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Abstract: [Objective] Soil organic carbon (SOC) is one of the key factors influencing crop yield in the Shajiang
black soil region, and straw returning is an effective method for continuously improving SOC. However, the
accumulation characteristics of plant- and microbial-derived carbon and their relative contribution to SOC under
different straw returning methods (no-tillage with straw returning, NTS; rotary tillage with straw returning, RTS;
deep ploughing with straw returning, DPS) remain poorly understood. Therefore, this study aims to explore these
characteristics and contributions of plant- and microbial-derived carbon at 0-10 cm, 10-20 cm and 20-40 cm soil
depths of Shajiang black soil under different straw returning methods. [Method] A seven-year field experiment
was conducted using lignin phenols and amino sugars as biomarkers. Mixed soil samples were collected from
depths of 0-10, 10-20, and 20-40 cm. The content of plant- and microbial-derived carbon and their contributions to
SOC were calculated based on the biomarkers content. [Results] The results revealed that, RTS and DPS
significantly increased the SOC content of each soil depth, with an increase of 113% (P < 0.05). In contrast, the
effects of NTS on SOC were mainly concentrated at the 0-10 cm depth after seven years, showing a phenomenon
of surface accumulation in SOC. There was no significant difference in lignin phenol content between NTS and
RTS (P > 0.05), however, at the 10-20 cm and 20-40 cm depths under DPS treatment, lignin phenol content
increased by 57.3% and 36.3%, respectively (P < 0.05), despite a marked decrease at the 0-10 cm depth (P > 0.05).
Additionally, the relative contents of Vanillyl (V) and Syringyl (S) phenols under DPS were significantly increased
(P <0.05) and the degree of oxidative degradation of lignin at the 10-40 cm depth was lower than that under NTS
and RTS. Furthermore, amino sugar content showed no significant difference between NTS and RTS at each soil
depth. However, under DPS, amino sugar content at the 10-20 cm and 20-40 cm depths increased by 45.6% and
35.8% in comparison with RTS, respectively (P < 0.05). The variation trend of Glucosamine (GluN) and
Galactosamine (GalN) with soil depth was similar to amino sugar content, but at the 0-20 cm depth, Muramic acid
(MurN) content under NTS and DPS was lower than that of RTS, with a highest decrease of 47.2%. Interestingly,
DPS promoted the transformation of microbial community towards fungi, with the carbon ratio of fungal
necromass to bacterial necromass at the 10-20 cm and 20-40 cm depths increasing by 177% and 58.0%,
respectively, compared to RTS (P < 0.05). [ Conclusion] The substantial increase in SOC content primarily results
from a significant rise in crop residue content observed in the topsoil (0-10 cm) under NTS and RTS, as well as in
the deeper soil (10-40 cm) following DPS. Our findings suggest that DPS promotes the accumulation of plant- and
microbial-derived carbon at deeper soil depths, increases the contribution of microbial carbon to SOC and
enhances the stability of carbon pool, which is crucial for the efficient utilization of straw resources and
improvement of soil quality in Shajiang black soil region.
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BEFORIF] — LR R BN AR FRIA 7 200 2 5+ 82 (P <0.05) o FIAl. Note: Initial, NTS, RTS and DPS refer
to the initial value before this experiment, no-tillage, rotary-tillage, and deep ploughing with straw returning,
respectively. Different lowercase letters indicate significant differences (P < 0.05) between the straw returning
methods at the same soil depth. The same applies below.

K1 AFERFHEE TR & L)E SOC & &

Fig. 1 Contents of SOC at different soil depths under different straw returning methods
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Fig. 2 Contents of lignin phenols and their monomers at different soil depths under different straw returning
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Fig. 5 Contents of amino sugars and their monomers at different soil depths under different straw returning

methods
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Fig. 6 Ratio of fungal and bacterial necromass carbon at different soil depths under different straw returning

methods

34 i

ARFTH, it 7 EFREFFIEH, WES B E S 7412 SOC & &, JLHTE 10~40
em T2, HIRTEE EE S T A HAESHEE (B 1D (P<0.05) o« EEHMHNA M
MR B, W T ERE, BRE/BH RS RRE L%, fRES LEPEN
(B 7D, RIRE LR T 8 RS RORIERY . R, PREE S T 3R LA E,
B 7R Z R EEILRREE, (R THEYIR R TILEY, @& TRARRMEA . Mk, K
HA S BEIE AR IE S SR E LIRS s, FLRRAE R R, XS A HLAEL ST
F 0~10cm )2, XMELLATFERE CANE 1R , $5S0C EHLEE ) EI A .

REEH T 10~40 cm )2 SOC & & 138 -5k AN A a2 2 1) A8 4k 35 U AH 5%
(B2 fE S o AYWRHm AT, —350 48 b i A P 1 [R) A s o A 2 240 e P 26
Boy, B ARV BT A PR A Ok B A a3, BONTIAE DR R o — 85> & Mok
FEASFIFE I il e Ak, B3 DIAEIIR AL 2 10T 30Tk SOCRY. PREHIA X % 1 2 H FE FT
SR B FECT 10~40 cm LRI S E (B 2) KX SOC Tk (B 7) 4
BT A A AT FERHE FH 2 Z 8 (P <0.05) o Bb4h, AHEFE R ILIARE H Y5 BR 1)
YRR 5 G BT IA R A IS FH A 3ELA7 7 22 57 VRIS FH R 38 T v LS KR A X 5 /&
BT C ik pmxt& | (B 3) o BT V. S. C =R AR S FEE AR, C 2K
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BOl, —J5, HHHEHAERELLHT 10~20 cm /2t K 0 Bamt a5 s T igshie M, 5
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B =D, W] T AN 1. (HA, PR B R AR B 5 5 e H AR PR T
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Fig. 7 Operating principle of different straw returning methods and contribution to SOC of carbon from various

sources
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1M Gt it A FER it 5 SOC MR TR FE A H T 0~10 cm 12 IREHIEH T 10~40 cm
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