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Can positive interactions between cultivated
species help to sustain modern agriculture?

Weiheng Ren', Liangliang Hu', Jian Zhang, Cuiping Sun, Jianjun Tang, Yongge Yuan, and Xin Chen®

The importance of

positive interactions between species within natural ecosystems and specics associated with

traditonal agrcultue i wel recogaized. However, moden agricultue generally depends on monocultures,

species (ie in which the presence of one species facilitates the sur-

nmmwﬂo-wmdmhum)mlu;wwm Here, we review recent studies focused on the
positive interactions between cultivated species, consider how three traditional agricultural systems
(legume-cereal intercropping, rice-fish co-culture, and agroforestry) have benefited from such interactions, and
mmlnchwﬁmbmﬂmm:ﬂm«lbycﬂmnc,phnﬂngpnum and ficld management. Finally, we

to illustrate how

through:

propose
of species-species partnerships; the dtvdopunnl of spectallzed field machinery (n each case); ild structue and

Front Ecol Environ 2014; 12(9): 507-514, doiz10.1890/130162

P(..m interactions between species (in which one
species creates favorable conditions for another
specics) or complementary resource use berween species
occur frequently in terrestrial, wetland, and marine ccosys-
tems (Callaway 1995; Bruno et al. 2003; Hughes 2012).
Such interactions are recognized as playing important roles
in the structuring of biological communities (Tirado and
Pugnaire 2005; Baumeister and Callaway 2006) and in the
functioning of ecosysterms (Cardinale et al. 2002). Tn addi-
tion to being successully applied 1o restoring degraded
environments (Padilla and Pugnaire 2006; Halper et al.
2007; Siles et al. 2008), pusitve interactons berween

gt of fertilivers anid pesticides, whiile the possible bench-
cial effects of species interactions are largely ignored
(Omer et al. 2007). Although current agricultural tech-
nues have greatly increased crop yields over the past half
eniuny, heavy spplication of chemical fertitisess and pesti>
cides has resulted in environmental pollution, pesicide
resistance, and riing cconomic cets (Tilman et al. 2002,
2011). Th major chall
ficient food for growing human p.wLu.mmlnk minimiz-
ing the negative environmental effects of crop cultivation
(Godfray et al. 2010). To help meet these challenges,
vesearchers have suggested placing greater emphasis on the

species (eg plant-plant species
species interactions) have also been used o sustain por
food production in many raditional agricultural systems
(Alrieri 2004; Li et al. 2007; Xie et al. 2011). In contrast t0
tradirional agriculture, modem agriculture generally
involves large-scale tracts of land, mechanization, and
chemical fertlizers and pesticides. Monocultures are com-
mon in moderm agricultural systems and require substantial

In a nutshell:
Modern agriculure st be improved i it is to meet future
ﬁn!..lmmml
.ammnu.mmk«mwu

* Using such interactions to advance modern agriculture will
b dy il ot dgmsasi
secierspocies pannemhips, implementing farmer incen-

College of Life Sciences, Zhejiang University, Hangthou, PR
Chma “(chen-tang@zju_edu.cn); ‘these authors contributed
equally to this work

use of (Tester and Langridge 2010), preci-
sion agriculrure (an informarion-based management sys-
tem for agricultuml production, where exact amounts of
resources [nutrients and water] and pesticides are used;
Gebbers and Adamchuk 2010), and organic farming
(Reganold et al. 2011). In addition, a growing number of
studies have explored the use of species diversity and posi-
tive species interactions to improve agricultural yields (Li
et al. 2007; Letourneau et al. 2011; Reganold et al. 2011;
Kremen and Miles 2012; Chen and Tang 2013).

Here, we synthesize recent advances in our undersand-
ing of how
tainable food pmmm while minimicing environmen-
tal damage and then apply this information to develop a
framework for future agriculture systems that integrates
the use of positive interactions berween species with other
approaches (eg biotechnology, mechanical and informa-
tion-based technologies). First, we review recent studies
conceming the effects of positive interactions between
species in natural ecosystems and highlight their impor-
tance in managed systems. Next, we investigate several
agricultural systems in which positive species interactions
have already been used to achieve local sustainability, and
explain how agricultural systems can benefit from such
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The productivity of traditional rice-fish co-culture can be increased
without increasing nitrogen loss to the environment
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vides food securty. and does not har the ocal envisonment, it requires improvement because of its
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mmmumm(mmmmmm(u the risk of N pollution}
ki W

) by mansgement of
RF (with fertilization. with very low fish feed) with

SR fish monaculture (FM: without fertilization. with very low fish feed). and rice monoculture (RM: with
avictmcid fertilization. without fish feed), rice yields were equivalent in traditional RF and RM. fish yields were
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1. Introduction production areas. Nitrogen (N) fertilizer increases crop yields

Food security is becoming 3 global problem because of the
increasing world population. fimited and and warer available for
agriculture, and the effects of climate (Tilman et al. 2002; Brown
and Funk, 2008; Godfray et al. 2010; MacDonald, 2010; Tilman
etal. 2011).

(Tilman et al, 2002, 2011), and the N fertilizer used in rice produc-
tion accounts for 16% of all N fertilizer used in the world (Ladha
et al, 2011). However, only 28.3% of the applied N is taken up
by rice (Miao et al., 2010). A significant proportion of the applied
N is only temporarily retained in rice fields, ie. substantial N is
i and runof and in emission of N oxides

ity i in i i ily dis 3 7; Coathd oL 2007: Guo et o. 2010, Thus,the
Moreover, ill i become igh-yield

vated with jide are located ies and -mu)
that provides is also a key com-

) rice
production has increased because of the introduction of modern,
high-yielding varieties and because of increased mechanization
and the increased use of irrigation. pesticides, and chemical fertil-

because of the excessive application of chemical fertilizers in rice
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ponent of global food security (Pauly et al, 2002). Aquaculture
s the farming of aquatic organisms (both marine and freshwater
species) such as fish and shellfish (Naylor et al. RN Sechese
reduced biodiversity and generated

roblems, marine and freshwater aquaculture is

considered a viable way to meet the demand for fish production
while protecting marine biodiversity (Cressey, 2009; Costelio
et al. 2012). Intensive aquaculture, however. can also cause
environmental problems (€. water pollution and the spread of
disease) because fish feed containing large quantities of N and
nqmms (P) are incompletely consumed and assimilated by
unconsumed and unassimilated N, P, and other nutrients
x:umuhl.z in the eavironment and cause water eutrophication
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