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Abstract:  Objective Earthworms in the soil may help improve soil structure and fertility significantly through activities, like
feeding, excreting, mucus secreting, excavating, etc. To explore the effects of earthworms as affected by application of organic
materials of different kinds on the soil of a tea plantation, a pot experiment, designed to have five treatments, i.e. (i) no fertilizer
input (CK), (ii) earthworms only (BE), (iii) rapeseed cake plus earthworms (CE), (iv) tea tree pruning plus earthworms (JE), and
(v) biochar plus earthworms (TE), was conducted with tea trees planted in each of the pots (30 cm in diameter and 35 cm in
height). Method Three months after the start of the experiment, soil samples were collected from each of the pots for analysis,
after being air dried. Soil pH was measured using a pH meter; concentrations of soil organic carbon (SOC) and total nitrogen (TN)
were quantified with a CN analyzer (Vario EL, Elementar GmbH); mineral-organic complex in soil microaggregates were
characterized with the synchrotron radiation infrared micro-imaging method; intact particles (100-500 mm), varying in shape,
were screened out with a 2-mm-sieve, frozen at -20 °C, and then prepared with a cryomicrotome (Cyrotome E, Thermo Shandon
Limited, UK) into thin sections (2 pm in thickness), which were eventually transferred into infrared-reflecting MirrIR Low-E
microscope Slides (Kevley Technologies, Ohio, USA). Then distribution of SOCs of various forms and clay minerals (OH) was
determined with the aid of Synchrotron radiation-based Fourier-transform infrared spectromicroscopy.  Result Results show
that Treatment BE was higher than CK in content of soil total carbon in, but lower than in Treatment CE, JE and TE in content
of total carbon, total nitrogen and organic matter; and Treatment TE group was the highest. Earthworm inoculation alone
(Treatment CE) increased total carbon and organic matter content in the soil, and addition of organic materials (Treatment JE and
TE) enhanced the effect, and addition of tea biochar (Treatment TE) had the best effect. All the treatments showed a decreasing
trend in soil pH, and the trend was especially significant in Treatment BE (from 6.81 to 5.82). Furthermore, the synchrotron
radiation microzone infrared spectra demonstrated that polysaccharides, proteins, fats and clay minerals in soil aggregates were
highly heterogeneous. Clay minerals and macromolecular organics in Treatment CE and JE were highly dispersed. Minerals and
polysaccharides were quite similar while clay minerals, protein and fat were quite different in distribution, and their distributions
were had nothing to do with any interactions between earthworms and organic materials. Correlation analysis between clay
minerals and organic functional groups shows that the correlation coefficients of clay minerals and organic functional groups in
the five fractions of soil aggregates followed an increasing trends: clay minerals - protein < clay minerals - polysaccharide < clay
minerals-fat, which indicates that clay minerals varied in affinity with macromolecular organics and their relationships were not
affected by any interactions between earthworms and organic materials. ~ Conclusion  In summary, soil organic amendments
initialize a positive feedback loop by increasing SOC, which promotes interactions between minerals and organic components in
the soil, and thereby may possibly serve as a soil management tool for enhancing carbon storage in the soil.

Key words: Earthworm; Organic materials; Mineral-organic complex; Synchrotron radiation infrared micro-imaging
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Table 1 Basic physical and chemical properties of the soil and organic material tested

JH R R WA
Material ot Total C/ (g'kg™") Total N/ (gkg™) C/N ratio
14 Soil 5.56 9.80 1.45 6.76
ZRHEBTY) Tea tree trimmings 5.49 20.25 1.26 16.07
"Wy B ¢ Biochar 5.77 20.27 1.23 16.48
FAFYF Rapeseed cake 531 80.52 4.88 16.50
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Fig. 1 Stepwise imaging process of the synchrotron radiation infrared microscopy for studying soil microaggregates
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Table 2 Basic nutrient status of the soil in the pot relative to treatment

Ab 3 e e A B RA L
Treatment Total carbon/ ( g'kg ') Total nitrogen/ ( g'kg ") Organic matter/ ( gkg™') C /N ratio
CK 9.80+0.58a 1.45+0.07a 16.70+1.26a 6.76+0.31ab
BE 10.02+1.12a 1.41+£0.06a 17.27+£1.95a 7.11+0.58b
CE 11.29+0.27ab 2.02+0.07¢ 19.46+0.47ab 5.59+0.32a
JE 13.23+0.78b 1.83+0.04b 22.81+1.36b 7.23+£0.45b
TE 18.61+0.39¢ 1.56+0.03a 32.08+0.68¢ 11.93+0.54¢

1+ [Al—%1) v JE A [R] 7 B e 7 Ab B R) 25 5 4 2% ( P < 0.05 ). Note: Different letters in the same column indicate significant differences
between treatments at 0.05 level.
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Fig. 3 Synchrotron radiation microscopic imaging of microaggregates of the soil in the pot relative to treatment
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Fig. 5 Correlation analysis of functional groups in soil microaggregates of the soil in the pot relative to treatment
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