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The input of dissolved organic carbon (DOC) into soil affects soil organic carbon mineralization and microbial community composition by changing carbon availability. However, up to now, there is little knowledge about the microbial groups that utilize the added DOC and how the incorporation process may vary over time. In this study, we added 13C-labeled litter-derived DOC (treatment) or pure water (control) to a forest soil from different layers to investigate the effects of DOC addition on soil microbial biomass and community composition in a 180-d laboratory incubation experiment. Soil microbial phospholipid fatty acid (PLFA) were measured to assess changes in the microbial community composition. The 13C incorporation into microbial biomass and PLFAs was analyzed to trace the microbial utilization of litter-derived DOC. Our results indicated that DOC addition increased the biomass of gram-negative bacteria, gram-positive bacteria, fungi, and actinomycetes, but the microbial community composition manifested a similar trend for both treatment and control soils at the end of incubation. Proportions of added DOC in different depths of soil microbial PLFAs had no significant difference. Moreover, 17:0 cy and 15:0 PLFAs which are described as the bacterial biomarkers had a greater amount of 13C incorporation than other PLFAs for the topsoil, which indicated that 13C-labeled litter-derived DOC was more easily assimilated by some specific bacterial community. Soil microbial biomass and the incorporation of 13C into PLFA reached its maximum around 30 days after DOC addition and then rapidly reduced to the level comparable to control. Overall, this study demonstrated that the incorporation of 13C-labeled litter-derived DOC into PLFA in different depth soil had no significant difference, and the incorporation of 13C by bacteria was higher than other microbial groups.
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INTRODUCTION

The soil organic carbon (SOC) pool is the biggest carbon pool in terrestrial ecosystems (1), which is three times larger than the atmospheric carbon pool (2). Plant materials, such as litter, dead roots, or root exudates, are major sources of soil organic matter in terrestrial ecosystems (3–5). The input of fresh organic matter could modify SOC dynamics (6–8), causing long-time variations in soil C pool and ecosystem carbon balances (9). Moreover, SOC turnover and dynamics was controlled by soil microbial community. Many studies have found that plant-derived DOC can stimulate the soil carbon mineralization (10–12), but we know little about the changes in the microbial community.

The addition of C substrates of varying quantity and quality could have different influences on soil microbial community. However, most researches focused on the effect of simple organic substances (e.g., glucose, formate, fructose, oxalic acid, and catechol) inputs on soil microbial community (13–16). As a key natural component of forest carbon cycle, plant-derived DOC is more complex than simple organic substances and includes a rapidly decomposable fraction and a slowly decomposable fraction (17, 18), and the addition of litter-derived DOC might affect the microbial biomass and extracellular enzyme activity as well as causing a possible shift in the microbial community composition (19). Previous studies proved that glucose addition caused an increase in microbial biomass in 1–2 days (20, 21), while litter addition caused the maximum increase of microbial biomass in a few months (22, 23). Recent research showed that the proportion of added litter-derived C entering soil microbial groups nearly disappeared after 18 months (1–2 years), indicating little long-term utilization of litter-derived C by soil microorganisms (16). Thus, compared to the effects of simple organic matter input into the soil, the addition of plant-derived DOC into soils may have different effects. Therefore, it is necessary to investigate the effect of plant-derived DOC on soil microbial communities.

Different microbial groups [e.g., fungi, gram-positive (GP), and gram-negative (GN) bacteria] have different effects on SOC decomposition (24–26). Previous studies considered that bacteria prefer to use rapidly decomposable substances, while fungi prefer to degrade recalcitrant compounds present in SOM by producing a wide range of enzymes and can connect labile C with stable SOM via transport through their hyphae (27). But more recent studies have proven a high fungal use of labile C (28). It is widely accepted that microbial growth is stimulated only by the addition of easily available organic substances, which may consequently affect the mineralization of SOC (29, 30) and change the C flow within the soil microbial community (31–33). Many studies have proved that 13C-phospholipid fatty acid analysis can trace C flow from 13C-labeled substrates into soil microbial community. For example, some experiments found that 16:0 and 18:1ω9c PLFAs which are described as the bacterial biomarkers, had greater amounts of 13C incorporation than other PLFAs with the addition of leaf-litter in subtropical forest soils (34, 35), and other studies showed that 13C-glucose was incorporated into bacterial PLFAs first, especially in GP bacteria (36). However, our knowledge on which groups of soil microbes utilize the natural complex plant-derived DOC is very limited.

Carbon stored in deep soils (below 20–300 cm) is three times more than the C stored in the top 20 cm (37). Meanwhile, the deep SOC is more stable than topsoil SOC (38–40). Microbial community structure and activity in deep soils are different from that in surface soils (41, 42). Thus, the effects of fresh organic matter input into deep soil could have different effects on carbon mineralization on that in surface soil. A few studies have shown that the input of fresh organic matter into deep soil could have stronger effects on carbon dynamics than in surface soil (21, 22, 43). But few studies have investigated the effects of plant-derived DOC addition on deep soil microbial communities.

In this study, we added 13C-labeled plant-derived DOC (treatment) or pure water (control) to soil samples of different depths to determine the 13C incorporation into the PLFA of different microbial groups. We hypothesized that (1) the biomass of bacteria increased with the addition of DOC and the proportion of 13C in bacteria was higher than other soil microbial communities owing to their preference for rapidly decomposable substances; (2) the effect of DOC addition on the incorporation of 13C into PLFA of different soil microbial groups was different with the simple organic matter addition.



MATERIALS AND METHODS


Soil Collection and Laboratory Incubation

Soils were collected from a deciduous, humid, mountainous forest dominated by Fagus lucida in the Badagongshan National Nature Reserve, Hunan Province, in the mid-subtropical zone of China (29°46.04′N, 110°5.24′E). The climate is subtropical mountain humid monsoon with annual average precipitation of 2,105 mm and an annual mean temperature of 11.5°C. The soil was classified as a Hapludalf with a silt loam texture. We dug three trenches and used a shovel to collect soil samples at three fixed depths: 0–10 cm (topsoil), 10–30 cm (midsoil), and 30–60 cm (subsoil). Sieved soils were refilled into 10 cm diameter PVC tubes as soil columns with thicknesses of 10, 30, and 60 cm (Supplementary Figure 1). The soils were separately refilled as three layers of 0–10, 10–30, and 30–60 cm. The bottoms of the PVC tubes were covered with a nylon net to avoid soil loss while allowing liquid to pass through. Each soil layer was also separated with this nylon net. There were 36 replicate PVC tubes for each type of soil column. After pre-incubation, 13C-labeled litter-derived DOC was added into half of the PVC tubes by an intravenous tubing as the treatment, and the other half of the PVC tubes received distilled water as the control. Litter-derived DOC was produced by the 13C-labeled Fagus lucida leaves and distilled water. The concentration and the δ13C value of litter-derived DOC were 71.7 mg L−1 and 318.4‰, respectively. And the proportion of the labile carbon and calcitrant carbon of litter-derived DOC was 46.18 and 53.82%. The specific process of soil sampling, incubation, the preparation and properties of 13C-labeled litter-derived DOC were described in Wang et al. (44). The primary properties of the soil are given in Supplementary Table 1.



Soil Sampling and Lab Analysis

Three replicate PVC tubes of each treatment and each depth were destructively sampled at 10, 20, 30, 60, 90, and 180 days. Each soil sample collected from PVC tubes was divided into two subsamples. One subsample of fresh soil was used to extract soil microbial biomass carbon. Another subsample of fresh soil was freeze-dried for the determination of soil phospholipid fatty acids (PLFAs) and δ13C value of PLFAs. Soil microbial biomass carbon was extracted by the fumigation-extraction method (45). Soil microbial biomass carbon in extracts (the extraction coefficient was 0.45) were measured using a TOC Analyzer (vario TOC, Elemental, Germany).



PLFA Extraction and Analysis

PLFA analysis procedures (soil lipids extraction, phospholipids separation, and methylation) was conducted according to the literature (46). Briefly, 4 g of freeze-dried soil were extracted with chloroform: methanol: citric acid buffer (1: 2: 0.8), and the phospholipids in the extracts were separated after being eluted using methanol on a silica column (Thermo scientific, USA). The phospholipids were subjected to the methanolysis with a 0.2 mol/L KOH, after which the fatty acid methyl esters (FAMEs) were separated on a capillary as chromatograph.Take methyl non-adeconoate 19:0 as internal standards, the FAMEs were analyzed on a capillary gas chromatography-mass spectrometry (GC-MS, Agilent 6850 Series, Agilent Technologies Inc., USA) equipped with a FID detector and using a Agilent 19091B-102 column (25 m × 200 μm × 0.33 μm). The temperature program of the GC-MS system was the initial temperature was 50°C for 1 min, then 12°C min−1 until reaching 180°C where it was held for 2 min, 6°C min−1 until 220°C where it was held for 2 min, 15°C min−1 until 240°C where it was held for 1 min, and further 15°C min−1 until 260°C where it was held for 15 min. The identification and quantification of FAMEs were performed on MIDI system (MIDI Inc., USA). The amounts of total or individual PLFA were calculated based on those of FAMEs (nmol g/1). Each group in the microbial community was described by the sum of corresponding PLFAs. The represent gram-negative bacteria PLFA was by 17:0cy, 19:0cy, 18:1ω7c, 18:1ω9c; the represent gram-positive bacteria PLFA was by i14:0, i15;0, i16:0, a15:0, i17;0, a17:0; the represent bacteria PLFA was by 17:0 cy, 19:0 cy, 18:1ω7c, 18:1ω9c, i14:0, i15;0, i16:0, a15:0, i17;0, a17:0, 14:0,15:0,16:0, 17:0,18:0; the represent fungi PLFA was by 16:1ω5c and 18:2ω6c; and the represent actinomycetes PLFA was by 10Me16:0, 10Me17:0, 10Me18:0 (47–49).

The δ13C values of individual PLFA were determined using gas chromatography-combustion-isotopic ratio mass spectrometry (GC-C-IRMS, Thermo Fisher Flash 2000, USA). Samples were run in splitless mode, injector temperature was 250°C, and helium flow rate 1.5 ml min−1 (Column DB-5, 30 m × 0.25 mm × 0.25 mm, Agilent Technologies, Inc.). The oven temperature was 120°C for 1 min, then increasing 8°C min−1 until reaching 285°C and further 10°C min−1 until 310°C where it was held for 1 min. Peaks were identified by comparing the relative retention times and chromatograms with those from the GC-MS analyses. Due to the different measurement methods, more PLFAs could be detected with GC-MS than GC-C-IRMS (10–20% more), and only those PLFAs which were detected with both methods are presented here. PLFAs were omitted from the analyses if their δ13C values could not be determined due to too small peak area. The peaks were manually integrated three times and the average of the three integrations for δ13C value was used.



Calculation and Statistical Analysis

The relative change in microbial community biomass was calculated using the following equation:

[image: image]

Where PLFAstreatment is the concentration of PLFAs in the soils with litter-derived DOC addition, PLFAscontrol is the concentration of PLFAs in the control soils.

An additional C atom is added to the fatty acid molecule during the methylation step, thus the δ13C values of PLFA were calculated with the following equation (31, 50).

[image: image]

Where NPLFA is the number of C atoms of the PLFA molecule, 13CFAME is the measured δ13C value of the methylated PLFA, and 13CMeOH is the known δ13C value of the methanol used for methylation.

The proportion of litter-derived DOC in each PLFA was determined using a mass balance approach (51).
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Where δ13Ctreatment is the δ13C value (‰) of individual PLFA in the soils with litter-derived DOC addition, δ13Ccontrol is the δ13C value (‰) of individual PLFA in the control soils, and δ13Clitter−derived is the δ13C value of litter-derived DOC (‰).

Repeated measures ANOVA was used to assess the relative change of PLFAs in different depth soil during the incubation. Post-hoc multiple comparisons were determined using LSD when ANOVAs were significant. The significance level in all analyses was P < 0.05. Principle Component Analysis (PCA) was conducted in the vegan package in R v 3.3.1 [(52); R Core Team, 2014] to explore the relationship of microbial community in different depth soil and different incubation time. Permutational multivariate analysis of variance (PerMANOVA) was employed in the Past 3 software to explore the influence of temporal trends on the microbial community between treatment and control. Other statistical analyses were performed by IBM SPSS statistics v 21 (1989-2012 International Business Machines Corp., USA). Figures were drawn with OriginPro 2016 (©1991-2015 OriginLab Corporation, USA).




RESULTS


Soil Microbial Biomass Increased Significantly

At the end of incubation, the proportion of the labile carbon of litter-derived DOC decreased from 46.18 to 37.87%, the specific data was showed in our previous study (44). With the decrease of the labile carbon DOC, microbial biomass carbon significant increased during the incubation (Figure 1, F = 141.78, P < 0.01). The microbial biomass carbon in all soil layers increased over time from the beginning of incubation, to a peak at 1,270 μg g−1 soil on day 30, then decreased at the later stage of incubation. The significant difference of microbial biomass carbon between control and treatment was only found on day 30 (topsoil: F = 7.03, P = 0.03; midsoil: F = 1.68, P = 0.04; subsoil: F = 1.71, P = 0.01).


[image: Figure 1]
FIGURE 1. Microbial biomass carbon at different soil depth during the incubation. C, control; T, treatment; t0, t10, t20, t30, t60, and t180 are the destructive sampling time. Values are means ± SD (n = 3). *P < 0.05, **P < 0.01.




PLFAs Had Significant Temporal Change

After DOC addition, total soil microbial carbon, gram-positive bacteria, gram-negative bacteria, other bacteria, fungi, and actinomycetes PLFAs significantly increased from the beginning of incubation to day 30, and then declined to values comparable with the control (Figure 2, Table 1). The biomass of all microbial groups reached its maximum on day 30. The value of increasing rate of soil gram-positive bacteria was larger than other groups of the soil microbial community, but there was no significant difference among them during incubation (Figure 2, Table 2). Although the biomass of fungi and bacteria increased, the ratio of fungi to bacteria biomass was stable during the incubation (Figure 3A, F = 1.56, P > 0.05). The ratio of gram-positive bacteria to gram-negative bacteria biomass in midsoil on day 10 and subsoil on day 20 had an obvious increase, then declined to a control level (Figure 3B).


[image: Figure 2]
FIGURE 2. Relative change of different microbial groups [(A) total microbial community, (B) gram-negative bacteria, (C) gram-positive bacteria, (D) bacteria including (A,B), (E) fungi, (F) actinomycetes] during the incubation. Values are means ± SD (n = 3).



Table 1. Results of ANOVA with repeated measures to test the effects of soil depth and incubation time on the relative change of PLFAs.
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Table 2. Results of ANOVA for the relative change of different PLFAs during incubation.
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[image: Figure 3]
FIGURE 3. The ratios of fungi to bacteria (A) and gram-positive to gram-negative bacteria (B) at different soil depths during the incubation. C, control; T, treatment; t10, t20, t30, t60, and t180 are the destructive sampling time. Values are mean ± SD (n = 3). *P < 0.05.


Additionally, the principal component analysis (PCA) of the PLFAs data (the normalized responses were used, accounting for 59.15% of the variation) clearly separated three layers of soils (i.e., topsoil, midsoil, and subsoil) (Figure 4). The microbial community of topsoil was dominated by gram-negative bacteria including 19:0 cy, 18:1ω7c, 18:1ω9c whereas the subsoil was dominated by microbial groups including i17;0, cy17:0, a17:0, and 10Me16:0. With the addition of DOC, soil microbial communities in topsoil (Figure 5, Table 3, F = 10.74, P < 0.01) and midsoil (Figure 5, Table 3, F = 3.66, P < 0.01) had a significant change at different incubation time, but the soil microbial communities in treatment and control were similar at the end of incubation (Figure 5, Table 3). This result demonstrated DOC addition only diminished but not changed the direction of the changes in microbial community composition. In the earlier stage of incubation, microbial community was dominated by gram-positive bacteria including i14:0, i15;0, and a15:0, while in the middle and later stage of incubation, 16:1ω5c and 18:2ω6c which are described as the fungi biomarkers and 10Me16:0, 10Me17:0, 10Me18:0 which are described as the actinomycetes biomarkers began to occur (Figure 5). For all horizons of soils, actinomycetes dominance increased at the end of incubation.


[image: Figure 4]
FIGURE 4. Principal component analysis (PCA) of soil microbial PLFAs for soils of different depths.



[image: Figure 5]
FIGURE 5. Principal component analysis (PCA) of microbial PLFAs as affected by treatment and incubation time in topsoil (A), midsoil (B), and subsoil (C). The arrows indicate the direction of change in the microbial community. C, control; T, treatment; 0, 10, 20, 30, 60, and 180 are the destructive sampling time. Black line indicates the change of microbial community in control, and blue line indicated the change of microbial community in treatment.



Table 3. Permutational multivariate analysis of variance (PERMANOVA) in soil microbial community composition in different incubation time and treatment.
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DOC-C in Microbial PLFAs Had Significant Difference

After the addition of litter-derived DOC, the proportion of litter-derived DOC in soil microbial groups significantly increased in the early stage of incubation and the values reached their maximum on day 30 (Figure 6, F = 17.47, P < 0.01). And the proportion of litter-derived DOC in topsoil bacteria on day 20 an 30 was significantly higher than the other microbial groups (Table 4, day 20: F = 17.58, P < 0.01; day 30: F = 47.75, P < 0.01). After reaching the maximum, the proportions of DOC-C in microbial PLFAs declined, but the values at the end of incubation were also higher than the initial values. However, the proportions of DOC-C in microbial PLFAs were not significantly different among soils from different depths (Figure 6, F = 0.85, P = 0.48).


[image: Figure 6]
FIGURE 6. Proportions of added DOC in soil microbial PLFAs for different soils during the incubation. Values are means ± SD (n = 3).



Table 4. Results of ANOVA for the proportion of 13C in different microbial groups during incubation.

[image: Table 4]

Proportions of added DOC in topsoil, midsoil, and subsoil microbial PLFAs indicated that the assimilation of litter-derived DOC varied by different soil microbial groups (Figure 7, Supplementary Table 2). Overall, the assimilated DOC in PLFAs reached its maximum at day 30, especially for topsoil. After reaching the maximum, the assimilated DOC in PLFAs declined over time. For topsoil, litter-derived DOC was mainly incorporated into 17:0cy, i15:0, 15:0, 16:0, and 16:1ω5c, followed by 16:1ω7c, i16:0, i17:0, and a17:0. For midsoil, litter-derived DOC was mainly incorporated into 17:0cy and 15:0, followed by 10Me17:1ω7c and 10Me18:0. For subsoil, litter-derived DOC was mainly incorporated into 10Me18:0, followed by 16:1ω7c, 17:0cy, i17:0, a17:0, 16:0, and 10Me16:0.


[image: Figure 7]
FIGURE 7. Proportion of DOC-C in soil microbial PLFAs (GN, Gram-negative bacteria; GP, Gram-positive bacteria; B, bacteria other than GN and GP; F, fungi; A, actinomycetes) for topsoil, midsoil, and subsoil during the incubation. t10, t20, t30, t60, t90, and t180 are the destructive sampling time. Values are means ± SE (n = 3). *P < 0.05, **P < 0.01, which indicated there were significant differences between initial and other times.





DISCUSSION

The addition of labile carbon into soil increase microbial biomass and activity, then affect microbial community structure (15, 32, 53, 54). Our incubation experiment confirmed that soil microbial biomass of different depths significantly increased after DOC addition, and reached the maximum around day 30 (Figure 2). These results suggest that the addition of DOC provided carbon sources for microbes and promoted their growth, thus increased their biomass (11, 35). However, the duration of the effect of DOC addition on microbial biomass was different from other carbon sources. For example, the addition of glucose may cause an increase in microbial biomass in 1–2 days (20, 21), while with the addition of litter, microbial biomass usually reaches its maximum after a few months (22, 23). The observed duration and magnitude of the increase of microbial biomass probably depend on the quality and quantity of added C. Previous studies found that if the quantity of addition active carbon was less than native soil microbial biomass C, it only increased microbial activity but did not cause the increase of microbial biomass (55). But in our study, the quantity of added DOC is about 10% of soil microbial biomass C, soil microbial biomass nearly increased 1/3 on day 30. The possible reason is that the composition of DOC is more complex and could meet the needs of more diverse microbial groups, thus it had a bigger effect on microbial growth (10, 56, 57).

Microbial community composition changed significantly during the incubation with the addition of DOC. Previous studies had shown that bacteria and fungi had different responses to exogenous carbon addition, bacteria prefer to use simple compounds while fungi and actinobacteria prefer to use complex compounds (58–61). Thus, at the early stage of incubation, the 13C incorporation into bacteria was higher than that of fungi and actinobacteria (Table 4, Figure 7). But at the later incubation stages, the 13C incorporation into fungi and actinobacteria was might come from the necromass of microorganisms that took up the label before. Previous studies demonstrated that both fungi and actinomycetes are well-known to “recycle” carbon from microbial necromass (28). Therefore, litter-derived DOC may be utilized by bacteria, fungi, or actinomycetes, then cause a shift of microbial community structure.

Among the microbial groups, the gram-positive bacteria showed the biggest relative change rate (Figure 2). This indicated that added DOC had a stronger effect on gram-positive bacteria, which was probably due to the different cell wall composition between gram-positive bacteria and gram-negative bacteria (42, 50). Although DOC addition caused transient changes in microbial community composition, the microbial community compositions of the treatment and control showed a similar temporal trend during the incubation (Figure 5). This revealed that DOC addition only temporally changed the relative composition of different soil microbial groups, but did not alter the general trend of the shifting of microbial community composition. In the early stages of incubation, DOC addition provided C energy for microbes and then caused the transformation of microbial community. But with the depletion of DOC during the incubation, this effect faded away, the structure of microbial community in treatment at the end of incubation was similar to that of the control. These results indicated that the addition of DOC had a short-time effect to transform soil microbial community composition. Microbial community composition in different soil depths had similar responses to DOC addition (Figure 5).

According to the proportion of DOC-C in soil microbial PLFAs, we found that the order of the utilization DOC-C by microorganisms was different among soil layers. In topsoil, the DOC-C was used by both bacteria and fungi, and the δ13C of bacteria had a significant increase on day 20 and up to the maximum on day 30. Actinomycetes did not use DOC-C during the whole incubation experiment. In midsoil and subsoil, the δ13C of fungi had no significant change during incubation, but actinomycetes had a 13C enrichment (Figure 7). Therefore, the added DOC in surface soil was mainly used by fungi and bacteria, while in the middle and deep layer, DOC used by actinomycetes was likely re-used 13C that was taken up by bacteria before. Although both bacteria and fungi had assimilated DOC-C, the amount of DOC assimilated into bacteria is higher than fungi (Table 4, Figure 7). And our results showed that 13C in DOC was mainly assimilated by 17:0cy (gram-negative bacteria) and 15:0 (common bacteria) (Figure 7). These results confirmed hypothesis 1 that the proportion of 13C in bacteria was higher than other soil microbial communities. This indicated that DOC is more easily assimilated into bacteria (34–36). However, previous studies indicated that 13C-labeled amino acid mixture was assimilated into the biomarker PLFA of all microbial groups (62). This discrepancy may be due to that plant-derived DOC used in our study was harder to decompose than amino acid mixture. Therefore, compare to previous studies, 13C in DOC was assimilated by different PLFAs, which is consistent with our hypothesis 2 that the effect of DOC addition on the incorporation of 13C into PLFA of different soil microbial groups was different with the simple organic matter addition. At the same time, the proportion of litter-derived DOC in gram-negative bacteria was higher than gram-positive bacteria, which indicated that plant-derived carbon prefers to be assimilated by gram-negative bacteria other than gram-positive bacteria. This may be due to the higher growth rate of gram-negative bacteria than gram-positive bacteria (6, 33), thus gram-negative bacteria have higher efficiency in using DOC than gram-positive bacteria.But some studies showed that the δ13C of gram-negative bacteria, gram-positive bacteria, and fungi were similar in assimilating carbon sources (63). In addition, the assimilation effect of microorganisms on DOC was underestimated to a certain extent owing to some PLFAs omitted from the analyses if their δ13C values could not be determined due to too small peak area. With regard to these inconsistent findings, how soil microbial community respond to DOC addition in forest soils still needs further study.



CONCLUSION

In conclusion, soil microbial biomass increased with DOC addition and the peak of the biomass was occurred on day 30. Although DOC addition increased soil microbial biomass and temporally shifted microbial community structure, the overall microbial community structure at the end of incubation was similar for both treatment and control soils. These indicated that a small amount of DOC input only had a transient effect on soil microbial community composition. Litter-derived DOC could be assimilated by different groups of soil microbes for soils of different depths. But the overall proportions of litter-derived DOC-C in soil microbial community composition were not significantly different among depths. The proportions of litter-derived DOC-C in soil microbes reached their maximum on day 30 and then declined over time during the incubation. A higher amount of DOC was incorporated into the 17:0cy and 15:0 PLFAs suggests that bacteria played a greater role in DOC cycling. These results improved our understanding of how DOC may affect different depth soil microbial community composition structure. However, these findings were obtained from a laboratory incubation experiment, in which soil columns and environmental conditions are quite different from the field. So, more studies should be conducted in situ to gain a more accurate and complete understanding of the issue.
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