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I H ph BT AT o S 7 L PG A R,
JE LA RX Mg 1 270m, TEREH] 120d /2
H, AEFEHFEKE 450mm, 4EHZE k& 1995mm,
PRI 6°C~7°C, BRIRZEKR, KT 10CH)
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21.3g/kg, HELAE. BE. S E 0N 753, 64,
139.3mg/kg, FERBIE ST H14E, 2016 4F R Z 43 &
KAE W 5-9 A HIFEIK I 0~200cm I 0 UL

1, SRR AP KAR, FORE RS2
Fo IRBIHIRSIRT, 150 XL 2 AR T LI A
FHFEA,

F1 SEFHEK (1960-2005 £ ). 2016 FFE7K K 0~200cm EIFER

Table 1

Precipitation distribution in 1960-2005 and 2016, 0-200cm soil water storage in 2016 mm

05 Year 5H 6A 71H 8 H 9H 5-9 A . %7}%@1 icki:] (0~200cm)
May  June July  August September From May to September  Precipitation year type ~ Base soil moisture
2016 19.1 472 2410 444 28.6 380.3 KA 386.4 (#)
1960-2005 332 570 1029 103.7 62.2 359.0 - -
2016- (1960-2005) -141 -98 1381 -59.3 -33.6 21.3 Wi, I R

1.2 REEiEit

RIS FH A R R BEALIX B0, DI 2
JE IR AL PR 2, HAT 5 AMbEE, 2B 0 (MK
SF4, RHO), 5 (RH5), 10 (RH10), 15 (RH15),
20cm (RH20), JUiA A EEER A2 55, e R
F& 80~90cm . JEEE 0.008mm 4 [ {435 18 2 2, 47 1
i, HoAr#e2E 0. 5 F 10ecm AbFEE FIE 95 80cm i
i, #2815 A1 20em 2B % FIE T8 90cm M, 28
MR T &R, FEFMTIE M SFATEE 60cm. DI R
(NPM,CK ) J*HE . /NX IR 24m” (4.8m x 5m ),
3WER, 18 AVNX, EIEE A /N A&
B, ROPRA T, AR LT KR
ALK 30, FEFPHMIN 2016 44 H 27 H, H
FHBIm10H2H, BEREMS 100 10 H, i
B AL PR BEAE RTROEAERE, BRI h fiS IR i AE
( N-P,05-K,0: 26.5-11.5-0), Jiti JH #= & 900kg/hm’,
— KA A o R AERIE A SRR K A T T,
TCANFEVEE, i R H I T () ok
1.3 MEMB5H*

oK S5k A shic SRR A TN
WREK L, RIS Bl X A B Rk

HHOK S RN A AR A, R
JE 200cm,  FH CPN-503 Ht + {% (20~200cm ) Fl
6050X 1 Trase Z24t( 0~20cm I EREFIFT 35K A,
BERR 20em N—)2, Mz LHOK . HHOKGIE AT
W H=Vh, Hi. VR HIERBEKE (%), h R
TEEE (mm ). 0~20cm T35 KElE H I 5
A3H.5H8H.5H19H. 5H29H., /4l
WL R e R A E 0~200em +
K,

T HERE . FEHRBARH ER A U #2014
BRSO i 4R AR ) 8em - 45ETR

FE, IS B R E R AT, UL ] A 5
Amre Ay, H/Ndsg—IgdE .

TRk H /N E A5 AL RS PRZ 5 7 o (4T
BRI B KRR 14% ). BR/NIXGESEBURE 20 #R,
WATENGR, MEf . o BEATE. TR
SRR DA R oA A5 P i) R A5 bR, O
THRGRAE B TR, ISORFE L =20 Fl ki /
20 HiH TR E x 100%, HF2 =20 Bk /
20 FERETE x 100%. A=Y I8 10 BRH -3 T49
FREYTRE .

K g3 R R #e K 4y ) AR #E [WUE,
kg/(hm® * mm)]= Tk TR P/ /B K& FEK
& (mm) = #&AT 200cm HIFEW K E - PGREF 200em
TR+ AT IR KR,

1.4 HIEAME

FH Excel #H TR E AL FE, FH DPS Geit-4x44:

ARG EAE 7 225087

2 HBREHH

21 AELENEHEREHRETIERENI M

AR AL XS K B AR 2 8em 1 SR E 1Y 5%
0 T O N i R = 1 2 7 N2 e = s e O 17 G i)
BT R, AFAEEE 2=/ (B 1), M
BRI LVE Y, B S TR T BT, A
[7i] 28 B AR AD ST S AN R 55 T 8em H T34 HE
M 1.5°C, AR RS 28 2 BE X HE AT 8em HbIRLAY
SEM AT B 22 5, BB 7 S 22 15 B A Ocm 3
a5, 10, 15, 20em, 5-6 H 4y #&#4T 8em HF
Py bl AN 20.3 °C 43 il i 8 AR A 20.0°CL 19.7°C,
19.5°C. 192°C, BPZEE BRI Sem, HAFHHbikFE
K29 0.3°C, XX AT XM oK A = R H AN F]
Ho  H X IR BRI AY B PR 32 B2 H 5 s R A R
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fi& (B 2), Ml ZBE B Oem BEME] 5, 10, 15,
20cm B, P34 H fe s b il M 25.7 °C 43 51 22 7 AR
1 24.1°C ., 23.8°C., 233°C. 22.8°C, M3 H %
MR Z M2 AR, B 28 RN, H fem Mk
FH S IR P 22 E B A BRAL, #2255 B K Ocm,
RV S ) H R 250 10.3°C, Y ik 2
RN 2 Sem B, HAFE SR 25 R L 2 7.7°C,
MR B AN ZE 10, 15 A1 20em B, HFE
IR ZEZRIERHIR, 3 7.6°C. 7.1°CHI 6.6C. %5
A HOF-S R A H - R 22, AR AR IR AL
AT AR R Sem,

—+— CK —#RHO —4— RH5 —>RH10 ——RH15 —*— RH20
© 30

H P-4 1tk (°C)
Average daily soil temperatu

[ L Sl
N B N0 O N RN
T T T T

5/18 5/21 5/24 5/27 5/30 6/2 6/5 6/8 6/11

H A (A/H) Date (Month/Day)
RHO H#2 2% Ocm, RHS5 M ZE Sem, RHI10 M#EZE 10cm, RHI5 N
228 15cm, RH20 MiLZE 20em, CK NASERE (XHE), TIHE
RHO, RHS, RH10, RH15 and RH20 indicate ridge height of 0, 5, 10, 15 and

20cm, respectively, CK indicates no plastic film mulching, the same below

B 1 AEEEAEEREH 8cm £ EHFHHIETL
Fig.1 Average daily soil temperature of maize seedling
stage at 8cm soil depth under different treatments
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B2 ARERLEEKREH scm tEFHESMIBEETN
Fig.2 Average the hour soil temperature of maize seedling
stage at 8cm soil depth under different treatments
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AR A A T EcE oK RN, AR E
oK HE PR R0 A R R i K o S
MR 55 0 R AR R U B A, (B[R 7 i 22

1R BT IS K s B B AN (B 3), K
S AN )7 R ke 22 5 R AR B ) P35 0~20em 3
FKEN 192%, i3 (P<0.01) KFAERLL
I EIK AL 13.3%, ML 2B Tok2s 1 Hiri
PRHIEARDL , ACEPRISRN, I0A W 2 R
KA, H R R 285 B r AR, TR KRN
WA, YRR 225 B Ocm BZEINE] 5 F
10em B, JEMIERIFT 0~20em + 558 & 7K 04 B 3%
(P<0.01) ¥4, 43P AidGE T 3.6 15.3
ANE S, YR ZE S N 10em 328 HTHE 2]
15 F1 20em B, RRAMIRE RN T 408 5K & oA BT,
EIEA BEE,
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Soil volumetric moisture
W

RHO RH5 RHI0 RHI15 RH20 CK
KbFH Treatment

AE/NG FRFIRZERIR B EKFE (P<0.05), NEKEFREFRRE

SRR EAKTF (P<001), T

Different lowercase letters indicate a significant difference (P<<0.05);

uppercase letters indicate a significant difference (P<<0.01), the same below

B3 AFEAEENRKEHH 0~20cm TEESKE
Fig.3 0-20cm soil moisture content at maize
seedling stage under different treatments

23  AEGEX R EKARESEHE 0~200cm

Tk EREMm

A4 FEEL K 0~200em +-3ZEI 7K R fA K
A& . HiZEk . (EYZEE LR E N ES R .
JEGEL 22 1) A e it 22 AR A fal S ARV PR B M K B
TNBEN; , KA FRIEK TR B EIAR R, ke
HiL RSP R K I JERE &, e R i
TR AT IR AR TR RF SR, N3 2 ATLUF
i, O [FAEF6 R OKRAN [A) A= B IS 0~200em 1
B K RN TR, 25 5 R BAE ORI A
WA, R EAZE R Sem AL BEIK R B3 (P<
0.01 ) /NFHABANER, 7TREM T2 FEDME T 14
BT AR K Z (B 2P I, RIS T 330 B
Koysani, Hk, ARKEERNR, fFEkEER, F
£ 0~200cm 17K e/, RO HIZE ) 20em +
B K SR, — TS 28R 20em )2 IR
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AR AR A, H—IrmS H K
BRI . mTIRIRAED 7 A MoK ERLH
SR 2.3 4%, AR 0~200em - E K B AE

F2 AERERMERAEEFHE 0~200cm TEFKE
Table 2 0~200cm soil water storage at different growth stages in dryland maize under different treatments ~ mm

2019 4F55 2 H#1

MESANTE AT 2] 1 4h 5, PR eAb B A 2
FE5 o WORIIAN[RI AL R Ak B - S0 7K S8 A 2%
(P<0.01) & T AL B, P-4 AT AL B i

Crops

T WEM WTW W aKW W
Emergence Jointing Heading Filling Harvesting Average
RHO 371.1aA 333.2bB 418.2aA 386.1aA 339.1aA 369.5aA
RHS5 372.0aA 321.5¢C 417.4aA 388.3aA 340.5aA 367.5aA
RH10 371.3aA 335.4hB 412.8aA 385.4aA 347.7aA 370.1aA
RHI15 373.4aA 336.1bB 413.4aA 379.2aA 348.9aA 369.8aA
RH20 373.3aA 346.4aA 416.6aA 387.8aA 340.2aA 372.4aA
CK 366.7aA 338.6bB 413.0aA 391.9aA 325.1bB 366.7aA
MY « bREIRZE Average + Standard deviation  371.2+2.6 335382 415425 386.3+4.2 340.5+ 8.0 369.3+2.0

0 ARVNE FRFREFKBEKE (P<005) , NAIKEFRFREFIAN B EKE (P<0.01), FH

Note: Different lowercase letters indicate a significant difference at P=0.05; uppercase letters indicate a significant difference at P=0.01; the same below

18.2mm, {HAN[RIFE R 28 i B 2 [ A B 3 25 5%
24 AEGEXRHE XS T HEHN
AR AR T R HOKR RN, P &
KA T IR I BN (3 3), AN b
PRI 22 5%, ARBCREIERT T 2d, AL
B, WA RS R, ZBEE R T H O
TR, AR , DI T ali b 3
KL 288 Sem FIZEE 10em BEHIEFARER 1d, 2&
15 15em FIZE W 20em 3R 2d, AS7E EAL B+ 3R

FERAR, DNk TR, BORFAR 5d. BE
TR T HERRROESE, AS[RIAT AL A AR Al
2 WANAER , ATRe S HInE ), AR R 22
ey LA P 3t I 2% S B A N G, AN AL B
HT T AL PR A A 2 R R 22 57, RIS il A
7 A S0 0 2 5 14 BB, A AN A B
AR AR A 22 SR A PGS T 7d. i
DI THemX, BRI T T HUIRAL G, 7E R
A4 BRSO A B 58 4 E B GARIBRE, (ERGA

R3 TEEEMEXREFHRE
Table 3 Growing process of dryland maize under different treatments

AbFR Treatment &R Sowing HH ] Emergence P Jointing FhHE Heading 12244 Silking Y Maturity
RHO 4H27H 5H11H 6 H23 H 7H23H 7H24H ENpES
RH5 4H27H 5H11H 6H24H 7H24H 7H25H ENE
RH10 4H27H 5HI11H 6 H24H 7H24H 7H25H ENE
RH15 4H27H 5HI11H 6H25H 7H25H 7H26H ENE
RH20 4A27H 5HI11H 6H25H 7H25H 7H26H ENE
CK 4H27H 5H13H 6 H28H 7H30H 7H31H ENE

FEA P,
25 AESEITEHEKmERBRMERIIZI
ANEAEE R TR T 3K R BEA oKkAE
ERR, PRS0t 7= o BORH SR 1) s e B S AN ]
(R 4), AR EREER Sem 255 & M4
i aE, FESRHAERK A, BRECHTE R E AR
W B E (P<0.01) RFHMAABMERE, Hrhz
CErr o U4 . 281 10, 15 T 20em 357
6.3%. 0.9%. 5.5% M 6.3%., FHJFEH 285 Sem 4k
PO T R G B RIS, BEZEMR T
TGRS R R EEREIR R 8, AT LU

2B B AR K AR o HRRSPATAL PR 7= A
3 (P<0.01) IR THE B2 S S5em FZEE 10em,
FEMERENLE (P<001) BIEAX, HAE
Yrr=m i B3 (P<001) IR FHATA L. b
JESTAf b P R SRR PP T bR, (R TR L
BEIKAN, X AR A EHL/INTR B v A S oK
ek, BoA UM S R . PR RLER AR AR
o BEZE 5 15em FZE 5 20em 255 r= 2 o &
(P<001) & TR Sem FAEEZEE 10em, 10
YRl B ERT (P<0.01) BEHIEZE Sem,
XA P R SR TR KRN BT, AR Tl 28 e
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s, ST 2B M AR AT it B SRR AR, XX
B FOR PR AR R A . AERAE P2 T ™
BHEFE (P<001) R THAMAT AL, FH4

P IR AL B 11.0%, AJR|ALH 7R 2 [R/1EA T
FESE, WORTE R 4l . 281 Sem FIZE TR
10em #5, WEZE (P<0.01) &F2&E 15em, 28

F 4 AELSEEMERERERER
Table 4 Grain yield and related yield traits under different treatments in dryland

, i 1 FEML (em) FEATEL  ATRIEK MR ORE (@ &irE EPTE BTE (%) BEREE (%)
ﬂli iu‘[’,( ((51’11) . . . 2 2 .
Ear Ear row Grain number Grain number 100-grain  (kg/hm") (kg/hm”) Shelling Harvest
Treatment Earlength .. . . T . .
diameter  number per row per spike weight Grain yield ~ Shoot biomass  percentage index
RHO 14.9abA 7.0aA 17.0aA 34.2aA 579.7bB 32.4cC 126434bB 23 766.9¢cC 86.6aA 49.9aA
RHS5 15.2aA 7.0aA 17.5aA 34.2aA 597.7aA 349aA  13444.0aA 27 540.4aA 87.4aA 48.8abA
RHI10 14.5bB 7.1aA 17.4aA 33.2aA 576.0bB 33.7bB  13330.7aA 25 536.1bB 87.3aA 49.5aA
RH15 14.3bB 7.1aA 17.4aA 32.9aA 573.6bB 339bB  12742.0bB 25 849.6bB 87.1aA 47.7bB
RH20 14.5bB 7.1aA 17.1aA 32.9aA 560.3¢C 33.6bB  12645.0bB 26 506.6bB 86.7aA 44.9¢C
CK 13.3¢C 7.1aA 17.0aA 30.3bB 514.0dD 33.8bB  10514.3¢cC  25923.0bB 87.1aA 45.6¢C

151 20cm FIANFE BEALBE
2.6 AEACEXTRHTE KK F AR
AR EFEK EZEF AR, HIEAFE L
B 7K 3 FHRICR ) 26 57 2855 7= A H [ 1 e 3
(& 4), AR RS R IR B (P<
0.01) A, P30 6.7kg/(hm’ - mm),
IR R 26.6%. FERALPLH, LIZEE Sem FIZE 5
10em 20K o3 R RCR ey, 3 (P<<0.01)
T T Hb A A 28 20em ABFH, 43 51 SF 255 b g
SEAHANIZE T 20em AL 2.1 1 2.2kg/(hm® * mm),
HEE S5 N 6.8% F1 7.2%.

40
£
g L 32.6aA  32.9aA )
Soe B0 T T A 5068
S0
29 25.0¢C
o & 25F
-z
g’fé g2t
==
& by
0 s t
RHO RH5 RHIO RHIS RH20 CK
Kb Treatment

B4 AELGERMERKSFIAKLE
Fig.4 Water use efficient of dryland maize
under different treatments

3 it

BRIRSE R i D FOK I P i — A %
PIZ Pl FORMENERAEY, XA 52 P LA
i, BIE 1°CAOTRLEE 22 B x FORAE KRR B IR
SO N AR A SRR, B AT R R 2
AT H PR, A [ 2 o B AL B B A

AL FREL R T E K 8em HPYIHILIR 1.5°C, {H
2147 MR SES 28 25 BE M Oem B4 E] 5. 10, 15, 20cm
Bf, AT 8em HFHHIE M 20.3 CZ #i kMK K
20.0°C, 19.7°C, 19.5°C, 19.2°C, HpZ& & &
Sem, HFHIHLRRERZ) 0.3°C, X XA X 2
FORAEFERVUEAEF AR . o, HFE R
I 2R PR H e SRR, T RERE S 28
FEERHEIN, 2B R RAR R, R
FIRTEE T, THEFEZMIE RS, FITHREE
XU R4 U ARV Tt X SR TR O AF S rp A 3 T
[FIRERLE SR, Ay ¥ X SEIX A T R 5T i
T B e RSPl A e 2 T PRV A S A A B TR AR
2 g A RS AR T AR R, R
T 22 7 A Tl I+ R B s, X T RE S
PR SRR | b M A L R T ) 7 2R
BREEA M,

2B MR T T A ST IR A, AN
WA, A B AR KRR, AN T Smm
W TR AR A ORI AT T8, $ koK
FFR S O R g, Y B IR 28 1R A Ocm
BHIEIME] 5 F 10em B, BEAUFERITT 0~20em +45
FrK AT B BTN T 3.6 F1 5.3 N SRR,
{H 247 RS 28 5 BE AN 10em W43 15 F1 20em
B, EOEF T A Sk A I, R
AL, REAEZE R R 5~10em FITZERT,
P T 3 B A B AR K RGN . SR 2 R i v
bR T 2 BRE A sh B K S [ L RERERS K
[FJEAL, AT R 2s IR R T A - R R 31 22
PRI FoR A K R BRI ™, 53 AT RE 201 5%
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FEE IR Sca s n— e R MEE

BRI T R A K R P )
REGZ A 1 Fh T B 225 | RS 1Y - iR 3 A1 ) A
MOAT P s A 2B B AR K IVE T, TR S 1 i
FERAT 55 ORI . SRRV KON, FE53 45 T Hh
R 26 P Fe K PR B 1 At g, AR
& Sem W ERE, BERTHETE. 25
15em FIZE 5 20em, 23 A 6.3% . 5.5% F1 6.3%,
HIK 2B 10cm, (HFIZEE Sem Z [8) %A T35 2%
Sto BIMEZE S Sem AW w A W E KT HAAL L
H A U 7E B AL SRR IX ST A B2 25
BINRZE 5 10em 78 AN [R) 45 057 43 591 540 1 JsE~F- At 34 7
21.7% F1 5.9%, AHIFFIA AR R 28 e B 1) ) L
B, IR AR R ] RE R [ AR L K -4
A,

T ZE B NSO T R B 3K 43 A A B TR R
i, FEFEK G —E RGO NN T2 K K,
A RITFAR KR FARCR 22 AR RRAL
PLZE S Sem FZEE 10em A0 FR 7K 70 F1) FH 2R & =
T TSP 22 1 200m AT, SPEATRHi IESF-
B2 20em ARHRATHIEE S 2.1 F1 2.2kg/(hm »mm),
HEE A 6.8% FN 7.2% . AWFFTAUN 1 4RI
WREER, ARAEG S R T e I . [
KA RIRRGL . B SRR 225, XA
it — 5%

4 &g

FEBUK . AR R T X R T R A
) B RR G T, BB (285 5~10cm ) A L)
G fife TR 2B v RGN [ ) MR R AT P A, [ A
AT b IR S AT | PRAR AR KON, HE 733K
TR D DX R R FL A M 15 7 =X

Bl 7 B 28 g R, 2B MR A AT H Sy
MRS, 2B Sem, FORHTREFITT
8em H IR B 0.3°C; M 25 5 M Ocm %
AHEINE] 5 FN 10em B, FEAE KON 23 m, (H
T N 10em B8 0E] 15 F1 20em B, ARk
RN AT AR B B RSR ZE R, oK
AT IR, 287 20em T KRIR T HA H T4l 4
iR 2d, flikfEnt 22 HIAH R HER 2d; A28 5 Sem
10em £ 3% 77 1t 3 K T 2875 15em. ZE75 20cm Al
MRS, HLBE R 2B B Sem Kb B AR B P AL

FERTIHAALIE ; BRI, LIZER Sem FIZE

10em 7K 73 IR e, .35 v T IEE-F- el A 22

75 20em, SFRPECSERFIZE R 20em o34 g 2.1 FI

2.2kg/(hm’ * mm), HEHE/> 5N 6.8% F17.2%.
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Effects of Micro-Ridge Film Mulching on
Soil Water and Temperature and Yield of
Dryland Maize in Cold Areas

Zhang Dongmei, Huang Xuefang, Jiang Chunxia, Zhang Wei,
Wang Xiaojuan, Liu Huatao, Yan Liuying, Liu Enke, Zhai Guanggian
(Dryland Agriculture Research Center, Shanxi Academy of Agricultural Sciences, Taiyuan 030031, Shanxi, China)

Abstract Aiming at the two main limiting factors of drought or water shortage and low-temperature in dryland maize
production in cold areas, an experiment of single factor random block design was conducted in the demonstration base
of water-saving agriculture of Yangqu County, Shanxi Province. Five half-mulching treatments with different ridge
heights were set up to study the effects of micro-ridge film mulching on soil water and temperature and yield of dryland
maize in cold areas. The results showed that the average soil temperature of film side sowing line 8cm decreased by
0.3 for every Scm mulching-ridge increase by Scm; when the ridge height increased from Ocm to Scm and 10cm,
the soil water content of 0-20cm was significantly increased by 3.6 and 5.3 percentage points (P<<0.01); For every
10cm of mulching ridge height increase, the jointing stage of maize was delayed by 1d, and the stage of sprouting and
silking was delayed by 1d. The economic yield (P<<0.01) of the ridge height Scm treatment was significantly higher
than that of the ridge height of 15, 20 and Ocm treatments, and there was no significant difference with the treatment
of 10cm ridge height. The water use efficiencies (WUE) of the treatments of 5cm and 10cm ridge heights, which was
significantly higher than that of the 0 and 20cm ridge height, and the average increase was 2.1 and 2.2kg/(hm’ - mm),
which were increased by 6.8% and 7.2%, respectively. The results showed that micro-ridge mulching (ridge height
5-10cm) could coordinate the contradiction between the two of increasing soil temperature and micro-collecting water
by increasing the ridge height. And at the same time, it can take into account the effects of mulching of increasing soil
temperature, preserving soil moisture and micro-collecting water, and increase yield and WUE. It is an appropriate
mulching method for dryland maize in cold areas.

Key words Cold areas; Dryland maize; Micro-ridge film mulching; Soil water and temperature; Yield



