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cicferent forms and amounts of fertilizer N
showed that N¥,0 emissions from plots treated wich

induced emissions of N,0 from plots treated with
nitrifiable forms of fertilizer N (ammonium
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EFFECTS OF DIFFERENT NITROGEN FERTILIZERS ON EMISSION OF NITROUS OXIDE FROM SOIL 'i
&= |
r G. A. Breitenbeck, A. M. Blackmer, and J. M. Bremner ii
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her .
Elow 5 Abstract. Field studies of emissions of ni- We report here the results of highly replica- _E
ta.) -rous oxide (N,0) from a fallow soil treated with ted field experiments showing that fertilizer- =|
'
JFL

v in the form of ammonium sulfate or urea marked-
1y axceeded those from plots treated with the
same amount of ¥ in the form of calecium nitrate.
-his supports evidence from laboratory research
zhat most of the N50 evolved from soils rtreated
cith ammonium and ammonium-producing fertili-
sers 1s generated by nitrifying microorganisms
furing oxidation of ammonium to nitrate and

not, as previocusly assumed, through reduction
of fertilizer-derived nitrate by denitrifying
microorganisms. Emissions of N¥,0 from plots
treared with fertilizer N as ammonium sulfate
pr urea increased with the amounc of N applied.
tmiggions of ¥,0 in 25 days were ingreased 329-
314% by application of 125 kg N ha-l as
anmonium sulfate or urea and increased 1024-
1310% by the application of 230 kg N ha™* in
raese forms, but these applications did not
sarkedly increase N,0 emissions after 25 days,
and the fervilizer-Induced emissions of N,0-N
observed in 96 days From plots treated with
ammonium sulfate or urea represented only 0.1l1-
0.18% of the fertilizer N applied. Emissions
of N30 from plots treated with different amounts
of ¥ as calcium nitrate did not increase with
the amount of ¥ appiied and w2re not appre-
ciablvy greater than the emissions observed

when no fercilizer N was added.

Introduccion

There is concern that increased nitrogen (N}
fertilizacion of soils to aid world feood produc-
tion may substantially increase emissions of
nitrous oxide (¥,0) from soils and thereby pose
a threat to the stratospheric ozome layer pro-
tecting the biosphere from biologically harmful
ultraviolet radiation from the sun (see Council
“or Agricultural Science and Technology, 1976;
Crutzen and Ehhalt, 1977; Liu er al., 1977;
MeElrov et al., 1977). Alchough it has baen
cenerally assumed that rthis threat is from N,0
oroduced by denitrificarion of fertilizer-
derived nitrate in soils under anaerobic condi-
tions, recent laboratorv studies (Blackmer and
3remner, 1977; Bremner and Blackmer, 1978,
1979a,b) have provided evidence that N,0 is
raleased to the atmosphere during nitrificatioen
of ammonium and ammounium-producing fertilizers

in soils and that nitrifying microorganisms con-,

tribute significantly to emissions of N,0 from
soils. Because most of the fertilizer ¥ applied
to soils is in the form of ammonium or ammonium-—
producing fertilizers, there is an urgent need
for reliable information cencerning the effects
of these nitrifiable forms of fertilizer ¥ on
smigsions of N,0 from soils.

suifate and urea) markedly exceed those from
plots receiving an equivalent treatment of fer-
tilizer N as calcium nicratce.

Experimental

The experiments reporcted were performed on a
field at the Iowa State University Agronomy
Research Center 10 km southwest of Ames. The
soil in this field was representative of Harps
s0il used extensively for corn and soybean pro-
duction in north-central Towa. A composite
sample of surface (0-13 cm) soil collecred at
12 sites within the field had a pH of 8.2 and
contained 32% sand, 32% clay, 4.9% organic
carbon, 7.7% calcium carbenare, 15 ug ammonium
¥ g™t and 30 ug nitrate ¥ g-l

* To study the effects of different nitrogen
ferrilizers on emissions of %,0, three forms o:
fertilizer ¥ (ammonium sulfate, urea and calcium
nictracte} were applied at two rates (123 to 230
xz N ha™ly to 72 plots, and Np0 emissions from
these plors were compavred with those frem 12
unfercilized plots. An area approximately 30 m
by 30 m was rotorilled to a depth of 20 cm and
divided into 84 piots. After appropriate treat-
ment, each plot was again rototillied ro a depth
of 20 cm. Treatments were applied by sprinkling
the plors evenly with 1.5 liters of water or
with 1.5 liters of water containing the appro-
priate form and amount of fertilizer N. Each
of the seven treatments were replicated twice
in each of six randomized complete blocks {[zach -
treatment was replicated 12 times to minimize
error due to spatial variability in emission of
Mq0 from soils (Robbimns et al., 1979}].

Rates of N,0 emission from the experimental
plots were measured by a chamber technique
(Marchias et al., 1979) involving placement of
an insulated cylindrical metal chamber over the
soil surface for 10 minutes and removal of air
samples from the chamber at intervals for 840
analysis by a gas chromatographic technique that
permits use of the xenon in air as an internal
standard (Blackmer and Bremner, 1978).

Scil temperature was measured &t a depth of
7.5 cm below the soil surface by a mercury
thermometer. Soil moisrure content was decer-
mined by gravimetric determinarion of weight
loss when soil samples collected 7.5 to 12.5 cm
below the soil surface were dried at 105°C for
24 hours. It is expressed as a percentage of
oven-dry soil. The field capacity of the soil
in the experimental area was determined as
described by Perers (1965). Exchangeable ammo-
nium and nitrate in soil samples (0-15 em)
taken at various times after application of

T s Stk . mrAEC . s dmren i ot

fertilizer N were determined as described by
Bremner and Keeney (1966).
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Table 1. Amounts of N,0 Evolved from Plots Treated with Different Forms and Amounts of Ferctilizer

Nitrogen

Nitrogen fertilizer Fertilizer-induced emissicn of

hagoage s St asmi Ut

]

added Amount of N,0-N evolved (g ha-l) ¥,0-N calculated as % of N addedd g

a  Amount_ b b b b :

Form (kg ¥ ha ™) 13 days 25 days 43 days 96 days €13 days 25 davs 43 days 96 days ﬁ

=

§x

None - 16 21 55 330 - - - - Ik
CN 125 23(144) 353(167) 77(140)  382(116) .01 0.01 0.02 0.04
cN 250 24(150) 34(162) 73(131) 358(109) <0.01 0.01 0.01 0.01
u 125 83(519) 90(429) 136{247)y 503(153) 0.05 G.06 0.07 0.14
u 250 215(1364) 236(1124) 288(524) 617(196) 0.08 0.09 .09 0.12
AS 125 1314(713) 131(624) 184(335) 557(169) 0.08 0.09 0.10 0.18
AS 250 267(166%) 298(1419) 355(645) 613(186) 0.10 0.11 0.12 0.11

a.,, : .
CN, calcium nitrate; U, vrea; AS, ammenium sulfate.

bFigures in parentheses indicate amount of N,0-M evolved calculated

from unfertilized soil,

as percentage of amount evolved

c . . A . - - . .
Analysis of variance showed that emissions of N40 from the plots treated with ammonium sulfate or

urea were significantly higher
and that emissions of N0 from
were significantly higher (P =
or ammonium sulfate.

d[(Amount of ¥,0-N evolved from
fertilizer N added] x 100.

Results and Discussion

Figure 1 and Table 1 show that treatment of
plots with fertilizer ¥ as ammonium sulfate or

urea led to marked increases in emissions of N,0,

but that treatment of plots with fertilizer N
as calcium nitrate did not lead to comparable
increases in ¥,0 emissions. Tabie 1 also shows
that, whereas an increase in the rate of
applicaticon of ammonium sulfate or urea from
125 to 250 kg N ha~l led to a marked increase
in emission of N30, a corresponding increase in
the amount of fertilizer N applied as calcium
nitrate did not increase the amount of N,0
evolved. -
Laboratory research (Bremner and Blackmer,
1978, 1979a) has shown that most of the N,0
evolved from soils fertilized with ammonium
sulfate or urea is generated within 2 weeks and
that N,0 emissions from such soils after about
3 weeks are not significantly greater than ¥,0
emissions from unfertilized soils. Figure 1~
shows that a similar pattern of N,0 production
was observed in our field study of emissions of
Ng©Q from plots treated with ammonium sulfate or
urea. Soil analyses indidacted that most of the
N added to these plots was nitrified (i.e.
oxidized to nitrate) within 3 weeks (less than
5% of this N could be recovered as ammonium N
after 21 days). These observations suppert our
conclusion from laboratory research (Bremner

(P = 0.01) than those from the plots treated with caleium nitrate
the piots treated with 250 kg ¥ ha~1
3.01) than those from the plots treated with 125 kg N ha

as urea or ammonium fulfate
T* as urea

fertilized plot - amount evelved from unfertilized plot) + amount of

and Blackmer, 1973, 1979a) that most of the @
evolved from soils fertilized with ammonium
sulfate or urea is generated by nicrifying
microorganisms during oxidation of ammonium to
nitrate because Figure 1 shows that most of the
No0 evolved in 6 weeks from plots treated with
ammonium sulfate or urea was produced within
the firsct 3 weeks.

In view of the general assumption that most
of the N0 evolved from soils treated with N
fertilizers is produced through reduction of
fertilizer-derived nitrate by denitrifyving
microorganisms under anaerobic conditions,
attention should be drawn to our finding chat
application of fertilizer N as calcium nitrate
did not lead to a marked increase in N,0
emissions from the plots studied (Figure L
and Table 1) even though rainfall during the
study period was considerably above average
and the moisture content of the soil in the
study area (see Figure 1) was frequently near,
and at times above, field capacity (32%). This
finding cannot be attributed to loss of nitrate
by leaching because soil analyses showed that
the nitrate-treated plots contained substantial
amounts of nitrate throughout the study period.
The fact that the nitrate-treated plots did not
evolve substantial amounts of N-0 during this
unusually wet period merits emphasis because it
has been assumed that high soil moisture content

‘promotes emission of N,0 through reducrion of
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Fig. 1. Results of measurements of N,0 emission
rates, soil temperature, soil meisture centent,
and rainfall during the period June I - July 14,
1979. Fertilizer ¥ was applied on June 2 (250
tg/ha). Each ¥N,0 emission rate reported repre-
sancs the mean -ate for 12 replicated plots.

nitrate to N,0 by denitrifying microorganisms.
Cur finding that No0 emissions from plots
fercilized with calcium nitrate were much smaller
than those from plots fertilized with ammonium
sulfate or urea is in harmonv with the results
of laboratery studies of the effects of ammonium
sulfiate, urea, and potassium nitrate on N,0
anissions from soils at different moisture con-
tents (Bremner and Blackmer, 1978, 1979a), and
it cleariy supports our conclusion that most of
the N50 evolved from soils treated with fertili-
sar ¥ as ammonium sulfate or urea is produced

2y pitrifying microorganisms during ouidaticn

37 this N to nitrate and not, as previously
1ssumed, by anaerobic denicrification of the
ditrate produced by these microorganisms.

The work reported shows that, to obtain re-
liable data in scudies of the effects of N fer-
tilizers on N0 emissions from soils, it is
tecessary to perform long-term studies because

. Breitenbeck et al.: Effects of Nitrogen Fertilizers 87

short-term studies can greatly overestimate
these effects. This is illustrated by Table 1,
which shows that, whareas the fertilizer-induced
emissions of N0 in 13 days from the plots
treated with 250 kg ¥ ha~t as ammonium sulfate
were 15.7 times greater than the emissions of
N0 from the unfertilized plots, the corres-
ponding fertilizer-induced emissions in 96 days
were only 0.86 times greater than the emissious
from the unfertilized plets.

Hahn and Junge (1977) calculated that, when
soils are treaced with N ferrilizers, the amount
of fertilizer N ceomverted to N,0 by soil micro-
organisms during the first one or two weeks afrer
fertilization probably represents between 3 and
12% of the fertilizer N added. This seems a
gross overestimate of the percencage of fertili-
zer N converted to N90 in soils treated with
ammonium sulfate, urea or calcium anitrate be-
cause Table 1 shows that the fertilizer-induced
emissions of N,0-¥ we observed in 1] weeks afrer
application of these fertilizers represented
only 0.01-0.18% of the fertilizer N added. It
should be noted, however, that work im progress
has shown that X,0 emissions from soils ferti-
lized with anhydrous ammonia markedly exceed
those from scils treated with ammonium sulfate,
urea or caicium nicrate (Bremner and Blackmer,
1979b). The fertilizer-induced emissions of
%,0-N observad in the work reported ia Table 1
are similar to those observed in recent labor-
atorvy studies (Bremner and Blackmer, 1978,
19792) of rhe arfacts of ammonium suifate, urea
and potassium nitrace on ¥,0 emissions from Iowa
soils and in a recenc field szudy {McKenney et
al., 1978) of the effects of different amounts
of ammonium nitrate on NZO emissions from two
Canadian soils.
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