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Abstract: Over the past 30 years, China's total area sown with crops did not change significantly. Meanwhile, the
occurrences of crop pests and diseases as well as the control (treatment) areas have increased drastically. China has become
the world’" s largest pesticide manufacturer and consumer since 2005 and the up-trend is expected to continue.
Correspondingly, the greenhouse gases ( GHGs) emission resulting from pesticide usage may also increase fast and become
an important part of indirect GHGs emission in agriculture. However, domestic GHGs emission parameters from pesticide
usage were rarely reported in analysis of China’s agricultural life-cycle, which leads to considerable uncertainty in studies

related to agricultural indirect GHGs emission. In this study, GHGs emission from pesticides manufacture was estimated by
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summing up the global warming potential of GHGs emitted from four processes including manufacture of active ingredients,
formulation of emulsifiable oils/wettable powders/granules, packaging, and transport. According to the occurrence of pests
and diseases in six major crops (wheat, rice, maize, potato, oilseed rape, and cotton) in China, the amount of current
GHGs emissions induced by usage of insecticides and fungicides specific for these crops was assessed based on the
integration of available information on the use of relevant pesticides and GHGs emissions from their manufacturing. Our
estimation indicated that the GHGs emission pertaining to pests and diseases control was the highest for rice and cotton
(20.54 [2.03—50.95] and 19.51 [ 5.11—49.01 ], respectively) followed by oilseed rape ( 10.84 [ 8.10—13.62]) , maize
(10.38 [3.45—19.32] ), wheat (9.19 [ 1.86—23.24]), and potato (5.91 [2.15—18.34] kg carbon equivalent [ CE ]
per hectare each year). Different crop pests and diseases contributed differently to crop’s GHGs emission from pesticides
usage; for maize and cotton, pests were the main contributors ( especially maize borer, maize earworm, and cotton plant-
bug) ; for oilseed rape and potato, diseases were the main contributors ( especially potato late blight and rape sclerotinia
rot) ; and for wheat and rice, pests and diseases both contributed equally to the total emission ( especially wheat aphid,
wheat midge, wheat red spider, wheat powdery mildew, wheat scab, rice plant hopper, rice leaf roller, rice striped stem
borer, rice blast, and rice sheath blight). Meanwhile, as to the pesticide GHGs emission per unit yield, all four grain crops
contributed far less than cotton and oilseed rape. Correspondingly, the overall emission due to the insect pests and diseases
control measures for each of the analyzed crops in China was: 220.8 (44.7—558.4), 606.7 (60.0—1505.1), 336.4
(112.0—606.3) , 30.9 (11.2—96.0) , 79.5 (59.4—99.8) , and 96.4 (25.2—242.2) Gg CE yr™' for wheat, rice, maize,
potato, oilseed rape, and cotton, respectively, with a total amount of 1.37 (0.31—3.13) Tg CE year™'. It should be noted
that these results are underestimation of China’s actual pesticide GHGs emission since the herbicides were not considered
because of the unavailability of weed treatment data. Owing to the variation in the characteristics of crop pests and diseases
control measures (including various conditions of crops, pests, and diseases, wide range of pesticide and fungicide choices
and their legal dosage) , non-negligible uncertainties still exist in our current bottom-up estimates based on farmer surveys.

More accurate estimation requires implementation of top-down methods and data based on enterprise-level surveys.

Key Words: crops; pesticides; fungicides; GHGs; carbon emission
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Table 1 China’s currently major crop diseases and pests, relevant active ingredient usage in chemical treatment, and carbon emission *
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Table 2 Current carbon emission from China’s major crop diseases and pests treatment

Crop Crop Pest/Disease M/ (10° b ) CP./(Gg CE)
N INFE 1 1541 33.7(3.8—96.1)
Wheat JNFE A o 251 19.9(8.5—32.5)
JNZ T ke 640 19.8(2.3—38.2)
INFZ b 120 3.8(0.2—8.7)
INFE SR 301 8.0(3.1—12.7)
INZE K 719 32.9(7.4—94.3)
IINFE IR 265 24.8(6.1—46.7)
INFE BRI 740 14.4(0.3—68.5)
INFE g E B (CP) 6427 220.8(44.7—558.4)
KRG [EE 2785 119.7(5.2—297.7)
Rice TG I 2231 122.8(1.9—274.3)
IKFE AR 1546 88.9(1.9—200.8)
IKFE = AR 317 23.1(8.2—38.9)
FETEI 555 66.6(20.5—130.2)
TR FESUH I 1824 174.5(15.0—574.0)
TKFE SR B0 123 7.6
IKAE RS IE A 40 1.7(0.1—4.3)
TR B SR (CP) 9447 606.7(60.0—1505.1)
EV/N 5/ N 2000 140.5(27.7—257.5)
Maize 5 Sk il 393 18.7(1.2—60.7)
B S e 113 2.8
TR H 255 8.0(5.6—11.8)
T - 220 6.63(6.47—6.79)
TR T 364 4.2(0.3—9.3)
FORER 220 16.1(5.4—39.3)
TR /NG 580 28.2(17.3—39.3)
TR 22 R 189 0.8(0.1—1.4)
KRG B 193 7.9
B N EfT 102 4.4(0.2—10.9)
TR BRI 78 5.3(0.9—11.4)
TR HRE B (CP) 6300 336.4(112.0—606.3)
o5 E G 209 12.6(2.8—48.2)
Potato T S R 48 4.4(1.7—12.3)
BT 38 1.1(0.05—4.4)
Lt 53 1.6(0.05—6.2)
ThES SR 49 4.9(4.3—5.4)
LS SN L 47 0.2(0.1—0.3)
A% B LT A (CP) 553 30.9(11.2—96.0)
T TR AR 345 64.7(48.5—80.9)
Oilseed Rape TS FE RN 120 1.6(1.4—1.7)
TSR 229 0.7(0.1—1.6)
M HUE SR (CP) 822 79.5(59.4—99.8)
L% %4 iy 658 31.2(2.1—101.5)
Cotton i 478 6.4(1.5—11.2)
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Crop Crop Pest/Disease M./ (10° hm? %) CP./(Gg CE)
T % 515 27.5(18.4—36.7)
FRAET 05 344 7.6(0.5—20.3)
FEAEARRY 7L 100 1.6(0.5—3.1)
FRAETE A2 211 3.5(0.5—7.2)
R AL T 005 % 151 1.9(0.7—3.6)
FRAEAS I % 118 16.1(1.0—57.4)
FaAEHs R Bk (CP) 2589 96.4(25.2—242.2)

HH 25 3 WA R RIVE Y U B A B AR 25 T = SRR 0 25 SR AR R (2 EPFIME) o KRS AR AL 1Y
IS ERBG RN 3.2 1 5.2 Uk, BRI B 6 S 5 ASOACHE i A s, T8 3 20,54 F19.51 kg CE hm ™5 &
K TSR Ko/ INAZ BN WU TR R ERORAR 24 P R = SR HETBONN IR 2, S8 S AR, R ™ 1 (B AL AR
) MG & W25 BE T 7PV EY) 2 B B ™ 5 i T FE A A 25 Jr 7 AR R = SR HE S 43 )2 1,94 .3.13
1.89.1.91.5.93 F115.29 kg CE ', AKAEATSZAR B AEYy v B A 25 2 AR HE U e =i 19, 2 Sh B8 28 (e IRMED)
Y 1.6 85, & T 2 UEAE Y 03 SE AR AL B SRAL ™ B AR 25 1 2 SR HE R Y & TR B VR, MR ALY B 4
2R = S ARHE R R K AR 4.9 £%,

®3 2EFEREYHELABURREREIRK

Table 3 Current carbon emission per hectare from China’s major crop diseases and pests treatment
BRI Summary JNFZ Wheat KA Rice F K Maize 43 Potato %% Rape Hi4£ Cotton
TR/ (J5/hm? )
Crop Sown Area
AW (/1/hm?)
Yield per hectare
SRR IR UL /IR
Average Treatment Frequency
TR LR B VA i % AR HET
AIXCAI/ (kg CE hm™2 ") 3.44 6.42 5.34 5.59 9.66 3.72
Carbon  Emission for  one-time (0.70—8.69) (0.63—15.93) (1.78 —9.94) (2.03—17.35) (7.23—12.14) (0.98—9.36)

treatment per hectare

BN B BT iR R TR R

HCP/ (kg CE/hm?) 9.19 20.54 10.38 5.91 10.84 19.51
Carbon Emission for all treatment (1.86—23.24) (2.03—50.95) (3.45—19.32) (2.15—18.34) (8.10—13.62) (5.11—49.01)

per hectare

B R A TR A AR/
(kg CEt™") 1.94 3.13 1.89 1.91 5.93 15.29
Carbon Emission forAll Treatment per (0.39—4.90) (0.31—7.76)  (0.63 —3.52) (0.69—5.93) (4.44—7.46) (4.00 —38.41)
kg-yield
a SR TR B9 T RV RE AR 1) P 3, B AR (4R A TR RRSR 11 RH R AR 003 19 v [l 47 %
b/ N2 RO AR 24 B R 2007—2011 4FR 5 4FP-XME TR | Sh8 58 Il SRR 26 45 24 Wil 7™ e B X 2000—2011 4F 9 3 4F-F- X {H ({H 2011
AT A A Y B S S R A IR B ANAT D A A U D B AR AN AR ) R R AP B R R I AR A Y A i H A
E RS R A A FFEEEF (hitp ;. // data.stats.gov.cn/)
e P RIBIR U = 2B A 5 R T B BB TR - A E YR A A
d. B P AR AE R B TR R 2 SR HR R = R R R B R & SR~ R A ™

2403.3 2954.3 3240.9 523.5 733.3 494.3

4.74 6.56 5.49 3.09 1.83 1.28

2.67 3.20 1.94 1.06 1.12 5.24

4 5L

41 PhHe
B P22 SRR . (1) LS AED I 2 E A 25 E AR HE RS R 5, KRS /D E BRI = KRB, X

http ; //www.ecologica.cn



9 4 Wigk A rp E J B A R LA 240G IR & A HE R A 3 9

JE FR LRl TE R A 48 X0 0 3T DR 1) ( = FIE G A RIS TE 2400 JT AW b &3t b 742 E I R EY 3%
ST AR —FIE 2 ) o (2) AR WU AR 2515 % SRR T KA FIAR A B s (20.54 #1119.51 kg CE
hm™?) | Hau i Tilse Bk /NEM D445 (10.84,10.38 .9.19 F15.91 kg CE hm™) | XAFE& /KRG FIFE LA Bk
REZR FHEREBERZWEARE . (3) 88 kg 7 i AR 25 B AHECE 5, AL 55 (15.29 kg CE
hm™) | FLIZE i P08 B [RREARAR A SR N LAy 5 RIPEY , BRI AR AE A B 7= S A% | 1T FLA H 3 B TR K
B, B B e R . (4) 0 L HUE B IA 1R = SR ST D& A I A SR
AR B 5 H T R AR R U DGt 5 R TR U P 24 2R A 0GR IR AE 2 e T DR R (3 02 R A T AR R R
FOKUE ARES IR E UG ) /N FIK R A 5 0 3 DTHR OB Y ( RS2/ N WF i AN R /N 210
Wk N TR N SRR R RN FRAAS IR KA AR FEIE FK RSSO ) | S A4 R S ) LA By
T T AR 2 & AU HE SO 3 (222 T % NG R SR B | G b it S T A2 1 BTk 0l 28 Y 3
SN Z B R 25l R AR ) o X RER A BV I, i T ARG R0 28 1 T SRR AR Y R, AR AR 25l
A LR P e 2 5, DR AR 24 10 SR 438 i SRR 2 iR 2 ], DS i 4 24 1L 2 MR HE R % £
JE | 1% 32 DRI R AR R U 2 VR (WK R R AL ) 3 T, Sl IR B 1A 850 o = K i &
Zi(INZ R ) , AN AT 2Rl T AR 22 [R]85 AR v B v e i P i SRR AR AL AR 2, Do 4, BEEAS
% LSRR FH FR G HE I, K R o AT5 R S Bz T AR B A A B 2 OV, % T DARREK R 2B SN AR U, Sl 15 2 Hi
A U R 3 SRR B 2 S

TR AEAATE AT E PR (1) A2 (2) AL A 88053 19 % ARl & 4% 4 R %0 0.140
kgCO2e MJ™") 2B Ak 2l St ATl P X {8, AR Sz e v 61 A2 ) i Ml 1) R R % 2y (R Rl
24 Al sE AR, TR TR A RO REFE (E ) AR (3) B— PR EIH AR, BRI R
it Green HNGHH REAFEZHE I BEAS tH A S ] i R 4 AL W SR IF AN BB R M 3 58 AR T i S 85cdle . I8 fof 1
A ) AR b E A AR 25 808 E SRR (CAD 23 5 SEBRIE A AL (2) T BRI
FHAR A DX 22 5 K PT REAFAE IR AS G, &5 i S BR A FH A A 24 b R 2 19 B BRAG AT R 23 8t AR S
Mt L, H A R A WEYI PR IR 2 SUAHE R S T RE 2 SAS SO R 2 E EA th A, AR L
ARV, TS B 3R LR 2 2E PR A A PR 2 RERE (E ) ) R PR IR A | DA R 2 R R 2 1 IR E S
PRHERC R B CAD) WA SORT BE . LR B R XA 25 FTEL AR SRS B, B A B R T B A P i e AR AR 108
V5 pa IRAR 24 FH 4 A B (R AN 2 PR XU v | S A Rt [ BT T 09 Al G A AR A5 45 Al A 245 11
R B A B H R T A VR 10 25 10) LL VB E (—Fh R 24 W W A AR Z Fh 2 1), R B i e AR 0 H 3 8 2%
AMEY BRI D) SRR E Y T R A A R A 2 Bt

T3A AR SR e 2 R T K 1TV A5 B 00 A TR AR ) A SR A B A 03 5 A% HURI AR T
FR B GG, R R P OCHESOAS QA% H 3% T 0 22 H o B A P R R, B80T B, % AR AR 2 T 0 451
ANFEAR SCIRY b 75 i3 S KBR300 A A IR 2 AR HE R 35 17.43(0.92—49.19) kg CE hm ™, B {E A I
B 147 7 ok oK 2 A HRURIR AR 4 T s SR HE R 2 L, LB 6 B R VR A 4 (8 1 B 590 1 7l 3 143
R AEAWT Y PRHAR SO 45 VR 4 3 A WA 24 it T U 5 A I s 4 1 4 2 1 8 S I A o
ATHRARA
4.2 5

H1 T B A — i B TR 238 T iR 2 w] bt £, iy R[] — e 24 fof et T AR 22 B R 2
2, D3NSR YA 24 it Ao SR A () B4 36 1 RRERE -« - DAL, BV B v () — VR 1 [] — oo e 3 | 67 1T
FRA A 24518 38 SMACHE G A2 KA AR, £ 2 P DU 228008 £5 (PR 1) o A TR —FEYm =, Biia
i ‘o AR L 14 T B AR TR O AN [T 810 G T K A AR T (ORI AR HURIRR B ) TSR 4R
S EH T (MOBENR TE A ) /N KR 2 22 i U3 B o (/NAZ R e NI L AN LT R N Ry
Wi NE AR R RE R I KRR AR RN UK RSO ) (TR 2) . B T AF/EY R
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S % 36 &

RGBT A O HERCE , KRS AR A 1P 2 B 2 TR I B 2 AR 2 /N A K TS S B i 2
A AT s ARG R AN I - PN AR BR AL, W22 5 R (TR ILER 3)

DA _EZSAYER R B B A TR U HECRE A 1.37(0.31—3.13) Tg CE, &8 E IR ARAEY) 1 B 1A Kk

243t A DA ME B AR AVED) ($% 7S FI AR VE 9 35 Fh i B AT 1,035 42 hm® | 2 B R AEY) B Fhir AL 1.605 12
hm? 1), W3k = H A Vet AR 25 (R RR ) 3R 2= AR HE RS B 2.13(0.48—4.85) Tg CE a™' (%
FERN S HR A BTk, LA EBCE R |
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