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ABSTRACT

The aiu of this investigation was to evaluate exchangeable

ammoniun as â source of nitrogen in the soil and to study its inter_
conversion to other forms of nitrogen. Three sources of added nitrogen
were used, namely ammonium nitrate, ammonium surphate and urea.

Preliminary investigations showed that, to obtain an accurate

estimate of the exchangeable anmonium present in the soil in Íts natural
state, determinetions should be made on the fresh soil immediately after
sampring. Least change in ammonium occured with storage at zoc.

under good growing conditions the ammonium ion is rapidry
converted to nitrate: the conversion rate Ís slor,¡er Ín acid soils than

in alkaline soir-s. rf soir sanpres are taken in the spring before arr
the ammonium has been nitrified, some allowance for this exchangeable

ammonium should be made vrhen making estÍmations of available nitrogen.

Ïn field trials lrrea was found to cause reduced geruÍnation

and yield, particularly r.¡hen drilled in with the seed. This was thor-rght

to be due to amn¡onia or nitrite toxicity. That nitrÍte does accu:nuLate

in alkarine soils !¡as shown in an incubation experiment, By contrast,
in a greenhouse experiment, higher yierds of prant naterial were

obtained fvom urea than from ammonium surphate. ìdith the arkaLine

soils thÍs was attributed to volatire ross of nitrogen frou the

ammonium sulphate treated soil-s. No loss occured frorn the uïea. rn
the. incubation experirnent loss of nitrogen occu,ïed with both carriers.
The overarr evidence suggests that the mode of apprication of the
fertÍLizer and the general soir conciitions ere highry important with
respect to loss of nitrogen.
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CHAPT'ER T

ïntroduetion

Nitrogen Ís essentÍa1 to plant growth and is frequently the

factor controrring crop t'elds. rn reeent years nany arabre soils in

Manitoba have been found to be defÍcÍent fn thÍs elenent and increasin6

use is now being made of nit::ogeneous fertÍLfzers. To facÍIítate econoufc

use of these fertirÍzers, investigatÍons were rnade by Euang (!4) into

the varioi-rs nethods of predicting soir nitrogen regufrements. Ee

established that only the determination of accunulated nitrate-nltrogen

in the ;o:rof ì .!.e ¿'h seedÍng time appearec to bave any real varue for

predÍcting nitrogen needs for cereals for lvhnÍtoba soils"

Tttis metb.od assumes thàt the forn of nÍtrogen being usecl by

the pJ.ants is nitrate-nitrogen and that other forms of inorganic nltrogen

are of negligíble importance o.r ai-'e tlirectly related to ni'brate-nitrogen

in some tanner. Eor¡ever¡ plants are knol¡n to be eapable of utilizÍng

other forms of inorganic-nitrogr:n. sinee recent investigations (?2)

have sbown that faÍr1y high leve1s of exehangeable ammonium-nitrogen

exist ín soue lianitoba soirs, this investigatio¡r '¡es initiated to

evaluate the importance of this foru of inorganic-nÍtrogen to crop

growth.

As the inorganic forms of nitrogen in soil are subject to rapid

changes through ammonÍfication, nitrification and other mierobial

processes, preliminary investigations $,ere made to establish the besi

uethod of sample storage. This r,¡as to ensllre that the yalues obtained
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\vere true estr'.üations of the exchangeable aromonium in the soi] ancl did

not result from changes l+Ìrich had talcen place after the soÍt had been

sarnpled .

The main problem i^¡as approached by forlouing the clrenges in

ÍnorganÍc -nitrogen in the soil with and withoui an aciivery growing

crop. trYom this it was hoped to establish the importance of exchangeable

anmonium to plant grovth and developruent. Crop reÊponse to different

ammonir:m sources was also evaluaied.
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CHAPTER ÏT

Reviev of Literature

Reactions of Ammonia i-n Soils

Under natural conditions the main source of ammonium in the

soil s¡rstem is the nitrogen containing organic cornpounds. Micro-

organisnrs l-iving on the organic matter produce ammonia when they set

free move nitrogen than they can assimilate into their or¡rn protoplasm (79).

SnaLL quantÍties of ammonia are also carried into the soit by

rainr'rater. The amount of nL'-trogen brought to the soir varies with

vainfall, general climatic conditions antl the habits and occupation of

the population. ErÍksson (¡¡), in a revier¡ of this topic, shoved values

to vary from tl¡o to twenty pou-nds per acre per annum aeross the vorld.

fn cultivated a::eas large quantities of inorganic nitrogen are

added to the soil inthe form of fertilizers. Tlrese are principally of

tlvo t¡rpes, ammoniun salts, such as ammonium sulphate and anmoniu¡n nitrate,

and nitrates, such as potassium nitrate and caleiun nitrate. Hovever,

increasing use is now being made of liquj-d amnonia and urea.

Il'ee annonie can interact vith the soil- components in a variet¡r

of vays. It may be dissolved in the soil moisture, sorbed on the soil
particles by chemical or physÍcaI mechanisms or a combinabicn of bot;r,

or fixed by organic matter and certain clay minerals.

Smith (BO) gives the follouing equations as being partially

representative of the amrnonia equilibria in the soil.



NH,+OH (_-) iriu, + HOH

i,lH. oä +-> ¡gl + oi{-- --14 --- - -l+

]trH, Oi-I - i{ - so-:'.l ê llil, - soil + .IOï
4ll

lhe proportion of the totar ammonia ionized depends on the

dissociatj-on constant for the norecure and the pH of the soil system.

Physieal sorption of amnonia is thought to occur by t,ilo inain

nechanisms, hydrogen bonding and anmonate formation. For hydrogen

bonding the usuelly proposed bond is betveen the oxide or: hyd:coxyl e:roup

of the clay lattiee sr-r::face and the irydrogen of the ammonia (Coffee and

Bartholome,,t (25), Snith (80)).

iüII" + oit t-+ i,i.il.---o)i
)J

Young and McIVeal (98) also proposed bonding beti,reen the ny,Jrogen of tire
clay latti-ce and tbe nitrogen of the anmon:'.a.

NI{ + HOX (_-i H N---HOX33

Ammonia can react vith various salts to fo::m ammonates in a

nanner sii¡llar to hydrate formation. That this mechanism of arnmonia

sorption nay be quite c-x¡ensive has been suggested by Brown and

Barthoromevi ((zo) ,(zt)) and young and McNear (98). physicar sorption

of ammonia by clays and clay ninerals has been demonstrated by Mortland

(67) anð Jenny et a 1 .(l+f ) .

Chemisorption is the term used r,rhen the ammonia is held by the
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soil material vith relative stabiì-ity. Exchangeable aamonium faLls into
this category.

Tvo mechanisms for the retention of ammonia on the exchange sites

of the cray minerars have been proposed b¡r Brovn and Barthoronev (2r).

The first Ís the reaction of ammonia v¡ith exposed lattice hydroxyrs

and the secorrd -invol-,¡es ilre i¿ater of hydration of the exchangeabre

cations and the tendency of cation hydrolysis produets to be stable in
the clay sysiem. This reaction can be represented by the follovri-ng

equa t i on.

A1(H2o) 
ut' 

r 3NHr*-+ 3NH! + AI(oH)3 +- 3ueo

Fixation is defined as the condi-tion'v¡herein the ion can not

be exchanged with other cations under ordinary conditions of catÍon

exchange' (Mortland et af.(63)). Ammonia fixation by clay rnÍnerals j.s

thought to occur by a mechanism similar to potassiun fj-xatj.on. (Brelnner

(rh)). The occurence of fixed amrnonia is now well established (noorigue

Oel , Stevenson (86), Brenney (rl+ )) .

rnteracti-on of animonia vith organic matter to form stable

comprexes has been reported byBroadbent et e!"(re¡ and by sohn and

Peech (Bz). Mattson and Koutler'Anderson (60) concluded that lignin is

the chief constituent of organic matter responsible for aminonia fixation,
an idea that is supported by Bennet's (T) methyration studies.

Arnmonia in the soil solution and retained b¡r physÍcaI sorption

is in dynamic equili.Irrir¡n vith the ga:reor:.s phase. (cofree and Bartholomer¡

(e¡)). In this form it is subjeet üo roovenent and it is maÍnly in this
way, and to e Iimited extent by solution diffusion, that ammonia noves
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from tbe sites of addition or production and either flnds stable sorption

si.tes or ente..:s the atlnosphere above the soil.

F?orn this it j-s apparent that no sharp dividing line can be

drawn between the r¡arious forms in which amilonia is retained in the soil.
Amnonia sor:ption, retention and fÍxation are tyansient conditions in a

system that is eonstantly changing. E'xchangeable annonim is itself an

arbitrary term used to differentiate betveen ammonium readÍIy extractable

by a salt solution and "fixe<1" anmoníu:¡. The nost wÍde1y used definitiøn

of exchangeable anrnonium is "that portÍon of the aumonium-nitrogen in the

soil that is ext:'aetable v¡itlr a li[ potassium ehloride solution (Adams and

Stevenson ( f) ).

B. MethoQe of Sample Storage

The level of exehangeabJ.e enuoniu¡l in the soil systen j_s

subjeet to rapid change due to physical, chemical ancl microbiological

activity. As a result difficulty is encor-mteyerJ in es'b:'-matj.ng the amount

of exehangeable am¡conÍun present in the soil at any one time. Generally

the most accurate values are eonsidered to be obtaiaed vhen deiermÍnation

Ís nade on the fresh soir immediatery after sarnpling (Bremner (13)).

Since this is rarely possi-ble, a variety of methorls of pre-treatment and

sto.rage l:ave been used.

Microbial inhibitors such as toluene and chloroform have been

tried by several ¡iorkers. Piper (?7) 
"rrgEestecl 

toruene but irad sone

doubts concerning its efficiency. When using chloroform as a fungicide,

tevis (51+) found that it interfered quite seriously r,rith the determination

of inorganic-nitrogen. This type of method Ís often Íneffective and,



as pointed out by Gasser (¡B), changes the balance of the soil- micro-

organisus.

fnhibition of microbial activity by low temperatures 'Ìs anotirer

frequently recorrrrxended method of storage. Anderson and Purvis ()+),

using acid soils, noted that the rate of nit::if:Lcation v¡as very slow at
o

3?-n. Gasser (38), hoi,¡ever, found that the Ìnean amr¡onium and nitrate

nitrogen content of soils increased on storage at zoc. r¡Iitir continuous
o

storage at -10 C there vas no change in rnineral nitrogen, although two

days at each of -lOoC and 2oC led to a rnarkc.d increase in inorganic-

nitrogen leveIs. Increase in extractable ammoniun nitrogen due to loi.r

temperature storage \,ùas aÌso ohserved by AIIen and Grimsirav (2). They

attributed this change to increased microbial activity while the sarnple

¡¡as siill only partly thar.red. Lor,r temperature storage vould appea:: to

i:e a nethor-l vhich produced little change in exchangeable ammoniurn

(Soulides and Allison (83), PauI and Tu (f¡)).

The moet convenient and mosi ruidely used method of sample

storage is in an air or oven dried condition. Where Írn¡edÍate analysis

can not be made on the fresh soil-, Piper (7?) recommends rapid oven

,Ji:ying at JJoC. Ho¡.rever, drying of soil samples has been shor.¿n by many

workers (cooke and Cunningham (31), Birch (9), casser (39), watsb and

lviurdock (g\), Soulides and ALIison (83)) to lead to signÍficant changes

in exchangeable ammonium nitrogen. In particular Cunningham (21) noteO

that air-dried storage produced a marked increase in mineral nitrogen

and anmonium nitrogen.

Several reports of changes in exchangeebì-e aúuonium levels in

soils stol'erl in a drÍed condiiion have treen made. Timmons et af -(gO)
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noted contamination of sauples stored in paper cartons in a laboratory

in which ammonia lias used regularly. Olsen g! "f"(Zf) cornpared papey

bag with jar storage of air dried samples. They atiributed greater

accumulation vith paper bag storage than r¿ith bottl,e storage to

ammonium absorptÍ-on fro:r¡ the atmosphere and to gr.eater amnonification

occuring in the nore exposed, vell aerated soil samples. This idea is

supported by the r¡ork of Gasser (39) vrro found that soils stored in

sealed potythene bags changed Less than those stored in paper bags.

Bremner (f3), quoting fron the unpublished works of Edvards

ancl Bremner', coniirms that air-drieo soils can sorb significant amounts

of anmonia from the atmosphere and that resurts of soil nitrogen

investigatÍons using air-dried soils maJ¡ be seriously affected if the

soiLs used are exposed to the atmosphere for significant periods of

time during their drying, grindi.ng and storage.

At present ¡Lnformation on the effects of dr-ving on inorganic

forms of nitrogen in soj-Is is limited. Bremner points out that observed

changes rnay be the net result of Losses due to rrolåtÍlization and gains

due to sorption of atrnospheric annonia during drying. Brenner and

Keeney (f3) irave recently shor^rn that loss of Í.norganic nitrogen ì1'as

particula::ly marked r.¡ith sampÌes containing both ammonium and nitrite,

presumably because these react during air-drying to liberate nitrogen

gas (mn¡"r'NOe + N2 + H2O). Their findings shor"¡ that drying of soil

can l-ead to chemÍcaI as ve}l as biological transô¡mations of inorganic

foyms of nitrogen.
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C, Exchangeable Ammonium and lts Availability to plants

ïn the soil system mineral nitrogen is present in two main

forms, as the nitrate ion and as the ammonium ion. The nitrate ion is

normally dissol-,"ed in the soÍl solution and makes up the larger portion

of the Ínorganic nitrogen; most of the a¡:¡nonium ions are absorbed on

the exchange sites of the soil particles.

nussell (f!) gives the average nitrate nitrogen content of

arable soirs of temperate regions as 2 to 2e.p.p.ü.; exchangeable

ammonir:m revers are usually much l-overbhan this, and nortnarly less

variabl-e. More recentì-y evidence has been presented r¿hich shows that,

in ceriain soils,. exchangeable amnon:l"um values nalr be much higher than

ni-trate-nitrogen values. Young, (9?) worting with seventeen pacific

Northwest soils, found iheir e;tcitanrieable arnmonium contents ranglecl

bet-¡¡een 5 ancl 83 p.p.m. in tlie sru¡rface horizons ancl r to Bll pjp.r. in

the sub-surfaee horizons. In alI cases the nitrate-nitrogen conient

i¡as ress than 1l p.p.m.. For l¿Ianitoba soirs, patil (72) gtves the

average range of exchangeable ammoni.um as I to 35 p.p.m.

That iÌ:e a¡nmcniu-in ion,Joes not nove readily through the soil
has been shor¡n by carreton (zz), byBenson and Barnette (B) and by

Nerson (69). Krantz and ohlrogge (!o) attributed birj.s :'-mmobirity of

the amrnonium cations to the fact that they are absorbed by the base

exchange complexes while the nitrate ani.ons move fr.eely rv:Lth the soil
moisture. McDov¡ell and smith (6r) point out that soil texture has a

pronounced effect on am¡nonia movement and retention. Gi:eatest uo'¡ement

occurs in sand anC sj_It loam soÍls, least in clays.

A review of the persistence of the amnonium ion and its effect
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on soir properties has been carrÍect out by Fox et gl"(¡ø). Frou the

various results two -ma:'-n conclusions can be ,iral.¡n. trirstly the arnnlonium

ion acts as a dispersant, causing a deterioration of soil strncture and

e reduction in soil permeability. secondly, the ammoniun ion persÍsts

in the soil fo:r ex'bended pe::iods, espec:i-alry if the pH is not high and

the soj-l is low in organic matter and phosphate.

Under natural conC i-tions the rnain source of amrnoniun to the

soil is the soil organic matter, and its production and conversion to
other nitrogen compounds is dependent on the soil mierobiaL population.

The transformations take place through the stages

organic-nitrogen -) aunonia -J nitrite _j nÍtrate.

fig). Because of the importance of this reaction to nitrogen

avairabirity and hence to plant growth, extensive study has been made

of the micro-organisms bringing about these changes and the factors
affecting then.

Two genera of bacteria are definitely knovn to convert anmonium

to nitrite, namery Nitrpepqpqqs and Nitrosçr"coccus and one genera to
oxidise nitrite to nitrate, namely Nitrobacte{ (tvteitle¡onn (61+)). Lees

and Quastet (rA),(¡l)) studÍed the biochemistry of nitrification in
soil in considerat're detair" tr?om theÍr resurts they concruoea that
the entire process of conversion of anmonium to nitrate Ín the soil is
accomplished by micro-organisns. Under simil-ar experimental condÍtions

the conversion of nÍtrite to nitrate proceeds at a nuch faster rate than

ammonium to nitrite. The nitrifying bacterÍa nitrify on the surface

of soils, in the vicinity of receptor sites rvhere ammoniun is conbined

or adsorbed' Conditions which lead to an increase or diminution of these
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receptor sites likevise leads to an increase or diminution in the rate

of nitrificatíon.

The rate of nitrification is also greatly affected by the

acidity or alkalinity of the soil systero. AccordÍng to Olsen (lO)

ammonification can take place in soils wÍth pH between J.J and ).O,

and nitrification between pH 3.7 and 8.8. ivteek and Lipman (62) give

the optimum pH range for nitrification as 8.5 to B.B. This corresponds

to the optimüro pH given by Eofnan and Lees for Nitrosomonaç activity.

Hor¡ever, for Nitrolacte{ they quote an optimun pH of 7.J which is in

agreenent with the results of I'{artin et al.(le¡. They found that

ammonÍa is not completely oxidised to nitrate in alkaline desert soils

until the pH has been reduced to a threshold value of 7.7.

SoiI reaction and anmonium concentratÍon appear to be the key

faetors involved in nitrite accumuration. As earry as rlJO Fkaps and

sterges (37) irao noted that considerable amounts of nitrite may be

present in nitrification experÍnents. tryom fierd and raboratory

studies on nitrite accumulation in soils, chapman and Leibic (2)+)

concluded that wherever fairly high ammoniurn concentrations and neutral-

or alkaline soil conditions occur, üore or less nitrite accumulation

may be expected. Martin et al.(¡B) "lso found that nitrites could

accumulate even in vell aerated alkaline soils under favourable

conditions of ten:perature and noisture, but that they decreased to

trace quantities arnost irnmediatery after nÍtrates began to form.

studies of the effect of the nitrite ion on the conversion

of nitrite to nitrate by stojanovic and Alexander (88) shoued that

the nitrite ion itserf did not inhibit the transru¡ation. They
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concluded that the accumulation of nitrites in soils of high pH to whÍch

a high concentratÍon of aumonium-nitrogen had been applied resulted

from inhibition of the Nitrobacter by free anmonia.

Much support is rent to this idea by lJarren's results (95).

He shoved that a pKe 9r0: the pereentage of non-ionised ammonia in
sorution at pH 6.or 7.0, B.o and p.o respectivery is o.r, L.0, ro.1 and

50.0. fhe ammoniuø ion is not generally toxic to plants because it does

not cross cellular barriers at any appreciable rate, but amrnonie does so

freely. fn lor"¡ concentrations ammonia can be tolerated by most tiving
organÍsms because of their hÍghly efficient detoxifying systems in r¿hich

urea, glutanine and asparagÍne are formed. However, at high pH's there

may be such large anounts of free ammonÍa in solutÍon that it may enter

the plants so rapidly that their protective mechanÍsms aïe overvhelned.

Arthough most prants absorb their nitrogen in the forrn of

nitrates, it is werr estabrished that nany plants, when grown in I

sand and solution cultures under suÍtable conclitions, can develop as

veIL or better vhen supptied with ammoniurn salts rather than nÍtrates
(Meyer and Anderson ( 6i)). on the basis of experiments with excised

plant roots, Jenny et al"(àf) concluded that arnuonirm adsorbed on clays

can be readily utilized. peterburgskii et al,(l¡) urso found thet

ammoniu:n adsorbed onexchange resins, soils ancì peats ¡,¡as available

to a varÍety of prants, but less so than the r,¡ater solubre form.

That a proportion of anmonÍum in the nitrogen nutrition of
prants may t'e beneficiar has been shown by Branc (ro) and by Andrews

et ar.(!). The Latter found that young corn and cotton. prants prefer

arnmonium-nitrogen to nitrate-nitrogen ancl that they grow more rapidly
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r,rhen armoniun is available than vrhen the sore source of nitrogen is

nitrate. Ïn general older plants prefer nitrate-nitrogen. In certain

types of soil it is probable that am¡nonium conpounds are the chief

form in which nitrogen is available to plants. Acid podsolic soÍIs of

northern latitudes and uany uncultivated soils Ín the southern U.S.A.

contain little nitrate, but considerable quantities of ammonium compounds.

PLants growing on these soils apparentLy obtain their nitrogen in the

Iatter form. (Meyer ancl Anderson (65)).

Nitrogen in the soil Ín forms available to plants is also

available to the soil nicro-organisms. Broadbent and Tyter (IB)

found that competition for added tracer nitrogen betr.¡een a groving crop

and the inimobih.zing flora enphasized preferentÍaL utilization of the

ammonium-nitrogen by soil micro-organisms and of nitrate-nitrogen t'y the

crop. Ttris preference for anmonium rather than nitrate by the microbes

has also been sho¡.,rn by Winsor and Pollard (p6) and Jansson et aI.()+6).

The Iatter noted that aumonium promoted a greater total immobilization.

Ïn generd- immobilization reaches a rnaxinum:l-n two days then rnineralization

pred oninates .

Higher amounts of soluble nÍtrogen \,rere transformed to

nicrobial protein in planted than in unplanted pots, due to the intensive

microbiar activit)' of the rhizosphere (Gerretsen (br)). Nearry fifty

per cent of the totaL available nitrogen vas üonopolized by the micro-

organisms in sone naturar soils. Fbom the overell evÍdence it is

appareni that considerable competition exists betroeen the plants ancl

the microbes for the available nÍtrogen. Under certain condit.ions this

may limit the grovrth of the plants.



Effects of, and Res to Added llitrosen Fertilizers

1l+

D.

one of the main sources of ammonia to the soil to-day is the

ammoniurn producing nitrogen fertilizer. TLre most common fóru of these

fertilÍzers are saLts such as anuonium sulphate, anmonlum nitrate and

urea.

This added ammonium nitrogen is subject to the same t¡ipe of

reaction in the soil system as naturally produced amuonium-nitrogen.

In a study of the nitrification of ammonÍum sulphate on calcareous

soils, Justice and Smith (l+9) iound that the rate of conversÍon of

ammonium to nitrate was affected by temperature and by moisture content.

Conditions unfavourable for nitrification r¿ere high leveIs of ammonium

nitrogen, Iov temperatures, lot^i noisture levels and temperat¡res above

twenty five degrees centigrade. nhese tended to lead to an accumulation

of nitrite-nitrogen. rnconprete recovery of ninerar nitrogen under

unfavourable eonditions was attributed to aumonia volatilization.

Mehendrappa et at.(63) also noted that nitrÍtes accumurate

under temperature conditíons less favourabre for nÍtrification.

Optinum temperatures for nitrification were found to vary r¡ith tatÍtudè,

being twenty to twenty five degrees centigrade for northern soils of

r.restern U.S'A' and thirty-five to forty degrees centigrade for southern

s oils .

Under optimurn conditions nitrification is rapid. (Broadbent

et al,(rg)). However, nhen fertirizers are appried the anmonium ion

Ís rarely unÍformry distributed throughout the soil. LocarÍsed high

concentrations usually occur ¡.rhere nitrification may be inhibited if the

soir is poorly buffered. rnhibition resurts from the production of
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aïeas of excessively high or lolr pE, high concentrations of free ammonia

or high salt concentrations. The most coümon eonditions under t¡hich

inhÍbition may occur are high concentrations of any t¡rpe of ammoniacal

fertilizer, with alkaline soil reaction. In calcareous soils the problem

is aggravated.

The hydrorysis of urea in fertire soirs proceeds rapicrry,

v¡here conditions of temperature and moisture favored the activities of
aerobic soil micro-organisms. A fe¡¿ days after application only smalI

amounts of urea remain in the soir (court et al"(So¡¡. Broadbent et ar"
(f7) afso found that urea was rapÍd1y nitrified in aII soils at moderate

revers of apprication. Hor,rever, an Boo p.p.a. apprication to a poorly

buffered Hanford sandy loam caused Ínhibition due to the produetÍon of

a hÍgh pH. Other factors affecting rate of nitrification include soil
type and season (sto¡anovic (BZ)) and tenperature and rate of apprication
(Fisrrer and Parks (il¡¡- The average amount of hydrorysis increased with
increasing urea apprication at alr temperatures except ten degrees

centÍgrade. At ten degrees centigrade nitrification rate was nearry

constant, being about twenty-five pounds per acïe per veek at ro0 and

200 pound rates of urea applÍcation. The transformations of urea and

products of hydrorysis in soirs are surrmarized below (court et g,(:o¡;.
UREA ---+

c0(NH2)2,|
J

AMMONTUM CYANATE
Nrr4cN0

AM,ÍONIIIM CARBAMATE

NH4C02NH2 -) 
A¡S{OIVTIIM CARBONATE

(wn¡ ),co,
---+ 't
^Hl* 

solution

bacterial 1oxidation j

,- by i <-+ ms-

-- 

; 
i

Nitrosomonas \j/

nt,'*NHÀ absorbed

bacteria I
oxidation
r bv NrTRrrE ToN
' NO--

Nitrobacter "2

NTTRATE TON
N0--

J
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The results of field and greenhouse experiments comparing the

efficiency of urea r¡ith other nitrogeneous fertilizers brings out

severaL interesting points. These can be illustrated in the work of

Devine and Hormes (32), Tempreman (89), court et ar"(28) and stephen

and llaid (BL).

The concrusions of Devine and Hormes (32) are based on twenty

one ffeld trials carried out in various parts of England and Scotland,

in which several nitrogen soì:rces were combined drilLed r¿Íth spring

barrey. Ammonium sulphate and ammonium nitrate at rates of thirty-

five to lol pounds per acre of nitrogen checked earry growth srightly
in some experinents but no important difference was obtained between

the ttvo sources. urea at forty-five pounds per acre of nÍtrogen had

no large effect on earry growth r¿hile at seventy to ainety pounds per

acre braiding vas seriousry derayed and prant popuration reduced in

many experinents. ïn many of the experinents where earry growth was

affected yields were lover than with ammonÍum sulphate or arnmonium

nitrate and at a1r rates of applÍcation mean yields were rower. with

broadcast applieation alL sources gave similar yields; combine drilling
gave slightly snaller yÍelds than broadcastÍng vith ammonium sulphate

and ammonium nitrate and markedly smaller yields r¿Íth urea.

fhe results of various grassland experiments also show that

urea is slightly less efficient than conventional uaterials (Templeman

(ag)). rnefficiency was more freguent at high rates of apprication;

least Ínefficiency occured vhen groving conditions were most favourable.

Glasshouse experinents carried out bJ. Court et aI"(28) anO by

Stephen and Waid (Bl{) provide supporting evidence of the inefficiency
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of urea compaved r.iith ammoniun sulphate and ammonÍum nitrate. Similar

yields v¡ere obt'ained at lolr application rates, slightly lover yields at

intermediate rates, and much lower yields at highest rates of application.

Urea adversly affected plant development to a greater extent on light
soils than on heavy soÍIs and peats. (28). In nany crops smaller ¡rields

t.rere assocÍated with urea induced damage vhich was followed b¡r death of

established plants (8t+).

This association of lover yields r,¡ith damage and death of

plants \^¡as also noted by court et ar,(e9) and by cooke (e6). possÍbre

causes of plant damage have been revierved by Low and piper (51) and by

Court et- a1"(lO).

The avairabre evidence suggests than neither 'biuret', r,rhen

less than one per cent is present in the uïea, noï clanate is responsible

for damage arising from the use of urea. High revels of amaonia are

known to be to>,:ic to both plants and rniero-organisms. The increase in

pH caused by tbe hydrorysis of urea rnay be sufficient to raÍse the pH

above seven and aIIor,¡ ammonia concentrations suffÍcient to damage plants.

rnhibition of Nitrobacter actÍvity arso occu¡s at high pH varues and

high aumonia concentrations, Ieading to an aceumulation of nitrite.

Lovering of the pH by the accurnulated nitrite may retard nitrification

still farther. At the lotrer pH values the toxicity of the nitrite to

the plants is rÍhely to be gyeater. Damage to prants due to application

of urea is most cornmonly attributed to local accumulations of free

ammonia (stephen and l{aÍd (85), Lov and piper (¡s), Ðevine et ar"(¡a),
Cooke (26)' Couvt et aI,(SO¡ and subsequent death of established plants

to nitrite accumulation in the soi}. (stephen and trrraÍd (B:), court et
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q_r.(29)).

The presence of high levels of ¡¡olatile ammonia in the soi]

system is also important in relation to loss of applied nitrogen.

volatile loss of amrnonia is most marked çhen the fertÍrizers are

broadcast ((66),(5f)), when soil pH:i.s greater than seven ((66)r(2g),

(\9),(g¡)) and çhen the tevel of fertilizer application is hÍgh ((lf),
(66),(g:)). Martin and Chapman (59) eornpared the Losses of applied

nÍtrogen from a variety of carriers in soils rangÍng from pH 1+.5 to

B.O. They concluded that nine to fif,ty-one pereent of nitrogen added

in the form of amnonÍu¡n hydroxÍde i¿as lost and one to twenty-seven

percent was lost from ammonium surphate. Except in poorly buffered

soils, where ammonÍa formation could inerease the pH sufficientry to

aIIo¡,¡ volatilization of ammonia, losses fron urea and dried blood ¡^¡ere

comparatively srnaLl. By contrast, Gasser (trO) found losses vere

similar from urea and fro¡n ammonium sulphate applied to calcareous soils.
Ammonia uas lost at twenty-five degrees centigrade fron calcareous soils

until a11 the arnmonium nitrogen had been nitrified, from the slightly
arkarine cray soils until nine-tenths had been nitrified and frorn

neutral sandy soils until half had been nitrified.

Losses of fertilizer nitrogen in forms other than a¡nmonia

have been noted by carter and Arrison (23) and by Wagner and smith (gz).

The latter found greatest loss from urea and attributed the main loss

to nitrous oxide (ivo). smith et al.(Br) suggested that ross, of

nitrogen other than by ammonia volatÍlization may be due to reduction

of nitrogen dioxide (moz) to nitrogen gas (rv2) br sone conponent of

the soil conplex.
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At lovest leveIs of application Íecovery of addeo nitrogen

may be greater than the amount added. This type of result uas

obtained by Broadbent et af.(f9) who found recoveries of nitrogen

frou ammonium nitrate and aumonium sulphate \{ere greater than the

added 50 p.p.u. due to anmonification and subsequent sxidation of

organie nitrogen as weIl as quantitative oxidation of aumonium

nitrogen. This stimulating effect lras also observed in soils receiving

no organic auendnent and in vhich no plants were gro\^,n indicating that

it can not be attributed soleIy to the activity of rhizosphere micro-

flora.

Recovery of added nitrogen by plants Ís relatively low.

AIIison (3) gives a value of fif,ty pereent as the amount of avail-able

nÍtrogen reeovereil by plants. Using tagged nitrogen, Tyler and

Broadbent (91) compared the recovery from ammoniun sulphate, amnonium

hydroxide and aumonium nitrate. They found that considerable tagged

nitrogen was immobilized soon after application as shown by relatively

Iow crop recovery of added fertilizer Ín aIl but the ammonium sulphate

treated pots. Total recovery frou the plant and soil varied from

eighty-three to ninety-seven pereent of the tagged nitrogen applÍed.

According to Barthoromer,¡ et ar.(6) only eleven to twenty-nine percent

of the total nitrogen adsorbed by oats v¡as derived from applied

fertilizer.

Hunter and Carter ()+5) found that the higher the fertilizer

Ievel, the greater the proportion of nitrogen uptake derived fror¡ the

fertÍlizer. TheÍr data suggests that N-values, indigenous amnoniur:-

nitrogen, and indigenous ammonium-nitrogen and nitrate nitrogen may aIL

be of value in predicting nitrogen needs for Oregan soÍ}s.



CHAPTER ITI

Methods and Materials

A. Determination of Exchangeable Arnmonium Nitrogen Ín Soils

The technique used involved the displacement of the ammonium

ion from the exchange cornplex by sone other exchangeable cation such

as sodium or potassium. The extract was then distilled and the

concentration of anmonium in the distillate determined by Nesslerization

or by titration. Direet Nesslerization l¡as not possible as high

concentrations of other cations in the extract Ínterfered with the

Nessler's reaction. Unless otherwise indieated, extraetion r¡as nade

on the fresh soil.

( i) Preparation of Samples

Details on the handling of the soils are given

along with each experirnent.

(e) Extraction

In the inÍtiaI experinents an acÍdified tOø NaCI

(pH 2.O - 2.1) solution was used for extraction of the

exchangeable amnonium. Later 1t v¡as found desirable to

use 2NKCI in place of LOft NaCl.

No generally acceptable definition of exchangeable amuonium

is available. The nost videly used definitÍon is that ammonium which

can be extraeted by a KCI. solution at room tenperature. Use of

2NKCI makes comparison l¡ith other workers' results much easier. The

advantages and disadvantages of the two reagents are listed below.



EXTRACTANT

2NKCl

AÐVANTAGES

Extracts can be

Extracts ean be

for nitrate and

determÍnations.

2L

DÏSADVATNAGES

Possibility of reduced

ammonium release due

to potassÍi:n fixation.

Possibility of Loss

of amnonia by

volatilization on

hÍgh alkaLine soiIs.

(Breuner detected no

loss with soils

eontaininC LO/, CaCO3)

I.t.

2.

stored

used

nitrite

I0% NaCI
(pu 2.5)

Does not undergo

fixation.

The lover pH

reduces risk of

vola tiliza tion.

].

2.

I.

2

Difficult to store

Risk of hydrolysis

of organíc-nitrogen

conpounds particularly

with acid soils.

Can not be used for

nitrate or nitrite

determinatÍons.

Two experirnents rJere run to conpare these extractants. In the

first experiment results were inconclusive. I,'lith eight out of trqelve

soils exchangeable anmonium values were the sarne, within the linits of

experiuental error. The second experiment, in which four soils were

used, gave similar results with both extractants. Hovever, recovery of
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added ammonÍum was considerably better wÍth 2NKCI than r¡ith acidified

IO% NaCt. Bremner obtained comparable results with 2NKCI, acidified

INi(CI and INNaCI. He recomnends equilibrium extraction with 2NKCI

and distÍIlation with MgO, which vas the method adopted here. As

distillation with MgO is difficult in tbe Micro-Kjeldahl apparatus,

!O/, waOn ¡¿as used in its place. This gave similar results to

distillation with MgO.

(3) Distillation

The Markham Mticro-Kjetdahl (57) 
"pp"ratus \,ras

used.in the first three experiments and a special steau

distiltation unÍt, similar to that modified by Bremner (13),

in the fourth experinent. With the ]atter unit the

distiLlate lras colleeted in boric acid eontaining mixed

indicator, as nodified by Ma and Zuazaga (56), and

titrated with standard acid.

( t+ ) NessLerf zarion

The method described by Yuen and PoILard (gg),

modified for a IO0 mI instead of 50 mI volune, \^ras used.

B. Determination of Nitrate-Nitrogen in Soils

Two procedures were used for nÍtrate-nitrogen determination.

(f) The colorÍuetric phenoldisutrphonic acid method as modified

by Harper (l+2).

(2) The magnesium oxide steam distitlation method described

by Bremner ( 13).
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C. Deteruination of Niirite-Nitrogen in Soils

Bremner's magnesium-oxide - Devarda's alloy steam distillation

procedwe r¿as used.

D. Deteruination of Soi] pH

pH neasurement r,¡as nade in water usÍng a glass electrode and

a 1:I soil solution ratio as described by Pees¡ (ft+).

E. Determination of TotaI Nitrogen in Plant Material

TotaI nitrogen ças determined by the I{jedahl-Gunning method.
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A Comparison of Several Methods of Storage of

Sample-q for Exchangeable Aumonium Determinatj.ons

One of the main difficulties encountered in the determination

of exchangeable ammonium nitrogen in soils is the alteration in the

inorganic-nitrogen levels caused by sample transportation and storage.

The aim of this experinent i,¡as to determine the method of storage vrhich

rloul-d produce least change in the exchangeable ammoniurn in the soil.

^

Exper imenta 1 Proceduye

In the fall of I!61+ soÍl samples r,rere taiçen fron a varÍety of

sites in lvlanitoba. These samples v¡ere transported in closed plastic

bags and extraction and analysis was caryied out as soon as possible

after their arrival j.n the lat'oratory. Inlhere .inmediate extractÍon

could not be made, storage r"ras at 2oC. Sub-samples \nere taken and

treated as f oIIoi¿s: -

(u) Stored in closed plastic bags at zoc for eight rn¡eeks.

(¡) Stored in plastic bags at -I!oC for three rnonths.

(") Air-dried in the greenhouse.

(0) Oven dried at 55oC.

Analysis on the dried samples r¿ras carried out irnmediately

drying iras complete. samples (a) and (t,) vere weighed and extracted

as soon as they v¡ere sufficieniry defrosted to handle. rncrease in

211
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exchangeable ammonium on storage at low ternperature is thought to be

due to the frush of microbiar activity as the sampre attains room

temperature (e). By extracting the soils before they reached room

temperature it was hoped to reduee this effect.

Exchangeable arnmonium-nitrogen l,ùas determined by the procedure

given on page 21. AIl results are expressed as parts per million oven-

dried soil.

Results and Discussion

The soil t¡rpes and exchangeable ammonium values are given in

Table L. The eleven soils used include representatives of the Black,

Dark Grey and Grey-wooded soil zones. Textr.rres range from loamy sand

to silty cray and pII fron 6.9 to B.o. soil-s of a high pH were chosen

because most available informatÍon deals with neutral to acid soils.

l{any Manitoba soils have a high pH, and Later vork was intended to be

mainly with these soiIs.

Despite the fact that a variety of soil types and textwes.¡,¡as

used, aIL soils were found to be Low in exchangeable anmonium. Nor did

any of the treatments tested raise the exchangeat'Ie a¡nmoniurn level in
any of the soils above 6 p.p.m.

On comparison of the average values of the eleven soils, Ieast

change is seen to occur wÍth storage at 2oc. fhis contrasts with

Gasser's (38) fÍndings in which storage at 2oc red to an j-ncrease in

exchangeabre ammoniun. Hor,¡ever, soulides and Arrison (83) ano paur

and Tue (f¡) ulso reported that lori temperature storage produced Least

change in exchangeabre ammoniu¡. Three months storage at -l5oc reduced

the exchangeable aumonium in most of the soirs to a negligible Level.
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Gasser (lB) reported no change i¿ith continuous storage at -lOoC.

Drying increased exchangeable ammonium values, air drying

causing a greater increase than oven-dryÍng at 55oC, Increases in ex-

changeable ar¡monium on dr¡ning soils have been reported by a variety of

workers (9,27 ,3t,38,83 ,*) .

B.

Experimenta 1 Pr oeedure

In the spring of T965 soil sanples were collected from four

of the plots on which field trials were to be run during the summer.

Samples v¡ere taken frou the 0-6, 6-12,I2-2\,Ð4-36, and 36-l+8 inch

depths, twelve sets from each plot. These were transported to the

Iaboratory in closed plastic bags and treated as follovs.

(u) Half the samples, 6 sets per plotr l{ere oven dried at

)OoC for nÍtrate-nitrogen determinations and stored in

paper bags. Exchangeable ammonium determinations were

nade after four to eight veeks storage.

(¡) Composites vere prepared fron the remaining samples

and sub-samples immediately taken for extractÍon and

ammonium determination. At the same time a seconcl sample

ritas oven-dried at 55oC and extractable ammonium determined

on the dried soil.

Exchangeable annonium was determÍned as prevÍously described.

Results and Discussion

Some of the characteristies of the

Table I and exchangeable anmonium values in

soÍIs used are given in

Table 2. The range of
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exchangeable ammonium levels in the fresh soiÌ is considerably greater

in this part of the experiment than in part A. As in the initial

experiment oven drying at SJoC has caused a marked increase in amnonium

extractable from the soils. StatÍstics run on these soils showed the

difference between the means to be significant at tine L/o Level.

Tab1e J gives the Levels of exchangeable aumonium in the

samples ¡¡hich had been oven dried and stored in paper bags. Considerable

variation is seen to oecur bet¡,¡een the six samples fron the same plot.

This variability is greater Ín the O-6 inch samples than Ín the 6-12 inch

samples. In aIL but one set of samples, afr drying has increased the

level of exchangeable ammonium. t¡iith the Altona soil four of the six

sanples from the 0-6 inch horizon gave Lor,rer values. This vas the only

set of sarnples whÍch shor,¡ed a high level of exchangeable amuonium in

the fresh soil. The possibility of loss of ammonia by volatilization

l¡ould therefore have been much greater.

On average the sanples which lrere oven dried and stored shov

a l-ower level of exchangeable amnonium than the corresponding oven dried

composite sampres (ratre e). Bremner (13) ¡ra" suggested that changes

in stored sauples are the net result of losses due to volatilization of

ammonia and gains due to sorption of atmospheric ammonia during drying.

rn this case the free circuration of air arrowed by the paper bags may

have permitted sufficient ross to eounterbaLance a portion of the

amnonia sorbed during dr¡ring.

Conc lus ion

Drying soils of

in exchangeable anmonium.

neutraL to alkaline reaction produces an increase

To obtain a valid estimation of the exehangeable
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ammonium present in the soil in its natural state, determination should

be made on the fresh soil samples, with the ninimum of delay between

sampling and extraction. I,Ihere this is not possible, the fresh soil

should be stored at 2oC.

0n the basis of these results later sarnples for exchangeable

ammoniurn determinations were stored, where necessaïy , at zoc. Extraction

and deteruination Ìras always made, however, vithin one week of sampling.
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TABLE 2 EXCIIANGEABLE AMMONIU}4 IN SPRTNG SAMPLES

TREATWEIVT

SOIL SA¡{PLTNG

DEPTH

CO}4POSÏTE SAMPTES OVEN-
OVEN- DRIÐ

FRESIT DRIED AND STORED

ALTONA

AI.,T4ASTPPT

LAIGJLAND

I1jEtlwo0D

I,EAN

o-6
6-t¿

L2-2l4
d+ -- 36
36 - l+B

o-6
6-tz

L2-2\
ù -36
¡6 - l+B

u-b
6-tz

tz-d+
,\-36
¡6 - l+B

o-6
6-tz

tz-z\
ù+ - S6
36-LB

17.l+
9.5
)t.Z
3.3
2.2

t.6
o-7
0.0
o.6
0.0

5.0
z.)t
u.Õ
o.L
1.O

6.t
t.2
0.0
0.8
0.0

¿.87

23.6
tI.2
7.)+
5.olr.!

6.2
6.o
]+.r+
q)
li.l{

9.0
t.\
)1.6
t4.6
\.2

l -lt
).o
)+.o

'QJ.v
1O
J.(J

o. br

15 .0
rr. ll5

3.9
3.7

B.o
5.3

9.o7
5.17
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CHAPTER V

Field Experiment

Experimenta I Procedure

rrt L96, fierd trials were conducied at fo,," rocations in

Manitoba to study the response of barley to certain nitrogeneous

fertilizers. Some of the characteristics of the soils at these sites

are presented in Tables ! and 5. SeedÍng and harvestÍng dates are shor.rn

in Table l+.

A randomized block design with nineteen treatments and six

repricates ï¡as used. Nitrogen r^ras applied in three forms, anmoniun

nitrate (¡3.1-o-o)., urea phosphate (Z¡-zS-o) and urea (\6-o-O) ano

phosphate as aumonium phosphate (rr-l+B-o). ArI phosphate was drirled

in with the seed and nitrogen lras either broadcast oy drilled in as

indicated in Tabte 6. Rate of nitrogen apprication varied fron o to
p0 pounds per acre and phosphate rates !¡ere o, zo and JO pounds per

acre. Detairs of all treatments are risted in Tabte 6. Alr plots

were seeded to Conquest barley.

At about the four leaf stage of developnent germination counts

were made. These vere based on the number of frnts in a ten foot

portion of the central tl¡o rovs in each treat¡nent. The check l¡as used

as 100 per cent.

Per cent gernination 
=

Treatment count.
(e-ro rt. rows/nep.)
flotalof 6Reps. ) xtOO

32

Check count
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by the

as the

The same portion of each treatment was harvested for yietd

determinations when the crop had reached maturity. The barLey plants

vere air-dried, threshed and ueighed to gÍve both grain and straw

yields. Portions of both the grain and the strar¡ vere retained for

total nitrogen determinations. Composites were prepared from the six

replicates Ín each treatment for this purpose.

i'ühere possibre, response to nitrogen fertj-Lizer was determined

percent yierd suggested by Bray (re). Because ll-48-o was used

phosphate source, the percent yierd r,ras carcurated as follows:

Per cent yield :
Yield from 20 Lt, N + 30 tb p"O, treatment

Yield from 7 tb N + 30 Ib prO, txeatment

hiith treatments in r¿hich only 20 rb per acre phosphate was

used, percent yield coul-d not be calculated.

SoiI samples were taken at intervals of 0-6, 6-L2, LZ_z)l,

2\-36 and 36-l+8 inches from arr prot sites at seeding tirne and at

harvesting time and stored in closed plastic bags at 2oc for exchange-

able ammoniurn determinations. At the same time a corresponding set of

samples was taken and dried at lOoC for nitrate nitrogen determinations.

Results and Discussion

Determinations on the soirs are sumnarized in Table T and

yierd, nitrogen uptake and germination data in Tabres 9 to 13.

Figures I to h are diagramatic representations of the distribution

of exchangeat'le ammonium and nitrate nitrogen in the four profiles.

F::om these diagram-" the revel of exchangeabre ammonium in the

soi] is seen to decrease with depth in the profire. This pattern r.ras
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not affected by time of sampling. The amnoníum ion is absorbed by the

base exchange complexes in the soit (50) and therefore r¡ourd not be

readily subject to mo¡¡ement b.v teaching. carlet on (zz), Benson and

Barnette (B) and Nelson (6Ç) found that the ammonÍurn ion does not move

readily through the so:'I

The nitrate nitrogen shoived a similar distribution except in

the spring samples of the l,fellvrood and Altona soils and the fall sauple

of the Artona soil-. ln both the spring sampres the nitrate nitrogen

was uniformly distributed dor'rn the profile, except at the 6-le and

L2-2\ inch leveLs ¡vhere the nitrate nitrogen contents vere slightly hig.her.

I'Iith the faIL sarnple of the Altona soil the nitrate decreased dol.¡n to

the 2l+ inch depth and then increased sharply at the J6 inch depth. This

pattern is not unexpected as the nitrate ion exists mainly in the soj_l_

solution and vor:rd therefore be readily subject to movement and re-

distrÍbution throughout the profile.

fn all cases the tctal exchangeable ammonium and total- nitrate

nitrogen to the l+B inch depth has decreased over the ggorving season.

fhe largest decrease in total j-norganic nitrogen occuyed in the Altona

soil, wheve approxÍrnately half the inorganic nitrogen had been remo,¡ed

over the groling season. rt is interesting to note that ammonium

nitrogen rnade up approximately fÍve-sixth of the totaL loss. i,lith

the Almasippi soil, i.rhich vas very lot^r in both ammonium and nitrate

nitrogen initially, all the ammonium r'¡as lost and harf the nitrate

nitrogen. In the Lakeland and tr^trellvood soils, the decrease in ammonium

nitrog;en Has approximately equal to the decrease in nitrate nitrogen.

This is arso true of the Armasippi soil-. The Loss from the Lakeland
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soil uas extremel-y 1o\,/.

Greatest decrease occured in the soil i.¡ith the most inorganic

nitrogen. Although the Lakeland and \,Iellr,¡ood soils contaíned similar

arnounts of inorganic nitrogen in the spring, by the end of the growing

period the Welltlood soil had lost most of its ammoniurn nitrogen and

half its nitrate nitrogen, vhereas the Laketand soil had Lost little

of either. Three out of the four soil-s shov¡ed a rnarked decrease in

amnonium nÍtrogen betveen the spring and the faII.

0n the basis of these results, the foi-IowÍng expranation for

the observed changes is suggested. During the vinter and earry spring

conditions are,such in,the soil that breakdotin of organic rnatter and

release of ammonium is u-kery to be more rapid than the oxidation of

anmonium to nitrate. rn the spring, conditions are more suited to

nitrification, crops are planted and, in general, the conversion of

ammonium to nitrate is stÍmulated. The Lakeland soil is calcareous,

a condition which favours the rapid breakdown of organic rnatter.

Ammonium released during this reaction vÍII help to maintain a constant

Ievel of exchangeable anmoniu¡n in the soil over the surmer. However,

in the other three soils, utirization of nitrate ¡,¡ourd appear to be

more rapid than the production of ammoniurn from the organÍc matter.

The level of exchangeable aumonitun in the soil would therefore drop.

The exehangeable anmonium present in the soir in the spring appears to

be the nain reserve of utilizable nitrogen used to maintain the nitrate

nitrogen levels in the soil. Under conditions of rapid nitrogen uptake

by the crop, sone dÍrect uttrIization of exchangeable anmonium itself
may occur. The overalr evidence indicates that the exchangeable
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amüonÍum present in the soil in the spring can not be ignored when making

determinations of available nitrogen. The a¡nount of exchangeabre

atmnoniurn present and its extent of utilization is highty dependent on

the nature of the soi] Ítserf and the condÍtions in the soir during

the spring and summer.

Correlations (Table B) were run to determine vhether Snield

or nitrogen uptake could be directly related to exchangeable ammonium,

nitrate nitrogen, totar inorganic nitrogen or N-varues. The highest

correlation obtained was between exchangeable ammonium and nitrogen

uptake. None of the varues were significant above the ro per cent

Ievel.

For treatments 2 to ) and rT to 1! yierd vas carculated on a

per cent basis as previousry nentioned. These values are shoi,¡n j.n

Tabre 1l+. Figures 5, 6, and 7 are graphs of the same data protted

agaÍnst added nitrogen.

Figure l, vhich is based on T2 to T6, shows that the per cent

yierd increased linearry for arr four soils up to the 60 lb per acre

rever of fertirizer apprication. At this point the yield levered off
on the Almasippi, I'lellwood and Altona soils. I^Iith the Lakeland soÍI a

more gradual decrease took place. Greatest response to added fertilizer
occured on the Aluasippi soir, least on the Artona. The individuar

points plotted on this figure represent treatment JrB and p. points

for the broadcast urea arl falr below the amnonium nitrate rines,

vith the exception of the l+O ft peï acre treatnent on the Lakel-and soil.
Working in the urea gave the same response, except Ín the irlelfu¿ood soil,
where a marked j-ncrease in yield occured. Figure 6, which shous the
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per cent grain yields against added nitrogen, Ís sir¡ilar to Figure 5.

The point of interest here is that the grain yÍeld for the Lakeland

soil vas still increasing linearly, even at the highest level of

nitrogen application.

The total percent yields for TIITIB and Lp, in which the

nitrogen source vras drilled in r.rith the seed, are plotted against added

nitrogen in Figure J. Comparison of this figure and figure I shovs

that a higher percent ¡rield was obtained when the fertilizer was

drilled in rather than broadcast on the Almasippi and Lakeland soils.

This effect vas less narked in the Wellwood soÍI and on the Altona soil

the response appeared to be poorer. 'hrith the AluasÍppi and Lakeland

soils, the lot,rer yields obtained when the f ertilizer ïras broadcast may

have resulted from volatire loss of nitrogen, possibty in the ammonia

forn.

Nitrogen uptake, calculated on a percent basis, Ís shown in

Tab1e Il. Values are seen to vary widely, not only betr¡een the soils

but also within the soils. lüith the I'IelLwood soÍI all but four

treatments have nitrogen uptake values between 59 anð 73 per cent.

Lor¿ recovery r,ras obtained !¡ith !O Ib per acre urea, both dyilled in

and broadcast. By contrast, a higher than average reeovery \,Jas

obtained ¡^rhen ).lO Itr per acre urea was '.rorked in. Omission of phosphate

lowered the nitrogen recovery to J5 per cent.

The average range of values for the Lakeland soil, l0 to

66 per cent, is considerably lower than the average range for the

!trellwood soil. fn this soil five treatments lie outside the average

range; four of the five are above this range. Recovery from l+o rb per
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acre urea phosphate, drilled Ín, was only )+! per cent. Drilling in

20 or Lo Ib per acre amrnonium nitrate, on the other hand, increased

the recovery considerabry. tligh recovery \,?as arso obtained from the

rowest revel of added nitrogen, that is, the J lb per acre ammonium

phosphate treatment.

No average range of vaLues for nitrogen uptake exists vith
the Altona soil. In this soil the percent nitrogen uptake varies from

17.5 to I33. Ilighest uptake occured with the l-o¡.¡est rates of nitrogen

applicatÍon. Very low recovery ilas obtained from 90 Ib of broadcast

amnonium nitrate, l+o rb of drirled in urea or uïea phosphate and vhen

no phosphate was added. comparison of rrr and 12 with Tt3 and rl+ and

Tt! and 16 shovs that nitrogen uptake was greater from ammonium nitrate

than from urea or urea phosphate.

With the Aknasippi soil two average ranges can be distinguished.

lJith broadcast apprication nitrogen uptake varied betneen 35 and 59 pey

cent; when the fertilizer was drirred in, this range was 60 to Bo per

cent. AgaÍn treatments Ii+ and t6 tal} veII outside this range vith a

32,5 per cent nitrogen uptake. The value for the 30 tb peï acre urea

application l{as also lov in this soil. That the difference betrveen

drÍlled in and broadcast application was most noticeable in this soil-

is to be expected, since the Aluasippi soit has a lighter texture than

the other three. In thÍs soil the number of exchange sites available

for the absorption of the anmonium ions will be fever than in the

heavier soils. Drilling in the fertilizer brings it into contact r¿ith

a far greater volune of soit than when it is broadcast on the surface.

Àlore nitrogen will therefore be retained.
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One of the maín objecËíves of these field tríals was Ëo evaluaËe

urea and urea pirosphaÊe as fertÍLízers and Ëo compare them rsith another

nitrogen source, in this case Errnïnonium niËraËe. Grain and sËral^J yields

for each f:reaËmenË are given in Tables 9 and LCI. Each val_ue ís an

average of the six replicaf:es. ThroughouË Ëhe folloiving discussÍon alL

coi-nparÍsons are beËween the urea treaËmenË and Ëhe equÍvalenÊ arnmoniur

niÉrate Ëreatment.

From TabLe 9 urea is seen to have caused sígnifÍcanË reducÉions

in grain yields on the þlellwood and a.ltona soiLs. sixËy pounds per

acre of broadcast urea yielded 9.4 bushels per acre less than a simílar

appLicatlon of arnunonfuul niËrate on the iielhvood soÍl-. T'he signifícanti.y

lorver yield obtained trhen phosphate r+as noË applied indicaces Ëhat thís
plot responded 'co the phosphaËe applicatíon. ûn the ALËona soiL a

signífieant decrease in yíeld occurred r¿ÍËh both broadcasÉ and worked in

urea at the 60 lb. per acre raËe of appLication,

ÛJhen the ferËil.izers lùere drilled in r,ríth Ëhe seed, reducËions

in yield t¡ere obËaÍned r.rith the urea treaËments on three of the four

sofLs. on the Lakei-and soíl a reducLíon in yieLd of 6.5 bushels per

acre \{as recorded rrhen 40 1-b. per acre urea phosphate was usecl.

Signiffcant reducËions in yield occurred on Ëhe Aj.i:ona soil r.¡ith tile 20

and 40 Lb. per acre urea phosphaËe ËreaÊnenüs and wÍËh Ëhe 20 and 40 Lb.

per acre urea treatrnenËs. The urea and urea phosphate treatments also

redueed the yield on the Alnasippi soíl, buË onLy signífÍcanËly aE Ehe

40 lb. per aere rate of applicaÈion.

SígnificanË reducËÍous ín yield resulÉing from Lhe use of urea

or urea phosphate occumed most frequenËly on Ëhe Àltona soil. Thís may
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have been because this soÍl had both a high pII and high level of

exchangeable anmonium initially. Most of the exchange sites in the

soil would be already occupied and the addition of more amtonium ions

vould result in a high concentratfon of ammonium in the soil solutÍon.

ConbÍned with the high piI, this would lead to high concentrations of

free ammonia in the soil. Since free amnonia is toxie to plants,

damage and possibLe death of plants would follov. fhis effect would

be nore marked with the drilled in fertilizer because of the close-

proximity of the urea to the seeds, fn the case of the Almasippi

soil, the inÍtiaI level of exehangeable amuoniuu was quite low. However,

as this soil was more sandy in texture, the amount of available exchange

sites would be quite lor.r. Combined with the high pII, a similar

situation as in the Altona soil vould exÍst.

These results agree weII vrith the conclusions of Court et al,(28),

Templeman (89) and Cooke (e6) tnat inefficiency of urea is most rnarked

at higher levels of fertilizer application and when the urea is drilled

in with the seed rather than broadcast. Support for the idea that the

reduction in yield on the Altona and Almasippi soils r¿ith the drilled

in fertilizers may be due to aamonia damage to the seed and due to

reduced germination can be obtained fron the germinatÍon counts. fn

five out of the six cases of reduced yield, sÍgnificant reductions in

germination had also occured. However, the evidence strongly suggests

that some other factor was also involved, as out of the ten cases of

reduced yield rvhich can be attributed to urea or- urea phosphate, only

five shoved reduced gernination.

Sone support for the idea that reduction in germination was
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due to amnonía ËoxíciËy ís obtaíned from tire gernÍnation counLs. As

shown in Table l-3 counts were made on twel-ve of the nÍneteen Ëreatments,

a¡d of Ëhese only four were ¿urìrdonÍum niËraËe treaËmenÊs, 0uË of rhe

sÍxËeen values from the latt,er, only one case of a sÍgnificanË reductíon

ín germínation occurred, narneLy on tire i,Iei.i.r¿ood soÍl r¿here 40 lb. per

acre annoníum níËrate had been driLLed ín rvíth Ëhe seed. On the LakeLand

soii., germinaËion rì7as reduced by more than L0 per cenË wiËh all arnmonÍum

nitrate treatmenËs, alÊhough in no case r¿as 'Ëhis redr¡cËÍon sÊatisËically

si8níficanË. The LakeLa¡rd soíL has a liigh pI{ and Ís highly ealcareous;

under Ëhese conditions high Level-s of free arìounts are likely to

accumulate Ín Elee soil (95). ALËhough both the A,lrona and Alnasippi

soils are aLso of al.lcaline pH, neiti:er soil is calcareous. Nor was the

level of added asrooniurn very high ín any of the ammoníum nitraËe treat-
nnenËs r'¡hen alLorù¿mce is made for the facË that approxÍmately half Ëhe

niËrogen was in the nítraËe foru. I,IiËh the l-IeLlwood soiln the reduction

Ín gernínaËfon ouLy occurred where Ëtre ar,unonitr¡ nitraËe was actua}ly

drilled in ¡,rith Ëhe seed. Since the arononium íon tends to persist

Ín acid soils (36), a irigh concent,raËion of ammonium i,¡ouLd tend to

deveLop. Although the proportion of niËrogen in Ëhe anmronia form vrould

be considerabLy Lor.rer at Ëhis loruer pH (95)n the ËoxicÍ.ty of free

almonia Ís very nuch greaËer under acid conditions.

SignifícanË reducËions in germÍnai:ion ¡víth urea only occurred

r¿hen the urea tvas drilled in r,¡íth the seed. Tire average germínaËiou

for Êhe four dríl]-ed in urea and urea phosphate Ëreatments r,rere

Ai.masippÍ, 69,4 per centn Altona 75"6 pet cenË, Lakeland 75.1 per cenË

and I{elhvood 94.L per cent. Least reductíon occurred ruÍth the onLy
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acid soir u-sed. rlrom the twelve treatments on the fow soils, a total

of tvrelve cases of significant reduction in germination Ì{ere recorded.

Of these, seven recovered sufficiently to show no significant reduction

in yield.

Numerous causes have been suggested for the reduction in yield

so often obtained with urea. The most widely accepted explanation is

nitrite accumulation. With the alkaline soils in this experiment the

pH is already atrove the threshold value of 7"J given by Martin et ar,
(fg) for the oxidation of nitrite to nitrate. The addition of urea

will further raise the pE, thus sloving down the nitrite oxidation to

an even greater extent. Anrnonium nitrate, on the other hand, r.¡ould be

more likely to loqrer the pH and facilitate nitrite oxidation. trr¡iih the

acÍd 'tletlwood soil, its lower initial pH would counteract the effects

of the urea and recluce the probability of nitrite accurnulation. This

seems a possible explanation for the yield reductions obtained Ín this

experÍment ¡^¡ith the three arkarine soÍrs and the higher yield

obtained with the acid soil uhen urea r¿as used as nitrogen carrier.

ConcLusions

From this experiment the following conclusions can be dravn.

(f) Ammonium nitrogen does not norre do¡,rn the soi.l profile

as readily as nitrate nitrogen.

(2) Both the ammonium and nitrate nitrogen levels in the

soil- decrease over the growing period; evidence suggests

that, although nitrate nitrogen Ís the most important

portion of the inorganic nitrogen for crops, the

exchangeabre ammonium nitrogen can not be completery
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ignored when naking determinations of avaÍlable nitrogen.

(3) On the Almasippi and Lakeland soils drilling in the

ammonium nitrate source gave higher yields than broad-

casting. With the Altona and Wellwood soils, no difference

r,¡as observed betr¡een the two modes of application.

()+) Nitrogen uptake val-ues varied widely between treatments

and between soÍIs. Lor,rest values occured wÍth the highest

rates of nitrogen application, the urea and urea phosphate

treatments and where no phosphate was added.

(5) Significant reductions in yield as compared with the

ammonium nitrate treatment occu-red with the 60 tn per

acre broadcast urea treatment on the hlellwood and Altona

soiLs. itlo corresponding reduction in germination vas

noted. More cases of reduced yield occured with drilled

in urea olr urea phosphate than when urea \{as broadcast.

(6) SignifÍcant reductions in gernination only occured when

the fertilizer was drilled in vith the seed. Only one

case of sÍgnificantly reduced germination i¿as noted vith

anmonium nitrate, aII others occuring ¡^¡ith the urea or

urea phosphate treatuents. Reduced germination !,as more

conmon on the three alkaline soils than on the acid

i^ieLIwood s oi].
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TABLE l+

SOIL TYPES, SEEDTNG AND HARVESTING DATES

SOIL SEEDING HAR\IESTI}IGCO-OPERATOR ASSOCIATTON TE}fi'URE DATE DATE

HU¡{ESTON

MOELLER

WTEBE

MURTA

l"lEtLi,'IOOD S]LTY
CLAY LOAM June I Sept. z

LA¡GLAI\|D SILTY CLAY June I Aug. L9

ALTONA \TERT FTNE
SANDY LOAM lt{ay 19 Aug. tO

ALIVLASIPPT LOAMT
FINE SAND June 3 Aug. f3
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TABLE 6

BARLEY TREAT}4EI.¡TS

NIj¡IBER FERTÏLTZER CARR]ERS
NrrRocEN (poo^)
Lbs/acre lEs/acre

I

a

3

)+

,

6

I

B

o

10

11

L¿

13

I4

L5

Ib

L7

IB

19

rI-lìB-o
33.5-O-o + tt-!8-O

33.5-O-0 + rL-)+B-o

33.5-0-o + ]t-l+B-o

33.5-0-0 + t1-1r8-O

URBA -+ tL-àB-O

UREA * I1-)+B-O

UREA + 11-àB-o

33.5-0-o

33.5-0-0 + 1I-l+B-o

33.5-O-O + 11-l+B-o

L]REA PHOSPIIATE

UREA PHOSPHAT'E

UREA+I1-]rB-O+F]LLER

UREA +tI-18-O +FILLER

33.5-o-o -r il_-48-o

33.5-0-0 r l1-!B-O

33.5-0-o + 1I-l+8-o

7

20

t+o

tf,u

9o

).lo

OU

/.,
DU I/]OTKCd lN

30

3o

at\JU

3o

6o

20D

)+Ol

20D

)+On

20D

l.tO¡

?a)

3o

30

3o

0

¿U

20

20

¿U

20

20

20D

30D

l+oo

3o

JU

3o

Note:- D - Drilled in
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TABLE 7

TNORGAN]C-N ]N SPRING AND AI.]'ITIMN SOTL SAÞPLES

SPRING
SAMPLES

SA¡/PLE
SOIL TYPE DEPT'H N-E]+,-N

in inches Lbs/acre

ilELLWOOD 0-6 L2.2
6-tz z.)4

I2-Ð+ O.O
2\ -16 2.)+
36-l+8 0.0

LAKEI,AND 0-6 TO. O

6-tz t+ . B
].2-2\ 3.2
d1-36 L.6
36-48 \.2

ALTONA 0-6 3¿+.86:re t9.o
L2-2'u 16. B
d+ 46 L3 .z
36-ì18 B. B

S,LMASIPPT 0-6 3.66-tz r. r+

Lz-Ð4 o.O
2\-16 z.\
36-l+8 O . O

A[]'III¡O{
SAMPLES

t ota 1 NHt+ -.N IIIO3 -N t ota l-lbs/acre lbs/acre tbé/acre lbs/acre

L.9
á,c

13. r
6.1
3.2

9.o
6.6
4.¡
20
2.)+

7.t1
7.3

19.6
I! .lr
r5 .o

l+.¡
r.B
2.8

2.8
3.8

T3.T
8.t

13. r
9.t
3.2

19.0
rt.!
7.5
),c

6.6

\3.2
26.3
36.)1
27.6
23.8

7.9
2t
2.8
5.2
3.8

4.0
0.0
0.0
0.0
0.0

J.Õ
z.B
1.6
r.6

12.)1

0.0
0.0
0.0
0.0
0.0

,Lr. B
2.8
2.O
r.6
o.B

I0.lr
l{.8
2.O
L.6
2.O

3.0
0.8
0.0
L.6
r.b

B.B
DA
2.O
L.b
o.B

L\.2
7.6
3.6
3.2

I4.L

u.0
B,Z

10.0
rr.2
28. l1

3.0
0.8
0.0
L.6
r.b

7.2 g.B
l+.0 \.2
4.8 j.2

I0.! lr.B
3.6 ùt.B

NO: -N
Ibs/a cre
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CORRELATIO}IS

I'IH¡ -N, IYO3 -i[,

TABLE 8

BET IEEI{ YIEI,D AÌ']D N-UPTA}G AND

TOTÁL INORGANIC -IY ANÐ N-VALUES

Y]NLD N-IIPT'A¡G

0.7)+3

I. 000

o.7ro

o. 7!8

o.7t6

0.701

o ' ?ilo

0.67t

Note: - No value I,ras significant above the IO/a.l_evel.

YIEIÐ

iV-UPTAIfiI

IilH¡ -tr O-l+8"

llH)+ -N O-2! "

t[03 -N O-Ir8"

N03-N O-2!"

TOIAL INORG. -N

N VALT]ES

1. 000

o'?ì13

o.7)47

0.7!B

^ 
.720

ñ "7DO

0.7\5

o. 5Bo
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TABLE 13

GERMTNATION AS TNFLUENCÐ BY ¡'ERTTLIZIR TREATT"ENT (ENNCNVT)

PLOI FERTTLTZER
NO. TREATT\MNT

tv ru/
aere \,íELLWOOD

SOrL

LAICÐLAND ALTONA AI¡,IASTPPT

1 Check

2 II-l+B-o

5 33å-o-o +
1r-l+8-o

B Urea + If-b8-o

p Urea + 1I-).lB-O

It 33à-o-o +
11-)+8-O

L2 33à-o-o +
II-¡B-O

13 Urea phosphate

1! Urea phosphate

15 Urea + tI-!B-O
fiIler

L6 Urea +tI-!B-o
fiIler

0 100.0

7 101. r

6o 96.9

6o rol+.2

6ow 99.3

20D 101.8

l+oo 9i.o

zOD gO.7

lroo 9o.T

20D IO!.2

l+0D

l+O¡

I00.0 loo.o

85. r roo.h

100.0 100.0

IO!.2 9T .7

rr3.5 100.6

tIO. ! Io2.l+

106. lr 9B.B

ro1. B 95 .9

102.1 g\.3

90. tx 90.0

40. e*-x 6¡ .l

89. 1xx 8?.1{

72.9

9r.4L9 33

86.l+x

86. àx

90.O r02.0

- 93.8

96.6 92.8

Bz.l+ 9B.L

BZ.r+ 92.7

86.t4 92.8

j9.6** ?O.Bxx

76.6x 79.6xx

77 .9x 69.3xx 58. rxx

Bz.z 9j .g ro1. I
rg.3 L3.2 7 .B

å-o-o + rr-!B-o

L.S.D. 0.05x 12.8

o.OtrêF 17.1 26., LT.\ r0.2

D - DrÍt1ed in W - liorked in
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TABLE 15

NTTRoGEIï uHrAr{E By BARLEv (pnn cnmr)

No. TREATIffiNT NITROGEN

sorL

I,TSLLWOOD LAKELAND ALTONA ALMAS]PPT

2

3

,lt

5

6

7

ôo

9

t0

1I

L2

r3

Ill

lq

L6

L7

I8

L9

II-48-O

33å-o-o + rr-l+B-o

33å-o-o + rr-l+B-o

33å-o-o + tt-!B-o

33å-o-o + 1r-l+8-o

Urea + 11-!B-o

Urea + l1-àB-0

Urea + 1I-!8-o

33å-o-o

33å-o-o + rr-l+B-o

33å-o-o + tr-!B-o

Urea phosphate

Urea phosphate

Urea +tl-l{B-O + filler

Urea +II-LB-O + filler

33å-o-o + rr-l+B-o

33å-o-o + rt-l+B-o

3¡å-o-o + r1-!B-o

lbs /acre

T

20

!o

6o

90

l+O

6o

6ow

6o

20D

!on

20D

4oo

20D

l+O¡

20D

30D

l+On

?r.l{

6j.z

65 -o

68.s

58.9

50.0

68.s

86.l

55.o

70.0

6t.y

60. o

72.5

70.0

52.5

60. o

6t.l
6t.t

Bs.t

65 -o

qtq

6L.7

6r. r

65.o

5r.o

66.o

53.3

65.o

87.5

50.0

! 5.0

65 -o

55.o

Bo. o

53.2

72.5

133

105

50.0

5r.o

3! .I+

60. o

50.0

l+8.:

2L.7

90.0

ir r.o
l+5.0

32.5

55 -o

L7.5

r05

70.0

72.5

l+e.B

35.0

52.5

tB.3

)+r.6

)+0. O

55.o

53.3

l+¡ .S

60. o

Bo. o

70.0

32.'

50.0

32.5

7'

73.3

72.5

iri - lùorked in D - DrÍlled in



CHAPTER VI

Greenhouse Experiment

This experiment was designed to follovr the changes in the

l-evel-s of exchangeable ammonium and nitrate.nitrogen in the soil under

an activeLy grotring crop. Evidence has aLready been presented to sho¡,r

that a rnarked decrease in both these forms of inorganj.c-nitrogen in the

soil occurs betv¡een the spring and the fall. By actually'determining

the pattern of thÍs decrease, and by comparing it vith changes in a non-

cropped soil, it r+as hoped to obtain some j.dea of the relative

importance of these two forms of nitr:ogen.

The four soils from the field trials were chosen for thÍs

experÍment so that comparisons could be made between the field trÍaIs

and the greenhou-se experiment. Two sources of nitrogen r,rere used,

anmonium surphate and urea, both of vhich supply inorganic nitrogen in

the ammonium form. Ammoniurn sulphate decomposes in solution with the

rerease of free ammonium. urea, on the other hand, hycìrorysis srowly

with the release of the emmonium over a period of several days.

Experinenta I PI ocedure

In the falt of 1965 soil sanples r¡ere collecied fron the foi-ir

chosen sites, air dried in the greenhouse, ground and sieved.

2000 grams of air-dried soil- were weighed into pots and

dipotassium phosphaie soru'tion added at the rate of 30 mg.p per pot

at about the 2 inch depth. Test treatments çere as fol-Lor,¡s:-

6?



Treatment
Code

Number

€-eoti.
t0

l{itrogen
Sour c e

( nu, )rso,

Urea

itlone

6t+

Cv op

Bar l-ey

None

Barley

None

BarLey

None

)+

t0

l+

IO

A

Bc

-D

Cc

Tt¡el-ve barle¡' seecls vere planted in the indicated pots

approximately one half inch belou the su¡face of the soj.I. Nitrogen

vas added as a solution to the surface of the soil at the rate of l0
nitrogen. Sodiun sulphate was added prior to planting to treatments

Bc, Cc, B and C in amounts such that the Level of added sulphate was

same in all pots. AIl pots r.lere then r,retted to theÍr field capacity.

s ource

p-p.m.

the

Germination r,Jas complete l¡ithin four days. Four days after

complete germination, vhen the p)-ants were about f:l-ve inches tal1, the

number of plants per pot vas reduced to six.

The abo,¡e ground portion of the plants r.¡as harvested from one

pot in each of treatments Ac, Bc and Cc at the following intervals - L2,

L6,2Or 2\,28,32, 16 and !1 days after germination. The final tvo

sets of pots vere harvesied )+6 Oay-s after gernination. fhe soil from

each pot was transferred to a plastic bag and retained for analysis.

At the sarne time soil samples were taken fron the incubated

pots (treatments A, B and C). To ensure that the sample was

representative of the entire depth of the soil and not just the
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surface soil, a core sample uas taken by using a cyclindrical metal

tube. A composite r,¡as made of the four samples from each treatr¡ent

and stored in plastic bags for analysis.

The plant material r.ras cut into snall pieces, air-dried and

weighed. Total nitrogen determinations were made using the Kjeldahl-

Gunning procedure.

Exchangeable ammonium determinations were made on the fresh

soil as soon after sampling as possible. Where deterninations eould

not be made immediately samples vere stored at 2oC. Sub-samples veïe

oven-dried at lOoC for nÍtrate and pH determinations.

Developmgnt of Brovning and Nitrogen Deficiency

At a very early stage in the development of the plants browning

r,¡as noted on the Leaves. To try to determine if this was velated in

any \,ray to the test treatments, the number of pots vith affected plants

were recorded at regular intervals. This data is summarized belolu.

No. of days
after

germination

15I

202

2\3

Total no.
of pots

affected

Ratio
s oils
}I:L:AL:AM

affected.

2:22\ z)+

]-z3z5:6

7:,1+ :5:10

13 : t0: I0:23

I0: 5 :7: 10

Degree

nild

fairly
narked
bad ly

mild

l+

T

11

one

L2

lq

26

or

Ratio
treatments
(uu¡)2so¡ urea

control

two plants slightly

2:T:3

2: I0:3

L3zL7 226

Ll+:L7 232

3:9:4
5:11:I0

22226

qq

6tr (A and B only)
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1 Nitrogen deficiency had started to deverop on treatment cc.

2 Nitrogen deficiency s¡mptoms had become quite marked on

treatnent Cc.

3 Out of a total of seven remaining pots in each treatnent,

twenty one pots vith no added nitrogen were shor¿ing nitrogen

deficiency s¡rmptoms. six i^rere affected on the I^Ierlwood and

Almasippi soils, five on the Lakerand and four on the Artona

s oi1.

By twenty eight days after germination marked purpring courd

be seen at the base of the plants groving on the hlelh,¡ood soil, treatrnent

B. This effect was not so narked on treatnent A.

From the overarr picture browning appears to have been more

prevalent on those soils treated r+ith urea than on the ammonium sulphate

treated soiIs. By twenty four days after germination browning symptons

coul-d no longer be distinguished as nitrogen deficiency had beeome

fairly widespread.

Results and Discussion

Resurts of deterninations on soil-s and prant materiar are

given ín Tabres L7 - 2L and the Appendix. rn the aid of crarity, the

discussion has been split into the following sections.

1. Exchangeable ammoniurn nitrogen in the soil.
2; Nitrate-nitrogen in the soil.

3. Soil pH

l+. Plant Material - yield and NÍtrogen Uptake.

5. GeneraL.
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1. Exchangeable Ammonium Nitrogen in the SoiI

From Tables 17 and IB it can be seen that in aII treatments,

except A and Ac on the Welh¡ood soil, the added nitrogen did not persÍst

in the ammonÍurn form. Similar results r.rere obtained fron both cropped

and incubated soils. with the exception of the welrwood soir, there

was no difference betl¡een the two nitrogen sources. By the end of

the forty six days the level of exchangeable ammoniun had been reduced

to less than 2 p.p.m. in aLI treatments r,¡ith aII four soils.

Persistenee of the a¡rmonium ion occured in the Wellvood soil

v¡here the added nitrogen \^,as amüonium sulphate. Fireman and his eo-

¡,¡orkers (35) tound that the ammoniun ion persists in acid soils lorv in

organic matter and phosphate. Also Pillsbury (76) iras sho¡vn that high

concentrations of ammoniu:m sulphate ean cause acÍdity, thus slowing

down the conversion of anmonium to nitrate.

fn this experiment the degree of acÍdity was not excessive

nor !¡as the re¡re1 of added anmonium surphate very high. However, the

rnethod of addition of the fertilÍzer to the soil would have created

rocarised areas of high fertirizer concentration. rn these areas

conditions vould be such that retardatÍon of nitrification would occur.

ThÍs is a possible explanation for the fairly high level of exchangeable

ammonium found to be present in the Liellwood soil sixteen days after

the addition of the arnmonium sulphate.

To confirm that ammonÍum sulphate produced a LowerÍng of pH,

pH determinations l¡ere made on the first set of soil samples. The

originar pH and pH varues sixteen days after the addition of the

fertilizers are given below.
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TREAT¡4ET[T

AFTER 16 oays

(mnu)rso, UREA coNTROL

SOIL

Wellwood

Lakeland

AItona

Almasippi

INITIAL

CO}ùITROL

6.6

B.o

7 ']-1

7.8

o. )

7.8

7.2

l.o

6.9

7.9

7"2

7.8

7.2

8.1

7 -)1

Conparison of the pH of the control soil i.¡ith the pH of the

anmonium sulphate treated soil shows that, with the l^iellwood soil, the

additÍon of ammonium sulphate has Lovered the pH by O.]writs. I¡Iith the

three alkaline soils, only aslight lowering of pII has occured. These

figures confirn that addition of ammonium sulphate to a soil produces

a Lovering of the soil pH. Further dÍscussion of the changes in pH

during this experiment are given in section five.

The Level of exchangeable ammonium tt¡elve days after

gernination Ì,¡as considerably higher in the incubated soil than in the

cropped soil. Two possible explanations exist. Firstly, in the cropped

soÍI the nitrate nitrogen rvas being removed fro¡n the system by the

plants. This reduction in the level of nitrate nitrogen may have

stimulated the conversion of ammonium to nitrate. MicrobiaL activity

is known to be greater in the rhizos'ohere area of a cropped soil than

in a fallow soil. On the other hand, direct utilization of the

ammonium nitrogen by the plants üay al-so have occured. J,enny et at,(!f)

using excised plant roots, found that ammonium absorbed by clays could

be used by plants. Availability of exchangeably absorbed anmoniun to
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a variety of plants grown on exchange resins, soils and peats partially

saturated i,¡ith ammoniurn has been reported by Russian (J!) workers.

Sufficient evidence exists to indicate that plants can ubl-ize exchange-

able amnonium under certain conditions. Some direct utilization of

ammonium may have occured here du¡ing the early stages of plant growth.

Figwe B represents the changes in exchangeable ammonium

with time. Twenty eight days after the addition of the ammonir¡:l

sulphate, the level of exchangeable amronium had been reduced in both

the incubated and cropped soils to less than L p.p.m. The time taken

for the anmonium ion to be removed from the systen appeared to be the

same r,¡hether or not a crop r¡¡as gro\,Jn on the soil. The graph shot¡s that

a sudden marked decrease in the level of exchangeable ammonium in the

incubated soil occured betr,reen sanpling dates tvo and three. This did

not correspond to any rnarked increase in nitrate nitrogen. Holiever,

an increase in nitrate niirogen did oceur several days hter, betr,reen

sampling dates fou:r and five. Broadbent and Tyler (fB) also noted that

several days elapsed between the disappearanee of the ammonium nitrogen

and the appearance of the nitrate nitrogen.

2. Nitrate-Nitrogen in the Soil

Frou Tabl-e 1! it can be seen that for al-I three treatments on

the cropped soils the nitrate nitrogen has been reduced to less than

l+ p.p.t.by the end of the groving period. I,,lith the exception of the

Altona soÍl, the nitrate nitrogen values are higher in the urea treated

soils than the ammonium sulphate treated soils up to J6 days after

gernination. The graphs of nitrate-nitrogen against time shovr this

nore crearry (Figures ! and 10). with the Altona soir the }evels are
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the sarne, vrithin the limits of experimental error.

rn arr cases the revel of nitrate nitrogen at the first
samplÍng date lay betr¡een lro and 50 p.p.n. for the urea treated soils.
i,iith the ammonium sulphate treatment, only the Attona soÍr gave this
type of val-ue- The Welh^¡ood, Lakeland and Alrnasippi soils shor,¡ed levels

of 3'(, 2) and 2)+ p.p.m. respectively.

rn the control soirs, Íncubation for a period of l+6 days in
the greenhouse produced a marked inctease in nitrate nÍtrogen 1evels

for arl fo'r soils. fhe Altona soir increased fxom 5 to ).+5 p.p.m. r

the Lakel¿nd fron 9 to 36 p.p.m., the Ï{erlwood from r to 23 p.p.m. and

the Almasippi from I to 20 p.p.m. Tabte 20

0n comparison of the incubated soils to rn¡hich fertilizers had

been added, the nitrate nitrogen }evers are seen to be considerably

higher in the soils treated r,rith urea than Ín those treated with ammonium

sulphate. This difference may be due to nitrogen loss.

Fifty parts per million nítrogen \ras added to each soil initially.
ff allowance is made for the natural increase in nitrate-nÍtrogen due to
incubation and the original amounts of nitrate nitrogen in the soils, the

amounts of nitrogen renaining in the soirs after l+l and ).16 oays

incubatÍon are as follows:

SOIL TREAT1GNT
(mI¡ )rso¡ TDGAuauö

*p.p.m per cent

,2.8 L05.6

5r.B 103.6

rit. A gj .6

5t.)4 I02.8

I,trELLi,,?OOD

LAKELAND

ALTONA

ALMASTPPI

*p.p.m.

!:.e

33.6

38.3

30.5

per cent

9L.6

6T.z

lo.o

6r. o
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These values shor.¡ that, vith the three soils of alkaline pH,

a narked loss of inorganic nitrogen occured from the ammonium sulphate

treatment, but little loss from the urea treatrnent. hlith the iiellwood

soil, the recovery from the urea treatment was only slightly higher

than the recovery from the ammonium sulphate treatment.

This loss of nitrogen from the alkaline soils r.ias probably

due to ammonia volatilization. Conditions vhich tend to cause

volatilization of ammonia are surface application of the fertilizer

$L,66) on soils of pII greater than seven (\9,59,66,93). Both these

conditions l,¡ere present in this experiment. These results, in fact,

agree weII vith the findings of }¡lartin and Chapman (59) that I to 2'l

per cent of the nitrogen is lost from ammoniun sulphate; except in

poorly buffered soils }osses fron urea are quite small. I^Iith the

hiellçood soil, loss of nitrogen in sone form other than ammonia may

have occured.

The greater than L00 per cent recovery wÍth three of the

urea treated soils can be attributed to stimulation of nicrobial

activity by the added fertilizer. Broadbent et af"(Ip) obtained

simÍlar results at the 50 p.p.m. leveI of fertilizer application.

3. SoiL pH

Incubation of the control soil, to which potassium dihydrogen

phosphate and sodiuin sulphate had been added, Ied to a marked increase

in pH with the Wellwood soil. With the three alkaline soils, there was

little change in pH (faufe et).

xBased on the average of the nitrate nitrogen values after 4I and
)+6 oays incubation.
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In the soils to ¡.rhich ammoniur¡ sulphate and urea had been

added only a slight Lowering of pII l¡as noted lvith the three alkaline

soils. However, with the acid Wellwood soil, incubation with arnnoniuul

sulphate resurted in an average pH *0.6! units lower than the eontror,

and incubation t¿ith urea an average pH x0.32 units louer than the

control. By the final sampling date the difference in pH between the

three treatments had decreased considerably. At this point pII values

were J.05 for treatuent A, 7.07 for treatment B and 7.30 for treatment

C.

This lowering of pH as a result of the addition of ammoniacal

fertilizers to soil has been attributed to the fornatÍon of nitrous and

nitric acids (rT). Broadbent et ar.(rT) found that changes were most

marked uÍth poorly buffered acid soirs, whirst in calcareous soils

little change occured. Similar results were obtained in this experi-

rnent.

The difference in pH between treatments A and B ean be

explained from a consideration of the internediate products of the

nitrÍfication of ìlrea. One of these interrnediate products is ammonium

carbonate, whieh vrould tend to increase the soil pH. This will

partially counteract the lowering of pH caused by the nitrification of

the ammonium.

serious ÍnhÍbition of nitrification is thought to occur vhen

pH is l-ess than !.r (5). rn this experiment the rowest pH recorded

6-52, r.¡hich vould not be expected to greatly reduce the rate of

lf
Based on first seven values.

the

r^ta s
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nitrification. The persistence of the ammonium ion, however, ean stiII

be attributed to the louering of the pH if allowance is made for the

fact that, in localised zones, much greater piI changes may have occured.

SoÍls in the vicinity of added fertilizer nay become quite acid as a

result of nÍtrification even though the main body of the soil is

una ffected .

l+. Plant l¡laterial - Yield and Nitrogen Uptake

Drymatter yields, on a per cent basis, are shown in Table 22,

and fÍgures 1I to 1l+ show actual yields against tirne. Fbom these graphs

the urea treated soils are seen to gÍve higher barley yields than the

ammoniu:rt sulphate treated soils at nearly every stage of development,

with the exception of the Altona soil. This dÍfference in yield

becomes more marked at later stages of development. With the Altona

soil, treatment B yÍe1ded slightly hÍgher at the intermediate stages

of developnent, but the difference decreased as the plants natured.

Ttre average per cent yield over the entire systen for treat-

uents A and B are J'1.2 and 10.6 respeetively. For all four soÍIs the

urea treatment has given a higher average yield than the aumonium

sulphate treatment. Greatest response to added nitrogen occured on

the ltre1lwood soil, Ieast on the Altona.

The average nitrogen uptakes by the barley for treatnents A,

B and C are'16, IlO and 2'l ug. nitrogen per pot respectively. To

deteruine whether the higher nÍtrogen uptake from the urea treated pots

vas entirely due to the greater amount of available nitrogen or whether,

Ín fact, the aetual uptake vras greater from the urea than the anmonium

sulphate, the percentages of available nÍtrogen utilized were calculated.
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For this purpose

available to the

it r¿as a ssumed

plants.

that all the nitrate nitrogen \^ras

Per cent utilized N content of plants x 100
Nitrate content Nitrate content
incubated pots - cropped soil

(average) ( rinar)

lhe values obtained are given in Table 23. These figures show

that the percent utilized from the urea \{as greater than the percent

utilized from the anmoniun sulphate for aIL four soils.

,. General

The initial aim of thÍs experirnent was to determine rqhich was

the main portion of the soil inorganic nÍtrogen being used by the plants.

Earty in the experiment it was apparent that the amnonium ion did not

persist in alkaline soils for any appreciable }ength of time. Plants

growing on these soils vould therefore be expeeted to absorb their

nitrogen as nitrate nitrogen. On the acid Wellvood soil, the anmonium

ion only persisted vhere ammoniurn sulphate was added. llhen the

anmonium ion did persÍst, the plants had tv¡o possible sources of nitrogen,

nitrate and exchangeable ammonium.

The nitrogen uptake figures Appendix ÏV for the plant

naterial show that a sharp rise in nitrogen content occurÍed betveen days

sixteen and twenty. At the same time there \¡ras a marked drop in nitrate

nitrogen in the soil. lJhen the decrease in soil nitrate nitrogen is

plotted against the increase in nitrogen in the plant material, a

linear relationship is obtained. Hovever, the point for the tr{ellwood

soil, treatment A, does not fall on this line. When the decrease in
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amnonium nitïogen is added to the decrease in nÍtrate nitrogen, a much

closer fit is obtained (Fieure f5) -

statisticaL analysis run on these figures show that the

correlation between nitrogen uptake by the plant and decrease in soil

inorganic nitrogen is significant at the one percent level.

These results strongly suggests that the main form of nitrogen

taken up by the plants lJas nitrate nitrogen, except where there vias an

appreciable proportion of exchangeable ammonium present. Where exchange-

able ammonium uas present part of the nitrogen may have been absorbed

from this source. klith soils in r,¡hich an appreciable portion of the

inorganic nitrogen is in the exchangeable ammoniu¡n form, this nitrogen

should be taken into consideration when determinatÍons of available

nitrogen are being made.

Conclusion

From the results of this experinent the following conclusions

can be dravn.

( f ) The occurence of "brovtning" on barley plants gro\'Jn on

soils which had recently been cropped to barrey rdas more comnon where

urea \^las used as nitrogen souree than when ammonium sulphate was used.

(2) Exchangeable ammonium nitrogen does not persist for any

apprecÍable tength of time Ín alkaline soils under good growing conditions.

(3) Exchangeable ammoniurn nitrogen persÍsts in acid soils

vhere the pH is very low naturally or is reduced to a fairly iow l-eve1

by added fertilÍzers.

(l+) A short time lag exists between the dÍsappearance of the

ammonium ion and the appearance of nitrate ion.



76

(5) Loss of nitrogen from surface application of ammonium

sulphate occurs rvith soils of high pH, presr.mably due to the volatilization

of ammonia. This does not happen 
"¡hen 

a solution of urea is applied to

the soil surface.

(6) on acid soils ammonium sulphate produces a marked

lor,iering of pH; vith urea only a slight lolrering of pH occurs. 0n alkaline

soils there is little change with either nitrogen source.

(Z) In this experinent higher yields and nitrogen uptakes vere

obtained from urea than from ammoniurn sulphate. For the alkaline soils,

this may be due to the lo¡.rer amount of available nitrogen, as a :result

of the volatile Loss of ammonia. With the acid soil, the influence of

the ti¿o car::iers on the soit pH may have been the controlling factor.

(B) OnLy part of the extractable nitrate nitrogen in the soil

can be readily utilized by the above ground portion of the plants, the

proportion used being strongly dependent on the nature of the soil

itself.

(g) hlhere exchangeable ammonium is present in the soil it

appears to be available to the plants r,¡hen the demand for nitrogen is

at its highest. In soils containing a fairly high level of exchangeable

aamonium, some allor¡¡ance rnust be made for thÍs nitrogen when making

determinations of available nitrogen.
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TABLE 21

SOTL pH AT SEVERAL SAMPLING DATES

SO]L

I\TII},ßER OF

DAYS AFTER
GERMÏNAT]O}T

I,AI(ELAND

ALTONA

AI,X4ASTPPI

iiELLWOOD

o
12
28
\6

0
T2
28
\6

o
L2
28
\6

0
L2
L6
20
zLt
28

36
lrf
\6

B.o
7.Bll
7.80
7.83

T.ào
7.L5
7.20
7 .25

?.Bo
7.63
7.57
7.6\

6.6o
6. jz
6.7a
6.9o
6.Bt
b. ou
6.6o
6. Bo

7.o5
7.o5

B.o
7.85
7.go
7.78

?.)+o
7. t8
7.2'
7.26

7.80
'7 '70l.l-/

7.6',t1

7.73

6.60
6.9o
7.00
7-L,
7.20
7. 10

7.00
7.00
7.20
7.07

Õ.u
B.oT
B. oo
7.86

?.ào
T.\z
7.5\
7.38

7.80

7. E0

7.80

b. ou
'7 

'D
7.'l+o
z )tç

7.50
7.32
I.J,)
7.35
7.32
7.30
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TABLE 23

NTTROGEn LlrrLrzATroN BY Pr,Alì'rs (pnn cnnr)

:

trltnatnr
LOSS FROM

THE SOIL

NrfnOCPitl2
IN ABOVE

GROUND PORTION

PERCENT NITROGEN
UIILIZED BY PLANTS

SOIL

I,AiGLAND

WEIII^IO0D

ALMASIPPI

ALTONA

L32

rT8

\B.z

L7\

IB3

35.2

100

r38.2

28. B

r90

20L.2

7L-6

to6.9

30.2

72.7

Ir0. T

17.3

57.1+

95.\

L6.7

to6.6

re8. \

\5.¡

}l

DÐ

C

â

B

ö

B

C

A

B

C

PLANTS

6B

ACTUAL

,L.5

60. r

6z.l

)+r.B

55.o

l+9. r

,7.\

69.o

58.0

56.L

oJ.Õ

60. B

Note: I Nitrate loss from soil - nitrate content incubated pots (average)

nitrate content cropped soil (FinaI)

2 Based on final harvest
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CHAPTER VTI

Incuba tion Exper i-ment

Exehangeable ammonium has been sho!¡n to be rapidly converted

ín an alkaline soil but to persist in an acid soil. This experiment r,¡as

set up to follor¿ the changes in exchangeable ammoniurn, nitrate nitrogen

and nitrite nitrogen in these ti,ro soil t¡¡pes and to eotpare their rates

of interconversion over a short period of time, Two of the four soils

used in the greenhouse experiment vere chosen, namely the Welll¡ood and

Lakeland soils.

Experirnenta I Pr oced ure

Samples of the tr,ro soils were

ground to pass a 2 mn. sieve. The uain

given in Table 16 on pa3e 77.

air-dried in the greenhouse and

characteristics of the soils are

Fifty gran portions of soil were weÍghed into 500 mI bottles

and 50 p.p.n. nitrogen added, in solution, to the surface of the soil.

Similar arnounts of phosphate and potassium were added as in the green-

house experiment and the moisture leve1 adjusted to 2J per cent by

weight. The same two nitrogen sources, urea and anmonium sulphate, were

used and a control vith no added nitrogen l^ras also included. Duplicate

sauples were prepared, sealed and placed in an incubator at 2OoC.

The jars l.¡ere opened after four and eight days and the air

in each jar cornpretely exchanged by using a squeeze bulb. The rid of

each jar vas moistened with a fine mist at the time of aeration to

maintain the high hunidity inside the jars.

93
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Duplicate sanples r+ere taken after Or Z, )+, B and 12 days of

incubation. sufficient jars vere prepared to arlow one jar for every

set of determinations, each jar being reuoved from the incubator after
sanpling. The following determinations vere made on a 2 NKCI extract -

ammonium, nitrite and nitrate nÍtrogen using the stearn distillation
procedure described by Bremner (r:). pH was determined as previousry

indicated.

Results and Discussion

The results for the inorganic nitrogen and piI deteruinations

on the tvo soils are gÍven in Tables Ð+ and 25. In both control soils
incubation has increased the totaÌ inorganic nitrogen and decreased the

exchangeable ammoniun. ExchangeabLe anmonir¡¡n does not persist in the

soil when moisture and tenperatu¡e conditÍons are suited to nicrobial
a ctivity.

Breakdor¿n of urea \,ras extremery rapÍd in both soirs. As the

procedure used for extraction and deterulnation of the anmonium does not

decompose the urea (rJ) , the stightry higher exchangeable amnonÍuu

val-ues in these soils eompared vith the control- soils indicates that,
even during the short period betl¡een the addÍtion of the urea and the

extraction r¡ith 2NKC1, some breakdown had occured. !,iithin tvo days aII
the urea \,¡as converted to ammoniun, atthough rittre nitrate had been

produced. These results agree with the work of Broadbent et aI,(17) anc

Low and Piper (15) r¿iro found that, under optimuu moisture and tenperature

conditions, urea i,ias hydrolysed r¡ithin two days.

under the conditions of tenperature and moisture used, the

conversion of exchangeable aumonium to nitrate nitrogen appears to have
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been quantitative in the acid soil (fat'fe e)+). In the calcareous soil,

however, consiclerable loss of inorganic nitrogen occured. SlightIy

higher nitrate produetion than ammoniun decrease in the ammonium sulphate

treated l^ielh^¡ood soil during the first tvo days of incubation can be

attributed to microbial production fron the organic matter. The effect

vas not so clearly seen on the urea treated soil t'ecause of the ammonium

production from the urea itself. However, the quantity of ammoniurn

produced was in excess of the amount of nitrogen added as urea. Both

fertilizers initj-aIIy stimulated microbial production of ammoniu:1,

urea having a much greater effect than ammonium sulphate. With no

process for the removal of the nitrogen, the production of additional

inorganic nitrogen from the organic matter was inhibited after two days.

A similar reaction i.¡as obtained vith the calcareous soil.

Removal of exchangeabLe ammonium produced from both carriers

\tas Tnore rapid in the Lakeland than in the I¡Iellwood soil. A marked lag

period occured with the Welh¡ood soil t'efore ammonium conversion reached

an appreciable rate. Under the conditions of the experiment, the time

lag betr^reen the ammonium disappearance and nitrate appearance vas quite

srnall. Broadbent and Tyler (IB) noted an initial four day lag period

before ammonir:m disappearance became rapid. As in this experinent, the

production of nitrate nitrogen began to increase rapidly at this same

tine.

With the ltrellwood soiÌ, incubation caused a sLight increase

in pH initially, then the value dropped back to its original level. The

urea treatment also produced an increase in pH on the Wellwood soil,

but this gradually dropped to the same level as the amnonium sulphate
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treatment as nitrate nitrogen Ì\ras produced. l.Jith the Lakeland soi1,

the pH dropped off Ín a simÍlar manner ¡.¡ith both carr:iers. The rapid

rate cf conversion of the ammoniurn from the Llrea, and the presence

of nitrite nÍtrogen in the T,akeland soir may explain this effect.

Accu-mulation of nitrite nitrogen occured on ihe Lakeland soil
vrith both carriers, t'ut not on the Wellvood soil. Nitrite persistence

is generally considered to occur in neutral to alkaline soils, r,rhere a

considerabre concentraiion of annonÍun ions exist (2)4). The highr¡,

calcareous nature of the Lakeland soj-l wolrld further encourage nÍtrite
nÍtrogen accumulation- As incubation conditions r,'ere good, this nitríte
nÍtrogen had nearly all been remor¡ed by the end of the twelve day

incubation pe::iod. Hot^¡er¡er, it iì id not reappealr in the system as nitrate
nitrogen. Broadbent ancl Tyl-er noted that u-ncier optimum incubation

conditions, nÍtrÍte nitrogen did not persist for any appreciat'le length

of tÍme. Nitrite nÍtrogen rras considerat'ly greater in the urea treated

soil than in the ammonium sulphate treated soil.
By the end of the iwelve day incubation perÍod, a1l the a¡nuonium

nitrogen had been nitrifÍed in the Lakeland soil-. fn the l,lellr,¡ood soil
nj-trification v¡as sl-ovev and some exchangeable ammoniur¡ vas still
present tr¡erve days after the additi-on of the fertirizers.

Conclusion

The results of this experiment can be su-mmarized as follov¡s.
(r) urea did not persist in the soir and rvas compretely

converted to ammon:l-um within tvro days.

(Z) Oxidation of exchangeable anmonirrtrn r¿ras more rapÍd in
the calcareous than in the acid soil.
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(:) fn the acid soil the total inorganic nitrogen reached

a naximum within two to four days and did not change markedly during the

rest of the experiment. Decrease in exchangeable amrnonium was balanced

by an increase in nitrate nitrogen.

()+) In the calcareous soil the total inorganic nitrogen

decreased vith time. The most marked decreased occured after the

appearance of nitrite nÍtrogen. The urea treatuent produced a greater

concentration of nitrite nitrogen than the anmonÍum sulphate treatment,

but this may have been due to the higher initial level_ of anmonium.

(l) On both soils, amnonirln sulphate and urea produced a

decrease in pH Ín comparison wÍth the control eoil. The decrease t¡as

greater with the anmonium sulphate than with tbe urea.

(6) An accumulation of nitrite nitrogen occured on the

ealcareous soil. By the end of the twelve day incubation period,

hor¿ever, this had almost completery disappeared again. This nitrogen

did not reappear in the systen as nitrate nitrogen.
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TABLE 2tl

INORGANIC NITROGEN AND pE VALUES ATTER VARTOUS TNCUBATION PERIODS

I¡IELLI,IOOD SOTL

INCUBATIO}I
PERIOD IN

DAYS TREATMENT

EXCHANGEABLE

M! -N No3-N
p.p.m. p. p.ü.

TOTAL
ÏNORGANTC
NTIROGEN

0

2

)t

B

L2

CONTROL 7.8

7.8

T -)4

3.6

1.2

3.0

7.8

1r. B

L7.2

20.'11

r0. B

L5.6

L9.2

20.6

2L.6

6.66

6. Bo

6.66

o. oJ

6.lt

o

2

.lt

B

T2

( wn¡ )2so¡
( 50 ppn)

52.ì-l

50.14

l+6. À

35.)4

8.8

2.)1

I0.ll

12. B

22.6

5L.6

5l+ .B

60. B

qot

tB.0

6o.ll

6.rB

o. br

6.ill

6.1+B

633

0

2

!

B

L2

UREA
(50 ppn)

rl+ .8

70.0

66.2

)+j.)1

t7.2

I.B

7.2

13.5

32.8

tB.0

L6.6

77.2

79.7

78.2

75.2

6.64

6.Bg

6.Bl

6.¡¡

6.38

Note: OnIy a trace of NO2-N \{as ever detected.
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TABLE 2'

INORGANTC NITROGEN AND pH VALUES AFTER VARIOUS INCTIBATTON PERIODS

LAKELAND SOTL

INCUBATTON
PERIOD IN

EXCITANGEA3LE

NHà-N No3-N NO2-N TOTAL

o

2

!
o(J

L2

COMROL 6.t+

\.6
l¿.2

o.6

o.6

56.o

l+8. B

30. B

5.)1

0.0

j.,4

1?.0

r5 .0

20.l{

2L.2

13.0

26.2

38.B

38.9

trace

traee

2.8

9.6

rI. B

2L.6

L9.2

atr.0

2I. B

6t.6

6r. B

,9.8

t3. B

38.9

B.z

B. r¡+

B.o9

B. rz

B.13

B. ro

7.98

7.8'

7.83

7.85

0

2

l+

B

L2

( i'iHL )psol
(50 ppm)

0

2

Lt

()

t2

UREA
( 5o ppr)

21.0

6r.B

40. B

L2.ì1

0.0

7.6

Ià.)+

20.0

33. r

5L.2

7.0

7.7

37.3

?o

28.6

83.2

6l.g

82.B

55.L

B. rlt

8.oT

7.93

?.83

7.86
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TABLE 26

CHANGES fN INORGANIC NITROGEN I/,IITH TIIvE

TREATMEI'¡T

TIME
DÏFFER-
ENCE

( iw¡ )rso¡

I\iH! -r{ NO3 -N
DECREASE INCREASE

p.p.m. p.p.m.

IIO2-N
CIIANGE
p.p.m.

NHl+-N
DECREASE

p.p.m'

UREA

No?-N
INÚREASE

p.p.m.

NO2-N
CHANGE
p.p.n.

}TELLTdOOD o-2 2.1+ B.o ,.4

2))

lr -B

B-re

2-L2

l.l .0

11.0

26.6

2.11

9.8

29.O

3.8

20. B

nOn¿(). ¿

6.2

lo ?

D\)

TOTAL l+r.6 l+t.Z 52.8 50. 8

I,AKELAND o-2 7.2 7.)4 6.8 7.o

2-\

L-B

B-ra

TOI'AL 2.L2

TOT'AL NO3 NOe

IB. O

25.)+

5.\

L3.2

L2.6

0.r

2.8

6.8

2L.O

28.)1

L2.14

6.6

13. 1

rB. l

0.I

30.2

c¡ l,-JJ.Ï

bB.B zj.9 9.6 6r.8 37.8 -3.r
3r., 3\.7



CHAPIER VITÏ

Sunmary and Conclusions

The aiu of thís investigation was to evaluate exchangeable

ammonÍum as a soìr.rce of nitrogen in the soil and to study its persistance

and its Ínterconversion to other forns of Ínorganic nitrogen. As nany

soils are deficient in nitrogen, the effects of added nitrogeneous

fertilÍzers \.,ere also considered. Since the amnonium ion was the portíon

of the inorganic nitrogen of primary interest, three ammoniun releasing

fertilizers lrere used, namely ammonium nitrate, aümonium sulphate and

urea.

An initial investigation was carried out to ensure that

aceurate deternínations of exchangeable anmonium r^¡ere being nade. tr?om

this experiuent it vas concluded that, to obtaÍn a valid estimation

of the exchangeable aumoniun present Ín the soiL in its natural state,

determination should be nade on the fresh soil samples, with the minimum

of delay between samplfng and extraction. Where this is not possible,

the fresh soil should be stored at 2oC.

In the spring of L965 field trials r+ere set up at four sites

in Manitoba. The four soil t¡4ges used for these trials were calcareous

Lakeland soil, an acid l[ellvood soil and tr¿o alkaline soils, an Alnasippi

and an Altona. rn these particular fierd triars higher barrey yierds

were obtained vhen the amnonium nitrate was drilled in with the seed

rather than broadeast on the Lakerand and Almasippi soils. No

signÍficant difference between the tl¡o methods of application could be

10r
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seen with the other tvo soils.

trrlhen the yields from broadcas'ù ìlrea and armonium nitrate at

several rates of application \.¡ere coüpared, no signÍficant difference

betveen the two carriers existed, except on tbe wellr,rood and Artona

soils at the 6o r¡. per acre rate of application. At this rever

aumoniur¡ nitrate lras superior to urea. Drilling in the fertilizers
with the seed, hor,¡ever, produced greater yierd differences betr¿een

carriers. 0n the Altona soil 2O and l+O ft. per acre applications of

urea and urea phosphate gave lower yierds than sirnilar ammoniun

nitrate apprication. with the Almasippi soir onry the !o lb. per acre

urea and urea phospþate rates yielded lower than ammonium nÍtrate, and

on the Lakeland soÍl only the !O Ib. per acre urea phosphate treatnent.

AII three carriers yielded similarly on the acid soil.

Another difficurty frequentry encountered when using urea

containing fertilizers is poor gerüination. In these particular field
trÍals signÍficant reductions in gernination only oceured when the

fertilizer llas drilled in with the seed. One case of reduced germinat:Lon

with an ammonium nitrate treatment was noted. tr?om the four urea

containing treatments on the four soÍIs, eleven showed significantly
reduced gernination' This effect was ûoïe common on the three alkaline

soils than on the acid Wellwood soil.

SoÍL samples were taken from the four fieLd trial 1ocations

and analysed, both before and after cropping, for exchangeable ammonium

and nitrate nitrogen. Exchangeable ammonium values varied from quite

lol in the Armasippi soir to very hÍgh in the Artona soir. Nitrate
nitrogen showed a similar pattern, but the ïange of varues vas narro1,eï
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than for the exchangeable ammoniun. Both exchangeable amnonium and

nitrate nitrogen levels decreased over the growing season.

In a greenhouse experÍment the changes in nitrate and ex-

changeable ammonÍun nitrogen were follo¡¿ed more closeIy. This experiment

shorved that exchangeable aumonium nitrogen does not persist in alkaline

soils under good groliing conditions. F\rrther support for this concl-usion

vras obtained from an incubation experiment where ammonium nitrogen was

all fou.nd to be nitrified in an alkaline soit within tr,¿elve days. On

the other hand, in both experiments exchangeable aumonium persisted for

a considerably longer tiue in an acid soil.

As in the field trials both forms of inorganic nitrogen

decreased over the growing period, The overall evidence from the field
trÍaLs and greenhouse experiment suggests that, aLthough nitrate nitrogen

is the nost iutportant portion of the inorganic nitrogen for barley, the

exchangeabLe arnmonium nitrogen can not be conpletely ignored vihen making

determinations of available nítrogen. Where exchangeable ammoniun is

present in the soil, it appears to be available to the prants when the

denand for nitrogen is at its hÍghest.

Conversion of exchangeable ammonium to nitrate nÍtrogen was

more rapid in the alkaline soils than in the acid soil. Both the green-

house and incubation experiments shoçed that Loss of nitrogen oecured

l¡hen anmonium sulphate ¡,¡as applied to the surface of an al-kaline soi1.

This was not the case r,¡ith the acid soil. The lower þIds obtained in

the field trials when the fertilizer lras broadcast rather than drilled
in with the seed may result from this volatile loss of nitrogen from the

soil surface.
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Surface application of urea shoved little to no loss of

nitrogen in the greenhouse experiment. llowever, in the Íncubation

experiment, nitrogen loss occurred on the al-kaline soil from both the

wea and the ammonium sulphate. In this case the loss of nitrogen

appeared to be related to nitrite nitrogen accumul-ation. The difference

in results obtained uith the two experinents can probably be attributed

to the differences in environmental conditions.

Although the same soils \,,ere used, direct comparisons betueen

the fÍeld trials, greenhouse ancl incubation experiments are difficult

to make because of the differences in environmental conditions; the

IaËËerare highly important to plant grovth and microbiaL activÍty.

Hor+ever, the incubation experinent does confirm that nitrite nitrogen

can persist in these alkaline soils and that nitrite levels are higher

vith urea than v¡ith ammoníun sulphate. This gives eonsiderable support

to the idea that the Lowered yields obtained with the urea and urea

phosphate treatments in certain of the field trials may be due to

nitrite accumrrÞtion. I,Jith the greenhouse experiment, the urea gave

higher yields than the ammonÍum sulphate, in.dÍcating that the mode of

application of the fertilizers is highly important in this respect.

fn the field trials the urea t'as applied in pellet fo-rm, thus increasl'-ng

the likeLÍhooti of localised high concentrat:'.ons of fertilizers; in the

greenhouse experiment the fertilizers Ìrere appl1ed in solution, r,rhich

t¡oul-d give a better distribution of the carrier thror-rghout the soil.

Further suppcrt for this idea is obta:'-ned from the lle1ll¡ood so:'-I, the

soj.l whÍch gave the greatest difference in yields betr,¡een the tr¿o

carrie.rrs in the greenhouse experiment. lUren the urea lias r^¡orked in on
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the fieLd tríaL, Ëhe yiei.d rEas similar to that fron Ëhe a¡¡noniun nit,rate,

The results of these investÍgaËions open up several possible

lÍnes for future investigaËions. WÍÈh Lhe acid soiL the use of aq'ñonium

sulphate r¿as found to gíve lor¿er yields Ehan urea, ThÍs appeared to be

related Ëo a¡nmonium ion persist.ence. Further work ís needed Lo

eLucidate the cause of ÉhÍs arsuoníum ion persfst,ence in acid soiLs r,rhen

an acid based a¡nrnoniacal- fertil-izer is appLied and to investigate the

possibíLiËy of counËeracËing Ëhis effecË by using urea.

on the ai.kalíne soiLs a marked loss of nitrogen occurredo

Investigations could be made into the possibíllty ËhaË this is due to

anmonia volatilization and thaË the redueed germination obËained ín

severaL cases may be due Ëo a¡¡nonia toxícíËy" fhe mode of appi-icaLion

of the fertiLízers seems to be very ímportant in Lhis respecË sínce no

loss of niËrogen occurred when the urea r,¡as applíed in solution. SÈudy

of niËrate nlËrogen persíscence as a probable cause of the reduced

yÍeLds wÍËh urea and urea phosphaËe and Ëhe possibiLiËy of aclding an

amelioraËíng subsËance to counËeract Ëhís effect could also be made,
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APPENDTX T

Statistics FYom Experiment 1.

A.
ABCDE

Standard Deviation 3.26 2 3j \ .72 L.6Z L.g6

To deterrnine vhether the varÍous treatrnents had produced any

significant difference in exchangeable ammoniun levels as conpared r^rith

the Ínitial Ievel, "t" values \^¡ere calculated.

BCDE

0 .391+ I. OI l+ . 6l+xx 2. OOx

ìÉ signifieant at tine J/, Level.

å(r€ signifieant at tlne L/, Ievel.

F?esh Oven-Dried

Standard Deviation 18.4 19.)+

The dÍfference betl¡een the means is sÍgnificant at the rfo

Ievel.

B.
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