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Abstract: Many traditional agricultural production systems exist in protected areas. These traditional systems are not only
influential to the local sustainable livelihood and cultural inheritance, but also influential to biodiversity and ecosystem

conservation outcomes. However, current industry studies seldom focus on the relationship between nature conservation and
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rural community economic development, or they rarely consider protected area management and demand. This research
takes Wuyishan National Park as a case to focus on the traditional tea industry. Using a qualitative research method, this
paper analyses the leading ideology, paths, and outcomes of regional industry development over the past 20 years, and
provides countermeasures to the development of the tea industry. Results show that the tea industry in Wuyishan has been
the interface of community livelihood and protected area management, although the transformation and development process
has not interacted well with conservation management demand in general. In specific, the ecologisation, standardisation,
and scaling of the tea industry, the promotion of the tea branding effect, as well as integrated development of tea produc-
tion and tourism, have been realised to some extent; However, there are still old problems and variances under the new
national park management, namely the scientific evaluation and realisation of ecological values of products and services,
the identification and inheritance of cultural values, and the communication and consensus of multi-stakeholders. The re-
search further proposes developing an ecological tea industry and expanding agriculture to tourism as two major industrial
development goals. To achieve these goals, it is necessary to use local ecological knowledge as a base, to form scientific
management standards, unite producers and operators of different scales, and seek a variety of value-added opportunities.
In this way of tea industry ecologisation and valorisation of ecological value from multi-functionality, it is promising to fi-
nally implement the “human-centered” conservation concept in nature conservation from the full play of the social, eco-
nomic, and ecological values of the traditional community industries.

Key words: national park; traditional industry; industrial ecologisation; multi-functionality of industry; community of

common interest; community participation
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Table 1 Examples of preliminary conceptualization analysis of the transformation and development of traditional industries

in Wuyishan National Park
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Fig.2 Policy guarantee and development achievements of Wuyishan tea industry
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Table 3 Typical problems in the transformation and development of the Wuyishan tea industry

ST A

HSMERI

7ol MU/ 7 Fi

Ll ALK, TR RE T 583 5 22 P Bl dfle ASRAT 7 i B ANFEE 5

JAS I, BRSO AN P L B, BB

ah SR B 2 AL A A RE (22, ESCAL AR A AR BRSO, FA I BEAS B AR TR R B SO AR e AL, Tz ke = B

RNl 73 R 0 22

BRI SR E (L — SOOI R TR 82 Ll iR S5 R REONEH

N D AN N 1 e S P )
LR T i R A AR LR R
L, o L XA 2 AR S e B b o (A % LSO
T—5 MEA R KA 2 TIRE, A B — =l
PUXBIRE 8% , Ao BlA: 7™, A BUK P AF AR 22
S, XELLPRAT R B A B I T A 1R AR K
P BRI TR A R SR o X AR R M
AR, R, ek Al 5AKRHRRARZIRT
PR SESZ I 28, AN [R) RS ML 35 1 R 1R 4 26
IR SR TIAS 2, TSk A BRSSO AN B A

AP st R T SR M A7 A 68 2 2 DAY R A
i 2 Fh R E 0755 DX 25 R BTy, i3RI
b X3 e FAR RS SC A, 33X U A 7 X 25 Pt A 8 o
A I A R i S SCAE AR, 2 2R 7 B )
FAE (G E T EEEE e k) AR

A E (IR L AR R A 25 R G 2 F D BE AR 55
) AL GEA M A 2R G0 b B IS B S A 26
TR (B 2, L S BT T 8 B I 2R i AR
= P 0o o3 9 98 0 Al T 2 B A A R A R
A, GUEMEMHR R S, — T ik e g A&
Mt sz BT A2 T vhly i CBACIR bl 9 A A5 B
SRS FVEZS IR I — T i 5 BE th 47 LAk 5e
U= ahi 2 VR BRI A T 0 KUK

TR MU 21 A 2 KRR il 45 )2 1T 47 2R
BB R AR B — 7l RS, (EL T A) e R A7 A 5 A7
2%, TERRUF B EE AL b, Bz x5 A AR B -5 3C
PCBTRAHE 5, TR I 7™ ol AU H 8 B, 7R SC Ak
JerRs b T A, B = A S 2R B R e T
KA BEINAEL™ iy, RIS, 5k = 5 Ll STIRLAG 119
P AEREA TR 7 b R 55 T S ik TG e S LA AL



4510 3]

FAAE . AR AL AR R 280 500 ok BRI E Z AR 2L S 7R

-1235-

ARSI AR KA A BT G A B 7
HAAEA R, SR B 5 4

ARG 2R 7 K R A L R ] AT [ R 8
S B RS A, BN AT R RS A AR
PRITEIPMFEIINBE (B 3) o 15, R A= SRR A
PelE B R Rl . — T T, S ARG RRUORBERE &
B, 500 el B AR - % 7 B IR 5
PEIARAA L HU , B KA P AS IR A AR HE A B3 2
Tl G A 7= i s 6 1) 25 PF ¥ R 4R 31 3 1) AT e
B, o — 7 i, R R AL 2 B 2,
U, 2 I AR N TR ST AR A B AR, X AT
TE—E T BE b 450 WA 3 2 AR Y AR 2R 3 LR X
PRGN R G ME O, W, MR 578
B AR, —Jr i, A A B I E AR

X225
KRB

. BRI
EEEIR

=

o, Xk 2 i it o AR PP, B = B A
I 32 E G DA e A S I 5 Al 55— T ik
Z T REE, IR e BUE D95 T st B R i A
IR EEEA L, A 25 M sl v s LR B, A= 25 B8
HELLECIESEBE PR, 287 M iR T P4 8 1 R il A
Pl SR el A ] % el g A 3 A R i R
M, BRI el A7 L Jg A 25 O 4 R e RV B 2
FA R IALIX AR AR 55 2 S5 L AT AN BTt

WP A B, 7 [ 5800 el A8 BRAA ] 5¢ 36 i A
M7 EON 5 [ 5220 e A BRAILA LR D 8 AR S AR AP S
XA LR T B R RS AN R, HEIXE
JEEAS By S iy 7 F AL, ELE 2 [ 52 % el ) s 15 e
B, P A T 1) 32 BR , 05 BUR R [ 5828 I 2290
R H bR

__________________________________

i
I
¢

[%w&%&&mﬁ%] [%Fﬂﬁﬁﬁiﬁmm

'R

'

%Fﬂﬁﬁ%%&uiﬂ] m%ﬂﬁ%@%&ﬁ%]

T B Z 250 S ST
PRI S A FIALE

| 1
| 1 ! !
FHELHEARR V| ESEEmEs I 5 Al FHLZ SR
! 5
W || Zerkorgebes s, | : H A e, AU S L ELAS BB, =
i A | [ BRBCRIRI S R | PO 5 TEAEAE TR ok
! MR SRR | '
! AR AR | VP Z R R 1, HHE AR i i
| AIPRIEHG 1 A g B | IR AR
s P
| : P i ! |
1 1 1
I I ! !
1 ! \ 1

PRI R I bR AL,
FEAENHITTE

HIXZE5RE, FR5H
ERNTEstES

B3 HKRLFFIFRRSEARPEERAEZIZEEMPHEEE

Fig. 3 Synergistic dilemmas between the transformational development of the tea industry and

nature conservation management of Wuyishan National Park
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vironment, Jiangxi Normal University, Nanchang 330022, China; 2. The Key Laboratory of Poyang Lake Wetland and
Watershed Research, Ministry of Education, Nanchang 330022, China; 3. School of Science and Technology, Jiangxi
Normal University, Gongqingcheng 332020, China)

Abstract: In the process of inheritance and protecting agro-cultural heritage, as a traditional agricultural production
system combined with leisure agriculture and rural tourism, it can not only give full play to the production function among
the many functions of agro-cultural heritage, but also realize the role of inheritance and protection of excellent farming cul-
ture in the process of combination, and promote the sustainable development of important agro-cultural heritage. However,
research on quantitative analysis of coupling development of the agro-cultural heritage and tourism industry and extraction
influencing factors remains insufficient. This study takes the globally Important Agricultural Heritage Fuzhou Jasmine and
Tea Culture System ( Chinese first list of important agricultural heritage in 2013) as an example, constructs a coupling
evaluation index system of agro-cultural heritage and tourism industry with a hierarchical and favorable evaluation, analyses
the comprehensive development level, the coupling coordination degree and the coupling influence factors of the tea culture
system and tourism industry from 2008 to 2020, so as to provide reference for subsequent optimization strategies and re-
search by assessing the status of protection and development of the heritage system before and after being selected. Results
show that; (1) At the evaluation of the comprehensive development level, the development of Fuzhou Jasmine and Tea

Culture System as a global agro-cultural heritage is good and shows a continuous upward trend. (2) At the coupling coordi-

RS EH: 2020-06-16
EEWE . MK ARPEESE(42161014)
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nation development level, they are at a high level of coupling, but with a low degree of fluctuation. (3) At the analysis

level of measuring the drivers and obstacles affecting the two coupling development, the correlation degree of the influen-

cing factors calculated by the gray relational analysis method is generally above 0.6, indicating that the coupling correlation

degree is high.

Key words: agro-cultural heritage ; tourism industry ; Fuzhou Jasmine and Tea Culture System; coupling coordination; in-

fluencing factors
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Table 3 Comprehensive index, coupling coordination value and rank of Fuzhou Jasmine and Tea Culture System and

tourism industry
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Fig. 4 Fuzhou Jasmine and Tea Culture System and

tourism industry integrated development level
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Table 4 Grey relational degrees and ranking of influencing factors
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The Transition of the Food System for A Nature-positive World: A GIAHS-based Solution. HE Si-yuanl‘l\’ , JIAO
Wen-jun' , MIN Qing-wen'” (1. Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
Sciences, Beijing 100101, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In 2020, the international community proposed the Nature-Positive Global Goal for Nature. Nature-positive
means halting and reversing nature loss by 2030, measured from a baseline of 2020. The transition of the current agricul-
tural and food system to a nature-positive food system is critical to halt and reverse the nature loss. This approach aims at
curbing the land productivity degradation, resource depletion, and biodiversity loss caused by the food production system,
thus maintaining the sustainability of the food system. The Food and Agriculture Organisation (FAO) of the United Nations
launched the Globally Important Agricultural Heritage Systems ( GIAHS) in 2002. After 20 years of research and conserva-
tion practice, we have gained an increasing understanding of the formation and evolution of the agricultural heritage sys-
tems, their ecological and social sustainability, and multiple functions and values. GIAHS is proved possible to provide
new solutions to the global crisis including climate change, biodiversity loss, environmental pollution, and the degradation
of agricultural ecological functions. However, their potential as nature-based solutions is yet to be fully recognised, and the
systematic approaches to a nature-positive food system and sustainable development goals are yet to establish. Therefore,
based on the literature review, we analysed the feasibility of GIAHS to facilitate the revolutionary change of the global agri-
culture production and food system from the perspective of nature-positive. We also proposed urgent research and practical
requirements based on the demand and challenges of transitioning the food system. We found that the holistic view of GI-
AHS as a living system is a manifestation of the conceptual shift in the nature-positive global goals. The functions and the
mechanism of GIAHS can facilitate the shift to agroecology for a sustainable food system. They are capable to provide the

three routes as nature-based solutions: 1) to protect the natural system from degrading and land use change; 2) to sustain-
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ably manage the production system to provide ecosystem services and maintain landscape resilience, and 3) to restore cer-

tain productivity of degraded ecosystems and improve their functions and services. We should also strengthen research and

improve governance to give full play to the agricultural heritage system in achieving a nature-positive food system.

Key words: nature-positive ; agricultural heritage system; biodiversity; nature-positive food system; sustainable develop-

ment goals
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Fig.1 Actions to achieve a nature-positive food system
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Diversity of Resource Plants and Associated Traditional Knowledge in the Honghe Hani Terraced Ecosystem of
Yunnan. ZHANG Qing'?, CHENG Zhuo'*, LIU Bo'*, YANG Jun®, LI Jian-qin*, ZHANG Hong-zhen®, ZHANG Xin-
bo*, MA Li-juan®, LONG Chun-lin"**" [ 1. Key Laboratory of Ecology and Environment in Minority Areas ( Minzu Uni-
versity of China) , National Ethnic Affairs Commission, Beijing 100081, China; 2. College of Life and Environmental Sci-
ences, Minzu University of China, Beijing 100081, China; 3. Kunming Institute of Botany, Chinese Academy of
Sciences, Kunming 650201, China; 4. Faculty of Forestry, Southwest Forestry University, Kunming 650224, China;
5. Research Center for Conservation and Development of Hani Terraced Paddy Rice Fields, Honghe University, Mengzi
661199, China; 6.Key Laboratory of Ethnomedicine ( Minzu University of China), Ministry of Education, Beijing
100081, China; 7. Institute of National Security Studies, Minzu University of China, Beijing 100081, China]

Abstract: As a site of Globally Important Agricultural Heritage Systems ( GIAHS) and a World Cultural Heritage, there
is rich biodiversity in Yunnan's Honghe Hani terraced paddy rice fields with important ecological, economic and social val-
ues. Resource plants refer to the plants that are beneficial and available to human beings, often carrying rich traditional
knowledge of collection, utilization and management of plants, and showing the reciprocal relationship between man and
plants. The Hani terraced ecosystem is composed of forests, villages, terraced rice paddies and water systems in Honghe
Hani and Yi Autonomous Prefecture, Yunnan, Southwest China. Plants, in particular useful plants, as the crucial compo-
nent of this ecosystem for maintaining its stability, unfortunately, has always been overlooked. Through the methods of

plant taxonomy, plant ecology and ethnobotany, the present study revealed the status of major resource plant diversity and
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associated traditional knowledge of the Hani terraced ecosystem. The sampling areas covered the paddy rice fields together
with their surrounding forest lands from four counties with most Hani terraces in Honghe Prefecture. The relationship be-
tween the Hani terraced rice ecosystem and plant diversity has been analyzed. The results show that there are 651 species
of useful plants in the Hani terraced ecosystem, including 255 medicinal plant species and 226 edible plant species. The
local people have rich traditional knowledge in the management and utilization of these plants, such as the scared forests
and trees, edible and medicinal plants, cultivation of Amomum tsaoko and Strobilanthes cusia, and firewood collection. The
plants can be used for daily production, livelihood and protection of Hani terraced paddy rice fields with obvious character-
istics of the resources of multi-purposes and multi-functions, indicating the profound plant utilization culture and the close
human-land interaction on which the stability of agricultural heritage will depend. The local rich plant diversity formed the
basis of Hani terraced rice field ecosystem. The long-term collection, management and use of plant resources reflected tra-
ditional knowledge and culture, and supported local people’s livelihood. The rich plant diversity, combined with its tradi-
tional knowledge, plays a very important role in maintaining the entire Hani terraced agroecosystem, conserving
agricultural heritage and promoting rural economy.

Key words: Hani terrace; agricultural heritage; diversity of resource plants; ethnobotany; medicinal plants; edible

plants; traditional knowledge
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Application of MaxEnt and Remote Sensing Technology in Grassland Locust Disaster Risk Monitoring: An Exam-
ple from the Agricultural Heritage Systems of East Ujimqin Banner. SUN Zhong-xiang', HU Ze-xue', YE Hui-
chun®*® | HUANG Wen-jiang®” , Erden Qimuge', ZHANG Ying' (1. China Agricultural Museum, Beijing 100026, China;
2. International Research Center of Big Data for Sustainable Development Goals, Beijing 100094, China; 3. Aerospace In-
formation Research Institute, Chinese Academy of Sciences, Beijing 100094, China; 4. Grassland Workstation of Xilin-
guole League, Inner Mongolia Autonomous Region, Xilinguole 026000, China)

Abstract: The nomadic production system of East Ujimqi Banner is an important agro-cultural heritage system in China
with high ecological, economic, landscape, technological and cultural values. However, in recent years the local area has
been suffering from locust disaster and the grassland is facing unprecedented threats and challenges. East Ujimqin Banner
was selected as the study area, and an occurrence risk index system of grassland locust was built based on remote sensing,
soil, vegetation, and topography data as well as maximum entropy model ( MaxEnt), combined with grassland locust
growth characteristics, to analyze the influence of different habitat factors on grassland locust occurrence. The occurrence
risk areas of grassland locust in the study area were then extracted and graded. The results show that the simulated results of
MaxEnt model are good with an average AUC value of 0.826. The main factors determining the occurrence risk of grassland
locust are surface temperature during the incubation period, surface temperature during the growing period, and precipitation
during the egg-laying period. The high-risk areas are mainly located in Gadabchi town with the area of 920 km*. The results

of the study are beneficial to better protect the agro-cultural heritage of nomadic production system in East Ujimqgi Banner and
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can provide technical support for disaster risk monitoring of other grassland agro-cultural heritage as well.

Key words: agro-cultural heritage; nomadic production system of East Ujimqi Banner; remote sensing; grassland

locusts ; maximum entropy model
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Table 1 Biological characteristics of the main locusts in East Ujimqin Banner grassland
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Table 2 Habitat factors of grassland locusts in East Ujimqin Banner
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Fig. 5 Risk distribution of grassland locusts in East Ujimqin Banner
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Table 3 Percentage contribution and replacement impor-
tance of environmental variables affecting the distribution of

locusts in East Ujimqin Banner
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Fig. 6 Response curves of major habitat factors in model predictions
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Study on Driving Factors of Pollution and Carbon Reduction in the Yangtze River Delta Urban Agglomerations.
MA Wei-bo, ZHAO Li-jun, WANG Nan, ZHANG Long-jiang, LI Hai—dongiD (Nanjing Institute of Environmental Sciences,
Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: Urban development is simultaneously facing multiple pressures of climate change, ecological protection, and e-
conomic development. Therefore, exploring the characteristics of spatial and temporal driving factors for pollution and car-
bon reduction at the urban agglomeration scale and their evolution characteristics will help us develop a better understand-
ing of the interaction between urbanization and the environment. Taking the Yangtze River Delta Urban Agglomeration
(YRDUA) as the research object, the Index of Pollution and Carbon Reduction (IPCR) is constructed on the basis of car-
bon emission levels and pollutant emission data. Moreover, the spatial and temporal driving characteristics of economic de-
velopment, industrial structure, land use structure, population, and climate change on the IPCR and the changes in the
importance of the driving factors are analyzed by the Geographically and Temporally Weighted Regression (GTWR) and
Random Forest ( RF) methods. The results show that: from 2003 to 2017, the overall IPCR of the YRDUA showed a
downward trend, with the average IPCR of the 27 cities decreasing from 0.23 in 2003 to 0. 05 in 2017 ; during this period,
Chuzhou was still in the higher echelon of the average IPCR, with the amplitude of variation 18.62%. Considering the time
effect, the adjusted R* and R of the GTWR model are higher than 0.96, which improves the fitting accuracy and superiori-
ty compared with the GWR model. Shanghai, Suzhou, and nine cities in Zhejiang province are negatively driven by the
size of landscaped green areas, which leads to the IPCR decrease. Total energy consumption ranks 1st in importance in
three periods, 2003-2007, 2008-2012, and 2013-2017, while landscaped green area gradually increased in importance
from the 5th in 2003-2007 to the 2nd in 2013-2017. Although population density and total population ranked lower, the
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overall importance registered an upward trend. Generally speaking, the GTWR model has an excellent spatial and temporal

fitting ability for the IPCR, and the spatial and temporal effects of the IPCR are significant. We suggest that the YRDUA to

improve energy utilization efficiency, increase efforts on developing tertiary industries and optimize land use structure.

Key words: pollution and carbon reduction; spatial and temporal effect; driving mechanism; Yangtze River Delta

Urban Agglomeration
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Table 3 Global Moran’'s I index of IPCR in the YRDUA

Ay Moran's I {H F#E VA P1i
2003—2007 0.7513 0.003 5 12.7956  0.0000"""
2008—2012 0.780 5 0.003 5 13.2930 0.0000"**
2013—2017 0.356 4 0.003 2 6.4240 0.0000""*
2003—2017 0.3207 0.000 3 17.5818 0.0000*""
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Table 4 Accuracy evaluation of driving model for IPCR

M P sig. {5 2 AlCc f§ R* P R?

GWR 0.2059 0.0437 0.7745 -1273.86 0.769 7 0.762 6
GTWR 0.1250 0.0176 0.1252 -1672.10 0.9628 0.961 6
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Table 5 Accuracy evaluation of RF model for IPCR in the
YRDUA
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Table 6 Changes in the importance of driving factors for
IPCR

2003—  2008— 2013—
2007 4F 20124F 2017 4F

GDP 16.40 (7) 18.55 (5) 16.80 (6)
A¥) GDP 25.53 (3) 19.43 (4) 13.21 (8)
e IEE 5 GDP Hefl  22.29 (4) 13.93 (9) 10.69 (9)
=RV IEANE & GDP Fefil  26.01 (2) 26.67 (2) 26.84 (3)

K
b

el PRt 4t T FR 20.24 (5) 23.65 (3) 29.30 (2)
LIS F 1 A 15.63 (8) 17.55 (7) 21.43 (4)
UNEE:3iS 17.43 (6) 18.02 (6) 20.70 (5)
UNEP=S 15.47 (9) 15.70 (8) 15.55(7)
RE RIS oh i 29.86 (1) 28.57 (1) 29.67 (1)
FEHEHR 9.23 (10) 8.54 (10) 9.89(10)
AFRRK & 7.81 (11) 6.98 (11) 8.50 (11)

5 SN D B B L, 955 B S B AR

3 g

TSI T W HEBORF AT e My HE ks | i
R A2 A R R T R 8 B A b, JF dE i GTWR
I RF Tkt 7255 e b 254 | R 45
FA) N IET LA B S A X Uk 75 Bl 5t B8 418 s 14 1 25
GXBHAFAE LU B Sl D] 3R 4 B AR AR ST, SR RS K
=R R BT R B 0 SR S B  A S AEEC, T
DA B, S8 i T AR el b o s T R ) B AN
Wi EFF, HAN 2602200 4 = A d U b i 2 il
Vi B s 5 A BRBRAE | Bk HR A B
PRI Y5k, EH SR G, X
] 48R T T T Al it JRE ) 2 T g A
BT, 07 BT b T G W HE R B AR AN B Y
TN, 73— 77 T el b o A i A1 75 % 0 v AL 5 THT Y
DRERH N 22 . EH O I A B, 2003—2017 4F
ANV QIR I 2 i R R TIE £ S N
GDP R %8 B2 X6 D 75 ek gk 56 J36 LA 1) 9K Bl A
F1, x5 QIN 4 g5 AR, 0 i 582 T
W I A% FF LR H B980T R ik i JBE i £
i E A S GDP LRSS TS A, 3 S QIN
SO A RUBESS b e O, HE i B IEAH
RIVEFEIFASE AW, 1% AT BE IR T8l T3 [ sk o 2
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YR T AE 5 Qe W HE TR 2 TS A A A [ Y
BIE ., IS R HE IR Bk B, WANG 4100
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PETE R A 25 AR IE | X 5098 ROBEAH G, 76 38 41 4%
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TCB 5510 M S T 1 9T o e o Ak [) — A6 A
B33 1 /AT ge iRk n] 41, 2003 4F IG5 Ak A T
AP HEIIE ST 314 992. 74 4CFN 105. 54276, Tk % &
FEREREA ., DRI, 98T B8R Al 2t 32 AR X 3 AR AN —
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8 G o Y 7 5 g
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ETRENNNK =A% 0HT
390 X 4340 73 mE BB Y E 5

ME S, HEE, KAET, KEERY, 2EER  (EOHEEMEsFERRERIT, 1T M 210042)

FEE . LTFIATE R IR AN X — E IR AR S T RE, 45 AR R UAL , RSB v KA M R BT o iy i, WK =
FA— AL X 27 AN IR T 430 DX S 1 1) 9 REVSU AR S AT A Y, SR R, WFSE X A% I A L 3R X
SR b HAT 25 A RN o 3 DX gt it B B 199 P 57 4t R B (LST) B X F- 241K 2. 18 K, BETRLR B 4E 2.9~8.3 K
Z 8] SR IR 1 5% kB B8 U AE 270 ~ 450 m 2 [H] . 4 =M — AR AZ 0 X 27 AN A0 3 T SR b T BE e Bk i R
267 656. 12 t » d™', I T G BEVRR 229 9 913. 19 t - A7, A KIRTT H, _LV T d TH A Hh  FE De ok ek Bk
K ,iK 47 374.83 t - 47 HAMRUOIEM 70 B AU LGN TR TR RIA IR, B 4% 5 0% N |
LU N2 PRAETIT IR T 2R b1 RRIRAR 376 2 000 1+ d7 LA, EAb, Bl 2 St b B 388 01, 3k DX ¢ b ™5 BBVl itk 2 A
0~90 m JELEINK 3 562. 54 t - A B F]>180~270 m JEFHEINAY 54.20 t - 47, WFFEE5E AT AR A A ik
W A R TP AR ST SR LR E S

REBIA . BRIRACNL; REmR; WTakH; K =AM

B RS X24 XHRPRERS . A XEHRS. 1673-4831(2022)10-1282-08

Study on the Carbon Saving Value of Urban Greenspace Patches in the Main Cities of Yangtze River Delta Based
on the Cooling Effect. QIU Kuan-biao', DU Han-bei' , ZHANG Long-jiang' , ZHANG Wei—dongm , LI Hai-dong' ( Nan-
jing Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: The vegetation carbon sink has been estimated from the absorption and storage of CO, through photosynthesis.
However, due to its ecological functions such as the local cool island effect of the urban greenspace, little attention has
been paid to the energy saving and carbon reduction, and there is a lack of estimation of carbon saving amount in regional
cities. Based on the important ecological function of cooling effect of urban green space, this study used buffer analysis and
statistical analysis methods to analyze the carbon saving of urban greenspace in 27 core cities in the integrated central area
of the Yangize River Delta (CCICAYRD). Results show that the urban greenspace in the downtown of CCICAYRD had a
significant cooling effect. The average LST of urban greenspace was 2. 18 K, lower than that of the downtown, and the
cooling range was between 2.9 and 8.3 K, and the cooling distance of greenspace patches was between 270 and 450 m.
The carbon saving estimation show that the total carbon saving of the 27 core cities in the CCICAYRD was approximately
267 656.12 t - d™', with an average carbon saving of 9 913. 19 t - d™' per city. Among the major cities, the carbon saving
of urban greenspace in Shanghai downtown was the largest, reached to 47 374.83 t - d™", followed by Wenzhou, Ningbo,
Nanjing, Hangzhou, Taizhou, Suzhou, Wuxi and Hefei, while the carbon saving of urban greenspace patches was small in
Xuancheng, Shaoxing, Jiaxing, Chizhou, Ma‘anshan and Anging, all below 2 000 t - d”'. In addition, as the distance to
the greenspace patches increased, the carbon saving of the urban greenspace gradually decreased from 3 562. 54 t - d™' in
the cooling distance of 0-90 m to 54.20 t - d™" in the cooling distance of >180—270 m. This conclusion can provide a sci-
entific reference for the urban ecological construction and the researches on urban carbon peaking and neutrality.

Key words: cooling effect; energy saving and carbon reduction; urban greenspace patches; Yangtze-River Delta
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Table 1

sensing imageries used in this study

Summary of the land use data and the remote

+ b ) FF B A Landsat 8 1& /514

s/ (°) KR/(°) Fis GHT A ]
26 120 118 038 2017-08-24
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28 120 118 040 2016-07-20
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30 120 119 040 2016-07-27
30 122 120 038 2017-07-21
32 116 120 038 2018-06-06
32 118 120 039 2017-07-21
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121 039 2017-07-28
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Fig. 1 Distribution of urban greenspace in the downtown of integrated core cities in the Yangtze River Delta in 2017
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Table 2 Summary of the cooling effect and carbon saving for the core cities in the central area of the Yangtze River Delta in

2017
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i) 2 720. 82 2 403.53 662. 60 9.03 0.00 0. 00 5795.98
i 18 671. 85 21 108. 92 7 337.74 256. 31 0.00 0. 00 47 374. 83
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I 120. 49 159. 46 63. 69 0. 00 0.00 0. 00 343.63
ST 1978.04 624. 68 196. 43 28.00 7.61 1.29 2 836.04
-2 5370.93 3 562. 54 925.20 54.20 0.28 0.05 9913.19
it 145 014. 99 96 188. 53 24 980. 31 1 463.39 7.61 1.29 267 656. 12
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Study on Carbon Storage Change and Optimization of Land Use in Jiangyin City. ZHAO Yi-xing' , GAO Run—yiz@,
LI Hai-dong® , CHUAI Xiao-wei**, GUO Xiao-min® (1. Land and Resources Exploration Center, Hebei Bureau of Geology
and Mineral Resources Exploration, Shijiazhuang 050081, China; 2. School of Geography and Ocean Science, Nanjing U-
niversity, Nanjing 210023, China; 3. Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment,
Nanjing 210042, China; 4. Laboratory of Carbon Neutralization and Territory Space Planning, Ministry of Natural Re-
sources Nanjing 210046, China; 5. Institute of Geographic Sciences and Natural Resources Research, Chinese Academy
of Sciences, Beijing 100101, China)

Abstract: The carbon effect of land use change and its impact on climate change have been the focus of academic circles
at home and abroad since the 1990s. Under the goal of carbon neutralization, how to achieve the purpose of carbon increase
and emission reduction by optimizing land use is a new opportunity and challenge for the current academic research and
natural resources authorities. Taking Jiangyin City as an example, this paper analyzes land use change of the city from
2000 to 2015 and its corresponding changes of vegetation carbon and soil carbon storage, and puts forward optimization
suggestions for the future land use structure. The main conclusions are as follows: (1) From 2000 to 2015, the cultivated
land area in Jiangyin City decreased year by year, mainly transformed into construction land, and the change range of other
land use types is small. (2) Due to land use change, the carbon storage of vegetation in Jiangyin City decreased by
75 009. 49 t and the carbon storage of soil decreased by 7 641. 56 t. Among them, the transfer out of cultivated land and
forest land led to the largest loss of carbon storage. (3) According to the historical land use change of Jiangyin City, based
on the goal of maximizing carbon reserves, this paper puts forward suggestions on the optimization of land use structure in
Jiangyin City. The results show that under the optimization mode, the carbon reserves of Jiangyin ecosystem will reach to
4.55 million t in 2030, an increase of 2 900 t compared with the natural growth mode.

Key words: carbon storage; land use change; optimization research; Jiangyin City
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Bl B — e AR, 48 - M5 R A Ak 1 o 1
PE |, e L 2000—2015 4EAE K Iy L aFoE
1.3 TEFNBRGEESE

T AU R A A (1 m*) —E &
B Z A MRS, T HERR T R R 15
M) 717 DA = AR AR Sk At Sk i, - B0 4 L K
PR 13 Hp oA HLEKR (1) B A bR, IZWE S T
FJZ(0~20 cm) T 0 B ARRA &, HARTHE T
BT .

(1) BRI A R B, X T B —
SETIRIREE (D) W 3R S0 7, A ALk % &
(C,)) HEAKXN

C,=T, xp, (1)
K (D) T, C, R D b - HERE SRR % B ke -
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m” 5 T, IR D A A WU & B, % 50 IR
E,kg cm’’,

(2) I ArcGIS 10. 5 A4 140 A4~ 4 HERE AT
GRS ARCEE VTR A R I 44
A2 B BT H AL A T B AN
A5 SRS (B 1% T v A RS [R) s 1 1) 435 1
B P

(3) 15 3 B 25 g 4% 2 A+ g v LR i, B
AR VEEA TS IR (C ) HATE AR

(2)
X (2) € AR 3K BB kg - m™; S,
RANTR) EHE R T A, m®

HERE5HH

LA™ i F AT

Hi % 1 Al %1, 2000—2015 4, Y1 FA T 4 #b A1
KAERRAS A, B b T A AR B 0, A 1 M i A
AT D  BACHE K R T R AR AR DN B R T
A R IN 5 A ) FH H i BULAF- 3G AR A ; 5 i 1 AR

Ctota] = ZC: ><Si XDD
i=1

2

2.1

R1 2000—2015 FIBAM T FI ALE S

£ 2000—2010 4FH[A] 22 {6 A K fHAE 2015 4FE45 fr
W, 2000 AEVT AT BE M 5 HE Ik 67.25% , YT FA
i EEEAY MR 2 i Rk 2z, A 5
i ETBRRE P22 FE 4K AN 7 22 63% , Ml b K
WA AR/ MR 10% 4247, 2000—2015 4F
VLB B TR AR 5 PR 22 T 1% IR i e i A b 5 L
Hahn . 2015 AEYLRA T 3 B 4 MR 2R BT AR 2 F
HFNEE T FH b P 3 Z M 22 B 46 /N T 17 2, #F
i e U B 51, 71% , #E B H EE D 8 i 3
37.46%, 2000—2015 4EHAR b | BT K 38 DL K K F
FHHE S LT 8 251k

F 4 2000—2015 4F 1. BH 7 4= b A1) FH 5 78 i [
(F2),  #E AR Y5k 2R i 5 F Bk Y 7
S, A FH e AT R 221,20 km?, HorpAg
149. 43 km® 2k A #f b, M2 53 A kG, B Hi 1)
T HI I A 7% 32 R A DA i FH Y SR Al )
SNk, Bl T ENE A Ik R b iR
BB Ak R R b | K B LA B R R P b e
BUN 157,75 km® B ATEIFUN 5. 84 km®

Table 1 Distribution of land use types in Jiangyin City from 2000 to 2015

J—— 2000 4F 2005 4 2010 4 2015 4
T/ km? hi He/ % T ALY km? /% T ALY km? Hi He/ % T ALY km? 4 H/ %
Bl 657. 45 67.25 602. 55 61.63 550.70 56.33 505. 54 51.71
PN 26.26 2.69 27.42 2.80 27.39 2.80 29.54 3.02
L 2.04 0.21 2.04 0.21 2.04 0.21 1.70 0.17
7KK 70. 58 7.22 69. 14 7.07 69. 14 7.07 72.58 7.42
L FH 221.20 22.63 276.38 28.27 328.26 33.58 366. 27 37.46
I FH 0.15 0.02 0.15 0.02 0.15 0.02 2.05 0.21
F2 2000—2015 &£ TR T F SR 5ERE
Table 2 Land use transfer matrix of Jiangyin City from 2000 to 2015 km?
T Hb A 2T HhHs i) i K3, AR ) FH b Bt
B 499.70 3.74 0. 00 2.95 149. 43 1.64 657. 45
i 0.01 25.63 0. 00 0. 00 0.44 0.18 26.26
B 0. 00 0. 00 1.69 0. 00 0.35 0. 00 2.04
pie:) 1.05 0. 00 0. 00 68.98 0.55 0. 00 70. 58
B 4.78 0.17 0.00 0. 66 215.51 0.08 221.20
A H I Hb 0. 00 0. 00 0. 00 0. 00 0. 00 0.15 0.15
582 505. 54 29.54 1.70 72.58 366. 27 2.05 977. 68

MZE 534 (P 1) K75, 2000—2015 4F [ AL
e fe o0 B I8 G R O M, R A VT B AL L &
ZR B JEAR f 15 b il T ARG T, R AN P
DA T P A ) ) kb b R R b A
TEVL R AR /N AL 43 A1, 2000—2010 4FHo 25 (6] 43 4

I b AR A TE AR Ak (HLF] 2015 4RV R A 44
HH I8 11— e DX 3k M 15 FH b AR b 5 16 Sk AR b
FAFHHLAE 2000—2010 4 A4 7 71 B P4 5B /N1
FUA3A1 2015 A DU FE AL AR 50 14 2 15 FH o o 8
TR AR
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Fig.1 Main land transfer types in Jiangyin City

2.2 TR AT EEREENE

XYL BT T A e %% B 50 A S - b ) 45 40
FF & NG AT A5 VLB T 25 b 1) FH 2 380 ) A e A
PUBR L Bk ARHb B sk | 15 F R R
JH MR A6 8% A BIL K %5 B2 43 53 o4 0.55,1.94.,0.21
0.35.0.01.,0.01 kg - m™>, FIIBRBFEE(E Ky 1. 79 ke -
m? 5 = MR FH 2K D 0 A B A LB 2 R R /MR R
SRR > B b > 7K 3> > R R > S b

HRAE VTR T A Hh 1 FH AR Ak 5 B8 0 1 L S AN TR
- MR 2SS A B e B R A VTR T
i) FH AR A0 6] AE B il s B A 52 ], 7 U B
Xof A — 2% A HiUR FF 2R AR 10, a3 HEL T3 0 ik s 1 AR
PRABLASU AR 22 25 25 FH 1 398 15538 43 () AL B Bl 1, ORI
7% L8 - MR PG AL R TS R R i i 39 o ( - i
HAF ) | 2000—2015 4F - Hb F) FH A8 £ 4 5k 1Y

R 3 IIRAT LR AT A ER R ER R0

T AR L3R 3,

WA 18 A Hb R FH G AT S 0% R o i i
B, i 2 R AR 4R, 2000—2015 4771 B3 11 A
A HLERAE R D 75 009. 49 t, b A AR 1k 3 A
THAEBCA LR B K . £ 1 MR FH 2 B e 1 27
LR a5 R s, HF b % th 2 & o AR B A L
BRI I 2,75 76 963. 41 t, Hirh ks 25y 7t
15 b 5 S5O WA £ 1t D9/ D 80 693. 98 t, ki Fi b
[ L0 (AT B AT ML i 2t 43 9820 1 206. 01 ,69. 30
to HREU I AR AR B A HLRR A 5 530 3
J3137.57 24. 91 t, Hrfitha) s A M RIK B
VA 1) 2 15 D e R A ) P R 1) 5 M K
$of e A5 FH b8 2 A (R B LR s /D | H v i
JH M6 H Al - b 1) FH 278 0 & o8 R A LA P
KB W% R E,

Table 3 Impact of land use change on vegetation carbon storage in Jiangyin City t
T b A 2B b b FHh 7K 3k B AR FH Rt
kb 5 192.90 -0.31 —-578. 47 —-80 693. 98 —883.55 =76 963. 41
Nl -11.26 0. 00 -1.43 -840. 71 -352. 61 -1 206. 01
O 0. 00 0. 00 0. 00 -69. 30 0. 00 -69. 30
IR 210.78 0. 00 -0.13 -185.74 0.00 24.91
A 2 582.12 331.77 0. 00 223.69 0. 00 3 137.58
AR b 0. 00 0. 00 0. 00 0. 00 66. 74 66. 74

2.3 iR AT T A E R R

FEULEA T A % B B AE ArcGIS 10.5 F &
PEAT o8 B 4 97 {0, 45 3 0 BA T 9 1 9 R 40 A R
(I 2), TR ArcGIS 10. 5 #6925 1 14
S b 1 D3 E N B =9 v o P v 7 N i e o
A PRI R E (0~20 em) TV 0055 5 | 155
TLBAT - emft it (£ 4) .

HRH VLB 7 b ) 2 A% S 1 DA SO ] 4

FIFH 2SR A Mt i 22 5, W5 Hh VT BA AT 4 R
AR - SRR A B 52 (R 5) o R S5 B, 2R
AN A ORI A AL R G Y SRR Aif 48, BT
+ A FHAE 1L, 2000—2015 4EV1.BA 117 + 4 LA %
/D 7 641,56 1, 45 R A% 2R RN B AT
S50 IR ARG A T A LA B0
D22 1k 8 188. 48 t, H ML HH A+ A HLK
g /D 225. 28 v, HEH H A 2R Al - A AL
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%38 &

Wefigi /b 60. 99 t, AH FH A% Hh 2 AL il + e AL
Wefig s> 0. 47 v, BRHL KR FE Al £
A HUBRAE Y B0 36. 62.797. 03 v, Hirh L )
PR 7K ek | 1 FH Ml ARl 1) 2K 8 i FH L,

R (kgom™)
5.17

.2!)4

Tia) S5 L, 5 ) s 1) 7K 38, A R ) ) 2 0
iR A Al - A BILA Do /D, AN T B T T 1
oA FH b B b 1 o7 AR S LR 5 2K A
HPEE, D B 90. 50% , %5 AR,

2 IRTTEREESHE

Fig. 2 Distribution map of soil carbon density in Jiangyin City

2.4 THFATUNESRGHREZHIN

T LIRFgT Al R P 2000—2015 47T RATH
A b R AR A S Al At AR A VA B VLR T A
RIS Rk i A8k (% 6) . 2000—2015 4
VLB AR 28 R et it e R s /b 8. 3 T o, HorPAE ok

I, AR e A T BT AR S R GG A 8
T HAL MBS PR 1 DU B e i A 80 R

F4 IRTLEHRESETN
Table 4 Change of soil carbon storage in Jiangyin City

. ; Tt
BRI 7.5 T v, o8 2 5 R G0 B 2 T — —
90. 75% . HFHBEAS A IR A R B0 A b A P, i = T N
B ) U FH ML) B 1 X BT A K I e i B 11.26 12. 66
R, 218.8 T t, BIRVA 0.63 km’ Bk L A= T B 1.00 0. 84
A fl HESET 0.12 77 B4 25 B BB hE R 45 o o b

> Pax' N N %4 B ) )

gio ﬁ%‘?@qﬁ:ﬂiﬂéﬁii&ﬂmﬁﬂ%ﬁﬁ*,@él **[Jﬂqﬂﬁ 0.07 0.93

it —25 B AT B R B O, R R L[]

£S5 IAWIMAATEIN TEREENZI

Table 5 Effect of land use change on soil carbon storage in Jiangyin City t

+ R FH2E 1 HFH bS:) Hih 7R3, AL b A 4t Bt

Ak -108. 94 0.54 -1 511.90 -6 917. 00 348.82 -8 188. 48
biS:) 0.24 0 -0.44 ~7.46 44.28 36. 62
il 0 0 0 -225.28 0 -225.28
IR 540. 92 0 1.01 255. 10 0 797. 03
AL b 221.34 2.94 0 -307.22 21.95 -60. 99
e EE 0 0 0 0 -0.47 -0.47

3 ETwmEERKAHN LT HEEIK
3.1 TiF AEHMmUERE

R S LA AR i i - A 2SR | A

A By AN D 2R A A s R AR 2 T [ 4 el
AR TR BRASHY | LAY | A R R S IR
T2 ] A LR 1) 5 o AR 1, DUBIR i
Mot AR G A LB A i, IR T 50 R TR R 5
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(e v s LR AT Y WA A BB R R U =
AEE TR 1 3t A1) P ) A ek 2 e S AR R H B
PRI, K A ] = i ) P 26 Y g oo B Dy e SR
S S S U/ W)

n
z a;X; = b,
j=1 o

X =0

(3)

2(3) X,y g et B b R 2K

IR LR AU R EX ESREREEMN R

ken” s, AR R H b, AL

SRHUE FRRERECF(2) = Y X, = max 941
WX, SO, F00 ¢, LM
KA BB kg - m Ty F(x) R4 MR FH 6% fif

i, 7 tymax FoR AR R AR B if i H b i R AL R Al
BRI AR R

Table 6 Land use change and its impact on ecosystem carbon storage in Jiangyin City
T b HI A% A T FH/km? FH it A A/ T etmht B b/t R R G AE
b — b 3.74 5192.90 -108. 94 5 083. 96
A — it 0 -0.31 0.54 0.23
ARt — 7K 32k 2.95 -578.47 -1511.90 -2 090. 37
HF A -2 b 149. 43 -80 693. 98 -6 917. 00 -87 611. 00
HHh — R ) FH 1. 64 -883.55 348.82 -534.73
N 157.75 -76 963. 41 -8 188. 48 -85 151.90
M- 0.01 -11.26 0.24 -11.02
PR — it 0 0 0 0
MR- 7K 8k 0 -1.43 -0.44 -1.87
M — 215 F b 0. 44 -840.71 -7.46 -848.17
Bl — A 1) FH 0.18 -352.61 44.28 -308. 33
N 0.63 -1 206. 01 36. 62 -1 169. 39
ki 0 0 0 0
b b 0 0 0 0
F - 7K d8k 0 0 0 0
it — R R 0.35 -69. 30 -225.28 -294. 58
F b KA 0 0 0 0
/N 0.35 -69. 30 -225.28 -294. 58
TR I~ H 1.05 210.78 540. 92 751.70
K 38— Ak 0 0 0 0
K g8~ 0 -0.13 1.01 0. 88
TR I - A F b 0.55 -185.74 255.10 69. 36
TR~ F F 4 0 0 0 0
/N 1. 60 24.91 797. 03 821.94
A FH -k 4.78 2582.12 221.34 2 803. 46
R - AR 0.17 331.77 2.94 334.71
U M- F 0 0 0 0
AR FH - 7K S8k 0. 66 223.69 -307. 22 -83.53
AR FH R ) FH b 0.08 0 21.95 21.95
/N 5.70 3 137.57 -60. 99 3 076.58
A FH Hi b 0 0 0 0
R FH s — b 0 0 0 0
R FH o — 0 0 0 0
A F) I Hb 7K 3 0 0 0 0
1 FH b — 15 FH b 0 66. 74 -0.47 66.27
/N 0 66. 74 -0.47 66.27
At 166. 02 ~75 009. 49 -7 641. 56 -82 651. 10

i H A R A B RG] 454

AT 5 B 5T e e D bR Ak A pRRC, 1k

FEA ) - ] RS Y Y 1 AR O e S o, AR AT 4
My A SRR 2 22 PR DU SE AR, AT
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AR LA BT, AR AT SCrh 1 3248 3
FIFHZE A R HCLLTE 6 PR AR &, BF M X, AR
X, HUHE X, JKEE X, R X, SRR X

ZEEVES AT E, X 2030 4F £ 1
FHES AT E B2

(1) SR VEBA T s H AL R T, FEAN &
AATEIX R AR A AT R, B BUE AR RN
BT IATE 2030 47 LTSGR 977. 60 km?

(2) Bt . FEARRR A 5 T I 5 AL B 1 5% R R 4
S A BB R AP B — Ty T T L Ak
HEY AR 5 R 2 R 0 U5, B b B (R R T
REkadh . BEE RPN TR, A0 R RS
KBRS IR/ i, AT LA it + B B Hg g
S, T LB Y 9 TR AR B ], DU
AR R RO I 254 2000 45 LAUJG A9 #F b 748 4 ik
JE ¥ 2030 4F VLB 7 0 A L OR A  6ff E R 351,55
km?, BEORA 1 R AR BT R AT A TR, 25
TR HAE I #E ) T B, K B0 BB e T A 503. 39
km® fE4 2030 4EHb AL A 1 B, 96 0 7 B L Y
YRR 351, 55 <X, <505. 54,

(3) Mt . 5 R B A S R BE B R | AR b 75
REURWHRE R, 2030 4E M 1w AL 2 /D W AR T A
IKF(29. 54 km?) B BEAE Ry bl T R TR, AR
i 2000 4F LA AR 1 AR A S 2478 1h 5 R 5 3
3.27 km® J A MR T FRAE S 2030 A5 A TETFR Y I
B, B 32. 82 km?, i b 7 AR Ml 19 29 R 25 R DT 2
29.54<X,<32.82,

(4) ML YT T A b v AR A A HL AR (B 2%
M, S TR O T A PR DL R RO X AR AR R
BRI B E AR, A oA v ARk D i A 45 3 i
il AR 2030 A1 AL 2 AT BTk, i AUR
f&TF 1.70 km®, {H%E RN 25 & RNTHEE, BRI
2000 4F D) J5 B b T R A ST 224 4K R Tl Tt 2030
AR M T AR AT AN 0. 34 km?® K HG N 14 B b 1 FH
YE R 2030 AT A LR, B 2. 04 km®, 45 it A 7 5
M AR 1. 70 X, <2. 04,

(5) 7K 3. 2000—2015 4F-7K 3 11 R A& A /D 1 1Y)
ARAk AR A A U, AR OR B K Bk
BLRAZ IR = IR K e B 52, VF 22 B b gk
T2 RO iR SR A Ak b 2 PR T B YT 5 U T i
FER IR , K P2 35 FH M (0 H 2 1 7K 37 8 F )
B K I ML, 454 2015 4F 52 Bk 8 i AR, T
2030 4E /KSR D TF 72, 58 km®, HARSE 7K 381
T DT AR AR AR B B, W3 2030 41 7K 2k i R 3 i

2.00 km* Ke38 in 5 f4 T ARLVE A L FRAE 74. 44 km®,
BT KR AR T FE . 72. 58 <X, <74. 58,

(6) FHEUE b . A ok 28 % 1 1< X 30 FH 1 1 75
SRR ZN , I B Hb oK PR o PR B K Y A 4R R
2000 4F DA S5 FH 1 i) P 3415 R R 3, 2030 4F:
AP L F 511,34 km®, F2 I 2005—2010 4F
B3GR RS, 2030 AR IR 521. 82 km®, Hig 1t
oy g FH O 2 R & 1 R 511,34 <
X, <521.82,

(7) AT FHH . YT AR e T AR, %
TR B SRR 2y Ak E e TEBATT 2030 4E KA
IR 208 /0 B0 S /N B4 AR ) Hi i AR 4
BEEST AR A FH L LR A5 R 0<X<2.05,
3.2 ETFmEERAUMN A ALERRL

R XoF 25 2 A MILAe 2% B )3 HARE 25 R e v il
AR S R G At i e KA Y B AR R A max (Z) =
4.87X,+6.23X,+5. 13X, +4. 15X, +4. 28X, +4. 54X,
HRAE DL B A5 AN £ A8 S I 2 45, R A Lingo
14. 0 FA%F DL b 07 B A 73R A, 45 31 2030 4F VB
TR i KA R S T R (R 7)

R7T 2030 FifFERAUHIMAARETER
Table 7 Land use optimization structure to maximize car-

bon reserves in 2030

- Hb ) 2 T AL/ km? Tefit i/ 7
Bk 358.90 174.78
bSii) 32.82 20. 45
it 2.04 1.05
K3 72.58 30. 12
A 511.34 218.85
A 4t 0 0
At 977. 68 445.25

HH2% 7 AN, FERR At i e AR BARBRECT | ik
fitE A Kl 445.25 T3 t, 2030 44k i B /L | Ak
i B AR R TR BTG A s A b R AR
AAE R R 2 0, Horb @ b A TkAik
i K, O 218.85 T3ty HoUR i B M, Bk ik i
174.78 J1 5 BRHLFIK I 1 i fids £ 4 31k 20. 45 7
F130. 12 7t HEHBARAf Fe e /D, A 1..05 Tt
3.3 BHERREMN

#2030 4F VLA T (A% A+ R FH 25 /1L 6
539045 2015 4F b A FHEEH | F ORISR AT B
1) 2030 4F- - HbF FHEE R4 T LA, 3B Ak S8 1)
WHESCR (R 8) .
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Table 8 Optimization of land use structure and emission reduction effect based on maximization of carbon reserves

K A ) I 254/ km? Wefiti it/ J7
- 2015 4FFUR 2030 4F [ AR KA 2030 SEMAEAIN 2015 AFBELIR 2030 4F H ARSI 2030 4EHRIERES
biis: ) 505. 54 353.63 358. 90 246. 20 172.22 174.78
i 29. 54 32.82 32.82 18. 40 20. 45 20. 45
L 1.70 1.36 2.04 0.87 0.70 1.05
7K, 72.58 74.58 72.58 30. 12 30.95 30. 12
A 366.27 511.34 511.34 156.76 218.85 218.85
SR FH Hiy 2.05 3.95 0. 00 0.93 1.79 0. 00
a1t 977. 68 977. 68 977. 68 453.29 444.96 445.25
%8 R ETHAG R E IR AL e,
JrARREARFE VLT OUAHRLK T B 2030 4ELmele

i HE E RGBT 3 0. 29 U7 v, UL AR
VLB Bl A 2 R Gt i W

4 Zig

XYL 2000—2015 47 f#4 4= b F) H 28 £k &% il
A5 R 48 RV B i At i B A7 1Ak, TR e
MPASRVLBA T = MR R 1 T etk r &, 45
R,

(1) 2000—2015 4EVLIHTT 16. 98% i - b i F1
AR o ) R FH b A A AR R 2

(2) VLB A A A2 A 3 i AR 25 R G e fih
/D 82 651,10 t, FE R A THFHb  ARib ) 1 5%
HB |, JCHCR B i) 15 P b %) 2 2 5 e i o 461 %
87 611.00 t.

(3) BT Py s A A AR A ik ittt i KAk H
B T 1 L 5 A Ak 7 58 T 2030 AEVERA T A= 25
FRYchchitt i F AR IR A 0 0. 29 7
i
Syt — A NS Bl wHE L B R R Rk
T 2 A b A T U2 A 2 R R A 1
BRI, ELAARTT 2 BN X 5R

(1) s B SR MRH A A AR, T A% 42 1l bk b
B I A PRI G ; [R]AF  XhVT 7 g
R B B/ DX B b 0 A IR DR T A R

(2) BCGEMHESI B, RELA B RIE R T
X e m DA PR S

(3) Jimsis il g 15 FH b A s et 4 o B VLB T
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7, B 1k b R R A AR E R RS
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Research on Ecological Construction Model of Villages and Townships in the Important Area of Water Conserva-
tion and Biodiversity Conservation in Daloushan Mountains. CHEN Yan', WANG Nan®®, ZHAO Li-jun®, FENG
Yang' , LI Hai-dong® (1. College of Architecture, Nanjing Tech University, Nanjing 211816, China; 2. Nanjing Institute
of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: Ecological construction of villages and townships is a key step to realize rural revitalization. The study on the
summarizing of models and influencing factors in the process of village ecological construction is of great theoretical and
practical significance to promote the coordinated development of regional ecological, social and economic systems. In this
study, the important area of water conservation and biodiversity protection in Daloushan mountains ( hereinafter referred to
as “Daloushan area” ) was taken as the research object, and the Principal Component Analysis ( PCA) was applied to
study the influencing factors of its villages and townships’ ecological construction, and its villages and townships’ ecologi-
cal construction mode was studied through the ideas of " binding points with area" and " from point to area". The results
show that; 1) The ecological construction of villages and townships in the Daloushan area is influenced by the combination
of human settlements factors ( Al), economic development factors ( A2) and ecological environment factors ( A3), of
which the role of A2 is the most significant, among the 16 typical villages and townships selected in the Daloushan area,
the villages construction of Loushanguan subdistrict (T5), Bing'an Township ( T8), Tiantai Township (T9), Maotai
Township (T13), Heishu Township (T14), Yile Township (T15) and Shuitian Township (T16) is more significantly in-
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fluenced by the ecological environment factor ( A3), the human settlement environment factor (A1) and economic devel-

opment factor ( A2) also have significantly effects on Loushanguan subdistrict (T5) and Maotai Township (T13) ; 2) The

ecological construction of villages and townships in the Daloushan area includes four paths and twelve modes, which are

developing ecological economy to boost rural revitalization (L1) , restoring lucid waters and lush mountains to activate rural

revitalization (1.2) , improving human living environment to empower rural revitalization (L.3) , and innovating institutional

mechanism to consolidate rural revitalization (14). The above research results are of great significance to promote ecologi-

cal construction and rural revitalization in the Daloushan area, and also provide demonstration cases for the construction of

beautiful villages nationwide.

Key words: ecological construction of rural and townships; rural revitalization; typical path; construction mode;

beautiful and livable rural and townships
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Table 1 Basic information of the sixteen typical townships
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Fig.1 Typical townships in the study area
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Table 2 Influence factor identification index system for ecological construction of beautiful and livable rural and townships
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Fig.2 Roadmap of ecological construction model
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Table 4 Cumulative contribution rate of principal components
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Analysis of the Spatial-temporal Evolution and Driving Factors of Rural Residential Areas in Metropolitan
Fringe: A Case Study of Tianjin. LI Xue-mei' , LIU Qian® (1. School of Economics and Management, Tianjin Chengjian
University, Tianjin 300384, China; 2. CIIC Guangzhou Economic and Technical Cooperation Co. Ltd., Guangzhou
510000, China)

Abstract: Excavate thoroughly and fully the spatial-temporal evolution characteristics and influencing factors of rural set-
tlements in metropolis fringe is of great practical significance for the spatial optimization of rural settlements, economical
promotion and intensive use of land resources during the urbanization process. Based on Landsat TM remote sensing, the
land use information of 450 rural settlements in Tianjin in 1980, 2000 and 2019 were obtained by using ArcGIS software.
The spatial overlap analysis, kernel density analysis and structural equation model were used to reveal the spatial and tem-
poral evolution and influencing factors of rural settlements in the past 40 years. The results show that the number of rural
settlements decreased from 426 in 1980 to 127 in 2019. There were 355 unchanged villages from 1980 to 2000, while there
were 322 decreasing villages and 81 unchanged villages from 2000 to 2019. The spatial distribution of rural settlements
showed the characteristics of agglomeration. However, the estimated core density of rural settlements gradually decreased
from 1980 to 2019, which showed fewer high-density areas and almost no rural settlements near the central urban area. Re-
gional economy and household behavior have direct impact on the change of rural settlements, while family endowment and
government policy indirectly promoted the change of rural settlements through economic development.

Key words: rural settlement; spatial-temporal characteristics; driving factors; structural equation model ; metropolis fringe
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FEAEL, BRI W, A R RA A T
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1 1980,2000,2019 FHF KX KHER LI
Fig. 1 The characteristics of rural settlements in Tianjin in 1980, 2000 and 2019
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Table 1 The magnitude and intensity of rural settlements

change
o KNERAEEA BREE % BB %
1980 426
2000 423 -0.70 -17.49
2019 127 -69.98 =76.01
x2 REREEWNER
Table 2 The types of rural settlements change
AEfy KA/ A W B A KA
1980—2000 355 69 2
2000—2019 81 322 20

52 1.004 42 &Y 6 km
1% 0

2 1980,2000,2019 £ R ERSZEESHE
Fig. 2 The core density distribution of rural settlements in 1980, 2000 and 2019
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Table 3 The index system of influencing factors of rural

settlements change
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Fig. 3 The normalized path coefficient diagram of the structural equation model
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Table 4 Measurement model normalized path coefficient and its significance
iy Wb REC RBMEITHME O FRER(S.E)  EARK(CR)  BEMkPE

ZHERREE(FBL) L TR 0.508 1

AETE A (FB2) =4 AT 0 0. 885 2. 049 0.220 9.329 ok
TH2EF R (FB3) >R P TR 0.754 1.554 0.172 9.059 * % %
PR U P R (FB4) >R TR 0. 637 1.672 0. 201 8.334 %k
FIEAEAR T T B (FEL) — 5 E B 0. 585 1

FREARAR A (FE2) — FRBE BUR 0.764 1.138 0. 145 7.843 * o
FREAEFE WA (FE3) — %52 B 0.554 0.788 0.107 7.383 * %k
205 B IR (SE4) — XA 285 0.581 1

WAL IR (SE3) — X 2% 0.832 1. 623 0. 145 11. 196 ok
il R G SE T (SE2) —» X 45 0. 740 1. 555 0. 149 10. 416 ok k
IR ST (SE1) — X A2 5F 0. 661 1.243 0.131 9.496 * %k
B 5 (SES) — X 45 0.741 1. 506 0. 144 10. 419 ke o
+ i BEAR AT (GP1) —BURFBUR 0. 649 1

WA b i B (GP2) > BT B 0. 493 0.742 0.093 8. 009 ok
FREBBOR (GP3) > BURBUR 0.779 1.194 0.110 10. 848 %k
BEy7 DA UK (GP4) - BUN BUR 0. 899 1.344 0.128 10. 535 ok
ART o B ASAT R Bt e L (RC3) — AR R R s 84k 0. 888 1

A I R SRR (RC2) — A b o R A8 1k 0.763 0.910 0.059 15.513 ok
AR} R AL BB (RCT) AR s R R AE Tk 0.121 0. 157 0.074 2.122 *
TR APIRBL (RC4A) - ARA] i B 184k 0.752 0.763 0. 050 15. 255 T

*

Lok RN P<0. 05, P<0. 001,
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Table 5 The normalized path coefficients of structural models and their significance
PR PrifEfb R AL BN HE FrifEiR (S.E.) i % (C.R.) P1H
H1 R PAT - R 22 ik 0.369 0.797 0. 136 5.872 -
H2 XA 55— A b Jar R i A2 Ak 0.483 1.013 0.135 7.529 ok k
H3 BURBUOR— XA 28 5F 0. 636 0. 474 0. 067 7.030 ok
H4 BURFBER—R 1170 0.073 0.053 0. 052 1.018 0. 309
H5 KL B AR P AT 0. 068 0.053 0. 064 0. 831 0. 406
H6 FJE B — X v 2657 0.151 0.123 0.053 2.304 *
H7 % i B BN BOR 0.215 0. 040 5.397 .

w woxox SPHIERIR P<0.05,P<0. 001,
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LUCC Spatial Simulation of Urban Agglomeration in Central Yunnan. LI Xing'**, ZHOU Jing-chun"**", JIN
Ting-ting' >, WANG Jin-liang'** (1. Faculty of Geography, Yunnan Normal University, Kunming 650500, China;
2. Key Laboratory of Resources and Environmental Remote Sensing for Universities in Yunnan, Kunming 650500, China;
3. Center for Geospatial Information Engineering and Technology of Yunnan Province, Kunming 650500, China)

Abstract: Taking the urban agglomeration in Central Yunnan Province as the research area, based on the LUCC data in
2000, 2010 and 2020, combined with correlation analysis, the potential LUCC driving factors were selected to construct
the flu model to simulate the LUCC in the study area in 2035. On this basis, the temporal and spatial evolution characteris-
tics and spatial pattern effects of LUCC in different time periods from 2000 to 2035 are analyzed. The results show that
(1) the land use types in the study area are mainly dominated by cultivated land, forest land and grassland, and the over-
all pattern is relatively stable. From 2000 to 2020, the construction land mainly came from a large amount of occupation of
cultivated land, and the change rate from 2010 to 2020 was significantly faster than that from 2000 to 2010; (2) Accord-
ing to the prediction, in the next 15 years from 2020 to 2035, the construction land will mainly come from the occupation
of forest land, and the urban expansion has obvious direction; (3) The comprehensive degree of land use in most counties
and cities shows an upward trend, and there is a decline in the comprehensive degree of land use in some counties and cit-
ies due to the implementation of the policy of returning farmland to forest and grassland; The hot spots of utilization degree
change are mainly concentrated in the counties and cities in the middle and east, showing a trend of multi-center develop-
ment; (4) The changes of landscape pattern index in each region are different. On the whole, the degree of landscape
fragmentation increases and the diversity decreases. Under the background of western development strategy and accelerated

urbanization process, this study discusses the land use characteristics of mountainous urban agglomeration in central Yun-
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nan, simulates the future land use, and quantitatively analyzes the spatial pattern and its change effect, which is of great

significance to formulate land space planning, realize " multiple compliance" , and clarify the objectives of land space de-

velopment and protection.

Key words: Central Yunnan Urban Agglomeration; LUCC; prediction; spatio-temporal evolution; spatial transfer maps;

spatial pattern
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TS p 76 ¢ BFE]H B0 oA kMRS
PLE Rk T RE 2010 4F LUCC 3L 78 AN 30
- A A S S BT, LR ML R AR 7 2k
5%HIMETC R ANN YIZRFEAS  BRsZ 8l 6 2,15
FI 45 A 1 M I FHIE BSR40 A, SR 5x5 JEEIR
P, W A KB AR ECH 300,15 31 2020 45 4 Hh
FIFABL IR . 200 2 RS2 50, B A 2 R A 3
360 m 75 [H] 43 HEAa i BCADORG B B, O 5 2020 4F
S2BR LUCC X HEBAIE , H: kappa 22 %K 0. 81, ik FI|4#
WESR AR b 455 Markov, 78E H 2035 4F
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2.3 LUCC ZEgR/smHh AHEAE , BAR T a3 2 i .

SEOREDLAY 2035 4E LUCC, 43591 DA M 50 i 4

*k2 ZTHEEEMRAE
Table 2 Research methods of spatial pattern
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LA AR B IR ] BE A AN [7] - ) P2 Y 2 [ AR FL A 45 R
SO SOUAR SRR AL Fili AR S LAY L BRI S R A8

PRI T REAS b A B S R SGE 4R T 2000—2020 4F )

3 FHERA . ] e e

ARl a Fe, AT 2020 45, BF 5 43 5 v 2D
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Fig. 2 Spatial distribution of land use types in Central Yunnan Urban Agglomeration from 2000 to 2035
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2000—2010 4, 156 BH 7E (b st 1] B Py = M 1) FH AR 1L 72

®3 EPHHEARENA LA AEREL

FERON B A 3R b R A TR P
35 a [H) 45 4 1 1) 28 B0 AR Ab A7 45 B B 19 25 ) 22
St RFEE T R ML, 2000—2020 4E FE A B (T
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R A i T DA B 52 |, e R B
XVETTIX BT P IX 5 R X 4 T
FHEEAE 30 km?®, XFFHFH 5, HR 3 5 i Y
Hi DX A 25 DX B R T A B TR U
X LT ET X R X 5 AT
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194, s 2 0y i B iR & PP E
EURE 25 XA, AR AR S D 1 T
MR &EBX AIHT, WL 50 km®,
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Table 3 Quantitative change of land use area in different periods of urban agglomeration in Central Yunnan

jr— 2000 4F 2010 4F 2020 4F 2035 4F

T AL/ km? Lt/ % T/ km? Ll % T/ km? il % T ALY km? Lol %
B 23 056. 23 20.70 22 819. 89 20. 49 22 599. 21 20.29 22212.71 19.94
b 54 747.96 49.15 54 838. 64 49.24 54 681.71 49.10 54 943,92 49.33
HiHh 30 316. 18 27.22 30 275. 88 27.18 29 920. 61 26. 86 29 269. 77 26.28
pi & 1311.03 1.18 1318.68 1.18 1 462.20 1.31 1391.91 1.25
AL b 1 785. 36 1. 60 1 963. 64 1.76 2553.43 2.29 3413.84 3.07
R 162.73 0.15 162.76 0.15 160. 67 0.14 147. 35 0.13

x4 EhEHHEHARNALIWAHAEROEETLE
Table 4 Annual change of land use area in different

periods of urban agglomeration in Central Yunnan

f— AEBEARAEE/ %
2000—2010 2010—2020 2000—2020 2020—2035

B -0.10 -0.10 -0.10 -0.11
it 0.02 -0.03 -0.01 0.03
i) -0.01 -0.12 -0.07 -0.15
7K, 0.06 1.09 0.58 -0.32
A 1.01 3.00 2.15 2.25
A b 0.01 -0.13 -0.06 -0.55

23 b AT i P i T AR N 22 4 DX U 2
ARl BB IR B 2 B IX Al L A SR BT IX
ZLIEIX 5 F T A TH T 3 DR 3 i, Dt A
Bz A AT LI R A X 9 P A TR e 1 25 L
Wk R (A AR L 3t A8 B (T IX) A3 B PR A R

AT EE A 30 X 0 AR X 35 M X X i
FH Hb T R B A v MR B 3/
3.3 EhiWE LA AR EERS R

R | SR il NS Y SR s Al |
SRIFBR I ZEA AN, J2 4 R e R B B 25 A 1R
B, DAE (T X)) Sy B 43 S GE T AT X L DY 4
AN TE] B ) R 2R 5 R B e SO AR (b it ) 45
A& 3~4 FiR,

ZERRH AR A B (T I 1y A I 25
BRI A U IR b 1% 254 Jon fof 45 1)
JEARWIR S, 2000—2020 4F, DL HAEIX CEIEIX &
TIX T AR X P L X R X K R ok
8, AR, 32 B A AR LA RS BT A R ) R
X, 2020—2035 4, IR 5T X T X LT R
BEIX IG5 X L0 X AN IHT 52 A T S K i
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m -0.23~-0.16
m >-0.16~0.67
>0.67~1.32
™ >1.32~2.36
>2.36~6.00
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Fig. 3 Hot spots of comprehensive land use change in counties and cities of
Central Yunnan Urban Agglomeration from 2000 to 2035
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Fig.4 Change of comprehensive land use degree of counties and cities in
Central Yunnan Urban Agglomeration from 2000 to 2035
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Fig. 5 Land use evolution information map of urban agglomeration in Central Yunnan from 2000 to 2035

RS 2000—2020 FE P TR TP BB ER

Table 5 Land use transfer matrix of urban agglomeration in Central Yunnan from 2000 to 2020 km®

2000 4F 2020 4 ‘ :
it fis:ik Fh 7K, B RN HL a1t
it 21 936. 89 286. 90 263. 12 67.95 497. 25 3.84 1 119.06
N 267.02 53 826. 54 469. 22 69. 74 113.55 0.79 920. 33
D 319.51 548. 56 29 155.42 75.62 212.73 2.44 1 158. 86
T, 23.35 12.28 19. 00 1239.98 15. 82 0.55 71.00
HERE I 49.51 6.11 10. 42 6.30 1712.45 0.57 72.91
AH it 2.79 0. 83 2.65 2.36 1.61 152.47 10.24
A1t 662. 19 854. 68 764. 41 221.96 840.97 8. 19
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Table 6 Land use transfer matrix of urban agglomeration in Central Yunnan from 2010 to 2020 km?
Y 2020 4
2010 4F — - - Yy s
B piS:) B KK, AW I FH &t
B 21 955. 06 235.11 198. 86 67.62 359. 13 3.85 864. 56
L 262.93 54 088. 18 317. 08 63.53 105. 04 0.79 749. 37
Hi 305. 38 337.88 29 369. 50 73.98 185. 01 2.23 904. 47
7K 3%, 21.68 12. 69 20.33 1 248.07 15.31 0.55 70. 56
A b 51.25 6.54 11.53 6.38 1 887.36 0.57 76.28
A HI 4 2.78 0.83 2.53 2.36 1.57 152. 67 10. 07
&1t 644. 02 593.04 550. 33 213. 86 666. 07 7.99
Fz 7 2000—2010 FE A T AR AERE
Table 7 Land use transfer matrix of urban agglomeration in Central Yunnan from 2000 to 2010 km?
2010
2000 4 i ey - N
B b, Bl 7K 3%, A A it
B 22 795.73 52.87 65.98 3.32 138. 31 0.01 260. 50
it 4.77 54 570. 88 153. 83 8.70 9.79 0. 00 177. 08
i 14.71 214.72 30 054. 04 3.10 29.42 0.21 262. 15
7K, 4.68 0.17 1.91 1 303.57 0.71 0. 00 7.47
A L 0.00 0.00 0.00 0. 00 1785.36 0. 00 0. 00
A b 0.01 0. 00 0.12 0.00 0.05 162. 55 0.18
a1t 24.17 267.76 221. 85 15. 12 178.28 0.21
R 8 2020—2035 FEPHTHE Tt F B ER
Table 8 Land use transfer matrix of urban agglomeration in Central Yunnan from 2020 to 2035 km?
2035 4F
2020 4F — S — e
Hh st Ol K38 A A b it
B 21 446.21 100. 44 654.52 11. 66 95.43 1. 64 863. 69
Mt 615. 65 52 942.03 94. 61 3.62 735. 65 0 1 449. 53
%) 846. 55 1 891. 47 27 149. 43 0. 65 65. 84 0 2 804. 50
K3 49.90 7.52 14.90 1 378.81 5.31 0 77.63
I M 3.92 1.43 19. 05 0.78 2 516.88 0 25.17
A HIH 3.76 1.04 5.83 0 0.91 147. 36 11.53
At 1519.77 2 001. 89 788.92 16.71 903. 14 1. 64
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Fig. 6 change of land use landscape pattern index of urban agglomeration in Central Yunnan from 2000 to 2035
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Effects of Non-cultivated Patch on Landscape Heterogeneity of Cultivated Land System in Changtu County, Lia-
oning Province. BIAN Zhen-xing', GUAN Ming-hao', TONG Hao-xuan', YANG Yu-jing', CHU Zhuo-ming', YU
Miao™ (1. College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2. College of
Science, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: Landscape heterogeneity is the basis for maintaining biodiversity and ecosystem services in cultivated land sys-
tem. To explore the effect of non-cultivated land on landscape heterogeneity of cultivated land system, taking Changtu
county of Liaoning Province as the study area, Rao quadratic entropy index ( Q) was used to characterize landscape heter-
ogeneity based on grid units, and the effect of non-arable patches on landscape heterogeneity was investigated by redundan-
cy analysis, independent sample T test, regression analysis and other methods. The results indicate that; (1) when the
proportion of non-arable land of the sample grid units was similar, there was a significant difference in landscape heteroge-
neity. When the proportion of non-arable land of the sample grid units was 8%, the difference of landscape heterogeneity
between the units was the largest. (2) Forest land, grassland, rural road, water area and ditch had significant positive
effects on landscape heterogeneity (P<0.01), and forest land had the greatest effect. (3) The mean nearest neighbor dis-
tance index (ENN-MN) of non-arable land patches in grid units with different landscape heterogeneity was significantly
different (P<0.05). The stronger the non-arable patch connectivity was, the stronger the landscape heterogeneity was.
This paper can provide reference for the ecological management and protection of cultivated land in the context of strictly
protecting the red line of cultivated land.

Key words: cultivated land system; landscape heterogeneity; proportion of non-cultivated land; connectivity
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Characteristics of Dynamic Changes of Soil Microbial Biomass on Fallowed Farmland of Different Years in
Mingin Oasis. WANG Li-de'>** | HE Hong-sheng®, HAN Fu-gui'**", CHEN Si-hang', SONG Da-cheng'**, WANG
Zi-xuan'*? | YAN Pei-ying' (1. Gansu Desert Control Research Institute, Lanzhou 730070, China; 2. Gansu Hexi
Corridor Forest Ecosystem National Research Station, Wuwei 733000, China; 3. Minqgin National Station for Desert Steppe
Ecosystem Studies, Mingqin 733300, China; 4. Forestry College of Gansu Agricultural University, Lanzhou 730070,
China)

Abstract: In order to investigate the effect of different years of fallowed farmland on soil microbial characteristics, differ-
ent ages of fallowed farmland (1, 2, 3, 5, 8, 15, 24, 31 a) in Mingin Oasis were used for the study. The spatial scale
instead of the temporal scale was used to study the characteristics of soil microbial biomass and its seasonal dynamics in the
secondary grassland of Minqin Oasis for different years (1-31 a). The results show that (1) soil microorganisms were
higher in the surface layer than in the deep layers of the secondary grassland in the same years of fallowing, The highest
soil microbial carbon content of the surface layer was 979. 13 mg « kg™", while the highest soil microbial carbon content
was 610, 480 and 327. 74 mg - kg™' with the soil depth of 10-20, >20-30 and >30-40 cm, respectively, accounting for
62% , 49% , 33% of the contents in the surface layer, respectively. Soil microbial biomass nitrogen and soil microbial bio-
mass phosphorus had the same results, indicating that the soil microbial biomass clustering was obvious; (2) soil microbi-
al biomass carbon and microbial biomass nitrogen generally showed a fluctuating decrease with the increase of fallowing
years, and soil microbial biomass phosphorus showed a trend of undulating increase with the increase of fallowing years;
(3) the dynamic change of soil microbial biomass carbon content with different seasons was obvious, with the minimum in

winter, the maximum in autumn, and the medium in summer and spring, and the range of soil microbial biomass carbon
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content in the surface layer (0—10 cm) was large; (4) the seasonal dynamics of microbial biomass nitrogen showed an in-

verted V-shaped distribution, and the dynamic change of it was the same as that of microbial biomass carbon. (5) the sea-

sonal dynamics of soil microbial biomass phosphorus content were larger in autumn and summer, intermediate in spring and

minimal in winter. From March onwards, soil microbial biomass phosphorus gradually increased as the month increases,

reaching a peak in June or September, and then decreased continuously, falling to a minimum in December. (6) Accord-

ing to the research, it can be concluded that the first five years was the key period for the restoration process of fallowed

farmland in Mingin Oasis.

Key words: Minqin oasis; fallowed farmland: soil microbial biomass: characteristics; seasonal dynamic change
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KRN, 3R K™ EEE R TG B i I, ™
SN T2 X E AR A AR A ] T e b AL
SEBETT HE N LT S BOR £ b A
T4 Fic , X SEIR Al 40 2R AT Bl 5 B A RO O
AW g LN SR VNP1 I OR 8 S
BB ER, " ER R Bl LA SRR,
PR, n il 2R DR AN A2 1S 0 2o N AR B e i 15
fifp PR B A A R AL

THOR A S R GV 2 A I R A B R A
WA R A M B I e R A S R
GERREE SR bR, FEE IR P R RN
—/NERAY AEE BRI SR IS0 < TR IR SO SR Y
R RIS ARG MEL, BRI ES S
WAL R BT Re sl | R E )R
IR SRR RS Y R A R R AR
ARG BRI M RE R R Sl b G s 2 AR R
F R EYAA T R X 3 i
AR, 7R b A IR P B R
T IR A YRR I A LR, 2 L
HERRPER /NI AR BORAE 13 AL P A
1% ~5% B2 B AR 0 55 oAb F7 73 1 S8, 17 L
WA LTS IR F AL R 2l g, mT LR S
TR AR A W A ) BT A
LHENE TR S M EE SR,

FIRT, SR W e X - 3 A 25 AR e A By
R A PRS2 B 1 RRHIE A i G
I LA T 5 14 BT AR 0 AR RS
TR Y BT T F A R A Sl A Y S A P A T
MR AR R R AL
O 56 R/ OR ] 4 4 4 3 Oy X %
FU 5 R O R X T TR
ZRUNIB AR DX - ol A= Wy i B D AT R G, o
e IXGR 5B S A Wy i T AR Y
BT A AR Yy i RO 77T 5 8 57 R i

SR AEABOR

T, 2B R s a) RO AR ) RUBE A9 7
2 REARERR (1~31 a) IR #k + 5e:2k:
im0 A A AR AN 2= B AR LR AT T R 4
WEFE, PRIT R B2 U AR B 1l 1 3 fol A ) o 1) 72 A AR
BT A R B B B 1 48 AT SR I S e 2
% O KR A AR A A B mT R A R AU
AR

1 HAREEBEFE

1.1 #FXEHR

TG b e 7R R A R B B LA Y P R B
WERT 5 B A, B AR R JE 4 39°017307 ~ 39203
28" A 2 103°35'57" ~ 103°37' 56", 4FREK & K2
110 mm, FEAE P AERK R, 4E 28 K7l 2 644
mm ZEAT  AEIEIE 7. 4 °C B A SR R A
doo MR E RO YA . 50 5 B3R (Salsola
ikonnikovii ) . W% 3% ( Suaeda glauca ). W JiE &
( Convolvulus arvensis) 25384 5 ( Halogeton arach-
noideus ) . Y% B¢ 3% ( Peganum harmala ). ZE
( Chenopodium album ) ; ¥ A 1 ¥ A . 3 UK
( Kalidium foliatum ) . ¥4 % ( Nitraria schoberi) , 11>
( Reaumuria songarica) /N4 H R ( Nitraria sibirica) |
MR ( Lycium chinense) 55
1.2 HHiRER TREERE

2011 4F 11 i ad % 1 8l 2 AR SCBUR 8 1T
2 b Jm R U A A ], BB B O X b R AR ]
P Lie =Y vt Si & SN SR/ S AT &
HIE , BUE ot IE A BN MY A A K A A
SRR T 5 1S - 59 ) J5T 1 T 1Y) A A b A F 5
ML, AERUEREHL YD - BE B [F R A0, e #%0R
FEEFIR] (B8 2012 AFEA M B ] ) Ry 1.,2.3.4.5.8.15,
24 K31 a 199 R, A MK AU 1 hm?
(R 1), i GPS &N, FEBA LN “S” B Ty
TEIEH 5 A HRERAR A IR IE

2012 4F 3.6.9 Sz 12 7, 7l B A b b 2 8] €
BY“S” I 5 ASFE R 42 3T, AR 5 S A
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%38 &

0~10,>10~20,>20~30,>30~40 cm + 2R N
THOMEAERE, JE R — A g A BT IR 5 A
AR IR 2 T SR A, 7R AR R B IR

R1 HFHMERRR

3IANEE LR, K 1~2 kg IRG S0 LA EE
IR IO Ae AF [0] S2 30 = AT LR RUE Y
AW I SRR GE 0T o

Table 1 Basic condition of sample sites

BHHER/a H/m B REVE D3 FEAEFD
1 1 304 39°03'28" N,103°36'03" £ 2& HJiEAE  FL 2 ( Echinopilon divar- 3§ 5¢ # ( Peganum nigellastrum ) | & & #.
icatum) UESE%E ( Chloris virgata) . 5% ( Corispermum hys-
sopifolium) Fi & ( Polygonumaviculare) %5
2 1303 39°03'25" N,103°36'09" E ¥ E 3¢ ( Sonchus oleraceus) 93¢ . PEARI W IEHE (Awriplex sibirica) 2 | J&E
FAZEER A= B 58 M0 47 38 ( Lepidium % K ( Euphorbia pekinensis ) %5
lotifolium )
3 1297 39°02'36" N,103°36'09" E k4  FHZEERATE FEM AT T SALDUIA (Limoniumaureum) | % ( Phrag-
3124 (Acroptilon repens) mites australis) 3% BE3% | 0 J8 5 ( Eragrostis
pilosa) 55
4 1305 39°02'34" N,103°36'13" £ J5ETE TPI2H OO0 s BeiE Ik AL NS EN G
5 1304 39°02'09" N,103°35'58" E  HRIRAMI AL ( Lycium ruthenicum) . (12&  BROUOZE ( Cardaria draba) RZ%3E ( Clematis
ERAER S AATIE K TEE Slorida) BRBE w58 R H 4G
8 1304 39°02'54" N,103°07'54" £ JRAUAC, B 220 AR BRSEE 3% 5 TP Y, B AEALAR L B K HE (Ach-
ir=d natherum splendens) &
15 1304 39°01'45"N,103°37°02" £ JRIRMAC  (I2Eh A0 0 BROEE 248 VOMARIMLIREE S8l i B3R SO AT 3E
IS AR ESE
24 1 306 39°02'34" N,103°36'24" E  BRHMIAL FHITUR L2080 35 2R AR ] B 5E s | JE RS
. SR 2 (S , ispani SES
31 1306 39°02'34" N,103°36'13" £ MESLHAC #RTUR L005 3600 PR HER ( Scorzonera hispanica) . H 2=

PR BRI

2011 AF (R B4R BN B A ) 1 a, AR 25HE,

1.3 TEREVEMENE

A A R R R e,
W IO b P R IE] () - REHEAT 7 d TR SR, SR A B
30, B A 10 g, 43 l%E ik 3 4 50 mL BEAR
W A AMER 2 N3 1 mol + L 'NaOH ISR A &
FE SR IR X 5 SRR AR CA K iR
UEARHY TR TP W TR AN L AR B, B =
A, BB =AM B 2 min DL B, BROR TR
A NIRRT B BT OCH], 7E 25 C OB E il
T HWE 24 h, B A A, B R AP Ak
HER,
1.3.1  H3ERUEY A YRR (MBC) I E

A 2 E T EZE S, 0.5 mol - L™
K,SO, 1 K, Cr,0,-H,S0, ZMim#k I & 4= 9 A=

M (MBC, B, ) o
BMC:(EC_E(‘O)/O' 38, (1)
KX(D) W, E, NEZE LFERA DA PR R, mg -

kg™ 5 .o A W AT 582 - RE WA o1 AT BLAR B, g -
kg™';0. 38 AL IEREL,
1L.3.2  LIERUEY YA (MBN) JIlE "

TR = E W e Z8)5 0.5 mol - L7 K, S0,
VAR I, o AL PG T DU SE TR 0 2 W R

(MBN,B,\) o

Byy=(Ey-Ey,)/0.54, (2)
K2)h, Ey WEZELHREPEILA R, mg -
ke s Ey WA TEZE L REAR TP A HLA R, mg -
kg™';0. 54 MALIEREL.
1.3.3  -HERUEY YR (MBP) il

TR S S 2K S, R 0.5 mol -
L' NaHCO,(pH {H =8. 5) ¥ M dE 17 A B, SR )5 R L
B DL Wk, XA W A W 8k (MBP,
Byp) o

By = (E,~E,)/0.54, (3)
K3) W, E, WEZE EFERA TP A HLBE R, mg -
kg™ s Ep WA B ZE AR P A HLBE R, mg
kg™"';0. 54 AALIERHL,
1.4 TEMEYEYENNNEHETE

G, = Z Vi X oy, (4)
k=1
Vi

Wy = (5)

ik
K(4) ~(5) ™, 6, HIEMAEY S IMECF A v,
R A 0, MIEREGi=1,2, 0, HH
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n RARFRAE kA RIREE  k=1,2,3,4, 0 B R
0~10.>10~20.>20~30,>30~40 cm 1),
1.5 HESTSLE

K SPSS 19. 0 Microsoft Excel 2007 #4481t
R PR HTEE A R AR ACIR B A W AR R
FHEARZE 225387 (one-way ANOVA) 17255 3%
PERESS

2 HBREHN

2.1 FRBHERTEREYEYEEIESH
FYIKE:

A1 n] LU ) AH R AR Bk 4R BR 119 138 MBC |
MBN J MBP &t )5t )2 B I Mgy ,0~ 10 em
+ 21 4% MBC .MBN M MBP & Tl &
BT HAL 3 2 (>10~20.>20~30,>30~40 cm) , 7]
L B B 2 Y AR A b - 9 0 A W i B A R
FERIRE I, A BT AL A B A RE A
1200 »0r
200
150

100

50

w (HAEYED R ) 1 (mg-kg)

w (BUEYAEY ) / (mg-kg™)

- 0
15 24 31 1 2 3

1 2 3 4 5 38

E1

4 5 3

BHFAERR
LR fem: [ 0~10; [ >10-20; [ >20~30; [ >30~40.

[R]—2H A AR b 3 SO NG TR R R AR TR 42 B 38R 25 57 0.3 (P<0. 05) o 2011 4F BB A4 RR A B AG I 1A] 1 a, HoAYISHE,

PYrd i He ok R R R

B 1 £, 7E 0~30 cm 12, Fi 5 B BEAERE Y
AW N, +3E MBC & & 7R R B A #i8N , 7E
8~31 a NIZWIHE K, 7E R BF 8~31 a WIH], 0~ 10,
>10~20 }2>20~30 cm )2/ 1+ SMC £ KA 5>
W54 979. 13 .610. 00 1 480. 22 mg - kg™ 7E>30 ~
40 em F 2, MBC % 2t i 3R R4 R A 348 KT 328 57
VN, B 1 R B, N 327.74 mg - kgT' s MBN 7
AL AR ER PR 4 a e K fE4~8 a
TN, FLE R 8~31 a WM E , TEEBHE
4 AEIFREHL N 4% 1 )2 SMN & HE ik 2 (i, N 3

435K 215,50, 184.49 . 169. 00 1 138.23 mg -

kg™ HHEMBP FHTEO0 ~10 em 2RI (1~
4 a) JEUR/IN(4~31 a) AL R GEBEEE 4 4R
B, R 168.35 mg - kg ; B 1B BHAFE FR (9
H4AN,>10~40 em )2 158 MBP & 1928 LRI

ABHFAT 2 a Joldi)y, BEZE TR e TR

120 f-a

80

'S
<)

w (Y EY ) 7 (mg-k
=

1 2 3 4 5 3

15 24 31

AR ERERHERYTEMENESH

Fig.1 The soil microbial biomass distribution in different soil layers at different ages since restoration

Sk T VD0 VR MBI 5 - B O A R AR
[ A B R A b B AR ] 2 R v i AR 4k TR s 4% £
ZHERAE A YRR e S KN AR
SR AT S4B 43 A F 52 AN [R] 4F FR AR Bk 1l 1
BRI R R A (3R 2) , A FARBR IR B
HAH A 2 o 38 MBC &2 sh U281k, At
S B e B AR R B 24 2(629. 88 mg - kg,
B/MEHIRAEIRHF 3 a(177.79 mg - kg™') ., IEHF
1~3 a BWE/DN, SR PG K, 3 24 2 B8 T
Fa, 13 MBN & &2k 2R . Bl IR IR 1
B, 3% MBN 7 i 52 5 0 8 =0, 10k sl =
K, e ks =X h i s HRRHE 24 2 & F

TEIRHF 1~2 a i}, £ MBN & 32 #7000, b

Ja KR EERE I, BEHE 4 a B BRI (E K B Bk
{H 183.73 mg « ke™', SR 5 A X B F A T RE, 5
BHF 15 a BUJS , IACT 46 FEAR 2 5 /ME 79. 92
mg - kg™, 4 MBP & iSRRI . bl AR HEAE

P =Ny = |

BR 34, MBP

THE R ks BHE 8 a IR K(6.74) .

2.2 AEBRHERTEREMENENTHMHEE

LHFE

M 2 0T LA Y, R 2 AN [R] 47 FRGE A+

15 24 31

o S U Bl A R R Bl
ks, BBES~8 a Bf  MBCEAMEIR R T i K ME
121. 12 mg - kg™, SR 5 bl 2 1R BFAE B A 384 K, + 3¢
MBP & B W/, B Jm B e . Sk E, IR
hEEE HEh 3 MBP & HEBER H SR AR AEBR 1Y)
NI ETHR S, MBC/MBN & R
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5 MBC & 1 2= 1 sh 8 (R R BUE L, B R i
K EEHHEERD LFR/, REEAEN3 H
Fif + 1 MBC &t 2 s s ) 9 H Ik BIig(E,
SRIG NFFLEREAG, 12 H FREERARME, 0~10 em £
JZ T 3E MBC st AU BE K, >30~40 em T2
14 MBC & & ARLIREE B W AR /N, L3 MBN % &
I ZETT AN AEATRIAT PR A b A2 A 2
Yy E] VB A R, 3—9 H Bk, 9 A
RENE(E , SRJ5 ARSI, 12 A F R ARME,
TEBA KT R 2 13 MBN 75 AR iR 4K
Ko AFEAEFRIEBEHL MBP £ 2 4 2275 20 28 K BUH
Ik ESE R R FEEED, LFR/D, SIKE
M3 AR+ MBP & & B #i T, Bl 6 H i 9
HIRBEAE ARG MFFEERRAIC, 12 H R B3 AR,
IR HFRT A2 AR AR BB B L AR BE S a B 0~20
em + 2 6 H AR IR B 15 2 f K AH, SR 5 & #i )N,

— 1200

< -0~ 10cm
0 ~ "
21 000 —a—>10~20cm

——>20~30 cm
—+—>30~40 cm

0

800

600

400

200

0

BHE 15 a J5 13 MBP S&ZET28 M/,

*2 AEEREBHibTEREDEYE
Table 2 The soil microbial biomass in the sample sites at

different ages since restoration

I w(i%'&ék%i w(i:"%é%%éli w(ﬁ%i%i MAYE

W), WER)/ WYEs)/ Y/
(mg-kg™!) (mg-kg') (mg-kg™") Al
1 412.76 111.55 82.23 3.7
2 369.23 90. 24 78.94 4.09
3 177.79 139. 07 111.14 1.28
4 320.79 183.73 110.8 1.75
5 298. 67 95. 66 120. 22 3.12
8 594. 51 88. 17 121. 12 6.74
15 268. 49 79.92 113.19 3.36
24 629. 88 103.97 90. 23 6.06
31 600. 97 104. 72 77.68 5.74

FPEIRE AR )2 (0~10,>10~20,>20~30 5 >30~40 cm) %48
FROGIMBCT-EE, 2011 4E AR BRAEBR Ry BRI [a] 1 a, Hk IS,

Yow (FZEYHEYER ) / (mg-

250 =4-0~ 10 cm

—=>10~20cm
200 |-e->20~30 cm
——>30 ~ 40 cm

() /(mg-keg

150

=W
A

Z)

100

50

()-
900 -0~ 10cm

800 | —a->10~20cm
700 | —*=>20~30cm

w (AR ) /1 (mg-ke') w (RUEDAY

600 —+—>30 ~ 40 ¢cm
500
400
300
200
100
S~ \ N\ 4 e
0 1 2 — J
NN I I N NP NN N BN N S N NI N I N BN S S S NS I S BN SN
x\/\\/\\/\\/\“\@/\ /@@/@/@@/Q%/QQ%/@/Q%/@,\/@@@/Qb‘/@b‘/&/@‘/g’\/d\/q G SSEHS
R N A O O G O I AN AN A AN N
] (4E-H )
3.6.9 .12 AR SLERAG AT E] , 2011 4F AR AFAEBR R At ) 1 a, HA 25,

2 TEWMEMENERSFTHTE

Fig. 2 Soil microbial biomass changes dynamically with season
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S W 1 Ty e AT Sl S A A R R
B3 TR el 4 A i S T AL - SRR B AN ]
3 R RS R B IR R b, IR
Y R IR TN, hE e LA
7R 4 AR RIERUE Y AR Y S R 2
0~10 em + 2, J 24081 IR, 4 12X MBC,
MBN MBP % & (52 I & 3 (P <0.05) . 53X
SE0OT U SRS AR AT 4 SR A 5 B 2L A
. XFEEEH T HIEREA D& R TS
TR BCEL T 7 A 0 I S, A ML Y
SRR SR A SR R, U A KR
B RS SN IR K2R T R E,
TR B £ 2 T, A R A Rk i 2=, 4
SR> AR %55 B DR AR B S
HuASE (VR 2 1) - SR A W A il D R A
Y 0 oA AR AR BT I B R R

B AR B R A R[] A 3%, + 58 MBC 5
MBN & i 52 Je % 3l T R, o 20 1] °F i i A
MBP & & Gk 2 sl BT 7EiR Bk K
2 RYRTILAE, A =F & B A 2 R B e B
K2 13 MBC \MBN \MBP & & 45 , B2
AERR A S0, P Fh T B RE R 2 RE R IR BT R
MBC ,MBN ,MBP & & ik /N, 5T IX 9
MR, MBC & B KMEFERBHG 24 a &£4
HEL, 4 629. 88 mg - kg™, XA, MBN MBP
S Ed Rk 4 a 192 MBN A SR KA
(183.73 mg - kg™') ,MBC MBP &+ ;B# 8 a
RYREHLR MBP 55 K (121, 12 mg - kg™') ,MBC,
MBP &t fEh, fEY AR Y g SR s i
IR, R P IR A PR RG24 a
S99T) s B - 4 MBC 7 i 1Y R AE, AT UL MBC (YR
Rt MHZE R TER S 4 a N, 4%
MBN & i F AT BB 3k 21 de KA, 3 15630 1 1A
TR B AP I TR B 4 a, BB RS a B KB
FRBE 3 a ARG, AT LR AR 5 o A2 R B
I SCHERT I, A T B 1k A b Vb A S R AL,
EHHERHE S o AL BT EHM AT T, X5
T5 H 4RI T 45 S AL 5 9 MBP % i 19 B
KA AR B 4 5~8 a, [H 3h 6 EA N, 1B #F
(3~ 15 a ) 5 MBP & & 19 i A F- 1918 78
110~120 mg - kg™ Z[H], FH UL AT DL SR BFAF PR A9 2E K
XF MBP FSZIRH /N X FT fig S0 AE T 5 rh A AE 8
BBREZA K H AW o A5 52 W+ B b ™

YAy R | A Al R B A 2 R AR RS2, L
RS2 AR FR B AR Bl s 0 3 MBC
MBN MBP J& 1 315 14 5% 43 1 i, e BB b S e 3
BTy

+ 3 SMBC/SMBN b = 30 1 SMBC/SMBN
bt <20 40513 7R 3 il W A K 2 3 R0E AN U
FIFR ], 24 SMBC/SMBN Fb =25 Bif X + 358 i Ak ) 4=
Kt A IO, 78 A ) 4F BR AR Bk i + 3 o, SMBC/
SMBN AT 1.28 ~ 6. 74, 136 W B YR L 25 Bt & +
B A KA E BRI - A OGRS Bt
7N, IR W R A O TR R B 1 A G
PR o 5 - A DU S ARG, SR
RBANERNES RS, LTEMEYRLE S 2R
JE VAR A RS R W, VA,

TR A Y R 2 B AR AT R X
FEREHTAE . AEY DL A 5 Y T
T By e 4 5 R R i L, EAN R AE S R G,
4% MBC,MBN,MBP & & [ Z= 95 28 fb ALt R
[ SRR A A S R G, AN AR B 1
H1 MBC, MBN , MBP & & i 2= 5 A8 {1k ALt S —
REN ) RENSEVIE BEH + 5 MBC MBN MBP &+
PRI B A KR 2 R, A [F)AF BRAE B
MBC &= S REBHMM, kT, ZEF K
ZefE &N, N3 A FFIRREA £y A3 K MBC
TEBWI R, ] 8—9 HikRNIE(E, SRIGREA 17 1Y
R R B Wi/ 12 R AR e, X o A
A2 MR I T, SRR B G N TR PR
i VR e -3 b o AT A AL A A i
REZHEFYIRP A EE ™, L3 MBC & &
BT . AN R IR B bl A E MBN 75 = 2
AL B 8 v RS AR, DN 3 3 JF R Bl
H O3 K MBN 2 2 i K, 51 6 g 9 H 3k
AR, J5 SGE SN/, 12 /N B iR, X —45
5 GARCIA %55V s 25 1AL, M 3 A HF R
+3 MBP i iR, B 6 3 9 A A RIE(E, R
JEBEE A Ay B3I AL BEAIG, 12 A R R ) ik
B, IR B 0 2 A Al B M K IR BE S a Y
BB, 0~20 em 2 6 A 2R BB KA, R 5
AR BN, AR IR B 15 a f5, MBP &2
PeNMREAR/N, X T 3 AR g &, B
T AR OR B E SR Y B, B DL S AT A L
e RS 2RI, FER KR LER TS
AR T R e 4 Ry i, /b T RUE W
FEATARICR 00 ) A A7 R, itk MBC \MBN |
MBP &AL, #HA 5—6 H, i FRETHE K
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AR KA 5 A b 52 7 1) 3t e B, L P ik
A=W AT A BIL B T 1 0, e SR W A )
TR AT R LR (IR AR T
TR R, AR R 2 A8 2% DY ot Gl
AR T R, FEIRBFAO RTINS ) AR BRGE A
I MBP 5 195 AR AR B AT I, SR )5 2T
ARAG I E BT/, JE B 15 a )5, 122 MBP
SN AT, KRR TR
B 39, - 9 A £ 61k B 5 i, pH fEL TR T
w Y I E R LR T L MBP A R S Y
A BB 1 4% MBP 2 i 7EIR B IS WIRE A 2
THARLT- A 221

4 #ie

TEH R R Eh S R b B SRR & o R, A TR
AERAR B 2 U W A Y B S TR S
14 ; 15 MBC 5 MBN & f fl 5 IR HEAF FR A3
BN, HE MBP 5 2 W2 3R 3 5 =X LT
B B A K B BRI N R R TR, ASTH
AERRAR B+ 3 MBC 75 5 (1 37 sh S 28 L KB
P, 4T/, BESHERR D R K, MBN &
HHET SIS S v R RS, N3 A
FrRREH 0y 38K MBC &2 i, 31 6 5% 9
H BRI, SR 5 Bl H 0 (038 K S 2N, 12 H
WUNERAR(E, 4 MBP SRR NMKE H
FRR,HEEE D, LT RN, ERRKAESE T, &
KESHFRILFEEH R CEAESH A ES
B IANTE , 3 MBC MBP 2 & 4 2= 35 284k 7] fig
FELE — 200,

H HRZ M+ 570 KGR B b R A
A R I 5 A R X T 55, 4 I A T I X g T
PIRFSE . (H2, N HIERUE W Rk B HE 4 a
i, 39 G AR B A R AR 7 KSR 3 T Atk
A, BHES a J5, HHEAYHE 7 B AT A
i, B8 5 a 242 HBE R LT ik is #
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High-efficiency Treatment of Eutrophic Surface Water by Flocculation-microbubble Air Flotation. GU Yuan',
GUO Shi-yu* , ZHAO Wen-tao®>, WAN Yong®, SUI Qianl@ (1. School of Resources and Environmental Engineering, East
China University of Science and Technology, Shanghai 200237, China; 2. College of Environmental Science and Engi-
neering, Tongji University, Shanghai 200092, China)

Abstract: Aiming at algae blooms and phosphorus pollution in eutrophic surface water, a microbubble flotation device on
basis of enhanced flocculation was developed for algae and phosphorus removal for emergency pollution control. The size
and spatial distribution of microbubbles in the air flotation device were measured using a high—speed camera. The type,
substance content and dosage of the coagulant were optimized to realize the efficient removal of algae and total phosphorus
and reduction of turbidity. The results show that the developed air flotation device can generate stable microbubbles at the
pressure of 0. 32 MPa. The size of microbubbles increased gradually with the flow in ascending and horizontal directions,
yet the mean diameter was within the optimal range of air bubbles for removal of algae (21.6-34.4 pm). When polyalu-
minum chloride (PAC) (alumina content; 29% , dosage: 40 mg - L™') was used as the coagulant, the removal efficien-
cies of algae, turbidity, total phosphorus, chlorophyll a, and COD in the eutrophic surface water reached 93.2+1. 7%,
85.3+0.7%, 79.4+2.0%, 78.5+1.5% and 58.9+13. 5%, respectively, after a flocculation time of 11. 8 min, demon-
strating the simultaneous effective removal of algae and phosphorus by the developed microbubble flotation device.

Key words: high-efficiency coagulant; microbubble air flotation; eutrophication; surface water; emergency
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Process Optimization and Environmental Risk Assessment of Vermicomposting Co-composted from Sludge,
Kitchen Waste and Stored Waste. WEI Qian-jia"*>, ZHOU Ruo-xin"*>, LI Na-ying'*?, LI Hao'>?, HAN Zhi-
yongl'z'3® (1. State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu 610059, China;
2. State Environmental Protection Key Laboratory of Synergetic Control and Joint Remediation for Soil & Water Pollution,
Chengdu 610059, China; 3. College of Environment and Ecology, Chengdu University of Technology, Chengdu 610059,
China)

Abstract; The resource of sludge, kitchen waste and stock waste play an important role on the organic solid waste man-
agement in the city based on the waste classification. In this study, the process optimization and environmental risk assess-
ment of vermicomposting co-composted from sludge, kitchen waste and stock waste ( VCSKS) were studied by the orthogo-
nal test, the plant growth experiment and potential ecological risk model. The results indicate that the VCSKS could signifi-
cantly improve physical and chemical properties of composting and the growth of earthworms. However, the addition with
more than 50% kitchen waste could restrain the growth and reproduction of earthworms. The best parameters of the VCSKS
is 7 : 3 mass ratio of sludge and kitchen waste, 5% addition of stock waste and 33 pieces per kilogram earthworms inocula-

tion rate. Both the quality of vermicomposting and its mixed soil met with both the requirements of the organic fertilizer and

YRS B 2021-09-13
EETE : M4 TP LIRS (2019YFS0509) 5 P4 BHE -1 B (A8 & FEFRHAAT) (20201DJQ0053)
@ #(F1E#H E-mail; hanzhiyongl3@ cdut.edu.cn
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the planting soil for greening. When the vermicomposting addition proportion was 20% , the growth of ryegrass was the best.
When the vermicomposting addition proportion reached to 50%, the organic matter, total nitrogen, total phosphorus and a-
vailable potassium were the largest, which increased to 107. 00 g/kg, 6. 69 mg/g, 5.96 mg/g and 0. 42 mg/g, respective-
ly. As the vermicomposting addition proportion increased from 0 to 50%, the potential ecological risk index of single heavy
metal increased in soil, and the combined potential ecological risk factor increased from 17. 42 to 33. 82, with the environ-
mental risk all to be at low ecological hazard level. Cu had the greatest potential ecological hazard (Er=17.69). With thir-
ty times addition of vermicomposting at 20% proportion, of the fertilizer the ecological risk index of Cu could be increased
from 10. 69 to 35.04, and after then the accumulation effect would become non-obvious ( Er=35.09). Therefore, vermi-

composting co-composted from sludge, kitchen waste and stock waste will be a safe and effective route for the municipal or-

ganic solid waste management in cites.

Key words: vermicomposting; sludge; kitchen waste; stock waste; risk assessment
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Table 1 Physical and chemical properties of compost raw materials

panprry TR gy SR PR wh w/ g - ke)
o (pS+em™) BE % EERiING B B Cr Cu Ni Zn
151 71.79 7.70 799 75.31 40. 81 2.52 1.31 65. 41 196.22 11.39  469.96
JoF Ay 3 80. 67 6.52 933 28.85 88.29 2.47 0.30 19. 18 20. 66 ND 70. 82
ik — 7. 80 890 88. 19 0. 40 0.15  130.94  203.69  55.77  441.32
ND JgAfiih; «—"FRmTEdE,
F2 HLEREOEERAKF = Wawe = W (2)
a o

Table 2 Factors and levels of orthogonal test experiment

Bl SEAR RIS ¢/

R RmmE A WIB /% (% - ke
AlBIC1 1500:0 0 0
A1B2C2 1500 :0 5 25
A1B3C3 1500:0 10 50
A1B4C4 1500:0 20 75
A2B1C2 1350 : 150 0 25
A2B2C1 1350 : 150 5 0
A2B3C4 1 350 : 150 10 75
A2B4C3 1350 : 150 20 50
A3B1C3 1 050 : 450 0 50
A3B2C4 1 050 : 450 5 75
A3B3C1 1 050 : 450 10 0
A3B4C2 1 050 : 450 20 25
A4B1C4 750 : 750 0 75
A4B2C3 750 : 750 5 50
A4B3C2 750 : 750 10 25
A4B4C1 750 : 750 20 0
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K KR 70%, 50 d 5k B2 il E
HAERARDL , IR AR A AR LA 3Pk,
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I, = Y E, (4)
E'=T, xC, (5)
Ci=C/C . (6)

X (4) ~(6) I MR AR RS KRR (RT)
E, NP —E )R o MRS KSR R T, o E A
J& i BRI N R %L, Zn Cr Cu Ni As 73518 1.2,
5.5.107; ¢ N E AR @ IS YAREG ¢, L
AR SR, mg - kg5 €, MR ESE
TSRS, mg « kg™ RN 4 L HETT SHEA
HB%E,

WA E, A 1 AE R[], T B DA VA A 25X
W AN 23 5 W A A WU AT 0 40, - SRR AN 36 3
JI7R

®3 ESKEITNIEHE S RirE

Table 3 Ecological risk index and grades

I WRAE H A 22 ANk
e T
2 <40 <150
g 40~ <80 150~ <300
Ly 80~ <160
Gilis 160~ <320 300~ <600
JUE =320 =600
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Fig.1 Trend of earthworm'’s daily weight gain in different treatments
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Fig.2 Trend of content of organic matter in different treatments
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Fig.3 Trend of GI value in different treatments

F4 EXRWRESTER
Table 4 Range analysis of orthogonal test

e ISR AP LR & o T ok ﬂl%zi;f AL 4?%
ittt A et B /% (% -kgh) EiTe R AR TSy
A1B2C2 1500:0 75 25 0.536 0.736 0.491 1.763
A1B3C3 1500 : 0 150 50 0.570 0. 807 0. 831 2.209
A1B4C4 1500 : 0 300 75 0. 606 0.756 0.678 2.039
A2B1C2 1350 : 150 0 25 0.651 0.719 0. 366 1.735
A2B3C4 1350 : 150 150 75 0.925 0. 844 0. 481 2.250
A2B4C3 1350 : 150 300 50 0.957 0. 830 0. 455 2.241
A3B1C3 1 050 : 450 0 50 0.993 0. 869 0.985 2.848
A3B2C4 1 050 : 450 75 75 1. 000 1. 000 1. 000 3.000
A3B4C2 1 050 : 450 300 25 0. 885 0.926 0.616 2.427
T, 6.011 4.583
T, 6.227 4.763 5.925
T, 8.275 4.459 7.298
T, 6.707 7.290
X, 2. 004 2.292
X, 2.076 2.381 1.975
X, 2.758 2.229 2.433
X, 2.236 2.430
R 0. 754 0.152 0. 458
S YWIES A3 B2 c3

Ty ~Ty A A B.C I 1 ~4 KX LRE 2 X, ~X, AHEER A B .C I 1 ~4 KPR MEESTEAIIE; RO X, ~X, BIR2E,

2.3.2 EETZERIE B HLE B R, 25 Rk 6 i, it T4
M RS B A T 23 T ae I 45 d A3B2C3 MyMets) H 1 &A% 5k A AL [ i % K b+
JE N wie | H G A A AP R R BUMEIR AT A SRR RO S T IEAC IR IR B ) A3B2C4
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Table 5 Verification of ANOVA of experimental data

N § I 24F

35 2K R 7,;;? A B P P
BIRSEARIIL A 0.873 2.000 0.437 207.346 0.049
FRBWAEMELH B 0.036 3.000 0.012 5.762 0.295
e W5 F AR C 0.323 2.000 0.161 76.602 0.081
R 0.002 1.000 0.002
it 48.375

R o6 MR ETEHREIE

Table 6 Verification of the best vermicomposting process

e e 5] Llié FHLGREf S, TR 2R
L % %
A3B2C3 1.02x1072 27.01 139. 47
A3B2C3 FAT  0.99%x1072 28.47 138. 31
A3B2C4 0.98x1072 24.90 136.75
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AT L 451/ %

NG PR R AL B R 5 28 5 .3 (P<0. 05) 5
REFEAT R R AL PR 22 53 .3 (P<0.05)
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Fig. 4 Effects of the proportion of addition of

vermicomposting on the ryegrass growth
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| S P v A ML AL W AR A AR
RIE T MG M, I 02 248 ) 6T K 4 RS o 1

W50 e A i ] M R A B R AR
AR AR ) 2R AR SR A= Wy, A A )
R EE"
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MR 7 Fi , BEAE | A i Lo ] ey 1 , R
ZBZEM Cr Cu.Zn Ni As 352 FFH#EHE, Cr,
Cu.Zn Ni As &40 H 0.27.1.84.9.23.0. 50,
0.020 mg - kg™' FTFF = 0.50,3.51,14.39,0.81,
0.038 mg - kg™' . HHp,Zn i, As S AL,
AIBEJE ARG P Zn B9 13895 50 {H (86. 5
mg - kg™ ) B AE M HEREEORHA IS Je b Zn R
e, A RES N B K (30% ~65%) Y, S 3 H:
2 A WSO

x71 REEZIMHEERERE

Table 7 Heavy metal content of ryegrass stems and leaves

HRE e/ w/(mg - k™)
%o Cr Cu Zn Ni As
0 0.27 1. 84 9.23 0.50 0. 020
5 0.33 2.14 9.58 0.51 0.024
10 0.32 2.49 10. 59 0. 61 0. 026
20 0.36 2.89 12.77 0.72 0.031
30 0.42 3.03 14.25 0.77 0.034
40 0.41 3.34 13.45 0.72 0.033
50 0.50 3.51 14.39 0. 81 0.038

2.5 HEHIHEARYT TR RN
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2 8 W, 15 - A — A7 1 B £ Ju Wk ik
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J i AL e ARk Ak FH Ui T ) AH DG LK i 10%
HERE Y IR IR FR AT A CI/T 340—2016( £EALF
P 3EY T b o, 156 B ke 5] 3 S o] P el Ak
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3.16% . 4.68% . 4.83% . 4.39% . 4.48% . 4.73% .
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Table 8 Comparison of vermicompost and the state standard for application of fertilizers
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5 pH fi BH/%e  wR/% 0 HR/% 0 ad Cr Cu Zn Ni Pb As Hg
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10%fEEIR & + 8.20 92.0 8.56 0.45 ND 77.28 66.50 129.40 10.06 ND 5.97 ND
i 5] 7.53 106. 2 33.46 5.34 ND 99.21 218.25 549.60 41.17 ND 6. 65 ND
GB/T 23486—2009 5.5~7.8 >70 =25 =3.00 <20 <1000 <1500 <4000 <200 <1000 <75 <15
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Fig.5 Change of content of soil nutrient elements before and after ryegrass planting
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Table 9 Heavy metal contents in the soil before and after ryegrass planting

ATt i A A B T 43 )R it/ (mg - kg™

& RIS
L = 0 5% 10% 20% 30% 40% 50%
Cr T 74.29 76. 49 77.28 78. 06 79.98 83.11 86. 61
& 70. 28 72.12 72.89 73.17 74.93 76. 34 79. 60
Cu T 50. 10 56. 82 66. 50 78. 06 86. 84 94. 05 110. 02
& 49.16 52.88 59.47 76.92 83.99 100. 00 113. 86
Zn i 91. 40 105. 11 129. 40 171. 94 208. 41 241. 69 286. 28
& 85.34 100. 48 119.53 146. 83 175.32 208. 49 235.82
Ni i 7.43 8.96 10. 06 15.81 18.74 22.97 27.15
& 7.37 8.17 9.61 12.02 14. 33 19. 00 23.27
As i 5.50 5.52 5.97 6.16 6.37 6. 44 6.71
J& 4.89 5.02 5.35 5.57 5.67 5.86 6. 04
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Table 10 Results of potential ecological risk assessment on soil heavy metals in treatments with different addition proportion

of vermicompost

o | EERE LHOTRC,/ R HG I F BIAL SRR E,
= AET,  (mg-kg) 0 5% 10% 20% 30% 40% 50%
Cr 2 79. 00 1.88 1.94 1.96 1.98 2.02 2.10 2.19
Cu 5 31.10 8.06 9.13 10. 69 12.55 13.96 15.12 17.69
Zn 1 86. 50 1. 06 1.22 1.50 1.99 2.41 2.79 3.31
Ni 5 32.60 1. 14 1.38 1.55 2.43 2.88 3.53 4.18
As 10 10. 40 5.29 5.46 5.74 5.93 6.13 6.20 6. 45
RI 17. 42 19. 12 21.43 24.87 27.41 29.75 33.82

3 mn KA.

=A

(1) 15U s hin 5 4 7 35 RN A7 2t 457 3% BB A8 A 4
BRI R AL M BT, 48 O RN A, I (2 i e
Wl A e | S AL R A% o S A AL I ) oA e R
B R R R, I AT Y S A

(2) 15 e FEE A3 B A b 25 (8 255 i Z2 T ) ek
LB oy € S L o 2 2 e (1 S 1 D 2
RERTE A 7 ¢ 3, AR BRI LR 5%, i
WA EE N 33 4% - ke

(3) 15U -5 4 — A7 2 130 22 T0 ek e 3] 34 A 4%
$5 450 £ GB/T 23486—2009 Fll NY/T 525—2021
FRUERIAE SEZER 0 109 HE R TR & 34 0 45
FRAGE CI/T 340—2016 1 1T Zibnife,

(4) it F e | M A 8 A 58 R - S AL A
Tl e R 5B o, il n L 81 Sk 209 B R 27
AR B (L N B 51 K T 409 B2 XA 4 A=

(5) MR R A R rp E 4 T a2 B ke s 3 A
Jits O L 8] 8 L o P 3, SE R AR A A KU Y R
BWUKE, HERRHE 20% Bl 2 20, A S fiE S
DRV A 2k 2 T 7K S 5 255 M AN A 265 KUK, HE T i
T B N 10%

S 30k

(1] SPREURE T 5K AL B V5 e S AL R R AR T [ ] B It
5 IR ,2021( 1) :90-91.

(2] B he ARFI, Ak o, A ik 4% B8 M A 0 I 4 1 %o - 392 5
JEEFUNE AR [ 1] AR SRR R, 2021,37
(6) :808-816.[ YANG Jin-kang,ZHU Li-nan, YANG Qiu-yun, et
al.Effects of Silicon-Calcium-Magnesium Fertilizer and Modified
Humic Acid on Soil Cadmium Chemical Fractions and
Accumulation in Wheat[ J].Journal of Ecology and Rural Environ-
ment,2021,37(6) :808-816.]

[3] IS5 Y B Re P B B IR AL T AR S04 [ ] AT VY A1
2021(8) :232-233.



4510 3]

FOGEESE : A B 15 Ve A A7t B 22 TT R e 61 M JIE T 25 % B B I5E IUG: TAl

- 1363 -

[4]

(7]

[9]

[11]

[12]

[13]

[14]

[15]

T SRMEGE AT R AR 45 5K AR BT TS UR i A T b 1
BORFIHATHR BAL R [T]. &9 5008 (B #HF ) , 2021
(4):126-127.

R & . h I S R SE RS [ M e st T E SR
T AL, 2016.

KAARTINEN T,SORMUNEN K,RINTALA J.Case Study on Sam-
pling, Processing and Characterization of Landfilled Municipal
Solid Waste in the View of Landfill Mining[ J].Journal of Cleaner
Production,2013,55:56-66.

SOMANI M,DATTA M,RAMANA G Vet al.Leachate Character-
istics of Aged Soil-Like Material from MSW Dumps : Sustainability
of Landfill Mining [ J ]. Journal of Hazardous, Toxic, and
Radioactive Waste ,2019,23(4) :04019014.

Vs BIRR, E4bll, 55, w5 [ 6 4 B3l B R S Ak 3
RO S B [ )] FREERF 2 2 4z, 2020, 40 (10) : 3629~
3638.[ TANG Yun-rong, ZHAO Qing-liang, WANG Wei-ye, et al.
Construction and Start-up of a Vertical-Flow Anaerobic Treatment
System for High-Solid Kitchen Waste[ J].Acta Scientiae Circum-
stantiae,2020,40( 10) :3629-3638. ]

WSO, AR vk 2 Ot A i M T A TR B URAL R AR A
A PLEIR B ARSI (] h B <, 2020,38(6) : 74-78.
[ZENG Wen-jun, LI Bing-feng, LI Hui-bin, et al. Analysis on the
Technical Model of Utilizing Rural Organic Waste by Using Buried
Biogas Project[ J].China Biogas,2020,38(6) :74-78.]

e g sk, TR S kA BT S Ye A Bl 5 B IR
ek T 2% [ J]. 4k kK, 2021,57(3) : 1-5.[ DAL Xiao-
hu,ZHANG Chen,ZHANG Lin-wei, et al.Thoughts on the Devel-
opment Direction of Sludge Treatment and Resource Recovery
under the Background of Carbon Neutrality [ J ]. Water &
Wastewater Engineering,2021,57(3) ;1-5.]

P, 2k, A, A TR E AR [ AR 59 BF IR AL T 5 ok )
[J] A IR 5358244 ,2020,37(2) : 151-160. [ MIN Chao,
AN Da,WANG Yue,et al.Progress of Rural Solid Waste Resource
Utilization in China[ J].Journal of Agricultural Resources and En-
vironment ,2020,37(2) :151-160. ]

2y 20T IMIK RS, A5 S AT HILIRE 5 W IR AL AR T BLAR
BB )] AR BEHR 5 BRI 4, 2019, 36 (3) : 264-271.[ LI
Long-tao, LI Wan-ming, SUN Ji-min, et al. Research Status and
Prospects of the Resource Utilization of Organic Waste in Urban
and Rural Areas[ J].Journal of Agricultural Resources and Envi-
ronment ,2019,36(3) :264-271. |

FERNANDEZ-GOMEZ M J,ROMERO E,NOGALES R.Feasibility
of Vermicomposting for Vegetable Greenhouse Waste Recycling
[ J].Bioresource Technology,2010,101(24) :9654-9660.

SONG C H,LI M X, JIA X,et al.Comparison of Bacterial Commu-
nity Structure and Dynamics during the Thermophilic Composting
of Different Types of Solid Wastes: Anaerobic Digestion Residue,
Pig Manure and Chicken Manure [ J ]. Microbial Biotechnology,
2014,7(5) :424-433.

L2 AR B AR R R BRI R ()] BB IR 5 5 Rg, 2021
(5): 74 = 77. [ JIANG Meng. Characteristics and Resource
Utilization of Food Waste Biogas Residues[ J].Energy and Energy
Conservation,2021(5) :74-77.]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

FU X Y,CUI G Y,HUANG K, et al.Earthworms Facilitate the Sta-
bilization of Pelletized Dewatered Sludge through Shaping
Microbial Biomass and Activity and Community[ J ].Environmental
Science and Pollution Research International, 2016, 23 (5):
4522-4530.

GARG V K,SUTHAR S, YADAV A.Management of Food Industry
Waste Employing Vermicomposting Technology [ J ]. Bioresource
Technology ,2012,126:437-443.

DAS V,SATYANARAYAN S.Value Added Product Recovery from
Sludge Generated during Gum Arabic Refining Process by Vermi-
composting[ J ]. Environmental Monitoring and Assessment, 2016,
188(9) :523.

BHAT S A,SINGH J, VIG A P.Vermiremediation of Dyeing Sludge
from Textile Mill with the Help of Exotic Earthworm Eisenia Fetida
Savigny[ J].Environmental Science and Pollution Research,2013,
20(9) :5975-5982.

YADAV A,SUTHAR S, GARG V K.Dynamics of Microbiological
Parameters , Enzymatic Activities and Worm Biomass Production
during Vermicomposting of Effluent Treatment Plant Sludge of Bak-
ery Industry [ J]. Environmental Science and Pollution Research,
2015,22(19) :14702-14709.

ARLLM: BERHI, Vi, 45 = R I % ICP-AES el 133
R 10 FhEE G IR J6 K [J]. o BT BT 2018 (6)
141-142.

RIS TAH 5 28 2 7 B A HUIE B 24 B 37 4 8 AR B 5
[J]. B4R B4, 2015 (23 ) : 228 - 229, 231. [ QIAN Hong-
bing, YU Qian-qian. Research on Rotten Maturity Degree
Evaluation Index of Commercial Organic Fertilier Produced by
Chicken Manure[ J].Modern Agricultural Science and Technology,
2015(23) :228-229,231. ]

SRR , i /NE B =2 30T Y5 e 5 48 o o 3 e S e i 3
PREFEN TEERIETE [ 1] BURAOI , 2014 (4) :204-206.

LR B, TR S R A M e T 2 S B I At
FE[I]. R EA L4 ,2019,40(6) :215-220. [ LT Hong-xia,
CAI Lu, JI Xiang, et al. Optimization of Optimum Process
Parameters for Aerobic Composting of Sheep Manure[ J ] .Journal of
Chinese Agricultural Mechanization,2019,40(6) :215-220. ]
HAKANSON L. An Ecological Risk Index for Aquatic Pollution
Control.a Sedimentological Approach[ J].Water Research, 1980,
14(8) :975-1001.

WANG S C,SHI R, LI H,et al.Effect of Terminal Temperature on
the Morphology and Potentially Toxic Metals Concentrations of Bio-
chars Derived from Paper and Kitchen Waste[ J ]. Waste Manage-
ment,2020,118:445-451.

s R TSR, A A A LR P SR AR B S Y
BALLT ] E R RLE &I ,2018,36(5) :62-65.[ MENG Zhi-
guo, XU Xiao-chen, JIN Wen-yao, et al. Comprehensive Treatment
and Resource Utilization of Agricultural Solid Organic Waste[ J].
China Resources Comprehensive Utilization, 2018, 36 (5):
62-65.]

GARG V K,GUPTA R.Optimization of Cow Dung Spiked Pre-Con-
sumer Processing Vegetable Waste for Vermicomposting Using Eis-

enia Fetida[ J ].Ecotoxicology and Environmental Safety,2011,74



- 1364 - R F L N K OB % i %38 %
(1):19-24. Sciences in China,2019(4) :200-207. ]
[29] GUPTA R,GARG V K.Stabilization of Primary Sewage Sludge dur- [37] JOSHI R, SINGH J, VIG A P. Vermicompost as an Effective

[30]

[31]

[32]

[33]

[34]

[35]

[36]

ing Vermicomposting [ J ]. Journal of Hazardous Materials, 2008,
153(3) :1023-1030.

SUTHAR S. Vermistabilization of Municipal Sewage Sludge
Amended with Sugarcane Trash Using Epigeic Eisenia fetida ( Oli-
gochaeta) [ J]. Journal of Hazardous Materials, 2009, 163 (1) .
199-206.

R4 Fk, AR, A M| P D X /NSRS e Ak BRSO
[J].3R58 T4 ,2014,8(2) :729-734.[ GUO Yi-ling, MENG
Bin, WANG Sen, et al.Treatment Efficiency of Small Town Sludge
by Earthworm Biofilters[ J ].Chinese Journal of Environmental En-
gineering,2014,8(2) :729-734.]

SONOWAL P, KHWAIRAKPAM M, KALAMDHAD A S.Stability
Analysis of Dewatered Sludge of Pulp and Paper Mill during Ver-
micomposting[ J ]. Waste and Biomass Valorization,2014,5(1) .
19-26.

BHAT S A,SINGH J,VIG A P.Potential Utilization of Bagasse as
Feed Material for Earthworm Eisenia fetida and Production of Ver-
micompost[ J].Springer Plus,2015,4.11.

JIANG T,MA X G,YANG ], et al.Effect of Different Struvite Crys-
tallization Methods on Gaseous Emission and the Comprehensive
Comparison during the Composting [ J ]. Bioresource Technology,
2016,217:219-226.

TOGRE, T, KB 58 T 0 S M NS A 7 284 bR 1
AT HE T [ ] Al MUK 2% 41k, 2016, 47 (5) 2 177 - 182.
[ HUANG Guang-qun, HUANG Jing, ZHANG Yang, et al.
Feasibility Analysis of Rapid Prediction of Seed Germination Index
during Digestate Aerobic Composting [ J ]. Transactions of the
Chinese Society for Agricultural Machinery, 2016, 47 (5):
177-182.]

XSGR UM, X 2355 , 45 S5SNI — i 5] S S 6 Ak 28 %6
HEAE = AR B 52 R [ 0] o B 4 5 KL, 2019 (4) £ 200~
207.[ LIU Zhong-hua,ZHAO Shuai-xiang, LIU Hui-fang, et al.The
Effect of Combined Pre-Composting and Vermicomposting of Dairy

Manure on Properties of Compost Products[ J].Soil and Fertilizer

[38]

[39]

[40]

[41]

Organic Fertilizer and Biocontrol Agent: Effect on Growth, Yield
and Quality of Plants[ J].Reviews in Environmental Science and
Bio/Technology,2015,14( 1) :137-159.

SOOBHANY N,MOHEE R,GARG V K.A Comparative Analysis of
Composts and Vermicomposts Derived from Municipal Solid Waste
for the Growth and Yield of Green Bean ( Phaseolus vulgaris)[J].
Environmental Science and Pollution Research, 2017,24 (12):
11228-11239.

SRR, 6 DA, RV, S5 | SR Y e IR B TR B R 5
FOR I BRI AR T[] R0k AR 24 4R, 2021, 37 (12) : 230 -
236.[ ZHAO Na-na, PAN Xiao-han, CHEN Qing, et al.Inhibition
Effects of Vermicomposting Products and Activated Sludge Extrac-
tion on Strains of Pathogenic Bacteria of Potato[ J].Transactions of
the Chinese Society of Agricultural Engineering, 2021,37(12):
230-236. ]

PR Sk, 15l T, A AN R AE X e T & oL AL At )
KRR M [ )] PRI T AR 224, 2017, 11 (11) :6205-6213.
[ YIN Qing-fei, GUO Jian-bin, NI Xiao-wei, et al. Effects of
Different Composts on Growth Characteristics of Green Roof Plants
in South China[ J].Chinese Journal of Environmental Engineering,
2017,11(11) :6205-6213.]

WRED, FMCII, E 0T , 55 Beyg 4 B 5 le fR ar S A8
SRIEEL)] BTG SRR, 2021,43(3) :364-370,399.
[ CHEN Xuan,SUN Chang-shun, WANG Li-xiang, et al.Major Nu-
trients and Heavy Metals of Municipal Sludge in Shaanxi Province
[J]. Environmental Pollution & Control, 2021, 43 (3) . 364 -
370,399. ]

EER N BIEHE(1997—) , 2 CHER) 7PN, 2

M A % P Ak AL 5 0TS BB IR BT S, E-mail

1361226394@ qq.com

(REHE: F R)



JOURNAL OF ECOLOGY AND RURAL ENVIRONMENT ( Monthly)
Volume 38, Number 10 October 2022

Contents

Experience and Optimisation of the Traditional Industrial Development and Transformation in Protected Areas:
A Case Study of Tea Industries in Wuyishan National Park ------ WANG Bo-jie ,HE Si-yuan ,MIN Qing-wen(1229)
Research on the Influencing Factors of Coupling Development of the Fuzhou Jasmine Tea Culture System and the
Tourism Industry «ceeeeeeeeeeeeaenii .. LAI Ge-ying ,DENG Ming-ming ,MA Yun-meng ,LAl Yi-tian(1239)
The Transition of the Food System for A Nature-positive World; A GIAHS-based Solution
........................................................................... HE Si-yuan , JIAO Wen-jun ,MIN Qing-wen(1249)
Diversity of Resource Plants and Associated Traditional Knowledge in the Honghe Hani Terraced Ecosystem of
VUNNAN  cvevereeernenenearnmanenneninereanenens ZHANG Qing ,CHENG Zhuo ,LIU Bo ,YANG Jun LI Jian-qin,
ZHANG Hong-zhen ,ZHANG Xin-bo ,MA Li-juan ,LONG Chun-lin(1258)
Application of MaxEnt and Remote Sensing Technology in Grassland Locust Disaster Risk Monitoring ;
An Example from the Agricultural Heritage Systems of East Ujimqin Banner
~~~~~~~~~~~~~ SUN Zhong-xiang ,HU Ze-xue ,YE Hui-chun ,HUANG Wen-jiang , Erden Qimuge ,ZHANG Ying(1265)
Study on Driving Factors of Pollution and Carbon Reduction in the Yangtze River Delta Urban Agglomerations
-------------------------------------- MA Wei-bo ,ZHAO Li-jun ,WANG Nan ,ZHANG Long-jiang ,LI Hai-dong(1273)
Study on the Carbon Saving Value of Urban Greenspace Patches in the Main Cities of Yangtze River Delta Based
on the Cooling Effect -+ QIU Kuan-biao ,DU Han-bei , ZHANG Long-jiang ,ZHANG Wei-dong ,LI Hai-dong(1282)
Study on Carbon Storage Change and Optimization of Land Use in Jiangyin City
--------------------------------------- ZHAO Yi-xing ,GAO Run-yi,Ll Hai-dong ,CHUAI Xiao-wei,GUO Xiao-min(1290)
Research on Ecological Construction Model of Villages and Townships in the Important Area of
Water Conservation and Biodiversity Conservation in Daloushan Mountains
................................................... CHEN Yan ,WANG Nan ,ZHAO Li-jun ,FENG Yang LI Hai-dong(1299)
Analysis of the Spatial-temporal Evolution and Driving Factors of Rural Residential Areas in Metropolitan Fringe
A Case Study of Tianjin ««««e«eeeeeeeeeerrerrerermni LI Xue-mei ,LIU Qian(1309)
LUCC Spatial Simulation of Urban Agglomeration in Central Yunnan
......................................................... LI Xing ,ZHOU Jing-chun ,JIN Ting-ting ,WANG Jin-liang(1318)
Effects of Non-cultivated Patch on Landscape Heterogeneity of Cultivated Land System in Changtu County,
Liaoning Provinge «:e«seesererereenein. . BIAN Zhen-xing , GUAN Ming-hao ,TONG Hao-xuan
YANG Yu-jing ,CHU Zhuo-ming,YU Miao(1330)
Characteristics of Dynamic Changes of Soil Microbial Biomass on Fallowed Farmland of Different Years in
Mingin Oasis «ereeeeeerrrreeresen, WANG Li-de ,HE Hong-sheng ,HAN Fu-gui,CHEN Si-hang,
SONG Da-cheng ,WANG Zi-xuan ,YAN Pei-ying(1338)
High-efficiency Treatment of Eutrophic Surface Water by Flocculation-microbubble Air Flotation
...................................................... GU Yuan ,GUO Shi-yu,ZHAO Wen-tao ,WAN Yong ,SUI Qian(1347)
Process Optimization and Environmental Risk Assessment of Vermicomposting Co-composted from Sludge,

Kitchen Waste and Stored Waste «--+----- WEI Qian-jia ,ZHOU Ruo-xin ,LI Na-ying ,LI Hao ,HAN Zhi-yong(1354)



WMEBZERES

FEER
X 57 5

Bl FEE5R
XER X BHZE XEA RER

¥ %
FIEE

HlES
SfLBH RFE KED =STE

HITEI 4R
JE B

4 T (BUEKFTFHEF))
=MEE BFEMN BRFAm KRR w & PRE EHE BEE St HIEX EMHE
BHHR FEE FHw FTEEL FEE FHH FT A MES XLAE X W K FF
FEXR axir RMHEE DxfE HKX BRX ZOBE EuRX xx BRIEE LB%
B HFF AHFHIE (EE) ¥ A #FHF FiKkx FEE Fibks FEE RKENK
JEIE BXE WRER H®FeE (HAR) RBHER F528 (BE) =28 EF5%¢ b
MME BillF #BEAX FKRKE BRYE K B KSt sk x| Bl BARE
BAExR BRE BFEI X K %RKBE BKH

S5 RFAE R = B PRARKNRCEERT
SHENGTAI YU NONGCUN HUANJING XUEBAO T2 EOTREEE S
(A F,19852 2 8 41 7) - H%%E <£f PR
#38% £10 2144#8)20224E108 25 : oAl ot
& F10M( =5 ) F10H 258 i ki ol . MR E/EESS
B 4% . 210042
JOURNAL OF ECOLOGY AND RURAL ENVIRONMENT #i% . 025-85287052, 85287053, 85287036
(Monthly, Founded in February 1985) PILE ; hitp: // www. ere. ac. cn
Vol. 38 No. 10 Oct. 25, 2022 E-mail; ere@vip.163.com; bjb@nies.org

ENRIZETT  VIAERFONZEE
%k 5L 5__5:’?11“{% Bl&J_J
T EE A,
E M & 1T [E EFrE B RS 2 E (IER399 54 )

ali

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

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

E-mail. ere@vip.163.com; bjb@nies.org
Tel. +86-25-85287052, 85287053, 85287036

Printed by Jiangsu Geologic Surveying and Mapping Institute

Distributed by Domestic. All Local Post Offices in China
Foreign: China International Book Trading Corporation
P. O. Box 399, Beijing 100044, China

ISSN 16/7/5-48351

||| | Il

9771673483223 “

ISSN 1673-4831  ERIBEIS. 28-114

hEAR S Ry, Do 107974801 SR
I 7t TON32-1766/X  ESMRFRE. Q5688

Efr: 30.007T |




