
, . . . 
, . 

September, 1935 

CHEMICAL INVESTIGATIONS OF THE 
TOBACCO PLANT 

. . 

V. CHEMICAL CHANGES THAT OCCUR 
DURING GROWTH 

HUBERT BRADFVRD VICKERY. GEORGE W. PUCHSR. 
CHARLES S. LEAVENWORTH Md ALRRXD J. WAKEMAN 

With the technical assistance of Laurence S. Nolan 

QlonneWt . ' . 

.Aebp%aben . .  
. ~ 

. ~ 

. . , . 
. .  . . . ~ ~ .  



Bulletin 374 September, 1935 

CHEMICAL INVESTIGATIONS OF THE 
TOBACCO PLANT ' 

V. CHEMICAL CHANGES THAT OCCUR 
DURING GROWTH 

HUBERT BRADFORD VICKERY. GEORGE W. PUCHER. 
CHARLES S. LEAVENWORTH and ALFRED 3. WAKEMAN 

With the technical assistance of Laurence S. Nolan 



CONNECTICUT AGRICULTURAL EXPERIMENT STATION 

BOARD OF CONTROL 

His Ex,cellency! Governor Wilbur L. Cross, ex-oficio, Presid~rzt 
Elijah Rogers, Vice-Prcs,de~tt ....................................... Southington 
William L. Slate, Treas~rrer ......................................... New Haven 
Edward C. Schneider, Secretary ...................................... Middletown 
Joseph W.  also^ .......................................................... Avon 
Charles G. Morris ..................................................... Newtown 
Albert B. Plant ........................................................ Branford 
Olcott F. King .................................................. South Windsor 

Administratim. WILLIAM I.. SUTE, B.Sc. Direrlor. 
hlrss L. M. B a * u r ~ a c i i r , ' B o o b k e ~ p ~ ~  nlsd Librorion. 
MISS K A T H E ~ I N T  M. PALXER, n.r.,,,. ~ d i t ~ ~ .  
G .  E. G~*HAx,  I n  Che~ge  of ~uiiding; and Groundr. 

Analytical E. M. BAILEY, PH.D.. Chemist in Charge. 
Chemistry. C. E. S ~ e p ~ a o  

OWEN I.. NOUN 
F I ~ a n u  1. F l s h ~ n ,  PH.D. Assistnrrr Chemists. 
W. T. h.IarH,s 
D ~ v r o  C. WALOEN, B.S. 1 
\I. L. C n u a c n r ~ ~ ,  Sampling Agent. 
Mnr. A. B. Vos~unon,  Secretory. 

Biochemistn. H. B. Vlcu~nu,  Pn.D., Biochemist in Charge. 
L ~ ~ k u v r i r  B. MENDEL. PH.D. RCSPOTC~ Amxiate  (Yale University) 
Gsaace W. Pocnzn, Pa.D., Amisto,it Biochemirr. 

................ 
E. M. S~oonAno B.Y. Yomologi~l. 
Mlsr F ~ o a r ~ c e ' h .  h f > ~ o a ~ ! c a  PII.D., Potkologirt. 
A. A. DUNUP, PH.D., Asrisioni 1v1igcoiog;st. 
A. D. IIICDONNELL, Caner01 Arrirlant. 
MRS. W. W. I<rLreY, Srrratory. 

Entomolagy. W. E. BRITTON Px.D., D.Sc., Entomologist (I$ Charor. State E n t o m l o i r t  
B. H. WALDEI.'B.AO~. 
hf. P. Z ~ r p a ,  B.S. 

Asririnnt Entomologirts. .. 

Forestry. 

.... ".. 
Rocen Tl. . ,.,,vu, . "..,. 
N E ~ L V  TURXER M.A. , 
J O H N  T. ~ ~ H w b a r n ,  Deputy m Chorga of Gipsy Math Control. 
R. C. Bors~oao, Depvty m Charga of Morqulto Eiiminotion. 
J. P. J O H N ~ O N  B.S. D e  uty in Clr~zrge of laporrere Bratlo Q w ~ o n t i n ~ .  
hlrrr  FIELEN A. "--2"- 
Mrss B ~ r r v  sco 

WALTZR 0. F i ~ ~ e v  Forester in Chorge. 
H. W. Hrcocr M.P. Arriitant Forester. 
J. E. R r r ~ r  J;.'M.$. I n  Ciior P of Blister Rust Cmtrol. 
MISS PAOL;NB A. ME~CSANT, facrctary. 

Plant Breeding. D o m u ,  F. Jolras Sc.D. Gmdicist in Chorge., , 
iV. RALPH STKC/EION, SC.D. ~ s ~ s t a n t  G~ne t tn r t  
LWRENCE C. CURTIS, B.s., A ~ ~ a t m r .  

Soils. M. F. Monc~x ,  Pn.D., Aomnomist in Cho~ge. 
H. G. M. J~cossolr,  M.S., Assirant Agronomi~t. 
A ~ a s e n l  A. LUNT PA.D., Assistant 61 Forest Soils 
U w r c ~ r  B. ~ o w i i ;  Gencrol Assistant. 
MISS GEULDINE E;IRPTI, S~EIP~IIIY. 

CONTENTS 

DESCRIPTION OF COLLECTIONS .............................................. 
1 

................................................ PREPARATION OF MATERIAL 

.................................. ............ 

! ....... ........... 
ANAI.YTICAL METIIODS ..... 

Analysis of dry leai, stem, and inflorescence samples .: 
Analysis o i  leaf and stem extracts ..................................... 
.4nalysis of sediments, sludges, and extracted residues ................... 
Expression of the data ................................................ 

...................................... TIIE GROWTII OF THE TOBACCO PI-AKT 

Growth in terms of fresh weight ...................................... 
Growth in terms of dry weight ........................................ 
Organic solids and ash ................................................ 

......................................................... Organic acids 

Carbohydrates ........................................................ 
Ether extractives ..................................................... 

Nitrogenous constituents .............................................. 
.................................................. Kitrate nitrogen 

Nicotine nitrogen .......................... :. ..................... 
Ammonia and arnide nitrogen ............................... 
6N acid hydrolyzable ammonia .............................. 

I 
Amino nitrogen ................................................... 

RELATIVE DISTRIBUTION OF T l l F  CONSTITUENTS OF THE TOBACCO PLANT . . . . . .  

THE WORK OF SMIRNOV ................................................... 
SLIXMARY ................................................................ 

BIBLIOC~APHY ............................................................ 

APPEND~X ................................................................ 

PAGE 
557 

561 

563 

565 

565 

569 

570 

571 

573 

573 

574 

574 

577 

580 

582 

583 

585 

5% 

SG 

93 

593 

595 

602 

604 

607 

608 

Tohacco Substation PAUL J. A~oenrox Pn.D., Fatlrolooist in Chotga. 
at windsor. T. R. SWANBACK, k.~.. ~gronomiat.  

0. E. S m ~ r r ,  PR.D., P l n ~ t  Physiologist. 
MISS DOROTHY LENARD, Secvetery. 

Printins bv Quinni~iaek Press. loc.. Near Haven. Conn. 



CONNECTICUT AGRICULTURAL EXPERIMENT STATION 

BOARD OF CONTROL 

His Excellency, Governor Wilbur L. Cross, e s -o f i c i o .  P r e s i d n t t  
Elijah Rogers, V i c e - P r a s i d e ~ f t  ....................................... Southington 
William L. Slate, Treasure r  .......................................... New Haven 
Edward C. Schneider, Secrelarj, ...................................... Middletown 
Joseph W. Alsop .......................................................... Avon 
Charles G. Morris ..................................................... Newtown 
Albert B. Plant ........................................................ Branford 
Olcott F. King .................................................. South Windsor 

STAFF 

Administration. U'lrnru I.. Sura,  ll.Sc.. Director. 
Mrrs L. M. R a * u r ~ z c a r ,  Rookkeeprr and L O ~ ~ V ~ ~ .  
>flsr K A T ~ E R ~ N E  n. PALIXR, 11 I.,TT., ~ d i t ~ .  
G .  E. Ga*~*v,  1% Chnrpe of Build~ngs oqrd Grounds. 

Analytical E. M. B~rmu. PH.D., Chamial in Ckorns. 
Cbcmirtry. C. E. S ~ s p ~ a o  

OIVCN L. NOLAN 
H ~ r a u  J. FISHER, Pn.D. Asrirtant Chcmidi. 
W. T. MATHIS 
D ~ v r o  C. WALDEN B.S. 1 
1'. L. ~ n u n c x r ~ ~ . ' s o m p l i n g  A g t t .  
Mnr. A. R. Vossunc~. Sccratory. 

Biocbemirtn. H. R. V ~ c u ~ n r ,  Pn.D. Biochemist in Char r 
I.APAYETT= l3. ~ I ~ D E L :  Px.D. Rcrrorch ,8;ociote (Yale University), 
G e o n ~ e  W. Pocxes, PH.D.. Arrllro,+t Biorhmist. 

Entomology. 

Forestry. W ~ r i n a  0. F r r r ~ v  Fornr1.r in Chorpe. 
15. W. Hrcacr h1.b Arsiltanl Forerfrr. 
T. E.  R~LEY,  Jd., M.F., In Char c of Blister Rud  Control. 
h ~ s s  PAULINE A. HEXCHANT. f eCIe t~rY .  

Plant Rreeding. DONALD F. Joaes, Se.D.. Gencticirt in Cliorga, , 
\Y. ~ L P H  S ~ G L E T O N ,  5c.D.. A~sDtilnl G C ~ I ~ I C I I I .  
L*?VRENCB C. CURT~E,  B.S., Assinawt. 

Soils. M. F. Dlanc*~, Pn.D., Agronomid in Chorpe. 
H. G. M. J ~ c o s s o ~ ,  M.S., Asrirlont Apronomid. 
N ~ a a r a r  A. Lunr PKD. Asrislnnt in Forrrl Soils. 
urrcnr R. DOWN;, ~ e r i e r h  ~rr i r t an t .  
.MISS GERALDIN. EVERETT, Serrdary. 

CONTENTS 

PAGE 

I X ~ O I > K ‘ T ~ O X  ............................................................. 557 

DESCRIPTION OF COLLECTIONS .............................................. 561 

PREPARATION OF MATERIAL ................................................ 563 

ANA~.YTICAI. METIIOI~S .................................................... 565 

Analysis of dry leaf. stem, and inflorescence samples ...... ..:. .......... 565 

Analysis of leaf and stem extracts ..................................... 569 

.4nalysis of sediments, slcdges, and extracted residues ................... 570 

Expression of the data ................................................ 571 

T H E  GROWTR OF THE TODACCO PI.AST ...................................... 573 

Growth in terms of fresh weight ...................................... 573 

Growth in terms of dry weight ........................................ 574 

................................................ Organic solids and ash 574 

Organic acids ......................................................... 577 

Carbohydrates ........................................................ 580 

Ether extractives ..................................................... 582 

.............................................. Nitrogenous constituents 583 

.................................................. Kitrate nitrogen 585 

..................... .......................... Nicotine nitrogen :. 586 

...................................... Ammonia and amide nitrogen 586 

..................................... 6N acid 1,ydrolyzahle ammonia 593 

Amino nitrogen ................................................... 593 

RELATIVE D ~ S T R I ~ U T ~ O N  OF T l l R  COYSTITUEXTS OF THE TOBACCO PLANT ...... 595 

Tobacco Substation PAUL J. A~onnrov PH.D.. ~otborogirt  in charge. 
at Windsor. T. R. Swr~sncx, k.~., a p r o ~ m i s t .  

0. L. Smrer, Pn.D.. Plant Ph~lrioiogid. 
hllss Doaorwv LENARO, Serretorr. 

Printing by Quinni~iack Pleas. Ine.. New Haven. Conn. 



1 
CHEMICAL INVESTIGATIONS OF THE TOBACCO PLANT 

I 
I 

V. CHEMICAL CHANGES THAT OCCUR DURING GROWTH 

HUBERT ERADFORO VICKERY, GEORGE W. PUCRER, 
CEARLES S. LEIVFNI~~ORTR and ALFRED J. WAKEMAN* 

TRODUCl 

d point of 
s . ,  

The study from the chemica view of the growth of plants is 
seriously circ~~mscribed by the iacK 01 suitable and accurate methods of 
analysis. Although the importance of an understanding of the reactions 
that occur in the cells of a developing plant can hardly be overestimated, 

I the progress that has been made is most disappointing. I t  is obvious 
I that a knowledge of the qualitative composition of plant tissues must pre- 

cede the investigation of the quantitative relationships between the con- 

i stituents; but this knowledge is still so elementary that one must be sat- 
isfied, for the most part, with quantitative measurements of groups of 
constituents rather than with individuals, with "forms" of nitrogen rather 
than with definite compounds, and with such thoroughly indefinite fac- 
tors as the water-soluhle organic solids, the ether extractives, or the 
fermentable carbohydrates. 

Nevertheless, one has only to turn to the early literature of the subject 
to appreciate the very real advances that have come since Emmerling made 
his first attempt in 1880 to solve the problem of the origin of the amino 
acids found in plant tissues. Emmerling's investigation (11, 12, 13) t  
represents 20 years spent upon the analysis of a series of bean plants 
(Vicia faha, major) collected in the season of 1850. The time required 
gives some notion of the labor expended on these analyses. The nitrogen 
determinations were carried out by the Varrentrap and Will method of 
combustion with soda-lime, ihe amino nitrogen determinations by an 
elaborate but cumbersome modification of the Sacchse-Icorman method- 
the forerunner of the present day Van Slyke method. Few determina- 
tions depended on volumetric methods; even ammonia was estimated 
from the weight of the ammonium chloride produced by allowing a sample 
of the tissue intimately mixed with lime to stand for three days in an 
evacuated apparatus that contained an absorption column moistened with - 

Nore: T h e  chemical investisations of tohabacco herein described r c r c  carried out as part of a 
general pm~cct under the title "Cell Chemistry" hv the Uenarfmcnt of Biochemistry of the 
Connecticut A ~ r i ~ ~ l t u r s l  Experiment Station, ~ c a  Haven. Conn. The Department has enjoyed 
the benefit of e lo r  co6peration imm the Tobacco Substation. Thc expenses were shared by the 
Crmn~clieut Agricultural Experiment Statinn and the Carnegie Inrtitulion of Ivashiogton. 

.With the technical a%rirtmce oi Laurence S. liulm. 
tNumbers refer to bibliography, page GO:. 



dilute hydrochloric acid. Time was a minor consideration in those days. 
and Emmerling was a consenrative with respect to tlie adoption of newer 
and more convenient analytical methods. Nevertheless his results are of 
great significance. H e  expressed his data in terms of percentage of the 
clry substance and also in grams in 1000 plants. The curves that illus- 
trate the accumulation of dry snhstance-nitrogen, aminn ni t ro~en,  and 
protein nitrogen in leaves, stems, pods, seeds, and roots-furnish a irivid 
picture of tlie gro\vth of the plant, ant1 of the migration of orzanic solirls 
ancl of nitrogenons substances from tlie leaves to the seeds as these maturerl. 
The interesting part played by the seed pods, as an intemlcrliate store- 
house of nitrogenous substances later furnished to the seeds, is particu- 
larly well shou~n. 

13mmerling's conclusions in tlie hroader field of general metabolism are 
still of importance. He pointed or~ t  that the reserve protein of the sprout- 
ing seer1 undergoes enzymatic hydrolysis to its components: these migrate. 
to,-cther with nitrogen-free reserve sul~stances (sugar, fat), to the centers 
of new gro~vth where. under tlie iiifluence of respiration with its attendant 
liberation of energy. thc nitrogenous products are resynthesized into cell 
proteins. In the alisence or deficiency of nitrogen-free reserve substances. 
tlie respiration is maintained at the expense of the nitrogenous components 
and, as a result, un(ler these circu~nstances asparagine or glutamine be- 
come prominent products of tlie reactions. These substances in turn may 
provide a source of the ammonia required for protein synthesis. After 
the leaves have developed, assimilation of carbon becomes possible, and 
the incoming nitrogenous substances are rapidly converted to tissue protein 
inasmuch as energy derived from respiration is readily availal~le. The 
further development of the plant involves the transport of inorganic nitro:- 
enous si11)stances from the soil, and their transformation into a form 
(prohahly ammonia) suitahle for assi~nilation hy comhination with the 
carbon compounds produced by the process of oxidation in the leavrs. 
these products then serving for the synthesis of cell protein. 

Etnmerling's investigations of plant growth are unique for their time. 
Iris views on tlie general sul~ject of nitrogen metabol~sm are closely re- 
lated to those of Schul7.e (32) who had reached sitnilar conclusions from 
his extensive studies of tlie growth of seedlings. Most investigators of 
this period were chiefly concerned with the rate of accumulation of inor- 
ganic nutrients in tlie plant, tlie interest being mainly confined to the 
study of the drain upon the soil incident to the growtll o f  tlie crop. and 
to the interpretation of the results in ternis of the correct practice for the 
maintenance of fertility. The value of such stndies to practical agriculture 
is obvious and, inasmucli as the cliemical methods of ash analysis hare 
long been highly developed, accurate and significant data were readily 
to be obtained. 

Although data referring to tlie total nitrogen, the organic dry matter. 
the crude fiber, the ether extract, the carbohydrates, and the crude protein 
were frequently included in tlie reports on the study of the inorganic 
constituents, these factors were arrived at  by purely conventional routine 
methods, and tlie data seldom admit of interpretation in terms of chemical- 
ly distinct individual organic substances. Even when data on the nitrate, 

the ammonia, and tlie aniicle nitrogen are given, critical examination of 
the methods of analysis that were employed freqnently gives rise to doubt 
that tlie results have much significance in revealing tlie details of the 
physiology of organic growth. 

The most important investigations of the inorganic constituents of 
plants throughout a part or  tlie whole of the growth period have been 
contributed by experiment station workers in this country and abroad. 
Scliweitzer (33).  in 1889 at  the Xlissouri Station, studied the growth of 
maize by analysis of the plant at approximately weekly intervals from the 
seed to maturity. H e  dissected the plant into root, stem, and leaf, and 
later into husk, tassels, silk, and ear as well, dried tlie material in an oven 
to constant weight, and determined tlie composition of the ash of each 
part with great care. The data were expressed for the most part in 
teniis of per cent of dry weight, but the quantities in grams per plant were 
likewise given. Jones and Huston (19) in 1914 published the report 
of a somewhat similar investigation of the maize plant, the data for which 
harl heen collected in 1903 at tlie Indiana Station. In  addition to the 
fresh and dry weights, and tlie detailed analyses of the ash of theodifferent 
parts of the plant, they also deter~nined the nitrogen, the crude fiber, tlie 
starch, the "fat", or  ether extract, and the so-called "alhuminoid" and 
"amide" nitrogen. l'he data were expressed in terms of pounds per 
10,000 plants, or  approximately one acre. 

Perhaps the most elaborate of these early studies of plant growth is 
that of Wilfarth, Romer and Wimmer (51) at Bernburg, Germany, in 
1903, who tlescribed investigations with wheat, barley, potatoes, peas, and 
mustard, giving analyses of the parts of the plants for dry matter, starch, 
potassium, sodium, nitrogen, and phosphorus. The data were expressed 
as per cent of the dry matter and in pounds per acre. 

iVhite (SO), working at the Georgia Experiment Station. in 1914 
recorded the ash co~iiposition of tlie cotton plant at four stages in its 
growth in terms of grams per plant and per cent of dry matter. 

In  recent years Iinowles and his collaborators in England have again 
taken up this type of investigation. They have studied wheat (20) and 
also the sugar beet (21). Their analyses include data lor the ash, and 
ash constituents, the dry matter, the nitrogen, and, in the case of the 
sugar beet, for the carbohydrates as well. The data are expressed both 
as per cent of dry matter, and as grams in a definite number of plants. 
They likewise provide calculations of the distribution of the more i~ii- 

portant constituents in tlie different parts of the plant. 
The literature of plant composition at different seasons, as affected 

by various methods of culture or of fertilization of the soil, is, of course, 
very extensive. Attention need he drawn only to the work of Sliive and 
his students (34, 38, 39) and to the investigations of the apple tree by 
Thomas (41 j as exampl6s. A full discussion of the early work of this 
nature on fruit trees is given hy Garrhier, Bradford and Hooker (15) 
and by Chandler (6). 

The behavior of tlie nitrogen, dry matter, and of the ash constituents 
of the leaves of woody plants throughout the growing season has been 
studied by a number of workers. Tucker and Tollens (42) described a 
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very thorough and careful investigation of the leaves of Platanus occi- 
dentalis, in which data were expressed in terms of leaf area, in grams 
per definite number of leaves, and in per cent of the dry matter. Schulze 
and Schiitz (31) studied the composition of maple leaves collected in the 
morning and evening at monthly intervals in the growing period, basing 
their results on tlie absolute quantity in 200 leaves of equal size. Swart 
(40) gave data at two stages (early summer and late autumn) for a 
number of species, and included in his report a v e q  complete review of 
the earlier investigations on the problem of autumnal migration of nitro- 
gen and inorganic constiti~ents out of the leaves. 

More closely allied in point of view with our own work is the investi- 
gation of Chibnall (7) who studied the compositioi~ of  runner bean 
(Phaseolus vulgaris v. ntultifloris) leaves throughout the growing season, 
with special attention to the protein and to certain of the simpler nitrog- 
enous constituents. H e  demonstrated that the leaf protein, although 
varying quite widely in the relative proportion present at different times. 
remained practically unchanged in composition. Culpepper and Caldwell 
(9) have recently studied the composition of tlie rhuharb plant (leaves, 
petioles, and root) a t  various stages of growth. They were particularly 
interested in the titratable acidity, the organic solids, both soluble and 
insoluble, and in the nitrogen. 

Very little work of the general character of most of tlie papers men- 
tioned appears to have been done on the tobacco plant. Davidson (10) 
in 1895 published analyses of Virginia tobacco plants for moisture, ash, 
and ash constituents a t  several stages of growth from seedling to maturity, 
and Carpenter (5) in 1893, in the course of a study of the composition 
of cured tobacco, gathered a few data on plants grown in North Carolina. 
No further detailed study of tlie growth of tlie tobacco plant has come to 
our attention until the work of Sinirnov and his collaborators at Icrasno- 
dar appeared in 1928 (35, 36). 

Smirnov's technic differed fundamentally from that of the American 
investigators. His interest was centered upon the relationship between 
the colilposition of the leaf and the surface area, and the changes in this 
relationship with tlie growth of the plant. The area of each leaf was 
determined from the weight of a section cut with a die of known area, the 
midrib being removed before weighing the fresh leaf.' The cut sections, 
after being weighed, were employed for tlie determination of -the . d w  
weight; the residual material was preserved by treatment with hot alcohol, 
and was stored for analysis under alcohol. Determinations were made 
of the water-holding capacity of the dry tissue at 95 per cent humidity, 
of the peroxidase activity, of the carbohydrates (starch, dextrin, saccha- 
rose, maltose, monosaccharides), and organic acids (Fleischer's method 
(14) ; see also Vickery and Pucher (44, p. 163) ) and of the total nitro- 
gen, protein nitrogen (Barnstein's method (3)  ), formol titratable nitro- 
gen (Sorensen (37) ), ammonia, nicotine, and nitrate nitrogen. The 
samples examined ranged in age from seedling to mature plants tlie leaves 
of which were beginning to turn yellow; both normal and topped plants 
were employed. The detailed discussion of Smirnov's results will be 
deferred until after our own data have been presented (see p. 602). 

Description of Collectioi~s 

The present study of the growth of the tobacco plant arose from the 
need of data on the composition, with respect to the carbohydrates, organic 
acids, and nitrogenous substances, at different stages of development of 
the plant, in order that material might be more intelligently selected for 
studies of the metabolism of this plant. W e  have attempted to collect 
chemical data from which as complete a picture as possible can be drawn 
of the synthesis of organic substances in the whole leaf and stem tissue, 

1 and later in the pods as well, during growth from the seedling stage to 
senescence. Many of the methods of analysis employed have been de- 
veloped in this laboratory for special application to the tobacco plant. 

The plants employed were of the variety known as  Cuban Shade, o r  
perhaps more generally, as Connecticut shade-grown tobacco. This variety 
is characterized by a high content of nitrogen in terms of the dry weight 
of the leaf, and a low content of carbohydrate, and is grown commercially 
exclusively for the production of cigar wrappers (16). The agricultural 
conditions under which the plants employed for the experiment were pro- 
duced are thoroughly standardized and were carefully controlled by mem- 
bers of the scientific staff of the Tobacco Substation at Windsor, Connec- 
ticut. We  are deeply indebted to them for their cooperation. The plants 
were grown under shade tents on a soil each acre of which had been 
dressed with a mixed fertilizer composed of: 

2700 11200 lbs. " cottonseed ground tobacco meal stems 

100 " potassium nitrate 
200 " fish meal 
200 " "Calurea" 
100 " precipitated bone 
100 " magnesia" lime 

The composition of tliis mixture was such as to supply approximately 
200 lbs. of nitrogen, 100 lbs. of phosphoric oxide, 200 lbs. of potassium 
oxide and 75 lbs. of magnesium oxide per acre. 

DESCRIPTION OF COLLECTIONS 

A record of the dates at which collections were made, together with 
the weather conditions, is given in Table 1. 

Collection A consisted of seedlings uprooted from tlie seedbed the day 
after the field had been set with plants taken from the same bed. The  
stems were separated from the roots just above the cotyledons. The 
leaves that were to be extracted were rinsed from adhering sand and 
dirt in a large vessel of water. The water was subsequently filtered, and 
tlie dry weight of the soil collected was subtracted from the weight of 
tlie leaves. The leaves that were to be dried were placed in a ventilated 
oven. After being dried they were carefully agitated to detach any sand, 
and this was collected and weighed. The corrected weights of the two 
stem samples were similarly obtained. 

Collection B was taken after the seedlings had been set for 19 days. It 
is to be noted that the leaves of the plants in tliis sa~iiple were newly 
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' 
developed: the leaves of the seedlings are almost invariably sloughed off 
after transplantation. Tlie plants varied in size, most being within the 
range of 5 to 7 grams; a few were considerably heavier, the largest weigh- 
ing 20 grams. Many plants had been attacked by the potato flea beetle, 
and a few leaves had been so badly damaged that it was necessary to dis- 
card them. Most of the plants had four leaves. The preparation of tl-- 
samples and the corrections for adhering soil were made as before. 

Collection C at 26 days was made by cutting the stem at the groun 
level. The plants bore four to eight leaves with a number of smaller on1 
at the top of the stem; this top portion was added entire to tlie lei 
fraction. Corrections for adhering soil were made as before. 

TABLE 1 
Day. f Date 

Collection settit 1933 Weather 

A 1 ~ n e  1 Overcast. 
B 19 m e  I9 Clear and cwl; ram previous day. 
C 26 June 26 Overcast; cold nights but clear most of wee!.. 
D 35 July 5 Irrigated with equivalent of 1.7 inches of rain 

previous day. Overcast and cold for two 
days. Growth normal for season. 

E 40 July 10 Cool and mostly fine; plants a little backward. 
F 47 July 17 Rainfall during past two months about half 

normal arid plants about one week retarded. 
' 

Light rain during night before collection. 
G 54 July 24 No rain for past week; hot and humid. 
H 61 July 31 Very hot; no rain since July 16. 
I 75 AUP. 14 Rail, durine ~revious nieht. the first since Tulv - ~ ~ ~~~~ . ..~, 

16. 'weathe; ove&t. 
J 97 Sent. 5 Heavy rain durina previous week but fine on 

Sept. 18 
d a t e  of gathiring. 

Heavy rain Sept. 13 to 17 (2.5 inches) 

Collection D at 35 days consisted of platits that hore eight to twelve large, 
and a number of sniall leaves. There was very little soil on these plants 
and this was confined to the lower leaves. Tlie stems liar1 become notahly 
hard and woody. 

Collection E at 40 days consisted of rapidly maturing plants. Bottoni 
suckers had been broken off and discarded a few days before the collection. 
The correction for soil on the leaves was negligible from this point on. 
Owing to the increased size of the plants, only 16 were taken for Sample 
I, and 14 for Sample 11. 

Collection F at 47 days consisted of plants about 4 feet high. The dry 
season had held the plants hack about one week of their normal rate 
of development. Only 10 plants each for Samples I atid I1 were collected 
from this point on. 

Collection G was made at 54 days, three days after the commencement 
of the first picking (lowest four leaves) from all the plants in the field sav- 
those reserved for this experiment. The weather was hot and humid an, 
the plants were somewhat wilted. A few plants in the field had begu 
to blossom. 

Collection H at 61 days was the first in which an inflorescence sampl 
was taken ; this consisted mostly of buds. The weather had been extreme 

ly hot for some days and there had been no rain. The second picking of 
the crop had been completed during the previous week. 

Collection1 at 75 days consisted of mature plants with well-developed 
flowers. There liad been rain the night before the collection. The gather- 
ing of the crop (fourth picking) had been completed. 

Collection J, made 97 days from setting, was taken from plants left in 
the field under a small shade tent for this experiment. -4 heavy storlii 
a few days earlier had damaged some of the plants severely. Erect and 
unharmed plants were selected. The seed pods were well developed, but 
a few blossoms remained on some of the plants. 

Collection K at 110 days, the last of the series, was made chiefly to 
provide data on the influence of tlie setting of seed. Over 2.5 inches of 
rain liad fallen during tlie previous five days, and most of the plants were 
badly damaged in spite of tlie prptection afforded by the shade tent. The 
best possible selection of plants was made under the circumstances. Many 
hore fully ripe seed, although a few were still in flower. 

In making the collections care was taken to select plants of a uniform 
state of development as near to tliat of the average condition of the plants 
throughout the field as  possible. All collections were made at about 
9 A. M., the material being then transported to the laboratory at New 
Haven. 

PF ION OF MATERIAL 

Each collection was subdivided into two roughly equal lots designated 
Samples I and 11. The plants of each sample were dissected into leaf 
and stem, or later into leaf, stem, and inflorescence or pod portions.' 

The leaves and stems of Sample I from each collection were separately 
extracted three times each, successively, with boiling water acidified to 
p H  3 to 4 with sulfuric acid, according to the technic described in Station 
Bulletin 324 (45). The colnplete leaf extracts a~iiounted to from 25 to 
40 liters, tlie sten1 extracts to frotii 15 to 30 liters. Previous to extrac- 
tion, the stems were cut into short lengths and split into several pieces. 

Each extract was allowed to stand overnight, and was then decanted 
from a snlall quantity of sludge. This sludge was separated by elutriation 
from any sand that had also settled, and was then washed by centrifuga- 
tion and dried. MTlien necessary, the sand was collected and weighed. 
the weight being applied as a correction on the fresh weight of the sample. 
The extracts were filtered through paper pulp and rapidly concentrated 
in uacz{o in stills equipped with vapor coolers (46) until the sediment 
which separated made further conce~itration difficult. The sediments were 
then centrifuged, washed free from nicotine, dried, weighed, and ground 
for analysis. The solutions were made to a definite volume and preserver1 
with a liberal quantity of toluene. The residues of both leaf and stem 
tissue were shredded and dried in a ventilated oven, being subsequently 
weighed and ground to a powder for analysis. - 

A more elaborate dirscetion the plants i n to  lower> rni?dle. and upper leaf and stem n o r  
fionr could not he attempted in the 1,resenf invertipation m sptte oi the great derirabllifx oi  data 
ai this  sort. The term "stern" in the present p~~hi ica t ion  reiers to  the main stalk of the vlant: 
ta the tobacco tcchnolosirt, lhowever, the tern, refers onlr to thc midrib nf tile h i .  



Sample I1 from each collection, after dissection into leaf and stem 
portions, was dried at a temperature of from SO to 90' and then weighea 
and ground to a fine powder. The oven employed for the stems was 
ventilated by a rapid stream of air heated to approximately 100". Drying 
was colnplete within a few hours. 

The inflorescence or  pod samples consisted of flowers, and more or 
less well-developed seed pods. Each pod was cut from its pedicel sepa- 
rately, the denuded stalk being added to the stem sample. In  all save one 
case, the inflorescence samples were dried for analysis. This was found 
to be necessary as the presence of the oil in the maturing seeds rendered 
hot water extraction impracticable. 

The material accumulated for analysis consisted of the following prep- 
arations for each of the eleven collections of plants. 

Leaf extract ' Stem extract 
Leaf sludge Stem sludge 
Leaf sediment Stem sediment 
Extracted leaf residue Extracted stern residue 
Dried leaf Dried stem 

In addition, dried inflorescence specimens from both' Sample I and 
Sample I1 were ohtained from the last four collections. 

In  order to simplify the presentation, it has seemed desirnhle to comhine 
certain i t m s  of the analytical data. The sludges that separated from the 
leaf and stem extracts obviously consisted to a considerable extent of 
coagulated protein: this material should therefore be regarded as a part 
of the insoluble extracted residue, and the data for ash, inorganic solids 
and nitrogen of the slr~dges have been combined with the corresponding 
figures from the analyses of these residues. In  the case of the younger 
plants, the solids and nitrogen of the sludge derived from the leaf tissue 
formed a very considerable part of the whole. The sludae from the stmm " ~ -~ -~ . .  
extracts was so small, however, that complete analyses could be ohtained 
only for the last three collections. 

The sediments that separated from the voluminous leaf and stem ex- 
tracts, after these had been concentrated to a relatively small volume, 
obviously represent soluble constituents of the respective tissues. The 
data for ash, organic solids, and nitrogen have therefore been added to  
the corresponding data from the analyses of the extracts. The sediments 
consisted very largcly of calcium sulfate, and it was clear that the sulfate 
radical was derired from the sulfuric acid added to maintain a sufficient 
acidity during the extraction. The weights of these ashes obviously d o  
not accurately represent the inorganic constituents of the tissue. The 
assumption was therefore made that the calcium was derived from calcium 
salts of organic acids and, further, that no significant error would be 
committed by regarding the whole of the ash from the sediments as calcium 
sulfate. The quantity of calcium oxide equivalent to this ash weight was 
therefore calcolated, and the result was added to the inorganic solids of 
the respective extracts. W e  have previously shown (48) that, when this 
artifice is employed, the ash determined on dry leaf tissue corresponds 
closely with the sum of the ashes of the extract and extracted residue. 
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On standing, the concentrated leaf and stem extracts slowly deposited 
a further sediment. This was small in amount, and was therefore removed 

I by centrifuging before aliquots were withdrawn from the extracts for 
analysis; the error involved in neglecting this additional sediment is 
undoubtedly insignificant. 

ANALYTICAL METHODS 

Analysis of Dry Leaf, Stem, and Inflorescence Samples 

The moisture content of the thoroughly mixed specilneli was obtained 
by drying weighed portions in porcelain capsules to constant weight in a 
vacuum desiccator over sulfuric acid. This usually required four to five 
days. 

o he ash was obtained by igniting the dried residue in an electric mume. 
Total nitrogen was determined by the Kjeldahl method, with mercury 

as  catalyst, after previous reduction of the nitrate with dilute sulfuric acid 
and reduced iron powder, according to the method of Pucher, Leaven- 
worth and Vickery (25). 

Ammonia nitrogen was determined by distillation in the presence of 
magnesium oxide in  vacuo. The apparatus consisted of a 500 cc. Pyrex 
round-bottomed flask fitted with two necks. A bulb trap was attached 
to  the central and larger neck by a standard taper ground-glass joint, and 
the vapor tube leading from the trap was bent to descend vertically into 
the receiver. This consisted of a 25 by 250 mm. heavy-wall test tube 
graduated at 50 cc., and fitted with a two-hole rubber stopper to accom- 
modate the vapor tube and the wide-bore tube1 leading to the vacuum 
pump. The receiver was immersed in a beaker of cold water in lieu of a 
condenser. The second and smaller neck of the distillation flask was fitted, 
also by means of a standard taper ground-glass joint, with an air inlet 
tube bent so as to reach nearly to the bottom of.the flask. The air entering 
through this tube was washed with dilute acid contained in a small gas- 
washkg bottle. 

T o  conduct a determination, a 0.500 gm. sample of the dry powdered 
tissue was transferred to the distillation flask, and 5 cc. of a 12.5 per cent 
susoension of lizht maenesium oxide powder in water were added, together " " 
with 30 cc. of water. The receiver was charged with 3 cc. of 0.1 N 
hydrochloric acid. The apparatus was closed and evacuated, care being 
taken to allow sufficient air to enter through the air inlet tube to agitate 
the contents of the flask tlioroughly. The air supply was then cut down 
to a slow current, and a water bath, previously heated to 40", was raised 
under the distillation flask so as to cover it almost completely. Distillation 
was allowed to continue for 15 minutes, when the vacuum was released 
and the receiver was disconnected. The vapor tube was washed into 
the receiver with a little water, and 5 cc. of Nessler's solution (22) were - 

* b s r  of a little ammonia from the distillate may occur unlcsn the tube leading to the .urn0 
is of sufficiently wide bow or ia furnished with a small bulb. This tube should anccnd vertically 
for 6 to 10 cm. above the t o p ~ , c r  bc!orc $ing bent. I t  ahould invariably be washed back into 
the receiver at the terminatlo" af a dtrt~llal>on. 
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added to the contents witli agitation: tlie distillate was then diluted to 
50 cc. The color produced was read in a Pulfricli photometer with light 
filter 5-43, using an ammonia-free solution tliat contained 5 cc. of Sessler's 
reagent diluted to 50 cc. in the blank cell. The ammonia value was read 
from a calibration chart in which tlie extinction coeficient was plotted 
against milligrams of ammonia nitrogen. Blank determinations on the ap- 
paratus and reagents were made periodically, and were remarkably constant 
at 0.00G to 0.008 mg. of at!imonia nitrogen. It was found necessary to con- 
duct a blank distillation at tlie heginning of each day's work and discanl 
the distillate. Tliis served to remore a sul>stancel wliicli accn~nulatetl in 
the standing apl)aratus overnight and gave rise to a slight turbidity \+-it11 
Nessler's reagent. 

Quantities of from 0.02 to 2.0 mg. of ammonia can he detert~~ined with 
an error not exceeding 0.005 nig. by this technic, provided pliotolnetel 
cells are available that give readings between 30 and 80  per cent trans. 
mission on tlie instrument. Usually the 5 or  10 mm. cells were used. 1)11. 

a 30 mm. cell was required to read tlie blank determinations. 
Check analyses demonstrated tliat nicotine is not volatilized untler tlie 

described conditions in sufficielit quantity to interfere with the deterniina- 
tion of tlie ammonia.? 

Nitrate nitrogen was determined 11y the method of Puclier, Viclicry 
and Wakenla11 (27). 

Glutamine amide nitrogen' was determined by hydrolyzing 0.200 g111. 
of tlie tissue in the presence of 10 cc. of a pliosphate-borate buffer at pH 
7.0 for 2 liours in a boiling water bath. Tlie hydrolysis was carried 
out in a test tube closed witli a stopper that carried a short length of fine- 
bore tubing to serve as a condenser. The reaction at tlie end of this 
operation was in the range pH 6.2 to 6.6. Tlie resulting suspension \\.as 
transferred with 10 to 15 cc. of water to the ammonia distillation apparatus 
already tlescrihed: 2.0 cc. of I N sodium liy~lroxide, and 15 cc. of water 
were added. Tlie ammonia was then distilled off, and the increase over 
tlie quantity of ammonia already present in tlie tissue was taken as tlie 
glutamine amide nitrogen. Owing to the presence of tlie phospllate buffer, 
the use of sodiutn hydroxide was ionnd to be essential to successful quanti- 
tative distillation of the ammonia. Tlie presence of magnesium was found 
to be objectionable hecause of the possibility that magnesium alnmoni~lm 
phosphate might be fomied in sufficient amount to prevent quantitative 
removal of the ammonia within the time allou~ed for tlie distillation. 

Asparagine amide nitrogen: An extract of tlie dry tissue was prepared 
by suspentling 2.50 gm. of tlie powder in 25 cc. of watcr in a beaker. and 
boiling for 3 minutes with constant stirring. .The solution was cooled and 
the aqueous \rolume made to 50 cc. Tlie suspension was then centrifuged, - 

This interfering suhstanee war cvcntunlly follncl t o  arise from a ipontancnur change in the 
rfopl,rr urcd t o  eiosc the receiver. 'The clifficulty coald be avoided either I,? lboilinc thi: 

sfol~pey with n l k d i  a t  the bcainnine of a day's work, or 1,s ~ i r n l > l y  running a blank dirtiliniiu!~, 
The latter rremed preferable. 

2 ilnproved malilic;lfian oi this method to determine rmnnonia is given by Pucher. Gcken 
and 1,eaveti~orfh. I n 4  and Ens. Chenl.. .\nrl. Ed.. 7 :  I:?. 1835. 

.','I,, drtr ,,{>on rliicl, this mcrhod ,a <letermine gl,,llmine ir f o u n d d  are siyen by \ : i ckrr~  
Puehrr. Clark, Chibnrll ;and \Vestall t in  press). 7 h i ~  i!:%l,er also eantnlnc later improvnnmir in  
f ~ ~ l l l l i ~ .  

and aliquots of the clear fluid were withdrawn for detern~inations of aspara- 
gine amide nitrogen, and of tlie amino and peptide nitrogen. Extracts 
of the pod tissue were prepared in tlie same manner fro111 les 

1 after previous extraction of the sul~stances soluhle in ether. 
.4sparagine amide nitrogen was deterniined by heat~ng ! :he 

extract together with 1 cc. of 6 N sulfuric acid in a 25 by i ~ v  mm. rest 
tnbe in a hailing water bath for 3 hours. The contents of the tube were 
transferred to the am~iionia distillation apparatus, 15 to 20 cc. of water, 
5 cc. of N sodium hydroxide, and 5 cc. of 12.5 per cent suspension of 
light magnesium oxide were added, and the determination of ammonia 

! was conducted as already described. The asparagine alnide nitrogen \\.as 
calculated by subtracting the sum of tlie free anlnlonia nitrogen and of 
tlie gluta~nine amide nitrogen from tlie ammonia nitrogen found after 
liydrolgsis oi the extract with norn~al acid. 

Amino nitrogen was determined by transferring 10 cc. of the extract 
to tlie ammonia distillation apparatus where it was freed from ammonia 
hy distillation with magnesium oxide. The residue was treated with 
2 cc. of glacial acetic acid to dissolve the magnesia, and was transferrer1 
to a 50 cc. flask and ma5le to volume. Amino nitrogen was determined 
in 5 cc. alirluots of this solution in the Van Slyke manometric apparatus 
according to tlie directions of Peters and Van Slyke (24). I t  should be 
noted in passing that this method is mucli superior both in accuracy and 
convenience to the earlier methods of Van Slyke that involve tlie special 
amino nitrogen apparatus. 

Peptide nitrogen was tletermineil hy transferring 5 cc. of the extract 
to a 25 hy 250 nun. test tul~e together nit11 5 cc. of 12 N sulfuric acid: 
the mixture was heated in a boiling water bath for 6 liours, and was then 
washed into tlie ammonia distillation apparatus witli 10 to 15 cc. of 
water: 10 cc. of 5 N sodium hydroxide, and 5 cc. of 12.5 per cent mag- 
nesinm oxide suspension were added. and the animonia was. distilled off 
anrl determined in the usual way. The residue was acidified witli 2 cc. 
of glacial acetic acid and was made to 50 cc. Amino nitrogen was de- 
termined as 1,efore in tliis so1:ltion. Tlie peptide nitrogen represents thc 
increase in amino nitrogen on hydrolysis witli 6 N acid. 

'The presence of glutaminein the tissues of tlie tohacco plmnt renders 
the results of this metlio~l somewhat untrustworthy. Cliibnall :lnd \l:estnll 
( 8 )  have s11own tliat :lie (leamidation of glntaniine in hot neutral solntinn 
is acconipanicd 11y a loss of amino nitrogen. Tliis pro11al)ly results from 
ring formation \~ritli the production of pyrrolirlone carl)oxylic acitl. If. 
during the preparation of the tissue for analysis (ex .  during tlryi11.i.). a 
part of the gli~tamine presclit has undergone deamidation. tliis part \\.ill he 
repres?nted in tlie material subjectetl to analysis by pyrrolidolic carl~oxylic 
acid, a soluble sul,stance wliicli, 011 liydrolysis with strong acirl, yirlds 
glutamic acid witli a resultant increase in tlie amino nitrogen of the 
solution. That this source of error may be significant is sIlo\vn in t!ie 
discnssion of tlic analysis of tlie stem sa~iiples on a later page. 

Total organic acidity and oxalic acid were determined as described 
by Puclier, Vickery and \\lakeman (28). According to this metliod, &'-- 
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organic acids are extracted from tllc acidified tissue with ether and trans- 
ferred to aqueous alkaline solution. The total organic acidity is obtained 
by titration at the quinhydrone electrode between the limits p H  7.8 and 
2.6. Oxalic acid can be titratcd only to the extent of 50 per cent under 
these conditions; the oxalic acid is therefore separately determined in a 1 
portion of the organic acid solution, by precipitation as calcium salt., and 
a correction of the titration value is made. A correction factor is also 1 
applied to allow for the fact that malic and citric acids are titrated only 
to the extent of approximately 90 per cent under the described conditions. ! 

Malic acid was determined by the method of Pucher, Vickery an(- 
Wakeman (29). According to this method an aliquot part of the organi, 
acid solution, obtained as described above, is oxidized with potassiun 
pemanganate in the presence of bromine; the volatile oxidation produc 
is distilled with steam and converted to its dinitrophenylhydrazone; which 
is filtered oft' and dissolvetl in pyridine. A portion of  the pyridine solution 
is made alkaline with sodium hydroxide, and the blue color produced is 
read in a Pulfrich pllotometcr. The quantity of malic acid is then obtailled 
from a calibration curve in which the extinction coefficient is plotted 
against known quantities of malic acid thgt have been treated in the same 
manner. The method is capable of estimating from 0.1 to 2.5 mg. of 
malic acid with an accuracy of & 5 per cent. 

Citric acid was determined by the method of Pucher, Vickery and 
Leavenworth (26) which is a modification of the pentahromoacetone 
method of Hartmann and Hillig (18). A portion of the organic acid 
solution, ohtained as described above, is oxidized with potassium per- 
manganate in the presence of potassium bromide, the pentabromoacetone 
produced is extracted with petroleum ether, dehalogenated with sodium 
sulfide, and the l~romide ion is titrated with silver nitrate. The method 
is capable of esti~nating from 1 to 20 mg. of citric acid with an accuracy 
of & 5 per cent. 

The ether extract was determined by drying the sample in an atmos- 
phere of liydrogen for 5 hours at 100" and subsequently extracting with 
absolute ether for 15 to 20 hours. The residue, after evaporation of the 
ether, was dried to constant weight in a steam oven. 

For the determination of the carbohydrates, an alcohol extract of the 
dried tissue was prepared. The alcohol was purified before use by dis- 
tilling absolute alcohol over potassium hydroxide, and the neutral distillate 
was diluted to 75 per cent by volume with water. Fire  grams of the 
dried tissue were placed in a paper thimble and extracted with the diluted 
alcohol in a continuous extraction apparatus for at least 6 hours. The 
extract was concelitrated in wacuo to remove alcohol, and the aqneoos 
residue was made to 100 rc. and preserved with toluene. 

Total  soluble carbohydrate mas determined in 10 cc. aliquots as  
described by Vickery, Pucher, \\'akemau and Leavenworth (48, on pp. 
74 and 75). Minor difficulties encountered in the determination of the 
unfermentable carbohydrate in the solutions prepared with mercuric sul- 
fate led to the development of a modified method of preparing the solutions 
lor this determin a t '  1011. 

A 10 cc. aliquot of the solution obtained by alcohol extraction of the 
tissue was treated with 1 cc. of 5 N sulfuric acid and heated at 75" for  
12 minutes to invert the sucrose. The solution was then diluted with 
30 to 40 cc. of water, and neutralized to litmus with cold saturated barium 
hydroxide solution; 10 cc. of 0.2 N oxalic acid were added, and the 
solution was made to 100 cc., centrifuged, and then poured through a 
dry filter to remove any turbidity present. A 50 cc. aliquot of the filtrate 
was gently shaken with 5 gm. of Lloyd reagent in a 125 cc. Erlenmeyer 
flask for 4 minutes; 3 gm. of permutit were added, and the flask was 
again shaken gently for 3 minutes. The solution was then centrifuged 
clear. A blank of 10 cc. of distilled water was carried through the same 
operations. The total reduction was determined on 2 cc. portions of the 
Lloyd reagent filtrate by heating with 2 cc. of 0.01 N ferricyanide and 
6 cc. of water for 15 minutes in a boiling water bath and proceeding as 
described by Vickery, Pucher, Wakeman and Leavenworth (48, p. 75). 

The unfermentable carbohydrate was determined after removal of 
the fermentable sugar with yeast. A yeast suspension was prepared as  
described by Vickery, Pucher, Wakeman and Leavenworth (48, p. 76) 
and 4 cc. were transferred to a centrifuge tube and centrifuged at  high 
speecl unril the cells were firmly packed together. The fluid was poured 
off and the residual moisture was removed from the walls of the tube 
and the surfacc of the yeast with dry filter paper; 10 cc. of the Lloyd. 
reagent filtrate were added, and the cells were thoronghly mixed with 
the solution and allowed to react for 10 minutes at room temperature. 
A blank determination on 10 cc. of the Lloyd reagent blank solution was 
similarly conducted. After the fementation was colnplete, the yeast 
was centrifured down, and 2 cc. aliquots of the clear fluid were treated 
with ferricyanide as before. 

Comparisons of the sugar content of solutions as prepared in this way, 
and of solutions prepared according to the mercuric sulfate clarification 
technic, showed that equally satisfactory results were obtained by either 
procedure. 

Crude fiber was determined according to the standard conventional 
procedure (2). 

Analysis of Leaf and Stem Extracts 

Samples of the extract \*,ere centrifnged until perfectly 
aliquot parts were withdrawn for analysis; the small quanti 
so removed was neglected. 

clear heft 
ty of slur 

Total  solids were determined by evaporating 10 cc. samples m porce- 
lain capsules to dryness on a steam hath. The residue was then dried 
to constant weight in a vacuum desiccator over sulfuric acid. Constant 
weight was attained in about 120 hours with the extracts from the younger 
collections: the older ones required from 15 to 20 days. 

The ash was obtained by igniting the dry residue in an electric mnffle 
at 560 to 600". 

Total  nitrogen was determined in 5 cc. aliquots by the method em- 
ployed for the dry-leaf samples. 
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Nicotine was determined in 5 cc. aliquots, after distillation with 
steam from alkalinc solutioll. Ily llrecillitation \nrith silicotungstic acid (1).  

Ammonia nitrogen was deterrllined in 5 cc. aliquots of tlie extract as  
already described. 

Amide nitrogen was determined hy hydrolysis with 1 S snlfuric 
acid for 3 hours in a boiling water bath. To this end, 5 cc. of extract,-5 cc. 
of water, and 2 cc. of 6 N sulfuric acid were heated as already descrihed in 
a 25 by 250 mm. test tube for 3 hours. The ammonia was then determined 
in the usual way. The increase in ammonia brought about hy the acid 
hydrolysis was calcr~lated as a~nide nitrogen. 

The a~nide nitrogen of these extracts does not include tlie glutamine 
amide nitrogen: any glutamine present in the tissue would have been 
hydrolyzerl di~ring the preparation of the extract. 

6 N acid hydrolyzable ammonia: T h e  ammonia liberated by hy- 
~lrolysis for 6 hours with 6 S sulfuric acid was determined in order to 
obtain evidence for the presence of substa~ices that can l)e deconiposed 
only 1)y severe hydrolysis wit11 the production of atnmonia. Ccrtain of 
tlie purines are partially decomposed in this way. Tlie data are not to 
be considered as  determinations of adenine or  other purine derivatives; 
at present we prefer to interpret tliis factor in a purely empirical manner. 
To carry out tlie hydrolysis, 10 cc. of tlie extract were diluted to 50 cc.. 
and 3 cc. of tliis. were rnixed with 3 cc. of 12 N sulfuric acid in a test 
tube, as already described, and heated in a boiling water bath for 6 hours. 
Tlie contents of the tube were transferred to the ammonia rlistillation 
apparatus, 8 cc. of 5 N sodium hydroxide, 10 cc. of 12.5 per cent mag- 
nesium oxide and 10 to 15 cc. of water were added, and the ammonia was 
distilled i+r vnrtfo and estimated in the usual way. The increase over the 
ammonia produced by 1 N acid hydrolysis was calculated and is given 
as the 6 N acid hydrolyzable ammonia. 

T h e  so-called easily hydrolyzed amide nitrogen was calculated hy 
subtracting tlie free ammonia nitrogen of the dry leaf and stem samples 
(Satnples 11) from the free amlnonia nitrogen of the respective hot water 
extracts (Samples I). 

Analysis of Sediments. Sludges, and Extracted Residues 

Total  nitrogen was determined by the Kjeldahl metliod, moisture 
and ash by the methods descrihed under analysis of the dry leaf and 
stem samples. 

No attempts were inade in tlie present investigation to ohtaiti a direct 
measure of tlie protein nitrogcli of the leaves or stems. Although several 
methods mIiic11 are supposed to furnisli infdmmation regarding the pro- 
tein nitrogen of plant tissue are descrihed in the literature, none of these, 
in our opinion, provides trustworthy data. For the present, tl~erefore, 
we have been compelled to assume that the nitrogen which remains in- 
soluhle, when a sample of fresh tissue is thoroughly extracted with hot 
water, is at least a representatioii of the quantity of protein nitrogen of 
that tissue. Such results are undoubtedly too high, and it is the purpose 
of investigations. now being conducted in this laboratory, to arrive at  an 

idea of liow much too high they may he. Information alread!~ at hand 
suggests that appreciably more tlian 10 per cent of tlie insoluble nitrogen 
belongs to non-protein substances. 

For reasons that have been discussed elsewhere (43). we have also 
omitted all reference to the basic nitrogen of the extracts from the tissues. 

Expression of the Data 

The problem of presenting- data derived from tlie analysis of a series 
of living organisms of diffrrent size and age in such a way as to provide 
a vivid and easily grasperl picture of the nature of the changes that have 
occurred during growtli is extremely difficult. The usual bases upon 
which such analytical data are calculated in terms of per cent all vary 
during the period of growth, and the only factor that remains constant is 
the l)iological unit itself, in this case the inrlividual plant. Calculation of 
the ratio between, for example, the fresh weight and the total nitrogen 
shows liow this ratio progressively changes during the growth period, 
h r~ t  gives no idea whatever of the actual quantities either of nitrogen, or 
of total plant mass, involved. I t  refers exclusively to relative concen- 
tration of the nitrogen in the plant. and therefore cannot serve as a meas- 
ure of the growth process. Tlie same restriction applies to calculations 
on any other of the customary hases of percentage, such as dry weight, 
residual dry weight, i.e. tlie dry weight exclusive of the carbohydrates 
(23). or the total nitrogen. If, however, the hiological unit is accepted as  
a basis of comparison, tliat is, if the comparisons are made on a basis of 
quantity of any constituent per inrlividual plant, it is possible to present 
a picture of the growth proccss tliat clearly reveals the quantities involved. 
Furthermore data so calc~rlnted readily lend themselves to recalculation on 
any percentage basis that m;ry sul)se(luently seem desirahle. 

The fundamental data of tlie prescnt investigation have therefore been 
co~iiputed in ternis.of :rams per plant, and tlie curves plotted from these 
data show the actual change in the weight of each factor, within the limits 
of experimental error, as grourt11 prog.resser1. The most serious disarl- 
uantaqe of this metliod is tile inconveniently small magnitude of the 
quantities in\~oIved in tlie analysis of the earlier collections; this makes 
graphical presentation on a uniform weight scale difficult. On the other 
hand. the analyses of these earlier collections, being based upon a much 
larger number of indiviclual plants. are undoubtedly relatively more ac- 
curate tlian those of tlie later collections where only a few plants could 
be dealt u~itli. 

Reference sl~oul(l be made at tliis point to tlie al~le presentation given 
bv (;no\~entak (17) of tlie dificulties of the Droner ex~ression of the data 

~ ' 

ok plant analysis. I-Ier ciitique of the methdds'that have heen commonly 
employed merits the most careful attention. For coniparisons between 
tlie results of analysis of small nunil~ers of leaves at short time intervals, 
she prefers to express the data in terms of leaf surface area, and rejects 
the methods of  expression in terms of percentage of tlie fresh or  dry 
weiglit. In  spite of certain advantages, however, tliis method is clearly 
impractical for use in our case. 
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I n  addition to expressing the data in terms of weiglit per plant, in some 
cases tlie distribution of certain of tlie constituents among leaf, stem, 
and pods has been calculate~l. These results are presented in a separate 
section together with calculations of the percentage distribution of the 
various forms of nitrogen of tlie leaves and stems. In a few cases, how- 
ever, it has seemed dcsiral)le to give calculations of the percentage.dis- 
trihution of certain constituents, notably the organic acids and carhohy- 
drates, along with tlie discussion of the weight data. 

The data have heen plotted in the charts upon a uniform time scale; 
tlie scale of ordinates, however, varies from figure to figure, being selected 
in eacli case so as to give curves that are as clearly separated from each 
other as possihle. In most cases the points of observation are represented 
by circles, and tlie progression of the rluantity is represented hv a solid line. 
Occasionally it has been necessary to employ crosses and dotted lines to 
facilitate the exposition, or to prevent possible confusion of the curves. 

'I'he analytical data are collccterl into tables that appear at the back of 
the present pulilication. The seconrl column shows the figure in mliich 
each set of data is plotted ; the third column indicates to wliich of the two 
samples from each collection tlie data in the following columns refer. 

I t  will be noted that tlie greater part of tlie data is derived from the 
analysis of the dried leaf and stem samples herein designated as Sample 
11. In certain cases the same coiistituent was determined both in Sample 
I1 and in Sample I which had been subjected to hot water extraction. 
When this was done the agreement between the results from the. early 
collections was, for the most part, satisfactory, but the agreement hetween 
the later collections of only 10 plants per sample was occasionally not 
good. Although great pains were taken at  each of these later collections 
to obtain 20 plants of uniform size and development for the two samples. 
it is clearly impossible to rely implicitly on so small a group as 10 plants 
for such detailed analyses as the present study involves. Furthermore, as 
the plants aged, individual variations became more pronounced, and tlie 
accidents incident to the bad weather of the last few weeks of the season 
inevitably had their effect upoil the results. The assumption involved in 
such a method of collection is that each lot of 10 plants represents with 
sufficient accuracy what tlie next previous lot of 10 plants would have 
been had they remained in tlie field. Our experience indicates that this 
retjuirenient is extremely difficult to satisfy. 

In this connection tlie experience of Knowles, Watkili and Hendry 
(21) is of interest. They based their data upon collections of 64 plants 
(sugar beets) but, in order to obtain samples of manageable size, were 
compelled to divide the individual plants of the older collections into 
quarters, retaining only one-quarter of each: In  spite of the great care 
with which their material was handled, minor irregularities of the same 
type as those we have encountered appeared in their data. 
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THE GROWTH OF THE TOBACCO PLANT 

Growth in Terms of Fresh Weight 

The fresh weight of one plant, calc~rlated from tlie average weight of 
all the plants taken at each collection, is plotted in Figure 1. During the 
first three weeks after heing set, there was very little increase in weight 
of the tops: the original seedling leaves seldoln survive the operation of 
transplantation, and practically tlie wbole of the weiglit at 19 days from 
setting represents the development of tlie seedling bud. Doubtless con- 
siderable growth of tlie root system occurred in this interval inasmuch 
as  the tops more tlian trebled their weight in the ensuing week, after tlie 
plant had become established. Thereafter the rate of growth rapidly ac- 
celerated. the slope of tlie growth curve reaching a maximum between tl!e 
40th and 47th days: subsequently the rate diminished until tlie plant began 
to produce seed, wrhen no iurtlier increase in fresli weiglit occurred. 

The relative proportiotis of stem and leaf tissue changed materially 
during tlie period oi rapid growth. At 35 days 0111~~ about one-quarter of 
the total fresh weiglit consisted of stem tissue. hut a t  61 days the weight 
of stem tissue equaled that of the leaves and subsequently exceeded it. 
The weight of stem tissue reached a maximum at  75 days and thereafter 
changed but little; tlie weight of the leaf tissue diminished during tlie 
development of the inflorescence. 'l'lie precise magnitude of these later 
changes is in some doubt because of the sampling error involved in the 
selection of the older plants. 

The water content of the plants of Sample I1 of eacli collection is plotted 
in Figure 2. The curves are less smooth tlian those in Figure 1 because 



the data are calculated from the analysis of a smaller number of individual 
plants; they show the rapid rise to a maximum water content at the 75th 
day, and a subsequent loss of water from the lea\-es as the inflorescence 
developed. l'he water content of the stems son~exvliat exceeded that of 
the leaves after the 75th day. 

Growth in Tenns o f  Dry Weight 
, . 
I he  dry weight per plant calculated from the analyses of Sample I1 

from each collection is shown in Figure 3. After an initial period (40 
days) of slowly accelerating rate of growth, the plant began to lay down 
dry matter a t  a practically constant rate; the growth curve from 40 to 
75 days can be quite satisfactorily smoothed to a straight line that does 
not depart from the observations 1)). a quantity greater than the experi- 
mental error. The two last observations show that the rate of accu- 
mulation of dry matter sul)serluently slowed down somewhat. A careful 
examination of the groxvt11 curvc indicates that the maximum rate of 
growth occurred in the period f ro~n ,  roughly, 40 to 54 days. I t  is i12- 
portant to note the contrast hetween the rate of growth as measured by 
fresh weight and that now under discussion. The maximal growth rate 
in terms of fresh weight was attained between the 40th and 47th days, 
and this rate subsequently diminished rapidly and ceased at the time of 
pod development; the ~naximal rate in terms of dry weight, although 
attained at approximately the same time, continued somewhat longer and 
did not diminish rapidly; growth continued to the end. The character 
of the growth of the plant is quite different when regarded from these two 
points of view. 

Figure 3 also shows the rate of accumulation of dry matter in the leaves, 
stems, and inflorescence. The quantity of dry matter in the leaf tissue 
reached a maximum at about the 75th day, the rate of growth from 26 
days to that point being nearly linear. Later, as the inflorescence began 
to develop, the leaves lost a little in dry weight. The stem tissue, on the 
other hand, continued to increase in weight up to the final point of obser- 
vation; the period of maximal rate of increase corresponds with that qf 
the whole plant and, as in that case, the diminution in rate was not marked. 
The inflorescence increased in dry weight at a fairly constant rate and 
sufficiently rapidly so that. at the end of the period of observation, the 
wciglit of the pods amounte(l to nearly one-fifth of the entire dry weight 
of the plant. I t  should be noted that the seeds in a large proportion of the 
pods taken at  the last collection were far from fully developed, and it is 
clear, from the tendencies of the curves, that seed development places a 
heavy drain upon the organic substapce of the leaves. 

Organic Solids and Ash 

The quantities of organic solids, plotted in Figure 4, give curves that 
closely resemble those of the total dry weight and require little additional 
comment. The tnost notable feature is the evidence of continuing ac- 
cumulation of organic solids at a relatively steady rate long after the total 
mass of the plant as measured by the fresh \\-\-eight (see Figure 1) had 
ceased to increase. The change is due to tlic development o f  the in- 
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florescence and of the stem, these over-balancing the loss of solids by the 
leaves. 

Figure 5 shows the quantities of water-soluble organic solids in the 
leaves and stems of the plants of Sample I from each collection. A careful 

consideration of the data of the last three collections shows that sampling 
errors render difficult strict comparisons between the plants of Sample I 
used for water extraction, and those of Sample I1 which were dried. 
The earlier collections, however, yielded data that mutually support each 
)ther and are consistent. If the curves of Figure 4 are compared with 



those of Figure 5, it is clear that the distribution of water-soluble organic 
solids between leaves and stem followed a course quite different from the 
distribution of total organic solids. At all save one point (26 days) the 
leaves contained more soluble organic solids than the stem. Further- 
more, the rate of accumulation in the leaves during the first 40 days 
was relatively rapid whereas, in the same period, the soluble solids in 
the stems scarcely increased at all. Subsequently soluble solids increased 
in both leaves and stem at about the same rate up to the 61st day; there- 
after the leaves continued to increase, but the stems dropped behind. 
The marked deflection of the leaf curve at the last cnllection is probably 
due to translocation to the seeds during the previous interval. 

The rate of accumulation of the insoluble organic solids is shown in 
Figure 6. The curve for the leaves lies above that of the stem during the 
first 54 days. The curve for the stem, however, inflects upwards sharply 
at 40 days, and shows an exceptionally rapid rate of deposition of in- 
soluble organic solids throughout the period of most rapid growth of 
the plant, doubtless due to the formation of woody tissue in this period. 
The quantity of insoluble solids in the stem exceeds that in the leaves 
from the 54th day on. 

The weights of the ash obtained on incinerating specimens derived 
from Sample I1 of each collection are plotted in Figure 7. Aside from 
the irregularities due to somewhat high values for the data from the 54- 
day collection, and somewhat low values for those from the 61-day col- 
lection, the curves indicate an accumulation of inorganic substances a t  a 
rapidly accelerating rate during the first 40 days, followed by a period 
in which ash was absorbed from the soil at a relatively constant rate 
until the plants reached their maximum size as indicated by the fresh 
weight (75 days). The data suggest that no significant further ab- 
sorption of inorganic matter took place. 

The ash in the leaves is a t  all times materially higher than that in the 
stem in spite of what appears to have been a migration of ash constituents 
from the leaves to the pods as the seeds developed. The ash in the stems 
reached a maximum on the 75th day and maintained this unchanged until 
the termination of the experiment notwithstanding that the stelns were 
rapidly accumulating organic substances during the last five weeks. The 
as11 of the inflorescence also failed to increase materially after the 75th 
day although organic solids were being rapidly laid down. 

The distribution of ash constituents between the water-soluble and iu- 
soluble fractions obtained from the plants of Sample I of each collection 
is shown in Figures 8 and 9. The soluble ash of the leaves exceeded that 
of the stems a t  all save one point (26 days) and showed in general a 
behavior similar to that of the soluble organicsolids. The soluble ash of 
the stem, after a period of lag up to the 40th clay, increased at a rate 
only slightly less than that of the soluble ash of the leaves. There is no 
evidence of a marked drop in soluble ash in the stem at the last collection, 
and the general behavior of the curves suggests a migration of ash con- 
stituents from leaves to inflorescence at this time. The data of Figure 
7, derived from the plants of Sample 11, support the same view. 
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The insoluhle ash constituents of the leaves also exceeded those of the 
stem at all times. The curve for the leaves shows the same drop at the 
time of the final collection as does the curve for soluble ash, again sug- 
gesting migration from leaves to infloresceuce of inorganic constituents. 

Organic Acids 

The total organic acidity of the tobacco plant, plotted in Figure 10, 
I represents corrected titration values between p H  7.8 and 2.6 of the or- 

ganic acids that can be extracted by ether from the acidified tissue. The 
data are expressed in milliequi\~alents per plant instead of in grams, as 
this permits closer comparison of the cliemical effects of the different 
acids: furtliermore it is ~ossible to assign an accurate magnitude to the 
unknown acids when so expressed inasmuch as the factor for the con- 
version of these unknown acids from equivalents to grams is, of course, 
not known. 

The acidity of the whole plant follows a curve that is closely similar to 
the curve which represents the ash content of the plant. This telationship 
is not one of chance; unpublished data accuinulatetl in this laboratory on 
a wide variety of samples of cured tobacco show a close correlation he- 
tween the asli content and the total acidity. The curve of the acidity of 
the leaves is also in almost every detail like that of the ash of the leaves ; 
the acidity of the stems and the as11 of the stems differ only with respect 
to the final observation. I t  is to be noted that, particularly with the 
younger plants, by far the greater part of the total acidity is to be found 
in the leaf tissue. The acidity of the stem increased, however, at a fairly 
constant rate, and in the older plants makes up approximately one-third 
of the total. The development of the fruit was accompanied by a decrease 
in the acidity of the leaves of an order of magnitude comparable to the 
acidity found in the seed pods. Ilere also attention should be directed to 
the closely similar behavior of the asli: the picture suggested is one of 
migration of acids in salt combination from leaves to seed pods. 

In  Figure 11 are given the detailed data' on the composition of the 
leaves with respect to the iudivi~lual organic acids. The chief acid of 
tobacco leaf tissue is malic acid; in this particular lot of leaves oxalic 
acid was next in quantitative importance, citric acid being present in 
somewhat smaller amounts. The total quantity of unknown acids lies 
between the quantities of citric and oxalic acids. Little is known of the 
chemical nature of the portion recorded as unknown acid; it represents 
the difference hetween the total acidity and that due to the sum of the 
three known acids. Qualitative studies of tobacco leaf tissue have shown 
the presence of small amounts of succinic, and possibly of fumaric acid, 
together with appreciable proportions of acids that form esters both of 
lo\\, and of high boiling points (44). In  addition there is a certain 
quantity o i  substances the behavior of which suggests the presence of 
phenolic groups. 

:\ brief study of tlie acids ot the leaves of collection F at 47 days 
has shown that approximately one-third of the acidity belonging to un- 
known acids is insoluble in water although soluble in ether. All that 
can be said, therefore, about tlie chemical nature of the substances in the 
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unknown fraction is that the evidence points to the presence in it of a 
complex mixture of acklic substances. 

The rapid increase of malic acid to a maximum value at 75 days was 
followed by a moderate drop during the period of fruiting. The oxalic 
acid behaved in a similar manner; the citric acid, however, reached a 

maximal value somewhat earlier and, with minor fluctuations, maintained 
it to the end. The marked drop at 61 days in all of the curves is un- 
doubtedly due to the somewhat low relative weight of the plants of Sample 
I1 collected at that time, and may be regarded as sampling error; an 
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analogous drop was not evident in the data obtained from the leaves of 
Sample I of the same collection. 

The distribution of the acids in the pods (Figure 13) is quite different 
from that of the leaves. The unknown acids make up the greater part 
of the acidity; ~nalic acid is present in considerable amount, but oxalic 
and citric acids are found only in minor quantities. 

In order to give an idea of the relative acid distribution of the leaves, 
the data are plotted in another manner in Figure 14. The quantities 
shown in solid lines represent the percentage of the total acidity as each 
of the three known acids. The sum of the malic and citric acid is shown 
by the lower broken line, and the sum of the malic, citric and oxalic acids 
by the upper broken line. This line, therefore, is a plot of the relative 
proportion of unknown acid if the ordinates are reversed and read down- 
wards. The area between the malic acid curve and the lower broken line 
represents the relative proportion of citric acid; that between the two 
broken lines, the relative proportion of oxalic acid; and the area above 
the upper broken line represents the relative proportion of unknown acids. 

The variations shown by the curves in the relative proportions of the 
acids in the young plants are undoubtedly significant. These collections 
included much larger numbers of plants than did the later collections, so 
that the sampling error is much smaller. The chemical data are of equal 
accuracy throughout. 

In the youngest plants the proportion of unknown acids (36 per cent) 
approached the proportion of malic acid (47 per cent ) ; the proportions 
of oxalic and citric acid were relatively small. During the earliest phases 
of growth the oxalic acid increased rapidly in relative quantity and the 
unknown acids decreased; malic acid <lecreased slightly, and citric acid 
increased a little. Then, at the point when the seedlings had become 
established and the period of rapid growth was beginning, citric acid 
for a short time increased and hot11 malic and oxalic acids decreased. 
From then on, the relative proportion of oxalic acid stayed constant, 
citric acid diminished within two weeks to its previous level and there- 
after remained constant, and malic acid, at first rapidly and then slowly 
increased; at 61 days, however, it also reached a level that was main- 
tained -to the end of the period studied. If  attention is confined to the 
period after 40 days, which is that in which the most rapid growth of the 
plant as a whole took place, the relative proportions of the three most 
important organic acids are practically constant. In other words these 
three acids are prodnced in the metabolism of the leaves, during the period 
of most rapid growth, in amounts that are essentially constant relative to 
each other. This implies that the iinknown acids are likewise produced at 
a fixed rate. Reference to Figure 10 shows that from 26 to 75 days the 
total acidity of the leaves increased at a rate that can be satisfactorily 
expressed by a straight line, but then suddenly began to diminish. Figure 
14 shows that, in spite of the sudden cessation of deposition of acid in 
the leaves, or perhaps the evidence of migration of acid out of the leaves, 
the relative proportions of the three acids still present remained the 
same. If organic acids actually were transported out of the leaves in the 
period after 75 days, it is necessary to suppose that the individual acids 



were removed in the same relative proporti011 as that in which they were 
present at this time. An alternative to this view is to suppose that the 
three acids were transformed into non-acidic substances a t  the same 
relative rate. Clearly there is a close and intimate. interrelationship in the 
metabolism of these acids in leaf tissue. I t  is difficult, in the face of these 
observations, to regard oxalic acid merely as an end-product of carbo- 
hydrate, or  of organic acid oxidation, which is stored in the leaves as the 
presumably inert calciuni oxalate. 

The organic acids of the stems are plotted individually in Figure 12. 
The most striking feature of the diagram is the far more important rtrle 
played by the acids of unknown nature in the stem tissue than in the 
leaves. The observations after 75 days suggest a degree of relative ir- 
regularity that is not nearly so marked in tlie other data for the stems 
of these later collections and therefore can hardly be ascribed exclusively 
to sampling errors. I t  may be noted, however, that the total acidity of 
the stems at 75 days (Figure 10) and also the ash content (Figure 7) 
are both relatively high i f  the curves for both sets of observations are 
smoothed. 

The malic acid steadily increased in quantity throughout tlie period 
of growth,a~id showed no effect of the onset of flowering. The oxalic 
acid increased to a maximum that was attained at 75 days, and subs$- 
quently did not change. Citric acid was present only in small proportion 
throughout; there is evidence of a slight increase in citric acid in the stems 
of the last collection. 

The relative proportions of the total acidity of the stems present as  
malic, citric and oxalic acids are plotted in Figure 15. Here again the 
importance of oxalic acid in the metabolism during the earliest stages of 
growth is manifest. The proportion of oxalic acid increased and that of 
malic acid correspondingly ditninished during the first 26 days. During 
the ensuing two weeks the relative proportions of these two acids were 
reversed, malic again exceeding oxalic; subsequently the malic acid was  
maintained at approximately a constant level, save for an apparent marked 
drop at 75 days. The oxalic acid steadily diminished from 35 days to  
54 days, although by only a small proportion, but later remained con- 
stant. Citric acid apparently plays only a minor part in the metabolism 
of the stems; there was none detectable in the stems of the seedlings: a 
small proportion was suhsequentlg slo~vly formed and remained almost 
unchanged throughout. 

The large proportion of acids of unknown nature in the stem tissue is 
striking. I t  is clear that, as growth progressed, these acids increased 
slowly in relative proportion. The whole question of the acid compo- 
sition of tlie stem tissue awaits a more detailed investigation. A brief 
study of the acids of collection F (47 days) showed that aliout two- 
thirds of the unknown acids are insoluble in water althongh soluble in 
ether, but no information regarding their chemical nature has yet been 
obtained. 

Carbohydrates 

The soluhle carboliydrates of the leaves, calculated arbitrarily as glucose, 
are shown in Figure 16. The total soluble carbohydrate began to in-. 
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crease very rapidly as soon as  the plants became established. The curve 
of fermentable carbohydrate, which probably represents mainly glucose, 
differs, however. inasmuch as it shows a sequence of changes in rate of 
accumulation. During the interval from 40 to 61 days the leaves scarcely 
increased their store of fermentable sugar at all, but then, as the rate of 
growth diminished, sugar again accumulated. 

Tlie chemical nature of the unfermentable carbohydrate has not as yet 
been established. The quantity formed is at all points less than that of 
the fermentahle sugar save in the leaves in tlie very earliest stages (see 
solid line of percentage in Figure 18). This form of carbhydrate does 
not show any marked flucti~ation in rate of accumulation in the leaves 
during the period of most rapid growth, and consequently the curve 
showing the percentage of fermentable carbohydrate (Figure 18) drops 
rapidly in this period-i.e. from 40 to 54 days. 

The soluble carbohydrates of the stems are shown in Figure 17. Tlie 
quantities present in the stems of the very young plants were smaller 
than those in the leaves but, after 47 days, the quantities materially ex- 
ceeded those in the leaves. The total carbohydrate increased steadily 
throughout the period of most rapid growth, a drop in the rate of ac- 
cumulation being noted only after 61 days when the growth rate of the 
entire plant had markedly diminished. The fermentable carbohydrate 
follons the curve of total carbohydrate in every detail, the only apparent 
check in the rate of accumulation being in the period from 75 to 97 
days. 

The behavior of the fernlentahle sugar suggests that transport into the 
stem from the leaves occurred so rapidly, during the period of most 
actire growth, that continual accumulation was possible in spite of utiliza- 
tion for the formation of new tissue. The leaves, as has already been 
noted, were unable to do much more than hold their own with respect to 
the quantity of fermentable sugar they contained in the period from 40 
to  54 days, but the stems contiiiually increased their store. Rapid growth 
is 01)vionsly correlated with the presence of adequate supplies of fermenta- 
ble carbohydrate in the stems of the plants, but can go on even when there 
is little storage it1 tlie leaves in excess of that transported to the stems. 

The unfer~~ientahle carhohydrate of the stems increased regularly, and 
a t  a fairly constant rate throughout the period studied. There are no 
significant inflections that correspond with either the period of rapid 
growth, or of blossoming and fruit development. I n  view of our lack 
of knowledge of the chemical nature of this factor, interpretation is dif- 
ficult. 

The crude fiber, determined by the conventional procedure, is shown 
in Figure 19. As might he expected, the crude fiber of tlie stem mounted 
rapidly throughout tlie period of most active growth; it continued to in- 
crease. however. even in the plants of the later collections a t  a rate that 
was scarcely diminished. 

The crude fiber of the leaves behaved in a totally different manner; ... - 

it accumulated at a slow but steady rate for 54 days and thereafter re- 
mained practically constant. Reference to Figure 4 shows that the be- 
havior of the crude fiber is closely like that of the organic solids of the 
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leaves. The scale on which the crude fiber of the leaves is plotted is too 
small to show the minor variations clearly, but, if the data are plotted 
on a sufficiently large scale, a curve is obtained that faithfully follows the 
irregularities of the curve for the leaves in Figure 4. I t  may be inferred 
that the tobacco plant reaches a stage, at the end of approximately two 
months, at which a fairly definite amount of organic substances has been 
laid down in the leaf tissue; the subsequent growth of the plant as a whole 
does not greatly alter the total quantity of organic matter in the leaves, 
the phenomena then observed are those of interconversion of organic 
substances rather than accumulation. The contrast with the behavior of 

the stem tissue is especially sharp; continued accumulation of organic 
solids takes place (see Figure 4), especially of the woody tissue upon 
which the strength of the entire structure depends. 

Ether Extractives 

The quantities of ether-soluble substances extracted from the dried leaf 
and pod tissue are plotted in Figure 20. This fraction includes chlorophyll 
in addition to the hydrocarbons, waxes, sterols, and true fats that make 
up the bulk of the material. The data show a progressive increase in 
the ether-soluble substances of the leaves for 47 days, followed by a 
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period (47 to 75 days) in which the increase is almost linear. Subse- 
quently there is a loss of ether-solul~le substances from the leaves, hut 
whether or  not this is connected with tlie development of the inflorescence 
cannot be determined. 

The ether extract of the pod samples reveals the rapid deposition of 
true fat as the seeds ripen. No data on the composition of fully ripened 
seed pods were obtained so that the maximum to which this curve may 
rise is not certain. Our investigations of tobacco seed show (49), however, 
that the dried seeds contain 42 per cent or more of their weight as ether- 
soluble substance, most of which is an oil (30). An average plant may 
be expected to produce approximately 44 granis of seed and, consequently, 
the curve for the fat content of the ripened pods should ultimately reach 
a magnitude of about 19 gr3ms.l 

Nitrogenous Constituents 

The total nitrogen content of the plant, plotted in Figure 21, increased 
with great rapidity from the earliest stage. The fresh weight of the 
plants a t  19 days was only from three to four times as great as that of the 
seedlings, but the nitrogen content was nearly seven times as great. In  
the interval from 19 to 26 days the nitrogen content increased fourfold 
and in the next 9 days it increased nearly fivefold again. During the 
period of most rapid growth, that is from 40 to 61 days, the plants steadily 
assimilated nitrogen in the tops at the rate of 1 gram in ahout 8 days.2 
T h e  apparent loss of nitrogen from the tops in the last period sturlied is 
a matter that requires further stndy. 

By far the greater part of the nitrogen taken up I I ~  the plant in the early 
stages of growth is assimilatetl in the leaves. and at all stages, save in 
the aging plant, the quantity of nitrogen in the leaves is at least twice 
as great as that in the stem. The onset of flowering places a relatively 
sudden check upon the rate of storage of nitrogen in hoth leaves and 
stem, and the tendencies of the cnrves snggest that nitrogen is more or 
less rapidly translocated from other parts of the plant into the ovnles as  
these ripen. 

The relative proportions of soluhle and insoluhle nitrogen in the leaves 
and stem are shown in Figures 22 and 23. The insoluhle nitrogen may, 
for practical purposes, be regarded chiefly as  protein nitrogen, and it is 
clear that protein synthesis is extremely rapid even in the youngest plants: 
'The 19-day old 1rnv.s con'ained ten times as much insoluble nitroxen 
as the seedling Iraves, and the quantity increased more than fourfold 
in each of the next two intervals of seven and nine days. During the 
period of most rapid growth, insol~~hle nitrogen was laid down in the 
leaves at the rate of 1 gram in 17 days. At the expiration of 61 days, 
that is at the beginning of the period of flowering, deposition of insoluhle - 

. . i y  raush crtima,c ir isrcd on the follovilla figurer .4n avcraac plmt 
bears nnprorimntely 1 7 6  pods, each of which contain. from 2.000 to 4.000 seeds-3.000 may 
he ,.ken ar nn nverngc. One plant thcrcforc produces acll over i00.000 reed.. The seed. run 
from l l . 0 0 0  to 18.000 to the ilrsnl. 1?.000 h e i t ~  r rather accurate avrraae. Much of the data 
for this ~ r l i m r l c  ir contained in Statiot) Rulletin 326 ( 4 1 :  other figurer arc bascd on tmouhlishcll 

d at the l'obacco Substation at n'indsor. Cnnn. eollnfr and wcinhts of sccrlr made by i3r. TI,. Iirrthol 
-This is at the rate of aplxori~natrlr  !tli.6 111s. ln 

plants to tile acre. 

~ . - ~  ~ 

:r aerc in 8 days  on the arrulnytirm of 12.000 
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nitrogen in the leaves abruptly ceased and, in the last interval studied, 
insoluble nitrogen was apparently removed from the leaves. 

The soluble nitrogen oi the leares, though less in amount than the 
insoluble, followed a somewhat similar course during the first 4 i  days. 
The rate of accumulation of soluble nitrogen then diminislirrl somea.hat, 
but the curve clearly indicates an accumulation of soluble nitrogen through- 
out the period in which the insoluble nitrogen of the. leaves remained 
constant. The marked drop in soluble nitrogen at the 110th day is 
probably associated with the rapid developtnent of the seeds. 

The insoluhle nitrogen of the stems (Figure 23) did not hegin to 
accumulate in significant a~nounts until the plants were 26 days olrl, aiiil 
the rate of deposition thereafter was much slower than in the leaves. 
There is no evidence oi a niarked change in'the rate of accumulation of 
insoluble nitrogen in the stem at the time of flowering, although the 
rate slowed down slightly. The soli~ble nitrogen of the stem likewise 
accumulated slowly at first but, when rapid growth began, it increased 
more rapidly than the soluble nitrogen of the leaves, overtaking this 
at 61 days. Subsequently tlie solul~le nitrogen of the stems was prac- 
tically identical ~vitli that of the leaves, the changes being similar in each 
case. 
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Nitrate Nitrogen: Figure 24 shows the quantities of nitrate nitro- 
gen absorbed by the plant and stored as such in leaves and stem. More 
nitrate accu~nulated in the leaves than in the stem during the first 54 
days hut, thereafter, the quantity in the stem exceeded that in the leaves; 
both curves show a steady accunlulation of nitrate throughout the period 
of rapid growth. At the time of flower and frnit development a sudden 
diminution of the nitrate content in both leaves and stem began, and 
this continued so rapidly that relatively little nitrate remained in the 
leaves of the practically mature plants at 110 days. The stem, however, 
still retained an appreciable quantity at this time. The behavior of the 
nitrate suggests that, although absorption from the soil continued for 
at least 97 days, as is shown by Figure 21, towards tlie end of the 
growth period either the supply arailal,le in the soil mas exhausted1 or  
transformation of the nitrate into other substances then took place at a 
rate that exceeded the rate of al~sorption. The rapid rise in the nitrogen 
content of the developing pods suggests that the final stage of this trans- 
formation consisted in the laying down of protein in the seeds. 

Very little nitrate nitrogen accumulated as such in the developing 
fruit; in fact the quantities found represent little more than traces. This 
suggests either that the nitrogen is translocated from the leaves into the 
fruit in some form other than nitrate, or that the chemical transformati011 
of the nitrate in the pods takes place as rapidly as it is supplied from the 
stem and leaves. 

The behavior of the nitrate nitrogen of the tobacco plant is in marked 
contrast \vith tlie behavior of nitrate in tlie rhul~arh plant as ohserved 
by Culpepper and Caldwell (9). The nitrate nitrogen increased materially 
in the petioles of their plants, so much so, in fact, that no less than 1.5 
per cent oi the dry weight of the senescent petioles might consist of nitrate 
nitrogen. 'The leaf blades, on the other hand, did not greatly increase 
their store, the proportion of nitrate nitrogen in all cases heing less than 
0.01 per cent of the fresh weight. Our data, when recalculated on the 
- 

T A ~ ~ .  0. E. stmet 01 the Tohaeea Substation ~brervrd' the nitrate eantenf of the roil of a 
field *djaccnt to that in which the rllrntr of the present investigation wcre grown dllring the season 
of 1955. The fertilizer applied to the two fields was essentially the same, but the cran studied by 
him wa. Havana seed tobacco wl~ieh is ~ r o w n  without n shade tmt. Owin. tn the dry rearon, the 

were irrigated on July 10 with the eo!~iy;~lrnt of 1.6: inches of water. The ~ l a n t s  in the 
r~lade field, used for our ~xperirnrnts,  were irr>y;,ted in tlic .amc manner one wcek earlier, that 
is. on July 5 md 4. 11.~ wish to exprerr our thar~kr to Mr. Street for the iollowina data. 

June 19 
" 26 

J"!y 3 
10 

" 17 
" 24 
" 31 

Aug. 14 
" 21 

Sept. 5 
" 10 

Kitrate nitrogen 
parts DCT million 

48.8 
35.9 
71.3 
38.2 
10.8 
7.0 

18.0 
69.5 

3.0 
6.5 
1.6 

Rainfall darina 
,,rcedinr interval 

inches 

- 
0.08 
0.27 
1.67 (Irrigated) 
1.28 
0.06 
0.76 
1.19 
0.28 
3.16 
2.55 
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basis of percentage of the fresh weight, show that the nitrate nitrogen 
of the stems, which amuunterl to 0.14 per cent of the fresh weight at 
the seedling stage, dropped in 40 days to the vicinity of 0.05 per cent 
and there remained, with the exception of a sudden increase to 0.08 per cent 
at 75 days, possibly due to the rain which fell the day hefore this col- 
lection was made., The nitrate nitrogen of the tobacco leaf tissue started 
at 0.08 per cent of the fresh weight and, with the exception of the 75.day 
collection, dropped in almost linear fashion to 0.008 per cent at 110 days. 

Nicotine Nitrogen: The quantities of nicotine nitrogen are shown 
in Figure 25. The synthesis of nicotine began very early in the develop 
ment of the plant, and accunlulation in the leaves proceeded rapidly through- 
out the period of growth. The data indicate a drop in nicotine content in 
the plants of the last collection in conformity with the drop of total nitrogen 
that apparently occurred at this time. Nicotine accumulated slowly in 
the stems throughout the period of rapid growth, but storage in tlie sterns 
ceased after 75 days. 

Ammonia and  Amide Nitrogen: The determination of amides in 
plant tissue rests upon a difference in the stability of the a~nide nitrogen 
of asparagine and of glutamine to hydrolyzing agents. The amide nitro- 
gen of pure glutamine is quantitatively split off as ammonia when gluta- 
mine is heated for two hours at 100" in a solution buffered at p H  6 to 7, 
whereas the a~nide nitrogen of asparagine is scarcely affected under these 
conditions. In  order to hydrolyze the amide nitrogen of asparagine com- 
pletely, it is necessary to heat the substance at 100" for three hours with 
1 N sulfuric acid. Certain other substances behave in a similar manner, 
and two of these, nrea and allantoin, if present in substantial amounts in 
a plant extract, would make the accurate determination of asparagine and 
glutamine by hydrolytic methods difficult, if not impossible. The deter- 
mination, according to the methods we have adopted for the analysis of 
tobacco leaf and stem tissue, involves the assumption that asparagine and 
glutatnine are the only amides present, and that no interfering suhstances 
occur along with them. l'hese assumptions are probably justified in the 
case of tobacco leaf tissue. A careful search for allantoin in an extract 
of tobacco leaves obtained from plants of the same type as those employed 
in the present investigation failed to reveal its presence. The method em- 
ployed was one that had succeeded in showing consideral~le quantities of 
allantoin in an extract of tohacco seed, and it is felt, therefore, that the 
quantity of allantoit1 in tohacco leaf tissue is probably so small that inter- 
ference from this source with the amide determinations is not to he feared. 
The ahsence of substantial quantities of urea is inferred iron1 t l ~  o ! ~  .r- 
vation that the quantity of ammonia produced by hydrolysis of the tissue 
at pH 7 for two hours is not increased by donger heating. Under the 
conditions adopted for hydrolysis of glutamine amide nitrogen, only about 
20 per cent of the nitrogen of urea is converted to ammonia; but further 
conversion is brought about by longer heating. 

The question of the presence of amides other than gluta~nine and aspar- 
agine in the tol)acco plant is, however, more difficult to answer. -As will 
I,e shown, the behavior of the tobacco stem tissue suggests the possible 
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presence of an unstable a~ilide other than glutamine. In  view of this it 
is necessary for the present to employ the ternls "glutamine amide nitro- 
gen" and "asparagine amide nitrogen" in the following discussion in a 
someu~h&t broad sense; although in certain cases there is reason to believe 
that the two forms of nitrogen so designated are really derived from these 
two substances, in others this is by no lueans certain; consequently the 
terms are to be understood to mean a form of nitrogen which behaves 

18 in the same way as asparagine, or gluta~nine anlide nitrogen respectively, 
hehares .-. 

3 That asparagine actually occurs in tobacco leaf tissue has been shown 
by direct isolation (45) ; the presence of glutamine has not as yet heen 
confirnled in this manner. Notwithstanding this, there is no reasonable 
doubt that the ammonia produced by hydrolysis of the dried tobacco leaf 
tissue at p H  7 arises mainly from the amide group of glutamine. In  fact 
the determinations of glutamine in the leaf are prohably intrinsically 
more accurate than the determinations of asparagine, since tlie property 
employed for the determination of glutamine is highly specific; the as- 
paragine determinations rest upon a difference between the free ammonia 
and the acid hydrolyzable ammonia, and all amides are hydrolyzed under 
the conditions adopted. 

One further comment should be added before taking up the data in 
detail. Asparagine, glutamine, and ammonia are extremely active metab- 
olites in plant tissue. The proportions of the amides present are rapidly 
influenced by changes in the proportion of ammonia in the plant, and 
chance differences in the supply of ammonia from the soil in which the 
individual plants grew would have an effect upon the a~nides. Irregu- 
larities in the curves for the aniides are therefore to be expected. These 
irregularities are not to be regarded as errors; they represent rather the 
marked variability of the amides in response to conditions that could not 
be controlled in a field experiment. 

In discussing the data obtained, it is necessary to descrihe separately 
the resnlts from the two sets of samples taken at each collection. Figure 
26 shows the quantities of free ammonia, of' ammonia liberated by hy- 
drolysis a t  p H  7', and by 1 N acid, in the dried leaves represented by 
Sample I1 of each collection. The curves show a marked accumulation 
of ammonia, and of amirles, during the period of rapid growth, and in- 
dicate that the quantity of free ammonia subsequently remained constant 
for several weeks arid finally slowly diminished. 111 Figilre 27 the quan- 
tities of glutamine and asparagine amide nitrogen calculated from the 
curves of Figure 26 are plotted. These curves indicate a slow bnt steady 
acculnulation of glutamine heginning fro111 the 26th day; asparagine ap- 
parently did not begin to accumulate in substantial amounts until several 
weeks later, but was then rapidly formed in considerable amounts. To- 
wards the end of the experiment the quantity of asparagine diminished. 

d - 
3 'To avoid possible minlnderrtanding. i t  ma), be necessary to recall that the' buffer rolutian 

actually U S F ~  at ON i.n. ~ i t c r  being mixed with the riasue and heated ior two hours the 
rcact~on war in the range pH 6.3 to 0.R in most cares. Tlte exact reaction at which thir hydrolysis 1 .  : 
15 eondsetcd maker little diNrrcnee so lonx as it is above pll  6.2 m d  lxlor. nlf 7. In this connetion 
pee Victrry. Pucher, Clark, Cbihnnll ancl \Vestall (in prc3s). 



Plotted on the same figure in broken line is a curve which represenfs 
tlie "easily hydrolyzed amide nitrogen" of the leaves. This quant~ty IS 

obtained by subtracting the free ammonia of the dried leaf samples from 
the free animonia of the hot water extract niade from the leaves of Sample 
I of eacli collection. Granting that the leaves of Sample 11 and those of 
Sample I are comparable, it represents the ammonia set free from some 

unstable substance during tlie operation of preparing the hot water ex- 
tract. Up  to 47 days this curve is practically identical with that of the 
glutamine a~nide nitrogen; subsequently the agreement between the two 
curves is not good, although they intersect each other in a manner that 
strongly suggests that they represent what is fundamentally the same 
thing. The reasons for placing more reliance upon the accuracy of re- 
sults fro111 tlie early collections have been discussed elsewhere, and there 
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seems little reason to doubt that tlie so-calle~l "easily hydrolyzed a~nide 
nitrogen" of tobacco leaves arises from glutamine. 

The ani~iionia and amide nitrogen of the dried stem samples are plotted 
in Figure 28. Free ammonia accnninlated rather slowly in tlie stems, 
reaching a maxi~iiu~ii of only approxi~nately 10 mg. per plant in 61 days, 
and thereafter diminishing slightly. Tlie two for~iis of amide nitrogen, 
however, mounted rapidly after the 35th day. In Figure 29 the aspar- 
agine and glutamine amide nitrogen are shown. The curve for asparagine 
a~nide nitrogen indicates, although a i t h  minor fluctuations, a steady ac- 
cumulation of asparagine from 35 days to the end of tlie period studied. 
Glutaniilie formed more rapidly at first, and appeared to reach a maximum 
in 54 days tliat did not change lnaterially thereafter. 

The most striking feature of the diagram, however, is tlie curve for 
the "easily liy<lrolyzed alnide nitrogen". This factor ohviously bears no 
relationship whatever to the glutanline amide nitrogen of the stems as 
directly determined, and the origin of tlie ammonia indicated presents a 
difficult chemical problem. Discussion of this point will be deferred until 
the data obtained from the extracts of the leaf and stem tissue have been 
described. At tlie moment, attention is merely called to the curve which 
represents the difference between tlie "easily liydrolyzed a~iiide nitrogen" 
and the glutanrille a~nide nitrogen. This curve is designated "non-glut- 
amine, easily hydrolyzed amide nitrogen". I t  rises rapidly to a well- 
defined maximum a t  61 days which is maintained until 97 days, and then 
falls to a very low figure. 

Figure 30 shows the free aninionia, and the am~iionia produced by 1 
N and by 6 N suliuric acid hydrolysis, in the extracts from the leaves of 
Sample I of eacli collection. If this figure is compared with Figure 26 
it will be noted tliat, although the agreement is not entirely satisfactory, 
tlie curve for free ammonia in Figure 30 corresponds roughly with that 
for the p H  7 hydrolyzable ammonia in Figure 26, and tliat the curves for 
the 1 N acid hydrolyzable ammonia nitrogen in the two figures are also 
reasonably close. This is to be expected, inasmuch as the free ammonia 
curve in Figure 30 represents tlie sun] of tlie true free amliionia and of 
the "easily hydrolyzed amide nitrogen', of the leaves, and should therefore 
be tlie same as the sum of the free anunonia and glutamine amide nitrogen 
shown in Figure 26. Similarly the 1 N acid, hydrolyzable animonia 
nitrogen sl~ould be the same in each case. 

The asparagine ariiide nitrogen of the leaf extracts is plotted in Figure 
31. Comparison of this curve with that for the asparagine amide nitro- 
gen of Figure 27 shows that the agreement in detail and in the general 
behavior of the two curves is far from good. The analyses of the dry 
leaf samples suggest tliat asparagine was formed only slowly in the early 
stages of growth. Tlie analyses of the extracts of a parallel series of 
leaves, selected so as to be as nearly identical as possible, indicate that 
asparagilie was formed at a fairly steady rate from tlie earliest collections, 
that it reached a maximum at 97 days and then diminished slightly. The 
discrepancies between the analyses of these sets of samples clearly indi- 
cate tliat the sampling error plays a very important part wlieti dealing 
with such highly reactive nietabolites as tlie amides. 
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The difficulty that arises from the lack of agreement between the results 
of the analyses of tlie hvo sets of samples is intensified by the extra- 
ordinary results obtained from the stems. Figure 32 shows the ammonla 
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gen so found agrees reasonably well with the data from the dry stem 
samples plotted in Figure 29, particularly in the case of the younger 
plants. 

Another method to arrive at an estimate of the asparagine amide 
nitrogen of the stem tissue is to subtract the sum of the free ammonia and 
the glutamine amide nitrogen, determined in the dry stem samples, from 
the ammonia produced by 1 N acid hydrolysis of tlie stem extract-that 
is, to subtract the data plotted in the curve designated p H  7 in Figure 28 
from the data designated 1 N acid in Figure 32. The results of this 
calculation are plotted in the broken line in Figure 33. Clearly, there is 
no relationship whatever between the asparagine so calculated and that 
derived from analyses of the stem extract itself or of the dried tissue. 
Riutually consistent results are obtained from each set of samples, hut it 
is not possible to emplov data for the amides obtained from one set in 
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and 1 N acid ~lydrolyzable ammonia in the water extract from the stems, 
and the solid line in Figure 33 shows the asparagine amide nitrogen 
calculated from these data. ~t happens that the asparagine amide nitro- 

caIculadons of results-from the other set. 
Both the free ammonia and the 1 N acid hydrolyzable ammonia nitro- 

gen of the stem extract are enormously greater than the analoqous data 
from tlie dried stem samples. In both cases the data are consistent, and 
are fitted liy fairly smooth curves: the two sets of curves simply hear no 
relationship to each other, in spite of the fact that they ostensibly represent 
measures of the same thing. I t  should perhaps be emphasized that the 
data in Figure 28, with the exception of the curve for free ammonia, 
were ohtained from analyses of hot water extracts of the previouslv dried 
tissue, that is to say, the gross discrepancy between the data of F i p r e s  
28 and 32 is entirely a matter of whether the stem tissue was dried or 
not before being extracted with boiling water. 

I t  is apparently necessary to assume that the stem tissue contains a 
substance which is decomposed with the production of ammonia, when 
the tissue is extracted with boiling water at p H  4, and the extracts are 
thereafter concentrated to small volume, and that this suhstance is con- 
verted, during the process of drying the tissue, into a suhstance that no 
longer gives off ammonia on heing boiled with .water. 

I t  is of interest to inquire into the possibility that this hypotlietical suh- 
stance may he glutamine itself, that is, to assess the degree of proha- 
bility that the glutamine determinations in the stem tissue may be very 
seriously too low. 

In the first place, the storage of glutamine in stem tissue in considerable 
quantities under favorable conditions is a phenomenon that occurs in the 
tomato plant (47) ; storage of glutamine in considerable amounts may 
also occur in the fleshy root o f  the beet (unpul~lished ohservations). 
Consequently one would be inclined to expect larger amounts of glutamine 
in the stem tissue of the tobacco plant than in the leaf. The glutamine 
data of Figure 29, if they are worth anything at all, indicate that this is 
indeed the case (cf. Figure 27). 

Glr~tamine is decomposed with the production of ammonia when its 
aqueous solution is heated to 100". The speed of the decomposition 
varies with the reaction of the solution, heing solliewhat slower in the 
vicinity of the isoelectric point (ca. p H  5 ) .  but decomposition is com- 
plete at p H  7 in two hours. The other product of the decomposition is 



probably pyrrolidone carboxylic acid (8) as is shown by the diminution 
of the free amino nitrogen of the solution. Pyrrolidone carboxylic acid 
is converted into gluta~nic acid by boiling its solution for several houfs 
with acid of 1 K strength or greater. If ,  then, glutamine is present In 
fresh tobacco stem tissue one would expect: First, that a loss of part, 
or  perhaps even all, of the glutamine should take place during the drying 
of tlie tissue at 80 to I W ,  particularly if this required a long time; second, 
that a production of free ammonia equivalent to the glutamine decom- 
posed in tlle drying tissue should occur; third, that a soluble substance 
which yields amino nitrogen on acid hydrolysis should be demonstrable 
in quantities commensurate with the loss of glutamine. 

Unfortunately we have no data on the glutamine content of tobacco 
stem tissue before and after being dried. Nevertheless, data to be pre- 
sented in a forthcoming publication show that it is possible to dry slices 
of the fleshy root of the beet ~ l a n t  in the same drying-oven equipment as 
was used for the tobacco stems, with a loss of not more than from 10 to 
15 per cent of the glutanline of tlie tissue as determined directly on the 
fresh material. I t  therefore seems iniprobahle that much of the glutamine 
of the stems was destroyed during drying. This view is supported by the 
data for the free ammonia of the dried stem tissue (Figure 28) ; at only 
one point (61 days) was there as much as 10 mg. of free ammonia nitro- 
gen per plant, whereas at this same time the glutamine determination 
indicated the presence of 32 mg. of  glutamine amide nitrogen, but over 
80 mg. of easily hydrolyzed amide nitrogen. The order of magnitude of 
the free ammonia nitrogen of the dried tissue, then, is not in accordance 
with the view that any large proportion of the glutamine was destroyed 
during drying, unless the somewhat improbable assumption is made that 
the ammonia produced was driven out of the tissue at the temperature 
of the oven. 

I t  will be necessary to anticipate a little in order to correlate the possi- 
bility of loss of glutamine during drying with the production of a sub- 
stance that yields amino nitrogen on acid hydrolysis. In  Figure 36 the 
data for the peptide nitrogen of the stems are plotted. The observations 
were made on hot water extracts of the dried tissue, and it should be 
noted that the scale of ordinates is half that of Figure 29. Unfortunately 
it is impossible to discriminate between actual peptide nitrogen and the 
amino nitrogen resulting from the hydrolysis of pyrrolidone carl~oxylic 
acid. I t  is clear, however. that, if the true peptide nitrogen of the stem 
tissue is quite low, there is room for quantities of amino nitrogen arising 
from pyrrolidone carboqlic acid of an order of magnitude comparable 
with those shown in the curve for "non-gltrtarnine easily hydrolyzed amide 
nitrogen" in Figure 29. This argument,'therefore, leads to the result that 
it is possible that the determinations of glutamine in the stem tissue are 
serious underestimates of the quantity actually present. The argument is 
weak, however, inasmuch as there is no good reason to assume that the 
peptide nitrogen of the stems is in fact very low; greater significance is 
~ r ~ b ~ b l v  to be attached to the results of the free ammonia determinations 
in the hried stem tissue. 
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We are therefore driven to the provisional assu~llption of a third source 
of amide nitrogen in the stem tissue, and to the view that the curve desip- 
nated "non-glutamine easily hydrolyzed amide nitrogen" in Fig-ure 29 
furnishes an approximate idea of the quantity present a t  each stage of 
growth. - 

L4anifestly tlie investigation of the amides of the tobacco plant is still 
in a very elementary state. The methods of analysis hitherto developed 
have validity only if certain assumptions regarding the chemical com- 
position of the tissue are justified; that this is not the case with respect 
to the stem tissue is evident, and it is possible that some doubt may be 
properly attached to the results of the analysis of the leaf tissue as well. 
If the present investigation does no more than to make this clear, the 
labor expended will be well repaid. 

6 N Acid Hydrolyzable Ammonia: In  addition to the determina- 
tions of the amide nitrogen by means of hydrol!rsis of the extracts from 
the stem and leaf tissue with 1 N acid, a series of determinations was 
made of the ammonia that is formed during hydrolysis for six hours with 
G S si~lfuric acid. The chemical interpretation of this factor is, a t  present, 
impnssihle. A part of it, at least. arises from the pnrtial decomposition 
of the purines, in particular adenine, known to occur in the plant; part 
may have some other origin such, for example, as the partial deamination 
of amino acids. The data are presented merely for the sake of com- 
pleting the picture of the various sources o f  ammonia nitrogen. Figure 
30 shows the curve for the ammonia nitrogen produced by 6 N acid 
hydrolysis of the hot water leaf extract, and the difference between this 
curve and that for 1 N acid hydrolysis is plotted on Figure 31. The 
quantity of ammonia nitrogen arising in this way closely follows, and is 
nearly identical with, the quantity apparently present as asparagine amide 
nitrogen. Figures 32 and 33 show similar data for the hot water stem 
extract, and liere again the hehavior of the quantities involved closely 
resembles-the asparag-ine amide nitrogen. 

Amino Nitrogen: The amino nitrogen of t he  leaf tissue, determined 
upon hot water extracts of the dried leaf samples. is shown in Figure 34 
bl- the curve designated "free NIIz-N". The quantity present increased 
very rapidly during the period of most active growth, and reached its 
maximun~ at the time of blossoming; subsequently i t  diminished, Plotted 
on the same diagram is a crlrve that shows the sum of the total glutamine 
nitrogen and one-half tlie asparagine nitrogen. This curve should repre- 
sent the quantity of a~uino nitrogen contributed by these two amidesl, 
inasmuch as glutamine yields approximately 90 per cent of its nitrogen 
when treated with nitrous acid (S), and asparagine reacts only with its 

, amino group. The difference between the data of this curve, and those 
of the free amino nitrogen curve, consequentl!~ represents the quantity of 
amino nitrogen that arises from the amino acids themselves, irrespective 
of the amides. The curve plotted from these differences shows an ac- 
cumulation of amino acids, during the period of rapid growth, that pro- 
ceeded to a maximum at 54 days and was maintained at this level for - 

'The arrurn~tion is made that no significant proponion of Llce gltalaminc was hydiolvrcd during 
the dry in^. oi the leaf rarnplw. 
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three or four weeks. The period of develop~nent of the fruit, however, 
corresponds with a rapid diminution of the amino acids of the leaves. 
This behavior is strongly suggestive of translocatioll of amino acids as 
such from the leaves to the fruit. In  this connection it is interesting to  
note tliat the sum of tlic glutamine and asparagine in the leaves did not 

markedly diminish during this same period-a result that is contrary 
the view that these amides are of especial significance as translocato 
substances for nitrogen. Too much emphasis should not be placed up 
this result at the moment, however; more compreliensive data tlian thc 
at present in hand will be needed to clarify tlie situation completely. 

0.12. 

In  Figure 35 are plotted the results of the determination of the amino 
nitrogen, after Iiydrolysis with 6 N acid, of an extract from the dried leaf 
samples; tlie curve is designated "total NH2-N". I t  represents the sum 
of the amino nitrogen of the amino acids and amides already present 
together with the amino nitrogen liberated by the hydrolysis of what are 
presumably soluble peptides. Beneath it are plotted the results ohtained 
by subtracting the data for the free amino nitrogen. The curve shows 
that soluble peptides accumulated but slowly in the leaves as growth 
progressed: from the 47th to the 97th day the quantity present did not 
change significantly. There is evidence of a slight rise in the leaves of 
the final collection; in any case, however. peptide nitrogen does not ap- 
pear to be an especially active component in the metabolic processes of 
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the leaves. 
Figure 36 shows tlie free and total amino nitrogen determined in a 

hot water extract of the dried stem tissue, together with the peptide 
nitrogen. The free amino nitrogen, although always present in smaller 
amount in the stems tlian in the leaves, rose fairly rapidly through tlie 
perind of rapid growth, was then maintained at a constatit level for 
several weeks and finally continued to rise through the period of blossom- 
ing. The total arnino nitrogenhehaved in a manner closely like that of the 
leaves; it rose rapidly to a maximum a t  75 days and then fell slightly. 
The peptide nitrogen rose to a maximum at 75 days and then fell off 
materially. 
.4 calculation of the free amino nitrogen in the dried stems due to the 

amides glutamine and asparagine leads to figures whicli are irreconcilable 
with the data for free amino nitrogen-in every case quantities are ohtained 
tliat exceed the free amino nitrogen of the stems as directly determined. 
This discrepancy furnishes a check upon the determinations of the two 
amides in tlic dried stem extract whicli stronelv suerrests that the recorded 

0.20- 

data for tlie arnides are considerably too higl; anii'ierves further to em- 
phasize tlie inadequacy of the analytical metlibds for amides when applied 
to tohacco stem tissue. 

The amino and peptide nitrogeii of a hot water extract of the dried, 
fat-free pods are plotted in Figure 37. Tlie rapid accu~nulatiou of pep- 
tide nitrogen so that, in tlie last collection, tlie quantity was approximately 
equal to that in the stems is of interest. I t  should perhaps be pointed out 
that this peptide nitrogen does not represent tlie protein of the developing 
seeds, as the protein of the seeds was not extracted by water under the 
conditions adopted; it probably represents solithle compounds of amino 
acids s)nthesized in preparation for the laying clo~vn of the seed protein. 

L.8.M: 
h l " O  N 
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RELATIVE DISTRIBUTION O F  T H E  CONSTITUENTS 
O F  THE TOBACCO PLANT 

The analytical data hitherto discussed hare for tlie most part referred 
to the absolute quantity of each constituent, usually expressed in grams, 
in a single plant. This method of presentatioti has furnished a picture 
of many of the chemical details of the,growtll of the tohacco plant, but has 
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given little direct information regarding the distribution of the various 
factors in the different parts of the plant, or of the quantitative relation- 
ships between these factors. It  is customary to express analytical data 
obtained from plants in terms of percentage of some quantity such as the 
fresh or dry weight; that is to say, the relative concentration of the 
various factors ic calculated in terms of a quantity which is assumed to 
be constant. But, clearly, every quantity that might be employed as  a 
basis for the calcolation varies as the plant grows, and one cannot assume 
that the manner of variation of a given factor, and of the factor taken 
as the basis of computation of the percentage, is in every case similar. 
Irregularities in a curve of percentage may therefore be due to a change 
in either or both of the quantities involved, and consequently become 
difficult to interpret. 

Accordingly, the calculatioos given below of the distributioa of the 
various componcnts have been restricted for the most part to cases in 
which the fundamental biological unit, the single plant, is still the dominant 
factor in the situation, as our aim is to provide, as vivid a picture as 
possible of the chemical changes that occur d a r ~ n g  the growth of the 
individual plant. 

Figure 38 shows the distrihution of the fresh weight of one plant as 
between leaves. stem. and pods. The relative mass of leaf tissue increased 
from 68 per c;nt to 85 pe; cent of the whole in 26 days after setting, but 
then diminished fairly rapidly so that, at 61 days, the relative proportions 
of leaf and stem tissue were approximately equal. The sten1 reached its 
maximum relative proportion at  the same time and thereafter remained 
substantially constant, the diminution in relative weight of tlie leaves 
being compensated by the increase in the relative weight of the blossoms 
and pods. 

The gcneral distribution oi the dry w~igllt  of the plant (Figure 39) is 
verj- closely like that of the fresh weight, but there are differences in detail. 
The dry weight of t l~e  seedling leaves \%,as 77 per cent of the whole, being 
10 per cent greatcr than the fresh weight, but, a t  26 days, when it reached 
its maximum proportion, it was only 2 per cent greater than the fresh 
weight. The curves of dry weight intersect at 57 days, and thereafter the 
proportion of dry stem tissue remained substantially constant, while the 
pods increased and thc leaves decreased. The lowest proportion reached 
by the kaves was 27 per cent of the whole: being about 7 per cent less 
than the lowest proportion reached by the ircsh leaves. 

l 'ig~~re 40 shows the distribution of the organic solids anrl ash of the 
plant. The curves for the organic solids, as might he expected, are closelr . likc the curves showing the rlistri1mtion.of dry weight. The curves fnr 

the distribution of the total ash of the plant ditier markedly, however, and 
are plotted in llroken lines on the same figure to permit close comparison. 
The ash in the leaves at all times exceeded the ash in the stems, and only 
in the leaves of the last two collections was the leaf ash as little as 
one-half the total ash of the plant. Throughout the period of most rapid 
growth more than two-thirds of the total ash \\.as found in the leaves. 

The distribution of tlie titrable organic acidity of the whole plant is 
shown in Figure 41. The proportion of the total organic acids in t"- 
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leaves rose from 82 per cent to nearly 94 per cent in the 26-day-old plants, 
and then diminishrd almost linearly to 51 per cent in the leaves of the 
last collection. The proportion of the acidity in the stems rose to about 
30 per cent at the time of blossoming, and then remained constant during 
the greater part of the period of pod development. Comparison of Figure 
41 with the curves for the distrihution of the ash in Figure 40 shows a 
marked similarity between the two sets of curves. This furnishes another 
example of the intimate relationship between the acidity and the ash con- 
tent of the tobacco plant to which reference has already been made. 

It  mill perhaps have been noted that in every case considered the change 
jn distribution resulting from the development of the fruit has resulted 
m a mamtenance of the proportion present in the stem at approximately 
the level attamed at 61 days, while the proportion in the leaves diminished. 
The distribution of the nitrogen of the plant, shown in Figurc 42, striking- 
ly illustrates this because of the high proportion of the nitrogen found in 
the pods as these develop. The nitrogen of the leaves increased at the 
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start, reaching nearly 93 per cent of the whole at  27 days; it then dimin- 
ished fairly rapidly to 40 per cent at the last collection. Meanwhile the 
stem nitrogen reached a maximum of only about 30 per cent at 61 days 
and thereafter diminished slightly. The nitrogen of the pods, however, 
increased with great rapidity to approximately 33 per cent a t  the final 
observation, but the slope of the curve suggests that the pods of still 
older plants would contain an even larger share of the total nitrogen. 

In  Figure 43 are plotted two curves that show the relative proportions 
of the total nitrogen of the leaves and stem respectively that are brought 
into solution by boiling water. About 47 per cent of the nitrogen of the 
seedling leaves was, soluble, but this proportion rapidly dropped to a level 
that varies between 25 and 30 per cent throughout the period of rapid 
growth. The aging leaves of the last three collections, however, contained 
a somewhat higher proportion of soluble nitrogen. This may perhaps 
be associated with the fact that, during this period, transformations of the 
leaf constituents into forms suitable for translocation to the developing 
seed were taking place. 

lW Raportlon of N I of lsnraa  and 
or stme as 
Soluble N 

0, pods: nitrate 

'0 Day. 40 80 IM 

The soluble nitrogen of the stems started at tlie very high proportion 
of 82 per cent; it dropped rapidly to 67 per cent, remained at this level 
until rapid growth set in, when it dropped to about 63 per cent and there 
remained until the last two collections when it fell a little further. 

These two curves also furnish a rough measure of the variations in the 
proportion of protein nitrogen in the two tissues. If the ordinates are 
reversed and read downwards, the curves show the proportion of the 
total nitrogen in each tissue that was insoluble in hot water, hIuch of  the 
insolul,lc nitrogen of the leaf tissue is certainly protein nitrogen, and it 
seems probable that this is also true of the insoluble nitrogen of the stem. 
I t  is clear that the proportion of protein nitrogen in the leaves rapidly 
increased during the time tlie plant was establishing itself, but remained 
relatively constant during the period of rapid growth. The proportion of 
protein nitrogen in the stem likewise increased at the start, but remained 
quite constant throughout the growth period: towards the end there was 
a minor increase in protein nitrogen. 
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Figure 44 shows the relative distributio~l of the nitrate nitrogen in the 
plant. The seedlings contained nearly as much of their nitrate in the 
stem as in the leaf, but the relative proportion in the leaf rapidly increased 
during the fi'rst 26 days. Subsequently it fell away so that in the final 
collections nearly the whole of the nitrate of the ~ l a n t  was Dresent in the 
stem. The pods at  no time contained more than a very 'small propor- 
tion of the whole. 

Plotted on the same figure is a curve which shows the proportion of 
the total nicotine of the plant found in the leaves; throughout most of the 

* r $  Stem N: ' ston N: I ar., st.. N: 
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period studied this varied between 85 and 58 per cent. The constancy 
of the proportion in the leaves is remarkable in view of the rapidly chang- 
itis relative proportions of leaf and stem tissue as the plant grows, and 
ralses an interesting question with regard to the kind of cells that are 
capable of synthesizing nicotine. 

The distrillution of the total nitrogen of the leaf among the various 
forms that were determined analytically is shown in the next three fipres.  
Figure 45 slio~rs the relative proportions of nitrate and nicotine nitrogen. 
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Tlie nitrate of the seedling leaves was very high, amounting to 23 per 
cent of the whole. l'llis mpirlly diminished so that the nitrate in the 
oldest leaves was approximately 2 per cent of the total nitrogen. The 
curve shows several irregularities, notably at 35 and 75 days. Although 
tlie possibility that these may 11e in part due to sampling error is not 
excluded, it happens that each of these collections was made the,day 
follor+.ing a change in the conditions of the culture of the plants. The 
field was heavily irrigated on the 34th day, and on the 74th day tlie first 
rain in several weeks fell. Under these circumstances it is perhaps not 
surprising tliat a sudden increase in tlie nitrate content of the samples 
taken on the succeeding (lays should have been observed. Although heavy 
rain fell during the last week of the experiment. there was no response 
in the nitrate content of the final collection, possihly because of exhaustion 
of tlie available store of nitrate in the soil. 

The proportion of nicotine nitrogen in the leaf increased very rapidly 
during the first three weeks of tlie experiment, but then diminished slightly 
and re~iiained relatively constant during the early part of the period of 
most rapid growth of tlie plant; a steady increase in the proportion of 
nicotine nitrogen then ensued and continued to the end. 

Interpretation of these observations is difficult in view of  our ignorance 
of the exact position of nicotine in the scheme of nitrogen metabolism 
of the tobacco plant. It may be suggested, liowever, that the synthesis 
of nicotine was restricted, during the period of rapid growth, by the 
demands of the .tissues for nitrogen in other forms: only when the plant 
had attained a nearly full deuelopme~it was the synthesis of nicotine re- 
sumed at a relative rate that reseml~led the initial rate of synthesis. 

Figure 46 shows the relative proportions of three closely related forms 
of nitrogen-ammonia, glutamine a~nide, and asparagine amide nitrogen- 
in the leaves. These are highly reactive metabolites, and consequently the 
curves which represent tlie proportions present are far  from smooth. Tlie 
proportion of ammonia nitrogen fell rapidly during tlie period when 
the seedling was establishing itself, and tlie cuwe of glutamine amide 
nitrogen likewise descended. , \ t  26 days the proportion of ammonia began 
to increase and, hy tlie expiration of 51 days, had reached its former level ; 
subsequently it again diminished. hIeanwliile the proportion of glutamine 
amide nitrogen, after increasing slightly and diminishing again, remained 
at a fairly constant level until at 75 days a marked increase occurred. 

The curve oi asparagine amide nitrogen shows that very little of this 
amide was present in the young leaves, but that the proportion rapidly 
increased during the period of rapid growth. The relationships between 
the quantities of asparagine and of ammonia are in almost every detail 
what is to he expected if the synthesis of asparagine is regarded as being 
brought about by an increase in the free ammonia. Iloreover, the de- 
crease in free ammonia at the elid may very probably be attrihuted to 
transformation into one or the other, or  perhaps both, of the amides. 
These observations, then, are consistent with the view that amides are 
syntliesi7.ed 1)y tlie plant as a protective measure. 

The proportions of amino and of peptide nitrogen are shown in Figure 
47. The data for the amino nitrogen are somewhat irregular, but indi- 
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cate an increase of free aniino nitrogen, during tlie period of most rapid 
growth, to a level nearly twice as great as  tliat a t  the start; this higher 
level is maintained to tlie end. The peptide nitrogen, on the other hand, 
remained, with ininor variations, a t  a constant level of approximately 2 
per cent until the last collection, when it suddenly increased sharply. This 
change is probably associated with the rapid translocation of nitrogen 
from leaf to scetl pod that took place at this time. 

The distribution of tlie nitrogen of the stem is shown in Figures 48, 
49 and 50. The nitrate nitrogen in the tiny sterns of the seedlings 
amounted to no less than 65 per cent of the total nitrogen-an obvious 
case of storage under what were designedly the most favorable possible 
conditions for growth. During the period o i  estahlisliment of the plant, 
the nitrate diminished very rapidly indeed to the vicinity of 20 per cent. 
Comparison of Figure 48 with Figure 45 shows that the stenis also ex- 
hibit the relatirely higher proportion of nitrate at 35 and at 75 days that 
charactcrizetl the leaves at these points-a further support for the ex- 
planation already suggested. 

During tlie period of rapid growth, nitrate increased in relative pro- 
portion ill the stem, but dropped in the stems of the last collection, possibly 
due to Icaching of the soil by the heavy rains of the last interval. A t  all 
times, however, the, nitrate made up a considerably larger part of the 
nitrogen of tlie stem than it did of the nitrogen of the leaves. 

The nicotinc nitrogen of the stem is, save for the observation at 26 days, 
relatively constant throughorrt a t  the low level of approximately 2 per 
cent. In this respect the behavior o f  the stem nicotine contrasts sharply 
with that of the leaf nicotine (Figure 45). 

The curves in Figure 49 are presented purely with the ohject of com- 
pleting tlie picture. No interpretation call at present be assigned to them 
as  the data represent the results of analytical determinations carried out 
in routine fashion on the stem tissue in spite of the fact tliat these illdirect 
metliods are probably not applicable in this particular case. Attention 
should he directed to the fact tliat tlie rise and fall of the ammonia nitro- 
gen is accompanied by analogous changes in the curve labeled "glutamine 
amide N'', but no direct inference of a relationship between these plie- 
nomena is warranted until the chemical nature of the amide nitrogen of 
the stem tissue is more fully known. 

The proportions of amino and of peptide nitrogen in tlie stem tissue 
are shown in Figure 50. The amino nitrogen dropped in the young plants 
until rapid growth began, \vhen the proportion increased. The low value 
for the amino nitrogen at 75 days is difficult to explain and, with tlie 
exception of this one point, the increase continued until the termination 
of the experiment. The relative proportion of amino nitrogen in the stem 
tissue is of about the same order of magnitude as the proportion in the 
leaf tissue. 

The peptide nitrogen rapidly increased from a low value at tlie be- 
ginning to a maximmil approximating 8 per cent at 54 days: subsequently 
~t fell to about 4 per cent at the elid of the experiment. The behavior 
of tlie proportion of this form of nitrogen in the ste~ii  is entirely different 
from that it1 tlie leaf, and the possibility tliat sollie of the alnino nitrogen 
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produced by strong acid hydrolysis. may hare arisen from pyrrolidone 
carhoxylic acid has already been pointed out. Whatever its origin, how- 
ever, the relative proportion is much greater in the stem, and the alter- 
ations in this proportion, as growth progressed, are in striking contrast 
to the constancy of the proportion in the leaf. If the peptide nitrogen of 
the stem may be regarded as a measure of the quantity of partially con-  
structed protein in transit from the leaves to the growing points, it is clear 
that the maximal amount was present in the stem tissue during the period 
of most rapid growth of the plant as a whole. 

THE WORK OF SMIRNOV 

Smirnov and his collaborators (35, 36), as has already heen mentioned, 
have also investigated the composition of tlie tobacco plant at various staces 
in its growth. Their experimental technic and cl~emical methods differ 
fundamentally in many respects from our own and, moreover, the variety 
of tobacco plant they employed was likewise widely different, heing a high- 
carbohydrate, low-nitrogen type. Their data are expressed for the most 
part in terms of grams per unit leaf area, and consequently there is no 
way in which direct comparisons with ours can be .made. Fortunately, 
however, they likewise calculated tlie proportions of some constituents 
in terms ot percentage of the dry weight of the leaf. and these calculations 
enable us to point out certain of the contrasts between the two varieties 
of tobacco grourn under widely different conditions. 

An important consideration in a comparison such as this is the rela- 
tive length of the growing season at I<msnodar and in Connecticut. and 
the time required for the plants to reach maturity. I t  is difficult to corre- 
late these factors. Smirnov refers to the leaves of his plants at 90 days 
as tecl~nically ripe, while the 110-day-old leaves were beginning to turn 
yellow. The lower leaves of Connecticut shade tobacco are regarded as  
mature in about 50 days-in fact the first picking of the crop from the 
plants in tlie field used in our experiments was made on tlie 51st clay. 
and the fourth and last picking had been completed by 75 days. Rut evcn 
at 110 days of age tlie leaves of our plants had not begun to turn !;ellow. 
This is an instance of the fundamental difference between the two types 
of tobacco plant under discussion. 

Smirnov's ~ l a n t s  at 50 days had begun to form flower l>uds and a t  
63 days were'in flower. A f;w flower buds had formed in tlie field from 
which we drew our samples at 54 days, hut flowering had not become 
penera1 tintil 61 davs had ela~sed.  In  view of this, the life cycle-at " 
least with respect to reproduction-is apparently not unduly different in 
the two localrties; the great difference is in tlie use to which the re- 
spective crops are put. 

In Fignre 51 is shown tlie percentage of total soluble carbohydrate in 
the leaves of our samples of tobacco calculated on the hasis of dry weight. 
The curve drops sharply during the period of e?tal~lishment of tlie plan!, 
rises as rapid growth began, hut changes to only a minor degree throag' 
the period of most rapid grorvth. -4s  thc plants reached their full siz 

however, the percentage of carbohydrate rapidly increased to a high le\~el. 
Smirnov's data. calculated on the same basis, are plotted in hroken lines 
in the same figure. The solul~le carl~ohydrate of his young plants rapidly 
increased to a very high level, and then diminished again during the 
period of rapid growth preceding hlossoining. Tlie curve for the topped 
plants oscillates a l ~ o t ~ t  a level of approximately 10 per cent. The behavior 
of the two types of plant is thus quite clifferelit. Smirnov's plants at all 
times, save in tlie 110-day collection, contained a much higher concentra- 
tion of soluble carbol~ydrates than ours. 

Tlie proportion of nitrogen in the leaves of onr plants. calculated as 
percentage of the dry weight, is shown in Figure 52. Tlie proportion 
dropped slightly in tlie first period of study, doubtless due to the rapid 
metabolism of the large quantities of nitrate in the seeclli~ig leaves and the 
increase in non-nitrogenous constituents, an11 then remained at a relatively 
constant level of approximately 5 p?r cent until the plants were nearly 
full grown. The level dropped in the leaves of tlie last two collectiolis 
very materially, probably due to witlidrawal of nitrogenous substances 
and translocation to the fruit. 
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Smirnor's seedlings were mucll lover in total nitrogen than ours, hnt 
rapidly increased to the cxtraordi~iary figure of 6.2 per cent at 30 days ; 
they the11 dropped again to a fairly constant proportion of ahout 4 per 
cent iluring the period of rapid growth and heginning of flowering. Coni- 
parison of Figures 52 and 51 illustrates clearly the fundamental difference 
in type of the two varieties of toliacco under discussion to which attention 
has already been drawn. Interestingly enough, the topped plants studied 
11y Smirnov approached cery closely to our own normal plants both in 
nitrogen content, and in the behavior of the nitrogen in tlie aging leaves. 

In Figure 53 the total nitrogen of the leaves calculated as per cent of 
the fresh weight is plotted. This curve, unlike that of percentage on dry 
weight, starts a t  a low level in the see(l1ings and rapidly rises as the 
plants estahlished tlicmselves. During the early part of the growth period, 
the proportion oscillated about a mean value slightly ahore 0.5 per cent. 
and then gradually diminished to slightly less than 0.5 per cent. One of 



the values, that at 75 days, is extraordinarily high, the rest, however, are 
remarkably constant. Smirnov's data, plotted on the same figufe, indi- 
cate that, when calculated in this manner, his leaves were richer in nitro- 
gen than ours in all save the first case. H e  likewise encountered one 
sample in the aging plants with an extraordinarily high nitrogen content. 
Further investigation will be required to decide whether the aging leaves 
do in fact pass through a stage of unusually high nitrogen content. We are 
inclined, however, to attribute the high value in our own case to a sudden 
influx of nitrate. due to the rain which fell after a prolonged dry period 
during the 74thday of our experiment. 

F ~ ~ r t h r r  detailed comnarisons of Smirnov's data with our own is per- .-.. . - 

haps superfluous. clea;ly the two types of tobacco are widely different 
in their metabolistn, and this is illustrated most forcibly by the difference 
in nicotine content. The highest proportion of nicotine nitrogen attained 
by our plants was slightly Inore than 10 per cent of the total nitrogen: 
Smirnov's oldest plants reached the astonishing figure of 34.2 per cent of 
t h ~  total nitrogen as nicotine nitrocen. These plants had been topped .~-. .. - 
which, of coursc. profoondly altered the normal course of leaf metabolism, 
and perhaps a comparison is not strictly justifiable. Nevertheless his nor- 
mal plants at 63 days contained 16.3 per cent of the leaf nitrogen as  nico- 
tine nitrogen, whereas our 61-day-old leaves contained only 4 per cent. 

A few comparisons can be instituted on the basis of certain of the general 
statements in Smirtiov's paper. Thus he observed that the total carho- 
hydrate of tlie leaf tissue, when expressed in terms. of surface area, in- 
creased with age up to the time of flowering, diminished during the blossom- 
ing period, and then increased again. Reference to Figure 16 shows that 
the total carbohydrate of the leaf tissue of our plants, when expressed on 
a gram per plant basis, underwent an analogous sequence of changes. 

Smirnov noted the relative importance of oxalic acid in the young leaves 
to which attention has already been directed. Unfortunately, however, 
the methods he employed for the determination of malic and citric acid 
are neither specific nor accurate, so that his conclusions with respect to the 
behavior of these acids during the growth of the plant are not trustworthy. 
Smirnov recognized this himself as he pointed out that the lack of suitable 
methods of analysis made it impossible to obtain a clear picture of the 
changes in the organic acids during the vegetative period of the leaves. 

SUMMARY 

The rate of growth of the tobacco plant has been investigated by means 
of detailed chemical analyses of the leaves, sems,  and fruit of a series of 
collections taken a t  frequent intervals from the seedling stage to the point 
a t  which the seed pods were well advanced in the process of ripening. The 
variety studied was Connecticut shade-grown tobacco; the plants were 
crown under normal agricultural conditions under a shade tent as part of - 
a general crop. 

The collections of plants were divided into two roughly equal lots, and 
were then dissected into leaf, stem, and later, inflorescence, or pod por- 

tions. The leaves and stems of one lot were separately extracted with 
boiling water, those of the other lnt were at once dried in an oven. The 
pods were dried. 

Analyses of the extracts, residues from extraction, and of the dried 
samples were carried out by methods many o f  which have heen specially 
developed in this laboratory for application to the tobacco plant. The 
results of the analyses were calculated on a basis of grams per individual 
plant, and are plotted in the figures on a uniform time scale. Ratios between 
certain of the constituents and rlistrihutions of some of them in the three 
main parts of the plant have also been calculated. 

The rate of growth, as measured by the increase of fresh weight of the 
tops, was very slow during the first three weeks while the seedling was 
establisliing itself. The rate then rapidly accelerated to a maximum he- 
tween the 40th and 47th days; thereafter it diminished in a regular fashion 
until seed production began. The relative proportions of leaf and stem 
tissue changed profoundly during the growth period. At 35 days, the 
stems weighed one-third as much as the leaves, but after 61 days exceeded 
the leaves in weight. The leaves of the older plants diminished in weight 
as the inflorescence developed. 

Measured in terms of dry weight, the rate of growth was different in 
many details. After an initial period of slow acceleration, the rate of growth 
became practically constant in the period from 35 to 75 days, and sub- 
sequently diminished more slowly than did the rate as measured in terms 
of fresh weight. 

Together with the results that show the broad aspects of the rate of 
growth are presented data that show the rates of accumulation in leaves. 
stem, and pods of the organic solids, the ash, the water-soluble prganic 
solids and ash, the total organic acidity, the quantities of malic, citric, 
oxalic, and of unknown acids, the total and the fermentable carbohydrates, 
the crude fiber, the ether extractives, the nitrogen both soluble and in- 
soluble, and of the nitrate, nicotine, ammonia, asparagine amide, glutamine 
amide, amino and peptide nitrogen. Where possible, attempts have been 
made to correlate certain of the data with each other, and especial attention 
has been given to the effect of the onset of the reproductive period. 

I t  is not feasible to draw many detailed conclusions from a single experi- 
ment that represents the effects of l ~ n t  one growing season. Attention may 
be directed, however, to a few of tlie results that amear  to have ceneral . . - 
significance. 

The data on the organic acids are the first that have hitherto been ob- 
tained by accurate and trustworthy methods from which conclusions can 
be drawn regarding the behavior of these substances in a growing plant. 
A rapid accumulation of a high relative proportion of oxalic acid in the 
very young tobacco plants was observed. This is a phenomenon already 
noted by Smirnov and, if oxalic acid may be regarded as an end-product, 
suggests an extremely rapid rate of metabolism in these plants. The most 
significant result, however, is the observation that the three chief acids- 
malic, citric, and oxalic-maintained a nearly constant ratio to one another 
in the leaves from the 40th day to the end of tlie period of observation 
(110 days), although the total quantity of organic acids present increased 



about 400 per cent in the interval between 40 and 75 days and then sharply 
(lecreased. This implies tliat th? rluantitati\.e relationships of the three 
acids to one another were not affected either hy rapid deposition in the 
leaves or by withdra\val from them. llanifestly the metaholism of these 
three acids is closely related, and it is clear that oxalic acid shares pm- 
portionately with tlie others in the chemical changes. No definite ev: 
dence was secured, however, that connects the organic acid metaholism wi 
cither the carholiydrate or the protein metaholism of the plant. 

Malic acid was at all stages of gronth the predominant acid of tl 
leaves, osalic heing the next in onler, with citric in smallest quantity. The 
amount of u n k n o ~ n  acids was intermediate hetween the oxalic and citric 
acids. In the stems, the unknown acids predominated, ~iialic and oxalic 
acids heing present in consid,erably snlaller amounts: citric acid rvas in- 
variably present, 1)ut in only small quantities. In the pods also, the w 
known acids predominate~l, nialic acid coming next in quantity: traces on 
of oxalic and citric acids were present. 

The investigation of tlie amide nitrogen showed that our knowledge 
the substances in the tobacco plant which produce ammonia on mild 
hydrolysis with acids is far from complete. The results with the leaf 
tissue could, for the most part, he satisfactorily interpreted on tlie assump- 
tion that asparagine and glutamine are the only amides present. The 
stem tissue, on the other hand, may contain a considerable proportion of 
an unstahle amide-like substance in addition to these: if this is so, the 
accurate deter~mination of glutanline and asparagine by tlie methods e n -  
ployed is impossible. 

The growth of the plant as a whole can he roughly divided into three 
'periods. The first is the period of from three to four weeks  luring which 
the seedling established itself in the soil hut increased little in weight. 
The dry matter, organic acids, ash, carbohydrates and nitrogen in all forms 
increased in absolute quantity per plant, but the relative distribution of the 
individual organic acirls, and of the forms of carbohydrate and of nitropen 
undenvent consirlerable changcs. Thus, the ~nalic acid dirninisl~erl, and thc 
oxalic and citric increased when calculated as percentage of tlie total acidity. 
The proportior1 of the total solnhle carholiydrate as ferrnelltahle carl)~)- 
hy~lrate diminished. Calcnlated as percentage of tlie total nitrogen, the 
nitrate nitrogen dropped profoundly, and the a~nmonia. amide, slid ami~io 
nitrogen dinlinished ; the nicotine nitrogen increased. 

During the period of rapid growth, which extends roughlv from t 
35th to the 75th day, organic and inorganic substances accumulated in t 
plant rvith sarl,risitlg speed, hut the alterations in relative pr,oportions \vc 
less striking. The intli\.idnal organic acids were remarkal)ly constant m 
both leaf arlrl stem. :The proportion of fermentable carl)oh)drate in the 
leaves drol)l)etl temporarily during the time of most rapid gro\vth. I)ut 
soon recovered its earlier level, while the proportion in the stem steadily. 
though slou~ly, increased. The relative proportions of the more active 
nitrogenous metabolites, i.e. the nitrate, ammonia and amid: nitrogen. 
underwent material Huctrtations, hut in general tlie nitrate in the leaf 
dinlinished, that in tlie stem increased. The nicotine of the leaves incrrasetl. 
that of the stelm remaincd constant, but the relative proportions of tlie total 

nicotine in leaf and sten1 tissue were unchanged; the a~~l ides  and atnrnonia 
\ of both leaf and stem increased. 

In  tlie final period, that of reproduction, mhich hegan at approximately 
the 61st day, the leaves decreased both in fresh and in dry weight: the 
stems remained constant in fresh weight, but increased in rlry weight; the 
organic acids and the ash of hoth leaves and stems increased, but the 
relative proportions of the individual acids remained approximately steady: 
the soluble carbohydrates remained constant during the early part of the 
reproductive period, but then increased. The total nitrogen of the plant 
appeared to decrease somewhat at the end of the period of reproclnction, but 
additional evidence will be required to make this certain. The quantity of 
nitrate nitrogen din~inished sharply in both leaf and stem tissue: the 
quantity of nicotine nitrogen in the leaves increased, that in the stems re- 
~nained constant : the nmides and ammonia in general drcreased in an~ount. 
The relative proportion of nitrate decreased, that of the nicotine of the 
leaves increased, while that of the stems remained constant; the propor- 
tions of aurirle nitrogen and of ammonia nitrogen increased. 

The rn~ost striking feature of the final period was, of course, the evidence 
of translocation of organic and of inorganic substances from other parts 
o i  the plant, particularly the leaves. into the developing seed pods. Ap- 
~)roximately one-fifth of the organic solids of the plant were ultimately 
Iocaterl in the fruit, and neark one-third of this consisted of ether-soluhle 
material, inostly true fat. There was also a marked storage of nitrogen 
in the seer1 pods, which at the end a~nounted to nearly one-third of the 
nitrogen of the entire plant. Much of it was doubtless in tlie form of seed 
protein. The translocation of organic acids. prol~ahly comhined as salts of 
inorganic cations, into thc fruit was hy no means a minor matter as ahout 
one-tenth of the organic acidity was ulti~nately found therein. The picture 
presented is very clearly one of transformation of the plastic materials of 
the lea\,es and to lesser extent of the stems into the stahle reser\.cs of 
nutriment for the succeeding generation. 
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APPENDIX 

After the manuscript of the present bulletin had been prepared for the 
press, we received the valuable papers of Vladescu (Vladescu, I., Buletinul 
cultivarei si fermentarei Tutunului, 23: 231, 359. 1934) on the assimilation 

Appendix M)9 

of mineral and organic substances during the development of the tobacco 
plant. This extensive study, carried out a t  the Institute for the Culture 
and Fermentation of Tobacco in BBneasa, deals with the composition of the 
tobacco plant throughout the life cycle, particular attention being paid to 
the inorganic constituents. 

The plants studied by Vladescu were of the variety Molovata, a small- 
leaved plant with slender stems especially suited for chemical investigations. 
The  behavior of these plants under the agricultural conditions that obtain 
in Roumania differs fundamentally from that characteristic either of 
Connecticut tobacco or the Russian variety studied by Smirnov a t  Kras- 
nodar. After passing through the blossoming stage (46th to 56th days 
from setting) the plants hegin to lose in fresh weight owing to the ripen- 
ing of the basal leaves (66 days). The  ripening process gradually ex- 
tends up the plant, and is accompanied by marked losses of water and 
even of organic matter, possibly due to processes analogous to those noted 
I>!- the present writers during the curing oi  Connecticut tobacco leaves 
(Carnegie Inst. Wash., Pub. 445: 1933). A renewed reproductive ac- 
tivit~. begins at ahout the 96th day from setting and results in a distinct 
increase in the fresh and dry weight of the plants as  well as  in the quantities 
of inorganic constituents; but a t  the expiration of 119 days the fresh 
and dry weight has again diminished. 

Vladescu's papers deal explicitly with the matter of calculation of the 
restilts oi chemical analyses of plants during the growth cycle. H e  points 
out that calculation in terms of percentage of the fresh o r  dry weight may 
readily lead to contradiction and error. The  calculation in terms of ab- 
solute weight in a fixed number of  ,plants (he uses 100 plants), however.' 
leads to definite and easily appreciated results, and is much to be preferred 
for studies of growing plants. 

His  work is divided into two main parts. I n  the first part he deals 
with plants taken from the seedbed a t  frequent intervals during the first 
four weeks of vegetation. The  plants had attained a size suitable for 
transplantation in 17 days and at that time bore 4 to 3 leaves and were 
12 cm. high. The  entire plants, including the roots, were removed from 
the beds, and washed free from soil; superficial moisture was removed 
and, after being weighed, the material was dried a t  105". The  dry tissue 
was then analyzed for total nitrogen, protein nitrogen, nicotine, and ash, 
and the ash was analyzed for calcium, magnesium, iron, manganese, potas- 
sium. phosphorus, and silicon by well known and accurate methods. The  
restllts are expressed in tables and graphs which show both percentage of 
dry weight and the absolute quantity in 100 plants. 

Aside from the evidence of rapid assimilation of nitrogen and inorganic 
substances, the most important ol>servation is that nicotine is elaborated 
a t  a constantly increasing rate even from the earliest stage, and forms a 
very appreciable part of the non-protein nitrogen. I t  is unfortunate that 
determinations of nitrate nitrogen were not included. 

The  second part of Vladescu's work deals with analyses of plants after 
transplantation to the field. Four  agricultural technics were employed in 
the culture of these plants. Two equal areas of the experimental plot were 
fertilized with manganese applied a t  the rate of 16 kilos of manganese 



sulfate per 1000 sq. 111. in addition to the usual fertilizer. The suckers 
were removed fro111 half of tlie plants on each area at the proper time. 
The final data therefore include observations on plants stimulated hy tlie 
administration of manganese, on nor~iial plants, and on plants under hoth 
conditions of nutriment fro111 which tlie suckers Iiad heen removed. 

The curves which show the rate of accumulation, in the plants wit11 
and \ritliout manganese, of fresh and dry weight, and of water, all indi- 
cate a rapid rise to a maxiintun at approximately the 65th clay from setting. 
At this time the seed capsules were formed and drying of the basal leaves 
had hegun. During the following 30 days a diminution in wei,ol~t occurred. 
An increase to a second but lower maximum followed d u r ~ n g  the next 
10 to 14 days, this second maximum being mucli more pronounced in the 
case of the plants from whicll suckers had been re~noved. 

The weight of the ash and, indeed, of several of the ash constituents 
showed a similar, tliougl~ in some cases less striking sequence of changes: 
iron, manganese, and silicon gave no distinct maxima, hut the curves 
reveal marked inflections at the critical points. Vladescu interprets these 
changes in terms of positive and negative migration of tlie various con- 
stituents, and points out that negative (downward) migration of iron, 
manganese, anrl silicon apparently does not occur. 

Tile behavior of tlie nitrogen in Vladescu's plants is of particular interest 
because of the contrast to the behavior in Connecticut tohacco. The curves 
as drawn in his paper indicate a rise to a maximum at about 65 days 
(end of flowering) followed by a drop, and then a second rise to a sharp 
maximum at about 108 days. The first maxi~nunl nitrogen content per 
individual plant is 1.73 gtn. which is very much less than the n~aximal 
nitrogen content (5.12 gm.) of our plants attained on the 75th day. The 
nitrogen of the plants then drops to 1.38 gm. at about 89 days, rises to 
1.76 pn. at 108 days and finally drops sharply. 

A careful sti~dy of the distribution of the poinis from which Vladesc~t 
plotted his curre, and a consideration of our own difficulties in selecting 
average plants so as to minimize tlie sanipling error leads us to wonder ii 
Vladescu's data provide as clear a demonstration of a negative migra- 
tion after the first period of flowering as lie would imply. There is. 
unfortunately, no information in his papers regarding the numl)er of 
plants taken at each collection and the magnitude of tlie prohable error 
cannot, therefore, he assessed. 

Vladescu's data on the nicotine content of his plants, hoae\~er, give 
evidence of changes far greater than any possible experimental or sampling 
error. The nicotine content reached a maximu111 at 65 days and then 
steadily dinlinished to a value at 100 days of less than half tlie maximum. 
The normal plants, that is, those from which suckers had not l~een re- 
moved, then increased materially in nicotine, doubtless due to tlie elaho- 
ration of alkaloids in the newly developing parts: tlie others, I~owever, 
maintained the nicotine level unchanged through this period. 

The quantities involved indicate that at the point of maximal nicotine 
content (65 days) Vladescu's plants contained 0.0511 gm. of nicotine 
nitrogen per plant of fresli weight 610 gm. Our plants at 61 days con- 
tained 0.113 gm. in a plant of 954 gm. fresh weight. But at 61 days our 

plants Iiacl only begun to  pass into the blossonling phase; at the prriod 
when blossoming was over and seed pods were developing (75 davs), our 
plants contained 0.182 gm. of nicotine nitrogen in a plant of 1,110 gtn. 
fresli weight, and subsequently the nicotine nitrogen increased to 0.287 
gm. (97 days) with only a minor increase in fresh weight. 

No phenomenon at all analogous to the profound drop in nicotine 
content (from 0.051 gm. at 65 days to 0.028 gm. at 100 days) noted by 
Vladescu occurred in our plants, and this is of great importance in the 
interpretation of the physiological function of nicotine in the plant. W e  
have elsewhere (Carnegie Inst. Wash., Puh. 445. 1933) pointed out that 
the nicotine content diminishes slightly during the curing of detached 
tohacco leaves. But tlie rapid decrease that occurred in tlie leaves of the 
Roumanian plants indicates that the destruction of the alkaloid in the 
drying leaves still attached to the plant is a much more striking phenom- 
enon and suggests the occurrence of a series of chemical changes, the 
interpretation of which might throw mucli light on the function of nico- 
tine in the tohacco plant. 



TABLE 2. FRESH WEIGHT, WATER CONTENT, AND DRY WEIGHT 
(Figures are grams in one plant) 

A B C U E F G Collection 

Time (days) 1 19 26 35 40 47 54 

Iris. Sample 

I 440 380 80 22 16 10 10 Number of plants 

Fresh weight 
Leaves 
Stem 
Pads 
Plant 

Number of plants 

Fresh weight 
Leaves 
Stern 
Pads 
Plant 

Average fresh weight . 
Leaves 
Stem 
Pods 
Plant 

Water content 
Leaves 
Stem 
Pods 
Plant 

Dry weight 
Leaves 
Stem 
Pods 
Plant 

TABLE 3. O R G A N ~ C  S0l.m~ AN" INORGAX~C SOL~DS (AsA) 
(Figores arc pratns it? one plant) 

A I1 C U E F G 

1 19 26 35 40 47 54 

Fig. Sample 

Collection 

Time (days) 

Organic solids 
Leaves 
Stem 
Pods 
Plant 

Inorganic solids (ash) 
Leaves 
Stem 
Pods 
Plant 

Soluble organic solids 
Leaves 
Stem 
Plant 

Insoluble organic solids 
Leaves 
Stem 
Plant 

Soluble ash 
Leaves 
Stem 
Plant 

Insoluble ash 
Leaves 
Stem 
Plant 



Collection 

T A ~ L E  4. ORGANIC ACIDS 

(Figures in the upper section of this table are milliequirale~lts of acid in one plant: 2 
f i~l l res  in the lower sectioll are i,ercentaces of the total organic acidity) 4- 

A B C 11 E F G H I J K 

Time (days) 1 19 26 35 40 47 54 61 75 97 110 
l'i~. So,nnle 

Total acidity: Leaves 10 11 0.111 1.02 4.21 24.5 34.6 79.6 113 104 148 120 128 
Stem 10 11 0.024 0.111 0.291 2.92 5.74 22.4 40.5 47.1 77.5 76.8 99.4 
Pods 10 11 1.36 6.43 225.9 21.3 
Plant 10 11 0,135 1.13 4.50 27.4 40.3 102.0 153 152 7.32 223 249 n 

Leaves: Malic acid 
Citric acid 
Oxalic acid 
Unknown acid 

Stem: Malicacid 
Citric acid 
Oxalic acid 
Unknown arid 

Pods: Malic acid 
Citric acid 
Oxalic acid 
Unknown acid 

Distribution of acidity in leaves 
Malic acid 

70 Citric acid 
7'0 hlalic + citric acid 
5'0 Oxalic acid 
$6 Malic + citric + oxalic acid 

Distribution of aciditv in stem 
% Malic acid 
% Citric acid 
[h Malic + citric acid 
'6 Oxalic acid 
YO hhllic + citric + oxalicncid 

Collection 

Time (days) 

Leaves 
Total carbohydrate 
Fermentahle carbohydrate 
Unierrnentahle carhohydrate 
% Fermentable 

Stem 
Total carbohydrate 
Fermentable carbh?.drate 
Lniermentable rarhohydrate 
% Fermentahle 

Crude fiber 
Leaves 
Stem 

Ether extractives 

Total nitrogen 
Leaves 
Stem 
Pods 
Plant 

Total nitrogen 
Leaves 
Stem 
Pods 
Plant 

TABLE 5. C.~RROIIY~RATES.  ETIIF.R EKTRACTI\.ES A m  To~.%r. NITRXEN 
(Figurec not othertvise dcrianated are grams in one plarlt) 

A R C I) E I' <: 11 I 1 



Collection 

Time (days) 

Soluble N: Leavcs 

Insoluble N: Le;lves 

Soluble N: Stem 

Insoluble N: Stem 

Nitrate N: Leaves 
Stem 
Pods 

Nicotine N: Leavcs 
Stem 

Leaves 
Free NI-I,-N 
pH 7 hydrolyzed N H r g  
1 N acid hydrolyzed NHrN 
Asparagine amide iS 
Glutamine amide N 
Easily hydrolyzed amide N 

TABLE 6. NITROGEN~US CONST~TUENTS 
(Figures are grams it, one plant) 

A n c D E F 

1 19 26 35 40 47 

Fig. .Sample 

22 I 0.0015 0.0081 0.0291 0.131 0.175 0.503 

22 I 0.0017 0.0162 0.0709 0.289 0.520 1.17 

23 I 0.0009 0.0027 0.055 0.0512 0.0928 0.282 

23 I 0.0002 0.0012 0.0026 0.0244 0.0549 0.169 

Stem 
- Free NH,-N 28 I1  0.000016 0.000038 0.0000692 0.000291 0.000719 0.00357 0.00633 0.0106 0.00757 0.00652 0.00861 

pH 7 hydrolyzed NHrN 28 I1  0.000027 0.000060 0.000122 0.00124 0.0034 0.0158 0.0329 0.0425 0.0299 0.0316 0.0443 
1 N acid hydrolyzed XHrN 28 1 I 0.0000680.000155 0.00188 0.00489 0.0235 0.0456 0.0481 0.0493 0.0499 0.0682 5 
Asparagine amide N 29 11 0.0000080.000033 0.00064 0.00149 0.0077 0.0127 0.0056 0.0194 0.0183 0.0239 - 
Glutamine amide N 29 I1 0.000011 0.0000220.000053 0.00095 0.00268 0.0122 0.0266 0.0319 0.0223 0.0251 0.0357 $. 
Ea~il~hydrolyzedamideN 29 I+I1 0.0000270.0000670.00026 0.0037 0.0080 0.0269 0.0596 0.0830 0.0789 0.0747 0.0456 
Nan-glutamine amide N 29 If11 0.000016 0.000045 0.00021 0.0028 0.0053 0.0147 0.0330 0.0511 0.0566 0.0496 0.0099 

P 

Collection 

TABLE 7. NITROGENOUS CONSTITUENTS 

(Figures are grams in one plant) 

A n c D E P G II I J K 

Time (days) 1 19 26 3.5 40 47 54 61 75 97 110 

Pig. Sample 

Leaf extract 
Free NH,N 

2 
30 I 0.00012 0.00035 0.0008750.00573 0.00812 0.0161 0.0245 0.0258 0.0249 0.0417 0.0178 5 

1 N acid hydrolyzed NHrN 30 1 0.000165 0.00050 0.00156 0.00782 0.0121 0.0256 0.0334 . 0.0372 0.0413 0.0620 0.0336 3. 
6 N acid Ihydrolyzed NHsN 30 I 0.00017 0.00061 0.0018 0.00832 0.0146 0.0373 0.0399 0.0467 0.0561 0.0753 0.0477 8 
Asparagine amide N 31 I 0.000045 0.00015 0.0006850.00209 0.00398 0.0095 0.0089 0.0114 0.0164 0.0203 0.0158 , 
6 N acid hydrolyzed NH,N 31 1 0.000005 0.00011 0.00024 0.0005 0.0025 0.01 17 0.0065 0.0095 0.0148 0.0133 0.0141 3 

G 
Stem extract 2 

Free NHrN 
1 N acid hydrolyzed NHrN 
6 N acid hydrolyzed NH,N 
Asparagine amirle N 
Asparagine amide N (calc.) 
6 N acid hydrolyzed NH,N 

Leaves 
Free amino N 34 I1  
Glutamine N+% asparagine N 34 I1 
Amino N oI amino acids 34 I1  

. Total amitla N 35 I1 
Peptide ii 35 I1 

Stem 
Free amino N 
Total amino N 
Peptide N 

Pods 
Free amino N 
Total amino N 
Peptide N 



Collection 

Time (day?) 

Fresh weight, plant 
Leaves, ires11 rveigl~t 
Stem, fresh weight 
l'uds, fresh weight 

Dry weight. plant 
Leaves, dry weight 
Stem. dry weight 
Pwls, dry weight 

Organic solids, plant 
Leaves, organic solids 
Stem. organic solids 
Pods, organic solids 

Ash, plant 
Leaves, ash 
Stem, ash 
Pods, as11 

Organic acidity, plant 
Leaves. acidity 
Stem, acidity 
Pads, acidity 

Total nitrogen, plant 
I.eaves, total nitrogell 
Stem, total nitrogen 
Pods, total nitrogen 

Collection 

T i e  (days) 

Leaf N as soluble N 

Stem N a s  soluble N 
Nitrate N, plant 

Leaves, nitrate N 
Stem, nitrate N 
Pads, nitrate N 

Plant nicotine N in leaves 

Leaf total N 
Nitrate N 
Nicotine N 
Ammonia N 
Glutamine amide N 
Asparagine amide N 
Amino K 
Peptide N 

TABLE 8. DISTRIBUTION DATA 
(Figures are per cent on bases indicated) 

A B C U E P 

1 19 26 35 40 47 

Pig. Sansnle 

Tnnr.~ 9. D ~ S T R ~ ~ U T I O N  DATA 
(Figures are per cent on bases indicated) i 

.A n c D E P c H I J K 

1 19 26 35 40 47 54 61 75 97 110 

Fig. Sam,,1e 

43 1 4 6 . 9  33.3 29.1 31.2 25.2 29.9 28.5 25.0 33.4 35.7 33.5 2 
43 1 8 1 . 8  67.5 67.9 67.4 62.7 62.5 63.7 63.4 63.7 59.9 57.5 $ 

-. - 

6 
Stem Total N > 

Nitrate N 
Nicotine N 
.Ammapia N 
Glutamine amide Ei 
Asparagine amide N 
Amino N 
Peptide N 

Dry weight leaves a s  carbohydrate 51 I1 4.23 1.86 1.48 3.86 4.53 3.27 3.15 4.31 5.43 7.13 10.9 
Dry weight leaves a s  nitrogen 52 I1 5.51 5.02 5.11 4.91 5.04 4.98 4 92 4.68 4.74 3.55 3.04 0\ 
Fresh weight leaves as nitrogen 53 I1 0.366 0.538 0.521 0.509 0.536 0.470 0.507 0.498 0.604 0.489 0.474 iD 


