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Nicotine has long been used as an insecticide. It is also Dr possible 
source of nicotinic acid. At present approximately a million pounds 
of the all~aloid are produced annually in the United States, the prod­
uct being marketed chiefly in the form of nicotine sulfate. Up to the 
present the supply of nicotine has been derived almost entirely from 
bypro ducts of tobacco manufactures, particularly stems, leaf scrap, 
and clippings, and from low grade or damaged leaf poorly suited for 
the manufacture of tobacco products and therefore commanding very 
low prices. In view of the fact that jn recent years there has been a 
marked increase in demand for nicotine as an insecticide and as a 

1 Submitted for publication Septemher 1941. 
2 In these invc.stigations the field plantings of tobacco, with the exception of those at the Arlington Experi­

ment Farm, Va., and in Missouri and Oregon, were carried out by coworkers of the Division of Tobacco 
Investigations in conjunction with other cooperative tobacco·production projects in the tobacco·growing 
states and in certain cases by members of other Divisions of the Bureau of Plant Industry. Those most 
f~ctively concerned were: In \Yisconsin, James Johnson, of this Division and the State experiment station; 
in Pennsylvania, the late Otto Olson, of this Division; in West Virginia, T. C. McIlvaine, of this Division and 
the State experiment station; in Maryland, D .. E. Brown, of this Division; iI! Virginia, 'V. W. Green, of this 
Division and the state experiment station; in North Carolina, E. G. Moss, of this Division and the State 
dC'partment of agriculture, and oJ. F. Hullock, of this Division; in Tennessee, F. S. Chance, of this Division 
and the State experiment station, and Lester Weakley, of the State experiment station; in Louisiana, George 
Arceneaux, of the Division of Sug-ar Plant Investigations; in California, G. A. Wiebe and C. A. Suneson, of 
the Di vision of Cereal Crops and Diseases, and G. J. Harrison and F. W. Hcrbert, of the Division of Cotton 
and Other Fiber ('rops and Diseases. Special credit is due Messrs. Wiebe and Suneson for the rather ex' 
tensive experiments that have been successfully carried out at Da"is under irrigation throu~h the courtesy 
of the ('alifornia Agricultural Experiment Station. In Oregon the experimental plantings were under the 
supervision of G. R. IIyslop, H. B. Howell, and A. E. Engbretson, of the State experiment station; and in 
Missouri the field trials,located at Weston, through the helpful advice of C. A. IIclm;of the State experiment 
station, were carried out by E. E. Brill, an experienced tobacco grower. A considerable portion of the cherni· 
cal laboratory work was done by J. M. Hankin~, formerly of this Division. 
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material from which to make nicotinic acid, it has seemed desirable to 
study experimentally the possibilities in growing tobacco primarily 
for extraction of nicotine. If this method proves economically 
feasible, it should enable tobacco growers to meet any demand in 
exceSS of the quantity of nicotine obtainable from present sources. 

The tobacco crop of this country as now grown is estimated to con­
tain an average of 2.5 to 3.0 percent nicotine (in the leaf), and the 
average yiel<l of leaf is about 800 pounds per acre, equivalent to 20 to 
24 pounds of nicotine per acre. Because of the woody character of the 
stalks, their content of nicotine is too low to justify their utilization for 
extraction purposes. The upper range in ,nicotine content of the leaf, 
which is aUained only occasionally, is from 6 to 8 percent. Of the 
val'ibtls types of leaf, the dark air-cured and fire-cured tobaccos 
average highest in nicotine, 4 to 4.5 percent, due primarily to cultural 
m!'thods employed, whereas l\1aryland tobacco has perhaps the lowest 
nicotine content, around 2 percent. Some of the cigar types produce 
the highcst average yield of leaf per acre, 1,200 to 1,400 pounds, but 
with an intermediate nicotine content. Accordingly, under present 
conditions of culture the output of nicotine per acre, if the entire leaf 
crop were used for extraction, would range from approximately 20 to 
40 pounds. It would require 30 million pounds of leaf, or the product 
of somewhat less than 40,000 acres of average yield and nicotine con­
tent, to supply a million pounds of nicotine. 

For the 10-year period 1929-38 the estimated average acre value 
of the tobacco crop was $135 or about 17 cents pel' pound. The cor­
responding output 01 nicotine per aere, even for those types of tobacco 
having .the highest content, would be only 30 to 40 pounds and on the 
basis of a dollar per pound farm value for the nicotine, which is 
matrrially higher than prevailing prices applying to nieotine in tobacco 
bypro ducts, the gross return would be $30 to $40 per acre. Actually, 
the farm value of such tobacco when diverted to nicotine extraction 
has averaged 2 to 2.5 cents per pound, or not more than about $20 
per acre. Obviously the per acre production of nicotine must be ~ 
greatly increased or the cost of growing the crop must be greatly 
lowered to make it possible for the grower to receive a reasonable 
return on the crop to be used solely for insecticidal purposes. The 
necessary increase in nicotine production per acre can be accomplished 
only by increasing the tonnage of tobacco or the percentage content 
of the alkaloid, or both. 

In addition to ordinary tobacco, Nicotiana tabacum L., the only 
species of Nicotiana showing any promise of meeting these requirements 
was N. rustic a L. Preliminary tests with this species were begun more 
than 25 years ago, but it has been possible only in recent years to 
undertake sufficiently comprehensive experiments to yield definite 
results, especially as to the most favoraple conditions of soil and 
climate for obtaining very high nicotine production. During this 
interval Collison and associates 3 have reported results of experi­
ments with N. rustica in western New York State, indicating a yield 1 
of 100 to 150 pounds of nicotine per acre. 

Present commercial tobaceo eulture is sharply localized, primarily 
because of the extremely exacting requirements as to conditions of 

. soil and climate for produeing high-qua.,lity leaf of the various types. 
'OOLLISON, R. 0 .• HARLAN, J. D., and STREETER, L. R. HIGH-NICOTINE TOBACCO. N. Y. (Geneva) 

Agr. Expt. Sta. Dul. 562, 20 pp. 1929. 
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However, the tobacco plant can be readily grown under a very wide 
range of soil and climatic conditions if quality of product is ignored, 
so that culture for insecticidal purposes need not bc restricted to 
present tobacco-producing areas. On the other hand, environment 
is an important factor affecting the quantity of nicotine formed in 
the plant. ..-

Available information shows that three major factors or groups of 
factors ill11uence the tonnage of dry matter produced per acre and the 
nicotine content of tobacco: (1) The species, variety, and strain used; 
(2) the environment in which the plant is grown, primarily the condi­
tions of soil and climate; (3) the cultural, curing, and handling methods 
employed as, e. g., time of transplanting and harvesting, spacing of 
plants, topping, and suckering operations. 

Previous work on the nicotine problem, largely from the standpoint 
of reducing the prosent CQntent of nicotine in the various types of leaf 
tobacco used in the manufacture of cigars and cigarettes, has furnished 
a valuable background both in collection of seeds of specics and varieties 
most suitahle for the work and in extensive observational data on 
factors influencing the formation of nicotine in the plant. 

PLAN AND PROCEDURES 

The work as conducted has been concern~d essentially with carrying 
through a serios of field plantings of different species and vllrieties of 
tobacco in various loealities to obtain data on vields and other com­
parative results, including laboratory studies' of the experimental 
material to determine the actual production of nicotine. The field 
tests have been variously modified to include observations on effects 
of irrigation, early and late planting, early and late harvesting, high 
and low topping, frequent and infrequent suckering compared with 
no suckering, and wide and close spacing. Some observations were 
made on the inheritance of nicotine content in certain Nicotiana rustica 
hybrids and on the distribution of nicotine in the different organs of 
the plant. The results of inheritance studies ure presented else­
where.4 Limited observations also were made on direct field planting 
to avoid transplanting operations and the possibilities of obtaining a 
second or sllckor (ratoon) crop from a single planting. 

The size of the plots varied considerably, usually from individual 
rows of one-hundred th acre to plots consisting of several rows and one­
eighth or one-fourth acre in area. In most cases no fertilizer or manure 
was used. However, the tests conducted at Arlington Farm were an 
exception to this as 4-8-4 fertilizer at the mte of 800 pounds per acre 
was applied in the drill in addition to liberal broadcast applieations of 
stable manure. In general, standard methods of planting, cultivating, 
and hnrYcsting, with slIch modifieations as were required for specific 
purposes, were followed. N. rustica usually waS spaced 18 inches and 
ordinary tobacco 24 inches apart in the row, whereas the distance 
between rows was 3 or 3.3 feet for N. rustica, and 3 or 3.5 feet for 
ordinary tobacco, except as shown in detail in the tahulation of results. 
Both the ordinary tobacco and N. rnstica were topped and suckered, 
unless ot,herwise indicated in the tabulation of results. 

, SMITH. IIAROLD n., and BACON, CHARLES W. INCREASED SIzE ANDNIconNE PRODUCTION IN $ELECTIONS 
FROM INTRASPECIFIC HYBRIDS OF NICOTIANA RUSTICA. Jour. Agr. Res. 63: <{57-467, illus. 1941. 
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Except when special tests were being made, the ordinary tobacco 
and N. l'ustica were harvested when judged to be ripe and were then 
sUbjected to the usual proc~ss of air-curing on the stalk. However, in 
the case of the N. 1'1tstica, as there was no question of quality involved, 
the material was allowed to dry out in more or less open sheds or in 
whatever type of building that was available. Actually, in most 
instances, a fairly good cure was obtained as the N. rustica leaves nre 
thick and do not dry out as rapidly as ordinary tobncco leaves. The 
cured leaves take on a seal-brown color and have othor properties in 
common with ordinary air-cured tobacco, although their greater thick­
ness gives them the character of thin leather or chamois. 

When the curing was completed and the proper weather conditions 
prevailed to permit the handling of the material without breakage, the 
plants were removed from the curing buildings and the yield of stalk 
and leaf determined separately. For nicotine determinations the 
material from 25 to 40 representative plants was sent to the laboratory. 
As soon as received the leaves and stalks were allowed to dry out 
separately under warm room conditions and when thoroughly air-dry 
the weights of each were taken. All the material was first ground in 
a hammer mill to pass through a ~~'~inch screen, and then, after thorough 
mixing, a subsample of about 1 quart was prepared for analysis by 
regrinding in a laboratory mill to pass a 30-mesh sieve. 

The total alkaloid content was determined by a modification of the 
Keller method developed in the Division of Tobacco Investigations." 
A few of the samples were also analyzed by the official method for 
nicotine,6 and the values found were in substantial agreement. 

In order that the acrc yields and the nicotine content found in the 
different localities might be directly comparable, in most cases the 
values are givcn on a basis of 20-percent-moisture content. Three 
methods were used to calculate these figures. In some instances the 
moisture content of the crop was determined at the time it was 
weighed at the station where it had been grown, and in these caSes it 
was only necessary to obtain the moisture content of thc air-dried 
samples in order to make the computation. In other cases the mois­
ture content of the material as weighed was not determined, and the 
assumption of a moisture content of 20 percent was made. Finally, 
in other samples it was necessary to compute 'the yields from the 
weights of the samples that were received and from the spacing data. 
However, in certain of tbe special tests, mostly made at Arlington 
Farm, Va., the acre yields and nicotine content are given on t.he air­
dry basis (between 7 and 9 percent of moisture). Obviously the 
yields of nicotine per acre are independent of the moisture content of 
the material. In, general, in computing the output of nicotine per 
aere the stalk as well as the leaf is included in the caSA of N, 1'11stica, 
as it is eonsidered that the N. l'ustica stalk is suitable for nicotine 
extraction. This does not apply, however, to ordinary tohacco, the 
stalk of which is hard and woody, so that, except as otherwise noted in 
the tables, only the leaf of the ordinary tobacco was used in computing 
the yield of nicotine per acre. 

II GAnNER, W. W., BACON, 9. W., BOWLING, J. D., and BROWN, D. E. THE NITROGEN NUTRITION OF 
TOBACCO, U, S, Dept. Agr, Tech, BuL 414, 77pp" ilIus. 1934, 

• 'ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS. OFFICIAL AND TENTATIVE METHODS OF ANALYSIS. 
Ed. 4, 7l0pp., illus. Washington, D. O. lQ35. 



GROWING TOBACCO AS A SOURCE 01" NICOTINE 

CONDITIONS UNDER WHICH THE EXPERIMENTS WERE 
CARRIED OUT 

5 

The original introductions.of species and strains were grown at the 
~11'Iington Experiment Farm, Arlingt.oil, Va. TIle preliminary trials 
that furnished a basis for the more extended tests were carriC'd out 
chiefly at Ilock Haven a,nd Lancaster, Pa., and a preliminary report 
on these tests was issued by the Pennsylvania State Experiment Sta­
tion. 7 (n recent yean" 1934-38, more detailed studies have been con­
ducted at Arlington Farm, Arlington, Va., on the factors influencing 
the tonnage of dry matter per acre and the percentage content of 
nicotine. 

Tests in the non-tobacco-producing ar.eas on the Pacific coast were 
located at Shafter and Davis, Calif., and Corvallis and Astoria, Oreg. 
The tobacco was irrigated at the Oalifornia locations but was not 
consistently irrigated in the Oregon tests. The midwestern locations 
were at Madison, Wis., and Weston, lVio. Trials were carried out at 
Lakin, W. Va., and Greeneville, Tenn. Tests of short duration were 
conducted at Upper Marlboro, Md.; Bowling Green, Va.; Willard 
and Wenona, N. 0.; Houma, La., and Olarksville, Tenn. 

The plantings at Shafter were on Delano sandy loam, which is 
rated as one of the best agricultural soils in California. At the Davis 
location the soil employed belongs to the Yolo sories and varied from 
a sandy loam to a loam. This is a soil that shows somo cracking 
following irrigation. The Oregon tests were located on Newberg 
sandy loam at Oorvallis and on diked tideland, which is a sedimentary 
soil high in organic or peaty material, at Astoria. Miami silt loam, 
which had been heavily manured for 10 years, was toe type on which 
the tests were located at Madison, Wis. Tests at Lakin, W. Va., 
were located on Huntington silt loam along the flood plain of the 
Ohio River, which had been subjected to overflow by the river occasion­
ally during the winter. The Greeneville, Tenn., test was located on 
a, silt loam soil that was in a low area where moisture was more 
abundant than is usual in this region, but in 2 years out of 3 the 
crop WitS so stunted by drought that results are given for only 1 year. 
The Pennsylvania tests were located on Hagerstown silt loam at 
Lancaster and Huntington sandy loam at Lock Haven. The Arlington 
Farm tests generally were located on soils that have been mapped as 
Keyport silt loam, although a few tests were located on an area 
known as the" flats," which had been pumped in from the Potomac 
River and was a sandy loam. The tests at Upper Marlboro were 
located on Ooliington vcry fine sandy loam. 

The tests at Weston, :Mo., were located on rolling Knox silt loam, 
but here the rainfall was so scant that results wore poor though they 
serve to show the hazards to production in this area. Tests at Houma, 
La., Were located on Yazoo very fine sandy loam, which is an extensive 
soil type of the region. It is considered the best sugarcane soil of the 
l\1isslssippi alluvium. A single season's tests were conducted at 
Olarksville, Tenn., located on Olarksville silt loam. Tests in North 
Oarolina were on muck at ~Wenona and Dunbar fine sandy loam at 
vVillard. The soil at Bowling Green, Va., was a sandy loam that 
has not been mapped. This.soil is possibly the most infertile of any' 

r HALEY, D. E., GARDNER, F. D., and lVIIITNEY, R. T. NICQTIANA RUSTICA AS A SOURCE 01<' NICOTINE 
FOR INSECT CONTROL. Science (n. s.) 60: 365-366. 1924. 
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on which the tests were located. It is evident that the soil types 
rf'presentcd at these locations are quite varied and include some of 
the typical soils of the United States. 

The weather conditions prevailing at the several locations varied 
from season to season and from location to location. The published 
records of the W cather Bureau can be consulted for detailed infor­
mation concerning temperature and rainfall at the locations indicated 
in most cases or at the nearest station of that Bureau. 

The several locations at which the tests were condllctecl are fairly 
representative of the possible climatic and soil combinations that 
occur in the United States. Although the tests have not been con­
ducted for an extended period at the scYcl'allocations, they will serve 
to indicate in an exploratory way approximately the results to be 
expected in the enviromnents represented. 

EFFECT OF SOIL AND WEATHER ON NICOTINE- YIELD 

The combined effect of soil and weather on nicotine production is 
well illustrated in tables 1 and 2, which set forth the comparative 
rf'sults obtained at various locations and in different years. In these 
plantings, the Madole variety of ordinary tobacco, which is a standard 
variety in the production of the dark fire-cured type of leaf tobacco, 
was used generally, except that local strains of burley were employed 
at Weston, Mo., and Lakin, W. Va., and the cigar-type variety, 
Havana Seed, at Madison, Wis. For the tests with N. rustica, the 
variety designated as No. 34752 was used in 1934 and the variety 
Brasilia in subsequent years. These varieties are further identified 
in the next section (p. 16). 
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The poorest results were obtained at th~ southern locations, namely, 
Houma, La.; Willard and Wenona, N. C.; and Bowling Green, Va. 
The results obtained at Lakin, W. Va.; Greeneville, Tenn.; and Wes­
ton, lV10., arc relatively poor, also. Results obtained at OIa.l'ksville, 
Tenn., for a single season are not shown in the tables, but here the 
N. rustica gave 60 pounds of nicotine whereas ordinary tobacco (iV. 
tabacum L.) produced 70 pOl.mds of mcotine per acre, a result more or 
less in line with previous observations. The tests are being continued, 
but present indications arc that on th typical upland dark tobacco 
soils, that are of a ra'ther droughty nature, comparatively low yields 
of nicotine may be expected.s The reason for the low yield of njcotine 
at these locations is not entirely clear, but high temperatures and un­
even distribution of rainfall undoubtedly were important contributing 
causes. The relatively low fertility of the soil may be lar'~cly the 
explanation in some cases. At Weston, Mo., the soil employed is 
known to be relatively fertile, and laek of rainfall for long periods 
during the growing season in both years of the test is probably the 
chief reason for the low yields of nicotine obtained. 

It is evident that the higher yields of nicotine have been obtained 
at the far western locations where it was generally customary to irrigate 
or during seasons when there was a good distribution of rainfall, as at 
Arlington Farm, Va., and Lancaster, Pa. It is tru that the soils at 
these locations were considerably more fertile than at the southern 
locations. 

Only I-year's test is reported for Astoria, Oreg., so t;hat definite 
conclusions are not justified, but this location, char:acterizcd by rela­
tively low temperature, heavy fogs, and high humidity, gave promise 
of greater tonnage fr'om N. rustic a than was obtained at any other 
location (fig. 1). Under the conditi.on of the test the yield of nicotine 

FIe; ' RE 1.-Plantings of tohacco at Astorja, O("('g.: A, Nicotiana tabacum, ~Iadole 
val'icty; B, N. rustica, strain 34753. Transplanted to field June 23; photo­
graphco August 3, 1934. 

S An additional year's tests tend to SUbstantiate these observations and also sho that . Tltstica docs not 
yield any wor nicoti!) than ordiJlary tobacco, namr>ly, 50-70 pounds per acn', wl1l'n grown on typical 
tobacco Soils of thc dark-firl'd arl'8. However, wlH'n both arl' grown on TllOist areas approaching wl'll-drnined 
river bottom lands co mmon in tbl' aree, . T7L~lir.a hfls yil'lc1cd som 'what Illore than 100 pounds of nicotino 
but ordinary tobacco p roduc<:d only about 50 pounds of nicotine per acrc. 

4330(;3° - 42- - 2 
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obtained, though above the average for all stations, was not very 
high when compared with results at the best locations. Unfortunately 
a windstorm damaged the crop just prior to harvest, so that there was 
a considerable loss of leaf material. The content of nicotine was 
rl'lativ('ly low, but this probably would have been incrt'ased if the 
date of harn'st could have been deferred a sufficient number of days 
after the topping datt-. However, there is OIW serious dmw-hack to 
production in the Astoria region; namely, the difficulty of drying the 
crop after harvest, because of the excessive humidity. Additional 
tpsts were carri(~d out in 1935 at Astoria, but, due to the loss of the 
crop by a fn'('ze, samples were not obtained for analysis. It was 
observed at the Astoria location that ordinary tohacco had a peculiar 
type of growth characterized by the development of narrow, pointed 
Ipaves in the .:\Iadole variety, possihly because of the relatively low 
tpmp(1ratures that prevail during the growing season. The N. rustica 
apP(1ared to tJIl·ive uuder these climatic conditions, and further tests 
in this area would appear to be justified. 

The results at the Shafter, Calif., location were not satisfactory 
with respect to growth of N. rustica, but this was not entirely due to 
weat}wr conditiolls, as irrigation was applil,d. Insect and nematode 
damage apparcntly were the chief causes of poor growth of N. rU8tica 
at Shafter. The ordinary tobacco produced considerably more 
tonnage thull N. rustica and gave a fairly good yield of nicotine in spite 
of insect and nemato(le attacks. 

The tests at Davis, Calif., have most consistently given a high 
yield per acre of nicotine (150 to 200 pounds) from N. rustica. It 
would appl'ar, therefore, that the combination of weather and soil at 
this station is better than that of any other location at which the tests 
were conductt-d. The fact that the crop was grown under irrigation 
at this station and that no complicating diseases and insect pests 
occurred may be in a large measure responsible for the consistent 
production of a high nicotine yield each year.9 

The effect of soil type on nicotine yield at the Arlington Farm, Va., 
location is shown in tables 9, 10, 11, and 12. Here, the light sandy 
loam soil type, when heavily manured, produced much the same 
yield of nicotine per acre in 1935 from both N. rustica and ordinary 
tobacco as tho heavier silt loam soil manured in the same manner. 
Poor rf'sults were obtained from both N. rustica and tobacco on the 
light soil during the season of 1936. This result appeared to be asso­
ciated with high temperatures of a few days' dUlation when the soil 
moisture was inadequate. These results serve to emphasize the fact 
that soil and climatic interrelationships are very closely associated 
with plant growth and behavior as they affect the production of 
nicotine. 

H.ELATIVE EFFICIENCIES OF SPECIES, VARIETIES, AND 
STRAINS FOR PRODUCTION OF NICOTINE 

There are many species of Nicotiana, but only two have the growth 
characteristics and content of nicotine that would justify consideration 
for present purposes, namely, N. tabacum, which is the ordinary 
tobacco of commerce, and N. rustica, also utilized for production of 

> Furllll'r trials at Dayis over a poriod of 2 years have yielded, in hoth years, ahout 301l pounns of nicotine 
per ac'n' wh{'re inlprOYt'd. pradic('s, such as h('s,'Y irrigation (ahout 30 indwfi of water), late harvesting, and 
the other impro,'eillents in procedure described in this bulleti,!, were "pplied. 
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smoking and chewing tobaccos in c('rtain foreign countries. N. 
r1.t..'dica was tlle species used by the a.boriginC's of eastcr)) North Amel'­
ica, whercas the original stocks of N. tabacum CfLmc from South 
America, MeA'ico, or the West Indies. 

Frc:l Hl~ 2. - Individual lVlaryland Broadlcaf tobacco plant, lhat has b een lopped 
and .'uckercd; typical growth for commercial product jon in mo .t, tobacco area s . 

1'11(' sp<'cics Nicotiana tabac'U.m, ordinary tobacco, of which there fire 
numeruus varieties, usuaJ]y grows to a height of from 4 to 6 feet in the 
field wlH'n not topped. As ordinarily topped, the hcight ranges frOIn 

2 to 4 feet.. The flowers are usually pink in color in most commel'eiaI 
t.y-pes, although " 'bite and caI~minc-l'ed forms of the species are kno·wn. 
The :-.hupe of the flower is tubular with Hower tube greatly exceeding 
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the calyx in length. The lobes of the corolla, five in number, at the 
upper end are distinctly pointed and separated . Commonly the 
leaves ar e sessile, that is, without a petiole or stalk, and auricled or 
partly clasping the stem. They vary greatly in size and shape, 
depending upon the variety and the growth conditions. The leaves 
of some of the larger growing varieties may reach a length of 2 to 3 
feet, with a width of about one-half the length, although some of the 
Turkish kinds, as grown commercially, are very small, sometimes less 
than 3 inches in length. It is customary in commercial tobacco 
production to top or disbud the plants and to break off the suckers in 
the leafaxils as they develop. An individual plant of Maryland 
Bl'oadleaf so handled is shown in figure 2. This practice tends to 

.FHJL'RI'J 3.-N . 7"ustica (34753 ,:.;train): A, Plant, not topped nor suckered, showing 
pronounccd suckcr or axillary bud development characteristic of all known 
strains of this species; E, plant topped and suckered to induce maximum 
nicotine accUlllulation. 

produce leaves of a larger size and with higher nicotine content than 
is produced by an untopped and unsuckered plant. (See table 2.) 

The species N. rustica, as seen in field plantings at Arlington Farm, 
Va., h as attained a height of n~ to 3 feet (fig. 3, A and B). The 
leaves t end to be thick, broadly ovate or egg-shaped, with a distinct 
naked petiole or leafs talk. The plant is covered with a pubescence 
or hair y growth that is very sticky due to exuded gums. The flowers 
are sm aller than in ordinary tobacco, with corolla pale yellow to 
greenish in color. Tho corolla tube is short and the lobes are dis­
tinctly rounded. All Imown strains of N. r'llstica show a decided 
development of suckers or axillary branches (fig. 3, A), but in cultllre 
tllesc m ust be removed regularly , as shown in figure 3, B, if the plant 
is to develop a high nicotine content. 
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The relative size of N. rustica st.rains as compared with ordinary 
tobacco varieties is shown in tables 3, 4, and 5. It is evjdent from the 
data shown in these tables that there is a large variation in height of 
plant., length of intel·node, average area of individual leaves, and total 
leaf area per plant. The close spacings of both ordinary tobacco 
varieties and N. 'T'ustica of the Brasilia strain produced plants with 
longer internodes. This effect of close planting, however, was greater 
with the large'\" growing types than with Xanthi, a Turkish vari('ty, and 
the Brasilia ::;t]'ain of N. r'l)stica. 'I'he greatest total leaf area pe'1" aCT(' 

did not necessarily appear to be correlated with the variety sho\ving 
the largest average-size leaf. It is evident that the closer spa.cing 
definitely reduced the size of the individual leaf in all varieties of 
ordinary tobacco except the small-leaved Xanthi. The N. l'ustica 
was definitely smaller than ordinary tobacco, although Xanthi had 
a. leaf area only slightly greater than the Brasilia strain of N. r'ustica 
when planted on the same soil and spncecl the same distance. The 
widest spacing of N . rustica, 39 by 18 inches, did not show any advan­
tage in size of plant over the 30 by 18 inches spacing. The close spac­
ings with both ordinary tobacco and N. 7'ustica produced a greater leaf 
area per acre. 

TABLE S.-Average height and leaf counts of all plants of N. rustica strains and of 
Connectic1d Broadleaf, grown at Arlington Farm, Va_, 1934 1 

July 12 2 

Species and variety or Average strain selection 
Height Green length of 

leaves inter-
nodes 

----

Height 
Dry 

~---

Aug-ust 27 3 

Leave S Average 
--..-~__ length of 

inter-
Gree n 'rotal nodes 

N . ~llslica: Inches Number Inches Inches Number Numb er Number Inches 34752 __________________ 17.43 13.50 1. 29 34753 __________________ 16. 15 19. 07 .85 
34754 ~ ___ 21. 60 16.20 1.33 
Brasilia (Ay~========= 17.43 22.80 .76 
Brasilia (B) ___________ 17.40 22.43 .78 
u8 (A) ---------- 2l. 20 18.87 1. 12 

N . tabacum: 
Connecticut Broadleaf 21. 80 15.85 1. 38 

-
1 Transplanted to field May 23 and SPaced 39 by 18 inches. 
2 Measurements and counts made about topping time. 

18.00 1. 93 
1!l. J i 2.40 
20.20 2. 10 
19.93 2.03 
111. 75 1. 87 
26.23 2.47 

26. 18 .85 

-

12.8 3 14.76 
17.3' 3 J9.73 
15.0 o 17.10 
20.0 7 22.10 
20.2 o 22.07 
16. 7 3 ]9.20 

1. 22 
.92 

1. 18 
.90 
.89 

1. 37 

12.5 o 13.35 1. 96 

a !\1easurements and counts made just prior to harvest, at which time a few of the leaves had dried. 

TABLE 4.-Average measurements of 10 plants of N. rustica and of ordinary tobacco 
grown in Missouri, California, and Oregon, 1935 

N. RUSTICA (BRASrLIA, TOPPED) 

Location SpaCing of 
plants 

--- --------------
Inches 

42 by 18 ______ _ 
30 by 18 ______ _ 
36 by 18 ______ _ 
36 by 33 ______ _ 

Weston, Mo ________ ._ 
Dads, ('alif _______ _ 
0orvl'111is, Oreg _ _ _ _ _ __ 
Astoria,Oreg ___________ _ 

Date of I Date 
planting I measured 

June 6 
May 21 
June 17 
May 1 

Aug. HI 
Aug. 24 1 Aug. 26 
Aug. 27 

Height 

Inches 
18.3 
12. 5 
15.3 
28.2 

Leaves 

Dry Green Total 

Aver­
age 

length 
of inter 

node 
- ----{--_.{-

Number Nlt1Tiber Number 
1. 5 20. 6 22. 1 
.1 L2.9 l3.0 
.0 15.3 15.3 
.0 17.9 17.9 

Inches 
0.825 

.961 
1.000 
1. 572 

N. RUSTICA (BRASILIA, U~'l'OPPED) 

Davis, calif __ . __________ ! 30bY I8 ______ 1 May 21 1 Aug. 2:1-' 27.4 1 No lcaf counts made 
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TABLE 4.-Average measurements of 10 plants of N. rustica and of ordinary tobacco 
grown in Missouri, California, and Oregon, JOS5-Continued 

N. TABAOUM (MADOLE, TOPPED) 

Leaves Aver· 
Spacing of Date of Date Height 

age 
Location plants planting measured length 

ofjnteT-Dry Green Total node -------------~-----
Inches Inches Number Number Number Inche,1 

Shafter, OaliL .......... 36 by 24 ....... May 9 Aug. 22 33,0 2.2 15.5 17.7 1.875 DaVis, CaliL ... _ ...... _. 36 by 36 ....... May 27 Aug. 24 22.8 2.0 11. 4 14.3 1. 594 
Corvallis, Oreg ........ _. 36 by 24 .... _ .. June 17 Aug. 26 28.6 .0 14.8 14.8 1.932 
Astoria, Oreg .......... _. 36 by 33 _______ May 1 Aug. 27 36.6 .0 15.7 15.7 2. 331 

N. TABACUM (MARYLAND MAMMOTH, 'rOPPED) 

Shafter, OaliL._ ........ 36by2L ..... May 9 Aug. 22 36.4 5.4 26.0 31. 4 1.159 Davis, CaliL ____________ 36 by 36 ....... May 27 Aug. 24 29.8 5.8 25.6 31. 4 .949 
Oorvallis,Oreg .......... 36by24 ....... June 17 Aug. 26 18.9 .0 17.7 17.7 1.068 
Astoria, Oreg ... _ ...... _. 36 by 33 ...... _ May 1 Aug. 27 14.6 .0 21. 6 21.6 .676 

N. TABAOUM (MARYLAND MAMMOTH, UNTOPPED) 

Shafter, Oalif "-,,,-,,-,1 Border rows ... j May 91 Aug. 221 62.0 1 5.6 J 49.6 J 
Davis, OaIiL ... _. __ .. _ .. _ .... do ......... May 27 Aug. 24 45.0 6.2 38.8 55.21 1.123 

45.0 1.000 

N. TABAOUM (WHITE BURLEY (HALLEY), TOPPED) 

Weston, Mo .......... c./42by 18 .. _ .... / June 61 Aug. 191 28.8/ 3.2/ 16.8.1 20.0 I 1.440 

TABLE 5.-Effect of spacing of plants on average height, number of leaves to which 
plants were topped, leaf area per plant, area per leaf, internode length, and totdl 
area per acre of various varieties of N. tabacum and Brasilia strain of N. rustica, 
grown on Keyport silt loam soil, field G, Arlington Farm, Va., 1935 ' 

Len~th Average Average Oom· 
Spacing Height Leaves puted 

Species and variety or strain of of per of area area total leaf inter- per per plants plants plant node leat plant area per 
acre 

--- ------------------
N.tabac7!m: Square Sq7!are Thousand 

Maryland Medium Broadleaf Inches Inches Number Inches lea leet square leet 
(Robinson's) .........•.. _ .... __ {39 by 18 30. ° 12.4 2.42 1.74 21. 62 193.2 

39 by 36 29.6 19.2 1. 54 1.82 34.89 155.9 
Maryland BroadleaL .......... ". {39 by 18 33.2 10.8 3.07 1. 78 19.17 171. 3 

39 by 36 30,0 17.8 1. 69 2.11 37. [is 107.9 
Maryland Mammoth ........... _ {39 by 18 40.6 16.6 2.45 1. 39 23.11 200,5 

39 by 36 34.4 20.0 1. 72 1,92 38.45 171. 8 
Pennsylvania BroadleaL ........ {39 by 18 02.6 13.0 2.51 1. 81 23.52 210.1 

39 by 36 27.4 14.8 1. 85 2.06 30.49 136.2 
Connecticut Broadleaf ____ _____ flU hy 18 37,2 10,6 3.51 1. 60 16.93 151. 3 

39 by 36 34.0 10.1 3.37 2.29 23.32 104.2 
White Burley (Judy's Pride) '" {3U by 18 33.0 12.8 2.58 1. .03 19.63 175.4 
Improved Yellow Mammoth 39 by 30 35,8 16.0 2.24 1. 87 29.55 IJ2.0 

(fire·cured type) ... .,. {a9 by 18 37.4 11. 0 3.40 2.02 22.12 197.6 ,- 39 by 36 32.8 11: 6 2.83 2,61 30,30 135,4 
Oash (flue-cured type) .... ., .. _ . {39 by 18 42.8 14.0 3,06 1. 29 18.03 161. 1 

.19 by 36 36,2 12.4 2.92 2.08 25.81 115.3 
Greenwood (flre-cured type) ..... {39 by 18 40.4 13.4 3.01 1. 62 21. 77 194.5 

39 by 36 32.4 13.8 2.35 2.04 28.19 125. 9 
One Sucker (dark air-cured type) .• p9 by 18 35.4 12.4 2.85 1. 59 19.07 175.8 

39 by 36 32.0 13,4 2,39 1. 84 24.72 110.4 
Madole (fire·cured type) ......... {39 by 18 37.6 12,0 3.13 1. 87 22.43 200.5 

39 by 36 26.6 12.8 2, 08 2.17 27.79 124.1 
Russian Red Flower_._ .. _ ....... {39 by 18 39.4 9.6 4.10 1. 42 13.62 121. 7 

39 by 36 38,0 10.4 3.65 1. 70 17.67 78.9 
Xanthi (Turkisb) ...... ___ .... _ .. {39'bY 18 43.2 18,2 2.37 .45 8.14 72.8 

39 by 36 39.0 18.0 2.17 .48 8.63 38.5 N. Tustica: j 

Brasilia .... _ .. _ .. _._._._ .. __ .. '._. fO by 12 19.1 14.8 1. 2g .39 5.71 99:5 
30 by 18 19.2 15.8 1. 22 .44 6.89 80.0 
39 by 18 19,0 16.4 1.16 .42 6.85 61.2 

1 Measurements made Sept. 26 and 27, 1936, just; prior to late harvest. The data represent averages hased 
on 5 plants. , 
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The life history of N. rustica appE)ars to be somewhat different from 
that of ordinary tobacco. The plant tends to mature early regardless 
of the conditions under which it grows. If unfavorable growth con­
ditions, such as deficiency of soil moisture, prevail or if the plant is 
allowed to stand in the seedbed for too long a period, it becomes 
dwarfed and will not make the normal increase in size when fayorable 
growth conditions again prevail. This effect also is retlected in sucker 
or axillary bud development and will extend even to the growing of a 
sucker or ratoon crop. If the plant has been disbudded at all of the 
leafaxils, there is not the vigorous growth in the second set of axillary 
branches that occurs in the first growth, and a sucker or ratoon crop 
does not attain a uniformly large size. 

In an effort to avoid the shock of transplanting, the method of 
direct seeding of N. rustica in the field was tried but without consistent 
success, as it was not possible to obtain a uniform stand. The possi­
bilities are not exhausted, as these trials were made under conditions 
of natural rainfall at Arlington Farm, where dry periods frequently 
occur to retard or prevent germination. It is possible that this pro­
cedure could be used in regions of high soil moisture or where irriga­
tion is practiced. 

Although from the earlier observations N. rustica was known to 
contain as a rule a higher percentage of nicotine, because of its rela­
tively small size, as compared with most varieties of N. tabacum, 
there remained a qucstion whether it would consistently give higher 
yields of nicotine per acre. Systematic tests were therefore con­
ducted to determine which would produce the greatest amount of 
nicotine when grown under the same conditions at different locations. 
In table 6 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, W. Va., 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, soil conditions, 
and pests appear to interfere with the growth of N. rustica (see 
table 1), 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 is surprising that N. r1J,stica, which is a much smaller plant as 
shown by measurements in tables 3, 4, and 5, was able to produ(;e in 
many instances a larger amount of dry matter than ordinary tobacco. 
Some of the difference is due to the inclusion of the stalk in the N. 
rustica yields, whereas weights shown for ordinary tobacco represent 
only the leaf, but the greater amount was dne to the increased thick­
ness and weight per unit area of the N. rustica leaf. 
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TABLE 6.-Summary of yields oflobaccorllercentage content of nicotine in the tobacco, 
and production of nicotine per acre in plantings of N. rllstica and ordinary tobacco 
at Davis, Calij., 'Madison, lVis., Lakin, ·W. Va., and Arlington Farm, Va., dur­
ing the period 1934-38 I 

Location Year 

Yield per acre (20-
percent-moisture 
basis) 

Nicotine content 
(20-porcent-mois­
ture hasis) 

-Production of nico­
tine per acre 

-----------) _-- ----- -_----------------
Pounds Pounds Percent Percent PQl1,nds Pounds 

Davis, Calif. ------------------ { ~m 
2, 144 2.945 6, 97 2.45 149. 5 72. 2 
3.488 2. 500 5.68 3. 68 19S. 2 92. 0 
3,010 2,859 5.55 3. 72 167.0 106.4 

Average ____________________ . _____ : 2.881 2,768 6.07 _ 3.281- 171. tl_ 90.2 

3.098 1,396 3.37 3. 13 104.5 43.7 
3, 513 1, 156 4. 30 2. 62 151. 0 30. 3 
1,625 1,244 3.02 2.10 49.1 26.1 
2,981 1, 168 5.37 4.51 160.0 52.7 
3, 629 1, 692 2. 80 2. 69 101. 6 45. 5 

j
1934 
19:15 

Madison, Wis ______ ~--- _________ ._ ~~~~ 

Average ____________________ ._._ 2,969 1,331 3.77 3.01 ll3.2 39.7 

Lakin, W. va ______________ . _____ j m~ U~i H~~ n~ H~ ~n I~H 
1938 4, 150 2, 263 3. 42 2. 69 142. 1 60. 9 

Average..._________________ __ _ ~-;:J94r~ -~~-""""""73.7 

{ 

1934 2,317 2,7871 7.03 3. 19 162. ~ 89~ 
Arlington Farm, Va______________ 1935 3.472 2,671 5.68 4.59 197.1 122.6 

1936 5,365 2,664 4.75 4.47 254. 7 119.2 

,Average____________________ ____ ~ -~I~ ------zoB -20Z9j-----u0.3 

1 Varieties of N. rustica and ordinary tobacco used are shown on page 6. 

A comparisori of yields and production of nicotine per acre between 
different varieties and st.rains of N. rustica is shown in table 7. Ordi­
nary tobacco also was grown in these tests. There was quite a wide 
variation in nicotine production from season to season and in the' 
different strains of N. rustica. This difference was due largely to 
variation in yie,lds of dry matter rat.her than to any great change 
in nicotine content. The types included in this test were selected 
on the basis of growth habits. ' Nos. 34752, 34753, and 34754 were 
introduced into this countrs from Italy. The Brasilia and No. 34753 
closely resemble each other in growth characteristics and appear to 
be almost identical strains. Strains Nos. 63, 64, and 66 were selec­
tions from crosses but were discarded because of poor growth habits 
or low nicotine yields. No. 68 is from a cross of the Brasilia on the 
Winnebago strain. It is a much taller growing strain, as shown by 
the measurements (table 3), with a long internode. This cross was 
made by the late Otto Olson, of the Division of Tobacco Investigations, 
who conducted the early work on nicotine production in Pennsylvania. 
The letters following the numbers represent selections within each 
strain. Although the results are not absolutely consistent, t.hey 
apparently show that the Brasilia No. 34753 strain and No. 68 strain 
give the highest yields of nicotine per acre. 
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In addition to its practical importance, the possibility of further 
increasing nicotine yields from N. rust'ica is a matter of some theoreti­
cal int,erest. The principal avcnue of approach appears to be in greatcr 
yields per acre of dry material. This might be accomplished by pro­
ducing strains of N. rustica with larger leaves, hy increasing the thick­
ness or density of the leaves, or by obtaining combinations of these 
with an increased number of leaves. It may well be that the physiu­
logical limit of percentage content of nicotine already has been ap­
proached in the 12.80 percent figure reported in table 18. With a 
content of 10 perc(mt actual nicotine, organie salts probably constitute 
about one-third of the total dry weight of the leaf. 

The data in table 7 again show that the output of nicotine from 
ordinary tobacco is much lower than from the hetter strains of N. 
r1k~tica. In one instance the nicotine content of the stalk of ordinary 
tohacco is shown and obviously it is quite low. The data of tables 
9 to 12, relating prima.rily to effeets of differences in spacing the plllnts 
in the field and time of harvest on nicotine production, will be found, 
when considered colleetiv!'ly, to further pmphasize the high yields of 
nicotine that are obtained from N. r1l8tica in eompa.rison with ordinary 
tobacco. The two varieties of N. r1lstica dealt with in table 10 do 
not differ greatly in nicotine production. Under the conditions of 
the pxperiments summarizl'd in tables 11 and 12 the different varie­
ties of ordinary tobacco show in SOIIlP eases wide differences in pro­
duction of· nicotine per acre, which for the IIlOSt part are due to 
variations in tonnage of dry matter produced. It is interesting to 
note that the Turkish strain, Xanthi, had a very high nicotine content 
under the particular conditions of the test, although this type as grown 
commercially in the N ear East is generally noted for its relatively low 
nicotine content. This difference probably is due chiefly to differences 
in spaeing and topping the plants. 

EFFECT OF CULTURAL METIIODS ON NICOTINE YIELDS 

The use of suitable cultural methods often constitutes the principal 
means the grower has for better adapting the tobacco plant to some 
particular use. This is particulnrly true where the production of 
nicotine is of chief concern. Some cultural methods or procedures 
that may be modified are: Topping and suckering of the plants, 
spllC'ing in the field, varying the transplaDting and harvest dates, usc 
of irrigation, and applying manures nnd fertilizers. 

The effect of topping and suckering on nicotine yield from N. 
ru.~tica is well shuwn in table 2. It is evident that the production of 
nicotine per acre was materially increased by topping and suckering, 
and in many instancps the Olltput was doubled. A high yidcl of nico­
tine is shown at the Davis location for the veal' 1934 on the treatment 
indicated as not topped and suckered. However, due to a misunder­
standing, the N. r1lstica on this plot was disbud(kd frequently; that is, 
the flower buds were rpmoved and no seed pods were allowed to form. 
This really constituted a sort of high topping applied to both the 
main stem and the Slickers. I n all other cases (table 2) the plants on 
the plots that were not topped and suckpred were allowed to develop 
without mutilation. Low topping (about 10 leaves) appears to have 
produced no gain in yipld of nicotine for N. r118fica as compared with 
the regular or high-topped (18 to 20 leaves) plants (table 8). In fact, 
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with normnl spacing of Lhe plants tbe yield of ni otine per acre from 
the low-topped pln.nts was low~r than from high-topped plant s . 
However, in on c e in which irrigation was practiced, early and 
consequently low topping gave an increased yield of nicotine (se 
table 17). u kering at appro. imat ly we kl. intervals produc~d 
no gain in nicotin production as compar d with intervals of bou 2 
weeks. (See tabl 17.) 

It seemed po sible that with a small-growing plant such as N. 
rustic a close spacing would give great r nicotine yields. This pos­
sibility was tested in some detail at Arlington Farm, Va ., and the I' ul 
are set forth in tables 8 to 10. There appears to bo as a rule a dis­
advantag m clo e spacmg, 30 by 12 inch (fig. 4), as comp l"('d 

'10 HE 4.- T . rustica, spacin 30 by 12 jnches, field G, Arlington Farm, Va.: A 
and B, Strain 68; C and D, t rain 34753. Photographed September 10, 1936, 
a few days prior to s cond harvest dat, 45 days aftor topping. Scale 
indicates height in feet. (ee table 10 for nicotine production.) 

with wider spDcjngs, 30 by 1 in bos (fig. 5) imd 39 by 18 in he 
(fig. 6). During th a on of 1936, when an extremely hot and dry 
period pI' ailed for a f ways, th close spa tng on the sandy s il 
appeared in some in tances to give a lower yi Id of nicotine from 
the lator har csts than from the carli r har s s. This may b 
explained by the higher water requirements of close spaejng, which 
s rved to oause burning of tho lower leaves. 
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FrnURE 5.-i.V. raslica, spacing 30 bv 18 inches, field G, Arlington Farm, Va.: 
A a nd B, Strain 68; C and D, Strain 34753. Photographed September 10, 
1936, a few days prior to second harvest date, 45 days after topping. Scale 
indicates height in feet. (See table 10 for nicotine production.) 

FIGURE 5.- N. rustica, spacing 39 by 18 inches, field G, Arling t on Farm, Va.: 
A and B, Strain 68; C and D, Strain 34753. Pho tographed September 10, 
1936, a few days prior to second harvest date, 45 days after topping. Scale 
indicates height in feot. (See table 10 for nicotine production.) 
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TABLE 8.-Effect of spncing, height of topp,:ng, and tim.e of harvest on yield .• 0/ 
tobacco, percentage content of nicotinr in the tol/(lCCO, and vrodnrtion of nicotine 
per acre from leaves and stalks of N. r1Jstica 34753 grown on Keyport silt loam at 
Arlington Farm, Va., 1936 . 

Spacing of plants 
(inches) alld 

topping 

; Yield J)<'r a~ro (air-dry'1 Nicotine contont (air- Production 9f nicotine 
hssis) dry ha.<;js) PPT a.cn' 

Hd~T:st !----; -~----
I Leaf Leaf I ' Leaf i Leaf i Stalk : and Leaf Stalk and Leaf I Stalk 1 and 
I stalk stalk I i_stalk ---- ----1- -------- --- ---,-----

Pound.«; fl01Htds POlLnd1t Percent Percent PeTCfnt POU"dS i Pounds Pounds 

IAug. 31 2.1Rfi, 1,208 3.394 a.32 1. 43 2.65 72. 6 17.3 89.9 
30 by 12, regular Sept. 14 2,709 1.844 4. '>53 4.20 1. 8,> 3.25 113.8 34. I 147.9 
toppin~--------- Sopt.29 2,984 1.70:) 4.687 3.92 2.18 3.29 117.0 37.1 154.1 

30 I 12 I t {AUg. 31 I, 921 800 2, 721 4.92 1. 95 4.05 94. S 15. 6 110. 1 
:~ ,ow op- Sept. 14 2,132 1,105 3,237 5.46 2.15 4.33 116.4 23.8 1411.2 

P g - . - . Sept. 29 2,291 1,238 3,029 5.15 2.76 4.31 118.0 :14.2 152.2 

'y ,regu ar Sept. 14 2,502 I, ,028 4,0:;0 .0.41 2.IIR, 4. Ii< 135.4 31. 8 167.2 
30 I 18 I {AUg. 21 2,2r.1 1,133 3,384 4. ,>2 1. 82 3.62 101. 8 20.6 122.4 

topping__ Sept.29 3,2!J:l 1,027 5,220 5.4R 2.74 4.47 1 180.5 52.8 2:la.3 
30byI8,lowtop- {AUg.:l1 1,843 601 2,4114 5.92 2.28 4.!17' 10\1.1 14.8 12:J.9 

. Sept. 14 2.109 960 3,069 .1.911 2.18 4.80 ~ 126.:1 20.9 147.2 
pmg ____ - - - B,.pl. 29 2, 1fi2 1, (~l2 3, 194 4. 77 2.61 4. (17 tlr.l. I 26.9 l:lO. 0 

Y ,regu ar Rept. 14' 2,"90 1,457 4,047 6.69 2.31 511 1733 337 20' 0 39 b 18 I {AUg. 31, 2,099 982 3,081 5.91 I. 90 4.6.\' 124.1 19. 1 143.2 

topping_ Sept. 29, 3,079 1,6.59 4,738 6.33 2.12 4: 86 194: 9 35: 2 2:1~: 1 
39byI8,lowtop- {Ang.31 ,1,810 510 2,320 7.71 2.48 6.56 139.6 12.6 1,,2.2 

, Sept. 14' 2,015 683 2,698 S. 40 3.04 7.0,\ 169.31 20.8 100.1 
pmg_____ __~~P~_29 I 2,061 792 __ 2.~53 __ 6: 38 2.58 5.32 131..1 __ 20.4 151. 9 

TABLE 9.-Eifert of spacing and time of harvest on yields of tobacco, percentage 
~ontent of nicotine in the tobncco, and production of nicotine per acre from N. r Ilslica 
(BraSilia) grown on two soil types at Arlington Farm, Va., 1935 

KEYPOR'l' SILT LOAM SOIL, FIELD D 

Yield per acre (air-dry I' Nicot. inc content (.ir-I Pro(juction of nicotine 
basis) dry hasis) ppr acre 

-:,e: I Stalk I ~df - -::af - Stal~----~~d;I' 
Spacinp; of plants Harvest 

(inches) date 

30 by 12 

30 hy 18 

39 by 18 

30 by 12 

3U by 18 

39 by 18 

39hy 18. 

__ ._. ____ ' __ ,__s_ta~k_. ____ ~ stalk _ Leaf Stalk 
, 

/

1 Pound8 J' Pou'nds ,I POU1id.!J 

{

Aug. 14 1,235 620 I 1.85.1 
___ Aug. 30 1,378 663 2,041 

['cpt. 16 1, 488 834 2, 323 

____ Aug. 30 1,400 623 2,023 
{

Aug. 14 1,107 543 1, '14U 

Sept. 16 1,542 789 2,331 

{

Aug. 14 1,249 604 1,853 
. _ . __ Aug. 30 1,378 608 1,986 

Stl!>t. 16 1,611 794 2,405 

Perce1,t 
5.85 
fl. 51 
6,49 
fl. 59 
7.41 
7.40 
7.77 
S.97 
8.15 

Percent 
1.42 
1. 42 
1.98 
1. 55 
1. 75 
2.24 
1. 65 
2.04 
2.27 

1 

Percent Po'unds 
1.37 72.2 
4.86 R9.7 
4. R7 96.6 
1. \14 73.0 
5.66 103.7 
5.65 114.1 
,'.77 \17.0 
6.85 123.6 
0.21 J31. 3 

Pounds 
8.8 
9.4 

16.5 
R.4 

10.9 
17.7 
10.0 
12.4 
18.0 

KEYPORT SILT LOAM SOIL, FIELD G 
----~.----

{

AUg. 30 1,415 622 2,037 7.31 
_______ Sept. 16 1,998 880 2,878 7.39 

Sept. 30 2,503 1,000 3,503 6.31 

{

Aug. 30 1,319 531 J, SSG 7.59 
Sept. 16 1,774 770 2,544 7.46 
Sept. 30 2,480 992 3,472 7.08 

{
Aug. 30 1,0821 399 1,481 8.98 _ I Sept. 16 1,508 582 2,090 7.87 

__ se~._3_0_1, 5~ ___ ~ __ ~.~O_5---,-1_5_._29-,-

1. 85 
2.08 
2.24 
1. 88 
2.08 
2.17 
2.11 
2.14 
2.24 

SANDY SOIL, "FLATS" 

I{
AU

g
. 1411, 

396 1 ______ Aug. 30 1,777 
S',pt. 16 1,927 

701 I 871 
l,b5S 

! 

2,097 [ 
2,648 
2, 985 i 

7.
09

1 8.38 
7.76 

1. 52/ 1. 75 
1. 85 

1 

5.64 
5.77 
5.15 
6.02 
5.83 
5.68 
7.13 
6.28 
5.15 

103.4 11.5 
147.7 18.3 
157.9 22.4 
101. 4 10.0 
132.3 16.0 
175.6 21.5 
97.2 8.4 

118.7 12.5 
95.1 13.3 

5.23 I 99.0 I 
6.20 [ 148.9 
5.66 149.5 

10.7

1

1 
15.2 
19.6 

Leaf 
and 

stalk 

Pound, 
~1.0 
99.1 

113.1 
81. 4 

114.6 
131. 8 
107.0 
136.0 
149.3 

114.9 
166.0 
180.3 
111.4 
148.3 
197.1 
105.6 
131.2 
lOR. 4 

109.7 
164.1 
169.1 
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TABLE lO.-Effect of spacing and time oj harvest on yields of tollacco, percentage 
content in the tobacco, and production of nicotine per acre from two varieties of N. 
Tust'ica, 34753 and 08, grown on two types of 80il at Arlingtun Farm, Va., 1936 

N. RUSTICA 34753 ON SANDY SOIL, "FLATS" , 
Yield per arre (air-dry 

1 

Nicotine contr,nt (air-

I 
Production of nicotine 

basis) dry hasis) 

Spacin~ of plants Harvest ._-
(inches) dat.e Leaf Leaf 

Leaf Stalk and Leaf Stalk and Lraf 
stalk stalk 

------------_------~. 
Po!tnds Po!tnds Po!tnds Percent Percent Percent Pound" 

{AUg. 31 2,034 957 3,001 5.43 2.2U 4.39 1l0.4 
30 by 12 _________ Sept. 14 1,738 792 2,530 5.07 2.64 4.31 88.1 

Sept. 29 998 602 1,600 4.36 2.64 3.71 43.5 {",\ug. 31 1,712 714 2,426 6.37 2.30 5.17 109.1 
30 by 18 _______ 00 Sept. 14 1,576 656 2,232 6.22 2.64 5.14 98.0 

Sept. 29 1,142 564 1. 696 6.05 2.64 4.94 69.1 rUg. 31 1,544 719 2,263 6.49 2.28 5.15 100.2 
39 by 18 ______ Sept. 14 2,067 954 3,021 B.30 2.84 5.21 130.2 

Sept. 29 1,645 803 2,448 5.79 2.67 4.77 95.3 
, ----- --_-- --

N. nUSTIOA 68 ON SANDY SOIL, "FLATS" 

{AUg. 31 1,877 1,504 3,381 5.25 1.43 3.55 98.5 
_ Sept. 14 1,655 1. 229 2,884 5.07 1. 71 3.64 83.9 

Sept. 29 996 1,018 2,014 3.32 1.60 2.45 33.1 
30 by 12 

{AUg. 31 1,604 1,153 2,757 6.24 1.41 4.22 100.1 
_ Sept. 14 1,971 1,316 3,287 5.94 1. 76 4.27 117.1 

Sept. 29 2,099 936 3, (l35 5.70 1. 74 4.48 119.6 {AUg. 31 1,355 911 2,266 7.08 1. 36 4.78 95. 9 
_ Sept. 14 1,647 1,157 2,804 6.87 1. 63 4.71 113.1 

Sept. 29 1,544 1,139 2,683 6.80 I. 73 4.65 105.0 

30 by 18 

39 by 18. 

I 

N. RUSTIGA 34753 ON KEYPORT SILT LOAM, FIELD 0 

I {AUg. 31 2,035 1,011 3,046 5.17 
1. 81 I 4.05 105.2 

30 by 12 ------ Sept. 14 2,357 1,377 3,734 5.81 2.14 4.46 136.9 
Sept. 29 2,725 1,874 4,599 5.83 2. ,)6 4.50 158.9 rUg. 31 2,081 974 3,055 5.06 

1. 781 
4.01 105.3 

30 by 18 -_---- Sept. 14 2,805 1,690 4,495 5.42 1.88 4.09 152. () 
Sept. 29 2,751 1,738 4,489 5.42 2.37 4.24 149.1 {AUg. 31 2,122 924 3,046 6.22 1. 78

1 

4.87 132.0 I 39 by 18 -- Sept. 14 2,540 1,340 3,880 7.14 2.10 5.40 181. 4 
Sept. 29 2,954 1,696 4, B50 7.28 2.34 5.48 215.1 

-------- -

N. RUSTICA 68 ON KEYPOR'l' SIur LOAM, FIELD 0 

30 b 

I ______ I{~e~·. ~. ' 1,833 1,383 3,216 4.97 1. 18 3.34 91.1 
Y 12 2,034 2,005 4,039 5.99 1. 46 3.74 121. 8 

Sept. 29 2,446 2,396 4,842 4.79 1.73 3.28 117.2 
{AUg. 31 2,022 1,483 3,505 6.04 1. 31 4.04 122.1 

Y 18 ------- Sept. 14 2,350 2.099 4,449 7.00 I. 44 4.38 164.5 
Sept. 29 2,756 I 2,472 5,228 B.57 1.71 4.27 181.1 {AUg. 31 1,994 ! 1,271 3,265 6.82 1. 33 4.68 136.0 

y 18 ----- Sept. 14 2,2.17 [ 1,836 4,093 7.69 1. 38 4.86 173.6 
Sept. 29 1,799 2,125 3,924 8.15 1. 66 4.64 146.6 

30 b 

39 b 

-

pl'f acre 

Stalk 

---

Pounds 
21. :l 
20.9 
15.9 
16.4 
16.7 
14.6 
16.4 
27.1 
21. 4 

.-

21. 5 
21.0 
16.3 
IB.3 
23.2 
16.3 
12.4 
18.9 
19.7 

I 

18.3 I 
29.5 
48.0 
17.3 
31. 8 
41. 2 

16.41 28.1 
39.7 

16.3 

~i: ~ I 
19.4 
30.2 
42.3 
16.9 
25.3 
35.3 

Leal 
and 
stalk 

----
Pound. 

131. 7 
109. 0 
59.4 

125.5 
114.7 
83.7 

liB. r. 
157.3 
116.7 

120. i) 

104. n 
49.4 

116. J 
140. ~ 
135.9 
108.3 
132. () 
124.7 

123.5 
166.4 
206. 9 
122. Ii 
18:1. ~ 
19() .. 
148.4 
~ov. 
254.8 

_. 

107. 
151. 
158. 
141. 
194 
223. 
152 .. 

4 
9 
o 
!} 

198 .. 
181. 

The effect of spacing on nicotine yield with ordinary tobacco varie­
ties is shown in table 11. There appears to be some advantage for 
the 39 by 18 inches oyer the 39 by 36 inches in the 19R5 tests (table 
11), but the same difference did not always occur in the 1936 tests 
(table 11, fig. 7). The advantage of the close spacing is more apparent 
with the smaller growing strains of tobacco, Xanthi and Russian Red 
Flower, than with the broadleaved strains. The difference is appar­
ently due to the production of a larger tonnage of leaf rather than to 
any considerable change in the final percentage content of nicotine in 
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the leaf. The nicotine content of earlier harvested material was 
higher in the wide spacing t,han in the close spacing, but this differ­
ence has disappel1.rcd in the late harvested plants. 

TABLE 11.-Eifect of spacing and time of harvest on yields of tobacco, percentage 
content of nicotine in the tobacco, and production of nicotine per acre from/ordinary 
tobacco varieties, grown on different soil types, Llrlington Farm, Va., 1935-36 

KEYPORT SILT LOAM, FIELD G,1935 

Yield per acre Nicotine content Production of nicotine 
(air-dry basis) (air-dry basis) per acre 

Varioty Spacing ----------of plants 
Sept.) Sept. Sept. Sept. Sept. Sept. Sept. Sept. Se.pt. 

9 . 16 30 9 16 30 9 16 30 
-------------------------

Maryland Medium In. Lb. Lb. Lb. Pet. Pct. Pet. Lb. Lb. Lb. 
{39 by 18 1,817 2,014 2,422 3.15 3.52 3.85 57.2 70.9 93.2 Broadlea! (Robinson's) ._ 39 by 36 1,559 1,685 2,128 3.25 4.38 3.81 50.7 73.8 81.1 

Maryland Broadleaf ____ e9 by 18 1,847 2,30.\ 2,448 2.11 2.78 3.47 39.0 64.1 84.9 
39 by 36 1,947 2,252 2,571 3.03 3.51 3.54 59.0 79.0 94.5 

Maryland Mammoth ___ eg by 18 2,228 2,525 3, 021 2.34 2.52 2.95 52.1 63.6 89.1 
39 by 36 2,252 2,351 2.681 3.23 3.64 3. (l4 72.7 85.6 97.6 

Pennsylvania BroadleaL {39 by 18 1,563 2.092 2,536 2.54 3.08 3.67 39.7 64.4 93.1 
39 by 36 1,652 1,680 1,940 3.26 3.08 3.44 53. 9 51. 8 66.7 

Connecticut Broadleaf ___ f39 by 18 1,431 1,840 2,103 3.54 4.49 5.02 50.7 82.6 105.6 
l39 by 36 1,489 1,617 1,898 5.11 5.63 5.13 76.1 91. a 97.4 

White Burley (Judy's e9 by 18 1,329 1,542 1,773 3.26 3.21 3.31 43.3 49.5 58.7 Pride) _________________ 39 by 36 988 1,323 1,497 2.98 3.01 3.57 29.7 39.8 53.4 
Improved Yellow Mam- {39 by 18 2,041 2,263 2,489 3.15 3.64 4.26 64.5 82.4 106.0 moth ____________________ 39 hy 36 1,698 1,927 2,205 4.12 4.13 4.26 69.9 79.6 93.9 
Cash ______________________ {39 by 18 1,434 1,843 2,109 3.26 3.64 3.70 46.7 67.1 78.0 

39 by 36 1,526 1,504 J,750 3.95 4.10 3.80 60.3 61.6 66.9 
Greenwoud _______________ f19 by J8 1,759 2,176 2,671 3.29 4.20 4.59 57 .. 9 91. 4 122.6 

39 by 36 1,569 1,765 2, 050 4.48 4.96 4.86 70.3 87.6 99.6 
One Suckcr _______________ e g by 18 1,548 1,917 2,217 2.64 2.81 2.78 40.9 53.9 61.6 

39 hy 36 1,157 1,327 1,879 3.00 3.64 3.84 34.7 48.3 72.1 
Madole {39 hy 18 1,771 1,801 2,421 3.13 3.00 4.10 55.4 54.0 99.3 

--- -------------- 39 by 36 1,410 1,420 1,735 3.92 3.61 4.)0 55.3 51. 3 71. 1 
Russian Red Flower ______ e9 hy 18 1,257 1,545 1,826 3.75 3.99 3.52 47.2 61. 7 64.3 

39 by 36 956 1,235 1,268 3.97 3.95 3.88 38.0 48.8 49.2 
XanthL ___________________ e9 by 18 1966 1,061 1,264 15.89 5.95 4.70 156.9 63.1 59.4 

39 by 36 627 647 708 5.86 5.69 4.24 36.7 36.8 30·0 

SANDY SOIL, "FLATS," 1936' 

--
Aug. Sept. Sr.pt. Aug. Sept. Sept. Aug. Sept. Sept. 

29, 29, 2O, 31 14 Oct. 1 31 14 Oct. 1 31 14 Oct. 1 
------------_ ---- --_ 

Grecnwood __ _________ {39 by 18 1,736 1,722 1,721 3.70 4.16 
-- 39by36 1,567 1,586 1,463 4.36 4.80 

Madolc _______________ e9 by 18 1,958 1,843 2, 095 3.59 3.91 
'-- 39 by 36 1,653 1,637 1,693 4.50 5.02 

KEYPORT SILT LOAM, FIELD G,1936' 

Greenwood ______________ e9 by 18 
39 by 36 

Madole ________________ . __ {39 by 18 
39 by 36 

I First harvest made Aug. 30, 1935. 
2 Plants topped Aug. 1. 
, Third picking madc Oct.!. 

1,767 
1,425 
2,082 
1,594 

2,008 2, 052 4.50 5.32 
1,758 1,795 4,97 6.53 
2,296 2,355 4.32 5.19 
1,776 1,876 5.37 6.01 

4.18 64.2 
5.23 68.3 
3.86 70.3 
5.01 74.4 

5.21 79.5 
5.92 70.8 
1.94 80.0 
5.28 85.6 

71. 6 
76.1 
72.1 
82.2 

106.8 
114.8 
119.2 
106.7 

71. 
76. 
80. 
84. 

9 
5 
9 
8 

106.9 
106.3 
116.3 
99.1 
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1< 1G L ItE 7.- 0rdinary LQuaCco, spacillg 39 by 36 inclwI', flat:< , Arlillgton Farm, 
Y a. : A and B, Greenwood variety; C and D , ladole variety. Photographed 
Sep tember 10, 1936, a few days prior to second harvest date, 45 days aftcr 
topping. Scale indicates height in feet. (Sce table 11 for nicotine prodnction.) 

The most outstanding effect apparent in tables 8, 9, and 10 is that 
of different dates of harvesting of N. ru.stica on nicotine yields. Tht' 
hnrv('st datos as shown were approximately 30, 45, and 60 days after 
t he plants bad been topped. The plants were usually- topped around 
no d ays after the transplanting date. As a rule, the longer the plant.s 
were allowed to stand jn the field a.fter topping, up to 60 days, the 
~rcnter the yields of nicotine per acre. This increase was due largely 
10 th e greater tonnage of dry matter produced, although in some cases 
there was at the same time an increase in the pcrecntagc of nicotine 
content. The results in table] 0 appear to contradict the above gen­
('ralization, but this occurred on the sandy soil on which the t('sts 
wer e located in connection with a pOl·jod of dry, hot weather. The 
results on heavy soil (table 10) show large increases in nicotine yields 
from lnte harvests. The increases (Lables 11 and 12) of nicotine in 
ordinary tobacco varieties in the late harvests as compared with the 
('nrly harv('sts follow much the sa.roe C011rse as with N. rustica, with 
the exception of Xanthi, which shows a lower yield of nicotine from 
the lat est harvest. This is due to a lower nicotine content, possibly 
flssocinted with the drying of the lower leaves. Possibly the same 
cond ition would prevail witb all st.rains and species if the plnnts were 
nUO\'\Tcd to remain in the field long enough after topping . It is notice­
abl e that wbere much dTying up of the lower leaves took place the 
yield of nicotine was materially lowered. This ,vns due both to loss 
of total dry weight and . a decrease in percentage content of nicotine 
in th e N. rustica planted on sandy soil (tahle 10). With the Xanthi 
the t otal dry weight of l('af was hi.gher in thn laie hu,rv('sts than with 
earlier hnrv('stings, but the p<'rccntage of nicotine was lower than in 
earlier harvestings (tables 11 and 12). 
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TABLE 12.- Effect of time of harvest on yields of tobacC(), percentage content of nicotine 
in the tobacco, and prod'uf'tion oj nicotine per acre from ordinary tobacco varieties, 
grown on san,dy soil, "flats," Arlington Farm, Va ., 1935 1 

Yield per acre 

Variety 

14 30 Aug I Aug. 

---------------------1----- -
Maryland Medium Broad· 

leaf (Rohinson's) __ __ ___ _ 
Maryland BroadleaL _____ _ 
Maryland JVrammoth _____ _ _ 
Pennsylvania Broadll'oL ___ _ 
Connecticut BroadleaL __ _ 
White Burley (Judy's 

Pride). _ _ _ _ _ _ _ _ __ 
Improved Yellow Mam-

moth (fire-cured type) ___ _ 
Cash (flue-cured type) ____ _ 
Grcenwood (fire-cured type) . 
One Sucker (dark air-cured type) ______ ____________ _ 
Madole (fire-cured type) __ 
RUssian Red Flower _____ _ 
Xanthi (Turkishl_______ _ 

Pounds Pounds 
2,021 2,027 
1,795 2,141 
2,047 2,445 
2,121 2,186 
1,494 1,662 

1,772 2,050 

1,947 2,325 
1,377 1,795 
1,837 2,063 

1,646 1,817 
.1,830 1,992 

870 1,022 
427 526 I 

Sept 
16 

ds 
2 
7 
2 

Poun 
1. 87 
1,82 
2,35 
2,364 
2,060 

1, 74 

2,37 
1,80 
1, !)1 

9 

3 
8 
3 

2,17 
2, 34 
1,27 

9 
1 
7 

54 5 

I PJaDti' set 39 hy 36 inches; data on air-dry basis. 

Nicotine content Production of nicotine 
per acre 

Aug. Aug. Sept. Aug. Aug. 

I 
Sept. 

14 30 16 14 30 16 
------ --------
Percent Percent Percen( Pounds Pounds Pounds 

3.48 4.05 4.45 70.3 82. 1 83.3 
2.93 3. 72 3.95 52.6 79.6 72.2 
2.88 3.46 4.12 58. 9 84.6 96.9 
3.42 3.85 4,32 72. 5 84.2 102.1 
4.15 5.01 4.94 62.0 83.3 101.7 

3.46 4.25 4.91 61. 3 87.1 85.9 

3.81 3.89 4.32 74.2 90.4 102.1; 
3.49 4.64 4.38 48. 1 83.3 79.2 
4.35 4.38 4. !l6 79. 9 90.4 96.4 

3.42 3.59 4.55 56.3 65. 2 99.1 
3.94 3.95 5.01 72. 1 78.7 117.3 
3.76 4.22 4.30 32.7 43.1 54.9 
5.76 7.0.5 .5.85 24.6 37. I 31. 9 

. 

The effect of time of harvest on nicotine yields of N. rustica at 
certain other locations than Arlington Farm are shown in table 13. 
Here again it is evident that the late harvest consistently yielded more 
nicotine than the early harvest. This difference in most cases is the 
combined result of a difference in yields of dry matter and in nicotine 
content. The time between the early and late harvest dates usually 
was around 1 month, This same difference also is apparent at the 
Davis location (see table 17). It appears, therefore, that a late 
harvest date up to 60 days after topping as a rule is the most importan t 
condition for obtaining high nicotine yields, provided there is no 
excessive loss of the lower leaves by leaf-spot disease or drying. 

TABLE 13.-Effect of time of harvest on yields of tobacco, percentage content of nicotine 
in the tobacco, and pTod1lction of nt'coline per acre from N. rustica at Corvallis, 
Oreg., 1934; Madison, Wis., 1935-38; and Lock Haven, Pa., 1935 

YIELD PER AORE (20-PEROENT-MOISTURE BA.SIS) 

Oorvallis, Madison, Wis.1 
'rime of harvest Oreg.,! 

1934 1935 1936 1937 
----

Pounds Pounds Pounds Ponnds 
Early - ---- -------- ----~---------------

1,991 2,289 1,359 1,902 
Late - --- -------- ---------------------- 2,553 3,513 1,625 2,981 
-

NICOTINE CONTEN'l' (20-PERCENT-MOIS'l'URE BASIS) 

Percent Early_ -----____________ _________________ 3.15 
!,ate______ ____ ________ ____________________ 3.66 

Percent 
2.93 
4.30 

Percent 
2.96 
3.02 

Percent 
4.46 
5.37 

PRODUCTION OF NICO'L'INE PER ACRE 

Pounds Early __ ____ ____________________________ 62.6 
Late _____ ________________________ ________ 93.4 

I !,ea( and stalk. 
2 Lea! only. 

Pounds 
67.1 

151. 0 

Pounds 
40. 3 
49. 1 

Pounds 
84.8 

160. 0 

1938 

Pounds 

2,
204

1 3,629 

Percent 
1.07 
2.80 

Pounds 
23.S 

101.6 

Lock Ha-
ven, Pa.,2 

1935 

Pound~ 
1,320 
1,480 

Percent 
6.69 
7.04 

Pounds: 
88.3 

1043 



28 TECHNICAL BULLE:T1N 820, U. S. DEPT. OF AGRICULTURE 

Another important requirement in obtaining high nicotine yields 
from N. rustica is that the plants be transferred to the field before any 
stunting takes place in the seedling stage. In order to test this effect, 
plants of the same age were transplanted to the field on different dates 
at Arlington Farm, Va. The early planting, May 25, 1936, yielded 
105.6 pounds of nicotine per acre, whereas the late planting in June 
yielded only 63.4 pouncls of nicotine per acre. The plants for this 
test were grown in thumb pots. Late seeding and transplanting dates 
were tried at Davis (see table 17, plots 4 and 10). Here it is evident 
that the late seeding and transplanting of N. rustica produced a 
distinctly lower yield of nicotine per acre. . 

The effect of fertilizers on the yield of nicotine from N. rustica at 
Lock Haven, Pa., and Upper Marlboro, Nld., is shown in tables 14 and 
15. Phosphate alone did not materially increase the yield of nicotine, 
but applications of both ammonium sulfate and kainite, in addition 
to superphosphate, resulted in considerable increase in nicotine (table 
14). The superphosphate alone produced an increase in the dry 
matter, but the percentage content of nicotine was lower than in the 
untreated plot. Additional applications of all three materials resulted 
in slight increases in nicotine even up to the highest rates used. The 
tnst at Upper Marlboro (table 15) shows that nitrogen as ammonium 
sulfate or urea and potassium as muriate of potash are both important 
in increi),sing the yield of nicotine on the soil under tcst. Where the 
two elements are combined in high rates of application greater yields 
of nicotine have resulted than with either used alone. 

TABLE 14.-Effect of fertilizer on yields of tobacco, percentage content of nicotine in 
the tobacco, and the production of nicotine from N. rustica (Brasilia) at Lock 
Haven, Pa., 1935 1 

Treatment No. 

Yield of dry Nicotine 
-------------- U;~~~e(2~:r content 

percent~ (20-p~rcent· 
moisture nlOls~nre 

basis) baSIS) 
Ammonium Super-

sulfate phosphate 

Fertilizer treatment (per acre) 

Kainite 

Production 
of nicotine 

per acre_ 

-------.-_- ---------------- ------ ----------

L ........ __ ........ __ .. __ .... . 
2 ________ . __ .. __ • ____________ •. 
3 ______ . ______ .. ____ .. __ ' __ . __ . 
4 ________ ... ________________ __ 
5 ____________________________ __ 

I Leaf only. 

Pounds 
o 
o 

300 
450 
600 

Pounds 
o 

500 
500 
750 

1,000 

Pounds 
o 
o 

500 
750 

1,000 

Pounds 
685 
900 

1,260 
1,450 
1,460 

Percent 
6.44 
5.40 
6.55 
7.24 
7.75 

Pounds 
44.1 
48.6 
82.6 

105.7 
113.1 
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T ABJ.E 15.--Effect of fertilizer on yields of tobacco, percentage of nicotine in the tobacco, 
and the pTodllcl'idn oj nicolineJrom N. ru,slica 68 at Upper .Marlboro, ]tId., 1938 

0 Yield of ury mntter por I Nicotine content (20- Production of 'nicotine Z acre (20-pc'recnt mois- percent-Illoisture ba-
(per acrel ~ ture hasis) sis_) 

" " Spocifle frrtilizer 
S treatment 1 

Leaf l"eaf -;;; Leaf 

" Lea! Stalk and Lea! Stalk and Leaf Stalk ana ... 
E-< stalk stalk stalk 
- ---------~----------- -~---- ------- '------

I PotassiUIll derived Pounds Pounds Pounds Percent Percent Percent Pounds Pounds Poand,r;: 
from sulphate _______ . 1,177 874 2,051 4.75 0.91 3.12 55.9 8.0 03.9 

2 Pot Bssl urn derived 
from chloride ________ 1,252 919 2.171 4.71 1.01 a.15 59.0 9.3 68.3 

:3 Additional side appli-
cation of 80 pounds 
nitrogen per aCTe 8S 
amnlOnium sulfate ___ 1,472 8g0 2,362 5.81 I. 25 4.09 85.5 11.1 96.6 

4 Addltional side appli-
cation of 320 pounds 
potash per Brre as 
TIlluiatC' ____________ 1,388 - 1,001 2,389 5.74 1.43 3.93 79.7 14.3 94.0 

5 Additional side appli-
cation of 80 pounds 
nitrogf'TI per apre as 
ammonium sullate 
and 320 pounds pot-
ash as. mllriate. ___ 1,705 g90 2,695 6.40 I. 62 4.64 109.1 16.0 125.1 

6 Additional side appli-
cation of 80 pounds 
ni trmwn per acro as 
urea and 320 pounds 
potash as muriate ___ 1,7,03 1,042 2,791\ 6.01 1. 56 4,35 105.4 16.3 121. 7 

. . 
I A basal applicatIOn of 1,000 pounds per aero of 4-8-4 (arcllIzar was made to all plots . 

The importance of adequate supplies of water at all stages of growth 
under field conditions is well shown by the results at Arlington Farm 
and at Davis, Oalif. (tables 16 and 17). At Arlington Farm the 
results are rather striking with all strains tested except one (N. rus­
tica 34752). 'Why this particular strain did not respond cannot be 
explained. The irrigation at this location consisted of additions of 
water by means of a hose during dry periods. but even by this crude 
method a distinct advantage is evident in the total yields of nicotine. 
The results at Davis, as shown in table 17 and in carlier tables, em­
phasize that high yields of nicotine were obtained from N. rustica 
under irrigated conditions. 

TABLE 16.-Effect of irrigat·ion on yields of tobacco, percentage content of nicotine 
in the tobacco and production of nicotine pcr acre from N. rustica varieties and 
strains, and of ordinary tobacco, N. tabacum, topped and suckered, Arlington 
Farm, Va., 1934 

SERIES A. UNIRRTGATED PLOTS 

Yield per aore (20-per- Nicoline content (20-per- Production of nicotine 
cent~rrlOisture basis) cent~moisture basis) (per acre) 

Variety of strain Leaf Leaf Lea! 
I,eaf S talk and Leaf Stalk and Leaf Stalk and 

stalk stalk stalk 
--_------------ ---------------- ---- --
N. Tusfica: Pounds Pounds Pounds Percent .Percent Percent Pounds Pounds Pounds 

Brasilia (Al _____________ 1,Wl 589 2,280 8.40 2.05 6.76 142.0 12.1 1M. 1 
Brasilia (D)---- _________ 1,739 622 2,361 7.89 1. 92 6.32 137.2 11.9 149.1 
:l4752 ______ . _____________ 1,473 426 1,899 8.43 3.26 7.27 124.2 13. 9 138.1 
34753_. __________________ 1,869 448 2,317 7.97 3.12 7.03 149.0 14.0 163.0 
68 (A) 1,652 738 2,390 9.18 2.50 7.12 151. 7 18.4 170.1 N. tabacum.:------- .. --------
Cnnut'ctil'ut Droadleaf 2,098 699 2,797 3.95 .81 3.17 82.9 5.7 88.6 

~n;HIE8 n, IRHIGATED PLOTS 

N. rustica: 
Brasilia (Al _________ _. 1,913 605 2,518 8.65 2.58 7.19 165.5 15.6 181. 1 
Brasilia (Bl _______ ], gS2 660 2,042 8.78 2.48 7.21 174.0 16.4 190.4 
34752 ___ . __ 1,201 338 1,539 8.48 3.96 7.49 10].8 13.4 115./J 
34753 _______ ~:~~: :::::- 2,009 53. 2, .)45 8.08 3.09 7.15 162.3 19.8 132.1 
34754 _________________ 1,716 592 2.308 7.72 2.91 6.49 132.5 17.2 149.7 
68 (A) ________________ 1,960 872 2,832 9.81 2.72 7.63 192.3 23.7 216.0 

N. tabacum: 
Oonnecticut Broad.leaf 2.230 7112 2,992 4.0<1 .86 3.24 90.3 6.6 96.9 



30 TECHNICAL BULLETlN 820, U. S'. DEPT. OF AGRICULTURE 

IZ ·any 

g ·any 

9 aunr 

~ eq~ :("1 
p..,obibiJ :b1 
~'O ~~ ,:~ 

~ ,~~ ,~ 

>.o>.bi. :>. 
;3"0'3 ~ 'Q 
..... :""'='-< : ..... 

~ :~C"I~~ 

,e..gb~~~· 
.:; .:;-<-<.:; 
ct:l I i~~~ 
;..do;>.p..~ 
,;-0: "': -a"3"S 
'""= : : .......... ..., 

~..,.lQ""l.Q : 
C"Ic:"Ic:"I_C"I i 
a,.. Q,.. Q,..::,...Q) 0 

a§ao§~ 
~I-')I-:I-:I-') : 

~~ :Q')~~ 

~~.g ~.e-~ 
~~ :-<~~ 
<.C~o'-C>c.oc.o 
~C"H"'~M'" 

~~'E~E~~ 
~~~~~~ 

. ...,.-:..t.ll";.~-~--...:-
~:d~~~~~ 
. ., 

.!:; , 
• ""'.et:Iet:IC':I('() 

~C'ic4c-:i~~c-:i 

.--"""""""""""" 
~N~~Mcot:iM 

• __ 0000 

~NM~C>'5c.;~ 

,l_t-a-Q)O':>O 

~~~""'..,;..,;...,. 
• __ <:T.I<:T.IQ:I~ 

Jqe-.i~MMtdM 

""" "':I'<C~ _ ao t-

g~~§G~ 
C":II-~lQ~~ 

c.r50~M"';"'; 

-;:~;;:;:; ,..: 

~~~~g~ ~ 
~~8~~~- ~ 

C"i"";NN"";""'; 

~g~~~:;;;: 
t-:~~~ll'$U'!i 

~g~g~~--

~ :c:"I~ ic:"l 

.e.g ~ ~ I ~ 
~ « :~ 

~ :~~ :~ 

>00 >0 oil :~ 
'3~"3 = :'3 
I-') : ..... -< :1-:1 

~ :~c:"ICD~ 

~.§~gf~~. 
~ :~~-<.:; 

00 i i!;;'" "" 
p..oo?-o~p.. 
~~~;:j'a'3 
I-') : :1-: .......... 
g :C"I~a.eq 

~o>.>.>.>. 
~~'3-a'3'3 ..... :~-:d .. -:o .......... 

~~~~~ 
a,;c,..Q.I;;....~o 
§§§-a§~ 

1-:11-) .......... ..., I 

~~ iO'J~~ 
~>.~bDp.. ..... 
§-a",:~-a"3 .......... : .......... 
~~~~~~ 
~i>I>.>.>.>. 
,cJ.o,Q.o.o.o 
~~~~~~ 

c:"INNNI';'(IN 

~~~~~~ 
CCI OOl'_ 1'- t- t­

,....;~.NNNN 

""""""CI':IMMM 
NNC'l':iMMM 
__ ~~..,:fo~ 

~C"i~C"'5MM 

~ ..... oooo 
MN~~co;.~ 

t-.t-Q:lO')O')Q:l 

~r;4~""';~~ 

~,...,.O')O')~~ 

~~MMMM 

~ 



GROWING TOBACCO A.' A ,orRCE 0 F ... ICOTIN}!; 31 

DISTRIBUTION OF ICOTINE I T THE PLA T AND TIlE 
NICOTINE CONTENT OF THE RATOON CROP 

Tables 7, 8, 9, 10, 15, 16, and 17 show the distribution of nicotine 
between the stalk and leaf of the plant'. It is evident that the bulk 
of the nicotine is to be found in the leaf of both N. rustica and to1:)acco. 
Nevertheless, the stalk of N. rustica contains nicotine in amounts 
that would justify recovery. An extended study was not made of the 
nicotine content of the stalks of, ordinary tobacco, but in the instances 
reported in tables 7 and 16 it is evident that the quantity is too low to 
justify handling the bulky and partly woody material composing th£' 
stalk. The distribution of nicotine in the leaf web, the leaf stem, and 
the primary stem or stalk of the N, r'u,stica plant is shown in table 18. 
The leaf tissue is distinctly the portion of the plant containing the 
highest percentage of nicotine. 
TABLE l8,-Distribution of nicotine in the leaf web, leaf stem, and the stalk of N, 

rustica. t 931, 

Variety a.nd location 

No. 34.752, Davis, Cnli( 
No. 34752, Madison, '''is 
No. 34753, Madison . " ' iH 

I
TiSSUO of 1(,9f' Lear stem or I Main fvle.nt 

( lIudr lb l '-'"1 '· • 
wat('~~(n'l' (water.fn'e I " ta k:' wa.ter-

haSls) basi.) frce basl~) 

Percent 
12. 0 I 9.60 
8. 0 

Percent I 
3.34 
3. L6 
2.99 

Perren' 
2. 7!l 
1. 17 
1. 65 

1 50 leaves selected ftom 4() ph~nt.s and 1 i ~suc of leaf separated from the leaf stem or midrib. 
2 Composite sample o( 40 stalks. 

The question has been frequently raised as to the feasibility of 
utilizing the second growth of basal suckers or ratoon erop for tho 
production of nicotine. Although under some conditions a fair sucker 
crop may be obtained, it will be evident from previous discussions 
that the growth habits of N. rustica are such that in general this species 
is not able to produce a heavy secondary growth from suckers. The 
yield of nicotine from the ratoon crop at Madison, Wis., is shown in 
table 19. At Davis, Calif., tbe ratoon crop from N. rustica (fig. 8) 

FIGURE 8.,--<". rustica, showing s1lcker or ratoon growth at Davis, Calif. Photo­
graphed ~ovcmb('r 6, 1934. 
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\'ns so poor that it was not considered worth harvesting for the com­
parison with ordinary tobacco (fig. 9), yields of which are shown in 
tuble 19 . The sucker growth may be expected to show an accumula-

Fl(;URE 9.-0rdinary tobacco, Madole variety, showing sucker or ratoon crop 
at Dayis, Calif. Photographed on date of harvest, November 6, 1934. (See 
table 19 for nicotine yield.) 

tion of diseases, particularly virus or common tobacco mosaic. The 
yield of nicotine from the sucker crop was therefore disappointing. 
It would appear that delayed harvest to permit maximum accumula­
tion of nicotine in the original crop will produce greater quantities 
of n icotine than early harvest to permit time for the growing of a 
sucker crop of low nicotine content. 

T'-BLE 19.- Yielrls of tobacco, percentage content of nicotine in the tobacco, and pro­
duction of n icotine per acre from the ratoon or second (sucker) crop of N. rtlstica 
and ord inary tobarco at Davis, Calif., and Madison, Wis., 193.t,. 

S p f'C'iI's or varioty 

Yield of dry m a ttC'r per acre 
(20·pcrccnt·moisturc b asis) 

Dav iS, Calir. l 1\fadiSOn , Wis. 

P Oll nds Ponnds 
,Yo rll.~lica ... ___________ . _________________ • _____ ___ ________ --- - - - -_--- 804 

638 Ordinary tobaC'co ("'[ a<1 o l!') 1.251) 

]'; ICOTI!'o1~; CONTENT \20 -PE HC E NT-.\lOISTURE B ASI S) 

P ercent 

:j'~( I!~'~~~il tobncco (1\1 ndo)l' )"~-=========================================== ----- --- i~ 52- I 
P llODC(,T ION O F }iJ('OTI NE PER ACRE 

P erc'nl 
2. 50 
1. 03 

----------------------~---------

,y: r7l.t;ciI . ____ • _________ • _______ ____________ ___________________ __ I ____ -::.~lInd.' _ _I P ou nds 20.1 
Ord inary tobacco (1\ ) nd olc) _______ ______________________ ___________ _ 19. 1 1 _____ 6_. 6 
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HAZARDS IN GROWING TOBACCO FOR NICOTINE 
PRODUCTIO 

33 

There are always certain hazards in growing any special crop, and 
this is particularly true in the growing' of tobacco [or the produ~tjon of 
high yields of nicotine. The weather hazard, especially the amount and 
distribution of moisture, appears to be the dominant factor in Lhe 
growth of thc N. rustica species in humid arc-as. It is clearly shown 
by the results presented that this specjes consistcntly produces the 
hig'hest yields of nicotine under favorable conditions. Accordingly, 
the weather problem would appear to be largely solved by irrigation 
or by growing the crop in regions of ample, evenly distributed water 
supply. Growing the crop under irrigabon in dry regions is distinctly 
advantageous in that the hazard of poor distrihution of rainfall is 
eliminated, It has been pointed out that N. rustica is particularly 
sensitive to stlmting at any stage during growth, alld it appears that 
this is why dry periods can reduce the yj ld of nicotine so materially. 
From this standpoint the culture of N. rustica definitely presents a 
greater hazard than the commercinJ culLure of ordinary- tobacco. 
However, al th ough littl e direct evidence is available regarding N. 
rustica, it is generally considered that excessively wet seasons and 
high humidity tend to lower the percentage content of nicotine of 
ordinary tobaceo. 

Certain insect pests and diseases attack N. rustica in some portions 
of the irrigated regions. These include leafhoppers (Eutetex tel1ellu8 
(Bale», which transmit the virus disease curly top, and nematodes 
(I-Ieterodera marioni (Cornu) Goodey), stalk horers (Trichobaris 
mucorea (Lec.», and false chinch bugs (Nysius ericae (Schill.)). .r..fost 
of the common pests and diseases of tobacco, including hornworms 
(Protoparce sexta (.Tohan.), P. quinquemaculata (Haw.» , wildfire 
(Phytomonas tabaci (Wolf and Foster) Bergey et al.), and other leaf 
spots, stalk rot (Sclerotium rolfsii Sacc.), and virus diseases, were 
found to occur to a. groater or less extent wherever the crop was grown. 
Fortunately, N. rustica is highly resistant to black root rot (Thielavi­
opsis basicola (Berlc and Br.) Ferr.). At Shafter, CaliL, the attacks by 
curly- top and stalk horers were so severe and the yield of nieotine wn.s 
so low that it was found necessary in these experiments to abandon 
culture of the N. rustica in favor of ordinary tobacco for nicotine pro­
duction, as the latter did not suifer so severely from attacks by- thpse 
two pests. The reductiolls in growth caused by curly top and tobacco 
mosaic were severe (fig. 10, A and B). The stalk rot or S01'e shank 
attacked the N. ru tica at Houma, La., to sllch an extent that the crop 
was almost a failure. 

When a crop is grown in a new area the hazard from insect pests and 
diseases cannot be predicted. Curly top and stalk borers have never 
been observed on the tobacco crop grown in the east ern United States. 
However, in some areas in the West they affect the growth of N. 
rustica so severely that this species cannot be grown with success. 
The attacks by stalk rot at Houma, La., are another C'xn.mplo, although 
this disease is not especially serious in the tobacco-producing regions. 

Leaf spot diseases of the wildfire type, to which N. rustica is quite 
susceptible, frequently caused severe losses at some locations, par­
ticularly at Lakin, Lancaster, W Cllona, and Willard. They wero not 
much in evidence at Davis and Arlington Fnnll. In humid regions 
wildfire is lil~ely to develop in a destructive epidemic form when a 
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rain and wind storm, combined with pC'l'sistent high humidity, occurs 
late in the growing season, after th plants bave been topped. The 
COlllInon mosaic disease of tobacco severely attacks 1\7. rustica, and an 
attack at an early stage of growth usually renders the plaut worthless. 

FIGURE lO.-Curly top injury to tobacco, Shafter, Calif.: A, N. Tustica; h, 
ordinary tobacco. Photographed June 24, 1934. 

TIH' simplC'st afcguard against many of these diseases and pests is 
to avoid areas where they arc troublesome. This appears to be 
purticularly truc of stalk rot, leaf spot, stalk borers, leafhoppers, 
nematodes, and curly top. 
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CONDITIONS AND PRACTICES FOR GROWING AND 
HANDLING HIGII-NICOTINE TOBACCOS 

In order to produce a crop that will yield large quantities of nicotine 
p~r acre it is important to give close attention to certain rlet1tils. As 
t} " N. rustica species produces much higher yields of nicotine than 
OJ· '!llary tobacco under sui,tablo conditions, tho req uiromonts for 
g, ing this species to best advantage, which differ SOIllllWlll1t from 

of ordinary tobacco, should be the principal consideration. 
,"ustica will not produce maximum quantities of nicotine if it is 

f:tJuwed to become stunted even for comparatively short periods 
uuring the seedling or later growth stages. It is therefore important 
to transplant promptly from the seedhed as soon as the plants attain 
sufficient size. Transplanting to the field as soon as danger of frost 
is past is also recommended, as this species makes best growth during 
cool moist periods, such as arc commonly prevalent early in tho season. 

Selection of soil of high fertility and the proper texture is an im­
portant consideration, as shown by the results presentpd. The 
relatively heavy textured soils appoar more consistently to produce 
N. rustica of hoth high yields and high nicotine content than the 
lighter textured soils. N. rustica grown for nicotine production 
apparently succeeds best under irrigated conditions, where the water 
supply can he controlled adequatdy, or in humid regions in which 
th.e .likelihood of drought during the growillg season is redrced to a 
mUlllnUIll. 

Use of a vigorously growing strain of N. rustica that docs not matlll'f' 
too rapidly is anotlwr important point in growing this plant for profit­
able production of nicotine. Tlw Brasilia strain appears to be one of 

, the best available at the pl'f's!'nt tim!'. The new strain, designated 
as 68, having sOIllewhat improved habits of growth, does not always 
produce a higher yield of nicotine in comparisons with llrasilia, hut 
may he used if a tall-growing type is desired. Although the planting 
distance in the field required for best results may vary somewhat, 
depending upon conditions, as a rule a distance of 15 to 18 inches in 
rows 30 to 36 inches apart will give satisfactory results. 

Topping and suckering are operations of the utmost importance if 
maximum yidds of nicotine are to be obtained. Suckering should 
begin eVf'n prior to topping in order to encouragf' leaf development. 
Hard and fast rules cannot be given in regard to height of topping. 
There appears to be no consistent advantage for low topping oyer 
high topping, but it is evident that topping of some kind is absolutely 
necessary if good yields of nicotine an' to be obtained. The suckers 
or lateral branches should be removed after topping at l'I~gular intervals 
of 7 to 10 days for the first two or three operations, after which the 
;;'tervals may he somewhat longer. The information shown in table 
I gives an excellent picture of operations nf'cpssary in growing 

.. rustica successfully at Davis, Calif. The dates of germination of 
.lie seed, transplanting, and harvesting are shown, as well as the 
spacing of the plants in the field, the dates of topping and suckering, 
the dates of irrigating, and the quantity of water applif'd at each 
irrigation. Modification in these operations, as shown in tahle 17, can 
be directly eompar('d with the yi(,ld, nicotinp contpnt, and tIl(' amount 
of nieotinc prodtl(',pd p('r acrb. Although tlwse opprations might vary 
slightly in different locations, this tabular material serves to illustrate 
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a typical case. It is here strikingly evident that late hat'yesting mnte­
rially increased the quantity of nicotine produced regardless of other 
modifications in treatments. 

Possibly the most important consideration relative to building up 
a high content of nicotine in N. rustica is that the plants should be 
allowed to remain in the field for as long a timc as posRible-up to . 
60 days after topping-provided there are no serious losses of the 
lower leaves by ch'ying or disease. 

To avoid important losses of nicotine Lhe curing or drying process 
should be as rapid as possible and should take place under conditions 
that wil1 prevent leaching of the dried or partially dried material by 
rain or water from other sources. Once the crop is dry it will 
keep for a considerable period without much loss of nicotine if the 
moisture content does not again become high as a result of high atmos­
pheric humidity or other conditions. The crop possibly could be 
baIrd in the same mnnner a.s hay, but the moisture contained in the 
leaf at the time of baling or packing must be low to avoid fermeIita-
60n. Impol·tant losses of nicotine may be expected if there. is any 
considerable fermentation at any stage of curing or drying. 

THE COST OF GROWING N. RUSTICA AS A SOURCE OF 
NICOTINE 

In the small plantings used in the present studies concerning the 
quantity of nicotine .produced by N. ru<~tica it has not been possible 
to obtain accurate data on the labor requirements for growing the 
crop. As the number of plants 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 
applicable to N. rustica with respect to most of the important cultural 
ope.rations. One group of operations, however, would not be the 
same, namely, topping, worming, suckering, and spraying or dusting. 
This complex item would correspond more nearly to the reqnire­
ments for dark-fired tobacco cxcept that, since there are approxi­
mately 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 rcquiremcnts that have been made 
in the burley area and the dark-fired area of Kfmtucky, are shown in 
table 20.10 It is 'evident that inexperienced labor ordinarily could 
not accomplish the necessary operations in the time indicated. These 
figures do not in"elude many other items of cost in producing the 
crop, such as rent of the land, drying sheds, and the cost of marketing; 
and these figllres ma.y be 'expected, also, to vary considerably in dif­
ferent localitics. 

10 NICHOLl .. S, \V. D. A RTUDY OF' THE COST OF PRODUCIN(t 'I'ORACCO IN KENTUCKY. Ky. Agr. Expt. Sta. 
Bn!. 27.1, Pil. 435-526, illus. 1920. 
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TABLE 20.-Approximate hours of man labor and horse work required for producing 
an acre of N. Tustica tobacco and their distribution between the principal operations 
of culture; on the basis of requirements for growing burley and dark-fired tobacco 
in Kentucky 

A verago r Average 
___________ o_pe_ra._ti_o_n ______________ . __ ~~~labO~ horse work 

Plant bed ___ . ___________________________________ . ______________________________ _ 
Field preparation _________________ . _____________________________________________ _ 
Transp]anting_ _ ______ w ________________________________________________________ _ 

g~~U~:H~~ :fH~ E~~~_-~==========- ====== _==- ~= __ ~_ :-============================ Topping, worming, suckering, and spraying or dusting __________________________ .:. 
Cutting and housing ________________________ . ________________________ _ 
Curing ________ .. _____________________________________________________________ .. 

TotaL ________________________________________________________________ . __ 

HOUTS 
17 
19 
31 
13 
24 

108 
fi8 
1 

1----
271 

[-lours 
5 

38 
10 
11\ 

22 

90 

Where irrigation is used the cost of the water will be quite variable, 
but at tho figure of $4.00 pOI' aoro-foot, whon pumpod from wolls of 
moderate depth, this item would be $5.00 per aere if the amount of 
water used is around 15 inches, as shown in table 17. However, this 
charge may be much less if gravity water is available. Although the 
use of fertilizers is shown to increase the production of nicotine on 
some soils (tables 14 and 15), as a general practice their use, except 
possibly in a very limited way, would hardly be profitable. Appar­
ently it would be more satisfactory to select soils of high fertility and 
if necessary utilize soil-improving crops for growing high-nicotine 
tobacco. Extensive studies on the removal of plaut food in a crop of 
N. rustica have not been conducted, but a limited mimber of analyses 
havfl been made, which indicate that the total ash (15 to 20 percent) 
and nitrogen (4 percent) content of N. rustica is approximately that 
of cigar oi- dark-fired tobacco. 

SUMMARY 

At present the commercial supply of nicotine is a byproduct of 
the tobacco industry. The primary purpose of the experiments here 
presented was to study the possibility of developing a supply of raw 
material for nicotine l'xLract.ion in order to provide for future demands 
for tllis importnnt alkaloid that could not be met satisfactorily from 
present sources. 

Trials were conducted at several representative locations to deter­
mine the amount of nicotine produced by Nicotiana rustica as com­
pared with ordinary tobacco and to ascertain the most favorable 
conditions and production methods for obtaining a high yield of 
nicotine per acrl'. Under favorable conditions N. rustica consistently 
produced more Ilieotine than ordinary tobacco. When grown on 
fertile soils under irrigation over a period of years, N. rustica con­
sistently produced 150 pounds or more of nicotine per acre, which 
was approximately double the quantity obtained from ordinary­
tobacco. Of numerous varieties or strains of N. rustica tested, the 
Brasilia appears to be the most satisfactory variety available at the 
present, time. A new strain designated as 68, which was developed 
through hybridization, has better growth habits in some particularn 
but does not always yield more nicotine than Brasilia. 



38 TECHNICAL BULLETIN 820, U. S. DEPT. OF AGRICULTURE 

It appears to be absolutely necessary to avoid stunting of the N. 
rustica plants at any stage of growth and particularly during early 
growth, such as by allowing the seedlings to stand too long in the seed­
bed, if high yields of nicotine are to be obtained. Topping and 
suckering at regular intervals are operations of the utmost importance 
for producing high yields of nicotine. The yield of nicotine can'be 
doubled by these operations. As a rule a late harvest date, up to 60 
days after topping, is an important condition for obtaining high 
nicotine yields, provided there is no excessive loss of the lower leaves 
by leaf-spot or drying. 

The leaf was found to contain the bulk of the nicotine, but the N. 
rU8tica stalks contailwd sufficient quantities to justify their use for 
nieotine recovery. 

Temporary drought during the growth period constitutes an impor­
tant weather hazard in most humid regions. New disease and insect 
hazards in growing this crop were found in certain areas outsidc of 
th", prescnt tobacco-producing regions, illustrating the impossibility of 
knowing in advance just what difficulties may be encountered. 

As the problem now stands, growing high-nicotine tobaccos solely 
for their nicotine content apparcntl~r is feasible, but does not offer 
a wide margin of profit on the basis of prices now paid for byproduct 
leaf. Commercial development would depend upon information 
obtained from more definite cost studies in both the producing and 
manufacturing phases of the problem. Development of·· higher 
yielding. strains possessing desirable growth habits seems to furnish 
tht' most promising outlook for increasing the output per acre of 
uieotiup. 
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