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Distribution and influencing factors of plastic film residues in topsoil of farm-
land in Gansu Province’
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(Agricultural Ecology and Resource Protection Technology Extension Station of Gansu Province, Lanzhou 730000, China)

Abstract: The application of agricultural film mulching technology has greatly promoted the development of agriculture in arid and
semi-arid areas. Gansu Province has a large amount film, large coverage area, and long coverage time for plastic film mulching on
farmland. The residual plastic film produced by plastic film mulching is a prominent problem that affects the green and sustainable
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development of agriculture. In this study, the distribution and influencing factors of plastic film residue in the 0-30 cm soil of farm-
land were investigated by setting up 960 monitoring sample sites in the main areas with mulched farmland of Gansu Province, com-
bined with sample collection and farmer survey methods. This study aimed to evaluate the current status of plastic film residue in
farmlands and provide guidance for prevention and control measures of pollution of plastic film residues in Gansu Province. The res-
ults showed that the residual amount of plastic film was 0.02—204.75 kg-hm >, and the median of plastic film residues was 12.96
kg-hm ™ in 960 sites. Most of the mild and moderate pollution sites were located in Hexi-irrigated agricultural areas. Among them, the
proportion of plastic film residues was 97.6% at the clean threshold (less than 75 kg-hm™), 1.8% at mild pollution threshold (75120
kg-hm ™), 0.6% at moderate pollution threshold (120-270 kg-hm™), and 0 at severe pollution threshold (higher than 270 kg-hm™), re-
spectively. The residual amount of plastic film was affected by the number of film mulching years, type of planting crops, type of
planters, recycling methods, and other factors. The residual amount of plastic film with film mulching years of 11-20 years and >20
years was significantly higher than that with film mulching years of 6—10 years (P<0.05), and the longer the age, the greater the
residue. The amount of residues of the seed crop site was the largest at nearly seven times that of the greenhouse vegetables site.
Plastic film residues in the fields of seed crops, economic crops, maize, potato, outdoor vegetables, and Chinese herbal medicine were
significantly higher than those in the fields of greenhouse vegetables (P<0.05). The residual amount of the cooperative field was 1.5
times that of the general farmers. The farmland residual film was recovered in three ways: manual picking up, manual picking up +
mechanical recycling, and mechanical recycling. The amount of residual film in fields with the recovery method of manual picking up +
mechanical recycling was significantly higher than that with manual picking up (£<0.0001). Type of planting crops was the dominant
factor causing spatial changes in plastic film residues in the study area. After removal from the farmland, the residual film was regen-
erated and processed through merchants purchasing, networks recycling, or farmers’ exchanging. This survey of residual plastic films
showed that the spatial distribution of plastic film residues in farmland soil was quite different in Gansu Province, and the residual
plastic film in the topsoil of farmland was generally at a low level, showing the distribution of pollution at a few sites and overall
cleanliness on the surface. Prevention and control of plastic film residues should be further carried out under the guidance of reduc-
tion, recovery, and substitution. This study provides data for further improvement of policies and mechanisms for the scientific use
and recycling of plastic films in Gansu Province.

Keywords: Mulching film; Residual amount; Farmland soil; Agricultural non-point source pollution; Gansu Province
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Fig. 1 Distribution of survey sampling sites for residual plastic film in farmland of Gansu Province
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Fig. 2 Spatial distribution of residual pollution levels of plastic film in farmland of Gansu Province
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S, BRI 2 B8R /DN, i R R P Bk B
Ja A BT A, BRI 2 ) 5k R A 25 R K
Kruskal-Wallis 43 #7425 5 £ B, B /)N 22 5 58 it 5% 52
FRER B G W 3 25 AL, W AMEY . & THE . K
K. TRE . ERHLEESE . TR U S b R
Mz a2 B2, e TIiis: =% (P<0.05).
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Fig. 5 Effect of different types of planting crops on plastic

film residues amount in farmland of Gansu Province
LR IR AR A 3 R TR DU A B, T S b u g3 B, o )R R
SR, R PIER B S A B R AN ME . A FNG FRERR A
[ el LA 4 20 B 22 [T A P<0.05 7K V-2 5 .3 o n W ME %S . The
bottom line of the box is the lower quartile, the top line is the upper quartile,
the middle line is the median, and the bars at both ends of the box are the
maximum and minimum values. Different lowercase letters indicate signific-
ant differences among different planting crop types at P<0.05 level. n is the

number of sites.
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462 HhE A SR (P ) 2024 32 %

FIRAIO] oy R — e . RRRLR L A ERE 32K,
FEHE 5 FE 35100 86.9% . 5.6%. 7.5%, HiHb K5k B &
431K 12.78 (6.67~26.51) kg-hm >, 11.40 (9.50~18.78)
kg'hm™, 18.62 (9.07~32.92) kg-hm >, & 1E#EFE b 5%
B oK, e — R S LS A, JE AR K Y
1.6 15, Fook 83 & b U2 Bt i i (81 6). Kruskal-
Wallis 73T 45 SR 3R], — e P SRR L FidE K
P15 A AR 2Z A 5 BR B 025 S, A AL R A
HEREm T8RS (P<0.05).
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B 6 HFERBEAREMERLXEXMIRLEEHIM
Fig. 6 Effect of different planter types on plastic film residues
amount in farmland of Gansu Province

FELR L (4 AR 320 T 43 (2 4, ToU Sy b O 4 (52, o A 2k
S e B, A S ) 2 2% R R R B/ MEL. ns . 3 I AR AN
A PRI Z M JE 2 5 . 78 P<O.05S KPR E . n WA .
The bottom line of the box is the lower quartile, the top line is the upper
quartile, the middle line is the median, and the bars at both ends of the box
are the maximum and minimum values. ns and * indicate no significant and
significant differences at P<0.05 level between different planter types, re-

spectively. n is the number of sites.

224 [EAKX

BIEEAEYIWCR G S5 A 4% iy oA il A
Ly XA 2 R i M AR P R — AN R,
R LI, R BRI E 2 E A AN T . AT
FA-HLAR TS, BLAR T 3 oy kA7 2 H e, B
Ao B A 681, 232, 38, 5 HL 4 B A 71.6%.
24.4%. 4.0%, BRI F A & DL TAG4A il o8
F o 3 A a2 b AR BR 43 i 11.87 (6.40~
24.24) kghm®, 16.12 (10.17~36.51) kghm >, 18.11
(11.19~38.30) kg-hm ~, AU [T 7 28T 1 A 5% B9 1 e
fo, N T A8 40 T A s 5 % B4 2 B fIX (8] 7). Kruskal-
Wallis 73 Hr 25 FE 2 1, HLAR RIS AN #8480 AT+
BIL [T 22 ) b K % B o JC 25 5, N T +HLAR [ i
JIE R BE 1 I 3 = T N TR (P<0.0001)
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Fig. 7 Effect of different recovery ways on plastic film
residues amount in farmland of Gansu Province
FE LR DR PRIIC 31 Ry TR DO 4306 88, T3 Ry b DU A3 25, v T 2%
S, AR RIS N B R E/ME . ns, #0003 Fm AR
[ Iy Rz [ o255 . 78 P<0.0001 K F-25 7 8 3. n WEEHIEE .
LA 960 ASFEHE, 9 NHE U I A AR M KRB . The bottom line of

the box is the lower quartile, the top line is the upper quartile, the middle
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line is the median, and the bars at both ends of the box are the maximum and
minimum values. ns and **** indicate no significant and significant differ-
ences at P<0.0001 level between different recovery ways, respectively. n is
the number of sites. A total of 960 sample sites were surveyed, and 9 of

them had not yet been uncovered by farmers during the survey.

2.3 MERBETEERRINEFIM

R i b 3R 25 R - 0 43 A 4 SR T (3R 1),
AR SE W N7 B B E ST (q f8) FAAE 225 o q KR
BN /R R A PR AR 4 28 0> [T iy 5> 78 IR AT B> Fof
RS ARY R A 4 S A 2 5 i b I 7 B 4 [ 4
AR 1R &R, STk R 2.21%; By 24 2
2, DUHRAE A 2.15%:; RO 7 AT FR R A P 2,
TR R 54 1.60% 1 0.69%., 434l R0, 5t -
TR 5 e b 5 5% P ) DR R, IRV T R
LA FE X b R % B B s (R 2 R . 2 H
T4 R R W, AR IR SR A 2 Rl
. FIRAEY A, FoRE P 28 AL S [y = R
EW A, [l X5 MR R BB 7 &N q
EHH KT T g HZ M, BRI IELERE E
YEH, HLUARMEAE 2R | [l 38 BAE R
24 FRIESEXME

B B 10T WS 1 25 ) ke T LR 5 4 Dy B IR A
AR . AESE S (K 8) F W, FRAF h AR F i bR ik
P 32 B8 o 0 ) o S 22— [
WORn A P B AT AR 3 A7 38 1, Hrb R R F)
FH I AR 60 1>, o L 6.3%, S 2H 2R 48— vl
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Table 1 Factor and interaction detection results of spatial difference of plastic film residues amount

q(A) 9(B)

q(ANB)

FI4% Compare {78 Explanation

AR RR=0.0160 T VEH) 2 %0=0.0221
Mulching year=0.0160 Planting crop type=0.0221
HEAERR=0.0160 Tl P 26%4=0.0069
Mulching year=0.0160 Planter type=0.0069
BENEAERR=0.0160 [ 77 3=0.0215
Mulching year=0.0160 Recovery way=0.0215
FREVEY 26 8=0.0221 Tl 71 2671=0.0069
Planting crop type=0.0221 Planter type=0.0069
T VY2 71=0.0221 5 =0.0215
Planting crop type=0.0221 Recovery way=0.0215
T 1 2471=0.0069 75 X=0.0215
Planter type=00069 Recovery Wa_y:OOZ 15

BBARE RN PR T2 54=0.0612
Mulching yearNplanting crop type=0.0612
T RFEAFE BRI 26 70=0.0282
Mulching yearNplanter type=0.0282
BRAE RN I 7 3(=0.0499
Mulching yearNrecovery way=0.0499
R PRI R NI 26 58=0.0511
Planting crop typeNPlanter type=0.0511
FEPERIZE RN I 3K=0.0774
Planting crop typeNrecovery way=0.0774
e 2B N My 7=0.0458
Planter typeNrecovery way=0.0458

E[S2

Nonlinear enhancement

9(ANB)>¢q(A)+¢(B)

q(A). qBYFEAREFI N T Mg, g(ANB)R PRI IN F22 HAE Mgl . The g(A) and ¢(B) refer to the ¢ values of different influencing factors,

q(ANB) refers to the g value of the interaction between different influencing factors.

WCRE L 508 4~ 5 B 53.4%, 4 5 A AT LATH S R b
3834, Lk 40.3%. AT RA LA EFE .
PR B B8 e ik BE b IS B, sl kUil L Il DA
TH 458 1 3k 5 B 28 2 as 30 [ml WS hn T Aol 28 0ok Ak B
ST BRI ENA S e A L o ) e e I |

A LA HT
Farmers exchanging
TR ) FH SO
Merchants purchasing

o0 5 20 2 R

Networks recycling

B8 HR&EREKELEELm
Fig. 8 Treatment directions of farmland residual film in
Gansu Province
LA 960 NHEHL, 9 LML AR 7 i R BE A total of 960
sample sites were surveyed, and 9 of them had not yet been uncovered by

farmers during the survey.

3 SigfniTit

3.1 HRBHES HRIFE
LRGN RS IR AR K R BB, AR
i f55 5% B T e A9 AN B O, 8 2 B b
A SR B REGR T R A T b IR R B W
TR AT Hb % BR V5 Y B s (0 B R E T AR, AR A
iR, HR 960 A FEHLAR FH 0~30 cm #f /2 H 14D
A A TR 3 (1 o ke 7, L ot ok 9 2 ) AR AL i
JEARA, Hb 5 B8 AR IR N 0.02~204.75 kg-hm >, 31X 1]
AEE R TR RLAEY 2R B0 P i b ARARE 20
A XIRRAE, 1 A b 5 BA s A 25 5 KL MU AR
BA AR 12.96 kgrhm ™, 38 A A B [ 5 b R A 7
HRRE, H5 2013 484" 1 ok /i (27.62~42.26
kg-hm ™) M Eb, MR A% B AT TR AR, A% T b B 5 B9

ACF B . 5 E R 4 32 A R M XA L,
M 5 BRI T HT 9 (134.09 kgthm D), N SE
(127.09 kg-hm ). 5 JH (70.84 kg-hm ), i/ It (36.80
kg-hm ) 28 4 X U7 5 [ & (16.51~19.84 kg-hm ©),
MR (20.4 kg'hm®), PUJI| (16.27 kg'hm ?), VL7G (<15
kg-hm %) %5 Hi X 4230 P, 0 R 2011 AE LUK, H
oA R AR S B A L AR A P R S i 3L, 7E M
FEE T Ae ) 7 TR PR R A 2 T e nm AR R Sk B 45 . BURE
PFFgI T gl TBUREHES) . R
BB L YRS SR 0 AR R, b B B B 45
16 B T AR HUAS B 25  , Hb J [m isR F  E L
UT 6 4E SR ETE 80% L . HIlA 97.6% HykEHS
b 5% B 4D T U BBV R, AT 2.4% BURE MLk
BN TS Y I E, H 3k A b K 22 A T e Y
WA b DX, 3 AT BB 2 F T 2 DX 3 DA A 0T FH 1) b
JEE 341 SR B A7 I S 1Y JEE AR T 0.008 mm 1) A 746 b A
HEK . JREHI R 2, AL 20 1 1
MUK AR b 2 4 v, PR T b JIES 5% B R K, & IR 7
by R B 5 4 TN 25 T R e OQ T, DATH BRAE Hb R %
FE T YL Sy R T G ) KUK
32 HEBHEZmMER

LA 5T SCIRY ™, AR . R AR
R OHbRR R R AR AR B R EE N R, -
SR . PR FEE BT MR DSR4 5 M R AR
AW YIA G AR R, 960 AL HLAE A,
A e e s R A 0.01 mm B LA b R S
1200 mm 2= A7 1) {5 A 1 b 52, 97 1l R L B A, PRIk
b R JE B2 6T b JEE 5 B T S S BT o B A A e
T, ASTR] eSS ARURR M b 5% BE oM B 1 [15.35
(6.02~32.33) kghm *>3 +  [13.26 (7.00~25.64)
kg-hm“]>#5 + [11.47 (8.17~23.65) kg-hm™], 3 2 + 1
FRRIAH B2 [B) MR A% FE TG 2 25 5 (P>0.05), X 5
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% 32%

FESKAR RN i DX 52 a2 b X B 5 2

AR, BEATEB B <1 km, 1~2 km., >2 km FEHIFE
B R 0N 13,75 (7.15~30.06) kg'hm *, 12.28 (7.38~
22.18) kgthm . 11.86 (4.51~24.53) kg-hm >, Hii & 5% B4
FARFAEIT, X 5 H R 2013 4R A © & 904 1 HE 2
T P RIE , ST 347 Hb B4R B R B OR A S5 1R A ), LA
FE T 30 A H A A 4 [l i o0 2 1K 2R, 7 7 e T R A
KB 2 FFEA R A B 6, RS o B X8 52 3
TR HE A A A 5, R IR AA S R A8 Tl i 52
AR, A P A Il 5 ) FEUR A A = Bl 1 K
e BT U R g Rt a6 L aE i, £
B AR . MRS . R e [nl
W = 4 A DR 3R 0] Ml P AR BR S S e . A I,
i BB BA LR AR B AAG  BR B R
X5 E A TIREE R IEAR T, (H Y AR R 1k F)
20 a LA _F W), b BB B it S A i BE AR, X AT RE A
i R BR P AE AR L GA BI) — g AR BR R, A2 6 R4 AL AT
BUBRE 30 45 40 1 7E L, MRS 7 Ak Sk TR IR S 1] LT
B, MELIHR A B B . A% M AR B TS e ELA Rl |
KIAPE . 2 A, bR 1 438 o GREORL Y  BOR IR
Z—, A )5 R ARA H RS I A 5T Y, P
HEBR <5 a 5 H AR B B REAR R (7] 5 5% BR 1 2 S A
S 23X T R SR T A R b AR TR B A o R AL R R
JE 5 T4, Iz a7 B AN I, 81 i b i 4% R
RN ARIEIEY) H RS 5% B R R E D R L X
WagR e/, BIFEY . 20 . Bk, D8
RS . 2R S Bt S AR B e 2 e
(P<0.05), 3X AT RS H1 T4 5 B 0 2 0k v 80 4 AR 4
S 1 - E IR BERS A0 A4 B, PR O a8 e S b 17 b S
WIS BE TR, X 5 H R g A g R —
o ARy e 22 b AR 228 4T P E R
AR DX, A 1 22 Sy i R 3, AR TR b, &
B TR AR X I B - b B M TR A P X K 2%,
XoF B3 R T AT o 0 AN 8, AT T b R A7 B A R A
Ko AN[EIFRAE P 25 780 b f52 5% B4 S o0 FhoRE R P <— i
K <GERE, BEM R R RS TR (P<
0.05), HJ5t P = R BE M A 2878 L R, Il i &
DL A [F) R 3=, F R b B [mL SR 385 hn e A, & 1R At
2008 N A A P L AR, R T SO R A R
2, T — BRI R P o0 A FH S BIRS AR B g ™ S
[ [l ey =T b S 8% B AN TR 43 1K, AL el
Wt i, N TAMLBR I 7 =0T b % B8 o 3 v T
A TR (P<0.0001), 33 AT RE 2 B A TR O
AL FE K K B b 48 ke, 38 AT L3 ek 6 4 i 40 b o o

91 b 35 /N He b 5, (R AL AR A T ML 0
BEPE Sl VE AR 2R 5% i 55 b IS 28 52, o R % Ao ik e
TR, S0 A AR R ST G 22 . A 43 A R i
JE 5% BR 2 1) 22 S 1 R Tk oR, AR S AL
W Ty =X BEEARERR . PR P S A5 T RE A R b
I 5% B2 23 ] 78 S0 6.65%, [H T =& ¢ (1 3%
(P<0.05), HbJEF% B &5 AR IR | oK 3
A AN AR E AT 4, Ol B T Rl
DX 38 2 0] 22 SRR, R bk b A A o s () 25 S A R
FIHE R 43, X AR S TE A S5 b B 5% 2 ) b G
AR SRR T 00 22 HE A RO AR R 1 00 52 i i 5% P
SN
33 RBHMESHER

ok Tt 2 W) A R P ) 9 U, [l A UL 5
WP o b B TS T £l 2 T R TH S [ A
SRR B Shy 5 R G TR AR R A S B R 4,
TR AR P ST 2k I 1 i [l g 3 1 T o8 A1 b s 7 2
P 2011 AELICK, HftHe IR BURRFE . iiigis k.
6 B0 T AR S, AT <DL 2 AR <DL IH 4
B LA o <A re RIS TAERLE™, K
o R — T MR — ) e — Al 45 4% ) 25 1R 3 T 3 4k
BIL ) 2 e AR A, s ) Il o~ £l o T R R i
W -l i TR | e B 5 8 - R A Ml T B W50
T AR ISR SR, 3 TSR] IR IE A 12 1H i i —
P A OB — RN T i (R AT, A5 ) R TH LB —
b R — TN T (T B 5, 45 )45 BE AL AR
2P ST 4 U A 25 B KAk, A RLB B T TH M
B . AR AL IR 55 R Bos, & 2022 4F
JEH R IE #3847 A AR B TSR F Ak e 132 5%, &
MEBX AR . X)) Z20E — KN TR
AL, JE3A Ll Ak T ) 1827 A, AR B IE L
CEAIMTANE . & B s . B SRS i
LSRR 28 o A Uk T e 235 3 B, e FH 32 SR B
N TR F PR A sy s S, AR 4 3iE
i E R B O X AL RTOR A& DL TH $ R
2B Ay, BEAT FA i 45 2 9% I8 Ak A,
UL AR L R, s A R R [ b B
IO R R, 1T 31k e A T R R AL ) R R A AT
AEL [ g B 15 A AL EL IO FH 2 B 8 S 15, 4 R 0 B b
FEAKEE AN TAAA I, 2REE 2% T BORIER, 24
T FH A A UL AR I, iy 398 5 4% A [ i e ML L
RIS RN T RE O K i L B e 2 e E AR . R
PR AR 25 1 M B HTLAR [mT AR R
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