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Abstract: As a special plant type, the erect plant type of wheat is characterized by upright tillering
growth, tight canopy, large inter-row gaps in conventional row spacing planting, and large spike ca-
pacity in the wheat canopy. If the sowing rate increased and the row spacing reduced, wheat yield can
be improved. Therefore, it is necessary to explore the unique agronomic characteristics of this type of
wheat germplasm under dense planting conditions. In this study, 15 wheat lines with erect plant type
derived from different parents were used as experimental materials. The wheat lines were planted un-
der two higher planting densities. Nine main agronomic characters were investigated and the density
tolerance coefficients(DTC) was calculated. DTC of the nine agronomic traits were transformed into
comprehensive indicators through principal component analysis and the comprehensive density toler-
ance evaluation value D was calculated to evaluate the density tolerance of the erect plant type wheat.

A mathematical model was established using stepwise regression analysis method, and suitable densi-
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ty identification indicators were screened. The results showed that under appropriate high planting

density conditions, erect plant type wheat achieved higher grain yields. The cumulative contribution

rate of three comprehensive indicators was 85. 24%. Based on D value clustering analysis, 15 materi-

als can be divided into extremely strong, strong, moderate, and weak tolerant lines to planting densi-

ty. Six core evaluation traits, including fresh weight(X;), thousand grains weight(X,), lodging de-

gree(X,), number of ears per hectare(X;), plant height(X;), and mechanical strength(X;) were

screened as indices to identify the planting density tolerance of erect plant wheat. The mathematical

model for evaluating the planting density tolerance of upright wheat is D=4, 330X, +8. 838X, —0. 325X,
+0.463X,+4.501X;+2.092X;—18.499, with an estimation accuracy of over 89. 20%.

Keywords: Common wheat; Density-tolerance; Principal components analysis; Membership function

method; Stepwise regression analysis method
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Table 1 Information of erect wheat lines in this study
P FEA 2 B P
Code Sample name Source
1 Z1.13-19 e 055525 X il 42 18 &
’ Shannong 055525 X Zhoumai 18
5 Z114-13 A Tal(Ms2) /N2 5 BEREIR BE & 102 4 P/ A2 i &R
- : Half winter wheat lines selected from Tal(Ms2) wheat rotation population
ik 22 5 X M 366
3 ZL15-34 Shannong 22 X Zhengmai 366
. 711565 FATal(Ms2) /N2 56 R REA L & 0921 &N 2 5 R
’ Half winter wheat lines selected from Tal(Ms2) wheat rotation population
- . e 25 %5 X ¥4 22 %
N ZL15-32 Shannong 25X Jimai 22
6 71.16-31 A Tal(Ms2) /N2 5 VERF IR B F 124 4 PR/ N AZ i R
’ Half winter wheat lines selected from Tal(Ms2) wheat rotation population
- A 19 5 X4 28 5
7 ZL16-45 Yannong 19 X Shannong 28
) 1R 18 45 X 4R K 3488
8 ZL17-87 Shannong 18 X Nongda 3488
9 ZL17-24 A Tal(Ms2) /N2 5 PERERIE H 1026 A P/ B R
: Half winter wheat lines selected from Tal(MsZ2) wheat rotation population
. RA 99X Ik 29 5
10 ZL1T-87 Liangxing 99 X Shannong 29
—_— i 23 5 Xk 20 =
1 ZL1T-29 Shannong 23 X Shannong 20
12 J114-25 P Tal(Ms2) /N2 58 IR F A1 A4/ A2 i &
. Half winter wheat lines selected from Tal(Ms2) wheat rotation population
13 Z118-21 FHTal(Ms2) /N2 5 FERE R IE 6 10 2 A P/ A2 B &R
b - Half winter wheat lines selected from Tal(MsZ2) wheat rotation population
) P Vi 219X 14k 26 5
14 ZL18-30 Xinong 219 X Shannong 26
15 71.19-37 FTal(Ms2) /N5 RHALE & 1921 & M/N 22 5 &R

Half winter wheat lines selected from Tal(MsZ2) wheat rotation population




. 352 - # K F W

IS
l
g

2 6

T 2019 4FEFN 2020 AF 35 B 5 B, 375 B0 5T i &2
AIE(N:P:K=17:17:17)750 kg + hm * {3
RO, H0 H E) 45 1, T 2020 4EH1 2021 4R U 3R 25k
If e 3k
1.2 MHRAEENE

AN FE I S B A R E A AR K
BIGSRE S 1 m U7 7R DU 8 B AR B 254
PRTT 1A A E s A R A A RO B
o R G BERRORN BAL AL THTBR AR 5 0 22 B0 ) o R
THAEW A7 R HL 20 A FF AL ] bk vy S B U A
SIS RE N v T I e Dl N 1 7/ = N
O B EEE A YYD-1 R4 25 5 B I
ACCHE A28 ) D 5 35 =5 (8] vh &AL AR 32, 155
R385 (lodging index) . JF4E 3 20349, W
ZEic sk H R EVRAB Bl o B R 56 /) DX S A
7 E TORLEE

TR AR 48 £ = SRk fF F < FEO = BE /LA R B
1.3 WMERBWHTESSH

F Excel 2010 4-PRECHE . ¢ #6556 4 B 1 IR 38
b 3 PE, SPSS 25. 0 #E4T 85323 Hr SR pR &K
SR R GRS DL SN 2 T R AR

ZA 5 R A5 48 bR PR IR 09 i %% 3R 4 (density
tolerance coefficient, DTC) S /= % F& ¥4 Ik {H 1 48
5 2 R RA 22 R] A B A S 9 e P R A IO 4O
BIE . A T TR LR G PN S8 /N A S & Tt
0 o S TN N /= NI T A = A O T

BT B AR R DTC = & 2% MR /88 w2 5 1k
ARAA s F A 38 bt IR 0 T 2% 28 280 = 8 v 28 R MR
1B/ =5 % TR AE

B W T G = TN € VNN R A
FlAb B 5 AR 5 AH 5 2 B0 [ ) 2 45 48 A 0 A G
FEEE, R U 5 22 R B T S AR AR AR L BR A5 RF A 1)
i DL e 2 A Ak 2 B JE o A R i
BRIy 5 o BB ok R S SRS
WAE (D),

FIERBE T (X)) = (X, — X))/
X — X))

AT IRRE LW, =P,/ SP,

%ﬁﬁﬁ@qﬂ@ﬁ%p:é@mnxm]

PhERXd. = 1,2,3,.0: X, N AT
BRI+ X i 1 X s h A 2 53 1540 B /M A
Bk W, h5 i A ERMACTE . P, o 35
SR HREAEAR . 52 4 BT 7 ok S 4L 1A 106 452 L LA T
R HE B A B I bR vl AR D (8 Rl 4 T 2 4
Y. it A 7 ik /N ST AR R
Tt 235 P 0 B

2 HERE5HH

2.1 FHELEMEILKBENEETEHRBZME
WARZE R (3R 2) R, 7577 & K ™ B Al
BRI S8 E AL R/ R P 8 7 R

®2 FHEHLABTEIHKBENENIEZEERSH

Table 2 Main traits of erect plant wheat lines under high planting density

1 T X - s o 2
Mean= SD under super
high planting density

X BRI (B 22 22 5
Control(Jimai 22)

TN ﬁ%&ﬁﬁiﬁ?ﬁ%
Trait McaniSD undcr high
planting density
BRREA MP/(10° Bk + hm™2) 7.62+1.11B
% SN/(10° ## « hm™2) 4.7740.53B
R GN 47,2545, 06a
TRi# TKW/g 51.62+4.97a
¥# PH/cm 71.3546. 20b
&R E BH/em 47.2442.67b
fif I FW/g 13.1642. 24a
HLBR BE MS 1176.80+123. 60a
BIREE LD 1.5140. 26b
e Y/ (kg + hm—?) 8 677.50£536. 00
Bl HEE LRI 1.8940. 29

8.671+0.94A 13.35
5.71%0.73A 6. 64
46.12+6.08b 41.50
49.76£4.27b 38. 40
73.2545. 26a 73.00
49.14+3. 35a 45. 30
11.91£2.79b 11. 97

1 087.60£67. 80b 987. 60
2.56+1.02a 2.34

9 610.90£716. 00 9 054. 00
1.85£0.34 1.82

MP . Fe KRB ; SN B GN L BURE AL s TKW . T 3 s PH: AR 55 s BH . 5.0 5 8 FW . ff 3 s MS: JUARSE B LD AR FR R Y. /7 &
LRI BUBEE, T, o % B R & % B 40 RN FBE 4y AR R 22 il B35 (P <<0. 0D R 35 (P <C0. 05),

MP: Maximum population; SN: Spike numbers; GN: Grain number per spike; TKW: Thousand kernels weight; PH: Plant
height; BH: Height of gravity center; FW: Fresh weight; MS: Mechanical strength; LD: Lodging degree; Y: Yield; LRI: Lodging re-
sistance index. The same in tables 3, 4 and 7. Comparison between high planting density and super high planting density conditions; cap-
ital and lowercase letters represent significant differences at 0. 01 and 0. 05 levels, respectively.
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Table 3 Dense tolerance coefficient(DTC) of each single index of different erect wheat lines

P IZFNTUS AL TR TR B HL fif 7 PUBRSR AL (B IR R
Code MP(X 1) SN(X3) GN(X3) TKW(X,) PH(Xs5) BH(X) FW(X ) MS(X5g) LD(X )

1 1. 165 1. 388 0.967 0.967 0. 969 0. 956 0.939 0.948 0.968

2 1. 159 1. 297 0.973 0. 965 0.968 0. 954 0.932 0. 951 0.833

3 1.124 1. 058 0.982 0.961 0.973 0.965 0.904 0.921 0.933

4 1.137 1.148 0.976 0.952 0.971 0.963 0.924 0.930 0. 895

5 1. 140 1.158 0.972 0. 969 0.970 0. 960 0.910 0.927 0.810

6 1. 144 1.198 0.971 0.956 0.968 0.952 0.908 0.908 1.020

7 1. 108 1. 035 0.979 0.962 0.978 0.967 0.914 0.937 0. 789

8 1.126 1. 083 0.978 0.971 0.976 0.967 0.892 0.918 1. 008

9 1.128 1. 100 0.977 0.959 0.975 0.966 0.883 0. 900 0.988

10 1. 134 1.134 0.976 0.966 0. 970 0.959 0.917 0.932 0.944

11 1. 115 1. 047 0. 985 0.951 0.971 0.962 0. 889 0.910 0.952

12 1.152 1. 265 0.974 0.973 0.974 0.965 0.937 0. 956 0.771

13 1.131 1.112 0.977 0.963 0.977 0.967 0.902 0.914 0.958

14 1. 161 1. 317 0.969 0. 964 0.979 0.969 0.928 0.943 0.739

15 1. 161 1.374 968 0.96 0.972 . 964 . 904 . 906 L 714

F M Mean 1. 139 1.181 0.975 0.963 0.973 0.962 0.912 0.927 0. 887

FrifE2: SD 0.018 0.119 0. 005 0. 006 0. 004 0. 005 0.017 0.018 0.101

&L, TR,

The material numbers are the same in table 1. The same in below.
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Table 4 Correlation analysis of density dense tolerance coefficient(DTC) of each single index

febr ROKHEHE M Tl AL % Tk B L G PUARSE AL IR

Index MP(X ) SN(X ) GN(X3) TKW(X ) PH(X5) BH(X ) FW(X ) MS(X3g) LD(X )
X1 1 0.9737~ —0.893 0.321 —0.301 —0.368 0.654"~ 0.424 —0.393
X2 0.9737~ 1 —0.891*~ 0. 280 —0.261 —0.332 0.654" " 0.424 —0.457
X3 —0.893"* —0.891 1 —0.299 0.213 0. 341 —0.560" —0. 286 0.374
X 0.321 0. 280 —0.299 1 0.194 0. 089 0. 387 0.555" —0.225
X5 —0.301 —0. 261 0.213 0.194 1 0.916** —0.201 —0.017 —0.255
X —0. 368 —0.332 0. 341 0. 089 0.916" * 1 —0.310 —0.129 —0.276
X7 0.654"~ 0.654" —0.560 0.387 —0. 201 —0.310 1 0.906 "~ —0.451
Xs 0.424 0.424 —0. 286 0.5557 —0.017 —0.129 0.906" 1 —0.435
X —0.393 —0. 457 0.374 —0.225 —0. 255 —0.276 —0.451 —0.435 1

x Fll % 3 FIFRARAE 0,05 10,01 K CRUR) i35 ARl He i 3 A1 561k

* and * * represent significant correlations at the 0. 05 and 0. 01 levels(two tailed), respectively.

x5 BUERERIVBFERNERFTHE
Table 5 Eigenvectors and percentage of accumulated

contribution of principal components

F o

Principle Cly Cl, Cl;

component

- 2 3

A5 {1 4,365 2.183 1.127

Eigen value

i

Contribution 48.499 24. 250 12.523

ratio/ %

BT Tk R

Cumulative 48.499 72.749 85. 272

contribution ratio/ %

-+ 4 E=N

?{H‘“ﬂi X, 0.211 —0.044  —0.261

igen vector
X, 0.210 —0.026 —0.298
X3 —0.194 0.038 0. 360
Xy 0.105 0. 209 0. 330
X5 —0.071 0. 404 —0.163
X —0.095 0. 390 —0.209
X7 0.197 0.058 0. 315
X3 0.159 0. 155 0.527
Xy —0.116 —0. 260 0.211
CL: & 58 ME. TR,

CI: The value of each variety’s comprehensive index. The

same in table 6.
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W52 FE Lo TR R 3 A F LA R
PRAGALEE , 435 R 0. 569.0. 284 F1 0. 147(FK 6).
2.4.3 ZAEMAESRX

WRAE D B R/ 28 H W AN [8] B ST /N2 i &
AT 2 4 (6 6) . AR 12 B D &K 0. 868,
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0. 197, WY it 2 0t %5 M B /D o A o 2 B ol A 2%
R PERAE SRR,

ARG D (X B bR B /N i R R AT R 2K O
Br (1,8 15 AS/NEE i R 53 bk47<o NN
R200FR 12 MR 14 B8 — 2K, 8 W0 i %
BmARSmMAR T.mAR 10 *ﬂun%&: 15 A5 2%,
RSB %A R 3 AR 4 MR 6. &R 8 Flih
F 13 R =28 R X T AT B 5
F 9 RIS AR L1 AR DU, JE 58 2 A

AU E A O B A T

UU



53 XA &2 AE /NS BT R B R T T 5 1 T B S A A O 1 ¢ 355
*6 ES5RMBHNEEHEERIEN
Table 6 Comprehensive index and valuation of materials
- “ i i} 2 1k 25 A VEARY
BEHF = < . - ) ) D fH VP Comprehensive
Material number Ch Cl Cls #(X1) #(X2) #(Xs5) D value VP value evaluation of
density-tolerance
L1
1 1.658 —0. 842 0.504 1 0. 327 0. 836 0. 785 0. 781 E 5%
xtremely strong
2 1. 288 —0.734 0.923 0. 884 0. 357 0.949 0.743 0. 745 58
Extremely strong
3 —0.928 0. 056 0.627 0.186 0.572 0. 869 0. 396 0.405 14 Medium
4 —0.099 —0.418 0. 004 0. 447 0.443 0.702 0.483 0.479 14 Medium
5 0. 348 —0.029 0.162 0.588 0.549 0.744 0. 600 0.591 iR Strong
6 0.066 —2. 040 —0. 565 0.499 0 0.549 0. 365 0.363 1% Medium
7 —0.778 1. 466 0.786 0.233 0. 957 0.912 0.539 0.534 iR Strong
8 —0. 894 0.599 0. 409 0.197 0.720 0.811 0.436 0.433 1% Medium
9 —1.240 —0.177  —1.025 0.088  0.509 0.426 0.257 0.252 59 Weak
10 0. 049 —0.595 1.114 0.494 0. 394 1 0. 540 0.539 5f Strong
11 —1.520 —0.897 0.143 0 0.312 0.739 0.197 0. 200 55 Weak
12 1. 089 1. 297 0.981 0.821 0.911 0. 964 0. 868 0. 875 55
Extremely strong
13 —0.777 0.624  —0.393 0.234  0.727 0.596 0.427 0.433 F14F Medium
L1
14 1.012 1.623 —1.057 0.797 1 0.417 0. 799 0. 794 5%
Extremely strong
15 0.726 0.068 —2.612 0.707 0.575 0 0. 566 0. 569 3R Strong
AU 0. 569 0. 284 0. 147

Weight coefficient

w(XD)  F B AR D HZRA WP s VP (R MR A5 019 05 B 3 0 114 B0 T 41

n#(X) : The value of membership function; D value: Comprehensive valuation; VP: The predicted value

regression equations.
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Table 7 Characteristics of different density-tolerant types in wheat lines

Trait Density tolerance type High density Superhigh density
WE FW/g 5% Extremely strong 14.341. 8a 13.541. 25a
58 Strong 13.740.9a 11.940. 98ab
4% Medium 10.9+1.2b 9.4+1. 1c
55 Weak 13.441. 1a 11. 3+ 1. 2be
 FRE TKWe W Extremely strong 53.242.3a 52.342.52a
3R Strong 50.3+2.47ab 49.5+1.98ab
45 Medium 48.9+3. 1bc 47.84+2.13bc
5 Weak 47.2£2. 8¢ 46. 3% 1. 65¢
77777777 EEE LD %9 Extremely sttong  1.6440.31a  2.78£0.89a
i Strong 1.4940. 29a 2.54+1.03a
4% Medium 1.4240. 34a 2.47+1. 24a
55 Weak 1.5540. 27a 2.32+1.11a
UM SN/(10° - hm-?) M4 Extremely strong 1.34%0.55c 5.1340.62c
# Strong 4.58+0. 54bc 5.55+0. 72bc
4% Medium 4.74+0. 46ab 6.12+0. 63ab
55 Weak 5.04+0. 58a 6.41+0. 68a
@ PH/em M Extremely strong 68.9+4.32a 70.3%4.17a
58 Strong 73.5%4.47a 74.6%£5.23a
4% Medium 71.8+5.67a 72.9+5.78a
5 Weak 69.4+3.87a 71.4+3.56a
"""""" BUMGRE MS MO Extremely strong  1237.6+145.6a  1195.3+£125.6a
i Strong 1125.6+£119. 8ab 1 025.6+957. 3ab
45 Medium 1 037.8+98. 4bc 987.64105. 4bc
55 Weak 987.34101. 6¢c 879.3£92. 4c

/NG FREAR IR ] — MR R — 2 B R AN [ 2 28 8 2 ] Y 22 57 3 (P <C0. 05) .

The lowercase letters represent the significant differences between different density-tolerance types under the same trait and density

(P<C0.05).
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