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Effects of maize-soybean intercropping and nitrogen fertilizer on yield and

agronomic traits of maize
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Abstract: Intercropping, with 1000-year history in Chinese agriculture, is still widespread in modern Chinese agriculture.
The environmental resources, such as light, water and mineral nutrients, might be used more efficiently in intercropping
than in monoculture by crops, which resulted in greater yield. The interaction among crops in intercropping might help the
usage of environmental resources by crops. One of the vital roles of legumes played in cropping systems is their ability to fix
nitrogen from air. However, Species of Leguminosae are known as weaker competitors to species of Gramineae.
Theconcentration of soil inorganic N following legumes was often higher than that following cereal crops. To study the effects

of maize-soybean intercropping and nitrogen levels on corn yield, main agronomic characters and growth dynamic, we
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conducted a double-factor randomized block experiment of two planting patterns ( corn monoculture and maize-soybean
intercropping) and two nitrogen levels (0 kg/hm”, 150 kg/hm®). The results showed that: cropping patterns and nitrogen
levels had no significant effect on the yield of spring maize; the yield of monoculture maize in autumn with N application
(150 kg/hm®) was significantly higher than the other three treatments. Comparing to no nitrogen treatment, hundred-grain
weight with N 150 kg/hm”® increased by 18.92% and 19.23% respectively in the mode of spring maize monoculture and
intercropping. In the mode of autumn maize monoculture and intercropping, hundred-grain weight of the treatment with N
150 kg/hm’ was significant higher than those of no nitrogen treatments, increased by 31.03% and 32.75% respectively.
There was no significant difference in maize hundred-grain weight between intercropping and monoculture under the same N
application. There was no significant difference of ear length among the treatments of spring maize. Comparing to no nitrogen
treatment, the ear length of autumn maize in the treatment with N 150 kg/hm® in monoculture and intercropping patterns
were both significantly improved. On the aspect of ear width, there was no significant difference between the treatments of
spring maize; whilte autumn maize monoculture increased by 18.67% under N 150 kg/hm’ comparing to N 0 kg/hm’.
However, intercropping had no significant difference in autumn maize. On the aspect of spike grain number, there was no
significant difference between the treatments of spring maize ; while autumn maize grain number was significantly higher than
the other three under monoculture and N 150 kg/hm’. Nitrogen and intercropping both could improve SPAD value and plant
height of maize, and promote the maize dry matter accumulation, while there was no significant difference among the
treatments. Overall, cropping patterns and nitrogen levels had effects on maize yield, main agronomic characters and growth
dynamic. The effects of intercropping were less than nitrogen level, because soil and Leguminosae had a certain capacity of
supplying nitrogen for maize. The effects of nitrogen application on spring maize were only presented in the hundred-grain
weight. As the nitrogen in soil was absorbed by maize, the nitrogen supporting from soil decreased, leading to the

significantly effects of nitrogen application in the autumn maize.

Key Words: agronomic properties; intercropping; maize; nitrogen fertilization; yield
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SR 2 KU AT EIREE 16.6°C, H V- 24
JE =10°C BURIA 5532.6°C, LA ML N 272 d, [
K 1600mm, T3 P20 20 (A 55 -8 B RYLL
e, ISR S /NX S BEE S 1 SR SR 4y
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Table 1 Field experiment design of mazie-soybean 50 D 17 E
) N . 0 1 1 1 P = 0 =
Ak MEEKF/ (keg/hm?) - AT 20 4 5 6 8 9 10
Treatments Nitrogen rates Cropping patterns H 4 Month
CSNO 0 FR-KE A
CSN1 150 EE}K_j(EI‘Eﬂﬂg 1 iitBﬁVE%iﬁEﬁWE’\]H F%Fﬁ%*ﬂ—’lzi’«‘l’—‘_\iﬁ
MCNO 0 AT R Fig.1 Monthly rainfall and mean air temperature of the
MCNI 150 P growing season of the experimentation
®2 PMEMENTEEMFS
Table 2 Autumn before planting base soil nutrient
g Bl A 4 AR AL
Qb Total nitrogen/ Alkaline hydrolysis nitrogen/ Effective phosphorus/ Available potassium/
(g/'kg) (mg/kg) (mg/kg) (mg/kg)
CSNO 1.73 94.41 74.26 223.92
CSN1 1.72 90.01 58.85 171.40
MCNO 1.72 87.58 67.39 181.63
MCNI1 1.73 92.45 63.78 167.31

1.3 e H S %k
1.3.1 T e

TR I BRI S AN X BEALI 3
FRK AU T KL, T 105°C A7 30 min, 48 80°C
Pz faE E Ty AR R, LR E T
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T BRI AR I BN X BRI 5
PRAC SR I K 0k JH R0 38 ke T 174 v 32 R

Stk TR T4 2% 2 00 2 { (SPAD-520)
HEFTIF 5 SPAD A A o b i AR Y A e 1
A2 Pt B S5 B 56 4 R T I il A 00 5 e ) Al AT
5 s ST E SR EUI - T I B, W ik 22 A 45
35, L E L,
1.3.3 RN ER
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Table 3 The Corn yield under different cropping patterns and

nitrogen rates

Qb T Tk Mazie yield/ (t/hm?)
Treatments HE Spring #ZE Autumn
CSNO 8. 5320. 48¢ 7. 420. 44c
CSN1 10. 5620. 65b 10. 46+1. 09b
MCNO 11. 73+0. 81ab 9. 72+0. 32bc
MCN1 12. 6520. 61a 13. 9221. 24a
XUE % J7 22539 Two-factor variance analysis( F)

ZKF N level 5.150 17.392**
P 16.579 ** 11.304*

Cropping pattern

BB R T AR E 15 5 [R50 50 J5 AN TR /NS 5 B R R FL
Duncan K304 B3 25 5 (P<0.05) , * FRBFHEZEF (P<0.05), * *
R 2 25 5 (P<0.01)

23. 81% , H it %} BALAE T oK 77 B 38 R SR O R B
Fo K ESAET ANt 280 R0t 280 Ak 21 oK 7= 1
AR B R T 23, 69% F1 24. 91% , HLJiti &
BARR S R B ERIN T 40. 9%, MAKE it
LR 5 25 50 B ol 0, 348 28 (AR X oK 2 B A
B A R T G 20 A 2 R R B 5 e )
FIREN i E K, W Re S AR g B AT — 2 LA g
NA K, BEERVEXT K™= i BAT 35 10 3 ™ 1
FH 100 it 20X K 7= 1 3 i ) 3 E A
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2.2 AS[R) AR AR X it R K P X R K 7 ) B
ENINRA

VEW R Ty =Rt KX VE 9 7™ 4 5 e ]
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KF(P>0.05) , TR FAAEIL S IE £ oK BRI K
Ab it AL B FORBEAL A RO RERLAL . E
LTI AR A Y i TR AAL S, H A
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A i it U8 A R]VE X oK 7 A Bl R R
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Table 4 Effect of different cropping patterns and nitrogen rates on spring corn yield components

XU 2 T7 22535t

b Two-factor variance analysis( F

%r:imems CSNO CSNI MCNO MCNI T nyaﬁ;ft)
N level Cropping pattern

FEAZ = Ear height/cm 46.51+2.08a  49.8+10.14a  41.19£9.00a  56.89+1.57a 0.015 1.008
K Spike length/cm 24.39+0.55a  26.970.44a  25.85+1.53a  25.99x1.31a 0.168 0.581
FHL Ear diameter/cm 4.56+0.25a 5.0420.22a 5.01£0.19a 4.95+0.39a 0.051 0.045
TR Kernels number/ 7 340.20+52.45a 451.36215.45a 400.76+32.33a 442.00%12.44a 3.659 1.526
EBIEE 100-grain weight/g 19.46£2.51a  21.52+4.45a  22.7320.0la  26.27+2.67a 0.003 1.973
ek Bald length/cm 2.9920.15a 2.49+0.29a 2.7420.43a 2.65+0.30a 0.091 1.916
WL E Single spike weigt/g 144.30£38.73a  177.96+25.38a 177.63£10.03a 219.92+13.61a 1.722 1.066

[T 8075 AN R]/INE T4 2R U Duncan K07 2522 57 i AR 18] M R0 FLBCR PGS AR AR T 4558 (P<0 05)

M S AT X TRCE KN 4 b
[AIRK T oK By B A g R S 2R I B T I 3 22 S (P>
0.05) , it 22 Ak B 3 2K 9 BEAZ w85 24 o T AT LAk
LRI T AR, WA R R T 5

VR FRBEAL e BRI T OKAT BT 38 I, it 0264
DN B IR EORBEAL s T HAE EoK , JCIR it
FAE BRI E AL FRIAE R TR K3 T £
Ko TERERSATT SR AL BAH L, Bk K A7
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Table 5 Effect of different cropping patterns and nitrogen rates on autumn corn yield components
BRIV = 27N A

Independent-samples T Test ( F

%:imems CSNO CSN1 MCNO MCNI ﬁ;J(? P Wm%(ﬁ)
N level Cropping pattern

T 7 Ear height/cm 45.19+1.74a  37.19£4.26a  38.99+1.06a  36.08+3.80a 2.662 0.338
T Spike length/cm 22.87+1.16ab  26.5+1.42a 21.36+1.64b  26.43x1.64a 0.001 * 0.633
FHL Ear diameter/cm 4.59+0.04bc  5.23+0.33ab  4.43+0.15¢ 5.26+0.13a 2.405** 0.021
T AL Kernels number/ i 342.82+1.00b  422.29+37.65ab 348.43+17.36b 483.99+50.09a 3.621%* 0.749
TKLE 100-grain weight/g 21.51£0.22b  31.98+2.15a  21.71x1.65b  31.47+1.31a 1.339 0.005
Fe4R K Bald length/cm 3.83+0.12a 2.68+0.41a 2.93+0.70a 2.52+0.36a 1.708 0.735
BATHAE T Single spike weigt/g 187.06+1.31bc  242.03+25.12ab 164.17+16.91¢c  257.86%22.99a 1.640 0.069
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Fig.2 Effect of different cropping patterns and nitrogen rates

on spring corn dry matter accumulation
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Fig.5 Effect of different cropping patterns and nitrogen rates

on autumn corn stem length

W 25 6 Kt 20 Ak BEBR L A il ZRURR 5 43 S B 10.

56% M1 5.72% , 55K, B KPR 7, i 20 bk

e 1 S b 2 T ) A

2.5 R[] ok A 2R R K S X R K i AR
(SPAD {H) By5%

MEL 6 FE 7 HRl LUE R 22 45 b 3L ]
FOKME 2 SPAD {34 D I 109 2 il 0T Bl 2 Bk ] 14
HERS IR MRG0, 30 e 2 100 3K B e K, 2 05 B BRI,
AIREH TARR FEEPEM FEERSET, £X
(1) SPAD A s FHE G , FOR B IR K A5
AR AR R S SR A E R B R A
FEASE T, S EC F Y SPAD {8 R [, ELAH I RS
T, B2 M it A AL SPAD {7 T A it &L b
B, HEAHT IR, it A LB SPAD (¥ B E
Tt A AL (A 4E 5 SRR ] SPAD {H 25 5 A 1
L, B IR A AR R R S B A AE BN, B
AT SPAD A 8 2515 it AL 3, i 3 iy, LA
WEE IR R R EER, GEKE, MEXK
SPAD {H 17 75 , Jiti 280 &Y AH X 53wk 2k SR o T
[ETR4C

60- OCSNO mCSNI BMCNO @ MCNI

N

D

& FAHEN

FEK AR
Spring maize growth period

R

A

6 AREFMEEXMER KL EEXK SPAD B
Fig.6 Effect of different cropping patterns and nitrogen rates

on spring corn SPAD values

60 - 0O CSNO @ CSN1 MCNO MCN1

A

W

TR A
Autumn maize growth period

=

7 AEMEEXER KL REX SPAD BRI
Fig.7 Effect of different cropping patterns and nitrogen rates

on autumn corn SPAD values

http ; //www.ecologica.cn



18 14 FREE A OR-R R At S0 K B S AR AR B 5281

3 e

REEANRHEEREPEENEFICR, I
ok i Tl A, S B0 PR TS Y R B B, Zhang
R R WA R R B AR T 20% B2 % B b
T RETE R, SR RUOR AR RIE R g b, BR
VEYyid A A M3 988 BT [ 8008 B 1) R AR B 4
B — B M A R N HE = T ARASFBHE ) 1) 28 2 sk
RO BARANE KB AE T P, BAIFRE
PR VR R G A AR A I i e i A T
Bhd 5 G RHEY RIVEIR gl o ZRHEY) A B AR
L, 0D N it P, AT 260 25 0 2 1) XU, 42 15 4
NERFHRCR . IS5 5ok A, A IR] 0 i 2 2% 14
RIS R R R G b = I TSR e i, —
5T 52 BRI 2 B i B, 55 — T 32 AR S5 A
R, BRI X AR R G0 0y 3 7= 20 W W, 5
Justes AT EE R — B, FRERH T N2
P 498 AR B R R FORAE KR — A A K, i
Jiti 8K X K 7 e ) 5 e R A A 3 3 KO
Wi 25 AP AR WSO R M 1 23R Y 8 OBk B A
i, FIER R B — s = 0 5 B, B it e e Y
PR HEAE FH 3

TR ZE A5 A B ) 7= F ) R R Ao B 2 2
5t TRE T R —E LR RR ), AR R A
HE A AR M BE e R R EoR AR, BUEA S
AR TC I 25 5 Ak ZE, thF 1 7E EORRT £
R R W AE , SOk 2Rt A B R SN T oK
R REURL, TR E S R e O A R B R
fatr .

M B MR e R & i 3 SRR
R SNSIEbR R F it R (B /E 35 BE 42 HF 4 5 2R
LR SR 3R A v G i LA X =3 A A
XF TR AR T E , T AS I 1 B AR 0
1 150kg/hm?® | AH 2 LK, AN it 280 A 3843 5 1 8
AR R PG B K AR [ A, 1 it 2 150kg/hm*, W]
SR SRR A K SR B AR, BOKs B B VR U K
T E A AR G ML 150ke/hm? 1Y AU 1 32 1
BARTRERRE AR,

4 Zig

SRR LE , F K 0K T2 18] 1 BE A8 B8 4 1 A1)

FIARBEUR, B — 5 Y eI R0 3, it 20 [ /R 24 B
e R P (EE AR R T R ASCR 2 g T R
Jit RN AN ALV ] 7 T K 7™ B K S 3R R I 24 o 35 3
e ¥ G SRIERTE 3 Ny & % N U NER YA R il i hpi P2
SEINT SRR TR RE R  REORL ORI, v B
REEEE it 20N 18] VR 249 BRI I K T4 o SR AR
B AN 2R 5 A LG 280 A0 AN SRRSO B T
4

References :

[ 1] Zhao HX, BianSF, Sun N, Cai HM, Yang H L., Qiu J, Han X
G, Guan J, Yuan J P. Effects of nitrogen application on nitrogen
dynamic changes and nitrogen use efficiency in maize. Journal of
Maize Sciences, 2012, 20(3) . 122-129.

[ 2] Heffer P. Assessment of fertilizer use by crop at the global level.
2009. [ EB/OL]. [2012-12-20]. http://www.fertilizer. org/ifa/
HomePage/LIBRARY/Publication-database.html/.

[3] LiJ, Peng]J L, Kang J, Lin W F, Zhou L J. Nitrogen fertilizer
reduction research status quo and its prospect Hunan Agricultural
Science, 2012, (12) . 23-24.

[ 4] ZhaoS C, Pei X X, He P, Zhang X Z, Li K H, Zhou W, Liang
G Q, Jin J Y. Effects of reducing and postponing nitrogen
application on soil N supply, plant N uptake and utilization of
summer maize. Plant Nutrition and Fertilizer Science, 2010, 16
(2):492-497.

[ 5] PappaV A, Rees R M, Walker R L, Baddeley J A, Watson C A.
Nitrous oxide emissions and nitrate leaching in an arable rotation
resulting from the presence of an intercrop. Agriculture,
Ecosystems and Environment, 2011, 141(1/2) . 153-161

[ 6] Zhang F S, Wang J Q, Zhang W F, Cui Z L, Ma W Q, Chen X
P, Jiang R F. Nutrient use efficiencies of major cereal crops in
china and measures for improvement. Acta Pedologica Sinica,
2008, 45(5) : 915-924.

[7] GuoLZ, Zhang HT, He Y H, Cai Q, Huang G B. Effect of
rhizobium inoculation on crop growth and nitrogen nutrition of a
pea/maize intercropping system. Acta Prataculturae Sinica, 2012,
21(1): 43-49.

[ 8] Song YN, Zhang F S, Marschner P, Fan F L., Gao H M., Bao X
G., Sun J H, Li L. Effect of intercropping on crop yield and
chemical and microbiological properties in rhizosphere of wheat
( Triticum aestivum L.) , maize ( Zea mays L.), and faba bean
(Vicia faba L.). Biology and Fertility of Soils, 2007, 43(5) .
565-574.

[9] HeY, Ding N, Shi J C, Wu M, Liao H, Xu J M. Profiling of
microbial PLFAs: Implications for interspecific interactions due to
intercropping which increase phosphorus uptake in phosphorus

limited acidic soils. Soil Biology and Biochemistry, 2013, 57:

http ; //www.ecologica.cn



5282 £ OB ¥ I 34 %
625-634. [20] LiZX, WangJ W, Yang W T, Shu L, Du Q Liu L L. Benefit of

[10] LiL, Zhang F S, Li X L, Christie P, Sun J H, Yang S C, Tang sweet corn/soybean intercropping in Guangdong Province. Chinese
C X. Interspecific facilitation of nutrient uptake by intercropped Journal of Eco-Agriculture, 2010, 18(3) : 627-631.
maize and faba bean. Nutrient Cycling in Agroecosystems, 2003, [21] Bedoussac L, Justes E. Dynamic analysis of competition and
65(1): 61-71. complementarity for light and N use to understand the yield and

[11] LiCJ,LiYY, YuC B, SunJ H, Christie P, An M, Zhang F the protein content of a durum wheat-winter pea intercrop. Plant
S, Li L. Crop nitrogen use and soil mineral nitrogen accumulation and Soil, 2010, 330(1/2) ; 37-54.
under different crop combi-nations and patterns of strip .
intercropping in northwest China. Plant and Soil, 2011, 342(1/ BELK:

2) . 221-231. [ 1] BXUbRE, s, T, gheiiy, Bpiltse, B2, HeE,

[12] YeYL, , Sun J H, Zhang F S. Effect of root separation on 2, BT FNBZEXT K A 3h A AR b Z L A 5%
plant nitrogen uptake and soil nitrate nitrogen residual in faba M. FRBRE, 2012, 20(3) ; 122-129.
bean/maize intercropping. Journal of Soil and Water Conservation [3] ZE, &R, B, WOk, FSEE. I EUGE AT 78 B0R
2005, 19(3) ; 13-16. R, #im Ol R, 2012, (12): 23-24.

[13] LiYY, SunJB, YuC B, Cheng X, Zhang F S, Li L. Effects of [4] &4k, #FE, M, kF2, R0, A1, BEEK, &
nitrogen fertilization ~ application and faba bean/ maize Ykiz. R ST 3R R AL A R AR OR
intercropping on the spatial and temporal distribution of soil MISZIR. AP E IR S IREREH, 2010, 16(2) @ 492-497.
inorganic nitrogen. Plant Nutrition and Fertilizer Science, 2009, [ 6] skamai, THOE, sk g, SR, D3CE, BRHF, oA
15(4) ; 815-823. T E FER Y DR R RO 5 3R ik AR, A

[14] LiQZ, YuCB, HuHB, SunJ H, Chen W, Li L. Difference of 2008, 45(5) ; 915-924.
nitrogen utilization and distribution of mineral nitrogen in soil [ 7] ESWIEK, SRFER, M7 2, Senlk, B, MR o 32 Fhoxt i
profile by competitive abilities of intercropping systems. Plant E/,ﬁ*l“ﬂ{/ﬁxvhﬁz#@ﬁiﬁ&ﬁ,;’.E"%E"J%ﬁ M. B A= 4R
Nutrition and Fertilizer Science, 2010, 16(4) ; 777-785. 2012, 21(1); 43-49.

[15] Xiao J X, Tang L, Zheng Y, Dong Y. Effects of N level on yield [12] WHRR, ZERE, IMVEELE, SKRARBL. MR 3840 FR XS 4 2/ T K[
of crops, N absorption and accumulation of barley in barley and YRR R WO IS S AR B s . K R4, 2005, 19
faba bean intercropping system. Journal of Triticeae Crops, 2011, (3): 13-16.

31(3): 499-503. [13] ZE3, Fhellr, /WL, B, kW8, k. A sk

[16] Xiao Y B, Duan Z Y, Jin H, Hu W L, Chen S H, Wei C F. O/ F R AAERT I TCHLA RS 25 43 AR 52 e . AP R 5 A0 R
Spared N response and yields advantage of intercropped wheat and 24, 2009, 15(4) ; 815-823.
fababean. Plant Nutrition and Fertilizer Science, 2007, 13(2): [14] ZEBHL, W5, WIDO, Fhatdr, Wi, Z22RE. RIR) 36 4rom
267-271. FETRMER 2 2R A A 3R T LA T 25 5. HIWE 3%

[17] Li W X. Nitrate Accumulation in Soil and Nutrient Acquisition by SiEkl#AR, 2010, 16(4) : 777-785.

Intercropped Wheat, Maize and Faba Bean [ D]. Beijing: China [15] Huis, wAl, B, & KE/& G RERG N IEEKE
Agricultural University, 2001. XHEY P R 22 R I RBURY S . 22 28R 244, 2011,

[18] GuoJ H, Liu X J, Zhang Y, Shen J L, Han W X, Zhang W F, 31(3) : 499-503.

Christie P, Goulding K W T, Vitousek P M, Zhang F S. [16] H#&E, BoRBl, &M, S8, BRiste, BE. N/ R
Significant acidification in major Chinese croplands. Science, V] 1 A 2 v A 0TS 203000, B e . AR 7R S R A4
2010, 327(5968) : 1008-1010. 2007, 13(2): 267-271.

[19] Hauggaard-Nielsen, H, Gooding M, Ambus P, Corre-Hellou G, [17] 230 N/ B/ ERIVERG A BEBOR AR 5 % =
Crozat Y, Dahlmann C, Dibet A, von Fragstein P, Pristeri A, WEROY [D]. dbat: ERIRS, 2001
Monti M, Jensen E S. Pea-barley intercropping for efficient [20] Z=k%t, TER, H3CF, &4, HE, N, TRAHE

symbiotic N, -fixation, soil N acquisition and use of other nutrients
in European organic cropping systems.

2009, 113(1): 64-71.

Field Crops Research,

K/ KEEVEBLA AL 55 /38T qﬂlili,uzwlzﬂ&, 2010, 18
(3): 627-631.

http ; //www.ecologica.cn



