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Effects of Different Color Degradable Plastic Films on the
Growth and Yield of Potato
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Abstract: The effects of different color (white, yellow, purple, green, orange, silver, gray, blue and black) degradable
plastic films on potato growth and soil environments were studied. The degradation performances of degradable plastic
films were evaluated using ordinary polyethylene (PE) plastic film as the control (CK) in order to screen the degradable
plastic film suitable for potato production in rain-fed area of Gansu Province. The growth period of potato under D8
(blue) and D3 (purple) treatments was two to four days longer than CK. However, the growth period of potato under
other seven different color degradation film treatments was one to five days earlier than CK. The degradable plastic films
were degraded during the whole growth period of potato, with D1 (white) and D9 (black) mulch films having the highest
degradation degree and entering the complete disintegration stage. The other color mulch films were only in the
disintegration stage and did not completely degrade, with degradation intensity being 11.14%-90.94% . The characte-

ristics in terms of plant height, stem diameter, number of main stems per plant, yield and quality of the treatment D9
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(black) exhibited the best, and the yield reached 47 517 kg/ha, an increase of 10.68% compared to CK. Therefore,

the black degradable plastic film could be used as a substitute for ordinary PE mulching film in potato production in

Gansu Province.

Key Words: color plastic film; potato; growth and development; yield; soil environment
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Table 1 Types and characteristics of different treated mulch films
st HRNE it HIPEJEEE (mm) 55 (cm)
Treatment Types of plastic film Color Film thickness Film width
D1 ARSI &| 0.012 120
D2 AR b 0.012 120
D3 AR ® 0.012 120
D4 A 2k 0.012 120
D5 AR i3 0.012 120
D6 ARSI L 0.012 120
D7 a7 iis N U3 0.012 120
D8 AR [ 0.012 120
D9 A 0.012 120
CK U 0.012 120
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Table 2 Effects of different color degradable films on potato growth stage

Absi FASHOM)  HEIOM)  BEFHOM)  BIREHOM)  BEE(DM)  ZAEDM) (DM EFH(D
Treatment  Sowing Seedling Bud flower First flowering ~ Full-blossom  Final flowering Maturation Growth stage
D1 28/04 24/05 22/06 10/07 24/07 21/09 27/09 126

D2 28/04 26/05 22/06 10/07 24/07 21/09 02/10 130

D3 28/04 27/05 22/06 10/07 24/07 21/09 06/10 133

D4 28/04 27/05 22/06 10/07 24/07 21/09 03/10 130

D5 28/04 25/05 19/06 09/07 22/07 19/09 30/09 128

D6 28/04 26/05 20/06 08/07 23/07 20/09 01/10 129

D7 28/04 26/05 20/06 08/07 23/07 21/09 01/10 129

D8 28/04 30/05 24/06 12/07 25/07 23/09 10/10 135

D9 28/04 27/05 22/06 10/07 24/07 20/09 03/10 130

CK 28/04 27/05 22/06 10/07 24/07 21/09 04/10 131

2.1.2 KRR EERBEST GAE A KeHa
AN [R) B0 €6 1 J T 5 %o Th A% AR v L PRk 2R
B RS (23) . D9 &b IR 4 bk s
L SRR, bR S A A B 2% R B 2K
(P<0.05), H5CKAHEES AR ZE ., AR
T, DREAYMHRS IR R ES B, B
FRAK K D9 > CK > D8 > D7 > D6 > D1 > D2 >
D3> D4 >D5, DOAMH N Ak . 250, 1
PRI B, B CK A FE Rk 38 3.9% , =54
M 1.9% , bk FEZEBOG N 13.1%  HoAth b 34
CKAHMIEL, ®Rim. Z2HL. bk 22 80HG AR MK, B
I 2.9%~15.4% , ZEMIIE 1.9%~16.4%, Hikk
F2ZEHO /) 8.7%~43.5%

2.1.3  RE AR & G 3 B 3t By 4 22 MR e 2
SN

NGRSO REE R SRR TE B GRS
PokE . KEE, KRR —Ewm(Es), A
[ii] Ak FHL (1) I 4% 2 2 MR ol R IR B Ol DO >
CK>D8>D7>D1>D3>D2>D5>D4>D6, D9
AEFRN SRS SR SRR KR
KRR, SHAAM (DS Ak2EEH . K%
H, ORERMD7, D3, DI B EFERIN) 25
KEBEKFE(P<0.05), SCKMEZER AR, H
AL PR S CK A EL, Bk ES E 508 /) 6.1%~38.8%,
FARRER STl D 3.5% ~ 4.0%, KEHEWL 6.7% ~
50.8%, KEZFFAL2.18%~17.88%.
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Table 3 Effects of different color degradable films on biological characteristics of potato

AbPR i (em) ZEH(em) FARR 2R
Treatment Plant height Stem diameter Main stem number per plant (No.)
D1 79.9+4.23hc 1.46+0.37ab 1.7+0.19¢

D2 78.5+5.23bhc 1.42+0.39ab 1.6+0.22¢

D3 76.4+4.58¢ 1.39+0.43b 1.5+0.22¢

D4 75.6+5.15¢ 1.36+0.49h 1.4+0.25¢d

D5 73.8+6.14¢ 1.32+0.52b 1.3+0.33d

D6 82.5+2.56b 1.50+0.32a 1.8+0.16b

D7 82.8+2.87b 1.52+0.25a 1.9+0.18b

D8 84.6+2.23b 1.55+0.22a 2.1+0.15b

D9 90.6+1.32a 1.61+0.16a 2.6+0.12a

CK 87.2+1.44a 1.58+0.18a 2.3+0.15a

T GPRITRN T « briE2E . BOREA /NG T E2RTE0.05 K P25 3, Tl
Note: Data are expressed as mean + standard deviation. Different lowercase letters after treatment means indicate significant difference at 0.05 level.

The same below.
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Table 4 Effects of different color degradable films on economic traits of potato

Ak 3 BRRESEH() FRERZE T (ke/bR) REH (kg) T (%)
Treatment Tuber number per plant(No.) Tuber weight per plant (kg/plant)  Large tuber weight Large tuber percentage
D1 8.1+0.8b 0.79+0.07a 0.50+0.08b 63.29+0.16b
D2 7.5+0.7b 0.69+0.12b 0.42+0.06b 60.86+1.15¢
D3 7.8+0.9b 0.80+0.05a 0.49+0.08b 61.25+2.21bc
D4 6.9+1.1¢c 0.62+0.13b 0.34+0.11¢ 54.84+3.25d
D5 7.3+0.6bc 0.71£0.11b 0.41+0.12b 57.75+1.13¢
D6 6.6+1.2¢ 0.54+0.15¢ 0.29+0.23¢ 53.71+3.46d
D7 8.2+0.6b 0.81+0.08a 0.52+0.04b 64.19+0.18b
D8 8.5+0.5b 0.82+0.06a 0.55+0.06a 67.07+0.07a
D9 10.4+0.2a 0.88+0.05a 0.63+0.04a 71.59+0.04a
CK 9.8+0.3a 0.85+0.03a 0.59+0.05a 69.41+0.12a

5 CKAHLL, DACFET S5 i fe i (R 5)
Z IR B EKFE(P<0.05), ANELFE)G D445
FrERIK DI >D8 >D7>D3>D1 >CK>D5>
D2 >D4>D6, 5CKAHitL, D9, D8, D7, D3FID1
AL PRI P 0.85%~10.68%
2.1.4  RF ARG fR A y A0 3 50 % v

A [ 0 e 5 e i JBE A 55 % S AR B R T

F. AR, MHTER . 44 R CRLAR RS i
AW (F6), DOLMNFET, FHi., &EAF. Mk
¥ AR CHR RS Y RmE, 5 CKERA
3. CKAH A AN (B DO ALBR ) T4 5 5 36
0.2~4.5 ¢/100 g, & 5 a3 hn 0.01~0.45 ¢/100 g,
FLTEH & B0 0.16%~1.85% . A= C &R
0.1~2.5 mg/100 g, I J5URE & 54 1 0.04~0.11 ¢/100 g
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Table 5 Effects of different color degradable films on tuber yield
Qb3 X7 (kg/60 m”) Yré =i (kg/hm?) B0 B (kg/hm®) K72 (%) (274
Treatment Plot yield Equivalent yield Yield increase over control Increase rate Rank
D1 259.78+4.19 43 299be 365.23 0.85 5
D2 223.70+23.96 37 284d -5 649.15 -13.16 8
D3 262.11+15.04 43 687bc 753.15 1.75 4
D4 219.43+6.11 36 589de -6 343.65 -14.78 9
D5 230.47+9.24 38 414d -4519.35 -10.53 7
D6 214.67+8.21 35 796e =7137.38 -16.62 10
D7 266.63+3.16 44 440b 1506.45 3.51 3
D8 275.66+8.88 45 946b 30129 7.02 2
D9 285.09+33.89 47 517a 4583.7 10.68 1
CK 257.59+11.09 42 934c¢ 6

22 AEFGEMFHMEINDREE KN TERE
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AR H: DI >D4>D7>D2>D5>D3>D9>
CK > D6 > D8; 7 Ly 25y My L 2 HAFINICIR HA 1 458
T ERMAKYK K. CK > D2 > D1 >D7>D4>D9 >
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KR, DS AL BREE CK B 1R R 0.2 °C,
At abFRA CK -8 P340 B 57 0.3~2.2 C, X1
R PRIRAE Aty . TR IR, A0 F
JEIF IR B W %4f%, D1, D2, D3, D4, D5, D7HI
D9 4b 3 AE CK 31343 B2 T+ 57 0.5~2.8 °C, D6 Fll
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IS KA, BRI 240, X -
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Table 6 Effects of different color degradable films on tuber quality
fbF TYRi(g100g)  HIB(g/100 g) HLVER (%) 4% C(mg/100 g) W IEHE (2/100 g)
Treatment Dry matter Protein Crude starch Vitamin C Reducing sugar
D1 18.1+1.3b 1.22+0.23be 12.86+0.42de 18.5+1.1b 0.09+0.21b
D2 19.9+0.8b 1.48+0.15b 14.80+0.32¢ 19.2+0.3a 0.13+0.11a
D3 20.0+1.1b 1.51+0.09b 15.06+0.22bc 19.6+0.2a 0.13+0.52a
D4 18.6+1.2b 1.24+0.24he 13.38+0.39d 18.7+0.2b 0.11£0.09a
D5 19.5+0.7b 1.44+0.15b 14.70+0.31¢ 18.9+1.2b 0.12+0.13b
D6 20.3+1.0b 1.60£0.11a 15.66+0.24h 19.1+0.6a 0.15+0.12a
D7 20.3+0.7b 1.52+0.15a 15.53+0.31b 19.4+0.3a 0.14+0.11a
D8 22.4+0.6a 1.66+0.05a 16.49+0.21ab 19.9+0.6a 0.16+0.08a
D9 23.4+0.3a 1.79+0.08a 18.02+0.11a 21.7+0.2a 0.21+0.15a
CK 22.6+0.3a 1.67+0.12a 16.65+0.18ab 21.0+0.5a 0.20+0.04a
RT TEIBEMEFHEEX T R E N
Table 7 Effects of different color degradable films on soil temperature

phsil HEHCC) FAEHI(C) TERTHLEIA(C) W (C)
Treatment Seedling Flowering Starch accumulation Harvesting

0~10cm 10~20em P4 0~10cm  10~20 em P 0~10cm  10~20 em P 0~10cm  10~20 cm P

Average Average Average Average

D1 14.5 12.8 13.7a 20.8 16.6 18.7a 18.5 14.8 16.7a 14.8 13.6 14.2a
D2 13.1 11.5 12.3ab 19.4 15.2 17.3b 18.9 15.2 17.1a 14.6 13.9 14.3a
D3 12.7 10.8 11.8b 18.8 14.9 16.9b 16.7 12.9 14.8be 12.8 12.0 12.4¢
D4 14.2 12.5 13.4a 20.3 16.8 18.6a 17.8 13.8 15.8b 13.5 13.3 13.4b
D5 12.7 11.2 11.9b 19.2 14.8 17.0b 16.2 12.7 14.5be 12.5 11.9 12.2¢
D6 13.3 11.8 12.6ab 17.4 13.5 15.5¢ 15.3 12.2 13.8¢ 12.3 11.9 12.1¢
D7 13.8 12.2 13.0a 19.9 15.8 17.9ab 18.0 14.3 16.2ab 13.8 13.3 13.6ab
D8 12.3 10.2 11.3b 16.2 13.9 15.1¢ 17.1 13.2 15.2b 13.1 12.4 12.8be
D9 13.1 10.9 12.0ab 18.2 14.5 16.4b 17.6 13.4 15.5b 13.2 12.9 13.1b
CK 12.4 10.5 11.5b 17.5 14.2 15.9be 19.2 16.2 17.7a 15.2 13.5 14.4a
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Table 8 Effects of different color degradable films on soil water content

Jb3 HHTY (%) THER (%) TEMFLRI(%) W) (%)
Treatment Seedling Flowering Starch accumulation Harvesting
0~10cm  10~20 cm “F# 0~10cm  10~20 em  “F44 0~10cm  10~20 em  “F44 0~10cm  10~20 em “F#
Average Average Average Average

D1 12.31 11.92 12.12b 11.31 10.76 11.04b 11.50 11.36 11.43b 11.22 10.63 10.93¢
D2 12.96 12.16 12.56ab  11.64 11.58 11.61ab 12.39 11.82 12.11ab  11.89 11.16 11.53b
D3 11.84 11.16 11.50¢ 11.33 10.54 10.94¢ 11.25 11.08 11.17b 11.09 10.42 10.76d
D4 12.75 12.07 12.41b 11.36 10.84 11.10b 11.67 11.25 11.46b 11.25 10.74 11.00¢
D5 11.98 11.25 11.62¢ 11.27 10.65 10.96¢ 11.45 11.27 11.36b 11.15 10.56 10.86¢
D6 11.62 10.85 11.24¢ 11.22 10.39 10.81¢ 11.17 10.31 10.74¢ 10.81 10.23 10.52d
D7 12.08 11.52 11.80be  11.14 10.85 11.00b 11.54 11.23 11.39b 11.19 10.58 10.89¢
D8 11.75 11.07 11.41c 11.25 10.43 10.84¢ 11.13 11.05 11.09be  11.04 10.32 10.68d
D9 13.32 12.72 13.02a 12.50 11.93 12.22a 12.31 12.19 12.25a 12.17 11.96 12.07a
CK 13.55 12.86 13.21a 12.99 12.17 12.58a 12.76 12.51 12.64a 12.54 12.17 12.36a

2.2.3  xEIEIL ARG
O [ JIE R 26 1) -1 0~20 em A LI & 8 AL
TEOLAF (E 1)

TE S ) TR TR BRI A

I, DOALFETF LA MR s, 5 CKAHE
BREKFE(P<0.05) . DEENFA TR L5

AL & BTG, A D9 >
D5>D1>D7>D3>D6>D2>D4>D8>CK, D9

RO FRAS CK I 24.31% , 58 A 31 €00 5 i b JEE 184 o

7.33%~23.01% ; FF A6 W22 4Lk D9 > D5 > D1 >
D7 > D8 > D3> D4 > D2 > D6 > CK, D9ACFRAR CK I
I 12.87% , %5 LAt 2 € [ A Hb B 1S 0 4.78% ~
11.22%; JEMFLRIAE LA D9 > D5 > D8 > D7 >
DI > D3 > D4 > D2 > D6 > CK, D9 4bFHig CK 3
36.31% , ¢ o Ath B0 €5 [ fif Hb B 1S 8.28% ~
25.44%; WERIZZ4E R D9 > D5 > D1 > D7 > D8 >
D3 >D4>D2>D6>CK, D9AbFRE: CK N 53.34%,

A HAth 291 €0 R A b S T 7.739%0~51.22%
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Figure 1 Effects of different color degradable films on soil organic matter content
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AN [) 250 2 [ i b S X6 1= 338 pH AR LA ] 2 (P<0.05); D1 ARFES - 58 pH Fe A, % CK
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A ESE R AL BRI RRIN, D3RR £1E  pH s . DI ALFEMY + 58 pH e ik, 4 CK I 2D
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Figure 2 Effects of different color degradable mulching films on soil pH
2.3 AN[E) B R P AR M B P AR 1R L VAN fift o D5 R fige A Az ) ) die i, B S RS ] S

S [ B0 o A M SR R S A TR) (36 9), B 110 ds DO [ INF 18] 55 W, 45 22 15 i) o 148 d.
SR, ORONTRI O I L IR AR, HoRZE DL D1~D9 & f# 3R 43 5 ol 88.16% . 11.14% . 12.68% .
1 DO b TR b JI5 b5 i 3 BE Bt o A SE R 11.75%. 31.58%. 1331%. 16.17%. 22.35% . 90.94%
W, A UL T AR AR, WA e ek (R10),

RO [EIE AR P AR B HA B R
Table 9 Degradation stage of different color degradable films

Abpg FERWI(D/M) WEUY(D/M) TR (D/M) SEAHfE(D/M) SEFFARI (D/M)
Treatment Induction Rupture Disintegration Complete disintegration Complete degradation
D1 03/08 10/09 25/08 15/09

D2 25/07 25/08 15/09

D3 10/07 12/08 21/08

D4 23/07 24/08 13/09

D5 08/07 31/07 15/08

D6 16/07 20/08 30/08

D7 14/07 18/08 05/09

D8 15/07 16/08 28/08

D9 12/07 15/08 25/08 22/09

CK - - - - -

TE: - FORBH TR .

Note: — indicates that no degradation occurs.
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Table 10 Degradation intensity of different color degradable films

JosE M) 4 T (g/m?) JBURE 5 b 8 4 (g/m’) Hb /D A (g/m?) BT 2R 4% (%)
Treatment Initial film weight Film weight after sampling Film weight reduction Film weight loss rate
D1 13.26 1.57 11.69 88.16

D2 11.58 10.29 1.29 11.14

D3 14.43 12.60 1.83 12.68

D4 12.26 10.82 1.44 11.75

D5 13.33 9.12 4.21 31.58

D6 13.15 11.40 1.75 13.31

D7 12.18 10.21 1.97 16.17

D8 13.29 10.32 2.97 2235

D9 14.68 1.33 13.35 90.94

CK 12.79 12.78 0.01 0.08
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