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Agricultural ecosystem sustainability and plant-soil
interactions in arid and semiarid regions have re-
ceived increasing interest by research scientists and
policy makers over recent decades (Liang et al. 2010;
WMO 2005). Globally 54 million km? or 40 per cent
of the land area is occupied by drylands, with about
30% of this area being arid, 44% semiarid, and 26%
in the dry sub-humid zone (WMO 2005). With 34%
and 15% of the drylands being located in Asia and
Australia, respectively, the arid and semiarid areas of
China and Australia represent important examples of
the challenges to and opportunities for agro-
ecological sustainability of these regions worldwide.
While important for sources of food, feed and fibre,
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semiarid regions of the world are subject to water
shortages and soil degradation that are likely to
increase with climate change (Turner and Meyer
2011; WMO 2005). In semiarid regions of north-
west China and south-west Australia, water scarcity, a
lack water and infrastructure for irrigation, a drying
climate and greater intensity storms pose a challenge
to food security and environmental sustainability (Li
1999; Shangguan et al. 1999; Liang et al. 2010; Wang
et al. 2010; Turner and Meyer 2011; Turner et al.
2011). A variety of problems frequently occur on the
nutrient-poor, fragile soils in these regions (Douglas
1989; Meng 1996; Zheng 1996; Li 1999; Wang et al.
2008; Liang et al. 2010; Turner et al. 2011; Shi et al.
2011; Yamaguchi 2011). The solutions are expected to
come from the integrated investigation of plant and
soil interactions at a range of scales from the
individual plant to field and catchment level to the
whole region.

North-west China is a vast region with two major
plateaus, the Loess Plateau and the Qinghai-Tibetan
Plateau (Fig. 1). The Loess Plateau covers 640,000 km?
in seven provinces—Gansu, Henan, Inner Mongolia,
Ningxia, Qinghai, Shanxi and Shaanxi—and supports
a population of 34 million people. The section of the
Loess Plateau in Inner Mongolia is contiguous with the
Mongolian Plateau and is sometimes referred to as the
Inner Mongolian Plateau (Zhang et al. 2011). With an
average height of 1200 m above sea level, the Loess
Plateau has a monsoonal continental climate with cold
dry winters and warm wet summers. Annual mean
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Fig. 1 Map of China with the Loess Plateau (brown) and Qinghai-Tibetan Plateau (purple) highlighted

temperatures vary from just below 0°C in the higher
west of the Plateau to just above 20°C in the south, but
the majority of the Loess Plateau has a mean
temperature of about 10°C (Turner et al. 2011). Annual
rainfall varies from about 600 mm in the south to
between 100 and 200 mm in the north-west (Turner et
al. 2011). The wind-blown, silty soil, which generally
is 50 to 80 m deep, has a high water-holding capacity
(about 26% at field capacity), but is very vulnerable to
water erosion, resulting in a highly-dissected, fragile
landscape (Fig. 2). With 1.6 billion tons of soil being
lost by erosion annually, the Loess Plateau is regarded
as one of the most severely eroded and eroding areas in
the world with important ecological and socioeconom-
ic consequences (Liu 1985; Douglas 1989; Saito et al.
2001; Wang et al. 2010). Nevertheless, the Loess
Plateau is an important dryland agricultural area
providing food security and employment for a greater
population than its 34 million residents. Of the total
area of 64 million hectares (640,000 km?), about 15
million hectares is cultivated and half of this cultivated
area is sloping land (Shangguan et al. 1999) that is
very vulnerable to water and wind erosion as a
consequence of deforestation and overgrazing. The
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Qinghai-Tibetan Plateau is the largest plateau in the
world, covering approximately 2.5 million km? (Zheng
1996) with an average altitude of more than 4000 m
above sea level. It is located south west of the Loess
Plateau and stretches to the Chinese border with India
and Nepal (Fig. 1). The Qinghai-Tibetan Plateau
provides natural free-grazing for the yaks, cattle and
sheep of livestock farmers who take their animals to
graze on alpine pastures above 4000 m in the warmer
summer months after the snow has melted. Over-
grazing and consequent erosion is becoming a major
issue, particularly at lower elevations where the
animals overwinter (Wang et al. 2008; Yamaguchi
2011). Crops are not a feature in this landscape, but
some fodder crops are grown at lower elevations.
South-west Australia has similar rainfall to the
Loess Plateau, but predominantly during the winter
growing season, as opposed to the summer rainfall
pattern and growing season of the Loess Plateau
(Turner et al. 2011). More than two thirds of the soils
in south-west Australia are deep sands and sands over
clay (Turner 1992), subject to wind and water erosion,
transient waterlogging and secondary salinity (Turner
1992, 2004). In both China and Australia, the ability
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Fig. 2 Aerial photograph of part of the Loess Plateau showing
marked erosion and terracing to stabilise the slopes. (Photo
courtesy of Dr Xiping Deng, Institute of Soil and Water
Conservation, Yangling, Shaanxi, China)

to build up and maintain organic matter is important
for both soil stability, plant productivity and carbon
sequestration.

In order to address common issues of maintaining
agricultural productivity and ecosystem services in
fragile ecosystems, the 2nd International Workshop on
Ecological Assessment and Management with the
theme “Climate change and agricultural ecosystem
management in dry areas”, was held in Lanzhou,
Gansu Province, China, from 20 to 25 July 2010. The
workshop was organised by the Ministry of Education
Key Laboratory of Arid and Grassland Ecology,
Department of Arid Agoecology at Lanzhou Univer-
sity and the UWA Institute of Agriculture at the
University of Western Australia, Perth, Australia, and
included leading scientists from China, Australia, the
United States of America, Canada, Syria and Japan.
This issue of Plant and Soil publishes six selected

papers addressing ecological sustainability of agricul-
tural and natural ecosystems following peer-review.
Other papers presented at the workshop have been
published in special issues of Acta Ecologica Sinica
(volume 31, number 9, pages 2349-2654, 2011—in
Chinese with English abstracts), Crop and Pasture
Science (Volume 62, Issue 6, pages 445-503, 2011)
and Functional Plant Biology (Palta et al. 2011).
The papers selected from the workshop for
publication in Plant and Soil focus on agricultural
ecosystem management of plant-soil interaction in dry
areas on the scale of individual plants, plants in
community to plants on a regional scale. Wheat
(Triticum aestivum), maize (Zea mays) and typical
fodder species are used in the papers to illustrate the
eco-physiological responses and related management
strategies. The two dryland crops grown extensively
on the Loess Plateau are wheat, both spring and
winter genotypes, and maize (Turner et al. 2011).
Landraces of wheat are grown on the Loess Plateau
for their superior noodle quality, but Fang et al. (2011)
demonstrate that a landrace of winter wheat, while
showing better competitive ability with adequate
water availability than a modern cultivar, used more
water prior to flowering and was more sensitive to
water shortage after flowering so that it was less
competitive than a modern cultivar under restricted
water supply. Yields and yield stability were greater in
the modern cultivar of winter wheat than the landrace
under water limitation in the glasshouse and in the
field in two years when precipitation was below the
long-term mean (Fang et al. 2011). It is notable that
grain production in China has increased almost
linearly since 1949 (Zhang 2011), particularly wheat
yields that have increased at a rate of 88 kg ha ' y™'
from 1960 to 2009 (Turner et al. 2011). While this
cannot be attributed entirely to the increased use of
fertilizer (Zhang 2011), Lefroy (2008) clearly demon-
strated that the change in net food production among
different regions of the world was strongly associated
with fertilizer use. China was shown to be the country
with both the highest fertilizer use and the greatest
change in net food production (Lefroy 2008). How-
ever, there are concerns that in a water-limited
environment, such as north-west China, the increased
use of fertilizers, will increase growth and conse-
quently increase water use, thereby reducing the
availability of water for the following crop in the
cropping sequence, especially in below average
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rainfall years. In a long-term experiment, Wang et al
(2011) showed that after 20 to 25 years of application
of 120 kg ha ' of nitrogen as urea and 60 kg ha ' of
phosphorus (P,0Os) as superphosphate, with and
without farmyard manure, water use of winter wheat
increased by 23% over that in the unfertilized check.
However, the soil water recharge in the fallow period
also increased, so that the soil water content did not
decrease even though yields of wheat during the four
years of measurement were more than double those in
the unfertilized treatment. This suggests that continuous
wheat production is sustainable on the Loess Plateau
with good management, including high but appropriate
inputs of inorganic fertilizers. While wheat and maize
straw is usually harvested for animal feed (cut and carry
system) in China, some crop residues are returned to the
soil through roots and leaf litter, and these will be higher
when yields are higher as a result of the application of
inorganic fertilizers.

Although application of inorganic fertilizers
benefitted yields of wheat in the absence of manure,
manure produced by penned animals is often applied
by small-holder farmers to crops on the Loess Plateau,
resulting in an increase in the soil organic matter that
benefits the soil structure, infiltration and water-holding
capacity of the soil (Wu et al. 2004; Yang et al. 2000).
In the extensive farming system in south-west
Australia, animal manures are not applied, and farmers
rely on rotation with legumes, such as field pea (Pisum
sativum), narrow-leaved lupin (Lupinus angustifolius),
a variety of pasture legumes, and rotation with canola
(Brassica napus), to enable grass weed and disease
management, to provide a source of organic legume
nitrogen and to add crop residues to the soil to
maintain the soil organic matter (Turner et al. 2011).
Hoyle and Murphy (2011) show that lupin and field pea
residues increased the amounts of plant-available
nitrogen compared with oats (4vena sativa), particularly
where the crops were not harvested, but ploughed in as
a brown manure after desiccation with herbicide
application, and this had a significant effect on the
yield of a subsequent wheat crop. While incorporation
of crop residues proved very beneficial, the amount of
nitrogen available to the subsequent wheat crop varied
markedly with time, with nitrate nitrogen being
influenced by the wet-dry cycles and the level of
incorporation of residues, with the highest concentra-
tions just before and shortly after sowing (Hoyle and
Murphy 2011).
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Only 25% of the area of the 64 million hectares of
the Loess Plateau is cultivated. Of the remaining 75%,
half comprises natural grassland on which Lespedeza
davurica and Bothriochloa ischaemum are the two co-
dominant species, and are important in reducing and
preventing soil erosion. L. davurica is a C; legumi-
nous shrub while B. ischaemum is a C, perennial
grass. Xu et al. (2011) show that B. ischaemum is
much more aggressive and competitive than L.
davurica in all levels of water availability, but with
water scarcity the competitive ability of L. davurica
increased relative to B. ischaemum. The values of
relative total yield indicated that there was some
resource complementarity even with low water avail-
ability and that it was advantageous to grow the two
species together to maximise production and precip-
itation use efficiency in water-limited situations.
Shrubs in arid and semiarid regions also play a role
in creating islands of fertility as they collect wind-
blown sand and litter, increase infiltration and enable
deeper penetration of water into the soil (Bhark and
Small 2003). Zhang et al. (2011) studied Caragana
tibetica, a small perennial shrub of desert communi-
ties on the northern part of the Loess Plateau in Inner
Mongolia. They show that the shrub entraps fine
sand, and develops fertile areas with increased soil
organic matter, nutrients and water in the resultant
mound, called a “nebkha”, created by the collection of
sand under and by the side of the shrub. C. tibetica
shrubs are therefore important in reducing erosion and
maintaining soil stability in the dry desert region of
the Loess Plateau. However, they do not appear to
accumulate sufficient water to enable herbaceous
species to become established.

While C. tibetica is clearly beneficial in stabilising
the soil and developing areas of fertility in arid and
semiarid areas, Ligularia virgaurea is a perennial herb
that is becoming the dominant species in the heavily-
grazed montane pastures of the Qinghai-Tibetan
Plateau. It is poisonous to stock, has high reproduc-
tive success and an efficient dispersal system, and it is
these characteristics that are thought to be responsible
for its successful dominant role in overgrazed pastures
where it is replacing palatable species. However, Shi
et al. (2011) suggest that it is the heightened fertility
under patches of L. virgaurea that allow it to
capitalize on its unpalatability, vigorous growth and
reproductive characteristics to dominate the pastures.
Their studies show that in the surface soil L. virgaurea



Plant Soil (2011) 347:1-6

increased root biomass, total soil organic carbon and
phosphorus concentrations, carbon and nitrogen min-
eralization, and the concentration of carbon and
nitrogen in the microbial biomass compared with
those measured under other pasture species. L.
virgaurea lowered the concentration of nitrate nitro-
gen in the surface soil, depriving competitors of
nitrogen in this nitrogen-limited environment and
thereby increasing the competitive ability of the toxic
weed (Shi et al. 2011).

Thus competitive ability, that is competition for water
and/or nutrients, has been one of the major themes of the
six following papers in this special issue. The papers,
together with those published in Acta Ecologica Sinica,
Crop and Pasture Science and Functional Plant
Biology demonstrate the rich diversity of research
being conducted to improve agricultural ecosystem
management in the world’s dryland agricultural eco-
systems. While climate change was not a major theme
in the papers in this special issue, adaptation to climate
change was a major theme of the workshop (Turner et
al. 2011) and highlighted the need for future solutions
to be developed that integrate studies of crops, animals
and soils, couple water and nutrient relations, and link
regional ecosystem assessment with management.
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