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Ammonia Volatilization 551 

%TERI.\LS h':D XTHODS 

. h n o n l a  f l u x  f r o m  an appl1ca:lan O F  u r e a  :o a Kentucky bluegrass 
!pod p r a r e n s l s  L . )  - c r e e p l n g  red fescue (Fesruca rubra L . )  s o d .  mowed a t  
7.5  cn. 'nag measured by t h e  a e r o d y n a m l c  p r o c e d u r e  outlined by B?au&mp e t  
a l .  ( 1 9 7 3 ) .  Pao e x ? e r i m e n t s  v e r e  c o n d u c t e d ,  one d u r l n g  t h e  p e r l o d  J u l y  I 1  
L O  July 1 9 ,  a n d  t h e  s e c o n d  durlng t h e  p e r i o d  August 22 t o  27. 

The p r o c e d u r e  c o n r l s t e d  O F  p l a c i n g  R mas: I n  t h e  c e n t e r  of a 
c!rculrr  a r e 2  ( O . S f I 5  h a )  on t o  v h l e h  ur+a had been b r o a d c a s r  a t  100 kg N 
ha-!. 
on t h e  n a s t  L O  o b t a i n  m e a ~ ~ r e r n e n t s  a t  h e i z t i t s  of  I O ,  50,  100 and 150 cm 
a b o v e  the sol1 surface. The gas col1ec:ir flasks *ere 501) mL g l a s s  rub'ees 
( 3 . 1  cm 1 . d . .  6 S  c m  l o n q  a n d  t a p e r e d  a t  m e  e n d )  c o n t a i n l n q  a p p r o x l m a t e l y  90  
m1 of 7 mm dlam glass b e a d s  a n d  75 mL 3: ( v / v )  H,PO, s o l u t l o n .  
sampllng vas p e r f o r m e d  by ~ ~ n : i n i i a l L y  drawing  a!c t h r o u g h  a 0.7 mm glass 
tube  o r l f l ~ e  and t h e n  t h r o u g h  t h e  g a s  c o l l e c L o ~ s  on t h e  m s :  f o r  2-hr  
p e r t o d s  by an elecironaqnetlc p i s t o n  a!r pump.  The a l r  Flow race  ( i o - 2 0  L 
nln-!) vas  a r a s u r r d  w i t h  a 7185s f i n ?  indlcaror (!lode1 8 1 4 3 .  ! la theson  Gas 
P:m!uclq) an,! a m a ~ s  flow conrrolle: (%del 8163.  ranqe 0-50 SLP3, Y a t h e s o n  

a n e a o n e ~ e r s  and gas  ;:,llect!nq f l a s k s  on :he mast t o  t h e  pumps and a!r FLOW 
p ~ ~ ? ~ s u r m c n :  J e u l c r s  ln a m o b l i e  l a b o i a r ~ r ~  ! m a t e d  a d j a c e n t  L O  t h e  
r ~ p r r l : n e n t . x l  . -rea.  
' 4 . t ~  d e t c r i i n e d  c o i o c i m a r r i c a l ! y  by a ;ec'?.;lcon Au:ohnal:rier prace,!ure h a v l n g  
il s e n s I L ! ~ ~ l t y  O F  <).I r ; i  S nL- ' .  T h e  :;Hi-!; c n n c e n t r ~ t ! o n  i n  the a i c  sampled 
IL e.rch he!z,hL ~ I U C ! ~ S  rl ? - h r  v r r l o d  Y I ~ S  c s l ; ~ i l ~ r e d  * E :  

.hmmon!a < a s  c o l l e c t o r  flasks and sensltlve anemometer5 were mounted 

A i r  

Cas ?rodllc:s). !+>L:!-21re cable and ) i a s : l c  L u b l n g  co"nec:rd r h e  

The !<!l**-:l C O I I C ~ ~ ~ T ~ L ! ~  i n  the ? a s  s o l l e c t o r  Solution 

The v e r r ! c a l  f l u x  of S a ,  f rom :he t u r F  surface w a s  assumed equal to 
t h e  l n r e e r a c r d  procluc: of v l n d  s p e e d  x i:iospherlc : iHl  concentration by 
h e i g h t  L O  150 ca. .d!v!ded by ?he r R i ! u s  of t h e  uppl!cn:lon a r e a .  
inte<ratton 'ASS accon;ll!Shed by d ? l a n i n e c a r  e . i t !maie of che  a r e a  enclosed 
by d < r n p h l c , a l  ?Lot , i f  h e i q h t  ag,a!ns~ L'le 7 r n d l i c t  O F  vtnd speed x 
n t n o s p h e r l c  :ill, concentcaclan. 
.? c o n s t a n t  faetir o f  1.1R t o  g!ve the co ta !  !nreg;al a c c o r d l n g  t o  t h e  
p r e d i c t e d  model  (Wilson e t  n l . ,  1982,  aeauchnmp e t  a l . ,  1975). Background 
r n e a ~ i i r e m e n t s  of NH; ? l u x  " e r e  made f ~ r  s e v c r n l  2-h i  p r r l o d s  p r l o r  L O  

spreadlnr:  t h e  urea  and =ere s u b t r a c t e d  from measured flux values f o r  t h e  
c o r r e s p o n d l n y  experlmental period. Detai l  O F  :he theory and pracr!ce o f  
a e r o d y n a m l c  p r o c e d u r e s  may be found I n  Wilson e t  a l .  (1982)  and Denmead 
(1981) .  

The i n c e q r a l  b e l o w  150 m ',as a u i t t p l i e d  by 

RESULTS 

Previous s t u d i e s  h a v e  shown a s t r o n g  d i u r n a l  S h l f t  1" t h e  NH3 Flux 
measured  by the a e r o d y n a m i c  p r o c e d u r e  (Beauchamp e t  al.. 1978) .  h slrnllar 
s h l F t  vas cons idered  l i k e l y  t o  occur i n  background r e a d i n g s ,  t h e r e f o r e  NH; 
fluxes were measured for  several 2-hr periods p r i o r  t o  s p r e a d l n g  t h e  urea  
(Flq. I ) .  E s t l m a t e S  O F  the background Flux  For e a c h  2-hr  perlod d u r l n g  
24 h r  were o b t a l n e d  f r o m  8 p l o t  of t h e  d a t a .  
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552 R.W. Sheard. E.G. Beauchamp 

I" r e n e r a I  ! W - x  m n c e n t r a c l o n  proflles I n c r e a s e d  c r i r v i l i n e a r l y  
toward  t h e  9011 surface (Fin. 1 ) .  The d a t a  f o r  J u l y  1 5  i l l u s t r a t e  t h e  
t y p l c a i  p r o f i l e  c h a n g e s  which  were inensured d u r l n g  a 24-hr  p e r i o d ,  beglonlni :  
w i t h  a r e l a t l v e l y  v e r r l c a l  p r o f i l e  a t  0100 h r .  locreasing t o  h i g h  
c o n c e n t r a t i o n s  near t h e  ru r f  s u r f a c e  near n l d d a y .  t h e n  r e t u r n l n g  t o  a 
v e r t l c a l  p r o f l l e  a t  0700 h r .  

i n  t h e  .July e x p e r i m e n t  t h e  NH, flux e x h l b l t e d  t h e  characteristic 
dlurnal f l u c n i a r l o n s ,  r e a c h i n g  a maxlmvrn value  o f  668  g h8-I h r - )  a t  1100 hr  
a f t e r  an  elap3ed :imr of 118 h r  foilovlng u r e a  application (Fig.  I). 
xaxlmum fluxes of 4 5 9 .  4 8 8 .  226 and 419 g ha-l  h r - '  h a d  b e e n  measured on 
pcevLous  d a y s  and  s u b s e q u e n t  maximum values e v e r a g e d  260 g haCL h r - I .  
&:ring :he ,August e x p e r i m e n t  a maximum v a l v e  of IO67 g ha'l h r - l  vas 
a t t a l i l e d  a t  1300 h c  a f t e r  a n  e l a p s e d  tlme of o n l y  26 h r  f a l l o v l n g  urea 
a p p l L c a t l o n  ( F l g .  A ) .  T h i s  h i g h  value o c c u r r e d  8 h r  a f t e r  a 3.4 m r a l n  
which  would d i s s o l v e  t h e  u r e a  b u t  no t  move l t  i n t o  t h e  d r y  s o i l  s u r f a c e .  An 
13.7 m r a i n f a l l  6 h r  after i h e  maximum 
Elur.  \(ininn1 ~ r n l u e s  o v e c  t h e  f l v e  d a y s .  v h l c h  o c c u r r e d  beLueen 2200 and 
UZUO h r ,  a v e r a g e d  1 2  g ha-l  h r - ' .  

value g r e a t l y  r e d u c e d  f u r t h e r  H i l l  

The accuannr la ted  t a r a l  v o l a c l l l r a t i o ~ f  W , - N  i n  t h e  J u l y  

DLSCUSSION 

' Jar ious  e x p e r i m e n t s  u s l n g  a s l m i l a r  t e c h n i q u e  h a v e  a u q g c s c e d  u p t a k e  
of HH3 by s l a n t s  f rom t h e  a tmosphere  (Denmead e t  a l . ,  1976;  P o r t e r  e t  a l . ,  
1972;  Xrrper e t  a l . ,  1983 b: Lemon and Van t l o u t t e .  1980). I n  t h l s  S t u d y ,  
h w e v r r .  c h e  ::ill c o n c e n t r a r i o n  p r o i l l e s  s u g g e s t e d  n e a r  equLlibrium t o  n e t  
loss S I L O ~ L ~ O ~ S  c h r o u q h o u t  t h e  day ( F i g .  2 ) .  Any i n d i c a t i o n  of  p l a n t  u p t a k e  
In t h i s  e x p r r i m e n ~  vas  p r o b a b l y  masked by t h e  c o n c l n u e d  r e l a t i v e l y  h l g h  flux 
d e n s l t l e s  of greater chan  LOO F, hX - V  ha-l  hr'l  a f t e r  a p p l l c a t l o n  o f  urea i n  
c o n t r a s t  L O  values of 50 g ? IHl -N  h:'i h r - ;  f o r  background c o n d l t l o n s .  
F ~ r l I i e r n ~ r ~  t h e  closely moved t u r f  c o n t r a s t e d  s h a r p l y  t o  t h e  t a l l  graos  
canoples u s e d  by Denmead e t  a 1  ( 1 9 7 6 ) ,  Lemon and Van H o u t t e  (1980) and 
H a r p e r  e t  a i .  (1981 a ) .  

D i u r n a l  c y c l i n g  h a s  b e e n  demansLra ted  by o t h e r s  (Denmead e t  a i . ,  
1 9 7 4 ;  Beauchamp e t  n l . .  1978;  Harper e t  a l . .  I 981  b) .  F a c t o r s  b e l l e v e d  t o  
result in t h e  diurnal c h a n g e  In f l u x  d e n s i t y  a r e  t h e  d i r e c t  and  f n t e r a c t i v e  
e f f e c t .  o f  t e m p e r a t u r e  (Fen"  a n d  K i o n e l .  1 9 7 4 ) .  v i n d s p e e d  and t u r b u l e n t  
c r a w p o r t  (Denmead e t  al., 1982)  de" f a r m a r l o n  and  e v a p o r a t i o n  (Beauchamp e t  
~ 1 . .  1982)  and urease a c t i v i t y  in t h e  t h a t c h ;  a c t l v l i i e s  v h t c h  r e a c h  a 
maxlmum near  mldday u n d e r  a n a t u r a l  a n v l r o n m e n t .  b r i n g  t h e  morning h o u r s  
a f t e r  s u n r l s e  e v a p o r a t i o n  of dew increases t h e  NH,-N c o n c e n t r s t l o n  l a  
so1uc100,  r d l ~ i n g  rhe p a r t i a l  pressure g r a d i e n t  and e n h a n c e s  t h e  flux of SH] 
t o  t h e  aLr. Later Ln t h e  a f t e r n o o n  v l t h  d e c r e a s l n g  a i r  t e m p e r a t u r e  and a 
c o n c u r r e n t  d e c r e a s e  in Y a r e r  v a p o u r  p r e s s u r e  d e f i c i t  t h e  e v a p o r a t i o n  r e t e  
would decrease. 
c o n t e n t  ( H c C a r I t y  and  H o u l t ,  1971: Torello a n d  U e h n e r ,  1983) a n d  
t e m p e r a t u r e  (Bremner and Hulvaney.  1978) .  i i l n d  s p e e d  and a i r  t u r b u l e n c e  
lnctease v l t h  rlslng d a l l y  t e m p e r a t u r e  l o c r e a s i n g  t h e  t r a n s p o r t  of N H 1  from 
t h e  a 1 r - 9 0 1 1 - p l a n t  I n t e r f a c e ,  t h u s  more r a p l d l y  d e p l e t i n g  t h e  c o n c e n t r a t i o n  

Urease d e t l v i t y  increases m a r k e d l y  w i t h  arganlc matter 
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Fig .  1. The dlurmial clian%e i n  t h e  n e t  ammonia flux following an a p p l i c a t i o n  
3f "Cea 0" JULY II. 

Fig. 4 .  The diurnal change  i n  t h e  n e t  ammonia flux follovlng an a p p l i e a r l o n  
of urea on August 22.  
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.IL i h e  e v a p o r a r l v e  s u r f a c e  (Denmead e t  a l . .  1 9 8 2 ) .  The d l u r n a l  c y c l e  of  
:;H,-fLux s i i g ? e ~ t ~  measurewants  u n d e r  c o n s t a n t  l a b o r a t o r y  c o n d l t i o n s  or  
s inq le  d a ! i g  a e a ~ u r e m e n t s  i n  t h e  f i e l d  may g r o s s l y  m i s r e p r e s e n t  N H 3  
c,,laLLlLz.a:!on f r o m  "rea. 

A l t h o u q h  no d i r e c :  c o r r e l a c l o n s  b e r u e e n  m e t e o r i l o g l c a l  m e a ~ u r e m e n ~ ~  
.I-:.: ::HI i t u r  w e r e  o b r a l n e d  i t  I s  : n r e r e s t l n g  t o  n o t e  t h a t  d u r i n g  t h e  J v l y  I 1  
:3 : 9  = r p e r i m e n t  che n i n i m m  d a l l y  f l u x  ( J u l y  l h )  o c c u r r e d  u n d e r  c o n d i t i o n s  
J <  7.6 hr s u n s h i n e .  an r v e r a q e  i krn hr- I  v l n d r p e e d  a t  IO m and a maximum a i r  
~ . ~ ; j e r a t : i r e  o f  10.1 C. :?e naxlmum d a l l y  SHI f l u x  ( J u l y  IS) o c c u r r e d  u n d e r  
;.indl:Lons o f  1.i h r  sunshine,  a n  average 1 2  kn hr ' l  v l n d s p e e d  a n d  a msxirnua 
,a*.r ~ e m p e r a t o r s  o f  1 8 . 6  C.  I n  c o n t r a s t  t h e  maxlmum d a l l y  flux of  t h e  August 
- . < i ) e r l m n t  o c c u r r e d  on I u ~ a ~ t  23 u n d e r  Q . 5  h r  sunshine. an sversqe 11 km 
\ ? - I  ;i!ndspeed and a m . ? ~ t m i : ?  a i r  ~ e m p e r d c u r e  o f  2L.8 C. 
( '  LU.i~:nte t h e  conp1ex l : y  of t h e  r e l a t i o n s h i p  of r n v L r o n m e n t s 1  c o n d i t i o n s  t o  

T h e s e  comparisons 

~ "olarlliiat!on. 

! ! e a ~ ~ r e % e n : s  b y  :he a r r o d y n a m l c  p r o c e d u r e  o f  H H l  v o l a C I l I r a t l o n  from 
..-a, .. .~ ."llin,l r n  V r i l E F  i n  a :roD1:.91 s a s t u r e  ranye fro," 9 t o  40). ( H a r p e r  e t  
?:..  I W J a ) .  !n r h l i  e v e r i n e n t  t h e  loss ranged f r o m  5 . 1 :  w h e r e  r a l n i a i i  
~ ~ . : c u r c e : l  v i t h l n  i ?  Sr L O  !5.1: where rainfall dll n o t  occur f o r  e l q h t  days .  
. : . ~ ? p d i  er -1. (1"; 5 )  ? i s 0  r e p o r t e d  :hat  t h e  d u r a r i o n  o f  h l g h  flux 
!cns!r !es  3 f  St(, f r m  u r ~ n - i r r t i 1 i z e d  q r a a s  co!xc!ded o i c h  t h e  number of 
r?!n!ass ilayrg a ; t e c  :>re,? a p ? l l c a t ! o n .  
: \ t :ref:>re,  uoold b d  .acc.!p;bl~? v h r r e  lrrlqacion !s available or where 
:?!:>f?ll  may Sa pre!lc:ei v l ~ h  B d e g r e e  o f  r e l ! a b l l l t y .  

The use o f  u c e a  I n  t u r f  management, 

The loss of :Ill,-:: o b s e n e l i  I n  t h i s  experiment 1 s  c o n r l o t e n r  v l t h  
: ~ s e : ' i e : l  difference5 !i : : ) r f  q ~ a l l t y .  c i i p p i n r !  ile!qht and L ~ S S U ~  n i t r o g e n  
: , m ~ e m ~ : a : i o ?  v h e r e  jure3 a n d  aanonlun n1:ra:e S a v e  5een compared on 
j ! , l e q c s s  ( S h e r r d ,  q . 2 . .  Snpubt!ohed d a t a ) .  Where lcrlgacion was n o t  used  

en w a s  found t o  5 ,  I n t e r l o r  to rrnmon:um n i t r a t e ,  b u t  n e v e r  by more t h a n  
.:. Where i r r i g a ~ i l n  ~ d s  v s e l i  t h e y  ',ere e q u l v a l + n t .  

ACX:IOkIEDCE?1EYTS 

The f i n a n c i a l  ~ o ? p o r t  of t h e  O n t a r i o  ?!inistry of A g r i c u l t u r e  and 
;cod and Lhe consu? tac!oos  .,i:h Hr. C .  Kldd and  Prof .  C. T h u r r e l l  a re  
a p p r e c i a t e d .  
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SUMMARY IN FRENCH 

M ~ S U T C  &rodynamigue de la volatllisation amoniacale 
B partir d'uree appliquee un gazon compose de piturin et de retuque. 

La volatilisation du gaz ammoniac ("3) aprCs un apport de 1Lx) Kg ha-' 
azote sous forme d'ur6e h un gazon compos€ de Poa pratensis et de - 
,."bra a et6 mesure par des procedes aCrodynamiques.'Une pertc de 1s.1~ 
v o l a t l l i s a t i o n  par s,est produite, en absence de pluie. pendant 8 joura 
apres l'apport tandis qu'clle se chiffrait h 6.7% dans les cas d'une 
pluie dans les premihres 72 heures. De fortes variations journali&res 
du rlux de furent observees. atteignant un maximum pres de midi 
e t  un minimum durant la nuit. Les valeurs dlev6es de volatilisation 
de NH3 rnesurees par de technique3 de chambre Close. telles que relat6ea 
dans l a  litterature peuvent Etre considerees come erroneea du fait 
qu'elles ne considsrent pas tous les effets directs ni les interactions 
avec tous les facteurs de l'environnement. 

. _  
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Determination of Application Losses of Anhydrous Ammonia' 
J. H. Baker. Michael Peech, and R. B. M u g r a v e -  

nrs, T 
:yXOPSIS. Appli>a<ian h s e s  of mhydrour zmmonh 

i r , m  mils iic oprimum moisture concent were found 10 
l le ne;ligibl? small when :xmmonia was applied ar pra.c- 
~ i m l  rates. even a< a depth of only 4 inches below the 
.uriace, a) reveded by 3 mechod described in chis paper. 

X T H E  direct .ipplicatiun of anhydrous ammonii  to I soils. unmonia is injected into the soil 3s i mixture of 
.. .), 2nd liquid. The  proportion of gas to liquid depends 

, t i  the t m k  temperature. At  i o - '  F., Lbout one-hkth of 
.smnnirnia is vaporized i t  the time of injection into the 

. i!. The rernL1ining liquid immonia also raporizes rapidly, 
I .:(>less the e n s u i n , ~  ~nnnnoni:n gis is completel!- absorbed 
:::c st>i l .  .lppreciable losses oi  mmnonii  m i y  occur. An 
.lic?.tion d mhydruus .unmonii i r  rhe rire gf 100 
ynds of nitrogen per :me for a 40-inch spicing between 

.:cciic:.tor bl:des corresponds to about 6 liters u i  immonia 

, imnn~mii  .ipplied .inJ rhir cstncted i r o m  :he soil by 
iu:n ;hlniide s n l u t i ~ n .  Such c.ilculatiuns .tssun>e t h . ~  the 

of injcct/oIn < i f  . ~ n n n n ~ m i . ~  is u n i f m v  withLn rhc ruw 
~ n d  tl1.n !hc.re is trio tisitiun (if  imtnoni i  into nonexchiny-  
:blc f 8 w n  Utxh of rhese sssunnptions miy introduce serious 
m o r s  J v p c n c l i n ~  upon the 11.1ture u f  rhc soil .~nd the type 

e(iuipinvnt umployeLl in the :ippIiurion thi- m n i m i i .  
This piper Jescribes .I qumri t i t ivc n>ethod Cor me.nsur. 

i:i: &roctly rhc .tpplic.iriun Iossrs oi' amm<mi,n under 5eld 
stiiin>. In this innrrhud rhc .mnnioni.l esc.lping iron1 rhe 

, 1s c,iu;ht :ind .ibs<o,rbed in st;mdirJ icid. Since rhis work 
i amplered.  Hansen er 1 1 ,  (1) hive  reported .I similar 

I , /  rhGd in their studies c o t  the .ipplicition losses of 
.xl:nnonii. A very simple .Ind ripid qualirxi\.e merhod. in- 
volv ins rhe use of  p H  color indintor. is ilso &scribed and 
1h.n; been found very useful in establishing the soil condi- 
tions under which the losses of inhydrous inimonia upon 
.n;plic.irion m.ty be expecyed ro be high. 

MATERIALS A N D  AIETHODS 
..ipplirniio,i o,f :rwmoui~t-The anhydrous immonia v a s  
ered through 1 \Ve.ntherhrid Type D Ammotrol 2nd 1 

?.owrator to i single John Blue :nppliciror blade. T h e  meter 
n ' . ~  cslibrated by passing the immoni l  into i known 
vc>lunne of w t e r  ( 5  gnllons) for 2 specified period of rime 
~ n d  tirriting an aliquor of the resulting i q u i  ammonia with 
stind;ird acid. A rolling coulter was mounted just :nheld 
L,? rhe npplicator blade in the lpplication of imnnonia to 
rile soil under sod. T h e  speed of the rrictor in going over 
the plot was accurately meisured so rhar the imounr or' 
.ininnonix applied per lineal foot of row could be cdculared. 

Conrriburion irom the Drpirrnenr ui Apronmy. S e w  York 

,i;r,,numy p q r r  S o .  i l j ,  This work w a s  supported by rrsnrch 
granti from Olin Marhieion Chemical Corporation 2nd :he Sun 
Oil Cocnpanv. 

: G n d u n t r  Research Arriitanr. Proierior 0: Soil Science. 2nd 
p ~ o i r ~ x  . . .  oi Firld Crops. respectively. 
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O,I~III~I,,/~M i ,~~lbo~i - tmmediz te l~  following the injec- 
cio; of anhydrous ammonia into the soil. i pan 9 inches 
long. j inches wide, and :L/z  inches deep  is inverted 2nd 
pressed firmly into the soil directly over the ammonia band 
which could be readily loczted by the disturbed soil or the 
crevice lett by the ipplicator blade. An iddirional amount 
of loose soil was picked around the edges of rhe pan. The 
pan v i s  provided with inlet and outlet slass tubes which 
were inserted through rubber stoppers into holes made in 
rhe opposite sides of the pan. T h e  pin - 3 s  connected to 
an ticid ;tbsorption tower which. in turn. x i s  connected to 
a vacuum pump. The  acid :ibsorprion tower, contiining 250 
ml. of 0.051Y HISO,, consisted or' i 700 mi. q l i n d e r  
equipped with s fritted @ass gis scrubber. A trictor- 
driven electric senerator  as used 2s a power source for 
the operition or the v i m u m  pump. A i r  n.ns pulled throush 
the p i n  st  the rite of j liters per minute i n d  m y  xnmonti 
esaping from the soil wirhin rhr  pan wJs rhus sxept  into 
the :Icid ibsorprion rower. As m i n y  .is 20 pins  were con- 
nected simultineously to the ~ i c u u m  pump by mems  oi 
rubber tubing, rhus permirtins me:isurennenr of  lixses of 
ininnoni3 imm diri'erent sites chosen i r  r.indom or srleited 
tu represcnr j iderenr depths and rites of  ipplicxion. A i m  
rhr  dcsirecl period of .ieritiun (:usuiliy six hours) the 
.~niount of .mxnuni:i ibsorbed by the icid i n  the .ibsurprion 
r o n w  tv\'.is determined by tirrir ing the escess icid with 
sr.m&irciized N i O H .  

T h e  cxe of  don- of air through the p i n  (j liters per 
rninuir)  U'JS sumcienrly high ro cme\v rhe i i c  wirhin rhe 
p:in mice even- seconds withour creiting .I nept ive  pres- 
suce tvithin the pan. i s  wis indic.ited by :i n,irer minome- 
ter connecred [o the inlet tube. This  ri te of rlow of i i r  WJS 

found tu be cI7ecrii.e in sweeping out the xnmoni2 gas 
escipins  from the soil before i n y  appreciable ,imounc oi' 
the .nmmoni;t coul4 be ibsorbed by :he suriice of the soil. 
Prel imin i ry  t d s  showed th i t  ibuur 90''; of i ineisured 
volunie of .nmmonii ?is, introduced SIONI~ into the pan 
through the inlet rube. could be recovered in the :ibsorprion 
rower. T h e  volume of  imnnonii g:ns introduced in to  the p i n  
in these rri;nls represented Lbout IO? of the imount  of  
ammonia ipplied to rhe soil i r e 1  enclosed by the p i n  wirh 
an lpplicstion rire of 55 pounds N per icre on i 14-inch 
spxcins. 

Qndi i i i i i t . e  imthod-In rhis method i neutral indicxor- 
gypsum suspension (prepared by trituritin&! 1 gram of 
phenol red with 28 ml. of 0 . I X  NaOH. diluting to 1 
liter with wzter, adding j 00  grams oi' finely divided 
CaSO; 2H,O powder, and idjusting rhe color of the indi- 
ciror to or inge)  W ~ S  sprayed on the cross section of the 
i rnmonii  band exposed by miking a rerrical cur across the 
band with i spade. In the more companed soils. the entire 
fact of the crevice mide by the ippl icxor  blade. exrending 
irom rhe point of injection to rhe soil surface. was also 
sprayed with the indicator-gypsum suspension after care- 
fully spading and repoving the opposite face of the crevice. 
T h e  indicator-gypsum suspension n'is sprayed with i con- 
ventional household insect spriyer. The  spray wis ipplied 
slowly in order to prevenr downwird Ilow of any excess of 
the indicaror-gypsum suspension that m i y  have x c u m u -  
laced on the soil. The  distribution of immonia within the 
band ind .my upward movement of mnnnunia throuph the 



crevice left by rhe applicator blade could be clearly estab- 
lished by the color chmge  of the indicitor as observed 
J p i n s t  the \\.hire gypsum b.ackground. 

RESULTS A N D  DISCUSSION 
Typical results showing losses of anhydrous ammonia 

applied to Sassafru fine sandy loam and Mardin silt loam 
.It different rates and depths. ;IS measured by the quantit3- 
tiye method. are presented in n b l e  I .  The  npplication 
losses were found to be negligible even when ammonia \vis 
.~pplied .it fiirly high rxes  to 1 depth of only 4 inches. 
The  relatively hrg? loss of :nnnioni;i is:;, of that tipplied) 
observed .it one ot rhe sites on  .\[atdin silt loim W:IS found 
to be due to x-ery sh:illon- .ippiicition of ammonia Is :he 
applicator blade \\':as raised in going over I large stone. 

In order ro determine wherher there w a s  :In? :ipplicition 
loss of .inimuni:i durins rhe shori interval of time before 
the rest pan was placed in position. one p i n  W:IS mounted 
immedixely behind the applicitor blade so that i t  \vis about 
one inch .tbovc the soil when .tmnioni;t was applied ar :? 

depih of i inches. A Ion: piece cof rubber tubing connected 
the c ~ c u u n i  pump t,; the : a d  .absorption tou'er n.hich w.as 
mounted on the rriactor. Air xu pulled from the p ~ n  inio 
the x i d  Libsorption tower .1r the [.ire of j liters per minute. 
;ind m y  .inimania CscJping immediately behind the appli- 
citor blade n 3 s  thus caushr in rhe pan :and swept into the 
.ibsorption tower. T h e  pertinent deuils of rhese iests 2nd 
the results a re  given in table 2. The results show that the 
application losses of immoiiia immediately behind the 
,applicator blade are negligibly small. 

Because of its siniplici;). and rapidity. the qualitarire p H  
indiciror-Sypsum spray method can be used to study the 
distribution of ipplied ammonia in the soil as affected by 
the r i te  of appk i t ion .  soil moisture, soil r e d o n ,  and 
exchange cipaciry. Obviously. the method cannot be used 
to determine rhe rmgnitude of the application losses, but 
cin be very useful in showing whether application losses 
occur at all by noting the color change of the indicator 
sprayed on the faces of the crevice left by the applicator 
blade. 

The  results of these tests would indicite that 2pplication 
losses of mhydrous ammonia from soils i t  optimum mois- 
ture content are negligibly small when .tmm@nia is applied 
at d 1  practical rates even to a depth of only 4 inches below 
the surface. T h e  minimum depth of application should be 
determined by the r i d i d  distance of diffusion of a m m o n i f l  
as measured from the point of injection. and this, in turn. 
can be shown to be dependent upon the ammonia retention 
cipacity. soil bulk density 2nd rate of :ipplicotion in accord- 
;mce Nith the following equation: .~ 

r = 0.1 ,& S A  

Table ?-Loss of ammonia immediatrlv behind rh. 

where r is the theoretical minimum depth of application j,, 
inches; S is the spicing between rows in inches; A is & 
nominal rate or' application in pounds N per acre; D is & 
bulk density of the soil in grams per cubic centimeter; and 
C is the ammonia retention capacity of the soil in mi&. 
equivalents per LOO grams of soil. T h e  method for de=. 
mining the .imnionia retention capaciy of the soil h v  been 
described by Sohn m d  Peech (j). T h e  ammonia reientim 
cipacity is essentidly equal ro the rxch:ingeable hydrogen 
content of the soil as dererniined by the BaC12.triethanoh. 
mine mtrhod. Field obserx-irions hxre shown that h e  ridid 
distance of diiiusion of :~mnioni:a in the band in loose soils 
is in t'iirli- sood qreenien t  v i rh  ih:ar given by this equ. 
tion. In comp.icted soils. however. rhe crevice made by the 
.ipplic.xor b l d e  is not seded suihcienrly to prevent some 
upwsrd diffusion of :tnimoni:i rhrough the crevice. Under 
such conditions. the cross section of the .ammonia. band d w '  
nor ipproach c i rcu l i r  symmetry. .and the minimum depth of 
applicarion musr n.ell exceed char given by the above qua-  
:ion in order io prevent the e s a p e  or' ammonia. 

SUA\.IAiARY 
A quJ l i rx i re  .ani1 .i qu.antitati\-e nierhod for rnevuring 

direcrly the 3ppiic.ItiOn losses or' :inhydrous :ammonia unda  
iirM condirions :ire described. In rhe qumtirarire method,. 
the ,inimonil esclping from rhe soil is a u g h t  and absorbed 
in st:andardized i d .  In rhe qu.ilitarire method. rhe exposed. 
cross m d  lonyirudinal sections ai the .mmonia  band 
sprayed with an indicar<)r-,~ypsuin suspension, and the 
movement of :ammoni:a within the unmonia band and,' 
through ;he crevice left by the applicitor blade is de.UI7 
shown by the color change of the indicxor. T h e  results Of 
these tests would indic.ite that applicition losses of anhg-; 
drous ammonia from soils :it optimum moisture content a, 
negligibly small when Inimonia is applied at practical r a t s  
even 'It 1 depth of only four inches below the surface. ' 
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