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Soil structure and soil organic carbon distribution in organic tea plantation

following earthworm inoculation
ZHANG Xiangning * , SHI Fugang, LI Taikui, GUO Zhanling, KOU Changlin

Institute of Plant Nutrition, Agriculture Resources and Environment, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China

Abstract; Due to the restriction of chemical fertilizer in organic agricultural systems, soil degradation featured with poor soil
structure and insufficient fertility is a bottleneck limiting the quality and yield improvement of organic tea plantation.
Earthworms play a vital role in the regulation of soil ecosystem services. This study aimed to find an effective method for
sustainable utilization of organic tea garden soil structure improvement and fertility improvement. In order to investigate the
effects of earthworms on soil structure and soil carbon distribution in organic tea plantation, we inoculated Metaphire
guillelmi into the soil with different densities, 375/m’, 250/m’, 125/m’ respectively. The results showed that the
earthworm inoculation affected soil aggregate size distribution. It significantly increased the proportion of large aggregates
(d>2mm) and reduced the proportion of micro aggregates (d<0.25mm). The proportion of small water-stable aggregates
(0.25mm < d <2mm) was also increased. But for large water-stable aggregates (d>2mm), Here was no significant
influence. Mean weight diameter ( MWD ), geometric mean diameter ( NWD ), dimension (D), and percentage of
aggregate disruption (PAD) of high-density earthworm treatment were significantly higher than those treatments of lower
densities and Control ( CK). 'H nuclear magnetic resonance ( NMR) relaxometry could be used to study pore size

distributions in soil samples efficiently and non-destructively. The distribution of soil porosity ( pore size distribution) was
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more important than the total porosity. To measure the distribution of soil pores, the nuclear magnetic resonance method was
introduced in this study, which made up for the defect of the traditional methods that could not distinguish capillary pores.
Earthworm inoculation increased the proportion of structural pores ( the intergranular and interaggregate pores), among
which the increase of pores between aggregates was the most significant, followed by intergranular pores. Here was no
significant effect on the abundance of interlayer space between clay particles and mineral layers. With the increase of
inoculation density, the relative and absolute values of porosity between aggregates increased significantly, while the
difference of porosity between particles was not significant. Therefore, earthworm inoculation could improve the aeration and
water permeability of soil. Earthworm inoculation could significantly increase soil respiration, soil microbial entropy, and
total amount of soil active organic pool. That is, earthworm activity accelerated the renewal of soil organic carbon. The
increase of inoculation density had little effect on the total amount of active organic carbon pool, but it had more effect on
the soil respiration rate. Therefore, it is more appropriate to consider low inoculation density from the perspective of
greenhouse gas emission. It can be concluded that a small amount of earthworm inoculation in the organic tea garden are
enough to improve the soil structure and improve the soil fertility. It can also alleviate the structural problems of soil

compaction caused by trampling and compaction when tea leaves are picked.

Key Words: earthworm; soil aggregates; soil pore size distribution; soil organic carbon; organic tea garden
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Fig.1 Distribution of soil aggregates at different sizes Fig.2 Distribution of water stable aggregates at different sizes.
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Table 1  Effect of earHworm introduction on stable of soil aggregates

AbER FREFHE R R FAREREY L ERE PaIUEd 5 > 0.25mm BIRAEE R SRR
Treatment MWD GWD D Ry o5 PAD

H 1.90+0.02aA 1.38+0.03aA 2.61+£0.034aA 74.78+2.73bA 21.62+2.39aA
M 1.57+0.08bB 1.23+0.03bAB 2.66+0.03abA 68.96+2.32bAB 26.44+2.75aA
L 1.45+0.17bB 1.16+0.11bB 2.67+0.039bA 67.79+3.13bB 27.27+2.21bA
CK 1.66+0.15bB 0.75+0.087¢C 2.80+0.014cA 52.76+1.79¢C 16.11+1.16hcB

ZH# R LSD kA6 5%, [ — 4 g PR 3R 22 5 3 KU/ NG TR0 3R 7R 22 5435 0.01 F10.05 #Y 1 E7K P s MWD . P35 o L A%
Mean weight diameter; GWD 14 LT B 42 Geometric mean diameter; D: 437 4E %0 Dimension; PAD. A3 R # IR % Percentage of aggregate
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Fig.3 Distribution of 'H NMR transverse relaxation time in soil
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Table 2 Effect of earHworm introduction on distribution of chemical components in soil carbon pool

Qb 13 BR BLER AR LK (R 3 -
Treatment TOC/ (mg/kg) DOC/ (mg/kg) MBC/ (mg/kg) Ce/(mol/m?/s)
CK 3030aA 97.9aA 157.53aA 3.55aA

L 3640aA 105.27bB 206.5hB 5.3bB

M 3290aA 106.88bB 206.29hbB 9.67¢B

H 3510aA 118.24¢B 216.62bB 11.45Cc

ZEECR M LSD RS, 7 — 55 FRA R R R 22 5 3, KNG PRSI 78 22 5235 0.01 F1 0.05 A9 2 3F /K F TOC : 438 804 BBk
Total organic carbon/( mg/kg) ;DOC; 3R A HLEK Dissolved organic carbon/ ( mg/kg) ;MBC: 4= ¥ &% Soil microbial biomass organic carbon/
(mg/kg) ; Ce: H3EIFIF Soil Respiration/ ( mol/m?/s)
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Table 3 Proximity Matrix between soil carbon fractions and Stability index of soil aggregates

F8HR Index MWD GMD D R DoC TOC MBC Ce

MWD 1.000 0.526 -0.509 0.480 0.434 0.080 -0.252 0.610
GMD 0.526 1.000 -0.891 0.935 0.366 0.189 0.019 0.689
D -0.509 -0.891 1.000 -0.988 -0.127 -0.314 -0.243 -0.637
Ry.»s 0.480 0.935 -0.988 1.000 0.188 0.290 0.198 0.672
DOC 0.434 0.366 -0.127 0.188 1.000 0.330 -0.672 0.510
TOC 0.080 0.189 -0.314 0.290 0.330 1.000 -0.489 0.440
MBC -0.252 0.019 -0.243 0.198 -0.672 -0.489 1.000 -0.462
Ce 0.610 0.689 -0.637 0.672 0.510 0.440 -0.462 1.000
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