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ABSTRACT

Fiel-C experlments were conCucteC in t96B anC

L969 to stuCy tbe rel-ative efficiency of urea and ammonium

nitra'be as sources of nitrogen at eight locations represent-

ing seven Manitoba soil types. A greenhouse experlment i,¡as

also conCucteC to stuCy plant uptake of tracer nitrogen

applieC as urea anC ammonlum nitrate. Finally, a labonatory

experiment was conCucted to determine the magnitude of amm-

onia l-osses from urea anC ammonlum nitrate treateC soils.

The field experiments showeC that damage to barley

seeClings l¡¡as inver"sely relateC to the cation exchange cap-

aclty of the soil-s when urea hras applieC t^rith the seeC up to

rates af 57 Lb/Ãc. Yiel-C increases from uniform incorporat-

Íon of NH4N07 with tbe soil caused greater yield incr"eases

than urea on a two year average, but the Cifferences var"ieC

with soil type anC year of application. The coarse textureC

Almasippi soil- with a higb pII showed the greatest Ciffer-
ences in carr:iers. Dri]llng amtonium nitrate with the seeC

causeC greater yielC increases tban uniform incorporation up

to 6o ru N,/Ac.

The greenhouse experiment showeC that plant uptake

of tr-acer" nitrogen applieC as ur"ea and NH4 was less tban

that applieC as NOf inCicati¡g a pr"eferentlal- immobil-izal,-

ion of M4 N over N07 N .

The laboratory experiments sbowed that a Cecrease

1n temperature from 25o Lo 15oC causeC a marked delay ln

initiation of ammonla vol-atil-izatlon anC a Cecrease in tota]



ammonia volatilizel. Losses of ammonia from urea T¡Iere

much larger than from }IH4NO, anC vlere greatest on soils of

high plI. Cation excbange capacity also exerteC an influence

on the amount of ammonia lost.
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INTRODUCTION

Nitrogenous fertilizer application to agricultural

soils ls often the single rnost significant agronomic practice

useC to lncrease crop proCuction. Hence, it is lmportant to

eval-uate the relative efficiency of the most commonly used

nitrogen carriers in Manitoba, namely, urea, urea proCucts

and ammonium nitrate. Recent unpublishel work ln Manitoba (ff)

has inCicateC that these carriers are not necessarily equal-

as sources of nitrogen for f1elC crops, a fact which has been

amply documenteC in the literature (18, 20,7L,77,34, )7,

48, 67, 68, 69, 72, TB, Tg, Bo, Bz) . rt was felt, therefore,

that a comprehensive stuCy on Manitoba soils \4las necessary

in order to obtain more conrplete information. Previous eviC-

ence suggesteC tbat Cifferences in efficiency of the nitrogen

carriers was r"elateC to soil- pII anC texture. Tbe soil-s

used in this stuCy were therefore chosen r'rith a raxge in these

vaniables.

Tbe stuCy was conCucteC in the field, gr"eenhouse

anC laboratory. The fielC stuCies wer"e conducteC over two

successive growing seasons anC the evaluation of the nitrogen

sources i¿as maCe by measuring seeCling emergence, nitrogen

uptake anC crop response of barley. In tbe greenhouse, labelleC

nitrogen carriers were useC in an attempt to l-ocate the path of

fertÍlizer nitrogen anC to eval-uate the labelling technique

for fielC stuCies. Laboratory incubation experiments vere

conCucteC to measure voÌ-atil-e losses of ammonia nitrogen, a

mechanism suspecteC to account for the Clfferences found



¿

betl¡een the tr¿o nitrogen sources ln the fielC anC green-

house.
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II LTTERATURE REI|IEI^I

Unlike other commonly useC nitrogen carriers, urea

is an organic compounC r,¡hich is hyCrolyzeC by the soil
enzyme urease to form ammonia anC carbon dioxiCe (ZB) (62)

(66) ( r¡) (>t)

NH^¿\ urease \
--_--7

,C:0*HoO
,/L

A\iH, + COz

NH2

These proCucts can be funther hyCnolyzeC to form ammonium

carbonate.

Experinentally, soil pll has been shown to

increase fron 5.5 to 9.0 near the zone of unea hyCrolysis

(Zf) (Bf). This may result in loss of N as MJ, ammonia

toxicity to plants anC to ammonia sensitive nitrifiers such

as N_1!IgÞag!gg. Bates anC Pinching (Z) found that in aqueous

sol-ution, 9q" of the arnmonj-a is present in the pnotonated

form at pll 7.0 whereas 5Uñ is present in the pr:otonateC

for"m at pH 9.0" In a soil system this relationship is
affecteC by the soil exchange sites anC other salts present,

although even in the soil- sol-ution, increasing pII results
in a Cecrease in the protonateC form.

Although ammonia in solution is often written as a
solution of the v¡eak base ammonium hydr"oxiCe, Cotton anC

wil-kinson (16) state that it coes not exist as such anc the

relationsbip between arufronia anC ruater should be r,¡r"itten



oH (pK¡ : 4 .75) .

as one of the tt¡o

pH its
izeI to

that of

NHt (rq.) + szo 
= 

NH4 +

They also state that ammonia exists

bydrateC f orms äH,'HZ} or NHJ ' HZO .

Although initially urea resul-ts in an increase in

final effect is to reCuce soil plI as Ml 1s oxiC-

N0.. In reCucing plI, its behaviour is similar to)
NHI'N0='t) anc (nur+)rsou ftr)

Factors Affecting Urea HyCrolysis

The hyCrolysis of urea is the most significant
factor differentiating it from carriers such as ammonium

nitrate anC ammonium sulphate.

Chemical hyCrolysis in soils is exceeCingly slov¡

relative to enzynratic hyCrolysis (tt). This discussion will-
theref ore pertain to the l-atter.

Soils vary in their ability to hydrolyze urea (Ø) .

On some soils, the reaction is first onCer (40) (44) (¡+).
0n other"s, the enzyme saturation level is reached anc no rate
increase occurs beyonc a particular rate of urea application
(61) inCicating that the soils ability to hyCrolyze urea witl
CepenC on the inherent urease activity of each soÍl_.

Conrad (f)+) and Gibson (lZ7 repor.teC a direct
rel-ationship betr,¡een soil organic matter content anc urease

activity. The increasec or.ganic matter luas believec to be

associatec r¿ith greater microbiological activity anc urease

procuction. The adcition of ener.ry rnater"ials such as glucose

has been shomr to markeCly increase urease activity (tl). A
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slmil-ar effect r¿as observeC by the adCition of urease to the

soil (4g). The increase in bycrolysis was inmeciate upon

applicatlon to the soil- i"¡hereas tbe aCCition of energlr

sources requires a lag perioC in l¡hich the microbial pop-

ulation increases. Soil-s with bigher clay contents ïIere also

observed to exhibit higher urease actlvÍty (ff). Tbis is Cue

to a clay-urease complex which slowly releases urease upon

the adCition of urea.

A number of reports (6) (29) (61) incicate a cirect

nelationship between temperature anC urease activity from

l-o0 to ]OoC. This corresponcs with the effect of temperature

on the incr"ease in gnowth nate of microorganisms anC sub-

sequent increase in urease proCuction. This is an important

consideration in Manitoba since fertÍlizers for: cereals are

usually applieC wben soil temper"atures are relatively low

ß - 15oc). At 25oC., urea hydrolysis can be Lavñ completec

r¿ithin two Cays but at loO it can take two weeks or more

depenCing on the concentration of urea anC urease (ll).
The effect of pII on urease activity is not very

markeC within a range of ! 2 units of pII 7 .A. Unea is

hydr"olyzed rapiCly at pllts as low as ].1 or as high as ).2
(rz) (>z) (46) (65). soul-ices anc crark (6il and Gibson (lz)

reporteC slower hyCrolysis rates r^ritb increasing alkalinity
but another report inCicates slightly more rapid bydrolysis

witb lncreasing pll (61). The apparent discrepencies coulC

be due to tbe kinCs of urease proCucing mlcrobes present in

the Cifferent soils. Bacil-l-ug pasleltr_i} thrives in solls
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high ln pli anc ammonia concentration (66) " since it is a

major. urease proCucing organlsm, a soil with a large pop-

ulation of this organism in¡oulC be expected to sbor¿ a posit-
ive correl-ation between pII anc hycr.olysis rate. since
bigh concentrations of ammonia are toxic to most other mic-
robes, soil-s populatec r¿ith microbes other than Bacill_us
pasteulj-j r¡oul-C be expecteC to shor,r a negative cor.relation
between hycrolysis rate anc pII. since the rH falrs with-
in a fairly narrolr range in most agricultural soils in Man-

itoba, it shoulc not be a major factor. influencing urea

hydrolysis.

Moistune content in the avairable water range has

verT little eff ect on urease activity (lg) 6l) ftg). Urea

hydrolyzes quite rapidly at molstune contents as row as L%

basec on an ain dry sample (zB). rt appears that fon most

practlcal purposes, soil moisture is not a critical_ factor
governing the r.ate of urea hydrolysis.

Ammonia Retention

Although ammonia is very soruble in waten, con-
stant gaseous losses woul-c occur from soil except fon the
acsorptive capacity of soll colloics anc the utilization of
ammonia by plants anc soiÌ microbes. The acsonption complex

is mace up of clay and organlc mater"ial vhich can acsorb

ammonia eitber phystcally or chemically. Mor"tland anC Walcott
(fo; state that physical-acsorption is charactenlzec by easy

reversibility, low heat of acsorption anc coes not require
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any specific aCsorption sites. Any compounC that 1s phys-

ically aCsorbeC by a col-l-oiC is quite easity removed by a
reCuction in the pressure or concentration of tbe adsorbate.

Chemically aCsorbeC compounCs are characterizeC by a Cegnee

of irreversibility anC require specific aCsorption sites.
They also state that as the process of acsorption prognesses,

a range from chemical- to physical aCsorption vill occur" Cue

to the interaction of molecul-es ah"eady adsorbeC r^rith tbose

ln the process of being acsorbed. rn a review of the liter-
ature MontlanC anC Walcott (¡O) conclude:

"(f ) The ammonium ion is formeC r¿ben
ammonia is aCsor"beC by aciC clay minerals. (Z)
The ammonium ion is also f or.meC- when certain base-
saturateC clay minerals aCsorb ammonia. The source
_of the proton for the latter reaction is thought to
be p::oviCeC by vraten molecules which have beeñ al_t-
ereC in their Cissociation pr.openties by the polar-
lzation effects of the exchangeable cation augment-
eC by,the 9]ay mingr"al surfacõ itself . (l) Rñmine
type (coorCination) bonCs may be for.¡leC upon amm-
onia adsorption if appropriate cations are pr.esent
on the exchange complex. Tbls ion-Cipole iñter-action var.ies greatly in stability Ceþending on
the nature of the ion. HyCrogen bonding of-amm-
onla to surface orygen atoms óf clay lattices anCof various oxiCes existing in soils- is another"
adsonption mechanism. HyCrogen bonding between
NHj anC.lEI¡* anC betr¿een H2O anC NH¡+ ãf 

"o takesplãce. (4) ' Pur"e physical ãCsorption of ammonia
r"epresents the least energetic adsonption mechanism.tt

Vol-atilization

Most of the researcb

hyCrolysis has incluCeC stuCies

volatil-ization. The lltærature
and Ceter"mlning gaseous ammonla

on factons affecting urea

of factons affecting ammonia

compar.ing sources of nitrogen

losses 1s quite volumlnous.
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FielC anC greenhouse cornparlson of these sources often
incicate that urea is as effective as other sources of nit-
rogen in increasing crop procuction. A summary of tbe r,,¡ork

done in the soviet union from L95B to 1964 incicaLec that
urea anc ammoniurn nitrate were equal sources of nitrogen
(4f). However, a significant portion of the literature
inclcatec that urea is not necessar.Íly as effective as amm-

onium nitrate or surfate. The cÍfferences T¡rere usually
associatec with specific soil char.acteristics which incuce

ammonia volatilization .

Factors Affecting Amrnonia Vol_atilizatÍon

chin anc Kroontje (Lt) appliec ammonium carbonate

to soils anc upon incubation founc that the rate of ammonia

volatilization r,¡as relateC dir"ectly to ammonium concentration.
Paru anc Papencick (¡6) stuciec the cesor.ption of ammonium

from the soil under continuous aeration and founc that the
rate of cesorption hras an incr.easing function of the ammon-

ium concentration pr.eviously appliec to the soil_. They also
found characteristic thresholc values for initia] ammonia

concentrations below which the rate of ammonia Cesorption fell
markecly. Tbey conclucec tbat the r"ate of cesorption was

governec by the strength of the various NHf - adsorbent boncs.

They al-so suggestec that at l-ow moistui:e levels competition

for aCsorbent sites occureC betlueen water anC ammonia whicb

agreed with the conclusion of Jones and Harvarc (4r). The

rate of desorption at the start of aeratÍon i¡as lnversely
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rel-ated to the moisture level anC ammonia was rapiCly Cls-
placeC from an air dry soil- by water vapour from moist air.

Resul-ts similar to those of Chin anC Kr.oontje (It)
were reporteC by Gasser" (lO¡ for ammonium sulfate. Similar
functions are shoi,rn for volatilization from urea, although

the rate of vol-atilization is governeC to some extent by

the r.ate of urea hyCrolysis. If byCnolysis is slow, the

ammonia concentr"ation may not reach the cr"itical levels
neporteC by Par.r and Papendick (56) anC little ammonia volat-
ilization woulC occur since the urea rn¡ould Ciffuse from the

initial point of contact and hydroLyze where urea concent-

ration r+as lower. However, a prolonged perioc of volatiliza-
tion has been shown to occur" even when hydrolysis was sl-ow (49)

Ernst anC Massey (26) found that the total- ammonia

loss r,¡as r:el-ated to the moisture content of the soil- before

drying. Tbis was in agr"eement with Martin and Chapman (45)

anC Jewitt (lB). Ernst anC Massey (26) for-u:d, however, that
the amount of ammonia vol-atilized from urea i^ras not necess-

ar"ily a functlon of the rate of dr"ying when the soil was ini-
tially at fielc capacity. Rapic dr.ying to air cryness hatted

urea hycrolysis, thus allowing only small amounts of ammonia

to vol-atilize. Losses up to L@ of the appliec nitrogen
occurec wben no evaporation took place, but although evapora-

tion was consiCerably more rapiC at 50 - 55% tban at B! - 9æñ

relative humidity, ammonia volatllization was the same.

trüabhab -e! a] . (fl) subjected urea treatec soil-s to wetting
and drying cycles anc founc cecreasing amounts of ammonia
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volatilizeC vitb each Crying until the fifth cycle when no

ammonia r,¡as lost. The amount lost increaseC rr¡ith incneasing

moisture contenl. ]¡Ihen constant moisture context is main-

taineC, more anmonia is l-ost from soils vith a loi,¡er than

those of a bigher initial- moisture conient (26),

There is agreement on the effect of pll on ammonia

vol-atilization. Tbe results of Bates anC Pinching (Z) and

Ernst anC Massey (26) indicate that the concentration of

ammonia is increaseC exponentially as the ÉI of an aqueous

solution is lncreaseC above /. This I'ras relateC to ammonia

losses frorn soils by Gasser" (lO¡ anC Ernst and Massey (26) 
"

Although ammonium sulfate has been reporteC to be subject

to greater" losses of ammonia than urea on soil-s of eH 7

Cue to Cownr¡arC movement of urea before hyCrolysis (lO), ln

most instances urea is subject to greater losses of ammonia

Cue to tbe increase in pll as urea bydr.olyzes.

Cbin anC Kroontje (L7) suggesteC (without experi-
mental eviCence) tnat accordlng to the Ar.rhenius equatÍ-on,

the rate of ammonia volatilization from tbe soil should be

higher at higher temper-atures. Total- losses do not necess-

ar"ily incr"ease r¿ith temperature, however, &s Gasser (>O) has

sboi,rn. Martin anc chapman (4f) stuciec the l-oss of ammonia

from amrnonÍurn sulfate, ammonium nitrate, ammonium hyCroxiCe

anC urea applleC to soil-s l^¡hich Lrere al-ternately r,¡etted and

CrieC anC varieC in temperature. A lj¡ear rel-ationship bet-
.t4ieen total ammonia l-ost from the Ínorganic carriers a¡d tem-

peratur.e was found. Tbe relationship of temperature to urea
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nitrogen volatil-izatÍon appear"eC exponential. Altbough

exceptions Co occur (lO) most researchers report greater"

l-osses of anmonia from urea with higber temperatures. This

is tbeoretically sounC since a slor,¡er hyCrolysis time al-lows

greater urea anC ammonia diffusion in the soll.
Overrein and Moe (¡l) reporteC an approximately

l-inear relationship between the depth of soil- v¡ith t¡hich

urea r,nras mixeC anC toial ammonia volatilizatíon for moisture

contents of 10 anC 2Ø. There raras a significant difference

in ammonia volatilizaLLon between the two moisture l-evel-s

due to the solubility of ammonia in water. These results

are similar to those of Ernst anC Massey (26) r¡ho found tbat

5% of the urea nitrogen \¡ras l-ost '^¡hen mixeC with the sunface

1å inches of soil anC IBrt when urea rlas applieC to the soil
sur"face. This experiment was perfor.meC with a silt l-oam soil
wíttr pTI aCjusted to 6.5. Gassen (lO) found that mixing

ammonium sulfate vrith the soil CecreaseC losses but mixing

urea with the soil and applying it to the soil surface r"esult-

eC in similan amrnonia l-osses. The latter results can be

explaineC by the ability of urea to Ciffuse fr.om tbe soil
surface before hydr"olysis occurs. Meyer anC Olson (48)

concluCeC that nitrogen fertilizers, particular"ly urea anC

ammonium containing compounds shoul-C be incorporateC witb tbe

soil- when irrigation or rain Co not fol-l-or,¡ application.

Gasser (lO¡ combineC hls resul-ts wlth those of Volk

(ZB) anC Martin anC Cbapman (4¡) to show tbe rel-ationship

betl,¡een cation exchange capacit¡r anC ammonia losses. The
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results indicateC that at cation exchange capacities greater

than 30 neq/LOOg , only smal-l losses occur. As cation

exchange capacÍty decreaseC, the Cegree of ammonia ]oss

increaseC rapiCly.

Hor,¡ever, llahhab e! af (fl) compared tr¿o soils of

differing texture anC reporteC J-osses from the sanCy l-oam

r,¡ere near"ly double that of the sanC. Since tbe sanCy loam

containeC three times more organic matter than the sand,

it may have been abl-e to hyCrolyze urea more rapiCly causin g

a greaten temporary anrnonia concentr:ation. Cation exchange

capacity r.ras not Ceter:mineC, hor^¡ever, so the two Cetermining

factors (available energy anC cation excbange capacity) could

not be conpareC.

Ammonia Toxicity

The application of fertiLizer in a banC with small_

gr"ain seeC is known to increase yields anC nitrogen uptake

to a greater extent tban an equivalent broaccast application.
However, àL the higher practical rates of application sign-

ificant stanc r.ecuction can occur cue to the osmotic effect
of tbe fertilizer. This often r"esults in yierc recuctlons.

Urea applieC i¿Ítb the seed causes a special pr"oblem

since toxic amou.nts of ammonia are releaseC near the germinat-

ing seeCs. This fact is r,rell CocumenteC (4, ID, fB, 19, ZO,

34, 47, 67, 69, 76, Bf ) . hlhen the pi{ rises to B or. 9, the

presence of amr¡onia in the soil is highly toxic due to its
rapiC diffusion tbrough cel-l membranes and the inability of
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the detoxifying mechanism in the cel-l to cope with Large

amounts of ammonia (fÐ " Ammonia is also toxic to the

nitrite nitrifier Nitrobacter causing tho accumulation of

high concentratlons of nitrite (rg) (zz) (64) (fù. Smith

(64) rel-ateC lower: cation exchange capacities to the accumu-

latÍon of nitr.ite in the soil. He suggested that this was

due to the greater concentration of a¡nmonia on soils of lov¡

cation exchange capacity. Cour.t et a!. (fZ) (fg) suggesteC

that the accumulation of nitr"ite causeC toxicity to maize

seedlings. The toxicity symptons they noted occurueC after
high ammonia concentrations had been oxldized to nÍtrite.

fnrmobilization of Ammonium a.nC Nltrate
Ammonium and nitrate nitrogen carriers have been

considered equally available to micro-oi:ganisms (60).

RicharCs anC Shickl-ande (6f) first suggesteC that ammonium

was absoi:bed more rapidly than nitrate, particular.ly during

the early stages of decomposition of cei:eal str.aw. Jannson

3f) states that "although ammonium and nitrate have generally

been considereC of about equal value as fertilizer materials

under" a wide range of conditions, there may be peculiar sets

of cincumstances where each woulC have advantages over the

other. " Using label-leC nitrogen as a tracer, he f ounC 'bhat

if both ions rrere added in sufficient quantlty, the organisms

utilized ammonium almost exclusively. He also found that
Curing perioCs of bigh immobilization wben ammoniurn was like1y



14

to be Iow, nitrate nitrogen was extensively absorbeC, but

r¿hen ammonia was being liberatec more rapÍcly than nitrogen
was being absorbeC, nitrate \ras utitizeC only to a minor

extent. overrein (>l) stuciec tbe paih of tracer inorganic

nitrogen on forest rai,¡ humus r¿itb similar. results to those

of Jansson. He founc, however, that at higher temperatures

(ZO vs. 4 anc LzoC) tfre preferential- utilization of ammonium

CecreaseC. Urea nÍtrogen was immobilized to a gr.eater extent
than nitrate and also more rapicly than fi:om an ammonium

source. He suggestec that this vas due to the temporary pH

Íncrease associateC with urea hyCrolysis being more conCucive

to lncreaseC biochemical activity. ThÍs effect was also report-
ed by Jansson (n) and Broacbent anc ryler (ro). Jansson

suggestec that this might be cue to mankec cifferences in
microflora. Broadbent and Tylen considerec the pbysiological
acidity or alkafinity of the nitrogen source. The possibility
of more rapic absorption of ammonia at a higher pII cue to a

higher concentration of non-protonated ammonia was not suggest-
ed.

Broadbent anc ryler (g) stucied the r"elative in:rnob-

ilization of ammonium anc nitrate in two soils taking into
account net nitrogen changes as wel] as tracer nitrate. 0n

a sancy soil lov ín organic matter, the nitrifying population
r'üas unable to compete with tbe heterotrophs r¿hereas on the
heavier textured soil with high organic matter content, â high-
er portion of the acdec ammonj_um appearec as nitrate. Nitrate
was also immobilized on the sanCy soil to a gr.eater extent than
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on tbe c1ay. The rel-ease of labelled immobilizeC nitrogen

rras negligible over a perÍoC of sixty days, bowever, a portion

of this l¡as replaceC by non l-abelleC mineralizeC nitrogen.

Other investigators (f) /J6) al-so reporteC the relative
unavailability of immobilizeC nitrogen l¡hich is releaseC at

a rate approaching that of mineralization, i.e., the immob-

ilized nitrogen rapiCly becomes stabilizeC. BroaCbent and

Tyler (g) r"eported the rel-ease of non-l-abelled ammonium ten

Cays afterbhe aCCition of labelled ammonium. Stojanovic

anC BroaCbent (ZO) also reported a net immobil-izatlon of

l-abell-eC nitr"ogen r,¡hlch was par"tially replaced by non-labell-ed

nitrogen. They stateC that nitrogen useC by plants is par.tty

proCuceC by soil organisns even when fentilizer nitrogen Ís
recently applieC to the soÍl. fn greenhouse stuCies, various

investigators (B) (g) (.J6) reporteC this occurrence. Nitrogen

immobilization was of l-ittl-e consequence in crop procuction

if lmmobilizec nitr.ogen was rapidly replacec by rnineralizec

nitrogen.

However, the literature nevlewed inCicates that
immobilizec nitr.ogen is not rapicly nor totally replacec in
the growing season of cereal crops. Consicering that ammonia

is often immobll-izec pr.eferentiatly over nitrate, the choice

of nitrogen car.rier appears quite Ímportant.
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II] FIELD EXPERIIVIENTS

fntroCuction

Tbe purpose of tbe fiel-C experiments conCucteC in

1!68 anC L969 \üere ttrreef olC. Tbey urere primarily CesigneC

to stuCy the effect of soil pH anC cation exchange capacity

on the relative efficiency of urea anC NH4N07 applieC to

a barley crop. In aCCition, comparisons ÏIere made betl¡een

incorpor"ating nitrogen fertilizers uniformly vith the soil-

(broaecast) and apptying them rvith the seeC (Oriffed).

F1nally, the response of the barl-ey crops to various rates

of nitrogen application was stuCieC.

MethoCs anC Mater"ials

S oils
The soil-s chosen for the fiel-C plot sites are

CescribeC in some Cetail in the Manitoba Soil Survey reports

number.s 4 , 5, / and 12 (27) (zU) (zS) $g). They 'were selectec

for" their range in dI, cation exchange capacity anC low

nitrate nitr"ogen conLent. A summary of the soil character-

istics is given Ín Tables I anC ïI. Texture ranged from

loamy very fine sanC to a clay with a corresponCing range in

caLion exchange capacity from IL.) to 17.L meq/100g.

So11 pII rangeC from 6.0 on the 1969 Stockton soil to 8.2

on the Plum RiCge soil. The Plum Ridge anC Lakel-anC soils

rrer.e highly calcareous (CaCOl equiv

soil layer'. All other soil-s baC I.@ or less except the



TABIE T

C ooperator

t96B Murta

Hockin

Havkin s

Janick

PLOT LOCATIONS, SOIL NAI4ES AND TEXTUBES,

SEEDING AND }TARVEST DAT]]S

L969 Hockin

Sirrette
Moel-ler

Toews

Legal Loc.

s. E. 22-6-6 1,1

s "E. L6-L1-r5

s"w" T-L5-2 E

s"E" 5-4-4 ïr

Soil Association
or Series*

Almasippi

I^I Stoclcbon

Plum Ridge*

Altona

N.E.

s .Ïü.

N.E.

S .1^I "

L6-:-3-L51¡l

5-14-16 t'l

Lg-L6-7 T,

b5-tw

Texture

LVFS

Stockton

NewCale

Lakel-and*

ReC Fiver

FSL
VF S

VF S

Seeding
Date

May 28

May J0

May 22

May 2)

L

CL

FSL
CL

CL
C

Harvesting
Date

August 28

August J0

August 25

August 29

May 1r-l

May L6

May IT

May 20

August f4

August 15

August L9

August 18

P
-.1



TABIE TI

Yean

L968

1968

1968

1968

L969

L969

L969

L969

Soil Type

Almasippi

Stock'r,on

Plum RiCge

Altona

Stockton

Ner,¡dale

Lakeland

Red River

SUMMAFY
CHARACTERIZE

Nitr"ate
Nitroeen

Ib/acre lo 2'*

11 .g

9.2

5"2

10 .5

15.0

8.0

7.6

2r "a

OF ANALYSES CO}TDUCTED TO
SOTLS FROM EXPERTMENTAL SITES

NaHCO3 Exch. CaCO-
Exr. É K Bqui?.
(pp' ) (pp' ) ps -%

6 .l r-r2 B.o r-.0

5.9 260 6.1 0.5

B.g tr4 8.2 tl.o
11.0 2gO 7.1 O.5

* Other soil characteristics to 6"

T.o
Ol¡o.+

rB .9

4.1

176

tto
45L

68s

OM

%

ConC.
rmhos/cm

6.0

7.4

8.0

7.6

2.9 .4o

1.7 .14

4 .6 .4r

1 .' .32

0.1

L.T

L5.6

0.5

n1;rõv .JJ. \/.
mey'toog

LL.1

rI zL t.)/

17 .0

22.O

1Ã oLJ 
' -/

24 .8

DoIçJ. t

17 .r

5.2
ÃZ

6o

7.0

zlr

zo

.57

ZO

H
co
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NewCale r,¡hich haC L"7%. Organic matter content var.leC from

a 1or¡ of 2.V" on the Almasippi soil- to a high of 7 "Uñ on the

ReC River" The orCer. corresponCeC roughly to texture anC

cation exchange capacity. Solubl-e salt content ruas l-ow on

al-l soils as inCicateC by the conCuctivity of the saturation

extract.

Alt soil-s rrere loini to very low in nitrate nitrogen

( io the O-24" zone) indtcatlng that barley should responC

wel-l to nitrogen fertilizer application.

Description of FielC Exper"iments

Conquest barley (HorCgurn vulgere) vas useC as a

test crop. SeeCing T¡¡as performeC r,¡ith a six-row Couble disc

type seeCer with seven inch spacing. FertiLLzer material_s

ïrere either Crillec lr¡ith the seeC, broaCcast anC incorporateC

r,¡ith the surface 2.5 inches of soil, or banCed approximately

one inch to the siCe of the seeC after seeCing. Each treat-
nent consisteC of an area 7à * 20 ft. Seeding anC harvest

Cates are listeC in Table I.
Ti:e experinental- Cesign in the L96B trial_s r^ras a

six replicate split-plot type r¡ith the comparisons between

carriers receiving gr"eatest precision, i.g., N carriers
were pairec at similar rates of N anc methocs of application
to reCuce variability. The seconC orCer of precision r,¡as

given to treatments which were similar in metboC of applicat-
ion (either broaCcast on Cril-leC). The fg69 exper"imental

Cesign was also the split-plot type but carriers r,rere not

paireC. InsteaC, sub-plots consisteC of treatments witb
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equa] rates of N regardless of N caruler or method of

applÍcation. Treatments rrere replicateC four times. Intra
anC inter-subplot ranComization Ìras performeC withln repl-ic-

ates in both years. The treatments useC in the experiment

are l-isteC in Tabl-es III anC fV. The treatnients witb 20,

40 anC 6O tf/Ac of broaCcast N are listeC twice in Table

III to simplify the statistlcal analyses anC interpr.etation

of Cata fr.om the L96B experiments.

SeeCllng emergence counts l¡ere taken at the three

to f our. l-eaf stage of gror,ith. At matunity samples of bar"ley

straw anC gr.ain were taken by cutting the stems just above

grounC level fr"om the tr^¡o center rorrs of each treatment area.

The samples \,,ieïae drÍeC at a temperatur.e of approximately BO%.

The grain r^¡as separ.ated fr.om the stral¡ anC each veigheC separat-

ely. Replicate samples were bulked and analyzeC for nitrogen

by the KjelCahl proceCure.

The difference in seeClÍng emergence between urea

anC ammonium nitrate treatments and between urea anC the

phospborous only treatment were related to cation exchange

capacity by regression analy"j-..1 Using CÍfferences in nitr"ogen

uptake between tneatments r.eceiving phospbor.ous only and those

receiving nitrogen anc phosphorous the efficiency of the fer-r,-

iJ-izer nitrogen was determined.

N efficiency %:
N uptake from N treat. -
N*uptake 5ry J_gl¿.Jrea!.. x rOO

Rate N applieC

The stancarC ( check) tr"eatment of 6O Lb/Ac of
ammonium phospha'be (lO Lbft:,c PZo5) ir neferreC
tbe_ phosphorous only treatment eien though it
smal-l amount of nitr"ogen.

mono-
to as

haC a

1"
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Analytical- ProceCures

The N0, - N content of the soil-s r,¡as CetermineC

colorimetr.ically using the phenolCisulfonic aciC methoC

CescribeC by Black (l) " Available phosphate was measur"eC

by the NaHCO3 extraction metboC CescribeC by Olsen (SZ).

Exchangeabl-e potassium rras extr.acted with a lN ammonium

acetate sol-ution containing ZJO ppm lithium. Potassium

content of the extr.act was Ceternined on a BairC Atomic

Flame Photometer. Soil pll ïras measured with a universal
pll meter on a saturateC soil water paste. Carbonate con-

tent was determined by the gravimetric measurement of COZ

liberateC by Cigestion with HCl as describeC by Black (l).
Organic rnatten content r¡as cetermined by chromic acic cigest-
ion as cescribed by walkey and Black (24) " concuctivity was

nieasured on satunated soil paste using a Baciometer type CDM

104 concuctivity celt. The total nitrogen content of the
plant material was ceterminec by the macr"o-Kjelcabl- methoc

described by Black (t). cation exchange capacity was ceterm-

ined using the rN ammonium acetate satur.ation methoc

describeC by Atkinson et g!. (f).

Results anC Discussion

Bar.ley Fesponse to Nitrogen

The yield of barley increasec with increasing rates
of broaCcast NH4N07 to 60 Ib Nr/Ac on all soils as pr.eCicted

by the soil- test resurts (rantes rrr and rv) . (trrere r{ere
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carrier anC methoC of application Cifferences r¿hich r¿ill be

ciscussec in a l-ater sectlon) . rn 1968, only the Prum Ricge

soil which r,¡as very lor¿ in N0, - N r.esponced beyonc 6o/rb

X/1"c. In 1969, barley responCeC to gO lb N/Ac even though

the N0= - N content was l-8.0 anc 2l.o tb/acon the stockton)
and Red River soils, Tespectively. rn both years, however,

barley response to N may have been limitec consicerably by

locging which occurrec at the 90 lb u/Ac rate anc beyonc.

The fact that barley responcec quite markecry up to 6o r¡
u/Ac on all- soÍls aicec in the carrier anc methoc of applic-
atlon comparisons.

Seedling Emer.gence

The effects of crilling NI{4NO7 anc urea with the
seed on seecl-ing emergence as comparec to the phosphorous

only treatrnent as 100 per cent are outlinec in FÍgures I anc

2, Unea causeC greater reCuctions in emergence than ammonium

nitrate on soils anc at all rates except the Lt l-b N/x,

rate on the Altona soil? rn" extent of seecling emergence

neductions from the urea treatments r^¡as relateC to the cation

exchange capacities of the eight soils. The following rel-ation-
ships were obtaineC:

This rabe Coes not incluCe
r¿hich \,üas applieC r¿ith a]l_
is actually 20 lb N/Ac but

the / lb N/Ac as NH¡,H,.,pO¡,
Lreatments. i.e. , thlstraïe
only I7 lb N/Ac as urea.

2.
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Urea N

ry/&_
It
27

71

5t

Eq. 2

r.2 x lOO

Eq. I (") Yc

(¡) Yc

(") Yc

(o) Yc

.14 +
-2.L9

-4 .s6

-9 .55

L29 x

+ 294

+ 484

+ Bsg

-1

X

X

X

-1

-1

-t_

Br

go

BB

BB

Yc : /o emergence phosphorous treat. - % emergence

urea treat.
x : cation exchange capacity neq/l:OO g

Tbe constants A and B of the general equation

Yc - A + B *-f """" linear.ly r.elateC to the rate of urea N

application (Figure 7). By substitution an equation relating
r.eCuctions in emergence to cation exchange capacity anC rate

of ur"ea nitrogen application was then CetermineC to be

Yc : 1.25 - 120 *-1 * 18.4 R*-1 - 0.]4 n

where R : nate of ur"ea N (m@,c) and Yc anC

x are the same as in Equation 1.

The l-iter"ature revieweC inCicateC that toxic quant-

lties of ammonla coulC accumulate when urea is placeC in a

banC with the seeC. Assuming tlris to be true ln tbis case,

the equations inCicate that the cation exchange capacity of

the soil- exerts a strong negative influence on the amount of

free ammonia present in the soil. rU-though botb ammonia anC

nitrí-'e have been shotn¡n to be toxic to seeClings, the accumu-

lation of nj-t,rit,e 1s not likely to occur unless concentratlons
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A I anC Br are constants for the equations
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of ammonia which are toxlc to Nitrobacter are present in the

soil. Therefore the presence of nitrite woulC also be 1n-

directly relateC to soil- cation exchange capacity.

Calcul-ating tbe seeCling reCuctions causeC by

urea rel-ative to those caused by NH4N07 at the equivalent

rates of N offereC a more practlcal application of the

seeCling emergence Cata since Cifferences 1n yielC increases

causeC by tbe application of the ti,¡o car.riers coul-d be r.el-a-

ted to Ciffer.ences in seeCling emergence. The equations are

of the same form as Equation 1.

N
ab/Ls

17 Eq. 7 (") Y¡

23 (¡) Y¡

t7 (") YN

5t (o) Yiv

.-1
-1.4 + 1J0 x

-1-4.t + 2f6 x -
-1-7.O + 446 x

-tZ.B + TT4 x-l-

r.2 x lOO

BO

93

97

Bq

YN:
x:

y'o emergence NH4NO7 tr"eat. minus fi emergence urea treat.
cation exchange capacity (meq/fOOg)

The convergence of these equations at @o emengence r"eCuction

(figure 4) inCicates that the Ciffer"ence in % emergence

betr¿een urea anc NH4N07 tneatments would become 0 on soils
with a cation exchange capacity of 86 meq/tooe. The varicity
of this extnapolation is Coubtful_ however, since further
extrapolation suggests that Camage caused by NH4N07 treat-
ments would be greaten than that causec by urea treatments.

Al-so one woul-d not expect that emergence recuctlons even at
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high cation exchange l¡oulC

likely equation r¿ou1C tenC

29

inCepenCent of rate. A more

appr"oach the abscissa exponent-

ially at each rate vith convergence taking place at the origin.
Tbe authon suggests that altbough the equations are valiC over

the range of cation exchange capacÍties stuciec, &t the higber
values of exchange capacities, the equation might not holc.
The cation exchange capacities stuciec, however, cover" a wice

range of agricultural soils in Manitoba anc tbe results are
practically useful in cetermining what rate of ur.ea can be

appriec with the seec on vanious soils without causing sign-
ificant seecling damage. The high o2 values for each equa-

tion suggeqt that very little variability could be accountec

for by factors such as pII or moisture content in this exper-
iment. since the constants A r anc B' of the general equation

"N 
: ot + Bt x-l rnrere linearr-y relatec in Equations 1a to 3c

(similar to Equations la to fc), an equation relatÍng the
necuctions Ín emergence causec by urea nelative to
ti:eatments to the rate of N anC cation excbange

could be written:

NH4N07

capacity

Eq" 4 YN:2.J - BO *-1 * 16.1 R x-l - O.2BR

where /o emergence NH4NO¡ treat. - y'o emergence urea tr"eat.
cation exchange capacity (meq/fOOg)

: rate of N as urea or NH4N07( Lb/Aa)

By substituting values for F anc x Ín Equation 4 the %

recuction in seecling urå"g"nr" expectec by applylng urea r¿ith
the seec rather than NII4N07 can be deter.mlnec.

be

to

Yrv

x

R
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The fr reCuctÍons in
yield causeC by urea relative
correlateC in a l-inear manner

equation rras:

anC the reCuctions

treatments were

. The resulting

emergence

to NH4N0,

(nigur"e 5)

in

Eq.5 lr *-2.4+0.65YN
"2*I-OO:25

where lü : yield NH4N07 treat. - yielC urea treat.
YN : y'o emerg. NH4NO7 treat. - % emerg. urea treat.

Bela.tively srnall- recuctions in emergence caused by urea tr.eat-
ments rrere r"elatec to substantial recuctions in yielc, e.g.,
a cifference in emergence of ZVo vas relatec to a yielc
cifference of tO bus/Ac. This yielc recuction is bigher than

expecteC since seeCing rates can be varieC consiCerably r¿ith-
out affecting yielc. This incicates that the toxicity to
seeclings causec by applying urea with the seec results not
only in recucec seecling emergence but also in a reduction in
potentÍal yielC of the plants which do ernerge.

Combining Equation 5 anC Equat,ion 4, an equation

relating recuctions Ín gr.ain yielc causec by urea to N rate
and cation exchange capacity of the soil- was obtainec.

Eq. 6 W : -52 *-f -t 10.5 R x-l -0.18 R ..O.g

This equation can be usec to precict the type of yielc cecrease

one can expect from dril-ling urea r,,rith the seec r.ather than

NH4N07.

Since urea phosphate fertil_izers 27-Zj-O anC ZT-ZT-O

are also commercial sources of nitrogen fertilizer, they ïrere
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incluCeC in the experiment at tr+o rates for comparison pur-

poses. Discounting the L96g da,ua,l the above equations

appear to be val-iC for the urea phosphates although the

extent of damage is not as severe as from urea. This appears

reasonabl-e since at the lower rates of urea phosphate appli-
cation which lrere used in this experiment, tbe amount of urea

in the urea phosphates is nearly as hÍgh as urea combineC

with the phosphorous only treatment.

Effect of Dril-leC vs. BroaCcast N on YielC

Dr.il-l-ing urea or urea phospha'bes at the 20 lbllr/Ac

rate on the rnedium to fine textureC soils resulteC in as high

or higber yielCs than broaCcasting urea or NIJ41\T07. The

increased avail-ability of Crilled nitrogen evidetrtly more than

offsets tbe harmful effect of ammonia at these r.ates. This is
not true on the coarser textureC soils useC in L96B in which

Camage was consiCerabl-e (taUte III).
ConsiCerable plant damage at the 6O f¡ N/Ac rate of

dr.il-l-eC NH4N03 occurreC on the coarse textureC AlmasippÍ

soil- r'esulting in grain yielcs of 5.5 au/Ãc less tban broac-

casting the same N carrier. 0n aU_ other soils barley
response to Crilling 6O f¡ N/Ãc as NH4l{07 r/¡as equal to
or better tban broaCcasting. This inras al-so true of the

The valiCity of the f969 2)-23-0 data is questionable
since seeCling reCuctions a¡.e much higher. than expecteC.
This combineC r,¡ith very high nitrogen-efficiency anC
high grain yielCs indicates an error in initiat fert-
ll-i'zer weiglrt.

7
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90 fb U/nc rate on the soils l¡hich receiveC this treatment,

the Stockton (tg6g), NewCale, LakelanC anC ReC River" 0n the

average (figure 6 anC 7), crilling ammonium nitrate up to 6O f¡
trtr/Ac resulteC in substantially h:igher grain yielCs than

broaCcasting i¿ith the greatest Cifference occurring at the

40 Ib w/Ac rate. These resul-ts are consistent with the

view that placing fertilizers in a banC makes it more avail--

abl-e to the plant roots anC less avail-abl-e to competing weeCs.

The nitrogen efficlency figures (fanfe V) also indicate that

broadcasting NH4N07 results in less fertil-izer N util-iz-
ation up to rates of 6O f¡ n/Ac except on the Almasippi

soil.

Comparison of Br"oaCcast Urea anC NH4N0, on Yield

The grain yielCs fr"om broaCcasting urea 1n L96B

r{ere less on all soils than from broaCcasting NH4NO, up

to 60 lb N/Ac (tante III). The gr.eatest Cifferences occurrec

on tbe coarse textur.ed Almasippi Soil. At the 6O fU t{/Ac

rate of application, NH4N0, causeC barley yields to be 9.t
bu/Ãc higher than urea. 0n the other threc soils,
the differences averageC 4.f Uurlnc. At the hlgher rate of

application, the response curve level-leC off anC Cifferences

between carriers l¡ere nob meaningful.

Tbe inCiviCual plots in 1969 vere subject to con-

siCer.able variabÍlity anC Cifferences betveen broaCcast

sources ü¡ere not statistically significant. The averaged

results of tbe yielCs (f:-gure 7) hoiuever, suggest that at

60 anC 90 Ib tt/Ac, urea was not as effective as NH4N07.
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The r.elationship of pH or catlon exchange capacity

on the effectiveness of broaCcast urea relaLive to NH4N07 ls
not reaCily apparent in tbis experimeni except for the

Almasippi soll where large Cifferences between the car.riers

was notec. This coulc be relatec to the low cation exchange

capacity anC higb pH. The otber. soils useC in 1968, although

consiCerably Cifferent in both pII anC cation exchange cap-

acity, haC relatively similar values for Cifferences between

urea anC NH4N0¡.

Split Applications

The l-969 trials incluCeC split applicatÍons of 40

dril-leC anC 20 br.oaCcast, 40 Cnllled anC !O broaCcast, 60

dr"illec and )o broadcast anc 60 critte¿ anc 60 broaccast

lb N/Ac as ammonium nltrate. The Lg6B crirr-ec resurts hac

indicatec that toxiclty of 6o r¡ n/Ac as arnmoniull nitr"ate
drillec with the seec may have been the cause of tbe sharp

decrease in lesponse fr.om the 40 to 60 lb N/Ac rate.
Drilling lower amounts of nitrogen witb the seeC and broaCcast-

ing the remaincer \^ras consider.ec a possible impr.ovement over

drilling or broaccasting alone. No consistent improvements

\,,rere re.corcec using this procecure in Lg6g, however (taure rv) .

The yiel-ds from the split applÍcations of 4o r¡ }[ dr"illec anc

20 l-b. N broaCcast i¿ere similar to Cnilling ammonium nitrate
at 6O lb N/Ac. DrÍt-tÍ::g !0 and broaCcasting 40 lb t{/Ac

appeareC better. than Crilling 60 and broaCcasting 10 lb N/Ac

on three of the four trials but dlfferences !üere not significant
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at the 5y'" Jevel-. Neither of these sptit applications r^¡as

significantly Cifferent than Crilling or broaCcasting 90 lb.
N/Ãc. Drilling 60 anc broaCcasting 6O r¡ W/Ac r¿as also very

similar to broaCcasting 120 lb N/Ac.

BanCing Urea

Banding urea I inch to the siCe of the seeC causeC

no apparent injur-y to the barley seeCings on any of the soils
r¿hich receiveC this application. Yields trere compar,able to
those of NH4N07 Crill-ed. This is consistent r,¡ith tbe

results of UlidCor4rson anC Penny (f6) .



TABIE III

Fer"tili zer cayrt:?t" 
TYPE 

N/P205
Lb/acie

Urea Phospbate (zl-zl-O) zo/ZO o
Urea Phosphate (Zf-Zf-O) ZO/?a n
NH4N07 + NH4H,P04 2O/2O D
Urea - + NH4HZPO¡ 2O/2O D
Urea Phosphate (zt-Zl-O) >o/So o
Urea Pbospbate 127-27-O) 1O/)O D
NH4N03 + llH4HePo* 7o/1a D
urea - * NH4H2PO4 laßo p

LSD5/"
NHr'NO= * NHr,H-,POr,I)T¿T
Urea - * rr

NH4N07 +
Urea +
NHr'NO= +'t)Urea +
NHlNOz +

tr/urea +
NIIINOz +

'Jràa' +
NHI'NO= 4
u"Zu t +

EFFECT OF FERTILTZER TREATMENTS
0N GRAIN AND SrAAlí rIEtDS rN 1968

ALMASIPPI STOCKTON PLUM RIDGE ALTONA
Grain Strar,¡ Graln Strar,r Grain Straw GraÍn Straw
bu/Ac cwt/Ãc bu/Ãc cwt/Ãc bu/Ãc cwv/Ac bu/Ãc cwt/Ac
40.6 rT .9 44.8 19.6 27 .919.5 r,2.o 44.4 zi.5 28.B42.4 rB.2 )6 .l zo .5 10 .o
75"7 L6"5 45.7 20.4 29.7
\L.T rg .2 52.r 25 .g 

'1 
.r

79 .L 19 .5 5?.1 24 .L 29 .4
49 "t 20.8 5B.B 22.7 40.0
4t "6 L9 .5 48 .z zz.o 1L"o

1t

il
ll
il

tt

il

il

2o/7o D
zo/to D
20/30 B
20/to B
40/to D

40/30 D\a/fi e
4o/lo s
60/n n
6o/lo n
6o/so s
6o/lo s

1.7 5.0
40 .1
18 .o
39 .2
78 .6
55.8
79 .2
5f .1
4r .6
5T .B
25.5
6l .l
5\ "2
4.8LSD 5%

77 .r
l'6.2
16.r
:6.j
2\.2
22.6
22.2
2L,L
27 .5
21.8
28.1
25.2

lor
4r .l
45.0
44.1
66.4

L6 .7 46.0L5.6 4o.r
14 .3 18 .))
L5"2 4L.1
Lg .1 52.o19.5 48 .l
20.1 48 .l
20 "4 Dz"6

22.7
L9.6
19 .0
IB .4
28.B
2T .1
20 "52r"1
to .t
t4.7
25.5
27.5

51 .t
55.4
4g .6
6t.B
48 .0
59 .5
55.7

6.8

5"2
28 .4
28.l
72.1
30 .B)6.t
1T .a
4z.z
\r+.1
6o .6
20.5
6o.r
56.5

22.5
19 .1
TT .T
16 .2
28 .1
24 .B
27 .6
24 .5

18.7
18 .6
16. r
rB.z
27 .6
2T .9
2T.T
22.2
77Ã

tr .2
27 .5
n)r Aé.'t .o

14 .4
L5.t
14 .0
14 .0
28.l
25"2
¿¿"L
2r.6
32.5
76"8
26.7
26 "B

6.8
40.7
40. q
tB .i
4r_.8
58 .I
5T .o
42.7
770
59.8
6t .u
58 .0
51 .2

T .2 6.5

UJ
o\



SOfL
Fertilizer Carrier

HtIo¡ + NH4H?P04
Urea +
NH¡NOi + rr

urèa ' + rr

NHT,NO= + rr

rJréa / + rr

NH¡'I{O= + rr

T),ilurea - +
NHr,l{O2 * rr

-t)
Urea - * rr

NIII,NO= * rt

'+)llrèa - + rr

rv?E
N /?zo5
LÐ/ ACye

2a/10 B 79 .2
2o/3o B 18.6
4o/1o B 51 .1
4o/to B 4r .6
6o/So s 6l .t
6o/1o e 54 .2
9o/)o B 64 .o
go/to B 58.2

a2o/1o B 5T .B
Lzobo B 59 "T
24o/1o B 59 .o
240/10 B 57 .\

TABIE III (contlnued)

ALMASTPPI STOC]fION PLUM RIDGE ALTONA
Gr"ain Straw Grain Straw Grain Strar,¡ Grain Straw
øu/Ãc cwt/Ãc bu/Ãc cwL/Ac bu/Lc cwt/Ãc bu,/Ac cwt/A,c

NH¡,N07
rvHiuoi
mifrnol

L

NH4H2P04
+ NH¡HePO¡ +
, 'll- 

I

'f

All Phosphate Dnill-eC with Seed
D : Nitrogen Drilled
B : Nitrogen Broadcast

16.1 45.0
16.1 44 .122.2 55.4
21.1 4g .6
28.1 59 .525.2 55.7
2ó "6 6i.8
zB.)+ 5T .BzB.9 6f .4
29.1 65"111.8 r"5
15.7 6r .B

6.r
14 .9 t+t "z
40 "0 62.4
48.1 Bg .S
26 "z 4z"l

sD 5% 5.4

T/7o D 17.4
KCL go/to/lo s 65.t
" 4oo/t4o/r7a 59.T

9o/o D 50 .o

rg .0
18 .4
20 .5
21 .1
25"5
21 .5
2T .O
24.O
12"2
10.4
19.6
4z.z

12
to
45
44
6o
)o
To
T1
6g

ZA

55

.7 14 .0 40"5

.B 14.0 41 .6.1 22.r )2.1

.1 2\.6 t7 .9.1 zb.T 5ö.0.5 26 .B 5) .2.9 16 .9 6t.5

.o 14.B 58.4"7 19 .7 66 .r

.1 4L"T 5T .B.4 56 .6 51 .5.7 50 .1 68 .g

2]-.T
t2 "4)tz z
22.2

16 .1
18.7
2L.T
¿¿. ¿
27 .5
24 .B
15.5
1L.I
tT .2
1L"O
18.L
zot

L3.A

24 "6
T1 .B
6s.z
64 .4

B.B

10"B j1 .B
40. o 66 .\
6z.z 6f .B
4:-.z 6r.o

1E .7J-). t

)2.\
42.)
to .o

\JJ--i



TABIE IV

SOIL TYPE
FertilizerCarri-er --N/P2o5

Lb/Ac

Ilrea Phosphare (z>-zl-o) zo/zo n 74 "6 L5"z 71 .z r4 .z
lJ_1e_q PhospL?tq \zT -27 -o) zo/zo D jt .o rV .4 25 .5 10 .B
t'lH41tl07 + NH4H2P04 2o/2o D 78 .o Li.5 to.1 rO.B

LSD5%
Urea Phosphare (Z>-eyO) lo/SO O
Urea Plrosphate (ZT-27-A) n/SO n
NH4N07 t NI,t4H2p04 7o/7o D
Urea - * " 

^o/r>oDurea + " 7o'[las
LSD5%

NHr'NO= +__ï)Urea +
NH4N03 +
Urea - *

lTHl,NO= +
)Urea +

NH4N0, +
Urea +
Urea +

EFFECT OF FERTILTZER TREATiqENTS
ON GRAIN AND STRATd YIELDS IN T969

STOCIilON NEl^rDÆ;EGrain Strar¿ Grain Strarnr
bu/Ac cwt/Ãc bu/Ãc cwt/Ac

NH4H2P04

NHTHTP0L
tl -l
tl

ll
il

6.0 7 .T
4f .6 zU .5 39 .9 tB.4
48 .1 20 .6 28 .1 11 .0
\7 .t 20 "4 ,7 .T 17 .7
4> .r zo.z 7T .2 r6.6L|L.T rT .6 lg .+ t6 .T

2oßo D

2o/3o D
20/JO B
20/10 s

LsD5%

B.f 11.2
42 .1 18 .1 29 .7
lo .g zz .o zr .940.9 14 .t 2T .L40.1 L4.1 2T .4

4o/to o
4o/lo nttoßo s
4o/la B
4o/jo s

I,AKEI,ANDGrain Straw
bu/Ac cwt/Ac

19.B l6-.9
26.2 16.5
25.2 11 .O

7.7
19 .T 22.9

15"1
72.6 ti .o
28 .6 15.4
to .r 14 .6

o'l

LSDS%

6.6

54 .6
46.t
\5.2
4l .s
48 .t
ö.)

AED NIVERGrain Straw
bu/A,c cr.rt/Ãc

55. B zz .Brí.2 z. .6
s6.t 2B"B

22.7
IB.1
170
-1,7 trLI .)
20.1

rt.7
11.g
LL.2
11 .5

2l .0
18. q
1"6 .á

).2
)r.4
40.7
44.1
\t.z
48.7

6.8

2L.)
20 .o
19 .0
L7 .O

6.2

39 .4
7T .o
tr"7
75.8
15.7

T.o

11.4
59 .r 30 .B
5T "4 zB "z6o.r tr.6
58.4 eB.c)
6t .s 7L.6

11 .0
10 .g
l,2.4
8.4

20.6

1lr Ã
po.6

5.8
51 .0
50 .4
4s.g
51 .0

L7 .5
16.5
IT .5
19 .4

25.9
25 .\
22.a
zt+ .8

11 .7
29 .5
t3.r
44 .5
1L.ð

I.)

6s.l
58 .6
69 .z
72.\oo.t

L7 .T

U!
co



SOIL TTPE

Fertilizer Carrier

NH4N03 + NH4H2P04
Urea - *
N-T{r,lüO= + rr

t ¿/ . rt
u rea 'r
Urea + 1r

liH,.NO- + I'
Lá

lt/

NH,,NO- +
NHfruof +

Urea - *
iTI{),N0= +

T-)

NHr'NO= *r)

NHr'NO= *'+)
Urea +
NH),N02 +

-1 )

N/PrOÃ
tbÃc'
6oßo n
6o/lo o
6ot/3o s
6o/so s
6oßo s
6o/lo s

NHxHrP0lt
flL

il
il

il

TABIE TV

STOCKTON
Grain Straw
bu/Ac cvt,/Ãc

LSD5%
9o/3o D 72.8' 9o/lo s 6z.8
9o/3o B 65.4
go/3o sp2 70.0
go/1a s., To.g

LsD5% 
o) 

4.r
r2a/7o B 61.4
rzo/to B 66"1
L^A/'O sp4 70.o
_JLSD5T, IT"O

65.4
40.4
54 .r
51.9
66.t

pl 6t'T
7.9

NH4H2P04
tt

il

( continueC)

NEhiDAIE
Grain Straw
bu/Ãc cwt/Ãc

Att Pbosphate Drilled with Seed
D : Nitrogen Dril-led
B : Nitrogen BroaCcast
S : banCeC l" to siCe of seed

Sp : Split Application Spt : 4CD + 20B tn, : 4CD + 5cts Sn, : 60D + lOB SpI =5CD + 6oe

26.2
18 .9
L7"T
o1 0
26.9
z6.Lt

NH4H2P04

54 .6
45.5
51.6
54 .4
57 .T
54 .6
l.2.6
6r .B
To .6

24íj

29 .B
24 .2
2T .!
29.4

29"7

21.9 4r .4 27 .1 6g .S 75.r
rT .B 4L.1 24 .6 5T .5 1z.j
16 .5 1L.T 24 .B 76.9 15.3
20 .5 76 .L 16 .4 T2 .B 17 .o
24 .0 45 .o 25 .B 74 .5 15 .B
25 .4 42 .8 25 .r 74 .o )2 .2

TAKELAND
Grain Straw
bu/Ac cwL/Ac

T/toD 7L"o L5.1 zo.T 9.2

oo )t

28.0
24 .B
2T .B

27 .9

2T .6
28.0
30.2

Ø.r
10 .6

77 .7
6r .6
75.o

16 "2

RÐ RI1IER
Grain Straw
bu/Ãc cr,¡t/Ãc

10.0
EE -'I

)-) . -L

57.1
5-5.L
60 .t

3L.5
7a.T
10.8ZÃO

t3 .o

28 .8
28 .5
,o .r

51 .9

LL.7

6z "o
6t.3
6o .6

12 "g
14 .4

1r .4
æO((.o
Bz.n
7T .B
80.1

4t.t
4t.6
zAo
42.5

4t.z

7' .4
21\ 2
)1. )

3).2

8.4

75.4

11.4

16"r
707
76.4

TT "9
4T .t

t7 .9
42.5
41 .4

21 .8

L\'\o



TABTE V

SOIL TYPE

Fertllizer
Carrier

NHr'N0=.t)
U rea
NHr'NO=T)
U rea

Urea Phosåhate
(zt-27-o)

Urea Phosphate
(zr -27 -o)

NlI4ItlOj
Urea -
Urea

NlL,ltlO=a)
U rea
NHr,N0,'

'1 )Urea
Urea
NHI'N0z)
U rea
NH4N07
Ur"ea
Urea
NHr'NOzT)

NÏTROGEN FERTILTÆR UPTAKE IN PERCEIT{T OF TITAT APPLIED.
CALCUIATED FROM THE DI}TERENCE IN NITROGEN UPTAJ{E BET\^IEEN

PLOTS RECEIVn\G NITROGEN AND PHOSPHORUS
AND TI{OSE RECEIVING PHOSPHATE ONLY

STOCTilON PLUM STOCISION RED
ALMASTPPT ( rg68) RIDGE ALTONA (tg6g) NEWDATE T,aKELANÐ Fr\iER

N
Ab/acre

20D
20D
208
208

70D
70D
10D
70D
10s

tt.5 ,"8 4.6
25 "7 -t_0 .0 7 "74ó.8 -rz.z jö.8
70 "o -Lg .4 26 "L

2L "T 23 .O Lg"6

L1.O 27 .4 T .4
4f .6 35 .B 42.6
77.o g .1 L4 .7

66 .o 6l "l 50 .o
71 .7 16 .) 28 .4
59 .4 75"L 4t .)
45.2 r4.B 4z.t

56.L 46 .4 fi.8
5.7 18.5 T .T7o.B 79.4 50.0

4T .4 26.8 48 .z

40D
40D
40B
4oB40s
60D
6oD
60B
6oB
6os
6o spr

11.5 6r .r
:.L 6t "B-l .B rt.B22.7 66 .z

72.2 g1.g

48.l 6\ .tt+q.z 6r .q6:n.o 51 .-o
5,6.5

66.9 10 .o
50"6 28.4
47 .t j6 .z
56.L 2o.o

TB .t 9T .o

59 .4 7' .o
55.5 55"4
zB .2 48 .4
10.9 44.8

6t.g

to.968.4 q6 .q
64 .4 ir .B
71.0 Lt9.Z

51.5
6o.o
5r.2
to .2

15 .4
-28 .4.L7"7

0.0

55.8

20.8
48.t
l'6.5
6z.z

5T .o
)o.L
6t .6
6t.5

70 .4 55 .r
54.8 5n.T6r.o r+2.4
55.5 52.rBá.i \e.z

71 .6
27 .a
56 .2
or.o
Br.6
68.g

61 .z ir "9
49 .z jo .T
58.1 54 .565.4 1T .B
To .5 5t .7
64 .4 5j .L

60. o
77.2
60. r
6r.s
66.t
54 .0

+o



SOÏL T]PE

Fertilizen
Carrier

NHr,IdO=
tr,

NHr'N0=1)
Urea
NHr'N0=.t)
NH',N0-+)

IüHr'N0=r)
urea
NTÍJ ÎTAr\rj_4r\wJ

N
Lb/acre

goD
goB
goBgos
90s

ALMASTPPT

D:
D))
a
\J

arrp -

TABTE

STOCI{ION
( rg68)

Þ2

Þ1

120 B
LzO B
LzO rou

66.0
4t.o

Dr"ilIeC
BroaCcast
Sideband
Split application

V ( continued )

PLUM
RIDGE ALTONA

74 .6
27 .r

4s.l
40. e

58 .5 6z.o
6o.o 51.t

44 "0
4r.o

STOCKTON

0geg)

tnr:Ut+208

48.8 59"o
64 "S 78.5

To.6
62.\
Ç>.9
6T"L
6r .6

Ãzo
Çt.g
6T.T

NE'\^¡DALE

6o.s
68.r
59"7
6z.n
58"1

6r.r
56 .1
5T .z

IÄKEI,AND

So^ : 4CD +
-¿

NED
RIVER

50.1
52.r
ÃOD
6r"s
54"4

6s.s
Bo.l
71.3
6s.s
6T .z

508

tou

53 "z 56 .)
5r .B 65 .z
46 .z je.B

Suz

: 6cD

:6@
+ 608

+ ,Cts

H



75

C)

{
õ55
c
c)'a
.E 45
g
(9

Averoge of 4 plots

NH4 NO3 Drilled

25

FIGUFE 6

NH¿ NOa Broodcost/n

20 30 40 50 60 70 BO 90 100 llo 120

Nitrogen opplied 
* LblAc

TNFLUENCE OF RATE OF NITROGEN, NITROGEN SOURCE AND
IVETHOD OF APPLICATION ON GRAIN rlELD IN T968

Ureo Drilled

Ureo Broodcost

* 
includes T lbs N/ocre NHaNOg

+
N)
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65

C)

cû
'o
.c)

.=(f
(9

Averoge of 4 plots

55

45

35

Ureo

NH4N03

Sidebond

25

FÏGIIfiE T

Drilled

NH4NO3 Broodcost

lo 20 30 40 50 60 70 BO 90 IOO llo taa
Nitrogen opplied+Lb/Ac

INF'LUENCE OF RATE OF NITROGEN, NITROGEN SOURCE AT{D

IITETHOD OF APPLICATION ON GnAIN rIELD Ii\î 1969

l Ureo Broodcost

þ includes T lbs N/ocre NHaNOg

L'.j
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GREENHOUSE EXPERIIVET'IT

fntroCuction

The purpose of the greenhouse experlment was to

stuCy the fate of urea, ammonium anC nitrate nitrogen r,¡ben

aCCeC to a soil- plant system. The purpose r,¡as to Cetermine

reasons for the Cifferences in crop response to urea anC

NH¡,NO= in tbe f ield experiments. This experiment alsor+)
permitteC a comparison of the Cifference techniquel anC the

tracer technique for measur.ing fertilizey nitrogen efficiency.

MethoCs anC Mater.ials

'1 E--TIIH2--
]trvn*rrro, 

2 NH4 tfoo, anc C - O (urea)
NHz/

_ r 15_. 2with approximately L.W -N excess rrere useC as nitrogen

sources for conquest barley (HoIgeum vul-gare) groun on two

soils (faUfe Vf) rahich haC been useC in the fielC experiments.

The Almasippi soil was chosen for its low cation exchange

capacity of 1l .7 meou/toog anc high plI of B.o, characteristics
i,¡hich mace signif icant losses of ammonia likely. The Stoclcbon

soil was cbosen for its lower pil of 6.0 anC higher cation

exchange capacity of L5.9, cbaracteristics wlrich make ammonia

TV

1"
DescribeC in Table XI

The Low ft ]fo excess material usec in
limiteC tbe analysis for 15N to plant

this experiment

material only.

2"



TABT.,E VI CATION EXCHANGE CAPACITY, CACOT EQUTVAI.ENT,

AND MOISTURE AT FIELD CAPACTTY OF SOILS USED IN

Soil Type

Alnrasippi LVFS

Stockton F S L

C.E.C"
neq/toog

IT.1

'ìÃ o

CaCOS

eouivalent-/"

1.0

o.1

pli

PH, NH4 AND NO,-N

GRE'ENHOUSE EXPER IIVIEN T

NHr, -N+
ppm

B.o

6.0

N0,-N
ppm

77

B.r

co

L3.O

Moisture at
FielC Capacity

%'

t-j-z
4)

28

-F
\n
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losses l-ess likely than on the Almasippi soj-l. The 1968

fielC results haC inCicateC that NH4N01 \.ras a better
source of nltrogen than urea on both soils, but on the

Stockton soil the Cifferences ïrere not as gr.eat as on the

Almasippi. fn L969 the results on the Stoclcbon soil \4rere

similar for" both urea anC NH4NO,. The cause of tbe Ciffer-
ences in 1p6B was not CetermineC but ammonia losses were

suspecteC.

The treatrnents (faUte \lJI) Ì\rere ranComizeC within
blocks anC replicateC three times. Treatments \4rere shifteC

every three to four days. Block positions lüere rotateC each

r¡eek.

Before seeCing, all the soil (¡ Kgn) except an

amount equal to the surface ti,¡o inches was addeC to the

plastic containers. The moisture level of tlre soil in the

pots i¿as brought up to fielC capacity and a basal Cressing of
potassium, sulfur. anC pbosphorous rdas applied in solution form

in the following amounts.

15

20

ppm

ppm

P as KfP04

S as K^SOI'¿- '-r

Fifteen barley seeCs were. planteC on the sur"face of the soil
anC covereC luith a two inch layer of soil r+hich haC been

thoroughly mixed vith the nitrogenous fertilizer materiat.
Th¡e l-atter l¡as in powder f orm r¿hen mixec. water was again

appllec unLil fielc capacity was reachec. After one week,

the number of barley seedlings emerging !¿as very r-ow and

tberef or.e 't,he po.L,s \,,rere reseeCeC. Aften emergence of the
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seconC seeCing, tbe plants lrere thinneC to six plants per

pot. Soil anC plant samples r',ere taken at three anC eight

r¿eeks after emergence. The soil samples vere composites of

four core samples from each pot. The soil was then analyzeC

for ammonium anC nitrate nitrogen by the methoC CescribeC by

Bremner anC Keeney (¡) " Plant samples lrere analyzeC for
KjelCahl plus nitrate nitrogen (SÐ. Tbe per cent r5N excess

in the plant samples was CetermineC after r"eplicates were

bulkec (zf).

Resul-ts anC Discussion

Plant Yiel-C s

The plant yielCs of the tr,¡o ammonium nitrate sources

shoulC theoretically have been the same in al-l- tneatments

since they Ciffer"eC only in respect to the l-abelleC ion. The

differences founC in these yielCs (faUte VII) must be attrib-
uteC to uncontrolleC variability.

The early har.vest yielCs from these tr¿o sources

!¡ere quite sinilar but the late harvest yielCs r¡rere quite

variable which maCe comparison betl.¡een ammonium nitrate anC

urea on this basis l-ess meaningful. The yielCs of the plants

harvesteC three weeks after emergence inCicate that on the

Almasippi soil-, urea r^ras less effective in causing bigh yielCs

than ammonium nitrate even at tbls early stage of growtb.

Tbe r"esults from the Stoclcbon soil inCicate this at the 70 ppm

rate but not at the fJ ppm rate of application. Although a

statistical analysis inCicates a significant carrier effect



TABÏ-,8 1rlT

SOIL

Rate N N Source
( pp')

0

NH4 
tt*o,

'lr
10 --\IH4 *Of

Urea

NH4 
tt*o,

ItrT5 *'*4 *of
Urea

ÏNFLUENCE OF NTTROGEN SOTMCE AIID HAR\IEST DATE
oN TorAL BARLEy t IELD (c/por) 

"

ALMASIPPI
Y1elc e/pot

Early Har"vest Late Harvest

o "Tz 1.85

t.rr B "s6

L.zr 9 .96

0 .94 B .Zz

t.75 L4 .26

1 .45 L4 .7L

L "O1 rL.gz

STOCKION

Yleld g/pot
Early Harvest Lete Harvest

L"59

1"91

1"80

I.5T

r.76

r.71

1.91

11.06

a"9t
L5.66

L5.3L

L7 .29

r8.64

t6.65

+
CO
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on yields from the early harvest, the results on the Stockton
soil- at the two rates clffer. The results from tbe Almasippi
soil- r¡rere ccnsistent at both r"ates, however, anc are likely
true effects. Ther.e is a highly signiftcant soil effect on

plant yields which is preCictable fr.orn the initial- soil inorg-
anic nitrogen content of the two soils (raute vrrr). No sign_
ificant source x soil interaction i^¡as present i_n the early
har"vest yielC results inCicatÍng that the Cifferences betr+een

urea anc ammonium nitrate ar.e not affectec by the soil type.
This suggests that the difference between nÍtrogen souï.ces

at the early harvest is of littte consequence.

A statistical analysis of the late harvest yields
indicates a highly significant source effect. The significant
r"ate x source interaction incicates that at the T5 ppm rate
of application, there Ís a differ.ence in sources. The variat-
ion in yielcs between the tr,¡o NH4NO7 carr:iers at the ]o ppm

rate precluces a comparison of urea anc ammonium nÍtrate. A

highly significant soil effect on late harvest plant yielcs is
predicted by the initial NOf - N content of the two soils
simil-arly as the ear.ly harvest yields.

Nitr"ogen Uptake

The nltrogen uptake cata is less variable than the
yielc cata, ther.efore more easily interpretec (ranre rx). The

soil inorganic nitrogen values r¿hich appear in the sane tabl-e
are quite variable anC present Clfficulties in interpretation.
The values fon the ammonium nitrate sources are conslderably



TABIE 1rIT]

SOIL

Rate N ppm

0

7o

MINERAL NITROGET{ OF SOILS USED fN
GREENHOUSE EXPER]IvIENT AT T\^iO HARVEST DATES (ppr)

AI,IVIASIPPI

75

Source

NH¡ ttruo"
tfut4 NOi

Ur.ea

NHr, lãvo=
lãvni NOI"t)

urea

3o

+
NHr'.t

4.1

).r 
^4.r

t"T
4.6
4.2
)JO

75

NO;)

2.2

L7 .L
L2 "6
11.0

55.7
55.7
4o .9

NHr'
15^.-..t-i\.t"r¡

Urea

NHr,r- +
'hH,,

-1

Urea

Tota1

6.1

2L.T
LT .7
L4.T

6o.l
59 .9
4¡.8

tfoo,
Nof

1E'4\o-)
No]

Early Harvesi

lrn

5.t
7.o
5.8
b.r
4.1
5.4

STOCKTON

+
NH4

10.4

9.6
L7 .O
L2.g

g.B
11 .1
t2.5

6.4
2.0
1.4
4.6
-O) .t)

7.2
2.4

NO-

25 .6

5T .1

54.1
57"5

99 .5
07tr
Br .4

10.6

T.L
4.4

r0.4
11.9
vÃ
l.)

T.B

Late

Total-

)6.0
66"9
6r .>
70.4

ao9 .1
108.6
ooo

Harvest

9.7
11 .8
I1.B
9.8

L2.9
11 .4

LL.)

Io

1.7
Ftr

4.r
6.e
4.6
4.6

14 .6

L5.5
TT .1
11 .9

19 .1
16.0
'lÃ o

L¡
¿'ì



TABLE TX

Rate N
ppm

0

7o

Source

SOIL MINERAI NITROGEN AND PT,ANT NITROGEN
AT TWO HARIIEST DATES (ne/pot)

A].,MASIPPI

t6
NH,, --N0--rF + )--NHr, N0="+)
U r.ea

NHr tãro=
lr t /'I)NHI, NO=__+ )Urea

75

Inorganic
Soil N

3L "5
lo8 "5
86.s
71.5

,or"5
299 .5
229 .O

3o

Plant
N

25.8
Ø.r
65.0
50.2
77 .o
Be.r
56.6

NHI 15wO=
']tr ' -)--T{H¡, N0=)urea

NHr l1uo=
tfon+ *o;

Urea
T5

Soil +
Plant N

57 .t
LTz.O
L5L.5
L27.7

7TB .5
tBL.6
zBS.6

Early Harvest

53.o

,5.5
22.O
52.O

59 .5
t7 .5
79.0

Inorganic
Soil N

180.0
774 .5
176.5
352.o
546 .5
547.o
4gg .¡

56 "o

l,28.2
L72.7
1r1.2

259 .5
26a.5
L87.7

STOCTilON

109.0

L61 .T
L54 .T
L67.2

7L9.o
2gB .o
222.1

Late

Plant
N

86.6
r10.0
104 .1
Bg.l

LOl .O
r_00.0
11r .6

Har"vest

Soil +
Pl-ant N

266.6
444.¡
440 .6
44r.1
649 .s
641 .o
6u.r

T1.o

77 .5
86.0
6g.s

95.5
Bo.¡
70Ã

22O.9

7r2.5
172.6
722.4

47r.4
\74 .7
4Zo.r

DO7 0

794.o
418 .6
79L.9

566.9
554 .B

549 .6

u-r
H
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dlfferent in some cases r¡hlch must be attributeC to experi-

mental error. The soil Cata does, however, support to some

extent the nitrogen uptake Cata. It is reaCily eviCent in
Table IX from the earl-y harvest Cata that the urea tneateC

Almasippi soil-s containeC l-ess inorganic nitrogen anC proCuceC

plants v¡ith l-ess nitrogen than Cid the amrnonium nÍtrate treat-
eC soils. This appears to be the cause of the lo¡,rer plant

yielCs CiscusseC unCer. the previous section. Since this type

of soil has been characterizeC as the type in r,¡hich ammonia

losses occur, this is suggesteC as a cause in this case.

Further eviCence that amnonia losses from this soil_ occur is
pnesenteC in the next chapter. The nesults on the Stoci<ton

soil are not very consistent at the eanly harvest, but plant

nitr.ogen plus soil inorganic nitrogen total r^ias approximately

70 ne/pot less on the T5 ppm urea treateC soil-. At the 10

ppm rate there is no difference betrn¡een sources in plant

nitrogen plus inorganic soil- nitrogen. The final harvest

r"esul-ts reveal only small differences between ur"ea anC ammon-

ium nitrate labelleC at the ammoniuro enC. The Cifferences are

smallen than the difference between the two ammonium nitrate
sources which are attr"ibuteC to uncontrolleC var"Íability. The

late harvest resul-ts on the Almasippi soil incicate that soil
plus plant nitrogen was )O ng/pot higher from the ammonium

nitrate than from tbe urea amenCeC soils at the 75 ppm rate.
This is mainly accounteC for by the difference in plant uptake

of nitrogen from the urea anC ammonium nitrate soul.ces. At the

J0 ppm rate, soil plus plant nitrogen totals are the same
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although the plant nitrogen alone is approximately ZTft greater

from ammonium nitrate than from urea. ConsiCering the early

har"vest results anC the fact that tbere shoul-C theoretically
be littl-e nitrate nÍtrogen left in a soil on which nitr"ogen

Ceficient plants have been groi,ring, the reporteC value of

J2 mg/pot appears high. Using plant nit::ogen only as a
criterlon for avail-able nitrogen, the Cata becomes more consj-s-

tent anC the previous observation of the r"el-ative avail-ibility
of nitrogen from the urea anC ammonium nitr.ate soils becomes

mone conclusive.

Pfotting the nitr.ogen uptake values for tbe obsenveC

check (O nitr.ogen), J0 ppm and 75 ppn treatments (nigure B)

resulteC in curves Cesignated as type 1 by Ter.man anC Brovnr

ftt). That is, tbe observed check is the sa"me as that Ces-

cribeC by r.egr"ession. This inCicates that the efficiency of

nitrogen uptake Coesnrt change with rate of application anC

no net immobilization or mineralization has occurreC Cue to

treatment at harvest time. SÍmilar results were obtained in
the Almasippi soil althougb the r.egressÍon curves Co not pass

exactly through the observeC check values. The r"elatlve

inefficiency of urea on this soil is also apparent from these

curve s .

Tracer Nitr.ogen Uptake

The use of isotopes to stuCy soil-fertil-izer. react-

ions has become r+iCespreaC and highly r.egarCeC as an experi-

mental methoC. BroaCbent and Nakashima (B) state that the

use of 15N label-teC fertilizer has maCe it possible to obtain
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much better estimates of nitrogen losses than aTe possible

r^¡ith conventional techniques. rt is important, however, to
interpret tbis type of cata correctly or it may be less use-

ful tban usÍng nontr"acer methoCs.

A comparison of the two NH4N07 sources (fanfe X)

indicates tbat a greater per cent of the plant nitrogen is
deriveC from tracer *0, - N than NH4 - N on al_l treat-
ments except the plants harvesteC at the early Cate"with fl
ppm N applied to the StoclcLon soil. The Cifferences bet-
lreen the sources on the Almasippi soil are considerably

larger. than on the Stoclcton. fn all_ cases, the per cent

derÍvec from the tracer ammonium source is approximately Dq"

of that cerivec from the urea source. This result r'roul-c be

expecteC if the anmonia releaseC upon urea hyCrolysis is
avail-ab]e to the plant to the same cegree as the ammonium

from the ammonium nitrate source sÍnce tbere was exact,ly twice

as much tracer urea N appliec as tracer NH4 - N " The total
amount of tracer nitr.ogen (ur opposec Lo % of prant nitrogen)
taken up by the plants on the Al-masippi soil was less than

twice that of tracer NlI4 - N incicating the cisappearance

of tracer urea N by soil- fixation or gaseous loss. This

diC not occur to a great extent on the Stockton soil-. In
orCer to compare tracer urea r¿ith NH4 N0, .,:.gg", on both

ions, the resul-ts of lã'lHU r,ro, and NH4 
tfuo, 

rüeï,e summec

anc presentec uncer ihe heacing tfonU tfoo, in Table X.

In all cases, tracer arunonium nitrate l,¡as present in the pl-ant

tops in greater amounts than tracer urea. This is mainly due



TABTE X

SOTL RATE N

Almasippå

7o

IIREA AND AM\4ONIU}{ NITRATE

HAR1TEST DATE

TAACER NITFOGEN fN PI,A"NT TOPS F'ROM

Stgcktsrn,

T5

E

L

E

L

urea lãlu4xo, nuulãvo,
-)Ê

% ng/poL % ms/pot /" ng/pot

4z.t zL.t zo.z L7 .L 7a .T Lg .5

t5 "6 t9 .6 rB "t z) "t zj "z 72 ")
57 .T 72 "6 27 "2 zz "4 79 .B 30 "6

55.O 1o1.0 2T .T 71"0 4O "Z 10r.0

7O

T5

E

L

E

L

)È 01
/u

SOIIRCE

+E:3
- a')L:O

Tracer N in plant tops

2L.9

lo o

4o.r

40 .7

Total N 1n plant tops

L9.5

64 .z

44.6

LB9 .5

weeks after emer"gence

weeks after emergence

LT "T

9.5

22.7

20.1

lã\rg,,]ãuo=
T)

o/,

qn c)

4l .s

6r .o

6r "g

L2.4

7L"6

22.7

99 .5

mg/pol-

12.6

56 .T

51 .o

LT\ "o

L5.5

L5.6

22 "l
23.9

17 .1

4B .6

22.9

LLz.5

¿( .¿

25.r

44.8

44 .0

ootr

Bo.z

4s.6

2I2.O

\¡
Cl\
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to tbe pl..esence of the nitrate ion in ammonium nitrate.
The per cent nitrogen recovery resul-ts (faUfe Xf)

of the urea anC ammonium sources CetermineC by the tracer

technique i^iere quite similar on tbe Stockton soil but not

on the Almasippi " Thls inCicates that urea N disappeareC

in greater amounts than NH4 - N from llH4N07 to a greater

extent on the Almasippi soil than on the Stoclcbon. A likely

mechanism for this disappearance woulC be ammonia volatiliz-

ation as urea bydrolyzes since the Almasippi soil character-

istics are conCucive to tlris occurrence whereas on the Stock-

ton soil this is not tbe case. The percentage utilization of

tracer NO, - N i,las higher than either urea or NH4 - N anC

T¡ras more simil-ar to the efficiency of NH4N07 measuneC by

the difference (fanfe X) methoC. Since total nitrogen uptake

fr"orn the Stockton soil (fanfe fX) \,Ias simil-ar for both the

NH4N0, and urea sources, the lower per cent utilization of

tracer urea or NH4 - N was not likely Cue to volatÍl-ization

of amtnonia from the soil . Two possibilities are ammonia f ix-

ation anC/or inmobilizati-on. Ammonium fixation to any large

extent Coes not appear likely since the soils remained moÍst

fr"om the time of fertilizen application to hanvest (¡f).

Prefer.ential mÍcrobial inmobil-ization of amruonium over nitrate

bas been shovn to occur (B) (>f) (6r) anc appears to bave

occurreC in this experiment. To account for the similarity

in total nitrogen uptake from the urea anC t{H4N07 sources,

mineralization of non-tracer nltrogen woulC bave to occur to

an extent equal to that immobilizeð., i.e., tbe tracen ammonium



TA3T,E XT

SOIL NATE

7o

l{rmas].ppl
75

HARITEST DATE

FERTILTZER NTTROGEN FECO1¡ERY BY PI"AI\TTS

IN GREENHOUSE EXPEFII4ENT (p"" cent)
+

7o

Stockton
T5

E

L

E

L

Ur"ea
15N Diff .*

14.r L6.7

26 "4 16"8
QoOó.'( ó.2

26.9 t\ .o

àê y'o recovery by Ciffenence methoC :

E

L

E

L

+E:7
L:B

SOIIRCE

NH4 N0,]fo lfu

rT .5 26.0

12"\ 4l .z

L2 "O 17 .\
1T .9 55.o

L7.O

41.4

rt.g
50.5

weeks after emergence

weeks after emergence

1.8

6r .r
70
I .L

66.s

N uptake of N tr.eatment - N uptake of 0 N treatment

NHr'N0=-t)

15N Diff .r+

zL.T 25 .6

7T .8 4g .r
14.1 t4 .1

46.4 54 .3

16 .6

4z.z

12 "1

51.r

22.8

64 .8

L4. .1

6o.o

T9.T

51 .5

L2.2

56.5

N aCdeC

r).6
6r .s

4.0

6r .z

LN
CO
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imlobilizeC r,¡as replaceC by non-tracer nitrogen.
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V AMMONIA VOTATILIZATION STUDIES

IntroCuction

The r"esults of the fiel-C anC greenhouse exper"Íments

inCicateC tbat urea lras consiCerably less efficient than

ammonium nitrate ln supplying nitrogen to plants. This was

particularly noticeable on the course textureC Almaslppi

soil-. A r.evlew of the literature inCÍcateC tbat the lower

efficiency of urea coulC be Cue to volatilization of ammonia

as urea hyCr"olyzeC. Thus, several experiments l¡ere conCucteC

to Cetermlne the influence of temperature, soil type anC

methoC of fertilízer placement on ammonia loss from urea anC

NH4N07

MethoCs anl Materials

An apparatus r¡ras CesigneC to pass ammonia fr"ee air
over a soil surface anC into an ammonia absorbing meCium

(f igure 9 ) . Air r¿as passec by pressure througb a bottle
(Uottfe a) containing boric aciC to remove any ammonia vbich

may have been present in the air" enter.ing the apparatus. The

air r¿as then passeC through water (¡ottfe g) to increase the

moisture content of the air" This preventeC excess moisture

loss from the soils. The air i,¡as then passed through a !00 m1

bottl-e containing soil (Uottfe C) anC finally passeC througb a

bottle containing 2l ml of O.lN H2S04 CiluteC to 75 mls in

which the volat,ilizeC ammonia was trappeC (Uottfe l) . The

apparatus r4ras CeslgneC to accomoCate 21 treatments.



FIGURE 9 APPAFAruS USED FOR MEASIIRING A]Vß4ONIA LOSS FROM SOILS

.r N.

H2SO4

o\
ts
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Following constnuction of the apparatus, âÐ experi-

ment i,¡as conCucteC to Cetermine if the apparatus l¡oulC funct-
ion properly. The treatments useC are listeC in Table XIII.
25Og of Almasippi soil were p1aceC into the glass jar. One

iar containeC only standarC NH4NOr. This treatment r+as

useC to test the efficiency of tbe apparatus i.tr r.ecovering

volatil-izeC NHl. The so1ls were then l¡etted to flelC cap-

acity anC a urea nitr.ogen solution aCCeC uniformly over" the

soiÌ surface. The jar"s \,rere stoppereC and the air inl_et

tube connectec to the alr supply. sufficient air. r¿as passec

tbr"ough the jar so that tbe air above the soil_ was replaceC

approxirnately five times per minute. 20 ml of 0.1N NaOH

was aCCeC to the jar" containing only NH4NO,. The jars ïrere

immeciately sealec anc the col-l-ection of ammonia initÍatec.
The incubations \^rere conducteC at 25oA. The aJnmonÍa absorption

flasks i.¡erej replaceC witb jars containing unreacteC acid every

24 bours. The reactec acid \^ras then titr"ated with o.rN NaoH

anC tbe amount of ammonia vol_atil_izeC cal_culateC.

The characteristics of the soils useC in the var-
ious ammonia volatilization stuCies are outlined in Tabl-e XII.

Fesults anC Discussion

The amounts of amr,ronia N volatilized from th:e

soil- after 120 hours was nearly l-inean r¡ith rate of appllcat-

ion (tr'igure l0). After 24 anC 48 houns, holrever, volatil-izaL-
ion was less complete anC tbe curves have a large lnflectlon



TABT.,E XTI

soil rype (-3ä7i3¡*l

Almasippi LVFS l-]-.7

CATION EXCHANGE CAPACITY, SI, CaC07 EQUIVATENT AND

I uorsurnE AT FrELD cApAcrry oF soÍis usED rN rjrn
AMMONIA VOIATIZATION EXPERIiVIENTS

Stoclcbon FSL L5.9

Altona VFSCL 22.O

LakelanC C L 29"4

pH

B.o '

6.o

CaC0-)
equlv "

1.0

o.7

0.5

$.6

7"7

8.0

Moisture content at
field capacity(%) (%)-

21

28

14

40

o'\
UJ
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lf extrapolatec to 0. The total N vol-atillzed after l2o
hours was not a cir"ect function of the amount of urea N

acced sÍnce at the 25 ppm rate of application 2.) mg of N

i,^ras volatilizeC but at the 100 ppm rate , 9.46 mg rras

volatil-izec " This is clearry incicated in Figure 1l which

shows the inverse relationship of per" cent N volati1iza;lon
to the nate of unea N application (curves l+, ! anC 6).
curves l, 2 and 7 show that 85% of the ammonia volatilization
from the 2J ppm r.ate of unea N occurrec within the first
2\ hours but at tbe !0 anC 100 ppm rates only 6f anC 44,
respectively, volatilizec within this time per.ioc. Only after.

f2 hours dic the 100 ppm rate, curve (l), show a markec decrease

1n volatilization rate.
The fact tbat a lower per.centage of N was vol-at-

ilized at higher rates of urea application coul_d be cue to a

l-imitatlon of the urease enzyme in the soil at higher rates
of urea application. The unea would ther.efore be able to
diffuse into the soil r¿here volatÍlization was l-ess likely to
occur3 0 

,

The resul-ts of the field experiments in chapter rrf
indicatec that barley response to an NH4N07 application was

47ft nigner than that from a urea appllcation at the 6o r¡
w/Ac rate on the Armasippi soil. The ammonia losses which

occurrec from this soil in the incubation experiments coul-c

account for t,bÍs difference assuming that very little ammon-

ium nitrate woulc have been l-ost uncer tbe same concitions.
This could also account for the differences between urea anC



TABi,E XTTI

Tneatment

Control (on)

Urea 25 pp¡n (6.25 me)

Urea 50 ppm (re.5o me)

Urea 100 ppm (zS.OO mg)

NH4lil07 + NaOH( 6.45 mg NH4 N)

VOI,ATILTZATTON OF AMVIONTA

ALMASIPPI SOIL AT RAIES

24

2.5L

7"48

4"41

6.27

N FAOM UREA APPLIED TO AN
0F 25, !0 and 100 ppm N

Source of variance

Treatments

Replications

Error

4B

0.10

2 "74

4.64

T .4L

6.lB

NH7 N Volatllized
Tlme (nour)

Statlstlcal analysfs

T2

0.10

2.86

Ioo

B.gr

6.40

( te)

96

0 "10

2.go

5 .14

9 .19

6.40

of urea treatments

Varlance

22.r

0"7

o.2

120

0 .10

2.go

5 .14

9 .46

6 "40

F

110.5

I.5

!!
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ammonium nitrate founC in the greenhouse studies.

The smooth curves showing the amount of nitrogen

vo}atilized with time anC the 99.4" recovery of N from

the stanCard ammonium nitrate solutlon inCicates that the

experÍmental apparatus workeC well anC coulC be expecteC to
Cetect small Cifferences between treatments " Statistical-
analysis of the 25, 50 anC 100 ppm urea treatments wbich \üere

replicateC twice inCicates a lor¿ var"iance Cue to r"eplications

anC experimental error. Therefore, to accomoCate mor"e treai-
rnents, the tr"eatments were not replicateC in the fol-loving

experiments.

A seconC experiment was per"for.meC to determine the

effect of placement, N source, nate of N applieC anC soil-

type on the amount of ammonia vo1atilizeC. The expenimental

methoC \^¡as as previously CescribeC. An incubation temperature

of 15oC was selecteC. Thus, a comparison of the Cata in this
experiment with that obtaineC in the pr"evious experiment

tuould yielC some information on the influence of temper"ature

on NHf volatilizaLion. The experiment was terminateC after
the ninth Cay of incubation Cue to an acciCental- r.estriction
of the air flor¿. However, the rate of ammonia being volat-
ilizeC after nine Cays of incubation was extremely lov¡ anC

the l-osses occurring after this time woulC be small relative
to tbose measurec curing the flrst few days of incubation.
Hoi'¡ever, a verïi l-ow rate of vol-atilization coulC have occur"reC

for a considerabte perioC of time (ll).
Tenrperature haC a markeC effect on the rate of



TABIE XIV

Soil Type

Almasipoi
il'^
1t

l1

ft

lt
ll
ll
il
ll

Altona
ll
fl
lt
ll
il
il
il

ll

INF"LITENCE OF PI,ACEMENT AND SOIL TYPE
ON TT]E VOI,ATTLIZATION OF NH, N

Method of
Applicatlon

Surface
l1

:
il

1" depth
fi-
tl

Surface
tl
il

Surface
il
tt

-ilr deDfnrt '
il

Sunface
tl

N source

Urea
il
r
ll
il
il

NHr,N0-r2
ll

Ur"ea
tl
t1

tl
il
tl

NH4N01
il

Rate of
N applied (pp*)

0
T5

150
,oo

T5
150
lAO
150
200
b00

Total NH= N
Volatil l)zelms%
00
o.59 1 .22.51 6 .r
1.54 4.r
0.10 0.5
o.BB z.V
0.78 1 .0
0.46 r.zL.1t 1.8
0.70 0.5

0
T5

150
700

T5
150
too
100
6oo

00
0.45 2.4rÁrIz'
ä'.;ä )'.í0.06 o.1o.ta o.B
o.2L O.1
0.05 0.r
0.47 0.1

o\
\o
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ammonia volatilization from urea (Talles xrrr and xrv). rn

the previous experiment (tanfe trIIf), 
"onducteC 

at Z5oC, the
percentage of accec nitrogen lost in 24 hours was 28y'" anc

LT% vhen !O anC lOO ppm N as urea was aCCeC, respectively.
The greatest loss after nine cays of incubation at l5oc r,ras

6.7fu ane occurreC when 150 ppm N as urea was aCCeC to the

Ahnasippi soil- (taute xrv) . The solls lost no or verr l-ittle
nitrogen curing the first 24 hour.s of incubation. Loss of
ammonia from urea was J to 6 folc l-owen when placec into the
Almasippi soil at a depth of one inch than r¿hen appliec to
the soil surface " Placing ur.ea at a cepth of one lnch on

the Altona soi] reducec losses approximatery 5 to l-0 folc.
Losses from sunface applied urea variec onry fr.om 2.4 to 4.1%

on the Al-tona soil-. Tbe lowering of ammonia volatilization
by placing the nitrogen fertilizers into the soil- has been

notec by other wor.kers (11) (n). Total ]-osses of ammonia

from urea increasec with r"ate of application on botb soils
wben placec on the soil sur.face. This tr.enc r.¡as not evicent
wben the fer"tilizer"s were placeC into the soil.

The largest volatilization of N, expresseC as a
per"centage of the amount of urea N added, occurrec when

150 ppm N \.,ias acdec to both soils anc r¿ith both methocs of
application. Hoi+even, the per cent N volatilizeC was usually
gr"eater r,¡hen JOO ppm N was accec than l¡hen z5 ppm N was

adcec. The per. cent of acdec nitrogen volatllizec from the
Almasippi soil- treatec with NH4NO7 \rras the highest when

7OO (fæ pprn NH4 N) ppm N r¿as aCCeC. The per cent N vol_at-

r,¡ith NH4N07 l,ras greatestil-izeC from the Al_tona soil treateC
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at tbe 600 ppm N rate (lOO ppm NH4 N). Ammonia N volat-
ilization from NH4NO7 applieC at 150 ppm N (75 ppr M+ n)

was approximately 2Ø, of that volatil-izeC from the equivalent

rate of urea N on the Al-masippi soil . Volatilization of

NH4N0] N from the Altona soil- \,¡as very lor¡. The l-ower

pII anC higher cation exchange capacity of the Al-tona soil
accounts for these resul-ts "

A thir"C experiment was conCucteC to stuCy the volat-
ilization of ammonia from pelleteC commercial grade urea anC

NH,.NO- mixeC with tbe surface one inch of soil. The Almasippi,4t
Stockton, Altona anC LakelanC soils rvhich t¡ere useC in the

fiel-C exper.iments r,¡ere useC in this experiment. The tr"eat-

ments useC are listeC in Table XV. A constant r"elative

humiCity of 1L% aL 25oC r¿as maintaineC over the soil samples

by passing air through a saturateC solution of CaCl2 prior
to passing the air over the soil- samples. The soils i\rere

wetteC to field capacity anC incubation initiateC. The exper-

iment \,ras stoppeC after 11 Cays of incubation when ammonia

volatil-ization became negligible.
The r"esults are presenteC in Tabl-e )t/ anC Figure 12.

Except fon the Almasippi soil, losses of nitrogen Cur"ing the

first Cay of incubation we]"e negligible (nigure 15) . The rate
of ammonium vol-atil-ization increaseC rapiCly betr,¡een the first
anc tbirc cay of incubation anc then cecreasec rapicly on the

stockton anc Al-tona soils but on the Almasippi anc Lakel-anc

soils consicerabl-e vo]atilization occurred untit the ninth

day of incubation.

Approximately 2Ø of the JOO ppm urea N aCdeC to the



TASIE XV

Soil Type

Almasippi

Stoclcbon

N
Source

Urea
il
il

NHr'N0-'1 2

Urea
il
il

NHI'll0=r)

Urea
il
il

NH,,NO-+2

Urea
tf

tf

NHI'NO'<-1 ,)

AMMONIA

SOILS

Rate N
ApplieC
( þþ')

Al-tona

N VOI,ATILIZÐ AND MOISTURE LOSS TBOM FOUR
TREATED 1,{-TTTI PETTFTED TIREA AND NH4NO7

Ammonia N Moisture contentvolatalizeC at Field capacitv
( *e) g") - 

e/ ,:àl- 
- - -'

0
T5

150
100
6oo

LakelanC

00L.t 5. B2.5 T .91ö.5 20 .5
1.0 1.6

0
T5

150
100
6oo

0
T5

150
300
6oo

0
T5

150
JOo
6oo

ñ
a.o7
o.L1
,.Lo
0.07

0
o "L7
o .29
1"44
0 .04

0
4.25
0.50
u .\r
o "14

0
o.13
t.B=
6 .6o
I .09

6q.ofi
ll
il
1t

84 .0
t1

It

ft

1l

102 .0
il
il
tl
fl

0
I .10
1.10
4.84
0.07

Moisture
loss (e)

0
t.4T
4.ro
T .20
o.54

22.7
3T .t
2).o
42.7
24 .O

16 .\
73.5
]B.B
.4 .\1¿'-
tó.ó

120 .0
ft

il
il
il

52.q
46.1
trZ'tr

59.2
56 .6

41 .6
47.7
4q.B
\i.o
42.6

--i
ñ)
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Almaslppi soil- r.¡as vol-atllizeC after 11 Cays of incubation.

This r,¡as over ) times that volatilj,zel fronr any of the other

soils at this rate of application. This is probabl_y Cue to
the high pH anC carbonate content anC low cation exchange

capacity of this soil-. The LakelanC soil which al_so haC a

high pll anC car"bonate ccntent volatilizel much less N. This

soil hoi,rever, haC a larger cation exchange capacity than the

Almasippi soil. volatilization of N from the La.kelanc soil
\,Ias greater than from the Stoclcbon anC Al-tona soils from l¿hÍch

littl-e or no ammonia \^ras volatilizeC at the fl anC 150 ppm

rate of N application. The lor.¡er pll anC the 1or¿ carbonate

content of the latter tr¿o soils probably restrictec l-osses

even though their ca.iÍon exchange capacitÍes !Íere lower than

that of the LakelanC.

The magnituCe of ammonia vol_atilizeC from NH4N0,

relative to soil type cecrease in the order Almasippi, Lake-

lanc, Altona anc stoclcbon. This was the same orcer: as ammonia

volatilized from urea. The total N volatil-izec fr.om the

NHxNOz source, hol.rever, r,'as much less than the total l-osses-t)

from the urea. The vola.tilization of N from },TI4N07 appliec

to the Almasippi soil at 600 ppm N (lOO ppm NH4 N) T/¡as approx-

imately f .6% of that applieC i,¡hereas urea applied at )OO ppm N

resultec in appr.oximately 2Ø of that accec volatirizec. on a
fielc basis these rates of application are equivalenL to JZo
anc 160 lb N/Ac, Taspectively. Thus, tbe l-osses from the

Almasippi soil lrere 10.5 pouncs of NH4N0, N anc J2 pouncs of
urea N per acre. The cifference in volatilization l_osses
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from the urea anC NH¡N07 sources is probably due to ther)
increase in pII associateC with urea hyCrolysis v¡hich causes

higher concentration of free ammonia in the soil-. Tbe pII

effect on ammonia volatilization r.¡as also shor,rn by ttre higher

NH¡N03 N losses from the Almasippi anC LakelanC soils thanT)

on the Stockton anC Altona.
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lfl ST]NilVIARY

Field experiments i¿ere conducteC in 1p6B anC L969

to stuCy the relative efficacy of urea and ammonium nitrate
as sources of nitrogen for barley at eight l-ocations repre-

senting seven Manitoba soil-s using various methods of

nitrogen application. The soils rangeC in pll fr.om 6.0 to
B.O anC in cation exchange capacity from IL.7 to Jf .L

neq/lOO g. A greenbouse experÍment was conCucteC to stuCy

plant uptake of tracer" nitrogen applieC as urea anC ammonium

nitrate fr"om soils useC in the f iel-C. Finally, a laboratory

experiment was conCucteC to Cetermine the magnituCe of
ammonia losses from urea anc ammonium nitrate treatec soils
wbich haC been useC in the fÍel-C and greenhouse.

The field nesults showeC that drilling urea causeC

seeCling emergence r"eCuctions which rrere relateC to tbe rate
of nitnogen applieC anC the cation exchange capacity by the

equation

Yc : 1.25 - 120 x-l + 18.4 Rx-l - 0.f4R

where reduction in seeCling energence (%)

cation exchange capacity mey'fOOg

rate of urea N application tb/Ac

DrilleC ammonium nitrate causeC a large reCuction in emergence

only on the coaÌse texturec soir at tbe 6o r¡ u/Ac rate of
application. Grain yielc recuctions causec by the cr.itlec
urea treatments relative to the crillec ammonium nltrate

Y
a

x

R
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treatments r,¡ere higber than that expecteC from the reCuction

ln stanC. This indicateC Camage to plants wbich CiC emerge.

BanCing urea one inch to the siCe eliminateC all eviCence

of Camage to the seeC anC grain yielCs were simil-ar to those

obtaineC witb ammonium nitrate tr:eatments at the satne rate.

Uniform incorporation of ammonium nitrate causeC greater

yielC increases than equivalent urea treatments in f96B but

not in f969. The greatest Cifferences occurred on the coarse

textureC Almasippi soil r¿hich baC a pll of 8.0. Differences

also occurreC on the coarse textureC Stockton in 1968 which

haC a pII of 6.J but to a lesser extent. Dr.illing ammonium

nitrate with the seeC r'¡as generall¡r superior to uniform

incorporation up to 6O f¡ N/Ac except on the Ahoasippi

soil r,¡here consiCerable seeCling Camage occurr"eC at this rate.

In tbe greenhouse expeniment nitrogen uptake anC

yielCs of barley were lower r¿lth urea than with ammonium

nitrate on the Aln:asippi soil " Tbe differences in tracen

NH,¡¡ N anC urea N uptake inCicateC that this was Cue to a+

loss of ammonia. 0n the Stockton soil which al-so showeC this
effect in the fielC in 1968 but not Ìn L969, urea anC ammon-

ium nitrate supplieC equal amounts of nitrogen. Considerably

less tracer urea N anC ammoniun: N from ammonium nitrate
was founC in the plant tops inCicating t,hat ammonium ruas

preferentially immobilizeC over nitrate or: both soils. The

nesults al-so inCicatel that the Cifference founC in measuring

nitr"ogen efficiency by the tracer anC the Cifference methoCs

was in part Cue to the immobilization of nitrogen fertilizer.
The laboratory experiment sbov¡eC tbat ammonia
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Vol-atilizaLLon from urea ireateC soj-l-s l¡as respotlsible for

the fietC anC greenhouse results which hal inCicateC a l-or,¡

efficiency of urea relative to ammonium nitrate on the

Al-masippi soiÌ. A surface applica't,ion of urea on this soil

resulteC in l-osses of up to 47%. Placing urea at a one

inch Cepth anC Cecreasing temperature frotil 25 Lo l5o0 reCuceC

ammonia l-osses. At the l5oc temperaiure a very lolr percentage

l-oss occurreC r¿ithin the first 24 hours at all- rates of N

application vhereas at 25oC , 85% of total- volatil-ization

occurreC r¿itbin this perioC at the 25 ppm N rate" Small-

losses of arunonia fron atnmonium nitr"ate also occurreC on

the calcareous soil s "
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1rII CONCLUS]ONS

Cation exchange capacity of the soil has a markeC effect

on the ability of tlre soil- to reCuce the toxicity to plants

causeC by applying urea with the seeC.

The inefficiency of broaCcast urea relative to ammoniurn

nitr"ate unCer fiel-C conCitions varies frorn year to year

but the possibility of this occurring is greater on coarse

textureC soils of high pII than on finer textureC soils
of l-oi,¡er pH.

1" Dril-ling ammonium nitr"ate with the seeC causes greater

yielC increases than uniform incorporation up to a r.ate of

6o r¡ n,/Ac.

L Incorporation of urea with the soil reCuces ammonia

l-osses consiCerably thus improving its r"el-ative efficiency.
The Cifference in nitrogen efficiency as measureC by

tracer nitrogen anC the Cifference methoC is Cue in par"t

to the immobilization of fer.tilizer nitrogen i¿ith the

subsequent mineralization of non tracer nitr.ogen. When

anrmonia nitrogen, lrhicb is preferentially immobllizeC as

compareC to nitrate, is useC the Cifference between the

two measurements increases.

A Cecrease jx temperature from ZjoC to l-5o0 markeCly

Celays the initiatlon of ammonia volatilizabion and Cecr.easeC

total l-osses from urea treateC soil.
Soil-s l¡lth a pll of B.O are subject to greater losses

of ammonia fr.om urea treatments 'Lhan soils l'¡itb a pTi of

6.0 to f .6.

5:

6"

7.



BO

1rIIT BIBLTOGRAPIIY

l-. Atkinson,_H. {.r_Cites^ G. R., Maclean, A. J., andltright, J. R . L958. Chemical MethoCs of 'Soil
AnatysÍs Contribution No. L6g C.D.A " p.Z9-1L

2. Bates, R. G. anC Pinching, G. D . L95O. Dissociation
constant of agueous ammonia at 0 to 56o fnomemf studies of the ammonium salt of a weak acid.J. Amen. chem. Soc . TZ:L393-6

t" Black, C, 4., ECitor L96j. MethoCs of Soil Analysis,P.l! 2. .lvlonograph 9_, Arnerican Society of Ãgroúoffiy.,
Madison, Wisconsin, U.S.A.

4" Brage, B. L., Zich, W. R. anC Fine, L. O. Lg6O. Ger.rnin-ation of small gr.ain and corn as infl-uencec by urea
anc other nitrogenous fertil-izers. soil- sci.- soc.
Amer. pr"oc . 24z294-296 .

5. Bremnen, J. M. and Keeney, D. R., L966. Determination
and isotope-ratio analysis of differ.ent forms of
nltnogen Ín 

- 
soil_s , t. Exchangeable ammonium,

nitr"ate, and nitrite by extractÍon-cistillatiôn
methoCs. Soil Sci. Soc. Amer. proc " 26:5TT-582"

6" BroaCbent, F. E, Hill, G. N. anC Tylen, K. B. I95B
Tr"ansfo'mation anc movement of- ureá in soirÁlSoil Sci. Soc. Amer. pr"oc. ZZtjOT-)OT.

T . Br"oacbent, F. E. anc Nakashima, T. L96j. pl_ant reooveï,y. of immobilizec nitr.ogen in gr"eenhouse experiments.Soil Sci. Soc. Amen. proc. -Z9z5j-60

B. Broadbent, F._8._and Nakashima, T. 1968. plant uptake
and rêsicual val-ues of six tag¡4êd nitrogen fãrtil-izei:s. Soit Sci " Soc. Amer. Þñoc . 3Z:7BB-lgl .

9" Broadbent, F. E. anc ryrer", K. B. L962. Labor.atory anc
greenhouse investigations on nitrogen immobiliz-ation. Soil Sci. Soc. Amer. proc .- Z6:4fg-UAZ.

10" BroaCbent, F. E. anC Tyler, K. B . 1965. Effect of pll
on nitrogen immobllizatlon in two California soil-s.
Pt_ant anC Soit Zj:jL4-122.

11. carnie, A. Lg66. Exchangeable ammonium anc its avall--ability to plants. M. Sc. thesis Univ. of Manitoba



Br

12. Chapm?n, H. D. anC Liehig, G. F . L952. FielC and
laboratory stuCÍes of nitrite accumulation insoils. Soil Sci. Soc. Amer. pr.oc , i5z Z6T-Z8Z"

11" Chin, ltr: T. anC Kr.oontje, W. 1961. Urea hyCrolysls
anC subsequent loss of ammonia. Soil Sci-. Soc.Aner. Proc . 2T z jt6Õt1 .

14. connad, _J._P. 194r. catalytic activity causing theu, lJ . f,. Ly+L. uaf,alyllc acttv].ty causl_ng t
hyCrolysis of urea in soils as influenceC-by
several- agronomia factors. Soil Sci. Soc.
Proc . J.""Z3B-Z4L

Amer.

L5, Cooke I. J. \962. -Damage to plant roots causeC by
urea and anbyCr.ous ammonia. Nature Lo.nC .I94z tz6z-61 "

16 " cotton anc Ìlilkinson rg6z._Advancec rnorganic chemistry
A Compr.ensi-ve Text. fnterscience públishers
PP 247-e48.

LT. Court_, M. N., Stephen, R. C. and ÏfaiC, J. S. 196A.Nitrite toxicity arising from the use of ur"ea as
a fertitízey. Nature LonC . L942 LZ67-L265.

18" Count, M. trl ., Stephen, R. C. and ltraiC, J. S. Lg64.Toxicity ?g the cause of tbe inefficiency- of urea
as a fertil-izer. r . RevÍew J . soil sci-. l5z 4r-48.

19. Cour.t, M. N., Stephen, R. C. and WaiC, J. S. I96U.Toxicity-as a cause of the ineffíciency oi urea asa fertilizer. rr Experimental- J . soir sci. aJz$-6J.
20" Devine, J. R. anc Hormes, M. R. J. 1963. Field exþer"i-

ments comparing ammonium sul-fate, ammonium nitrate,
cal-cium nitnate and ur"ea combineá-Cr"il]ed with spníngbartey" J. Agric. Sci. 6t:7Bt_19O.

2r. Doak, B. 1,ü : L952. some chemical changes ln tbe nitnogenousconstituents of uEine when voideã on pasture. J;Agnic. Sci . 4Z:L6Z-LTL .

22. Duisberg, P. C. and Beuhren, T. F" 1954. Effect of
ammonia anc its oxication procucts on rate of nitri-
f ication and plant gror,rth. Soil Sci. fBÕT -49

23" Ehr1ich,_I.-{r, Poyser:, E. _A-, pr"att, L. E. and Ellis,J. H : L957. _ Report of Reconnai3sa¡ce Soil Sur:vey of
trrlinnipeg and Morris Map sheet Areas. No. ! Man . Dept.of Agric" 1^linnipeg

24" Ebr.lich, W.A.r_poysen, E. A. anC pratt, L.E. L957.
Repont of Reconnaissance Soit Sur.vey of Caherry
Map Sheet Ar.ea. No. Z Man. Dept . ôf Agric anä
Immlgnation. l,Jlnnipeg



B2

25. Ellis, J. H. anC Shafer, Tl. H. L947. Repor"t of
Reconnaissance Soil Sur.vey of South-Central
Manitoba No. 4 Man. Dept.- of Agric. Winnipeg

26" Ernst, J. W. anC Massey, H.F. Lg6O. The effects of
several factors on volatilization of ur"ea in soils.
Soil- Sci. Soc. Amer. Proc, 242 B7-9O.

27. Fehr, P. I. Ig1g.Technique for Measurement of non-
symhiotig nitrogen fixation in some Manitoba soilsusing l)N. M. Sc. thesis University of ManÍtoba
pp LT-24.

28. Finar , I . T,. 1956 OrganÍc Chemistny
1. Tbe fundamental principles. Longmans LonCon
pp 383-188.

29. Fischer, i,tr. B. Jr'. anC Par.ks, W. L. 1958. fnfluence ofsoil temperature on urea hydnolysis and subsequentnitrification. Soil Sci. Soc. Amer'. pnoc . ZZtZ4T-
248.

30 " Gasser, J . -R . _n . 1964. some factors affecting losses of
ammonia from urea anC ammonium sulfate aþplied tosoils. J. Soit Sci. L5:Z5B-ZTA.

7r" Gasser, J. K. R. L964. unea as a Fertilizer. soils anc
Ferts . 2T: U5-180.

72. Gibson, T. 1910. The decomposition of unea 1n soil-sJ. Agr"ic. S ci . 20:549-558.

17. Harding, î, 8., g! aJ. " L96i. Leaching and gaseous.lossesof nitrogen irõm some non tilled-califõrnia soils.Agoon. J: 55: 515-518.

74. Hunter, A. s. anc Rosenau, w. A. Lg66. The effects ofurea, biunet, anc ammonia on germination anc earlygrowth of corn. Soil Sci. Soõ. Amer. proc . \OzTT"-n.
15. Jacks_on,_M, L " \958. soil chemical Analysis. prentice

Hal_l Inc. EnglewooC Cliffs, N. J. U:S.A. pp 45_46.

16. Jansson, s. L. W6t. Barance sheet and resicual effects'of fertilizer nitrogen in a slx year study with
15N. soir- gci. 952 1L-17 .

17" Janss_onr_S. !.r_ilallamr_M. J" anC Bartholomew, W. V.1955. Pi:eferential util-ization of ammoníum over"nitrate by micro-organisms in the cecomposition ofstraw. plant and Soit 6:tBZ-j9O.

38. Jer¿itt, T. N . r94z.Loss of ammonia from ammonium sulfateapplied to arkaline soirs. soir sci. 54: 401-409.



Bt

19, Jones, H. W, 1912. Some transformations of urea anC
their resul-tant effects on the soil. Soil Sci .

14: 2BL-299.

40. Jones, R. W . L968, Laboratory stuCies on the behaviour
of mineral N on three Manitoba soil materials
M. Sc. thesis Univ. of Manitoba.

41. Jones, D. W. anC HarvarC, M. E. 196\. Competition
of ammonia anC water for aCsorption sites on
clav mineral-s SoÍl- Sci . Soc . Amer'. Proc.
2B:" 616-6t+o

\2. KonCratte V, J. G. and Podkolziqa, G. U. Effect of
urea in FielC experiments (from resul-ts of the
geographical series of the'N I V I F in :'958-64)
Agrokhimlya No. 2 )-I5.

41" Kresbe, C. B. anC Satchell-, D. P. Lg5).Gaseous l-osses
of ammonia fnom nitrogen fertil-izers applied to
soils. Agron. J. 522 104-107.

LaiCler, K. J. and Hoave, J. P. L949. The mol-ecular
Kinetics of the urea-urease system. I. The
Klnetic laws. J. Amer. Chem. Soc. f:2699-27O2.

Martin, J. P. and Cbapman, H. D. L95I. Volatil-ization
of ammonia from surface-fertilizeC soils. Soil
Sci . TIz 25-14 .

McGarity, J. i/\r. and Myers, M. G. L967. A sur.vey of
urease activity in soils of Norther.n New South
lnlales. Ptant ând Soil- 2T:2IT-218.

Mees, G. C. and Tomlinson T. E " 1964. Urea as a
Fertil-izer. Ammonia evolution anC brairCing of
v¡heat. J . Agric. Sci . 62: L99-2O5.

Meyer, R. D., Olson R. A. anC Rhoades, H. F. L96L.
Ammonia l-osses from fertilized Nebraska soils.
Agron. J. 57t24L-244.

Moe, P. G. Ig1T,Nitrogen l-osses from urea as affected
by altering soil_urease activity. Soil Sci. Soc.
Amer. Proc . 1Lt38O-182 .

44

45.

46.

47"

48.

ho

50. MortlqnC, M. M.-anClrlolcott, A. R. 1965. SgrÞti-on of
fnorganig CggrpounCs þ¿ Soil Ma_terials..-Slif tilitrogen,
M*õgraph iO EiitorÇ W . v.lãrEnõtõmew anC F . E:
ClarÌ<. American Society of Agrononry Inc., Madison
Wisconsin, U"S.A.

51. Nommik, H. L965. Ammonium Fixation anC Other Reactions
fnvol-ving a NonenzymjLtig Inmobilizatlon of Mineral



B4

Nillgsgn f! ggi]. Soit Nitnogen, Monograph 10.
E-CTforÐ tr-l fl-Earthot_omew añ¿ É. n. õl_ai,r<.
American Society of Agonomy Inc., Madison,
WÍsonsin, U"S"A.

52. 01son, s. R. e_t_ al" 1954. Estimation of availablephosphorõls-ln soirs by ext'action with sociumbicarbonate U.S" D. A.-Cir. No " 979,

51. Overrein: L. N. L967. fmmobirization of tracer nitrogenin forest rar¡ humus.r. Effect of temperature on the intenchange ofnitrogen_ ofter accition of unea, amnonium anc
niträte 15N. pt-ant anC Soit 2Tz t-19.

54. over"rein, L. N. and Moe, p. G..Lg6T_. Factons affectingurgg hydrolysis and ammonia- vòratization ln soil_.-Soil Sci. Soc. Amer. proc . jLz 5T_6L.

55" Paech,_K. anc rr"acey, M. v. r956.Mocern Methocs ofPlant Anarysis- vol. I sþr.inger-verrag. -Ber"r-in 
.

56" Panr, J. F. and papendick, R. r. Lgll.Retention ofanhydrous amnronia by soÍl. rÍ Effect of ammoniaconcentration anc soir moisture. soil sci. l0l:109-119.

5T " Pinck, L. A. anc Arr-ison, F. E. l96r, Adsonption and
nel-ease of qrease by anc from clay minärais. soilSci . 9L: rB3-rBZ. '

58. Pratt .L.Ä.., AlÌison, F. E: anC Gaddy, V. L. Lg46.Nltrogen requirements in the utiiízation õf carbon _
aceous residues in soil. J. Amer. soc. Agron.
78: 4ro-4eo

59. Pratt, L. E" et -ql_. L96L. Report of Detairec Reconna-issance sõir-sut.1"y o_f Fisher anc reulon Map sheetAreas No. 12. , Mañ . Dept . of agric: ilã Coñ" .r¡,Iinnipeg.
60. Richarcs, E. H. anc Nor.man, A. G. rg3r. The biologicalcecomposition of plan[ mater"iarÁ v. somá faclor.sceternrining the. quantity of nitrogen im¡n-ó¡irizeodur"ing cecomposition. Éiochem. ll z5: trag-liiï.
61" Ricbands, E. H. and ShickhanCe, J. G . Ig75. Thepreferential utilization of clffer.éñi rorms ofinorganic nilrogen in the cecomposition oi prantmater"ials. SoÍI Sci . 39:I-8.
62. Roberge, M. R. anc Knorrles, R. K. 1968. urease activityln ? Bl-ack_spr.uce Humus steril_ízeQ by gã*" r"aciation.Soit Sci. Soc. Amer.. proc . l1zSt}_nbt:-_--



Br

6l . Simpson, D. M. H. anC MelstaC, S. VI . L961. Urea
byCrolysis anC transformation in some Illinois
soils . 

- Soil- Sci " Soc . Amer. Proc " 27: 48-50.

64. Smith, J. H. 1961, Relationships betl.¡een soil cation
exchange capacity anC the toxicity of ammonia
to the nÍtrification process. Soi] Sci. Soc.
Amer. Proc. 2Bz 6\0-648.

65. SouliCes, D . A. anC Clark, F. E. f958. Nitrification
sslanC soils. Soil Sci. Soc. Amer. Pr"oc.
oB-111.

66. Stanier, R. Y., DouCoroff, M. anC ACel-berg, E" A. 1965.
The Mlcr"obial World 2nC EC. Prentice Hall Engle-
wooC Cliffs, N. J. P. t+46-44f .

6f . Stephen, R. C. anC I,,IaiC, J. S. 1963. Pot experiments
on urea as a fertillzer.
I. A comparison of responses by various plants,
Plant anC Soil 18: 309-116.

68. Stephen, R. C. anC WaiC, J. S. 1967. Pot experiments
on urea as a fertil_izer. II Tbe influence of other
fertilizer censtituents on the response of maizeto urea. Plant anC Soil- L9: gT -IO5 "

69. Stephen, R. C. and 1^Iaid, J. S. 19Ø. Pot experiments
on urea as a fer"tilizer" III. The influence of
rate, form, time anC placernent. Pl_ant anC Soil
19: i&+ -rgi

70. Stojanovic, B. J. anC BroaCbent, F. E. 1956. Immcb-
ilization anC mineral_ization of nitrogen Curing
decomposition of plant resiCues in soil. Soil
Sci. Soc. Amer. Pr.oc . 2OI2I.1-2I8.

71. Terman, G. L. anC Bror,nr, U. A. 1968. Cr.op recovery of
applieC fertil-izer nitr"ogen. Plant anC Soil29: 48-65.

72. \,'Iagner, G. H. anC Snith, G. E. 1958. Nitrogen losses
from soils fertilizeC with Cifferent nitrogen
carriers. Soil_ Sci. 85: fZ5-f 29.

77. Wahhab, A., Khan, M. and Ishag, M. 1960. NitrificatÍon
of urea anC its loss through vol_atilization of
ammonia unCer Cifferent soil conCitions J. AgrÍc.
Sci. 55:42-1,I.

74. }tralkley, A. anC Black J. M. L914. An examination of
the Deglariff methoC for Ceter"rnining soi] organic
rnatter anC a proposeC r¡oCification of the chiomic
aciC titration methoC. Soil Sci. 7Tz 29-18.

in
¿é..

gra
7



B6

75. Warren, K. S. 1962,Ammonia toxicity anC pll. Nature
Lonc . I95z 4f 4g

76. lJiCdowson, F. U., Penny, H. and hrilliamg R. J. B. L964.
SiCe placing ur"ea anC other nitrogen_fertilizers

. for sþring õarley. J. Agric. Sci. 6Zz T1-82.

7T . Wol-cott, A. R . et al- . 1965. Nitr.ogen carriers:
I. Soil eTfeEEs. Soil Sci. Soc. Amer. Proc.
292 405-410

TB . Volk, G. M. L959. Volatile loss of ammonia fo]l-owing
sur:face application of urea -uo tur.f or bar"e soil-s.
Agr.on. J. 5l-: f 46-f49.

79" Vo1k, G. M. L961. Gaseous losses of ammonia fr"om surface
applieC nitrosenous fentilizers. J. Agric. FooC
Cñäm . 9z zBaZzBt.

80. Volk, G. M. L966. Efficiency of fentiLi-zer urea as
affected by methoC of application, soil moisture,
anC l-ime. Agron . J . 58: 249-252.

Bf . Volk, G. M. 1966, Transformatlons anC mobllity of
band-placeC urea. Proc. Soil Crop Sci. Soc. FIa.
252 202-2L1.

BZ. Volk, G. M., Kelley, W. H. anC Blue, 1{. G. f959.Recover"y
of nitrogen from several sources by oats anC mill-et"
Proc. SoiI Cr"op Sci. Soc. Fla. l-9z 179-185.



Bf

IX APPEND]X



TABI.,E 1A

' NH4H2P04 7
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on 2Or 40, 60 and 90 lb tl/Ac r.ate of ammonium nitrate broadcast
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TABIE 2A

SOIL TYPE STOCKION NE\^DAfE IÄKELAI\D RED RIVERN/P2o5 Graiñ St¡ãï¡ Total- Grain 3Trãr^' Totar Grain-Sïiãw*'lota1 craiï-Ftrai,¡ Total
Fertil-izer Caryiey Ib/Ac
Urea Phosphate

(zV-zt-o)
Urea Pbosphate

(27 -zr -o)
NIilrNOz+NHr,HaP0rrT)ICT

NH¡N0z+lIHlHoP0l
t ..cUrea +

lil{r'NO=* rr

urêa /+ rr

Ur.ea Phosphate
(zV-zt-o)

Urea Phosphate
(27 -zr -o)

NH¿¡N03+ MI4H2P04
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liII¡N0=+ NHr,H^POr,
Urèa )+ ïI é. .t

NlIr,irlO=f rr

I)

Urea - * rr
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u"åu '+ ' t't 't

NH,.NO-+ II
LAtJrèa t+ tt

Urea + rr

liHl,NO=* rr

T)

EFTqECT 0F NITROGEN CAFRIER AND RA1E 0F APPLTCATION 0N NITROGEN UITAKE (r¡lac)
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TABTE A (continued)
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D
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tjo/3o e
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Nitrogen drilled v¡ith seed
BroaCcast anC incorponateC with surface Zà" of soil
BanCed l-" to side of seeC
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TABIE 3Ã

Source of Var"lance

Replications

N Rate

itT Source

Soil Type

Rate x Source

Rate x Soil
Source x Soil
RatexSourcexSoil
Error

STATISTICAJ-' ANALYSIS 0F PLANT YIELD DATA (Greenhouse)

Statistical Analysis
(Early Harvest)

Variance F

0 .084

0.104

o.Lr\

1.o74

o .o2T

o .045

o.oB5

o.o8g

o.ol8

S ignifi cant

Significant

2. rB

2.TO

z Io)ç

/B .91x*

o .7L

L.LT

2.20

2.12

ar 5%

at .L%

(late Hanvest)
Var"iance F

level
level

0 .49
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6 .rr
2)3 .Lg

2.54

12.18

1.05

o .76

o "72

0.68
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o .Lexx
J'tL
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16 .94**

L.45
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\o
P



TABTE 4A

Source gf VgL$ance

Replications

N Rates

N Source

Soil Type

Rate x Source

Rate x Soil Type

Source x So11 Type

Rate x Source x Soil Type

Er.ror

STATISTICAL AI\ALYSIS 0F PIANT NITROGEN UPTAIG (Greenhouse)

(Ear.ly
Var.iangs

272.69

5BB.BB

\9t "7ta

12,491 .Bt

96.\r
160.7L

z6o.6g

174 .60

r21.78

Harvest)
ñ¡

*)(-

Significant
S ignificant

2.2L

)s zz*¡.ll

1.g9x

10I.24åËåç
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L.)o

2.lt_

2 "7L

(late
]þriesqe.-

559 .5

.r52,g7B .O

2,46j .5
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900 .5

,,588 .O

2,752 .5

B6e.o

r97 .3
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at L%

level
level

\liarvest)

2.84

775 "44)Êr(

12.59x-r

2,rT6. B5xx

4.56x

lB .29l+åç
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TABIE 5A

Sourcg oI YarSancs;

N rates

Soil type

lü Source

Soil-s x source

Enron

STATISTICAL ANALYSIS OF

Early Harvest
Vg.f j-ang.e g _

Loz.6T

4 .94

58"75

B"z9

)J otrt.))

g

åi9ç

'1 E/, -4{

S ign ificant
Significant

20.7)4xx

1.00

IL.TY

t.6r

UTILTZATION (Greenhouse)

Late Harvest

Irar.ielgg _F__ .

at 5/"

at L%
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level
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68r.o4

406 "22

Lt .54

2L.OT

\ .26
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19 .28xx
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\o
v.l


