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Evaluating Maize Density Tolerance under the Condition of Soybean—Maize

Strip Intercropping in Guanzhong Area of Shaanxi Province
YANG Ji—gui, GONG Guo—fei, WAN Qi—xin, HAO Zhi-ying, YAN Lu-yang, ZHAO Yue, LI De—xiao
(College of Agronomy, Northwest A&F University, Yangling 712100, China)

Abstract: Under the condition of soybean—maize strip intercropping in Guanzhong area of Shaanxi Province,
35 maize variety were used as test materials, and their plant height, stem diameter, ear length, ear diameter, bare tip
length, row number per ear, seed number per row, 100—grain weight, and seed weight per ear were measured. The
yield performance and density tolerance of maize varieties were evaluated by analysis of variance(ANOVA), princi-
pal component analysis(PCA) and membership function analysis. The results showed that, under the condition of
strip intercropping, maize bare tip length increased, seed weight per ear decreased, stem diameter decreased slight-
ly, while other traits showed no significant differences, and there were obvious varietal differences. To determine
maize varieties suitable for the condition of soybean—maize strip intercropping the traits, focus should be placed on
traits such as bare tip length, seed weight per ear, seed number per row, row number per ear and ear length. The linear
regression function was established between membership function value(D) and density tolerance index of nine mea-
sured traits(Y;): D=0.072 5-0.006 9Y,+0.198 4Y,+0.117 0Y3+0.052 9Y,+0.143 3Ys+0.076 1Ys+0.126 7Y7+0.054 5Ys+
0.175 9Y5(R*=0.999 9). Based on the comprehensive evaluation of seed yield and plant height of variety grown in in-
tercropping system, as well as density tolerance, four varieties characterized as dwarf and compact phenotype, in-
cluding Denghai605, Shaandan650, Liangyu 99 and Zhengdan326, density tolerance and high yield, were recom-
mended to be the dominant varieties suitable for strip intercropping mode in Guanzhong area of Shaanxi Province.
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Fig.1 The strip intercropping pattern of maize and soybean
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Table 1 The growth of 35 maize varieties under the condition of maize—soybean strip intercropping
EFHA - H) AFBBL)
SRR Phenological phase Growth stage
Hybrid RS HE ) 2B A R i 2 R
Seeding Emergence  Elongation Silking Maturation ~ Harvesting VE Silking Growth period
[P 816 6-10 6-16 7-11 8-04 9-30 9-30 6 55 116
JEH65 6-10 6/17 7-09 8-04 9-30 930 7 55 115
TR 88 6-10 6-16 7-10 8-04 9.27 9-30 6 55 113
FEFL 338 6-10 6-17 7-09 8-04 9-27 930 7 55 112
B33 6-10 6-17 7-09 8-04 9:30 9:30 6 55 115
AU919 6-10 6-16 7-09 8-04 9-30 9-30 6 55 116
4% 3308 6-10 6-16 7-09 8-03 9-30 9-30 6 54 116
#1186 6-10 6-16 7-10 8-03 9-25 9-30 6 54 111
KE 339 6-10 6-16 7-11 8-04 9-30 9-30 6 55 117
44308 6-10 6-16 7-10 8-04 9.27 9-30 6 55 113
229 6-10 6-16 7-09 8-03 9-30 9-30 6 54 116
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4R 1 Continued 1

EHEBIH-H) AF R BL(d)
e Fh Phenological phase Growth stage
Hybrid ST N B 17 I 1 72 (/R % %73 1| o n 2 HEE
Seeding Emergence  Elongation Silking Maturation ~ Harvesting VE Silking Growth period
4R E 3328 6+10 6-17 7-09 8-03 9-30 9-30 7 54 115
U5 187 6-10 6-16 7-10 8-04 9-30 9-30 6 55 116
#3620 6+10 6+16 7-11 8-04 9-30 9-30 6 55 116
HBH.326 6-10 6-16 7-10 8-04 9.27 930 6 55 113
FRA% 193 6-10 6-16 7-10 8-04 930 9-30 6 55 116
ME 2018 6-10 6-16 7-10 8-04 9-30 9-30 6 55 116
Pt 919 6-10 6-17 7-11 8-04 930 9-30 7 55 116
4R E 3313 6+10 6-17 7-10 8-04 9-22 9-30 7 55 107
24650 6-10 6-17 7-10 8-03 9.25 9-30 7 54 110
HURH968 6-10 6-16 7-11 8-03 9-30 9-30 6 54 116
Jeik 601 6-10 6-16 7-10 8-03 9.22 930 6 54 108
IR 368 6+10 6+16 7-10 8-03 9-25 9-30 6 54 111
BfF 605 6-10 6-16 7-09 8-04 9-25 9-30 6 55 111
WK 695 6-10 6-16 7-10 8-03 9-30 9-30 6 54 116
5EF999 6-10 6-16 7-11 8-04 9-30 9-30 6 55 116
BIUFESIL 6-10 6-16 7-10 8-04 9-25 9-30 6 55 111
FBEA958 6-10 6-16 7-10 8-03 9-30 9-30 6 54 116
K99 6-10 6-16 7-09 8-04 9.27 930 6 55 113
I E 432 6-10 6-16 7-09 8-05 9-25 9-30 6 56 111
B2 659 6-10 6-17 7-11 8-03 9.25 930 7 54 110
JEE 335 6-10 6-16 7-10 8-04 9-22 9-30 6 55 108
ki 168 6-10 6-16 7-11 8-04 9-30 9-30 6 55 116
#3801 6-10 6-16 7-10 8-04 9-30 9-30 6 55 116
41619 6-10 6-16 7-10 8-04 9-30 9-30 6 55 116
Fo 6.2 54.7 113.7
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B B A 2 —E, T Bt — .
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Table 2 Analysis of variance in different traits of maize(F values)

G 3l L7 = E (RIS ML FRK T T4 TR ERE ARk
Source of Plant height ~ Stem Ear length  Ear diameter  Bald tip Rows Grains 100—grain ~ Grain weight
variation diameter length per ear per row weight per ear
ApE A 10.57%%* 7.02%% 76.99% 59.02% 6.67%% 7.59%% 186.16%+ 7.48%% 40947
LT 24,597 192 3.20% 12.35% 2,82 4,487 7.74%% 7.54% 0.97
A AR A 2 2,84 1.71% 0.86 8.28# 0.29 3.08 2.3]%% 3.48%% 0.61

T e RR P> FARSRAE/NT 0.05 F10.01

Note: * and ** indicate the significance at 0.05 and 0.01 level, respectively
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Table 3 Variability analysis of different traits in maize under two types of planting patterns
FRAPIRE A FPHL Maize strip intercropping EKHAE  Maize monoculture
(TN
Trait ¥ E brifEzE 5 S F (%) ¥ H brifEz: AR5 FH (%)
Mean SD CV Mean SD CV
B (em) 281.44 8.31 2.95 276.73 11.14 4.03
25K (cm) 21.53 1.72 7.97 22.50 3.27 14.53
T (cm) 15.92 1.59 9.97 17.74 0.58 3.28
T K (em)* 0.85 0.47 55.70 0.61 0.42 69.31
FEAH (cm)* 4.75 0.21 4.43 5.06 0.74 14.61
FEAT 8L 15.64 1.65 10.53 16.45 9.34 56.82
TTRiEL 33.12 428 12.92 36.63 3.63 9.92
HRLHE (2) 33.45 2.04 6.10 34.12 3.16 9.28
PARIRT HH (g)* 160.00 0.02 15.76 190.00 0.02 9.85

T " FORIZAME RS T R . HYbhRiE2E N A R R

Note: * means that this trait has only one observed value for each variety under monocropping. However, the other trait has replicated values

(15.76%). FEHAERIZCT , R K AR TEUN AR 7
B R (3 1M 69.319%H156.82%) , B FI LK 11
A5 S R BN /N (BT 15% ) TRZSAIAR AR Z0AH e
B AEE A FRAE PR A TRIEICR SRy T AR
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AR AR Y FOR SR, R T TR AR R
TR EE FTRCER A TEORIR K
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Table 4 The density tolerance index of 35 maize varieties

fil L7 E K B FATHL TTRIEL TRk FRE R
Hybrid Plant height ~ Stem Ear length  Ear diameter Rows Grains Bald tip 100—grain ~ Grain weight
diameter per ear per row length weight per ear

5FF999 1.14 0.84 0.91 0.97 0.96 0.90 1.10 0.95 0.83
RIF919 1.14 0.84 0.86 0.95 1.06 0.81 3.11 1.01 0.96
229 0.98 1.39 0.93 0.95 0.99 0.96 2.81 0.99 0.87
kAR 368 0.94 1.28 0.96 1.00 0.95 0.90 3.22 1.03 0.81
JEik 601 0.99 1.01 0.96 1.00 1.00 0.93 3.29 0.95 0.74
Beifi816 0.97 0.89 0.95 0.98 0.93 0.89 1.83 0.92 0.79
44 308 1.02 0.90 0.89 0.94 0.98 0.86 1.39 0.98 0.72
2 650 0.99 1.06 0.91 0.96 0.95 0.95 1.63 1.00 0.96
[ 88 1.00 0.92 0.86 0.92 0.90 0.92 1.00 0.97 0.72
K339 0.97 0.94 0.83 0.92 1.01 0.84 2.92 0.90 0.83
kil 168 1.03 0.96 0.91 0.95 0.93 0.97 1.01 0.99 0.71
FERL338 0.92 1.02 0.80 0.91 0.95 0.83 1.70 0.89 0.70
HRJF R 432 0.96 0.65 0.81 0.96 0.98 0.78 1.65 1.00 0.73
JHip 65 1.03 0.86 0.88 0.93 0.90 0.89 1.82 1.00 0.75
HE.326 1.04 0.85 0.88 0.92 0.93 0.94 2.24 0.96 0.84
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i L7 E [N B FEATHL TR FeREK FRIE R
Hybrid Plant height ~ Stem Earlength Ear diameter ~ Rows Grains Bald tip 100-grain ~ Grain weight

diameter per ear per row length weight per ear
#4620 0.99 0.88 0.94 0.96 0.99 0.91 1.94 0.95 0.74
i S511 1.05 0.94 0.85 0.97 0.98 0.76 1.64 0.98 0.66
4R E 3308 1.09 1.10 0.99 1.02 1.07 1.01 1.16 0.97 0.98
WK 695 1.05 1.03 0.93 0.87 1.03 0.89 0.72 0.95 1.06
#1733 1.13 1.04 0.92 1.02 1.02 0.90 1.54 1.05 0.91
FF968 1.01 1.00 1.01 0.56 1.02 1.02 0.90 0.83 0.97
KE99 1.15 0.81 0.92 0.95 0.95 0.92 1.00 0.91 0.85
#E 801 0.99 1.00 0.89 0.97 1.00 0.85 1.35 0.98 0.87
4P} 3328 1.02 0.96 0.90 0.99 1.02 0.89 1.86 1.02 1.10
6 335 0.98 0.95 0.93 0.99 0.94 0.97 1.41 1.05 1.10
#5186 0.99 1.07 0.90 0.98 1.00 0.87 0.82 1.00 0.86
R 193 1.03 0.98 0.93 0.98 0.96 0.89 1.21 0.95 0.92
HE 187 1.02 0.92 0.87 1.00 0.98 0.92 0.69 1.01 0.87
Beif 659 1.03 1.06 0.99 1.01 0.91 0.96 1.26 0.91 0.89
M 2018 0.92 0.80 0.83 0.92 1.01 0.84 2.92 0.90 0.83
4R 3313 1.03 0.84 0.95 0.96 0.93 1.04 0.87 1.04 0.84
Pt 919 1.01 0.95 0.95 0.89 0.94 0.87 0.75 0.88 0.72
53 605 0.98 0.93 0.94 0.97 1.00 0.91 1.88 0.94 0.98
H 2958 0.98 1.03 0.92 0.98 0.93 0.92 0.97 1.01 0.79
4619 1.02 1.17 0.97 0.96 0.91 0.92 1.94 1.07 0.85
¥ A 1.02 0.97 0.91 0.95 0.97 0.90 1.64 0.97 0.85
AR 2R HBU(%) 5.63 14.14 5.58 8.03 4.52 6.85 46.44 5.59 13.39

R5 9N EEHAE REX RHIFEEXREY

Table 5 The Pearson’s and partial correlation coefficient matrix between the density tolerance index of nine traits

5 45

Tndex X, X, X; Xu X5 X X, Xs X,
X 1 -0.184 0.222 0.091 0.192 0.137 -0.349* 0.142 0.251
Xa -0.18 1 0.4827%%* 0.075 0.039 0.33 0.164 0.196 0.216
X 0.20 0.46%* 1 -0.115 -0.01 0.711%%* -0.101 -0.033 0.305
X 0.09 0.08 -0.11 1 -0.109 -0.164 0.179 0.579%%* -0.053
Xs 0.20 0.04 -0.04 -0.11 1 -0.166 0.193 -0.104 0.478%*
Xe 0.12 0.32 0.72%%* -0.16 -0.18 1 -0.226 0.052 0.327
X, -0.24 0.13 -0.22 0.16 0.18 -0.27 1 0.074 0.05
Xs 0.14 0.19 -0.02 0.58%%* -0.11 0.06 0.02 1 0.161
X 0.22 0.20 0.35% -0.05 0.43%% 0.36* -0.11 0.16 1

TE XIS F1 0 Pearson MOCR B, W FAEAT_EA IR IC R AL " F1 =" 10 IR TE 0.05 F10.01 K- 225 i 3%
Note: The lower left corner under diagonal line is Pearson’s correlation coefficients, and the upper right corner is partial correlation coefficients.

* and ** indicate the significance at 0.05 and 0.01 level, respectively

AR PRI RO SCTE AT R (R 5), BN SC R B O B 5 ARG, Bk (X)) R 5
BARERLE (X6) ST R (XG) TR (X MR R () 2 SRR (X)) 22 3 TG
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(R ORI TE % iPSE YR ORC] S NP ON SN HORE S RRLZEAE T TR AU RS 21
(Xo) AR (X) ERL(X) 5 TR B (X A AT BRAR S R 58, A 2 o 23 vl LA 20088 5 AN R PR AR Y
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Table 6  Eigenvalues of the correlation matrix and weight determination of principal components

F 5 FEIEAE A U 5 (%) SRR (%) AL (%)
No. Eigenvalue Contribution rate Cumulative Weight
contribution rate
1 2.365 4 26.28 26.28 34.05
2 1.706 4 18.96 45.24 24.57
3 1.480 5 16.45 61.69 21.31
4 1.394 4 15.49 77.19 20.07
5 0.646 7 7.19 84.37 -
6 0.517 8 5.75 90.12 -
7 0.398 8 4.43 94.56 -
8 0.280 0 3.11 97.67 -
9 0.209 9 2.33 100.00 -
R7 BWANERSHEHER2ER
Table 7 The eigenvector matrix of four principal components
5 Fr
Index " " " "
X, 0.201 0.045 0.256 -0.615
X, 0.331 0.263 -0.076 0.508
X; 0.567 -0.047 -0.118 0.106
Xu -0.093 0.645 -0.106 -0.176
Xs 0.047 0.002 0.759 0.083
Xe 0.550 -0.077 -0.234 0.025
X; -0.211 0.274 0.247 0.524
Xs 0.077 0.648 -0.094 -0.195
Xy 0.405 0.100 0.451 -0.033

TE X ORRR X2 X R XA XA T XM ATRE X TR X Ry FORLTR Xy S SRR TR Y ~ YONHT 41 00

Note: X=Xy indicate plant height, Stem diameter, Ear length, Ear diameter, Rows per ear, Grains per row, Bald tip length, 100-grain weight,

Grain weight per ear, respectively. Y, — Y, is the former four principal component
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4 B} E 3308, Bk 5k 368, 4 B E 3328, F B 733, %E 2018, K E 99 #F 801 5K 193 4R E 3308,
Sk 601 AR 19 B 605 K 695, F=m/K A B 605 FRHL326, LEAKE . EARTPHIX KD
% T 48 E 958 1y b A A U B 968 4 BE K 3328, ARAREE GRS =X 1 R AT KT L R A B 605
£ 3313 BRHL659 BRI 650 HH K 695 . 145186, PEHL650, K £ 99 FBHL326,

B #1816 . R VE 919 5C T 335 . Bk 4k 368 . K kK 339,

*8 IBANERMMBITEME. EIEFEFNKRSILE

Table 8 The comparison of density tolerance, yield and plant height for 35 maize varieties

HRARTEE R 5 (g) PR EVER 5 (cm) e i
b Yield under strip intercropping Plant height under strip intercropping Comprehensive tightness resistance
Hybrid PR s t H ¥ SR D # 7
Ear—grain weight Ranking Plant height Ranking Degree of membership ~ Ranking
HURL968 192.17 1 302.0 29 0.583 12
4R 3328 191.83 2 289.0 20 0.659 4
4F} 3313 182.83 3 296.7 27 0.478 20
B 659 182.33 4 277.0 15 0.531 14
Bt 650 180.17 5 256.7 6 0.581 13
B 695 178.50 6 292.0 25 0.601 10
%186 177.17 7 302.7 30 0.517 17
[ 816 176.50 8 290.7 22 0.454 24
RIFE19 175.00 9 284.3 19 0.612 8
JeE 335 172.83 10 305.0 32 0.622 5
AR 368 171.33 11 317.0 34 0.687 3
KE339 170.17 12 283.0 18 0.509 18
ME 2018 170.17 13 271.7 11 0.474 21
K99 170.00 14 268.3 10 0.408 28
#E 801 165.50 15 304.3 31 0.518 16
193 164.17 16 306.3 33 0.518 15
4:F} £ 3308 161.17 17 330.7 35 0.732 2
Bt 605 160.00 18 273.0 12 0.606 9
HHL326 159.83 19 255.0 4 0.454 25
H 5958 157.73 20 256.7 7 0.461 22
44 308 157.17 21 282.3 17 0.414 27
50733 156.83 22 256.0 5 0.618 6
229 156.67 23 282.0 16 0.733 1
ke 168 155.25 24 290.0 21 0.406 29
Jeik 601 148.50 25 291.3 23 0.613 7
E 187 148.33 26 274.3 13 0.457 23
HER} 338 146.50 27 2473 2 0.352 33
5F999 146.33 28 292.0 24 0.424 26
RARE 143.67 29 298.3 28 0.335 34
JEH .65 141.33 30 277.0 14 0.370 31
it 919 139.67 31 2933 26 0.373 30
#E 620 137.50 32 257.3 8 0.494 19
4619 135.50 33 259.0 9 0.593 11
FBJEE 432 131.00 34 234.0 1 0313 35

U511 125.83 35 254.3 3 0.367 32
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K E KPR E A AR S A A O B AR 1
FEEEPEAIE N E KA EAHIRE AR E
KA % B AR RIS D RS T T A
etk FORMTN BTN A S —bnifE. HHe
FHAEHR S A AR A R A e AR R R
BASHOTE N ERBMIESHIENSHE, £k
rn PR AR AR A AR X 1 A L i
A RFUEAT FH R S . R 23 ] LS []
(R0 52 FR B EAT B B AT NIRRT - m A G
R AR Z AR RO A e MR ZEFFIR AR
KMRAE S, (E Rk Ry ZEAH RN A D MR
25 5 B R Wk, DRI B 7 (A o AR SORIT 32 AR
Gy AT ISR & PR AT HE ST T I PELE B e s
SRR D 5 9 MEPR(MR R ZEHL K FIoRL AT
B ATRIE TRAK E R | AR ) (4 TR 23 4R 4R
(Y) [f] 09 7 #2 : D=0.072 5-0.006 9Y,+0.198 4Y,+
0.117 0Y5+0.052 9Y.,+0.143 3Ys+0.076 1Y,+0.126 7Y+
0.054 5Y5+0.175 9Y,(R>=0.999 9), % )5 # e o] Fi T %
DK it ol 288 P T

5K AR A e FE R E A AT
FORTEIA FE RGN, AR TN [, M A PRI,
HAbFEAR AT, HAFAE B0 S Fp 22 5 . Rl
or L FIRERA T 2501 i 285 8 B0OFE 7 S 325 1EAH G, R =
TR W 25 48 B AR 0 3 R DG . T IR AR5
KB, PR A AR T BRSO TR
FERIEL R L R CEMIE D SRR K E
v, HE S BT AR H, FOKBAERT TR A
TE R I TAHRIRE S AME AN, TR K 3
AR E A AR AL B, X T2 B R R A AR £
S, LRASKR RIS ARG B KA IR E A
1 57 SVTET S LI VA E 5 SR E S e NS AN £ 8 s ER T
FEATHUCRIRE .

H i, 4 R EZ A FE RS F R SRR T B
ZoHE B E R AR, AR AR R
rn R (LI S R ER R A AR SR T e Y . AN B
58 HR B0, 958 FIAE T 335 WX HE S b, 40 i1
J P R AT SR B L AR, B TE 56
Ol AR FOR R G R A R i S A
TR AT SR T 2 B0 8 7 T oK S FIOBS I 605 B PR 650
BEA 659 B K 99 FBEA326, AN, K RN 25
PR HAELRR = W 50 1 4 R K 3328, TE EOR K
WK E A R A R E s k. A
FEANTA) AR S DS T 38 2 M IR A P 1 oK

rn A AR A AE B P T b DX RS 5 958 Sy Xt
IF R R K A B O 3k 5, B E B 650,
PO5% 168 B4 M MY 73 3 & F oK K DAk & & Fh
P ARSI A A FOK R BRI A B AT 48
FESA KA, L H MY 7358 FIdbA ERRE
iR A RhRE T, B AR RE AE MR E A R 115,
F A5 100, TPVLE 99 38 TVLIK R 5 i Al IR &2 4 Fib
R, PRAE XS B AR O RS |, 4 7 1B 16 “E AR
S AR I K AR K Ry 25 M) R B KA R
ARSI KB A
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