pro-
dueing Tobaceo, Table XXIII, Detailed Statement of the Cost
of Produeing One Acre of N, rustieca Tobaeee, and Table XXIV,
Summary of All Costs and Returns in Raising One Acre of
N. rustica Tobaeco, and it can be determined whether or not
it would be economical to grow N. rustica as a cash crop as
compared to growing flue cured tobagco as a cash crop.

Determination of Moisture in Tobaceo. The purpose of
the molsture determination was to obtain data so that all
nicotine percentages could be expressed on the same basig=-
the dry basis. It is a known fact that the molsture content
of tobacco exposed to the atmosphere will change with a
change in atmospheric conditions. This plus the faet that the
investigation was to extend over a long period of time made
the dry basis the only loglcal basis for expressing the
nicotine content, and frequent moisture determinations were
therefore necessary. Welln(w) cites five methods of deter-
nining mu&ntﬁrw in tebageo. One method was heating the to-
baceo for 24 hours at 140°C. and determining weight loss.
This method was used. throughout the investigation.

Loss Due to Heating at 140%¢, for 24 Hours. During

the course of the investigation when it was discovered that
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subjecting the tobaceco to heat would probably cause some of the
nicotine to volatilize off, a nicotine analysis was made on a
sample of tobacco that had been used in a moisture determina-
tion. The results of this analysis proved that this particular
method of moisture determination was unsatisfactory. For sam-
ples of 0.2000 gm., an average residue of 0.0050 gm. was ob=-
tained; this is a nlcotine content of 0.285%. The nicotine con-
tent of a sample that had not been dried was 2.76% on the dry
basis.

Loss Due to Heating at 105°C. for 24 Hours. It was sug-

gested that the 140°C. was too high and that heating at a low-
er temperature such as 105°C. would be better. An analysis of
samples of toba¢co that had been dried at such a temperature
proved that this also was unsatisfactory. For samples of 0.2000
gm. an average residue of 0.0130 gm. was obtained. This 18 a

nicotine content of 0.74%4. This was also a drop from 2.76%.

ture. Another difference was observed in the results of
using the two temperatures in the moisture determinations.
With samples which were welighed out at the same time, those
which had been dried at 140°C. for 24 hrs. gave an average
moisture aonﬁsnt of 18.39% while those which had been dried
at 105°. for 24 hrs. gave an average molsture content of
14.18%. This was a difference of 4.21% which was too much
to be accounted for by the amount of nicotine vaporized.

Therefore, the drying at 140°C. was either decomposing some
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constituent in the tobacco or driving off bound molsture; the
latter 1s most likely true.

These observations, along with the fact that there was
a loss of nicotine in grinding due to heat generated, indicate
that the use of heat to the extent where it would be positive
that all the moisture will be driven off, and determining the
loss by welghing would be an unsatisfactory method.

All nicotine contents in this investigation are re-
ported on the so called "dry-basis" but which in reality is
a moisture free-nlcotlne free basis. In the case of the
ordinary tobacco where the nicotine content never exceeded
1.60%, the nicotine content on an actual dry basis would not
differ to any great extent from that whieh i1s reported. How-
ever, with N, rustieca of 5-7% nicotine or higher, the differ-
ence would be considerable. :

Importance of Sampling. The nicotine content of tobacco
varies a great deal. It is known that the nicotine content of
tobacco varlies from one part of the leaf to another; from
plant to plant, and from field to fleld. For example, the
distribution of nicotine in N. rustica has been reported as
followss percentage (water~free bagis) of leaf tissue, 8.08-
12,803 paroehtage (water-free basis) of leaf stem or midrib,
2.99~3.34; and percentage (water-free basis) of main plant
stalk, 1.65-2.79. In flue cured tobacco a proportional dis-
tribution could be expeated. Thararore, it is very esaential
that representative samples be obtained if the data obtainad
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by such a sample is to be used in processing a large amount.

In this investigation, such a representative sample
was not obtained. All the ordinary tobacco used was scrap
and it came from three different farms. Also, being scrap,
the tobacco contained varying amounts of "dead" tobacco, that
whieh had been left in the field too lonz before harvesting.
These factors added up to give a material with a large range
of nicotine content with which to work.

While a satisfactory method of sampling was worked
out for small amounts, no method of sampling so that the
results obtained could be applied to all of the tobacco was
attempted or developed.

Ag an example that the method of sampling used in
the case of both leaf and ground tobacco was satisfactory
for small amounts, attention is called to the results of
Test Nos. 10-12 and 13-16, Table XXV, Effect of Particle
8ize, Molsture Content, Treatment with NHz, and Time of
Exposure to HCl gas, on the Conversion of Nicotine in |
Tobacco to Nicotine Hydrochloride. For Test Nos. 10-12, the
residues from which the average nlcotine content was ob-
talned were: 0.0466, 0.0473, and 0.0458. For Test Nos. 13416,
the residusa'rrom which the average nicotine content was ob-
tained were 0.0334, 0.0345, 0.0342, and 0.0332. Comparable
results were obtained throughout the investigation. However,
if out of four samples, three results obtalned were of the

same order of magnitude such as listed above, and the other



was far out of line, it was discarded. For example, the resi-
dues obtained in Tests Nos. 17-19 were: 0.0296, 0.0293, 0.0307.
A fourth residue was 0,0257. Obviously, this was out of line
with the other three; hence, it was discarded.

Determination of Nigotine Content. Even with a satis-
fastory method of sampling worked out, consistent results
such as those cited above were not obtalned until sach
analytical determination was carried out in a very exact
manner. It was found necessary to evaporate tha liquid in the
distillation flask to dryness. Also, the welght of sample,
amount of water and caustic added and time of distillation
wag the same for each determination. This was done to reduce
the possibility of error in an analytlcal determination that
requires a high degree of technique.

Nicotine Content of N. rustica as Compared With Flue-
Cured Tobacco. The maximum total nicotine content of the
flue-cured tobacco was 1.59%. This was the content of the

sample of leaf tobasego. Hence, there had been no loss by
vaporization of the nicotine by grinding nor had there been
any dilution effect of considerable amounts cof leaf stem or
stalk.

No anﬁlysis of a leaf sample of N. rustica was made.
This was not done because the purpose of the investigation
was the preparation of. the insecticide from the entire to-
baceo plant. The totai nicotine content of the ground
N. rustica (entire stalk) was 2.76%. Tﬁls does not seem’to
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be such a great increase over the nicotlne content of the
flue cured tobacco. But, the aforementioned facts must be
considered. Hed the entire plant of flue cured tobacco been
available, the total nicotine content mest llkely would have
been lower, and the differences between the two would have

‘been mere prominent.

Grinding Tobaceco. The original plan of investigation
was nmf carried out in this part of the thesls. Several
observations made during the course of the study made it
apparent that carrying out the original plan would be a
waste of time and no important data could be obtained by
such actlions.

Changes in Plan of Investigation. Chief departure

from the orginal plan was the declislion not tc attempt any
grinding after the tobacco had been treated with HCl gs.
It was observed that with the tobacco which had not been
treated with HCl, the tendency of the tobacco to stieck to
the grinding unit and sides of the mill was pronounced. Only
when the tobaceco was very brittle and the mill and the grind-
ing unit were dry would there be negligible loss due to
sticking to the grinding unit or mill. Leaf tobaceo which
had beenztreibed with HCl gas became sc limp and soft, it
would have been impossible to grind the tobacco in such a
condition. ;

Another part of the proposed plan that was not carried
out was attempting to grind the tcbaccbuin the Lancaste£
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Countercurrent Batch Mixer. Preliminary tests with thls plece
of equipment gave proof that such an operation was out of the
gquestion. The tobacco was not heavy enough tc cause the wheel
to turn and produce the grinding action. In the preliminary
tests only about 1% of the tobaceo being ground passed through
& 200 mesh screen.

Grinding Capacity Per Time Interval of the Different

Grinding Units. Table XXVI, Results of Screen Analysls of

Tobacco After Being Ground in the Rod and Pebble Mill Using
1" Pebbles, 1/2" Pebbles, and Rods as the Grinding Units,
gives the results of grinding the tobaeco with 1" pebbles,
1/2" pebbles, and rods. In this investigation the grinding
capaclity of the different units for a given time interval
was being sought. In actual practice, no screen analysis of
the ground product would be made with the exceptlion of the
separation of the product into a size that would meet
specifications and that which would not. Also, in practice,
all the original charge would not be returned to the mill
for additlonal grinding. Only that part insufficliently
ground would be returned. The results of Table XXVI seem to
indicate that none of the grinding units were capable of
attaining the'grinding proficiency desired. All of the to-
baceo that passed through the 200 mesh screen was retained
on the 325 mesh screen..However, the data does not tell the
complete story. After the particle size pad been roéuosd'

s0 that it would pass through a2 200 mesh screen there was an
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inerease in the tendency of the particles to stick together.
It did not form hard cakes or balls, but small balls that
could be disintegrated with a very slight touch. Also, during
one of the preliminary tests, shaking on the riddle overnight
resulted in about 10% of the total tobacco ground passing
through the 325 mesh screen., These observations indicate
that some of the tobaceco waa-rmauaeé in size to the extent
that 1t would have passed through the 325 mesh scoreen, al-
though thls is not indicated by the results in Table XXVI,
Results of Screen Analysis of Tobaeco After Belng Ground in
the Rod and Pebble Mill Using 1" Pebbles, 1/2" Pebbles, and
Rods as the Grinding Units.

The percentages of Table XXVI are based on the origil-
nal charge to the mill of 500 gms. of tobacco. The welght
of the grinding unit in each case was 10 Kg. For grinding
capacity for a given time interval, the rods proved the
best. At the end of both the 5 hour and 10 hour grinding in-
tervals the rods gave a higher effilclency of size reductlon.
At the end of 5 hours the percentage that passed through
the 200 mesh sereen was 53.60% compared to 47.00% and 46.60%
for the 1/2" pebbles and 1" pebbles respectively. At the end
of 10 hours,'thﬁ percentages were 66,60% for rods, 55.70%
for 1/2" pebbles and 20.60% for 1" pebbles. This latter fig-
ure is not a true indieation of the grinding capacity of
the 1" pebbles, as indicated by the drop from 46,60% at the
end of 5 hours to 20.60% at the end or‘io hours. A lata‘
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afternoon rain on a hot summer day raised the relative humid-
ity to about 90% at the time the tobaceo was on the riddle.

The slight increase in the percentage that passed
through the 200 mesh screen after 5 additional hours of grind-
ing would not be enough to justify more grinding after 5
hours. However, the trend of the resulits indicate that this
makes no difference in the rating of the grinding units on
the grinding capacity per interval of time basis.

The rods were the best on this basis with the 1/2"
pebbles second, and 1" pebbles third. This can be explained
by taking into consideration the grinding area per unit
volume of grinding unit. Except for irregularities on the
surfaces of the rods, the entire length of the red can serve
as grinding surface. In the case of the pebbles, this is not
true. One pebble can come into contact with another pebble
at only one point whiech is a very small percentage of the
total surface area of the pebble. With the 1" pebbles, the
number of contact points, and hence, grinding surface, 1is
smaller per unit veolume than the number of contact pointe of
the 1/2" pebbles.

Loss o; Nicotine Due to Heet Generated While Grinding.
The grinding capacity per time interval is not the only thlng
that has to be considered. At first this was thought to be
true, However, with the completion of Test Nos. 13-16,

Table XXV, Effect of Particle gize, Molsture Gggggnt, Treat-

ment With NH3, and Time of Exposure to HCl gas, on the
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Conversion of Nicotine in Tobaecco to Nicotine Hydrochloride,
using tobacco ground with the rods, the total nieotinﬁ content
dropped from 1.51% as determined in Test Nos. 1-3 to 0.95%.
There were several possible explanations. A check on the total
nicotine content by analysis of more samples gave comparable
results and eliminated the possibility of suech great error in
Test Nos. 13-16. Therefore, two possibllities remained. The
first of these was the dilution effect of the leal stem due
to lower nicotine content of the leaf stem. Upon grindlng,
the proportion of leaf stem to leaf tissue would be greater
than in a sample of leaf tobacco., The other possibility was
that the heat generated during grinding weuld vaporize sonme
of the nicotine. ,

Table XXVII, Effect of Grinding on the Loss of Nico~-
tine From Tobacco by Vaporization Due to Heat Generated'Dur-
ing the Grinding, and Figure 4 show the results of the time
of grinding upon the loss of nio&tlne. This grinding was
done with rods. The nicotine content dropped from 1.59% in
a sample that was not ground to 1.03% in a sample that was
ground 4 hours. The sharp drop between the tobaeco that
had not been ground and the tobacco that had been ground
for 1 hour probably indicates that the dilution effect of
the leaf stem 1s a factor to be considered. The slight de-
crease between 1 and 2 and 2 and 3 hours grinding indicate
that in that interval of time, the amount of heat generated

was insuffliclent to cause very much orvihe nicotine to
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volatilize. However, at the end of four hours, the nicotine
content showed another considerable decrease and 1t was evi-
dent that the continuous grinding action had generated enough
heat to cause serious loss of the nicotine by vaporization.

Tendency of Individual Grinding Unit to Generate lHeat.
8t1l1l another factor to be considered in selecting the best

grinding unit is the tendency of the unit to generate the
heat by frietion, the specific heat, and such other factors
ag would determine whether the heat would be dissipated
quieckly or taken up and held by the unit. No speecific data
was obtalned on this, but Test Nos. 27-29, Table XXV, Effect
of Particle Size, Moisture Content, Treatment With NHs, and
Time of Exposure to HCl gas, on the Conversion of Nicotine
in Tobaceo to Nicotlne Hydrochloride, were conducted with
tobaceo that had been ground for 10 hours with the 1/2"
pebbles. The nicotine content in thils case was 1.40%, a re-
duction of only 0.11% from the 1.51% of Test Nes. 1-3. On
the other hand Test Nos. 13-16 were performed on tobaecco
that had been ground for 10 hours with rods. The nicotine
content in this case was 0.95%, a reduction of 0.56% from
the 1.51% ot'Taat Nos. 1-3.

This is not conclusive evidence, but it indicates that
there is a difference. liore data would have to be obtained
to form any conclusion.

Conversion of Nicotine to Nicotine Hydrochloride. The
effect of several variables upon the conversion of nicotine




~121- 3

to nicotine hydrochloride by treatment of the tobacecc with
HCl gas was investigated. These varlables were; partlcle

size, time of treatment with HC1l gas, and moisture content.
The amount of HCl gas per unit of time, the amcunt of tobaceo
being treated, the temperature, and the pressure were con-
stant. The amount of HCl gas per hour was the amount generated
by the reaction between 100 gms. NaCl and 40 ml. of Hg8C04. The
temperature was always room temperature, and the pressure was
only that exerted by the generated HCl gas.

Table XXV, Effect of Particle gSize, Moisture Content,
Treatment With NH3, and Time of Exposure to HCl Gas, on the
Gonversion of Nicotine in Tobacco to Nicotine Hydrochloride,
is a eompilatidn of the results of these anvesﬁigaziana.

Iime of Treatwent With HCl Gag. The flrst thing that
is apparent from the results of Table XXV, is that 1 hour of

treatment with HOl gas is sufficlent to convert all the nico-
tine that is available for conversion. With the leaf tobacco
~ treatment with HClL gas for 2 and 3 hours gave no better re-
sults than treatment with HCl gas for 1 hour. With the ground
tobaceo, treatment for 2 hours gave no better results than
treatment for 1 hour. In fact, in both cases, the percentage
of nicotine oanvafted became smaller as the time of treatment
was increagsed. This may have been due to differences in the
nicotine content of the samples. However, it seems to be

more than a coincldence that this should happen with such reg-
ularity. Probably; the continued exposure to the HCl gas
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results in the formation of another compound other than nico-
tine hydrochloride. The formation of nicotine hydrochloride is
an additlon reaction, the HCl molecule being added to the
nicotine molecule. Perhaps the continued exposure to the HU1
gas caused some breakdown or a substitutlion reaction to take
place. Such an entirely diffgrent compound would not undergo
the same reaction as nicotine hydrochloride. However, since
such & reaction would be defeating the purpose of this inves-
tigation, it is desirable to suppress it as much as possible.

Another possibility to be considered is that exposure
to the HC1l gas for more than 3 hours may result 1n the hydrol-
ysis of some of the nicotine esters giving more free nicotine.

Effect of Particle 8lze. The effect of varying the

particle size of the tobacco next comes under observation.
Only two sizes were used in the investigations; leaf tobaceo
end that which had passed through a 200 mesh screen. By com-
parison of the results of Test Nos. 4=-12 and 17-22, Table
XXV, Effect of Particle Slze, Molsture Content, Treatment
With NHz, and Time of Exposure to HCl Gas, on the Conversion
of Nicotine in Tobasoo to Nicotine Hydroehloride, it seems
that a decrease in the particle size results in a slight de-
crease in thé percent of nilcotine converted. However, later
developments 1n the investigation gave an explanatlon of this
‘whieh ¢learly demonstrated why this was not the case. A study
of Table XXV, Table XXVIII, Results of Steam Distlillatlon of

Ordinary Tobacco Without Caustic to Determine the Proportion



of Free Nicotine to Total Nicotine Content, and Table XXIX,
Results of 8team Distillation of N. rustica Tobacco Without
Caustie to Determine the Proportion of Free Nicotine to Total
Nicotine Content, and Figures 4 and 5 provide the explanation.
It was shown in Table XXV, Effect of Particle 3ize, Molsture
Content, Treatment With NHz, and Time of Exposure to HCl Gas,
on the Conversion of Nicotine in Tobacco to Nicotlne Hydro-
ehloride, and Plgure 4 that some nicotine was lost by vapor-
izatlion during grinding. It was not until later that a sug-
gestion resulted in the data given in Tables XAXVIII, Results
of Steam Distillation of Ordinary Tobaceo Without Caustle

to Determine the Proportion of Free Nicotine to Total Nico-

. tine Content, and XXIX, and the curves of Figure 5. This

indicated that the nicotine in the tobacco exists in two
forms- that as free nicotine and that which existed in some
combined form. It is reasonable to expect then that the free
nicotine would be more susceptible to vaporizatlion by heat
than the combined form. Therefore, the proportion of free
nicotine to combined form is reduced with a glven amount of
vaporization by heating. For example, suppose the total nico-
tine content of tobagoo is 1.50% of which 1.00% exists in
combined form. This would make one third of the total nicotine
econtent available for conversion to nieotine hydroechloride
immediately. Now suppose upon heating, the total nicotine
content 1s reduced to 1,00%. It is in order to expect that a
higher proportion of the free nicotine to vaporize than the



«124-

combined.nieotlne. Suppese then, three parts of free nicotine
were lost for two parts of combined. Then the 1.00% would
gonsist of 0.80% combined nicotine and 0.207 free nicotine.
Therefore there would be only one fifth of the total nicotine
content available for conversion to nicotine hydrochloride
upon treatment with HCl gas.

In working out this explanation, the reason for such
low percentages of the total nieotine_content being converted
to nicotine hydrochloride was explained: Figure 5 indicates
that the ratio of free nicotine to combined nicotine was
small., Actually then, it i1s possible that all the free nico-
tine was being converted.

Effect of Ges Treatm
Iobageo. Even if the treatment of the leaf tobacco with HCl

gas had resulted in & higher percentage conversion, it would
have been no advantage to do so. The tobacco after the treat-
ment with the HCl would have been too soft and limp to be

ground .
Effect of VYolsture Content of Tobacco. Before the fact

was brought out that the nicotine did exist in two forme in
the tobaecco it was thought that the HCl gas was not coming
into santaet.with the tobacco sufficlently to give a complete
reaction. Therefore, 1t was decided to increase the molsture
content of the tobaceo with the thought in mind that the HCl
gas, belng very soluble in water, would be absorbed by the

water and thus come into contact with the tobacco. Of course,
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when it was later brought out about the nicotine existing in
two states in the tobaceo, the explamation was apparent, but
the results of Test Nos. 23-26 of Table XXV, Effect of Partiele
Size, Moisture Content, Traaimenﬁ With NHz, and Time of Ex-
posure to HC1l Gas, on the Conversion of Nicotine in Tobacco

to Nicotine Hydrochloride, was enough to conclude that an ine
erease in moilsture had no effect upon the percentage of nico=~
tine converted to nicotine hydrochloride.

LODACCO. Aftﬂ?

varying both time of treatment with HCl gas and the molsture
content had failed to produce an increase in the percentage
of niecotine converted, the suggestion was made about the
nicotine existing as the free nicotine and the combined form.
This led to the 1nvoutlgatién that resulted in the data of
Table XXVIII, Results of Steam Distillation of Ordinary To-
bacco Without Caustic to Determine the Proportion of Free
Nicotine to Total Nicotine Content, Table XXIX, Results of
Steam Distillation of N. rustica Tobaeco Without Caustle to
Determine the Proportion of Free Nicotine to Total Nicotine
Content, and Flgure 5, This investigation elearly showed
that the proportion of free nicotine to combined nicotine in
the flue cured tobacco was small., It also showed that in the
case of N, rustica the proportion of free nicotine to com-
bined nicotine was . greater. And this latter fact also ex~
plained the much highor percentage of ocnversion when the

« rustica was treated with the HCl saa.
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Effect of NH, Treatment Before HOl Gas Treatment. The

problem of treating the tobaceo in some manner to reduce the
combined nicotine to free nicotine before treatment with HC1
was then considered. It was decided to treat the tobaceo with
NH; before treatment with HCl to attempt to change some of
the combined nicotine to & form so that the treatment with
HC1l would convert the nicotine to nicotine hydrochloride. It
was known that the addition of NaOH in the analytical determ-
ination produced a hydrolysis of the combined nicotine to a
state such that it was easier to steam distill off. Esters
also undergo ammonalysis with NHz to form amides. Other types
of organic compounds react with NHz. 8o it was decided to
treat the tobacco with NH3 before trestment with HCl to see if
such reactions would take place gnd convert the combined
nicotine to some form such that subsequent treatment with HCl
would produce nicotine hydrochloride. The results of Test
Nog. 30-35 of Table XXV, Effect of Particle Size, Molsture
Content, Treatment With NH3;, and Time of Exposure to HCl gas,
on the Conversion of Nicotine in Tobacece to Nicotine Hydro-
chloride, indicate that such a proaedﬁre does have an effect
upon the perqontago of nicotine rinally-ocnvert;d and lost

by vaporization durling the reactlon with lime. Gonsiderable
investigation along this line is desirable.

No data was obtained as to the result of not using

NHy before HCl in the treatment of N. rustica. Table XXIX,

Results of Steam Distillation of N. rustica Tobacco Without
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Caustic to Determine the Proportion of Pree Nicotine to Total
Nicotine Content, and FPigure 5, indicate that the proportion
of free nicotine to combined nicotine in the N. rustica was
considerably higher than in the flue cured tobacco.

¥alidity of Method Used to Determine the Amount of
Nicotine Converted to Nigotine Hydrochloride. The method used

to determine the percentage of the total nicotine content
that was converted to nicotine hydrochloride was based on
the established practice of adding lime to the insectlcide
dust as an activator.

Reaction to Liberate Nicotine. The lime reacts with
the nicotine salt, such as nicotine sulfate or nicotine hydro-
dhlwrida,sin the presence of moistnrc,-gnﬂ forms free nicotine
and caleium chloride, Then the nigcotine is free to volatilize
off, making the action of the insecticide that of a fumigant.

A question may be asked as to why the nicotine 1s con-
verted to nicotine hydrochloride and then changed back to
free nicotine., The nicotine in the plant 1s volatile, but
unless it 1s under the influence of some driving force such
28 heat, the loss is very slow. If this were not true all
the nicotine would be lost from tobaceco such as the flue cured
tobaceo used in this investigation which was at least a year
old. |

Alternatives in Producing buat Insecticide. It must be
remembered that there are two alternatives in producing a dust

ingecticide. One is to make the dust of sueh a nature that the
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nicotine will be as volatile as possible and the maximum
amount be gilven off in the minimum of time. The other 1s to
make the nicotine lesg volatile, so that the dust will act
more slowly but for a longer time, The first of these 1s the
important one here,

Acelerated Veporization of Nicotine in Dust. The nico-
tine freed as a result of the reection between the nicotine
hydrochloride and the lime 1s in a state that would be more
susceptible to vaporization than freé nigcotine in the origi-
nal tobaceo. The heat of sgolution of hydrated lime in water
is 2.79 kg. cal./gm. mol diluted in 2500 mols of water, The
heat of solution of nicotine hydrochloride in water is 6.56
kg. cal./gm. mol at infinite dilution. Since the reaction
takes place in the presence of moisture, the resultant heat
is sufficient to vaporize the free nicotine freed as a pro-

duct of the reaction.

4 L.ime. The question may
also be asked about the effect of the reactlion of the lime
with some of the combined nicotine which results in changing
the combined nicotine to the free state Just as the addition
of caustic liberates the nigotine in the analytieal analysls.
The undoubetédly takes place and is an advantage. After all,
the purpose is to make the dust such that the nicotine will
be as volatile as jpossible and the maximum amount be gilven
off in the minimum of time., But, since the blank (ungassed)
samples were mixed with lime before an@iyxing just as tﬁs



«120e

gassed samples were, the per cent of nicotine converted was
baged on the total nieotine content after such a reagction had
taken place. The check on Test Nos. 13-16 of Table XXV, Effect
of Particle Size, Molsture Content, Treatment With NH3, and
Time of Exposure to HC) Gas, on the Conversion of Nicotine

in Tobaeco to Nicotine Hydrochloride, that was previously
mentioned was with tobaceo that had not been mixed with llme.
This gave a total nicotine content of 1.01% as compared to
0.95% of Tests Nos. 13=-16.

'est Conditions. When the dust

is being used, the dew provides the water and the alr currents
carry the vaporized micotine off. Also, the dust ls spread
out in a .very thin layer and all the free nicotine formed has
& chance t0 be carried off. This was not the case 1in this
investigation. The lime was mixed with the gassed tobaccc and
put into a crueible. This was allowed to'ﬁetlin a room with
no more circulation than the normal ventilation. Also the
tobagco and the lime filled the crueclible to considerable
depth such that perhaps some of the nicotine freed was pre-
vented from beinz carried off after 1t was liberated. There-
fore, the results obtained might be lower than what could

result in aciual use.,
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Recommendat lons

The following recommendations are made for future work
on this subject with the thought in mind of developing a con-

tinuous process for the production of a nicotine hydrochloride

dust insecticide from the entire N, rustica plant.

Sampling for Carload lLots. The first operation recom-
mended would be a cutting of the tcbacco plant, stalk and all,

into small pieces before feeding to the grinding mill. This
would make it easier for the stalk to be ground and become
evenly distributed throughout the ground leaf tissue. Then,
after gripding.;a sample taken by an apprwvad standard method
would contain an equal distribution of the ;hree components
of the plant and an overall nicotine content could be obtained.
If the stalk were not chopped up into smaller pieces, the
leaf tlssue and leaf stem would be ground much easier than
the stalk and the sample taken would not contain an adequate
proportion of the ground atalk.

Method of Determination of Moisture Content. The follow-

ing method of determination of moisture content is recommended.
A sample of 50 gms. of tobaceo and 200 ce. of gasoline are
put in a flask to which is attached a verticle condenser. Heat
is applied, and the:mqigtura in the tobaceco vaporizes with
the gascline. The vapors condense and drip down into a tube

callbrated in cc. The condensate separates
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into two immiscible layers. When the volume of water in the
calibrated tube has become constant, indicating that all of
the molsture in the tobacco has been evaporated off, the
volume of water in the 50 gms. of tobaecco is read off in cec.,
from which the per cent molsture is calculated. The nicotine
in the tobacco would undoubtedly be driven off by the heat,
but it would not be measured as it would in the case of
taking the loss in weight(50),

'ime of Treatment With HCl Gas. One hour was shown to
be sufficlent time of treatment with HCl. However, this does
not mean that some time under 1 hour would not be sufficlent.
Therefore, it is recommended that the treatment with HCl for
intervals of time less than 1 hour be investigated to determ-
ine the minimum time required to convert the available nico-
tine to nicotine hydrochloride.

Effect of Curing and Drying Process on the Proportion
of Free Nicotine to Combined Nicotine in Tobageco. It 1is recom-

mended that a series of investigations be made to determine
the proportion of free nicotine to combined nicotine at
different stages of drying of the tobacco from immediately
after the tobacco is cut until it has been completely dried
or cured. |

Ireatment With NHz. It is recommended that further in-

vestigations be made to determine the effect of treatment with
NHy to change the cogbined nicotine to the free state, and
the optimum time of such ﬁreatmenthl).



Method to Determine Percenta

Nicotine Hydrochloride and Give Date For Material Balance. It
1s recommended that the following procedure be followed to

determine the percentage of ﬁicotine converted to nicotine
hydrochloride and at the same time secure data that could be
used in making a material balance. The nicotine content 1s
determined in the usual manner. Then samples of a specific
amount are weighed out and subjected to treatment with HCl
gas., At the end of the gas treatment, the samples are weighed
again to determine the 1ncreasé in weight due to the addition
of the HCl1l molecule to the nicotine molecule. The gassed to-
bacco and lime are mixed and spread in a thin layer on the
porous bgttom of a contalner. Bueh a container can be made

by inserting some porous substance such as "Filtros" into a
large glass tube. Enough moisture 1s added to cause the
reaction between the nicotine hydrochloride and lime. A slight
current of air from a compressed air source is directed up
from the bottom of the glass tube and passed through the porous
rlate to carry off the nicotine vapors as it 1s vaporized.
After a reasonable time, the mixture of lime and tobacco 1s
welghed again to determine the loss in weight. The loss in
weight divided by the weight of nicotine in the original
sample would gilve the percentage of the nicotine converted te
nicotine hy&rodhloride and then lost by vaporization of the
free nicotine formed by the reaction between the nicotlne

hydrochloride and 11me. At the same time, valuable data that
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could be applied to the problem of making a material balance
would be obtained.
Other Grinding Equipment. It is recommended that the

use of a2 hammer mill be investigated 1n grinding the tobacco.

Perhaps the hanmers would be Just the correct thing for break-
ing up the plant stalk. Also, the rubbing actlion of a grinding
unit is not present in this type of mill, and consequently the

heat generated would be very small.



ducted

134~

Limitations

The experimental part of this investigation was con-

under the following limiting conditions.

1., Time of treatment with HCl gas; 1,2, and 3 hours.

2. Size of tobacco- Ground (200 mesh) and unground
leaf.

3. Moisture content of tobacco- 15.48%-18.67%; 45.04%.

4, Temperature- 60-90°F.

5. Pressure- Atmospheric.

6. Time of grinding- 5 and 10 hours.

7. Grinding equipment- Patterson Rod and Pebble M1ll
using 1/2" pebbles, 1" pebbles, and rods as grinding
units.

8. Time of treatment with NHz~- 1 hour.

9. Moisture determination- Loss after drying at 140°C.

for 24 houra,
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Y. CONCLUSION

On the basis og the results obtained in this investi-
gation the following conclusions are made:

1. Usling the survey made by tnderwood (28} on the
economics of growing flue cured tobacco as the bagis, N. rus-
tica could have competed with flue cured tobacco as a commer-
cial erop at a selling price of $0.04 per pound in 1933 on
basgis of economic erop production.

2, Upon drying at 140°C. for 24 hours the nicotine
content of N, rustigs was reduced from 2.76% to 0.285%. Upon
drying at:105°0¢ for 24 hours, the nicotine content of N, rus-
tica was reduced from 2.76% to 0.74%.

3« The amount of tobacco that passed through the 200
mesh screen after 5 hours of grinding was 53.60%, 47.00%, and
46,60% of the original charge to the grinding mill using rods,
1/2" pebbles, and 1" pebbles, respectively. At the end of
10 hours grinding, the amount of tobacco that passed through
the 200 mesh screen was 66.60% and 55.20% of the original
charge to the grinding mill using rods and 1/2" pebbles,
respectively.

4. The Lancaster Countercurrent Batch Mixer is un-
gultable for grinﬂing,tebacao. At the end of a preliminary
grinding test, 1% of the original charso to the equipmsn&
passed through the 200 mesh screen.
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5. The tobacco has to be ground before treatment with
HC1l gas because treatment of the leaf tobacco causes it to
become soft and limp so that grinding could not be accom-
plished by the use of rods, 1/2" pebbles, or 1" pebbles in
the Patterson Rod and Pebble Mill.

6. At the end of 1 hour grinding with rods, the nico-
tine content was reduced from 1.59% to 1.31%. At the end of
2 hours grinding, the nicotine content was 1.28%., At the end
of 3 hours it was 1.24% and at the end of 4 hours grinding,
the nleotine content was reduced to 1.03%.

T« The nicotine content of tobacce was reduced from
1.51% to 0.95% by grinding 10 hours with rods. It was re-
duced to 1.40% by grinding 10 hours with 1/2" pebbles.

8. One hour of treatment with Hci gas was sufficlent
to eonvert all the avallable nicotine to nicotine hydro-
ehloride. Treatment of leaf tobaceo with HCl gas and nixing
with lime resulted in 15.89%, 14.57%, and 13.91% of the
total nicotine content lest by vaporizatlon at the end of
1, 2 and 3 hours of treatment with HCl gas, respectively.
Treatment of ground (20C mesh) tobaceo with HCl gas and mix-
ing with lime resulted in 11.58% and 10.53% of the total
nicotine content lost by vaporization at the end of 1 and
2 hours of treatment with HCl gas, respectively.

G. The maxigum percentage of total nicotine content
cf leaf tobacco 1o§tlb} vaporization b& treatment with only
HCl gas and mixing with lime was 11.58%.
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10. The percentage of total nicotine content of tobacco,
econtaining 45.04% moisturs, lost by vaporization was 10.53%.
The percentage of total nicotine content of tobacco containing
18.50% moisture, lost by vaporizetion was 11.58%,

11, Treatment of the tobaceo with NHz for 1 hour, sub-
sequent treatment with HC1l gas for 1 hour, and mixing with
lime geve 2 loss by vaperization of 22,867 of the total nico-
tine content. The maximum percentage of total nicotine loss
by vaporization by treatment with only HCl gas and mixing
with lime was 15.89%.

12. The treatment of N. rustieca with MHB for 1 hour,
subsequent treatment with HC1l mas for 1 hour, and mixing with
lime resulted in a loes by vaporization of 53.18% of the total

nicotline content.
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Nicotine cr nicotine compounds have long been used
as insecticides. Nicotine insecticides have many uses and are
in great demand. However, tobaceo, the source of nicotine is
such a valuable commedlity that only sorep tobacco is used for
nigotine production. Consequently, there is a shortage of
nicotine for 1naectiaidal purposes.

There are two species of tobacco that aie sultable as
a source of nlcotine. These are N. tabacum which ls ordinary
tobacco, and . rustics. In experimental plots, N, rustica
has consistantly produced more nicotine per acre than ordinary
tobacco., However, the N. rustica has never been grown as a
commercial crop.

One purpose of this investigation was to determine
the ecomomle feaslibility of growing N, rustica as a cash crop
as compared to flue cured tobacco by determining the price
per pound that & tobacco farmer would have to sell N, rustica
to make the same profit he realizea from flue cured tobacco.
The other objective was to produce a nicotine hydrochloride
dust inaacticide from the entire tobacco plant by treatment
of the tobaceo with HCl gas.

A review of ;the literature was conducted. This review
was divided into three sections: cost of growing flue cured
tobaseo; cost of groﬁing N. rusticaj; aﬁ& preparation of F
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nicotine dust insecticldes.

From the rewlew of the literature, the economic feagl-
bility of growing N. rustice was determined.

In the preparation ¢f the nicotine hydrochloride dust
insec¢ticlide, the effect of several variables upon the percent-
age of total nleotine converted to nicotine hydrochloride was
investigated. These variables were: size of particle, time of
treatment with HCl gas, molsture content, and treatnment of the
tobaceo with NHs3 before treatment with HCl gas. The temperature
ﬁreaaure, and amount of HCl gas used were held oconstant in
that the temperature was room temperature, the amount of HC1
gas was that generated by the reaction between 100 gms. of
NaCl and 40 ml. ‘of HpS04, and the pressure was thet exerted
by the generated gas.

The grinding capacity of rods, 1/2" pebbles, and 1"
pebbles in a Patterson Rod and Pebble Mill was also lnvestil-
gated. Also during the course of the investigatlon, the loss
of nicotine due to waporization during grinding, and the
proportion of free nicotine to combined nicotine in the to-
bacecoc was investigated.

From the rasulth of the investigation the followlng
eonelusiona were mades

1. In 1933, at a price of $0.04 per pound, N. rustica
could have competed with flue cured tobacco as & cash crop
using as a basis the ‘economic study of 5row1ng flue eurod
tobacco that was ccnducted by Underwaod(aa)
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2. In determining the moisture content by heating at
140°. at 24 hour, the nicotine content was reduced from
2.76% to 0.285%. Heating at 1059C. at 24 hours reduced to
nicotine content from 2.76% to 0.T4%.

3« The percentage of original charge to the grinding
mill that passed through the 200 mesh screen after 5 hours
grinding was 53.60%, 47.00%, and 46.60% for rods, 1/2"
pebbles, and 1" pebbles ruspeet1v¢l§, At the end of 10 hours
grinding the percentage through the 200 mesh sereen was 66.60%
and 55.20% for rods and 1/2" pebbles respectively.

4, Approximately 1% of the total charge to the Lancas-
ter Countercurrent Batch Mixeér passed through the 200 mesh
screen at the end of a preliminary test, indlcating that the
equipment was unsuitable for grinding tobacco.

5. The tobaceo leaf became soft and limp after treat-
ment with HCl gas so that it could not be ground.

6. At the end of 1, 2, 3 and 4 hours of grinding with
rods, the nicétina content of tobaceo was reduced from 1.59%
to 1.31%, 1.28%, 1.24% and 1.03%, respectively.

7. Grinding with rods for 10 hoﬁra reduced the nico-
tine content of tobacco from 1.51% to 0.95%. Grinding with
1/2" pébblea'ror 10 hours reduced the nicotine content to
1.40%.

8. The treatment of leaf tobacco with HC1l gas for

1, 2, and 3 hours and mixing with lime gave a loss of
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15.89%, 14.57%, and 13.91%, respectively, of the total nico-
tine content. Treatment of ground (200 mesh) tobacco for 1
and 2 hours and mixing with lime gave a lose of 11.58% and
10.53%, respectively, of the total nicotine content.

9. Treatment with only HCl gas and mixing with lime
gave a loss of 15.89% of the total nicotine content of leaf
tobaceo. Treatment of the ground (200 mesh) gave a loss of
11.58% of the total nicotine content.

10. Treatment of tobacco containing 45.04% moisture
with HCl and mixing with lime gave & losa of 10.58% of the
total nicotine content. This was no increase in percentage
of total nicotine lmst by vaporization in tobaceo containing
18.50%. ; :

11. Treatment of the tobaceco with Rhz for 1 hour, sub~
sequent treatment with HCl gas for 1 hour, and mixing with
lime gave a loss of 22.86% of the total nicotine content.
The maximum percentage of total nicotine content lost by
treatment with only HCl ges and mixing with lime was 15.89%.

12. The treatment of N. rustica with NHy for 1 hour,

subsequent treatment with HCl gas for 1 hour, and mixing with
lime gave a loss by vaporization of 53.18% of the total nico-

tine content.
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