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NITROUS OXIDE EVOLUTION RATES FROhl FERTILIZED SOIL: 
EFFECTS OF APPLIED NITROGEN 

D. J .  McKENNEY'. K .  F. SHUTTLE\\'ORTH'. and \\'. I.'FINDLAY' 
' D c p , r ~ m ~ m  of C l w w i . ~ ~ r ~ ,  U,,iwn;f? of l l ~ i ~ l w r ,  ll'i,td.ww. OMlIIi,, NYE 3 P 4  olld 

'Rc,rcardt S f 4 o r t .  Agrimlrzo-c, Cmodrr. Horrwv.  Our. h'OR IGO. R r w i v c d  4 F r b .  
IY80. ',<<.l.,,n.d l Y  Mur. 19x0. 

McKt.ssI~. D. J , .  SHUTTI.~:UOKTH. K .  F. .ANI) F t x t ~ t . . ~ ~ ,  \\'. I .  I Y X i l .  Nitrous 
ulutiun iatcs from fzrlilizcd mil: Effectb or applied nitn,g'cn. Can. J .  Soil. 

Sci .  6 0  4 2 9 4 3 8 .  

Niln,us oxide cniision from agricultural soil ha< hccn tnleaurcd in t (vo rclalively 
I,mg-icrni studies over IUU diffcrcnt soil types. Brookrtun clay and F m  rand loan 

YarioUI amounh (0-366 kg N. ha-') of ammoniun? nitrate. pota*,iunl nitrate. o r  urea 
ucrc routinely monitored forperiodb uiiG-abilit: in ~ 1 : s  \\!:hinG 
range lOS-lO1" nioleeulcs.r.m.'.s' was u 5rnr.d ( I  x Io' niolLcuIL* cni'.,.' 
4.02 = 1 0 - 4 k g N . h o - 1 . d a y - ' =  I . h R p g N ~ n ~ ' ~ ~ t ~ - ' ) .  O ~ ~ : r s a n d ~ l o u n ~ . r a l r ~ a h i c l 1  
were h c r  and marc uniform ( 10b-10'8 n i , ~ c c u l ~ ~ ~ c n ~ - ' - s - ' )  showcd a strong 
oxrelation with amount of NH,NO:, applied. k & t  0-applied Scrtilizer was 
rclcared 3% NzO within 80 days following trcrt%Cnr 

On a masur: I'Pmission d'azote nitreux dans le cadrr de deuh etudes de longue haleine 
pnan l su rdeuh  ~ ~ p e s d e s o l r n g r i u ~ ~ l e s , , o i t I ' a r ~ i l r . B r u ~ ~ ~ ~ t o n e t l e l v a m s ~ h l e u h F ~ h .  
situ& i Woodslee et Harruw (Ontario) rcspectivcment. Le, parccllca d'argilc 
diversement fwnees (0-336 kg de N/ha) au nitratc d'rmmunium. au nitrate de 
potassium ou 5 I'uree on! 616 rL;gulikrement t-tudiies pendant certaines pbrindes allant 
juhqu'i 1 an. On observe unc extrkne variabilitk des taux d'emissiun dans I'6cart dc 

I Os- I O'3mol&culesls/cm. Sur loam sableaux. les t au2  d'smission. plus faibles et plus 
uniformes i 10"- 10" rnol6culrs/r/cm) rt-velent une forte correlation avec les apports 
de ",NO,,. Environ 0.25% de I'engrais appliqui se d & p g e  sous furme dc N,O dans 
18s 80 jour, suivanl IC traitement 

h,catcd at \ \wds lce  and Hanow Ontario. rcspectiwly. The clay plot\ 4 1rr.dled \VI! 

=- 

\Ye have  recently published reports 
I\lcl(enney a n d  Findlay 1978; McKenney e t  
21. 1978) o f  o u r  s tudy  showing a strong 
cmrelation hetween nitrous oxide  (N,O) - 
F:lkiuction and extent of nilrocen fertilizer 

l n ~ i  relatively long-term -studies is pr& 
x n t e d .  

Slime incentives for  interest in this 
p r t t + x n  are:  Nitrous oxide  is a product of 
di 'nitnfication and  o ther  processes in soils. 
These consti tute a major source of atmos- 
pheric N,O (Hahn  and Junge  1977) which in 
turn is considered to  be the dominant source 
"f hlratospheric nitric oxide.  NO (Crutzen 
(In. J. Sail Sci. 60: 429-438 I A Y ~ U I I  1980) 

1971).  Since subsequent chemical reaction 
of  NO and NO2 can  catalylically destroy 0, 
in the stratosphere there is concern ove r  
anthropogenic activities that might alter 
global N,O levels. In particular. theeffect on 
atmospheric N,O levels resulting f rom the 
rapidly increasing agricultural use of 
industrially produced N-fertilizer has been 
the subject of a number  of reports (Crutzen 
1974: McElroy 1976: h lcEl roy  e t  al. 1976: 
Crutzen and Ehhalt  1977: Liu et al. 1976. 
1977; Sze and Rice 1976).  Estimates of the  
extent o f  0, depletion, however.  show 
considerable disagreement.  largely because 
majnr gaps exist i n  our  undurstandinf of the 
nitrogen cycle.  k ' i thout precise quant i ta t iw 
knowledge of global sources and s inks  of  

42') 
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atmospheric N,O. no confidence can be 
placed in any  predictions. Essential informa- 
tion includes k n o u l e d g c  of the f r ac t im  of 
applied N-fertilizer that is returned to the 
atmosphere as N,O in a rc la t iwly short 
pcriud of t ime.  and uhe thc r  there is a 
long-tcmi effect  o n  N 2 0  c\~oIutiiin ratcs f rom 
agricultural soils o r  associated lakes and 
rivcr rystcms uhich arc  major receptacles 
h r  large quantit ies of nitrogenous \\astes. 
This  work is addressed primarily I O  the 
fomie r  (shor[-tcrin) prohlsni 

In addi t ion.  niore efficient use of nitrogen 
fertilizer depcnds  o n  an adequate knowledge 
of potential l (rss~s  of soil ni t rcysn.  Dentrifi- 
cation a n d  otlicr procsssss of nitrogen 
r s m w a l  h a v e  not hcen fully evaluated. 
[3artIs hccause of difficultics in measuring 
flux of NIO and N? under natural field 
conditions.  

hlATERIALS AND hlETHODS 
Sites 
H A n n n u .  Thr. \ample siics W C K  located on Fox 
sandy Ioani. a well-draincd soil described hy J Richardsctal. (lY49)andcurrcntl) r lairif iedara 
Gray Brwvn Lu\,isol. The piots were planted io 
corn (Zcn mnys L.) and ircawd with dilfereni 
rates of ",NO:, in thc rnnge 0-336 kg N.ha-'. 
The fertilizer was  hroadcast (17 hlay 1Y78and 10 
hlay 1919) and inrwpardtrd into ihr soil. 
Planting took place on 19 May 1Y78 and 10 hlay 
197'). The sample chanihers ncrc placed 
mid-row. These plots were pm 01 a longer-term 
siud! whcrc the trcatmcnt~ had heen rcpcatad on 
the sanic phris ;mnu:illy sinr,e 1Y70. Con- 
svquc-ntly the raw in imni3 i i<m musi include 
cimsidcratiun uf an! rchidu;!l effects f rmi 
prsviiws yearr. 
WOODSLEE. I n  !hi, c a w  the sites \kcre lorated on 
Brookston clay (Orrhic Humic GIcy\ol) wiih p w r  
natural drain:ip (Richards ci a l .  I Y I Y ) .  A IO-m' 
plot u a s  culiivated and divided iniil live ?-my 
siteb. F w r  of thew sile3 ULW trraied u i i h  
different raws dfcrti l izcr:  KNO.l and urcacach ai 
168 and 336 kg "ha-'. r c~pc r t iw ly ,  KNO,, u s  
applied on I Y  Oct. 1917 and urea \sa> appliedon 
I I Apr. 1YlR. One site w a s  left  unircated as a 
coniriil plni. Four chanihm ~ c r r .  inslalkd in 
each lor replicaw mcawcnicnt. .  During thc 
period I 4  M a y - I 3  Junk, IWV. >itc\ of thc same 

:--I 



.?,nibicnt N,O IcvcIs were measured routinely 
-31 n e r c  similar to !hose reporied by others 
. Iknut i  21 AI. IY78: Gcildan et al. 1Y78: Picrotti 
2 ~ d  Rasmussen 1977). 'For the period July 
IV77-Jul! 1979. ambient l e v e l s  averaged 335.7 
: 15.8 pph (t- 8 ) .  This \ , due  is higher ihan the 
~ A c  n c  reponed carlicr(303 t- IOppb. Findlay 
z.:: \liKsnnc) 1979) when adifferent calibration 
.:rnd:ird u a s  used. 

5:wrd p3peri (Pierotti et al. 1978: Coldsn e l  
2: I V X :  Picrotti and Rasmusscn IY77) have 
w w d  thc nccd Sor intrrlahoratory comparisons 
v: Lalihraticm standards uhere absolute accuracy . 
1. I,* hi. e*l imaied. \\hereas this is rewired for  
:::-.rniining ahsolute tropospheric concentraiions 
' Y2Cl and possibly for identifying long-term 
''::..I\. i t  shcwld perhaps he emphasized that rate 
: .:.u?.'mcnis rqxirtcd hcrc require only relative 
. '.,.: r,irdtitm nicasurcmunts. Thus rates can. i n  

.h F<>t?d precision van be ohtained i n  
i t  i \  chtrcnicly diSficul1 to  determine the 

' .  ' . I  1'1 oi'cumiy b c c u s c  OS experimental and ' 

. '  ~ . : ~ ' n n ~ t n i > I  fncturs (Denmead lY7Y: hlathiss 
,. 2 . 1!J7Yl. Thc scatter observed in yield-time 
' .~ ( 5  t,r morc points) cwrespnndcd i o  a 
'.' , !ul i< 'n  c > i  -8  x I O "  ni,ll~cules.cni-2-s-': i . e .  

- I  2 5"; unwrtainty Sur rates greater than I 5  

.. , .... ., irlc 31 least. bc mcasured quite accurately. 
. .  

. ,  
. .  

. .. , , . . 
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x IO* molecules cni-'.s-' (Findlay and McKen- 
ncy 147Yl. 

Kcprnducihiliiy <if nieasurenwnts on a iicld 
samplu t a k n  Sroma Pyrex sample tube \vas better 
than 1st and the rcpnducibiliiy nf successive 
mcasuremcnts n S  amhicnt air d w u n  in from 
inside or  ouibidr. the lahuratory over a pcriod 
- 2  h u a h  typically 0.7!;. Rcpnrducihilily of 
\ucwssive mcarurrnicntr of standard niixturcb 
was similar or better. 

Calculatinn of Rat r s  

~~illculatcdSnvn the~lopcsllcast  sq~a rcs l t i i l i n~ . :~ r  
NcO yicld w r w s  tinic p l i m  .As rcpuricd 
pncviiwsly thlcKcnnc) ct 31. lY78: Findlay and 
hlcKcnncy 1979). ordinarily smip lcs  would he 
1:ihc.n at IS-niin intervals ( n c r  il period OS 60-75 
t i i in.  The linear plotr uhtaincd indimled nc, 
ohviws cSScct O S  increasing concrntration OS S,O 
io the rhamhcr o n  thc measured r.11~ uS NIO 
uwlution. O h v i < u d y  the N 2 0  conccniraiion u i l l  
increase \Tithin ihe L+wd chatiibcr t o  a limit. I t  i \  
thcrcSuru npce ted  that yield-time curves should 
be non-Iinur.  Initially. ho\rcver. even for 
relatively high rater US productiun. apprminmtc 
lincarity uio o h x r w d .  N o  great advaniage was 
obtained hy using curvilincaran31ysis toca1cu1atc 
initial rates (Findla) and hlcKrnncy I Y 7 Y ) .  

RESULTS AND DISCUSSION 
Harrow Sile (For Sandy Loam) 
Nitrous oxide emission rates were  measured 
i n t h e r a n g e  - lO*to6 X 10"'moleculesN2O 
cm-?. s-'. which  were  comparahle  to rates 
measured on the s a m e  site d u r i n s  the 
summer  of 1977 (McKenncy  et al .  1978).  
Table  I s h o w s  the calculated rates measured 
for the periods 9 June- I6  Now 1978 and 
Y-I6 M a y  1979. I t  should bc noted that o v e r  
much of the  car ly  t ime period (9 June-20 
July 1978). despite considerahle  variabil i ty.  
there w a s  clearly a s t rong correlation 
between N1O flux and  rate of nitrogen 
fertilizer (NHJO,,) treatment.  T h e  da ta  c a n  
be represcnted by a s imple  regression 
equation (Tdble 2 )  durinf the ninnth o r  two 
f d l n w i n g  f c n i l i z ~ i n n .  

T h e s e  o h s r r u t i o n s  conf i rm o u r  ear l ier  
1977 s tudy  (5 lcKenncyr . t  a l .  1978) where  a 
similar  correlation \vas obtained fo r  this  t ype  
of soil. In  that casc. log,,, [Flux (n in l ccu l r s  

JR. J ~ L I  . vf N1O cniihsicm f r m  w i l b  in the Sicld were 
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N>O cm'"s-')] = 0.0023? [NH,NO,, (kg 
N 'ha ' ' ]  + 9 . 3 9  oYer ihe period 20-24 June  
IY77. I t  appears.  therefore. thar loss of 
fertilizer nitrogen as N,O occurs soon after 
application and  m a y  persist fo r  sevrral  
months before emission raws are reduced to  
"hac~kyround." \!'eather conditions u i l l  
h a w  an influence.  For exaniple. increased 
moisture k v c l s  x i 1 1  increase rates of N,O 
evolution (Hahn  and  Junye IY77: Frcney et 
31. 1978: Hutchinson and  hliisicr 1979).  

F i ru re  I s h < , a s  :ir:iicvcrsus t imegraph  fnr 
the plot trc:ilcd \\ i t h  336 kp h" ha- ' .  Thc  data 
p l w c d  arc thoze nicasursd in thc chamhcr  
which s h w r e d  ihe Iarccst cniission raws .  
almr \\ ith the data from thc control site for  
coinparison. 

Graphical intcpration of !he curve oh. 
taincd fcir thc i i i o s i  heLiviI! fertilized hitc 

.over  the first 80 days  indicalos a total l o s s  of 
0.846 kg h'.ha-'. Thix aniiiiinls to nnl! 

0.2.5% of the applied ",NO,,. Low. 
measured o n  the o ther  si tes *,ere smallcr. I; . 
should beernphasizcd. however.  that t h S L  
here is coarse-textured and  was c o n s i d e d  
IO he \r.ell-aeralcd with a moisture IcvcI ncil 
hclors. field capacity (13%. hlcKenney c: a! 
I Y7R) over most of the period (Tahk 21. Tt- 
\,ariahilit! ohscrvcd (Table  I )  ma) h 11.- 
rcsult of  charifing osygcn Icvels 31 niiJ3- 
copic sites in the soil (Hutchinson an.' 
hln5icr 1979: Smith et a l .  197x1 \<bx 
denitrification pn)cesscs arc  assun1c.J 1. 

occur tRusscll lY73: Alexander 
There is labnrator! cvidcnce. hoac . \ i r .  
s h n u  that sipnificanl production of N,()<.'' 
he  iihtained hy  autotrophic nitrifiL21',r 
(Bremncr  and Blackmer 1978) .  Our Cadb:' 
field mcasurenicntc ( h l c l i e n n c y  eta] .  lu-;' 
2nd I h o x  rcpc,ned here f rom o \ Z I  $<'' 
acralcd sandy Ioani lcnd some suppnn tc'!!.. 
zugycstion (Hutchinson  and hlosicr t u - - -  

,1 
,I 
"I 
I 
I 
I 

I 
1. 
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sixes ='ere smaller. I t  i 'yI . however .  that thesoil- 
d and was considered 

n i i h  a nioisture level well 
I3Cf.  McKenney el a). 
period (Table 2) .  The' 
T:ihle I I  m a s  he thc 

tli.l3-7R S.46 .L10 I37 O.61 6.(Kl- 5.4 

~ 2 7 . 7 ~  8 .42  .00?87 0.55 4.40 7 ,  

os-17-78 8.86 .(iniw 0.46 2.73 5.6 
,,S-34-78 Y . 3 8  .("'I - 0 .  1.1 C l  3.0 
I I Y - I ( I - ~ R  8 , Y U  .(10(1V 0.4h 2.63  2.8  
nu- 1%78 9.lW .(K1 I I V 0.34 I .35 1 1 . Y  
IIY-ZS-7S 8.hh  .Oil253 0.7R 15.63.' 6 .  I 
1r,-(u-78 4 . m  .00153 0.48 3.w 10.6 
ltl- 19-78 s . x 1  .O(llh7 0.25 <I 11.8 
Ill-30-78 8.87 .uo 1(10 0.3s 1.10 10.1 
11-16-78 ').us . m Y n  0.27 < I  . 

(15-0Y-7Y 9.18 .002?.X 0.60 6.75' . 
115.1 I - 7 Y  9.50 OOOYO 0.53 3.Y8 
01-16-7Y 9.35 .WIYl 0.69 Y.21' 

.. I- - Sipnificanl a, a pn,bahiliiy of 0.0s and 0.01. r c ~ p c c ~ i w l ~ .  
:Sm?ple ~ol lect ion dales. icnilized wid) 0. I 12. 221 and 336 Lg N.  ha-l on 17 h l q  1978 and 10 May 197Y. 
I r  = comelatic~n coefficient: F = ratio. rcgresiim rncm squareiresidunl rncan square. 

(17-20-78 8.61 . i X P Y 1  11.78 15.76'' 

11s-01-78 X.Y5 .MIIUI 0.4s .:.nu 3.6 

that nitrification processes can contr ihute  
suhstantial amounts of N,O to the atmos- 
phere. 

\Voodslee Site (Brooliston Clay) 
Yitrous oxide emission rates measured o v e r  
Hriwkston clay generally tended to b e  onc o r  
1 ~ 0  orders of niagniiudr greater than those 
o w r  sandy loam. Fluxes ranging from 7 X 
IO' to I . 5  x I O l 3  molecules N1O.cm-Z.s-' 
\ \ w e  measured over  !he period 3 Oct. 
lY77-Nov. 1978 on  the control .  KNO:, and  
m a  bites. and for thc pcriod I4 May-13 
Junc 1979 on  the ",NO,, site. Rate da13 arc  
h w n  in Fig.  2 and 3 and  Table 3.  I t  is 
i-\idcni that the degree of \,ariahilily is much  
niilrc pronounced over  this type of soil than 

sandy loam. Variaiions i n  r u e  f rom day  
[''dd!. 2nd cite to site were often as m u c h  as 
t \ ' , t l  i v  more orders o f  magnitude over  c lay.  
( I n  z m d y  loam. variability of ahout o n e  
,'xlcr of magnitude was the max imum 

. .  

observed.  Figure 2 s h o w  rates measured on  
the KNO,, site for the period 3 Oct .  1977-20 

variability observed from chamber  tu  
chamber  within one ? -mZarea  sampled only 
minutes  apan. Figure 2 and 3. a n d  Table  3 
clearly s h o n  that there is n o  apparent 
c ~ w r r l a t i o n  between NIO emission and 
KNO:, application rate. NIO flux is more 
pronounced during the f a l l  and  spring 
periods \ \here  high moisture levels limit 
aeration. 

The urea plots (not shmvn)  also s h o w d  
similar  variability from site to site and  from 
d a y  to day .  Azain no obvious correlation 
was seen b e t w e n  N20 flus and fertilizer 
trzatmenl.  

Result, obtained from the plots trealcd 
wilh NH,NO:, are shown in Table 3 .  T h e  
c s t r e m c  var iab i l i~y  ohserved can also bc 
seen in Table  I which 5hmr.c a regression 
analysis for data  ohtained ove r  the ",NO:! 

Dec. 1978. and illustrates the typical .. 

1-7 
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Fig. I .  N,Ocmision ralcs f < v  IJOdays following ",NO,, fcrtilizalion 17 hla? 1978on Fo\s~h l !  
Iaani.  H;inn\r. Rcwlts ,ho\vn are Iron1 Ihc chamher giving highest ratcs o w r  thc sile treated uith 3.b. 

7 
i 
! . .. kg N .  ha-' (0). Control sitc data (e) arc shown fur  comparison. .. 

sites.  Comparison o f  Tables 2 and 4 shows  
the marked contrast between resultsobtained 
from Fm sandy loam and from Brookston 
clay whcre the same fertilizer was used. T h e  
precise reason for the difference is not clear .  
The  soils are different with respect to 
texture. organic matter and  drainage. In 
addition the sandy soil had k e n  fertilized 
since IY70 at the rates indicated so that the 
control plots were undoubtedly l o u e r  in N 

. .~ . 
than their clay counterparts.  In an! c a s  
there uasnoapparentcorrelat~onofN',Ora~i- - 
with the substantial amounts of fenil izo 
nitrogen added to the clay soil. 

CONCLUSlONS - 
The  data presented here are not sufticicnl b' 
distinguish between the possible mcch- 
isms of N,O production. The results ds) n..( 
disagree with the well-knou'n h!p'thc>l! 
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thy counterparts. In any case ? 

p3rentcorreiati(lnofh'tOrate i 
amounts of fertilizer- 1 1 
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O c t .  Nov. DecMor. April Moy Sept. Oct. H39. : 

t 
I Log a w a y  N!O emission ralez uver Brooksion day.  \ \wdslcc. f o r  Ihc period'? Oa. 

.. . ..___ . . . 1977 I 1978 
Fig. 3 .  
1977-15 N w .  1978. KNO,, Ircalnient: 0 .  336: 0. 168: x .  O k g  N .  ha-'. j 

that denitrification may occur  in anaerobic  
microsites in a generally aerobic  soil mass 
(Russell  1973; Alexander 1977) .  If so. these 
data s h o u  that NIO evolution f rom such  
microsites niust h e  qui te  intense and  
persistent ove r  a relatively long period of  
t ime.  The  data  also suggest that the nuniher  
of such nlicrosites is much greater in c lay 
soil v h c r e  aeration may be niore restricted. 
Accord ing to  S m i t h e t a l .  (1978) .dcni t r i f ica-  
lion rates in snnie soils are apparently not 
increased hyc i the rh 'o ;  o r N O ;  addi t ions.  I t  
is possible that the N?O produced. especiall! 
i n  the well-acrated sand! loam.  may be f rom 
nitrification processes as indicated earlier 
(Hutchinson and Mosier 1979).  

T h e  relatively large variability in  ratcs of  
N?O evolution. particularly from clay soi l .  
illustrates the difficult! involved in a s w s -  
sin: ne1 g k h l  production r a w  requircd for  
calculalion of cffccts on the ozone  layer .  
Rates intcgratcd over  relatively long dura-  
tions and  under many soil situatinns are 

- 
required if  long-term effects  of applicd 
fertilizer on N,O e\wlution are to hr 
observed.  O u r  results for  sandy loam s h w  : 
that i t  is possible to obtain reasom- 
estimates of fertilizer-derived nitmpcn 
returned to the a tmosphere as N,O fn: 
perinds of s e w r a l  n i m h s  following app l im 
tion. information which is rsquired to a w "  
the impact o n  strlllospheric ozone I c ~ c l ~ .  
Our  data  which shou,  relatively small low'* 
of fcrlilizcr nitrogen as  N20 during the fc'u 

months fo l lov ing  fertilization agrcc w i t  
those reponed by Hutchinson and hk1.i:: 
( lY7Y I .  T h e  control site on  sandy lmni ha' 
not been fertilized with nitrogen since I'#+. 
a period of 9 yr. Conscqucnt ly .  soil n i t r y r r  
Ie\els on this sitc \\ere considerably hcl.'* 
those required for adcquate  plant gro\\th. !" 
N 2 0  ernihhion r3tes remained mcasursablc 2: - IO!' n i d c c u l e s .  cni-2. s-I. \$'ithin a!VW! 
80 days fd loa . ing  fe r~ i l izs l i t l~ .  
"hackground" ratch d N,O evolulion uCIc 
ohtained o n  all sites. I t  would aPP3:, 
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for  sandy loam s h o u  ' 
rtilizer-derived nitrogen ? 
: t k p h e r r  as N 2 0 - f v  
11 ths folloa ing appliFa- 
\ hich is required to assess 

1 
reasonable 1 

-term effects of applied 
a re  to be- 
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t h m f o r e .  rhat short-term (decade or less) 
<ffecis on lroposphcric NiO levels from 
applied fertilizer may he less ser ious than 

The  apparent lack of correlation hetwcen 
~~0 f lux and feni l izer  treatment on 
nrndxton clay in natural field conditions 
li~-li ru:fcstlz that short-term effects on N,O 
ciii ision xrc unlikcly 11) be w r y  large.  

OUI. d:its can hc uscd to roughly cstimate 
i k w l  N,O production from land surfaces. 
c\iti; a raw of 3 X IO'"  mnlccules 
;nl-? s-'. which 1nay be considered typical 

I;~rBrookstoncla!. and  multiplication by the 
r L y m c d  ( C A S T  1976) estitivates of har- 
\:tcd and non-harvected land areas. w e  

I 3  X IOr k; h'. yr-' i n  reasonable 
agicctnent with thc estimate.  20 x 1 0 9  kg 
5 XI-' made hy Hutchinson and  Mosier  
I IY791,'but considrrahly less than the global 
cc>tiin3te of 120 x IO9 kg N .  yr- '  (McElroy 
1'1 31. 1977). The  itiiplication of this l ower  
u l u e  in \,icw of the known burden of 
xmospheric  N*O has  becn discussed b y  
Hutchinson and  Mosier  (1979). W e  concur  
\ ( i t h  their conclusion that e i ther  the 
atninspheric l ifetime is considerably greater  
thm I O  yr as esiimated hy Junge ( 1974). thus 

ih31 i u s s e s t e d  by MCElrtr) et al .  (1Y77). 
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