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DIVISION S-8—FERTILIZER TECHNOLOGY AND USE

A Direct Field Measurement of Ammonia Emission After Injection of Anhydrous Ammonia’

O. T. DENMEAD. J. R. Simpson, anD J. R. FRENEY?

ABSTRACT

Studies of the efficiency of epptications of anbydrous ammania fer-
tilizer require a messurement of smmoniy retention or fuss at the time
af application. Because of sumpling problems, conventinnul measure-
nwenls based on soil analysis are difficult to make in the field. A new
mwihod is deseribed, based on calculating the uerial transpurt of am-
nanid geross the downwind cdpe of the treated ficld from messure-
ments of wind speed. wind direction, and atmospheric ammonia con-
centration. Ammonta losses as small as T kg N'ha can he easily
detected. Maximum crrors are reckoned at no more than 20%. 1n a
ficld experiment in which anhydrous ammonia was applicd at 107 kg
N'ha. aerial sampling gave & loss of } kg N/hu. Suil sampling detected
nu Joss because of 8 larpe sampling error (SE 18 kg N/hal.

Additional Inder Werds: nitropen luss, fertilizer efficiency, atmo-
spheric pallution,

OSSES OF AMMONIA 1o the atmosphere during application
Lnfanh)‘dmus ammonia are of concern not only from the
ceonomic viewpoint, bul also because of their possible in-
volvement in cutrophication of nearby water bodies (3) and
in mmospheric chemistry (6). While there have been nu-
merous luboratory and greenhouse studies on the retention
of anhydrous ammonia by soils (5). there have been few
ficld mcasvrements of ammonia losses during anhydrous
ammonis application. So far as we know, there has been
only onc previous attempt at direct field determination (1),
Lisually, retention. and by inference. loss, are measured by
101l nitrogen analysis of the soil. The method is tedious and
subject 1o larpe ermors becuuse of sumpling problems.

This paper describes un aerial sumpling technigque and its
use for the dircet determination of ammonia loss 1o the atl-
mosphere during injection of anhydrous a2mmonia in the
field. The method is based on measuring 1he aerial iranspon
of emitted ammonia across the downwind edge of the
treated area. In a field experiment. the loss culculued by
this method was compared with the loss caleulaied by a con-
ventional soil sampling technique. The experiment also
provided information on the kinelics of ammonia emission.

METHODS

Micrometeorological

Ammonia escaping from the soil afier injection is spread ver-
tically by turbulent diffusion and convected horizontally by the
wind. Consequently, the concentration of ammonia in the air

of ammonia concemrations and wind speeds a1 the downwind edge
of the ficld. Since reabsorption of the emitied ammonia is Jikely 1o
be nepligibly smull, this fux of smmonia from the field can be
equated with the loss from the soil surface.

The basis of the acrial flux cafculation can be undersicod by
considering a perpendicular plane normal 10 the wind at the down-
wind edge of the field. The rate of runspon of wmmonia across a
unit area of the plane o1 height £, due 10 emission from the soil.
will be the product wizicis). where i is horizontal wind speed and ¢
is 1the ammonia concemralion in excess of the background level.
The mean rate of transpont over a perind of time will be W,

The instantaneous wind speeds and concentrations, » and ¢, can
be represented as sums of means, 7 and £, averaged over the same
fime period. and deviations fram the means, «” and ¢', so thal

u=uctic. [1]

The first tenm on the right hand side of Eq. [1]} represents the trans-
port due 10 advection; the second, that due 10 horizomal diffusion.
In micrometeorological treaiments of this kind. it #5 usual 1o neglect
the diffusion term because of its relative smallness (e.g., 7). Then
Q. the 101al mean flux of ammonia across a face of unit width in the
plane, will be given by

_ 2
g= f u(z)e{z)dz, [2]
o

where Z is the height of the air laver affecied by the emission. Nowe
that Q is also the net rate of emission per unit widih of soi! surfacc
upwind of the edge.

Experimental

The experimental site was in a ficld of 160 ha near Narrabri,
Rew South Wales, The soii is a heavy clav. of pH 8.2, low in
organic matter (0.07% NI and ar the 1ime of injeciion it was very
moist 50 that the disturbed soil did not fall back readily to cover the
injection slit. These faciors could be conducive 10 lurpe losses of
ammaonia (3).

The injectior bar. pulled by a tracior. held sin tool shanks at 1-m
spaces. Each shank curried a delia-wing foot which hified the soil
and allowed ammoniz 10 be injected horizomally unders it. The in-
jection wbe bifurcated at the shunk. resuliing in the placement of
1wo bands of ammoniz por delta-wing and an effective band spac-
ing of 0.5 m. The mean injection depth was 12.4 em. Ammonia
was meiered on at the rate of 107 kg Ntha,

The lzyout of the eaperimem is shown in Fig. 1. Cup-
anemometers (Casella) and ammonia traps (2} were mounted on
masts at heights of 0.31. 0.74, §.24, and 2.24 m above the ground
a1 the downwind edge of the field, midway along the track of the
injection rig. Wind direction was zlso recorded by a wind vane.

“The rig was drawn up and down the ficld in traverses paralle] 1o the

downwind of the tresied area is increased. For a sieady wind diret—— - - downwind edge, working progressively away from thc masts. The

tion, the net fiux of ammonia convecied from the treated area can,
be talculaled in lhc manner descnbcd below, from measurements

' Comnbunon from CSIRO Ausiralia. Rcccwed 22 Feb. 1977. Ap—
proved 18 April 1977,

* Senior Principal | Réscarch Scientisi, CSIRO Div of Enviran, Mech.,
P. 0. Box 821, Cenberra City, ACT. 2601, Auvstralia, and Prm:lpal
Research Scientisi and Senior Principal Research Scientist, CSTRO Div. of
Plum Indusiry, PO Boa 1600, Canberra Cirv, ACT. 260t Ausialia, re-
spectively.
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. first injection band was 0.5 m upwind.

Dunng ‘each traverse, ¥ and T were “téasured from the instant *

point, i.e., over the period for the rig 1o travel 10 the end of the
. . field (500 m away) and back. The average 1ime for such a traverse
“was 17 min. Afier four traverses, the rig was stopped, but the
measurements were continued in 17-min sampling periods for the
equivalent of three more traverse times.

To meastire ammenia concenirstion. ©. air was drawn al gpproa-
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Fig. J—Layout of experimient (not Lo scabv). Dushed lines and arrows
tndicate direetion of travel of injection rig. Numbers are traverse
numburs.

imutely 15 Jilersimin through acidified traps (2) via humidifiers
contatning 40 ml of 01N NaOH. At the end of the sampling
peried. the trapped ammania was chuied with wuter and measured
(2). [Experience has shown that humidifiers are necessary to
reduce water loss tand consegueni Joss of efficiency) from the acid
Iraps on warm, dry days. ]

Previous tests showed that il the ammonis in an air sample wus
collected in one wrap. The reproducibility of the measurements was
examined by comparing ammonia concenirations measvred with
duplicate trups mownted at the same height, For 20 pairs of read-

mean difference beiween duplicates was 0.39 gg Nfm?, which in-
dicates un uncenainty of approximately H0%.

/ ings at an atmospheriv smmonia concentration of 3.6 ug Nfw'. the

Soil Sampling

The slits opencd by the ammonia injection were marked on the
soil surface and two sieel plates. 30 by 40 ¢m. S-cm apunt. were
driven imo the ground. directly over and perpendicular 1¢ 1he di-
rection of the slit. The isolated soil block was excavated and the
center of the injection bund was located using a pH indicator and a
dusting of calcium sulphate (gypsum) on the sail surfuce. Four
samapling rings of dinmeter 3.4, 7.3, 12.5, and 16.1 cm, were
placed concentrically over the band center 10 give soil samples at
known distances from it. Samples obtuined in this way from 25
gifferem positions across the field were dried, crushed. and anu-

v lvsed for tatal nitrogen by a micro-Kjeldithl method. Bulk density
and soil water content were obtained on separate samples. The
/.sur.x"{ volumetric soil moisture contens was 0.34,

RESULTS
Micrometeaorological

Table 1 lists the micrometcorolopical data for each sam-
pling period. and Fig. 2 shows their general character. No-
table features are the increased vertical dispersion of ammo-
nia as the width of the ireated area increased (compare, for
instance, sampling periods 1 and 3 where Z, the height of
the affected air layer, increased from approximately 1.6 to
2.5 m), and the fact that ammonia continued to be emitied

" “for some time afier In]ECllon was stopped (samphng permds

o =—To Calcitlate the meah EMISSIoN rates, Q p]ots ofu Zvs.
.. heighl,.similar. to those=in-Fig.~2,~were-drawn for-each -

sampling peried and the integrals in Eq. [2) determined by
planimetry. This _involved -some extrapolation. above .and
below the h:ghr.-SI and lowest sampling positions, but the
consequent errors are small because of the rapid decline in©
at the higher tevels and T at the Jower. The integrated fluxes

SOC. AM. 1.,

R Rccallmg Lhat twclvc bands are mjccled in each travcrsc- he L
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Table 1—Mlicremeteorological dalz during the experiment,

Height , m
Upwind Mean
Sampling dissance wind 0.31 074 124 224 031 074 124 2.«
periof  trested  directiont Mean wind speed  Mean NHy-N concentration}
™ degrees misee — wgim®

1 6 174 255 313 341 380 139 30 6 o
2 12 192 2.24 2,79 302 348 160 83 54 1
3 18 204 2.08 258 237 3.6 17% 125 71 14
4 24 223 232 284 308 349 98 86 51 11
5 24 180 2,26 250 3.03 A% 42 41 38 18
[ 24 2% 237 167 283 339 W ¥ 23 0
9 24 195 2,07 229 244 279 3 12 7 [+

1 A direction of 1807 is normal 1o the edge of the field.
*The background concentration (dufing the experiment) of 3 pgfma has been sub.
tracted (rom Lhese valuer,

were then correcied for variations in wind direction by
dividing euch by the cosine of the deviaion of the mean
wind direction in thut sumphing period from 186°. The cor-
recied emission rates are shown in Fig, 3

That emission continued for a time period longer than
each traverse of the injection rig is evidenced by the in-
crease in emission rale as the treated area increased {com-
pare, for instance. the rate for sampling periods 2. 3, and 4
with that for the first parind). and the continued emission in
sampling periods 5 ta 7. afier injection had ceased. Thus the
ammonid fluxes calculated for sampling periods after the
first coniained residuals from previous traverses. and it was
necessary 10 calculate the time dependence of the emission
in order 1o amrive at the 10tal ammonia loss.

The character of the data in Fig. 3 and consideration of the —
probable dynamics of ammonia evolution following in-
jection suggest a rate of emission which depends on the
concentralion of ammonia in the soil air spaces, and which
consequently decreases exponentially with time. Accord-
ingly, we have adopred a relationship of the 1ype

gl) = glo)exp(-r1) (3]

to descibe the instantaneous emission rate from each in-
jected band. In Eq. {3]. g is the rate of emission per unit
length of band, ¢{o) being the initial rate, 7 is time. and A is
a rate constant. The mean emission rate g over the time 7 of
one complete traverse of the injection rig is then given by

g=0/7) L g(1}di = g(o)[) — exp(—n7))/Ar. [4]

M we designate the traverse number m and the sampling
period n, so that g, , is the mean emission rate from each

band injected in the mth traverse. in the nth sampling penod T

it follows that -

G1.1=g(0)[1 — exp(=A7)]/A7,
‘h 7= ‘]1 1 exp(— 6)\7)
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and

4

ZJu= 20, o N exp[{m — mAs].

m=1

(n=5). [7a]

Using Eq. [5). [6]. and [7]. we obtained ihose values of
g(o) and A which gave the best least-squares fit to the data
in Fig. 3. They were

g(o) = 30.5 pg m~' sec™’
and
A=6.3x 10" sec™l.

The curve in Fig. 3 is the emission calculated from these
figures. The estimated time constant of the decay is 26 min.
Ninetv-nine percent of the ammonia emission from one
bind would occur in 122 min.

To complete the analysis, the total emission from each in-
jected band. E, was obtained by integrating Eq. [3] with
respect 10 time:

E= Lz glo}yexp(—Andr = qlo}/A. (8]

For the §(o) and X above. the estimated toal emission per
band is 0.048 g/m, which represents a loss of 0.96 kg N/ha.
Thus the estimated retention of nitrogen was 106 kg N/ha
from an application of 107 ke N/ha.

Soil Sampling

The amount of ammenia retained per unit length of injec-

lion band was also determined from soil sampling-and total -
N analysis.. The ammonia remained.in distinct.bands.even- .— ..
afier 4 days. Of the apleed nitrogen, 48 % of.the.application . __...---

remained- within a nng of 7.3 cm diam; 86% remained
within"a 12 5- -m dlam nng. a.nd 100% w:thm a 16 1 cm
diam ring. d .

From soil analy51s lhc rcccvery of ammonia was 106 kg
Nfha (SE 15 kg N), which agrees extremely well with the
resuit obtained by the aerial sampling technique. but be-

causc of the large SE. this good agreement can only be
regarded us foruitous.,

DISCUSSION

For investiontions of ammenis Inseey and noeoibly sther
gaseous emissions, the aerial sampling technique described
here has distinet advantages in terms of labor and accuracy
over methods based on soil sampling. In this experiment,
for instance, the aeriul sampling and chemical analysis were
completed in 2 hours. whereas the soil sampling alone
required almost 2 daxs,

Some indication of the comparative sensitivities of the
two methods can be obiained from sampling period 7 (Fig.
3}, in which the mean rate of transporn of ammonia across
the edge of the field was 55 ug N m~! sec™’ or approxi-
mately 0.02 kg N/ha over the whole period. The main errors
in the aeriul method are associated with the atmospheric am-
monia concentrations and the graphical integration proce-
dure. For the former. we estimale 2 uncertainty of approxi-
mately 10% (see Methods). The errors in the later depend
on how well the profiles of wind speed and ammonia con-
centration are defined: pamiculariy. on how well they en-
compass the full height of the affected air Javer. Allowing
for an ervor of up to 10% in the procedure. the toul error is
believed 1o lie between 10 and 20%. Thus in this example.
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the uncenainty would be 0.004 kg N/ha. For the soil sam-
pling, however, the uncenainiy of = 15 kg N/ha antached to
the estimaied Yoss, which is no inordinately large for the
technique |c.f.. 4, Tuble 1], indicates that such a sensitbviry
would be quite unattainable,

ACKNOWLEDGMENT

The authors acknowledpe the expen 1echnical assistance provided by
Messrs. J. Lezdovshis, K. M. Perroux, 1, W. B. Smith. znd the laic F. ).
Moore. and Auscort Pry, Lid., Narrubri, N. §, W._ for use of the caperi-
mental site and the injection equipment.

LITERATURE CITED

i. Baker ! H., M. Pucch.und R. B. Musgruve. 1959, Derermination of
applicalion losses of anhydrous ammonie. Apron, J, 51:361 <362,

va,

Denmead, 0. T.. ). R. Freney, und | R. Simpson. 1976. A clogeq
amnionia cycle within & plam canopy. S$oil Biol. Biocher,
8:161-164,

3. Huichinson, G. L., and F. G. Victs, Jr. 1969, Nitropen envichment of
surface waler by absorption of ammoniu volatilized from cattle feeg
lots. Science 166:514-515.

4. Papendick, R. 1., J. F. Parr. §. Smith, and R. W. Smiley. 1971, N;.
irification inhibition in yoil. 1. Evaluation of anhydrous AMMOnia-po-
1assium azide solutions in castern Washington. Soil Sci. Soc, Am,
Proc. 35:579-583,

5. Parr,J.F. k.. and R. 1. Pupendick, 1966. Retention of ummonia i
soils. p. 213-236. In M. H. McVickar, W. P. Martin, 1. E, Mifey,
and H. H. Tucker (ed.) Agricuhwral anhydrous ammoniz technology
and oxe. A Soc. of Agraa, Madison. W v

6. Rasmussen. K. H. M. Tokesi, and R. L. Kabel. 1975, Global emis.

sions and patursd processes for removal of pusecus pelhnsnts, Water,

Air, Soil Pollut. 4:33-64,

Sunon. O. G. 1953, Micrometeorolopy. MoeGraw-Hill. New York,

-~}

Micronutrient Concentrations in Soil Solution After Ammonium Phosphate Applications’

J. J. MoRrRTVEDT anD G. OsBORN?

ABSTRACT

Two Ruid ammonium polyphosphates, 11-17.0 (13-37-0 oxide
basis), 8 commercial 10-15-0 (20-34-0}, and an equimalar mixture of
maono- and diarmmonium phosphate (MAP-DAP), each with a solution
pH of ahout 6.2, were well mined with 1-kg lots of severa) soils to
supply 2,000 ppm of P, which approximates (he P concentration in satl
near & fertilizer band at a P rate of 50 kg'ha. Each sofl was then
moistened 1o 0.2 or 0.3 atm and stored in plastic bags. ARer periods
up to 28 days, soll samples were placed in a lucite cell and a portion of
the il solution was expressed by N, gas. These solutions were
analyzed for Cu, Fe, Mn, Zn, arganic C, and total and orthophos-
phate P.

Micrenulrient concentrations in solutions of acid solls were tempo-

. rarily increased by both ortho- and pulyphosphates. Increases were

retated in part 10 the ameunt of soil organic matter sulubilized by these
fertilizers. Orpanic C in solutions of treated soils increased in the
order: MAP-DAP, 10-25-6, and 11-17-0, which was related 10 the orig-
inal percentage of the total P in polyphosphate form (0, 50, and 78, re-
spectively). Nicronutrient concentrations in solutions of acid soils
were highest during the first week and decreased 1o those in untreated
soil by 28 days. Seluble micranutrient concentrations in neutral and
caleareous sgils were not afTecied by phasphate applications even after
1 day. Thus, solubilization of soil micronutrients by polyphosphates
does not appcear to play an imporiant role in micronutrient nutrition of
crops, especially in calcareous solls.

Phospharus concentrations in seil solution generally were higher in
soils treated with ortho- than with polyphosphates, Decreasing poly-
phusphate concentrations in solutions of polyphosphate-treated soils
with time indicated hydrolysis and precipiwation of water-sofubie poly-
phosphates; less than 25% of the soluble P was in polyphosphate
form after 2 weeks, with higher polyphosphate concentrations found
in 11-17-0 thun in 10-15-0 treated soils during the first 2 weeks after
application.

Addirional Index Words: polyphosphates, hydralysis, sequestration,
soll organic matter.™ =777 T T e

'MMONIUM poly;;hc;;phalc—(AP};; f;ﬂ;izzeﬁ have rapidly
gained in popularity in the past 15 years. They usually

* contain "about one-half of their P in the orthophosphate

form, and the remainder as pyrophosphates or longer chain
molecules. Recent advances in pipe reactor technology have

~ fertilizers in some caicareous soils has been artributed]
=" ~*~some workers 1o the effects of polyphosphates on microi
... trient availabiliry.. Singh and Dartigues (1970) statedb

resulted in increased polyphosphate coments. but triam-
monium pyrophosphate. (NH,};HP.Q:. sill remains the
major nonorthophosphate compound in both solid and fluid
ammonium polyphosphates. Polyphasphate fentilizers are
water soluble and generally are used in clear liguids or sus-
pensions. '

Polyphosphates generally are considered céual 10 mono-— -

ammonium phosphate (MAP) for early growth response
{Terman and Engelstad. 1$66). Rates of polyphosphate hy-
drolysis to orthophosphutes are quite rapid in most agricul-
wral soils. Gilliam and Sample (1968) rcponied 50% hy-
drolysis of applied pyrophosphates within 28 days after soil
application; highest hydrolvsis rates were on acid soils.
Hashimoto and Wakefield (1974) reporied hydrolysis half-
lives of 4 to 13 days in three soils incubated ar 25°C. Ter-
man (1975) concluded that APP fertilizers were usuatly
equal to comparable onhophosphates as sources of N for
crops and of P after hydrolvsis. |,

Miner and Kaniprath (1971) reported equal effectiveness
of granular superphosphate and APP for supplying P to field
com (Zea mays L.) on an acid soil in North Carolina.
Adriano and Murphy {1970} reported that MAP and APP
were equally effective for irrigated field com on noncal-—"
careous soils in Kansas adequate in avaifable Zn. However.
row-applied MAP was more cffective than APP if Zn was

f
1
A

limiting; greater P uptake from APP antagonized Zn uptake—

of com under rhese soil conditions and resuled in poorer—-

growth. Subbarao and Elis (1975) reparted equal effective:

ness of granular APP and diammonium phosphate (DAP)2—

for com on a nevtral (pH 6.8) and caicareous (pH 8.2) 508
in a growth chamber study. . .
Differential effectiveness of ortho- and polyphosphal

*-!Contribution of the Soils and Fertilizer Research Branch, Div. of Agric.8

Dev., TVA. Muscle Shoals, AL 35660, Received 19 July, 1976, approved - ¢

15 June 1977,
*Soil chemist and anakytical chemist. respactiely .
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