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Abstract: The double ridge plastic mulch cropping technique has been widely adopted since 2010 for maize and
potato production across 8 provinces and autonomous regions of northeast, north and northwest China with
lower rainfall. The plastic film blocks moisture evaporation from soil and channels precipitation into the sowing
trench between the ridges, so increasing soil moisture level around the crop roots, as well as assisting with
weed control and modifying soil temperature. Yields can be increased by up to 30% with considerable economic
benefit. This research compared the performance of white (Control) and black plastic film as the soil cover,

since there is little available data on whether plastic film color affects the soil moisture and temperature be-
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neath, and crop performance. In this research soil moisture and temperature were measured weekly over the
growing season from early April to mid July, and weed biomass data, and crop agronomic and yield were col-
lected on relevant dates. Soil moisture was measured for 5 soil depths: 0—20, 20—40, 40—60, 60—80, and
80—100 cm, and soil temperature for 5, 10, 15, 20, and 25 cm soil depths. Typical values for soil moisture
were 18% —20% in April, 20% —22% in May and 16 % in June, without major variation across soil depths. In
the 0—20 cm layer soil was 1% —2% drier under black film than under white film in April, but this gradually
reversed and soil had 2% higher moisture content under black film in June. In the deeper soil layers (except
80—100 cm) , soil moisture (%) was identical under black and white film in April, but by June was 1% —2%
higher under black film than white film. Soil temperatures ranged from 12— 18 'C at the start of the experi-
ment to 25 C in June, and except for the 10 cm soil depth, were consistently lower under black film than white
film by over 2 'C in April, reducing to 0.5 ‘C lower under black film in June. Weed densities in June were 150
and 3 plants/m?® under white film and black film, respectively. Crop agronomic data generally did not differ sig-
nificantly with film color, but yield was 5.4% —9.5% higher when maize was planted on black film.

Key words: whole plastic-film mulching on double ridges; maize; black film; soil moisture and temperature;

field weeds; maize agronomic characters
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Table 1 Water moisture fluctuation in different soil layers %
MR IR 55 Black film mulch 7 55 White film mulch (CK)
+ )2 Soil layer (cm)
x Sy R S, x S R S,
0~20 19. 11aA 2.30 6. 73aA 0.27 18. 66aA 2.81 9.37aA 0.63
20~40 17.80bB 2.35 7.45aAA 0. 45 17.27bB 2.74 8. 42bA 0.42
40~60 18.10bB 1. 64 4.52bB 0.48 17.51bB 2.22 6.37cB 0. 37
60~80 19. 11aA 1.21 3.26cC 0.76 18. 74aA 2.00 6.49cB 0. 49
80~100 19. 27aA 1. 35 4.84bB 0.16 19. 33aA 1.62 5.57¢B 0.57

TE e S I T B0 R Ry &% 00 5 (B 2% . So Ry 45 W0 5 (B AR M 2 . S o 45 T (A 26 M b 22 . T 31 28030 ) R Tl /'S 5 B 3 7R & Duincan [G
R ZE KT AE P<<0.01.P<<0.05 KF L2ZRBFHF. FH,

Note: x was the average value, R was the range, S; was the average value standard deviation, S; was the range standard deviation. Different up-
percase and lowercase letters within the same column show significant differences at P<C0. 01 and P<C0. 05 levels by Duncan new multiple range test,

respectively. The same below.
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Fig.1 Daily dynamic variation of soil moisture content in different soil layers
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P<20. 05 levels by Duncan new multiple range test. The same below.
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Table 2 Temperature fluctuation in different soil layers C
M IR 78 35 Black film mulch I 7E 55 White film mulch (CK)
4+ 2 Soil layer (cm) — —
x Sy R S, x S R Sy
5 21.90bB 3.70 13.40cC 0. 40 23.91aA 3. 10 11. 20bB 0. 80
10 23.61aA 3.76 14.17bB 0.15 23.38aA 3.12 11.43bB 0.70
15 20.39¢C 3. 84 13.97bBC 0.03 22.16bB 3.29 12.50abAB 0. 50
20 20. 28cC 4.21 15.51aA 0.51 22.26bB 3.84 13. 26aAB 0.38
25 19. 86cC 4.07 14. 40bB 0. 40 21.31cB 3.82 13. 60aA 0.75
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Fig.2 Daily dynamic variation of soil temperature in different soil layers
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Table 3 Weeds control effect of black plastic film on the double furrow sowing maize field

A it Jib 3 [{# 4% B Broadleaf weeds ARABLZ . Gramineous weeds
Date Treatment I BT 3% SRR B R BT AL G S R BT 2% TR TR B AL
(H-H Density  Plant control ~ Fresh  Control effect  Density Plant control ~ Fresh  Control effect
Month- (B plants/ effect weight of fresh (¥ plants/ effect weight of fresh
day) m?) (%) (g/m?)  weight (%) m?) %) (g/m?)  weight (%)
5-26  HHL R % White film mulch (CK) 167. 45a — 121. 50a — 84. 36a — 250. 38a —
M %7 55 Black film mulch 4.09b 97.56 0.11b 99.91 1. 36b 97. 38 0.02b 99. 99
6-10 M % White film mulch (CK)  72.73a — 141.92a — 77. 45a — 367.32a —
b % 55 Black film mulch 1. 36b 98.13 0. 66b 99.53 1. 36b 98. 24 0.06b 99.98

24 ZEHMBEFRFGERBEN LY EELREIZREBRGT 7

TR RN > 2 K SRR AR 22 T R, R R T B 6 R G A B XU R R
TR T8¢ 1, M T 5 Ak LA G U, 1 4 S — 1. 67~ 1. 67 F 43 R — 0. 33~0. 50 cm, R TR TG (FERL
H 500 7 o 48 A0 1 £ M F A 26 A BRI A AR AE L 40 BIBE I 0. 05~0. 10 em A 0. 19 em N 2. 33~7. 93 hi il
BN 2. 70~11. 36 g/500 AL s (H X 24 £ FRFFARMR S A= B 19 3 W 5 52 o Ak s B S IR 1 € b R s Ak B
FEARHRE 3. 73~4. 40 cm AH R IXF) W35 22 5K bk s 28 5 B 0 8 A0 T 1 6 1 JB S oAb 3L B AR R 1. 69~
247, AR Ot b I A A Ak P I R A B 2. 3~3. 3 d(%% 4,
2.5 ZERPAGERBES—BHAEREIEZREBEIKRG T

R0 1 JEE X — JIE R R K A aa%ﬁk%ﬁﬁk.%ﬁ%%&%%*ﬂ%%éﬁ%ﬁﬁ%t@%*ﬂuﬂ%]ﬁ&‘%*ﬁ%ﬂu 500
LT e 34 A — TV W A S 0, 22 S R L A i REAIG 0. 13 B 4k AR BRI 1. 38 em ([EAR 0. 1915 M 0 A 43
AU 1. 7 dLBEK 0. 46 em JFEAK 0. 23 em 380 0. 10 cm 3N 20. 80 KL/ FEFNFFEAK 0. 30 g/500 Ki(FE 5),
206 ZEAPFGERESLEEERP—ERHAERZZH I

INF 6 F o 4 528 Y8 1 Ak 35 v 16 FH P €0 b 27 25 6 22 25 R — JEE R ] EOK S — o R AR T L i 4y
IR E] 12035, 35 A1 11095. 96 kg/hm® , 55 4 €0 1 543 51 38 7= 5. 40 %61 9. 52 %,
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x4 EEHMBENHERERTZRZEROZM

Table 4 Effects of black film on maize main agronomic characters of the first stubble

Gy by MBS WEEGRE WEME ARN MK MH BDK MR 500 BT
Year Treatment Seedling  Plant Uniformity Double Birth Spike Spike Bald Grain 500 grain
rate height  of plant  spike rate  stage  length  width (cm)  number mass
(%) (cm) height (%) (d) (cm) (cm) per ear (2)
2011 FIMUBEEE % White film mulch (CK)  97.00a 44.00a  17.36a  20.00a 135.0b 18.68a 4.97a  —  497.15a 167.85a
S 7 % Black film mulch 97.00a 39.60a 14.89b  18.33a 137.3a 18.35a 5.02a  —  499.48a 170.55a
# CK ##1i1 Increased (compared with CK) 0.00 —4.40  —2.47 —1.67 2.3 —0.33 0. 05 — 2.33 2.70
2012 PR 3% White film mulch (CK) 89.79a 109.50a 13.08a 3.33a 124.0b 17.38a 5.00a 1.63a 538.07a 164.17a
B X 7E 5% Black film mulch 89.82a 105.77a 11.39b 5. 00a 127.3a 17.88a 5.10a 1.44a 546.00a 175.53a
#5 CK 0 Increased (compared with CK) 0.03 —3.73 —1.69 1.67 3.3 0. 50 0.10 —0.19 7.93 11. 36

x5 BREWBMN—BEEAERIERZERHBZN

Table 5 Effects of black film on maize main agronomic characters of dual purpose membrane

HWEAR bR PREEESTEE XGRS AR MK BB RDIK BORIMC 500 Rk

Seedling  Plant Uniformity Double Birth Spike Spike Bald Grain 500 grain
Kb P Treatment

rate height  of plant  spike rate  stage  length  width (cm)  number mass

(%) (cm) height (%) (d) (cm) (cm) per ear (2)
#3356 White film mulch (CK) 89.90a 83.54a  7.66a 0.00a  122.6a 18.53a 5.18a 1.74a 550.13a 155.80a
Mt % 75 Black film mulch 89.77a 82.16a 7.47a 0. 00a 124.3a 18.07a 4.95a 1.84a 570.93a 155.50a
# CK 3l Increased (compared with CK) —0.13 —1.38 —0.19 0. 00 1.7 —0.46 —0.23 0.10 20.80  —0.30

F6 EEMBENEEERN-—ERAEXRTENZI

Table 6 Effects of black film on maize yield of the first stubble and dual purpose membrane

Jib M3 F K The first stubble — W] ] K& Dual purpose membrane
Treatment MK AR BCKEE KPR BATR 8 CK
Plot yield Equivalent Increased Plot yield Equivalent Increased
(kg/19. 8 m?) yield (compared with (kg/19.8 m?) yield (compared with
(kg/hm?) CK., %) (kg/hm?) CK, %)
i HB A 35 White film mulch (CK) 22.61 11419. 19 — 20. 06 10131. 31 —
S b T 3% Black film mulch 23.83 12035. 35 5.40 21.97 11095. 96 9.52

RO

AREE AT 5 8 O P TR U R B A 3R e S RO T L X TR A 5 B O L M R
R K S R R B R AE A, 2 K 7% B SR L 52 )t 1 BEL B T K B E VI T T L AR S
[ 3] 3 RRE R T K A B2 R R T R LIS AR ) RS OK R X N g2
A E — B L TR B PR A AR T | 1 ORI A A B AR L R 5 2 S K R A I 2 A
KT 0 52 F5 30 249 B S 5 T 0 i 5 5 PR b A )2 S K R A A I T K R Y R R,
o0, b B 5 DXAR B {FLIBE 20 W B 24/ b . PR R P 0 b B B X R S KR B AE S Hh IR 6
LAY P 2 R AR A A — B

TRV R R ) R A B R A B R R R R RN ARG AR L 5 R L A P R LA B
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I - S B 9 P ) At 5 | S L B TR A R Y A A L 3 I TR 8 b R R Y b I R AR E MR L XS Y —
SERF SR AR -2 REAM BB X 5,10 A1 25 em 2 IR R LE AT B BT AR T € BT S X U B
FHEOMPEA X 1 15 120 em 4 J2 i 5 AR B0 E 1 N B % T 00 3 R i X5 R 0 B X 4% =
ST L AR A E I BT R S R AT OB S S B @ U E A H I S iR R T AR

A 5 X2 ) R P 3 41 8 By 45 BOR B RIT S 5 4 A 7 A e R [ L I 2B T (5 2B 7)) e L
ot DAY P B A R T 2 S T A SCBER AR AR SRR W R SR T 4 B A b [ ) e B A i A e e
2 U BE 22 SOPE 4 A 3 I 300 0 3 B8 S LA P A A A 21020 e o R A i () 2 R AR R B N T AR AR
s HORUNZZ M KR B O AL IR ) TR VRS S LW ER R AN . Amad . S ak
TG L » 4 158 X2 ) 5 oK T e St 4y % €0 3 158 X ] - 2 0 70 AR A ok A e 4 ok By 2500 R B 5 75 28 49 35 97 26 1 99 06 LA
b R A B2 18 R T KA 7 v SR T PR 0 IR NS P ) 4 B B A AU A 4 A

KR 5 bR R T R R R SRR K AR AR S R R KO B U G . AR 2 R AR
5 A 00 IR L S 0 M IR LA A ) TR R R R R o R S R R A RO AR TR BR L BR
55 B S I G M 40 B AR 3. 73~4. 40 em Al 1. 69~2. 47, AL AR A (A B FE K 2. 3~3.3 d. SRR XS
Y FER— T T K3 — R B L 3 1 B 5. 40 6 F0 9. 5200

4 i

FRFAT AR R S KRB L 4 2 S K AR B B g TR 9 K B A L SRR I8 2l W R /N T R PR
A AR T SR AR PR A B IR AL T % R R T X B ) A B K g A R A 9 Bl i 4 R
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