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Effects of different mulching films on soil environment and taro growth

BAI Na-ling"**, ZHANG Hai-yun'*!, ZHANG Han-lin"***, ZHENG Xian—qing'*’, LI Shuang-xi"**, ZHANG Juan—qin'**, HE Yu’,
LU Wei-guang'***

(1.Eco—Environmental Protection Research Institute, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China; 2.Shanghai
Agri—Environmental and Cultivated Land Conservation of Scientific Observation and Experiment Station, Ministry of Agriculture and Rural
Affairs, Shanghai 201403, China; 3.Shanghai Agri—Environmental Protection Monitoring Station, Shanghai 201403, China; 4.Shanghai Key
Laboratory of Horticultural Technology, Shanghai 201403, China; 5.Faculty of Marine Ecology and Environment, Shanghai Ocean University,
Shanghai 201306, China)

Abstract: In order to investigate the effects of different mulching films on crop growth, soil fertility, and pollutant residues, three different
mulching treatments (white non—degradable mulching, F; black degradable mulching, H; brown degradable mulching, Z) and non—mulching
(CK) were applied to taro plants. Surface soil temperature at the seedling stage, taro yield, and nutrient, microplastic, and phthalate ester
(PAE) content of soil were analyzed. The results showed that the application of mulching film increased taro yield by 10.20%~29.61%, in

the order of F>H>Z>CK. The residue of mulching film was the highest in F treatment. Moreover, the disintegration rate in 7 treatment was

W B HA:2020-04-26 A H#:2020-06-28

TEB B (TR (1989—) , Lo, Wb e A, T B EFSE 51, e 486U 858 . E—mail : bainaling@saas.sh.cn

“BIEEE: B Tt E-mail: lvweiguang@saas.sh.cn

BEWE : Bl E R W0 H (18YF1420900) 5 i 17 k27 5 1 AT BA 2 BE 3300 00 (AR 81 2017 (A-03) |5 i T sk Z2 L
T H (19DZ1204705)

Project supported : Shanghai Sailing Program, China (18YF1420900) ; The SAAS Program for Excellent Research Team[Nong Ke Chuang 2017 (A-03)];
The Scientific Research Program of Shanghai Science and Technology Commission (19DZ1204705)



2570

VRIEIN ity F396F 114

faster than that in H treatment. Both microplastic and PAE residues were detected in all mulching treatments, but the difference across

treatments was not significant. Microplastic and PAE content was in the range of 260~393 n - kg™ (dry weight) and 0.87~1.17 mg - kg™,

respectively. In conclusion, biodegradable mulching films can effectively reduce white pollution of soil. Black degradable mulch is better

than brown degradable mulch in terms of increasing taro yield.

Keywords : biodegradable mulching film; cover; production; microplastic; plasticizer
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2.1 WEBEEW LR KERFENFI

- S R R S W b R VR ASCR Y AR AR .
F VAT FERET T, Mo S5 A0 (F VH L Z) A L3
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HiJE AL HE (F) o WSCAR AN [) Ak B ] | 25 i i
HEFARE (K, FAHAHTFER K™K
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Table 1 Effects of different mulching on soil temperature at taro seedling stage (°C)

H ] Date CK F H Z HPAS L Temperature/C
2019-04-08 13.00+0.10d 22.50+0.10a 19.60+0.09¢ 20.00+0.11b 15
2019-04-15 12.50+0.10d 18.50+0.11a 16.50+0.10c 17.90+0.11b 11
2019-05-06 17.70+0.20c 19.60+0.10a 18.50+0.10b 18.90+0.11b 11
2019-05-13 22.94+0.26a 22.96+0.09b 21.50+0.35¢ 21.76+0.25bc 16

TE: CK, AV BB F, 830 A O ARRE B B, R @ A W) B 5 7, AR (0 A A W R . 32 Bl S (ARl 25 . ATl NS 5

FR R AR AL PR 22 57 5 3 (P<0.05) . F Tl

Note: CK-no cover; F-ordinary white non—degradable mulch; H-black biodegradable mulch; Z—brown biodegradable mulch. The data in the table are

averagesstandard deviation. Different lowercase letters indicate significant differences among treatments (P<0.05). The same below.

R2 FEMMEBSEXNFFHAEPRSHRN (cm)

Table 2 Effect of different mulching on plant height at taro seedling stage (cm )

H i Date CK F H 7
2019-04-15 10.00+2.31h 18.83+5.78a 16.50+2.35a 19.00+3.22a
2019-05-13 29.80+3.28b 26.25+1.89¢ 33.20+1.79a 32.60+2.51ab

R3 FRMEBSEXNFTS BN

Table 3 Effects of different mulching on taro production

I H Items CK F H Z
HiL b FBEE ST Fresh weight of overground/ (kg k™) 1.79+0.63a 1.91+0.40a 2.34+0.63a 2.04+0.23a
295 75k Taro biomass/ (kg #£™) 2.16+0.59b 2.80+0.10a 2.77+0.50a 2.38+0.08ab
FF5 774 Taro production/(1-hm™) 51.54=14.14b 66.80+2.43a 66.17+12.06a 56.80=1.83ab
15 Increased production/% — 29.61 23.00 10.20
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Table 4 Effects of different mulching on soil nutrients
T ] Seedling stage I Harvest stage
I H Ttems
CK F H Z CK F H 7

HlfE A AN/ (mg-kg™")
R AP/(mg-kg™")

180.38+6.44a 146.92+11.76a 265.91+83.16a
153.02+30.30a 103.30+20.59a 121.82+43.83a

157.41+46.20a 81.18+12.30a 92.41+2.56a
137.21x17.36a 107.67+12.06a 108.29+9.41a 100.60+2.65a 113.70+14.71a

93.13+5.64a 83.35+<0.01a

HER AK/(mg-kg™) 545.00+77.78ab 380.00+70.71c 645.00+35.36a 480.00+14.14bc 380.00+70.71a 255.00+7.07a 320.00+84.85a 280.00+56.57a

HAEMKSOC/(g-kg™")  19.76+3.66a  14.26+2.50a  19.26+0.08a

16.68+1.57a  16.26+0.10a  17.24+1.68a 18.24+0.52a  15.94+0.23a

WA B M B AR o TSR T M A,
A B AR fgp S I e /N ER R S AR 2 R B S R
e 5 3 A B A b B Ak e R B AR 22 L (F AT
AN FEAKEE 7 ) A i AL, HROR H(ER
5),F H.Z Kb P3R5 4% 5 53 310 89.50% . 17.70% Fil
7.72% o 538 3V R Af 1 JBE ¥ 04 2K 1R 10.50% , 3X 7] fig
P T 1 AR AR R LA S N T TR 25 253 B 1) -
24 TEDRHEBEMESESH

AR50 25 R 3% B AS () 2 5 3 v S AE A B
SRIFR RS, B E R R 260~393 A4 kg (T E) . WL
S5 () S RE R AR LT YR R 7 2 R ([
1), AL BN WORDIR AL . Hoh 7 AR R it
% 15 N 69.23%~86.00% (3 6) 5 T RE Fr S FISLAR
ORI 5 LU BIAR N, BRI 50K, FERLL A
WA S OB R R 67.80% (F) .87.18%
(H)F166.00%(Z) . MWHKitesr4 ERFE <1 000 wm f#)
WO RS H 99.24%~100.00% , H: b 1 000~200 pwm Fi
200~100 wm Y G 98 K53 51 5 e 21.929%~55.22% Fi
35.63%~60.06%, <100 wm IR o/, 8
T E R ST (] 2) , BB ERLT 4l £, Hak
RN IEILRY) SRR L4k
2.5 TIERPAES S EHH

F.H 1 Z &b F8 rh PAEs B 5540 51 4 0.87. 1,13,
1.17 mg-kg' (% 7), Hrp Z 40 B 4 32 vh PAEs 5 i it
i, FACFRH PAEs & i eIl {H 3 kb 3 22 8] O 18 2%
5 WA, BFSTIE K BRAE 3 A b 7 25 1) - (Y
¥ 1l 3] DEHP . DNOP #1 DBP, DEHP #1 DBP Z F1 fir
5 B 4 43 51 A 100.00% . 94.00% #11 87.27% ; DEHP 7

T
Dy

(a) B LR s (D) L0t 2R 4R (o) i R (d) B fh, LR
(a)Black, fiber; (b)Red, fiber; ((:)Transparent,fl‘agmenl; (d)Black, film

1 TIEPRERKBREE(x40F)

Figure 1 Types and colors of microplastics in soil (x40 times )

FH A1 Z Ah 31 A3 v i o B8 53331k 42.53% .47.00%
F1 48.18%, DBP Jir /i t il °h 57.47% . 47.00% Fi
39.09%. 1fii DMP.DEP BBP %5 1] GE i T & B A T4
N B T A BEAG I3 (<0.07 mg-kg™ . <0.3 mg-kg™'.<0.2
mg-ke™),

RS TEHPEFERREE
Table 5 Degradable degrees of different films

LEPE Treatments WA HL AR Original film/g BB Ultimate film/g— HUBERIAY B Film residues/% B0 26 it Film mass loss/%
F 300.53 277.93 89.50 10.50
H 280.00 43.96 15.70 84.30
7 280.00 21.61 7.72 92.28
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607 (a)RHEELT 4 Polyester fiber 10071 (b) NG R Y P()ly( ethylene: pr(]pylene)
N I
E E
g g
F &
b ¥
3500 3000 2500 2000 1500 1000 3500 3000 2500 2000 1500 1000
P Wavenumber/cm™ P EL Wavenumber/cm™
601 (c) B ILIEY) Polypropylene copolymer 100 1 (d) A% 214k Rayon
& I
E E
g g
E E
2 2
£ ]
= =
3500 3000 2500 2000 1500 1 000 3500 3000 2500 2000 1500 1 000
W E Wavenumber/cm™ P EL Wavenumber/cm™
B2 tEPRERIIN LR
Figure 2 Images of microplastics in soil by micro—fourier—transform infrared spectrometer
=6 AEIEELE T EARERSHER (A k' TRE)
Table 6 Distribution of microplastics in soil with different mulching treatments (n+kg™ dry weight)
257 Type B Color Hi1% Sizes
s it - - B
Treatments  Total amount e WA ECR AR F R <N} HAL  >1000 1000~200 200~100 <100 Size range/pm
Fiber Debris Membrane  Red Blue  Black  Others pm pm pm wm
F 393a 327 33 33 40 133 93 127 3 217 140 33 41.99~1 140.06
H 260a 180 60 20 7 60 160 33 0 87 113 60 61.67~555.11
VA 333a 287 33 13 67 127 93 46 0 73 200 60 32.74~696.06
3 itig RT AREMBEEE TERPALSHESE(ng-ke")
Table 7 The content of PAEs in soil covered
. : e ol
3.0 REMEEENESEKR HEFH S BIOHM with different mulch(me- kg ™)
e N 5 Vel b
i RS TR [ A b A 7 B ) TR — X T &fi . DMP DEP  BEP DEHP DNOP DBP  PAEs
reatments
ey A b o Y T £ NE|
SRR AE S D U B AT s SR I (L Bl P4 I [ H ND ND ND 047 020 047 1.13+0.17a
FF, 4 A 3 A] - B B 2 BB W o R B R EE z ND ND ND 053 020 043 1.17+0.35a

I Rk A DU R F>Z=H>CK , TG Hb AT 5 kb 32
R BEE B S, PO A 3 S R T A 2
R [RIRE M A% T e A e BB 5 b AT i I
kKA, B R ST . (AT ISR SE
FEC 7 5 %oF - MR T S S S S 0 BT R 5 A SR
FERARA K BOURAERIS Y, K FEAR E R o4 kL

T : ND FR I FAIIIR .

Note : ND refers to below the detection limit.
2 10 AT R fe M R B T L R4 B 1 (SOM 2,51 g+
kg™ (AN 7.24 mg-kg' \AP 16.05 mg-keg' \AK 9.68 mg-
k™), b - S SR B IR 5 (ELU AR R A 2R
5 i ] 2 1) 4 A 0 o A b BROROR AN B 2 o T o) S
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SEIRIEGY 2 B, AL FRAE AR AT B A IR TR 2
T 3EH AN AP FIAK % 18, H A b RO & 15
Hi AL B {H 5 SOM 7/ TG A . AR5 h
FEARMEE B 35743 f 1 B S B T, 10 I Ak 2
Xof 38T O 2 B MR R R ] HE AT R BORE A
[i] M RRESS BRI VE DRI AT G o H2 b B A R34 4 15
T HEFE R (10.20%~29.61%) , 7 W 55 55 ml 42 5
FH R, YRR RS A TR R Y (5
Ky AT FEFFAE ) R 3 b R I A b 7 S
Iy, B R IERUE YIS M Y A K AR
AT R BRI 2T, DT 35 038 77 (R R5CR
3.2 AEMEEEY T ERIER TR

G I e 1 G S 3o 2 Ly PR 1 R 2
FEPR o R TR AN 2 O IR AR Y D BE L )
YEM AR R T ; B R 018 BRI FR IR B A7
T b bR A U0 R, BB A8 A AT b P R AR OK
YERF AT HROAEE AR UEAE Y3 = A0 AR TR, P
G Y TE R LA R 15% B, PBAT AE ) 5 fift b Jis
ok St J) 10 5 4 A A W) B PR, A WSOIR 9 ) 22 1
BT A AE o b R R B R
GYE B SR AN R AR A
By, H D Z A 35 (3 bl RS 2 T WSO B B 2 AN A
fiff 5 4, T F A B B ISR S ek A = L 1 DL 4 A i
R SO/ > EHE P ETE Y. (IR B R, &
A= P b A B ZH (HFD Z) 78 22 BB RIA R 2 5% e A
TR HERR A, 52T A SR A R A SR GE AR L, A
e RO REEA R /] 3 Qi8] 50 e vy O S U
e BT HiL A T % A i R R A TR O . Z Ab P
T AT, A 2 e I ok R A AT O o

ke, 1RSI FH AT R O 11 22 9135 s Im)
Al v Rl K R A T EL . MY )Y N R
b A= 75 R G0 P O R TR R 2 2, R}
SxRg e SR O B SR A Y R,
BHASEA B F AT BRIl B 1,
SETG Y () A BR A A o DA AR S 365 (4R &1 52 750 A
FEEERT (AR SRS 340 B N AR R A7 A Vs
SZMET YRR A % PR 2 T R e I ek
SRR P R OB, T3 R 19 660 A -
ke, FLEF 4RGSR} 5 SO0 R LB 19 92.69% . Liu
SERIRY B X 20 A A HH A X4 R A HE G B
() SRR T T AT, K BE<1 mm OGO ) SRR R
JZ(0~3 cm) FAEJZ (3~6 cm) H3E 43 51l 5 48.79% 1l
59.81%; 3¢ )2 - 38 FL IR J2 88 5 o v VR B A K

RSF i () B0} SR 2 SRR 2F 2 0
MR, Z R BEsESH 6, M2 RN
(50.51% ) FIERE 2.4 (43.43%) . FEHBEOR I, AH
R R SO AL B R R B BN ; B A
B AR BR A1 , - i OB 38 & i R
A 5 A [ b S 7 S5 A B XS ARG 0 B Ak 0 kL
(260~393 4~ kg™ T o) , H AL AFAR, 1 F Ab 2 i
1 (26) , PR A 0o i IS 25 1T BE 5 T A I 0 et
HY G E M, EARK IR B = T 25k K T &34
XTSRRI B SRR SR SY o SRl nT R
YNGR & 48 IR B Ak, AT X A 4 R N 2 A
P TR AEAS R R e

PAEs 1E 381 24 1 LA L5 4oy, E2ORIET
13 K HER L B R 25 A0SR b I 32 1 R K 25
% [ IR B M E L 6 Fl PAEs 1649 DMP . DEP . DBP
BBP . DEHP il DNOP [ 1= 18 ¥ 55 45 il 1 14 0.020
0.071.0.081.1.125.4.350 mg-kg ™' #11.200 mg-kg ™", 1=
5 YL 6 BEAR E 43 7104 2.0.7.1 .8.1,50.0 ,50.0 mg-
kg F150.0 mg-kg™'o ASIFFE R 3 i AT o A0 3
HErh PAEs YR M H 48 AR U, 2 BH 24 1 94 058 JRUBR: %
ik HE/AMEECTEA T ik 6 Fl PAEs 76 7 i 1 3 rp
B A o U Ay A ) A o i, S > 3 B >
38 b R, H 25 5 3% FLrh DMP . DEHP F1 BBP
AT I S b B 5 b O A 5 L 3 b
7 75 13 vh DEP . DMP 1 DBP & &2 £ # 3 26 [ +
s e bR M . A, DBP % 5Ol 0.43~
0.50 mg-kg ', fK T 0.081 mg-kg ' BYFE bR AE(E . (2%
BRI AR T —28, BIZZRY ik & W+ +
e, R AT % 3 R DBP Bh A AR AR I L6 TE .
PAEs 875 e WiAE + 5 SR i RIS 2%k
S SRS T A

b A 75 R AR ELAT DRI ORI B 5 2 0 7 i AL
T 4 W it b S EL A At ) oy R T S o (LTS
SR i R 5 AT BB A Y RS AL I, A g A ]
W AR B BB RS YL A L %2 TS Y B PR BN A
X JE X 24 ZEAE P N AR 0 ) SRRSO, K
B AN Z A
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