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Effects of different plastic mulching practices on soil moisture,
soil temperature and yields of maize

GUO Man-ping, LIU Sheng-rui, BAI Hong-peng
( Center of Popularizing Agricultural Techniques in Huanxian, Huanxian, Gansu 7457000, China)

Abstract: To understand the regulatory mechanism of plastic mulching for soil moisture and temperature as well as
yields, soil moisture at 0 ~ 80 em soil layer and soil temperature at O ~ 40 em soil layer during the whole growth periods
were respectively measured by oven drying and geothermometer methods. Plant height, plant weight, stem diameter, ear
diameter, rows per ear, grains per row, kernels per spike, thousand kernel weight and leaf area per plant were randomly
measured during the maturation period, and their economic yield and biological yield were calculated. The results showed
that all-film double-furrow sowing could respectively improve 0.3% , 1.0% , 1.6% and 2.4% more of the soil moisture
at 0 ~ 80 cm soil layer, elevate 0.3°C, 1.2°C, 1.6°C and 2.2°C higher of soil temperature at 0 ~ 40 cm soil layer,
shorten 0, 3, 5 and 13 fewer days of growth periods, increase 679.5, 2 740.5, 3 376.5 kg* hm~2 and 4 861.5 kg*
hm~2 more of biological yields, boost 424.5, 1729.5, 2 032.5 kg-hm % and 2 971.5 kg*hm ™2 more of economic yield
than all-film mulch hole sowing, half-film mulch hole sowing, half-film mulch furrow sowing and outdoor sowing. There-
fore, popularizing all-film double-furrow sowing could significantly increase corn yield, ensuring national food security.

Keywords: cultivation of plastic mulching; maize; soil moisture; soil temperature; yield
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SR 1 A5 « AN R BB 0T T oK 3K 20l BE K o B R 51

ARBLHET, IR AR E AL R AR X )
ZAHES L, R RS e 1R OK B s ) (A
FKANREXIE I FE A 5 M5l 7R 2 Bl X
i PR B B LT R R K R K
SRR SR AT R R ARGE . PR, AR S
Ao A TR B A R R 4 T R oK A A o 0
K53 MR LA e K A P EAR TN 22 B P EARAF FE AR 1Y
ARARITTE , 16 A T A ) 2 JIREA 3 B A B T 37 6
TR AL R 22 5 1, R — 2P R R TR A R 2
BRI BOR B AR B EORE AR BT SR AR} 2
Wi

1 eIk

1.1 ke

BER TR SR N AR B 20 5, H G, H R s
Fiol A BRZS 3R AL 5K Mo B Ry 120 em 58 W A1 70
em ZE MR 0.008 mm (1) 3R £ 4 B, H R R K K 52 48
A BR A Fl R
1.2 RGN

TRIGBEAE B B 25 3 X R L rp ek & i
JEEAS =1 BRI R, S Hb I 4K 1 300 m, A FFK
350 mm 2245, TR 150 d 240, 4EE SR
8.5°C, =10°C YA ZLAE 2 690°C , 4F H AT 2 468
ho FIRERN FK IR IR AEF- 2 R 7k 358.9 mm,
1.3 gt

RIHEAEIWORIG , S RAEARE L4, 3 J] 1 f)
IR R )G, B — B s A, Fl Ak ZEE 75 000 ke -
hm ™2, JRZ 300 kg hm ™2, #L BEFRES 900 kg hm ™2,
R T b1, B PR S R B AR K50/ X T
L33 m*(6 mx5.5m), A 3K, XL FEHLHES,
PUSE B 1 m AR AT, BRI R 50 em, TE 42 (R HE 50
emo IS 5 AL EE, AP — . B, K
ZEE T WM 10 em x 70 em, /NBE TE 35 15 em x
40 em, 120 em i b f5 42 65 55 M 10, B 5 65324 45 7
KZEHA], EARFIAETS N, BREE 40 em; KPR . 4>
JESF- 4 A L 120 em 56 I8 - 47 i T, L3 £ 10
em, FETEFE 100 em, -5 WEAIEE 10 om, &R 2 17,
MRATEEA 40 em x 70 em; Kb BE = 2 P-4 7 CHE , 70
em ZE B4 T, IR+ 10 em, BT SE 50 cm, I
LERIE 60 em, BEORFIAR 2 47, BRATHE 40 em x 40
em; A B PY . 2 B 55 284K, 22 5 15 em, ZBJE 58 70
em, 221l P 50 em, 28 [A]FE 40 em, A 70 em ZE g
[ 56 2B T, FORFPAEZB T I, — BRI 1T, 1T HE 40
em, BRI 40 em; 20 P . 85 HOFRE, SE A AT R RN, TR
1770 em, 247 40 em, BREE 40 emo 4 A 22 HRFA

TR FEAHER, /N 150 ¥R, 5 H 2-4 HilS
7,5 H 20 HIEIE, B7CE —fk, 10 018/ XGE i R
% 0.5 kg, KBIWUH AR/ NMXERE 1 keo
1.4 PAERNEMAZE

PEPERE R R4 14 - 17 WEHGRE IR A R LT FK
L AR I T D0 A [ A R A0 | o I kT
S BRI R SR AU 0 ~ 10,10 ~ 20,20 ~
40,40 ~ 60 cm F1 60 ~ 80 em 1+ /2K HIEH K E I 0
~10.10 ~ 20 cm H1 20 ~ 40 em + 209 +HEIRE, 16
B /N X AL R 20 B, I FORR R AR 2R
FH UM REA TR AR RO B TR EE RN SRR
HRRASEEbR , TR A A Y ™ &

BRI TR R BRI TR = 0. 75 x
MR x 58 x BRI 2

PR Ry PR K R 2 SRR A1 i 25 Ly g
AL T R E

EEV/ ATt 7/IRah (=15 5 S B 1 32 = S o L A
Tl OFPRL A R B S5 T o ) R R o

FORGT 7 HEAE T EANRL™ 5

KR AN RIS KE (%) = (I
TE—HET ) + T x 100
1.5 HE\ESITHH

TR B LA IIME + AR UEZE (mean + SD) 26718,
JEFH DPS(V3. 01 b i) Bk 647 7 22 3 ¥, 22 5+
BB R TR Duncan FOBT &M 22K 5675, A P <
0.05 A BEES,

2 AR50

2.1 AREBERKEXNEXRLTESKENZME
IRIRAE R (3R 1~ & 5) KB, 24 F B B
BRI S K G T R O ) RIS KR,
B AR I B KR R TP R SRk R Y
K IR FN, &4 TN 2Nl
TN A2 T4t 7 R R 72U 0~ 10,10 ~ 20 em Al
20 ~ 40 cm 2 H 3G K E B R T HOF 3G
(P <0.05), 4 5 X2 Va4 Fh 4 ST 48 7/ Rl ok 855
40 ~ 60 cm A1 60 ~ 80 em 1 )2 T /K4 & i 52 R
SRR T R 25 2 R R b T 1 2 1) 1) 22 B
AR B R A, AR E R B E (P <
0.05), W EBFMERAEE(P>0.05);24EF
SO 2 BT o G R A 36 2B R AR B 0 ~ 10,10
~20.20 ~ 40,40 ~ 60 cm F1 60 ~ 80 cm +J2 + IS /K
RO BT RESSAT N EREE (P <
0.05), A EFMERARE(P>0.05), Uil
FEE SRR 55 e 1) A2 4 R 2 V) 5 4 RS 7 R AR B
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F1 FEABESEAXTO0~10cm TEHTERKE/ %
Table 1 Soil moisture at 0 ~ 10 cm soil layer under different plastic mulching practices
e FEFIH HhE P UV sE:i] TSI LI
R (04-22) (05-18) (06 -20) (07 -10) (08-07) (09 -05)

Cultivation pattern

Sowing time Seeding stage Jointing stage  Flare opening stage  Pustulation period

Mature period

B B

All-film double-furrow sowing 18.8+0.3a 19.3+0.2a 18.1+0.2a 17.1+0.5a 17.9+0.4a 18.2+0.2a
L S A
iﬂ?tq:%/dﬁ% . 18.3+0.3ab 19.2+0.5a 17.6 +0.7a 17.0+0.2a 17.9+0.2a 18.2+0.2a
All-film mulch hole sowing
N W e
RS . 17.5+0.3bc 18.3+0.3ab 17.0+0.5ab 16.4+0.3ab 17.4+0.5a 17.7+0.3a
Half-film mulch hole sowing
IR 2
Half-film mulch furrow sowing 17.2+0.2¢ 17.9+0.3b 16.0+0.2b 15.6+0.2bc 16.2+0.2b 16.9+0.5b
#Z 1 F4% Outdoor sowing 15.3+0.4d 16.1+0.6¢c 14.7+0.3c 14.9+0.4c 15.2+0.1c¢ 15.7+0.2¢
®2 AEBESEAXT10~20 cm TEHTEEKE %
Table 2 Soil moisture at 10 ~ 20 c¢m soil layer under different plastic mulching practices
okt FER i EL QLR CUDNEP X Y
N (04-22) (05-18) (06 -20) (07-10) (08-07) (09-05)

Cultivation pattern

Sowing time Seeding stage Jointing stage  Flare opening stage  Pustulation period

Mature period

1 7Y B
iﬂ%ml(éﬁ% . 19.9+0.5a 19.0+0.5a 18.3+0.5a 17.4+0.3a 18.4+0.2a 18.8+0.2a
All-film double-furrow sowing
AR [ s =
%H%:F%Fh/\*ﬁ . 19.5+0.2a 18.8+0.3a 17.6 +0.5a 17.2+0.3ab 18.3+0.3ab 18.5+0.3a
All-film mulch hole sowing
B HOR
Half-film mulch hole sowing 17.9+0.4b 17.6+0.4b 17.3+0.5a 16.7+0.3b 17.7+0.2b 18.1+0.1ab
S R 2 SR
4:H%%Mij% . 17.4+0.2be 17.6 +0.4b 16.1+0.5b 15.8+0.2¢ 17.0+0.2¢ 17.4+0.4bc
Half-film mulch furrow sowing
FEHT4% Outdoor sowing 16.5+0.5¢ 16.4+0.4c 14.9+0.5¢ 15.2+0.2¢ 15.7+0.2d 16.4+0.8¢c
£33 FEBESEAXT20~40 cm LEHTEEKE/ %
Table 3 Soil moisture at 20 ~ 40 c¢m soil layer under different plastic mulching practices
byt R HETH LI CUNEE I A
" (04-22) (05-18) (06 -20) (07 -10) (08-07) (09 -05)

Cultivation pattern

Sowing time Seeding stage Jointing stage ~ Flare opening stage ~ Pustulation period

Mature period

%H%ﬂi/q}ﬁ . 20.2+0.2a 19.7+0.2a 18.9+0.4a 17.5+0.4a 17.6+0.4a 18.3+0.3a
All-film double-furrow sowing

Sk
%Hﬁq:ﬁﬁ/dﬁ . 19.7+0.2b 19.5+0.5a 18.3+0.2ab 17.5+0.4a 17.4+0.4a 18.1+0.3a
All-film mulch hole sowing
Gl
Half-film mulch hole sowing 18.3+0.1c 17.6 +0.4b 17.8+0.3b 17.1+0.1a 17.2+0.2a 17.9+0.1a
SN i 26 e 4
FIREE 2R . 17.9+0.1c¢ 17.4+0.2b 16.6+0.4c 16.2+0.3b 16.2+0.2b 16.4+0.4b
Half-film mulch furrow sowing
P4 Outdoor sowing 17.4+0.2d 17.2+0.3b 15.3+0.3d 15.5+0.2b 15.5+0.2b 16.2+0.2b

2.2 AEEEREXNERTFEERZID
WIRLR (R 6 ~ 3 8) K W], TR AT NG
IRk 1% 1) S BE e T e 3t 119 R, AR
R 114 P B R T IR B )
JEE 2 I G R 11 R R v T R i 2B A
Tr 2o A R BRI I 20 ~ 40 em 1250, 42
A T A R 28 1) 1 R A M i R R T AT

0~10.10 ~ 20 cm 120 ~ 40 cm + 2 +IEIRE B
FE TR (P <0.05), 4R 7 W P 2R I F
Bl AR R 2 I 5 2B B % 0 ~ 10,10 ~ 20 em F11 20
~40 cm 121 IR E S R TR AR S A A 25
BE(P<0.05), 7 ERAEE(P>0.05), ]
T PVl i e ) 2 4 S U2 V) 4 0 4 RS-l A AR 33
SR FORFEZE R R A SO0k XOH B TR
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R4 FEABBEHEART40~60 cm LEMNTESKE/ %

Table 4  Soil moisture at 40 ~ 60 cm soil layer under different plastic mulching practices

Hetir iyt Y v 40 el INeE: G| el Y
o (04-22) (05-18) (06 -20) (07 - 10) (08 -07) (09-05)
Cultivation pattern . R L. L . . . X
Sowing time Seeding stage Jointing stage  Flare opening stage  Pustulation period Mature period
P
{‘é:”%;aé(hﬁﬁ. . 19.5+0.1a 18.8+0.9a 18.3+0.9a 17.0+0.2a 16.6+0.6a 17.1+0.2a
All-film double-furrow sowing
I S A o g
iﬁ%$%/dﬁ% . 19.0+0.4a 18.5+0.3ab 18.0+0.9a 17.0+0.1ab 16.4+0.4ab 17.0+0.2a
All-film mulch hole sowing
M E S A T B
IR . 18.0+0.3b 18.2+0.2ab 17.4+0.9a 16.5+0.1bc 16.0+0.4ab 15.9+0.1b
Half-film mulch hole sowing
S i 2 S
FIEL R . 18.3+0.2b 17.9+0.3ab 16.2+0.9b 16.0+0.4c 16.0 +0.4ab 15.9+0.3b
Half-film mulch furrow sowing
& HLT-HE Outdoor sowing 17.8+0.1b 17.6+0.2b 14.9+0.9¢ 15.2+0.1d 15.4+0.1b 15.9+0.5b

R5 ARABEHEFRXT0~80cm TEMTEESKE/ %

Table 5 Soil moisture at 60 ~ 80 c¢m soil layer under different plastic mulching practices

okt FER i EL QLR CUDNEP X Y
Culti .:‘ t (04-22) (05-18) (06 -20) (07-10) (08-07) (09-05)
uitvation patiern Sowing time Seeding stage Jointing stage  Flare opening stage  Pustulation period Mature period
5 R Y 2 7
iﬂ%m B . 19.2+0.2a 18.8+0.2a 18.5+0.2a 17.2+0.3a 16.0+0.1a 16.5+0.1a
All-film double-furrow sowing
ERA e
%H%:F%ﬁ/\fﬁ . 19.0+0.3a 18.3+0.3ab 18.3+0.2a 17.0+0.1a 15.8+0.3a 16.4+0.5a
All-film mulch hole sowing
N7 S Jeks 2 43
O . 17.9+0.2b 17.9+0.3bc 16.8+0.7b 16.9+0.2b 15.5+0.3a 15.8+0.3a
Half-film mulch hole sowing
S R 2 SR
4:H%%mj:j% . 17.8+0.2b 17.8 +0.2bc 16.0 +0.5bc 15.8+0.7b 15.4+0.3a 15.6+0.7a
Half-film mulch furrow sowing
FEHT4% Outdoor sowing 17.5+0.1b 17.4+0.2¢ 15.2+0.2¢ 14.9+0.5b 15.4+0.1a 15.8+0.3a

T A HU O H - B O T REIORE ). e AP EUE D IBURE 1400 ~ 17:00 2 fE
Note: Date format in every phenological period was month — date. Data in the table was the mean value in 14:00 ~ 17:00.
K6 TEBEHEARTO~10cm LEMNTEERE/C

Table 6  Soil temperature at 0 ~ 10 ¢m soil layer under different plastic mulching practices

Hebs g FERRIY H 1 40 FA I ULANEE ] LAl I
Cultivation oo (04-22) (05-18) (06 - 20) (07-10) (08 -07) (09-05)
Hihvation. pattem Sowing time Seeding stage Jointing stage  Flare opening stage  Pustulation period Mature period
S
éﬂ%ﬂi(lﬂﬁ. . 15.4+0.3a 24.3+0.3a 31.5+0.5a 32.6+0.4a 32.6+0.4a 27.9+0.5a
All-film double-furrow sowing
7kt o B
éﬁ% AR . 15.2+0.4a 22.9+0.4b 31.4+0.2a 31.4+0.4b 32.5+0.4a 27.8+0.3ab
All-film mulch hole sowing
S B ST s e
A . 14.8+0.5a 21.6+0.1c 29.9+0.1b 29.5+0.4c¢ 30.5+0.3b 26.8+0.2bc
Half-film mulch hole sowing
S T 2 S
FIUBL R . 13.8+0.2b 21.2+0.2cd 29.3+0.3be 29.8+0.5¢cd 30.0+0.4bc 25.9+0.5¢cd
Half-film mulch furrow sowing
#&HFH% Outdoor sowing 13.1+0.1b  20.6+0.6d  28.5+0.4c 28.6+0.4d 29.1+0.4c 25.5+0.4d
2.3 BEBEXMEREDEIKRGZIN W0 T iR 4K (P < 0.05) 5 2 R ZE A 7 3%

IRESH (3% 9) KW, 4 IR BT o i~ IR AT o A AT ROk PRE R REHL A AR W i R
B BCER -6 00 TR A A I, bR BRI TR R R LT (P < 0..05) 5 &I
ML MR A BN . J7 2E e T AE R R, A Bl B T U AR AR LA A ) i
JERUZE VA M ARV R R 7 2R BORMAET & TP B o 284 AR P-4k (P < 0.05) , BR
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TR PP Z R AR E (P >0.05);F  HWPREZEREFH (P <0.05), 4 7 ] MR ZEHIR
-4 AR T 2R bk AR SRR LSRR S R E R AR E (P >0.05) .
i BRI PR 22 S 2 (P < 0.05), B 5 R

x7 FAABEHEART10~20 cm TEHTIERE/C
Table 7 Soil temperature at 10 ~ 20 cm soil layer under different plastic mulching practices

Het gyt Y v 40 A CINaE: ] I I
o (04-22) (05-18) (06 -20) (07 - 10) (08 -07) (09-05)
Cultivation pattern . R L. L . . . X
Sowing time Seeding stage Jointing stage  Flare opening stage  Pustulation period Mature period
%Emjﬂ@*ﬁ . 14.5+0.4a 21.2+0.3ab 28.8+0.3a 29.9+0.3a 29.6+0.3a 26.7+0.5a
All-film double-furrow sowing
NZ o 3
%H%,q:ﬁﬁ/dﬁ . 14.3+0.5ab  21.4+0.2a 27.5+0.2b 29.6+0.5ab 29.6+0.6a 26.6+0.2a
All-film mulch hole sowing
S G ST o 43
BT . 14.4+0.2ab  20.3+0.4bc 27.3+0.3b 28.4+0.4bc 29.5+0.4ab 25.5+0.2b
Half-film mulch hole sowing
NA 26 4
FRBLE R . 13.6+0.1be¢  20.0+0.6¢ 26.8+0.6b 28.6+0.7bc 28.5+0.3bc 24.8+0.2bc
Half-film mulch furrow sowing
& HL 4% Outdoor sowing 13.3+0.2¢ 19.5+0.3¢ 25.5+0.4c 27.9+0.4c 27.5+0.3¢ 24.3+0.3¢
#x8 AABEHEART20~40 cm TEHTIERE/C
Table 8 Soil temperature at 20 ~ 40 cm soil layer under different plastic mulching practices
Hetir iyt Ly v 40 P INeE:] el Y
Cultivation (04-22) (05-18) (06 -20) (07 - 10) (08 -07) (09 -05)
Hikvation patiemn Sowing time Seeding stage Jointing stage  Flare opening stage  Pustulation period Mature period
%H%X)(i@jﬁ . 11.6+0.5a 20.8+0.3a 27.1+0.5a 27.6+0.4a 24.8+0.5a 23.8+0.5a
All-film double-furrow sowing
7k o 4
ﬁﬁﬁ.q:%/dé . 11.2+0.4a 20.1+0.5a 27.0+0.4a 27.5+0.5a 24.8+0.2a 23.8+0.3a
All-film mulch hole sowing
N W e
LR . 11.2+0.3a 18.6+0.2b 26.7+0.4a 25.9+0.4b 24.6+0.4ab 22.9+0.4ab
Half-film mulch hole sowing
S B T 2 A
FIRBE 2R . 11.7+0.2a 18.9+0.4b 26.5+0.4ab 25.8+0.2b 24.2+0.3ab 22.3+0.2b
Half-film mulch furrow sowing
L F4% Outdoor sowing 11.8+0.2a 18.8+0.2b 25.1+0.4b 25.0+0.4b 23.8+0.3b 22.0+0.8b

AW HIAAS I H - B L IERBEIE B SR PRy R H 14200 ~ 17:00 % fE
Note: Date format in every phenological period was month — date. Data in the table was the mean value in 14:00 ~ 17:00.
R TRBEAXTHEDER

Table 9  Biological traits under different plastic mulching practices

ek HEE W/ Bk /em MR /g ZEH/em FEHL/em AW/ (kg 33m~2)
Cultivation pattern Growth period Plant height Plant weight Stem diameter Ear diameter Biological yield
S 29k
?H}'ﬁ'ﬂﬂﬁ{hﬁél . 142.0+3.0b 228.0+3.2a 165.0+3.0a 2.4+0.1a 6.2+0.2a 64.8+0.2a
All-film double-furrow sowing
S L o 4
%H% LSS . 142.0+5.0b 212.0+2.3b 162.0+4.0a 2.3+0.2ab 6.2+0.2a 62.5+0.5b
All-film mulch hole sowing
B R
Half-film mulch hole sowing 147.0+4.0ab  207.5+1.6¢ 153.0+5.0ab 2.2+0.2bc 5.4+0.3b 55.7+0.3¢
S i 26 S
B . 149.0+3.0ab  201.5+3.0d 148.0 + 6.0b 2.2+0.2bc 5.3+0.2b 53.6+0.4d
Half-film mulch furrow sowing
FEHLT-HE Outdoor sowing 154.0+5.0a 191.0+5.2e 141.0+5.0b 2.1+0.1c 4.9+0.2¢c 48.7+0.3e
2.4 BEREWEXRZFERGZ0 FrRCE KR TR AT, - . O 2200 hr

WIRZIR (3 10) 3R M, R e AP I R AR Z2R s, A ROOUZE Ty 40k A4 514l 7l A 5 52X
BEAC R M PR A TR A T A A RO AT R N AR R TR A T R R e Tk
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SR F- A5 AN R BB B R T oK 3K o3 BE K R B R IR 55

RS-l R R i 2B R MR P (P < 0.05),
A BRSO REA T 00 3 iy T~ M i 2B 4% IR 3t -
(P <0.05), BEATHRC . & i TR H-F 3% (P <
0.05) 5 2 BTGl 7 Il AP JIRE st 2B A R 507 5 0h 19

MR AR R R TR MR T R
TFEEHAERE (P <0.05), A SRR T 505 55 o
THEERAEE(P>0.05),

R 10 FARABEAXTHEFMERK

Table 10  Economic traits under different plastic mulching practices

e A AR AT TR TRLEL TR 2R
o I Leaf Number of Rows per Grains Kemnels per  Thousand kernel Economic
Cultivation . . . .
" area productive ear per row spike weight yield
e A Bk /(33m7) /(M) /OB OB /(g 1000 K7/ (kg 33m7)
ﬁﬁ%XXi@*é . 4189.5+7.2a 155.7+2.2a 16.5+1.0a 31.2+1.2a 514.8+2.9a 385.6+2.6a 30.9+0.1a
All-film double-furrow sowing
R s s R =
ﬁﬂ%q:lfm/d& . 4079.3+6.0b  155.0+3.7ab 16.2+1.2a  30.8+1.6a 499.0+3.0b 382.4+3.3a 29.5+0.1b
All-film mulch hole sowing
S B ST A o 4
LR . 3583.1+4.5¢ 151.8+2.8b¢ 15.3+1.2ab 30.4+1.7a 465.1+3.1c 357.3+5.7b 25.2+0.1c¢
Half-film mulch hole sowing
S [ 26 T8
FRE SR . 3472.9+2.6d  150.0+1.3c 15.1+1.1ab 30.2+1.6a 456.0+3.2d 353.0+2.7b 24.2+0.0d
Half-film mulch furrow sowing
#E b4 Outdoor sowing 3170.5+ .7.9¢ 150.0+2.8¢c 14.3+1.3b  28.2+1.5b 408.9+4.5¢ 344.0+3.1c 21.1+0.1e
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