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Phosphorus budgets and their associated environmental risks in the main apple orchard areas in China from
2006 to 2016

ZHAO Yang, LI Zhuo, LIU Ming, XIAO Xiao, WANG Chong-yang, SUN Dan—feng, LUN Fei"

(School of Land Science and Technology, China Agricultural University, Beijing 100193)

Abstract: Intensive apple production can bring economic benefits but may also create environmental problems. Phosphorus is vital for
plants and thus, applying P to croplands can enhance production; however, it can also result in environmental risks. Therefore, it is highly
important to estimate the phosphorus budget and its associated environmental risks in the main apple orchard areas in China, as this would
be beneficial to ecological conservation and rural revitalization. Thus, we estimated the phosphorus budget and its associated environmental
risks in the main apple orchard areas in China during 2006—2016 based on material flow analysis, P footprints, grey water footprint, and
other factors. The main results were as follows. In 2006—2016, P inputs per unit area of China’s main apple producing areas showed a
trend of “first increase and then decrease,” while the P content of the produced apples showed a slight increase, which led to the same
trend of “first increase and then decrease” for the P footprints of China’s main apple producing areas. During the same period, the total P
inputs in these areas reached 1.848 6x10° t, whereas the total phosphorus utilization efficiency was only 3.95%. The risk to the water envi-
ronment from apple cultivation in the main apple producing areas showed an increasingly serious trend during 2006—2010 but it improved
in the following years, while the soil environmental risks always showed an increasingly serious trend. There are certain differences in P in-
puts per unit area, P footprints, and environmental risks in different regions in China. Therefore, this study can provide a scientific basis for
improving regional rural revitalization and constructing an ecological civilization.
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Table 2 P inputs and outputs per unit area in different provinces in 2016

X FALLIFRBERLA LRI FAL AR B 0%

Area P inputs per unit area/kg+-hm™ P outputs per unit area/kg-hm™ Phosphorus use efficiency per unit area/%
toE]4 125.48 5.31 423

i 117.75 6.26 5.32

Ly 158.43 5.16 3.26

AR 248.62 8.11 3.26

R 173.88 6.93 3.98

[P 122.89 5.54 4.51

Holr 82.71 5.82 7.04

TH 82.82 6.24 7.54

&3 HE2006—2016 FERBRTELIER
Table 3 P footprints of apple orchards in China during the period of 2006—2016

A7 Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 KM

1 £ 3 P footprint/kg - kg™ 18.86 22.95 17.01 29.60 32.48 27.44 26.01 26.35 27.89 24.45 22.19 25.19

R4 2016 FHERRFEREFXBEEITERT L

Table 4 Comparison of P footprints for different provinces in China in 2016

HuIX Area W vy Ly 1IFS MO N ] HH TH YA

il /238 P footprint/kg - kg™ 23.96 18.93 31.31 30.78 24.98 22.26 13.88 17.59 24.13

RS HEEREFFRBERNERL

Table 5 P input in China’s main apple producing areas

Ay 2 8 JEVAS s JENEL sy S
Year Phosphorus footprint/kg - kg™ Total output/Mt Total phosphorus production/10" t Total phosphorus input/10° t
2006 18.86 26.06 0.52 98.28
2007 22.95 27.35 0.55 125.55
2008 17.01 28.99 0.58 98.62
2009 29.60 30.47 0.61 180.40
2010 32.48 31.65 0.63 205.61
2011 27.44 33.67 0.67 184.77
2012 26.01 35.81 0.72 186.28
2013 26.35 36.3 0.73 191.29
2014 27.89 37.35 0.75 208.36
2015 24.45 38.9 0.78 190.21
2016 22.19 40.39 0.81 179.26

j5San — 366.94 7.34 1 848.62
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Figure 2 Total P inputs for main apple producers in China during the period of 2006—2016
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orchard areas in China in 2016
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2009 2010 2011 2012 2013 2014 2015 2016
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P grey water footprint per unit area/10° m*+hm™

7.1 8.1 7.3 7.4 7.6 8.3 7.5 7.1
3.80 4.22 3.76 3.73 3.85 4.18 3.77 3.65
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Figure 4 The soil environmental risks due to P inputs for the main apple orchard areas in China during the period of 2006—2016
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