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Humic Substances Amendments for Improving Phytoremediation of Heavy Metal Polluted Soils: A Review. HU
Meng-ling, ZENG He—pingﬁ\/ , DONG Da-cheng, LUO Yu, WANG Jin (Faculty of Environmental Science and Engineering,
Kunming University of Science and Technology, Kunming 650000, China)

Abstract: Humic substances (HS) is widely used in agriculture and soil improvement as an important component of soil
organic matter. Based on summarizing the effect and mechanism of HS on heavy metals in soil, the potential of phytoremed-
iation of heavy metal pollution in soil was analyzed by literature investigation: (1) Macromolecule humin (HM) and hu-
mic acid (HA) could passivate heavy metal ions and reduce the toxicity of heavy metals to crops. However, smaller molec-
ular-weight fulvic acid (FA) could promote the migration of heavy metals from the underground part to the upper part of
the plant. (2) In addition to the physical and chemical properties of soil, the binding of HS with metal ions was mainly in-
fluenced by the ionic strength, molecular weight and the quantity of active functional groups and the pH of HS. (3) There
are two methods of adding HS: foliar spraying and soil addition. Foliar spraying can inhibit the transport of heavy metals
into plants and protect the photosynthetic system from heavy metals. Adding low concentration of HS in soil can promote the
transport of heavy metals, but high concentration will have a negative effect on plants. (4) According to the ecotoxicologi-
cal effects of the interaction of HS and heavy metals, the leaching effects of soil column and the growth development of
plants, the secondary environmental risk caused by HS could be evaluated. Therefore, HS can be used as an environmental
friendly phytoremediation enhancer to expand the application of phytoremediation in heavy metal contaminated soils.

Key words: humic substance; heavy metal; polluted soil; phytoremediation; application potential
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A DAREAIS 38 5 4 @ w1 0 HoBe (2 A 4 AR K 1
R R MY e A T Y IR O
JE& %8 % ( humic substances, HS) b H SR 5L+
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1.1 HSWHELEER—E&51EH

WRYPEFEAF pH 2504 T B3 g, HS 1T 4 4
# 2 (humin, HM) (B8R ( humic acid, HA) fl'E
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Fig.1 The structure of HS and bind of metal on clay surface
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Fig.2 Pb*" binding with the groups of HA
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Ve, Mo i DLE B R £ Y
IR I 5 PR B0 A ke 350 3 Ak 3 b Cd, R B A
FRBR Bk 18 Cd B 2506 I Ik ok 700 o 8 34 Jon i 34
hn, 24 p (JEFERREN ) = 10 g - L7, Houh b o e 2
UM BE Cd KBRFEEIA 38. 1%,
1.3 ¥MMHS 5£EEF4EERAER

HS X4 AR S iR KEAES HS R
DIRed & i EEAH G, R HS 454 4 08 BH 2 745K
R AL HS W pH (H & FIRE 4> F R
AR SR

1.3.1 pH X} HS 255 H 48 1520

pH 2P H3EE 4R LBRACR — A~ EEH
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EHIFEUUTE , FEAR T HoAe I i T RS RE
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Pb BRSSO, BEAFNIE S k% T- B, v LIAR
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L Ay AAEA R 3 13 A A i EDDS, & 3
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Mo SRR TESR 1 ORISR 2 WK EDDS 5,
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RN B 73% F1 84% . LINGUA 2517 % ] 45 3%
R T ¥ EDTA F1 EDDS DL 1L 3 : 2 IBA
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FARE Cu TEAHPIHRERAR R E
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VEREISE A AT A6 A B 095 5 50 A L R E
HS RIET 72, ml LAl 1 5 Al 875 e vh 4
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LR P LR A WY HS AT R R R
WA RSB R A AR S A, B
AR A E R, PRI AR AR AT
AR KA A HLEIR , HS Al LIAE A& A5
AR AR A 4R A A X - M R 4 A AR U
2.2 HS XEYE KA

HS J& 3 HUT Y 32 B4 oy, Hm 25
TIEAPUT T R 85% ~90% Y, HS Al LI 40
JINERTRT A S SR RE 235 1T R ) AT ARG fin R R
Fr - HEFLBRRE S | W] Bh X R0 R AR A TE A T A

AP KRR R 25 IR AR b A G
F, A LB AT DR S LR 22 A K, Of B
AP S RS 22 RS E R R IEAHE, A
AR & B W] DR AR P 345 B 2 AR K
EFRYE BT LATE RIS SN 1S AT DA
e E, A MR A K, 5ARE N HA
FHLE, Y HA AR 2 g - kg™ B, 03 A 1 15
35.3%~70.6% """, HS AMUAT I A it
W] UG SR 0 SR R A M, KA
FFH R E AR, BF 9T HA 5 JCHLAE R T it %) 52
TR R R W B EIE R R 5, K Bt
FH HA "] LAA s 2 R SR R E E oK
FE R R R U ) B, B AU R R
A7 S OR R L) HA DA SR R o, & 3054t
WS R ZACFEAR L, TR HA (AL BRY W] g R
TR H A W R R A R S 5% ~
13. 8% 11 6.3% ~ 17. 3% , HLFfi HA ¥ Jin & (4 38 Jinn v
P

HS o] MR IR 2R & & Fk et i LT
R, WA A e — g TR EE G REFN CO, MR BE S5
HERFAIT A = O A TRARBE T o SRR ZE B B 2
W3 P AR IR I B LS w(HS) = 20%
1) 5 kg FEBEAIAL L SR U N HS ZEBEAH L, HS 40
WERERRZKER 22 cm 25351 em, [, £
I HS MR A 2 A R I, AN HS JEAE
Yiwkid S BERL M U AR b BT E AR
FTESEIIG G, ANt °HS 35 <7 R
(BEESALREGE RN A ) | B2 0 3 B FZE 1
RS S FEARHERI 2 RS A AR F G R s
FEYIANFE T AR BTG 5243, X AR A ) = 2 v
WRERKEWA —ERHFEM,
2.3 HS XEYRKELENZIE
2.3.1 HS ZmEEER R
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K R BGE RS 2 AN B (1) FA 584
JE AL EE A, JT 5 B 240 LR A ) i, o A R AR
MO B /D 5 (2) Bl FA MREERGIN, oK As FI
Cd SHEYE FIHSE, HS AAT LU #EVE Y ) &
TR WL, 38 0T LAARE 2 R e 0 W A 1) o 4 R
F b T & 1) 1 ARSI AS X AR VRN HS S AR X
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JKHER LU (HB/HL) Af HF3RAFE HS X R LB 1
520, HS (1) HB/HL {E 8K, U8 0 J5 AR 46 4 AR
FEB MR AT, PITTARELLO % B 58 &
PRAE Cd B30 F 300 HS ] LAZEf# Cd XF£LRAK (5%
MR ) B R EE S, SR HS AbBEXT L, TR
JNE B 2 4 1 8 mmol - L7 HS AbFRER W] b 2
PEHEFENT B HEAR A AR AL, HS i HE 4 W e
TR 4 T 15 ) 15 LA FHRI R4 T, HS 1l 4%
G (B PHES - D (i) B2 el A8 LA 385 5 Wb i vk
JE AR AT B2 e A ) MR8 3 M T T I M
WA AR AL
2.3.2  HS A[aljithn gy 25 4 e i

HS REfE SR R A4 IR Wi, DL R A9
X ERBE a8 (i A2 L AR R N 24 B ke
Py e 4 R AR, s n =X S A 4 Sy T it
MBI, 78 Cd 75 e - 3 AR 35 B ( Lactuca
sativa) fHFH 0.5 g - L7 Ay FA 3BT 0 i W% it , 45 SR
W] FA BEWT B Cd XSS L dE E R, v]
DAGEAR Cd Jilhan 5158 f A 4 A KA O & 6 2
D SCE DRI FE P AU R A (] R, I T 5 it
FA A& B EXT Cd I BRAE ST, S HIAEAR I I Cd
SNSRI W= ST B i 5 B =N TR 7N
POCHE R YR A KDY i L
LI HS /Ny T FA o] ik + 38 b 4 8 i
fi kL4 s b A5 2 , BANDIERA 450" ¥ & &
Cu,Cr Co Mn Fl Zn HAHLET 5 it AR % 5 5T rh il
FE 4R BB N ( Raphanus sativus L. var. oleiformis
Pers.) ,#0.1 f11 g - kg™ HA #Z R RS U K
JF RS2 IR T i 3 AR SR I AR IE HA X
A R MAC B 4 S 1) M, 2 B0 SO A ARG v 2 0. 1
g« kg™ ) HA XFE b 250b A4 KA 42 UEVE F 9T EL R m
RIS 4 Ja (R A% et T A R BEE (1 g - kg™') HA
XM A 7 F VB, (B b miit 0.1 ¢ - L7 HA
T ik v e N Y R Y T R, S A ) T 4
J& S BRI HS 235 M A 6 R R A R
JeE R e AP T Wit A - BE VS HS X AE A
W 4 R S AN, TG HS W] LA
il 4 s A A R IR O A R g i
e s in HS MR EE 21 T T DR SR 0 5 4R
B2 3 HZ M 4 i X 0 75 53, B W &1

WX A OIS, PR, FE A LT
BARA TR L b BB IR B HS S ) T4
P S0, B v T SR AL e R

3 HSXTEBENREAN

3.1 HS 5ESRBRAESSEFNMN

HS AMUAFTE T 5 rp | A7 76 T3 iAok
APTERY A S R SR AT HS 5
G @ X AW W BE RN, & B HS 235 ) 5 2K %
4 08 19 & 4. KOVACIK %55 B 53¢ 10 i
( Scenedesmus quadricauda ) 75543 J& W 7% 8% 24 h, H
Xof T 4 I A B B ORT B M ph 55 E05E O Ni L Cd L Pb Al
Heg, S5ARIN HA AL, 76 & A HA 555 rh e
W 4w BRI R, S p(HA)= 10 mg -
L', Cd FNi 4351 2 46% F1 50% , >4 p (HA) =
100 mg - L™"fF, Ni F1 Pb 43 51 RA 81% Ml 15% ,{H
Hg RBUREA 2, A5 F iR HS X & 48
B AR, BB REAFAE S FHESR,
WATANABE 45" 3 13 MR I A 55 AS [ 43 I
HS 53515 As Fl4h ( Co ) 1 G XS X SL K ( Ceri-
odaphnia dubia) BEPERFZ , 0 528 X S8 B A6 %
AFHARRBET- R R AR5+ HS 5 As M [E4E A AT
DIREAS As Bk, 5 2 M, Bl HS 4 7 5t it 1 3
K,Co BEtERIGIR M XULH] HS XY EEE
BEMBER —Em, AR RESR S A
[ 437 i i HS 7= A4 B s SN AN
3.2 HS N RHIIRE RS 53 47

N FH HS FAEP IR 516 2 T 4 JE 15 Y A Y
AT DAREAP 45 Ja8 AR ) 1) 25 5, 8 ] LA AR ) A=
K, HARS A EE —ki5 4, 78 2R E i HS
VSR B AT AR FH A AT U S 50 R A7 12 10 RURS: DA
PER AT R 16 52 1 A v A R B KU . LUO
2 V] T 40 M 2L R S B EDTA BEAT A 9 16 52 )T
MBS B AR S XU, 7 14 d A SE 56 3l
FH 10 990 mLL ¥, A FiR AL 90 (1) A BE VA V0= i
AR, T FARARL ) 14 Ak PR e I 0 R AP, X 5 P
HEH AT LA o AR 2R I SO I R 2% s 4 O S RH Ik
B F RS, AR E S EDTA L Ab 3
12 H i L BB FH A0 G 24 R B AR B D R R
EDTA RJXHAE P 20 2177 — 5 4545, D /0 A 4y ok 7K
YR, CHEN %5 3 o 4 F bk i 52 56 th 75 3]
FHRIZE R EDTA RE AR 4 it i Ak I X 4l v 2k
B SN 4B PE AT KBRS, {EfEFH HS
VERPEIEFIAR 25t BLLL 1130, X J& R 1S fE
k-4 BB B A, AT LA A A K B A
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Impacts of Afforestation on the Carbon Stocks and Carbon Sequestration Rates of Regional Forest Ecosystems.
FENG Yuan'? , XIAO Wen—fd]’zﬂ‘\' , ZHU Jian-hua"*, LI Qi'? (1. Research Institute of Forest Ecology, Environment and
Protection, Chinese Academy of Forestry/ Key Laboratory of Forest Ecology and Environment, National Forestry and
Grassland Administration, Beijing 100091, China; 2. Co-innovation Center for Sustainable Forestry in Southern China,
Nanjing Forestry University, Nanjing 210037, China)

Abstract: It is crucial to improve our understanding of regional carbon cycling and climate change mitigation by quantif-
ying the contribution of afforestation to regional carbon sequestration. Based on forest resource planning and design data as
well as afforestation information from Xingshan County, Hubei, this study applied a regional-scale forest carbon budget
model (CBM-CFS3) to simulate and evaluate the impact of afforestation on the carbon stocks and carbon sequestration
rates of forest ecosystems in this region from 2009 to 2030 in both afforestation and non-afforestation scenarios. Results
show that the average carbon stock and annual carbon sequestration rate of forest ecosystems in this region would be
16 540. 55 Gg and 208.04 Gg - a~" under afforestation, respectively, representing values that are 472. 85 Gg (2. 94%)
and 16.01 Gg - a™'(8.34%) higher than those under BS scenario, respectively. The proportion of carbon stocks in bio-
mass and dead organic matter accounted for 19. 11% and 80. 89%, respectively; therefore, these two carbon pools contrib-
uted 94. 15% and 5. 85% to the carbon sequestration rate in afforested areas, respectively. Afforestation increased the av-
erage carbon stocks of both Pinus massoniana forests and deciduous broad-leaved forests by 237.23 and 235. 63 Gg, re-
spectively. This enhanced the carbon sequestration rates of these two forest ecosystems by 6. 44 and 9. 57 Gg + a™', respec-
tively. Afforestation improved forest carbon stocks and carbon sequestration rates by changing the forest age structures in
this region. Clearly, planting more deciduous broad-leaved forests and improving forest management will enhance the forest
carbon sequestration capability and promote sustainable development of forest resources.

Key words: afforestation; gray model; CBM~-CFS3 model; carbon sequestration
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&1 CBM-CFS3 #ESHBIELER
Table 1 Modified parameters of CBM—-CFS3 model
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ZH TR RS BIESH SR U5 SCHR
A W 0.45~0.67 1.94 [20]
WA 75.00 60. 61 [20]
e 95. 00 33.56 [20]
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Fig. 6 Impacts of afforestation on carbon stocks and sequestration rates of forest types involved
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Table 2 The carbon densities and carbon sequestration rates of forest ecosystems of both scenarios in Xingshan County

) A B MF/10* hm? BB/ (Mg + hm™2) [ g K 2~ 4/
2009 4 2020 4F 2030 4F 2009 4F 2020 4F 2030 4F FHE (Mg-hm™?-a™)
BS 5t IEMRE AR 7.74 7.74 7.74 88. 89 103. 74 120. 90 103. 45 1.52
Y=Y /NN 2.33 2.33 2.33 66. 00 74.53 88.48 75.08 1.09
EIIE=F 0T NSTIN 16.17 16.17 16.17 87.28 99.91 112.29 99. 39 1.19
MRS OB AR 0.02 0. 48 1.13 37.85 44.16 51. 81 44.04 1.85
B AR 0.02 0.55 1.27 37.05 40. 20 45.00 40.29 1.01
AR AR 0.04 1.03 2.40 37.43 42.06 49.35 42.06 1.41
I i8] bR L A 7.76 8.22 8. 87 88.76 100. 22 112. 10 99.72 1.54
R AR 2.35 2.88 3.60 65.74 67.99 73. 09 68. 28 1. 06
P4 ELAR AR A 16. 21 17.20 18.57 87. 16 96. 44 103. 99 95.77 1.20
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Fig. 7 Impacts of afforestation on the carbon stock and carbon sequestration of forest ecosystem in
Xingshan County during 2009 to 2030
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Table 3 Comparison of the CBM—CFS3 estimation with the literature results
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Dynamic Changes of the Sand-fixing Service in the Sandstorm Source Control Region of Xilin Gol League. ZHANG

1,20 , WANG Shuang"* (1. Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of

Biao
Sciences, Beijing 100101, China; 2. College of Resources and Environment, University of Chinese Academy of Sciences,
Beijing 100049, China)

Abstract: Resulting from natural processes or induced by human activities, desertification is an important global
ecological and environmental challenge. China has recently initiated a series of ecological restoration programs at national
and regional scales. However, regular monitoring and assessment of related ecosystem services in the ecological engineering
areas can also provide fundamental references for the implementations of desertification control measures. This study esti-
mated the dynamic changes of sand-fixing service in Xilin Gol League, which is located in Inner Mongolia Autonomous Re-
gion, in the north-western part of an extensive sandstorm source control project region, and represents 44% of the total
project area. The RWEQ model was applied, and the influences of rainfall and vegetation coverage on sand-fixing capacity
were analyzed. The results indicate that the average annual amount of sand-fixing service reached 1. 456 billion tons of sand
during the period of 2000-2015, with an average sand-fixing capacity of 74. 78 t » hm ™. These values annually increased
by 7.1% and 6.3% , respectively. In addition, the sand-fixing service in Xilin Gol League showed a gradually decreasing
trend from southeast to northwest and northeast, mainly due to the lower wind erosion risk in the northeastern part. Com-
pared with 2000, approximately 32. 63% of the Xilin Gol League area presented an improvement in the sand-fixing service
in 2015, also, the degradation area and unchanged area of sand-fixing service occupied 15. 55% and 51. 82%, respective-
ly. Furthermore, the change of sand-fixing service significantly correlated with vegetation coverage and rainfall in Xilin Gol
League. The results reveal that the integrated influences of climate change, ecological engineering and human activities on
sand-fixing service should receive more attention, and additional effective control measures on wind erosion in the weak im-
provement regions should be adopted.

Key words: sand-fixing; wind erosion; spatial-temporal change; vegetation coverage; rainfall; Xilin Gol League
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Spatial Distribution of Rural Tourism Destination in Central Chongqing Based on Point of Interest ( POI)
Mining. LI Jia-xin, XIE De-ti¥ , WANG San, YAN Jian-zhong ( College of Resource and Environment, Southwest Univer-
sity, Chongqing 400716, China)

Abstract: Developing rural tourism is one of the most important grips for realizing the rural revitalization strategy. In order
to understand the spatial distribution characteristics of agritainment resorts in central Chongging, and to optimize its spatial
development pattern, 564 agritainment points of interest (POI) captured from Baidu map were taken as the research ob-
jects. The the distribution characteristics of agritainment resorts in central Chongqing were analysed from distribution type,
equilibrium of spatial distribution and spatial pattern, by means of GIS spatial analysis technology and mathematical statis-
tics analysis methods. The results show that the distribution type of agritainment resorts in central Chongqing is cohesive;
the regional distribution is not balanced and is uneven; the spatial pattern is “multi-center cluster distribution” type, and
there forms a “U-shaped” agritainment core density circle, which basically forms a strip-like spatial pattern with concen-
trated and contiguous pieces. The Beibei and Nanan Districts are high-density gathering centers. The main influencing fac-
tors of its spatial distribution are topography, vegetation cover, traffic conditions, tourism resources, tourist market and e-
conomic density.

Key words: agritainment resort; rural tourism; spatial distribution; central Chongqing; rural revitalization strategy
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Spatial Prediction Method of Regional Soil Heavy Metals Content Based on Multiple Model Optimization. HUANG
Zhao-lin", DING Yi*, WANG Jun-xiao'™ , JIA Zhen-yi', ZENG Jing-jing', ZHOU Sheng-lu' (1. School of Geography and
Ocean Science, Nanjing University, Nanjing 210023, China; 2. College of Software, Tongji University, Shanghai
201800, China)

Abstract: Spatial prediction of soil heavy metals is of great significance for utilization of regional soil resources, environ-
ment protection and pollution prevention. Jintan District in Changzhou City, Jiangsu Province was chosen as study area.
Spatial variation model (BP-K) , source-sink model (BP-S) and comprehensive model ( BP-SK) were applied to simulate
and predict the spatial distribution of heavy metals, including Cd, Pb, Cr, Cu and Zn. The results of the Models’ perform-
ance were evaluated by coefficient of determination, root-mean-square deviation, mean absolute error and so on. Further-
more, the prediction results from the best performance model were selected to calculate heavy metal spatial distribution in
each sub-region. The results show that: (1) The coefficient of determination of BP-SK model was higher than that of BP-S
and BP-K for Cd, Cr, Cu and Zn. Only for Pb, the coefficients of determination of BP-S and BP-K were higher than that
of the BP-SK model. BP-SK can strengthen local characteristics and uncover more information. (2) The comprehensive
model performed better than original single model. The root-mean-square deviation of Cd, Pb, Cr, Cu and Zn were im-
proved by 15.15%, 20.71%, 19. 19%, 1. 75% and 9. 24% , respectively. (3) In prediction results, the high-value areas
for Cd, Pb, Cr, Cu, and Zn were located in the central and northeastern parts, and the low-value areas were located in
west hilly and mountainous areas. The BP-SK model has a better performance in areas with severe human influence, while
the BP-K model has better applicability in hilly area where natural factors have a greater impact.

Key words: soil heavy metal; source-sink; spatial differentiation; back-propagation network ; spatial prediction
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Xy 500 m 28 ph X P AR R A 35 HH ML TR hm® Xig 1000 m 28w X P9 22 38 FH i i AL hm? Xo4 w(Cpy)/ %

Xs 1 000 m 2% div X PN A A 35 FH 1T AR hm Xis

2 000 m 28 X PN 32 FH AL hm? Xos

w(TN)/(mg - kg™")

Xo 2000 m & X P AT £ FH b TR him? X6 500 m 2o X P IE R KB/ km X6 w(TP)/(mg + kg™")
X; 500 m 2% of X IR AR FH M TE AL hm? X7 1000 m 28 ot IX PN 38 % R B/ km Xy w(TK) /%

Xg 1000 m Z2 0 X P 3k T A5 FH b TR A i Xig 2000 m 2% #h X P9 38 5 K /km Aog i FE/m

Xo 2000 m & X P 3k T 5 FH b 1T AR i Xio  B5 YAl PR 25/ km Xy YeRE/(°)

Xy 500 m Z% P X N KA TE AR/ hm? Xy ANEEE/ (AN - km™?) X3 FE S 245 B AL R

OM A HLIST, TC g4z, C,, A HLBK, TN AR, TP N4, TK 44,
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BP—S BB A AR sy 27 DI -0 0 A
%<X1 ~X,;) ,BP-K AV A B AL & T 2 b i
PO R B e R B 2 5 B AR AR (X ~ Xy ) L B
B 22 U R MROT (AR AL e RE(R?) B
RAIEL, VI ZhT7 vk 1 FH R T b 25 MRS A 28 0 28 A 8
MR LAY Levenberg-Marquart 3%, 22 2 0 KB R
5.0x107" 2= 2] PR E Ol 107 R IA B )1 i 22
HARES B 251k I 2k, bR B A 2455 5 ik A vk
i 2r (validation check) . it SR = B — B Tk 32 % 453
RURS BEREATPEAL 70 B 180 AR 5 B ML 43 A AR
B2 (135 A4>) FERUE AL (45 )2 DERIT
1.4.2 BRI

BP—K H A % [ 25 8] 73 5 Al A G, 2000
NKIES AL QB @M, T BP -S AL /b X 28
LR AR e AR AN B 25 R G R A (6] 43 A T
KEFEPT Re Ak, PRI AR 4 BP -K 1 BP -S BAY
TR A B ML TR LR ZS B oy S 2 Fh %
HENER T BP-SK B, K 30 AT
At AR LR A A W] e AR SRk ), H
MELUE 78 A8 B 2 ) i) B AR B ORI g P 5 T
XA AT RGeS A R S i i BP -
S AL ARG LA BP —S BRI AR 5 H 5
B (A5 22 S AR &, AR 45 o A A8 o, FRIR
12 J BP P 0 £ s A M) ke 25 114 4 ) RH DG AR
XA AT R, B B RN

(1) g AR 52 Wi PR 25080 B A8 e o o 4
J& &, R BP-S B

(2) 344 BP-S FERITE A AR s Ao RYBTIE,

®2 MRRIFESEIERBEUMFMRERIT

Xif b BP—S A5 AU RS 5 AR A5 A0 S, 75 31 4%
WAIE A5 AR ZE(E Ay,

(3)HG5R2EMH Ay 5 B S 0 I 2 46 HEA T DT
Bie X £ A AR AL

(4) LA Ay R RIAS B, DA 0 2 46 B Ry AR
AR 22 0 1) BP—A Ff 28 L5 AR AR

(5) FA L2 B 4, K45 BP - A BRI/ 4% 4
AL Y 5% 2 MR DL B 6 4% B 3IE A5 7 b il 5%
ZETMAAE

(6) 4 BP-S BB A HUE 5 BP - A AERIXT
(5% 22 BB AR N, 1531 BP—SK R IR D8 ; [ 3
W5 BP-S RTINS BP - A B 1Y 5% 2 45
FUE AN, 455 BP —SK 70 T30
1.5 HEEREIFN SIS

VEH R* AR 15 B 1 (AIC) 1 MITEM RIS &
TEREAIFEAR ) L RPBK , DL e B kv 5 2 il
(IREEHRS ATC {EIE /D 3 AN BT LA L T 3 A 700 45 )
BEYEPT AN, TEH R SRR ZE (ME)
X iR 25 (MAE) 3475 MR 2% (RMSE ) AR X 2 5
JE (RY) AR AL 000 RS B2 PEAN F5 b5 . REEER, ME |
MAE 1 RMSE B /N AU B 0 4k g 5 FH R AR X
H AT LR 2 ANBER TS (22 5

2 HRE5SMH

2.1 FRRIFEECESERBUERMBMES
TS

WFFEIX 180 AMRE 5 L G Ja 35 2 5 B AL M T
IE SR ARG AR IR 2,

Table 2 Statistical characteristics for heavy metal concentrations and physical characteristics in the study area

Hh7 TA R RME PPN i i ERRNRU% R
w(Cd)/(mg - kg™") 0.1920.217 0. 081 2.534 77. 086 8.415 112.5 0.09
w(Pb)/(mg - kg™!) 30. 70+28. 97 20. 50 422. 12 140. 837 11. 366 87.8 22.3
w(Cr)/(mg - kg™!) 78.98+6. 53 62. 50 109. 56 2.979 0.922 8.3 76.2
w(Cu)/(mg - kg™") 26.38+5.42 18.29 46. 80 2.979 0.922 20.6 23.9
w(Zn)/(mg - kg™) 69.55+17. 32 44.52 198. 16 19. 455 3.112 24.9 65.6
pH 6.64+0.72 4.37 8. 16 0. 024 -0.311 10. 8 —
w(OM) /% 2.20+0.55 1.26 3.55 0. 340 0.258 24.9 —
w(TC) /% 1.38+0.32 0.79 2.17 0.101 0.224 2.7 0.76
w( o)/ % 1.28+0.32 0.74 2.06 -0.016 0.132 24.9 0.27
w(TN)/(mg - keg™!) 1393314 795 2237 0.336 0.031 2.6 460
w(TP)/(mg - kg™!) 667+ 187 336 1157 2. 440 1. 105 28.0 525
w(TK)/% 1.57+0. 15 1.49 2.36 -0. 684 -0.165 0.1 1.86

OM A BT, TC A28k, C,, A BLER, TN 2R, TP A2, TK H24,

2 WoR,5 A E 48 A VLR +
B EE Cd . Pb . Cr Cu Fl Zn V28 840 5 H

IS RN AY 2. 13.1.38 1. 04 1. 10 A1 1. 06 175, %
WIRFSEIX L e AT RE 32 B IR HE 35 e, B 57 &
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5 & K W K o

5 36 4

B (CV) AT LA MBS ) B RORE B, CV R B A2
ARG TRz S AR 4R CV K EN
YK H Cd Pb . Zn Cu Fl Cr, HHr Cd 1 Pb 9 CV 43
BN 112.5% F1 87. 8%, J& T = EEAE 5+ (>36%) , i
B3k 2 FhICRZ MR TR K ;Zn F Cu 1Y CV 5351
H 24. 9% F1 20. 6%, J& T AR 5 R (16% <CV <
36%), 1 Cr W) CV N 8.3%, 7% 5 2 i & IK
(<16%) , Ut AZ AN AT I, [FEE, 5 i 4
J& S AR 25 K, U A A W S 1) 25 (] 43 A 22
5,1 Cd A1 Pb (144 B2 8 H A T 2 K, AT g2 K 2
N R & A E AW

£3 3WRAUSAESHETNEESH

22 ETAREEEENIESESESEMNE
EomEILR

Il 252 B4 BP-S  BP-K Al BP —SK #4173
A5 3 2% A S A 1 EE 4 o B, R B
FIVRE s SEIE R T XF Fe 38, -4 B0 ik s A7 Y 28 26
FERE T AV ZRog 5e i 3 P AL | JR A5 56 E p A0 5
G ) S TOINAEL , X b S50 {6 5 5 TE A7 S IR,
RPN R AL T A R & 48 il GRS S
TUOIRS BE 2 50 (3R 3) LA R PR -5 5 000 A #5  1]
(W),

Table 3 Goodness-of-fit parameters and predictive precision parameters of three models

JLE R WA R? AIC i R ME MAE RMSE
cd BP-S 0.532 ~714. 354 0. 450 0.015 0.038 0.071
BP-K 0. 683 -887. 644 0.320 0. 007 0. 047 0.076

BP-SK 0. 665 -745. 878 0.673 -0.027 0. 049 0. 066

Pb BP-$ 0. 702 360. 811 0. 436 1. 490 3.749 6.795
BP-K 0.535 372.202 0.422 -0.313 4.616 6.536

BP-SK 0. 665 366. 263 0.185 0.784 4.981 7.733

Cr BP-S 0.748 357.246 0. 457 0.774 3. 683 4.740
BP-K 0. 638 398. 908 0. 509 -0.097 3.430 4.139

BP-SK 0. 839 310.215 0.562 -1.298 3.923 4.538

Cu BP-S 0.751 259. 881 0.508 -0.911 2.519 3. 407
BP-K 0. 600 254. 684 0.524 -0. 567 2.360 3.128

BP-SK 0.817 217.294 0. 661 -0. 525 1. 893 2.682

Zn BP-S 0.784 607. 657 0. 698 -4.679 6.329 8.227
BP-K 0. 605 585. 125 0. 454 -2.077 7. 064 8. 622

BP-SK 0. 906 466. 629 0.758 1.398 4.065 6.123

AIC RS B ME T2  MAE 344152 2% RMSE 3 5 R 2%

TERA R ITIH , [% Pb 4b, BP —K #5550 % HoAth
LB ILENIUA R =0.6, 4% 48 U5 K
WIHEALFA B RET 1 1 LJREREE, U5 Y
LRAE R 5 AR R BOIET 0. 6, Uk B AL TR (E
F4) TR0 O o5, T R v (L ) 900 s R, 790 001 A Ak
BRI /N Bk Cd 4h, BP-S BEAU X HAL T 4 JE ot R 1Y
A REET 0.7,2 MRS SR I, 4
e Y BP—SK A5 R AR DL 55 S A S S A S rh
TE 1 1 ST, UEBHBIRLL AR 25 /N, X Cd FT Ph
LA R KT 0.6, % Cr Il Cu 9IS RPH KT
0.8, 1M%F Zn BHIE RPMGEE] 0. 906, H BP-SK 14
HIrh Cr Cu A1 Zn ) AIC {H% BP-K . BP-S & 7l 14
Wb 3 AN B L R, BP-SK AR XS Cr, Cu Al
Zn LGP0 BH S g Al 2 MRS

R A BB TG B S5 (% 3) , LA R A
TE AR R THINRG B 19 32 22 S 4, TR B 25 JEAN (] A5 7 ]
ME MAE F1 RMSE #9225 . 7EXF Cd BT | 2%

R ) T 24 TR 2 S A5k, BP — SK A% 0 T RS i de
L RPIEE] 0. 673, BP-S BRI Z , R* M 0. 450, 171
BP-K BRUARAG , R M 0. 320 7EX%F Ph (I | 4%
IR PR 45 T 2% S vy | BP —S A5 25 RS B e 5
R*>7 0.436,1fii BP-SK # A AKX, R 0. 185; 7F
X Cr TR o | A4S0 0 2% SR 25 5 45/, BP - SK
TR B TR 5 B v, BP —K B YR 22 BP —S 5%
AR, RN 0.562 0. 509 F1 0. 457 ; 7E X Cu 11
T v 5 BT I 25 SR 25 S AN BP - SK. A% AL
IS BE B, R3] 0. 661, 1] BP—S #RAIE AL, R* K
0. 508 ; FEXT Zn A TR rr | 45 55 80 F30 00 25 S 2 5
=, BP-SK A TR B v, R 0. 758, i) BP—
K BERUEAG  RMUH 0. 454, 25 1Tk, BP-SK il
FETI Cd ,Cr Cu F1 Zn 5 B FINRS B2 55 , H R
It BP-S 5 BP -K &1 73 5l 42 /& 0.223,0. 105,
0.153.0. 060 5 0. 353 .0. 053 .0. 137 .0. 304, Tfij BP-
S BLAIX Ph £ i () AR B4, R H BP-K Al
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BP-SK ##153 5] 0. 014 1 0. 251,
2.3 AEARBLESSEREBEREAS

FRIEWF 7 Xl M T F1 28 55 22 S ARAE BT 92 X
K153 SR VG g L i X v B IR & DX RN AR 3 -
JRA X A5 5 3 Foh A2 7 £ AN 7] 2 [B] 350 1) 2 4 ) i
IKEBE S (3R 4) AR 25 SR FONDRG FE S50, e HL
B ICE AEA A X e R B A #EXF Cd Y T
W TE R B £ X BP - SK #E AL MAE {8 1
RMSE {54354 0. 045 F10. 082, MAE {& k¢ BP-S FlI
BP-K #5543 5| FAAH 0. 004 F1 0. 012, RMSE & 111 43+
SIFEAR 0. 012 1 0. 003 ; 75 PG &8 Fr b 111X BP-SK
BiA MAE F1 RMSE {843 3124 0. 036 F1 0. 057, MAE
{E Lt BP-S F1 BP-K ## 535 FE4I% 0. 017 F1 0. 015,
RMSE 18 0] 43 I F#A 0. 012 F10. 017 ; 1M 75 45 3#8F )5
£l IX ,BP-K #i% ME MAE 1 RMSE {3 5%,
ME {H It BP-S i1 BP —SK £ %1 73 5] F& % 0. 006 Fl
0.019, MAE {E 43 %Il F% A% 0. 006 F1 0. 005, RMSE {H
W43 B FEAR 0. 006 F1 0. 004, [, v~ F J5 bk &
DX TG 8 g L b DX BCTUIDORG B 55 =5 9 BP —SK
B R SRl X U e B BP-K #55AY, [R]HE, 7
XF Ph TR b, 2R | S ECT N A A R 1Y) BP -
S LA, PHHEREH BP - K AL A ZE X Cr B9 Tl v,
AR FP R BRI G JE A v 1) BP —SK AL P Bk
HUBP-K FE AL, ZE X Cu B0 Hp, Hp | P8 350 3k B 79
TNAE B F5c e () BP — K AR | i A< 350 3 B BP — SK 45
R AEXT Zn 0 TR v v PG S 3 RS BE e v

R4 IMEBX S MEEREHS XRNEE

) BP—-SK B i AR EBEEH BP-S #7Y

KH ArcGIS 10. 2 B A 15 4% If-38 2 44
ropIX | v BLAK A (E S5 O R A A I & 4
R R DA R 27 ANVRTL R MR R TR R s
DA% E5 s 43l 4 A BP—K  BP—S il BP-SK &l Jf:
15 325 R AL AR R o5 A0 b B U, 30 ok 3 3 o
A% (ordinary Kriging ) ffi{ELJ5 , 149 21 £ 15 B AE 0 5%
X il 1) 3 4 T 5 s R 0 A0 A (L 2)
SRR KB PO SR AL & T R IX
% Cd .Pb Cr Cu Ml Zn & B8, W58 XV #K o
B L X Cd A1 Pb & i 4w , AR AP IR AR X Cu
AR, Cd i {E X A TR O IR S T
Frb% , BP—-SK IR0 HF0 A R 3047, (A X 795 Cd
B i A TRRG B IR ARG, 117 BP — K S 5 4 -l iz Wik 7
ZRER Cd B i {E X 5 AR X X 5 Ph e {E X )
LT AE O B X, BP —S AR R i 45 - i IX
S Ph 7R ZRFAY R L X S ARMEL X, 1M BP K R
TE PG B L DX ) T A58 SR Fc s 7% Coe () TN
3 AMRERIAR I T LSRR 9 43 A A, BP -
SK BLAYE AR | Hp 0 0 TN A JEE f v, T BP - K A% A
RERE S Cr 76 78 5B B X A7 76 S E ; Cu EE 444
FEREE G, BP — K AR 7R 3300 50 SR 5 4, i BP - SK
BT G- ) 43 T AR FF IR AL X Cu R IX S
IRAEIX 5 Zn TR vh o3 A ZE ISR X H O BB S5 0l X
FHEREIE T3H , BP —SK BRG] | PG S 1% T 2 R
BEAF TR AR 0 4 DX T AL R i 4 1 2 BP—S A5

Table 4 Predictive precision of different zones among three models

Gz P X TR S X AR IX

ME MAE RMSE ME MAE RMSE ME MAE RMSE

Cd BP-S -0.035 0.053 0. 069 -0. 009 0. 049 0. 094 0.011 0.031 0.036
BP-K -0.014 0. 051 0.074 0. 023 0. 057 0. 085 0. 005 0. 025 0. 030

BP-SK 0. 032 0. 036 0. 057 -0. 008 0. 045 0. 082 0. 024 0. 030 0. 034

Pb BP-S 0. 098 3.892 6.219 -2.418 6. 084 8.340 2.577 2.294 2.692
BP-K -0.543 3.055 5.132 -0.567 5.061 8. 446 -1.364 2.883 4.126

BP-SK 0.741 4.251 7.337 -2.177 6. 603 9.377 -0.724 2.937 3.418

Cr BP-S 1. 181 3.757 4.336 0. 863 3.815 4.412 2.439 4. 465 5.131
BP-K 0.206 3.543 4.587 0.623 4. 047 4.963 -1.217 3.182 4.537

BP-SK 0.360 4.149 5.024 -1.396 3.407 3.860 -1. 605 2.118 2.555

Cu BP-S 0. 340 1.632 3.991 0. 140 2.691 3.563 3.617 3. 035 3.490
BP-K 0. 853 1. 556 3.323 0.276 2.136 2.996 3.035 4. 880 5.450

BP-SK -0.414 1. 699 3.952 0.220 2.501 3.361 0. 549 1.247 1. 587

Zn BP-S 6.163 7. 161 7.802 5. 060 8.415 10.510 0.672 3.816 4. 639
BP-K 1. 804 7.268 9.014 4.010 6.325 8.573 -1.592 4.343 5.077

BP-SK -2.713 4.418 7.512 0. 646 3.490 4.521 -3.202 4. 609 5.969

ME J P31 22  MAE - F- 3431 1% 2 RMSE R385 iR 22,

FR 4 4% 51 4 @ 0 2 AE AN ] X 38 170 e A6 T 2
B3R 4), I RMSE i 200 158 wi Jo A5 760 10 5

Ak, AR DI R I S5 AR R? 36 I AR Y I A A
&, FH RMSE T 28 20 6 J5 A58 2 s (8] 1500 kG 22
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RS (E 3) . kgl A R A RMSE {38 53
BOEIZR o U S LA 2 1) RMSE {645 31, f i
AUALAS RMSE {H %% FH 45 5 42 )& 70 K i — S B Al
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50218 w 55:37.818
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B 2

.

20. 71%#1 19. 19% , R* 43l $2 55 0. 059 #i1 0. 046, Pb
FYZRME [R1H 5 7 R BUIE T 0. 6, 156 BH X & A X A 73
DB ARALS s X Cd 1 Zn (17 5 4422 (] S0 B A
FRE R RSy AR 15, 15% 1 9. 24% , R* 43 4%
15 0.028 1 0. 010; Cu Y HE (AR 2 8] T5UMRS B $2 71358
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0.026,Cr Cu Fl Zn BIALEFNSZMEIEAREHAE 1 ¢
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Fig.2 Optimization of spatial distribution results of soil heavy metals content prediction

x5 MEAGHEREMMBEELILE

Table 5 Comparison of predictive precision of model before and after optimization

P, i3k J5 #5 X 3 RMSE kA AR RREH G ARXTEE R Lymei2ii Ry fymeizi Ry

T PGSR L X T S S X AR AR X RMSE RMSE RI/% J& R? i R?
Cd 0. 057 0. 082 0. 030 0. 056 0. 066 15.15 0. 701 0. 673
Ph 5.132 8. 340 2.692 5.388 6. 795 20.71 0. 495 0. 436
Cr 4.587 3. 860 2.555 3.667 4.538 19.19 0. 608 0.562
Cu 3.323 2.996 1.587 2.635 2.682 1.75 0. 687 0. 661
7Zn 7.512 4.521 4. 639 5.557 6.123 9.24 0. 768 0.758

RMSE A5 iR

FHEREEIRICR G-I 25 W40 5 2 6] 1)
S OCZR  RHIFSY X EE 4 R i 30 MR R HE TR
ot EEEWEF R, MELETRS
5001 000 F12 000 m 2 i X 0 7 2 15 JH 3 i FHAS
BN 15 DHHOCREUT RIS FEAE A [RIFEFE (A 5
P, A E AR 2 A DG (P<0. 01) A 8 A, 77
TE R E KM (P<0.05) B9A 54, 8 5 FPE 48

Cu.Zn F1 Cr 5 1 000 m 2% wp X P 38 % < B ) 77
TER A OCH: P Cr Cu Al Zn 5275 el P-4
P ) A A R S B R O, T B Y Al i Oz
G B A2 W R/ ARV R R, 5 R R
GBITE S OM TC C, M TN ¥IFETEMK B 3 A0 O
P U0 A AL B T 4 T R A 1 A
RER BRSNS LA E S A 5
KR, WA LT T 4 Jm ELAT o A I B A
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Fig. 3 Scatter plots of predicted values and measured values of model optimization
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Farmers’ Adoption of Green Production Technology: Policy Incentive or Value Identification? YU Wei-zhen'?,

LUO Xiao—fengl'z‘j’\ , TANG Lin'?*, HUANG Yan-zhong'® ( 1. College of Economics and Management, Huazhong
Agricultural University, Wuhan 430070, China; 2. Hubei Rural Development Research Center, Wuhan 430070, China)
Abstract: The promotion and application of organic fertilizer is of great significance to the improvement of the quality of
cultivated land and to the achievement of the transformation of agricultural green development. Based on the survey data of
1 086 farmers in Hubei Province, Logit model, mediation model and moderation model were employed to explore the influ-
ence mechanism of policy incentive and value identification on farmers’ adoption of organic fertilizer. Results show that
(1) Farmers’ adoption of organic fertilizer is influenced by policy propaganda, government subsidies, policy regulation,
environmental crisis awareness and ecological environment improvement. (2) Environmental crisis awareness, ecological
environment improvement and agricultural civilization inheritance intermediate the relationship between policy propaganda
and farmers’ adoption of organic fertilizer; ecological environment improvement moderates the influence of policy regulation
on the adoption behavior. (3) Government subsidy enhances the positive relationship between environmental crisis aware-
ness and the adoption of organic manure. Therefore, it is necessary to properly subsidy for farmers to make green agricul-
tural production, to strengthen the education of farmers, and to change the traditional technology promotion mode, thus a-
rousing farmers’ initiative in adopting green production technologies.

Key words: policy incentive; value identity; organic fertilizer; mediating effect; moderating effect
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Table 1  Basic characteristics of samples
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Table 2 Variable description and descriptive statistics
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Table 3 Differences of organic fertilizer application

behavior among farmers in different cities
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Table 4 Model regression results
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Table 5 The mediating effect test of value identity
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Table 6 Moderating effect of economic incentive policy
means
- TS B35 1y ] A (A 3)
R RdEbrAER i PREY
2P A R BOR T B
HURF R 0. 096 0. 091 0.018
UIN=RNE]
W AEHLE IR 0.147**  0.069 0.028
A 0.556*** 0.085 0.104
ARSI 7 0.033 0. 107 0. 006
BN AN X PREE fE AL R 0.113~ 0. 068 0.021*
HUF MY X A A B % 0. 055 0.081 0.010
B MY XAHE O fER -0. 074 0.091  -0.014
Pl A R
RHME 124.13*%*
i R? 0.114

o il o ok AR ERIRTE 10% 5% 1%KF B3,

3 FHitHEW

3.1 &ig

FIFH 2017 AEAA0AE 4 P IR A B  F e T Ak P
ot R RO RGN T R B B S BT AE SR IR BUR
WO AR AR AR R A RS, B
5T K BE .

(D RFPAVIERTT 252 8| 2 R R L A5
Wel, FEBCHR RN 5 T, BUR E AL X 4 A WU

A3 A G A T SR A A9 B 249 SR DU 2 B i
TE R ZE A (N [R5 T, PR35 fE L R A A 25
PR O A A LI AT S 37 1 1 /R
Pl A g v AOOA  EEA TE T AR T T HE AR
PR B ) R

Q) MM EDARIEM E S| S RBOR T B SR P A
BUALHE AT Z A R p A AR . BRI #0358
FENLE I AR SR k3 AR B SO AR AR AR BUOR
54 A UG P AT Z [l ih A A AR 2SR
BERCE AR TR LA R 5 A A UL it FH AT 8 22 1] ke
AR

(3) Tl R BOR T B AE M (EIN R Sk A
BUIEHE AT S Z 18] &4 T 3 i 8 15 VR, B AE A
FUE R —E W (EA R A 25 At L, BURF AU A B T2
Fe A A HILAE Tt FH 4 P REE
3.2 B

it b B A A 7 i 2 5 BY B
LTRGBS N B (1) QA R
PAAR M 2 (0 A2 77 DAy 5 i) ) 2t G MU | ) T JR Al 2t
A7 B P S BRI 38 5 A P A A 7 Y
BB (RIS, DA 3 o BT R A S BUR A%, LATE
fix Gyt 75 AT, i A PR B A% T 2O 2 3 e
PR e B 22, 2 I B2 A 7 B A PR AT O B
(2) BUBR T Ji 24 i i 15 A ol JBE JT T i ) JE 9 2
7L R e IR, 3 Aol i TS B i Af
SR, S A B2 DU RIRE J7 1 [R] I 24 1E 22 57 )
gt 2 EAYFEDEAEIAYL, (3) e R B HoR Qe
AL GERASE T 7 20, e 2r R B 2 55 Ak i
AR A LG, RS 1 DI aEJE 1,
A PN R (0 4 e P IR A (8 2 7 N (WL,
TR HEA P RS R A 2 (B A P AR

EH BRI I EIA R 2 D HEEER A A
PLAEHE FHAT A HEAT TR AR, BIrie th i 4538 0 i
PEAON TR 75 G 1 BRI 2 0 4 Ji HAT — R 5
PR, HR, —J5m, fE—E R L XU
FHAHUIE IF AN BE 58 42 A 88U WA P B B2 i A 15
Ol , A7 o A A (BIVHE A UL ) R BE I AS 2248
PRE e 21 4 35 OR A e HE— 20 AR 5 i
o HEABE TR ST A HILAE I AT o slF BR SR T 0 X
RN R, J5—T7 1, K& 11 2 X0 BCAR™ dh i
R RN, ngar R S R A s A 2R 7= O
BVEUES SR f P S TIN (EOBE G S N
PASR A 7 5 SRAT A A ] DLS2 BRI 08
i, B AR A R B Pl A PLIE . B —ad
FErf AR P RAR 0] LR T L AR 7 i i T



- 324 - £ x5 &K N OB OE ¥ i

%36 &

oKL B T 32 0 858 3% AN 5 5, o R TR
SE A TAE A RO AERE DL, X T4 5 Mt
52, AT L B2 B BORAT D9 MVE & AL B
WL 2 A J7 IR AR

Sk

(1] B, Amikok, §A%, 45 b B AR RS D8 H ARBIF ST . 3 71 Ak
PP SR BRI E A [ )] AL AR 2B, 2017(2)
102-110.

[2] Whats, SRR G, 7T, 2 4 KB 08 A LA T A A BLIE SR
RIERHIRN R[] ED SR B IR, 2019, 35
(3):332-338. [ ZENG Yang-mei, ZHANG Jun-biao, HE Ke.
Driving Factors of Rice Farmers’ Willingness to Adopt Organic
Fertilizer From the Perspective of Multidimensional Family Capital
[J].Journal of Ecology and Rural Environment, 2019,35(3):
332-338.]

(3] ALIUHK, Bhifestie, 6% /A = e OR4P 47 S 20 A < LUK AL S 451
[J]. 4k AR 3%, 2019 (1) : 100 - 110. [ KONG Fan-bin,
ZHONG Hai-yan,PAN Dan.Analysis of Soil Conservation Behavior
Among Small-scale Farmers: A Case Study of Fertilization [ J].
Journal of Agrotechnical Economics,2019(1) :100-110. ]

(4] AEUE, D/INE AR S SO T AR P 8@ AR
MEBIESIT BT L) ] BIRAL S, 2017,39(8) : 1573~
1583. [ YU Wei-zhen, LUO Xiao-feng, LI Rong-rong, et al. The
Paradox Between Farmer Willingness and Their Adoption of Green
Technology From the Perspective of Green Cognition[ J].Resources
Science,2017,39(8) :1573-1583.]

[5] BRI, ZB/ME, X, 2 A A HUILE AL AL B AR R 94 1) 52
W DR 2 X 8 BRI T O Y IR G R e [ 0 ) R T e U8 5 A
$%,2019,28(3) :632-641.[ HUANG Yan-zhong, LUO Xiao-feng,
LIU Di, et al.Factors Affecting Farmers’ Adoption of Organic Fer-
tilizer Instead of Chemical Fertilizer; Explaining the Phenomenon
of Farmers’ Little Behavior With Strong Willingness|[ J ].Resources
and Environment in the Yangtze Basin, 2019, 28 (3): 632 -
641.]

(6] HERIL, IR, SRET SC. A F SR U BB Al R HARAT
A SUES T - LA HIUIE 5500 - e i AR B AR g ) [T ] Bl e
Fh2:,2012(3) :68-77.

(7] BZAR, 3L B0 e st A8 AR AR 5 e 0 4o el oy 4 99 48 %
[J]. S 2012(9) :76-81,99,187-188.[ HUANG Ji-kun,
JI Xian-qing. The Verification of the Right to Use Farmland and
Farmers’ Long-term Investment in Farmland [ J ]. Management
World,2012(9) :76-81,99,187-188. ]

[8] XU H,HUANG X J,ZHONG T Y et al.Chinese Land Policies and
Farmers’ Adoption of Organic Fertilizer for Saline Soils[ J ]. Land
Use Policy,2014,38:541-549.

[9] WAITHAKA M M,THORNTON P K,SHEPHERD K D, et al.Fac-

tors Affecting the Use of Fertilizers and Manure by Smallholders
The Case of Vihiga, Western Kenya[ J].Nutrient Cycling in Agroe-
cosystems,2007,78(3) :211-224.

[10] HOLDEN S,LUNDUKA R.Do Fertilizer Subsidies Crowd out Or-
ganic Manures? the Case of Malawi[ J].Agricultural Economics,
2012,43(3) :303-314.

[11] BB, R et M AR P AP S AL A RITAZ
[FSCRERBTFE ] Bl SRR BORE B, 2012,33(9)
135-144.[ CHEN Xi,SONG He-yi,XUE Xian.The Effects of Vale
Alignment on the Relationship Between Procedural Justice and Or-
ganizational Citizenship Behavior[ J].Science of Science and Man-
agement of S.& T.,2012,33(9) :135-144. ]

[12] JACQUET F, BUTAULT J P, GUICHARD L. An Economic
Analysis of the Possibility of Reducing Pesticides in French Field
Crops[ J].Ecological Economics,2011,70(9) :1638-1648.

[13] SKEVAS T,STEFANOU S E, LANSINK A O.Can Economic In-
centives Encourage Actual Reductions in Pesticide Use and Envi-
ronmental Spillovers? [ J].Agricultural Economics,2012,43(3) .
267-276.

[14] #tz  HKL B BHEMAE S AMEBT ST . A BERL | 52 T I
SRS EARE ()] AR 22 5F IR, 2014, 35 (4) 16472,
112.[ HAN Hong-yun, YU Yong-hong.Research on the Payment for
Environmental Services of the ‘ Grain for Green’ Program: Cost
Basis , Willingness to Accept or Environmental Values[ J].Issues in
Agricultural Economy,2014,35(4) :64-72,112.]

[15] TACOBUCCI D.Mediation Analysis and Categorical Variables:The
Final Frontier[ J].Journal of Consumer Psychology,2012,22(4) .
582-594.

[16] TRAEBE, GEARTE, SR PN S A RO Y LEBCRIN (D]
P22 3R, 2005,37(2) :268—-274.[ WEN Zhong-lin, HAU Kit-
tai, CHANG Lei. A Comparison of Moderator and Mediator and
Their Applications[ J ]. Acta Psychologica Sinica, 2005,37(2) .
268-274. ]

[17] DECKOP J R,MANGEL R, CIRKA C C.Getting More Than You
Pay For: Organizational Citizenship Behavior and Pay-for-perform-
ance Plans[ J]. Academy of Management Journal, 1999,42(4) .
420-428.

[18] DOUGLAS CREED W E,HUDSON B A,OKHUYSEN G A, et al.
Swimming in a Sea of Shame : Incorporating Emotion Into Explana-
tions of Institutional Reproduction and Change [ J]. Academy of
Management Review,2014,39(3) .275-301.

[19] ZRVL— Al AU BRSOV PEAl - 803 S50 5 W s & [T ] b
LA 2237 ,2016(12) :17-32.

EE RN RWE(1993—) , B Wit & e A g 35
ML FR G BE A BESE . E-mail: ywz2011@ 163.com

(REHRE: LEH)



TR 2020, 36 (3): 325-333

Journal of Ecology and Rural Environment

DOI: 10.19741/j.issn.1673-4831.2019.0487
PR, B4k, TR AR 2T R A SRS [ A . BE T RVELE AR AL A [ T] . A4 25 SR R B 441 ,2020,36(3) :325-333.
QIU Xiang-wei, HU Ji-lian.Decomposition and Calculation of Contribution Factors of Pesticide Use Increase in China: Based on the Perspective of Crop-

ping Structure Adjustment[ J].Journal of Ecology and Rural Environment,2020,36(3) :325-333.

KERGEREEROBHRZ D
ETHESWEENNA

hARES, HAEY  (URRIKEAFEIER, AR 2% 271018)

FEE . VAR PR O BR S0 [K 2R 3 S R A TR 25 ARV P 2 5 B2 RN AR 235 4 T 3 IR R R 2006—
2016 AFA 2y F 7 AR VE MR S5 R AR S BT , 4 RN X 38R 2 N2 07, RGEINA T3 3 4R 2 o 2 4 s
B TR 25 EAAT T RS R IR A 2 T LR R R K R VR L AR IR E R AR P B 45 SR
IR = PR 24 A A AL L ) AS BT R T A0 PR 245 4 4 A o A b 081 5 i i /0 1) A Al R B v FR 2 VR g S e s
s B 340 1. 38% ., V4 e b DX R Al A 45 R A5 T R e R I X, JF v FH 24 1 A LU (15 K 8. 54% ., M
A2 il FH LRGP B B R 2 0 R 25 SRR, AL 45 ) B 8 b o 245 o Y d 18 K 1 T 38 TR % 3 50. 10% , 7E7R 43 4F
P TR 25 1) TR B B 2 R AR (A 24 i T I R i e R B R R, VU R A8 rh R0 7R 7 b X s T 2 A AR % IR 244
YEVI AR B i, IV S5 A R A SR 3 b IX A 2 F s 3 K i E IR M 2, $& a0 e 254 F fe 4%
) A5 LY oA 285 ) TR SR < SR T B 2 T T8, 5 1 R L AR 85 g 1) 3 245 807 )y [ e 25 5 i i A 24 11 P Xk
AR i AR R g R R P 247t DA R AR ) 5 DR A 240 i AR AR I SR S5 0 B 4R e P BRI
SRR 20 S R i, PR SR b R e

KR, RAMHE,; FUMa; SRk, EmEE

hESES. X171.1; F304.5 XHERFRERD: A XERS. 1673-4831(2020)03-0325-09

Decomposition and Calculation of Contribution Factors of Pesticide Use Increase in China: Based on the Perspec-
tive of Cropping Structure Adjustment. Q/U Xiang-wei, HU Ji-lian® (College of Economics and Management, Shan-
dong Agricultural University, Tai’an 271018, China)

Abstract: The contribution factors of increasingly pesticide consumption can be divided into cropping area, pesticide ap-
plication dosage and cropping structure adjustment. The contribution rates of the three factors to the total growth of
pesticide consumption in both national and regional levels have been measured and calculated, respectively. The relation-
ship between pesticide consumption and cropping structure adjustment from 2006 to 2016 have been analyzed. In respect of
the cropping structure in China in recent years, there have been an increasing on the proportion of crops with high pesti-
cide application dosage and a decreasing on the proportion of crops with medium and low pesticide application dosage, and
vegetables topped the proportion growth of high-dosage crops with 1.38% increase rate. The southwestern region of China a-
chieved the most considerable adjustments in agricultural cropping structure with an 8.54% growth of proportion of high-
dosage crops. From the decomposition results of driving factors of pesticide consumption growth, the average contribution
rate of cropping structure adjustment reached 50.10%, and stood out as the most crucial factor propelling the pesticide
consumption growth in some years. Besides, the southwestern, central and southeastern regions of China all underwent
high-level substitution of crops with medium and low pesticide application dosage by high-dosage ones, and cropping struc-
ture adjustment played an essential role in elevating pesticide consumption in the three regions. Hence, the cropping struc-
ture adjustment is of strategic importance in the control and reduction of pesticide consumption: employ reasonable eco-

nomic means to guide the agricultural cropping structure’s transformation into " pesticide-saving" type; strengthen regional-
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ization of pesticide consumption control, and focus on the adjustment of agriculture cropping structure in high-intensity

pesticide consumption areas; intensify efforts of policy supports in pesticide reduction and substitution technologies and im-

prove the technology adoption rate of farmers households ; enhance the construction of pesticide consumption control system

to ensure the green development of agriculture.

Key words: pesticide application dosage; cropping structure; structure adjustment; influential factor
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AEERIETE L, WRTSCHTE , Al A AR 25 14
R T BT A 24 il P R A A T A
FLHERH AT S A ST S AT IRA T
T2 T AFA TR FE AN AR Z5 40 S 2B T /B RERY
ARAl? IR 45 R A2 A 4 1 4R 24 00 Y K Y
HESIE AT Z K A J5 AN fa] 6 Ay FhAE 254
AREAR S AR B AP 24 T 24, DT 2 — 25 o O
WD A 0 Ay O [l bR R L, 2B A
M3 4 [ 2 45 DX A 24 ol FH 2 R Rp A 45 4 7 1
AT A ERIX IR 2 A2 R S8 50 R AE 45 1
RN AZ TR K nHE S AR, LUBIOA 4 )5 il
ARG AR S A BOR R A 5 2%

1 REXAGERESKEDTELSATN

1.1 REXRAFEAETHUEREMRES
11,1 FREA 2 RIS B

B 5 A Ml A 7= 1 PR e, R[] A 24 A
T K, 2006—2016 4F 4[5 4k 2 fiff B S &
153.71 J7 t WK 3 174,05 J7 1, H9K 13. 23% , 4F
IR AGR 1. 3% ;A2 FHRE H 9.79 kg + hm ™3
K F] 10. 44 kg - hm ™ B EN 0. 64%, Hir,
2012 4F A [ A 24 {158 B2 35 3 e i {E 11. 05 kg -
hm™, 2014 4F 4[5 4 245 i FH &2 15 1) 45 = (A 180. 69
Tit, A 2015 4R A0 SEHE T — R 50 4% 2 ol 1
BB DA Sk AR 24 o8 L 8 RN AR 2 T 5 B Y
PR B2, HHTFR A 24 4l 5 B2 AT 2 tH FF
BKF 2.5~5 450, ik & [ PR A A 7.5
kg - hm AR 2508 24 FRR
11,2 FREAS[E] X ke 24 fiff 1 AR TR 1% 1

A 3 AR VR 0 DX SRR R R A K 4] 31 A4
B D VAT 6 oK 8 b X, 45 Ik
U RHEE L I PE AR RS AR AL HIX AR N

O # IR 15 H DRI R VDT 404 T 7 I 4 9 R B T oA
A A2 AR DG EE TR , O R T LR .
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SEm LT E AR CRIEVE R X A4S T
I UL AR R AR AR X AL AE VLY i)
A6 RS G IR, STV R U] R
W B VU VL X, AR HON T
B Wi,

MZS AR H , BF A 1 X A 31 Bk
YEYRE AR AR A 245 1 O XAl Fh ke 25 44 45 A
SRR A7 T AR R 22 57, A I 45 Ml X
A 28 FH d RN A 24 fef FH 5 B8t A 0B I A 22 1) (3%
1), WA LR A, 2016 A1 L X 4 24
61 T v B DX, SR B 43. 40 7, Hiko R AE AL F AR
FIHBIX 433k E 39. 43 J5 A1 33.26 J7 t, MARZ{H
FHOR K &, 2016 4F 4 |8 7 3 4 25 i i B R
10. 44 kg - hm ™, 7= 7 AR Hp b XA 245 0 5 3

Fz1 2006—2016 F2ERRRFERGFERBRLRITH

4 ESEHKSE 405100k 18,25 #1113, 96 kg + hm ™,
At DX 24 {0 3 W AIK T 4 S 2 K8 R
b PU R AP bbb DX A 25 0 F o RE AR, Se it Ok
R R AR AR R 2GR (o) 3K
B 5 8 FH 257K (a>22.5 kg - hm ™), L b
DR AL 5 R AR T L DX T VP 24 5 B 3k 39 o R
25KF(17.5 kg - hm?<a<22.5 kg - hm™) , Hil¥ .
7 AR 5GP S 2GR R T b
JE 25K (12.5 kg - hm™?<a<17.5 kg + hm™),
RS UEANTITERRE NS G i | P =) 0D A
R TR 25K (7.5 kg - hm?<a<12.5 kg -
hm™) I8 T2 E 4 25 K7 BT = F [ B 22 4>
S S

Table 1 Pesticide consumption and changes in different regions of China from 2006 to 2016

ARG AR 25 5
X 2006 4E/ 2016 4E/ K/ i 2006 4E/ 2016 4/ AN v R/
it it % Y% (kg - hm™2) (kg - hm™2) (kg - hm™2) Y%
et 39.53 39. 43 -0.25 -0.46 10. 30 10. 24 -0.06 -0.58
At 15.54 22.96 47.75 36. 50 6.09 7.63 1.54 25.29
N 34. 45 33.26 -3.45 -5.81 18.17 18.25 0.08 0.44
farh 41.43 43. 40 4.76 9.65 13.84 13.96 0.12 0. 87
L7} 17. 69 23.47 32.67 28.42 5.74 7.22 1.48 25.78
[LE[4 5.10 11.52 125. 88 31.57 3.80 7.10 3.30 86. 84
| 153.74 174. 04 13.20 100. 00 9.79 10. 44 0.65 6. 64

R P AR AR AT B4R 2 ) B AR 21,

NI [E] 3R 4R 245 4t S R R 24 4 T 5
JE R 36K A A I S X 22 ek (R 1) L AE
AR 25 it FH B A 1 1 TR T T, PR b ARdE P RS
Aerfiih XA 245 i 2 E K, g e ARdE T
T Ml DX R 2 T K R I 4 [ GO KR
SN 125. 88% 47. 75% K 32. 67% , Fe=4= FE A 2451
FHERE K Y 20K X, sTEkR 35108 31.57% |
36.50% F1 28.42% , 4 Hb X 3 K AL, H
4. 76% ; He LA T b DX A 24 4 FH o 2 4, 43031
TR 0. 25% Fi1 3. 45% ; Hox 4 [ A 24 fifi B3 K
TR B 0. 46% F1-5. 81% . TEACZAH FHHR B 1Y)
B T T, BRAE L M DX A, H Al M X % 25 fif
S XA s, L PR AL VS R AR L L X A 2
it FH R R R R o 4 [ KOR 4 Il 86. 84% |
25. 78% Fl1 25. 29% , JuHSE H 4, HAR 2 fifi 15 FE
R RIRF] 184. 17% , & 4 [ 23 K R 1 27. 74
W0 v e FH 24 b DX g A A 2 (1 P i B 4 R
5 &, ik B 57.70%, 2 4 [ OF ¥R KR
8. 69 15,

SRR 1B R B LR AR B X R AR 2 1
TR 24 (T PR B 3 A X, ST AR R H A 24
et TG B2 28 W I 9 5 P A L 7 G R AR b i IR
205 foff R 2 67 P e R X 58 /0N (R A DR A 2
it FH SR 24 4l FH i B 2 KR, R Ak 2
fiff AR 0 EE STk X
1.2 REREVYHEEHTUREBRER
1.2.1  FRERIEYFE LS SRR O

RN ARG fdE 5 B (LATE fa Bk I 24 98 %) 48
SEAN Wy B R A R 25 i SRR AEY
o L R AR AN A 24 foff PR 5l B AT A A A B
FESt o BT 5 BEANE W T AR 25 44 98 8% Ty 1) S B
XA 2 fifi 1 AR AL Y RZ R, e B 2006—2016 A FliT
T AR R AT L 481265 v 1) 30 o R VR ) AR R (R
BAEYEBUKR | oK /N KB, &R
FAAE CHTE SR IR B SE SERAIAAL ), iRk
VEY) R A R AN A AR B A T AR 80% LA

@ HAEC P E A G AR L) AR CBR G5
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I ARG ACRARAE Y FIAR NG L, — ORI, 2%
{18 BSR4 il i B, i T LA S E
5% A5 1 T4 1 R /N HLAH SC IR Bl O AN
e,

AR A A VR I 245 1 22 5 LRl 43 Dy v
2 RAEY P HZGRVE AR 25 EY 3 2%, LA
K53 75785 4 SR IS AR AW -3 255 B, LA
PROSIAE 7.5 kg - hm >R 25l @4 LIRIE RIS %
Bt , 25 B A AR W 1 - 120 P 2458 8 0 o35 T b of
HMIHZS R ER 20% , MR ZARAVEY) B E N
RN B R ARAE Y 2558 5% 5 % hr i A
i, HAHZ IR EETEIZ S h e 20% LA, WK%
PRAEY T R 2 RANED) ; 25 T AAEY) T 2558 i
AL T Zbr e, AR TS B a0 20% , WK i
RAEY T R AN, RGP ER NS
AR ) (A AR 7 i AR Wi 25 BRI 4 ) DL B3R A
MM FR B A G B, e B AR R
FEARNEY B 2550 B 245G LR R br it K
M5 (93.76 kg » hm™) 3EH(38.16 kg - hm™) ¥
3(27.38 kg + hm™) FIffAE(11. 35 kg + hm™) A
e G RAEY, ¥ HHE (10.06 kg - hm™) (M
(9.30 kg - hm™) FlI7KFG (8. 57 kg + hm™) FL@E Jy
FHZSRAEY ; #4572 (3.50 kg - hm™) . E K (2.79
kg - hm™) K& (2.71 kg - hm™) 52 (2. 43 kg -
hm_2)$ﬂ§H% (1.85 kg - hm_z) B AR 25k
1EY) .

2006—2016 474 [E] [z A 7] Hi X 4 /5 9y F A 45
PR Ak B 45 i FH A E A L ) A5 f L 35 2,
S5 FAFE AN RV 40 426 ol T 5L oy 40 o v L1 L8
S HEI R . 2006—2016 4F 3% [ A VR 4 4% Fl
FRUELIE Kt 4, BT K 1 365 J7 hm?, 38 1§ K
10. 67% , TEHHHLHIERTT Al Fpa 2 te LA T
BERAEAL 55 F 24 A VE W 5 i 1T FELIS o 438.9 7
hm? , FEFPAE 25 #4 P BT o5 EL B4R = 1,75 B e sk
FHZSAAEY S A I ALY K 150.7 T hm®, ZEF AR
SERHY b7 R R 1. 33 s AR 2R AR B %
Pl AR/ 775. 4 T hm? |, 7 iR 25 44 P A o HE
041 BT RL m HARAEY D | SRS R R A
TR (7 AR VR0 A5 A T AL %) B 48] B S8 1, 4 S 34
P 1. 38 F 112 F 53 R MRAERRE L B 2011 422
AU /N3, 2011 4F 2 J5 — B2 B i 3, 3
2016 4EARAEAE AP R AL > 247. 1 5 hm® | FPAE L 4]
TR 155 HA A, FRRIREE R, WL TGS
VrRmAVERR Ok 22 1) 1 bl FH R F i 28 9% %
i B 1R B 2 K SR AE VR T I S A VR W 1 Ak 24

R R, I, AR R IR E AR A A 2 1 1
B e 25 A AR W R A L 451 B S 46 Jon i H AR 245 4
VEWIFAE L 91152 Wi /D i) AL A R H

R2 2006—2016 F=EREMMHIEEETNL
Table 2 Changes in cropping structure in China from 2006

to 2016

, 2006 4E i 2012 4E 5 2016 45 1454k,
L R o vy
TR/ 55.57 55.07 55.16 -0.41
HHZEY 21.16 19. 69 19. 83 -1.33
= FHZEY 23.26 25.25 25.01 1.75
e 25t AE 3.58 3.18 2.03 -1.55
2GR 12.05 13.82 13. 43 1.38
IS 6.69 8.24 7.81 1.12

L AR fE 3R 2016 4F 5 L5 2006 4F 5 b2 2%

1.2.2  FRE A Hh DR 25 14 28 Ak 0 H IX 25 55

Ay XK, TR A [] 3t XA A 4 b A 235 ¥ 81
HAEPEE Ty )RR DR R KR (£ 3),
AR e VR R PG b X R 2 R R R S 4
Tl 45 M R AR, 2 30 75 ) 26 1 b AT L f97) 48
i AR 245 4 W Fn e 25 P B R ore L o b
rh VG T b DX 24 4 R R L 1) 38 R e K R
8. 54% , iz X5 FH 25 A VR v i =58 FK R AP AR L
B B RS, 0 BT 3074 F102.70 H 43 a5
PEA AR e RN A v b DX v FH 24 R 9 R R B 49 4 4 33
BN 7. 36.3. 55 F12. 00 43 5, - ELIG K g B 34
TR, P X 45 5 B 25 R AED K 3
B SR ) TR BE B A R R, Al 4 4,03 AN
2. 53 [ 43 1 ARG E AR A T FRUAC I 45 ek 1) 7 5%
T, P b b XA A6 Fob A EL A 38, 380 0. 42
O3 R BEHRIZR e b DX v FH 24 AR AR B v g R R
Fe sk, A a4 1. 88 il 3,42 FH 4y AN, X
4 AHBIX TR B S FH 25 VR I 25 7R 1Y)
PR AR, JCBERE X 4 [ AR A By o 45 4 )80 % i 34
FEAE Ay B,

554 ARG # AR AL AN ], AR b A 2R b i X
TG54 2 IR e FH 25 VE P A L i) osi 20, b R 254
YIS 25 VE Y Fors L 4938 in i A Ak ke g, Hor
A b DX g FH 2454 9 o R L 0800 2 s 88 K D2
3.80 4, X BRI AF R AR A b X 45 U
T HZEIARAC ) TR T AL, A6 A6 R EE 1) T R
4. 42 HorS, SRR VTR N b X A 25
FH i R 24 4 5 B 23301 T F% 0. 25% i1 0. 58%
1o FH 24 VE 0 R B £97) 3 A1 T 5 2 AW Ay 2 119 5% i)
I, ARdbHb X 2% 5 25 R VR (R A6 | B 2 Rk
S0 BRE L34 BT B, b R SR A L 451 s 2D
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R, W80 0.98 F . Andbt X & 25 1EY
AR L] B SR VB 1,13 T 40 5 BRI IHEG FH 25 4 1
YRR FC A 80 0. 89 T 3, X AE—EFRE G

3 2006—2016 EF R R RIEMFHELEHTL

TH 1t P25 1 0 R AL L 18] a2 J 301 ) 4 24 9 2%
o RTUL RIAEZSHE P AN 2 ARt DX A 24 il )
A FEEIRB R

Table 3 Changes in cropping structure in different regions of China from 2006 to 2016

<54 At KM
fEYIZy
) 2006 4 2012 4F 2016 4% Hufl 2006 4F 20124 2016 4F  Hufl 2006 4E 2012 4F 2016 4 HLB
) bb/%e /% Shee e H/% Sl S/ e S sl/% Se Bk
HZEY) 70.41  70.71  74.31 3.90 77.68 74.72  76.79 -0.89 29.30 27.02 28.58 -0.72
rhHZEY) 2.69 2.97 2.60 -0.09 15.04 16.16  17.07 2.03 3558 34.54 32.76 -2.82
FHZEY 26.90 26.33 23.10 -3.80 7.28 7.12 6.15 -1.13 35.11 38.44  38.66 3.55
= 2R 6.70 4.57 2.28 -4.42 0.02 0.02 0.00 -0.02 1.88 1.10 0.38 -1.50
2R 13.26  14.53  13.63 0.37 5.17 5.01 4.19 -0.98 20.02 23.94 23.44 3.42
i KR 6. 81 7.22 6.81 0. 00 2.08 2.09 1.95 -0.13 11.27 13.40 12.11 0. 84
farp i) [IE[4
f
25
ﬁfzg’J 2006 4F 2012 4 2016 4F il 2006 4F 2012 4F 2016 4F  Ebfil 2006 4F 2012 4F 2016 4 HLA
dt/% /% S Bt bH/% SH%e Slve Bt /% SH/% s Bk
R Z1EY 39.17  39.26  38.59  -0.58 49.58  44.64 45.12 -4.46 64.18 55.15 57.61 -6.57
i HZEY) 40.24  38.84 38.82 -1.42 29.40 28.67 25.32  -4.08 2.71 2.32 .92 -0.79
= HZIED) 20.59  21.90  22.59 2.00 21.02 26.69  29.56 8.54  33.11  42.53  40.47 7.36
2R A 3.60 3.64 1.82  -1.78 0.10 0.07 0.04 -0.06 11.14 12.93 11.56 0.42
B 11.65  13.14  13.53 1.88  12.71  17.29  16.45 3.74 7.41 9.95 9.94 2.53
= 2K R 3.99 4.12 4.85 0. 86 6. 40 9.33 9.10 2.70  14.01  19.64  18.04 4.03

AR P AR AR R G AE 4) BBTHRAR B, LR L 2016 4R 5 HL5 2006 4F (5 L2 28, AN T 43 5

ZEA LI LM el LA Y, 2006—2016 4F- 4 [ K
T3 Hb DX AR A 0 o e 235 ) 0 S B0 B S ) v P 24
YERAR IR R 25 1E W 10 A8 A 4, 3 il o
AR BAR A e A B T AEUIAS ST 359 1 24 £ AN W
B, DR e R 6 A A S A A 2
BN EERE

2 KIEMMESHAZENKAERAETWL
= Ml BE

EMEAEXREGEREZUZ WA ET %
KA A 24 il T A 728 1 18 3K 2l TR 36 20 i
H 3 ARG (1) RAEY) SR AT B (2) %K
VEMT IG5 BE AR AL s (3) RAEW R R 4G M IR 8%,
T AN I 256 5 AE A 4 HERR 1 R R 45 44 14 B
DRI R 1425 A A 0 057 4 o i ARUA 2 {6l 2 119 72
o, BVREAN [ A A 49 1 7 %) A7 4 Ao ] BR AR 244 P
SRR, DB T A 24 (T 2 B L 37 o 1o RS 1
IASCF- 7 FH 2558 )5 . 2 AD A AR 45 4 T s T 2
VR AR LE 491 L T 1 o AR 245 1 0 oA LE 1) T I
I, ROV 2% A A 40 25 3 o it BRURT 25 4 AN S, M
TICRIHET A TR BE 15 | A AR 4 8 A o5z i AU AR
SR 2GR I, R, I AR 2 A i
XA 24 e FH 1 52 ], a6 20T L TG ke 235 4 9 8 (IR 4E
FANEYIRI A FC B AE ) 52 5 2 0 I8, LR

2.1

JPE R TITEAT

RAEAZG A (Q,) T LA R Ny 45 A
WYL ,,) 55 FCE G BT 26t ) 0
PR Z A

Q, = 2 TivYis o (1)
D) i AAFEIRRSEAA D) 50 gk E]AF G2
TRAFRIRES A AL | RIORAF 25 A A 1 6 o T R L 191
AR B2, TERIE LA W HEAEIE T2 o+ 1 A 24 fi

PSS -w

Qt+l’ = 2 ri,t+l/yi,t+10 (2)
PiRIERT Yt Lo

ri,t+l’ R,

e (3)

K(2)~ )T, R 5R,,, 5 HI R ¢ Fe+1 BHIRAE
V) EREFITRL; W IO RSB TE R 1
Yok o+ 1 HERMI AR o, S JOPP R 25 4 515 2
AR TR RURIAS A VR R A B R

KA AR 25l ] i (Q,) iE 7T LR IR g R AR
Py AT R (R, ) 5 4% VE 6 R B3 T BN AR
KIHIZGR(Y,) IR .

Q=R Y, =R X [ .0 (4)
K(4)h, £, i VEWTESS « U L], R,
TCFAEZE R I TE 46 o+ 1 W25 LB A
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Qi =R Y = R fi, ¥  (5)
R (5) P, ¥, RS A T4 +1 1]
AHEYIHE VAT 1 25, R 4 g AR A8 i
HIJR 2 304 2508 M A AL

Qz+1, _ Q;, Rt 2 fi,z Yii+1
Ql Rt 2 .fi,z Yia

éﬁm:Zﬁmml
2 Sy
HEETE T AR AE Wy 2 A4 58 A7 5 1 BN BT 34 FH 245
AR,

Qi

Q,

W3 (6) 25 HL i i BT 45
Qs Qe Qi Qi

- =1In —1In =1In
QH—] Qt Qt QI

In a, - lnBi,to

PRI, A5 H DR el A 245 g ol o T B AR AR
A2 fift ) it 1) 72 b 2 W] T S B A R A 45 ) R
T A 24 4t TG 28 1 80k 26 PR R AR ) G Bk b
TR AR % A VE 49 58 492 ol 1o AP 25 2 A8 A T 5 3K
AR 2454 S i 1) R AR O3 B AR AE ) A T T
VIR AL R 45 ) 1 75 P01 25 A A ) B A - 7o 1 A
2y AR A IX 3 AR 0 il S B AR 2 1 T
Al i S AR 245 0 P 1 AR A 8 LA e S R R 24
AL R STl A i AR A ol v RS

o

JBi, SEBR IO ARG F I

:ai,tBi,lO (6)

In

XA 2 LB AR AL B ST (g, ) A
Qt+l
0,°
bR 2 g ] o o A 24 ik P B S AR Y DTk R
(Wi )N
Qi1

lpA,t =1-1In (ai,tﬁi,t)/ln Ql

AN Yy P b T R A 245 A A R
il LSRR TTERR () R

oo =1 =, — P

25 DA ZR BTk R AE 19 1 AR A TR 54k
IR AL B 5 R R AR — B, ARV IE(E, Ui
W12 IR 2R A A AR 15 A 24 08 1 A A 728 31 7 1)
A0 W 2Ry (e, BT D R B RO 54K
25 LR AR B 7 [ A S, 4% PRER TRk AR 4 X
{EL AR AR /IR HE 0 oA 24 1 A2 A 9 1 T A
7 DR 3R DT MR AR 10 248 XA, i W e 24 0l ]
AL R R
2.2 SEHEABEXNKGERESR
S

ARG AL 05 RE B R0 T 3%, i) DA 22 [ R IX ek
2 A2 T 00 B AL 4% ) 9 o 0 oA 24 ol T 78 1 19
HTHK
(1) ol AL 235 A 980 8 o 4 [ A 24 4] 72 Ak 19
BTk

Yr,=Ina, /In

o

0 0 BE B 45 SR

HEPR AR A A AT By 24 5 JEE T b AR 235 4 1 %
3 ANAF A2 i AL A SRR R4 R L3R 4

R4 2006—2016 FRIEMMEHEMPEENRERGERETHTHE

Table 4 Contribution rate of cropping structure adjustment to changes in pesticide consumption in China from 2006 to 2016

%
R HH B IECFF 25 T R i

ME KR goRE KR goE KR JuE  BKE  JuibE
2007/2006 5.58 0. 86 15.85 4. 69 84.15 3.25 58.33 1.44 25.82
2008/2007 3.05 1.83 60. 32 1.21 39. 68 1.17 38.30 0. 04 1.38
2009/2008 2.19 1.50 68. 81 0.68 31.19 0.92 42.15 -0.24 -10.96
2010/2009 2.89 1.30 45.30 1.58 54.70 0.71 24.48 0.87 30. 21
201172010 1. 64 1. 00 61.29 0. 63 38.71 -0.29 -17.45 0.92 56. 16
201272011 1. 05 0.70 66. 48 0.35 33.52 -0.38 -36.47 0.74 69. 98
201372012 -0.22 0.74 -329.83 -0.96 429.83 -1.28 570.28 0.31 -140. 45
2014/2013 0.28 0.50 177.74 -0.22 =-71.74 -0.76 -273.32 0.55 195.59
201572014 -1.32 0.56 -42.01 -1.88 142.01 -2.13 161.01 -0.25 -19.00
2016/2015 -2.41 0.17 -6.79 -2.58 106. 79 -3.36 139. 18 0.78 -32.39
AT 1.27 0.92 11.72 0.35 88.28 -0.21 70. 65 0.57 50. 10
2016/2006 13.20 6.13 46. 44 3.51 53.56 2.56 19. 41 4.51 34.15

BRI LA bR CHAE NS AR B, 45 4R 3 4E 2006—2016 4E AR B KR TTHk R A, 2016/2006 $5 L) 2006 4F

FEI 2016 AR W FEAT B9 10 a RIEEARAYHEIC R R TTHR

2006—2016 4F Fif1 A 25 A4 8 25 X6 o 24 i FH o 184

AR E) TR A B .l AR 45 1 18] B x4k 24
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fi T 5 3 4K 09 DTBR R G I AE 1. 38% ~ 195.59% 2
], V34 ST Bk A F] 50. 10%, G0 FEX 10 a B4R
2yl LB fE— AR, 2006—2016 442 24 ff
G 13.20% , H A RAEDREFP RS K &
A4y FE 24 500 136 001 A0 b A 205 ) 08 4% 4 531 9 3h Ak 2
iR 6. 13% 2. 56% 1 4. 51% , WA 2454 FH i+
K B TR 4 R 46. 44% (19. 41% Fi1 34. 15%
TERRAY ARy, 10 2012 2014 11 2016 4 FhAl 45 44 77
FETTRR R AL R MR YR A R RS EY
FH 255 B2 3000 TR AR, T UL i 235 4 i A
AU FEAR G ] B3 K 2R &R 767
SR ERERFHEE,

AR B, 2013 4FLLUE (BR 2014 AR50 4
2 P TR S B R R 3, &R AR W FH 245 X
A 20 fi FH 9D 1) BT IR 3 R AR, 17 R 45 A )R A
TR Ao T R RO A 24 it FH 0 20 1) T iR 2% Ok £
1B, 3% 3R WA AN E Y FH 247 588 2 R s oA AP 0 4 R A
2h foft Y k2 11 = S PR T R 245 ) 0% 2 R 3 el
TAIFRAT R ATS % A 24 (o FH £ 184 K e 20 4 E A 5 9
H, NBTH] 7 81 R 7, 36 1 RO A 24 fiff o 16 4
B TR SRR A /N TR 45 4 1 4% 1 BTk R, 31 2016
A IR 25 AL VR 1 R A 24 ol FH 1 R 1 2 22K )
P, H Tk R e A m AL 4.8 £, S RIEYH
258 B R I X Ak 25 48 A e 2 1 TT R R AR
139. 18% ~ 570. 28% = [8] , /E FIRCR 8.3 , Ui B4Rl
IS A 118 A e A 24 < ik it 1 A BOR AR 3 T A ARk
Jiti | A U 24 A R L B s R S 2
ARIGHET R AR EAR AR ARG T — B

AR 5, X U3 L A 24 ol P A T SR BT
ZEA LA Loy Brn] LU AR VE B Fiop 465 44 18
B E HARAE YRR 25 R B AR AR, 2
A 2 fifi P LG K A T B OR B R, AR (I
20122014 F1 2016 4F ) H 2 2 i 25 ffi s 35
Wi EE IR SN E, KL, FE AR A =g, ™
4 s i v FH 24 AR A 0 1 A A T L, o o T 25 R AR
HEFFFIRE AR, S A I it — 25 oA 24 il FH o 1 —
NEEIRRE,
(2) e &4t ) R 2 XoF 3t DX 2 11 P R AR AR 1Y
DL
F T4 ] 45 1l DX AR AR ) i A 45 A )8 5 A I A
J7 )RR R B b 2 S, 5 SO AT 45 ) 3 A %
5 Hiu DX A 245 fift FH A A A 1) DR 76 4 RO TR] (%
5) . IS Ha IR R X 6 SR b IX Ak 24 fiff FH AR A A
1 TR FEITE 12.39% ~591. 67% 2 6], EARKE,
M AR AR TP P R A PG b b DX A 45 4 T Y
355 4 [ PR 45 4 18 3% T XA AL, 2R 30K 5 FH 24 4k
YEPIRT AR 25 A D AR AR, BRI IE , 33X 4 A4 b
DX AR &5 ) ) 3 LA AR 0 e X 24 ofF P 2 16 K 1)
VR, o, P Ra A4 o b X FH 25 A VR4 % R I
FHZGARAE Py () 5 AR B A vy, PR 45 ) ) B X 3 2
AN ML DX AR 24 FH 22 3 K 9 SRR R KR, 4 ik
74. 01% 1 98. 65% , 73 523X 2 A Hb X HE R I AR
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Table 5 Calculation of contribution rate of cropping structure adjustment to changes in pesticide consumption in different

regions of China from 2006 to 2016
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ST H SR R S X UR R 2 R A DU E PR 22, Horh 64, 29% Y IX 38U T 5 SR A 280, HiAE 25 8] EFE A 1 A4
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Spatial Distribution Characteristics and Influencing Factors of 4 Main Kind of Protected Areas in Zunyi City,
Guizhou Province. FAN Han'?, WANG Xiao-juan’, YANG Zhao-hui'*, WANG Cheng'’®, ZHANG Ming—mingl'z'@
(1. College of Forestry, Guizhou University, Guiyang 550025, China; 2. Research Center for Biodiversity and Nature
Conservation, Guizhou University, Guiyang 550025, China; 3. College of Big Data Application and Economics, Guizhou
University of Finance and Economics, Guiyang 550025, China)

Abstract: The establishment of protected areas system is an important measure to protect natural resources, ecological en-
vironment and biodiversity. Several geographic mathematical methods such as nearest neighbor index, central index of ge-
ography, kernel density estimation, and geo-detector were applied to study the spatial distribution characteristics and major
influencing factors of four main protected areas including the nature reserves, forest parks, wetland parks, and state-owned
forest farms in Zunyi City, Guizhou Province. The results show that; (1) The four types of protected areas in Zunyi City
have obvious spatial aggregation, forming three high-density aggregation areas, showing the distribution characteristics of
" northwest-southeast dense, southwest-northeast sparse". (2) The establishment of protected areas in Zunyi is not keeping
up with the pace of the regional development, 64.29% of the regions belong to the "lagging" and " passive" types, form-
ing a concentration area and a contiguous area. (3) The explanatory power of an individual influencing factor is not stable.
Wetland area, per capita GDP and forest area are the main influencing factors of the spatial distribution of the studied pro-
tected areas; the explanatory power of any two combined influencing factors is significantly strengthened.

Key words: protected areas; distribution characteristic; geo-detector; Zunyi City
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Fig.1 The kernel density of protected areas in Zunyi City
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Table 2 Matching types of protected areas and regional development in Zunyi City
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Fig.2 The spatial matching of protected areas and regional development in Zunyi City

EHRM AT LR R AR 2 AR A 52
HLJi HOOE s SO [ AR PR3P M s 8] 53 53 19 it B 0

WM 3) . WA Z TR $0(0. 114 9) FIE
HoTEI R (0. 450 9) X H G WIfRRE 1M 0. 724 5, 1 i



43 4

BEORAE ST 4 Bh B A AR PR s ) 0 A R AE B LR R BT - 339 -

TP ZH(0.565 8) , HUIREL YA L)
TP A R S SRR SRR AR S e PR X A
SRARY 23 (8] 3 57 1 B 7 R D A1, 0L 5 At
N2 HEAE A G, X A SRR as 8] 43 S

R3 BXTEARPHZMEARZERUER

fige T 0 T 4 5 3K 3 A R SC T SRR i S ) o
Aii Z B R R A SRR AT, i B A AR PR s
EE A SERETE 2 =S RS o

Table 3 Results of interaction detecting of influencing factors of protected areas in Zunyi City
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APRI R B RIRGE . R A BLTE R (Peziza) A 9 b, 5 EFEU 9. 38% LB K2 FE S 17
i, 5 SR 17, 71% , 22808 T RE R ) Fh B 5040 THFIK 800~ 1 600 m (14 DX I, AR /3-8 B LA i S 9 - i iR
MR T A )2 PR S OB BB ( Lachnum abnorme) o KB4 E IR AR | 12 41 Ff K 2E 40
Filr, SR 10 B B4R 2 Fh, R RO AR FEA: 3 B, ARIE LSU rDNA FEFIH 21 BRI T R B Y RS &
B, ST TR Z M RE R R
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An Investigation on Species Diversity of Macro-ascomycetes in Xingshan County, Hubei Province. WANG Rui,
ZHANG Xian, GAO Yang, CHEN Shuang-lin, YAN Shu-zhen™ (School of Life Sciences, Nanjing Normal University, Nan-
jing 210023, China)

Abstract: Xingshan County of Hubei Province is situated in the Three Gorges Reservoir Area. In order to know well mac-
ro-ascomycetous species in this county and improve the understanding of the biodiversity of the Three Gorges Reservoir Ar-
ea, a series of survey of macro-ascomycetous and collecting of specimens were carried out in the duration from October of
2016 to August of 2018. The specimens were identified based on morphological and molecular systematic methods. A total
of 96 species belonging to 4 classes, 5 orders, 20 families, and 48 genera were confirmed. Among them, forty species
were recorded for the first time in Hubei Province, such as Ascocoryne cylichnium, Bisporella citrina, Chlorociboria pou-
toensis and so on. The most dominant genus was Peziza, including 9 species accounting for 9. 38% of the total species, and
the most dominant family was Pyronemataceae, including 17 species accounting for 17. 71% of the total species. Most of
the species were widely distributed in the areas with 800—1 600 m above sea level and mainly grown in the evergreen and
deciduous broad-leaved mixed forest. Lachnum abnorme was found as the widely distributed species. There were 41 species
of geophilous fungi, 40 species of lignicolous fungi, 10 species of entomogenous fungi, 2 species of fungicolous fungi and 3
species of geophilous or lignicolous fungi. A phylogenetic tree based on the LSU rDNA sequence was constructed, showing
the relationship among major macro-ascomycetes species in Xingshan County.

Key words: macro-ascomycete; species composition; phylogeny
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1 #RETE

1.1 BRAREMFZHEAE

AT 2016 4F 10 H 2017 4F 4—10 A DL K
2018 4F 6 Fi1 8 H ,7EidA B B i 241l Bk 47 KAl
TR IR A, 2410 B A7 F 31°04 ~31°34 N,
110°25' ~111°06" E, M JE 28 K ik &R, S
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Fig. 1 Distribution map of the investigating points for

macro-ascomycetes in Xingshan County

F1 MLUEXBEFERYHRRAEZREHRER
Table 1

macro-ascomycetes in Xingshan County

Information list of the investigating points for

REM FESH MK /m MRF AL

2 0 it 700 ~ 800 FFRETR SR

et =Y 1100~1200 %0 Fa Ak

W R RSy R 1200~1350  SFRIRASHK

KR RPN 350 ~ 450 g N

HBE BN 700 ~ 800 B RER AR
PREIR R 450 ~ 550 T [ AR

WG HORRA 800 ~ 900 LN TN

=l AR 1400~1500 &Rk

yARLG] A PR 1400~1600  H &7 RE MR
] B4 900 ~ 920 B SRR AR

JH A T B4R 850 ~ 950 W LI R R S
JiEh e PR 1150~1250  HSRIEH R R M
SCE T B4R 200 ~ 300 LR A
JEEEMY  KHSFEL 1500~1600 £

HEA b KATFEE  1100~1200 WG RS
MR ¥z 1250~ 1300 &yt iRk
Wit ¥z 1380~1450  4FFIRACH

Hhen wFs 1500~1550  #ER7&M RISk
R %BTs 1280~1300  H&tikntmntiRsc ik
vk i HBTs 1450~1550  EERFE R IR

BOFRA 2 AT, — o T T AE
TRANRER 3 55 — B o0 R HRERE T 15, 36 A% £48
T RGEIE . SRR R AR AE TR B
YR 2 A W0 B PR 8 H 0 (microbial cultures
center of Nanjing Normal University, MCCNNU)

1.2 MRAE

KA B TR % 5 o 282 F Y 2 BEARAE LU
R IEMGFEYSEAR, WA R 25
BRI FREEBRA Y %2 WU AE | 5 25 F s AR b4
BSG AA SOR FFAE TR B 2 B e KA T B
OISR SR A T ARy T s R
CTAB Y R HUR A 42 KL A 41 DNA, PCR #5330
JF ntDNA-ITS Al nrDNA-LSU E:[H B, 519143 5
g ITS1/1TS4"2" Fl LROR/LR5'*', PCR ¥ 14 1k &
H25 L, 514 1 L, DNA 4 1 pl, 2 x Taq
Master Mix 12.5 plL,ddH,0 10.5 pL, ITS-PCR J%
RN 94 °C KV 4 min, 94 °C % 30 s,50 °C f2
IV 30 5,72 C WY 2 min, JF3 35 1K, B 72 °C )
10 min, LSU-PCR W F&J¥ 7 :94 °C Y 4 min,
94 °C [ 30 8,56 °C ]I 45 5,72 C )W 75 s, 7
R 35 WK, HeJE 72 C )i 10 min, PCR ¥4 p
1% B REMEEE B L VKA 30 G A% T, 3658 AR TAEY)
TR A BRA R/ AT I, W S 43 i R AR
ITS F1 LSU ¥ %1347 BLAST X}, % MEGA 7 %
PRI TF B R AR SR | AR 1k AR I K A7 209 5 i
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%36 &

SLRGK BRI BT FHEH TR ST
AT LSU P AL i RE TR R G
BWIATRGE KT RFR N, Bt FF 5K I8 % a0t
FAASHI NCBI ( https ; // www.ncbi. nlm. nih. gov/) T
BTG, RELTFRRDHRALE N R Mafft 7. 149
BAFIEAT RS HEXT , SR Gblocks 0. 91b Hif i 14
SEIXIE, SR Jmodeltest 2. 1. 7 B AR HEAL R Ry
GTR+G, K RaxmlGUI 1. 3. 1 3 FH #5 KRLAR
# , K FHl MrBayes 3. 2. 6 R A 3 DL SR, RS R
H Figtree 1. 4.3 Fl1 Adobe Illustrator CS5 15.0.0 )

F2 HILEAXLBERBFEEMEER

PHEF MG RE L TR,
2 HRE5HM

2.1 XMWEBEXRBFEEMEAMN
MR A KA T TR AR A 339 1), %8
96 F SR T4 405 H 20 FL 48 J& , Horp MR
L (Ascocoryne cylichnium ) A5 €6,/ AUAL 35 B8 ( Bis-
porella citrina ) FI P F& 2% #F ( Chlorociboria
poutoensis ) 55 40 FIHFEM LB B IR A (K 2) .

Table 2 The species list of Macro-ascomycetes in Xingshan County, Hubei Province

) ] ‘ RAFT T
28 T REY 55 HE HE e EH
£8H AL FL ( Chlorociboriaceae ) 2 WFLEEHIRE ( Chlorociboria poutoensis) V) - + + KA 1
4 B B ( Cudoniaceae) 1 ML B ( Spathularia flavida) - + - +4 1
Bz £ TRB ( Dermateaceae ) 2 15 LA 5 5 ( Graddonia coracina) V) - + - AA 1
ZF PR Helotiaceae ) 6 PR IS TR (Ascocoryne eylichnium) V) - + + AH 2
BiE #L AL Lachnaceae ) 3 SHORL B (Lachnum abnorme) + + - KA 10
HETE R (Leotiaceae ) 1 VI 45 4 5 T ( Leotia lubrica ) - + + +4 5
45 B} ( Rutstroemiaceae ) 1 KA 22 T 856 ( Lanzia longipes ) - + - A 2
3L ( Sclerotiniaceae 1 P L1 Xk #0455 B ( Dicephalospora rufocornea) - + - A 4
HEEFL( Cordycipitaceae) 5 W B 55 ( Cordyceps militaris) + + + WA 4
PAJAE 1A} ( Hypocreaceae ) 3 35 T B A2 TR ( Hypomyces cervinigenus) ) - + - A AR 1
28960 USR] ( Ophiocordycipitaceae ) 5 T EL HL 5 ( Ophiocordyceps nutans) - + - A 5
[ 3% R} ( Orbiliaceae ) 4 P 22 R #: 6 ( Orbilia inflatula) - - A 1
S-#H B ( Discinaceae ) 1 T REAE B ( Gyromitra leucoxantha) - - KA 1
L5 B ( Helvellaceae ) 8 L ¥E TR ( Helvella elastica) - + + +4: 3
LB Morchellaceae ) 1 SEARTE (Morchella esculenta) + - - +4 2
FLAF}(Pezizaceae) 12 K [ AT ( Peziza michelii) V) - + + +4 7
K 22T F} ( Pyronemataceae ) 17 PP 3% 18 (Alewrina imaii) V) - + - +4 3
R R ( Sarcoscyphaceae ) HrAETE R ( Phillipsia chinensis) - + + KA 4
PR ( Sarcosomataceae ) 2 1% 4% B8 ( Plectania melastoma ) D + - A 6
WS FF( Xylariaceae ) 12 111 4 5% 1B ( Hypoxylon monticulosum) + - N 4

D WHEEBCRF, BAEFTPHREREN 4—5H BEFHN 6—8 H BkFER9—10 A, “+"FxARE " FRRBEA KL,

H 2 T, AL 3 O L R R ( Peziza) (9 Bl |
¥ TR & (Helvella) (8 ) ik A T & ( Xylaria) (7
i), o3 50 i SRR 9. 38% (8. 33% Fil 7.29%
AR KL BE (17 Fl) BERE A (12 Fl) A fa
BER(12 F) , 5315 R 17, 71% 12, 50%
H12.50% , P H R H A5 50 8, 5
PIAPELT) 52. 08% o 241 -B A 32 1 R AL - 4
N5 OB B 8 ( Lachnum abnorme) K K 5% 5
( Peziza michelii) &35 18 ( Peziza succosa) ¥R 14
| ( Humaria hemisphaerica ) | ik i B ( Cordyceps
polyarthra) FE #518 ( Plectania melastoma) %5 20 Fit
B 20. 819% 5 2% L B 73 A0 AN 3 3k 119 K
AT R N ZR AR 5 8 ( Chlorociboria aeruginosa ) b
RE T ( Spathularia flavida ) F1 W 4% oK 8 ( Lsaria

cicadae ) %5 76 B AUAE 1~2 PDRES KK, AW
FhECH 79. 17% . Horpr 88 ANWIFh /0 A5 1E 164K 800 ~
1 600 m HYIXIE, 5 SR AT 91. 67% ;77 D Fh
Dok Al A S v N AT S R 7 B
80.21%, 43Aite) 12 KA FHER R W R BN,
3T 10 AR AL R B 400 ~ 1 600 m, Jf:
FEFETFRT PR V5 I b Ak | 2 e bR S 95
I YR S PRIV [ TR S R S R a2 AR
MAERZENTRE B F kA 1 R R 2 3
ZTHEMKMZE, A 85 fhz £, & MW B
85. 42% , ANAEFH ok Rk Z2 K A 19 K798 18 2 Fn
SRR 25.00%, 1M 3 A Z T ER A KA B R
T R U B ( Cordyceps militaris ) FIgRIE AL A
A7 IR 2. 08% , A7 Le 4 Fl 3 B i #5 A 2
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P, W02 B ( Morchella esculenta) % 4= T H 2=
(4—5 1) WEEZEETEIAZL(5—6 H), K
fEM A ( Cookeina insititia) WP AETEEL T ( Phillipsia
chinensis) . V4 J5 A AR & ( Sarcoscypha occidentalis ) %5
Wi KT ERE(8—10 ) o

WEFRRARE , L4 AL A AL
Ko A AR R A S AR B R B T3 18 43 51 2 41,4010,
2R3 Fb, 35 B RN ERY 45. 83% 44 79% Fl
10. 41% , Horp2f 5k + 8 5 ( Humaria hemisphaerica) |
Bl & 9% T8 ( Scutellinia trechispora ) FlTh B 7% ff 7
(Xylaria cubensis) BRI ARA: XA] 424 o BRILZAD ik
B2 PR A AR, T H R AR A
Az AR b TR R L TR R ( Spathularia ) FVEE T TR
FHEET TR 8 (Leotia) it 4E o TR H B HUAE 148
WHLIE (Isaria) , B 5 & ( Cordyceps ) Fl 2% H & &
( Ophiocordyceps ) b, i J& PR IR ) T J& ( Hypocrea ) Fx
A1 R FEW A Y A2 TR (Hypomyces ) RS 2
ol B 000 by 5 T N B R, IR R H A O OR
5, Hrb B SR SR AR K
FEAR oML By ME— 1 F B R AR W R
(Gyromitra) FRA A A T IE AL | 5 K 22 R
Gy R A ABAS B A AR AR T A AR SRR AR TE
PR B B R 3 g AR AR AT 10 58 U A HL T8
( Wynnea americana ) M54Fh -k 4
2.2 #LEXRBFRENRELZEXR

RBRE IR 109 5750, b 4
ZHFFE AR 2610 BOR AP AR A 57 DS YF Y
83 Z 741, LI K N NCBI T #1126 4751, 2T
LSU J¥ 81, ¥ (4 e KA SR 3 G2 2 B A0 DL 37 2%
SR BEWEAMERIFAEEE . & 2 AT %
BRAFRFELIE N0 D REKE 3, B
BAB I SR, B S A i 0 e A
533 1 BT H B 8RB 8T8 8 (Orbilia ) B
22|/ #506 ( Orbilia inflatula) JESTH N, TER G KB
KREESD X NE RT3, m3 4R T
Frm H AR, FE SRR 6 DAL, T
W H 5 BHE 5 W R (Pachyella ) W)W & 5 5
(Pachyella adnata) WA LILE M 5> PN, IR 2
YA BT B P2 PR AL TR R A
HRLERE B JE (Morchella ) 1F R4 K 2 IR,
EATER S & F M b 3L 2 8 3, B o IH Ik
o 2SIV RER 3 32, AR i By 8 T R 1 B T
R, 1) S B B  S E IR . 05
VKL TR 5 T8 9 R AL, 43 3 VIF £ 78 H N £
R £L B8 ( Plectania) 1) 2 MR AL, 7052 V

A S VIE AR RE . 53 SV B H K 22 8 R
Wy B & W & ( Trichaleurinag ) ) 7 I BE 4
( Trichaleurina tenuispora) F#%w H AWM HFEL 5 J& 7
FhAE BT, 433 VITER SR BT B 4R, 645 8 B9 J& 11
B, 0 SN R I R L i 4 TR R (Ascocoryne ) 5 LR
BRI RL TR B SR O R BT, 73 3 XA 1A 4 T
H, AR R R R AL 6 & 11 b
WM 33 XA A B mEr, A 18 2
T 2O SAERGER B R AR S W R H i

3 WSt

TEWALA 24 B L 2R S0, 1 em MYHEHEAK
RURALT-BERYIF 4 49 5 H 20 B} 48 J& 96 it ixX i
B B AR AR 7 32 W ST IR B, b A
40 PR 648 B R IR K, B 3 i 48 £ T (Aleurina
imaii) ") A B AL EE ( Cordyceps brongniartii) ' E[)
FE BN ( Cookeina indica) " F A BR4% T 16 ( Hir-
oo W oA R
( Hypomyces cervinigenus ) " L5 2% 2E # ( Hypomyces
stephanomatis ) BLooh e E O/ OE ( Phillipsia
chinensis) U7V R R BB AR ( Sarcoscypha shennon-
giiana) "7 % 8 FIE AT RBP4 B
RT3 BA R 2 R, HAT, FHNE M
PARBERIIEA 10 J& 33 A 1 BRI e 24 1 2
AT 5 7 B, 16 EH 2 R AR B B 2 R
B,

P4 R A S W R 2 4 b TR 800 ~
1600 m, FLAT BV A 3 i - ] TR S AR Y IX.
o, de B 1 DX A e )T s L AR T 2
SEHh . KBBE PRI A AT Bl Y0 A S5 b P44 R 200 ~
800 m , FRIFZAY L) - ] i AR FN B TR AR 2,
RAFRE TR, FERERE A Y, B2
R TABUE A b J5 PPAR I 28 B 37 g 4k
91200~1 600 m, bRIF2EHE LB O 32, 81
PTG IRAALD 3X AT BE 5 3k 46 Hby J7 A B o0 R
—A K,

LR PUIE I 5 p A SR [ A AR PR XA
Fe AR AL, PR ZE E R R T3 7H 16
B 26 J& 51 FpH10R 2 RN E T
W 20 B 48 J& 96 B, P AT Wy P f 5 v Ak A TR
( Chlorosplenium chlora ) |, B HU & 4% 4l H 5 #%
(Helvella crispa ) 228 £ ( Orbilia inflatula) 55 16
o BAKRAEL O Ff LR M40l Bt & B 9 R B
P AT I F Y Rh 5 b, MAHL I 9 Fh ELBETA, 2%
LB B 8 Fh EL BT, Wi A L8 B b 5 b,

sutella  shennongjiaensis )
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Morchella_esculenta MH668004 Clade 111
Morchella_escrlenia MH668005

Guromiira_leucoxantha KX185091

Helvella_crispa MH668053

Helvella crispa MH668061

elvella lacunosa MHG68060

Helvella lacunosa KC122796

Helvella_macropus MH6680358 Clade TV
b Helvella_macropus MH668059

Helvella_solitaria MH668062

Helvella_solitaria KYT73126

Helvella_elasiica MH668056
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Humaria_hemisphacrica MH668006
Iumaria_hemisphaerica ME668007
Scurellinia_nigrohiriula MH668011

Scutellinia trechispora MI1668012
Scutellinia_irechispora MH668014

Scutellinia trechispora MH668013
Seuellinia_colensoi MH668015

Otidea_alutacea MH668009

Otideu_alutacea MH668010
- Otidea_grandis MH668021 Clade V

Otidea_grandis INDI12014

10011.0

WO Otidea minor MII668022
Oridea minor KM823220
Jafiea fusicarpa MII66BO0S
Japrea fusicarpa DQ203SS
W0 T Tarzenta cupularis MII668063

Tarzetia cupularis MII668064
Plectania melasioma M11668016
Plectania melastoma MII668017 Clade VI
Pleciania rhyfidia MIT668018
Plectania rhyridia JX669851
Trichalewrina temispora MII668019
Trichalewrina temyispora M11668020
Cookeina insititia MI1668023

Cookeina insititia AY945861
Cookeina indica MT1668024
Microstoma floccosum MII668029
Microstoma floccosum MIIG68030

Sarcoseypha occidentalis MI1665411
Sarcoscypha occidentalis MI1668025
Sarcoscypha shennongjiana MI1668026
910 [ Phillipsia chinensis M11668027
Phillipsia chinensis MII668028
10010 [~ Wynnea_americana MH668065

Wymnea americana AY945848

10010

Clade VI

Chiorencoelia torta MI1668034

Chlorencoelia torta IN6T3040

Chiorociboria aeruginosa M11665408
Chiorociboria_powoensis KRO94164

Chiorociboria_powioensis MH665409

Dicephalospora rufocornea M11668037

Dicephalospora rufocornea M11668038

Hymenoscyphu iacus MHG668033
Hymenoscyphus aurantiacus KI472229
Lachnum virginewm M11668035

Lachnum abnorme M11668042 NI 11
Lachnum_abnorme MH668042 CladesN,

Spathularia_flavida MH668032
Spathularia_flavida AF107554
Ascocoryne_cylichninm MHE68039
Ascocorvne_cvlichnium MH663040
Bisporella_citrina ME665412
Bisporella citrina MI1668036

(W0 [ Leotia_lubrica MH668043

Leotia_hibrica MHG68044

Cardyceps_brongniartii MHG68066
Cordveeps militaris MH668070
¥ Cordyceps militaris MH668071
Cordyceps cicadae MII668067
Cordvceps cicadae MF416552
Cordyceps polyarthra MH668068
Cordyceps polvarthra MH668069
Cordyceps gunmii MH668072
Cordyceps gumnii HM119590

100058 Hypomyces cervinigenus MI1668073
Iypomyces cervinigemis AR160232
Hyponpyces siephanomatis MI1668074
Hypomyces stephanomatis AB916537
Hirsutella_shennongjiaensis MH668075
Hirsutella_shennongjiaensis KY945357
O.nutans MHB68078
0.nutans MH868079
- Ophiocordyceps_tricentri ABY68423
Ophiocordyceps_tricentri MH668081
O.sphecocephala MH668080
MY 0 sphecocephala IN941446
Kylaria_bambusicola MH668076
laria_bambusicola KUS63148 Clade X
Xylaria polymorpha M1I668077
0.2 Xvlaria polymorpha KT281899

T GenBank #5524 NCBL F #1751, HoAth iz A5 4R A5 AR AR 7571

B2 HXUEXBEFREETEXENREZLEH

Phylogenetic tree about major macro-ascomycetes species in Xingshan County
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A LB EFFMHRAEM AN KRN TR R R

FamE E oy, BEE, FSWD, Z W, EEE, EXEY (BTN LR R G RO B
MR R E 25 SRR 22 0%, 1 200241)

FEE. T2017 4FFKZ(10 A) M&ZE(12 A) X 2018 FFHFZE(3 A) MEZE(6 ) /X K& 8 MY
INT A SRR VE A TR AT JERE AR S 1T 14 40 23 AN ZERE S 8 506 H PRIAHES I W HUA (66. 06% ) | WA
WA (17.95%) BRI (11. 15% ) , HARAMA JERE (4. 84% ) o Wk iampkrb /NG 4 4 Z2 PS4 B BRI
HERCE T IR AR, H. 2 PR [B) a4 25 5 B 3 (P<0. 05) | I 2 FivE pli I 57 2 v /N + S 5l 0 2 i 3
B T HAM 3 ZE(P<0. 05) 5 5 4R IR AR B ZE b /N + S M SRR 25 R T L& 2 22 (P<0. 05) T T4 I i
MR AR 2 T HA 3 2 (P<0.05) , FEEEE 431 [, 2 Rl g 28 A0 b/ N AL + Sy 9 B 1 3R 0 i I I 1y
FKEBI H0~5 em T2HEDHNE 0~20 em +J2 BB 68. 68% 1 66. 94% , H Gk Shannon-Wiener Z5 4%
PEHEBURN Margalef 55 248 B0 = T 95 - AL EAR , LR SRR P ARBK 20X 2 A8 8503 38 i T A 3 22 (P<0.05) 5
PR P ARRK ZE TN+ SRS Margalef 55 BEHE B0 3 = T HA 3 Z2(P<0.05) . i Pearson AHOCHE AT AT AT,
rh NI SRS ) G B DL R 2 U Y 4 R R R A R Y 5 R A LR A i 2 EAR DG, 5 L pH 2 UG,
KW K&, HEEMA; EHEHA; N EIESYRE, s

FESES. S714.3 MRS, A XEHS: 1673-4831(2020)03-0349-09

Soil Meso- and Micro-fauna Characteristics in Evergreen Broad-leaved Forest and Deciduous Broad-leaved Forest
in Dajinshan Island, China. LUO Ding-hui, LI Xiang, LUO Bei-jing, XU Ming-shan, TUO Bin, YAN En-rong, YOU
Wen-hui™ (Putuo Forest Ecosystem Research and Observation Station/ School of Ecological and Environmental Sciences,
East China Normal University, Shanghai 200241, China)

Abstract: Soil meso- and micro-fauna across 8 plant communities in Dajinshan Island were investigated in the seasons of
autumn ( October) , winter ( December) in 2017, and spring (March) , summer (June) in 2018. Totally, 8 506 soil ani-
mals were captured that belong to 5 phyla, 14 classes, and 23 groups. Among these animals, Nematoda, Acari, and Col-
lembola were the dominant groups which accounting for 66.06% , 17.95%, and 11.15%, respectively. The others
(4.84% ) were belonging to rare groups. The annual average density and group number of soil meso- and micro-fauna in
evergreen broad-leaved forest in autumn were higher than those in deciduous broad-leaved forest, and significantly different
in group number (P<0.05) ; Density of soil meso- and micro-fauna in summer was significantly higher than in other sea-
sons that both in the two forests ( P<0.05) ; Group number of soil meso- and micro-fauna in evergreen broad-leaved forest
in autumn was significantly higher than that in spring and winter (P<0.05), and the number of deciduous broad-leaved
forest in autumn was significantly higher than that in other seasons (P<0.05). The density of soil meso- and micro-fauna
in both two forests was higher in the surface layer, and in 0—5 cm soil layer in evergreen broad-leaved forest and 0-20 cm
in deciduous broad-leaved forest that accounted for the fauna density of 68. 68% and 66. 94% , respectively. Shannon-Wie-
ner and Margalef richness indexes in evergreen broad-leaved forest were higher than in deciduous broad-leaved forest, and
they were higher in autumn than those in other seasons (P<0. 05) ; Shannon-Wiener index in deciduous broad-leaved for-
est in autumn was significantly higher than in other season ( P<0.05). Pearson’s correlation show that the density of soil
total, Nematoda, Acari and Collembola animals were positively correlated with soil organic matter, and negatively

corrected with soil pH.

KR EH: 2018-12-26
EEWE: [HEARPEESE (31670438) ; K1l B YA B A H (17-60129)
@ #IFE1EH E-mail; whyou@ admin.ecnu.edu.cn
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- HE B Y — AR A T BERH r B A
RN+ R EYZE sy B
— FRAR R AR T 35 B o NS (R38R S8 /N T
0.1 5% 0.2 mm, il angk dUfn4e d 25 ) | rp AL (OF 354k
e 0. 1( 5 0.2) ~2 mm 22 [, {51 i1 eha gk o 25 )
FIRIL (SR FEAE 2 mm DAL 5] ke 5] 0 5 i
)PV MR TR 3 sh W, N - 3 S R
FRRREIN, 3248 i 1 5055, Hoaw B 2 77 FRBE K
SRR R RE A 22 TR I LRV R AR X T 2 A AR
AL TINE = AR | NN WA NI e 8= S5IE7 DO i
Y ER ARG (AR RN DR I 3 B e B R
0| - $JE) 5 AN A AR A, 90 0. R sl TT DL i
BB ) 0 3 o e R el =
ST ZS FAROA X7 S VT BT RE T R N 2 —
A ERYT X, K4 1S 1R R H e K B
H AR Y B Ar, S0 ARG 3h, +5Esh
YIRY A A7 BB 00 [ SRKSF, H A A 3 43 i
FERBAE T 5 I S ) o 2 AH AR
RO A B KO 5 B ) B VE 2 R b BF
et E PO T S sh W R v 2 R R 5 TR
BN Z ) BT, EE K & BME 4 F
VRS AT T K 4 1L 5 4% i) b 6 R 9 v o e e
ANEL - HEEh W) B B R TR AR L BETE 2R
PEFE bR, AT AR 5 v N - S S Y B R
FHIESEN KR, B FEBEIT 5 05 ZRARAE g% v /N A
- HESh R T R E A R e B S AL, o K4l
SRS RGP L SRS AR

1 ARRBEARTIE

1.1 HREXER

K41l (30°41'42" N, 121°24'25" E) #ikb F
VYR A AT NS A F A I 2%, 52 TR 2
DAL Y- 8 < AT s i) R TV PR U X
EANRNE, M, IR ER, K4
I AR IR 7 16. 9 C |, P miR g R 37.2 C,
SRR E -5, 1 °C AR B K 20 1000
mm , 4 H BRI E] 2 2 000 h™) K4 1l i 0w 7E 4
KT BRI A3 Ry ) BERE A TERAR R g i i
ARFTE R AR 5 AR SE A R R A R
FRZME 19 R 4 1L 5% AR M ) V0 458 5 & i
AR X R AR R RV LA R i i) i A e Rk
BR EFA B AE R MR 22 48 AR 8 Fh A

1.2 HRRERLE

T 8 FIARMAE Y RE V5 S AURE M ik (1T 1) S8
S, PRV T BE A BE IR SRR AR AT A A A
WALFERETE N TR AR AR R B A R AHY) 24 PR, 2
FERRE M2 DL R R V% ) 2 25 R L3 1,
TR IS Y T R IR S B8R A7 AR % 1)
KRNI, T 2017 4ERKZEE (10 ) & Z= (12
) PAK 2018 “F-KFZ(3 H) MEZ(6 A ) 435X K
S5 12 FEHL (8 MR ) AT 4 UORHME; bR
FRBRRETS (REHBTH AN 0. 07 hm?) FIRAZHERETS (FE
HuIEIFR R 0. 02 hm® ) A, FHLAAE P B Vi A6 1 T AR 3
40.04 hm*, FERENFEHLI B 3 SRR, FE SR PR
PR HAE 5 m LUE R4 A LR 1,

/N - 358 Bl W e A T 2T R A R R (2R
LRIBIRN A A ) A ) R A (5 R R Bk A ) 2R
YL IR AR A RIS A R AR 3.6 1S
em PIRNE W RFELE 0~5.>5~10,>10 ~ 15 Al
>15~20 em 737 J2 R L FE, IR E 485348 J5 4 0] 522
W, TA YR AT} (Tullgren 35) 43
BRI @ = 75% i B [ 58 5 A
s R R 3)-12: ( Baremann 325) 430 55, EA7 15 K 8%
K, BT LIS YIREA S b E - sh W R R E
Sy USRI A RS T AT

1E IR IRE 55 R 0~20 em 3, (I 2
TR, e KSR T
5, pH R pH i1 (NY/T 1377—2007) i 5E , 45
SRR YLK ERE (LY/T 1228—2015) Il 5E , 4>
B R T BB 1 (LY /T 1232—2015) 58 , 428
B R BRI 7L -ICP-AES ( EPA3050B ) 1 72 .

A HIRER ( Quercus acutissima) TETE , B HBFAR ( Mallotus japonicus) TETE
C A X ( Cyclobalanopsis glauca) #7% ,D FHE M AEH( Zanthoxylum ailanthoides)
REFK B WL (Machilus thunbergii) BET% , F AN ( Celtis sinensis) T ,
G WA (Evonymus maackii) BE¥% | H A KZFE ( Cinnamomum japonicum ) BEV% .

1 XEelBESH
Fig.1 Sample plot in Dajinshan Island
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Table 1 Plant community and community commposition of study plots

RV 2R PN HEARZ FARJR
FRARTE TS FETERN R RAR , TR TRA P48 ( Symplocos paniculata) S H%F(Rosa laevigata )
SR A5 A 73. 48 em AR (Eurya japonica) W38 55 ( Oxalis corniculata)
21 T WK ( Dryopteris erythrosora)
V&Y EIEREE S 0.02 m
LR i s FEREF O ETAR , B TRR Uagit] ST
IR 15.76 cm SFic) JHIEY)ZIEERE N 0.04 m
2L IR, RN Z A TR, AR 41F ( Bambusoideae )
SEXIMa4E R 31,11 em F# ( Broussonetia papyifera) 2444 ( Trachelospermum jasminoides)
INRFEE% ( Rosa cymosa)
HTEYIZIEE 0. 06 m
W AL TE RN R TEML VTR A [EF = FAl R Y3
Mt A 28. 81 em (EZN K B (Arisaema heterophyllum)
Z2 ( Morus alba) JRIEY 2R R 0. 06 m
LS|
TN W 1L ( Clerodendrum trichotomum)
AN REVE R EMRY, TR [SF i FAl R 3
IR 22.33 em e ST
el P2 IEEE R 0. 04 m
XS AEACNE R, HERTA, [ELi 410 ( Lygodium japonicum)
S IAE R 69. 92 cm Laginl 2135 5B
K (Cinnamomum japonicum) T 4% ( Rosa multiflora)
JVEY )RR 0.03 m
REHAEE BEREF O R AR, [SFi) G
R 15. 81 cm LE¥N b2 i
AR i 3 R ONLLRG, TR, Fe A AR RS

S A 46. 33 em

WY %5 ( Vitis heyneana)
I R)RE 2 0.12 m

1.3 #HiEE

W25 =TT 1l AR B Y I S A AR R B
B (ind - m™)  IFAREE LU A2 50 R /N
e W) B 7% Shannon-Wiener £ FEMEFE B (H') |
Pielou ¥ 2] FEHE XL (E) | Simpson fEH L HEEL(C) I
Margalef =& JEFEEL(D) .

2 ZERESH

2.1 EEE4H

k2 froR, 8 MEYI R 4 2= B gl gk rh
INEIEHESY) 8 506 H,SRE T 23 N IEHE, Lk
TR R e 4 | L S 4 e R 2N, 43 o A R Y

H ==Y n/Nln (n/N), (1y 66 06%\17.25%@ 11. 15%,,&%‘%%7@@% N
E=H/InS 2) P2 o HB R LR, o A bk /N R 8

’ B 4 Z V- 3 5 0 AR 3 S A
€= (n/N)?, (3) 25 N S A O 5 A R AR ( P
D=(S-1)/InN, (4) 005)’2ﬁ$ﬂﬁ§§t{jd\ﬂi%£ﬁ%%‘fgi@ﬁ%%

(1) ~(4) o, n, NE @ NRBENREG N AR
FRA SRR SEG S HERFEL, R SPSS 23.0
AT PR R 7 22531 (one-way ANOVA) , £
AR F e/ N B 35 PR R 56 75 (LSD) |, % 454l vh
ARSIV ok 57 LY/ o N B X ) A L o Y 2
5 ZHEVEE b S PR R 7 34T Pearson AH G
50T

FHAb 3 Z2(P<0.05) , FEIBEEELES, B 2k Ak
4 ZE R EEU D 2 R TR R AR (P<0.05) ,
SRiEN ARG H AN - HE S Y S
T IS FE AR (P<0. 05) 5 7% - FE ARk 25 Hh )N A5
T SRR s T 3 22 (P<0.05) T
SRR AR N LIRS YRR D E TR
K MZE(P<0.05) .
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Table 2 Composition of soil meso- and micro-fauna in different community types in Dajinshan Island

- A B C D E
Y Ne 2E OBE S/e 2E O BE Se Z2E O BE e 2E BE e 2E

£ th 4 ( Nematoda ) 31110 58.21 ++ 26280 66.73 ++ 27126 64.92 ++ 30373 68.28 ++ 25297 69.71 ++
# H 49 (Rotatoria ) 982 1.84 + 191 0.48 409 0.98 + 409 0.92 + 654 1.80 +
2R 151 B} ( Enchytraeidae ) 0 0.00 163 0.41  + 0 0.00 + 166 0.37 + 0 0.00
T8 128 ( Turbellaria) 81 0.15 + 0 0.00 163 0.39 + 81 0.18 + 0 0.00
U5 7 29 ( Acari) 12229 22.88 ++ 7062 17.93 + 7855 18.80 ++ 7303 16.42 ++ 5805 16.00 ++
7 FE 4 ( Collembola ) 6199 11.60 ++ 5180 13.15 + 4812 11.52 ++ 4798 10.79 ++ 3474 9.57 +
JRR 4 ( Protura) 0 0.00 42 0.11 + 42 010 + 169 0.38 + 127 0.35
L5440 (Symphyla) 254 0.48  + 113 0.29 + 56 0.13 + 467 1.05 + 0 0.00
WU 4R ( Diplura) 0 0.00 0 0.00 240 0.57 + 127 0.29 + 42 012 +
Hiw#A H ( Geophilomorpha ) 212 0.40 + 28 0.07 + 113 0.27 + 254 0.57 + 0 0.00
/b 4 ( Pauropoda) 169 0.32 0 0.00 28 0.07 + 84 0.19 + 0 0.00
Wk H ( Araneae) 0 0.00 0 0.00 84 0.20 + 42 0.09 + 0 0.00
fh48 B ( Pseudoscorpionida) 84 0.16 + 0 0.00 0 0.00 0 0.00 0 0.00
A H (Microcoryphia) 0 0.00 0 0.00 14 0.03 + 0 0.00 0 0.00
M H ( Psocoptera) 42 0.08 + 0 0.00 0 0.00 0 0.00 0 0.00
JIE3# H ( Hymenoptera ) 1231 2.30 + 56 0.14 + 84 0.20 0 0.00 847 2.33  +
2548 H (Isoptera) 0 0.00 70 0.18  + 240 0.57 0 0.00 0 0.00
% J¢ H (Tsopoda) 0 0.00 141 0.36 + 0 0.00 0 0.00 0 0.00
1% /2 4K ( Diplopoda) 0 0.00 0 0.00 56 0.13 + 0 0.00 0 0.00
W H ( Diptera ) A HL 127 0.24 + 0 0.00 0 0.00 0 0.00 0 0.12 +
B H ( Diptera) 4l Ht 467 0.87 + 28 0.07 + 127 0.30 42 0.09 0 0.00
%3 H ( Leopdaoptera) %11 Ht 127 0.24 + 28 0.07 + 14 0.03 + 127 0.29 + 0 0.00
#1548 H ( Coleoptera) 411 127 0.24 + 0 0.00 141 0.34 + 42 0.09 + 0 0.00
SR 53 441<1 100 39 382% 100 41 786" 100 44 526%1 100 36 288 100
B 15 13 18 15 7

Kt S— . __ wi T g

FE N 2B BE S 2B OFE S 28 %o

25 1144 ( Nematoda) 36 104 72.78 ++ 35695 65.89 -+ 35122 63.72 ++ 247 107 66.06  ++
# 40 ( Rotatoria ) 654 1.32  + 0 0.00 245 0.44  + 3544 0.95 +
£ 18| B} ( Enchytraeidae ) 245 0.49 + 0 1.22 + 0 0.00 574 0.15 +
I 1149 ( Turbellaria) g1 0.16 + 654 0.00 0 0.00 1060 0.28 +
WG 2 ( Acari ) 6921 13.95 ++ 9511 17.56 ++ 10445 18.95 ++ 67 13117.95  ++
2 ( Collembola) 4076 8.22 + 6709 12.38 ++ 6454 11.71 ++ 4170211.15 ++
JE R4 ( Protura ) g4 0.17 + 42 0.08 + 0 0.00 506 0.14  +
254520 ( Symphyla) o 0.00 297 0.55 + 169 0.31 + 1356 0.36 +
W4 ( Diplura) o 0.00 84 0.15 + 84 0.15 + 577 0.15 +
Hu#A H ( Geophilomorpha) o 0.00 297 0.55 + 339 0.62 + 1243 0.33 +
/b JE 4 ( Pauropoda) 0o 0.00 254 0.47 + 0 0.00 535 0.14  +
Bk F ( Araneae) o 0.00 0 0.00 169 0.31 + 295 0.08 +
488 H ( Pseudoscorpionida) o 0.00 0 0.00 84 0.15 + 168 0.04 +
Z79 H ( Microcoryphia ) o 0.00 84 0.16 + 0 0.00 98 0.03 +
i I ( Psocoptera) o 0.00 0 0.00 0 0.00 42 0.01 +
6 [ ( Hymenoptera) 127 0.26 + 0 0.00 0 0.00 2345 0.63 +
4 [ (Isoptera) 1316 2.65 + 0 0.00 0 0.00 1626 0.43 +
42 [ (Isopoda) o 0.00 0 0.00 1868 3.39 + 2009 0.54 +
1% 240 ( Diplopoda) o 0.00 0 0.00 84 0.15 + 140 0.04 +
A ( Diptera) i h o 0.00 127 0.23  + 0 0.00 + 254 0.07 +
AU ( Diptera) 4l o 0.00 84 0.16 + 28 0.05 + 776 0.21  +
8% H ( Leopdaoptera) % 11 o 0.00 297 0.55 + 28 0.05 + 621 0.17 +
W53 [ ( Coleoptera) 47 11 o 0.00 42 0.08 + 0 0.00 352 0.09 +
L 49 6084 100 54 177¢¢ 100 551194 100 374 061 100
PR 9 14 13 23

R AERE(S10% ) 5+ IR (1%~ 10%) s+ A RBE(<1%) . A NIEMAEHEETE B W EFREETE , C & XIBEE , D HAME TS E SN IRRAR
TR F W22 8RS G N RIS  H ML REE 5 T — 178008 5 330 NG TR ) 2R R [R) R Y (] vh /N - 3 3 i) R i 22 57 1
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Fig. 2 Density and group number of soil meso- and micro-fauna in evergreen broad-leaved forest and

deciduous broad-leaved forest in Dajinshan Island
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Fig. 3 Vertical distribution of soil meso- and micro-fauna between wet and dry types in evergreen

broad-leaved forest and deciduous broad-leaved forest in Dajinshan Island
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Table 3 Soil physicochemical properties in evergreen broad-leaved forest and deciduous broad-leaved forest in Dajinshan Is-

land
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Table 4 Correlation analysis of total density, group number, community diversity and soil physicochemical properties of soil

meso- and micro-fauna
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Table 5 Correlation analysis of main dominant group density and soil physicochemical properties of soil meso- and micro-

fauna
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FIVE MR LR 2 G B 2 AT S0 25 0 AR o 8 A DR 2 R 2 R (E R b 3555 e AR o 1 48 A1 A 9 2 U
ZHEME . RIEIE B AE N R TR R VR M ALY 15 R A 25 XU A8 BN 4 il £ L BERIVEE Fnstig S04

KR EEVRIRFIENIEY ; RPrARST; Rl Iy, ME; JHE,; MEY ST

HESES ., S154.1; S154.3 XEFER: A XEHES. 1673-4831(2020)03-0358-09

Effects of Insect-resistant and Herbicide-tolerant Transgenic Maize on Rhizospheric Bacterial and Fungal Com-
munities. HONG Xin'>, HAN Cheng', KONG Fan', ZHOU Feng-wu', WU Shao-song'*, ZHONG Wen-hui'", LIU Bi-
a0’ (1. Jiangsu Provincial Key Laboratory of Materials Cycling and Pollution Control, School of Geography Sciences,
Nanjing Normal University, Nanjing 210023, China; 2. School of Environment, Nanjing Normal University, Nanjing
210023, China; 3. State Environmental Protection Key Laboratory of Biosafety, Nanjing Institute of Environmental Sci-
ences, Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: Transgenic maize with insect-resistant gene crylAb/cry2Aj and herbicide-tolerant gene GI0evo-spsps was planted
during the whole growth period. In order to investigate the effect of planting insect-resistant and herbicide-tolerant transgen-
ic maize on rhizospheric microbial communities, quantitative PCR and high-throughput sequencing technologies were em-
ployed to analyze the community abundance and composition of bacteria and fungi in maize rhizosphere soils at the jointing
and mature stages. The isogenic non-transgenic maize was chosen as the control. Results show that planting transgenic
maize had no significant impact on the rhizospheric soil physicochemical properties, fluorescein diacetate hydrolase activi-
ty, microbial community abundance and microbial community diversity. At the phylum level, planting transgenic maize sig-
nificantly increased the relative abundance of rhizospheric Actinobacteria at the jointing and mature stages; at the genus
level, planting transgenic maize significantly decreased the relative abundance of rhizospheric Candidatus_Nitrososphaera
at the jointing and mature stages. Planting transgenic maize had no impact on fungal taxa at the phylum level, but signifi-

cantly affected the relative abundance of Fusarium, Staphylotrichum and Lophiostoma at the genus level. In addition,
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growth stage significantly affected rhizospheric soil dissolved organic carbon and total nitrogen contents; rhizospheric bacte-

rial (rather than fungal community composition and diversity) also affected by growth stage. The findings could provide

basic data and theoretical support for the management and control of natural ecological risk of genetically modified crop in-

dustrialization.

Key words: stacked traits transgenic crop; rhizosphere environment; high-throughput sequencing; bacteria; fungus; mi-

crobial diversity

26 PR e 5 RV W 0 5 21 A I R )
A B BT (B) B 5 4 ) DA i A ] AT B A AR G
B ARSI S5 VE T, 228 R B R A K,
X HE A 77 A AN R 5 i i SO At A 389 B 0z, iR
525 MR B DR W XoF A T AR 2 R 48 1 FE AL
G A A A S BT U bR ) A S A
A FE v i g = 5 R 85 e 25 IR B Al 5 UK
i, TER P EY Kt R b MR SR R 3R 58 7 W)
T AR R IR AR (SRR ) MR R ik A £
D HYIR R AR AR A Y, SN IE R R
RPN o B S AR B - R A, W B B A S
FERE T BURL JE5H T 20 53 8 AL B A Y 2R DT
FE - HErP BB M5 0 - S A R IE AR AR
TSR IS e B, B AT 53 0 50 6 DR T oK e ol
) CP4 EPSPS # [ 3R 15 1 LU 5 577 oK B 2 &
31. 6% , ML E KM FH Cryl Ac FE AR IBH BT
SR R ) K S 129% , 7R Wit 22 43w H g
FIZAET ,PT HUR R 5500 T oK 5T B3 5] 6 Kbk iy
T EE R B R ES Tk Ek, I, %
FEREY R AL T e & %F H 3 AR S R G R R,
J3hb, PP IR I IR B A AT R AR AR s AR HE
R ZR A WA A B e % el 2 B A AR A IR I AR B
EIREE . PEARIE , 5% Br+CpTI AL LB A
FAAERE S0 5T 2 ) f 2 I AN R AR 20 IR , TT % B SE A
FRAE S HOE A A L, AR 2R 43 W W 28 AR ], {H 2 i
R RARESTRADFZERS . HEn, KH4a
5T 32 AR v OCTE B — PR AR % B VR W v+ 458
MPRI A R 7 A bR A R RV o 5
M R 5% - ST A O i ) 1 DL

- SR PR A W T T B OO AE DG, A
AT LB o RN SR o308 30 h R A 2R, 5 W bk
FRAE A 2 B A R AR AR B
R LR R (FDA ) 7K fifk il /2 + 1 v 8 4 fb K i
FDA () —2HE % — M i, G045 8 116G | 16 B A0 IR 105
Mt 5 L5 BRI A s Pk | RIS SR R R
FAAOC, RERS AR A-Hb sz ke - SBT3 1 R BB
BEARS R R T R PR, LA AR
T H R AR G R0 AR R i Ok A

AR5 2 5 DR T 4 S Bl A 400 B0 55 W 1 S A
FERARAL BRI 5T - HEGUA Py b R D8 4, AR PR
R R S PR UK B AR A AT A S BRATR ) 3R, S BB 4 T T
Wi A= Wy eV . AT Ok, A B R A I AE 2 N
(PCR) HAR BAT S2iF | v 25 40 5 s o 1k 0 4%
AR BE 4 AT A2 A - SRR B T U R E A 1
A W2 AR ) 2 A AR B2

I A FE T 2 1 IX S K, R A T LT o 2 )
AT ARG DR oK WU 12-67 Je HARSE LM 5%
AR KR 958 Hi 1y A AN A AR PR A HE , I %
18 FDA JK G M DA FAE A Y iE 4 R A
sE 1 PCR Illumina Hiseq 1 38 &2 7 HOR 43 B A bR
SR AN B B RV R 4L 2R BT L
TR 5 A2 A R i PR 5 O AR B - 98 200 T
TIEBBETE M0, bR BT 5% 45 55 Al i s i o
B30 2 TR T A XU DA B A S 0 i S 4

1 #R57EE

1.1 EXHRMERRGRLERSE

P crylAb/cry2Aj Fl G10evo-spsps F& R $T H
it B 57 K XUBT 1267 (GM) e AR #E LN Tk
A Ap < FRERL 9587 (CK) , FIVE TR 52 I 2= 1l AR
IR, X T 1 mx1 mx0.5 m {R#E+ R
B A FRIEI R A 0.5 m FR BT, & A Z Al E 0. 1
m JEMR AR E 4 AN TR, KR 4
BREK X N B AL e R b 3 i e
IR AT A 1 AL BT 5 A BL A TR 20 45 7 X
PR 45T R U 27 R 4 4 0y 4380 3
FEARPEARME R ARAE T -20 C AT, bl 4 i
A P BT DU SR AR T A 0 P B R B R R
LN 0.3% ~ 4. 8% , T —VERAF, FKFP
AR 2018 455 H&E 8 A, A E K4t +id k0
d, JAERK 105 d, HENBERERRS, EH = HR
18~35 °C, FAPIEATEEA T Dl KT (A245 & 1
JEAS3E 1 ke, BAM 60 o) FHIRAT, A K WIAR 4R 8
FORK AL (it &2 A5 I 240 g JRE 390 ), °F
¥ig2 d ek 1k, TEAGERE L 10 d J5,
57 & ( QuickStix™ KIT for CrylAb Corn Leaf &



- 360 - 4 SN

5 & N W B o W

5 36 4

Seed, EnviroLogix, USA ) ¥ il £ K 11 AR 85 1 5%
RDL, B R 3L ) ok BT AN Rk H
R FE I FOK TCAME R 1 3RA

TEKAER 60 d B4 15 (5 IR A K AR
11,S1) 105 d B ] (A= gl A AR RN ], S2)
B 45— S0 B R A T SRR SR SR AR B
I R e Ay B O, — o AT
4 CHAMT, HT A M o R A P 3 1 6 A
MsE ; —F5r £HET-80 C &AM F A, H T
FETE I AE
1.2 TiEBHERTN FDA /KEEFNE

FIEpH H w(t) = V(K)=1: 2.5 o)HE
Je W05 5 - S A0 B e SR FH B TR S A i B - FH B
PG RE R AE 5 T 50 & R ] S PR B -
JEF WS I e R S R AR IR &
W ; E e LA AL LK & 1k TOC B
4314 ( Shimadzu TOC - L, Japan ) LI % . FDA
K gt R O 2 L e
1.3 112 DNA REURMAEYFEENE

BT ERE S PRI 0.5 g 8 + R R &
( FastDNA® Spin Kit for Soil, MP , Biomedicals, USA)
AL HE R DNA, SR NanoDrop 2000 436G
11 ( Thermo, USA ) I 5 DNA ¥4 W& 1) 211 J3 1 e B,
DNA 5 T -80 C &AM M IRAF& . RS2 o
e 5 PCR H AR 2 4411 16S rRNA L ATE
B ITS JE PR 22 5 2 ) R AE 4N A EL A RV 2 % 4
I 16S rRNA B 1R 51 ¥ %) 515F (5'~GTGN-
CAGCMGCCGCGGTAA-3")/926R (5’ ~CCGYCAAT-
TYMTTTRAGTTT - 3") " | ) jj & & A& FL 2l 20.0
pL, f1% 10.0 pL 2 x SYBR Premix Ex Taq.0.3 pL
LRSI 1.0 wL # B 10 £5 5 DNA K4 1 8. 4
L KEHBAEK . SRR A :95 C HAE 1, 3 min;
40 MIEI (95 CAEME 10 5,56 CIE k 20 5,72 CHE
120 s) , BREARIR 5 5 R AL TOCEAE , TR I
fif 2 ATy 3 P M R R s R A 16S tRNA
FE B E R 6. 53%10° ~6. 53%10° copies + pL ™' Y
BRI RS S AR o i 42, 3 B 40 85.3% (R
0.994) , ELBH ITS JEHY HE R H 51 ¥ %) ITS1F ( CT-
TGGTCATTTAGAGGAAGTAA )/ITS2R ( GCTGCGT-
TCTTCATCGATGC) """ | [ AR B AR ANy 20.0 L,
£ 10.0 wL 2 X SYBR Premix Ex Taq.0.3 pL '
WE5 190 1.0 pL 7B 10 £5/5 DNA FE40F1 8. 4 pL K
PARAE K, JNFERF K95 °C WAL YE, 5 min;40 4>
PEH (95 CAE1E 30 5,53 CIB K 30 5,72 °C i 45
s) , BEEIAGE G RV CE , TR h 26

GBI B R v s R S A TS BRI Y ik
9 1. 83%10° ~ 1. 83x10° copies + L™ FlIAR Ry
HAREMZR P IR 101. 5% (RP2H 0.994) .
AFEa AL 3 AN HORE R IR E I R
1.4 SE=NFIH

K 515F/926R il ITS1F/ITS2R 43 %1 % 2 1
16S rRNA K V4 + V5 X FIECEE ITS A TSI X
PEATH 1S IFRAET 7R S8 B R B A PR A 7] 58 1
I . R A Mlumina Hiseq 2500 ) 73
& FIH R 5 ¥ Paire-end 7712, 4 55 591 ()
5" 33774 250 bp B reads , X R GG BE #4740 BR
IRAFA BEHE ;B PE reads PRI AL Tags, H- T U8
A5 B AR BE @5 QUME!"™ SE4 76 97% AH{BIK F
XF OTU #E454328, I 2T Silva "' Al UNITE ™ %4
P43 % 16S rRNA FEF A ITS JEF HE1T OTU 43
FUHER,

N RE RS 411 226 A %0F 5%k, CK Ab
PR ST Al S2 B 4% 4k 45 22 695 ~28 405 Al 23 266 ~
36 758 S RUFHI KL, GM AL 38 ST N S2 B 43 5l
345 16 007 ~25 165 F1 21 634 ~29 628 554 5% 74
B, EEFEMILIRE 1 519 764 A RF I, CK
AEFE ST A S2 B 9143 i AR A% 75 391 ~ 105 131 FiI
94 265~ 133 401 A %07 5148, GM &3 S1 Fl S2
IF 5343 B 3545 70 194~90 973 H186 665 ~ 104 663 55
FROFHNVE, I B AN B B T A L
K Chaol ,Shannon $8 %543 7| Z 11F 41 B AN EL 18 BE V% 1Y
a 2 R Bray-Curtis 5B M1 248 = 45112407
15 F AR 43T (principal coordinates analysis, PCoA )
LU TR it [o0) 240 BR7 0 9% 45 4 22 575 B IR L J@ 7K
S ARRE KT 1% 20 B R L T B A b LR
ALY,
1.5 HEE

K SPSS 18. 0 #kF (IBM, USA ) #E 47 % 40
Br, R B 7 2% (Tukey Ki 36, P<0.05,n=4) 4>
M EEEEA TR RE & ] 4 38 B Ab M o A W il v L 3
FEFNZAEPER 22 5 s R FWUA R 7 25 (Tukey £ 50)
A3 BT HCHRE T K R B A K R ST A 3 B AR BB
A REVE TG 2 RE R T KT TR A1 22 S 1
SoMa RN SR STREAS ¢ G 5643 B B A TR OK
Fhal A K i 1018 KT S E TR A R 25 5%

2 HRE5HM

2.1 HHMBREFEEREFERTRERETERLE
B EmiEE R B ERN RN
WRPR I pH 290 7.2, 2, BRI O7 200
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Prigsn,GM 4b 3 S2 IHIAR PR+ 58 DOC & & GM
AbFE ST Y] B 2 5 40. 1% (P<0.05) ,S1 B GM
1 CK AbFE 43 C/N LB b S2 WF3] 2 A~ ab B i 3%
P 17.2%F1 19. 3% ( P<0.05) , 5 CK kb BRAH EL
GM AbFRIAA 520 1- 458 C/N FL{E AT DOC & &t ;
4 Kb BRAIAR PR 43 pH, TOC TN (AP 1 AK & 51
TR FEES, WHR I 200 EoR, KGR AR
Fim R B, (E AR K I 3R AR B 1
HEDOC(P < 0.01) TN i (P<0.01) F1 C/N HfE
(P<0.001) ; #Pr 13 AP &4 (P<0.05) B #Z5

F1 ERREFEIEBOER. SEDFEMEE

FOK SRR A K B B A9 38 X, AR PR - HE FDA
IR TE N 5.24~6.81 wg - g - h™' 4T 16S
rRNA FE R £ H 6.26%x10" ~7.65% 10" copies -
g HEBITS B F R 2.72%x10° ~ 5.20 x 10°
copies » g, ML E 200 B, R PR+ 1 FDA
KIS T A 16S rRNA LR FI A ITS JEH =
JEEA AL BT B 22 5, WH K T 2017 8
N, U 16S rRNA 5 R =F i b 2 32 A K B 0 52 g
(P<0.05) ,FDA 7K fif# s PE A S I 1TS B F AR
2 B F R SRR KA R (1)

Table 1 Maize rhizospheric soil physicochemical properties, microbial activity and community abundance

fbEm bl w(TOC?l/ w(DOCZl/ C/N Heffi w(TN)j w(AP){l w(AK){] lfl/(pgi] lg [ A/ ( copies - g7') ]
(mg-+g) (mg-kg ) (mg-g) (mg-kg) (mg-kg™) g +h) B C

FFE T 7.62+0.01 8.65+0.16 32.84+0.79 12.49+0.24 1.03+0.02 13.2+0.52 104+3.25 ND 9.89+0.01 7.710.04
GM_S1 7.22+0.02° 8.92£0.01° 36. 70+1. 64" 11. 10£0. 23* 1.28+0. 04* 15.7+1. 11* 146+8. 64" 5.24+0.39" 10. 80+0. 04" 8. 43+0. 05°
CK_S1 7.28+0.02¢ 8.30+0. 17* 40.90£3. 01°"11. 30£0. 41* 1.27£0. 05* 21.6+2.79* 143+5.99* 6.64=0. 86" 10. 80+0. 02* 8. 66=0. 05*
GM_S2 7.27%0.01° 8.52£0.07° 51.40£3.91% 9.47x0.37" 1. 46+0. 04> 21.5+3.16* 169+9.03" 5.95+0.98" 10. 90+0. 02* 8.72+0. 11°
CK_S2 7.27+0.04° 8.47£0.30° 44. 50+0. 55 9. 47+0. 36" 1. 44£0. 04* 16. 5+0. 44" 149+12. 80" 6. 81+0. 48" 10. 90+0. 03" 8. 56+0. 13°
i A 1. 500 3.716 0.256 0. 064 0. 705 0.038 1.709 2.721 0. 886 0.139
i 44 0. 667 0.428 12.229%*  23.447*** 13.539**  0.023 2.448 0. 408 4.870" 0.877
LRy Cing | 1. 500 2. 641 4. 479 0. 064 0. 041 6.271°" 0. 830 0. 158 0. 002 4. 421

Bl T ENE PR UER 22 (n=4) . Al—FEHR G 3S0NE FRRR R 2 A A KT AN [R] Ab 28 (8] S 5 bR 35 22 5, ND R R e, 4387 5 ik
SRR R T 25T (Tukey K2 5) , P<0. 05,n=4, SR EE 7 225081 (Tukey K58 ) % A [ i Ff Ak $3URNAS [R] Bsf 30 =22 () i b e o, e P o
MK R B, TR SI RN, # IR P<0. 05, # = F£IR P<0. 01, = * = FIR P<0.001, A NI B HA0HE 16S rRNA JLK | C S EE ITS 3K, D

A FDA K f BTG

2.2 MIHMBREAEEREXMNRELEAER
HEEE o« SHEEHNEMN

TR TV LE T TR E K 4 28 A S50k &= o3
A 27~29 F1251~264, HLKEZER 722501 ks, CK
AEPE ST FRHHA R B AT ERE R B
T GM AP S2 BF 1 (P<0.05) ; GM Ab3H S1 A
Shannon 840 0. = T CK &b 3 S2 B ( P<0.05) 5
P BETE Chaol FEELFEAALHLR]TE 22 5, WA
R ZMHrBn, MERFETT(P<0.01) R (P<
0.05) 7K F I /9 %X & | Chaol #§ % (P <0.05) .
Shannon 8% ( P<0. 01) 14 It} 2 5% A= | i 81 14 Ak ~7
SO, FLRE BEYEAE AN E K B SR SR
Gr5R 6~7 F 156 ~179, FARFR I 225007 bR, &
PRRE VS 1] AU JE K OF - B 4 | Chaol 48 8L K
Shannon 85X EASAL BRI T B FE 7, WHE N
Zo N R, B RETE AR KP4 | Chaol
FEECLL S Shannon $5 K034 K B 36 32 F oKk APl A= K
FHI AR (£ 2)

2.3 MHEMBREFEEREKITRR T EHFEN
BEEHAE P SHENIMN

YA FEVE PCoA 43HT WLIE 1(a) . 25 1 F2 4
PRFRERE 43 3 R 55.27% Ml 13.59% , FESHTESS 1.2
FARFRHER R BR Y 2 4, GM 403 S1 R AT CK 4b
P ST AT A 1 4, GM AbEE S2 i A CK AbFE S2
A SR A 1 20,2 2H 1Y Bray-Curtis AHALLEE 48 %523 51
A 0.178 1 0. 180( P>0.05) , hiHH GM 4b ¥ S1 1]
A CK AbFE ST HHYZ 6] . GM AbBE S2 i AN CK 4b
P S2 W Z AV 25 i AL, GM A B ST Al S2
) CK AbFE S1 RN S2 HHIAY Bray-Curtis AL TS
94 0. 420 F10.556( P < 0.05) , BiHH GM 4b3g
S1 A1 S2 Iz 8] CK A3 S1 1 S2 Hh i 22 Ja] it
TELE 225 W3 B AEYE PCoA 3BT WL 1(b)
5512 AR REEE 43 0 R 60. 70% F 12. 02% , K
A TESS 1.2 FEAFRHET th ¥R 28, ST Al GM
Al CK Ab¥ S2 BF GM Al CK AL B CK 4L ¥ S1 FI
S2 BFHALA B2 GM AL 3 S1 F1 S2 B 1Y Bray-Curtis
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(P>0.05) , Ut W45 4k P ECTRRE PR 25 A0 ARLL

Table 2 Community diversity of bacteria and fungi in maize rhizosphere soils

i 4T 16S rRNA FE[H FUH ITS R

P G Chaol T5%% Shannon F8%1 P G Chaol T5%k Shannon F8%1
GM_S1 29+0% 25642 1 567+34° 7.56+0. 18° 6+0° 17952 936+26° 5.03+0. 63°
CK_S1 28+0° 264+3° 1 572426 7.4320.21% 6+0° 156+11° 865+38" 3. 67+0. 81°
GM_S2 270 251+3" 1 47960 5.95+0. 64 6+0° 158+8° 902+41° 3.6520. 76"
CK_S2 27+0% 253+1% 1 431250° 5.73%0. 43" 7£0* 170+9° 863+37% 4.39+0. 54°
i 0.273 3.366 0. 247 0.178 0.429 0. 402 2.298 0.199
o 44 11. 000 ** 8.087" 6.588 " 16.232"* 0. 429 0.120 0. 264 0.229
St ol BT 0. 091 1.018 0.357 0.010 3.857 4.072 0. 191 2.292

B R bR ER 22 (n=4) o [F—F1EHR G T SONE FRERFEFR R 2 A KA UR R AR B R br 3 252 5%, AW e M B IR 35 2%
I3HT (Tukey Ki6) ,P<0.05,n=4, RHRUHE 5 225047 ( Tukey K5 ) X A ] it Al Adh A ] B399 22 1m) Ak b dse o, Beob P ol IR R 8, R
BRI KN, * TR P<0.05, # % 2R P<0.01, * * * FIR P<0.001, P Fl G A TKF LREKFE L8 mAa R080E
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Fig.1 Principal coordinate analysis (PCoA) of bacterial and fungal community structure in maize rhizosphere soils

2.4 PHMBREFRFEREXTRERLEAFD
HERABEHM R

SEARIL 12 AT EARR F R T 19% 92408
KB A @ W] ( Thaumarchaeota) ZEFE R 1] ( Pro-
teobacteria ) | il 2k 7 I'] ( Actinobacteria ) | AT i ']
( Bacteroidetes ) F1E#T # '] ( Acidobacteria) 5 I
PANERETS , 5 SRR 80% LA E (1K 2(a) ),
Hob A ol BT AN R R R, R A TR R VR Y
13.9% ~44. 6% , HUGEZILET], HARXN 5 A
AN REVE I 17. 9% ~31.0%, XM K 5 2 50 ¥
N TR )30 2 52 T oK i R s AR i 3 ) 57 5
We s &5 ) IR AT SE Y B 2 A K
IH A A S S, AR 3 AT TP EARXT R
T 1% HEZEHE, Horh, 7317 ( Ascomycota ) 4
XA RE B RV Y 38% ~ 3% (181 2(b) ), W

R T 2270 s, T2 1] 41716 1] ( Basidiomy-
cota) oA I 3 52 TR Rl A KB A A 2k N7 S 5 4%
BT ( Zygomycota ) 32 1K iy Fh A1 A 4 B A9 28
A

TR K EARR F R T 19% HAS i
2 X BN FE BT 10 A2 W) F BEAT SR ST AREA ¢ 4G
BT (2 3), 3 5w, S Y GM & B Candi-
datus_Nitrososphaera FHXT = FE [t CK &b 3 i 2 FEAIK
0.98% ;S2 BHH# GM Ab 3 Candidatus _Nitrososphaera
FXE R JE LE CK b B2 25 BRI 6. 02% 5 Hov, Mar-
moricola FEFLERTE 1)@ K AT =E B ARk B K I
Yfp A S1HS2 B GM 4B Marmoricola FXT 3
BESR I L CK ARFHES 1. 46% 1 1. 03%, CK AbFE S2
BF ¥ Candidatus _ Nitrocosmicus . Candidatus _ Ni-
trososphaera FH %t = FE 43 | bt S1 W B & &
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20. 76% 1 6. 09% , 1fii CK AbFH S2 W] MND1  Sphin- 8 .
gomonas . Flavisolibacter 55 F X} 3 & I % {KX T S1

100

[NEZ AR it SR Y
[ R 0.970 164175+ 0.091
2 e 0.634 39.079x 0.196
A 0.078 7.808% 0.733
< O dmeeiemn 3375 22,995k 4.082
i REE N 0.114 11.191%+ 0.027
w50 L] 0.638 4.147 0.176
B [ ] mwsks-waamg] 4386 6.846% 4325
REE TR 0.046 14.954%+ 0370
25 O mtren 0.537 16.892%* 0.079
s 0.229 4428 0.645
[ ke 10.309%5%  15.950%+ 1472
0 AT 1] 0.997 11,0447 0539
GM_SI CK_S1 GM_S2 CK_S2 A 1.015 17.971%* 0.050
posiil
(a) JHEHETE
120
100
[REZ FAAFD 3 Ry P ]
< 0 1081 0217 3.043
= 0743 0.810 5296+
#0060 0.125 1812 3.760
B 1.204 0.192 2.905
R
20

GM_S1 CK_S1 GM_S2 CK_S2
AbF

(b) FLIAHE
* FA% P<0.05, # % R P<0.01, # = % F/R P<0. 001,

2 EFEXRRETEAFNEERHEZNEK

Fig.2 Community composition of bacteria and fungi in maize rhizosphere soils

*3 BAFELABRMERENFEETLE

Table 3 Changes in relative abundance of bacterial and fungal taxa at the genus level

AR B AR Al A %
# R#Ts GM_S1-CK_S1 GM_S2-CK_S2 CK_S2-CK_S1 GM_S2-GM_S1

Eaiile] Candidatus_Nitrocosmicus -2.32 0.25 20.76 " 23.33"
Candidatus_Nitrososphaera -0.98" -6.02" 6.09" 1.05"
Marmoricola 1.46 1.03 -1.31" -1.74
MND1 0.23 0.69 -2.39* -1.93"
Sphingomonas -0.20 0.71 -2.27"" -1.37
Flavisolibacter -0.91 0.36 -1.48"" -0.21
Nitrospira -0.81 0.03 -1.40"" -0.56
Luteimonas 0.16 0.50 -0.83" -0.50
Ramlibacter 0.09 0.19 -0.66""" -0.56"
Chryseolinea 0.11 0.24 -0.60"" -0.47

HEFA Fusarium 1.22° -2.21 2.78* -0. 65
Staphylotrichum 0.91"" -0.54 0.49 -0.96""
Lophiostoma -0.25 -0.004"" -0.25 -0.01

SRS REAS ¢ KO RT A AL IR LB AT, * 2R P<0. 05, % * ) P<0. 01, * * * 32758 P<0.001, U1 GM_S1-CK_S1 3275 SI B GM Ab38)m
TKEAR T 2 BRI 2 CK AL 3R K AN B
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Research on the Gene Flow From Transgenic EPSPS+PAT Soybean S4003. 14 to Non-transgenic Soybeans. LIU Bi-
ao', XUE Kun®, LIU Lai-pan' , SHEN Wen-jing' , GUO Hui* (1. Nanjing Institute of Environmental Sciences, Ministry
of Ecology and Environment, Nanjing 210042, China; 2. College of Life and Environmental Sciences, Minzu University of
China, Beijing 100081, China)

Abstract: Gene flow is one of the important environmental risks of transgenic crops. China is one of the most important
country with cultivated soybeans and wild soybeans. Furthermore, the distribution area of cultivated soybean and that of
wild soybean highly overlap in China. Therefore, strict evaluation and researches on gene flow from transgenic soybean to
cultivated soybeans and wild soybeans must be conducted before the commercial cultivation of transgenic soybeans in
China. In Yitong County, Jilin Province, transgenic EPSPS+PAT soybean S4003. 14, developed by local organization, was
studied on its gene flow to 5 cultivated soybeans and 5 wild soybeans. The results show that the flowering overlaps of
S4003. 14 and the 5 non-transgenic soybeans were 17-27 days, and that of S4003. 14 and 5 wild soybean lines were 19—
23 days. Under the intercropping condition, as the results of gene flow, the outcrossing rates of transgenic EPSPS+PAT
soybean S4003. 14 to the 5 non-transgenic soybeans and to the 5 wild soybeans were 0. 16% 0. 93% and 0. 06%-0. 19% ,
respectively. The fertility of the hybrid offsprings was normal. No gene flow was detected when the distance between
S4003. 14 soybean and non-transgenic cultivated soybeans was more than 1 m.

Key words: transgenic soybean; cultivated soybean; wild soybean; gene flow; outcrossing rate
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TR BE DR RS U o B LI 2B S A G
FARMERUE I 7 3%, BT T S4003. 14 [ 10 D AREE
FEPR R R R A AU | A D7 458 i 122 ik P
R SR AR A B PR R USRS S (R 2 il

1 #MREFE

1.1 RIEHR

PR RE | i F7H Jile A 5 R R R EPSPS+
PAT JE R K TG S4003. 14, b st KALR A HEARH
PR R Fn it s R AR A O idE iR R 5 il T
158 VLI 5 A DX A B AR R 0T 5 5 T o ) R R K
F.S4003. 14 B M E 5 AN IR IRE AR KRS
A (B 4T HE 69,58 T1HE 91 . RK52) .,
1.2 iXIh  R B E)

TR Hb e AV PR B T T B IR L PR S AR
YRk A 52060 St (43°15" N, 125°20" E) , 50 Hb
ShIF R AR, 3 50 FE b T A H DR T R R KB
AR, U253 B A3 SR 4.6 C, TCHG
WM 138 d,4EFEK RN 627.3 mm,7—8 H ( K& AL
W LAPE R X 32, KTy 3~4 2, T g ¢

+. B LIZERERE A (m(N) @ m(P) @ m(K)=
15 : 15 = ISIVEMIRAL . Y FH B = 2 0 B g BT
( Echinochloa crusgalli) 4 ffi ¥ ( Eleusine indica ) F1
¥ B (Setaria viridis ) S ARA R 22 BRI (Am-
aranthus retroflexus ) %7V JNE ( Hibiscus trionum) ER
B 3% ( Acalypha australis ) F1 T WK ( Abutilon
theophrasti)) %5 & 42 &

T DY AT BRI W) Sh BB B, el
FEl ARAR ( Pinus sp. ) FIFER ( Quercus sp.) b FE R4
A, JEEEL 1000 m 3 Fil N T HAB R SRR, iR
FARR] T E G A e B K A Y A EE T
LR (AT LM 7 (2017) 25 253 5],

1.3 R\WH*

TR (e B DR AL R G 7 it P 5 2 4 A
TR RS 56 3 &R 40 SMIEEE IR (R M T
2031 S -3-2013) ) Rl % 5L PR G 4 4 b
DB ARE (A N R E AN E AL AT AR E NY/T
719.1-2003) Y47 .

1.3.1 3L KT S4003. 14 (AR I F I K G
FEFAE K S R B E

SRR bk 15 a5 T B e 591 4 ik PR R &2
S4003. 14 73055 5 FHEF AL RGN 5 A AR S DR
BEOR L AR B AT IR, 2L 4 AN E R (R
ENEZEADE: /I\E/E) JREEA 8 em, 17#E 4 40 cm
(E1),

PREHSSY Jo H A5 4
B1 EREBRAWLEBEMEBRL

Fig. 1 Field experiment of the rate of gene flow

REIL IR R B30 R G S4003. 14 F1 10 SRR 5L
IR G4 AT AT #E Rl . A PRIER R R S
AL I R G AC A 50 AR 3 G Rl . 56 1
SHTTRS 4 B30 5 L DR K B S4003. 14 & it 1] Sy 2017
AES H S H LA 2 W BR R 3 K K S4003. 14
FIR A R R 35 K 0T B A4 R S RN T 2017 4 5
H 12 H¥EFR,2017 4F 5 H 19 H T4 3 Wi BR &
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FIELIEN K G S4003. 14 FE b,

10 AI A R Y A A 0 N S8 R AR I FEIE
LR G S WOR B A R SR, I B A K
TORAE# o By ) g ol =J 2 56 TR K 2 B L
B2 000 Ao R 5EHE A7 I % S5 T RE RO
PR A MEEE SR (PCR) 434G
1.3.2  BEBEPRR G ) AR L PR G R S TR RS
) I

FEFT JR Bt 35 PR K 0 1) = A Rk R 3R s K o A g
A K R RSAIE 52 1) TR ), e B R A B R 5+
B 47 FIH R R S R K= S4003. 14 #5473 R
R HE 2 AR RS, 58 b ey KT 90° 1 B IE
Xk 2), 24580 32 m, BT XS0 A 47 1R
F, 76 B3 JE T ff b A A8 I B 7 500 5% 55 R &
S4003. 14, FAl A2 R 2 m, B T B9 HoAth 3 20 Fh ke
MR RGE T 47, AEFFE K G R 2
S NTERAHEER) S AW X, 43 3FRIE N A B C.D,
E, FFORE AR W X 7 B 8 5 3 PR T [ o 551 R 5 ol
FEIX 1.2.5.10.20 A1 30 m 455 LR K E I REMS
Hjﬁ,ﬁ*ﬁﬁ?ﬂﬁjﬂ 40 cm, BRFEH 8 em, N T AR IEAE
HIAHIE 2017 4F 5 A 12 HREFRER LR KRG,
T 4% 0 ) 2 BE DR K T S4003. 14 4331 T 2017 4E 5 H
12 HHFN2017 4E 5 A 19 H 3T 2 RIEFP

XTI AR A K R T S R AL T iE
MR BE PR R S AT A B T S PR I ) K
T S4003. 14 FAEIX 1.2.5.10,20 F1 30 m AbHRUKE,
B IXEERE 1 MR SBOGRA T 1000 FLHYE F
47 KGFF, WEkEH R —BHE M A B.C.D.ES
AFE B RGRFIR G 25, 23 0 A I AN G T i
S4003. 14 Fh#EX 1.2.5.10.20 A1 30 m 4t 1 000 ki
Tl w5 A AR TR A B o 2, SRR ] B
B DR TR B B30 K T S4003. 14 5 F 47 &

®1 BHEESHRSIMEFHERBRKX/N

e
5o

i |

Tt

LI R AR kL S4003. 14, [R1 0 IRZAC A R BURE 85
B2 EERSESRENFHERREAFRERE
Fig.2 Planting and sampling scheme of the

experiment of gene flow distance

1.3.3  Kaorik

W b AR 2 IR b AR T S R, T
IS 1 F B S Semit wE H RERR 7R (LA
BT, 1230 g - hm™) 3 d J5 7 Wil 4 4 JRl B
(LA RO, 600 g - hm™?) 25 )5 4 &0
SEAFTEMREL, T BUAE 105 R SR R 10 B fef i e 2R A 7
FERI KT S4003. 14 19 2 4~ HBYFEH Y PCR 73K
M, PCR W &0 94 °C 5 min 281,94 °C 30 s,
55 °C 30 5,72 °C 30 s #1730 MEA, ZJ5 72 CIR
510 min, HAYFER EPSPS 1 PAT i) PCR 45351
P 1, BIHEXT B 3Z AR A1 8} Jack 9 DNA, FH
Xf BN FE R A4 S4003. 14 1) DNA

Table 1 Specific primers sequence and fragment size of target gene

S EikZ B Eik7 gl FBER/V bp
EPSPS Primer | (CP4-02-F) 5" AAAGACTCCAACGCCAATCACCTACAG 3’ 288
Primer [ (CP4-02-R) 5" GCAGCAACCAATGGGAAAGCAGT 3’
PAT Primer | (Pat-F) 5 CCGGAGAGGAGACCAGTTGAGAT 3’ 227

Primer I (Pat-R)

5" TTCCAGGGCCCAGCGTAAG 3’

1.4 BRITEWITE

R TR 535 0 50 P bR R 2 A B S Y PCR 43
R 5 S A S DAL o R K 5 S4003. 14 5
R R T R 28R, iR A P=N/Tx
100% , Hr, P oy SR8 3, N B &4 2 A4

I %) PR 1) R SLAEARE, M 5 T o 3 A S K 1 A
Btk
1.5 ZEMERNE

AT ELAT TR B 550 MR FD PCR ARG 235 2R BH
PRy FJEH@Z#Z@E?% 30 em 5 35 em B, B
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5 & M O¥H

B oE 9536 &

bR, TEZE B, TREPIR R
RiJm, R EEN e e MAt, 258 e miJn AR T
Z IR R RINES | QN (0F TA S G I E

2 ZERESW

2.1 MBREFEEERKXE S4003. 14 5EFHFEFKX
EMEHEERE

2 WoR 3 4G R0 DT B R A B R
S4003. 14 AL N 21 d, 1 3 A% st 1 it i
FIL FE R K 52 S4003. 14 A9AEI R 2017 47 H 10
H#E8 A5 H,H27d, BAAEREILF K WD
SRR R R K S S4003. 14 AL, 5 AR HE
PRI KR G e 2017 467 H 10 HZE 8 A 3
H 325 d, 5 3 AN HEFP I Tt 5 2 500 4 L PR K o
S4003. 14 AL E S 25 d, Bk KGR 35
d,5 MEFARGHAE N 2017 27 H7 HE 8 H
25 H, 5 3 A5 A i 309 i BR =50 5 R B
S4003. 14 WAL B 27 d, AT UL, B o 5 2 L A
K7 S4003. 14 5 10 PMEEFIEHA K GAEAEH LA 17 ~
27 d By HL S A [E], A R R 2R K T S4003. 14
] 10 NRFE IR K G kA S PR R $ 44 T nT B

K2 TREFEEERKAE S4003. 14 S5EHEERAXETHNE
HEERE
Table 2

transgenic soybean S4003. 14 and non-transgenic soybean

Flowering overlaps of herbicide-tolerant

ﬁ%ﬁﬂ il t/d
P UNES

A S4003. 14( 45 1 34) 07-10—07-30 —
S4003. 14( 55 2 34) 07-10—07-30 —

S4003. 14( 55 3 1) 07-15—08-05 —

B BT A K 07-07—08-10 27
R R A K 07-20—08-25 17

TR AE R 07-20—08-25 17

R AR 07-20—08-25 17

MR L IZEp NI 07-20—08-25 17

C HE 47 07-10—07-30 21
HE 69 07-12—08-03 23

HE 1 07-10—07-30 21

#HH 91 07-10—07-30 21

A 52 07-12—07-30 19

A KT R BEF A BL R & S4003. 14, B AP ARG, C ARG B H 4%
KK, 05 S4003. 14 (LI SASE], “—" FomToEdE

2.2 TBREFIEEREKXE S4003. 14 @MIFFEEKX
SHEEEBHNRZE

FFUSRIR 10 AR 58 R K G AP 7 R TR =
Hh 516 e WS it R M R B 2 FRBR ], T SRt 2y
J& 4 JRIRAETE MRER, JF X AEG K 2 i #5417 PCR 43F

RO (P81 3~4) A5 3 FRAA 7 o 25 A7 T Tinf o5k o 551 2
RIR T S4003. 14 [n] 10 SRS HE PR R T % A BT
R A8 R AE 0. 06% ~ 0. 93% 2 [6] , H:vh S4003. 14
] 5 AN AR R R RS 1Y) 57 38 RV LM 0. 06% ~
0. 19% ,[n] 5 A~F 6 5 Rk 45 K G 38 RS 1 57 228
0. 16% ~0.93% (% 3~4) ,

MCKCK'l 23 4 56 7 8 910 111213141516171819 M

300 bp.
200 bp

M 5 DNA Ladder Marker; CK™ 2y BEXS I# ( 52 (464 %} Jack 9 DNA) ;
CK* g BHME X HE (5L ZEPIRIAR I DNA) 5 1~ 19 it 24 J5 4716 i R A AR Y DNA
E 3 PAT EFE# PCR 4 R
Fig.3 PCR results of PAT gene (in part)

MCKCK12 3 4567 891011121314151617181920 M

300 bp.
200 bp:

M A DNA Ladder Marker; CK™ }Jﬁﬁf’*ﬂu‘ﬂ( AR B Jack 1Y DNA) ;
CK* A B B (FEFEPIREAR A DNA) 5 1~20 )it 245 7735 A9 K SRR AY DNA
4 EPSPS EFH) PCR o4 R
Fig. 4 PCR results of EPSPS gene (in part)

R3 S4003. 4 EIFHREFREXREEFAZTBHRIE(R
ArE)
Table 3 Outcrossing rates of S4003. 14 to non-transgenic

soybeans ( east-west direction)

_ B A/ B/ SRR/

B[22 SN o, os e %

LAy NI 1 657 2 2 0.12
KRATAERE 1685 2 2 0.12
BT YRS 1 696 2 2 0.12
AR 1 700 1 1 0.06
VLI AE K 1617 3 3 0.19
HE 4 1812 10 8 0. 44
#HH 69 1832 4 3 0.16
HHE 71 1835 12 12 0. 66
HHE 91 1815 12 11 0. 60
Rk 52 1 822 11 10 0.55

FERMEIA R 2 000 47, A AT R #5 J5 A7 15 B8, B O PCR Al
FHERR B,

FHIF S T R 50 2 B R K 5 S4003. 14 ]
5 ANBF AR KGR A DRSS 1) - 24 5 58 o i 3l
T 5 AR R AR K E kA R R Y
XSRS R (ARVG O 1) B A K SRR R R AR 4 K
G P=0. 016, Fgdb s ) B AR R T AR 5L R
B K G P=0. 006, T B4 K G 5EF4 3L A
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FEERGM L P=0.001) , HRgIL 7 18 A 0 it
[ B BE R R & S4003. 14 i) B A2 K 0 faE#5 5L
PRIRR 35 K B2 ity B 19 °F- 34 5 22 %2 (0. 13% A1 0. 65% )
FEARTE 510 (0. 12%F11 0. 48% ) 1, iX Al fE 5 7E K &
AR ZE IR0 1 X LA TG RS X 6 6,

R4 S4003. 4 AFHKERXELREERFTBHNFTE(E
tFAm)
Table 4 Outcrossing rates of S4003. 14 to non-transgenic

soybeans ( north-south direction)

sk ‘;‘f‘/ Y Y ks
CtLiZ N 1705 3 3 0.18
kFFEEKE 1664 1 1 0. 06
TR R 1 658 2 2 0.12
LR 1771 2 2 0.11
VLIS A K 1675 4 3 0.19
HH 47 1817 13 12 0. 66
FHHE 69 1819 6 5 0.27
HHE 71 1738 16 16 0.93
HH 91 1749 13 13 0. 74
KA 52 1742 11 11 0.63

FEAE N 2 000 K, A S WEHE bR 5 S A£G HREL, B i PCR R
FHPERRAL

F5 S4003. 14 SEHEFR AT X T EROEHELIE

2.3 WMBREFEEEKXE S4003. 14 [ IEFEEFE %
BEXEEREBHES

FH 2% 2 AT T o R0 A B PR K 7 S4003. 14 5
HE 47 WAL ESE R 21 d, B Z R KA
RHER R Al fEPE, X 1.3.2 Wik 5 &
47 FpF A7 R S AR IT i 2 AR R, 45 R
N, FEEE 2 FRBR R 1 JE S A e K A
TS, % g A R WIAE T BR RN R R
S4003. 14 5HEHM KT HEF 47 4621 d (e HEZH
T, KIS AR TEE B KT 1 m (R BKMET
G 2) 3 R VRS
2.4 TBREFIEEREKXE S4003. 14 5EHFEF KX
EEZERNEKMNEHE

2.2 77 T A% R M N R 4 B 48 PCR K
WA 2 A4 H 0 38 R KGR Ry i 53 70 570) e L TR
K S4003. 14 SAEF I R E ML, ER
TR T Ak S BRIy U SR i e e AL I
U5 AR, A 4 R R AT LIE & A K
Y KA A3 S ARIE AT LEF 4552 (% 5) .

Table S Reproductive data of hybrids of S4003. 14 and non-transgenic soybeans

. . i 2 F R B 55 HL EHBREBY L ey E<R U TR VA S S X R RiE/
E”‘:‘%Elilj(ﬂ PCL 1:%?;?@%*& D*ﬁ}?‘ﬁ iﬁi;&’;ﬂl $*7kl%* g( ﬁ;‘él}%\j f& E*;E
B KT 5 4 182.5 255.0 1.40 19. 49
KRR ER T 3 3 136.7 200.0 1.46 4.84
W TEHART 4 3 134.3 202.3 1.51 6.55
N7 e NISA 3 3 14.7 21.3 1.45 9.26
MRGILIZSy N 6 5 134. 4 227.2 1.69 10.76
HE 47 20 17 49.6 124. 4 2.08 21.73
HE 69 8 7 66.0 110. 8 1.89 19.49
HET1 28 28 57.5 103. 1 1.93 15.72
HH I 24 23 65.8 99.2 1.87 20.77
Ak 52 21 19 52.8 122.9 1.88 21.12
3 i (EEFF-EIEAE R N EP Y4t NI RE i NI S I T E D3

TEFE R BE R BOR R ) SRR B oRde
HEYFARG R T L agE R 2E | A E RO R 2
BEVEVIRL =BT T 45 [ N B B B B R i G1o-
EPSPS 3£ H 4T 5 H B K G SHZD32-01 %% EPSPS
1 PAT FEPR BT H B K EL S4003. 14 % G2-EPSPS
M GAT BRI HH R T HiF 5 TaDREB3a %A
KGR ERHE TR KGR LE &R
£ TR AR R B A E T A At O
HEREAEREDA 20 RENL 2L, M H
] N AC A — e I PR R 3G PRLEE RS J T A AF 9

S A R T T A A U M R o A R A R A
T R B R K S AT R AL R, 5 AR P i
SN A W) 2 448 B A R VRN R ) ( case-by-case
principle ) , X i) FF 4 i PRk 455 K o Fn B AR K 5L
DR ZE RS 0 XU 984T 78 43 WO VAR RV 9T, A48 BRI
il 2t B DRI R T 5 R VRS XU B I} 2 S 9
SRR S HE R 4R S5 1 R AR AR AR K H AR I
FHIEY BB ITAE A i bR R e B K
S4003. 14 5 5 AR IE KR T AN 5 AN BF AR R G AE I &
B EN 17~27 d fHFEIERIR T S4003. 14 A 21
FIRT LK AL L s h A K A R, %
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5 & K W K o

5 36 4

JE B R G A TR A ASUR R 1 UK, i HL S B AR
KGR H RS Dk ey B S (2B RO 38 FAR
R K G 48 2 R B A R 90 G i R B
KGR L), HACK IS ) 5 A5G 3L R 0 B 3%
e i SN S A NS I L i e oy N -2
A 5 DR R Lg% Bt TR R s ) i AR

TEEFRBIRIT (TR 40 em) FPRE ST,
i % 7 2 R R R B2 S4003. 14 i) 5 B AR R L
DR (1) 5532 R FL R 0. 06% ~ 0. 19%, 16] 5 4 AF
R R G HIEB I 2% 0 0.16% ~
0.93% ; FEH E 5 1 ASBRTFIME LS, 5% EPSPS
FEPRBLER B )R T AG5601 5 36 > 45 5 Ak 554
KGRI AR TR F N 0~0.934% % HA % H
NAKAYAMA ZEU FFREAY 1A 4 a B0 45
WR W, B 5 EPSPS 3 [ K& AG3701RR ( Event
40-3-2) HAEFE I K EAHEE 0.7 m B, Wi Z ]
(LR SE AT R AT 3K 0. 19%, EFHRILER S
R 2 AR R EAR -, EHE AT DA
S4003. 14 K &2 5 35 76 J PR AR 5% K W 2 [] 9 1 s
i1 m BRI, AR B B AL 1Y K A, TIAE
ELPGFF R 1 A3 R B 5 05 K B3 R 1
KHRES T, MR B K G R B3 4% EPSPS B K
TAC AR 1 m B PR AR 0.52%,2 m AbTY
A RS R Ay 0. 129%™ B S R IR 4 R
7N, EPSPS F:R K 5 ARGO4 51 A4 K 5 2 6] £
AL BN 10 m, XUZASSES [ 55 45 R 0
i EPSPS Fk R K AN [R) & Fb 35 7 3 R K 3G 2 ]
FHEE 5 m A FERIEERE AR ZH 0. 03% , Mi7E 29 m AbRE
£ 0.001%, EHEWFARIEIR B A CE Z 17 kbR
e TERE A 5 1) L, A i Al 2 i TR R T i B 326 B
2 000 FrohFREH TP T R = 550 N RSP S 1T
e, AT PCR 20 TR, S5 SR R, LK
GRS R G AR BT 1 m BESASEN 0 1
55 RS A RN TR B B A AT BE 5 a0 b A
ARLEE U] G Ak B R R 45 F AR 5
PRI O, 0 mT BB 5 B AG R o s I AR G, R
SRIE TG DU AE A 15t 25 B e AR L2 AT DA v A i
B RS B B AR, A GO O F AR
B0 2 F R0 TR 1 2 D BORFRUE, 3 Y14 fin 4
TFEAS R FFAE O~ 1 m 30 ] P U /DN BB [) o B 55
PIARAS HINARR A R i L DR A K

A R i) B R R A A AR BRI R )
X FRIR % MR FE PR i) A B B R AR ) 10385 6 B T
7 AR ] 2 DT A B RS S 0T B A A 2 KU 1Y
Rt BB 6 45 SR b AR S g G R R

BT R SR TR DR K i) A 2 5 DR R 5 K w2 R A= K
TRAFER R R 1Y 5 28 R AR (B2, B Tk R
A TR E A B, B A K A X S AR B R
R Xl e B T, AN SR S R K S A R I AT
PR SRS R, &5 35 PR 3 3k A6 493 ) 5 B R
RN SIS 2 Sy NS e - A S R ¥ B Wr i A (O
IR AR EE LR AR B KT R AR R, 2458 5 1R
FIFP P ARG I B F RN T J50RE, FERR 8 K
Wor /N HLBE B 1 4 ol 5 A % ) B A R 0 R A R A
ER WA E SN L I S 1E A B HARIR R T
AR R A KGR 22 v, AT BB T A R U o
BTCHE TR KRS VR 37 A= Ay R 9 2 & 5| ik
] 2 2R 25 B BOURT /e e B S AR, I B A K R 3R
R S5 5% 0 2 W st A% e IR, SIS IR A% ] g
XoF 3 L P A K 2 A W 0 P R ) 5 i) 2 B R R
G PR W AR AR 7 R 6 A U R 2 ) B — |
MEEEWFREGE IR (K 5) KE , T bR AR 5 PR &L
S4003. 14 5 10 PMEFIER R 248 B = A1) F, Fh
T AR T OEE B R AERIF AR T, B
LR FM 2 AR LS I R AR B AT B
M, SREAREF AR K E A, Fik EPSPS FEH 1
“EEFLN R G -BF AR KB 35850 (F, 1 F,) i
SOIE A R AR A B B AL RS A S
BOUHE RS L REERE® TEHAERG, &
BRI EPSPS FEPH )« 5 JE PR & - Wy A R B 2%
ZJE AT REELA TR I PRI RS, TR I, T R A
DR K 5 L A0 ol (e BRI A K ) %
LGRS A FER 5T, S 4 I VP FIRIE 9 2 L R K
G ) AR 3 PR K G e A S DR B RS AT RE 5 1 AR S XL
B P E B AR

4 it

HRAIE AN 27 T | 4 3 %o i I 2 7 2 L R K =2
S4003. 14 5 3E % 3 PRk 15 K 0 Fn B A K W 22 (R 1Y)
SERERS AT A5 R R, KA AT,
HEILRIR G S4003. 14 5 A [R] & Fp 3R 15 R 5 AT AR
KRGEA 17~27 d AL EZ I E] F7E—E i
A AR ) 2% 28 & A, AN L PR ] B o i
KEBBHRER RS, IF AR 2 58 5 LR
ML AT P 19835, F RN K L4
PRIV, JUHOR B A KO M0 KW A % ek, 7
BRI A UL Z RN W A e S N A B M A TR
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Effect of Grass Covering on Soil Fertility Quality of Apple Orchard in Jixian County Based on a Minimum Data
Set. YANG Li-yang' , ZHANG Yong—qing“D , TIAN Jing®, WANG Si-qi' ( 1. College of Geographical Sciences, Shanxi Nor-
mal University, Linfen 041000, China; 2. College of Resources and Environmental Sciences, China Agricultural Universi-
ty/ National Academy of Agriculture Green Development/ Key Laboratory of Plant-Soil Interactions, Ministry of
Education, Beijing 100193, China)

Abstract: In order to investigate the influence of grass covering on the soil quality of an apple orchard and explore the soil
factors that limiting the apple yield in Jixian County of Shanxi Province, three grass-covering methods ( planted grass RC,
natural grass ZC and clear farming QG) were selected to study the physical, chemical and enzymatic activities of the or-
chard soils. Soil fertility quality was assessed by canonical correspondence analysis, principal component analysis, total
data set (TDS), minimum data set (MDS) and gray correlation degree (GRA). The results show that; (1) the soil water
content and soil pH of the field covered with natural grass significantly increased; (2) soil organic matter, total nitrogen,
total phosphorus and total potassium concentration of the field covered with artificial grass significantly increased; (3) cat-
alase activity was highest under natural grass, polyphenol oxidase and urease activities were the largest under planted
grass, and sucrase was the largest under clear farming. (4) there are six indicators ( soil bulk density, soil water content
organic matter, available potassium, total phosphorus, urease) in the MDS for soil quality assessment in the study area.
The results of soil quality evaluation show that grass covering significantly improved soil quality, and the effect of planted
grass cultivation was better than natural grass cultivation. Similar conclusion was found by using the method of GRA. The

limiting factors of soil fertility in Jixian County are soil water content, organic matter, and sucrase activity. Organic matter
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and sucrase activity are the main limiting factors for yield. Increasing organic matter content and soil enzyme activity are

the main ways for improving soil fertility in orchard soils.

Key words: grass covering; soil quality assessment; minimum data set; grey correlation
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Fig. 1 Effects of different grass cover patterns on soil physical properties
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Table 1 Comparison of soil chemical properties of three grass cover patterns

R w(SOM) / w(TN)ﬁ]/ w(TK?{ w(AK)i/1 W(TP>,1/ w(AP){1 ol
% (g-kg™) (g-kg) (mg - kg™) (g-kg) (mg-kg™)
HHF(QG) 1. 50+0. 45" 1. 14£0. 33" 4.93+0.66"  203.90+12. 14" 1.58+0.38" 34.89+9. 27" 8.21+0. 15"
ANTH(RC) 1.96+0. 25° 1. 57+0. 25° 5.68+0.60°  218.84+48.04°  2.02+0.54° 44.25+19.39%  7.94x0.20°
HRA: 5 (ZC) 1. 66£0. 22" 1. 18+0. 16" 4.31+0.49¢  202.29+11.36"  1.42+0.26" 21.70£12.05¢  8.53+0. 18"
SEHHE 1.70+0. 38 1. 30+0. 32 4.97=+0. 81 208. 34+30. 28 1.67x0. 48 33.61x16.96 8.23+0.30
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Table 2 Effects of different grass cover patterns on soil en-

zyme activities

My JEAER, ZEAEAR IR/ REA G/
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SERIE 7.30£1.49  1.71%0.17  0.15£0.10  48.94+19.56
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Fig.2 CCA analysis of soil enzyme activity and

environmental factors
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Table 3 Principal component load matrix of soil physico-

chemical properties and enzyme activity
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Fig. 3 Soil quality based on total data sets( TDS) and minimum data set( MDS) of three grass cover patterns
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Table 4

three grass cover patterns

Correlation coefficient and weight of GRA of

o W e amam
A (BD) 0.75 0.78 0.74 0. 04
FIKE(WC) 0.54 0.55 0.61 0.03
FLBREE (STP) 0. 69 0.67 0.71 0.04
A HLT (SOM) 0.59 0.76 0.62 0. 07
2E(TN) 0.54 0.71 0.54 0.12
L4 (TK) 0.67 0. 81 0.59 0.11
HAH (AK) 0.48 0.52 0.48 0.03
LT (TP) 0.51 0. 64 0.48 0.10
A (AP) 0.42 0.48 0.37 0. 07
pH 0.84 0. 89 0.79 0. 09
SR ERE(CA) 0.61 0.67 0.84 0.05
Z A AL (PO) 0.73 0.72 0. 62 0.08
JIR T (UR) 0.41 0.41 0.37 0.05
TEMHER (SU) 0. 61 0.54 0.40 0.06
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Table 5 Correlation comparison of minimum data set,
total data sets and GRA

VA 3 BN ETE S T/ VR SE
T/ NEE S 0.58**
TR A B 0.47** 0.63*"

* F7n P<0. 05, * * 7~ P<0.01,

x6 JERESERFEMEXE

Table 6 Correlation between various affecting factors and

apple yield

izt I REL it HHIC R AL
AT (BD) 0.03 AW (TP) 0.13
K (WC) 0.37"* || HBE(AP) -0.05
SSALBREE (STP) -0.03 pH 0.04
HHLE(SOM) 0.38"" || LEIAR(CA)  0.33*"
2% (TN) 0.34"" || ZBH%LEE(PO) -0.29"
40 (TK) 0.03 JIk T (UR) -0.33""
HRE (AK) 0.10 ARG (SU) -0.45""

* Fe7R P<0. 05, * = Fsn P<0.01,
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DENG Yong-hong, WANG Li-jing, HUANG Jian-qiang, et al.Sulfur Dioxide Uptake by the Dominant Canopy Tree Species in a Natural Mixed Conifer-broa-
dleaf Forest in Dinghushan, Guangdong Province,South China[ J].Journal of Ecology and Rural Environment,2020,36(3) :382-389.

SRR AR BHHIAS
S0, WS BAHE

AL, ESED, EER'?, & &', W# &, OTIENO Dennis™', 2 5AR'™ (1. hERB i Y
b, VA& M 5106505 2. HEBRE B R, dbat 1000495 3. b ERL A B A S BREEHE ST b, dEET 100085,
4. Jaramogi Oginga Odinga University of Science and Technology, Bondo, Kenya 210-40601)

. FARMTRIRBAR | &R (sulfur dioxide, SO, ) T £ ARG UM F-B , [R5 BT 50 W 1L R SR £ i
TR SRR 7 DL SRR 2 R AR DRRAE BREE SO, MR A G R 1 ARAE K V5 IR i AR 2 S L )
SRR SRR, FE VTS LU BT R TR M T I A b S B AR ( Pinus massoniana , Pm ) SRR WA 4 52 ( Cas-
tanopsis chinensis ,Cc) AT ( Schima superba ,Ss) A% ( Machilus chinensis ,Mc) 4 Fi L3446 Fh A5 )2 S FL S0, 5 &
(Gso,) SO, ML EE (Fyo ) KRB (Fyg, ) FFOIHEIARHE . SRR, 42 H U L, HIE) SO, A Gy,
SRR A [E] AR G, 2% IR TE LE /WIS H B R 7E 21 RUBE |, SO, W BE 2% (10—814F 3 1) Pk R
10. 11 nL - L7 SR (4—9 A) K 5. 45 ul - L0 4 HFD Gy EIRERER T T3E(P < 0.001) ,Fy, fE13
H TS (P< 0.001)  HESTRIAIEAGN Fy,  SPH10 2. 16 A1 2.50 mmol « m™ , 5 T T3 AR (1.70 mmol - m™)
ARAF(1.91 mmol + m™) , EFEBFIXF K SO, IR FLRNA T FHZ KKK 75 B (vapor pressure deficit, VPD) |
Y645 55055 8t ( photosynthetically active radiation, PAR) Fl SO, ¥t BESF R 2, % AFIE ol R vFA Bk = A b X 41
TR S bR T 5 L s WAV DX AR AR SO, MG HE $IE 5% | hy s dab TG 12 M X PR 355 1) 28 1 B Sk

KR TR FIRMRsSH; ERAILTE; A bn; ERAE

FESES: Q148 XEARER: A XEHS: 1673-4831(2020)03-0382-08

Sulfur Dioxide Uptake by the Dominant Canopy Tree Species in a Natural Mixed Conifer-broadleaf Forest in Din-
ghushan, Guangdong Province, South China. DENG Yong-hong'?>, WANG Li-jing””, HUANG Jian-giang'*, MENG
Ze' | LIU Shi-zhong' , OTIENO Dennis"* | LI Yue-lin'V (1. South China Botanical Garden, Chinese Academy of Sciences,
Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Research Center
for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 4. Jaramogi Oginga Odinga Uni-
versity of Science and Technology, 210-40601 Bondo, Kenya)

Abstract: The water use, hiological characteristics, concentration of sulfur dioxide (SO, ) and meteorological data were
acquired by the sap flow measurements and environmental monitoring techniques. Based on the coupling relationship be-
tween water vapor and trace gas through two-dimensional exchange of pores, the canopy stomatal conductance for SO,
(GSOZ) , canopy SO, uptake flux (F. SOZ) , and accumulated stomatal SO, flux (F. S02’5[) of four dominant tree species ( Pi-
nus manssoniana, Castanopsis chinensis, Schima superba, and Machilus chinensis) in a natural mixed conifer-broadleaf for-
est at Dinghushan, south China were determined. The results show that, on a daily scale, the time at which the maximum
concentration of SO, appeared was partly overlapped the time when the maximum GSO2 occurred, and the maximum absorp-
tion of the four dominant tree species occurred at around noon time. On a seasonal scale, the average concentration of SO,

in the dry season (from October to March) was 10. 11 nL + L™, which was higher than that in the wet season (from April

i B 2019-01-25
BHEWA: BEFEHRPIEIES (31670453, 41430529) 3 T RA H AR AL S (2014A030313746)
@ #E1EH E-mail; yuelin@ scib.ac.cn
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to September) , 5.41 nL - L™'. The Gsoz of the four species was significantly higher in the wet season than that in the dry

season ( P<0.001) , while the F 50, in the wel season was higher than that in the dry season ( P<0.001). Furthermore, the

FS(,TS[ of C. chinensis and M. chinensis were 2. 16 and 2. 50 mmol - m”

2

, which were higher than 1. 70 and of 1. 91 mmol -

m™* for P. massoniana and S. superba, respectively. The SO, stomatal absorption behavior of the four dominant tree species

was mainly affected by factors such as vapor pressure deficit (VPD) , photosynthetically active radiation (PAR) and SO,

concentration. This research provides the basic data for the reasonable evaluation of SO, absorption flux in mixed conifer-

ous-broadleaf forests in the Pearl River Delta region, and provides a basis for risk prevention for environmental assessment.

Key words: sap flow; mixed conifer-broadleaf forest; canopy stomatal conductance; sulfur dioxide; trace gas
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Table 1 Characteristics of the trees selected for sap flow
measurements
P T = ; 11, SRR
WE g Matts W/ HWMIEE/ :ﬂﬁﬁ;*,\/ METQ;
cm m cm cm M/ m
HEM 1 17.3  11.0 0.70 73.5 12.56
27.5 17.0 2.90 167.7 23.56
21.5 14.0 2.20 106. 8 7.07
HEoE 1 146 7.0 1.30 61.5 23.56
21.7 10.0 1.90 101.7 8.25
26.7 13.0 2.10 147. 6 31.42
AAfaf 1 18.2 9.0 2.22 77.2 19. 63
20.3 16.0 3.10 98.0 37.70
19.0 13.0 2.15 93.0 21.20
LA 1 35.0 17.0 1.53 205.4 32.99
2 9.8 7.5 0.91 41. 4 19. 63
3 20.0 13.0 1.20 125.6 23.56

1.2 MRFE
121 BRI Mo G5

K H Granier Y BIREHEIE L E 12 BRAEARS
ORI 2, DU I 18] 2y 2010 4F 7 H 2 2011 4F 6
H 31240 A, BEAEEERE 10 s M 1R, &
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Table 3
(Gso,) , canopy SO, uptake flux (Fy, ), and accumulated

Average canopy stomatal conductance for SO,

stomatal SO, flux (Fg, ) of the 4 dominant tree species

during the wet and dry season

1) 1)
Mﬂ‘ éﬂﬁ GS()2 / FSO2 / FSOZ,st/ .
(mmol * m™2 + s (nmol + m™? + s7') (mmol + m™?)
MR T2 13.03+0.20° 1. 3620. 03f 0.82
B2 26.57+0.38° 1.50+0. 03° 0. 88
A4 19.80+0.22 1. 43£0. 02 1.70
MR FZE 19.23+0.25¢ 2.08+0. 04" 1.22
B2 32.57+0. 55 1.72£0. 049 0.94
44E 25.90+0. 31 1.90+0. 03 2.16
AKfi TZFE 12.82+0.12° 1.42+0. 02" 1.01
W2 21.6320.16¢ 1.27£0.01% 0.89
44 17.2220. 10 1. 3420. 01 1.91
L T2 21.60+0.22¢ 2.44£0. 04° 1.45
B2 32.01+0.36" 1.83+0. 03¢ 1.05
44E 26, 80£0. 22 2.14£0.03 2.50

1) Bl AP AR IR AR s [/l — 98 5 230 NS R
[R) 7R A5 b i (B R AR 22 5 .3 (P<0. 05)

2.2 SO, U3t VPD F1 PAR HINE 5Z
AL A RR W] BEE VPD i, SO, 1A
IYBUCHEE R, VPD 2954 1 kPa B, SO, A BL/r B
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dominant tree species in relation to vapor pressure deficit (VPD) and photosynthetically active radiation ( PAR)
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Table 4
conductance to SO, (GSOZ) and vapor pressure deficit

Regression models of canopy stomatal

(VPD) in boundary line approach

TRyl mIEpy PoE RER
VSN y=436.18 ¢ " 0.92
HESE y=207.85 x~ -3 0.91
AE T A y=137.51 " 0.96
NG y=98.292 0% 0.97

x HAKIUETBR(VPD) y WIEJRTILX SO,HIFE (Gyo, )

3 it 5%iE

WFFEETBE PN, 53 L b X KK @ (SO, ) 4E -3

fH4 5. 41 nL - L7 KT GB 3095—2012¢ #4545,
AN “HARMER 7 nl L7 B R FR 435
fE N 97.15 0l - L', 55T GB 3095—2012 - Zthn
WERY 52.5 oL - L', 76 H R I, SO, R B8,
Geo, P Fo Y5 BN 24, A {1 1 BT IE 2P T, W
A 220, HIE] SO, UM G, i WA L B, 7R
MOEJZIEIE A HITG Fo, B9, BEMIZ 80,, X
Ej[a]— 5 F A7 5 S5 X 0, Wl i BF 5T 45 R A
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Characteristics of Bacterial Community Structure in Sediments With Different Emergent Plants in Dianchi Lake-
side Wetland. JI Bo-hua'?, LI Wei'?®, CHANG Jun-jun'®, LI Xuan'?, SI Guang-zheng'*, HE Fang"?, CHEN Jin-
quanl“@ (1. Institute for Ecological Research and Pollution Control of Plateau Lakes, School of Ecology and Environmental
Science, Yunnan University, Kunming 650091, China; 2. Institute of International Rivers and Eco-security, Yunnan Uni-
versity, Kunming 650091, China; 3. Yunnan Key Laboratory for Plateau Mountain Ecology and Restoration of Degraded
Environments, Yunnan University, Kunming 650091, China)

Abstract: Wetlands constructed beside Dianchi Lake play important roles in reducing non-point source pollution and
maintaining the ecological diversity. In this study, high-throughput sequencing technology was used to reveal the bacterial
community structures in the sediments grown with three representative emergent plants, Acorus calamus, Phragmites com-
munis and Canna indica in Dounan Wetland beside Dianchi Lake. The results show that the bacteria occupying relatively
high abundance at the phylum level were Proteobacteria, Chloroflexi, Actinobacteria and Acidobacteria. At the genus lev-
el, the dominant bacteria were the unknown genus belonging to Anaerolineaceae and Pseudomonas. The richness and diver-
sity of the bacterial communities in sediment with Acorus calamus were the largest. The bacterial richness in sediment with
Phragmites communis was higher than that with Canna indica, but the diversity was lower. The bacterial community struc-
ture in sediments from different sampling points with the same macrophyte was similar, but was greatly different in those
with different macrophytes, indicating that plant species had a significant effect on sediment bacterial community character-
istics. The contents of available phosphorus and organic matter had a greater effect on « and B diversities of the sediment
bacterial communities compared with nitrate and ammonium contents.

Key words: Dianchi Lake; lakeside wetland; Phragmites communis; Canna indica; Acorus calamus; bacterial

community structure
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Fig.1 Location, remote sensing topographic map of Dounan Wetland and the sampling sites
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Table 1 Sediment chemical properties

HYy w(THAR) /w( EER ) /w( GEXWE) / w(BHLE) /

bl T ) (mg e ke ) (me e ke (5 ke
FAFE  MRO 0.48 49.82 203. 60 128.97
MRI1 0.72 42.29 96. 81 106. 62
MR2 0.45 23. 04 76.93 52.62
FE LWO 0.83 32.61 79.76 30. 95
LW1 1.32 35.48 40. 56 51.59
LW2 0.57 31.50 59.05 34.74
B Cpo 3.19 22.53 81.52 29.58
CP1 0. 80 38.75 103. 67 40. 58
CP2 4.66 29.01 70. 60 16. 85
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Fig.2 Bacterial community diversity and

richness in sediment
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Fig.3 Sediment bacteria community structure at the phylum level

JRCERTET VR AT B 1) AR PR g ', X
TSR A KA, I BRI R
FNEIFE H K AR B K, W BE fe KRR 2 b fie it
AL AR SRR T S IR R A G,
HARWE & COMOMAIER , 38 NEX A

PSSR AT B U RAE AR, SR N IX
H 16.20% 3 & 27.20%, 1 % X B 20.90% 3 %=
24.00% o BT DX AR TR 1= B2 D0 LA rb 3 DX 88l h o
K, N 19.60% , FAFF BT 1) FIEERE B 1) 76 4 HE 2Ly
07 Eb 25 SRR 7R NEE DX AT I ) R B TR



- 394 - 2 RPN

5 K& B OH B o M

%36 &

FIAEREK FAL 5 Fe e, 43 ks 12, 8% i 13. 1%,
I B A K AR 2 AST128 5 BB, 4000
3.6%F0. 6%} 5. 9% 1. 0% , FARE S AUFF#
I TRELEE A AR = BE YR, 4 0. 3% ~4. 9%
FEIRKY b, S VTR RE foh 36T 344 &
P L 4 W] SF- S5 R R 3 R e R 1 o R R 4 TR R
( Anaerolineaceae) T AR HE (10.7%) , H Ik MK
AN & ( Pseudomonas ,6. 8% ) , Y AHXT 3 B i

X%

100 | others
W Sphingomonas
O Caldilineaceae_uncultured
m Nitrobacter
80 @ SC-I1-84_uncultured bacterium
W Nitrospiraceae_uncultured
W Anaeromyxobacter
W KD4-96_unidentified
60 W Bacteroidetes vadinHA 17 _unidentified
W Bacteroidetes vadinHA 17_uncultured
W Acidobacteria_Subgroup 6_uncultured
W Acidobacteria_Subgroup 17_uncultured
40 W Bryobacter
O KD4-96_uncultured bacterium
W Dechloromonas
W Acidobacteria_unidentified
20 W Nitrospira
O Nitrosomonadaceae_uncultured
@ Xanthomonadales_Incertae_Sedis_uncultured
B Gemmatimonadaceae_uncultured

1% B J& 304 25 H 0 7 B ( Gemmatimonadaceae ) T [
K )E (2. 1%) Xanthomonadales_Incertae_ Sedis Bl
THIRAE (1. 6%) AL 5B 7 R} ( Nitrosomona-
daceae) T HIARFNE (1. 5%) AL E B ( Nitro-
spira, 1. 5%) JRFF ] ( Acidobacteria) T B R Hl &
(1.4%) | it 5 5 )0 & & ( Dechloromonas, 1.3%) |
KD4 - 96 20 T ) K Al J& (1.3%) F1 Bryobacter
(1.1%) .

O Pseudomonas

0
MRO MR1 MR2 LWO LW1 LW2 CPO CP1 CP2 [ Anaerolineaceae_uncultured

4 MARYEERKFEREEN

Fig. 4 Sediment bacteria community structure at the genus level
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Fig.7 Venn analysis of sediment OTU distribution
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Fig. 8 Redundancy analysis between sediment
bacterial community at the genus level and

chemical properties
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Cr'" ZEXLRMPE P AU R A ERE B R EMH M

oML R W E B SR (1RSI, R O 5702285 2. FERIGIEYE
/ﬁ%ﬂﬁﬁl%ﬁﬁﬁﬁé R M 5702285 3. FF AT YRR E AL R, R B 570228)

WE: G HARRNSAARE T, 5 A8 0% 1 nUE W AR o St han . S ERSE G 2 58 X T I ( Polymesoda
erosa ) B SL I LE BEREMERON , R E p(Cr* ) 39 0.0.25.1 .4 F1 8 mg - L' 5 MR EEAEE  BEM [N 0.5.10 #1 15
do GEHEFRI, Cr® XTLUA IO S50 A AL M8 | 5 i B S R AR er FEPIRIDN B JFUAE 1 wrg BN RS R, 5
it BEAH EL , MR BE Cr® Jp e i TR 1 AR 6 25 ( GST) S8 25 A (P< 0. 05) , ELBHE Cr® W 88 T i 03 48 P[] 384
GSI TREFEFEM A G, FVREE Cr* RbERLT ML veg I er LR 635 it i S IC TR MR BE A BRI B ( P<0. 05) . BEAD,
i3 AR ORI R B, ARV Cr™ B3 |, £TAR I B 515 40 fh S0 ( CAT) A& BEH IKEE B il ( GST) 16 4 LA &
A (MDA) S 7E 10 d J5 50 BT H JC 38 22 53 (P>0. 05) ; -5 % AT HE , R BT Cr® kb B CAT F0 GST 3 1
Bl B E I (P<0.05) , MDA & SABH B, Co™ X ZUR WL BN S B A 2N A A Tz, O Bs e a®
X £ A B AEAE B S 3 AR
KEEIA . LIBIN; DREL, O PEBRIEE EEIEYE; AEREE
RESES. Q95-3  XEMHREE: A XEHS: 1673-4831(2020)03-0399-07

Effects of Cr® Exposure on Oxidative Stress and Reproductive Gene Expression in the Ovaries of Polymesoda ero-
sa. CHENG Sui**, LU Feng"*®, HUANG Bo"**V |, GUO Yun-peng"** (1. Ocean College of Hainan University, Haikou
570228, China; 2. State Key Laboratory of Marine Resource Utilization in South China Sea, Haikou 570228, China;
3. Key Laboratory of Tropical Biological Resources of Ministry of Education, Haikou 570228, China)

Abstract;: Cr® can usually cause lipid peroxidation stress in organisms due to its strong oxidative capacity. In this study,
the reproductive toxicity of Cr®* exposure on female Polymesoda erosa was investigated. Five concentration groups of Cr®
were set as 0, 0.25, 1, 4 and 8 mg + L™" and the exposure time of each concentration group was set as 0, 5, 10 and 15 d.
The results indicate that the exposure to Cr® could cause oxidative stress on the ovaries of Polymesoda erosa and change
the expression of er (estrogen receptor gene) and vig (vitellogenin gene). Compared with control group, the high concen-
tration of Cr®" treatment groups could significantly reduce the gonadosomatic index ( GSI) of Polymesoda erosa ( P<0.05).
Moreover, the GSI varied significantly with the increase of Cr® concentration as time goes by. The expression of vtg and er
in high concentration treatment group was significantly lower than that in low concentration treatment group as well as con-
trol group (P<0.05). In addition, it was found that the activities of CAT, GST and MDA content in ovaries would get
back to normal level (P>0.05) after exposing to low concentration of Cr®". On the other hand, high concentration of Cr®
exposure would eventually inhibit the activities of both enzymes ( P<0.05) and increase the content of MDA significantly.
The results manifest that Cr® has tissue damage and metabolic disturbance effects on the ovaries of Polymesoda erosa and
high concentration of Cr®* would cause obvious toxic effects on the reproduction of Polymesoda erosa.

Key words: Polymesoda erosa; ovary; Cr™; gonad index; enzyme activity; reproductive toxicity
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Table 1 Primers used for gPCR

HE PR
P 514551 "

cat  F;5'-CTCAGCCGGGCCAAAAATCGGCTAG-3", 783
R:5'-CTAGCCGATTTTTGGCCCGGCTGAG-3'

gst  F:5'-ATGCCCGAGTTAGGCTACTGGAAAA -3', 852
R:5'-TTTTCCAGTAGCCTAACTCGGGCAT -3’

er F:5'~AGGGATGACCTAGAAGCAATATGGA -3', 324
R:5'-TCCATATTGCTTCTAGGTCATCCCT-3’

vig  F:5'-ATGCCCAGCTGTGCTAAAAGAAGTIT-3', 487
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Fig. 1 Effects of exposure to Cr® on ovaries GSI of
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Fig. 2 Effects of exposure to Cr® on activities of CAT and GST in ovaries of Polymesoda erosa
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Fig.3 Effects of exposure to Cr® on the expression of cat and gst in ovaries of Polymesoda erosa
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Fig. 4 Effects of exposure to Cr® on content of MDA
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in ovaries of Polymesoda erosa
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Fig.5 Effects of exposure to Cr® on the expression of er and vtg in ovaries of Polymesoda erosa
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Non-target Analysis of Organic Pollutants Based on Ultra-high Performance Liquid Chromatography-
quadrupole / Electrostatic Field Orbitrap High Resolution Mass Spectrometry ( UPLC-Q Orbitrap HRMS) at
Fuling City. XU Hui'?, WANG Zhen®, GU Wen®, ZHOU Lin-jun®, FAN De-ling’, ZHANG Zhi'"", LIU Ji-ning®®
(1. School of Agricultural Resources and Environment, Heilongjiang University, Harbin 150000, China; 2. Nanjing Insti-
tute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: Non-target analysis of surface water, soil and sediment samples from the Yangtze and Wujiang rivers at Fuling
City was conducted with ultra-high performance liquid chromatography-quadrupole/electrostatic field orbitrap high
resolution mass spectrometry combined with Compound Discoverer (v. 3.0) software. Accurate screening and pollution-
level assessment of 14 organic pollutants in the region were conducted through a quantitative analysis of environmental pol-
lutants with high detection frequency and exposure risk. The water samples were extracted by solid phase extraction ( HLB
column) while the soil and sediment samples were ultrasonically extracted with acetonitrile. The treated samples were sepa-
rated by a Hypersil Gold C18 column (50 mm X 2. 1 mm X 1.9 um) and eluted with 0. 1% aqueous formic acid solution
and acetonitrile. The detection and analysis were performed separately with electrospray ionization, and in Full MS/
ddMS2 + Discovery monitoring mode, positive ion mode and negative ion mode. In total, 137 organic pollutants were iden-

tified in the samples after full-scan non-targeted screening. The pollutants could be divided into pesticides, pharmaceutical
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and personal care products, and plastic additives. Of these, 14 pollutants with high concentration and detection frequency

were chosen for quantitative analysis in various environmental media. The water samples contained 12 types of pollutants

with concentrations ranging from non-detectable to 286 ng + L™'. The soil and sediment samples contained eight pollutant

types, ranging from non-detectable to 30.9 ng + g”'. Six pollutants were present in all water, soil and sediment samples. This

study demonstrates a rapid and efficient high-throughput technology to determine unknown environmental pollutants. The re-

sults of this research are significantly helpful for rapid screening of highly exposed organic pollutants in the environment.

Key words: highresolution mass spectrometry; non-targeted screening; organic pollutants
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HRMS ( QExactive plus Orbitrap ) %] #i [F Yeongsan
River "P 24l A A APV B iy (PPCPs ) EAT DL G HE
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1.1 FE5RHF

Ultimate 3000 UPLC system ( 3£ [&] Thermo Fisher
N F]) 3 Q-Exactive Focus Orbitrap mass spectrometry
(£ Thermo Fisher 23 Al ), Bl A HL Wi %5 & + K
(HESI) ; Hypersil Gold C18 &4 (50 mm x 2.1
mm X 1.9 wm, 3E[E Thermo Fisher 23 a)) ; [& AH A HX
2EH (£ Supeco /A H]) ; [ AHF BUAE Oasis HLB
150 mg/6 mL( 3E[E Waters /A ] ) ; FAHZERA: Oasis
WAX 150 mg/6 mL( 3 E Waters 23 &) ) ; [ AH A< Bk
Oasis WCX 150 mg/6 mL( 3£ [E Waters /A Al ) ; igF%
ZERAL (Hi - BUCHI 24 W) 5 %0 W vk 46 43 (36 [+
Zymark 23 7)) ;0.2 wm GHP g3k =g g #% ( L
Waters 7y 7] ); 0.45 wm Hf B £F 4 & R ( 36
Millipore A H] ) ; Milli-Q #4li7K %% ( 32 E Millipore 24
H) s IAHETR A 4% ( H A LMS A A ) ; GM-0.33A F
SEHR(PEEBAF)

HEE  CIEFN CR 16 (15 Merck 22 F]) 328
Al ZKOM PR (BT T A AR B A
PR W] Ay €03 4l s S 56 F /K hy o 2 /K AL (36 1
Millipore 23 7)) il £ 1) 25 B F /K (HBH RN 18.2
MQ - cm),

SEH R 14 Bh bR o A (408 LA o BOER
) 2 -G A -4 - E A (5 g,95%) , A B(1
mL,10 mg - mL™"), “H LR (1 mL, 100 pg -
mL ™) T (5 g,95%) ,4,4" - R EE TR b
(1 mL,10 mg » mL™") , XU IEFE T (1 keg,99%) ,
4P T IH-2,6-BUT FEOR W (25 ¢,98%) ,2-HLT
Fe—4-Z FIEW (10 g,95%) , 56 i JE I (25 mg,
99%) , MR (1 ¢,99% ) , M =BE(1 g,98.5%) , B2
BE(1 g,95%) , R B (1 g,99%) , Fh K (5 g,
99%) , ¥ A b0 REPHAT IR A,

L2 BERIESH
% 24 . Hypersil Gold C18 (%4 (50 mm x
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TR R A F 0=0.05% 2K, s B
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50% ~40%A ;9 ~15 min,40% ~0%A ;15 ~23 min,0%
A;23~23.5 min, 0% ~90%A ;23. 5 ~25 min, 90%A ,
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Bk 10.0 s,
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Fig. 1 Distribution of sampling points
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O, SRAEMIKFER 6 mol - L7 R MR A W 8 7
pH 2 2~4 DU KA v 40 1 19 B0 AR 4, O 24
h Wiz BISEEe %, T 2 C 50 T OGO B 2 505
3HT, AR A AR R 5~20 em RJE L
B FEM IR A E BN & RAE FURSE 1 kg TIERA
PR EOCIRAE . DIBWIRE S R AT AR
TR REE & RFERUREE 0.5 kg DUARAY, AT 35
AERNEEPRIELRAT, 72 24 h Wiz SLge =, Jf
T SE R
1.4 HmardEsE

IKAE R TS F AR B2 U8 5 pH =2 ~ 4 FY /KB
0.45 wm fLA% B3 25 48 I8 N, o 6 8 BCIE VR 500
mL, & U5 H H S A6 Y Oasis HLB 6cc /M, L FF
HEZZH 5 mL - min™', AR, 10 mL B AR
U HLB /MR IF7E SR A5 R EL 25 30 min i H
T, 10.0 mL FEEBE G, VR I 28 A Uk 2=
TR E AR EERAE 1 mL, WHEIRY 1 min, F
UPLC-HRMS 4347,

SRR B B O ACIR A TR 4 5.0
g, I 25 mL Z g HRE 2 ¥, BRI 15 min, &
If 2 WO G iefe 2k =i+, AR TR
mL it mETR D 1 min, i 0.22 pm HHLYE
Ji)5 RF UPLC-HRMS 4347

TURRPIRE G R DURR MR i v UK T 48 s BB AF
JE AR FRELS. 0 g By ACIRFE i, Z S5 AL BTy
A SRR
1.5 INEEEmAPAEILIS LY IR [ 0 & 54 5k iR

AR ) i A 3 BT SR R R i R AR TS e )
) T s A D o) % i DR i 8 T o s e it AT
FERIT 2 MR B

BrBL 1 r 4 2858l (1) AEA BTG 2 a4
IR BRI 34 . A4S HIH] Oasis HLB 150 mg/6
mlL SR A O X V8 FE A DILTS G kA7 4 B, 1) ]
UPLC - HRMS Xf #£ fh #f 47 full scan + data
dependence MS2 i HIH, (2) F LI 09 %
. # A Compound Discoverer 3.0 B (2 E
Thermo Fisher 23 ) X 5 4 Z 4 A7 By . AT 45
RGN T YR BLRG 28 J , AR5 W 1E 15 Y ¥ 91
o (3) MR 5 G Wy de U T AR RS AR R
mzCloud DLREHT 73 %5 51 2 b & Wyt A7 00 A0 2 55 1
PEAKIRSY o (4) HE TS YR 2k ) R h ik & W ik
110326 JF R A5 20 5 W B0 S e T AR AR 35 e )
W FE 53 A1 B AT 55 SRR S o A I L

BrBL2 7r 2 2B 5e i (1) SEFERT IR S 3R 2 55
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2.1 Compound Discoverer JE B 6] 5 25 25 5

K Compound Discoverer 3. 0 ZX {41547 9F#E 7]
it A5, kT MS/MS A AL ME A R L, WAL
mzCloud ¥ i (£.% 8 450 Fifb 54 2 913 613 3k
TR ) AR AT S ARARL I 3 (&1, DA T R A5 AR R 1) 18
AN ESEERE AL (ab RPN ERC REP O N VS f e 7 ik
TR REHE AT 40 2 B — b B 1 Jo o A Ot 22 /)
T 5%10°° LB A i 22 /5 T 0. 2 min | 7] o2 K PERC
I (ELE 30% 110 il A 1) 225K A 2SS BIA) , 42 06 T AR
F 1x10° H e %F 73 %4 ( score) KT 85 Ay E R k47
iy

F1 UWHSREREENSREOESERLS

24 Compound Discoverer 3. 0 %K 4 UT i 4%
FX WA TETRRURIRGE H 3% 5 B il DX PR A58 A0 iy v S 49 20
e 137 PG YLy, 137 PG Yyt 55 Fh
BHAS N R (&R W IR MR 2K XU 2K 4E ) 44 Fh
PPCPs(4L75 25 MAR AL T7 25 B 2555 ) I 38 Rk 2y
(ARERIR R =M SRR 55 ) L 205 e A T
PRI 40. 15% 32, 12%H1 27. T4%

Ao A9 4 BE 8 Sz W — A LTS YL W 10 43 A 1
DL, R B AR I — A LTS Qe 19 75 Bk -F iR
$& Compound Discoverer 3. 0 B 4-VC g 45 A5 431 7
eEY BARR Y B e (5 B, dEmi s & ge it
BT, 4 B R T AR T 1 10° YA LTS LW IRAE 100
45, KT 1107 WITRAE 90 43, 43 [ AR Uk #4550 i 3k
DRI 328 8, 3 3 K A7 G T 445 SR (A, ) 90 23 R R X6
e TR AL TRAE 100 431 43 300 43, 79340 Hk)F 45
R L,

Table 1 Summary of the 14 high-exposure risk organic matter pollutants

o cas HIMATRE AT W AT K B o T
1 119-34-6 153.030 57  C4HgN,O,  2—fl3t—4- 53K PPCPs( =25 [a]{4) 79 99.5 100 279
2 77-40-7 241.12340  CygH;50, W B SERHR N5 9% 952 100 291
3 40487-42-1 280.13028  C;3H g N;0, —HIER Y] 88 95.7 100 284
4 117-37-3 253.08592 C,H},04 T B i PPCPs( EZyHaIk) 83 99.7 100 283
5 620-92-8 199.076 45  C3H,,0, 4,4 -5 TR SRR N7 83 99.2 100 282
6 80-46-6 163.11284  C; H,0 Xt UG A PPCPs (25 [a) {4 ) 83 96.5 100 280
7 17540-75-9 261.22239  CjH;0 A- T2, 6- BT HIERY PPCPs( EE25HhilfAk) 71 99.2 100 270
8 96-70-8 177.128 49  C,,H;30 2T He-4- 2 HK PPCPs( EEZyHRIA) 67 96.2 100 263
9 4291-63-8  284.05559  CoH,CINSO; FaHiJuiie PPCPs(254)2%) 63 99.2 100 262

10 53-16-7 269.15470  CHy0, HE ) PPCPs( Z5#)2) 60 99.8 100 260
11 50-27-1 287.16527  CigHy, 04 HE = i PPCPs( 25#)2%) 78  90.8 100 269
12 52-01-7 417.209 41  C,H3, 0,8 HEPyEK PPCPs( Z592%) 70 99.0 100 269
13 66085-59-4 419.18128  C, HyxN,0, JEELH T PPCPs( 2542%) 78  90.3 100 268
14 125-33-7 217.098 25  C,,H;,N,0,  FKfi PPCPs( Z59)28) 63  99.5 100 263

DK Compound Discoverer 3. 0 BRAEMRA

B 1 AT, WUy B, W SR T B
4,47 - PRI T IR R e RN UG R 8 8 43 = 280
Oy 2T R -4-F IR 4— P T -2, 6- " RUT R
ORIy 2B T He—4- LAy TP HERR =
fist B2 PN TR | B M SP- R FOK B L4 24 7E 260 43 LA
b3 14 FE e S e Mg R TR R R XU
FEXF R Y B G, PRI XX 14 Fhs e it
AR E I A FE AT RERUR
2.2 EERWRIMEHERPEVITLEYFERIE
R

137 FPi5 YL £ 253K PPCPs AR 245 FERLEN N
325, MR AKEE AN 5 Y 7EAS [R] s 7 A H 7K

ST EE AT (I 2) T e ghis e R E SR AR K
YLEY WO W10 W11 1 W12 X3, W11 {74 254
K-SR, HoAth s AL 3 D iR R N
WS T TR A 25 175 Yook T BB A&t T
JE LA Pt FH Ar s, W2 W8 W9 Wl il W12 4t
PPCPs it 7K-F- 8 e, Hirr, W8 &bk i 7K1 15 21 i
KAE, W8 ~ W11 X I [l A 1% 4 & PPCPs £ i1}
AP B AT RE SR BRI A TR XN B
TAu%s B2y H T R T ATk 0 SRR J2 K ke v
RS IR0 kAt ) E RN, VIR R B
S5 YL o SRR IR, I ELRE H K 2 K L Vi b
KT 1) SRR KT YT AL W7 A5 T5



5 & K W K o

5 36 4

- 410 - V2 S
YLk KIS
18
16 F | e
14 + % PPCPs
e 12} O ¥k 0
(=}
Z 10t
=
£ sl
& 6t
4}
0 |

LLLCLLLLLLIDIOL
RAER

Bl 2 skAErh Y R 5 T R
Fig. 2 Distribution characteristics of

detected substances in water samples
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Fig. 3 Distribution characteristics of detected

substances in soil and sediment samples

2.3 ERBXSRFAVISEYKEKTERIERT
BET D C AR AR X U T ARRAS: HH AR 2R S R
J¥ X =260 319 14 ALY OKEE 12 F1, £
HEFITUARY) 8 B, 6 FhEE AT ) #EAT %E 10, RS e
A a5 R WG % DT BC o 45 R IE A
2.3.1 JKHEPAE BTG Qe e BE K- B DR AT
ARYEAAE A A LTS e ARGt R At ok 2
F1 Compound Discoverer 3. 0 #4453 43 1f B, P HL 2
e -4-FEEA B (A) XU B(B) . ~HKR(C) |
I A (D) (4,4" - 5 LG (E) UL

B (F) e PLEEE (G) MERR (H) (M =B (1) |
BZPNER (T) JESEHE (K) FIFRKER (L) 12 FiA LTS
Pt AT R AT

3 A MG Y rE i b b DX 4 A S B0 (g B
AE, BRFNKRERSN, HAy 11 Fhis e dre 13 4 %pt
SOOI BRI AR — 2, 12 B LG Y
Pt dE 9 i PPCPs (157 Bfi [ | 5 hr Jo v | e | M
=B SRNER e ST FIOKER 26 H -4 -2 F R
B A A NG JE A 3 ) 2 Fh SRR A (OB B AN
4,4 -"FFLTIORHBE) AL RS (H IR,
&l 4 7R, PPCPs 2875 Q) i s vk BEYE LR 9. 11 ~
67.61 ng - L7 o sofir Ji i | fE = BRI P R
Bk BT, A N 67.61.32.98 Fil 26.96 ng -
L' JFHAE W8 WO W11 WI2 X 4 2Rk &A1)
Py B T ded v T At R A A, 5 0 A A AT 4 R AR
—3, RS YL F R R AT E A
60 3 e BE I Ol 42 ~ 286 ng - L7, K ER K
88% ,(H i Ik B2 {H 8 %) 118.08 ng - L7, Uil
Ik TR R R 1 7K B A5 v B R 247 1 SR (IR B 0. 1
pg - L7 2 FhsR R R (OWEy B Fi 4,47 -
FREE ORI e ) T o v BT A (EAR XTHRAIG,
14.18 F1 12.98 ng - L™, ¥ 4 343 51 Ky 98% #il
86% , £ RAE M BE KA ZE A K, FMKERALAE
W10 F1 W11 A A5 S K231 A o 2 vk 52 43l
9 118.7 A1 117.3 ng - L' (BK H AN 16. 67%,
HARCRFE I TORG Y 2 U5 Yk
2.3.2  HIEMTOBEIAE S A PG B KO
B RS

EIKHRE R4 RN AR 7], 16 B A RN TR P i
dnrf 8 A HLTS Y W AT RE A B, Forf 6 Bl K
FEAHIE . 8 R A MLV Ye ¥y (2 - i 2k — 4 - S KL 1y
(A) A B(B) , —HRR(C) HEI (D).
4,4 -" 3 TR B (E) T RURFE R B (F) |
AT HE-2,6-URUT R E (M) Fll 28U T FE-4-
ZHEFEWY (N) VAU 5 Ff PPCPs 2 Bl ¥R i) Al
RV ZHGR . Hodr, 58 PPCPs 2815 4L ) i i
SYBGEE R ND~3.6 ng - o', DU P B i 0 50
B ND~2.5ng- ¢, B REANEEETA
Ko RDH5 4 5 A R AE 5K BEA L, 0 ZF K
REHIKFIT T HA G Y9, LI P R RE N
30.9 ng - g FEE R 22. 15 ng - ¢TI T
KAEH 27 ng - ¢, FIME N 16.88 ng - g7, Wi =4
2yt TS, 2 BRI (3 B AT 4,47 -
FRHEZORWUBE ) 1 43 A 35 5 i A o3 Ay 4 SR A —
0, 7E S2 Ak A RAE, SE1 SE2 Ab-th 5 i e BE /A
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Fig. 4 Concentration distribution characteristics of

the 12 highly exposed organic pollutants in water samples
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Fig. 5 Concentration distribution characteristics of the 8

highly exposed organic pollutants in soil and sediment samples

3 itig

EHEWIE LRI, PPCPs R 25 IR NG| IX 3
FA DTG Y WA K IR BT 3 5 BRI B R B
X AbFRITE STl Ab, 8 TR BliF X, 7k
W8 R HERUTR Y AL AG I s 55 Rl R I
44 F PPCPs F1 38 Fhfe 24, 3 3l o A A BLTS G4
[ 40. 15% 32. 12% 1 27. 714% , Horh | 4B 4 — H1 il
FIE IR IR B Y 2, X SRk
Xof [l J K Y 3t 14 3 I VT PP 2 T e W 1 O A B
AYEERAML, (EARYEAS A | 06 B A R A
HE T 0 1 J5 15 20 B9 14 Fh s 22 8 K TS e,

PPCPs AR KB, i 2 E& K-/ 9 F PPCPs Jit
T BE T ND~118.7 ng « L™, Hirh | s hi i i
FIUME = T it vk B UG & S 430 ok 67. 61 FI
32.98 ng - L7 Kt R 50000 99. 2% F11 99. 0%, [
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