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Abstract

For the study of fully biodegradable mulch film of maize agronomic traits and soil physical and
chemical properties in southern Xinjiang agricultural production, China, PBAT (butylene adi-
pate-co-terephthalate) polyester fully biodegradable mulch film (short for: biodegradable mulch
film) and ordinary polyethylene PE mulch film (CK) were chosen as treatments for analysis of de-
gradable mulch film on experimental area soil nutrients, moisture, temperature and the effects of
related factors such as maize production. The results showed that: 1) With the growth process of
maize, the degradation rate of biodegradable mulch film was smaller in June-August (1.4%-~2.0%)
and significantly increased in October (49%). 2) There was no significant difference in the emer-
gence rate, growth period, biomass (including straw, corn cobs and seed and whole plant above
ground) and yield between the biodegradable mulch film and CK. 3) During the growing period of
maize, the average soil temperature of the biodegradable mulch film under 5 cm, 15 cm and 25 cm
was lower than CK 0.67°C, 0.54°C and 0.50°C respectively, and the average soil moisture content was
higher than CK 11.08%, 6.18% and 4.02% respectively. There was not a significant difference level
between two treatments both soil temperature and moisture. 4) During the growing period of maize,
there were no significant differences between biodegradable mulch film and CK treatments in soil
available NPK, soil total salt, soil pH and soil bulk density between 0~20 cm and 20~40 cm soil layers.
It is feasible to use PBAT biodegradable mulch film instead of common polyethylene PE in maize
production in Southern Xinjiang, China.
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JE TR KB TR A%, AFIEA . BEER, Womnidks im0 h—28"C 1 38.3°C, HHJ[%EK
BEARE 59 1710 mm #1 7.6°C. HIRN K 2790 h, TE7E A 133~163 K. R X HIBEERIMR W% 1.
ARG A E LI 56 2 45, AiE MK, 7 i PBAT B4Rk

Table 1. Basic soil properties
F 1. HIREAMER

IR oH {2 TIEAHLRE IR A Ak Re S E e RRbt o
(cm) pH (9/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg)
Soil depth Organic matter Available N Available P Available K Total salt
0~20 8.36 23.830 110.8 84.4 216 14

20~40 8.60 18.650 73.7 49.9 182 1.2

T RHOVRRATRAER M
Note: Soil sample is the base soil before sowing.

2.2. BB

BERVEYIN T K (SRR B & 31). AN PBAT A4 AW PR IS (R AR . PR AR ) 1 3 SEE BT v
IMERH AR A IR A ), Ml R 246 PE BOAXTIR(CK), 2 48, 3REHE . RIGX A 0.13 hm?, f
% 105 cm. JEJF 0.010 mm; —MEPUAT . MU, RERENE . RS IEE 70 om, ARATEESR B 20 cm
A1 35 cm. RIS H (A FE R T MARE ., FHESMES S SR A A —3 2017 4E 4 F 22 H#EF. 10
H 15 Hiigk. M IaREE K I (/] 5 F & 0L 2,

Table 2. Irrigation time and dosage in field experiment

2. AERIEKEES A2

TR

Lo . 2 3 4 5 6 7 8 9 10 11 12
Irrigation times A
I:I'L'I'
T HE RS i) 5-10  5-25 6-5 6-15  6-25 75 715 7-25 Aﬁ'luost Aﬁ'zl?st 9-1 9-15 Total
Irrigation time  May, 10 May, 25 June,5 June, 15 June, 25 July, 5 July, 15 July, 25 190 ' 290 " September,1 September,15
e 600 m*/7k 7200
(m*hm?) Irrigation 600 m*/time

23 MAWMBSAZE

2.3.1. HoRRPEMRR(EMRE)
BFE 15 R A RERBR XXHBLE A, A GRS ARSI AT V2.0) X REE IR B R AL,

RN
2.3.2. W=

AL PRBEHLE AN 5 > sl 2 Tk 5

2.33. TIERIBE

K 35 B K il A (R R R L99-TWS-3 AUl 5E 30 548 F 5 cm. 15 cm Al 25 cm [ +3% iR
YRR, [AIFE 2 h. 24 /NEFESENE, WlEEEBy 6 A2 HFE 9 A 22 H.
2.3.4. HIWIBIERR

TKFE AT AR E BIH% IR 0~20 cm 5 20~40 cm - ZHURE. 3 REE, WlE 3 pH. HEEER N (X)),
IR P (B). BN K (). HIEEANUR AR .
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T pH EHEER NPK, R3S AT H A AL 5 pH T AL SRS HGA . 0.5 mol/L BRI
A% CIREIRICEIC S R TR AR IR A A RSN AW I E [16] -

2.35. BURBAEB S S
RIS HE F Excel Al SPSS B AF /> M AIEIR, Bl EL SR IO REAS T K563

3. BGRENH

3.1. MbRPEARAFAE
TRAETH, BRERBSR(FMER)RIN 10 A 2 i~ AR IR A K (6~8 H iR e
1.4%~2.0%), T E] 10 H USRI 15 3R 5 25 46 K (48.82%) (/4] 1), 1H CK —HE L& H &M% . X—
DGR 6~8 H R KRAF WM, FEARARIR FOK ZEAFFI ol R JR T FEAREE1S, 10 H BRIEERAE FH sk
SS9 T 003 2 PR B P 5 1L BB R0 e A «
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Figure 1. Degradation rate of degradation film in maize growth stages
B 1. EREBHREIRE
3.2. MERREMERAIZNT

3.2.1. %
TR, EIRBE AR AL H T T CK6.46% (3¢ 3), (HALBRAIARIE R % 72 F K. R
PR L Ak TGS T 5 K H A S R

Table 3. Emergence rate of maize under different treatments
3. TREEREEER

Qb HHER (%) (%) (%)
Treatments The emergence rate Increase Increase rate
[ fi# it Biodegradable mulch film 78.57 + 7.14a 5.08 6.46
CK 73.49 £5.94a

E: 1) T £ beifEE; 2) ARTREROREREHEP <0.05), .

Note: 1) Mean value + standard deviation; 2) Difference letters indicates significant difference (P < 0.05), the same as below.

3.2.2. £ HiHE
FKAEFHN 151 K, MBS CK AL ERARRA T et R 8. LREERGE 4. 0

UETTAS, R B0 i 58 ROKAS [N 028 7 b R O 2 35 5
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Table 4. Growth process of maize under different treatments
= 4. TEIEBEREGiHE

AR (F8 5 R E/d
Growth process (date after sowing)
U OS]
Treatments ; T 1 N Ejiigse THEH] TEHR RS
akilakd Seedli Jointi Headi Fl i Filli Maturit
Sowing date eedling ointing eading owering illing aturity
stage stage stage stage stage stage
ek gt
Biodegradable 4] .22 H 15 44 90 104 125 151
- April, 22
mulch film
4722 H
CK April. 22 15 44 90 104 125 151
323 EY=E

M7 5 FTLAS B, FRfi B AR B ) oK B AR . AT LS SORBR AR LR KT CK, (H
TR ABIRIE B B2 RKY o R FEARE R 8RO L AREAT B FORBRAURL R M b A B
DESPRTE S 2P

Table 5. Maize biomass under different treatments

=5 TELEBEREYE

Qb Hb_EE 7 (9/#k) FEAT(9/Hk) FORHEFFRL(9/HK)
Treatments Above ground biomass (g/plant) Straw biomass (g/plant) Corn cobs and seed biomass (g/plant)
e gt
Biodegradable mulch film 515.79 + 17.05a 234.84 +24.19% 280.95 + 30.07a
CK 455.41 +10.87a 191.06 + 13.12a 264.35 + 21.60a

e AEVEBIEYATE, W 2017 £ 9 H 26 H.
Note: The biomass data were all corn dry weight, and the determination time was September 26, 2017.

3.3. M TIMREERIF MW
331 EREBFHLETK

FAAARBEAT CK PIALFRAERE N )2 5 cm. 15 cm. 25 cm 1 0~30 om (¥ 358 I6 FF B8 ok A4 B AR (ki
AHEAR—F(E 2), BRI ALFRANR] 122 00 5 Y FORAE B RE RN . R b, FORA E IR A
AbFE () R IR KT CKL SFIIIK 0.57°C, L3 B2 FOKRA: & IR AR I AR 51 5 S50 b ORI 5 R A1
ES®

35 - 35

F XK (0-30cm T jZ)
30 } Maize (0-30 cm soil layer)

EXK (B F5cm)

30 | Maize (5 cm under mulch film)

25 25

20 £ 20 |

—— PEHuf PE mulch film

+3EIEFE/C Soil temperature

+ 38 EE/°C Soil temperature

15 | —— PE#uJE PE mulch film 15
---------- [%f# i Biodegradable mulch film o [EAEIIE Biodegradable mulch film
10 1 1 1 10 1 1 1
02-Jun-17 02-Jul-17 02-Aug-17 02-Sep-17 02-Jun-17 02-Jul-17 02-Aug-17 02-Sep-17
H #iDate H #iDate
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Figure 2. The temperature changes in different soil layers of maize growth period

2. BENBERKREFHRAELENLTEEN

3.32. T ERETL

e fife i b B PE B R )2 5 cm 15 em 5 25 em [P35 i 5 CK 43 5llMIK 0.67°C .0.54°C 5 0.50°C  (I&]
3), HAbFR[A)I 22 2 R IA B 2 22 Ko 3 WD R I Ak ) P 5B OK AR B IR IR 2 IR R
%

W
(=}
1

EkK (6-9H HH)
Maize (June-September)

O /A Biodegradable mulch film

IS
[=}
T

g

E

<
(O8]
]
2 E30  SPEMK PEmulch fim
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E-
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<
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Figure 3. The difference of average soil temperature in different soil layers

B3 BLEEARLENTHLEES

3.4. XK SRR
341 EREBHNIEEKEGKRD)EK

MR 5 CK PIALFRAERE R 42 5 cm. 15 cm. 25 cm A1 0~30 cm [ 387K 70 (7K ) B Bk A B 19
A BONFAL, I RIN MR ALTE KT CK (P15 7.09%); HAEAEFIAN, BRARMEALFE KT 15 1
S KR ORI A B IERCR, T CK AHXTBUINIE 4). X AT PR IR AL BAE SRR B, R &5y
e ARt 437 5 B - 438 7K 4y B A/ IR B B A A K I SR R
342 TMEERIEKSEK

B At AL BRAE T )2 5 em 15 em 55 25 em f-F- 1) R385 /KR Ok ) ¥ T CK, 237t 11.08%.
6.18%15 4.02% (/€ 5), (HACHE[A]ZRAEE . X% 2 TKAE G WA AL ER (BT, 35020 A3 A IR
1117 52 B 0 57 P58 Q1 2 T 45 R i ) &5
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100 100 -
EK (0-30cm L) EXK (EF5cm)
80 | Maize (0-30 cm soil layer) 80 | Maize (5 cm under mulch film)
6 —— PEHUE PE mulch film

---------- Fef# M Biodegradable mulch film

+ 35K Z /% Soil moisture

+ 35 7K F/% Soil moisture
S
S

20  ——PEHE PE mulch film
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0 : L L 0 1 1 !
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T
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+3% 47K %/% Soil moisture
[\*)
(=]

+ 385 K% /% Soil moisture
I
S

20 + ——PEMiiE PE mulch film .
.......... MRS Biodegradable mulch film e [EARHIAE Biodegradable mulch film
0 1 1 1 0 1 1 1
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Figure 4. The average soil moisture content of different soil depth in maize growth period was changed by different treatments
4. ENBAEFREFHTELERENFHTIBERKRETL

100
EK (6-9 A1)

Maize (June-September)

O MR JE Biodegradable mulch film
PE}sfE PE mulch film

1w [ [

15cm 25¢cm

oo
(=]
T

PR LR EKE%
Average soil moisture
N o
) S
1 1

[\S]
(=]
T

+ 2 Soil layer
Figure 5. The difference of average soil water content in different soil depth during maize growth period
5, ENBAEEKEBRIRLIEREN TN LIRS KEES
3.5. MTIMEFEHF M
HETKRATWNG H 6 B9 26 H), BEARIEA CK 4FEAE+ 2 0~20 cm 5 20~40cm (9 F 26 H A
AN I R FIO R ZE (K 6) . RWIBR MR AL TN FOK A B I 3 AR AR R A b B3 R
3.6. XTI FIRIRFN
ME T HATLLEH, fEEKAEFA, BEAFES CK FALIESE 12 0~20 cm 5 20~40 cm ) -F3Ei# &4
NPK 787, 13 pH 5 -3 G b o B 72 7 o R WIRE AR AL U0 FOK A4 B ) 3803 20 NPK 773, 3%
pH 1358 £ 73 25 2570 i 35 5 0
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Table 6. Changes of soil bulk density in 0~20 cm and 20~40 cm soil layers under different treatments
5 6. FERIAIEELE 0~20 cm 5 20~40 cm B9 HIER ELT L

+ 2 (cm) Soil layers i A Time 4L Treatments 75 # (g/cm®) Bulk density
Féfifi¥ Biodegradable mulch film 1.43 +0.04a
756 Huly, 6
CK 1.41+0.07a
0~20
[%fi# i Biodegradable mulch film 153 +1.14a
9 H 26 H September, 26
CK 1.38+0.07a
[%fi# i Biodegradable mulch film 1.48 + 0.05a
7 76 Huly, 6
CK 1.41+0.13a
20~40
F%fi# /1% Biodegradable mulch film 1.64 +0.02a
9 H 26 H September, 26
CK 1.52+0.13b

Table 7. Changes of soil nutrients, salts and pH in 0~20 cm and 20~40 cm soil layers under different treatments

7. FEIAIEELE 0~20 cm F1 20~40 cm B HIEFR S R4y, pH L
BJ Soil layer gy Time . HHEpH L Bk iUiEhe ©EOEOT EOROEL TR
(cm) Treatments Value Total salt  Organic matter - ;
nitrogen phosphorus potassium
?\A}jrc2h4 ZE‘!P Bfiiﬁ\lgﬁlue 8.37 1.40 23.83 110.80 84.40 216.00
e i .
6 A8H Biodegradable  8.15+0.09a 2.35+0.35a 20.57 +0.23a 139.05 +4.03a 34.80 + 0.28a 160.00 + 26.87a
June. 8 mulch film
0~20 '
CK 8.15+0.27a 1.83+0.50a 22.58 +1.92a 95.13 + 14.49b 34.90 + 5.36a 198.67 + 25.01a
R AR
9 A 26 H Biodegradable  8.14+0.03a 1.53+0.78a 22.26 +1.87a 95.47 +15.89a 45.97 +6.27a 199.33 + 65.29a
September, 26 mulch film
CK 8.03+0.12a 153+0.42a 20.29+0.78a 77.67 +3.08a 47.37 £13.53a153.33+25.17a
fw)jrczh“ ZE"‘ Bfgmﬁue 8.60 1.20 18.65 73.70 49.90 182.00
R fiAe et
6 A8H Biodegradable 8.26 £0.08a 1.47+0.25a 18.40+ 2.90a 80.73 + 15.25a24.17 + 11.80a 129.67 + 4.62a
June. 8 mulch film
20~40 '
CK 8.27+0.08a 2.10+0.26a 16.83+0.90a 64.13 +15.41a 10.23 +2.41a 116.33 +6.11a
R AR
9 A 26 H Biodegradable  8.08 +0.21a 1.20+0.53b 15.63 +2.25a 66.30 + 17.06a 18.33 * 15.44a 135.67 + 9.02a
September, 26 mulch film
CK 8.12+0.06a 1.33+0.06a 13.76+1.96a 55.13+7.88a 14.87 +3.21b 118.00 £+ 4.00a

T HURERE) 43500 2017 4F 3 H 24 H(#FHT). 6 A 8 HOBmAE) A 10 A 11 H (k).
Note: The sampling time are March 24, 2017 (before sowing), June 8 (when the film is damaged) and October, 11 (harvest period), respectively.

3.7. MEXK~=ENR M
FEfRIEALFEER CK b, TKF=ERSEHIN, Mg 3] 9.41% (% 8), HMALHE LEZER, KWK

il HEE Ak T 0 oK 7

E=NIS A

B

WA AN o TN %02 A OR A A A, PR AR BN TR H iR AR E L b

EEAEYIE . AFRRREEEREZ . K R 38570 R0 pHL A B T0 3 R I 2R B A R bk
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Table 8. Maize yield
#z8. EXK&2

i3 P 8 (Uhm?) S () B 5 (%)
Treatments Yields Increase production Increase production rate
N
FEARIR 15.82 £ 0.99 136 9.41%

Biodegradable mulch film

CK 14.46 + 0.44a

4. ¥W1ig

Bl — M DA RE . REF X0 IR KL AR DR 3R DA R RO AR 7= i Tl AN R A ) S R 4 T £
Bee fiAg It 1) A AR K22 5 o BRIV OV 55 (2019) [L7]4E A 52 vl W W0 T 4 L BB B A 3R AT 1) T K B A e
TR -2 0 PR R 62 e S8 55 R AR T (1] L A 2R ) B A R Y BRI L, M LS 65 d A2 AT I, AR
AT I AE R, 75 d Ja A A ipak N K, B Bk EZE)E, HEEEH ML . AT T,
PR PR 10 A AT — BB /M1.4%~2.0%), 2| 10 H UG 231 K (49%) . 3 R PR 2 oK
A WA R R PROG(FR MR AL T35 3 ), mGRIAM AL 235, PR BRI BT . Bf
ik P 1 338 - fAE 1) 5

FORAF A, BRARAES @ AR ) 58I AR R X B S R . AR FU, BEARIE S CK
T )25 em. 15 cm 5 25 om B H3EE 5 IS KRB TR A B i fE AR LA A F—5, BR
FAMAIRAE I T 5~25 om (1748 3388 CK ik 0.50°C~0.67°C . P34 3 & /K K (K408 CK & it 4%~11%,
{EL PG A R ] 35 A0 3 4 25 22 5K, BT DA b3 2 A FOK P AL E R 2 7. X — 4510 545455 (2017)
[1]. HIUNEE%5(2012) [2]H0—50. FRMRREIHEYIR SR i35 0. HHEEh A S ISR r e, X
VEI = B A RORRE . ASRIG T, PEMRBON TR E R A . AEMLi%sR50. 5. pH B
T d AR AR 2 AR AR T R RO o 3B A AR A A b X T R RO AR 2 MR AL
V5T 35 TG S 3 RN o A i R DK AR 7 A 4 AR A B i B A 4 5K L0 PE MR FTAT IR . X — 4510
HHNEEZ(2011) [2]. FRHEDE4E(2020) [18]. Fxik&5(2020) [19]F)—FL.

5. &g

FE R 38 KA P R v AR AL T 1 B AR R AE 6~8 H B /N(1.4%~2.0%) 10 F UALHHR 3 I8 25 48 K (49%)
TKAET I, B CK ARFE ) I35 /KR M+ H A A A —F. KT +JZ 5cm. 15cm. 25¢cm
A1 0~30 cm [P L, BRI AL EELL CK 4% 0.67°C . 0.54°C. 0.50°C 5 0.57°C, TP -LHEHE KR
Lt CK =5 11.08%. 6.18%. 4.02%7#1 7.09%, {H Ab# [A] +- 35 & /K A iR P bR 3 0 35 25 57

T KA R A B WA [F] 4 2 (0~20 cm 5 20~40 cm), i 5 CK 7 13378 5 | 13583 NPK 774>
T3 ARy K L pH SRR R E R . ORI F R, R AR oM
FERL) DA S =, 1 A0 3R IR 6 i35 22 5
EEWH

RIFHRIITH (2017Q006)  H A X = AU & 1t H (2018B01006-1;  2016B02017-4).

&E 3k

[11  Ziede, M, Bih, 45 ARSI R R RRAE X HO0 B B RS [0]. PR AR 2l A, 2017, 33(24):
36-40.

DOI: 10.12677/hjas.2021.113033 229 b k=


https://doi.org/10.12677/hjas.2021.113033

Tk 45

[2]

(3]
(4]
(5]

(6]
(7]
(8]
(9]
[10]
[11]
[12]
[13]
[14]

[15]
[16]
[17]
[18]

[19]
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