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The spatial and temporal distribution features of the land bearing capacity for livestock manure in Shandong
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Abstract: This research aims to investigate the spatial distribution of livestock and poultry manure resources and the changes in land bear-
ing capacity for livestock and poultry manure over the past decade in Shandong Province. The objectives are to provide scientific information
for rational utilization of livestock and poultry feces resources, optimize the structure of livestock breeding, and promote the development of
green agriculture combined with planting and breeding. Based on a literature review and official statistical data collection, we quantified
crop nutrient demands and nutrient supply from livestock manure. By converting the animal manure produced from different livestock spe-
cies into pig equivalent to obtain an index of land bearing capacity for livestock and poultry manure, we analyzed the temporal and spatial
characteristics of the land bearing capacity for livestock and poultry manure. The results showed that there were significant spatial and tem-

poral variations in the distribution of land bearing capacity for livestock manure in Shandong Province. As for the spatial characteristics, the
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pollution risks of livestock and poultry manure in different districts were quite different; the values of I for N and P were all less than 1 in the

cities of Qingdao, Zibo, Liaocheng, and Heze, thereby indicating that the land consumption of livestock and poultry manure was not overload-
ed in these cities. The values of I for N and P in the cities of Jinan, Zaozhuang, Yantai, Tai’ an, Weihai, Rizhao, Laiwu, Linyi, and Dezhou
were all greater than 1. The higher values of / for N and P in these areas revealed that the livestock and poultry manure exceeded the farm-
land’s bearing capacity and that high risks of livestock and poultry manure pollution existed. In particular, the / values for N and P in Laiwu
City were 2.14 and 2.36, respectively, thereby showing a high risk of pollution in farmlands. The large surplus of nutrients from livestock and
poultry manure greatly exceeded the carrying capacity of agricultural land and would result in N and P pollution. From a time series perspec-
tive, the overall breeding scale had generally increased in Shandong Province in the past ten years, and had increased from 7.042x10 to
8.401x10" pigs. Especially from 2009 to 2012, the overall scale increased greatly by 13.3%. The crop demands of N and P nutrients from ma-
nure increased each year by an overall increment of 10.6% and 13.1%, respectively. The N and P nutrient supplies from livestock and poul-
try manure showed an increasing trend with increments of 8.9% and 2.9%, respectively. In 2016, the land bearing capacity for livestock and
poultry manure in Shandong Province reached 8.58x10” and 9.81x107 pig equivalent for N and P, respectively, which were higher than the
actual breeding scale of 8.40x10" pig equivalent. The I index of land bearing capacity based on the N and P contents of livestock and poultry
manure in Shandong Province showed a decreasing trend. The livestock and poultry breeding industries in Shandong Province are mainly
distributed in the regions of Dezhou and Weifang in the southwest and middle—south of Shandong Province. The livestock and poultry ma-
nure of the cities of Jinan, Zaozhuang, Yantai, Tai’an, Weihai, Rizhao, Laiwu, Linyi, and Dezhou all exceed the farmland’s bearing capacity.
These areas have a potential risk of N and P pollution. Based on the values of the index of land bearing capacity for livestock and poultry ma-
nure, there is still potential for farmland to dispose of livestock and poultry manure in some cities of Shandong Province.

Keywords: livestock and poultry manure; land bearing capacity; spatial and temporal distribution; Shandong Province
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Table 1 Main crop yields in Shandong Province and nitrogen , phosphorus and potassium nutrients absorbed by 100 kg production

VMR E %ﬁﬁfﬂ/ JEVES V) 100 kg Fﬁﬁ%i&ii/ 100 kg Fi@i%i/ AR AAER
73 hm? Jit kg+ 100 kg™ kg+ 100 kg™ e kN
WEEY K 105 760 880 800 22 0.8 19377.6 7 046.4
N 3830270 23445900 3 1 703 377 234 459
Tk 3206930 20649 500 2.3 0.3 474 938.5 61948.5
wF 17 950 57100 3.8 0.44 2169.8 251.2
oL 4170 13 100 2.29 0.61 300 79.9
N 132 680 357 200 7.2 0.748 25718.4 2671.9
e 201 400 1571 500 0.445 0.1 6993.2 1571.5
oAl 1793 6600 2.43 1.17 160.4 772
EHED 1A 739 740 3215552 7.19 0.887 231198.2 28 522
b= 58 8935 22 980 43 2.7 988.1 620.5
JAt kM ED) 691 1258 5.19 1.9 65.3 24
i Yia 465 200 548 000 11.7 3.04 64116 16 659.2
JRE 152 420 3.5 0.369 14.7 1.5
fill=g 13 182 0.48 0.062 0.9 0.1
it 24702 66 067 3.85 1.21 2543.6 799.4
Bhsk Mt 1869266 103270 481 0.432 0.142 446 128.5 146 644.1
JRARZE 286 716 15268 916 0.495 0.295 75 581.1 45043.3
F2 IFRA B T IEF NI
Table 2 Characteristics of soil nutrients of arable land in Shandong Province
HHLi/g ke R /g kg e kg /g ke R /me kg A /mg-kg! B mg-ke! A /mg kg
15.00 1.02 0.64 13.30 121.90 49.80 152.00 682.00

VE Bk BT 2016 AR 1L A48 o D i 4t

Note: The data came from 2016 Shandong Province arable land quality monitoring report.
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Table 3 The nutrient proportion of fertilizing under different

nitrogen and phosphorus nutrient levels in soil

TH +HEN PAT
I I I
LSS & /% 35 45 55
A E g ke

B R HAEYD > 1.0 0.8~1.0 <0.8
K H >1.2 1.0~1.2 <1.0
S >1.2 1.0~1.2 <1.0
R >1.0 0.8~1.0 <08
AT R i /mg kg > 40 20~40 <20

= B R TR R BT SR AR R )™
Note: The data in the table refers to The technical guide to land

carrying capacity".
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Table 4 Daily excretion of nitrogen and phosphorus of different
livestock and poultry in Shandong Province ( Does not differentiate

livestock and poultry growth stages )
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Table 5 Nitrogen and phosphorus collection rate of different

livestock manure collection methods (% )

S By il R
RRED 88 95
VUL 87 95

S iw; =5Vl H‘ﬁkﬂﬁfﬁﬁﬁ{ H‘ﬁkﬁ&@ﬁ/ﬁ

Tk (F) gk ()" d gk (H)"-d"
i 2764.09 30 45
LUEE 129.3 196 32
SES 366.3 109 14
= 1173.85 11.3 2.35
i Ee 1023.8 122 0.92
& 65 733.46 1.2 0.18
#H 2741.8 9.45 1.87

T R B IR T L R 3 SR AR R
Note: The data in the table refers to The technical guide to land

carrying capacity™.

x6 FAAEZETHLEAXNPHEIBEE(%)
Table 6 Nitrogen and phosphorus retention rate of different

livestock manure treatments (% )

T < Gty FHETE N P A SR U TS0k 23
Note: The data on rabbits’ daily excretion of nitrogen and
phosphorus was taken from literature[23].

WL VRN R WA
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Figure 1 Spatial distribution of livestock manure nutrients in Shandong Province
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Figure 2 Spatial distribution of crop manure nutrients demand in Shandong Province
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Figure 3 Spatial distribution of loading capacity of livestock manure in Shandong Province
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