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Effect of fertilizer and water content on N,O emission from three plantation
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Abstract: The effects of fertilizers and water content on N,O emission were studied using the three most typical plantation soils. Scil
incubations were performed and fertilization and water content treatments were designed. At 25% of saturated water content{ SWC), N,O
emissions from the soil treated with urea, KNO,, {(NH,), S0, and KH, PO, were compared at application rates of 0, 100, 200, 300 and 500
kg/hm’ . At 80% of SWC, similar experiments were carried out but at only one application rate(500 kg/hm’ ). N, O emissions at various
water conterts(20% , 35% , 50%, 65% , 80% and 100% of SWC) were studied. At low water content(25% of SWC), neither nitrogen
nor phosphorus ( or potassium) fertilizers led to a high level of N,O emission, which generally ranged from 2.03 to 29.02 pg/(m?-h).
However, at high water content(80% SWC), the fertilizers resulied in much greater N, O emission irregardless of soil tested. The highest
N, O emission rates after 24 h of water addition were 1233 ug/(m? -h) for S. suparba soil, 1507 ug/(n -h) for P. effioiii soil and 1869 g/
(m*-h) for A. mangium soil respectively. N, O emission from soils treated with urea, (NH, )}, S0, and KH, PO, immediately dropped to a
low level but steadily increased to a very high level for the scil treated with KNO, . High NO; content was a basis of high level of N,O
emission. N, O emission rates from soils peaked shortly after flooding, rapidly dropping to a very low level in sqil from non-legume
plantations, but lasting for a relatively long period in soil from legume plantations. When soil water content increased equaling to or higher
than 65% , the accumulated N, O ernission over a period of 13 d ranged from 20.21—29.78 mg/m’ for S. superba, 30.57—70.12 mg/m’
for P. efliotti and 300.89—430.51 mg/m’ for A. mangium . The critical water content was 50% of SWC, above which a high level of N,O
emission could be expected, and below which very little N, O emissions were detected. The results suggest that, at fow water content( <
50% of SWC), the fertilization practice is safe with regard to N,O emissions, but at high water content( > 50% of SWC), nitrogen
fertilizer in the form of nitrate could yield a 100-fold increase in N, O emissions. Legume plantations like A. mangium should be avoided in
low lands which could easily suffer from flooding or poor drainage.
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. three- 1o six-fold higher rate of N, emission at soil water
Introduction
content of 549 was recorded over the figures at water

Nitrous oxide(N,0) is one of the most important green
house gases, which contributes to global warming and
consumption of O, in the stratosphere ( Breuer, 2000,
Solomon, 1999). N,0 concentration increases at a rate of
0.25% per year, 57% of which is derived from the soil due
to nitrification and denitrification by microbes { Firestone,
1989} . As a result, N,O emission from various sources has
been a research focus in the field of global change for the last
several decades. Agricultural soils have been well
documented with regard to N,Q emission ( Eichner, 1990),
but forest soils draw far less altention. The magnitude of the
contribution of forest ecosystems to the global sources of N, O
is based on a relatively small number of published data sets
{ Breuer, 2000} .

Vast areas of plantation were established in South China
during the last 20 vears as part of the “ Greening China”
campaign, which increased forest cover from about 26% in
the early 1980s to the current figure of about 52% ( Ren,
2002 ). These grown on previously
abandoned lands consisting of grasses and scattered shrubs.
Parts of these plantaticns were cultivated as a source of raw

plantations  were

materials such as pulpwood. Large scale fertilization was
practiced. So far, there is no report on N, 0 emissions from
these plantations which constitute the major forest area in
South China.

In a paddy field,

heginning of the disappearance of floedwater( Cai, 1997) or
in the transition period of change of soil water(Xu, 1999}, A

N,0 emissions peaked at the

contents of 18% —36% from a farm soil{ Geodroad, 1984).
Nitrogen fertilizers were responsible for the high N,0
emissions from many agricultural soils ( Eichner, 1990). A
percentage, 0.5% to 1.5%, of N fenilizer applied was
estimated to be released as N,Q{McElwy, 1985; Fichner,
1990) contributing an average N, O of 1.5 Tg N,0-N/a to the
atmosphere { Bolle, 1986; Eichner, 1990). These results
suggest that, in the plantations of the region, wide variations
in soil water content as a result of high rainfall { mostly from
1500 mm to 2000 mm) and frequent fertilization practices in
afforested areas are among the environmental factors which
most likely cause high N, O emission. Unfortunately, rigorous
data regarding the influence of the two factors on N,0
emission for forest soils is unavailable. As stated by Groffman
and Tiedje { Groffman, 1989 ),

denitrification in forest soils are poorly understood. Such a

factors  controlling
fact makes us unable to mitigate N, emissions through the
adjustment of afforestation practices including selecting the
type of fertilizer and type of forest.

Inadequate knowledge of N, O emission from these newly
established plantations warrants a study combining the effect
of fertilizer and water content. Qur objectives were: to
evaluate the effect of fertilizers including both nitrogen and
non-nitrogen fertilizers on N; O emission, to compare the
difference of N,0 emission between legume plantations and
non-legume plantations and to quantify the effect of water
content of soils on N, emission.

Foundation item: The National Natural Science Foundation of China{No. 30170191} ; the Knowledge Innovation Program of the Chinese Academy of Sciences(Na. KSCX2-
SW.133); Guangdong Natural Science Foundation{ No. 20000976) and South China Botanical Garden Foundation({2002-2118)
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1 Materials and Methods

1.1 Site description and seil sampling

Soils were sampled from the Heshan Interdisciplinary
Experimental Station (112°54’E, 22°41'N) of the Chinese
Academy of Sciences in Guangdong Province, China. The
topography of the experimental area is typical of the region
with low hills( peak elevation of 98 m) and small catchments
(each having an area of about 5—8 hm’). The mean annual
rainfall is about 1800 mm. The scil is an oxisol developed
from sandstone, with a pH of about 4.2. In 1984, some
adjacent catchments vegetated only with grasses were chosen
for a scientific study based on their similarity. A different
forest type was randomly allocated to each catchment and
trees were planted on 2 2.5 m x 3 m grid. Among them, 3
calchments are single species plantations of Acacia mangium ,
Pinus elliottii and Sckima superba Gardn. et
Champ. A. mangium is an exotic species to south China,
but very adaptive to this region. A twenty year stand of A.
mangium has almost double the biomass of the other two
species. Fast growth of the species is largely due to its
nitrogen fixing ability since nitrogen is identified as the most

Engelm.

important limiting factor for plant growth in this region. In the
soil of A. mangium plantation at 20 vears, a high nitrogen

stock was established. P. elliottii plantations are widely
established in this region because they are very adaptive and
resistant, although it s
beneficial species. As a coniferous species, its soil organic
matter is regarded as low quality. S. superba is a native
species, which often plays a co-dominant role in climax forest
of the region, It grows slower than the other species but is
more beneficial to the environment. This species has heen
planted on a large scale as an ecological forest during last
several years.

Using steel cylinders of 5 cm diameter and 20 em
depth, we removed soil cores randomly from each of the 3

stress not an environmentally

plantations. The soils were bulked, mixed, air-dried and
milled to pass a 5 mm sieve. The plant residues were
discarded and the soil was used for incubation experiments.
An additional 6 soil samples were taken from each of the 3
plantations for chemical analysis. Each sample, consisting of
10 soil cores, was air-dried, milled to pass a 60 mesh sieve
and analyzed for pH, organic matter, available phesphorus,
available potassium and hydrolyzed nitrogen ( Liu, 1996).
The chemical properties are listed in Table 1. The saturated
water content( SWC) was also determined( Nanjing Institute of
Soil, 1978) .

Table 1 Characteristics of plantation soils tested

Plantation pH(1 mg/L KCI1) OM, glkg Avail. P,mglkg Avail K, mg/kg Hydrolyzed N, mg/kg
A. mangium 3.68+0.04 35.14 £ 3.68 2.18+0.35 37.01+3.64 110.9+ 8.4

S. superba 4.13+0.03 23,36+ 2.33 2.08+0.21 59.40+6.99 94 6+5.1

P. elliomi 3.93+0.07 28.88+3.44 3.47x0.70 40.46 £ 3,61 100.8+11.6

1.2 Experiment design
1.2.1 Effect of fertilizers on N, O emission at low water
content

A sample of 1.5 kg scil from 4. mangium was added to
a PVC cylinder of 10.6 cm diameter and 35 em height for
incubation . The bottom of the cylinder was sealed with a PVC
cover and the top covered with removable lips. Two holes of
2 mm diameter were drilled on opposite walls of the cylinder
at 10 em from the top. Fertilizer solution was added to the
soil at rates equivalent to 0, 100, 200, 300 and 500 kg/hm’
of nitrogen or phosphorus., KNO,, urea and (NH, ),580, as
nitrogen fertilizer and KH,PO, as phosphorus fertilizer were
employed . The fertilizers and the application rates were often
used in forest management practices of the region. Complete
randomized design was used. Combined with the nutrient
solution, total water content of the soil was adjusted to 25%
of SWC and readjusted daily. This water content most likely
occurs under natural soil conditions{Li, 1995} .

Every 3 10 5 d an air sample was collected. Each
sampling day, fresh air was pumped into each of the cylinders
for about 20 s. Fresh air, 100 ml, was drawn with a syringe
from the outlet of the pump and injected into an air bag which
had been pre-vacuumized. The initial air served as the TO
sample, The cylinders were then covered with lip and the
holes on the wall were sealed with tape. One hour later,
another 100 ml of air( Tl sample) was sampled through the
hole with a syringe. During sampling, the other hole in the
wall was opened to balance the air pressure inside the
cylinder. Samples were analyzed for N, 0 by a gas chroma-
tograph ( HP 5890 ). The difference in N,0 concentration

between T1 and TO was attributed to the N,O emission from
the soil. The experiment were conducted in a room of constant
temperature(25°C ). All treatments were replicated 4 times.
N, O analysis; All gas samples were analyzed for N, O by
a 2 column GC system ( Wang, 2003). The first column
{Stainless steel: 1 mx 2 mm X Porapak Q(80— 100 mesh))
CO,, CFC from the
sample, The second column( Stainless steel: 3 m x 2 mm x
Porapak Q (80—100 mesh)) removed O, from the sample.
The N, O signal was finally recorded by an ECD detector. The

carrier gas was pure N, at a flow rate of 25 cm’/min.

separated and removed moisture,

Operating temperatures of the detector and column were
330%C and 55%C respectively. A nitrous oxide standard (482
ppbv in N, ) were injected into the system periodically.

The soils from S. superba and P. elliottii were also
incubated with no fertilizers added. Four cylinders of each of
the soils were used for N, O measurement and the other 4 for
NH; -N and NO; -N measurement. About 20 g of scil from
the latter 4 cylinders were transferred to plastic boettles. A
KCl solution of 2 mol/L was added at a soil: solution ratio of
1:10. The samples were shaken for 1 h in a reciprocal shaker
and filiered. The filtrates were analyzed for NH, -N and
NO; -N colorimetrically by an Autoanalyzer( Lachat) .

1.2.2  Effect of fertilizers on N,O emission at high
water content

This experiment was carried out in a similar mammer with
the previous one. In brief, the soils from 3 plantations were
incubated in PVC cylinders. Different
applied. The gas was sampled periodically and analyzed for

fertilizers were
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N,0. In this experiment, KNO,, urea and (NH, ),%0, as
nitrogen fertilizer and KH, PO, as phosphorus fertilizer were
tested again, but at a rate of 500 kg/hm’ only. Water content
of sail was adjusted to 80% of SWC. Following exactly the
same procedure, a parallel experiment was conducted for soil
NH, -N and NO; -N analysis. Sampling and measurements
were made on the day 3 and 5.
1.2.3 Effect of water content on N, O emission

The soils from 3 plantations were incubated at water
contents of 25%, 35% , 50% , 65%, 80% , and 100% of
SWC. Every 2 d, gas was sampled and analyzed for N,O
content . Sampling was conducted over 13 d for A. mangium
soil, but only 9 d for P. elliottii and S. superba soils since
N, O concentration dropped to a very low level on the day 7
and had almost no change until the day 9. Soil water content
was readjusted every day.
1.3 Statistics

Anova was conducted for NH, -N and NO, -N data.
Residual plots and Levene tests indicated the data meet the
anova basic assumption of variance homegeneity and normality

of the data{Kuehl, 2000).
2  Results

2.1 N, O emission from the fertilized A . mangium soil

—¢— 10g/m? —k— 20g/m* —m— 30 g/m* —4— 50 g/m?

60 - KNO,
50
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N;0, pg/(m? h)
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N;0, pg/(m*h)

at low water content

The effect of fertilizers on N, O emission is illustrated in
Fig.1. All treatments, including controls, had a peak at the
day 11. A few peaks lasted until the next measurement at the
day 16; for instance, KNO, sustained at a rate of 20 g/m’
and (NH, ),80, at a rate of 50 g/m’ . The KNO, treatment
resulted in higher N,0 emissions than other fertilizer
treatments . The highest values recorded were 55.8 and 55.1
pg N,O/(m’ *h) for KNO, at an application rate of 20 g/m’
on the day 11 and 16 respectively. The corresponding second
highest values were 42.8 and 29.0 pg N,0/(m’ + h) for
KNO, at an application rate of 50 g/m’ . For (NH, ),S0,, all
trealments except the application rate of 50 g/m’* had N,0
emissions below the control. For urea, all treatments had
similar N,O emissions except for treatments of 100 and
50 g/m’, which emitted more N,O than others at the peak
time on the day 11. The N,O emission pattemn in KH,PO,
treatment was very similar to that of urea, with higher N,0
emissions for application rates of 10 and 50 g/m’ on day 11.
As a whole, N;O emissions remained low and relatively
constant during the incubation period,
emissions peak on the day 11 or 16.

except for the
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Fig.1 Effect of different fertilizers on N, 0 emission from A. mangium soil, the soil was incubated at 25% of saturated water content

Fig. 2 shows the dynamics of NH; -N, NO, -N, and
N, O in the unfertilized soils at 25¢ SWC. In A. mangivm
soil, NO; -N steadily increased while NH,” -N stayed constant
at low level. In §. superba soil, NO; -N stayed nearly
NH, -N
remained low with only a slight increase over the last two
measurements . In P. ellionii soil, NO; -N and NH, -N had
NO; -N increased when NH, -N
decreased over the first three measurements. The last two

unchanged at about 50 mg/kg. By contrast,

converse relationships.

measurements had opposite trends for both NO; -N and NH, -
N. The pattern of N,0 emission from all 3 soils was the
same; N,O immediately increased to a high level in the
second measurement and then decreased steadily. N,0
emission followed the order of P. elliostii > S. superba >
A. mangium in the first two measurements, but became
nearly the same in later measurements .
2.2  N,O emission from 3 fertilized plantation soils at
high water content

N, O emission rates of 3 soils with added fertilizers at
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Fig.2 Dynamics of nitrate-N, ammonium-N and N;O of 3 plantation soils

without any treatments, the soils were incubated at 25% saturated water
content

high water content (80% SWC) are shown in Fig.3. No
matter what treatment, all soils had very high N, emissions
after 24 h incubation, ranging from 1409 to 1869 pg/(m’ *h)
for A. mangium soil, from 550 to 1233 ug/(m’+h) for S.
superba soil and from 890 1o 1507 pg/(m’ *h) for P. elliottis
soil. From the second day on, N, emission from the KNO,
ireated soils steadily increased and reached a peak at the day
4 and then either decreased( P. elliottii and A. mangium )
or stayed relatively unchanged ( S. superbe ). The peak
values ranged from 4104 pg/(m’-h) (A . mangium) to 4684
pg/{m’ *h) (§. superba). Most other treatments dropped to

very low values on the day 2 except for the treatment of
ammonium sulphate which decreased to a low value on the
day 20 S. superba), the day 3( P. elliottii) or the day 4
(A. mangium).

NH,; -N and NO, -N content of the incubated soils

corresponding to Fig. 3 are shown in Table 2 and Table 3
tespectively. Statistics showed that A. mangium soil had
higher NH, -N than the other 2 soils. Different fertilizer
treatments produced different contents of NH; -N with

ammonium sulphate being highest, urea second and the

control lowest. All fertilizers yielded similar NGO, -N

8 Urea A Ammonium sulphate ¢ Potassium nitrate

X Potassium dihydrophosphate * CK
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Fig.3

saturated water content Fertilizers were applied at a rate of 30 gm’

Effect of fertilizers on N, emission of 3 plantation soils at BO%

Table 2 NH; -N content of 3 forest soils after incubation with fertilizers(mg/kg) *

Plantation Days KNOS Urea® {NH, ),S0j KH, P03 K=

A . mangivm * 3’ 4.0£2.5 176.7 £ 13.5 194.1£6.6 32.1£13.8 20,4+ 4.2
5K 62.0x1.9 268.9£2.3 310.4 £ 6.8 31.4+4.4 29.6£1.4

8. superba® 3t 17.6 0.5 179.2+18.2 176.2 £ 4.6 10.5£0.9 6.80.9
5 41.1x1.4 219.7+23.2 239.2:9.6 15.1£0.9 15.2+1.4

P ellioui® h 19.9:2.6 171.6 £ 9.0 179.9+0.9 11.5£0.7 9.3:1.5
5 46.813.4 218.0 £ 14.5 248.8423.2 16.6+1.0 17.0£ 0.6

Notes: * The mean difference is significant at r = 0.05 of experiment wise Type I Error with Bonferroni ¢ Statistics
Table 3 NO; -N content of 3 forest soils after incubation with fertilizers (mg/kg) *

Plantation Days KNOZ Urea® (NH, ),50h KH, PO} cKb

A mangium* 3f 79.47+5.55 1.13:0.14 0.85+0.08 1.00+0.20 0.74£0.11
3t 76.1316.28 1.6120.17 0.47+0.00 1.05+0.27 1.23+0.29

S. superba® 36 69.02+0.34 1.0020.12 0.82 £ 0.05 0.8710.10 0.61x0.06
sh 89.79 + 3.87 1.32+0.11 1.17£0.04 0.55+0.03 0.57+0.13

P eltiotii® ¥ 81,62+ 1.43 1.02£0.21 0.83 +0.01 0.83 +0.06 0.69+0.03
5 34.90+3.07 0.58 1 0.07 0.25£0.09 0.550.16 0.91+0.22

Notes: " The mean difference is significant at r = 0,05 of experiment wise Type 1 Error with Bonferroni ¢ Statistics
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content except for KNO, which had significantly higher NO, -
N than other fertilizers. As an average, P. elliottii soil had
slightly lower NO; -N content than the other forest soils.
2.3 Effect of water content on N,Q emission from 3
plantation soils

Fig.4 illustrates the effect of different water contents on
N,0 emissions from soils. At low water content {( < 50%
SWC), N,0 emissions from A. mangium soil did not
respond to the variation in water content, but jumped to a
very high level at 65% SWC. S. superba and P. elliottii
soils emitted N, O at relatively low levels at 50% SWC and
even less at < 50% SWC, but at very high levels at =65%
SWC.

——25% —8—35% —h—50% —¢—65% —w—80%—8— 100%
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Fig.4 Effect of soil water content on the N () emission from 3 plantation soils

N; O emissions from the soils of P. elliottii and S.
superba mostly peaked on the day 3 for treatments of =65%
SWC, then decreased to a very low level until the day 5 for
P . elliottii or until the day 7 for S. superba. A. mangium
soil emitted N, 0 in a different manner. Treatment of 100%
SWC increased to 1490 pg/ (m’+h) after 24 h incubation and
then steadily increased to a peak value of 2402 pg/(m® - h)
on the day 5. Treatments of 65% SWC and 80% SWC began
lo increase after 24 h in a nearly linear manner and reached
peaks on the day 7. All the 3 treatments fell to a
comparatively low level until the day 9 and had very little
change until the day 13 when N, was released between 564
pg/(m’ - h) (100% SWC) and 1023 pg/(m’ - h) (80%
SWC).

The total N,O emission rate followed the order of A.
mangium (with peak of 2402 pg/(m’ *h) at 100% SWC) >
P. eliiottii ( with peak of 909 pg/{m’+h) at 80% SWC) >
S . superba (with peak of 357 pg/(m’ *h) at 80% SWC).

The accumulated N,O emission for water content = 65%
SWC over a period of 13 d had the same order as N,0
emission rates, with 300.89—430.51 mg/m’ for A.
mangium, 30.57—70.12 mg/m’ for P. elliomtii and
20.21—29.78 mg/m® for S. superba(Table 4) .

Table 4 The accumulated N, O emission from 3 plantation soils at different
water contents over a period of 13 d(mg/m’) "

Water content, % A. mangium P. elliotti 8. superba
25 0.18 0.60 1.99
35 0.88 1.15 1.33
50 2,78 35.88 9.03
65 300.89 70.12 29.78
80 356.19 60.64 35.76
100 430.51 30.57 20.21

Notes: © Water content refers to the percentage of water content relative to
saturated water content; N, (O emission in unmeasured time was computed by linear

interpolation

3 Discussion

3.1 Effect of fertilizers on N, O emission at two levels of
water content

At low water content{25% SWC), N,O emissions were
generally low whether fertilizers were applied or not. Most
N,O flux rates of A. mangium soil with 4 fertilizers were
2.03—29.02 pg/(m’ - h) with only 3 exceptions, KNO,
treatments( Fig. 1) . The values were lower than an average of
ca. 37.6 pg/(m’ - h) for a coniferous forest in England
(Ineson, 1998), or 39.0 pg/{m’-h) as mean of 3 tropical
forest sites ( Breuer, 2000), but similar to that for other
temperate forests (10.3—24.0 pugN,0-N/(m’ * h); Duich,
1990; 0.34—26.3 1gN,O0-N/(m’ *h}; Matson, 1992).

At low water contents (25% SWC), the fertilizers
increased N,(O emissions as compared to the control.
However, higher application rates of a fertilizer did net
necessarily result in higher N, O emissions, which agreed with
the observation that N, emissions were not linearly related to
the application rate of N fertilizer ( van Groenigen, 2004 .
KNO, fertilized soils emitted slightly more N,O than other
fertilizer treatments. Non-nitrate nitrogen fertilizer did not
induce higher N, emission than KH,PO,, suggesting that
the nitrogen in ammonium or urea were not converted into
N, O at low water content. All treatments including both the
fertilizers and the control had pulses of N, () emissions on the
day 10, indicating that the fertilization was not the only cause
of the peaks observed in Fig.1, rather, soil treatment may
also contribute. The result was different from the observation
by Pathak and Nedwell { Pathak, 2001), who found higher
N,O emissions from soil treated with urea than with other
nitrogen fertilizers when soil moisture was kept at field
holding capacity.

By contrast, high water content{80% SWC) caused an
immediate increase in N, emissions from the fertilized soils
(Fig.3). The highest N,0 emissions after 24 h of water
addition ranged from 1233 pg/(m’ +h) for 8. superba soil lo
1507 pg/(m*+h) for P. ellionii soil to 1869 ug/{m’+h) for
A. mangium soil, which were much higher than the reported
data for other Tertilized soils( Eichner, 1990) . N, 0 emissions
dropped to low levels shorily, except for KNO, treatment
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which steadily increased N, O emissions to a very high level.
Forest type had very little effect on N, emission. Ineson et
al.{ Ineson, 1998) and Peterson { Peterson, 1999} hoth
aitributed the high N,0 flux rate to nitrification of NH; to
NO, . Our results showed that high ammonium in both urea
and (NH, },S0, treatments did not result in high N,0(Fig.3
and Table 2) , which might be partially explained by the low
rate of nitrification (Table 3).
3.2  Relationship between N, emission and NH, /
NO; content

It has been generally accepted that N, 0 emissions from
soil was due to denitrification under anaerobic conditions
(Goodroad, 1984). Groffman and Tiedje( Groffman, 1989)
considered the lack of available NO, as the primary factor
limiting denitrification in summer for temperate forest soils in
the U. S. Ammonium oxidizers were also found to be
responsible for some N,0 emission under certain conditions
{ Richie, 1972). However, at low water content, N,O
emissions from soils without fertilizer additions appeared not
to have much to do with ammonium and nitrate content{ Fig.
2). N,0 emission could have either the opposite trend to the
nitrate ( A. mangium in Fig.2) or no certain pattern of
relationship with nitrate and ammonium (¥ig.2). The results
suggested that low levels of N, O emissions were not regulated
by the content of ammenium and nitrate in soils. Petersen
(Petersen, 1999) concluded that NO, availability was not
correlated with N,0 emission. However, such a conclusion
might only be valid when soil moisture conient is low,
because at high soil moisture content, high levels of N,0O
emissions were observed from the KNO, treated soil and much
lower N, O fluxes were observed from the soils treated with
other fertilizers including non-nitrate nitrogen fertilizers of
urea and ammonium sulfate. Velthof ef al . (Velthof, 1996)
also observed that emissions of N, O and total denitrification
lossez from NO, containing feriilizers were large after an
application to a poorly drained sandy soil during a wet
spring, compared to far lower levels of N, emissions from
NH, fenilizers and cattle slurry. Pathak and Nedwell
{ Pathak, 2001 ) provided similar results that, under
submerged conditions, nitrogen fertilizer in form of nitrate
{NH,NO, and KNO, ) emitted mnch more N, O than those in
non-nitrate( urea and (NH, ), S0, ).
3.3 Effect of water content on N, O emission

Increasing soil moisture resulied in increasing N,0
emissions, but only when the moisture content exceeded a
critical value could N, () emissions increase sharply. In the 3
plantation soils, 50% SWC was a critical value of water
content, above which N,0 emissions increased sharply and
below which very low N,O or nearly no response could be
detected. N, O emissions in paddy field seemed to behave
differently, where waterlogged systems released far less N,O
than unsaturated paddy fields (Xu, 2004). The response of
N, O emission to high soil moisture could be very rapid. The
first measurement 24 h after water addition yielded 100 fold
higher N, O emissions as compared to that before soil moisture
was adjusted (Fig.3 and 4). Breuer et al.(Breuer, 2000)

also observed that N,0 emissions strongly increased

approximately 6—8 h after precipitation. In one incubation
study, production of N;O even began within a few minutes
after water was added to field-dry seil{Davidsen, 1992). In
a field study at the end of the dry season in a savanna, N,0
emissions increased markedly within 30 min after soil wetting
and peaked after 2 to 5 h(Scholes, 1997).

High levels of water content induced high levels of N, O
emissions, but, for P. elliottii and S. superba, it did not
necessarily mean the water content was closely correlated with
N.O(Fig.4). Instead, high levels of N,O could be found at
any level of waler content afier it exceeded a critical value.
For A. mangium soil with high nitrogen content, N,0
emissions followed a sequence of 100% > 80% > 65% water
content before the day 5, which suggested N, emissions
were more closely correlated with the water content than other
forest soils. The results agreed with the observation by Ineson
et al.(Ineson, 1998) and Kusa et af.(Kusa, 2002) that
rainfall incidents were associated with pulses of increased
N,O emissions. An investigation conducted in 3 tropical
forests sites in Northeast Queensland, Australia also showed
that mean N,0 emissions during the wet season (80.8—
242.0 pg(m’+h) was significantly higher than that during the
dry season ( < 20 pg/(m’ *+ h); Kiese, 2002). However,
Petersen{ Petersen, 1999) found that increasing soil moisture
content had no significant effect on accumulated N, O losses -
from a field of spring barley. Our results indicated that the
observation by Petersen( Petersen, 1999) might be due to soil
moisture content lower than a critical value. A 5 to 10 mm
rainfall dripped at a rate of 20—30 mm/h is unlikely to
increase soil moistare higher than 50% SWC.

4 Conclusions

At low water contents(25% SWC), neither nitrogen nor
phosphorus ( or potassium) fertilizers led to high levels of N, O
emission, which generally ranged from 2,03 to 29.02 pg/(m’
*h). However, at high water contents {80% SWC}, the
fertilizers could result in much greater N,{) emissions in spite
of the different forest seils. The highest N, O emissions after
24 h of water addition were 1233 pg/(m’+h) for §. superba
soil, 1507 pg/{m’*h) for P. elliottii soil and 1869 g/ (m’
-h} for A. mangium soil respectively. N, emissions from
soils treated with urea, (NH,),80, and KH,PO, shortly
dropped to low levels but KNO, treated soils steadily
increased N,O emissions to a very high level. High NO;
content is the basis of high levels of N,O emissions. N,0
emissions from soils peaked shortly after flooding. Such high
levels of N, O fluxes shortly dropped te a very low level in the
soil from non — legume plantations, but lasted for a relatively
long period in the soil from legume plantations. When soil
water content increased to equal to or higher than 65% , the
accumulated N, O emissions over a period of 13 d ranged from
20.21-—29.78 mg/m’ for S. superba, 30.57—70.12 mg/
m* for P. elliottii to 300.89—430.51 mg/m’ for A.
mangium . The critical water content was 50% SWC, above
which high levels of N,0 emissions could be expected, and
below which very littde N, O could be detected. The results
suggest that, at low water content { < 50% SWC),
fertilization practices are safe with regard to N,O emissions.
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At high water contents( > 50% SWC), nitrogen fertilizer in
the form of nitrate could yield a hundred-fold increase in N,
Legume plantations like A.
mangium should be avoided in low lands which could easily

emissions over baseline.

suffer from flooding or poor drainage.
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