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a b s t r a c t

Green manure rotation is commonly used to increase soil fertility and improve crop yield. However, the
effects of this management practice on the underground microbial ecosystem and the indirect impact on
the aboveground crop growth have not been systematically analysed. In this study, we investigated the
rice rhizosphere and bulk soil microbial community in a 31-year-old field experimental site treated with
different green manures and rice rotations using both 16S rDNA high-throughput sequencing and
quantitative PCR approaches. Four treatments have been setup in this experimental site since 1982,
including a rice-rice-winter fallow treatment as a control and three green manure rotation treatments:
rice-rice-Chinese milk vetch, rice-rice-rape and rice-rice-ryegrass. The qPCR results showed that the
bacterial abundances in the rice rhizosphere of the green manure rotation treatments were all signifi-
cantly higher than in the winter fallow (p < 0.05), but no significant differences were found among those
three green manure rotation treatments. Moreover, a-diversity analysis revealed that green manure
rotations decreased the microbial diversity (Shannon and Simpson indexes) and richness (Chao value) in
the rice rhizosphere. Permutational Multivariate Analysis of Variance based on b-diversity revealed the
microbial community was significantly switched in rice rhizosphere after long-term green manure
rotation (p < 0.01). Additionally, the soil and plant characteristics contributed almost equally to the
rhizosphere bacterial community based on a partial CCA-based variation partitioning analysis. At the
genus level, the well-known plant-growth-promoting rhizobacteria Acinetobacter (31%e41%) and Pseu-
domonas (14%e28%) were the preponderant groups in green manure rotation treatments but accounted
for only 4.4% and 2.5% in the winter fallow treatment. Overall, long-term rice-rice-green manure rotation
shaped the microbial community in the rice rhizosphere; in particular, some beneficial bacteria, Acine-
tobacter and Pseudomonas, accumulated in the rhizosphere of green manure treatments.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

The application of green manure to paddy soil is considered a
good management practice in agricultural production systems
because it can increase soil sustainability by reducing soil erosion,
ameliorating soil physical properties (MacRae and Mehuys, 1985),
and increasing the soil organic matter, fertility (Biederbeck et al.,
1998) and nutrient retention (Dennis et al., 2010; Drinkwater
et al., 1998). It can also reduce the occurrence of plant diseases
and insect pests (Larkin and Griffin, 2007; Naz et al., 2015). In
addition, a cover crop such as milk vetch with a low C/N ratio may
be a more favourable green manure since it minimizes the impact
of CH4 emissions and increases the rice productivity (Kim et al.,
2012). For example, it was reported that a 28-year rice-green
manure rotation increased rice yields by 18%e27% (Gao et al.,
2013). Biological processes such as plant litter decomposition, gas
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