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Abstract: Climate change is one of the most serious challenges that mankind is facing in the 21st century. Under climate
change, the increase of extreme climate risk has intensified the vulnerability of farmers’ livelihoods. Rural households, who
are the basic units of rural communities, have to cope with climate change with adaptation as the main way. Therefore, va-
rious adaptation strategies have been adopted based on household livelihood assets and the environment. This paper pro-
vides a systematic review of current researches on rural households’adaptation strategies to climate risks from two perspec-
tives. The first is the typology of adaptation strategies and the influencing factors of decision making, and the second is the-
assessment of the effectiveness of these adaptation strategies. On this basis, an analytical framework of influencing factors
on the decision-making of adaptation strategies to climate risks was put forward. At the same time, the paper points out
some deficiencies in current researches and provides suggestions for future research, aiming at promoting the researches on
rural households’ adaptation to climate change and improving relevant adaptation practices.
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Fig. 1 Analysis process of influencing factors of

farmers’ adaptation strategy selection
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Table 2 Relevant influencing factors and analysis methods of farmers’ adaptation strategy selection
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Table 3 Research methods and evaluation indicators of the effectiveness of farmers’ adaptation strategies in relevant

researches
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Analysis of Spatial Differentiation and Influencing Factors of Surface Thermal Field in Kashgar City Based on
Geographic Detector. ZHAO He-miao' , ALIMUJIANG Kasimu'*® (1. College of Geographical Science and Tourism, Xin-
jlang Normal University, Urumqi 830054, China; 2. Research Center of Urbanization Development of Silk Road Economic
Belt, Xinjiang Normal University, Urumqi 830054, China)

Abstract: A scientific-based understanding of temporal and spatial patterns and driving factors of urban surface thermal
fields is an important prerequisite for the upgrading of urban ecosystems. Kashgar City, the throat hub of civilization and
transportation between the East and the West, features heavily in the Belt and Road initiative. Landsat series of remote-
sensing images in 1998, 2008, and 2018 of Kashgar on the western edge of the Tarim Basin were adopted in this study.
The land surface temperature (LST) was retrieved with the radiative transfer equation algorithm and the spatial variation of
surface temperature in Kashgar City was analyzed through transfer matrix with the help of GIS and RS technology. On the
basis of extracting impervious surface index (IBI) and vegetation coverage (FVC) , 6 types of influencing factors including
altitude, slope, population density, IBI, FVC and land use type were integrated to detect the spatial heterogeneity and
driving factors of the surface thermal field with geographic detectors in Kashgar City in the past 20 years. The results show
that: The medium temperature and the higher temperature areas were contiguously distributed in the urban built-up area,
the low temperature and lower temperature areas were inlaid in the periphery of the built area in dots, and the high temper-
ature and extremely high temperature areas were distributed in patches in the north of the urban area. With the rapid devel-
opment of the region, the medium temperature area has gradually dominated the whole area. In 2018, the area of the medi-
um temperature zone was 161. 89 km” | but due to the coexistence of cropland invasion, urbanization and forestation, the
area of low temperature zone increased by 4. 58% with bare lands effectively improved, and the area of the high tempera-

ture and ultra-high temperature zone saw a drop of 20. 41 km®. The spatial differentiation of the surface thermal environ-
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ment in Kashgar is the result of multiple factors. IBI represents the core factor affecting the spatial differentiation of LST

with the contribution rates of 1998, 2008 and 2018 to be 87. 8%, 74. 6% , and 80. 8%, respectively, and the multi-factor

interaction is obvious. The interactive explanatory powers of IBI and land use types in 1998, 2008 and 2018 were 0. 912,

0.746, and 0. 873, respectively. The research results can provide reference for urban ecological protection and sustainable

regional development in Kashgar City.

Key words: land surface temperature; geographical detector; conversion matrix; Kashgar City
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Table 2 The change and percentage of thermal field grade area in Kashgar City from 1998 to 2018
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Fig.3 Temporal and spatial changes of thermal field intensity in Kashgar City
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different years

The single impact factor g value of LST in
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Table 4 Multi-impact factor interactive detection results in 1998
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DEM N 3% i 0. 569 0.107 0.651 P(x; Nxy)>max[ P(x;), P(x,) ] XL -1
DEMN A %% 0.569 0.073 0.631 P(x; Nxy) >max[ P(x,), P(x,) ] LR F-H
AN s 0.107 0.073 0.178 P(x; Nxy) >max[ P(x,), P(x,) ] XK 1

IBI AR fE 8; FVC g iz .
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Table 5 Multi-impact factor interactive detection results in 2008

LHHEF (2 Nxy) P(xp) P(xy) P(xNxy) LH R AT TR

THZEAINIBI 0. 859 0.634 0. 746 P(x, Nxy)>max[ P(x,), P(x,) ] XL T
TR NFVC 0. 785 0.634 0. 662 P(x, Nx,y)>max[ P(x,), P(x,)] FLR -1
+ #1255 N DEM 0.787 0. 634 0.493 P(x, Nxy)>max[ P(x,), P(x,)] XLE T4
A N PR 0.700 0.634 0.023 P(x Nwy)>max[ P(x)) , P(x,) ] XL T 58
e IaPNEE: ;3 0. 646 0.634 0. 059 P(x;, Nxy)>max[ P(x,), P(x,)] FLR T
IBINFVC 0.774 0. 746 0.738 P(x; Nay) >max[ P(x;), P(xy) ] TR - 15
IBINDEM 0. 890 0. 746 0. 493 P(x; Ny ) >max[ P(x,), P(x,) ] R T
IBIN 3 & 0. 765 0. 746 0.052 P(x, ﬂx2)>max[P(x]), P(xz)J RN [R -1 o
IBIN A\ F1% 0.789 0. 746 0. 059 P(x; Nay)>max[ P(x,), P(x,) ] KR -3 i
FVCNDEM 0.811 0.738 0.493 P(x; Nxy)>max[ P(x;), P(x,) ] XK -3
FVC N3 0.675 0.738 0.023 P(x Ny ) >max[ P(x;), P(x,) ] XL 1458
FVCN A% 0.744 0.738 0. 059 P(x; Nxy)>P(x;) +P(x,) B2 e o
DEM N 3 & 0.558 0.493 0.023 P(x; Nxy) >P(x;) +P(xy) AL T
DEM N A [145 i 0.529 0.493 0. 059 P(x; Nxy) >max[ P(x,), P(x,) ] XLPR -3 5
BN A 0.110 0. 023 0. 059 P(x) Nxy) >P(x,) +P(x;) JELR

IBI AN KR4 FVC R S .
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Table 6 Multi-impact factor interactive detection results in 2018

ZH T (% Nay) P(x;) P(xy) P(xNxy) LHEER R

A NIBI 0.710 0. 808 0. 873 P(x, Nxy)>max[ P(x,), P(x,) ] G ES T
TR NFVC 0.710 0.738 0.850 P(x; Nay)>max[ P(x;), P(x,) ] SR b
+#2 % N DEM 0.710 0.328 0.775 P(x; Nay)>max[ P(x;), P(x,) ] S T
+ I N Y 0.710 0. 052 0.734 P(x; Nay) >max[ P(x;), P(x,) ] X -1
TR N N O 0.710 0. 002 0.727 P(x;Nay)>P(x;) +P(x,) AL P h
IBINFVC 0. 808 0.738 0.826 P(x;Nxy)>max[ P(x,), P(x,) ] S
IBINDEM 0. 808 0.328 0. 861 P(x, Nxy)>max[ P(x;), P(x,) ] KL -1l
IBI N 3 fiF 0. 808 0. 052 0. 829 P(x; Nxy)>max[ P(x;), P(x,) ] XLPR -3 5
IBIN A% 0. 808 0.002 0.828 P(x;Nay) >P(x;) +P () |22 dsii
FVCNDEM 0.738 0.328 0. 808 P(x; Nxy)>max[ P(x,), P(x,) ] XK -
FVC N3 B 0.738 0. 052 0.758 P(x; Nay) >max[ P(x;), P(xy) ] WL -5
Fven N A% 0.738 0. 002 0.783 P(x;Nay)>P(x))+P(x,) ARk PEH R
DEM N3 i 0.328 0.052 0.416 P(x, Nxy)>P(x;) +P(x,) AR P R
DEM N A H %5 0.328 0.002 0.366 P(x;Nxy)>P(x;) +P(x,) ek P pang
BN N 0.052 0.002 0. 093 P(x;Nay)>P(x;) +P(x,) LRI R
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WANG Xu,WANG Heng-jia, WANG Yong-gang, et al.Ecological Health Assessment on Upstream Watershed of Miyun Reservoir ( Beijing Section) Using
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Ecological Health Assessment on Upstream Watershed of Miyun Reservoir ( Beijing Section) Using Benthic Index
of Biotic Integrity (B-IBI). WANG Xu'?, WANG Heng-jia">, WANG Yong-gang'*®, WANG Qi-lin"**, LI Ya-cui'?
(1. Beijing Municipal Research Academy of Environmental Protection, Beijing 100037, China; 2. National Engineering
Research Center for Urban Environmental Pollution Control, Beijing 100037, China; 3. College of Resource, Environment
and Tourism, Capital Normal University, Beijing 100048, China)

Abstract: Water ecological health of upstream watershed of Miyun Reservoir plays an important role in ensuring water
safety of Miyun Reservoir. In order to systematically evaluate the health status of river ecosystems in the upstream water-
shed of Miyun Reservoir, a survey was conducted on macrobenthos in 2019. A total of 39 sampling points were set up, and
128 species of benthos were collected, including 106 species of Arthropods, 16 species of Molluscs, 5 species of Anneli-
da, and 1 species of Platyhelminthes. From the perspective of pollution tolerance, the proportion of sensitive groups was
23.1%, and the proportion of pollution-tolerant groups was 0. 9%. In terms of the occurrence frequency of groups, the top
three benthic animals were Ephemera, Cheumatopsyche and Stenopsyche McLachlan, with the occurrence frequencies of
82% , 79% and 74% , respectively. The three benthic animals were all indicative organisms of the clean class. With macro-
benthos as indicator organisms, the distribution range analysis, discriminant ability analysis and correlation analysis of 44
candidate biological indicators were carried out. The B-IBI index system of the upstream watershed of Miyun Reservoir was
constructed by five indicators, namely, total taxa, the percentage of individuals of sensitive taxa, the percentage of

Ephemeroptera individuals, the percentage of aquatic insect classification units and the percentage of sensitive groups. The
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quartering method was used to unify the parameter dimensions, and the 25% quantile method of the reference point B—IBI

value distribution was used as the evaluation standard for river ecosystem integrity. The results show that 23% of the sam-

ples were at the “health” level, 33% at the “sub-health” level, 33% at the “normal” level, 8% at the “poor” level, and

3% at the “extremely poor” level.

Key words: upstream watershed of Miyun Reservoir; B-IBI index; macrobenthos; ecological health assessment
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Fig.1 Sampling distribution in upstream watershed of Miyun Reservoir
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Table 1 Physical and chemical parameters of river in the upstream watershed of Miyun Reservoir

/ Lt
Vs p/(mg L)

Kt/ T/ B R/

COD, NH,-N TP N

H
C pH {f (m-s™h) (uS - em™)

FA7 10. 000+4. 506 0.139+0. 120 0. 017+0. 009 2.558+1.568 10.394+1. 131 14.941+4. 813 7.219+0.321 0.540+0. 115 467.000+71. 133
W 10.083+4. 461 0.081+0.043 0.082+0. 167 4.493+2.584 7.666+2.987 19.559+3.364 8.233+1.420 0.448+0.094 559.833+114. 629
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Table 2 List of B-IBI candidate metrics
EEIAN AN bR T EEYAR T fEbR A TR
M1 ST N M23 B HAMAE A T 1N
M2 Shannon-Wiener Z F£ P46 %L N M24 W H RS H nrAg
M3 Simpson i 4{ VAN M25 U e AR S E 1N
M4 Margalef = & £ 46 4% VLN M26 T8 HAMAS A B U/
M5 Pielou $5 % VN M27 T BAAES N
M6 3 AU B FE L DN M28 B0 HAMARSLS H TN
M7 X H 432 BT IE%N M29 HE EHAMRE E EN
M8 ST AE R S ST SN M30 3 H AR L IL%N
M9 ISR 23w e N M31 EPT MA%L & N
M10 HEH 4y 2 0T EL SN M32 H S8 B+ 3R Sl A A8k i L 17N
M11 ES ISR eS¢ VN M33 S 2 H RS W AR L IR
Mi2 Wz 8 H 4 2 BT R N M34 FEICRMMASL A T BPN
M13 v S v N M35 KA B HUAR A ST AR T N
M14 ESUNERIE b 4 VAN M36 TR 3 2 TR EAN
M15 ETO 4335 708K VLN M37 SRR AR 37N
M16 KA R BV R BT SN M38 [BREES e =L v 4 HR
M17 EPT 4325 M08 5N M39 1 35 A A L R
Mi18 H e 34+ AR B 43 2 Ao 17N M40 FBI 5% HK
M19 vt /2 H R B A 25 ot 8 SN M41 WEE AL L CIE
M20 PGSR L L R M42 WA ARBS T N
M21 i 3 (LI BT AR EL L T K M43 WierE A RES L N
M22 e R BB & HK M44 B AMRRS L Uil
M1~MI19 By Fp o B M20~ M35 e BRh 2RSSt ] ; M36~ M40 LB AEYIHTSHE T ; M41~M44 T WeE FRE5H
£3 BREEVERSECEEST
Table 3 Candidate biometric parameter range distribution
Eistn TR brifii 2 fe/ME I5oN( ] 25% 53 4L LREDE 75% 53 i %L
M1 20. 08 5.80 7.00 32.00 15.25 20. 00 25.00
M2 2.92 0.68 0.54 3.93 2.65 2.90 3.46
M3 0.77 0.15 0.13 0.92 0.73 0. 80 0. 87
M4 2.34 0.57 0. 80 3.17 1.97 2.32 2.89
M5 0. 68 0.14 0.19 0. 88 0. 60 0.70 0.79
M6 50. 44 15.19 10. 00 76. 65 36. 63 53. 69 62.78
M7 3.23 2.20 1. 00 13. 00 2.00 3.00 4. 00
M8 1.63 1.27 0.00 5.00 1. 00 2.00 2.00
M9 1. 15 0.77 0. 00 3.00 1.00 1. 00 2.00
M10 1.95 1.40 0. 00 5.00 1. 00 2.00 3.00
MI11 3.03 1.76 0.00 7.00 2.00 3.00 4.75
MI12 4.60 2.23 0.00 9.00 3.00 4.00 6.75
M13 0.35 0.53 0. 00 2.00 0. 00 0. 00 1. 00
M14 0. 50 0. 64 0. 00 2.00 0. 00 0. 00 1. 00
M15 6.58 3.10 0.00 13. 00 4.25 6. 00 9. 00
M16 16. 45 5.91 2.00 28. 00 13. 00 15. 50 22.00
M17 7.98 3.70 0. 00 15. 00 6. 00 7.50 10. 00
M18 2.88 1.96 0. 00 8. 00 1. 00 2.50 4. 00
M19 2.15 1.72 0.00 7.00 1. 00 2.00 3.00
M20 0.37 0.17 0.13 0.93 0.23 0.33 0.48
M21 0. 65 0.14 0. 36 0.97 0.53 0. 68 0.74
M22 0.19 0.25 0.00 0.98 0.02 0.07 0.31
M23 0.01 0.05 0.00 0.28 0. 00 0.00 0.01
M24 0.11 0.18 0.01 0.83 0.02 0.05 0.11
M25 0.02 0.03 0. 00 0.12 0. 00 0.01 0. 04
M26 0.04 0.04 0.00 0.18 0. 00 0.04 0. 06
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43R 3 Table 3 ( Continued)
Eity R brifE2E e/ ME IGON[] 25% 43P 4L EREIVE S 75% 43 i 4L
M27 0.28 0.23 0.00 0.78 0.07 0.20 0. 46
M28 0.28 0.20 0. 00 0. 80 0.12 0.26 0. 40
M29 0.04 0. 06 0.00 0.34 0.01 0.02 0. 05
M30 0.02 0. 06 0.00 0.35 0.00 0.00 0.01
M31 0.57 0.26 0.00 0.91 0.34 0. 64 0. 81
M32 0.17 0.25 0. 00 0.98 0.01 0.07 0.23
M33 0. 06 0.14 0.00 0.67 0.01 0.02 0.04
M34 0.07 0.11 0.00 0.53 0.01 0.03 0. 08
M35 0. 80 0.14 0.29 1.00 0.75 0. 82 0. 89
M36 5.75 2.33 1.00 10. 00 4. 00 6. 00 7.00
M37 0.24 0.18 0.01 0.69 0.11 0.20 0.38
M38 1.23 1.19 0.00 4.00 0.00 1. 00 2.00
M39 0.02 0.05 0. 00 0.31 0. 00 0. 00 0.02
M40 4.35 0.76 2.81 5.98 3. 86 4.15 4.99
M41 0.19 0.15 0.01 0. 66 0.10 0.13 0.25
M42 0.72 0.17 0.33 0.97 0.62 0.77 0. 85
M43 0. 00 0.01 0. 00 0.02 0. 00 0.00 0. 00
M44 0.09 0.11 0.00 0.49 0.02 0.05 0.09

M1 ~M44 £ L3 2,

MR RBERM, 45 b5 M1 5 M4 MI12 MI5,

M16 M17 B AT BEAHOCHE , 5 B 26 b5 M1 415 1Y
AR Z, (RS M1 3845 M2 5 M3 M5 M20,
M21 i BEAHOG , OR B 4 b M20; 4545 M6 M28 = EEAH
KRB IEDR M28., % 2 /K P E i it 3K I ARG 3
SEEBMEVEAS B O A8 A5 B S BT R AL
FETTAREOS LI H A ARE L K AR R R

x4 obERITENIRE

Table 4 Evaluation standard of core index

O FRIITTANRELS L BB AR
2.3.3 IBLiEMss

K FH U233 % 2% S8 N T e — 15 5
SAPEBIT R (ML) AR 2 e RS T
(M20) Idie H AN AE A L (M28) KA R a2
TR & L (M35) U IMAEL  H(M37) 5
W% ORI PP ARIE (K 4) .

b S s - R -

M1 10. 000 29. 000 29. 000 >21. 000 >14. 000 >7. 000 <7.000
M20 0. 168 0. 669 0.168 <0.293 <0.418 <0.543 =0. 543
M28 0.031 0. 681 0. 681 >0.511 >0. 341 >0. 170 <0.170
M35 0.533 0. 960 0. 960 >0. 720 >0. 480 >0. 240 <0.240
M37 0.010 0. 689 0. 689 >0.518 >0. 345 >0. 173 <0.173
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Fig. 2 Discriminant analysis of the evaluation results of

the reference point and the damaged point

L5, B-1BI 5K & 2% W 35 1EAH ¢ (P<
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Table 5 B-IBI evaluation grade standard of upstream wa-

tershed of Miyun Reservoir

B B-IBI /3 FEA LA %
fie >23 23.08
T fl >18~23 33.33
— >12~18 33.33
% >6~12 7.69
e <6 2.56

© UL A
A U s i

B3 Z=m/kELiFERE B-IBLiEM&ER

Fig.3 B-IBI evaluation results of upstream watershed of Miyun Reservoir
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Table 6 B-IBI indicators for watersheds /regions in recent years
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Distribution Characteristics and Pollution Evaluation of Heavy Metals in Water Environment of Taiyangshan
Wetland in Ningxia. ZHAO Zeng-feng', FENG Na', QIU Xiao-cong®”, SUN Xu-yang', WANG Shi-giang', OUYANG
Hong' (1. School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China; 2. School of Life
Science, Ningxia University, Yinchuan 750021, China)

Abstract: The concentrations of As, Cd, Hg, Pb, Cr, Cu, Mn and Zn in water bodies and surface sediments were moni-
tored to explore the pollution condition of heavy metals in the water environment of Taiyangshan National Wetland Park in
Ningxia in winter, spring, summer and autumn of 2019. Multivariate statistical methods were used to analyze the temporal
and spatial heterogeneity of heavy metals in the water environment, and Nemerow Comprehensive Pollution Index Method
and Geo-accumulation Index Method were used to assess the pollution status of heavy metals in the water environment. The
results show that the heavy metal contents of the waterbody were generally at low level and only the Hg content exceeded
the Il class surface water standard of the " Environmental Quality Standard for Surface Water ( GB 3838-2002)". The
surface sediments were seriously polluted by heavy metals except for Cr, which did not exceed the soil background value of
Ningxia. The contents of heavy metals in water and sediments were higher in the east part of the lake and lower in the south
part of the lake. The heavy metal pollution level of the waterbody as a whole was low by usinig Nemerow Comprehensive
Pollution Index Method. While the most serious pollution was found in the west part of the lake and in winter. Among the
heavy metals, Hg contributed the most to the pollution. By using the Geo-accumulation Index Method, it was found that the
surface sediment was most seriously polluted in winter and Hg contributed the most to the pollution.

Key words: Taiyangshan National Wetland Park; heavy metals; Nemerow Comprehensive Pollution Index; Geo-accumu-

lation Index
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Table 1 Descriptive statistics of heavy metal contents in water bodies/surface sediments

7 ﬁﬁiﬁ KPR EE G ST (g L:]‘) PR G Jm &R/ (mg - kgil)‘ Q?r?éﬂl ﬁ’rfii/%
R BoME SRR P bRz RoME ROK(E P AR KK DIRW kiR DU
X2 As 0.410 13.000  4.270 4.500 3.260 11.500  6.660 2.690 1.050 0.404 0 0
Cd — — — — ND 0.320  0.130 0.091 — 0.695 — 63.636
Hg 0.052 0.485 0.194 0.112 0.015 0.702 0.180 0.244 0.576 1.350 90.909  81.818
Pb — — — — 8.750 19.700  14.200 3.300 — 0.233 — 0
Cr 0.031 1.260  0.724 0.316 0.006 0.193 0.076 0.060 0.437 0.793 0 0
Cu 0.001 0.118 0.043 0.045  14.500 39.000 25.200 8.250 1.050 0.327 0 45.455
Mn 0.066 0.242  0.132 0.047 308.000 680.000 469.000 124.000 0.356 0.264 0 36.364
Zn 0 0.116 0.050 0.033  44.300 365.000 127.000  90.100 0.665 0.709 0 72.727
HZ As 0.190 16.300  4.250 5.560 3.590 12.900  7.700 3.410 1.310 0.442 0 18.182
Cd — — — — 0.020 0.140  0.064 0.037 — 0.585 — 18.182
Hg ND 0.100  0.016 0.031 ND 0.265 0.073 0.082 1.880 1.120 0 72.727
Pb — — — — 13.500  21.700 16.600 2.600 — 0.157 — 9.091
Cr ND 0.022 0.008 0.010 ND 0.065 0.030 0.025 1.350 1.130 0 0
Cu 0.008 0.141 0.057 0.045 7.830 31.600  19.000 6.990 0.795 0.368 0 27.273
Mn 0.043 0.634  0.125 0.173  282.000 713.000 490.000 159.000 1.380 0.324 0 36.364
Zn 0.013 0.101 0.042 0.034 42100 160.000 77.300  37.100 0.799 0.480 0 63.636
HZ As 1.090 13.200  4.340 4.280 2.100 10.900  5.810 2.590 0.987 0.446 0 0
Cd — — — — ND 0.270  0.139 0.092 — 0.658 — 63.636
Hg ND 0.210  0.033 0.069 0.010 0.071 0.029 0.022 2.100 0.747 18.182  54.545
Pb — — — — 12.100 18.100  14.600 1.880 — 0.129 — 0
Cr 0.010 0.077 0.046 0.020 ND 0.081 0.029 0.023 0.423 0.821 0 0
Cu 0.015 0.153 0.066 0.048 8.150  27.900 16.500 5.660 0.726 0.344 0 18.182
Mn 0.010 0.102 0.054 0.028 242.000 618.000 411.000 113.000 0.513 0.274 0 9.091
Zn 0.084 0.270  0.137 0.075  67.000 120.000 90.700  18.300 0.546 0.202 0 100.000
T As 0.870 16.900 6.030 6.370 3.650 11.000  7.560 2.370 1.100 0.314 0 0
Cd — — — — 0.010 0.270  0.143 0.095 — 0.665 — 63.636
Hg ND 0.360  0.060 0.124 ND 0.069 0.020 0.021 2.070 1.000 18.182  27.273
Pb — — — — 13.000  21.400 16.400 2.450 — 0.149 — 9.091
Cr ND 0.170  0.033 0.051 ND 0.081 0.044 0.026 1.560 0.595 0 0
Cu 0.001 0.112  0.038 0.043  11.000  27.100 16.200 4.690 1.130 0.289 0 9.091
Mn 0.010 0.124  0.056 0.035 277.000 658.000 427.000 110.000 0.614 0.257 0 9.091
Zn 0.059 0.297 0.137 0.087  48.100 186.000 87.600  44.400 0.633 0.507 0 81.818
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Fig. 2 Distribution characteristics of water heavy metals in space and time
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Fig. 3 Distribution characteristics of heavy metals in surface sediments in space and time
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Identifying the Source of Soil Heavy Metal Pollution in Regional Agricultural Area Based on Multiple Methods.
HAN Cun-liang, LUO Bing-sheng, CHANG Chun-ying, DENG Yi—rong@\ , XIONG Jian, WANG Jun, LI Zhao-hui
( Guangdong Provincial Academy of Environmental Science, Guangdong Key Laboratory of Contaminated Sites Environmen-
tal Management and Remediation, Guangdong-Hongkong-Macao Joint Laboratory of Collaborative Innovation for Environ-
mental Quality, Guangzhou 510045, China)

Abstract: The problem of soil heavy metal pollution is becoming increasingly serious. Identifying the sources of soil heavy
metal pollution has important guiding roles for pollution prevention and risk control. In this study, a concentrated distribu-
tion area of agricultural soils in the Pearl River Delta was selected to study the pollution characteristics and sources of
heavy metals in soils by multiple methods including correlation analysis, elements distribution in soil profile, isotope ratio,
principal component analysis and positive matrix factorization ( PMF ). The results show that the highest cumulative
element in surface soil was Mercury (Hg) , followed by Cadmium (Cd) and Zinc (Zn) , and their average concentrations
were 3.22, 1.29 and 1. 09 times of the regional soil background values of the Pearl River Delta, respectively. The average
concentrations of Arsenic (As), Lead (Pb), Chromium (Cr), Nickel (Ni), and Copper (Cu) were lower than the re-
gional background values. The concentration of Hg in soil was only significantly positively correlated only with Pb, showing
that Hg and Pb had the same sources. The obvious characteristics of surface layer aggregation of Hg and Pb in soil profile
indicate the exogenous input. The combination of principal component analysis and stable isotope ratio can further identify
the sources of Hg and Pb, which was highly correlated with the input of human activities such as industry and transporta-
tion. The results of PMF show that the accumulation of Hg and Pb in the soils of the study area was mainly caused by artifi-

cial sources such as industrial activities, and Cr and Ni in the soils were mainly from natural geological background, and
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Cd, Cu, Zn and As were greatly affected by both material migration and deposition from the upper drainage basin and nat-

ural geological background. When analyzing the cause of regional agricultural soil pollution, the rationality and reliability of

the analytical results can be improved by the mutual verification of the combination using of different methods.

Key words: soil pollution; source apportionment; isotope ratio; principle component analysis; positive matrix
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Table 1 Statistical results of soil heavy metals in the study area
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metals and its significance

Pearson correlation coefficient between heavy

H4Jm Cd Hg As Pb Cr Cu Zn
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Ni  0.23°%-0.33"% 0.50""
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-0.14 0.52""
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Geographic Distribution and Source Apportionment of Heavy Metals in Soils and Vegetables in Urban Fringe. SU
Hui-yue"? | LIU Jiang-chuan'®, WANG Lu'>***V LI Bo'? YU Huan®, CHEN Zhi-kui', HU Yue-ming'***"
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sources for Construction Land Transformation, Guangzhou 510642, China; 6. College of Earth Sciences, Chengdu Univer-
sity of Technology, Chengdu 610059, China; 7. School of Software Technology, Dalian University of Technology, Dalian
116024, China)

Abstract: Contamination of agricultural soil by heavy metals has become a global issue concerning food security and hu-
man health risk. A total of 95 surface soil samples (bulk soil) , 34 vegetable samples, 27 irrigation water samples, and 20
fertilizer samples were collected from Wuqing District, Tianjin, China. The concentrations of heavy metals (i.e., As, Cd,
Cu, Cr, Ni, Pb, and Zn) in these samples were tested. After determining the metal accumulation and potential ecological
risks in farmland soil, kriging interpolation and positive matrix factorization (PMF) were used to identify and quantify the
sources of soil heavy metals. The results showed that (1) Cd and As were the main contaminants in the soil in the studied
area, and Cd had the highest effectiveness in soil, with its average content in vegetables slightly higher than the allowable

threshold (0.02 mg - kg™'). (2) The results of the enrichment index of vegetables show that Cd and Pb were the domi-
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nant heavy metals in vegetables, and vegetables had a strong enrichment ability to Cd. (3) The spatial distribution of

heavy metals in the soil showed that the contaminants were non—homogeneous, and all the heavy metals showed high—value

areas in some parts of the studied area, indicating the negative effects of human activities on the soil environment of farm-

lands. (4) Industrial activity (for Cd) , effects of pesticides, fertilizers, and plastic film mulching (for As and Pb) , nat-

ural sources (for Ni, Cu, Cr, and As), Organic fertilizer (for Zn and Cu) , traffic discharges (for Pb and Cd) and sew-

age irrigation (for Cr, Ni, and Pb) were ascertained as the potential sources based on the Positive matrix factorization

(PMF) analysis results. (5) The accumulation of heavy metals in the studied area was mainly caused by industrial activi-

ties, including atmospheric deposition, the discharge of industrial waste water, the disposal of waste residue, and the e-

mission of waste gas, and so on.

Key words: heavy metals; risk assessment; source apportionment; positive matrix factorization model; vegetable
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Table 1 Statistical results of soil properties and heavy metal contents

~ w( G/ w/ (mg « k -1
b pH fif ((g . kg*)) cd Pb As gCr - Cu Ni Zn

Bkt 8. 89 42.48 2.83 191. 87 25.73 113.30 233.30 47.19 801.93
M 6.63 7.17 0.06 17.91 1.08 48.21 17.26 19. 89 61.03
A ME 7.69 19. 30 0.23 46.28 13.36 69.33 35.76 29. 49 113. 64
bR 0.39 6.27 0.31 29.27 3.26 12.82 23.80 6.82 78.81
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Fig.2 Geo-accumulation index and ecological risk index of heavy metals
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Table 2 Statistical results of vegetable heavy metal
contents
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/IME 0. 04 0.11 0.10 0.43 5.70 0.35 23.45
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P2 0.49  0.46 0. 66 0.09 3.97 2.70 22.70

FriERR A 0.20  0.30 0.50 0.50
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Fig.4 Pearson correlation matrix of heavy metals in soils,
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Fig. 5 Bioconcentration factors (BCF) of different metals
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Fig. 6 Spatial differentiation characteristics of heavy metals in the study area
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Table 2 Heavy metal content in organic fertilizer and irri-

gation water

AP A/ (mg - k™) WA RS/ (mg - L)

AT e T e

Cd 0.19 0.11 3 0. 30 0.01 10
Pb 5.81 4.53 50 0.27 0.06 200
As 24.77 18.76 15 9.57 7.74 50
Cr 32.48 6.79 150 1.03 0.71 100
Cu 132.69 167.70 4.83 6.25 1 000
Ni 10. 58 4.32 3.17 1. 11

Zn 425.84 320.11 6. 46 2. 66 2 000
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Fig. 7 Factor profiles from PMF model and contribution of

different factors on heavy metal accumulation
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IAARENRREN S LR ENEF B

oI, KT, BWE (RN AR TR A SR SR R T A SR, YT
210023)

FEE . Gl B AN A ABORMICSE R4S PPG 1( Pteridophyte Phylogeny Group 1) 4338 5 48 2 37 VL I8 A1 WA S FIBR A
W4 5 TLA ARSI AL 30 F) 66 J& 184 F (ELHGWEAD ASFp A7) | i BFAEAEY) 27 B 61 & 176 Fh,
FITHY 6 BT IE 8 B XX BRI Y L FHEL Ry 85 E 3R B ( Dryopteridaceae) (41 #1) | RUZBF} ( Preridaceae) (17
) (4 R BRFL(Thelypteridaceae) (17 F) F1E: 55 BEFL ( Athyriaceae ) (16 Ffr) ; A3 J& S 8% & 5% J& ( Dryopteris ) (26
) kA BRIE (Asplenium) (15 F) A:H1E (Selaginella) (8 #) FIH-BRIE ( Polystichum ) (8 Fft) o FHFIE (14 1y AL 73
SN 6 F 10 BRI LLTZ Bt oA s P B3RS A 11 Fh2EAY, DUR A An i rp BRI
WIBRISAE ARG S 25, LA . 5AREA (0 (L LRI AR ) B8 A AR R a3
W, XA PSRRI X R SRR X R RO , AR R LA LR o TLI0 A MRS FIER A 3y 3=
& IRHARUE I, X R IR A, KRB TIRAFEDT . @ BUIMsRXHZ X 4340 WG A Fa S RIS IR
KR RIS 2R AR VTR

fESHES: 0948 MEARER: A XEHS: 1673-4831(2022)02-0194-07

Diversity and Biogeographical Analysis of Lycophytes and Ferns in Jiangsu Province, China. SHA Sha, ZHANG
Gu(mg-fu@ , SHAO Li-yuan (School of Life Sciences, Nanjing Normal University/ Jiangsu Key Laboratory for Biodiversity
and Biotechnology, Nanjing 210023, China)

Abstract: Field survey and literature searching were conducted to develop a species list of lycophytes and ferns in Jiangsu
Province, China. A total of 184 species (including subspecies, varieties, forms) belonging to 66 genera and 30 families
were found, of which 176 species of 61 genera from 27 families were wild plants and 8 species of 7 genera from 6 families
were cultivated. The dominant families were Dryopteridaceae (41 species), Pteridaceae (17), Thelypteridaceae (17),
Athyriaceae (16); dominant genera were Dryopteris (26) , Asplenium (15) , Selaginella (8) , Polystichum (8). The geo-
graphical components of families and genera included 6 and 10 categories, respectively, and both were dominated by pan-
tropical elements. Moreover, the geographical components of species included 11 categories, in which East Asian and en-
demic to China predominated. In addition, the total number of species can be grouped into 5 distribution types, in which
the terrestrial ecological group was the most dominant. According to floristic similarities at the level of family, genus, and
species, Jiangsu flora was most closely allied to that of Anhui Province, but was less closely allied with that of Zhejiang
Province, and distinct from that of Shandong Province. In summary, Jiangsu is relatively rich in lycophytes and ferns, with
distinct dominant families and genera, complex floristic elements, and temperate floristic nature in the flora. It is suggested
to promote conservation of the endangered lycophytes and ferns in Jiangsu Province.

Key words: diversity of pteridophytes; biogeography; Jiangsu Province

I3 52 BRIEAE Y ( Preridophyta ) B 8 I\ O & — B, B K T A A2 (lycophytes ) H1 R 26 48 )
DERERE, E LY WY A B S (ferns) o PHE VLT DEAT B 50 , FLA TR FIfc 5
IR T~ A 49 S [0 gl IR AR AL 4 g S R 120
WG A B 63 B 21 B2 s
o SRR T A M R R T ES wamma. R e i A U (211100852003)
BTSN, AT R —KBEIFAE AR @ mf5FEH E-mail. zhangguangfu@ njnu.edu.cn
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RIS ARG . FRE AR S A 40 B
178 J& 2 147 Fp 0 T A M RIBR I A W0 2 H R
HUER AL T A 4 R R, O
LT A B P K T A X a5 (A Bk 2
12 000 F) , HA B3R AT oM, I B 30 a SR A
AR ML £ 28 0 R ) 25 1) RLJEE R A £
REPERITFE B 45 57 0 SR A SE BT e, K
AR TR RIHTC R 00 & BRI E , A 0L
KT AR 10 2 REE K X B 43T .

TUTHAE M Ak T2 [ K i % 30 94 YAt X v 3, K
TN T . B AR W, U3 L 4R, 7Y 4 2
RS WV, VT = A U e X 0
SRRy o VTSR AT w1, ER BN JE 1
B HL R B BT T Ak &R, H SR 2K &
B KBS BT 38 A AR R 9 A4 K T ELYE
I BRI BT 45 42 | VT390 2R A5 AR 400 1) ol 2 31
T2 B HFSEHR 78400, 3 A T TF B % X 3 A
AR MW ) ZAENE 3T

(ER , HRGE T V0350 b 2 R A 1) o 8
PEEA — (VLI R (M) ic#k 32 %) 64 )&
129 Ff 5 A5 Fff (R HIZ 1~ B 1978 4E 3K R 48) 5
QUrammEY (55 5 %) it 4% 30 B 67 J& 164 Fii 1
W7 AR (R AIBK B 2012 4E 02K 2 40) T
GRS VLA TR AR 35 B 67 &
140 B (B RIS R I3 T AT X R
TR P9 ML R 23 A B X 2R I 2R 5 T o 55 S 41 30 2 1 R
IR A, 3 A AT I3 Bk 2 A ) ki 246 87 49 A Fb 1 4
BT TR R G T A TR A R
SEAB LI 7], 45 Rl A7 76 22 57, VI35 A0 A 2R Rk
KW SRR IR IESE o

PRI , 2 25 AR 90 0T 4 S8 T JR 1 VL 5 B A A 4 %
TRVHA , T3 B S SCRR AN kL, B 7R LIT 3 A4
1. (1) M3 PPG 12 RS, L VLI A A
BRASHEI 24 5%, s AT b 205 (2) s rix X A
PR RUS A ) [X 2 b 3R E A A5 2
A R H BRI X 2R P TR R A A 5 (3) 3
o AR By (WL ZERURNLZR ) 147 A 2B R R 2
T, BT BRI 0 X R BB RS C R

1 T35 B M IR

TS MBS L £ 30°45 ~35°20, K25 116°18' ~
121°57", {TIRESTLEEHE , WA AR 22 , M 3P 31, 50
PP T KIS AR L P B A i, e AP SO o 7T
SRARRTER S 10,72 75 km? , % o (] B s 84 1 AR
L 12%, BiA s W& =l = B 1 FE g 5 g,

MR 625 m, RKVLRE BEARPY 425 km, 52AL Kz i 9L
Frrgdl 718 km, i LR Kk 954 km, VTR HA L
B2 XA AR A, A T 1 3RGHY 18] B8 3R A 0 3 T
K AR R W RS U R B iR X DA
] AT IR — 2 o A, DA R 8RR 1R
TR 2 KA X, LA i I RS T 2 XU X
T IN5E PN 22 R 10 $th S0 S TR R 58 Ay 0 e 1) <0 4%
SRR K S BRI AR

2 MRS

2.1 HERIE

MR AE AT R “ VLIRS R R P A
TV GEIRI A 7 VLR 4 B2 Ri MO J5 9% ) M
PEAS ™ “ VLI T BT 95 U5 I A 5544 GAE 1) ] A 3
ERDYSE NIV AR 03 (/N T IRCI F o
LHINEPE o N NP E 0y /N E AP N =|
WEZ RN = 6 WA RO XS A Y 2
FEPE ] A TR Bl A 25 75 42 45 O MR R, JF 2 IR
GLaAE P &) (56 1 5) MY E (hip: / www.
iplant.cn/) | 1 EECF AP FRANE (https : // www. evh.
ac. cn/index. php ) . H [E A& Y ¥ B &4 5% 2021 i
(http: // www.sp2000. org. cn/ ) DA Kz #H 5 SCHik 95 8,
FE PR VL5 A0 B SRR A W) 24 5%, I X ok
KM EY AE M Y. % 45 5% R I PPG 1 ( Pteridophyte
Phylogeny Group 1) BRHIM /3 K75 .

SLIRRRIE A iy B T X R IR R, T84
LRI ZR (T b B A R A P A 2D
PR FEATILED) o 35X 3 A8 03 A AR MR 26 A
YrEcE ok AR B 2 Bl h o TR R R 2
E AW Fh 44 5% (2021 i) (https: / www. plantplus.
cn/doi/10.12282/plantdata. 0021 ) . % 44 5% FL Uk 7
115 788 Z& &4 FRBHs , Horp 4 & 45 063 2 7495
70 725 R4, 4rIE T 483 Bl 4 253 J& 37 689 i
T 374 R R AE 45 063 MEZ A FRT,
JE VLI R B Y 1% 4% S I A 100 v A A 2 MR
AN, FEUR T 40 48 103 43 A1 0 A P S R
R, FE MM S A | St 2 Ao J A2 R 21 HE 2k A
Bk (AR ) (Asplenium normale f. normale) o A1,
ZERAS A DA TG AW, I BR R T 1 A X2k
BIRRE & A SRR AT R A REG T
2.2 FJIFSWTTIE

SIESAER R G TR R R i
PR S3RI 530715 8 v [ A AR SRR S A Wyl oy
13 FporAa X SRR 3 RV AL, GEit4 4 20 28
Fr R A A AT 23 2B ) | P E AR R o
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FRYE VT 75 BT A5 b 28 R R 2SR ) 1 A 35 4
AT O0 , 45 12 DX R 28 AE 2 o0 A 2R B &) 43 oy 2
A M OKAERIRA 5 5, ST A SRR
KPR R BT 2 A A SRR, AR X
P E TS

>R ] Sorensen ARV REGHHVLIR 5 EUTA 1
(X R ARRIE R AL AR

S, =2¢/(A +B) x 100% |, (1)
(1), S, R A 2R 58 ¢ O P IR T 5 A1 X
RIS IAT o s sli B} ) KA B 2051 g P e i
Fo3 AT X EAIA Y SR R BR) £

% SPSS 20. 0 f Microsoft Excel 2016 #x{4: 3t
T8 3 B, R AT R 4.0.5 AP Y corrplot 41
((EE

3 FRESH
3.1 IIHAMENREEYHX ZAR

HRE IR A FGE T, VLI A A RNk JS A P 3kt
A 30 Bl 66 J& 184 Fi, g AN 3 Bl 4 & 12
T, B ISAa ) 27 FF 62 J§ 172 Fh, Hor WA MY A
27 BF 61 J& 176 Fl, k35 Ha A 6 BHT JE 8 Fh, W]
U2 DX 0 A A SRR AR P LU A AR R

ESER A AR L, VT 95 B B A A 28 FBR 2 A
YK TH VL (35 B 100 J& 441 Ff) Fn2 80 (26 F} 70
J& 244 ) = T ILAR (18 #} 38 J& 104 Ff) o VLIRHY
YIFREEREHy 1. 64 107 Fp « km ™2, T# VT (4. 18%
107°F - km ™) FIZ2 (1. 74x107°Fp « km ™) ,(H 5
FIA (0. 67x 107 Fh « km™) o A UL, VT3 A0 47 F

x1 InARESREEVXZAMNEN S RS

FAREAEY B 5
1.1 BHYLLEL BT

HIBGETt iz HbIX 27 B M RIS h &
4Jm UL ERRAT 6 A, 2ot 35w, 5 S RO
22.22%, % S @ R 57.38% . Hor, U Bk B
(Pteridaceae) & 8 &, & & Bk & ( Thelypteridaceae )
A 7 &, KJe B R Polypodiaceae ) A 7 J& , i i BRA}
(Athyriaceae ) 5 J& , B B3R #} ( Dryopteridaceae ) £l
Wik B ( Dennstaedtiaceae ) %4 4 J& -

FeRpgeit, AR 10 BL, FAFPEL 10 Fi,
di SRR 37. 04% , J & Ao SRR LR 5. 68%
4270 Fl (Lygodiaceae ) . JKIEFR (Isoetaceae ) F113
L RFH(Blechnaceae) , /DHIFF(2~5 F) A7 8 L,
IAFE 22 B, 7 SR 29. 63% , BT S AR R
FREY 12, 50% , Tni it 58} ( Salviniaceae ) |47 #AF}
( Lycopodiaceae ) 15 F& Bl ( Woodsiaceae ) , A %l )
(& 6~9 Fl) A 34, Hrh Bk ARr 9 F, B HIFE( Se-
laginellaceae ) 8 Fj , R El ( Equisetaceae ) 6 Ff, 5 &
FHEEY 11 1%, e & R gl SR R0 13..07% (3%
1) o KRB =10 Ff) A7 6 A, BIBEFFRFL 41 B, X
FEBRARE 17 M, BIRAL 17 B, B2 0B 16 B, 254
BREL( Aspleniaceae ) 15 #f, /K g H & 15 Fh, 5 B}
B 22.22% , B S FECH SRR 68.75%, XK
WAL R BR B | 4 B BRI w5 BR B K e
HRHE AR O 5T X AR, BAIAUE R
BORMAECE e MR B R B AR 2
IZHLIX FH LA S 2R R A ), TEA A R A )2
RGP A AR A

Table 1 Number and percentage of families and genera of lycophytes and ferns in Jiangsu Province

ER - F o L vy i E - L o il
it it/ % B 5 H/ % B /% B i H/% B it/ %
N 6 22.22 32 52.46 121 68. 75 KIE 2 3.28 41 23.30
rhagR) 3 11. 11 6 9.84 23 13.07 hAE R 4 6. 56 29 16. 48
R 8 29.63 13 21.31 22 12.50 IR 29 47. 54 80 45.45
R vk 10 37.04 10 16. 39 10 5.68 HRlE 26 42.62 26 14.77
&1t 27 100. 00 61 100. 00 176 100. 00 At 61 100. 00 176 100. 00

KB =10 Ffs 2EREN 6~9 Fi DFER S 2~5 Fls BFRRLSE 1 Fh, RIESA=10F; PAER Dy 6~9 Ffs AFIE N 2~5 Fl BFh)E 1

3.1.2 JEWA T

HRAE 2% T & ey, R 2R IR 2 01T 5 N8
W 85T BR)E ( Dryopteris ) 26 Fh , 2k fA bR J& ( Aspleni-
um) 15 Fp, & 3 J8 ( Selaginella ) 1 H- &
( Polystichum ) ¥4 8 Fh , %t 8 5k J& ( Deparia) 7T Ff , 1X
5 @A IZ IR A ) SR B 8. 20% , {H = &
IRNECH 64 T, 1% X USRI EY 36.36% . X LL)R

A T2 DX AR MR B R R A % 1) B 2 R
AL DLYET5 35 A o b S FBR AR 4 00 A 3w s Ry
B,
3.1.3 B AT

TLIREF A A A SRR R A W) - Y B R 6. 52
B T IR (5.78) IR T VL (12.60) F1%2 L
(9.38) 1 X R4 AR IAE P IO Bl 22
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RS
3.2 SIHAMERBELEEW MR 5
3.2.1 BHAHE RS,

HREERL Y X R M B > G TR 2K
FIBRSHE D R B A X 2R 04 6 2, Hor i 5t
SRR 11 A RSB a R oKAERL

BRORFIAR I S8 RL AR 2 1 R Ao 2 A 00 A 1Y
FHA 10 A, Br oy L fil8R , 35 62. 50% ., kil 70 A
12 3 4, BRI R ( Equisetaceae ) | & Bk £ ( Woodsi-
aceae ) FIEH B} (Osmundaceae) (£ 2) o [N, 7ER}
KA b VLT AN FIR A Y X R 8 T ol Pk
Jox, AT e ey o A

Fx2 IAAMEERZEYHSHXER
Table 2 Areal-types of families, genera and species of lycophytes and ferns in Jiangsu Province
" - # & il
R IR B /% Bkt 5 H/% Bt 8 H/ %
HE 1R 11 20 9
P 2. AR 10 62. 50 18 43.90 3 1. 80
3. IH KRB 43 1 0 0. 00 5 12.20 4 2.40
4. P AN HRGHT S YN 4 A 1 6.25 1 2.44 3 1. 80
5. B LI 2R RPN A A 0 0.00 1 2.44 4 2.40
6. FAH L P 28 AT A 43 A 1 6.25 5 12.20 0 0. 00
7. B 4 A 1 6.25 2 4.88 10 5.99
/N 13 81.25 32 78.05 24 14.37
WA 8 JLIEAE M 3 18.75 4 9.76 6 3.59
9. ZR M FNAL 36 Y 1] W7 4341 0 0.00 0 0. 00 1 0. 60
10. THR B i 5310 0 0. 00 0 0. 00 0 0. 00
11, A P90 4345 0 0. 00 2. 44 3 1.80
12. KW 53 #i (0) (0.00) (4) (9.76) (106) (63.47)
1201. 7R3 ) 4 (H-S-J) 0 0.00 9.76 46 27.54
1202. 71 [ -3 S hi A (S-H) 0 0.00 0.00 5 2.99
1203. 51 [H - H A< (S-J) 0 0. 00 0 0. 00 55 32.93
13, I EEEE R 0 0. 00 0 0. 00 27 16.17
Nt 3 18.75 9 21.95 143 85. 63
it 27 100. 00 61 100. 00 176 100. 00
3.2.2 B HL IR R4 W W B ( Rhachidosorus ) 1 % %1 % )8

AR Fa Bt AR 1 ot v R AR 0 i ) e T
X153 105 61 J& B A= A AN AR A v] 3k 10
FPSEHIAT 1 R (3R 2) o Hrp 504 20 &, £
EE 8 ( Selaginella) . A3 1 & ( Lycopodium ) |, Bk
J& ( Polystichum) |k J& ( Pteridium) 4%, #5704 (25
R2~7)332 &, 5 BB EY 78. 05% , ix H DIz
Pt il %2, A 18 J&, i 43.90% , 1 R Bk &
(Pteris ) . B A J& ( Diplopterygium ) . Wi Ja
( Dennstaedtia’) 55 o FL Y Ry £t M2 28§l E N
AT AN RBE FAH 73 A0, A7 S T BilF L oA A 2
0 A R 2% S TR Y A S A N
TEM AT B, A 1 JE . Al oA (2880 8 ~
13) 3647 9 J& , o5 BB 21. 95% , A 5 JL A o
i 4 @, 53 %l g B0 5 BR JE ( Phegopteriis ) | 5 % J&
( Woodsia ) . B Hi 5% J& ( Botrychium ) | %5 H J& ( Os-
munda ) ;WA LY 3 AT 1 JE , X RERRJE ( Deparia) .
RWAFATIA 4 J& SR W) AL, 73 2R A
W% Jg@ ( Lemmaphyllum) 1% iK% J& ( Goniophlebium) il

(Metathelypteris) . FHUILAT WL, 7EJ@ HOKF- L 195 A
FAZEFNBR IS ) X AR 0 AR P o B
3.2.3 R Hb IR RS

VL5 176 TPl Az 43 WA SR ZEAG P vl 43y 11
FPSERIFN 3 P Y (% 2) . APtk 5t or A4 9 A, £
53R ( Pteridium aquilinum var. latiusculum) K AK 4
2 (Huperzia javanica) .73 73 5. ( Equisetum ramosissi-
mum) 38 ( Marsilea quadrifolia) . %k ffi §% ( Asplenium
trichomanes ) %5 . PHT A (2680 2 ~7) H 24 Fb
SR 14. 37 % , X H i LR RN o0 A e %, A
10 1, 5 5. 99% , 441 ¥ ( Lycopodium japonicum ) |2
BB ( Equisetum ramosissimum subsp. debile) | & 5k
( Odontosoria chinensis) 2, YR A 1H K fE G 2 A
AT S = A RPN 0 A1, 25 A7 4 Bl Hir 4
T4 ( Dicranopteris pedata ) | [ B Bk ( Crepidomanes
minutum ) %5 | J5 F U470 ( Lygodium japonicum ) |
B FE £ 5% (Asplenium normale) 45, 12 #7434 LA
R BRI SE PN 3 A, 25 3, Jij 5 anwis i
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B ( Psilotum nudum ), J5 # 0 5 BR ( Hypolepis
punctata) 5 o AT (B 8~ 13) AT 143 F, b
SFPELY) 85. 63% ,ix Ho LIZR W40 Aii i 2, 106
Bl 63.47%, X —2KRIILAG 3 AN AR, Ho
[l = HAS (S=0) S B RhBOR Hh e -5 SR (S-H) 43
AR 11 A% /AL 45 A K I b 3k ( Botrychium
japonicum) | B [ ( Diplopterygium glaucum) R\ [ &
( Coniogramme japonica) %, J5 3 35V F B A0 ( Sel-
aginella moellendorffii) . Ji5 LI 41 5 ( Pyrrosia sheareri)
FZEM A 1 H R (Arachniodes speciosa) 28, H.IRK K
TR A A 27 B 16, 17% , G vh AR 4 R R
oA K B E
( Goniophlebium chinense ) F11 Y155 2k £ Bk ( Asplenium
kiangsuense) %, PR Ny LR A /3 A, A 6 B,
3. 59% , unlal3f) ( Equisetum arvense) ERH 5 Bk ( Aleu-

( Parathelypteris  chinensis ) |

ritopteris argentea ) FIVEF R ( Thelypteris palustris) %,
HARFAED G4 Fh o BRI, ZERN K
b VTR RA SRR IS A A X ZR A A P BT
3.3 IABEMENMREEYHXREKR

SR LIRS AR 3 A48 0 B A A R RN R
T X 2R AR PP K - B B9 AL R B (46. 23+
15.23) %, HoJm AR UIE R %[ (63.12+15.34) %]
FIRFGARATE 2R E((69. 6112.25) % ) HFEAL (&
1) o RO B LA MR R X R S
TR TV ANLL AR B AR ARL T R %53 51 R 0. 84.0. 80
0. 64 7E B KA b VLT85 2 B TR L AR Y
ARRLPE R £ 530 0. 82.,0. 67 i1 0. 60; 7EFN K-
VLIRS A RN L AR B AR PR FR A R
0.61.0.50 F10.48, K, VLI 5 Z B IX R KR
Al , HUCHT, B LR

1.0
QPO QOO @0 e
0.8
0.84 | LRl ‘ ‘ 0.82 | ‘ . 0.61 | “ZH ‘ 06
0.80 | 0.77 | WAL . 0.67 | 076 | WL 0.50 = 0.62 | Wi 0.4
0.2
0.64 | 0.58 0.55 | iz 060 | 054 @ 040 @ I% 048 | 032 | 024 | L%
Ho
(a) Bt (b) ()

P Pl k[P B 2R 24T X LY 2 A48 DR L sl AR (At 2R 0, [50 F 44 DR/ R 0 0 5 AR A 2R B AR L2 A

E1

ISR 3 A AMEMBFLRENH B X RE LU

Fig. 1 The floristic similarity of families, genera and species among Jiangsu and adjacent provinces

3.4 SIHAMRENREEYRHESER
FRPEABE A5 45 A5, V195 176 R A= FA 2

BRISHAI AT 43 Ay 5 R (26 3) o

R3 IHRFEAREMBRREYHESER
Table 3 Ecological types of wild lycophytes and ferns in

Jiangsu Province

A S REE % R R %
+A 41 67.21 126 71.59
rages 4 6.56 22 12.50
B A= 8 13.11 13 7.39
KA 5 8.20 4.55
24 3 4.92 3.98
#it 61 100. 00 176 100. 00

FA A 126 Fh, 5 IX AN TR KAL)
MR BCRY 71.59%, 8 B ok A, RO 8
(Cyrtomium) EEJRE, UK — BB, KEZH) 1
TR LA WA TP A L B A S A X 2%

MRAES P AR R R AR R B . BT
AT A T Sk AR rh, HLORZ it B R
25, W 5T A ( Cyrtomium fortuner) | % ( Odontosoria
chinensis ) 55 ; 47 26 ) 3% IR 1 B0 1 572 1) 2E A R 2k
TER 15 SRR R kA R (Asplenium incisum )
85, Z2 W T ARG s AR b s TR A A2 R R 2
LT BATART BN AZHRE s o A7 SERP Ak | v
AR 7E IR B Ll | 5 b B 55 R B
T

AR 22 B, I AR A ) b
B 12.50% o A B FRSEAOR T A2, (HHE L
WA/, HOR Z et A, angs M A1 ( Selaginella
involvens) 2k 1k (Asplenium trichomanes) | [ &4k
W% (Asplenium incisum) %,

B AR R BUAT 13 Ff, (532 XA AN SR AR ) Ao
B 7.39% WL B T T BRI SE AT
R ( Neolepisorus fortunei ) . #1047 ¥ ( Lemmaphyllum
drymoglossoides) 3577 ik ( Haplopteris flexuosa ) . FL. 75
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( Lepisorus thunbergianus ) %%, H — WA= F 10 3
o X B T M ARG AT B, AR K SR
PEAN R, TR 75 B AR R R AR W b S B b o A v
JEAN T, HEH W B A& 55

IKAEZEAAG 8 B, (5% X A A SRR AR )
B 4.55% , J&TRKAWIEA S A, 705 KBk &
( Ceratopteris) FEM 38J& ( Salvinia) W T.41J& ( Azol-
la) JKAEJE (Isoetes) FEE @B ( Marsilea) , EATKREZ R
54 45 B ( Marsilea quadrifolia ) | F M- 3
(Salvinia natans) F13# V1. £1. ( Azolla pinnata subsp.
astatica ) 22 UL, F-th 5 o FUK 33 Hh S5 4k

FAPREA T B, 5 KA A SRR A )
i 3. 98% , XL R FRIS R A T KA £ 4k
BURG4E P, WNAR M T3 R (Aleuritopteris argentea ) \H-3]
%k ( Woodsia polystichoides ) | 111 %= i /& % ( Hypode-
matium sinense ) %5,

PRI, AN 8 2 J8 I 2 B, YL I8 A A S8 R 26 4
VIR SR DL AR A 3
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Species Composition and Population Dynamics of Amphibian Species Diversity in Leigongshan, Guizhou. LIU
Jing' , WEI G(mgzm , HE Yu-xiao®, LI Shi-ze" , XU Ning”, XU Hai-gen™
Moutai Insititute, Renhuai 564500, China; 2. Guizhou Provincial Key and Special Laboratory for Biodiversity, Guiyang

2(1. Department of Resource and Environment,

University, Guiyang 550002, China; 3. Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environ-
ment, Nanjing 210042, China)

Abstract: The biodiversity and population dynamics of amphibians are the basis of amphibians conservation. During the
period of 2014-2018 , amphibian species composition and population dynamics in Leigongshan National Reserve of Guizhou
Province were investigated by using the transect sampling method. The results show that; (1) a total of 28 species and sub-
species were found in the survey which belonging to 2 orders, 8 families and 16 genera, including 2 endangered species,
Vibrissaphora leishanensis and Quasipaa boulengeri, 13 species recorded only in China and 4 species recorded only in
Guizhou Province; (2) Megophrys leishanensis, Megophrys spinata, Odorrana huanggangensis, Hylarana guentheri,
Nidirana leishanensis and Paramesotriton caudopunctatus were the dominant species in the reserve; (3) more amphibians

were observed in June than in August and October; (4) the number of species and individuals of Amphibians at altitudes

of 800-<1 200 m were higher than those at other altitudes;

(5) the number of species and individuals observed over the

five years were with varying degrees of fluctuation and all bottomed out in 2018.

Key words: Leigong Mountain; amphibians; species composition; transect sampling
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Fig. 1 Geographical position of the study area in

Leigong Mountain
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Fig. 2 The transects of amphibians observation in Leigong Mountain

F1 BEALAHEDNPRNFELNERBERFR
Table 1 Geographical information of the transects of amphibians observation in Leigong Mountain
. e A 2 s i
Biied o N VI VAR VA T VRS T V7Y o b
m (?) (*) m (?) (°)

1 HAWLTFER X AT 290 1 687 108.200  26.379 1716 108.200 26.378 JRIAHK 2014—2018

2 KT 280 1546 108.199  26.373 1561 108.200  26.374 iR /NE 2014—2018

3 TIX 260 1541 108. 198  26.372 1570 108.198  26.371 JEIAMK /INE 2014—2018

4 TIX 280 1503 108. 197  26.371 1494 108. 196  26.371 JRiHHK /NE 2014—2018

5 JEN 380 1273 108.169  26.380 1281 108. 166  26.379 /NE KM KA 2014—2018

6 =%/ 250 1275 108. 169  26.380 1288 108. 171 26.379 /NZE R H KA 2014—2018

7 =% 200 1298 108. 156  26.370 1268 108. 158 26.371 A¢H i@ 2015—2018

8 [EY/R 310 1298 108.162 26.376 1295  108.161 26.376 A T4 kA 2015—2018
9 %3k 580 972 108.255  26.400 1 050 108.248  26.400 HEM /NE 2014
10 %3k 750 1 046 108.261  26. 400 1 094 108.266  26.399 /NZE 2014
11 i 7K 870 961 108. 147  26.373 1077 108. 149  26.369 /NZE 2014
12 oy &= 1 000 984 108. 139  26.377 1078 108. 133 26.378 JEM M 2014

13 NPT 310 700 108.329  26.339 707 108.326  26.338 R HE KA 2014—2018

14 NI 410 698 108.332  26.330 701 108.335  26.337 A FPIE KA 2014—2018

15 JNFHIT. 420 677 108. 341  26.347 682 108.342  26.350 M PP KA 2015—2018

16 NPT 430 678 108.342  26.348 680 108.341  26.351 e HiE IRAEAR 2015—2018

17 JINFHL 430 684 108.342  26.348 693 108.341  26.351 AeH P& KA 2015—2018
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P.,=N,/NXF,, (1) 41.38%, WifGFp 2 Fh, B 55 L 8 W& ( Vibrissaphora

(D) NN R Z N oA @ 4R B4
ﬁiyﬁl-N RREDX A BT AT IR S ) B ARG B O R

AP BT R A X 2 B DA S PR AN TR A
QJZ{U“JE FTARCIE, LR BRI R 22 S I R, P,
IYRBRE: <1% JHii /0, 1% ~ 5% J— P, >5% J9 -
B o W PSSP MR R R

2 HBREHW

2.1 FhEER

S Ir T2, TR A I A 2R 2014—
2018 AEILE KPSl 3 604 Y, 3% 2 H 8 Bl 16
J& 28 Fh KO A, 5 TR A I ER S AR R X E AL
(41 T SO A PRSI H) 1) 70. 73% , W i T4 [
WL ) F 2B (59. 6% ) « Hoh, AR H 1 A2 & 2
MR HE TR 1T JE 26 F BERMIR S e, X

R2 2014—2018 FERLHXFEIEBRE S ERMEY /S E

leishanensis) A1 il 8 4 ( Quasipaa boulengeri) , IT G
(NT) B 4 7, 5 fes (VU) 4 F, 17 ROl JEfE (LC)
WyFh 4 R PEAG S EEA R 13 b SN
foo4 o BB BE O WE  ( Paramesotriton
caudopunctatus ) | 55 111 §& W& . & 1L ff W& ( Megophrys
leishanensis) F1E5 11 ZE ik ( Nidirana leishanensis) 5 1
?:“f“l’j\?a?m U5 BRAS £ WE ( Megophrys Spmam) N

R ik ( Odorrana  huanggangensis ) . 13 7K i
(Hylarcma guentheri ) | B 111 5% i B BU” W ( Pa-
ramesotriton caudopunctatus ) ; &I 2 N HiF, B E 1L
PSR LR AR R 2 %, W L
25% ,— 5 10. 7% , #5064, 3%,
2.2 YFBRSTHIER

A IR Y PR I A AR SRy UL 2.

Table 2 Vertical distribution of amphibians of Leigong Mountain from 2014 to 2018

R R TR R N

T a b ¢ d e f it
JEBEIZE 0 27 0 32 111 52 222
P L AR AR 0 0 0 6 16 0 22
Gl 0 0 0 3 5 2 10
HILfAE 0 0 0 123 189 335 647
A fA b 0 0 0 151 176 36 363
rh AR IEIRFE 2 A 0 5 0 10 0 0 15
rf AR R AR G ST 2 0 0 5 9 22
Uk 111 25 2 s 0 0 0 0 9 9
AL o 11 0 0 21 0 6 38
= U TR 2 0 0 0 0 0 2
FEHE AR 26 11 0 16 0 0 53
PRI PRI 66 4 17 12 0 0 99
Jie SR e 0 0 0 19 20 0 39
B S 308 83 104 57 13 0 565
P3N 2 0 0 0 3
Pyt 0 0 0 3 0 3
SETEA Rt 190 65 16 0 0 271
Hdb e 61 0 0 0 0 61
I 53 37 62 64 0 0 216
rp AL 23 10 18 0 0 51
SR e 0 0 0 10 0 0 10
TR K e 407 11 38 62 0 0 518
IR ek 10 8 0 0 12 8 38
T e 142 28 0 66 0 0 236
Kk 6 0 0 0 2 0 8
TR JHR V2 e 14 17 0 13 0 0 44
/NGB e 8 3 0 2 0 0 13
FEL R fi e 0 26 0 0 0 0 26
JENYN g 1331 336 221 707 552 457 3 604
SEHAMARBL 60.5 112 221 39 36.8 91.4
W EL 17 15 4 20 11 8

a.b.c.d. e f 453K 600~<800.800~<1 000,.1 000~<1 2001 200~<1 400.1 400~<1 600,=1 600 m fFH X [a],
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Table 3 Recorded individual numbers of amphibian species in Leigong Mountain from 2014 to 2018

2014 4F 2015 4F 2016 4F 2017 4F 2018 4f =it

wEk 674 8H 10H 54 64 7H 8H 94 64 87 104 6/ 87 107 67 8J 10 Mk

2 BE SR 13 20 11 12 1 11 20 18 20 14 8 2 49 23 22
BT 11 AR AR 9 3 1 2 1 1 1 3 1 22
Fil G 5 1 1 1 1 1 10
= s 11 351 49 17 21 15 60 109 102 8 18 17 34 35 22 647
itE fr b 38 1 34 24 28 1 31 39 19 20 3 78 13 25 363
rh AR IE IR AR 4 A 1 3 4 1 2 2 1 15
L REESY 1 RSV 47 ) 3 2 5 3 22
U L1 2 8 s 5 9
ALV R 14 2 9 12 1 38
WS 1 2
FE AR 9 4 15 4 6 4 2 4 2 1 53
LAY NS 11 7 8 3 9 10 3 2 7 10 7 3 6 4 5 4 99
T ik B e 17 2 1 2 1 2 4 2 3 2 39
B L 41 68 4 41 67 46 32 742 43 14 17T 4 4 66 29 565
P31 1 1 1 3
A 1 1 1 3
TR R 6 9 5 17 30 30 40 33 19 12 3 35 9 4 14 5 271
Hdbeid: 5 43 12 1 61
LB 3 37 2 8§ 23 35 4 11 22 6 31 21 216
r A i e 21 19 4 1 3 1 1 51
SEE i e 1 8 1 10
TR K e 1120 15 13 42 31 44 9 33 44 12 53 47 22 14 20 1 518
N e 1 6 3 7 6 1 4 2 1 5 2 38
bz 27 20 14 35 26 3 18 13 12 1110 110 27 236
KBk 1 1 1 1 1 2 1 0 8
BREJGRVZ e 7 1 1 1 19 2 6 1 4 2 0 44
/NGB i e 3 3 1 3 3 13
HEL B fi e 6 20 26
YIFEL 2319 13 17 14 15 11 1120 15 14 19 14 16 18 13 5 28
SRS 265 230 136 208 242 212 164 230 323 335 161 259 205 103 282 195 54 3604
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WHIE, WO, REH, FRIC, HEE, R AR, FEHY (L ZMkgkabies, 1l 2
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PSR, TE M 756401)
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7.206) . FAHEE S IAPANR T 12 861 7K WA 964 By, A 6 B 15 B 53 A H A E K 1 E AR B A
BN 8 Fi, IBIE HHERHSZORAT SRR (6 190 5K ) fe i B ZEHE, o 4T S ALY 48. 08% . PRIt
)7 BT A6 XSS R 2 7 BEF R ( Garrulax lunulatus ) TR E ( Turdus boulboul ) ; 7 B 2FiC 3¢ 2
Fif . /INEE ( Muntiacus reevesi ) #1 W [E 52 5% ( Hystrix hodgsoni ) 5 75 45 11 A& 37 X 228 3 ic % 2 Bl 85 ME 50 ( Mustela
Savigula) FIHHELEFS ( Naemorhedus griseus) o VAR 45BN 4 TR T -4 X N R rh 2L B2 FIART 52 28 AR S
F R S R DX S R R 04 A8 LI AN A 5 AT I M B At T R R OB
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A Survey of Mammal and Bird Diversity Using Camera-trapping in Liupanshan National Nature Reserve in
Ningxia. ZENG Jing-yuan', HU Jie', SONG Jing-shu', WAN Ya-giong®, GUO Zhi-hong®, SONG Sen'? | LI Jia-qi*®
(1. School of Life Sciences, Lanzhou University, Lanzhou 730000, China; 2. Nanjing Institute of Environmental
Sciences, Ministry of Ecology and Environment, Nanjing 210042, China; 3. Liupanshan National Nature Reserve Admin-
istration, Guyuan 756401, China)

Abstract: From July 2017 to October 2019, an inventory survey of large mammals and birds was conducted in Liupanshan
National Nature Reserve in the Ningxia Hui Autonomous Region using camera-trapping. In total, 56 901 photographs and
2 883 videos were obtained with an intensive survey effort of 47 460 camera-days from 60 locations. 19 wild and 4 domestic
species belonging to 11 families and 5 orders were identified from 41 710 photographs and 1 733 videos of mammals.
Among the detected mammal species, 2 species were listed as Class [ state key protected wild animals in China and 3
were listed as Class II. Carnivora and Artiodactyla were the 2 mammalian orders with the largest number of effective photos
(9922 and 25 114) and accounted for 23. 78% and 60. 19% of the total number of detections, respectively. The species
with the highest relative abundance index in the Carnivora order was the pig badger (Arctonyx collaris, 5.008) , and the
most frequently observed species in the cloven-hoofed order was the wild boar (Sus scrofa, 7.206). 12 861 photographs
and 964 videos of birds were recorded, including 53 species belonging to 15 families and 6 orders, among which 3 species
were listed as Class II state key protected wild animals in China. Phasianidae was the most frequently detected Galliformes

and accounted for 48. 08% of total bird detections. Of the observed species, Cinclidium leucurum, Garrulax lunulaius,

W EHE: 2021-02-08
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Muntiacus reevesi, and Hystrix brachyura had not previously been recorded in Ningxia (including Liupanshan National Na-

ture Reserve) , and Martes flavigula and Naemorhedus griseus had not previously been recorded in Liupanshan Reserve.

These new observations expanded the distribution range of these species in China. Thus, these discoveries have enriched

current distribution information of these species. The research results provide comprehensive baseline data regarding the

large mammal and bird community within Liupanshan, which will support and guide future management and long-term mo-

nitoring of Liupanshan Reserve.

Key words: Liupanshan National Nature Reserve; camera-trapping; biodiversity; wildlife monitoring
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Fig.1 A schematic diagram of infrared camera
is set up at Liupanshan National Nature Reserve

by kilometer grid method
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H R 3.5 1 8By circlize WAEFGZ &, H T
SIS BRI X S B S oA s Ol o
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2017 4E 7 4—2019 4E 10 A, 4111 60 4~ 2
AHMLAT AT 2T AL A R T AR 47 460 A4
HLH 448 56 901 5K A4 B 5 1 2 883 Br il
A, Hop 2 41 710 SRR AR 1 733 BRI, 3%
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HERIR R, R & 7 B B 14 427
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2.1 =3

ZIAMHMLIE 47 460 ASFAHL H P FAH5E 21 87 A
FLa s H1LR19 #h (3R 1) K 4 Fl (M) 5,
4 )

Table 1 Mammal species detected during the camera trapping survey at Liupanshan National Nature Reserve

.. M7 AT AHXS 22 B 8 4L WifE
S by A o 1)
H f i BT AR M (RAI) Lt

TWNH ARk # Panthera pardus 1 70 0.147 EN
Pk Prionailurus bengalensis 1 367 0.773 A%0)

SHEF HGESA Mustela flavigula I 110 0.232 NT

HAL Bl Mustela sibirica 166 0.350 LC

R Arctonyx collaris 2377 5.008 NT

Y

KRB} IR Vulpes vulpes I 68 0. 143 NT

RAE ! Paguma larvata 44 0.093 NT

ERIAE TRk Eun Lepus tolai 721 1.519 LC
iy E] R i3 Sus scrofa 3 420 7. 206 LC
R N Moschus berezovskii 1 107 0. 225 CR

SR} i) Capreolus pygargus 227 0.478 NT

JINJEE Muntiacus reevesi 80 0. 169 VU

By on Elaphodus cephalophus I 167 0.352 vu

R AR 2 Capricornis milneedwardsii I 32 0. 067 VU

B BER Naemorhedus griseus I 4 0. 008 vU

SFWERHE R KEIE Himiechimus auritus 43 0. 091 LC
15 5 s BB Py /N Sciurotamias davidianus 1 406 2.962 LC
JEAEMS B Tamias sibiricus 4 0. 008 LC

ZERERE [ ZE Hystrix hodgsoni 1 0. 002 LC

DCEFERGA L3 1 h—R b4, 1o “ R s, A =5 i 38, 2) ChER #2644 5¢) - CR ARG F, EN

BfERIE, VU S 5 fE YRl NT s fa ¥t , LC AL fh.

Hp, BRK T SE R B A3 2 Fl 50

( Panthera pardus) FIFKJEE ( Moschus berezovskii ) ; [ ZZ
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I F AR Sh 4 6 Fh . AR ¥ ( Capricornis mil-

needwardsii) 7PN ( Vulpes vulpes) 514l ( Prionailurus
bengalensis) . % 56 g ( Elaphodus cephalophus) | &% Mx
58 ( Mustela flavigula ) F1H 42 3¢ £ ( Naemorhedus gri-
seus) (2 1) s W =47 3h¥) 9 B : KEIH (Himiec-
himus auritus ) . # Wl ( Mustela sibirica ) . & JE
( Arctonyx  collaris ) . B %% ( Sus scrofa ). /)N JEE
( Muntiacus reevesi) 3 ( Capreolus pygargus) .5 15 4
(Lepus tolai) ¥ B ( Sciurotamias davidianus ) FlH
[l 525 ( Hystrix hodgsoni) , 7E H EFHES W 21 (4
By it WSS (EN) S 9 22 2 Fh 5 R bR
8% 2 f& (VU) B 124 4 Fh: 5900 /e rh AR
B FIBIERE ; 1T A& (NT) FUpll 42645 4 Fh - B0
SRR AR RE RS R

TR T S AL 5% 2 B /N AP [E 5
INELPRAP XSS A B e s 2 e B MRS A A
BEFY . P RS H o 2 A& S Kid kA
FAAHR IR (9 922 5K F1 25 114 5K) e £ 2 42
BE, 20 0l 2R R B IR R 1Y 23.78% FI
60.19%, £ W H b RAT fi & 0 W fh 2 5% gt
(Arctonyx collaris, RAI J3 5.008) , {85 H ¥ 5% 5 i
Wy Fh B3 (Sus scrofa ,RAI i 7. 206)

2.2 HMTEHE

60 5 £LAMHML 47 460 AHAL H 47483 26
6 H ISHEES3M(F2), Hi, B IRy 53%8
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“=H7 W) 21 5559 ( Coturnix japonica ) | K
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ica) LIMERES ( Garrulax davidi) 2T Wi §S ( Ficedula
albicilla) . #% W % ( Phylloscopus fuscatus ) | K L] 48
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W14€ ( Pardaliparus venustulus) J5 111 %€ ( Parus ater) |
L1 W W5 5 ( Urocissa erythroryncha ) . 43 3 ( Alectoris
chukar) (2 2) o Horp BETE W RS FI A48 0y T 2 5
Ko Aipnc s, W25 52 fEdifash YL
AP ICIE G (NT) K& LL BRI GO B Fh , 43

R AE(LC) 25 ™ (% 2) .

S0 ) 5 28 vh R 2 B0 5 SR AAE B 4 bR
G A3 FERETT A IR S B L o A | 5 %
PEEEHIAG | JE b A | 20 i R 00 oLy T R | R e A
JB BT MRS R IR WSk LA LR K R |
FE LI ERNG ARG B ICER 3 A A PR AR R Ei i L
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BELAMAYARREEN1E S Bk, sl 22k
PiRh RS IE B HERE 5 28028 AR iR 7 i (6 190
7K B ZERE, AT S AR AT 48. 08%
2.3 B HEIE

LM (1=0. 1) HEFRE (0.28) AL
FL(0. 15) FREHE(O. 12) 5% WL #h (0. 10>1=0. 01)
AHIHHECO. 71) 52 4.(0.06) LLJEHEXS (0. 06) |
FIA(0.01) o i ARIZ AP B 4% (0. 60) 5
TECO.13) , % W Fh Sk 21 15 45 %9 (0. 08) | 5 Fis B
(0.03) 94 (0.02) \EIEFE(0.02) . F A L H
FiCA R (0. 28) FREHE(0. 17) FEHECO. 12) 5 DL
PO ZIIE RS (0. 08) H(0.05) FUJi(0.04) Gy
4(0.02) /NE(0.02) JAPAR(0.02) , Horr B gk
TER MG XN B R Jm 0 (B 2) o 3 ARIX
AEBEEAUAT 8 AR BT TR SE AR E DA L BRTR] B
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SPRE A A BT, T DL B R TR B AR A7 DX Bl o B i 1
&5 —,

3 hie
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Zoat 2 AMERR I, IR RS 2R S B 1
FEI9OF (R 1), SRR X EILRKE LD
34.55% . {HT 2 WRHE RS drid st i3t (Cuon
alpinus) JR ( Canis lupus) .75 il ( Mustela altaica ) Fl
SCRI (Mustela eversmanit) UL X 55 2 IR ) BE % 4R 45 H
B3 FEE LR ETH A 26 B b H i shY,
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23 () A Ry b AR 5 4 7 i 3K S8 ) b ) A0 o3 A X
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B WP 2] ;5 (4) ZL MBI /N S8 23 %
RORASAE, G ot 471 46 21 59 me 5 28 s 4, o ik B iR
EXIpL S

AP ZE 6 H 15 FFS3F(5£2), 5
ANELIRA X E AL R S R R 24. 86% . 5 1R
PIX 2 YRR AT RN Rl 2R ) A
AFTEE K22 5 .



5 2 1] BHIRAE . T RN E R Y AR OP XA 5 8 A e - 213 -

®2 ABUERZBEARPROMINBRIN B X YFER

Table 2 Bird species detected during the camera trapping survey at Liupanshan National Nature Reserve

H # i hT# Bp)  PSTERURE M ZERRE(RAD  BifsSn”

I H HER} 21 JIE HE XS Chyrysolophus pictus I 1 495 3.150 NT
R Phasianus colchicus 1260 2. 655 LC

rap ! Alectoris chukar 1 0. 002 LC

ARG Pucrasia macrolopha I 115 0.242 LC

ity 5l Coturnix japonica 3 0. 006 LC

WL H MESEE LB Streptopelia orientalis 3 0. 006 LC
A% H HESRE  KALRS Cuculus canorus 3 0. 006 LC
&Y H JER} i3 Accipiter nisus I 2 0. 004 LC
T Accipitergentilis I 2 0. 004 NT

B H SR KHSY Asio otus I 2 0. 004 LC
Tl 5 Bubo bubo I 1 0. 002 NT

S iAE| ey N =) Turdus mandarinus 4 0. 008 LC
Y] Turdus rubrocanus 200 0.421 LC

TR ES Turdus boulboul 12 0. 025 LC

P Turdus ruficollis 87 0.183 LC

B Turdus eunomus 25 0. 053 LC

LY Turdus mupinensis 49 0. 103 LC

HE 5 Turdus obscurus 1 0. 002 LC

21 R BER Turdus naumanni 0. 002 LC

FETY L Turdus kessleri 2 0. 004 LC

FE T, 55 Zoothera aurea 52 0.110 LC

B Hi 48 Geokichla sibirica 14 0. 029 LC

i Myophonus caeruleus 25 0. 053 LC

7R 2T 2 05 Phoenicuropsis schisticeps 2 0. 004 LC

Jber Phoenicurus auroreus 38 0. 080 LC

LT KA Rhyacornis fuliginosa 1 0. 002 LC

2T Y Tarsiger cyanurus 20 0. 042 LC

A Larvivora cyane 0.013 LC

BN Calliope calliope 3 0. 006 LC

2T 4 Ficedula albicilla 3 0. 006 LC

KRS Ficedula tricolor 5 0.011 LC

IR SYRE (< S 2u1 i) Trochalopteron elliotii 1 477 1. 005 LC

BT M R Garrulax lunulatus I 27 0.057 LC

1Ly e ity Garrulax davidi 3 0. 006 LC

MER RN Phylloscopus fuscatus 1 0. 002 LC

[ M Phylloscopus trochiloides 1 0. 002 LC

FIRESR TR Yuhina diademata 2 0. 004 LC

MR EERE Sturnus vulgaris 1 0.002 LC

TRFE S, Spodiopsar cineraceus 1 0. 002 LC

&R RibgE Parus cinereus 48 0. 101 LC

kil Parus montanus 20 0.042 LC

LA Periparus ater 1 0. 002 LC

S gliE Parus mpnticolus 19 0. 040 LC

ey AR Pardaliparus venustulus 3 0. 006 LC

TSRk =Y Nucifraga caryocatactes 48 0. 101 LC

N A=Y Corvu scorone 7 0.015 LC

IR Cyanopica cyanus 22 0. 046 LC

2T A Urocissa erythroryncha 36 0.076 LC

LR MesE Fringilla montifringilla 61 0. 129 LC

BT LSS 4 Mycerobas carnipes 2 0. 004 LC

MEAR Carpodacus vinaceus 0. 002 LC

K% Carpodacus sibiricus 1 0. 002 LC

= R fESk 4 Sinosuthora webbiana 1 0. 002 LC

D CEZEE GRS 5D - 1 —Fr 3, 19 — iy 3y, o =y 3. 2) Kb EEHESIA G4 5%) . CR B IRFEWFI, EN
NBSERITR, VU S 5 fE YRl NT s fa ¥t , LC A G dFh .
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Fig.2 The number and distribution of some birds and

animals in Liupanshan National Nature Reserve
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WE: BIEMAESRETFE BHTERRES ANERNGGEW, B TESESRGERZE THE XY
BT o XA R GRS AL, AT LR A AR AP 2S00 AR i A Bl e i I s AR Ak AR B R G R e MR LR
YR . ARG 2019—2020 4[5 [T valb 2 YR VA AT SHE , A EwE B a3 B 11 A S R g AL, - S5 ARYE 2010 4F
PRI T AR TS RGBT U OIS L sh Y BT R RL BREERL MR MRS B2 Sk REsh
Y IR R AR Y R4S 26 AN ThRERE, BAM R T EI T ASRE TR RS A . SR ERW EITE
F R B AT B AR T VS AR S R G B R 5, BRI Ak 1 A (I8 3R i AR 4, /N D £ S S5 o 2%
EIZAEB RGP GRS AL, FEUE TS AR RS B G5/ 18 5, [R) i A 7 26 B % 3 46 B i As e v
BAK, 52010 4E4H LK, 2020 485 11 B9 AL W2 HEAT PR AR 1L, BRI U Bl & AR AR AR AR, 2020 R4 R R R AR E 57
F AW RS B SR /N T 2010 AR TR B SRR DI RERE Y LRSS & F 2010 4, SVATH 2020
ER TSR RGE R AUSE /N T 2010 45, ZAF5E AT LA BT TS AR S RGO NS B LRl AR5
KB HIE,; BEASRERS; BYN; B, Ecopath i

MESES, XI71.1; P745  XHARER: A XEHS. 1673-4831(2022)02-0217-08

Analysis of Ecosystem Structure and Function Changes in Xiamen Bay in the Past 10 Years Based on Ecopath
Model. ZHANG Xin-yan'*, CHEN Bin', DING Shao-xiong®, YU Wei-wei', DU Jian-guo'® (1. Third Institute of Ocea-
nography, Ministry of Natural Resources, Xiamen 361005, China; 2. College of Ocean and Earth Sciences, Xiamen Uni-
versity, Xiamen 361005, China)

Abstract: Xiamen Bay is rich in ecological resources and has diversified service functions. However, due to the compre-
hensive action of natural, human activities and other factors, Xiamen Bay ecosystem is under great pressure. Dynamic sim-
ulation of ecosystem can provide scientific basis for the analysis of biomass variation, energy flow variation and ecosystem
stability. An EwE model was developed based on the fishery resources survey data of Xiamen Bay in 2019-2020, and was
compared with the model used in 2010. Totally 26 functional groups were included in this model, such as marine animals,
bamboo shark, fanray, anchovy, terapon, shrimps, crabs, cephalopods, zooplankton, phytoplankton, benthos, detritus,
et al, which have basically covered the whole energy flow pathway in the ecosystem of Xiamen Bay. Results show that the
large predators in Xiamen Bay was relative few, leading to the low pressure on Xiamen Bay ecosystem predation, and the
dominant position of low trophic level creatures like small fishes occupied in the ecosystem. The ecosystem structure of food
web in Xiamen Bay was relatively simple, and the stability of the ecosystem is currently low. Compared with the results of
the model used in 2010, the functional groups and energy flow in Xiamen Bay had changed in 2020. The biomass, detritus
flow and total throughput in the lower trophic levels of the ecosystem in 2020 were less than that in 2010, while those in
the higher trophic levels were higher than that in 2010. In general, total system throughput of Xiamen Bay ecosystem in
2020 was smaller than that in 2010. This study can provide scientific basis for the protection and management of Xiamen
Bay ecosystem.

Key words: Xiamen Bay; marine ecosystem; food web; trophic level; ecopath model
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Table 1 Inputs and outputs of model parameters of the Xiamen Bay ecosystem in 2010 and 2020

2010 4F 2020 4
Aem 5 AR . = HaAEE .

LS 3.85 0.008 0. 05 30.0  0.087 3.72  0.005 0.03 30.0  0.392

BET 3.42  0.020 0.48 17.4  0.975 0. 004 3.48  0.032  0.48 17.4  0.808 0. 004
R} 3.48 0.020  0.38 5.7  0.960 0. 002 3.53 0. 007 0.58 5.7  0.742 0. 001
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TR} 3.16  0.002 1.62 3.8 0.999 0.510 2.99  0.039 3.50 3.8 0.798 0. 006
M {0 ) 3.73 0. 468 2.42 19.2  0.851 0. 001 3.34  0.003 2.42 19.2  0.618 0. 002
yix 3.61 0.001 2.40 4.0 0.849 0.003 3.37  0.011 2.40 4.0  0.670 0.016
i 3.08 0. 003 2.20 26.2 0. 996 0. 084 3.04 0. 059 3.00 26.2 0. 529 0. 039
Hkkfo k) 3.81 0.053 2.41 11.8  0.985 0. 004 3.71 0.002  2.50 11.8  0.604 0. 001
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i} 3.42  0.000 2.50 16.0  0.964 0. 001 2.71 0. 001 2.30 150 0.293 0.001
LN AR S 3.09  0.000 2.98 13.6  0.981 0.012 2.68  0.016  3.80 13.0  0.576 0.011
it 3.40  0.010 2.98 5.2 0.955 0. 000 2.85 0. 002 3.50 4.0  0.671 0.003
R} 312 0.000  3.55 8.3 0. 996 0.048 3.20  0.042 3.50 6.0 0.439 0. 004
iR} 3.29  0.026  3.55 11.5 0.910 0. 000 2.89  0.002  3.95 7.5 0.141 0. 001
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% 2,92 0.092 3.9 15.0  0.99%4 0. 084 2.41 0.064  15.00 10.0  0.314 0. 045
SRk 2.89  0.093 3.00 100 0.997 0. 030 2.50  0.070 15.80 8.0  0.113 0.018
LR 2.10  0.058 5.00 20.0  0.875 2.31 0.509  25.00 20.0  0.105

Y 2.00  0.537 40.00 160.0  0.438 2.00 0.150 80.00 160.0  0.438
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Table 2 Distribution of biomass, production,detritus flow and total throughput in Xiamen Bay ecosystem in 2010 and 2020
2010 4 2020 4
IR AW/ i5ia-v v i 1) 18 S i/ JSNiii: v Wi/ i3 L[] S )8 v
(t-km2-a') (t-km2-a') (t-km?-a!) (t-km?-a!) (t-km2-a') (t-km?2-a!) (t-km2-a') (t-km?-al)
v 0. 009 0. 002 0.013 0. 063 0. 008 0. 004 0. 026 0. 089
v 0. 136 0. 063 0.213 1. 020 0.111 0. 089 0.413 1. 070
il| 0.712 1. 020 1. 810 8. 690 0. 568 1.070 6. 060 7. 890
I 0.981 8. 690 22.200 69. 000 0.756 7. 890 23.700 36. 300
1 43.900 69. 000 128. 000 333. 000 43.500 36. 300 73. 000 207. 000
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Fig. 1 The schematic diagram of energy flow efficiency between nutrition levels of Xiamen Bay ecosystem in 2010 and 2020
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Table 3 Transmission efficiency among nutrient levels of

Xiamen Bay ecosystem in 2010 and 2020

iy BRE ETE/ % WE/%  BRER/ % TEIE LR L

2010 I 11.2 18.0 12.8
I 17.9 22.1 19.2
v 20.0 19.1 19.7
\Y 13.2 8.4 12.1
Vi 5.7 5.9
Bt 15.9 19.7 16.9 0.41
2020 Il 21.4 22.2 22.1
I 17.5 15.8 17.2
v 15.4 11.0 14.8
\Y 10.7 10. 1 10. 6
Vi 10.0 10.0
Bt 17.9 16.5 17.8 0.44
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Fig. 2 Mixed trophic impact on Xiamen Bay ecosystem between 2010 and 2020
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Characteristic of Soil Bacterial Community Diversity among Different Vegetation Types in the Loess Hilly Region.
ZHANG Jian® , XU Ming (College of Life Sciences/ Institute of Fungal Resources, Guizhou University, Guiyang 550025,
China)

Abstract: Vegetation types affect the structure and function of terrestrial ecosystems and landscape patterns, as well as
the structure and function of soil microbial communities. This study selected 10 vegetation types including slope farmland,
check-dam farmland, orchard garden, artificial caragana korshinskii shrubland, artificial Robinia pseudoacacia forest, a-
bandoned farmland, Artemisia sacrorum grassland, Periploca sepium shrubland, Sophora viciifolia shrubland, and Platycla-
dus orientalis forest for sampling in the loess hilly region. Soil physico-chemical analysis and soil microorganisms 76srRNA
gene using high-throughput sequencing technologies analysis were used to reveal the characteristics of the soil bacterial
community structure and function, and to identify the relationship between environmental factors and soil microbial commu-
nity among different vegetation types. The results showed that Proteobacteria and Actinobacteria were the dominant groups
of soil microorganisms in the soil bacterial community, followed by Acidobacteria, Chloroflexi, Gemmatimonadetes, Bacte-
roidetes and Verrucomicrobia. The a diversity index of soil bacterial community under natural vegetation types was slightly
higher than that under artificial vegetation types, but only ACE index of soil bacterial communities had significant differ-
ences among different vegetation types (P<0.05). The similarity clustering analysis based on genus level reflected that the
similarity relationship of different soil bacterial communities can objectively related to the characteristic of different vegeta-
tion types. Unknown function, and amino acid transport and metabolism were the dominant functional groups in the soil
bacterial community. RDA analysis showed that total carbon, total nitrogen, organic carbon, electrical conductivity, pH,
nitrate nitrogen, and soil moisture were the key environmental factors which affected soil bacterial community. Correlation

heatmap analysis showed that there was a significant correlation between the dominant genera and environmental factors.
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Vegetation types had an important influence on the composition and function of soil bacterial community. The

characteristics of soil microbial community showed a comprehensive response to the biological characteristics of dominant

species, vegetation succession, soil properties, and human management of different vegetation types. Therefore, vegetation

types is an important driving factor for soil bacterial community structure and function in the Loess Hilly Region.

Key words: vegetation types; soil microbe; high-throughput sequencing; diversity; environmental factor
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BT B (Ag) ES/130° 1256 22 109°18. 89’ 36°51.33" kM (Artemisia gmelinii)
FTAITE P (Ps) ES/150° 1299 21 109°15. 01" 36°43. 35’ KT ( Peripl ocasepium )
T HNHEM(Sv) WS/245° 1185 25 109°15. 43" 36°44. 83’ IR ( Sophora viciifolia)
faHk(Po) ES/142° 1 402 26 109°10. 61 36°42. 96’ 4 ( Platycladus orientalis)

1.3 @

Ml B B N FH 21 A0 2 i AX THI - 440NH
( BAR TASCO @) W™ 5 +Hk 4% AHE T
P E ; 3Ry pH (K 2B o 2.5) Fi EC{E
(REBERLEN 5) R E T | 33 0RE 40 AiGoe
TEEOCRLEE 73X (Malvern , 5 [5]) 5 5 3 C N
S iR HITCR ML ( Elementar, 78 [ I 7 ; + 1
PSRN 25 A& 0l 2o 1% 223t 3 43 A fX (SEAL,
D) M5 5 A3 BB &5 R AT b A i B R 0 4R
A F A0V 0 5 5 AR ) e ik 0 E i Sl BE 2% 0.5
mol - L™" K, SO, #2 B, R FH & A LA 43 714 ( TOC -
VCPH , Shimazu , Japan ) | & .

% F MoBio PowerSoil ® DNA Isolation Kit( San
Diego, 35 [E ) 1277 & % + AL i 47 & DNA $2 1%
Ve I R A W oaE ] Gl ) Pro341F: 57 -
CCTACGGGNBGCASCAG -3 #l1 Pro805R: 5" - GAC-
TACHVGGGTATCTAATCC-3" 16S rRNA FL[A V33—
V4 Jr Beilf A7 PCR 94 2lidbJ5 9 PCR 74 i 1] 11-
lumina MiSeq PE 300 Gty ey i & )3 7 b it
R AW B LB FRA R 58
1.4 HiEsm

e B e A 0 B 7R 56 7 AR W) 1-Sanger =
F- S 7ELE S (https : // cloud. majorbio. com/) , i If
DNA U P85 7E Usearch *F- 5 (7.0 fit) FARFE, R
JHI RDP classifier D1 5032 X6 97% ALK F- 4
VESIZEEIT(OTU) AR TP HI AT 43 3827 03 M 5 2 AT
16S rRNA A L Xt Silva ( version 132) 3048 &, 1F

OTU 7K 53t A [ A8 1 26 B %) 4= HE A T BE 7% o
ZFEVERISEI . JE T tax_summary_a 053, A R
TS 2 AN [R) A 4 28 A0 - R A B8 1) 40 H BHK P11
FERIEL R T 5 vegan 1 SEBUREA/ RGN 1 5 90 Fh
ARARIPE SR 26, I 45 R 2 BLAEE TR heatmap [&] I,
>k F] PICRUSK2 47 3l A6 Wy i I 1) [) R 2R 1
(COG) e i, & H] PerMANOVA #6565 A [r]
TR AL ] LI A W RE TS S22 3 B . R
FHAE T AR (PCoA ) 3BT AN W] A 1 2 1Y - 38 41 47
REK I B e, TIEAGE YR OTU JK-F- T
FUBREAL unifrac B B30 BRI A 26 T R QIR 25
(Euclidean distances ) 2.7, 5% Ji] Meantal test 2347 A
() R Bl S R S A W R 9 5 B 45 PR 1 ) ) AH G
KFRHE— 2R HTCAR 3BT (RDA) B 1 AN [R) BR35 R]
THGZALE . IR R o 20 R
B -3z 1] SPSS 22. 5 #fFi#£ 17 One-way ANOVA
41, Wi Sigma Plot 12. 5 {1 Adobe Tllustrator ( AI)
B T,

2 HRE5SMH

2.1 FHiEBAMER

AN T FE A 28 7R b (i) - 498 A 1 A A
25 (F2) , RIAAK(C) A (N) FRAME T
F(EC) fA7EM W % 22 7% (P<0.01), + 54 DLk
(SOC) & MBR AL (C/N) fFAER FH X R (P<
0.05) , 1y HoAth - eI Ak A5 5 ) 22 50K Wk 2, 3 AT fig
SR 6 A W2 R e - A B S U O
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F2 AEEHEEBR T EENEFHOHERST
Table 2 Descriptive statistics of soil physicochemical factors among different vegetation types
sobr “'(SOC,)I/ w(C)/ w(N)/ N I w(S)/ w(NH42/ w(NO; )7/ oH ff
(g-kg'!) % % % (mg-kg™')  (mg-kg")

F-HME 2.80 2.02 0.07 30. 51 0.02 7.21 3.76 8.36
FrifEiR 0.13 0. 09 0. 01 1.92 0 0.77 0.57 0.04
/M 2.05 1.33 0.03 18. 10 0.01 2.1 0.26 8.08
KM 4.16 2.91 0.16 51.20 0.03 16. 38 9.63 8.63
E35S -0.46 0.92 1.28 0.63 1.78 2.48 -0.24 -0.56
T 0.39 0.87 1.24 0.96 1.03 1.6 0.79 -0.34
B EL 0.21 0.19 0. 45 0.28 0.19 0.48 0. 68 0.02
F ki 0.02* 0.00"** 0.00** 0.04* 0.41 0.48 0.28 0. 06

J6k7 EC/ | w(FRLD)/ wCkbkD)/ w(BkD) /SR Ew/ % w(iﬁi%%fﬁz)/ w(iﬁi%%:ﬁ)/

(mS-em™) % %o % %o (mg - kg™) (mg - kg™)

EHIE 220. 21 31.35 18.03 50. 63 9.83 20. 43 264. 68 32.82
PR 10. 47 1.37 0.39 1.48 0.62 0.63 23.62 3.34
F/ME 151.70 22.17 14.94 37.01 6. 50 16. 10 135.06 7.47
o] 351. 00 41.18 21. 81 62. 90 15. 48 27.10 491. 82 70. 02
I 1.89 -1.38 -0.26 -0.22 -0.01 0.26 -0. 68 0. 67
1S 0.90 0.11 0. 30 -0.22 0.97 0.8 0.48 0. 66
B EY 0.21 0.19 0.10 0.13 0.28 0.14 0. 40 0. 46
F RS 0.01"* 0. 88 0.24 0. 65 0.11 0.16 0.12 0.13

% /R P< 0.05, % R P<0.01, = % F/R P<0.001,

2.2 THRAFEESHEM

XA A R Y AR R V% o ZREPETE AL
PEATHCRL (R 3) , RIRMIPR A IR R FETK o 2
FEPEFE RO R T N AR B B 3 T Y
AL R AN T8 B (ACE ) 75 AN [ AR #0284 S 40 1
R AR 22 5% (P<0.05) o o, A TAR#

®3 FREHEBITEARHEZN o SHEESIT

TR b -F s RE B A S B RIBR AR (Rp) > B8k b
(FL) > 7 25 HE 2\ (Ck) > 3t s 9L 11 (Cd) > 2R el
(Og) ;s RIRMEH R B W A o 2 SR R BT AR F
RIFEIA(SA) SFTAIHE (Ps) >IB A Hu (AL) >AUAAIAR
(Po) >ERFTE &b (Ag) o

Table 3 Alpha diversity index of soil microbial community among different vegetation types

FEHb PEAES3Z4 5T (0TUs)  Shannon $8%4K Simpson 5% ACE 8% Chaol 5% Ha

N TAEHEH
ekt H (FL) 4360 7.246 0. 002 4 997 5108 0. 985
MR (Cd) 4058 7.093 0. 002 4 798 4940 0.984
B (0g) 3574 7. 069 0. 002 4 212" 4368 0. 985
4 A (Ck) 4062 7.034 0.003 4 988 5 054 0.978
HIREAKR (Rp) 4386 7.264 0. 002 5223 5317 0. 980

SR B 25 A
IR HERE I (AD) 4303 7.290 0.002 5 049 5 144 0. 980
AT L (Ag) 4035 6.992 0. 004 4 812 4 864 0. 980
FLAIHE A (Ps) 4 585 7.399 0. 001 5 256° 5312 0. 984
MR HIHEM(Sv) 4 494 7.210 0. 002 5313* 5399 0.983
ALK (Po) 4154 7.039 0.003 4 958 5014 0.984

[)— B8 Jo e SC/INE TR [R) R AN R A M ) B8 A 22 e 8 2 (P<0. 05)

2.3 TEAEBFARMEH
TIEANTE 16S rRNA S [R5 58 £ ] )y 275 2]

1 821 681 247 B 7 51l BN HE

1 2H
mn A

F| 70 774 ~

120 700 2545 5791, B G ) S R 9 K R
453 ~469 bp, A 97% FH LK -4 g 245 5] 8 201 4>

OTUs,

AN TRI A B 26 Y+ M8 200 TR 5 A 4% 03 2ROKF |
WfEEWI R 22 5% 761 KOF B BAg 2 31 41T,
HrAr 25 1 5 ] ( Proteobacteria ) 1 2% 7 7] ( Acti-
nobacteria ) 43 5l i 5 F B 4 28. 87% Fil 28. 68% ,
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PEALRECIE 1) o TEAKF EILTERAT 2] 78 144, (6.10%) F01 %5 Jig 5 J 1 B ( Sphingomonadaceae,
JEL T 49 ( Actinobacteria , 28. 68% ) Hl o =72 JE 14 2 4.33% ) R PLAFR; 7@ KF A B 2 676 4
( Alphaproteobacteria, 17. 51%) Jy 24 /K L B2 BE J& , BRFFE T A 432 Subgroup_6(6. 10%) (K433
TER K | LR B ) 349 A Fh, MM S ISR norank Gemmatimonadaceac, 5. 39% ) A
( Gemmatimonadaceae, 6. 69%) . 2K /325 Subgroup 6 BRFF T T RB41(3.25%) 25 RmitHJg (’ 1) .
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FI Cd Og Ck Rp Af Ag Ps Sd Po | HAth FI Cd Og Ck Rp Af Ag Ps Sd Po
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1 AEEHTEAREENT. N BFRIK AR SR
Fig. 1 The composition and structure at phylum, class, order and family level of

soil bacterial community among different vegetation types

L—*/FXULK IR B S T ) L e A B AP 2 AR AL 22 S i R R 3 /K P (P<0..001) 55 F
L5072 5 EAT PerMANOVA K8 (3R 4) 0 2R RO Y 18] L 58 40 1 A 9% 4 A 22 S A A
%,%,\\\iﬁ%ﬁ—'ﬁklﬁ%ﬂilﬂi%ﬁﬂ WA AN ZE R FMZER (P<0.05) o WFTERM, HPE AR - 340
FAAERFZES (P<0.05) ;5 AN TREBER Y] 1 BRHEEAUREH 0 57 10— D B Z KB N R, AR



. 230 - R S T S S A O 5 38 &
AW SR L G A W VR AL LSS M o S 0 A USRS TR B OCHK

Hﬂ E‘ o
iy . R F4 FEEHER T IBMAFHFEZANER PerMANOVA
FET IR YRR TR KT IR S (A 2) I
%%%Eﬁ ’ ﬁ”*ﬁ% ‘Hw H{E%‘W%@M %j{F 1A Table 4 PerMANOVA test for the difference in soil bacte-

s IR bl RN R VR A TR — 3 SZ S HEZIE rial community among vegetation types

Eﬁﬁ%ﬂﬁ%%Aiﬂzﬂi&ﬂ%ifﬂ*ﬁiﬁﬁ ML HE 2L pseudo F P
BTG A4 S MR Y S A T DA bR 3 R _ O USRI

NS KR 1 0. 105 0. 033 <0. 05
%’H%}iy&lﬂjxﬁtﬁﬁﬁ%i%ém E‘ﬁ%*ﬂ'{ﬂz% )\I*E?ﬁﬁéﬂlﬁl 4 0.829 5 0. 001 <0. 001

FEHD R A W e | B A A 0k 3 R B B ALK FIRHRK A 4 0.580  0.020  <0.05
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Fig.2 The heatmap of dominant genus composition in soil microbial community among different vegetation types
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Fig. 3 Composition of COG functional groups and cluster analysis of

soil bacterial community among different vegetation types

2.5 TEARHESHRERTXR

K H Mantel test 234/ X6} - 358 40 18 7 % 2H Wi AN
A5 A R T[] A A DG R AT A 30 (3 5) , 45 3R
HY, A58 R -5 - A8 200 VA1 R i TR A7 7 A S 38 AH G OC
Z(P<0.01) , X RS 75 T840 B R A A7

RS TIRMAEEEEMRNINEES IR E FEE X R

TEF YIS, S A R A v 25 T REJE I L g
%I SRS SRR LR IPSSEN PSP SN - O o

A RESE T A SR AN A v D) B N A AR —
mfrﬂ“ - THRETUAR o

Table 5 Mantel test for relationship between environmental factors and the composition and function of soil bacterial com-

munity
S AL Kz IR RV A O R B Wi IR B A g b e R B
MG 2B P1{A MG 28 P1A
WUEMIREYE & RN T 0. 398 0.003 ** 0.367 0.002**
TR RS & ThRERLIN 0.017 0.422 0.075 0. 240
YIREHEA & MBI T -0.025 0. 546 -0. 009 0.511

% % 278 P<0.01,

K FHAE FALBRS (PCoA) J3 BT 1 A [ AE Bl 28 7Y
TIEAMTARER Y B ZAEVERME (B 4) 25 1R A
AR Y A E R s A e R 2R, AT
2573 BT 5 i) - S 0 TR 7 2H 1 03 A Y 3 85 A
-, dl 3k PR R Y PSR i e 3 s (DCA) S]]
AR RS R -0+ S 20 T R O o0 A VR . 4521
W, “Bh B K JE (Lengths of gradient)” = 2.56
(<3), ik, HEF 7 A AL £ RDA 434t . RDA 43
Brat R o, T3 A0 TR A v 2H RN 45 4 5 PR 4 78

] (9 AH B G 2R 75. 66% 1] LI Bk RDA R 2 %l i il ¢
HA S 1 Bl e T 18. 33% AN A R E S, &
R IR A A S A DG (P<0. 01) 26 2 g e T
15. 15% 04728 545 B, 8 T B E A 56 E (P>0.05)
2 ANOVA. CCA (Z 5 R ¥ B A 56, N
999 ) Yo 44N (14 H B AG: U6 T 60, A S AN B R
ZEABEH T C F i (P<0.01) N i (P<0.01) .
SOC 44 (P<0.05) B 5% (EC) (P <0.05) .pH
{5 (P<0.05) NO, & & (P<0.05) fil SWC 4 5 (P<
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Fig. 4 PCoA ordering, RDA analysis, and correlation Heatmap of soil bacterial communities in different vegetation types
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Induction of Antibiotic Resistance Genes and Bacterial Community in Soil by Exogenous Zn. YANG Tong-yi'V , LI
Jing”, TANG Guo-teng' , YANG Fen', TANG Yu-bin' (1. School of Environmental and Chemical Engineering, Jiangsu Uni-
versity of Science and Technology, Zhenjiang 212100, China; 2. Integrated Technology Center of Zhenjing Customs,
Zhenjiang 212003, China)

Abstract; Using high throughput sequencing and real-time PCR techniques, the effects of added Zn on relative abundance
of aminoglycoside antibiotic resistance genes (ARGs) , mobile genetic elements (MGEs) and bacterial communities in soil
were studied by indoor culture. The results show that Zn concentration and treatment time had different effects on aminogly-
coside ARGs and MGEs. After treatment with 1 000 mg + kg™'Zn for 60 d, the relative abundances of acc, aacCl and inte-
gron int11 were the highest, which were 4.1, 9.7 and 3.7 times as those of the control, respectively. When 800 mg - kg™
Zn was treated for 60 d, the relative abundance of aac(6’)-1l was the highest, which was 13.7 times as that of the con-
trol. The relative abundance of transposon Tp614 was significantly increased only after 60 d of Zn treatment, and the high-
est relative abundance was obtained at 100 mg + kg™' Zn treatment, which was 4.6 times that of the control. Zn stress de-
creased the diversity index of bacterial community and increased the dominance index, indicating that Zn toxicity caused
the disappearance of sensitive bacteria and the increase of resistant bacteria. Redundancy analysis show that the effect of
Zn stress duration on bacterial community structure was greater than that of Zn concentration. When the treatment time was
equal, the structure of soil bacterial community was significantly different between low concentration Zn (100-400 mg -

kg™') and high concentration Zn (800—1 000 mg - kg™' ). Zn treatment was negatively correlated with Nocardioides
Adhaeribacter and Arthrobacter, and positively correlated with Flavisolibacter, Sphingomonas and Solirubrobacter. The net-

work coexistence analysis show that acc, aac(6’)-1l , aacCl and int11, IS613 had high connections under Zn stress; Ste-
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roidobacter was connected to Tp614, which may be the potential host of Tp614. The studies have shown that high concen-

tration of Zn pollution can accelerate the spreading and diffusion of soil ARGs. Even if low concentration of Zn exists for a

long time, some ARGs and MGEs can be induced, and the risk of horizontal transfer can also be increased, which is wor-

thy of attention.

Key words: soil; heavy metal; aminoglycoside antibiotics; mobile genetic elements; horizontal gene transfer
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Fig. 1 The effect of Zn treatments on relative abundance of ARGs
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Table 2 Bacteria diversity indices for each sample insoil
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5984 RAE(HK2) .

w(Zn)/ OTUs Chaol 5%k Shannon 5%% ACE $5%% Simpson F§ % BEE
(mg-kg™') 30d 60 d 30d 60 d 30d 30d 60 d 30d 60 d 30d 60 d

0 5034 5984 8 726 9 940 7.1599 7.4861 11 941 13 969 0.0042 0.0028 0.9015 0.8820
100 4927 5267 7775 8 996 7.1612 7.2330 10 372 12 359 0.0037 0.0041 0.9093 0.8971
200 4708 4 691 8 001 7 934 6.9037 6.9283 11 043 10 907 0.0080 0.0065 0.9078 0.908 5
400 4563 4611 7 066 7764 6.8305 6.9624 9517 10765 0.0076 0.0059 0.9162 0.9114
800 4109 4 154 6 224 8 256 6.4690 6.3345 8 277 11 786 0.0121 0.0169 0.9256 0.9114
1 000 4317 4921 6 905 9 637 6.0714 7.013 8 9 509 13 726 0.0416 0.0043 0.9167 0.8954
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Fig.3 Bacterial communities at phylum level in all soil samples under Zn stress
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Effects of Microplastics on the Antioxidant Enzyme System of the Chinese Mitten Crab ( Eriocheir sinensis). KAN
Ke-cong'*, MENG Shuang® , ZHANG Ming* , GU Xiao-hong” , ZI Xin-yuan® , ZENG Qing—fei2® (1. University of Chinese
Academy of Sciences, Beijing 101408, China; 2. State Key Laboratory of Lake Science and Environment, Nanjing
Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, China; 3. Nanjing Gaochun Dis-
trict Audit Center, Nanjing 211300, China; 4. Gaochun District Water Authority Bureau, Nanjing 211300, China)

Abstract: To investigate the effects of microplastics on biological growth and metabolism in culture environment, Chinese
mitten crab ( Eriocheir sinensis) was selected to be exposed in different particle sizes(5 and 50 pm) and different concen-
trations (0.1, 1, and 10 mg + L") of microplastics for 28,35 and 42-day toxicity test. Survival and weight gain rates were
recorded to evaluate the effect of microplastics on the growth of crabs. Superoxide dismutase (SOD) | catalase ( CAT) ac-
tivities, and malondialdehyde (MDA content in the hepatopancreas of the crabs were measured simultaneously to study
the effects of microplastic on antioxidant enzyme activities. The results show that exposure in microplastics did not affect
the survival rate of juvenile crabs, but there was a decreasing trend in the weight gain as the exposure concentration in-
creased. The variation of SOD and CAT activities in the hepatopancreas of 5 wm groups was greater than that of 50 pm
groups. Small-sized microplastics had a greater influence on the oxidative stress system than big-sized microplastics in E.
Sinensts, but without significant regularity. At the same concentration, there was a significant effect in the middle stage of
treatment. SOD and CAT activities were most induced in the 35 days of exposure. SOD activities were inhibited to different
degrees in the early exposure, while CAT activities showed a trend of increasing first and then decreasing with the exposure
time. With prolonged exposure time, the induction effect gradually weakened until the 42nd day. The content of MDA
reached the highest level on the 28th day of exposure, then the increasing trend of MDA content gradually decreased. Un-
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der the same exposure time, the effect of low concentration of microplastics was significant, while the high concentration of

microplastics exposure produced some inhibitory effect. The results indicate that the low concentration of microplastics

could cause oxidative stress to E. Sinensis for a short time and affect the activity of the antioxidant system in the hepatopan-

creas, while high concentration of microplastics for a long time could significantly inhibit the activity of various enzymes in

the hepatopancreas, causing damage to the oxidative system in juvenile crabs.

Key words: microplastics; Eriocheir sinensis; hepatopancreas; oxidative damage
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Fig.1 Effects of different microplastics on weight growth rate and survival rate of Eriocheir Ssinensis
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Fig.2 Effect of microplastic on the SOD activity in

the hepatopancreas of Eriocheir Sinensis
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Fig. 3 Effect of microplastic on CAT activity in

the hepatopancreas of Eriocheir Sinensis
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Characteristics of Microplastics in the Tissues of Cultured River Crabs ( Eriocheir sinensis) in Hubei. ZHANG Jie-
xin"? | LU Xing' , WEN Hua', WU Gang', GAN Jin-hua', PENG Jie' , YU Ya-li' , MAO Tao', ZHOU Jian-guang' , LIU
Ting', ZHANG Lang', HE Li'V (1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Wuhan 430223, China; 2. School of Basic Medical Sciences, Wuhan University, Wuhan 430071, China)

Abstract: Microplastics( MPs) are prevalent in fresh water all over the world. Previous studies have shown that MPs pollu-
tion in the freshwater environment of China is particularly severe. Once ingested by aquatic organisms, MPs can be trans-
mitted through the food chain and accumulated in high trophic organisms, which indirectly endangers the quality and safety
of aquatic products, and eventually may become a potential threat to human health. However, most of the researches on
MPs have been focused on marine ecosystems, and less been conducted for freshwater ecosystems, while freshwater eco-
systems are more closely linked to and affected by human activities. In order to investigate the extent of MPs contamination
in farmed river crabs ( Eriocheir sinensis) , the muscle and hepatopancreas tissues of Eriocheir sinensis, bottom water and
bottom sediment from five aquafarms in Jianli city and Honghu city, Hubei Province were examined by chemical digestion
combined with Raman spectroscopy. The results show that MPs were not detected in the muscle tissue and bottom sedi-
ment, but were detected in the hepatopancreas tissue of three aquafarms ( mean abundance 1.22 g™') , and in the bottom
water of one aquafarm (0.13 L™"). The shape of all detected MPs was mainly fragmented (74.28%) and the rest were
granular; the chemical composition was polystyrene ( PS) , polyethylene (PE) , and fluorinated ethylene propylene copoly-

mer (Teflon FEP). All the detected MPs were classified according to color as transparent, white, and red. The sizes of the
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detected MPs were all in the range of 100~350 pm. The appearance of the MPs detected in the hepatopancreas tissues of

Eriocheir sinensis crabs was similar to that in the bottom water, but the sizes were different. The appearance characteristics

and chemical composition of MPs are closely related to their sources, and physical and chemical characterization can help

for the tracing of MPs. The results of this study suggest that bottom water pollution may be a possible source of MPs in Eri-

ocheir sinensis. The current risk of environmental MPs contamination during river crab farming in Hubei is low, and the

risk of MPs contamination in Eriocheir sinensis is controllable.

Key words: Eriocheir sinensis; MPs; hepatopancreas; muscles; bottom water; sediment
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The Denitrification Efficiency of Two Types of Natural Wetlands in the Downstream of Yellow River and the In-
fluencing Factors. XU Chao', ZHENG Rui-wen*, WU Bin' (1. Jinan Qingyuan Water Affairs Group Co. Ltd., Jinan
250010, China; 2. School of Municipal & Environmeatal Engineering, Shandong Jianzhu University , Jinan 250010,
China)

Abstract: For understanding the influence of different seasons and different types of natural wetlands on the efficiency of
denitrification and the influencing factors, a first-order hydrodynamic model was constructed and an evaluation was made
seasonally during 2019-2020 on the denitrification efficiency of two types of wetlands (i.e., artificially-enhanced natural
wetland and ecologically-enhanced natural wetland) in Queshan reservoir. The results show tha: The denitrification rate
constant (k) of the artificially-enhanced natural wetland [ (0.285+0. 170) m - d™'] was higher than that of the ecologi-
cally-enhanced natural wetland [ (0. 14420. 143) m - d™' ] throughout the year. The concentration of nitrate in the Yellow
River in non-flood season [ (3.86+0.61) mg - L™' ] was significantly higher than that in flood season [ (2.52+0. 66)
mg + L' ]. For both of the two types of wetlands, the denitrification rate constant k in flood season was significantly higher
than that in non-flood season (P <0.01). In non-flood season, temperature and dissolved oxygen also had significant im-
pact on the performance of natural wetlands ( P<0.05). However, in flood season, only dissolved oxygen contributed to
the denitrification ( P<0.05). As revealed in the results, by adopting alternatively mixed planting design in zones, the di-
versity and density of vegetation in artificially-enhanced natural wetland were increased, leading to higher denitrification ef-
ficiency. In the downstream of Yellow River, the concentration of nitrate and the denitrification efficiency of wetland have
strong seasonal characteristics and the denitrification efficiency in flood season is relatively high. When the water diversion
amount is 4x10° m® - d™', the two types of wetlands can serve as buffer zones to support continuous and effective denitrifi-
cation.

Key words: Yellow River; natural wetland; nitrate; season; artificially-enhanced natural wetland ; ecologically-enhanced

natural wetland

AL RMEASEMAAE Dy = bt SRR RIEE
UA e e RUTE A B RUAC FREBE IR T N e gimm, ek s e 2500 4591 (20122X07404 -
TR EEIR L o WL EAK T 003) ¢ el F T i (2018GSFTI7T014)



- 260 - 2

5 & MO OB o M

038 %

FEMEES, HEATERN 90% L I, & FE 8
TR U KB R R GB 3838—2002( Ml /K FR 4%
kbR MK F BN KT,

1 2 U B R 2 B AR I M T RE , LA
heate T YRS g L X e B A vk 3 I R
% EVIBSE SN AT 2, A RIB B R R
AL Z SRR o AR EE BT AR o T DL A
B TR T G R S K R LA R R K A AR K A
YR IT RS M, T TR HE 2R S8 I E A Rk
I LA A R Yl K 4R AL T 5 AR S R

T bR RE 2 O T A PR SR LA Y K
Sako r AR TR S R AR R A Wy i A, T
PSS 2 Y R £k 25 bR L B R
A SCHREE IR R R BE W
ﬁﬁﬁ%%%,{ﬁﬁ’iﬁ(m)xﬂm&ﬂﬁﬁxﬁzﬁ‘éﬁﬁﬁ
FRR S S P e 2 wh T YRR, ik
YN b 7 7K g 455 BE B R) | AE k5 R R 2 A
25 RO AR R i S8 AT I BEOR . AR S I
T, Ak F AR BRIy — P AT AT R i 2
b BRI Hb 0T LA finoK 455 B8 s 1] (HRT) (A 4 il
TS B R 2R NI A 50 5 bR TS U

o TS L K 2R AR M s Ak TR
W TN TRt A A SR IR e () 1) o % bE5T
B H B (1) PPA 2 Ffied b %) 5 S8R, 36 IE 3% 2
KRG ARG T 2 % i 2R BE B FR2 A 3%
M5 (2) 20 BT ERRM (7—10 H) AdERE (11
H—84E 6 A ) 10 H 5 AR AE Y 2515 M4 A A i
P25, LA S 5 008 b 1 T 5 4 L 39036 Bk 9, O 4
H—AAZ S TR R K SCRZE TPk
Rl

1 MARREBEHARTZE

1.1 #HHREXIE

F 5 DX A, T TR Ui S LK FE DTV 4R R,
ALY 187 hm?  JE 7K Ry BT K, BT R 5 ~
15 m’® - ST RIS REEHALR 2~3 do Z XA T

F1 AEWIEMANAE (R 3HIT A XS b

B AR R K Y 673 mm Y 2011 AF o E IR
FAN T BEAE IR RS 3 T 1 A A s A i Ho i 2
AR SRR (T 1), 2012 4E# A K@ 12
TR EIAE] 2 FiE e h LS ) RS R | A
HY LK , B H #5 K 24 4x10° m’,

36o 46' 00" N

[
<
30 )
% ‘“
on
116° 57 30" E 116° 7()00E

Bl EMUETE

Fig. 1 Schematic map of wetland location
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s s . P B/ T T AR k=1 4
A K WAt ST i) i (1)
AN TSR0 IR He Mo X AR, K il A A 58 15 FiA oK AR R Wb 54 18.3 2.2x10°
HEE BT AT X LTI .36
A A AR AR R AR, JFAE 4 B R B AR I - 44 16.4 1.8x10°
HARHEY B B A K K i i i AT - 24




2 4] &

RS s BT 2 A 1 SRV AR B e R R A

- 261 -

|| SRR
11" wko

B2 AIEULEMIZT

Fig.2 Design of artificial enhanced wetland

1.2.2 SRR

Az A R I b A PR A BT R Ui AR P
R RITK W 2 36 ( Phragmites australis ) #1757
(Typha orientalis ) , 38 3= Vi A FIAR e AR ) A K 45
A 4 R BRI AR (B 2) o HAR Y A
RERERE (R 1) AR N TRk i 22
L3 REFEMOHITE

2019—2020 44 H 7 2 Fi b (14 32 K 11 F0
TR ERAE 2~ 4 Uk, IR 22 W, AR TR AL R A
52 W, MeHbUR R E ST 150G (K 2) #E K E
s IEATIN A, SR Hh R R HI/T 84—2016
KB TCHLBIES TR sE 251 tadak ) e >
1.4 kW h=FEEEsT

— KB I E R Z2 TN IR 5 G W)
(2R R R O o bR B R T
e T K I3 s (HLR, Ry ) 935, A LU
0 SR G AR T M S Y I BRSO

Coi/ C, =exp(=k/Ry,) , (1)

Ry, =074, (2)
(D) ~(2) 1, €, F €, 23 50 FE 7K FH 7K i R
MR, mg - L7k R AR R R R, m -

d7' R TS e B R A AL R 5 5K DAL
PR 5 A0 PR B G RO FRIR s Ry K T 17
fof,m’ e m? dQ NFE,m’ - dT A NI
H,m*,
L5 Zitath

SR H Excel 2016 F1 SPSS 23. 0 #f4F 47 4k i
PRI TT 255007, 38 1 Bz JR b S MEAH OC R B ST kAN
KIESE K Z R AreGIS 10. 5 F1 Origin 2019b
BAFER,
2 ZFERERW
MBI AR S ST
W K 4 (B 3) 8o, TR Hb i K 2
p(NO, ") K (2.52£0.66) mg - L™, A= 54 E 02 b 1
K p(NO, ™) [(1.93£0.70) mg - L) BEF R FA
TaRALiEM( (1.63+0.61) mg - L', P<0.01), dE
TS H3E K -1 p (NO, ™) (3. 86+0.61) mg -
L7 A A5 0 38 it 7K F 2 p (NO,7) [(3.63 +

0.57) mg - L") B & m T AT imfbid i ((3.27=
0.48 ) mg - L', P<0.01)(52),

2.1

= 357 SRR .
T 3.0k = AESMRIETH r=0.960 501 = LR r=0.924
£ o N L kit r=0.942 a5l O AN LHRAGIEH: r=0.854
= 25k -
O
2 o0t “or
¥ 35t
é% 1.5F 30k
g 10 - 2'5 _o 0.
H 05 1 1 1 1 J 2'0 o 1 1 1 1 1 J
15 20 25 3.0 35 4.0 25 30 35 40 45 50 55 60
WERTSTRERHEC, /(mg - L)
B3 FHEAFIAETEE 2 MR A ER E R BTk

Fig. 3 Changes of nitrate concentration in two wetlands during flood season and non-flood season
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Fig.5 Seasonal variation trend of nitrate concentration

) oo B 5 W 5 0 [ A Sl s 38 b T 2% &
IR, MRS b AR E B CE R
(P<0.01,5& 3) , YRIGY B o 9 et B2 185 I 1™ A 4 b
BRE (R 2)  AE YW A B T NOy~ LBk, A
TR o2 B v o B 15 Y AT R A 5 T, ZE X R Y
TEOLT , 75 2B A U AR S RE
3.3 SEMURE(T)#0 DO SREX B ERER
BEH (k) BF T

Ao BRI A S T flp(DO) Z [ HA
FERETTY L EH R W R (3 3) TR,k A
p(DO) Z [H ARG T E I 245, X225 0]
HES p(DO) X 1 A W 19 I i AR AE RS2 ma 7 G TR
W1 p(DO) B AE TR, FLAR Fb 08 2 /0N, KB P 25
RS AP O k) Tk TR SR Ak AR FH
RALHE By o b AT B A A W WG, 1A B AE K
p(DO) 5k BIEMCK R L (£ 3) ., HAEERM,
R X5 i i e WA S TR 557, T A= 40 X0 It 2388 e o

ik 7 Ee T, DR A TR UK B 1B M AT BE O R
— B ARCR AR e S UE W RO VEIA G, k
FFEIK p (DO) (P<0.05) = [b] & i 3 5 A 56 ¢ &
(3R 3) AR ABACVE I %Z p (DO) S0 2 2%
TR, W BoR#EK T 5 k Z AAAAE 3% IEAH G
KAR(P<0.05,5£ 3.8 6), Atk p(DO) 5 T &
TG, W B (3% 2) o, 3R TN 2 AL,
p(DO) ey, i YT I 58 5 BR 55 LRI p (DO) 1]
PUI4R R NO,™ £BRA

0.5

w AEZSETER L r=0.463 o
04 o ANTiwfbigih r=0.794 oo
o

03+

k/(m-d)

02

0.1+

Ola_—=

5 10 s 20 2I5 3I0
HEKIREET, /C
6 AEHEAEEKIRE (T) X AH B 2k
ERBERFH (k) ZIE
Fig. 6 Influence of influent temperature on nitrate

removal rate constant (k) during non-flood season

k1 p(DO) FYMISEETE 2 A1 Z AR 25 57
(14 7 —Fif ] B D PR 2 « TRV Ml 5 2 DR AP B A W)
(18 A T MR R T A AR 0 SR A A A gt A
K p(DO) ,T Fl p(DO) ZEALIE RN, 5 b AR
FBH (R 3) o ARTIYIAY G /KL B 2 R IR 5
PRIFTHE, T A1 p (DO ) 5 2% 52 i i 60 5 e 7y G
S

4 ZHit

(1) A5 A I 1 114 5t S8 BB A TR A AR TR
s T A SR M, 1 W TSR AR 3 0 X 5
R A R A BT AT B 10 ) ol S L R
WL, AT RE M TR ER I LBk

(2) ¥ M i RARE AT BRI 2= 1 1, 2 Mt
TETTII A R 4 25 B 0 0 M0 2 35 T AR TR
FAPEN R, antk NO, W IR (DO #eJEE 25, X
O b AR A T TR, et A
DO W T A 5 NO,~ L BRA . 7E ARV, 2
S R R RE R £ R

(3) B{AT I i i PR v B AT B35 A =1 1
FEARTIUY] 8 3 F- 32 i 52 2 e B 5 v 8 3% T v
AR A DGEN T NOy W% W 1
MK RE o



- 264 - Ja SR

5 & K OF

B 38 %

(4) &3t ZAFE LB ATIEW, £ 2 4x10° m® -
d7'BIKER TSR0 A R 25 o R AT
15550 (0.285+0.170) m - d7', A= A AR 518 Hi
(0.14420.143) m - d",2 FpSE AU H AR T LAFE A
TR A 22 vh X, SR T A B S e i 75
BGRB8 5 A T sh A2 BF
R AE A AR, LI B0 BT Y K 5 N S B H
s H A5 o

S 3k

(1] Bl , 20 ARG , 4. T i 3 b T 9055 e I 2 728 £k K R
00 T] gk T RE24R,2021,37(4) :257-264.[ TAO Yuan,
XU Jing, REN He-jing, et al.Spatio-temporal Evolution of Agricul-
tural Non-Point Source Pollution and Its Influencing Factors in the
Yellow River Basin[ ] ].Transactions of the Chinese Society of Ag-
ricultural Engineering,2021,37(4) :257-264. ]

(2] k%, okUr, 5o B, 5. b [ KAl IR 6 43 A B Hook 5 43 A
[J]. 355824 ,2020,41(4) :1594-1606.[ ZHANG Xin,ZHANG
Yan, BI Zhi-lei, et al.Distribution and Source Analysis of Nitrate in
Surface Waters of China[ J|.Environmental Science,2020,41(4) .
1594-1606. ]

(3] EAWAGIF, B3CHH 55 SRR IR EL R Y 2= 5 18 1k
[J]. R ,2021,34(5) :1091-1098.[ WANG Xi-huan,
YANG Fang, MA Wen-juan, et al. Seasonal Variation of Nitrate
Sources in Wuliangsuhai Lake[ J].Research of Environmental Sci-
ences,2021,34(5) :1091-1098. ]

(4] UKk, B, A 8%, . H R 1 R R K UK BURRIE I 52
[J]. TREX®EE 55, 2021,35(7) : 107-115. [ LIU Shuo,
CHENG Hui-bo, NIU He-rui, et al. Distribution Characteristics of
Surface Drinking Water Sources in Gansu Province[ J].Journal of
Arid Land Resources and Environment,2021,35(7) :107-115. ]

[5] SOTO D X, KOEHLER G, WASSENAAR L I, et al. Spatio-
Temporal Variation of Nitrate Sources to Lake Winnipeg Using N
and O Isotope ( 815N, 3180) Analyses[ J].Science of the Total
Environment,2019,647 .486-493.

[6] LIUSS,WUF C,FENG W Y, et al.Using Dual Isotopes and a
Bayesian Isotope Mixing Model to Evaluate Sources of Nitrate of
Tai Lake, China[ J ].Environmental Science and Pollution Research
International ,2018,25(32) :32631-32639.

(7] BIiTY, 2 RAR BT, 45 T4 543 BT (4 4 ) Vg b DX 3] 3
THRRER I e BT [ 1] BB 2% 2% 41, 2018, 38 (4) 1 1537-1548.
[ LENG Pei-fang, LI Fa-dong,GU Cong-ke et al.River Nitrate Pol-
lution in the Bohai Rim Region Based on the Integrated Analysis
[J].Acta Scientiae Circumstantiae,2018,38(4) :1537-1548. ]

[8] LIUT,WANG F,MICHALSKI G,et al.Using 15N, 170, and 180
to Determine Nitrate Sources in the Yellow River, China[ J ].Envi-
ronmental Science & Technology,2013,47(23) ;13412-13421.

[9] JIXL,XIERT,HAO Y,et al.Quantitative Identification of Nitrate
Pollution Sources and Uncertainty Analysis Based on Dual Isotope
Approach in an Agricultural Watershed [ J ].Environmental Pollu-
tion,2017,229 :586-594.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

BOYLE E. Nitrogen Pollution Knows No Bounds [ J]. Science,
2017,356(6339) :700-701.

GOLDEN H E,RAJIB A,LANE C R, et al.Non-Flood plain Wet-
lands Affect Watershed Nutrient Dynamics; A Critical Review[ J].
Environmental Science & Technology,2019,53(13) .7203-7214.
B, i, 2R 4 2, S TR L A Ml T 9 T G T 5 A
[J] A ST 274k, 2021,37(3) :279-286.[ DUAN Si-
xi, YANG Ze, LI Yan-lan,et al.Progress of Agricultural Non-Point
Source Pollution in Erhai Lake Basin: A Review[ J].Journal of E-
cology and Rural Environment,2021,37(3) :279-286. ]

K. T = F K AR A R G i Gt R AL 5 IR 1B A A
LR D] H & P EE A K, 2015.[ LIU Feng. Preliminary
Study of Pollution, Degradation and Remediation in Aquatic Eco-
system of Yellow River Delta Wetland[ D ].Tsingtao : Ocean Univer-
sity of China,2015. ]

XS TE T, KA, Bl I, 55T 2 31t B A S B R
BT 40 AR AL 5T, 2018, 39 (6) : 994 - 1008. [ DENG
Zheng-miao , XIE Yong-hong, CHEN Xin-sheng, et al.Wetland Eco-
logical Restoration Techniques and Models in Dongting Lake Basin
[ J]. Research of Agricultural Modernization, 2018, 39 (6) .
994-1008. ]

FHEF R I8, W T, 46 B T A R G 19 Ll 7KObK HE 8 R A
B G AFI T LSRRI )] AL
#1%,2019,39(23) . 8826-8836. [ TIAN Ye, FENG Qi-yuan, TANG
Ming-fang, et al. Ecological Protection and Restoration of Forest,
Wetland , Grassland and Cropland Based on the Perspective of Eco-
system Assessment; A Case Study in Wuliangsuhai Watershed [ J ].
Acta Ecologica Sinica,2019,39(23) :8826-8836. ]

FHREE AR EH 00, 5 ARIR ST N L R PR
A SR AL [ J]. 38 A2, 2020, 18 (4) : 482-487. [ YIN
Xiao-xue, XU Sheng-jun, ZHENG Xiao-xu, et al. Enhanced
Measures of Microbial Nitrogen Removal in Constructed Wetlands
under Low Temperature [ J ]. Wetland Science, 2020, 18 (4):
482-487.]

SRA YT, Pl , 11 IR 3, 25 3 TR W k2 Bk T A 2 o IR T
JOKBERBAURTFE L) ] BT TR AR 24, 2018, 8 (5) : 488 -
494. [ ZHANG Jun-peng, LU Yi-feng, GUO Xiao-chun, et al.
Nitrogen Removal of Simulated Low-Polluted Water of Lake Erhai
Buffer Zone by Surface-Flow Wetland[ J ].Journal of Environmental
Engineering Technology,2018,8(5) :488-494.]

TEAd, ZEVRIE , BAESE A5 AL M =00 T TV IR\ T Mk i JE A
BORsZm [1]. BB R, 2016, 37 (3) : 980 - 987. [ WANG
Jian, LI Huai-zheng, ZHEN Bao-chong, et al.Effect of Intermittent
Aeration on Nitrogen Removal Efficiency in Vertical Subsurface
Flow Constructed Wetland [ J ]. Environmental Science, 2016, 37
(3):980-987. ]

ZAPATER-PEREYRA M,GASHUGI E,ROUSSEAU D P L, et al.
Effect of Aeration on Pollutants Removal , Biofilm Activity and Pro-
tozoan Abundance in Conventional and Hybrid Horizontal Subsur-
face-Flow Constructed Wetlands [ J ]. Environmental Technology,
2014,35(16) :2086-2094.

TR, ThiE, sk L AR A8 WK A T TE 8 it SR AR 4L
IS 25 43 A [ ], E 4 7K 2% 41, 2020, 39 (9) : 116 - 125.



RS ORI 2 A A SR B AR RE B S PR S

- 265 -

[21]

[22]
(23]

[24]

[25]

[26]

[28]

[ ZHANG Ke-feng,MA Bo,ZHANG Da-long.Spatio-Temporal Var-
iation in Precipitation, Potential Evapotranspiration, Humidity
Index in Shandong Province [ J ]. Journal of [Irrigation and
Drainage ,2020,39(9) :116-125.]

AR, BRI, BN, 450 50 AR5 R A i SR R KAz X6
e 7K i 7 F Pkl 22 5 [0 ] o [0, 2016, 35 (4) < 384 - 393,
[ QI Xiao-fan, WANG Yu-shan,YANG Li-zhi,et al.Time Lags Va-
riance of Groundwater Level Response to Precipitation of Jinan
Karst Spring Watershed in Recent 50 Years [ J ]. Carsologica
Sinica,2016,35(4) :384-393. ]

HJ/T 84—2001, 7K 5T JEHLIIES FIME 25 F ik [ S].
FIA F R L,MATOS A T,FIA R, et al.Kinetics and Removal Effi-
ciency of Nitrogen in Constructed Wetlands Cultivated with
Different Plant Species for Treating Swine Wastewater Applied at
Different Rates[ J . Water, Air, & Soil Pollution, 2021,232( 1)
1-17.

SAEED T,MIAH M J,KHAN T.Intensified Constructed Wetlands
for the Treatment of Municipal Wastewater ; Experimental Investiga-
tion and Kinetic Modelling [ J ]. Environmental Science and
Pollution Research International ,2021,28(24) :30908-30928.
FERREIRA A G,BORGES A C,ROSA A P.Comparison of First-
Order Kinetic Models for Sewage Treatment in Horizontal Subsur-
face-Flow Constructed Wetlands [ J ]. Environmental Technology,
2021,42(28) :4511-4518.

NOCETTI E,MAINE M A ,HADAD H R, ez al.Selection of Macro-
phytes and Substrates to Be Used in Horizontal Subsurface Flow
Wetlands for the Treatment of a Cheese Factory Wastewater[ J].
Science of the Total Environment,2020,745:141100.

KUMAR M,SINGH R.Assessment of Pollutant Removal Processes
and Kinetic Modelling in Vertical Flow Constructed Wetlands at
Elevated Pollutant Loading [ J ]. Environmental Science and
Pollution Research,2019,26( 18) :18421-18433.

ZHAO X H,HU Y S,ZHAO Y Q, et al.Achieving an Extraordinary
High Organic and Hydraulic Loadings with Good Performance via
an Alternative Operation Strategy in a Multi-Stage Constructed
Wetland System|[ J | .Environmental Science and Pollution Research
International ,2018,25(12) :11841-11853.

FERILE , 5K B, 55 38 T — 20 3l Jp 24 AL (Y 7 i Y b 75
YL RigT[ ] E R, 2011,31(10) : 1697-1704.
[ CUI Li-juan,ZHANG Yan,ZHAO Xin-sheng, et al.Pollutants Re-
moval in Subsurface Constructed Wetland Based on the First-Order
Kinetic Model[ J ].China Environmental Science,2011,31(10) :
1697-1704. ]

CHANG J J,WU S Q,DAI Y R, et al.Nitrogen Removal from Ni-
trate-Laden Wastewater by Integrated Vertical-Flow Constructed
Wetland Systems[ J ].Ecological Engineering,2013,58:192-201.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

KARPUZCU M E,STRINGFELLOW W T.Kinetics of Nitrate Re-
moval in Wetlands Receiving Agricultural Drainage[ J].Ecological
Engineering,2012,42.295-303.

TG, T, T SCE 5. N T b 0 e R R R A
MBI REL T ). B35 T AR FOR =4, 2020, 10 (4) : 585-597.
[ WANG Hai-yan, ZHAO Yuan-zhe, WANG Wen-fu, et al. A
Review of Influencing Factors and Enhanced Measures for Nitrogen
Removal of Constructed Wetlands [ J ]. Journal of Environmental
Engineering Technology,2020,10(4) :585-597. ]

MR, B 4 TERVT, AR N IR A % AU 3 R BR A A AL
THIAOWEFT 8 [ )], ¥ K H R, 2021, 40 (6) : 21-27.[ WANG
Yun-chen, CHENG Fang-kui, WANG Si-yu, et al. Research
Advances in Influencing Mechanism of Constructed Wetland Plants
on Nitrogen Removal[ J].Water Purification Technology,2021,40
(6):21-27.]

TKITF, G he, REEEEE , 45 N [ K A= A A0 ) R Rk 3 B v AR I
R R E R L) ] A8 5 AR BRI 27 41, 2017,33(2)
174-180.[ ZHANG Fang, YI Neng, DI Pan-pan,et al.Nitrogen Re-
moval Efficiency and Control of Bio-Denitrification Process of A-
quatic Plants [ J ]. Journal of Ecology and Rural Environment,
2017,33(2) :174-180.]

S R T, BIR AR B SRR W R T RS K P R 2 R
PSR [T ] A SR AT PRI 4441, 2019,35(7) - 817-825.
[ WU Guo-ping, GAO Meng-ning, TANG Jun et al.Progress of Re-
searches on Nitrogen and Phosphorus Removal by Periphytic
Biofilm from Non-Point Source Wastewater[ J |.Journal of Ecology
and Rural Environment,2019,35(7) :817-825.]

NI Q J, WANG T,LIAO J L, et al.Operational Performances and
Enzymatic Activities for Eutrophic Water Treatment by Vertical-
Flow and Horizontal-Flow Constructed Wetlands[ J ]. Water, 2020,
12(7) :2007.

TAO W D. Microbial Removal and Plant Uptake of Nitrogen in
Constructed Wetlands ; Mesocosm Tests on Influencing Factors[ J].
Environmental Science and Pollution Research International ,2018,
25(36) :36425-36437.

ALMEIDA A,CARVALHO F,IMAGINARIO M J, et al.Nitrate Re-
moval in Vertical Flow Constructed Wetland Planted with Vetiveria
zizanioides ; Effect of Hydraulic Load[ J].Ecological Engineering,
2017,99:535-542.

EB I : Ho (1987—) , 55 INARTEM A, TR W, Wi, &
B SY 5 ) R K P4 W 5 6 2, E-mail: xuchao567 @
126.com

(RERE: Bk W)



RS RNIESR 2022, 38 (2) . 266-272

Journal of Ecology and Rural Environment

DOI. 10.19741/j.issn.1673-4831.2021.0114

TR, BRI, SR 5 R TR AR RS -EE B DU (1] A28 SR BB 224, 2022,38(2) :266-272.

WANG Chen, WANG Zhen-qi,ZHANG Min, et al.Study on the Potential of Rice Straw Dry Anaerobic Fermentation with Biogas and Fertilizer[ J ] .Journal
of Ecology and Rural Environment,2022,38(2) :266-272.

BETAREABRS-ER&BANR

EOR", ERES, KO8°, MRFY, KORT, RRE, KT (L ERMTAYEVORSHE TR
BE, bME 200237; 2. BIETRRBERIAOTIYBE E GIR B RGBSR B B A R G0 LI 200233)

FEE SRR X FERS R 018 F B 1R A Al A8 7= [m] SRR B RS , A B A b A HLAE A3k 7 2 dfe ) 258, 2R P — AR AR
N R TR RE 8 Ao ORI 5 2 TS A5 T el T IR A R T (5 [T 28 20% ) 1 P SRR FR i Pt , 495 1 s ©/N
W R RS - i . SRR Y NA R C/N WWTFE S0(C3 ) it B B Rm N 4 7L - d" ,w( P
He) ik 50% L 1 Irag it ]k 12 d, Sfi 4 5= SR 294 L« kg™ A H C/N E SR 30 AYFRAEAL(Co 41) FRE T
11 2% , LIARERE TR E KB R ZIB1T C/N Lo LBRAT I E S 50; 4040, faf TR &L AL 35 C/N Lk 30~
50 (AL BRLH (C3 ~ C6) 4T 4 K mT KR BEA , FBLK TR S8 & A 2. 25% ~ 3. T1% (B4 LT & & . pH {E AN
B4R SR ERELAAT A NY/T 525—2021CH AR bR Bk, 228 5 5 B HUAERL ™ S0 AR 7= 07
R TRR I AhFE 12 ¢ - d7 RS FTARIRRE TIT A 78. 16 T 70, B8 FRAT B ELEEE F A R AR s 2 0 i 25 0 4 v 10k
W AR XA A T R A R T < - BRI ™ B AT AT

KR KR AKFEREFT; eiifh; TaURSERE; HIMEES

FESES: X713 MEARER: A XEHS: 1673-4831(2022)02-0266-07

Study on the Potential of Rice Straw Dry Anaerobic Fermentation with Biogas and Fertilizer. WANG Chen'?,

WANG Zhen-gi*, ZHANG Min>, SHEN Gen-xiang'*™, ZHANG Xin-liang®, QIAN Xiao-yong*, GAO Zong-yuan'w’
(1. School of Resources and Environmental Engineering, East China University of Science and Technology, Shanghai
200237, China; 2. State Environmental Protection Key Laboratory of Environmental Health Impact Assessment of
Emerging Contaminants, Shanghai Academy of Environmental Sciences, Shanghai 200233, China)

Abstract: To solve the long existing obstacles of following season growth and other environmental risks caused by rice
straw returning to the field, as well as the issue of local organic fertilizer supply deficit in water resource area, a series of
batch tests on an integrated stainless-steel anaerobic digester (with total solids of 20% ) were conducted. The characteris-
tics of both biogas and residue production from the studied dry anaerobic digestion (AD) system with limited pig manure
(PM) input (as nitrogen source) were investigated, to explore the biogas and digestate productivity from AD systems with
high C/N ratio. Results show that the maximum gas yield was 4. 7 L - d”' when C/N ratio reached 50 : 1 ( group C3). On
the 12th day, the methane content in C3 group reached to 50% and biogas vield reached to 294 L - kg™', which were only
11. 2% lower than the optimal group C6 (with C/N of 30 : 1). It indicates that the upper limit of feedstock C/N ratio in
dry AD system could be set at 50 : 1. Moreover, the cellulose in C3~C6 (with C/N ratio of 50 : 1~30 : 1) could also be
significantly degraded after digestion processes. The total nutrient in the dehydrated digestate of different treatments ( C3 ~
C6) was only around 2. 25% to 3. 71% , but other criteria such as organic matter content, pH value and heavy metal con-
tents could all meet the organic fertilizer standards NY/T 525-2021 in agricultural industry, thus could be processed to
high-quality organic fertilizer products. Based on engineering process simulation, when rice straw was processed at a rate of
12t - d”', the annual profit of the studied system was 781 600 yuan, which is significantly higher than the profit of direct
returning of straw to field. Therefore, it's considered both economically and environmentally feasible to apply biogas and
fertilizer co-production from rice straw-based dry AD in water resource area.

Key words: water resource area; rice straw; co-digestion; dry anaerobic digestion; fertilizer potential
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Table 1 Physical and chemical characteristics of raw materials
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Table 2 Experimental design of anaerobic digestion under different C/N ratios
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Fig.1 Changes in daily gas production and methane contents of different treatments
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Table 3 Biogas production in different treatment groups
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Table 4 Degradation of cellulose and hemi-cellulose in different treatment groups
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Fig.2 The change of nutrient content and organic

matter content in biogas residue under

different carbon-nitrogen ratios

HIPE 2 Al A, 2% 4R I PP SR o 5 i R B
R—-E MBS, PRt H C6 AR IR/
ANRE O 3. T1% 3% 5 R A PR B R Yo

AL IR, B IR IC R AT & A T A
o TS RIH A2 SREAT IR BE(C/N ol
30) , VR BRSO ] Ik 8. 55% , X Al i 5 H: 40%
SOELREN S e S

TELRERE M E IR AR BER G N, BF 0 & &
PR BRI T RS FF VR A HIAE T 7, {3 C3~C6 Ab3E
P S ) VE I A HILIT B il 52. 86% ~ 55. 33% , pH
HH45.5~6.3, Y355 T NY/T 525—2021 (451
HZOR, HARRS DR AU I 78 ml3E o A LY i 4k
IR BN, DE TR AR AR L k4
PETHAEFE TH I AR A8, PT38 3 U8 0 2 DF AR 2
AR, R C/N R 25 ~30 J5 AT S A
HERE , IFAE B A HLAE s i — 2 1 G 2R W B A
FE R B — F 5 i B IR i
2.2.3  JERE T

AFEEEHEE T E SRS EWNES PR,
As Hg . Pb %4 B YA F NY/T 525—2021 F5
SR AR B, A IER A W . RIE, R
VR R ERE SR}, Rl 38 a G S AR S — 2 e
FERG SRR B8 A7 1 B, BTG 2 B D - R 25 R4
Ui BHAEAS 1A 78 4 A LR R EAT 28 4 M 0 T A ARG
BN R DR A A T 3 B R AR e L

)AL,



552 1) T RA FERS T AR B AR 1 - 271 -

x5 BEHEEEAEXLSWN
Table 5 Comparative analysis of heavy metal contents in

biogas residue

T s % NY/T 5252021 thiéht
' (mg - kg™") Prif/ (mg - kg™')
B (As) 3.89+0. 09 15
EK(Hg) 0.09+0. 01 2
B4 (Pb) 5.89+0. 40 50
BES(Cd) 0. 40+0. 03 3
B (Cr) 21.33+3.06 150
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Table 6
between the biogas project and direct returning of rice
straw to the field
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