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Effect of planting patterns on crop yield, nutrients uptake and interspecific
competition in maize-soybean relay strip intercropping system
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Abstract To deal with the contradiction between population growth and land shortage, maize-soybean relay strip intercropping
system has become increasingly popular and widely adopted in Southeast China. The conventional maize-soybean relay strip
intercropping system used by farmers have not been good for high maize-soybean yields and nutrient uptake. To therefore explore the
characteristics of competition for resources between crops and the mechanism of yield increase under maize-soybean relay strip
intercropping system, a two-year field experiment was conducted where the effects of planting patterns on crop yield, nutrient uptake
and interspecies competition for resources were investigated. The tested planting patterns included maize-soybean relay intercropping
in continuous strips with wide-narrow rows (A1), maize-soybean relay intercropping in rotation strips with wide-narrow rows (A2),

maize-soybean relay intercropping in continuous strips with equal rows (A3), maize monoculture (A4) and soybean monoculture
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(AS). The density of maize and soybean under relay intercropping was equal to that under monoculture. The results showed that
compared with monoculture and equal width spacing, relay strip intercropping decreased maize grain yield while increased soybean
bean yield significantly. Maize grain yield under A2 treatment was 4.9% and 5.7% lower than those under A4 and A3 treatments,
respectively. However, soybean bean yield under A2 treatment was 25.5% and 89.2% higher than those under A5 and A3 treatments,
respectively. Compared with A1 treatment, maize grain yield and N, P, K uptake increased under A2 treatment. The maize grain yield
and N, P, K uptake under A2 treatment were 7.5%, 18.5%, 9.1% and 14.1% higher than those under A1 treatment. However, yield
and N, P, K uptake of soybean were not significantly different between A2 and Al treatments. Compared with the monoculture
treatments, the economic coefficient and nutrient harvest index of soybean in maize-soybean relay strip intercropping systems
significantly increased. The economic coefficient and N, P, K harvest indexes of soybean under A2 treatment increased by 40.9%,
11.9%, 20.6% and 39.9%, respectively. In maize-soybean relay strip intercropping systems, maize competition was weaker than that
of soybean for N, P, K (4,,,< 0, CR,s< 1). However, rotation helped improve interspecific competition and nutrient competition ratio
of maize. In 2013, interspecific competition was close to 0 while nutrient competition ratio was close to 1 under A2 treatment.
Comparison of A2 with Al and A3 treatments showed that rotation benefited harmonious symbiosis between maize and soybean.
This symbiosis enhanced nutrient uptake of both maize and soybean, subsequently increasing yield and land equivalent ratio (LER)
of the cropping system.

Keywords Maize; Soybean; Relay strip intercropping; Continuous cropping; Rotation cropping; Yield; Nutrient uptake;
Interspecific competition
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Fig. 1 Diagrammatic sketch of different planting patterns
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Al: maize-soybean relay intercropping in strip continuation with wide-narrow row; A2: maize-soybean relay intercropping in strip

rotation with wide-narrow row; A3: maize-soybean relay intercropping in strip continuation with equal row; A4: maize monoculture; AS:
soybean monoculture. The same below.
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) 14.4%
®1 MEARMEX. XATENBOHM
Table 1 Effects of planting patterns on biomass of maize and soybean kg-hm™
Maize Soybean - Maize-soybean
Year Plant
pattern Stem Grain Total biomass Stem Grain Total biomass Stem Grain Total biomass
2012 Al 6262+£512b  6375+104b 12 637+408b 2 159+227b 1871+75a 4 030+286a 8 421+578a 8246=16la 16 668+468a
A2 6535£213b 6464+311ab 12 999+364b 2 118+158b 1 759+116a 3 878+258a 8 654+125a 8 223+331a 16 877+396a
A3 7194+£198a 7 126+596a 14 321+627a 1 163+112¢ 1011+65¢ 2 174+176b 8 358+227a 8 137+660a 16 495+800a
A4 6509+269b 7 039+298ab 13 549+531ab — — — — — —
AS — — — 273042452 1413+£202b 4 143+85a — — —
2013 Al 6301«187c  7713+150b 14 015£175¢ 3 930+411b 2 054+145a 5984+556b 10232+428a 9 768+163b 19 999+508b
A2 6564+107b 8 295+194a 14 860+187b 4 347+593b 2 143+208a 6 491£776b 10 912+700a 10 439+226a 21 351+740a
A3 6 925+284a 8 532+130a  15457+157a 2 158+130c 1 051+84c 3 210+214c 9 083+209b 9 583+181b 18 667+552¢
A4 6512+109bc 8475+184a 14 987+293ab — — — — — —
AS — — — 6 193+£584a 1 697+129b 7 891+483a — — —
0.05 Values followed by different letters with a column are significantly different at 0.05

probability level. The same below.
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Table 2 Effects of planting patterns on economic coefficients of maize and soybean
2012 Year 2012 2013 Year 2013
Plant pattern Maize Soybean - Maize-soybean Maize Soybean - Maize-soybean
Al 0.505a 0.465a 0.495a 0.550a 0.344a 0.488b
A2 0.498a 0.454a 0.487a 0.558a 0.331a 0.489b
A3 0.497a 0.466a 0.493a 0.552a 0.327a 0.514a
A4 0.520a — — 0.565a — —
AS — 0.341b — — 0.216b —
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Table 3  Effects of planting patterns on N, P and K uptake of maize and soybean kg-hm™
Maize Soybean - Maize-soybean
Nutrient ~ Year Plant
pattern Stem Grain Total uptake Stem Grain Total uptake Stem Grain Total uptake
N 2012 Al 52.6+43b  71.842.0a 124.5+2.6a 18.5+24b 1273+62a 1458+74a 71.1+54a 199.1+8.1a 270.3+7.la
A2 553+1.3ab  72.9+5.5a 128.1%6.1a  20.0+2.3ab 120.2£6.8a 140.3£8.8a 75.3+£3.6a 193.1%5.4a 268.4+8.9a
A3 61.7+1.4a  76.1+9.1a 137.7+7.7a  9.6+0.8¢c  66.4£6.0c  76.1£6.6c 71.3£0.8a  142.5+15.1b 213.8+14.3b
A4 48.0£54b  782+3.4a 126.3+8.6a — — — — — —
A5 — — — 243422a  98.1+11.4b 122.4+9.2b — — —
2013 Al 49.0+13.8a 104.746.7b  153.7£17.4b 37.243.9b 158.0+11.2a 195.2+11.6a 86.3+17.5a 262.7+4.7a 348.9+152a
A2 56.0+2.3a 126.1+7.7a 182.1%7.4a 41.3+3.8b 166.2+182a 207.4+17.4a 97.3+57a 292.2+24.3a 389.5+22.7a
A3 583+1.7a 117.3+7.8ab 175.6+8.8ab 22.4+13c  81.6£9.4c 104.1£10.7b 80.8+2.6a 198.9+17.2b 279.7+19.5b
A4 52.1£3.4a 116.2+2.5ab 168.3+5.6ab — — — — _ _
A5 — — — 61.9+5.8a  132.2+10.1b 194.2+6.2a — — —
P 2012 Al 3.6£t12a  13.4+£02a 17.04¢12a 47+05b  133x06a  18.1+1.0a  83+09a  26.7+0.7a 35.0£0.3a
A2 3.3£0.5a  12.3+£0.6a  15.6l.1a  52403ab 123xl.1a  17.5+14a  8.6+0.8a  24.6x1.3a 33.2+2.1a
A3 43+09a  12.6+09a  16.8+0.7a  2.7+0.2¢ 7.5404c  102+0.5b  7.040.7a  20.120.9b 27.1+0.5b
A4 3.740.7a  12.6£0.7a  16.3%1.3a — — — — — —
A5 — — — 6.5t1.4a  102£09b  16.7+0.45a — — —
2013 Al 724082  24.6+2.0a  31.8+1.5b  53+0.7b  15.5%04a  20.7+0.9b 12.5+14a  40.1£1.9a 52.6+0.8a
A2 79+03a  26.7+39a  34.7+3.8ab 5.9+0.6b  152+1.8a  21.1+24b 13.8+04a  41.9+5.6a 55.7+6.0a
A3 8.240.2a  287+1.8a  36.9+2.0a  3.7+0.4c 8.0£0.7b  11.7#1.2¢c  12.0£0.6a  36.6+2.4a 48.6=2.9a
A4 8.5£23a  27.9+0.6a  36.4+2.1a — — — — — —
A5 — — — 11.2+1.1a  149+04a  26.1+0.9a — — —
K 2012 Al 143.6+3.1a  26.8+0.7a 170.4+2.5a 127.3+142a 63.3+3.3a 190.6+16.7a 270.9+13.8a 90.1+4.0a 361.0+16.3a
A2 1482+169a 27.9+3.5a 176.2+16.5a 126.0+9.4a  61.2+52a 187.214.2a 274.2+13.7a 89.2+7.9a 363.4+14.7a
A3 1633%93a  31.9£5.1a 1952+42a 65.7£6.4b  36.8+3.9c  102.5+9.6b 229.0£5.3b  68.7+7.0b 297.7+7.4b
A4 152.8426.0a 32.4+14a 185.1+27.2a — — — — — —
A5 — — — 149.3+13.5a  50.1£5.2b  199.4+9 4a — — —
2013 Al 104.1+31.7a  30.9+3.2a 135.04+28.6a 87.2492b  38.4+5.5ab 125.6+14.1b 191.4+£32.2ab 69.3+4.5a 260.6+32.9ab
A2 120.1#14.1a 34.0+2.7a 154.1+16.3a 94.849.1b  40.0+4.9a 134.9£13.6b 214.9+10.2a 74.1+6.5a 289.0+15.6a
A3 1243+2.6a 33.9+3.8a 1582+3.8a 46.8£5.8c  20.1+2.6c  66.9+8.1c 171.1£8.4b  54.0+5.0b 225.110.5b
A4 121.1#8.1a  36.4+6.0a 157.5t13.4a — — — — — —
A5 — — — 136.3+12.9a 32.6x1.5b 168.8+11.6a — — —
2.4 20.6%, K AS 43.0% 39.9%
4 , , N - , N P K
P K R Al A2 A3 -
, , Al A2 N AS ,
13.6% 11.9%, P AS 25.7% N P K R
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Table 4 Effects of planting patterns on nutrient harvest indexes of maize and soybean %
2012 Year 2012 2013 Year 2013
Nutrient Plant pattern - -
Maize Soybean Maize-soybean Maize Soybean Maize-soybean
N Al 57.8ab 87.3a 73.7a 68.4a 80.9a 75.4a
A2 56.8ab 85.7a 71.9a 69.2a 80.0a 75.0a
A3 55.1b 87.3a 66.5b 66.8a 78.4a 71.1a
A4 62.0a — — 69.1a — —
AS — 80.0b — — 68.1b —
P Al 79.0a 73.8a 76.2a 77.2a 74.6a 76.2a
A2 78.6a 70.3a 74.3a 76.9a 72.1a 75.1a
A3 74.7a 73.8a 74.3a 77.7a 68.1b 75.4a
A4 77.4a — — 76.8a — —
A5 — 61.1b — — 57.0c —
K Al 15.7a 33.3a 25.0a 23.9a 30.5a 26.8a
A2 16.0a 32.7a 24.5a 22.1a 29.7a 25.6a
A3 16.4a 35.9a 23.1a 21.4a 30.0a 24.0a
A4 17.7a — — 23.0a — —
A5 — 25.2b — — 19.4b —
, Al A2 N A3 8.4% 6.8% , -
2.5 - N P K
(LER) ,
5 ) - s LER,, LER;
(LERs>1), ,2013 A2 Y-LER,, N-LER,, P-LER,,
LER , K-LER,, Al 7.5% 20.7% 8.8% 12.3%

x5 MEAXMER-XZEEZFLHHS LLRLERFIE

Table 5 Effects of planting patterns on land equivalent ratios (LER) of maize and soybean relay intercropping systems

LER 2012 Year 2012 2013 Year 2013
Type of LER Plant pattern LER,, LER, LER LER,, LER, LER
Y-LER Al 0.907a 1.336a 2.242a 0.911b 1.216a 2.127a
A2 0.919a 1.263a 2.182a 0.979% 1.270a 2.249a

A3 1.013a 0.729b 1.741b 1.007a 0.624b 1.631b

N-LER Al 0.919a 1.303a 2.223a 0.900b 1.201a 2.101a
A2 0.933a 1.237a 2.170a 1.086a 1.261a 2.347a

A3 0.974a 0.687b 1.661b 1.009ab 0.623b 1.632b

P-LER Al 1.065a 1.312a 2.376a 0.880a 1.039a 1.919ab
A2 0.977a 1.221a 2.198a 0.957a 1.024a 1.981a

A3 1.002a 0.746b 1.748b 1.025a 0.537b 1.562b

K-LER Al 0.829a 1.268a 2.097a 0.854a 1.180a 2.034a
A2 0.867a 1.231a 2.098a 0.959% 1.233a 2.192a

A3 0.984a 0.743b 1.727b 0.938a 0.620b 1.558b

Y-LER N-LER P-LER K-LER N P K :LER,, LER, LERp,

Y-LER, N-LER, P-LER and K-LER are land equivalent ratios calculated with

grain yield, N uptake, P uptake and K uptake respectively; LER,,, LER;and LER,, are land equivalent ratios of maize intercropping, soybean
intercropping and maize-soybean relay strip intercropping, respectively.
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Table 6 Effects of planting patterns on interspecific competition (4,s) and nutrient competition ratio (CRy,s) of maize and soybean
intercropping system

2012 Year 2012 2013 Year 2013

Type of calculation Plant pattern Ams CRyns Ams CRyns
Y-Ams(Y-CRny) Al -0.429b 0.684b -0.306b 0.757b

A2 —-0.344b 0.747b -0.291b 0.781b

A3 0.284a 1.414a 0.383a 1.639a

N-Ans(N-CRpns) Al -0.384b 0.708b -0.301b 0.759b

A2 —-0.304b 0.769b —-0.176b 0.865b

A3 0.287a 1.431a 0.387a 1.646a

P-Ang(P-CRus) Al -0.247b 0.813b -0.159 0.848b

A2 —-0.244b 0.814b —-0.067b 0.934b

A3 0.256a 1.349a 0.488a 1.917a

K-Amg(K-CRuns) Al -0.438b 0.657b -0.325b 0.729b

A2 —-0.365b 0.718b —-0.275b 0.786b

A3 0.241a 1.355a 0.319a 1.566a

Aums ; CRpns 3 Y-Ams(Y-CRyys)  N-Aps(N-CRyps)  P-As(P-CRyy)
K-Ans(K-CR ) N P K Ams(CRns)  Ams 1s interspecific competition of maize to soybean;

CR,,s is nutrient competition ratio of maize to soybean; Y-4u,s(Y-CRyys), N-Ans(N-CR ), P-Aps(P-CRys) and K-A4,,(K-CR,,) are interspecific
competitions (nutrient competition) calculated by grain yield, N uptake, P uptake and K uptake, respectively.

3 it ’
, s N N
3.1 - , ,
, N
2 2 s [21-22].
) ) P, P [23] ,
Ngwira [ , - [24-25] _ _
; Mao 1% , - , N K ,
, 3 30 -
,2012 , , ,
Al A2 , 2013 A2 Xiao  12¢ ,
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