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Abstract 9 

The distribution and spatial variability of soil aggregates and their organic carbon and their 10 

responses to environmental factors in Daxing'anling forest region were studied by field investigation 11 

and laboratory analysis. In Daxing'anling forest region, 75 sampling points were set up based on 12 

kilometer grid, and the sample circle with radius of 17.85m was set at each sampling point. In each 13 

circle, three samples of 0-20 cm topsoil were taken to determine soil chemical indexes, soil 14 

aggregates and their organic carbon content. The results showed that: (1) the soil aggregate content 15 

followed the order as (0.25~2 mm aggregate) > (<0.053 mm aggregate) > (0.053~0.25 mm 16 

aggregate). The spatial autocorrelation of each fraction of aggregate were moderate, and they were 17 

affected by the structural factors such as climate, vegetation, soil and random factors such as human 18 

activities. The content of 0.25~2 mm and <0.053 mm aggregates decreased gradually from north to 19 

south, while the content of 0.053~0.25 mm aggregates was opposite to them. (2) The organic carbon 20 

content of soil aggregates was mainly concentrated in the 0.25~2 mm large aggregates (19.84 g/kg) 21 

with the contribution rate 50.39%; the organic carbon contents of each fraction of aggregate showed 22 

high spatial autocorrelation which was mainly affected by structural factors; the spatial difference 23 

of soil aggregate content in each particle size was not significant, and the distribution was patchy. 24 

There was no significant spatial difference in the organic carbon contents of soil aggregate in 25 

different fractions with patch distribution characteristics. (3) Temperature had no significant effect 26 

on the formation and stability of soil aggregates, and precipitation is beneficial to the formation of 27 

micro-aggregates <0.053 mm; soil organic carbon was conducive to the cementation of small-sized 28 

aggregates into large aggregates, which had a positive effect on the stability of soil aggregates. 29 

There was a significant positive correlation between SOC and organic carbon of soil aggregates in 30 

different fractions, and the correlation degree was gradually weakened with the decrease of particle 31 



size; the contents of soil nitrogen, phosphorus, potassium and other nutrients could promote the 32 

organic carbon accumulation in soil aggregates. The results can provide the basis for the soil rational 33 

use and the carbon fixation capacity improvement of forest in Daxing'anling forest region. 34 

Key words：Daxing'anling; soil aggregates; organic carbon; spatial variation 35 

Introduction 36 

Aggregates are soil structural units formed by condensation and cementation of mineral 37 

particles and soil organic matter (Ma et al., 2014; Yu et al., 2015). Their protection to 38 

soil organic carbon is an important mechanism for soil carbon pool stability (Six et al., 39 

2004). Aggregates with different particle sizes play different roles in nutrient 40 

maintenance, supply and transformation (Liu et al.,2011), and their storage capacity for 41 

organic carbon is also different. Large aggregates generally can store more organic 42 

carbon (Wang et al., 2013). Due to the different protection mechanisms of soil 43 

aggregates to organic carbon, the stability of organic carbon in aggregates with different 44 

particle size is also different. Understanding the carbon distribution in aggregates with 45 

different particle sizes is an important means to study the dynamics of soil organic 46 

matter, and it is of great significance to study the role of organic carbon in the stability 47 

of aggregates (Christensen, 1992). Therefore, in recent years, the research on soil 48 

aggregates and their organic carbon has attracted much attention on different land use 49 

patterns (Mao et al., 2008; Zheng et al., 2010; Dong, 2011) and different forest types 50 

(Xie and Zhang, 2012; Yu et al., 2015; Liu et al.,2013; Zheng et al., 2019). The results 51 

showed that land use patterns could recombine and redistribute nutrients in soil 52 

aggregates by affecting soil structure, species, quantity and residual amount of 53 

vegetation litter, and soil microbial activities (Wang et al., 2003); the effect of forest 54 

types on soil aggregate content was mainly concentrated in large aggregate size (Sun et 55 

al., 2019). The above research on soil aggregates is basically reflected in a small scale, 56 

and the role of aggregates in the ecosystem cannot be fully understood. However, the 57 



formation of soil aggregates will be affected by soil characteristics, environmental 58 

factors and human factors (Jastrow, 1996). The research on the macro scale is helpful 59 

to reveal the spatial distribution and internal driving mechanism of soil aggregates, so 60 

as to comprehensively understand the formation and stability mechanism of soil 61 

aggregates (Ye et al., 2019). 62 

The Daxing’anling possesses well preserved and largest original forest area in China 63 

with a forest coverage rate of 74.1%. It is an important forestry and carbon storage base 64 

in China, and plays an irreplaceable role as a natural barrier. In this study, the 65 

distribution characteristics of soil aggregates and their organic carbon in Daxing’anling 66 

forest region were analyzed, and the effects of environmental factors on the stability of 67 

soil aggregates were discussed. The results can provide the basis for the rational 68 

utilization of soil and the improvement of forest carbon fixation capacity. 69 

Materials and methods 70 

Study area 71 

Daxing’anling (43°N ~ 53°30′N, 117°20′E ~ 126°E) is located in the northeast of China 72 

with the length of 1400 km, width of 200 km, elevation of 1 100-1 400m, and total area 73 

of 327 200 km2. In summer, the marine monsoon is blocked on the east slope of the 74 

mountain, where there is much precipitation on the east slope, and the west slope is dry, 75 

with a mean annual precipitation of 500 mm. The north part of the mountain range 76 

belongs to the continental monsoon climate of cold temperate zone with mean 77 

temperature in winter of -28℃, and there is a large area of permafrost distribution; the 78 

middle and south sections of the mountain are warm and dry with mean temperature of 79 

-21℃ in January, annual precipitation of 250-300 mm, and less snow. The main tree 80 

species are Larix gmelinii, Pinus sylvestris, Picea koraiensis, Betula platyphylla, 81 

Quercus mongolica, Populus davidiana, etc. The soil types are mainly brown 82 



coniferous forest soil, dark brown soil, gray black soil, meadow soil and swamp soil. 83 

Plot setting and soil sampling 84 

The sampling points were set by kilometer grid in Daxing’anling forest area from July 85 

to August in 2017 (Fig. 1). 75 sampling points were set up at a distance of 60 km with 86 

the span of 47°48′ ~ 53°33′N from south to north and 118°19′ ~ 126°30′ E from east to 87 

west. A sample circle with a radius of 17.85 m was set up at each sampling point. In 88 

each circle, after removing surface litters, three soil samples of 0-20 cm topsoil with 89 

500 g each were taken and put into plastic bags and brought back to the laboratory for 90 

analysis. Each tree and understory vegetation were investigated, and the altitude, slope, 91 

aspect and soil depth were recorded. According to the investigation, the Larix gmelinii 92 

and Betula platyphylla are the main tree species in the sample plot, along with Populus 93 

davidiana, Betula nigra, Quercus mongolica and Populus ussuriensis. 94 

 95 
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 110 

Fig.1 Distribution map of soil sampling points in Daxing’anling  111 

 112 

Soil sample determination 113 

The collected soil samples were taken back to the laboratory to remove the plant 114 

residues and gravel on the surface of soil samples, and then dried naturally for the 115 



determination of soil indexes. The pH value of soil was determined by pH meter 116 

(w/s=5/1), total phosphorus (TP) was determined by acid dissolution 117 

spectrophotometry (HJ 632-2011F-HZ-DZ-TR-0057), ammonium nitrogen (NH4
+-N), 118 

available potassium (AK) and available phosphorus (AP) were determined by 119 

combined extraction colorimetry (NY/T 1849-2010). 120 

The microaggregate separation device was used to extract the aggregate fractions from 121 

the air-dried soil samples passing 2 mm sieve. The specific process was as follows 122 

(Elliott, 1986; Six et al., 2000): 50 glass beads were placed on the 0.25 mm filter 123 

membrane to disperse the soil particles by the water flow, so that the microaggregates 124 

and fine particles could pass through the 0.25 mm sieve, and the soil particles of >0.25 125 

mm were separated; the microaggregates are collected on the 0.053 mm sieve, and then 126 

the dispersible silt and clay fractions were separated from the water stable 127 

microaggregates by wet sieving method; the obtained suspension was separated from 128 

the water stable microaggregates. After centrifugation, the easily dispersed silt and clay 129 

fractions (<0.053 mm) were obtained, and then dried at 60°C and weighed. The contents 130 

of organic carbon in soil aggregates with different particle sizes were determined by 131 

TOC elemental analyzer (SHIMADZU TOC-V CPH，Japan). 132 

The temperature and precipitation data were generated by the climate model of 133 

ClimateAP for the years 2001-2010 (http://climateap.net/). 134 

Data calculation and statistics 135 

The indexes of mean weight diameter (MWD), geometric mean diameter (GMD) and 136 

fractal dimension (D) were selected to describe the stability of soil aggregates (Wang 137 

et al., 2019; Xu et al., 2018), and the calculation formulas were as follows: 138 

                              𝑀𝑊𝐷 = ∑ 𝑊𝑖𝑋�̅�𝑛𝑖=1                        （1） 139 

                        𝐺𝑀𝐷 = 𝑒𝑥𝑝(∑ 𝑊𝑖 ln 𝑋�̅� 𝑛𝑖=1 )                      （2） 140 



                            
𝑊𝑟<𝑋𝑖̅̅ ̅̅𝑊0 = ⌈ 𝑋𝑖̅̅ ̅𝑋max⌉3−𝐷

                            （3） 141 

Where, 𝑋�̅� is the mean diameter of i particle size aggregate (in this study, the mean 142 

diameter of aggregates at each particle sizes are 1.125, 0.1515 and 0.0265 mm, 143 

respectively), Xmax is the mean diameter of maximum particle size (mm), Wi is the mass 144 

of i particle size aggregate (%), W0 is the total mass of soil sample (g), 𝑊𝑟<𝑋𝑖̅̅ ̅ is the 145 

mass of aggregate smaller than i particle size (g). 146 

Based on the theoretical model and fitting parameters of semivariogram, the spatial 147 

characteristics of soil aggregates and their organic carbon in Daxing’anling forest 148 

region were studied by Kriging method. Semivariogram, also known as spatial 149 

variogram, is a method to measure the spatial correlation between samples. The 150 

semivariance value between each point depends on the distance between them (formula 151 

4). Taking the variation function γ (h) as the Y-axis and the sampling interval h as the 152 

X-axis, the semivariance graphic can be drawn. 153 

        𝑟(ℎ) = 1/2𝑁(ℎ) × ∑ [𝑍(𝑥𝑖) − 𝑍(𝑥𝑖𝑁(ℎ)𝑖=1 + ℎ)]2                      （4） 154 

Where: γ (h) is the semivariance function; N(h) is the sample number with interval h; 155 

Z(xi) and Z(xi + h) are the measured values of the regionalized variable Z (x) at the 156 

spatial position xi and xi + H, respectively. The semivariogram has three important 157 

parameters-nugget, sill and range, which are used to measure the spatial variation and 158 

correlation degree of regionalized variables and represented by C0, C0 + C and A, 159 

respectively (Wang et al., 2013). 160 

One-way ANOVA was used to test the significant difference of soil aggregate and its 161 

organic carbon content among different particle size. Pearson correlation analysis and 162 

RDA analysis were used to analyze the relationships between soil aggregates and other 163 

indexes, and the software Origin Pro2019, Canoco4.5 and GS+9.0 were used to draw 164 

figures. 165 



Results 166 

Statistical characteristics of soil aggregates and its organic carbon 167 

Composition characteristics of soil aggregates 168 

In Daxing’anling forest region, the proportion of aggregates with particle size of 0.25~2 169 

mm was the highest (46.14%), followed by the aggregates with particle size <0.053 mm 170 

(27.72%), and the aggregates with particle size of 0.053~0.25mm accounted for the 171 

lowest proportion (26.14%) (Fig. 2). The variation coefficient of the proportion of each 172 

particle size ranged from 27.20% to 37.70%. Aggregates with particle size >0.25 mm 173 

are soil macroaggregates and an important part of soil aggregate structure; The higher 174 

its content is, the more stable the soil structure is (Ren et al., 2011). While the aggregates 175 

with particle size <0.25 mm are soil microaggregates and the basis of microaggregates, 176 

it largely determines the number of soil aggregates, and their content and distribution 177 

have a significant impact on soil physical properties. 178 

 179 

 180 
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 189 

Fig.2 Soil aggregate composition in Daxing’anling 190 

Stability characteristics of soil aggregates 191 

Soil aggregate stability is an important indicator reflecting soil structure, which is 192 

closely related to soil erosion resistance and environmental quality (Liu et al., 2014). 193 

Mean weight diameter (MWD), geometric mean diameter (GMD) and fractal 194 

dimension (D) are important indexes for aggregate stability evaluation. The higher the 195 
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proportion of aggregates with large particle size is, the larger MWD is, and the more 196 

stable soil aggregates are (Xie and Zhang, 2012); the smaller the fractal dimension of 197 

aggregates structure is, the better the structure and stability of soil is, and the stronger 198 

the corrosion resistance is (Gou et al., 2020). The MWD, GMD and D of soil aggregates 199 

in Daxing’anling forest region were 0.57 mm, 0.25 mm and 2.65, respectively (Fig.3). 200 

 201 
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 208 

 209 

Fig.3 Stability characteristics of soil aggregates in Daxing'anling 210 

Distribution characteristics of organic carbon in soil aggregates 211 

It can be seen from Fig. 4 that the organic carbon content was mainly concentrated in 212 

the large aggregates of 0.25~2 mm with the content of 19.84 g/kg and the contribution 213 

rate of 50.39%; the order of the content was consistent with the proportion of the 214 

aggregate mass, and the organic carbon content in 0.053~2 mm aggregates was the 215 

lowest with the content of 7.29 g/kg and the contribution rate of 18.33%. 216 

 217 
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 227 

Fig.4 Content and contribution rate of soil aggregate organic carbon in Daxing‘anling 228 
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Correlations among characteristic values of soil aggregate stability 232 

The correlations among different particle size aggregates and their stability indexes 233 

were showed in Fig.5. The content of 0.25~2 mm aggregates was significantly 234 

negatively correlated with the other two particle size aggregates (P<0.01). The content 235 

of 0.053~0.25 mm aggregates was also negatively correlated with <0.053 mm 236 

aggregates (P>0.05). The content of 0.25~2 mm aggregates was significantly positively 237 

correlated with MWD and GMD (P<0.01); the content of 0.053~0.25 mm aggregates 238 

was significantly (P<0.05) or extremely significant (P<0.01) negative correlation with 239 

MWD, GMD and D; the content of <0.053 mm aggregates was negatively correlated 240 

with MWD and GMD (P < 0.01), and positively correlated with D (P<0.01). There was 241 

a significant positive correlation between MWD and GMD (P<0.01), and a negative 242 

correlation between MWD and D. 243 

 244 

Fig.5 Correlations among soil aggregate characteristic values 245 

 246 

Spatial characteristics of soil aggregates and its organic carbon 247 

Geostatistics requires the sample data to meet the normal distribution. The K-S test 248 

showed that all aggregates followed normal distribution, which could meet the 249 
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requirements of geostatistical analysis, and could be used to the semivariance function 250 

fitting. While the organic carbon in 0.25~2 mm and 0.053~0.25 mm aggregates did not 251 

meet the requirements of normal distribution. After square root transformation and 252 

logarithmic transformation, the skewness values of organic carbon content in 0.25~2 253 

mm and 0.053~0.25 mm aggregate were smaller and more in line with the requirements 254 

of normal distribution.  255 

The optimal semivariance theoretical models were selected by comparing the 256 

determination coefficients, as shown in Table 1. The optimal models of different 257 

aggregate indexes were different. The optimal models of 0.25~2 mm and <0.053 mm 258 

aggregates were exponential models, while the optimal model of 0.053~0.25 mm 259 

aggregate was spherical model. The optimal models for organic carbon in aggregates 260 

of 0.25~2 mm and 0.053~0.25 mm were gaussian model, while the optimal model for 261 

organic carbon of aggregates <0.053 mm was exponential model. Therefore, it was 262 

necessary to use different models to analyze the spatial variations of soil aggregates (0-263 

20cm) and its organic carbon contents in Daxing’anling forest region. 264 

According to the semivariance function curve (Fig. 6), the semivariance function curves 265 

of soil aggregates in different particle sizes were not the same, and the curves of 0.25~2 266 

mm and 0.053 0.25 mm aggregates showed the characteristics of first rising and then 267 

flattening, while the semivariance value of <0.053 mm aggregates increased with the 268 

increase of segmentation distance; With the decrease of aggregate particle size, the 269 

rising range of semivariance value gradually increased, and the stable range decreased 270 

gradually. It also can be seen that the semivariance function curve characteristics of soil 271 

aggregate organic carbon in different particle size fractions were relatively consistent 272 

with first increasing and then tending to be flat. According to the nugget sill ratio, the 273 

spatial autocorrelations of each aggregate fractions were moderate (Wang et al., 2013). 274 



While the organic carbon of each particle size aggregates showed high spatial 275 

autocorrelation. It indicated that the aggregates of all particle sizes were affected by the 276 

structural factors such as climate, vegetation, soil and random factors such as human 277 

activities; and the larger the particle size was, the greater the impact of random factors 278 

and the less the impact of structural factors were. The organic carbon contents of 279 

aggregates were mainly affected by climate, vegetation, soil and other structural factors. 280 

According to the results of semivariogram analysis, Kriging method was used for 281 

spatial interpolation to analyze the spatial distribution characteristics of soil aggregates 282 

and their organic carbon contents (0-20cm) in Daxing’anling forest region (Fig. 7). It 283 

can be seen that there were some spatial differences in the content of soil aggregates in 284 

different particle sizes. On the whole, the contents of 0.25~2 mm and <0.053 mm 285 

aggregates gradually decreased from north to south, while the contents of 0.053~0.25 286 

mm aggregate were on the contrary, and the zonal characteristic of <0.25 mm 287 

microaggregates was more obvious. The spatial difference of organic carbon content in 288 

soil aggregates in Daxing’anling forest region was not significant and was distributed 289 

in patches. The organic carbon content of <0.053mm aggregates in the northern forest 290 

area was significantly lower than that in the southern forest region. 291 

 292 

 293 
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 304 

Fig.6 Semivariograms of soil aggregates in different particle sizes 305 



Table 1 Optimal model list for soil aggregates in different particle sizes 306 

Index Theoretical 
model 

Nugget 
C0 

Still 
C+C0 

Nugget sill 
ratio 

C0/（C+C0） 

Rang 

A (°) 
Coefficient of 

determination R2 

Aggregates 0.25~2mm Exponential 81.3 162.7 50.0% 1.09 0.638 

0.053~0.25mm Spherical 48.2 96.5 49.9% 3.06 0.822 

<0.053mm Exponential 54.7 133.35 41.0% 7.50 0.652 

Aggregate 
organic 
carbon 

0.25~2mm Gaussian 0.001 2.540 0.04% 0.52 0.692 

0.053~0.25mm Gaussian 0.0020 0.5860 0.34% 0.52 0.210 

<0.053mm Exponential 0.8100 20.500 3.95% 0.41 0.448 
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 325 

Fig.7 Spatial distribution of soil aggregates in different particle sizes 326 

 327 

Influencing factor analysis of soil aggregate and its organic carbon 328 

The effects of environmental factors on the soil aggregates and their organic carbon 329 

were analyzed by RDA analysis (Fig. 8). There was no significant correlation between 330 

soil aggregate factors and temperature, indicating that the influence of temperature on 331 

soil aggregate was not obvious. The content of soil macroaggregate (0.25~2 mm) was 332 

significantly positively correlated with SOC and negatively correlated with pH; the 333 

content of microaggregates (0.053~0.25 mm) was only significantly negatively 334 

correlated with precipitation; the content of microaggregates (<0.053 mm) was 335 

significantly negatively correlated with SOC and OP, and positively correlated with pH 336 
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and precipitation. The above results indicated that there were some differences in the 337 

correlation between soil aggregates and various factors. 338 

SOC had a significantly positive correlation with MWD and GMD, and a significantly 339 

negative correlation with D value. The relationship between each stability index and 340 

other factors was not the same. MWD and GMD were negatively correlated with pH, 341 

and precipitation had a significant positive effect on D. The above analysis showed that 342 

climate factors and soil chemical properties had a certain impact on the stability of soil 343 

aggregates. 344 

There was a significant positive correlation between SOC and organic carbon of 345 

different particle size aggregates (P<0.01). The correlation between SOC and organic 346 

carbon of 0.25~2 mm aggregates was the highest (r=0.928), and the correlation degree 347 

gradually decreased with the decrease of particle size. There was a significant positive 348 

correlation between soil aggregate organic carbon and TP; 0.25~2 mm and <0.053 mm 349 

aggregates had significant positive correlation with NH4+-N; Organic carbon contents 350 

in 0.25~2 mm and 0.053~0.25 mm aggregates had significant positive correlation with 351 

AK; Organic carbon content in 0.053~0.25 mm aggregate also had a significant 352 

negative correlation with precipitation. The results showed there were some differences 353 

in the correlation between soil aggregate carbon content and various factors, and soil 354 

chemical properties had certain effects on soil aggregate organic carbon.  355 

 356 

 357 
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 364 

Fig. 8 Correlations between soil aggregate factors and soil physicochemical factors, climatic 365 

factors 366 



Discussions 367 

Statistical characteristics of soil aggregates and their organic carbon 368 

The soil aggregate content of each particle size in Daxing’anling forest region followed 369 

the order of (0.25~ 2 mm) > (<0.053 mm) > (0.053~0.25 mm), which was consistent 370 

with previous research results (Cheng et al., 2013; Zhao et al., 2018). Studies had shown 371 

that roots and fungal hyphae were the main cementing agents for macroaggregates, 372 

while humic organic matter was the cementing agent for microaggregates (Tisdall and 373 

Oades, 1982). Forest soil was dominated by macroaggregates, which was directly 374 

related to the role of plant roots. Plant roots, including dead roots, promoted the 375 

formation and stability of soil aggregates by winding and connecting soil particles and 376 

releasing secretions (Yuan et al., 2018). The composition of soil aggregates was closely 377 

related to the quality of soil structure. The content of aggregates >0.25 mm can reflect 378 

the quality of soil to a certain extent. The higher the content, the more stable the soil 379 

aggregates were, the better the soil structure and quality were (Barthes and Roose, 2002; 380 

Ma et al., 2013). 381 

The stability of soil aggregates was the key to reflect the physical protection of soil 382 

aggregates on organic carbon, which can be measured by MWD, GMD and D. The 383 

higher the MWD and GMD values were, the higher the aggregation degree of the 384 

aggregates was, the more stable the aggregates were and the better the soil structure 385 

was. The smaller the D value was, the smaller the dispersibility and erodibility of soil 386 

aggregates were, and the better the stability of soil structure was. In Daxing’anling 387 

forest region, the vegetation formed for a long time and grew well, the humification 388 

degree of soil organic matter and the proportion of persistent organic medium were high, 389 

so the stability of soil aggregate was high. 390 

The organic carbon of soil aggregates in Daxing’anling forest region was mainly 391 



concentrated in 0.25~2 mm size aggregates, accounting for 50.39%, which indicated 392 

that this particle size aggregate was an important material condition for soil fertility, 393 

which was consistent with the research results of Mikha and Rice (2004), Wang et al. 394 

(2019) and Zhao et al. (2019), and proved that the large aggregates contain more organic 395 

carbon than the microaggregates. Woodland can promote the formation of large 396 

aggregates from silt and clay particles and microaggregates, at the same time, make 397 

more soil organic carbon accumulate to large aggregates, which made large aggregates 398 

become the main body of carbon storage. However, the formation of microaggregates 399 

was often accompanied by the decomposition of particulate organic matter (iPOM) in 400 

large aggregates, which led to the transformation of large aggregates into 401 

microaggregates (Jastrow et al., 1996; Six et al., 2004). Therefore, microaggregates 402 

contain low carbon content. 403 

Spatial variability of soil aggregates and their organic carbon 404 

Based on Geostatistics theory and Kriging spatial interpolation method, the results 405 

showed that the aggregate content of soil in Daxing’anling forest region obeyed normal 406 

distribution statistically, and there were some spatial differences. On the whole, the 407 

content of 0.25~2 mm and <0.053 mm aggregates decreased gradually from north to 408 

south, while the content of 0.053~0.25 mm aggregates was the opposite. The content of 409 

aggregates in each particle size showed moderate spatial autocorrelation, which 410 

indicated that it was affected by structural factors such as climate, vegetation and soil 411 

and random factors such as human activities. The larger the particle size was, the greater 412 

the impact of random factors was. In the north of Daxing’anling, there was the largest 413 

virgin forest in China. Where the forest soil was in a natural state for a long time without 414 

human interference, and the vegetation grown vigorously and the litter layer was thick, 415 

which can effectively slow down the erosion of surface soil by precipitation and reduce 416 



the impact of rainfall on >0.25 mm. In the south, the influence of human activities was 417 

more obvious. Frequent human disturbance will lead to the disintegration of large 418 

aggregates with relatively poor stability, and increase the content of microaggregates 419 

and silt-clay components. The spatial autocorrelation of organic carbon in each size 420 

fraction of aggregates was high, indicating that it was mainly affected by structural 421 

factors. 422 

Influencing factors of soil aggregates and their organic carbon 423 

There were certain correlations among the characteristic values of soil aggregates. The 424 

content of soil macroaggregates (>0.25 mm) was significantly positively correlated 425 

with MWD and GMD, and negatively correlated with D. The correlation between the 426 

content of microaggregates (<0.25 mm) and various stability indexes was contrary to 427 

that of large aggregates, indicating that the stability of soil aggregates could be 428 

improved by increasing the content of large-sized aggregates in soil. There was a 429 

significant positive correlation between the organic carbon of different particle size 430 

aggregates (P<0.01). Macroaggregates can combine a large amount of organic carbon, 431 

and promote the formation of micro aggregates through the interaction between organic 432 

matter and soil environment, thus providing conditions for the long-term retention of 433 

organic carbon in microaggregates (Six et al., 2000). 434 

Studies have shown that the main influencing factors of soil aggregates are soil texture, 435 

clay mineral type, calcium, magnesium and other cation content, iron and aluminum 436 

oxides and soil organic carbon (Li et al., 2009). At the same time, the formation and 437 

evolution of soil aggregates with different particle sizes were also significantly affected 438 

by various biological factors in the soil, including roots, soil animals, soil 439 

microorganisms and their metabolites (Yuan et al., 2011). Soil aggregate can stabilize 440 

and protect soil organic carbon, which is the place where soil organic carbon exists. 441 



Soil organic carbon is the cementation material of soil aggregate, and the two are 442 

inseparable. The results showed that there was a significant positive correlation 443 

between SOC and 0.25~2 mm aggregates, but a significant negative correlation with 444 

<0.053 mm aggregates. The results show that soil organic matter is beneficial to the 445 

cementation of small-sized aggregates into large aggregates. The higher the content of 446 

soil organic carbon, the higher the content of large aggregates. There was a significant 447 

positive correlation between SOC and MWD and GMD, and a significant negative 448 

correlation with fractal dimension D. The results show that soil organic carbon has a 449 

positive effect on the stability of soil aggregates. The higher the soil organic carbon 450 

content, the larger the average weight diameter and geometric average diameter of soil 451 

aggregates, the smaller the fractal dimension, so the better the structure and stability of 452 

soil and the stronger the anti-erosion ability. This is consistent with the research results 453 

of Zhao et al (2019) and Wang et al (2019) on soil aggregates and their stability of 454 

different forest types. Organic matter, as the main binding material, is likely to play an 455 

important role in the formation of soil aggregates in Daxing’anling forest region. As an 456 

important cementation material, organic matter can enhance the binding force between 457 

aggregates. There are many litters on the forest surface. In the process of litter 458 

decomposition and transformation into organic carbon, micro aggregates form large 459 

aggregates through organic matter cementation, With the formation of large aggregates, 460 

the average weight diameter increases, and the soil structure gradually tends to be stable 461 

(Zheng et al., 2010). Therefore, in the process of forest management, we can increase 462 

the content of soil organic carbon and improve the stability of aggregates, so as to 463 

improve the ecological function of the forest. Soil aggregate content, MWD and GMD 464 

of 0.25-2 mm soil in Daxing'anling Forest Region were significantly negatively 465 

correlated with pH (P<0.01), indicating that acid soil is more conducive to the 466 



formation of large aggregates and the stability of soil structure (Zhao et al., 2019). The 467 

results showed that there was a significant positive correlation between the content of 468 

<0.053 mm aggregates and precipitation (P<0.01), indicating that water can promote 469 

the formation of clay aggregates. 470 

Soil humus is not only the main cementing agent of soil aggregates, but also an 471 

important place for the preservation of soil organic matter. It is of great significance to 472 

soil fertility and structural characteristics, especially in improving the stability of soil 473 

aggregates (Gou et al., 2020). Soil organic carbon is an important factor in the formation 474 

and stability of soil aggregates, and one of the most important ways to fix organic 475 

carbon occurs in the process of cementation and agglomeration of soil particles with 476 

different particle sizes (Dou et al., 2011). There was a significant positive correlation 477 

between SOC content and soil aggregate organic carbon (P<0.01). The results showed 478 

that the organic carbon content of soil aggregates was closely related to the SOC content, 479 

and SOC had an important influence on the distribution of organic carbon among 480 

different particle fractions. Stewart et al. (2008) pointed out that micro aggregates as a 481 

whole showed more linear relationship with total organic carbon. The effects of total 482 

phosphorus, ammonium nitrogen, available potassium and other nutrient factors on soil 483 

aggregate organic carbon were consistent and positively correlated, indicating that soil 484 

nutrients can promote the increase of soil aggregate organic carbon to a certain extent. 485 

Conclusion 486 

The distribution of soil aggregates in Daxing’anling forest region was (0.25~2 mm, 487 

46.14%) > (<0.053 mm, 27.72%) > (0.053~0.25 mm, 26.14%). All aggregates showed 488 

moderate spatial autocorrelation, and were affected by structural factors such as climate, 489 

vegetation and soil and random factors such as human activities. The larger the particle 490 

size, the greater the impact of random factors. The content of 0.25~2 mm aggregates 491 



and <0.053 mm aggregates decreased gradually from north to south, while the content 492 

of 0.053~0.25 mm aggregates was just the opposite. 493 

The organic carbon content of soil aggregates in Daxing’anling forest region was 494 

mainly concentrated in large aggregates with particle size of 0.25~2 mm (50.39%); The 495 

organic carbon content of soil aggregates with particle size of 0.053~2mm was the 496 

lowest (18.33%). The organic carbon of each particle size aggregate showed high 497 

spatial autocorrelation, which was mainly affected by structural factors. The spatial 498 

difference of organic carbon content in soil aggregates of each particle size was not 499 

significant, which was distributed in patches. 500 

Temperature had no significant effect on the formation and stability of soil aggregates, 501 

precipitation was beneficial to the formation of <0.053 mm microaggregates; Soil 502 

organic carbon had a significant positive correlation with 0.25~2 mm aggregate content, 503 

MWD and GMD. Soil organic matter was conducive to the cementation of small 504 

aggregates into large aggregates, which played a positive role in the stability of 505 

aggregates. There was a significant positive correlation between SOC and organic 506 

carbon in soil aggregates of each particle size, and the correlation degree decreased 507 

gradually with the decrease of particle size; The contents of soil nutrients such as 508 

nitrogen, phosphorus and potassium could promote the accumulation of organic carbon 509 

in soil aggregates. 510 
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