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St Nitrous oxide emission from agricultural soil has been measured in two relatively

long-term studies over two different soit types, Brookston clay and Fox sandy loam.
Jocated a1t Woodslee and Harow Omario. respectively. The clay plots treated with

were routinely monitored for periods up 1 I yry Extreme variability in rates within the
range 10°-10° molecules-em™®-s'F was observed (1 % 10¢ molecutes-cny*-5' =
402 = 104 kg Nohat-duyt = 168 pe Nomr? Wy, Over sundy loam. rutes which
were Jower and more uniform (10"=10"" molecules-em™?-571) showed a strong

i correlation with amount of NH,NO, applicd. F\QO}J[ 0.25% dhapplied fertilizer was
released as N,O within 80 days following treafmient— ===

On a mesuré |'émission d"azote nitreux dans le cadre de dewux études de longue haleine
portant sur dewx types de sols agricoles, soit]'argile Brookston et le loam sableux Fox,
situés @ Woodslee et Hamow (Ontario} respectivement. Les parcelles d argile
diversement fumées (D-336 kg de N/ha) au nitrate d'ammonium, au nitrate de
polassiem ou & 1 'urée ont é1€ répulidrement étudiées pendant certaines périodes allant
jusqu’a 1 an. On observe unc extréme variabilité des taux d'émission dans I'écart de
i 107107 moléculesfs/cm. Sur loam sableaux, les taux d’émission. plus faibles et plus
: uniformes ( }0%- 10" moléculesfsfcm) révelenm une forte corrélation avec les apports
‘ de NH,NO,. Environ 0.25% dc 'engrals appliqué se dépage sous forme de N,O dans
les 80 jours suivant le trailement,
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We have recently published reports
(McKenney and Findlay 1978; McKenney et
al. 1978) of our swudy showing a strong
vorrelation between nitrous oxide (N,O)-
rroduction and extent of nitrogen fertilizer
spplication on Fox sandy loam. In this paper
in cxlension of the mvestigation involving
o relatively long-term studies is pre-
swnied.

Some incentives for interest in this
prublem are: Nitrous oxide is a product of
denitrification and other processes in soils.
These constitute a major source of atmos-
Pheric N,O (Hahn and Junge 1977) which in
furn is considered to be the dominant source
o! stratospheric nitric oxide. NO (Crutzen
Can. J. Soil Sci, 60: 429-438 (August 1980)

. 1971). Since subseguent chemical reaction

of NO and NQO, can catalytically destrov O,
in the stratosphere there is concern over
anthropogenic activities that might alter
global NyO levels. In particular. the effecton
atmospheric N,O fevels resulting from the
rapidly increasing agricultural use of
industrially produced N-fertilizer has been
the subject of a number of reports (Crutzen
1974: McElroy 1976: McEiroy et al. 1976,
Crutzen and Ehhalt 1977: Liu et al. 1976,
1977; Sze and Rice 1976). Estimates of the
exient of O3 depletion, however. show
considerable disagreement, largely because
major gaps cxist in our understanding of the
nitrogen cycle. Without precise quantitative
knowledge of global sources and sinks of
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atmospheric NyO, no confidence can be
placed in any predictions. Essential informa-
tion includes knowiedge of the fraction of
applied N-fertilizer that is returned to the
atmosphere as N,O in a relatively short
period of time, and whether there is a
long-term effect on N.,O cvolution rates from
agricultural soils or associated lakes and
river systems which are major receptacles
for large quantitics of nitrogenous wastes,
This work 15 addressed primurily 1o the
former (short-term) problem.

In addition. more cfficient use of nitrogen
fenilizer depends on un adequate knowledge
of potential losses of soi) pitrogen. Dentrifi-
cation and other processes of nitrogen
removal have not been fully evaluated.
partly because of difficultics in measuring
flux of N,O and N, under natural field
conditions.

MATERIALS AND METHODS

Sites

Harrow. The sample sites were located on Fox
sandy loam. a well-drained soil described by
Richards et al. (1949) and currently classified as a
Gray Brown Luvisol. The piots were planted 10
com (Zea mays L.} and treated with different
rates of NH,NQ, in the range 0-336 kg N-ha !,
The fentilizer was broadvast (17 May 1978 and 10
May 1979) and incorporated into the soil.
Planting took place on 19 May 1978 and 10 May
1979, The sample chambers were placed
mid-row. These plots were part of a longer-term
study where the treatments had been repeated on
the same plots annually since 1970, Con-
sequently the e informuation must include
consideration of anyv residual  effects from
previous ycars.

WooDSLEE. In this case the sites were located on
Brookston clay (Orthic Humic Gleysol) with poor
natural drainage (Richards et ul. 1949). A 10-m?
plot was cultivated and divided into five 2-m*
sites. Four of these sites were treated with
different rates of fertilizer: KNQ, und urea cachat
168 and 336 kg N-ha', respectively. KNO, was
applied on 19 Oct. 1977 and urca was applied on
IE Apr. 1978, One site was Teft untreated as a
control plot. Four chambers were installed in
cach for replicate measurements. During the
period 14 Mayv-13 June 1979 sites of the same

seil type treated with NH,NO; at rates of(}_—.."r-'—'-—«

224, 336 kg N-ha! and planted to com were
studicd. In this case. fertilization and
was done on 16 May 1979,

Field Chambers

The chambers or cunopies were openinded

atuminum cylinders. ~15 em diam by ~25 ¢
length. The cvlinders had a sharpened cutnng
edge on the bottom and were carefully giher
about 3-10 cm imo the soil by even pressure
apphicd to a heavy metal plate placed on top ot i,
eylinder, Care was taken to minimize disturbn:
the soil. The cyvlinders were left in plu;;
throughout  the  entire study. open 1w the
atmosphere exeept during the actual sampling
period.  Immediately  prior 0 sampling, =
plexigliss lid. fitted with a compression-sealir;
neaprene O-ring, was applied. Air samples were
drawn into the evacuated tubes throush &
hypodermic needle inserted through a septum:
port in the cover. The needke was left in the
chamber cover throughout the sampling petiod i
order 10 minimize pressure fluctuations betwecs
the inside and the vutside of the chamber. Lovees

of N,O due to diffusion through the needle wezs . &

calculated to be insignificant. A paddle-whee!
fitted through the [id was gently rotated severa!
times hefore each sampling.  Air and soii
temperatures  could be measured inside and
outside the chamber, T

Sampling
Gas samples were  collected as  desenhey

previously (Findlay and McKenney 1979)triny——

small {(~20 ¢m%) evacuated Pyrex tubes finee
with rubber septums.

For the long-term studies it was considerry
advantagcous w monitor as many as 12 chu:nl!‘-rtv -
over three different plots (four replivatesw ik
reasonably convenient time interval. Inoeees
cases, therefore, it was necessary o sample ol
three times per chamber at 30-min intenals

Analvtical )
Analvses for N,O were carried out e T
laboratory using a Perkin-Elmer 3920 B £
chromatograph cquipped with a N chotnT
capture detector and a Porapak Q stain
column. 3m » 0.3em (10fi % 18 =
Operating temperatures of the detectorn |n1:‘-".::
betw een column and detector (ECD). and oo ,'
were 350, 130 and SO°C. respectively 1Rz o
senetal. 19761, The carrier gis (Y80 arges

foss sl
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hune) flow rate was 30 em® min-', The
ne current was 3.0 X 10"A. Precise
+ien o the G.C. was accomplished through a
;.:,pldcrmis.‘ needie into an evacuated 1-cm? loop
.o eas sampling valve. Precision of 15 or better
\‘_.fpn.\_\ib]c using peak height measurements.
Soil moisture was determined gravimetrically.

‘alibration

fr > G.C. was routinely W tusually dailv)

seainst 20=100 ppm miatures of N.O in air
.auid Curbunic Apalvzed Calibratton mix-
;..:...-.\. Calibrazions were made using aliguots
wn o span the ringe of N,O levels normally
e a~ured. ~ 10 ppb to > 10 ppbh. We have found
- -avidenee of instability of the primary referenee
cendands over durptions of more than 1y,

Calibration drift resulting from variations in

en into account. Possible error caused by
-iations of maisture level {relative humidity) in
wmples (Guoldan et al, 1978) was investigated
. rundards contaming known added amounts
o water vapor. The ECD sensitivity for N,O was
spparently unaffected by the relatively small

: \/j ehoratony temperatore (Picrotti et al. 1978) was
. % :

@r-o.,'_;niiii-:) of water vapor in field samples.

inside amd =~ =

Ambient NuoO levels were measured routinely
od were similar to those reported by others
JPrerotti et al. 1978; Goldun et al. 1978: Picroni
«nd Rasmussen 1977). "For the period July
1977 -July 1979, ambient levels averaged 335.7
* 158 ppb (= 8). This value is higher than the
velue we reported carlier (303 = 10 ppb, Findlay
«ndMueKenney 1979) when a different calibration
stendurd was used.

Several papers (Picrotti et al. 1978; Goldan &1
<l 1978; Pierotti and Rasmussen 1977) have
vressed the need for interlaboratory comparisons

v valibration standards where absolute accuracy .

I~ 1o be estimated. Whereas this is required for
Lotermining absolute tropospheric concentrations
© N,0 and possibly for identifying long-term
“snds. it should perhaps be emphasized that rate
Teesurvmenis reported here require only relfative
+ Seuntration measurements. Thus rates can. in
“.moiple ar least, be measured quite accurately.
weh good precision can be obtained in
Slved it extremely difficult to determine the

ol aecuracy because of experimental and -

srenmentel factors (Denmead 1979 Mathias

+- 2 1WTY). The scatler observed in yield-time -

NS or more points) corresponded o a
~olution of ~8 % 10* molecules-eme?-s7t e,
<l = 8% unceertainty for rates greater than 13

x 10" molecules cnir?- 57! (Findlay and McKen-
ney 1979),

Reproducibility of measurements on a ficld
sample taken from a Pyrex sample tube was better
than 1% and the repraducibility of successive
measurements of ambient air drawn in from
inside or outside the laboratory over a period
~2 h was typically 0.7%. Reproducibility of
successive measurements of standard mixtures
wis simiilar or better.

Calculation of Rates

Rates of NyO emission from soils inthe field were
caleutated from the sjopes (least squares) of linear
NO yield versus time plois. As reported
previously (McKenney et al. 1Y78: Findlay and
McKenney 1979). ordinarily samples would be
tuken at 1 5-min intervals over a period of 60-75
min. The lincar plots ohtained indicaied no
obvious effectof increasing concentration of N.O
in the chamber on the measured rate of N,O
evolution. Obviously the N.O concentration will
increase within the closed chamber o a limit. 1is
therefure eapected that yield-1ime curves should
be non-lincar. Initiallv. however. even for
relatively high rates of production. approximate
lincarity wus observed. No great advamage was
ubtained by using curvilinear analysis to calculate
initial rates (Findlay and McKenney 1979).

RESULTS AND DISCUSSION
Harrow Site (Fox Sandy Loam)
Nitrous oxide emission rates were measured
in the range ~10%t0 6 x 10" molecules N,Q
em=?+s71 which were comparable to rates
measured on the same site during the
summer of 1977 (McKenney et al. 1978).
Table 1 shows the calculated rates measured
for the periods 9 June~16 Nov. 1978 and
Y916 May 1979. It should be noted that over
much of the early time period (9 June-20
July 1978). despite considerable variability.
there was clearly a strong correlation
between N,O flux and rate of nitrogen
fertilizer (NH;NQO,) treatment. The data can
be represemted by a simple regression
equation {Table 2} during the month or two
following fertilization.

These observations confirm our earlier
1977 study (McKenney et al. 1978) where a
similar correlation was obtained for this type

of soil. In that case. log,, {Flux {molecules
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Tuble 1. Meun N.O emission rates = (three replicates) measured over Fox sandy loam. Harrow, fmvu;
June Y- 16 Nove, 1978 and 9- 16 May 1979

o Molecules NLO o> [0%-em 20 87!

T —
NHNO, tremiment (kg N - ha™ b o
Dute 0 L2 224 136
(h-im-TR TNk} Iz 14.3=2.84 R = Y S
(6-12-78 1A= 101 1672176 R Y TV 41.4=25 1
(6-15-78 I.82= .42 RIRLER S 34293 4182242
(700678 3262088 2732103 IR 6= 2004 23.4= 15 1
07-11-78 1.0320.200 L. A220.8 1432013 4382410
07-20-7% 0.5320.04 0.7020.54 3 16=3.12 41082080
07-27-7% 0.28=0.077 0.65=0.7} 2662150 2.30~0.58
%-03-78 T2z 120 0.30=0.28 7.92z6.02 2.80=1.12
Ox-17-78 0.632(L36 0.8520.52 2AAz290 386~ 300
08-23-78 0412070 6.52210.6 1.63=2.0] 0.82=0 48
au-07-78 0.8] =136 0.85=0.7u 1.22=0.63 224168
u_10.7R F65z0.24 1.32=0.42 161218 S.eY=4]y
09-28-78 0.5220.60 0.58z10.4Y P69z 0.5% a7z
{1 04-78 1.1920.56 1.55=4.27 2.08=1.43 314116
10-19-78 1.0520.59 G.01=0.01 0.81=0.76 3.86=4.77
10-30-78 053209 1.26=1.08 1352010 L20=40y
1i-16-78 1.32=1.01 0.3720.41 1.63=1.49 4.70=5.01
03-0-T9 01620, 14 04iz0.12 0532033 0.71 =030
0S-11-74 0.27=0.10 0.4720.3 0.37=0.16 0.65=0.18.
05-16-7¢ 0.2420.10 0.3220.25 0.53=0.22 1.00=0.53
N,O cm®g )] = 0.00232 [NH,NO, (kg 0.25% of the appliecd NH,NO,. Lowe

N-ha'] + 9.39 over the period 20-24 June
1977. It appears. therefore. that loss of
fertilizer nitrogen as N,O occurs soon after
application and mav persist for several
months before emission rates are reduced (0
“hackground.” Weather conditions will
have an influence. For example, increased
moisture levels will increase rates of N.O
evolution (Hahn and Junge 1977: Freney et
al. 1978: Hutchinson and Mosier 1979).

Ficure | showsarate versus time graph for
the plot treated with 336 kg N-ha-'. The data
plotted are thuse measured in the chamber
which showed the largest emission rates,
along with the data from the control site for
coOmparison.

Graphical integration of the curve ob-
tained for the most heavily fertilized site
-over the tirst 80 davs indicates a total loss of
0.846 kg N-ha-'. This amounts to only

measured on the other sites were smaller. i

_should be emphasized. however. thatthesom’

here is coarse-textured and was considered
10 be well-aerated with a moisture level wei
below field capacity (13% . McKemney ¢i 3!
1978} over most of the p;nud(Tahlg 2y Tk
variability observed (Table 1) may he th
result of changing oxygen levels at T
copic sites in the sml (Hutchinson and
Muosier 1979: Smith ct al. 1978) whwr
denitrification  processes are auunud 1.
occur (Russell 1973: Alexander 19477
There is laboratory evidence. howerer. t-
show that significant production of N0 ¢
be obtained by autotrophic  nitrificati®
(Bremner and Blackmer 1978). Our carly
ficld measurements (McKenney et al. Ty
and those reported here from over wel
acrated sandy loam lend somie support i
SuLgestion (Hutchinson and Mosier 197~
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Table 2. Regressionanalysis ¥ =@ + bX . where ¥ = Log,, IN;O flux (melecules em™* - 7"} and X = NH,NO,. kg
N - ha', applicd N fentilizer. Field 52, Fox sandy loam. Rescarch Station, Harow
Soil
moisture

Date? u b rt F )]
(Ho-ON-TK .00 00432 0.87 31.40% 14
h-12-78 v.i7 A2 .87 1244~ B.2
(- 15-78 .14 0004 0.84 24,11 B.5
17-06-78 Yy.34 0281 0.75 13,13 ¥.1
- 13-718 £.96 00137 0.61 6 .00* 54
07-20-78 B.61 00293 0.78 15.76" -
07-27-78 5.4 (K283 .35 4,40 22
18-03-78 R.05 001K 048 .08 3.6
08-17-78 8.86 KUER! .46 293 5.6
(8-24-78 Yy iR L0 -0 14 < | 3.0
ny-10=78 8.0 000w 0.46 2.63 2.8
09-149-78 9,(H ReAIREY 0.34 .35 1.9
(m-28-78 §.66 L2532 0.78 15,637 Rt
1{i-(M-T78 Y.05 00153 0.48 304 10.6
10-19-7R §.20 00167 .25 <1 1.8
10-30-78 8.87 00100 0.38 1.70 1ot
11-16-78 9.08 000 0.27 <l -
03-0u-79 9,18 00238 0.60 6.75* -
03-11-79 9.50 00090 0.53 348 -
05-16-79 435 00191 0.69 920 -

*.*= = Significam a1 a probability of 0.05 and 0.01, respectively.
*Sumple collection dates. fentilized with 0, 112, 224 and 336 kg N-ha=' on 17 Muy 1978 and 10 May 1979.
tr = correlation coefficient: £ = ratio, regression mean square/residual mean square.,

that nitrification processes can contribute
substantial amounts of N,O to the atmos-
phere.

Woodslee Site (Brookston Clay)

Nitrous oxide emission rales measured over
Brookston clay generally tended to be onc or
two orders of magnitude greater than those
vver sandy loam. Fluxes ranging from 7 X
10" to 1.5 x 10 molecules N,O-cm™2- 57!
were measured over the period 3 Oct.
1977-Nov. 1978 on the control. KNO, and
urey sites, and for the period 14 May-13
lune 1979 on the NH,NO, site. Rate data are
*hown in Fig. 2 and 3 and Tabic 3. It is
evident that the degree of variability is much
more pronounced over this type of soil than
uver sandy loam. Variations in rate from day
b duv and site to site were often as much as
o or more orders of magnitude over clay,
On sundy loam. variability of about one
vrder of magnilude was the maximum

observed, Figure 2 shows rates measured on
the KNQ, site for the period 3 Oct. 1977-20
Dec. 1978, and iliustrates the typical
variability observed from chamber to
chamber within one 2-m? area sampled only
minutes apart. Figure 2 and 3, and Table 3
clearly show that there is no apparent
correlation  between N,O  emission and
KNQ, application rate. N.O flux is more
pronounced during the fall and spring
penods where high moisture levels Limit
aeration.

The wurea plots (not shown) also showed
similar variability from site to site and from
day to day. Again no obvious correlation
was seen between N,O flux and fertilizer
treatment.

Results obtained from the plots treated
with NH,NQ, are shown in Table 3. The
extreme variability observed can also be
seen in Table 4 which shows a regression
analysis for data obtained over the NH,NQ,
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N.O emission rates for 140 days following NH,NQ; fertilization |7 May 1978 on Foy samy

loam. Harrow. Results shown are from the chamber giving highest rates over the site treated with 33

kg N-ha~! (o). Control site data (®) are shown f

sites. Comparison of Tables 2 and 4 shows
the marked contrast between results obtained
from Fox sundy loam and from Brookston
clay where the same fertilizer was used. The
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 been fertilized
since 1970 at the rates indicated so that the
control plots were undoubtedly lower in N

Table 3. Meuan N.O emission rates = o (3 replicates) n

T comparison.

than their clay counterparts. In any caw

there was no apparent correlation of N,O rak -

with the substantial amounts of fertilize:
nitrogen added to the clay soil.

CONCLUSIONS

Rl ——— ]

The data presented here are not sufficient ¥
distinguish between the possible mechar
isms of N,O production. The results do n.x
disagree with the well-known hypothest:

. et i
reasured over Brookston clay. Woodslee for the pene

May-13 June 1979

4 Molecubes N,O = 104 ¢cm=7 - 577 )
NH NO;, treatment (kg N - ha™)

Date 0 112 224 ke f’
05-14-79 1552520 2652116 31523496 874zl La
05-17-79 17.0213.0 5352108 1342169 9.5 16
05-22-79 1972189 20.3= 19.4 16.8=15.8 342410
06-04-74 S80= 690 1 190= 1060 R0=1.770
0b6-13-749 16,1=128 5635 azoz40t
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NCLUSIONS
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i the well-known hypothesis
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Fig. 2. N,O emission rates for Woodslee Brovkston clay, October-December 1977 illustrating

tpical variability for this soil. Results shown were obtained from the four chambers situated on the site
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Tble 4, Regression analysis ¥ = a + bX. where ¥ = Log ,, [N.O flux (molecules - em-2 - s Hland X = NH,NO,,
kp N-ha-'_ applied N-femilizer. Brookston clay . Woodslee

Cuorrelation

coefficient F-value
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that denitrification may occur in anaerobic
microsites in a generally aerobic soil mass
(Russell 1973 Alexander 1977). If so. these
data show that N,O evolution from such
microsites  must be quite intense and
persistent over a relatively long period of
time. The data also suggest that the number
of such microsites is much greater in clay
soil where acration may be niore restricted.
According 1o Smith et al. (1978). denitrifica-
lion rates in some soils are apparently not
increased by ¢ither NO3 or NO3 additiens. h
is possible that the N,O produced. especially
in the well-acrated sandy loam. may be from
nitrification processes as indicated carlier
{Hutchinson and Mosier 1979),

The refatively Jarge variability in rates of
N,O evolution. particutarly from clay soil.
ilustrates the difficulty involved in asses-
sing net global production rates required for
calculation of effects on the ozone laver,
Rates integrated over relatively long dura-
tions and under many seil situations are

I-10

required if long-term effects of applicd
fertilizer on N,O evolution are to b
observed. Our results for sandy loam show
that it is possible to obtain reasonable———
estimates  of fertilizer-derived mitrogen
returned to the atmosphere as N,O for
periods of several months following applica-
tion. information which is required to asses
the impact on stratospheric ozone levels.
Our data which show relatively small losse
of ferulizer nitrogen as N,O during the l"_'v
months following fertilization agree Wit
those reported by Hutchinson and Mosie
(1979). The control site on sandy joam b~
not been fertilized with nitrogen since 196%.
a period of 9 yr. Consequently, soil nitroge?
levels on this site were considerably below
those required for adequate plant growth. ye!
N.O emission rates remained measuscable 3
~10* molecules - em=2- 571, Within about
80 davs following fentilizition.
“bhackground ™ rates of N,O evolution were
obtained on all sites, It would appeas

"l -
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therefore. that short-term (decade or less)
effects on tropospheric N,O Jevels from
applied fertilizer may be less serious than
that suggested by McElroy et al. (1977),

The apparent lack of correlation beiween
N,O flux and ferilizer treatment on
B;mkswn clay in natural ficld conditions
alsv seggests that short-term effects on N,O
emission are unlikely 0 be very large.

Our data can be used to roughly estimate
wial N.Q production from jand surfaces.
Using a rate of 3 x 10" molecules:
em™? - 571 which may be considered typical
tor Braokston clay. and multiplication by the
reporied (CAST 1976) estimates of har-
vested and non-harvested land areas. we
vhiain 13 X 10" kg N-yr! in reasonable
agreement with the estimate. 20 x 10% kg
Noar7' made by Hutchinson and Mosier
(1979). but considerably less than the global
estimate of 120 x 10% kg N - yr=! (McElroy
et al. 1977). The implication of this lower
vulue in view of the known burden of
atmospheric N,O has been discussed by
Hutchinson and Mosier (1979). We concur
with their conclusion that either the
atmospheric lifetime is considerably greater
thian 10 yr as estimated by Junge (1974). thus
implying smaller global emissions, and/or
thit the oceans. fresh waler media or some
unknown source constitute a substantial net
source of N,O.
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