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H I G H L I G H T S

• Intercroppingwith legumes increased the
resilience of soil microbial community.

• Soil nematode community was more re-
silient in prickly ash and Soybean mixed
culture.

• Plant composition was the driver to the
resilience of soil biota communities.

• Soil dissolved organic carbon increased
the resilience of biota communities.
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A current challenge for ecological research in agriculture is to identify ways in which to improve the resil-
ience of the soil food web to extreme climate events, such as severe rainfall. Plant species composition in-
fluence soil biota communities differently, which might affect the recovery of soil food web after extreme
rainfall. We compared the effects of rainfall stress up on the soil microbial food web in three planting sys-
tems: a monoculture of the focal species Zanthoxylum bungeanum and mixed cultures of Z. bungeanum
and Medicago sativa or Z. bungeanum and Glycine max. We tested the effect of the presence of a legume on
the recovery of trophic interactions between microorganisms and nematodes after extreme rainfall. Our re-
sults indicated that all chemical properties of the soil recovered to control levels (normal rainfall) in the
three planting systems 45 days after exposure to extreme rain. However, on day 45, the bulkmicrobial com-
munity differed from controls in the monoculture treatment, but not in the two mixed planting treatments.
The nematode community did not fully recover in the monoculture or Z. bungeanum and M. sativa treat-
ments, while nematode populations in the combined Z. bungeanum and G. max treatment were indistin-
guishable from controls. G. max performed better than M. sativa in terms of increasing the resilience of
microbial and nematode communities to extreme rainfall. Soil microbial biomass and nematode density

Keywords:
Extreme rainfall
Zanthoxylum bungeanum
Resilience
Nematodes
Microorganisms

Science of the Total Environment 626 (2018) 776–784

⁎ Corresponding authors.
E-mail addresses: pankw@cib.ac.cn (K. Pan), shiweiyu@swu.edu.cn (W. Shi).

https://doi.org/10.1016/j.scitotenv.2018.01.063
0048-9697/© 2018 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Science of the Total Environment

j ourna l homepage: www.e lsev ie r .com/ locate /sc i totenv

http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2018.01.063&domain=pdf
https://doi.org/10.1016/j.scitotenv.2018.01.063
mailto:shiweiyu@swu.edu.cn
Journal logo
https://doi.org/10.1016/j.scitotenv.2018.01.063
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/scitotenv


were positively correlated with the available carbon and nitrogen content in soil, demonstrating a link be-
tween soil health and biological properties. This study demonstrated that certain leguminous plants can
stabilize the soil food web via interactions with soil biota communities after extreme rainfall.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Agroforestry systems can promote agricultural production by mini-
mizing nutrient loss, maximizing internal cycling of nutrients, improv-
ing the nitrogen (N) and carbon (C) content of the soil for C
sequestration, enhancing soil biodiversity, and reducing the threat of
extreme weather to target plants (Tsonkova et al., 2012).

A tree-based agroforestory system has been promoted as an
ecologically-sustainable system that allows the use of conventional ag-
ricultural practices (Bainard et al., 2013). This system involves planting
crops between widely-spaced rows of trees. The incorporation of trees
as just one agroforestry property, can increase crop yields by reducing
evaporation losses and by protecting of crops from excessive heat
(Coulibaly et al., 2017). Moreover, crop yields are more stable under
tree cover systems due to the ability of tree to modify microclimates
by mitigating the effects of climate change, particularly extreme
weather fluctuations within the cropping alley (Schoeneberger et al.,
2012). However, the existence of trees in an agricultural system can
also result in strong competition between trees and crops for soil nutri-
ents and light (Friday and Fownes, 2002). These could, in turn, alter the
resilence of soil microorganisms including microbial and nematode
communities, to extreme weather fluctuation in a tree-based agrofor-
estry system (Bainard et al., 2013). However, the consensus within the
literature is that the positive aspects of tree cover to increase the general
environment for crop growth becomes less suitable, especiallywhen cli-
mate extremes increase (Lin et al., 2008). More studies are required to
evaluate the specific impact of crops on the soil environment under ex-
tremeweather conditions. This will help to formulatemore appropriate
recommendations for tree cover management.

In tree-based agroforestory systems, the repeated decline of soil nu-
trients over time is inevitable, hence the introduction of leguminous
plants, as an alternative to replenish the soil fertility, has become
common-place, largely due to their ability to fix nitrogen (Gmezmuoz,
2014; Coulibaly et al., 2017). The presence of nitrogen-fixing legumi-
nous plants has been reported to increase soil carbon and nitrogen con-
tent by increasing net primary productivity and the rapid turnover of
high quality litter and root exudates (Zhao et al., 2014). Specifically, le-
gumes can intensify the complexity of the soil environment (Gao et al.,
2017). However, whether the intensified complexity of a soil environ-
ment can promote the resilence of microbial and nematode communi-
ties in soil to extreme climate stress is poorly understood. Different
leguminous species may adopt differential strategies which may be
more or less suited to mitigating the effects of extreme climate stress,
such as heavy rainfall. For example, stressed plants tend to invest in de-
fense compounds (e.g., phenols in leaves) and in storage compounds
(e.g., root carbohydrates) to increase their resilience to short-term dis-
turbance (Chen et al., 2013). The potential effect of plant compensation
to water-saturated soil stress on soil communities may similarly build
resilience, a phenomenon that necessitates further study.

Resilience has been well described in the literature as one of the
components of ecological stability. Pimm (1984) defined resilience as
how fast parameters return towards their equilibrium following a
perturbation. Orwin and Wardle (2005) further presented a new
resilience index by calculating the absolute difference that exists
between disturbed soil and control relative to the initial absolute effect
of disturbance. Griffiths and Philippot (2013) further suggested that
engineering resilience is where the behaviour of a system is treated
like an engineering material that will recover towards its

predisturbance state or a new stable state; this engineering resilience
approach now predominates in studies of soil biology. More recently,
Wagner et al. (2015) used the concept of proportional resilience to de-
scribe the ability of a system to reach its original condition prior to dis-
turbance. In the present study, we defined resilience as when the
individual species abundance, species composition, and total density
or biomass returns to control levels. The use of control and disturbed
samples at the same time could take into account any changes occurring
in the control and disturbed soils over time in the field (Griffiths and
Philippot, 2013).

The adaptations of plants to extreme climate stress could signifi-
cantly change the allocation of carbon to defense and storage and can
also alter litter quality and quantity (Mariotte et al., 2016). These
changes have the potential to affect the resilience of the soil community
(Griffiths and Philippot, 2013). Althoughmicrobial resilience to drought
has been reported to be related to the biomass of plant shoots and roots
in a legumemonoculture (Orwin andWardle, 2005), the benefit of plant
cover upon the resilience of a soil community to extreme rainfall, which
has been predicted to increase under climate change, remains ambigu-
ous. In this study, we tested the resilience of a microbial and nematode
community in soil to an extreme rainfall event in three different agro-
forestry systems with legumes. Moreover, little is known about the ef-
fects of crops within an agroforestry system upon the stability of
microbial and nematode communities in soil, since previous studies
mostly focused on how different species of trees in agroforestry man-
agement can stabilize primary productivity.

Soil microbial and nematodes occupy central positions in the soil
biota community and are considered as representing sensitive indica-
tors for changes in soil health (Tom and Howard, 1999; Wagner et al.,
2015). Moreover, these organisms play roles in carbon and nitrogen cy-
cling that are vital to agricultural productivity. Soil nematodes span sev-
eral trophic levels and play an important role in nutrientflowby grazing
microbes, decomposing organic material and preying upon other ani-
mals in the soil (Bardgett and van der Putten, 2014). Similarly, the com-
position of the soil microbial community plays a key role in the
decomposition of plant materials, nutrient cycling, soil carbon storage,
conservation of soil structure and primary productivity (Fang et al.,
2016). It has been suggested that microbial resilience is positively re-
lated to the dissolved organic carbon content of soil (de Vries et al.,
2012) and that supplements of organic matter increase nutrient acqui-
sition and the resilience of microbes to drying-rewetting stress (Sun
et al., 2017). The resilience of bacterial-feeding nematodes has also
been suggested to be positively correlated with both the dissolved or-
ganic carbon content of soil (de Vries et al., 2012) and plant species
(Viketoft et al., 2009; Cesarz et al., 2013), with the latter appearing to
exert the strongest influence of the two. We sought to test whether
the resilience of microbial and nematode communities in soil are
more dependent on plant identity or soil properties, such as dissolved
organic carbon and nitrogen.

This field study examined the resilience of microbial and nematode
communities in soil to severe soil wetting in monoculture plantations
of prickly ash and plantations mixed with leguminous species (alfalfa
and soybean). We hypothesized that the presence of legumes would
have a positive effect on the resilience of microbial and nematode com-
munities in soil and that the effect would depend on the species of le-
gume. Our results should shed light on our potential to strengthen the
resilience of agricultural ecosystems using ecological principles and pro-
vide evidence for the application of agroforestry for leguminous crops.

777F. Sun et al. / Science of the Total Environment 626 (2018) 776–784



Download English Version:

https://daneshyari.com/en/article/8861099

Download Persian Version:

https://daneshyari.com/article/8861099

Daneshyari.com

https://daneshyari.com/en/article/8861099
https://daneshyari.com/article/8861099
https://daneshyari.com

