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Soil Emissions of Nitric Oxide and Nitrous Oxide from No-till Corn 

Frank C. Thornton* and  Ralph J. Valente 

ABSTRACT 
t'crtilired agricullural soils can be a significant SOUWL of emissions 

,,f V O  and NIO into the atmosphere. This study was conducted t o  
&terinine the influence of N rale on the emisdons of l h w  gmes in 
.I so-till corn ( D o  mays L.) crop grown in western Tennessee. The 
i,,lltzcncc of N r a w  was assessed fur a 210-d period on rcplicalcd plots 
rprcirinl: 0, 140, and 252 kg N ha- '  (ON, 140N, and 252N) as ammo- 
,,iunt nitrate (AN). Plols were Iwnled an a Kuulun silt loam (fine-silty, 
,,,isd, thermic Typic Ochraqualf) a1 the West Tennessee Agricultural 
Exprimen1 Slalion in Jackson. TN. Gas fluxes were measured by 
.tittic chamber boxes located on plot% The measurement technique 
,,a.s aulomated and replicate chamber estimates were made eight times 
c I~ i ly  for the enlire study p r i o d .  Fertilizer application significantly 
;dfeclrd both NO and NIO emission rates. The cumulative N?O-N losl 
frllm the fertilizer lrealmenls was from 10 to 20-fold that of NO. 
OII  ilii areal basis, the 140N lrealmmt emitted 4.23 kg NIO-N and 
I K I Y  kg ha- '  o f  NO-N whereas the 252N treatment emittud 6.56 kg 
.s:O-N and 0.50 kg ha-'  NO-N. Soil parameters of water-filled pore 
*p;lcc (WFPS), NO1 and NH:, were correlated with N 2 0  emissionS 
lhut only soil NO; was correlated with NO flux. Our dntr. and more 
r ~ c ~ n l  data in the lileralure, suggest that NIO emissions from fertilized 
wil m;ry he considerably higher than previously lhoughl. Emissions 
4 S!O were 2.6 10 3.0% of the ferlilizer amounts applied. There 
hiehcr emissions may, in part. explain some of the reason for the 
4~urlfatl in lhe global N20 budget. 

ITKOGEN OXIDES (NzO, NO, and NO>) are important N trace gases in terms o f t h e  atmospheric chemistry 
nfboth the stratosphere and troposphere. As a greenhouse 
p s .  NIO tends to warm the lower atmosphere and the 
mrth's surface by its absorption and re-emission of radia- 
tion in the atmosphere (Bouwman, 1990). Nitric oxide 
(NO., = N O  + NO2) is important in controlling tropo- 
sphere ozone levels through its reaction with volatile 
nrganic compounds in the atmosphere. Tropospheric 
o~otic is a pollutant that negatively impacts forest and 
crnp growth, as well as human health. Despite efforts 
IO control NO, emissions, tropospheric ozone concentra- 
lions have continued to increase during the past decade 
(National Research Council, 1992). 

Prior to industrialization, the main source of these 
cniissions into the atmosphere was biological activity 
related to the soil processes of nitrification and denitrifi- 
cation A number of key factors such as soil moisture, 
C content, and soil aeration affect emission processes 
(Aulakh, 1992). The  magnitude of these emissions how- 
c w r .  is also dependent on soil levels of NH: and 
NOT, and with the advent of modern agriculture and 
the increased use of mineral fertilizers there has been 
an increase i n  soil emissions of these gases. 3Agriculturc; 
is Wesently cstimated to ~contiibute from 65. to 80% of; 
tFC.i@ anthropogenic N20; or up to 2 Tg N20-N yearly 
(International Panel on Climate Change,--l990: Iserman, 
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1994). Cropland is also thought to be a major emitter 
of NO. Davidson's (1991) analysis, albeit made from a 
limited data base, suggests that 30% of the 20  Tg of the 

agricultural activity. 
Although only a few studies have been performed to 

detcrmine the influence of N fertilizer application on the 
simultaneous emissions of N 2 0  and NO, they consistently 
demonstrate that fertilization increases emissions of ni- 
trogen oxides (see Williams et al., 1992). The  estimates 
of global emissions span a wide range and indicate that 

that <0.002% of applied urea was lost as NO, whereas 

11 

total NO budget is attributable to soil emissions from jj k 
I,. 
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I '  the NO/NzO ratios of emissions vary widely among 
studies. For example, Galbally et al. (1987) reported 

Hutchinson and Brams (1992) reported that 3 .2% of AN 
applied to a bermudagrass (Cynodoti hcrylon [L.] Pers.) 
pasture was lost as NO after 9 wk. Typically, soil efflux 
of NO and N 2 0  does not result in substantial N losses 

emissions are important in atmospheric chemical reac- 
tions in  both the troposphere and stratosphere (see Wil- 
liams et al., 1992). Shepherd et al. (1991) observed very 

and 5% was lost as N20 over 5 mo. The wide divergence 
in the estimates of NO and N:O emitted from soils is a 
result of both the large temporal and spatial variability 
associated with the ecological processes that control the 
emissions of these gases as well as differences associated 
with the measurements and the measurement methodolo- 
gies used. Environmental factors such as precipitation 
events can also significantly change efflux patterns by 
changing soil redox potential or affecting soil gas diffu- 
sivity and microbial activity (e.g., nitrification and deni- 
trification) and subsequent N gas production and efflux 
(Valente and Thornton, 1993). Coefficients of variation 
associated with emissions estimates for these gases arc 
typically between IO0 and 300% (Williams et al . ,  1992; 
Valente and Thornton, 1993; Valente et al., 1995). To 
some extent, this variation is due to the fact that discrete 
point estimates of gaseous emissions have been used to 
calculate flux. I t  is only recently that quasi-continuous 
measurements for extended periods of time have been 
made to f S i % i i F A u x e s ~ O X d - N ~ O  Gft- 

point estimates of soil trace gas efflux are not adequate 
to assess seasonal o r  annual losses of NO and NIO 
because continuous measurements are needed (Aulakh, 
1992). 

To address the need for daily flux measurenients to 
estimate NO and N2O eniissions from fertilized soils, 
we continuously measured NO and N20 emissions over 
a 210-d period from no-till corn fertilized at three N 
rates. In addition to gaseous eniissions. we monitored 

'I 

'1 compared with the amount of fertilizer applied, but these 

large losses where 11 % of fertilizer N was lost as NO :b 

aL-9-e and!Thornt%,,l9. +- 3) Many of the 
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soil chemical and physical properties in an attempt to 
understand mechanisms that cont ro l led these effluses. 

MATERIAL AND METHODS 
Site 

Emissions estimates were made at the West Tennessee .As- 
ricultural Experiment Station inlackson. T N  1 3 5 ' 3 7 ' 3 .  8 8 ' 5 0  
W) from 27 Apr. through 30 Nov. 1993. The soil i s  a Routon 
s i l t  loam derived from loess deposits 2 lo 5 m ihick. overlayin: 
Coastal Plain sediments. Table I l i s ts  selected propsnier o f  
thc soil. The field used for this experiment has been in no-rill 
corn for the past 4 yr. The long-term climaric dara 130-yr  
average) for the site indicate that mean annual rainfall i s  
1320 mm. with a mean annual temperature of  l7 'C.  and 
approximately 193 frost-free days during the :rowine season 
(Springer and Elder. 1980). 

A randomized complete block design ivirh three S m e ;  
and three replications was used to assess S $as emu\. The 
thrce fertility treatmentswere ON, 140N. and 353s applied a r  
A N  on 26 Apr. 1993. Corn (Pioneer 39251 was planred 2 1  
Apr. 1993 in 76 cm rows at 39000 seeds ha-:. The S 131~1 
were those recommended dryland corn for this soil. 110 ks 
N ha-', and the 252 k g  N ha-' rate was the upper-end S r3iz 
for corn grown on this soil under irrigation iirrigaiion \vas 
not used in our experiment). Four measuremenr plots \cere 
randomly established within each treatnient x block combin3- 
tion for a total o f  36 measurement locations. .At the itan o i  
the experiment on 27 Apr. 1993. two of the iour iamplinf 
locations within each treatment in Block I were used 10 n i 3 k  
measurements of NO and N20. The followins u e e k  the [ n o  
locations that were not chosen in Week I were wed IQ ni3k 

measurements. The following week the sati ie procedure u31 
used for the second experimental block to locafe m ~ i p l e  lw3- 
tions. This procedure was repeated. staning in \\esk I. for 
the third replicate block, after which the same seleciion !e- 
quence was repeated among blocks until the end o i  the experi- 
ment (30 Nov. 1993). Thus, each chamber replic3te a-irhin 3 
measurement plot for a treatment was sampled ever! 3 h iilr 
approximately I w k  (n  = 56) and each block n3i i3nipI:d 
five time (two consecutive weeks at a time1 rhroushnui the 
experiment. 

To minimize soil disturbance associated with the r e l ~ v 3 t i ~ ~ n  
of the measurement chambers throughour the esFritiienr. the 
six frames used to make measurements (see beloa I wers pl3;ed 
in the ground I wk before the measurements were ni3de. This 
enabled quick placement ofchamber sonto fr;imes N ith mini11131 
soil disturbance. 

Yield estimates were obtained by harvestins two 4.6;-n1 
scctionsof row in the middleofeach plot. Plots isere hmesteJ 

Table I .  Soil eharactcristics of the 0- lo  II-rni le!~r *of a R o u l n n  
silt learn Drillr to thc start of the CIneri i l lcnI.  

Texture. 9n 
Sand 
Silt 
Clay 

Hulk densify. Mg m - '  
PH 
NH:. rng kg- '  
NO;. mg kg-' 
P. mg k8-I 
Cn. rng kg-' 
hlg. mg kg-' 
K. me k c - '  

!4 
5 :  
:1 

1 6 1  I O . l 4 P  
5:s IO.:.? 
I..: 10.41 

to . -  (:.It 
I t ?  ,1-1 

i l b l  ,:ill 
4! 1 - 1  
I I J  ,161 

by hand and grain yields are expressed on a 10% moi,,urr. 
basis. 

: . :  , .  I ,  

., 
I Gas Measurements 

Mea~ureinents o f  NO and N2O emissions were madc ritb 
a static-chamber technique as previously described by vale@ : 

Y w .  
and Thornton (1993). Briefly, aluminum chambers (L b 
by H = 76.2 by 45.7 by 20.3 cm) opened and closed pnc-mpii. 
call? over an aluminum frame driven into the ground t o ,  
depth o f  20 em. Mul t ipon sequencing o f  chamber air =,,,,h 
allou'ed withdrawal of air samples from different chamhn ~ 

3-min intervals. In  contrast to the method described by Valcm 
and Thornton (1993) the Teco Model 46 NiO gas corrc\alim 
instrument (Thermo Environmental Instruments, Franklin, 
MA) was placed upstream of the Teco Model 42 used 
determine NO. The pump of IhcTeco Model 46 was bypassed 
and the Teco Model 42 pump was used lo withdraw unlplc 
air from chambers. This was done lo reduce the amounl 
sample withdrawn from chambers since the Model 42 withdrcr 
only 0.7 L min- '  rather than the I L i n i n - '  for the Teco M&l 
16. At 3-min intervals. NO and NzO measuremenis wcm 
performed and the emission rate and deposition rate calculard 
from the change in gas concentrations during the measurelrlcnt 
period. The calculation o f  NO emux rate was identical to that 
described by Valente andThornton (1993) in which a first-ordcr 
differential equation of the form 

~- dlNol - k ,  - k2 [NO] 
dr 

w a s  used to calculate a gross emissions rate; where k ,  i h  il 

constanl emission rate term. !+ is a loss term due to dcpositiain 
within the chamber. and I N 0 1  i s  NO concenrration. Emission 
esliniares for N20 were calculated using a linear model. 'Thc 
lower l imit of sensitivity for NO-N emissions was 0.W? ng 
S ni' s - '  and the lower limit for N 2 0  w a s  0.02 ng N ni: ' 
.At the end of the measurenient period, a l l  six chambers wcrc 
opened and remaincd open for 2 h until the next nieasurmtcnl 
cycle began. This sequence, o f  automated chamber closurc 
and the attendant sanipling of NO and N20 concenrr:ttions with 
tinis within chambers. w a s  repeated every 3 h. 24 h II day. 
throughout the experinlent. A Campbell Scientific Model CK7 
data logger (Campbell Scientific. Logan. UT)  was urcd t o  
conrrol [he opening and closing of chambers and collccr and 
store data gathered during each nieasurement cycle. 

\\eekly cftlibration chccks wcrc made for both N:0 ;tnd 
SO analyzers. Certified gases (Scott Specklty Gases. 
Plutiisreadville. PA) of N O  (19.24 pL L-') and N?O (80.6 
UL L - ' )  wcrc used 10 make multipoint calibrations. Cocllicicntr 
of detsmiination for slandard curves lor both gases was ciinsis- 
renil? 0.995 nr grc;tter throughout the study. Several t i l l les 
durine the study. line loss  tests were performed by introducinF 
sandaid eases directly into the sample lines of chambers. Ga\ 
10s throughout the 40-ni s;tmplc lines averaged approximalcl? 
5 %  and \\'as considered negligible Sor the calculations of ci i i ih- 
sion> rates. These finding are consistent with a previous 
d r h c  \!stem (Thornton and Valentc, 1992. unpublished data). 

Ancillary Measurements 
Sni l  Ieriiperaturc at 5- and 15-cm depths was continuousb 

inionitored by tiie;tns o f  it thermocouple during the study. 
Gr:ivinietric water content detcrmination~, based nn oven-drs , 
roi l  1105°C). Cor thc 0- 1 0  15-cni depth were made weekly. 
.A mil iitoisturc retention cur\'c w a s  dctcrntincd using triplicate 
un&~t t~rbed \oil cores l i ~ r  0.03. (1.(16 ;tnd 0. I MPe tension*: 
terbi<ms<,I0.3, O . S .  :ind I . 5  MI';, \~e~~detern t inedond is tu rk .~  
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yamples. The weekly determinations of gravimetric soil niois- 
lure were used to determine WFPS from the relationship where: 

Grav.H20 X Bulk Density 
ToVal Porosity WFPS = 

where porosity = I - (Bulk2Dhe;l\ity 

Rainfall was recorded using a tipping bucket rain gauge (Clima- 
tronics. Bohemia. NY) .  Soil samples were also collected 
weekly from the top IS-cm layer for chemical analysis of 
NOi and NH:. Soils were extracted with 2 M KCI and 
NOT and NH: determined by titration. Cation determinations 
were made using Mehlich 3 procedures (Mehlich, 1984) fol- 
lowed by ICP determinations. 

Statistical Analysis 
Gas Rux data were analyzed using the general linear models 

procedure in the Statistical Analysis Systems for personal 
computers (SAS Institute, 1993). Differences among treatment 
[means were evaluated using a Bonferroni t-test. Mean emission 
rates for NO and N1O were calculated for each treatment from 
the entire 2 IO-d experimental period. Correlation coefficients 
between soil parameters and trace gas efRux were estimated 
for the combined N treatments and the daily average efflux 
valuesfor NOandN20forthedaysonwhichthesoil parameters 
were measured. A 0.05 probability level was used to determine 
significant differences. 

RESULTS AND DISCUSSION 
Fertilizer application significantly affected emissions 

of both N2O and NO (Table 2, Fig. 1-3). Emissions of 
N 2 0  were more episodic in nature than NO, which was 
emitted a t  a somewhat uniform rate during the course 
of the study. The loss of fertilizer N during the study 
period was significantly influenced by N application rate 
for both N 2 0  ( F  = 73.5,  P = 0.OOOl) and NO ( F  = 
184. I, P = 0.OOOl) The  efflux of N 2 0  was 4.23 kg of 
N from the 140N treatment and 6.56 kg N in the 252N 
treatment (Table 2 ) .  Average emissions rates with no N 
application (control plots) were 10.4 and 3.5 ng N ni2 
s - '  for N20 and NO, respectively, resulting in a loss of 
1.98 kg N2O-N and 0.63 kg NO-N during the 2 1 0 4  
study. Emission rates of NO from the fertilized treatments 
were considerably lower than we measured in past studies 
on fertilize row c r o w i l t  loilm soil in 

middle Tennessee that had received I 0 0  kg N ha-',  we 
previously reported a midsummer rate of 2 4  ng NO-N 
m2 s - '  (Valente and Thornton, 1993). In a separate study 
on a red clay soil in Alabama, a cotton (Cussypiwn 
hirsuturn L.) crop receiving I 12 kg N ha-' had an average 
emission rate of 17 ng NO-N m2 s- '  (Valente e t  al., 
1995) or  an emission rate that was approximately five 
times higher than the present study. Williams et al. 
(1988) reported an even higher mean NO emission rate 
of 94 ng N m2 s-l for corn in Pennsylvania. Our results 
a re  more similar to those reported by Anderson and 
Levine (1987), who reported an average soil NO efflux 
rate of approximately 6.5 ng NO-N m2 SKI for plots 
receiving 163 kg N ha-'. However, in as much as varia- 
tion in emission rates across a single site is typically 
threefold (Davidson, 1991), it is not unreasonable to 
expect that variation among sites would have a variation 
that is IO-fold due to differences in soil texture and 
attendant water-holding capacity (Le., WFPS), timing 
and uptake of soil N, and cultural practices such as 
fertilizer type and placement that may affect emissions. 

Except for a few instances of significant denitrification 

160 - 
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Fig. 2. Data for a 210-d period for no-till corn receiving 140 N kg 
ha-':  (a) NO emission rate and rainfall, (h) NaO emission rate, 
and (c) soil NO;, NH:, and water-filled pore space (WFPS) for 
the 0- to 15-m depth. 

activity later in the season, most of the N2O emission 
occurred during the first month of the study. The typical. 
usually immediate, increase in NIO emissions following 
N application (Breitenbeck et al., 1980; Duxbury et al., 
1982) was evident in this study (Fig. 1-3). The N loss 
of N 2 0  from nonfertilized soil was considerably higher 
than that cited by Eichner (1990), who reported an aver- 
age emission of 0.8 kg N ha-' y r r '  for nonfertilized 
soils. The amount of fertilizer-derived N 2 0  emissions 
in  the present study is approximately sevenfold the aver- 
age loss of 0.44 kg N ha-' reported for AN in the review 
by Eichner (1990). The substantially higher values in 
our study, compared with the average given by Eichner 
(l990),  may be related to a number of factors including 
soil type, rainfall. timing of fertilizer application. and 
management practices, which can strongly influence 
emissions on a site-specific basis. These differences may 
also result from using average daily emission rates that 
a re  calculated from discrete point samples that a re  often- 
times only made once a week. Annual estimates require 
methods that use both long-term and highly time-resolved 
determinations of flux (Loftfield et al., 1992) and this 

Fig. 3. Data far a 210-d period fur no-lill corn receiving 252 N kg 
ha-':  (a) NO emission rate and rainfall, (b) N1O ernision rate, 
and (e) soil NO:, NH: , and rater-filled pore space (WFPS) for 
lhe 0-15 em depth. 

study attempts to address this need by having replicated 
measurements every several hours over 7 mo. 

Soil emissions of NO and N 2 0  were not affected by 
harvesting. We found no increase in emissions after the 
9 September harvest. W e  had speculated that increased 
C supply due to harvest residue would promote denitrifi- 
cation; however, soil moisture was very low and appar- 
ently little denitrification occurred. Hutchinson and 
Brams (1992) reported a stimulation in soil NO emission, 
but not NzO, after harvesting bermudagrass and specu- 
lated that increased soil temperature increased soil efflux 
of NO. 

More recent studies of N 2 0  and NO emissions from 
soils, not available at the time of Eichner's (1990) review, 
show higher emissions than she reported. Hutchinson 
and Brams (1992) reported that NO emissions during a 
9-wk study resulted i n  a 2.37 kg N ha- '  loss while NzO 
accounted for 0.35 kg N ha-'. Recent studies by Bronson 
et al. (1992) on conventially tilled corn over a 2-yr 
period measured N2O losses of 3.2 and I .6 kg N, similar 
to this study. Studies in Canada (Shepherd et al.,  1991) 
and in  Sweden (Hansen et al.,  1993) measured losses 
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Table 3. Correlalian cwfficienls fur NO and N,O soil emissions 
r a m  t i i lh  soil N and muislure SI Jackson. Th’. 

NO emission rate N1O emission rate 

Water-filled pore space 0.14 (NS)t 0.32 (O.wO1) 
N O i  0.25 (0.03) 0.39 (O.WO9) 
NH: 0.11 (NS) 0.30 (0.10) 

t ParenthdCaI vaIu~1( are the probability levels a-ivted with the corrcla- 
lion; N S  indicates slatistical nonsigniftcance. 

up to 5 .3% of the applied AN as  N’O. I n  the Canadian 
studies. I I % of the fertilizer N applied was lost as NO 
and efflux rates as high as  74 ng NO-N m’ s-’ were 
reported (Shepherd et al.,  1991). Although we measured 
NO emux rates as high as 143 ng NO-N m’ s-’ in our 
study, >95 % ofall NO measurements, o r  7584 separate 
measurements, indicated the NO emission rate was below 
14 ng N m2 s-’ Recent studies indicate greater loss rates 
of N via N2O efflux from soil, but our study, to the bcst 
of our knowledge, has some of the highest N’O emissions 
rates reported. Values calculated from the work of Eichner 
indicate an average emission rate of 34 ng N2O-N 
ni’ s-’, but Clayton et al. (1994) reported values as high 
as 1766 ng N m’ s- ’ ,  Emission values for N 2 0  as high 
as 994 ng N m’s-’ were measured in our study for the 
252N treatment. 

Table 3 shows the correlation coefficients of NO and 
N 2 0  efflux with soil WFPS, soil NO? and NH:. These 
parameters have been reported to strongly influence trace 
gas emissions from soil (Davidson, 1991). During the 
first 55 d of the study (through 30 June), WFPS averaged 
85% among the three treatments, the same time frame 
in which niost o f the  NzO was emitted from the soil. The 
high values for WFPS are reflected in the above-average 
rainfall for this period; precipitation was 20% above 
normal, or 50 mm in excess of the 30-yr average (Na- 
tional Oceanic and Atmospheric Administration, 1993). 
Denitrification becomes increasingly important as WFPS 
exceed 60% (Davidson, 1991) and our data support this 
ohservation. With decreasing rainfall in July, WFPS was 
typically <60% (the lowest value recorded was 14% on 
5 August; see Fig. 1-3) and denitrification became less 
important as  a factor i n  N loss. Precipitation for lune 
through August was 5 0 %  below normal, o r  192 mni 
below the 30-yr average (National Oceanic and Atnio- 
spheric Administration, 1993). This moisture deficit se- 
verely limited grain filling and yields for all treatments; 
yields fo r  the ON, 140N, and 252N treatnienls were 
2.62, 6.22, and 6 .56  Mg ha- ’ ,  respectively. 

Soil NO.: and NH: concentrations were correlated 
with N 2 0  emissions but only soil NOi was significantly 
linked to NO emissions (Table 3). The  literature reports 
of correlations between soil parameters such as NO.?, 
NH:. and WFPS and enlissions of NO and N 2 0  itre 
conflicting (Williamset al.,  1992). Our  resultsare similar 
to those of other researchers (Aulakh et al.,  1992; Bron- 
son and Mosier, 1993) who have reported weak or  no 
relationship between gaseous efllux and soil chemical 
itlid physical properties. Slcmr and Seiler (1991) contend 
th;lt although ample data exist showing that NO and 
N.0  cliiission rilles :Ire dependent on soil chemical and 
physic;rl prnperties. i t  is usually just one variable that 
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WFPS (“lo) 

Fig. 4. Relationship hetween NOIN20 emission ratc ratio and soil 
Hater-filled pore space (WFPS) during the study period. 

dominantly influences the emission rate. These research- 
ers further maintained that this masking of variables al 
a particular point in time, location, or  study is, in part, 
responsible for the oftentimes conflicting reports in the 
literature concerning the importance of a particular vari- 
able in influencing trace gas emissions. Several research- 
ers have speculated that C availability, and factors con- 
trolling C supply to microbial populations, may be more 
important in regulating denitrification than has custom- 
arily been thought, and most studies dealing with trace 
gas emissions have not dealt with this important aspect 
of trace gas efflux (Groffman and Tiedje, 1991; Whcatley 
and Williams, 1989). 

Although individual soil properties werc poorly corre- 
lated with N gas emissions, WFPS did a reasonable job 
(R’ = 0.57) of predicting the NO/NzO ratio (Fig. 4). 
These data support recent work (Davidson, 1993; Riley 
and Vitousek, 1994) indicating that this ratio is low when 
the soil is wet, typically in the spring, as  in our study, 
and N 2 0  emissions from denitrification dominate. Con- 
versely, ratios increase as the soil becomes drier and 
nitrification and NO emux become more important. 

SUMMARY 
This experiment demonstrated that loss of fertilizer N 

as  NzO was far greater than loss as NO; N loss via NzO 
was I O  to 20-fold more than that of NO lor the study. 
Nitrous oxide fluxes were positively correlated to WFPS, 
N O i ,  and NH: but only soil NOT values were correlated 
to NO flux. The ratio of NO/N?O emissions was reason- 
ably well correlated (R’ = 0.57) with WFPS and supports 
the conceptual hole-in-the-pipe model of Firestone and 
Davidson (1989). In their model the sum of NO + N 2 0  
emissions is related to the N applied. whcrcx  the relative 
proportion of NO vs. NzO is linked with WFPS. This 
experiment suggests that the magnitude of ferlilizer- 
derived emissions estimated by Eichner (1990) Irom AN 
may be low. This contention is also supported by recent 
studies (Hansen ct al.. 1993; Sheplicrd et al.. 1991) that 
also indicate much higher eniissions rates and suhscquent 
N from applied AN. Using an aver:tgc emission ratc of 
40 mg N 2 0 - N  from each kilogram olapplicd N .  Eichncr 
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(1990) estimatcd that 64.4 Gg N20-N was associated 
with the Of 16'2 Tg A N  worldwide for lhe 
Year 1988. Using the mean efflux value of the IWO 

fertilizer rates in our experiment to extrapolale, we would 
eslitnate that approximately 455 Gg NzO-N would he 
released from AN-feflilipd soil annually. Admittedly, 
extrapolat ion Of emissions data from One location for 
I yr on a fine-textured soil like the one used in this study 

in NIO release may he of importance in light of the fact 

8 Tg of emissions. It is also probable that the techniques 

(1992) better characterize temporal emissions patterns. 
which can affect budget estimates for a given biome. 
However, there are still a number of key areas yet to 
be adequately addressed in attempting to resolve emission 
estitnates on a global basis. Several of those requirements 
are mentioned in the recent modeling effort of Yienger 
and Levy (1995), who point to the need to (i) better 
characterize agricultural emissions from E~~~~~ and 
northern China and (ii) better estimate emissions from 
tropical grasslands. 

The present work also demonstrates an improved san -  
pling technique to allow for quasi-continuous sampling 
of both NzO and NO ,,as eff lux from ecOsystenls, we 

nitrous oxide emissions from fertilized grasslands using clam 
chambers. J. Gcophys. Res. 99: 16599-16607. 

Davidson, E.A. 1991. Fluxes of nitrous rrnidc and nitric oxide fm, 
terrcstrial ecosystems. p. 215-235. It1 J.E. Rogcrs and W.B. whit. 
man (cd.) Microbiological production and consumption of green. 
house gases. Am. SCK. Microbiol.. Washington, DC. 

oxide to nitric oxide emitted from soil. p. 369-386. In R,s, 
Davidson. E.A. 1993. Soil water content and the ratio of nitroUQ 

Orcmland (cd.) The biogcwhcmistry of global change: Radiative 

. .  

,. , 

is fraught with problems; however, this higher estimate 

that global N20 budgets cannot account for some 7 IO 

used in this experiment and those of Loftfield et ai. 

New Ynrk. 
Galbally. LE.. J.R. Fency. W.A.  Muirhcd. J.R. Simpsan. A.c. 

Trcvitt. and P.M.  Chalk. 1987. Emissions ofnitrogcn oxidcs(N0.) 
from a Aoided soil feflilizcd with m a :  Rclation to other nitrogen 
loss processes. 1. Atmos. Chem. 5:343-365. 

Groffman. P.M.. and1.M. Ticdje. 1991. Relatinnshipbetweendenitri. 
fication. CO, production and sir-filled porosity in soils of different 
texture and drainage. Soil Bioi. Biwhem. 23:299-302. 

Hansen. S..  J.E. Machlum. and L.R. Bakcr. 1993. N>O and CHI 4 1 fluxes in soil influenced by fenilizarion and tractor traffic. Soil 

Hutchinson. G.L.. and E.A. Brams. 1992. NO versus N>Oemissions 
\ lrom an NH:-amcndcd bermuda grass pasture. J. Geophys. Res. 

B i d  Biochcm. 25:621-630. 

9 7 : 9 8 8 9 - 9 8 9 6. 
are currently modifying this system to a&ornniodatc 
greater replicate sampling to improve our estimates of 
soil efflux for future study sites. 
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Determination of Microbial Biomass and Nitrogen Mineralization 
following Rewetting of Dried Soil 

A.  J .  Franzluebbers,* R .  L. Haney,  F. M. Hons ,  and D.  A. Zuherer 

ABSTRACT 
~ ~ , ~ r i ~ ~ r r u i l  testingprweduresthalarerspidandprecise arenwded 

,,, ,.,illlliltc agricultural surface soils for their potential to mineralize 
t '  ul,ll 5.  Our objwtives were to determine the optimum preincubation 

.ncr rewetting of dried soil for estimaling soil microbial biomass 
,\\111) and to identify a quick, reliable biochemical predictor of soil 
\ ,81ixwdization potential. Biwhemieal determinations of SMB were 
rr,l.rwi on a Wewood silty clay loam (fine, mixed, thermic Fluwnlic 
t'\llrhrcpt) having five levels of soil organic C (SOC) BS a result of 
I , , ,~~. I~TI I I  management. Determinations used (i) field-moist soil and 
GI ,oil tha t  was air dried, rewetled, and preincubated lor 0.2, I ,  
I .  h. IQ. m d  15 d. Biochemical determinations included arginine 
Ill~~~~~~iiilic.tion, substrate-induced respiration (SIR), cumulative C 
.tu1 onct K mineralization, and SMBC wing thechloroform fumigation- 
It~tdratioii  (CFI) method. Preincubation periods of I and 15 d prior 
~,,-fusii~~tion-gave.estimates of  SMBC using-CFI 'mas1 .similar lo  
Ihmc determined on field-moist soil. Arginine smmonificelion and SIR 
clwrmiwations on dried soil were highly variable, making longer 
prrinrutvotion periods necessary. Carbon mineralization during all 
prrinruhrlion periods was highly correlated to (i) SMBC using CFI 
tlrtiwninrd en field-moist and dried roil with all preincubation periods 
m t l  l i i l  net N mineralization during 21 d for the Weswcmd soil, BS 

~ v l l  in* fur swen additional soil series each having five to eight levels 
1-1 SOC. 'The COI-C evolved during the fint day after rewetling of 
tlrictl \oil is recommended far rapid estimation of SMBC and potential 
\ iiiiiwaliiation because of its simplicity and precision. 

iiii IMPORTANCE of soil microorganisms to soil fertil- 

prwcdures that reflect potential C and N mineralization 
11:ivc not been routinely adopted (Keeney, 1982). A valid 
I I I ~ C X  of soil N availability that is simple, rapid, and 
rcproducible may preclude the use o f  a biological method 
h p i t e  its importance, because of the long time period 
rcquircd to estimate the relatively small amount of miner- 
: ~ l k J  N due to microbial activity. Incubations lasting I 
to 1 w k  for determination of mineral N accumulation 
:Ire considered too time-consuming for adoption by rou- 
line soil testing programs. 

T. i ~ y  IS recognized, but rapid, accurate soil testing 

'\ 1 .  Franzluebberr. USDA-ARS Southern Piedmont Conservation Re- 
' " m h  Ccacr, 1420 Experiment Station Rd..  Watkinsville. GA 30677; 
,L'ld k.1.. t h e y .  E M .  Huns. and D.A. Zubcrer. Dep. of Soil and Crop 

'11143-2474. Contribution from the Teras Agric. Exp. Sin. Received 
\CI-ICC\. TCW ~ g r i ~ .   EX^. SI".. 'rexar A&M univ.. college Swtiun. 

''I \la! 1995. *Curre,ponding author (afrani~uga.cc.ugil.edu) 

"iil)ll\hcd in Soil Sci. Suc. A m  J.  6O:ll33-ll39 (1996). 

The N-supplying potential of agricultural soils has 
been related to SMB and its activity (Carter and Rennie, 
1982; Doran, 1987; Franzluehbers et al., 1994a). Mea- 
surement of SMB is sensitive to changes in the active 
fraction of SOM (Powlson et al., 1987; Anderson and 
Domsch, 1989) and therefore, should provide insight 
into the potential of soils to mineralize N. The most 
commonly used method for estimating SMB is CFI, 
although field-moist soil and a IO-d incubation a re  needed 
(Jenkinson and Ladd, 1981; Nannipieri et al . ,  1990; 
Parkinson and Coleman, 1991), which limit its adoption 
by soil testing programs. Several rapid methods for 
estimating SMB and its activity (Le., C and N mineraliza- 
tion) have been developed during the past few decades 
including SIR (Anderson and Domsch, 1978) and AA 
(Alef and Kleiner, 1986). which require only 1 to 6 
h of incubation, but as described, also require use of 
field-moist soil. 

Soil testing protocol normally requires that dried soil 
be used because samples collected by producers and soil 
testing services are shipped to the soil testing facility, 
which may take several days, thereby altering the bio- 
chemical status if kept moist. W e  hypothesized thatdried, 
rewetted, and preincubated soil could be used to obtain 
an estimate of SMB. The  optimum preincubation period 
for estimating SMB and mineralizable N ,  therefore, 
needs to be established. 

Our objectives were to: (i) evaluate the feasibility of 
using dried and preincubated soil for measurement of 
AA, SIR, cumulative C and net N mineralization, and 
SMBC using CFI and (ii) determine the optimum time 
of preincubation for these biochemical estimates. 

MATERIALS AND METHODS 
Five soil samples with SMBC levels ranging from 279 to 

1260rng kg-l soil (Table I )  were collected shortly after planting 
wheat (Tricicurn aesrivum L.) in November 1991 from a long- 
term field experiment established on a Weswood silty clay 
loam in 1982 (Table 2). Fifteen soil cores (19 mm diam.) per 
4 by 12.2 in plot were collected and cornposited from three 
replications of the treatments listed in Table I .  Field-moist 

Abbreviations: AA. arginine ammonilicition: BSR. basal soil respiration; 
CFI, ch lu ro l im  fuiniCation-incubatiun; SIR. rubstrule-induced rcspira- 
lion: SMB. soil microbial biomass: SMBC, soil microbial biomass cnrbon; 
SOC. soil organic carbon: SOM. soil organic mait~r .  




