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Nit:rogen Dist:ribut:ion in. t:he Corn Plant:* 
EucENE I. W1-1rTEHEAD, FRANK G. VrnTs, JR., and ALvr L. MoxoNt 

Introduction 

Sporadic outbreaks of cattle losses in 
cornfields of the Midwest and Great 
Plains areas have been reported during 
the greater part of the past century ( 1). 
The name "cornstalk disease" or "corn
stalk poi oning" has been used to desig
nate the cause of such livestock losses. 
Studies at this laboratory were begun 
following an extensive outbreak of 
cornstalk poisoning in Sully, Potter, and 
W alworth counties during the winter of 
1942-43. ' 

A discussion of the several theories ad
vanced to explain cornstalk disease ( or 
poisoning) is detailed in the Sixteenth 

nnual Report of the Agricultural Ex
periment Station of Nebraska ( 1903) 
and little progress has been made since 
that time toward defining the cause or 
causes of such cattle deaths. A recent 
lead has been provided by Standen (2), 
who has detected a toxic principle in the 
ether-extractable substances from several 
cobs of a maize (Zea mays L.) inbred, 
referred to as No. 113. This material 
was found to inhibit the growth of Ni
grospora oryzae ( B. and Br.) and D i
plodia zeae (Schw.) Lev.; also, it was 
found to be toxic to rats. However, at
tempts at this station to repeat this study, 
using cobs of the same inbred ( seed fu r
nished by Dr. Standen), have failed so 
fa r. 

While investigating cattle losses in the 
three South Dakota counties previously 

• This mate ria l was p resented in part at the Midwes t Re
g ional Meetin g of the America n Chemica l Soc iety at 
Kansas City , Missouri , on June 24, 1947. 

t Assoc iate Agricultura l Chem ist, former Assoc iate Ag ri
cultural Chemist , and Experiment Station Chemist, re· 
spect ive ly. 
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mentioned, samples of cornstalks from 
12 fields in which losses had been sus
tained, were collected. Of these, five 
were found to have nitrate nitrogen 
contents within the range of 1.3 to 3.9 
per cent ( as potassium nitrate). The 
presence of potassium nitrate in corn
stalks has been reported by Chatin, 
Berthelot and Andre, Schweitzer, and 
Mayo as noted in the Nebraska report 
( 1) . The salt was found to occur mainly 
as a white powder at the base of the leaf 
sheath and as well-defined crystals in 
the nodal tissues. Inasmu~h as oat hay 
containing potassium nitrate in excess of 
1.5 per cent is considered unsafe as cattle 
feed1, some of the losses sustained in 
Sully, Potter, and Walworth counties 
n1ay have been due to excess nitrates 
present in the cornstalks. Some cases of 
cornstalk poisoning may be due to ni
trates, but not all such losses can be at
tributed to this cause as methemoglobin 
( characteristic of nitrate poisoning) has 
not been found in specimens of blood 
taken from cattle with cornstalk poison
ing_ and examined in this laboratory. 

Since nitrates or other nitrogen frac
tions ( e.g. the alkaloids) are frequently 
associated with forage poisonings, it 
seemed advisable to further investigate 
the nitrogenous constituents of the corn 
plant. A review of the literature reveals 
that the corn plant (Zea mays L.) has not 
been subject to extensive biochemical 

1Personal communication from 0. A. BEATH, University 
of Wyoming . · 
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studies. It is the purpose of this paper to 
present data collected at this laboratory 
relative to the changes in the nitrogenous 
constituents of field grown corn plants, 

throughout the period from the seedling 
stage to maturation, and to note the sub
sequent effects of weathering upon corn 
stalks left standing in the field. 

Review of the Literature 

Since the extensive literature on nitro
gen metabolism of various plants will 
not be reviewed here, the reader is re
ferred to the excellent reviews of Night
ingale ( 3,4) on the nitrogen nutrition of 
green plants, of Wood (5) and Steward 
and Street ( 6) on the nitrogeHous con
stituents of plants, of Burstrom (7) on 
the occurrence and assimilation of nitrate 
nitrogen, and of Chibnall ( 8) on protein 
metabolism. · 

Relative to the amides of the corn 
plant, asparagine was found by Bouss
ingault in 1868 ( as cited by Chibnall) in 
corn germinated in the dark. Prianisch
nikow (9) demonstrated the necessity of 
carbohydrate for the formation of aspar
agine, and the crystalline amide was 
prepared by J odidi ( 10) from etiolated 
corn seedlings. The role of the amides, 
glutamine and asparagine, in the metab
olism of ammonium absorbed by corn 
has been investigated in this laboratory 
(11,12). When ammonium is supplied 
in excess of growth requirements aspara
gine, glutamine, and one or more of the 
amino acids ( other than the glutamic 
or aspartic acid associated with the 
amides) accumulate. In studies with de
tached corn leaves cultured in darkness 
and in the light, Viets et al. ( 13) found 
that in percentage of total nitrogen, pro
tein was hydrolyzed at comparable rates 
in bo.th series. Residual a-amino acids2

, 

asparagine, glutamine, and ammonia ( in 
decreasing order of magnitude) accumu
lated in the leaves, the ratio of residual 

2Resid ual a-am ino nitrogen refe rs to the tota l a-a mino 
nitrogen less the a-~ mino nitroge n o f g lu tarnine and 
aspa ragi ne. 

a-amino nitrogen to asparagine nitrogen 
being 2: 1. Glutamine synthesis was 
greater in the dark than in the light, but 
was not related to the amino acid level. 

Klein and Taubock ( 14) have shown 
that corn seedlings in sterile culture solu
tions will absorb arginine and decom
pose it completely within the plant 
without urea being one of the accumu
lating products. 

A review of the literature by Van Der 
Walt ( 15) shows that' hydrocyanic acid 
and cyanogenic glucosides rarely occur 
in corn and then only in traces. Tests 
performed at various times at this labo
ratory have failed to detect even traces 
of cyanide nitrogen in corn plants. 

Beckenbach et al. ( 16, 17, 18), in a 
series of nutrition studies with corn 
grown in culture solutions, have inter
preted statistically the nutrient ion effect 
upon growth, and the relation between 
nutrient ion concentration and element 
content of the tissues and upon carbo
hydrate and nitrogenous constituents. In 
another study at Rutgers University, 
Wadleigh and Shive ( 19) have investi
gated interrelationships between the or
ganic acid content of corn plants, pH of 
the substrate, and the form of nitrogen 
supplied; the organic acid content of the 
plants was found to increase with in
crease in pH of the substrate and with 
nitrate as the sole source of nitrogen. 

Field studies with corn plants, aside 
from the common fertilizer trials, have 
been infrequent. Recently Ellis, Ran
dolph, and Matrone (20), investigating 
diploid and tetraploid corn plants, ob
served that doubling the number of 
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chromosomes was accompanied by nitro- doxine) contents of hybrid corn tass~ls 
gen increases of 20 to 34 per cent in the were unusually high as compared with 
stover. Van Lanen et al. (21) found that the corn grain and other structural parts 
the protein and vitamin ( except pyro- of the corn plant . 

. Materials and Methods 

Inasmuch as the experimental meth
ods were altered from year to year, this 
discussion will be considered u'nder ap
propriate yearly headings. 

1943 Stu.dy 
Materials and sampling procedure. In 

the spring a 3 Yz acre plot at the Experi
ment Station at Brookings was planted 
to ope.n-pollinated Flint corn and an ad
joining 3 Yz acre plot was planted to a 
variety of open-pollinated, Yellow Dent 
corn. Since it was observed in the out
break of cattle losses in Sully, Potter, and 
Walworth counties that losses occurred 
most frequently in fields of Flint corn: it 
seemed advisable to include both Flint 
and Dent corn in the study. For chemi
cal analyses samples of both types of 
corn were taken at six sampling dates 
throughout the fall and early winter. 
These samples3 consisted of six stalks cut 
on a diagonal across the field, . three of 
these stalks being selected with well
developed ears and three with poorly 
developed ears. In preparing the samples 
for analyses the tassels, ears, and shanks 
were removed and discarded; the leaves 
with their attached sheaths were sepa
rated from the stalks and the two frac
tions thus obtained were weighed and 
then stored in a sharp-freeze room at 
-10 ° F. When desired for analyses the 
samples were removed from the _freezer, 
re-weighed in order to determme any 
moisture loss during storage, aqd then 
cut into fine pieces SJ as to render fur
ther sub-sampling as representative as 

3Samples consistin g of six. sta lks m ay not be adeq_u ate for 
determining va rieta l d ifferences between Flint and 
Den t co rn ; however , a series of samples were an.a lyzed 
and these should suffice to show seasonal trends m ni t
rogen d istri bution in the corn plants . 

possible. Leaf and stalk tissues ~e.re re
combined in correct proport10n ( as 
found on the plant) to give duplicate 200 
g. ( fresh weigh) samples for water ex
traction. Toward the end of fall, as the 
moisture content of the plant material 
decreased, it was advantageous to use 
100 g. samples. 

Water extracts of the samples were 
prepared following the method descri?ed 
by Loomis and Shull (22), a Wanng 
blender being used to facilitate macera
tion. The insoluble residue obtained 
upon filtration of the extract was dried, 
weighed, and total nitrogen was deter
mined by a modified Kjeldahl procedure 
using copper sulfate as a catalyst. !he 
water extract was diluted to two liters 
and preserved under toluene at 5 ° C. 

Methods of Analyses. Total water-sol
uble nitrogen was determined by the re
duced-iron powder method of Pucher et 
al. (23.) . . 

Ammonium nitrogen and amide mtro
gen were determined by the meth~ds 
outlined by Loomis and Shull (22) with 
the substitution of magnesium oxide for 
calcium hydroxi:de in the former deter
mination. These methods and the ex
traction procedure are subject to some 
criticism (24) inasmuch as some of t_he 
ammonia may be converted to the m
soluble magnesium ammonium. phos- • 
phate, resulting in lowe: am~om~ val
ues; glutamine hydrolysis, which, 1f e~
tensi ve would increase th ammoma 
values.' Considering these objections to 
the method, ammonium nitrogen and ... 
amide nitrogen have been summed for 
purpose of comparison with data from 
subsequent experiments. 

• 
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a-Amino nitrogen was determined by 
a slightly modified Van Slyke procedure 
(22) upon aliquots of the water extract. 
The samples were not pre-treated to re
move the amide nitrogen of glutamine 
and ammonium nitrogen, consequently 
the values obtained are high, since about 
25 per cent of the ammonium nitrogen 
and 80 per cent of the amide nitrogen of 
glutamine are recovered in the deter
mination. 

Nitrate nitrogen was determined on 
aliquots of the water extract using De
varda' s metal and an alkaline reduction 
-essentially the method of R. W. Gerdel 
as modified by Olson (25). 

A photometric adaptation of the Griess 
reaction (26) was used to determine ni
trite nitrogen. 

The fraction designated "undeter
mined" soluble nitrogen ( or "rest" nit
rogen) would include nitrogen of non
volatile bases, diamino compounds, 
polypeptides, etc., and represents the 
difference between total water-soluble 
nitrogen and a summation of the values 
derived analytically for the separate 
nitrogen fractions. 

1944 Study 
Materials and methods. Again adja

cent fiel<;ls of open-pollinated Dent, and 
open-pollinated Flint corn at the Experi
ment Station at Brookings were chosen 
for study. An area comprised of about 
15 rows, 150 rods long, in the center of 
each plot was selected as the sampling 
area. At each sampling, 30 stalks of each 
type of corn were selected so as to repre-

• sent the entire area under study; stalks 
were chosen from hills containing two or 
more plants and only plants that had one 
or more ears were used in the study. 

For the purpose of comparison, cut 
stalks were obtained by cutting off a 
sufficient number of plants, three to 
four inches above ground level, and 
tying them with twine to adjacent stalks 

in the hill until appropriate time for their 
harvest and analyses. The stalks were cut 
on September 23, for the field of Dent 
corn and on September 25, for the field 
of Flint corn, the same sampling pro
cedure of selecting stalks being followed 
as for the green ( or uncut) material as 
described above. 

The reason for comparing cut with 
uncut cornstalks is that previous at
tempts to produce cornstalk poisoning in 
cattle at this Station, by feeding corn
stalks gathered from fields in which cat
tle losses had occurred, were unsuccess
ful. A similar observation is reported by 
Schwarte et al. (27) . Since it appears that 
the corn plant must be intact in order to 
cause cornstalk poisoning, we were in
terested in determining what differences, 
if any, might occur in the non-protein 
nitrogen constituents of cut and uncut 
stalks. 

At the time of harvest 30 plants of each 
variety were cut ( or in the case of the cut 
stalks removed from the adjacent stJ lks 
to which they were tied). Tassels, ears, 
shanks, and suckers were rem·oved in 
the field and the remaining material was 
divided into · stalks and leaves plus 
sheaths at the laboratory. Total green 
weights of each fraction were recorded. 

The stalk and leaf plus sheath frac
tions were run separately through a small 
hand-operated ensilage cutter and the 
chopped material thus obtained was 
thoroughly mixed. Separate samples 
were taken for moisture determinations 
( air-drying at about 70 ° C.) and for ex
traction of the water-soluble nitrogen
ous compounds prior to analyses. 

Method of extraction. The weighed 
fresh sample was coarsely ground by 
passing it through a Wiley mill ( without 
sieve) several times. The ground sam
ple was cytolyzed using a volume of chlo
roform in milliliters equivalent to the 
green sample weight in grams. The chlo-
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roform4 was poured off after one-half 
hour and distilled water was added to 
the cytolyzed plant material to give a 
total water content ( water added plus 
that in the green sample) estimated at 15 
times the dry weight of the sample. After 
standing two to three hours with fre
quent shaking, the extract was filtered 
through filter-paper ( coated with diato
maceous silica filter-aid) on Buchner 
funnels. All extracts were preserved 
under toluene and stored at about 2 ° C. 

Methods of analyses . Ammonium ni
trogen was determined by the method of 
Pucher, Vickery, and Leavenworth (28) 
on duplicate samples of the extract the 
same day the tissues were extracted. 

Glutamine amide and asparagine 
arn.ide nitrogen were determined the 
following day by the differential-hydro
lysis method of Vickery, Pucher, et al. 
(24) on the extract preserved overnight 
at 2 ° C. Urea nitrogen interferes in the 
determination of amides, but has been 
shown to be absent in corn ( 14) . 

a-Amino nitrogen was determined in 
a Van Slyke apparatus equipped with a 
macro-deamination chamber and micro
burette, using a four minute deamination 
time. Since ammonium. and glutamin 
amide nitrogen interfere in the proce
dure (24, 29), they were removed by 
hydrolyzing aliquots of the deprotein
ized extract ( 3 g. of trichloracetic acid 
p:::r 100 ml. of extract) for two hours 
with 2 M HCl at 100 ° C., and driving off 
the ammonia on a steam bath after mak
ing the solution slightly alkaline to 
bromcresol purple.5 The solution was 
then acidified ~ith acetic acid and di
luted to volume for determination. The 
hydrolytic procedure leads to the forma
tion of some humin, hence the values re
ported are probably low. 

4Analysis of the ch lorofor m laye r revealed that a small 
amount of nitrogen , presu mabl y o f the chloroph yll
protein com plex was ex tracted. 

~•Personal communicat ion from T . C . BROYER , University 
of Ca li fo rnia. 

The difference between the deter
mined a-amino nitrogen value and the 
a-amil'io nitrogen of glutaminc and as
paragine ( equivalent to the amide nitro
gen) is expressed for convenience as 
residual a-amino nitrogen, in common 
with the practice of Wood and co-work
ers ( 5,30,3 1). 

Basic nitrogen was precipitated from 
the trichloracetic acid filtrates according 
to the procedure of Umbreit and Wilson 
( 32). Since the trichloracetic acid fil
trates contain appreciable amounts of 
polypeptides and higher polymers of 
amino acids, much peptide nitrogen is 
included in this determination along 
with small amounts of "true basic" nit
rogen (32,33). 

A measure of the basic a-amino nitro
gen was attempted by determining a

amino nitrogen on the phosphotungstic 
acid filtrates, obtained in the "basic" 
nitrogen determination by the technique 
of deaminizing as previously described. 
By subtracting the value thus obtained 
from the total a-amino nitrogen, it was 
thought that a measure of the basic a

amino nitrogen would be obtained, but 
the differences though small, were some
times positive, and sometimes negative. 

Total nitrogen was determined on 
finely ground samples of the air-dried 
plant material using salicylic-sulfuric 
acid digestion, followed by Kjeldahl 
distillation. 

Total water-soluble nitrogen, nitrate 
( plus nitrite), and nitrite nitrogen were 
determined as in 1943. 

1945 Study 
Mataials and methods. Open-pollin

ated Flint, and open-pollinated Dent 
corn plants were grown in adjacent plots 
at the Experiment Station at Brookings 
and the area sampled was defined as in 
the 1944 study. . 

The sampling dates were spaced so as 
to include the growth period from seed
ling to mature plant. It seemed desirable 
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to avoid extensive sub-sampling and 
since the. capacity of the forced-draft 
oven was limited, only eight stalks were 
selected at each harvest, following the 
scheme as given for uncut stalks in 1944. 

The eight plants harvested from each 
of the plots were divided into the follow
ing fractions ( as they developed): stalks, 
leaves, sheaths, shanks, fertile ears, and 
tassels. After recording the green 
weights for each fraction, the material 
was dried for two to four hours in a 
forced-draft air oven at 80° C. For sub
sequent nitrogen determinations a dry
tissue water extract was prepared as rec
ommended by Vickery and Pucher ( 34) . 
The water extracts were ' layered with 
toluene and refrigerated at 2 ° C. between 
withdrawal of aliquots for analyses. 

Methods of analyses. Ammonium, 
glutamine amide, asparagine amide, 
"basic," total water-soluble, total, and 
nitrate ( including nitrite) nitrogen were 

determined as outlined for the 1944 
study. 

a-Amino nitrogen was determined by 
the Vall' Slyke deaminizing technique 
previously noted, but fresh aliquots of 
the extract without any pre-treatment 
were employed,6 applying a correction of 
25 per cent of the ammonium nitrogen 
and 80 per cent of the glutamine amide 
nitrogen (24). 

Sucrose and total reducing sugars 
were determined on 80 per cent alcoholic 
extracts of the ground dry-tissue accord
ing to the procedure of Hassid (35). The 
residue remaining from the alcoholic 
extraction was exhaustively extracted 
with boiling water as recommended by 
Vickery et al. (36), and the nitrogen in 
the residue, determined by a modified 
Kjeldahl procedure, is reported as "true" 
protein nitrogen. 
OJn studies at this labo ratory and cased upon recoveries 
of kn own ;• mounts of a-a min o ni trogen, this r:rcced ure 
seems to g i,·e the most reliabl e measure of a-amino 
n itrogen. 

Results and Discussion 
The data collected during the three 

years of study are tabulated in detail and 
will. be found in the Appendix; certain 
portions of this material are incorporated 
into the body of the discussion· which 
follows. In order to facilitate the presen
tation of the data a series o area graphs 
'(Plates I to VI) have been prepared and 
the reader is referred to these from time 
.:o time throughout the discussion. It is 
important to note that in these graphs a 
given nitrogenous fraction is defined ( as 
percent of the total nitrogen) by the 
area between adjacent lines of the graph 
and not between a line and the base 
line, with the exception, of course, of 
the first fraction plotted. 

Total, Soluble, and "True" 
Protein Nitrogen 

Total nitrogen ( including nitrates) 
was found to decrease markedly in all of 

the structural tissues of the corn plant 
throughout the growing season. It will 
be observed in Table I that the total ni
trogen content of the entire plant con
tinued to increase through August, 
although in leaves, sheaths, shanks, and 
tassels, total nitrogen contents had 
reached maxima ( about the time of silk
ing) and were decreasing. The decrease 
in total nitrogen of the tassels may not be 
entirely attributable to translocation, 
since the nitrogen of the nitrogen-rich 
pollen would be lost when the pollen is 
shed. The decrease in total nitrogen of 
leaf tissue may be due in part to shatter
ing, although this did not appear to be 
extensive until mid-September. The 
translocation of soluble nitrogenous 
constituents and their deposition in the 
maturing kernels of the ear probably ac
counts for the main changes observed in 
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Table I. Accumulation per Plant of Nitrogen in Milligrams. Data for Flint and 
Dent Corn Plants Grown During the Summer of 1945 

Fraction 

Date and variety Entire plant Leaves Sheaths Stalks Shanks Ears Tassels 

Flint 
July 2 ---------------------------------------- 50 
July 13 ------- ------------------------------- 300 
July 23 ------------------------ -------------- 900 
August 10 -------------------------------- 2700 
August 29 _______________________________ _3560 

Dent 
July 2 --------------------------------------- 46 
July 13 -------------------------------------- 237 
Ju I y 2 3 _______ __ _____________________________ l O 2 0 

August 10 ------------------------------- 3580 
August 29 ________________________________ 4640 

640 
990 
950 

770 
1860 
1700 

the total nitrogen content of the various 
tissues of the corn plant and is discussed 
in detail by Sayre (37). 

At the time of silking, the plant, 
though it has reached its full height, is 
only about half-grown on a dry matter 
basis (37,38). Considering the extensive 
vascularization which takes place during 
growth and concomitant increases in the 
structural and reserve carbohydrates, the 
decrease in total nitrogen is more appar
ent than real and may be considered in 
part in terms of the "dilution" of nitro
gen by other plant constituents. In order 
to allow for this effect and also that of 
translocation, subsequent data is report
ed on a percent of total nitrogen basis. 

In Table II an increase in total nitro
gen content of the cornstalks is indicated 
in November and December, 1943. 
Aside from the possibility of sample 
variability, it seems that this increase was 
due to microbiological activity, resulting 
in the utilization of the plant carbohy
drate fractions in meeting bacterial and 
fungal requirements. It was _ obvious to 
the observer that the stalks were in the 
process of disintegration and only in 
these two samplings (1943) of Flint and 
Dent cornstalks were nitrites detected, 
and at this time, in appreciable amounts. 
Nitrites were also found in the stalks 
collected on Nov. 13, 1944. 

123 105 26 
219 510 620 360 
201 430 500 1350 127 

144 113 
340 900 160 320 
293 1090 660 800 106 

The water-extractable nitrogen (here
after referred to as soluble nitrogen) of 
the entire plant and its component parts 
is recorded in Table III. The reader is 
also referred to Plates I through VI. It 
was observed that the soluble nitrogen 
values tabulated for the 1943 samples ex
ceed considerably those for 1944 and 
1945. It is quite possible that this is an 
artifact introduced by the extraction 
procedure used in 1943 (cf.-39). 

For the entire plant it appears that the 
soluble nitrogen content is quite uniform 
throughout the season (Plate I), decreas
ing slightly toward mid-season ( du.ring 
ear development) and showing a slight 
increase following a frost ( time of killing 
frost is indicated by the vertical dotted 
line). Whereas leaves show a marked 
decrease in soluble nitrogen toward 
mid-season and an increase during the 
fall (Plates II and IV), stalks exhibit 
trends which are higher toward mid-sea
son followed by decreases after frost 
(Plates III and V). The soluble nitro
gen content of the stalks on a percent of 
total nitrogen basis is about twice that of 
leaf tissue and in turn is comprised of 
about one-half nitrate nitrogen. On a 
milligrams nitrogen per kilogram of dry 
material basis, this relationship is ap
parently valid for the corn plant before 
it silks. 



Table II. The Total Nitrogen Content of Flint and Dent Corn Plants Expressed as Milligrams of Nitrogen per Kilogram of Air-Dry Plant Tissue """" ~ 
Variety Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent 

1943 Sept. 9 Sept. 11 Sept. 18 Sept. 25 Nov. 17 Dec. 1 

Entire Plant ... ...... 9890 8970 8710 8650 7260 6500 7000 6540 9470 97 10 8010 9890 

1944 Sept. 19 Sept. 25 Oct. 2 Oct. 9 Oct. 11 Oct. 16 Oct. 20 Nov. 13 ~ 
-------------------------------------------- ------------- ------- 0 

Uncut 
Entire Plant --···········12700 
Leaves ·····--·-··········. 17700 
Sta lks . ················-····. 9140 

Cut 
Leaves 
Stalks ....................... . 

1945 

10800 
16500 
6040 

13900 
18400 
9630 

11200 
17500 
7030 

13400 
16500 
9960 

15800 
9600 

10700 
15100 

6550 

15300 
6880 

14100 
18100 
10400 

17300 
7730 

10700 
13800 
8500 

15200 
6650 

13300 
16100 
11100 

10700 
14800 
7250 

17100 
11000 

14200 
6500 

14300 
16000 
12000 

10900 
13900 
7380 10800 6880 

8230 5750 

$: s. 
~ 
~ 
0 
t 

.• 10 Aug 29 ~ 
21000 12700 13200 'g 

Aug. 

17600 
29000 27000 26200 ~ 
14300 7280 8080 i 
13100 8200 7950 ~ 

29400 
12100 
11100 
17600 27700 9330 10300 ;:s 

,-.~r <: ,1 nnn ,n onn "'1-

21600 28000 12300 12200 ~ 
~ ;s· 

Table Ill. The Soluble Nitrogen Content of Flint and Dent Com Plants Expressed as Per Cent of Total Nitrogen ;:. 

Variety Flint Dent 

1943 Sept. 9 
Entire Plant ........ ........................ 11.5 50.6 
1944 Sept. 19 

Uncut 
Enti re Plant ...... ~ ............................ 34.1 ~8 
Leaves ............................................. 15.8 15.0 
Stalks ............................................... 59.3 ~~ 

Cut 
Leaves 
Stalks 
1945 July 2 

Enti re Plant ........................ - ....... .41.0 39 .8 . 
Leaves ................... . 
Stalks ······- ················-·-···················· 
Sheaths .................... ................ ......... . 
Shanks ............................................ . 
Ears .. 
Tassels 

Flint Dent Flint Dent 

Sept. 11 Sept. 18 
46.9 52.5 61. 1 67.5 

Sept. 25 Oct. 2 

~~ M~ E .l ~-8 
21.4 15.9 n.5 19.4 
~-l 45 .2 ~-2 ~~ 

18.7 18.0 
54.2 51.2 

July 13 July 23 
31.3 33.3 38 .1 32. 1 

28.7 22.4 
59.2 53.3 
72.3 67. 1 

25.9 

Flint Dent Flint Dent 

Sept. 25 Nov .17 
63 . l 59.9 60.6 64.3 

Oct. 9 Oct. 11 

38.8 ~~ 0.5 ~-8 
22.9 19 .6 26.4 18.9 
M~ 48.6 ~-0 ~~ 

22.6 22 .6 
~ -9 50.0 

Aug. 10 Aug. 29 
35.1 35.8 26.7 32 .7 
14.7 15.5 15.8 12.7 
62.6 67.9 49.5 59.8 
50.4 54 .7 29.3 24 .9 
37.1 36.5 29 .1 37.2 

25.2 38.8 
33.5 42.6 34 . l 22 .6 

Flint Dent 

Dec. 1 
61.4 65. 1 

Oct. 16 

21.9 26. 1 
69.5 58.2 

Flint Dent 

Oct. 20 

37.6 
26.2 
57.8 

30 .2 
23.2 
45.9 

Flint Dent 

Nov. 13 

41.2 36.3 

40.8 46.3 

~ 
~ 
;:: 

§' -b::i 
l;: 

::::: 
~-;:: 

"' 
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PLATE I. 

Area graphs showing the changes which occurred in the nitrogen fractions of Flint and Dent corn plants during the fall of 1943 and 1944, and 
the summer of 1945. The area between adjacent lines denotes the amount of a given nitrogen constituent. Nitrogen fractions: 

I-Ammonium plus am ide. II-a-Amino. III-Nitrate (and nitrite). IV-lJndetermined soluble. V-lnsoluble (chiefly protein). .... 
w 
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Area graphs showing the changes which occurred in the nitrogen constituents of the leaves of uncut and cut (upper and lower graphs, respec
tively) Flint and Dent corn plants during the fall of 1944. Nitrogen constitu ents: 

I-Ammonium. II-Glutamine. III-Asparagine. IV-Residual a-Amino: V-Nitrate. VI-Undetermined ,soluble. VII-Insoluble. 
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Area graphs showing the changes which occurred in the nitrogen con stituents of stalks of uncut and cut (upper and lower graphs, respectively) 1-..... 

Flint and Dent corn plants during the fa ll of 1944 . Ni trogen constituents: "" 
I-Ammonium . II-Glutamine. III-Asparagine. IV-Residual a-Amino. V-Nitrate. VI-Undetermined solubl e. VII-Insolubl e. 
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PLATE IV. ~ 

Area graphs showing the changes which occurred in the nitrogen con stituents of Flint and Dent corn plants ( upper graphs) and of the leaves of 
these plants (lower graphs) during the growing season of 1945. Nitroge n constituents: 

I-Ammonium. II-Glutamine. III-Asparagine. IV-Residual a-Amino. V-Nitrate. VI-Undetermined soluble. VII-Insoluble. 
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PLATE V. 

Area graphs showing the changes which occurred in the nitrogen constituents of the stalks of Flint and Dent corn plants during the growing 
season of 1945. Nitrogen constituents: I-Ammonium. II-Glutainine. IJI-Asparagine. IV-Residual a-Amino. V-Nitrate. 
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PLATE VI. 

Area graphs showing the changes which occurred in the nitrogen constituents of the sheaths of 
Flint and Dent corn plants during the growing season of 1945. Nitrogen constituents: 

I-Ammonium. II-Glutamine. III-Aspa;·agine. IV-Residual a-Amino. V- N itrate . 

The increases in soluble nitrogen 
found in leaves during the fall are, no 
doubt, those associated with decomposi
tion of leaf proteins and slight increases 
in nitrate nitrogen. In stalks, at mid
season, the increase in soluble nitrogen is 
possibly associated with the role of the 
stalk as an intermediate in the translo
cation pathway. 

Sheath tissue also has a high soluble 
nitrogen content early in the season; 
however, it decreases rapidly (Plate VI) 
and the decrease is directly related to a 
simultaneous fall in nitrate content. In 

the sheath the soluble nitrogen com· 
pounds, other than nitrate, represent a 
small fraction of the total nitrogen. 

In Plates II and III it is observed that 
changes in the soluble nitrogen content 
in detached cornstalks were comparable 
to the changes found in the inta~t plant. 

"True" protein nitrogen was deter
mined only for those plants sampled 
during the summer of 1945 (Table IV) . . 
Protein nitrogen increased in leaf tissue 
(per cent of total nitrogen basis) with 
maturity (Plate IV). Though "changes 
were noted in the protein nitrogen con-
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Table IV. The "True" Protein Nitrogen Content of Flint and Dent Corn Plants 
Expressed as Per Cent of Total Nitrogen 

Variety Flint Dent 

1945 July 2 

Entire Plant .59.0 
Lea vcs ___________ __ . 
Stalks ------ -----------·---
Sheaths 
Shanks ------
Ears ____ _ 
Tassels --------------

60 .2 

Flint Dent 

July 13 

68 .7 66.6 

tent of the stalks, these fluctuations are 
difficult to interpret, but with respect to 
"true" protein the stalk apparently main
tains a fairly uniform content. 

F ron, an examination of the protein 
nitrogen data for sheath tissue it would 
appear that protein synthesis is a domi
nant phase in this tissue of the corn 
plant. However, considering the changes 
occurring in soluble nitrogen, particu
larly nitrate, in sheath tissue (Plate VI) 
during the July-August period, it is ob
vious that this tissue is not a site of ex
tensive protein synthesis; instead, the 
apparent synthesis is due only to tht 
withdrawal of a large amount of the 
soluble nitrogen originally present ( cf.
T able II ) . 

The high protein content of the tassels 
is in agreement with the findings of Van 
Lanen et al. (21) as cited previously. 

Nitrate and Nitrite Nitrogen 
Though nitrite nitrogen determina, 

tions were made on materials represent
ing the corn plant throughout its entire 
growth cycle, nitrite was not detected in 
the growing plant. Only during the late 
fall, when decomposition (bacterial and 
fungal) was extensive, were nitrites 
found ( see Appendix Tables IV, V, and 
VI). 

Soil nitrate content was determined 
during the summer of 1945 using phen
oldisulfonic acid reagent ( 40). The 
p.p.m. of nitrate nitrogen in the O to 6, 
6 to 12, 12 to 18, and 18 to 24 inch profile 

Flint Dent Flint Dent Flint Dent 

July 23 Aug. 10 Aug. 29 

61.9 67 .9 65 .7 64 .2 73.3 67 .3 
71.3 77 .6 85.3 84 .5 84 .2 87.3 
40.8 46.7 37 .4 32.1 50 .5 40. 2 
27.7 32.9 49 .6 45.2 70.7 75 .1 

62. 9 63.5 70.8 62.8 
74.8 61. 1 

74.1 66 .5 57.3 65 .9 77 .4 

levels of the soil are recorded in Ap
pendix Table IX and the fluctuations 
found are shown in Figure 1. 

Considering the entire plant (Plate I) 
the nitrate content of the corn plant in 
the see, Hing stage accounted for more 
than 10 per cent of the total nitrogen 
and remained high until the latter part 
of. August, when demands of the matur
ing plant ( with developing ears) appar
ently drew upon the nitrate stored in the 
various plant tissues-at a time when the 
soil was no longer as well supplied with 
this form of nitrogen (Figure 1). An ap
parent increase in nitrate content of the 
plant tissues was observed after the frost 
date and is probably associated with dis
ruption of the metabolic pattern in the 
green plant tissues, though the roots are 
still absorbing ions normally. 

Leaves, shanks, ears, and tassels are 
relatively low in nitrate nitrogen as can 
be seen in Table V. In leaves, the ni
trate content decreased between the 
months of July and September; one 
should note that the leaf tissue itself, as 
differentiated from the mid-rib, is low in 
nitrate nitroge~ (Appendix Table X). 
It is of interest that the leaf tissue can 
maintain a low nitrate content, since the 
adjacent sheath tissue is very high, ex
ceeding the stalks during early growth 
stages, in respect to this form of nitro
gen. The assimilation of nitrate nitrogen 
by the leaf is apparent, therefore, as ni
trate rapidly diminished in the sheath 
tissue without simultaneous increases in 
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Figure 1. A graph showing the changes which occurred in nitrate nitrogen content of the vari
ous soil profile levels of the plots of Flint and Dent corn investigated during the summer of 1945. 

other forms of soluble nitrogen (Plate 
VI). Whether nitrate. nitrogen of the 
sheath tissue is metabolized by the leaves 
via ammonia to organic nitrogenous 
compounds or whether it is translocated 
to the shank and the developing ears 
( via the stalks) for subsequent synthesis 
of amino acids is a· matter for specula
tion. Burstrom ( 41) in studies on the 
assimilation of nitrate by wheat leaves 
concludes that in light, nitrate is reduced 
(but not to ammonium) and reacts with 
some intermediate product of carbon 
dioxide assimilation (but not sugar) to 
form carbon-nitrogen assimilates; in this 
respect the assimilation of nitrate by 
leaves must follow a different course 

than in the roots. 
Some evidence of the biological oxida

tion by plants of ammonium to nitrite 
nitrogen has been reported. Eggleton 
( 4 2) has demonstrated the presence of 
nitrite in spring grass fertilized with 
either sodium nitrate or ammonium sul
fate . Vickery et al. ( 43) in studies with 
Narcissus poeticus detected loss of nitro
gen in the developing leaves and dis
cusses this loss in terms of the hypothesis 
of Pearsall and Billimoria ( 44) accord
ing to which nitrogen is lost by the inter
action of amino nitrogen and nitrous 
acid, the latter being derived from either 
ammonium or nitrate nitrogen. In de
tached leaves cultured in the dark ( 45, 



Table V. The Nitrate Nitrogen Content of Flint and Dent Corn Plants Expressed as Per Cent of Total Nitrogen 

Variety Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent 

1943 Sep e. 9 Sept. 11 Sept. 18 Sept. 25 Nov. 17 Dec. 1 

Ent ire Plane ··-··········-··-················ 4.1 6.7 18.8 9.4 15.0 8.2 13.4 7.4 6.9 6.3 10.8 10.2 

1944 Sept. 19 Sept. 25 Oct. 2 Oct. 9 Oct. 11 Oct. 16 Oct. 20 Nov. 13 

Uncut 
Entire Plant ................................... .15.8 7.5 15 .6 8.9 13.9 8.0 13.3 10.7 16.5 10.3 9.3 7.7 
Leaves ··························-·-····-····- 1.9 0.8 1.9 0.7 1.5 0.2 1.3 0.8 1.4 0.7 3.3 1.6 
Stalks ·······-·························-······-· 33 .0 23 .3 40.1 22.8 36.2 25 .3 32 .7 22.1 33.7 26.8 "'·" .<.1..> 

, n n ..,, = 14.3 8.5 
Cut 

Leaves ····-··-······--·····-·············-··· 1.5 0.2 0.7 0.4 1.2 0.7 
Sta lks ····· -·················-········· ············· 34.1 28.6 31.8 18.9 31.0 29.l 15.8 10.5 

- ----- ------------ -------- ------ -------------- --~ 
1945 July 2 July 13 July 23 Aug. 10 Aug. 29 ~ 

Enti re Plant ···············-·······- - ----14.8 
Leaves 
Sta lks ·············· ·······-···-··········-········ 
She?.ths ··---··· ····- ······-···· ............ . 
Sh?.nks ··-·-·-··--·--···------··- ·· 
E'.lrs --··-····--··-··--·-- ·····-···
Tassels -···· ··············-·-····················· 

16.8 13 .7 14'.3 17 .8 17.5 
8.3 6.6 

34.2 33.8 
57. 1 62 .9 

0. 6 

15. I 13.5 5.3 7.4 
3.3 2.5 3.8 0.5 

38.8 34.8 25.0 25.4 
33.5 34. 1 JO.I 17.2 

1.4 0.9 4.1 1.0 
0.2 0.2 

6.9 1.3 0.2 0.7 

T able VI. The Ammonium Nitrogen Content of Flint and Dent Corn Plants Expressed as Per Cent of Total Nitrogen 

Varie ty Flin t Dent Flint Dent Flin t Dent Flint Dent Flint Dent Flint Dent Flin t Dent Flint Dent 

1944 Sept. 19 

Uncu t _ 
Entire Plant ·················-········-····· 0. 32 0.4 1 
Leaves ·-············· ·······-·······-········- 0.38 0.40 
Sta lks ··-············-'··················-····-···· 0.24 0.42 

Cu t 
Leaves ............................................... . 
St:1 lks ··-·· · ······················-··········----

1945 July 2 

Entire Plant ·········-·-········-··-······0.30 0.25 
Leaves ·····-··········----······················· 
Sta lks ··········-··-············-······- ··- --·· 
She?ths ····-·················--········--··· 
Shanks ····················- ····--- ·······--··· 
Ears ········- - - ·······-·········--·····-- · 
Tassels ··································- ·········· 

Sept. 25 

0. 75 0.40 
0.95 0.4 1 
o.39 o.r 

July 13 

0.21 0.22 

Oct. 2 

1.29 
1.68 
0.59 

1.92 
0.62 

1.00 
1.1 7 
0.63 

1.67 
0.60 

July 23 

0.33 0.32 
0.34 0.34 
0.28 0.22 
0.27 0.32 

0.29 

Oct. 9 

1.39 
1.77 
0.76 

1.76 
0.98 

1.65 
l. 61 
1.69 

1.62 
1.33 

Aug. 10 

0.33 0.33 
0.25 0.2 1 
0.49 0.47 
0.28 0.34 
0.33 0.47 

0.42 0.52 

Oct. 11 

1.51 1.04 
1.98 I.OS 
0.98 1.04 

Aug. 29 

0.36 0.45 
0.28 0.2 1 
0.65 0.83 
0.27 0.39 
0.30 0.35 
0.36 0.56 
0.42 0.55 

Oct. 16 

1.75 
2.89 

2.02 
1.40 

Oct. 20 

2.09 1.37 
1.82 1.43 
2.56 1.26 

Nov. 13 

3.14 2.40 

3.21 1.54 
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46) nitrate production has been noted. 
Though acknowledging the above evi
dence, it seems that the nitrate nitrogen 
of field-grown corn plants is for all prac
tical considerations a storage form, rep
resenting nitrogen absorbed and in ex
cess of the plants assimilatory powers. 
Should some environmental factor limit 
growth, it is probable that the assimila
tion of nitrate nitrogen will be interfered 
with and nitrates will accumulate in the 
plant tissues (27, 47). 

In Appendix Table X and Figure 2 
are presented data relative to the distri
bution of nitrate nitrogen as a function 
of the position of a given tissue on the 
corn plant. It is readily observ d that the 
nitrate nitrogen content of a specific 
structural tissue decreases the higher up 
on a plant the sample is obtained. 

Ammonium N itrogen 
The roles ascribed to ammonia in the 

synthesis and break down of proteins 
and amino acids, as postulated in the 
writings of Schulze and Prianischnikow, 
have been reviewed by Chibnall (8). As 
an intermediate in the classical specula
tions on nitrate reduction via nitrite ( 42) 
or nitrite-hyponitrous acid-hydroxyla
mine (8) the importance of ammonia in 
the primary synthesis of organic nitro
genous compounds is further defined. 

Viets et al. (12) have shown that with 
luxury ammonium nutrition, ammo
nium nitrogen does not accumulate in 
the tissues of the corn plant until other 
soluble nitrogen has reached relatively 
high levels; in luxury nitrate nutrition 
( 48) ammonium was observed to in
crease slightly. It appears that the level 
of ammonia ( which is less toxic to plant 
than to animal tissues) is carefully regu
lated in the cells of the plant; marked 
increases in ammonium content may 
occur when the organic intermediates 
( a-keto acids) for assimilation have 
been depleted or with excessive protein 
breakdown. 

Table VI presents the data pertaining 
to the ammonium content of the corn 
plant and its separate tissues. In the 
growing plant only the stalk tissue exhib
ited an appreciable upward trend in 
ammonium nitrogen (leaves decreased 
slightly); however, after a killing frost 
the level of ammonium in the entire 
plant increased ( see Plates II, III, IV, and 
V); the ammonium trend is even more 
apparent as plotted in Figure 3. The 
greater share of the increase in ammonia 
is, no doubt, of secondary origin, i.e., 
arising from the breakdown of proteins 
and intermediate nitrogenous com
pound. 

Glutamine and Asparagine 
Data for the glutamine and asparagine 

nitrogen contents of the growing corn 
plant are given in Tables VII and VIII, 
respectively, and graphed in Plates IV 
and V. During the July-August period 
the amount of glutamine ( on a percent 
of total nitrogen basis) increased slightly 
in the entire plant, though asparagine de
creased. However, in the leaves of both 
Flint and Dent varieties, glutamine de
creased slightly, but uniformly, suggest
ing that it was the simultaneous increase 
of glutamine in stalk tissue ( which rep
resents an increasingly larger proportion 
of the total plant weight as the plant ma
tures) which accounts for the slight 
glutamine increase observed for the en
tire plant. The asparagine content of 
leaves and stalks did not show the uni
formity of change observed for gluta
mine; instead, the asparagine content 
fluctuated more or less. It should be 
noted, however, that asparagine predom
inates over glutamine in corn plant 
tissues. 

Asparagine has been found by Viets 
et al. ( 12) to be more responsive to con
ditions leading to amide formation ( am
monium nutrition) in the corn plant 
than glutamine. The view that the two 
amides, asparagine and glutamine, have 
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Figure 2. Graphs showing the nitrate nitrogen content of sheath, stalk, and leaf tissue 
vs. relative position on the corn plant. Nodal position is indicated from the first node above 
ground with others numbered consecutively upward. Data are for July 26 and September 4, 
1945. 
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Figure 3. Graphs showing the changes which occurred in ammonium content of Flint and Dent 
corn plants, and leaves and stalks thereot, throughout the summer growing season and into late fall. 

different roles in plants has been empha
sized by Vickery et al. ( 46); and Street 
et al. ( 49) have found that in the potato 
plant both amides increased in response 
to ammonium supply, but when the 
nitrogen-enriched plants are depleted, 
the asparagine reserves were preferential
ly used. It seems that for many plants, 

including Zea mays, glutamine is more 
concerned with the synthetic processes 
than with ammonia storage and that as
paragine is the preferential storage 
amide. 

Glutamine and asparagine are dis
cussed further in the following section. 



Table VII. The Glutamine Nitrogen Content of Flint and Dent Corn Plants Expressed as Per Cent of Total Nitrogen 

Variety Flint Dent Flint Dent Flint Dent Flint Dent F lint Dent Flin t Dent Flint Dent Flint Dent 

1944 Sept. 19 
Uncut 

Entire P lan t --- ------------------------------.1,80 
Le 0. ves ---------------------------------- ---- 1.38 
Srnlks --·-·-·-·-·------------·· -------------2. 38 

Cut 
Leaves 
Sta I ks --··-------------··--------------·--····-··· 

J.98 
1.02 
4.20 

1945 July 2 

Sept. 25 

2.44 
1.88 
3.42 

1.70 
0.94 
2.96 

July 13 

Oct. 2 

2.94 2. 14 
1.26 o.~ 
5~8 5.40 

0.50 l ~ 
2.48 2.56 

July 23 

Oct. 9 Oct. 11 

2.W 1.58 3M 2. 10 
l. ~ 0~ 1.n ! .~ 
4.~ 2.~ 5. i6 7.50 

0~ 1.32 
3.S8 6M 

Aug. 10 Aug. 29 

Oct. 16 

0.96 
3.44 

1.72 
3.22 

Oct. 20 

2.52 
2.1 6 
3.14 

1.96 
0.78 
0.90 

Nov . 13 

2.32 2.44 

0.04 1.64 ~ 
~ 

o% ---------------------- ---------------- - - - ~ 
Entire Plant -------···-- ··-------- - -------1.26 1.14 1.08 0.92 0.96 0.84 1.38 1.28 1.52 2.26 
Leaves ----------------------------···--·-- - ---- 0.70 0.72 0.42 0.52 0.34 0.34 
St?. I ks ----------·--·-···-·-----· ------··------·--- 2.24 I.SO 2.S6 2.40 2.70 3.88 
Sheaths ----------------------- -------------- ·--·-· 1.12 1.06 1.38 1.74 1.1 6 1.64 
Shanks -----------··---------··---·-··------- 2.SO 1.61 2.08 2.36 
Ears -------------------------·--- --- ---·------ 1.88 4.42 
Tasse ls --------·-··--·- ··--·----------··-------- l.80 1.34 1.76 1.34 1.62 

Table VIII. The Asparagine Nitrogen Content of Flint and Dent Corn Plants Expressed as Per Cent of Total Nitrogen 

Variety Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent 

1944 Sept. 19 

Uncut 
Enti re Plant ________ _____________ ;':" ___ J .98 2.10 

Leaves -----··--------- ----·-·-- ··----··--------1,) 6 1.30 
Stalks ----------------------·-·--·--·····------------ 3. 10 3.98 

Cut 
Leaves 
Stal ks ----····----··------··-----·--··-----------

1945 July 2 

Entire Plant ··---··---------···-·-··-·-··----2.34 
Leaves 
Sta I ks ··----··--·-----···---····--· -----------------
Shca ths 
Shanks ·-·------·---------------- ------ ----
fa rs -------·--···-- ---------------------------
Tassels -----------------·--···-·-···------··--

2.26 

Sept. 25 

2.04 
0.86 
4.16 

1.82 
I.SO 
2.34 

July 13 

1.82 1.66 

Oct. 2 

3.22 2.92 
1.52 2.34 
6.30 4.16 

J.96 1.42 
6.20 3.54 

July 23 

J.48 
1.1 2 
3.04 
1.58 

3.92 

0.90 
0.74 
2.14 
0.86 

Oct. 9 

3.16 2.1 4 
1.34 1.24 
6 .14 3 .1 6 

0.64 1.40 
8.68 3.94 

Aug. 10 

1.94 1.48 
0.60 0.54 
2.54 0.96 
0.64 0.78 
5.92 6. 14 

2.32 3.86 

Oct. 11 

2.78 2.60 
0.98 1.26 
4.84 4.92 

Aug. 29 

1.38 
0.86 
2.80 
0.88 
2.48 
0.90 
1.36 

1.84 
0.56 
2.84 
0.42 
2.76 
2.88 
1.48 

Oct. 16 Oct. 20 Nov. 13 

1.08 0.86 
0.78 0.90 
1.62 0.78 3.24 l. 88 

0.50 0.1 6 
6.16 2.40 2.02 2.22 
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Table IX. The Residual a-Amino Nitrogen Content of Flint and Dent Com Plants Expressed as Per Cent of Total Nitrogen 

Variety Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent Flint Dent 

1944 Sept. 19 Sept. 25 Oct. 2 Oct. 9 Oct. II Oct. 16 Oct. 20 Nov. 13 

Uncut 
Leaves ............................................. 3.29 3.47 2.78 2. 11 6.55 2.50 6.28 3.48 7.34 3.13 6.29 5.28 
Sta lks ... ........ ... ......... ···--················3.84 5.28 4.02 4. 12 3.09 8.20 3.20 5.64 4.66 4.30 6.66 ·-·-·- -1. 64 5.07 

Cut 
Ler,.ves .................•... ..... ................... 4.73 2.01 5.31 4.89 6.9 1 6.53 
Sta lks 1.40 4.33 0.56 4.45 7.04 .... 7.5 2 4.80 

l\J 

°" 

~ 
~ 

S-

~ 
July 13 July 23 Aug. 10 Aug. 29 i;5 

~ 
Aug. 10 Aug 

Entire P la nt ................... ..•............ 
Leaves 
Srnlks ··········-- ······-·························· 
Sheaths 
Shanks 
E? rs -···········-·······-············-·········· 
Tassels 

3.80 2.28 
4.73 6.44 
none none 
0.34 1.28 

0.76 

3.08 3.8 1 2.77 2.31 
0.33 1.05 3.50 1.17 
2.84 8. 10 4.5 1 4.97 
0.23 0.05 4.7 1 0.49 

4.50 1.15 
4.54 7.04 4.80 

Table X. The "Basic" Nitrogen Content of Flint and Dent Corn Plants Expressed as Per Cent of Total Nitrogen 

Variety Flint Dent Flint Dent Flint Dent Flint Dent l'lint Dent Flint Dent Flint Dent 

1944 Sept. 19 

Uncut 
Ent ire Plant ··········· ·-·············· ....... 6. 1 
Leaves ........................................ 5.4 
Stalks ................... ....... ···········-···· 7. I 

Cut 
Leaves 
Sta lks 

6.0 
5.4 

10.5 

1945 July 2 

En t ire Plant ...................•............... 
Leaves 
Stalks 
Sheaths ............................................. . 
Shanks ·····-········-····--····-··············· 
Ears ·····-·····················-··-········ ·-······ 
Tassels .. ····--··········--········ 

Sept. 25 

9.1 
8.9 
9.3 

7.7 
7.0 
8.9 

July 13 

7.7 7.6 

Oct. 2 

10.4 
9.4 

12.0 

7.6 
3.4 

9.7 
8.8 

I 1.7 

7.6 
5.3 

July 23 

7.3 7.1 

Oct. 9 Oct. 11 Oct. 16 Oct. 20 

. I 6.4 7.0 8.2 6.5 5.8 

. I 6.2 8.9 6.4 7.1 4.5 

. I 6.5 4.9 11.3 5.4 8.8 

7.8 7.5 9. 1 8.8 
7.0 9.5 12.6 8.7 

Aug. IO Aug. 29 

7.5 7.2 7. 1 ·7.3 
4.9 5.4 5.9 5.0 

7.9 6.1 6.2 
7. 4 7.3 8.9 7.9 

14.6 9.4 7.7 
6.7 12.7 

9.0 11.7 10.2 8.3 

Flint Dent 

Nov. 13 

8.5 8. -l 

7.7 7.0 
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Amino Acids 
The amino acid content, as measured 

by a-amino nitrogen, remains quite con
stant in the corn plant throughout the 
normal growing period. Following frost 
and particularly during weathering, the 
a-am ino nitrogen content decreased 
slowly; during a period of intense mic
robiological activity (Nov.-Dec. 1943), 
the amino acids were apparently utilized 
by the microorganisms concerned in the 
disintegration of the stalks ( see Plate I 
and Table IX). Not to be discounted in 
explanation of amino acid loss at this 
stage is leaching of the plant material, 
though total nitrogen and soluble nitro
gen actually increased ( cf.-Appendix 
Table IV). . 

Since the a-amino nitrogen of the 
amides is also measured by the Van 
Slyke procedure, a correction for it was 
made and the resulting value is desig
nated residual a-amino nitrogen. It is 
discernable in Plates IV and V ( and 
Table IX) that residual a-amino nitro
gen decreased in the corn plant during 
the period of tasseling and ear develop
ment. The greatest portion of the resi
dual a-amino nitrogen was found in the 
leaves and therefore, is intimately asso
ciated with the high protein levels ( and 
synthesis) found therein. Stalks and 
sheaths showed increases in amino acids 
during August and these are probably 
associated with translocation. It is of in
terest that early in the growing season 
a-amino nitrogen, other than that of the 
amides, was not detected in the stalks, 
though later measurable increases in 
residual a-amino nitrogen were found. 
The importance of the amides as a trans
location form of soluble organic nitrogen 
can be surmised, and is in agreement 
with the earlier suggestion of Schulze, 
1898, (cited by Chibnall). The increase 
observed in the residual a-amino nitro
gen content (part of which may be glut
amic and aspartic acids, as well as other 

amino acids) of stalks perhaps results 
from increased synthesis ( or secondarily, 
from protein breakdown) in the leaves 
in response to the demands of the rapidly 
developing ears; earlier in the growth 
cycle it appears that the residual a-amino 
acids are utilized about as rapidly as they 
are synthesized. 

It should be noted in connection with 
this discussion on the accumulation of 
residual a-amino acids, that with am
monium nutrition (12), amides and res
idual amino acids accumulated, whereas, 
with nitrate nutrition ( 48) only amino 
acids increased. Vladimirov (50), in 
studies with Nicotiana observed that 
nitrate absorption and metabolism stim
ulates the formation of organic acids 
from sugars. Sideris and Young (51) 
suggest that the actual course of synthe
sis differs if nitrogen is supplied in the 
form of nitrate instead of ammonium, 
since roots receiving nitrates are rela
tively poor in amides and amino nitro
gen and relatively rich in other nitrogen; 
this would be the course if some organic 
nitrogen complex resulted from nitrate 
reduction rather than ammonia being 
first formed. 

Returning to a consideration of gluta
mine and asparagine, current views 
ascribe to the amides a more important 
role than only that of nitrogen translo
cation within the plant. Chibnall and 
Grover (52) have prepared asparaginase 
from germinating barley, and the pres
ence of L-aspartic dehydrogenase is sug
gested by the studies of Damodaran and 
Subramanian t 53). The transamination 
reaction: 
L-glutamic acid + oxalacetic acid ¢ 
a-ketoglutaric acid + L-aspartic acid 
has been demonstrated in a wide variety 
of plants by Leonard and Burris ( 54), 
and Virtanen and Laine (55) have 
shown that a similar transfer involving 
aspartic acid and pyruvic acid occurs. 
One might speculate about transamina-



KREBS --
'OXALACETIC ACID OC-KETOGLUTARIC ACID 

I\,) 
Oo 

r ..... ;::.,.. 
(ASPARTIC1 ~ DEHYDROGE'NASE) (GLUTAMIC1 l DEHYDROGENASE') 

ASPARAGINE, 'ASPARTIC ACID~---_-_-_:-_:-~ GLUTAMIC ACID , GLUTAMINE 
~ 
~ 
C 

~ 
(ASPARAGINASE) J\ I'\_ ( GLUTAMINASE) 

I ' ~ 
~ 

DARK 
PROTEIN---

LIGHT 

I \ 
I \ 

I ,\ 
I......._ ,,,, \ 

/
1 ',,, ( TRANSAMINASE) . ., ,,,/' \ 

......... / \ 
I '' . ,,,, \ 

it ...... ~ I:::,,.. ~ 

AMINO ACIDS CC-KETO ACIDS AMINO ACIDS ---
DARK 

"\ 
~-
~ 
::. ..... 
V) 

~ ..... 

PROTEIN g· ~i ,~ LIGHT ~ 
{L -AMINO ACIQ (L -AMINO ACID [ 

OXIDASE) OXIDASE) t 
(VIA EMBDEN-MEYERHOF AND KREBS CYCLES) ~ 

..: 
~ ..... ~-

co2 + H2o CARBOHYDRATE 
(VIA 

PHOTOSYNTHESIS) 

~ 

Figure 4. A scheme relating the metabolis~ of various nitrogen compounds of the corn plant in terms of present concepts of nitrogen metabolism in plants. 
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tions involving other a-keto acids made 
available through carbohydrate metabo
lism, or through oxidative deamination 
of amino acids, but it suffices for this 
discussion to point out that the newer 
knowledge ascribes to asparagine a role 
not only in storage of nitrogen ( al
though, as mentioned before, it seems 
to be the prefers::ntial storage amide), but 
also in the synthesis of amino acids 
( other than aspartic acid) as is illustrated 
in Figure 4. 

Vickery et al. (56, 57), Chibnall. (8), 
and Archibald (58) have investigated 
the occurrence of glutaminase in plants, 
and the L-glutamic dehydrogenase of 
plants has been studied by Damodaran 
and Nair (59), von Euler (60), and 
Berger and A very ( 61). Thus, the syn
thesis of glutamine and its role in amino -
acid synthesis parallels that of aspara
gine (Figure 4 ). 

As has been observed previously, the 
concentration of residual a-amino acids 
in the stalk is negligible early in the sea
son, with slight increases toward matur
ity. At present it is speculative to sug
gest that the increase noted in residual 
a-amino nitrogen is attributable to as
partic and glutamic acids, rather than to 
the other amino acids. However, if one 
considers that the other amino acids are 
removed by protein synthesis as fast as 
they are synthesized, then aspartic and 
glutamic acids may be regarded as a 
probable nitrogenous metabolic pool 
yielding nitrogen via transamination for 
the synthesis of the other amino acids. 
Steward and Street ( 6) observe that 
though · transamination is evidently 
widespread, the synthesis of the aro
n1atic amino acids appears to be outside 
of the normal scope of this process. 

Before leaving this discussion it is of 
interest to recall the studies of Roine 
( 62), and Virtanen and Czaky ( 63), in 
vestigating the synthesis of amino acids 
by low-nitrogen yeast (T orula utilis) 

fed ammonium sulfate and potassium 
nitrate. They observed great increases in 
soluble nitrogen due to aspartic and 
glutamic acids and their amides, as well 
as t.o alanine, with either ammonium or 
nitrate nutrition. Roine was unable to 
find other amino acids. With nitrate nu
trition a rapid formation of oxime-nitro-
gen was observed. · 

Basic Nitrogen 

Data for the "basic" nitrogen content 
of the corn plant is reported in Table X 
and illustrated in Figure 5. This fraction 
ac ounts for a considerable portion of 
the nitrogen compounds reported as un
determined soluble nitrogen and in
cludes polypeptide and peptide nitro
gen, the nitrogen of arginine, histidine, 
and lysine, etc. The basic amino acids 
constitute but a small percentage of the 
residual amino acids elaborated by corn 
plants supplied with ammonium (12). 

Leaf tissue of the corn plant is high in 
basic nitrogen content, as is illustrated in 
Figure 5, and the association of high 
basic nitrogen content with high pro
tein activity is implied . In late Septem
ber and early October the basic nitrogen 
content of stalks and leaves increased 
sharply, reversing the downward trend 
observed during the normal period of 
growth. These increases in basic nitro
gen coincide with the period of killing 
frosts . After the plants have been killed 
by frost the basic nitrogen contents re
turned to approximately the same levels 
as prior to the frost. 

Appended to the foregoing discussion 
of nitrogen fractions is the data in Table 
XI relative to the distribution of sucrose 
and total reducing sugars in the various 
tissues of the corn plant. No attempt is 
made to correlate sugar content with 
amino acid metabolism or nitrate assim
ilation. Expressed in terms of milligrams 
of sugar per gram of air-dry tissue, leaves 
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( the photosynthetic source) are rela
tively low, while stalks, sheaths, and 
shanks are high, though the values for 
sheaths appear to be intermediate be
tween leaf and stalk values. Here again 
the position of the stalk in. the transloca
tion pathway is important. Loomis ( 64) 

has investigated the nature of carbohy
drate transport in the corn plant; diurnal 
variations in sugars and soluble carbohy
drates in leaves of the corn plant have 
been studied by Miller ( 65), Puhr and 

Hume ( 66). 
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Figure 5. Graphs showing the changes which occurred in basic nitrogen content of Flint and 
Dent corn plants, and leaves and stalks thereof, throughout the summer growing season and into late 
fall. 

Table XI. Total Sugar (Sucrose and Reducing Sugars) Content of Flint and Dent C '.>rn Plants 

Variety Flint Dent Flint Dent Flint Den t 

1945 July 23 Au g. 10 Au g. 29 

Leaves 
Total Sugar (mg. per g.) .... ........ ········-- 35.2 27.7 26.6 38.9 24 .9 33.6 
Reducing Sugars (% of Total) .... ..... ·····- 69.9 78.3 65.4 56.5 87.9 91. 4 

Sheaths 
Total Sugar (mg. per g.) .... ·········· ... 129.3 111.5 11 4.5 181.1 127.0 138.5 
Reducing Sugars (% of Total) ......... ........ 94.7 91.2 90.2 53.3 68.9 56.1 

Stalks 
Total Sugar (mg. per g.) ....................... ... 214 .3 193.5 207.6 223.5 221.6 189.8 
Reducing Sugars (% of Tota l) ............ . ..... 65.7 77.1 59 .0 76.9 61.7 57.7 

Shanks 
Total Sugar (mg. per g.) ........................ 239.0 213.0 226.6 217 .2 
Reducing Sugars 0 1

0 of Total) .. . ··- .... 79.5 68.9 53.3 70.9 
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Conclusions 

31 

There is little difference between the 
plants of the Flint and D ent corn vari
eties studied, with respect to content of 
ammonium, glutamin~, asparagine, a
amino, or basic nitrogen an? the response 
of these nitrogen fractions to summer or 
fall environment. Nitrate nitrogen rep
resents a slightly greater percentage of 
the total nitrogen of Flint corn stalks 
and leaves, during both summer and 
fall, than of Dent corn stalks and leaves. 

Cutting and tying Flint and Dent 
corn plants to adjacent stalks left stand
ing in the field in the fa ll had little, if 
any, effect on the nitrogc;n fract~ons 
studied. a-Amino nitrogen values ( on a 
per cent of total nitrogen basis) seemed 

to remain slightly higher in the cut 
stalks. 

Late in the fall of each of the three 
years of investigation, cattle were turned 
into the plots of corn sampled for these 
studies and no losses occurred, nor were 
there any reports of cattle losses in corn
stalk fields elsewhere in the area-con
sequently no plant material from fields 
which have caused cornstalk poisoning 
in cattle has been available during these 
years for the purpose of comparison. 
Therefore, it seems that none of the nit
rogen fractions at the levels reported in 
this bulletin are associated with cornstalk 
poisoning of cattle and that the data is 
representative of normal Flint and Dent 
corn plants. 

Summary 
The distribution and changes occur

ring in the nitrogen fractions of Flint 
and Dent corn plants have been studied 
during the fall of 1943 and 1944, and 
during the growing season of 1945. 

Nitrogen uptake by the corn plant 
continued throughout the growing sea
son, although the rate of increase dimin
ished toward maturity. During growth 
the total nitrogen contents of leaves, 
sheaths, shanks, and tassels reached max
ima and decreased, the net loss from the 
tissues being attributable to total nitro
gen gain in the maturing ears. 

Soluble nitrogen of leaf tissue, as per 
cent of total nitrogen, decreased toward 
midsummer but increased in the fall, 
probably due to proteolysis; in stalks, 
soluble nitrogen increased at midsum
mer coincident with tasseling. The solu
ble nitrogen content of stalks exceeded 
that of leaves, but approximately one
half of the soluble nitrogen of stalks was 
in the form of nitrate. Early in the grow
ing season sheath tissue is high in solu
ble nitrogen, but this decreased rapidly 

and in proportion to diminution of nit
rate nitrogen as the plant matures. 

Nitrite nitrogen was detected in the 
corn plants only in late fall after killing 
frosts and during a period when micro
biological activity resulted in consider
able decomposition of the stalks. 

Nitrate nitrog~n at the seedling stage 
accounted for 10 per cent of the total 
nitrogen and remained at high levels 
until ear development began; but dimin
ished in the tissues of the plant as the 
corri matured. Stalk and sheath tissue 
have a large proportion of nitrate nitro
gen present. On a milligram nitrogen 
per kilogram dry plant material basis, 
Flint stalks and leaves contained about 
twice as much nitrate nitrogen as Dent 
stalks and leaves. 

Ammonium nitrogen, though in
creasing slightly in stalks, decreased in 
leaves during the summer period. In the 
fall and during weathering of the corn
stalks ammonium content of the tissues 
increased about four-fold. 
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For the entire plant and on a per cent 
of total nitrogen basis, glutamine content 
increased toward mid-season and aspara
gine decreased. The stalks of both Flint 
and Dent corn plants increased in glut
amine, offsetting a decrease observed in 
the leaves. Asparagine predominated 
over glutamine in the various corn plant 
tissues . · 

a-Amino nitrogen remained quite 
constant in the entire plant throughout 
the growing season, decreasing in the 
fall after killing frosts and at a time coin
cident with intense microbiological ac
tivity. Residual a~amino nitrogen ( see 
text) decreased in the plants following 
tasseling and during ear development. 
Leaves contained the highest amount of 
residual a-amino acids. In stalks, residual 
a-amino acids were negligible early in 
the season but increased as the ears de
veloped. 

Basic nitrogen is higher in leaf tissue 
than in stalk tissue. A sharp increase in 

this nitrogen fraction occurred subse
quent to killing frost, but basic nitrogen 
content soon returned to previous levels . 
During the growing season a slight 
downward trend was observed for the 
basic nitrogen constituents m both 
leaves and stalks. 

Cutting and tying Flint and Dent 
corn plants to adjacent stalks left stand
ing in the field in the fall had little ef
fect on the nitrogen fractions studied. 

Changes observed for certain of the 
nitrogen fractio.ns studied are discussed 
in the text in terms of current concepts 
of nitrogen metabolism in plants. 

Though this study was made in con
nection with a proj.._ct on cornstalk dis
ease, no cattle deaths occurred when 
cattle were turned into the fields being 
studied; therefore, the data for the vari
ous nitrogen fractions as set forth in this 
bulletin are assumed to be representative 
of normal Flint and Dent corn plants 
with respect to cornstalk diseas . 
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Appendix 
TABLE I. Harvest Weights and Per Cent Moisture of Samples of Flint and Dent Corn Plants 

Collected During the Fall of 1943 (Data for six plants) 
Varie :y 

Wci;;ht 
D 1tc ( grams) 

Sept. 9 
Leaves ················-················ ....... . 
Stalks ··························-················ ······-
Entire Plant" ···············-··············· 

Sept. II 
Leaves ····-···································. 975 
Stalks . ·········· ··········-· .................... 1620 
En t ire Plant" .................. ..... ·-···· 

Sept . 18 
Leaves -···· ······ ............................. 795 
Sta lks ...................................... .1590 
Entire Plant" .............................. . 

Sept . 25 
Leaves ........................ -················· 395 
Stalks .......................... ............ - .1315 
Entire Pla nt" ························-······ 

N ov. 11 
Leaves ............................................ 233 
Stalks ...... ·················--·················· 563 
Entire Plant" -··· -·················-··· 

Dec. 1 
Leaves ······ ··········---···--·············· 257 
Stalks - ····· ············-·······-············· 413 
Entire Plant" ...... ········-····· .... . 

• Tota l value fo r stalk and leaf p lus sheath fr ac tions. 

Flint 
Per cen t 
Moistu re 

80.6 

80.5 

78 .4 

68.9 

51.2 

32 .1 

Den t 

Weigh , Per cent 
(grams) Moistu re 

78 .9 

1000 
1620 

78.9 

795 
1515 

73. 0 

350 
1310 

64.3 

247 
553 

41.5 

221 
409 

32.4 

TABLE II. Fresh Weight and Moisture Content of Leaves and Stalks of Flint and Dent Corn Plants 
Collected in 1944 (Data for thirty plants) 

Legend : U = green stalks (un cut) 
C = cut stalks 
D = Dent corn 

Sample Date 

UDL ·············-··················· 9/ 19 
UFL ··············-···-··-·-···· 9/ 19 
UDS ····-··········-·-····-······ 9/19 
UFS ···················--··········· 9/ 19 
UDL ·····-··· ·· ··········-········ 9/ 25 
UFL ·················-··-·········· 9/ 25 
UDS ·····-··························· 9/ 25 
UFS .................................. 9/25 
UDL .................................. 10/ 2 
UFL ···············-···············- 10/ 2 
UDS ················-·--··-······ 10/ 2 
UFS ···-··········-·······-·-···· 10/ 2 
CDL ····-·-·······--··-····· 10/ 2 
CFL -·-·· ···-·---······---· 10/ 2 
CDS ·············--·--···-···· 10/ 2 
CFS ··············----····-··-·· 10/ 2 
UDL ·················-···- ........ 10/ 9 
UFL ···········-···-··-·· ········· 10/ 9 
UDS ...... ··············-·····-···· 10/ 9 
UFS .................................. 10/ 9 
CDL ·····-·························· 10/ 9 
CFL .................................. 10/ 9 
CDS ....................... ......... 10/ 9 
CFS ...... ···-·······-·····-··· .... 10/ 9 
UDL ·-··· ·········-···-······-··10/ 11 
UFL ·········-···-.............. 10/ 11 
UDS ...... ·····-··········-······10/ 11 
UFS ············-·-·················10/ 11 
CDL ........... -·-···-···········10/ 16 
CFL ................. ...,...--.. - .. 10/ 16 
CDS .......... ·-······-··-······10/ 16 
CFS -········- ............... _ ...... 10/ 16 
UDL .................................. 10/ 20 
UFL ·················-·········-····10/ 20 
UDS ······-·········· ............ .10/ 20 
UFS ············-······················10/ 20 
UDS ...... ... ......... .............. 11 / 13 
UFS .... ........................... 11 / 13 
CDS .................................. 11 / 13 
CFS ............... - ................. 11 / 13 

Fresh weigh t 
(gra ms) 

58 10 
5190 
8560 
9630 
4390 
4670 
9730 
8460 
65 10 
6160 
9090 
8370 
3820 
3460 
4550 
4440 
2370 
2700 
6850 
6460 
1360 
1920 
3880 
3230 
2300 
1850 
7710 
7470 
1740 
1770 
2070 
2650 
2570 
3710 
4600 
7750 

F = Flint corn 
L = leaves ( including shea ths) 
S = stalks (not including tassels, ear s, or shanks) 

T otal fresh Total dry Fraction 
Weight Per cen t Dry weight Weight Per cent of 
(grams) Mois ture (grams) (grams) T otal sample 

14,370 76. l 1390 3010 46. 1 
14,820 76.6 1210 2920 41.6 

81.0 1620 53.8 
82 .3 1700 58.4 

14,120 70 .6 1290 3200 40 .3 
13 ,140 72.5 1290 2660 48.2 

80.4 1910 "59.7 
83.7 1380 5 1.8 

15,600 74.3 1670 3430 48.9 
14,520 74.0 1600 3070 52 .2 

80.7 1750 51.1 
82.5 1470 47.8 

8,360 48.0 1990 3280 60.5 
7,900 47.8 1810 2870 62.9 

71.5 1300 39.5 
76.1 1060 37 .1 

9, 210 55 .0 1060 2560 41.6 
9, 160 60.7 1060 2190 48 .2 

78. 2 1490 58.4 
82 .5 1130 51.6 

5,240 25.2 1020 2360 43.1 
5,140 37.0 1210 2100 57.5 

65.4 1340 56.9 
72.3 890 42.5 

10,000 41. 0 1350 2960 45 .7 
9,3 10 42.2 1070 2430 43.9 

79.2 1600 54.2 
81.7 1370 56.1 

3,800 22. 1 1350 2430 55 .6 
4,420 20.0 1420 2340 60.7 

47.8 1080 44.4 
65.4 920 39.3 

7,1 70 30.7 1780 3270 54.5 
11,450 34. 0 2450 4300 56.9 

67.7 1490 45.5 
76. 1 1850 43 .1 
35.2 3 1.1 
50.0 
24.0 
30.4 
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TABLE Ill. Fresh Weight nd Moisture Content of the Separate T issues of Flint and Dent Corn 
Plants Collected in 1945. (Data fo r eight plants.) 

S,11n ple and Date 
Fresh we ight 

(grams) 

July 2 
Flint ------- ---------- ---- ----------
Dent -----------------------------------

July 13 
Flint -----------------------------------
Dent . --------------------- ---------

July 23 
Flint -----------------------------------

Leaves ------------------ _____ .1096 
Stalks -------·--·-···---·-----·· 464 
Shca1hs --·-·· ------·····-----· 688 
Tassels -···· ····-····-··-··- 52 

Dent -------·-···· ···---·---·····---··· 

Au g. IO 

Leaves ---···--·--··········-··1303 
Stalks -·--····------------····- 470 
Sheaths -·-·-··-- ---·-·-·-·- 58 1 

Flint --····-------·-··-······-·-·-···-
Leaves -·········------------ II 02 
Stalks ·----- ____________ 2747 
Sheaths __________ ----··- 1124 
Shanks . ·---------- -··-·-·-- 2662 
Tassels ---··-··---------------- 434 

Dent ·----------------····· ··--·--·--

Au g. 29 

Leaves ______ --------·-··-··-·· 2102 
Stal ks ·----------··----·-·-·-· 4 7 62 
Sheaths ______ _______________ 1579 
Shanks --------·- ·---······ 437 
Tassels ······------ ·····-···· 439 

Flint -------·-····--··--·-··------------
Leaves ---·······--·-------.1120 
Stalks ------------·--·-- ___ ,2530 
Sheaths ----------------·-···· 1050 
Shanks --···---------···· 2380 
Ears ··--·--··----- ---·-····-···.3265 
Tassels ··-·--·----- ·--------- 210 

Dent ------··--··-·-------- · ··--------
Leaves ·-·----- _________________ ] 410 
Stal ks . ---------···-··--··--- 5070 
Sheaths ····-····--···-·--·- 1200 
Shanks ···--- ---····-·--····-- 2790 
Ea rs --·--------- ----------------- 2380 
Tassels ------------------·--·· 130 

T otal Fresh 
Weight 
(grams) 

72 
67 

593 
456 

2,300 

2,354 

8,069 

9,319 

10,555 

12 ,980 

Per cen t 
Moisture 

86.2 
86.6 

87.6 
87.6 

84.6 
93.5 
93.5 
90.4 

84.8 
93.2 
91.8 

75.7 
87.6 
85.9 
89.5 
69.9 

75.7 
89.4 
86.8 
89.2 
79. 1 

74.8 
81.2 
81.3 
82.0 
76.0 
60.5 

63.2 
78 .8 
75.4 
81.6 
85.7 
46.2 

Dry weight 
(gram s) 

10 
9 

74 
57 

169 
31 
45 
5 

197 
33 
48 

270 
341 
158 
281 
132 

513 
502 
210 
47 
92 

282 
476 
196 
428 
783 

83 

519 
1075 
295 
513 
342 
70 

Total dry 
Weight 
(gra ms) 

250 

278 

1181 

1366 

2248 

2814 

TABLE IV. Data for Flint and Dent Corn Plants-1943. Expressed as 
Milligrams of Nitrogen per Kilogram of Air-Dry Sample 

N itrogen Fraction To tal N 

Fl int Sept. 9 ····--·····---·····----··· 9890 
Sept. 11 ______ --------- _ ·······--8710 

Sept. 18 --········----·-··--······· 7260 
Sept. 25 -·········--····----··· ___ 7000 
Nov. 17 --······-··-·-···-···-······ 9470 
Dec. 1 ---·····------·----··-----------8010 

Dent Sept. 9 ___________________________ 8970 

Sept. 11 ------------ ---· _______ 8650 
Sept . 18 _________________________ ,6500 
Sept. 25 ___ , ________________________ 6540 

Nov . 17 ------··---····--····---- 9710 
Dec . 1 -···------· _______________ 9890 

Ammoniu m + 
Soluble N Am ide N N itrate N 

4110 
4090 
4440 
4420 
5740 
4920 
4540 
4540 
4390 
3920 
6250 
6440 

1080 
380 
330 
430 

1510 
750 
780 
570 
440 
370 

1310 
1150 

410 
1630 
1090 
930 
660 
870 
600 
810 
530 
480 
610 

1000 

Nitrite N 

None 

None 

None 

None 

40 

None 

None 

None 
None 

20 
20 

Frac tion 
Percent of 

To tal sample 

67.6 
12.2 
18.0 
2.0 

71.0 
11.7 
17.3 

22.8 
28.8 
13.4 
23.8 
11.2 

37.5 
36.8 
15.4 
3.5 
6.8 

12.5 
21.l 
8.7 

19.1 
34.8 
3.7 

18.4 
38.2 
10.5 
18 .2 
12. 1 
2.5 

Tota l 
a -Amino N 

1940 
1590 
1350 
1440 
1380 
620 

2720 
2230 
1630 
1730 
1540 
740 
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TABLE V. Summary of Analytical Data on Corn Stalks Collected in 1944. Expressed in Terms of 
Milligrams Nitrogen per Kilogram of Air-dry Sample. 

a-Amino N 
(corrected 

for 
glutamine 
amide and 

Sample and Soiuble Glutamine Asparagine ammonium 
Sampling Date Total N N NH.1 N Amide N Amide N NOaN Nitrite N Bas ic N N) 

Flint 

Leaves (uncut) 
Sept. 19 ------------ _____ 17,720 3,080 67 123 103 340 none 960 6 10 
Sept. 25 __ '. _______________ 18,430 4,670 175 173 79 350 none 1,650 760 
Oct. 2 _________________ ____ .16,500 4,570 277 104 125 254 none 1,560 1,310 
Oct. 9 ------------ _________ 18,120 4,580 320 151 121 240 none 920 l ,4JO 
Oct. l l ______ ______________ 16,050 4,800 320 144 78 220 none 1,430 1,400 
Oct . 20 ___ __ __________ ____ 15,970 4,790 290 172 62 520 none 1,140 1,240 

Leaves (cut) 

Oct. 2 ----------------------15,780 3,310 300 39 154 243 none 1,200 940 
Oct. 9 ____________ __________ l 7,250 4,330 300 78 56 125 none 1,340 1,050 
Oct. 16 ___________________ _ 17,100 4,110 300 82 42 203 none 1,550 1,300 

Stalks (uncut) 

Sept. 19 ------------------ 9,140 5,470 22 l09 142 3, 200 none 650 600 
Sept. 25 ------------------ 9,630 6,530 38 165 200 3,860 none 890 750 

Oct. 2 --------------------- 9,960 6,790 59 298 310 3,610 none 1,200 920 
Oct. 9 ----------------------10,430 6,820 80 243 320 3 ,410 none 540 900 
Oct. 11 -------------------11 ,050 7,270 108 320 267 3 ,720 none 550 1,100 

Oct. 20 -------------------11,980 7, 150 310 188 97 2,390 none 650 1,080 
N ov . 13 __________________ 10,830 4,600 340 126 176 1,550 87 920 800 

Stalks (cut) 
Oct. 2 ------------ ___________ 9,600 5,240 59 119 298 3,270 none 380 550 

Oct. 9 --------------------- 7,730 4,750 76 131 340 2,460 none 540 510 
Oct. 16 _______ _________ ____ 10 ,980 7,900 320 182 340 3,400 none 1,380 1,300 
Nov. 13 ------------------ 8,230 3,520 264 2 83 1,300 630 700 

Entire P lant• 

Sept. 19 _________________ 12,710 4,330 410 115 126 2,0IO none 780 610 
Sept. 25 _______ __ _________ 13 ,870 5,250 104 169 142 2,170 none 1,260 760 

Oct. 2 ------------------- 13,370 5,230 173 197 215 1,860 none 1,390 1,120 
Oct. 9 ____________ __________ 14,110 5,480 196 198 223 1,880 none 720 1,140 
Oct. 11 -------------------13,250 5,760 200 242 184 2, 180 none 930 1,230 
Oct. 20 _________________ .14,250 5,360 297 179 77 1,330 none 930 1,170 

'*Data for leaves and stalks of uncut p lants. 
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TABLE VI. Summary of Analytical Data on Corn Stalks Collected in 1944. Expressed in 
Terms of Milligrams Nitrogen per Kilogram Air-dry Sample. 

a-Amino 
(corrected 

for 
glutamine 
amide and 

Sa mple and So luble an1moniu n1 
Samplin g Date To tal N N0.1 itr ite N Bas ic N ) 

Dent 
Leaves (uncu t) 

Sept. 19 ----- ________ 16,460 2,700 66 84 107 126 none 890 760 
Sept. 25 . ····----------.17 , 4 50 3,370 72 82 131 123 none 1,230 580 
Oct. 2 ___________________ 15,080 3,530 176 49 177 22 none 1,330 600 
Oct. 9 ____________________ 13,750 3,060 222 45 86 l 15 none 860 610 
Oct . 11 ------ ___________ l 4,820 3,260 155 76 94 105 none 950 630 
Oct. 20 _________ : _________ 13,900 3,700 199 54 62 217 none 620 850 

Leaves (cu t) 

Oct. 2 --------------· .... 15,300 3,020 256 106 109 27 none I ,160 520 
Oct. 9 .................... 15, 180 3,880 246 100 106 54 none 1,1 40 950 
Oct. 16 ---------- ________ 14 ,230 4, I 10 287 ]23 12 102 none I ,260 1,060 

Sta lks (uncut) 
Sept. 19 ------------ 6,040 3,300 25 127 120 1,400 none 630 570 
Sept. 25 ----------------- 7,030 3,240 26 104 82 1,600 no ne 630 470 
Oct. 2 ------·----····------- 6,550 3,740 41 177 136 l ,660 none 770 850 

Oct . 9 ...... ------------·· 8,500 4,220 144 11 2 134 1,880 none 550 720 
Oct. 11 -----·--------- 7,250 4,880 75 272 178 1,940 none 820 760 

Oct. 20 --------------- ·- 7,380 3,420 93 33 29 1,590 none 650 
Nov. 13 ----------------- 6,880 2,580 165 84 65 580 trace 580 500 

Stalks (cut) 

Oct._ 2 ---------·····--·---· 6,880 3,550 42 88 122 1,970 none 360 510 
Oct . 9 ------------------· 6,650 3,460 88 20 1 131 1,250 none 630 630 
Oct. 16 ---- ---- ------ 6,500 3,830 91 105 78 1,890 none 570 
'ov. 13 .......... --·--- 5,750 2,750 88 V 64 600 t race 400 390 

En tire Plan t• 

Sept . 19 _________________ J 0,840 2,900 44 107 114 810 none 650 660 
Sep t. 25 ____ ----·--····J I ,230 3,020 45 95 102 1,000 none 870 520 
Oct. 2 .... ---· _________ _] 0,720 3,300 107 11 4 156 860 no!1e 1,040 730 

Oct. 9 .... -------- ...... IO ,680 3,170 176 84 114 1, 150 none 680 680 
Oct. 11 ................. .10,700 3,830 l 12 I 13 139 1,090 none 880 700 
O: t . 20 .... ------ ... .10,940 3,300 150 107 47 840 none 640 

• Data for leaves and sta lks of uncut p lants. 
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TABLE VII. Summary of Analytical Data on Corn Stalks Collected in 1945. Expressed as 
Milligrams of Nitrogen per Kilogram of Air-dry Sample. 

Glutamine 
Sample and Amide Asparaginc a-Amino N "True" 
Sampling Date Total N Soluble N NH4N N Amide N NO:iN (corrected) Basic N Protein N 

Flin t 
July 2 

Entire Plant __________ .40,000 16,400 ]19 253 470 5,910 23,600 

Ju ly 13 
Enti re Plant __________ 32,500 10,180 68 175 297 4,470 l ,700 2,500 22,320 

Jtily 23 
Entire P lant --- --- 28 ,740 10,960 94 139 214 5,110 1,350 17,780 
Leaves _________ _ ------- 30,430 8,740 105 107 171 2,530 1,720 2,210 21,690 
Stalks ------ ------------ 27,200 16,090 75 300 410 9,3 10 670 I l , 110 
Sheaths -------------- ___ 21,900 15,830 60 122 173 12,500 370 6,070 
T asse ls _________________ 42 ,900 11,1 00 126 390 840 260 1,550 31,800 

Aug. 10 
Entire Plant 18,290 6,270 62 137 221 2,290 740 1,460 12 ,020 
Leaves ------ __ ___________ 29 ,430 4,320 73 62 88 970 1,050 1,430 25, 11 0 
Stalks ------------------ 12,100 7,570 59 155 154 4,690 350 1,010 4,530 
Sheaths _________________ ] l,100 5,590 31 77 36 3,720 430 820 5,510 
Shanks _ ----------------- 17,580 6,520 58 220 520 240 780 2,180 11 ,060 
Tassels --·-----·- ---- 21,600 7,240 90 IH 251 1,500 1,370 1,940 14,360 

Aug. 29 
Entire Pl?.nt -------- -- 12,680 3,390 46 97 87 670 680 900 9,290 
Leaves ------- ------------- 27,050 4,280 76 47 11 6 1,020 910 1,590 22,770 
Stalks ---------------------- 7,280 3,600 47 98 102 1,820 450 440 3,680 
Sheaths ---------------- __ 8,200 2,400 22 48 36 830 450 730 5,800 
Shanks -------------------- 9,330 2,720 28 97 116 380 650 880 6,610 
Ears __ ____________________ 13,780 3,470 50 130 62 30 810 930 10,310 
Tassels ___________________ ] 2,300 4,190 52 82 84 30 750 1,250 8,110 

TABLE VIII. Summary of Analytical Data on Corn Plants Collected in 1945. Expressed as 
Milligrams of Nitrogen per Kilogram of Air-dry Sample. 

Glutamine 
Sample and Amide Asparagine a-Amino N "True" 
Sampling Date Total N Soluble NH4N N Amide N NO:iN ( corrected) Basic N Protein N 

Dent 
Ju ly 2 

Entire Plant __________ .41,600 16,550 106 238 470 6,980 25,050 

July 13 
Entire Plant ___________ _33,300 JI ,JOO 75 153 275 4,750 1,190 2,600 22,200 

July 23 
Entire Plant . ------- 29,490 9,470 95 125 133 5,170 1,730 20,020 
Leaves __________________ 31,130 6,970 107 111 114 2,060 2,230 2,200 24,160 
Stal ks __________ __ _________ 27,530 14 ,670 62 207 294 9,320 450 12,860 
Sheaths ------------------ 24,130 16,190 77 127 103 15,170 540 7,940 

Aug. 10 
E ntire P lant ------ ___ 21,030 7,520 69 134 155 2,830 1,060 1,510 13,510 
Leaves ------ ----- ______ __ __ 28 ,990 4,480 60 75 78 740 1,260 1,570 24,510 
Stalks -------------------.--14,340 9,730 68 172 140 4,990 460 1,140 4,610 
Sheaths _________________ J 3,080 7,160 44 114 51 4,460 1,220 950 5,920 
Shanks _ ----------------- 27,680 10,090 131 227 850 260 1,090 4,030 17,590 
Tassels ------------------- 28,000 11 ,940 146 246 540 360 2,750 3,290 16,060 

Aug. 29 
Entire Plant __ __________ 13,200 4,320 60 149 122 980 500 960 8,880 
Leaves ___________________ _26, 150 3,310 54 44 77 130 720 1,310 22,840 
Stalks ---------------------- 8,080 4,8i0 67 157 115 2,050 360 500 3,250 
Sheaths -------------------- 7,950 1,9 0 31 65 17 1,370 470 620 5,970 
Shanks ____________________ )0,300 3,830 36 122 142 100 310 790 6,470 
Ears __________________ ___ _} 8,750 7,280 106 410 271 30 900 2,390 11 ,470 
Tassels ___________________ 12,200 2,760 67 99 90 80 175 1,010 9,440 
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TABLE IX. Moisture and Nitrate Nitrogen Content of Soil Samples from Cornfield-1945. 

Per Cent Moistu re p. p.m. N OJN 

Depth Date 6/ 4 7/ 2 7/13 7/ 23 8/ 10 9/ 4 6/ 4 7/ 2 7/13 7/ 23 8/10 9/ 4 

0-6 inches ···-···-· ... _ ...... 29 .0 21.6 20.8 21.1 20.9 14.0 8.5 16.8 18.4 14.3 5.4 1.3 

6-12 inches ···-···-·········- 25 .6 32.2 18.7 19.5 18.7 13 .3 20.3 19.6 13.3 16.2 8.9 2.3 

12-1 8 inches ...... .............. 23 .5 19.2 17.9 18.4 19.2 11.8 13.5 12.3 11.9 6.8 2.2 

[ 8.24 inches -·······-·-·-··21 .8 17.9 16.9 17.8 18.6 10.9 11.0 8.0 6.9 5.4 2.0 

TABLE X. Nitrate Nitrogen Distribution in the Corn Plant in Relation to Position of the Tissue-
Data for Dent Corn (1945). Expressed as Milligrams of Nitrogen per Kilogram of Air-dry Sample. 

Nodal Position from Base to Top of Plant 
T issue Analyzed 

July 26 

Leaf-blade ··-·····--························-· 3700 
Lcaf-bladet -···································· 560 
Leaf mid-ribt -·····-························ 8550 

lnternode ·-··-·---··-····················138 10 

Sheath ········ ········-······-···· ··-·········.19190 

Sept. 4 

Leaf-blade ·········-······· ······-···········-· 480 
Leaf mid-rib ···················· ···········-··· 810 

Internode . ········-···-·············-···· ··- 2900 

Sheath ·········-·-·········-·········-····- 1250 

Shank ···· ··············-···························· 
Ears (fertile) ·-··-·················-·-·· 
Tasse ls ······--············- ··············-·- ·-

.. Remainder of plant tissue above node 4. 

2 

2870 

ll OOO 
15800 

330 
620 

2660 

590 
840 

4 

2790 2520 

6000 3000 
12500 9800 

240 140 

520 470 
1990 1380 
590 430 

460 480 

t Lea[-blades 1 th rough 4, but minus mid-1 ib t issue (Av. va lue). 
+Leaf mid- r ibs I th rough 4 (Av. va lue). 

5 6 7 8 9 10 

1790• 

70 70 60 71 50 90 
310 300 40 40 

ll90 960 820 820 790 810 

320 230 210 120 130 100 

270 190 ISO 

80 llO 100 

11 12 13 14 

60 70 90 30 

630 650 940 
230 190 50 80 

200 
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