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Effects of wide ridge and double row planting of maize in cold regions

HAN Yi-qgiang', GAO Ya-mei', ZHENG Dian-feng’*, DU Ji-dao®
(1. College of Life Science and Technology , Heilongjiang Bayi Agricultural University , Daging , Heilongjiang 163319, CHina;
2. College of Agronomy , Heilongjiang Bayi Agricultural University )

Abstract: To explore the mechanism of yield improvement and proper density of maize under wide ridge and double
row cropping, an experiment was conducted with three planting densities by using narrow ridge cropping as the control,
and soil temperature, soil moisture, illumination intensity and yield traits were measured. The results showed that wide
ridge and double row cropping had little effect on soil temperature, but increased soil moisture in O ~ 20 em layer. Under
the condition of wide ridge and double row cropping, the light capture of top leaves in furrow decreased, and the bottom

2.5~ in the treatment of

layer of plants (1/3 above ground) remained certain illumination intensity (72.5 pmol *m”~
high planting density (60 000 plants* hm=2), which contributed to decrease rate of barren stalk and to increase dry
weight obviously at milky maturity stage. The yield of wide ridge and double row cropping with high planting density
(S3) was 9 193.5 kg-hm ™2 in 2008, being 911.3 kg*hm~? higher than the control (CK3) . Wide ridge and double row

cropping affected yield mainly by increasing soil moisture and regulating illumination intensity among maize population .

Keywords: wide ridge and double row; maize; yield; illumination intensity

FORBUARAL R ZE BT ELHE i 7= FE B A (fR A
CRZERUAT™ ) S FH 322 B 5L 4 S, A K R XL
BUEOR B EAT ORI — Bl A AR A
R A 2530 o 0 R XA TR ) R AR SR 25
FGERHER I E 73 B, 75t T KRBT FE 75 2
(15 2 R AT B AR A i P i )
TeAFEPEDRE Y, D6 A R S S MM A K I O 85
PG SRR VIR 2 o T 753 S 09k B 1o s
Ttk 77 2 PRI A A 3 A AR Dt ] LR i ol e 2

75 B #3:2013-06-30
E£mA : EHE T HRHE TR H (2012BAD20B04)

AR =3 BRI R S I AN ) 2B AR f 3
LT S AH N O RER 54, e R 2B Rk Uy =02 A R
FPAR i IR K 2 RO PE T, ()i T A, D't
BB P SR G B 6~ 7 JT Rk -
SCAEAFIFTE U RN T4 7 20T LA 1KY
TEPRZE Y, I3/ 8] 5 4 , NITTAT RO G T KA
POLIERAE SR REHAEREM IR 2 M T HF KW
PR ORI BEE 2 T2 A TG A A
o7 (R 5 7 SRIRAT R 1) it o 2 7 1 B M S8

EZ BN 8 5R (1976—) , B WL E AL PRIT B4, T2 NI A B AR ALAFSE o E-mail: hygd20@ 163 . com,
BISEE A E R (1973—) 5 BRI W4, BN FIEY R 8% F ST o E-mail: djdbynd @ 163. coms,



554 1

TR AT JE X TR R IEXRUT HARREOARMTTE 129

PE, I FRATITE SRR VAR B X\ LE A 98 T
AN RAE R BE R RZERAT RN, L3R | 3
KA DGHRERE 7 S B AR AR B, DU
N S AR FE XA TR ZE XA T HORTT T Jk A

1 MRS

1.1 iX3ashiisR

TR B F 24 e VLA N AR S B BT i
i, LB FH L AL i 29.5 g-kg T AR
0.99 mg- kg™ ', BB WE 1.30 mg- kg™, HALEP 1.28
mg-kg ™', HFZ 18 ~ 20 em, HIE N H . B ZEIT 22
7 2RGAL 40 emo SRR R AP LB IR AL KL (N: P,05
:K,0 = 15:23:10)450 kg* hm ™2, F ARk 28 1 it A
375 kg hm™2, R I = A0 43 )2 UR B JIE, R B 20 ~ 30
cm;75 kg'hm_zﬁﬁﬂ,fﬁﬁlﬁﬂ'ﬁ 5~ 10 em b3 PR 2
A ahFh R ESNS.

1.2 Rt 5A%

R I BEAL I ZH BT, X Bk 65 em /N2
(CK) , BB J5 1 BT R TRHA 35 emo KZERUATAL R
FH 130 em RZE(S), 28 B BT, AT W 2 AT R, 28
EAEATER 50 em, ZE[E]RATER 80 om, 7E4% 5 i IR
BOR TR, BRI 28 & /MT R RI TR FA 25 em, ZBH TR 35
emo 2006, 2007 AF XF M 1 A FlRE B 4.5
itk -hm™2(CK1) , AL BB & 3 AP EE, 43 5K
4.5 Jitk-hm~2(S1).5.25 Ji#k -hm~>(S2) F1 6.00 J7
k- hm™2(S3) 52008 45 % MR A B8 ¥ 3 Bl 2
o IR = WER L MK 10 m AT, 8 IT X (R
ZEXATH 4FTIX) o 2006 AE I & T F KA 25 FF
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WDM) \ EKZSFF2 7 i F B B D e 4Ok
HE 58 3 (Tllumination intensity , 1) 3% A HE - FR 52 s
7 14385 K 00 (Soil water content, SWC) ;2008 4Fizt
B 5 T 439 ( Soil temperature, ST) | £ 3 & 7K
i E TR R R KT AR OGP AR B ROk B
(Kernel weight per ear, KWE) ,## 4 ( Ear length, EL) .
TEH (Ear diameter, ED) . #47 %% (Ear row number,
ERN) . HK $4 (Kernels per ear, KE) . A i 5 ( Weight of
100-kernel, WK) . 78 22 (Bare tip length, BTL) , 22 22
T (Head smut, HS) , #k & (Plant height, PH) | B4 /5
(Ear height, EH) \ZE#1(Stem diameter, SD) F1Z5 #13
1.3 HuiEshE

L Microsoft Execl 2007 F1 SPSS19. 0 e i 4:

AR T BT
2 SRSt

2.1 RZEITEBBAINLEERENZMW
AL FEM AT 280 Hoh — A~ B H I Z N
TR, 2008 4FRE 4> 5 AT XL X
10 em VA HHEREE AT Tl 6 H 1 HA 6 H 13
H (P00 PR P R B 26 2 AR/, B & T CK1
S1RHHERE ., 25 2R 130 em K25 65 em /)
ZEFE 10 em ALY 3R B WA B 5 AR L, 8 130
em 5 65 em /NE—FEEAT YR R /ER, WL
1.
F1 AZWTHEEHIEREOHEM/ C
Table 1  Effect of wide ridge and double row cropping

on soil temperature

FhRE 2 H ] Date(M - d)

Planting

pattern 06-01 06-13 07-04 07-15 07-27
CK1 18.2a 21.5a 23.5a 27.3a 24.0a
CK2 — — 23.5a 28.0a 24.1a
CK3 — — 22.8a 28.0a 24.0a
S1 18.2a 21.5a 23.4a 27.8a 24.0a
2 — — 23.0a 28.5a 24.0a
S3 — — 23.0a 27.8a 24.0a

7: (1) CK1,CK2,CK3,81,52,83 53 346 /N2E 4.50 J#k + hm =2,
/NJE5.25 Tk - hm™2 /NE 6.00 Tk - hm =2 K ZBXUAT 4.50 T Hk -
hm ™2 KZEXUAT 5.25 T bk - hm =2 K ZE AT 6.00 T3 #k - hm =, T [l
(2) [A—FI N FEARCREURAE 5% /K F-LL A B2

Note: (1) CK1, CK2 and CK3 mean narrow ridge with 45 000 plants*
hm™2, 52 500 plants* hm~2 and 60 000 plants* hm~2 respectively; S1, S2
and S3 mean wide ridge and double row cropping with 45 000 plants*hm™2,
52 500 plants*hm~2 and 60 000 plants*hm~2 respectively. The same below.
(2) Same letters in same columns mean no significant difference at P <

0.05.
2.2 REJUTEBR A LK S HIZN

2007 .2008 4F- X 22 A+ HEAK 4 &, 455 R AE
0~20 cm )2 RZEWAT AN & T L4 5K &
(£2), ZMEE, f£20em LEN(FEHEE 1.13
grem ™), FHOKS RS 1A E S Y TR
Wi 2K 22.5 to 75 HE T 5S40 2007 4E 7 H
25 H RZEXUTHERTIRZ K 51.8 t~hm ™2, 53X X 2 fift
A RARR AT FRRETRA AT U AR R R B
BF ), T 5245403 (2007 4F) KZELEXT IR Z K 9.0 ~
51.8 t-hm ™2, JE T F4E4 (2008 4F) K ZE X IR Z I
7K 20.3~56.3 t*hm~2,
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Table 2 Effect of wide ridge and double row cropping on soil water content
R - 2007 2008
Soil depth . - 6 H 6 H 6 H 7H 7H 7H 6 H 7H 7H 7H 8 H 9H
/cm 5H 15H 25 H 1H 15H 25 H 13H 4 H 15H 28 H 27 H 16 H
Jun. 5 Jun. 15 Jun. 25  Jul. 1 Jul. 15 Jul. 25 Jun. 13 Jul. 4 Jul. 15 Jul. 28 Aug. 27 Sep. 16
CK1 13.4a 13.4a 11.5a 24 3a 18.4a 12.4a 21.6ab 21.7a 13.0a 27.0a 24.8ab 24.2a
CK2 — — — — — — 21.3b 22.4a  13.5a  23.8bc 23.5ab  24.8a
CK3 — — — — — — 21.9ab  20.8a 13.7a  22.4¢  22.7b 24 3a
0~10 S1 13.5a  13.9a 11.6a 24 2a 19.7a  13.2a 22.8ab 22.3a 13.9a 27.la 25.2a 25.1a
2 13.4a  14.3a 11.0a 24 .5a 18.9a 13.1a  22.1ab 22.8a 13.6a  23.6bc 24.lab 25.7a
S3 13.6a 14.2a 11.5a 24.1a 18.6a 12.1a  23.4a 20.9a 13.8a  25.lab 23.1lab 24.6a
CK1 19.9a  20.4a 19.9b 24.4b 22.4a 15.2b  25.3a 21.6b 16.0a 26.9ab 23.7ab  25.1a
CK2 — — — — — — 25.6a 21.5b  14.6ab 25.3ab 23.9ab  26.la
CK3 — — — — — — 26.4a 23.9a  14.5ab  24.3bc 22.9b 26.1a
10~20 S1 20.5a 21.7a 21.9a 24.9ab  22.3a 16.7a  26.6a 22.9ab  16.5a 27.7a 25.1a 25.7a
2 20.2a  20.5a 20.8ab  24.9ab  22.1a 15.7ab  26.8a 23.8a 14.1b 26.2ab 24.2ab  26.2a
S3 19.7a  19.9a 20.1ab  25.8a 21.9a 15.1ab  26.9a 23.5a 14.6ab 25.9ab 22.9b 26.9a

T« [l — 2 JRIRIE (6 — 8 A )RR BB AE 5% KF UL EA B EE2RE SR

Note: Different letters in same columns within same soil depth mean significant difference at P < 0.05.

2.3 REIITERBEARXBE L REE

sEA

x3 AEZERZEXITEMEIT
St HRSR BRI RN/ (pmol - m 2+ 1)

O BERI P 1 e IR T DIR853 5 3 ) —
ANEEI T EARNMUEE, M HAEE G RE 73R
TIRIEIT R 11 = YRR, PR I R KRB AN A B Ol
WA R AR R . A5 SRR, TE R S 3% T R 2B
TTALHE ST 5 CK1 AH LR 28 G Ab FN 28 30 Ak 1) S R 5
FERBIE TN B R R 1 28 B 1 I, B P ) O B
FERE AR, 24 28 WUAT Ab B BRE 44 9% BB L %k BE 189 m
16.7% (S2, % M 5.25 itk -hm=2) WF5 CK1 ok
WEGREEAH Y o LI KB R T 28 VA A e I
SR I 2 v TN 2E BV o R ORZE U T L /s
BT, LK ZE AT O TR R A B R
KEFARGEH, 25 Tl RGBS, W3R 3. BTl T 8m
S HER FH 238 AT DASE 2438 T 6K 00 R 2 5, (H i 14
B FEAN AT kA3 HE N, 2k B S A AR % B s | R
R PR S Y R B (058, AT S 7=
2.4 RZVITHERAWEXTFURBAZHZMN

TEEAET N, 20 =N EHE XA F A 3 F
TERA T B TN, 45 SR R S1.82.83 =AMk
PN RN T B4 — o =t 193 i (BRI Y
S1 Ry N TR ) . S3 AbHRAE R ml O~ +
P S T EFLAGIR N T R T E AR
T EE S T R R R A R T AT
PR L3R 40 DR BARR T R E i, 25 3R
B S1 B e K, S3 /e BRRRFPRL T EWAT A
XRPELAE , U6 A R R, e 4 B AR A
PREER E A S 3

Table 3  Effect of wide ridge and double row cropping with different

planting densities on illumination intensity

i e 3 1/3 ¥k 2/3 Bk
Position  Treatments Land 173 plant /3 plant
surface height height
CK1 40.0a 65.0a 100.0b
B sl 55.0a 62.5a 152.5a
Ridge 2 45.0a 65.0a 100.0b
s3 40.0a 55.0a 65.0b
CK1 60.0a 80.0a 130.0b
B sl 70.0a 90.0a 205.0a
Furrow 2 60.0a 90.0a 200.0a
3 60.0a 90.0a 200.0a
CK1 50.0 62.5 115.0
Ty sl 62.5 76.3 178.8
Mean s2 52.5 7.5 150.0
s3 50.0 7.5 132.5

s [Jl— 8 R — 8 AR B REETE 5% /K FLL A W
EPEER,
Note: Different letters in same columns within same position mean sig-

nificant difference at P <0.05.

2.5 REJITEBEAMERZFRIZIM
SRR B KA o WA IR, 25 FF R S IR
LR EK B K. 7R AR IOR Z i, A 4
KEARBEAT TS FRI A 45R 2R, B
AR REA) 2 FF AR 22 S BOR, HJE R ZB XA T 19 25 A 3R 0
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ZART X IR, RIGEAE S EEHE N 33.39% (S3,6.0 J7 Fk -
hm ™) (AL ARG, DL 5. B R 2B WUAT AL
PG XGBOEA A AR 2 AT R 2 e U R A
Ao IR, RIEXUTRER 5 R84, 25 F P

JRIEIN AESE N i BN BT, U T
RIERUAT S ey T LAAE R A 5 B 3 39 i i 0 1
DRAFRCAR A ZS AT 3, AT AR e J3E st fi vy 17 BN T
BURERI, o 4 i = i A B

x4 AEBEAZNTAEXNEXRTYURREBNAZM/ (grm?)

Table 4  Effect of wide ridge and double row cropping with different planting densities on dry matter accumulation of maize

Hil] pNCIL/NER ] FLAIIR
b Seedling stage Bell-mouthed stage Late milky maturity stage
Treatments Lisd - R EY i R EY H: el KPR
Root Leaf Root Stem Leaf Root Stem Leaf Spike Grain
CK1 10.35a 21.60b 18.81b 63.95a 52.83a 64.80b 203 .40b 205.20a 1039.95a 638.10b
S1 9.90a 22.05ab 19.85b 69.97a 59.94a 64.80b 209.25b 224.10a 1041.30a 641.70b
S2 10.50a 24 .68ab 21.21b 69.88a 60.06a 71.40a 228.38ab  208.43a 1082.55a 717.68ab
S3 11.40a 27.60a 24 .24a 68.22a 64.62a 71.40a 259.20a 218.40a 1167.60a 764 .40a
T i — S N AR FRARREEAE 5% K VUL LA BEM2ER . T,
Note: Different letters in same columns mean significant difference at P <0.05. The same below.
R5 TEBEERZFTAEN ERZFENZID %
Table 5 Effect of wide ridge and double row cropping with different planting densities on barren stalk of maize
b3 2006 4FZE TR 2007 4FZEFTF AR 2008 4FZEFT AR PR R Y CK1 AL
Treatments Barren stalk rate in 2006  Barren stalk rate in 2007  Barren stalk rate in 2008 Average barren stalk rate Comparing with CK1
CK1 3.81a 11.65a 7.23a 7.56a —
S1 3.36a 3.90b 4.87a 4.04a -3.52
S2 3.32a 5.73b 5.57a 4.87a -2.69
S3 3.65a 6.25b 7.03a 5.64a -1.92

2.6 RZERITEBEANEX=EHERORME
AR ER (B ) BRI L T
JEAR B, FE AP REORL BRI, FORLE (o) 5 AR L 12
IEAHRIE(R 6), R At R SRR ML AR R
SRR R RO B R A R R

51 5.3%.7.6%F1 11.0% , = % B AL HL K B 35 7K
FM R ZE XA THOA TG A = B B . 7ERZEXU T
T, S2 (= e ST 34 10.2% , 17 S3 Eb S2 14
I6.5% , 13 W] Bl 25 2% BE %) 364 10, 38 77 e 32 38 ¥ ik
550 PRI HREAE — 7 (A PR 3 2 1 I % B

AR B 2 8 8 B R WU T L/ N oK ™ i3l 4

6 RZEWATAIEN E K EMEKAIRMT(2008)
Table 6  Effect of wide ridge and double row cropping on yield traits of maize

e /% HiK /em FiHL/cm HATEUA BERLE/AS FRLE /g Hpk il E /g I
Treatments BTN stalk Ear Ear Rows per Kernels Weight of Ear weight /(kg*hm~2)
rate length diameter ear per ear 100-kemel per plant Yield
CK1 7.23a 24.8a 5.03a 14.67a 41.5a 29.1a 177.5ab 7413.0d
CK2 7.07a 23.9ab 4.99a 14.67a 39.8abe 28.1a 162. 7he 7931.6bed
CK3 8.97a 23.4ab 4.87a 14.50a 37.1c¢ 28.2a 151.7¢ 8282 .2hc
s 4.87a 23.4ab 5.11a 15.07a 40.3ab 30.0a 182.7a 7812.0cd
2 5.57a 22.3b 5.04a 15.13a 39.4abe 28.9a 172.3ab 8530.5ab
s3 7.03a 23.3b 5.05a 15.13a 37.9he 28.8a 164.8bc 9193.5a

X ARR R A RGN, g 3> 52> S
> CK1, fERZEXWAT AT, Y% EEHE N 16. 7% B
(82,5.25 Jitk-hm=2), kb CK1 37 15.3% , 2% )&
BN 33.3% 5} (S3,6.00 J7Fk-hm~2), bt CK1 % HE 3%

IR E A, M S1 A FEEE T CKI

7221.8% (WK 7). &ia TR ERNGER, &
ST S3 A S2 Y i T S1 AT CKL |y =

, R

BOEIA IR A SRR SR R R
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Table 7 Effect of wide ridge and double row cropping with different planting densities on yield of maize
Ak B 7 E Yield A /o
Treatments 2006 2007 2008 44 Average Yield increase
CK1 7447 .5b 6723.0b 7413.0b 7194.0b —
S1 7617.0b 7041.0ab 7812.0b 7489.5ab 4.1
S2 8830.5a 7524 .0ab 8530.5a 8295.0ab 15.3
S3 9199.5a 7890.0a 9193.5a 8761 .5a 21.8
25 3y AT
4 N &j‘j 0o
3 45
FARPBAR BN T B R L EBAR—T & % X #:

CEATEHOR . IR RPER AR ZE BT AT LASE & 0 ~
20 em )2 H ) HHES KR, 7E T R X R
AR AR ZE ARG TR X a4,
TEBE FERA N 33.3% J VG IR AT SR WA B0/
TR AR T A5, ¢ LK 2B WU 7 A B 55 ) BT I T R i 4
AHIF A BT, AT 4 8 R J2 i R Y R BAIR
ZERTA H AR S LR 0T AR RS
AR IR ZE WA TRMEIE 2T R AR A 17 45 P
AP 18 A ERTEHARZE , 25 T30 KGOk,
PREDEREFI R, I e T s oAb AR g
RINKZE AT H#35 07 0T I M S e R e 4517, B
A IDATRON R ]S 4, i T FORBEAO B IR A%
3w REMAOE RE A A RU2- B R R B 45 #r 15
L A A IR P i e TR A S R R
FECHE I, AH [R5 T R 2B WA T B AR 1 7 1 22 25l
SUE =y YA I R TR AV E @ 1] (Al s S D Vi
o RZEXT @ % 5 F (6.00 Tk - hm™2) 7=
B CK3 72 11.0% . 2008 4F K ZE W4T H AR
TEARE M B ABIEOLT  MEERHE 7 221k,
FEXF BRI 7™ 911 .3 kg-hm ™%, B A WUEIRL 1 275.82 70
(FATHL 1.40 JC- kg™ ") o ZRA 00T, AT R
FHRZERATHA T LIS =i . Pioks 28 5 v] DIAR I
JIT 5 FH i ol L BRI A 285 B2 2 39 0 20% ~ 30%
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