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Grey Correlation Analysis of Integrated Traits of Intercropping Soybean/Maize
Varieties in Northwest of Shandong
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Abstract: Aiming to identify the suitable combination varieties in the northwest of Shandong province, we took nine different
intercropping soybean/maize varieties combinations as research objects, and adopted the grey correlation analysis method to
comprehensively analyze and evaluate the agronomic characters, yield and economic benefit of soybean and maize. The results
showed that: (soybean) Qihuang 34 x (maize) Denghai 605, (soybean)Jidou 12 x (maize) Denghai 605 combination of
the tested soybean varieties and the ideal reference varieties of the weighted correlation degree were 0.938 1 and 0.937 8,
respectively, the soybean yield were 2 155.17 and 2 119.54 kg-ha™'. The weighted correlation between the tested maize
varieties and the ideal reference varieties was 0.987 5 and 0.939 2 respectively, and the maize yield was 5 700.69 and
5592.18 kg-ha™", respectively. The comprehensive traits of soybean and maize of the two intercropping combinations were
the best, and the yield, economic benefit were both higher, which were suitable for large-scale extension and planting in the
intercropping mode of soybean/maize in northwest Shandong.
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Table 1

The detailed information of plant materials used in the study

Ah Rl Variety MR Character

S IE Source

LI PR Provide unit

F%# 34 Qihuang 34 i B2 3 Ak 4 5 x86573-16 IZRAE LM B = BRI 5
L 12 Jidou 12 A PR &5 il 83-14 x K 7826 AL BB E BRI E BT I BT
#5712 Hedou 12 HPRZEIE BRAE S 5 x i 7513-13 e AOL BT B
71§ 618 Denghai 618 Bl 521 x DH392 AR A8 Bt bl 2 ]
251 605 Denghai 605 i DH351 x DH382 TR B gl 7
KBEA 958 Zhengdan 958 Eeesii B58 x B 72 IR AR =B AT I i

1.2 RXIaisR

RES T 2019 FFAEIARA TN T RO BHE i 5E B
bz pel oo SE M 7o 12 DX YT Bt 22 A
A IR 22 m, AR 129 °C L AR EOK &
547.5 mm, AEHTCFEI] 208 d,4EH) H FEBRSE2 592 h,
TR+ pHT. 2 AR SR 13. 11 g-kg ™!,
SRS 0.98 g-kg ™ HULA S 52 mg-kg T A
R it 11,23 mg-ke ™' MU A A 101 mg kg
RIS FTEEVEY) AN N a | LK 7E
N T 2 HG e MU A ek i 1 o
1.3 RXIeigit

R R R X & 1, KR F X, FOK
PRI o AR ER /N X AL 46.4 m?* (£ 8.0 m,
FE 5.8 m), R/NXALE 2 A, B 2 47 EOK A 4
TTRE, E AW RAER L, FORATEE 0.4 m, #RkIE
15.0 cm AR A 4.6 Jitk-hm K EATHE 0.4 m,
FREE 12 cm, FiREBEE Sy 11,49 T3 kK -hm >, S8

O AL, A AR P 507 AN R 2 R B A
3 RHESE ) AE B[R] 25 b TH AR 7 — 3
®2 ARAXE/ EREAGLE
Table 2 Treatments of different soybean

and maize combination

#H 4 Combination K& x K Soybean x Maize

X1 F i 34 x B 618
X2 Fr#E 34 x I 605
X3 FFH 34 x F B 958
X4 H 12 x B 618
X5 HH 12 x B 605
X6 12 x FR B 958
X7 Fi 12 x B 618
X8 T 12 x B 605
X9 W 12 x FB2 958
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1.4.3 WAAFBRBZFAFZIN KO/ EXRAE
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TSI 1. 8 JG-kg ™ I, K M k% LA
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1.5 S
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2.1 KRE/FREFAGHRERMAIKEREE
T

211 REMRAFFRI WML AIM, 556
605 [AIYERYSFT 34 (X2) 32 25715 85 Bk A ROIEHL
TR FRARORLE R B S T H B REA S,
PR R IE = MR B E R T HE EEA S,
KGR A B WITE 3 AR & 2Z [ 0 . % 2%
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FES. W 12 SRR EREWET, KR AT
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TRFZEES BRI VORE,3 A KGR 58 i
605 [AIFELH & 1Y R TR AR e 7 i R e 4, H
% 618 [AI4E, 55 958 [A] 1 K OB A MR
Ko B g A

2.1.2 REXFESN  JRIHEPEICE N LA
5 RIS S EH X, 5 BB X, B4axt 208,
F minmin| X, (k) - X, (k) | =0, maxmax | X, (k) —
X, (k) 1'=1.451 0 K& a0 22 HAN LK (1) 7157
X5 X, FRBRRE(E4) .
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Table 3 The average value of each character of each combination
HE k1 k2 k8 k9 k10 k11
Combination /cm /cm k3 ke N Ko v /g /g /d /(kg+hm~?)
X0 88.59 17. 46 2.21 17. 89 34.58 1.02 75.20 27.55 18.75 108. 67 2155.17
X1 87.63 ¢ 23.17b 1.02¢ 16.20 bc 30.20c¢ 1.33d 60.20e 26.80b 17.35 be 109.00 a 1994. 25 be
X2 84.07d 20.47c¢ 1.20c 16.78 ab 33.21 b 1.02e 61.28e 27.55a 18.75a 109.00 a 2155.17 a
X3 86.45c¢ 28.03a 1.02¢ 15.23¢ 28.75d 1.25d 57.83f 26.30b 16.16 cd 109.00 a 1857. 47 cde
X4 85.67 cd 15.52d 2.00b 16.77 ab 32.83 b 2.34a 75.20a 24.35d 18.25 ab 107.00 b 2097.70 ab
X5 83.55d 15.21d 2.21a 17.89a 34.58a 1.80b 71.10b 25.72 ¢ 18.44 ab 107.00 b 2119. 54 ab
X6 90.23 b 16.23d 2.03ab 15.60 bec 33.40 ab 2.50a 67.50 ¢ 24.50d 16.54 c¢d 107.00 b 1900. 86 cd
X7 93.58a 12.73e 1.00c 16.25bc 28.82d 1.55¢ 63.89d 23.30e 14.82e 110.00 a 1703. 85 ef
X8 90.92b 12.58e 1.01c 17.86a 30.85c¢ 1.25d 65.30d 24.32d 15.88 de 110.00 a 1825. 40 def
X9 95.21a 13.17e 1.20c 15.87 be 27.75d 1.58 ¢ 63.62d 23.00e 14.69 e 110.00 a 1689. 05
X0: Z2HHF]; X1 ~ X9 ZAHEHT), NEFEFRBEERIE 5% BEKE, T,

X0 ; The reference sequence; X1-X9:The combination sequence. Lowercase indicate significant difference at 5% level. The same below.
x4 BEARESHAMESETRMNKEKRY

Table 4 The correlation coefficients of the tested soybean varieties and the reference varieties of each combination

& (k) k1 k2 k3 k4 k5 k6 k7 k8 k9 k10 ki1
& (k) 0.9853  0.6893  0.5740  0.8848  0.8514  0.7048  0.7844  0.9638  0.9067  0.9958 0. 9067
& (k) 0.9343  0.8080  0.6135  0.9212  0.9482  1.0000  0.7967 1.0000  1.0000  0.9958 1. 0000
& (k) 0.9678  0.5451  0.5740  0.8299  0.8114  0.7629  0.7585  0.9411  0.8401  0.9958 0. 8401
£4(k) 0.9565  0.8672  0.8842  0.9206  0.9348  0.3592  1.0000  0.8620  0.9645  0.9793 0. 9645
& (k) 0.9273  0.8492  1.0000  1.0000  1.0000  0.4868  0.9301  0.9161  0.9777  0.9793 0.9777
& (k) 0.9751  0.9115  0.8991  0.8500  0.9551  0.3333  0.8763  0.8676  0.8601  0.9793 0. 8601
& (k) 0.9280  0.7281  0.5699  0.8878  0.8133  0.5827  0.8283  0.8247  0.7760  0.9834 0. 7760
& (k) 0.9650  0.7219  0.5719  0.9977  0.8706  0.7629  0.8464  0.8609  0.8258  0.9834 0. 8258
& (k) 0.9066  0.7470  0.6135  0.8653  0.7860  0.5692  0.8249  0.8146  0.7703  0.9834 0. 7703
I E Weight 0. 05 0.05 0.05 0.05 0.10 0.05 0.10 0.10 0.10 0.05 0.30

KRG/ FAREEH G P RKE SIS S50
PRI 5 FrR. RS IK @SB i B iE
ORI B B 1) it By, L2 B PR AT, A 5 o R
e HARMER . th2e 5 n] 1, A G BE B HE Y A1
SIHAKR A EE 2(y=0.9381) HES (y=
0.9378) HE4(y=0.9138), HAHE2.5.4 /7 &
HEFAR R R o — . = =, R 3 LA K E L

AR F A, HEH A KR E SRR E
EI RSN, JEH A A 9 IAUCERE (¢ =0.784 9)
WHEE RS — 07, Pm EE AL &AL, RO 4RA T
KRB

®5 BHEARESERAMESEMMHXERE
Table 5 The correlation degree of the tested and the

reference varieties of each combination soybean

ik IEYES I35 Hely REF= T
Combination ~ Weighted correlation ~ Rank  Rank of soybean yield

X1 0. 8643 4 4
X2 0.9381 1 1
X3 0. 8209 7 6
X4 0.9138 3 3
X5 0.9378 2 2
X6 0.8614 5 5
X7 0.7910 8 8
X8 0. 8383

X9 0. 7849 9 9




418

F 33

2.2 KRE/EREMEAEPREKRRFPRKREREKE
S
22,1 REBREFFEN HARKGHFE
YR B0 618 55800 605 B0 = AT B
BRAEFUZRY IR %R, H5558 34 [fE
XL X2) FKBEAC AT R g Al N R
i TH G EEAR I, 25 1% 22 T H & H AR
L 53T 12 FFET (X4 X5) FRB ATRiE 5
MR N w3 e T S 512 [ (X7 .X8)
K2 958 B[R] K G s AP el fE BT AR K A
BWIZE BTN 2 5 557 34 WFE(X3) BEAL

AR TR B E S THEREL R 53T 12
[EFET (X6) ke Al FE I AR A
PR S T S A 12 FE(X9) (£ 6), Bk
SIFTRIAL, VR TR BT E L R K R F W
BN HARTC B2 22 5, (B ERHE R ™ &
FALE LR

2.2.2 REXBESH  JRREIEICE N LA
5 SRR SEHD) X, 5HWEED) X, 40t 221080, H
A minmin| X, (k) — X, (k) | =0, maxmax | X, (k) —
X (k) 1=1.666 7 B &4 xf 2 HANAX(D) 15
X5 X, BRIKRE(ERT) .

®6 EXRSEHINSRAGSHMMZ MK TEHE

Table 6 The mean value of reference sequence of maize and each character of each combination

HA k,/cm k,/cm ks/cm ky/cm ks ke k;/cm kg/g ko/d ko b
/(kg+hm~%)
X0 256. 57 93.33 17. 62 1.25 15.91 26.38 4.85 123.99 104.33 0. 60 5700. 69
X1 250.13 e 94.28e¢  16.97 bc 1.68 bc 15.57a  25.88ab 4.8l a 121.41b 106.00a 1.10 ¢ 5582.07 ab
X2 262.43 ab 104.53d  17.62 a 1.33 ef 15.91a 26.38a 4.85a 123.99a 102.00c  0.60 d 5700. 69 a
X3 253.23 cde 118.03 a  15.59 e 1.46de 14.17b  24.83bc 4.69a 119.75¢ 105.00b 1.60 a 5505.75 be
X4 252.98de  93.33e 16.07cd 1.45de 15.13a 23.93cd 4.78a 119.37c¢ 106.00a 1.40 ab  5488.28 he
X5 263.38a 104.38d 17.40ab  1.38 def 15.51a 25.33 abc 4.81a 121.63 b 102.00c 0.80d 5592. 18 ab
X6 255.33 ¢d 114.13b  15.73d 1.74ab  14.03b  24.63 bc 4.56a 117.21d 105.00b 1.40 ab  5388.97 ¢
X7 258.03 be 95.13 e 16.30 ¢ 1.25 15.11a  24.33bc 4.81a 114.20e 106.00a 1.50 a 5250.57 d
X8 260.23 ab 102.03d  17.08 b 1.87 a 15.26a  24.58 bc  4.74a 116.96d 102.00 ¢ 1.20 be  5377.47 ¢
X9 253.38 cde 111.33 ¢ 15.82d 1.54¢d 13.66b 22.83d 4.64a 112.59f 105.00b 1.50 a 5176.55 d

R BEAGEXSHBMHESERMPXEKRY

Table 7 Correlation coefficients between the tested varieties and the reference varieties of each combination of maize

& (k) k, k, ks k, ks kg ks kg ko kg kyy

& (k) 0. 9708 0. 9879 0. 9576 0.7078 0.9750 0.9778 0. 9902 0. 9756 0.9812 0. 5000 0. 9756
& (k) 0.9733 0. 8741 1. 0000 0. 9287 1. 0000 1. 0000 1. 0000 1. 0000 0.9739 1. 0000 1. 0000
& (k) 0. 9846 0. 7590 0. 8785 0.8322 0. 8840 0.9341 0.9619 0. 9606 0. 9924 0.3333 0. 9606
& (k) 0. 9835 1. 0000 0.9045 0. 8389 0. 9444 0. 8997 0.9830 0.9572 0.9812 0. 3860 0. 9572
& (k) 0. 9691 0. 8756 0.9852 0. 8890 0.9707 0.9544 0. 9902 0.9777 0.9739 0.7143 0.9777
&6 (k) 0. 9942 0. 7890 0. 8860 0. 6801 0. 8758 0.9263 0. 9331 0.9384 0.9924 0. 3846 0.9384
& (k) 0. 9932 0.9774 0.9175 1. 0000 0.9431 0.9147 0. 9902 0.9135 0.9812 0.3571 0.9135
& (k) 0. 9832 0. 8994 0. 9645 0. 6269 0.9533 0.9243 0.9735 0. 9363 0.9739 0. 4546 0.9363
& (k) 0. 9853 0. 8121 0. 8908 0. 7822 0. 8549 0. 8610 0. 9506 0. 9006 0.9924 0.3571 0. 9006

A FE Weight 0. 05 0. 05 0. 05 0. 05 0.10 0.10 0. 05 0.10 0. 05 0.10 0.30
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Table 8 Correlation degree of the tested varieties and reference varieties of each combination of maize

HE IS 3 HEy Fok AT
Combination Weighted correlation Rank Rank by maize yield
X1 0.9153 3 3
X2 0. 9875 1 1
X3 0. 8698 7 4
X4 0. 8903 4 5
X5 0.9392 2 2
X6 0. 8578 8 6
X7 0. 8798 5 8
X8 0. 8788 6 7
X9 0. 8382 9 9

2.3 KE/EREMEAEF=REFHAEZD
mE A AR RS/ EREEHEG T, KE
MERGABHETF MHG2>HES>HA 4>
HE1I>HE3I>HEGO>HES>HET>HEO,
HE2 FMHES A ERE , MEEREEER,
LEA YRR Ay T 855. 86 fliT 711.72 kg-hm’z;,\
W HEAMAS 1 =R, MEZRZS AR
F B EGTHE U3 mEREES T4
BOBEGTHAS TS89, HTHAT~9 KREMmFh
YIhii e 12, [, 5585 34 FIZE T 12 5 1K i Fh
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7800 | B a_II:
7600} B L]
7400 |
7200}
7000 | .
6800 |
6600 |

6400 |
6200

th o

7= & Yield/(kg + hm™)

1 2 3 4 5 6 7 8 9
#H4 Combination

YA R TR 12, F35h, 8 605 15 KT A Fl
YL R TR 618 FIKSHL 958,
REMEREEG LT Y 5486 A —
B P ALE 2 PR e, 418 881,93 7T +hm 2,
HUWCHAE 5, LA LT ALeE F18 544. 0978 +hm ™2,
HET ~9 ZRATGE RE R TIELR, K,
ARBIFE 9 A RE IR EAEL S, 558 34 x B
605 FIFLE. 12 x Biff 605 [AIfE4L G255 7= i MATF
s fredd, XA b AP AL RS PRI AR R E
KA Al BEAT K IR A (1) .

& 19500 B
E 19000} 2 "
18500}
18000} =
17500} g cd B
17000}
16500+ e
16000}
15500}
15000+
14500

2353425 Economic benefi/(JG

1 2 3 4 5 6 7 8 9
#H4 Combination

Bl AEAXRE/EXRAGEEATE(A) REAEFUE(B)

Fig. 1

Comprehensive yield (A) and comprehensive economic benefit ( B) of different

soybean/corn combinations
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