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Abstract: In order to assess the pesticide trace capacity (PTC) and comprehensive health and
environment risk from pesticide usage in planting land, a PTC model for planting land, Fi = (Tynt18)
X Py % Hyg X Fy x Cyory % 107, was constructed by five key factors, including annual mean temperature,
annual precipitation, annual sunshine hours, soil texture, and soil organic matter content. Those factors
were chosen from many external factors according several principles, including the representativeness
of factors, the universality of mechanism, the critical of link, the significance of effect, the
standardization of observation methods, the systematicness of existed observation and the convenience
of data acquisition. The PTC model for planting land with pre-established pesticide trace model was
used to evaluate the pesticide trace capacity and the comprehensive risk of pesticide usage on family
farm and regional scale. The results showed that F),. (pesticide trace capacity factor) was 2.73-3.50 and
I (comprehensive pesticide risk index) was 0.56-1.77, which posed low-medium risk for the cultivated
lands of four family farms in the middle and lower reaches of the Yangtze River in 2016 —2017. In

addition, F’

pte Was 0.6-1.7 and I, was 3.3-7.3, which posed medium-high risk for the planting lands in

all branches in Heilongjiang reclamation area in 2017. Furthermore, F,, was 1.9-3.8, and /., was 4.7-
12.6 for the planting land in Zhejiang Province in 2017, indicating that all cities were medium-high risk
while Jiaxing was high risk. This study showed that the PTC model can be widely used to estimate PTC
of planting lands with different spatial and temporal scales. Combined with the pesticide trace model, it

can also be used to estimate comprehensive risk from pesticide usage.

Keywords: planting land; pesticide; pesticide trace capacity; evaluation model; comprehensive risk;

health impact; environment hazard;
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Fig. 1 Soil texture classification and texture coefficient setting
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Table 1 The setting value of key factors of model planting land and its reference basis

KEEH T BEAH SRR
Key factor Setting value Reference basis
TR 10°C 1981—2010 F4[EF#525 9.55 'C, 2011—2018 424 10.09 C=
Annual mean temperature 9.55 °C in 1981—2010 and 10.09 C in 2011—2018 in China®”
KR 650 mm 1981—2010 4EA[HF#529 630 mm, 2011—2018 4Fy 650 mm™
Annual precipitation 630 mm on average in 1981 —2010 and 650 mm on average in 2011 —2018 in China®
4 HE 4 2200 h T Y 2 200 /NI ETEALAS 35° B3 el ien SR 2 5 e M AR 3 S

Annual sunshine hours

2 200 hour line in China lies at 35°N and near the eastern slope of the Qinghai-Tibet
Plateau and Yunnan-Guizhou Plateau®”

IR R 1 ARG R+ PR AR5 B2 N 0.5~1.6 (B 1)
Soil texture factor 0.5-1.6 according to different soil texture types (fig. 1)
LI 25 g/kg 1979—1994 4E4=[F P ¥ M 18.63 g/kg; 1995—2012 44 26.11 g/kg™

Soil organic matter content

18.63 g/kg on average in 1979—1994 and 26.11 g/kg on average in 1995—2012 in
China™¥
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Table 2 Classification standard of comprehensive risk for

pesticides in planting lands

H BEIEA s LG AR EL
Grade Grade name Comprehensive pesticide risk index
1 5 i AL >100
Extremely high risk
2 R RS 30~100
Ultrahigh risk
3 iei RIS 10~30
High risk
4 Fh R 3~10
Higher risk
5 r A IR 1~3
Medium risk
6 R R 0.3~1
Lower risk
7 (92154 0.1~0.3
Low risk
8 AT PR 0.1~0.03
Ultralow risk
9 AR A PR <0.03

Extremely low risk
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Table 3 Pesticide trace capacity and comprehensive risk for 4 rice family farms in the middle and lower reaches of
the Yangtze River
R . N " B WG SR .
PR gpokm anmerm  tm  EEWRC g ogneme TEEE ppmn goe Rg
237 4y u Annual Annual i R ECY S())\il dr} anic HEZRE Planting trace Annual BE
Farm® Year ; meartlu y precipitation/ sunshine  Soil texture matt%: " Pesticide trace  land capacity/ pesticide trace/ Pesticide Risk
emperature mm hours/h factor™! capacity factor area/hm’ pactty (PTU/hm?*)  risk index grade
content/(g/kg) PCU

A 2016 15.9%) 11282 1973 0.9 42.1 2.86 2.00 5.72 1.615 0.56 6

B 2016 15.9% 1128 1973 0.9 42.1 2.86 0.93 2.66 5.047 1.77 5

C 2016 16.4% 13682 19061 1.1 355 3.50 66.67 233.52 4.577 1.31 5

D 2017 16.927 1 46587 1 560" 1.1 31.1 2.73 0.20 0.55 184314 0.68 6

I AR B AT BT S DGR, ARELELAR, HABBANFRR P EE,; R C AT ZBEMRKRH L2 X RI18; &I D AT #rE x

PRI LI X 22 3 8

* Farms A and B are located in Haigiao Town, Chongming District, Shanghai City, and are operated by different farmers; Farm C is located in Tianmen

Town, Yi'an District, Tongling City, Anhui Province; Farm D is located in Lanxi Town, Heshan District, Yiyang City, Hunan Province.
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Table 4 Pesticide application and pesticide trace accounting for 3 rice family farms in 2016
e i B RO P & 25705
£ Pesticid Number of applications Application amount, a.i./(g/hm?) Pesticide trace/(PTU/hm?*)
Pesticide . esﬂil © tracke
index!"*/(PTU/kg) A B c A B c A B c
TR
Bensulfuron-methyl 0.061 1 1 0 30 60 0 0.002 0.004 0
bensulfuron
E\Ee%lﬁihlor 0.749 1 1 0 270 540 0 0.202 0.404 0
Ffﬁgcard 2.869 1 1 0 36 54 0 0.103 0.155 0
R4t #h
Emamectin benzoate 0.735 2 2 0 7.5 13 0 0.006 0.013 0
|] ¥i=,
Ee)%avi?onazole 5.508 2 1 0 22.5 11.25 0 0.124 0.062 0
X 2
?ilggz{ilycin A 0.003 2 1 0 76.5 38.25 0 0 0 0
==
éﬁgf‘yrifos 44253 0 2 0 0 7 0 0 3.186 0
il !
Ilr:lklli:j(];a*jlpprid 1.488 0 2 0 0 7.2 0 0 0.011 0
1y i
P”):/ﬂrllﬁlceg;ll_']ozine 0.191 0 2 3 0 180 267 0 0.034 0.051
7N
Tricyclazole 1.861 1 1 2 337.5 337.5 506.25 0.628 0.628 0.942
R R
ﬁli}?ﬁﬁmﬁmemyl 0.479 1 1 0 420 420 0 0.201 0.201 0
e
Pflr{(;f}?liraz 4.146 1 1 0 84 84 0 0.348 0.348 0
7 3
KAEbeEEn 1.846 0 0 2 0 0 24 0 0 0.044
= t
?ﬁﬁ%hm 3.679 0 0 2 0 0 144 0 0 0.530
e AN
I/;Efnfcgnajézole 3.803 0 0 2 0 0 101.25 0 0 0.385
65
Azx%litrobin 0.104 0 0 1 0 0 67.5 0 0 0.007
iy B
Bacillus 0.002 0 0 2 0 0 792 0 0 0.002
thuringiensis
——
Ejgcﬂton—azol 1.059 0 0 1 0 0 56.25 0 0 0.060
Tsoﬁihiolane 3.432 0 0 1 0 0 600 0 0 2.059
%ﬁﬁnazole 2.025 0 0 1 0 0 120 0 0 0.243
M 1 i e
T%liﬁﬁfgfnide 0.844 0 0 1 0 0 118.8 0 0 0.100
&1t 1 .
Sum — 6 18 1284 1822 2797 1.615 5.047 4.423

R AR B LT LHETT R AL, AELERAR, (R mARR I RE; R C AT 2R MW L2 XK T4,

* Farms A and B are located in Haigiao Town, Chongming District, Shanghai City, and were operated by different farmers; Farm C is located in Tianmen

Town, Yi 'an District, Tongling City, Anhui Province.
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U, BN, KA 1 B A BE A A5
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XANMRA B, BIA A 28 96l it T 25 9 A< 24 ik
7o KA SO S B el 3t A 245 24 8 R B AR Y



937

P25 B L

Al

T R HAE LR A X

Mt el A< 245 243

A5
=F.

I}

C| R

No. 5-6

‘sapronsad jo spury 10 erep junowre uoneorjdde 9A1n0adsar Jo o] oY) 01 NP S/ Ld [ JO XOpul 9981 dp1onsdd 9FIIAR oY) AQ PIIBWINSI SBAM 30T IPIONS{ |

“H R SVNID 1R BFEZ R AR L7 SRR B S B2 G e,

ung
14 s €S 8T Sl TTLSS6 T SesLl6 T
e
ulqieHq
14 a4 'S Sel 796 0€ 6£C9C Cl €86 80 LLTe 8% 'S
M 4
enying
14 €e Y €1s Y65 SS1 S18C6 L'l 6'89 80 €917¢C 9L9 8¢ ~
N
Teqibidy
14 6'S 8¢ 856 816 16 Y00 L¥1 90 8'LE 60 879¢C 123 LT
17 QL€
uesnif
14 €L s €lel 0LT 081 §6LTST L0 (444 80 (4244 X474 L'l —y
uerg
14 vy 0°¢ 089 1 PSE 8¢ €01 Se¢ 'l 1'9¢ 80 0ev ¢ [443 (4 0
Suerfuepnjy
14 8¢ vy 870 C 0L6 ££S ILT L9V 'l SIS 80 19454 8Ly 8y
RISt
Suerfuesuerf
14 'L L9 ¥60 S 780 1TL S98 09L 60 0'ss 80 Slec ¥44 'y
=%
Suo[3urx3uoy
14 9'¢ €S 865 T 0ST L9V 8CL €6V 60 6'1S 80 €le 88 'y 3
HWKTE
Surjuenboeg
14 9'¢ 'y 68¢ 1 16€ 98¢ SSL1vE 'l oy 60 1cee [445 L'e
s
(B4/8)fepueru0d o)
Xaput (Qwy/NLd) ViszP8esn Y/ BT J10108] Atoedes 10108] w
NOd /Aoedeo Iopew /eSOy JisePreroduwoy
opei3 sy s opIonsad  /eoex apronsad  opronsad [ejo], pue Sunuelq Q0BI) APIONSI 2IMxa) [10S Jisauonendioaid youelg
90BI} 9PIONSI owesio 10§ - suIysuns [enuuy uBdW [enuuy &
WA WREET W [enuuy (ol B FH ) B (et I W sl ¥ , [enuuy BT
o m& Wi T 035% e amﬂ_% TR g m_w%%n CRHHES e '
S <7 2512 1 ] Bty N - i Ak
Y1 AT B Fi oot
L10¢ ul eare uonewe[oa1 Suell3uofIoy jo youelq yoed ur pue] Sunued 10} Suryer ysu oarsuoyaidwos pue Ajroedeo ooen opronsdd ¢ o[qel

HHUNSHN ESHEZZ X HE MR T XTI EL LI0T %



Vol. 21

938

"sapronsad jo spury Ioj epep junowe uoneorjdde oanoadsar Jo yoe] ayy 03 anp SN 1d T JO Xopur ooex) apronsad oFeIoar ) Aq PAJEWNSO SeM 99BI) PIONSA |

“E R SVNI 1R BFTAZ R AR 7 R I 4 G2 0 G

¥ 69 1'81 €0€ 9% T10L999 60€ 165 T ._MMJM
mysry
4 0'S 811 989¢C Y6y 0¥ L08 9TT e L'8T 'l 6CS 1 [AKN! 9'61 At}
noyzieJ,
4 Ly (44! €50 ¢ 76T 8%9 L6L 6¥C 9T 9°0¢ 01 1561 1611 ¢8I S
ueysnoyz
4 6 L'L1 LyY 1ev 8% 8€C ST 6’1 6'vC 80 LS6 1 SLET 8Ll MK
noyznQ)
¥ S'L 0Ll S8L¢E 9S€ LOS 1€€ CCC €T L'vT 60 S8L 1 L9S T L'81 [t
enyuif
14 €8 091 069 ¢ 1LY T9¢ 1¥C €6 6l LSt 80 918 1 I8¢ 1 49! Hd
Surxoeys
4 6'S (x4 ILLS 999 186 €2 09¢ 8¢ 0°6¢ 0’1 SS8 1 78S 1 L'81 WKz
noyzny
¥ 9L L'81 09L € S9¢6 LY 01§ 10T ST ¥'6C 01 w981 L9T 1 9'LT [ Hg
Surxerp
€ 9Tl 99T LL6 S 899 TLY ¥96 ¥TT 1'C ¥'LT 60 L1 L9t 1 8'LI R
NOYZUI A\
4 0'S 6'¢l 68L € STOYIL Sve €LT 8T (1533 I'1 w1 0LET L6l
4 L'L 8'1¢C €ILS 806 OvL ¥69 79T 8T 76T 01 TLLT 905 1 81
4 €L €1c €99 SES T06 666 01¢ 6T 8'LT 'l 818 1 Wyl 81
xopur (;wy/NLd) Mmmoo_ WMMM Nod/Aroedes JRicls 7 23 ] 10308] Kjroedeo B/ wwm m%mﬁco,u (5110108] M\MMMMMMM wut \_EEEHQWQQEB
aperd ysry JSLIopIoNsagd  /aoen) opronsad o Joen pue| Sunueld  9oeI} OPIONSIJ 210 10 2IMIX0} [10S - /nguonendroard ueow J<ice)
Wik T V@m% fenuuy S_MM@ wEo:mom\ g ] o:ﬂm%\. S ;m&w”w\ I A\ [enuuy [enuuy jilkoe
2 Tt L HY w7 YW WY BT M3 na B ua By

ety

L10¢ ut oouraoid 3uerfoyz Jo A1 yoes ur pue| Sunued 10y Suner s sarsuoyardwods pue Aroedes ooen opronssd 9 d[qel

TS

WESVULZZYHHMHHUNZETURE LI0T 9%



No. 5-6

SR REAE A ] p A 2 24300 A A e HLAE Sk R PP 2 AR 939

BT H R L A AR 25 23 R0 25, AR AN TR I 4%
JRUBE Bt el 3t m A 245 68 P i DR FR) i J3E AT 3 15 XLz
BEATERE V-G JFARIE SRAT A 5 6 RS 98 H S AR
P2 ) 73 AR HEHEAT AR 70 G o % RS 70 VP Ak 4
SRR B BRI T AT BUX A AR 2598 T b
1%, AT XA R IEE b AT Sk Ak
K FEAR ) IR E BRI 1 o IX TP A% AL (52
AL, A RS AR 2 17 <AL 2 I T 1 Tt
R, BEAT RO AR 20 NS BRI 2R S A B2 1)
AFIFE o

3) WKL FERE X 4 N FKEER I LR T
L B IX 7 Jm RV VA8 25 3t i 0t ol s 4 A 245 245
R AR MRS VPl 45 R, AN [R] X
el Hh P A% 2 253 75 B R B B 2 R, WL
DX PR B St el 3t A 26 2530 2 B R R AR R R KT
FEORVLBIX, {H H T Hi v XAy - b TR
HEEFERTRREITRIX, KILHIRE XK
g TR RX . 4G 4 MRERIIIKE
A AR RS 7 M s, FE SRR SR 26 R, AR 2
2 ity A VR T P AR R T — 28 e 1 T R AR 24
ity e HE R AR 2 XU 1 B A . Pk, I
ARG, A BLIEFRARES A, W] K B A
Bt bl 3t (1R 25 25 15 XU o

4) B AL 2 00 (i e AN A 35 96 3 19 ARSI AR
%, FUMANLHI R A, ASSOR S A ] M AR 24 24
0 75 R TR L X K o B i ) B AT DA RUK
P LR A A AR SR R T 1) A 8 WL AT 23 AR
LUK, $2 HERT FE VAT AT AT 1R 3 =574 A Ji D A
TSR o Bl DA TR KT AR A AT R0 00 K 3 B U
s hn, wIXb AR R AT BE B AL . g
SEATIEA A, AT R AR SR A DL R A e i
FERIHURAL . B SIS B S R R AT

5) fE&5 & ia A b Il ok 24 253 3 s Y
AR 245 24 A R AT A M el b A 24 45 Y PR 25 A XU
PRASI, AR IR 2GR RS T T S 5L
WA RGO IG 25 R, O R A
Aoy H RIS PO A R X F R A [ I 23 RUBE TR
AL oy S A E B, IRZ X A G AR 248
ME &, sk s A B . & NERZ,
] 28 Ge P A 24 0 P B0 3 ) By e 2 A
PRI AN O A ok T IB W A R BT BTt
Rl R REA FPHERE 2T, MIE A AR K,
Hh [ 25 3 AR e 1R 0 it R AR 245 46 P Kl 1R = T2

o HTAE A FH A bt el it o 24 24 e 5 B AR 5 R
LGP QT I R AR 2 g R A B AR
P, TSR AR YR A 24 AR S R RS oL, R
— AV B AR BOR AT A 5

EEEN

kEE, B, 1982 FH L Firiz K
YK FAABEY R, AENTE R
LA E I, EREBREARE
FRTERER. FRR, (RH
FERY) hEk. TENEFRBEL
FRFHMNETF/H, REBELE
FHR IR AERTFR, FHEHF
BRESH, AP HE—ZRA2 T,

SE ik (References):

[1] EPSTEIN L. Fifty years since Silent Spring[J]. Annu Rev
Phytopathol, 2014, 52(1): 377-402.

[2] FAO. Pesticides use[DB/OL]. [2019-07-29]. http://www.fao.
org/faostat/en/#data/RP

[3] WANG R, YUAN Y, YEN H, et al. A review of pesticide fate and
transport simulation at watershed level using SWAT: Current status
and research concerns[J]. Sci Total Environ, 2019, 669: 512-526.

[4] WEE S Y, ARIS A Z. Ecological risk estimation of
organophosphorus pesticides in riverine ecosystems[J]. Chemosphere,
2017, 188: 575-581.

[5] TRIASSI M, NARDONE A, GIOVINETTI M C, et al. Ecological

risk and estimates of organophosphate pesticides loads into the

Central Mediterranean Sea from Volturno River, the river of the

“Land of Fires” area, southern Italy[J]. Sci Total Environ, 2019, 678:

741-754.

OSBORNE N J, CAIRNS R, DAWSON A H, et al. Epidemiology of

coronial deaths from pesticide ingestion in Australia[J]. Int ] Hyg

Environ Heal, 2017, 220: 478-484.

ROUSIS N I, ZUCCATO E, CASTIGLIONI S. Wastewater-based

epidemiology to assess human exposure to pyrethroid pesticides[J].

Environ Int, 2017, 99: 213-220.

FANTKE P, FRIEDRICH R, JOLLIET O. Health impact and damage

cost assessment of pesticides in Europe[J]. Environ Int, 2012, 49: 9-

17.

MOHRING N, GABA S, FINGER R. Quantity based indicators fail

to identify extreme pesticide risks[J]. Sci Total Environ, 2019, 646:

503-523.

[10] KUDSK P, JORGENSEN L N, @RUM J E. Pesticide load: a new
Danish pesticide risk indicator with multiple applications[J]. Land
Use Policy, 2018, 70: 384-393.

[11] STENR®D M, HEGGEN H E, BOLLI R 1, et al. Testing and

comparison of three pesticide risk indicator models under Norwegian

[6

[—

[7

—

[8

fa—

[9

[—

conditions: a case study in the Skuterud and Heiabekken
catchments[J]. Agric Ecosyst Environ, 2008, 123(1-3): 15-29.
[12] KOVACH J, PETZOLDT C, DEGNI J, et al. A method to measure

the environmental impact of pesticides[J]. New York's Food Life Sci


http://dx.doi.org/10.1146/annurev-phyto-102313-045900
http://dx.doi.org/10.1146/annurev-phyto-102313-045900
http://www.fao.org/faostat/en/#data/RP
http://www.fao.org/faostat/en/#data/RP
http://dx.doi.org/10.1016/j.scitotenv.2019.03.141
http://dx.doi.org/10.1016/j.chemosphere.2017.09.035
http://dx.doi.org/10.1016/j.scitotenv.2019.04.202
http://dx.doi.org/10.1016/j.ijheh.2017.01.009
http://dx.doi.org/10.1016/j.ijheh.2017.01.009
http://dx.doi.org/10.1016/j.envint.2016.11.020
http://dx.doi.org/10.1016/j.envint.2012.08.001
http://dx.doi.org/10.1016/j.scitotenv.2018.07.287
http://dx.doi.org/10.1016/j.landusepol.2017.11.010
http://dx.doi.org/10.1016/j.landusepol.2017.11.010
http://dx.doi.org/10.1016/j.agee.2007.03.003
http://dx.doi.org/10.1146/annurev-phyto-102313-045900
http://dx.doi.org/10.1146/annurev-phyto-102313-045900
http://www.fao.org/faostat/en/#data/RP
http://www.fao.org/faostat/en/#data/RP
http://dx.doi.org/10.1016/j.scitotenv.2019.03.141
http://dx.doi.org/10.1016/j.chemosphere.2017.09.035
http://dx.doi.org/10.1016/j.scitotenv.2019.04.202
http://dx.doi.org/10.1016/j.ijheh.2017.01.009
http://dx.doi.org/10.1016/j.ijheh.2017.01.009
http://dx.doi.org/10.1016/j.envint.2016.11.020
http://dx.doi.org/10.1016/j.envint.2012.08.001
http://dx.doi.org/10.1016/j.scitotenv.2018.07.287
http://dx.doi.org/10.1016/j.landusepol.2017.11.010
http://dx.doi.org/10.1016/j.landusepol.2017.11.010
http://dx.doi.org/10.1016/j.agee.2007.03.003

940

¥k

Vol. 21

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

[26]

[27]

Bull, 1992(139): 1-8.

LEVITAN L. “How to” and “why”: assessing the enviro-social
impacts of pesticides[J]. Crop Prot, 2000, 19(8-10): 629-636.

kBN, BT, VETR, S5 AR 2GS HE R PR S e 242 AR T A
5T AR Z 5 5AR, 2018, 20(6): 765-775.

ZHANG Z H, HU X Q, WANG W, et al. Construction and
application of pesticide trace model on human health and
environmental impacts[J]. Chin J Pestic Sci, 2018, 20(6): 765-775.
VRYZAS Z. Pesticide fate in soil-sediment-water environment in
relation to contamination preventing actions[J]. Curr Opin Environ
Sci Heal, 2018, 4: 5-9.

DELCOUR I, SPANOGHE P, UYTTENDAELE M. Literature
review: impact of climate change on pesticide use[J]. Food Res Int,
2015, 68: 7-15.

KUMAR S, KAUSHIK G, DAR M A, et al. Microbial degradation of
organophosphate pesticides: a review[J]. Pedosphere, 2018, 28(2):
190-208.

EEVERS N, WHITE J C, VANGRONSVELD J, et al. Bio- and
phytoremediation of pesticide-contaminated environments: a
review[J]. Adv Bot Res, 2017, 83: 277-318.

RANI S, SUD D. Role of enhanced solar radiation for degradation of
triazophos pesticide in soil matrix[J]. Sol Energy, 2015, 120: 494-504.
FEIET, R T 4y R R FUAE R R RS [)]. AR,
2019, 56(1): 227-241.

WU K N, ZHAO R. Soil texture classification and its application in
China[J]. Acta Pedologica Sinica, 2019, 56(1): 227-241.

TR, HET, WRPHEME. AR IR BE 50 RS o v R 245 5% v
R Mk R[], A= b i i 5 22 4%, 2013(2): 48-51.

HUANG B Y, XIAO Z Y, OUYANG X H. Effects of storage
temperature on the stability of pesticide residues in vegetable
substrate[J]. Qual Saf Agro-Prod, 2013(2): 48-51.

HEAGR, BRAER A2, o EAE AR Q20184)[DB/OL].
(2019-03-18)[2019-07-11]. http://www.cma.gov.cn/root7/auto13139/
201903/t20190319_517664.html.

China Meteorological Administration, National Climate Committee.
China climate bulletin (2018)[DB/OL]. (2019-03-18)[2019-07-11].
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.
html.

T P EAE M. JE: B R AL, 2017: 373.

DING Y H. China climate[M]. Beijing: Science Press, 2017: 373.
WRAEE, 10k, MR, 45 REAS A A LR & & gt
FRHED]. 5 B SR (B AFREER), 2013, 52(2): 220-224.

CHEN Y M, FENG S Q, YANG T X, et al. Statistical characteristics
of organic matter content from different soil classes in China[J]. J
Fudan Univ (Nat Sci Ed), 2013, 52(2): 220-224.

TRHER, &, MIRVE, 5. SRR B AR ARG KM PG B 5
[7]. SERHEGHEIE, 2017, 7(6): 143-149.

MU H Z, SHI J, YANG H W, et al. Climate change and impact
assessment for Chongming island in 1961-2016[J]. Adv Meteorol Sci
Technol, 2017, 7(6): 143-149.

PR, 1960—201 245 47 & b X TR AE B AR AL A3 # 1], BUARAR
AR, 2016(9): 238-240.

LIN Q X. Analysis on climatic characteristics and changes of
Tongling area during 1960 to 2012[J]. Mod Agric Sci Tech, 2016(9):
238-240.

R, A, X, 1961—20164F 7 BH i Al < 5 R K A2
FRFIELT]. | AR, 2018, 40(4): 39-42.

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

FENG J N, PENG J B, LIU Z Z. Changes of agricultural climate
resources in Yiyang City from 1961 to 2016[J]. Guangdong Meteorol,
2018, 40(4): 39-42.

FAO. Harmonized World soil database v 1.2[DB/OL]. [2019-07-11].
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-
databases/harmonized-world-soil-database-
v12/en/?tdsourcetag=s pcqq_aiomsg.

BRILARBRGRG R, BRILRX ST EE2018)[M]. bt
FHE ST R, 2018.

Statistics Bureau of Heilongjiang Farms & Land Reclamation
Administration. Statistical yearbook of Heilongjiang state farms
(2018)[M]. Beijing: China Statistics Press, 2018.

FESANI. BRI B X 35 3% 40 R L 23 B4 (0], A4 R,
1990(8): 9-10.

CHENG X G. Analysis and evaluation of soil nutrient status in
Heilongjiang reclamation area[J]. Mod Agric, 1990(8): 9-10.
WL B R, ERG R E k. #iLg it 4%
(2018)[M]. db3T: *HE it H kit 2018.

Statistics Bureau of Zhejiang Province, Zhejiang Survey Team of
National Bureau of Statistics. Zhejiang statistical yearbook
(2018)[M]. Beijing: China Statistics Press, 2018.

JER T H . WL AR HE A Dy SR S8 B SR (D], AU TR AR
%,2011: 25-27.

MA W Z. Status and management measures of soil fertilities of
cultivated land in Zhejiang Province, China[D]. Hangzhou: Zhejiang
A&F University, 2011: 25-27..

WHLA e R, WL A R BHR S GTE 4 (2018) M. Jbxt:
FEI 48T H iR+, 2018.

Statistics Bureau of Zhejiang Province. Zhejiang statistical yearbook
of natural resources and environment (2018)[M]. Beijing: China
Statistics Press, 2018..

bR, F120204F 4 2548 FH & 14 K473 /5 S [DB/OL]. (2015-
03-18)[2019-08-04]. http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/
120150318 4444765 .htm.

Ministry of Agriculture. Action plan for zero growth in pesticide use
by 2020[DB/OL]. (2015-03-18)[2018-05-24]. http://jiuban.moa.
gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm.

IR, b =10 IR BT AT RIR 24 it 1 R T H AR VT
IR, 2018, 44(5): 91-94.

XU C C. Introduction to and comments on the research projects of
reduced application and increased efficacy of pesticides supported by
National Key R&D Program of China during the 13th Five-Year
Period[J]. Plant Prot, 2018, 44(5): 91-94.

M. BEIR R A A ORBE AR L AR A R K e 4 [ R
ZIRAI]. REAWIHE I, 2019(7): 14.

WANG T F. Master big data of pesticide use: Ministry of Agriculture
and Rural Affairs will promote vigorously the nationwide survey of
rural household pesticides use[J]. Pestic Mark News, 2019(7): 14.

B 5 X AR 2 XU A B 4% T IB W B AR ORI [9]. TR Ak,
2019(5): 22.

SHI R F. Analysis of current situation of bidirectional full chain

traceability management of pesticides[J]. Henan agric, 2019(5): 22.

(T1EHRE: B #)


http://dx.doi.org/10.1016/S0261-2194(00)00083-1
http://dx.doi.org/10.1016/j.coesh.2018.03.001
http://dx.doi.org/10.1016/j.coesh.2018.03.001
http://dx.doi.org/10.1016/j.foodres.2014.09.030
http://dx.doi.org/10.1016/S1002-0160(18)60017-7
http://dx.doi.org/10.1016/bs.abr.2017.01.001
http://dx.doi.org/10.1016/j.solener.2015.07.050
http://dx.doi.org/10.3969/j.issn.1674-8255.2013.02.013
http://dx.doi.org/10.3969/j.issn.1674-8255.2013.02.013
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-6190.2018.04.010
http://dx.doi.org/10.3969/j.issn.1007-6190.2018.04.010
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://dx.doi.org/10.1016/S0261-2194(00)00083-1
http://dx.doi.org/10.1016/j.coesh.2018.03.001
http://dx.doi.org/10.1016/j.coesh.2018.03.001
http://dx.doi.org/10.1016/j.foodres.2014.09.030
http://dx.doi.org/10.1016/S1002-0160(18)60017-7
http://dx.doi.org/10.1016/bs.abr.2017.01.001
http://dx.doi.org/10.1016/j.solener.2015.07.050
http://dx.doi.org/10.3969/j.issn.1674-8255.2013.02.013
http://dx.doi.org/10.3969/j.issn.1674-8255.2013.02.013
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-6190.2018.04.010
http://dx.doi.org/10.3969/j.issn.1007-6190.2018.04.010
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://dx.doi.org/10.1016/S0261-2194(00)00083-1
http://dx.doi.org/10.1016/j.coesh.2018.03.001
http://dx.doi.org/10.1016/j.coesh.2018.03.001
http://dx.doi.org/10.1016/j.foodres.2014.09.030
http://dx.doi.org/10.1016/S1002-0160(18)60017-7
http://dx.doi.org/10.1016/bs.abr.2017.01.001
http://dx.doi.org/10.1016/j.solener.2015.07.050
http://dx.doi.org/10.3969/j.issn.1674-8255.2013.02.013
http://dx.doi.org/10.3969/j.issn.1674-8255.2013.02.013
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-6190.2018.04.010
http://dx.doi.org/10.1016/S0261-2194(00)00083-1
http://dx.doi.org/10.1016/j.coesh.2018.03.001
http://dx.doi.org/10.1016/j.coesh.2018.03.001
http://dx.doi.org/10.1016/j.foodres.2014.09.030
http://dx.doi.org/10.1016/S1002-0160(18)60017-7
http://dx.doi.org/10.1016/bs.abr.2017.01.001
http://dx.doi.org/10.1016/j.solener.2015.07.050
http://dx.doi.org/10.3969/j.issn.1674-8255.2013.02.013
http://dx.doi.org/10.3969/j.issn.1674-8255.2013.02.013
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://www.cma.gov.cn/root7/auto13139/201903/t20190319_517664.html
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.2095-1973.2017.06.018
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-5739.2016.09.142
http://dx.doi.org/10.3969/j.issn.1007-6190.2018.04.010
http://dx.doi.org/10.3969/j.issn.1007-6190.2018.04.010
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://dx.doi.org/10.3969/j.issn.1007-6190.2018.04.010
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://www.fao.org/soils-portal/soil-survey/soil-maps-and-databases/harmonized-world-soil-database-v12/en/?tdsourcetag=s_pcqq_aiomsg
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm
http://jiuban.moa.gov.cn/zwllm/tzgg/tz/201503/t20150318_4444765.htm

