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Flel-d studies in Manitoba have shown that areà ln
excess of 20 1b N/acre added with barley seed. reduces seed.llng

emergence and- yield. The objective of this study was to

obtain information on the effects of urea and 28-0-0 (urea

and ammonium nitrate in soluti-on) on barley emergence and

early growth,

ABSTBACT

soilsu 30 1b N/acre as urea and 60 lb N/acre as 2B-O-O red.uced.

yie1d. when applied closer than one-quarter lnch from the seed,

Slxty Ib N/acre as urea or 28-0-0 placed. one-half lnch from

the seed did not reduce yield, Yields were not influenced"

when 60 Ib N/acre as urea and. l-2O lb N,/acre as 28-0-0 were

applled. with the seed on heavy-textured sol1s. Urea, at

rates of þO or 6O lb N/acreu usually red-uced. emergence when

plaeed closer than one-half inch from the seed" At equivalent

rates of ad-ded N, emergence with urea was less than wlth

28-0-0. l¡{hen equivalent amounts of urea nitrogen was added.,

emergence with 28-0-0 (IeO lb N,/acre) rÂras less than with urea

(60 lb N,./acre)" Thus, some d.amage was caused, by the ammonlurn

nitrate ln the 28-0-CI"

Greenhouse studies showed. that on coarse-textured

În a laboratory stuci"y it was found that a mueh greater

amount of ammonia was lost from a coarse-textured soll than

from a heavy-textured- soil. High a¡nmonia losses were

assoclated wiNh large red.uctions in emerqence"

A study on the osmotic and toxlc effects of

ferti-]izer solulions showed that ammonium carbonate

various

or ammonlum



hyd.roxid.e solutlons reCuced seed. germlnatlon due to amroonia

toxlcity" Urea solutions reduceC seed" germination by a toxlc

effect, This toxlcity appeared. to be due to urea molecules

noving into the seeds, followed by enzymaíLc hyd.rolysis of

the urea and accumulati.ons of toxie amounts of am¡nonia.

Ammonlum sulfate and ammonium nltrate solutlons red"uoed.

germlna.tion by both a toxic and. osmotic effecL" the osmotlc

effect occurred only at hlgh concentratlons"

The stud.ies reveal-ed that reductions ln barley

emergence and. yleld appeared. malnly d,ue to aceumul-ations of

ammonia in the soil solution,. To a lesser extent these

red.uctlons were attrLbuted. to: (1) accumulations of nitrite

ln the soils, (2) enzymatic hyd.rolysls of urea in the seed.

and subsequent accumula.tions of ammonia, and. (l) high osmotic

potentials in the soil solution caused, by urea and its reaction
products,
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I{ost non-fallow land ln Manltoba d.oes not contaln

sufficient quantitles of available nitrogen to produce high

yield.s of non-legumous crops. Nilrogenous fertillzers,
ammonium nltrate, ureau and. amnonlum sulfate are wldely used.

to comect these d.eficiencleso Nltrogen is also ad.d.ed. in
the for¡a of mixed ferttllzers such as 23-23-0" îhe

nitrogenous fertllizers are applied broad.cast or drilled in
with the seed "

ÏN,TBODUClÏON

Studles have been cond"ucted in Manitoba to determlne

the relative efflciency of ammonium nltrate and urea added.

wi th the s eed. and. broad"cas t (93) " Thes e s tud,i es showed. that
urea broadcast did. not increase yield.s as much as did the

appllcatlon of an equal rate of ammonlu¡n nltrate" Various

reasons were given for the dlfferences ln efficiency: (1) a

greater gaseous loss of anmonia from the urea nitrogen;
(2) preferenttal immobllizatïon of ammonium by soil
microorganlsms; (3) germlnatiorr reduction and. plant d.amage

causeC by urea and Lts hydrolysis products, Toews (93,) also

showed. L]nat urea ln excess of 20 Ib,l{/¿p"e added. r^iith the seed.

reduced seed.ling emergence and y1eld" Court et aI, (30, 31)

suggested. that the phytotoxiclty from urea applied. below the

surface of the soil was caused by free a¡nmonia and nltrite
accumulatlon" He showecl t]naÌ- the extent to which ammonia and.

nitrlte accumurated- in solls r¡ras influenced- by soil factors u

the rate and. method of placement of the urea, and- the materlals
applled. with the urea.



fhe obJectives of thls study were as follows:
(1) To d.etermlne the eff ect of mod-e of placement

of urea and 28-0-0 on the emergence and. yleld of barley

using different watering technlques and so11s"

(2) To stud-y the relatlonshtp between ammonla

volatilized. fron so1ls and. red,uctlons in seed-Ilng emergenceo

( 3) To determine the toxlc effects of ammonia and.

urea on germination of barley.



TÏ

Urea Hydrolysis(a)

hydrolyzes to ammonlum carbonate ln so11s (t3) " Ammonium

carbonate read-ilydlssociates to form ammonlum lons" The

ammonium ions can be nilrlfied-u rr.sed" by crops and

mlcroorganlsms, fixed by soll colloidsu or losÙ from the soil

through volatil-ization" Urea can be hydrolyzed. both

chemically and blologlcally 1n sol1s. Chin and Kroontje (19)

found- tlnaL chemlcal hydrolysls of urea ls very slow and. at

low temperatures becomes lnsignlflcant" The enzyme that

catalyzes biochemi.cal urea hydrolysls is urease (23, 25) 
"

Urease is produced by nany soil microorganisms and" bhus the

hydrolysis of urea ln soils ls usually very rapid- (13, 22),

(9,) Factors .Aff ectlng Urea Hydrolysls

Chln and. Kroontje (19) found the rate of urea

hydrolysis to be related- to the general rnlcroblal activiùy in
the soi1, Paulson (75) dlscovered. t]nat ad.sorbed. urease and,

urease 1n solu-tlon had d-iff erent activltles" Urea hyd"rolysis

lncreased- with lncreases ln the proportion of urease in

so1utlon"

Fisher and Parks (43) found. t]nat the optlmum

temperature for urea hydrolysis vras 3OoC which colncldes with

the optlroum temperature for growth of mlcroorganlsms*

Broa.dbent e! q!" (13) found. that 200 and 400 ppm nitrogen as

urea was completely hydrolyzed, ln three of four Caltfornia

so1ls at 7.?oC'within seven days, Complete hydrolysls

Urea hyd.rol-yzes to ammonium carbanate, which

BEVIEI,I OF LITERATIIRE



occurred ln three da¡rs at 23"9oC'" Horklng with Tennessee

soilsu Fisher and Parks (43) found that B0 percent of an

applicatlon of 100 lb rN/aere as urea was hyclrolyzed at 10oC

wlthln a period. of three weeksu while urea at 200 lb N/acre

was completely hydrolyzed. at 30oC wlthln the same period of

time,

The rate of urea appllcation also affects the rate
of urea hydrolysls" Some workers (L+3, 64) found that the

rate of urea hydrolysis lncreased 1inearlly wlth the rate of
appllcatlon up to 800 Ib,N/acre. Armstrong and Horton (l)

found. no lnfluence of taf,e of appllcatlon on rate of
hydrolysls, Laidler and Hoare (57) found that the rate of

urea hyd"rolysls increased 1inearlly wlth rate of app1lcatlon,

reached a maxlmumu a.nd then d.eclined. at hlgh concentrations

of urea"

the molsture level ln solls does not greatly affect
the rate of urea hydrolysis (83, 38, 3+)" Hydrolysis was

sllghtly faster at moderate soil- moisture conditions Elnan at
field capacl-ty" ft was suggested. tlnat the oxygen content of
the soil may not have been at optlmum 1eve1s for microorganlsms0

act.irrity at the hlgh soll moisture contents.

Conrad (22) and. Gibson ( 50) reported t]naL solls high

ln organie matter hydrolyzed urea at a faster rate than

comparable soils 1ow ln organic mabLer. So11s rrrith higher

organic matter contents probably have a hlgher number of sol1

microbes and a greater urease actlvity"
Tt has also been shown (?-+) tha-N urea hydrolysis

L+



increases wlth the clay content of a soi1, It was suggested.

that the urease enzyme could be stabllized by association with

c1ays,

Simpson and. Melsted- (83) found that increaslng the

pH of an acid ll1lnols soil" increased the hydrolysis rate of

ur€âo Gibson (50), however, showed that a highly acld.

(pH 3,1-3"3) peat sample rolas able to hydrolyze urea at a

relatively hlgh TaLe"

^Adsorptlon and. leaching of urea and the Van Slyke

reaction could. influence the rate of urea hyCrolysis" Thls,

howevere seems unlikely as sol1s, 1n generalu have a wealç

affinity for the urea molecule (18), and. conditions favourabl-e

for the urea-nitrlte Van Slyke reaction seld.om occur ln
soils ( 82) ,

(c:¡ Accumula-t1on of Ammonia

The ammonlum lons procLuced- when urea hydrolyzes aTe

removed- from the soll solution by the numerous pathways

rnentioned prevlously" The amounts of ammonium in solution

d.epends upon the relative rates of processes such as

nitri.fication" lmmobll-Lza|l-Lonu mineralization, leachingu

f ixation u a,nC plant utili zatl-ovtn

îhe amount of ammonla in solution ls directly
related to the concentration of ammonium ions and the pH of

the medlum" In soll (13) adsorbed ammonlum is ln equlllbrium

with ammonium and ammonia in solutlon, Ammonium earbonate 1s

found. when urea hydrolyzes; thus, the pä increases and larger
amounts of ammonia are formed" The following figure shows the



percent d-lstrlbution of ammoni-um and ammonla in aqueous

ecluillbrium systems at 15oC (5)"

o/o
Distributron

pH

îhe reactions of ammonia in the solL are varled. and.

complex. Mortland. (6?) 1lsted the fo11ow1ng reactlons for
ammoni.a appllecL to so11s:

(1) Anmonla ca:rl be chemlcally adsorbed. by clay

minerals and- organic matter" Ammonla forms the ammonlum ion

in this complex" Mortland (6?) found that chemlcal sorptlon

is largest on clay minerans under acld condltions, and_ greatest

by organlc natter und"er alkaline conditions, Fixatlon of
ammonia and ammonium lons decl-lnes with pH.

(2) Ammonia can react to form larger nitrogen
compounds,

6

(3) Ammonla can be physlcally sorbed- by soil colloids.
(4) Ammonla can be dissolved, in soll moisture where

It may react with hyCrogen to form ammonium ions.

(5) Ammonlau not adsor.bed., can diffuse through the

soil and. enter the atnosphere"



(D ) Ammonia Volatllizat-jon

Ammonla volatilizatlon ls related- to the amounb of

free ammonia present ln the sol1. There are many factors in

the so11 whlch affect the amount of free ammonia present,

Cônsid.erable amounts of ammonia can be lost from the solI"
Volk (97) applied urea to a serles of l-ight sandy soils and.

found. up to 6O percent of the nltrogen applied was lost as

ammonia. It has been polnted- out by Martin and Chapnan (61)

that if the pH of a soll exceeds 7"O either naturally or

temporarily lnd-uced by the ad-dition of fertllizern some of

the a¡nmonla present will be lost by volatlltzatLon" Volk (97)

reportecl Nlnat lncreaslng soll pll decreased. the

arrrmonia-adsorption potentlal of Florlda solls and lncreased

ammonia volatlllzatLon from applled urea, Dupless1 and

Kroont je (40) also re'ported, this trendn Ernst and Massey (l+2)

showed that lncreasing pH resulted ln a greater degree of
cal-cium saturation of the soil exchange complex; therefore,
there was less adsorptlon of ammonlu¡n. Llrning a mod.erately

acld. sl1t loam soll lncreased, losses of ammonla from applied.

urea; the losses lncreased with increasing soll pH (42) 
"

Mit,sul et aL" (6J) also found- i-b.al 11nlng lncreased losses of
ammonla from applied üreâE More ammonla was lost from urea

applled to recently l-imed. turf than from unlimed grass (98)"

Mixing of urea with an acid salt, such as

superphosphate has been shown by Low and Piper (59) to red.uc'e

ammonia volatilLzat:-on" The ammonium formed. nonvolatile salLs

ln the soi1"

7



So11s having hlgh clay contents and a corresponding

high cation exchange capacity favour the sorption of a¡nmonlum

and d.ecrease ammonia voIatillzatlon. Gàsser (I+7) conclud-ed"

tinat if 100 lb N,/acre of urea is broad.cast on the soll
surface" over 20 percent of the ad.d.ed. nitrogen will be lost
as ammonla if the cation exchange capaclty ls less than

10 merl100 go *{mmonia losses d.ecrease to about 10 percent for

soils wlth cation exchange càpacltles greater t]nan 20 ¡nerl100 g.

Wahhab and Ishaq (99) found. that twlce as much urea was lost
fron a sandy loam soil as compared. to a sand.y soi1, The rate

of urea hydrolysls was much greater ln the sandy loan soil"
Incorporatlon of organlc resid.ues (6?) with the soil

reduces total ammonia lossu âs ltincreases the cation exchange

capacity. Ernst and l4assey (l+2) " Volk (97), and. Doak (38)

observed tlnat increasing temperatures narked,ly increased-

ammonia volatilization, So1ls under dry conditions Ltave a

higher rate of ammonla voJ-atilization lhan under wet

condl-tlons, slnce ammonla concentrations are hlgher (:'9, 97" 99) "
I{artln and- Chapman (6I) observed. no volatilization of ammonla

when molst air was passed" over nltrogen fertilized. soilu but

volatlli-zatlon occurreri" when d.ry alr was used. Ammonia losses(97)

were maximal at soil moisture contents at about llalflvay between

air-dry and fleld capaclty. Ernst and. Massey {42) found" that
ammonia volatlllzatlon was greater when the soil was drying"

Howeveru if drylng took place too rapld"}y, total ammonia l-oss

was red.uced due to a reduction in urea hydrolysis, Total

ammonia loss l{a-s dlrectly related to lnitial so11 moisture

B



contents si.nce it was relatecl to the duration of the drylng

processà The highest loss in the fielri- would probably take

place when lnltial nolstuz'e and temperature a-'ì:e sufflcient
to bring about raplC total conversion of the urea, fo1lowed.

by fast d"rying of the soil

Kresge and SatcÌTell (56) reported, a marked d.ecrease

ln ammonia losses frorn urea mlxed with the soil compared to

urea applied. to the soil surfaceo Overreln ancl Moe (7))

founci. that ainmonia volatlllzatlon rates were lnversely
proportional to the d.epth of urea applicatlon and" decreased.

more rapiclly wit,h depth in wet soil than ln nolst soil,
Ernsl ancl Massey (42) found 1lttle d.lffe::ences ln amrnonia

volatillza"tion between broadcast ur--a and urea mlxed with

shallow layers of soil"
Overrein and Moe (73) reported. a hlgher percentage

of volatile a¡lmonla loss with increased rates of urea

applicatlon.

.Arnmonium (6?) ls strongly ad-sorbed. ancj. r¡ri1l not

move very readily through the soilu so leachlng losses are

very smal1, As conditlons for a¡nmonia volatilizabion become

favourableu conditions for leaching become unfavouraìrle,

IIoe (6¿l) reported lJnat ammonia volatil]-zai-Lon losses

coulc1 probaì:ly be rerluced. signlficantly 1f a sui-tab1e specific
inhibitor for urease could be found, He used.

p-chloromercrrribenzoate, whieh d.ecreased urea hydrolysls, but

was even more effective in inhibiting nltriflcation; thusu

ammonlum contents remai-ned- hl-gh,

o



If nitrlficatlon is s1ow, ammonia ls more 1ike1y to

accumulate in the soil and. perslst for a longer period- of

time¡ thus, Ioss due to ammonia volatillzation w111 be

increased ( 64) "

Ammonla loss varles consideraì:ly wlth sol1 type and.

type of fertilizer used (98)" Little or no ammonla was lost
when anmonium salts rÀrere applled to sllghtly acid soilsu but

fosses were apprecla.trle and cornparable to those frorn ureae

when app11ed. to calcarious soils (61, g?), Volk (98) found-

that losses of amrnonla, when ammonium sulfate was applled to
recently llmecl turf , r^rere simllar to those from ureaø

Gâsser (47) reported no d.lfferences ln volatilizatlon among

pe1leted. urea, crystalline urea" and urea ln solutlon"

VoIk ( 98) used pelleteC ureâ, a¡nmonium nltrate, and. a

solutlon of 1ó" J percent urea and L5" 5 percent anmonium nitrate
and found llnat anmonla losses were 20"6" 0"3, and- 11"5 percentu

respectively, The loss of ammonla from the nitrogen solutlon
of urea and amnoniurn nitrate was 22"3 percent of the applled_

urea, which is only sllghtly hlgher than the percent loss of
the pelletecl, ureao

(E) Nitrlte .Accumulation 1n So11s

Nitrlte is formed by bacterial oxid,ation of ammonlum

by NlLlosornonas" NiNrqÞacter, then, oxld.Lzes nitrlte to

nitrate" Nitrlte oxld"ation ln soll is usually faster than

nltrite formation anC no accumulatlon of nitrite occurs (8t¡,

Clark e! a1" (20), however, found nitrite ln 14 out of 41 sol1s

supplied- with 400 ppm urea -N and ln seven of these so1ls the
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nltrlte -N content exceeri,ed 100 PÞm" Jones anci. IIedlln ( 55)

reported. nltrite levels of up to 4)7 ppm in a soil lncubated-

wlth 800 ppm urea for four weeks.

Nltrlte accumulation would. occur if nitrlte oxldation

by Ni- LroÞactet was inhibtted." Prevlous work has shown that

urea applications can inhibit the action of these organlsftso

Martln an,1 Chapman (61) rer¡orted 11ttle oxldation of nltrite

to nltrate at soll pH values above ?"?" Volk (96) observed

that nltrlte accumulaLed when the pH exceeded 7 "7 " Optlmum

pil for ammonlun oxid.ation by Nitlgggng4Êg ln pure culture is

about 8"2 (53) with relatlvely high actlvitles persisting even

at pH val-ues of 9"0' Nltrosomonqe has a greater toLerance of

a1kal1nlty than has NiLrobacter" A hlgh ammonium concentration

lnhlblted the growth and. metabolisn of NltqqÞacler and

lnd.lrectly the oxid.atlon of nltrlte ( 58)" Fry (44) found E]naE

the degree of inhlbltion increased. with pH increases due to

higher coneentratLons of ammonla" Stojanovic and. Alexander (90)

and. Aleem and -Alexander (1) found. that amrnonla inhiblted

NitrobActel more severely than Nltrosomonas o ar,d cond-1t1ons

therefore became more sultable for nitrlte accumulatlon"

The growth of NltrqÞegLer ls retarded by high

concentrations of nltrite (1, l+4, 58) and. i-n soil the oxtdablon

of applled nitrlte is delayed- as the concentratlon of nltrlte

is increased." Doak (38) observed that Nhe oxldation of nltrlte

to nltrate was d.elayecl by the presence of h1-gh concentratj"ons

of nltrite, d.espite the loi^rered ammonium concentratlon and pH

resu-l ting from ammonlum oxldalion,
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It ls thus obvious t]naí soil conditlons t'nat' favour

a¡nnnonla accumulatlon in the soi1, also favour the accumul-ation

of nitrite,
(F) Toxlctty of Urea and. Its Transformation Prod-ucts on Seed.

Gèrmlnatlon and Early Seed.Iing Growth

the followlng dlagram shows the prod.ucbs formed.

d.uring the manufacture of urea or Curlng lts transformatlon

1n soil or plants,

UREA ---+. AMMONIUTY CARBAMATE AI{MONIUH CARBON^ATE

co(NHz)z NH¿rCozNHz (NH4)ZCj3
ô ,'þV Nnrf ðolution

AMMONTUM CYANATE ô
NH4CNO bacterlal bacterial 

Ioxld.ation oxld.atlon i

NIÎRATE ICN - by NITHTIE ION .z by I$NHaNo3- *;r"** Noz- *r;"""."""= , l, 
'/

NH4T absorbed-

In recent years there have been several reports showing

that urea provldes less nitrogen to plants than does oLher

nltrogen fertllizers (27, 59, 9l-u 1O2u 10J)" A1so, urea

fertl"lizer dr1lled in with the seed has been shown to cause

severe seed- and. seed.l-ing d.arnage ()5" 72" 93" L02o 101) " Urea

aoplied, broadcast or1 as a sLdeband- applicatlon caused 11tt1e

or no damage* Devine and. Ho1mes ()6) app]led. dlfferent

fertllizers on spring barley and found. that )5 to f05 Ib N/acre

as ammonLum sulfate and. arnmonium nltrate d.rilled wlth the seed-

sometimes retarded early plant growth, Higher rates of these

fertllizers, howevero sti11 gave as good or higher ylelds tlnan

those obtained wlttt J5 io 105 lb N/acre, Urea at 45 lb N/acre

hacl. no large effect on early plant growth; but at 70 to
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90 Ib N/acre, it seriously delayed. and redueed plant populati.on"

Higher applicatlons of urea reduced ylelds, Yield.s 'were simllar

for all nitrogen sources when applied broad.cast, Stephen and.

Wald, ( 86, BB) obtained. similar results and also found that

there was 1!ttle effect of urea on seedling emergence when the

f ertillzer was ¡nixed. with the soil, Brage et 31" (9) found

tlnat i.n fleld. experiments wlth winter wheatu placing ureâ or

ammonium nltrate wlth the seed. Ln a clay soll reduced stand-s

by 25 and,6O percent r¡1th 40 and. 80 lb N/aere as ureas

respectlvely, and" by 10 percent with ammonlum nitrate at

80 Ib N,/acre, Cburt S! aL" (31) and Steplaen and- Waid (86¡

also observed" a phase of toxlclty assoclated" with the deaLl-t

of establlshed plants followlng urea applicatlons with Nhe

seed." Toews (93) conclud.ed. that the appllcation of

20 lb N/acre with the seed as urea did. not cause appreclable

d"amage on solls of medlum No fine texture and if molst at

tirne of seeding" The reductlon ln yield and plant damage

Lhlat results from hlgh Ievels of urea fertillzet applicatlon

wlth the seed. nay be caused- by the urea ltself, or by

substances formed. during its manufacture or during its

transformatlon j.n soll or plants (11)" Some workers attributed,

the d-amage to ammonia and. nitrite accumulation (36, 86, B?)"

Stephen and. t{aiC (Bó) reported the d"eath of established plants

d.ue to nltrlte toxlclNy even when the urea had- little effect

on seedllng emergenceo

Urea may reCuce seed germination anC seedling growth

especialJ-y when urea hydrolysls is extremely slour, and higtl
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concentrattons of urea occur near seed-s for a considerable

perlod of tine (31). the effects of urea are as follows (31):

(1) osmotlc effects (water stress ln the seed.),

(2) toxlc effect of the urea molecules gg gg"

Cburt et a1. (31) postulated that urea absorbed. by

seed-lings could. cause damage ind.irectly slnce the enzymatlc

hydrolysls of urea wlthln plant cells could lead to toxic

anounts of free ammonia in many plant speeies" Solutions of

three percent ûTea- inhiblt ceIl actlvlties of bacterla and

may also affect plant cells (94). It has i:een shown (37')

that the c: tn c14 1abelled urea and g14 labelled sodium

carbonate have sirnilar patterns of incorporatlon into arnino

acids. This suggests that hyd-rolysls takes place before

entry into the plant. The carbon must have been incorporated.i

in the form of the carbonate lon in both cases ø

Bluret is formed during urea manufaoture (31)"

However, biuret d.oes not cause toxlclties when present ln

fertilizers 1n amounts of less than one percent (26" 59,85, l-02)"

Bl-uret at levels greater than one percent has been shown to

be toxic to plants (9, 84)"

Ammonium cyanate 1s the product of urea isomer,S- rà¡ior-

and eould- be toxlc (80), Low and Piper (59) showed tb'aL

cyanate concentrations likely to occur ln urea solutlons

(0"0I percenb) had a negli-glble eff ecL on the growth of TtaT-Lan

ryegras s ø

Brage _e! a1" (9) suggested that arnmonium carbamateu

the first product of urea hydrolysisu couLd be toxic when
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vrea is applled ln large anountso or close to seeds or roots"

l{any authors have attributed d.amage caused by

fertilLzer appllcations to the toxicity of ammonia on the seed.s

or seed.llngs (4, 27u l+6, 59, 96)" Brage et al. (9) establlshed.

that the enzymatlc hydrolysls of urea produced. enough gaseous

ammonla to be toxic to gerrninating seed.s under conditlons

where the seed.s were placed near a mlxture of urea and urease

in a closed system. Stephen and Waid ( 88) reported that the

time of apolication of urea vüas important. Maximum d.amage

occurred" when urea was ad-d-ed. two days before seed.lng in an

acld sand" Urea hydrolyzed more slowly in the acid sand and

toxic amounts of ammonla took l-onger to accumulate. It has

been found. tlnat. ammonia toxiclty can also result from the

ad,d.ltion of ammonium phosphates to the soll (2" 6" 5l+, 89) "

Bènnett and Ad-ams (6) reported calcium d-eflciencles after the

ad.d.ition of d.iamnonium phosphate as a result of preclpltatlon"

Ensmlnger et al. (41) reported Elnat diammonlun phosphate may

cause lnactivatlon of magnesium in seed,s. ft is d.lfficult to

determine the amount of dainage caused by ammonia per se to
plants as other factors also have to be consldered. Colliver
and Welch (21) found that applicatlons of anhydrous ammonia

caused serlous plant damage. He d.lscovered tlnab P d.eflciency'

symptoms were associated with plants that had been damaged by

ammonia" Seedlings could not absorb sufficlent phosphorus

for normal growth due to d-amaged roots, The lncll:lent toxlc
1evel of ammonia in soil solutlon was 0,15 to 0.20 mM (7),

Bl-anehar (B) found- that gerninati.on of corn seeds was red.uced

r5



when the partlal pressure of ammonia was 0,1J6 mm. Colliver
and l,felch (21) found" that gerrnlnatlon and. early growth was

retard.ed when the soil ammonlum and- ammonia concentration

reached. 944 pprn (pH 8"1) and. essentially, conpletely lnhlblted
germinatlon when the ammonlum plus ammoni-a concentration

reached 1u628 ppm (pH 9,0), Roots grew through I cm layers

of soil containlng 1"1?2 ppm nitrogen (pH 8.4) but d-ld" not

grold tnto layers contalnlng 1,+85 ppm nitrogen (pH 8.7)"

Court et a1. (31) found. several ammonia toxiclty
symptoms" Roots had more branching and root tips were

scorcherl. Shoots $rere delayed and usually were Ceforned;

l-eaves remained, furled. and- darku and frequently became pale

and later necrotlco

The mechanism of ammonia toxiclty to seed.s anö.

seedling growth rernains obscure" Warren (101) reported- blnat

1lvlng organisms nay tolerate ammonla admini.stered. at, a slow

rate because of thelr highly efficient detoxlfying mechanisms

ln whlch ureau glutamine, or asparaglne is formed" Cêl1

nembranes are relatlvely lmpermeable to ammonlum whll-e ammonia

passes tissue barriers wlth ease" Vines and Wedd,lng (95)

found. that ammonla caused inhibltlon of resplration ln plants"

He suggested tlnat the site of toxlcity to plants is located. on

DPNH-DPN reaction ln the electron transport system. He found_

thaL hlgh leve1s of ammonia also increased the per:neabillty

of red beet root discs to water" Gamborg (45), using soybean

cel-1s, found. th,at ammonium inhlblted the conversion of

isocitrate to,..-ketoglutarate and thus Ii¡nited glutanate
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formatlon, Using ammonlum as the source of nitrogen for
plants can 1ead. to plant d.amage resultlng in soluble nltrogen

increases in the p1ant, chlorosls, restricted growthu â,nd- ln

some casesn death.

Nitrlte is known to be toxic to plants anC the degree

of toxicity varies wllh pH; less nitrite is tolerated- under

acid. cond.Itions than at higher pH values (33) " Damage to

plants which have recelved applicatlons of urea has been

attrlbuteri to nitrite (2I, 29u 3l-, 5L, 96) " Chapman and.

Liebig (17) reported nilrite accumulatlon from urea applied-

to alkaline or neut::a1 soil-s in citrus orchardso but there were

no adverse effects" Þosslbly because of a hlgh natural soll
pH. Colliver and Welch (Zf¡ found tlnat two to four weeks

after anhydrous ammonla had been applied" to a sol1u nitrlte
in excess of 40 to 50 ppn developedu and- thts was toxic to

seed-11n9 root growth" Nltrite toxiclty was associated wilh

the d-eath of established plants.

Symptoms of nitrlte toxlcity (70) ave a sparse

lignified root system and small chlorotic plants tkrat are

prone to wilting"

Phlpps (77) found tinat increasing lhe concentratlon

of nitrlte -N decreased dry natter yleldsu total acidlty, the

concentration of nitrogen, phosphorus, a.nd potasslum ln tomalo

plantsu and increased the chl-orols of leaves and llgnlflcation

of roots" It was postulated. that nitrite could- block one

stage in the carboxylic aclô. cycle as the sap becomes more

acld-lc.
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(c) The Effect of Solutlons of Varying Osmotlc Strengths

on Seed- Germination

The moisture stress exerted on germlnatlng seeds in

the soil by the total potentlal of soll r.¡ater is made up of

three eomponents (49):

(1) osmotic potential-produced. by soluble salts j-n

the soil;
(2) eapillary potenbLal-produced. by capillarlty and.

surface ad"sorptlon of water 1n soil;
( 3) gravltational potentlal-prod-uced- by the vertlcz.l

position of the water" Gravltational potentlal is equal to

zero for germinatlng seed.s ln soll solution" George and. I

Sands (49) reported that matrlc and osmotic'potentials affected-

seed. gerrnlnation d.ifferently even though thelr free energy

neasurements were identical" He found that ln some casese

100 cm (HZO) of matric potentlal rras as effectlve as 10,000 cm

(H2O) of osmotie:potentlal in retarding seed. germinatXon rates,

Calculated values of osmotlc potential for fertlllzers in

solution are only valld. lf the seed coat acts as a

semipermeable membrane whlch prevents solute from enterlng

lnto the seed.. Manohar (65) reported Nlnat the d-egree of

restrlction lmposed" by the seed. coat was roughly proportional

to the slze of the molecules of the chemlcals used" He also

found Elnat, the seed. coat was virtually impermeable to

solutlons containing large molecules such as polyethylene

glycols of molecular welght of 6OOO, Mcþ{il1ia¡n et al" (62}

showed t.lnat the effect of carbowax solutions on germinatlon
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was d.ue soLely to osmotlc,activity, since a close relationshlp

was found between the average moisture content of seed.s and

the potentlal of the solutlon in whlch they were inblbed..

lPrere seemed to be no other toxlc effectu slnce vlabllity of'

seed.s lmblbed ln various concentrations of polyethylene glyc.ol

was unaffected. when subsequently germlnated in water" l{olecules

such as sod.ium chlorid.e (65) have very llttle osmotic eff ect

as they easily enter lnto the seed and the influence of such

chemicals on germination ls due to thelr toxlc effect wlthln

the seed , Toxlclty u ln cas es llke this u d.epend.s on the nature

of the solute present wlthln the seed. Other moleculesu such

as mannltol (65, ?4), have a certaln translent osmotlc: effect

as it enters the seed with some degree of dlfficulty" Parmar

and More (7+) reported that when the osmotic potenÈlal was

increased from 0 to 10 atm, the weight of water imbibed. by

seedllngs in þ8 hours was restrlcted- 10, 6u and- 10 percent

r¡¡ith ¡nannltol" sod,lum chlorld.e" and. carbowax 6OOOe respectl-ve1y"

He found. that ad.verse effects on corn germinatlon was greatest

wiLh carbowax 6OOO, intermediate wlth mannitolu and stnallest

wlth sodlum chlorid-e as osmotlc,substrates" Manohar (65)

reported. that solutions of sodium chlorid,e, g1ycerol, and to

some extentu mannltol rr'ay enter pea seed.s wlth litt1e

restrlctlon through the micropyle, He found" that sodium

chlorlde reduced germination the mostu Blfcerol the 1east,

and mannitol lnternediate, It appears lhat sodlum chlorlde

had, à toxlc effect and no osmotlc effect; glycerol had no

toxic effect and no osmotlc effect; mannitol had no toxi.c
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effect but had a transient osmotlc effect as it delayed.

germination. Thereforeu a cherinical can aff ect gerrnlnation

ln either of two ways or possibly both, Ihere is an osmotic

effect which must involve a dlfferentlally permealrle membrane

and a toxic effect wi.thln the seed."

It has been shown in the field- that hlgh applications

of f ertil lzer red.uced. plant gerrnination (2, 9,L5, )2, 66r 68r 69) "

Chapln anci" Smith (15) and Read and Beaton (78) found. that

lowering soil moisture contents increased Nhe d.amage to plants

by f ertllLzer âpp1lcations. ReaC and. Bleaton (78) found th.at

lowerlng temperatures stightly red.uced- gernlnation' Clummins

and Parks 132) reported, Elnaf, the d.amage to mal-ze and wheat by

varlous salts d.ecreased- in the ord-er; anhydrous ammoniau ateaø

sorLlum nitrate, ammonium niLrate, ammonlum sulfate, and,

potassium sulfate^ Ðubetz et gl, (39) reported that with

i-ncreaslng osmotlc pressures at iso-csrnotic' concentratlons n

germlnatj-on was lower ln ammonium nitrate than in mannitol

solutlons" He suggested that the nitrate or ammonium lons

were to:rlc, Gass er ( 48) suggested that ì1rea d"ecreases the

germinatlon of kale, barley, and wheat because of lts osmotic

effects" Some urea may harre been hydrolyzed. ln the seed but

urea itself d1d. nol seem to Ì:e borcic" He also found. that

ammonlum-salts were more damaging than potasslum-salts, and'l

tlnaL sul-fate was less Camaging than nltrate or chlorid-e" He

suggested Llnat the differences between sulfate and nltrate or

chl-orirl.e coulrL have 'lreen due to an osnotic eff ect. Tt is also

possible Elnat the niEraLe and. chloride lons lÂieT'e toxie.
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Thimann (92) reported that an osmotlc recovery

phenonena by potato dlscs ln inannltol solutlons could not be

explainecl by mannitol uptake for it was negllglb)-e" He

suggested tlnat lt rnusi have been d-ue to a te'.nporary release

of osmotic material r,{ithin the cellsu such as hyCrolysis of

à stored polymer.

2L



(A) soils
During the summer of l969 surface so1l sanples

(0-6 lnches) were obtalned. from the various flelds u aiT

d.ried.u and sleved through a one-quarter inch screen@ These

soils (Táble I) rrere obtained from the approximate locations

of fleld- experinents conducted by Töews (93) in 1968 and

1-969 ln ord.er that the greenhouse and laboratory experlments

reported In thls manuscript cou1d. be compared with the d.ata

obtained by îoews (93) in field experlments" The sollsu

selected, by Toews (n) varied. ln textureo cation exchange

capacltyu pHu and organic matter contents (Täbles I and" II) "

All of these sol1 properties have been reported. (47 " 97) to
have an effect on tire degree of toxiclty of urea to fleld.
CfOpS o

(B) Fertll Lzer Materlals

The followlng modes of fertll:-zer placements and.

fertlllzer materials were used ln thls studyr

Ferti-li zer Pl.ac ernents;

ÏÏÏ Þ{ETHODS AND ffATERÏALS

(1) Randornly spread. wlth seed.-Pe1leted. fertili-zer
was spread randomly in a one-half inch band- wlth the seed"

(2) Cbntact with seed.-Pelleted ferti-lizeT was

placed closely around- each seed"

ß) One-quarter lnch from seed-Pelleted. f ertil\zey
was plaeed" one-quarter inch fron the seed_s, along each side

of the,,seed- ToWo

(4) One-half lnch from sssfl-ps11eted. f ertillzer
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Table lT.

Soi 1

Al tona

Almasippi

S tockt on

Red River

Lakeland

Subgroup desÍgnation, legal locaËion, and texture
of soils studied

Subgroup

Orthic Black

Orthic Black

Orthic Black

Rego Black

Legal location

Calcareous Rego Black

24

s.E.5-4-4

s.8.22-6-6

N.8.16-13-15

s .w.l-5-3

Nr.E.19-16-3

Texture

VFSCL

LVFS

FSL

C

CL



was placed" one-half inch from the seeds, along each side of

the seed. roll,

Fertil- izer Materials :

( 1) Nltrogen solution ( 28-0-0 ) *Consisted of 39, 5

percent ammonium nltrate, 30.5 percent urean and. 30,0 percent

water'

(2) Urea solution*5O I of urea in 100 rinl of

solution,
(9) Pelleted urêa-Commercial grade l+6-0-0'

(4) Urea powder-Finely ground. commerclal grad-e

þ6-o-o "

( 5) Pelleted ammonium nitrate-Commerclal grad.e

34-o-o,
(Cr) Analytical Procedures

So11 Organic Matter:

Sd11 organic matter was determined. accord"ing to the

method, of ldalkley and. Black (100), Excess potasslun

d.ichromate was used. üo oxtdize the organic matteru and. the

unreacted" d.ichromate back-tltrated- with ferrous sulfate using

barium dlphenylamine sulphonate as indlcator,

Soil Cãrbonate Côntent¡

25

The carbonate content of the soils was determlned,

gravlmetrically using a method. outlined by Ridley (79). A

one-gram soil sample was digested. ln ten percent hycì.rogen

ehloride for ten minutes, The carbon dioxide evolved" was

sucked through a d.rying and adsorptlon traln and absorbed on

asearlte in a Nesbibt tube, The weight of carbon d.ioxld"e



absorbed on the ascarite was d"etermined. and the carbonate

content of the soil calculated.

Sodlun Bicarbonate Extractable Phosphorus (AvallaUtre Phosphorus) :

Flve I of solI was shaken with 100 m1 of 0"5M sodlum

blcarbonate ( pH B" 5) and. the phosphorus extracted d.etermined

cclorlmetrlcally ( 71) "

So11 Exchangeablq !o!qsq!um:

Exchangeable potasslurn v¡as extracted- by shaklng a

2"5 g sample of soll wtth 25 nl of neutral, lN ammonlum acetate

for 30 minutes (90). The amounts of potasslum in the extracts

was determined- by the use of a Baird Alomlc Flame Photometeru

Model KYz,

So11 Nltrate Nitrogen:

Ni.trate -N was extracted, by shaking 10 B sol} wlth

2N potasslum chloride for two hours, The amounts of nltrate

in the extracts were d.etermlned. uslng the colorlmetrlc

nltrophenol dlsulfonLc acl,d. method as modified- by Harper (52),

Soll- pH:

So11 pH was determined electrometrically on a

soll-water suspenslon as d.escrlbed by Peech (76), A 50-gram

soll sample ln 50 m1 of cllstilled water was shaken for 30

minutes on a vertlcal shaker and the pH of the suspension

measured wlth a Fi.sher Combination Electrod-e on a C'o:.eman

Metrion fII pH meter.

C'onLuc ti v:i'!y:

The el ectrica-l cond.uctlvity of the soil-water

suspenslon used for pH measurements was measured- by the use
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of a direcü Heading Radioneter Conductivity Brid.ge,

Extraction and. Determination of "Ammonium and" Nitrate -N;

The meühod. of equll-ibrium extraction of exchangeable

ammonlum and nitrate described by Bremner and. Keeney (12) was

ad-opted. A lO-gram sanple of soil was shaken with 100 ml clf

2N potassium chlorid"e for one hour at room temperature in a

250 Erlenmyer flask. Blank debermlnations were conducted.

with each set of extractlons. The method of Bremner and

Keeney (12) was used. for deternining the nltrate -N and

amnonium -N'content of the potassium chlorld.e extracts. The

extract was steam disti]led in the presence of magnesium oxideu

ancl the volatilized ammonium collected Ln a mixed ind.lcator/

boric acld solution, and estlmated, by tltraÈlon with stand.ard

sulfurlc acid" The apparatus employed was simi1ar to t|øt
d-escribed- by Brremner (10, 11)"

Der¡arda0s a1loy was then add.ed to the extracts to

reduce the nitrate :N to ammonium -N and- d.lsti]lation contlnued"

The nitrate -N content of the extracts was estinated by

tiNration of the disiillate wlth the stand_ard sulfuric acid",

Sùand.ard, solutions, containing known amounts of

nltrogens were used to check the operation of lhe apparatus

prior to each set of determlnations,

Volalil izalLon of .&mmonla;

27

The amounts of ammonia volatilized from soils were

deterrnined as d-escribed, by Toews (93)" Howeveru in this
studyu sma1l pì-astic containrys (5'¿ in l-, 5h in wu 5b ln h)

were used" The contalners were sealed with va-se11ne and- tapeø



and. Ln1et. and. outlet holes bored ln opposlte sides of each

contalner. The air inlets of each Dan 'Flere connected Lo an

alr pump uslng rubber and plastlc tubes" the appa::atus used

was slmllar to E]nat l-llustrated. by Toews (93) " Tublng,

placed, into the outlets in the contalners, was connected. to

flasks containirrg 25 nl of 0,0051I sulfurlc acld" Air was

conùlnuously clrculated through the apparatus uslng ai.r

Ðressure" The amruonla volatlllzed v¡as d,etermlned. by

backtitratlng the 0,005N sulfurlc acld" wlth 0.005 sodium

hydroxid e, Bl-ank determj-natlons, (no soll! were conducted

for each experiment@

Soli- F1eld. Câpaclty Molsture Content:

Sol1u sieved through a 0.Z5-fncln screen, was placed.

ln a þ00 ¡al beaker and sufflclent vüater added. to wet the top

one-half of the soil. The beaker was sealed with plastic and

a11owed. to equlllbrate for 48 hours" So11 samples idere then

taken above the wetting frontu weighed and placed. ln
preweighed 100 ml beakers" fhe samples Ïrere placed in an

oven at 100oCr for 24 hoursu removed., cooledu and reweighed.,

The percent molsture, expressed- on an oven d,ry baslsu was

then eal-culated,

9g1l_Iextgry:
So11 texture was approxlma-ted by using the hand

texturlng method."

Soil Cation Exchange Capacityz

28

So11 cation exchange capacLl'y

ammonlum saturation method outllned by

was determlned- by the

Ghapman (f6¡ " Exchange



sites of â 10,0 gram sol1 sarn'ple were saturated with ammonlum

by shaklng for one hour in 100 ml of l"N NH4OAe: solutlon
containine 250 ppn lithlum and ad.justed to a pH /"0 uslng

hydrogen chloride, The suspenslon was filtered. und.er suction

and washed wlth NH4OAe soluti.on'untll 25O ml was collected,

The soll- was washed. witln 25O ml of 95 percent ethanol" The

ad-sorbed- arnmoni.um was dlsplaced by leaching the soi.1 wlth 250

ml of acldified. l-N sod.ium chlorlde" The filtrate was collected.

and transferred. to an 800 ml Kjeld.ahl flask. Trqenty-five ml

of 10N sodlum hydroxlde was added- and the ammonia d.1st111ed"

into 50 ml 2 percent borlc acld solutlon uslng a K jeld-ahl

distlll-ation apparatus" fhe absorbed. ammonium was tltrated.
wlth sLand.ard-Lzeð, 0"lN sulfurlc aclcL and the cation exchange

eÐ.paclty of solls ealculated.
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IV PRESENTÂTTON OF EXPERTMENTAL RESULÎS AND DTSCUSSION

(lL ) Greenhouse Experlments

Toews (93) noted- reductions ln emergence and. seedltng

d.amage when urea at rates greater than 2O Ib lv1/acre was add ed.

with the seed- of barley grown in. fLeLd experlments" In ord.er

to obtain more lnformatlon on the ef f ects.,of urea on emergenc'e

an experlment was designed to studys

(1) Effect of mode of placement and rate of urea on

the emergence and. yield. of barley using three watering practices"

(2) Effect of raten mode of placementu a.nd form of
nltrogen carrler on Þhe emergenee and- yield- of barley.

3) Effect of sol1 moisture 1eve1 on the emergence',

and yleld of bar1ey treated wlth 60 lb N/acre as upeâø

(4) Effect of soil type on the emergence ancl yield.

of barley treated. with varlous rates of u.rea and 28*0-0"

Effect of ÞIod.e of Placement and Rate of Urea on the Emerqence

and Y1eld of Barley Uslng Three Waterlng Practlc€se

Due to limited greenhouse spaces this experlment was

done ln three sections. Each sectlon was grown at d.lfferent
tlmes ln the greenhouse. One-half gal1on pots were used. ln
the flrst part. The Stockton soil was usedu as Toews (9j) had.

reported conslderable reductlon of seed.ling emergence, due to

urea appllcations wiNh the seed, l-n field experlments located

on this sol1" Tvüo thousand- g of soil was placed i-nto each

pot" The surfa-ce one lnch of soll- v¡as then removed- and. the

soil remainlng ln the pot watered to fleld- capacïty moisture

content. Barley seeds a.nd the various fertlli-zers ?lere then



added and the one-inch layer of soll- replaced and. watered to

field caÞacity" Conquest barley (hoÄÈe!4n 
"ulg?_fq.; 

eL. C'onquestø)

was used as a test crop and- was sown at the rate of two bu/acte,

the amounts of barley seed and fertili-zet added. per foot of

sed. were the same as used by îoews (93) in his flelo experiments

and were equivalent to those ln a seed rolr sown by a drll-l v¡lttt

seven-inch spaelngs between the d.lscso ïn each Þot, six seed,s

were sown Ln a slngle four-lnch rown Plastlc contalners

(f+3 In i-, l-2È ln w, 5È ln h) were used" ln the following sections"

îhe procedures as outlined. above rìIere followed with the fonlowlng

exceptions¡ (1) 8000 g of sol1 was placed into each contaf.ner

andr. (2) 32 barley seeds were sown in tv¡o one-foot rows placed

seven lnches apatt"

A randomlzed block d.esign wLth 18 treatments and. four

replicates uias used-, Three ratesu O, 40, a,nð- 6O lb N/acre,

a.nd four methods of placement vlere studled" The method"s of
pla.cement qiere randomly spread with the seede one-quarter inch

from the seed, one-half lnch fro¡a the seedo and in contact with
the seed,, Three waterlng technlques were used, In the flrst
sectlonu the soll was watered. on the fourth and sixth day after
seeding with 100 nl of water, a.nd then malntaj:red at field
capacity. This would represent a fle1d. condition ln which

the soils were aù field capacL,y aE tlme of seeding and then

received light rains four to five c1ays after seed.ing" In the

second sectlonu the soil in the contalners, LnitiaLly at fleld,
caoac\ty, was allowed to stand without watering for eLghteen

days and then watered. and maintalnd at field capaclty moisture

3r



content until harvest" Thls watering technlque would- simulate

a sltuaNion i-n which rain r¡ould not occLlr for. a consid-erable

tl¡ne af ter seed.lng, In the final sectlon, the soil was

rnaintained at f1e1d. capacit,y for the d-uration of the experiment"

Plastic covers were placed over the contalners for lwo weeks

to prevent evaÞoration" The above watering technlque was used

lo reduce mo./ement of urea and- 1ts transformation products from

the site of fertllizer application. The watering teclrnique

used. simulated a situati.cn'1n whlch only very sllght amounts

of rainfall u¡ould be recelved after seedingo but with the solls
re¡naining at f ield caÞaclty rnolsture content. All rates of

f ertill-zey and. method-s of placemento listed. previouslyu siere

studled using only the first waterlng technlque" Only a few

of the f ertilLzer rates and. methods of placernent i¡rere stud-led

in the second and third sections, Each treatment was replicated
four times" Emergence counts weTe taken every day. The planls

ln sectlons one and- three $rere harvested 2J days after seed-lng,

and- the pl-ants 1n section two were harvested 26 a.ays after
seeding. The plant materlal was oven clried for 48 hours at
SOoC and weighed.. The percent emergence for each container

ûras ealculated. as folloirs:

Number of plants emerged

wlth fertilizer added-

32

Nu¡nber of plar&s emerged

with no f ertilLzer ad.ded

The yields of barley varied witln rate of urea added.,u

method- of f ertil:.-zer placementu ancL waterlng practLce used

Pèrcent emergence = x 100



(faUf e III), The hlghest yields on the solls watered- four d-ays

after seed.ing were obtained when no fertllLzer or when 40 or

6O lb N/acreu as Lrreae was pla.ced. one-ha1f tnch from the seed."

Yields were signtflcantly reduced- when 40 lb N/acre as urea

was rand.onrly spread with the seed and when 60 1b N/acre was

rand.omly spread. wilh the seed. or placed. cLoser than one-half

lnch from the seed" The lowest yield, ãt both the 40 and,

60 lb N,/acre ratese occurred. when the fertlllzers were

rand.omly spread with the seed.o

The number of plants which emerged on the soll-s

watered four days after seeding was not slgniflcantl-y

lnfluenced. by treatment, Howeveru delays in energence

(Figures 1 and 2) were noted- for all fertilLzer treatrnents,

The d.elays ln emergence were much shorter for treatments

recej.vlng 40 lb N/acre as Lrrea than for the correspond.ing

placement treatmenE at 6O 1-b N,/acre, The delays in emergence

appeared to be closely related. to yields" The delay ln

emergence, when 4O lb Ny'acre ïIas add.ed.o was great'est when the

urea was rand.omly spread with the seed (Ftgure 2) " It would.

be expected. that the urea p1a-ced. in contact with the seed

would- result in the greatest emergence delay and. the lowest

flnal emergence" I{owever, lt is possible that when the urea

was rand.oraly spread wlth the seed it hydrolyzed. at a greater

rate, as the pellets would, be exposed. to more soil and. moi-sture

than rqhen plaeed- in contact wlth the seed. This rvould. lea.d. to

higher accumulations of reactlon prod.ucts" Delays j-n

emergencee r"¡hen 60 1b Ìri/acre was add-ed e were slmllar for the

J3



Table III. Effect of placement, rate
practice on emergence and

Placement with
Seed

No fertilizer
|tt from seed
ärr from seed
Randomly spread
Tn contact
|rr from seed
àtt from seed
Randomly spread
In contact

Rate
(lb N/acre)

of urea-N added, and wateríng
yíeld of barley"

Yield
(e)

0
40
40
40
40
60
60
60
60

No ferËilizer
|tt from seed
Randomly spread
|tt from seed
Randomly spread

Watered 4 days after seeding

0.850 abl
0.900 a
0.762 abcd
0.635 cde
0.765 abcd
0.807 abc
0.572 de
0.544 e
0.570 de

Final
emergence (%)

34

No ferËilizer
ätf from seed
Randomly spread
Ln contact

0
40
40
60
60

lüeight per
plant (g)

100 a
100 a
100 a
92a
96a
o.)^

96a
92a
96a

Watered l8 days after seeding

Duncanl s Multiple Range
r^iithin each watering
(p = 0.05).

2.65 a
r oa ^

2.52 a
2.65 a
0.50 b

Maíntained at field capacity moisture

0
60
60
60

0.141 a
0. 150 a
0.L27 ab
0.L2L ab
0.133 ab
0.148 a
0.100 b
0.098 b
0.099 b

2.87 a
r"44 b
L.O7 c
0.68 d

100 a
90b
80c
86 bc
18 d

Test - Treatment.s
practice, are not

0.086
0. 105
0.t02
0. 100
0.085

content

100 a
96a
65b
43c

^
d

a
d

followed by the same letËer,
signif icantly dif f erent

0.096
0. 050
0.055
0. 066

a
b
b
b
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followlng treatments: randomly spread"e one-quarter lnch from

seed., and. in contact with the seed.u

Final emergence counts were not red.uced, slgnlflcantly

ln any of Nhe treatments probably because of the watering

method. used, If the urea hydrolyzed rapld,ly wibh littIe water

movement or even a subsequent loss of molsture d.ue to

evaporatlon, then a hlgh concentratlon of urea reaction prod.ucts

would accumulate and be very harmful to the seeds" In this

experiment urea hydrolysis was probably retarded,s âs no

addltional water was added. untll the fourth day afber seed.lng"

The add.ltion of water may have leached, some of the urea away

frorn the seed-s and red.uced the ammonla concentratlon near the

seed-s. Thus, emergence of seed.s may have been temporarlly

d.elayed due to a comblnatlon of toxic and osmotlc effects,,

After waterlng¡ more favourable conditions may have been

created. and the plants emerged,

The welghts of lndlvid.ual plants are impoätant 1n

that they reflect the lnfluences of the f ertilLzer added i.n

two ways" They reflect the toxielty of urea and" its reaction

prod.ucts on the growlng seed.li-ng, and. also lhe beneficlal

effecbs of fhe fertilizer when it is used. as a nutrlent"

Ad.d^ltlon of 4O 1b N/acre one-half tnch from the seed, to the'

soils watered four days after seed.lngu gave the hlghest plant

weights" Placing urea one-half inch from the seed. would

ninimize the toxlc effects of urea and yet,lrovlde the growlng

seedllng with avallable nitrogen, Placement of 6O lb N,/acre

as urea one-half lnch from the seed also prod"uced hlgh plant

37



welghts6 The weights of lndividual- plant,s T{ere lou¡ when the

urea was in contact, randomly spread-u o1 placed one-quarter

tnch from the seed at 6O lb N/acre. These three placernents

at 40 lb N,/acre produced sllghtly hlgher (not slgnlficant)
plant weights tlnan at 6O lb N/acre,

The yield.s of barley obtalned when the secono watering

method was used (watered- 18 days after seedlng) $Iere sinilar
except when 60 lb N/aere ¡ras rancì.omly spread with the seed-

(taUle III). The yield of barley sras slgnlficantly reduced.

when 60 lb N/acre was randornly spread- with the seed,

Delay of emergence (Figure 3) and. final emergence

red.uctlons were much greater ln some of these treatments than

r¡¡as found for the soils watered four days after seed.ing

(Ta¡Ie ITI and Flgure 1), The red.uctions in emergence when

urea was randomly spread at 40 or 60 lb N/a.cre wibh the seed.

were signlficantLy greater than when placed one-half inch from

the seed . All f ertil Lzer ad.ditlons signlf icantly red.uced

energence when compared, wlth the treatment wj-th no fertll-lzer
added., The d.elays in emergence were closely related to the

final emergence. The results show that the emergence of barley

when urea was applj.ed- was lower when the soils were nol watered-

for 18 days than when watered four c1ays after seeding" IJnder

the d-rying cond.ltions used in this exÞerimentu hydroì-ysis of

urea r,'ras probably retarded.; but the loss of sol1 moisture

probably increased the concentration of urea and its reaction
prod.ucts" Gasser (,1+?) suggestedu tha[ under conditions such

as theseu urea molecules rnlght be an important factor in
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red.uclng seedling emergence due to an osmoNic effect"

The plant weights for the treatments which received

the second waterlng technlque d1d, not differ slgnificantly"

Án inad.equate suoply of moisture ln the soil may have llmlted
plant growth in thls experiment"

The yield.s of barley for Nhe treatments recelving

the thirC watering technlque (malntalned at field caÞacIty

moisture content) all varled, slgnificantly (fa¡te III) " In

thls experinent water movement was red.uced. in the soil by

reducing evaporation" The yields for the fertlllzer treatrnents

were d"lrectJ-y related io the distance of fertllizer placement

from the seed" The lowest ylelcÌ was obtained. when lhe

fertllizer vras placed. in contact wlth the seed. the delays

in emergence (Figure 4) were related. to lhe final emergence

counts. The emergence counts for the fertilizer treatments

r,Ìrere also d.irectly related. to the d.istance the fertilizer was

pl-aced. from the seed.. Only 43") percent of the barley emerged-

r¿.rhen 60 lb N/acre Íras placed. in contact wi.th the seeC" The

emergence of barley was not signiflcantly red,uced when the

u?ea was placed one-quarter lnch from the seed-" The emergence

of barley for the rand"omly spread. treat¡nent was greater when

Lhe so11s rrrere mai.ntained. at fleld canacity iuhan i,¡hen not

watered for 18 clays after seed.lng, LL ls most likel-y Nlnat

with the sclls maintalned al, fiel'1. capaciEyu the urea hydrolyzed

qulte reacllly, buf, was noL as toxic as with the prevlous watering

practiceu as there was very l-i.ttl-e moisture loss and. the

concentrations of urea and its reaction products ln the soj-l

4o
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solutlon were probably lower"

Ind.lvid.ua1 plant weights were not significantly
influenced. by place¡aenL of ureao but all plant weights wer.e

significantly lower than with no fertil-Lzer ad,ded. Thus,

allhough emergence of the plants was lnfluenced. by mode of
placementu the growth of the plants after emergence was not

lnfluenced.. Durlng the first few days aftet applicationo the

fertillzer would. not have sufflcient time to move very tar
fron the orlglna1 placement position; thus, the hlghest

concentrations of urea and lts reaction products would oecu.t"

vrhen the urea was placed_ ln direct contact with the seed"

^åffer the seed germinated" and. started growing, howeveru the

concentratlon of urea and. its reaction prod.ucts would. probably

be quite simllar tn all urea treatmentso as the urea and. lts
reactlon products would. probably har¡e moved fron the plaeement

slte' Thls would resull ln a slnllar growth med.lurn for all
mod.es of placement; thus, the gfowth of all plants treated.

wlth urea would be slmllar"
The three waterlng techniques used. in thls experlment

prod.uced very d.ifferent result$ as water movenent ln the soil
coul-d. leach urea and" lts Teaetlon prod.ucts away frorn the seed.

and red.uce the damage to the germinating seeds and growlng,i

seed.l1ngs" The best method. of placement of urea ferÈilLzer
$¡as one-half lnch from the seed. at a rate of 40 lb N,/acre"

Addition of 6O 1b N,/acre as ìf,reau one-half lnctr from the seed

was found to reduce the emergence of barley.

t+z



Eflect_of Rateu Sethod of Placement" A4c1 Forn of-Nl'Lrogen

Carrier on the Emergenee and Yield of Barley,

An experlment ltas d.esigned to compare d,lfferenf

forms of add.ed urea and 2B-0-0" The proced-ures employed.

were id.entlcal to the prev'lous experiment, Thls experltnent

was d_lvided. lnto two sections r¡rhlch iÂrere grouin at separate

times ln the greenhouse" A randomlzed block deslgn with

fifteen treatments and. four replicates ivas used", the methods

of placement were rand.omly spread" wlth the seed. and. one-half

lnch from the seed" Four nltrogen forms¡ üT€â pelletsu urea

solution, urea powd.eru and. 2B-0-0 solutlon at rates equivalent

to O, 30, 60, and. LzO l-b N,/acre l¡úere used" The Stockton soil
was selected for study" In the second. sectlon eovers were

kept on the contalners for two weeks" ?hese covers were not

used in lhe first section" The soil was malntained- ab fleld.
capaclty moisture content untll harvest tine. Not all
treatmenbs 11sted. above were studied" ln each section.

Ernergence counts $rere ta}<en every r3,ay" The crops were

harvested. 26 ùays afVer seed.lng ln the flrst sectlon and 23

days after seeding ln the seeond section, The plant matfer

was oven d-rled- at BOoC'for 48 hours and welghed., The percent

emergence ïras calcul-ated. as prevlously descrlbed,

The yleld of barleyu grown on soil- not covered. to

prevent evaporationu ïIas affected- by rate, method. of placement,

and form of nitrogen carrier (Table IV). Tlelds obtalned. wlth

6O 1b N/acre of urea or 28-O-O placed one-half inch from the

so11 l{ere si-gnificantly hlgher than when rand"omly spread. wifh
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Table fV. Effect of
carrier

Source of
nitrogen

TaLe, method of
on the emergence

2Urea

28-O-02

Urea

28- 0-0

NH, NO"+J

28-0-0

28-O-02

Rate
( f¡ N/acre )

placement, and form of nitrogen
and yíeld of barley

Yield
(e)

0

60

60

60

60

60

L20

t20

3.28 abl

3.35 ab

3.54 a

1.69 d

2.37 c

2.99 b

0.94 e

2.59 c

Soil not covered

Final
emergence (%)

44

Urea pelleEs

Urea solution

2B-0-0

Urea pellets

Urea solution

Urea powder

[Ieight per
plant (g)

100 a

99 ab

97 ab

77 c

92 ab

92 ab

61 d

89b

0

30

30

60

OU

60

60

Soil covered to prevent evaporaLion

0.104 ab

0.108 ab

0.LL7 a

0.070 d

0.083 cd

0.105 ab

0.050 e

0.093 bc

2.96 a

2.05 b

1.89 bc

1.65 c

0.66 d

0.66 d

0.42 d

Duncants Multiple Range Test -
within each section (covered
different (P = 0.05).

Fertilizer rÁ/as placed one-half

100 a

79b

76 b

80b

42c

47c

24e

0.093 a

0.081 a

0.078 ab

0.065 bc

0.048 cd

0.043 d

0.055 d

Treatments followed by
and not covered), are

inch from seed.

the same letter,
not signifícantly



the seed. This indicates that 6O lb N/acre as urea or 28-O-A

caused serlous damage to barley emergence and. growth when

applied. close to the seeds" the yield.s obtained when

120 Ib N/acre as 28-0-0 (approximately one-half of nitrogen

Ln 28-0-0 is present as urea) was placed- one-half inch fron

lhe seed" or randomly spread. was slgniflcantly lower than

placements of 6O lb N/acre as urea' These results shor¡r thaE

damage from the 28-0-0 r^ras d.ue to both the urea and ammonlum

nitrate present in the solutlon" The yleld"s of barl-ey when

ammonium nitrate Ïras randomly spread. wlth the seed were

sl-gnificantly hlgher than when the ot'her fertilizers llere

randomly spread with the seed.. Although ammonlum nitrate

rand-oroly snread with seed d.id no| red"uce ylelCs as greatly as

d.id. the other nitrogen fertilizerso the ylelds when ammonium

nltrate r¡ras add-ed were signlficantly lower than trhen 28-O-O

al 6O 1b N/acre was placed one-half inch from the seed"

îhe number of plants whieh emerged. when grown on the

uncovered- soil wlth normal evaporatlon was affected. by the

raEeo nethod of placement, and. form of nltrogen carrier ad"d.ed.,

The emergence of barley with 60 lb N/acre as urea randomly

spread- with the seed was significantly lower tlnan when no

fertll-izer was arld.ed." Both placements of 12C lb N,/acre as

28-0-0 signlficantly reduced- emergence; the 2B-0-0 rand.only

spread. wlth the seed- had a much nore severe effect on energence

than dld. the 28-0-0 placed. one-half lnch frorn the seed-,

Additlon of 28-0-0 at LZO lb N/acre, randomly spreaC with the

seed.u red.uced. emergence trore ihan urea add-ed. at 6O lb N/acre"
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The results lndicate tlnaL red.uctlons in emergence

lÍere associated wlth corresponding d.ecreases in yield"

However, d,ecreases ln yield. were not always assoclated. with

emergence reductions but with the occurrence of smaller

st.unted plants" Thls lnhlbltion of growth of seedllngs was

probai:ly caused. by the accumulation of arnmonLa and,/or nitrlte"

fhere is also a possibillty th.at the osmotic effect of urea

and its reaction products retarded growth, thls lnhibition

of plant growth ls reflected by the i-nd.lvidual plant welghts,

Plant welghts were greater when the f ertlllzer was pl-aced

one-haIf inch from the seed, than when the fertlllzer was

randomly spread with seed." Plant wel.ghts when ammonium nibrabe

Ïras applied, at 6O lb N/acre were greater than when the other

fertlllzers were add.ed, Thæe d.ata lndicate that urea and

28-A-O applied- wlth the seed cannot only reduce emergence,

but can also retard the growth of the seed.Iings"

The rates of emergence of barley for the various

treatments are shown ln Figure 5" The d elays ln emergenee

were longer for the treatments which caused. large reductions

in final energence, The longest delays occurred l-n the

treatments ln which urea was rand.omly spread with the seed.,

The yields of barley gro$In on soll- with reduced

evaporation were affected by the rate and form of nltrogen

carrler add.ed" All the yields with nltrogen ad.ded. were

slgnlflcantly lower than wi.th no fertilLzer, The yields of

barley when J0 1b N/acre as ùTea- pe11"ebs or urea solution aras

ad"dedroiere greaLer than with 6O lb N/acre as 28-0-0 or ureao

t+6
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The nunber of plants which emerged followed. trends

sln1lar to those noted- for the yields, Hoinrever, the emergence

with 28-0-0 aE 6O lb N/acre ?ras si¡nilar to that of urea pelJ-ets

anplied. at 30 1b N/acre. Ernergence of barley treated wlth

urea irowder rcras signiflcantly lobrer than rshen treated with

urea pellets or urea solur.lon" îhe urea powder was probably

more toxic to seedling emergence than the other forms of urea,

as it orobably would hydrolyze faster than the urea pellets

and may not have moved from the placemenÈ site as nuch as did.

the vrea sol-ution"

fhe indir¡idual plant vaeþhts followed approxlmately

the same trends as was noted. for total plant yields. Sma1l

plant weights rÍere assoclated. with the use of hish rates of

appll ed, urea"

Delays ln emergence (Figure 6) vrere greater for the

trea|nents with severe reductions in final emergenceo In
some treatments, afþer reachlng a maximumu emergence decreased

sllght1y with increases ln time after seeding. Thls was due

to the death of some seed.lings" The d.eath of seedllngs was

probably due to aecumulatlons of nitrlte in the soll.
Effect of Molsture Level on the Emersence and. Yield. of Bàrlev

¿r8

freated with óC 1b N,/acre as Urea"

An experinent was designed. to deterrnine if the

inltial soil moisLure level infl-uenced. the degree of seed, and.

seed-ling d.amage caused by urea placed. with the seed" The

proced-ures enployed. were simllar to those prevlously descrl-bed"

The Red River and. Almaslppl soils tqrere used." ê randomized.
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block d.eslgn s¡as used with eleven treatments and- four
repllcales, The fertillzeru pel1eted. ureae was spread-

randomly wlth the seed at rates of 0 and 60 lb N/acre. Covers

were kept on the soil for two weeks. Three moisture leveLsu

fle1d" capacityu three-quarters of field capacltyu and-

one-half fleld capaclty were used, l¡Jater was added dally to

the surface of the soll to malntaln the total soll moisture

content at the d.eslred 1evel. The d.istrlbutlon of molsture

was not unlform throughout the soll volume a-t seed.lng time,

Waterlng the surface of the soil to the desired. molsture

content,s dld" llnlt moLsture near the seed for a fevr days

followlng seedlngu especlally at the lowest molsture content,

Âs water was add.ed to the sol1 rnai-ntalned. at one-half fleld_

capaeityu the surface layer of soll would approach field.
capacLly noLsture content while the lower layers of soil_

would. contain amuch lower 1eve1 of molsture. Emergence counts

were taken every day" The crop was harvested- 23 ð,ays after
seedLng" The plants were oven d-rled at BOoC for 48 hours and-

weighed" fhe percenL emergence was calculated. as previously

d. es cri bed- "

The ylelds d-ecreased r^rlth decreasing moisture conbents

on the Red Biver soil (fante V)" The yieldsu with and wlthout

f ertll-lzers were si¡nila-r for any one parti-cular molsture 1e¡¡,e1

except at a moisture level of one-half of fleld capacltyu

where the ad.dltlon of fertilizer d.ecreased the yield, These

results show that soil molsture levels on heavy-textured. soil-s

have to be qulte low before 60 1b N,/acre as urea randomly
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Table V. Effect of
barley

Soí I

Red River

Red River

Red River

Red River

Red River

Red River

Almasíppi

Almasippi

ALmasippi

Almasippi

Almasippí

Ratel Moisture
(1b N/acre) level

moisture level
treated with 60

0

0

0

60

60

60

0

0

60

bU

60

on the emergence and yield of
lb.N/acre as urea.

F .C.2

,4 F.C.

U F.C.

F.C.

Z r.c.

Z F.c.

F. C.

L F.C.

F. C.

Z F.C.

U F.C.

Yie 1d
(e)

5.65 abc3

5.39 c

3.01 d

6.92 a

5.40 bc

1.15 e

3.41 a

2.53 b

0.72 c

0.44 cd

0.10 d

Final germínation !,ieight per
(%) plant (e)

51

100 a

100 a

73b

100 a

98a

23c

100'a

100 a

47, b

36b

16 c

1 Fertilízer was randomly spread with the seed.

2 Field capacity.

3 Duncants Multiple Range Test - Treatments followed by the same letter
are not significantly different (p = 0.05).

0.L97 ab

0. 182 b

0.151 b

0.24L a

0.193 b

0.187 b

0. 115 a

0.082 b

0.053 c

0.042 cò

0.026 d



sÌlread with the seed. causes serious d.amage to barley growth,

The yields on the Almasippl so1l were slgnificantly
decreased- by decreases in molsture l-evels and. by the ad.dition

of fertilizers, The data show tinaL 6O 1b N/acre as urea

randomly spread. with the seed. caused serlous danage at al-l

three soil molsture 1eve1s" Toews (93) found. that the extent

of damage to barl-ey growth decreased with lncreasing catlon

exchange capaclty" Ttrese d.ata also support the above

observation. The Red Rlver and .ålmaslppi soils had callon

exchange capacitles of 51"3 anð. L9"9 me/lOO g of soilu

respectlvely" The high ammonium absorption capacity of the

Red River soil probably prevented accunul-ations of ammonlum

and. ammonia ln the soll solution thereby reduclng the toxiclty
of ùhe add.ed. fertllizeT"

Add"ltion of f ertl1lzer slgnif icantly red.uced-

emergence on the Red River soil maintalned at one-half fleld
eapacity moisture content. The urea f ertilizeru ad"d.ed. to the

Al¡nasippl soil signlficantly red.uced emergence aN aLL moisture

l-evels. The red.uctions in emergence were nuch greater on the

Alnasippi soll than on the Red. River soil-.

The urea applied. wlth the seed delayed the emergence

of barley (on both solls) when malntained at one-half or

three-quarters fiel-d capacity moisture content (Figures 7 and. B),

fhe individ.ual plant welghts on the é,lnasippl soil
followed" the same trends as noted. for tot,al yield.s" On the

Red River soil, howeveru the plant welghts were similar exeepÈwhen

60 Ib N/acre þ/as add"ed. to the soil at fie1d. capa,city moislure
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contênt" An increase in vreighl of plants was noted in the

above instanceo

soilu the toxic effects of urea and its reaction prod"ucts had-

very little effeet on the growlng seedlings" Thls was evldent

even when the emergence was greatly red.uced..

Effect of

Treated. with Varioqs Ra'Lçs of Urea a4S1_28-0-0"

Slnce little is known about the effects of llquid.
28-0-0 on seed germination and. slnce z8-o-0 conùains ?o"5

percent urea" experiments rrere cond.ucted to comDare the
qffects of urea and 28-0-0 on'seed gerninatlon and, early
olant growth on varlous soll lypes. îhe proced.ures employed-

were sinilar to those used. for the previous experiments" The

containersu however" were not covered. with plastic" The Bed.

Rlvero Lakelando and Almasippi soils iirere selected for stud.y"

A randomlzed block deslgn wlth twerve trea-tments and. four
replicates was used" urea aNO ad6or¡ Ìi}åæeard zB-0-0 at oa, 6CI, ard

r20 lb N/acre were used-" The fertilizer wa.s spreac randomly

with the seed" The soil was malntalned. at fj-eld" capacity

¡noisture content until harvest" Emergence counts were taken

every d.ay" the crop h¡as harvested 23 days afLer seed_lng.

the plants were oven d.riecl at 80oc for ¿t'B hours and weighed."

The percent emergence r{as calculated as shown previously"

The yields of barley hrere significantly reduced by

f ertilizer applications to the Ahnasippi soiL (Table \rr)"
Ylelds of ba-rley grown on the Bed River and Lakel-and. soil
were not influenced. by f ertilizer add.itions. ?he y1e1d_s on

data lndlcate that in the Red Biver

e on the Emergence and. Yield.
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Table VI Effect of soil type
with various

Soi 1

Almasippi

Almasippi

AlmasÍppi

Almasippi

Red River

Red River

Red River

Red River

Lake I and

Lake I and

Lakeland

Lakeland

Source of
nitrogen

on the emergence and yield of barley treated
rates of urea and 28-0-0.

Ratel
(1b N/acre)

Urea

2B-0-0

2B-0-0

o

60

60

t20

U

bU

60

r20

0

60

60

L20

Yie 1d
(e)

Urea

28- 0-0

2 8- 0-0

? to ^

L,67 c

2.62 b

0.60 d

4.03 a

4.29 a

4.L3 a

4.24 a

3.55 a

3.15 a

3.67 a

3.43 a

Final emergence Weight per
(%) plant (e )

56

100 a

86a

93a

31 b

100 a

99a

100 a

88a

3

Urea

28- 0-0

28- 0-0

1

2

Fertílizer randomly spread with the seed.

Duncanrs MultÍple Range Test - Treatments followed by the
for treatments within each soil, are not significantly
(P = o.05).

Emergence counts not obtained due to volunt.eer growth.

0. 111 a

0.065 c

0.095 b

0"064 c

0.141 a

0.151 a

0. 138 a

0.I7L a

same letter,
di fferent



the Almasippl soil with 28-0-0 aE 6O Ib N/acre were

significantly greater than Elnab wlth urea at 6O lb N/acre or

wlth 28-0-0 at L20 Ib N/acre (60 lb urea-N,/acre), These

results indlcate that 6o lb ltl,/acre as urea or lzo 1b N,/acre

as 28-0-0 can be applled. with the seed" without serious seed

or seed.ling damage on heavy-textured so1ls such as the

Lakeland a.nd the Red River, providing lhere 1s ad.equate soil
molsture' Honrevero on'coarse-textured- soi1s" such as the

Almaslppi so1lu serlous seed and seedllng damage can occur

when 6o lb N/acre as urea or 6o lb N/acre as z8-o-0 is appried,

wlth the seed"

Ernergence counts were not taken on the LakeLand. soll
due to volunteer barley growth. The number of plants r^ihlch

emerged. did. noE vary signlficantly on the Red River soll,
Emergence on the Âl¡nasiopi- soll with 120 1b N/acre as z8-0-o

was significantly less than t]naL for the other treatments"

Delays ln emergence (Flgure g) were much greater for
the .Almasippl so11 than for the Red Rirrer soil, since some

of the plants d,led after emergence, it is posslble that nltrite
may have been present ln some of the solls,

The i.ndividual plant weights were not affected by

f ertilizer acld"ed lo the Red River soil. weight of plantss orl

the Almasippl soile was reduced by the additlons of fertilizer"
The plant weights for 28-0-0 aE l2O Ib N/acre and :urea at
6O 1b N,/acre were slmil ¿y ¿¡¿ significantly lower than Ehat

obtalned for 28-0-0 aN 6O 1b N/acre,
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(B) Ammonia Volatlllzation as Related to Seed-ling Ernergence

The pre.rious studiesu eonducted in the greenhouseu

showed that urea not only reduced. emergence but also inhlbited
the growth of seed.lings. The latter was evid-ent from the

varlations ln welgh| of the indtvldual plants" some workers

have attrlbuted the plant damage to ammonia accumuratj-on

(4, 9u 28u 46" 59" 96), The purpose of this study wa.s to

relate ammonia volatllization from the soils to the extent of
energence reduction" Since ammonia vola.tillzation 1s d.irectly
rela-ted to the amount of ammonia in soil solutionu a measure

of ammonia volatlllzation reflects concentratlons of anmonla

in tkre soil solution. This study was conducted" using a fine
(ne¿ Rlver) ancl a coarse-textured soil (Albona),

The procedure employed was slmllar to that described-

for t.he greenhouse sNud.ies, ,Small containers (5È InL, 5l in w,

5+ ln h) were used.. The contalners were filred witâ rl'z5 g of
so11 and- watered to field capaclty molsture content" Conquest

barley was used as a test crop and sown at the rate of two

ba/acre" sixteen seed,s were sown in three four-inch rows

spaced two inches apatt in each pano After seed-lng and

fertil-izaþion, 75 g of soil was ad.ded and watered. to fle1d.

capacity molsture content, Â randomized block deslgn wlth
six treatments and three reprlcates was used." Four nltrogen
carriersu 28-0-0e ureau ammonlum nitrateu a.nd ammonium

carbonateu a.nc1 three rates, O, 60, and. IZO 1b Nr/acre .were used.,

îhe f ertlllzer was randornly spread, r¡ith the seed_* The ammonia

volatilízed. frorn the sol1 was measured as described in the



nethods and- mÐterials section, The soils were nalntalned. at

fle1d. capacity molsture content by saturating the air with
r,¡ater prior to oassing through the contalners" Volatllization
of ammonla v¡as measured. for a period of eleven days ln each

exoerlment' A,fter eleven days the contalners were opened. and.

soil samples obtained for analysls" A round_ cyllnder,. three

inches ln d.lameter, Íras pushed into the center of each pan to

a deoth of 1å lnches, The soil core was removed., well nixed.u

and stored- at 4oC: (t¿p) prlor to ammonlum and nlt,rate analysls"

The percent emergence was calculated- as d escrl bed. in prevlous

experiments,

-Am¡nonia vo1atllLzaLion varied" constderably wilh the

rate and form of applied nltrogen ln the Altona soil (taULe VII)
îhe highest losses of amrnonla occurred from the 28-0-0 aoplied,

at J20 1b N/acre and urea aopiied at 6O lb N/acre" Slnce

relatlvely large amounts of urea nitrorgen were ad"d.ed, in these

treatnents, large amounts of a¡rmonium earbonate would form and

would. inerease the soil- pH" The hlgh concentratlon of ammoniurn

l-ons plus the high soil pH would favour cond-ltions for ammonia

vo1atl1lzatlon" ^AIso, the 1ow cation exchange capaclty of
thls soil (26"2 me/lOO g) would favour ammonia volatilLza,tLonu

as very litt1e amnonium from the soil solutlon'¡,rould be adsorbed.

by the soil. fhe 28-0-0 applied at 60 Lb \¡I/acre lost
approximately one-half as much ammonla as did_ the 28-0-0

appI1ed. at r20 1b N/acre. Thls ind.lcates E]nat very little of
fertilizer€s reaction products were ad.sorbed. by the soilo âs

ammonia volatil].zatîon anpeared to be d.lrect1y related. to the

6a



Table VII. Effect of rate and nitrogen
armnonium and nitrate in the fertiLLzer

and emergence of barley in

Source of
nitrogen

Ratel
( 1b N/acre )

2 8- 0-0

28-0-0

Urea

NH,NO"+J

(nHo ), co,

0

I20

60

60

I20

60

Ammonium Nitrate
(pp*) (pp*)

source on the concentrations of
band, total ammonia volatilized
the Altona soil"

0.6 c2

322.0 a

31.8 c

151 .0 b

182.0 b

6.0 c

1

2

FerLilizer randomly spread with the seed.

Tot.al Ammonia
Nitrogen Loss
(pp*) (rne )

27.8 d

363.0 b

347 .0 b

248.0 c

595.0 a

314.0 b

Duncants Multiple Range Test - Treatments followed by the same letter
are not signifícantly different (P = 0.05).

6L

28.4 e

685.0 b

378.8 cd

399.0 c

777.0 a

320.0 d

Emergence

(%)

U

0.44L

0.2L9

0"434

0. 008

0.228

100 a

45b

95a

43b

L02 a

32b



ânount of fertilizer added." There was very lj-ttle ammonia lost
from the amnonium nitrate appried. at 120 lb N/acre, This ls
probably d.ue to a lower pH belng malntalned in the fertil lzey
band as compared to the urea sources. the ammonia volatilized.
when ammonium carbonate ïIas added was much lower than expected."

Theoreticallyu âs much amnonla should have been volatil1zed.

from the ammonium carbonate as was from ureâ applied al
6O lb N/acre" Howeveru consid-erable losses of ammonla from

ammonium carbonate occurred when it was being added. to the

soils and prior to seal-lng of the pans" Since about eight

hours was required- to assemble the apparatus, a large part of

Nhe ammonia from arnmonium carhonate could have been lost
d.uring this time. As a result ammonia lost from ammonlum

carbonate i{as about the same as from the 28-0-0 al 6o lb N/acre,

Very lfttle of the nitrogen applied to the soil was

lost by ammonia volatlllzaNion, The highest amount of ammoria

loss accounted for about only two percent of the nitrogen ad-ded,

to the soll. Much hlgher losses would probably have occurred.

lf the fertilizer applications had been broadcast or 1f the

sol] had been maintained ar, a moisture l-evel Lower than field
capacity (93) 

"

6z

Reductions ln emergence were associated wi-th hlgh

rates of a¡nmonla volatit-lzatlon except when ammonium carbonate

was a-dded.. Anmonlum nitrate added. at I2O 1b N/acre and 2B-O-0

adCed. aE 60 lb N/aere d.1d not significanLl-y reduce emergence"

Houiever u L20 1b N/acre as 2B-O-O and- 6O lb N/acre as ûTea oT

anr¿onium carbonate greatly reduced emergence@



I{ost of the ammonla volatil-ized was lost 1n the first
four to five rLays after applical;ion of the fertilizer (Figure 1O).

The results from the graph show E]nat Lhe naximum rates of
ammonla loss for the 6O lb t\/acre as urea or anÌnonium carbonate

and r2o lb N/acre as 28-o-o occurred. ln the first few days"

This means that ammonia accumulation occurred during the first
few days irrhen the barley seeds were ln their lnitial stages of
gernlnatlon" It is quite possibte that barley is more sensltive
to accumulations of ammonia during its earry stages of
germination when it ls taklng up water quite quickly. at early
stages of germination, damage ls probably due nainly to urea

or accumulations of ammoniao slnce nitrite p¡ould- not have had.

time to accumulate.

Condltions for urea hydrolysls woulC probaì:ly be

favourable in this soll, âs 'noisture was adequate and the
temperature $¡as optimum for mi.croblal actlvity. This soll also
contained a falrly high anount of or.ganic matter and was

probably able to support a hlgh population of microorganisms"

as a resultu urea hydrolysls occurred very qulckly in thls
soll, which has a reraf,ively lois cation exchange capacity
(26.2 me/loo g)u a.nd very high amounts of ammonla accumurated."

The concentrations of anmonium and nitraiue in Lhe

'&1tona soilu ê1even days after seed.ing, varled consideraoly
(ta¡te vrr) " conslderable nitrlficatlon occurred" and. more

th.an one-half of the urea anplied wa-s nitrified. to niErate,
The anount of anmonia volatiLr-zed" was not related to the
a¡nount or form of nitrogen in the soil afLer eleven cì-ays,

6l
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Very 1ltt1e ammonium was left 1n the soil treated with
ammonlum carbonate, Thls was probably due to loss of ammonia

and a rapld- rate of nltrificatlon" The amounts of nitrogen
recovered from the sol1s were simllar in treatments whlch

received equlval-ent rates of nltrogen except for the soil
treated with ammonium carbonate" ConsiCerably less nltrogen

was recovered from the so11 treated with annonium carbonate

than fro,n the solls treateC wlth equivalent rates of the other

fertilizers. îhis is probably due to loss of amrnonla from the

ammonium carbonate durlng appli_calîon to the soil,
Ammonia volatill.zatïon varied considerably with the

rate and source of applied. nitrogen in bhe Red River soLl

(faUte VIII)" fhe losses from the Red Rlver soil were very small

in comparison lo the amnonia losses from the Al-tona soil-. The

hlgh catlon exchange capacl-ty of the soll (51,3 me/lOO g) was

probably responsible for mlnlmizing ammonla loss as conslcLerable

amounts of ammonium would be adsorbed. Ammoni-a loss from urea

applied, at 6O Ib N,/acre was less than from 28-0-0 appì-ied aE

l2O lb N,/acre" Very iittle ammonla was volatil-ized when ammaium

nitrate and 28-0-0 T¡tras applied at 6O 1b N/acre. Loss of anrqonia

from ammonium carbonate $Ias intermed.late" Loss of arnmonia from

28-0-0 appli-ed- to the Red River soil al I2O lb N/acre was

prooortionately much greater than the loss irom 60 1b N/acre as

urea anr1 very much greater than the loss from 6Ot¡ W/acye as 28-0-0"

Thus, in the Red. River sol1, ammonia loss '¡¡as not pronortlonal_ to
the amounts of urea added. fn contrast loss of a-mmonia from Nhe

Al-tona soil 'r^ras propor|lonal- to the ar¡ount of urea addeC"

o5



These d.ifferences are most llkely due to the dlfferences ln
ammonium aclsorptlon caÐacities of the two sol1s,

there r¡rere no stgniflcant red.uctions 1n seedling

emergence except for the ammonium carbonate treatment" This

reductlon was not nearly as great as rtras observed. when ammoniun

carbonate r¡ras acded to the Altona soi1, The data also show

that unhydrolyzed, urea was orobably nol responsible for
reductlon in seedling emergence, as it d.id not reduce emergence

on thls fine-textured clay so11.

l{ost of the ammonia was lost in the firsi few days

(Ftgure 11), Â reduction ln alr flow developed. ln the apparatus

on the third day; thus, erratic results were obtained. for the

thlrd. to slxth days" Due to the reductlon 1n alr flow less

ammonia than expected. was volatlllzed on the third. and fourth
d.ays, and much more ammonla than expected" was volatilized" on

the flfth and, sixth d.ays, I{owever, this fluctuatlon would.

have no large effect on the total- amounts of ammonla volatil:-zeð."

Less nitrification look place in the Red River soll
than in the Altona soilu âs much higher levels of ammonlum were

recovered. from the Êed River soil (ra¡te vrrr) " The amounts

and. rale of ammonia l-oss was not related to the amount or forru

of nitrogen in the soil, Nitrate concentrations r,\rere similar
in all fertil-Lzer treatments and were generally lower than

those obtalned for the Altona soll" Euen on the treatraent

where maxlmum amounts of ammonia was lost" only about 0"5

percenl of the added fertil1-zev nitrogen was lost as ammonia,

the low l-oss is probably due to the high ammonium adsorption
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Table VTII. Effect of rate
ammonium and nÍtrate ín the

and emergence

Source of
nitrogen

Ammonium Nitrate
(lb N/âcre) (pp*) (pp*)

2B-0-0

28- 0- 0

Urea

NH4N0j

(nHo) rco,

and nítrogen source on the concentration of
fertilizer band, total a¡rrnonia volatilization

of barley in the Red Ríver soil.

0

I20

60

60

L20

60

2B.B d,2

7 50.0 a

295.0 c

385.0 bc

420.0 ab

20.2 d

1

2

Fertí1izer randomly spread wíth the seed.

Duncants Multiple Range Test - Treatments followed
are rrot signíficanrly differenr at (p : 0.05).

Total
Nitrogen

(pp*)

44.4 b

195.0 a

21L.0 a

L74"0 a

202.0 a

253.0 a

6B

73.2 e

945.0 a

506.0 cd

559.0 bc

622.0 ab

273 "O d

Ammonia
Loss Emergence
(me) (%)

0

0.088

0.009

0. 051

0. 017

0.037

100 a

95a

108 a

105 a

103 a

73b

by the same letter



capaclty of the Bed River soil,

ammonia volatillzation losses are very srnall when nitrogen

fertllizers are pl-aced with the seed. provldlng the moisture

supply is adequate. The degree of emergence reduction lncreased

with increases in the amounts of amnonia volatillzed. from the

soils. Llquid. nitrogen fertllizer (z8-o-o) was not as toxlcr

to barley seed.s as was an equivalent amount of urea nlùrogen"

The data showed that 6o lb N/acre as urea reduced. energence

to about the same degree as l2O Ib N,/acre as 28-0-0. Slnce

60 lb.N/acre as urea aopÌied to heavy textured. soils, such as

the ReC Bi-ver ln the greenhouse experiments" did, not cause

reductions in emergence, it appears that the damage $ras caused

by hish concentratlons of amrnonia" The Red Rlver soll carl

ad.sorb large amounts of amnonlum from the soi.1 solution and.

thus prevents the accumul ation of hlgh amounts of amnonia i-n

the soil solution" The urea concentration would be slmilar
in both solIq as it is only very weakly adsorbecl. Thusu the

difference in barley emergence between the two solls would,

not be due to urea ltself" The osmotic or toxlc effect of
amrnonium lons could be responsibl_e for some damage, but slnce

ammonium nltrat e at 6O lbN/acre had no effect on flnal
emergence, this mechanlsm of damage does not seem plausible.
(C) Osmotic Stress and Toxlc Effects of Fertlllzey Solutlons

on the Germlnatlon of Bàr1ey

The data obtained. for the fwo soils lnd.icates that

69

The results of the previous experiment showed tlnat

percent gerninatlon d-ecreased. rapidly -ruith increases 1n lhe



amounts of ammonla ln solution" It wase however, lnposslble
to dlfferentlate between ammonia toxiclty and toxicity from

the urea molecule H g_e. Court St al, (31) suggested that
some of the early d"amage to the seed and seed-l-lngs was due to
urea mol-ecu1es. Urea molecules could prod.uce an osmotic

effect whlch ivourd- cause moisture stress in the seed., urea

molecules could- al-so Ðass through the seed membrane into the

seed and be hyd.roryzed by enzymes to prod.uce toxlc amounts of
free ammonla" 'Îhe objectlve of this expei:iment was to

measure the reductlon in barley seed germinatlon as a result
of the os¡notic effect of urea molecules and the uptake of
ureâ molecules by the seed, Carbowax 6OOO and ammonlum

hyd.roxlde were used. as standards" Carbovrax 6OOO is a

polyethylene glyco1 with a nominal ¡nolecular weight of 6000.

carbowax solutlons are not toxi.c to seed.s; thusn germination

red"uctlon would- be due to an osmotic effect" .Ammoniurn

hydroxid"e is very toxi.c to seed-s at concentratlons where it
wouLd have a negllglble osnotlc effect" The effect of seed.

water content u àt ti¡ne of placement, on germlnatlon was also

determlned.,

(1) Flve seeds were placed lnto a nine cn petri
d.ish containlng three seven-cm fllter paperso Three ml of
solution ivas placed into each petrl dishn sealed. r,¡ith

vasellne, and. stored at 22.zo7'" the treatments were

replicated six times" Solutions of carbowax 6OOO, ureae

ammonium hydroxid.e, ammonlum carbonateu anmonium sulfate,
ammonlum nitrateu and ethanol were used, The osmotic

70



strengths of these solutions ranged from 0 to 28 atm"

Germlnatlon counts were made every d"ay fot a period of six

days" On the slxlh day the number of coleoptiles was counted.

and, their lengths measured-"

(?) The water uptake pattern of barley seeds ç¡as

determined by soaklng barley seeds in d-istilled. water for

varying periods of time, Sixteen seed"s were vreighed and.

placed- into small 50 mL Erlenmyer flasks contalning J0 ml of

distilled water, At the aoproprlate timesu the seed,s were

taken out of the flasks .and quickly weighed. The seed.s were",

then drled, in the oven for 48 hours at 110oC and weighed-" The

moisture content of the seed-s was then calculated and- expressed

on a d.ry weight basis. Treatments were replicated six LLmes,

fn acld.ltlon to thls experlment another experlment

r^Ias deslgned to d.etermine the v¡ater uptake by barley seeds

from various osmotic solutions" Solutions of carbowax 60OO,

21

urea, arnmonium sulfateo ammonlu¡n nltrate, and. ethanol $rere used,

The osmotlc strengths ranged from 0 to 28 atm" The procedures

employed. r¡¡ere the sane as d-escrlbed prevlously" The seeds

were removed from the petri dlshes af|er three days and the

molsture content determlned as descrlbed- above,

3) Inbibed, seeds (seed-s placed. in wa-ter for 48 hours)

were placed. in solutions of ca:rbowax 6OOO ø ttrTeau and, ammonium

hydroxi.d,e wtth osmotic strengths ranging from 0 to 14 atm.

Íhe seed.s were germlnated ln petri d-lshes as descrlbed"

prevlously" Germination counts were taken every d-ay for slx
days. On the slxth day the coleoptiles were counted.,



The amounts of urea hydrolyzed during the experlments

were determined by titration of the urea solutions with 0"005 N

sulfuric acid" Titrations were conducted. nrlor to initiatlon

and" at the terminatlon of each experiment uslng bhe solutlon

which contained- the highest level of acldeC ür€âe

The osmotlc pressures of the varlous soLutlons $rere

calculated. uslng vanst Hoff0s formula (60),

JT = lcRT

where i = "üânBt Hoff factor
c = molarlty

B - gas constant = ,oB2? 1-atm d.egree-l mole-l

f = temperature in oK

The carbowax 6OOO solutlons lowered the water

potentlal more than would be pred.lcted by thls formula. and the

cLlscrepancy lncreased. both wlth increaslng concentratlons and.

partlcularly wlth lncreasing rnolecular welght, The reLationship

between soLl- water potential and concentratlon of carbowax.600On

determined. by callbrailon wi tl-t a thermocouple psychrometerl, ts

sho¡om ln Tâble IX. The osnotic pressures for the carbowax

solutlons Ïrere obtalned from this d.ata, The relationshf-p

between soll-alr ammonia and. soll solutlon'ammonia at 25oC ts

given by (21):

NHI ( e) = 7.2" 9 NH3l aq)

NH3(e) = partlal pressure of NH3 ln mm of Hg

NHI{rq¡ = molarity of unlonized ltlH3 ln' solutrion

lsrraytewich u C"F" Ð"rrd- J" kJllliams, 1969"
Unpublished datau Universityu of Manitoba,
Winnlpegu Manltoba,
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Table IX. Relationship between soil \^/ater potential and
concentratíon of carbowax 6000

Osmotic
pre ssure

( atm)

0

0.5

0.8

I

2

4

6

10

L4

i,Ieíght of carbowax
in 500 g solut,ion

(e)

73

0

27

30

36

4L

52

88

110

t27



Soil-solutlon NH4*, H+u. and. NH3(u.q) are related by the

equilibriurn:

K'b (NH4+ )

-=Kw (NH3)aq(H+)

Kb = equilibrium constant for NH3(aq) ff NIT4U + oH*

Kw = equilibrlum constant for water

The concentration of amnonia 1n the arnmonium hyd.roxlde

solutions was calculated. from the above equatlons" Since sone

of the aminonia escaped from the solutions lnto the alr withln
the petrl c1ishn comectlons were made for the resulting sllght
change in concentration" The solution uptalee by the five seeds

in each petrl cLlsh was negliglble in relatlon to the total
solution added.; thus, no corrections for uptake r.trere necessary.

The rate of water uotake by barley seeds (Tabl-e X)

placed ln ¡¡¡ate-r was raoid. cluring the flrsl few hours but

gradually decreaseC wlth time" îhe seeds began to germinate

afíey being placed into the water" The maximum water content

of the barley seeds ¡ras 90"2 percent and- colnclded with the

visible signs of germinatlon"

74

Water uptake after 72 ltovrsu expressecl as a percent

of r1ry weighto varied with tyoe of solution and, osmotic strength

of solution used (tatrte XI). Final germlnation counts, obtained

slx days af ter being placecL into the soluticns, also varied.

¡iith the type of soltrtion and osmotic strength of the solution,

Seed"s germinatlng in distilled waüer conNained- '77 "6 percent

waíer. Solutions of urea and ethanol had" only a small osmotic

effecb, as the waler con|ent of seeds decreased only sllghtly



Table X. trnlater uptake by germinating barley seeds in water.

Tíme in solution
(hr)

0

,
1_
'z

I

2

J

42

5

L2

L6

20

2B

40

4B

68

I'later content
(%)

75

L2.5

L4.3

28.6

30,8

37 .O

36.r

43. B

44"9

55 .7

s6.4

62.9

64.0

69 .8

87 .2

90.2



Table XI. Effect of osmotic pressure of different solutions on water
uptake by barley seeds and final germination

Solution Osmotic !üater Final
pressure (atm) content (%) germination (%)

trrla te r

Carbowax

Urea

4

10

L/+

(nHu)rsoo

77 .6

62.4

50.3

42.0

7 6.9

7I "3

69 .4

68.4

63"1

57 .7

62 "L

68.0

76

4

10

L4

NH4N03

Ethanol

6

15

2L

97

93

0

0

28

L4

70

43

L7

OJ

63

10

87



with increaslng osmotic potentlals, Carbowax solutions had a

large osmotic effecto â-s the water content of seeds decrea-sed.

sharoly with increasing osmotic potentials" The carbowax

solutlon wlth an osmotic strength of l¿e atm greatly red-uced,

the water content of the seeds" The germlnatlon of barley in
the carbowax solution wlth an osmoti.c strength of four atn

was close to l-OCI percent after six days, I{oweveru the seeds

dld not germlnate ln the carbowax solutlon with an osmotic

strength of 10 atm, The water contents of the seed.s in the

four and ten atm carbowax solutions r^rere 62"4 and,50,) percent

respectively. Thus, from these results it was assumed- that
if the water content of seeds in any solutlon was lower than

approxlmately 6Z percent, then large germlnation red,ucllons

could result from an osmotlc effect" The effect of carbowax

solutlons on seed. germlnatlon was assumed- to be due entlrely
to its osmotlc effect, irùith the concentratlons used, urea

and. ethanol did not have a 1-arge enough osmotlc effect to

greatly red-uce the r¡rater contenl of seeds. Ammonlum sulfate
and. amnonium nitrate solutionse at hlgh concentrations,

77

red.uced. seed water content to 1eve1s at which reductlons in
geirmination would occur due to an osmotlc effect. The hlgher

osmotic effects produced- by the ammonlum suLfate and. ammonlum

nitrate solutlons as compared" to those of the ethanol and

urea solution could be d-ue to the charges on the ammonlumu

sulfateu a-nd- nltrate lons. lhe charges may ha.ve restricted
Nhe movement of the ions through lhe seed membrane" Urea and

ethanol molecules, a.lthough larger ln size than ammoniLlm or



nltrate lons have no chargen and. can perhaos move through the

seed membrane with 11ttle d.ifficul-ty and. thus not create a
large osmotlc potentlal. C'arbowax molecules are very large and

cannot penetrate the seed- membrane" thus creating a .J-arge

osmotlc potential,

Gèrmlnation of seed"s afber slx days, varied. wlth the

type of solution and- osmotic potential of the solution used.

(Flgure LZ), Ammonium hyd"roxlde and- ammonlum carbonate

solutions were very toxic to the seed" Slnee the osmotlc

potentlals of the above two solutlons were very lowu the

red.uctions 1n germlnation were mainly due to the toxlc effects

of the ammonlum hydroxide and ammonlum carbonate, The toxlcity
was probably due to ammonia v¡hlch 1s present 1n hLgh concentratlons

in anmoniurn sol-utions of high pH (fab1e XII). Slnce carbowax

has been shown to be non-toxic to seed.s (92) " carborn¡ax solutions

had only an osmotic effect on seed germination, There was a

sharp decrease in germinaNion as the osmotlc potentlal of the

solutions increased from four to six atm" Thls reduction ln
germinatlon was due nainly to the red.uction in water uptake by

by the seed" The ethanol solutions had. no osmotlc effecüu âs

Lhey d.id not 1lmlt waler uptake in seed.s" Apparently, ethanol

solutlons have no toxic effects eitheru because gernnlnatlon

was not reduced" The urea solutions did. nol prevent water

uptake by the seed- and thus, the germlnation reductions were

probably due to a toxic effect" Toxicity of urea could manifest

ltself ln two ways. Firstly, small amounts of ammonia in the

solution resulting from urea hydrolysis could be toxlc,

7B
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However, the amount of urea hydrolyzed ln the urea solutlon
with the highest concentratlon was a-bout 0"8 percent of the

orlglnal concentration. This 1s equivalent to an ammonlum

concentrafion of about 0,009 N which would not red"uce gerrnlnation

as large reductlons in germlnatlon d-id not occur until the

ammonium concentratlons were about 0"033 N ln the ammonlum

hydroxld.e solutlons" Second.lyu actual- movement of urea

molecules through the seed, membrane into the seed, and enzymatic

hydrolysis of vreà could produce toxic accumulations of ammonia

withln the seed." It appears that this latter mechanlsm of
toxlcity accounted for most of the seed germination red.uctionu

as very littIe ammonla was found. in solutlon. rf all the urea

had hyd.rolyzed.r the toxic ef fect would have been slm11ar to arr

equlvalent concentration of ammonlum carbonate" The a¡lmonlum

sulfate and ammonlum nltrate solutions also had" a toxic effect
on seed- germlnation" At high concentrations of ammonlum

81

nitrate and ammonium sulfate both a toxlc and osmotlc effect
would red.uee germinatlonu as osmotic potentials at hlSh

concentratlons dld markedly l-imlt water uptake by the seeds.

There would. be neglislble amounts of ammonia present ln these

solutlons as the pH of these solutions was acidic. Therefore"

the toxic effeets of t,hese solutions must be d.ue No the ions

themselves "

Flnal germlnation v¡as plotted versus molarlty (Figure 1"3)

for each soluiion. The seed- water contents and" germlnation

for each molar solutlonvrgre shown in Table Xf , When adding

equivalent arnounts of nitrogen to a soile approximately the
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same nunber of moles of each fertl}lzer must be a.dded-"

Thereforeu 6O 1b N/acre as Lrrea, ammonlum nltrateu and

ammonlum sulfate would. lnltially har¡e similar molarlties ln

the so11 solution but different osmotlc potentials" The

osmotlc effect of amnonlum sulfate was relatlvely larger
than of ammonium nitrate and. urea when compared. at equlvalent

molaritles" The ammonium sulfate molecule dissoclates into
three lonso the ammonlum nitrate molecule d.lssoclates into
two ionsu and the urea molecule does not dlssoclate at all,
Therefore, the theoretlcal osnotic potential of a one molar

solutlon of am.monlurn sulfate is approxlmately bhree tines the

osrnotic potential of a one molar so]ution of urea (taUte XfI)"
The data ind.icate that urea dld not reduce

germinatlon or water uptake as much as d-ld àn equal molar

concentration of ammonium nlEyate or ammonlum sulfate
(Figure 13). The sharp d.ecrease i-n germlnation 1n the

B3

ammonlum sulfate solutlons between 0,21 to 0"29 molar eorrespond.s

to the sharp decrease in germination at an osmotic potential
of 4 atm ln the carbowaï solutlons, The ammonium sul-fate

solutions of concentrations greater" than O"2L molaru thereforee

limlted" water uptake by the seed which sharply decreased.

gernlnation" The seeds dld not gerninate in the 0"58 molar

ammonlum nitrate solution" Since the seed water content was

below the crltlcal level of approximately 6Z percent in the

0"58 molar ammonlum nitrate solutionu the red-uction in
germination v¡as in part due to an osmotic potential. the

effects of anmonlum carbonate and ammonium hydroxide on seed.



germinatlon were similar"

The number of coleoptiles (Table XIII) decreased more

rapid-ly with lncreasing osmotlc potentiaÌ than d1d the number

of germinating seeds" Cbleoptile growth appeared. to be much

more sensitive to osmotic effectso âs very little growth

occurred. in the carbowax solutions even al low concentrations,

The length of the coleoptlles (taOte XIV) also d.ecreased wlth
inereasing osmotic potentlal" Ammonium suLfate solutions

inhlblted growth more than urea or ethanol solutions. Ammonium

carbonate solutlons red.uced coleoptile growth at 1ow

concentrations.

solutions ln a different manner than were d.ry seeds (lable XV).

The results shotnr tlnat. germination in the carbowax solutlon was

about lhe same as for d,ry seed-s" However, germination increased

in the urea and- arnmonium hydroxld.e solutions" this occurred

because carbowax affects germinatlon by an osmotic effect
t+hi1e urea and. ammonium hydroxide affect germinatlon by a
toxic effect. It was shown in another experimentu not reported

here, that a carbowax solutlon with an osmotic potentlal of
10 atm decreased the water content of lmbibed seed.s by

22 percent in 72 hours. This water loss immediately stopped.

germination. urea and ammonium hydroxlde solutlons nrobably

d.lffused into the lmbibed seed.s at a much slower rate E]nan

into the d.ry seed-s in the previous experiment where the

solutlons would uove lnto the seed by convective f1ow, .As a

result, germinatlon would occur before toxic concentrations of

ïmbibed- seeds were affected by the fertilLzer

8¿'
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rable xv' ttt"'å"*,;:îiï'

S o lution

Carbowax

Urea

NH, OH
+

strength and
using imbibed

0.1

100

B3

¡rg3

0.2

OsmoËic

0.5 0 .8

type of solution on barley
seeds (%).

pressure (atm)

I .0 2.0 4.0

80

80

87

B7

63

70

70

10.0 14.0

B3

40 l7

70 60 68



ammonla developed in the seed" îhis is a very important aspect

when olaclng f ertilizer near seecl-s in the soil" l{ore seeds

would. germinate 1f they took up enough water to germinate

before the fertilizer came ln contact with then. The number

of coleoptiles r^ras reduced. by the increasing osmotic strenglh

of the sol-utions (lable XVI)" Urea, àt equir¡alenl osmotj-c

potentialso did not decrease the number of coleoptiles as

greatly as dld carbowax or ammonium hyd_roxide,

BB



Table XVI. Effect of osmotic strength and type of solution on
the number of coleoptiles using imbibed seeds.

Osmotic pressure (atm)

Solution 0 0.1 0.2 0.5 0.8 1.0 2.0 4.0 10.0 14.0

Carboi^rax L2

Urea

NH/,OH-

11

11154610300

89

100

11 4 0



The obJectlve of this stud.y was to obtain lnformation
on the effects of urea and. 28-0-0 (urea and. ammonium nitrate
ln solution) on barley emergence and ear.ly growth" Various

soi1s, nTethods of app1lcatlon, rates of application, a-nd.

waterlng pracNlces were studled" .attempts were mad,e to

d.etermlne the mechanisms by which urea or 28-0-0 reduced barley
emergence and growth.

Greenhouse experiments were cond-ucted. to d.etermine

the effect of placement of urea and. 2B-o-0 on the emergence

and yielc of barley uslng different watering technlques and.

soils' The results from these stud"ies showed. Lhato on

coarse-textured soils, 30 lb Ny'acre as urea and. 60 lb Nr/acre

as 28-0-0 reduced. y1eld when applied. closer than one-quarter
inch from the seed" However, 60 rb N/acre as urea or 28-0-0
placed one-half lnch from the seed. dld not reduce yield_s"

Yields were not lnfluenced. when 60 1b N/acre as urea and.

L20 lb N,/a-cre as 28-0-0 were applled. with the seed. on two

heavy-textured soils provicling soil moisture levels were

¡aaintalned. near f1eld. capactty" yield.s or1 a Red. River soilu
maintalned at a low soll moisture leve1, were reduced r¡hen

60 lb N/acre as urea was add.ed_ wlth the seed..

The greatest reductions in ba:r1ey emergence occurred-

when soil- molsture levels were l-ow at seeding tlme or for an

extended period of time after seeding. Reductlon ln seerilTng

emergence was l0west whst maxl¡nal watering wa.s needed to
maintain the soil at fiel-d- capaciïy and condltlons u,-ere

V SU¡1MABY Ai{D CONCLUSTONS



favourable for leaching urea and. lts reaetion productso fJreàu

at rates of 40 or 6o lb N,/acre, usually red.uced emergence

rn¡hen placed closer than one-half inch from the seed" Sixty

1b N/acre as urea reduced, emergence to a greater d,egree than

d.id +0 1b N/acre when olaced with the seed." Seed.ling emergence

with urea in powd.ered form was lower than wlth urea 1n pelle|ed-

or solutlon form placed, with the seed. At equivalent rales

of add.ed nitrogen, emergence with urea was less than wlth

28-0-0, However, when equivalent amounts of urea nltrogen

were added.' emergence with 28-0-0 (120 lb Nr/acre) was less

than v¡ith urea (60 lb N/acre). 'Ihus, some d-amage was caused

by the ammonium nitrate ln the 28-0-0" Ammonium nltrateu
applied al a rate of 60 Ib liT/acre with the seedo reduced

emergence only slightly (not significanlly) but d.id not lncrease

ylelds as greatl-y as did 28-0-0 applled one-half lnch from the

s eed.,

9A

The data, from the above greenhouse experimentso

indicated. tlnaL decreases ln emergence and plant yiel-ds were

maln1y due to accumulations of ammonla and/or nitrlte ln the

soi1" It is also posslble that these red.uctlons were, ln parto

due to the hlgh osmotic potential-s in soll solution caused by

urea and its reaction Þrod-ucts"

A laboratory study, uslng a Red. Rlver and "Altona soilu
ÏIas conducted- and the amounts of ammonia volatllized from the

solI rela.ted lo the extent of emergence reductlon" The results
Þrere as f ollows:

Amounts of a-mmonia vola.tilized increased with increases



ln the amounts of urea ad.d.ed to the soll. At equivalent rates

of added nitrogenu ammonia losses d.ecreased, ln bhe ord-er: ureâe

28-0-0, ammonium nitrate. Âmmonia loss from the ammonium

nltrate was very smalI. Ammonia loss from the Altona soll

treated. i^iith 120 lb N,/acre as 28-0-0 or 6O Ib N/acre as urea

were stmilar, but losses from the 28-0-0 treatment were greater

than from the urea treatment on the Red Rlver soil" A much

greater amount of ammonla was lost from the Altona sol1 Llnan

from the Red. Blver soi1. The low loss of ammonia fron the Red.

River soil was altributed. to its high caEion exchange capaclty"

Howeveru only a very smal-I percent of the fertllizet added. to

either soil üras lost by ammonla volatlIlzatlon and was lost

d"uring the flrst few days after application.

Earge reductions ln emergence occurred" ln the Altona

soil; emergence on the Red. River soil was not significantl-y
affected except when ammonlum carT:onaLe was added, High ammcmJa

losses were associaled. with large red-uctions in emergenceø

a2

The osmotic and" toxic effects of various ferlilizer

solutlons on seed. germination was investlgated" Ammonium

øarloonale and ammonlum hydroxid.e solutions red.uced germinatlon

d-ue to a¡amonia toxlcity" Osmotic effects of these solutions

on. seed germination a-ppeared to be negliglble. Urea solutions

red.uced. barley germlnation by a toxlc effect. The water uptake

by t,he seed-s was not severely l-imited; thusu the urea solutions

had. on1-y a small osmotic effect" The toxlcity of urea appeared.

to be due to urea molecul-es moving into the seedo followed. by

enzymatl'c hydrolysis of the urea and accumulatlons of toxic



amounts of ammonla"

Íhe ammonium sulfate and ammonium nitrate soluÙlons

red-uced. germlnatlon by both a toxlc and osmotic effect, The

osmotic effects occurred only at high concentrations. The

toxie and, osrnotic effecls of these solutions were due to the

lons thenselves"

Urea and. arnmonium hyd-roxide solutions were found- to

be less toxlc to lmbibed seeds ( seed.s soaked ln water for

48 hours) than to dry seeds,

fhe studies reported ind.icate that nitrogen fertilizers

containj-ng urea can reduce emergence and- early plant growth

on coarse-textured soils when add-ed t,¡ith the seed at rates

of )A lb Nr/acre or greater' fhe red.uctlons in barley

emergence and yielcl appea.red to be mainly due to accumulatlons

of ammonia ln the soil- sol-ution, To a lesser extent, these

red.uclions were attrlbuted. toc (1) accumula"tions of nitrlbe

ln the soils; (2) enzymat1c hydrolysis of urea ln the seed.

and. subsequent accumulations of ammoniaï (3) high osmotic

potentials in soil solution caused by urea and lts reaction

prod.ucts, fhe adverse effects of urea on barley emergence

and growth can be avoided- by placement of the urea at

d.istances greater than one-half inch from the seedo
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