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Abstract In order to investigate the application effect of fully biodegradable water permeable plastic film
mulch on soil hydrothermal and the yield of dry-crop foxtail millet in the dry-farming hilly area of the Loess
Plateau, a field experiment was conducted from 2021 to 2022. A total of three different types of mulch
cover, water permeable plastic film mulch (T,) , plastic film mulch (T,) and fully biodegradable water
permeable plastic film mulch (T,) were selected and no mulch (CK) is used as the control. The effect of the
different types of mulch treatment on dry matter accumulation and yield of foxtail millet, soil water content
and soil temperature and to anaylzed the degradation performance and economic benefits of fully
biodegradable water permeable plastic film mulch were compared and analyzed. The results showed that:
The degradation of fully biodegradable water permeable plastic film mulch (T;) began to occur at 30 d, and
the reticulated cracks appeared in 150 d time. The most of the mulch was broken into small pieces, with an
average degradation rate of 54.3% per unit area; The daily change of soil temperature in each fertility
period of foxtail millet under mulching treatment showed a trend of increasing and then decreasing, and the
soil temperature reached the highest at 16: 00, and the temperature of three mulch treatments increased
0.5t0 8.0 C at 10 cm soil layer, and 0.3 to 6.5 C at 20 cm soil layer compared with the non-mulching
treatment (CK). At higher temperatures, soil temperatures in the T, treatment was reduced by 0.5t0 3.5 C
compared to the T, treatment; Compared with CK, all mulching treatments increased soil water content in
the 0 to 40 cm soil layer of the tillage layer by 7.8% to 38.1%; Mulching significantly increased the
aboveground dry matter accumulation of cereals at the jointing stage, heading stage, and filling stage, with
average increases of 37.7% to 91.2%, 37.2% to 92.1%, and 15.4% to 56.6% for the T,, T,, and T,
treatments, respectively. In terms of yield, the 2-year seed yield and biomass vyield of the fully
biodegradable water permeable plastic film mulch treatment (T;) compared with CK were significantly
increased by 35.4% to 37.5% and 30.8% to 44. 1%, respectively, and the net income was increased by an
average of 9 861.71 yuan/hm®. From the perspective of comprehensive consideration of foxtail millet
growth, yield and soil moisture content and temperature and economic benefits, the fully biodegradable
water permeable plastic film mulch can be applied to the production of dry—crop foxtail millet in the Loess
Plateau instead of plastic film mulch, and it can effectively alleviate the soil environmental pollution caused
by ordinary membranes.

Keywords  soil moisture;

soil temperature; yield; fully biodegradable water permeable plastic film;

degradation rate; economic benefits
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Table 1 Manufacturers and specifications of different kinds of plastic film
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Table 2 Aboveground dry matter accumulation of foxtail millet under different treatments — g/#k

E A b 7 2GR il T 2 3]
Year Treatment Jointing stage Heading stage Filling stage
CK 1.00+0.07 b 5.5640.61 ¢ 10.58+1. 14 ¢
T 2.48+0.53 a 9.174+1.15 ab 14.944+0.70 a
2021
T, 2.5540.28 a 9.3540.90 a 15.7240.55 a
T, 1.8840.09 a 7.454+0.99 b 12.844+0.32b
CK 6.3440.91b 18.28+1.91 ¢ 25.484+1.23b
T, 8.54+0.44 a 25.96+2.96 ab 34.18+1.54 a
2022
T, 8.20+1.26 a 28.72+2.88 a 32.03+1.73 a
T, 7.9240.51 ab 21.63+1.06 be 27.89+1.79b

W CKORE B T, B K IS T, 438 H B ; Ty, & AR W RE AR5 K ML BE . [ 30 5000 R ) 7 ) 38R 28 5 b 3 (P<<

0.05) , M FHRFRRERARFP>0.05, Fl.

Note: CK, no mulch; T,, water permeable plastic film mulch; T,, plastic film mulch; T, fully biodegradable

water permeable plastic film mulch. Within the same column, different letters represent significant differences

(P<C0.05), while the same letters represent no significant differences (P=>0. 05). The same below.
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(1.6).3.1(2.5) °C,18: 00 i} , + IR F 45 16. 00 F
TRE#EH . TE 20 em T 24N TR B A S Y 16:00
i, 2021 4 (2022 4E) T, T, A1 T34 348 CK 3 i 4. 2
(5.9).5.3(6.4)F14.7(5.0) °C, 7E A A 1 Bsf 8] R,
20em R HHERER 10 em 21k /M, A FEMH
CHE IR 390 - B | s B R T 2 AR, S8 R
B 2 A , L BT 4 A= ) B i 95 7K b BB I iR B K
L AR R BARIR AR, T, 5 CK i A8 fL B A —
o R0 em L EA ERIRBALM 6: 00—
8:00 B} T,. T, F T, 4 %l % CK Fb & 1.7.1.7 Al
1.8 °C e IR B i i 14 : 00 I T, T, M1 T, 43 514 CK
FHE2.7.3.6F12.0°Co M 10 em 240, 75 1
3989 B B 5 19 16 00 B, 2021 4E (2022 4E) T, T, Fl T
3 ) B OCK Bl 3.4 (3.7) 4.2 (4.5 1 1.5

(1.2) °C, T4 T, T, 0 3G & /N
2.3 HEBEEWNTESKENFIE

& 3 AR, #5248 B I8 0—100 em 42 2 +
B K B R BB R BN 2 BT 248 0—
100 cm + )2 S KRB A 225 o & H AL
FH 5 R 4 i N ) A B 0 K R 45 A BT
TKFEREHBARHERR R T.=>T,>T,>CK, 24F
44 H B 0—10 em + )2 45 b B 4 3 A K R 1
1.7%~10.0%, T, T, f1 Ty 4 3 7 7K R 435 L CK
FF 5 12.8%~87.4% . 11. 9% ~118.8% 1 6. 0%~
38.0% . 2021 4F , 7 4% 4 & WY, 0—10,.>10—20,
>20—40 cm 1 JZ & B AL B S KR S T
CK, T,. T, fl T,4r % % CK F+ & 1.2%~49.9% .
0.9%~48.9% M 1.7%~24.9% ;2022 & F
IHY T T, 0 T 948 CK B34 in 4. 1% ~87. 4% .
10.4%~118.8% M1 0.4%~38.0% . fE >40—60
em + 2 VR BE, 2021 4F B i 0 A 45 A R A B 4 0
KR R F CK, LA T 38 R fe K 5 2022 4R 78 15 1 4
TR I) 25 Ab P - S S KR S BRI RIS T > T,

16 - (a) 2021 4F ECK BT, OT. BT
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=
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Fig. 3 Soil water content in the 0 to 100 cm soil layer at each fertility period under different treatments
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>T,>CK, T, % CK T} 19. 7% .8. 5% ; 4k 15 1 4%
b X W A T,>T,>T,>CK, T, % CK J} &
17.6% . 1£>60—80 cm + JZ &b, 2021 4 4% 4b B 1]
TGt 25 5, BRI AN, T, & KRB CK 38 I oy
0.200~12. 4% ;2022 44 4= & i 9] T, 4b B3 4F CK
REAR , B Ay 13.4%~31.7% . £ >80—100 cm +
JEURIE 2021 AR B A Ah T 4 3 4 HE 5 K R i
R T BT A AR E 2R A B CK T
9.9%.6.3% .10.3% .3.4% ;2022 4F B 4k 15 83 4 ,
CK &b 2 + 58 5 K R i o 3t 0—100 em + )2 + 4
FOAKFEME,T.T, M TR 2L ESKRYET
CK, B Ji Ak 3 n] £ w35 %R 2 £ 85K R, A 8%
G T B2 KA BT FE
2.4 EEYMEMRIS K EREFER

W 3T, &R YRR B K e S 74 F
B 309 P A I e o R 6 B O 7 S 30 d T i o B
g, 2021 R 155 30 Kk ) H B 10~50 cm
ey, EE WG A A5 RIR MRS HGA 5 3 %%, 1 H
=50 cm 4L ;2022 4E 75 45 K H 3 10~50 em
2ey ., TR G 15 60—90 K, H i 28 T 1E AL T4k
T -F A B IR A K 0 DG U o e 4 A A O i
B K Hb BB i A 90 2 AR IR B 39 . B 150 d Hh

HH B AR LT, IS o3 b B A R S/ R il I R AR
TeBIE AR A R A A SR B — A, B AL
BN AH 0 28R v BN

R3 SHEYBRBEKMEEERANERER
Table 3 Degradation of fully biodegradable water permeable

plastic film mulch during the reproductive period

E B )5 kA /d Time after mulching

Year 15 30 45 60 90 120 150

2021 0 2 3 3 3 4 4

2022 0 1 2 3 3 4 4

TE £ O~4 3 7R Ml IR B % 23 9048 b, BB, o JEE o fige 2 32
Note: 0 to 4 represent the degradation classification indexes of
films, and the higher the value, the higher the degradation

degree of film is.

HI 2% A T AT, 2 5F 4 A 40 9 A 95 7K Ml B 1 0407 T
FRURA A R AE 31. 6 Y0 ~44. 9% , 2021 4F i [ fift S A1
T 2022 4F . 2021 4F Ml vE #R R0 B A% 0 37.1%,
- B R 4 R R 27, 394 5 2022 4T Hl THT 45 B 114 [
fiff %k 55. 6 %0 , A BT A B A R N 35. 7% . I
AT - S v g b RS A fie R O T M AR I

R4 SHEYERSKMERRBE
Table 4 Fully biodegradable water permeable plastic film mulch degradation rate

i TATHR 5K B i R 3 A B e L) g TR
T o . - o O . AR
e HTAT BRI /g Fitt/g Meff/ 2 RHEhRRBURE /g Fikt/g KA/ % —
7%
7 Ground bare Residual quality Bare film Membrane Quality of Degradation rate " i ’
Year ) ) . o ) o ~ Degradation rate
membrane quality of bare film on  degradation rate quality in soil residual film in  of membranes in .
. . per unit area
the ground of mulch soil soil
2021 5.5518 3.492 4 37.09 6.414 1 4.662 0 27.32 31.85
2022 5.5518 2.463 1 55.63 6.414 1 4.127 5 35. 65 44.92

2.5 MBEBEENAFFEREFHENEZM

HY 2 5 W] 1, PR ARG REORE FE 48 B DA A1 25 7 B Ad
Y5 CKAFER EFZR ., 20214, T, T, M T,/
B B CK 3 35.2%~41.4%, T % & % i
20.6%~25.6% , ¥ i = & 35.4%~38.4% , ¥ L)
T, Hfem . Y= T, T, 8 T, 5 54 CK 3 n
36.8% 44, 4% F136.8% o 20224F 4% 7= Hf A [N 2
16 bR K= AE 34 7E WAL B 2 fR) 22 O W3 (P>
0.05), M FkE SR~ B ERN T, >T,>

T,>CK, T, T, M T, ¥ 5 CKik g 257, Hp T,
BCKHENN22. 4% .40.1% .43. 8% . FH T Al T ki f
WERM K T,>T,>T,>CK, H T, % CK 1
32.5%.39.2% . T, Wy E W)™ & e, B CK 3
46.3% o 24FMIAI BRI R T, T, T, 2N,
A HE ) WO 92 7Kt R 5 5 e S ) TG W 3 25 R
P 2 SR 4 F 2 Ul e vl 0, CK A 3 L 7 5 Ab
B AR A HBIN T BRFE AN T A CEE),
2021 AR B 2 R/ B T,>T,>T,>CK, T,. T,
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Table 5 Foxtail millet yield and component factors
Bk T/ T &/ KFRL™ B/ AW/
o b 31 MK /em B/ & 5 : 7
) Ear grain 1 000-grain (kg/hm?) (kg/hm?)
Year Treatment Ear length Ear weight ) ) . .
weight weight Yield Biomass
CK 7.37hb 11.70 b 5.68 b 2.38b 3844.06 b 9535.80b
T, 8.89 a 16.54 a 7.25a 2.99 a 5321.12a 13 046.76 a
2021
T, 8.09 ab 15.82 a 6.57 ab 2.87a 5232.70 a 13 766.22 a
T, 7.70 ab 15.97 a 6.20 ab 2.98 a 5205.57 a 12 648.07 a
CK 15.63 b 15.48 b 12.46 b 2.70 b 4 030.46 b 10 216.81 b
T, 19.13 a 20.02 a 17.46 a 3.13a 5796.44 a 14 914.72 a
2022
T, 19.00 a 19.17 a 17.12 a 3.10 a 5575.55 a 14 945.73 a
T, 19.07 a 20.51 a 17.34 a 3.16 a 5541.41 a 14 453.98 a
x6 ZFFRiE
Table 6 Economic benefits JG/hm”
AE Ay b B SENEECN o JE [ o NN N 7 H i 25
Year Treatment Mulch inputs ~ Mulch recycling  Other costs Output Net income
CK 0 6 340 21 067.98 14 727.98
T, 1125 1 800 2 740 29 010.12 23 345.12
2021
T, 750 1 800 2 740 29 464. 32 24 174.32
T, 2 625 2740 28 264.80 22 899. 80
CK 0 7 780 24 726.47 16 946. 47
T, 1125 1 800 3280 35 781.90 29 576.90
2022
T, 750 1 800 3 280 35017.71 29 187.71
T, 2625 3280 34 403.07 28 498.07

HT, B U 25 20 88 CK G 8 617. 15,9 446. 34
A8 171.8256/hm?, 20224 F M N T, >T,>T,>
CK, T, . T, fl T, CK &I £ 73 %1l 3 in 12 630. 43,
12 241. 24 F111 551. 60 J&/hm?.

A7

R I .

31 WEBEBSEXMENTHRRRE. TEREF
4 78 K =2 1
Mo A i AR TR BEAE AT A K R A
Wy BB S VR Wy i B A W AR
FRI S TET YA, 5 82 b AT LB K

b RS | A 40 A fe i 7 S A T T A R R R B
BN BRGSO (R B % 6 R P b M X
T T o A R IR B R 4 R R B 5T P R B A
o b 5 B9 A6 5 T R 2R W TR T R
JE . 5k T A SRR 5T 2R I 5 OR B 3 M L 5 b
IR o4 fife b X T 388 R OK T 4 R R R, L M
R AT S T ROR AR E W BT R
B, AR P 2ES T T R R
W 5 ORE AN F (CKOM E B /K HB B CT ) 3% 30 H
JIBE T, 1 4 A W0 5% i 18 7K His B CT 0 kb 3L T g 3
REATREEFHNNTY R SRR,
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CA W45 R R, 5 J0 55 A BEAR e 55, 1 i
T T R 3G 7 RO B L, K R BRI e %
B 7= 30% Ze AR Yang SETRF AT A B 3 M A
A= ) W e b BSE RT3 S 42 v R K ™ i 4 600~6 400 Al
2 300~2 800 kg/hm?, ¥ W A 1§ fin 8 425 Fl 2 688
JG/hm®, B R 5 30 b JIEE A B0 7= o O v, A A O O g A
ZVR AL g R T 5 5E b S A KO 2 1 R B )
B LG 2T AR AT R i b S 2 [ A B COL FITK
XoF - HEFR AR 7 A 04 5 550 T B s 20 T b A [ i
(57 8l 3 32 o A I g 2 SR e I b S A 5 2 T L
RS TF0E R AT, HAaA Y BB K
JREXE 4% 7 0 4 T AR 5 A S e R ) G 3 2
S AR [) A7 45 ] 45 T 28R AN [, 8 EE A 3L U Y
FERCRABAS TR 356 45 R 09 AS 5] T R 5 4 B IR
AR AN L 4 W B A 18 K b B T
TR FEAE S Dy R AR 37 90 55 0 W) B, AR aF T 2 b A
i ) RTRFSE R R R A DX T 2 T
10
3.2 MEEEYN T EKANEIE

T W58 2% B, Ml ISE 8 5 8 0% T DL &S K O
I AR WX+ HEK A3 A ORI SRR
FEVH AL T 525 35 25 10 N 38 2o bo B A Al IR 3 o
P18 2R 4 T A 5 R 0, 5 R M RO L, b
JIR AT 5 A B RE F R A /DN 22 4 RO 2 U 0—200
em HHEPH S KR, A o 5
B K MR AR ) B i b R O R A b B 5 T R OK
A W S IKFE MBI J5 0—300 cm %+ )2 1)
K BRI RS T R RS n L L7 A B ) O G 2 25
S FEARMFGE D, 5K AR LG, B /K 5 8 58
I 4 £ 0y B fift 95 7K i T Ak 3 35 A A A 1Y K AR
RO T Ak B 0—40 em 38 F 7K R 35 A R 7 T
B4, 4 A W W A 35 K Hb RS 45 AR I B A K
R T AE SO, AR FIRAE D500
0—40 em + 2 Hb BB 35 7 LA A0 45+ HEK
Gy B 25 B ARG, AR i SRR K A 1 BRI 3E i
A B AR K 4 7 R )2 60—100 em )2 £
B K R SO B 3 (E M 7 56 A BEIG T AS 7 R
b, UL AE B 3R 2 A KRR A b X X
S T B 35 5 0 R R OK S Bl 2R
g0 A W R R B K b R AE Y T T30 2 R A
5305 3 R ) PR K 8 R AR A ), ) AR DL 4
A W) I i 15 K M B T bR B AR DR K BOR JE IR R

[ S A 1 R T e S g

b BB 5 B0 T A AR KA RS e
TR KGR k> T R AR R RE A AR
B RE D OR BE AR T 5T 2 W P R i R AR
PR FR) A 0 o6 fof R s 3 3 e 6 4 9L O 2 T B 2~
3°Co ThRAHAF IR 5T & B G b S | A5 Wy I fie 7Y
MR 4 A W A i TR b 3 ol 2 TR b S 36 K BB
RUCHE B - R M R 5 T, S R AL R TR Y
RO, A B T 309 A A I e Rt B 4 A 0 I e AR
R BORBEAR B B — & AR SOR . A5
Sk R E R g R EA - AT I Ak
W ok 8 95 K i JEE 5 3053 5 LA % 35 7K i I i) 348 308 554
JEHA — B, R AE IR HE 2R 4 A W I A B K M
R %) 38 VI A R DR/ | 3K 5 i JEE Y R fip R 2 1)
FHOG o A5 R BLAE KA B A58 9 14:00—16: 00
B, 4 Az P % i 95 K b I 98 K b B A 3 4 HEBE 2
R 35 A 3 3 b BT L AT O /b v T AR 0 AR R 1 A
T X IEH T AW B K b R NS K b R Y
AL 25 M A SR BAR B LR s 4/, 230l 3
PR B DR AR 5 2SR o i R TR R
B B ZE IR A 2 FLAR AR K, T ORI A R
NG S
3.3 YRR AR E E PEFIE R

Wi 2 5 38 2R 0 b BB Yk ) AS T o ke R
RO ST [ A XA RN A 2 B 8 0 B TS
M, S DT 8 0T A A R A R S R 2
I ) 48 6 R R SR AR T [ L BB R R
0 R T RN A A ) R e b RS A i R T B
S P MR R AE Y = M E ik —"" 4
Wik ffe b B ER T et R R A TR 2R AN () S 0 I
0 R 3 T e . S N T R N W a5 A & 2 e 5
W AR A B R, 4 A ) R A 15 K M B T
241 1) o fife 1o ) 8 AN — 5C(E R foe s S R A 22
RCIEBE G 30 d TF R R fig , 60 d Hh BL R 244E , 2 )5
PR 2 it AR RO Y, 4 A ) A 75 K HB IS R R
TE o M\ 2 4F 4 A W I i 35 K b RS I i SRR ML THT
RIS 11 o i 23 B I8 o 1 A8 v B R i %, o7 1D
TR it 561 35 R 54. 3%, & 25 W B it 15 K i 283
W25 AT D AR B AP TR A 1 b R 2 28 TR
R B LA B AR b WL, HLE A 0T 5% 5 /s 80 4% 04 A W e
fiff b R5E AT B A S AR W 4 R 24 N AT 52 A 4
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