24 250 6 B 3 N = i Vol. 24,No. 6
2004 4 6 A ACTA ECOLOGICA SINICA Jun. ,2004

EMRIVESRAPHNREAERES ZRABEMRIE

2, AL 5 A
Q. RV BEBBRVESREFXEAFBREIRE(ZEMNKE) . M RKERMR VB ¥R,
Hi#t &8 EESWIRAT,730020;2. Hil ol k%,730070)

RME:-SRTEBRIETEEFRAEBSSAEMFANARBRERRARIR . ZOBNMRWESEREE . B REVETE
ZEHEBS AREFEZIEPARBES ARERRIVESEEZANHARS ZFANFHIRSREBES LY E
WS ARG REABMRIVETSREFHRAERS S RAHFERELSEBRTRA S THHSE. MREMERETERR
SERERS REAMTFHEEMRAXR. GECEHAEZMHERAERETERREBRVAESRANARABRSNREMEORE
WIEMERRARMSMALHEFHEEMRENLERO—TEEFREN T M.
XBR:AERG RENRIF: EHRLESRE

Research progress and trends in system coupling and discordance for grassland
agroecosystems

LIN Hui-Longl’z ,» HOU Fu—Jiangl (1. Key Laboratory of Grassland Agro-ecosystems, Ministry of Agriculture;College of Pastoral
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Abstract: The coupling of agro-ecosystems was initially put forward at the end of the 80s. In the middle of the 90s, Ren Ji-zhou
and others systematically described the theory of system coupling which showed that system coupling is two or more potentially
coupled systems, under artificial control of input and output of energy flow, material flow and information flow in larger
systems, coupled to form new superior structure -function bodies. The general function of coupling between systems is to
consummate the structure of the ecosystem, to release production potential and magnify ecological and economic value of the
system. Hereafter, domestic and overseas scholars carried out detailed extensive research on the coupling model and coupling
value for agro-ecosystems. A classified review of system coupling and discordance principles and their application is given in
this paper.

The accumulation of free energy in ecosystems causes instability and tendency to connect with other ecosystems. The free
energy drives the two or more ecosystems or subecosystems to combine together through processes of convergence,
hypercycling and coupling. A new ecosystem of higher level is established with unique structure-function. The system coupling
may liberate the free energy in several ways to increase the productivity of the agro-ecosystem. That means to get the output
from the agro-ecosystem by some way to liberate the catalytic potential, the location difference potential, the multistability
potential, and the management potential.

System coupling, however, usually occurs simultaneously with system discordance which results in imperfections in
system operation. The discordance is mainly reflected in disharmony between the livestock production and pasture development,

The livestock exerts pressure on the pastures through grazing while the latter responds to the pressure with a varying adaptive
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‘carrying behaviour’. The disharmony between the two production systems can be observed in the timing of production
activities in the ‘ecological field” and in the population of plants/animals,and it can be regarded as a major factor in grassland
degradation. The process of degradation and its phasing depend upon the degree of discordance between the sub-systems and on
the balance between the grazing pressure of livestock and the adaptive carrying behaviour of pastures.and therefore,the degree
of system discordance itself can be used as an index to assess the extent of degradation in grassland resources. It should also be
noted that system discordance is also an indicator of production potential and opportunity for further development.

Coupling between populations of plants/animals, vertical coupling between former and latter production levels, horizontal
coupling between difference grassland agro-ecosystems, interface processes and system coupling, and bio-geological temporal
zonation and system coupling, are recognized as the five research frontiers of the system coupling and discordance theory for
grassland agro-ecosystems.

Coupling between populations: The pastoral agriculture ecological system,in becoming a coupled system includes the
coupling between populations of plants/animals as a whole. The niches and ecological fields of populations of plants/animals
appear to be key operations.

Vertical coupling between former and latter production levels: There are four production levels in a grassland agro-
ecosystem,i. e. , pre-plant, plant, animal and ultra-biclogical production levels. System coupling among the former and latter
production levels can lead to system improvement by. realizing the potential of system capacity.

Horizontal coupling between difference grassland agro-ecosystems: The premise of reciprocal coupling between ecosystems
is the reduction in the accumulation of free energy to stabilize the coupling system. For example,the coupling between the
subsystems of agricultural production in mountain, oasis and desert areas within the general agro-grassland system in the Hexi
corridor, Gansu province, can happen between different production levels between different subsystems. The oasis sub-
ecosystem plays a key role in coupling because it is the center of energy convergence and switch of the whole meta-ecosystem.
The three sub-systems have distinct time and space differences in forage grass, and potential energy, which provides
opportunity for coupling in time, space, quantity, order, and structure of the three sub-systems. Great production potential is
released by the horizontal coupling effect resulting from the oasis sub-system,as core, driving the mountain and desert sub-
systems.

Interface processes and system coupling: There exists three primary interfaces in a grassland agro-ecosystem, i. e. ,
vegetation-site interface, grassland-animal interface, and the production-management interface. The opening functions of the
interfaces result in system coupling, from which the advanced system is formed. To explore the coupling and discordant
mechanisms generated by the three interfaces within the grassland system were our main tasks. HOU Fu-Jiang et al (
researched the vegetation-site interface coupling process with grazing pressure on the degraded alpine grassland in Sunan
county, and the typical arid grassland in Huanxian county, Gansu province. The results indicate that the grassland degradation
process resulted not only from the degeneration of vegetation and soil subsystems,but also from the disappearance of coupling
between both subsystems and the development of their discordance.

Bio-geological temporal zonation and system coupling: Bio-geological temporal zonation is a subsistent spatial-temporal
way where organisms can break through the limit of a particular geographical zone and extend their survival, with the strategy
of excluding the environmental period of time which is not suitable to live in,and meet it with that which is suitable. The
organisms get their ecological elements from the relevant spatial-temporal zone. The coupling model is dependent on spatial-

temporal zonation.

Vegetative agriculture is an ingenious instance of integrating the theory of system coupling with bio-geological temporal
zonation.

The connotations, progress, research frontiers and developmental trend of system coupling and discordance of grassland
agro-ecosystem are discussed in this paper. The quantification of system discordance is a key iﬁ the theoretical research of
system ¢ g and discordance. Using various tools of non-linear sciences may be a promising way to measure system
coupling and discordance for grassland agro-ecosystems.

Key words:system coupling; system discordance; grassland agro-ecosystem
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