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HTRRZRAE R B LS R G Bk 1h & e Ak, A
W98 35 T L0 AR A8 G 1A S50 L DA A 7 A
R AAE Y =1 ot 42 TR EEHIHT IL AR 4 2014 —
2023 AP A A 25 Z8 G0 A W AT Al HE G AT e L 5 17
B 23 AR fh a3 LU L0 AR 48 & R AR AR Al 4k
FPREZ5F A R AR S R 50 R Rk R $E LR 2%
A
1 MRSk
1.1 HRERE

LR A8 57 v B AR S0 0 0 L B0 i B T
FU654 J7 hm® , A 28 AU Sk iR 21 W 10 e XU fE
SRR 11~14 °C, &4 HERFET L. 4
1 H RS 2 290~2 890 h, 4 HIRE K it 550~
950 mm., KL A = R REE ZYRE
VED IRHVE 4 T S IS A e 35 b
1.2 #HiERIE

AT BT FH A 500 ok U T Ll AR A8 S AR
S AL AAE Y B BRI 28 5 7 Ak IR e

A2 it A A BRI FH S T A A AR AE AL
B FLAE AR
1.3 HxRAE

TEXT A H A 285 58 46 e W WG A7 D 38 sk, AR i
RAEY) IR RR A BN LK KR A T &
ORI A I SRFF R AR AR B B
R 14 P EYr . A T A28 R Ge e HE ) D
SR 2 A T M T 7 A ) e HE L SRR AR L (A 2Y
AR AR LA RV WE AR A Bl HE O AR L IF X AN TR
ARV A I AT Rk T
1.3.1 RmAXZZ%sm Bk KHESRGK
WS B (C,) A 4 A VR DA i 380 B 5k BB B[] Py
P14 e WA AT T R TR LA (D)

C,=C, XY, X(1—W,)/H, (D

KH.Co Cp Y, W H 0 e i RAEY 4
AR I R W R B ISR LA B R L S KR
MATE R B AR AR AED) 095 R OR (Cp) Fl 4
TFRBCH BUA L 117,

TR R BRI (C, ) EIRE (W) FIEFRE(H)

EYRR WA RIRIBCRCH) FKRRW) &3 ZECH)

1
eI R BRI (CH FKREW) SFRBD
WEEY N 0. 40 0.12 0.49
ESPS 0. 40 0.13 0.47
KA 0.45 0.12 0.41
& 0.50 0.14 0.45
[ 0.35 0. 14 0. 45
KE 0.35 0.13 0.45
b S 0. 65 0. 70 0. 042

LR EY) 1 0.42 0. 10 0. 45
TS 0.25 0. 10 0. 45
Z K 0.15 0.12 0. 45
LiiFiA 0.10 0.08 0. 45
A 0.55 0.16 0.45
el ZAEY) i 0.65 0. 90 0. 45
JIR 0.70 0. 90 0.09

1.3.2 REAKZ%#HHK) KRHESRSEHK
HEfE (ED R FERJEA LA 6 b, I8 5 2 i
WAR 2 ~AH(8),
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E,=G,XT, (3)
E,=G,XT, o5
E,=G,XT, (5)
E,=G,XT, 6)
E,=G,XT, (7
E,=E,+E,+E,+E,+E,+E, (8

KXHLE L E,VE,EJE, E. 5351 AR HE (4

B RE WL B IE A S I (AR 2y AR A AL

Bl HE R A B B HE T GG, G G LGy

G 3 A HE AR 25 A JR AT Rk LB 3
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R2 KRALESRERNURBHBRREY

T H B HE R L
AHIE/ (kgekg™ D) 1.74
BEAL/ (kg kg™ ) 0.17
AL/ (kgekg ™) 0.12
HEM/ (kgekg™ ) 0. 38
2/ (kgekg™ 1) 4.93
e/ (kgekg™ 1) 5.18
LM AR B T / (kg kW 1) 0.18
W/ (kgehm™?) 266. 48
KA FAE AL/ (kgohm ) 16. 47
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1.3.3 KA s zumeid RKRHETRESGW® KT 534.38 J1 . BEKIEEE A 36. 30 % 5 /NF 1k

AR (CEF) Ry A B AE S & 48 R i WU Ak 7= PR A
BT B A 7 AR AR, A hm® .
BHEHELARXO~AKX A0,
CEF=E,/NEP (9
NEP=C,/S (10)
KL E, Ak A S R Gk HE S & NEP
FAEY) [ B BE s C, R A B AR 35 R B8 e W0 R
WS PR, AP AR TRBEAS RS
e 2 30 B A i 2B S AR S AH B iR AR S R
2 R 590
2.1 WEERBESERGHRKED
2.1.1 HFmMesEBRE MK KB AR
YEY B W WA IR | 9 A2 f R & . 2014 — 2023 4F
AR A A H A S R Ge ik Wi Sk S 3k 3h B
FEaFCE 1, R AR H A2 &R Gk R 0w
M 2014 49 6 207. 35 J7 t # K = 2023 4E Y
6 609.26 J7 t, B4 K T 401. 91 J7 t MG IRE H 6.47% 5
A EY B SR 2014 4ERY 3 317,44 J7 ¢ 14
£ 2023 559 4 115,48 J7 38K T 798,04 J7 t, 3
KAREE R 24. 06 Y0 s R BFAE W) b W L& R 2014 4F
() 307. 05 J7 t /b & 2023 4EfY 247. 53 J7 t, I
AT 59,52 1t /D IR EE S 19. 38065 [ ZAEW)
WMz i i 2014 4E Y 2 582.86 J7 t Il & 2023 4F
(R 2 246,25 J7 t, /0 336. 61 J7 t, Ja 2> e JE
13.03% . BIF 5% 1 PR £ 4 0 Al W S o L e o
R 53.44 % ~63. 00 % , 2l 20 /E P Bk W AT 3 ot LR IR
Z M 33.02% ~42. 02% » 2GR AR W b W 0
FAR AR, K 3. 74 % ~4.95%,

= 8000 T o g frfetyy mWFMEM O 2D

~ 6000
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= moa 000

Bl1 2014—2023 EILEERBAESRSE
B ERETL

2.1.2 ZZHHemdoks MRBNILAS
FHAR R G 2023 AF B W 0 i 38 B e s B N
6 609. 26 J3 t,2019 4EBRMEFe /b, R 6 195,71 JT t
(£ 3), AWM ENKRZ . H 2014 1
1472.22 J7 t WK % 2023 4EHY 2 006. 60 J7 t, 184

W K R 22 2014 4EAY 1626, 27 JT t K
2023 4FHY 1 920. 74 T3t HERK T 294,47 Tt
BERME BE R 18, 11 %60 . I A e W Wi ok ik 2 o £
i 2014 4E ) 1 142, 22 7 t /D &= 2023 4E Y
906. 90 J7 ./ T 235. 32 T3 t, /R BE A 20, 60%4 5
B SERRR M EEIE AR ZL F 2014 AFEAY 1440, 65 J7 t
W/ 2023 4EA 10339, 35 7 608240 T 101,30 U7 t,
WMREE R 7.03% . NILARARHAEERE K
PRAE W o Wi 5 LR E L /NEE L K VB SRR
SR B AR AR S G e T HAR AR AE Y L BT LA X
A4 A AR 11 e W WA A R LA R VR . F ST
WIN/INAE K RS RTUR 4 Rl AR i i
FE AN 2014 49 91. 53 %04 K 2 2023 4E 1) 93. 41,
o/ R W W 7 B R 26, 2090 ~29. 610, &
KRR W EE (5 R 23, 72% ~31. 41 %, i SE R
Wk 5 R 18, 72% ~23. 39 % JIN R B W i B o
H R 13.60% ~18.62% .,
2.2 WEERBESEGHHEEREN T

IR R ARG 2014 — 2023 48 5k HF L
SRS T RS R R B 2014 A
757.94 J5 t FFERE 2023 4EA9 591.01 i t, FRET
166.93 J7 t, FREWEEE R 22.02% (£ 4, FEIXHF
FEIN, AN R B HER B T R A £, A 2014 4E Y
268.68 Ji t FI&Z 2023 4EAY 164.85 J1 t. FFE T
103. 83 J7 t, F1ig Ay 38. 64 % 5 Bl AT (9 5% HE T F R
e 3 B A, B HE TR DA 2014 4FEAY9 7. 96 Tt R
% 2023 4F19 4. 88 J1 t, MR MR A 38. 6990 ; 41 AU HE
T8 1) Bl HE B M I 22, BN 2014 4R 1% 135,42 T3 ¢
K 2023 4EMY 139.68 7 .3 K T 4. 26 J7 t.
HEME R 3. 14 %

MR AR AR 25 2R 0 45 350 A 0 5l 1 i 7
mi LR E BT HE &R R b b iR ok B2
RS, A A 2014 4R 48, 4096 R & 2023 4F
() 42. 38 Y0 5 v ZUNE 7 ik HE JBO& A2 v o bl S B
TREHAH, A A 2014 ARG 35. 45 % R R 2023 4F
[ 27. 89 %0 52 G NEAE B HE & AR oty Lo 5 R
Kotas, it 2014 AR 11, 23 %63 K & 2023 4F
[ 13. 10 ¥ 5 fl AU R0 B8R AE 1) ik HE B o bb 22 R B
EHE N BRI E ST AR 2%, RIER
TRHER S Fk Z B2 K a3, i E A 2014 4R
20. 86 %o M4 K & 2023 4E1Y 22. 04 %,
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2.3 WEERBESZRSEWHEITHEEWL LM 2014 4E17 12, 219 FFEZE 2023 4E19 8. 94% 5

MR 5 Frm, IWARERIESRSE 2014 — B T AR A AL TS ()RR S BN IRE  FAR #, IA 2014 4F
2023 4F i JE 0 S IR W T B, R 2014 AR Y £ 0.12 hot’ «hm 2 FFEZE 2023 4E4 0. 09 hm’ «hm 2,
93.05 77 hm®* FFEZE 2023 4% 58. 48 77 hm® , 38 35 T L AR AR AR AR S R S i 2 ik 5 Al T
A>T 34,57 J3 hm® L BEIRA 37.15% ., RAEYER  FRAYXTEE 2014 —2023 ARG 2 305 1 /N T[] 01 Bf b
Ae ) B Bh LTk #, B 2014 4R 8. 15 tehm AL R IR R RS RS 2 Bk A &
BRK % 2023 4R9 10,11 tohm ™7, REAESRGEHKR KRS, IRNILARERAESREmRAE SR
SR BNF R B AL, R IR A R A RERR ST RES S SR T 73,56 J7 hm',
BRGEZIRAETBRRE ., REESRGHKE BN 11.00% ., Horp 2020 4ERR A BB AR N
0 AE [) A B b 1 AR e 9 o b2 AN T R R 680.50 /7 hm®,2021 4F 4 A%, K 578. 97 71 hm’,

RS 20142023 ELFREARBESREGHREIT

. e W WAL it/ T HE it/ BBk fg )1/ i 238 / B TE AR/ WS EAR/ B AR TR FR A A2 3 /
K It It (t*hm™?) J1 hm? J1 hm? 1 hm? (hm? « hm™?)
2014 6207. 35 757.94 8.15 93.05 762.06 669.01 0.12
2015 6362. 54 748.75 8. 36 89. 57 761.10 671.53 0.12
2016 6376. 73 736.87 8. 38 87.90 760.70 672.79 0.12
2017 6275. 94 713.49 8. 27 86. 29 758.98 672.69 0.11
2018 6206. 14 686. 48 8. 20 83.76 757.25 673.49 0.11
2019 6195. 71 653. 88 8.18 79.92 757.25 677.33 0.11
2020 6302. 11 638.72 8.32 76.75 757.25 680. 50 0. 10
2021 6397.08 618.63 9.98 61.98 640. 95 578.97 0. 10
2022 6460. 78 598. 83 10. 07 59.46 641.49 582.03 0.09
2023 6609. 26 591.01 10. 11 58.48 653. 93 595. 45 0.09
2.4 LFRERBEESEERETZTEHER RAEY E B BE J1 B I8, 24 5. 89 tohm *, BRI

INARAE AT 2023 AEA M AB RGehe W Jy i, EEDT T R UT TT CAE A R aER W
W HE R R VE Y AR RE T R T BRI R K, HEY TR B .o 7. 06 J3 hm',
R 2 8 49 A AR B K 25 5 (3R 6) ., Al W W Uy T di btk 12.08%; I Ur i i A2 34 6. 15 7 hm?, (5
TAF VR T R W A e K, R 1007, 88 Tt I AR b 10.51% s & i 234 6. 09 71 hm*, (5 b
B RSO B 1 15, 25 %0 5 Ja A TIT B WM B B /N L 10.41% . AR T HRAL, R 1.51 7 hm*, (5
97.51 7 t. A EbR 1. 48% ., B HE M Iy T . e T bt 2. 58% . B 1 FRUAR 2 00 7 1T L 00 5 T A R, R
TR R HE BRI 2, 43 R 77.85 TR 71,31 T ¢, 0.17 hm’ «hm * s BB HTIRZ . 0. 15 hm’ «hm ™ * ;75
S35 IR A R HE R R 13,17 %0 /1 12,07 %05 TR T AR B A2 3 B IR, O 0. 07 hm’ «hm 7,
H BT R 8 T L3 18Tl ok e e = e D, o o INARAE &MYl 2023 SR HAES RGERAESA
12.00 J3.13.17 JT A1 13.75 J7 t. 5 He 2051k 2. 03% . AARIR TR A S A= o 72,24 T7 hm' 3 4
2.23%0 M1 2.33% . ARAEY B AE ) 5 E T M I R AR S BRI, 430 14,08 J1 RN
AW 8 1 B R A 12,96 tehm ? 5 T 14.71 Ji hm?.

R6 2023 FLFHKRBAETRERET

- T W i/ B HE i/ I i e 1 / i A2 38 / b 1 AL/ BRAEBRA/ AL R R/
Tt Tt (tehm™2) 77 hm? 77 hm? 77 hm? (hm?«hm™?2)

P 372. 38 28.32 10.73 2.64 34.71 32,07 0.08

H 387.52 33.50 8. 89 3.77 43.58 39. 81 0.09

i 147. 50 13.75 9.09 1.51 16. 23 14.71 0.09

AT 238.29 23. 85 11.63 2.05 20. 49 18. 44 0.10
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RAv2zF5E02 2 £ oz R % # 2
F6 (4)
- T W WA 2/ T HE ik = / [ B & 1)/ fi /2 38/ Bt R/ AESREA/ AL R R/
Tt Tt (tehm™—?%) 77 hm? 73 hm? 77 hm? (hm?«hm™?%)
REt 138. 65 13.17 6.24 2.11 22.22 20. 11 0.09
M & T 232.17 39.55 6.50 6.09 35.73 29. 64 0.17
by 738. 29 77.85 11.02 7.06 66.98 59. 91 0.11
v 571.33 47. 40 11.04 4,29 51.76 47. 47 0.08
E ] 303. 36 24,92 10. 31 2.42 29. 41 26. 99 0.08
B T 97.51 14.56 5.89 2.47 16. 56 14.08 0.15
H 7 108. 92 12. 00 6.00 2.00 18.16 16. 16 0.11
I Y 77 575. 00 55.55 9.04 6.15 63.62 57.47 0. 10
51 7 689. 62 52,52 10. 75 4. 89 64.17 59. 29 0.08
3 T 642. 22 54.56 12.19 4.48 52.69 48. 21 0.08
bl 358. 61 28.19 8.99 3.14 39. 89 36.75 0.08
TP 1007. 88 71. 31 12. 96 5.50 77.74 72.24 0.07
it 6609. 26 591. 01 10. 11 58. 48 653.93 595. 45 0.09
3 it T R g 1L TR T LR S ol B O

ARBFFE 2014 — 2023 41 AR E AL H A E R
Ge 14 FRAEY T, AN L E R R FORELZRR
5 B A A W e W WG B L K RS L R LB R LT
A IR SEAT VR AR IR R B S IR 9 Bl AR Wk
WS o U 2D 3 T2 5 A AE ) 1 R R e AR R A A
Ko 2014— 2023 AR A NE . ER . BFF.KR
LR 5 AR ARG Rh i AR5 03 0 26. 86 U7,
75.46 J3,1.37 J7,8.29 Ji Ml 0. 06 Ji hm® , i
W& 4 ) 48 294, 48 Ji. 534,39 J1,5.58 Ji,
18.44 J7F10.04 J7 t, [MIKAE . @3 EHK 1
A ISR VBB AE IR R B S SR 9 Fh R VR Y B
b i AR 4 0 98 /> 2. 14 J7,0. 28 U7, 13,12 J7,
14.20 J1,0.07 J7,49. 64 J7,0.73 J7,28.35 Ji Fll
7.01 5 hm®  BRWCE 73 5l /b 14. 39 J7,0. 65 J7,
39.79 J1.46.86 J1,0.06 J7.11.02 J7.1.62 J1,
101. 30 J1 A1 235.32 71 t,

PAEYAERE AN L BRAE E R AR S A T T Y
HIUAHAR e 31 AR R A I | AR 245 55 Al AR 77 3 A i 1Y)
Az 7 32 K A0S S AN TR R R 7 A R A R HE .
& A A e T B e T o . & R DA
et e 185 91y A A9 VR it A8 ol 2 365 07 <A AR Ak 52
AR TT R 2 KR ) AR Bk B, 2014 —
2023 A I AR A B HE RO SR SRR S T e L X
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AL A 25 S5 45 A i A AR . 2014 — 2023 4F
I ZR A8 A0 BB it Y & 2 T 113,29 7+, BRI
24,20 % s Horr UBE | A L 4 RE e D R 0 i) o 2
59.67 J7,18.66 J3Fl 14. 80 J7 t, 2014 —2023 4F
IR A8 A 250 FH R /b 5. 43 J7 «, B g 34, 73%05
A PRl R B8/ 5. 37 0 L, R IE O 17. 58 %
I RME A P AERUE AR AVE Y 7= B (T8 T L T i —
A A B RN AR 24 it F L 58 Ak A B K R il 52 it
Ak T I HE K A i

PMr A 77 B AR IKE T 2 22 502 1 A [R]
XS5 [5]  AE  le AE 2 22 S 1 2 D IR ol A 7
P AR R AR A P [ 5k i T BRI, e R A
15 T AR M A 7 i R 2023 A B HE R 3 #)
77.85 3t il R & . 7. 06 J7 hm®, TR
AL U T 2023 4F Gk HE IR FE AL £, 43 R
71.31 JiF 55. 55 J7 t. 307 B 1 B HE MR = T IR U7
i 15,76 T3 t, B [6] 3 97 326 T il v 17 4R AR 4 [
BRAE S143 90 12. 96 F1 9. 04 t«hm 2, Bk /2 54>
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Temporal and Spatial Evolution of Carbon Footprint of Farmland

Ecosystems in Shandong Province

QIN Yankai', LING Fanshu®, YAN Guangzhi’, GUO Jianye’, LI Peizong', TAN Zhaofeng’ ,
SHI Shaobin’, GE Xincheng®

(1. Agriculture and Finance Service Center of Zaoyuan Town, Lanshan District, Linyi Clty, Linyi 276000,
China; 2. Linyi Agricultural Technology Promotion Center, Linyi 276000, China; 3. Feixian Agricultural
Technology Promotion Center, Linyi 276000, China; 4. Junan Rural Management Service Center, Linyi

276000, China; 5. Linyi Agricultural Development Grou Co. ,Ltd. , Linyi 276000, China)

Abstract: In order to promote the sound and sustainable development of low-carbon agriculture and farmland
ecosystems in Shandong Province, this study was based on statistical data on the input, output, and cultivated
land area of major farmland in Shandong Province. It calculates the carbon emissions, carbon absorption, and
carbon footprint of farmland ecosystems and analyzes their spatiotemporal changes. The results showed that in
terms of time, the carbon absorption of agricultural ecosystems in Shandong Province increased from 62.073 5
million tons in 2014 to 66. 092 6 million tons in 2023, with grain crops accounting for the highest proportion of
carbon absorption. The carbon emissions have decreased from 7. 579 4 million tons in 2014 to 5. 910 1 million
tons in 2023, with fertilizers accounting for the largest proportion of all carbon emission pathways. The carbon
footprint decreased from 930 500 hectares in 2014 to 584 800 hectares in 2023, and the carbon footprint per
unit area decreased from 0. 12 hasha ' in 2014 to 0.09 ha*ha ' in 2023. From a spatial perspective, Weifang
City. Linyi City. and Yantai City will had higher carbon footprints in 2023, while Zibo City will had the lowest
carbon footprint. Yantai City and Weihai City had relatively high carbon footprints per unit area, while Heze
City had the smallest carbon footprint per unit area. During the research period, the carbon absorption of the
agricultural ecosystem in Shandong Province was significantly higher than the carbon emissions, and crops had
good carbon sequestration capacity. The carbon footprint was smaller than the cultivated land area during the
same period, and the agricultural ecosystem showed a carbon ecological surplus state.

Keywords: farmland ecosystem; carbon emission; carbon absorption; carbon footprint; sustainable development
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“industry-enriching county” strategy, the planting scale of black fungus has been continuously expanded.
However, the occurrence of diseases and insect pests of local black fungus has been frequent and increasingly
severe year by year, affecting the yield and quality of black fungus and restricting industrial development. To
identify the species of diseases and insect pests of black fungus in Zhangxian County, this survey collected
disease samples during the growth period of black fungus bags and pest samples during the fruiting period,
followed by DNA extraction, PCR amplification, and gene sequence identification and analysis. A total of 6
pathogenic species causing diseases and 8 pest species of black fungus in Zhangxian County were accurately
identified. The fungal diseases were determined as Trichoderma pleuroticola, Penicillium commune ,
Penicillium crustosum and Trichoderma citrinoviride. The bacterial diseases were Bacillus cereus, Bacillus
subtilis and Enterobacter hormaechei. The insect pests included Bradysia impatiens, Lycoriella ingenua s
Symplecta hybrida s Coboldia fuscipes, Stitopleurus minutus, an undetermined species of Cecidomyiidae
(Cecidomyiidae sp. ), and an undetermined species of Sciaridae (Sciaridae sp. ) and an undetermined species of
Anthicidae (Anthicidae sp). The dominant pests in the survey area, namely Bradysia impatiens, Lycoriella
ingenua , and an undetermined species of Cecidomyiidae. These pests are the first to be reported in local
research.

Keywords: Auricularia auricula judae ; PCR amplification; fungal diseases; bacterial diseases; insect pests



