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T T 0 AN ) 35 R 8 K R AE 1 LS B, SR RUBR AT EoKRTR B 610 |1 55958 (YD610 |1 ZD9S8) IR ME Rk =i
AHIE FRAR R 662 |1 V2 20( DH662 |1 XD20) [RIRAE , B 5% N [R] (VR AR 4 P AR =X A R [BNRAVE R 7= 5 sl pk |
AR K A/ NN, 455K B1.YD610 |1 ZD958 1 DH662 || XD20 AR MERE AL L BAE A BB RIS - 50R, B
FFEK YD610 |1 ZD958 [HNRAELITLE 2:4 (12:4) B+ 3> 5 L (LER) f 57, 12:4 B9 LER 2850 LUAT LE 101 (11:1) AT Lk 2:2(12:2)
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JEIRDL , (AR T RS BORGA R4, UL, SRR oK SRR A e VR B, BOR AT L 2:4 [ B (2 17 FF
ERAl 4 AR LA ) 5 AR A I TR SR LR AR, FUOR AT LG 2:2 AR BRI

SRR TR ANRAE AL JE AL b Y b

Optimum stripe arrangement for inter-cropping and mixed-cropping of different

maize ( Zea mays L. ) genotypes

ZHAO Yali'?, KANG Jie', LIU Tianxue'”, LI Chaohai'* "

1 Agronomy College, Henan Agricultural University, Zhengzhou 450002, China
2 Regional Center for New Technology Creation of Corn of Department of Agriculiure of People's Republic of China, Zhengzhou 450002, China

Abstract ; Inter-cropping and mixed-cropping can increase the yield and stress resistance of maize. The inter- and mixed-
cropping of different maize cultivars with different mature plant heights can improve aeration and transmittance conditions
and increase the leaf area index, marginal effect, and rate of photosynthesis, all of which can increase grain yield. The
inter- and mixed-cropping of different maize cultivars with different levels of resistance to disease, pests, lodging, and
drought can also increase yield size and stability. The yield of maize can also be increased by inter- and mixed-cropping of
different maize genotypes. In all these cases, suitable stripe arrangements are vital to success—here defined as creating a
larger, more stable yield. However, previous studies on inter- and mixed-cropping have mainly focused on 1:1 stripe
arrangements. There is currently a dearth of research into optimal stripe arrangements for inter- and mixed-cropping of
maize. For these reasons, the present study was designed to investigate the effects of stripe arrangement on inter- and
mixed-cropping outcomes with respect to maize yield, resistance to disease and lodging, photosynthesis capability and
microclimate, and establish optimum stripe arrangement for inter- and mixed-cropping of different maize genotypes.

A study with four maize cultivars: Yudan 610 (YD610, 281 c¢m, high resistance to Curvularia Leaf Spot) , Zhengdan
958 (ZD958, 246 cm, susceptibility to Curvularia Leaf Spot), Denghai 662 ( DH662, 254 cm, high resistance to
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lodging) , and Xundan 20 (XD20, 249 c¢m, susceptibility to lodging) was conducted during 2010 and 2011. The inter- and
mixed-cropping system YD610 || ZD958 incorporates the YD610 and ZD958 cultivars, which differ markedly in height.
This system was implemented in Luohe and Zhengzhou. The treatments were an inter-cropping raw ratio of 1:1 (I1:1),
inter-cropping raw ratio of 2:2 (12:2), raw ratio of 2:4 (12:4), mixed-cropping (M), and two monoculture cultivars
(YD601S and ZD958S). The inter- and mixed-cropping system DH662 || XD20, which incorporates DH662 and XD20,
which are similar in height, was implemented in Anyang and Xinxiang. Six treatments were used in each inter- and mixed-
cropping system. Specifically, these treatments were an inter-cropping raw ratio of 1:1 (I1:1) , inter-cropping raw ratio of
2:2 (12:2), raw ratio of 2:4 (12:4) , mixed-cropping (M), and two monoculture cultivars ( DH662S and XD20S). The
effects of stripe arrangement yield, land equivalent ratio (LER), resistance to disease and lodging, photosynthesis, and
microclimate were studied in both inter- and mixed-cropping systems.

The results showed the yields of YD610 || ZD958 and DH662 || XD20 inter- and mixed-cropping systems to be
significantly higher than that of either monoculture system. The LER of raw ratio of 2:4 (12:4) of YD610 || ZD958 inter-
cropping system was 8.1% , 2. 1% , and 1.2% higher than the treatments with I1:1, 12:2 ) and M. The LER of raw ratio of
2:2 (12:2) of DH662 || XD20 inter-cropping system was 6.2% , 4.0% , and 9.3% higher than the treatments of 11:1,
12 :4, and M. Higher resistance to disease and lodging, better aeration and transmittance condition, larger leaf area index
(LAI), and photosynthetic rate ( Pn) of inter- and mixed-cropping systems were found to be the main causes of the
increase in yield. The results suggested that a raw ratio of 2:4 (2 rows for the taller cultivar and 4 rows for the shorter
cultivar) was the optimum stripe arrangement for maize inter- and mixed-cropping systems incorporating cultivars of different
heights, while the raw ratio of 2:2 was the optimum stripe arrangement for maize inter- and mixed-cropping systems

incorporating cultivars of similar heights.
Key Words: maize; inter-cropping and mixed-cropping; stripe arrangement; genotype; land equivalent ratio
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1958 (ZD958) B 662 ( DH662 ) FIVE B 20(XD20) , Horh ¥ B8 610 Fk 1 281 cm, it 25 7o B - B0 5 452
958 PR 246 cm , iy B TR B B0 , A R A R A A ] A PO 1 AR AERE R YD610 |1 ZD958, 7E
PRI A 473055, YD610 |1 ZD958 [H IR AE R 1R 1 4 & 43 il A5 ic . YD610S (YD610 HLAE) | ZD958S
(ZD958 HfE) T ([EVEATLE 1:1) (1222 ([AMEATEE 2:2) \12:4 ([IFEAT EL 2:4) T MOIRAE) o B0 662 Bhim 254
em , BEA7 55 89 em , PUEIMEDR ; 12 F1. 20 R 249 em BN 5 113 em , HUEMERL2E | — 35 415 H RO S AR I T {5
PEEAMERAEREAR DHO662 |1 XD20, 76481 £ Al FHiE AT 5, DH662 || XD20 [HIRAEREA M4 G 53wl brid
1 : DH662S( DH662 HLfF) XD20S(XD20 HL4E) (11:1 ([RIFEATIL 1:1) (12:2 ([AIFEAT I 2:2) (12:4 ([HEAT X
2:4) I M(IRTE) .

F1 BA M FSMLAMBAER T ESKEE

Table 1 Geographical positions and main meteorological data at the study sites of Luohe, Zhengzhou, Xinxiang and Anyang

Lk PR 234128 o AR H R £ YRR R REK
Q"tm Geographical Longitude Frost-free Annual average Annual average Annual average
olte

position and latitude period/d sunshine duration/h temperature/ °C rainfall/mm

- ; 113°27'—114°16" E
»,\\D i A &y A
B AR 0 aresor n 225 2359 14.7 786

. , . 112°42'—114°14’ E
“l‘ v N 3 .
FBIH T g A8 AR AL 34°16'—34°58' N 220 2400 14.3 640

. 113°30'—115°30" E
P T ‘
g T A LR 34955'—35950"N 210 2384 14.0 607

113°37'—114°58" E

7 N VAAN=] £y
%I TR A B AL 35912'—36°22'N 200 2229 13.2 569

BEMLIX AR I 1T, 3 WER , rgdbdr e, A/NXCFPAE 12 17 (12:4 AbPRFPAE 18 17) , 171 60 cm, %
B 67500 #k/hm* /NXTEFIA 7.2 m x 10 m(12:4 ZH/NXEFL10.8 m x 10 m) , PIEHF 6 H 20 HIEFN,
10 A 2 HWlgk, AW N 270 kg, P,0, 135kg, K,0 135 kg, Hirp | B AL A0 AE AE K 7 FLAE — U 4 50 it
AL THRNENHE 4:6 Ho o BIFES T AR R O , #EFPS DE5E K, T Ja SRE K ok, Heg 7
[F]— MR,
1.3 w5 A7k
1.3.1  FEAE G AR I

Foknk 221 RN X AL B A AR AR 10 A7 A5, FH LAI-2000 8 4 56 /2 43 B 4300 7 5 K B A v R
TEBIEIER , [FIEE, Y LI-6400 {545 200 A A A PR 0 e B A B AR Ak
1.3.2 MRS ECREHE A R

TR 227 B/INX A SRR 10 ARAERE , SR A S ARV i T AR, I S e I BRE R, Rl 4% A Ry
JEHE 3 ARAEIE , F LI-6400 #5005 00N 16 A MR = i i &R (Pn)
1.3.3 3 MEURIE O A

2011 49 H ) JEAHT & F FH b X FOREMRIE O, BRAVEESL A 20 PR, [/ 2L 3045 JF 4% A [A]
FhEATIR A, DIZEFF 53 B 7 0 KT 459 RN . 2011 48 9 H T A), T8 A IR E KR BER & AR 1B, B
VEFE SR 20 A, [RIVEAL BN IR R AR SR A T A, $BR A ST B g He 4k .

TR = [ X (B PIRMREOH R BB /P SRR = 5] x100%

1.3.4 ify=HLH Y5 (LER) BT

WK A/ N X IR ] 4 47377 (12:4 AbFRYAR TR E) 6 47377 |, RRAES SRt IR A=t
A YL

LER = X yi/ X yii

o,y S B T P TRV R A 45 i R 8 ST 7 oy A % S B R BRI AR B =i
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FIFH Excell FEATEEALFR  FIFH SPSS 17. 0 XHREG B R AT 24 57 B E MR
2 GRE5HSH
2.1 [ENRAERERT 4 b Y i H A K ™ B 5

Y G (LER) BB AP My i - R PR DY B FFHE L YD610 |1 ZDOS8 (MR AERF AR 12:2 . 12:4
M AR LER KT 1,3 sAER ™= (K 2) . 4 ARNRIEALIE P, DL 12:4 Zb3E (A7 2:4) 19 LER K,
YD610 || ZD958 [HVRAERFIA N 12:4 AbFRAF-44 LER 435I L 1101 12:2 FI M AP 8. 1% 2. 1% M 1.2% , &
9K 2011 AL BHATHT £ Hb X E AR B0 T 7™ 8 MR (AR S AR5 BC DH662 || XD20 HHEAEREAR LER ¥k
T 1, R T REAE (£ 3), 4 DRREAFE T, DL 12:2 40 F (471 2:2) AY LER f K., DH662 | |
XD20 [HRAEREAR N 12:2 Zb3F-44 LER 435 L T1:1 12:4 AT M Zb35 6.2% 4.0% F19.3%

F2 YD610 || ZD958 ER(EBF LSt ESR
Table 2 Differences in land equivalent ratio (LER) between different intercropping and mixed cropping systems of YD610 || ZD958

A4y Year HhAL Site 11:1 2:2 12:4 M
2010 S0} 1.01£0.03 b 1.09+0.05 a 1.10£0.01 a 1.08+0.01 a
FBH 0.97+0.07 b 1.05+0.04 a 1.05+0.02 a 1.04+0.02 a
2011 0] 0.99+0.08 b 1.04£0.06 ab 1.09+0.08 a 1.10+0.07 a
FBH 1.00£0.01 b 1.02+0.03 b 1.05+0.05 a 1.02+0.02 b

B A B AR e DR 22, R TR FROR 2257 1K 5% R K

%3 DH662 || XD20 ER(EB A LN BILER
Table 3 Differences in land equivalent ratio (LER) between different intercropping and mixed cropping systems of DH662 || XD20

A0} Year L5 Site 11:1 2:2 2:4 M
2010 g | 0.95+0.04 b 1.060.02 a 0.96+0.02 b 0.83+0.01 ¢
7 0.9320.02 ab 0.96+0.00 a 0.92+0.04 ab 0.91+0.03 b
2011 4 1.000.05 b 1.0420.01 a 1.040.05 a 1.03£0.04 a
e 1.00£0. 06 b 1.06+0.07 a 1.04£0.05 a 1.00£0.05 b

B N B AR R 22 R R PR FOR 22 Sk 5% RE K

FIEFFHAEC YD610 |1 ZD958 [H)IRAERFARRR 11:1 AbFEAN  12:2 12:4 F1 M AL FR{Y YD610 FI1 ZD958 3 b
VeI 3 7= (Fa) JHod  ANEAEBER T 9 YD610 L YD610S 314 728 . 5% , ZD958 1. ZD958 S - 34 44 7

£4 YD610 |1 ZD958 iERIEBE k= B Lh i
Table 4 Comparison of maize yield between different intercropping and mixed cropping systems of YD610 |1 ZD958

;Fﬁf i;ﬁlf Il :1 2:2 2:4 M YD610S ZD958S
2010 R YD610 |1 ZD958 774/ (kg/hm?) 6868.1 bc  7423.0 a 7546.4 a 7361.3 a 6612.7 ¢ 6984.0 b
5 YD610S 477/ % 3.9 12.3 14. 1 11.3
8 ZD958S W77/ % -1.7 6.3 8.1 5.4
I YD610 11 ZD958/ (kg/hm?) 8389.9 b 9110.2 a 9245.4 a 9047.2 a 8264.7 b 9096. 6 ab
% YD610S 457/ % 1.5 10.2 11.9 9.5
55 ZD958S 72/ % -7.8 0.2 1.6 -0.5
2011 B YD610 |1 ZD958/ (kg/hm?) 4338.5 a 4563.5 a 4799.0 a 4533.8 a 4363.4 a 4459.3 a
5 YD610S 3477/ % -0.6 4.6 10.0 3.9
%55 7D958S 172/ % -2.7 2.3 7.6 1.7
M YD610 |1 ZD958/ (kg/hm?) 7757.3 b 7970.7 ab  8243.1 a 7905.0 ab  7678.6 b 7896.0 ab
% YD610S 457/ % 1.0 3.8 7.4 2.9
5% ZD958S 7=/ % -1.8 0.9 4.4 0.1

AR FEHRFRZEFIE 5% BEKT
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3.2% , 1E 2011 4EBIUR LA ARGy, MR ML AT DH662 || XD20 [a) IR MEREIA F ) DH662 F1 XD20 [FHER M
HHL BRSSP (e 5) . Ho | [ERAEALEE Y DH662 H DH662S -1 1. 6% , XD20 e XD20S -3 =
4.8% , IREEEARE YU B NPT G M R B VR R A T DU S oK L IR K E R AR R
FEo Ho R FORFSEC IR AE AT L 2:4 2 BB P= FRS =k e i , A e AH I TR TC RNRAE AT | 2:2 7
R 3G 7= FAR Pk B At

&5 DH662 || XD20 [ERIERHAT=ELILE
Table 5 Comparison of maize yield between different intercropping and mixed cropping systems of DH662 | | XD20

i{i lsﬂznf 11:1 2:2 12:4 M DH662S XD20S
2010  ZBH DH662 |1 XD20/(kg/hm?) 8104.7d  9059.7b  8475.0 ¢ 7075.5f  7696.9 e 9350.0 a
i DH662S 377/ % 5.3 17.7 10. 1 -8.1
5 XD20S B2/ % -13.3 -3.1 -9.4 -24.3
#%  DH662 |1 XD20/(kg/hm?) 7902.8 be  8162.7 b  7908.4 be  7710.6 ¢ 8159.7 b 8796.9 a
& DH662S #4577/ % -3.1 0.0 -3.1 -5.5
5% XD20S H457%/% -10.2 -7.2 -10.1 -12.3
2011 B DH662 |1 XD20/(kg/hm?) 6627.3b  6962.5a  6877.7 a 6878.6a  6811.4a 6514.7 a
% DH662S 77/ % -2.7 2.2 1.0 1.0
B XD20S H47/ % 1.7 6.9 5.6 5.6
#Y  DH662 || XD20/(kg/hm?) 6653.7 ab  7033.4a  6881.2ab  6617.1ab  6829.9 ab 6498.5 b
5 DH662S #47/% -2.6 3.0 0.8 -3.1
5 XD20S #4577/ % 2.4 8.2 5.9 1.8

AR TR IK 5% BEKF

2.2 [HNEAEBO FRBEASTEN R AT RE ) A5 mm
2.2.1 FHAEPLEIRGE

2011 49 H rha) ] paALH 0 & BHATHT £ S8 Ml il R XK, BoR & AR B AEIfk . DH662 HIHTEI P A
HBLER , PUEE 229 XD20 FAVEIHEI R ™ 5, iRk S AT P B DHO662 |1 XD20 [H]TRAE#E AR A 1R R 3 1%
T XD20S fEIR R (£ 6) . 5 XD20S AL, DH662 | | XD20 [d] 18 VE T 14 14 - 2 8 4R R KK T 82. 4%
DH662 || XD20 [EAEREAR 12:2 AbBE - IR 500 E 1101 12:4 M Fil XD20S 2L HEA{I% 67.3% ,90. 4% |
50. 0% F195. 7% . AT UL, PrAEPEAS [ A0k i AF B 08 oK SRR R A , T LA m IRNRAE BRI B EIER BE T

®6 ARIEIREEX T ERBEERELRE

Table 6 Comparison of lodging percentage of maize under different intercropping and mixed cropping in 2011

HiLR Site 11 :1 2:2 12 :4 M S
ZIH DH662/% 0.0 ¢ 0.0 ¢ 0.8 b 1.9 a 0.0 ¢
XD20/% 19.3 ¢ 7.7d 48.2 b 13.0 cd 70.0 a
DH662 |1 XD20/% 9.7 b 3.9¢ 32.4a 7.5 b
EEZ DH662/% 0.0b 0.0b 0.0b 0.4a 0.0b
XD20/% 21.0 ¢ 5.3e 55.0 b 11.0d 85.0 a
DH662 | | XD20/% 10.5 b 2.7d 36.7 a 5.7¢

IR T35 22 535 5% 8K
2.2.2 HHAGUERE

TR B ST F R R K, A S SR AR KL 2011 48 9 1 i I T

S S T A, R 25 I B 2 Tl R TR I BE ) 20958 0 ™ L, 44 L I BE £

YD610 S i He &5 /IN , i e MR I35 YD610 |1 ZD958 [MIIRAEREIR R YD610 1 ZD958 frys i 6 4ty i 1%
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TRAERREIETEE(E 7)., 5 ZD958S AH L, YD610 || ZD958 [l VEAE A4 i - Y595 15 F5 B K T 29. 6% .,
YD610 || ZD958 [MIJRAEREIAR 12:4 AbHH Y2 £ B B I 45 50 b 1101 12:2 AT M A #{IK 6. 8% 4.3% Fil
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