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Hutchinson and Miller ( 16 ) grew wheat plants in

sterile aand and water cultures with ammonium sulphate as

the source of nitrogen* They found that with sterile

water cultures the growth of the plants was slow and the

root growth very poor* The sterile cultures with arano-

nium sulphate and mineral solution which were inoculated

with nitrifying organisms prosed far superior in yield of

dry matter and total nitrogen in crop but contained a

smaller percentage of nitrogen in the dry matter. They

concluded that wheat plants showed a decided preference

for nitrogen in the form of nitrate*

Using the triangle system of molecular salt propor-

tions with a alts of &%H>4# Ca(H03)2. and ?%3G4* in sand

cultures with wheat 3ewell < 43 ) obtained maximum grain

yields with high molecular proportions of nitrogen and low

phosphorus and potassium salts proportion or with low ni-

trogen and high phosphorus and potassium salt proportions*

Davidson and LeClere < 7 }, from field experiments,

found that the presence of sodium nitrate in the soil at

the early stages of growth stimulated the vegetative growth

of the wheat crop and resulted in greater yields. Appli-

cations of sodium nitrate at the time of heading did not

affect the vegetative jrowth, bat gave a better quality of

grain judging from its appearance and protein content*
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Ho noticeable effect was observed on the crop when appli-

cations of sodium nitrate were made at the tlrae the grain

was In the railk stage* They also observed that appli-
at

cations of the nitrate/heading stage Increased the protein

content of the straw, and at the first stage the yield of

straw and grain was increased*

Davidson ( 8 ) from the results of later field ex-

periments concludes that "The effectiveness of nitrates in

increasing yields decreases consistently as the time of

their application approaches the stage of heading*'* -Mid

*The effectiveness of nitrates in increasing the protein

content of the grain increases as their effectiveness in

increasing the yield decreases*"

In a study of factors affecting the nitrogencontent

of wheat and the changes that occur during the development

of wheat oisen ( 33 ) states that the percentage of ni-

trogen in the plant proper decreases with the continuous

growth of the plant* Be shows that the nitrogen percent-

age of the kernel decreases with the progressive develop-

ment and increased weight of the kernel when grown under

field conditions, If conditions are favorable for normal

development* all the excess nitrogen in the different

parts of the plant will be moved upward and transferred

into the kernel. Olsen also observed that phosphorus

entered the grain siiaultaneously with nitrogen except in
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the early starts of development.

Jacobaon ( 18 ) observed the changes in hydrogen-ion

concentration with Karquis wheat plants 97 days old which

were placed in cultural solutions with molecular propor-

tions distributed in one eighths. lis found that the pH

value increased from 3.9 to 6*3 during the first twelve

hours after which the reaction remained fairly constant

for the 72 hour period of observation* The nitrogen con-

centration decreased from 85 to 24 parts per million of

nitrate nitrogen, a loss of nearly 72 percent of the total

nitrogen during the first twelve hour period* ^nly a trace

of nitrogen was found at the end of the 36 hour period.

Varr and Kob&e ( 48 ) grew seedlings of wheat, corn

and soybeans in nutrient solutions of different hydrogen

ion concentrations of constant values ranging from pH

3 to 8* ''axisasn growth of wheat seedlings occurred when

the hydrogen-Ion concentration was maintained at approxi-

mately pH 4. i:o harmful effects were noted at lesser con-

centrations altho chlorosis appeared in the solutions which

had pH values of 6 or acre due to the insolubility of the

iron.

Jones and Shiva ( 21 ) used insoluble ferric phosphate

and soluble fe rous sulphate as sources of iron in 'hive '

s

three salt solution, R5C2 of 1.75 atmosphere < 44 )# is

which Marquis wheat was grown* The iron was supplied in
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amounts varying froa 0.01 milligram to 5*00 milligrams per

liter of solution. The solutions were renewed twice week-

ly for a period of ninety days. In the ferric phosphate

series sore or less chlorosis appeared which could he

easily remedied hy the use of ferrous sulphate* There

was no chlorosis in the ferrous sulphate series hut toxic

effects were apparent at higher concentrations* The high-

est yield of plants in the ferric phosphate series occurred

with 2*00 milligrams of iron per liter of solution and in

the ferrous sulphate series with 0.75 milligram of iron

psr liter of solution. This shows that not only the form

of iron hut the availability and amount is of utmost im-

portance fa* good plant growth.

ssrah and 3&ive ( 26 ) used four forme of iron to

their studies en the relation of the growth of soybeans to

the amount and form of iron in several types of solutions*

They concluded that ferric tartrate was the most efficient

of the four forms.

with six types of salt solution cultures* GerieXS

( 32 ) grew wheat seedlings successfully for four weeks,

by rotating the pleat, to daily succession from a one-salt

solution to another within each typo. He found that

seedlings grown one day to KIIO3 solution, the second day

placed in MgHK>4 solution, and the third to Ga304, were
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almost as larse as those rown in the euraplete nutrient

solution of all type*. He observed that larger plant*

were produced in those types of solutions in which '^°4

and -H03 were included. He states that if a nutrient solu-

tion la a poor media* for plant growth because of a larger

proportion of one ion, it should be improved by the ad-

ditien of «*» ether ion of opposite charge, even though

thie be added in the form of a salt that would also add

sore of the iron already in excess**
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Assimilation of Acsjonlc and Nitric nitrogen

In experiments with wheat* pice, mustard, corn, and

flax plants grown in liquid cultures undrr conditions

which excluded nitrification, ^antanelli and 3everixd (35)

concluded that ammonic nitrogen has a coefficient of uti-

lization for the formation of organic nitrogenous com-

pounds superior to that of nitrate nitrogen. They ( 36 )

further conclude "That amoniacal nitrogen has a poten-

tial nutritive value for plants superior to that of ni-

trates* hut the full expression of that higher value is

conditioned upon (1) slow absorption of the araaonium

cation by the roots, (2) about equal absorption of the

corresponding anion,and (3) the possession of a nutri-

tive value by tie anion itself.*

Hutchinson and Miller ( 16 ) after carefully re-

viewing much of the literature relative to investigations

en the assimilation of araaonia by plants summarized the

results in these words: The results of Criffiths and ,faze

seem to prove conclusively that beans and maize assi ..di-

late ammonium salts as readily as nitrates. The same

may be said of Kossowitsch's experiments with peas, for

although sterilization was imperfectly maintained, ni-

trifying organisms were completely excluded. Breal'a
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results my also be considered to establish the utiliza-

tion of aasonia (by ?©* annua). The results obtained by

Fitsch* tfuntz, Qrloch and tfogel* and Kruger indicate that

various plants employed are able to grow in absence of

nitrate - not with absolute certainty as regards I'unta's

experiments - but fail to prove that arssonia was the sole

source of nitrogen**

Prianiochntskov ( 39 ) critically reviews the lit-

erature on the comparative value of assraonia, nitrate, and

nitrogen as nutrients for higher plants. One of the im-

portant factors is physiological acidity caused by the

absorption of the assonius ion of asraoniuia salts- In

his experiments in which physiological acidity or initial

alkalinity are correctly set aside by neutralisation he

found that the plant is able to take up ammonia quicker

and convert it into organic materia!** than occurs by

the addition of nitrates. In experiments with constant-

ly changing nutrient solutions he states that "We share

fully the opinion that the increase of araaonia in the

solution, itself in a neutral form* may not exceed cer-

tain limits without injury to the plant and that the

limits for aenoala are lower than for nitrates. Using

assaoniua nitrate as the source for nitrogen he found that

plants absorbed the amonium ion quicker than the ni-

trate ion and that the salt «aa physiologically acid
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and Increased the utilisation of difficultly soluble

phosphates by plants* He also feend that aeaaoniua bi-

carbonate, under nearly neutral condition by passing

carbon dioxide through the solution, t© be the best form

for introducing ammonia to plants.

Prianiaehnialeov shows that nitrites in weak solu-

tions constitute a good source of nitrogen for higher

plants. But an increase ef the hydrogen-ion concentra-

tion of the solution Increases the injurious effect ef

the nitrite and causes the appearance of arjaonia in the

solution and aecoupanies the toxic action ef the nitrites

on plant growth. ft deficiency of carbohydrates increases

the sensitiveness of plants to nitrites*

Using the method of flowing solutions in aanu cul-

ture with constant pH values* Dikusaar C 9 ) Sound that

nitrate nitrogen is superior at pH 5.5, but with pH 7.0

asaaenia is superior* that the calciu© content ie always

lewer with saseni* than witfe nitrite* or nitrates with

corn as the plant indicator* Results also indicate that

increases In the hydrogen-ion concentration also increases

the ash content ef the plant regardless ef the form of

nitrogen used.

in the case of sugar beets the aalphat# of ansaonia

at pa 7*0 was isore effective than at pH 5*6* He suggests

that in order to oospore the effect of«onia with that
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of nitrates It la necessary to have a higher concentration

of raagnesiunif calcium, and potaafliun in the nutrient

solution for anaaonia, because aramonia hinders the ab-

sorption of t *esc basic elements

•

Pirschle ( 37 ) compared flowing culture solutions

with constant pH values with cultures which were not

changed and found that calcium nitrate was superior to

sulphate of ammonia with the unchanged cultures. But

with flowing cultures sulphate of amaonia proved superior

to calcium nitrate at pH 6*0 but inferior at pH 4.5 and

2ft another investigation Firschle ( 38 ) found that

eorn and peas were able to absorb nitrogen frorc urea as

well in sterile as in non-sterile cultures. This ca-

pacity of the plants to decompose urea to amonlum car-

bonate is due to the enasyse urease. He states that

mmmmm carbonate is formed, before the nitrogen from

urea is absorbed, is proved by as increase of pH ia the

culture solution with urea.

The carbohydrate content of the plant plays an im-

portant role in the assimilation of ajsaonia. Prianiech-

nlkcv observed that the higher the carbohydrate content

of the plant the more atonic nitrogen can be absorbed

by the plants, and the ammonia is quickly transformed

by the plants to amide under formation of asparagin and

glutamin.
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The results sad observations of '*>viua (
28

) »how

that the effect of aramonion salts of strong acids is de-

pendant on the hydrogen-ion concentration of the culture

solution* in neutral to alkaline reactions the acsaonium

salts cause an apparent toxic effect, The harmful In-

fluence of anssoniusi salts increases with ewaonium con-

centration and decreasing hydrog«»-ion concentration*

Other unfavorable factors, sues as light deficiency, iron

deficiency* and so forth causes an increase In the toxic

effect of the aaaonium salts* The assaonium salts, how-

ever, are ae effective as the alkaline nitrates with the

range of pHM to 5*6* If the pH value of the culture

solution does not faU below 3.6 ell injuries* which are

observed in the presence of aesaoniuta salts, are to be as-

cribed not to physiological acidity but to the* basic

constituent.

From a series of experiments with the com plant

Sewius ( 29 ) shows that when aisraonla salts of strong

aside are presented to the com plant as sources of ni-

trogen, the basic constituent o* these salts disappears

from the eolation with increasing speed in direct pro-

portion as the pH value of the solution increases* Sis

results show that the reaction is one of the most im-

portant factors which determines to what extent the ni-

trogen of aaaonla salts i* absorbed by the roots, and
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that the dependence of the nitrogen absorption stands

in causative connection with the degree of the hydrolytic

dissociation of the ammonia salt in the culture solution.

The formation of aoparagin. within the plant, upon the

abaorption of nitrogen f rom aniaonium salts, according to

iseviuo, is sow assumed to be a stage of detoxication of

ajasonia* The corn plants are able to counteract the

toxicity of the penetrated ammnia by organic acids, the

amino aside and its amides. Hs states that the KH4 ni-

trogen penetrates into the root cells as KH3 molecules

and probably as HH4-OH molecules are there neutralized

by organic acids. The production of the organic acids

is stimulated by the penetrated ammonia and these acicis

can originate only in carton metabolism, *oviu« eon-

cludea that the ammonium nitrate salt is physiologically

amphoteric. The physiological a eidity* which appears

under conditions fawable for carbon assimilation, can

be changed to physiological alkalinity by a considerable

decrease of the illumination; that the ammonium nitrogen

absorption in the presence of ammonium nitrate as a

source of nitrogen has to run independently from the ni-

trate nitrogen absorption.
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Hesuits of the investigations by Jones and :>kinner (20)

on the absorption of nitrogen from culture solutions show

that in the ease of soy bean plants both foras of nitro-

gen are absorbed. At the three weeks period of growth

rauch larger quantities of the form than the NO3-

fora was used, but at the five weeks period of growth the

reverse condition was manifested, with corn plants the

results indicate that absolute absorption of nitrogen in

the NH^+ form took place at a uniform rate, but that the

absorption of nitrogen as H03- is affected by age, vigor,

and growth rate of the plant.
(45)

Shiitf/of the Few Jersey Experiment Jtation, working

on the absorption of SH4* and NO3- forms of nitrogen

with several species of plan-to, found that there was a

high absorption rate of KHjj* form of nitrogen during the

early growth phases and relatively very low absorption

rate during the late growth phases; that there was a low

absorption rate of $03- form of nitrogen during the early

growth phases and a gradual upward slope during the late

growth phases. I» the case of oats, however, the RH4+

absorption abruptly increases at the tillering state and

the NO3-. absorption decreases indicating athat young ac-

tive growing tissue cwfaands the NILj* form of nitrogen, lie

also found that the total absorption rate, when the two

forms of nitrogen are present, increased gradually until
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the reproduction phase of development* T,ater ( 46 ) he

found that during the mature development and seed forming

phase the nitrate form was absorbed the more rapidly.

He states ( 47 ) that the "Results of this investi-

gation clearly show that nitrogen absorbed by the plant

as NH4+ is such sore closely associated with the synthesis

of organic nitrogen compounds by the plant than is the

absorption as !K>3-* This is indicated by the fact that

culture solutions with relatively high proportions of ni-

trogen as KH4+ and low proportions of 8O3- invariably pro-

duced plants which were high In both soluble and total

organic nitrogen. rt when the proportions were reversed

plants were found to be low in soluble and total organic

nitrogen* During later stages of growth high proportions

of NH4+ nitrogen in cultures showed accumulation of NH^-t-

In tissues of older plants* *Thio becomes so pronounced

In the plants grown in culture solutions with relatively

high proportions of HH4+ and low proportions of BO3- that

toxicity results and the growth rates are markedly re-

tarded during the later stages of development* while

during the early stages of growth these solutions In-

variably produced better plants than did those with low

proportions of HH4+ and high proportions of NO3- but

otherwise the same."

Above 25°C any change; in temperature caused very

little variation upon the hourly absorption rates of ni-
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trogen in the fom of aw* *>a- but b€ioa'
2500 the

absorption rate of the ion waa ouch aore affected

than that of the 8O3- i©»»


