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Abstract Using the pot experiment and closed static
chamber-gas chromatography (GC) technique, this paper stu-
died the effects of nitrogen application (150 and 300 mg/kg
soil) and maize growth on N,O emission from soil. In maize-
planted soil, the N,O emission rate increased with increasing
N application rate, its peak appeared at the seedling stage, and
there was no significant correlation between N,O emission
rate and air temperature. Contrarily, in exposed soil, the peak
of N,O emission rate occurred at the later stages of the
experiment, and there was a significant exponential correla-
tion between soil N,O emission rate and air temperature, in
which Q,, (the value of soil N,O emission rate responding to
temperature) was 4.4 and 3.2 in high and low N applications.
The total amount of N,O emission increased remarkably with
increased N application rate in both planted and un-planted
soils. N,O emission inventory from exposed and maize-
planted soils in high N application was 2.5 and 1.6 times as
high as that in low N application, respectively. In the same N
application rate, N,O emission inventory in high and low N
application from exposed soil was 12 and 7.5 times as high as
that from maize-planted soil, respectively. As compared with
exposed soil, maize growth reduced N,O emission by 92%
and 87%, respectively, at high and low N application rates. In
summary, maize growth and nitrogen application not only
affected the seasonal variation and magnitude of N,O emis-
sion from soil, but also altered the relationship between air
temperature and soil N,O emission.
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1 Introduction

Nitrous oxide is an important green house gas and agricul-
tural soils are its major source (Velthof et al., 2002). Direct
emissions from agricultural soils totaled 2.1 Tg of N, direct
emissions from animal production totaled 2.1 Tg of N and
indirect emissions resulting from agricultural N input into the
atmosphere and aquatic systems totaled 2.1 Tg of N,O-N up
to an annual total of 6.3 Tg N,O-N (Mosier et al., 1998). Soil
N,O emission was affected by many factors, such as soil
property, climate, practices of land use, and so on (Jiang and
Huang, 2001; Xie and Li, 2002). Soil N,O emission increased
with N application (Feney, 1997; MacKenize, 1997), while
the N,O emission derived from N fertilizer accounted for
0.001%—6.8% of N application and 25%—82% of total soil
N,O emission (Eichner, 1990). Under a given soil water con-
tent, soil N,O emission correlated exponentially to tempera-
ture (Zheng et al., 1997). In soil culture experiment, Dobbie
and Smith (2001) found that soil N,O emission increased
with temperature, but the value of Q,, changed greatly, for
example, when the temperature was between 5°C and 12°C,
the value of Q,, was 50 in farm land and 8.9 in grass land; and
when between 12°C and 18°C, it was 3.7 in farm land and 2.3
in grass land. Besides, plants could emit N,O themselves
(Chen et al., 1990; Li and Chen, 1993; Yang et al., 1995),
and plant growth also influenced soil N,O emission, so the
pattern, amount and intensity were different in various plant-
soil systems. For example, N,O emission decreased in the
order of growing wheat, rapeseed, and burley soils (Kaiser
and Ruser, 2000). The effects of N application and plant
growth on the relationship between soil N,O emission and
temperature has rarely been reported, but it was very impor-
tant to control soil N,O emission. In order to investigate
the influence of N application and plant growth on the rela-
tionship between soil N,O emission and temperature and
to mitigate soil greenhouse gases emission in agricultural
practice, this study determined the N,O emission from
exposed and maize-planted soils during the entire maize
growing process in a pot experiment with two nitrogen
application rates.
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2 Materials and methods
2.1 Soil

The soil used in this experiment was Udic luvisols, which
were derived from the matrix of quaternary loess. Soil
organic carbon and nitrogen content was 4.8 and 0.6 g/kg
and soil pH was 5.8 (H,O, 2.5:1). The content of sand (20—
200 pum), silt (2-20 pm) and clay (<2 um) was 325, 462 and
213 g/kg, respectively and the texture was heavy loam.

2.2 Plant

Plant used in this experiment was maize (Zea mays L.) and
the variety was Yedan 14.

2.3 Pot experiment

Twelve pots were used in the experiment and 4 kg of air-dried
soil sieved through 5 mm was filled in each pot. Six pots
applied 150 mg/kg of N, 75 mg/kg of P and 150 mg/kg of K
as the treatment of low soil N-application, in three of which
maize was planted and the other three were left un-cropped.
The other six pots applied 300 mg/kg of N, 75 mg/kg of P and
150 mg/kg of K as the treatment of high soil N-application,
and three of them were maize-planted and the rest un-cropped.
N, P, and K were provided in the form of (NH,),SO,, KH,PO,,
and K,SO,, respectively. Two maize seeds were sowed in
each pot at 3-cm soil depth layer on April 30th, 2003. Seed-
lings emerged on May 5, 2003. One maize plantlet was care-
fully removed at its emergence stage. Sampling was started
from the 4th day after emergence with a frequency of twice a
week till the maize was thoroughly matured. The sampling
time was fixed between 16:00 and 18:00 in a day in order to
control the error derived from diurnal variation of soil N,O
emission. N,O emission from soil had diurnal variation
during plant growing (Zheng et al., 1997; Huang et al., 1995;
Yu et al., 1995), so the error of diurnal variation of soil N,O
emission was stable with the fixation of sampling time. At the
bottom of each pot there was a hole, through which a rubber
tube was stretched into and connected with a vitrified-clay
pipe, while the end of the rubber tube outside of the pot was
joined to a trough in order for water to slowly travel into the
pot, keeping a stable water content in each pot during maize
growing.

2.4 Sampling

Sampling began on the 4th day after emergence by closed
static chamber. For the convenience of sampling, a cylinder
PVC pot of 20 cm in height and 15 cm in internal diameter
was specially designed for maze culture. A trough was
installed around the outside of the pot mouth to seal the cham-
ber by water when sampling. A PVC tube (6 cm in length
and 2.5 cm in diameter) was fixed in the center of the pot
(2.5 cm above the pot mouth and 3.5 cm inserted into soil) for

insulating plants from soil during sampling, in which maize
seed was sowed in about 3 cm of soil in depth. Each pot
has an open-bottom PVC chamber with a size of
20.5 cm x20.5 cm x 6 cm, which was specially designed for
gas sampling. At the center of the chamber cover is a hole,
neatly fitting the PVC tube and a silicon septum was fixed on
the cover of the chamber for sampling through the pinhead of
a syringe. When sampling, the chamber was fitted outside the
PVC tube and moved down into the trough filled with 200 mL
water, preventing air exchange between the inside and outside
of the chamber. Silicon gel was used to make the joint of the
chamber with PVC tube airtight. To do so, the chamber only
covered the soil surface and did not include the plant. Three
gas samples were collected at 10-min intervals by a 20-mL
syringe through a silicon septum fixed on the top of the
chamber and immediately transferred to a pre-evacuated
vial (18 mL) to await analysis of N,O concentration. After
sampling, the chamber was raised and crossed on trough
so that gases could exchange freely between the soil and the
atmosphere at the intervals between two samplings. Air
temperature near the pot was recorded at the beginning of
each sampling.

After sampling, the gas vial was brought to the laboratory
to determine the N,O concentration using a gas chromato-
graph (GC). The emission rate of N,O was calculated based
on the changes in N,O concentration in the chamber with time
(Huang et al., 1995).

3 Results
3.1 Seasonal variation of N,O emission from soil

Figure 1 shows that during maize growing, N,O emission rate
from the planted soil increased with crop growing and reached
the highest rate on the 13th day after emergence, then
decreased with its growth to the lowest rate till the 28th day
after emergence (stem elongation stage), thereafter, fluctuat-
ing at very low rate. During the entire growing period, the
peak of soil N,O emission was 5.66 and 2.02 pg /kg-h of N in
high (300 mg/kg) and low (150 mg/kg) N applications,
respectively. The difference of soil N,O emission rate
between high and low N applications only occurred before
the stem elongation stage. In the period from the ninth day
to the 21st day after emergence, soil N,O emission rate was
significantly higher in high N application than that in low
N application, but it was not significant after the stem
elongation stage.

Figure 2 shows the seasonal variation of N,O emission
rate from the exposed soil during the period of maize growth.
It indicated that the variation of N,O emission rate from
exposed soil with time differed significantly from maize-
planted soil. In exposed soil, N,O emission rate increased
slowly with time till the 52nd day after emergence, and there-
after, it increased obviously with time and reached the highest
rate on the 81st day after emergence, then, decreased till the
end of the experiment.
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Fig. 1 Seasonal variation of N,O emission rate from maize-planted soil
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Fig. 2 Seasonal variation of N,O emission from exposed soil and air temperature during maize growing period

3.2 Effects of N application and maize growth on N,O
emission from soil

The seasonal variation of N,O emission from exposed soil
was different from maize-planted soil. In maize-planted soil,
the peak of soil N,O emission rate appeared at the seedling
stage (before stem elongation stage), but in the exposed soil,
it occurred late (Fig. 1 and Fig. 2). The difference of soil N,O
emission rate between high and low N applications was

significant only at the seedling stage in maize-planted soil,
but its significances increased with the process of growth in
the exposed soil on the whole, especially from the 52nd day
after emergence.

Table 1 shows that in maize-planted soil, N,O emission
was high in the early stages and low in the late stages. But in
the exposed soil, it was high in the late stages and low in the
early stages. In maize-planted soil, the amount of soil N,O
emission during the seedling stage contributed 64% and 51%

Table 1 N,O emission from soil at different growth stages and total emission during maize growth

Treatment N,O emission rate/ (ug-kg™'-d™) Total /(ng-kg™)
BES ES-TS TS-FS FS-RS

HNM 2.54+0.36b 0.57+0.09¢ 0.32+0.02b 0.62+0.10c 95.8+4.0c

LNM 1.36 +£0.17¢c 0.64+0.13¢c 0.25+0.02b 0.51+0.07¢c 64.8 +8.8d

HNB 3.86+0.77a 6.66+1.33a 5.73+4.51a 26.46+3.14a 1150+ 125a

LNB 1.71 +£0.46b 3.584+1.46b 3.69+0.79a 10.18+1.03b 485+ 50b

HNM: High N application to maize-planted soil; LNM: Low N application to maize-planted soil; HNB: High-N application to exposed soil; LNB: Low-N
application to exposed soil; BES: Before elongation stage (Seedling stage); ES: Elongation stage (28 DAE), TS: Trumpet stage (46 DAE); FS: Flowering
stage (59 DAE); RS: Ripening stage (91 DAE). The letters in a same column denote the significant level at 0.05.
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to the total emission during the entire growing stage in the
treatment of high and low N applications, respectively, but
this period was only about 29% of the total time. Moreover,
the difference of soil N,O emission quantity between high and
low N applications was significant only in this period. Cor-
responding to the period of flowering to ripening stages of
maize, the amount of N,O emission from the exposed soil
accounted for 75% and 68% of the total emission from ex-
posed soil in the treatment of high and low N application, but
this period was only 37% of total time.

The variation scope of soil N,O emission rate was higher
in high N application than that in low N application. The peak
of soil N,O emission rate in high N application was 2.5 times
as high as that in low N application in maize-planted soil. For
the exposed soil, the peak of soil N,O emission rate in high N
application was 1.6 times as high as that in low N application.
The total soil N,O emission during the entire growth period
of maize in high N application was 1.5 times as high as
that in low N application in the maize-planted soil and
2.5 times as high as that in low N application in the exposed
soil (Table 1).

Under the same N application rate, N,O emission from
the exposed soil was significantly higher than that from

maize-planted soil. N,O emission from the exposed soil was
12 times as high as that from maize-planted soil in high N
application and 7.5 times as high as that from maize-planted
soil in low N application. The peak rate of N,O emission from
the exposed soil was about 10 and 16 times as high as that
from maize-planted soil, respectively, in high and low N ap-
plication treatments.

3.3 Effects of growing maize on the relationship between
soil N,O emission and temperature

Compared with the exposed soil, maize growth affected
not only the seasonal variation and magnitude of soil N,O
emission, but also the relationship between soil N,O emission
and temperature. In the exposed soil with both high and low
N applications, there was a significant exponential correlation
between soil N,O emission and air temperature (Fig. 3) and
the Qo which was the variation of soil N,O emission rate
caused by a temperature change of 10°C, was 4.4 and 3.2
in high and low N applications, respectively. But in maize-
planted soil with both high and low N application treatments,
the correlation of soil N,O emission to air temperature was
insignificant (Fig. 4).
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4 Discussion

The significant difference of seasonal variation of N,O
emission rate between un-cropped and maize-planted soils
showed the significant effects of plant growing on soil N,O
emission. That the total N,O emission from the un-cropped
soil was 7.5—12 times as high as that from the maize-planted
soil implied that maize growth reduced N,O emission from
soil. The reason why maize growth could decrease soil N,0O
emission was the demand of N for maize growth. After the
utilization of soil N by maize, nitrification or denitrification
would be impeded by the shortage of soil-available N, thus,
the variation of N,O production of soil-available N would
be reduced. Surplus of soil-available N was one of the most
important prerequisites to the production of N,O (Maag and
Vinther, 1999). Compared with the exposed soil, maize
growth reduced about 92% and 87% of soil N,O emission in
high N application and low N application treatments, respec-
tively, and this meant that the competition of soil-available
N between plant and soil microorganisms decreased N,O
emission from soil. It was reported that N,O emission from
the exposed soil without fertilization was higher than that
from forestry soil and lower than that from burley and grass
planted soil (Maljanen et al., 2003). Duxbury et al. (1982)
found that in organic soils, the annual N,O emissions from
fallow land were higher than those from Augustine-grass,
sugarcane- and sweet corn-planted soils. These showed that
soil N,O emission could be decreased by the plant absorption
of soil nitrogen.

In view of the undeveloped maize root system and its low
absorption of soil N in the seedling stage, soil-available N
became the source of N,O production. That was why the peak
of soil N,O emission rate occurred at the seedling stage.
No significant difference of soil N,O emission during the
seedling stage between the exposed soil and planted soil in
the same N application treatment testified that maize growth
had a little effect on soil N,O emission at this stage. In the
meantime, that N,O emission from maize-planted soil during
the seedling stage was significantly higher in high N applica-
tion treatment than that in the low N application treatment
implied that at this stage, soil-available N was the most
important factor controlling soil N,O emission. After the stem
elongation stage, maize root system was well developed and
its absorbing ability to soil N was greatly enhanced, thus, the
nitrification or denitrification in soils was suppressed by the
decrease of soil-available N, which led to a great decrease in
s0il N,O emission and no difference of N,O emission between
high and low N applications in maize-planted soil (Table 1).
In winter wheat-planted soil, soil N,O emission was the low-
est at the ripening stage (Wang et al., 1994). Zeng et al. (1994)
reported that the peak of N,O emission from the wheat
planted soil occurred in the seedling stage. These results are
consistent with ours and indicated that the weak ability of
plants to absorb soil N at the seedling stage leading to the
surplus of available N in soil was the main reason for high soil
N,O emission at the seedling stage in planted soil.
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Because of plentiful available nitrogen in the un-cropped
soil, soil N,O production was no longer suppressed by
soil-available N. This is why the total N,O emission was
significantly higher from the un-cropped soil than from the
maize-planted soil. In the given soil, soil water content,
temperature, and soil-available N were the main important
factors controlling soil N,O emission (Hou et al., 1998; Huang
et al.,, 1999; Qi and Dong, 1999). In this experiment, soil
water was controlled very well, especially in the un-cropped
soil and soil water content was considerably stable. There-
fore, soil-available N and temperature were the main factors
controlling soil N,O emission. Without stimulations from
necessary temperature, N,O emission was not increased by
soil-available N (Zhou and Lin, 1994). During the seedling
stage, soil nitrogen was rich, but the temperature was low,
thus, soil N,O emission rate was still low. With the process
of crop growth, N,O emission from the un-cropped soil
increased with temperature and the difference of soil N,O
emission between un-cropped soil and maize-planted soil was
gradually obvious. In brief, with certain N application treat-
ment, N,O emission from the un-cropped soil was controlled
by temperature and highly correlated to air temperature.

The relationship of soil N,O emission rate to air tempera-
ture showed that both plant growth and soil N application
influenced the relationship of soil N,O emission to tempera-
ture. The relative coefficient of soil N,O emission rate to
air temperature and the value of Q,, were higher in high N
application treatment than that in low N application treat-
ment, and this meant that the effect of temperature on
soil N,O emission was controlled by soil N level. When soil-
available N was plentiful, soil N,O emission was controlled
by temperature. When soil lacked N, soil N,O emission was
controlled by soil-available N. Smith et al. (1998) found that
in the mineral soil enriching N, there was an exponential cor-
relation between soil N,O emission and temperature, but the
value of Q,, was 1.6 in sandy soil and 12 in clay soil with high
water content. Maag and Vinther (1999) indicated that high
temperature increased anaerobic respiration and denitrifica-
tion, and the value of Q,, ranged from 3.4-5.4. Dobbie and
Smith (2001) showed that soil N,O emission increased with
temperature. In this experiment, no significant correlativity of
N,O emission rate from maize-planted soil to air temperature
suggested that in planted soil, the effect of temperature on soil
N,O emission was covered up by plant growth. This indicates
that plant was a more important factor than temperature in
controlling soil N,O emission. Hou et al. (1997) reported that
the influence of temperature on N,O emission from paddy
soil did not work when other factors worked on soil N,O
emission. It was the limitation of soil nitrogen deficiency
resulting from the utilization of plant to the production
and emission of soil N,O that resulted in no significant
correlativity of N,O emission rate to temperature in this
experiment.

N application accelerated N,O emission from agricultural
soil. The magnitude of soil N,O emission derived from fertil-
izer N was about 1.5 x 10t per year, which is 44% of anthro-
pogenic N,O emission into the atmosphere and 13% of total
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N,O emission into the atmosphere (Zhou and Huang, 2002).
Ding et al. (2001) reported that soil N,O emission in N
application treatment was 2.4—4.2 times as high as in no N
application treatment. Huang et al. (1995) found that N,O
emission from soybean- and maize-planted soils in northeast
China was 2.64 and 7.10 kg/hm?-yr, which was 4.3% and
1.3% of the applied N, respectively. Kaiser and Ruser (2000)
showed that in the N application rate of 0, 82 and 156 kg /hm?,
soil N,O emission was 2.08, 2.59 and 3.31 kg/hm?, respec-
tively. In this experiment, N,O emission from exposed soil
and maize-planted soil in high N application was 2.4 and 1.5
times as high as in low N application, respectively. All these
indicated that soil N,O emission increased with the increasing
of N application rate. But our result confirmed that soil
N,O emission would be reduced by increasing the absorption
efficiency of soil N and sustaining low level of soil-available
N.

In conclusion, it was only in the soil with abundant avail-
able nitrogen that the effect of temperature on soil N,O emis-
sion was significant, and maize growing altered not only
the seasonal variation and magnitude of soil N,O emission,
but also the relationship of soil N,O emission and air
temperature.
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