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INTRODUCTION

It 1s particularly difficult in the case of tobacco to obtain a satis-
factory understanding of the functions and the effects of the essential
elements in the nutrition of the plant in relation to practical culture.
It is characteristic of the tobaeco crop that within reasonable limits
the refurns realized by the grower usually depend more on the guality
of the product than on the yield obtained. In this crop the leaf
constitutes the valuable portion and, as is well known, foliage leaves
are especially sensitive to changes in the supply of nutrients and other
soil and climatic factors with respect to their morphological and
histological characteristics and their chemical composition. These
physical and chemical charncteristics largely determine the commer-
cial value of the tobacco leal and, moreover, requirements as to these

' 'Fha investigations kers reporled were conducled cooparntively by ila Bareun of Tlant industey and
the Maryiand Agricullural Experiment Btation,
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properties for the manufacture of cigars, cigarettes, and other tobacco
nroducts differ very widely, Finally, the physical and chemical
properties of the soil, ss well as the climstic conditions required for
successful production of leaf tobacco suitable for one manufa¢turing
purpose, may differ radically from those required for obtaining a
product adapted to another form of manufacture.

It is knowa that although nitrogen is one of the essential and
characteristic constituents of the living matter of the cell, the quan-
tity absorbed and assimilated by the plant does not bear a fixed
relation to the rate or the extent of growth, for this relation is subject
to considerable variation in accordance with the supply ‘of nitrogen
becoming available in the soil and numerous other factors influencing
nutrition and growth., It appears that considerable quantities of
assimilated nitrogen may be stored in the tissues in the form of
so-called “‘reserve protein’’ and related compounds. Available data
show that in the tobacco plant the nitrogen content of the mature leaf
on a dry basis may range from less than 2 percent to as muca as §
percent or even more, although with the higher percentages appre-
ciable quantities of the nitrogen usually remain in the unassimilated,
inorganic form. 1t is a matier of common observation by growers
that variation in the soil supply of nitrogen is likely greatly to affect
the value of the cured leaf. %vidence 1s presented in this bulletin
which tends to show that not only does the quantity of nitrogen
absorbed and nssimilated by the plant affect the grade or quality of
the leaf of a given type, but it is also one of the important factors in
determining t%xe type of leaf produced ; that is, it may largely determine
whether the leaf is primarily adapted to manufacture of cigars,
cigarettes, or other finished products. In this and in certain other
respects nitrogen appears to be of outstanding importance in its
effects on the development of the tobaceo leaf and on its properties
after it has been cured.

Extensive field experimentation in the form of plot tests of the
conventional type concerning the nitrogen requirements of the tobacco
crop has been carried on in the United States and in foreign lands,
but it does not seem necessary for present purposes to review the

_results obtained. Experiments of this type, when properly planned
and carried out, undoubtedly are of great practical value in determin-
ing the most profitable usage of nitrogen as a fertilizer for a given type
of tobacco under a given set of conditions. From their nature,
however, such experiments usually have only a limited more or less
local application and cannot be expected to supply adequate informa-
tion on the more fundamental features of the nitrogen nutrition of
the tobacco plant. As far as is known, no comprehensive investiga-
tion has been undertaken previously relative to the effects of differ-
ences in the quantity of nitrogen made available to the plant upon
the physical and chemical properties of the leaf and the internal

rocesses of nutrition and metabolism through which these effects on
eaf characteristics are produced.

In addition to the effects of differences in the quantity of nitrogen
made available to the Elant, there Is also the important problem of
analyzing the relative effects of inorganic and organic sources or forms
of nitrogen on the yield and on the properties of tobacco leaf. There
has long been a belief on ths part of tobacco growers that organic
sources of nitrogen such as cottonseed meal, fish, and slaughterhouse
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products are essential as constituents of the fertilizer for production
of high quality in certain types of leaf. In this connection it may be
noteg, however, that in a recent investigation Beaumont and his
ussociates (9) 2 found that any special virtue which cottonseed meal
may possess as & fertilizer apparently is not based upon any peculiar
forms of nitrogen it vontains. The comparative effects of organic
and inorganic forms of fertilizer nitrogen are not dealt with in this
bulletin. Considerable attention is given to the relative effects of
ammonia and nitrate forms of nitrogen so far as concerns growth
relations, and limited consideration also is given to different ammonia
salts, such as the sulphate and the chloride. However, the effects of
differences in the quantity rather than in the form of the nitrogen
are esgecially emphasized,

With respect to interpretation of the results of technical nutritional
studies relating particularly to nitrogen, such as are included in this
bulletin, it is unfortunate that so little is known about the composi-
tion and properties of the different proteins and other complex nitro-
gen compounds functioning in nutrition, metebolism, and growth
processes. A principal diffieulty is that methods are not availsble for
separating and estimating the specific nitrogen compounds in ques-
tion. It is hardly possible at present, therefore, to arrive at even an
approximately complete analysis of the mode of action of Inereasing
quantities of nitrogen meade available to the plant. However, some
of the effects on internal processes have been measured, and their
apparent relationship to the growth and the properties of the leaf have
been established.

SCOPE AND PLAN OF THE EXPERIMENTS

In the present investigations the two primary objectives were: (1)
To obtain practical information about the quantity of fertilizer nitro-
gen requited for best results with respect to yield and market value of
the Maryland type of tobacco, also the comparative fertilizing value
of some of the new, synthetic forms of nitrogen for the tobacce crop;

and (2) to make 2 fairly comprehensive physiological and biochemical
study of the effects of varying the nitrogen supply on the growth and
development of the plant, particularly its leaves, and on the associated
Internal processes of metabolism end nutrition. To attain the first-
named objective, field-plot tests of the usual type were conducted for
a period of years at Upper Marlboro, Md. The original, more exten-
sive series of plot experiments, was begun in 1919 und was continued
for 11 years, Several additionel treatments were b subsequentl

to 1919. The plots were approximately one twentieth of an acre, wit

& space of 1} feet separating them, and every fourth plot was used as
& control. The treatments were not duplicated in the usual fashion
but instead, at harvest time, each plot was separated transversely
into two sections of equal ares, and the yields were obtained sepa-
rately on the duplicate sections. The rows were 34 inches apart, end
the plants were spaced 34 inches in the row. All fertilizer was applied
in the drill just before transplanting except that beginning in 1925
one half of the nitrogen was applied as a top dressing st the second
cultivation on the p%ots receiving 80 pounds of nitrogen per acre.
A Maryland broadleaf variety of tobacco was used, and approved

1 Tialie numbers z parenthesss rafer to Literaturs Cltad, p. 75.
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methods of cultivating, harvesting, and curing, conforming to stand-
ard practice in southern Marylan&, wero used throughout.

All plots in the primary series received a uniform basal fertilizer
treatment supplying 60 pounds of phesphoric acid (P0;) and 40
pounds of potash per acre. tn 1919 the phosphoric acid was supplied
in the form of 16 percent superphosphate but therealter precipitated
bone, & dicaleic phosphaie containing about 40 percent of phosphoric
acid, was substituted. The potash was derived from high-grade sul-
phate. Evidence of magnesium deficiency having appeared on the
plots, ground limestone containing 20 percent of magnesia was applied
mniformly at the rate of a ton per acre in the fall of 1922 and of 1924.
In 1924, through error, a low-grade muriate of potash conteining 38
percent of potash was applied, Instead of anvmonium sulphate, to the
plots regularly receiving the latter form of nitrogen. Consequently,
i that vear these plots reccived an excess of potash but no nitrogen
ab all. Departures {rom the basal treatment in the supplementary
plots later added are considered in connection with the description of
quantities and forms of nitrogen employed in the tests.

The principal feature of the physiological and biochemical studies
was an attempt to trace through the growing period, the subsequent
period of so-called “‘ripening”’ of the leaves, and the curing of the har-
vested product, the effects of varying the amount of 516 nitrogen
supply on various features of growth and development of the plant
with special reference to the Fcawes, and on the interiial processes
involved. Consideration was given also to effects of the nitrogen
supply on the physical and chemical characteristics of the cured leaf
in relation to the type, grade, and quulity of the product. The
physiological observations were concerncd mainly with the relative
development of leaf, stalk, and root; the rate, amount, and character
of growth of leaf and stalk; the time of flowering and the progress of
the ripening process; visible symptoms of nitrogen deficiency in the
plant; and the combustibility of the cured leaf. In the biochemical
studies attention was given to the recovery of fertilizer nitrogen by
the plant and its distribution in the plant parts; the minimum nifrogen
requirements of the crop; water, osmotic, and acidity reiations in the
leaf; nitrogen and carbohydrate metabolism; oxidizing enzymes; and
the chemieal composition of the cured leaf and its significance. Brief
consideration also was given to the effects of high and low topping on
leaf metabolism. Though the data are far from complete in nll par-
ticulars, they serve as a whole to throw considerable light on the effect
of the nitrogen supply on growth and metabolism, and on the nutrition
of the plant and the Tesultant chars cteristics of the cured leaf affecting
its value for manufacturing purposes.

In technical plant-nutrition studies it is common practice to employ
cultures in sand or in nutrient solutions in order to secure better con-
trol of conditions, but such methods are not well adapated for work
with tobacco which involves detailed study of development and chem-
ical composition of the leaf in relation to quality. In seeking a physi-
ological approach to such tobacco-fertilizer problems as were under
investigation, it is believed that, with proper choice of soil type and
the other necessary precautions, eonditions more or less similar to
those applying to sand cultures cen be attained in open field cultures.
This plan has the important advantage that the results obtained are
much more likely to be directly applicable to conditions of commer-
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cial culture. In some insteneces resulis so obtained may need to
be checked by eans of pot tests, but in the present case the field

lots used in the previously mentioned practical tests and other sini-
ar plots supplied substantislly sl of the material required for the
physiological and biochemical ohservations. Because of the disturb-
ing effects of fluctuating weather conditions and of other variable fac-
tors under field conditions, detached observations of a physiological or
biochemical nature may not be conclusive, but usually this uncer-
tainty is readily overcome by making a series of observations at inter-
vals, always under strictly comparabie conditions and extending over
a considerable period. This method also is particularly helpful in
guarding against misleading results, due to differences in age or suage
of development of different plants or parts of the individual plant.

CONDITIONS UNDER WHICH EXPERIMENTS WERE CONDUCTED
" QUANTITIES AND FORMS OF NITROGEN USED

Nitrate of soda was employed af rates to supply 10, 20, 30, 40, and
80 pounds of nitrogen per acre. These quentities of nitrogen in com-
bination with the basal supply of phosphoric acid and potash along
with the control treatments are equivalent to 1,000 pounds of fer-
tilizer per acre having the formulas 0-6-4, 1-6-4, 2-6-4, 3-6-4, 4-6-4,
and 8-t-4, respectively. The outcome of the tests indicates that thero
would heve been some advantage in including in this group a rate of
60 pounds of nitrogen per acre. Further information on the quantity
of nitrogen required for best results also was provided in epplying
the other forms of nitrogen used &t two or more different rates.

In the original series, in addition to nitrate of seds, cyanamide and
amimonium nitrate were used in quantities to supply 20 and 40 pounds
of nitrogen per acre; and ammonium chloride and ammonium sulphate
were employed st rates to furnish 20, 40, and 80 pounds of nitrogen
PEer acre,

Beginning in 1921, tests with urea and the commercial product
known as Ammo-Phos in comparison with ammonium sulphate,
applied at rates to supply 20 and 40 pounds of nitrogen per acre were
undertaken on a nearby field having ‘a lighter and somewhat less pro-
ductive soil. Since the Ammo-Phos contained about 47 percent of
phosphoric acid and only 11.5 percent of nitrogen, san additional
ammonium-sulphate plot was ineluded which received double the
normal application of 60 pounds per acre of phosphoric acid in the
form of precipitated bone and the nitrogen was applied at the 40-
pound rate. Ground limestone was spplied to these plots as in the
original series.

n 1923, n tesi of Urea-Phos, a combination of ures and phosphoric
acid, involving plots receiving nitrogen from this source at the rates of
20 and 40 pounds per acre, was added at the front end of the original
set of plots. The Urea-Phos contained 45 percent of phosphoric acid
and no additional phosphate was wsed in this experiment.

In 1925 a test of monoammonium phosphate i conjunction with
nitrate of potash was added, although the rimary object in this
mstance was to include a highly concentrated fertilizer supplying only
the three nutrients, nitrogen, phosphorus, and potassium, rather than
to conduct a test with amunontum phosphate as such. The materials
were used In proportions to furnish approximately 40 pounds of nitro-
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gen, 60 pounds of phosphoric acid, and 90 pounds of potash per acre.
For comparison, a trestment was employed in which one half the
nitrogen was derived from cottonseed mesl and the other half from
nitrate of soda; the phosphorie acid from 16 perzent superphosphate;
sind the potash from high-grede sulphate.

The approximate nitrogen content of the matériels vsed in these
experiments is shown in table 1.3

TAeLE 1.—Approximate conlent of principal consiiivenis of fertilizer meterials
used in plot tests

Composition (pereent) Composition (percent)

Ferthlizer malerlal Thos- Fertilizer material - Plios-
- | pivorie | Totash phorie
anld | {EaD) ncid

Ammonivrm aitrate .. . Qys
Ammonivrm salpbote.... | 20 meeafl Tresn,
Ammonium chloride, : Urea-Phos__, cocaerooon -
Monocammmoninm phos- .-
phate . 5 Superphosphate.

Bodlum nitrate - ! Precipitated booi (dieol-
Potassinm nitrate. . __ . - 3 ole phosphate) .. -
Amug-FPhos, . g Potassium sulphata. .

The treatment of the fertilized plots and those used for controls

in the original major series of tests are shown in table 5, and in the

supplementary series in table 7, and the arrangement of the plois is

shown in figure 1.
SOIL OF THE EXPERIMENTAL PLOTS

Tn order to obtain as full information as practicable concerning the
eneral characteristics of the soil used in the tests, the Bureau of hem-
istry and Soils was requested to make a survey of the plots. This
wag done, and the results with respect to the original, principal series
of plots are indicated in figure 1. The report on the goils of the farm
on which the nitrogen plots are located as prepared by 8. W. Phitlips,
Bureau of Chemistry and Seils, has been published 1n full elsewhere
(9) in connection with certain other studies made on the farm. As
indicated in figure 1, the two scil types found on the ‘principal
set of miirogsn plots are the Collington fine sandy loam and the
Collington gravelly sandy loam. The supplementary set of plots
is composed of the Collington fine sandy leam and Co lington loamy
sand types.

Prior to the initintion of these experiments the soil had not been
cropped for seversl years. The initial reaction of the seil and
subsoil, determined colormetrically, was found to correspond to a
pH value of 6.8. Readings on plots 7, 11, 13, 18, 189, and 20 (table
5) were taken in the fall of 1925 and again in 1926 end showed & pH
~ value of about 7.1 for both soil and subsoil on all plots except, 19 and
20, which received ‘80 pounds of nitrogen per acre as chloride and
sulphate, respectively, and showed a pH of 6.8.

t Most of the nitrogenous materials used sud the dats oo their chemienl composltion were suppiied by
the Division of Fertilizer and Flxed Nitvoger Fuvestigations, Bureau of Chenlstry snd Boils.
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WEATHER CONDITIONS

In interpretation of the results obtained, the smount and distri-
bution of rainfall is of special importance as a factor because of its
effect in either increasing or decressing the available nitrogen in the
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FIGURE 1.-Solt map of principal seties of nltrogen test plots, Upper Marlborg, Md. Soil fegend: {1)
Collington fine sandy losm; (9) Colliugton graveily sandy loam. Surveyed November 1921 by 8. W,
Phlilips, Bureau of Chemistry and Bolls, United Siates Deparimert of Agricullura.

soil as well as the direct effect of the water supply on the growth
of the plant, It is rather difficult satisfactorily to summarize the
complete records of rainfall which were taken during the growin,
season, but the data for 10-day periods, as shown in ‘able 2, wil
serve to indicate fairly well for each year the general distribution of the
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reinfall through the season. In this connection the dates of trans-
ph}m}]ilting to the field and of harvesting the crop each year are shown in
table 3.

The temperature conditions doubtless were not greatly different
from those at Washington, D.C., about 15 miles distant, where records
reported by the United States Weather Bureau are availeble to any
who may be interested in this fegture of the weather conditions.

Tasun 2—Ratnfall at Upper Marlboro, Md. {in inches), for 10-day periods during
the growing scasen, 13159-29

Month and (dny Dlerva) 14 1921 | 1922 | 1024 | 1624

0.65
A 97
2,07 .09

275 L1

2,13
-8
L8

2.47

fad-ut=d
[y
o)

32

108 L3
243 2.8
N .

o, .,
b

1. 60|

£l

June:
=10, . g b X 3. 60
=30 s 9 . i, 54
2530 .

2,02

B 185
LT 32 A
4 .2 ¢

Le 3. . - 559 LT 4.08) 2300 4,31
Totnl for § months..........] 25.40] 23.84) 15. 83| 25. 15] 17, 26.0%) 10.68] 20,43, 21,87 3.0t

TanLe 3—Daies af transplanting and harvesiing the tobacco of the ezperimenial
plols cack year, 1519-29

Dateof | Dalaal Dateof | Dnteof Date of | Date of
trang Hurvest- 3 trans- | harvest- trans- | hnrvest-
1Menting ing plonting ing planting {  ing

Juno 20 ) Oct. 10 June 27 | Sepl. 28 June 15 ] Sept. 9
Inne 25 [ Sept. 17 2. June 36§ Oct. 10 June 14| Sept. 4
Jaly 1 ct. O June i6 | Sept, 4 June 28 | Ccl. 8
June 14 | Sopt, 22 June 18| Sept. 17
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EFFECTS OF SUPPLY OF FERTILIZEE NITROGEN ON CROP YIELDS

In the primary or major series of plot tests the average yields of
cured leaf on the duplicate sectioms of the congrol plots (table 4)
indicate only a fair degree of uniformity in the productivity of the
soil as o whole, the yields of sections A and B of plot 1 and section
A of plots 5 and 17 pointing to 8 somewhat greater natural produc-
tivity of the adjoining soil than that of the remainder of the field.
When plot 1 is excluded the average yield of the remaining controls is
614 pounds, while including this plot gives an average yield of (34
pounds. 1t is recognized that there are differences of opinion as to
the most satisfactory manner of a plying the results from control
plots in interpreting experimental ata, but in the present instance
the results on ploé 1 will be excluded, and the average value of 614
pounds for the remaining controls applied uniformly in all cases in
arriving at the effects of the nitrogen treatments.

In the supplementary series of plots the average yields of the three
controls (table 7) are 464, 534, and 524 pounds, respectively. The
general average for the three dontrols is 507 pounds. Tt appears,
therefore, that the soil of this field is somewhat less productive than
that of the primary series of tests.

TABLE 4.—Average yields per acre of duplicate sections of control plois in the
primary series of nilrogen lests, 1919-89

Plot. section Ploi 1 Plot & Plot¥ | Tlot13 | Plot17 | Piot 21

Pounds | Founds

¥ | Pounds | FPounds | Poundy | Pounds
77l 052 i 581 670 503
g2 o001 607 630 607 614

742 2 576 L4 3 04

The effectiveness of nitrogen as a fertilizer in promoting growth on
the several plots in both the early and lnter stages of development, of
the plants is indicated in figures 2 and 3.

EFFECTS OF INCREASING QUANTITIES OF NITROGEN

The average annual yields of the duplicate plot sections in leaf and
stalk, the 10-year average yield of leaf on each of the duplicate sec-
tions of each plot, and the 10-year combined average yield of leaf and
of stalk on the two sections of anch plot in the primary series are shown
in table 5. This table also indicates the arrangement of the plots,
The yearly yields on the duplicate sections of each plot were reasonably
consistent and sare not given in detail in the table. The average
increase in yield over the controls for each trestment covering the
en}i;%re period of the experiment, except the year 1924, is shown in
table G,

X261 —3—2




showing the offectlveness of fertilizer nitregen in the
early stages of growth. Tho plot In the center recelved no nitrogen, while the plants at Ioft reccived 20
?ounds per oere |n the form of amstonlum chigride, and $hosa at right received a Llke quantity o the
o

rm of aminonlum suiphate.

FioyRe 3.—Hupplementory serles of plots, senson of 1625, show!ny the effectiveness of nitrogen as & fers
1Mizor 1o 1he Inte stages of yrowth.  Plot ot right of meesuring rou! Tecaived o pitrogen, while plot at
10ft received 40 pounds of nitrogen per sere in the form of ammomninm sylphate. The plants recelving
go mitrogen in the fertillzer sbow & pale yellowlish-green color, n chnracterlatic aymplom of nitrogen

unger,
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TasLe 5.-—Y¥ields of leaf and stalk each year, 191529 (average of duplicate sece
tions, A and B, of each plol), 10~year average yield of leaf on each of the two
plot sections, and the 10-year combined average yield of leaf and of stalk on the
two sections of each plot, tn the primary series of leats with nitrogen applied at
different rates and derived from ifferent sources, 1919-29 )

{Rasults for 1024 are not ineluded In the 10-yent averages {or Teason stated on paga 4f

Nitrogen applled Acre yleids of saf and statl (pounds)

1520 1621 1022

—

3

per aete

Quantity

L,

Cynnamide
Ammaoniem nlirate. .-
Ammoonlum suiphate

¢
208
3
A hue ehloride
Nitrate of soda,
1 do

N itrgte of soda.
[
4% Anmunenlum saiphate

i ehlorids
Arrmoniom pitrete
Eva oy

m5| 314‘ aaﬂl mtl 354 o-zol 07

Niltropen applied Acrs ylelds of leaf and stalic (pounds)

10-5*Ar aver-
agd, sactiong
Asund B

hitreg 1628 192g

Quantity
Dol acka

10-year aver-
aps, section
A—leal

10-year aver-
age, section
B—leal

Ammonium nitrete__
Arnimonium sulphale
“Ammonium chicrida
Nitré'.te of sodn
]

Nitrote of sods
Ammonium sulphate
Ammoniuem chloride

Qﬂ3| ?30,:. 122{ 5?9[ saﬁj 4m|1, me] 5?0[ sssl 845
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TABLE 6.—Inerease in yicld of fobacco resulling from use of nitrogen in different
quantities and from different sources in ihe primary series (1519-28 and 1926-28)
and the supplementary series (198123 and 192629} of Jield-plot tests

[T*he last plot In the supplemoentary sexfes received o double ration ot phosphorle acld]

Acro ncrense in yield from indicated quanlities of
nitrogen

Horles of test and soures of nitrogon

10 pounds{20 pornds|30 pounds|d0 pounds(B0 pounds

Primary seorles: Pounds Pounds
MNitrato of SO < i e e cmimmmmmmm— s m———— 13t 258 30 E
Ammonium nltrade - 253
Ammenium chlorldo. .. . 3id
Ammeninm sulphale . . 255
Cyunamlide 233

Supplomontary sorios:
Tren. - 200
Ammeo-Phos...... . . pall
Am%nnilun sulphata 251

[ PR

The nitrate of soda tests of the primary series show increases in
yield for each increment of nitrogen but, as is to be expected, the
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Frotte 4 ~Seernd-degree pacabola, showing the fheoratienl 10-year averago vields of loaf tobacco with
10-pound Inctaments of fertilizer nil.m%zen derived from nitrate of sodn, as compored with the actual
average ¥ 3lds: nlse, comparative actunl ¥ields of leafl from equel quantities of fertilizer nitrogen detived
lri::rlnl hitrale of sodn and ammenium ehioride. Noto the stimulating aotion of the ehlorlde lon on leat
yield.

rates of gain for the higher rotes of fertilization are less than those
for the lower rates (fig. 4). However, there is uncertainty as to what
extent the result obtained with 80 pounds of nitrogen as compared
with the lower rates is to be attributed merely to the quantity of
nitrogen used. In the first 5 years of the test all the nitrogon in the
80-pound rate was applied prior to transplanting, as was done with
the lower rates of fertilizing. Under these conditions the concen-
tration of the soil solution seemed to be excessive, the plants were
retarded in growth in the early stages, and the final yield from the
80-pound rate averaged only slightly better than that from the 40-
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pound rate. In 1925, and thereafter, one half of the nitrogen of the
86-pound rate was applied about 30 days after transplanting, This
plan of splitting the nitrogen application prevented the early retard-
Ing action on growth of the plants and materially increased the yield.
For the period in which all of the nitrogen was applied prior to frans-
plunting, the average incresse from the 80-pound rate of fertiizing
above the 40-pound rate was only 39 pounds or 4.5 percent, while
splitting the 80-pound ration of nitrogen in later years gave an increase
of 145 pounds or 14 percent. It appears, therefore, that the method -
of application became g factor of importance when the rate of nitro-
gen fertilization was increased to 80 pounds per acre. Nothing can
be said 2s to whether fractionation of the applications in the %ower
ra.tei. of nitrogen fertilizatior would have materially affected the
results,

Under the conditions of the experiment, with an average yield of
614 pounds of leaf .n the control plots, for the entire 10-year period the
net 1ncreases in yield per acre for each successive 10-pound 1nerement
of nitrogen in the fertilizer in the nitrate of soda series were 121, 127,
78, and 22 pounds, respectively, for the 10-, 20-, 30-, and 40-pound
rates of fertilizing. The 80-pound rate of fertilization gave an average
increase in yield over the 40-pound rate amounting to 92 pounds pos
acre. Additional information on the effects of increasing the nitrogen
supply on yield of leaf is furnished by the combined average results
for the 10-year period obtained with nitrate of soda, smmonium
chioride, and ammonium sulphate at the rates used, namely, those
supplying 20, 40, and 80 pounds of nitrogen per acre. The first
20-pouncf Increment of nitrogen gave an increase in yield of 2v7
pounds of leaf and the second 20-pound increment produced o further
Increase of 97 pounds, as compared with 258 pounds end 100 pounds,
respectively, obtained with the nitrate of sods alone. The 80-pound
rate of {ertilization gave an increase over the 40-pound rate amounting
to 75 pounds per acre.

The results of the supplementary tests (table 7 ) are not strictly
comparable with those of the primary series, the average yield of
the controls for the period of the test of the former being 507 pounds
against 631 pounds for the controls of the latter series for the same
period. On this soil the increase in yield of leaf tobacco for the frst
20 pounds of nitrogen applied as smmonium sulphate was 254 pounds
and the second 20 pounds gave a further increase of 169 pounds.
Thus, on the poorer soil the fertilizer ritrogen at the higher rate has
been somewhat more effective in promoting growth of the crop
although the actual yields have been lower than those of the primsary
series. The urea and the Ammo-Phos show about the sare relative
efficiency ub the two rates of application as does the ammonium
sulphate,




14 TECHNICAL BULLETIN 414, U.8. DEPT. OF AGRICULTURE

TaBLE 7.—Average acre yield and velue and average price per poum}. of tebacco on
duplicate plol sections in the supplementery lests with nitragen epplied at different
raies and derived from different sources, 1921-25

[Plot 30 reccived an additionn] application of 80 pounds of phospherie acid per acre.  Hesults for 1024 are
not Incloded {n the B-yoar averages]

Nitrogen applied Yield

Quan-
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nery
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Tables 5 and 7 show clearly that weather conditions have pro-
foundly affected the results. Taking the annual averages of all
treatments as an index, in the primary series the yield in 1922 and
1928 was only about 500 pounds, while in 1927 and 1929 the yield
was about 1,100 pounds. In the supplementary series the corre-
sponding ylelds were approximately 400 and 1,000 pounds. These
wide variations in yield from year to year app]y to the controls and
to all treatments. However, the widest fluctuations in yield are
seen in the heaviest rates of fertilizing. It is interesting to note,
also, that the changes in yield in the control plots from year to year
are not always in the same direction as the changes in yield in the
plots receiving nitrogen. For the most part, however, the same

eneral direciion of change in yield is seen in the plots receiving
glﬂerent quantities of nitrogen. Considering both the bad and the

good years, it appears that 20 pounds of nitrogen per acre has given
more consistent and relatively larger increases in yield than the 40-
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and 80-pound rates of fertilizing. The generall poor results of 1928
were due to the extraordinarily heavy ra‘mfalrin August, and the
very low yields of 1922 probably were caused also by the heavy
rainfall of June and July. Taking the results as a whole, nitrogen
was especially effective as a fertilizer in 1920, 1925, 1927, and 1929.
While there is no close correlation with rainfall, it appears that the
good results obtained in these years are associated with a moderate
to a fairly liberal rainfall during June, July, and August. The results
were less satisfactory in the relatively dry season of 1921. In 19286,
the only year in which the first 20 pounds of fertilizer nitrogen was
ilnarked_ly ineffective, the rainfall for July and August was rather
eavy.

The duration of the tests was too short, of course, ‘to develop
definite trends in the results wlich would be independent of seasonal
effects. However, it is evident that there has becn no sustained or
progressive decline in yield through the period of the tests even on
the control plots which received no nitrogen during the 11 years of
the experiment. Tt seems that a low balance in the nitrogen supply
of the soil is established and maintained through additions E‘om
outside sources, such as fixation of nitrogen by micro-organisms of

the soil,
EFFECTS OF FORM OF NITROGEN APPLIED

The data in table 6 show the comparative effcets of the different
forms of nitrogen used in the experiments on the avernge yield of
tobacco over a period of 10 years for the primary series and § years
for the supplementary series. All forms of nitrogen tested were
‘used at the rates of 20 and 40 pounds per acre and 3 forms also

were tested at the rate of 80 pounds per acre. At the 20-pound
rate, ammonium chloride stands out as produeing the highest yield
m the primary series and ammonium nitrate ranks second, while at
the 40-pound rate these 2 forms of nitrogen jointly head the list,
with no material difference between them. In thesé tests nitrate of
soda and ammonium sulphate gave somewhat lower yields, and at
both the 20- and 40-pound rates these 2 sources of nitrogen pro-
duced Tesults agreeing rather closely. At the 80-pound rate of
application ammonium chloride, ammonium sulphate, and nitrate of
soda gave practicaily identical results.

When used to supply 20 pounds of nitrogen per acre cyanamide gave
fairly satisfactory resuits, the yield falling somewhat below that of
nitrate of soda or ammonium sulphate. At the 40-pound rate the
results with cyanamide were unsatisfactory. The yield was the same
as with the 20-pound rate and the lower leaves of the plant develeped
a charscteristic spotting although in some years the leaves eventually
recovered from these toxic effects. The spots produced on the leaves
of tobacco by cyanamide resemble somewhat those eaused by mng-
nesivm deficiency but do not so definitely originate at the tip or
margin of the leaf.

In the supplementary series of tests urea gave appreciably better
yields than ammonium sulphate at both the 20- and 40-pound rates
of fertilization. Ammo-Phos fell somewhat below the ammonium
sulpbate in efficiency at the two rates of application because of poor
results prior to application of magnesian limestone to the soil. The
yield fromn ammonium sulphate was increased slightly by an increased
supply of precipitated dicalcie phosphate. In the plot tests with a
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urea phosphate which were sdded to the primary series in 1923 the
sverage increase in vield for the 8-year period with 20 pounds of
nitrogen per acre from this source was 187 pounds and with 40 pounds
of nitrogen per acre the increase in yield was 407 pounds. The average
yield of the control (control plot 1) for the same period was 817
pounds. As previously pointed out (p. 9), the yield on plot 1 has
materially exceeded that of the remaining contrels, indicating that
the soil of the urca-phosphate plot was somewhat more productive
than that +f the other plots in the series. The indications are that
urea. phosphate will compare favorably with the other sources of
nitrogen used in the experiments.

The relative efficiency of the different sources of nitrogen varied
somewhat from year to year. On a comparative basis, nitrate of
soda. gave poorest results m 1919 and 1926 and best resuits in 1925;
ammonium sulphate ranked low in 1921 and high in 1920; ammonium
nitrate was not notably low in efficiency in any year but was par-
ticularly eflective in 1921 and 1923; ammonium chloride made its
poorest showing in 1921 and its best showing in 1919 and 1927.
These results, however, do not seem to be closely correlated with
differences in rainfsll. In the supplementary series there were no
striling varintions from year to year in relative efficiency of urea,
Ammo-Phos and ammonium sulphate.

HESTLTS WITIL MONCAMMONIUM PHOSPHATE AND NITRATE OF POTASH

In g series of tests with monosmmonium phosphate and nitrate
of potash the trealments were run in duplicate, and, as in _the other
tests, each plot was divided at harvest time into two equal sections,
A and B. The tests have been made each year beginning with 1925,
but the erop was so badly damaged by a severe rain and wind storm
in August 1928 that relinble yield data could not be obtained for
that year. The control plots Teceived no fertilizer at all. The de-
tailed results for the years 1925-27, and 1929 are shown in table 8,

PARLE 8.—rverage yiekl of tobaceo on duplicale srciions, A end B, of plals run in
duplicate in the years 1925-27 and 1929, showing the rapid decline in yield
ablatued with a fertilizer composed of anmoniwm phosphate and nilraie of polash
as a resuli of rapid depletion of the soil supply of calcrum und magnresium

Acre yield of tobageo

Sonrees of nitrogen 1926 190
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aod  nitrte of
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Aynenivn phose
phiste s nitraie
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The two outstanding features of the results are: (1) The rapid
decline in average yielcf from year to year obtained with the mixture
of ammonium phosphate and nitrate of potash, and (2) the marked
difierences in rate of this decline in yield on different poréions of the
experimental ares, 3s compared with the relatively uniform yields
produced by a combination of nitrate of sods, cottonseed meal,
superphosphate, and sulphate of potash. In the first year of the test
the highly concentrated fertilizer supplying orly nitrogen, phosphor-
us, and potassium gave rather satisfactory results, but beginning

with the second year the yield on section A of plot 3 rapidly de-
clined to the point of almost complete failure. The decline on sec-

1

Ficure 5.—Tohaceo plapls showing noor resulis obtained with o foriilizer consisting of nitrala of notash
and moncammonium pHhosphata wilen no ealeium or magneslum is added to the soil. Plot ot lafl of
mensuring rod was fertilized with coltonseed menl, nitrate of sod, superptositinge, and suiplste of
potash.  Plol at right {four rows) received the same guantities of pitrogen, pliosphoric aeld, and notash,
derived from nitrate of polash and manosmmonium phosphate, the two rows nt extromo right roevelving
in addilon 500 pounds per nere of Magnesian lirestone.

tion B of this plot was definite but much less proncunced. Rapid
decline in yield first began in 1927 on section A of plot 6, closely
followed by similar results on section B of this plot.

In 1928 limestone containing 20 percent of magnesia was applied
m the drill to two of the four rows in plots 3 and 6 at the rate of 500
pounds per acre, and this treatment was repeated in 1929. That the
magnesian imestone was effective as an adjunct to the ammonium
phosphate and nitrate of potash combination as a fertilizer is shown
n figure 5.

These results with ammonium phosphate and nitrate of potash
furnish a logical explanation of the comparatively unfavorable results
obtained with Ammo-Phos and the increased yreld with ammonium
sulphate when additional phosphate was used in the suppiementary

2515 —3—3
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serics discussed above. The poor results with Ammo-Phos were
obtained in the early years of the experiment before the necessary
quantities of calcium and magnesium were supplied in the form of
magnesian limestone. Extensive observation indicates that the
normal applieation of phosphoric acid used on the ammonium-sul-
phate plots was ample for crop needs, and it is believed that the
beneficial effcet of the additional phosphate was due to the increased
supply of celciumn which was thus provided.

APPLICATION OF THE MITSCHERLICH FORMULA

Mitseherlich (78) in 1909 and in later years developed the theory
that the relationship existing between successiveincrementsof & growth
factor and the corresponding increments ol yield can be expressed
mathematically by the well-known equation—

B d—).c M)

in which ¥ is the increment of yicld resulting from an increment x
of n growth factor, such ns one of the essential chemical elements,
A is the limit toward which the yield approaches as z increases
indefinitely, and ¢ is & constant which is characteristic of the growth
factor. According to this “effeet 1~w of growth factors” the increases
in yicld resulting [rom successive equal increments of & growthfactor
arc proportional to the differences between the obtained yields and
the maximum yield attainable. In other words, the successive
increments of yield form a decreasing geometric series having a
constant ratio. = Thus, if the first unit of a growth factor produces 50
percent of the maximum yield obtainable the second unit will produce
a further inerease amounting to 50 percent of the difference between
the yield from the first unit and the maximum or 25 percent, 5o that
the total yield from the two units is 75 percent of the maximum, In
the same way the third unit will produce a further increase of half the
remainder of the maximum or 12.5 percent, the total yield being 87.5
percent of thic maximum, and se on.

From the sbove equation the author derives by integration and
transformation the equation—

log (A—y)=log A—cz

by means of which the expected yield y from a quantity = of o growth
factor may be computed for given values of A and ¢, Where the
yield produced by a soil without addition of a particular plant nutrient
or {ertilizer has heen determined by field or pot tests under & given
sot of conditions, and the yield ¥ produced by a quantity = of this
nutrient likewise has been determined, the value of A may be computed
according to Mitscherlich, by a modifieation of equation (2)—

_ky—yo
=-I—1 3

in which k=10°* and ¥, is the yicld obtained when none of the plant
nutrient involved is ndded to the soil. This method is commonly
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employed by him for determining 4 in the case of the fertilizor
element pitrogen, and it presupposes of course that the numerical
value of ¢ is known.

In fertilizer experiments with agricultural soils, in addition to the
quantity of fertihzer ¢ added to the soil, account must he taken of
the quantity of the particular element involved, which is already
}Jresent in the soil. This the author does by introducing the value
or the soll content of this element, designated as b, into equation (2):

log (A—y)=log A—ec. (z+1) (4)

When none of the fertilizer element is added to the soil x, of course,
beeomes zero so that for determining b, Mitscherlich employs the
equation— .

- log A— Eog (A—mn,) 5)

After finding the values of A and D itis a simple matter to ascertain
by means of equation {4) the expected yield for any value of z.

Mitscherlich’s law requires that for any particular growth factor
the value of ¢ be constant under all conditions, and the author him-
self has stated that on the soundness of this conception the whole
law must stand or fall* Fer example, the element nitrogen is said
to have n constant eflect value, ¢, which is independent of wenther,
the plant food supply of the soil, or even the character of the plant.
From a very large number of pot tests Mitscherlich has arrived at
the numerical value of 0.122 for ¢ in the case of the fertilizer element;
nitrogen. However, the author points out that ¢ can have constand
value only so long as the value for r is expressed in terms of & fived
unit, and the above numerical value for ¢ in the case of nitrogen
applies when 2 represents the number of quintals of fertilizer nitrogen
per hectare of land, which corresponds to approximately 90 pounds
per acre.

In applying this law to the yield data for leaf and stalk and the
combined yields of the two plant parts which were obtained with
nitrate of sods, only the avernge valucs for g period of 10 years will
be considered. These data cover the period 1919-29 except thag
the results for 1922 are omiticd because of the very unsatisfactory
yields obtained in that year, Taking 90 pounds per acre as the unit
of fertilizer nitrogen, the rates of nitrogen ferilization employed,
namely 10, 20, 30, 40, and 80 pounds per acre, correspond to (.11,
0.22, 0.33, 0.44, and 0.88 units, respectively. The actual yields of
leaf, stalk, and leal and stalk combined are contained in table 9 and
are shown graphically in figure 6. When the maximum possible
yields, A, arec computed by means of cquation (3) with ¢ huving the
numerical value 8.122 the respective values obfnined for leaf, stalk,
and leef and stalk combined nre 3,191, 3,936, and 9,127 pounds per
acre. Ry means of equation (5) the indicated quantity of reserve
nitrogen in the soil, &, 1s found to be 41.4 pounds per acre when loaf-
yield data are considered and 30.3 pounds when yields of stalk are

¥ Blnee thivbulletin was prepared for publicalion there has n!:;)earcd an artlele by tha late W.J.Spillman

(.5, Dept. Apr. Tech, Bull. 348, Useof Lhw Exponentiai Yield Ourve fo Fertitizir Hxperiroonis, 0358) in
which the wuibor exprosses the view thet Mitscherileh's valies for & uro nol always appifeablo to Lhe
results of feld sxperimonts in the United Stutes and now vilizes 1108t by obtsined for ench new set uf condi-
tions,
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considered, the mean valiue being about 36 pounds. The expected
yields for the several rates of fertilization are determined by introduc-
Ing into cquation (4) the values for 4 and & (fable 9 and fig. 6).

FPABLE G-—Aciual anerase yiclds of leaf end of stalk and the lwo combined for a
period of 10 years and the carresponding theorclical yields computed by the A itscher-
lich equakion, using as base values the actual yields at three rates of fertilization
and iwe numerical values for Lhe constant ¢; tncluding in cach case the compuled

mazimum posyible yield A, and the quantity of the sotl's reserve supply of nilrogen b
YIELDS OF LEAF PER ACRE

Compazted ylelds, nsiug us base valies the retual yields witii—
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YIELDS OF LEAF AND STALK COMDINED PER ACRE
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In the above computations the increases in yield resulting {from the
first 10 pounds of fertilizer nitrogen are used as base values in deter-
mining A and 5. When the increases in yield obtained with higher
rates of fertilization are employed for the computations progressively

lower values for 4 and correspondingly higher values for & are
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obtained. As regards the data for the leaf, this discrepancy can be
removed only by greatly inercasing the numerical value of ¢, as, for
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example, by raising it to 1.2, which is 10 times the value assigned to it
by Mitscherlich. In this case the maximum yield obtainable, A4, is
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reduced to slightly less than 1,200 pounds, and the value for the
effective supply of nitrogen in the soil, b, is lowered to about 25
pounds, With this value for ¢ the computed yields for the various
rates of fertilization also ngree fnirly well with the actual yields,
although the theeoretical yiclds for the intermediate rates of fertiliza-
tion are somewhat too low {fuble 9),

As to the data for the stall, no value for ¢ has been found which will
give consistent figures for A and & when the yields at different rates
of fertilization are used in the caleulations, On the whole, best results
are obtained when ¢ is assigned a numerical value approximating unity.
However, this value of ¢ does not give satisfactory agreement between
the computed and the actual yields for the several rates of nitrogen
fertilization. TFor leaf and stalk combined there is only a fair degree
of consistency in the values of A and b obtained by using the ylelds
produced by different rates of fertilization in malking the computations
and assigning to ¢ a valuc of 1.2, The differcnces between the com-
puted and the actunl yiclds for the soversl rates of fertilization in some
Instances are rather large,

INFLUENCE OF NITROGEN SUPPLY ON MARKET VALUE OF LEAF

In ordet to obtain relisble information on the comparative commer-
cial value of the crops produced with the different quantities and
forms of nitrogen, representative samples were laid before experienced
buyers of Maryland tobacco coch year for their valuation of the
product. The value per ncre and the average price per pound of the
crcap for each treatment as thus determined are shown in iables 7
and 10,

TaBLE 10.—/cre value and average price per pound of lobacco in primary series of
iesls with nitrogen applicd at differen! rates and derived from different souirces,
191925

Nitrogen otipiled Acre vilue (doliars) 10-yenr
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+ Results for 10024 are not fnciuded in the 10-yunr verngo.
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All rates of application of nitrogen increased the gross value of the
crop over that of the control plots. Considering the data with nitrate
of sods, the first 10 pounds of nitrogen per acre gave an incresse in
value of $50 per acre, the second 10 pounds a further increase of $46,
while the third 10 pounds gave the maximum value, representing an
additional gain of $26. There was no significant difference in value
of erop between the 30- and the 40-pound rates of fertilizing, but
there was a material decrense in crop value with the use of 80 pounds of
pitrogen per acre. Substantially the same relationships obtain with
respect to price per pound of the tobacco. All sources of nitrogen
except cyanamide gave somewhat higher gross values ver acre at the
40-pound rate than at the 20-pound rate, but differences in price per
pound of the leaf were hardly large cnough te be significant. The
effects of the 80-pound rate were the same with ammonitm sulphato
as with nitrate of soda, but with ammonium chloride the deereases in
value per acre and price per pound of leaf were much more marked.

The effects of the diflerent sources of nifrogen on the price per
pound of the tobacco leaf and their action in increasing the gross
value of the crop per acre are summarized in table-11. The average
price per pound of the crop on the control plots receiving no nitrogen
was 15.5 cents in the primary series and 12.5 cents in the supplement-
ary series. The corresponding gross crop values per acre were $93 and
$62, respectively. In the primary series, ammonium nitrate and am-
monium sulphate gave the best quality of tobacco at both the 20-
and the 40-pound rates of fertilizing, and the ammonium nitrate gavo
slightly higher crop values per scre than the sulphate. Nitrate of
soda ranked next in value per pound and gross value per acre of the
- erop produced. Cyananmide produced a fairly good quality of leaf
at the 20-pound rate while with ammonium chloride a compara-
tively poor quality was produced at all rates of fertilizing. Until
rather recently it has not been the practice of buyers in southern
Maryland to determine the burnin qualities of tobacco in estimating
its market value, the assumption ting that all tobacco having the
desired color and texture will burn satisfactorily. Consequently,
the values shown in table 11 were arrived at independently of the
factor of combustibility. But for this circumstance the markeb
value of the tobacco grown with ammonium chloride would have been
placed considerably Jower.

In the supplementary series urea and ammonium sulphate at etther
rate of fertihizing did not differ materially in guality of the tobacco
produced, bub at the higher rate of fertilizing with smmonium
sulphate an increased rate of application of caleium phosphate was
necessary to obtain best results as to value of crop per acre. The
reason for this situntion has already been given. The somewhat
poorer showing of Ammo-Phos is due primarily to the reduced growth
obtained in the early years of the test before dolomitic limestone had
been applied. After calcium and magnesium had thus been added
to the soil Ammo-Phos gave good results.
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TapLE 11.—Increase in valuc per acre and in the estimated value per pound of tebacco
leaf in the primary and supplementary series of lests oblained with nitrogen derived
from different forms and applied ai different rates
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RELATION OF NITROGEN SUPPLY TO RATE AND TYPE OF GROWTH
LEAF, STALK, AND ROOT GROWTH

In 1927, datn on air-dried weights of leal, stalls, and root were
obtained on 20 plants in a control treatment and in the plots receiving
nitrogen in the form of nitrate of soda at each rate included in the
primary series, The mature plants were harvested by cutting the
stalk ot the ground level, and the weights of leaf and stalk were
obtained after the curing process was completed. —Alter harvest the
roots wore carelully dug, washed with water, and allowed to dry in
the air under shelter. 1t was not possible to make complete recovery
of the roots, and the data for this part of the plant are only approxi-
mately correct. The percentages of leal, stall, and root thus obtained
aro shown in table 12, i

TaBLE 12.—Percentages of air-dried teaf, stalk, and root in plants recetving different
quantitics of nilragen, crop of 1927

. Pereentnpes of pinet Percentages of plant
Nitro- pﬁrls ! Nilre- pﬁ,u P

gen ped
Plot no. applied Flot no. npplied

peracret puat ) Stalk | Rool poreotey pont | Stalk

Pounds | Percent Percent | Pereent Foundys | Percend | Percent

0 08, 5 16,5 150 30 sl 2.0
10 H.3 1.4 5 40 61.9 .l
20 (5. 4 0.0 3. B0 0.3 0.5

The range in percentage of root under the different treatments is
rather narrow and does not indicate any clearly defined effect of
increasing quantities of nitrogen in the fertilizer. The difference in

roportions of leaf and stalk are more definite and are pretty well in
Ene with the much more comprehensive data contained in table 5.
The proportions of leaf obtaine with increasing quantities of nitrogen
derived from nitrate of soda, ammonium sulphate, and ammonium
chloride, expressed as percentages of the combined weight of cured
Jeaf and stalk, are shown graphically in figure 7. The source of the




THE NITROGEN NUTRITION OF TOBACCO 25

nitrogen affects somewhat the proportions of leaf and stall. At all
rates used, ammonium sulphate gave the lowest percentage of leaf,
Reference has . already been made to the stimulating action of the
chloride ion on leaf development, and it will be seen that ammonium
chloride has given the highest percentage of leaf of gll the forms of
nitrogen tested. The sharp rise in percentage of leaf with the 80-
pound rate of fertilizing is especinlly noticeable.

The annual average yields of leaf and stalk for all treatments, as
shown in table 5, demonstrate that westher sonditions also may have
& marked effect on the proportions of leaf and stalk. In genersl, in
years of low crop yield there is & tendency toward a high percentage
of leaf, and in years of high crop yield the tendency is ioward & high
percentsage of stalk. This Is equally true for the control plots receiving
no nitrogen and those well supplied with this element. It appears
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that environmental conditions exert a somewhat greater effect on the
yield of stalk than on the yield of leaf.

To obtain information as to the effect of the supply of nitrogen on
the proportions of midrib and lamina or web in the leaf, observations
were made on samples of the cured crop of 1829 from the nitrate of
soda plots receiving nitrogen at the rates of 20, 40, and 80 pounds per
acre and the control plots which received no nitrogen. In the leaf
from the latter plots the pereentage of midrib was 27.1 and from the
plots receiving 20, 40, and 80 pounds of nitrogen per acre the respective
velues were 29.3, 31.1, and 27.8. These results werz confirmed in
additional tests. Thus, the maximum percentage of midrib is
obtained with & moderate supply of nitrogen, and either a very low
or & high supply tends to reduce fhe relative weighs of the midrib.
In these experiments it was observed that the percentage of midrib
is decidedly lower in the lower lenves of the plant than in the middle
and upper leaves.

THE GROWTH RATE

In 1920 and ageain In 1920 observations were made on the rate of
increase in height of selected plants in the primary series of plots,
Since the results in the 2 years were aboutl the same, only the 1926
data need be considered here. In a eontrol plot and the plots receiving
20, 48, and 80 pounds of nitrogen from nitrate of sodn and 40 pounds

27351°=31—4
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from ammonium sulphate, ammonium nitrate, and ammonium
chloride, respectively, two groups of plants were selected for study.
One group representing each treatment consisted of 25 larger plants
which had obtained an early start, while the other group contained
14 smaller plants, and measurements of height were made at fntervals
of O to 15 days. The results are shown in table 13. At the time of
last measurement of totel height none of the plants in either group
receiving no nitrogen had flowered, but in all other instances many of
the plants were in bloom.

TanLe 18.—Effects of nitrogen derived from different sources and applied al differend
rates on the average rate of tncrease in heighty the mumber of leaves, and the lenglh
of tnternodes of 25 larger and 14 smaller tobucco plants, seasom of 1926
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With no nitrogen supplied in the fertilizer the increase in height was
at a slow rate while, on the whole, the most rapid rate was obtained
with 40 pounds of nitrogen per acre in case of the smaller plants (fig.
8) and with 20 pounds of nitrogen per acre in the case of the larger
plants. In both instunces the rate of growth with 80 pounds of
nitrogen was slightly less than with the lower rates of nitrogen fertil-
ization, particularly in the early stages. The effects on the growth
rate producsd by differences in the form of nitrogen used were com-
paratively small. The final height of the stalk measured up to the
position of the lowermost leafless branch increased somewhat with
increase in the nitrogen supply. The data on increase in size of the
leaf in the 1929 crop indieate that according to this method of messure-
ment the intermediate and the highest rates of nitrogen fertilization
produced about the sane rate of growth in the later stages of leaf
development. {(Sce table 20.) It is apparent, however, that the
maximum application of nitrogen produced the maximum rate of
increase in size of leaf in the earlier stages of growth.

NUMBER, SIZL, AND SHAPE OF LEAVES

_ Counts were made of the total number of leaves produced per plant
in the two groups of individuals used in the study of growth rate.
The first counts were made in the early stages of growth so as to
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avoid overlooking lower Joaves which would disappear before the
plants hed reached maturity. All leaves up to and including the
position of the lowermost leafless sucker or Iateral branch were’
counted. The results are shown in table 13,

It will be seen that the delayed growth and flowering in the no-
nitrogen freatments are sssociated with a definite increase in the
number of leaves per plant, accompanied by & deerease in lengsh of the
internodes. Also, the 80-pound rate of nitrogen fertilization in com-
parison with lower
rates produced & slight
increase in number of
lenves perplantin asso-
ciation with delayed
growth and flowering,

In 1919, 1920, and
1923, measurements of
length and width of
leaves located at the
center of the plant were
made on 25 selected in-
dividusals in each of the
plots receiving 20, 40,
and 80 pounds of nitro-
gen as nitrate of soda,
respectively, and in the
controls. Measure-
ments were made at

time of topping on one
geries of leaves, about 2 /
weeks after topping on

a second series of leaves
immediately above the
first series, and about 4

weeks after topping on o
a trhll'd series d.u*ectly Sy 23 A2 AN AUF26 SEPT. 4

ries on the pla,nt. Sim-  Fioure 8.—Fffeet of iha supply of fertilizer nilrogen on tha growth
ar observations had ot rats of omiy the panis. secsiving. B B s Shons
been made in 1918 in  feesivs s posuie par e from irasofSodn S o ypica
another nitrogen test monia and nitrate itrogen, praduced the most rapid rate of
conducted on the BT rwtl b b pomorr om miftete of sodu caused
same general plan and

located on the same soil type. It is known that the ares of a
tobacco leaf is approximately two thirds the product of the length and
the width, and this formula was used to compute the leaf areas for
comparison. To arrive at the effect of the nitrogen supply on the
general shape of the leaf the ratio between the length and width was
used. The averaged results for size and shape of leaf under the differ-
ent freatments for the 4 years mentioned are shown in table 14.
This table also contains data on observations made in 1929 on the
effects of the nitrogen supply on the area of upper, middle, and lower
leaves of the plunt. The leaves used for the purpose were those em-
gloyed for determining the relative weight per square foot as affected

y the nitrogen supply (p. 29).

&0

HEIGHT OF PLANTS' (1crEs)
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TavrLE 14.—Effects of nitrogen applied at different rales as a feritlizer on the length,
width, and area, and lhe ratio of length io width of green lobacco leaves in different
years

Average shape and size of leaf, | Aroa of lonves at Qifferent posi-
MME-20, 1023 tions oo stalk, 1920

Quantily of nllvopen spplied per
aere (polnds) Ratlo of .
Lengih | Width tength U]};unrer Mi{lﬁ?la Lowsr

lo
width

ieal

TFucher | Frchea , im | 8. in.
17.05 | 817 X . . 0. ¢
2111 X X A ! 145.2
21,17 X . 52, . 1741
2. 45 £ .

Increase in the nitrogen supply has a marked effect in increasing
the size of the leaf, the area per leaf produced by the 80-pound rate
being double that of the eontrols. The increase produced by the
40-pound rate over that of the 20-pound rate, however, is relatively
small except in the middie and upper leaves of 1929.  As the nitrogen
supply 1s increased the ‘eanf becomes progressively broader in pro-
portion to length. To compare the elfects of nitrate and ammonia
nitrogen, observations were made in 1919, 1920, and 1923 on leaf
dimensions in the plots recelving 40 pounds of nitrogen as ammonium
sulphate. For the 3 years the average arca per leat obtained with the
ammonia nitrogen was 141.7 square inches as compared with 143.1
square inches obtained with 40 pounds of nitrogen from nitrate of
soda. The corresponding values for ratio of length to width of leaf
were 2.06 and 2.09, respectively. It appears, therefore, that there
was no difference of iinportance in the cffects of the two forms of
nitrogen on the dimensions of the leaf produced.

WEIGHT AND THICKNESS OF LEAF AND SPECIFIC GRAVITY OF LEAF MATERIAL

In 1929, groups of 20 plants each were selected on the plots receiv-
ing 20 and 40 pounds of nitrogen per acre in the fertilizer and on a
control plot in order to make observations on effect of the nitrogen
supply on_the weight of leaf per unit of aren after completion of the
curing, The plants were topped in the usual manner, and just before
harvest the length and width of an upper, middle, and lower leaf on
each of the selected plants were measured and the aren computed.
The upper leaf in each instance wes located approximately in the
center of the upper third portion of the lenves of the plant, and the
lower leaf likewise was located al or near the center of the lower third
portion of the leaves. The plants were harvested and cured without
removing the leaves from the stalks. After ascertaining the dry
weight of the cured leaves the average weight per square foot of each
lot was caleulated, The resulis are shown in table 15,
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TaBLE 15.—Efects of nilrogen applied as a fertilizer at different rates on the weight
per square foof, the thickness anrd the specific gravity of cured tobucco leaves, crop
of 1929
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The data in table 15 show that increase in the supply of fertilizer
nitrogen results in a decrease in weight of o unit area of theleaf. This
effect 1s produced alike in the lower, middle, and upper leaves of the
plant. Cornfirmatory data are contained in the section of this bulle-
tin dealing with processes of nutrition and metabolism. (See tables
20 and 32.)

It is o matter of some Importance to know whether decrease in
thickness of the leaf lamina is entirely responsible for the decided de-
crease in weight per unit ares brought sbout by the high nitrogen
supply but, unfortunately, no entirely satisfactory method of measur-
ing the thickness of the cured leaf has been found. The leaf, after
curing, presenis an extremely uneven surface, and it is difficult fo
obtain consistent results in measurements mode with & micrometer
caliper. The readings obtained are greatly infivenced by the mois-
ture content of the leafl and by the size of the head of the measuring
spindle of the instrument. Most work on the subject hins been done
witl moist'materinl, but in this state the tissues are casily compressed
so that even with the lowest pressures that ¢an be employed the read-
ings are decidedly lower than when the material is measured in a dry
condition. In the expericnce of the writers, best results are obtained
with dry material. The apparent thickness is, of course, that of the
fine nefwork of veins in the leaf luminy, and naturally, when the head
of the measuring spindle is small and precavtions are trlken to avoid the
veins which. are readily vistble, lower readings will be ohtained than
when & measuring spindle with relatively large head is used. A large
number of measurements were made with sir-dried cured-leal samples
of the 1929 crop [rom the plots employed in the study of the weight
of lenf per square foot as aflected by the nitrogen supply. The leaves
were taken from the middle portion of the plants. For the measure-
ments, 8 micrometer dial gage reading to one hundredth of a milli-
meter, such as is used in measuring thickness of paper, was employed.
Comparative measurements were made with spindle heads of approxi-
mately 13 and 6 millimeters diameter, It is well known that different
portions of an individual leaf vury materially in thickness, the apical
and margioal portions being decidedly thicker than the basal and
interior parts (14). In the present case, readings were taken on
small disks cut from various parts of the leaf and the results were
averaged for the entire leaf, The final data are given in table 15
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. While the results arc not entirely consistent, as a whole, they
indicate that the reduced weight per unit ares obtained with an in-
creased supply of nitrogen is due at least in part to decrease in thick-
ness of the leaf. The apparent deerease in the differences in thickness
of leaf frem the various treatments obtained with the smaller spindle
head of the measuring instrument suggests that the vascular tissues
are more prominent m the leal grown with a low nitrogen supply.
Doubtless the fine network of vascular tissue in the leaf plays a
prominent part in the judgment formed by the expert tobacco buyer
as to the so-called hody and texture of the cured product. In any
case, it is hardly possible to avoid the cffects of the smualler veins in
making direct mensurements of leaf thickness by such methods as
here employed, but the results have value from a practical standpoint,
at least for comparative purposes. Since the materizl was measured
in an air-dry condition the values obtained are higher than those
reported by most other investigators for leaf thickaess,

A limited number of observations were made on the apparent specific
gravity of the ground-cured leaf muterinl, using the samples from the
1929 crop that had been employed in the study of weight per unit area
of the leaf. The determinntion was made sunply by measuring the
volume of toluol displaced by o known weight of the leal materal at
25° C., employing for the purpose the usual type of picnometer.
Toluol was used because of its slight solvent action on the constituents
of tobacco. To faciitate removal of air from within and about the
leaf particles, the apparatus was placed under a partial vecuum before
completing the filling with toluel. A correction was applied for mois-
ture content and adhérent carthy matter of the air-dried semple.
The results expressed as weight per cubic centimeter of the tobaceo
are contained in table 15. As compared with differcnces in weight
per unit of aren, the apparent differences in specific gravity or density
of the solids of the leaf are very small. Assuming that the toluol
effectively penetrated the leaf tissues, these values, of eourse, throw no
light on the relative development of intercellular air spwmces in the
tissues of the leal under the diflerent nitrogen treatments.

TIME OF FLOWERING AND IIPENING OF LEAF

The terminal flower bud is normally the first to open on the tobaceo
plant, and its opening marks a definite stage of development which is
casily observed. No personal cquation is involved In determining
the date of its opening, and for comparative purposes the appearance
of this biossom furnishes s convenient point from which to reckon
relative stages of developmentin the plant. It is recognized, however,
that the opening of the terminal Hower bud does not necessarily
indicate & fixed stage of development of any particular leaf on the
plant. Itssignificance attuches rather to developmental stage of the
plant as & whole. Throughout this bulletin deta on time of flowering
and, with certein excepticns, the time of fopping are based on the
time of opening of the terminal blossom unless otherwise stated.

In the 4 years, 1919-22, ohservations were made on date of flowering
of all individuais in each treatment of the primary series of plots.
The counts were made at intervals of 3 duys, and the plants were
topped as they Howered. When 80 to 85 percent of all plants in
the series had flowered, the remaining ones were topped without regard
to stage of development. The duta on flowering for the 4 years were
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assembled in three groups: (1) Number of plants which had flowered up
to 20 days before the final topping; (2) number which flowered in the
20 days immediately preceding the final topping; (3) number which had
failed to flower at final topping. The results expressed in percentages
of the total number of plants in each treatment are shown in table 16.

TaBLE 16— Average ¢ffect of varying quantilies and forms of nitrogen applied in the
fertilizer gn lime of flowering of fobeceo, 1815-22
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It is evident that a very low nitrogen supply as represented by the
control plots had o marked effect in delaying flowering. Addition
of 10 pounds of nitrogen per acre had a decided effect in overcoming
this delay, and an additional 10 pounds further hastened the repro-
ductive process. Further increase in the nitrogen supply produced
less significant results.  On the whole, however, it appears that opti-
mum conditions for Howering were supplied by 30 o 40 pounds of
nitrogen per acre. The maximum rate of 80 pounds per acre seems
to have slightly delayed flowering as compared with the 40-pound
rate, at least in some cases.

As to the form of the nitrogen, cyanamide had a definite retarding
action. When compared with the remaining sources nitrate of soda
also tended to delay flowering.

Effects of the nitrogen supply on rate of development and subse-
quent decline of the leaf, more particularly as regards the lower
leaves on the plant, were not entirely the same as those on time of
flowering. Gain in weight per unit of area, that is, the aceumulation
of total dry matter which usually tales place during the ripening of
the leaf, and the effects on these changes of the operation of topping or
dishudding the plant, ean be more satisfactorily dealt with in the
section devoted to biochemical studies. Only changes in the general
appearance of the leaves nre considerad here.

In general, the lower lewves renched full maturity esrlier with the
20-pound rate of nitrogen fertilization than with the other treatments,
and after a short time these leaves began to deteriorate and dry, n
process popularly known us firing.  Thus, with a relatively low content
of nitrogen in the fertilizer there is a tendency for the lower leaves to
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perish_before the remaining leaves on the plant have attained full

maturity. ‘This tendency is less evident, however, where all nitrogen

is omitted from the ferfilizer. With the heavier rates of nitrogen

{ertﬂization there was little or no tendency toward firing in the lower
aves.

euves COLOR OF LEAF

Where all nitrogen was omitted from the fertilizer the leaves of the
plants showed a pale yellowish-green color throughout the season,which
15 perhaps the most distinctive symptom of nitrogen hunger. As the

nitrogen supply wasincreased the leaves showed o progressively darker
green color. Also, during the ripening period of theblcaves, following
topping, there was less tendency with heavy nitrogen fertilization for
the leaves to gradually lose their dark-green color, as usually happens
in nermal ripening of the leaf. In the cured leaf, the color was com-
paratively dark when nitrogen was omitted from the fertilizer and
there was a peculiar dullness or lack of luster. As o rule the lighter
and brighter colors were obtained with 20 to 40 pounds of nitrogen
per acre. With the 80-pound rate dark colors with a decided greenish
cast were often obtained, especially in the earlier years of the tests,
although in the later years this was not always the case.

As to the effects of the form of nitrogen on color of the green and
cured leaf, no cicarly defined differences were observed except in the
case of ammonium chloride. At the lower rates of application of this
material no decided abnormality in color was seen. With the 80-pound
rate, however, the green leaf in the field showed a characteristic
yellowish-green color baving an oily appearance, and the cured leal
was almost black. . ’

BURNING QUALITIES OF LEAF

Samples of cured leafl of the 1925, 1927, and 1929 crops from the
control plots and the mitrate of soda treatments, and from the 1925
and 1929 crop {rom the ammonium sulphate and ammonium chloride
trentments were used for making the usual laboratory tests of fire-
holding capacity of the leaf. As a hot point for igniting the leaf an
electrie cigar lighter was employed. On one half of each leaf the test
was applied at four points near the margin and ranged from the tip
to the bnse. The 1925 and 1927 samples were tested under ordinary
laboratory conditions during the winter, that is, at a temperature of
70° to 75 F. and with a very low relative humidity. The 1929 samples
were tested under nccurntely controlled conditions of temperature
and humidity, namely, 77° and 54 percent relative humidity. The
results are summarized in table 17,

TaBLE 17.—Efects of form and quantily of the nitrogen supplied in the fertilizer
on the fire-holding capacily of the cured leaf in the years 1925, 1927, and 1928
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It is apparent that both the quantity and the form of nitrogen used in
the fertilizer materially aflected the fire-holding capacity or durgtion
of glow of the leaf. Tt will be seen, moreover, that seasonal conditions
in the different years greatly aflected the results as a whole, It is well
known that dry weather tends to reduce the firc-holding capacity and
comparafively wet weather tends to produce the opposite effect. The
best burn was obtained in 1927 when there was an abundant and fairly
evenly distributed rainfail. Rather good resuits also were obtained
in 1925 when July was wet and the Avgust rainfall, though moderate,
was very evenly distributed and adequate for rapid growth. The burn
of the 1929 crop was very poor and far below the normal for Maryland
tobacco, possibly as a result of light rainfall in August and the latter
part of July. It is possible also that severe leaching of the soil by the
very heavy rainfall of spring and enrly summer prior to transplanting
was o factor in the poor results of 1929,

As regards the influcnce of the nitrogen supply, it is obvieus that
the first 20 pounds of nitrogen supplied in the fertilizer had a marked
eflect in reducing the combustibility of the tobaceco. Additional guan-
tities of nitrogen further lowered the capacity of the leaf to hold fire.
It appears that the depressing effects of increasing quantities of
nitrogen on combustibility were less consistently maintained in 1925
than in the other 2 years, but the reason for this is net known. As to
sources of nitrogen, it scems that under the conditions of the fertilizer
test ammonium sulphate produced a slightly better burn than nitrate
of soda. It is likely that this result is correlated with the effect of
ammonium sulphate in promoting rapid growth and development as
indicated by relative time of flowering (table 16). As subsequently
stated (p. 64), it is believed that the soil on which these tests were
conducted is deficient in sulphur and this deficiency tends to delay
the growth of the plant. Ammonium chioride as a source of nitrogen
greatly impairs the burning qualities of the leaf. This effect is to be
expected, perhaps, since it 1s well known that chlorine in the quanti-
ties here supplied in the ammonium chloride tends to serlously lower
the fire-holding capacity of tobacco.

INFLUENCE OF NITROGEN SUPPLY ON NUTRITIGN AND METABOLISM
METHODS OF SAMPLING AND ANALYSIS

The cliemical and physical characteristics of the individual leaf of
the tobacco plant are profoundly affected by its relative position on
the stalk and by its age. Hence, to obtain satisfactory comparison of
the effects of different treatments it is cssential that all leaf samples
be chosen {rom the same position on the plant unless all of the leaves
are taken. In the present case those {from the lower half of the plant
were generaily used. The factor of age was controlled by making
observations on a serics of samples taken at intervals extending
over a considerable period of development of the plant. In fixing
the dates for collecting successive samples, account was usually taken
of the date on which the first blossom appeared,

In the commercial culture of nearly all domestic types of tobacco it
is the general practice to top the plants, that is, to break out the
terminal portion of the stem, thus removing the flower bud together
with some of the top leaves. However, the number of leaves removed
in this way varies widely in the production of the different types of
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tobacco, and there is also wide variation as to the stage of develop-
ment at which the topping is done. In the experiments reported m
the following paragraphs, except as otherwise stated, the plants were
topped to the lowermost leafless sucker or lateral branch, and the
topping was done when the frst blossom opened. This sort of high
and late topping approximates common practice in southern Maryland
and in some of {he other tohacco districts.

In sampling, as many plants as conditions would permit were
atilized and, ordinarily, for each sample a single leal or only one half
of a leaf was taken from cach plant., Instudies on the cured product,
witli certain exceptions all the leaves on the plant were used. The
fresh leaves were weighed as quickly as possible after harvess, and
usually the outline ol each leal was traced on paper as n means of
ascertaining the area. For some purposes the leal materinl was at
once frozen, macerated, ground, or otherwise prepared for immedinte
use. Where it was desired to preserve the leaves for later study they
usually were plunged into beiling alcohol or exposed to chloroform
vapor and then dried at about 60° C. or by a blast of dry air aé room
temperature. In certain eases, special methods of sampling and pre-
paring the material were necessary, and these are mentioned in con-
nection with the individual experiments. In some instances the
whole leal was used for study, while in others the midrib was removed
and rejected.

1t s desirable ot this point to refer to the surprisingly larze quan-
tities of sand and fine earth that may adliere to the leaves of the
tobacco plant, especiatly the lower leaves. It was found that in
some cases this material accounted for a third of the total dry weight
of the leal. The largest relative weight of soil material adhering to
the leaf was on the no-nitrogen plots where the plants were abnor-
mally small. It was found desirable to apply the proper correction
for the content of this soil material to many ol the analytical data.

In preparation for analysis the atr-dried leaf material was ground
to pass & 40-mesh sieve and preserved in tightly stoppered jars.  The
stalks were first passed through a high-speed hammer mill of the type
used in grinding cattle feeds, in preparation for the final grinding in a
Wiley mill.

In the analytical work the following methods were employed unless
otherwise stated:

Moisture—The procedure, used chiefly, was to dry for 4 hours at 100° C. An
aiternative mothod cousisted in drying to eonstant weight over concentiated
sulpliurie acid.

Potal nitrogen.—The oflicial Guaning method modified to include nitrates as
applicd to lertilizers (8, p. 21}, but with addition of 0.7 g of mercuric oxide, was
employed, Thorough digestion of the acid mix is necessary to insure complete
decomposition of nicotine and related bodies.

Protein nitrogen.—The tobaceo powder (2 g} was hoiled 5 minutes with .5
percent acetic acid and the mixture was filtered when cold. Thu residue was
wasiicd with hot 0.5 pereent acetic acid until the Sirate was coloriess, The
nitrogen in the renidue was determined by the official Kjcldahl-Gunuing-Arnold
methed (3, p. 21). In some coses, however, the official {Stutzer} method for
albumineid nitrogen in grain and stock feeds (3, p. 275, which gives slightly
higher figures, was followed. The nitrogen value found was multiplied by tbhe
factor 6.25 to obtain the protein ligure.

Nieotine—A modifieation of the Keller method developed in the Division of
Tobacco and Plant Nutritien was chicfiy employed. Six grams pf {obaeco ina
1¥-pint B-Z seal type of preserve jar was thoroughty mixed with 5 ce of 7.5 percent
aqueous catistic goda by means of & spatula. One hundred cubic centimeters of
gasoline was added from a pipette, the jar heing covered with 2 thin block of wood
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properly notched to receive the stem of the pipette. The jar was scaled with a
rubber ring and glass eover, rotated to mix the contents and allowed to stand
overnight. After thoroughly mixing the extract, the lobacco was caused to
collect on one side by tapping the edge of the jar, which was maintained in an
inclined position for an hour or longer 1o allow the extract to clarify. Fifty eubic
centimeters of the extract was withdrawn by means of a pipette the end of which
was fitted with a filter tube. This tube was a plass eylinder about 2 inehes long
and 13 inches in diameter, aver one end of whieh was placed a filler paper held in
place with a rubber ring.  The open end was eonnected with the pipette by means
of a one-hole rubber stopper. With the wooden cover in place on the jar, the
extract was drawn through the filler into the pipette and placed in & dry 200-cc
Erlenmever flask. While standing uncovered for an hour the flask wasg gently
rotated several times to eause all annmonia to escape. Exactly 10 or 15 ¢e of 0.1
N sulphurie acid and 50 cc of water contajning the indieator (methyl red or
cochineal) were added, The contents were thoroughly mixed and allowed to stand
until the two layers had sharply separated. Fifty cubic centimeters of the aqueous
layer was withdrawn with a pipette and titrated with 0.1 N alkali., One eubie
centimeter 0.1 N snlphurie acid is equivalent 10 0.01621 g of nicotine. In certain
instances the official silicotunpstic-acid procedure {3, p. 85) was followed.

Awuomonia. —Twelve grams of Lhe tobaceo sample were hoiled 5 minutes with
150 cc of 0.5 percent acetic acid under n reflux condenser, After cooling, the
extract was passed through paper pulp on & Boehner funnel, using suction.  The
residue was washed with hot 0.5 percent acetic ncid t1] the filtrate was colorless.
The filtrate was transferred {o a 300-ce flnsk, sufficient 12 percent hydrochloric
acid was added to form a 0.3 percent solution and suificient 12 pereent silico-
tungstic acid selution to precipitate all of the nicotine. After the mixture had
stood overnight the flask was flled to the mark with water and the contents
filtered. A 230-ce aliquot of the Alérate corresponding to 10 g of tobaceo was
used for determination of ammonia, amide, anmino, and nitrate nitrogen, Tor
determination of ammonia an apparatus train was used consisting of: (1} A flagk
containing dilute sulphurie acid; (2) a simdlar flosk containing ammonia-free
water; {3) a Kjeldahl flask containing the test solution; (4) a small guard flask;
(8) aliter MNask containing 30 cecof 0.2 N sulphurie acid diluted with ammonia-free
swater and eonneeted with an sbsorption tower containing bits of small glass
tubing; and (6) a guard fask lewding to the suction. An open-gnd manometer
filled with glveerol eonnceted with the apparitus immediately bevond the absorp-
tion tower aids in maintaining a steady rate of aeration. To facilitate the scrub-
Ling setion of the air eurrent the Iower ends of the inlet tubhes of flasks |, 2, and 3
are pravided with bulbs containing several small operings.  The test solution was
made nearly nentral with sodium hydroxide and a few drops of kerosene ndded to
prevent frothing, alter which 2 ce of saturated potassinm oxalate solution and 3
cc of saturated potassiuin earbonnte solution niso were added. A current of air
was drawn through the apparatus for 3 hours at the rate of 500 | per hour and the
residual acid in the absorption flask and tower wus titrated with 0.2 N sadium
hydroxide, using methy! red as indicator.

Amide nitrogen.—The residual extract from the ammonia determination is
neutralized and evaporated to 100 ce, after which sufficient sulphurie acid is arded
to produce a 5 percent solution. The mixture is boiled 2 hours under a reflux
condenser.  Aflter cooling and diluting, a little purafling a few pieces of pumice,
and sufficient caustic soda to give an approximately 0.1 N solution are added.
One hundred cubie centimeters are distilled into an exeess of 0.05 N sulphurie
acid and the ammonin determined by titration,

Amine nitrogen.—The tentative official Van Slyke method for meats and meat
products (3, 2. 297) was used. An alieruot of the residual solution from determing-
tion of amide nitrogen corresponding to 2 g of tobaceo was made slightly acid to
litmus with acetic acid and evaporated 1o n small volume, This was made up
to 20 ee and 1P ce of the solution, corresponding to 1 g of tebaceo, was used for
the deternination.

Nitrate nitrogen,—To an aliquot of the residual solution from determination
of amide corresponding to 8 g of tobacco adjusted to 0.1 N Caustie Soda 2 g of
Devarde alloy powder were ndded. The mixture was distilled and the distillate
collected in an excess of sulphurie acid. The ammonia thus ebtained represents
the nitrnte present. To echeck agaiust possible mechanienl transfer of alkuli
to the distillate this was redistilled into 0.1 N sulphuric ncid after adding magnesia
free from carbonate. |

Starch—The cfficiul method for starch in the presence of interfering polysac-
charides as applied to grain and stock feeds {3, p. 282) was employed in the
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analyses presented in table 26. In other ¢ases the aleohol freatment for precipi-
tation of peecting or gums was omitted. It is believed that any errors resulting
from this cmission were small and of little significance for comparative purposes.

Sugars.—The official methods for reducing sugars and sucrose in grain and stock
feeds (3, p. 251) were used. For preparation of the selution § to 10 g of the tobaeceo
were emploved. In clarifying the extract, addition of ncutral lead acctate was
continued till no further precipitate was formed. In samples of uncured leaf some
trouble was experienced {rom yellowish, flaky eopper precipitates which were
rather difficult to filter. The reduced copper was weighed as cuprie oxide after
heating the precipitate to red heat in o muflle furnace.

Fiber.—As a rough mensure of cellulose content the oflicial method for crude
fiber in grain and stock feeds (3, p. 250) was employed.

Pectic constituents,—The procedures of Conrad (7) and Appleman and Canrad
{2) as applied to tomatees aund based on the methods of Carré and of Careé nnd
Haynes were used to obfain the approximate contend of pectin, protopeetin,
and pectic acid. The tobacco (2.5 g} was washed on a filter with water till the
filtrate was free of pectin.  Soluble pectin it present was determined in the fil-
trate in necordance with the proeedure of Appleman and Conrad. . The tobncco
rosidue was washed with aleoho!, dried at 70° C,, boiled 30 minutes with N/30
hydrochlorie aecid, neutralized with czustie sodu, and hoiled 30 minutes with
sufficient ammonium ecitrate to give a ! percent solution.  After cooling, the
solution was diluted to a volume of 250 ce and Altered.  The peelic acid was
determined as calcium pectate in an alignot (20 ce), following the procedure of
Appleman and Conrad.  In a second aliguot of 20 ce the combined protopectin
and pectie acid were determined as caleiinn peelale by successive treatment with
sodium hydroxide, acelic aeid, and ealeinm chloride, as outlined by Conrad.
The nitrogen content of the caleium peciaie precipitates was found to be too low
to justify attempts to further purify these precipitates. This may be accom-
plished when required, however, by redissolving in boiling armonium citrate
and applying a correction for any undissalved residue,

Nonvelatile organic acids—Malie, citric, and oxalie acids have been generally
regarded as the most important nonvolatile organie acids in leaf tobacco. Un-
fortunately, there is no entirely satisfaetory method available for the quantita-
tive separation of these neids in tolmeco.  Viekery and Pucher (27) have recently
pointed out that in the Kissling method (15), which has been used to a consider-
able extent in the analysis of tobacco leaf, there ean be no assurance that the
precipitates ohtained represent purc salts of malie, citric, and oxalie acids, This
eriticism has special signifiennce perhaps with respect to malic and eitric acids,
However, Piatnitzki (20) considers that the Kissling methoed is of value for purely
comparative purposes. This investigator helieves that with certain moidifica-
tiena the method vields aceurate results for oxalie acid and fairly satisfactory
results for malic acid, while the values for citric acid are distinetly low. He
recommends that citric acid be extracted by the Kissling method and determined
by conversion into pentabromacetone.

In obtaining the data presented in table 35 the acids were first obtained in
ether extracts hoth by the Kissling proeedure and by first extracting the tobacco
with 2 N sulphurie acid and then exhausting this extraet with ether, according to
the methad used by Vickery and Pucher in extracting and recovering the oxnlie
acid in their material.  For the latter extraction with cther the Palkin automatie
extraction apparatus was used. The citric acid was determined by conversion
into pentabromacetone gecording to the official method for citric acid in fruits
and fruit products (3, p. £73). he oxalic acid was precipitated as the ealeilim
salt in the dilute solution moderately acidified ,with acetic acid. The ecaleium
salt was dried and weighed ns such, after which it was dissolved in dilute sul-
phurie acid and titrated with potassium permanganate. The citric and oxalie
acid values obtained by the two methods of extraction showed {airly good agree-
ment, and there was excellent agreement in the oxalic acid valees obtained gravi-
metrically and by titration with permanganate. The data for citric and oxalie
acids in the uncured leaf presented in table 24 were obtained by the Kissling
method before the work of Vickery and Pucher appeared snd, uinfortunately,
material was not available for checking these data by tl» revised procedure.
The values for malic acid in tables 24 and 35 were obtained by the Kissling
method, and it is recognized that the fractions thus designated may have con-
tained small quantitivs of impurities. It has been the experience of the writers
that in applying the Kissling methor] of extracting the acids from tobaecco it is
often necessary to increase by 25 percent the quantity of sulphuric acid recom-
mended by Kissling to insure complete liberation of oxalic acid in the product.
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Tobacco restns.—The empirical procedure of Degrazia {3} was anlied to the
cured leaf, nsing however only 10 g of materinl for extraction. It was found
extremely difficult to obtain guantitative extraction of the resenc fraction with
ether after saponification of the exiract with alkali, so that the values for resene
probably are only approximately correct.

2sh constituenis,.—For total ash 3 to 10 g of material were ignited to a dull red
in a mufile furnaee till the residue was white or nearly so.  The several constitu-
ents of the ash were determined in accordance with the official methods for
plants (8, p. 102).

RECOVERY OF FERTILIZER NITROGEN BRY THE CROP AND ITS DISTRIBUTION IN THE
LEAF AND STALK

In 1919, 1925, and 1929 vepresentative samples of the cured leaf
and stalk from tlie plots receiving nitrogen at the rates of 20, 40, and
80 pounds per acre in the form of nitrate of soda and from the control
plots were analyzed to ascertain the relative quantities of nitrogen
recovered by the crop when the nitrogen 511])1:1_5’ of the soil was 1n-
creased. The results are presented in table 18. In this table all
analytical data are caleulated to » uniform moisture content of 15

ereent, which is approximately the moisture content of Maryland
eaf tobacco when in proper condition for handling. The observed
plet yields were used as a basis for computing the quantity of nitrogen
recovered by the erop,

TanLe 18.—Recovery by the iobacco crap of fertilizer nilrogen applied al various
rafes tn 319, 1025, and 1529
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Of the first 20 pounds of nitrogen applied in the fertilizer the crop
recovered in round numbers 40, 60, and 90 percent, respectively, in
the years 1019, 1925, and 1929, the 3-year average being 64 percent.
The appurently abnormally high recovery in 1929 is coupled with an
exceptionally high crop yield on the particular plot involved, the
reason for which is not known. If the 1929 value 1s disregarded, the
mdicated recovery of the first 20 pounds of fertilizer nitrogen
amounts to 40 to 60 percent of the total applied to the svil. The
additionnl quantity of nitrogen recovered by the crop when 40
pounds of nitrogen was applied is small, the average for the 3 years
amounting to less than 4 pounds or 20 percent of the second 20 pounds
of nitrogen included in the fertilizer. The recovery was compara-
tively small in each of the 3 years, possibly due in part to some soil
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condition on this ptot which was unfavorable for absorption of the
additional fertilizer nitrogen. It is worthy of mention, however,
that nitrogen recovery in this treatment as compared with the 20-
pound rate of fertilization was distinctly better in 1925 than in the
other 2 years. Of the 40 pounds supplied in the fertilizer in this
treantment, the quantity confained in the crop in excess of that ab-
sorbed by the crop in the no-nitrogen treatment averaged for the 3
years 16.5 pounds, or 41 percent of the quantity applied. The nitro-
gen recovery in the 80-pound rate of fertilization was approximately
18 percent in 1019, 40 percent in 1925, and 38 percent in 1929.
There is a definite though not a uniform increase in the percentage
content of pitrogen in both leaf and stalk as the quantity of nitrogen
in the fertilizer 1s incrensed. Usually this increase is more marked
in the leaf, however, than in the stalk. The greatest increase in
percentage content of nitrogen, at least in the leaf, results {from the
first 20 pounds of nitrogen supplied in the fertilizer, even though
much the largest incrense in yield of both Ieaf and stalle also is pro-
duced by this first 20 pounds of fertilizer nitrogen. The percentage
of mitrogen in the stalk usually exceeds somewhat that of the leaf,
especially when the supply of nitrogen in the soil or [ertilizer is low.
The actual quantity of nitrogen contained in the leaf exceeds that in
the stalk in all cases, but the amount of the excess varies considerably
from ycar to year. The greatest difference in nitrogen content of
leaf and stalk 1s found in tite 1929 crop beeause of the unusually high
yicld of leaf in comparison with the yield of stalk. On an average,
about 60 pereent of the nitrogen is found in the leaf and 40 percent
in the stalk with both light and heavy rates of nitrogen fertilization.
A striking feature of the results for tﬁ’e control plots is that in 1929,

after 10 years of continuous cropping without addition of any nitrogen
in the fertilizer, the quantity recovered by the crop exceeds that
recovered in the first year of the experiment. TFor the 3 years in
which observations were made the average quantity of nitrogen in
the crop from the control plots amounted to about one third of the
qunntitly in the crop most heavily fertilized with nitrogen.

en

The leaf material obtained from seiected plants in 1929 for study
of weight of cured leal per umit area (p. 28), and the corresponding
stalks also were employed in observations on the distribution of
nitrogen in the midrib and the lamina of upper, middle, and lower
leaves, and in the stalk, as affected by increase in the supply of fer-
tilizer nitrogen. In addition to these individual leaves from the
upper, middle, and lower portions of the plant, which were used to
obtain data on the nitrogen content of the lamina and the midrib, all
the remaining leaves from the three parts of the plant were employed
for ascertaining the nitrogen content of the entire leaves in order to
insure hetter average values. The lowermost or ground leaves which
had partially dried at time of harvest also were collected separately
and analyzed. These ground leaves are often coliected, cured, and
marketed by growers m southern Maryland. The analytical data
are summarized in table 19,
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Tarre 19.—Content of nitrogen in the luming and midrib of upper, middle, and
lower legwes, in the leaves as o whole, and i the stalk, as affecied by the quaniily
of niirogen applicd in the foriilizer, season of 1928
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Considering the results as a whole, the pereentage content of
nitrogen in the midrib averages slightly more than one half that in the
lamina or web of the leal and is Jower than that of the stalk. In com-
parison with the lamina the midrib contains relatively least nitrogen
in the lower leaf nnd most in the upper leaf, especially when the soil
supply of nitrogen is low. The actual percentage of nitrogen in both
midrib and lamina is highest in the upper and lowest in the lower
leaves, In the lower and middle leaves and to o lesser extent in the
upper leaves the effect of an increased supply of fortilizer nitrogen is
to mcrease the nitrogen content of the midrib, gnd thig applies gen-
erally also to the lamina. Taking the leaf as a whole, there is a
well-defined increase in nitrogen from the ground leef to the upper
leaf, the former being rather E}W in this clement. Kowever, there is
little difference in nitrogen content per unit ares between the lower
and the middle leaves. "The greatest effect of an increased supply of
nitrogen in the fertilizer in incressing the nitrogen content of the
leaf on & percentage basis or on a basts of equal aren is in the upper
leaves of the plant. As in table 18, the percentage of mirogen is
somewhat higher in the stalk than in the leaf. The distribution of
total nitrogen between stalk and leaf and botween the web and midrib
of the lenves is of interest chiefly us indicating the fertilizing value of
the stalk and leaf midrib as sources of nitrogen.

MINIMUM NITROGEN REQUIREMUENTS

The datain table 18 illustrate the {act that the minimum contont of
nitrogen in the Jeaf which will suffice to prevent visible symptoms of
nitrogen hunger varies considernbly with change in environmental
conditions. An abnormaily pale or yellowish-green color of the
leaves which is the most characteristic symptom of nitrogen hunger
mm the plant was always evident on the control plots but scarcely
could be recognized on the plots receiving 20 pounds of fertilizer
nitrogen. Nevertheless, the leal crop grown on the labter plots in
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1925 contained about the same percentage of nitrogen as the leaf
grown on the control plots in 1919 and 1929. However, it appears
that symptoms of nitrogen hunger are likely to be seen when the
nitrogen supply is such that the content of the cured leaf falls below
anbout 1,5 percent. The plant was able to make most effective use
of the nitrogen actually absorbed in the erop season of 1925, Disre-
garding the small quantity of nitrogen in the roots, in that year each
pound of nitrogen absorbed by the plant produced 56, 41, 36, and 27
pounds of cured leaf, respectively, on the control plots and those
receiving 20, 40, and 80 pounds of nitrogen in the fertilizer.

WATER RELATIONS IN THE PLANT

In 1929 a series of leaf samples covering the growing period up to
the flowering stage was taken {from the plots of the prmary series
receiving nitrogen from nitrate of soda at the rates of 0, 20, 40, and
80 pounds per acre. For this purpose three groups of 20 uniform
plants ench were sclected, the successive samples being taken from
the three groups in regular rotation. Samples were taken 47, 40,
32, 25, 17, and 11 days, respectively, before flowering and at time of
first flowering. For the first sample in each group the fifth leaf
from the bottem was used, and {or each succeeding sample the next
higher leaf was used. At the flowering stage, samples were taken
from both the first and the second groups of plants. For each sample
only a half of each leaf was collected by cutting the leaf lamina along
the midrib, the remainder of the leaf being left attached to the plant.
This method of sampling was {ollowed in order to reduce to & mini-
mum any disturbance in the normal processes of plant activity.
After obtaining the fresh weight, the area of the leaf material was
ascertained by tracing the outlines of each half leaf on paper. The
material was then exposed to chloroform vapor to induce plasmolysis
and quickly dried at air temperature in o current of air dried over
strong sulphuric acid. In ascertaining the true fresh and dry weights,
o correction for adhering earthy material, as determined in the ash,
w.v.rr;:)sl applied. The water content of the several samples is shown in
tabte 20,
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Tanir 20—Effect of increasing the nilrogen supply in the fertilizer on ithe iotal
aree of the lower leaves of the plant, their waler content and dry weight Per square
Jooi, and the content of tolal, proiein, nitrate, nicotine, ammonia, anting, and emide
and residual nitrogen in the leaves through a period of 47 days exiending up lo the
iZme of first flowering, season of 1929
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The results show a clearly defined trend towsard increased water
content with Increase in the nitrogen supply. These results have
been verified repeatedly in other years and there can be no doubt that
the relationship applies generally. It is evident that an increased
supply of nitrogen enables the plant the better to withstand excessive
transpiration ]%sses and resuitant loss of turgidity. In popular
language, the plants are more sappy. It is interesting to note that
the effect of an increased nitrogen supply on the water content of the
leaf is associated with definite eflects on the physical characteristics
of the leal (table 20).

A series of observations was made in 1924 sn the comparative
effects of mitrale of soda, smmmonium suiphate, and ammonium chio-
ride on the water content of the green leaf tissue when applied at rates
to supply 80 pounds of nitrogen per scre. The results along with
those from certain other treaiments have been published elsewhere
(10). 1t will be sufficient to point out here that ammonium chioride
was distinetly more effective 1n maintaining s hich water content in
the leaf than the other forms, un effect believed to be due to the
properties of the chloride ion. Apparently the amnionium sulphate
was the least effective in this particular of the three forms used, but
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the reason for this is not apparent. In some of the treatments
studied in 1024 there seemed to be & decrease in water content with
increasing age of the leaf, but a similar change was not observed with
the heavier rates of nitrogen fertilization.

To ascertain the effect of an increased nitrogen supply in the ferti-
lizer on the hygroscopic properties of the dried leaf material, saimples
were sllowed to coine into equilibrium with various fixed vapor pres-
sures or relative humidities. These humidities were obtained by use
of saturated salt solutions in closed containers at a fixed femperature
of 83° F. The salts employed were ammonium nitrate, sodium ni-
trate, ammonium sniphate, and potassium chloride, and these supplied
relative humidities of approximately 61.4 percent, 74.5 percent, 80.2
percent, and 85.3 percent, respectively. To ascertain the moisture
content of the samples at these humidities they were dried at 100° C.
for 4 hours. The three series of 1925 leal samples used for study of
nonvolatile organic acids and prepared as described on page 45 were
utilized for the present study, and, in addition, the 1925 samples of
eured leaves described on page 59 and a 1929 series of samples of
cured leaves from the same plots were employed. To obtain direct
evidence as to the effect of the curing process on the hygroscopic prop-
erties of the leaf, tests were made with representative mature leaves
taken from a plot receiving 80 pounds of nitrogen per acre derived
from ammonium sulphate. One half of each leaf was exposed to
chloroform vapor and quickly dried while the remaining half of each
lead was cured normaily. The resuits of the observations with the
several lots of dried leal material are shown in table 21. -

TapLe 21 —Effect of increasing the nilrogen supply in the fertilizer on the hygro-
scapic properties of the dried leaves of the plant, before and after curing, 1934 and
1929
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The results obtained with the 1925 uncured material show that, as
a whole, there is & well-defined tendency toward decreased affinity
for water with increasing age of the leaf, although this tendency is
less marked with the highest rate of nitrogen fertilization. Except
at the lower relative humidities, there is definite increase in aflinity
for water as the rate of nitrogen fertilization is incressed. This
effect of an increased nitrogen supply is especially marked in the
1925 and 1929 cured material. The comparison of 1929 cured and
uncured leaf shows a decided inereasc in aflinity for water as a result
of the curing.

OSMOTIC CONCENTRATION OF CELL SADP

A few observations were miade on the osmotic concentration of the
cell sap of the leaf during the later stages of development and the
ripening process, as affected by the nitrogen supply. In 1926, leaf
samples were taken at intervals fram the same field plots that were
used in 1929 for the preceding studies on water relations in the plant.
Edch sample was taken from 12 selected plants, one leaf being chosen
irom each plant. All samples were collected between 10 and 11 a.m.
For the first observations the leaf attached to the middle portion of
the stalk was used, and for each of the later samples the leaf immedi-
ately above the one taken for the preceding sample was employed.
One half of each leaf was cut off along the midrib and this was again
halved crosswise, using the frontal or distal portion for the sample.
The leaf material was frozen and the sap expressed at a fixed pressure.
The specific lowering of the freezing point of the expressed sap was
determined, and the equivalent osmotic concentration was calculated
in the usual manner. The results are given in table 22.

TaBLE 22.—Effeci of quantity and form of the nilrogen stupply on the osmiotic con-
centration of the cell sap of tobacco leaves in the laler stages of growth and during
the ripening process, season of 1926
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These data show no clearly defined relationship between the quan-
tity of nitrogen supplied the plant and the osinotic concentration of
the cell sap of the leaf, although, on the whoele, the tendency is toward
o reduced osmotic value with an increase in the nitrogen supply
except toward the end of the period of observation. As regards the
effects of different forms of nitrogen, the ammonium chloride produces
the highest osmotic values while ammonium sulphate gives the lowest
values. These relationships are similar to those observed in the
studies of relative water content of the leaf. On the other hand, the
increased water content of the leaf resulting from an increase in the
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quentity of nitrogen supplied the plant is not accompanied by an
increase in osmotic concentration of the cell sap.

ACIDITY RELATIONS

In 1919 a series of observations were made on the pH value of the
sap of leaves taken from the primary series of field plots, beginning
at time of topping, which was alse the time of first flowering. Six
selected plants were used for each sample, and on each plant one
half of the mniddle leaf, cut off along the midrib, was taken for the
first sample. Each succeeding sample was taken from the next
higher leaf on the plant. The samples were collected September 5,
10, 15, 20, 25, and October 4, 9, 14, and 1s. A second series of
samples was taken from the samne plants, proceeding downward from
the middie leaf in procuring successive samples.  These were collected
on September 30, October 17 and 25, and November 1. All samples
were collected hetween 9:30 and 11 a.m.  The matertal was thoroughly
ground in a tinned meat chopper and passed through cheesecloth.
The pH values were determined electrometricaily. The results are
shown iz table 23.

TaBLE 23.—Fffect of the quantily and the form of lhe nifrogen supplied in the
fertitizer on the pid value of the cell sap af tobacco leaves from plarts topped on
Seplember 3 and eolleeled el intervals during the ripening perivd, season of 1919
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With increasing age of the leaves there was a definite downward
trend in the pH number of the cell sap during September. This
would indicate an increase in active acidity during the ripening
process, and this relationship between the pH value and the stage of
maturity of the leal has been repeatedly observed. It is probable,
in fact, that the progressive decrease i the pH number may be
regarded as an indication of the progress of the ripening process. In
the present experiment there was a decided rise in the pH figure
during the first week of October, which went far toward restoring
the original index of active acidity. During this period it was ob-
served that the color of the leaves, which previously had been grad-
ually assuming a lighter shade of green, changed to a darker green.
Growers are familiar with this return toward a darker green color in
tobacco leaves, which may occur during the progress of the ripening
process as a result of wet weather. Under these conditions the
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leaves are said to undergo a second growth in that they tend i return
to the original, more vigorous state of ve%etative activity. In the
present case this change of condition, clearly indicated by the rise in
the pH value, probably was due to a period of rainy and fogoy
weather which prevailed during the first week of October. Subse-
quently, with a change to clear weather, the increase in active acidity
was resumed although a second temporary decrease occurred October
18. Through the remainder of the ripening period the active acidity
continued to increase.

As regards the effect of the nitrogen supply, the leaf sap of plants
receiving no nitrogen in the {ertilizer showed consistently a relatively
low active acidity till very late in the season. The form of the nitro-
gen apperently did not greatly affect the rate of increase of active
acidity of the cell sap. Unfortunately, data could not be obtaimed
on total titratable acidity in relation to nitrogen supply.

In 1925 a study was made of the content of nonvolatile organic
acids in the leaf during the ripening period in relation to the nitrogen
supply of the plant. Leaf samples were collected from the nitrate
of sodn series of plots 11 days before flowering, at flowering time, and
12 days after flowering. Each sample was composed of a single leaf
from each of 15 selected plants, the leaves being taken from the center
of the plants. The midribs were removed and the leaf material killed
with chloroform vapor and dried. In addition to organic acids, total
nifrogen and protein nitrogen were determined in the samples. The
results are given in table 24.

TasLe 24.—Effect of the content of nilrogen tn lhe feriilizer applied lo lobaceo on
Jthe conteni of monvolatile orgawic acids, lotel nilrogen, prolein nilragen, and
nicotine of the leaves during the period of ripening, season of 1920
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As previously explained, the volues for citric and malic acids that
were obtained by the Kissling method cannot be considered as being
accurate, but the data for oxalic acid are believed to be at least ap-
proximately correct and the vaiues for citric probably afford a rough
measure of the comparative content of this acid in the different sam-
ples. As & whole, the data for oxalic acid do not show any clearly
defined trend during the period of observation while the content of
citric acid tended to increase except when the nitrogen supply was
deficient, There was o more pronounced increase in the {ractions of
somewhat uncertain composition which are designated collectively as
malic acid. It is likely that other acids also were present in appre-
ciable quantities in these {ractions. Apparently the content of oxalic

LN
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acid was not greatly affected by the nitrogen supply of the plant, and
this was true also of the citric acid content except that in the later
stages of ripening » lberal nitrogen supply incregsed the content of
this acid. The fraction designated as malic acid, howeyer, showed
quite consistently an increase as the nitrogen supply was increased.

NITROGEN METABOLISM

In 1929 a series of 8 samples of leal was taken at intervals covering
& period of 47 days up to the flowering stage of the plants on the pri-
mary series of fertilizer plots receiving varlous quantities of nitrogen
in the form of nitrate of soda. The same samples were used for a
study of water relations in the plant, the results of which aiready have
been considered, and the details of collecting and handling the ma-
terial are described on page 40. Data were obtained on the changes
in total aren of the leaves, the weight of dry matter per unit of leaf
area, and the content of total, protein, nitrate, nicotine, ammeonia,
amino, and amide nitrogen. As in the case of water content, data
were secured on samples taken at the time of first flowering in both
the first and second of the three groups of plants selected for the
observations. (Sece table 20 for a summary of the results.)

In interpreting the results of the 1929 experiment it should be borne
in mind that three different groups of plants were used in rotation as
sources of the sucecessive leafl samples. Thus, the samples collected
47 and 25 days before flowering and the first sample Laken at time of
flowering were derived from the same group of plants and, therefore,
are more stricily comparable among themselves. Similarly, the
samples taken 40 and 17 days before flowering and the second sample
taken at time of flowering are strictly comparable, as are the samples
taken 32 and 11 days before [lowering. The plants were not topped
pripr to the beginning of flowering, the treatment in this respect ap-
proximaling that commonly used in practical culture in Maryland and
1n_the production of some types of leaf in other tobacco-growing dis-
tricts.  The leaves immedintely above the lowermost were used in the
studies, and these continued to inerease in ares up to the flowering stage,
the increase being greatest with thie heaviest rate of nitrogen fertiliza-
tion, but there was no consistent change in weight of dry*matter per
squarg [oot during the period of observation. Ingeneral, the dry weight
per unit of area varied inversely with the rate of nitrogen fertilization.
As regards both the physieal and the chemical charncteristics of the
leaf in relution to the nitrogent supply, it should be recalled that, as
shown in table 18, for some unknown reason the total quantity of nitro-
gen absorbed by the 1929 crop was only slightly greaterin the 40-pound
rate of fertilization than in the 20-pound rate.  For practical purposes,
therefore, the lenf samples from these two treatments may be regarded
as duplicates and actually throughout table 20 the experimental data
for the two series are scen to be in rather close agreement.

1t is obvious thut there was a marked loss of total nitrogen and an
even greater proportionete decrcase in profein nitrogen per unit of
leal ares. during the period of study, and these losses began more than
o month before the flowering stage was reached. Sinee the total
dry weight per unit of Jeaf aren is recorded in table 20 it is a simple
matter to ascertain the percentags content of the nitrogen fractions
in the leaf, and the data for total nitrogen and protein nitrogen are
presented graphically in figure 8. Here, again, there was in- all
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treatments a marked, progressive decrense in both total and protein
nitrogen. Protein nitrogen sccounted for about 70 percent of the
total nitrogen at the heginning of the observational period, but at
the end ol the period the protein nitrogen coniposed only about

&

*

W

N

~

LY

ey
3 :} -~ -
[=) &Bﬁ:"' " &
% 'ao{/,yqp = 'O__P'O{/!.&‘i“

32 24 /g & 4
LAYE BEFOBE FLOWEERING

FIGUre 4.—Effect of Lhe nitrogen supply on the pereentipe eontent of () total riirepen nod (B) proteln
nitrogen in Lhe lower leaves of the plant during the Inter stages of their growlh.  Thero was a progressive
deerense in both of the nitrogen values per unit of leaf nren ns well a5 oo a pereentage basis, which was due
primarily (0 atilizaLion of n portion of the nitrogen for incrense i nrest of Lhe leves. Where no nitropen
was applied to it sofl 1he tota] nitrogen and Lie proteln nizrogen content af the leal were low ab nll stnges
of grow i, hut otherwise differences in the quanuity of nitropen applicd hnd Httle offect on the lerocptage
content of thase constiluents until the last stages of prowih had been renched.

u,
N
~
S
g
)
9
g
2
X
3
R
S
§
N
3
9
&
LY
S
J
g
X
:
N
=
¥
8
N
§
W
)
3
3
S
<
K|

G4 percent ol the total. This chunge, of course,involved o correspond-
ing relative increase in nonprotein nitropen. On the basis of unit
aren ol leaf there was no mnrked change, however, in the actual
content of nicotine, aminonia, amino, amide, and undetermined
nitrogen during the period, while on the whole there was & tendency
toward decrease in nitrate nitrogen. Next to protein, nicotine
furnished decidedly the largest nitrogen fraction.
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As regards the eflect of variation in the nitrogen supply on the
content of this element in the leaf, the data for the no-nitrogen or
control treatment show in nearly all cases o uniformly low content of
total nitrogen and of the various nitrogen fractions except the residual
or undetermined portion, This holds true for the values caleulated
on the basis of unit area of leaf and in percentage of total dry matter,
(See table 20, and fig. 9.) On the other hand, there are only small
differences in the corresponding values for the various nitrogen [rac-
tions as between. the 20-, 40-, and 80-pound rates of nitrogen fortiliza-
tion, although it is worthy of note that frequently the nitrogen
values for the intermediate rates of fertilization actually exceed those
for the highest rate. In the case of the whole leal the values for
total nitrogen and protein nitrogen content vary directly with the
quantity of the nitrogen supplied in the fertilizer. On the basis of
unit area of leal, the losses in total nitrogen and protein nitrogen in
ercentage of the quantities originally present, as well as the actual
osses by weight taking place during the period of observation were
highest with the intermediate rate of nitrogen fertilization.

The data obtained in 1924 and 1925 (tables 24 and 25) covering the
period of 11 to 13 days before, to 11 to 12 days after, first flowering
(and topping} show that in the developmental stages immedintely
following those covered in the 1029 studies, there was, on the whole,
an increase in the content of total nitrogen and protein nitrogen with
increase in rate of nitrogen fertilization.” As in the latter ease, where
no nitrogen was used m the fertilizer, approximately the minimum
content of total and protein nitrogen in the leaf had been reached
several days before flowering.  Where more nitrogen was made avail-
able to the plant in the soil, there were further sharp decreases iu the
content of total and protein nitrogen in the later stages ol develop-
ment, the general tendency apparently heing toward a decrease to
fairly definite minimum values. It seems that the hicher the initial
content ol lota] nitrogen and protein nitrogen in the leal, the longer
is the time required for decrease of these constituents to the minimum
values. Immedintely lollowing flowering and topping there was a
sharp rise in the content of nicotine. Increase in the rate of nitrogen
fertilization aiso increused the nicotine content

TabLE 25.—Effect of increasing the nilrogen supply in the fortitizer on ihe conlent
of starch, sucrose, reducing sugars, lotal nitrogen, proiein nitrogen, and intal ash
in the lower leaves of the tobacco plant, shortly before flowering, at flowering, and
shortly after flowering, season of (924
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An attempt also was made in 1925 to secure data on the content of
soluble protein in the cell sap of the leaf as affected by the quantity of
nitrogen supplied in the fertilizer, Leaf samples were taken 10 ays
before flowering, at flowering, and 7 days after flowering, For each
sample, u single leaf located near the center of the plant was taken
from each of 15 selected plants. One half of each lea! was cut off and
used as a source of the sap for analysis, while a series of disks werc
cut from the remaining lmif and, alter being weigled, were placed in
boiling aleohol for moisture determination. After freezing the leaf
tissue, the sap was expressed by applying o fixed pressure to each
sample. The official Stutzer method was employed for determining
protein nitrogen in the sap and the residual nitrogen in the filtrute
also was determined in the usual manner. It is recognized that the
freezing treatment may have affected the solubility of the protein, and
the Stutzer procedure may not afford an accurate messure of the
soluble protein. However, the results probably are of value for
puglely comparative purposes. The dais obtained are shown in
table 26.

TanLe 26—Effect of increasing the nitrogen supply in the fertilizer on the contoni
of soluble protein and nonprolein nilrogen in the cell sap af the leof, scason of
1825
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The data for the nitrogen fraction of the ecll sap designated as
soluble protein show much the same relations as apply to totul protein
and total nitrogen in the leaf during approximately the same stages
of development (table 26). There is in 2l cases & definite decrease
in soluble protein as the leal ages or mutures, though the rate of
decrease is relutively slow when the maximum rate of nitrogen fertili-
zation is practiced and is highest when no nitrogen is included in the
fertilizer. There is no corresponding progressive decrease in the
nonprotein nitrogen in the sap. As to the eflect of nitrogen fertiliza-
tion, the first 20 pounds of nitrogen in the fertilizer shows no material
influence on the content of soluble protein, but additional increments
of fertilizer nitrogen and more particulmily the 80-pound rate of
fertilization bring about a clearly cleﬁned incrense in protein content of

- the sap. Incrensed nitrogen in the fertilizer also tends to increase
the content of nonprotein nitrogen in the sap.
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CARROHYDRATE METABOLISM

In 1926 a study was made of the effect of inereasing the supply
of nitrogen in the fertilizer on the carbohydrate content of the leaf
during the period of growth preceding the flowering stage. A series
of leaf sumples was collected from the primary series of fertilizer
plots receiving various quantities of nitrogen derived from nitrate of
soda, the samples being taken 41, 32, 24, and 18 days, respectively,
before the date of first flowering. The method of collecting, handling,
and preparing the mauterial was the same as for the 1929 study of
nitrogen metabolism {p. 46) except that for each fertilizer treatment
only n single group ol plants was used for ail samples. The leuves
were taken from the lower half of the plant, the final sample consisting
of the twelfth leaf from the bottom in each case. The ana.lyt.icsa
data are shown in table 27.

TABLE 27.—Effect of increasing the nitrogen supply in the fertilizer on the conlent
of tolal dry mailer, starch, susrose, and reducing sugars in the lower leuves of the
tobucco plant during the period of growth preceding the flowering stage, scason of
1926
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In 1924, leaf samples were taken from the same plots, except as to
the control or nu-nitrogen treatment, as in the 1926 experiment, the
samples being collected 13 days before flowering, st flowering, and 11
days after flowering. Determinations were made of total nitrogen,
protein nitrogen, and ash in addition to estimating the content of
starch, sucrose, and reducing sugars. The results expressed in
percentages of total dry matter are summerized in fable 25.

The cbservations made in 1926 show that the starch content was
decidedly high when the nitrogen supply was very low, especially in
the carlier stuges of growth. An addition of only 20 pounds per acre
to the nitrogen supply of the soil greatly reduced the content of
starch while there was comparatively little difference as to this eon-
stituent between leaves of plants receiving 20 pounds of nitrogen
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per acre in the fertilizer and those of plants fertilized with 80 pounds
of nitrogen. As the flowering stage was approached there was in
general & temporary decrease in the leaf content of starch. Differences
In content of reducing sugars were less clearly defined either with
respect to increasing age of the leaves or increase in the nitrogen
supply of the soil.

The data obtained in 1924 show that in the developmental stages
immediately following those covered in the 1026 test thero may be o
decidedly high content of starch in the leaf when the quantity of
nitrogen in the fertilizer is low and again the percentage of starch
decrenses as the nitrogen supply is increased. The content of reducing
sugars secms 0 increase somewhat with incresse in the nitrogen supply
though the differences are not large. The quantity of sucrose in the
leaf is rather small. As in the experiments previously discussed, an
increased supply of nitrogen in the fertilizer results in an incressed
content of total nitrogen and protein nitrogen in the leaf. The
limited data available show a slight increase in total ash content of
the leaf with increase in the nitrogen supply of the plant.

OBSERYATIONS ON OXIDIZING ENZYMES

In 1925 and 1926 & number of measurements of catalase aetivity
were made on leaf material taken from the nitrogen test plots and
from other sources during the period of growth and the subsequent
ripening process. Only a portion of the results obtained will be pre-
sented in detail. In carrying out the tests & number of small disks
of known ares were cut from definite positions on the leaf by means of
a sharp cork borer. The material was ground in & mortar to & fine
creum after addition of a little water and calcium carbonate, the
mixture then being washed into n 250 cc Florence flask with & small
measured volume of water. After placing the flask in a water bath
425° C. and connecting it with & shaking device the volume of oxygen
liberated in 15 minutes by addition of Oakiand hydrogen dioxide that
had been previously treated with calcium carbonate was collected
and megsured in the usual manner. All results were calculated to a
uniform basis of 25° C. A duplicate snmple of leaf material was
treated with hot aleohol and used to determine the approximate
content of dry matter and water in the test material per unit of area.
In this way the results could be calculated on a basis of unit ares or in
percentages of total fresh weight and total dry matter.

Preliminary observations were made on the relative catalase activ- -
ity of loaves located on the lower, middle, and upper portions of the
stalk. The results invariably showed the lowest activity in the lower
leaves. As between the upper and the middle lenves the results were
dependent primarily on the size or stage of development attained by
the former. Where the upper leaves had reached s fairly large sizo
they were more active than the middle leaves, but in younger stages
they were less netive than the latter. The date, as a wﬁole, give
definite indication that the catalase activity of a given leaf normally
Increases up to the later stages of growth followed after a time by a
gradual decline as the loaf ages. Catalase nctivity, however, appears
to be subject to ruther wide fluctuations from dey to day.
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In 1925, measurements were made on the activity of middle leaves
of selected plants on the plots of the primary series receiving nitrogen
at various rates. The plants were topped at the beginning of the
flowering stage and samples were collected 1, 8, and 15 days, respec-
tively, after topping. The results are contained in table 238.

TABLE 28.—Effeci of variation in the quantily of niirogen supplicd in the forlilizer
on the calalase activity of tobacco feaves during the ripening period, season of
1925
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Pounids e Foumls | Ce
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i s 545
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{N o 4, i 5.5
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It appears that in the 1925 experiment the catalase activity of the
middle leaves of the plant had already reached a maximiun at the
time of first flowering where no nitrogen was used in the fertilizer, while
with the heavier rates of nitrogen fertilization there was a marked
further increase in activity during the following 2 weeks. At all stages
a high nitrogen supply resulied in increased catelase activity.

In 1927, studies were made of peroxidase activity in the fresh leaf
of plants from the same plots that were employed for the experiments
dealing with catnlase activity. The method of sampling the leaves
was the same as for the catalese tests, the disk samples being taken
from one half of each leal and the other half left intact for tests on
curing (p. 58). Leaves located approximately at the middle of the
stalk were used for sampling. The samples were taken 5, 13, and 18
days nfter first flowering and topping. The fresh leaf material was
fincly ground in a mortar with a little water and calcium earbonate
and the peroxidase determined according to the method of Willstitter
(28). The results expressed in milligrams of purpurogallin on a basis
of 0.2 gram of both the fresh and the dry leaf tissue arc shown in
purt in table 29.

Tapis 20.—The perozidase number of inbacen leaves during the ripemang period,

scason of 1927, as effected by the quantity of nitrogen supplicd in the fertiliver

Purpurogniiin obtatned from 6.2 g of leaf mnderinl—

Guantity of nitrogen In fertiilzer por nere
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Increase in the nitrogen supply of the plant tends to increase the
peroxidase number of the leaf, this effect being especially evident in
the highest rate of nitrogen fertilization. The peroxidase value also
increases considerably through the period of 2 weeks immediatel
following first flowering. In experiments with plants fertilized wit.ﬁ
80 pounds of nitrogen per acre derived from nitrate of soda, ammo-
nium sulphate, and ammonium chloride, respectively, the results were
somewhat variable and would hardly justify definite conclusion as to
possible significant differences in the effects of nitrogen from these
three sources.

EFFECTS CF HIGH AND LOW TOPPING ON GROWTH AND METABOLISM

In some important tobacco-growing sections it is the usual practice
te top the plants low and the topping is done several days before
flowering would begin. It is desirable, therefore, to consider briefly
the primary effects of low topping on the ripening process. Observa-
tions were made on two plots in 1930 which were fertilized with 100
pounds of nitrate of soda, 300 pounds of 16-percent superphosphaste,
and 200 pounds of high-grade sulphate of potash per acre. The
season was an cxtraordinarily dry one. One plot was located on a
slight elevation, with the result that the erop was more severely
affected by the drought than that of the other plot which was located
on a lower ares. For convenience, the plots will be referred to es
dry land and moist land. The tobacco made much better growth on
the latter soil than on the former. On each plot three groups of 25
uniform plants each were selected for study. On the fry land one

roup was topped to 16 leaves and a second group was topped to 8
Easwes, while on the moist land the respective groups were topped to
18 and 9 leaves. In each case the control groups remained untopped.
The topping was delayed until flowering had begun, in order to main-
tain comparison with all of the preceding experiments. Under these
conditions the maximum effects of low topping probably were not
obtained. The first samples, consisting of the fifth leaf from the bot-
tom of each plant on the dry land and the sixth leaf of esch plant on
the moist land, werc taken nt time of topping. Subsequently samples
consisting in each case of the next higher leaf were taken at intervals
of 10 to 12 days. The last sample taken on the, moist land was sub-
jected to curing, while all others were exposed to chloroform vapor
and dried in the usual way. The average arca, the water content,
and the dry weight per unit area were ascertained and protein,
nicotine, and total nitrogen were determined in the dried material.
The results are indicated in table 30.
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TasLE 30.—Effect of high and low topping on the ripening process in the leaf in the
Jield and on the cured product, season of 1930

Nltrogen in 1 stjuara
Dry foot of leat pa—

Water | Tel2ht
] of leal
Time of sampling 10 coufn]%e;t Per | mopar Pro- | Nico-
squera | e tein Line
Toot an altro- | nltro-
B ron zan

Typa of soil and
treatment of plents

AL | M- | RAritti-

Dry land: S | Pereent gromy Pereent
Not topped.. . . 76. 70 ; 9.8 | 17.8 L7¢
Topped high... 1.03
Topped low 1.82
Mok topped .__ .
Topped high
Taonned low..
Not topped.. ..
Topperd high. ..
Topped low....
Not topped. ..
Topped high
Topped low._..

Moist Innd:
Mol topped ____
Topped high
Topped low
Not topped. ..
Topped hiph___
Topped low.-._.
Not topped. 24 doys alter toppiog...-
Topped high oo
Topped low._.
Mot topped.
Topped high -
Topped low.__...

=

a2%Es
L

Bl T
)
[ =]
&

1]
PR MR g

(== =T
W&J*ﬁﬂlaﬂﬁ

EN£0 NI 59 O 12 KA T Y

SERSESLEE RBEPRBBEERLEE!
e =k T R L) PN (=]
BN RS e e

SHARUYRRD

t Alter curlng.

The abnormally dry weather greatly restricted the growth of all
leaves except the lower ones on the plants, with the result that in
successive samples there is a definite decrease in area which ordinarily
would not be the case. The smaller size of the leaves in the dry-land
series as compared with those in the moist-land series is nssociated
with a decreased water content. On the other hand, the dry weight
per unit of area is decidedly greater on the dry land, especially for the
untopped and the high-topped plants. The nitrogen content of the
leaves from the moist land is considerably higher than that of the
leaves from the dry land, particularly on & percentage basis.

Topping the plants increased the ares of the leaf during the period
of observation when comparison is made with the untopped plants,
thatis, there was less'decrense in area of the leaves in advancing up the
stalk when the plants were topped. The weight of dry mafter per
square foot of leaf was decidedly increased as a result of topping, the
low topping producing the greatest increase. In the plants not topped
there was an actual decrease in dry weight per unit of area. The
effect of topping on dry weight was especially marked after the.leaf
had been cured, the increase over the untopped plants being nearly
40 percent. On u percentage basis the data in table 30 do not indicate
any considerable, consistent increase in water content as a result of
topping because of the definite increase in dry matter. The absolute
quantity of water per unit area of the leal, however, is definitely
increased by the topping,

During the period of observation there was a tendency toward
decrease in total nitrogen and protein nitrogen in the leaves of the
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plants that were not topped although the losses were partly recoversd
in the late stages of ripening. In the plants topped high there were
no important changes in total or protein nitrogen though there wus &
moderate gain in total nitrogen in the dry-land series and a small loss
of protein nitrogen in the moist-tand series. In the low-topped plants,
on the other hand, there was a very striking, progressive Increase in
total nitrogen and a somewhat less pronounced increase in protein
nitrogen. On the dry land the increase in total nitrogen per unit
of area reached approximately 80 percent and that cf protein nitrogen
more than 45 percent. Nicotine showed only a slight increase in
the untopped plants during the period of observation. In the
high-topped plants the inerease was much greater and in the low-
topped plants it amounted to more than 200 percent.

Opportunity was found for making observations in 1931 on n
different series of plots pertaining to the effects of high and low
topping in conjunction with variations in rate of nitrogen fertilization
on the catalase activity of the leaf during the ripening period. All
plots were icrtilized uniformly with 64 pounds of phosphoric acid
and 96 pounds of potash per acre while one group of plots received
no mtrogen and the other two groups received 32 and 128 pounds,
respectively. In each group one plot remained untopped, & second
was topped to the lowermost leafless sucker, and the third was topped
to 10 leaves. The low topping was done when the flower bud ap-
peared above the leaves, and the high topping was done on date of
first flowering. Except where no nitrogen was used in the fertilizer
the low topping was carried out on August 4 and the high topping
on August 13. Because of delayed dev&%opment where nitrogen was
omitted from the fertilizer the respective dates of topping were post-
poned until August 24 and September 9. The methods of sampling
and conducting the gnalysis were the same as previously employed.
For the first series of readings in each trestment the fifth leaf gom
the bottom was chosen, and for the second series the eighth or ninth
leaf was selected. Where no nitrogen was used in the fertilizer the
first sample was taken 9 days aiter the low topping and 7 days prior
to the high topping and the second sample was taken 13 days later.
In the other two treatments the first samples were taken 2 days
after the low topping and 7 days prior to the high topping and the
second samples were taken 26 or 27 days later. The resulis gre
summarized in table 31.

TanLE 31.—Effect of height of lopping and varinlion in rale of nilrogen fertilization
own the catulase activity of lobacco leavey during the ripening period, seusomn of 1951
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T4 is apparent that low topping of the plants produced a decided
effect in increasing the cata{)ase value, especially when the rate of
nitrogen fertilization was high. Howerver, hi%h topping produced
no effect except possibly a slight increase in the case of the heavy
rate of nitrogen fertilization.

THE NITROGEN SUPPLY AND THE CURING PROGCESS

The data bearing on the effects of the nitrogen supply on nutri-
tional and growth processes during the development of the fobacco
plant make it plain that at time of harvest the physical and chemiesl
characteristics of the leaf will depend to & considerable extent on the
quantity cf uitrogen absorbed and assimilated by the plant. The
re%uiated rate of drying to which the freshly harvested leaves are
subjected, commonly known as curing, involves complex, deep-seated
changes in composition in addidion to the loss of water. Radically
different methods of curing are applied to the various types of to-
bacco, the air-curing and the flue-curing methods perhaps providing
the widest contrast. Air curing is a relatively slow procedure con-
ducted 2t ordinary temperatures, while flue curing is a rapid process
involving use of comparatively high temperatures. In Maryland
air curing is gencrally applied and the leaves remnin attached to the
stallc until the cure has been compleied.

In the present investigations no atternpt was made to follow
through the different stages of the curing the eflect of tho nitrogen
supply on all of the various chemical processes that are involved, but
a hmted number of obgervations were made on certain features. In
1927, leaf samples were collected from the middle portion of plants on
the plots receiving various quantities of nitrogen derived from nitrate
of soda, the samples being taken just before harvest. After obtain-
ing the fresh weights and areas of the leaves, the midribs were re-
moved and one half of each leaf was ehloroformed and quickly dried,
while the remnining leaf halves were cured in the usual manner. The
loss in total dry matter was ascerteined and the wnaterial was utilized
for determining the resin content before and after curing, according
to the method of Degrazia (8). The results are brought together in
table 32, The several components of the resin mixture were esti-
mated separately, but vo clearly defined differences in the various
Jractions were found so that only the total confent of resins is shown
in the table.

TasLe 32.—Effect of the nitrogen supply on the loss of lotal dry matler and on the
canfent of lolal restns in the leuf during the air-curing process, scason of 1927
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Variations in nitrogen supply did not greatly affect the loss in total
dry matter in curing although the loss wns somewhat greater in the
leaves of plants grown with an increased supply of nitrogen. The
values for so-called resins apply to a group of poorly defined eonstit-
uents determined by an empirical procedure and their exact signifi-
cance is not known. The values for resin content of the cured leaf,
when enlculated on the basis of tle original weight of the uncured
leaf, seem to indicate a definite increase in some of the constituents
included in this group during the curing process. Although in this
particular experiment the tohacco which received no nitrogen in the
fertilizer shows a relatively low content of resins, the data for the
leaf from the other treatments do not indicate that the nitrogen supply
is an important factor in the content of total resins in tobacco leaf.

Since the effect of the curing process on the content of oxidizing
enzymes previously had not been studied extensively it seemed desir-
able to obtain additional information on this subjecl, particularly
since therc is renson to believe that these enzymes play an important
role in the fermentation and ageing processes which follow the curing,
In this connection it should be noted that Smirnow and Drboglav (23)
found that the catalase and peroxydase activity increases In green
leaves of oriental yellow tobacco subjected to regulated conditions of
starvation. A number of preliminary tests were made to ascertain
the normal course of cafaluse activity in mature leaves through the
various stages of air curing. The data uniformly showed an appreci-
able rise in activity in the first stages of curing, this usually occurring
in the first 2 or 3 days. Thercafter u sharp decline in activity was
obscrved, and at the end of 10 days or 2 weeks the decrease was such
that in some instances the order of magnitude of the catalase activity
coeficient had changed. 1In a representative case the initial coeffi-
cient of cataluse activity of 56 per square inch of leaf increased to 78
on the second day and at the end of 3 days hiad fallen to 9.

In connection with the studies on cutalsse netivity during the cur-
ing process it was found that exposure of the fresh, green leaf to vapors
of chloroform results in a rapid and very marked decrense in catulase
activity. For example, in & sumple of the fresh leaf dried rapidly in
a current of air at ordinary temperature the coefficient of catalase
activity was 48.0 while ina simifar sample exposed to chiloroform before
drying the catalase value had fallen to 3.5. The action of chloroform
vapor in diminishing catalase activity was found to proceed much
more slowly after the leaf has been dried and again moistened. Ex-
posure of the above-mentioned dried-leaf sample to chloroform vapor
for 2} hours produced no measurable effect on the coefficient of ac-
tivity, while an exposure of 42 hours decreased the coeflicient to 7.5
as compared with a value of 14.2 for the control sample noé treated
with chloroform.

In 1928, groups of plants were selected on the plots receiving in the
fertilizer 80 pounds of nitrogen per acre derived from nitrate of soda,
ammonium sulphate, and ammonium chloride, respectively, and on 2
control plot, and leaf sainples were talken from the middle portion of
the plants for observations on relative cutalase sctivity during the
curing. At time of sampling, the plants on the plot receiving no
nitrogen showed a uniform light yellowish-green color and in this
respect would be regarded as fully mature. The plants fertilized
with nitrate of soda appeared to be only slightly less mature than the
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controls, while those fertilized with ammonium sutphate appeared to
be somewhat less mature and those receiving nitrogen from am-
monium chloride seemed to be the least muture of all in the series.
After cutt-in% small disks from the leaves for determination of catnluse
they were allowed to cure in the usual way, four successive disk samples
beti)rllg taken at intervals of 2 to 3 days. The results are given in
table 33. .

TanLe 33.—FEffect of the vitrogen supply on calalave activity of the leaf during the
curing pracess, season of 1926
VOLUME OF OXYGEN LIBERATED FROM t 8QUARE INCH OF FRESH LEAF
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From the results of this experiment it appears that although ini-
tially the mature feaves grown with a high nitrogen supply possessed
a 'rcﬁl,t.i\'ely high catalase activity, as the curing progressed the rate
of decrease in activity was correspondingly greater than in the leaves
grown with a low nitrogen supply (the controls). The initial activity
was greatest and the rate of loss of activity was the jeast in the leaves
of plants fcrtilized with nitrogen derived from ammeonium chloride.
This result was possibly due in part to the fact that the leaves from
this treatment were less mature when harvested than the others, and in
part to the effect of the chloride ion in slowing down the rate of drying.

In 1927, studies were made on the effect of the nitrogen supply on
peroxidase activity during the curing process in continuation of the
observations made during the ripening period in the field (p. 52).
The same lenf samplies were utilized, and the method of determination
was the same.  The leaves were allowed to cure for 22 days. The
results are assembled in table 34.

Tanve 34.—Effect of the nitroger supply on peroxidase activity of the leaf during
the curing process, season af 1827
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The data in table 34 show that there is an appreciable decrease in
the peroxidase value during the curing although this decrease seems
to be much smaller than that of catalase. The results are much the
same whether the data are based on equal areas or equal weights of
the leaf. In both the cured and the green material the peroxidase
number is incressed hv an increased supply of fertilizer nitrogen.

CHEMICAL COMFOSITION OF CURED TOBACCO AS AFFECTED BY
THE NITROGEN SUPPLY

In 1925, groups of 32 representative plants each were sclected from
the plots ferfilized with 20, 40, and 80 pounds of nitrogen per acre
derived from nitrate of soda and from & control plot receiving no
nitrogen.” The plants were topped, harvested, and cured according
to the usual practice in southern Maryland. When the curing was
completed the lenves were stripped from the stalks, ground, and pre-
served for chemical analysis. The midribs of the leaves were not
removed in preparation for analysis. The prepared samples were
composed of xll the leaves secured from the cured plants, so that in
each case the composition represents the average for all the grades of
leaf produced under the conditions of the experiment. In the analy-
sis nearly all organic constituents were determined insofar as analyti-
cal methods were available even though in some cases it was recog-
nized that the methods employed are not entirely satisfactory. The
principal ash constituents also were determined. The tobacco sam-
ples were found to contain large percentages of fine enrth, and proper
correction for this material was applied fo all analytical data. The
results are shown in tables 35 and 36.

TanLe 35.—Effect of quuntily of nilrogen in the fertilizer on the composition of cured
leaf lobacco on a waler-free busis, crop of 1925
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Tanee 36.—Effect of qur sttty of nitrogen in the fertilizer on the distribution of the
nitrogen in cured leaf lobacen, seuson of 1928
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On the whole, the influence of increasing the nitrogen supply in the
fertilizer on the chemical composition of the cured leaf is not particu-
larly striking, but some clearly defined cffects of importance are
apparent.  With increasing quantities of nitrogen applied to the soil
there is a progressive decrease in content of starch and sugars. Inso-
far as the values for crude fiber are indicative of the content of cel-
lulose, change in the nitrogen supply seems to have no significant
effect on this constituent of the cell wall. The values for pectins are
somewhat irregular, but there is indieation that a high nitrogen
supply tends to reduce slightly the pectin content. None of the
samples contained nppreciable quantities of water-soluble pectin.
The data for protein also are somewhat irregular, but it seems clear
that a high nitrogen supply results in a decided lncrease in protein,
It is evident that the nicotine ‘content tends to follow the nitrogen
supply of the plant, while the highest rate of nitrogen fertilization
also produced n significant increase In content of nitrates and am-
monia. The fofal nitrogen in the leaf increases as the rate of nitrogen
fertilization is increased, and the major incrense in percentage content
is obtained in the increase in fertilization rate from 40 to 80 pounds
per acre.

With respect to nonvelatile organic acids the analytical data indi-
cate o definite increase in eitric and malic acids as the rate of nitrogen
fertilization is ncreased, while the oxalic acid values are not materially
affected. The results for citric and oxalic acids are belicved to be
fairly relinble, but those for malic acid probably are too high and no
method was available for checking the data for the latter. The
igures for content of plant wax are irregular and do not scem to be
especially significant. The values for tobacco resins obtained by the
empiricel procedure of Degrazie do not indicate significant effects of
the nitrogen supply with respeet to cither the confent of total resins
or the distribution of the several resin [ractions. Under the condi-
tions the content of totul ash is not mueh affected by rate of nitrogen
fertilization. The contents of potash and phosphoric acid seem to
be somewhat reduced by an increased nitrogen supply, while the
contents of caletum oxide and magnesiz remain approximately
eonstant,
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As repards distribution of the nitrogen in the cured leaf (table 36),
the inso%ublc or protein fraction, which constitutes about two thirds
of the total, decrenses somewhat with increase in nitrogen fertiliza-
tion. The product grown with n supply of 20 pounds of nitrogen
per acre runs relatively low in the solutide fractions determined, for
reasons that are not known. There is o gencral tendency toward
increased proportions of the several soluble fractions as the rate of
nitrogen fertilization is increased, with the exception of the amino-
nitrogen component. In no case, however, is this increase particularly
striking.

INTERPRETATION OF RESULTS AND CONCLUSIONS

YIELD AND VALUE OF CROP

Tt is believed that the soil arcas emnployed were sufficiently uniform
to leave no doubt as to the significance in yield and value obtained
with various quantities and forms of nitrogen, at least when the suc-
cessive increments of nitrogen used were as much ns 20 pounds per
acre. (Sec tebles 5, 7, and 10.)  Interpretation of the data is some-
what less certain with 10-pound increments of fertilizer nitrogen,
although even in this case the results in the main probably are at
least approximately correct. With o 10-year combined average yield
(table 5) of 614 pounds of leal and 325 pounds of sialk per acre for
the several plots receiving no nitrogen in the fertilizer and without
applying corrections for variutions in the individual control plots, the
inerenses in the yield of leaf lor each pound of nitrogen in the fertilizer
in the nitrate of soda series were 13, 13, 11, 9, and 5.5 pounds, respee-
tively, for the 10-, 20-, 30-, 40-, and 80-pound rates of [ertilizing,.
The corresponding increases in yield of stalk were 13, 14, 10, 8.5, and
4.5 pounds. Anulysis of the results shows that the effectiveness of
the 80-pound rate of nitrogen fertilization was dependent to a con-
giderable extent on the method of application emiployed.  The data
as a whole indicate that under the conditions the yield with 40
pounds of nitrogen per acre is not far below the maximum obtainabie
unless split applications of nitrogen are made, in which case 80
pounds per nere give a decidedd additional increase.

As regurds applieability of the Mitscherlicls formula to the yield
data, the principal question involved is whether the numenicsl value
of 0.122 which Mitscherlich has assigned to the so-called constant,
¢, holds true under the conditions of these tests. Investigators are
sharply divided on the question of whether ¢ really remains constant
under all conditions. Mitscherlich and his followers (18) have pre-
sented extensive data in support of the aftirmative side, while n
number of investigators have advanced experimental evidence tending
to show that the numerical value of ¢ miy vary widely under suffi-
ciently diverse conditions. Among the latter may be mentioned
particuiarly Lemmermunn, Hasse, and Jessen (17) who found that in

eneral the value ol ¢ tends to incresse as the general environment
ecoines less [avorable for growth, and in this conneetion in field plot
tests with nitrogen as a fertilizer the valve of ¢ was found to vary
through o wide range, attaining a maximum of 1.03. )

Inspection of figure 6 and table 9 shows at once that Mitscherlich’s
value [or ¢ leads to inconsistent and abnormally high values for 4, the
maximum yield obtainable. These values are [ar in excess of the
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maximum yields indicated by the curves representing yields actunlly
obtained ab various rates of Tertilization. The indicated guantity of
the soil’s reserve supply of nitrogen, b, nlso appears to be too high.
The relative guantities of nitrogen recovered by the crop on the
control plots and on those receiving 20 pounds of nitrogen per acre as
fertilizer {(table 18) indicate a content of 20 to 25 pounds of available
nitrogen in the soil. As a neeessary consequence of unsatisfactory
values for A and &, the computed yields for various rates of fertiliza-
tion utterly fail to agree with those actually obtained. 1t seems clear
that Mitscherlich’s value for nitrogen is much too low to fit the present
data and, in fact, the computations in table 9 show that the numerical
value of ¢ must be raised to unity or higher in order that the formuln
may vield results even roughly sgreeing with those actually obtained.
On the whole, best results are obtained by assigning to ¢ & value of
about 1.2.

A second difficulty encountered in applying the Mitscherlich oqua-
tion 1s the fact that the curves representing the actual yields are nob
uniform throughout their course as is required by the Mitscherlich
formula, but, on the contrary, the lower increments of yield approx-
mate & linear series followed by o rather abrupt decresse in the incre-
ments from intermediate rates of fertilization, especially in the case
of the stalk yiclds. Tor this reason there can be no fixed value jor
¢ capable of accurately poriraying the relantionship between tlie nitro-
gen supply and the yield for both low and high rates of fertilization.
Finally, as shown in figure 7, the proportions of stalk and leal in"the
plant ‘are materially influenced by the nitrogen supply and conse-
quently no single formula can give equally satisfactory results for
these two organs of the plant. It appears thatin the case of the stalk
there is nc value for ¢ in the Mitscherlich formula which will give
satisfactory agreement with the yields actually obtained, and this
situation applies in & somewhat lesser degree to the yields of leaf and
stalk combined.

The data on recovery of [ertilizer nitrogen by the crop in 1819, 1925,
and 1929 in the nitrate of soda series (table 18) supply one renson for
the sharp falling off in the yield inerement in passing from the 20~ or
30-pound rate to the 40-pound rate of fertilization and for the marked
variation in yield from year to year in a given treatment. While
recovery of the first 20 pounds of nitrogen was comparatively good
(40 to 90 percent), the additional nitrogen recovered {rom the 40-
pound rate of fertilization was surprisingly small. The 40-percent
recovery irom the first 20 pounds of fertilizer nitrogen and the rela-
tively low yield in 1918 were associnted with o rainfall of 11 inches
in July and August, the 60-percent recovery and a good yield in 1925
were associated with a rainfall of 6.7 inchies in July but ouly 2.6 inches
in August, while in 1919 the $0-percent vecovery of nitrogen and the
heavy yicld were accompanied by o rainfall of only 4.2 inchies for the
2 months. It scems very probable that the midsummer rainfall
figured prominently in these results. The proportionately higher
recovery of nitrogen in 1925 and 1929 than in 1919 from the 80-pound
rate of fertilization as compared with the 40-pound rate doubtless
was due largely to fractionation of the fertilizer application. With
only one exception for the leaf and two for the stall increasing rates
of nitrogen fertilization resulted in progressive incrense in percentage
content of nitrogen in the plant, showing that the additional nitrogen
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absorbed with increasing rates of fertilization becomes progressively
less effective in promoting growth. In other words, thoe decreasing
increments of yield with inerensing rates of fertilization apparently
are due partly to a decrease in the proportion of the fertilizer nitrogen
absorbed by the plant and partly to decreased effectivencss of the
nitrogen actually absorbed in promoting growth.

The results obtained with the various sources of nitrate and ammonia
nitrogen (table 6), on the whole, indicate that under the conditions
of the tests these two forms of nitrogen were about equully effective
in increasing the crop yield provided due consideration is given to
the disturbing effects of other ions contained in the nitrogen com-
pounds or in the soil, more particulazly those of magnesium, calcium,
chlorine, and sulphur. The somewhaf superior results with amimonia
nitrate suggest, however, that a combination of ammonia and nitrato
nitrogen may be more effective than either form slone. TPrinnisehmni-
kow {21) lound that under conditions unlavorable to nitrification the
relative sfficiency of nitrate and ammonia nitrogen cannot be expressed
by a fixed coofficient, since it is dependent on & number of factors
internal and external to the plant. For example, with a low or g
negative hydrogen-ion value and a relatively high concentration of
ealcium lons, ammionia nitrogen may give superior results, while under
reversed conditions of hydrogen- and caleium-ion concentration
nitrate nitrogen was more cflective. Tiedjens and Robbins 25}
found that ammonin nitrogen was readily assimilated by several
plants which were studied If the medium had w neutral or alksline
reaction, whereas nitrate nitrogen was most elliciently assimilated in
& distinctly acid medium. Contrary to conclusions reached by nu-
merous other investigators, these authors found that in the plants
studied although ammenia accumulated in considernble quantities in
the tissues there was no evidence of toxic effocts.

In the case of tobacco, Hans (J€) has reported development of
puthological symptoins from continuing applicntions of ammonitm
nitrate solutions to the soil in pot cultures. Benwumont and his 25so-
ciates (&) found that in approximately neutral water culfures tobacco
was unable to assimilate ammonia nitrogen as readily as nitrate
nitrogen and sooner or later toxicity resulted from all ammonium salts
used. In field tests (6), however, smmonium sulphate gave good
results. In the present field tests, in which presumably there was free
opportunity for nitrification, no specific symptoms of ammonia
toxicity were observed.  The reduced yields that were obtained with o
combination of the product Ammo-Phos and sulphate of potash prior
to the application of dolomitic limestone to the soil (table 7) and the
eventual erop fnilure obtoined with a mixture of monoammeniumn
phosphate and nitrate of potash (table 8) have been shown to be due
primarily to deficiency of magnesium and ealeium in the soil and not
to the form of the mitrogen used (fig. 5). These results have been
briefly referred to in a previous publication (71) in which it was shown
by means of supplementary plot tests znd chemical analysis of the
plant material that there is marked deficieney of both magnesium and
caleium in the soil used in the experiments Teported in this bulletin,
The most striking feature of these particulur tests is that onmitting
both caleium and magnesium from the fertilizer mixture had & much
greater effect in suppressing growth of the crop than omission of
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nitrogen, and other tests on the saine soil show that this offect also is
greater than that of omitting phosphoric neid or potash.

The increased yield obtained with ammonium chloride at the lower
rates of fertilizntion as compared with other formis of nitrogen is
belicved to be due to the stimulating action of the chloride ion, an
effect which has been discussed ab some length elsewhere (70). 1t has
been shown that in {avorable concentrations the chloride ion may
stimulate growth by enabling the plant to resist drought, Since
o high nitrogen supply will be shown to be capable of exercising a
similar effect the stimulating action of chlorine may be expected to
diminish as the nitrogen supply is increased. Thesc relationships
are clearly shown in figure 4.

During the period 1921 to 1929 the average increase in vield from
urea somewhat exceeded that from wmmonium sulphate at two
different rates of application {table 6). IHowever, this series of plots
is being continued and in 1930, in which the growing senson was extra-
ordinarily dry, ammonium sulphate gnve a considerably better yield
than ures, although analysis of the plants showed that the recovery
of nitrogen from the urea treatments was lully equal to that from the
ammouiumn sulphate. The only sulphur supplicd in the basal fertil-
izer treatient in these tests is that contained in the 80 pounds per
acre of sulphate of potash used, and the pile-green color observed in
1930 in both leaves and stems of the plants fertilized with uren indi-
cates that the reduced yield from this treatment under the dey weatheor
conditions probably wus due in part te sulphur deficieney. One of
the distinctive effects of sulphur deficicney in the soll under normal
wenther conditions is delayed growth in the eurly stuges of develop-
ment and it is believed that the hastening effect of ammoniwm sulphate
on date of flowering shown in table 16 was due at teast in pars to the
ndditionnl sulphur supplied. There is definite evidence, therefore,
that in considering relative fertilizing values of the various synthetic
forms of nitrogen on seils of the type here used due consideration must
he given to the supply of magnesium, caleium, chlorine, and sulphur
made availnble to the plant.

As regards the effect of the nitrogen supply on the commercia! value
of the cured tobaeco, it should be understood that the date and dis-
cussion on pages 22 to 24 relate primarily to Maryland tobacco and
do not nceessarily apply to other commercint types of leal. For the
Maryland type, best results as to acre value and price per pound of
leaf were obtained with 20 to 40 pounds of nitrogen per acre. For
best results with respect to quality of product the nitrogen require-
ments of the various types of tobaceo differ materially as regards
both the quantity and the form of the nitrogen. It is probable that
under comparable conditions the nitrogen requirements of burley to-
bacco would be somewhat greater than those of Maryland tobuacco,
while those of the flue-cured type would be only slightly tess. On the
other hand, the cignr types, especially the binder and wrapper grades,
require for best results much larger quantities of nitrogen and this fact,
together with the light charncter of the soils most used in growing
the binder and wrapper grades, tends to complicate the question of
best forms or souwrces of the fertilizer nitrogen. Some of the reasons
for these contrasts in nitrogen requirements of the different types are
brougiit out in later paragruphs.
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GROWTH RELATIONS AND LEAF CHARACTERISTICS

The rate of growth as mensured by increase in height of the plant
is markedly nffected by the amount of the nitrogen supply, and under
the conditlons of the fest the form of the nitrogen also appears to be
of some significance (table 13, fig. 8). Although more or less in
evidence in most of the treatinents, the familiar sigmoid form of
growth curve is best developed with the slow rate of growth which
oceurs on the control plots receiving no nitrogen in the fertilizer.
While the heaviest rate of nitrogen fortilization, 80 pounds per acre,
produced a somewhat lower average rate of growth than moderate
rates of fertilization, there was no pronounced change in form of
the growth curve. The most rapid average incrense in size of leaf
was produced by the highest rate of nitrogen fertilization. The low
rate of growth produced by a deficient mitrogen supply was sccom-
panied Ey o marked delay in flowering (t.ab{ae 16}, and the highest
%'rowth rate, which was induced by o moderate rate of nitrogen
ertilization, also was associnted with earliest flowering.

As regards the effcets of the nifrogen supply on comparative de-
vetopment of the principrl organs of the plant, it appears that under
the conditions of the test the relative growth of the root was not
greatly affected, while the development of stem and leaf was decidedly
influenced. Nifrogen deficiency materially reduced the proportion
by weight of stalk fo leaf in the plant, and & high nitrogen supply as
. compared with a moderate supply also tended fo reduce the relative
welght of stalk (fig. 7).

From n practical standpoint, the most important effects of the
nitrogen supply on developnient pertain to characteristics of the leaf.
The total number of leaves produced by the plant is only slightly
influenced by the mte of nitrogen fertilization except that the low
growth rate and delayed flowering caused by a markedly deficient
nitrogen supply apparently favor a mederats incresse in number of
leaves produced (table 13). In the case of Maryland tobacco it has
been repeatedly observed that various cenditions cuusing delayed
growth comnonly result In incresnsed munber of leaves developed by
the plant. The effects of nitrogen deficiency in increasing the number
of leaves produced therefore can hardly be considered as specific.
The ratio of midrib fo lamina in the leaf is of semo practieal import-
ance. The effeet of the nitrogen supply on this ratio was found to
be much the same as that on the ratio of stem to leaf in the plant.
A deficient nitrogen supply produces a relatively low percentage by
weight of midrib, as does rlso o high supply of nitrogen, while a mod-
erate quuntity of nitrogen increases the proportion of midrib to lamina.

The duta strmmarized in tables 14 and 15 show that the effects of
an increased supply of fertilizer nitrogen in producing a decidedly
broader and larger leaf are coupled with & definite decrease in weight
per unit of area, and similar relations are ‘well shown by the data con-
tained in tables 20 and 32. Not only is the increase in yield that is
* obtained with an increase in the nitrogen supply due to the production
of a larger leaf, but the gain in size i1s even greater than the gain in
weight.  The reduced weight per unit of area resulting from a high
nitrogen supply apparently is due at least in part to a decrease In
thickness of {he leaf, though it is possible that o less dense type of
structure of the tissues also i1s involved, The dala in table 15 indicate

E}
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that the average specific gravity of the solids of the leaf is not greatly
affected by the amount of the nitrogen supply. The action OF nitro-
gen as a fertilizer on the size, shape, weight per unit ares, and thickness
of the leaf is of considerable practical importance in relation to the
fertilizer requirements of the different commercial types of tobacco
as well as being of interest to the plant physiologist. These effects
indieate that a%iberal supply of nitrogen is desirable when it is sought
to produce a broad, thin, licht-bodied leaf such as is required for use
as cigar wrapper or binder, In this connection it is interesting to
note that as much as 200 pounds of nitrogen per acre is commonly
used in growing these types of leaf.

The effects of the nitrogen supply on the color and luster of the leaf
are of praetical importance since the shade, the evenness, and the
briliiancy of the color may largely determine the commercial value
of the cured product. It appears that when the abnormally pale
rellowish-green color characteristic of nitrogen hunger is seen in the
plant in the field the cured leaf is likely to be uneven in color and
markedly deficient in luster, producing mainly the inferior so-called
“dull” grade of product. With a nitrogen supply just sufficient to
prevent definite deficiency symptoms there is likelihood of prematurs
ripening and drying or firing of the lower leaves. With 2 moderate
a(\ditional increase m the supply of nitrogen a cured leaf of light red-
dish-brown color and bright Juster mey be expected. Under the
conditions of the test, best results for the Maryland type of tobaceo
were oblained with 20 to 40 pounds of nitrogen per acre. Heavier
rates of fertilization yielded a cured leaf with purer brown or slightly
greenish-brown color, with good luster, a result more desirable in
cigar leaf.

A thin, light-bodied leaf ususlly has better burning qualities than a
thick, heavy-bodied, close-textured leaf, and since a high nitrogen
supply tends to produce the former type its adverse action on com-
bustibility (table 17} probably is due to iis effects on the chemical
composition rather tiian the structure of the leaf fissue. It was sug-
gested long age (19) that proteins and related complex compounds of
nitrogen tend to injure the burning qualities of tobaccoe because of the
fact that relntively they are difficultly combustible. The results of
the present tesis are in aceord with this theory, for it is shown that
an increase in the fertilizer supply of nitrogen results in an increased
conient of protein and its derivatives in the leaf.

INTERNAL PROCE3SES OF NUTRITION AND METABOLISM

In general, the results obtained with material from the no-nitrogen
trentment are regarded as representing nutrition conditions of mod-
erately severe nitrogen deficiency, those from the 20- and 40-pound
rates of fertilization conditions of a medium or balanced nitrogen
supply, and those from the 80-pound rate conditions of a high and
slightly excessive supply of nitrogen under the conditions of the tests,
Broadly spenking, the later stages of growth and the carly phases of
progressive senescence immedintely following, which constitute the
so-called ripening peried of the lower and middle leaves of the plant,
involve predominantly katabolic processes that are closely associated
with marked translocation of nutritive materials to the upper parts of
the plant. Smirnow and bhis associates (24) have made a compre-
heunsive study of the general nature and results of these processes,




THE NITROGEN NUTRITION OF TOBAGCO 67

The present biochemical and physiological studies deal chiefly with
the effects of the nitrogen supply on the course of these metabolic
processes in the fresh leaf prior to harvest and their ultimate effects
on the characteristics of the cured leaf.

One of the outstanding physiological effects of the nitrogen suppl
is that on the water content of the lenf tissues and associated growth
phenomena. The data in tables 20, 24, 26, and 32 show that an in-
crensed supply of nitrogen materially increases the water content, and
the resultant increase in turgidity apparently produces important
results in the development of the leaf. It has been pointed out that
an abundant nitrogen supply produces a decidedly larger and broader
but thinner leaf weighing less per unit of area than is obtained with &
low supply of nitrogen. ~Aside from the mode of action of the nitrogen
in reduciug or overcoming transpiration losses, it is evident that the
effects on the morphology of the leaf are essentially those produced
by various other factors which operate to maintain inereased turgid-
ity, such as reduced illumination, increased atmospheric humidity,
or increased soil moisture. For example, Hasselbring (73) who made
a careful analysis of the eflects of partial shade on the leaves of tobacco
found that their water conient was definitoly increased, and in asso-
ciation with this effect the leaves were incressed in size but weighed
less per unit of aree. The osmotic concentration of the cell sap seems
not to contribute materinlly to the nitrogen effect on water relations
and associated growth phenomena in the leaf (table 22). It appears
likely that an increase in content of hydrophilic colloids resulting
from an increased intake and assimilation of nitrogen is an important
factor, but no studies were undertaken in this direction.

The effect of the nitrogen supply on water content was found to
extend to the hygroscopic properties of the cured leaf (table 21).
Here again the effect is of considerable importance from a practicsl
standpoint, The capacity of the cured leaf to attract and retain a
sufficient quantity of moisture to render it pliable and more or less
elastic 1s of special importance in cigar-wrapper and binder types.
The effect of an increased nitrogen supply in this direction suggests
that the nitrogenous component of the leaf contributes directly to its
hygroscopicity. It appears thai the proeess of curing, at least when
the leaves are detached from the stalk in harvesting, tends to render
the product more hygroscopic. This result probably is due in part to
loss of relatively nonhygroscopic materinl and in part {o sccumulation
of hygroscopic products of protein decomposition during the curing
process. L the other hand, the tendeney of the leaf to attract mois-
ture decreases with increase in age, so that during the ripening period
the leaf becomes less hygroscopie.

Observations on the active acidity of the cell sap of the leaf (table
23) show that as the ripening or ageing of the green leal advances
there is a definite decrease in the pH value. Since the lower leaves
are the first to reach maturity their active aecidity usually will be

reater in later stages of development of the plant than that of
eaves higher up on the stalk. The delayed growth and mnaturation
resulting from o deficient supply of nitrogen is clearly reflected in the
slow rate at which the active acidity of the leaf sap increased after
the plants had been topped. On the whole, the pH value seemed to
fall most rapidly in the plants receiving 40 pounds of nitrogen per
scre, Under the conditions of the test the pH value of the immature
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loaf was approximutely 6.35, or higher, and this value decreased to as
low as 5.60 in the fully ripe leaf. The data secured on the content of
malie, citric, and oxalic acids {table 24) are not adec%mbe for obtainin
a clear picture of the changes taking place during the ripening perio
in relation to the nitrogen supply. When these data are considered
in connection with those for cured leaf (teble 35), however, the con-
clusion seems justified that as the leanf appreaches full maturity an
increased supply of nitrogen tends to incresse the content of citric
eeid, and the indicetions are that this relation holds true also for
malic acid.

In attempting to obtain information as to the internal mechanism
through which veriations in the nitrogen supply affect the processes
of nutrition and growth the nitrogen metabo,fism of the plant natu-
rally is of spectal importance. The faet that during a period of 7
weeks immediaiely preceding the flowering stage there was a marked
progressive decrease in content of fotal nitrogen and protein nitrogen
mn the lower leaves of the plant (table 20) might be taken to indicate
8 very active physiological sranslocation of the nitrogen from these
leaves. For the entire period the decrease in total nitrogen per unit
of area sveraged nearly 40 percent of that originally present, and the
decrease in protein nitrogen was about 58 percent of the original
content. Despite these large decreases in fotal and protein nitrogen
there was comparatively little change in content of nitrate, ammonia,
nicotine, amine, and amide nitrogen or in the undetermined fraction,
thus suggesting that the protein nitrogen undergoes translocation
almost as rn.pi(ﬁy as it is transformed into soluble forms. However,
the leaves increased their ares by 25 to 50 percent during the period
of observation, and the data in table 20 show that the greater portion
of the nitrogen disappearing from the older tissues did not actually
depart from the leaves but was utilized in inereasing the leaf area.
Incidentally these studies show the danger of employing aralytical
data on & basis of either the percentage content or the content per
unit of ares in drawing condlusions involving such processes as physi-
ological translocation. In this instance if is essential that the entire
area of the mass of the leaf be faken into account.

I association with the slow growth and visible symptoms of nitro-
gen hunger seen in the plants which received no nitrogen in the fer-
tilizer, the leaf was distinctly low in content per unit of ares and on a
percentage basis in total, protein, nicotine, mtrate, amino, and amide
nitrogen throughout the 7 weels preceding the flowering stage.
While the addition of 20 pounds of nitrogen per acre to the soil pro-
duced a decided increase m the content of total and protein nitrogen
in the leaf, further additions to the soil showed very little effect on
the concentration of nitrogen in the leaf except in the late stages of
development (table 20 and fig. ). On the other hand, in the flowerin
stage of the plant and subsequently, the content of total nitrogen &ng
protein nitrogen in the leal increased with each increase in the rate
of nitrogen fertilization {tables 20, 24, and 25).

To interpret correctly the foregoing resuits it is necessary to teke
into consideration the relative increase in size of the leaf and its total
nitrogen content under the different treatments (table 20). The
quantity of nitrogen entering the individual leaf inereased with
increase in the quantity made available in the soil. The eddition of
20 pounds of fertilizer nitrogen to the soil’s reserve supply effectively



http:necessn.ry

e T I

THE NITROGEN NUTRITION OF TGBACCO 69

overcame deficiency symptoms in the leaf, and the increased nitrogen
contenrh per unit of leaf ares that resulted is explainable perhaps on
the assumption that the additional nitrogen thus supplied was largely
needed to meet immediate nutritional requirements, leaving only a
relatively small portion available for expansion of the leaf surface.
Further additions to the nitrogen income of the leaf, on the other hand,
were chiefty utilized in increasing its surface without further increas-
ing the content of nitropen per unit of aren. After the immediate
nutrition requirements had been met the effectiveness of additional
nitrogen in promoting leaf expansion incressed as the nitrogen supply
was mcreased, as evidenced by a reduction in thickness of the Igaf
and even a reduction in the content of nitrogen per unit of arez. The
changes in content of soluble protein in the expressed sap of tho leaf
taking place during the ripening or ageing process, as measured by the
Stutzer method, and the effects of the nifrogen supply on this value
tend to follow those applying to nonsoluble protein.

At all rates of fertiization s portion of the nitrogen of the leal (10
to 20 percent) was returned to the stem of the plant even during the
period of rapid growth. It is significant that the quantity thus sur-
rendered was least in the leaves that received the most liberal supply,
indicating that a relatively high nitrogen supply tends to cause the
leaf to retain i(s vegetative vigor longer. The very low unitrate velues
obtained indieate that even at the highest rate of fertilization here
employed the nitrogen supply was not in excess of that which could
be asstmilated. However, where very large amounts of nitrogen are
made svailable to the plant, nitrates may be stored in the leaf in
important quantities, as demonstrated by Viekery and Pucher (26}
for Connecticus cigar leaf. Whether under thase conditions nitrogen
metabolism would depart from the course traced in the present ex-
periments cannot be stated. Increase in the rate of nitrogen fertili-
zatton had but little effect in increasing the nicotine content of the
leaf during the period of most active growth and synthesis of protein,
but this effect became more pronounced as the flowering stage was
reached. Subsequently there was only a slow increase in nicotine
content with a deficient or & low supply of nitrogen, but as the rate
of nitrogen fertilization was inereased there was an increase in the
rate of nicotine accumulation in the leaf (table 24). Consequently,
as the leaves reached maturity those that had received the highest
supply of nitrogen were decidedly highest in nicotine.

The above results bearing on nitrogen metabolism apply to condi-
tions of high topping. Data presented in table 30 show that in the
lower leaves metabolism is profuundiy affected by very low topping.
Reduction in the transfer of mobile materials from the leaves into
the stem as a result of removing approximately the upper half of the
plant in the topping operation largely accounis for the decided thick-
ening of the lower leaves even though, under the prevailing condi-
tions of drought, there was not much increase in their size. these
circumstances there was 8 marked increase in content of total nitrogen
per unit of leaf area, accompanied by s somewhat less pronounced
gain in protein nitrogen which is in sharp contrast with results under
conditions of high topping. Perhaps the outstanding effect of the
low topping on nitrogen metabolism was the remarkable increase in
nicotine content amounting to nearly 200 percent for & period of 25
to 30 days following the topping.
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The observations on carbohydrate relations in the leaf recorded in
tables 25 and 27 show that in general the effect of an increased supply
of fertilizer nitrogen on the content of starch in the leaf both during
the period of active growth and in the later stages of development is
the reverse of that on the content of nitrogen, for with a very low
nitrogen supply the starch content of the leaf is high, while only a
moderate increase in the supply of nitrogen materially lowers the
starch content. In other words, there is a complementary relation-
ship between the nitrogen content and the starch content i the leaf.
This relationship apparently does not apply to the content of sugar
which occurs in the leaf chiefly in the form: of monosaccharide. While
the nitrogen content tends to constantly decrease during the growth
and deve%opment; of the leaf until & minimum is reached during the
ripening or aging period, the content of carbohydrate decreases only
temporarily as the plent attains the flowering stage, after which 1t
tends to incrense again.

Observations on oxidizing enzymes indicate that they attain their
maximum activity ab about the time the leal reaches its greatest
vegetative activity. A high nitrogen supﬂly, which increases and
prolongs vegetative activity, also increases the catalase activity of the
leaf nnd tends to defer the stage in its life history at which decrease
from the maximum catalase activity begins (table 28). Again, low
topping of the plants, which increases the nitrogen content and
stimulates vegetative vigor, likewise results in increased catalase
activity (table 31). Data obtained on peroxidase activity (table 29)
show essentially the same relationships that apply to catalase.

Although the nitrogen supply has been found materially to influence
metabolic processes in the leaf and its composition in the fresh mature
state, the data in table 32 indicate that in the curing process the loss in
total dry matter is not greatly affected. The effect of the nitrogen
supply on the weight per unit of area of the cured leaf was about the
same as that on the leaf in the fresh state. There was an appreciable
increase in the content of so-called ‘‘tobacco resin’’ during the curing,
but the practical significance of this group of constituents is not
definitely known. The results obtained in following the catalase
relations through the curing process are of considerable interest.
Tt is known that the greater portion of the loss in dry matter oceurs
in the first few days of the curing, and it was found that during this
period there may be an appreciable increase in -catalase activity.
In later stages, however, catalase activity decreases sharply so that ab
the end of the curing the leafl retains but a small fraction of its initial
activity. Although, in line with results previously discussed, leaves
grown with 2 high nitrogen supply showed a relatively high catalase
activity in the early stages of curing, at the end of the process the
activity of such leaves tended to approach that of leaves grown with
a low supply of nitrogen (table 33). There was a small decrease in
the peroxidase number during the curing. As in the fresh leaf, the
peroxidase value in the cured leaf was Increased by increase in the
rate of nitrogen fertilization (teble 34).

In contrast with the result in normal curing, rapid drying at
ordinary temperatures preserves in large part the catalase sctivity
of the fresh leaf. The fact that if the %en.f is exposed to chloroform
vaior before the drying most of this uctivity is rapidly lost, may
well be due to the action of the chloroform as & protoplasmic poison,
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thus permitting diffusion of the cell sap and rapid contact between
the catalase and the constituents of the cell sup with which it reacts.

CHEMICAL COMPOSITION OF CURED LEAF

In the cured state the Maryland type of leal is characterized mainly
by its peculiar dry, light, chaffy nature end its mildness, and it
normally possesses good burning qualities. The better grades

ossess a light reddish-brown color. These characteristics of Mary-
and tobacco are explaingble in part on the basis of the chemical
composition of the leaf as disclosed in tables 35 and 36. 1t is excep-
tionally high in both cellulose and pectins, constituents of the cell
wall, the combined content of these two groups of carbohydrate
accounting for about a third of the chemical make-uy of the leaf.
Most other domestic types of leaf ususily contain less than 25 percent
of these constituents. Jf)he high content of cell-wall material undoubt-
edly contributes to the dry character and the free combustibility of
the Maryland type. The content of the more plastic forms of car-
hohydrate, starch, end sugars is comparatively low in the cured leaf.
Cigar-eaf types in the cured state normally are quite low in starch
and sugar and when cured under favorable conditions more commonly
are practically free of these constituents. Flue-cured tobacco, on the
other hand, contsins considerable quantities of starch and is very
high in sugar, the better grades usually containing 10 to 20 percent.
The mildness of Marylend tobacco is accounted for by its low nicotine
content (less than 2 percent), most othier types usually eontaining
2.5 to 5 percent.

The nitrogen content of Maryland tobacco is low, averaging per-
haps 2 to 2.5 percent, in line with the data shown in table 85. ~ This
average probably is about the same as, or only slightly higher than,
the average for the flue-cured type of tobacco. However, the cigar-
leaf types (I, 4, 16), burley, and the fire-cured types (22) usually
contmin 3 to 5 percent of nitrogen. These types frequently though
not elways contain considersble quantities of nitrate nitrogen, while
the flue-cured and Mmryland types are characteristically low in
nitrates, Maryland tobacco contains less total ash and decidedly
less potash than some of the cigardeaf types but does not differ
greatly in these respects from flue-cured leaf.

The nitrogen supply apparently is not an important factor in the
leaf content of cellulose and pectin, but it is evident that an increase
in the supply of this clement tends to decrease the content of starch
and sugrr. Increase in the rate of nitrogen fertilization produces a
decided increase in total nitrogen and in all of the nitrogen fractions
determined. Addition of 86 pounds of nitrogen per acre to the small
supply slready present in the soil increased the protein nitrogen uf the
leaf more than 50 percent and the nicotine nitrogen more than 100
percent. In view of these effzcts on the composition and those on
the color of the leaf it can be seen that only a moderate supply of
nitrogen will tend to produce cured leal of normal characteristics for
the Marytand and the flue-cured types, while & high nitrogen supply
will favor production of leaf resembling the cigar-wrapper and binder
types. To the extent that the tobacco resins may be a factor in
providing the sroms of cured tobacco, the data obtained would
indicate that this property is not dependent primarily on the quan-
tity of nitrogen made a,vai{able to the plant. The ash content, which
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is of considerable importance in relation to combustibility and other
characteristics of the leaf, seems not to be much affected by the rate
of nifrogen fertilization at least under the conditions of these tests.
The Maryland cigarette type of leaf, after curing, lacks capacity to
undergo the active fermentation characteristic of cigar types. The
former is a low-nitrogen type and the latter are high-nitrogen products,
and since a high-nitrogen content is associated with high catalase and
peroxidase activity it seems likely that the content of the oxidizing
enzymes is an important factor in the fermentutive capacity.

SUMMARY

Field-plot tests have been conducted for periods of 4 to 11 years on
fine sandy loam and on loamy sand types of seil of the Collington
series in southern Maryland to ascertain the quantity of nitrogen
required for best results with the southern Maryland type of tobacco
and to compare the fertilizing value of the older inorganic forms of
nitrogen and some of the new synthetic produets. As another major
feature of the work, the tobacco grown on these plots was utilized
for conducting fairly extensive physiclogical and biochemical observa-
tions on the effects of variation in the nitrogen supply on growth and
developmental relations and associated internal processes of nutrition
and metabolism. The sources and quantities per acre of nitrogen
employed in the tests were: Nitrate of soda, supplying 10, 20, 30, 40,
and 80 pounds; smmonium sulphate and ammonium chloride,
supplying 20, 40, and 80 pounds; ammonium nitrate, cyanamide,
urea, urea phosphate and Ammo-Phos, supplying 20 and 40 pounds;
a combination of nitrate of potash and monoammonium phosphate,
supplying 40 pounds. The basal fertilizer used in most instances
furnished 60 pounds of phosphoric acid and 40 pounds of potash per
acre.

With respect to crop yields, the 80-pound rate of nitrogen fertiliza-
tion proved to be excessive when all of the nitrogen was applied in
the row prior to transplanting, and it produced no significant increase
over the 40-pound rate. However, a decidedly Iarger yield was
obtained with the 80-pound rate when one half of the nitrogen was
applied after transplanting the crop. Taking average results for
all sources except cyanamide, 20 pounds of nitrogen per acre gave an
Increase in yield of about 300 pounds of leaf tobacco over the yield
of approximately 600 pounds on the control plots. The corresponding
wversge increase in yield of leaf from 40 pounds of nitrogen per acre
was about 400 pounds. With nitrate of soda as the source, 40 pounds
of nitrogen per acre gave only slightly better results than 30 pounds.

The results obteined with the various sources of nitrate and
ammonia nitrogen show that under the conditions of the tests these
two forms of nitrogen were about equally effective in increasing the
crop yield when proper consideration is given the effects of other ions
contained in the nitrogen compounds or in the soil. Ammonium
sulphate and nitrate of soda were equailly effective while ammonium
nitrate, supplying both ammonia and nitrate nitrogen, gave somewhat
superior results, Ammonium chloride gave relatively high yields
because of the stimulating effect of the chloride ion. The s0il used
in the tests was deeidedly deficient tn magnesium and calcium and
in dry seasons was deficient also in availuble sulphur. Tor these
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reasons very poor results were obtained with the combination of
nitrate of potash and monoammonium phosphate unless the elements
in question were added to the soil and somewhat similar results were
observed with the product Ammo-Phos. Urea gave better resulis
than ammonium sulphate except when the sulphur supply was a
limiting factor. Cysanamide gave fairly good results when used in
limited gquantities. '

Attempts to apply the Mitscherlich law to the yield data for leaf
and stalk and the two combined gave very unsatisfactory results.
The numerical value of 0.122 assigned by Mitscherlich to the propor-
tionality factor, ¢, of his equation for the fertilizer element, nitrogen,
proved to be far too low to fit the yields actually obtained at various
rates of fertilization. Although Mitscherlich considers that the
validity of his law rests on the constancy of the numerical value of ¢
under all conditions, it was found necessary to increase this value
approximately tenfold (to 1.2) in order to obtain yield dats for the
leaf agreeing approximately with the yields sctuslly obtained. The
increments of yield actuselly cbtained at lower rates of fertilization
terd to form a linear serles, buf at intermediate rates of fertilization a
rather abrupt decline in yield increments appears in the yield curves,
especially in the curve for yields of stalk, For this reason the Mit-
scherlich type of curve cannot accurately portray the results at both
high and low rotes of fertilization. Again, the relative yields of leaf
and stalk are modified by the amount of the nitrogen supply, so that
no single formula of this type will satisfactorily fit the data for both
leaf and stalk.

The best sverage grade of leal for the southern Maryland type was
obtained with 20 or 40 pounds of nitrogen per ncre and in the nitrate of
soda series 30 pounds gave slightly better results than 40 pounds.
Considering both yield and quality of product, the most profitable
returns were obtained with 30 to 40 pounds of nitrogen per acre.
When no nitrogen was used in the fertilizer the so-called “dull” grades
of leaf, lacking in luster, were chiefly obtained. Ammonium chloride
gave a poor quality of leaf as did cyanamide at the higher rate of
application, but there were no marked differences in the effects of other
forms of nitrogen. The ammonium chloride had a decidedly un-
favorable effect on the combustibility of the leaf.

The ratic by weight of leaf to stalfi in the plant was relatively high
with o very low as well as with a high supply of fertilizer nitrogen as
compared with results obtained with a moderate nitrogen supply.
The same relationships apply to the ratio of lamina to midrib in the
leaf. Through its effect on water relations in the plant, the chloride
ion of ammonium chloride produced a high ratio of leaf to stalk. The
nitrogen supply apparently did not greatly affect the ratio by weight
of root to statk and leaf.

The growth rate, as measured by increase in height, was slow when
the nitrogen supply was deficient, but & moderate rather than g high
supply produced the most rapid increase in height. The sigmoid type
of growth curve was hest developed in assccintion with the slow rate
of growth obtsined under conditions of nitrogen deficiency. A high
nitrogen supply produced the most rapid increass in size of leaf. Early
flowering and early ripening of the leaves were {avored by & moderate
supply of nitrogen.
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The effects on leaf development obtained by varying the amount of
the nitrogen supply are of considerable importance. The effect on the
number of leaves produced was slight, but an increased supply of
fertilizer nitrogen decidedly incren-seg the area and the ratio of width
to length of the individual leaf, while the dry weiglt per unit of area
and the thickness of the leal were reduced materially.

Incrense in the supply of nitrogen reduced the combustibility of the
leaf, probably because of the effect in inereasing the content of protein
or its derivatives.

With nitrate of soda as the source of the fertilizer nitrogen, the
quantity recovered by the crop ranged from 40 to 90 percent when
only 20 pounds per acre were applied to the soil, the recovery depend-
ing to a considerable extent on the midsummerrainfall. The additional
nitrogen recovered by the crop [rom the 40-pound rate of fertilization
was small. The percentage content of nitrogen in the stalk slightly
exceoded that in the leaf, while in the leaf the content of the midrib
was only a little more than one half that of the web, There was a
progressive increase in nitrogen content from the ground leaf upward to
the top leaf of the plant. The most characteristic symptom of nitrogen
deficiency was a pale yellowish-green color of the lower leaves of the
plant, and this symptom usually appeared when the nitrogen content
of the len{ {ell below about 1.5 percent.

One of the outstanding eflects of an incressca supply of nitrogen was
markedly to increase the water content of the leaf throughout its
development, This inerense scems to be an important factor in the
increase in aren and decrease in weight per unit of area of the leaf
produced by the increase in nitrogen supply. These eflects are much
the same as those produced by partial shade and other factors favoring
increased content of water in the leaf. A high nitrogen supply also
inereased the power of the cured leal to absorb moisture,

The active acidity of the leal was affected by the nitrogen supply
only in so far as the rate of maturation was meodified, the genoral
tendency being for the pI value of the sap to decrease with advance of
the ripening or ageing. A high content of nitrogen tended to increase
the content of nonvolatile organic acids in the mature leaf, The
starch content was found to stand in an inverse relation to the nitrogen
supply and the nitrogen content of the leaf, but the content of sugars
was little affected by the supply of fertilizer nitrogen., Catalase and
peroxidase nctivity appear to stand in direet relation to vegetative
activity in the leal and were found to resch their maximum in the later
stages of leafl growth and thereafter gradually to decline. The content
of eatalase and peroxidase was considerably increased by increase in
the rate of nitrogen fertilization.

During the period of growth preceding the flowering stage of the
plant, the content of total and protein nitrogen in the lower leaves, on
the basis of equal area, was materially increased only by the first 20
pounds per acre of fertilizer nitrogen, and the additional nitrogen
absorbed as a result of heavier fertilization was mostly used in increas-
ing the leaf area. Likewise, the progressive decrcase per unit of aree
in total and in protein nitrogen observed during the growth period at
all rates of nitrogen fertilization was due chiefly to transfer of nitro-

en {rom the oltﬁar tissues to the growing portions of the individual
eal. During this period the content of nicotine, nitrate, ammonia,
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and amide nitrogen was relatively low and with the exception of the
first 20 pounds of fertilizer nitrogen was not materially increased by
increase in the nitrogen supply. On the other hand, in the mature
leaf the total, protein, and nicotine nitrogen contents increased with
each increase in rate of nitrogen fertilization. In contrast with results
in high topping of the plants, with low topping there was, during the
ripening period of the leaf, a large increase in total and protein nitro-
gen and o very large increase 1n nicotine nitrogen. The studies in
nitrogen metabolism developed the fact that, in {ollowing the nitrogen
exchange of the leaf during growth, neither the values based on unit
aret nor those on & percentage basis are adequate, it being necessary
to take into account the total area or mass of the individual leafl,

The plant’s supply of nitrogen did not greatly affect the loss in total
dry matter of the leal in the curing process, which amounted to 21 to 22
percent. In the Iater stages of curing there were in all cases marked
losses in catalase and smaller losses in peroxidase activity.

11 the cured leaf the content of total protein, nicotine, and nitrate
nitrogen was decidedly increased; the content of other forms of
nitrogen and of nonvolatile organic acids were increased to a lesser
extent, and the contents of starch and sugars were reduced by an
gsugmented supply of fertilizer nitrogen. There was no decided effect
of nitrogen on the contents of cellulose and pectin, the tobacco resins,
and total ash. The amount of the nitrogen supply is one of the im-
portant {actors determining not only the grade or quality but also the
type of the leaf -produced, that is, its adaptability to specilic manu-
facturing purposes,

Mﬁ.ryl:a nd tobaceo, which is primarily a cigarette type, is character-
ized by & high content of cellulose and pectin to which are due to a
large extent its outstandingly light weight and dry character and in
part, at least, its good burning qualities. It is slso characterized by
a low conlent of nicotine, to which it owes its mildness. These
characteristics are best developed with & moderate nitrogen supply.
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