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crepter | Aerodynamic measurement

of ammonia volatilization

from urea applied to bluegrasss -
fescue turfo

R.W. SHEARD and E.G. BEAUCHAMP

"oissance ot WPLLY
i [lhgrais azotds ¥
='~.,.} ABSTRACT
™ Ammonia (NH,} volatilization from 100 kg N ha“! 2=iied as urea to a
closely mowed Poa pratensis - Festuca rubra tur{ was neasured using
serodynamic procedures. A volatilization loss of 153.1% ac=urred where no
raln occurred for 8 days after application in contrast tz .72 where rain
occurred in 72 Hr. Strong diurnal changes Lin the flux of R4, were observed,
teaching maxima near midday and minimal values during the might, High
values of NH, volatilization measured by closed chamber Sarhaiques which
have been recorded in the literature may be considered er—mneous because
S thay do not consider all the direct and interactive effeccs of the total

ime 1 ¢ mad ok : environment.

Additional key words Ammonia, Volatilization,Urea, Poa —raTensis, Festuca
rubra

fe n.illngt-

v

| l o T INTRODUCTION

The economic advantage of urea as a solld nitrogex =ngpurce for turf
Is often discounted due to the inciplent volatilizatf{on los= of ammonia
(IH,) following surface application. Estimates of volatiIization loss range
feom 10X (Torillo et al., l983) to 68% (Fenn and Kissel, 13™4), The raage
e parzfally due to the experimental procedure used in meamuring the NH
flux; the use of enclosure techniques with atypilcal microewmwvironments
provided higher estimates of NH; loss compared with zerodyzamic field
®aturements which do not disturb the physical environment zmnd provide lower
Wstimstes of NH; loss. The micrometeorological conditioas xre important
because temperature, humidity, wind speed and solar radiatizm directly or
l.urn:ttve].y influence Wi, volarilization. -

Other factors affecting the volatilization of W3 ZTbm urea are soil
M, cation exchange capacity, rate of urea application, t¥yme of vegetacion
#ad occutance of thatch in turf which may have 18 to 25 tiwds greater urease
etivity than the underlying soil (Torello and Wehner, 1983}, Maximum
elattiizaction, therefore, may be expected to occur Erom heaeily thatched
tart, excessively fertilized with ures in warm, humid weatSer without
Sebsequent Lrrigation or rainfall.

o ™ l'l'he current study was conducted to obtain astimates >f phe magnitude
l

o o8s from urea applied to mwowed bluegrass-fescue tur? asing a
Berodynanic diffusion method.

(1) a contribution from the Departmentof Land Resources 3cience, O0.A.C-,
University of Guelph, Ontario, N1G2Wl Canada.
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MATERIALS AND METHOODS

Ammonia flux from an applicatfon of urea to a Kantucky bluegrass
{Poa pratensis L.} - creeping red fescue {Festuca rubra L.) sod, mowed at
7.5 ¢m, was measured by the aerodynamic procedure outlined by Beaulhamp et
al. (1873). Twe experiments were conducted, one during the period July LI
to July 19, and the second during the period August 22 to 27.

The procedure consisted of placing a mast in the center of a
mircular area (N.405 ha) on to which ur=a had been broadcast at 100 xg N
ha”'. Ammonla gas collector flasks and sensitive anemometers were mounted
on the mast to obtain measurements at hetzhts of 10, 50, 100 and 150 cm
above the soll surface. The gas collector flasks were 500 ml glass tubes
(4.1 cm 1.d., 64 cm long and tapered at osne end) contailning approximately 90
cn? of 3 mm diam glass beads and 75 ml 3% (v/v) HiPQ, solution. aix
sampling was performed by continually drawing air through a 0.7 mm glass
tube orifice and then through the gas collectors on the mast for Z-hr
periods by an electromagnetle piston air pump., The alr flow race (10-20 L
min~!) was measured with a mass fiow indicator (Model 8143, Matheson Gas
Produgta) and a mass flow controller (Yodel 8103, range 0-~50 SLPM, Matheson
Gas Products). Muiti-wire cable and piastic tubing connected the
anemometers and gas Sollecting flasks on the mast to the pumps and alr flow
mieasurement devices in a moblle laboratury located adjacent ro the
experimental area. The NH;+'N concentration in the sas collector solution
was datermined eolorimetrically by a Technlcon AutoAnalyzer preocadure having
a sensitivizy of 2.1 ug N aL™i, The NiyeN concentration in the alr sampled
at aach helght durlny a 2=~hr perlod was caloulated as:

N, -N 1a Hy?Jd, soln (ug 2 hew!) x toon L opo?
Atm ity =N concn (e m~3) = =

120 min 2 hr™! x atr flow (L mia™!)

The vercicgal {lux of NH 4 from the turf surface was assumed equal to
the l{ntegrated product of wind speed x atmespheric HHy concentratlon by
hef{ght to 130 cm, Jdivided by the radius of the applicarion area.
Intezration was agcomplished by a planimeter estimate of the area enclosed
by a yraphlecal plot of helght agalnsc the pradiuct of wind speed x
atmospheric NH; concentration. The integral below L3530 cm was multiplied by
a constant factor of 1.38 to give the total inregrai according to tha
pradicted model (Wilson et al., 1982, Beauchamp et al., 1973). Background
measuraments of WH; flux were made fotr gseveral 2-hr perlods prlor to
spreading the urea and were subtracted from measured flux values for the
corresponding experimental perfod. Detail of the theory and practice of
aerodynamic procedures may be found fn Wilson et al. (1982) and Denmead
(1983).

RESULTS

Previpus studies have shown a strong diurnal shift in the NHj {lux
measured by the aerodynamic proceduce {3eauchamp et al., 1978). A similar
shift was considered likely to occur in background readings, therefore NH,
fluxes were measured for several 2-hr periods prior to spreading the urea
(Ftg. 1). Estimates of the background flux for each 2-hr period during
24 hr were obtalned from a plot of the data.

T
Sl

e

P
TEAR -

2%
w3 A4S AT

Tabeby

P

i e ek Y s A gt

P
Ehally

PP A o A
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In xeneral ¥H;-N conceacration profiles increased curvilinearly
toward the sgil surface {Fig. 2). The data for July 15 illustrate the
typleal profile changes which were measured during a 24-hr period, beginning
with a relatively vertical profile at 0100 hr, fncreasing to high
concentrations near the turf surface near midday, then returning to a
vertical proftle at 0700 hr. )

In the July expetriment the NH; flux exhibited the characteristic
diurnal fluctuations, reaching a maximum value of 668 g ha~! he”! at 1100 nr
after an slapsed zime of [(8 hr following urea application [Fig. 3).
Maximum fluxes of 459, 488, 226 and 419 g ha~! hr~! had been measured on
previous days and subsequent maximum values averaged 260 g ha~l hrol.

During the August experiment a maximum value aof 1067 g ha~! bl was
attalned at 1300 hr after an elapsed time of only 26 hr following urea
applicatlon {Fig. 4}. This hizh value occurred B hr after a 3.4 mm rain
which would dissolve the urea but tot move it into the dry soll surface. An
18.7 mm rainfall & hr after the maximun wvalue greatly reduced further NY
flux. Minimal values over the five days, which occurced between 2200 and
0200 hr, averaged 32 g ha~! hri,

The accummulated total volacilizatlo [ NH3=N in the July
experiment for the 3-dav perf{od was|!5.06 wz N -1 repregenting 15.(X of

ha
the urea~N appll€d. In conl¥ast tne tuia. voiatilizarion laas af NH,-N In
the August experiment for al§ day perfiod was 6.68 kg N ha™Y, representing

6.7% of the applied urea-N.

DISCUSSION

Various experiments usitng a similar technique have suggested uptake
af NHy by plants from the atmosphere {Denmead et al., 1976; Porter et al.,
1972; Harper et al., 1983 b; Lemon and Van Houtte, 1980). In this study,
however, the Nil; concentration profiles suggested near equilibrium to net
loss situations throughout the day (Fig. 2). Any indication of plant uptake
tn this experiment was probably masked by the continued relatively high flux
densitles of greater than W00 g NHy-N ha‘} ne~l afcer applicatlon of urea in
contrast to values of 50 g NH,-N ha~l hr~! for background conditions.
Furthermore the closely mowed turf contrasted sharply to the tall grass
canoples used by Denmead et al {1976}, Lemon and Van Houtce {1980} and
Harper et al. (1983 a).

Diurnal e¢ycling has been demonstrated by others (Denmead et al.,
1974; Beauchamp et al., 1978; Harper et al., 1983 b). Factors believed to
result in the diurnal change in flux density are the direct and interactive
effects of temperature {(Fenn and Xissel, 1974), windspeed and turbulent
transport (Denmead et al., 1982) dew formation and evaporation (Beauchamp et
al., 1982) and yrease activity in the thatch; activirles which reach a
maximum neatr midday under a natural environment. During the morning hours
aftec sunrise evaporation of dew increases the NH,-N concentration in
solucion, raising the partial pressure gradient and enhances the flux of NH,
to the alr. Later in the afternoon with decreasing alr temperature and a
concurrent decrease in water vapour pressure deficit the evaporatlon rate
would decrease. Urease acrlvity increases markedly with organic matter
content (McGarity and Hoult, 1971; Torello and Wehner, 1983) and
temperature {Bremner and Mulvanay, 1978). Wind speed and alr turbulence
tncrease with rising dally temperature increasing the transport of NH, from
the atr-soll-plant interface, thus more rapidly depleting the concentration
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at the avaporatlve surface (Denmead et al., 1982)., The diurnal cycle of
NH,-~flux suggzests measuranents under constant laboratory conditions or
siﬁgle dally measurzments in the field may grossly misrepresent NH 4
volatilizaticon from urea.

Although no direct correlations between meteorsloglcal meagsurements
and WHy fiux were abtalned {t is {nterestiag to note that duclng the July il
22 19 experiment che mtnimm daily flux {July 134} occurred under conditions
2% 7.6 hrt sunshine, an average 7 km hr~! windspeed at 10 m and a maximum atir
tamperature of 30.3 C.  The maximum datly NH; flux (July 15} occurred under
conditlons af [4 hr sunshine, an average 12 km heol windspeed and a maximun
alr temperature of 38.4 C. [n contrast the maximum datly flux of the August
sxperiment occurred on August 23 under 0.5 hr sunshine, an average 13 km
wr~l windspeed and a maximua alt temperature of 24.8 C. These comparisons
tijustrate the complexitv of the relationship of environmental coaditions to
nHy volatilization.

Maasurements bv the aerodvnami¢ procedure of NH, volatilization from
wrax appiisd ra grass i1 a troplzal pasture range from 9 to 40X (Harper at
1i., 1983a). In this exseriment the loss ranged {rom 6./% where rainfait
ascurred within 72 &r to 15.1% where rainfall did not occur for eight days.
darper et al. {1983 3) also reported that the duration of high Flux
dansities of NH, from ura2a~fartilized grass colacided wich the nuamber of
rilnlass davs after uraa apalication. The use of urea {n turf management,
therefore, would be acceptabls where frvigacion Ls avallable or whece
catafall may be predlesed with a degree of rellabilicy.

Tha loss of HH,-4 observed fn this experiment 13 consistent with
soservml differancas ta tarf quality, clipplng weight and tissue nitrogen
soncenttatlon where urea and ammonf{um nitrate have been coampared on
jluegrass {(Sheard, R.W., Uopublished data). Where (rrigation was not used
urea was found to be {nfarior to ammonium nitrate, but never by more than
155, Where irrigati{sn vas ssed thev Were equivalent.
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SUMMARY IN FRENCH

Mesure aérodynamique de la volatilisation ammoniacale
A partir d'urée appliquée a4 un gazon composé de paturin et de fétuque,

La volatilisation du gaz ammoniac (NH4) aprés un apport de 100 Kg ha -1
azote sous forme d'urée a un gazon composé de Pea pratensis et de Festueca
rubra a &té mesuré par des procédés aérodynamiques. Une perte de 15.1%
par volatilisation s'est produite, en absence de pluie, pendant & jours
aprés l'apport tandis qu'elle se chiffrait a4 6.7% dans les c¢as d'une
pluie dans les premiéres 72 heures. De fortes variations journalidres
du flux de NHj3 furent observées, atteignant un maximum prés de midi
et un mipimum durant la nuit. Les valeurs élevées de veolatilisation
de NH3 mesurées par de techniques de chambre cleose, telles que relatées
dans la littérature peuvent &tre considérées comme arronées du fait
gu'elles ne considirent pas tous les effets directs ni les interactions
avec tous les facteurs de 1'environnement.

b
!
3
t
4
;




Rrs
.me
Lot
the
:ah,

L5
op.

schret

i

-

-t

Determination of Application Losses of Anhydrous Ammonia’
J. H. Baker, Michael Peech, and R. B. Musgrave*

4

IYNOQOPSIS. App(fu?:ln'on fosses of anhydrous ammonia
from soils at optimum moisiute content were found tw
be necligibly small when ammonia was applied ar prac-
ticul rates. even ar a depth of oniy 4 inches below the
wrface, as revealed by a method described in this paper.

N THE direct spplication of anhydrous ammonta to

soils, ammonia is injected inco the soil as a mixwre of
-15 and liquid. The proportion of gas to liquid depends
upon the @nk temperature. At 707 F., about one-fifth of
the ammonia is vaporized at the time of injection into the
. il. The remaining liquid ammonia aiso vaporizes rapidly,
. i ~wless the ensuing ammonia gas is completely absorbed
w soil, appreciable losses of ammonia may occur. An
seobication of  anhydrous ammonia at the rare of 100
pounds of nitrogen per acre for a 40-inch spacing berween
spplicatur blades corresponds to about 6 liters of immonia
s per lincal fout of row.

Libaratory studies of the losses of anhydrous ammonia
o application have been reported by Jackson and Chang
133, Stnley and Smith (6), and McDowell and Smith (1),
bur firtle dcempt has been made to measure directly the
Lwses of ammonia upon application of the anhydrous com-

+d under feld conditions. Blue and Eno (1) calculated
- oss of ammonia 18 the ditference berween the amount
i ammoniz applied and thar extracted from the soil by
sodium chloride solution. Such catculations tssume thac the
rate of injection of ammonid is uniform within the row
and thae there is no Axation of wnmonia into nonexchange-
ble form. Both of these assumptions may introduce serious
errars depending upon the nature of the soil and the tvpe
of equipment emploved in the application of the ammoniz,

This paper describes 1 quandtative method for measu-
ing Jirectly the application losses of ammonia under field
Coditions. [n this method the ammonia escaping trom the
+ . s caughe and absorbed in seandacd acid, Since this work
was completed, Hansen et al. (2) have reporred a similar
method in their studies of the application losses of
wmmonia. A very simple and rapid qualicative method, in-
volving the use of pH color indicator, is also described and
has been found very useful in establishing the sotl condi-
tions under which the losses of anhydrous mmoniz upon
aoplication may be expected to be high.

MATERIALS AND METHODS

Application of wnmonia—The anhydrous ANMONLL Was
ricrered through a Weatherhead Type D Ammotrol and 2
lowrator to 2 single John Blue applicator blade. The meter
wis calibrated by passing the ammonia iato 1 known
volume of water ($ gallons) for a specified period of tme
and titeacing an aliquot of the resulting 2qua ammenia with
standard acid. A rolling coulter was mounted just ahead
of the applicator blade in the application of ammonia to
the soil under sod. The speed of the tractor in going over
the plot was accurately measured so that the imount of
ammonia applied per lineal foot of row could be caiculated.

" Contribution from the Department of Agronomy, New York
“uite College of Agriculture. Cornell University, [thaca, N. Y. as
Azronomy Paper No. 433, This work wus supported by research
zrants from Olin Mathigson Chemical Corzporztion and the Sun
Oil Company.

tGraduate Research Assistant, Professor of Suil 3¢ience. and
Professor of Field Crops. respectively.

Gl

Onantitative method—Immediately following the injec-
tion of anhydrous ammonin into the soil. o pan 9 inches
long, 5 inches wide, and 2V4 inches deep was inverred and
pressed firmly into the soil directly over the ammonia band
which couid be readily located by the disturbed soil or the
crevice left by the applicator biade. An additional amount
of foose soil was packed around the edges of the pan. The
pan was provided with inlet and outlec glass tubes which
were inserted through rubber stoppers into holes made in
the opposite sides of the pan. The pan was connected to
an acid absorption tower which, in turn, was connected to
a vacuum pump. The acid absorption tower, containing 230
ml. of 0.05N H,S0, consisted of 1 700 mi. cylinder
equipped with a fritted glass gas scrubber. A tractor-
driven electric generator was used as 2 power source for
the operation of the vacuum pump. Air wus puiled through
the pan at the rate of 3 liters per minute ind any ammonid
escapiag from the soil within the pan was thus swept into
the ucid absorption tower. As many as 20 pans were <on-
nected simultanecusly to the vacuum pump by means of
rubber tubing, thus permitting measurement of losses of
ammonia from different sites chosen at random or selected
to represent different depths and rates of application. After
the desiced period of aeration (usualiy six hours) the
amount of ammonia absorbed by the acid in the absorption
tower was Jerermined by titrating the excess acid with
standardized NaOH.

The rate of dow of air through the pan (3 liters per
minute) was suffcienty high to renew the air within the
pan once every 30 seconds withour creating & negative pres-
sure within the pan, as was indicated by 1 water manome:
ter connected to the inler tube. This rate of How of air was
found to be effective in sweeping our the ammonia gas
escaping from the soil before any appreciable amount of
the tmmonia could be absorbed by dhe sucface of the sotl.
Preliminary trizls showed thar abour 9077 of 2 measured
volume of ammonia gas, introduced slowly into the pan
through the inlet tube, could be recovered in the absorption
towér. The volume of ammonia gas introduced into the pan
in these trials represented ibout 1077 of the amount of
ammonia applied to the soil area enclosed by the pan with
an application rate of 85 pounds N per acre on a ld-inch
spacing.

Qunalitarive method—In this method 2 neutral indicator-
gypsum suspension (prepared by triturating 1 gram of
phenol red with 2§ ml. of 0.1N NzOH, diluting w0 1
liter with water, adding 300 grams of fnely divided
CaSO, 2H,0 powder, and adjusting the color of the indi-
cator to orange) was sprayed on the cross section of the
ammonia band exposed bv making a vertical cut across the
band with a spade. In the more compacted soils. the entire
face of the crevice made by the applicator blade. extending
from the point of injection to the soil surface, was also
sprayed with the indicator-gypsum suspension after care-
fuily spading und reoving the opposite face of the crevice.
The indicator-gypsum suspension was sprayed with 1 con-
ventional household insect sprayer. The spray was applied
slowly in order to prevent downwaed How of any excess of
the indicator-gypsum suspension that may have actumu-
lated on the soil. The distribution of ammonia within the
band and uny upward movement of ammonia through the

-
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Table 1—Loss of ammonia from various soils upon application
of anhydrous ammonia.

Table 2—Loss of ammonia immediately behind the
applicator blade.

Conditlon of s0il Application of NH, Loss of ammonia*

Soil t¥pe
Surface pH Moisture Depth Ratet Panl Pan? Pan 3 Pan 4
T inches b, N/A, % of amount applied
Mardin 3iit loam  plowed 7.0 b2 + 202 Nl wil a8 Nil
3 191 Nl N Nil Nil
Mardin 8ilt loam plowed 5.1 24 + 260 Nil N Ni 0,3
Mardin ailt loam  sodf 6.8 1% + 15 N1l Ni Nl Nf
H 85 N1l Nil N Nil
Sassafras [.s.l. plowed 5.9 18 + M3 Nil NIl 0.6 N

® Alter & hours aerztioa for Mardin sotls and 3 hours for Saasafras sotl.

t On bysis of L4-inch spacing. & Nil represents a loss of less than 0, | 7=

¥ Insufficient amount of acid in tower: {088 was estimated by back titration of NH, OH
and counsequently may he low, TAlfalfa-grass sod,

crevice left by the applicator blade could be clearly estab-
lished bv the color change of the indicator as observed
against the white gypsum background.

RESULTS AND DISCUSSION

Tvpical results showing losses of anhydrous ammonia
applied to Sassafras fine sandy loam and Mardin silt loam
at different rates and depths. as measured by the quantita-
tive method, are presented in rable 1. The applcation
losses were found to be negligible even when ammonia was
applied at fairly high rates to 2 depth of only 4 inches.
The refatively farge loss of ammonia (87~ of that applied)
observed at one of the sites on Mardin silc loam was found
to be due to verv shallow application of ammonia as the
applicator blade was catsed in going over 1 lurge stone.

In order to determine whether there was any application
loss of ammonia during the short interval of time before
the tesi pan was placed in position, one pan was mounted
immediately behind the applicator blade so that it was about
one inch above the soil when ammonia was :lppl':cd ac o
depth of 4 inches. A long piece of rubber tubing connected
the vacuum pump to the acid absorption tower which was
mounted on the tractor. Air wus puiled from the pan into
the acid absorption tower ar the rate of 3 liters per minute,
and any ammonia escaping immediately behind the appli-
cator blade was thus caught in the pan and swept tato the
absorption tower. The pertinent details of these tests and
the results are given in table 2. The results show that the
application losses of ammonia immediately behind the
applicator blade are negligibly small.

Because of its simplicisy and rapidity, the qualitative pH
indicator-gypsum spray method can be used to study the
distribution of applied ammonia in the soil as affected by
the rate of application, seil moisture, soil reaction, and
exchange capacity. Obviously, the method cannot be used
to determine the magaitude of the application losses, but
can be very useful in showing whether application losses
occur at all by noting the color change of the indicator
spraved on the faces of the crevice left by the applicator
blade. .

The results of these tests would indicate that application
losses of anhvdrous ammonia from soils at optimum mois-
ture content are negligibly small when ammoenia is applied
at all practical rates ever to a depth of only 4 inches below
the surface. The minimum depth of application should be

determined by the radial distance of diffusion of ammonizr™

1s measured from the point of injection, and this, in turn,
can be shown to be dependent upon the ammonia retention
capacity, soil bulk density, and rate of application in accord-
ance with the following equation:

r= 01 /E—
=%/ <o

Condittgn of 8ail Application of NH,

Soil type -
Surface pl  Moistire  Depth Rate* losty
content
i inckes b M/acre g
Sassafras f.s. L. plowed 5.9 13 4 287 o.0m
Lima silt loam plowed 1.2 16 4 324 8,
T2 18 + o
Lima silt loam alfalfa sod 6,9 13 5 261 0.0

————
* On basis of l4-inch spacing. .
t Ammonia lost expressed as percent of the amount applied,

1 Thia teat covered a distance of 20¢ feet; the other teata covered a distance of joy L

where r is the theoretical minimum depth of application ig
inches; 5 is the spacing between rows in inches; A is the
nominzl rate of application in pounds N per acre; D is the
bulk denstty of the soil in grams per cubic centimeter; and
C is the ammenia retention capacity of the soil in millj.
equivalents per 100 grams of soil. The method for deter.
mining the ammonia retention capacity of the soil has been
described by Sohn and Peech (5). The ammonia retention
capacity is essentially equal to the exchangeable hydrogen
content of the soil as determined by the BaCl,-triethanola.
mine method. Field observations have shown that the radial
distance of diffusion of ammonia in the band in loose soils
is in fairly good agreement with that given by this equa-
tion. In compacted soils, however. the crevice made by the
applicator blade is not sealed suiticiently to prevent some
upward diffusion of ammonia through the crevice. Under
such conditions, the cross section of the ammonia band does'
not approach circular symymetry, and the minimum depth of
application must well exceed thar given by the wbove equa-
tion in order to prevent the escape of ammonia.

SUMMARY

A qualitative and 1 quantitative mechod for measuring
directly the application losses of anhydrous ammonia under
field conditions are described. In the quantitative method,.
the ammonia escaping from the soil is czught and absorbed
in standardized xc:d. In the qualizative method, the exposed -
cross wnd longitudinal sections of the ammonia band are
sprayed with an indicator-gypsum suspension, and the
movemenr of ammoniaz within the ammonia band and”
through the crevice left by the applicator blade is cleacly
shown by the color change of the indicator, The results of
these tests would indicate that application losses of anhy-’
drous ammonia from soils 2t optimum moisture coatent are,
negligibly small when ammonia is applied at practical rates
even 2t a depth of only four inches below the surtace. -
LN
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