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Effect of Long-term Rotation of Maize with Different Cover Crops on Accumulation of

Organic Carbon in Black Soil and Its Distribution in Different Size Aggregates

SONG Shihao'*?, LI Dandan?, LIU Mengxuan'?, PAN Duofeng®, CHEN Jinlin'", ZHAO Bingzi**"

(1 Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037,
China; 2 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 3 Institute of Forage and Grassland
Sciences, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China; 4 University of Chinese Academy of Sciences,
Nanjing, Nanjing 211135, China)

Abstract: In this study, a 5-year field long-term experiment was conducted on typical black soil to compare the effects of maize
monoculture (CK), sweet clover (Melilotus officinalis L.)-maize rotation (F1), and crimson clover (7rifolium incarnatum
L.)-maize rotation (F2) on soil organic carbon (SOC) (0-20 cm) and its distribution across different size aggregates, and the
microbial mechanisms were also explored behind these effects were by analyzing alterations in the composition of bacteria, fungi,
and arbuscular mycorrhizal fungi. The results showed that SOC enhancement effects of F1 and F2 were similar, with an average
significant increase of approximately 28.9%. SOC enhancement under F1 was primarily driven by the recruitment of Glomerales,
Glomeromycota and Glomeromycetes, which contributed to SOC sequestration in >2 mm and 0.25-2 mm aggregates, accounting
for over 63.6% of total SOC. Conversely, SOC enhancement under F2 was mainly achieved by recruiting Glomerales to drive
SOC sequestration in 0.25-2 mm aggregates, while inhibiting Glomeromycota to enhance carbon sequestration of <0.053 mm
aggregates, which constituted more than 62.5% of total SOC. The increase in carbon sequestration in each size aggregates

mentioned above was achieved by simultaneously increasing the proportion of aggregate mass and organic carbon content of
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aggregates, leading to stronger soil structural stability under F1 compared to F2, which was primarily manifested by the higher

MWD and GMD of F1 compared to F2. The results revealed the significance of arbuscular mycorrhizal fungi in enhancing SOC

within crop rotation systems involving cover crops, and indicated that different cover crops employ distinct microbial

mechanisms to increase SOC.

Key words: Cover crops; Aggregate; Soil organic carbon; Co-occurrence network
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*1 EXREFEEBZEYKAREMNTIRLBNBREAMAAEBIREAS TN
Table 1 Effects of long-term maize rotation with different cover crops on soil total organic carbon, organic nitrogen, dissolved organic carbon,
and dissolved organic nitrogen

At CK F1 F2

SOC (g/kg) 16.43£0.87 b 21.19+0.39a 21.18+0.99 a

TN (g/kg) 1.18+£0.05b 1.66+0.11a 1.70£0.14 a
DOC (mg/kg) 4.09+031a 3.92+0.03a 555+1.63a
DON (mg/kg) 1.94+0.14b 330+04la 2.7140.92 ab

T AT EOE /NG TR R 2 A T R 22 53 35 (P<0.05) .
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E450.053~0.25 mm [0 < 0.053 mm
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Fig.l1 Effects of long-term maize rotation with different cover crops on aggregate mass proportion (A), organic carbon content (B), and
aggregate carbon proportion (C) in each size aggregates
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Fig.2 Effects of long-term maize rotation with different cover crops on mean weight diameter (MWD) and geometric mean diameter (GMD) of
soil aggregates
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Fig.3 Principal coordinate analysis (PCoA) of soil bacterial (A), fungal (B) and arbuscular mycorrhizal fungal (C) communities under long-term
maize rotation with different cover crops
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F2vs. CK 0.490 6 0.039° A Ak 3 IR U F R (Purpureocillium sp.) . ELEL
Flvs. 2 0.366 5 0.01" [ FE 71 JE (Gonytrichum sp.). Retroconis sp.. K#)&
}Aﬁ% Flvs. CK 04884 0.022" (Trichoderma sp.) ™7 22 11 %5 1 J& (Arthrinium sp.)F
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JBER/INHN F2>CK>F1, Glomus sp. WIAHXTEEE RN A
CK>F1 = F2, 1 Glomeromycota . Glomerales i
Glomeromycetes (A%} F FEARF I N FI>F2=CK.,

(Paraglomus sp.). FR¥EFJE(Glomus sp.). FREHE]
(Glomeromycota) . Fk#E% H (Glomerales) FlIER % [ 44
(Glomeromycetes) 35, H.rt Paraglomus sp.[AHX]

%3 ET Simper SMABARABZBMNE. EE. ARHREEFEEFHIS ITRAXBEEISHEY
Table 3 Top five most influential species for differences in bacterial, fungal, and AMF communities among different treatments based on
Simper analysis

pusil 2N T v 2 RENE P20 AT T R L T R 7 2 A
Yih 2 Bk 41A 4B BEH WRh 2 Bk HA HB  WEME YFh 2 5k HA 4B RFEN
F1 Micrococcaceae 92.75 220.75 P<0.05 unidentified fungi 508.25 3264.25 P<0.05 Paraglomus sp. 1038.003 034.50 P<0.05
iﬂCAli Blastococcus sp.  235.75 174.75 P<0.05 Trichoderma sp. 2 081.00 0 P<0.05 Glomus sp. 132.25 191.25 P<0.05
(¢4l B) Pyrinomonadaceae 124.25 67.50 P<0.05 Gonytrichum sp. 12.75 1661.75 P<0.05 Glomeromycetes 549.25 72.00 P<0.05
Gaiellales1 123.25 71.75 P<0.05 Purpureocillium sp. 36.75 602.25 P<0.05 Glomeromycota 1063.00 418.75 P<0.05
Gaiellales2 115.00 71.00 P<0.05  Retroconis sp. 0 556.25 P<0.05 Glomerales  1434.75 910.75 P<0.05
F2 Blastococcus sp.  295.25 174.75 P<0.05 unidentified fungi 5404.25 3 264.25 P<0.05 Paraglomus sp. 4 411.253 034.50 P<0.05
iﬂcAli Pyrinomonadaceae 134.25 67.50 P<0.05 Gonytrichum sp. 45.50 1661.75 P<0.05 Glomeromycota 564.75 418.75 P>0.05
(4 B) unclassified bacteria 31.25 87.00 P<0.05 unidentified fungi 1524.50 153.75 P<0.05 Glomerales 1097.50 910.75 P>0.05
Gaiellales1 125.25 71.75 P<0.05 Purpureocillium sp. 6.75 602.25 P<0.05 Glomus sp. 94.00 191.25 P<0.05
Gaiellales2 118.25 71.00 P<0.05  Retroconis sp. 0 556.25 P<0.05 Glomeromycetes 109.75 72.00 P>0.05
F1 Micrococcaceae 92.75 187.75 P<0.05 Purpureocillium sp. 36.75 6.75  P>0.05 Paraglomus sp. 1038.004411.25 P<0.05
(ff[ ;?2) Blastococcus sp.  235.75 295.25 P<0.05 Gonytrichum sp. 12.75 45.50 P>0.05 Glomeromycota 1063.00 564.75 P<0.05
(¢l B) Pyrinomonadaceae 40.50 12.00 P<0.05 Retroconis sp. 0 0 P>0.05 Glomus sp. 132.25 94.00 P>0.05
Rokubacteriales sp. 31.50  3.50 P<0.05 wunidentified fungi 310.00 0 P<0.05 Glomeromycetes 549.25 109.75 P<0.05
Gemmatimonadaceae 11.75 38.00 P<0.05  Arthrinium sp. 30.75 317.00 P<0.05 Glomerales 1434.751097.50 P<0.05

GBS BN [ Ak B () AR 6 =F B AR T & BRI 4B),

B 1 FERICNEBAEY S ERGAE BRI
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Fig.4 Co-occurrence network of soil bacterial, fungal and AMF (A), and relative abundance of four modules (B)
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Fig.6 Correlations between keystone microorganism species and
SOC proportions in four size aggregates
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