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Characteristics of mulch film residue in typical areas of Anhui Province, China

LIU Ying', WU Sheng', TONG Tong', ZHENG Jing', CAO Chi', JIANG Jiasheng', HUANG Wenxing’, SHI Junsheng’, MA Youhua'

(1. Key Laboratory of Farmland Ecological Conservation and Pollution Control of Anhui Province, College of Resources and Environment,
Anhui Agricultural University, Hefei 230036, China; 2. Anhui Provincial Agro—Ecological Environment Station, Hefei 230001, China)
Abstract: To explore the characteristics and influencing factors of mulch film residues in typical areas and mulched crops in Anhui
Province, in 2019—2021, 15 monitoring points in 13 counties and districts in 8 representative prefectures and cities of Anhui Province
were selected, and positioning and typical sample collection methods were used to carry out mulch film residue monitoring, with 10
surrounding farmers or cooperatives randomly selected to carry out questionnaire surveys. The results showed that the average residue of
mulch film in Anhui Province during 2019—2021 was 10.80 kg hm™, which did not exceed the national standard limit (75.00 kg - hm™).
The average residual film amount at each monitoring point in the three years was 0-30 kg+hm™, and the residual film amount was 5-15 kg-
hm™, accounting for 53.33%. From the perspective of different regions, the amount of mulch film residue in the Jianghuai hilly area was
higher, with the amount in farming areas being 3.62—25.76 kg+hm™. The average residual film amount for different crops decreased in the
following order: potato>open—field vegetable>tobacco>fruit tree>protected area vegetable>soybean>melon>peanut. The residual coefficient

of vegetable mulch film in protected areas was 1.59%, and the amount of residual film was expected to exceed the residual film limit
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standard set by the state after eight years of continuous lamination. The factors affecting the amount of residual film included the crop type,

mulching age, and mulch film specification. There were significant differences in the residual film contents of mulching <10 a, 10—19 a,

and 20—30 a soils, and the irregular use of mulch film of different thicknesses increased the difficulty of mulch film recovery, to a certain

extent. The results showed that, at present, the pollution status of mulch film in the mulching crop area at each monitoring point in Anhui

Province was relatively low, the main recycling method was manual picking, and the degree of mechanization was low. The recycled mulch

film was mainly treated as rural household waste, accounting for 52.91%. Anhui Province should reduce mulch film pollution by adjusting

the planting structure, promoting the use of standard mulch film, strengthening recycling awareness, and improving the recycling rate.

Keywords : mulch film residue; reclamation; distribution characteristic; carryover coefficient; cropper
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Table 2 Amount of film residue in each year of the 15 monitoring points

FE R Residual film quantity/(kg+hm™)

WS, 0y
Monitoring point Year FHE T T B 22 FEJ5— 5 = FEJ5 g FEJ5 1L
Average Standard deviation ~ Sample one  Sample two  Sample three Sample four ~ Sample five

NI RN=Y 2019 772 243 4.68 9.29 9.76 4.83 10.03
2020 12.24 6.71 9.33 13.57 24.54 8.56 5.18

2021 6.36 1.17 7.58 5.30 6.71 470 7.52

PR A B 2019 4.56 2.84 1.16 5.21 5.10 2.09 9.26
2020 3.46 1.17 1.84 3.67 3.76 5.33 2.69

2021 10.12 4.84 9.53 8.05 19.43 5.40 8.20
M T e 22 B 2019 26.06 9.56 24.34 19.89 15.51 27.07 43.49
Fh 2020 5.07 2.14 2.01 771 3.18 6.54 5.93
2021 13.71 3.27 19.55 11.02 10.24 14.21 13.52
R T e e B 2019 9.38 3.22 8.91 9.71 3.59 12.01 12.69
E 2020 5.18 136 527 5.29 3.85 3.89 7.59
2021 1.16 0.34 1.25 1.67 131 0.77 0.81

AT LT 2019 11.21 10.83 5.49 30.42 15.77 1.54 2.82
Hitk it 2020 9.83 231 11.10 9.66 10.36 5.59 12.43
2021 9.28 4.83 9.28 18.58 6.76 6.43 5.35

A e ELT 2019 3.46 3.71 10.53 1.20 0.83 0.90 3.82
LU 2020 12.89 3.47 19.17 12.49 13.23 8.97 10.58
2021 426 0.69 5.56 427 3.71 3.68 4.08
HER T A7 B 2019 34.82 13.76 32.42 20.24 22.46 40.94 58.03
2020 22.99 2.30 25.24 19.49 25.65 21.56 23.03
2021 23.43 6.94 35.09 21.77 21.27 25.33 13.75

WERATT H R RE X 2019 16.13 6.78 14.41 10.08 28.90 16.35 10.91
2020 6.19 1.57 4.80 6.27 6.10 9.06 471

2021 16.50 2.05 16.47 15.88 20.39 15.27 14.49
INUTTH X 2019 41.81 7.48 51.51 49.00 31.67 40.45 36.40
2020 5.67 1.94 6.76 7.89 6.27 5.25 2.18

2021 26.48 12.20 35.51 27.31 16.34 43.34 9.92

INLTTEP IR 2019 23.24 436 16.56 20.27 28.95 24.47 25.97
2020 4.04 1.42 1.69 451 457 5.97 3.46

2021 10.18 1.92 10.21 13.71 8.35 8.56 10.08

NETH LK 2019 453 2.18 7.45 6.52 1.48 3.31 3.88
2020 11.28 4.42 19.38 8.50 9.38 6.82 12.32

2021 1.73 0.54 0.81 1.85 1.56 2.00 2.44

ik T LK. 2019 2.66 0.13 2.59 2.84 248 2.60 278
2020 19.02 478 17.07 20.30 19.90 26.26 11.57

2021 2.40 0.73 331 2.49 1.09 2.79 232

g L A B 2019 12.08 2.28 13.69 12.77 11.43 14.52 8.01
2020 10.31 6.48 6.42 21.71 5.46 13.34 461

2021 4.55 2.02 3.84 5.05 1.43 474 7.68

=R AL R 2019 2.67 0.84 3.19 1.07 2.62 3.38 3.10
2020 1.48 0.60 1.19 0.79 1.30 2.56 1.57

2021 2.03 0.30 2.04 2.15 2.49 1.57 1.90

T M X 2019 17.03 1.95 20.56 17.65 15.79 15.91 15.21
2020 3.14 2.50 1.42 2.81 1.56 8.04 1.84

2021 3.59 0.37 321 4.05 3.23 4.03 3.42
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Table 3 Mulch film coverage area and dosage of different crops from 2019 to 2021

A Wy %(;Eﬁ&ﬁ A BRI 5 ﬂﬁﬂ;ﬁﬂji ﬂﬁﬂ;ﬁﬁéi it FrERA B
Varioty Yeur overage Percentage of Mulch film Proportion of mulch  Household usage

area/hm’ area covered/% dosage/kg film consumption/%  per hectare/kg
a3 2019 60.79 32.78 5794.40 25.70 0.382
2020 41.56 92.28 3132.58 5.03 0.410
2021 41.49 92.04 3 605.94 5.79 0.238
LG 2019 54.80 29.55 5 530.00 24.53 0.450
2021 99.56 98.18 8 765.80 5.87 0.458
Rt 2019 39.33 21.21 8 800.00 39.03 0.526
2020 6.23 89.33 504.00 5.39 0.421
2021 11.87 91.88 976.10 5.48 0.395
{5 B 5% 2019 13.56 731 992.50 4.40 0.309
2020 102.36 94.72 9941.38 6.48 0.478
2021 146.81 90.79 14716.10 6.68 0.546
e 2019 5.43 2.93 456.30 2.02 0.327
2020 21.55 88.75 2265.10 7.01 0.448
2021 439 78.33 346.40 5.26 0.140
JRk 2019 2.66 1.43 143.50 0.64 0.239
2020 49.77 96.67 4819.49 6.46 0.353
2021 32.03 94.67 3342.96 6.96 0.282
Tk 2019 2.23 1.20 167.50 0.74 0.337
2020 1.90 91.92 127.80 4.47 0.339
2021 2.18 92.35 179.22 5.49 0.073
K 2019 0.08 0.04 8.50 0.04 0.417
2020 6.22 97.86 489.00 5.4 0.367
2021 2.78 100.00 339.30 8.14 0.137
E N 2019 0.05 0.03 3.50 0.02 0.333
2020 0.64 91.67 28.40 2.98 0.272
2021 0.10 90.00 8.20 5.47 0.003
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FREH R AR 4R . 3 a RIRIVEYIT- 358 B R
by A > R b B S > M > AR > CR AP Hb g% 2 > K
>N IEA , Eh S S AR B Ay, Ol 22.54 kg
hm™, FEAE Hb A% B R BeAIX, 2 5.36 kg-hm ™.

2019 45 A AE 1y b IS 5% B ot o e B 2 TR L
26.06 kg - hm™, F fIlK & P37 LB 5%, 7 4.53 kg - hm™,
2020 4 Hiy [ 5% B4 o 0w = 2 DA, O 19.02 ke -
hm™, 5% B i e IR 2484, O 1.48 kg-hm™, 2021 4
i RS 5% B e e 1) A R ML B SR, R 16.77 kg - hm™, 5%
TR A2 K S, 2 2.03 kg-hm™, Tl LX) H & R,
20192020 4F 4% 4% I B AR s v, K 5L 1) b o P
3 a 0] M4 2L R, 2021 4F 55 Hb 5 32 FIAE A= (1 i IR 5%
B SEAH G T 2019 4R B BEAIG, (H BT 5 & T 2020 4 .
2020 4 Fl 2021 47 R 3 b 5 i b S 5% Bt #04 2019
R A . WA RS R A B, SRR A R
SK PR RIS FEE A 0 1 il B ke P e 35 S MG I 4

H 2 4w AT, SRR Y bR % B2 5 N 9.83 kg s hm™
Ha N3] 10.38 kg~ hm™, 45 247 4l 5 5% B4 R 140 0.275 kg -
hm™?, Hb B B 2R 0.34% ; {547 1l % 1y Hb 5% B4
M 4.53 kg hm 23130 9.19 kg~ hm™, 4= b JIE 5
TGN 1.55 kg~ hm ™, 340 B2 U2 SRR B 5.65 4%
Hh TR B R BN 1.59% . MG Hb ISR B R B0 TA TR
P B S AT 2 A B A PR T R S
JEE 8 o, i A% A et 2 e o 61 SR ) 1 ke BB A
7 (75.00 kg-hm ™),

23 RYEKESEHZMES
2.3.1 AR

AN TR 0 B R i ok, ke e o 5 7 FRE A PR AT
X, <10, 10~19 a F120~30 a F-F- 25 5% 52 553 51 K
6.78.14.17.32.35 kg-hm (¥ 3) , i 25 10~19 a Fl
20~30 a W5 I L 43 B2 AL B <10 a Hi LAY 2.09 .4.77
L AT R <10 a.10~19 a F120~30 a T
) BR RS A A S 2 25 S, R R ()R

Hh g A
2.3.2 {EWZEAY

AN [ A 4y TR i R P 5t 7 6 L f5) Rt P i 34
S 25 S TN B B 7 A S

3 a ] -2 R B 4 I VE A 8 25 IR it
B NS R4 UFE L EHIE 3 a RFEY
() b B 2R AT r 22 5, B SR AR R LR 4 b g SR 40
LA VR b B 5% B8 R 50035 o 088, B 2021 4F 554
LR Ay 2019 4 Hb R BE o T2 o
2.3.3 HiUfIERLAR

W2 5 PR, 2019 44 7 {0 F 179 i RS B A F
0.004~0.030 mm 2 [A] , Ffr H 246 FH Ay b 5 0 v . 9
A A 1 % b B B8 B E 500~6 000 mm Z [1], H
Tl SRR ) A i T ) S A T o 2020 4 el FH 116 3t
JEJEL BE AE 0.004~0.020 mm 22 [a], Rl 4 A AR S
P4 o JBS e R o R A P fol PR A A P LRSS B B E 600~
3 500 mm 2 1], HH o R 3 8% S IR 9 4k
{7 FH A0 P i B8 . 2021 AE A Pl R 0t JS R A
0.005~0.030 mm 2 [i], FeH R g b S AL AE i FHTAY
iR, v (R g S (P A b A 5. (T A
FHHIIE FE RS 7E 750~3 500 mm 22 8], Horp ikl 4858

401
351
301
251
201

——

_.
i
—t

w3
1

BRI
Residual film quantity/(kg-hm™)

<10 10~19
7R Laminating years/a

B3 ARERFRTRES

Figure 3 Amount of residual film under different lamination years

20~30

R4 20192021 ERRMEMEIEER KRB R

Table 4 Residual film amount and residue coefficient of different crops from 2019 to 2021

M ltem ﬁﬂﬁiﬁa& S %W TR B S LT JRZE piZ PN

Open field vegetable ~ Tobacco Fruit tree Protected vegetable Potato Melon Peanut  Soybean
2019 44K R4/ (kg -hm™) 18.29 17.03 4.53 26.06 7.72 9.38 11.21
2020 4FFE R/ (kg - hm ™) 10.08 9.83 9.92 19.02 5.47 1.48 8.48
2021 AF5E R/ (kg hm™) 16.77 3.59 10.38 9.19 5.22 2.03
AR B AR FE E/ (kg - hm™) 15.05 10.31 10.10 7.88 22.54 6.60 5.36 7.24
AR 2/ (kg - hm™) 87.13 92.61 81.78 97.63 100.84 94.65 75.23 92.18
H 5 B 2 K% -0.58 -7.25 0.34 1.59 -3.49 -1.19 -1.84 -3.32

www.daes.org.an




VRES Rty FA3EE 1 H

AEsEk

T AR R A (P A RS B o A [) R S P A
F A — R R T MBS M
2.3.4 Hb AR AN A iy =X

W 6 TR, 2019 4F R A X IR AR 246 35 1 B
B, 17 AR PR I, S35 L3R 919 , e Hb A
A, BRI I AR R 91%., 20202021 4E 5% [ Hie 46
A AT, FICR AT IK 100% , (H NS B A, P
IS AE 929% 247 o B i E A 7% e AT AR B, 4R
FIEEFA TR N RE R D SRR AR, 1 kAT e OB

EH R . B |, 2019—2021 4E 22 B4R A X
Il R P RS 3 S B ik 9

LA TR A DX 8 P b S g R =R A T 4R
Jo WU R B AR . 429 P AT 411 R
N THEHE M, 5 PR A4 7 119 95.80% , 1 7 >R ALK
[N, 5 AR AR 1 0.23% , i85 17 PR [ s,
BRI R o, AR 9 3.97%, B3
RN 4G5 1 858 A0 (5 PR AL [ 5 19 32 2 R R 2
2 22 b F g 1 DX, ML A 174 e o 1 i 2 L

5 20192021 £ R EEH AR A
Table 5 Specifications of mulch film of different crops in 2019—2021

b JEJEFE Mulch film thickness/mm

HiF FE BE Mulch width/mm

\
;Fezﬂr Eﬁrﬁ V-5 TR/ NEE IS oNYi I FERE I/ NFERE R FERE
Average thickness ~ Minimum thickness Maximum thickness  Average width ~ Minimum width ~ Maximum width

2019 i Hh B S 0.008 0.005 0.010 1245 600 2 000

L 0.010 0.006 0.010 1191 1100 1200

) 0.022 0.006 0.030 2667 1000 6 000

Wit B3 0.009 0.005 0.020 1829 800 2500

FEF 0.012 0.008 0.030 1150 700 1300

s 0.006 0.006 0.006 1200 1200 1200

JRE 0.008 0.004 0.014 871 500 1400

i 0.006 0.004 0.010 946 700 1 600

i 0.004 0.004 0.004 833 800 1000

PN 0.008 0.008 0.008 1500 1000 2 000

ok 0.009 0.008 0.010 1500 1000 2 000

2020 B 0.010 0.004 0.020 1481 1000 2 000

IKF 0.010 0.010 0.010 1100 1100 1100

TR 0.011 0.007 0.017 1625 1000 2 000

P ) 0.011 0.008 0.020 1080 800 1300

Fn 0.008 0.006 0.014 2360 1000 2500

PR H R =% 0.012 0.006 0.020 1724 600 3500

ok 0.011 0.004 0.020 2 000 2 000 2 000

N 0.010 0.004 0.020 1864 1000 2 000

e 0.009 0.006 0.020 1500 1000 2000

IR 0.009 0.006 0.020 1968 800 3500

2021 L 0.014 0.010 0.017 2000 1000 3000

e Hh B S 0.011 0.005 0.020 1339 800 2 000

L 0.010 0.010 0.010 1200 1200 1200

SR 0.011 0.010 0.017 1156 1000 2000

Eoyia 0.014 0.014 0.014 1200 1200 1200

Pz 0.010 0.010 0.010 1100 1100 1100

Gl 0.014 0.014 0.014 2 000 2 000 2 000

Pidr b =% 0.012 0.008 0.030 1697 750 2000

Tk 0.010 0.010 0.010 2000 2 000 2 000

KE 0.013 0.010 0.014 1900 1100 2 000

e 0.010 0.005 0.010 1312 800 2 000

JR 0.012 0.010 0.020 1950 1000 3500

P 1%) WHARTY
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Table 6 Residual film recovery rate in Anhui Province

— —
5;“{5} A Residﬁiﬁ?fr\rjtivery Resid:jzra}lﬂfiiﬂr;lI 11r:3%f)very
e Type rate by area/% rate by dosage/%

2019 sk EISCR 0 0
i e [ R 100 100
Nl 91 91

2020 AR ISR 100 67
I5e e IR 100 100
a5 100 92

2021 IRfRITSeR 100 80
el 100 100
R SIENE 100 93

(RSB AS A 1 o

[ A i P e B Ao A B — AN L IR, I
DA 1) 2 1] R 5 245 SR G B (L 4) |, M AR S AR A 1
BERAR PR R A 218 1, (IR R Y 52.91% ;595
FAAR Y MRS SO, o PR A A P Y 23.06% 533 PR
LIRS, 5 o 8.01%;31 FHEE T H 3k, FiHA 4«
FA1 7.52% ; 75 A1 10 2 A4 2 SR O i 3 1 7 20, 25
FUOR B By 24k B M A B R R O R
2.43%.6.07%.

3 iFig

3.1 REEAHMBXBIEMRESRIFERLZEEDE

2019—2021 4 3 a [1] ¢ 44 Hb J5EF- 35 5% 7 1
10.80 kg hm™, 5 H Hhu 557k B2 St B o ) (GB/
T 25413—2010) {45 #E(75.00 kg - hm™) A Eb , A& # H
B FRAEL, J& 98 18 B (B YE L, 55 R 7 - D Bk A
M X AT B K ORI DAL M B R 3 Bk
BUN N T +HUBFR R , i 22 78 AR B, R I i %
1E 70% 247, AR SR W AR T N 5l 3
S0 TR R DX 3R DR Ry PN S R RS DX A 9
¥ KBS ol , S A ek T T kg AR A i b Y
TR T B PR [ s K A3 B 28 R, B i 7K 43 (R R
R4S b LR R A K L R R, S X R
JEET et SRy

TR 15 A BRI W A rp 8 AN W ) oA VT
Fr B X, b I DX 35 P b RS 5% B e 5 v, X PT BB R
foe MR SE R AT OC o VLU B B DX i A I Ay Y i) 2=
DRV A 1] 8 T 0 2 RS P o e, AR s
AR TR AT 40 A B IX A3 A AN Y, AR VE I
IEH T KA o [a) B2 i 32 2 DU L B g A

W i E H Sk Pile the field

B I Acquired
LA B AL EE Rural garbage disposal
BEULAE S Burn nearby

B 5T Landfill nearby

W 25775 Multiple ways

23.06%

4 ZEAE ISP ENRREE K EE
Figure 4 Recycling destination of residual film at 15 monitoring

points in Anhui Province

R 3 B M, 35 /KRB ) 25 , iX 02 icth X
AT T R R R 1 Y g DX AR AR
BAEY R 3, OB T2 R ASOAT LABT 21 K 3
T PRI, BT RE i = AR AR o B A o A A RO A
SRR o AH S AR AN AS AL, o] sl 3 s PRI, L
- 38 5 b 75 B S A2 i b [RT AR K B L M X
HiBEE B AT LM R K R Sty i it () 5 A R 38 Rk
S5 G I IS R AE Ty TR - T .

T A [R] SR (R AR VR, L 5% i &5 i 22
5o AR 1 b AR B T Y X R A P 1
WFFEUE B 73X — 25 e384l AR Ay [X T %
FIBE VR FR BT Yo B I =, X mT B PR R 22 88
i X TH A% RN 32 B AP RLVEY) , B ok
S AR, B R K, S SO b R AR 7 R
o 2019.,2020 4F 44 AR B i AR A R, X AT RE 5 1)
RSB M RO R i A A O . ARG S
(AT 9 2% BH K HH DR 5 48 BB, 3 B TR Ol 15~20
em, BRI - 2 IR IERE AN 2 TH . [l B S
- AT 1l el P R A AE 3.5 A DB g e e 2 AR
DL b e DL AR R i | - 38 v 5% B b S0 K 4 i , el
A4 28 S5 | AT 04 MRS, i) T AR 2 A g v gk g
T R b BB I IV A G T AR a1 R AR
W R R o FH M B 55 7 2 R e AR B R, 1%
AUl 1 R o
32 AEXEHMEETLENEER

LG 2 MRS RS e R R A0 bR AR B i
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BEMEAERR VEPZE A b R A5 PR R A 06, (H b [m]
WA T B AT A B | 3 b S [RI B A AR X
S5 ) 1 R A% B S A LA B . B A AT R
RGN, )2 - p R B A R, A R
] 25 il X 78 5 AE BR >30 a <10 a 1 5% I 77 7E L
225 Bl B IR AE B A H o, b R A R R
ARSI S5 55 22 AHARL, 7 AR B Ol 20~30 a 119 5% 5 i
B EE T <10 af110~19 a By, 33X A] AE L K A 78 et ()
A, A R R B B P SRR R DR A
TR 3 348 R, AN ] T R ) b JISS R N 1) S S5 g [T
b 5 L R T A P A B8 e B R K, 4 AR
% I b JE JEE BE R 0.01~0.02 mm 4 5% 5 i B K T
0.004~0.008 mm 1 0.01 mm [ 1 5 5% 7 5 | b JlE )52 i
E R R B UM 5L R (P>0.05) o MR IOy =X Ak
PR AL U 5R B o AR IR B A VR A i b e
[ 2 L TG 38 R 3, 95.80% A 1 i #F N T
Ko X 5254 NS BIE ST 45 SR AR, B 7 F R IX
HhBE O B AN T4/ A F DB A T +HL
B IS TS e R — > DA A A b iy 3 4k
B ST 1/5 FR 3B B WO | 3T 3/5 AR P BB AR i
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LW, KREBL P EEAAMERER T, A T A
FRLER , — WA 2 R I A B 7 =20, [ 3k 4,
0] T 52 B R S ATL A B AS 5 3, DR Ik A N7 5 A 1Y
W b GE — R A 2%, DI s 3 T S S e [
S B SE R RIS HL R

KA GT B HE T M AR v Ak A 7= K
JoEER 45 SR BT B4 Mo A B [ e S5 e 2 b 5 o
B, BR AL SRR AE X T 1 TS e 0 By A LA A
KXo AH HEO T A R AR A 7] b A
FHFET (A 5 RS 5 A5 A 1] N AN DGR T /D, 3 7 XoF
AN TR) FH i) 48 AR X IR A P AR b RRAE U — 25
F, 1XONT DR b il B M 2R T b S Y By iR HAT 1 SR
F A R F sl 1w J5 35 Y B if o
3.3 HARLBRIE AR

H A2 U FORLVEY) X M 5 Y 1 Dl % (B
T H BT YL BTG 1 1 BEAS BRI , nT ALATR 3 7 TR
TR HRBR TS Y . — S ISR R RN 28 U SR S i
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