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DIVISION S-&FERTILIZER TECHNOLOGY AND USE 

A Direct Field Measurement of Ammonia Emission Afler Injection of Anhydrous Ammonia' 

0. T.  DENMEAD. J .  R. Sibirsox. A N D  J .  R. F R E K E S ~  t 

ABSTRACT 
Sludin or Ihr rfficirnc) uf spplicviionr sfsnhydrout smnwnis fer- 

i i l im r+rr a mnmremmi  of ammonia rrlrniion or l t m  11 thr time 
c l l  wplinlim. Rccaurr of wmpling prohtcms. cnni~nlinnil  mmwrc- 
mmli  hr%rd on soil asnl!,ir PIC dimcull tn mitt'  in the hcld. A "CY 

nwihvd i s  dL%criiwd. bnwd on rnlrvlvting thc ~ n i d l  m n r p u n  or am. 

~ w ~ i i i i .  acro\s ihr duvnuind cder 01 thr Irrvlrd hrld frum nic~wre-  
~ w n b  of Mind rpwd. uind dirrrliun. and ntmu,phrrir ammoth rm- 
~ m r a t i ~ n .  Ammonia IUIXI  os SIIIYII .I I hg X'hr can h. casil) 
dntrlrd. \ln,imum errors are reckoned a! no mom lhun 20%. In  a 
6rld npr immt in rh i rh mhJdruu, ammonia *.I applird .I 107 kp 
Yhr. 1cri.1 rsmplinp E ~ W  s IUII or I t g  S,%Y. Svil rsmplinp. delecled 
nu IOI, bwmw uf s Iwpr raniplinp crrm (SE 15 kg Nlhr). 

' 

Iddirinnd Indrr word,: n i t r q m  loss. rvrtilizrr rrhricnr?, s i n i ~  
rphrrir pnllutinn. 

OSSES OF AMMONIA to thc 3tniosphcrc during applicalion L of mhxdrous antntonia xi of concern not only frnrn the 
c ~ ~ ~ ~ n i i i i i i c  v icwpin i ,  bui also because of !heir possible in- 
\olvcnicnt in eutrophication o f  ncarh) u'atcr hod io  (31 and 
in xmorpherir chemistry (6). \Vhile there have been nu- 
merous luhoratory and grecnhourc studies on Ihc rclenlion 
of  mhjdrous animonia hy soils 15). lhcrc h d W  hcin few 
ficld nicasurcincnls of ammonia Iosscs during anhydrous 
:tnimonia appliciiion. So far i t s  n c  know. ihrrc ha, hcen 
only one prcvious attcmpt ill dircct field deicrminaiion 1 1 ) .  
I:sually. rctcntion. and by infcrcncc. loss. are mcaxurcd hy 
in td  nitroscn analpis of thc mil. Thc nicthcd i\ icdiour and 
whjcct IO I q c  erron becaure of sanipling prohlcnis. 

This p:ipcr dchcrihis an acrial smtpling Icchniquc and i l s  
U ~ E  lor ihc dircct dctcrmination of :unnioni:i loss 10 Ihc at- 
mocphcrc Juring in,jcclion oi anh?.drou, itiiniiinia in the 
ficld. Thc nicihod i s  hascd on mesruring the aerial trinspon 
a > f  cniiltcd ammonia across the do\vn\vind cdgc of !he 
ircatcd area. In a field chpcrimcm. the loss calculeed h) 
this mclhod w s  compared with the loss calrulatcd hy a con- 
wntiimal soil s:irnpling icchniquc. Thc crpcrimcnl alba 
provided information on !he kinctics of ammonia emission. 

METHODS 

hlicrometcorological 

: 

T h e  first t m n  on the right hand ride of Eq. [I] reprercnts ihr inns- 
pori due IO adwction; thc rcrond. h a t  duc to horironlal diffusion. 
In micromr~rornlogicd trcatmms of lhir kind. ii i s  usud In nc:lcrl 
the diffusion term hcrrurr ofits rch i ivc  smallntss 1r.g.. 7). Thcn 
p. the ioial m a n  flux of ammonia xros) a lare of unit width in thc 
plane. will hr given by 

- 

whrE 2 i s  thr hrighl of the air l a y  affected by ihc emission. Noie 
that Q i s  a l m  thr nri n l c  ofrmirGon per unit width ofroil rurfacr 
upwind of ihr cdgr. 

inp of 0.5 m. Thc mean injection depth was 12.4 rm. Ammonia 

. . . . .. - . . . G-8 
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were then corrrvtcd fvr wi31 io r i \  in wind direction hv 
dividin: r ich  hy the cminc c r f  thc dwixinn  of thr mean 
u ind  dilcciion i n  that amplin; puririd from 180". The cor. 
rccted eniirbion ialer arc hhown in Fig. 3. 

That emission continued inr  a tinic period longer than 
each tr:iverae of the injcttioii ri: i s  evidmred h!. thc in- 
crease i n  eniision riile as thc l r emd  area increarcd (corn. 
pare, for initance. the r x c  for mnpi ing ptiiodh ?. 3. and 4 
with that for t h e  firs1 period). and thc continued einishion in  
s3mpling perioda 5 107. after injection hid ceaxd .  Thus the 
aninionia Ru*es calculated for s3mplin: periods after the 
first contained residuals from previous traverbss. and i t  was 
necessary to calculate the time dependence of the emission 
in order to arrive a i  [he total ammonia loss. 

probable dynamics of ammonia evolution following in- 
jection suegest a rate of emission u,hich depends on the 
concentration of ammonia i n  the soil air spaces, and which 
consequently decreases ehponentially with time. Accord- 
ingly, we have adopted a rslationship of the txpe 

The character of the  data i n  Fig. 3 and consideration of the - 

to describe the instantaneous emission rate from each in- 
jected band. I n  Eq. [3] .  q is  the rate of emission per  unit 
length of band. q ( o )  being the initial rate. I is time. and A is 
a rate constant. The mean emis ion  rateqorer the time T of 
one complete traverse of the injection rig is then given by 

If u'e designate the traverse numher r n  and the samolinr 

. .  

. -  

i period n, so that ?,,,.,, i s  the mean emission rate from each 
band injected in the mth traverse. i n  the rzth sampling period;-- 
it folloufs that .. . 

.I . .  
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DENMEAD ET A L . :  DIRECT FIELD hlEASUREMENT OF A M b l O l i l A  EItlSSlON IO03 

f tp .  I-l'rofilr, of mmn wind rpid i i ,  mean 8Imosphrrir ammonia ~ o n ~ ~ n l r ~ l i ~ n  T. and horizontal flu\ dmri!! 01 ammonia Z? in tu0 periods. 

and 

- 0. = I X ~ , . ,  exp[(nj -?!)A:], ( i t  2 5 ) .  [7a] 

Using Eq. [SI. [h]. and [7]. we ohtained those values of 
q ( o )  a n d  A which g a w  the hesi least-squares f i t  to the data 
in Fis. 3. They wcre 

I, = I 

G(o) = 30.5 p g  m-' sec-', 

and 

i = 6.3 x IO-' sec-' 

The curve in Fig. 3 is the emission calculaied from these 
figures. The estimated time constant of the decay is 26 min. 
Sinety-nine percent of the ammonia emission from one 
bJnd would occur in I??  mi". 

To complete the analysis, the total emission from each in- 
jected band. €, was ohmined hy integrating Eq. [3] with 
respect to time: 

E =  1,' g(o)erp(-Ar)dr = q ( o ) / A .  PI 

For the G(o) and aboue. the estimated 10131 emission per 
band isO.O1Sg/m. whichreprewntsa lossof0 .96kgN/ha .  
Thus the estimated retention of nitrogen was Io6 kg N/ha 
from an applicaiion of 107 kg N/ha.  

Soil Sampling 

The amount of ammonia retained x r  unit Ienath of inicc- 

causc of the large SE. (hi* pond a:rcement can only be 
regarded 3s foonuiious. 

DISCZ:SSIOs 

gaseous eniisions.  the aerial sampling technique descrikd 
here his di\iinct 3dunt;ipes i n  lcrnu of labor and accuracy 
m e r  meihods basrd on soil s~mpl inp .  In this experiment. 
for insmnce. the aerial ~ ~ m p l i n p  and chemical analysis were 
rompletcd in Z hours. whermr the soil samplin: alone 
required alniosi 2 days. 

Some indication o f  the comp3rstive sensitivities of the 
two methods can be o h t i n e d  from sampling period 7 (Fig. 
3). in which ihe mean r3ie o f  transpon of  ammonia across 
the edge of the field us 55 p g  N m-' sec" or approxi- 
mately 0.02 ).f N/ha over liic whole period. The niain errors 
in the aeriill niethad are arwciated with the atmospheric am- 
nionia concentrations and the graphical inlegation proce- 
dure. For the former. we e\limile an unccnainty of approri- 
mately IO? (see hlethods). The errors in the latter depend 
on how well the profiles of wind speed 3nd ammonia con- 
centration are defined: pmicularly. on h o v  \*ell the! en- 
compass the full hciFht nf the affected air  layer. .AlIoaing 
for an error of up to I O 5  i n  ihc procedure. the toill error is 
beliewd 10 lie hetween IO and 2 0 9 .  Thus in this example. 

Fer +<>J.!p2!;,,,> ?f 2sl"'"!?il !"!..">. ?"$ 
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the uncenainl). would be 0.004 kc N/ha. For ihc )oil Sam- 
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I. plin:. howewr. the uncenainly of L I S  kg K/ha attachcd io 
the estimaied loss. which is nnt inordinately large lor the 

.... rechniquc 1c.f.. 4. Table I]. indicates lh31 such a scnsiiivity 
!. would be quile unatiainable, 
. .  
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MMONIUM plyphosphate (APP) fcnilirers have rapidly 
gained in ppu lan ry  in thc past I S  yearr..Thcy usually 

conlain'about one-half of their P in h e  onhophosphatc 
form. and ihc rcmaindcr as pyrophosphaics or  lonpcr chain 
molcculcs. Recent advanccs in pipe rcacinr technolos? h w e  

A , .  . . .  

resulicd in increJsed poI!.pliusphaie contents. bui triam 
monium pyrophosphate. (NH,I~HP?O;. still rcmains thc 
major nononhophosphate compound in both solid and fluid 
3mmonium polyphosphatcs. Pnl!phnsphaic fenilizcrs arc 
watcr soluble and gcnerall? arc used in clcarliquids or IUS. 
pensions. 

ammonium phosphate (AlAP) fur early pro\vth responsc 

drolgsis to onhophosphrtcs arc quite rapid in most agricul- 
tural soils. Cilliam and Sample (1968) rcponcd S O P  hy 
drolysis of applied pyrophosphalcs within 28 days aftcr soil 
application; highest hydrolysi; r a m  werc on acid soils. 
Hashimoto and \\'akefield (1971) reponed hydrolysis hall- 
lives of d to I ?  days i n  ihrec soils incuhaied ai 25°C. Tcr- 
man (19751 concluded that APP fcnilirers "ere usually 
equal IO comparablc onhophovphaies as sources of N for 
crops and  of P afier h?drolysis. ,, 

hlincr and Kantpraih 1 I97 I I reponed equal cffcctiwncss 
of :ranular superphosphalc and APP for supplyin; P IO ficld 
corn (Zeu niuyr L.) on an acid soil in Nonh Carolins. 
Adriann and Murph) (19701 reponed that MAP and APF 
were cqually effective for irrigated field corn on noncd-.;. 
careous soils in Kansas adcquare in available Zn. Hou,cvcr. 
rowapplied hlAP was mort effcciive than APP if Zn !<a5 
lirniling: p a l e r  P uplake from APP aniazonired Zn up&- -' 

of corn under ihese soil conditioni an 
grouih.  Subbarao and Ellis (1975) rcponed equal cf 
ness of granular APP and diammonium phosphate 
for corn on a neutral (pH 6.8) and calcarc 
in a growth chamber study. 

Differential cffczrivcncss of onho- 
..' fcnilizcrs in some calcarcous soils ha 
--somt'worken 10 lhe cffccls of plyphosphatci  
..... tricnt availabiliry-Singh and Dartigucs 

: 

Polyphosph3tes pencrdly are considered equal to mono--. : ' ' 

(Tcnnan and Enpclsiad. 1966). Rates of polyphosphatc hg- i i 
! 
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