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Abstract: Agricultural biodiversity is an important component of biodiversity and provides ecological services needed for
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human sustainable development. While the importance of agricultural biodiversity conservation is far less publicly recog-
nized than that for nature conservation. As a large agricultural country, and one of the counties with the richest biodiversity
in the world as well as one of the earliest party of the Convention on Biological Diversity (CBD) , China should taken fur-
ther measures to strengthen the conservation of agricultural biodiversity for a better implementation of the CBD and develop-
ment of sustainable agriculture. This paper reviews policies, conservation measures and achievements of agricultural diver-
sity conservation in China during the last decades. In summary, concerns on agricultural biodiversity conservation were
gradually increased, and great achievements have been reached in the conservation of genetic resources, fish resources,
and animal husbandry resources as well as in the control of invasive species. However, agricultural diversity in China is
still facing the threats of habitat degradation and destruction, species invasion, genetic resources loss, environmental pol-
lution, as well as climate change. In face of the increasing concern on agrobiodiversity conservation in global biodiversity
conservation strategy after 2020, the following six suggestions are proposed for the improvement of the conservation of agro-
biodiversity, including: establishing a national survey and monitoring system for agro-biodiversity; establishing a national
plan for biodiversity conservation in agricultural areas, and integrating agricultural diversity conservation with ecological
restoration and sustainable agricultural development; improving legislation and policy, and ecological compensation meas-
ures for agricultural diversity conservation; improving legislation and policies for alien species control; strengthening re-
search on approaches and technologies for the conservation and utilization of agricultural biodiversity; strengthening science

popularization education and promoting public participation.

Key words: agricultural biodiversity; conservation; policy; measures; suggestions
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Table 1 Main development stages and related policies and action plans for agricultural biodiversity conservation in China
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Fig. 1 Development of agricultural biodiversity conservation policies in China
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A Preliminary Study on Scenarios for Biodiversity Targets in China Based on the '"Nature Futures Framework''.
YU Dan-dan, TONG Wen-jun, LIU Wei, YI Jian-feng, CHEN Meng-meng, CAO Ming—chang@ , XU Hai—gen® ( Nanjing
Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract; Biodiversity targets have significant implications for mankind to curb the biodiversity loss. Scenarios are consid-
ered as indispensable tools to make such science-based targets well established and implemented. They can facilitate to ex-
amine the impact of different pathways and policy choices of future human development on nature and nature’s contribution
to people. The scenarios and models task force of the Intergovernmental Science Policy Platform on Biodiversity and Eco-
system Services (IPBES) has developed the " Nature Futures Framework" (NFF) using an iterative and participatory sce-
nario design approach through co-production of visions with a diversity of stakeholders. The " NFF framework" puts human-
nature relationships at its core, perceives the multiple values of nature, and explores effective pathways to reverse the
biodiversity decline and enhance nature’s contribution to people. To ensure the diversity and inclusiveness of future scenar-
ios under the "NFF framework" , multi-level case studies should be urgently carried out at the regional or national scales.
Here, we review the methodological process of developing scenario narratives, propose the key points for creating scenarios
of biodiversity targets in China and establish three sets of positive scenarios for " Beautiful China" " Harmonious China"
and " Smart China" based on the " NFF framework" .

Key words: biodiversity conservation; sustainable development; vision; scenario narratives; participatory
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Abstract: Biodiversity is one of critical indicators to human survival and related to human well-being. Quantitatively as-
sesses of biodiversity’s contribution to human well-being is a research hotpot. This paper constructs an indicator system for
the evaluation of the biodiversity contributions to human well-being, which is from three aspects namely material contribu-
tion, ecological regulation contribution and spiritual culture. The weights of indicators were confirmed by mark experts.
This indicator system could be well used to assess the biodiversity contributions to human well-being on multiscale. Fur-
thermore, this indicator system allows to add the characteristic indicators reflecting the local characteristics in the three-
levels, which brings the flexibility and promoting delicacy research at the local scale. This paper could provide an impor-
tant scientific basis for decision making with biodiversity conservation, ecosystem management and human well-being in
China.
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Table 1 Framework of biodiversity contribution to human well-being at different scales
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Table 2 Weight, calculation method and data source of evaluation indicators for the contribution of biodiversity human

well-being

— gk -3

—7E

=%

=9

e - 3 — K E . . T
W pmm b BRE sk kR ST BRI
Y BTk 0.37 Rt 036 KHAEZTER 0.4 XKEBLKHAEERZHH BB AL i PR AR AT 1 M A
MR 2R
Lol =M 0.56  HIEFEWNRL=EME Sitsds
B FEh
MR 0.30  FHOLEME, 0.50 HEFEEABHOLSE SR SHHEE
P R
W= fH/7k 0.50  HPIAFEE WL FEE/K TR S EdE
FEYE Frh
Mty 0.34 Mk E/Z 1,00 HPFAFEEE N/ 25K @IS AR R 1R 3RS - A
b ANTEip A TR FHEE RV G T4 dh
ASTHNTE 041 BIFSRERN 0.22  WREFE 0.36 X3 FE SR EL e TR A B
W4
WA ARE  0.22 KN R ARCR G A A B
LY 042 KNG SEYR B G TR A B
Ak
EEAFR 023 KRAMEH 030 XEBAFZHKESRAEBR EBEMAGHFRELBF
gkl 4 Lt 5] EiESilkie
MERZ T ATIT] 020 (B AT N NS VT TR A 7/ - 8 (A2 P 7 = L
FH LA ) Lk 51 EESb e
BARMPX 041 KBNERZAREPXE EEEARHRFRE LA
L ELA] piayEal| FHZSAVEE 0 X R0
AR 0.28  MHWESE 0.35 DX pAHE B im0 AR L 1) 1B R PR AT L b A
itk FHISAVE
ey 0.35 DX P9 R B R0 g A R O @RI S
(NPP) {8
KB T = 0.30  [RoKE-ZEHUR R T2 SRR A B
KIASR  0.27 EE/Siy 0.51 X385 P9 [ 4R P b AR LG ) 1B R R AT L b A
SNy ESilkie
EHEAXS 049 EEAKRLESSE WM, F B GMREIRE  HR
(18] 342 3 3¢ Hb A5 ) ] ) 142 0 i AR
K ik 0.22 A" 0.40  UNESCO H#X. 1.00 XIS UNESCO HR Xfkigt  SilFiEdfdE
Ak st = U 7R K UN BB A
K UN B
R
Wi s 0.60  WRT A& 0.50  XkgkHhiEAUE MR REGEAR AR RS L b ]
75 [A] Hb TR AN A AV B IR S s
W ABK 0.50 XIS FKEEME MHAE  mIERE R IR 1 R
T 1 AR VR INELR D FZERBAR RS S

3.3 &XxFETH I

(1) PRl 5 RE R 22 4x, HEFFH) TP 5 BL ] 22 4

FARERA X ORI A 57 33 7= 4 24 45 22 30 [ P

RO EEARYE ) B 2 M E SR 0 E

AL P RS RG> I ES
RYGUMSS 2, BRAR AL Y ) 4 v A B 2 R
M BB A AR MRS SO R

FIBFFEMAE, TTHE 7R F AR R E FA A5 22 21070 {2
PAEBRGRE A SR A ST 2 RS A
RSB AR b S B S AR R ALK



- 1246 - £ x5 &K N OB OE ¥ i

537 &

(2) EEABRGURIL, RAMERMKEY A
PUA S TOHLIR G 2 1] 5 U0 6 R I 5 1, 0 TR 2
REMBE AW B BN E Y, R
AR HER Z 7 AN LRE RS SR By LR B
TR BEUR 38 TT DAL RR A 25 P 8 e
AR PRAP DR o W b S I i A A7 A0 AR 2R
(3T i KO A BT R DR AP e BT T 4
RS RGO, B8 Y SR RS, BRI
DR ORIP A 25 2 4 MU AR W) Z2 R 4 v A T
A TG AR TR AR A E AR

(3) A=W IIRE . MBS — e PR B ]
PABCRAZS R GUAR DL, SR AR 10 BRI, o /N Rk
UeRp 52 4 RAERMIE RSO 22 N
WA O VR R BRI E T LR P RE T A
Wili A= S R ST IR B0, X T 4 g A BB
IR AR | i SO R s A T 0
MSER A T EAE M, K 5 B B Y
RTINS RS SR el R o N 3

B R s AT BT ER

P EFARARIUR PPN SRR E B TR B e , A
BTl g /NS, WA SR J A S R
G, B AT RESL A AR T, HE NI T G b AR A B SE
PE, PEE XA SR G, AR TASRE, #F—
B RIS R GRS Dk 2T NItk
3.4 1B

(1) AgRist™™, AR A FAENE D5
W FRE A N, 7T R REA SCie e, (e i 15 40
SRR R AR A S R SR B,
RO PR AR IR

(2) Ylriv i akas [|) T A 2 s i) By 258 R
b | RSN, | AR5 I I8 T 280 10 5 5 il 55 5
RGNS SRR, 36 hn oK T 1B R 6 i 3 <
5 Ak SN E TR IR K % 4|
PR RS R R R

4 SR

ZHTFESEARAR ZR AL 0 U A, B T
TR A2V SRR AORS o SO BTR 3 NZR S
AW AR PEXT N SRR AL TTRR B = AR bn iR &R, JFAR
WL FAT 7300 E A5 PARPRAE , A bRk R B A
B AT BRI R 1 AR A DXCIOR R
AN, 853 25 16 AR W) 22 B A1 2 ) e A 1) b s 1 |
IOBEAHS 1 1 28 73 A - f 26 [°)AE,  BE B0 AR
BV MRS X S PR 0, W80 BF S IX 26 ) 20 R 1

Xt NI AL TR

BT ITIHE B9 N AR AR 32 2208 B WLAR AL, L
BRGNS AVIA R FH S Y Z R R
REHE T B WUR R, A8 T SE it o B AL
BN A LS — A L A BOR WTR R
B I IR AP Y R R A S
RGN Z VIR AR, EE RGNS
B] 855 AL 2 i AW BURNRE B, KR4I HBERDIR B0 1A
[ ot 7 AN T2 UK A AR A« A A 78 2 U A
Ak FEACHR AR 32 25 B AR W) 22 R 1 o 2 A
A ELAE TTR, EEAn A< ™ a4 5 T w8 2= UCRR Ak 1) 5K
B 22 2 (e ok, o an i i, AR R GRS 1Y
TR FUR A AR AL IR R 1 — B4 AR
HEZSIREEAE  NA AL PP AG 45 b, (HR xE LA 1 S
MUES RGMSS 5 AR Z M HLE W
Ak A AL P B A B, T sz A 2 B R
AR, ik LB e A 2 R 48 i 55 RN A ik 11 %
Z , BT Z I8 bri SRS IT R IR AT

H TR SR ISR M | 1A 5T ST B R AR AR FR O
VA axal 4 s A W) 22 BEPEXT AR AR AR TTmk,
TR A A5 25 5, BT 2 B 22 30145 e af
PRI, B A 5 o s DX AR X 28 5 4R B, A BAT %
TR IR TR R T A 2 B N S A A
MR BILBE AT 2% | E 2L 95 A STk ME LUVEA DRIk,
ST E B R ARAR R B 58 A e s A W) 2 R
Xt NIEARAE I DTk , 5 1 — 22 i 583

B RARI R SRS L AT 00 E , RRAE S
BRI T AR 25 L 1) SE B 0, il it — 20 58 35 0
FhARPRA R B, A 40 brifife, ik
Fr/NREZEHBIX AT ST, i) RAAE 28 b Y 5t
B BAR O =R Aa b, (A O AT
FE] A F [ 4 J IF 58 A W) Z2 AR RN AR AL 1 5%
APt EIS AR G AR S

S 30k

(1] Sy F i e SRR (1] AW 2, 1993,1(1)
20~ 22. [ MA Ke-ping. On the Concept of Biodiversity [ J].
Biodiversity Science,1993,1(1) ;20-22.]

[2] KARKI M, SENARATNA S, OKAYASU S, et al.The IPBES Re-
glonal Assessment Report on Biodiversity and Ecosystem Services
for Asia and the Pacific, Secretariat of the Intergovernmental Sci-
ence-Policy Platform on Biodiversity and Ecosystem Services[ R].
Bonn, Germany: [ s. n.],2018:146-150.

[3] United Nations Environment Programme ( UNEP).Global Environ-
ment Outlook 6( GEO=6) [ R].Nairobi, Kenya: UNEP,2019.

[4] COSTANZA R,KUBISZEWSKI I, GIOVANNINI E, et al.Develop-
ment ; Time to Leave GDP Behind[ J ].Nature,2014,505(7483) .



4510 3]

PUESS B el ¢lll) 2 RY/E 2 S2 i SOWNESE X I NIUE G AN U 1) S

- 1247 -

[10]

[12]

[14]

[18]

[20]

[21]

283-285.

United Nations Environmental Program. Human Development
Report 1998[ R].New York,USA ; Oxford University Press,1998.
The New Economics Foundation. European Happy Planet Index
[ J].Management of Environmental Quality,2008,19(1) :20-36.
MACE G M,NORRIS K,FITTER A H.Biodiversity and Ecosystem
Services; A Multilayered Relationship[ J].Trends in Ecology & E-
volution,2012,27(1) :19-26.

Millennium Ecosystem Assessment. Ecosystems and Human Well-
Being: A Framework for Assessment[ M ].Washington DC,USA ; Is-
land Press,2003:62-63.

Millennium Ecosystem Assessment.Ecosystem and Human Well-be-
ing Biodiversity Synthesis [ M ]. Washington DC, USA: Island
Press, 2005 ;85-86.

ISBELL F, GONZALEZ A, LOREAU M, et al. Linking the
Influence and Dependence of People on Biodiversity across Scales
[ J].Nature,2017,546(7656) :65-72.

DE GROOT R S, WILSON M A,BOUMANS R M J.A Typology for
the Classification, Description and Valuation of Ecosystem Func-
tions , Goods and Services[ J ].Ecological Economics,2002,41(3) .
393-408.

RUSSEL D, TURNPENNY J,JORDAN A, et al.UK National Eco-
system Assessment Follow-on Work Package Report 5: Cultural E-
cosystem Services and Indicators[ Z].UK; UNEP-WCMC,2014.
DIAZ S, DEMISSEW S,CARABIAS J, et al.The IPBES Conceptual
Framework ; Connecting Nature and People[ J |.Current Opinion in
Environmental Sustainability,2015,14.1-16.

PASCUAL U, BALVANERA P, DIAZ S, et al. Valuing Nature's
Contributions to People:The IPBES Approach[ J].Current Opinion
in Environmental Sustainability,2017,26/27.7-16.

DIENER E.A Value Based Index for Measuring National Quality of
Life[ J].Social Indicators Research,1995,36(2) :107-127.
PRESCOTT-ALLEN R.The Wellbeing of Nations[ M |. Washington
DC,USA :Island Press,2001:5-21.

AR, TPHY, B, E A 2R S A B R GRS A
FEFRIR R [ T] 524 ,2017,37(2) :341-348.[ FU Bo-jie, YU
Dan-dan, LU Nan.An Indicator System for Biodiversity and Ecosys-
tem Services Evaluation in China[ J].Acta Ecologica Sinica,2017,
37(2) :341-348.]

BN A DR AT SC BUIR R SR [T ] ek A AR,
2012,18(10) :5-7.[ SHAO Xiao-bao.The Significance, Present Sit-
uation , Problems and Countermeasures of Cultivated Land Protection
[J].Anhui Agricultural Science Bulletin,2012,18(10) ;5-7. ]
LZPE XM, K = W & HAES R GRS M E A
ML R4V RR2E ,2020,52(9) :109-113.[ MA Xiao-dan,
LIU Jia-zhen, ZHANG Cai-yun. Analysis of Farmland Ecosystem
Service Value in Liaocheng City [ J ].Shandong Agricultural Sci-
ences,2020,52(9) :109-113.]

LM FR AR 52 5y 7 Hh O R B ST BT , v B Ok B2 B ARl
15 BAFSE BT E B AB HF 5% 2. FAO BEUCKEZE M) ZREPE I A T
PR AR R B AV E SR )] AR, 2017 (2) 1203,
WhitEae. P I 3 O BOR SR KCEIFSE [ D] AL Ol R
2 ,2014. [ CHEN Hai-yan. The Evaluation and Research on the

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Support Policy of China’s Animal Husbandry[ D ].Beijing: China
Agricultural University,2014. ]

GBETIBOUO G A,RINGLER C, HASSAN R. Vulnerability of the
South African Farming Sector to Climate Change and Variability:
an Indicator Approach [ J]. Natural Resources Forum, 2010, 34
(3):175-187.

LS, 250 b, 2 A 22 T AR AR R 1) TR0 R R R %
LRI rE MOk B 3% R 2 244, 2020, 40 (1) : 1-8. [ TAN
Xiao-feng, LI Xin-gang, Ll Jian-an, et al.Prediction of Discipline
Domain and Its Technical Routine Map of Non-Wood Forest in
China[ J].Journal of Central South University of Forestry & Tech-
nology ,2020,40(1) ;1-8.]

LA RS B A Z R S BRI S KRS
PERELT] 0% 4 35 4% 4, 2020, 31 (1) : 340~ 348. [ WEN Zhi,
ZHENG Hua, OUYANG Zhi-yun. Research Progress on the Rela-
tionship between Biodiversity and Ecosystem Services[ J ].Chinese
Journal of Applied Ecology,2020,31(1) ;340-348.]

VENAIL P,GROSS K,OAKLEY T H,et al.Species Richness,but not
Phylogenetic Diversity , Influences Community Biomass Production and
Temporal Stability in a Re-Examination of 16 Grassland Biodiversity
Studies[ J ].Functional Ecology,2015,29(5) ;:615-626.

MAESTRE F T, CASTILLO-MONROY A P,BOWKER MA et al.
Species Richness Effects on Ecosystem Multifunctionality Depend
on Evenness, Composition and Spatial Pattern[ J ].Journal of Ecolo-
gy,2012,100(2) :317-330.

BARATA A M,ROCHA F,LOPES Vet al.Conservation and Sus-
tainable Uses of Medicinal and Aromatic Plants Genetic Resources
on the Worldwide for Human Welfare [ J ]. Industrial Crops and
Products,2016,88:8-11.

WRoR Ay B BT BE R [ )] 25 B R R, 2018 (48 T
1):3-7.

FLa AR SO R I NP 31V 7 LU EARGR B iDL /B4
FEPELRS R L)) A Z R, 2020,28(5) :558-565. [ JIANG
Zhi-gang , JIANG Jian-ping, WANG Yue-zhao, et al.Significance of
Country Red Lists of Endangered Species for Biodiversity Conser-
vation[ J ] .Biodiversity Science,2020,28(5) :558-565. ]

Y B SR D AT S xR L R A Tl L e ) £ 5 )
FARBIIWFE[D] .M A ILPG AR K24, 2016.[ HU Ming-wen.
Study on the Influence of Tourists’ Recreational Behavior on the
Mountain Meadow in Wugong Mountain and Its Bearing Capacity
[ D].Nanchang: Jiangxi Agricultural University,2016. ]

35 58 WK T R BRI T Y SEBR S HRER [ D ] UM - Wik
MK 2%, 2012. [ JIN Zhi-yong. The Practice and Exploration for
Creating Forest City in Lishui[ D ].Hangzhou: Zhejiang A&F Uni-
versity ,2012. |

FOHUR RG0S ARG, 55 KRR TR A A MR AT i b 2
FRAE R AT A [0 ]. Mol 28 3F 7] 8, 2020, 40 (6) : 579 - 586.
[ HUANG Ying-li, LI Han-han,ZHU Zhen-feng, et al. Spatio-tem-
poral Characteristics and Evaluation of Ecological Restoration of
Natural Forest Protection Project[ J].Issues of Forestry Economics,
2020,40(6) :579-586. ]

P T, s . FR FE AR AR BT DR 4 S F S B [ T A 5
Mol 5%, 2002, 15(6) : 61-68.[ TAO Jian-ping, ZHANG Wei-



-1248 - 4 SN

CR

B oE 537 %

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

yin.Natural Forest Conservation and Its Studies in China[ J].World
Forestry Research,2002,15(6) :61-68. ]

VLA R AR FE I b A 25 PR 0 B AL MBS [ D] AL v
FEI Rk Be BF 5% 2E B (28 BN FHWF 5897 ), 2002. [ TAN Qu-lin.
Study on Remote Sensing Chang Detection and its Application to
Poyang International Importance Wetland [ D ].Beijing: Institute of
Remote  Sensing Chinese
Sciences,2002. ]

EW AR SN A AR R Y R S R R R R AR Y
SR SR HEL I ] AP EDK AR, 2003(7) :8-9.[ WANG Li-xue, LI

Xue-sen, DOU Xiao-peng, et al.Significance of Wetland Protection

Applications Academy  of

and Cause and Countermeasures of Wetland Deterioration in China
[J].Soil and Water Conservation in China,2003(7) :8-9.]

2B, A%, KA 28 H AR XTE QR 9 A= ) 2 R vh i 4
FHAIE L] PEHEA , 1993, 13 (4) :359-366.[ GONG Xun,
WU Quan-an, ZHANG Qi-tai. The Function and Significance of
Reservation in the Conserving Biological Diversity [ J]. Guihaia,
1993,13(4) :359-366. ]

FIRFET 2R BRI H AR R IR 1 A A 7 S
By SR LTF,2019,39(3) :49-52.

X558 AU RT3 X A DX AL 5GBS 0 IT 20 b 235 4 8] A5 5 4%
AL B ST D] AL S F MO BRE A 5T B, 2017, [ LIU

Xiu-ping. A Study on Urban Forest Structure and Urban Tree

[J].3F

Canopy of Residential Areas and Public Institutions in Beijing Ur-
ban Area[ D ].Beijing: Chinese Academy of Forestry,2017. ]
AT, DAV W FENE T T K o3 T i s AR Al K
WWMEZ[J]. T RXBIYE,2016,33(4) : 739-746.[ XU Dong-
ping, BU Jin-yang, YANG Jun-hui.Spatiotemporal Change of Water
Budget and Its Affecting Factors in the Yellow River Basin[ J].
Arid Zone Research,2016,33(4) :739-746. ]

BAR T A TR 43 Fel S L A AR F AR BE RPN B9 [ D]
JE A db 5RO K 2, 2020. [ YAN Jun-wen. A Study on
Evaluating the Public Perception of Naturalness in Some Parks in
Beijing[ D ].Beijing : Beijing Forestry University,2020. |
KSR T, OGRS R T R4 TS G Y AR AR A AR
HESESL S 43 [ 7). B AR5 3R 8T 4% %, 2020, 40 (1) 91 - 98.
[ZHANG Chi, DIAN Yuan-yong, HUANG Guang-ti, et al. Forest
Naturalness Classification Based on GF -2 Remote Sensing Data
[J].Journal of Forest and Environment,2020,40( 1) :91-98. ]
PR, AR UL, SRAR R IR T AR O B b B LR 4 A0 (37 A
[J]. 381055, 2010(9) :50-55.[ MENG Wei-qging, LI Hong-yuan,
ZHANG Yin-tai.Urban Nature Preservation Land and Evaluation to
its Preservation Value[ J|.Urban Problems,2010(9) :50-55.]
SHAHID N, ROBIN C, EMMETT D J, et al. Biodiversity and
Human Well-being: An Essential Link for Sustainable Development
[J]. Proceedings of the Royal Society B: Biological Sciences,
2016,283(1844) :2091.

Pt WAL DUT AR L s R A 2 iR 5 A R Z 25T [ D],
B I K 2, 2017, [ YANG Qian. The Study of Land Use

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Spatio-temporal Transformation and Ecological Security in the Han-
jiang River Basin of Hubei[ D].Wuhan: Wuhan University,2017. ]
HAUSMANN A, SLOTOW R, BURNS J K, et al. The Ecosystem
Service of Sense of Place: Benefits for Human Well-being and
Biodiversity Conservation [ J ].Environmental Conservation, 2015,
43(2) :117-127.

F T IR ER A S R G S A A 8] A P RS
VAN R Y58 717 BK MR 3t X 91 [ D ] W 2R 35 Iy JK U8 Tl K22
2017. [ WANG Han-yu. Quantification and Justice Analysis of
Spatial Distribution of Urban Green Space Ecosystem Services: a
Case Study of Qiulin Region in Harbin, China[ D ].Harbin: Harbin
Institute of Technology,2017. ]

e 6 VR 0, A5 50 A = A b IXUK R I 2 ARG K
ARSI J] M FEFIR ,2015,70(5) :819-827.[ HAN Long-
fei, XU You-peng, YANG Liu,et al. Temporal and Spatial Change
of Stream Structure in Yangtze River Delta and its Driving Forces
during 1960s-2010s[ J ] . Acta Geographica Sinica,2015,70(5) .
819-827.]

XN JTHAR 200, S5 LR W) 20 REPE DR N S A A 1 BT 5 ik
JE[J].FR B8 A 252 ,2021,3(5) : 43-48. [ LIU Yu-ping, WAN
Hua-wei, PENG Yu, et al. Research Progress on Contribution of
Biodiversity to Human Well-being [ J ]. Environmental Ecology,
2021,3(5) :43-48.]

FIA, BN NS AR AL BT A A 2 BT T B T 5 R
(3] A2 SR B4, 2016,32(5) :697-702.[ WANG Bo-
jie,TANG Hai-ping. Human Well-Being and Its Applications and
Prospects in Ecology [ J ]. Journal of Ecology and Rural
Environment ,2016,32(5) :697-702. ]

JORDAN S J,HAYES S E, YOSKOWITA D, et al. Accounting for
Natural Resources and Environmental Sustainability; Linking Eco-
system Services to Human Well-being[ J ] . Environmental Science
& Technology,2010,44(5) :1530-1536.

REID W V,MOONEY H A,CROPPER A, et al.Millennium Eco-
system Assessment Ecosystems and Human Well-Being: Synthesis
[ M].Washington DC,USA :Island Press,2005:49-104.
HAINS-YOUNG R, POTSCHIN M. The Links Between
Biodiversity , Ecosystem Services and Human Well-being. Ecosystem
Ecology: A New Synthesis[ M ].Cambridge , UK : Cambridge Univer-
sity Press,2010:110-139.

DAW T,BROWN K,ROSENDO S, et al. Applying the Ecosystem
Services Concept to Poverty Alleviation: The Need to Disaggregate
Human Well-being[ J].Environmental Conservation,2011,38(4) :
370-379.

EE®IT: X T (1963—) , 5, BRPIE LA, IE i 2 T 7
Uil 1t F2 BRSO ) O A A B S A . E-mail ;
lyping3349@ sina.com

(RERE: I R)



R AR 2021, 37 (10) . 1249-1255

Journal of Ecology and Rural Environment

DOI’: 10.19741/j.issn.1673-4831.2021.0123
FEMUHE e, X 2 B AR AR OG- B A W Z e F R SEREHE SR AT [ 1] A S S AR BRI 2741 , 2021, 37 (10) £ 1249-1255.
FAN Shun-xiang, HU Fei-long, LIU Yun-hui.Analysis of the Progress on the Agriculture-related " Aichi Biodiversity Targets" [ J].Journal of Ecology and

Rural Environment,2021,37(10) :1249-1255.

RUBX“ENENSHIERR TR

TR, AN, AEZEB'Y (1L PER R SR S A AT RS, JEE 1001935 2. B
BT R AR I/ B RIS A R 2 I, T1J5 fat 210042)

FE AR R LA A0 32 220K Sh Iy, AN & B P 3 A0 A A 45 382 2R X A W) Z2 A 1 3 A R B
Wi, PR AR 2 RE PR R R « 2 0 B AR ( Aichi Biodiversity Targets)” % SEf & HE S A BRAE Y ZRE TR P ) &
B A B AR 7 SRR AT TS RO AR W 2RV O B OG [ B H AR 1.4.5.8.13 1415 18 113
{RHET BAR 7 W SEIL, AR FTPAGAROC 2R BAR” ik R, SR R 2 MBSO E 2R A0 A W 2 FE % B AR
g IR DA AR B H AR M FERE ST A 38 (AE M 2 RS 249) (Convention on Biological Diversity
CBD) B 15 AL 45 2905 B bRk A5 8., X Lo 23 A 4 RN sl R i FR 1 A0 . 4 2R 3R, o (AR I R 2 1Y
SEUE OB | i T AR H BRSO F- T 5 Y0 RN 52 1 0 MR T 42 Bk 247K s i 6 1Y 7 1
b, AR A [ e U BT EDEE RN P R VR T R KSR S  S AR B AR UL A H bR
SV P AT TC A S AN A ) AR PR R DR 385 23 Bt AR B 38 R 15 0 A )t | IF S 488 Hh A 22 S
ﬂﬂmWT“Mﬁ%Tg%Eﬁ BERE T AR AR B ISR AS T AN A A 4 A 05 AT 58 36 40 A 1) Z RE M e A
Aol BB UL S (AR 2 RE TN 29 56 -+ IR 4% 249 17 K £ ( Fifteenth Meeting of the Conference of the Parties,
COP15) M ARG FARFIFE b 4 il 1 AR AR 8l
KR EMER”; PRV R AEYZREE; R Eil
FES RS X176 XHEIRER . A XERS: 1673-4831(2021)10-1249-07

Analysis of the Progress on the Agriculture-related " Aichi Biodiversity Targets". FAN Shun-xiang', HU Fei-
longm’ LIU Yun-hui'® (1. Beijing Key Laboratory of Biodiversity and Organic Farming, China Agricultural University,
Beijing 100193, China; 2. Nanjing Institute of Environmental Sciences/ National Key Laboratory of Biosafety, Ministry of
Ecology and Environment, Nanjing 210042, China)

Abstract: Agriculture is the primary driver of global land-use changes and habitat loss leading to a great threat to biodi-
versity. The implementation of the Strategic Plan for Biodiversity " Aichi Targets" is an important initiative to promote the
global conservation of biodiversity, of which the sustainable use of agriculture mentioned in target 7 is related to the conser-
vation of agricultural biodiversity directly, targets 1,4,5,8,13,14,15, and 18 also contribute to the achievement of target
7. Understanding and evaluating the progress of these agriculture-related " Aichi Targets" are essential to adjust, revise,
and set up the goals of global agricultural biodiversity. In this study, we collected information on the progress of all parties’
targets submitted to the Secretariat of the Convention on Biological Diversity and compared progress across continents and
the countries possessing high biodiversity levels or the big agricultural country. The results showed that Asia, Africa, and
South America have achieved more targets than the global averages, while the targets achieved by North America and Eu-
rope are below the global averages. South Africa and China did the best of all seven selected countries, followed by India,
Brazil, France, Germany, and Canada, showing a generally same trend with the continents-level analysis. The overall
goals have gained some progress already, but the conservation of agricultural biodiversity was hard to effectively achieve.
By analyzing the progress and problems of accomplishing the goals, we advised to improve the biodiversity conservation tar-

gets from four aspects, such as setting up differentiated goals, adding new quantifiable goals, setting new technical indica-
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tors, and strengthening communication and cooperation. This paper puts forward and improves the idea of developing agri-

cultural biodiversity indicators and provides a scientific basis for the development of agriculture-related targets and indica-

tors for the Fifteenth session of the Conference of the Parties (COP15) of the Convention on Biological Diversity.

Key words: " Aichi Targets" ; progress assessment; agricultural biodiversity; conservation; suggest
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Fig. 1 Differences in the progress of each nation’s targets
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Abstract: Building policy tools for biodiversity assessment plays an important role in strengthening the assessment and
management of biodiversity, as well as improving decision-making related to biodiversity conservation. However, there is
still a lack of policy tools for biodiversity assessment. The relationship between biodiversity assessment and policy making
was analyzed on the basis of the latest concepts, policy tools and methods for ecological environmental protection around
the world. An integrated platform for biodiversity assessment policy tools was developed to combine biodiversity
conservation objectives at all levels into regional and industry development planning and decision-making. The integrated
platform consists of four subsystems: policy tool introduction, policy design, policy progress and policy effect. With this
platform, the core functions of an indicator system for managing biodiversity assessment, policy design, policy progress as-
sessment, and production of assessment results can be realized. Jiangsu Province was chosen as a case study area to verify
the applicability and feasibility of the integrated platform for biodiversity assessment policy tools in multi-level biodiversity
conservation target design.
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Determination of the Benthic Biodiversity Protection Targets in Xiamen Sea Area. FU Shi-feng, WU Hai—yan@ , CAI
Xiao-giong (Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China)

Abstract: Taking Xiamen Sea area as research area, this study designed a quantitative sea area utilization intensity index
based on 14 sea use activities of 5 sea use types, including land reclamation, tourism and recreation, port and shipping,
fishery and industry. According to the sea area utilization intensity and benthic biodiversity data from 1980 to 2016, the re-
lationship model between sea area utilization intensity index and benthic biodiversity was established to predict the benthic
biodiversity protection targets under different scenarios. The results show that the sea area utilization intensity index was
significantly negatively correlated with most of the benthic biodiversity indices, which indicate that the designed index is
reliable. Among the benthic biodiversity indices, the Shannon diversity index H' was found a significant relationship model
with the sea area utilization intensity index by using multiple regression analysis, and was mainly affected by reclamation,
fishing, and industrial and domestic sewage discharge. Under the “trend scenario”, “planning scenario” and “optimal
scenario” , the average benthic H' in Xiamen Sea area in 2035 will be 2. 88, 3. 14 and 3. 06, respectively. In 2035, the
biodiversity conservation target in Xiamen Sea area should be set as the benthic H' not less than 3. 06, and biodiversity
conservation and ecological restoration should be strengthened in the Western Sea area and the Jiulong River estuary.

Key words: benthos; Xiamen Sea area; biodiversity; sea area utilization intensity; protection target
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Fig.1 The location of study area and the distribution of benthic biodiversity sampling stations
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Table 2 The benthic biodiversity of Xiamen Sea area during 1980-2016
e YL FrAe ZREVE o v e o li)s%: 3 ALY/ hva
i3 Ay (F - m?) $550 HY FEERS T WHERKS - m) (g+m?)
[R5 1980—1990 14. 87 2.71 2.18 0.76 818.22 83.20
2005—2007 14.33 2.57 1.65 0.7 330. 00 16.62
2009—2012 19.73 2.71 2.08 0.67 585. 00 25.78
2013—2016 23.88 3.12 2.95 0.70 377. 00 30.73
il AAN| 1980—1990 10. 84 2.65 1. 68 0.79 414.87 59.52
2005—2007 12.20 1.86 1.45 0.57 295. 00 56. 56
2009—2012 15.24 1.58 1.65 0.42 515.18 35.09
2013—2016 19. 38 2.79 2.50 0.67 366. 88 11.04
ST 1980—1990 8.41 2.73 1.51 0.97 174. 15 61.78
2005—2007 18.27 1.91 2.05 0.47 453.55 47. 46
2009—2012 16.57 2.61 1.90 0.68 270. 00 11. 46
2013—2016 32.00 3. 64 3.86 0.74 686. 33 21.98
R 1980—1990 15. 50 3.98 2.71 1.07 217. 63 57.50
2005—2007 37.40 3.78 5.65 0.73 87. 00
2009—2012 38.00 3.83 3.96 0.74 670. 00 22.00
2013—2016 29. 80 4.22 3.47 0.88 403. 20 21.28
PN 2301 1980—1990 11.28 4.55 1.95 1.37 238. 80 62. 85
2005—2007 37.33 2.84 5.45 0.55 123. 67 39.70
2009—2012 34. 80 4.06 3.58 0.84 818. 67 31. 64
2013—2016 28.96 3.61 3.16 0.75 870. 87 45.05
EEZSE 1980—1990 18.48 2.96 2.65 0.74 1 641.53 152. 64
2005—2007 33.50 2.73 3. 60 0.55 658. 00 15.29
2009—2012 10. 60 1.45 1.27 0.41 452.70 79.92
2013—2016 22.47 3.05 2.40 0. 69 716. 44 138.33
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Table 3 The spatial and temporal variation of sea area uti-

lization intensity index in Xiamen Sea area

N [V A7 T ) P 8 5

W
1980—1990 2005—2007 2009—2012  2013—2016
VYR, 0.2300 0.303 5 0.286 5 0.262 6
AT 0.183 1 0.324 1 0.370 4 0.303 2
MR 0.153 1 0.204 1 0.260 8 0.234 7
ZREBIFI,. 0.043 6 0.052 3 0.079 4 0.070 7
KIUSHE,  0.042 3 0.054 4 0.068 6 0.072 1
EE-SE 0.082 0 0.092 9 0.100 6 0.078 6
BT 0.078 1 0.1157 0.144 3 0.129 7

Person FHOCHE 7 B & WY, W Bl R I 0 2 48 80
JITAT A A ) 22 A P8 B R G, Hovh 5 g b
BOH dFNJ R BERAC(ER ), RINZHITE
SR PR SRR T R P AT 5
2.2 HLE&MEIEFER ST

MR 22 To 4 M Tl VAR TR | Xof 45 A 22 B M 48 4K
(H") 551 80 58 88 (P) 57 8 35 HH G 1) 56 R AL
BI(JH% R*=0.47) . H' =3.948 - 14. 92Py —15.06
Py=16.43P, , HICRBAIA] W, H' 5552 BUE G
b AR Tl AR S TS K B HEBCE R, TSR

JEAT AR W) AR P TI00 T 25X HY AT

x4 BEARREEBFMEAEEY SHEEHNEXE
bl
Table 4 Correlation analysis between sea area utilization

intensity index and benthic biodiversity indices
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FEEHER 4 -0.513 0.010*
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Table 5 Prediction of the utilization intensity of Xiamen Sea area in 2035 under the '"Trend Scenario"
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Table 6

(H') of Xiamen Sea area under different scenarios

Prediction of benthic Shannon diversity index

3y FEE R RBERT MR RT bR
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Table 7 Backgrounds related to '"Planning Scenario'' of Xiamen Sea area
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Table 8 Prediction of utilization intensity of Xiamen Sea area in 2035 under ''Planning Scenario"
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Table 9 Prediction of utilization intensity of Xiamen Sea area in 2035 under 'Optimal Scenario"
iR FERR B a3 ket T FS TR Ak ZR TR PN 301 [F] 22 5
Sz I 1 0 0 0 0 0 0
iR AR 8 LRI R 230 1 1 2 1 1 1
W Oz W H % 3 2 2 1 2 2
AL £ b 2 3 2 1 1 1
il Pl 7 58 0 0 0 0 0 0
EiliEFd 1 1 1 2 2 2
Tolk AR (i B2 0 0 0 0 1 1
27 QEREREYN 1 3 1 1 2 1

FRIT AT BT B AR B AT AR T 3, 3N 0,

3 WiREEit

i ] P 40 5% v 3l ) FH i B Y 2 1= AT E
ZIFET —SefF5g | SR EBUE M E
BTV, 4 A 18 BB R T B S0 BT 38 R 5 B T
B, T AE AN 5T Y 3L Tl Sy i 3R]
SR B AL TEN 7L, TR S AT, A RIS
HE,

FXFFH A A A R G TR ) 2R AR
PRI R EIR D KA RIBEAES RS
NNFE R AEY), X TR ERE RETEAEY 2
FEHETN R R, AT E IR AE ) Z R AR 9 H AR ok
FRIFGHEAES RE M B A Bl S /E M,
TR AT ORI H A ) 2 8 0 5 B0 48
b, RENS B UL P A 28 30 5 VA SRS A A 9 1) 2E A o
FRGLST ARG R, T B 2035 AR A AR 4
ZREVELR R bR BN SR A ) 7 AR 2 REPE R BOR
fIRTF 3. 06, RAEULL, i T 32 F R 514 At 3l A1)
5 P8 OU R S M T T B ) RS A A ) 22 R IR I
FEAFE ST X8 2E ok, R, FE i S T 1
SRAE W ZREPEAR Y B AR, B % R X B 22 5,

R 5 8 A vy LA A ) 2 e P A AR ) 9 358 (74 1 3
UL O ) i AP B AL

S 3k

(1] TG, Z500E, 2 5, 5 RS R s 4 A ) 2wk
PLAR[ D). A4 4R, 2006, 26 (2) : 416-422.[ YU Hai-yan, LI
Xin-zheng, LI Bao-quan, et al. The Species Diversity of
Macrobenthic Fauna in Jiaozhou Bay[ J].Acta Ecologica Sinica,
2006,26(2) :416-422. ]

[2] BORJA A ,MARIN S L,MUXIKA I,et al.Is There a Possibility of
Ranking Benthic Quality Assessment Indices to Select the Most Re-
sponsive to Different Human Pressures? [ J]. Marine Pollution
Bulletin,2015,97(1/2) :85-94.

[3] BLANCHET H, LAVESQUE N, RUELLET T,et al.Use of Biotic
Indices in Semi-Enclosed Coastal Ecosystems and Transitional Wa-
ters Habitats : Implications for the Implementation of the European
Water Framework Directive[ J].Ecological Indicators,2008,8(4) :
360-372.

[4] MEDEIROS J P,CHAVES M L,SILVA G,et al.Benthic Condition
in Low Salinity Areas of the Mira Estuary ( Portugal ) : Lessons
Learnt from Freshwater and Marine Assessment Tools [ J ].
Ecological Indicators,2012,19:79-88.

[5] BORJA A, BARBONE E, BASSET A, et al. Response of Single
Benthic Metrics and Multi-Metric Methods to Anthropogenic Pres-

sure Gradients,in Five Distinct European Coastal and Transitional



1270 - 4 SN

CR

B oE 537 %

[10]

[11]

Ecosystems[ J].Marine Pollution Bulletin,2011,62(3) :499-513.
WU H Y,FU S F,WU J,et al.Spatiotemporal Variation of Benthic
Biodiversity under Persistent and Extreme Human Disturbances in
the Xiamen Sea Area, China[J].Ocean & Coastal Management,
2021,207:105556.

Marine Strategy Framework Directive.Establishing a Framework for
Community Action in the Field of Marine Environmental Policy
[Z].[s. 1.]: Directive 2008/56/EC of the European Parliament
and of the Council ,2008.

SRIEET, B B A, A0 10 B 30 5 VA S 8 DR BRI 7R B T 3T
W RHNL [ )] BRBER 2 5, 2016, 29 (11) : 1725~ 1734,
[ZHANG Xiao-xia, TAO Ping, CHENG Jia-yi, et al. Method and
Application of Resource and Environment Carrying Capacity As-
sessment for Island Offshore Sea Areas[ J].Research of Environ-
mental Sciences,2016,29(11) :1725-1734.]

XU ETH , R A TR R 2R R VGRS L] B PETT
K5 ,2014(6) :20-24.

RET AR, R F, S AR R TR I
s LA 6 D ] [ )] 1 JE 4, 2010,29 (1) : 6-11.
[ SUO An-ning,ZHAO Dong-zhi,ZHANG Feng-shou, et al.Monito-
ring and Assessment of Sea Area Use Spatial Pattern by Satellite
Remote Sensing: A Case Study in Huludao Test Region[ J].Marine
Science Bulletin,2010,29(1) :6-11.]

T A6 , 50, AR, S5 T AR R G HIIS IR A
FUFHEA « LU AC 95 9 3t 5 i Sy 1 [ 0] A &4 4, 2017, 37
(22) :7453-7462.[ KE Li-na, HAN Xu, HAN Zeng-lin, et al.E-
valuation on the Intensive Utilization of Sea Area Based on Ecosys-

tem Management Theory: A Case Study on Coastal Cities of Hebei

[12]

[13]

[14]

[15]

Province[ J].Acta Ecologica Sinica,2017,37(22) :7453-7462.]
RFFEE M T RE X 3 7 28 A Bl I8 — D4 A 1A &R R v
[D).JEIT. EITK2,2017.[ ZHU Shou-qin. The Compatibility-
Protection Evaluation System and Its Application in Marine
Function Zoning[ D ].Xiamen ; Xiamen University,2017. ]

B pRaE P R, S — R AR SR B AR B E TR [T ]
FE ekt /K F K B, 2019 (11) :90-93. [ LIANG Ke, XU Zhi-xia,
CHU Min, et al. A Method of Determining Ecological Protection
Objectives[ J ]. China Rural Water and Hydropower, 2019 (11) :
90-93.]

BN AR PR, S5 B BRI R i AR S AR B AR AN
Tt I E P, 2013,33(4) :1191-1197.[ FAN Zi-li, XU Hai-
liang, FU Jin-yi, et al.Ecological Protection Objects and Restoration
Measures in the Lower Reaches of Tarim River [ J ]. Journal of
Desert Research,2013,33(4) :1191-1197. ]

SMFHE G SRR, A5 R R RNE A W4 B AR R A O R
TR SE AR [ T]. 0 A2 252 41k, 2018, 29 (6) : 2051 - 2058.
[ WU Hai-yan, FU Shi-feng, CAI Xiao-qiong, et al. Suitability of
Various Benthic Biotic Indices in Assessing the Coastal Ecological
Quality in Fujian Province, China[ J].Chinese Journal of Applied
Ecology,2018,29(6) :2051-2058. ]

EZE R I [ EE (1981—) 55 AR, =g TR,

mi FEMR T A IR 5 H#, E-mail ; fushifeng@

tio.org.cn

(REHRE: F F)



S SRR RS 2021, 37 (10). 1271-1280

Journal of Ecology and Rural Environment

DOI: 10.19741/j.issn.1673-4831.2021.0150

FIHE BR b, X 2 8 AR X s P SR B AR AR A W) 2 R S [ )] AR S AR BB 2441, 2021,37(10) £ 1271-1280.

FENG Si-jie, CHEN Bao-xiong, LIU Yun-hui.Effects of Land Use Intensity Change on Biodiversity in Agricultural Areas[ J].Journal of Ecology and Rural
Environment,2021,37(10) :1271-1280.

KX T F s ET Y SR &0

FEE ) REE, B (L hERCER RS IFEEE, L 100193; 2. Rl AR A4S 5 R
PrEah, dbE 100125; 3. HER KA RS E AR T E ALK, JLE 100193)

WE . RAEALG RN SO R S BUR L SORA Y 2R PR R I R R, S T A ol S50 L 285 44 725 Ak X )
FhZ R AR R A W) AR SR AL R 3 ISR 36T Meta 43 BT ( Meta—Analysis ) #4) S FE A& XA [R] 44t )
FHBRBE 0 ) Z2 R BAR A WO T ok A 22 298 Sl SULEE LY 15 042 2R Rl 5R ., IRAE L TR & Ak niy 18
HUFL F T R A X A b FH 3 8 — A ) 2 M o6 R AR I LAWY 0], 25 A Wi VLA iR A AR AR Sl & R 45 +
Hb R FH R AR, 52T Dyna—CLUE A8 BUVBHUA (1% 5¢ T At 1) FH 09 2 18] 5340, 4 B b 00 FH 25 () 23 A AL RN -
HiL R FH 3 B 2R M) SRR O RABTRILE T A Flus—Biodiversity 575 | M AR 00 8 750 e (X A= 9y 22 A 4P 460 253 1] 0 A 4%
Jab BTSSR HAREAE T 6, Meta 208 %, TCIRFE SEULR B A0 2 R SRS PR BE I B
A T A MR R BE B BG 0, AR W) PR R R TR IR SR I TR R IR s AR AR T G
e H P A RO E T IR B SR/ B H AR 4 o A A A B AR W) 2 RE VR TR R TR, S i — 2 AR
M RIHEBR RGNS BB ASIEE, — RS R4k I B R A SRR A SR AE BT, DL/ 1 MR T ek
AT A A ) AR IR 5 LR 35 B Tl s b 92 B AR AEBE, A N TAREE R A B A 5 A SR
O =0 RS MU Bl A A S Bk pd D A AR AR 25 A PR, A R T X A ) 2 RE PR AR B S D A AR
TERFHL AT R RTEE T, R AR A PR SR , 7™A% BRI A S T RE X b T &, W] A 2 A0 W 2 o e
B X IR,

KEWR: RIXTHAIREE,; YR 2, AWM, 155

FESES.: X176 XEIRESL: A XEHS: 1673-4831(2021)10-1271-10

Effects of Land Use Intensity Change on Biodiversity in Agricultural Areas. FENG Si-jie', CHEN Bao-xiong”, LIU
Yun-hui' " (1. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China;
2. Rural Energy and Environment Agency, Ministry of Agriculture and Rural Affairs, Beijing 100125, China; 3. Beijing
Key Laboratory of Biodiversity and Organic Farming, China Agricultural University, Beijing 100193, China)

Abstract: Landscape change resulted from agricultural intensification is an importantdriver for the loss of biodiversity in
agricultural landscape. In order to assess the impacts of agricultural landscape structure change on species diversity and ex-
plore future trends in the change of biodiversity, a biodiversity database with dataset from 298 farmland plots with different
landuse intensity across the country has been established and a total of 15 042 species records were collected.Then, based
on Meta-Analysis, a farmland landuse intensities-biodiversity relationship model using linear mixed effect model was built;
Taking Zhejiang Province as a case, the spatial distribution of land-use was simulated by using Dyna-CLUE model under
different scenarios combining with land-use policies and plannings of Zhejiang Province, such as returning farmland to for-
est, and converting conventional farming to ecological farming, etc.; Finally, the simulated land use spatial distribution
and the land use intensity-biodiversity relationship model were combined as inputs of the Flus-Biodiversity model to predict
the spatial distribution pattern of biodiversity in typical agricultural areas, and an optimized planning for the farm land
biodiversity conservation in Zhejiang Province was proposed. The results of meta-analysis show that biodiversity decreased
significantly with the increase of landuse intensity at both landscape and local management scales. Biodiversity decreased in

all scenarios with the lowest decrease in the ecological conservation scenario, while biodiversity increased when convention-
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al farmland was converted to ecological farmland. In conclusion, in order to improve the biodiversity conservation, enhance

the ecosystem services, and restore the ecological environment, firstly, the natural and semi-natural habitats surrounding

farmland should be protected as much as possible to reduce the impact of landuse changes on agricultural biodiversity. Sec-

ondly, it is also essential to increase semi-natural habitats such as plantations in agricultural landscapes to optimize the ag-

ricultural landscape pattern. Thirdly, to develop organic farming or ecological farming, which calls for reducing the appli-

cation of chemical fertilizers and pesticides, is also critical to the improvement of regional conservation of biodiversity; Fi-

nally, under the premise of ensuring the red line of cultivated land, the policy of returning farmland to forests should be

further promoted and land development in ecological function reserves should be more strictly restricted. Meanwhile, atten-

tion should be paid to protect the areas suffering from serious loss of biodiversity intacness.

Key words: farmland land use intensity; species diversity; biodiversity; scenario simulation
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Table 4 Simulated land use scenarios and parameter description of Zhejiang Province in 2030
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Table 6 The effects of land use intensity on farmland di-

versity based on linear mixed model

BH AR fEHE bR AmE o PE

A H A R R 0.541 0.047 57.121 11.592 <0.000 1
R e 5 0.370 0.037 33.659 9.971 <0.000 1
HEBE P 0.523 0.036 45.813 14.615 <0.000 1

e e 5 0.339 0.034 46.097 9.929 <0.000 1

2.2 MIEAYEEEEREM
2.2.1  HIVLAR ORI SR

HRAERTIA 6 ANIKB) A -, kAT SPSS B A, 1t H]
Logistic [W[J (B [0 )& ) 70 A J7 iR 0T 45 - s A
R S UK A N - Z [ Y O &R, IS 4% [l A 45 1 ik 47
ROC ( relative operating characteristics ) £ 35, 2018—
2020 AR[ENAZERAER 7 s . — Bk ROC K
T 0.7, 2R a1 H J5 R 02 A ] 28 B AR 4F 1Y
fERReRe I FEMIESE R K A b



4510 3] FRBESE R DX MR 50 B2 AR (X A ) 22 R PR B ) - 1277 -

S5#ag ROC HI KT 0.7, HIiZ 4 Fh A+ Hh 2 A

B )75 A REAR G b A B 25 RS IR - 5 R I R 2% e M 2R B e O ik B
FRIBISCAR B M | w53 5 R Y ROC {4 T

Fx7 LA L F AIREHE FHI Logistic [EIF45 3R

0.5~0.7 ZI[0], fFRERE IR 22 . SARTE, M1

Table 7 The results of Logistic regression driving factors of land use in Zhejiang Province
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Review on Soil Microbial Patterns along the Elevation Gradient Based on the Knowledge Mapping Analysis.
ZHOU Yu-jie'? | JIA Xia®®, ZHAO Yong-hua'*" |, WANG Xi', YE Xuan', AN Yi-ren' (1. College of Land Engineering,
Chang’an University, Xi'an 710054, China; 2. Shaanxi Key Laboratory of Land Consolidation, Xi'an 710054, China;
3. School of Water and Environment, Chang’an University, Xi'an 710054, China)

Abstract: Soil microbes are the essential participants in ecosystem processes, controlling the turnover of the largest organ-
ic matter pool in the terrestrial biosphere. In recent years, the variations of soil microbial diversity patterns and community
structures with the elevation have been extensively studied. “Elevation gradient” and “Soil fertilization” were selected as
the keywords, and a total of 717 papers were collected from the “Web of Science” core collection database and CNKI for
number of posts analyses, keyword co-occurrence and literature co-citation cluster analyses by using Citespace visual liter-
ature. The results show that the research on the response of soil microorganisms to elevation gradients had been growing
rapidly since 2000 and there was consistency in the domestic and international research trends. It was found that “forest” ,
“elevation” , “soil fungi” and “plant” were the frequency characteristics of keywords, which further indicates that the
spatial variation of soil microorganisms was one of the important research directions in forest ecosystems. In addition, soil
microbial diversity and community structures showed the following five clear altitudinal distribution patterns at the regional
spatial scale: increasing, decreasing, “peak”, “U” pattern and no significant changes. Moreover, the environmental driv-
ing factors of soil microbial communities were also controversial, including soil nutrients, vegetation specificity and
climatic factors. Therefore, it is necessary to explore the distribution change mechanism of soil microbial community and
diversity in the future according to the characteristics of the study region, so as to reveal the variation degree of soil charac-

teristics and microbial community at different scales, and further quantify the relationship between soil microbial
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community and related environmental factors. It provides novel insights for the study of the basic distribution and dynamics

of microorganisms in terrestrial ecosystems.

Key words: elevation gradient; soil microorganisms; CiteSpace; driving factors
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Table 2 Summary of changes of soil bacterial community compositions with elevation gradient
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Table 3 Summary of changes of soil fungal communities compositions with elevation gradient
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Effects of the Co-culture of Rice and Aquatic Animals on Soil Eco-system: A Review. LI Wen-bo, LIU Shao-jun, YE
Xin-xin, GAO Hong—jian@ (School of Resources and Environment/ Anhui Province Key Laboratory of Farmland Ecological
Conservation and Pollution Prevention, Anhui Agricultural University, Hefei 230036, China)

Abstract: The co-culture of rice and aquatic animals mode ( CRAA) not only maintains the yield of rice crops, but also
brings about higher income for the farmers and a win-win outcome for both agriculture and aquaculture. Meanwhile,
CRAAs can have significant impacts on the ecosystem of paddy fields. This paper reviews the most recent findings in re-
gards to the effects of various CRAAs such as rice-fish, rice-crayfish, rice-crab, rice-turtle and rice-duck on soil physical-
chemical properties, soil animals, soil microorganisms, and paddy field ecosystem services. Our review suggests that
CRAA reduces soil bulk density, improves soil porosity, soil aggregate stability and soil fertility. In addition, it changes
the abundance and community structure of soil animals, increases the number and activity of soil microorganisms and ad-
justs the composition and diversity of the microbial communities. Moreover, CRAA promotes the cultural service functions
of paddy ecosystem. Nevertheless, CRAA may aggravate the soil gleization and cause the accumulation of heavy metals and
pollutants in soil. The impacts of CRAA on the food supply and greenhouse gas emissions from paddy field soils remain
controversy. We should further clarify the long-term effects of CRAA on soil physical, chemical and biological properties,
discuss the differences in soil material, energy and information flow processes, soil ecosystem services and their mecha-
nisms under different CRAA modes. In addition, the key technologies aiming to apply CRAA in agriculture should be fur-
ther integrated and extended in the futureto achieve sustainable development of agriculture.

Key words: rice-animal co-culture mode; soil physical-chemical properties; soil organisms; soil ecosystem; paddy

field ecosystem
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Table 1 The impacts of co-culture modes of rice and aquatic animals on soil chemical properties
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Impact of Rural Residents’ Ecological Cognition and Relationship on Their Cooperative Behavior in the Domestic

Garbage Management: Based on the Survey Data of Fixed Observation Points in Rural Areas of Fujian Province.

LIN Li-mei', HE Xiu-ling®, HAN Ya-ging® (1. College of Public Administration, Fujian Jiangxia University, Fuzhou
350108, China; 2. College of Marxism, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 3. College of

Finance, Fujian Jiangxia University, Fuzhou 350108, China)

Abstract: It is of great theoretical and practical significance to clarify the behavioral logic of rural residents” participation

in the cooperative treatment of domestic garbage to improve the level of rural ecological environment renovation. Based on

the survey data of 501 rural residents in Fujian Province, Structural Equation Modeling (SEM) was used to estimate the

impact of rural residents’ecological cognition and relationship on their cooperative behavior in their domestic garbage man-

agement. The results show that rural residents’ ecological cognition of attitude toward the behavior (ATT) and subjective

norm (SN) have significant positive impacts on their cooperative behavior. The relationship not only directly affects their

cooperative governance behavior, but also indirectly affects the cooperative governance behavior through the ATT and SN.

The relationship is the largest influence on the cooperative garbage management behavior of rural residents, followed by

ATT, and the least is SN. The results of multi—group analysis show that the relationship and ecological cognition of differ-

ent types of rural residents groups have significant differences on their governance behaviors. In particular, ecological cog-

nition has not been well transformed into their actual cooperative governance behavior.

Key words: cooperative garbage management behavior; relationship; attitude toward the behavior; subjective norms
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Table 1 Description of sample farmers

izt 25 hi /%
P51 3 64.35
© 35.65
ZHH KT INFETLLITR 28. 14
w 52.89
P g) 16.97
K& RV T 2.00
N PN <2h 48.91
>2~371 27.74
>3~4 T 14.17
>4 J7 9.18
A 30 # KL 2.20
31~45 % 17.96
46~60 % 48.30
61 % KL 31.54
PPN 3AKLTF 22.95
4-5 N\ 46.91
6~8 A 28. 94
9 ANMLLE 1.20
BT P 12.95
7 87.05

2.2 TEEX

AT BAR I 35 A VR IR BRAT R R 43 o AR T &
Wy AT Ry A T b 3RO AR A7 kg R0 A 3% 7 3 R
t b IR F AT R, 3 AT N T AR
A FR B A A BT AR 1, R 2 AR AR A T R T
fH 0, M4 L3, A NS AR ES £
MR 2 MR RIE, Hrp AT ASEHN RS
AENERIIRAA IR B B 2 2 AR R SR
E, FEWEHLAE It R SRR S R R 2 5 2
MR RME, RRMGET I 2 a NMFFEL
o BRASAT I 2 FURT T 8B s (M0 I LA RAE . T A
A i R R iR L2k 2,
2.3 HARFAZE

- FAE SR SRR AT N A SN SR
WIEA 24 MELL B HE AT BeAFAE 32U 1
ZESFRFE IR I i 5 50 BT 8 & o — I 254
J7 AT T o % T T R LA L O g v AR
SEHEAT LU AL B 34 ] Ak 00 g R AR g
HiRZE, MBI

X=N&£+6, (1)

Y=An+e, (2)
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FEAS I (A A8 BV G R M 45 ) N AT TR e
AR IR BEAT O ) FHLM AL 5 (€ .m) IR R
Ny Ny 3HRHRES X AR5 & At Y Rt g 7%

FMHIE OCR M 4% ) FNATIE RS & IR EATR)
MR, BRI

m=Bn+1¢§+{, (3)
K(3)H,B Ry BRMEIHRE; 'l & B

WA REGE Al e 73500 X SR Y iR IRZE
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Table 2 Definition of (key) variables and descriptive statistics

i RIS R G Oy IIRIE

AR i AR i 5 A wME KE i bR
R ARSI AT N (DB) FARNS=0,48%2=1 0 1 0.583 0. 494
AN R E AR TR (DB2) HARE=0,4H4=1 0 1 0.736 0. 300
ARG AL BB S AT R (DB3) WA A =0, 850 =1 0 1 0.454 0.499
TTARE  NRSSEEEREPRIAYL TN E=1, EARLE=2, —F=3,F 1 5 4.044 1.011
FE(ATTL) WF =4 JEF LT =5
MRS 5 EEREBAIEN SR =1, AR =2, — =3 M= 1 5 3.928 1.016
(ATT2) 4 fEHdEER=5
FMME  HMFNRAS5AEGERREE EEARE=1, BARE=2, —=3, LK 1 5 3. 960 0.957
(SN1) FE=4,FFFAE=5
FEANXH S5 E1EIRBL(SN2) EHEARE =1, BARE =2, =3, kL 1 5 4.044 0.919
=4, kIR =5
KRN 2017—2018 4F A 15 F # £t <800 T =1,>800~1 500 Jt=2,>1 500 ~ 1 5 2.769 1. 386
(RN1) 2 000 J£=3,>2 000~5 000 JG=4,>5 000 JG=5
SRR RS (RN2) MARZ =1 /R =2, — =3, & 1 5 3.383 1. 121
=4 BWTH=
Sk ER0 38 A% (RN3) MARZ R =1, /R =2, — B =3, S5 1 5 3. 167 1.153
=4, 4% LH=5

2.4 EESUESH

IR TE LS 18 B W] A5 VA R, XSk gt
715 FE MR BE R 9, 45 Rk 3 o, it
Cronbach 1Y o {H A 515 A S AL A B (0 (5 2
[ BHEAR o (HR 0. 795 VA BAT N AT NS W
MEFNIE R P o HIITE 0.8 LA, 158 ] 425 T
IR — Bk R AF, [F, AR R AR
EAARR T 0. 8, T A 1878 & 1A 7 5 324 5 22
EX = TP ARUE 0. 5, Ul IR HAT R AF i {5 B
AN, 35 JH SPSS 21. 0 BRAFRREAS Bt 2t 47 [ 773
Br, I A3 45 R /9 KMO {64 0.749, J7 22 STRR
79.375% , L kA RV & JEAT 120
TR ELAT R A R

R3 FEERERBRINER

Table 3  Reliability and validity test results of latent
variable
WS i T ETHRA/  Cronbach HAE RS
e % 0 ol 51 T2
REAT R 38. 361 0.821 0. 836 0.719
TR 54. 602 0. 836 0. 836 0.721
EWHE 68.419 0. 824 0. 842 0. 640
P 79. 612 0. 840 0.816 0. 596

3 KIEERS5H

3.1 #HEERERIEREEEE

BERUAS T FT A5 HU0 A 5 (A0 T A 36 48 b DL 6
4, RRFER W) BRSNS e BE i AT, AR S A
] 40L& B 0T DL 32, (B XP/df RER 22 3 5 AR
(RMR) A3k 25, R ] i — 25t Ak, AR
PR ER AR RBCS 18 IEF8 5, BMAT N S S UM
AR Z MR ZEAH R R, B IE G S AR
X?/df Al RMR 43 5] i1 2. 087 .0. 057 W /> K 1. 615,
0. 032, R BI AL AR G R OLAF B PLfk . SEM 4%
AR () [T 45 5 S AR B AR a1 2 Fk 5 s,
2575 B[R] [ RE A KON AN 2% 6 T
3.2 HARRIEKE

3.2.1 A7 RS BERAS RAR T R A 16 AT O B9
AL

HIZR 5 7R RS 405 58 a0, A 25 BE XA R
A8 B VIR BRAT D B SE WA R AR AE 0. 01 7K P
W IR TER R, AR 6 Al AT A A E XA
FEAT R 52 MR BN A 0. 332, 58 T S RV 9 52
S



55 10 31 AREIAESE ; AAS AR SCAR MR RAE IR LA AR IR BIAT I« BE TARAEA 501 (kT R MBS - 1305 -

F4 SEM EHEREITMERERRMGER
Table 4
Structural Equation Modeling

A 3 giit

Evaluation index system and fitness effects of

2 ol bt HUE  YIBER RARR

HXHER XPdf <2.00 2.087 1.615
RMR <0.05 0. 057 0. 032
RMSEA <0.08 0. 061 0. 046
GFI >0.90 0. 957 0. 969
AGFI >0. 90 0.923 0.942

WEFEEC  NFI >0. 90 0.948 0.961
RFI >0. 90 0.925 0.942
CFI >0.90 0.972 0.985

fRiZ948%0  PCFI >0. 50 0. 670 0.528
PNFI >0. 50 0. 653 0. 641
AIC 112.7 98. 4
CAIC 225.2 215.6

X2/d AR EMERMAE; RMR MiR2ZEH R ,; RMSEA AL iR
2V GFT LA RS 5 AGFT i 5 (48l 4 0 48 2K
NFI MG AR 40 RFTNARXHUATREG CFL o UL AR 5
PCFI M 25 LB AHE 2, PNFL % FIRIE LA 1550 AIC Mok
WAFEHEN] s CAIC —E AR (s B HEN], AIC Al CAIC H@BUH
Sk [V B /0N 2k Sy A Y (A R R U, 7 BB ALC SR 110. 0,
CAIC H 367. 8; AR AIC 4 1 273.8,CAIC A 1 320.7,

E—25 BRI 2 FTs 1 A5 I & B0, A RO L
2 50 by 36 B AG  BE D) RN I T oA A
FERIBR HEAL 72 R 55 512 0,80 i 0. 87, FRIAAT
BP0 A 305 457 3 3 B S BE 32 OR R T H A Bk B
PYEXH B2 5URER L BRAL, X L | S A
B T E ARG VR B A A A
3.2.2  FXALIEXT R RADIE B A YRR BT R
Al

HH e 5 T/ (ARG 56 4485 SR mT AT, 3 ORI Y1 X A R
AN RS AETR BRAT R (A5 AR 7E 0. 05 /K-l
T IE B AT, B3R 6 v A, M ALIE XA
PR R R0 52 00 S50 M 0. 142, 547 A 1L,
FWARAE XTI BRAT O 0 e AR N B 55, i — 20
WEEE 2 PR Bk AR R & B, B RS 5
TR NS HE 2 AR s H AR fL i 42 R Ak
G314 0.94 F1 0. 74, KRB T RZAME W, AR
TR A R AT R B, AR IR S JE AN 5
M HAT AR, ST, v F AR 1
Uo7 Rl S RO S RESS S
K-,

&l B 2R 78 B R] B AR HE AL 2 R K ATT SN RN I DB 235 F- AT M2 | E WAL
KRG FIR AT, FUAAE 3 UL 25 el ~el3 53 B FR AN AS T (IR 2200,

B2 HHFREERER

Fig.2 Path diagram of the modified structural equation modeling

3.2.3  SCRMZEXIRT A TS B3 A 1R BT O Y
AL

H12 5 FIr7s BRI 5 2R m] R, 5 28 48 X A R
A B BT O AR R AR AE 0. 01 JKFad i 1

JE ) S S VEAG BG , 5C 2R I 28 I BRA T Ay 1 s o 1 B
TR HN 0. 255, F W56 2 W 26 %16 BAT 9 BA IE
[N, AR 6 AT, G 28 W45 BRoxt A R A 1
BT N BA HRGE WAL, Hoak il i A AR &
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VRS BRAT A 7= A R 2800, R RN ok 0. 142, H
AT RS R RN T UL 7 A 1 ] 800 4 )
7 0. 106 1 0. 036, & A= 2RI HIXF ¢ 2 M 4% -1 F
FTAXRZREA —E AR, 5 308 A1
Lo AT HAEE R A E RS, 2P WA E 2 fr
F I AR ) [T A 25 R B, S R M 45, NI
R ORI M TR R 3 SR A
HIRRHEIL B A2 2 8000 31 h 0. 85.0. 80 AT 0. 76, i B
NG Z A5 REG AT B AT RHEY
] ) AR S 2 -5 R 358 A SR AR 0 R A A
FRAT Ay P8 52 0 35507 AN

x5 SHMFEEBEALER
Table 5 Hypothesis test results of structural equation mod-

eling ( structural model)

S A N

IG5 ARl

it R e word piesn D0
TTABESIRHATN 0141 0.032  4.364 0.332 <0.01
FMMIEIABAT N 0.078  0.036  2.149  0.142 0.032
FRMEVEBATN 0.095 0.025 3.743  0.255 <0.01
KERMB T HBE 0.280 0.060 4.644 0.318 <0.01
KEAMLE—TUME  0.172  0.050 3.465 0.253 <0.01
*6 FHFTLEEAIHMILL

Table 6 Effects of farmers’ ecological cognition and rela-

tionship network on behavior of cooperative garbage man-

agement
il BN EE2 A SR
TR EIRIAT N 0.332 — 0.332
FIHIEIE AT A 0. 142 — 0.142
KREM LB —TRIAT N 0. 255 0. 142 0.397
KA AT HSE 0.318 — 0.318
RE ML — EUHI 0.253 — 0.253

T RR AR EAT WSS SRR B A S E KT

3.2.4  SCRMLENF RAT A B RS

R 5 FR MR 30 25 T, 56 R I8 X172
AE R R AR TE 0. 01 JKSF-38 3 T 1E 1) 2 2 AR
55, HHER 6 FIHL, OC R P28 X AT o 245 B 1 52 i B A%
VA 0. 318, BV & 2 W45 X170 745 B HLA 1E 1] 52 i)

BN, AR R OE 2R N 45 K sy, oG F AR I &
P A A B B B AR, X2 PR O 3R W 4% g
FE—E R AR A RO T A0 B A VR TR B
PR B B 2 N Ak R R B ) S Atk DA R B AT
=i

3.2.5 KR MR B 32 WAL ) 5% M)

FH 5 T/ (ARG 56 45 SR P AT, 56 2R 09 2 Xof 5 0L
FLIE 05 W B AR AE 0. 01 KF3i i 1 1E 1) 8 35 A4S
55, HH2 6 AT, OC FR W28 ) 32 ULH S A 52 M B A%
NA 0. 253, B3 2R W £ X 32 LR Vi EL A 1 1] 5
BN, AL LS 3 SO0 S ) 352 T 000 8 =2 A7 SR 75 BE R
55, FEIART ROCZR 45 /K- e, 32 R =R
AR A R A AR AT i X AR X AT R R BT AL 56
FR I 2 S8 HL 3 RS T Bl ) E B AR A R i
PG ZR 5 AR BLURN E SRR 0 15 B IR AL 2 My
HIL AL S AT NS I, B ABIE 8 3 R
3.3 SEAMNENAERR

T, S I BEAT O A W 5T 20 M A
1% ZBE TR MO SEAE R A g AR | 25
SR IRARIER A | 2 R R WA TKE B R
RIEEAT R 22 W g 50 R R
TT I FE I o | AS TRV AR 1) A B AR AR A7
FEAT RS EDY | L, B AR R B AR A R B2 1T
T ML 25 57 %4l s AH DGR HoA IS

DIPES AEWS 2 8E R A IR A A
SR AR B, IEAT 2 R AL S5 4 O R AT, K B0 A AL
B AR R REAEL (R] 0Y) 22 57 3 A X0 TR A Pp
FEAHSEARAY |y 25 b SRR AR 2R BORH S5 AL 7R R
BRIV 5 AR 1 38 B B2 R4 T HL 40T, e X
PERR TR AU S 2 R AR A7) G 4K
43520 0. 943 F10.912, & T 0. 90 HYFRUE(H ; CFI
BAE S 0.923 0. 954, 75T 0. 95 fFHAE(E ; RM-
SEA {E>4 0. 02 £10. 049, i T 0. 05 (Y348 fE ., LI L
Fabrid B, 22 B 21 43 B A 7R T A Ay b DG A 7S 4K
P, TR Z R T A SR R 7,

®7 ZEHASHHITER
Table 7 Estimated results of the Multi—group analysis
e P kisvied ZHERREE NG UN o PR A
i & >35 % <35% @EHUEEPEUT >3706 <3Jigt >800 A <800 A

KAMB T AR 0.940  1.032*" 0. 463 0. 482 0.092*  0.087"" 0.701  0.274** 0.018 1. 459
KEMZE—FMHE 0.683** 0.088 0.621*  0.592 0.726 0. 098 0.003  0.702 0. 098 0.006**
TN IREAT N 0.679* 0.736** 0.719 0.473 0.251** 1.098 0.901** 0.347 0.117 1. 098
FIHIE—IE TN 1.832* 0.893*" 1.023*  1.083** 0.271** 0.887 0.007  0.001 0.293 1.035
KA —IR AT N 0.972"* 0.394" 0.298** 0.122*  0.606 0. 821 0.403** 0.023 1.219 1.321""

BB AR AR BB, = oo DRIFIRAE 10% 5% 1% K L8B3,
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Effect of Adopting Agricultural Green Production Technology on Farmers Income: Data Verification from Tea
Farmers. CHEN Mei-ying' , HUANG Shou-xian', ZHANG Fan®®, DANG Qing-ging®, XIA Kang-yao>, CHEN Zhen®,
YUAN Lu* (1. College of Economics and Management, Fujian Agriculture and Forestry University, Fuzhou 350002,
China; 2. College of Economics and Management, Nanjing Agricultural University, Nanjing 210095, China; 3. Anxi col-
lege of Tea Science, Quanzhou 362400, China)

Abstract: Green production technology is of great significance to the high-quality development of agriculture and rural re-
vitalization. Based on the survey data of tea growers in Fujian Province, the paper empirically analyzed the effect of green
production technology adoption on Farmers’ income and its mechanism by using endogenous transformation model. The re-
sults show that; (1) the adoption of green production technology can significantly improve the income level of tea farmers.
The annual total income of the tea farmers who have adopted green production technology could be increased by 32.60%.
(2) Green production technology could have complementary effect. Tea farmers who have used both organic fertilizer and
bio pesticide could get far greater family income than those who have only adopted one the two green production technolo-
gies. (3) From the perspective of mechanism, the adoption of green production technology makes tea obtain higher market
price, and tea farmers are committed to expanding their planting area in order to obtain scale effect. In view of above, the
government should strengthen the policy support for the promotion and application of green production technology, especial-
ly to encorage the joint promotion of a number of green production technologies, and strengthen the construction of green
technology team.

Key words: agricultural green production technology; farmers’ income; endogenous transformation regression model
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Table 2 Joint estimation results of the model for tea farm-
ers’ green production technology adoption decision and

their income
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Table 5 Influence mechanism of green production technol-

ogy adoption on tea farmers’ income
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Study on Spatial-temporal Collocation of Integrated Territory Consolidation Based on Rural Social-ecological Sys-
tem Vulnerability. REN Guo-pingl'2'3® , LIU Li-ming® , LI Hong-qging", YIN Gang"’* (1. College of Urban Management,
Hunan City University, Yiyang 413000, China; 2. Hunan New-type Urbanization Institute, Yiyang 413000, China;
3. College of Land Science and Technology, China Agricultural University, Beijing 100193, China; 4. School of Public
Administration, Hohai University, Nanjing 211100, China)

Abstract: The accurate evaluation of rural vulnerability and identification of its spatial differentiation is the basis for ra-
tional development planning and accurate implementation of the strategies to promote rural revitalization. Focused on the
problem that the weight distribution of efficiency model affects the accuracy of evaluation results, this research studied the
framework of stress shock chain analysis with the introduction of disaster vulnerability theory to define the regional social-
ecological system vulnerability connotation and formation mechanism. Three kinds of efficiency evaluation models were used
to evaluate and compare 184 administrative villages in Qingpu District of Shanghai in 2018, and the comprehensive ranking
method of ‘ vulnerability grade-fragile spatial agglomeration characteristic-fragile size’ was used to design the sequence of
integrated territory consolidation. The obtained results are as follows: (1) The formative process of formation of the com-
bined capacity of the regional social-ecological systems to respond to the differences in vulnerability, resistance, adaptabil-
ity and resiliency in combination with the change of ‘ environment-socio-economic’ pressure was consistent with the vulner-
ability efficiency of  pressure input-capacity output’. (2) The EW-ACE-DEA model based on entropy weight aggregation

was more reliable and accurate for the evaluation of regional social-ecological system vulnerability. In the year of 2018, the
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average social-ecological system vulnerability of the administrative village in this region was 0.595, the range of the whole

region was [ 0.404, 0.787], and the spatial trend was gradually decreasing from east to west. (3) According to the com-

prehensive ranking method of the regional vulnerability grade and the spatial agglomeration characteristic and value of vul-

nerability, the sequence of integrated territory consolidation in this area can be reasonably planned. The comprehensive

regulation of administrative villages in Qingpu District can be divided into five categories: short-term (33 villages) , short-

medium-term (45 villages) , medium-term (41 villages) , medium-long-term (38 villages) and long-term (27 villages).

The research results could enrich the theory of rural geography and provide decision basis for rural regional governance, ru-

ral revitalization and regional sustainable development.

Key words: social-ecological system; vulnerability; EW-ACE-DEA model; spatial differentiation; integrated territory

consolidation; spatial-temporal collocation; Qingpu District
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Fig.1 The mechanism of rural social-ecological system vulnerability
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Table 3 The comparison of vulnerability assessment for administrative villages in Qingpu District for the year of 2018

CCR-DEA #i#1 ACE-DEA FERIAR I EW-ACE-DEA #1455

ATk ,, ¥ : JRas Aty
% LG Wi S5 55 5 W S5 A5 2 ey HEFFEiR
B SIS 1. 000 0. 994 0.852 1

EFEV ) 1. 000 0. 987 0. 843 3
iSQERY TN 1. 000 0.979 0.824 7
A LRy 1. 000 0.992 0. 812 8
BTk 0. 812 0. 846 0.776 23
X B A 0. 843 0. 891 0.765 25
JREES TR 0. 799 0. 826 0. 789 22
SICAT 1. 000 0. 986 0.772 24
FAERT 0. 811 0. 868 0.762 27
o 48 LRES ) 0.792 0.814 0.764 26
BT 0. 768 0.822 0.744 29
FEIE RS 0. 819 0. 834 0.738 31
B A EABAS 1. 000 0.988 0. 841 4
SEE I N 0.924 0. 947 0. 833
LIREY ) 0.872 0. 896 0.811 9
PRk BRREAT 0.784 0.792 0. 759 28
KEHH 0.765 0. 803 0.742 30
R AT 1. 000 0.967 0.731 32
TP 4 BR 1. 000 0. 955 0. 849 2
WA 0.878 0. 899 0.827 6
#Ioht 0.718 0.762 0.706 61
P YN 0. 647 0.751 0. 641 64
FEAT 0.614 0. 767 0. 598 66
PRERART 0.597 0. 695 0.527 71
RESMME JTRERT 0. 644 0. 681 0.612 65
INTAT 0.588 0. 624 0. 564 70
REITH 0.512 0. 589 0. 508 72
/%7 b= 0. 487 0.522 0.477 110
ECIER) 0. 471 0.534 0. 468 113
ARK 0.452 0. 637 0.424 135
SRR LA 0. 486 0.592 0. 445 123
K0 0. 442 0. 543 0.421 142
T AT 0.419 0. 504 0. 405 143
1) HE P25 BRI EW-ACE-DEA #iRIPE 425 5
F 4 FAEBEBMNITEHEE TN ERRIE
Table 4 Evaluation results of administrative village vulnerability by different models
DEA #5171 S SEAREL L= B o Xt iR 9 SRR 2 YRz
CCR-DEA 0. 449 0. 467 0.125 0.197 0.103
ACE-DEA 0.258 0.618 0. 157 0.365 0.205

EW-ACE-DEA 0.614 0.347 0. 089 0. 157 0. 028
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Fig. 3 Socio-economic-ecosystem vulnerability in
Qingpu District for the year of 2018
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Table 5 The grades of vulnerability assessment for admin-

istrative villages in Qingpu District for the year of 2018
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Fig. 4 Spatial distribution of social-ecological system

vulnerability in Qingpu District for the year of 2018

Fo6 FHRKTHENEBLANZHRE

REPRA I , 2 iRl T AV ), A DX 5 14

AT TR
LT R TN
R AT TR
RO AA TEOR

AT TR

Es5s FHXITENERRESS
Fig. 5 Distribution of integrated territory consolidation

collocation in Qingpu District

Table 6 Spatial-temporal collocation of rural integrated territory consolidation of Qingpu District
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FRRAT, THOEE Ry, 45 50 R0 XA ( Populus yunnanensis) $HA K RHOG G AEFRSE W [ J]. A S SE M B2, 2021,37(10) ¢
1331-1340.

ZHENG Wu-yang, WANG Yan-xia,ZHENG Yan-fang,et al.Effects of Cadmium and Lead Stress on Growth and Photosynthetic Physiology of Populus yun-
nanensis Seedlings[ J ].Journal of Ecology and Rural Environment,2021,37(10) ;1331-1340.

5 SR BhIE X1iE A%  Populus yunnanensis) %) & & 1
REXGEENZI

HEFE, FHEY, BEF, ZAE (1 R RS SRR, S8 R 650224; 2. PUREARL K
FVO R A ST EEML R ESSLRE, ~m B 650224)

HE. ﬂ??”i%?ﬁ*ﬁ(f’opulus yunnanensis ) £ Cd .Pb JR30 T AR K R O A A B N, SR FHOK 35 1 7 X A 40
FRIBIE , 45 RFH A Cd Bha R Bk e 0T W A b, BRI BB RN, AR 7E Cd VB 100 pmol - L7
B S 340 76 P Han R A AR | SR B R, M AR DU AE Ph YR B 50 FT 100 pwmol - L7 A & 34
Cd \Pb [t P9 5 f B o0 e BE RGN b T S A A B8 MR B2 Dy 100 1 200 pumol - L7 E R T
200 pmol + L™' Cd 4b3E 100 1200 pmol « L™' Ph AP M4 2 & & 35K TXT AR, PS 1T & SOG4 80% M PS
B AENE HEANAE Cd W R 100 pmol « L7 A S FXTIR . 76 Cd WA, AR 156 A 7805 Jil 2 Tl 30 ViR 3 11 1
TN REAR , T7E Ph B3 T, et A o SR 00 B 5 1038 Vi B2 R B I SE TH IR B . B AE Cd VR IE R 50 wmol « L™ B} 52
PR, 7E Ph N 100 pmol « L' B 32 M fieiik , TEAZ XS Cd (U 32 58 T Ph,,

KW E; Cd ke, PbhE; SaEAH

FESES: S792  XEFEEB: A XEHS. 1673-4831(2021)10-1331-10

Effects of Cadmium and Lead Stress on Growth and Photosynthetic Physiology of Populus yunnanensis Seedlings.
ZHENG Wu-yang'?®, WANG Yan-xia'*® | ZHENG Yan-fang', LI Jing-feng' (1. College of Ecology and Environment,
Southwest Forestry University, Kunming 650224, China; 2. Key Laboratory of National Forestry and Grassland Adminis-
tration on Biodiversity Conservation in Southwest China, Southwest Forestry University, Kunming 650224, China)
Abstract: In order to explore the growth and photosynthetic physiological responses of Populus yunnanensis under
cadmium and lead stress, hydroponics was used to carry out stress experiment on P. yunnanensis seedlings. The results
show that under cadmium stress, the plant height of P.yunnanensis had no significant change, while the total root length
decreased significantly, and the ground diameter increased significantly at the cadmium concentration of 100 pmol « L',
Under Pb siress, the plant height and total root length of P.yunnanensis decreased significantly, while the ground diameter
increased significantly at Pb concentrations of 50 and 100 pmol « L™'. Under Cd and Pb stress, MDA content increased
with the increase of stress concentration, and total phenol content increased significantly only at the stress concentration of
100 and 200 pmol + L™". The chlorophyll content of 200 wmol + L™' Cd treatment, 100 pwmol + L' Pb treatment was sig-
nificantly lower than that of O wmol + L™ Pb and Cd treatment ( control). The maximum photochemical efficiency and po-
tential activity of PS II were significantly lower than those of control at 100 wmol - L™' cadmium concentration. Under cad-
mium stress, the net photosynthetic rate of P.yunnanensis decreased with the increase of stress concentration, while under
lead stress, the net photosynthetic rate first increased and then decreased with the increase of stress concentration. The tol-
erance of P. yunnanensis to Cd was the strongest when the concentration was 50 wmol « L', and it was the strongest when
the concentration was 100 wmol + L™ under Pb stress, and the tolerance to Cd was stronger than that to Pb.

Key words: Populus yunnanensis; cadmium stress; lead stress; photosynthetic physiology
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BT e
1.2 RIEEit

Cd.Pb £ 1 3 i ia ¥k B2, BI 50, 100, 200
pwmol « L™", [A] A 15 B Xf 40 (CK) , HL3t 7 A4~ Ab B,
AR 3 AN EE BN 1A EE BN ER

FERE 2 BRIE A, it 21 4 42 BRE A,
3R 5 i, B 4 Br 4l ¢d (NO, ), - 4H, 0 1 Pb
(NO,), 75T 1/3 Hoagland 5 F5¥ H , B il i —
FAN AW (R RE S W AR DUTE B pH [ HE
M2l 5.6 Z£47) , 3% THFRAR T, Al %E 4 L e
W SR R 4 8 A B3 rh AT 8 5% ik aa
B 30 d, )R Rl i 25 SR 2 h, 7 d i
— KA
1.3 WEFE

FERE T U 5 a6 25 30 KR 2 Bk (B
e R I P 56 B A R G 3 1) T B v B, R RO
FEHHE) 0.1 em) VEARC (BHREKZ A, G R &,
AEHE] 0.1 em) FIHLAE (AEARERAL L5 2 em AbAYJE
TR EAR, bR~ RO & K 50 %) 0. 01 mm) , 7EH
SIS 30 K, 4 Li-6400XT Y& E R4
(LI-COR 2~ H], £ H) #1766 S E , &
FREE 25 °C  HXHR EEAR T 50% , € Tt H 4345
Wi 7 {28 (%2 Y65 A 0,20 .50 100,200,500, 800
1 000.1 2001 5001 800 .2 000 wmol + m™ - s™") Fil
JtA H AR Ak (I E B 1) 2 A6 3¢ B E] 09:00, 1100,
13:00,15:00.17:00) , HEALHEEEN 3 F AR D)
REM AT 0, I Fe bR B O G 3R (P,) |
SALFRE(G,) JifE) COMEE(C,) ZEBEE(T,),
[, FIH HandyPEA #8003 E A 1 7 2547
M2 Z O ESHONE

YIRS I WinRHIZO # R R 4 E
RV HRAR R IR, BHRERAE 2 Fobrt
M (R EREIK) |, 281 /K e s HI AU S 2 8 K
R, U E A ORI A, FR
M LA ZERC AR 105 °C 237,70 CHET =
fE 50 T

FR oA AR S R 90% H I
N BB RS ESGR[ 12] rETE, T
% (MDA ) % 5 {7 F 95 N A% B0 A W R A R
P R
1.4 HIELE

% Fi Microsoft Excel 2010 %4 3t 178048 Ab ¥H |
SPSS 23. 0 B4 Xt B Hl R A7 50 R 2R Oy 25 43 Hr,
/R E 22 (LSD) T2 H i (P<0.05) , ¥
FE RT3 AT RO Bl SR 8 R B 25 6 THI A
HILEA T 321, SR Origin 9. 1 &R -7 B 21,
BRI F A3 E N

Y. Z Y. 7
C.: 1 x1+.“+ J xj

(D), €0 o o A e e B I 5 9 bk [

Ji>i> 1, (1)
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TAFOME YO H o A T S R R A R

A3 PR BT B AT (5 A, DA SR 0 A T B0 46

A ; 2, 05 j A VIR s bR SRR ra e
TR SR pR A, 225

UX.=Q
(X)) Y —x

min

s J =120 (2)

max

X (2) UK, EM TR —PRE A F T 2545 bn
AR5 PR s X N5 j 2R i X, N 25
AR bR SR /NMES X, N SRS R B Y
K

WRIGLEE 85 TTHR R /D AT SR A5 2R 8 A
R,

W= ", j=
2P
R (3) WA AL AR BRI R T B E A
T PRI AR j NI TR
TR A T 2
D= [UX) W], j=12,n, (4
A (4) 1, D FEHAE Cd P s T %545 b5

RGEATmZE ",

(3)

&1 Cd.PbirE 30 d EHHE . HE . SRKIERKE

2 GRS

2.1 Cd.Pb BmBXEEKIEIRE R

e 1 Al EBTE Cd i 30 d 5 5 Al
FHEG, BT Cd Ab 3 bR &5 3 K % DL & 50, 200
pmol + L' Cd AbBH Y M AR 3G 38 5 X7 FAH b 34 T b
FE5 A 100 pmol - L' Cd &b FH iy Hb 72 3 K 3R i
EE T HAM L E (P<0.05), H & %R &
1 785.2% ,A] I, 100 wmol - L™ Cd 4k B X VE 47 M 42
A 5 ZRIEERT, 50 F1 200 wmol + L7 Cd Ab B %}
Tk S SRR AR E , TA Cd B ARK
AR R g T X IR (P<0.05) , v] WL Cd fipf mT &
FAMHIE AR R M, B Cd Bt vk i XAR
R BYHHIVE R, EAATE Pb 38 30 d S5, A
Pb Ab S Ak g 3 R I8 T X R (P<0.05) , 7]
UL Ph 8 2 HE A bR 7 AR 3 A RO . 50
F1100 pmol + L™ Ph Ab B iy A2 3 K R 5500 R 40 1)
WEHE 1303, 7%H1 2 996. 3% ( P<0.05) , 7] WL Pb
A xHEA AR A K BAA —E e E . Br A Pb
Qb B AR K 386 K A X R 0 ) B 3 R IR 67. 2%
79. 9% F 34. 6% ( P<0.05) , 5 #H Pb [ifricl BE . % 0
HIEM AR R,

Table 1 Growth rate of plant height, ground diameter and total root length of Populus yunnanensis under Cd and Pb stress

for 30 days
wepg/ RIS/ % A K% BRI A%
(wmol - L") cd Pb cd Pb cd Pb
0 13.26+7. 99* 13. 26+7. 99* 0.27+0. 67" 0.27+0. 67° 239. 39+70. 84° 239. 39+70. 84°
50 10. 67+5. 88" 5.08+4. 44" 1.64=1.55" 3.79+2. 04" 133. 57+55. 01" 78.47+27. 52¢
100 9.24x4.30° 4.17+2.05" 5.09+2.72° 8.36+4. 10° 101. 49+59. 14° 48.58+17.42¢
200 17. 12+7. 76" 1.90=+1. 54" 0.25+0.23" 0.39:0. 28° 22.14£5.21° 156. 62+39. 85"

() —F i I B S/ INE RS [ 378 AN (R Ak BRIBL RS AR A7 7 (235 22 57 (P<0. 05)

H 2 2 AP, 5XTREAH EE, Cd  Pb 7F 50 #1100
pmol « L7 A MR BB AR R PR HAR IR &R
AT B 2284k AE 200 wmol « L™ i 2 I ¥
H 1 AR (P<0.05) ,200 wmol - L7'Cd 4L F Y
R34 B A2 5 A R A B A X R 4 31l B I 38. 3%

%2 Cd.PbiMETEBRRIERINEYNE

H163.2% ,200 wmol - L' Ph &b B4R & V- 44 B 4%
5 AR R b B 43 0 BE AR T 56. 4% F
87.20% ., SXIHEAHLEL, Cd Pb it 34 A XE A7 1) Hh
TS AR R

Table 2 Root indexes and biomass of Populus yunnanensis under Cd and Pb stress

R/ R 1 B A2/ mm HEAFY om? W ah T o g W LT &
(pmol + L71) Cd Pb Cd Pb Cd Pb Cd Pb

0 0. 94+0. 90* 0. 94+0. 90* 10. 86+6. 59" 10.86+6.59*  0.29+0. 16* 0.29+0. 16* 2.90+0. 73 2.90+0. 73¢

50 2.27+£0.31*° 1.79+0. 34" 25.28+5.96" 24.36+13.60" 0.46=+0. 36" 0.39+0. 33° 3.50+2. 107 2.58+1.37°

100 1.57+1.11° 1.20+0.40*  24.78+8.49* 13.22+4.81"  0.26=0.20" 0.45+0. 32° 2.17+1. 39" 3.23x1.76"

200 0.58+0.23" 0.41=+0. 02" 4.00+1.95" 1.39+0.52"  0.24=+0. 08" 0. 30+0. 09* 3.45+0. 88" 2.83+0. 56"

I7) — BRI S5 9 S0/ - BEAN ] 27 AN [ A 380 i) S 18 B A 7 W 35 22 53 (P<0. 05)
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LR 1 5R 2 ATH TR SR EE Cd,Pb riE
TEMR RS R ELH, RIAHE BR KSR #E
YIS TR | F PR e RS YR AR AN 3 B R AR K
AN HAR P HAR SRR ARFUC 2 28k
2.2 Cd.Pb BBEXESE N IEHRAI 0D

H T ATHL7E Cd A T EA ey =
i e W v T IR L e 38 i T
L' Cd &b P PP R F A 5 0 R AR L
455 2.8%,100 pmol - L7'Cd ZbFRAYTN —#E &= 1L
Xof R E R B 22.9% (P<0.05) ,200 pwmol «+ L™ Cd
A B P R LGS R A B B SRR R 59, 4% (P<
0.05) ., 7E Pb AT E M F AT S 2 1
T TR FLRE o R A 3 0 2 e TR RE R
Ha# 7E 100 wmol « L7'Ph AbFHEAE e, 100 1
200 wmol + L™'Ph AbFE () PN 8 5 1 40 1] b X R
EHEE 96. 2% 1 49. 7% (P<0.05) .

=2 ,50 pmol -

or Dhca o

%}

W
(=)
T

N
=}

P71/ (nmol + g7")

=R
)
(=}

5]
S

+ b
a
100
{i{f‘_/ pmol - L)

=W A WE S UNCE S Sy NG VNG N
5 R A 25 5 i (P<0.05)

El1 Cd.PbEMETHRHAR_BEE
Fig.1 MDA content in leaves under Cd and Pb stress

AN

00

I 2 A FE S MR Cd e T A Aerp
A S B, 200 wmol - L' Cd AR B B
By BN HRAR 7 20. 6%, 76 R Ph [Bhia
AR R R R S I Y A E, 100
F1200 pmol + L™ Ph Ab B A 0 B 15 30 6] HE 4331 ik
EEE 18, 1% 21.8% (P<0.05) ., 7] W, 5 ik Jif
() Cd \Pb B 25 b 248 S - A o 9 B 1
ERR7 3R N O N S T STER N s 8- A T N2
2.3 Cd.Pb BMEXEEREEBENZME

i1l 3 AT, FEAI TRk B Cd e T E A R
R AR SRR e R Cd e T,
T B i i 2 25 55 0 IRR L S AR (P<
0.05),200 pmol « L™" Cd Ab B i) -3 K & 5 A%
18.3% , MHE b & S oi &2k, FEIVRE Pb

BTSN IR 711 e R DR N e+ o v o A € e I
RS Ph AR A M A SRR i
K FXF R (P<0.05) ,100 F1 200 wmol + L™'Ph 4bHi
I 2% 25 i 5 0 B B A3 i BRI T 10. 8% F
10% , Mt 3 N R & B Ak, 0, Rk
Cd .Pb i XT{E%;‘@A@F&MTE% {IER=i%7135S
Cd ,Pb Jifia 2 i REARE A M 4 R &

2tr Mca rb .
a
18- g ;
= b b ab +
j b 77
E b 7
Z 5t 7
pac] / P /
EN7 7 7
N7 / 77
7 / 7
7 / 7
N7 7 7
50 100 200
R/ (mol - L)
BT R E 53 OIS R R R R [R) e BE AL 3R
R RS 7 B2 5 i (P<0.05)

2 Cd.PbEMETHRABEBMEE
Fig.2 Total phenol content in
leaves under Cd and Pb stress

357 Mca Oeo
a a
A { { T b
T 2.8 F
g a ay 7L b
TR Z
; Z
Z
Z
7
1.4
0.6 -
cd []Pb
~ 05+ a a
% o4l T
L
B a
5
= 0.3 7
“ Z 7
Z Z
7 7
02 30 T00 200
WS /(umol - L)

HA M RSN FEARR R AR AR AT
a2 e 25 5 3 (P<0.05)

B3 Cd.PbEMETHRARBRESE

Fig.3 Pigment content in leaves under Cd and Pb stress
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2.4 Cd.PbBMEIEGHERER XS Mm

Hi 4 AR 7E Cd JBE T, PS T E O3
F(F/F,)MPS IBTEEE(F /F,) HkE Cd P
TE VR A T v S S 1 Y Ea # FLrP 100 pumol -
L' Cd Ab 3 AR T HAth AL BE ( P<0.05) , 7E Pb il
HTF,PS MEIOGMFRE PS IEFETEEY T
2R,

0.90
Dca e
% 0385 i @ a a b a a
= Lot {a
Z[—S % / l // 7, //
¥ 0.80 // // // //
'5 % / // 7, / //
il 7 7 7 7
=
&£ 0.75 // // // //
= 0B 7 7 7
7 7 7 7
7 7 7 7
0.70 LLZZ L L L

Jcd [Jpb

I
'S

PS 11 e G

u‘\\\\\\\\N—W

\\\\\\\\\\\\\\N;—‘ =
RARRRRRRRRRRRS \\\j
ARRRRRRRRRRRRRN o
>—|—4m

I
NN
IS AANAARRNRRRRRRRRARNN

3 700
e JE /(umol - L")
BT R L3 OIS R R R OR [R) e BE AL 3R

I SRRSO S HOE S B (P<0.05)

El4 Cd.PbiMETHAEHHEERNXSH

Fig. 4 Chlorophyll fluorescence parameters of

[}
=3
(=]

leaves under Cd and Pb stress

2.5 Cd.Pb BMEXHEG NS LR

HH LS AT R4S AR BT A 7 ot A
SR G Y 3G KBTI GEEHE, okiRIk F] 1000
pmol « m™> - 57 B T ZE, MotsRiE T 1 800
pmol + m™ « s BIHIT FFE, Cd . Pb Jha Tt
HOGA BEREE T X IR, Cd Wi v i s, Hodo
A HRERAR, WA O A VR A2 20 Al B, I
100 wmol + L™'Pb A FEREHEA #2550
200 pmol - L™'Ph Zb# XFHEFN Cd Pb i A
P AL B B A 'G5 4 385 o T 22 5 14, %o R R
LTS EET Cd . Ph ALHE, Ph b H TS FLT
JEYET Cd AL B, LB Cd  Ph B a £330 1 A7 1)

SALFEE P e il a5 R T B, X REFD Cd |
Ph W8 A ] CO, e B 26 Bk it 25 D' 3 1)
B e A, 2465 KT 800 pwmol + m™ -+ 87!
H#ﬁ?%%, SR 1 500 pmol -+ m2 s
O8I AR 5Ot AR ARG R, Cd |
Pb AbFA ] CO, ¥ BE R T X5 i, H Pb AL B Y
Jf1lE] CO, Mk BEMR T Cd ALBR, UiBH Ph Hia xHE# i
6] CO, Y& JE (Ml R Bk, XF BURT Cd L Pb ria
T R 2 R i Y 5 1 3G KRR MR G K, 50
pmol « L™ Cd Ab3H Y 25 i o R s S AIK 1 X6 17T 100
H1200 wmol - L7'Cd AbHE i KT XF H], & WK vk
JFE Cd JHir3a % LA i 28 1 S S5 e 8 /0N i B
Cd W30 ok FE b, H 78 19 3R I 25 B Ik, 100
pmol « L™'Ph Kb B (1Y 2% 5 1 2 i 35 w5 1 X% 1], UL
ZAh B R T 4R R Y 78 I R 50 F 200
wmol + L' Cd AbF UMK X B | ot TE A7y 1) 2% s okt o
A MHEN

AL 6 AT, A A B R v i £ TR il 2 s 1]
AL 18] 2 I A T v T A A SR i 4R O AE
13.00 A5 AAA, Ui B EA oI WA R B4, 50
pmol + L7 Cd AbH ¥ 5t & R 1) H F- ¥ (8 & F Xt
14100 F1 200 pmol + L™ Cd AbFH IS T BR , 158 B
FEARHREE Cd Wria T &R HEE A T B e A 1EH,
TR Y Cd 6 D)2 1 4 ' B VR i it
7o FrA I P AbFHEE G 3 R0 H P BEHR T
X R ULBH Ph JHa S E R AR
2.6 ERDHH

PR MR MR R AR AR DL S b R R B
A DURAEEA 0 A ROIR 0, T T8 L BE A% R 1IF
EMTES S A A AR S B R R
PENSENEOC A R R RAE FHAG L & A3
AALIE L, I IEXT Cd Pb Bkl FEM R 14 S8R
HEFT ERGT AT (R 3) o IERT 1 RS2 FiE
WA 3 B TTRkE N 90. 2% (>85%) , L HRBUX 3
AR, IR R I 14 D EPRE N 3 AT
Pro HIEE 3 AIAL S 1 ERS FE MRS R T
MR EA Y N RS EOE A 2 B R
R EARFGE &R E 5 3 B EEH
FOLEHRIOE, R 1 K2 ME 3 AL A
W Cd Pb AR EAH T EA N RS
R E L MR AE Ph BhE R A B AL,
AL EE 1 B S PR R B e R S B, 4F
TR 14 A ETh SRS E RR P ER A
13 et R L A R AR I B AT M B Cd L Pb a0
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Fig. 5 Effects of Cd and Pb stress on photosynthesis of Populus yunnanensis for 30 days

f‘{ HePE/(wmol < L1

—a— 0
—o— Cd 50
—a— Cd 100
—— Cd 200
--#-- Ph50
--<+-- Pb 100
-9 Pbh 200

=l
\J*

EN

O 1 1 1 J
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Hif 1]

6 IHEEMTTE Cd.Pb fifiE 30 d FHE XS ERER AT gk
Fig. 6 Diurnal variation curve of net photosynthetic rate of

functional leaves under Cd and Pb stress for 30 days

®3 ERSETFEEREFEE

Table 3 Principal component factor matrix and eigen value

2.7 GEESW

IR (1) ~ (4) RGN EER (D H) ,
PEHUR 3 MERBHRRUOE , ETE Cd \Pb JiiE
TRILER T Z 2, D R, TSz bR SR G
RO EN AR R BE R 285 WA E -2 1E, FHF
ZEA VPSR A2 M, B 4 I #E Cd i R, 24
i3t e FE SR 50 wmol « 17" AU TR 57 1 di e, ok B
7100 pmol « LB 32 M e 55, EABTE Pb JPhid
T, Y8 e By 100 mol - L7 B JELAS T A2 P d
58, HYR A 50 umol « L™, P Y& FE 4 200 pwmol - L7
BHEAG T 32 M 05 55 . INERB A4 T, EAZ X Cd
BT 52 P25 T Ph,

Y13 Ik ¥ —WE Ay 75 2 o Hes e
AR MG RRE Gk Gk Y w an s e gen T 0 Tag wi
F 0.854 0.633 0.302 -0.166 -0.397 0.942 0.158 0.293 0.216 -0.929 -0.954 0.733 0.702 0.415 5.426 38.758
F, -0.052 -0.223 0.554 0.895 0.747 0.154 0.724 -0.718 -0.941 0.084 0.204 0.649 0.699 -0.183 4.657 33.265
Fy 0.448 0.732 -0.693 0.411 0.532-0.165 -0.016 0.018 -0.178 0.194 0.130-0.188 -0.111 0.851 2.555 18.247
Fy -0.254 -0.115 -0.109 0.044 -0.009 0.186 0.671 0.631 0.118 0.103 0.155-0.049 0.081 0.141 1.052 7.514

F./F, R PSTERIOCAFRCE  F /F, R PSTELEEE,
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R4 HUHMEEERE(C) RERHME(V) MESITENE(D)

Table 4 The value of comprehensive index( C, ), subordinative function (U) and comprehensive evaluation (D) of Populus

yunnanensis
e g/
A (M{ZEIEL,I) ¢ (1) €(2) C,(3) u(1) U(2) U(3) D LEf
mol -
Cd 50 2.250 3.663 0.078 0.930 1. 000 0. 564 0. 882
100 -2.353 -0.714 2. 150 0. 100 0.240 1. 000 0.334
200 2.637 -2.093 0.212 1. 000 0. 000 0.592 0. 549 0. 588
Pb 50 -2.910 1.473 -0.731 0. 000 0. 620 0.394 0.308
100 0.908 -0.941 0. 892 0. 688 0. 200 0.735 0.518
200 -0.533 —1.388 -2.601 0.429 0.123 0. 000 0.229 0.352
(1) (2) (3) 7rHIRNH 1.2.3 R4 EH6R.
3 e EYHUE R AR B R g
N TE

Cd 1 Pb j2A Y A= K B AR A 75 0 &L 7
Cd .\ Pb JHHA S A AR PR AE AR R R ol 52 2R ]
TR EA/E ], SARASWAT 45T 5% 2 B, 24
Cd .Pb FEAEPIR A R3] —E i, S B Y A=
K8 HERT, AEEHVFT, Y Cd Mrad ik
4100 pmol + L™, Pb B ¥k B >4 50 A1 100 pmol -
L7 B, B AR R R A T i, iX 5 Pb—Cd i
TE AR &) B A K 0 A BURRAE 4 5 e AT 5T 45 R A
LTV AT R A A R R I s B TR
YIAE T A2 130 B 2 A S0 W05 43 1 RE B R X T
Jiipif [RIE AR SR B 3K ORBE A Cd W ia ik
JE ARG TN A, X 5 4R A I g 45 SR — 3, D
Wi AR A 3 K A8 25 Bt 2 o 4 J ik 30 VA B2 ) 3
MFEAK, HAE Pb Bha T, EA SR K K AIRE
it 5 Fpih 10 VA B 9 388 Jin T B A, ZE VR 2l 200 pmol -
L7 AR R R B 2 TRk e, R T
W Ph IO ) 7 AR R A AR RSN A
FEYIAE T 32 A0 A1 38 B, 23058 3% 4o e B AR 3, 4
PRSI TR A3 (1 BE T, B SN 5L Ph e (4 il
AR AN BTG T, 22 WA AR 2R 4 K 55 44K
THANFiE 5 Pb JHrE X B AL 8 K ( Tabebuia chry-
santha ) SR BF 98 AR —3 >0

T4 JE a0 23 51 & 40 i 5 v S 1 RN g D R
Az it AR R, S B R TR N, B R 4 i A
SERYY A A P D R R R A 56 A
feER > EEEWE T, E T R N
THEE Cd M EER g, RIS Cd
TR AR HE A R S AN, I 7E Ph
e R, N R R R 200 wmol + LT'EHIL T
100 pmol « LA, JE K AT HESZ 200 pmol + L™k BE
EXPEA AT Y E N E R, 8O A
ZAL, AR AR T D RE R R, Sy HAT Rk s
AN A H T A 2 O 20 A A B T AR

DI B B AR S B 5 B 5V FH 3 9 7T 2 155
FEZWFFE AT R A BB S R Cd L P )
R B B T g 3% n, SR AT, FE M 38 ¥R BE R 50
pmol « L', AP35 s AR T X BE W R JE ZE AR
BEWME T A i X = A A 2 045 8 4 1 1
A — DR DLl 1 2

48 2 X R R 1 A A R B 4 A%
= BEIR A B LA R Pt 8 L 2 G0 45 7 A B TR T
WA H A, AU S0 E, T EUIE
SEAY AN P R 2R G 2 AL TG PE R el
RPN AER D A EEEH, Zu R
EH R s 2 & B A Cd P BhE T 2B
AN R P R AT 3k 5 0305 4 R S35 40 1
WFoEas R —B, mRE R E 4R B 1 2 ]
it TG, T S il 5 2 2 A A A VIR G i
MBS RESETEY MRS EE
ST % S R IR A a5 FNRI B R TSR
TEAE A AR AR DR e T A0 2 5 Fp
XA B B R ) LA R A 4 % A 85 0 3 £ ) R AL
il PS IO R 2E R BRI G A VR F 3 a6
() S B RAE A2 RIOR A SRR BRI AV
&4 100 pmol - L™ Cd it T, EAZ M A9 PS 11 i
KICALZEHOR PS5 1 B I F % B M 7E
Pb AT EA M A B PS T it KGR A RR  PS
TP A 1 5 6 BERE G TG 8 3 AR, X S5 S0 55
SRR T A SRR — B, Ie g SR T RE S A R
F14) ol 260 T 7 25 57 A O

HO A HR AR Y R R B RS FLE R A
AL R M lE] CO, ¥R 3 2 0 i (R AR 3 |, 45 v
Fe A AR ] CO, ¥ FE 1 A I R AR, 2 < FL
HE, RZNREAERILHE ™ 16 Cd Bha R
I eI A 23R i o 2 B 1 o T AR 1
] CO, e i Fifi 25 I 0 B 110 1 v 2 S R AR F 184 7
s B Cd BhaE T R HIE A R oA R
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FEF AL R, X SR 1B 5 Tt im
X R IR TN RO G R I 458 — 2, Pb
0 WA R A OG8RI 30 YR R Y T
TR RS INE BRAR A Ea F, BaE] CO, vk BG4 38
W EE B v, B Ph JBRaE T BR HE A M R
Ol R EEENIMRAR LR . Cd Pb B
TNEAG R OGS AR H AR A 2 0 B R
UEHTE T PRI, EDG& 1 FT R 653 A 1
TG R

EEHWIH M TE Cd Pb Bl R AEY &
MR A, (Bt & @ REM, X5 8K
( Camellia petelotii) 175 7£ 125 mg + kg™' Pb Bpifl
AR A R A BRI AR AL A TE Cd L Ph AR 2R
YT EER HEN SRS EERD
F LKA T WA AR B kR B
SFEUNIRESE T, X IR H, A IR A5 TC M R R
SRR TEA R BE Cd™ Bl N AEAE 25 5 P30
E DG G FEARTEA R BE Cd> 38 T R A7 7E
FWES, HHIEAFWER Cd. Pb Mo FA K
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FESES. X52  XEREH: A XEHS. 1673-4831(2021)10-1341-11

Study on the N Purification of Eutrophic Water by Floating Plant-sediment-microbial System. WU Shu-ting, ZHOU
Zhi-dong, HUA ,]ian-feng@ , YIN Yun-long, XUE Jian-hui (Institute of Botany, Jiangsu Province and Chinese Academy
of Sciences, Nanjing 210014, China)

Abstract: Floating plantsare characterized by suspendingthemselves on the water surface. They have great adaptability to
water depth and distinctive capacityfor reproductive and nutrients absorption. Besides, they are easy for planting, harves-
ting and daily management. As we know, water eutrophication is an increasing problem in China. Because ofthe excellent
features, floating plants are widely used in the construction of wetlands to control water eutrophication. In addition to the
direct absorption and indirect rhizosphericeffects of aquatic plants, the adsorption and interception of sediments, and mi-
crobial degradation couldsignificantly remove water pollutants. Yet, the roles of aquatic plants, sediments and microorgan-
isms in nutrient removalwithin the same natural experimental system are still unclear. By simulating wet land ecosystem,
this research studied the changes of nitrogen (N) content in water, plants and sediments as well as the rhizosphere micro-
bial community structure, aiming to clarify the purification approach of N in eutrophic water by plant-sediment-microbial
system.The results show that after 40 d treatments, the removal rates of NH,"-N, NO, -N and TN in both control and
plant treatments were higher than 87% in medium and high N systems. In most cases, no significant difference was found
between the two groups. Nymphaea tetragona was more suitable to grow in high N system that was demonstrated by the
greatest biomass and N accumulation among 4 tested plants.In low and medium N systems, sediments inorganic nitrogen
(IN) content in control was significantly higher than that in the plant treatments. However, in the high N system, there
was no significant difference between control and plant treatments where the IN concentration showed an increasing trend.In

addition, there were no significant differences in the rhizosphere bacteria o diversity index and community structure be-

WRsEH: 2021-02-10
EEWB . ThHAALIAHE A ERH 45 H (CX(18)2026)
@ BIFE1EH E-mail ; jthua@ cnbg.net
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tween the plant and control groups. Compared with unsterilized treatments, sediments sterilization significantly increased

the contents of NH, -N and TN in water as well as IN in sediments. It can be concluded that,besides the plant absorption,

the N could besignificantly removed by microbial function and sedimentation in this experimental system, which provides a

scientific basis for efficient purification of eutrophic water in wetland ecosystem.

Key words: plant absorption; eutrophic water; N deposition; sterilization; microbial function

WA KA B SR E R AR B 15 G iy — A
)R T i PR T AR I TS K AR RN
TR AK AR AR 25 A N 45 M 2 05 ey, 0% T
KA R ITHLE TR, X L) ik A K
WG, e R e A e i T 58 R AR R A,
ol R BB, T K AR T A SN T T B, S EOK
FAWEEAL ) ARE B R 4 S LIRS A A
), 2017 AR PN K A= 35 B AKFI Tl K s
FLCTN) & ik HAR 9k 46.61% (48.26% F1 5.13%,
BB (TP ) 410 R 67.24% 30.26% 1 2.519%
P HE NI LA T & B SR KA A S B2 e
WCHFGEWETE . KA IAE B E S RGN E
T Y, S R T K B 98 G K A R B SR A R
FIEARCT IR A A A BE 6 3 2 IR I BR B
N.P S EFRY I, # Ak o A 5wl ) TR ) 5 ; s ]
DL i ) Sh B HE A R B, 4 ) 2 ) B A
PSSR RRAES R M B B Y AR TR IR BE .
PIRIAELE X KA SR B 2 e s 1
LI A Ak - R A A AR TR N T b AR AL
SRR R UG AR Sl A PR S TR PR,
SRR E TR N P AR

AR K AR ) 0 A2 3% 7 2K — ok e A K
FE) PR K FE W) R TT KA. X5 2 ( Hragmites
communis) B A6 85 B (Iris wilsonii) X & T8 (Acorus
calamus ) SFHER ) A 5% 22 B, WA I8 KR
A (NH, -N) B EBRRIITE 90% L) I, % TN (1) 2Bk
FRUAET 75% , HorP 485 X TN 192 BRECR
B R XK R ) B 5 & BR, A e
R 1% ( Potamogeton intortifolius) 223 ( Hydrilla ver-
ticillata) X073 ( Vallisneria natans) %7K TN 92
BRACRESF . SHEKFTUKAY AR L, KA K
DRI NG, BHmk , K BR N P RE )98, X REIE
MO A K Y BTG, 30 K iR b e e i A 4, S
TR SCEDRT H RS, — RN TR A
P E AR T B8 ( Salvinia natans )
K IKFE ( Eichhornia crassipes ) X TN )25 BRaC R 458
I R KA B B RO AR B T KA A
W EAEWCE SR A, A WS R, S AR
XPREAFETT K NH, =N A B IR A0 R, 2B

A3k 60% LA B AR AUAE M I EE T T iR
PRI RN S8 0Y 25 BR R 23 1l e ik 75, 87% Al
79.96% , JE U8 N IR 075 Y 15 204 R Fs il 0 it
Ab B IRA: W v 390 08 A= 1 i Ak 2R e X BB T T
JKHT NH,"-N Fl TN (9 LBRF 53085 T 56. 06% Fil
70. 56% , WA= WV RTBERS 38 i Btk T T
KRGS TR R E T

JKAEAEY BAT AR 2R B R HORGGR B RRAIE , BB A
T AT O AR S BRI b AR 25 R B g
2 HUE R KA R R BRE RS
I3 UG NP AR 2R N RV A R S A PLBT, T RE
IR T AL IO B S B CAE ey AR G BT
P TRV T U Y E v SR R, R 2k TR E
FEAL KR C N RIP IAERR 2 X H 76 R b
HEAK K UTK SR A R ) W i 5 2 B, L e B
AR AR Z e, B L300 T 1 o A8 JE T
I"J( Proteobacteria) , 7EiX $ERBEh A K5 NS,
P SR SC B B RE , SHR MU I e 1) ST R AG I A H
TR B A, N TR M AR R 1 R S R
(Typha orientalis ) WIHL B 20 R 75 25006 — 5 1Y 22
Sl I AR PR A VR W A
TSRS, Yo AR Z LU W 1] R AT
B 11 ( Acidobacteria) . £¢%5 1 ] ( Chloroflexi ) & J& B#
B 17 ( Firmicutes ) 3%

LAFEPNRITE: NS TR U it K7/ R 3o/ 1 €A B 7 el L1 £
PrEEA Y AR E AR S BRgis B &
T sk H e R A KR A IR S T
WFFE AR A AR ) 2 T8 N AR W ) e SR K
PRI AAE T, B8 P 6 I e S 2 RV S5 4 1)
S | DT 8] 42228 W] A 0 e 7K AR e b v ) i A
HH B A KA - IS e - U E AR —A> R GER B
FAA BRI R BRI G RN,
PEAKAE ) B KBS B LT Wl RE O 2 . 5
FCE R LUK (Ludwigia adscendens ) S48 2R
b DX DL R 7 KA ) Rt 42, R AR B IR IS e, i
FE )RR I ROV )E K TR, B S8 AE ) - i T -1k
VRGO [F A A & SR AR FE KR N
AOEEAE R, iR A 28 RS AR B R AR R
etk



4510 3]

BRIUESE . IR - IR M- TR R GEXT B B IR AR IR R AL

- 1343 -

1 #REFE

1.1 ke

BEFE AR R b XK BH WL oK e AR
( Nymphoides peltata ) | W 3% DL J2 7K 45 9% ( Hydrocleys
nymphoides ) 4 FFIKEPINE AT S, T ktEY)
ISR F B4 e S Sl A7 BR 2 F Rl Sk, B A=
KR R AF TR G — , B AT A kK b g — 91
fEREFR 7 d.
1.2 REigit

RISTEVLIRNE b E R A YA 52 BT (e e h
A b)) IR % P (329037 N, 118°49" E) 4T,
TS A 45 ( NAR 35 em, 1 45 em) WIEFE 10 kg B
F R R L R 4 e s B A JES T RS U8 B Ak 5
w(TN) }2.371 mg - g, w{ AHLEE(IN) ) J9 31. 101
mg - g w(FHHLE) N 53.618 mg - ¢!, w(NH,"-
N) 7 0.031 mg - g™ ,w(TEHLE) K 0.058 mg - g',

T 35 LK (G TR, KIRE 40 em) IF 7T
SHRGTHES A H iR EE (NH,NO, ) Be il iy 3
PSR TN Bt ik B2 (2,10,20 mg - L") A & E 57
Tk, SR KA KOS R A AME— S (R RE R
AN AR B A ) R R R AR R T A R OK
PR G PR AEAE A . [RIE, 1 B AR AT f] A 4
HIAEANENZS AN IR (CK) . AL B4 4
BN A TR =N, X8R 2019 4F 6
A6 H—20194E7 A 16 H, X5 18], f 454k 3
B IIIMAGH 8 B SR KRN FEK 28 KAk, LA
TREFAR A —2

R TR AR TR & B SR A K AR e A B AR
FH B R0 AR [R] 1 i 4 b IS 34048 2 1K
FEKE (121 °C,1 h) IEBRIERNMEY, 55—
AR KA . 4331 4645 (AR 15 em, 155 20 cm)
I 1 ke JRGRIRVE(US) UK R IEVE(S) , 23 Bl %h
762 L HRKBOK K (G IEYE, KIEZ) 15 em)
TR AT E S, A NH,NO, Bt sy 3 4
A TN B (3.10,15 mg - L) & & 351k
KA, AR E 3 AN LXK 4 HES TR
EWN, REEEI R 2019 429 A 6 H—2019 49 J]
16 H ., X530 a] , iy 45 A BEAE 25 P9 43 500 52 S0 A8
fief [ ke /K BLIC K, #h 8 78 & i k AR R K L — 3K,
1.3 HEmXE&E

R E R4S 1,10,20,30,40 K535 R 4
10 mL /KEEIE TN NH,*-N NO, -N ¥ J& | {50 ai
Jei , WAL DY RS U I I 5 LA TN R B AE IN 7
i, YR AR 5 2R A 28 TR K kv

Ja MR BE T (80 °C )24 h, e T, KA K
KA etttk HIBE S HLRy 1 A3 0. 25 mm £L
FEt, Ve 0. 15 mm FLASTH 5 %5 BT H 4%,
THEY SO Ue N & il . [R]E BORR B Ui, FH
T T D AE D FE R

IRV K W IR e 725 1.3.5.7.9 .11 K4>
SIRAE 10 mL K KR E TN (NH,"-N NO,™-N & &,
IR IS, BAE 7L IR -0 AL IN i,
1.4 HEmRUNZE

JKAK TN NH,"-N \NO, -N 2 NO, -N #e & ¥{fi
TS BT AL (De Breda, fif %) M, HHHIFE
mnHP A N R W H, S0, -H, 0, T #, BILEC 2 &
P Y (AR A SRR E AR (GSS-3) Kdl
PIARUERE i (GBWOT7603 ) 42 i 70 At Y HERA 14 . SV
IN & 5l 44 Bremner S LA LR IS |, 3 8h 7
B A

KA N ZLBRRANETE N LR (BER) R
R IHA

n,=(Cy=C,) / C,x100%, (1)

n.=(C,~C,) / C,x100% (2)
K (1) ~(2)d,n, WEEFAKED NI LERE, %;
Co M EFR BRI IR VR B mg - L7'5 € IR IR 45
IHIE TSR A, mg - L7y MJEJE TN AT IN 1
ERIEE) SR BRR(TAE) , %,

AT DNA 2 il 52 | ok B 0 4l B A L )5, % H
16S rRNA V3-V4 X 4T PCR ¥4, #5140
515F(5'-GTGYCAGCMGCCGCGGTAA-3") #11 806R
(5'~GGACTACNVGG GTWTCTAAT-3")"  FE ™
ARFEAR I BB A FRA R AT Tlumina HiSeq (= 18
T, P BCE 280 i 0 3%, A Usearch K
1L 97 % A PE K V- 347454 53 25 A 9T (operational
taxonomic unit, OTU) K43, % kb Silva £ 22 2E47 43
KM, R R B F 115 Chao \Simpson A1 Shan-
non-Wiener ZFEPEFREL
1.5 HiEaE

Gt Ar R SPSS 25. 0 B4R Ab B 1 B R H
Origin 9. 1 J% Excel 2016 #{4, ¥ S5 i 25 St
TR 7 22 (One-way ANOVA) N HFEAR ) T K5
55 (t-test) 43 M, 2 H A€ H Duncan 87 & ) 25
Titke

2 #ER5HH

2.1 KEENREHEWL
40 d AR K N K fArf K 4388 75 350
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MEZEAL FEZH TN 25 B85 3 5 R 82. 70% ,64. 25% Fl
65. 98% ; K JEALPRZH 5 % FZLXT TN 9 2 BRSO K
2 HREMT/AKEHRMA(P <0.05), 1 NIKIE
W FE AL BRZE TN PR A m (92.43% ), H W3
B TXTIR(P < 0.05) 5 HoAAF Py Ab 2 ( BBl 32 20 )
TN EBRR IR 90% LA L, {H 5 XJ B4 AH b T

251 10 -

40
35 H
3.0
2.5
2.0
1.5

EVEES . fEm N KT X IR RIAR BRAT TN 2%
BRI 5K 94%, LAY SRAL B, K BR R N
96. 18% , it & 5 T HABALBRL (P<0.05) , LRI,
FEAR N KA K £ L BRABCR e £ 5 v s N KR
FBRANFFIHSIK B IS/ KIESHEE , B 5 N K
PR TN (g 2B T A B E SRR IR (1) o

-hde ac

a )aha ab (1)2 ahl
abhh  daaaa AO aalih, aphhhb aaaaa abbec
0.7 - 40 101
L . a

~ 0.6 35 19 b 3 Cdeba
.‘J 0.5 3.0
}ED 0.4 2.5 6
= 2.0
z 03 1.5 4
g 02 10
= 0.1 05 ah 2 I
< 0. 5 2 :

o o 43,a abbabha b 0 abgh ab ahbbab bbbba

06-06 06-16 06-26 07-06 07-16 06-06 06-16 06-26 07-06 07-16 06-06 06-16 06-26 07-06 07-16
mfH-H)
(a) IR (b) R EE (OF-173:3

B CK; @okle; O/KEH: D453 o EE,
[f]— 21 B 7 M5 9 SC/ING B R [ R [ — IORE H U1 [ 42 A 380 1) S Fig 4 25 53 18 3 (P<0. 05)

B 1 AENRETAEEDLEKE NRENENL

Fig.1 Changes of water N contents in 5 systems under different N concentration

WIGHT 10 d 4, AL BALK AR p(NH,*-N) ik
TR PR N K AR DAFT 5 B 2 Ak B2 1 2 B R
B, o0 Wik 92.78% F1 90. 48% ; 1 1 B N /K AK
W AP AL B AE T 10 d N BRI & T 96% , %
MR LR TG IA 94, 15%, [FIRE, 45 b B 4H K 1A
p(NO, -N) K& T B, a5 45 o)t T b 4
NO, -N Z B3R ¥k 98.28% LI |, p KT 0.35
mg - L7, HA5HE 0 Ak B 40 (R RS 4 41 ) =22 18] G
EHER,

2.2 FKEHX NPRER

Bl N HRRE 1T, KR A5 BB A A= ) 328
b AT S ZE A ) 2 1 Y A K 4 AR AR
Prae e N oK B E TS N KR (P<0.05) ;
[F]— N W RS b, M A bR A W s ([ p
N 7534140 ) , HARAR 5 N /KR 2878 b N oK

R(P<0.05)(F1),

FHYIZEM ) w(N) 4 23.33~59.62 mg - g,
FHRH(10.19~16.81 mg + g'), LT H &N
IR K N KR K e A B AT R AR A N OB
% HESEALIRAH TS N A R N R b A AU
Yy 2 T HA ALY (P<0.05) , X N AR
FRWEE,

2.3 KB N EEMNTH

RIGLEH I Y w(TN) N 2.02~2.75 mg -
g HAEARR N KR KA 2 R TC i % 22 5, XF
FREAAEAT ] N K PR v 25 e B X INC (8 B Rk,
TAEPIAUE N B N KRR J8 IN 3596 B L B,
I N KR b 2 BRBOR U R 77 35 > > 7K e > 7K 4
Y, N IR A S > B 3 > 7K 4 9 > K s {H i N
KR IN BRI (R 2),
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Table 1 Plant biomass and N contents of 4 plants under different N concentrations

it N it Eus ik
WE  +H/g  w(N)/(mg-g') NiiE/mg THE/g  w(N)/(mg-g") NERE/mg THE/g  w(N)/(mg-g") NEHE/mg

Kl A& 3.1421.55% 11.84£1.74%> 32.27£10.07*" 13.59+3. 114% 28.04+7.45%> 378.74+7.74*  16.734. 62" 29.01+3. 13" 408.31£10.46**
2,760,797 14.79+0. 714 40.44+10. 14*" 10.41£1. 3625 23.33+3. 754 244.09+55. 855 13.1621. 77 21. 61+3. 25" 284.52+57. 2354
B2.3240.17%  16.81x0.70%  39.41x3.64A"  7.4020.91% 27.58+3.41%¢ 203.93x52.64%  9.72+1.04% 24.98+2. 76 %0243, 34256, 28"

KEHE MK 6.82+1.91A% 14.27+2. 462 101. 19+46. 72*" 14.39+1.024% 50.32+11. 86 731. 33+206. 56** 21. 052. 97> 39. 66+9. 88"* 848. 68+286. 754
H466+1. 345 12.83+1. 674 64.92+13. 024" 14.27£2.06% 59.62+7.31%* 913.41+145.29%* 18.9323. 06" 48.02+7.37%¢ 978.33x147. 86
B 7.64+1.08%  12.87x1.36" 93.12+9.514>  12.85+0.914" 54.47+8.53%% 694.46x61.714% 20.90x1.46%° 36.92+4. 73 767.0350. 21"

ik A% 10.32+1.36""  10.48+1. 114" 104. 04+21. 85" 17.98+2.95% 34, 13+6. 634 573,02438. 124> 28.89+2. 50 22.32+1. 874 642.48+1. 754
o 7.28+3.594"  10.65+1. 044" 75,5938, 794" 18.78+2. 734 37.3249. 684" 686.58+119. 944> 26. 15+6. 2944 30.34£8. 46" 762. 18+97. 054"
o 7.90+1.33%%  10.19+1.92%"  80.73+21. 77" 21.36+2. 134 33.79+7. 654 721.90+177. 06 29.26+3. 18> 27.47+6. 024 802. 64+191. 68

MEZE  IL 17.65+2.35%  15.0323. 84" 260. 84=51. 8175 11,013, 01" 38.78+18.29%4°405. 91=115. 244" 28. 68+5. 045 22, 66+7. 724 657. 77+174. 327

h

B
=]

14. 80+4. 04" 233.76+99. 125 6.04+2. 07"
16.36+2. 271 392.21+72. 284 13.77+0. 88""

14.94+2. 26"
26. 810, 9410

47.89+10.004%P265. 57+145. 862 20. 98+1. 26%" 23.95+5. 774 499, 33+136. 141¢
46.70+17. 34651, 58+270. 401 38.26+1. 36" 25.93+8.90*1000. 05+381. 814

(7] — B Rl 5 BSOS T BN R R R AR N KPR IR] 2253 2.3 (P<0. 05) , €30/ NG P RER R 2R [FIFl N K P H A ) 4 49 40 T [R] 22 S5

B3 (P<0.05),

K2 TRVEBEEZHTRENSE

Table 2 Contents of N in sediments of different systems

-1 qI5EN
b N{ZQE W/(mg'g ) II%}:/%
TN IN TN IN
popiist 1% 2.69+0. 104« 06+0. 005 —13.39+4. 304 —6.97+7. 57%¢
2l 2. 02+0. 877 0. 06+0. 01" 14. 88+36. 841 —6.49+15. 09
it 2.26+0. 224 0. 14£0. 01" 4. 66+9. 37 -131.96=15. 838
Vi 1% 2.75+0. 437 0. 04+0. 00" -15.88+18. 14" 50. 16+7. 394"
2l 2. 61£0. 19" 0. 04+0. 01" -9.92+8. 114 36. 129, 234
[ 2.5420. 164 0. 13+0. 014 -7.03£6. 84" -118.91+10. 275
& 1% 2. 68+0. 09 0. 04+0. 02" ~12. 894, 027 36. 01£26. 684"
2l 2. 08=0. 704 0. 02+0. 00" 12. 10£29. 564 59.35+3. 10*"
5] 2. 47+0. 097 0. 12+0. 014" —4.15+3. 76 -108. 28+20. 21"
113 ik 2.67+0. 18 0.01+0. 00" ~12.53+7. 54" 77. 69+4. 391
2l 2.70+0. 2242 0. 01x0. 0054 -13.96+9. 184 81.70£3. 454
=] 2.52+0. 107 0. 13+0. 014 -6. 18+4. 16*" -120. 12+18. 385
Wi 25 1% 2.30+0.22* 0.02+0. 01% 2.95+9.30" 73.30+10. 67*
2l 2.61+0. 174 0. 02+0. 0184 -9.99+2. 124 66. 36+21. 004
= 2.61£0. 16 0. 13£0. 024 -9.96+6. 86" —122. 34£26. 835

I — SR S5 SR SCR S T REAN R R R R AN [ N KR ] 22 57 .35 (P<0. 05) , SE30/NE TR R R A Rl N oK 4 b S [ R 4 b 26 ] 22 S5

B3 (P<0.05)

2.4 WHEYX N EXBRAFI

TAEY AL BT 3 Bl N KRR TN 3 FE 5
I [E0] (8 % 17 B AT 17T K P ALK AR TN MR B AE 2R 1
KA T, B R ESE 10~12 mg - L7,
B N KIRIYES 5 F1 7 KAk, KB4 3 Fl N K& TN
W B m TAH K4 (P<0.05, K 2), iR¥E¥)
W), K2 3 A N KA NO,-N Fll NO, ™ -N ¥ i T
AL (AR B RS RS S5 Wl s T
— 2 KT 0.6 mg - L', HHE4LKIA NH,*-N ¥
ARSI — H R I 7 d 5 A

FB 5 KB 4L KA NH, T -N e B 7 3% 4320 56 & 4]
W EES TAHREA (P<0.05), %K p 435K
7.84.9.37 F19.73 mg - L',

KWHIRE IN ST REER TAHREL (P<
0.05) , WA AR 5~8 £, HAIR N KR Z [ HeA
TSR
2.5 HEMRBRMEDMHEL

i N K& A 24 Chaol 550K T4 B 41
(MESELIRAN) , HAK o> K A TE>753% o N AKIKFF
S 4RI S 2 K T BELZEL T 7K e 2 K 4 e 4 )
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5 K& B OH B o M

%375

ITXS IR . N KA BT A A 2 25 /30 IR
2H ., Shannon $§%UFE 7. 15~7. 35 Z|f], Simpson 45 %4
1E0.99 DL 1 iF 3, 45 KR Z [ JF A 3 25 7
(#%£3),

KA LR B S AT TR ], - H A X
1 41.28% , Hok 445 1 ] ( Chloroflexi, 17. 56% ) |
IFTFHE ] ( Bacteroidetes, 9. 38% ) %k & | ] ( Chlorobi,
4.76%) YW 1] ( Verrucomicrobia, 4. 19%) | BR #T

] ( Acidobacteria, 3. 93% ) S AL B2 4 1] ( Nitro-
spirae, 2. 63%) (181 3) , ik N WBEEALHET | BT A %)
ST T 1T RVRA A A5 e TR 11 RH 6T 3 B8 2 T % IR
., MAPBR T AT A E N VR AL B L B
TE R N VR EE AL ERAL A & A8 ) 20 A AL IR BE T 1] 14
X IR, IR b N MR EE AL AR S A B N vk
AL PR B ZH v S AR R R T R
H BT EEZER(E3),

0.200
0.175

~ 0.150
0

- 0125
Y

£ 0.100
Z 0.075
* 0,050

x3 EYRRKREAE « ZHMEEY

p(NH,-N)/(mg * L)

t/d

0.025

US-L US-M US-H

S-L
i

S—K AL, US—A K AL B 3 L—IGvfe B A B, M— ik i Ab B H— s vk AR B
s ko ko ox SPRIFRORTER — N R EEAC PR KA WAl Z 2255 W3, « P<0.05, # = P<0. 01, * * * P<0. 001,

S-M S-H

B2 REMRREZFETKENRKENSE

Fig.2 N concentrations in water and sediment under sterilized and unsterilized conditions

Table 3 « diversity index of bacteria in rhizosphere soil

TEJE K B, Fr A4S B9 OTUs 3k 552 1126,
P ER S B d 5 B O BT IR B ( Thiobacillus ,

- (S Chaol Shannon  Simpson 12.59%) , Hxk h Stderoxydans (9. 52% ) .Ignavibacte-
ECONWE ot gm0 e , IR T 20 0 B £
X 6153 6 602 723 0.9970 ””+mk<6‘ 40% ) 5 FHIARXTFEERT 3% ;%L\ Wit

th 6 164 6 394 7.20  0.996 8 Fri#iJ@ ( Desulfatiglans , 3. 86% ) W2 AT T J& ( Sulfuri-

i 6708 7272 7.21  0.9963 curvum ,3. 49%) JRE U H )& (Anaerolinea ,3. 45%) |
K {5 7286 8 359 7.21  0.996 6 Ferritrophicum ( 4.03%) . e K JE ( Spirochaeta ,

th 5575 5735 720 0.99 6 I

. e e - 6 0003 2. 7\3@?[1:@ H %Ji( Syntlrz'o‘])\hus, 311%) o [H£4b
KEWE K 6 902 7506 7.28  0.996 9 S PR YR ik 2R A 25 (L 4) o

i 5 845 6 008 724 0.99 5 NV

& 6 094 6377 7.23  0.99 6 3 Wig
(S (LS 6 891 7447 7.35  0.9973 DU R BE 50 85 A5 0 76 A TR I 817 il 20

B e T 0T SRR HORKR N 0 SRR 6T

' ' HRZH 5 2R e > o IR 4 4
I 32 fi% 5 866 6 082 7.18  0.996 3 ARAL —.%:%{%QJJH{’@ RIS K, X]L"“fﬂ QRSN
i 7004 7 659 7.22 0.99 0 PIEAB I N LBRR M H R HE 0 W& T
] 5 862 6103 7.20  0.996 7 BEESE. 40 d )5, 5 N KK TN L5RRE 5
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T 87% , 1AM NH,*-N Hl NO, -N BJEFRRAH - PRI
It 90% , = TR ZHN TR E & 8 IR K AR 1

0 5 5 s s 58 s 855585885 = L]
nEHH ]
= Aminicenantes

E g BEE .imun
BRI
90 - = G
=T ]
0 | BT
70
B ]
60 LV &1 ]

AR FE ]
u Spirochaetae

B Parcubacteria
u Candidate_division_OP3

I
= 50 1 Latescibacteria
= = R ]
40 H u TAO6
BRI
= R
30 BBk
# Elusimicrobia
20 H = Microgenomates
8 Gracilibacteria
¥ Armatimonadetes
10 [ = RAFE
S RV - A )
LCP-89
0

N R I
FVE IV TILE TS 2 doembenmia
Qb A

CK—XF I8, La—7K ., Hn—I/K & 9% Np—F538 , Ni— W% ; L—{IRWe i, M— Pk i H— vk B,

B3 RiEHAEITKFEHESN

Fig.3 Sediment bacteria community structure at phylum level

|

90 n !

80

70

60

0 = BDI-7 clade
W Sulfuricella

40 = BRI R

Sva0081_sediment_group

30 = Sulfuritalea

= fOBERT AR

LRSET

LR Y40

= R

10 EE=

At

I = GFFR R
| |

I W Ignavibacterium
= Sideroxydans
LRt
= IR R

B R

= Ferritrophicum
AR

= H IR R

= R R

L REHAE )

4 /%

20

OV I IO NS S ISR R

FVE S FIFaaa
Ib 3

CK—XF 18, La—sK ., Hn—I/K &35 Np—F538 , Ne— I3 ;. L—{IRWeEE , M— ik B H— vk B,
B4 KRAEREKFEEHELEN

Fig. 4 Sediment bacteria community structure at genus level
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5 & K W K o

537 &

JEARP AR 25T N A A K A BRI R 7, T
BE 7K M N Ve BE (1% 386 T, A 4 A 4 T B, W R
N B2, XK N LBt m > R
] N YR B K A v | []— 400 1) B 2 AE i R (B
K F MESEAL ) JC I 525 5 (FUREART 5, MR £
3% KT E IR E AL R T KR, X N AR
ES TR = S NG L 7B $ 2 el U NP X s
M —A 2 A e K s, Hor B R R
s SR L

BEAh, Xof BRAL ARV IR N I s R 3R
iir=HE NATHIEAE T, (KA NG 22 BRECRAT 4R
e, AEEE R IN 1B R B IR N A N oK
P X FRARC YR IN & i 3 = TAE AL B4, ]
U G N A N KA R 4 N AU it R A B
FEJRVRH . ZEME 5 40 3 o X AN R A A N 1Y
WFFE B, KA TN e BE AU A LR 4
SIRRMERA X, H A RGN, IR 5 K&
— AT N PR RS e, JEIAR AR R
DN TR 6 Ffvi 471 7K o Bk v SR AT 52, & 3R
TRt KR N A —2 R BHEH . & N KR i
PR TR IN A A% T X R4 (HR P& 2 A 5
FXR . BARGM N WM TR N A%
Wi e, SEBLR R TR IN BLR kT WL, At
IN AR S AT — 2 B

MM R G B N B T A Y R
FIVLRE R BRI 1 4740 g e L el o 7 4
RAEFEEEMEM, KEUERW, UED 0 4 frig
SR LR KA N S [ BT R (g i Ak S
BRI LA B G B 45 45 ) LA B e 8 ik o A A D 25
Bt KA BRI N T K AR - i U A &R
SRR N BB, AR AE MR TR A N
VR, R T T G R R N OO ER TR A R fE kT
RGN NAEIRY L PR PREE E o A A
Pl O AR e, [RD PR o 158 fb N R R 48, I
TUKAED) X A 0 S b ok e 1 A i R AR B
Xt N I T ELAS [ R 9 IX 0 DS U A 2 4
R AR E M ZRETE EXA BT 255, R R R EE
SR TR 4 2 R ) B O T 2 B R A AL,
F W FIALAE W A 4 P X6 Bk A W R VB 45 A0 B
FRMW, HON W AR R TE G5 —
MO S A X YT T S T AR I A A A B R G
FIRBTSE & B, SN 16S rRNA JE R4 DT 75
R X RS YR L 7 T X 36 )2, HLT /Ko b e
B SRS T T I IR Y TN NH,*-N #1 NO, -N %8
Uk, B A (R EE R R, MY

b PR AR 2R AR WD RE TS 0T R & 2R 1B 35784k X AT g
SRR A A DL RO B B SR A R
A 1 JC I A R A B Y SR PR R S e

HREE A Z R

KEALKAR TN FIR T IN [ 25 BRSO 3 55
TAHEM, ZMLMBE T X A TR AR, Hd
REFERLI (B A XT 25 DS TE S B N A B8 1 L BR R,
RIALLKMA TN FNH, =N 7 T 5 00 0T i A2 Iy
K E AT, IS IR AL
TR o3k, S BCEE PR TN M NH, =N #E A ZK
RO AT SRR M E R R TR E S
ok A R 45 B ORVE ] . 3 F LS T
TS WEITMRARET A E, S A5 —
O H SRR TR VF 2 N I, XN
1A% A B ) WA AR VR R Sulfuricurvum
J& . Ferritrophicum J& | Sulfuricella J& . Thiobacillus J&
5 Sulfuricuroum J&H)E TAIEE], A5 2 A AL |
W AH R AL B DL R RS AL B S Hoh Ferritro-
phicum Y SHEE i R 1%%“9] o Thiobacillus J& =%
PEALRE B R AL AR AR AL TR, B BR BT L Bk ) S5 IS
YrAa A R B IR AR, ] Fsf 1 2 M AR ) i 2 R st 8 I
BREALT , AL Fe( 11) BRI FIHH NO, PR L ¥
SZARIERE ARG NH, " LI 38 1 78 IR
RS T AT A SR AR E R Thiobacillus J&
K Sulfuricurvum J&FAXT = B8, 56 R4 S K g
LHAKPRRTH NO,™-N iU T R, Ho e 2 R BR A 48 K
ZHGEIE 90% LA I SUAR DGR R E . S A i T
552 ST T2 —28 0k €O, C R, e A1
A RE PN TE . ST X RO & 4 T
i A SOC & & B AR /Y JIE ¥ b B A 58 4
PR R R R I C AEER R LA W A
FHUY S AN RS AR B 1T g, e A Ak
BN R A T R R AL T LUK PR B
f) NO, -N Ak i NO, -N, 7E Kk & 5 N fE3F,
XFTAERE NH, " -N (NO, ™ -N (56 1k KoK A= i i AE
KAFEEZEL

AWFFERBT, YK A B8 75 e A HL N
PO E Y AL S o NH,*-N Il NH, TN 25555 48
B, — AR 7 d A4 RT3k B AR, B DA 9 ]
TN WG T R R B O o — s f
far , BERSIR 5|47 1E B A9 NH,"-N |, HAE 0% 38 i 9 P K
BEFIERBETURE SEAE I AC AR P i N TR, etk
PRHf NH, N W B AR S RS AR 0, R A
Aefe A B AE KT, FERBE KT 50, BT



4510 3]

BRIUESE . IR - IR M- TR R GEXT B B IR AR IR R AL

- 1349 -

IIGHT 10 d N NO, -N VR B A IR R RE ) Ykl
WYids N A AR PR IS, HN 3 R 0 R R e HO b
AR P 45 Bl 0 3R I T4 B, (A5 ) ROBOK 14 N
AR AR S | S BOK R TN NH,"-N J NO,™-N ¥
R AR B R T 22 ) i EL A WA 3 SR A K iR
N b B E T R T

4 #ig

4 FhK A A8 6 N B9 I I BFRAE R, fE—
FEFERE b REAR T AN R & FR AL KR B NH,"-N |
NO,™-N Jz TN ¥ 3 | v i 3 | 45 5% B K 4 B iR
U, LA RN R N M BEAR B N DUREL S
WA R T8 R KR N KRRV, Tt
KRR (40 d) , PR K AR AR 9 O B0 A B U
BRI Y VR 451 . B2 IR U8 KA i g &
W A e & S R A K g b B b B T E Sk
FERMEM, X T & S IR KR N
FBRIEAS A SO N TR, R K AR R
T FEY) , mal %4 R 25 BR & 8 FR K 1
) N ARAE T RREAKE

S 30k

(1] HPRSE BUAL G LT AT RN KR 5 B TR AL 1 R 8 3 B
BiATAIGEL ) ] REFR RS AR A, 2017,9(18) :3-4.

(2] ZhifG, 2=, 251528 % UASB A B & & K 1S shik 1 iF
FE[I]. 7 E R 2L a5, 2011,47 (1) :69-71.[ MA Shu-yan, LI
Jing, LI Chuan-ju, et al.Start-up Research on UASB Treatment of
Livestock Waste Water [ J].Chinese Journal of Animal Science,
2011,47(1) :69-71.]

[3] RO EHEAE RBEEE, 55 A R JE BT TR T X 4k Tl
TR IR [ 1] AR IR BT R 22 4, 2003, 22 (4) ;454 -
457.[ ZHU Xi-zhen, CUI Li-hua, WEN Xiao-lu, et al.Removal Ef-
ficiency of Different Substrates Used in Vertical Flow Constructed
Wetlands for Treating Municipal Wastewater [ J].Journal of Agro-
Environmental Science,2003,22(4) :454-457.]

[4] AR ANRIAE A SRR, MRS A, e N RS E &
AP AR EE — A [ 75 G U A A i [ EB/OL]. (202006~
08)[2021-07-11].http: // www. mee. gov. cn/home/ zthd/ rdzl/
wrype/zlxz/202006/120200616_784745. html

(5] HOVER, TEdE A0, A R K A A R R SR AR R
PERCRBIFE[ 1] A4 443K, 2019,36 (1) :39-42.[ CAO Kai-
yin, DING Hai-tao, DENG Chao, et al. Purification Effects of
Wetland Aquatic Plants on Eutrophic Water [ J ]. Journal of
Biology,2019,36( 1) :39-42. ]

(6] T, 5RAKIT, i, 554 FhUTK ALY 5 8 R IR A
BRI ZRERAEI[J] A3 FE4%,2011,30(2) : 102-106. [ HUANG
Zi-xian, ZHANG Yin-jiang, MA Hai-feng, et al. A Comparative
Study on Removal Efficiency of Four Submerged Plants on Phos-

phorus and Nitrogen in Eutrophic Water under Different Planting

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Density[ J].Ecological Science,2011,30(2) :102-106.]

el P ARERNI, A AR AN, 4.3 RS TN T Ak 3 R SR
AR LT [ ]. SR RE 2, 2007, 28 (8) : 1675 - 1680.
[ NIE Zhi-dan, NIAN Yue-gang, JIN Xiang-can, et al.Pilot-Scale
Comparison Research of Different Constructed Wetland Types to
Treat Eutrophic Lake Water[ J ]. Environmental Science,2007,28
(8):1675-1680. ]

Mrate s, LS 55 5 8 R ALK A oK A A 0 R 5 )
FOARBIR [ T] 308 T72,2020,38(8) : 105-112,135.[ CHEN
Jin-huan, TANG Jia-wen, WANG Kai-Nan, et al. Application of A-
quatic Plants Community Building Technology in Eutrophic Water
Restoration[ J |. Environmental Engineering, 2020, 38 (8) ; 105 -
112,135.]

LU X,YU J,FU Y,et al.A Meta-analysis of the Bacterial and Ar-
chaeal Diversity Observed in Wetland Soils [ J ]. The Scientific
World Journal ,2014,2014.437684.

AR R A, A O R AN TR SE KA A DX TR
NGRS TR [ 1] AR SR PR 241 ,2020,36( 3) : 390~
398.[ JT Bo-hua, LI Wei, CHANG Jun-jun, et al.Characteristics of
Bacterial Community Structure in Sediments with Different Emergent
Plants in Dianchi Lakeside Wetland [ J ]. Journal of Ecology and
Rural Environment ,2020,36(3) :390-398. |

TANG C J,ZHENG P,CHEN T T, et al. Enhanced Nitrogen Re-
moval from Pharmaceutical Wastewater Using SBA-ANAMMOX
Process| J | .Water Research,2011,45(1) :201-210.

N ESTBT, i, 5 SRR KR o B SR AL K AR
RCRIFFE[ ] R 5 3, 2017,42(4) : 75~ 78, 83.
[ YUAN Jie,DONG Li-xin, YANG Jie,et al.Study on Purification
Effect of Nitrogen and Phosphorus in Eutrophic River Water by Six
Emerged Plants [ J |. Environmental Science and Management,
2017,42(4) .75-78,83. ]

XUERAR Al FNPRD, 25 M AR 75 R 58 L RUE Wy T 5 ok e
(779 1 5 3R 85 4 9% 4%, 2013, 19(3) : 547 -552. [ LIU Yin-
yin, LI Feng,SUN Qing-ye,et al.Review on the Study of Soil Mi-
croorganisms in Wetland Ecosystems [ J ]. Chinese Journal of
Applied and Environmental Biology,2013,19(3) ;547-552.]
PRASSE C E,BALDWIN A H, YARWOOD S A.Site History and
Edaphic Features Override the Influence of Plant Species on Micro-
bial Communities in Restored Tidal Freshwater Wetlands[ J].Ap-
plied and Environmental Microbiology,2015,81(10) ;3482-3491.
MAILLARD J, CARRASCO N, SCHMITZ-AFONSO I, et al.Com-
parison of Soluble and Insoluble Organic Matter in Analogues of Ti-
tan’s Aerosols[ J].Earth and Planetary Science Letters,2018,495 .
185-191.

XN Gs  RPHIE  ZRER AT A R UK A %t e 8 SR ALK R A
HCR[I]. A FH,2011,30(6) :596-601. [ LIU Hui, ZHU
Dan-ting, LI Ming-hong, et al.Effects of Five Submerged Macro-
phytes on the Purification of Eutrophication Water [ J].Ecological
Science,2011,30(6) :596-601. ]

7oA TR 22 /KA A N T3 b 3o 7K A HE K rh R
PR RIBOR [ 1] ZRUR ML RR2E,2011,39 (6) : 3493 - 3495.
[ FANG Rong-jie, TAN Mao-lan. Control Effect of Floating Plants

Constructed Wetland to Nitrogen and Phosphorus Pollution from



- 1350 - 4 SN

CR

B oE 537 %

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Rice Field Drainage[ J].Journal of Anhui Agricultural Sciences,
2011,39(6) :3493-3495.]

TEWEE, T A2 SCHE, 45 1 K AR W X & 78 35 K AR 18 1
FELI] BRI BL 4, 2008, 36 (24) : 10654 - 10656. [ WANG
Huai-jian, DING Xue-shan, TAN Wen-jin, et al.Study on Effect of
Floating Plant on Eutrophication Water[ J].Journal of Anhui Agri-
cultural Sciences,2008,36(24) :10654—-10656. ]

JEHTH, sk, MRS, — b A P 52 5 Tl A 0 T ) % R e
I8 A XA 25 K AR BRI [ T I R 223k (ARl
SRR ) ,2021,47 (1) :98-106.[ YOU Xin-xin, WANG
Sheng, DU Lin-Na. Characteristics of an Endogenous Compound
Microbial Inoculant and Its Immobilization Effect on Wastewater
Treatment from Pig Feedlots [ J]. Journal of Zhejiang University
(Agriculture and Life Sciences) ,2021,47(1) :98-106. ]

R WA, 38 FRIAL, 25 K R I U8 FURE RO B L S A W Mt
FWFELT] AL R 22240 ( A ARBEEAR) ,2019,55(3) ;561 -
570.[ XIE Min-zheng, CHEN Qian, DANG Chen-yuan,et al.Study
on Nitrogen Release from Reservoir Sediments and Nitrogen
Removal by Aerobic
Naturalium Universitatis Pekinensis,2019,55(3) :561-570. ]
K2 T SR, A A W T ) A A s R AR 3R 3 K
AbI R 2 [0 A TR, 2013, 32 (8) : 1943 - 1948.
[ZHANG Lan-he, TIAN Yu, GUO Jing-bo, et al.Construction of

Microorganism [ J ]. Acta Scientiarum

Microbial Agent and Its Application in Municipal Wastewater
Treatment[ J].Chemical Industry and Engineering Progress, 2013,
32(8):1943-1948. ]

LU S B,ZHANG X L,WANG ] H,et al.Impacts of Different Media
on Constructed Wetlands for Rural Household Sewage Treatment
[ J].Journal of Cleaner Production,2016,127:325-330.

ROUSK J, BAATH E, BROOKES P C, et al. Soil Bacterial and
Fungal Communities across a pH Gradient in an Arable Soil[ J].
The ISME Journal ,2010,4( 10) :1340-1351.

ZHAI X,PIWPUAN N, ARIAS C A, et al.Can Root Exudates from
Emergent Wetland Plants Fuel Denitrification in Subsurface Flow
Constructed Wetland Systems? [ J].Ecological Engineering,2013,
61:555-563.

BLIE 7 PP 4 SCHT A U V4 I I O AR ) A TR 14 R 9
MZREPE[T]. 1 5 W78 ,2015,46(5) : 1202-1209. [ HUANG
Yuan,FANG Xu,CHU Wen-ke et al.Bacterial Diversity and Com-
munity Structure in Sediments of Xixi Wetland, Hangzhou [ J ].
Oceanologia et Limnologia Sinica,2015,46(5) :1202-1209. ]
P BN R K 2%, A5 1Ry e I 7 R ARV N T
rPOASTRVRE AR B A0 TR R RRAE [T ] PR AR R 22 27 41, 2018, 38
(3):911-918.[ FANG Yun-hao, PENG Jian-feng, SONG Yong-
hui, et al.High Throughput Sequencing Analysis of Microbial Com-
munities in Different Plant Rhizosphere in Subsurface-Flow Con-
structed Wetland[ J].Acta Scientiae Circumstantiae,2018,38(3) :
911-918.]

FLYETF B E AR A B E R AR R BRI TE [ )] 5
Fh Ve SRR ,2021,2(7) :59-60.[ KONG Wei-fang. Study
on the Application of Aquatic Plants in the Ecological Restoration
of Eutrophic Water Bodies [ J ]. Leather Manufacture and Environ-
mental Technology,2021,2(7) :59-60. ]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

XU S H,ZHOU S C,XING L Q,et al.Fate of Organic Micropollut-
ants and Their Biological Effects in a Drinking Water Source Trea-
ted by a Field-Scale Constructed Wetland[ J].Science of the Total
Environment, 2019 ,682 .756—-764.

FLORES L, GARCIA J,PENA R, et al.Constructed Wetlands for
Winery Wastewater Treatment; A Comparative Life Cycle
Assessment [ J ]. Science of the Total Environment, 2019, 659;
1567-1576.

| SR EAASUR CARCRIBE K M I 43 D7 2 ) 4 2 2. K B AR M
WAPHTITE M) .4 R AL i E PRS- A, 1989250
284. [ Editorial Board of the State Environmental Protection
Bureau. Monitoring and Analysis Methods of Water and Wastewater
[M].4th ed.Beijing: China Environmental Science Press, 1989
250-284. ]

Eanp. LIepOl A= T O [ M AL b E OB T AR
#t,2000:147-150.[ LU Ru-kun. Analysis Methods of Soil Agro-
chemistry [ M ]. Scientech Press, 2000
147-150. ]

HE R AR R BB SR K A L e T L
BRI AR A 27),1999,19(6) :690-692.[ GE Ying,
WANG Xiao-yue, CHANG Jie.Omparative Studies on the Purifica-
tion Ability Ofplantsin Differentde Gree Eutrophic Water[ J].Acta
Scientiae Circumstantiae,1999,19(6) :690-692. ]

SRR, R 4G 0 AR AT 555 PP i L L i I S K
HHERE ST L[ 1] FREERF%,2017,38(1) : 156-161.[ JIN Shu-
quan,ZHOU Jin-bo,BAO Wei-hong, et al. Comparison of Nitrogen
and Phosphorus Uptake and Water Purification Ability of Five Sub-

China Agriculture

merged Macrophytes [ J |. Environmental Science, 2017,38 (1) :
156-161.]

Wi, B KO, 38, 453 B S LK A R X 8 3R Al K AR
PRETTEE B [ ). e BOAR Mk B 2%, 2019, 47 (7) : 63 - 65, 69.
[ CHEN Min, CUI Da-fang, HUANG Ping, et al. Comparison of
Purification Ability of Three Native Aquatic Plants to Eutrophic
Water Bodies[ J].Journal of Anhui Agricultural Sciences,2019,47
(7) :63-65,69.]

WIARTE R SGE , BRI , 45,5 Fih A8 R Hh X 7K A AH ) % 4k T A=
TG LR ()] 3R 35 TR 244, 2019, 13 (8) : 1903 -
1908. [ XIE Dong-sheng, ZHU Wen-yi, CHEN Jin-peng, et al.
Effects of Five Aquatic Plants in South China on Purification of
Municipal Wastewater[ J].Chinese Journal of Environmental Engi-
neering,2019,13(8) :1903-1908. ]

FF A A B S KA R T 2847 R RUEY
FivE (D)WL FH: 4 db K 2%, 2017. [ WANG Yu-jia. Nitritation
Process Control and Anammox Process Performance and Their Mi-
crobial  Characteristics [ D ]. Shenyang: Northeastern
University,2017. ]

XUFAE BRI, 38 RAR 55 AN R & 8 FR ALK P X HE KA ) A
R EBEWMCRETTHGRE R [ J ] AR AR I 22 24 ( A AR} 2
fi) ,2012(6) :39-45,72.[ LIU Li-hua, GUO Xue-yan,DA Liang-
jun, et al.Effects of Different Levels of Eutrophication on the Emer-
gent Aquatic Plant Growth and the Nitrogen and Phosphorus Ab-
sorption Abilities [ J ]. Journal of East China Normal University
(Natural Science) ,2012(6) :39-45,72.]



4510 3]

BRIUESE . IR - IR M- TR R GEXT B B IR AR IR R AL - 1351

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

R WK, BT, 55 A R K A AR P 3 5 8 IR A K M
R RO HE [ T] . L 5808 R A 2 i (RO B2 i)
2012,30(1) :8=14.[ XU Xiu-ling, LU Xin-xin, LEI Xian-de et al.
Effects of Hydrophytes on Removal of Nitrogen and Phosphorus in
Eutrophic Water [ J ]. Journal of Shanghai Jiao Tong University
(Agricultural Science) ,2012,30(1) :8-14.]

D AR R UL, SN R A ) A W R Rk
AR [ ] R A R 22 4R, 2012, 21 (11) : 1870 - 1874. [ LI
Sheng-Nan, CUI Li-juan, SONG Hong-tao, et al. Comparison on
Purification Capacity of Soil Nitrogen and Phosphorus in Different
Wetland Plants[ J].Ecology and Environmental Sciences,2012,21
(11):1870-1874.]

JAMRE, ETR R FEE.6 FhOK AL R JE 2 4 A2 Hh oK B Ak 4
FREGAEAL Z ARBAATSEL ] AR BL 22,2016, 14(6) - 832-839.
[ZHOU Lin-fei,ZHAO Yan-wen,GUAN Xiu-ting.The Indoor Sim-
ulation Study on Change of Physical and Chemical Indicators of
Water Quality during Decomposition Process of Six Kinds of
Aquatic Plants[ J].Wetland Science,2016,14(6) :832-839. ]
LRI iR AR R RO - IR - TUK A RS A
FATR AR [ 1] P E SR BIR A2 2015,35(2) :539-549.
[ KONG Xiang-long, YE Chun, LI Chun-hua, et al. Effect on
Nitrogen Transfer and Migration by Vallisneria natans( Lour.) Hara
in Water-sediment-submerged Macrophytes System[ J ].China En-
vironmental Science,2015,35(2) :539-549. ]

P AR IR, 0T S5 JHREERIEIRI B E A K AR
WSR2 M [ 1] FRBERL ¥, 2014, 35 (10) : 3764~ 3768.
[LIU Dan-dan, LI Zheng-kui, YE Zhong-xiang, et al. Nitrogen
Uptake and Denitrification Study on the Joint Treatment of Aquatic
Vegetation and Immobilized Nitrogen Cycling Bacteria in Taihu Lake
[ J].Environmental Science,2014,35(10) :3764—3768. |
SEITZINGER S, HARRISON J A, BOHLKE J K, et al.
Denitrification across Landscapes and Waterscapes: A Synthesis
[J].Ecological Applications,2006,16(6) :2064-2090.
A, 3, 55 WA AR A W R AL 2 IR PR K R
RIVERI [T ). WA BL 2%, 2007, 19 (4) : 382 - 389. [ ZENG Jin,
YANG Liu-yan, XIAO Lin, et al. Biogeochemicai Cycling of
Nitrogen in Lakes and the Role of Microorganisms in Conversion of
Nitrogen Compounds[ J].Journal of Lake Sciences,2007,19(4) .
382-389.]

TREE, BPL L, S ARVL T S W AR W 13 A W VR 25
WF5E[ 1] . L3EE,2019,50(5) :1178-1184.[ ZHANG Xin-lei,
JIN Rui, YANG Zhen, et al.Microbial Community Structure in the
Chongming Eastern Wetland of the Yangtze Estuary[ ] ].Chinese
Journal of Soil Science,2019,50(5) :1178-1184.]

W 4 5 o5 TR BT T A - SR A AL M BT S [ T ] 2 ek
23 ,2014,20(15) :71-73.

CHEN Y, WEN Y, TANG Z R, et al.Effects of Plant Biomass on
Bacterial Community Structure in Constructed Wetlands Used for
Tertiary Wastewater Treatment[ J ].Ecological Engineering, 2015,
84.38-45.

PURKHOLD U,WAGNER M,TIMMERMANN G et al.16S rRNA

and AmoA-Based Phylogeny of 12 Novel Betaproteobacterial Am-
monia-Oxidizing Isolates; Extension of the Dataset and Proposal of
a New Lineage within the Nitrosomonads[ J ].International Journal
of Systematic and Evolutionary Microbiology, 2003, 53 (5):
1485-1494.

[49] HEEEFIET B 5 A4 W) BRE & R BE AL 312 15 Y o R oK b
ERYFIPIFE[ D] ALAT  JERAGE K, 2018. [ CUTL Yu-wei.
Study on Depth Treatment of Nitrogenous Substances in Contamina-
ted Groundwater Based on Electrochemistry and Biofilm Coupled
[ D].Beijing: Beijing Jiaotong University,2018. ]

(507 B8 XM (i K 35 Y 4 38 i M Ak PR S8 1) 9
WFFE [ D] A ML & 8 Tl K 2%, 2017. [ TAO Wei. The
Investigation on Soil Contaminated by Acid Mine Wastewater and a
Wetland Treatment System in a Mining Area[ D ].Hefei: Hefei Uni-
versity of Technology,2017. ]

(51 MG, MR, skAe. 5T o fa 00 i 765 PH 391 e 70 3t ot + S8 20 7
FEERHES T )], 735241, 2017,37(5) : 1650~ 1658.[ WANG
Peng, CHEN Bo, ZHANG Hua. High Throughput Sequencing
Analysis of Bacterial Communities in Soils of a Typical Poyang Lake
Wetland[ J].Acta Ecologica Sinica,2017,37(5) :1650-1658. ]

[52] KLATT C G,LIU Z F,LUDWIG M, et al.Temporal Metatranscrip-
tomic Patterning in Phototrophic Chloroflexi Inhabiting a Microbial
Mat in a Geothermal Spring[ J].The ISME Journal ,2013,7(9) :
1775-1789.

[53] WEZ.DUKY RGP RIS SR L C] /
2 E B AR KL, 2007.

[54] EEH XHW, ZT T, 5. L NE RO EH A TR
R GEXS TR B K B AR AE T T [ )] A 2 5 R A BB 27
#2,2020,36 (8): 1080 — 1088. [ XIA Meng-hua, LIU Ming-yu,
GUO Ning-Ning, et al.Study on Nitrogen Removal Characteristics of
Swine Wastewater in the Constructed Wetland Systems of Canna
Indica , Pontederia cordata and Iris pseudacorus| J ] .Journal of Ecol-
ogy and Rural Environment,2020,36(8) :1080-1088. ]

[55] ®HEZ, SR, RIBEH:, 2. 505% (Suaeda glauca ) Xt A [FH2 BE &
BIRTRRIEK B AL BCR [ ] A28 5 R FRBE 2440, 2017,
33(11).:1023-1028. [ CHANG Ya-jun, ZHANG Ya, LIU Xiao-
jing ,et al.Effect of Suaeda glauca Purifying Seawater from Marine-
lands Varying in Eutrophication Degree[ J].Journal of Ecology and
Rural Environment,2017,33(11) :1023-1028. ]

[56] BRERR , ESLHT, XM R S5 25 TR B0 A [R) B2 JEE 8 3R AL
KRR ESOR B T [ 1] B RL22 550K 2014,37(2) 1 11~
16. [ ZHANG Xi-ling, WANG Lixin, LIU Hua-min, et al.
Purification of Phragmites australis and Scirpus triqueter in
Different Degrees Eutrophic Water [ J ]. Environmental Science &
Technology ,2014,37(2) :11-16.]

1EHE R P (1997—) , &2 L B N, EEIF5
NFEY IR 55 . E-mail; Salvia. Wu@ 163.com

(REHE: B )



BN 2021, 37 (10) . 1352-1360

Journal of Ecology and Rural Environment

DOI: 10.19741/j.issn.1673-4831.2020.0913

TR, A i T, R ARAIE , 458 7K A A 0 R S0 5 L3 7K BT R K R i A o AR S RE R M Y S i [ 7). AR 3 S RN PR AR 2 4, 2021, 37 (10) ¢
1352-1360.

WANG Xin,HE Shang-wei, PAN Ji-zheng, et al. Effects of Aquatic Plant Restoration on Water Quality and Microbial Functional Diversity of Wanshan Lake
[J].Journal of Ecology and Rural Environment,2021,37(10) :1352-1360.

KEEWIRE 7 58 1157 7K B Rk
MR IR SRR R M

EoORY, M EY B, & OB OKEE", BNEAY (1 SRR RS S TR, T
T M 215011 2. VTHREHIER A S TRE SRS, 7T TR 2150115 3. Rk RE R ot B 5 00 1A BF 58 Br iv19A
SIS EEE S SWE, IO B 210008; 4. MEBMERE KRS, LT 100049)

FEE . SCHORMITRERSE L AR G $R- 5T 7K A Al 0 52 % 90 95 100 b 7K ST %) 0 AR X X Al A 3 A o
DIRERIsE N, 2019 4F 3—6 J it MW 5 RN Az A5 22 whaly A e 57, B 1 RAF I AR 5 A R AR K AE A AR &
F 2019 45 8 H—2020 4 8 A XF % L1135 VAL X (R 38 X K KR X FR X 7K A 400 R K B R 4 BR B Wl 3]
H Biolog B AR K A AWK & Ji 5 LU 55 VG AL X B 2K AR B E WA B AR D RE AT 0T, B SRR (1) mE X,
KRS T2 8 R 22 b S 2 rp KA 3G IO B B (2) 73 DX K g B R st a5 R B
B, LUK X AR X A3 548 B 23% 1 30% . (3) 7R T8 IX KK TN (NH, *-N il TP 23 BRACR W ., Lb ik X 53 51k
11K 32% 28% 1 28% , Hb X FRIX 43 B FEAR 19% 32% F1 31%, (4) RFLIX KR4 2L ( Chl-a) AT COD,,, &l 4F 2 R R
A X SR KRR A K, (5) KEEY RS REFEHE /K R TA: W R 38 R | B2 i T A W W e 7k
&Y SRR 22 B YIS FNEZERm R A e g R S8R PR AE W RIS 1, 42 9135 X Sk R F e )
KR ASBE; KAEMPYIKE; BIOLOG; AW TReCil 2t

hESES. X524 XHERPRAERD . A XEHS: 1673-4831(2021)10-1352-10

Effects of Aquatic Plant Restoration on Water Quality and Microbial Functional Diversity of Wanshan Lake.
WANG Xin'?, HE Shang-wei>*, PAN Ji-zheng®” , LI Yong'?*, ZHANG Guo-zheng'*, YING Yan-jie"> (1. School of Envi-
ronmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215011, China; 2. Key Labo-
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Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing
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Abstract: Wanshan Lake in Taihu Watershed was selected as the research area to explore the effect of ecological restoration
on the improvement of water quality and the impact on the metabolic function of microbial community. Aiming to the restora-
tion of aquatic plants, measures such as reshaping of topography and establishing of ecological buffer zone were taken to cre-
ate suitable ecological environment conditions in Wanshan Lake from March to June of 2019. The aquatic plants and water
quality in the northwest part of the lake including restoration area, pelagic area and control area were monitored from August
2019 to August 2020. Biolog technology was used to analyze the metabolic functions of microbial community in the research
area in summer after the recovery of aquatic plants. The results show that the species, coverage and diversity of aquatic
plants, especially for the submerged aquatic plants, in the restoration area were largely improved. The transparency of water
body was significantly improved in the restoration area, which was 23% and 30% higher than that of the pelagic area and the
control area, respectively. The concentrations of TN, NH,"-N and TP of the restoration area were 32% , 28% and 28% lower

than that of the pelagic area, respectively, and 19%, 32% and 31% lower than that of the control area, respectively. Moreo-
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ver, the removal of Chl-a and CODy,, were insignificant, which was related to the geographical location and hydrology of the

restoration area. The recovery of aquatic plants could promote the response of microbial communities to utilize organic matter

and then improve the metabolic activity of microorganisms and self-purification ability of the lake.

Key words: ecological restoration; aquatic plant restoration; BIOLOG; diversity of microbial function metabolism
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Fig.1 Location and sampling points in

the northwestern Wanshan Lake
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Table 1 Distribution of aquatic plants in different areas after ecological restoration

AR Fr i IR IX. MK X X IRIX B
7435 ( Phragmites communis) KA =E 0 + + + HEK
PV (Arund odonax) KA} EET + + HEAK
IKIBE (Juncellus serotinus ) VR KT R + + #EAk
F NFE ( Canna indica) 2 NER EIN: ¥ + + #E7k
IS EE ( Cyperus exaliatus) PR LR + + + #Ek
A6 E T (Iris ensata) SRR HEE + + HEAK
25 .0 FE T 5L (Alternanthera philoxeroides) R ETEE + + + FEIK
5L (Vallisneria natans) JK R} HEHE + Bk
JHL % ( Potamogeton crispus) [ e RTER + Wk
TR 3 ( Myriophyllum spicatum) INT AR MWEHE + + ok
4413 ( Ceratophyllum demersum ) 4t R LA + Bk
IR HR 3% ( Potamogeton perfoliatus) IR Rt MR + K
224 ( Trapa japonica) R B3 ¥ + + PRI
7K ¥ ( Hydrocharis dubia) Tk Rl K TR + + + I
JUHRSE ( Eichhornia crassipes) W ALER RURE S + + + PRI
132% ( Nymphoides peltatum) e HEE} E¥E + PeAs
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( Eichhornia crassipes) J& 3 A~ 7K 309 3645 Fl, 5 5L
( Vallisneria natans) 38 % ( Potamogeton crispus) . 5
K R F 3¢ ( Potamogeton perfoliatus ) F1 77 3¢
( Nymphoides peltatum ) 527~ 78 X FEA B,
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Fig.2 Variations of coverage of aquatic plants in different areas and changes of aquatic plants in

demonstration area after ecological restoration
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(0.52+0.02) . (0.36+0.05) . (0.40 +0.04) Fl
(0.59+0.01) m, Fb 7K X 43 5 42 & 13% . 20% |
11%F01 11% , HeXF B IX 5351 42 55 28% .35% 11% Fll
20% , JRAEASAL R, 7 i DX K AR AR 34355 B
T MoK X AR IX (P<0.05) , 23 3142 55 23%
30%

%6 111 PE LI X TN ¥ B AR SR 0 R B 2 > Bk

TSKTESHE AFNERARE,; /RIEXIKAE TN
ARSI T M (1.27+0.46) mg - L, Mk X
Xif B X 23 A 32911 19% (P<0.05) ,ik5%] T GB
3838—2002( Ml 2% /K ¥4 45 o A ) H IV AR M,
IRIEIX KR NH, "N & ZEBCERCR = T HAD 3 2,
JEAE 45 B AR R, NH, N A5 - 35 5 5 vk R
(0.28+0. 17)mg + L™", FLHUK DX AN IR X 43 51 o 3
WAL 28% F1 32% (P<0.05) , 53] T Hi gk 1T 2545
e, AKAAEYIR R KA TP ¥ BE B ROR B
HERBENFEYER F HEERH T ALFE;TP 4
SERA AR BE M (0. 18+0.04) mg - L7 H Mk X
FIXT B IX 3 ] AR 289 11 31% (P<0.05) , iK% T
KV Ishprife,
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A ZSAE R A (2019 4 8 A ), % 11135 PG AL i X
JKAA& Chl-a 1 COD,, W& B4, B A6 78 3 IX K A A
PIRA: KFNE A, Chl-a ¥R AT COD,,, 7645 11 P4 BH (5
REAR, MJEAEARER A, KR Chl-a 4F -2 it i
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Table 2 Water qualities in northern part of Wanshan Lake

T B AT A X >R VB X > K X, {H 22 FoN B 3%
(P>0.05) , /R{E XK COD,, 4FF- 34 o 1 vk i
7(6.04+0.98) mg - L7, BEAK T HUK X F X A8 X
(P>0.05) ,

At TN)/ TP)/ NH,*-N)/ Chl-a)/ COD,,,/
] s SD/m p( )71 p( )71 p(NH,"-N) p( df)l Mn]
(4£-1) (mg - L7") (mg -« L") (mg- L") (pg-L7H) (mg - L")
2019-08 R X 0. 41%0. 05° 1. 88+0. 18° 0. 26+0. 03¢ 0. 52+0. 07¢ 80. 92+9. 50° 8. 67+0. 18*

K X 0.3120.01" 2.62+0. 10° 0.34+0. 02" 0.42+0. 03" 84.78+18. 64° 8.32+0. 15°
XT R IX 0.32+0. 03" 2.34x0. 14" 0.39=0. 01° 0. 79+0. 08" 97. 63+15. 44° 8.48+0. 10°
2019-09 RTLIX 0. 43+0. 04* 1. 70+0. 23" 0. 20+0. 04* 0. 13+0.01* 53.77+6. 73" 5. 66+0.21*
K X 0.31+0. 02" 2.03+0. 04° 0. 23+0. 05° 0. 13+0. 01° 50. 02+3. 62° 5. 82+0. 08*
X HR X 0.35+0. 02" 1.81£0. 10 0. 24+0. 00* 0. 15+0. 00* 60.17+5.31° 6. 08=0. 44*
2019-10 TRTBIX 0. 45+0. 02° 1. 41x0. 06" 0. 17+0. 04¢ 0. 0420. 02* 36. 81+6. 04 5.16+0. 19°
K X 0.43+0. 01* 1. 80+0. 05* 0.29+0. 04* 0. 06+0. 01° 35.26+3. 18° 5.26+0. 18*
X HR X 0. 40+0. 02" 1. 80+0. 04* 0.29+0. 02° 0.03+0.01* 42.00+8. 64* 5. 0420. 07*
2019-11 TRTEIX 0.36=0.01° 2.05x0. 16" 0. 18=0. 02" 0. 48+0. 10" 26. 40+3. 78° 5. 40+0. 46°
WK X 0.350.01° .55+0. 15° 0.21x0. 02° 0. 89+0. 11* 21.41£13. 44° 5. 65+0. 43*
X FR X 0.34+0. 02° 2.3820. 13* 0. 24+0. 00* 0.92+0. 09* 31.23+2.29* 5.4120. 14*
2019-12 TRTEIX 0. 500. 03* 1.49=+0. 15" 0. 16+0. 01° 0.22+0. 08" 2.86%1.44* 5. 66=0. 39*
K DX 0.46+0. 01" 1. 90+0. 20* 0. 18+0. 01* 0. 55+0. 07* 1. 72+0. 55° 5. 66+0. 15*
XT R IX 0. 41+0. 04¢ 1. 88+0. 19* 0. 15+0. 01* 0. 65+0. 19* 3.99+0. 96* 5.41+0. 55°
2020-01 RTEIX 0. 670. 05° 1. 19£0. 00" 0. 100. 01" 0.30+0. 15" 32.58+13.61° 5.24%0. 20*
K X 0.55+0. 03" 1. 29+0. 06* 0. 140. 02° 0. 45+0. 10* 26.72+13. 04* 5.00+0. 12°
X HRIX 0.51+0.01°¢ 1.23+0. 03" 0. 140. 03* 0. 42+0. 04* 45.22+12. 55° 5.37+0. 12*
2020-04 TRTEIX 0. 53+0. 02° 0. 72+0. 05° 0. 160. 03¢ 0. 3620. 09" 20.58+11. 11* 6. 3420. 20*
K X 0. 51+0. 02° 0. 71+0. 06* 0.22+0.01" 0. 53+0. 04° 16. 64+5. 42> 6.57+0. 15°
X HE X 0. 45+0. 00" 0. 85+0. 19° 0. 26+0. 03* 0. 39+0. 03" 30.91+3. 72° 6. 50+0. 04*
2020-05 TRTEIX 0. 48+0. 02° 0. 760. 10* 0. 17+0. 03" 0. 16+0. 04* 31.98+14. 74* 6.26x0. 17"
K X 0.45+0. 04° 0. 960. 24° 0.25+0. 02° 0. 13+0. 06* 49. 66+13. 82° 6. 82+0. 19*
X HE X 0.3720. 04" 0. 81x0. 07* 0.28+0. 01* 0. 19+0. 12* 48.32+18.22° 6. 80+0. 02*
2020-06 TR X 0.31%0. 02° 0.81x0. 13" 0.19+0. 01" 0.23+0. 09" 51+3.98" 6. 12£0. 44°
WK X 0.22+0. 02" 1.230.25* 0. 27+0. 03* 0. 47+0. 02* 98+0. 68* 6.29+0.21*
Xif R X 0.24+0. 01" 1. 0620. 26° 0. 26+0. 02° 0. 47+0. 03* . 45+0. 73° 6.39+0. 10*
2020-07 TRTEIX 0. 40+0. 02° 1. 71+0. 08° 0.20+0. 05" 0. 69+0. 05" 6.95+2.21° 5. 85+0. 28*
K X 0. 37+0. 01* 2. 14+0. 07" 0. 30+0. 04* 0. 87+0. 18* 2.38+2.29" 5. 87+0.02*
Xt HRIX 0. 36+0. 01* 2.5320.27" 0. 33+0. 02° 1. 01+0. 10° 14. 53+6. 65° 5.81+0. 14°
2020-08 R IX 0. 32+0. 02° 0. 82+0. 05¢ 0. 17+0. 03" 0.29+0. 15* 14. 83+5. 06 6. 0420. 38*
K X 0. 30+0. 01* 1.33+0. 19" 0. 27+0. 05° 0. 34+0. 07* 9.05+0. 95" 6. 15+0. 19°
X HR X 0.20+0. 01" 1. 63£0. 10° 0. 30+0. 03° 0.31x0. 02* 26.71£12. 58° 6. 61x0. 58*

[l — 7 i I e S0/ INE RS [ 3278 AN [ S 1] AS [ DX SR I K R BR AL fi 22 7 .35 (P<0. 05)

HAESRGEMHEIT 1 a NEELLTE PEIL I X K5
WK 3% 5 FF WK (2019 4F 11 H) Flif 25
(2020 4F 7 7 ) S 540 O, UNAHE 3% 25 7% TR A
IR R T B 1 m, K AN TS G By e
Tl i A DX E S e T % L35 P b X K 5 R A
Bk, B3 R B, i AT s XK AT A
TR DX HT BE X 156 B 7 3 XK AR [ 4 Rg ) B

S, AT, K AR AR PR 0 7 9 X0 R A
RS IR R R MO W1, I8 B T 32 T Kk i
GRS FURI HAY,
2.3 k&EEMREXKEREMK IS HENE
B

KRG A= 0] Ttk 8 A AN ) 28 2 e 90 ) 1)
MR ERN T 25 FIH Biolog HA 75
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OAFEE AR (AWCD {8 B4b T ABHEIR ], 24 ~
120 h X Ee A K399, 120 h J5 AR 2 300, 1
AR E W RETEAE 24 ~ 120 h B3R ) YA
TEERGE , AN, AWCD o Hr s R BN TE R 5724 ~
96 h N, 73 IX K AT A A e 0 e A I 1 il 3 v
T oK X AR R X (P<0.05) ,fHE;55 120 h 5,3 4
X BTG 35 22 5 (P>0.05) ; 5537 48~ 72 h, ik
TR XK AR B AR P 2 2 R T BRI (P<0. 05) 5 4%
F% 72 h ), MK X OR R XK ARG A e v ARG
RN E(P>0.05), AWCD SRS N
TYE DX > K DS X B DX 156 B 7R i X B K AR A=
Vit v B Bem At g
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T
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>
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Fig.3 AWCD changes by water microbial communities in

different areas with incubation time

Biolog-Eco HH* 31 FiA [a] i ik Jot il 73 S ik 7k
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FHRET Hh i BRI R B R 2K | A LIRS 2 R Y)
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JIH 2258, RO AS [) 3 DX K AR Al A P 1 9 1 AN (]
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G50 TIAh RIS KRG Wy A T %ok 7S RS i
FIHGE S 53 & T X RIX (P<0.05) , X B KL &

Y1 R | 22 B W) 26 ke 26 3 9 R R R 1) 1)
Al 35 R T UK X (P<0. 05) , LA /R TE X Py K 4
WA YIRES XK AL G W R TR 2 2 W R A
et IR A FHRE 0 i, B TSR A A Pk
TAEYIRE 7% 22 FEVE SR B0 SO e W) Fh 325 FE A
WIS LR G 1R s, HAR ML RERS vl e WL R v DI BE
ZREME R SRR KR A W e T
VIR ZHEPEST 1T (3R 3) KK, 7miE X A AR 7K AR Shan-
non-Wiener 5 % fll Pielou 8§ U L . EHE £ 7 (P>
0.05) , 1 Simpson JLFEFHEEUFN Mclntosh Z 445
B E S T UK XX IR IX (P<0.05) . UiHAYR
SOKARE Y AR T 7R 78 DXK AR X Bt — 6 il Y5 11 1)
HE G AR AR B X 5 AWCD {25 AR
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= 08fF
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& 061 b
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BREIFI FRBES (E55F 72 h)
Fig. 4 [Utilization of different carbon sources by
surface water microbial communities in different

areas ( after 72 hours’ cultivation)

x3 ARIXIBKEREMINGE S
Table 3 The functional diversities of water microorganisms

in different areas

JK 38, H J D U
JRYLIX 2.983+0. 028" 0. 943+0. 006* 0. 945+0. 002° 4. 783+0. 137°
WK X 2. 838+0. 120° 0. 927+0. 017* 0. 930+0. 007" 3. 307x0. 392"
XHRIX 2. 840+0. 039" 0.939+0. 013* 0. 933+0. 002" 2. 578+0. 288¢

H 4 Shannon-Wiener 844, J & Pielou $§ %X, D 4 Simpson 8%, U &
MeclIntosh $84K, [Fl—F 4G 5 96 30/NG FREA R Fm AN [ X 30K i
(B fe A= B e A G 2 Pk 22 7 35 (P<0. 05)

Fof 7 JE X K AR IR X K AR A 8 72 h 4%
ZBRUE AWCD {EHEAT W08, 1/l 7 A E R
WIRFFIEE R F 1, Bt 2Z 5Tk %N 97. 6%, H
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Fig.5 PCA analysis for microorganism in

different water bodies
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