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Abstract: [Objective] Mineral-associated organic carbon (MAOC) constitutes the largest and most stable fraction
of soil organic carbon (SOC), and increasing its proportion is essential for improving soil quality. Although long-
term fertilization has significantly increased the MAOC proportion in SOC in Shajiang black soil, the accumulation
patterns of plant- and microbial-derived carbon within MAOC, as well as their relative contributions to SOC, remain
unclear. Therefore, this study aims to explore the accumulation characteristics of plant- and microbial-derived carbon
and their contribution to MAOC in the 0-20 cm soil depth of Shajiang black soil under long-term fertilization.

[Method] Based on a 34-year field experiment, four treatments were established (no fertilizer and wheat straw
return as CK, mineral fertilizer as NPK, mineral fertilizer with half amount of wheat straw return as NPKLS, and
mineral fertilizer with full amount of wheat straw return as NPKHS). Biomarkers and chemometric methods were
used to investigate the effects of long-term fertilization on plant and microbial-derived carbon in MAOC. [Results]
The results reveal that compared to CK treatment, NPKHS and NPKLS treatments significantly increased the content
of MAOC by 29.6% to 54.3% (P < 0.05), with MAOC exhibiting a significant linear positive correlation with SOC
(R?=0.95, P <0.05) and carbon input (R?= 0.98, P < 0.01). In terms of plant-derived components, the NPKHS
treatment induced an increase of 14.8% and 13.3% in the contents of Vanillyl (V) and Syringyl (S) phenols,
respectively, while the S/V and C/V ratios decreased by 1.27% to 9.46%. However, the differences in the acid-to-
aldehyde ratios (Ad/Al)v and (Ad/Al)s were not significant (P > 0.05). For microbial-derived components, NPKHS
treatment significantly elevated the amino sugar content, with an increase of up to 91.4% compared to the control
(P <0.05). Specifically, the contents of fungal residual carbon (FNC) and bacterial residual carbon (BNC) increased
by 92.7% and 48.5%, respectively, with fungal necromass dominating (FNC/BNC=4.39). Biomarker analysis
indicated that the microbial-derived carbon contribution rate was as high as 72.6% to 73.4%, whereas chemometric
methods suggested that the plant-derived carbon contribution ranged from 74.0% to 82.6%. Compared to previous
studies on grassland/forest ecosystems (53% to 65%), this proportion appears somewhat unreasonable, suggesting
that the chemometric method may have overestimated the contribution from plant sources. [Conclusion] Our
findings indicate that long-term fertilization enhances the accumulation and stability of MAOC in Shajiang black
soil primarily by increasing microbial-derived carbon content. This study provides an important reference for the
efficient utilization of straw resources and for improving the quality of cultivated land in the Shajiang black soil
region.
Key words: Shajiang black soil; Mineral-associated organic carbon; Fertilization; Lignin phenol; Amino sugar;
Chemometrics
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RN A AR DAY K B IRb 22 R84, 36 [ 3 R 4070 A4 oy AP 081, BT a6 4%
(1982 4F) #HZ HIFEIERFA MR N : 285 1.45 g-cm3. SOC5.86 g'kg'. 4% 0.96 g-kg'
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and NPKHS refer to no fertilizer, chemical fertilizer, half the amount of wheat straw returned with chemical fertilizer,
and the full amount of wheat straw returned with chemical fertilizer, respectively. Different lowercase letters indicate
significant differences (P < 0.05) among various fertilization treatments. The same below.
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Fig. 1 The content of MAOC under long-term fertilization and its relationship with carbon input and SOC content
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Fig. 2 The content and proportion of three lignin phenol types and the degree of lignin degradation in MAOC
under long-term fertilization
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Fig. 3 The content of amino sugar and microbial necromass carbon in MAOC under long-term fertilization
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NPKHS 42~ 4x+H MBC #1 MBN & &4 5l 5 140%7F1 90.5% (P<0.05). NPKHS 4b#
I TCmaom FT TNwmaom 5 CK 43 71381 57.7%F1 58.8% . TCpom Fl1 TNpom $51 LA NPKHS # 5 «

CK AFREAK, 1 NPK F1 NPKLS [8) LR #EZHF (P>0.05).
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Table 1 The carbon and nitrogen content in microbial biomass, POM, and MAOM under different fertilization

treatments
WEMEEL BRI EMER TS EIRER  TRSSSENIRER  BRESHENREE  BRSHEIUREE
MBC MBN TCwmaom TNmaom TCrom TNpom
sl / (mg-kgh / (mg-kgh / (gkgD / (gkgD / (gkgh / (gkgh
Treatment
CK 124.64+3.04 d 49.26+5.03 d 5.740+0.626 ¢ 0.737+0.088 ¢ 19.20£1.95 ¢ 1.333+£0.134 ¢
NPK 162.53+18.4 ¢ 68.24+9.54 ¢ 7.266+1.01 b 0.943+0.149 b 33.10£5.18 b 2.349+0.293 b
NPKLS 220.50+20.9 b 107.37+5.83 a 7.584+0.957 b 0.979+0.139 ab 30.5846.98 b 2.293+0.598 b
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Fig. 4 The contribution to MAOC of carbon from various sources under long-term fertilization
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