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Abstract. Soil aggregates content, soil organic carbon (SOC) concentration and density in soil
aggregates in 0~5, 5~10, 10~20, 20~30 cm soil layers in peat mire soil in wetland, soybean and paddy
field reclaimed from the wetland around Xingkai Lake were determined to investigate how
reclamation of wetland for soybean and rice farming impacts soil aggregates content and SOC
distribution of aggregates. After reclamation, >1 mm macro-aggregates decreased, 0.25~1mm
macro-aggregates and micro-aggregates (0.053~0.25 mm and <0.053 mm) increased. In 0~5, 5~10,
10~20, 20~30 cm soil layers <0.25mm micro-aggregates content in soybean field were higher than in
paddy filed by 10.18%, 11.2%, 3.35% and 13.13%, respectively. Wetland reclamation has reduced
SOC concentration of aggregates and soil. SOC concentration in aggregates in soybean field was
higher than in paddy field except in <0.053 mm micro-aggregates in 0~5 cm and 10~20 cm soil layers.
SOC density in 0~30 cm soil layer was ordered from high to low as wetland>soybean field>paddy
field. Due to reclamation, SOC density in <0.25 mm micro-aggregates in the four soil layers and its
share in total soil SOC increased, and that in soybean field was higher than in paddy field. More SOC
was allocated into <0.25mm micro-aggregates and might be protected better in soybean field than in
paddy field, and reclaim the wetland into soybean field instead of paddy field is more beneficial for
the long-term retention of SOC.

Introduction

Soil organic carbon (SOC) is an important source or sink of atmospheric CO. A slight change in the
SOC pool can induce a significant change in the CO, concentration in the atmosphere [1,2]. The SOC
pool was heterogeneous, including labile carbon with short turnover time and stable carbon with long
turnover time [3,4]. The labile pool was sensitive to climate change and human activity, and
determined SOC circulation. The stable pool can control and maintain SOC as long-term sink of
atmosphere CO,, which played an important role in maintaining SOC for a long time and mitigating
climate change [5,6]. The physical protection of soil aggregates is the important mechanisms of SOC
stabilization [7]. There was more labile newly formed SOC in macro-aggregates (>0.25mm) than in
micro-aggregates (<0.25mm), SOC content followed an increase trend with aggregate size increase
[8,9]. Increase of SOC by vegetation restoration or fertilization treatments first enriched to large
aggregates [10,11], Macro-aggregates contained more initial unstable new SOC than
micro-aggregates [9]. SOC in macro-aggregates decomposed more quickly, that in micro-aggregates
can reserve for a long time [12]. Micro-aggregates provided better protection to SOC than
macro-aggregates [13,14].

The Sanjiang Plain is the largest distribution area of freshwater wetland in China, and the very
important SOC pool in north China. SOC density was very high in peat mire soil, and bottomland
around the Xingkai Lake was the main distribution area of peat mire soil [15]. Xingkai Lake Farm
was constructed in 1955 and wetland had been changed to farmland, which had changed carbon cycle
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model and influenced wetland SOC pool. After reclamation, in the first 5 to 7 years, SOC decreased
quickly; then in 15 to 20years, SOC tended to be stable [16]. In this study, wetland, soybean and
paddy field reclaimed from the wetland around Xingkai Lake with a long reclamation period were
chose as research plots, SOC in micro-aggregates indicated stability of SOC. Soil aggregates content,
SOC concentration and density in soil aggregates were determined to investigate how reclamation of
wetland for soybean and rice farming impacts soil aggregates content and SOC distribution of
aggregates, and ascertain the changes of physical protection of soil aggregates to SOC before and
after reclamation. Research results would enrich the carbon cycle research in Sanjiang Plain, and
provide support to accurately estimate SOC pool under dramatic land use change, provide scientific
basis to optimize regional land use structure in the case of a balance between carbon emission
reduction and food production.

Materials and Methods

Study Area

Study sites are located at the Xingkai Lake Wetland Experimental Station, Chinese Academy of
Sciences (132°20'00"E, 45°21'55"N). This station belongs to temperate continental monsoon climate
and the humid and subhumid regions, experiences a mean annual temperature of 3.1°Cand a mean
annual precipitation of 750 mm, which is concentrated in summer and accounts for about 70% of the
precipitation throughout a whole year. The coldest month was January with temperature of -19.2 °C
and the warmest was July with 21.2°C. There are a lot of snowstorms in winter and freeze-up period
is from November to the following March. There are natural wetlands with typical plant Glyceria
spiculosa and soybean (Giycine max) and paddy (Oryza sativa) fields reclaimed from wetland.
Giycine max and Oryza sativa were both continuously cropped once a year and just litter and stubble
was remained. The soybean and paddy fields were ploughed with depth about 20 cm at the end of the
autumn and inorganic NPK fertilizers were used, no organic fertilizer.

Soil Samples Collection and Analysis

Soil samples were collected from wetland, 50-year-old soybean field and 15-year-old (after
35-year-old soybean field then 15-year-old paddy field) paddy field. Both soybean and paddy fields
were reclaimed from wetland. Soil type of all the three adjacent plots is peat mire soil. Prior to
planting, as well as after harvesting crop, five sampling sites were selected from on each plot and
were arranged in an "S" type layout, and the soil samples at the depths of 0~5, 5~10, 10~20 and
20~30 cm were collected from the soil profile of wetland, soybean and paddy field. The soil samples
were stored in the hard boxes and then sent to the lab. The collision was avoided during the
transportation to prevent the aggregates from being damaged. When the soil moisture exceeded the
plastic limit of the soil, large clots were broken down manually along the natural cleavage planes,
passed through a 25-mm sieve, and air dried at room temperature.

Some dry soil samples were ground and passed through a 100 mesh sieve to determine the SCO
concentration. While some soil samples were prepared for aggregates isolation using a wet-sieve
method. When applying this method, 25 g air-dried soil samples without impurities (i.e. grass roots)
was measured using quartering method. The 25 g purified soil samples were gently placed on the top
of the sieve set (1.0, 0.25 and 0.053 mm) of an aggregate analyzer, with the top sieve immersed in
water. After 10-minute soaking, the soil samples were sieved in the sieve set for 2 minutes with the
amplitude of 30 mm (the sieves were all immersed in water during the whole process). Different sized
aggregates were collected respectively from the sieves, dried at 50°C, weighted, ground and passed
through a 100 mesh sieve. The SOC concentration of soil and aggregates were determined by
potassium dichromate-external heating method [17] and soil bulk density was measured using
cutting-ring method.

The soil horizon C densities were calculated using the following equation [18]: Horizon C density
(g C/m?) =D (g/cm®) x C (g/kg) x T (cm) x 10
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Where D is bulk density; C is soil organic carbon content; T is the thickness of the horizon.
Data Processing

The data was analyzed using SPSS19.0 software and the figures were constructed using
OriginPro8.6.

Results and Analysis

Effect of Wetland Reclamation on Soil Aggregate Content

As shown in Table 1, after wetland reclamation, the content of >1 mm macro-aggregates was
decreased, while the 0.25~1 mm macro-aggregates and micro-aggregates (0.053~0.25 mm and <
0.053 mm) were increased. Compared with wetland, the > 1 mm macro-aggregates content in the soil
layers of 0~5, 5~10, 10~20 and 20~30 cm decreased by 70.15%, 49.95%, 42.82% and 50.73% in
soybean field respectively, and 39.67%, 38.3%, 44.42% and 35.1% in the paddy field respectively.
The content of 0.25~1 mm macro-aggregates in the aforementioned four soil layers increased by
37.46%, 29.83%, 25.18%, and 25.65% in soybean field respectively, and 17.16%, 29.38%, 30.13%,
and 23.14% in paddy field respectively, comparing to the wetland. Similarly, the contents of
0.053~0.25 mm micro-aggregates in four soil layers increased by 12.18% and 7.0%, 4.03% and
3.13%, 1.9% and 10.37%, 9.12% and 5.5% in soybean and paddy field, respectively. The content of
the <0.053 mm micro-aggregates in the four soil layers in soybean and paddy field were elevated by
20.52% and 15.52%, 16.1% and 5.8%, 15.73% and 3.91%, 15.95% and 6.44%, respectively.

Except for the soil layer of 10~20 cm, the content of >1 mm macro-aggregates in soybean field was
higher than that in paddy field, while opposite trend was observed in 0.25~1 mm macro-aggregates
and 0.053~0.25 mm micro-aggregates. Interestingly, the content of the <0.053 mm micro-aggregates
in soybean field was higher than that in the paddy field at all tested soil layers. After reclamation, the
contents of <0.25 mm micro-aggregates in soybean field at four soil layers were 32.7%, 20.12%,
17.63% and 25.08% respectively higher than that in wetland, while that increased by 22.52%, 8.92%,
14.28% and 11.95% respectively in paddy field when compared to those in wetland. In addition, the
contents of <0.25 mm micro-aggregates in four soil layers in soybean field were 10.18%, 11.2%,
3.35% and 13.13% higher than that of paddy field, respectively (Table 1).

Tablel Aggregates percentage in the soil of wetland, soybean and paddy field

Aggregates weight percentage in the soil (%)

Soil layer  Sample plot ;. , 0.25~lmm  0.053-0.25mm <0.053mm  <0.25mm
wetland 85.85(3.73)  4.32(0.89) 3.80(1.06) 6.03(1.82) 9.83
0~5cm soybean field 15.7 (5.15) 41.78 (4.93) 1598 (3.98) 26.55 (6.10) 42.53
paddy field  46.18(1.08)  21.48(4.73)  10.8(2.65) 2155(1.00)  32.35
wetland 75.95(2.54)  7.67(1.03) 6.70(0.95) 9.68(0.56) 16.38
5~10cm  soybean field 26 (1.65)  37.5(4.90) 10.73(0.78) 25.78(4.03) 365
paddy field  37.65(4.40)  37.05(8.80)  9.83(1.18) 15.48(5.58)  25.3
wetland 67.92(2.27)  11.87(1.26)  10.05(0.89) 10.17(0.33)  20.22
10~20 cm soybean field 25.1(3.13) 37.05(2.11) 11.95(0.69) 25.9(1.26) 37.85
paddy field ~ 23.5(10.66)  42(2.43) 20.42(6.44) 14.08(2.05) 345
wetland 59.88(0.88)  15.78(1.38)  14.38(0.13) 9.98(0.63) 24.35
20~30 cm soybean field 9.15(2.10)  41.43(13.13)  23.5(8.05) 25.93(7.18)  49.43
paddy field  24.78(11.85) 38.92(7.30)  19.88(6.02) 16.42(4.88)  36.3

1) The value in the table was the average of three repetition and the value in the brackets was the standard error.
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Effect of Wetland Reclamation on the Soc Concentration In Soil Aggregates

As shown in Fig.1, SOC concentration decreased after reclamation. Specifically, the SOC
concentration decreased in aggregates of all sizes, and the SOC concentration in soybean field was
higher than that in paddy field in all sized aggregates other than the < 0.053 mm micro-aggregates in
the soil layers of 0~5 and 10~20 cm.

The SOC concentration in wetland aggregate was reduced with the decreasing particle size, other
than those at the soil layers of 10~20 cm. In soybean field, the order of SOC concentration in different
aggregate size classes in 0~5 and 20~30 cm soil layers was 0.25~1 mm>0.053~0.25 mm> (>1 mm) >
(<0.053 mm), while the orders in 5~10 and 10~20 cm soil layers were 0.053~0.25 mm>0.25~1 mm>
(>1 mm) > (<0.053 mm) and 0.053~0.25 mm> (>1 mm) >0.25~1 mm> (<0.053 mm), respectively,
indicating that the SOC concentration of < 0.053 mm micro-aggregates was the lowest among the size
classes in the four soil layers. Except for the soil layer of 20~30 cm, the SOC concentration of soil
aggregate in paddy field also decreased as the decrease in aggregate sizes.
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Fig.1 SOC concentration of different aggregates in the soil of wetland, soybean and paddy field

Effect of Wetland Reclamation on the Soc Density of Soil Aggregate and Its Ratio to Soc
Density

The SOC density of soil and different sized aggregates was determined based on ratio of aggregate
weight to the total soil, SOC concentration in soil and aggregates, bulk density and soil layer
thickness. In 0~30 cm soil layer, the SOC density in soybean and paddy field were 20.3% and 29.1%
lower than that in wetland, respectively. The SOC density of < 0.25 mm micro-aggregates was
increased at all four soil layers after reclamation with the soybean field exhibiting higher density than
paddy field (Fig. 2). The <0.25 mm micro-aggregates showed an increase of 349.9%, 156.5%, 74.5%
and 86.4% in SOC density in four soil layers in soybean field comparing to wetland, respectively, and
the elevation was 132.4%, 3.8%, 74.1% and 7.7% in paddy field, respectively. In addition, the
proportion of <0.25 mm micro-aggregates SOC density to the soil SOC density was raised in all soil
layers due to reclamation. Compared with wetland, the percentage of <0.25 mm micro-aggregates
SOC density to the soil SOC density in soybean field was increased by 18.5%, 11.0%, 10.0% and
21.3% in four soil layers, respectively, which was 8.0%, 1.3%, 14.0% and 12.3% in four soil layers in
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paddy field, respectively. Except for the layer of 10~20 cm, the ratio was higher for soybean field
than rice field in other tested layers.
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Fig.2 SOC density of <0.25 mm micro-aggregates in the soil of wetland, soybean and paddy field
and its share in total soil SOC

Discussion

The content of >1 mm macro-aggregates was decreased after reclamation, which might be attributed
to the influence of reclamation on the formation condition of large macro-aggregates. The plant
residues in the soil are the binding materials for the formation of macro-aggregates. The input of plant
residues is significantly reduced upon wetland reclamation, which impedes the development of
macro-aggregates [13]. The litter amount of wetland (1230.42 g/m?) was higher than the sum of the
litter (624.17 g/m?) and root residues (214.61 g/m?) in soybean field, and it was also higher than the
amount of rice stubble (771.56 g/m?), given that the litter amount of rice was minimal. As only the
root stubble was returned to the field, while the straw was excluded, therefore the overall plant
residue returned to the field was decreased after reclamation. The reduction of the input organic
matters leads to reduced supply of food and energy to soil animals and microorganisms, impairing the
increase of their quantity and activity. It causes the reduction in the amount of carbon and nitrogen,
the biomass of soil microorganisms, as well as the soil basal respiration, largely affecting the
formation of macro-aggregates [13,19]. In addition, the tillage activities also destroy
macro-aggregates. Other than the basic plough before planting, the soil was plowed up between
ridges in the soybean field at the seedling stage to increase yield, and beating was performed in the
rice field before rice transplanting, all of which affected the soil structure.

The effects of different reclamation methods on the aggregate content are varied, and this is closely
related to the management practices and plant types. Under the waterlogging condition, a large
amount of soluble organic matter can be produced in the paddy soil, and then moves down to the
lower soil surface. This process could increase the amount of the binding materials which are
beneficial for the formation of macro-aggregates and provide more energy to soil microorganisms. It
might help to explain our observation that large >1 mm macro-aggregates of rice field was higher
than that of the soybean field. The long-term application of inorganic fertilizer after reclamation
results in the accumulation of many trace elements, such as Fe and Mn. Using underground water for
irrigation leads to the over accumulation of a large amount of Fe in the topsoil (according to our
investigation, the well irrigation practice in Sanjiang Plain induced the Fe content to 100 fold in
paddy soil water, most of which were accumulated in the topsoil). The iron-manganese oxides can
facilitate the formation of micro-aggregates, with serving as adhesive agent [13,20], therefore the
content of micro-aggregates might be increased after wetland reclamation. The increase of <0.25 mm
micro-aggregate content in the soybean field was higher than that of paddy field. The alternative
explanation is that the presence of a great number of arbuscular mycorrhizal fungi and rhizobia in the
microecosystem of soybean rhizospheremay favor the development of the unique symbiosis of
arbuscular mycorrhizal fungus-soybean-rhizobium [21], while the mycelium also contributes to the
formation of micro-aggregates [13,22,23].
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After wetland reclamation, the soil organic matter sourced from the plant residues was reduced,
and the change of the soil hydrothermal condition accelerated the degradation of soil organic matters,
which led to the decrease of soil SOC concentration [24]. The SOC concentration in soybean field
was higher than that in paddy field. The litter amount (dead leaves and petioles) of soybean field at
the end of the growing season was 624.17+107.97 g/m* more than that of paddy field. Although the
root stubble of paddy field was 556.95+59.44 g/m? less than that of soybean field after harvesting, the
soybean litter and root stubble were more perishable than rice root stubble. Therefore, the
undecomposed rice stubble was removed or directly burned to facilitate soil leveling by agricultural
machinery in the next year, leading to the higher SOC concentration in soybean field compared to that
in paddy field. The distribution pattern of soil SOC in different sized aggregates was in consistent
with the observation that wetland was the highest followed by soybean and paddy fields.

For aggregates, the SOC density is determined by ratio of aggregate weight to the total soil, SOC
content in aggregates, bulk density and soil layer thickness. The content of micro-aggregate and bulk
density were increased upon wetland reclamation, while its SOC concentration was decreased,
leading to the elevation of micro-aggregate SOC density. The SOC density of micro-aggregates in
soybean field was higher than that in paddy field, which is resulted from the joint outcome of the
higher content of micro-aggregate itself and the higher SOC concentration of micro-aggregate in
soybean field. After wetland reclamation, the SOC density of micro-aggregate and its proportion to
the soil were elevated with more SOC allocated into the <0.25 mm micro-aggregate. The SOC
density and its percentage to the soil SOC density of paddy field were less than those of soybean field,
and no extra SOC was allocated into micro-aggregate for a better protection, differing from that in the
soybean field. In 0-30 cm soil layer in the soybean field, the amount of SOC with a strong physical
protection by micro-aggregates was greater than that in paddy field; therefore, reclaiming the wetland
into soybean field instead of paddy field is more friendly for the long-term retention of SOC.

Conclusions

After wetland reclamation, the content of >1 mm macro-aggregates was reduced, while opposite
trend was observed in the 0.25~1 mm macro-aggregate and micro-aggregate (0.053~0.25 mm and
<0.053 mm). Except for 10~20 cm soil layer, the content of macro-aggregates with sizes of >1mm
and 0.25~1 mm in the soybean field, were lower and higher than those of paddy field, respectively.
Moreover, soybean field showed a higher amount of <0.25 mm micro-aggregates than the paddy field
in all tested soil depths.

Wetland reclamation reduced the SOC concentration in the soil and different sized soil aggregates,
and the SOC concentration was higher in soybean field than in paddy field in all sized aggregates
except for those with the size of <0.053 mm in the soil layers of 0~5 and 10~20 cm.

The order of the SOC density in 0~30 cm soil layer was wetland> soybean field> rice field after
reclamation. The SOC density of <0.25 mm micro-aggregate and its percentage were both elevated in
all tested soil layers (0~5, 5~10, 10~20 and 20~30 cm), which were higher in soybean field than in
paddy field. Thus, higher amount of SOC was allocated into <0.25 mm micro-aggregates and might
be protected better in soybean field than in paddy field, and reclaim the wetland into soybean field
instead of paddy field is more beneficial for the long-term retention of SOC.
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