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lightenment to China. ZHANG Qian, LU Fei-nan, YU Zhen—rong@ (College of Resources and Environmental Sciences,
China Agricultural University, Beijing 100094, China)

Abstract: Eco-environmental degradation has become one of the key factors restricting the health of ecosystems and
human well-being around the world. How to mitigate and solve the problem of eco-environmental degradation has become
an important content for countries to explore sustainable economic and social development. The European Union (EU) re-
alized the seriousness of the eco-environmental problems earlier, and has formed a relatively sound policy system of envi-
ronmental integration and established an innovation-driven technology practice system through long-term exploration, which
has played an important role in maintaining the sustainable development of the EU. At present, China is at an important
Jjuncture of eco-environmental protection. To fully understand the policy and technical practice system of eco-environmental
protection and restoration of the EU will be helpful to promote the cause of eco-environmental protection in China. On the
basis of relevant literature research and analysis, this paper summarizes the status of eco-environmental protection in the
EU, and systematically sorts out the relevant policy systems and technical measures. The paper also proposes that in the fu-
ture, eco-environmental protection and restoration should be incorporated into multiple departments, and environmental
management mechanisms with public participation should be explored in the field of policy. In terms of innovation of tech-
nical measures, it is necessary to promote the localization and mainstream development of nature-based solutions, and
build a platform for innovation and exchange of technical measures based on enterprises and multi-participation.

Key words: European Union; eco-environmental degradation; environmental integration; sustainable development; eco-

logical civilization construction
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Index System of Evaluation of Rural Environmental Quality under the Background of Rural Revitalization: A
Review. LI Yan'* | ZHANG Guo—qing]\,D , YU Ge'* (1. Institute of Urban Environment/ Key Laboratory of Urban Environ-
ment and Health/ Key Laboratory of Smart Management of Urban Environment, Chinese Academy of Sciences, Xiamen
361021, China; 2. School of Environment, Beijing Normal University, Beijing 100875, China; 3. College of Life Sci-
ences, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: Rural areas play an important role in the construction of ecological civilization under the background of rural re-
vitalization. Evaluation of environmental quality started relatively late in China, and at the beginning it was mainly carried
out in large cities, large river basins and other large-scales, with much less focus on the environmental protection and as-
sessment of small-scale rural areas. By carrying out comprehensive evaluation of rural environmental quality, it can help to
solve the problem of disharmony between the social and economic development and the environmental protection in the
process of rural development. The scientific evaluation of rural environmental quality and the corresponding improvement
measures are the top priorities of the whole rural revitalization blueprint planning. This study summarizes the research
methods and progress of environmental monitoring and evaluation in rural areas in recent years from the aspects of index
system, research methods and development proposals, and puts forward some suggestions on the construction of evaluation
indexes for rural environmental quality.

Key words: rural areas; rural revitalization; evaluation of rural environmental quality; index model
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Table 1 Index for rural ecological environment evaluation and their occurring frequency
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Table 2 Comparison of existing methods for setting environmental monitoring index
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Table 3 Comparison of common weighting methods
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Table 4 Comparison of existing integrated evaluation methods

(4) 285 ZE0L M G2 b bR 22 57 8
{ELSR Eb ARAS I A5 1] 2 S5 1 A8 5 R B, AR 5 R A
il NS R o RO o G L N P 2 4
B, R TR K AR, I 2 BN, XA DT R
FHAE S 25000 AL st i /N R AT T B I T
B, G5B S PR DUAHAT , UE B T % e N RUE
B HE AT AT
3.2.2 RPRAYEERUTIE

H T PREE T & 2F 0 iy A AR 2, o i T
BIZ A AL B 2R S IRk i A
BORFARAEXT B X AR A AT i A AL, AN
I (4 1 7 S B 1y P AF e 5 45 A A5 R
R(E4) .

T T = B KRR
LRGN S F SRR S P R, R RFE R, NERBZANEERE X THEARR IR 549
BT A A BRI O W, 4 A — 7 A4 L B, — PPN AR B A
U BRCR
BEMZEEWEMTE  IEARPOCE N T RERAR A s B 0 . SRITIORBUN 2 5k SR ROAIES &, i LI E
Bt A 45k SEZR) MELVEALRY I W, sk S AR R SR R A
S i e et AT
liisiieiy i €rs WIT R, EMESE WS, B TR AU R —E VLG 4 11 LU ELH 25 IR BT 2%
TGP TS RS BT gi—i ke, X R R IR B R
AT LUK B fk Ak, EOUL AR B
BRI B B A R
FriEx B 7% FEEH TGO BABEWAR AR B R— % AR X T BLAF ) A i 65 B

bl AR HET 52 3 IF LI

(D) L2 5 WL BTN Z M Geit a7
TR SN AT (4 25 T 15 s A (EL 40 50 1o 46 K
BOE SRR, 1 BG4 1 BRI R Y
PR, AR B S A 21 8 B PP A PR 058 o 25 2
FERN T SHD LA 3 AR FRBE 5T HE DA v, A )
AR DX IR 5 8 A IO B PR 358 PR30 BRI A 520
7SS MR IR H T KR -3 4 A5 T B AR AL
MIRLTEZ B AH, 73 B A A BRI 18 BRI R 158
R, foJoofs A BILAS Ak, UK, 1
AT RIE BT 255 48 BOTA R PRI UG 14
GFHIRCR

(2) BN £33 PR 1 - i TR Ko ) — o 232
BRI TT 1207 W B 2% DR RS MR B RS 25
Hp SR 2 AR N 2R T X X A4 TR 45 H B A Y
PEOT, REASAR Ly st it DR BRI 9 A2 2R 0 X LAY
DR, AP R I T PR3 i DA A,
PR SR 25 G PP IR B T HR 4 73

AR EVE R FERT G, B AR IR 58 () B A g 1 43
AT IZE U, 6 Horph ) B85 B R R AT PR A, PR
BN BREEA R AT ARV, 76 H IR & 1 5%
B PR TAE AU T AR 4 1 R, A Bh IR K
— B R Bl FENITEMA R,

(3) Bt 8 H0E 1 25 WU A 21 55 o7 o 48 4 )i
LRI B B 48 45, AL & s 5 TR R
P A E R B Y AN ENEN O SE R E WS (KB s
FEE o HBE L R A B R S %, g
358 B A DRI EER X482 M T AR L 1X
(AR ER BT 8 B R AT A, IF 1 F 58 0 15 8%, X 4%
T AR TER AT T SR oy, -5 E R WA bRk
7 LU AR PPAN T AT b DX B35 T 2 AR

(4) ARifEx] Bk A B AT Ay B
AR AR ME (40 HY 192—2015 2 S TR ER M T
MrEARFNE ) (4= B AR AT FBE I il A D B R
LY ORI I BE T  25 A VPG B AR 6 /i (iR =



- 152 - 4 SN

5 & K W K o

9539 %

o)y CH A 28 SC B i R Y A B T8 B ) L GB
5749—2006 { 4 1% Kk 7K T AE bR ) . GB 3096—
2008 P EREE i B ARTE ) 55 ), 4 Hh X & AR bR Y
BERNE AR IR BT i PPN Th AR R FR AR AR 1
3.3 NAERRBESWT

FETAEREIPA TAE RN 2 0 1 -Ik
AW " (PSR) LAY X A A PR it i PEAN FR A rh
1) — G BR AT, v LA Gk OB T 37 ()75 B
el AT N OIS 3 N8Ry, S RS Y
ARG A EREE AR IR 4 4,
DK B e m 1o F A 3 A R )2 R 2 SRR A
XTI A FRBE T 2 PE Al 8 bR R A e, 75 22
LRE 75 IBARNT PR R R AR, I B B X EA FR bR, L
IE AR [R] b DX PR35 1) 22 S0, U R e 25 3 0F
WA AT i

H AT AR 38 58 o P T AR A T & R
BB, AR — 22 1Y Jmy BR 4 R0 S e ik i gy,
IRAFE LN LA i

(1) BFgE RUBE B — R 43 B o i PPt AR
R PE R R A8 Sl it U2 0T, A2/ N RUBE Y £ B
SRR B T e

(2) 6= 5 8 i PR 45 A I 3R - AR A B A% o i
TN TAES, i T RN R, B T 2 R A
BT N SC IR AR LR 2 32 21 R i b IX ) 5
M), A LR AE 0 AT 2 47 B 458 o PP IR Bz S 4 K
TEA U B -5 FEORH 405 DX 3 (B) E0C 2R, LA B 4 T o A
BTN

(3) BRI B TEA 2 - R BDIRBEA &/ 1R 1Y
T2 AN A AR AL 1, R I AE A VAN 48 bR A R )
BT 7% SEAZANT AN TR I U Y & IR A e B RE
RFRAHF SRS A S B TEE

(4) KI5 RN ) ZHEPE T E AR AT H X
BT S5 H) B AN [R) 43 A TRI 2 D AH N 9 PR 45
[P AR, FESEAT AR P BE B i PE O B, B SE
TR Y b L 254 2 A AR A2 2 B AR AN 1 2R S 50
BERE A S50 2 e PR (0] 20, A B X 1 M i
TN Fab5 .

(5) BUH i 2 A7 AE 1. F5 AR AR I B 2 S
ATREZUL, D8 /0 0 R 26 5 3, o 22 R
BRLAS B SR 78 VAN R R IR AR AR

(6) Mo 541 4 BB TR X - A A FBCRR S5 0 T 4 4
BF, T B S I R )z A s B AR, N T
AR T T EE NS, Bz R ARSI
fitt A SRR R B2 e, DT 418 R AR HE AR . A T
e W B AR ) & 5 i AR R B, R

75 ARG R W T i

(7) J& RS 5P R AR PR 85 T i DA AR
G| AR A FEPPAN AR v B i R 9
AR AP 5 O A T A s )RS B A
PP R 2R B R A A B B A ok, (T T
VRS & S Prtl l  E H PSR X

4 MRREE

TEA i B AC R PR I8 o i AN AT o nf A RLR
JUAT5 e — 2 TP AT -

(1) 51 A5 BUSAR BT BEE BT B IF4h 4 18 Ik
A SR GERE AT AN BB B PP, fe AR
PR A AR B SR A A B e SR A A A
RO RIE AR IR B DA 25 2R TR AR R A, AT
PR i 3t A A A SR BT 25 84

(2) ) IS A AN KA BRI B 3 i
PR TR AR BRI I 5 PR AN RS RE RS8R, A
117 B 3 L X A PRI A A T AT

(3) BB B XHPE PR Fi8 b5, 255 sh A28 A Y S
WS, R85 % o NAS SRR & ER
B, SESE AT A 25 R R B AL

(4) PEAL PR F8 b MR TR | (5 22 BTG 45 4 ) A
FFPREERRAE , £305 75 1 21 X ol P 305 B P R BRI 4
AR e AN LA

(5) &1 X B — WA 3 A9 PIE ik i, 7645 I O B I3
JREEPEAY P oAl RIR B 2 AR 45 5 10 25 5 AR 3
PEAT VAR, RRE S8 1 O LA S I, A R AR
MR R T AR A AS R IR A M

(6) BN 5 | 5 R 2 5 BRI B BT AR,
Tt 54 B AR 77 A 16 DL B O A A 5 U0 G AR 0
PRI, DA PR 85 S5 A0 A PR A, 8 22 B v
Hb A A A A BB ST IR L

S 30k

(1] EE55Be. & AR AN M (2018—2022 4F) [ EB/OL].[ 2018~
09-26]. http: /) www. gov. cn/gongbao/ content/2018/ content _
5331958.htm.

[2] BEF LIRHE AR £ RHR2ES L] o ok K224 4
(# 2 Bl 22 ), 2018, 35 (3): 117 — 126. [ FAN Ping.
Understanding the Rural Revitalization Strategy with Scientific Par-
adigms[ J].China Agricultural University Journal of Social Sciences
Edition,2018,35(3) :117-126.]

(3] JEU%, RIS A% 05, S5 A A5 TR A5 KU A P8 AR i R IR
[1). %4 5% B4, 2010,10(2) : 112-118. [ ZHOU Biao,
ZHOU Xiao-meng, YANG Yong,et al.On Setting-up an Eco-Envi-
ronmental Hazard Indicators Assessment System for a Township

[J].Journal of Safety and Environment,2010,10(2) :112-118.]



42

FOPRE SRR S RIS IR P R AR R R AT R

- 153 -

[4]

[11]

[12]

M50 T AR S FREESA  M .2 Rt B A, 2003  4-
5.[ YANG Shi-hong. Urban Eco-environmental Science [ M ].2nd
ed.Beijing: Science Press,2003:4-5.]

SRIERE PR O i R [ M4 B AL 5 B R A, 2003
220.[ HAN De-pei.Course of Environmental Protection Law[ M ].
4th ed.Beijing: Law Press,2003:220. ]

GRS TP T I R S R RO BT BTN KR AN L S A
FERIT[T]. R4, 2016 (15) : 100~ 103.[ DU Bo-wen,
CAO Chang-sheng, HOU Yu-mei, et al. Study on Quantitative
Method of Environmental Index System of Green Ecological
Villages and Towns [ J ]. Construction Science and Technology,
2016(15) :100-103. ]

TP, Bl ORI , S5 VLV AN S B I 28 R AE I H
Wi PR RS J ] AR A S RAT FRBE 741, 2018, 34 (6) : 504-511.
[XU Yu,ZHONG Ye-xi, XU Li-ting, et al. Research on Spatial-
Temporal Characteristics and Driving Forces of Rural Settlements
in Jiangxi Province[ J].Journal of Ecology and Rural Environment,
2018,34(6) :504-511.]

TN B S RHIR IR T A S BRI SO e 22
TR TR R MR RR 2 - LA AR 4S8 70 )1 R VS At X Bl [T ]
AR 2255 ,2019(6) :66—-74.[ LI Song-rui, CAO Ying. Eco-Livability
Evaluation from the Perspective of " Rural Revitalization" and Its
Enlightenment to Rural Economic Transformation and Development ;
A Case Study of Dujiangyan Elite Irrigation Area in Linpan, Western
Sichuan[ J].Rural Economy,2019(6) :66-74.]
TR, X IR ZE ) JRI UL | 45 e ) BR80T 8 PP AN 7 RS« DA
VL3R4 28N 7 22 HE A e BT A DA 1 [0 ] o ) 0 e
2011,27(3) :97-101.[ HAO Ying-qun, ZHAO Xiao-jun, ZHOU
Kou-hong, et al.Rural Environmental Quality Index ; Study on Rural
Environmental Quality Monitoring and Assessment of Heheng
Village[ J ]. Environmental Monitoring in China, 2011, 27 (3) .
97-101.]

B, INEN TS | AR I A A A 15 I 34 Ak BB AR RS 2 Tt
JELI] AL PEIB R =24l ( FAARBEAIR) ,2013,27(4) :81-85.
[SHAN Yong-jie, SUN Qin-fang, ZHU Lin. Recent Progress of
Rural Domestic Garbage Processing Technology and Mode [ J ].
Journal of Shanxi Normal University ( Natural Science Edition) ,
2013,27(4) :81-85.]

BRARE, 7 A DI , 5. 5t B RS A T K U b /K 3 S5 4 g
DU [ 1] 4225 5 R AT 3R BE 244, 2017, 33 (5) : 403 - 408.
[ CHEN Sheng-ke, WAN Yu, YANG Ming-jiao, et al.
Environmental Health Risk Assessment of Drinking Water
Resource of a Village in Guiyang[ J].Journal of Ecology and Rural
Environment ,2017,33(5) :403-408. ]

PNERTS TR R, S AR PRI BT i £ VA T R A R O
FELI] A SN B4R, 2015,31 (1) :39-43.[ SUN Qin-
fang ,ZHAO Ke-qiang,ZHU Lin,et al.A Comprehensive Evaluation
Index System for Rural Environmental Quality [ J]. Journal of
Ecology and Rural Environment,2015,31(1) :39-43.]

MBUR, BAAEE, SR, % /NRBOA BER L Bt 25 5 PR 15
PRAEZRBEFE L] K AR ST, 2005, 12(1) :69~71. [ LIN Ji-
quan, WANG Bo-duo,MA Jun-jie,et al.Study on Indicator System

for Environmental Quality Comprehensive Assessment[ J].Research

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

of Soil and Water Conservation,2005,12(1) :69-71.]

XTI, JE AR SR JETF S A X AR S IR B I T A FE A R R
SITEEIGE - AR o R i AL DR [ 5] K LR FRAT ST
2005,12(2) :7-10.[ LIU Xin-wei,ZHOU Hua-rong.Study on As-
sessing Index System and Method of Regional Eco-environment
Quality Based on Landscape: Case Study of Typical Area in the
Lower and Middle Reaches of the Tarim River[ J].Research of Soil
and Water Conservation,2005,12(2) :7-10.]

BT AL e, MR R A RN AR IR IR AR R R i 5 T
W[ T]. 7K LARHEAIFSE,2010,17(5) :238-240,244.[ CAO Lian-
hai,HAO Shi-long, CHEN Nan-xiang. Building and Evaluation of
the Rural Ecological Environment Index System [ J].Research of
Soil and Water Conservation,2010,17(5) :238-240,244. ]

BT IS G E T /NS BRI B PPN BT [T ). HR
Ak,2013(4) :3-4,15.[ LI Ding.Study on Evaluation of Human
Settlements Quality in Small Towns under Urban and Rural Overall
Planning[ J ].Gansu Agriculture,2013(4) :3-4,15.]

WA AR SO AR A A TR B R AR AR R I BT =
FE DB L S RBP4 [ 7] RS 283, 1987,3(2) : 14—
16.[ ZENG Guang-quan, LI Hong-wen. Preliminary Discussion on
the Index System of Rural Eco-environmental Quality ; Evaluation of
Eco-environmental Quality in Yuanmou County, Yunnan Province
[J].Ecological Economy,1987,3(2) :14-16.]

TR AT R M DA T R SR IR B R [T ] B AR B S R
295 ,2019,39(3) :71-74.[ ZHANG Lu. Analysis on the Develop-
ment Status and Hot Spots of Environmental Monitoring Industry
[ J]. Environmental Protection and Circular Economy, 2019, 39
(3):71-74.]

THE BT, TR, S VTR ] SR AR S IR A
BT R K A 23R 58, 1994, 10 (2) ; 38— 40. [ DING Wei, LI
Zheng-fang, WANG Chang-yong, et al.Method for the Evaluation of
Rural Eco-environment in Haimeng County of Jianhsu Province
[ J].Rural Eco-environment, 1994 ,10(2) :38-40.]

TR /N AR A AT B A 0 5 - LA TS I T R B 1
[D].db5t. d E 4l K2, 2005. [ GAO Chun-yan. Study on the
Evaluation to the Eco-environmental Quality of the Small Towns:
The Case Study of Daqgiao Town of Wuhu[ D ].Beijing: China Agri-
cultural University,2005. ]

XA XD 4. o A 2 P I3 0 e ) Rt
BRI 1] BT, 2019, 28 (6) - 1261 - 1271.
[ZHAO Shao-hua, LIU Si-han, LIU Qin-qgin, et al. Progress of

B,

Urban Ecological Environment Monitoring by Remote Sensing in
China[ J ]. Ecology and Environmental Sciences, 2019,28 (6) .
1261-1271.]

BUIRZE.3S BORTE = B 4] B 1 S BRUAE SRR VR P
[D]. BHR: R B T. K %%, 2015. [ JIA Hu-jun. Applications of
GIS,RS & GNSS Technology in Eco-environment Assessment on
Key Towns in Ludian County of Yunnan Province[ D].Chengdu:
Chengdu University of Technology,2015. ]

AR kNG BB, 4 3L T GIS R4l & RBOE YA+ A4 A
R ELETTPA B 43 X DL LT m R R [ ] TR
BB SRS, 2012,21(6) :720-725.[ CHEN Ran, YAO Xiao-

jun, YAN Chao, et al.Ecological Function Suitability Assessment



- 154 - SR OSSN N 4 %39 &
and Regulation Division Based on GIS and Combination Weighting 21(6):1-4.]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Method ; A Case Study of Yannan Village[ J].Resources and Envi-
ronment in the Yangtze Basin,2012,21(6) :720-725.]

M IEE, B2, A5 S5 T RS FIGIS MRS IR EE TRt 25 43T
WG w2 b LU AL A B A B A [ 7] ZR Al R
2R ( HARBL2ERR) ,2016,47 (1) :64-71.[ ZHANG Bin, YANG
Lian-an, XIANG Ying, et al.Integrated Evaluation of Eco-environ-
mental Quality and Analysis on Temporal-spatial Variation Based
on RS and GIS; Taking Zigui County, Hubei Province of China as a
Case[ J].Journal of Shandong Agricultural University ( Natural Sci-
ence Edition) ,2016,47(1) .:64-71.]

BOET R, FiE, % T GIS WR A MR T 2R 571
BrlT]. 5 X5 R 88, 2015,29(7) :39-46.[ XU Guang-
yu, XU Ming-de, WANG Hai-rong, et al. Comprehensive Analysis
on Rural Environmental Quality Using GIS[ J]. Journal of Arid
Land Resources and Environment,2015,29(7) :39-46. ]

BB AR ORIK, ACUERR , 25 TR [E AR PRIE WA R T [T 4R
BE ALK 244, 2016,32(5) : 857 -862. [ JU Chang-hua,
ZHU Lin, ZHU Hong-biao, et al. Problems with Supervision of
Rural Environment in China[ J].Journal of Ecology and Rural En-
vironment ,2016,32(5) :857-862. ]

AETERE AT AL /N AR 25 BR IR B PR SR 5T« DA AR I
HERUM T A R I ]/ MR 82,2007 (6) :25-28. [ HUA
De-zun,REN Jia. An Empirical Study on Ecological Environment
Quality Evaluation of Small Towns: A Case Study of Zhoujia Town,
Shuangcheng City, Harbin [ J ]. Development of Small Cities &
Towns,2007(6) :25-28. ]

MR, 5% SO K2 A AR PRI BT b M 5 25 5 3P A 5 1
WIEL ] AR EE 5 & ,2012,29(6) :72-76.[ XIAO Chen-
chang, WU Wen-hui, DENG Rong, et al.Study on Monitoring and
Comprehensive Evaluation Method of Rural Environmental Quality
[J].Agro-environment & Development,2012,29(6) :72-76.]
A XL W, W 3. 2 A BRI Y e R 5 BE TR
HALRIE RIS A E T AGEE S B [T]. A SCHLBE,
2009,24(1) :28-32.[ LI Bo-hua,LIU Chuan-ming,ZENG Ju-xin.
An Evaluation on the Satisfaction Degree and Optimization Strategy
of Rural Human Settlements: A Case Study of Jiuheyuan Town in
Shishou City[ J].Human Geography,2009,24(1) ;28-32.]

T, SR VP, S A A/ NI ] R R R B 5 K
PEMr R iR R [ )] iR 2014 (15) :26-29.[ YU Jing,
ZHOU Jing-hai, XU Shi-xiang, et al.Study on the Sustainable De-
velopment of Green Ecological Small Towns and Establishment of
System [ J ]. Construction Science and
Technology ,2014(15) :26-29. ]

bz, 2, O AR B BT BN R ST [T ] TP A
/NHERHEL ,2010(10) :73-76.[ SHAO Yun, LI Bin, ZHAO Guang-

Evaluation Index

ming.The Research of Rural Environment Quality Evaluation[ J].
Chinese Countryside Well-off Technology,2010(10) :73-76.]

SRR, XURURL, 2 35, 45 AR PREE B ot W 45 PPN SR A 4
FWIFEL] IR I E B S H R, 2009,21(6) : 1-4.[ ZHANG
Tie-liang, LIU Feng-zhi, LI Yu-jin, et al.Research of Rural Envi-
ronmental Quality Monitoring and Evaluation Index System[ J ].The

Administration and Technique of Environmental Monitoring,2009,

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Wik, B B RN, A5 AR SR PR HE b Ik R A
FE[J]. BB A, 2016 (10) : 38 - 40, 44. [ CHEN Jie, CAO
Chang-sheng , HOU Yu-mei,et al.Study on the Construction of En-
vironmental Index System of Green Ecological Villages and Towns
[J]. Construction Science and Technology, 2016 ( 10) . 38 —
40,44. ]

VTR 220 T 8 L T R G A DX 2 B 05 B a1 2 5 0 F
M [T] 4K EZSFREE 1990,6(4) :26-29,42.[ YAN Wu-jiu. The
Multifactorial Evaluations of the Regional Ecological Environment
Quality of Taicang Village in Ma'anshan City[ J].Rural Eco-envi-
ronment, 1990,6(4) :26-29,42. |

AT D S, TR A BBl A 75 PR 0T e B S TP S T
WML T] A TFE 2247, 2014,30(5) : 228 -237,293. [ GAO Qi
SHI Xue-yi,ZHANG Chen,et al.Dynamic Assessment and Predic-
tion on Quality of Agricultural Eco-environment in County Area
[J].Transactions of the Chinese Society of Agricultural Engineer-
ing,2014,30(5) :228-237,293.]

S0 AISEER, EWERE S5 AR PRI R 4R A AN O 1 Bl
RIX R[] 5 EEREE W, 2014,30(5) : 10— 15.[ MA Guang-
wen, HE Li-huan, WANG Xiao-fei, et al.Study on Methods of Rural
Environmental Quality Assessment and Application in Typical Area
[ J].Environmental Monitoring in China,2014,30(5) :10-15.]
W, KR T & A A SO A 5 BTN S AR R R A
5E: APPRETT 28U HI[1] 2l Rl ,2019,47 (12) 1250~
254. HUANG Jin, ZHANG Jun,ZHENG Gan-tian. Construction of
Rural Ecological Civilization and Tracking Evaluation System: A
Case Research of Wanquan Town in Pingyang County| J].Journal
of Anhui Agricultural Sciences,2019,47(12) :250-254. ]

BRUTER  Phr 8 B, S AR PREE Bt R A iF M B AR IR R X
IS SR IEL I ] PR 45 W, 2018, 34 (4) : 8-15.[ QIAN
Zhen-bing, SUN Li-jian, CHEN Chao, et al. Regional Feasibility
Verification for the Comprehensive Evaluation Technology System
of Rural Environment Quality [ J ]. Environmental Monitoring in
China,2018,34(4) :8-15.]

A4, AR 22 N T A PREE T B BURPE A [ T ] BRI B4
2016(1):231-232.[ HE Juan, ZHAO Li. Rural Environmental
Quality Evaluation of Taizhou City [ J]. Modern Agricultural
Science and Technology,2016( 1) :231-232.]

WRAR SR, A4 5 AR S SCUTL A T I 32 i & R B PP AN 5 AR 1
FROFEL )] LSRR, 2016,44(9) :540-544.[ CHEN Jin-
quan, ZHENG Jin-gui. Study on Evaluation Index System of
Beautiful Countryside Construction from the Perspective of Ecologi-
cal Civilization [ J . Jiangsu Agricultural Sciences,2016,44(9) .
540-544. ]

I, XIFIR, £ ALE LA A SR BN ATTE )] %
Bl BF2E,2008,36(13) :5611-5612.[ DONG Qian, LIU Xiu-
juan, WANG Jun.Study on the Evaluation of Rural Ecological En-
vironment Construction in Hebei Province [ J ]. Journal of Anhui
Agricultural Sciences,2008,36(13) :5611-5612.]

B B , X125 e 22 # VUE l IX B A A N T B I e DT AY
LezS ) oy SEREE[ )] AEAS SR IR 4, 2018,34(5) : 385
392.[ GU Kang-kang, LIU Xue-xia.Quality Assessment and Spatial



o2 1 25 PR, SRR SRR M IR I FR bR AR R AT ST R - 155 -
Differentiation of Rural Human Settlements in the Counties in Jian- KR LRI T]. ARG H 22 ,2017,32(5) :864-876.

[43]

[44]

[45]

[46]

[47]

[48]

[49]

ghuai Region of Anhui[ J].Journal of Ecology and Rural Environ-
ment,2018,34(5) :385-392.]

PULECI = R o SRR R S| E A b RSO B8 R N o
PRI (I AN FR I 5 % g, 1997, 14 (1) :35-39. [ LIU
Ming-hua, GAO Guo-liang,ZHAO Yu-hua.Present Situation Evalu-
ation and Protection Countermeasures of Rural Ecological Environ-
City [ J].
Development,1997,14(1) :35-39. ]
TWAE BOEAT, T2 R AR LRI E BB IR 5 I 46 45
PRRME 1] FETR A 5T, 2008,33(2) :37-41,57.[ NING
Zhao-yu, WEI Yuan-zhu, XU Xue-rong. Country Ecological Envi-

ment in Agro-environment  and

Qinhuangdao

ronment Status and Establishment of the Index System of Fujian
[J].Environmental Science and Management,2008,33(2):37-
41,57.]

W, TR, B AR BT RO TR I R TR AR S
PRSI A A [ )], b mt Tl K2 2= 4], 2011,37 (9) -
1393-1399.[ LEI Bo,ZHANG Li, XIA Ting-ting, et al.Eco-envi-
ronmental Quality Evaluation Model of the New Rural in Chongqing
Based on AHP [ ]J].Journal of Beijing University of Technology,
2011,37(9) :1393-1399. ]

BHSEAE JYHTr A 5 R R 2800 ik S 4R BUIALR
I MBI RAT RS R B[V ] 30595 B 5B ifi, 1988, 10
(5):2-6,47.[ XIE Xian-de, YIN Qi-fang, LIN Lei-yu, et al.Com-
parative Evalution of Rural Ecosystem by both Fuzzy Cluster Anal-
ysis and Weighted Sum Method [ J ]. Environmental Pollution &
Control ,1988,10(5) :2-6,47. ]

ZEWE A A S PR TR I £ A VR AR AL 2 5 SIE ST« A
324 BN T A B 5 X3, 2017,38(3) < 143
147.[ LI Yan.Ecological Environment Quality Comprehensive Eval-
uation Model Based on Ecological Economy Perspective [ ] ].
Chinese Journal of Agricultural Resources and Regional Planning,
2017,38(3) : 143-147. ]

ZEWE, SR/ AR S BRI B RN R AR A R A LA
WAL SR T A B [ )] AT BB IR 5 3R 05, 2008, 17
(3 F] 1) 122 - 127. [ LI Li, ZHANG Hai-tao. Research on
Building an Environmental Quality Evaluation Indicator System for
Townlet; A Case Study in Dushan of Hubei Province, China[ J].
Resources and Environment in the Yangtze Basin, 2008, 17 ( Suppl.
1):122-127.]

HEJE, R U, A U1 A e B 4 X X S TR o A 3R
BESIPH [ T]. KB4 3, 2019 (27) : 78 -80. [ XIAO Zheng-

long, QIN Jian-giang, GAO Tao,et al.Comprehensive Evaluation of

Typical Rural Environment in Hilly Areas of Sichuan Basin[ J].
Regional Governance,2019(27) ;78-80.]

AT R R, S S BTN BV 18 R B FC N A LA
T e AL I ()] LR B, 2008, 36 (7) -
3019 — 3022. [ SHI Long-yu, CUI Sheng-hui, YIN Kai, et al.
Appraisal Index of New Countryside Construction and Its
Application[ J ].Journal of Anhui Agricultural Sciences, 2008, 36
(7) :3019-3022.]

EIEH, R B b [ RO A SR B 3 AT K

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[ WANG Xiao-jun, WU Jing-xue, JIJANG He-ping.Dynamic Assess-
ment and Trend Prediction of Rural Eco-environmental Quality in
China[ J].Journal of Natural Resources,2017,32(5) :864—876. ]
200 AHHERE, BISER S AES R AR AT AT R LA 1
TEFMAR R IOWTSE[J] A 8255 ,1994,10(2) :30-34.[ LI Yuan,
ZU Yan-qun,HU Xian-qi, et al.Study on the Comprehensive As-
sessment Index System of Agro-eco-economics System in Ecological
Village[ J ] .Ecological Economy,1994,10(2) :30-34.]

THPoe, e, Tl e, 25 e [ R P AR A PR35 5 s
SiTH[J]. P BRI 2016,32( 1) :23-29.[ MA Guang-
wen, WANG Xiao-fei, WANG Ye-yao, et al. Rural Environmental
Quality Monitoring and Assessment of Typical Villages of China
[ J].Environmental Monitoring in China,2016,32(1) :23-29.]
R . BRI VL AS TT R A AR B 358 4k s ) g AR 3 7 B L s
WLT]. 28 e VT BF B8 4, 2014, 38 (3) : 1 - 4. [ CHEN Wei.
Analysis of the Current Situation of Rural Environment Monitoring
in Heilongjiang Province and Some Suggestions [ J]. Heilongjiang
Environmental Journal ,2014,38(3) :1-4.]

o RS, XU, 22 | 56 ARt DT S0 B0 05 0l 28 1 S i R 3% 4
Bri)]. TR X %R 53 5,2016,30(8) : 81-87.[ GAO Feng-
jie, LIU Yang, JIANG Han, et al. The Factors Influencing the
People’ s Satisfaction Degrees to the Rural Environment in
Northeast Region of China[ J].Journal of Arid Land Resources and
Environment ,2016,30(8) :81-87. ]

WS, A AT R AR PR B PP A e A LT LD ] H
Blaz2# 4], 2015,27 (1) : 72-75. [ YANG Zhong-wei. Application
of Rural
Environment Quality[ J].Journal of Gansu Sciences,2015,27(1) :
72-75.]

XUET TS , o2 . T8 S AR M0k 1 AL U L DX/ Ok
AR BTN [ )] PSRBT, 2016,31(2) :66-71,
294.[ LIU Xuan, YUE De-peng, MA Meng-chao. Small Watershed

of Principal Component Analysis in Evaluation

Eco-Environmental Quality Appraisal of Beijing Mountain Area
Based on Coefficient Variation[ J ].Journal of Northwest Forestry U-
niversity,2016,31(2) :66-71,294. ]

T AR T BT LA PRI B SR VP [ 1] 15 Y BiiTA 5
A ,2017,30 (1) : 89 - 92. [ JING. Comprehensive Evaluation of
Rural Environmental Quality of Typical Counties in Xuzhou City
[J].Pollution Control Technology,2017,30(1) :89-92.]

FEERBe, B8, ZRMELL, A5 BT HIN A 73 R R AR B4
B AL ] HA R R 22447, 2015,50(6) 1 112-118.
[ CHENG Hui-bo, WANG Nai-ang, LI Xiao-hong, et al.A Study of
Rural Environmental Quality Assessment in Gansu Province Based
on 73 Villages[ J].Journal of Gansu Agricultural University,2015,
50(6):112-118.]

EEE A FUF(1997—) Lo, WEEH SRl T A, 24, i
FEIT 1) Ry ik T 3 R A A AR S BRI AN . E-mail ; yimin-
liyan2008@ 163.com

(REHE: B )



TR 2023, 39 (2): 156-165

Journal of Ecology and Rural Environment

DOI: 10.19741/j.issn.1673-4831.2022.0044

SR BRICER BRI, %6 AR TR AR P BB B AR RN B AT B2 R SE [ 1] AR A S AR BRI 2241, 2023,39(2) 1 156-165.
ZHANG Jie,CHEN Mei-qiu, YAN Yu-qi,et al.A Study of the Impact of Livelihood Differentiation on the Decision-making Behavior of Farmers’ Adoption
of Environment-friendly Technology[ J ].Journal of Ecology and Rural Environment,2023,39(2) ;156-165.

MR AT R R AR R MR R A YW

®

g

EOBRER'Y, FER', ZAE (1 TR AR BRI TS LTSS G/ TP 4 6 P 8

R R SANRESSCWE, VI EE 330045; 2. VLPGAIRHMI I A FRA T, VTP FE 330038)

WE . LTI 1092 PP I ROIEEE , WY RTR R HE Sk P AT b iX — R MBS UIA 32 A Triple-Hurdle
BRL H SR T Ahex W Al RS LGOI 7 ANGERE 08T AR TR R IR AU R EOR R AN B R
FT R UL BCRNFRIE 3 BB SRAT N IR SRR (1) A I - 5 i AT B AR SR 9 B B A P o5 A B
(19 81.96% , HHr 24. 13% B AT RENAT 9, IF HRENARIE 9 91. 60% , AT BERFETH A5 1], (2) AT IR RN
R RNATH G RNFEREZH) 7 AR AN G AR —En2Emt, (3) AJTEAM SR AL P
NG AU RIE AR AT I M N AL 23 BEARI A S GRA KA PR AR BE L A/, T, U kg A K
FG AT B BB A 20 56 385 1 b e 1 B2, i e o R B AR AL L ) U I , e P19 BB 7™ i, ISR AH DG4
AREMETIE, SEE RN T T PR R B, B 25 2 il AR BB AR 55460t , (2 Efe P B il A7 e 1
KR . Aol BB AR RIER W E A AR ; IR TN Triple-Hurdle 1574

RESES: F323.3; X171.3  NEEREE: A XEHS: 1673-4831(2023)02-0156-10

A Study of the Impact of Livelihood Differentiation on the Decision-making Behavior of Farmers’ Adoption of En-
vironment-friendly Technology. ZHANG Jie'*, CHEN Mei—qiu@, YAN Yu-qi', LI Xing-yi' (1. Research Center on
Rural Land Resources Use and Protection/ The Key Laboratory of Agricultural Resources and Ecology of Poyang Lake Ba-
sin, Jiangxi Agricultural University, Nanchang 330045, China; 2. Jiangxi Hangke Survey & Planning Co. Lid., Nanchang
330038, China)

Abstract: Based on the micro-data from the surveying on 1 092 farmer households in Jiangxi Province, the Triple-Hurdle
model was used for analyses on the impact of farmer households’ willingness to adopt, their adoption behavior, and their
decision-making behavior on environment-friendly technologies. Seven dimensions of livelihood capital, including natural ,
manpower, social, physical, financial, ecological, and psychological were considered for the analyses. The analyses
started from the prominent phenomenon of livelihood differentiation of farmer households in the current rural society. The
results show that; (1) The number of farmer households who are willing to adopt soil testing and fertilizer application
technology accounts for 81.96% of the sample, of which 24.13% have finally adopted the technology, and the degree of
adoption is 91.60% , which still has more room for improvement. (2) Farmer households’ willingness to adopt, adoption
behavior and adoption degree are influenced by a combination of the seven demensions of livelihood capitals and are
somewhat heterogeneous. (3) Human capital and social capital have less influence on farmer households’ adoption behav-
ior of environment-friendly technologies, and social capital and ecological capital have less influence on farmer
households’ adoption degree. Based on the results of the survey, for promoting the transformation of farmer households’
willingness into real actions, the following measures are proposed: to increase investment for farmland water conservancy
and rural education, to improve and perfect land transfer, to increase subsidies for the purchase of large farm machinery,
to promote the use of energy-saving products, to strengthen the publicity of relevant technologies, to improve the construc-
tion of demonstration, training and promotion systems, and to develop corresponding technical service measures according
to various types of farmer households.

Key words: livelihood differentiation; environment-friendly technology; soil testing fertilizer application technology ;
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Fig.1 Analysis framework
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ZHEFBRIE 10 a DL LA A b7 B AR 50
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) 60. 44% , \IJSZPREH AT AL /2 1 333 m* AR
P REA SERAY 92. 03% ,2020 4EAT 47. 53% 4%
FREFEWAIL 10 JToebh F(F£ 1),

F1 ZIHRPERESE
Table 1 Basic characteristics of the interviewed farmer
households
SRR L7N AR bR FEA %
4531 5 806 73.81
& 286 26. 19
AR RE R <667 m? 876 80. 22
667~1 333 m? 129 11.81
>1333~3 333 m? 57 5.22
3333 m? 30 2.75
FEEAFULA INF2 T 27 2.47
2~57F 166 15.20
>5~10 7 380 34. 80
>10 1 519 47.53
AR 20~40 % 117 10.71
41~60 % 638 58.42
>60 % 337 30. 86
ZHE R 0~5a 473 43.32
6~10 a 483 44.23
11~15a 117 10. 71
>15 a 19 1.74
FHENH 1~3 A 122 11.17
4~6 N 660 60. 44
>6 A 310 28.39
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Table 2 Meaning of variables and descriptive statistical analysis

LIRS A 24 K B LR IRAE ¥IfE bR
AL RN KNI TRNEE =0, RNEE=1 0. 820 0.385
IRATH KT H KFH=0,CRM=1 0.215 0.411
KNS Y B S bR AR AR 0.193 0.382
AR HA RALHE L AR SRR ALTE AL (667 m?) 3.935 6.367
b AV W S5 1 e =1, kK E=2, =3, 3.382 0. 806
Heely =4, kT =5
b SRR TR Jem2E=1, KE=2,—M=3, 3.365 0. 680
Il =4, AEH =5
YNNI ZHHEFR SEPRAERR 6.563 3.551
FARGI SEBRAERR 30. 325 14. 908
Ci2-ipIPNS| ERIYN i 3.555 1.557
FARE AN ENE RPN B YN 18.021 20. 561
X BUR 5k MU ST R AMEE=1, AR MEE=2,— =3, 3.603 0.979
HHAEE =4, EH 5L =5
RN EIEREE ML =1, AKfEE=2,— =3, 4.190 0.810
ST =4, W IEE=5
YR A 5 = T X PR (m?) 170. 892 88. 302
KAVRHLHA SEBRECEE () 0.310 0. 657
W SE SRR AT H=0,E=1 0.315 0. 465
ERCINAEN AR A PPN 39 YN| 2.112 1.819
FRENE A0 R4 (JT) 10. 603 19.318
e e SN =1, =2, — =3, 3.175 0.906
LA S =4 RA S =5
EEY AN AT 0077 Sl A 1 B =0,12=1 0. 838 0.369
AR RE T 5=0,J2=1 0.576 0.494
LM A B ABE AR HE=1, lEE=2,—M=3, 3.490 0.799
Bl =4, EH =5
IDHREA I MR i T PR B b FERANFE =1, BAME=2,—M=3, 3.505 0. 906
HHEFAE=4, % 2RE=5
Xof i A= T FERAFE =1, BARE=2,—#=3, 3.335 0.891
R =4, 2 FE=5
R LY TEAFE=1, B ME=2,—M=3, 3.392 0.968

HERE =4, 582 =5
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AN BOIF R a2t R B PR RN T
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BT AR G AT RN T B 04 P IR —
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Wi =aX, +u, , (1)
1, W: >0

W, = . , (2)
0, W, =<0

Zy =BXy + (3)
1, Z, >0

Zy = ) o (4)
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£ 30(5) B9 Probit 45 7 [0] 5 45 A4 i 190K IR
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ABEFELIE , HE— 20 M, ek P I 4 e 75 it HE 45
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Y; =Xy s, (7)
0, 7, <0
Y, =4 . . , (8)
Y3i’ ZZi > 0
2.8
E(Y, ‘Y3i > 0,X;) =yX, + 034 o (9)
g,

(7)) ~(9) 1, Yy, A I A E 75 it ME A 1%
INRREE s Yy XN AT  E AR X,
SEMAAC I 4 BTy A T AR SR AN R ) B ARy
AR RAAG S s, F5%22 , RN 2550 A 5
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B REPREL; o, AT IE S 0 A bR 2E
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I AR BB AL AT IR A IR KT 23]
2.2 HREBEVEMEIEITER

SRR AL IS AT A R M DA R Al AR i v
it de 245 R L S0 8K, AR AT RS BA TR X 45 AR
WEE LT TR, 2 E e A
(Tolerance ) >0. 1 LI 7 Z KK F (VIF) <10 iX 2
AR S s, A8 St ] N A7 76 ™ 8 1Y) 22 8 AR 2 [
B, KIS R RN A2 N 0,453 ~0.905, VIF {E
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Table 3 Empirical results of the Triple-Hurdle model
L o PR Ly=5 RANTT R KRR
A A4 _ — _ — _ =
E i FrifEiR E 4 FrifEiR EY Frifis
EE/NAES TR AL B AR 0.014 0.013 0.032 0.014%* -0. 003 0.001**
Ak b S A TE I 2 0. 166 0.075*" -0.119 0.076 -0.034 0.022
R A R -0.157 0.087 " 0.221 0.094"* 0.031 0.025
NH B ZHEER 0.031 0.017* -0.012 0.015 -0. 005 0. 004
F AR AR -0.015 0.004*** -0. 005 0. 004 -0. 001 0. 001
T A0 -0. 137 0.034 " -0. 038 0.038 -0.032 0.010***
PRI AN KN SRS PN 0. 007 0.003** -0. 003 0. 003 0. 001 0. 001
TR SR (5 R R -0.022 0. 064 -0.028 0. 060 0.016 0.016
RN AT AR 0.025 0.079 -0. 007 0.072 -0. 001 0.019
L//Ip AT TR 0. 002 0.001 *** -0. 002 0.001"* -0. 001 0. 000
KRIVRHLEE 0.133 0. 098 0. 505 0.079 *** 0. 066 0.020%**
R W S AT s -0.237 0.121* -0. 426 0.124*** -0. 004 0.034
LA ANFA -0. 069 0.037* -0. 049 0. 040 0. 003 0.010
FUEMEE &8 0. 005 0. 005 -0.012 0.005** -0. 003 0.001**
TR R -0.053 0. 064 0. 005 0. 060 -0. 009 0.014
ERTA NG S SNt T i (e 1.221 0.127*** 0.295 0.165" 0. 023 0. 054
SRR RS RE -0.199 0.120" 0. 810 0.115*** -0.017 0.043
LA BB -0. 046 0. 066 -0. 164 0.068"* -0.014 0.019
LA i 1R 5 T X R e 5 5 0.292 0.079*** 0. 158 0.087" -0. 007 0.021
224 A 9 -0. 036 0.078 -0. 082 0.071 -0.032 0.019"
B 0. 057 0.072 -0.212 0.075*** -0.017 0.017
HELI -0.283 0.552 0. 050 0.528 1.362 0.153***
X RAUSA -378. 110 -416. 403 65.941
LR RJ71E 274. 647" 156.38*** —
Wald <7518 _ _ 64,53 %"
AL 1092 895 216
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Research on the Influence of Internal Perception and External Environment on Green Fertilization Technology
Adoption Behavior of Farmers. ZHANG Hua-nan, GE Yan-xiang@ ( College of Economics and Management, Shandong
Agricultural University, Taian 271018, China)

Abstract: As the decision-making body of fertilizer application, farmers’ decision-making and degree of adoption of green
fertilization technology are affected by internal perception and external environment. Systematic analysis on the adoption be-
havior of green fertilization technology of farmers has important theoretical and practical significance to the promotion of the
green and high-quality development of agriculture and the ecological environment. Based on the micro data of field survey
on 680 apple growers in Shandong Province, the Heckman model was used to empirically analyze the influence and differ-
ences of internal perception and external environment on farmers’ decision-making on the adoption of green fertilization
technology and the adoption degree. The results show that: firstly, farmers have “high willingness but low action” on adop-
tion of green fertilization technology, and the average adoption degree is not high. Secondly, technology perception has sig-
nificant positive impact on farmers’ behavior on the adoption of green fertilization technology, and the influence of econom-
ic value on farmers’ behavior on the adoption of green fertilization technology is significantly greater than that of the social
value and ecological value. Thirdly, the directive norms and exemplary norms representing the external environment have
significant positive influence on the farmers’ decision on the adoption of green fertilization technology, and the ecological
compensation has a significant impact on the adoption degree. Therefore, in order to encourage the enthusiasm and initia-
tive of farmers to adopt green fertilization technology, the publicity and education on green fertilization technology should
be enhanced, new agricultural business entities should be actively promoted, and the internal motivation of farmers on the
adoption of green fertilization technology should be improved.

Key words: farmers; internal perception; external environment; technology adoption behavior; Heckman model
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Table 1 The basic characteristics of the survey samples

Ay PRI FEARL i e/ %
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=3 A 86 12. 65
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Fig. 1 The mechanisms of green fertilization

technology adoption behavior
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Table 2 The name of the variable and its assignment
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Table 3 The status of the apple growers on the adoption of

green fertilization technology
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Table 4 Multiple collinear diagnostic results
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Table 5 Regression results of Heckman model
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Landscape Pattern Optimization in Baiyangdian Basin Based on Landscape Ecological Risk Assessment. GAO
Xing'?, SONG Zhao—ying'@ , LI Chen-xi>*, TANG Huai-zhi’ (1. School of Public Administration, Hebei University of
Economics and Business, Shijiazhuang 050061, China; 2. Hebei Province Social Economic and Social Development Geo-
graphic Information Big Data Platform, Hebei University of Economics and Business, Shijiazhuang 050061, China;
3. State Key Laboratory of Green Building in Western China, Xi’an University of Architecture & Technology, Xi’an
710055, China; 4. School of Public Administration, Xi’an University of Architecture & Technology, Xi’an 710055, Chi-
na; 5. College of Land Science and Technology, China Agricultural University, Beijing 100083, China)

Abstract.: Watershed landscape ecological risk assessment is the realistic basis of landscape pattern optimization, and
landscape pattern optimization is one of the effective ways of watershed ecological environment restoration and maintenance.
Taking Baiyangdian Basin as the study area, 11 indicators were selected from three aspects of nature, human activities and
landscape factors. The spatial principal component analysis method was used to evaluate landscape ecological risk of the
basin. The water body with an area of more than 0. 001 km” and the forest land with an area of more than 0. 005 km* were
identified as the ecological sources in the basin. Based on the results of the risk assessment, MCR model and network
structure evaluation method were constructed to optimize landscape pattern of the basin. The results show that, (1) Natural
factors such as vegetation coverage and runoff have the most significant impact on landscape ecological risk in Baiyangdian
Basin, and landscape factors have the least impact on ecological risk. (2) The landscape ecological risk of Baiyangdian
Basin is relatively high. The high-risk regions are located in the southeast and northwest of the study area, and the low-risk

areas are scattered in the forest land in the west. The total area of the extracted ecological source is 11 319.85 km®,
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accounting for 35% of the total area of the basin. (3) The ecological network pattern composed of 39 ecological corridors

and 21 ecological nodes has been constructed, forming road corridors, river corridors and green belt corridors. After opti-

mization , it is found that the network closure, node connection rate and network connection degree of the landscape pattern

are high, and the connectivity of landscape pattern has been significantly improved. The research of the landscape pattern

optimization based on landscape ecological risk assessment is conducive to providing a scientific basis and decision-making

reference for the comprehensive promotion of ecological environment maintenance and restoration in Baiyangdian Basin.

Key words: landscape ecological risk; landscape pattern; spatial principal component analysis; ecological network;

Baiyangdian Basin
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Source Analysis of Chemical Components of Atmospheric PM, ; in Nantong Region Based on Super Station Data.
ZHANG Xiang', CAO Zhi-gang®, CUI Ping® (1. Nantong Ecological Environment Monitoring Center, Nantong 226000,
China; 2. Nantong Guoxin Environmental Technology Co. Ltd., Nantong 226000, China)

Abstract: For exploring the source of PM,s of Nantong in 2020, the characteristics, correlation and industrial
contribution of chemical components of PM, 5, and the internal and external seasonal contribution of PM, 5 were analyzed
based on the high time resolution observation data of super stations. At the same time, WRF-CMAQ model was used to
construct meteorological field and pollutant field for the simulation of the ambient air quality of Nantong in January, April,
July and October of 2020. The results show that the secondary inorganic ion is the main component of PM, 5 in Nantong Cit-
y, and their concentrations have obvious seasonal difference. The sharp increase of nitrate concentration is an important
reason for the aggravation of PM, 5 pollution in Nantong city. The aggravation of PM, 5 pollution level in winter was affected
mainly by vehicle exhaust emission. From the perspective of 2020 as a whole, according to different meteorological condi-
tions and pollution types in different seasons, the proportions of the pollution sources were also different. The local emis-
sion contribution of PM, 5 in Nantong is about 61%, followed by long-distance transmission from the north (17%), and
from the Yangtze River Delta and southern Jiangsu ( 18%). The verification on the simulation of all pollutants in the air
quality model can well represent the change trend of pollutants. Although, there is a certain gap between the simulated val-
ue and the observed value, it is still within a reasonable and acceptable range. The results worked out by the model are re-
liable and can be used in subsequent researches.

Key words: super station; Nantong; PM, < ; source resolution; WRF-CMAQ model
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Table 4 Average value of observation data of 5 state-controlled monitoring stations and average value of corresponding

points of model simulation results
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Yy 7775 16 #h PAHs, PAHs & & 7K (X PAHs) J9 66. 74~481.34 ng - g7, i5 4L /K 30 % K TR
(2) 5 PEX YUY PAHs 4L AUART, K PE i i - 38 B iR PAHs 2 DL IG3A 3, 28 9 B0 EE M8
B 5 TR FA 2200 PR X T 3 R TR PAHs Y = B IR R 24 Hi A M R (R BRI RER ) MR, 5 Ak
WA EYIRR , Hrh AR AR FEI IR A TR A ARE, R S A HEOE Y %, (3)130~140,>140~ 145
>145~150 m Y 3 NEFEIE I X, PAHs 435124 177. 06,223, 86 F11 212. 63 ng - g ', HAKFF PAHs 2y T840 4l
I3 (4) RIS B PG R 7K e 12 3 -3 A3 507 A 57 T A 2 A0 T e AR, A BT AR R IX
PEACHE I B AR X AT W e AR SR

KRR KERNW, TR, TSYRHE; BT, 4B

FESES, X53  XEkAREMG: A XEHRS: 1673-4831(2023)02-0190-07

Contamination Characteristics and Water Ecological Risk of Polycyclic Aromatic Hydrocarbons in the Soil from
Riparian Area of Miyun Reservoir. LIU Yi', JIANG Xuan', WANG Xia', ZHANG Qing-zhuo', ZHAO Gao-feng”,
WANG Xiao—yan](j’\ (1. College of Resources Environment and Tourism, Capital Normal University, Beijing 100048,
China; 2. Information Center of the Ministry of Water Resources, Beijing 100053, China)

Abstract: Affected by the South-to-North Water Diversion Project and seasonal rainfall, the water level of Miyun
Reservoir rose year by year and formed periodic water fluctuations on the riparian area, which could change the ecological
environment and affect the storage and release of polycyclic aromatic hydrocarbons ( PAHs) in the soil. In order to explore
its potential risks to the water environment, the surface soil and sediment samples of the riparian area were collected with
an elevation between 130 and 150 m. GC-MS ( gas chromatography and mass spectrometry) were used for analyzing the
content level and composition characteristics of 16 PAHs for priority control, and their distribution characteristics under
different elevations, sources and their potential ecological risks were studied. The results show that; (1) 16 PAHs are
commonly found in the surface soil and sediment of the riparian area. The contents of ¥, ,PAHs range from 66.74 to
481.34 ng - g”', and the pollution level is lower than that of the sediments in the reservoir. (2) Similar to the composition
of PAHs in the sediments, the PAHs in the soil and sediment on the riparian area of the reservoir are mainly low-middle-
rings. Naphthalene, phenanthrene, anthracene, and pyrene are dominant compounds. Source apportionment shows that the

main source of PAHs is the burning of local biomass (farmland residues or vegetation) , which is closely related to human

s B HA: 2021-09-13
E€WE: Ui ARRIARE S Z B - E Z R SBE R BIH (KZ201810028047) 5 [H5 HAARR 564 (21377168 ,41271495)
@ BFEH E-mail: wangxy@ cnu.edu.cn
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activities. The Baihe storage area shows the characteristics of a mixed source, and the source of PAHs is related to the pol-
lution of petroleum discharge. (3) The contents of PAHs in 3 different elevation of 130-140, >140-145, >145-150 m
are 177.06, 223. 86 and 212. 63 ng - g”', respectively, and the low-ring PAHs are the main component. (5) The ecolog-

ical risk assessment shows that most of the soil samples are less likely to produce negative ecological benefits. Only the ri-

parian area of Baihe, the northern flooded area and the eastern area of the reservoir have potential ecological risks.

Key words: riparian areas of the reservoir; polycyclic aromatic hydrocarbons (PAHs) ; contamination characteristics ;

source apportionment; ecological risk of soil

Z W 5 12 ( polycyclic aromatic hydrocarbons,
PAHs) 248 1 2 N3 2 DL R % DA
PARR I 2 4 A 5 A F T I, BA R A e
Rt DA R < =300 20007 (Bm 8O R AR ) AR R
AU PAHs AT R KR RS
b HLASp AFEAE AT 3 2k 6 ) e A ) R 3R R P i
T A] 4 0 A R, T ORI TR
Bl AR K AR GE R A S B e R AT i 1
TR

FEFZE L PAHs %8 7776, (HAH H T =
fE %, 3 E R )2 L PAHs &b F b &85 4ok
S A T B R T SR I B K
DU AR 1 3 A PAHs 3888, WK VT |
e PR X Rty SRR A X R, e 2 K R T
Y PAHs B 7K F-h 618.5~1 087.9 ng -
g BT AT YK A X K R R
TR PAHs 0975 Y RRAE B AR 25 AU B F
FEATHA T Rk

B KPR T AL R R LS = BN, 2t
0T P — A b R AR K R L P b T 4 B
FOREBEMIKITSE . A 2014 FE KL KA
JiE 2 2019 4F  SFHK A7 R 136. 32 395 149, 18 m, J&
DK BH 2 TH &7, 5 20 4 AN R R B v 1%
FEAE T PERE Y K m 7K 9 5% R OB K SCik 3, A
BRI SE R Al 5 1~6 m, CA MG B, T3
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g7 M B A K AR T A SR TR, K A AR RS R 4
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AN FEPEAT SRR Hhit 42 A LSRN, BB R K
SC AT BTN IO A SRR S FE 20 mox 20 m Y L, 43
SIFED A A O S A E W RE 5 1 0~20 em
RZ RS IR G5, BB A T MR RS 42 0
Jo R P43 96 BUAS 2 kg 2o A7 BORE B A B 4%
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Fig. 1 Spatial distribution of sampling sites in

Miyun Reservoir
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1.2 HEmiaE

FE R AL Alpha 2-4 Ldplus, 725 F ) XHEE 5
PP R T4, 257K 72 h JE BEi A R R Y, B
it 0.075 mm FLARTH G 8 H . FREL 10 g HEAHFT 3~5
g FEBE LIRS E A =BG, IR A 50 mg - L™
(TR AEAR AR i (KR K IR B8 W I F v 0> )
40 pL YE24 PAHs B MIBCRIERY), P E/ 2 h
Jei 15 FH i B 3 751 26 B B ( Dionex ASE - 350, 38
B ) R4 T B, 2 U AR S R AR AR O AE O e A — 4K
FBE( 2 . T. Baker 20H])) MR R 10 1, (i
TiE % 2% AN (Heidolph , 71 [ ) K A% P TR TE e ke 4t
F1~2 mL, H R E A R (R i (£
Merck 2y A]) FESE 1 (FEE Agilent A H])  To/KELER
(S 600 CHE 6 h)  KTEHIK Eik, 4% Bk
MR AAF SRR PR bR I B b 6 0 1 AR UUImA
IECKE(60 mL) A VIECKE) : VIAFEE)=9 1
(R A IR (60 mlL ) X Fef e A 1A T 3R 06, ok 3 ot v
JEZEMRAE 2 1~2 mL, 7% % 5 mL ZIEE N, HA
A ( Organomation N—EVAP | 3¢ [& ) Xf #£ 5 £ 17 &
We, ZIT TR A 100 pL 1E O et T E %, R E
GC RERH Y, T GC—MS A AH £33 1 R B A
(GC-6890N-5975, & [H Agilent 2\ H]) Rl
1.3 RN

fifi H GC-MS “SAH (33 5 5T i 156 R ASG0 2 +F h
Hi16 Ffiids PAHs &, (AT 4500k AH
A DB-5MS fRLAE 24 30.0 mx250 pumx0. 25
pm( SEE Agilent A 7)) B R LA, i
1.5 mL « min~" s R A AR, B IERE 0 1
wL; PERE LT R BE SN 260 °C, K6 0 253 15 )% ol 280 °C
O ERETHEFR T A RIEGEE 90 C, 45 3 min, LL 7
C - min 'Y ZETE 280 C, 14 10 min, XA
AR T B R e MR e 2, R MR A v
DX PAHs it A7 s hr ., 2R 16
et PAHs (R 1),
1.4 REEH

S T SR FH 114 3 269 45 1L P iy 408 2 2 22 0ok ok
YTV , 2868 SlK Ve U5 B T FR T ( Mk Bt 2 A1
FEFRBMIR AR TP 24 h R JH A kK BT
IKIPESS A 500 CHERH I . SEE I 4 10 4>
FESBEE | AFERZS (1, FH DLTH BR T 35 1 % 52 40
BT SR FH I IR v I 5 e A Tl i o6
PUTARCIE /54 2 PAHS 4 [BISCR S8 75 9, ]l R
K T1.5% ~ 109. 4% , F1 % 5 4l 2% (RSD) < 15% .,
DL 3 A5 M LA SR 1 B IR HE B, PAHs 7+
Ferb ) AR PR 0. 04~0.07 ng - ¢7'

2 ZERE5iTie
2.1 KERBBETEZIRERIITHRKE

Xt 42 ARAEE PR E L ERE S P PAHs & &
TG0 HT , 4 PAHs BURSBOKEIER 2 Fk .,

x1 16 MILERB S FRYRAR
Table 1 Substance names of 16 priority controlled PAHs

L) WA IGRE
Z% Naphthalene ( Nap )
& M Acenaphthylene ( Acy)
& Acenaphthlene ( Ace)
Vil Fluorene ( Flu)
3k Phenanthrene ( Phe)
B Anthracene ( Ant)
W Fluoranthene ( Fla)
5 Pyrene( Pyr)
K[ a] B Benzo( a) anthracene( BaA)
) Chrysene ( Chr)
FIF[b] P H Benzo( b) fluoranthene ( BbF)
I ik ] D Benzo ( k) fluoranthene ( BikF)
FIt[a]tE Benzo( a) pyrene( BaP)
T a,h] B Dibenzo( a,h) anthracene ( DBA)
Il g,h,ildk Benzo( g,h,1) perylene ( BghiP)
Bigf[1,2,3,-cd]iE Indeno( 1,2,3-cd) peyrene( InP)

*2 KEROHERELTEHG S PAHs BI5HRKE

Table 2 Contamination level of PAHs in riparian area soils
FHE, bRz BRER KRR/

(ng-g") (ng-g") /% %
113.77 79.71 71 100

PAHs Y/
FR (ng-g™)
Nap  5.22~298.12

Acy ND~10. 53 1.67 2.39 145 42.86
Ace ND~31.67 7.43 7.05 96 80. 95
Flu ND~28. 14 8.98 5.05 57 90. 48
Phe  ND~106.61  17.08  16.99 101 97.62
Ant ND~21.57 7.99 726 92 59.52
Fla ND~67. 54 7.99 7.26 92 59.52
Pyr ND~37.89 9.54  10.16 108 97.62
BaA ND~18. 57 5.82 8.55 123 66.70
Chr ND~54. 03 1.31 3.47 269 33.33
BbF  ND-~14.63 6.74 9.23 139 54.76
BikF ND~18.35 4.54 3.48 78 73.81
BaP ND~61. 18 7.87 5.58 72 69. 05
DBA  ND~108.61 8.98  13.75 155 59.31
BghiP ND
InP ND~7.22

Y «PAHs 66.74~481.34 204.34 92.10 45.07 100
ND F/R RA B AR TA R, InP HAE 1 2RAE S A, % PAHS
PRSI T,

16 A4 PAHs S5 ( X (PAHs) i 66. 74 ~
481.34 ng - gf1 ,ﬂzﬁj{ﬁﬂy 204. 34 ng - gflo B
SIAAFEFEEE PAHs Kt R B89 =K 2 7 1
e AR AFAE PAHs, SREEFAAET B X8 £ K
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RIZUIY) PAHs M BFFEE5 R R W, BE X DU
PAHs &4 1087.9 ng « g™, MZHFFE PN )5 1%
X& RS Y PAHs KT 200 ng - o' HAR
FE AT 200~600 ng « g7 Z 1], 454 MALISZEWS-
KA-KORDYBACH" "' &% 16 Fl {45 PAHs $2 H )
T L AT AT R X UL, % = K
Bl 4438 PAHs 240 TGS Yk oF
2.2 PAHs ABFIERKRIRES

KIFAIFI PAHs TES5H9 415 S IR 8547 M 45
T EA—E 2R R PAHs BRECKR[R,
¥ 16 T4 PAHs 43 4 K35 PAHs (2 3) | H ER
(3~4 ) R (5~6 F) M 2 Al FEX R
A 3R PAHs £ 2 LURRIR N 3 7RSS
Bk, KA PAHs 584 5.22~298.12 ng -
g VW EE N 113.7T ng - g, H LN 6.41% ~
80.43% ;13 PAHs 4 14.71~254.95 ng - ¢ ™',
N 66.42 ng - g, B LR 13.07% ~
87.01% ;= ¥ PAHs %t ND~ 192.98 ng - g ',
AN 24.15 ng - ¢!, AN 0~ 51.02%, B]
PAHs HBAER Z KBRS h 3R>850, B9
K, B Al Pl XARER PAHs & &5, £
BT 5T S R AR SR e 1 5 ) T R 25 PAHSs
D) =22 B Tl DR F2 30 X+ 48, 5 R SCHET
A S DI AR OGS B Ah, B A S AR Xt
oIKPEZ [ R A B I Z5 SR R B iAok % =
TR PEART Joa B s R Bl | bRl A T 385, 3 A ) TG
N PAHs (774 Sl %, (1145 122 X R 7 3 IR
R PAHs 5B, B4k, S6 Fl ST AR HA —
EREIR T, S6 F£ 45 PAHs 41 Wi B LU 2R PAHS
3 HR R Tz i 28 o R4 H e
OSBRI SR BE 7 W vh S A B TR B Y
i ER PAHS' | R %R S R PAHs EOR
U822 — ;ST #E S PAHs B f eIk FLIE = 38 3
Wy, FCJ PR A) BB 2 I RE RO T K AR X, 32
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Fig.2 Composition of the PAHs in riparian area soils

P Ant/( Ant + Phe) | Fla/( Fla + Pyr) . BaA/
(BaA+Chr) iX 3 44FAE L AE ] TR 53 X 1= 8
% PAHs B PE . 24 Ant/( Ant+Phe) <0.1 I,
PAHs 3£ A F A1l ; 24 Ant/ (Ant+Phe) =0. 1 i,
PAHs K F FRABEIR, 24 Fla/ ( Fla+Pyr) <0. 40 B},
PAHs 3k A F A0 I ; 24 0.40 < Fla/( Fla+Pyr) <
0.50 Bf, PAHs 22k [ B IARBER BB ; 5 Fla/
(Fla+Pyr) =0.50 i}, PAHs %3k [ 1% AW R
HIREE . 24 BaA/(BaA+Chr) <0. 20 B, PAHs &
T ; 24 0.20 < BaA/( BaA +Chr) <0. 35 Hf,
PAHs F 223k [ W AR AR HABE; 24 BaA/(BaA +
Chr) =0.35 i}, PAHs 3= ok 3 1% A9 5 )

WFFEIX + 3 v PAHSs FC (B 3L R M an 181 3 i
/8o Ant/(Ant+Phe) F#E LAEVEFI R 0~0. 61,
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Fig. 3 Source analysis based on diagnostic ratios of

PAHs in riparian area soils

FTAAE S Fla/ (Fla+Pyr) $R14F (8 YK T
0.50, KM% = KRR 15 h PAHs F 2R
THE S A TR, FB AT R A U Ant/ (Ant +
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HUF AL — R XA S B A AR K AR IX
B, H A b PAHs Bk IR 5 XA s R A AR
WIAERE AE N 2806 3h % VI AH G, AT FLIT A Ak
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(RFIE 33X AT BB A2 21 T 12 X3 fa 55 VML sl s L3
ARG G R, X S B AT B A X DL
T PAHs IEHTZ5 AR L, B - 58 b PAHs F2 23k
VRFHE e A I ik b, 5 N 2R s A %5 U1
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KK P B 2 F B F m R i) LR AR
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Fig. 4 The distribution characteristics of PAHs in

soils under different elevations

3AEEILEN XY, PAHs 43 5 A 177.06,

223.86 fl1 212.63 ng - g ', 2 =R A K bl A 4
1% X AR — 7K ST 5 5K 10 B 58 40 A Bk
AR S R G B S 1) B LA T 45 B 32 BOK AL
3 AEYILEh A 2 R IR I iR e, LSS B A
HERE R, i Xk 1 845 DL I R T R DRI AR 1
PAHs JRTER ZM Y BB E T B P 5 1
N 3 R4 K A B 38, B PAHs HAT 3%
Rk BT Y b 5 B iR 41 70 80 , H It PAHS
TEGUR P i 43 T 2R B8O 5, S0 20 B . AR
&2 2 PAHs FRATE 3 s AR N 2 34k
Moz HAZERATESS 3 MR ie A IS 5 T HAR 2 s
i,k S EEROPAE 0 BT k% X B PAHSs 415
FEOERDFIEAE RARARL, St A AT BB AE 12 e A YU L Y
N S % H PAHs R 2% 46, K35 PAHs %
= LN SR < € VA U Rt S = R A e o
SEWHE  AIRFR PAHSs TE7K ST 8 55 19 52 e T B ik T
AR AR S PR DX K AR K 5 7 A — R S
2.4 KGR EE X KK RES B FE R N

FAKALTRIK 5 5 208 = K KL Bk, 7= A=
— 7 PRI DX K AT i Bl s R BUR
HAE S W K V% T, 1l pH L AESS
TR S e s B 45 i i 78 | 52 e+ 38 3R 2 X PAHSs
I BEEPE RE S R R R B L WK R
PAHs WP, 25 95 PAHs #H%FIKHh 2R PAHS
TE - S i W B S, EL BRI BFT % 55 BR PAHS AR
RS , B IETURR Y B K3 PAHs Hi ¢ Bk
S3HC R B, HAE RIS BTEROKEHET
[ | 0 N §= =57 i b 87 3 B N7 I
i35 PAHs AIRER Z HOUM 35k 2RI, 5
i PAHs 24 Py ML ER (LA 0 2R & AR i AE > X 5
ZSCPORRl R AR T 3 DU PAHSs 13 A4
MEAAAT G o PRI, KBRS B X PAHS 5200
B, AT RE 51 R K X5 KA i Bl X A 3
PAHs FREHL, M = 38 PAHs 76 -3 & 4, il
TKAA PR ER T TR UAL , % J2E XK JB 7 A — s Y B T
S
2.5 AR EME

IR PAHs W] 52 80 4 25 ) 2 PR R i B
SO R A EBUR E, I, X -3 b PAHS
HEAT A2 25 B I A BoA7 E 2 L, >R LONG
AU HRE 18 A 25 KU DA 83 X 2 2 7K A 3 e
t4Erh PAHs (KR BEATIEAY . %5 PAHs S /N T
O, DX [IGAE ( effects range low, ERL) , W 7= A= £ 1]
AR R AT REVEAN s 25 PAHSs B85 8 R T 400
X [E] 1 ( effects range medium, ERM ) , | o] 58 7= A=
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JEE AR RURE ; #F PAHs B & REAE A 2Z (6], )
HAEAER SN, XA 15 PAHs 25
DB P A5 RN 3 s

* 3 KERBTTEE PAHs £SKEEMN

Table 3  Ecological risks assessment of PAHs in riparian

soils
PALL 50N X [1] BMXE NFERL AT ERL g
$1ZI§ 1&@(EF§L)/ rH*a‘(ER?M)/ it/ ERM ZJERKY
(ng'gl) (ng-gl) % S/ %
Nap 160 2 100 78.57 21.43
Acy 44 640 100
Ace 16 500 92. 86 7.14
Flu 19 540 95.24 4.76
Phe 240 1 500 100
An 85.3 1100 100
FI 600 5100 100
Pyr 665 2 600 100
BaA 261 1 600 100
Chr 384 2 800 100
BaP 430 1 600 100
DBA 63. 4 260 97.62 2.38
%% PAHs SR & LWL 1,

WFFE 45 R W A 4 Fh PAHs B4 (Nap  Ace
Flu .DBA) % 4F ERL 5 ERM Z Ja] , H2RAE 5 0
S5 21.43% 7. 14% 4. 76% 2. 38% . % SEkE 5
T AAE A AL U R R AR, B
ATSLER RS KRS . HAR RS BT ERL {4,
FEAE B T AR IS RS AT REPE A, RIS, SR RN
B IA] A B B Q) T A0 BT P A+ 38 2 Fif
PAHs 5 445 R A9 A= S U K7 L Qi TH AT
M4 25:<0.1.0.10~0.5.>0.50~1.50 FI>1. 50, 5%
SRR T AR ARG L A5 i e R g A A AR XU 45
ﬁo @?%B%%ﬁﬁiﬁé* PAHs E/:J QM—ERMiI\ﬂ:
0.004~0. 055, i ik T 0. 1, Tk, Al LUK & JFE X
Feiia 3 PAHs A8 AU 3G, (5 i Fra skt
P TR, % = K PR il b v I s L ok DO R
Yy, (A5 R i B B TR R AE T DA
YV R AKAR B I < PR R E— R S5 TR
FHARKRF PAHs W, B, 757 35 T 0 a8 K P2 4]
0 D3R R A ARl B A 3 T G VR B W S B
B
3 g

X8 K il 46 )2 3 rp PAHSs 15 44K
S ZH B AN [ e R A3 A R AR | T Gk TR R XU
T 00 BB LUF LS gSie .

(1) B8 27K 2 07 45 R s R 2 v ik

TE7E PAHs %R 8 KT8 PAHs 19 H3EH 7k B
K R )2 3 PAHSs A TS YLK Hoat
KT X ANTURYH PAHs 518,

(2) % =K R L3 PAHs EZ DK
B2\ SR E e = SRR S A NN S = S SRS
XYL PAHs 4 CRAAEARALL , 21330 R I3 >
W>mdh, A, LB E R R0, % = K R b
W 2R )2 3 PAHs FEZRUECN Y i 15 1 FH
AW BT (A Bk R RS

(4) NATR E ARG R L, PAHs HAT W3 22
S BRI ES 2 SRS EE 1 MRS 3 MR IR
A, MK PAHs 76 3 4> B2 30 Fl N 38 5 F2 0K
Hufr,

(5) A PEAN 7, 85 = 7K PR R T 1 4
PAHs HEARA 575 G U B AIG, (H A2 21 A T8
Z M XIS EHA — T TE AU, 55 5 R EE A,

Sk
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Species Diversity Characteristics of Native Seed Plants in Eastern Coastal Area of Jiangsu: A Case Study of
Guanyun County. YE Peng-cheng, ZHAO Xiao, CHEN Hui, SI Qin, WU ,]izim—yongiD ( Nanjing Institute of
Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: Many plants are threatened to varying degrees due to frequent land development activities in the eastern coastal
areas of Jiangsu. We selected the flora of Guanyun County in Lianyungang City as study object. In order to study the flora
and species diversity characteristics of native seed plants in this area, a comprehensive survey method was used in combi-
nation with line survey, sampling survey and special area investigation. In addition, the floristic characteristics of this
County was compared with those of four surrounding Counties in the eastern coastal area of Jiangsu. The results indicate
that: (1) there were 357 species belonging to 240 genera and 72 families of native seed plants in this County. Angio-
sperms were dominant and gymnosperms were scarce. The diversity of native seed plants species is higher in this Conunty
than that of in the adjacent Counties. (2) At the family level, there were 6 areal types of native seed plants, among which
the tropical and temperate components accounted for 58. 33% and 41. 67% , respectively; at the genus level, there were 14
areal types of native seed plants, among which the tropical and temperate components accounted for 37. 25% and 61. 75%,

respectively, and the ratio of tropical genera to temperate genera ( R/T value) was 60.32%. (3) Guanyun county has the
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most abundant herbaceous plant species, and the species richness index (R), Shannon-Wiener diversity index ( H) and

Simpson dominance index (D) of herbaceous layer were significantly higher than those of the tree layer and shrub layer

(P<0.001). (4) From coastal to inland (from east to west) , with the increase of the distance from the sea, the species

richness index (R) of herbaceous plants increased significantly ( P<0.05), while the Pielou evenness index (J) of her-

baceous plants decreased significantly ( P<0.001). (5) There was high species diversity in the central and western parts

of Guanyun County, especially in Yilu mountain and Dayi mountain and their surrounding areas, which were the key areas

for biodiversity conservation. (6) the similarity coefficients (S;) of native seed plants genera between Guanyun County

and its four surrounding areas of Northern Jiangsu Plain were all above 50%, and the similarity coefficient of native seed

plants flora of Guanyun County with Guannan County was the highest (S, =61.96% ). Guanyun county is an important part

of the eastern coastal area of Jiangsu Province. This study provides the foundational data for effective conservation, scientif-

ic management and sustainable utilization of native plant diversity in Guanyun County.

Key words: eastern coastal area of Jiangsu; flora; Guanyun County; native seed plants; similarity coefficient;

species diversity

HYIX IR RL s R B AREE A, SRR
B Hh DX ol [ ¢ AR S Y BT A AR AR 2 1 B
AR FAE— € 1 AR LB ZR T, el 2 A
AR Dy s A 28 & MR R & 15 3 Ak 19 25
SRR R DX R b FE A SR A ) b 3 A )
MBS B SR — e — T B —
Mo IX s it BT A A2 i 2 B S 0 Y
AR LA SRS PR A T s ARG8T
P X2 M B 2 1) B R D7 VR 50 3 — R XY
R IR R BT 1 A2 DX S 0 ) A U
FEAL T ELXE T B S AR A 1 BE R AR I R
LRSI MR A T EEE L, mY
DX AR (R o 20 Ao P A 0 B 5 BT V7 ) 45
AT LA B2 122 4 DX A R ) Ao 26 R LA S R | T
HLREAE VR B b BE ALK P 22 B 1 DA R IXR A2 9%
TR

LA, BEE AR S A AW, = A T i
bR FREE TS e APRPI A AR S — R I
TN, FEEY Z R H g, XA R
2805 & IR R 308 i R IOL A B, TR
FREATR I L X 2 P KRB I 2 —, o B
JETTIE I 4 [ B ST R 3L 4R,
B LT R IE S < L AR B R
P A B e O R AT DI N AR 2 U &
JEEm ZUT 40 A Wy 22 R 1 1) L RO AQ 3 X, AR T G
THRER DALY BT H AT X G R AL 9 A 1 9
A AR5 B IR BRI A S X R ARE &
SR X AR A T A R AR AN A, %o i DX Y A
A TR L A5 A0 A ) 22 B DR T AR AR W K
B TSI i Ah S R A S5 A G SR TR
Bl R S B I A AT A SR, T E B B
HPLERP TR IO IX R R W) Z REPERR AL, O S5 VT98

AR LI Y 4 AR E (X)) T XE e, B AR
ST 2 B AR W) X 38 R0 ) o 22 1 G A IS %
B, RIS 25 EL 5 AR MR ) B R B I 5T AR B
VAR S M AR LSRR B2 K0

1 FREMHR

B2, SRR TE BT, T
Jb4h 34°11'45" ~ 34°38'50", R 42 119°02'50" ~ 119°
52'09" 2 [], i s 1 A 1 538. 95 km?, ¥ A2 4k K 39
km, ¥ E P A, PO A R AL ) ek
Y XU T | R0 KRB A 8 ERLL
LL B A B 7 4 381 AR Y 8% 5 i R L JE LA v R
SR S e AR A 92% , T~ B R B IR A I
HRENPES X, U258, WK e, TR,
ST R AR 14,2 °C L AE R K & 892. 4
mm, A H BB %2 203.0 h , S BBENER
S REIN - SR TN P2 STN N S B R €
G B AG, pdbih X W B 4K, Rk
T Y R A A5 A R Y SRR R 1) MO b 550 3 = B
PO 5 0 H AR TR, OB ) IR S5 5 R [R] 2R A
MESRGELBEHEBFEFEWEW 2N, K&
117, Bl TE 2= B A 1 T & 1) i B8 AN BB oK, D ke
) AR AR S RGBTl SR A B AU o
A AR S b J5T 1 AN T AT (A5 i X A= ) 2
FEMEAZ B EL R

2 MRFE

2.1 PEHEERNS

2020 4F 3 H % 2020 4 10 A, /&K B =%
X 2 LB A Bl RE AT 3 U AT 1 B A1 S b 1
P, RAAH A | SRR LR R 5 1 2 R K b
DXCEE 5 AR5 A 10 7 ik, X2 X sk P B B AR T



42

MMEFREE VLR AR R T DX P A A A A X R B R 2R . LA = B 191 - 199 -

TR A A B AT 1 AT R A S o br . H
T ARG R IR S RES ROCT ITRAEY 2
FEPEA R A AR R AT (F5R3R 95 (2017)315
)R, RIEHE = B AR FI ESRGR
TURVE S PRI EL R o A AR 3L B0 T 68 4% 300
m x 2 m BIREYI IR A AEL (A ) | B AN [ 2 % S 2
BEE 3110 m x 10 m BIFRARRETT 58 2 m x 2
m VEARREST LI 269 A~ 1 m x 1 m WY REARFE Ty,
WA 7RI R A T Sk T K RS
AR A A5 R AR S R B A A R GPS
TE DA S 28 2 B AL b LA K ] A B2 A [ B
TR ZE i 4B RIS SEIR

TEST MR A i B b A R S e S
CIHHIE (1~5 %) ), REAN AL R S
SCHRBERHAH S &, B = BB AR R T A 4
sk H R AEY R AT B0 R 50 (1978 4F ) i
TTHERE , B HE W 42 R e B 28 37 ( Cronquist ) 4328
RGE(1981 4F ) HEATHERF R IE A A= 6 BLAY R 23 b
YESTS R 5 XS Rl R R R TR R
AR FAR AT 5 FEAL, 3 2% (ILA )
B (1~5 45) ) WFEPAE b A W 0 A 0 B AT e
BT s MRS ol KA 1 B K o R DR 3 B AR M ) 44 7))
(http : // www.forestry.gov.cn/ ) #fi 7€ H) F Y [ R AR
SR (P E AR MY 4 5k ) (hip: / www.
iplant.cn/ias/protlist? key=Bidens%20pilosa) %€ #h
RN ; 275 H A4 1Y 6 TR IX R AL 3
FH A3 A b o, X s B A DT
WARHAF RS R AT G100 s S MY X R H
PS5 R s B R TR IX R
FROE DR A LA B oA IR R AT ge it o i, o
T AT RITC 1k B ARy DX R R L R A
N A R L8 S (T U 1] 73 i N
2.2 BIESH

KM Patrick PP £ 5 AR L (R) FOWLRE b
Yo il 4= e B2, 8 BUE UK, R W 75 A ) 7o
K% . % A Shannon-Wiener ZFEHEF8 80 (H) J bk
TETE LM () 52 R P2 B8, A8 BB B R BRI HE 75 1
S ARFRE A SR Simpson IEREFEE(D) &
WA T A Y O 3R B i HR B R R, KOs A
7R PL S Tl D 5 SR Pielou 215 BEFEE(J)
S W RN AE AR I 1 B 0 A1 1 DL, AR B O 3R
IHAE W) =5 (8] 43 A #24) 2) . Patrick #) 0 £ & & 45 %
(R) .Shannon-Wiener ZFEPEFE L (H) Simpson I #¢
JEFEEL(D) |\ Pielou ¥ B HL () WIS A
735 h

R=S, (1)
5
H:_zpilnPi’ (2)
i=1
s
D=1-3XP7, (3)
i=1
H
= 4
= (@)
Hmax zlnSO (5)

K (1) ~(5) ™, S HIEWYIFE PR | P A A%
o7 T RS R S B LB, B SR i AR
EIA7E R 4. 1. 0 B AT, ZFEMEFR 5 vegan
AL, R Hmise 1 corrplot F2 /7 5T W Fh
ZREPERS RO TV 2] P9 B ) 233 8] 40 A AR AR R AE
fdi 1] ggplot2 HI ggsignif A4 FE 47 Al #LAL KIE 1Y
e

BEAR SR T 52N AT 4 Czechanowski 8 B0
2 BURNAR I b X Fh - AE ) @ ) AR R 2R AT 43 T b
i1 Czechanowski BEFARS K

S.=2C/(A +B) x 100% . (6)
#H(6) "1, S, A Czechanowski FHIPE R %E; A b H b
X B AE A 0 2R G B O ML X B AE R
TEY) B 23 m %R € W b DX Y A - A 4 1) e A
JE

3 #ER5Hm

3.1 EYYMEEESTT T

A X ZR I BEA L R T, HE = B Xy 4
A WP AR ALY 72 Bl 240 J8 357 B (RLFEAE R R
P I AR R ) VTR B A R R R A
1 48% , J& S 31. 05% , i SR 18. 12% 5 i
E R T RS 21. 36% , I8 AL 7. 50% ,
MSELY 1.33% , Horh BRTHEY) 1 B2 )R 2 B B
TAEY) 71 B 238 J& 355 it TERL T ALY, T
¥ 57 B 188 J& 287 Ff, BF 44 14 B 50 J& 68
(1),

IR RRGE AT R B 2 I 9 R B
AT 2 M, SR JE T 2 B 2 &, 43l by ORI R A
( Zelkova schneideriana) F1EF K . ( Glycine soja) , I
HbEm BIH ISR AR AEY) 15 Fh SRR T 7 12
J&. SPRANRMEYITPAERHEY IR Z 5 T, Aok
AR A Y B EAY 33.33%, 43 ) A 4l i 4K %6
(Aster subulatus) . % %t % ( Bidens pilosa) . — 4F %
( Erigeron annuus) | JINE B ( Erigeron canadensis ) vl
JINEERK—K: ¥ A€ ( Solidago canadensis) , X LE¥) i
Ji 7 34 S SE U AL SR



- 200 - x5 Kk N OB O ¥ Ol %39 %
x1 EZEFEMFEUNR EMEREEIARE . SEMN L
Table 1 Comparison of families, genera and species of native seed plants in Guanyun County with those in Jiangsu Province
and China
# & i
By - LA 4 ; LA B " LA 4
e i H/ % i H/% L i H/% i H/ % e i H/ % i H/ %
Y 1 25.00 10. 00 2 50. 00 5.56 2 14.29 1.04
B FHEY) 71 48.63 21.71 238 31.07 7.52 355 18.15 1.34
XTI A4 57 45.97 21.11 188 31.70 4.75 287 19. 81 1.30
LY 14 63. 64 24.56 50 28.90 7.36 68 13. 41 1.49
At 72 48.00 21.36 240 31.05 7.50 357 18.12 1.33

3.2 HEYMNEERSITSH

o B AR PR LR AR Y R e, 3
1148 Bl 171 J& 262 Fl, A5 XA ALY R 8 |
Tl BB 66. 67% . 71.25% [73.39%, Fr Rk, I
1120 #} 31 J& 41 Fp, Hrhyg bRk 39 #h, 7R AR

BB 95. 12% , i XL H, HEARIETT 16 B
25 J&@ 31 Fft, PRI HEA G 45 XA e, o VAR b A B
[ 90.32% ., BEARIYIFT 11 BL 17 8 21 Fp, #7128
YD AE 1R TR 2 (£ 2) .,

*x2 EZEHAMFEYEFTESIT
Table 2 Life-form statistics on native seed plants in Guanyun County
- B I il
B i SR L AL % JBE i BB L L % TPk i SRR LU L/ %
AR
ek 1 1.39 2 0. 83 2 0.56
it 19 26. 39 29 12.08 39 10. 92
/N 20 27.78 31 12.92 41 11.48
N
Wk 3 4.17 3 1.25 3 0.84
ot 15 20. 83 23 9.58 28 7.84
/N 16 22.22 25 10. 42 31 8. 68
A
WA 2 2.78 2 0.83 2 0.56
- Nl 3 4.17 5 2.08 7 1. 96
— AP AT 2 2.78 2 0.83 2 0.56
ZARA T 7 9.72 8 3.33 10 2.80
/N 11 15.28 17 7.08 21 5.88
iR
—A4E 30 41.67 75 31.25 113 31.65
AR 7 9.72 8 3.33 8 2.24
— AR AR 9.72 18 7.50 21 5.88
ZAE: 36 50. 00 88 36. 67 120 33.61
/N 48 66. 67 171 71.25 262 73.39
(WES
FRAMEE 1 1.39 1 0.42 2 0.56
it 72 100. 00 240 100. 00 357 100. 00

3.3 RBFEItHR
3.3.1 BRI T

HRYEAI T X I8 4 B I & A 220 g 5y
KBHCE 31 AP e DL b)) BRBH(S 11~30 )
ERHE 6~10 F) SERIBE( & 2~5 Fl) DAL HARIERL
(IS5 1 P s NSRS 36 3 R HE = EL P AL b

FAEYI P 31 A KA A RRMUA 2 B, B
1 2. 78% , 435 M A FF (30 J& 52 F) FIARAFRE (31
J& 40 By, & 11~30 FhEUEEKALE 6 BE, b B
) 8.33% , NEIEAR(13 @ 14 Fh) #5858 (9 )& 16
T FERL(19 J& 30 i) . & 6~ 10 R i SE R
6B, MR 8.33% , A6 & 6 Fil) |
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R4 J8 5 Fh) , ALE 1 ARG PRRI RS 27 B,
R R 37.50% , dn B R, L B R I A
FEE,

Table 3  The statistics of family rank of native seed plants in Guanyun County
By B J& il
o BHE A BRI LAl % JEEL BB B LAl % AL i BRI L %
& 31 F UL AR 2 2.78 61 25.42 92 25.77
B 11~30 Fhay R 6 8.33 56 23.33 96 26. 89
F6~10 FhORL 6 8.33 28 11. 67 45 12. 61
& 2~5 MR 31 43. 06 68 28.33 97 27.17
& 1 AR 27 37.50 27 11.25 27 7.56
&it 72 100. 00 240 100. 00 357 100. 00

3.3.2 fh#Bgt

Y IX R AFETE X R AR L e
B EAE RS o UL ECR WAL, I B —A>
XY X R B CHEZEMIEM, e —1
X 2R O AR T 00 A A L A R bR vfE T B
SHZET LR R S TAHY X R AR
B, BIAL 5 5 Fh S DL B SRR X 5 AP A 1 34
FBho GEitr AR W, A BGR 5 Fh DL ERERE 19
A, d BB 26. 39% , 34155 160 JE 258 Fit, 435
tiJE B 66. 67% .72.27% ., A, Bk 10
Pl e L BRHEAT 10 A4, 5 SRHEOY 13. 89% , &g
B ARAR GRS ARE 5 129 )8 208 Fi,
35 R SR 53.75% 58.26% (% 4) .
3.3.3 FHW M IXERIGE T

R SRAF 45 48510 O X 1M ) 4 4 A (X 2
IR 43 o ELF A bR R G 20 A X SR AT 4y
Jp6 F(FES), BB, A6 XAy 75
A 16 BE, SEAR AR (19 BL) 19 84.21%;
POs BT A 2 B B2 0l 40 A0 5 I B i
1B, bR A

VE 2 B AR ARt oy AR 36 B
275 Fh, b EAVELHY 77. 03% , & R R R ZERE
EEE R SRR SRR MR T 3 00 5
SHESRL(52 By RASEL (40 F) FI AR (30 )
P AR (2~7 B A2 G A AT I 1
Pty PN (A1 BT A X 2 A2l 3eit 21 B, (R
For A BHY 58.33% , F gLl 56 Fh, o5 SRR ALK
15. 69% , Horviz #4aks o A 43 20 B, anpis & e =k
BEHFIHR LR BT T YN B Ay 58 DN 1] B 20 A AU
L BF B2 SR, IR R (8 ~ 14 ) H LR
AT AR R SE (B 7 430 | TH R Al 43 A i 3
FhZH it 15 B, AR R AR 41, 67% , F

Bl 26 B 5 RV 7. 28% , b bR i A
11 B, Wk ARk Fe & 7Rl 5 ; 75 0 A6 95 ]
Wror A 3 B, BRI AR = R SR IH
TR AACE 1B, EERL,

x4 EZEFEMFEYNAEBER ST
Table 4 The statistics of dominant families of native seed

plants in Guanyun County

J& il
B RN RN b AR
mac et ww R
oyt 30 12.50 52 14.57
RAR 31 12.92 40 11.20
TR 19 7.92 30 8. 40
TR 9 3.75 16 4.48
JBIEE 13 5.42 14 3.92
bR 7 2.92 13 3. 64
PN 6 2.50 12 3.36
LR 2 0. 83 11 3.08
BER 4 1.67 10 2.80
T AER 8 3.33 10 2.80
"ER 6 2.50 7 1.96
AR 6 2.50 6 1.68
HER 1 0.42 6 1.68
L 3 1.25 6 1.68
ey 4 1.67 5 1.40
R 4 1.67 5 1.40
Pyt 3 1.25 5 1. 40
3 3 1.25 5 1.40
VR 1 0.42 5 1.40
At 160 66. 67 258 72.27
3.4 EHSGitah

3.4.1 @Y H BT Y

HRPEAIF 5 DI A5 TR T 5 Pl 220 Ho 4y
KIE (% 20 A R DL b)) BRJE (& 10~19 Ff) (rh
SEJE (F 6~9 M) FERNE (% 2~5 i) AT R (1L
TR SAERSY | s B AR P AR I
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5 & K W K o

9539 %

20 PP L BB KR ;B 10~ 19 FPAGE KB AUA 1
J& , B & (Artemisia) (A& 12 Fh (£ 6) ;7% 6~9
ey e E A 4 8 & 27 Fh, SR (Viola)
(6 i) FIR L E ( Euphorbia) (7 F) 45, & 2~5 Fh
IR R A 56 J& , 60 139 Fl, 42 24F &8 ( Pharbi-
tis) (2 F0) JENIEIE ( Thalictrum) (3 %) FILHE
(Ranunculus) (4 Ffv) 85 405 1 F % A & o 4 %t
#, it A 179 &, W& ( Melia ) | B} K&
(Justicia)) FIH8% & ( Suaeda) %5 .

x5 EZzEBTEMTFEAPRNXES LR
Table 5

Guanyun County

Areal-types of families of native seed plants in

= Fi
N UESiie S i B
iR RHiC ARIE RO OHCB)
He il % %

IR il 36 275 77.03
2 R A 20 55.56 55 15.41
3 BT YN K SE M ] oA 1 2.78 1 0.28
8 ALk 3 11 30. 56 22 6.16
9 ZR AL 3 (] Wi 43 A 3 8.33 3 0.84
10 [HHF A 43 A 1 2.78 1 0.28
&t 72 100.00 357  100.00

*k6 EnBEBFEMTHEHYWENRIISGIT
Table 6 The statistics of genus rank of native seed plants

in Guanyun County

)& i
JB o AR , RPsyiikie
BE e T e
20 FP L ERYE 0 0 0 0
o 10~19 FhiyJE 1 0.42 12 3.36
& 6~9 MiE 4 1.67 27 7.56
F2~5FEE 56 23.33 139 38.94
{E 1R E 179 74.58 179 50. 14
&1t 240 100.00 357 100. 00

3.4.2 RBJEG T

T IX R 0 O 3 2 4 e — X By & A
MBI Z IR SRS RE LIRS
(T HEA X R AL 38 i i s v, B 4 Fh S LU
FRE MY X R RE, Gt bR, A
B 4 F UL BB EA 12 4, 40N 88 5
5.00% , 417 69 Fl, i BFNEAY 19.33%, =B
() B A= Fh A A 3w A KR (7 ) R E A
( Polygonum) (8 ) F&E J& (12 Fl) 5 (R 7) .
3.4.3 JRBYS X RAIGE T

R 2 FIF 45 452 140 ot b T A 0 R G o A X
FHIRN Gy W B AR R TR 8 1) 43 A X A ]

R 14 B (R 8) , FERFE T, A X A 5
s s )R, S ER BB (12 JB) W
41. 67% ; ¥y B 2 J& , B3Rz e oA, 5
16. 67% ; i WA A 5 &8, G LA 0 R
AL LA W o041, i 41, 67%,
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Table 7 The statistics of dominant genera of native seed

plants in Guanyun County

)& T P EY H B %
=1 12 3.36
s 8 2.24
Kk g 7 1.96
HXE 6 1. 68
TR 6 1. 68
R TR 5 1.40
R 5 1.40
EHE 4 1.12
hi & 4 1.12
R 4 1.12
LS SN 4 112
ME 4 1.12
At 69 19.33

=8 EZEHRLEMFHEYENXR RS MEDR
Table 8

Guanyun County

Areal-types of genera of native seed plants in

I il
p; e ESiie g
IR L T i
A/ %

L 7] 36 67 18.77
2 T 46 22,55 69 19.33
4 [HH R A 11 5.39 11 3.08
5 FAHE TN 2 AT KR 43 4 1.96 4 1. 12
6 HAH I 2 A AR I 43 A 8 3.92 8 2.24
7 7N 4 A 7 3.43 8 2.24
8 dbilkay 434 59 28.92 107  29.97
9 ZR W FNAY S ] W 3 A 11 5.39 16 4.48
10 B AR A 43 i 25 12,25 27 7.56
11 5 4R 5 2.45 6 1.68
12 P X P52 T 43 A 4 1.96 4 1.12
13 Hil 43 A 1 0.49 1 0.28
14 ZR 4315 21 10.29 27 7.56
15 FERA 2 0.98 2 0.56
it 240 100.00 357  100.00

W= B A JE I 36 J& 67 B, b7 R
1 18.77% , 22 R WA KW HEHE, A5 T& ( Capsella) |
K& ( Cardamine) B EE )& ( Lysimachia ) Fl &
BHFJ& (Rubus) 55, i mJE (2~7 A1) 241 76
J& , A AR A A6 R 0 37. 25% , FECH 100 Fif 5 4
FhEY 28.01%, Hrh iz i fif %, 46 /&,
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i s )& ( Eclipta) % 2% J& ( Eupatorium ) #1717 &
(Arundo ) 55 ; HeU R HHE FLHGH 70 A, A 11 JF . 4
GRS -\ E | B B T 1 0 A B o | E SR e
T I8 T 2 B R YN o A AU 4
J& WA JE (8 ~ 14 B B3t 126 J&, Al i
FLor A JE 1 61.75% , Fh &y 188 Fh, o S RD £ i)
52.66% . b dbila i 2, A 59 J&, e sk
& (Pulsatilla) AIFCJE ( Lycium ) F#i] J& ( Cirsium)
5 HUC IH T AU 23 A AR 70 A1, 7305004 25
21 J& s AR AN SE B Wr oA 11 T ; Tty S o3
A R HE PR X VG 2 O A A A A3 A 5 R4
@y WA 1 R, B KR
(Orychophragmus) . "1 EREAT JBAT 2 J& , Jy 5 i s
( Chimonanthus ) F1JC.L3% & (Arenaria)
3.5 S EEREHREES T
3.5.1 A& T ZAENETE R B

X 25 L DX N A [ R s 2 LR B9 77 A AR
DL R REAKE J7 A 0 W) b 22 RE R 8 KOst AT R A
P, SR (BT 1) 3R W] A REVE 1Y Patrick )
B JEFE %0 Shannon-Wiener 2 FE 1850 . Simpson n
PR B W =TI R REVR (P<
0.001) , HF-ARREVE 1Y iAWy Fh Z e 46 508 W2
TR . A TRARREVE B Pielou ¥15) HE 4
RO T A AR VE (P<0.001) , T 5
AR VE FIE ARV Z (8] Pielou 34757 BEH8 500 JC &
FMER(P=0.35), MHM, FAREVE Parick Y Ff
& B F8 % Shannon-Wiener 22 FE 14 48 40 . Simpson
DA F5 K 78 A 1 32 187 O T R AT AR
% , BT YT ZAE TR BCR A BOR A,
3.5.2  AN[RITHER JERUY Fh 2 REE 1R RO 23 () 20 A
M

XV 2 B VA R AN ()P S A b ) o 22 M 4
B s [E) o A AR HEATBIESY G5 2R (3R 9) R WD, iy
TS PR (H 2R 18] P4 ) Bt TR P A S I, AR oK
TR +EAR T VR + AR HE I — 5 VA 1Y Patrick ¥
Fift=F o HR AR B E I (P<0. 05) , Pielou ¥
S FEFREON W FRATE S (P<0. 1) ; 1A, FEARE
&1 Patrick Y)Fh -5 AR 4R B E W g (P<
0.05) ,Pielou ¥4 ) B $5 %) 5 & & B AR e (P<
0. 001) ; MFEAFEDS FNTT ARME B P Fh Z A4 2
PA R B ES(P>0.1) .
3.6 SEnXENEXREARBILLE

AN JE 1 BRI AR X AR, TR B S RE S
FE—ERERE L WA X R e TR R
RN ST HTHE = BAE Y X R B 2H R A, S R A

DL FIT IR 2R 0 U v 3 X A T i L AR IR R AR X
RAEM U KRBT R (BN EHS 5 M IN A X
), 5 BT R AR A TR X R R A AL
P, 255 (R 10) R ER B S5HER B Eh#rx
ARETMET BEF AR Y X R85 R
Bo(S,) Bk 61.96% ., 52.37% . 52.35% Fi
51.52% X FWAWE =~ B 5 R B (X)) M Py
X F 8 GRS HA AR 20, AW X FR SR 2%
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Fig. 1 The box plot of species diversity indexs of

different community types in Guanyun County
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KA B L TR i X35, 1 A e B 0 5 o i
170 1208 Ft, 4351 o #E 2= B b4 9 o B
47. 62%F 58.26% , BLAM AR SR 22 BB 5T
SRR AT A R A 123 B 511 JE 986 F,
THE 25 LY AR ol M0 VR 2 R s DX A A R R
LB R 36. 21% , FHE S LRy 58.54% , J& %5 L
N 46. 97% AR T a1 i i X

A B ARAK Y 50 Bl 114 & 191 Fh i = B4
BB A AR 35 Bl 62 J& 81 Flt, i = B AR AR KW
TR o % 2 s M DA ) 95 R L A9 42, 41% , B
BN LA 70.00% , J& 5 47 R 54.39% , 3 3R B
WA BB AR T Y RIRE R F &, W 2 A

ey
IA) o

R9 EZERRBFLIYMT SRR T E S EHE

Table 9 Spatial distribution characteristics of species diversity indexs of different community types in Guanyun County

i | YR Z R B Pia r i

LV 52 Patrick P32 5 BE 4R 4L 0.007 ** 0.17
Shannon-Wiener Z2FEPETE %L 0.072 0.11

Simpson HLFJEHE %L 0. 856 0.01

Pielou ¥J5] FEE 4L 0.000 3*** -0.22

HEARRE Patrick 1 = 5 BE 46 4% 0. 289 -0. 14
Shannon-Wiener ZFE14E35 %4 0. 159 -0.19

Simpson 3B H5 %L 0. 146 -0.19

Pielou ¥J 57 B 4K 0.178 -0.18

T AR Patrick Y170 4= & FEFR 4L 0.721 -0.07
Shannon-Wiener Z2FEPEFE %L 0. 586 -0.10

Simpson HLHJEHE %L 0. 650 -0.08

Pielou ¥J5] FEE 4L 0. 887 0.03

TR HEAR B+ ARBETE Patrick Y F 5 B2 0.023*" 0.12
Shannon-Wiener ZFE14E35 %4 0. 256 0. 06

Simpson JE3#JEFEEL 0. 884 0.01

Pielou 157 FEHE 4L 0. 060 * -0.10

% 7R P<0. 1; % /R P<0.05; *xx /5 P<0.001,

®10 EZESPEMXFEFHFEYBEHEUERELE

Table 10 Similarity coefficients comparison of genus of native seed plants between Guanyun County and its surrounding areas

X Jesk R JE % PaEl o h A R K %
Wr 34°11'45"~34°38'50" 119°02'50"~119°52'09" 240

T 33°59'00"~34°27'00" 119°07'00" ~119°48'00" 157 123 61.96
EhAR 33°07'52"~33°25'22" 119°40'49"~120°13"22" 161 105 52.37
RE 32°33'00"~32°57'00" 120°07'00" ~ 120°53"00" 165 106 52.35
BT 33°26'00"~33°59'00" 119°27'00" ~ 119°58'00" 156 102 51.52

o BTN R 2R D ST
TEARREVR AT, X R AT W () ) b 2
e 5 J 1% X A W) 22 P 1) B0 R
gy WM HE 25 B A AR ER U i M X, H VTR B
Fili CFRAR T DY ), I A B VA P 25 A 388 I, AR AR 0
P E R R WG I $ (P<0. 05) , 1 Pielou
5] BE AR BOU) £ 9 2 PRI #4 (P<0. 001 ) , X
SRS A R—2 ) s R, X 0T g
JE T = B AR i X B I R i A T
PITRER , H A28 R G0 2 3 B e A dh B 45,
Ry b B —(E 3 A 4 5 5 T b Y AR XU E S R 5
RIIEE A L ARG LR AE R R G

FeAe B I KR O HE R SR [ AR B 2R X
BRI TR A I b 6 32 5 o, A Fh A
K SZ BN, R R E S E A A BRI,
4.2 EZETAMFEYXRZAREFER

THE 7 ELET AR R A IXZR R G 0 A X A
A 64, i VI R R X 2R G 40. 00%
JR B oA X ERIFEA 14 A, & v 5 R 9 g 0 A (X
FRI Y 93.30% AR B T VE o BLBF A Rl F AR 4
A X AR 5 RS, Ak, oA X Ak
BB X Z B 53 5 AT 2 B VE = B A R R
HEHIIX 28 LU 3 A o0 32, TR IE 5 8 HR A o o
YR BE R, G A A BE AR R o A R
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58.33% , it o3 A Bk 5 AR A AR 41.67%
J& X R M B AR A3 o B 22 B WE = BL B AR T )
X 2R LARAT A5 0y 3, ) ikt FL AT 45 i ) Bl 2 2%
PR A w7 AR AL A TR 1Y 61, 75% , Rl 43
5 8 5 AR B4 A 8 Y 37. 25% , 31X 55 9 i A 4L
MIRFFESE —B, Mok, RIS AR M Y
FhFHEYI X R BT 0 M 9%, 45 R W, TR 40 A
BRI 2, RO Bl 4 A &, P 43 o R
FO A B 63. 02% 1 35. 69% , SEFH WM 5 45 51 5
HAB AN —80E, BFoTas LR IR o0 A 2
RIEE R BARE T REFR T , I B0 2% XA )
TETE 0 M AT, AN, MHE A IX 2R 3T
H5EW R E(R/T ) " K E s B AR
FiWIX 2B R/T (8K 60.32% , R/T (B # K 3¢ B 4
P SRR | 52 22 U0 T T R A ) 3 i )
2 PR X R HLAT B I A S G M 1 R B
IAE—E T 132 BT LA 52 ) X AT A%
DX T Ak B4 El T RS 1) Ol 5 o 0 A b L7 Y
[ isf s, 5 GREL U 4 ) (F g h SR oh — 3K,
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AN T P A LR KA L R R i A
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Driving Mechanism of Spatial Evolution of Rural Settlements in the Yaoluoping National Nature Reserve, Anhui
Province. QIAN Zhe-dong, CAO Xiao, CHEN Hao, LU Ying-ying, GAO Jun, ZHANG Hao-nan”® ( Nanjing Institute of
Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: Many nature reserves in China face the dual historical tasks of ecological protection and rural revitalization. To
study the driving mechanism of spatial evolution of rural settlements in nature reserves is of great significance for coordina-
ting rural development and ecological protection in nature reserves. Using GIS technology, landscape pattern index, kernel
density and multiple linear regression model, the driving mechanism of spatial evolution of rural settlements in Yaoluoping
Nature Reserve from 1999 to 2019 was analyzed. The results show as follows: 1) the area, the number of patches and the
size of individual patches of the Yaoluoping Nature Reserve showed an increasing trend over the 20 years, and the mor-
phology of the settlements changed to a complex and irregular state, with significantly more new settlements in the experi-
mental area than those in the core area and the buffer area, and the irregularity of the patches in the core area was higher
than that in the buffer area and the experimental area. 2) The distribution of settlements in the nature reserve is character-
ized by dense in the north and sparse in the south, with obvious directionality of roads, water systems and altitude. The
high-density areas showed an increasing trend and gradually merged as one area. The expanded and increased high-density
areas were basically all located in the experimental area, and the agglomeration degree of settlements in the buffer area de-
creased. 3) The spatial evolution of settlements is related to natural conditions such as altitude, slope, aspect and distance
from rivers, but social and economic factors such as economic development, per capita income, transportation conditions
and policy measures have greater impacts. This study can provide a useful reference for standardizing and guiding rural
construction in nature reserves.

Key words: nature reserve; rural settlement; spatial evolution; drive mechanism
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Table 1 Rural settlement landscape pattern index of the Reserve from 1999 to 2019

K b P RIETEHAM  RIEPEHS %%%ﬂﬁw&ﬁf/‘% %’%%ﬁw%?)ﬁ/ BEPORRAE L BEHLIT AL
(CA)/hm? (NP) (MPS)/(hm? - 1) (4 - hm™2) (MSI) (MPFD)
Bl X 1999 1.32 19 0.07 0.01 1.33 1.09
2009 1.41 19 0.07 0.01 1. 40 1.11
2019 1. 66 21 0.08 0.01 1.41 1.12
LZhIX 1999 9.73 150 0.06 0.05 1.28 1.08
2009 11.96 154 0.07 0.05 1.29 1.09
2019 12.06 169 0.08 0.06 1.30 1.09
SRR IX 1999 46.43 543 0.09 0.08 1.32 1.09
2009 59.52 614 0.10 0.09 1.33 1.09
2019 76. 32 708 0.11 0.10 1.36 1.10
fRerIX 1999 57.48 712 0.08 0.06 1.32 1.08
2009 72. 89 787 0.09 0.06 1.33 1.09
2019 90. 04 898 0.10 0.07 1.36 1.10
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Fig. 3 The kernel density of rural settlements distribution of the Reserve from 1999 to 2019
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Characteristics and Influencing Factors of Plankton Community Structure During Autumn in Xishan Island Wa-
terway Network of Taihu Lake. LI Qing-zhuo'* , HUA Yue-zhou® , DU Cheng-dong® , HE Shang-wei'*, WU Zhao-shi'
PAN Ji—zhengl’w (1. Nanjing Institute of Geography and Limnology/ State Key Laboratory of Lake Science and Environ-
ment, Chinese Academy of Sciences, Nanjing 210008, China; 2. University of Chinese Academy of Sciences, Beijing
100049, China; 3. School of Environmental and Engineering, Suzhou University of Science and Technology, Suzhou
215009, China)

Abstract: To explore the characteristics of the plankton community in Xishan Island waterway network of Taihu Lake and
its main influencing factors, 34 typical sampling points were investigated from October to November in 2020. The results
show that a total of 68 species of phytoplankton belonging to 56 genera were identified. The main phyla was Chlorophyta
(39.71%) , followed by Bacillariophyta (30. 88% ) and Cyanophyta (13.24% ). The average abundance of phytoplankton
was 1.32x10° L™" | and Cyanophyta was the dominant phyla. Waterways in urban areas had the highest phytoplankton a-
bundance, followed by waterways in agricultural areas and aquaculture areas. Moreover, 30 species of zooplankton belong-
ing to 18 genera were identified, with the dominating species as Rotifera (76.67% ). The average abundance of zooplank-
ton was 113.93 L™'. Waterways in aquaculture areas had the highest zooplankton abundance, followed by waterways in ur-
ban areas and agricultural areas. The redundancy analysis revealed that oxidation-reduction potential, chemical oxygen de-
mand, total nitrogen and ammonia nitrogen conceniration were the main factors affecting the phytoplankion community
structure. While water temperature, pH value, chlorophyll-a concentration, phytoplankton abundance and ammonia
nitrogen concentration were the primary influencing factors to the zooplankton community structure.

Key words: Xishan Island; plankton; community structure; environmental factors; redundancy analysis
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HRAJE PG 1Ly 55 7] ) K AR 28 RN A B o o, K T 1)
A3 AIRAFLIX. K P FRAE X AR X TGE 3 AN, 3t
W 34 NRFESEAL(E 1), Hrf, S1~S13 Ayl
DXYATIE 2 P4 L ) 4 B S rp o0 i B E, S14 ~
S16 K 7K™ F5 5 XT3l , 2018 4F LA Ay oK I8 K [
B SIS M, B 20 1P 1R & E R A RN A 2508 M
S17~S34 JpAll XT3, DA Fel st AR il BF R 32,
FE R RSB E] R 2020 4F 10—11 H .

1 RERSH

Fig. 1 Distribution of sampling points

1.2 HmEERSHAZE
1.2.1  JKURFE SR 5K BTHE bRl

K £ ZBOK Bl & 4L (YST, 2 [H) B
T2 ZKEERY IR BE (WT) \pH 1 & f# %8 (DO) ¥
& EALE IR L AL (ORP) 4L B (TDS) FilH
(EC) S H, RHRKAREKELLT 0.5
m AR B KFE  BIA R LI AR IR AR A7, 48 h N
18 [ S E AN GE , S BB SCER [ 10] 7 ik, Tl
SEKEEH L2275 S (COD, ) L BVA(TN) \J A
(NH,"-N) JE\@(TP) M EBERREL (SRP) Filnt
242K a(Chl-a) W,
1.2.2  JKURFESCRAE S IR Y S5

U1 LKHPAR 0.5 m S4B /K R R 24
S I @ = 15%o & FHRF AT B 2, 0 48
h JE 2 1R TR A K AR R 46 2 30 mL, BEHUE
A 20 mmx20 mm 7 A 0. 1 mL ATHEHE , 75 12
Pl R I TS R AT
1.2.3  JKIRFES R SRR Eh ) 4

e HURE A SR S AL B 1 5 TR AR A TR
TEEL 1 mL THEOHR , 76 1 308 T % Rt 4, BOA
28 BEIEEFESR AL 0.5 m AL 10 ~50 L
IKEE, 2 25 Sl AR M L R e AR sE A 50
mL ARAIR T, IR @ = 7% () ST 1 o,
48 h JEWe X LI, B R A KA R 4R 2 30 mL, i
B mL HHRIOH, 7 A S R T4 P
1.3 #ESH
1.3.1 ZHMHEE

A B VR FRAE SR W R AL S HR A (Y) |
Shannon-Wiener Z £ E 8 %0 (H')  Margalef = & J&
BEL(D) Pielou W2 EFEEL(]) £k,

(1) DAL B 485 (Y)

Y=/ xn/N, (1)
(V) 0 M5 R N B T R
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(R E N EF
(2) Shannon-Wiener ZFEPEFEEL(H')

H =Y n/Nxlnn/N, (2)
(3) Margalef & JEF5%X0(D)
D=(S-1)/InN, (3)

K (3)Hr, S S AR EEL,

(4) Pielou ¥J2]BEFREL ()

J=H/In S, (4)
1.3.2  KBRRBLPEH

SR PR 5 700 5 bR 450 3 48 B0 =X ST K
REFRSLAIRE(E) '™, L Chl-a TP SRP
TN NH,"-N #1 DO Y& FEEVE PR 6 b, A 40 J7 12
XoF 07 A FRARAS AT bR (R 1) DA 45 W 00 1 1
IKIEFRIRE

E=2% WE=10.77% W(lnx)" "™, (5)

R (5) LB R AL ARG W R I
U — BT 1, 5 45 56 R B S AL S E, 0 5
HER I B 25 AT R A 0 RIS FRA L

F1 BEBMEKRSEAIFE

1.3.3 Gilortr

{85 FH SPSS 25. 0 Fl Origin 2019 # A 4 BHE #:4T
GEVTAr MR L, AT 75 L 5 0] I SRA: A 40 A1 I AR
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F0 L AREES R B = 1% ) B0 1k 4 Fl
B BRI RN A BE DR 7 B0 43 90 64T Hellinger %%
FIbRAEALSS ] R 18 S Y vegan 45X 5 156 1) Fl
BAEFABE 7 47 KB P (DCA) . DCA 45
SRR, HEP RS B e KAE /N T 3, OSBRI i 47
LAETURSTHT(RDA) , HFRRELEEHE(E) <20
REESR,>20~39. 42 HE SR, >39.42~61.29
wESR,>61.29~76. 28 NH E EFR,>76.28~99.77
Tt EE SR

2 ZEREHSWH

2.1 INEBHEF4HE
AT K SRR AE 25 5 8 R RS
Mas B 1 MK 2 i,

Table 1 Characteristics of water quality parameters in different types of waterway

SN Kk ORP/ DO)/ EC/ TDS )/ cob,,/ TN)/ NH,*-N)/
mpen KB g p(D0)/ L, s o P PN

C mv (mg+L7") (mS-cm™) (mg- L") (mg+ L") (mg-L7") (mg-L7")
WX 25.19+1.84 6.64+0.31 204.89+26.92 4.51+2.54 529.23+53.80 344.31+34.31 60.23+45.11 4.81+3.07 0.9320.94

IKFEFRIEIX. 24.67+1.42 6.640.33 214.13£15.39 4.46+1.03 504.33+130.79 360.33+141. 67 106. 00+107.55 2.78+1.56 0.84+0.96

Lk X 23.23+1.51 6.19+0.34 213.44+44.15 5.32+£1.96 385.89+98.75 254.78+62.59 51.39+46.10 5.94+2.29 0.78+0.57
£X 24.11+1.85 6.41+0.39 210.24+36.06 4.94+2.14 451. 15£109.98 298.32+76.68 59.59+52.62 5.23+2.68 0.84+0.74
Ol P bR 2
80 ]
701
— B
fo 60:777_777777 ) 7_7
&
53;[
sl TR
40 4| _ A=k H
TR
ORI REREeSoOnIncnRacSanInenEaS oS
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ORI, WK FRAE KT, m A KT
B2 EFFRRETEM(E)IEH

Fig. 2 Evaluation results of nutritional status
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P X ATE KR EC DS . COD,, Fil Chl-a ¥ %% {4 45
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R E IR T R A U DX KR TP
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T S V28, 0T & EFRRE
2.2 FiFEYEESE
2.2.1 VRIFEDIDI RS L

JA A L T IR A 68 i, BT 6 1] 56
J& ., SRR Z A 27 Bl 5 ARG 39. 71%;
HREREBE, A 21 F, 5 30.88%; # ¥ 9 F,
13. 24% ; B BN 2880 43000k 3 Fn 4 F
ST TE R WAL X 0] 1 2L 2 52 Y 35 Fl, 3y
PSR L K77 R X R A X T T8 4% 27 F, 7
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FPAARAHRL (2 3) , BUBE¥E ( Microcystis sp.) o 3 4
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Fig. 3 Ratio of phytoplankton species in

different types of waterway

2.2.2 VHIEHEYE S A

TP H T i A A % R AR AR R 1,59 %107 ~
1.37x107 L™, 3491H K 1.32x10° L™, Ho b e X A
A5 S8 BRRE R, 1. 37x107 L, U X R A 5
S X A 5% B 2 ) 22 S B 2 (P<0.05) , TF
T My 4 R S A L X T 3 >Rl [X T 3 > 7K 7
B DT T R (B 4~5) o o U XA P 8
WA, N 2.46%10° L7 JE /K2 FRFH IX (4. 54%
10° L") f 5. 42 £, W5 2% B R 45 28R T rp 34
Fefe i, o B PR Y 71 10%, R SR aR EE ]

(14.48%) .,

K2 ERELZHEDTHEILG
Table 2

sampling points

Ratio of phytoplankton species at different

N b/ %

RREA —
BEHET O ORESBENT BRG] RBISEIT ORRBENT SREEN]

Sl 11.76  11.76  23.53 0 11.76  41.18

S2 10.00  35.00 0 5.00 10.00 40. 00
S3 12.00  40.00 16.00 4.00 12.00 16. 00
S4 25.00 41.67 8.33 0 8.33 16. 67

S5 11.54  26.92 7.69 7.69 15.38 30.77
S6 10.00 45.00 15.00 5.00 10.00 15. 00
S7 14.29  25.71 11.43 2.86 8.57 37.14
S8 16.67 37.50 16.67 4.17 12.50 12. 50
S9 18.18  18.18 9.09 4.55 13.64 36.36

S10 21.05 36.84 15.79 526 0 21.05
S11 22,22 22.22 0 0 11. 11 44.44
S12 12.50  25.00 0 0 12. 50 50. 00
S13 20.00  40.00 0 0 20. 00 20. 00
S14 20.00  20.00 0 0 0 60. 00
S15 20.00  40.00 0 0 0 40. 00
S16 14.29  28.57 0 0 14.29 42. 86
S17 16.67  33.33 0 0 16. 67 33.33
S18 20.00  40.00 0 0 20. 00 20. 00
S19 16.67  33.33 0 0 16. 67 33.33
S20 14.81  40.74 7.41 0 11. 11 25.93
S21 14.81 25.93 11.11 11.11  14.81 22.22
S22 9.52  52.38 14.29 4.76  9.52 9.52
523 9.09 22.73 9.09 0 4.55 54.55
S24 20.00  40.00  20.00 10.00 0 10. 00
S25 25.00 25.00 16.67 8.33 16.67 8.33
S26 18.18 54.55 18.18 0 0 9.09
S27 30.00  30.00 0 0 20. 00 20. 00
528 20.00  30.00  10.00 10.00 10. 00 20. 00
S29 18.18  36.36 9.09 0 18.18 18. 18
S30 20.00  46.67 6.67 6.67 6.67 13.33
S31 5.88 41.18 5.88 0 11.76 35.29
S32 16.67  66.67 0 0 5.56 11. 11
S33 10.53  47.37 10.53 10.53 10.53 10. 53

S34 14.29  28.57 28.57 0 14.29 14.29

T A AR 0. 02 ~5.20 mg -
L7 SFEE R 0.72 mg - L', AR XA 5 ST AT S2
(L W e, Y3 4. 50 mg - L', HIKK S7 AN
S8, ¥I7E 2. 50 mg « L7 2247, HoARAE S5 (BR S5 A1)
YRR 1 mg - L7, AR R i A
YA Py BAT 25 8] 25 5 (P<0.05) , VR IE
Wy A=y e 5 BRI DX AT 3 > 7K 7 3R A X > ARl
DXIAT S 1Y) 25 6] 43 A FR AR, Rk 1T AR ) o E U X
TALE A A X R A, A R 34.229% F
49. 69% ; BREE 1A W 7R /K = F7 48 DX Y F i
(21.86% ) ;2% 3 1] A= )t 7 3l A IX i) 3 A5 458 v
A5 EE(26.43%)
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Table 3 Dominant species and degree of phytoplankton in different river types
. . P
' st EI R KK A
W o2& ( Microcystis sp.) 0. 50 0.59 0.67 0.55
A4 22 38 ( Leptolyngbya sp.) 0.09 — 0.04 0. 06
ﬁﬁ@)ﬁ&( Oscillatoria chlorina) — 0.02 0.03 —
fE#E] IR ( Cyclotella sp.) 0.05 0.03 — 0. 04
GERED] JNERWE ( Chlorella sp.) 0. 04 0.10 0.04 0. 04
VU FEA 4 ( Scenedesmus quadricauda ) — 0.02 — —
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Fig. 4 Density and biomass of phytoplankton at different sampling points
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Fig.5 Average density and biomass of phytoplankton in different types of waterway
2.2.3 R Z TR R 0.28~2.22 Z i), ¥J{H N 1. 05, e K AH H AL AR

1] [0 2400 T 1) T AR ) 2 AR PR SR BN 8T 6 B
71, Shannon-Wiener I8 % (H") 25 Ak I B AE 0. 15 ~
2.39 Z ] BH N 1. 28, ERAH AR FRAH X
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Fig. 6 Diversity index, evenness index and richness index of phytoplankton at different sampling points
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Table 4 Dominant species and degree of zooplankton in different river types

% 3550 1 P
B X K= FRFEIX ol X 2K
Bl SRR L (Asplanchna sp.) — 0.03 — —
128 R 48 WL ( Brachionus angularis) — 0.07 — —
AV RS R4 B ( Brachionus calyciflorus) 0.04 — — 0.02
PR R4 B ( Brachionus falcatus) — 0.03 — —
WEIE AR H %8 1 ( Keratella cochlearis) 0.09 0.09 0.03 0. 06
Ty R, B %G (Keratella valga) 0. 06 0.03 0.07 0. 06
£ = Ri%e W ( Filinia longiseta) — 0.03 — —
R Z e 3L ( Polyarthra trigla) 0.11 0.29 — 0. 08
BEHES K45 5. 1% ( Bosmina longirostris ) — — 0.03 —
[ES S7K 2 J& — Rl ( Cyclops sp. ) 0.11 0. 04 0.20 0.13

“—"FIR R <0. 02,
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Table 5 Ratio of zooplankton species at different sampling

points
TR A GBS ﬁ‘tlc/% .

Lty BEEES eSS
S1 50. 00 25.00 25.00
S2 75. 00 8.33 16. 67
S3 42. 86 28.57 28.57
S4 60. 00 0.00 40. 00
S5 57. 14 14.29 28.57
S6 61.54 15.38 23.08
S7 78.95 10. 53 10.53
S8 76.92 7.69 15.38
S9 69. 23 15. 38 15.38
S10 78.57 7. 14 14.29
S11 63. 64 18. 18 18. 18
S12 66. 67 11. 11 22.22
S13 70. 00 10. 00 20. 00
S14 71.43 14.29 14.29
S15 60. 00 20. 00 20. 00
S16 68.75 18.75 12. 50
S17 64.71 23.53 11.76
S18 58.33 25.00 16. 67
S19 66. 67 16. 67 16. 67
S20 60. 00 0.00 40. 00
S21 76.92 7.69 15.38
S22 70. 00 10. 00 20. 00
S23 63. 64 18. 18 18. 18
S24 87.50 0.00 12. 50
525 40. 00 20. 00 40. 00
S26 57. 14 14.29 28.57
S27 0.00 0.00 100. 00
528 80. 00 0.00 20. 00
529 66. 67 11. 11 22.22
S30 0.00 0.00 100. 00
S31 50. 00 25.00 25.00
S32 100. 00 0.00 0.00
533 66. 67 0. 00 33.33
S34 50. 00 25.00 25.00
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Fig. 8 Density and biomass of zooplankton at different sampling points
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Fig. 9 Average density and biomass of zooplankton in different types of waterway
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Fig. 10 Diversity index, evenness index and richness index of zooplankton at different sampling points
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Fig. 11 RDA sorting diagram of phytoplankton and

environmental factors
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Table 6 Redundancy analysis results of phytoplankton and

environmental factors

FEAE S FEE(E BIMEBAR/ % B ERIE AR %
Hh1 0. 056 25 33.68 48.95
2 0.027 53 50. 17 72.91
h 3 0. 025 38 65.37 95. 00
Hha 0. 004 01 67.77 98. 49

x7 FHFEVBEEEARSHRERTFHREFEELRRR
HR
Table 7 Monte Carlo test results of phytoplankton and en-

vironmental factors

WEHAF Al 1 fh 2 R? Py
KR -0.62020 -0.78444 0.2348 0.019*
OPR 0.30545 0.95221 0.0092 0.862
DO V& -0.53452 -0.84515 0.0718  0.340
COD, 0.40225 -0.91553 0.0286 0.624
TN ¥ 0.727 68  0.68592 0.0299  0.637
Chl-a ¥ J¥ -0.99381 0.11111 0.2475 0.016"
NH, *-N ¥ -0.41780 0.908 54 0.3248  0.005**
TP ¥ 0.077 88  0.99696 0.0476  0.479
Y EE -0.99709 -0.07630  0.3281  0.002**
pH 1 -0.190 88 -0.98161 0.1850  0.033*

TS QRN T, KR S IR AR e, i
B BRI A S X S
BRI, W RE AR R AR X
TP R, W A A N A, B R
e A 2230 S LB TN Bk IR
Ay XTI 5 AN S A7 A WSk BRI B G, K
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Fig. 12 RDA sorting diagram of zooplankton and

environmental factors

*8 EFiEMEMEET RDA &R
Table 8 Redundancy analysis results of zooplankton and

environmental factors

FHIERD  RMIEE BIHERAESR e BIHRRALG LR %

B 1 0.039 18 16.95 28.79
2 0.036 08 32.85 55.81
3 0.02306 42.89 72.87
4  0.016 05 49. 83 84. 65

s % Fe/R P<0.01; = FIR P<0.05,

HAARSATR | SRR DX 0T 3 S 25 % e vy, W
BRIV 5 I , S O O e ol AR 22 /N
PREERI/NER S | 3K 5 S DX (48 AR IX))

P L 0T 1) 3 T 20 0 b 2 A R DL Uy
BN T R R RTINS | B RTINS 57 4 TR T/
PRUFSh RIS R EARAT . F HURAT A /N A
WV R PR AR L BB DR T R K A AL BRI
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Table 9 Monte Carlo test results of zooplankton and envi-

ronmental factors

WERF fh 1 Wh2 R? P1H
KR -0.62020 -0.78444 0.2348 0.019"
OPR 0.30545 0.95221 0.0092  0.862
DO ¥ -0.53452 -0.84515 0.0718  0.340
CODy, 0.40225 -0.91553  0.0286  0.624
TN ¥ 0.72768  0.68592 0.0299  0.637
Chl-a ¥ -0.99381 0.11111 0.2475 0.016"
NH, *-N i -0.41780 0.908 54 0.3248  0.005"*
TP W 0.077 88  0.99696 0.0476  0.479
IR -0.99709 -0.07630 0.328 1  0.002**
pH 1 -0.190 88 -0.98161 0.1850 0.033"

# % T8 P<0.01; = R P<0.05,
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land in Summer in Hefei, Anhui Province, China. HUANG Ruo-han', WANG Ting®, SHANG Guang-xia® , XIE San-
tao*, WANG Li-ging"® , ZHANG Wei'* (1. Centre for Research on Environmental Ecology and Fish Nutrient of Ministry
of Agriculture and Rurual Afairs, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Aquatic Wildlife
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230088, China; 5. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources of Ministry of Education,
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Abstract: The estuary wetlands are important parts of the large-scale shallow lake systems, but the studies on their eco-
logical status is limited. Shibalianwei wetland is a large-scale constructed wetland formed by " Returning Farmland to Wet-
land" Program. The wetland is located in the estuary area of Nanfei River flowing into Chaohu Lake. To investigate the re-
lationship between water quality parameters and phytoplankton community characteristics, a total of 72 samples were col-

lected from the Shibalianwei wetland in July 2018. The results show that; (1) According to the water quality index, the N
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and P content of the water bodies are high and in the range of moderate eutrophication level to severe eutrophication level.
(2) 119 phytoplankton species, mostly small-sized algae, belonged to 7 phyla and 83 genera were found in the inside wet-
land with the dominant ones of Merismopedia sp., Aphanocapsa sp., Dictyosphaerium sp., and Crucigenia sp.; Compara-
tively, 85 species belonged to 63 genera and 7 phyla, mostly large-sized algae, were found in the waters outside the wet-
land with the dominant ones of Pseudanabaena sp., Aphanizomenon sp. and Microcystis wesenbergii. (3) The average den-
sity and biomass of phytoplankton in the inner wetland were 12 780. 16x10* L™" and 23.65 mg - L™, while those in the
outer wetland were 5 083.38x10* L™" and 7. 1 mg + L™", respectively. (4) The results of canonical correspondence analy-
sis (CCA) show that total nitrogen, ammonia nitrogen, soluble reactive phosphorus, electrical conductivity, water temper-
ature, transparency, and aquatic plant coverage were significantly correlated with the distribution of phytoplankton ( P<
0.05) ; The results of the multiple regression tree analysis ( MRT) show that the phytoplankton communities were signifi-
cantly different when water transparency was above and below 29 e¢m. With the water transparency below 29 c¢cm and the
threshold of soluble reactive phosphorus (SRP) as 0. 045 mg - L™", the phytoplankton communities could further be divid-
ed into two significantly different clades. Variance decomposition analysis further show that the nutrient concentration in the
water column was the main factor affecting phytoplankton community. The results of the study can provide new basic data
for further understanding of the wetland ecology in large shallow lakes and the eutrophication management of Lake Chaohu.

Key words: phytoplankton; constructed wetland; Shibalianwei wetland; Chaohu Lake; ecological assessment
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2 FoRIK N a-Fi5 R >2 ~ 3 FRoROK BTl -G
B >3 FORKIRTE T
1.4 HIELESSH

A R B 4 Excel 2016 B4 1710 54 A
AEFE Wy A Ak BN 22 0 g O 38 SO A %
PR TEAFE U A = 30% , Hagyfh 2 /07
1 AMFE SRR T = 1%, HWR, 2 PR i 25 B A
A EEEIE S 1g (X+1) #54e, iG— =,
SR SPSS 20. 0 44 1 i) Pearson AH G 4347 6 )
TR PR - B AH DGR LA S P e A ) 5 8 SR AR Y
KR Y ENMEER P<0.05 I AN EAT B35
FHOGHE ; SR ArcGIS 10. 2 Bk & PR 58 K 1l
TR AR (1925 (8] 43473 5 2R FH Canoco 5. 0 FRAFX5 4
HCHE FNER 5T BOHE JE AT #0053 B (CCA) B 5 2%
OYRROTHT . LA AR ) R Vi KA PR A DY T D
P& , 181 H 2 50 [ H A ( multivarariate regression trees,
MRT) 3 A A [6) BR 458 T 77 Ui A8 0 R i 10 205 4
[RIRFJE T MRT 70284558, fli 1] MRT B8 %00 55120
e REAEE Rl SR R A4 Y vegan , mvpart
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S MVPARTwrap 3K 4G #E 47 80406 53 Hr . AH &K it
FRALFEARIEI 2R Origin 2019 #4445

2 HRESMH

2.1 +I/\BFEH R IR IR L AFIE

T /NHREF I b N 7K AA p ('TN) 3 [ 0. 43 ~
7.51 mg - L' SERME N 2.50 mg - L', b i sl
HIAE S30 FES, p (NH, -N) JE BN 0.16 ~ 3. 49
mg * L™ CEYIME N 0. 69 mg * L™ , T = fE H BRAE S
FER, TN NH,"-N J SRP % 5 ¥ 76 k3R 3T X 3T 4
A (S12~S15) , B 5 2814 3358 a7 e i, 43 )

F1 /\BIFIR M A S KA IR UL HFAE

$93.67.0.75 &% 0.53 mg - L', 161 Hb A8 K i
i p(TN) FIMEH 4.16 mg - L7, 20200 1N 35 7K
) 1.7 4% ;0(NH, " -N) FIIER 2. 07 mg - L',
TR M N K AR 3 A% T p (SRP) - {H M 0.09
mg - L ,E/Ekiﬂp‘]%ﬁﬂdzk%ﬁgﬁﬁ(% 1),

NI IR H K R v, R (EC) Ty
339~790 pS - em™ YIMEH K 536.7 pS - em™; A
WA AKIRAE 25.1~32.4 C Z 1] B 4 10~ 90
em , YJME N 35.9 em; 7K A FE 8 78 55 B AE S8, S13,
S16, S17, S49 . S50, S52., S54. S55 #E i &
(=80%) .

Table 1 Physical and chemical characteristics of water bodies in Shibalianwei weatland

. /(mg + L") EC/ SD/ KA MY
1 5 P
ki H TN NH,*-N SRP (uS - em™) cm W E %
KA Fienial 0.43~7.51 0.16~3.40 0.01~0.88 339~790 10~90 2~100
ity 2.50 0. 69 0.09 536.70 35.90 41.75
S KA FiniEl 0.68~6.74 0.10~4.16 0.01~0. 16 369~610 10~90 0~99
WM 4.16 2.07 0.09 474. 81 25.95 28. 81

2.2 FiFEYIRE T
2.2.1 PRI o3 A KA

MR N R A B 5 T PRI AR 119 B, SRR
717183 Ja, Horp, WhaR T XI5 2814 FRFHLY))
FhIGIRE] 02 Ffr, 24 RAF Ny 75 Ffr, ERBETTANEE
BT E B R, £ ER SR
( Merismopedia sp.) B3R (Aphanocapsa sp.) JHZ M
% ( Dictyosphaerium sp.) .73 ( Crucigenia sp.) 5%
3 ( Trachlomonas sp. ) AR % ( Pseudanabaena
sp.) %

AR AR ILAG I A ) 85 M, ma T AT AR
PrRh2Eik 64 A, BLIIE K Y00 A0 8 SO A I D
TEIFNZE S350 45 .40 F1 36 Fifr o ZKAARAL A I K
Phfa i i | K A8 R 22 3 ( Aphanizomenon flosaquae) |
i 2% Tk B v ( Microcystis aeruginosa ) | PG ol 2
(M. wesenbergii ) 1Pl [< V% 22 ¥ ( Planktothrix agar-
dhit) .

2.2.2  PFIRRIY)E ALY

R P AR K AR IR P 2% B Dy 12 780% 107
L7 S TIR e R i BT > S T] > B ] > i
FISEREETTSH BT >R ], Hob BT KT -F- 1y
R 30 351x10° L7, J5E 2814 FRAHMA /K IR Z
12 710 10* L7 i &b B K 1A 24 5% B2 Sy
5083x10* L', HLAS 128 & Lo 5 3 4 N B K A D)
TERE e )88 BEAR T RE S TR T (R 2) o

SR AR S0 1) 0, PR 8 7 A 2 T AL 400 - 34 A ) 1
ik 23.65 mg - L7 ST IRAYER/ANHEREETT>H
BEUISWEBET I>RERE T > WS S BRBel T> A ], L
FEREE TR REBE T T A Wy LR 2814 FRAH I 1Y
S12 Bk, T HB AN AR I7 i R 4 - 24 A=
Yree ok 7.10 mg - 17", (55150350 2 249 (H W 5, 3k
47.20 mg - L',

x2 TN\BRFEMAIMNEFHFEYNEESENE
Table 2 Density and biomass of phytoplankton in

Shibalianwei weatland

PR .4 7k v
ki, %ﬁ; 10* 17! (mg+ L")
RHKAE B 5.03~156938.60  0.001 ~27.430
] 5.03~27212.74 0. 004 ~ 70. 000
TEHE] 0.00~ 1 056. 32 0. 000 ~ 9. 805
HoAh 0.00 ~ 1 760. 53 0. 000 ~ 41. 400
SR R 6.28 ~ 5 960. 65 0. 057 ~ 30. 170
G 0. 00 ~ 563. 40 0. 004 ~ 139. 910
W] 75. 45 ~ 56 362. 07 0. 000 ~ 7. 740
HoAlh 0. 00 ~ 261. 564 0. 000 ~ 6. 560
2.2.3 VU K S R s AR

K FHIF W AE ) 8 BE A ) & N Shannon-Wiener
RSB+ NBITF K B TR (R 3) L 1
b P B 7K AR VR Uit AR ) 22 A M e ER0Y A2 b L
0. 11~2. 80, ¥IME A 1. 74 ; JR HU M A 4R 1 28 1k 5 ]
WITE 0. 78~2. 67 Z I8 4{E R 1. 56, AR IF AR
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ZRENERINT, /NP K R B A s AL RN
T, I - R 4B R AIR 2814 375 375 7K
PR YL AR LE 5 78 R — 3 it 18 ™ R 3 b A
L, T T R S K DK R T e A B L Vb T R —
LR

F3 +/\EEIFIRMIZHEE YA Shannon-Wiener % # 14
B/
Table 3 Shannon-Wiener diversity index of phytoplankton

in Shibalianwei weatland

KR SR DX 35k U WM NG
MUK —EREE 1.82~2.58 2.29 B-rhi5H
T8 1.13~2.80 2.13 B-+hi5H

LRI 0.50~2.67 1.52 a-Hi5H

JE T F Ry 0.11~2.00 1.34 o-Hi5H

FEGH M I 0.67~2.32  1.70 a-"Hi5H

SREIKAR B X 1.28~2.19  1.74 a-Hi5H
it 1.74~2.67 2.21 pB-hisHl

g T e 0.78~1.97 1.32  a-Hi5Hl

TE 2.54~2.56  2.55 B-rhigiy

2.3 ZHFENMEREEFHXERE
2.3.1  BUSXE R S AT R 2553 o A

X VR AT ) PG B 3 B RN BR 85 R 7 R AT 25
PIHT(DCA) 45 R 4 AN HERF il s R K
3.5, PRt Al P R A3 B it — 25, AR 52
BRI B G B TN ONH, =N SRP  EC /K
T B W RE KoK A A B 7 55 R 7 A Wl B VR Ui A
PIRES IR BRI - (P<0. 05,81 2)

038
0.6

041

N
02r SRP%’
0
» 4715
02 1 1 1 1 1
04 -02 0 02 04 06 08 10

ZI—/NIRBE, Z2—VERCHE; 73— IR R Z4—th IR, Z5—Fauk,;
Z6—EIFFHE; Z7—With B 78—, Z9—35TB 8, Z10—/ Nk
TN —AR P Z12—3R2ePE; 713—H A8 Z14—BEREE; Z15—3R3;
Z16—GREETE; Z17T—4HRLF 4, Z18— BRI, Z19—Du R,
Z20— IR P Z21— XU Z220—#R I Z23— DU R R
Z24—XURME ; Z25—BHE B Z26— 4 R EEIB

B2 +NRIFEMZFHEYEES
IR E F R HSEXT R S T4 R
Fig. 2 Relationship between phytoplankton community

and environmental factors in Shibalianwei Wetland

R, T 250 s R R, B3R5 (TN NH, " -
N .SRP .EC) fft B T VRUFAE D #F 75 2101 18. 3%, 3
BIRER K B I KoK A MO 55 58 ) i RE T V7
TR RE IS AL 8. 1% , B E 2 HAEFH M 3. 2%,
Hrpr SRP 7EA I STk R e i, 38 12, 6%, 94
Jo M R kg gk B (5.5%) . TN (2.8%) . NH,"-N
(1.7%) SD(1.7%) \EC(1.2%) /K= At w7 756 )
(0.9%) ,
2.3.2  [ERIER T

MRT A 73 Hr 45 SR R W, -+ /\BR IR 4 SD Al
SRP Z VR Y RE T 250 E 22 m R 2 v T
B3 4. (1) 24 SD<29 em,p( SRP) =0. 045
mg « L7, & 12 ASRAE A RIE A R LI R 22
BE(IE/RME IV=0.59) MEFEE(IV=0.52) K &;
(2) 24SD<29 c¢m,p(SRP)<0.045 mg - L™'H} 175 6
ANKAE A, HBRAE Rl 7P 223 (IV=0.68);(3) 4
SD=29 cm B}, & 54 A RAE s, HARRAE B A 15 e
(IV=0.82) JEHE#EHE (IV=0.56) F-RL# (1IV =
0.53) Mfd B (IV=0.51) F1 H F#(IV=0.50) ,

3 itig

3.1 +J/\BEFIR K BRI

IR TR, /T K R F5 R AR RS
o R, TR E FRRIRE, RE CB
3838—2002( M F /K FR BT i biife) >, i N 1k
A& TN \NH,"-N J& SRP k¥ )8 T4 V EKMEH
SEA SR A & B, I R T, R AR TR TS
IKKIIAL T 6 7 HEBOR A, 5 BOK A 75 Y2 6 o 1
I R AR T Y R TR N 2814 7R
B AR AR 3t S UK PR AU 455 77 b
rEEENREE, A, IR G R H g
T AL SRR 309% BB, 53 TH 0 206 v 70 A A
W LI B AS BUIORDIR A 58 B Tk MR Al A
FErp s R AR 24 AT 5% B8 ) 25 Bl AR Ik B O E A
T, IS O SRR SR EH AR A
YR B,V AR ) KR 4 SR BE K R | I I A
Hh AR ), EOSURE A BRI A ok o B 5L 3 1 3
R, PO TE IR ZE KR TE AR, [ R 227
TR K A e A 5 P o, B BOUK MR i R AR,
AR I A2 et 25 B R o ROl 0 5 > ol K T ot
— Ak,
3.2 T\BFRMKEIZ A BT S AR

WAV SRS R AR S AR R &
BT 8 = S s, 3 PN A K AR T e A 0 1Y)
PSR —E 125 (8] 5 o | 8 P A/ IR AR ) A
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BRI O T, AN/ 2B BN BRGEE T A
L) LA Py £ JU | SR 22 38 1AL i AR AR X 2 Ok A2
IKAETESE XIS, B55 SH Ar SR e A K A
FALAL BB B AR T H AR 2, vl BE 5 120K B
WIToR Gk O F g B vE A G, Bk B E R LIE
PEBURCAT LY TR AR R B AR KA R R
EFRALMITA b 2 DU SR AR A5 ORI AR K AR
BN PISRIR T PG, B DX KRR B b £ 2
FRPEAE—ERERE Pl T3 1o B AR i /AL
PRI U E R BN e e i S SR ER T 22
AOARAE T R S50, LU, 160 P HE /K 77 A

R4 TRIEBKEZFEYFHEITLL

AR T A R TR DA, i T AT DAL
SRR E IR R R S AR A —
S A B BRI 1 36 M PR S K A 3 1 R AR R
e [ FUA 3 ) DL 3Rl 5 N IREF A BT AN TR] (3%
4), WnRIE VLR FL I | = VLOF RN 22 AR b R
TR BERLA, ki | e AR B T 2 A K R 3
FCER S A b — 5 B SRR AR A 4 s A2 T M 7Y
G RTTR M , E FR R AT, AR B NE
WA R E SR A Oy T n] L AN TR b
TH BB 22 57 KRR AN R DA B A 3R
R, PL R AR SR AT —E 22 57

Table 4 Comparison of phytoplankton species in different types of water bodies

WHE X Rl R7/E BN

LLy AU W) ALTA: 617180 J& 354 Fif

T 3E /NER B ( Chlorella vulgaris) [30]

3 Je /NIR i ( Cyclotella meneghiniana)
TEE R ( Trachelomonas volvocina)

ot I A ] 81748 Jm 133 Fh

UKL 4 AN AR Fh ( Melosira granulata) [31]

43 [ 32T ¥ ( Nitzschia palea)
M3 Je /NI EE ( Cyclotella meneghiniana )

- 24 AT 71750 J& 158 Fil

U+ ( Crucigenia quadrata)

M3 JE/NIR 3 ( Cyclotella meneghiniana) [32]

WUk 4 3 ( Melosira granulate)

[ic8iv3:1 71761 & 124 Ff

b/

71783 J&@ 119 Fl

QWA SERETE: P 71763 )@ 83 Fi

2 /INEZL 3 ( Merismopedia minima)
W/INBRER 3 (Aphanocapsa delicatissima)

Ph# R ( Pseudoanabaena sp. )

SLER#E (Pandorina morum)
VU EE A ( Scenedesmus quadricauda)

I ( Phormidium tenus ) [15]
£ 3 (Anabaena sp. )

232 W B2 ¥ ( Chroomonas acuta)

SRR B ( Micraterias radiata)

TKAE TR 2235 ( Aphanizomenon flosaquae)
HR LRI BE (Microcystis aeruginosa)

3.3 INEETFIFFEYEENR D

/I T i 7K A v 52 ) I 3 A 0 AR U A O
BEPEIRES N 055 TN NH,*-N SRP ¥ % & EC /K
R GBI KA 0 T, HE SRR X PRI A )
TR B & m THEEREFN R, BREGRE
AR5 R T A A RN A A A BRI P
IR gh 2 B RIS 25 A AR L R Y L KK
HE SRR EEORIE R A M REFE D I
IR B e B X R AR KR R B E
M, LIU 28057 F PAYTAN 2508 fF gy 0, Aok &
e A T A P AR AR O A R R L R IR
A T NI M b S0 & B KRR A AR
PASA EER, A, fEEH R AT, TN FI

NH,*-N ¥ B 8 SR X 77 Wi A 0 A — 22 % W, {H SRP
B BTk B2 Y, HAE 0. 045 mg - L' Bl FHE I ]
BRI IR TS R 20l 2 25, MISEIFSE NN, 24 A
T 70 B Tl 32 1) 4 M 88 A S A A A A T
B AR sE A A i SRP A SR K M b 8 T 4%
Bl 17 WA RS ) i ) BT AR IR X, AT Y
A A )R PET D TAKANO 2500 1 #F 5 26 B,
SRP ¥R BEFHmts A R TR 223 AR HOR it 42
T AP RN A A 3 e S R B vk R R R B E
FBERE T R 22 g A R B RE R R R AR K AL
Fo WL, PR IR 28N SD<29 em,
p(SRP)<0.045 mg » L™ & F KR ERAE I Fh
X5 KOKOCINSKI %% & Bl 77 22 3 BE ifif 52 1% %
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IR RS B 258 3 — B, KAk, CCA HEF
7R, SRP Vi B 55 B o 2 B S OF A G, R OE o
FE St13 B (JF 2814 FRF ) A s il m . XIAK
AREES G EFR B TS K R I K B T R A AR A
FBRAK AR T U, F O A I A b DX A X L At
J, BTV I X i A T A7 0 T v

Z TG EAR AT A R, B 29 em S 1T UF
YIRS 250 77 R B 2 F oS, B R R
WK A BRGR ) BB AR AR 2 — , B Z KPR
W5 TR A A R A A AL A T R, 2 T
BERAE K TP A B R R AR AR X ]
W 7K PR R A B T AL ) R A 2 Bl K R TR
B 5 m AR & AR R 7R FR 70 K, &
JE KR — 8 LA IA £h £ JU2 358 00 IB 22 58 45 220K 15
At BEAL, 2R X R B T IR 1 3 At 4
2T 2 | el A TE TR &R IR SO B IR A K I
T SZAOCIRIAEE . B WA B =29
em B BRI BEFE AR B Ik B R KRR IE )
M <29 em B 3222k PR 38 | O 22 3 RV 24 38 5%
IKAETE BE, X T RE 5 K s A s s A
X, eTiE TR IR R A K, 5 TAE— K
P AR

4 #ig

(1) /NI V7 AT 4 - 249 = B A ) o
AT 5 T ML PN /N A28 0 9 R o 8 o L A T T
A F B SRR KA BE TR K,

(2) Wbt N AR A 4 b Z2 A M AR T A1
B, /BT b R 3508 1 A1 61 K A 75 e it 2 5 v
NI

(3)TN,NH,"-N SRP ¥ & J HL 5% K 5
HHRE K A R 56 2 B W Y M K R rp R A
TETE S5 A AR AR O R 1, b B SR SR X R e i 4
TEVE S5 AR ALY ST R K

(4) LIIBIHIE 29 cm p(SRP)=0.045 mg - L™
R B, T 5 RV V7 A A 1) S R 2R 5
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=N E B X T E-LT4E 1775 ( Dictyophora rubrovalvata)

X4

CdEHZRBEAEREZMERZHR

X\ AR FAE£2 M, ORRER Bk, BRE'Y (L SNEROLRREE IR, S
FH 550006; 2. md‘l\ljt%ﬂézsa[i)%’, BN SRPH 550025)

B, WRRABRX LIE-LDFCATFR ( Dictyophora rubrovalvata) R P E 4 JE Cd BIiEFE REVEE R Hsgm A &,
SRAE T LLATATIRFA X E R ZTFEATZRRE & T T H 4 Cd & B R IHIRAAEE LFE1T35% Cd & ﬂ&%’ %%
it FER A R T 3 Cd T8 R R R, 45 R R, IR X R Hh
0.24~4.23 mg - kg™, FHIMEH 0.96 mg - kg™, & GB 15618—2018( 1 IR 15 i i Zzﬁﬁl&iiﬁmﬁﬁ%ﬁ/@(ﬁ

)>>Elﬂizﬁﬁi1ﬁiig@géﬂ R (E iy 3. 2 £, S St M4 T BHEM 1. 45 15, H3E Cd BB IR R 3, H

TN 20. 87% ~63. 81% , F-YIMEH 41. 64% , Cd KTEZS 7 LU T 340 525 > % 15 25> 55 iR 7T A >T§suﬂ:/uo éI
#%/r’mrﬁ Cd FHt4 0.07~0.39 mg « kg™ (LAEERETE) SFH91H K 0. 18 mg - kg™ KT GB 2762—2017¢ & %4
FHRE BTG QIR B ) FRE( (0. 20 mg - kg™') o B 2B RECAIG% 12 R 800014 0.50~21.91 1 0.31~8.89,
CLAEATFRFIE X 58 pH (H 5 3R ATAR Cd ¥ a2 WA UAHC (r=-0. 435,P<0.05,n=26) , 5[ JRA Cd & &t
(r=0.469,P<0.05) 3 HE Cd &8 (r=0.392,P<0.05) £ B FEM K, LIETTFF Cd &2 (r=-0.670,P<
0.01) .Cd M EHERE(r=-0.724,P<0.01) 5+ 3 pH HEH B EAMKKR, BRI RH, + 58 pH EAI
K .Ca.Fe.Cu ﬁ;%@%’r’rf*’% Cd M FZEEE,

KW AW IENIN; Cd; TR R BE
FE SRS X53 Scﬁﬁh,uﬂ; A XEHRS: 1673-4831(2023)02-0236-08

Study on Cd Migration and Accumulation Characteristics and Influencing Factors of Soil-Dictyophora rubrovalvata
System in Typical Karst Area of Guizhou. LIU Gui-hua', WANG De-mei*, QIN Song', CHAI Guan-qun', LUOMU
Xin-jian' , FAN Cheng-wul@ (1. Institute of Soil and Fertilizer, Guizhou Academy of Agricultural Sciences, Guiyang
550006, China; 2. College of Agriculture, Guizhou University, Guiyang 550025, China)

Abstract: To explore the characteristics and influencing factors of the migration and accumulation of cadmium (Cd) in
soil-Dictyophora rubrovalvata system in typical karst area, soil and Dictyophora rubrovalvata samples were collected. The
contents of Cd and its occurrence forms in the soil, and the contents and bioaccumulation characteristics of Cd in Dictyo-
phora rubrovalvata were analyzed, The factors affecting the migration and accumulation of Cd in the soil were discussed by
principal component analysis. The results show that the total Cd contents of soil in the Dictyophora rubrovalvata planting ar-
ea were between 0. 24 and 4.23 mg + kg™' and the average content was 0. 96 mg + kg™', which was 3.2 times that of the
soil pollution risk screening value of agricultural land in GB 15618-2018 " Soil Environmental Quality Risk Control Stand-
ard for Soil Contamination of Agricultural Land (Trial)" and 1.45 times that of the soil background content value of
Guizhou Province. The main form of Cd in soil was reducible (F2) , and its relative content was 20. 87%—63. 81% , with
an average value of 41. 64%. The percentage contents of Cd in different forms were reducible state Cd (F2) > residual

state Cd (F4) > weak acid soluble Cd (F1) > oxidable Cd (F3). The Cd contents of Dictyophora rubrovalvata ranged
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from 0. 07 to 0. 39 mg - kg™' and the average content was 0. 18 mg - kg™' (in terms of fresh samples) , lower than the
standard value of GB 27622017 " National Standard for Food Safety: Limit of Pollutants in Food" (0.20 mg + kg™'),

and the bioconcentration factor and translocation factor were 0. 50-21.91 and 0.31-8. 89, respectively. The pH value

showed a negative correlation with the weak acid soluble Cd (r=-0.435, P<0.05, n=26), the Cd in Dictyophora rubro-
valvata (r=-0.670, P<0.01) and the Cd accumulation coefficient of Dictyophora rubrovalvata (r=-0.724, P<0.01),

whereas showed a positive correlation with the reducible Cd (r=0.469, P<0.05) and the soil total Cd concentration (r=

0.392, P<0.05). The principal component analysis indicate that pH value, K, Ca, Fe and Cu contents were the main

impacting factors to the enrichment of Cd in Dictyophora rubrovalvata.

Key words: karst area; Dictyophora rubrovalvata; Cd; translocation and accumulation; occurrence form
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Fig. 1 Distribution of sampling sites
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Table 1 BCR sequential extraction procedures for different soil Cd forms
I B FEIH) FRE %A
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Table 2 Total Cd and organic matter contents in soil and
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Fig.2 Percent distributions of soil Cd forms
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2.2 M Cd SESEEHHT

ZLFET IR Cd S Cd B R B(BCF) F;
BRE(TR) W3 3, UTHE, 0 4E M2 ik cd
ST 1.13~6.58 mg - kg ' Z ], M K 2.92
mg « kg™ BFEH Cd FEAFE 0.22~7.09 mg - kg™’
Z ), SEHME M 1. 84 mg - kg71 s VEERETT, ZLFEAT 75
A Cd SHAE 0.07~0.39 mg - kg™ Z ], FI{H
$70.18 mg « kg™, WAL Cd & HAE 0.01 ~0.35

mg - kg™ Z 0], SFEH(E A 0. 10 mg - kg™, BEHA T
GB 2762—2017¢ B i & & Zhrife & his iy
FR &) BrifE(E (0. 20 mg * kgfl) AHER R S AFAE Cd
FRBRR L, ELAT — 2 1 RURSE, 10 24 5 | A Y b A 563
FIEYR, VRN ESES HHEESRESEY
FUAE R o 48 R 8, FLE R /N AT S WA E P xof 3
GBI E SR RE Y VRIS AR A 4 R
L 5 is R IO T VR R & 48 N —
AL R —AE A FL B M RE S K/, R 3 TR
LIBT3 Cd 19 4 R EEE 0. 50 ~21. 91
Z I8 AN 5. 24 3R 1, UL ZLHE AT 780 £
Hecd HAKRMImMNE £/, 58 Z8HE 0.31 ~
8.89 i), FHME N 2. 64, KT 1, BEWALLFEAT IR
FFCI RS RS Cd AR B0, TR AE Y A
THMAFESMLILLMIFPESE Cd &2
(0.757~3.817 mg - kg™') , FMHESEOTBFSE R, B
MLFEATIRH Cd P =R S 12 mg - kg™', SRl
SRS R, SR LT FEAT IR 13 Cd A R AR
K 0.89~10. 95, LLHEATFRXT Cd Wi SR A AR
TIZ LA IR Tl 8 Cd & DL Sk R4
R 5,

£3 PHRRARMAAREIRMLCAEE. EERBREIE

Table 3 Cd content, bioconcentration and translocation
factors of Dictyophora rubrovalvata in soil
N 1) . -1 = 3 f 2
S w(E:D /(mg#kg ) EERE  HEBRH
RS WG (BCF) (TF)
We/MAE 1.13 0.22 0.50 0.31
ON( 6.58 7.09 21.91 8.89
SEHME 2.92 1.84 5.24 2.64
PRifEZE 1.62 0.11 4.85 1.94
A5 RE 55.41% 101.62% 92.53% 73.34%
1) LR

2.3 TEMRXTIEFIIEMNTR Cd SEHFM

K Spearman AHOCHEAATEL BT T 3P B
Cd AL Cd & LAFEr#hh Cd & & I
W R IGE Z [ A A M o H -2 IR R 5
Cd WA REERIRER (3 4) . BFFEIX L3 Cu Zn,
K.Ca Fe Se, Mn 7 & 28 {61 Fl 43 %1 & 191.10 ~
367.20.93.25 ~ 266.30, 3 499.65 ~ 10 556.30,
641.25~6 747.50 11 6254. 80~ 16 1167.40.0. 55 ~
1.10 F1977.20~2 265.85 mg - kg™,

TP FISCd 5L EpH H . Ca HFEERE
A FFFR (P<0.05) ; F2 250 5 3% pH (& K.
Ca T2 EFIEMHKLKLR(P<0.05), 5+ Cu,
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5 & K W K o

9539 %

Fe FrE B B EMAH LR (P<0.05);F3 &5+

HES ﬁ‘% WEFEMHLEEZR(P<0.05);F4 5+
BA G FEASSR TR STELREMCH, £

BEARUS Cd 5 138 Cd Mn & Y 2R B %
IEMSER R (P<0.05) , I35 ¢d 5 F2 &5 Cd
Prim I pH H K % Ca ¥ i S 0 25 AUAH G
KFR(P<0.05) 1514 Cu Fe &5 2 0 35 1A
KRR (P<0.05), LI4EMIip Cd a5 LA

x4 TEDTRTERSNH CASEZENEXRY

Cd SHEIFICH AR EE, P I cd SHIFA
SERMAALTIR T Ccd e R, A
HUR SSRGS T F3 A od SR B FIEMEXL
ZHMP<0.05), 5 13 Cd &8 .Cd 1y H AL AT
BRI Cd 5 J0 B S B9 AR S BRI AT ML

ATEFEMINE ST X L3 Cd ARS & EEN R,
B BRI R B

Table 4 Correlations between the mineral elements in soil and Cd contents of Dictyophora rubrovalvata

ik cd g

i .
Gl pHIT  wR &l

+3Ecd +4ECu

+4EZn LIHEK +HECa tIEFe +IESe LIEMn HIEHHUR

o L GRS o L o B

TSGR ATIAS Cd & 0.317 -0.435* -0.240 0.189
TR Cd Fr i

I A Cd Bt -0.009 -0.204 -0.016 0.318
FHGRES od T & 0.269  0.050 0.112  0.216
+HEECcdEHE -0.194  0.392* 1.000 -0.259
135 Cd o 1.000 -0.670%* —-0.194 (.683*"
[CEE3 0.683**-0.724** -0.787** 0.535"*

-0.119 -0.278 -0.441" 0.295
0.182 0.392" 0.411°"

-0.052 -0.053 -0.089
0.060 -0.092 0.061 0. 303
0.431* 0.150 0.469 "

-0.117

-0.589"" 0.469* 0.141 -0.558""

*—-0.434" -0.493"-0.766"" 0.480"

-0.273  0.000 -0.083
-0.629"" 0.124 0.324 -0. 137
-0.003 0.441* -0.333 0.452*
-0.062 -0.142 -0. 149
-0. 164 0.102  0.369 -0.157

-0.654"=0.672*" 0.657"" -0.252 -0.143 0. 281

-0.211 -0.461" 0.333

n=26, % 7E0.01 ZKF-CRUM) L@ EAIE, = 78 0. 05 AR 1 BEFE,

2.4 TEFCAEYBEREMNETEZMEZIZA

K E BT M O R ORI AR ER Cd B
BN Cd EWEBER FEEREZE, KMO ( Kaiser-
Meyer-Olkin ) £ 35 48 11 R 0. 423, Bartlett Y ERIE
S AR R 0. 00, /Tt 3 K 0. 05, B
WA AT LAEAT E s o i, IRIERAIE(E > 1 1Y
SRR E T 3 A F RS, RRTTER RN 72.22%, B]
3 AN M TR 72. 22% I JRA TR .

551 FEOT T 22 TTHRAN 40.58% (K 5)  TELL
FEAT7R Cd & i, Cd WY 4R R4, 3% pH fH, 4%
Cu.K, Ca, Fe & it b H A B KW E AT, 53504
-0.779, - 0.722, 0.870, - 0.739. 0.754. 0. 781,
-0. 786, Ui 4% pH &% -3 Cu K Ca Fe &=
RFMMLFENTIE Cd BN EZERE, 542 Flsr
FES 3 F 4 7 22 STER R 4 5 R 17.63% F
14.01% , Hor 4% X35 Cd & A2 im0,

3 g

YEYIXT + 58 5 4 @ 0 R AU IO T B 4 8
S S EEENESEVMEC, ESREAN
5T A RO HE P AT 53 9, i S o 4 ) T Ak it
FERE IR A A B, AT X A 358 355 1 A A 9 75 1
PRSI R FLZS Cd AR RS, &
VEVI R 2 MM RIE 2 | 0456 T AC e s S iR #h 45 &
B F2 B REYEGFIHILE; F3 SEMERIEY

W SCR A, T3 SRS 5 m Ak 2 AT A — 2 251 T g

R R A ) T R AR Wl P4 S
BURAE TR A R W5 Rk R Eh 4 AR
HAb 2= PE AR R e, T%W’E%ﬁw&cﬂﬁﬁ,ﬁ
FRPE LIRSS IR P IA S Cd & & Fl 18 pH {H 1Y
FHEmiREAR, Cd B A BERIE Y, B4R
M) F1 A F2 BN TCEZ WA, ARG & B,
HAEYA S  F3 R4 BB R S EA
BOMEAR LT IR S+ 3 P TR SRS Cd
ﬁttﬂ?ﬁ]{ﬁj@ 41.64% , =N 63.81% ,Cd £

i RN AT IR RS S AR I S > 55 R il A S > 1]
%Wc‘u A Cd ARSI I E S 64.55%,
UEPA LT EAT 2R FI A X - 4 Cd B B A= YA 3L
Ve, G RA TR A E Yl R, 3T Cd F
HEEMN0.96 mg - kg™, BHRIMNE LT REM
1. 45 4%, [A] A2 5 R AR A 104, 70% , X 36 7E 21
FET AR TR TR AETE Cd PR A HS2 A% 3

E;um&jt [26- 27]

1% pH {Eﬁﬂgié}% IRAF IS A YA
SO W R, BEE - pH (ERRAL, 3 1Y
Hhn, 153 5 B OH ,CO,» | S™ A4 & B 1E
LAY AT R IS ) 4 J B8 T e B R, i 4 B A
YA ARSI, 54 R M A E R RS B
| N P < A 5% 1 Y e s o ) S Y =
54 R Cd ZHEPT7R T Cd i i R
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FHMEE R, M, Cd 1Y & £ R EWRE pH R
R B & 1N, B pH Er9THE , 13 F2 & ad
S R Cd SRS BRI, T RR SR A 1
T CAHCO, i B AL, 0 JR A Cd AR E , AN 5
BEEREMIL | 3k S5 I AE R A R

R5 ITBETRATERSTEERHERS A
Table 5 Principal component analysis of mineral elements

in soil and soil properties

o Fr
£t | 2 3
LFEATEE Cd & -0.779 0. 066 0.362
Cd HERK -0.722 0.290 -0.201
+ 3¢ pH {4 0. 870 0. 111 0. 189
+Hecd F 0. 266 -0.520 0. 685
+iECcu BB -0.739 0. 107 0. 446
3% Zn i 0.453 -0. 067 0. 652
K S 0. 754 0.284 -0.194
I Ca Bt 0.781 0.244 0.303
+EFe S B -0.786 -0.074 0.278
+ 1€ Se F i+ 0.471 0. 662 0.174
4398 Mn &5 0.196 -0. 899 -0.037
AP R -0.323 0.579 0.378
LR CESENR(EN 4.869 2.115 1. 682
Ty 2% DUk 40.58% 17. 63% 14.01%
SR 22 DTHkR 40.58% 58.21% 72.22%

AHRPE TR, £ Cu Fe 85+ pH
(A R A GO &R, R I 4% pH (HFf 12 Cu
Fe S 838w A%, $30 F2 & Cd S8 FRG, H 1
Cd P94 A g o, oF 1 o E B S A7 Cd &
ENHEERY, LEAVEXEY T ESRD
W WA T A5 M EL AT L1 M, BE e 5 T 4 s R 4
MELARI 28 60, 5 43I 20 Sk V5 A A LT S
e S E ARV A AW, 1o & &8 1 AW A Ak
PECY L ZAFSE T F3 A Cd A N, T fiE
M TAVLEYS Cd B RMELLIE RS 45 & P T 8L,
H5ATZR Cd B i s 4 R B0 T0 I WA e, Ut
W+ A ML AT X 3 Cd WA sy
FEER R X 52 S s AT, +
BB (K" Ca™ [ Zn™ Mn™ ) {E R HE W 0 4
JRICE M e e e B, Hok B s, IR AR
TERSPE AR , DT 30 5 A 4 % B 4 R O E A AR
W™ A 3R Ccd A KRR R RS 3 K Zn
Mn Fa¥2REAMHC, 51 Ca TR EMDE
M, AR, 135 Se 1] 58 £ B I Se—
H 4 R AW N TR A %k o 4 A Wl
Rl Cd—Se ,Cu—Se S5 XEVAE & G W0 19 T8 B il 1 77
FXF Cd BB MW, %HFSE I Se S 5 1

3 A Cd R R EIEME, 57 cd & &
B w4 R B AHIE B ARSI AN 3

BARTIEPHILA Cd & E Rl 3 Cd A
TG (8 AR X 5 S A Cd A SIS
W3 UHE &R Cd YA R IR 58 4 Bk
FTHLOE, HEESELEIFAELEESE LR
AR EER R IR Cd I
RPN 2 B EEXI R T 1, v ZLHEAT
N ESEE Cd HARRME LR, Cd BERE
4 pH WP FERAHXLR, XEEEHT
Bl pH EL RGN, -3 bRk & s34, M 1
il T A LT IR R R RE T X S A
LI E N LAY s R B pH R
A C B ST 45 AT, Z0FEPT 98 1 3 i
Cd 513 pH {H . Zn Al Ca S REEIEMELR HH
INHAE W EIEM RN ESE TR LA ML
KR, KW P Cd 5 Zn Cuo WTREEAT IR
KRS ATEY T ERS TR, 14
pH {E A1 13 K Ca Fe,Cu & 2 W LLICAT 705
£ Cd WEZERZR A F32 Cd 1548
FEHb AT DATE it B B Ca Fe 450K MY B + 4504
FRF, M REARLLFEAT RN Cd Bl s 4

4 iR

(D) ZLFCATIRFIAEIX £ HER Cd # =7 0. 24 ~
4.23 mg - kg Z[H] SFXI(EH 0.96 mg - kg™, A S
R IE 104, 70% , 4776 Cd U8 0% A B 52 NN T
MR, HIEREIEE Cd & ERD AL
JEASSFRIE RS IR T IE S > RS, B
WA RNE,

(2) +3 pH {H K . Ca Fe fll Cu JEF LAY
IR Cd T4 Cd YA RER EER R 204t
P Cd S EAE 1.13~6.58 mg « kg™ Z 0], B{H
H2.92 mg - kg™, B R BN 5 RECE SR
5.24 F12. 64 X EAE Cd FA BRI 5 % MiE iz
S, ARIMAESR Cd F&5 1R od Hx
PEAN 3, B3R Cd IS 48 Cd B sk
HEMER R,
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Fux', w5 &', AER'Y, &nk', & @', &R, RES', MER (L AEFEREE R
A, i KU 4103305 2. REEHEERGESBEFEARER TRELEE, 175 Mal  210008)

FEE . S SRR T Al AR Tt F R e R AN R RAE K B, SRR
N AT RE AR Rtk T - A USRS i, ARSI N 1.24 mg - kg MBS R 3P RN w=
0. 20% HIEALF] ,60~240 d J5 13— 26 = M TL 2 B2 ( DTPA ) A 3 S5 & B0 B8 (CK) PR AR 28. 09% ~53. 15%,
140 d J5/NEM 25 5 & B8 IR 23 BRI 43. 20% . 53. 00% . 53. 00% , 200 d J& 43 5 B A% 48.92% . 53. 82% .
39.20% ,240 d J5 5 BIFEA 47. 92% 29. 46% 21. 41% , LA L FI RERFAR 5 P B ACS T S B A/ P& & L ff
INFE AR TR A 450 A BRI, /N RPR AR S BN 0. 22 BRI 0.09 mg - kg™, T & GB 2762—2017( £ /i
G E R R TE Y R ) TR,

KA BER; hetEk A R, NE

HESHES, X53; S512.1 MRS, A XEHES: 1673-4831(2023)02-0244-06

The Effect of Soil Passivator on Heavy Metal Cadmium in Alkaline Farmland Soil and Its Accumulation in
Wheat. LI Hong-liang' , YUAN Cui', FU Yun—cong]@ , ZHU Xiao-long' , GUI Juan', LIU Dai-huan"?*, DAI Qing-yun',
HE Jun-giang' (1. Yonker Environmental Protection Co. Ltd., Changsha 410330, China; 2. Farmland Soil Pollution Pre-
vention and Control and Repair Technology National Engineering Laboratory, Nanjing 210008, China)

Abstract: Field experiments were performed to investigate the effect of passivator on heavy metal cadmium in alkaline
farmland soil and its accumulation in different growing period of wheat. The results show that the addition of passivator
could decrease the available Cd in alkaline farmland soil. In Cd contaminated soil collected from Xinxiang ( DTPA-Cd
1.24 mg - kg™'), compared with the control experiment. By adding 0. 20% (‘mass fraction) of the passivator, the availa-
ble Cd content of the soil reduced by 28. 09%~-53. 15% after 60—240 days; the Cd contents of the wheat root, stem and
leaf were reduced by 43.20% , 53. 00% and 53. 00% after 140 days, respectively; the Cd contents of the wheat root, stem
and leaf were reduced by 48.92%, 53.82% and 39.20% after 200 days, respectively; and the Cd contents of the wheat
root, stem, leaf, and grain were reduced by 47.92%, 29.46% and 21.41% after 240 days, respectively. The results
show that the passivator could decrease the available Cd content of soil and wheat, thus the Cd accumulation in different
parts and different growing periods of wheat could be reduced. The contents of cadmium in wheat grain decreased from
0.22 to 0.09 mg + kg™", which meets with the national standard ( GB 2762-2017). It indicates that the passivator is a po-
tential material for the remediation of heavy metal contaminated alkaline farmland soil.

Key words: passivator; alkaline farmland soil; Cd; wheat
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B-sitosterol from Mirabilis jalapa Treated with Cadmium: Concentration Responses and Allelopathic Effects.
ZHANG Wen-ting, WANG Hong—binm , WANG Hai-juan, PENG Yu, GUO Si-yu (Faculty of Environmental Science and
Engineering, Kunming University of Science and Technolog/ Yunnan Key Laboratory of Soil Carbon Sequestration and Pol-
lution Control, Kunming 650500, China)

Abstract: Mirabilis jalapa, an alien invasive plant, can accumulate cadmium (Cd) and exert allelopathic effects to other
plants. The detected sterols in M. jalapa will significantly affect seed germination and seedling growth of other plants. Al-
though the allelopathic effects of M. jalapa on crops without heavy metal have been reported, few studies focus on the allel-
opathic effects in the coexistence of Cd. A hydroponic experiment was conducted at different Cd concentrations to determine
the allelopathic effects of root exudates from M. jalapa on soybean and maize, the content of B-sitosterol in different parts of
M. jalapa and its root exudates, and the allelopathic effects of exogenous B-sitosterol with different concentration (0,
0.125, 0.5, 1, 2 mg - L") on soybean and maize. The results show that with Cd stress, the allelopathic inhibition effect
of root exudates from M. jalapa on soybean was stronger than that on maize. The content of B-sitosterol in the roots of M. ja-
lapa was significantly higher than that in the stems and leaves. The content of B-sitosterol in the roots significantly reduced
at high Cd concentration, while the content of B-sitosterol in the root exudates significantly increased. The seed germination
and seedling growth of soybean and maize were significantly inhibited at the addition of 0.125 mg + L™' B-sitosterol , but the

seedling growth of maize was promoted by the addition of other concentrations of B-sitosterol. The seed germination and
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E&£WMA . EHEKARPEEE4S(31960264)
@ #(E1EH E-mail: whb1974@ 126.com



42

RSO A BETRA A AT 5 Ak T 1% e ) 1y K LA BB ] - 251 -

seedling growth of soybean were inhibited with different allelopathic degree. With the increasing concentration of B-sitoster-

ol, the activities of superoxide dismutase (SOD) and peroxidase (POD) in leaves of soybean seedlings were firstly in-

creased but then decreased. The content of malondialdehyde ( MDA, a product of cell membrane lipid peroxidation) in

soybean leaves was significantly higher than that of the control at the addition of 0. 125 mg + L™" B-sitosterol. However, the

variation of MDA content in maize leaves was not significant. Comparatively, the activities of SOD and CAT in leaves of

maize was increased. At low or high SB-sitosterol concentration, the chlorophyll a and carotenoid contents in the leaves of

the two crops were significantly decreased compared with the control. At Cd stress, the allelopathic inhibition of B-sitosterol

on soybean was higher than that on maize. Therefore, the remediation of Cd-polluted soil by the intercropping of maize and

M. jalapa is feasible.

Key words: Mirabilis jalapa; cadmium; B-sitosterol; allelopathy

B (Cd) HEA EZ Tl Higk, WK H 25
R, Cd 15 YU — A E R R EE R R, — 5,
HEA LT Cd B &SRt Bt gz
PEEFRRIE Ay PR vh 4 285 e ) ot de 24 1 g 1 1Y)
TR —AS RIS Y 5 — T, Cd Bl
AT A YR N R X5 3l A W) S N A B
FEEE KB AR Al R E , Cd 155 R 1B
AR E L mE HIA YT,

VEDg—Rh N - v L B oA 25 1 4 Jm AL H Al T
LW A R, B TR B A A R i B
( phytoremediation ) £ A Fl T sliAe e 15 4% 11
A B 4 R R TS g R I S
KENGIE B ERY), T B X Ay BA 5 A )
Z M EER AR R AR A RO A R
Jl BRI i SRR Y R, FE TR B
RN BT BE A IR A W AR AR K8 A
KT, TR A H AN R AR KLY (alien invasive
plant, AIP) &2 4 J& 15 Yt + R —MESZ E W
T

ZREAAN MY TE  RIE s mEE Ik
NRHIFIA (2019 W) ) , = F A Se A AR AR
FA 321 FpAN 4 ANAEFP 27 ATP HLA 00 1 5 4
J&EERE T, W T w1 Y T R A P 1R
( phytoextraction) 1& & ; # H 5 4 J& & H 68 J1 ANk,
DUIRT DA FHIX A M 45 i B3 1, BT R 4
W DK AR R e, T S R 15 g TR AE
Y1 %E ( phytostabilization ) &5, 34 I~ X AH #% 78 5
i o e S 5 A S T SN TR e )
F SERATIRE KB, A Sk AR AE ) 28 A
( Mirabilis jalapa ) TERF AN RS T ARIL Cd B
BAEEYRAE PR A T O HE Cd B
SEREYI AR UE S = YL EF BT ( Bidens pilosa )"
*ﬂ{?}(tﬁyﬂ:([va xanthifolia ) (1] &5 AIP #PEE R Y
WA Cd MR HERFR LU L HH
TEF [ 25 ML AR, BA HABAR Y AN ol U ABLAY 2>

ARATHESZPE AT, 58 X H A 4 J (AN s
HOWAEARRNE LR, MAAEELMES
JEMTIRE T LIU SN LR T P Shis F W R
TEYIE S 15 G IR RO BIF ST ki AR AR Sy — oL 3¢
PAEE Y, FoRAEB . Cd 155 L 3ET7 1 B AT
BTEHIE

PRI S AE P b 8] 5C 3R ) — P e A 2
HAF 3 3o R TS SR T3 30) P A5 v T R 5 — Ao
Pyr= e R T A B BRI, A
ke AR B LR H, 58 SR AR R 1A A 2 BlAG: T
BRI I §55 B (sterol ) 110717 {5 R DA BRI e 42
SARCHR) A, KRZLL C—5 XU C—3 i
B B BE MR BESE A &, DL LA R
FEREE LR AT AR Y, DRI, 4% 1 WA 45 4 B AR
HOAL, T DXOAE TR S P AR 2O R £
FRE L EAH P I £ 2 B~ HI B B-sitos-
terol, (24R ) —24—ethyl—cholest—5—-en—3B-ol ) F15. {
I ( stigmasterol ,22—dien—3B8—ol ) [21-22] VERR B-F
HY I FAR A DA B S Al B SRR — 26
BRI, AT 0 7 B S A PSR A SR
ARG RERE R B B A A 3
MNEYEE B e S BT A (acety—1 CoA) 43 F7E 6C
— R W AE T R 5C 1 & R R B R
(isopentenyl pyrophosphate, IPP) 7>, %k J5 IPP 43
FRAETEM C30 B9 & i (squalene ) , B )i JE WAE Y
PR R PRBT T it P28 3k — 2R 90 il A ) e 2 56 A
B-A HEEG AL BORA g4 B I 5 3 R
i PSS A ARAH AL, DR T B AT 1 22 55 H S A ) 19 A=
PRIIRE, NPT HESE R TR B AE, Cd 15 5
T B4 B R 7E SR A BT IR B A H) P R i A
RAFEZAE ], Qits e 40 M B A B R BT AL TR
PESE (A RIESE R, S R TE A8 A 5T 4
HEORFT A KREREIE R, W) B—45 B B A A= ) 5 Fl
WJE IEH 1Y 5 4 32 B IR 58 Whaa , B BEAE S A ) 7 AR
Yy 5 3 i AR b E B A W i — BT



- 252 - 4 SN

5 & K W K o

9539 %

W EBALE WA G B A T R A B
AT A 5, T i P A AT T v B
FIGTER T | X ey A A R A P it R
FERCRNIAEE | U AT 77 Az {55 B 0 A 0 AR A B ),
TR A r A S I D00 XoT ] LR ) 1 R A BRTE B
PRI AR A PN IR T 2R T A A R A R R
AT S B Bl ek I AR K W, #is
ANk ARIEY K FME L Cd 5 9e e H 35 L
Al e Sl B R I A K R I
Tk B B ok oA AR AR 55 G A AR EE T SR,
XTI R Z AT 4 B T Y I 00 F obAT, Y &
)8 TS PRV EY) RIS SRR IR LB £ R T, Cd Ak
PR SEORFR B AR ol o U 55 BE 2R i, £ sk
YT EY = A B T & R AR B AR AL, B
T DL

PRI, #7K So Fis H TR 4 R 15 G H e
WME R SR A E 15 g T R B & AR AR AE
R HES AR S5 LR S KU R BUR 8 2200, oK
K2 E AL 7T ST 5, R O
T L DX R oK ) Y A ST
Wl R B AR AR S A T R Al R
FEALH KR8 GAE R Z il Y DL
F H T EORE AR Y, R E KRR S5,
RIE Cd ARFRF SRR 277 A 1 B4 f55 Bt ¥ 1
MEXRFFO R ML AR, 55T
FAR (1) 3R Cd AbEE T S22 AR P FIAR 2220004
Y FEHBERY —B - B BN &
(2) HE— A B4 B BEXT 2 FhVEYI AL AN 1Y
55, ZHSE A AIRSE Cd e T SR FEE S5
TEIIRNE DGR F APk AR Y AT L A5
1652 SRR LRl KR

1 #R57E®

1.1 #ikEy

BRI T 0=75% LBERENEG, T
R SCR, ERA AR E W LT AR
JEREARME R ]G 3% 45 d J5 B R/ N —BU 4 i A 7
IKIESELS 28R Fh W) VL I8 2% A Tl A BR 2
A, BRI A0 T 2 pE s AL A FRA R
1.2 EXRFEFRIRREDDHWE

YIRS AN 2.5 L R A R E A
R BE S Cd B (0.1.3.5 mg - L") HEATHE 3%,
Hoagland & 35 2 I ZHANG % £ 409 )5 ¥ e
il ,cd Lh cdcl, - 2. 50,0 BRI 0, Cd™ Wk B L4t
Cd I, ERABAKERE G, BNEHTE 6

R, ELORUEAR B 1 /I i i i 25 R — 350, AE A TS
FERE AR TR 9%, MW AR K I A
SERFREETUA M 3 d B 1 R IRI, ALY
WE 3 ANEE, W 14 d JFUkgk,

MR IR - B 5 B A g3 00 07 il
LRI R W, R Cd A B e B AR e g, B
SORFIKAE 14 d J5 K UG B EDTA - Na, 1%
BT K S5 430 e AR R Bk DA 2 R AR 2 1 B
B Cd, FREEARTA 0.2 mol + L™ CaCL AWK 2 h LA
TP AR, Bl R R bR (A R LB K
o) AR 500 mL KB 2K B /K B3 B8 P (3
AN A B TEAGEE) |, B AOBIRIE IR 6 h 54
FERR IO WO B K IR BN N AR Cd AL B R (28
SRFTIR R AT WY, PR AR 2R 43 WA W SR W 48 7 [
T =S8 ek F e 4 | 3% S OB MR R 40 WA ) E A
% 500 mL, —&BAIA 4 C WKFEH, 55— ar it
TR B8 R RN &)y v A B A it
1.3 HEAERNHE

gtk — A WIR Cd AbBE R SOEAR R 43
B4+ 5 BERIALBAE F , I HEBR HoAth Ak 124 5 0 VE )
BT, R FHAMERAS I B4 5 Bk A T VR 1 1k AR
S, Cd AbBBTEREE N 3 mg - L7, HEBRAREL
25 mg B-A+H§ B, oM 2 mL A e A 58 T
JKFRBER 250 mL, J RE 52-99 AUjighh 78 & & ( |
TR SR AEAALES) ) F 50 °C &F FhEsE 28k FHR
WARBUE A2 25% 50 100 mL K8 F/K, A
1B 5 W, A EBRE W i B, SR )5 L8 ok
2% 500 mL, RPRIEAMIN B4 {5 Btk B 42 0 20K
FIMR R W v B2, LB TR BIER 0,
0.125.0.5.1 F1 2 mg - L™'YE MMM B-43 {5 B ik B
T, IEAT B4 55 X VE W A2 I S 56
1.4 HELERUE
1.4.1 FEEhETALEE

SRFR R IR 5 iU , R SeJa F A
deok EBTIK EDTA - Na, AW 2585 T /K4 G
VREIRATRIMEBR DU A ) o AR | A
AR ZE 3 AR, TR AR TR P R K 43
IFFREEEE S, BT 105 C R 30 min, R
F£ 70 C NHET EAEE B S S R AR S % R
TERAE . SRAT B 55 R R 75 Dl A B ik o) ok
FRHRIL, 45 Skt AT a7 A 5 3 Wk, LMRHIE
RENLEREE = B4 (B, e A BRI v, 42
25 SRR TR A« 2R SRR i — FH 4R IR
A B — i U8 — UE W 50 °C e L 7R Rk 4R —
50 C Z&1,m 1 mL HEEEE B - 45 5§ Bk il i —



55 2 3 SRICERAE . SEOH BT

T2 X Ak PR 14 e W 17 R G A - 253 -

CBEH LS 3 IR T 28 AL bR LB —B-47 1
PSR 1] it — 8 1o SCUBROR €3 53T
1.4.2  Fhrii Ak g AR S

ZHOCHR( 38 10 8 1 7 VA AT A B E I 52 8w
BRI TR Cd AbFRVREE T SR FTAR R 4 P %t
BEFN FOR A RSN 2 5, HOR, B TSR I Y
ERFMAR T W EIREY, Ntk — 2 HH9E Cd 4t
BT S RAR R 7 Wy vh B4 1S B 0 AR SR R
JNANIRTR AN 0.,0.125.0.5.1 1 2 mg - L7'B-4% £
BV, AT 2 B A Ab A S 5

(1) M1 A S 5

PRI L /N — By B B R E KA,
75%FAEIZ L 1 min, @ =1% NaClO AWK IETE 3 min,
SRIE R B TR e T, T4 FH - BROE ¥ 1) ol
T 50 R ABA AUZIEACHYREFE L (A% 90 mm)
oL AIACRTR] Cd AR BIR R B R SR FTAR R 4
WS RIVR FE B—4% (S BE MK 20 mL, B> b 3
B3, PP TEEREFRMA T 25 C iR 74, 3
d BPFEREAEEFR ML ANIN 10 mL KA R W)
o S-S, BERE 12 h Goil 1 IRFRF R ZEE (LA
RGN K R AR ) | il s B

(2) B AR S

HUVRAR I 58 B A e HL8h — By A 25 R,
PSR IR AR IS SR L, 0 20 mL AN[A] Cd
AL B FE T 1Y 28 SRR ZR 0 W (X BRI 25 1R K
BRI B4 155 WA BRI (X BRI AT B—45 £

FEab s ) RRAb PR E 3 ANEE B 3 d R
FRILH AN EE AT R 7 W sl B- 4 (B 10
mL, ¥53% 15 d W 7ER D EEFR ILFEHLIE R 10 R
F e AR VR ZF B K fif o, AR AL BT 3 K
HEMTMH.
1.4.3 FEfIE

Y Cd & 50 € - A RE R HNO, -H, 0,
InFIEAL I R TR BOGTE L (AA240FS, 26 [F
Varian /A 7)) W2 AHAR AR Cd F

SEARATRE A HS B 23 BT I A < R 58 SR 4 B
g b RO AT |, O ] S B B -4 S I
PRifEdn HE 17 0T B4 BT SR e e SO AR £ 3 vk
(Agilent 1200 BIEAH (35 ) 47T S B2 12 20 Bl
5, {033 1 . Nova — Pak C,q Column (150 mm x 4. 6
mmx5 wm) ;A VOHEE) + V(7K)=70 : 30;
TP 210 nm; FEE 25 C ;7 1.0 mL - min~' ;3
FEaE 20 pl, 5 BE2H 0 S0 18 AR B3 I5F ) 1 AN
W IR MR

X EETRA 1 BB OO i AT Ve S 8 ')
BT, A5 3] £ B4 RO ) VR AH €335 [, 22 SRR L
OiEEMEEE R NE 1 frn, B 1 O SR, 2
hB-A B, 3 4 ARG I H 2. 622 min 4K
B4+ £ B A I s, 35 v SRy B—2 B35 IO 40 I ) e
WRIE ,y AR O P D TR AL 45 380 AH N B2 1 [l )3
} y=54 900x-35 300,r = 0.999 8, 4R )5 M%7
PR SEAT p-A HI B i

0150 0.15 )
FRAfERE D FEPIFE D
2
_ 010 0.10F
=)
o\f:
= 1
=005+ 0.05
3 14J2\
0 1 1 1 1 A 1 J 0 l ‘ L- 1
04 08 12 16 20 24 28 04 08 12 16 20 24 28
5[] /min

1 EXRFEEEEE
Fig. 1 Standard sterol chromatography and Mirabilis jalapa samples

il 2 8 = MR 2080 I 5 B
100% 5 & ZF ¥ = R ZFHIH 3 d 17 & ZEF0 %0/t
P 7 BAx 100%

KT WILLIAMSON 450 £ H iy £l o o7 4 4
(allelopathic response index , RI) Z&AEfb B 38 55
HHE AN

I, =(T/C - 1) x100% , (1)
A LI RAE R C Do BRE T kb B

{E, 1,>0 BEHARIERE N R IM AL HEVE R, 1, <0 BEHH
RANHIER 1, = 0 VLB TR A, 1, 48 5% (B R AF Ak 2k
YEFSERE RN, Z5E 80 (synthesis effect, SE ) & fit
P[] — 32 (A A 00t H A Ak 8 R A o) ( sl
HE) E AR AR

Az B AR BRI E AR A ARG 15 d R
G AR AR AL S A, AR AR ) 57 AL
(SOD) ¥ 5 I 5 >R F 4 P9 i ( NBT ) St fb ik 5
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B oE 55 39 &

LN A (POD ) 3% I 5 SR FH ) A
D AL AU (CAT) 36 PRI 2 2R Sk A
JEEET D SOD T LA NBT Jefbif i 50%1F Hy
1 ANEEEE B (U) , POD 36 1 LABE 434 0.D.470
(470 nm AYOEE ) H400 0.01 A 1 A~ TE 2k A7,
CAT 1HPE LI B340 0.D.240 38/ 0.1 FfEE - 1 4>
G PR, TN T (MDA) 35 10 % R AR
FLZ PR (TBA) Ho ok ™) | o 2R & 10 5 2R FH 2 18
FNP R A5 i i ik
1.5 HEE

BAE S Microsoft Excel 2010 H#E 47 faj 5 4L B,
FHEYE PR IEZE (SD) 3R . A5 AL B2 (a1t 25 Pk
2 RREEIE ] SPSS 20. 0 BAFIEAT 25007, W

F1 AE Cd RBREXMLERFA LK Cd EEHNZIE

P22 S K HC 0..05, B ik 2 2% oK P EC 0.01, H
Origin 2018 #XA4:H,

2 HRE5HM

2.1 A[E Cd AEIREIFEFRFEKR,CAd WU FA
EE#M

SORFEK IG5 T HE9% 14 d B, AR Cd Ab
P B 2 ) bR R YR TR E 2 (P>
0.05) ., BRARAM, SEoRFZEAM iy Cd &b
Cd AL 3 B 38 n iy & 234 i (P<0.05) . 7EARTA]
Cd AbFRVRBET , BT HE A ] — A Ak 58 SR A AR 7
WY Cd 7 o bl 2 = T2 (P<0.05) , fH2
ZERI 20 Cd S #2257 (P>0.05,% 1),

Table 1 Effects of different Cd concentrations on plant growth and Cd concentration in Mirabilis jalapa

Cd AbBHHe e/ MR/ e84 R (g - D Cd Wit/ (mg - kg™)
(mg- L") cm cm R B - H e m:
CK 57.1+0.8"  8.0=0.5" 15. 6£5. 98 17.9+3. 98 24.5+23.5%  2.77+0.17*"  1.91x0.17%  2.77x0.17*
1 62.6+2.2°  8.6x0.9° 20. 8+3. 9% 18. 6+6. 6 21.8+13.5%  67.34x9.01** 18.03x1.33% 25, 64£0. 695
3 59.3+1.9*  8.7+0.2° 18.9+4, 8 15. 16, 3% 22.1£19.2%  76.99+10. 10" 22.89+17.24" 30.88+1.24"
5 57.3+0.8*  8.9+0.2° 20. 6£5. 35 18. 8+3. 4% 25.9+12.7%  90.19+4. 46"  47.82+1.06%  47.43x1. 125

A DT R —8 3 SN R R R ST R — 3B AR FRTEAR R Cd ARBIVR B () A7 7F 8 3% 22 5 (P<0.05) 5 Rl —AT3 e K5 =
BERFZRR R — Cd AbFRHR T 48 5 TS [RIFR A7 (] A7 7F 3% 22 5%+ (P<0.05)

2.2 AR Cd RIBBRETEXRFRR S WYXTE

0 B 4K B s N

ANTA] Cd Ak B RE T YR Y

Ikl —h h

HRRAF

WRER I )

X2 FYERIIAL BN AR (% 2) , BEE Cd A3
W Th i SRR AR R W 8 G R 2k
ZER MK BB EEAGER, W& AE 3 mg - L

xR2

Cd AL i 2 RRAR , 6 5 00 JC i 2548 1k (P>0. 05) 5
TR KR ZER BEEHRE T EBESE, 3~5 mg -
L7'Cd AbFET (Y S5 FTIR 2 3 W i EORARA W 25
Hahn(P<0.05) , i 2SR FAR 2 43P0t B8 B A
KT (3 2) .

AR Cd IBRETLEFFHRES DY ESMEXAMTFRFMGEERKNZIE

Table 2 Effects of root exudates from Mirabilis jalapa on seed germination and seedling growth of soybean and maize at dif-

ferent concentrations of Cd

Cd abHiyk g/

(27 (mg - L) REFH % R/ % T/ cm K /em i H /g
H CK1 27.33%2.05° 94. 00=0. 81° 34. 86+2.70° 14.28+1. 00 3.31x0. 12°
0(CK2) 26. 16+4. 89° 91.3320. 94° 33.26+3. 56° 13. 28+0. 98* 2.94£0. 55°
1 16.03+1. 63" 75.33+4. 98" 29.07+4. 42 9.26+2. 74" 2.78+0. 65°
3 9.33+2. 49" 84. 67+2. 49" 25.400. 81" 8.23x1.11" 2. 18+0. 03"
5 13.33+3.39" 75.33+8. 05" 28.33+2. 47" 8.13x1. 42" 2.36+0. 58°
E/S CK1 14. 67+2. 49° 87. 67=1. 69° 21.43+0. 98" 17.57+0. 58" 1.85+0. 18°
0(CK2) 13.33+2. 49° 83.38+5.73° 20. 43+0. 98" 16. 90+0. 80" 1. 78+0. 20°
1 10. 67+0. 94 62. 67+10. 87" 21.83+1.29" 15.07+0. 52" 1.25+0.37"
3 8.00+2. 82" 74.67£3. 77" 26.80+1. 84* 18. 46+0. 98* 0.97+0. 02"
5 7.33+1. 88" 86. 67+3.39° 22.80£2. 00" 18. 60£0. 98* 1.07+0. 11°

CK1 AEBTK; CK2 NN Cd BYSESRFIR R WY 17— 19 R — 3B 5 3 SO NG PR R R R AR Cd AL R JEE [0 A8 AR A7 7 3%

255 (P<0.05)
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A 1 45 KB (RL) B, AN A Cd Ab Bk 2
TERAR R WP 2 FAEY) K ZE BRI A Ak
SR, % 2 25 3 A0 52 i) 32 B2 R BN R K
ZERFIE] FRJEOR D 12 h JERK E 24 h HFEFE A (K
2), & Cd b3 B T, 28 AR R 4 W W) XoF
B KBl T & ZE 0 R E Y 8 3% % T X 8
(P<0.05) ;[A]— Cd AbFEVEEE TR, BRI HRAN, 28 R A0
ARSI TR K ZEHA R (A Y B35 T %
9, UL R K 2R B A AL B LV KT
W, 1 M3 mg- L7 CdAMRER , S FT R 2R 7
Y%t B G R OKFRF & 2F R R (E Y 5 KX
MOHF KM RIERZEMLTE G H5 mg - L7'Cd
M TEFAEEIEM, PWE (3 mg - L") Cd 4k
R SR FTAR R W5t 8 A A RI(E

BEMTXIR(P<0.05), F KN B 2& & 10 IR HE
RI{E >0, 1 W I 28 SRR 22 0 WA o) 6 0K 1 v
PEHEVEF Bl Cd AbFRVR BE RN, 48 3R 2 43 0
Yrxd KRR A RI 2 e TR T E s,
RIS T R il — Cd AbFRM BT, 3 S 4
i ARK A RUEREMLT Rk, MiE Cd AhFRgE
Then, BRI EEE R R E Y 5B ZE T3 (P<
0.05), B G JC B 24k, AR Cd bEEKET,
SRR AR 200 W ) ) B A T K A IR 2 A 1R
(SE) {4 8 F K FXT R (P<0. 05) , HL[F— Cd 4b¥
WRET BT SE H 2 E (T EK(P<0.05), 1
BIATE Cd AbBEMRBE T, SR AR R W) 8 oL
ARV E R T EK (E 2) .

40r § 40y
IS B
;5 20f 5 20t
£ oo Aa 2 LAa Aab A
£ o M Aa # Aa Ant
) \A_% oot [Aab Aab) o
A;v‘ —40F Ab &= Ab Bl .
= Bb B ol ’
& -60} Ab Apb iR Be
iR Bb &
o -sol Bb -60L
40r As 400
< = oF
& L & 2 Aa Aa
om 20 Rind As Aa
= Ab 5 o0 . —
g |l Ab_ AP g |l 4 — ale
@ ace) # ' — Ab
= Aa Ab = ==
= 0 g i
i\ Bab Bb Bab = 60 Bb Bb
—40L =80t
40 - 40 -
= 20} s 20f
: g
5 0 Aa Aa = oL_Aa Aa
= =
= a % Aa
1 4]? 20 Aa
S 20t A g - Ab L AD
gi:l* Aa - Ej Ab
g -40} Aa Aa S 40t Bh L
~60° #HE ER S 60 #i ERS
14 14

P (cd)/ (mg']f' ) : @ 0; D I; B 3; E Se
[]— B 0 P BT R B D5 /NG R [R) 2R [l — VR AE AN [R] Cd b B 38 [ A ey 17 445 4025 53 183 ( P<0. 05)
KEFEREARFFRF— Cd AR E T 2 AMEY) Z R0 I 15 5024 57 2.3 (P<0.05)
B2 ARE CdAERETERFRERD DX E SN EKRML RN IEE (RI)

Fig. 2 Allelopathic response index (RI) of soybean and maize exposed to root exudates of

Mirabilis jalapa at different concentrations of Cd

2.3 AR Cd RBRETEXRFIB-AEHESE
T

SEFH T BE B4 155 S oA i T 1) — vk FE
FEMIBRAERS IR, O 5 SR AR N - U AR R 53 W)

W B Jr e At COROE 4 e OB I 23 #r,
BUEERFTR A SR ZR 700y b B A 31 B4 155
171 52 5 P O ARSI 3], DR B -4 5 AT R
T
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FE 3 AL, ASTR] Cd A B B 2 fi) LA R[] —
Cd AbSRHR BEN 28R R B0 =2 ] -4 f P 1% dat
WD E 2, A— Cd AbBEMRE T | K H R
W B-A (B i B W R TR (P<0.05)
MZEAN F 22 ) B4 H s 5 55 T . 3 784k 55 mg -
L' Cd AbHR 28 2R AR FIZE 3 B4 5 I o o o 2%
TSI E I Fr p—A 5 B2 e 5 0 HROAH | 22 S A

oor (Cd) 7 ( )
[ Aa p (Cd)/ (mg-L7"):
‘ LA ) g
b 40P 52T Aa BoOIN3ES
W 1200
Z 100 Ab
E 8of Ba
Qi
é% 60 Bh Bb Bb
’§<t 40 Ba p},Bab g},
Q.

0 L

il ES oy

bz

BE, EEEE (S mg - L") Cd 2B T, LRATR
AT UAI R B B T RO R SR H 1 A 3
mg - L'Cd BTN S5X BT REEXER (K 3), Lk
ZERLPEIH FE S me - L7'Cd AT, SR AT AR AR A1
ZETRE) B4 HS B B i I S kb (H AR R b
B4 S I B i W E B N (P<0. 05)

(mg-kg')
2
1

&

mh
Zosk P N

b
0.4 7 m H
00—

p (Cd)/ (mg-L")

HRRIFIBPIB-A5

[F] — i Pl P 3 SO NE FREAS R R AR Cd Ab B BE (] B-43 (5 sty 1 25 5% 10 3% (P<0. 05)
KEFEEARFIRE— Cd kLB BT YA R B AL -4 1S B 7 B 22 57 35 ( P<0. 05)
B3 FE CdSEBREMNEXRFL-AHESENTZMN

Fig. 3 Effects of Cd concentrations on B—sitosterol concentration of Mirabilis jalapa

2.4 CdAETAREREB-HEEEXEWH Tl
EMGEERKAEZ N

B R ZFHAT LI ), B-4% HS BEAL JH XT3
T KA W1 i 1) 5 i ) A 3 30 7 428 2% W ) (1]
L H DO SRR L Y g4 HEBE T
WHIRETFE 2 mg - L7VE, 8 & RS LX) RE I

TR 37.5%( P<0.05) , & 2R AN & B g E LT
Xof BRI I R OK 1) A 2 3ORN e 2 46 i 3 T 0 R
(P<0.05,% 3), FfiE B-4+ Hi BeAb FELMR FE 038 m
B AR EE R LA K ORI R RS RS
XTI 3 22 5 (P>0. 05,38 3)

£3 3mg L7 Cd AET-BEHEMNES  EXMFHEAMYEE KNI

Table 3  Effects of B-sitosterol on seed germination and seedling growth of soybean and maize at the addition of 3
mg - L' Cd
. - )/ _— _— - ” .
witey (f e Fimf )) R % KR/ % i/ em K/ em /g
HE 0 94.16=+0. 83* 99.16+0. 83* 30. 45+0. 54 7.02+0. 95° 2.11+0. 19°
0. 125 90. 83+0. 83° 95.00+1. 44 26. 58+0. 64° 6.84+1.07° 1.67+0. 10"
0.5 79. 16+1. 66" 87.50+1. 44" 28.17£1. 26" 8.47+1. 68" 2.19+£0. 11°
1 90. 83+0. 83* 95.00+1. 45* 31.60+1. 50* 7.97+0. 99* 1. 87+0. 08*
2 56. 66+3. 33¢ 65. 83+2.20° 26. 80+1. 82°¢ 6.87+0. 77" 2.00+0. 21*
EFN 0 42.50+2. 50° 74.16=0. 83" 18. 38+0. 63° 8.06+1. 28" 1. 00£0. 05*
0. 125 35. 83+0. 83¢ 60. 83+0. 83°¢ 19.78+1. 66* 7.36+1.97¢ 0.99+0. 16*
0.5 58.30+0. 83 75.83+0. 83" 17. 65+2. 26 10. 50+2. 55° 1.03+0. 10*
1 47.50+1. 44> 93.30+0. 83* 18.74+0.99* 6.72+1. 18" 0.93+0. 08"
2 50. 00+0. 00" 90. 83+0. 83 18.29+0. 59* 9.21+0. 63 1.05+0. 11

[l — ARy 7] — F R 5 330/ NE FEEAN ISR R AR ] B4 5 Bt Ah BV S8 (] S AR BRAFTE 1035 22 57 (P<0. 05)

M2 FifEYIZ B-4 FS B ALV (3% 4) &,
RHEE B~ 52 (0. 125 mg - L) ACF T, F Kk Fh
TREFM B ZFERME R EH B EMRTXE(P<
0.05) ,fHE TR+ % ZF R A 3409 RI (I 5 %5

WG 5 22 5, U IR B2 B-4 HY B AL T K4
U, Y- BRI E R 2 mg - LB, B P
RAFRAR ZEAN R AE Y 8 AT X1, 20900
-39. 82% F1-33.61% ,fHE KL K RI>0, Bi B
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8 G & 25 R A 2 Ak B VR T R OK
0.5~2 mg - L'B-A H{ AL BN | F K P & 2 3
AR ZERE) RI>0 HIY W& & TR T (P<0.05) , %
PR AL A AR T TE B A 15 I Ak BV T
0.125 F1 2 mg « LB}, 8 G40 1 & 9 R fE4 /0
T OB EFMMTXBAMEARK, 0.5 mg - L7'B-7
BEALFET 2 AVEYIAR 1 52 AL A A 5 1 A 2
mg « L7 B-F BB T, 2 4 B F Y RI

FART X (0 B oRTC B A8k

ST, Cd AL BT -4 K BEXS 2 FAED Y
RREE B AVE A 3 22 5% (P<0.05) K& -4
£ P A BV B TR, 8 N R AR IR EE B AN (SE) {2
Je N TR RIS S, B B4 S AR
i e P Ab HA SE<O, 26 BH SZ AL B 7 5 1ok
SHRY SE {670 8 Ak, B AR R 25 A 0
F BT 5 B 8 A IR E R T K,

F4 3mg L' Cd RETL-AHEEBMNES  EXAML BN IS (RI) RIUBELE S (SE)
Table 4 Allelopathic response index ( RI) and synthesis effect (SE) of B-sitosterol to soybean and maize at the addition of 3

mg - L' Cd
Py PPEHE/ _ - RI/% \ SE/%
(mg - L) R EFH KR L= LitSN fiif
W 0 0. 0042 0. 0042 0. 004 0. 004 0. 00% 0. 00%
0.125 -3.54%1.25% -4.2£2.32%  -12.7+0.88%  -2.56+1.21"" -20.54%1.23% -10+0. 78"
0.5 -15.93£2.51%  -11.76+5.43%  -7.50+1.21%  20.87+1.34" 3.99+0. 03 1.66£1. 014
1 -3.54+1.26" -4.2+2. 30" 3.96+1. 56 13.83+0.78% —11.06+0. 03% 0.72+1.33%
2 -39.82+5.06% -33.61+13.34% -11.99+1.97%  -2.18+0.56"  -5.21£0.06" -13.20+1.23"%
/S 0 0. 00 0.00*" 0. 00" 0. 00b* 0. 004 0. 004
0. 125 -15.69+2.77%  —-17.98+3. 85" 7.83+2.32%  -8.80%2. 01" 0.39£0.21%  -0.29+0.26*
0.5 37.25+2. 72 2.47+2.33"  -3.99+2 07  30.38+2.35% 4.11+0. 22" 8.33x0. 21"
1 11.76+4. 80"  26.34x2. 56" 2.03£2.43% -16.73x1. 08" 0.16+0. 02" 1.97+0. 127
2 17.65+0. 02" 23.36+1. 11"  -0.47+1.01"  14.29+0. 22" 5.64+0.07%  10.58+0. 03"

[l —FEy [R]— S B T SC/INE FREAR R R R AR B4 H Bk B A BRI SEFE AR AP AE 35 22 5% (P <0. 05) A 7] B4 S Bk BEAL BT 2 F ke

IR —F RS FRARRIRIR 2 RMEY AR PR AR 35 22 57 (P<0.05) .

2.5 Cd REBTARREB-EHENEIMEKXK
e F R
Bl B4 HS B AL VR B TR, B8 O R B R4l
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[i) — g Pl v B A B 3 SO NE FEEAR R 3R N ] B-74 8 BV BEAR B R 6] — M A Sl ity ot 1 B AR 28 5 3 (P<0.05)

El4 3mg-L'Cd BT E-AEEXNEZTMERSEM R ANEBEEEM MDA 2SN

Fig. 4 Effects of -sitosterol on leaf antioxidative enzyme activities and MDA content of
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soybean and maize at the addition of 3 mg - L™ Cd
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5 & K W K o

9539 %

WG A SOD Fil POD 1R TSR T
FRrg e (& 4) 1 CAT Ji5ME 5 X BT AR fb A
F(P>0.05) ; BRI F A9 SOD F1 CAT 3 4 bif
F B4 S R E B T i T, 1 POD & M5 X
A ZER AR E, Yp-FHERENE 2 mg -
L7, ¥ A0 T e a2 AR IR AR, A R e
YA A2 0, bR R S B,
SUEFTEPERRAG, X UL -4 S BEAL BRS 2 A E
YR R R G2 B T g (K 4)

Bl B4 5 B Ab PR 1 T, A R

5 FRER RS, FoRNTC B 510, &8 2 FiEY
LIBT3 R[], B4 155 B B E 4)
(sl g L i A 1 fy/Ni  57
2.6 CdREBTAREREB-SEEMNEIMEKXK
HEHHEAGBRESENHN

M PE (0. 125 mg - L) S5 (2 mg - L)
B-A S EEAL BN, 5% A EL , G A R oK 4 i
A EEE a RIS PR EEH B E TR (P<
0.05) ; AIR] B4+ S AL B B T, 2 A VEH 4
FIF£E 3 b i 5 A He 34 T B 35 AR AL, i A

2 B A A A AL P TS S (MDA) & RS THE R R s s p (L S)
1.0f 7} 04
Z 06 E
& . & 02
<;j 0.4+ a ¢ (yij
% . b % 0.1
% 02+ b b e
0 0
0.4r 14
o T ~ 12 a
03k I %& =10 . } 7}_
= / b E o8 _I)_ be
Eﬂ 02, }) /7 []\I_H C
% _I_/;\\ g 7;1{17 ) EZ %
= oaf ] b b 4% 041 L e s
2 Z= TjL SSPIE 0| %%7 L e =
X = SN 0 =
W BN S Tk
1EW 1EW)

p (B / (mg-L7) : O0;00.125:20.5: B 1; N 2.
[ — g Pl v B A B 3 SO NE FREAR R 3R N [B] B-74 [ Bk BEAR PR R 6] — A gt o A R 2857 3 (P<0.05)

BS5 3mg-L7" CARETA-ASHBEMEIMEXSEXRGBELENTIN
Fig.5 Effects of B-sitosterol on photosynthetic pigment contents of soybean and maize at the addition of 3 mg - L™' Cd
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3.1 AE CdRERETERFB-AEESE
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XA T, EATKZ HA KR &
YERT, RISE 33 40 WA R A A2 40 ot A3 I A 3 85
AR RIS AR AR Pa YA e
3 UM I I L B IE S, HAR 2R 43 4 ke ) £
F0 £ W2 L W AR Ry — 8RR T T R
H B4 HS BRI AT 1 FR A v A 4 HL A A
TRAFAE B DL L5 B AT B A A AR GE, B
SRR A PR ARG I 1) 55 2 25 ) Joi 199 4 G BiF 5% R AS 7
TEEEKM T AT MEFHWF AT W
T 28 SRR B4 HS WAL A SR 55 , I X Lk A 7 it
S3HT, MBI E Cd b 3T HE AR b DL Rl BT

PAAE AR . Cd AbIRAPE TR S FIAR &R
SR S B AR AR R E R ) — A
M GERFEM AEARR Cd AEFRHEE R, SIRFT AN
FEL R BT Cd P[] e R AR AR R 43 0
Py ) A B T B4 B B, T UL SRS ] B
A BEAE Cd ARBAE T ANREIE & M, 7EM)
s SHUR A S o rh, JE HOR SRR e R A
WAIRTE A — ZR B A BRI 2 0 B, R 8 AR B
IR =B Z ML RAF BB R 0 Ik, &
TRF] B4 5§ WAL IR 5T 1) 7 A RURE B 58 R R
Cd V5 Y HE R S PR M4 R, SRR AR A
BBl Cd BT, R B4 S BEAY E A K
FEAETRAL, X B P S SRR RN 25 19 B4 1S I
T, B (5 mg - L7') Cd Ab B2 50

FEAE, BDTC Cd AbFEEAT B T 526 AT B-43 (3§

i3
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WANEAT, B e T Cd AL TR D0 AH B2, HL7E i R
Cd (5 mg - L") BT SEFMR R 5P g-4
Wi 22, FLfh A RN O B AR A (18] 3) o SR A
MIMSRAZ Y, AN, KR EARH T A S
IS5 T WA, 43 00 FH - 97 0 A Ok 2B AR
JRECRIE AN I, R E Cd AbBE TR &3 FTfE
g E AR B 43 8 55 I A IO A A X A A
e, R A3 WA s 35 /0 s il e R B Cd 3 i, 2858
FIAE A 0 T 7 TR 7 B, AR K I A X A 5
W, FAh,cd X R — e M wIE R, R
“ARFE A RGBT EHPFIERI, AR Cd ¥
JERLPET | AR SERAMR p-A i B i SRR
Wb S AH S (FUR SRR AR B4 4 BE A &
B JLPPREEAAE , AT WA Cd A FRF, R A
HRF B4 5 Bt B B 5 () B o 2 B 52 i, T 2% 38
IT AR R B4 HS B0 Al o, R D/ SR SR A A
W B-1 BB it . 53— I, AT REJR AR A
RAEYERF ST Cd T | e
PUisi PR AR BRAE T, i — 2D w AL B A AL ] o B2
e K N N T N ROk s B Y B 7%
ZARIER TR ARAT SN A A AR S A e e
By A A AR R N R 7 R i B AR A 7 A Ak R
YEHRFZ M R P AR K R, o PR i
FRFASAER, BT GB 15618—2018( -1
Beiat A FH M A 3 TS Y U A A (A7) )
A Cd ¥5 Y RUR A8 1 BR(E e =i o 4 mg -
kg™, WANG 4EPV RaE, 24+ (pH {0 6.5)
i Cd &M 10.23 mg - kg I, HIELLER K Cd
e BEAL R 80 pg - L7, UL, SEBR A HEw
Cd R BEARMETAF] 5 mg - L7, 012z 4 3 %) i it
VEF (% vk BB R 4 39 62k 0 1) il A L, gl £
KPR F , SRFT R WA B4 S BEAR XA 2]
R e B, g | e A ALV E A B, (BRR 2=
B, BTN T ANERTE Cd vk BEALEE 14
d JE SERFR R WA B-4+ 6 B A8 4k, R % 1B AE )
HR R AW AL B T 1) 32 e e 1 S R ) 4, 4 )5
B A S B - JE PR rh SR SRR AR R Ar W Y B4
B Pt AE K B I R B Sh S RO A
3.2 Cd REBTARRE B-FEHEMNEIMEKXK
MFEEEZMAE ERKNEIT

WFST 4 R R[] Cd HeBE AL B R | 256 40
ROTIY) B~ BE S A 0.4~2 mg - L7 B-73 5
AR Ry 58 R AR 2R 20 W v 32 B0 S 2 A IR )
[T, AR SRR I AR 7 1l R T — & EH . %2

R

S IRBT W A ) Tl B FH 2 B i 1 i | 3K o 34 i
VEFIRE 7= A= A0 8 Jo ) R 0 A R B, AR 37 Al ek
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Effects of Biogas Slurry Derived from Cow Dung on the Yield and Quality of Wheat and Silage Maize. YANG
Yue', GONG Shao-shuo'”, JIN Hong-mei]’z‘m), YU Xiang* (1. Institute of Agricultural Resources and Environment,
Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. College of Resources and Environmental Sciences,
Nanjing Agricultural University, Nanjing 210095, China; 3. Jiangsu Collaborative Innovation Center for Solid Organic
Waste Resource Utilization, Nanjing 210095, China; 4. Sugian Institute, Jiangsu Academy of Agricultural Sciences,
Suqian 223808, China)

Abstract: In order to investigate the effects of biogas slurry derived from cow dung on the yield and quality of wheat and
silage maize, a field experiment was conducted in wheat and maize rotation system by different application rates. The
effects of 100% biogas slurry nitrogen replacement ( BS100) and 150% biogas slurry nitrogen replacement ( BS150) on
yield and quality indices of wheat and silage maize were studied by field plot experiment. The results show as follows : fresh
weight of silage maize in all treatments increased significantly ( P<0.05) with the increase of biogas slurry application after
two years. The yield of silage maize in BS150 treatment reached 101. 07 t - hm™. After two years of continuous application
of biogas slurry, the contents of crude protein and crude starch in wheat grains were significantly (P<0.05) increased with
the increase of biogas slurry application level. The crude protein and crude starch contents in wheat grains under BS150
treatment were 14.24% and 78. 40% , respectively. The crude protein content of silage maize were significantly increased
(P<0.05) with the increase of biogas slurry application level. The crude fiber and crude fat contents of silage maize had
no obvious change. The contents of Fe and Zn in wheat grains were significantly ( P<0. 05) increased. The highest Fe con-
tent and Zn content of wheat grains under BS150 treated were 22. 09 and 20. 53 mg - kg™', respectively. The Fe content
and Zn content of silage maize were decreased. Biogas slurry application did not increase the content of harmful metal Cd in
crops, though it slightly increased the content of As in crops. The Cd and As content in crops did not exceed the limit val-

ue of pollutants in relevant standards. In conclusion, biogas slurry application did not reduce crop yield in wheat-maize
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system, and significantly improved crop quality, and did not increase the risk of accumulation of As or Cd in crops.

Key words: biogas slurry derived from cow dung; wheat; silage maize; yield; quality
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Table 1 The background values of topsoil in the experimental field

TR/ o HL % w/(g-kg™")
cm (S - em™) AR TN TP
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Table 2 Physical and chemical properties of digested dairy farm slurry in the field experiment
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Fig. 1 Yield of wheat and silage maize in experimental plots
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Fig. 2 Crude protein and crude starch content of wheat in experimental plots
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Fig.3 Fe and Zn content of wheat in experimental plots

2.2.2  FFIERE SR

AR GB/T 25882—2010( I K 5 B 43 44 )
— AWK G TEE bR ) AR RS L Ko B i
w N 60% ~ 80% , KA 1 3 it w>T% , Ve T ik w>
25% , TR VRSN AF 4L 5 5 w<45% , TR M DRV I 4F
e it w<23% ., A0 BRI FHIE iR bR 2
— 0 Rk, e BORL AR (1 RLAS 7 RHLZF 4 Fe  Zn
FrEX 5 A EBR PR TR RO 7 I 6 K 5 AR5 T,
HEEE2 a TR G , &3R50/ XA I KA b
A EAE bR AN 4~5 FR

FHIFERR B ZLAIINOR, S B R A &=

PR, AL AR AR B 1 B i o 20 1% 25, 5L 2
a Wt YRS , AN ) b B 20 22 [ 35 0 6 R AR Rk 1 A
EASEAEDFEEST(P<0.05) HEASEIEE
T Rt FH S P in i e 25 42 55 (P<0. 05) , BS150 4b
PRIV FOR MR 1 & o8 1. 43% , ELjiti TR WAk
PRI EORMLER A & &2 W3 5 1t A AL A ik 2
(P<0.05) , Ui FH AW = 1 75 00 R R Al b R
EES R, HERSHOHSE RN HEA &
SR KRB R, APk, R 25 R Bon i
FHIR T FAR 1 SR i 3 6 6 R AR Bk FoRLIR G 75
{FL B VA YRt FH 5 P 348 fin JH 5 o W A [T - R D A



42

W H o W3RN0 PR /NS BRI SRR ™ B A 5 1) 520 - 269 -

RN S EAZ N P &5 Fhis o 5 % 1
FSZIR T L 32 ORI A i 290 R 25 R R
it FHARIE 3578 W 1 o 25 4 i T I R OK O AR 4
T (P<0.05),BS150 Ab BRAGMLAF 25 & w
53. 86% , FLjifii FH At AE R it FH ¥ Y0 Ak B [0] G & 35 2%
5, Hr BS100 4bFRES AR T CF100 1 BS150 Ab 2,
TV K (1) 2T 2 A 455 Hh 1 Pk % £ 2 RN R M U U 2T
£ et s LD T 3 O S T W WG K (i e 5 S
P A AH R ER A i B AN A 2 fef i 7 3 3 k| £F
i BN B S B R KR T AT
it T8 RS K R HL AR 4k B RN T 60% , H
BS100 &b B (A HLEF 4t 75 7 BE AT CF100 &b 2, 13 ]
Jit VR AS 2 BT I K it o

1.6 a
=
& 12} b
~ =
il
B 0.8}
& .
~ 04b d =
L]

3.0
‘§
—~ 24+ a
;1511: a a
Eé‘ I b ———
= 18-

1.2

60
g 50 ‘I‘
~ b
5 40 +
=
s 30

20 - -

CK CF100 BS100 BS150
Qb

CK—AHEALHY =3 FAR T, CF100—fRAAR T BS100—100% 1R LAk 1L 5
BS150—150% iR i AR ARAL B, [7]— iR P p 50 A B J5 90 NE
TR FR &AL B R AR b5 22 57 35 (P<0. 05) .

4 EZERBEHENEXNEES MEERFETERIE
Fig. 4 Crude protein content, crude fat content and crude

fiber content of silage maize in experimental plots

2L 2 a BRI , B E K BS100 4L FH Y
Fe AL CK L3 ZF#R (P<0. 05) , B & VA I 1)
BTN Fe & A P IRTE T KA [R) Ak 2 2 [A]
In SRR E 2T (P<0.05), CK AbH &, i
FHAL R B 7A W A BRBRAI T 0 F R MR D Zn &
i, KARIM 258 38, ToR2E Zn LR 22 57
SN RURRA &, 5 Zn B3R A K, Zn Fe JC

AR AR RL, A7 A6 AR R 1 B a2 AR 4, AR
ZAEIL N RIS A IO R | ] AR S i A
PRI FORAE R T Fe \ Zn & 5 80 W W ML 19

30

a

24}

b

12 |_I—|

w (Fe) / (mg -+ keg™)

80

b
60
(&

40+ ﬂ J
ol L , : []

CK CF100 BS100 BS150

AP

CK—AJEACAY2S FAALTE; CF100—LARAREE ; BS100—100% 1A A B A CALFE

BS150—150% T A ARAL T, W] — 08 [ p B A b 5SSO N
FHEA R 45 4 B ) B A 22 5 i 3 (P<0.05)

EB5 gAEDFMEXRM FeflZn 8

Fig. 5 Fe and Zn content of silage maize in

w(Zn) / (mg - kg')

experimental plots

2.3 AREARNMNEMBECERPEEEEN
=]

Bl

As Hl Cd 2 2 FRIABE RS AR KB (28) HA @S
Yoy, HAr + 3 -1EY R G b iR B i AL 2 E PR
FFERIRE ) BEREI IR A As fl Cd, &K
S TS TR R W T A A O e TR R
FE it )i 2 75 3t A 265 2 45 KRS 38— 15 DAk 4%
R, S 2 a MRG58/ /NE |
HIEKT As Cd Fa & 6~7 FioR, i VR
BEINT /N RERL As it (HA AR HE] Cd & i 0 i
FHEF  As Fl Cd FREIFFE GB 2762—2017( B i
LA EFERE TS YRR ) R, it
RN T HF I B R As 55 BS150 4bFR 1Y
Cd &8 B F KT CF100 4b ¥, {H5 CK 4B 3%

S HIEKRMET As.Cd HEHBYMSES GB
13078—2017¢ flkl PAEATHEY) L . X VLI A
KT & St B AN/ N TR I E R As
H1Cd MR R

TANG %5 Y Ff - 22 56 /E H 06 P 4L 5 a
it PR, 2 Bt VA 1 1 198 7 4 i 75 e XU



- 270 - 4 SN

CR

B oE 5539 &

XFBAR, BN FK SR RL T Cd & S HAE L 230
Bl 27U HHE B As SF & 408 0,19
mg * L7, Cd & R R H (KRR 0. 08 ng * L"), %
et 2 a S5/ NEAPRFIE I ERAEMR T As (Cd &
I R I AR DGR HE 5 Qe R {8, 31X 5 R A BE
FEAERO 0 AR XK Tt FH R VS B0 Ak

w (Cd) / (mg-kg')

43 S Y R AT e — 2B W5, ZHAO S5
$eth o8 T d R PR M bsk A 75 G D L 1) £
A%, Al LU A 15 e i B A A R S At
[E PR e B TR A A, e A T
Hp R AR A b, SR TG 5 A K AL HE B AR
PMERE UL g AR R R AT

0.08

0.06 -

a

il

0.04
_‘tlﬁ
< 003} :
Eﬁ
Z b b
~onl |‘X“ T
(r“ (&
3
0.01
CK

CF100 BS100 BS150

0.04 -
0.02
CK

CF100 BS100 BS150

b3

CK—HEARAY2S FAAL T, CF100—fLAEALTE ; BS100—100% 1B A AL TR, BS150—150% 18 i AU LA 7R
[i] — i P P A b 5 S NG SRR AN [ R 45 A B ) B AR B 24 5 i 3 (P<0. 05)

6 FHHEHUNEIHE As 1 Cd & E

Fig. 6 As and Cd content of wheat grains in experimental plots

0.12r 0.60
— b a — a ab
o w 045)
009k .
20 o0
g g I
s . . = 030 b
= 0.06} =
< S 015f b
S 2

0.03 0

CK CF100 BS100 BS150 CK CF100 BS100 BS150
Abpg

CK—HEARAY 25 FAALFE; CF100—fLARALTE ; BS100—100% 7R A AL BE; BS150—1509% 78 i AU AL AL FE
[Fi] — g Pl ey B AT b 05 B SN T REAN IR R 45 A L) B AR AR 25 5 3 (P<0.05)

7 FBABREBIWEREKERN As 1 Cd &2

Fig. 7 As and Cd content of silage maize in experimental plots

3 #ig

(1) P AR B AR /N ZZ - B oK R G WEY)
MR 1 a G4 FE R P 0 L 2 5
Tt FHVAR I 2 a J5 45 A0 BRAG 75 1 6 K e 7 B 4 VH T
FH A B3 i S 2 35 (P<0. 05)

(2) il FH VR VRO ZINZZ R0 I 6 K it oA B ek 7
T, He b /N A2 kR oL 2 1 HLTE R & 1 LA
KW K R AR 1 o I A T Rt P £ A 35
I 23N (P<0.05) . it FHVE R 354 1 /A2
FPRL Fe #1 Zn & (P<0.05) HFF I E KA RE
Fe F Zn & 54 PFrF#AK.

(3) il FH VR R IG I E A7 3 1 4 s 1) RERX
W, Skt FH TR W N T /N2 KT R AN IE TR A
PR As B X Cd S0 E R, As Al Cd &

AR AR S PR b G Qe R (EL
S k.

(1] AZSEREERR, AR GET R, Al AR 38, 55—y 4 [ 5 gL I
Fr [ EB/OL].(2020-06-09) [ 2021-10-25] .https: // www.
mee. gov. cn/xxgk2018/xxgk/xxgk01,/202006/t20200610_783547.
html.

[2] B RGBT, 5 TR 3% 25 5 ) 4 37 FE e 57 o A 2L
B[] Al TR 244, 2017,33 (12) : 209-217. [ JIA Wei,
ZHU Zhi-ping, CHEN Yong-xing, et al. Manure Nutrient
Management Mode in Typical Mixed Crop-dairy Farm[ J].Transac-
tions of the Chinese Society of Agricultural Engineering,2017,33
(12) :209-217.]

[3] PEF5H, AT BRI Y E A BS SR AL AR
FERHIEL ] A Bl 47§42, 2017, 19 (1) : 37-42. [ TAO
Xiu-ping, DONG Hong-min. Research Progress on Animal Waste
Treatment and Recycling Technology [ J ]. Journal of Agricultural



42

W H o W3R FR /NS BT I S R A ™ dak 1 i

iogAl] - 271 -

(5]

(8]

[9]

[11]

[12]

[13]

[14]

Science and Technology,2017,19(1) ;37-42.]

WAL, ZE 3038 BD, 5  F BIREFER A S BE fE
PR fragta KR )] P R BBt T, 2019,34(2) - 180-
189.[ DONG Hong-min, ZUO Ling-ling, WEI Sha, et al. Establish
Manure Nutrient Management Plan to Promote Green Development
of Integrated Crop-livestock Production System[ J].Bulletin of Chi-
nese Academy of Sciences,2019,34(2) ;180-189. ]

3 SC AR R 3 A K /N A R B 7 o 1

[D]. . @jtﬂ%ﬁrﬁjﬁ? 2016.[ WAN Hai-wen. Effect of

Biogas Slurry on Corn and Wheat Physiological Characteristics, Soil
Nutrient and Yield[ D ].Yangling: Northwest A & F University,2016. |
I0COLI G A,ZABALOY M C, PASDEVICELLI G, et al.Use of
Biogas Digestates Obtained by Anaerobic Digestion and Co-
Digestion as Fertilizers; Characterization, Soil Biological Activity
and Growth Dynamic of Lactuca sativa 1..[ J].Science of the Total
Environment,2019,647.11-19.

XU M,XIAN Y, WU J,et al.Effect of Biogas Slurry Addition on
Soil Properties, Yields,and Bacterial Composition in the Rice-rape
Rotation Ecosystem over 3 Years[ J].Journal of Soils and Sedi-
ments,2019,19(5) :2534-2542.

YU F B,LUO X P,SONG C F et al.Concentrated Biogas Slurry En-
hanced Soil Fertility and Tomato Quality [ J]. Acta Agriculturae
Scandinavica, Section B:Plant Soil Science,2010,60(3) :262-268.
TR, LSy B AR TR S R R C HER 5 I oK =
AT [ J]. 1 EVES,2010,28(2) :38-42.[ WANG Yong-
cui,CAO She-hui, LU Yang, et al.Effects of Different Proportion
Application of Biogas Slurry and Nitrogen Fertilizer on the Yield and
Nutrients of Silage Maize[ J].China Biogas,2010,28(2) :38-42.]
R, BB ERCRS | A5 SR SR K 5 AR HE C At %o /)N
T T B A ik A BT R [ ] BT AR AR 4 4, 2014, 25
(2):433-440.[ GAO Wei, TAO Xiao-ting, WANG Yuan-ling, et
al.Effects of Combined Applications of Pig Farm Slurry and Chemi-
cal Fertilizer on Medium- and Micro-element Contents and Quality
of Wheat[ J].Chinese Journal of Applied Ecology,2014,25(2):
433-440. ]

BARLOG P, HLISNIKOVSK Y L, KUNZOVA E. Concentration of
Trace Metals in Winter Wheat and Spring Barley as a Result of Di-
gestate, Cattle Slurry,and Mineral Fertilizer Application[ J].Envi-
ronmental Science and Pollution Research, 2020, 27 (5):
4769-4785.

BRLLHE, H RN, /MR, 45 TSR R B I AU TR TR Ry
PEAYHTL 0] A TR 224, 2011,27 (1) :291-296. [ JIN Hong-
mei, CHANG Zhi-zhou, YE Xiao-mei,et al.Physical and Chemical
Characteristics of Anaerobically Digested Slurry from Large-scale
Biogas Project in Jiangsu Province[ J].Transactions of the Chinese
Society of Agricultural Engineering,2011,27(1) :291-296. ]
KO B 75 K 55 A M It X e PR K B 3R 358 RILPE ) 7
R[] A S SRR BRI A i, 2016, 32 (4) : 645 - 650.
[ ZHANG Xin-liang. Effects of Application of Swine Farm
Wastewater Coupledwith Chemical Fertilizer on Water, Soil and
Crop[ J].Journal of Ecology and Rural Environment,2016,32(4) ;
645-650. ]

NG SR RE R | 45 S T A A HLAC A s 7 A T

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

AR AR 00 I 2 AR E [ ] VIR AR L B 5, 2018, 46 (23) : 349 -
351.[ SUN Guo-feng, ZHANG Li-ping, ZHOU Wei, et al.Charac-
teristics of Nitrogen, Phosphorus and Potassium Runoff Loss in
High-yielding Paddy Fields with Continuous Application of Pig
Manure Organic Manure[ J].Jiangsu Agricultural Sciences, 2018,
46(23) :349-351.]

IEHE W LLM, A SO K 2R R S
S i RO AL ) ] A0l T AR S48, 2018,34(6)
210-216. [ GUO Rui-hua, JIN Hong-mei, WU Hua-shan, et al.
Total Content of Heavy Metals and Their Chemical Form Changes
in Multilevel Wastewater Treatment System in Intensive Swine
Farm[ J ] .Transactions of the Chinese Society of Agricultural Engi-
neering,2018,34(6) :210-216. ]

eV INVE R KL IR - L - R RGP E SR
R BSR4 [ J ] AT TR A Bh24, 2020, 48 (21) :292-297. [ LI
Jin-cheng, SUN Ji-cui,ZHANG Zhong-lan, et al.Study on Charac-
teristics of Heavy Metal Migration and Enrichment in Biogas
Slurry-soil-corn System[ J ].Jiangsu Agricultural Sciences,2020,48
(21):292-297.]

WAN Y N,HUANG Q Q,WANG Q,et al.Accumulation and Bio-
availability of Heavy Metals in an Acid Soil and Their Uptake by
Paddy Rice under Continuous Application of Chicken and Swine
Manure[]] .Journal of Hazardous Materials,2020,384:121293.

X Rl TR OMAIE, 5 T i R AR B B S A
ARERVPAS [ 1] 3R BE R4 58, 2020, 33 (12) : 2657 - 2664. [ LIU
Chen-feng, WANG Zhi-feng, ZHAOXing-zheng, et al. Evaluation of
Land Carrying Capacity of Livestock and Poultry Manure Nitrogen
Based on the Second China Pollution Source Census Results[ J ].Re-
search of Environmental Sciences,2020,33(12) :2657-2664. ]

T 3T TR AR, VT34 7K SCOK IR 5 3T 43 )73 2020 475
K E AR [ EB/OL].[2021-10-25] . http: // slj. sugian.
gov. cn/swj/zewj/202208/ ce89aded4bed478a8559de31462793€7.

shtml.

SRR, 2R3, XA, 25 R 0Tt I %ot 3 S AT HILBR P-4 B ok
FEERIEN [ T]. B, 2016,53(5) 1 1275-1285. [ ZHANG

Ya-rong, LI Yu, LIU Yan-ling, et al. Effects of Long-term
Fertilization on Soil Organic Carbon Balance and Maize Yield in
Yellow Soil [ ] ]. 2016, 53 (5):
1275-1285.]

T8, ERE, sk BEER, & TR WO FOK 77 4 K i A s [ 1]
KA 2E 4 ,2014,28 (5) : 905-911. [ WU Jun, WANG Jing-wen,

ZHANG Lin-wei, et al. Effects of Biogas Slurry on Yield and

Acta Pedologica Sinica,

Quality of Maize [ J]. Journal of Nuclear Agricultural Sciences,
2014,28(5) :905-911. ]
s, 5, SOK SN, S A R T B R R AR e A/ N B
Ay HLE )] A E SR SR SE AR, 2020, 26 (11) : 2043 -
2050.[ LI Wei, YUAN Liang, ZHANG Shui-qin, et al. Mechanism
of Middle and Low Molecular Weight Humic Acids in Promoting
Phosphorus Fertilizer Uptake Efficiency and Yield of Winter Wheat
[J]. Journal of Plant Nutrition and Fertilizers, 2020, 26 ( 11):
2043-2050. ]
BRSCAR, SN, FE 4B , 45 AN IR TH W2 28 % /N2 A A e 7
RS [ 1], AR 290, 2019,35 (1) : 11-15.[ SHAO Wen-



<272 - 4 SN

CR

B oE 5539 &

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

qi, WEN Ting-gang, TANG Jin-ling, et al. Effects of Different
Biogas Slurry Management on Growth and Yield of Wheat[ J].Acta
Agriculturae Shanghai,2019,35(1) :11-15.]
B, INE R I, AF IR O L R B e N TR
ARSI [ J]. 90 R Ak 4%, 2021, 50 (5) :49-56. [ LI Jin-
cheng, SUN Ji-cui, YANG Li, et al. Effects of Excessive Biogas
Slurry Returning on Soil Environmental Capacity and Maize Growth
[J].Journal of Henan Agricultural Sciences,2021,50(5) :49-56.]
EIH , J5 4, K5, S5 /N VE R BT ST R[] B i T 5T
5% ,2021,42(16) :212-219. [ XIANG Feng-juan, SU Lei,
ZHANG Xiu-nan,et al.Research Status of Wheat Starch[ J].Food
Research and Development,2021,42(16) :212-219. ]
ﬁmm MR, PRI, 45 5 DR AR R85 /N 22 b ROHL TE By
BRI [ D] IR AR Ml R 2424 ( F AR BE2 R , 2009, 40
(2) :169-172.[ HE Feng-li, TIAN Ji-chun, CHEN Jian-sheng, et
al. Effects of Genotypes and Enviroment on Starch Content in
Wheat[ J . Journal of Shandong Agricultural University ( Natural
Science Edition) ,2009,40(2) :169-172. ]
SR, EATAR, LR, 45 25 T SRAP Fl SSR FRICHY /N fh
BEAHOGHER B9 QTL & i [ J]. 22 B AEH 241, 2016, 36 (10) :
1275-1282.[ GUO Li-jian, WANG Zhu-lin, WANG Shi-juan,et al.
QTL Mapping of Wheat Grain Quality Traits Based on SRAP and
SSR Marker [ J ]. Journal of Triticeae Crops, 2016, 36 ( 10) :
1275-1282. ]
XL Ao BXRAR , A5 /IN 2 I A0 T BB S ke (0]
BN 2F 4, 2001 ,21(2) : 81-84.[ LIU Jian-jun, HE Zhong-
hu,ZHAO Zhen-dong, et al.Review of Noodle Industrial Quality of
Wheat[ J].Acta Tritical Crops,2001,21(2) .81-84.]
A ECAR, AV, A TR IR R /N2 B ALy | i
AR FBESIAC R S [ )] 22 AR 2441, 2011,31(2)
276-280. [ FENG Wei, QIU Ji-dong, GUAN Tao, et al. Effect of
Topdressing Amount of Biogas Slurry on Protein Components, Flour
Rheological and Paste Parameters of Wheat| J |.Journal of Triticeae
Crops,2011,31(2) :276-280. ]
FHRIRE R, EFLL, 5B R & /N =
BN A R B R R [ )] ARl B R 5 PR B A 4, 2018, 35
(5):467 - 475. [ WANG Gui-liang, ZHANG Jia-hong, WANG
Effects of Chemical Fertilizer
Substitution by Biogas Slurry on Yield, Quality and Growth Charac-

Shou-hong, et al. Nitrogen
teristics of Winter Wheat[ J ].Journal of Agricultural Resources and
Environment,2018,35(5) :467-475. ]

WA, XU/ Ak, 28 /N AP R TE 3R B BT S
[J].2 2554 ,2008,28 (6) ; 1113-1117.[ YANG Li-lin,
LIU Xiao-jing, XU Jin, et al.Progress in Research of Micronutrients
Content in Wheat Grain[ J].Journal of Triticeae Crops,2008,28
(6):1113-1117.]

PRI THINAE - THARHE SR IR AR BRI XS & /N R L
P O TR A A B [ 1], 22 2R 27 4k, 2018, 38
(12):1490-1495.[ XING Rong-rong, MAMITI Maria, ZHANG
Bao-jun, et al. Effect of Zinc and Iron Micronutrients on Grain
Yield and Trace Element Contents of Winter Wheat[ J ].Journal of
Triticeae Crops,2018,38(12) :1490-1495. ]
A, EINE, E A, A5 AR B Ut B O 20 /N2 A

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

EEE M.

BERIHSEMA [ )] AR E SR 5 ID R, 2013,19(6) : 1346
1355.[ LI Meng-hua, WANG Zhao-hui, WANG Jian-wei, et al.
Effect of Zn Application Methods on Wheat Grain Yield and Zn
Utilization in Zn-deficient Soils of Dryland[ J ].Journal of Plant Nu-
trition and Fertilizer,2013,19(6) :1346-1355.]

TRAR B B E TR DR N AR A A 2 [ 1] AR A 3
Z4,1992,18( 1) :24-28.[ ZHANG Fu-suo.Effect of Zinc Nutri-
tional Status on Membrane Permeability in Wheat Roots[ J].Physi-
ology and Molecular Biology of Plants,1992,18( 1) :24-28. ]
NI, M, A5 =, 25.2015—2016 4F v (7 75 b7 T K i Ji 43
[ )] ET4:,2017(11) :49-55.[ LI Sheng-kai, XIAO Ling,
ZHANG Qian-yun, et al.The Quality Analysis of Corn Silage in
China Tested by Dairy One China Affiliated Laboratory from 2015
to 2016[ J].China Dairy Cattle,2017(11) :49-55.]
BT R B A R S B SR S BB [ D] b
HhE A K 2% ,2005. [ ZHU Jian-guo. Study on Production Char-
acteristics and Nutritive Quality of Silage Maize[ D ].Beijing: China
Agricultural University,2005. ]

AR, TR, 5K, 25 AT HUIL R A AL X 5 208 B 5 I oKk A=
RS faekit iy 2w [ 1], op i 3 S AR, 2021 (3) £ 141 -
147.[ XIONG Bo, WANG Chen, ZHANG Li, et al. Effects of
Organic Fertilizer Substituting Chemical Fertilizer on the Growth
and Quality of Summer Silage Maize in Beijing Suburbs[ J]. Soil
and Fertilizer Sciences in China,2021(3) :141-147.]

KARIM M R,ZHANG Y Q,TIAN D, et al.Genotypic Differences in
Zinc Efficiency of Chinese Maize Evaluated in a Pot Experiment
[J].Journal of the Science of Food and Agriculture, 2012, 92
(12) :2552-2559.

SSCH SRR WA, A K R AR R WSORI A3 B 1 A 5T
[J] A2, 2019 (4) :49-54.[ PING Wen-jing, GUO Yuan,
HUANG Ya-qun,et al.Study on the Absorption and Distribution of
Zinc and Iron between Maize Hybird and Its Parents[ J].Crops,
2019(4) .49-54.]

BIAN B,WU H S,ZHOU L J.Contamination and Risk Assessment
of Heavy Metals in Soils Irrigated with Biogas Slurry: A Case Study
of Taihu Basin [ J |. Environmental Monitoring and Assessment,
2015,187(4) :155.

SHI L, WANG W,YUAN 8 J,et al.Electrochemical Stimulation of
Microbial Roxarsone Degradation under Anaerobic Conditions[ J].
Environmental Science & Technology,2014,48( 14) :7951-7958.
TANG Y F,WANG L Y,CARSWELL A et al.Fate and Transfer of
Heavy Metals Following Repeated Biogas Slurry Application in a
Rice-wheat Crop Rotation [ J].Journal of Environmental Manage-
ment,2020,270.110938.

ZHAO F J,MA Y B,ZHU Y G, et al.Soil Contamination in China;
Current Status and Mitigation Strategies [ J ]. Environmental
Science & Technology,2015,49(2) :750-759.

WA (1987—) , %, i T B EN, BT 61, A

b, EEWE ST 1) O AR R FE B IR B S e B 4, B

mail :

524126963@ qq.com

(RERE: T R)



JOURNAL OF ECOLOGY AND RURAL ENVIRONMENT ( Monthly)
Volume 39, Number 2 Fabruary 2023

Contents

The Policy and Technical System of Eco-environment Protection and Restoration in European Union and
Its Enlightenment to China — «-cceeereeeeerneiieiniiiiiin., ZHANG Qian LU Fei-nan,YU Zhen-rong(137)
Index System of Evaluation of Rural Environmental Quality under the Background of Rural Revitalization ;
A REVIEW «+cvevreenenennneentnenie ittt ettt ettt eaeateataeeeneeaeas LI Yan ,ZHANG Guo-qging ,YU Ge(146)
A Study of the Impact of Livelihood Differentiation on the Decision-making Behavior of Farmers’ Adoption of
Environment-friendly Technology — «+e«veeeeereeeneeeeiens ZHANG Jie ,CHEN Mei-qiu,YAN Yu-qi,LI Xing-yi(156)
Research on the Influence of Internal Perception and External Environment on Green Fertilization Technology
Adoption Behavior of Farmers ««««««seeeeeeeseesrmiimiiiiiii, ZHANG Hua-nan ,GE Yan-xiang(166)
Landscape Pattern Optimization in Baiyangdian Basin Based on Landscape Ecological Risk Assessment
............................................................ GAO Xing ,SONG Zhao-ying ,LI Chen-xi, TANG Huai-zhi(174)
Source Analysis of Chemical Components of Atmospheric PM, 5 in Nantong Region Based on Super Station Data
.............................................................................. ZHANG Xiang ,CAO Zhi-gang ,CUI Ping(184)
Contamination Characteristics and Water Ecological Risk of Polycyclic Aromatic Hydrocarbons in the Soil
from Riparian Area of Miyun Reservoir ««--e+seeeeeeeeens LIU Yi,JIANG Xuan ,WANG Xia ,ZHANG Qing-zhuo
ZHAO Gao-feng ,WANG Xiao-yan(190)
Species Diversity Characteristics of Native Seed Plants in Eastern Coastal Area of Jiangsu: A Case Study of
Guanyun County «e-sseseerseserarananaaneen. YE Peng-cheng ,ZHAO Xiao,CHEN Hui,SI Qin,WU Jian-yong(197)
Driving Mechanism of Spatial Evolution of Rural Settlements in the Yaoluoping National Nature Reserve,
Anhui Province «+--cccvee-- QIAN Zhe-dong ,CAO Xiao,CHEN Hao ,LU Ying-ying ,GAO Jun,ZHANG Hao-nan(207)
Characteristics and Influencing Factors of Plankton Community Structure During Autumn in Xishan Island
Waterway Network of Taihu Lake ««-ceeeeveeeeneeeiieiiiiiinn. LI Qing-zhuo ,HUA Yue-zhou ,DU Cheng-dong ,
HE Shang-wei ,WU Zhao-shi ,PAN Ji-zheng(214)
Relationship between Phytoplankton Community Characteristics and Environmental Factors in Shibalianwei
Wetland in Summer in Hefei, Anhui Province, China
------------------ HUANG Ruo-han ,WANG Ting ,SHANG Guang-xia ,XIE San-tao ,WANG Li-qing , ZHANG Wei(227)
Study on Cd Migration and Accumulation Characteristics and Influencing Factors of Soil-Dictyophora rubrovalvata
System in Typical Karst Area of Guizhou «-+--------- LIU Gui-hua ,WANG De-mei ,QIN Song ,CHAI Guan-qun,
LUOMU Xin-jian , FAN Cheng-wu(236)
The Effect of Soil Passivator on Heavy Metal Cadmium in Alkaline Farmland Soil and Its Accumulation in Wheat
............................................. LI Hong-liang ,YUAN Cui ,FU Yun-cong ,ZHU Xiao-long ,GUI Juan,
LIU Dai-huan ,DAI Qing-yun ,HE Jun-qiang(244)
B-sitosterol from Mirabilis jalapa Treated with Cadmium: Concentration Responses and Allelopathic Effects
--------------------------------------- ZHANG Wen-ting ,WANG Hong-bin , WANG Hai-juan ,PENG Yu ,GUO Si-yu(250)
Effects of Biogas Slurry Derived from Cow Dung on the Yield and Quality of Wheat and Silage Maize
............................................................... YANG Yue ,GONG Shao-shuo , JIN Hong-mei,YU Xiang(264)



mEZERE
FEER
XE 7
RIEEER
XBR HFEE RER
* &
A STE -
Bl £
I RFE WEI KKE
HATEI E R
SRR
W OFTE(EBRFFHEF)
SHE EFEM BFRAM BKRERM X F BRE EHE SEE S #HIEX BEFE
BIHR FRK FHa FER FRE FEH F B KEY JNEF R’IJZL'E MU -
X F FAEXR BXR¥E WBHH DY REX BRX BB BPA xR BRIEE
xBF EER AFF AHE(XE) X2 F #EHF EiXk EFEHSF --i:‘%f FZE
REMR Btk BXE ®RER ReE (HAX) RBAK 58 () BEEE HEX
BT BME Sl BAX FAE EBRT K B Sl wEE &xsa MioH
Bz RBAER BARE RBAFI KX K HKH

£ A5 RNHEFIR = B PEARMIEASTEN
SHENGTAIYUNONGCUN HUANJINGXUEBAO = 7 EAFRMRRIRERSENMN
(B T,19854F 2 € F) f:éiﬁ J;? fﬁgﬁﬁﬂﬂﬁ shi e
= = £ Ij:j L i —.I_L Hh
8305 F2HA(EE218H7)2023F2H258 H AR Wil . BRHE T RAGE
B4R . 210042
JOURNAL OF ECOLOGY AND RURAL ENVIRONMENT B iE . 025-85287131, 85287053, 85287036
(Monthly, Founded in February 1985) I3k . http: / www. ere. ac. cn
Vol. 39 No. 2 Feb. 25, 2023 E-mail. ere@vip.163.com; bjb@nies.org

ENRIZTT  JIoE MRS ER
RESL TIHEWBE
T4 SESHESE
bk FEERERESEAS(DERE39HEFHE)

Superintended by Ministry of Ecology and Environment, P. R. China

Sponsored by Nanjing Institute of Environmental Sciences,
Ministry of Ecology and Environment
Editor-in-chief CAl Dao-iji
Edited and Published by
Editorial Office of
Journal of Ecology and Rural Environment
P. O. Box 4202, Nanjing 210042, China

E-mail. ere@vip.163.com; bjb@nies.org
Tel. +86—-25-85287131, 85287053, 85287036

Printed by Jiangsu Geologic Surveying and Mapping Institute
Distributed by Domestic; All Local Post Offices in China

Foreign: China International Book Trading Corporation
P. O. Box 399, Beijing 100044, China

ISSN 1675-4831

9771675748323

ISSN 1673-4831 EHRHEAERS,; 28-114
CN 32-1766/X F MR FTRS. Q5688

I EfRAEESE RS

EHr. 30.007T ‘




