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ABSTRACT: China’s pig production has increased manifold in the past 50 £ 1000 = 60

;, and this has greatly affected the ni hosphorus use and losses 2 Al et e
years, and this has greatly affected the nitrogen and phosphorus use and losses = ggg # System NUE w
in the pig production sector. However, the magnitude of these changes are not E 40 2
well-known. Here, we provide an in-depth account of the changes in pig 600 ,/‘, £
production—N and P use and total N and P losses in the whole pig 'g 400 20 %
production chain during the period 1960—2010—through simulation 2 Y

. . : e 200

modeling and using data from national statistics and farm surveys. For the E

period of 2010—2030, we explored possible effects of technological and
managerial measures aimed at improving the performances of pig production
via scenario analysis. We used and further developed the NUtrient flows in Year

Food chains, Environment and Resources use (NUFER) model to calculate

the feed requirement and consumption, and N and P losses in different pig production systems for all the years. Between 1960
and 2010, pig production has largely shifted from the so-called backyard system to landless systems. The N use efficiencies at
fattener level increased from 18 to 289%, due to the increased animal productivity. However, the N use efliciencies at the whole-
system level decreased from 46 to 11% during this period, mainly due to the increase of landless pig farms, which rely on
imported feed and have no land-base for manure disposal. The total N and P losses were 5289 and 829 Gg in 2010, which is 30
and 95 times higher than in 1960. In the business as usual scenario, the total N and P losses were projected to increase by 25 and
55% between 2010 and 2030, respectively. Analyses of other scenarios indicate that packages of technological and managerial
measures can decrease total N and P losses by 64 and 95%, respectively. Such improvements require major transition in the pig
production sector, notably, in manure management, herd management, and feeding practices.

0 0
1960 1970 1980 1990 2000 2010 2020 2030

B INTRODUCTION

China had about 10% of the worlds’ pig population in 1960,
and nearly 50% in 2010." The huge increase in the number of
pigs during the last S0 years reflects the increasing importance
of pork in the diet of Chinese people, concomitant with the
economic growth and increase in income.? Most people can

began in the second half of the 1990s.*% As a result of the
policy reform and free-trade agreements that liberalized and
industrialized the whole pork sector, more efficient pig species
were introduced, such as Duroc, Landrace, and Yorkshire.”*
The increase in pig production in landless, medium-sized, and
industrial systems from 1990s onward (Figure 1) coincided

now afford pork, because of the relatively low price. Pork is part
of the national “shopping basket program”, which was initiated
in the 1980s. This program encouraged landless livestock
production to ensure to supply of cheap animal products to
citizens.?

Pig production in China started some 7000 years ago, and for
thousands of years, pigs were raised only in backyard systcms.4
Pigs served as a source of animal protein and energy for
households and as a “converter” of crop residues and kitchen
scraps into animal manure needed to fertilize cropland.® Animal
productivity is quite low in backyard systems, mainly due to the
inefficient indigenous pig species (c.g., Meishan, Luchuan,
Jinhua), as well as the low quality and often low availability of
feed.*** New systems were introduced when prime minister
Deng Xiaoping started the policy reforms in 1978, and the

economy started to grow. The institution of industrial pig farms

W ACS Publications © 2014 American Chemical Society

with the rapid changes in the structure of the pig production
sector,™” and with a strong increase in the production of corn
in China and the import of soybean from oversees. !

An increasing fraction of the pork produced is coming now
from landless, industrial pig production systems, which
purchase nearly all feed from other farms and regions, whereas
decreasing fractions are produced by the traditional and
backyard systems that rely mostly on on-farm produced
residues and feeds.” The structural changes in pig production
also led to changes in regional distributions. The top three
biggest producers of pork are still the provinces Sichuan,
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SPECIAL SECTION

NUTRIENT MANAGEMENT CHALLENGES AND PROGRESS IN CHINA

Nitrogen and Phosphorus Use Efficiencies in Dairy Production in China

Z.H.Baiand L. Ma, O. Oenema, Q. Chen, and F.S. Zhang*

Milk production has greatly increased in China recently, with
significant impacts on the cycling of nitrogen (N) and phosphorus
(P). However, nutrient flows within the changing dairy production
system are not well quantified. The aim of this study was to increase
the quantitative understanding of N and P cycling and utilization
in dairy production through database development and simulation
modeling. In 2010, of the entire 1987 and 346 thousand tons (Gg)
of N and P input, only 188 Gg N and 31 Gg P ended up in milk. The
average N and P use efficiencies were 24 and 25%, respectively, at the
whole system level. Efficiencies differed significantly between the
four dairy systems. Losses of N from these systems occurred via NH

volatilization (33%), discharge (27%), denitrification (24%), NO,™
leaching and runoff (16%), and N,O emission (1%). Industrial
feedlots use less feed per kg milk produced than traditional systems,
and rely more on high-quality feed from fertilized cropland; they
have very poor recycling of manure nutrients to cropland. As
industrial feedlot systems are booming, overall mean N and P use
efficiencies will increase at herd level but will decrease at the whole
dairy production system level unless manure N and P are used more
efficiently through reconnecting China’s feed and dairy production
sectors.

Copyright © American Society of Agronomy, Crop Science Society of America,
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HINESE PRIME MINISTER Wen Jiabao once said

he had a dream that “all Chinese, especially children,

can drink a half a liter of milk per day” (Xinhua News,
2006). If his dream had come true, the total milk consumption in
China would have been 244 million tons in 2010, nearly 7 times
the actual milk production at that time. Whether the dream
comes true or not, forecasts suggest that the average milk con-
sumption per capita will continue to increase in the near future.
Average milk consumption per capita has increased in China
from 2.9 kg yr™" in 1961 to 31 kg yr™" in 2007. Despite this
10-fold increase, the consumption level was still only 10% of the
mean milk consumption level of the United States in 2007. The
world average milk consumption in 2007 was about 2.3 times
higher than the average of China in 2007 (FAO, 2011).

The increased milk consumption has boosted milk
production in China. Most of the increased production has been
achieved through increasing the number of dairy cattle. In 2007,
the number of dairy cows in China was larger than the number in
the United States, one of the biggest milk producers in the world,
but total milk production was only 40% of the production in the
United States (FAO, 2011). Mean annual milk yield in China
was 2882 kg per cow in 2010, whereas annual averages for the
United States and the world were 9595 and 2328 kg per cow,
respectively (FAO, 2011). The relatively low milk yield per cow
in China is related to poor-quality feed, the limited genetic
potential of dairy cows, and poor herd management. However,
there is a huge diversity in dairy farming systems, and there is
little quantitative information about feed use and nutrient flows
within these systems. There are a few reports about the efficiency
of milk production on individual dairy farms (e.g., Powell et
al., 2008), but there are no comprehensive overviews of “feed
production—dairy herd-milk production” on various dairy
production types in China.

The efficiency of milk production can be expressed in terms of
feed consumption per kg of milk (and beef)) produced but also
in terms of nitrogen (N) and phosphorus (P) use per kg of milk
and beef produced (Powell et al., 2010). Efficiency expressed in
terms of N and P used per kg of milk produced has relevance
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Abstract

Background and aims Sufficient soil phosphorus (P)
is important for achieving optimal crop production,
but excessive soil P levels may create a risk of P losses
and associated eutrophication of surface waters. The
aim of this study was to determine critical soil P levels
for achieving optimal crop yields and minimal P losses
in common soil types and dominant cropping systems
in China.

Methods Four long-term experiment sites were selected
in China. The critical level of soil Olsen-P for crop yield
was determined using the linear-plateau model. The re-
lationships between the soil total P, Olsen-P and CaCl,-P
were evaluated using two-segment linear model to deter-
mine the soil P fertility rate and leaching change-point.
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Results The critical levels of soil Olsen-P for optimal
crop yield ranged from 10.9 mg kg ™' to 21.4 mg kg ',
above which crop yield response less to the increasing of
soil Olsen-P. The P leaching change-points of Olsen-P
ranged from 39.9 mg kg™ 1090.2 mgkg ', above which
soil CaCl,-P greatly increasing with increasing soil
Olsen-P. Similar change-point was found between soil
total P and Olsen-P. Overall, the change-point ranged
from 4.6 mg kg”' to 71.8 mg kg ! among all the four
sites. These change-points were highly affected by crop
specie, soil type, pH and soil organic matter content.
Conclusions The three response curves could be used
to access the soil Olsen-P status for crop yield, soil P
fertility rate and soil P leaching risk for a sustainable
soil P management in field.
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With increasing demand of agricultural production
and as the peak in global production will occur in the
next decades, phosphorus (P) is receiving more atten-
tion as a nonrenewable resource (Cordell et al., 2009;
Gilbert, 2009). One unique characteristic of P is its low
availability due to slow diffusion and high fixation in
soils. All of this means that P can be a major limiting
factor for plant growth. Applications of chemical P
fertilizers and animal manure to agricultural land have
improved soil P fertility and crop production, but
caused environmental damage in the past decades.
Maintaining a proper P-supplying level at the root zone
can maximize the efficiency of plant roots to mobilize
and acquire P from the rhizosphere by an integration of
root morphological and physiological adaptive strate-
gies. Furthermore, P uptake and utilization by plants
plays a vital role in the determination of final crop yield.
A holistic understanding of P dynamics from soil to
plant is necessary for optimizing P management and
improving P-use efficiency, aiming at reducing con-
sumption of chemical P fertilizer, maximizing exploita-
tion of the biological potential of root/rhizosphere
processes for efficient mobilization, and acquisition of
soil P by plants as well as recycling P from manure and
waste. Taken together, overall P dynamics in the soil-
plant system is a function of the integrative effects of
P transformation, availability, and utilization caused
by soil, thizosphere, and plant processes. This Update
focuses on the dynamic processes determining P avail-
ability in the soil and in the rhizosphere, P mobilization,
uptake, and utilization by plants. It highlights recent
advances in the understanding of the P dynamics in the
soil /rhizosphere-plant continuum.

P DYNAMICS IN SOIL
Soil P Transformation

Soil P exists in various chemical forms including
inorganic P (Pi) and organic P (Po). These P forms differ
in their behavior and fate in soils (Hansen et al., 2004;
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vative group grant of the National Natural Science Foundation of
China (grant no. 30821003), and the National Basic Research Pro-
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Turner et al., 2007). Pi usually accounts for 35% to 70% of
total P in soil (calculation from Harrison, 1987). Primary
P minerals including apatites, strengite, and variscite are
very stable, and the release of available P from these
minerals by weathering is generally too slow to meet the
crop demand though direct application of phosphate
rocks (i.e. apatites) has proved relatively efficient for crop
growth in acidic soils. In contrast, secondary P minerals
including calcium (Ca), iron (Fe), and aluminum (Al)
phosphates vary in their dissolution rates, depending on
size of mineral particles and soil pH (Pierzynski et al.,
2005; Oelkers and Valsami-Jones, 2008). With increasing
soil pH, solubility of Fe and Al phosphates increases
but solubility of Ca phosphate decreases, except for
pH values above 8 (Hinsinger, 2001). The P adsorbed
on various clays and Al/Fe oxides can be released by
desorption reactions. All these P forms exist in complex
equilibria with each other, representing from very stable,
sparingly available, to plant-available P pools such as
labile P and solution P (Fig. 1).

In acidic soils, P can be dominantly adsorbed by Al/Fe
oxides and hydroxides, such as gibbsite, hematite, and
goethite (Parfitt, 1989). P can be first adsorbed on the
surface of clay minerals and Fe/Al oxides by forming
various complexes. The nonprotonated and protonated
bidentate surface complexes may coexist at pH 4 to 9,
while protonated bidentate innersphere complex is pre-
dominant under acidic soil conditions (Luengo et al.,
2006; Arai and Sparks, 2007). Clay minerals and Fe/Al
oxides have large specific surface areas, which provide
large number of adsorption sites. The adsorption of soil
P can be enhanced with increasing ionic strength. With
further reactions, P may be occluded in nanopores that
frequently occur in Fe/Al oxides, and thereby become
unavailable to plants (Arai and Sparks, 2007).

In neutral-to-calcareous soils, P retention is domi-
nated by precipitation reactions (Lindsay et al., 1989),
although P can also be adsorbed on the surface of Ca
carbonate (Larsen, 1967) and clay minerals (Devau
et al., 2010). Phosphate can precipitate with Ca, gen-
erating dicalcium phosphate (DCP) that is available to
plants. Ultimately, DCP can be transformed into more
stable forms such as octocalcium phosphate and hy-
droxyapatite (HAP), which are less available to plants
at alkaline pH (Arai and Sparks, 2007). HAP accounts
for more than 50% of total Pi in calcareous soils from
long-term fertilizer experiments (H. Li, personal com-
munication). HAP dissolution increases with decrease
of soil pH (Wang and Nancollas, 2008), suggesting that

Plant Physiology®, July 2011, Vol. 156, pp. 997-1005, www.plantphysiol.org @ 2011 American Society of Plant Biologists 997
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Evaluation of Soil Phosphorus Accumulation and Loss Risk on Arable Land at County Level: The Example of
Pinggu District, Beijing City, China

BAI Zhao-hai, WAN Qi-yu, LI Hai—gang, DUAN Zeng—qiang, CHEN Qing"

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract: The variation of phosphorus demand and input among different cropping system may cause the different surplus and risk to envi-
ronment. The aim of this study is to evaluate the difference of soil phosphorus (P) accumulation and potential risk of P loss to environment

among cereal, fruit and vegetable cropping systems in Pinggu District, Beijing suburh, through field survey on phosphorus application and soil

analysis. The results showed that the average P input was 76, 575 kg P,0s*hm?-a™" and 693 kg P,Os hm™-a™ in cereal, vegetable and orchard
systems, respectively. Manure P was the main proportion of the total P input in vegetable and orchard systems and P surplus was 468 kg P05+

hm?+a™ and 498 kg P,0s-hm™-a™, which was much higher than that in cereal system (38 kg P,O5-hm™-a™) . This caused high variation in soil

Olsen=P content, which was 184, 44.3 mg-kg™ and 40.4 mg- kg™ for cereal (n=260) , vegetable (n=108) and orchard (n=548) system, re—
spectively. It was found that there were change—points when soil CaCly=P rapid increased with soil Olsen—P was 23.1, 40.1 mg-kg™ and 51.5
mg * kg™ for sandy loam, light loam and heavy loam soils, respectively, through the correlation analysis between soil Olsen—P and CaCl, ex—
tracted P contents. The value of change—point was significantly higher in clay soils than loam soils. As classified with soil texture, 7.7%,

44.0% and 33.6% of the surveyed fields were with high P leaching potential in cereal, vegetable and orchard cropping system, respectively. It

is necessary to manage P input in vegetable and orchard system following crop requirement and soil P fertility.

Keywords: Olsen-P; CaCl,-P: change—point: P leaching risk; cereal: vegetable: orchard
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