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Effect of film thickness on crop yield and soil environment
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Abstract : Film mulching in cropland is a key agricultural technique for increasing soil temperature, conserving soil moisture and improving
crop yield in the arid and cold regions of China. This study aimed to inventory the application status of different thicknesses of films in Chi-
na, and to investigate the effects of film thickness on crop yield and soil environment. Film application status was obtained by a national

questionnaire—survey on 172 cotton fields, 99 maize fields, 30 potato fields and 58 peanut fields in 2011. Based on the survey, film thickness
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was categorized, and filed experiments were conducted from 2011 to 2013 to investigate the impacts of representative thicknesses of film on

soil temperature, soil moisture content, crop yield, economic efficiency and the amount of residual film in Xinjiang, Gansu, Inner Mongolia
and Shandong respectively for cotton, maize, potatoes and peanuts.Results showed that the most of China’s mulching film were ultrathin, and
96.7% of the films surveyed had a thickness of 0.004~0.008 mm.Enhancing film thickness managed to improve soil temperature and mois—
ture status, but it resulted in different yield responses depending on crops.An increase of film thickness from 0.004 to 0.012 mm increased
yields of cotton and corn but decreased potato and peanut yields. Film thickness tended to influence farm economy, but the difference be —
tween treatments was no significant (P<0.05). Film thickness influence damounts of residual in the soil significantly (P<0.05). For all
crops except potato, the amount of film residual was significantly negatively correlated with the film thickness ( P<0.05 ). Despite a variation
of effects on crop yields, increasing film thickness could reduce the strength of residual films in the soil, which would largely benefit collec—

tion of residual films.Therefore, we suggest an increase of the national standard of film thickness, for example to 0.010~0.012 mm as sug—

gested by this study, to solve the severe problem of soil film residual in China.

Keywords: thickness of agricultural plastic film; soil environment; crop yield; economic benefit; residual plastic film

MRS R EAE K E T . i R s 4R
P4 S T TR P R A b R B R
[, 2013 A F8 [ b 5 fift F FE ik 31 1.4 M, AR AR 9 b
R WA 1.766 42 hm?, s H R NS LAk
LR R R M X, M A 4
40% Lk 2 AR AR L BOK (Eh RS AR A
FHH AR,

RN T AR REWY, B AR T
AR, R A B 04 0, PR 45 T 1 A 25 05 it g K
B PG e [al BB, R rP i RS Si FBE SR AT- 348 i, 451
n, HTHE R X A A HH AR B B AR AR DL 11.2~18.0 kg
hm 2 ) R 38 TS 5% B 3 i 8 18 31 500 kg +hm™?
DL, BRI S A AR IR A5, B AI% - 43 A
T, M E AR R T 18 A AR 8™ 1, [Rl
‘Ml S SO, FEHEE IR E A E
e gom,

R T GRS Yl (Al 36 A H AR SE R TR E R
A 7 R MR B R RAIR T 0.020 mm,  HLA# A 0k
Aram il [ FR 1 1992 45l i (R 2 s A
i T 7 2 VBT o ) (GB 13735—1992)11 ) #i5E 8 Z,
I 1RSI /N JEE B >l 0.008 mm, {H ZESE BRI A FiE
i JEE 32 B4R TR AE 0.004~0.008 mm Z [H]™, 5T
FEH, RS R T 5 b R A P iR R DDA G, [R) S 45
T, M B S S A R, [ A PR e, 5 B0k BY
e I AU, G T Y e S 8 AV s s SR AT e ™
A E LR Z — BRAHE T R A 0.008
mm 4 NE] 0.010 mm , HATH758 BB E TN 25% . AT UL,
ST B T T A AR e AR A ) [T R S T Sk
PR Y B H O S 0 C 3R el iy
FR AR A P R B AR S B B vE R i 21 0.010 mm!795 40
A anii AR . NS SR R4, A

0.008 mm PRAEARIE . PRI, 6 eic 58 [l R b e, 2 v
b B P AR AR AN T

TR ] 72 b RS0 FH S A v, A B R 32 17 FH 3R
ANV XD 7 R 0 - R R e B S D =
AN B FE At S5 (), o0 T 6 3R by S S
YEYIIE LIRS, ASBFGE T 2011 AR AE 2 3 [
WEEXIAR AL K Eh 8 A6 AE 5 BB AR 7 )
A E 172.99.30.58 A5, SR R G 2 i 5 ik
Xof 6] b B JEE B85 10 FH IR R4 T R e I A o AR e A 4
,2011—2013 4F, 7E 4758 HOR NSl LR 4
3R DAL 4 B Va8 2 A (] 0 H AR R Ak
P, A3 AT b 8 JEE R %o - I B AN EOK = AR
U A A S b R B 5 B A5 R R R S ), e 2 o
F B AR 3 b R S R G T T b R
PR, BlE R b Aol A R A T B S P

1 #REFE

1.1 MEEERAE

KRG T AR E 3R AR ) b S B 0 PR
MR ,2011 TS TSR P EFXTARAE oK (R A
A A R EAE Y 3 A & 172.99.30.58 > £
R IR A A 9 % R A TR bR P R A
P, TR R AR OCAE D o IR A LIRS
T T RUCA 32 e X I A 23 [B) oA, R T RE A R
FhE X
1.2 R Ba LS

2011—2013 4F, 7E s H ol NS DA AR
A3 AITFFE R 3 AR AR AE L K (A E AR E
iR EE A SR s (1) AR AESS s 7 TR s n AL B
(41.3°N,86.3°E ), J& T4t N Rl L IX, TR Bk 2 Hr
SEARAEA A I BRI PR R 22, A H 0 B B4R 100%



3P MBURIERH Y i R 295

(2) BRI 2L T H 8 LMk B Be sk 415 K Al
B (39.4°N,99.0°E ), 12 A5 FH R 48 0T v S Jeg
#B, TEIREGA 15.96, & T UL AT 2y Hb X 5 (3) 5
B0 T S R PO B B a1 A ey
(41.1°N, 111.5°E) , iZ X & T iy T R oKkl 2=
RS, PR EEAR ; ()B4 S0 T IR A %=
%1 (36.0°N, 117.0°E ), J& F B& i - 1 2 KA e .
AR AT S AGARAE S LA - B R R LR 1.

1.3 Rt 575 %

TRIG R R HBEHLIX 2H 3, M AE oK\ Th4%
BUARACA A B 4 AR R JRE R A B AR
B B AP R B AR B R %o B (CK) o HAAIR IS5
A By 2R it A 155 450 DL 2.

14 MEMB 57%

HEK DR AEEE TG A 7 R
(EK., FEAEMERERN 7D %A 3hEEHk
(HIOK3912, HA%) (#4520 | f7 o4 1 h 8 30
min, THEE S A R 3448, Hod 2011,2012 430
FEIFEA 1 h, 2013 45005 B %4 30 min)IE BT 5
em TR HHERRE, FORFE/DIESMM 30 d, B3| EoK
SE4 I T HUE , LA VRS 2 A A Al >R
HPEFEIE 0~20 em + )2 SRR, DA EAEA:

TR E K A ENES I IG RIRE S 7 d, S0
2N AAA, oK A K I I a] A 55— UK
Ja455.9.17.25d,

YEYIOR S , I AR B . 2011 4FiR 5
FHURATVA K 2013 AEAEYIOR IS 8 1 45 rh b % FR
SREE, LA AR AR A HH RSB B iR R I A B[] Oy 2011
AEAEY AR TR 2012 SEVEMICIR JS , ELAARI S T vk
N B PRI IR BERLIE I 5 AFETT AT KN R
100 cmx200 cm, WK 20 em, N TUCEESRIR . KR4
I 1) 55 FEEty ] S 5 =5 FH R P IR A A T R U (520
min ) , eSO G HT B BRIRE, icre TR At B
SR, I Jr PR B RSy Jo i, BV b B PR o i

AR E AT

HBR A A (I - hm )= 5 FH 1 S R B4y

PHE (TT - hm ) =AEY) P s xE Y LA

S (J6 - hm™) =7 (B - B pli A - LA A% A (fk
NE A2 5780 15%)

B G A A 2 (% ) =[ (& A PRI 5 - CK I
fi )/ CK it ] x100%

34F(3 2 4F) BT IR IR FE (kg - hm2) =15 f5 5%
B 5 85— 0 T R A 3

TR AR %)=3 4 (8 2 4F ) BITHFR IR EE/3 4F

F 1 R SRS EER + 22 0 4 RR

Table 1 Detailed information of climate and soil basic physical and chemical properties in experimental sites
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Hlt Gansu 99.0 39.4 7.0 <130 2075 153 Rt Rt 790 — 24.7 82.0
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C D11E
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Table 2 Detailed information of experimental design, field and fertilizer management

W B

W B g

. . HIBETE rpy N - /DXHER
Wl AR S A Teamensy DR G Em B AR 5k gt DRI N ROJS KO/
Province Crop Variety mm )iith/ coverage/ Mulching Mulching Covering Recycle ,  kg'hm? kg-hm™ kg-hm™
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B o . 0.006(CK) ,0.008 , _ MU MU
Xinjiang HRAE 0.010.0.012 125 8 4H10H =210 s [l 360.0 4862 2760  90.0
o v s o 0.006(CK).0.008, _ AT AT
Camu A W65 T 00 002 90 05 4M30H =180 L L. 2880 3000 2250 0
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IR - o 0.004(CK).0.006, _ Bl AT
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Figure 1 The distributions of film thickness with different ranges in the main mulching crops
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Figure 3 The effect of film thickness on soil water content
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Table 3 The effect of film thickness on crop yield and economic benefit
YW Crop Kb i AP Mulci{ing Mffllg;finﬁzgji;:t/ i+ Yieﬁl;l/ F’:{Em?utpu}z 7%[']&%5(?)]\16[ ; jfiéfiﬁiﬁife

Treatment/mm dosage/kg-hm St hm kg+-hm value/JG - hm oncome/JG +hm return rate/%
H4E Cotton 0.006 50.4d 604.8d 6 108.0a 51 918.0a 51313.2a —
0.008 67.2¢ 806.4c 6 123.0a 52 045.5a 51 239.1a -0.1
0.010 84.0b 1 008.0b 6 166.5a 52 415.3a 51 407.3a 0.2
0.012 100.8a 1 209.6a 6 352.5a 53 996.3a 52 786.7a 29
T K Maize 0.006 67.5d 810.0d 9 023.9b 18 950.2b 18 140.2a —
0.008 90.0c 1 080.0¢ 10 006.1a 21 012.8a 19 932.8a 9.9
0.010 112.5b 1 350.0b 10 125.7a 21 264.0a 19 914.0a 9.8
0.012 135a 1 620.0a 10 414.4a 21 870.2a 20 250.2a 11.6
A TR Potato 0.006 40.7d 488.4d 29 575.5a 44 363.3a 43 874.9a —
0.008 54.3¢ 651.6¢ 33 916.0a 50 874.0a 50 222.4a 14.5
0.011 74.6b 895.2b 30 920.8a 46 381.2a 45 486.0a 3.7
0.012 81.4a 976.8a 31 121.2a 46 681.8a 45 705.0a 4.2
1E4E Peanut 0.004 33.0d 396.0d 4 651.6a 24 188.3a 23 792.3a —
0.006 49.5¢ 594.0¢ 4 636.6a 24 110.3a 23 516.3a -1.2
0.008 66.0b 792.0b 4 780.3a 24 857.6a 24 065.6a 1.1
0.010 82.5a 990.0a 4 620.4a 24 026.1a 23 036.1a -3.2

T (DHUBEANAR A 12.0 T -kg™s (2)FFAR EK DT B3 8.5.2.1.1.5.5.20 kg5 (3)1lic i = (L~ Hb B2 i A= — EL A B8 A CHERY

A2 S5 155 , DA Rl A e Ak BHHCA 5 A — B0, DHASSC R il ~ P (BB RS o (RIS B0 5 AN ] 7 s b B 8] 25 S 5 21 2 25k

F-(P<0.05), T,

Note: (1)The unit price of film was 12.0 yuan-kg™; (2)The unit price of cotton, maize, potato and peanut was 8.5, 2.1, 1.5 and 5.2 yuan -kg™, respective—

ly; (3)Net oncome=Output value—Mulching cost—Other cost( Fertility, pesticide, and labour power etc. ). In this study, Net oncome = Output value—Mulching

cost, because of the other cost between different treatments were mostly same for one crop. Different letters within a column indicate significant differences be—

tween treatments( P<0.05 ). The same below.
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3 itig

3.1 iR EE R 2R

St RS AT T B g L S ORI R P R L (L
XA FIVEY) LS RE 5 KR AN [R5
JEE BRI, T KRR A M0 S0 P - SR R o, 55K
MR A R — 2, DA I o st I R mT 3 i
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& 4 MARE X 5 R 5K B B R0
Table 4 The effect of film thickness on mulching film residue of filed

Y Crop posii] _ 2 4F/3 BRI T A ; _ 2 ﬁf/3 A R AR IR ; _ 5 %ﬁl
Treatment/mm  Mulching dosage of 2 or 3 years/kg-hm™ Residue mulching amount of 2 or 3 years’kg-hm™ Residual coefficient/%
Hi4E Cotton 0.006(CK) 151.2 60.6a 40.1
0.008 201.6 30.8b 15.3
0.010 252.0 29.0b 11.5
0.012 302.4 27.6b 9.1
F K Maize 0.006(CK) 202.5 81.3a 40.2
0.008 270.0 59.1b 21.9
0.010 337.5 44.2b 13.1
0.012 405 39.6b 9.8
LA BE Potato 0.006(CK) 122.1 15.2¢ 12.5
0.008 162.9 37.9b 233
0.011 223.8 51.8a 232
0.012 2442 57.2a 234
{E4: Peanut 0.004(CK) 66.0 10.7a 16.2
0.006 99.0 7.7a 7.8
0.008 132.0 5.7ab 4.3
0.010 165.0 3.5b 2.1

TE AR FOR R BRI (5] 2011—2013 4F(3 48 ), AEAFRBEUEIIT 1E] Dy 2011—2012 4F(2 48 )

Note : The monitoring time of residual film on cotton, maize and potato were from 2011 to 2013(3 years) , and for peanut was from 2011 to 2012(2 years ).

24 HSE A R T R B A ;s TR
H A — R U2, A T I 25 5 I R 21 1
B, JE b R b i S S A R TR ]2
JELRE R T HAT B A ORI R o )T S i =,
BIMEERT I (1~40 d) - B0 J3F Tl 2 b JI6€ 52 5 15 o v 44
B 40 d J5, S T 1 Ak B R L AR b A
LA AR 25 337 DR oA 7 RO i A R e A Ak JL M Y 244
REE RN AERER, DR ERE T
i B4 VR AR AT R B R, e 2 1 S S B
2 3 17 Y RG> , BT LA - R B A . SRR
FORA T AN I R R R T R R B, R
KA HTY, A P 4 TR B FORKF R AT,
T A 30, S Ak R oK P T R 5 R i) o P 2k
) B e LR, 3 i A B TR IR A 220, b T
Xof A 5 K RS 5 3 B AR AL A A ], 3G R 5
JE RGO TS K26k IR D
BRI A AR BN R SR A R TR
S MK A3 R P e R A T R 4
e T, SR SRR N, A R A5 T JE I B v e
A J75 , Al Sl P A P OR B e, L SE S X
R AR PR A 28 e EE ™,

JIT A B A |, 6 K JE i RS Ak 2 (0.008~0.012
mm ) F7RL ™ 5 8 3 R T 7 4G B (0.006 mm ) (P<

0.05), SizA/EY))E A0 B 3 1 O 40 1 2 %
YIARZE X FHABAEY) , &A™ & A 22 57 HiE A
B i K- (P>0.05) o M ALK A 2k B 5 b RV B 3
TG A, 0.012 mm AbHE R HAFAR P & H 0.006 mm
SEFRTR T 4.0% ., EHEY S RIAE A 7 o D Bl A SR
JEE BN R B S B S AR A a3, 0.012 mm Ab 3
LSS B AT FTREAIG, T RE DR R 2 B 5 A iz A B - 158
BRI RO AR 5, Xt A A, by JEE Hb i 52
i 46 A FFAE SR AT $L, AT 3 sl ™=, T FRkZ
Y PR MR — 7 34 VR (RS ™ IR A
BEL, I bt R 2 e S A TR, AR iy, 3 B0
LN —E R B, HTEEARAE 0.006 mm F
0.008 mm A#b &) DL & H it £ 2K 0.008 mm 1 0.010
mm Kb3E], PRI KI5 E 0 TR (HETE 1
Hlies = T . T UL A B AN TR] , R A
Yy A TR S B2 AN [R) , AR RS Fe R AR Y A
FEKF , MAE RN F oK 0.012 mm Ab PR R 45 e ey, 10 5
FABHIEAE 0.008 mm AbFE T AL .
3.2 HEEEX HIERER M

F AR DX AL | 3R DL R A B 5
D7 T 25 57 , 185 A [ A0 ke Rt 2 o e B2 3 2% £ b
PR, FAED IR 5 i B 22 S 0K o X THRAE L B oK
DA R A A S5 FR RS 7 [T P P DX, S ot S J2 5 T
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i 2RI L AR AR B D ARG Y . R Ry b
b B JEE R R0, BT A BE R gk A BTG
TER FHAN BRI i, A AT I AR T,
AT B g R A [l i 30T, B E 48 5, %
by DX 44 S Tl B TR g BN, R AEVE IR I A
TASFA M A KR BRI, 3 i - S 5% PR i 25 b
JELBE B3I S (P<0.05 ) o EE AR S b JEE 7 ok
FEA R PR AL, (H M S JRE 158, 5 ol B 1T
R R B 3, AEAS Tl e [T i B 5 /N 1
T, BRI - SRR R R S

A 3 i) b B 7R B R A0 b R R A 5 b B 7 B
S8 B — B0, AR AR | B R FIAE AR I 2t 5S04 o JHE 5%
B RBRAR, TR % AR AN S B ) o e T
FERG ARG . AEAR RS s A7 T AR I b XN
83 B LTIV NS WA W = o - 4 (LN e
A 32 X HB AR B AR BRI, RS D R 3y
F80% , ik N S FFT h- A b T 5 V5 e iy 373 24 1 1k 5
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R A B 2 80% L) i AR, X442, i F1H
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BN AL P TS R A (R R 3 B R
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4 ZEig
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