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INTRODUCTION

Unpublished data of the departnent of Agronomy of Kansas

State College show that the nitrogen and carotene contents of

bromegraas were increased markedly by fertilization with ammonium

nitrate. Eggleton (6) has shown that the addition of nitrogenous

salts to the soil increased the content of the various nitrogen

fraction of grassland crops. It was thus of interest to loiow if

heavy applications of ammonium nitrate on bromegrass affect the

type of nitrogen compounds that accumulate in the plant.

A potential use of bromegrass is for dehydration and incor-

poration into poultry feeds. If used in this manner, the ribo-

flavin content of bromegraas meal would be of considerable impor-

tance, since this nutrient frequently is deficient in poultry

rations. Inasmuch as nitrogen fertilization resulted in an in-

creased carotene content, it seemed desirable to determine if the

riboflavin content would be increased also.

EXPERIMENTAL

Early in the 1948 growing season, duplicate plots of brome-

grass were fertilized with SCO pounds of nitrogen per acre in the

form of Uramon; 300 pounds as cyanamide; and 100, 200 and 300

potxnds of nitrogen as ammonium nitrate. One set of plots was left

untreated as control. Samples v/ere cut semi-monthly from the

plots which received the different rates and kinds of fertilizers.

Equal samples from duplicate plots were combined, autoclaved at
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FIG. I. EFFECT OF NITROGEN FERTILIZATION ON
THE PROTEIN CONTENT OF BROMEGRASS.



five pounds pressure for five minutes, and dried for four hours at

65® C. in a circulating air oven. The dried samples were ground

to pass through a 20-raesh screen and were stored at -20*^ C. in the

dark until needed.

Changes in the Nitrogen Fractions

Protein nitrogen . Protein nitrogen was determined by the of-

ficial method of the Association of Official Agricultural Chem-

ists (1) for feedstuffs. The data presented in Pig. 1 show a

steady decline of protein nitrogen as the plants matured. The

amount present was directly related to the amo\int of nitrogen ap-

plied to the soil. The protein content of the plants receiving

the 300 poxinds of nitrogen as ammonium nitrate was slightly higher

than those receiving Cyanamide and Xlramon. This indicates that

the nitrogen of ammonium nitrate is more readily available to the

plant than when in the other two forms.

Ammonia Nitrogen . Ammonia nitrogen was determined by the

method of Pucher, Vickery, and Leavenworth (13). This method

consists of placing the dry plant tissue in a distilling flask,

adding a phosphate-borate buffer, making the solution alkaline to

liberate the ammonia, distilling the ammonia under reduced pres-

sure into a standard acid solution, and determining it by Nes-

slerlzatlon. All determinations were corrected for a small ap-

paratus blank.

From Fig. 2, it will be seen that increasing the ammonium

nitrate applied to the soil resulted in increased amounts of ammo-



4

(9 I L 1 , ,

^ V2 5/15 6/2 6/21 7/2
DA TE

FIG. 2. EFFECT OE AMMONIUM NITRATE FERTI-
LIZATION ON THE AMMONIA CONTENT OF
BROMEGRASS.
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nltm ion in the plants early in the season. At maturity, however,

plants from the fertilized plots contained approximately the same

quantity of aimnonium nitrogen as the unfertilized plants. From

Fig. 3, it will be seen that the kind of nitrogen fertilizer ap-

plied also influenced to some extent the amount of ammonium ion

that accumulated in the plants.

Amide Nitrogen. Amide nitrogen determinations were made on a

water extract of the dried plant tissue as recommended by Pucher,

et al. (15). An aliquot of the extract was hydrolyzed for three

hours with sulfuric acid, made alkaline, and the ammonia deter-

mined. Amide nitrogen is the difference between the ammonia pres-

ent after hydrolysis and that originally present.

Figure 4 shows that the amide content of plants from ferti-

lized plots increased markedly between the first and second cut-

tings, and then steadily decreased. Little change occurred In the

unfertilized plants. The changes in amide content from one cutting

to another were more pronounced than the changes in the ammonium

content.

Nitrate Nitrogen . Nitrate nitrogen was determined by the

method of Gilbert, Eppson, Bradley, and Beath (7), with certain

modifications. This method consists of extracting the dried tis-

sue with hot water; clarifying with silver sulfate solution, cal-

cium hydroxide, and activated carbon; evaporating to dryness} add-

ing phenoldlsulfonlc acldj and making alkaline with ammonium hy-

droxide to develop a yellow color. Color intensity was measured

with a Beckman spectrophotometer at 408 mu.
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FIG 4. EFFECT OF AMMONIUM
NITRATE FERTILIZATION ON THE
AMIDE CONTENT OF BROMEGRASS.



It was foimd that high values were obtained with a standard

nitrate solution when activated vegetable charcoal was used for

clarification. Carbon black gave adequate clarification, and did

not contain soluble nitrates (16), Hence, it was used in the de-

terminations.

A study was made by Chamot et al. (4) to determine errors due

to variations in the amount of base used to develop the final

color. Although he stated that ammonium hydroxide gave variable

results, this difficulty was not encountered. It was found desir-

able to add the ammonium hydroxide after transferring the solution

to a volumetric flask from the evaporating dish, rather than be-

fore, as recommended by Gilbert et al. This eliminated errors due

to spattering.

The wavelength for determining the color intensity by means

of a Beckman apectrophotoraeter was not known. Maxlinum light ab-

sorption was found to occur between 406 and 410 mu. This is in

agreement with Berge (2) who used 400 to 410 mu with the Colman

spectrophotometer.

Figures 5 and 6 represent the data obtained from the nitrate

nitrogen determinations. The amount of nitrate in the bromegrass

was related directly to the amount of anmionlum nitrate applied to

the soil. Cyanaraide and Uramon applications resulted in little

increase of nitrate nitrogen in the plant tissue.

Effect of High Nitrate Content on Protein Determination .

Strowd (16) and Paul and Berry (12) have stated that the nitrate

nitrogen In plant tissue is reduced partially to ammonia in the
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FIG, 5. EFFECT OF AMMONIUM NITRATE FERTI-
LIZATION ON THE NITRATE CONTENT OF
BROMEGRASS.
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Kjeldahl method of determining nitrogen. Since the nitrate nitro-

gen content was high in the plants from the plots fertilized with

ammonium nitrate, it seemed advisable to determine the amount of

nitrate that would appear as protein by the official method for

feeds. This was done by determining nitrogen in a solution of po-

tassium nitrate with salicylic acid added to include nitrates (1).

Filter paper was added to each flask as a source of organic matter.

Table 1, Comparison of nitrate nitrogen of a potassium nitrate
solution determined by the official method for feed-
stuffs and by the official method for inclusion of
nitrate.

Official method for
inclusion of nitrate

Official method
for feed stuffs

Per cent determined
by method for feed-
stuff s

Mg. N

0.52
1.86
1.79
3.89
5.82

Mg. N

0.55
1.61
1.61
5.22
5.08

N

106.5
86.5
90.0
82.7
80.7

Table 1 indicates that at low levels almost all of the ni-

trate was reduced and appeared as protein. As the concentration

increased, a smaller per cent of the nitrate was reduced. The

nitrate nitrogen content of the bromegrass samples analyzed in

this study ranged from 0.026 to 2,51 mg per g of dry sample. At

the highest level, possibly 85 per cent, or 2,15 mg, of the ni-

trate nitrogen was determined as protein nitrogen. Consequently,

this amount of nitrate nitrogen resulted In 6,4 per cent more pro-

tein than actually was present.
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Changes in Riboflavin Content

Riboflavin was determined by the method of Loy (9). The sam-

ples were autoclaved In the presence of sulfuric acid, proteins

were precipitated, the pH was adjusted to 6.8, and the fluores-

cence of the riboflavin was measured by means of a Coleman photo-

fluorometer. Calculations were made according to the formula of

Loy.

The effect of ammonium nitrate fertilization on the ribo-

flavin content of bromegraas is shown in Fls. 7. Nitrogen fer-

tilization up to 100 potinds per acre caused an appreciable Increase

in the riboflavin content of the plants. However, the application

of 200 pounds of nitrogen caused only a small increase over that

which was obtained with 100 pounds. The riboflavin content of

the plants from all treatments decreased rapidly as the plants ma-

tured •

DISCUSSION

The mechanism for the synthesis of organic nitrogenous com-

pounds from inorganic materials has been under investigation for a

long time. Ammonium or nitrate nitrogen is the main source for

nitrogenous compoxmds in higher plants. When nitrogen fertilizers

in the form of ammonium Ion are applied to the soil, nitrifying

bacteria usually oxidize it to nitrate and little is absorbed as

ammonium ion (10, 11). If the soil is sterile or has been fumi-

gated, ammonium ions are absorbed without being changed to nitrate
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(17). AnDTionlton lono are absorbed directly irtien present as mich In

solution culture (15). Vhen absorbed as UDnonlay It requires no

reduction for use in protein syntheala, and therefore eliminates

an energy-requlred reaction.

Ammonluai ions are asslrcllated as rapidly as they enter the

plant, but the nitrates are utilized more slowly and tend to ao»

ctiMulate (14), Nitrogen must be in the form of aaBKmlum ions for

biological synthesis. There In an enzyme, reducase, present which

reduces the nitrate ion to the aaasonium ion within the plant (5).

Ordinarily amino acids are the first detectable organic ni-

trogen compotmds to be synthesized from SBuronla. If luxury con-

sumption of nitrogen compounds occurs, however, the excess am-

monia may combine with ^-keto acids to form asparagine and gluta-

mlne (18). The o(-k#to acids originate from the respiration of

carbohydrates.

Nitrate determinations on samples from the plots fertilized

with ammonltxm nitrate have shown that increasing the amount of fer-

tilizer increased the nitrate content of the plants. Cyanamids

(CaNCN) and Uramon (\area plus a conditioner) are hydrolyzed in the

soil with the liberation of ammonia. This reaction presumably was

not sufficiently rapid to supply the plants with all of the ni-

trogen they could absorb, since both the ammonia and protein nitro-

gen were somewhat lower than in plants fertilized with an equiva-

lent amoxmt of nitrogen as anmionlum nitrate. However, the nitrats

content of the plants from the Cyanaralde and Uramon plots was but

little greater than of plants from the unfertilized plots, which
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suggests that absorption of the liberated animonifl was rapid enough

that it was not oxidized to nitrate to any great extent in the

soil before being absorbed. If, however, nitrate formation did

occur in the soil, reduction to armionia within the plant must have

been more rapid than bacterial oxidation in the soil so that ni»

trates did not accumulate in the plant,

TTitrate absorption in the plants fertilized with anDEonium ni-

trate was greatest In the first part of the growth period, as

shown by an Increasing nitrate content at each of the early cut-

tings. Later in the growth period, the rate of absorption was de-

creasing and the plants probably were utilizing the excess nitrate

nitrogen, which had been absorbed earlier, for biological syn-

thesis.

The ammonium ion concentration did not vary greatly from one

cutting to another until after the third cutting. In general,

unmonium concentration did not decrease appreciably until after

the nitrate and amide nitrogen had decreased. This might indicate

that the latter were being changed Into ammonium ion for use by

the plants.

According to Bradley, Eppson, and Beath (3), plant material

containing over 1.5 per cent KNO3 (nitrate nitrogen calculated to

KNOg) is potentially toxic to animals. Only in samples from plots

fertilized with 300 pounds of nitrogen as ammonium nitrate was the

concentration of nitrates ever that high, and it did not remain so

as the plant matured. Thus, young broraegrass, which has been fer-

tilized heavily with aimaonium nitrate, may be toxic to livestock

under some conditions.
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SUMMARY

1, The protein content of bromegrasa decreased as the plants

matured. Increasing the amount of nitrogen applied to the soil

caused a corresponding Increase in protein nitrogen in the plants.

Presumably, the nitrogen of ammonium nitrate was more readily

available to the plant than the nitrogen of Cyanaraide or Uramon

iihen applied in equivalent amounts of nitrogen, since the protein

content was slightly higher when ammonium nitrate was the ferti-

lizer used.

2. The ammonivim ion concentration of the plant tissue varied

directly with the amount of nitrogen applied.

5. In the early stages of growth, amides increased rapidly,

but as the plants approached maturity they decreased, indicating

that the amides were formed from the excess ammonium absorbed and

later were metabolized into protein.

4, Increasing the amount of ammonium nitrate applied to the

soil resulted in Increased amounts of nitrate in the plants.

Uramon and Cyanamide fertilization had little influence on the

nitrate content of the plants.

i. fhe official method of the Association of Official Agri-

cultural Chemists for the determination of protein in feedstuffs

was found to be inaccurate for plant material containing consider-

able quantities of nitrate.

6, Application of nitrogen fertilizer up to 100 pounds of

nitrogen as ammonium nitrate per acre caused an appreciable in-

crease In the riboflavin content of bromegrass.
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