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Effect of density and nitrogen interaction on the yield of maize in
maize-soybean relay strip intercropping

LIAO Ruoxing, HU Yun, PU Tian, CHEN Guopeng. LIANG Bing, FENG Liang,
YANG Wenyu, WANG Xiaochun”
(College of Agronomy/Key Laboratory of Crop Ecophysiology and Farming System in Southwest of
Ministry of Agriculture and Rural Affairs/Crop Ecophysiology and Cultivation Key Laboratory of Sichuan Province,

Sichuan Agricultural University, Chengdu 611130, China)

Abstract Three-factor split-zone plot field trial including planting pattern, density and nitrogen fertilization level was
used to investigate the regulatory effects of increase planting density on maize yield in relay strip intercropping. The
main factor was the planting pattern: Maize relay strip intercropping (A;) and maize monoculture (A;). The sub-factor
was the planting density: 60 000 (B;) and 75 000 plants/hm*(B,). The sub-sub-factor was the nitrogen fertilization
level: 0 (Cy), 225 (C,). 300 (C;), 375 kg/hm? (C,). A short-term locational field trial was conducted for two

consecutive years to determine and analyze the maize yield, dry matter accumulation, leaf area index and chlorophyll
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content of maize under the two planting patterns at each period. The results showed that: When the density increased
from 60 000 to 75 000 plants/hm?, the maize yield in monoculture and intercropping increased by 5.36% and 5.87%
respectively, and the maize yield increase in maize relay strip intercropping was 8.69% higher than that of maize
monoculture. Under the two densities, when the application of nitrogen increases to 300 and 375 kg/hm?. The yield
was increased by 15.94% and 14.28% , respectively, compared to the no nitrogen treatment. The application of
nitrogen up to 225 and 300 kg/hm? of maize monoculture increased yields by 18.2% and 19.39% . respectively. The
maize yield in intercropping was significantly lower than that of monoculture. However, the yield difference in maize
monoculture was reduced when the planting density and N application were increased to 75 000 plants/hm? and
375 kg/hm? , respectively. The dry matter accumulation of maize in relay strip intercropping increased by 20.3% and
chlorophyll content increased by 42. 6% compared to maize monoculture under 60 000 plants/hm? and 300 kg/hm?
nitrogen level, which prolonged the active growth period of matter accumulation and increased the growth volume, and
were worth to be further exploited for their maize yield potential. In conclusion, the higher maize yield of 8 914.62 and
9 093. 17 kg/hm? were obtained at the combination of 60 000 plants/hm? planting density + 300 kg/hm? nitrogen
application and 75 000 plants/hm? planting density + 375 kg/hm? nitrogen application in maize relay strip intercropping,
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and there was no significant difference with maize monoculture yield.
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#1, XK H + &AMV T 8.64 g/kg, &R
0.73 g/kg, &M 0. 86 g/kg, &4 22. 412 g/kg, i fi#

& 69.85 mg/kg, 3 A A 99.00 mg/kg, A %L W
7.35 mg/kg.pH 6.8,
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Table 1 Meteorological data during the growing seasons
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A, and A; are maize relay strip intercropping and maize monoculture, respectively; By and B, are planting density of 60 000

and 75 000 plants/hm?, respectively; and C;, Cz, Cz, and C, are nitrogen fertilization level of 0, 225, 300, and 375 kg/hm?,

respectively. Different small letters indicate significant differences between the different nitrogen treatments at the 0. 05 level for

the same pattern and at the same density. The same below.
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Table 2 Yield components of maize under density and nitrogen interaction

®2 BREETERFEMRESER

. ol 25 i iR A R/ (B /hm®) Tl % TR /g
Veur Planting Nitrogen Effective spike Grain per spike Thousand grain weight
density application A A, A, A, A, A,
Ci 54 761.90 b 56 785.71 b 494,53 b 550.05 a 276.62 a 258.74 b
C, 55 952.38 ab 58 928.57 a 508.43 ab 558.22 a 286.05 a 300.27 a
B, Csy 56 666.67 a 58 571.42 a 543.85 a 555.73 a 287.18 a 293.57 a
C, 56 904.76 a 55 714.28 ¢ 538.74 ab 555.39 a 289.46 a 297.07 a
S {E 56 071.43 A 57 500.00 A 521.39 B 554.85 A 284.83 A 287.41 A
2010 Average
C 61 956.53 d 69 775.00 ab ~ 463.98 a 463.33 b 266.13 a 256.67 b
C, 63 158.46 ¢ 69 743.24 ab  466.33 a 478.03 ab 278.61 a 281.56 a
B, C; 65 081.54 b 71 094.59 a 471.45 a 514.22 a 278.62 a 279.79 a
C, 68 446.92 a 69 405.41 b 478.47 a 480. 61 ab 284.71 a 276.17 a
¥ {E 64 660.86 B 70 004.56 A 470.06 A 484.05 A 277.02 A 273.55 A
Average
G 56 196.43 a 55 080.71 a 410.03 b 523.21 a 256.89 a 261.30 b
C, 57 321.43 a 56 198.54 a 424. 41 b 527.16 a 259.51 a 262.67 b
B, C; 57 241.07 a 55 044.39 a 456.95 a 501.95 b 263.89 a 277.69 a
C, 57 107.16 a 57 078.29 a 377.59 ¢ 517.22 a 265.21 a 267.06 ab
S 56 966.52 A 55 850.48 A 417.25 B 517.39 A 261.38 A 267.18 A
2020 Average
G 64 938.38 b 66 482.84 a 374.48 be 473.81 b 248.09 b 236.67 b
C, 67 605.63 a 67 075.16 a 395.36 a 499.9 a 256.13 a 255.83 a
B, C; 68 609.16 a 66 789.22 a 381.27 b 506.08 a 259.22 a 261.02 a
C, 69 278.17 a 61 805.55 b 363.46 ¢ 471.81 b 261.87 a 256.54 a
SE 18 67 607.84 A 65 538.19 A 378.64 B 487.90 A 256.33 A 252.52 A
Average

EREFHRRER — LT 2 MEXTE 0. 01 KF EEFEE, .

Note: Capital letters indicate significant differences between the two patterns at the 0. 01 level for the same density. The same below.
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Table 3 Variance analysis of density and nitrogen interaction on

the yield and yield components of maize

P BT i ¥ AR/ Tl £ THiHE/g
Vear Factor (kg/hm?*) (i /hm?) Grain per Thousand
Yield Effective spike spike grain weight

A %% %% *x ns

B ns %% *x *%

C % - * X

2019 AXB ns *% ns ns

AXC * %% ns ns

BXC ns *% ns ns

AXBXC ns *% ns ns

A x5 x5 *x ns

B xx xx xx xx

C %% ns *% *%

2020 AXB ns ns ns *

AXC *% * %% ns

BXC ns ns ns ns

AXBXC *x *x% %% ns

TE: % FRIRTE 0.05 KV B 2R WA »¢ RIRFE0. 01 KF EZFRE ns RIRERABE,

TR

Note: * means significant at the 0. 05 probability level; ** means significant at the 0. 01

probability level; ns means the difference is not significant. The same below.
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Table 5 The accumulation and transport of dry matter in maize under density and nitrogen interaction in 2019

W dmRt TRE R (kg/hm) R % PR AL Bt/ (kg /b
Planting Nitrogen Pre anthesis transport Pre anthesis contribution rate Post flower assimilation
density application A A, A A, A A,

C 993.49 ¢ 966.15 b 13.78 a 13.00 ab 5612.95 b 6 013.21 a
G, 1118.24 ¢ 1533.27 a 16.15 a 19.95 a 6 163.53 ab 7 196.48 a
B (OH 1714.99 a 1002.15 b 20.21 a 14. 66 ab 6 654.62 a 7 088.62 a
Cy 1394.81 b 1001.10 b 18.26 a 12.60 b 5998.63 b 7 086.64 a
S {E 1 305.38 A 1125.67 A 17.10 A 15.05 A 6 107.43 A 6 846.24 A
Average
G 1179.55 a 1 094,26 a 14.08 a 14. 27 a 5691.90 b 6 131.85 b
C, 1252.87 a 1386.70 a 16.28 a 15.28 a 7259.93 a 7 742.65 ab
By (OH 1 389.66 a 1564.71 a 17.55 a 20.69 a 7 381.38 a 8 045.25 a
(O 1667.73 a 1366.71 a 20.68 a 14.72 a 7 701.21 a 8 280.09 a
SEH{E 1372.45 A 1353.10 A 17.15 A 16.24 A 7008.61 A 7549.96 A

Average

F6 WIEFEFEREEMNEXRTURBREZENFTESW

Table 6 Variance analysis of density and nitrogen interaction on dry matter

accumulation and transport in maize in 2019

TERTFTRR R/ 2

Pre anthesis contribution rate

15 E b/ (kg/hm®)

Post flower assimilation

A AT 542 48 / (kg/hm?®)

Factor Pre anthesis transport
A ns
B ns
C ns
AXB ns
AXC ns
BXC ns
AXBXC ns

ns ns
ns * %
ns *

ns ns
ns ns
ns ns
ns ns

M HBEELB, B9 A VA 0 ilHE Co Gy ik R i R
FRR EFARERETNEL B R AR A B
Ao I 14. 4900 AHBEREIG 2 B, U A B2 A, 5 5,22
2.4 BREMEXNIHEEXERHEZZSEN
A
H P 4 AT, bR ASE 2 8 i SR X R K A%
AE IR I 2R R SRR R . 2 AFR AR R

A Bt A L E R R (B N & S
EB) A H A, MR E M ZEREL, 7E 2019
BT BB, BIET A 5 A, [8] 22 B 45 /)N
20. 04 %,2020 4E4¢ B, 22 ME AR 15. 84 %, Fknt
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Fig. 3 Changes in leaf area index of maize under density and nitrogen interaction in 2020
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Fig. 4 Changes in chlorophyll content of maize under density and nitrogen interaction
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Table 7 Correlation coefficient between maize yield and various indicators under different planting pattern

» B/ - X TR F it/ . AR i
A B X . TR AL THRLHE /g , i T R 45 2
} (F#/hm?) ) (kg/hm?*) (mg/g)
Planting Grain per Thousand Leaf area
Effective ] ) ) Dry matter } Chlorophyll
pattern spike grain weight index
spike accumulation content
AR 0.46” 0.13 0.597 0.84" 0.777 0.717
A
HAE 0.37 0.08 0.49" 0.86" 0.737 0.827
A,

W S 2R i Bl il 2R 1 T i 4 S R 22—
3.2 BEERZEENTREEERFTEREX

R R

Wil A 4 % B (R 3, EOK B BT ) R B LB 3R
T R RIS BE A B K ZEAT I A BRI
P M A AR Bk T ERE
NG | O RER G D R ARA KA T/
A2 BRI TE S, A B it RS /D RN
ol 8] 3 4 o L1665 i 20 1 9 15 0, o 1) 3 4 A0 34 R
HE ks e 0 B it R B 0BG N RE A R 2 VR ) R
W3ESr, Gao %5 W 5% 2 B, FhoRg %% J3 2o v i, 3%
FUR A 22 58 4 2 BR ) oK 7™ 1 09 G B R 3R L T B AE
FOKAE T B4, A T /N B BREE , B I 38 4 T 0 3K
FU T BRI A LA B KX IR oK
Duan %571 & SUFEAR 2 BT 38 4 1 3% fin it 0 &5 g 42
fe A ) B A B A L A e R T DU B A )
R S0 TC TS R ) 2R . W MR AR R BTE
e PR R RS B i AT e B B oKy T
or H 0 ORI, BT B R R L, X 5 AR
2019 4E Ay 45 R — %, 2020 4FE 75 000 #k/hm* (B,) Y
W REAE F K AD R BUE RS 2019 4F 48—
LT REAE T 2 A 0 IS B S MR sk, A
AREAE T K AD 5 HAECA) A IR A8 (R A, 37 R
EAE F KR A i LR AE S 75 kg/hm®, & R
HEREAE TR 0 4 52 4 B ER VR, HL % BE 3, 58
SR, BRI A ) 0 22 B, T A R Y i T
RIEE MR X S TR R, FEE 2 AL
TN, 38 Bt A A Bl TR R RE 0 ] e
EENEA PSS A ] I T b= S 2F A A 1]
FER T B AR e A

3.3 AEAMERAXEREEESERZEETHT

EREXFHHEER

AR A R K S5 A EOK AR Y
TR BT S AR — B0 T S R
FRREGR /N MR RGN 1A RN SE R . E
FOK R TR PR AR 3 RE T 23 R T R B 3
Az 1 A T B 26 K 0K 2 8 A 25 0 B AR SO, A AL
& e VR AR T 37 23 L K 20 RO IR A B8 A% ) Ak
HEUS BT R ok 7 R D PR 5 T g S AR
AU BA PR R, #E 52 500 #k/hm® KOF T
IR B g KT L R B G AR K it 4
PEAR 60 kg/hm™ "' i A B2 45 R KW, Bl & % 2
S I, B AR EOK A i AR B TR B IRE
A T K7 42 (Y R T LA O (ELRE A 4 R OK T
P IR A T K 7 s e iy N A it 2 R A
i 75 kg/hm? AT RE R i T AR AR K bR
— AN BN T A TR, B4R T N S AR
7 E] A 22 B A BN A B R . AR
VR0 B AR W i 25 1 32 28 2 Sy X A W)
AR A e R R i 280 H A 1S 0 e 3 T e R B
AEHT . SAMEE RS E SIEA R T A RE
VRO A 7 )5 0 0 - 1o AR R T SR A
KA FFE ] . 3X 5 Feng 457 BT I 45 20 — 0, 14 43
TR E A AR T FOK A A bR AR, Btk
SR S LR R NGRS i R L (B
07 e e it AT T L T S R A R
Fift 3 B — 25 0 A e P
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B ZE % (75 000 #k/hm?), PP R 5] B Z iR E.
HAFIREAE F K7 5 1 iR = T 50 FOK (A AT
HAEEOR, WREEMW R EE R & ZE & B
75 kg/hm’ . i B W % ZUKF T AR EAE E okt
T YRR I R R S e MR RSN
W T BRI R, L i SR B A Y R AR A
HPAREAEE K 60 000 ¥k /hm? fig & i % 300 kg/hm’
F175 000 ¥k/hm” BLE A 375 kg/hm® T, ¥ Al R 15
WE R R A ik 8 914,62 F1 9 093. 17 kg/hm® .
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