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EFFECTS OF DIFFERENT NITROGEN FERTILIZERS ON EMISSION OF ZiITROUS O X I D E  FROM SOIL 

G. A .  Sreitenbeck, A. N. Blackmer, and 3 .  X. Sremner 

Department of Agronomy, Iowa State UnLiersity, h e s ,  Iowa 50011 

1, 

~ 

] 

4bStraCt. Field studies of emissions of ni- - 
T T O U ~  oxide (N20) from a fallow soil treated with 
2;f:rrent farms and amounts of fertilizer N 
jil~wed that N20 emissions from plots treated with 
:: in the form of ammonium sulfate o r  urea marked- 
!V exceeded those from plots treated with the 
ja2e amount of ?i in the form of calcium nitrate. 
:]lis supports evidence from laboratory research 
:+,at m s t  of the N20 svolved from soils treated 
:;i:h i.mmonium and ammonium-producing fertili- 
; d r ~  is generated by nitrifying microorganisms 
j u r i n g  oxidation of ammonium to nitrate and 
:lot, as previously assumed, through reduction 

fertilizer-derived nitrate by denitrifying 
~icraorganisms. 
treated with fertilizer s as amnonium sulfate 
or urea increased with the amount o f  N applied. 
5iissions of '420 in 2 5  days were increzsed 329-  
Jli:: by application of 125 k: 9 ha- l  as 
--onium sulfate or urea and increased 1024- 
I>L?% by the application of 250 ks X ha-' in 
c:,ese forms, but these applications did not  
~arkedly increase Y 7 0  emissions after 25 days. 
aid the fertilizer-induced emissions o f  X20-N 
observed in 9 6  days f rom plots t:eated with 
ammonium sulfate or urea represented o n l y  0.11- 
0.18% of Che fertilizer S applied. Emissions 
o f  ?i20 from plots treated with different amounts 
of N as calcium nitrate did n o t  increase with 
the amount of 9 applied and were n o t  nppre- 
ciably greater than the emissions observed 
..^ ..;.en no fertilizer s was added. 

Emissions of ?i,O from plots 

Introduction 

?here is concern that increased nitrogen ( ? I )  
fertilization of soils to aid world food produc- 
tion may substantially increase emissions of 
ni:rous oxide (N,O) from sails and thereby pose 
a threat to :he Stratospheric 3 m n e  layer pro- 
tecting :he biosphere from biologically harmful 
ultraviolet radiation from the sun (see  Council 
for AgricuItural Science and Technology, 1976 ; '  
C r n t z e n  and Ehhalt, 1977 ;  Liu et al.. 1977 ;  
:.!cElroy et al., 1 9 7 7 ) .  Although it has been 
generally assumed that this threat is from N20 
?rodwed by denitrification of fertilizrr- 
derived nitrate in soils under anaerobic condi- 
: ions,  recent laboratory studies (Blackmer and 
Sremner, 1 9 7 7 ;  Bremner and 8lackmer. 1978 ,  
1979a.b) have provided evidence that N20 is 
released to the atmosphere during nitrification 
of ammonium and ammonium-producing fertilizers 
in sails and that nitrifying microorganisms con-. 
tribute significantly to emissions of !i,O from 
ioils. Because most of the fercilirer ~v applied 
-0 sails is in the form of ammonium o r  ammonium- 
Jroducing fertilizers, there is an urgent need 
for reliable information concerning the effects 
oL these nitrifiable forms of fertilizer N on 
*missions of X 2 0  from soils. 
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We report here the results of highly replica- 
ted field experiments showing that fertilizer- 
induced emissions of N20 from plats treatad with 
nitrifiable forms of fertilizer N (ammonium 
sulfate and urea) markedly exceed those from 
plots receiving an equivalent treatment of fer- 
tilizer N as calcium nitrate. 

Experimental 

The experiments reported were performed on a 
firld at the Iowa State University Agronomy 
Research Center 10 km southwest of .bes .  The 
soil in this field was representative of Harps 
soil used extensively for c o r n  and soybean pro- 
duction in north-central lowa. A composite 
sample of surface (0-15 cm) soil collected at 
11 sites within the field had a pH of 8 . 2  and 
contained 32% sand, 3 2 2  clay, 4 . 0 %  organic 
carbon, 7.7% calcium carbonate, 15 'g a'monium 
N g-l and 30 ug nitrate ?1 g-l. 

' To study the effec:s of different nitrogen 
fertilizers on *missions of 9 0 three forms o f  
fertilizer S (ammonium sulfate. urea and calcium 
nitrate) were applied at two rates (125 to 250 
kg Zi ha-') to 7 2  plots, and S20 emissions from 
:hese plots were compared ,with those from 12 
unfertilized plots. An area approximately 30 m 
by 30 m was rototilled to a depth of 20 cn and 

ment, each plot was again rotocilled to a depth 
of 20 cm. Treatments were applied by sprinkling 
the plots evenly wich 1.5 liters of ilater or 
iiith 1.5 Liters of water containing the appro- 
priate form and amount of fertilizer S. Each 
of the seven treatxnts were replicated twice 
in each of six randomized complete blocks [each 
treatment was replicated 12 times t o  minimize 
e r ro r  due to spatial variability in emission of 
S20 from m i ? s  ( R o b b i n s  et al.. 1079)l. 

Rates of 9?0 emission from the experimental 
plots were measured by a chamber technique 
(Xatthias 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 N20 
analysis by a gas chromatographic technique that 
permits use of the xenon in air as an internal 
standard (Blacher and Sremner, 1 9 7 8 ) .  

Soil temperature was measured 2t a depch of 
7.5 cm below the soil surface by a mercury 
:hermometer. Soil moisture content was deter- 
mined by gravimetric decerminarion of weigh: 
loss when soil samples collected 7.5 to 1 2 . 5  cm 
below the soil surface were dried at 105'C f o r  
24 hours. It is expressed as  a percentage of 
oven-dry soil. The fisld capacity of the soil 
in the experimental area was determined as 
des=-ibed by Peters ( 1 9 6 5 ) .  
nium and nitrate in soil samples (0-15 cm) 
taken at various times after application o f  
fertilizer N were determined as aescribed by 
Bremner and Kreney ( 1 9 6 6 ) .  

2 '  

d' Lv~ded . into 8& plats. After appropriate treat- 

Exchangeable avo- 

I 



fertilteer N added] x 100 

Results and Discussion 

Figure 1 and Table 1 show that treatment of 
plots with fertilizer N as ammonium sulfate or 
urea led to marked increases in emissions of S20, 
but that treatment of plots with fertilizer N 
as calcium nitrate did not lead to comparable 
increases in N,O Bmissions. Table 1 also shows 
that, whereas Zn increase in the rate of 
application of ammonium sulfate or urea from 
125 to 250 kg N ha-l led to a marked increase 
in emission of 1120. a corresponding increase in 
the amount of fertilizer N applied as calcium 
nitrate did not increase the amount of N20 
evolved. 

1978. 1979a) has shown that most of the N,O 
evolved from soils fertilized with ammonium 
sulfate or urea is generated within 2 weeks and 
that N,O emissions from such soils after about 
3 week5 are not significantly greater than N>O 
emissions from unfertilized soils. Figure 1- 
shows that a similar pattern of N 0 roduction 
was observed in our field study ot emissions of  
N 2 0  from plots treated with ammonium sulfate or 
urea. Soil analyses indieaced that most of the 
N added to these plats was nitrified (i.e. 
oxidized to nitrate) within 3 weeks (less than 
5% of this N could be recovered as amonium N 
after 21 days). These observations support our 
conclusion from laboratory research (Bremner 

Laboratory research (Bremner and Blackmer, 

? P  
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I 
Table 1. .Amounts of IT 0 Evolved from Plots Treated with Different FaKms and Amounts of Fe 2 Nitrogen 

Nitrogen fertilizer Fertilizer-induced emission of 
N20-N calculated as % of N added -1 Amount of N 0-N evolved (g ha ) 2 added 

Amount 
Forma (kg N ha-’) 13 daysb 25 daysb 4 3  daysb 96 daysb’c 1 3  days 25 days 6 3  days 

- - - - None 1 6  2 1  55 330 

CN 1 2 5  23(144) 35(167) 77(140) 382(116) 0.01 0.01 0.02 

CN 250 24(150) 34(162) 7 3 ( 1 3 i )  35a ( iog )  ~0.01 0.01 0 .01  

U 125 83(519) 90(429)  136(247)  503(153) 0 .05  0.06 0.07 

U 250 215(1344) 236(1124) 288(524) 617(196) 0.08 0 .09  0.09 

AS 125 114(713)  131(624)  184(335)  557(169) 0.08  0 . 0 9  0.10 

AS 250 267(166?j 298(1419) 355(645) 613(186) 0 .10 0.11 0 .12  

a .  Ch, calcium nitrate; U, urea; AS,  ammonium sulfate. 

bFigures in parentheses indicate amount of S?O-!I evolved calculated as percentage of amount e - from unfertilized soil. 

‘Analysis of variance showed that emissions o f  Y 2 0  f K O m  the plots treated with ammonium sulf 
urea were significantly higher (P = 0.01) than those from the plots treated with calcium n 
and that emissions of ?I20 from the plots treatsd with 250 kg S ha-1 as urea o r  ammonium u 
were significantly higher (P = 0.01) than those from the plots treated with 1 2 5  kg N ha-’ a 
or ammonium sulfate. 

d[(Amount of SIO-N evolved from fertilized plot - amount evolved from unfertilized plot) i a 

and Blackmer, 1973,  1979a)  that nost of 
evolved from soils fertilized with ammo 
sulfate o r  urea is generated by nitrify 
microorganisms during oxidation of  ammonium to 
nitrate brcause Figure 1 shows that most of the 
320 evolved in 6 weeks from plots treated with 
ammonium sulfate or urea was produced within 
the firsc 3 weeks. 

of the N20 evolved from soils treated with N 
fertilizers is produced through reduction of 
fertilizer-derived nitrate by denitrifying 
microorganisms under anaerobic conditions, 
attention should be dram to our finding that 
application of fertilizer S as calcium nitrate 
did not lead to a marked increase in N 2 0  
emissions from the plats studied (Figure 1 
ana Table 1) even though rainfall during the 
study period was considerably above average 
and the moisture content of the soil in the 
study area ( s e e  Figure 1) was frequently near. 
and at times above, field capacity (32%). This 
finding cannot be attributed to l a s s  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 N20 during this 
unusually wet period merits emphasis because it 
has been assumed that high soil moisture content 
promotes emission of N20 through reduction of 

in view of the general assumption that most 

~ 



B r e i t e n b e c k  e t  a l . :  E f f e c t s  of S i t r a g e n  F e r r i l i r e r s  

s h o r t - t e r m  s t u d i e s  can g r e a t l y  o v e r e s t i m a t e  
t h e s e  e f f e c t s .  T h i s  i s  i l l u s t r a t e d  by Table 1, 
which shows t h a t ,  whereas  t h e  f e r t i l i z e r - i n d u c e d  

were o n l y  0 . 8 6  t imes  g r e a t e r  t h a n  t h e  e m i s s i o n s  
from t h e  u n f e r t i l i z e d  p l o t s .  

Hahn and Junge  (1977) c a l c u l a t e d  t h a t ,  when 
s o i l s  a r e  t r e a t e d  w i t h  S f e r t i l i z e r s ,  t h e  amount 
o f  f e r t i l i z e r  N conver t ed  to N?O by s a i l  micro- 
o rgan i sms  d u r i n g  t h e  f i r s c  one or t w o  weeks a f t e r  
f e r t i l i z a t i o n  p r o b a b l y  r e p r e s e n t s  between 3 and 
12% o f  t h e  f e r t i l i z e r  X added.  Th i s  seems a 
grass  o v e r e s t i m a t e  of t h e  p e r c e n t a g e  of  f e r t i l i -  
zer x c o n v e r t e d  to x20 i n  s o i l s  t r e a t a d  w i t h  
ammonium s u l f a t e ,  urea o r  c a l c i u m  n i t r a t e  be- 
c a u s e  T a b l e  l shows t h a t  t h e  f e r t i l i z e r - i n d u c e d  
e m i s s i o n s  of !i,O-X we obse rved  i n  13 weeks a f t e r  
a p p l i c a t i o n  o f - t h e s e  f e r t i l i z e r s  r e p r e s e n t e d  
o n l y  0.01-0.18Z of  t h e  E e r t i l i z e r  N added.  I C  
s h o u l d  be no ted .  however, t h a t  work i n  p r o g r e s s  
h a s  shown t h a t  Y - 0  e m i s s i o n s  from s o i l s  f e r t i -  
1i;ed i i i t h  anhydrous  a m o n i a  markedly exceed 
t h o s e  f rom s o i l s  t r e a t e d  w i t h  ammonium s u l € a t e .  
urea o r  ca i c ium n i t r a t e  (Bremner and Blackmer. .AMMONIUM SULIPIE 

1979b) .  T h e  f e r t i l i z e r - i n d u c e d  e m i s s i o n s  of 
:;,,O-X obse rved  i n  t h e  work r e p o r t e d  i n  T a b l e  1 A CALCIUM NllPdli - NO FERTILIZER a?e similar to t h o s e  obse rved  i n  recent  l a b o r -  
ator:; s t u d i e s  (Bremner and alackmar. 1973. 
1 9 i S a j  0,' t h e  eifasts of 3nslonium s u l f a t e ,  urea 
and po ta s s ium n i t r a t e  un N,O e m i s s i o n s  from Iowa 
s o i l s  and i n  a recent  f i e l a  scudy (!!cSenney e t  
al.. 1973) o f  the effects of d i f f e r e n t  amounts 
o f  i lmonium n i t r a t e  oil U20 e m i s s i o n s  from two 
C a m d i a n  s a i l s .  

N20 EMISSION RATE 
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