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Abstract: The total output of aquatic product in China has been ranked in the first position of the world for consecutive 30
years, meeting 30% of the nation demand for animal protein. Aquatic genetic resources are not only an important material
basis for the effective supply of high-quality aquatic protein, but also an effective way to ensure national food security and
ecological security. The aquatic genetic resources are directly related with species and genetic diversity, and their main
forms are the living, specimen, tissue, cell and gene resources. At present, the serious decline of biodiversity, the lack of
large-scale accurate identification of species, and the imperfect protection facilities of germplasm resources have become
the bottlenecks restricting the efficient development of aquatic genetic resources. Here, the general overview of aquatic ge-
netic resources in China is systematically summarized, the main existing problems are analyzed, and the general ideas and

overall objectives of genetic resources are condensed. On the above basis, the developmental strategies and research topics
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are proposed for strengthening the protection of aquatic genetic resources, thus, to lay a solid foundation for realizing the

goal of strengthening the country with rich aquatic germplasm resources.

Key words: aquatic organism; genetic resources; protection; diversity; strategy
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o (Bl REBGE A 5 A DA ST R 5 L R SR B T A LAt B 25 A KA T TR B S AE SR ) B 56 R
EARPFEFTE . BORM R RSB TP 55 B8 BUE TE M B 3 4l B U0E 1) 7E LTI B 7
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Rules, Challenges and Countermeasures of Sharing of Pathogens in the Context of the Implementation of the Na-
goya Protocol. ZHANG Xiao-yong ( School of Law, University of Chinese Academy of Social Sciences, Beijing 102488,
China)

Abstract; Timely sharing of pathogens is critical for pathogens early identification, risk assessment, evidence-based inter-
ventions initiation, and subsequent development of diagnostic tools, vaccines and medicines. The negotiating history of the
Nagoya Protocol indicates that the pathogens falls within the scope of the Nagoya Protocol. The preamble of the Nagoya
Protocol explicitly refers to pathogens, and not only that, but its general rules on access and benefit-sharing as well as spe-
cial considerations also apply to pathogens. The issue of pathogen sharing faces different aspects of challenges as the Nago-
ya Protocol requires states’ compliance. Since the Nagoya Protocol takes the bilateral approach to the access and benefit-
sharing, the implementation of the Nagoya Protocol has resulted in the delay or limit of sharing of certain pathogens, such
as for seasonal influenza virus. The relationship between the Nagoya Protocol and the Pandemic Influenza Preparedness
Framework for the Sharing of Influenza Viruses and Access to Vaccines and other Benefits has not yet been clearly defined,
thereby producing legal uncertainty surrounding the sharing of influenza viruses with human pandemic potential. The tend-
ency that the use of digital sequence information presumably substitutes the physical materials has emerged as a result of
technology developments, but the Nagoya Protocol leaves a major gap in regulating the use of digital sequence information,
especially for the sharing of benefits arising from the use of digital sequence information. The Contracting Parties should in-
troduce special measures, procedures and arrangements at the domestic level, such as fast-track procedure for access to
pathogens. At the same time, the Contracting Parties should put forward effective countermeasures based on collective con-
sultative decision-making in order to respond to the challenges. In the future, the sharing of pathogen will play stronger role
in the public health preparedness and response through the efforts made by the Contracting Parties.

Key words: Nagoya Protocol; access and benefit-sharing; sharing of pathogen; digital sequence information
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On the Optimization Path for Legal Mechanism for Benefit-sharing to Biological Genetic Resources. MU Tong, YU
Wen-xuan” ( Civil, Commercial and Economic Law School, China University of Political Science and Law, Beijing
100088, China)

Abstract: The fair and just benefit-sharing of biological genetic resources is of strategic significance for biosecurity. There
are some deficiencies in the benefit-sharing mechanism for biological genetic resources in China, which are mainly
reflected in the following three aspects: the functioning of benefit-sharing, the scope of regulation and the mode of regula-
tion. It is necessary to adopt appropriate legal theory, establish the principle of whole-process supervision, adjust the regu-
lation scope of benefit-sharing mechanism, properly classify the information of benefit-sharing and strengthen the supervi-
sion to benefit-sharing agreement, so as to balance the conservation and the rational utilization of biological genetic re-
sources, reconcile the interest conflicting in the benefit-sharing process. Only with these measures could it be possible to a-

chieve rational and efficient use of biological genetic resources.

Key words: biological genetic resource; benefit-sharing; legal regulation
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The Development Status and the China’s Choice on the Issue of Digital Sequence Information of Genetic Re-
sources. LIU Qing (School of Law, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract: The digital sequence information of genetic resources is the product of the swift advent of synthetic biology and
the rapid development of DNA mutation. The legal issues entailed by digital sequence information have sparked heated de-
bates across international organizations and countries. The widespread and universal use of digital sequence information
positively affects biodiversity protection. However, it also brings challenges to the access and benefit sharing of genetic re-
sources. The controversy over the definition of the terminology, scope of content and the proper usage of digital sequence
information reflects the disparities between developed and developing countries in identifying legal attributes and benefit
sharing of digital sequence information. China should actively participate in multilateral negotiations and bilateral consulta-
tions on digital sequence information. It is necessary to put digital sequence information under the framework of the " Nago-

" genetic resources” and interpret the sequencing and storage of digital sequence informa-

ya Protocol" and interpret it as
tion as the "utilization of genetic resources". The “Regulations on the Administration of the Access and Benefit Sharing of
Biological Genetic Resources (Draft)” should not overemphasize the physical materials and tangibility of the use of biolog-
ical genetic resources. They should, however, focus on the protection of information or data regarding genetic resources and
integrate and build a database of digital sequence information.

Key words: digital sequence information; genetic resource; biodiversity; access and benefit sharing
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Shannon-Wiener 58055 J7 v , X Wi 74 e 2 LI - LLAR IS A el 7 IX A H R i 8 MR MR 28 1 4 Fh B SR 245 (X
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KR, AR, PRI, BUHERARE,; E5H, Yk 2R
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Study on the Plant Species Diversity and Management of the Sacred Nature Sites in the Mountain Area of South-
western Zhejiang, China. LI Ying-shuo, SUN Ming-hao, ZHAO F u-wei” (Nanjing Institute of Environmental Sciences,
Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: Sacred nature sites (SNS) play a significant role in biodiversity and cultural diversity conservation. Taking the
methodologies of key informant interview, species important value, Simpson index and Shannon-Wiener index, plant com-
munity and its species diversity of four categories of SNS which locate in eight villages around and/or in the Qianjiangyuan
& Baishanzu National Park at southwestern Zhejiang, namely, geomancy forest, village-entrances forest, ancient-tomb for-
est and ancient-road forest, were investigated. It indicates that gymnosperm possesses an obvious superiority in the tree lay-
er of all SNS categories, but the dominant family and its species diversity are diverse in different categories of the SNS.
Some endemic, rare and endangered flora and fauna as well as edible, aesthetical, scientific, ecological and economic
plants are protected in the SNS due to the maintenance of cultural belief and customary governance by local people. Howev-
er, the protection of the SNS is facing some challenges for the reason of population outflow and gradual fadeaway of cultural
belief. It is urgently necessary to update the governance mechanism of SNS in order to integrate important but endangered
SNS into modern governance.

Key words: sacred nature sites (SNS) ; the mountain area of southwestern Zhejiang; Baishanzu national park; traditional
knowledge ; species diversity
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AR TE R WVEROK AR A T2, JLF-4
A FHREX BT A B, i K 2 KUK MR A B 4R G IX
Wz WK A T R R A AR B
PGB, 1E BHIE LB A SC AR A% 5 TR A R
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MR RS SO AERALR S5 HEA T 20
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ERVT IR A LA E 58 B | LA i DX T
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Sy R VLRI IR YT A UR L, ST ARl 52 074.0
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MRBLE5 92. 88% 2 AT HF AL A4S A 189 Fl 851
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65 B} 176 J& 632 F' "2 X PN 4 A A T 5K i A
PP A=A 31 A, o ILAHYR K2 (Abies beshanzue-
nsis) B8 LG4 ( Taxus wallichiana var. mairei) Z1.
T ¥ ( Taxus wallichiana var. chinensis ) . 2 3¢
( Brasenia schreberi) B2 A ( Bretschneidera sinensis)
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( Muntiacus crinifrons) . z %1 ( Neofelis nebulosa) . %Y
( Panthera pardus) ., %% & ff #E ( Tragopan caboti) . H
K R HE ( Syrmaticus ellioti ) . 4 BE W R 5
( Teinopalpus aureus) 6 Fh A [ R 1 2% 8 55 A 97 87 4=
EiL 7/ R
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Fig. 1 Geographic location of the study area
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51 (informants) , 40AF 13K B R A B4 EE L AR
AT VR, WCAE T A bt S 0% AR SIE A
T GE SRR B,
2.2 PFEHEEEAEE

RN PRI A ) 8 MT& 1 AR BB W 2
FEMEEAT IR A AR Z IR ALK AN T
1 000 m IC 5% BRI P 04 o 3078 TR R AR B
FEEFRA TR S E
2.3 25U®E

Z 5 Mk RSO AR 2R R A Tk,

B # S 5 2 M SO 338 S ER AR I, 5 Y
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Pielou F8EURGE A T RALARMRAE 5 W) o3 A 1 &) 7
JE s Margalef $8 50218 H T RIETF AR F & E 1
FeC 5 SR WA Shannon-Weiner 22 FE 1 45 %1
(H'") Simpson ZFEPEFEEL (D)  Margalef F & i 15

®1 EREMYMSHEETEAR

o (H)F1 Pielou ¥5 AR B ) HHRAE IR IR AR)Z
YiFh e EEAE MY R 2R UL
%* 1 [18-20] i

Table 1 The computation formula of important value and species biodiversity

1550 AL A SR

FE(V,) dm ) o DOMNZE AR s R R (18219
V, = (D, +4,)/2 = ;d * 5 X—— AR G B A, R 1
= i:lni okt
Shannon-Wiener ZHEHERS & DA | NV RAE A R B TR [20]
) H —_l; (piln p)
Simpson ZHEPHER (D) D = 1- 32 P AR p A AR 1201
i=1
Margalef FEEHE(H)  H=(s=1)/In r R POBC 5  AATRISCR [20]
Pielou ¥4 BEHE 5L () J=H'/In s s HEEE IR gL [20]
( Liguidambar formosana ) . B J5 4L & 42 1 1# £if
3 #R5HW

3.1 BREEER

PRI, R X B AR 1~2 AE A SR
5%, & AR AR 0.01~ 7.33 hm?, f
RIKBR K ARl SOMRIT TR AR 4 28 A SR 2688,

(1) WUKHR, 52 KoK AR Z ),y AT 3 5
N T RSB RAR A B PROR 26 47 B 8, I % ™ i
T4 B A BT PR KUK 0 KRR K
BT SCRRR SCHAP S S, T SCR“ KK AR 12 48—
Y15« KK 4 S BRARFIBRA B SR« KK AR 42
TREFLEZNAE A 2 MR TR | B IR ) 28 72 1 7R
Mo ROKPRIE B AL F A& 5 J7 i3, RUOK AL
%, LT — BT TR RS 25 43 A — 8 XK AR
IRKOMRGE & SRy R SR PRl R AR bR, T RR K, BN
AR BRI E TGN AL A, SR T R S
Y. R GHE A B s R IROKEE T A
FgROKMERAE T K EE WGy, Hr,
B ERFA Y 23 Bl EZ 1 G SR R A ALY 2
i, 5 1o S AR AP BT AR AE ) 2 B B AR 1T
PRy A= B 3 F

(2) KRR, AR IEIAR SRR K B AR Y —fge s
TRIVERTTT , BP0 AE T 3 583 R AR 7% 1)
KA G AGA R 7K AR AT A4 A i bk, 8644
R 430 2 MO RN T AME, B8 50 487
o K EAMEER Z, R B3 R R R
R SERE K AR AR T A R R R bR i, 2%
B[S/ S 1 N 1 O D | S B N L o O Y A
sinensis ) . H

( Cryptomeria  japonica  var.

( Phoebe bournei ) SR Fl /K IR R 2 29 A
G 24 AR 44 58, PRITVE TR K E AR A Y VL
B A2 ( Keteleeria fortunei var. cyclolepis) E. 600 4%
A AYORK BAR AR AT 2 3T 800 4 B EART K 1
ARLLIE 400 4F R IR 9 JE R ERD . /K AR EA By 1k 3
AU ik LSRR, A T B T AN
[N Bl T R S =9 Vs

(3) by Bk, oy BOMGE U5 T 3% [ B Ry i 2
7 1 N B A S e JE N T s R
IRBRMR S A7 1PN AU AR | e IDk I % 11 265 £ X
VIS 4 QUTE N TTE O AR B -3 B 1
A ol BOMECR A 22 BT FRE/N il pRep
HERAR Ih A B0 A Y B A R BTER Y
o, | AR Bl SO A2 2 0.52 hm?,
AR 8 BRI (7 BRMIAZ 2 BRI LLIAA (Pinus
taiwanensis) Fl 1 BREG L1 42,

(4)draE AR, b T8 S 8 EEAE Ll DX ERR A
N AT IE o T AR T P — R AR
BT NI S TE | 5 o S84 5% B0 B A ZE =R By A
SFUIREY L A BR R B D4R AT A BGE | R 2K
TR, B A I 55 S RIS TR Bt S A
— e, vt D s b — AN E AR S 2 A R
SEH AR /b P ) TE R RO B e
B — i, R E 3 Rl I 2 ——— Wy
" B HEEER Sy T TR EE S VY IR P J7 1], A2
P s BP9 )IA B A e 22 19 1 [a] /A A R 2
3000 m I 55 50 A 2 TR AZ | TR A SR
( Castanopsis eyrei) SFE TR,
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3.2 BAZEFAYH ST
3.2.1 HAREBHNTRARMEBESH

BRI AR ARGE TSR (£ 2) R,
RUKMATEA 91 #k, K& T 19 F} 32 J& 44 Fp (22
O R B G R BRI SAE, EEE
PIKTF 10% ; K OMA T K 31 %, K& T 10 B} 13
J& 13 B (A5 K2R 2R SESFREA LR,
HEHYIRT 10%; i BUMRATRAR 23 R, RET 5

*k2 HABMBAZERFIANEEE

FES)E 6 B (AR, &2 MR 2R B G
FERARSAEL, EEAEBI KT 10% ;& EMAA Tr A 95
R,EET 1113 )8 14 Fp (2R T2 BE R
R LB, EEAHY R T 10% ., #ivim &5
TRAR PRI 5 A 0 B WA EZR a8
B ERTAEY) , WOK AR 3 BObR K ARG SR o
KE®THY .

Table 2 Importance value of tree of sacred nature sites in southwest mountain area of Zhejiang Province

T ma o mozms 0| R g B moEmg TR0

KKK ZHF 1 5 3.89 HF 2 2 29.34
FERSAER} 2 5 3.88 AR 2 2 13. 16
FEIERL 1 3 2.28 R 1 1 2.04
AN 2 2 1 14.75 AR 1 1 6.52
MR 1 1 0.61 A 1 1 8. 69
K27 1 1 7.17 a1t 13 13 100. 00
e R 3 5 9.48 JHEZ€N EANTY 27 3 1 1 12. 41
NS 3 3 1. 66 LR} 1 2 38. 86
TR FE 1 1 1.12 R 1 1 25.45
PEHRL 3 3 2.20 AR 1 1 8.71
TR 1 1 1.10 Wt 1 1 14. 58
25} 2 2 2.80 At 5 6 100. 00
LR 1 2 1.12 HE A S 2R 1 1 3.93
R 2 2 17. 14 723} 2 3 26. 60
s 2 2 15. 88 BB 1 1 3.46
B4 IR 1 1 1.10 R 1 1 6.76
HomE 1 1 1.15 &R} 1 1 9.73
Rk 1 1 0.58 2R 1 1 1.39
R} 3 4 12. 09 PaL/N 1 1 2.01
At 32 44 100. 00 NS 2 2 9.31

K EBk Kk} 1 1 1.95 Rk 1 1 16.39
EANEY 27 3 1 1 9.48 i 1 1 1.57
S ENRL 1 1 14.18 Rt 1 1 18. 85
3R 2 2 12.74 At 13 14 100. 00
TR 1 1 1.89

3.2.2  ZRAERS BRI SR o M

MANTR] A AR 3558 2 501 vh I R 22 p P 48 Koo A
¥ )R (3 3) kFE , WKMIF AR Shannon-Wiener 24
PEHE %, Simpson Z2AE 145 40 Margalef & J& 415 %X
Hl Pielou $42) FEHRBCEUE i K, /K AR 4 Ti48 Fr 4L
{IENEAW; 7 V4 N (6 N =@ 2 = N o s
WL, KOKPRFIK DRI AR Z RN 5
3.3 BRAEEWHRPNE

vt AR R A KW R AR B TR
ERIAEYIRE TS A il 28 A BeE VU DR K
T RFRKIESEE R, PR AF T R BB 25 R
S0 M M FE Y B IR, 7 RE ( Castanopsis
sclerophylla) e 520l il Fy % 1 G A5 6 &, RAE

HIEAT ( Phyllostachys pubescens) W #l/E £ 22 i FF+
RN MR Y TR, 8% ( Castanopsis ti-
betana) .7 X ( Cyclobalanopsis glauca) 2% 5. ( Elaeo-
carpus japonicus ) FIE -5 5 ( Lithocarpus hancei ) 7]
DL FHVEFN R 75 4% ( Lentinula edodes ) 56 FH T HY « Bt
AR EREK (Symplocos stellaris) F-FiHn] FH T HI/E
AERR . EHEEAK (Pieris japonica ) F M-$2 HG AT FH 1l
YEARHR , /D AC ( Engelhardia roxburghiana ) 1
B A vl T W AE K B, At 3E ( Elaeocarpus
decipiens) ZIAifi ( Neolitsea aurata) A FIEHK; ( Po-
lygonatum sibiricum ) % A FHFIRITERATH07 | g Ui
i, J& Kb ( Houpoea officinalis ) F1 T 4R 7%
( Rhododendron ovatum) %5 ] - Fia¥7 IR E , Wi
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[¥E] 37 AR 225 ( Neolitsea aurata) Pl FHTIGIT H 9%,
TELGRZ B YRR, b dbE SRR T
ARZFER TRERA R, BA L uZ g
F G SR B AR R Y, JE AN | ) AR 2 E K )
AR AR, VLR R AZ SR WA s IR
HEAEW)  BRAY W42 (Abies fabri) W 7415042 WA
IR A 45 2 F AR A KA ( Schima superba )
PRI P 5 7K By T 2 B bRt BEL KR el ) X6 -1 8
PRI WA R AR SR A S AT S E S
2t MY

*3 ARBAZREFNNFARSEEIBHIHIRS
Table 3 Geographical distribution pattern of species biodi-

versity of trees in different SNS

%58 Shannon-Wiener  Simpson

M SRR SRR

Margalef Pielou
ERBEIREL B EARE

KKK 3.41 0.95 9.53 0. 90
JK LK 2.31 0.87 3.49 0.90
i B 1.52 0.74 1.59 0.85
AR 0.83 0. 85 3.01 0.32

ERAEPILASS Wi VE R A AR RSV 2 3h R
KAVE S i, 84 K D534 f 10 Fif
AEMESH AN 5 B ORBY LT, b BR Ak ( Macaca
mulatta) . F1 WS ( Lophura nycthemera ) 145 % ( Aix
galericulata) J& T FE 2 1 H i /4P B AR Sh ), B0
(Sus scrofa) | FF 1l IR 45 i ( Ngja atra) A by
(Zaocys dhumnades) 9% ( FE Z AT 0 A HE A SR
7 A2 E R ki A B A Sh W 44 s ) sk, 4 R R
HHP (P EEY R a8 7 KA E) T
HTESE(LC) BULAE (NT) ¥yl
3.4 BREEWT S MRS LERLE

WP R AR X (B S G SCA I S AR R
AR HHEZRE 2L, PERUK, FERAL, 40T 7Y
M 8 AR A FEIE 3 A A 10 FEIE UM T, HHA
ROMEEE T R0 b A Rk | JRE ] | T R 4
ARG B 3R TT DA R sl X)) - S
A LR Ry A 4t DA A IR St R A Je T RARER 2
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Opportunities, Challenges and Policy Analysis of Other Effective Area-based Conservation Measures ( OECMs)
for Biodiversity Conservation. WANG Lei, LU Xiao-qiang, LIU Li, MA Yue, HU F'ei—long(D , LIU Yan® (1. Nanjing In-
stitute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: Biodiversity is the material basis for human survival and development, and it provides rich and diverse food,
energy, medicine, and genetic resources for humankind. However, affected by anthropogenic activities, biodiversity loss
has become one of the most significant risks and threats facing human health and well-being. From the “Aichi Biodiversity
Targets” to the “Post—2020 Global Biodiversity Framework” (hereinafter referred to as the “Post—=2020 GBF” ) , the pro-
portion of protected areas has always been one of the most important and remarkable targets under the Convention on Bio-
logical Diversity. Other area-based protection measures (OECMs) is an emerging international important issue, which has
become an indispensable supplement to protected areas, and has important practical significance for promoting in-situ con-
servation and the diversification of conservation methods. Through collecting materials referring to the original proposal,
concept formation, development history, and research progress of OECMs worldwide, the differences and connections be-
tween OECMs and protected areas have been analyzed in-depth, and the challenges that OECMs face in the fields of scien-
tific basis, multilateral consultations, and capital investment have been revealed. On this basis, from clearly identifying
the necessity of OECMs, deeply participating in the formation of OECMs rules and standards, balancing the scientificity
and the effectiveness of OECMs, strengthening department planning and management, suggestions on the implementation

of OECMs are put forward in order to scientifically identify the measures in line with China’s national conditions, further
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support the achievement of the Post—2020 GBF, and also provide important support for the realization of protected areas

related targets.

Key words: protected area; key biodiversity area; effective management; mainstreaming
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Requirements for Reduction of Pesticides and Fertilizers under the Convention on Biological Diversity and the
Countermeasure Suggestions for China. LIU Xin'*>, WANG Lei’, HU Fei-long” , MA Yue®, YU Ci-gang’, LU Xiao-
qiang” , LIU Li*Y | ZHENG Su—ping4@ (1. Institute of Applied Ecology, China Academy of Sciences, Shenyang 110016,
China; 2. University of China Academy of Sciences, Beijing 100049, China; 3. Nanjing Institute of Environmental Sci-
ences, Ministry of Ecology and Environment, Nanjing 210042, China; 4. Cangnan Branch of Wenzhou Ecology and Envi-
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Abstract: The long-term and inappropriate utilization of chemical fertilizers and pesticides has caused a series of chain re-
actions such as environmental pollution, which has attracted the attention of more and more parties, non-governmental or-
ganizations and experts. As one of the important parts of the implementation of the Convention on Biological Diversity
(hereinafter referred to as the Convention) , addressing the issue of chemical fertilizers and pesticides has implications for
related issues in the Convention such as environmental pollution, agricultural biodiversity, sustainable supply chains, in-
centive measures and mainstreaming. This study systematically collected and compared the data of the current status of the
utilization of chemical fertilizers and pesticides domestically and abroad, sorted out the progress and evolution of the goals
and targets related to the Convention, and deeply analyzed the severe situation and existing problems in this field. On this
basis, the following four suggestions are put forward: (1) An ecological agricultural production system should be estab-

lished to achieve the three objectives of the Convention with balance, and improve the efficiency of utilization of the fertil-
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izer and pesticide; (2) The supervision system for the sustainable supply chain should be improved to reduce pollution and
biodiversity loss in the supply chain process; (3) Tt is necessary to clarify that China reached zero growth of pesticides and
fertilizers utilization in 2020, and there is no more subsidy policies that are negtive to the conservation of biodiversity in
this field; (4) Policies on control of chemical fertilizers and pesticides should be included in national agricultural
policies, and be combined with other sectoral strategies such as green development and circular economy. As the host
country and chair-designate of the Fifteenth Conference of the Parties ( COP15) of the Convention, China will take the
COP15 as an opportunity to achieve synergy and effective solutions to significant issues such as pollution, mainstreaming,

harmful subsidies, sustainable supply chain, so as to lay a foundation for the Post-2020 Global Biodiversity Framework and

provide valuable support for sustainable transformation of China’s agriculture.
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Table 1 Amount and intensity of global fertilizer utiliza-
tion
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Fig.1 Amount and intensity of global pesticide utilization
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Fig.2 Amount and intensity of chemical fertilizer utilization in China
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Research Progress on Promoting the Chemical Oxidation Degradation of Pollutants by Organics. YANG Hao'”,
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Abstract: The improvement of pollutant oxidation degradation efficiency by adding natural organic catalysts has attached
widespread attention in recent years. Studies have shown that organic compounds can accelerate the process of classical oxi-
dation reactions by promoting the reduction of transition metals or complexing transition metals, and can also activate oxi-
dants directly to generate oxidative free radicals. Based on the promotion of typical organic functional groups on the chemi-
cal oxidative process, metal-organic framework has been developed and applied widely. This manuscript reviews common
types of organic-promoted oxidation reactions and their mechanisms, so as to improve the chemical oxidation technology
and put forward some plausible advice.

Key words: organics; chemical oxidation; Fenton; activated persulfate; metal-organic framework
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HUANG %' B 53 45 e £ W 7E Fe™/Fe™ f 31
H Fe™ FRAE R AL HUR W L IR . AR $E = Fe™
W FCR I T AR I 5L H 3L (- OH) 1B
R, 3L 5 M S5 4/ 24 5 0 AR Ak R 1
AR B B AR E R LAY
T H A BRI B, v Fe™/Fe™ E 3R, M
hn [ i 2 28 /R FIALSI ULEL 1, 41 SUBRA-
MANIAN 4517 5% B 5L 2 B v] LAAE I ik pH 4%
AR E ISR R T Fe® /Fe JEARLE, INA
ML R R . CHEN 2558 BiF e 45 3 2 1 i ml
e E Fe® iR JF5RAL -+ OH f4F | % pH 4 5.7 i}
AR IS 88, FR AR R e 28k AL NO, il
N,0,

LR

SO,7/-OH e {5y

&AL Fe* ) (
Atk >< Fe* H,0,/Na,8,0,

1 ANYEESRENLREE
Fig. 1 Mechanism of organic compounds promoting

advanced oxidation

Py S FIR 2 Ak 5 W o Bl LA hn ik 25 i 48 Ak
MIRCR . AR BSR4 FRAS IR (O 28
X IR |3 e I AR TR B ) A S5 AR 2R AL RE T Y
S S WL SR R L A (ORP) 1Y 8 AL 48 7 4
MNMEAR R 25 57 BOIMA PLER ISR ORP 1H#
REAIS, Fe™ P BUA S A2 T Fe® /Fe™ (R RIAIR,
/D T BRI AR T T AL N AR A e A 2 4 A
RHOR ., By MR 2Rt 2 05 B AL & W L A4 1 o ) 4
fEr=4t 1 JIANG 851" % B oy R A 3K S AL
Hh ] PR 2R I O R ER AR AR i Fe — i T
EW 5, R REAEHE Fe™ 1) Fe™ e fb, PRI, %36
G YRR A RSO

A DL AL T 1 5 AE 1 BT AR A A R 1 B ARROR
SUN 25100 % SLPT IR I 92 ( AA ) FT 5 35 48 73 R Ak
(Fe,0,) F MM Fe* /Fe™ fHI, TN Fe, 0,/
H, 0, 74 5 X HIRE e 1) Ak 30 % , FEWI 46 pH H N
7.3 5AF T 200 Fey O AR BT 2500 48 fh A4
ZHIA 0. 1 mmol + L™ 4F2K "1 0. 1 mmol - L™
WEFIR)E, W H IS (MB) KB %M 63% 7 3
TNZE 79% M1 90% , Z W T INAANBESE it Fe, 0, %
MB FI R, 42 25 MB 7E i A 55 3R 18 09 Jy ok B2 i
REAZIE IR Fe, 0, %) H,0, ML/ iFRE ST, 25 H,0,
FIHRCR ik MB i RBR

1.1.2 AHLEEEFIR AR

A HLLS G 3R 0T A R kA U 4 JE A R R M A
B FULHE  JE R B S A AR S R Fe™ /Fe™
SRR R RE M, AT A HE () IR AR R A Ak sk
SR R A LGS A S I A R RS A
WRMESRIRIA G

JEFERR )2 AFAE T R AR KM | 4 3 it AR
T SR T A A BRI WL A AU A
SRR (HA) B BLER (FA) IR A9 " B
HAs il FAs TG %G 5 Fe™ | M T s 25 144 2 45
PRAEFRT0T R 4 SR 2 I, R [ vk R S A R A
pH 2 5 ~7 JEHE P (28) 2500 5 i AT B
PERCRY H pH /N B R A A B X (36) 2%
TS o TG BH S s e, R A — o W AE .
LIPCZYNSKA-KOCHANY %51 ff 5y 2% B 6 W 7] pH
M7 BZFHUAR R AN 3 000 mg - LTSS IREL fiE
RRFE 15 Y L BRACE 2 pH hy 3.5 B, 740
JEE A R R ST X [ i A B B, FA A 3R
PLZ ) LINDESY 252 5A hy J85 5 o 26 BR M pH 4%
AT X6 B e A R 3 LA S IS s K A G

Sy FIEEJR FLART pH JE 520 Fe— R BRI B A
RO EE R R, —§ pH At = P e A
i, Fe- FRIRISEE A FIHEALSCR B4 A7 R (CA)
JEH R IR SIS R 2 A7), AT, Y Fe
FICA 4 FEEJREE A 1 2 1 W, 52 [ Fe (Cit)]°,
[Fe(Cit) ]"Fl[ Fe (Cit) (OH) ] 3 b FE AL
K2 WA WIIRGE T Fe Fl CA 4> T BE/R L N
2: 2 EAW R AR Y 5 I TE A,
LEWIS 45 A se 25 S R 0, CA S ek i) 25
W ATAE S (pH K 6~7) S50 A 3 AK Fe* H
i, AN, CA Fil Fe 0 FEE/RIE M 1 2 1~4 1 1 Z[H]
BF, B2 8 4 F BE R L 25 BRI H, O, 43 ff 350 %, LI
DRSS B Y pH >S5 B, A R R AR kB
B RN Z5 A Z AT T = R 2,4, 6 — &R T (H
2 pH>8 B, A REZTE AR, TROVO %5 B
FEERERY], CA AR SR R Ge ik Y 4 K 3
Hk pH A%, LR fifk 0 3R 5 B ORI T 47 45 R R 4
WRUEE, 4 pH Ry 5~ 8 B, BUEIFER ( DCF) 766 3F
i A R A A B pHL 3G R AR

i CA 4,47 o — S8 BUR IR 2 K AR A HL 4%
BRI R B AT AE 3 Fe* /Fe JHFR | X AT 45 35 B
1R8BS TULHE, I QIN 2 & B pH<7 i, [
Fe™ /H,0, 2855 iA R i R L 2R R (PCA) WA %
Pt v Y R O fir TR (R B AR ASCR B A pHL T R T
FEAR ;24 pH=7 W}, PCA AN FHE 5 F B B A R
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REN S5 A 5T 45 R W, 2k & R (RA) 76 pH A
3~6 U [ AT LUK KSR Fe™ /H, 0, /R R 5T 2,4-—
S E AR pH TR 6.4 F1 7.2 1 fR ik
ARS8 E, B ARTS SR ML R
AT LAAESS TR R A 300 1, XA LG AR B
L3y SR OEINT V. o AR

RILR RN HA 55 1 45 A 66 77, BV 78 vk
pH 244 T BB IR R UTTE , o — 285 DL IR HLL%
BRI Z RN LR (EDTA ) 2055 R —Fh e
HRMRAK A, EDTA-2Na 5 Fe” JERAY 1 ¢ 1
FAHLELHR Fe* (EDTA) , HER T IE R Fe™ 2 575 [z
RS [] A1, 3 T 3% A6 R R T R R B R T A
H,0,™) B4 200 B 50 45 SR % W, 24 EDTA -
2Na 5 Fe™ (94> FEE/REE A 12 1 B, PR 1,2-
TR AR U, 24 EDTA-2Na kB — 2
WK B S A RS A B2 THAE - OH, {5
HEML, WAE EDTA-Fe’ —H,0,{K &, B EDTA
5 Fe™ i FRERIC(ERBI R 1 1~5 1) 4, fL4E
A G EARCR G TV, R AL I AS G A
BRI [ R SEAILH , [ B AEAE A rh AN S8k (4 55
W) R EZAAERY . ARk, EDTA o & 3
AEAIE i 25 A 4k a4k 480 W & IF 34 40 S Ak 1k R X
H,0, 3G e/ {0 EDTA X} 5 4 8 5 4 fE
J758 FLAE 0T R i 1 25, AT RE X IR BT 1 N A 52
w4 PR A ok 4R T AR A R Y EDTA AR
Az IS O I N N - 8
AR (EDDS) , Al LA[S,S1.[S,R/R,STFI[R,RHy
RUfEAE i [ S, SRR AT DL bl g 4 fk, HoA
2 Pl AT LS o 1 A M R AT ORAMA 4514
P2t EDDS /E R Fe B A HIM A5 pH JuFE A 3~9,
4 pH<7 B ,Fe™ ~EDDS E &Y =% LIFe™ -EDDS”
WAL 24 pH>T B}, Fe™ ~EDDS & &%) T2 L)
Fe(OH) EDDS* Fl Fe (OH), EDDS* J£ & 77 7,
HUANG %' % B, EDDS 3K 3l /9 25 i 52 i o, il
TEh VRS BRE S5 T - HO, 8% - 0,7 [ B 3R A A2 i
K EZFMIERE G HR AR, HAAROR T & TR
A, EDDS BERDREER O 47 0 AT B 3K i wT i ik
ALY A R SE A B, TR E Fe™ AT - OH 1
A, B LR (NTA) R R MR R L A
FRMA L A7, SUN % L BAE pH N 6 1%
T NTA BB 1) Fe 25 & 68 1, B HE H,0,4)
fif N 2, 4- —FER A LRI R RN B B2 —
Fe' —NTA 1A M 32 5 NTA 2 B
NTA 43 FH HA 1A N JEF, FEE A S T ml Bt
A=W KA, 5| S IR el R ARG s /N

AN, — LA N A LKA T PE A
B Fe® 255 AV HE H,0, 400 BE 1, Ho Akt
FEBRF= A FR 5L H A0, U H PEBE S M kb &
Ry A 0

A HLYIR SRR R A2 VR S L U 4
JEFPRA S, SRR ECUHIR KB pH A 5.5 &
4°F ,EDTA [NTA F1 CA 5 RE 0 ] 4 418 Ak 1) 25 25 0t
S A ML A, TR A R (TA ) BESE 04 HLA %
fift, HJEK AT RESE EDTA NTA il CA 5 Cu™ B9 %%
e, R W AGE, R Cu BT AN NS
H,0, Z [ A B, 1 TA B B & 500 8 5
P, DR LA A RS AR Co™ BN Cu®, Cu'
H,0, VARG - OH Az it , fi i HLT5 YL 4R
TR
1.2 FEAEmERRENAREIER

FETRIRRAR F 5L (SO, - ) By PDS 4% A 1k 3%
AR EA AL RE Ty 5 N T R e, B F
SFUAAAR 38 pH YR, BN A5 1R TRLRT ARk
ZEOREZ G, HAET, H HR PDS Wb R &
BALFERIEAL E 4 R (Cu Fe) 16 Ak B 16 Fl
H,0, %%

REAEIE (28) 5 4201k s 7 1) A AL A FE b B
LA B Fe™ 5B 11 Fe™ YLHEXT Fe™ i1k PDS 1K &
AR A R R I LET %6 B9 &
PLAA AT AE pH N 2.0~6.2 £ FHE#E Fe* /PDS
RA M EALRR, 465 g T #1  Na, S, 0,
NaHSO, NaNO, il AA 255 Wik JE 3 AL Fe*' /it —
TR ER (PMS) 5 Fe™ /PDS 14 £ 1k [ fir 2K F R 1)
KA, 25 SRR pH N 3 ZF T X B R A —
SEEE Sk SR, H T e A AR R SR A A, ek R
AA AL JFFRIGE SRR A X 455 . WP
e B B s AL SR M IR R 7E T pH<S. 6 B E8iE 3
FPL NH,OH B 4778, H 5 S0, M1 - OH 1Y
R HGL /N T HABE B, gL WS T AT
BLEE AR TA 530 J5 50 46 FR 8 e 43 S B 2 Fe™ /
PDS R R HXf Wy A B FE s i 22 5 S5 2R %
B E RN T [ 3 2R USR58 T R pH
TR, H22 I TE T 3R W 2 e HUk 3 S B fE R A
1M TA A AR A AR BCR . Fe™ T4k PDS A%
S0, ,S0," 5 TA J A4 WA HLik &9 A | 3
(R+),Fe" 5 R - W8 Fe™ #4101 58 X
FORE, K IR 0 SR Ak R, 3k 5 MINISCI 451 Al
LIANG 45 ff gy 4 i —3%
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A B HA 4 b 77 A A BE ) A SR AR
HE 5 558 & B pH R 4~8 25F T B FE R BE {2
T R T B T A By 11 2585, 1T pHL A 9~ 10 54 T I
AR 2 1 ) e e PR B 4B AL R . S AR R A 2 F R
A, AR R H bR TG ) 05 & LT o %
BTN | AR P 5 B PR G R 5 PR ) 2 ]
TR m—m VR RAR R 0 BT = S B, A
AR = B PR A AR B . Ko T il e HL A 4%
R C=C &, m-m fEHS C=C &&= 2RI
(R TEAE DG, DRI K 4 0 8 R O T A1 3 v i R 1
MR ALRE T, DERHIAE ™ ot 4 K W] EDTA 4§
2545 I I 2% FE AR FH A KMnO, 75 U0 R ik 15
AL A AR v AR 0 v TR A1 2SR 1) A7 T IS (] AE
K ARE MR , TSR Ak T B R A Y SR ARVE
YANG %5 i ge 4 R W, A 55 FRE (pH R 4.0~
6.0) ZF T, KBy 5 0 A (BPA) B & B2 £ 2 1%
R EATEMRIZON , bR B i L BR AR B BPA 4]
VR T I T 1G5 B pHL B = I S L (HAE 55 e
PE(pH 24 7.5 ~8.5) A5, 9 35 X v il R &k 11 e
sk SRR SR SR, BITE BPA 7746 45 1F T 41
RSz B (ROR I AETERT BPA 1Y B A R M
AT, WA P RV A D PR U A i
TR R AR B A B, T S A4 9 LR AT
SRR R AR R T RO R P E AR Mt B M,

MA S5O0 % B 1 4 A G B SRR IR R R iR
JIMICHREE (40 1 mg - L71) JE B8 S04 B 142 o Bl hr
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Fig.2 The mechanism of H,0,/PDS activation by organics
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TEWFSE AA T5 4L PDS I}, HOU 2§ % ] AA/
PDS % 2 [ fiff B 435 7 7 X HE B — %) PDS &b 14
A AA J5 R R H =4 S0, F - OH, BTEh7 i
WA B 29 %55 CAO 2510 JF 5 45 R AA/
PDS /A% pH Jy 3.5~12.5 i}, PDS T % AA 51k
YER, 24 pH>12. 5 if, PDS F B2 0% L VER

B2t PDS MG AL AT FH 5 223 5 By 3 S B, Y
pH & 8.3 B, H A KB il L 18 JiL PDS 7= A 164 A
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T4k PDS, 4k 77 4 SO, - #l - OH, 24 pH Jy 13
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FNE AL 8 E T R A E A T2 s
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T RS IS R PH e 1 i 0 ( 22 P i
LR T 400 F N-2FR R HE N R R4 2 g Tk )
BRI A RS PDS, vt BH B8 3R 1 T R V-4
PR FETA e R S 2 Tk =% B0 A sk 0 T A s R,
TERRPE S R AT AR B - OHL, ERRIE FBs b 45 14 T 44
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YIBHE 7 AIe ik B A5 ) . R 1 Oy BB LY A
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Table 1 Chemical oxidation degradation of pollutants by organics
AR AR AL (o) JRE pH Hbri 49 (p) SRR
LWk XAEZE Hy0,(30 mmol - L7') (Fe (1 mmol + L7") A% 3 ZFH B(2 mmol - L") [9]
& (S mmol - L71)
TR Na,$,04(0.5 mol + L") FAE (1 mmol - L") 6.5~10.5  A43E2E(1 mmol - L") [81]
AA H,0,(1 mmol - L") AA (0.5 mmol - L™") 4 1B (20 mg - L) [13]
Fe;0,(1g- L")
Na,$,04(40 mmol - L™") 1 AA(1.0 mmol - L") 7.2 TLAM (10 mg - L) [80]
I FH I B Hy0,(130 mmol - L™) [Fe* (30 pmol - L") Al 5~7 (25 pmol - L) [15]
HA(50~100 mg - L")
H,0,(50 mmol + L") \Fe?*(5 mmol - L") Fl HA 6.5 15 FA LY [22]
(10 mg - L")
BRI CA H,0,(50 mmol - L") [ Fe** (10 mmol - L") Fil 5~7 2,4,6-=& M (1.5 mmol - L") [30]
“Y CA(10 mmol - 11)
H,0,(12 mmol - L") Fe*" (1.5 mmol - L™') I 7 ZHEZK(1.1 mmol - L) [84]
CA(1.5 mmol - L")
WETH  Hy0,(160 mmol - L) il Fey0,(1 g+ L) 7.3 EFAEE (MB) (0.1 mmol - L7')  [14]
JFLERR  H,0,(8 mmol - L™1) Al Fe** (0. 1 mmol - L") 3.6 FR B (0. 11 mmol - L") [32]
HIRIRYE  EDTA H,0,(3.0 mmol - g™') \FeS0,(0.3 mmol - g™") — #(10.1 mg - kg™ ) F1,2-2450 [41]
] #1 EDTA-2Na(0. 3 mmol - g™") (514 mg - kg™")
H,0,(20 mmol + L™') [ Fe** (500 wmol - L71) #l 7.0 LA LE(10 pmol - L71) [37]
EDTAS00 pmol - L7")
EDDS H,0,(5 mol « L") il Fe** =EDDS(1 mol - L") 6.2 Y A(20 umol - L71) (4]
NTA H,0,(100 mmol + L") [Fe;0,(1.0 g - L") I 7 VG- (63.5 wmol - L71) [42]
NTA(0.5 mmol - L")
HoAtb Fehi H,0,(0.4 mmol + L™') [Fe*(10.0 pmol - L™')  2.0~5.7  HEHIFZ(40.0 pmol - L) [8]
F1I NH,OH(0.4 mmol - L")
X 2R i JEBRERER (5 mmol - L) 7.4 PCB28(0.5 mg - L") [75]

3 £RE-AIUEREMBIHELIER
ITSEAE 4@ A HLREZE (MOFs ) A1 B2 2] [

HNEZTIZ S MOFs J2& H A HLBL (4R 42 )
T B AT o A B A AURE R oA a1
ZEBE Y B ORHET AT AR Sy i 4 AR R R AR,
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MOFs 454 T A LY ALY 9 I0 R RedE, LAk ke
FEH TR A A R L B T A5 MOFs #1 8
1) 4 8 1 P 2 2 B R BILTE MR ) e B 22 B
KTl MOFs #4860 EL A 1R 2 P 345 RTARe A s L 3R
1, AT L5 A—NH, .—OH FI—COOH % B fE [ &=
MOFs A RHLZ T, vl 4 )8 B 7 57 L E 8
(R RIVE FEA T BE 4%, v ST IS A 0B M (L
HA R TERE™
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BRHE MOFs A ORHR f 4k B sl e 5 MLIRL A
YL ) Z FLAE RN s 4 SR B A A HLED
IR S5 7 AL MOFs 1 Fe™ /Fe™ 5 i iR | 11
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WXL PR e ) I P AR A LS Fe® B A R A
J1, WU A L Bk B MOFs M k& 7 3z A Bl
B A0
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A Je . GAO 45 L 2,2/ ~Jkm g -5,5" - —
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) - OH 22 415 T2V R M RCR . LU 255 ige
Fe® @ MIL—100( Fe ) 225 A Ak 751 B figf 0. FHY 32 % 11
BRI R B A L MIL-100( Fe) il Fe, 0,
Fe™ @ MIL-100 ( Fe ) 2¢ 31 tH #5751 A0 25 di R Ak fik
Fe** @ MIL-100 ( Fe) ' Fe* il Fe’* B FX} - OH 1Y
P EAA P RIE T, TG 2E SR AL KR
3.2 $EEFEE MOFs L1
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MSM) , 5% ] Cu-MSMs HEAL Y 5 T 200 4 22 55 4l
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S RLE A H,0, 76 Cu—MSMs H 828 Cu™ $41L K
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5% PHT H1 DP 43 5 A 15 0 B 24 v ] 4 m) Lo B
£ Cu—MSMs £ i I, 554 Cu® %5 IFF U i
B ZEA Y LS H,0, M EAE IR Cu® i
JE N Cu*/ Cu™ 3, B = 80 ™= A= - OH, i iF A
DIREE Y153

ity B — ol UL S R 20 AU R T R R A
fL H,0,, PDS Al it 4 5 i BR £h 2 A 1k 51,
RACLES %" fE IR 5 T 43 #I LA Cu ., Co #1 K}

HHUT 2 Flt MOFs #4802 H, 0, H B i 8 20 Y
BEMIRZL (CR) , 45 R R BITE SO 30 min J5 b 5L
MOFs # BF X} CR ) B i 3508 18 90% , K F 4 5
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3.3 %1% MOFs &A1l
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PR izA R S P B BT W B R ROR . R
ASEIFWUR B R H, 0,0 TR T 5 Fe Bl
BI7K AT F, AR Fe™ —id S AL P 45 5 W BE 15 A 1
- OH, A}, fE AL 3] B Fe® B H, 0, 30 I, A4 i)
HOO - 5 - OH B/ O,, HiES 5% F1I B [%
fift, ARV 45 R IIAE pH N 5 &IF TR, R
% 20 min B} MIL-101 ( Fe, Cu)/H, O, & & X} 20
mg + L7 B A 23 B R 1009% , F5 Sk i) MIL—
101(Fe)/H,0, 1 H,0, /3 Bl 42 55 43. 1% 1 88.9%
IEH T Cu™ B 245 A T8 TG A7 5, Ca®/
Cu' Al 5 Fe™ /Fe” fEAPIA = A2 £ - OH LIRS
FITTUR AR AAOR

4 FHit5RE

FATRIE WAL LM A R RE
ALY AT e B O g kI 45 o U
Jg RO AR SR SR AL PDS
PRZ A R A BT A AR pH S TS L T
R e AR AR ) A0 2 B e R R A SRR e,
FR R | B AR BRI A LY ] B TR AL H,0,/PDS
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Spatial and Temporal Dynamics of Urban Build-up Area in the Core Area of Guangdong-Hong Kong-Macao
Greater Bay Area Based on Nighttime Lighting Data During 1998-2017. LU Yong-quan' , XIAN Yu-yang' , LIU Gui-
lin"*" (1. School of Geography, South China Normal University, Guangzhou 510631, China; 2. Guangdong Provincial
Center for Smart Land Research, School of Geography, South China Normal University, Guangzhou 510631, China)

Abstract: With the progress of urbanization, urban expansion has exacerbated the contradiction between human beings
and natural ecosystems. Thus, optimizing the urban spatial pattern has become an important measure for the sustainable ur-
ban development. Based on DMSP-OLS and NPP-VIIRS nighttime lighting data, the urban built-up areas of the core area
of Guangdong-Hong Kong-Macao Greater Bay Area (GBA) from 1998 to 2017 were extracted. Then the GIS spatial analy-
sis methods and a series of urban expansion indicators were employed to reveal the spatial and temporal changes of built-up
areas of the core area of GBA and their driving mechanisms were quantitatively analyzed. The results show that urban built-
up areas in the core area of GBA generally showed an upward trend while the rate of expansion showed a significant down-
ward trend. Overall, the closeness of the urban built-up area in the core area of GBA decreased with time and the fractal
dimension basically remained unchanged despite the fluctuations. During 1998-2017, the expansion of the urban built-up

area in the core area of GBA spatially showed a "

northwest-southeast" direction. Meanwhile, the center gradually moved
towards the northwest. In addition, the urban expansion pattern presented a diffusion-condensation-diffusion oscillation.
Physical factors and socio-economic factors had obvious correlation with the expansion of urban built-up areas while their
influences varied within different periods.
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Table 1 Standard deviation ellipse results of urban built-up areas in the core area of GBA
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Remote Sensing-based Comparative Study on the Urban Ecological Quality between Chinese and Foreign Megaci-
ties. WANG Mei-ya', XU Han—qiuz@ ( 1. School of History and Geography, Minnan Normal University, Zhangzhou
363000, China; 2. College of Environment and Resources, Fuzhou University/ Institute of Remote Sensing Information
Engineering, Fuzhou University/ Fujian Provincial Key Laboratory of Remote Sensing of Soil Erosion and Disaster Preven-
tion, Fuzhou 350116, China)

Abstract: Megacities are likely to have more significant impacts on regional ecological quality than smaller cities and
country areas. Owing to the complex, potentially nonlinear relationship between urban ecological systems and biophysical
surface components in megacities, selecting the right quantitative models to evaluate their urban ecological quality is not
always clear. Six typical megacities inside and outside China ( Beijing, Shanghai, Guangzhou, London, New York, and
Tokyo) were taken as examples. 7 ecological indicators, including Air Quality Index (AQI), Road Density (RD), Eco-
logical Connectivity Index (ECI), Wetness, Greenness, Dryness, and Heat, were integrated to a new model named as ur-
ban remote sensing ecological index (URSEI) using principal component analysis. The URSEI was used to quantitatively
evaluate the ecological quality of Chinese and foreign megacities. Results show that London had the best ecological quality
(0.542) , followed by Guangzhou (0.533), Beijing (0.517), New York (0.511) and Shanghai (0.495). Tokyo had
the lowest ecological quality (0. 445). Comparing the 7 indices within the URSEI, the ECI, Wetness and Greenness indi-
ces had positive effects on the ecology, while the AQI, RD, Dryness and Heat indices had negative effects. London and
Guangzhou had high ECI and Greenness values and low AQI, RD, Dryness and Heat values. Hence, they had better eco-
logical quality than those of the other four megacities. According to the spatial distribution of the URSEI, urban centers

that were covered by high ratio of impervious surfaces and low ratio of vegetation had low ecological connectivity between
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the ecological land patches and had severe heat island effects and air pollution, which resulted in poor ecological quality.

Areas covered by large amounts of vegetation had high Greenness and ECI values, and low Dryness, Heat and AQI values,

which helped to improve the ecological quality. The URSEI can be used both as a quantitative indicator to describe the re-

gional ecological quality, and to describe the spatial difference in the ecological quality of megacities.

Key words: megacity; urban remote sensing ecological index (URSEI) ; ecological quality; remote sensing
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B FEANIE KT AR 25 B2 AN 385 7K T R0 LAt H B ) 2 K
X, B, T R/NFE TR IR B AL RL, DL 69 1
“UR” LS T SRoUL S B Ay B g T B B A 5 e 4 £
(barrier effect index, BEIL, I, ). SRJ5, DLA= 25 M
YR B RS W F8 5 BEL M BH 1, o F 5 2 Rl
S eI 3 Fof e A 46 8 ST B 32 4 2 v Al ) B
Jy200 ARSIk TT AR ASE HE ECT NS,

BET 5500 AN 375 7K T8 45 B A 288 28 o) A8 7K
ARS8 A 25 b R e 22 (1) ST 30 485 A4 B 3R 1% REL PR 2
BEO5 T R 7 A ) R A B e /N 2 B 1Y
W X EE I R A R,

Y,=b —kn [k, (b, —d;,) +1], (2)

L, = 2V, o (3)
H(2) ~(3) W, Y, HE s Fh AT 4 BT 7 A B B 4K
N ;b N5 s FRERAT SR AR R 8, HAH S
BRL27 ] sk 0 dey, 53 ) S AS [ B R A TR0 50528 ik R K
PRSI B d, R 38 2o i/ INFE 9% R B R T H 3 1Y
e/ INFESRIES  my n B AS2EALAFP ISR, 15 AT
F¥IX BEL 18505 , 3T a5/ NFE SR HE B A A 3R 2
HEREE ECT, Ha B ARy

d, = id”. , (4)

In (1 +d.
[EC,i:10_9¥O (5)
K(4)~(5)H, d, B i NMEITENA A2 Y S
FERIEES ,m; d, WS i NMEOCEEE r RS HI LT
FEFREE RS ,m; d,, WWFFRIX R IC R A4 S Hb

FEDR IR B 0 B KAB, ms I, WA © MR IC I A 8%
FERE . ECT B Ry, 2 W2 DX Sl 2 25 1 el 3 e 1] 4
FERE BT | AR T R AR SR

(4) FRRE « SR FH 20 722 4 (R0 B2 0 B (W) R 3R
RS R AR

W =0.151 1p, + 0. 197 3p, + 0.328 3p, +

0.340 7p5 = 0.711 7p, — 0.4559,, (6)

K (6) H, p, ;05040505 F p; 73504 Landsat
OLI S L B Y S 4%

(5) &R 06 A — AL HE BEAR K NDVI SR ERR
Hatm A

Iy = (Ry, — DRE)/(R\I + DHE) o (7)
(7)) H, Ry M Dy 73 I AN LGB

(6) T E . T E 845 (normalized difference built-
up and soil index, NDBSI) R #3588 (SI, 1) 5
BARB(IBL, 1) R LR AR A
B2 W)

Iypps = (Is + 1) /2, (8)
Iy = [(ps +py) — (p, +P1)]/[(p5 +p;) +

(p4+p.)] , (9)
Iy =

2p5/(ps +ps) = [ps/(py +p3) +p/(ps +ps) ]
205/ (ps +ps) = [po/(py +p3) +p/(p, +p5) ] 7
(10)
K (8) ~(10) 1, p, \p,.ps 04 Fl ps 53514 Landsat
OLI #4825 2.3 4.5 .6 BT
(7)FE . R HHL 3R IR BE (land surface tempera-
ture, LST, T\ ) 7, b 2 Y B 2 38 R FH B3 3 55
P AR AR
T = Ky/In (K /L + 1), (11)
Tio =y[e " (Yl +,) +b3] +86, (12)
A1) ~(12) 1, T, LGRS E, K K, R K,
IIHREL AN BOE VR AL, W« m™ « s o um ™l
KL, MR ANE BARIE, W - m™ « st - pm ™'
vy K18 435 R 3T Planck pREL) 2 NS E e i
ARCHRIR sy, B s R AR B PREL
BERUF EE . R 32 1435387 75 (principal com-
ponent analysis, PCA ) ¥4 #£ 3% 17 4= 25 97 #y 8 & 48
BV B ERr (PCL) R KRR B b A R T A5 AR
AR, TTHPER G LA L 7 AR & H 3 URSEI
B HA R AN
Ligsy = PCLLS (Lag, Dys Lyes Wy Lys Inons,
Ty ) Lo (13)
SR AR E AR B, SE T 1 % PCI
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2, M BIEANE 1 G 2 An, LT R 938 A
AT TE URSEL f85hHEA 43 6081 3 F1 4 7, 7
RSEL $850 WIHE# AH I, 4300 4 Fi 3 47, LRl
AU A S R AE URSEL 5 50hHER 23 BIAi 41 5
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fii, #E—%} L URSEL 1 RSEI %48 Ar B {E 5t 1145
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Fig.2 Comparision of URSEI-based and RSEI-based ranking results of the 6 megacities
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Table 1 7 ecological indicators and URSEI results of the 6 megacities
. L7 URSEI

FRFEIEAQL B RD AR ERE ECI {2 Wetness 4 Greenness T Dryness U Heat qAL

dent 0.527 0.285 0.343 0. 671 0. 684 0. 595 0. 446 0.517
¥ 0.508 0.289 0.367 0. 650 0.576 0. 596 0. 467 0. 495
Ll 0. 468 0.257 0.390 0. 687 0. 589 0. 566 0.418 0.533
g 0. 408 0.253 0.432 0.615 0.614 0. 498 0. 430 0.542
A4y 0. 391 0.374 0.313 0. 646 0.579 0.587 0. 452 0.511
R 0.423 0.336 0.328 0. 647 0. 581 0. 705 0.451 0. 445

R2 6 /MBAUT RSEIEHITM1ER Freg s, b at URSEL PEM HE4 8 RSEI A 42

Table 2 4 ecological indicators and RSEI results of the 6
megacities

bR .
4 - P RSEI
bl i piTg5n E2dEs T U Sy
Wetness  Greenness  Dryness Heat
Lz 0.618 0. 663 0. 589 0.532 0. 492
L 0.633 0. 535 0. 583 0.573 0.453
J7IN 0. 687 0.519 0. 586 0. 468 0.515
¥ 0.584 0.614 0.501 0.522 0.528
A4 0. 629 0. 544 0.520 0. 454 0.514
Kl 0.656 0. 642 0. 699 0.557 0.478

AL RSEIL 8 %4, URSEI WEM $8 AR 38 I T2 R
JoT R E B D R AR AR R T 3 MR bR, T 3
AR — 0 T BE M52 e R T A S A
A6 T T A T Y % D) 285 BE IR T A 2, LS GE ) R
FHR A S = T A2, BAR HGR G w7 F B9 &
A ETE I TAL  (HHAT AR, 23X 3 M8

Th AAHEAA A T T B, R B e A ) 6 I %
ERT A S, BREmAEMNAEREZEE S TR
o AR AR B S R R R R T AR,
AH A R AR, 23X 3 MG m, 1k
URSEI ¥E# HE 4 % RSEL A T2 7F, R st HEZ W R
K. FHUCTT UL URSEL 48 5000 A 28 B i V410 48 b fig
AT M S R T AR AR 25 5, IR OE DA 1
URSEL 45 B06 8 K3 it A= B ATV
3.2 URSEI 3 E# 7 MEtrRBELER

& 3 S 6 T URSEL 45 %% 7 48 b I 8 45
o 3R 3 A ERS 5T IETHEAR B FEARAL
FEMAEEE, RE 3,7 MRS 1 E5
EH 5 25Tk RAE 70% ~ 85% Z [i], PC1 A L% K
TR AR WA A8 A5 B GEit R L AR AR 43
ghEHL B 2 F R4y PC2 BEUF 2 TR 7% ~
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11%,%5 3 sy PC3 KRBy 22 sk 4L Hh 3% ~
7% ,PCA~PCT BRI 22 5Tk KRB /N T 5%, PC2 ~
PC7 BBUF Z5THR 2 A /N T4 1 F 4, ik,
A PC1RHE A R AR PR R G 7 AR AR AR
. XN FEFEFR Y PCL 855 7 LB

ECI . Wetness 1 Greenness faf 2% {H 3 H 1E{H, 3 & Xt
AR R IE M AE A, T AQLLRD | Dryness il Heat
A S T, B A0 A 25 o ke A X
SHmASERASRF . X PCL faf 8 m i K1
ECI 11 Greenness , faj 2 {H¥ KT 0. 45,

Bl ki Il

e EIES Al

1 I =

B3 SRR 7ANMESERRERE
Fig. 3 Maps of the 7 ecological indicators maps of the 6 megacities

T A IR oA (18] 3) 5 i, 6 NI
ARG b3 5 B AN R 1 25 (e AR B . g 181 3 /]
RIS HAS IR AQUIRHR( BT 3 (a) ), ST ML B4 55
FRARAY X I 2 75 Yo 0 W] g 1 Sk st 4 v o3 A
X, X RD 4845 1E 3(b) ), A28kl P daE
P28 R 22 SRS B e AR A, AR EC ISR 3
ANIRTT, AE T LR M SR g 0 s R 3R B i A
SiR 19 22 S, B0 ) R g (L B R PR i, IR (ELIXC

B2, XHECT 2 M 3(c) ) ,6 MRS
JE 7KV B v P DX 32 A7 T 38 ol i DXk, 4 3R R
HE B 0 A R o A 285 35 R T 4 DX 2 A7 Tk
T AN K 25 AR 1 DXk, B R A7 1 4 48 3%
T, Horb ABSURA Ry % 4 B 1 B e AR K
FHA IR T, T2 2 AR 3% B X O A e T, XL
Wetness 845 [ Bl 3(d) ], I b A v 73 A1 14 IX 55§
R T R BRI AR L AR 0 A X, U DAL 5
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537 &

JINFNAL 2% L fe B S, B T S 208 B HR A A
Pk, XT L Greenness 845 (B 3 (e) ), dbmt )M |
TS A RN AR S A Ik i ) 320 B A R e T
RIULRM T AE 39 T 0 DX, 48 S0R ) M A o 2
i B LU LA T 5, 2 29 F0 2R Ak 7 5 R DU B
T HAIETT . XF EE Dryness #6845 3(f) ), A i
KT 35 4 3 AT A3k T O OB, T EEdR AR W B v T

#x3 WRKX URSELIEH 7 M ERERSAWMER
Table 3 PCI results of 7 indices of URSEI

FI AR i b DX, JE AR S AN 328 7K T 7 i R I
i TSR, HAs (8] 704 1225 AP, X Heat
EARCI 3 (g) ), Sl sl S0 8 4R DX B W] 2 v T
KA LRI XS, 6 A, RABER
FA g el DX, {ELI ™ PH R 20 e T R ke P Al
o, R e il R R MR

et sehn EEFE RS A T35y E2dEs T g N YiE
R =2 AQI RD ¥ ECI Wetness Greenness Dryness Heat LA/ %
b FRbRE 0.527 0.285 0.343 0.671 0. 684 0. 595 0. 446 71.5
XFPC1 figkfH  -0.356 -0.324 0. 585 0.179 0.519 -0. 163 -0.313
i FRbRE 0.508 0. 289 0.367 0. 650 0.576 0. 596 0. 467 70.5
XFPC1 ffgkfH  -0.290 -0. 306 0. 508 0.248 0.375 -0. 385 -0.462
Il FebRE 0. 468 0.257 0. 390 0. 687 0.519 0. 566 0.418 75.7
Xt PC1 migkfl  -0.277 -0.198 0. 555 0.214 0.599 -0.219 -0. 351
B FebRE 0. 408 0.253 0. 432 0.615 0.614 0. 498 0. 430 72.6
X PC1fEk{E -0.336 -0.217 0. 566 0.223 0. 595 -0. 187 -0.284
L] FebRE 0.391 0.374 0.313 0. 646 0.579 0. 587 0.452 80.2
Xt PC1 fmizkfl  -0.257 -0.181 0. 497 0.188 0.589 -0. 466 -0.235
ARt FebRME 0.423 0.336 0. 328 0. 647 0. 581 0. 705 0. 451 84.9
%F PC1 fiZkf  -0.205 -0.290 0.517 0.205 0. 561 -0.388 -0. 186

3.3 6 T URSEI $5#1 4 R XTI EL 47

i #F URSEI #% % 2 3 15 2] 6 A8 K Ik i
URSEI AR (1l 4) , URSEL Y{E #4521 (%
1) 28,6 IR T URSEL 48 5034 43 4 76 0. 445 ~
0. 542 X[HVEFE P, A S 893 b 58, Hir,
&5 URSET 48 508 f e , Ui I He A= 25 0 1 dic i,
YT M AC T AL i, 455 URSED {H i I,
RIAR i AR A i e 22

Xof AR 25 B B A AR ORI TN S5 A S
B2 MR SR 1R URSEL #8845 bRt R B0, 16
FORT M URSEL #8545, % Az 25 i 8 1 1) 7 A9
A ST NS B bR (B B e, N A A BT R A7 )
YRR 23 5T 18 A0, 6 D0 285 32 | T 3 RN B BE 4 A
(R, (A3 2 AN 0T A 28 i 4 T LA I Tl
BRI OB EEFE I T HAB I T, HE X PC1 5T
BREEA B HoAth 6 M EHR, R 50 URSEL $845 %A=
A5 0 R A 1) 1 FH 04 A 265 3 4 B R 2 S 4 B A X
AR, R A 285 5 S 7 1) 1 ) 8% X 9 B LT RE
BB = T LA T, B AR L B AR A (3
o, AEL N B 3R AR X PCL R BTk B B DN, il AR
URSEI 18 5U{E A%, ¥ URSEI #5845, X AR 2 0
SRS I [0 FH Y AR A R B R AR AR X HRAIR

o A 28 e 071 ) 1 FH A9 25 A A T R
FEFRARELA, FAR FLWE B 8 A (E 55 s, o6 I 8% B {EL
B H3X 2 NEFRXT PC1 A ST MR BE B/, (45 H
URSEI {H 51K,

itk —2 50 Hr URSEL $8 50040 361 6 N8
KT URSEL{H LA 0.2 R [RIFE R 3 1 5 9%, 1~5 9%
SRS 2 B2 A RAML S NER, St
BRI BT 5 L E (K 5) . BRRE, % Ik
AR ARG R A 5 2 0 22 DX ST R o 45 T
SRR 60% LA I, B 53k 82% ; A= A5
FRL B X 8 FRAY 15 20% ~35% , % HE A [R) 8 TH £)
SRV UE I, R R ER A ZE R
X 3l T AR BIT o b e, 3R B 81.90% , AR Ry L
(78.66%) , A2y QLI AR, HEREE 70% , i
AR (63.79%) , BBERFHNIFR M X
AR L o, N 36.21%, HE W R T M
(31.71%) b 5% (31.23%) A 29 (29.51%) F1 | i
(21.34%) R 5 A%, M 18.10%, bl DL H
R E R GG R A | 22 TR 22 DXl i AR o bL g
L S EG LA R X R A, R A
BRI Rz, REESFHRRMER
DI IR b d i, AR S SR O AR 22 R 22 1Y
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Fig. 4 URSEI results of the 6 megacities
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Fig. 6 Distribution map of URSEI-levels of the 6 megacities
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Study on the Spatio-temporal Changes of Oasis Land Use and Ecosystem Service Value in Jinghe River Basin. WU
Zhao-peng'* , ZHANG Jin-yan', WANG Juan-juan', LU Si-yu', LI Bin-cai' (1. School of Geographical Science and
Tourism, Xinjiang Normal University, Urumqi 830054, China; 2. Laboratory of Lake Environment and Resources in Arid
Region of Xinjiang, Urumgi 830054, China)

Abstract: Land use change can directly affect ecosystem service function and ecological security. The quantitative evalua-
tion of the eco-environmental effects of land use change at the county level can provide a scientific basis for the rational de-
velopment and utilization of water and soil resources in the oasis of Jinghe River Basin. Three phases of images in 1990
(‘encouraging land reclamation) , 2000 (implementing ecological protection) and 2018 (after implementing ecological pro-
tection) were used to calculate the land use types and introduce the method of echelon ring to analyze the ecosystem serv-
ices value. Furthermore, the eco-environmental effects of land use change were identified by using the eco-environmental
quality index and the ecological contribution rate. Results show that: (1) From 1990 to 2018, the land use in the study
area changed significantly. The total area of construction land, cultivated land, water area and grassland increased while
the total area of woodland and unused land decreased; (2) In the past 28 years, the ecosystem services value in the study
area has changed greatly. The trend was to be decreased first and then increased. The overall ecosystem services value in
2018 is better than that in 1990 and 2000. Based on constructing a gradient loop which took the city as the center, the spa-
tial characteristics of ecosystem service value were analyzed. Results indicate that the ecosystem services value of the
southern parts of the study area was higher than the northern parts, and the high value appeared in S5-S7 echelon ring in
1990 and 2000. While in 2018 the ecosystem services value of the northern parts of the study area was higher than the
southern parts, and the high value appeared in N6—N8 echelon ring (48-64 km) ; (3) The eco-environmental quality in-
dex of 1990, 2000 and 2018 were 0. 147, 0. 120 and 0. 194, respectively. The main reasons for eco-environmental degra-
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dation were land desertification and the transformation of forest and grassland into unused land, and the main causes for the

improvement of eco-environment quality were the transformation of land use from unused land into forest and grassland and

the restoration of Ebinur Lake.

Key words: land use; ecosystem service value; eco-environmental effect; Jinghe River Basin
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Table 2 The relative ecosystem service value and the eco-
logical environment index of the study area from 1990
to 2018
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Table 4 Ecosystem service value of land use types in the
study area from 1990 to 2018
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Fig. 4 Ecosystem service value of each echelon ring in the study area
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Diversity of Wintering Waterbirds in Tiaozini Wetland of Dongtai and Rudong Wetland, Jiangsu Province. GAO
Shuai' , LIU Wei* , ZHANG Shuai' , YI Jian-fengzoj , WANG Zhengl@ (1. College of Biology and the Environment, Nanjing
Forestry University, Nanjing 210037, China; 2. Nanjing Institute of Environmental Sciences, Ministry of Ecology and En-
vironment, Nanjing 210042, China)

Abstract: The Tiaozini wetland in Dongtai and Rudong wetland are important nodes on the East Asian-Australasian
Flyway which serve as important stopovers and wintering sites for waterbirds. In the winters of 2017-2020, the diversity
and habitat utilization of wintering waterbirds in the Tiaozini and Rudong wetlands were surveyed by a sampling method. A
total of 52 species of waterbirds were found in the two wetlands, belonging to 8 orders and 13 families. Specifically, 42
waterbird species from 8 orders and 12 families were recorded in the Tiaozini wetland, and the wintering population of five
species in a single survey exceeded 1% of their global populations. In addition, 43 waterbird species from 6 orders and 11
families were recorded in the Rudong wetland. The wintering population of three species in a single survey exceeded 1% of
their global populations. There were no significant differences in the species number of waterbirds, number of individual
waterbirds, or diversity index between the two wetlands in different years. The waterbird density of the Tiaozini wetland was
significantly higher than that of the Rudong wetland. Ponds and tidal flats were the main habitats for wintering waterbirds.
The species composition, community similarity index, and diversity index of the waterbirds in the two habitats of the Dong-
tal and Rudong wetlands were different. Some reasonable suggestions for the protection and management of waterbirds and
their habitats are put forward. Enhancing active waterbird monitoring should play an important ecological role in the protec-
tion of East Asian-Australasian Flyways.

Key words: Tiaozini wetland in Dongtai; Rudong wetland ; wintering waterbird ; diversity; habitat utilization
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Dongtai and Rudong wetlands



<1178 - 4 SN

5 & K W K o

537 &

2.2 BRSO

SRR RGN - WAE O E 5 2853 2K 5 40 A
ZsEY ! SRR (P) IRIE AR S R
FEBCE I B E, 2 P < 1%, R IR Y
1%<P < 10% I}, 75 WAl 24 P>10% I, S 1 3
R SREERE (D, - hm ) AR D=N/
mr? o N RE e SR B S B, Hr R
E2E42,10° mo R Shannon-Wiener 22 ¥ 1435 %%
(H') \Pielou Y2 FEH8%(J) Fl Simpson fL % B 5%k
(C)THRK SRR ZHME R H Sorensen A IR
(S ) RABK SR ARRIAE " 1 J.C RS
HE YW i)

H =- iPilnPi, (1)
=

J=H/InS, (2)

C=1- iPﬁ, (3)

S'= 20/(1;1))0 (4)

x1 FEFFRMMFREHAK S YFhERK

K1) ~(4) S HEKEGE; P, | Fh S 2R H
FEse 2 DREE LA YR E 0 F1 b 530 B A
B YIREL,

B AL SE T 5r Bk H SPSS 20. 0 Bk, B
A TE ARG — 2P G2 A 0 HiF, SR - Kolmogorov-
Smirnov J7 AR IR A HE 2 B AT A IEA SN, SR H$
A2 77 7% (one-way ANOVA) 7M1 4 &5 5 FUe Flin 4=
MEHL 4 a [8] SEF0E BUa: B M 2R 25 5%
FARPEGE THE - B E HhR R R R, 3 MoK
B Ha=0.05,

3 HRE5SM

3.1 2 AbiR b & ok 549 Fh 4 BY

2017—2020 4E4 2 7R 65 45 U Rl 0 7R 0 i 2
IO KS 8 H 13 B 52 F1 71 707 H, 2 AbiEHb
B KRN 33 Fl, /K5 Sorensen AR ECH
0.78, £ P HL/K &7 H K18 Frdl i - BA —
EZEF (R,
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Table 2 Waterbird diversity in different years in Dongtai and Rudong wetlands
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Fig. 3 Composition and population size of waterbird order in different years
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Table 3 Waterbird diversity in tidal flats and pond habitats of Dongtai and Rudong wetlands
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tidea amurensis) FIZFHRUE ( Aphantopus hyperantus) 2R FVIEE (Argynnis paphia) JIAEWIE ( Fabriciana adippe ) FIME
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BT B LIl JE ARG Ry 32 (46 ) | o5 B 70.77% . TEP EHIEIX R 555 X 1A 65
Fl(100%) LR AR, 43 A 62 Fh(95.38% ) o 7E N 527 HL B IX & ) R 2422 04 (L b 3 X 43 1 A 65 Fh
(100% ) , A N2 B B X, 0 A A 57 Ff(87. 69% )

KEER . WM, RN BREAIN; AN KR
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Analysis of Diversity and Fauna of Butterfly in Wuchagou Area, Central Part of Daxing’anling Mountains. YAN
Wei-dong' , ZHANG Sha', ZHENG Hong-liang® , FANG Ming® , LI Jun-lan'™ (1. College of Life Sciences, Inner Mongolia
University, Hohhot 010021, China; 2. Wuchagou Forestry Administration of Hinggan League, Alshan 137803, China)
Abstract: In order to understand the community structure and geographical character of butterfly in middle section of Dax-
ing’anling Mountains, the diversity of butterfly in Wuchagou area in five habitats ( mountain meadow, mountain deciduous
broad-leaved forest, swamp meadow, farmland and mountain coniferous forest) was investigated in July-August, 2019. The
results show that 5 families, 44 genera, 65 species, 856 individuals were recorded. The dominant family was Nymphalidae.
Lycaenidae and Pieridae were common groups, and Hesperiidae and Papilionidae were rare groups. The dominant species
were Leptidea amurensis, Aphantopus hyperantus, Argynnis paphia, Fabriciana adippe and Minois dryas. Analysis of butter-
fly diversity in different habitat types showed the mountain meadow with highest diversity index (3.115 2) and evenness
index (0.898 8), the mountain deciduous broad-leaved forest with the highest abundance index (6.838 6), and the
farmland with the highest dominance index (0. 089 2). The similarity analysis of five habitats show that the coefficients be-
tween different habitats were 0. 25-0. 50, for medium dissimilarity. The results of the fauna analysis show the dominant of
Palaeartic-Oriental common species. As for Chinese Fauna, there were 65 species (100% ) recorded in Mongolia-Xinjiang
region, followed by Northeast region with 62 species (95.38% ). As for the Inner Mongolian fauna, there were 65 species
(100%) recorded in Daxing’anling Mountain sub-region, followed by Inner Mogolian Plateau subregion with 57 species
(87.69%) . These community structure and geographical characters of butterfly is closely related to the geographical loca-
tion of Wuchagou area.

Key words: butterfly; diversity; community composition; habitat; fauna
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2. ( Glycine max ) F1 544 35 ( Solanum tuberosum) 5,
N T AR TS ( Pinus sylvestris) . zs ¥ ( Picea aspe-

Fefa) | Lk T i bR VR PR ) A R L b B e
S P EREHE R AR B v & e B 1 AR FRER, T 5%
FEZEK 1 000 m,

Lyl R ) £ 3557 S TR 857 m, b IR 5 H
W, By i L BESE A R AR L A, A B DL R
( Compositae) . % 15% £l ( Rosaceae ) i, F 245 I
( Rhaponticum  uniflorum ) . 1 # # ( Artemisia
sacrorum ) |32 & (Artemisia selengensis) . K G ( Le-
ontopodium leontopodioides) . 111 J| ¥ ( Rosa davurica)
FHuHT ( Sanguisorba officinalis ) 55

L by 7 P o] P bk A 355 2478 4K R 780 m, b
RV RO, 0 A A B2 1Y i R AR
P EAMY), FEA BB (Ulmus pumila) MR
(Salix babylonica) | 117 ( Geum aleppicum) | JE ¥
¥ ( Thalictrum aquilegifolium ) F13 28 ¥& ( Taraxacum
mongolicum) 55 ,

TR B A 05 S B IR, Wk LT S i 22
e, R HABUK SRR 816 m, %R
AR TEAS (Larix gmelinii) KMERS ( Betula) | Fii A
(Ulmus pumila) ZEW%2 3% ( Potentilla chinensis) F1H5
(Artemisia carvifolia) 5% ,

A HH AR B 73 R I 74T 4Ky 857
m, N AT | FZARAEY) A BRI S ( Brassica
napus) o

L b B bR A B 7 Y 3R 830 m, M B AR %
FEAHE R IE TS (Larix gmelinii) , MRZ KA B
Z 1) 4§23 ( Potentilla fruticosa) .

T 2019 4 7—8 A UEAT B By S1 i A HURE, 2
UCHURE I [E] TIPS 20 d, 98 A i e 4% 1 B9 K <, 1 [
Y BRESIE B Y 10:00—16:00, R Poolard
LRREAF LT R SIF B R D GPS F AT 4 i a8
B M AL P 2.5 m BT 9] 5 m JiE
BT A 10 8%, I 5 7 BISEL 500 Py g 8 08 47 P 41 3
th B IS B AR BR 4G ) = AR N IE Sk
HERF ] SR AEHARIR AR NS5 1 A IR S
IR bR A, 2 2% (o O 4 28 5 s )
CPEIBEE AR Y Crb R R R ) T R S R
YU TS E
L3 HiELETE

FEvE Z FEVEAT R IR (S) MBIV |
Shannon-Wiener ZF£ 4 48 54 (H') | Margalef #) Ff =F
B AR BU(R) (Simpson HEHEHEH (D) F1 Pielou ¥
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SIEERRE() T

ZREMREOTE AN
H =- i(Piln P), (1)
P.=N./N, (2)
F W ERBOTE AL
R=(S-1)/InN, (3)
AR BT E AL
p=Yr. (4)
YIS B TR A
J=H/InS (5)
HXE 22 B A A R
R =100 x N/N . (6)

K (1) ~(6)H,S AN IR L N A F
AEEEG NS | RS RE PO AR RS IR S
BAREG R, 45 A F 5 X U BUR R 1E , 22
X R=5% MNAEHF,0.5% <R<5% K WH, R<
0. 5% MFiA F s BEROK - 1, 2 R=50% Ml $2k
FE,10% < R<50% A H WARE, R<10% ~ 5 W
PR

FEEARIME R P AR

Q=c/(a+b-c), (7)
K (), Q AEEE R B ¢ AFEHL A TN B 3G Rl
Bloa HEEHL A M b WRERL B 23R A L, 24
0<Q<0.25 i, 2 MHEVE A IAAHLL; 2 0. 25 < Q<
0. 50 B, Ry E R AR 2 0. 50 < 0<0. 75 B, Ky
ZERAML ;24 0. 75<Q<1.00 I}, B AR L2420

2 HBREHW

2.1 ERDHRXEREBFZHAMN
A R AR O S 856 H SR 5 Bl 44 8

65 A (Fftsk 1), Hodr, R} ( Nymphalidae ) 23 J&

33 Ff, JKIERL ( Lycaenidae) 11 J& 16 Ff, ¥ 8 F} ( Pie-

R1 AEAMKIRERRHERE

ridae) 5 J& 8 ', FFHERL ( Hesperiidae ) 3 J& 4 Fl, XU
Bl (Papilionidae ) 2 J& 4 1, £ FF 551 b7 88 B
52.27% 25.00% 11.36% 6. 82% 1 4. 55% , i i F
Y 50.77% .24.62% 12.31% 6. 15% F1 6. 15%
WEMERL R U A TE, oy AL R BB S 5 ISR,
RS IRy 22 UL, et Rl K R Ry
WERHE A A B A 40 A AH 43 AR B AN TA) | e e}
FELL M AR AR SR i 2 A 209 H 5 IRIRRHE L
iz it RE AR AR SR i 22, A 43 H 7EH A 4 F
SR A A D Ry SRR R B A B i i 22,
A 40 H O TEREEREMAASE > 09 Ko BRK
HAEBEA1, SRR A XU R FE HA 4 B A= 55 46 45
A AR E R R D
2.2 IREEMILERBSW

MR GLLRE (BfE SR 1) R, 075 76 1 DX ] 45
AN DL RN Ry 32, A IE SR 44 & 65 PRk
o R E 31 8, 5 B SR 70. 45% , SRR
47.69% ; HoAth 13 JEAL 7 2 Fp S LA b, 3 34 Fl, 7 B
JEELIY 29.55% , i M FNELRY 52.31% ; J& P HL A R
BN 0. 677, W1 Hh DX 915 HE V% 76 @ S B oo 2 AT
LA E A= i
2.3 ERAMXIRRBE SIFERE

R R A 235 2R O By T 72 1) b DX g B 7 B i
FROE, i3k 1 Fos  7ERFR o R s 25 Fh gL
IRNEN SR E R PR ) o8- K ANIE A = 26 E (= g o6
KB WEBERE > IR} > 4y SR} > KRR > S
WL, 1957 BE R R KRB/ IMIK U Ry KRR > 55 8B >
IR > BB > A R, 0 34 B 48 B0 KB/ MR IR
R SRR Sy AR > RUSER} > ISR > iR} | 32 5 B
FEECER R BN /IR UK Ry ISR > I BB > 453 MR > JRUE
Bh>FFHER . WEHB T L F , W B bR, A
23 J& , i BB BN 52, 27% , H ik it RL B IR )R
( Coenonympha ) PP i % , A 5 Tl 96 H |

Table 1 Quantitative characteristics of butterfly communities in Wuchagou area

B4 JE % Tk MMEEC SRR ISR IRRVEIEE D FREISRR
AR Papilionidae) 2 4 9 1.310 8 0.9455 0.284 0 1.365 4
BHEAL(Pieridae) 5 8 104 1.472'5 0.708 1 0.2855 1.507 2
AL ( Ymphalidae) 23 33 619 2.936 9 0.840 0 0.065 7 4.978 1
JRIERE( Lycaenidae) 11 16 110 2.3284 0.839 8 0.124 8 3.1912
77 BB (Hesperiidae) 3 4 14 1.254 0 0.904 6 0.306 1 1.136 8

RUEERHMUA 2 &, 5 SR BN 4.55% . MRk
Mot BA , R AN (Leptidea amurensis) Bl 5 HR

W ( Aphantopus hyperantus ) . Z% % W % ( Argynnis

paphia) JUFRERIE ( Fabriciana adippe ) FiE IR ( Mi-



-1186 - 4 SN

5 & K W K o

537 &

nois dryas ) 5T XA SFT, 23 1) o AR £ Y
5.14% 6.43% .6.89% .7.71% Fl 7.94% , H HR fiE
( Melanargia halimede ) . 25 ¥3 1 ( Aporia crataegi ) F
FIFLLER K ( Lycaeides qinghaiensis ) %5 28 i k&
DLFR B S0 R M (Araschnia prorsoides ) | 4 X
( Papilio machaon ), 3} & HR #¢ ( Lasiommata
deidamia) FNFE KEE ( Scolitantides orion) %5 32 Fl R
AR
2.4 AEERREBEZSHESH

5 il B SRR Y 2R VRS B 2, Ak 2
Fi7s AN AR SR SRR AR I Z A v 1R Bk R 20/ o
by P > L 7 o R R S TP ) > L b B R >
A P 5) R H R BNy 1 M ) > b 7
W I PR > EE >V V3 4] > L b T I R, 00 3408 4 4
BN/ A T > L B b Y 5 5 ) > L s v i
W P> L e e ), g R AR 0 BN/ S 1 v
P ] b L ) >V ) > LU M T AR S AR

Ll B bR A SR SR AR U 22, Hid sk 5 R
26 J& 33 Bl 243 He B 2 REESE B ) AR
RO F= 5 FEFR A S HA AR B AR LA, AR 34 B2 4
Ui =, 2% B LUk P bR A B MRS B VR A ) AN R
SE RPN R, R A/ N ( Leptidea amuren-
sis)  Hill A 52 5 ( Fabriciana adippe ) | 23 BE 54 i i

R2 TRERRERESHMRHE

( Speyeria aglaja) \ZRFN IR (Argynnis paphia) . fL%E
W (Inachis io) \MEHREE ( Minois dryas) FEa 25 HR fiE
(Aphantopus hyperantus ) Mz £ L HFr, A H A
BEicsk 3 Bl 23 @ 26 A 117 HUBIME 2k B S
Tellir iy , 2 FEVETE SO F o B e BRI, A W
WARFASRE, R WY Pl AR B AR 22 8K, 7 A AN
Py, iX S TR T A AR R B — ) RS R v 4
MIATEE , 2 BN AT, 40K 8% (Aporia cratae-
gi) 5 /N K B ( Aphantopus hyperantus ) | 5% Ay 1
( Pieris rapae) 45 B8 ( Fabriciana adippe) | Mg HR
W ( Minois dryas ) 1 & 2 R % ( Coenonympha
oedippus) AZAETEHF . ILHLTK I E AR AE 52
S5 Rk 29 JE 36 A 167 MM 1% B B R AR AL
IRy, 2RI ORN 24 5 B 4R BB R, DL H B 4R A
B, Z WY L 3t 7 - o I R A 5 ) b A AR E
WA EWATRE S &, BT PLRE Sy 0, A A TR
AT SO, IR R B SRk 5 B 28 J& 32 Fif 97
HUE 2 B 22 RE It TR BOR 1 &) BT R Bl

B BEREFR B T L M P o bR AR B O A
HOR AR, R W% A 5 W) Fh AR B0 R B &5, 70 Al
BT, MR ST v AR E , PR R AL, T S 2R
H A

Table 2 Diversity characteristics of butterfly communities in different habitats

A5 B & b Mg RN WSERE RBERED  FEEEREER
1Ly E ) 5 28 32 97 3.1152 0.898 8 0.061 1 6.776 4
1t i i ok 5 29 36 167 3.063 8 0.8550 0.064 4 6.838 6
TREERL ] 5 28 36 232 3.004 5 0.838 4 0.069 6 6.4259
e 3 23 26 117 2.767 8 0.849 5 0.089 2 5.249 7
Ly b g 5 26 33 243 2.8916 0.827 0 0.076 3 5.8255

2.5 EREBEAMTH

7.8 H Z A SIERP SRR B 22 57, i
W PR E 8 H MR S B A AR B 7 H
BITFFE, W 1~2 B, A RFBHR AR5
P2 S, SRR REON F,7 F 8 H K
WRERLFN S SR RSB ], 23 51 oy 12 2 Ffr i 8
H Rl by SRR RUSE R P S 7 H A BTl
RS BAMAREON T, 7 H W aeRt R iRl KR S
WL AT JXUBE AL 43 1 308 82,368 F1 6 L, 8 H 4%
Ao 311,74 .22 .6 F13 H . 8 H KRS AEHA
A, 7 H BTN 105. 5% ;8 H Ry mERL XUSERL 1 5
WERFAS R B L 7 A B B D, o s b 73.17% |
50%F125% , 7 F1 8 HWeleR AR LA K, 8 H

e 7 AN 0.97% .

350 75

A N

0 e W -

RUERE BPERE MRl R SRR
R4

1 BRFEYAREL
Fig.1 Monthly changes of the number of

species of each family
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25|
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()J:h [

JUEEL EEL BRUEEL JRBERL FEBER)
P

B2 JBRMEHAREWL
Fig.2 Monthly changes of individual quantity

of each family

8 AR AL AR RS AR L 7 ARG, X5

R 3 FEERWERAECIES T

Table 3 Analysis of similarity of butterfly of different habitats

X2 B —3, IRIERMA%TE 8 H
BB T, (R R 2 B0 AR Ak, 2% BH I R 288
WEZRAERES A,
2.6 MRRBEEMBOIES T

X5 oA S5 A AT I X B A B AR AL
PEZREL, 15 25T XIS A AL PE IS O (3R 3) .
N3 3 PR, & EBE RN FPA UM REOSTE 0.25~
0.5 Z[A], Sy S A AEARL . L b R 5 0l b 7%
o] AR S5 R R (U PE R /N, 0,283 0,2
A YIFECH 15 Fh, X5 HIRE R R R
2SS KA O, L M B ) A BT R L M T AR
A A R B R, N 0.477 3, FEE YRR
21 Flr,

RS Ll Ay Lyt % P o] b bERES R ) A H ITEEAU N
Ll A 0.283 0 0.416 7 0.348 8 0.477 3
L b 7 v b 15 0.411 8 0.476 2 0.437 5
EERES R 20 21 0.319 1 0.468 1
e 15 20 15 0.404 8
1Ly Mg bR 21 21 22 17

A b =0 0 DA 1 A S5 A R AR T = A e D A A SR R R R

2.7 ARBMRIEER RSN
2.7.1 AR AKX IS e D E S Y X R
W oA

FE XA 19 FREOCAE AL A A, Ry
deAb, 5 EFEAY 29. 239% , Hi Pl iER] 8 Fif | K R}
7 Bl RRERL 2 A RURH R SRR 1 Rl HiAth 46
AR IR PE AL 7 SRR 70. 77 %,
Horpge iRl 25 i, JRURL O Bl Ry IERL 6 A, KUBKRL
FNFFIERIES 3 Fl, Wl WL, 075 78 b XM X 2R 4 A
DIty db-RPE S I RO £ i 12 7 Mo X e 2 v
Bl b DX R (B3 2) T 7, ST XA 65 Filr, 5 A
B 100% , A ZRILIX (62 F) |, 5 HE R 95. 38%,
UK B X P R IX R IR AR R X A i
57.46.37.36 F1 25 A, 5 4 Ak 87.69% .
70. 77% .56. 92% .55. 38% i 38. 46% .
2.7.2 HEWHXBERERNZHIYX R TN
Gaxi

FER ST ML X R T, K222 04 1L b T [X 431
A 65, 15 100% ; H IR A W5 IR IX, A 57
i, 7 87.69% (B¥sk 2) o BT L7 T b X AL TR 2%
LU LB IX 55 P8 58 e ST IX 38 Ak P I 2 b
X ERRAE 2 MR Bt 2, Mo, -7

SEAE XA 40 Ffr AL XA 37 Fifr | Bl 3555 I
XA 18 Fl, SP/R Z W BV IX A 15 B, 405 b5
1 61.54% 56.92% 27. 69% Fl 23. 08% .

3 itig

Xof 72, 1 Hb DX 2 R EA TR A, T 2019 4R
7—8 HHUR AL Ik 856 K, RIE T 5 Bl 44 8
65 Fll, WeIERIAMARR 2,y 619 H, 7 s A
RE) 72.31% , AR 5T X AL 5SS BE, TR AR
WERAMAR R /D /09 14 A1 9 B X S5 AR5 XA
PEIRZE A LA 570 WAL 2 B PR 4R BOR £
R R R, HLG S AR B /D 3 3R I e it
BRI S5 W 30880, W FP £ &, BIF 5% X R B 9% R4
B A R B R A, KR B R RO 24
PEFE S =, AR T SR O 34 3 48 B0 1 ik
B X R KR A & VR S5 R E
FTEUERL 2 REE R B AR B AR, IF AR R 4
i, F WIS R B Vi 25 M AN B, A AE I I
it JRUREREAS A B /D (H 3850 B 48 B50dw i, 45 Ffl
RIE A HEOT- 3, A FASE L Ry ERL ¥ 5] B 4
ORI, DU 18 BUIR T SRR SR H Y FOR
Fw BRI AT IR
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TRGM R AR EKERITHEE
TRENMEEE 5 T

B I EFEY ) EEE (L FEAERIRESE, TE M 7500215 2. Pt HiR ik 5 kA K
BEFESLREBE R, TE B 750021; 3. FIGEMASRERE SEERERESALRE, FE B
750021)

2, EHFTESMNXTE ST H 1.3.5.8 F1 10 4FAMAL (Lycium barbarum) BRGFFFEXT G, LAAR B Rt BB 1) 1
R RIS ARV R 2 A [ A bbb TR 5 P S B 3 40 A RRAE SO SRR IR I B G R . 452 R . (1) FE MARDARAE K
AR RRSE I KA bR T TS B B W SRR RNAG AT JE R AR AR/ TR LSRR LB, LR 34 8 R 28 B 40l
3,10 AEAFURC AR BR RAE S B v R 2 BT B b T SRS B R IS S i R R
EA B BAE 8.3 .3 A 8 AFAE MR, (2) BTG MRCARA: A A BRG I , Hb I8 95 R Bl A A BSORn 28 R 50 S L S 1
JEVR A AARY e A4 500 BUAE 8 FI 3 A4 MIFCAK ; Shannon-Wiener £ Simpson $8UTE 5 Fll 10 4F4: AT biih B 2
FEAR. (3)RDA Fifii RDA SrAr s SRR A8 40 = AFLH0 el 0 R - 408 pHL 2 53 W) A R AR T 1 R sl M i 0 7 1Y)
FEAGFH R, BIRERD, T E T R0 X K I AR S 7R AR it 78 v | b T 19 FRE 3 A T A G H:
R WISHE R AR B RAR AR, LUK ISR AR (A K o R BERRAE 2K AR T Sy M A bR 1 5 7 vl i T 05 Jie sh
ARBCRIZE BN REAR 18 3 ~ 8 AF AR MAC MR ELA e 1 1 B sh W 2k
KA MARCAR; MY AR AERR; BEEZHEE
B ES: S154.5; Q948 XHEFRERD . A XERES. 1673-4831(2021)09-1190-10

The Distribution of Ground-active Arthropod Communities in Aged Lycium barbarum Plantations in Arid Oasis
Region. BAI Yan-jiao'*” , LIU Ren-tao'**V | CHANG Hai-tao">* (1. School of Ecology and Environment, Ningxia Uni-
versity, Yinchuan 750021, China; 2. Breeding Base for Sate Key Laboratory of Land Degradation and Ecological Restora-
tion in Northwestern China, Yinchuan 750021, China; 3. Key Laboratory for Restoration and Reconstruction of Degraded
Ecosystems in Northwestern China of Ministry of Education, Yinchuan 750021, China)

Abstract: An investigation on the community distribution of ground-active arthropods was carried on in Lycium barbarum
plantations by the method of pitfall traps. The aged L. barbarum plantations of 1, 3, 5, 8, 10 years were selected as sam-
pling sites at Zhongning County in arid oasis region of Ningxia, and the adjacent farmland served as the control. The results
show that; (1) There were effect of aged plantations on the dominant index and group numbers of dominant groups and
taxa groups, while there was considerable effect on the dominant index and group numbers of common groups. There were
peaks of dominance index and group numbers of common group in 3- and 10-year-old plantations. In addition, there was an
increasing-decreasing individual trend of predatory, phytophagous, omnivorous and saprophytic arthropods, and there was
a peak in 8-, 3-, 3- and 8-year-old plantations, respectively. (2) There was a increasing-decreasing trend of individual
and richness of ground-active arthropods along with aged plantations, with a peak in 8- and 3-year-old plantations, respec-
tively. There was significantly lower Shannon-Wiener index and Simpson index of ground-active arthropods in 5- and 10-
year-old plantations, respectively. (3) The results from RDA and pRDA analysis show that plant height, plant crown

width and soil pH were the main environmental factors affecting the distribution of ground-active arthropod communities in

i B . 2020-08-03
ELTR: HERARPIEIES (41867005) ; THEFERRAA IR TARIH (RQ0010) ; T H HIRFI#IE 4 (2020AAC02014)
@ #EMEH E-mail; nxuliu2012@ 126.com
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aged L. barbarum plantations. It is concluded that there was a remarkable change of composition of ground-active arthropod

communities during the growth process of L. barbarum plantations converted from the cropland in arid oasis region of

Ningxia; especially the composition of common groups showed strong changes. In addition, the individual and richness of

ground-active arthropods decreased from the croplands toward aged L. barbarum plantations, whereas there was a high di-

versity of ground-active arthropods during the period between 3- and 8-year-old L. barbarum plantations.

Key words: L. barbarum plantation; ground-active arthropod; plantation age; community diversity

AL ( Lycium barbarum ) J&iRHAFL & 2 4F 7%
H/NEEARN MIACHR R &k, B A B 4 g
P Ak AT Ty | B 5 i R i I T v A A
ANEF LB i 8 35 (8 0 24 T AR (LT AR
HEWATAEY . BT, 30 75 657 5 XK T R
e, PR RAT S DX SR b 28 B e 8 8 J ) FE AN
FU L T S R AT AR A S AR G B A A
WAy, RS 4 ey BS54 S gl it 2 5 10
T fif ) S A 5 i A R PR M A 2 3R G Ah # N
HEE TRIEE Fegelb A2 R G, Ho i 5 i s 4
Sl BFVE i R A4S 3y U BB R, M BAR
W DR, WIS ARIRC PR b T Y R h 4 R v 2 R
KRS 0 TR MR A ) Z REPE R 5 £
BT A HLEA BB MR L

H i, ¢ THIFC AR 3 3 ) 43 A1 FRAE 1 B 5 AR
%, SREAESE N T R 2T S R AR IS M AT AR
P - 8 2 HURE VR R AR E AT ST, e 3 B A AR O 1
i, ek USSR NS B> F 6 AR AR R
B, TR IR T 1F T AT E Y R sh 4
RIS R TR A, R AR B b 15 B s = 8 B AR
R BORAR, DL b BE R, T AR B B
P8 FEFIA AR 5 v T4k B e A AL, A L
R AL BRI P A S e I = SR U
b A AL 3T B sh W) 5 Y OC R AT A
5%, KIRAE Bk EE AT HIL BT 3 s W
AT K . 258 40t R W, Hh T 15 s sh )
T 2H IS 5 X ) TR (%) AR N A R e Y
BN R A R R WA ITR S ok O SR (E U 3 < ¥ NI
A AR AT R A AT PR b T 5 S 3l W A v A AR AE 1) A
FHER D, FEMALER SRS, BT e,
WV A 24 S5 it A BT R A A NS T 3l T4,
S 1 SIS e A= AR A, AT X B 3 ) e s A
B R AR PR R

T ' T BB S AR g ARl X DL AT DL A A
KA EEAEY, BUAE B oK B E K £ 54 Sy # AT Fl
L, A JEMIAL T, AR XSk 2 3 & S8, BT, T
B P MR A AL 3 133,33 k™' S A
R B B R M A PR b, A 77l 2 B R T B

AV SAE =0l 2 25 i B F2 B B AR I
ST, LT B T B M AC bR R M O KT, e R
AR AR A A BRI RS AR O BT A0 L, AR 3 Jo] 1 0K
FET DAy %ok H 3 e 80 8 A [ AR e e 1 35 20 490 o 4
JEFIZAEE 3 A AL, 45 & e BAR P o, 20 B A
(LR AT AC AR T 5 JB s Py A v 2L L 22 AR o A
AZES I, B 0o T 5 Ak Y DX M AC PR R A B A
Yy 22 BEPE PR R - BT U5 BRI AR BRI

1 #R57E®

1.1 HREHER

5T XA T 7 5 bl G A3 X B 29
53 A0 X My AC A L ML (36° 497 ~ 37°47' N,
105°15'~106°05" E, M40 1 348 m) , % X I kb
BRI JE AU A Bl 2 R X AR 2 [
KA 202, 1 mm, K ZEEHLE 6—8 J, H 24
IKEE 61% ;4F78 KR 1 947. 1 mm, WAEF- 1%
KA 9.6 £ AP BRI A 9.5 C, HF-HA R
=0 °C,FHii N 3 200~3 300 °C, ZX W H B,
ZRKR, o B, TREK, X %L
FEIR o0 3, R R T RS IR
KT R H R 5555 S 45 1 RN K IE 45 14 38 B A
e ) R TR FRFRAE

MR IS T T b B At AL Ll SRR
it A T S5 A B A — 8, AR SR AR, AR
FIFC AL A 1.5 kg A=A HLAE AT 0. 5 kg &
RIS A N, BEWE 7 =X oy w i) K 8 52—
RN E R EWE, MRS ARCR B AT R, 25 B R
220 Bk - hm ™2, 4THE N 1.7 m, BREE M 1.1 m, HIAD
Mk JE LA HE DL R R A A 3 SR ORUA S R AR, Bk
#5420 em, NATEEES M 90 em , AMTHEES M 140 cm,
1.2 REgit

PEFEMIE N 1.3.5.8 Fl 10 4E 1My AL AR R BF 5T
FEHL, DU 1 K O R R A SRR L34 1% 5
ANE A FEHL, A T AR 5080 m® A Hb[E] # > 30
m,, R e B B R A Bk & e i —
W 4 FREIFEZY 15 m B FAC HEATRRIC . bk o A
FH 1) A8 306 - 358 50 ) (%) B 20 0 52 il 4 35 24, 7
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537 &

BT AT AR 08 B 30T A T R A A . K FE R b B
PLIERE 4 DIRARE S BIFEZ) 15 m, F 2018 4F 5.7
F19 FAXT 120 MFE AT 3 A
1.3 METEMEAESIRAREE

FERRAIBORE A5, SR FH B B 7540 10 X b 1T 4 i 8
Wik TR A, BRI AR R SR R AR
FEHLE (N EAR N 14 R T em, 5 BEN 10
em) HLA v ZERR PN I TG £ 0 R 11 3% 355 7K R
KGR G, IR B B A AP B2 (] 3 2y 14 d, 55 3 d
WIS 1k B PR AR AR i e B P 3 Ukt IO 25
BIEAR 360 A~ 7£ 5250 2 K WS A 1) b 1T 39 1B sh b A
BT o =T5% kG Th LARFSEE

W RS B A 1t Y B S AR Al R R A2
(FE B REEY T (FEHZILE
RO AT S R, B M R S bR A X e IR
IR, F b TR S ) R RN Al A R B A
ANFAEZS TR, BT OB B A gl duAS (85053 51 S
T o AR AN [R) 1l 1815 1 2 W S HE A AR B B VR
AR T 7 L R ) A AR ISR (>
10%) i UWLISHE (5 HER > 1% ~ 10% ) FF A 251
(HH<1%).
1.4 HEHAEMIHERESW

SR VAN A RO 12 > HRURE S BT 5 RA AL HEE DA
() B A Rt I, A5 2] AR Hb A AT T A A K
FRIE(FR 1), TEBEURE B, 158 R AR SR A5
1A+ 3 E 3 (0~ 15 em) B K, R)G, R 5
SUBRETE AR AT AR B I R4 0~ 15 em RIZIRA
TR B [ B S R AR SR A A RS =

x2 FEEMTHEER

Table 2 Soil indexes of different sites

T HHEREE BB, FESC50 5 R e A 1R
FLRIRAE T IT, i 2 mm FLAR T 25 BR 2% 5T (AR |
MR HAE) 5, F 300 5E 58 pH | RS 3OR £ 4
KA S i A R g o i

®1 AREEMMTCEKER
Table 1 Growth indexes of L. Barbarum plantations of dif-

ferent sites

Hte A =174 Hiz/ iR/
KAERR/a cm cm cm
1 77. 84x2.37° 1. 1920. 04° 41.70%2. 16°
3 89. 12+2. 974 2.38+0. 08¢ 92.16+3. 574
5 110. 08+2. 16° 3.620. 17° 121. 50£1. 50¢
8 127.08+3. 98" 5.22+0. 16" 163.48+1. 52"
10 157. 40+3. 41° 6.71£0.24* 189. 12+4. 11°

R — BB 5 5 30/ N G SR A [R) 38 7 AN BB i F A 1) S 38 bk 22 57
B (P<0.05),

IS KRR BT PRI R . 4% pH 1
BRI m( ) : VOK)=1:5RE)E, 351F
FH PHS-3C PR FE TR 485 =X oL 3 A ( F5  DDSJ -
308F) AT, AR A &R TR
M (75 KA DK6, UDK140) #4710 52 , 13 2wk
R H Na,CO, % fill 2 5 , + 18 4 80 & & R
NaOH #% @il 3 ) 2>, 4 56k 42 41 i R A
Mastersizer 3000 5 GAT 81407 BE 43 B AL #4700 2 | AR
P8 9 [ A M 5 A 498 5 M A3 b oE R 43 BB (<2
pm) FPKL(2~50 pm) BPAL( > 50 pm) , 4R A
FAc MR b £ 39 A R L3 2,

KR

Fr w/ % (5-kgh)

(g-kg'') (g-kg') (g-kg'!)

LG/ Fki/ kL kL

pH (pS-m™) % % %

CK  20.74%0.39"25. 44£0. 69" 0. 41£0. 06" 1. 04+0. 08°2. 08+0. 05" 7.35+0. 05" 252.73£12.65°7.51+0. 10" 83.20+0.39" 9.29+0.39"
T1  17.240. 66 24. 60£0. 54 0. 45£0. 07" 1. 0420. 11°2. 09=0. 03* 7. 39+0. 03%* 280. 52+20. 06° 8. 29+0. 11* 84.77+0.25" 6. 94+0. 18°
T2 17.48+0.52°25. 34x0. 40" 0. 39+0. 06" 0. 97+0. 07°2. 13+0. 06" 7. 45£0. 05% 233.81x18.17°7.91+0. 11® 85. 14x0. 14* 6. 940. 13°
T3 18.27£0.97°25.89x0. 16" 0. 74x0. 06" 1. 1520. 07°2. 01+0. 057. 52+0. 03* 583.59+77. 43*7. 81x0. 12> 82.92+0. 40" 9.27+0.37"
T4 27.34£0.51%32.50£0. 61* 0.72£0. 15* 2. 66=0. 16* 1. 9420. 03" 7. 51+0.08* 429. 73+37.08"5. 57x0. 17" 76. 85x0. 73° 17. 58+0. 88*
TS 18.53+0.67°24.07x0.25° 0.56+0. 06 1. 63+0. 16" 2. 070. 04* 7. 40+0. 022" 200. 80+12. 13°6. 45+0.31° 82.72+0. 58" 10. 83+0. 45"

CKAERM, TI~T5 435124 1.3.5.8 Al 10 FAMACH, 7l —FUBHE 5 930 NG TR R 75 R RIRE L [ FE AR 28 52 .35 (P<0. 05)

1.5 HiRALE
RT3 BT [ A A A FR AR A AR T 19 T 3l )
RV M 22 S 1, JE W6 R GE T 0 BT 20K, B 45
H 4 B G IF TSR IS AR bR, 1R
S EE R B R AN [) 22 10 B A TP A A0 B
Shannon-Wiener $840 ( H) I1H AR
H=-YP -lnP,, (1)

Simpson F8580( D) ITHE AKX K

D=1-3P7, (2)
K1) ~2) W, P, =x,/3x,, N i Fl - HEsh ¥ 258t
AMARB SR E LA, e xR RS REAS
%,

FIT A B0 540 % Fl SPSS Statistics 25 #4747 48
T, R B R 5 2253 7 (one-way ANOVA ) Fl
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/N 22 5 1 (LSD) H A [m] 4 2 1] 1Y 22 S
PE R 22 55 PR 00 AR S 5000 00 22 5 1 5 1k
>R JH Origin 2018 X b 187 15 1B 3 90 0 #4 S RF A
TRECRIEVE A8 BOHATVEIR 40 HT

A 0T TR T 2 2R A O A AT R R HOn)
R 53T ( detrended correspondence analysis, DCA) | i1
BHER S BR BE K B (lengths of gradient, LGA) , FAR
it LA (E 38 B HER 0 i o T, % O
RDA 73 # ( partial RDA) H1 5¢ 45 - % B 4 4 5
(Monte/Carlo permutation test) , & & ¥FH 54~ K+
Xof M T 19 B Sh WU RE Vs A A8 AR Y TR (E S A
Feit) o TEIR RDA 437 (0 Bl b, 2 b 1 5 il gl
PR3 A 5 A R0 1 G R ) — 4EHE I 18] (biplot ) .

R3 WEAVENMEHEARREREEINGHSH

KM CANOCO 4.5 Bt fr i triz &, i T AE
PRI E A A, N X o B 4
B, X6 S 2 BEA AR BB R 1 7y i 46t

2 HBR5H5H

2.1 MWETHEPEEERSHEHTE

6 v b A K b T T B s 980 L, SRR T
10 H 25 Bl 29 MRBE(FE3) . HPRHIERENLH
Bl AMEB G R 73, 47% 5 H WLEEE IR IR SF
MERRL R 2 H R B H R e ek R
HBPRIBRE 8 A28, MRS ol 21, 73% ; HoAth

20 DAHENAT IR, MARLE Y 4. 69%

Table 3 The composition and trophic groups of ground arthropods communities

_— e (K Tl T2 T3 T4 T5
MR RBE S MEEC REE MRS MBE MRS mEE M0 REE MRS fRRE
TRIKFL (Lycosidae) Pr 2.14x0.70  +  2.35#2.35 +  5.42x1.17 +  2.90£¢1.30 +  1.97x0.81 +  3.67+2.48 +
R Gnaphosidae ) Pr 2.15£0.64 + 1.17¢1.17 +# 1.380.87 +# 1.79:1.23 +  5.80£3.29 +  5.33:3.43
JEAIEE} (Liocranidae ) Pr 0.49:0.30 + — — — 0.68+0.68  + —
B ( Thomisidae ) Pr — — — 0.54+0. 54 + — —
BRIEFL (Salticidae ) Pr — — — — 1424142+  2.42+1.48 +
JEE WERL ( Anyphaonidae ) Pr — — 0.55+0. 55 + — — —
HWEFH( Phalangidae ) Om — 2.22+42.22 + — — — —
1855 H ( Arachnoidea) Om — — — — 0.35£0.35 +  4.58¢3.25 +
W 18k Oniscidae ) Om — 3.6022.37  +  3.23:2.19  +  1.0420.64 + — 1.66£1.66  +
TR Julus) Ph — — — 0.570.57  + — —
WA H 411 ( Scolopendra larva) Pr — — — 0.57+0.57  + — —
B E4H Orthoptera larva)  Ph - 0.29£0.29  + — — — — —
213 R} (Pyrrhocoridae ) Ph — — 1.17£1.17 + — — —
F AR Miridae) Ph — 4.7242.90  +  0.32:0.32  + — 0.68+0.68 +  2.50£2.50 +
1R} ( Pentatomidae ) Ph — — — 0.60£0.60  + — —
B Carabdae ) Pr 69.60£7.66 ++ 76.10£5.52 4+ 67.80£5.02 ++ 87.50£2.16  ++ 75.20£5.39 4+ 73.00:4.13  ++
% B} Curculionidae) Ph  2.28+1.69 +  5.28+3.68 +  6.29+3.09 + — — —
BB AL Cryptophagidae) — Om  0.5420.33  +  4.53x1.91  + L1111 + — — —
W7 &t R Aphodiidae) Sa  0.29:0.29  + — — — — —
A5 A} ( Tenebrionidae) Ph — — 6.58+2. 80 + — — —
#4140 BH( Geotrupidae) Sa  0.29¢0.29  + — L42+1.42  + — 3.83£2.17  +  L17¢1.17  +
B HUBL ( Staphylinidae ) Pr 19.50+6.82  ++ — — 0.47£0.47 +  6.85:2.70 +  3.60+2.37  +
&P} (Scarabaeidae ) Sa — — 1.98+1.39  + — — —
&) Bl ( Histeridae ) Sa — — — 0.47+0. 47 + — —
Bk H Bl ( Lucanidae ) Sa — — — 1.79+1.23  + — —
ZEFIRL( Silphidae) Sa  0.24:0.24  + — — — — —
FH R (Latridiidae) Sa — — — — 0.68+0.68  + —
#538 H 4 4L ( Coleoptera larvae) Ph — — 0.32+0. 32 + 1.65+0.68  +  0.68+0. 68 +  2.00£2.00 +
R} Formicidae ) Om  2.07:0.94  + — 2312162+ — 1.76£0.74  + —

CK g TKHT, T1~T5 735000 1,3.5 .8 H1 10 4FLAMALH, Provili &, PhOWAEEE ,Om NAVEH ,Sa WIHEE , “++7 WIRHEIRE, <+ N

WIERE, “+7 NRA LR, “—" FRAR R,

TR [ i vy B 3h W O S D 2 R AR
R, ASREE S 88, 73%; B UL RE S AR itk
P AP IREE R HRIORE 4 AS2ERE AR T

N 8. 96% ; HoAth 6 NI T AT M, A ARK S o
2.31%, 1 AFAAAC AR I 35 RS A 3 26/ Ol 22
FRE, A RE A7 Lt Ry 74, 24% 5 W26 B A0 5 R ik
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B oE 537 %

B PR WEE B SRR R B SR 2 PR
BB 7 AR, ARECS R 25, 76% ; TofE £ 2%
BF 3 AT AR A MR b T Y R 3l ) P SR S AP
Bl AR N 69.28% ; H ULISHE N AR IR ABL SF
JEWRRE R 2R RE TR B H R f
FRLFICRE 8 A2, ANARE 7 Ll 27. 45% 5 HoAlh
5 AR A EHE, MR BL L 3.27%, 5 4F
A MR b T Sh P DR A S S 25 R AN TR
HiEboh 88.34% 5 H UL BEA R Wk B V- HE ik A
HOBb BB B H S AN IR, MRS R
7.98% ; FiAth 6 AN ZEHE TR A B, D IRES LR
3.68%., 8 AFA LA 5 B o W R SR N 2
FRE, AMRE S R 75. 13% ;3 W 2R RE AR WA
REREE BRRE A Rl e R RTCRE 6
KB AMAEL & LR 22, 229 ; Hifth 5 25 A 2R
AMEELE HEA 2. 65%, 10 A A AC MBI 5 R B
IPLEIHEA AL B, AMERES o 73.02% , Hifll 9
FR s WERE , ARE 7 LR 26. 98% ; ToFi AT 28R .

H 2 4 ATAL, 5 K AR EE , MAC MR 15 3
WIRSEIHEBCR B2 1A, AR B A BT TR,
Ho 1~ 10 4 A= Mg R st 1 55 1B 3h 4 £ 8 2 BB
Tk, FAR R R U4k, 5 AR AR M AL ARG Fe ok
B, 5 F KA, AL T 5 B sh i WL

30

25 F

Mg 2
> 08
 b—s
_

o, By 5 AR AR MRS ARON, AL B, o,
1~ 10 AFA A RCAR RS UL AR A 380 38 34 2 0 Bl A
€, 10 AFAMIRC AR R WS TEROR B B R AH , 3 4F A4
FCAROESBEIR B e AL, 5 oK AR L, MR b
I 5 3 0 s AT AT B, LS T
T, 110 AR MAC ARG A SRR B, 3 ~ 8 4R/
MRS A SR S AL SR s e 1k, #9918 5 4F
R (T Sue I SN

R4 HEVEIINMEBHMSHBE

Table 4 The number of taxa groups and the distribution of

dominance
- B g A/ %
PEFBZERE W WEHE WA SERE DU ZENE # DL Wil 250

CK 2 4 6 88.73 8.96 2.31
T1 1 7 — 74.24 25.76 —
T2 1 8 5 69. 28 27.45 3.27
T3 1 5 6 88. 34 7.98 3.68
T4 1 6 5 75.13 22.22 2.65
T5 1 9 — 73.02 26. 98 —
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Fig. 1 Changes of biodiversity index of ground-active arthropods
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Fig. 2 Individuals and group richness of functional

groups of ground-active arthropods
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JRCEh W MAEC S BRI 1547 RDA HERF 4347, 1531
MBI 5 PR R ) ZHEHR R R (E03)

1.0

22

24l
(=]

-1.0 :
0 1.0

ST
SM Ry HIEE KR TC O HHE4R TN b+ 12, TP S 12w,
TK b +3e 441, pH Jy +458 pH, EC Jy L §:38,SC o HHEFRL,
SP g EHERYRL, SS Sy HHERIRL  H R AEH L, CW R iR
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Fig.3 RDA two-dimensional diagram of the relationship

between ground-active arthropods and environmental factors
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Table 5 Partial RDA analysis on the relative contribution

of environmental factors to the abundance of ground-active

arthropods
B TR/ % P{H F 8
H 32 0. 002 13.13
CW 21 0. 002 12. 34
pH 5 0. 054 3.20
TC 3 0. 200 1. 54
SS 4 0. 068 2.59
TP 3 0.116 2.24
TK 1 0. 490 0. 64
SM 1 0.512 0.63
TN 0 0. 670 0.39
EC 1 0. 606 0. 50
SC 0 0. 786 0.25
Sp 0 1 0.03

SM A HHEE KR TC 384k, TN b4 %, TP b 346k,
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3.1 HMEMAEKERIME AW EHEARK
=
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LEEI R AR SE R R AT R

T Ok, A W, KHEY (RESEHARIKRSEMER, s RIS 010019)

WE: LIRS 3 AR S A0 &, R BF AR & 5 = WA AR ZS G 5 06, -0 T 2% dg i
(Larix gmelinii) Bk - 3EAHURRFAE S 5 HAD MRS AR AHOCHE . Z5 R BN (1) 2L IE AR (0~60 em) HIEH
WU S8 13.42~142.18 g - kg™' P/ E N 53.35 g - kg™, A W A F 1k, B Z TR I, B HLER &5 &
ERREOEA TR, (2) S 3 DL & i R R B /MKIK R A - 24 5 R MR (64. 14 ¢ + kg™ ) >FERS 2%
LIEMFANR(63.48 g - kg™ ) SEH-DLZEFE AR (39.99 g + kg™ ) o TE 0~ 10 em )2, BEAE - 2422 I8 HHHA K £ 458
B i 2/ N T - 24V R ACRIVR B — 222 B bR B 23 R 3 1, 5 MR ) 22 S0, (3) e
Pk K0 i DR P I AMON I iR, 25 5, RO A LB RN AT A5l 1 4 LA B — 2422V T A RCOH I
11, pH, B8R Na, 0 MgO0 | AL, 05 .CaO Fll Fe,0, 7 LA B -2 K M FAMCH B i, £ FRARTE 3 FBRIEL (] (Y 22 57 32
BERIAERLLE DL P PR ] G LR - DL PE AR T - 26 MR Z 0], (4) & RES LR HLER & &=
Skt A B AU R R B EIEAHE, 5 pH (H2 B T B Ca0 &S, HHEA MLk
i 5 HA AR S Y E R R TR R AR 5 WLk £ S B TR F, 250 3 0] 55 LE AR
- MTVE AR L A AR 1 S L IEME TR OC R . AFFEAS R MR AE R 24 % 7% AR - 50 Bk Y
EEORIR R AR -2 Z P AR S — 2428V AR - A DR & 1 85 T B S - PE AR . 7B ARAR G 8 AT
Bk E R E B A BRI R R S A B i, (AR N AR S R R MOR MR & R

KB MLETEIIRN; AR AMLRS R ARSI

FESES . S154.1 XEARER . A XEHS: 1673-4831(2021)09-1200-09

Characteristics of Soil Organic Carbon and Its Relationship with Other Soil Physicochemical Properties in Larix
gmelinii Forest. WANG Bing, ZHOU Yang, ZHANG Qiu—liang(D (Forestry College, Inner Mongolia Agricultural Universi-
ty, Hohhot 010019, China)

Abstract: The characteristics of soil organic carbon (SOC) and its correlation with physicochemical indexes in different
types of Larix gmelinii forest were studied based on field investigation and laboratory analysis. The results show that:
(1) SOC contents were 13.42-142. 18 g - kg™ with an average of 53.35 g - kg™ in 0-60 cm soil layer of Larix gmelinii for-
ests, which presented an obvious surface aggregation and decreased as a power function pattern with soil depth. (2) SOC
contents of different forest types ranked as: Ledum palustre-Larix gmelinii forest (64.14 g - kg™') > Rhododendron simsii-
Larix gmelinii forest (63.48 g - kg™') > grass-Larix gmelinii forest (39.99 g - kg™'). In the layer of 0-10 ¢cm, SOC content
in grass-Larix gmelinii forest was significantly lower than that of Ledum palustre-Larix gmelinii and Rhododendron simsii-Larix
gmelinii forests; in which the differences were decreased with the increase of soil depth. (3) The highest contents of soil wa-
ter and K,O were found in soils from Ledum palustre-Larix gmelinit forest, the highest values of bulk density, available po-
tassium, organic phosphorus and available phosphorus in soils were found in Rhododendron simsii-Larix gmelinii forest, and
the highest values of pH, ammonium nitrogen, Na,O, MgO, Al,0,, CaO and Fe, 0, in soils were found in grass-Larix gme-
linii forest. The significant differences of the indexes were found between the grass-Larix gmelinii forest and Ledum palusire-
Larix gmelinii, Rhododendron simsii-Larix gmelinii forests. (4) SOC content was positively correlated with soil water
content, contents of ammonium nitrogen, available potassium and organic phosphorus, and negatively correlated with pH val-

ue. SOC content was negatively correlated with metal oxides contents, except for CaO content. According to multiple regres-

I FE B 2020-10-28
EEWE: N5 AR KRR (2020660067) 5« =107 [FI K H R AT &R (2017YFC0504003 )
D HIEVEH E-mail ; 18686028468@ 163.com
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sion results, the undergrowth vegetation was an important origin of SOC in Larix gmelinii forest, and the SOC contents in Le-

dum palustre-Larix gmelinii and Rhododendron simsii-Larix gmelinii forests were higher than that in grass-Larix gmelinii forest.

In the process of forest management and vegetation restoration, the scientific and reasonable measures on restoration and man-

agement of undergrowth vegetation should be made to promote the coordinated growth of undergrowth vegetation and upper forest.

Key words: Larix gmelinii forest; forest soil; organic carbon content; forest type
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Table 1 Basic information of Larix gmelinii plots with different forest types

M i‘&'{ﬁ/ . Wl R/ fﬁrﬁ“/iz A =74 Wt/ MRS
(°) m (kK « hm™) m cm %
FR-DLLEEM AR 8~12 L PUR LN 831.8~886.4 1392~4774 0.6~0.8 11~28 8~40 70~80
HA- MG 8~13 pire|d i 846.2~886.7 1591~6366 0.6~0.8 8~28 6~32 60~ 80
FERS 245 AR 4~8 ENENG s 886.4~950.0 1392~4973 0.6~0.8 8~22 5~34 50~70

1.2.3 Fdigit 5508

KR 2 7 2253871 (one-way ANOVA ) X AN[f]
RT3 TR B 4 22 Y I B R - 38 BILAR B i i
75 8 EWR K K Pearson #3531 134 4
(1A 3BT 7 2% 50 M 388 BLAR &5 5 4% B AL R A
[P R TR Geit o B R T SPSS 220 581, R
FH Excel 2016 #53HE 3.

2 ERESW

2.1 MEREMRKTIFEEVIBE BT

MAIEIAR(0~60 em) 34 HLEK & 3 Fl
H13.42~142.18 g - kg™, FEH N 53.35 ¢ -
ke ' I W E AR AR AE (BT 1) o Bl R
FERE N, 5 HLRK & 5 B W REAIR, HRZ (0~ 10
em) P E R THT&Z(P<0.01) , RN %
A BRI AL BT W] Y 2 AR

PLE 2 A AL & o A i, DUR 2
A B o R AR 5 xR R 4 A T

g
n
[=}

100
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-] -]
= 80 y = 1.778 62525 . °
2 60 F R =0.0925, f.’>0.05

= 40 o %

20 00..g" °

y = 1.362 1x00%¢
40 F R =0.5876, P<0.01
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Fig. 1 Profile characteristics of SOC in Larix gmelinii forest
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Fig.2 SOC attenuation model among different soil layers of Larix gmelinii forest
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Fig. 3 SOC enrichment coefficient of different

soil layers in Larix gmelinii forest
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Fig.4 SOC content of Larix gmelinii forest
with different forest types
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Table 2 Soil physicochemical properties of Larix gmelinii forest with different forest types
o TREE,  HHEEKE w/ oy v w(BER)/  wCEE)/  w(EEE),  w(EHLEE)/
Fer o % (g em™) oit (mg-kg') (mg-kg')  (mg-kg)  (mg-ke!)
- 0~10 25. 248 — 5.524b 31.07% 152. 8142 18. 114 661. 7942
AL R /NN >10~20 13.07* 1.01% 5. 754 21.07* 108. 534 11.98% 381. 014
>20~40 11. 98" 1. 13 5.90M 16. 35 69. 114Bb 13. 07 340. 08"
>40~60 — — 5.90% 14,754 44, 814 17. 128 329. 93480
0~60 16. 528 1. 07A 5.77* 20. 45* 95.73% 14. 45 431.91*
A -4 0~10 37.23% — 4.97% 22. 144 130. 99" 13. 15% 698. 464
&R AR >10~20 17.23% 1.01% 5. 365 20. 114 63. 05 17. 6678 340. 39"
>20~40 13. 734 1. 08" 5. 844 12. 024 39. 145 14, 227 240. 354"
>40~60 — — 5. 944 12. 077 38. 6270 17. 8548 213.70%
0~60 22.73% 1. 054 5.528 16. 858 67.61* 15.91° 384. 814
FERS 2442 0~10 26. 298 — 5. 045 20. 96 156. 62 38,234 800. 051
LA R NN >10~20 10. 574 1. 004 5. 4448 16. 674 116. 264 22. 46™ 356. 3440
>20~40 8. 754 1.20% 5. 654 11. 06*" 75. 267 22. 441 348. 104
>40~60 — — 5,315 11,514 31.81% 33. 44 433, 85"
0~60 15. 20" 1. 10% 5.36° 15.35% 99. 974 26.23% 480. 421

[l —F B 5 9 SOR S TR ) 37K [ — LR AR R R IR b 2 5 38, 3 SO/ NG P R R R AR AR B [R] )2 B AR 22 R 3 (o=

0.05),

R3 FRAMBEXZEHMKIREEREUYIE

Table 3 Soil metal oxides ( minerals) contents of Larix gmelinii forest with different forest types

e T2 RE/ w/ %

cm Na, O MgO Al 0, K,0 Ca0 Fe, 0,
e S AL g /NN 0~10 1.24% 1.05% 11.71% 2,034 2.00 5.51M
>10~20 1.85% 1. 4642 14. 6412 2.38% 131 5. 664

>20~40 2. 174 1.584 15.03% 2. 384 1. 164 6. 074

>40~60 2.15% 1. 654 15. 144 2.40% 1.244 6.01"

0~60 1.90* 1. 46% 14.28% 2.034 1. 394 5. 854

BT =245 PR 0~10 1. 134 0.914 12. 3240 2. 174 1.18% 4. 484
>10~20 1.88% 1. 3B 13. 80 2. 454 1. 15488 4,927

>20~40 2,084 1.37% 14. 1442 2. 614 1. 06182 4, 77%

>40~60 2.39M 1. 654 14. 421 2. 41 7B 0. 997Ba 5.19%

0~60 1.844 1.2848 13. 6418 2. 424 1.11* 4. 82"

FERG 2428 5 AR 0~10 1.09*" 0.81" 10. 80" 1.924 1.914Bs 5.08%
>10~20 1. 907 1. 128 13. 584 2,284 0. 89" 5.334

>20~40 2. 104 1. 344 14. 547 2.39% 0. 845 6. 07"

>40~60 1. 475 1. 248 14. 954 2. 68 0. 945 5. 434

0~60 1.654 1118 13.23"8 2.264 1. 1948 5.50%4

[l — 0 B I B SOR S RS [ 327 [ — LR R MR )RR b 22 5 (.28, S S0/ NG PR R R TR AR B A [6) 42 B R PR 22 5 B (a=

0.05),

2.4 AEHMBETEEVHRS M4 EEAERE
FIESER
2.4.1
Sl

AHSE 2B (- S) T LA Y B A 3k e 2 i 4h
3 P!+ A LA & 1t 5 45 - SRR AL TR A5 1A O
PR —3, 22 AR IMAEAR SRR BE [ 3 FhobRTR £+
HEA NS B35 R AR R, B S A U A
HHLHE &2 3 (P<0.01) 8 3 (P<0.05) iE
MK R, MY pH W EEFAMLLR (P<

b A LR 55 H A 3 B AR R T B9 A O

0.01), 3 FlpkZY +HEA HLEK & 735 Na,0 MgO
AL O, F K,0 & f S0 i 25 77 AH 6 C & (P<0.01)
M55 Fe,0, F it 2 HAHICE R H AR B K- (P>
0.05) .
2.4.2 3PS H At A R Ak 5 fR] 4 1R1 S
SR

KA BUA 5Hr )7 , 2 b 55 b oA [0l )E
FHU, O 08 R 45 PR 4 A DL S R S A
5, I BN A MR + HEAG LR 5 A R 115 O
(F4), BB EIEAG T Rk 5] 81. 0% ~ 92.3%,
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Fig. 5 Correlation coefficients between SOC content and soil indexes of different types of Larix gmelinii forest

R4 FEWE L EZIRR T IEGYEETEE
Table 4 SOC regression models of Larix gmelinii forest

with different forest types

R 5] 5 77 R?
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Fig. 6 SOC fitting map of Larix gmelinii forest
with different forest types
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DERAEE. A EEAME THRE BRSNS

HEE, KAE, & &', 2 B, OFEMR, KA, F OB, REE, TAEY (L mikik
EVRWRERE, DI MGHS 6111305 2. PUNIRMLRFIREE B, DIl E 611130)

WE ., RS IR T AR S &S A SEAT AN T B2 ( Lantana camara) B8 FXTH S
HEJE S WM FOGARE, DI D 8PHE S G e N itk s ilbl . 45 RR0L (D MEE S
BEAHREETE, DEFHA YSRGS, H 3 T6(w( Cd) \w(Pb) Flw(Zn) 53514 60,800 11 000 mg -
kg ' JARRH HAE R IF A B W 2 B0, (2) DA FHAR R AN 5 A S R A s G A R T T, T3
(w(Cd) w(Pb) Flw(Zn) 433124 10,200 F1400 mg « kg™ ) F1 T4 w(Cd) \w(Ph) Fl w(Zn) 43514 20,400 F1 600
mg « kg™ VLIRS TR, (3) DEPRERA R S B RE TS YRR N R, S A S MR R B Y B e U B
VEYRREIMET AR LT, 24T, SEFHR AR BB E T B3, S 20T 138, (4) D8k
N Y B T AT VA PELH 4) (45. 2% ~ 62. 5% il 44. 2% ~ 66. 7% ) , FR 79 20 L BE (29. 7% ~ 44. 0% F 25. 2% ~
44.1%) , FTEPEL 3 (39. 2% ~ 52. 4% ) FNAHMIEE (39. 8% ~ 50. 4% ) Hh ¥ & WU AHZE AN K, 3 Pl 4 SR TR Al i o v 44
IAGIE (7. 1% ~12.2% 6. 0% ~13. 1% 1 4. 8% ~11. 6% ) , (5)3 FhH 4B 1E LI 28 B 3y T LU AR
HUZS T R 1 BUS R B A B R AFAE , Hoor 3 5 BB 1Y 50. 7% ~73. 2% 47. 9% ~ 58. 9% Hl 46. 7% ~ 63. 2% , 1Mij
FEPEL R 1 SR ER USR5 B /K AR IBGE |5 b3 b, 43 L S Y 14, 2% ~ 20. 8% ,14. 6% ~ 28. 4% 1 19. 6% ~
32.2%., VUL, ShORPHAEES Y B A TOA T B R i, L TR AL i SRR 2R T 4 T 0 [ 40
RIS PR A3 00 DX B AR AT LA R b AR o 4 i A AT 38 il DR TR A1

KR DAY E4E; EAT50; VAN ; TEARHE

FESES. X53 XEARER: A XEHS: 1673-4831(2021)09-1209-09

Study on the Tolerance and Detoxification Mechanisms of Lantana camara under the Combined Stress of Cadmi-
um, Lead and Zinc. XIE Yi-hui' | ZHANG Ming-hua', XIONG Rui', LI Ting', PU Yu-lin', XU Xiao-xun®, LI Yun',
ZHANG Shi-rong” , JIA Yong—xia]‘iD (1. College of Resources, Sichuan Agricultural University, Chengdu 611130, China;
2. College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Lantana camara is considered to have high tolerance to the Cd, Pb and Zn co-contaminated soil because it can
grow normally in Pb-Zn mining area. However, its tolerance and detoxification mechanisms remain unknown. In this study,
a pot experiment was conducted to investigate the biomass, relative electrical conductivity, heavy metal content, subcellu-
lar distribution and chemical forms of Cd, Pb and Zn in L. camara. The results reveal that: (1) With the increase in the
concentrations of heavy metals compound pollution, the biomass of L. camara first increased and then decreased. And it
was not until T6 [w(Cd) as 60 mg - kg™, w(Pb) as 800 mg - kg™', w(Zn) as 1 000 mg - kg™' ] treatment that its
growth was significantly inhibited; (2) The relative electrical conductivity in roots and leaves of L. camara gradually in-
creased with the rising concentrations of heavy metals, and were significantly higher than that in the control in T3 [w(Cd)
as 10 mg « kg™', w(Pb) as 200 mg + kg™, w(Zn) as 400 mg - kg™' ] and T4 [w(Cd) as 20 mg « kg™, w(Pb) as 400
mg - kg™, w(Zn) as 600 mg - kg™' ] treatments, respectively; (3) The Cd concentrations in various parts of L. camara
showed a trend of first increasing and then decreasing with the increase of pollution; the Pb and Zn concentrations contin-

ued to rise. The content of Cd and Zn in roots of L. camara was higher than that in shoots, and the content of Pb was con-

KR EH: 2020-12-21
HEE&WE: ERARBIEIS(41101298) 5 PR
@ BIE1EH E-mail ; yongxiajia@ 163.com
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trast; (4) Cd and Pb were mainly distributed in the soluble fraction (45.2%~-62.5% and 44.2%—-66.7% , respective-
ly), followed by the cell wall (29.7%-44.0% and 25.2%—44. 1%, respectively) , while the concentration of Zn in the
soluble fraction (39.2%—52. 4% ) was similar to that in the cell wall (39.8%—50.4% ). A minor part of Cd, Pb and Zn
(7.1%-12.2%, 6.0%—13. 1% and 4.8%—11. 6%, respectively) accumulated in the organelles; (5) Most of Cd, Pb
and Zn in the plant organ were mainly in the forms of NaCl and HAc extractable, accounting for 50. 7%~-73.2% , 47. 9%~
58.9% and 46. 7%—-63.2% of total Cd, Pb and Zn, respectively, while the 80% ethanol extractable and deionized water
extractable forms accounted for 14.2%-20. 8%, 14. 6% —28. 4% and 19. 6% -32. 2%, respectively. These results show

that L. camara has high tolerance to the Cd, Pb and Zn co-contaminated soil, and the retention of Cd and Zn in the roots,

the store of a large amount of heavy metal in cell wall and soluble fraction, and the formation of less toxic chemical forms

are important detoxification mechanisms in L. camara.

Key words: Lantana camara; heavy metal; combined pollution; subcellular distribution; chemical form
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SR X — P LAY, 6 I S PR XS 40 Y B
AU RE A B, ATAREgE 2 R,
LIPS BB — 5 YL 500 T ALl o el 5 4
T M- 7 A iz DX B A VR IR 22 i i 2 IR
B LB BT AL B T G AT B 1 A A
BEMLAR NI PR, DADUCIR B & SR A B X
ZEPYRAPRL, 8 I 2 AR R R, WY AR AR B B
SRS 3 ol N8 1 VA R ol R e = (0 ]
B RIRAETEAS 0T S 2P B G 15 Y 5508 T i
PEFNEEEDLE , LU ™ DX AE Bl PR 52 0 o 43 g 15
TR —E S H R

1 #REFE

1.1 #hka

PER DR A U A DO B SRR X
A e e S & N[ K T AN P/ 7 13
FiH, AR M BT pH {2l 6. 74, A ML &
BN 211 mg - kg BRARA SN 65.4 mg - kg™,
B RE 212.1 mg - kg, BRSO 47,5
mg - kg™ EHAHE N 0.072 mg - kg, BT RN
68.4 mg - kg™, EFFTHN 94.8 mg - kg, PR T
GB 15618—2018( B i A HIHh 43575 G K
S i AR AE (IR T ) ) AU I B 1
1.2 KEHE

REG T 2017 4F 6—10 H 78 DU ARl K27 i #48
AR SN A B R TN g5 T e wb e S 20 e R
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B 3 5 mm LA G, 26 A 40 emx30 cm ¥k} G
R 1 8.0 ke IR E 8 A 4 AL
THR(R D) UATRINE S8 A0 i A b
5, ¥ MR CdCl, - 2.5H, 0 (4 Hral) .
ZnSO, + TH,O(Zr#r4l) Al CuSO, - SH,O (43#r4l)
BC il O, 5 IR G5 s 4 JH i E SR
RF AR

%£1 A[E Cd.Pb.Zn EELIE

Table 1 Different treatments of Cd, Pb, Zn concentration

w/(mg -+ kg™")
iR Cd Pb Zn
CK 0 0 0
T1 1 50 100
T2 5 100 200
T3 10 200 400
T4 20 400 600
TS 40 600 800
T6 60 800 1 000
T7 80 1 000 1500

PR FHE T NE W, BE10~15 em /£
A A 2P SR AR, R A TG A 2~
3 RBinE BRI A — i gl i TR Ak,
%3 R, E DL RN, BITOK BRI
Y AERAES . T 90 d JFWCIRAR R , HEA 745 T 455
M7E
1.3 MEFE
1.3.1 AYmryiie

BERAEFEWIRE 5L 43 R B AR 2R 2 A4,
Zpkd T EME T8,
1.3.2 X H R A

GRS ] DDS - 12A 780, S Z8 S0 5, AH X

HL R A AT R S AW R R R RN U E
1.3.3 HEL&EZENIE

Y FE S AR & & S B ZHANG
Y RARE: SR V(HNO,) @ V(HCIO,)=4 :
1 BYTR & OB R P R S AT I AR, R R IR Ok
THEAL(AAS) e EE 4w 1 i
1.3.4 WA

V4 6 £ 43 B 4 S 2 BRFU S0 (1 TE 40 i
PITIE SR FH 22 3B 0 VR B AT WA i 43 R A
BE AN RS AN AL 4 3 N, 20 A A4y
KM V(HNO,) : V(HCIO,)=4 : 1 IREGWHL)E,
F BT WO (AAS) I E F 4 8 &,
1.3.5 HELEEANE

e EIE AN ES BAEE 7 R0
AT 43 B w A 80% LB 58 FK 1
mol + L™ GEALENE M .o N 2% T2 0. 6 mol - L7'#kh
TR % RO Y RE 5 4 R PRI K ik i R
V(HNO,) : V(HCIO,)=4 : | IREWRETHLE,
KR T WG (AAS) M E B4R &, &
PRI I 2543 5 R B PR B KBRS A
FEER BRI | T TR i IO R 6 R 4 TS 3R v 28 7
G MERER .
1.4 HELHEESHF

K Excel 2010 1 SPSS 22. 0 #4750 8811 5
I3HT, R R /N 2 258 (LSD) X 22 S M (P<
0.05) T2 H AL,

2 #ERS5HH

2.1 BB BFEESTENIEFEYENRID
RTRVER HY B A B T PR R R 2,

#*2 AR Cd.Pb.Zn SENEIL/ZLMBATEVEFNHEITBSEHNTL

Table 2 The dry weight and relative electrical conductivity of Lantana camara under different treatments of heavy metal

concentrations
e W/ (g BT AHXS L%/ %
LitER | EB ESUS LitER L

CK 0. 67+0. 02° 3.030. 10° 3.700. 19° 17.942. 114 33.57+2.29°
Tl 1.06=0. 11° 4.14x0.24° 5.20+0. 45° 18.27+1. 46" 34.20=+3. 32%
T 1.18+0. 19* 4. 82+0. 44° 6. 000. 73* 18.65+2. 18¢ 37.32+1.59%
T3 0. 88+0. 06" 4.45=0. 10° 5.330. 16° 20.24+2. 004 38.39+2. 17¢
T4 0.77+0. 17" 3.59+0. 15" 4.36=0.32" 24.99+2.20° 42.16%1. 54°
TS 0. 55+0. 03¢ 2.77+0.28% 3.320.21¢ 27.81£3. 39" 47.11x2. 06"
T6 0. 54+0. 03¢ 2.710. 144 3.250. 104 32.50+2. 14% 49.53+1.97"
T7 0.45+0. 16° 2.46+0. 18¢ 2.91x0. 13° 37.45+2.97° 54.62+1. 80

[l — B I 3 30/ NG TR [R] 37 A [ fb BRI A AR 28 5 .35 (P<0. 05)

W 2 iR, 24568 Y BESE M CK H#EE T2 4b
PR SR PIAR R M b A e bk AR ) i B A R

REFR BRI, B A T2 2R3 R ok, A B
CK ) 1.76 .1.59 F1 1. 62 1% Yis Je & KT T2 hb
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%375

PRI, T2 PR AN A ) 8 Bl 4 iR o 1 i 2
AT RS TS AbPE T 28R R A Y CK B
FEFEAK, T AbFHHE [ FRAI R AP K CK B 3 1%
Ko T7 AP EL PR AR M b ARN A bR AR ) i i
IIN R BT A 32. 8% (18. 9% F1 21. 4% , 1E
TRESBEE AT REFMT, DB R A SZF
P, FEBH IR BT B A TS Y HA B
22 BB HEATLMNISEAENBEERY
=21

AR B R A AL B T PR R R A
X H A RARALAE B LS 2, WNFE 2 BT, B & 4
JRALFE S BRI, S PR R A A SR R
PLZHE - FHEaE 450 F T3 Al T4 b HAt B 2 m T
CK, HI47E T7 AbBRES 3B B K, 4058 CK [ 2. 08

F1.45 4%, MULAT UL, BE2E 548 25 T5 Y e B
TR MRS AZ 451 R R W
2.3 DKL BIEH.HEE

LR R A A B RS R LA 1,
B 1 s, A B PR ST R N TR, B2
M EFARAR R A0 S e T R REAL, HAE T4 2B
IR EN B KAE, 3908 CK /Y 8.25 F1 11,07 15, 5
ZRPYHb 1 RIS R AT B A D B T R N
M LT, 78 T7 Ab BRI IR B 5ok, 40 51h CK 1Y)
10. 47 .6. 15 % 1 23.35 .20. 80 1%, 4% 4b ¥ & 42 1}
HRZR A B e 2 i T Ml LS, T L A )
mTARAR , R AR R B E A B [

FFfiE

600 - aa 1200,

# ab ab a i
500 F JH 1000

D
400} . ¢ 800
300+ 600
d q
200F e 400
100} ¢ < 200
0 0
CK TI T2 T3 T4 T5 T6 T7 CK TI T2 T3 T4 T5 T6 T7 CK TI T2 T3 T4 T5 T6 T7

bl

OMRER; | b,
[l — W Pl v [ — 21 A B0y S0/ NG TR [ 7R S 2P A AN () b B ) i b 2 5 8.3 (P<0. 05)

E1 AEEcESELESARRAMM FAE.HHSE

Fig.1 The contents of Cd, Pb and Zn in the root and shoot of Lantana camara under

different treatments of heavy metal concentrations

2.4 BARZREDR. A FENTHABS T

B AR ek A=Ak I A = O U o PR R
W 2, WK 2 Fros  fEAN R S S AT
PR BB 2R iR Y E R AE T AT
VEAEL ) (45. 2% ~62. 5% F1 44. 2% ~66. 7% ) | 4
MIBE(29. 7% ~44. 0% F1 25. 2% ~44. 1% ) IR 2., A i
28(7.1% ~12.2% F1 6.0% ~ 13. 1%) W 0 4ii e 20,
Bl A AL B T, DA A P L A TE
AT PR Ay i o ORI, 7 20 M BE v o LR, 7
s AR AN B, DRI E R
B T AN BE R T PR AL v, FL S LA 2
AR, Ay Y 39. 8% ~ 50. 4% Fil 39.2% ~
52. 4% M AELR AR A8 P 7 Lh A/ A S 194, 8% ~
11. 6%, 1R E 48 &5 B EHE DB &2 B
FU A5 I AN BH 2
2.5 DEAKREPRGAENLEESESIE

ANFIEAS B D& 28 P o
FEEZES (K 3) . e 2R 25 nrh EEDIE

A AN B S R $2 B (50. 7% ~73. 2% ) B 3047
e, OB UGS TR B2 U (14. 2% ~20.8%) 1 Lk
BD UG Y VBEE A S At SR b 51
AANFR IS5 o5 L3, I R 8 O R o L AT,
MAEZE | AR fh B H A S, o S A e AR
25 i E AR K, BTE DA E S L
A S FAARL, 3228 DL G A B 4 BB R T 1R 4 BB
T, bR 47. 9% ~ 58. 9% , £ T4 BUZS FOK 42
ASE > AV G MY 14. 6% ~28. 4% ; B 15 YL 72
JEINEE , D2 PE v O BE R OGS o5 LU AR, UK
PEBUSEY S LT, M EAR ZEh A A
TEAS A E AL B AR S A 5 L Rl T 4 8 1
T AR, T I B LSS | 5 1R i RO R B s A8 4
U AP 4 & i N, BEAE S 2 PR AR
B FR DL A IS R R 4 S (46. 7% ~
63.2%) & X A7 78, & B 4 S T oK $2 B3R B
(19.6~32.2%) K Z, 5% i & F0 £ #R $2 B3 B
(12.8%~21. 1%) /5 bedg/N; i B 42 8 & e 3G m
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Fig. 2 Distribution ratio of Cd, Pb and Zn in subcellular components in various organs of
Lantana camara under different treatment concentrations of heavy metals
3 it 5124 60,800 1 1 000 mg - ke ' JALBH, 1 HEH 4R
N TE

B VRS E SR S WO LR LR
eI — AR B, S XA A A R AR A
T e g AR KGR G R R /N SR E AR 2R
m,bEES RN EYERA — &R IFE
RO BT R AR K OF A R A e T
HIEE R A K15 e A 2 06 F R4 AE
IR 01, FL B 2 10300 K 738 im0 6 4
Mz, E5 G LW, T2 0 HE 4
YT B EY R BE ST CK Em &Rl
PR BB A Wy i A BE TS Yo AR i R L
B HZE T6(w(Cd) w(Pb) Fl w(Zn) 4>

o T E T GB 15618—2018 X & % & (B
(w(Cd) \w(Pb) Fl w(Zn) 535k 0.3,120 Fil 250
mg + kg™ ) FIRUES A HIEL (w (Cd) Fl w (Pb) 43 511K
3.0 F1700 mg - kg™ JA A% CK W EREAL, X K]
AP ReTE = o R B E A AR B
A X B VEERAA R R T, T7 AR 2R PR
R A B AP R A N, AR RA Y& R RE
W (32. 8% ) KT Hi L3 (18.9%) , & WIFE [l F: =
FREGTS YT, D8P b |33 2 3 E AR
HU/NTARZ

4 B T 0T 5 50 2 I 2 TR N AR
£ L B 4, 11 N0 TR SIS 3 A A A 200 RS 1
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Fig.3 Morphological characteristics of Cd, Pb and Zn in various organs of

Lantana camara under different treatment concentrations of heavy metals
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PR AR AL T e B R S AT
Mo B, RALEE 4 B W aa T, D2 g R ER 4y
B VR AEAR R W T R A B o
H B PE, XF b 2P — R V5 5
BN E BN, EE SRR E RS
5 YLt M [E], A2 A TG e B B S R —
YR, B A TG4 54N, S8 P A
HEETRAR, RN TRR, FHE &5
XS TE S 28 PHA N 1 e d2 A — 2 AR 2R T 5 X )
B MEIER, WS R, E Ak
PR AR AR T H RN s ; e B R
BV R MET R S ME ZE B Z B 38 (Potentilla grif-
Sfithii) EPYBE ) b EREE RSO O R R — T,
YRR PR AT 5H &S EES G
JRK T T LA 5 s i 1 A AL o3 T DR b L
SETERRER e A S, (H B2 HR R0 4R
HIERFRE DA B, E R AT Y 5k F T, Cd> \Zn™ 5
Pb* [ A B4 46 o5 25 G0 s, AT G S5 1) 1, |
TERIZ Iy — 7 I, T 4 R B T ) M S Y 32
1 RO AR SE AR, N [ 45 TR B R BE 2 ph A R 10 7
BEAA S, B, W S RS R RNT,
Cd* Zn* FIRELH 3T [A] —as Fn oA, DT 00 46 4 1)
R Ik L, E A R B TR R
12 S M 1, A 2 R VR R R 2, ELARAE
FAMUEEA ReifE— P R5E
X BEACAE FH 2 A W 7 5 & @ Wi F B
BRI Z AL 2 —, FIP 40 i RE I & K IR
ZHEREAREY R, T S HE 4 RS T46, % H
I 7 240 M B ) B 4 T A AN PN Y B s
B, RN B Y IE R A BRI R AR, 40 B
JEATETE BHFRE 4R , 30 E &8 B T ik A
JRAE TR, ik AR IR & 8 B8 1 K2 &bk
BREIET, 58 mAKMA VRS RES S,
e b X A0 M s A 1 Aok
LSS BT i 0 0 R T 3 Rh g R
PIRR 25 R A B A A T A R RE R AT i
e e R € o1 TR o S o (TR 5/ SF R D S TN
AT T AT 4 0 (45.2% ~ 62.5%
44.2% ~ 66.7%) ', 41 M BE (29. 7% ~ 44. 0% F
25.2% ~44. 1% ) IR Z , 3X 3= W1 20 M BE X 55 5 1 [
FrRe I A B, s AFH YR N IR B R s &
WL b DL 22 fif 35 3 5 PEAE Eh 28T 2 B BE (39. 8% ~
50. 4% ) MR PELH 43 (39. 2% ~ 52. 4% ) H & Ho 8¢
i, HAHZEAN K, R B AHER T40 8T, & 2 1) 40 fif %
XoF A (1 [ FH S S, 200 e e 1 5 08 94 IX B Ak A

FHY R 2P A P 3 A S AL, 20 M 2 1
SRR A0 R P A S T B B A7, L 4 S
Z MY Z B ER A EHRE LM, ER
BVGYIRMET , A B Ay B A T Al RS
AR Y 7. 1% ~ 12.2% 6. 0% ~ 13. 1%
M 4.8%~11. 6% ,iX 5 HEFHESR By FER—T5 L
SRR SE R 22— KRR — R A
YT, X BB AE F #0230 = 2 PH s 1 | 4
FrHIEW A K EEER, DR R K H A0
RS R RS E KT B, X T RE R AR
FTERG Y B A M aE T 32 10 AR B v T
(L RUA

EEBEMD RN BT BRE S5 1A
RSBV, CREPEIES (EZ LR A
FIERRER ) AR AR BUES (2 EARBUA MLIR £L F K %
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S B E A L AL B OIRAL R A, DU SR SN & i B AR IR L R B 1 i 1 Rk
5 KA AAR T AR R B B B, AR AN R Rl A [ (R LB ) 45 0 T o A8 B Ak = . S5 3R B E
4 J84 Mn As \Pb Hg Cr .Cu fl Zn, ZB72T0E LA B , TEIERLEEE A 1500 °C ARIEETES 1.0 h Bl
H90.15~0. 46 Z1F T, FHES T TT LA 45t SO A b B8 LRy ALBRAR RIEDGH RS, BB IA As |
Pb Hg Cr Cu il Zn B33 L BEMEREAR TAEOCHR HEFRAE K . il 4% (9 3% B AR 25 M 08, 2 5 B2 vy, JF 18 [P 51
9 1.08% ~3. 47% , EWAETE RN 2. 47% ~ 10. 05% , 15 & 538 VR T + FH D% 0 [P R FE R0 1) B i oK, B I A
BEREGE 1x107° ~1x107 em « 7' WFFEAE RO FHEG I Tl A B S UK 5 B 4 J iRt 1k B R R E B S BRAIR
P DASEEAS A M TCF AL B 8 R B I PR B AL 2 M BT B 8 AR AR 2 VREE - R PSR e N FH I M RE K
K. fERY); Bk, il Bk R

hE 4 S X705; TB321 XEkFRER . A XERS. 1673-4831(2021)09-1218-07

Hazardous Characteristics and Mechanical Properties of Vitrification Product of Tungsten Slag. VA Bingo\’ , DU
Bu-yun, YAN Xiao-fei, KANG Guo-dong (Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environ-
ment, Nanjing 210042, China)

Abstract; In order to reduce the hazardous characteristics of tungsten slag from the manufacturing of ammonium paratung-
state and to minimize the ecological environment pollution risk in the process of disposal and utilization, vitrification, con-
sidered as a promising technology for the management of hazardous wastes, is adopted to dispose the hazardous wastes for
tungsten slag, which achieves the goals of reduction, innocent treatment and resource utilization. This study focused on the
utilization of tungsten slag. Various proportions of diatomite, quicklime and aluminum oxide were adjusted to control the al-
kalinity of raw material, and the different melting temperatures as well as the holding times were set to prepare the glassy
product. The results show that the main heavy metals in tungsten slag were Mn, As, Pb, Hg, Cr, Cu and Zn. By means of
an appropriate technique (temperature; 1 500 °C, holding time: 1. 0 h, alkalinity:0. 15-0.46) , a vitrified product char-
acterized with dense homogenous structure, low porosity and smooth appearance can be made. Compared with HJ/T 299-
2007 and HJ/T 300-2007, the toxic substances in the finished samples were much lower than that of the limited value in
GB 5085.3-2007 and GB 16889—-2008, respectively. Furthermore, the vitrified product had excellent mechanical proper-
ties (robustness value: 1. 08%—3.47% , crushing value; 2. 47%—-10.05% ) , which were much lower than that of the lim-
ited value in Standard for JGJ 52-2006. Therefore, this vitrified product is qualified as an alternative impermeable material
for landfill use since it has excellent impermeability and permeability coefficients ranged from 1x107=1x10"" ¢m - s™'.
The results also show that after being disposed by the vitrification technology, the heavy metal leaching toxicity and the
hazardous characteristics of vitrified samples were significantly reduced to satisfy the harmless disposal. The physical chem-
istry properties and anti-seepage effect of vitreous met the performance requirements of potential applications such as the
concrete sand and the alternative impermeable material.

Key words: hazardous wastes; tungsten slag; vitrification; solidification; leaching toxicity
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Sy AT B e KA 5K, 2018 4F- 3k 5 A B A 0 9%
JEAERE (UL WO, i) 1 071.57 J7 t, bb 2017 4E 48 K
49" MR (APT) J& R 7 B AT I 14 4) % 1
i, F[H 2015 4F APT A 7=6E J71k 20. 80 J7 %), 43
KR (WO, i &8N 65%) VE N4 APT ({35
JrE, R R I o i B R 0 T 4 APT B2 7 A
() PRGBS AE R R 0.8, /)
BAET 1 BRI A 0.8 ¢ i, i H K
R AR, S A R BRI K, H AT
FE A AR P A ol 10 07+, 2R b e A i B
K100 05 ¢ KBRS B R S A R R HY R
EHRBAFY A A S)E, 9508 &8 E Y (R
54 323-001-48) , f& o Ry 4 | 88 KM il sk
AT Z) 3 A B A FEW R, 5
B Rk TG Y K

Hip, 2l b BAH X EZA LT 4 F.
(1) W A7 a5 [ Ak ) 2 43885 (2) Bt W Nb, Ta,
Sc.Fe fl Mn Z547 &8 77 (3) LE 7=l BE AL L
(4) il 2 Z2 FLF R 53 B AT RES Bk [ g X
B e IR AL R R ARAG, 2R & R H IR B A BR,
EEEiwIve AN EN NS E W % S - NE A R g 1)
FERT B, B = BEME KOS T N A M 2R A IR R,
T B0 G IR A A B ik, R FH v T i B 3
HARXT R AT IEF AL & 15 BB SR Y
[T, BRBE B AR, WD LA Ay A f 6y 2 4 ik A 7 48 4
T A B A Ak R [ B
IS IABY SRS 3 AR A G P | RIS IR TG B A AL Y
FEIBRRTEHR A . KARAMANOV 250 Fi] F 2 4k
T 55 1A o B 3 g s, A5 1) ) B 38 B Ak = 4k
e e, B R BRI HMERE, Kuo )

®1 BENEELIFENFAES

FIHT Ca0-Si0,~Al, O, 1 BEHS AL 1 i 1l 7510 , X 5
MBS E RV T SR, b E SR
TR 5 B AL R I B VAR G, 7= W B AL e JEE
i THERERF . GAO Z51 I B0, B , i i
Y Si—B—Ca~Al 454 K LA, X 3k iy [ A b7 35 4%
be RPHEAT ISR 55 , 13 B A B A XS Zn  Cu 55
4w A IR AR E A RCR . 2 TR,
T M R A ALk AR OS T S  E kA
B BEbE KA 1 18k ) 5% B 2 o G T Ak Ak B
BORRE,

BEXTES 1R MR A ol 2R A T K JE A O
Z JCEAAL B T 255 o0 i HORMEBE R i) 85, T
TR AR B PREE K 18 511 , i LA R ) 2 R A
T, IS AR 22U R R A OWIE SR 2 R
B REPE AT RAL 0 A, O 45 o AL AL E | BTIR
A BRI AR 42 il & BE R R0

1 RS

1.1 FE#HRIRF

B I 1 VLV A8 M T RS Al A i R SR
BT B B A R R 1 R A A
CaO FI AL O, , 3043 &l , 5250003 43 B i FH 357
TR AR | EURR | e SR R R , 24 R A R 2t I
W2 TR B R U S A B4 S A BT 4

TR A i K 35 T8 A 245 g 1] o) R0 ik o - Ak 2 A
LR 1, Bl FE A= 5 Ca0 | Fe, O,
Si0, MnO I AL, O, B 5 & #7E 70% Lk |-, X5
P JEORE A R IR B0 B VAR OC, RS A
B R i AN S S AL BCRAL, BT i
SRS A B TR R A A3 i 0 koA N kol
WO, il MgO, 84 /D W As .Pb Ba.Zn il Cu 555
G BRI 4

Table 1 Main composition mass fraction of the tungsten slag and diatomite

w/ %

Vi CaO Fe,04 Si0, MnO Al, 0,4 WO, MoO5 MgO As; 04 CuO PbhO BaO Zn0 Cr, 05
i 35.51 12.46 10.29 15.81 4.14 1.63 0.12 1.92 1.24  0.83 1.45  0.28 1.25 1. 64
L 0.26 1.82 94.24  0.02 2.64 — — 0.35 — — — — — —

1.2 & #RlfEE it SR ks R AEALERIR S, AN w Sl 8%

RIS 7 1) 5 DY B A T R o o 9 A R i
(RBRILE ARk RS TR AN TR R, A T 4 4]
PESIRIE L, 2 M Ca0-Si0,-Al, 0,1k 4 /3K
B TCRETEAR R A T AR AT AN [ ol 32
JEE A BHE A [ il 45 18 7 1 B 3 AAO8 UIRAS .

FIK$FE SR TE 12x10° Pa JE 77 T K 40 mmx
25 mm HRY) 78 100 °C ST A BT AR5 &
TRFIENI EIH I 7 T — 20l 2 B A

3 3 AE A RS INAS TR) L ) A ik o8 1 SR A4S
FAEACSR BRI AS R BE ¢ i AR, Hivp 87
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B w N 30% ~70%, C, 53 3B E R 0.15,0. 23,

0.27.0.33.0.39.0.46 1 0.65, FESham4 kN
TS—H I B —F il e B — DR R s 1) o A TR) B AT %) A ek
FHEAFH I 2,

x2 FRABEEEMPEELFAES
Table 2 Main composition mass fraction of raw materials

with different alkalinity

w/ %
WA Ca0 Si0,+Al, 0,
0.15 10. 65 70. 30
0.23 14.20 62.32
0.27 15.98 58.33
0.33 17.76 54. 34
0.39 19.53 50. 34
0. 46 21.31 46. 35
0. 65 24. 86 38.37
1.3 WEEHE

R 0 A B2 R TR R SR R 8k
S5 R T B LR M 25 °C FHE] 105 °C, THE %
H}5C - min™" 5 30 min; FREAREE 105 CTHE
900 °C , THRHE R K 10 °C -« min™" , FIR 60 min; f )5
PHIRE DA 900 CTFZ 1 100~ 1 500 C , FHiE # F Ny
10 °C « min™", 15 30 ~ 60 min, {3 7% 52 85 B 5
TR R, T K R 208 AR B B AR A H R Y
PSR A FH IS BRI R R 205 0. 15 mm FLARFRARI
1.4 RIEMRF %

JE GRME 2R 4 4y R X- -ray 5 ETE L (X-
ray fluorescence spectroscopy, XRF ) #4773 #7
il 28 0 B B R A A RRAE R L X ST S 65 (X-

TS-0.15-1500-0.5h

TS-0.33-1500-0.5h
AR AR AL PR TS — BB 1 —J Fil R 32 — (R )

E1 FEEEERHEBEL =Y
Fig.1 Image of different vitrified product samples
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3.

TS-0.23-1500-1.0h

TS-0.39-1500-1.0h

ray diffraction, XRD ) #47 £ AE, >k ] GB/T 18046—
2017¢ FH T oK U b 2% RNIR BE 1 v B kL Ak s o i i
¥1) F1 GB/T 30904—2014¢ JTCHLAL T 7= & Fh IS5 4
GBI X TR ) X BB AL A e AT MY
Br& e vhaa, A% i 3 3 1R SOU TR 5 R A1 >R
Y % 5 1 4 W 1 B AUBE (field-emission scanning e-
lectron microscope , FE-SEM ) #47 %%, fﬂ#ﬁ‘*ﬁ‘ﬁi

BUD RS B R BT LA TR A h i s
JE TERE A 2 1T M8 4 18 T A o S HL 1 EEL’IF%MWX
TR GB 5085. 3—2007 { £ 16 & 1) 4 b i 2
TR Y HI/T 299—2007( AR Y) 132 HE5 1
= BRIRAEER ) A1 HI/T 300—2007 ¢ [F A&
Y B EEEIR R SR 2% v VO ) ol
AT AT . BB AR R 5 % 2 A W oA )
15 R A R 9 3% 3 A Ak B 7= 4 R R (&
ﬁ/ﬁ{m‘z%ﬂ%ﬂ)%&ﬁ{m K, BERARYHL )y 2E

FE I 32 B DA 335 A QR VR e+ b A T I
[l S i £ A= 4R} B 225K 5 &, 2 R G 52—2006
IR ADoK 56 v A v ) %o B B
AR [ M R0 R AR AT, 2 B/ GB/T 50082—
2009 3t 38 R 58 < 3P e A Ak RE IRy AR
T ) X 3% B A BT KB 3 M BRI T
2 BRAWSITE
2.1 HBUEYMIZHSHR

W 1 s, N [ FC AL A ) oo TR il e ) 22

T Bl A SR KK VR 2V I T B A B 388 R S O i ) 2R
o R AR REDEI AR,

TS-0.27-1500-1.0h

4!

= ‘e

TS-0.46-1500-0.5h
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SR S AN TR T AT A A T 5 1) B B AR A 25 4
LALLM e S #E 4T XRD S P53 Fll SEM 134
WAAHROILEE . TR R 0. 46 1Y A= BHEAS ] 4 il
T B 26 PF T i S RS PR Y XRD SRAEILIA 2,

L220-38°

/,,.a——*“'""“w _15-0.46-1500-0.5h
W TS-0.46-1400-0.5h
‘ S :

/M/W‘«W TS-0.46-1300-1.0h
//MM“’“"‘“’”WM‘ TS-0.46-1200-1.0h
; . i I TS-046-1100-1.0h
IR T R e I
/‘T’ i I ) L L |
10 20 30 40 50 60 70
20/(° )

AR AR TS~ L~ il I BE PRI I ]

2 WEENRNO.46 HERERRIREIEE
£ THBUTWE XRD
Fig. 2 XRD patterns of vitrified products produced by
raw material with alkalinity of 0. 46 and

burned at different temperatures

wmE 2 fros, BEE B R 0.46 19 AE BEZE AR IR
1 100~1 400 °C 454 F il 55 BB ES AR H XRD R4
Tirspide B ) 3R W 3G 3 IR K 58 4 be i Y iR B GA
1 500 °C , fRIEAFE] 2 0.5 h B, XRD 47 5 04 31 2% B
o BEE R R R T, AR BT S 0 A R I
AL J T TG TE AL 4R R AE A3 S 1 91 i
22°~38°  RIABIGIASI A5 0 I, FERFSE
PEREAR 5 S M R B, B8 — 1% 8 i Rl R 0 T B
1 500 °C , 53R 4 0. 5~1. 0 h,

Pl 3 ~4 43 5 AN [ AEE BE A2 BLEE 1500 °C 454
T AR AR IR A 1.0 h, 207K Ve 208 4% 1 B 38
& XRD By KA B, W 3 FroR, 20835 N
0.15.0.23.0. 33 F1 0. 39 I, A5 R 25 v s il o 4%
BEEEIRIY XRD @ow H Jo4s ARSI BLAT S0, 2o
T, 7E 22° ~ 38° I REAE AT S e 31 L A7 7 B 8 G T
FROEMAE L, iR 4 iR BR3EE k0. 65 14
il 28 B B R 22K VRV 20 5 PR R 5 B, XRD
IS AE LRI ELE, S AR AT 5 06 | e AR Rl H1 7= Py v
AR R, JCE TR S AL, X R P O
JE it 7 AR S P e T R v, R A R Y R
LB AL 70% , T S0 58 1R 45 48 ] i 7] % A
ARSI, AL O, & 21K, FAE LR T 3, A5 IE K
PEREAR AR B 25 A R 38 AR ) R0 B i A

X | SUREHETE 23 2 I, BB A 0 1k T
AR S E U 1, 3 5 S A e B e
1B

TS-0.39-1500-1.0h

TS-0.33-1500-1.0h

m | T5-023-1500-1.0h

TS-0.15-1500-1.0h

10 20 30 40 50 60 70
200

ARG AR TSl B~ Rl B — P TR I ]
B3 AREEMEEERTE 500 CEHEHT
WAL= XRD
Fig. 3 XRD patterns of vitrified products produced by

raw materials with different alkalinity and
burned at 1 500 °C

|
| :
I TS-0.65-1500-1.0h

[ ’r"‘/ e M |M"—~N1” |
10 20 30 40 50 60 70
26/(°)

4 TWEEAO0.65HAERTE 1500 CHRHET
WEW =K XRD 5 E
Fig. 4 XRD pattern and picture of vitrified product
produced by raw material with alkalinity of
0. 65 and burned at 1 500 °C
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W3, HE 3 AT, —J5 i, I A 0. 10 ~
0. 50 Z[i] {y A= o ] 4 1) B 358 4K vh I 28 B AH % i 3
L RS VL 92. 1% ~ 96. 4% ; 111 1o Bl JE
(C,=0.65) kil ™ & A K4 A, TTE B
A F RS AT ARG T IR I 0 38 3 A A 3L 7 )
FORESR (IER ZILAR) ) 85% HYEOR , A& T3¢
A=Y % TR AR S XRD RS
(Bl 2~4)M—5, 5—Jri, S BCE Rz Y855
AL B = P AR LR (IE R B LA ) ) DX 358 1 A
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®3 FAREBEEEMNEBUSYHEBEEE
Table 3 The content of amorphous in vitrified products

produced by raw materials with different alkalinity

TETE w/ BRESRH/

B LS % % P
TS-0. 15-1500-1.0h 0. 15 9.1 1.33 TEIE
TS-0.23-1500-1.0h  0.23 93.4 0. 89 TETE
TS-0.27-1500-1.0h  0.27 94.5 0.76 TEE
TS-0.33-1500-1.0h  0.33 96. 4 0.55 TEIE
TS-0.39-1500-1.0h  0.39 95.2 0. 68 TEIE
TS-0.46-1500-1.0h  0.46 92.6 1.02 T
TS-0.65-1500-1.0h 0. 65 27.3 44.55 i
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Fig.5 SEM micrographs of vitrified products

produced by raw materials with different
alkalinity burned at 1 500 °C
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product produced by raw materials with
different alkalinity burned at 1 500 °C
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Table 4 Concentration of different heavy metals in leachate of vitrified products produced by raw materials with different
alkalinity (sulphuric acid & nitric acid method) mg - L'
FE Cu Zn Cd Pb & Cr Hg Be Ba Ni As Se
it 5.53 20. 38 0.12 6.13 4.26 0.36 ND 7.36 ND 13.73 ND
TS-0. 15-1500-1. Oh 1.03 0.21 ND ND 0.82 0.05 ND ND ND 0.11 ND
TS-0.23-1500-1.0h  0.57 0.08 ND 0.04 0.34 0.08 ND 0. 05 ND 1.55 ND
TS-0.27-1500-1.0h  0.03 0.23 ND ND 1.37 0.03 ND ND ND 0.35 ND
TS-0.33-1500-1. Oh 0.05 0.42 0.03 ND 0.28 0.02 ND 0.12 ND 3.22 ND
TS-0.39-1500-1. Oh 0.16 1.83 ND ND 0.31 0.01 ND ND ND 0. 88 ND
TS-0.46-1500-1.0h  0.07 0. 66 0.02 0.01 0. 81 0. 06 ND ND ND 0. 06 ND
TS-0. 65-1500-1. Oh 0.11 0.37 ND ND 0.03 0.01 ND 0.23 ND 0. 47 ND
FRAED 100 100 1 5 15 0.1 0.02 100 5 5 1

1) Z: 18 GB 5085.3—2007, ND KnARMH o A0F 6 24 FRA TSI 5 4l i & — (R ]

x5
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Table 5 Concentration of different heavy metals in leachate of vitrified products produced by raw materials with different

alkalinity (acetic acid buffer solution method) mg - L'
FE Cu Zn Cd Pb & Cr Hg Be Ba Ni As Se
s 5.53 20. 38 0.12 6.13 4.26 0. 36 ND 7.36 ND 13.73 ND
TS-0. 15-1500-1. Oh ND 0.13 ND ND 0. 26 0.02 ND 0.28 ND 0.23 ND
TS-0.23-1500-1. Oh ND 0.02 ND ND 0.14 0.01 ND 1.21 ND 1.37 ND
TS-0.27-1500-1. Oh ND 0.03 ND ND 0. 69 ND ND ND ND 0. 62 ND
TS-0.33-1500-1. Oh ND 0.15 ND ND 0.09 ND ND ND ND 1. 48 ND
TS-0.39-1500-1. Oh ND 0.83 ND ND 0.12 0.01 ND ND ND 0.24 ND
TS-0.46-1500-1. Oh ND 0.21 ND ND 0.35 ND ND 0.44 ND 0.13 ND
TS-0. 65-1500-1. Oh 0.11 0.07 ND ND 0.16 ND ND 0.16 ND 1.51 ND
BRAE ND 100 1 5 15 0.1 0.02 100 5 5 1
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