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Impacts of two typical earthworms on soil microbial community structure and

physicochemical properties in a greenhouse vegetable field
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Mangiang'**, HU Feng!
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Abstract: Earthworms are considered one of the most important soil ecosystem engineers. Earthworms play critical roles in
soil functioning through their burrowing, feeding, and casting activities. There are distinct ecological strategies (i.e., food
selection, ingestion, -assimilation, and habitat preference ) for different earthworm ecotypes. Consequently, different
earthworm ecotypes would have different effects on soil properties. Understanding the impacts of different earthworms on soil
microbial communities would increase our mechanistic understanding of the role of earthworms in ecosystem services. Several
studies have shown that earthworms facilitate the translocation of fresh residues into soil and create suitable habitat ( casts,
middens and burrows ) for other soil organisms. Moreover, the interaction of earthworm feeding strategies and organic

amendment could profoundly modulate soil properties and microbial community structure. However, there is a knowledge gap
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in this respect. In particular, few studies have been conducted under field conditions. To understand the long-term impact of
earthworms and manure on soil microbial community structure, a tomato-spinach rotation experiment was initiated in 2009.
Based on the soil collected during the fourth year following the set-up of the field experiment, the effects of two typical
earthworms (i.e., endogeic Metaphire guillelmi and epigeic Eisenia foetida) and two manure application treatments (i.e.,
surface mulch and incorporation into the soil) on soil microbial community were investigated. The native endogeic species,
Metaphire guillelmi, lives in the upper soil layers and primarily consumes soil mineral particles rich in organic matter,
whereas E. foetida, a well-known epigeic species, resides mainly in the upper organic layers and feeds on litter materials.
Our results demonstrated that soil microbial community structure was significantly affected by earthworm species and the
method of manure application. With manure application at the soil surface, earthworms could significantly decrease
mycorrhizal fungi, fungi biomass and protozoa biomass independent of earthworm type (P < 0.05). When manure was
incorporated into the soil, M. guillelmi significantly increased mycorrhizal fungi, fungi biomass and actinomyces biomass,
although the effect of E. foetida was not significant. Regardless of type, earthworms significantly/increased soil porosity, soil
aggregate stability represented by mean weight diameter and pH, soil mineral nitrogen, available phosphorus, as well as
microbial biomass carbon and nitrogen content. In addition, the extent of increase depended on earthworm ecotype and the
method of manure application. Redundancy analysis showed that earthworm-mediated microbial ¢ommunity structure was
positively correlated with soil aggregate stability as expressed by mean weight. diameter, pH, and available phosphorus

content, whereas it was negatively correlated with soil bulk density.

Key Words: microbial community; Eisenia foetida; Metaphire guillelmi ;, organic amendment; soil properties; soil fauna
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it SR 38 A P92 R B IE IR 5] Metaphire guillelmi ) F13¢ )2 Tl 5] ( 75 -2 kW8] Eisenia foetida) , 456
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Table 1 Two typical earthworms biomass as influenced by the way of cattle manure application

4 e 5] PR L] TR p
Manure Earthworm Tomato sowing Tomaro harvesting
Fifi Manure at surface KA S 0 0
BRI SR SM 172.920.5 199.7+5.8 0.049
o2 5] SE 173.0+0.7 186.3+3.2 0.038
R M Manure incorporated  AR4ZMLH| 1 0 0
R IR T 173.2+0.5 258.9+4.4 0.002
AT ] 1R 173.6+0.4 150.9£0.5 0.001
{EAE Fertilizer 0 0
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Fig.1  Soil microbial biomass carbon and nitrogen contents as influenced by different types of earthworm and the way of cattle

manure application
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Table 2 Biomarker-PLFAs contents as influenced by different types of earthworm and the way of cattle manure application

LIRS EEgi [N ' .
) PLFAs 4t U S B HREED R T Bk T JH5
% bt B pen e TEER i TRy R RESD
Total PLFAs/ _ Bacteria/ . Fungi/ Actinomycetes/ ~ Protozoa/
Manure Earthworm (mal/g) G*/ G/ (mal/g) fungi/ (amal/g) F/B (amal/g) (amal )
nmo nmo nmo nmo nm
¢ (nmol/g) (nmol/g) 8 (nmol/g) & & b
Kt ERIARIN 51.542.04a  13.30:0.35a  7.79£0.38a  22.24+0.74a  1.65:0.14b  2.66+0.18a  0.12:+0.04a  5.65:0.14a 1.01£0.19a

Manure at suface — PERURIEFRGE SM 47.43£2.050h  12.7240.94ab  7.53£0.37ab  21.31£1.36ab  1.43:0.12¢  2.14£0.12b  0.10£0.02a  4.68+0.30h  0.270.01h
BRTEME SE 494262492 13.30£1.28a  7.32+043ab  21.82+1.74a  1.46+0.01c  1.85:0.13h  0.08£0.03a  5.10+ 0.09a 0.36 + 0.03b
R ARAEAE 1 41.3£2.03b  10.77£0.66hc  6.37+0.29h  18.12+0.98bc  1.28+0.11c  1.75£0.12b  0.10+0.01a <" 469+0,08h /  0.34+0.01h
Manure incorporated ~ fEBEIEIREI M 48.55¢2.19a  12.61+0.28ab  8.08+0.56a  21.72+0.83a  1.730.09a  2.52+0.10a  0.12+0.04a 5.35:0.15a  0.36x0.02b
BRFEMEIE  45.44£2.20ab 12.06£0.63ah  7.180.26a  20.21x0.87ab  1.14+0.04c  2.0120.21b  0.10:0.03a  5.09:0.72b  0.34+0.06h
AR Fertilizer 32.10£0.67%  9.32:024%  4.92:0.04%  15.1120.37%  0.45£0.21%  0.66+0.04 "/ 0.0420.04 % 73.59£0.13*  0.00£0.00 *
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P<0.05) W A (F=8.78,P<0.05) F#ZHs (F=31.6,P<0.05) &+ pH( F=20.5,P<0.05) LA &
(% 3), T AR B S 52 B 1 28 B A B 2 52, O S A2 O XA B E WS BEAEH (R
3), il e E PR T I A S i, o AR SR R B s B R A AR RV E PSR (1 4) i
i X SO 5 2 14 W RO T S 2 R A 2y =X 7 2 Rt RV i S 3 1) A2 2R 0% ek M e s 3
WS VE TR SR (18] 4) o PRUEA- AL B 3 0 280 5 o I (I T SRt A AT A 38 5 1 2 28 o 2 B o T OO 1 £
(K4),

3 MR AN A AN LB SRR A ESN
Table 3 Two-way ANOVA results showing the effects of earthworms, manure placements and their interaction on soil physicochemical
properties
, - o MEY WY
kS TR S
gy R IR HBE e e
. Aggregate pH Mineral Available . R . .
df et it hosbh Microbial Microbial
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Fig.4  Soil mineral N and available phosphorus contents as influenced by different types of earthworm and the way of cattle
manure application
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Table 4 Soil physicochemical properties as influenced by different types of earthworm and the way of cattle manure application
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