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Abstract To uncover the spatiotemporal dynamics of soil moisture under various types of degradable film
mulching and to further clarify the impact of degradable film mulching on the differences in sunflower yield
and water use efficiency, we conducted a systematic analysis by taking sunflower variety Sanrui No. 10 as
study object. A total five types of biodegradable fiims: Xing'an League degradable black film (XAM) ,
Lanzhou degradable black film (LZ), Jilin degradable black film (JL), Suzhou degradable black film (S2),
and Shanghai degradable black film (SH) , along with a conventional plastic film control (CK) , were
encompassed over the years 2022 and 2023. The effects of the treatments on the spatiotemporal dynamics
of soil moisture, dry matter accumulation, and water use efficiency throughout the entire growth period of
sunflowers were examined. The results indicated that there was no significant difference in soil moisture
content between biodegradable fiims and conventional plastic film during the early growth stage of
sunflowers. However, in the middle and late stages, the soil moisture content under conventional film was
higher than that under degradable fiims. The LZ and SH degradable film treatments significantly surpassed
the CK in terms of plant dry matter at maturity, and with no significant differences observed among the other
treatments. The dry matter accumulation process of sunflowers under different treatments conformed to the
Logistic model, with an R* fitting degree above 0.925 for all. Over the two-year period, the maximum
growth rate of dry matter accumulation for CK was consistently lower than that of the degradable film
treatments. In 2022, the SH treatment yielded 4, 259. 29 kg/hm?, which was 13.93% higher than the CK
yield. In 2023, the SH treatment produced 4, 493. 85 kg/hm?, marking a 23.44% increase over CK. The
water use efficiency for the JL and SH degradable film treatments was 13.48 and 14.00 kg/(thm?-mm) ,
respectively, which was 5.69% and 9. 17% higher than the CK treatment. Considering yield, water use
efficiency, and other factors, the SH and JL fully biodegradable film mulching demonstrated superior
performance in both yield and water use efficiency. These findings suggest that the SH and JL degradable
films are suitable for promotion in the southern irrigation area of the Yellow River basin in Inner Mongolia.
This study provides a theoretical foundation for mitigating the pollution caused by residual films and
advancing sustainable agricultural practices.

Keywords sunflower; biodegradable film; dry matter accumulation; yield; water use efficiency
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XAM, LZ, JL, SZ, SH and CK represent Xinganmeng degradation film, Lanzhou degradation film, Jilin degradation film, Suzhou degradation
film, Shanghai degradation film and Baotou ordinary plastic film, respectively. The same below.
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Fig. 2 Water content changes at different soil layers under different degradable films mulching during the fertility period of 2022 and 2023
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Fig. 4 Changes of the leaf area index of sunflower on 2022 (a) and 2023 (b) under different degradable films mulching
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Fig. 5 Changes of dry matter of sunflower on 2022 (a) and 2023 (b) under different degradable films mulching
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EAF P2 h LK S, b e K
G208 I AE A IR B R R . & 5CO BR < AE
BUE SR TF A, 45 b B 2 A) 22 5 AN 5 78 Y
L7 A 14 b e i, 3 T AR AR B L B CK
b PR 5 2618 g, XAM A B W) R
K, AN 668. 25 g0 B 5(h) AT H1 - 2023 4F 45 Ab
PSR 2022 4 2L, FE 10 H 2R AE BT, &%
Ab ] 6 T o AR R A 2 AN 3 A A BEAE T AR
WIIF R 1 B0 25 25 S R AR T, CKOF XAM &b B 11y
T ot dnb IR A% I A B AL 3 (P<<0. 05) ,CK 5
SH kb Y 25 (A 5] T 42. 47 g, 7 HoAlh 4% 5 fife 55 b
B ] ) T 4 0 TG R 3 25 S AR AN LZ A B Y
T B e, I8 8] T 708. 30g, W iR SH AR FE,
F T H AR A CK AR BE(P<<0. 05)

N [R) i fife b S 5 % ) H 28 A R B T

J AR L2 1, MR FR 1 R] A : 2022 4F B2
W B T 9 BT KDY KR S LZ>SH>S7>
CK>TL>XAM; Hor  LZ A Y 4 i i 5 XAM
FTIL A B4 BT ik ) 25 {35 3] 36. 57 g Fl 34. 67 g,
L7 Ab B+ 9 B & 25 5 W 3 & T XAM ML 4b #
(P<<0.05) , b Z m IR A B E X5,
2023 4F BB BT W T i RN R AR IRl LZ>
SH>JL>CK>SZ>XAM, LZ Hl SH 4t B & T %
Jo R KT At A B A A R R B MR KA
LZ>JL>SH>CK>SZ>XAM,LZ fl JL 4b 3 i 3
BT H Ml Ab B (P<C0.05) , LZ &b B XAM &
H11.99%; MK E  LZAHB DT TY
J 34 T T A AL B S7 A R T R R A,
A W i T A B D 4R CK AL BE 22 W) 2 G i 3% 1k
E5.

F1 2022520235 A EAKRBEEETEOEEZRABTUREBLLE

Table 1  Sunflower mature dry matter quality comparison on 2022 and 2023 under different degradation film coverings g/#

b %?E. W$E' .M?i' %§$E | ISSR R 7/Ioi
Stem dry weight Leaf dry weight Petiole dry weight ~ Flower disc dry weight ~ Total dry matter
Freatment 20224F  20234F 20224 20234F 20224 20234F  20224F 20234 20224F  20234F
XAM 206.43ab 206.05b 95.50ab 84.61b 33.00a 36.46a 333.32a 334.42c 668.25¢ 661.53¢
LZ 220.35a 212.94b 107.87a 89.73ab 35.71a 31.41ab 340.88a 374.22a 704.82a 708.30a
JL 220.28a 212.32b 88.38b 76.80¢c 30.58a 36.07a 340.92a 364.29ab 680.15bc 689.48b
S7 209.95ab 212.93b 93.89ab 89.23ab 36.29a 31.11ab 333.13a 336.63c 673.26c 669.90¢
SH 219.23a 225.6la 89.99b 89.90a 35.51a 28.38b 348.12a 360.07b 692.85b 703.95a
CK 201.97b 226.42a 98.09ab 87.04ab 39.04a 34.14ab 339.02a 341.15c¢ 679.71bc 688.75b

T AN /NG F A R A B H] 22 535 3] P<<0. 05 WK T,

Note: Different lowercase letters represent the difference between treatments at P<<0. 05 significant level. The same below.

XoF AN [ B i S 2 55 1) H28 T4 o AR R R R AT
Logistic ¥ Bl &, &S 8K 2. L2 H .
2022 47N [R) i fife W5 78 55 1) H 25 P R 0 K R R
4 SH>LZ>XAM>SZ>JL.>CK, SH F1 LZ /&b 3
i 5T CK; 2023 4F SH 4b B 2% 55 T HoAth b 7
(P<C0.05), 20224 SZ 49 Jii #1 8 f K % 3
i A fe B, TL &b 3 B i, SZ FT XAM Ab 3 5 2% B 1
HA b, 2023 4 S7 4b B T 4 i B2 d K R
IR ) A B, CK Y 30 A WG b =5 6 7 Rt % fip e ik
L SZAMFRF CK . 2.79d.

2.4 AERMBEBEXNEBEE=EMAKSFI A
[ 55
AN [7) [ figp b S X6 ) 2% DA R REOK & LT

DL KOK R CR A R 25 SR L 3, & 3T
122022 4F | Bk XAM Ab B SR F % fige 155 4k B0 A0 )
R T CKANEL, Horp  SH AR H Y Y 8 R s, ik
F| 7 90.30%, & F b T CK fl XAM it # (P<<
0.05) 52023 4F , B A HY 1 288 2022 4F A Jir BEAIK , SH
b PR E BRR R T 3. 22%, 1 XAM 4k BT R R
BEB /N AR 1. 406, 5 25 [ fifk JIEE A 381 1) i 30T R &
A e 8 5 SH AR 3 i 35 & T XAM A CK &k 3 (P<<
0.05) 2022 5 2% [ fife b i 15 325 308 50k J5E A 382 11 )
H 2% 7 1 R/ iy SH>1LZ>S7Z>1L>XAM>
CK,SH 4B =4y 4 259. 29 kg/km?, # CK 4b 3 5
8= 13,93 %, Hi Ay kb AR R [ R A 18 7
PR E N 1.58%~13.93% . [ i b JIE 7 36 4k B
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R2 202252023 FERARBEEREBESZTEHHLETUWRARRLE Logistic 772K HHFEHE
Table 2 Logistic equation and characteristic value of sunflower dry matter accumulation process

under different degradable films mulching on 2022 and 2023

ARy Ak 3 [l U5 77 T
Year Treatment Regression equation

R RAE S PN

A E] /d

7 7 KA % /d T
R The appearance time of

Maximum growth rate .
maximum rate of dry

matter accumulation

XAM y=668. 25(1+48. 94e ") .950 4 15. 50 ab 41.92 ab
LZ y="704.82(1+52.83¢e ") .9259 15.71 a 44.50 ¢
JL y=680. 15(1+56.07e” " *"%) .940 6 15. 35 ab 44.60 ¢
e S7Z y=673.26(1+45. 25¢ ***) .9527 15. 39 ab 41.67 a
SH y=692.85(1+55.01le " *"*) .943 5 15.85a 43.76 b
CK y=678.12(1+50. 69¢ " " 1) .950 5 14.93 b 44.54 ¢
XAM y=661.53(1+57.20e” """ .938 3 15.75¢ 42.46 ab
LZ y=708.30(1+50. 78" *"%) .930 0 16. 00 bc 43.45b
JL y=689.48(1+61.33e ") .934 0 16.41 b 43.21 ab
e S7 y=669.90(1+53. 61e ") .942 6 15. 85 be 42.00 a
SH y=703.95(1+60. 13e”"*"") L9451 16.88 a 42.67 ab
CK y=688.75(1+62.13e” """ L9275 15. 85 be 44.79 ¢

K3 20222023 EREAEBEBEESLNENABEE~E RAEURKIFIARENH M
Table 3 Effects of different degradation film mulching treatments on yield, water consumption and water use efficiency of

sunflower from 2022 to 2023

AR/ % FE/K it /mm K53 R A% /kg/ (hm*» mm) P4/ (kg/hm®)
i3 Emergence rate Water consumption Water use efficiency Yield
Treatment

20224 2023 4 2022 4F 2023 4F 2022 4 2023 4F 20224 2023 4F
XAM 78.48% b 77.08% b 398.69a  312.57b 9.52¢ 11.65b 3797.49d  3640.64d
LZ 81.82% ab 78.33% ab  390.57a  341.80a 10. 41 be 12.10b 4064.40b  4107.02 be
JL 81.21% b 83.33% a 351.64b  274.62cd 11.35ab 15.61a 3986.22¢c  4281.96b
SZ 81.52% ab 79.17% ab  350.90b  282.37 cd 11.49 ab 13.54 b 4028.82b  3820.78cd
SH 90.30% a  87.08% a 335.48b  294.07 ¢ 12.70 a 15.29a 4259.29a 4493.85a
CK 78.18% b 76.67% b 350.06b  261.81d 10. 69 be 14.73b 3738.36d 3970.00c

W . FE 2023 4F, 4% b Y 7 B R /NIF S SH>TL
>1.72>CK>SZ>XAM; H i, SH &b ¥ #5 CK 4k 3
1 7=13.20% , CK 8 XAM 1 SZ 4k B 43 5] 3 7=
9.05% M13.91% . 20224 FE/K & F- 3 L 20234 £

68. 82 mm, 7£ ik 4 ][] , o] H 254 K 7 ¥ R 9 h
XAM . LZ kb3 & 25 K T H AR AL B (P<<0. 05) , i H
fib b 3 22 18] 22 S 9 & 38 B B E KOF . FEAK S AL
BT, 2023 4F 7K 43 ) BCR SR E F 2022 48
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2022 A A 7] 24 7 b f55 7K 43 ) FH A% R e 2K SH
>S7>JL.>CK>LZ>XAM, XAM Ab B 7k 53 F ]
BB FARAL K 9. 52 kg/(mm-hm?) , SH Ab 3 i 3% &
T Al Ak B, CK &b B 43 531 8 XAM Al LZ 4b 8K 43
FI RS T 2.69% F110.99% . 2023 4F A [
5 T b, B 7K 43 R AL R R BIR JL>SH>SZ2>
CK>LZ>XAM,JL SH &k B 4 7K 53 FI] F 2%t %
T H A AR B (P<<0. 05) , CK Ak BE 43 5] 48 XAM FI
LZ b3k 5 RIS 4 7 17. 85 % F120.89% &
3 i it

MAWRE R, IR SR IG RS A
A0 Hb PR R A R O 0D K o 28 e DT A AR
Yy &t - HEAK S 0w R T R b 2023 AF 4%
+ 2 &K FAL T 2022 4F X 5 22 4 oK it
2 A A% R R A% Ak B 4 8 K 2 bl )2 IR
JE B8 i L X S BRI A A R —
o AR EW, SHEMMBBEAABEANHEAE
FF 39 i e B R K Ak SR B o R — 3K, (H AR T A
W05, B 25 R A MRS 1Y % T R R DR K M AR
Rt 4% Kb B D) 2 S AR W PR, R ) 7 R Y
S 31, 3 M S A B A S KRB R TR
fiff 1 Ak B B A MR R A RGO, 4% Ak B 2 JE]
M 25 52 B W/ SR SRR BRI S R . L2
b 3 AT XAM Ab B i B A b B8 1 58 oK AR 2
AF 1A 34 0 3 AR T SH L JL Fil SZ A 2 B i 5

AHE Y b, 3 S b B A B AY ) H % bR A
FIT A7 Ak B oAb R B A Y, SH AL B AR BT A I i T Ak
PP R E L T XAM R LZ Ab B 7R B e R Ak B Ak T
BAR K o 2022 4F DA TFAE W I 4f , LZ Ak 381 1)
H 2% 0 i BUFS B0 BT A Ak B b s L JF B 5 CK
A B DA BOAE R B 25 S, b B A b
Ab 3 T AR B T CK AR 3 A 45 b 3
]G 22, X R e A R —
oo K] REJE 2022 AERE K £, B R R AE 10 H
LT AL W I 2 A B T R 8EE R A A
F b 52 K AT K 5 38 i, A E ) B 2SR R
B R Rk H R AE R EE & E
SRORL b B TS RO RS OK A L B R 2
2 % 1) H 25 A K AR AN IS

T ST AR B R T T AR A PL A T AR
B REEREYEREENEZERR, 2EAN

[Fi) 24 750 b JE 7 55 1) H 35 B R 05 K R 38 LA SH &b
B R T R SR R R R IR A ] A
TE— & 22 57, 2022 4F M i J5 41.67~44.60 d,
2021 4E N B S 42.00~44.79 d, ¥ ¢ 8 T A
FAEF A . A5 T 2023 4F SH Ak 3
& T4 BT A 8 e KOHG B 3 B ) 3
e T CK, 2 = Mg 46 Bk 583k B, 7B 9 1 9 I B 82
T ROHG B R B, W) R ROHE R R R
AR, mr DL RE g% i o e, (A bR AR K S AT
SRR R DOG A VR 38O B3R KO &Y
JE AR P e oy, e AR ) H ST A R
AHTEW &

R FH W i b B 7 55 R VE 0 B i A R e
45 JRAR T 3 3 M Ak BT A 0% ) R A A b
b HR AT A 5 e I I G 25 S MR AR S
AR B B 5 5K R R T AR R e B AR )
e XA S MR XK E R A B
R S 5 A B A FRE K G T R A I TS
A B i DR o i PR AE ) H S T AR S 23 34 i 2
fift , 1 K g 728 kB R T b I, Chen
SN o AR AR 50 B Tt R X — W PR
fiff RS AL 55 0 7 o e T R R G L X S
B E AR Gu BB I 5T A R — B, R 4 B
fiff T2 Ak PR 5 S R B Ak B o 22 S
0, 33X IR PR Ay I fidk T S 00 i 3 B R T e o )
JE, BN T S E M AR TR R Wk 3R ok
HAHBEN AT, 202247 A M8 AKKT £,
A6 TR 1) H O35 B2 Ry FE IR 0 OGS 0 T AR A
£ v I N1 Vs M A = B N N B
2022 4F 77 HEAR T 2023, [7) B b 5 A AR 0] H 25 76 AL
B v EE AT BB AE AE A A S B R R B A AF
5] R, S8 e MRS AH LU R i R ) P T 5 B0 4
ME DLl B, DR AR BRI, AT S B A
RN, MRYE T A WA ST, R 5 AR
KRR B ENREEN . W
A T) 1 350 2 SR W UK, B R R R 8 O, A% Ab
A WUE S 2 38 i PR, X — g4 1
5 kSR 5 S A AT Rk A — B . BESEEE
HR 3 5 AR B K D i Be A ALER FHE Y 1 WUE . 4R
T, 24 4 58 A i M A 36 4 BH AR R SR
4 2 ] B R MR A, B R K o 28 k25 52 B
], Fe & B WUE [ B AR
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A FE LA B %5 EEMF RS W NFE
F YA DX B0 R A T X 22 A AN (] [ fie e I
A B R M K BT 25 %k A 9 K 43 B 25 R A B A H
FAERKEFARAEW, FELLNT .

1) W i b JBE A 1) H S5 A8 KR R OK SR S
- 3E AR Y, H S ) B R AR R R R B . LZ A
XAM kb 3y % fifk i B £ 7K 2801 72 2 A i 331K F
SH.JL #1 SZ kb 7 ;

2) - 38 1 B b B A 1] H2E bk e R TR 4
AR, T SH &b B [ fife BES b B v 5 B v L LZ A
T o TR AR RS B v, SH A B A T 5 R 2 R
Fherey , HT 4 0 AR 3R e R R B D e T K, A
B TAE 28 M Fr 3 2, B O A ROCE N i

3) SH 4b $HAT JL Ab 3 SF-34 7= f A CK b P 45 5
T 11.94% F16. 77, ¥ K 43 F AR # CK 2 5
T 5.69% M9.17% , F bt , SH Ab HL AT JL &b B i %
it B A A e} b B LA AR A AT A M
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