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Analysis of Agronomic and Quality Characters of Color-grained Wheat

in China in The Past 25 years

ZHANG Min-min*? YAN Qiu-yan?, DONG Fei®, SHEN Yan-ting?, JIA Ya-qin®, YAN Shuang-dui®, LU Jin-xiu?,
YANG Feng?, LI Feng?, CAI Yue®, YU Zhang-long®, SONG Yu®, QI Chen!, WU Lin-jia*

(*College of Resources and Environment, Shanxi Agricultural University, Taigu 030801; %Institute of wheat Research, Shanxi Agricultural University, Linfen,
041000; *Institute of Cotton Research, Shanxi Agricultural University, Yuncheng 044000)

Abstract: Fifty-six color-grained wheat varieties, which were released from different provinces in China in the past 25 years,
were investigated in this study. The variation coefficient, principal component analysis and cluster analysis were applied to evaluate
their five agronomic and three quality traits, which would provide reference for germplasm resources innovation and new varieties
breeding in China. The results showed that the variation coefficient in the growth period, plant height, kernels per spike, 1000-grain
weight and grain yield ranged from 8.11% to 21.82%, especially for the yield and growth period both with a higher variation
coefficient. The variation coefficient of three quality traits protein content, bulk density and wet gluten content ranged from 3.44% to

15.06%, among which the bulk density was stable and the variation of protein and wet gluten content was abundant. Most of the
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varieties released by Shanxi Province, Anhui Province and Beijing showed good quality, and wheat varieties from Shandong Province
showed better yield performance. The correlation analysis showed that the growth period positively correlated with the plant height.
The 1000-grain weight was observed to be positively correlated with the kernels per spike. The protein content positively correlated
with the wet gluten content and growth period. The principal component analysis simplified the six traits into three principal
components, with a cumulative contribution rate of 67.55%. The first principal component was associated with the bulk density, the
second principal component was associated with the yield, and the third principal component was associated with the protein and wet
gluten content. Cluster analysis suggested the 56 color-grained wheat resources into four groups at a distance of 12.5, among which the
first group had better comprehensive traits. The varieties Shannong Lanmai 1 had the highest F value (1.02), and Liuzi Heimai 1 had
the second highest F value (0.99). According to the trend of color-grained wheat variety traits, the growth period and yield attended to
be increased within years, while the plant height and protein content attended to be decreased. Collectively, in breeding for
color-grained wheat varieties the yield performance was the major target, and future improvement on the quality traits, especially the
protein content would become of interest.

Key words: color-grained wheat; varieties; agronomic traits; quality characteristics
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Table 1 Information of 56 color-grained wheat cultivars

T AR B v PRy T AR B v it
Number Year Province Varieties Grain Number Year Province Varieties Grain color
1 1997 it N 76 S C;;?zr 26 2019 ITES FRpgd 1 5™ Sh
2 1997 ] Wip 1 5 EY i 30 2020 W% ERIEE 154 Wk
3 2001 il 5 J5i 1150 E2ii 31 2020 17 &1 12061 £V
4 2004 1L v £ 10 51 kL 32 2020 T s 1 g L
5 2004 17 %1 507 kL 33 2020 IR likiEzE 15 WL
6 2004 175 iz 08 208l L 34 2020 [T %% 633614 i
7 2005 Jbx K 367719 WL 35 2020 R rhRl g ESE 168147 ok
8 2006 b5t ek 375320 E3 36 2020 i 497 85551 Sk
9 2008 ik BB 1SR EY i 37 2021 IR %% ogl*d £S04
10 2008 FH T4 46 512 ki 38 2021 L i s 1 5150 i
11 2009 ik FLE 43913 3 39 2021 AT g 1 B L]
12 2010 iy i g4 1 529 o 40 2021 %R Fig 15k WL
13 2011 e it 36 5 kL 41 2021 [IIER Pk 2 5kl kL
14 2014 Hf sz 1 5P b3 42 2021 IiE:S Fragz 4 50 e
15 2015 FN g 1 5@ ek 43 2021 1 7 Il 2 18715 L3y
16 2018 HH Pk 2 512 Hohi 44 2021 21 Mg m s 1 50 EYiA
17 2018 Ak =gmA -5k ki 45 2021 i Dmshgz1 el L )
18 2018 WA RSN 2 512 oy 46 2021 ik RK 4218 458 £
19 2018 TR H %k —ark Wk 47 2021 ik oK 5321 %1 Wk
20 2018 it iz 1420712 £ 48 2021 %R i 22 1100 WL
21 2018 v iz 16109 L 49 2021 bo k) % 2 5l L
22 2018 ] s 1 5B kL 50 2021 IS RRgE 2 5 e
23 2018 wdk s 6 5% WL 51 2021 baRs) R s 5 kL
24 2018 ik i 1 50 EYi 52 2021 e} K 1 50 bia
25 2019 W% ks 1580 L 53 2021 553 i B 52105 EYiA
26 2019 ELe| R 1 50 Gh 54 2021 TR #n s 1 50 ok
27 2019 ELe| R 155 ok 55 2021 bELE| #h g 2 500 ok
28 2019 IS RREE 1 S b3 56 2021 ik g 3 S8 E 4

1.2 BIEEIBMG I 2
Kl Microsoft Excel 2017 347448 %63, SPSS #AFHE TR T4 CESF RE=FrilE Z P FIMED « G
MM (WK 8 Rho) R RSN 04T . KM Origin 2018 B AF 34T 25047, I HIE .
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x2 BMRHERRY

Table 2 Variation coefficients of traits

PEIR Traits i /IME Min K {EH Max “FEIH Mean bRtk 25 SD ARRH (%) CV
AHEW (D GP 95,00 275.00 223.67 37.28 16.67
P (em) PH 70.00 99.15 83.40 6.76 8.11
FEREL (4 KPS 28.00 50.00 36.45 4.89 13.42
THE (g) TGW 31.95 51.30 40.26 3.81 9.46
PR (kg/666.7 m*) Y 203.00 541.05 425.89 92.92 21.82
EAR (%) PC 12.20 20.50 15.52 1.56 10.05
% #H (g/L) BD 703.00 840.50 787.15 27.06 3.44
REFTE (%) WGC 21.80 45.70 33.93 5.11 15.06

GP, Growth period; PH, Plant height; KPS, Kernels per spike; TGW, Thousand grain weight; Y, Yield; PC, Protein content; BD, Bulk density; WGC, Wet gluten

content; The same as bellow.
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HH bR AR AN R SRS SRR A ARIE, T T A R AR bR AL o e R /22 i
PRI, X HAR ZHARA SR MR E A SHOAT i (R 3D .
221 HEBH APRRRE/NE SR AE B RBNE AR > > J0 5 > R > L >R
>R TLH > M > ER > HlE > > 75 ARAEEER RS, HdskaHNMEEE 154
BHIRK, 275d, REWVENENE 76 SAEEMRM, Hy95d. TE. ML HEEE e B AN E
PP E WL, 2 NEANE.
222 tkiEm  APRIER /N SRR TR S HE T D H R > i > B > HeE > VL5 > 2 > S > 10 R
> > I > bt > E >k Hrb, WA EEEL 2 S ERE, Jv99.15 cm, I dba 34 439
PE %, N 70 cm.
223 TERE AR N SRS AR R Y B8R > SRR > E > TR > VLI > 10 R > S >
> 170 > 22 > Wl > > 4. Hrb, WEERE 1 SRS (50 1) , (hFhE B/ 76
SR EBREORAR (284 , BiEE. HEKS T EIEE §OE PR /N SRR AR
224 THRE APRRIR AN GRS TR BT 58> 005> 7 5 > HaE > 1L R >R > 176 >
HR > 2> >ER S > 50, KAl RELE 5 5 ThiE RS (51.39) , MR 251
TR E KL (31959 -
225 FEE HURIER /N SR TR PR HET N B> R > > V95 > 7 E > R > R >
> bRt > e >l > B > EK, HR IR E IR 08 & Ak e B R, O 541.05
kg/666.7m’. 111 PG B 5E (11 BB /N 76 57y 203 kg/666.7mP, A Al B AR K
226 T|AR APRRRE/NZEZGFIEEED S ERIM AL > WG > 22 #> A > HraE > > 5
H>HR>TLH> IR >HE> N >EK. HhLpag B/hE 76 SREAM S EHm (205%) , LK
B2 1SRN ER R, HREARES#ERIC (122%) .
227 BE BAMEHXEONERMTE EHEE A ZE> A0 >0 > 5> 7 7 >0 > 7G> 5
58> LR >0 R > 500 > Hl > B EC. ZBE BB R /N SR B i e, 1A 840.5 g/L. A



M 1S A 1206, BEE 25, hiEE 15, K3 8555, Bk 15, I 2415, |mE 115,
35, KEFE 1S, RAK421848, hEE 6T, KRK3I67T7. —HEE 5, BMBE 1S5, KE
6336 5% 1 53k 18 M A E T 800 g/L, HAMIEEE 1 SRER M.

228 REM A PRRR GNP ER  S EHEY B> AR > A > WL >l > R >
M >0 > VL5 > F e > > T H > K. 5K E IR (/N 22 i AP 0 1 A & s Ik (31.8 %) , M
RSN 2 SR R R T A O R 1SR R
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Table 3 Performance and variation of 56 color wheat traits among provinces

B itk 54 ABH HEECem HiUhT 3 ThiE PR (kg/666 md  EARK AE(YL  WEHSE
Province Statistical (d PH S (@ (%) BD (%)
parameter GP KPS TGW PC WGC
2 SEEIME Mean 221.40 86.50 34.45 39.55 527.27 16.23 840.50 40.60
Anhui /ME Min 221.40 86.50 34.45 39.55 527.27 16.23 840.50 40.60
KM Max 221.40 86.50 34.45 39.55 527.27 16.23 840.50 40.60
E[a SE{E Mean 232.50 82.50 29.65 39.50 356.25 16.97 815.50 35.20
Beijing /ME Min 230.00 77.50 29.30 39.00 31250 16.54 802.00 34.10
KA Max 235.00 87.50 30.00 40.00 400.00 17.40 829.00 36.30
Hw P Mean 274.00 93.85 34.35 39.85 281.35 15.40 760.50 32.60
Gansu H/ME Min 273.00 92.00 34.00 37.70 270.60 14.30 747.00 32.10
AKME Max 275.00 95.70 34.70 42.00 292.10 16.50 774.00 33.10
He SE{E Mean 192.00 86.00 37.00 38.00 267.35 13.70 775.00 30.90
Guizhou B/ME Min 192.00 86.00 37.00 38.00 267.35 13.70 775.00 30.90
KM Max 192.00 86.00 37.00 38.00 267.35 13.70 775.00 30.90
L SE{E Mean 237.23 76.32 32.96 38.12 479.66 15.95 789.75 34.26
Hebei Fe/MéE Min 234.00 70.00 29.10 3450 452.30 14.80 750.50 25.80
W KME Max 239.00 81.60 39.50 42.80 514.73 19.00 820.00 42.40
T FI{E Mean 227.99 83.97 38.05 40.48 457.49 15.45 782.27 30.87
Henan B/ME Min 220.00 75.00 28.80 31.95 400.00 13.00 703.00 21.80
HKE Max 238.00 99.15 50.00 51.30 496.00 17.10 823.50 38.05
T SEH{E Mean 208.60 87.00 37.80 44.00 473.60 15.15 808.50 30.85
Jiangsu /ME Min 208.60 87.00 37.80 44,00 473.60 15.15 808.50 30.85
HKE Max 208.60 87.00 37.80 44.00 473.60 15.15 808.50 30.85
TH FI{E Mean 96.00 80.00 40.10 43.30 460.80 15.40 796.00 29.30
Ningxia BME Min 96.00 80.00 40.10 4330 460.80 15.40 796.00 29.30
W KME Max 96.00 80.00 40.10 43.30 460.80 15.40 796.00 29.30
Hilg FHIE Mean 135.00 91.80 36.80 49.30 425.00 13.80 808.00 29.90
Qinghai B/ME Min 135.00 91.80 36.80 49.30 425.00 13.80 808.00 29.90
HKME Max 135.00 91.80 36.80 49.30 425.00 13.80 808.00 29.90
% SE{E Mean 232.42 84.41 37.69 40.73 504.20 14.84 785.24 38.10
Shandong B/ME Min 229.00 71.40 33.60 35.20 41159 12.20 765.80 33.10
BAAE Max 238.00 93.60 46.10 45.20 541.05 18.90 799.00 45.70
1L g SEHI{E Mean 231.50 83.30 36.42 40.40 307.06 16.62 789.60 34.40
Shanxi FME Min 95.00 73.50 28.00 37.90 203.00 14.90 714.00 28.70
KA Max 270.00 95.00 40.00 4270 423.30 20.50 830.00 42.80
HiiE SE{E Mean 103.00 88.00 41.90 42.90 44550 15.60 786.00 30.00
Xinjiang B/ME Min 103.00 88.00 41.90 42,90 44550 15.60 786.00 30.00
HKME Max 103.00 88.00 41.90 42.90 44550 15.60 786.00 30.00
ES SE{E Mean 170.00 90.50 41.30 39.30 260.50 13.10 754.00 25.80
Chongging E/ME Min 169.00 90.00 37.10 36.40 237.60 12.70 740.00 23.50

i KA Max 171.00 91.00 45.50 42.20 283.40 13.50 768.00 28.10



LA L 54 Mean 223.67 83.40 36.45 40.26 425.89 15.52 787.15 33.93

-In—10atteelalrials H/ME Min 95.00 70.00 28.00 31.95 203.00 12.20 703.00 21.80
R Max 275.00 99.15 50.00 51.30 541.05 20.50 840.50 45.70
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8 AN E BRI A A TR 4 PR, WIS 2 A R R EAEER (r=0.3087) , Hki%L
ST REEEEEMX (r=0286) . “ESTREZEMXER, SHMAKSIREINIHRE R, A7
VERIAAEAEIEARR R, HPEARSBEFSESERETMIERR (r=0271) . AEHSEARE
B AR R IEARKR (r=0.298) . ¥k, FRHCS &R MR EBUR B SRR 2 RS 18 TH
HGEREREIEMHIKR (1=0.325) .
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Table 4 Correlation coefficient among traits

PR AFMW  HE(em) BRI D TREQ FER BAK (%)  FE (gL RIEHETE%)
Trait GP PH KPS TGW (kg/666.7m%) Y PC BD WGC
H£EH (d) GP 1

FkE (cm) PH 0.308* 1

%L (4 KPS -0.068 0.087 1

TFHIE (g) TGW -0.145 0.036 0.286* 1

7= (kg/666.7m?) Y -0.126 0.177 -0.055 0.062 1

EHM (%) PC 0.298* -0.252 -0.126 -0.143 -0.200 1

7 # (g/L) BD -0.091 -0.168 -0.240 0.035 0.079 0.088 1

AR (%) 0.153 -0.030 -0.127 0.006 0.325* 0.271* 0.069 1
WGC

* fREEAE 0.05 /K FE3E . * represents significant at 0.05 level.
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241 FWASHHEBEERN KM SPSS XPR/NE 8 MEREHE AT E oo, B Jext R ihEL
PERATAR UL AL B, AR5 HEAT KOM K565 Bartlett BRIEFEREEE (WK 5) o« SidodrfS i, BrEAEEA
PR 2 APRIR, R, TRE ., PR, ERRSE B S EAAE 6 MERT KOM {E=0.517>0.500,
FJ71t=27.487, Sig.=0.025<<0.03, Uil 6 MERIFIFEAE BRI, & BHEAT Mo 2 Hrl.

5 KMO #IEFn Bartlett BkFZ4QI0 3=
Table 5 KMO and Bartlett’s Test

R GEY for g6 {5
Index Numeric value
HURE RS FE Y Kaiser-Meyer-Olkin & & 0517
Kaiser-Meyer-Olkin Measure of Sampling Adequacy

Bartlett FrERIE AT AR TT 27.487
Approx. Chi-Square

H i 15

df

W 0.025
Sig.

242 ERSETFIEE ZLERDIIEE 3T MR TR R RTTRE (WK 6) , I
ERAFHEAEE (R .
H—E RS> PCL MRHIE(E Y 1.74, J7ZETTHRAN 29%. 35— Fisr PC2 MRHE(E Y 1.26, J5ZE Tk



N 21%. H=FHsr PC3 MRHIE(E A 1.06, J7 ZTTRRE N 18%. Hi =~ Fpisr RIATTIRFRILF] 68%, Hi
SIS AT DA R A RO RS B, IR AT = A 3 RAME AN R AR

F AR 1) FE AR R T & HERTE A T IR ) KN T ). ERER 7 TTAN, B R R
RE; FoFEWOEERE; FEERS EERMEARSESEEGSE. B0 iss BRI
VIR 5 DA BONVEH — AN R R B EE R, XA AN E BT 2% k.
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Table 6 Explanation of total variance among six traits

B4y (O FHIE (CV) TIHk#% (CR, %) FHTRE (ACR, %)
Component Characteristic value Contribution rate Accumulative contribution root
1 1.74 29.05 29.05

2 1.26 20.95 50.00

3 1.05 17.56 67.55

4 0.83 13.84 81.39

5 0.62 10.30 91.69

6 0.50 8.32 100

RT 6 MERBIEAER S BT R BIFHIE R &

Table 7 The eigenvectors corresponding to the first four principal components of six traits

EXTN BT e P e Y5
Traits PC1 PC2 PC3
FRIEL (A KPS -0.55 0.10 0.31
THE () TGW -0.35 0.38 0.40
FrE (kg/666.7m2) Y 0.10 0.74 -0.18
EAR (%) PC 0.43 -0.32 0.58
258 (g/L) BD 0.45 0.20 -0.32
& & (%) WGC 0.43 0.38 0.52

243 EZEETFN RIER 8 PR ERSMEHERE, 1 56 MR O/NE A T34, BELLEA
TR DT ONALE, & AR AN E A S PE AR . F= 0.29Y,+0.21Y,+0.18Y5. H1% 8 AJ 41,
1E 56 MEE/NE M, ZEA8EBEAMLIRESE 15, HIKEE 1 S5I1IRERE 2 5.
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Table 8 Composite score of principal component factor

fhFh Varieties Y1l Y2 Y3 F
ikE# 15 0.29 3.26 2.36 1.02
WIS BE 1S 1.65 2,51 -0.09 0.99
eS8 2 5 -0.43 3.28 2.10 0.94
HWEENELE 1.08 1.72 0.63 0.79
hEE 65 0.98 2.06 0.44 0.79
L 439 0.91 1.75 0.84 0.78
N 76 5 0.39 0.67 2.36 0.68
% 08 0.63 2.03 0.23 0.65
FREELS 0.50 1.94 0.27 0.60
EE2 S 0.58 1.59 0.37 0.57
B 1Y 1.18 1.17 -0.46 0.51
FREgELS 0.38 1.08 0.48 0.42

Ak 5321 0.44 0.82 0.47 0.39



IREE 1S 1.52 0.48 -1.14 0.34

HiELl e 1.40 0.44 -0.88 0.34
4K 3753 0.91 0.36 -0.16 0.31
BREH LS -0.76 172 0.91 0.31
km#E 1 0.69 0.60 -0.39 0.26
REGHELE -0.65 1.07 1.12 0.24
4K 3677 0.96 -0.40 0.08 0.21
w28 1.28 0.24 -1.16 0.21
BB 1 0.78 051 -0.80 0.19

EX L 0.06 0.80 -0.22 0.15
HEELE 0.85 0.36 -0.96 0.15
K4 6336 0.61 0.11 -0.26 0.15
RRpgE 25 0.62 0.44 -0.69 0.15
hiEE LS 0.44 0.52 -0.85 0.08
Tk A 0.44 0.25 0.71 0.05
RS 11 0.12 0.55 -0.17 0.05
15 ¥ 161 -0.66 0.16 0.98 0.02
K105 -1.12 0.03 1.76 0.00
T 1S -0.25 0.27 -0.32 -0.07
Il 2 187 0.21 -0.59 0.57 -0.08
Hid- s 1 2 0.31 -0.46 -0.49 -0.10
e 115 -0.39 -0.07 -0.33 -0.19
A 1206 0.78 -1.43 -0.77 0.21
KH1g -0.59 -0.95 0.87 0.22
Brses 15 -0.59 -1.00 0.72 -0.25
H2ENELS -0.34 -0.51 -0.37 -0.27
BINBE 25 0.53 -0.72 -1.56 -0.28
REE1LE -0.01 -0.91 -0.62 -0.30
TIF 46 5 -0.86 -0.19 -0.14 -0.32
452 8555 0.16 -1.45 -0.34 -0.32
Wi 36 5 -1.21 -0.22 0.23 -0.35
g 3 5 1.19 -1.58 -2.04 -0.35
1% B 14207 -1.96 -0.86 1.48 -0.48
ek 4218 % 0.93 -1.99 -2.29 -0.56
Mk 2 5 -0.22 -2.43 -0.25 -0.62
B8 -1.00 -1.68 0.03 -0.64
bie v =1 0.02 -2.52 -0.74 -0.66
BEBE S -0.82 -1.97 -0.44 0.73
RS 1S -1.31 -1.48 -0.33 -0.75
REAES S -4.46 -0.09 241 -0.88
B2l -2.57 -2.06 -0.14 -1.20
T 521 -1.89 -3.17 0.05 -1.21
il SEEEE 168 -0.51 -4.07 -1.68 -1.30
25 BESH

KR R EE B0 8 MR EMEREATRR . MGk &y 12.5 i, #f 56 MR/ s A7 N
K, WE 1AL 9,
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DA v i S
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