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Abstract: In order to effectively evaluate the quality differences among different wheat varieties, 18 varieties cultivated in
the Henan region were selected as the research subjects. An analysis was conducted on their grain, flour, and dough quality
characteristics. Furthermore, a comprehensive evaluation model was established by integrating correlation analysis and
principal component analysis. Cluster analysis was used to classify 18 different wheat varieties, analyzing the characteris-
tics and potential application value of each category. The results showed that the bulk density had the smallest coefficient of
variation (1.89%), while the formation time had the largest (78.96%). One variety (Xinmai 26) met the quality standards for
strong-gluten wheat in all six key indicators, and seven varieties met the standards for medium-strong gluten. Various
quality traits exhibited different degrees of correlation, with the strongest correlation observed between development time
and stability time (0.982). Principal component analysis simplified the 14 evaluation indicators into four principal compo-

nents, with a cumulative contribution rate of 82.005%. Weighted scores based on these components identified the top three
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varieties with the best comprehensive quality: Xinmai 26, Luohan 22, and Yumai 49, indicating high value for targeted

breeding and processing. Cluster analysis categorized the varieties into three groups: Group [ (10 varieties) exhibited

moderate grain quality but the poorest flour and dough quality; Group II (6 varieties) had poorer grain quality but mode-

rate flour and dough quality, suggesting inferior milling but acceptable processing quality; Group Il (2 varieties) demon-

strated the best grain and flour quality, along with good dough quality, indicating superior overall milling, processing, and

end-use potential. This study provides a theoretical reference for selecting and promoting high-quality wheat varieties and

for the development of the processing industry.
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Table 1 Wheat cultivars used in this experiment

RS A SRS i
1 %158 10 26
2 H4¢307 11 BAk211
3 H 44199 12 BAco82
4 11 13 HiA 188
5 %822 14 HA2369
6 4189 15 & 15
7 il 169 16 JH#22
8 A 168 17 Ja#27
9 % #49 18 Ji#30
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Table 2 Quality characteristics of grain and flour from different wheat varieties

e AR TR b
Ll R e = - - " ; N pe—— o -
HE(gL)  ThE(R K% WHERE(%) EARSEQITEID (%) BEAHTE%) VR mL) miTEeE(%)
1 810.33£1.15* 41.47+0.15" 1.61£0.02° 64.17+0.35¢ 14.30+0.20° 30.47+0.15" 27.00+£0.50"  68.67+0.58"
2 794.67+0.58% 41.70+0.10" 1.48+0.017 63.47+0.25° 13.90:£0.402" 27.53+0.21' 38.33£0.29¢  72.33+0.58°
3 796.33+0.58% 42.40+0.10¢ 1.49+0.02° 65.33+0.51° 14.73+0.06% 33.47+0.21° 35.67£0.29°  82.00+0.00%
4 785.00+1.00° 43.07+0.06" 1.51£0.02° 59.27+0.21" 15.07+0.06° 30.90+0.20" 31.17£0.58%  85.00+1.00°
5 754.67+1.53  41.57£0.12' 1.62+0.01* 64.03£0.21¢ 14.1320.12¢% 31.60+0.10° 43.17+0.76"  76.33+0.58°
6 802.67+0.58° 45.70+0.10° 1.34+0.01'  57.20+0.26' 14.20+0.10° 31.1740.15° 35.83£0.29°  69.00+1.73"
7 810.33£0.58" 45.67£0.06° 1.48+0.01°" 63.03+0.21¢ 13.53+0.12% 28.33+0.06 41.83£0.76°  81.67+0.58¢
8 770.00+1.00" 41.47+0.06' 1.47+0.00"  63.07+0.25¢ 13.30+0.17% 26.27+0.12™ 31.67£0.768  70.67+0.58¢
9 782.33+1.53" 41.93+0.15" 1.69£0.01° 67.03+0.32° 16.67+0.15 33.20+0.10¢ 30.83£0.768  87.00+1.00°
10 803.67+1.53" 45.23£0.06° 1.68+0.01°  66.30+0.20 15.47+0.29° 31.60+0.10¢ 46.33£0.29"  83.33+0.58°
11 768.33+0.58"  40.20£0.26' 1.47+0.01¢7  64.17£0.15¢ 14.87+0.35° 32.23+0.21¢ 35.17£0.29°  59.33+0.58
12 794.67+0.58¢  43.10£0.26" 1.62+0.01* 63.23+0.15° 14.43+0.29% 30.87+0.21¢ 31.50£0.87¢  57.00+0.00¢
13 778.00+1.00¢ 44.23£0.21¢ 1.642£0.02°  62.00£0.26" 13.73+0.219 29.50+0.10' 32.83£0.29"  58.67+0.58
14 786.00+£0.00°  43.07+0.15" 1.38+0.01"  63.10+0.10° 13.97+0.21 " 31.10£0.26" 35.00£0.87°  62.67£0.58'
15 784.33+0.58° 44.77£0.06° 1.38+0.02' 59.40+0.17" 13.80+0.17" 30.53+0.06" 30.83+0.298  42.67+1.53"
16 796.67+1.15° 44.93+0.15° 1.41£0.01"  64.13+0.06° 14.73+0.12¢¢ 32.33+0.21¢ 31.83+0.768  58.00£1.00*
17 785.67+1.15° 43.90+0.17° 1.44+0.01¢ 61.23+0.212 13.2340.06" 28.67+0.06’ 30.83+0.295  54.67+1.53'
18 779.33+0.58¢ 44.03+£0.21% 1.39+0.01"  59.23+0.15" 14.10£0.26°"" 36.77£0.12° 42.17+0.76°  46.33£1.53"
e/ IME 754.67 40.20 1.34 57.20 13.23 26.27 27.00 42.67
BKME 810.33 45.70 1.69 67.03 16.67 36.77 46.33 87.00
XA 787.94 43.25 1.51 62.74 14.34 30.92 35.11 67.52
b2 14.86 1.65 0.11 2.61 0.84 2.40 5.28 13.42
AR RHCV(%) 1.89 3.82 7.37 4.16 5.84 7.76 15.04 19.87
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Table 3  Quality characteristics of dough from different wheat varieties

. W BREPE EALIESTES
FEREATE] (min) T S 2B E] (min) BB FEFE S (mm) SRR HEL S (BU) 50 mmAi i Sy (BU) FEMHE(mm) R EF (cm?)
1 3.230.06' 4.200.10 85.67+1.15" 214.67+3.21" 175.67+3.06° 157.00£1.00¢  41.67+0.58"
2 6.47+0.15° 8.57+0.06° 52.67+1.15' 264.33+2.31) 237.00+2.65 161.33+1.53%  54.33+0.58'
3 5.77+0.15" 8.90+0.10° 239.33+2.31° 396.00+3.00° 336.00+1.73° 132.67+0.58"  81.33+1.53°
4 3.27+0.06' 3.57+0.06¢ 109.00+1.00° 347.67+1.15" 267.67+1.15" 141.67+£2.52"  66.67£1.15°
5 13.60+0.10 16.90+0.20° 309.67+1.53° 411.67+1.53¢ 292.00+3.002 126.00£2.65  77.33+1.15
6 1.87+0.06* 4.37+0.12" 97.33+0.588 259.00+2.00* 160.00+1.73¢ 163.33+2.52°  57.67+1.15"
7 10.20+0.17° 13.07+0.12° 198.33+1.53¢ 279.67+3.06' 251.33+1.53 137.3343.06°  67.33+1.15
8 3.53+0.06" 4.83+0.12" 68.67+0.58' 235.67+2.08" 203.67+2.52" 154.67+£3.79%  43.67+0.58"
9 8.93+0.15¢ 12.97+0.21° 53.67+1.15' 794.67+5.03 667.67+6.03" 135.3343.06®  49.67+1.53
10 15.87+0.12° 21.40+0.10° 203.33+1.53° 662.00+4.58" 530.00+4.00 156.00£1.73¢  141.67+1.53
11 1.57+0.12! 1.77+0.12! 56.67+0.58" 259.67+2.52" 208.67+1.53™ 158.00£1.00¢  53.67+0.58'
12 3.63+0.12" 5.47+0.06" 61.67+0.58 222.67+1.53" 165.67+0.58" 189.67+2.52*  62.00+1.00¢
13 4.97+0.12¢ 8.97+0.15¢ 147.00+1.73¢ 497.33+3.06° 345.00+1.00¢ 138.67+1.15%  88.67+0.58"
14 1.83+0.12% 4.33+0.15" 55.67+0.58" 410.33+2.52° 360.67+1.15° 125.00£2.00'  71.00+1.00°
15 1.97+0.06* 1.67+0.06' 28.33+0.58™ 97.67+1.53° 95.67+1.15" 158.67+3.06  20.67+0.58"
16 3.10£0.10' 3.77+0.06" 53.00+1.00' 268.33+1.15 218.33+2.52' 159.00£3.61%  52.67+1.53'
17 2.73+0.12 5.20+0.17¢ 57.67+1.15 257.67+2.31" 227.33+1.15 151.67+2.08°  43.00+1.00"
18 3.07+0.12' 4.53+0.06' 61.67+0.58 381.67+2.08° 331.33+0.58" 131.00£1.00°  81.67+1.53°
H/MHE 1.57 1.67 28.33 97.67 95.67 125.00 20.67
SEYN:] 15.87 21.40 309.67 794.67 667.67 189.67 141.67
EHME 531 7.47 107.74 347.82 281.87 14431 70.82
PRz 4.19 5.42 79.12 168.46 137.63 22.99 3531
A5 RECV (%) 78.96 72.59 73.44 48.43 48.83 15.93 49.86
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SrATEE I R, AR TR PR Rl A AEAH G M,
SFEGIMEEES . Kk, nTE—25 ] A ERS0Hr
VISP B/ INZZ LR 0T ) R 2 Re SR AR o

23 TREIMBRFHERNER S T hER

FRAT AT Z TR bR B LA S A T8
o, AR 2B A R A4 F O 22 BTk R L 45 A A
Gyo SR, FHSX R T IR 2R B 5 R N Fehn =2 8]
FIAREAE AR, ATRE S EUE BBk, ik, it
7 2553 HTRIAE S A3, R 3R i R s R A R 2R 19
M ESZWAHES G, X/ NI T BT, b e — T
R PR, B RS R TSR . BUOR 15 T BTTEAR
(I BIAFEAN R EE A S, (B S TR B2 AR
FEVREAHICPERIARIA B W 2K, £ 676 HAH S A
%, ANEGHARBCH A H T, RS SR A, B
SR AR YRR AL IR, WO 2 AT IR BRI AR
[5G s=¢ A

SR T kE G AN [R] 4 BE T B 5 SR s ), s
SPSS 27 X} 14 A~ B Fahr 4 R AR BAE A Thr e fb A
B, SR 5 AT E A4 T, SR BT ARRIEE R T 1 Y
F,. F,. F5. F, 4 D5 HF (3 4), FEE 5
HA 6.443 2,207, 1.749, 1.081, H: BT T3k RNy
82.005%, FHH 4 T HFARERT 14 5 ETE
PRIGIHERAE B . 58 1 ERSTAITIHER R 46.019%,
=2 bl A RS B TR) L JE R TR) . SRR AR EE |
50 mm FAPPH ST FAPEAR . KA. AR . M TT
Jr i FR . R R B A 25 2 1 DTk A A
15.767%, EZLHPLIEFTE S . TR E . R AR & 814
s 55 3 FERGTIITTHERE N 12.494%, 2 1 1 Af
TR 5 4 BATIITIBRER R 7.725%, L 4k
PR G AHBEE ), 33X 4 324 il DA ELG
14 RENEH GRS 5 A, R e T 3R 5
WREY 14 D8RR, ATFE/ NI T ARGV TP A S

K4 TSR | R TR

Table 4 Principal component loading matrix, eigenvalues and contribution rates

R ERSIHTF(PC)
TR bR - T N s
FHgr1 Fgr2 F5r3 Fsr4
THREX, -0.028 0.628 0.303 0.506
WKAYX, 0.703 -0.366 —0.355 0.217
TR REFERIX 0.651 —0.456 -0.310 -0.037
BHTE®EX, 0.571 -0.599 0.344 0.240
TR A& X 0.251 -0.118 0.833 -0.015
DUTEFEEX 0.584 0.662 0.113 -0.006
[0k o 0.703 -0.129 -0.306 -0.156
TE I ] X g 0.888 0.250 —0.266 0.095
THT A RE I X 0.917 0.243 -0.223 0.114
BT R EX 0.675 0.465 -0.237 -0.269
P IX,, 0.865 -0.249 0.293 0.039
50 mmPLfHRE X, , 0.839 -0.290 0.310 -0.001
FEAFPEX 5 —0.443 -0.164 —0.355 0.746
PLARIAX 0.754 0.365 0.176 0.206
FEFA 6.443 2207 1.749 1.081
J5 22 BTHRR (%) 46.019 15.767 12.494 7.725
SRR (%) 46.019 61.786 74.280 82.005
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YRR 4 RIS, F ~F, TR AE/INZZE S
Fhas ERSTEUAS N3, FRSEA TN IS5 A, 145
I ARG LK 5.

F,=—0.011X,+0.277X,+0.256X,+0.225X ,+0.099
X +0.230X,+0.277X,+0.350X4+0.361X+0.266X , ;+
0.341X,,+0.330X,—0.174X,5+0.297X

F,=0.423X,-0.246X,—0.307X,—0.403X,—0.080
X +0.446X—0.087X,+0.168X+0.163X+0.313X,—
0.168X,,-0.195X,,~0.111X,5+0.246X

F,=0.229X,-0.268X,-0.234X,+0.260X,+0.630
X+0.086X,—0.231X,—0.201X—0.169X,—0.179X , ,+
0.222X,,+0.235X,,~0.268X,,+0.133X,

F,=0.487X,+0.209X,—0.036X,+0.231X,~0.015
X,—0.005X,—0.150X,+0.091X+0.110X,—0.259X ,,+
0.037X,,~0.001X,+0.717X,5+0.198X,,

S5 AT LT A, AT 2 TR 5 L
SHACEE, /INAZ S BRSSP AR R A s

F=0.561 F,+0.192F,+0.152F,+0.094F

H R 5 AT, 25515943 B = i /N 22 43 0] 2 o0

F 26, WS 22, M 49, ik 26 mHFI R ERTTE] .

TR Ta] . PR AR DTIEFE B S, IR P diBE g .
50 mm PiAHPH ST FRiEE | KAy WEEEFSEL. BRH R
T REARPE R, T AR E I ) L TR ] L
R AL, DUIEFE SR . B RPIHRH ST . 50 mm HifHEH
J1. KAy WEFEEL. AR SRS 1 BRSTEIE
A, TRLHEE . IR S5 2.0 56 4 BT EIE
M, FTLAHTE 26 F, 55—, F, 28U, F, 56—, Z5&0F
Sy ER—; IG5 22 M R R R AR B, K Sy ULTETR
B, TR JERGETE] | T ARR E B Al g, {H AR
ARPEEAIR, A3 BB R AL . KA. T AFE 2. JE Ak aT
], AR E R RS 1 SRR e R AR, DUIETE %K
SREE 2 FRSTIEFEAR, T LA S 22 F, 85—, F, 25
=L LEATEAYES 5 T4 3E 49 Ry REREES . BT

Trim . EAFEEL . B ARHARBE T 50 mm BAHBHE T B
TR TR S R A, P T ARARAR, KAy S
2. E OIS R AR EBRPAPE 7. 50 mm
PR S 555 1 RS2 IEARSS, B AT & 2 550
3 AT IEARDG, HAh AR ARAS e, P LAz
F, 55 L F, 55 =, L8R5 —.
24 BESH

AT IR SN ER) S gT 5 25 55 F oy 2
dridke X 18 AR INZE SR A TR IS orT, BT
14 A~ e A T R ISOHTIEL (] 2), XPASTR] S
BE 14 DEVESEGH T T (R 6) o FEFEITRRES
EE A 6 b, /INZE SRR T 43 RS 5 T 250 dE
10 /NZE SRR, S35 A 211, JBZE 22 JEZE 27,
AR 307, BEPL 58, EFE 168, AR 982, “FF& 189,
5kE 169 itk 1%, 5 HAMISHEAE L, HaE 5k
B cdy, B e B IE b, HA PRI R R 22, &
BRI AR AL SO v, TR o SO T At o e 22,
FEUTIZ ISRy S TS 4y, i T B 2 A T 256y
&5 6 /N SFN, SRR E AR 4199, IKF 22, KhFE
369, JEZ 30, £ 11 FXBEE 188, Hififi B E I 4E
iR I e 22, HAhFE BRI FRINGE v, R E KT
o7 ity B AR 22 , YA i JB R T AT o S v, R A LA
AR BAR 2, SN BT 58 M2EAI4E 2 /22 AL A,
BITREZ 49 SHUHIEE 26, Howy o1 ot g BOR e fip =
PSP, HAAb PR R BT, TR RN kT b iR
FITTRTRS it 0 e 4, T A SO A ey, R BH L Ay L i 1
o 0T I B FH R B AT

TIPSR 2E R, /INZ2 T AT A 1 i A s 2 1 S T A
SEARMA G, SR EL . RS SRR AK MY 2R 3R
—, AR AWK G SR A Y AR
FI A v ARG a2 A AR W R A B A BT i
AFAk R/ INZZ T AT AR AR R AR AR g T2 B IR R B, I
L 14+15, 17418, GluB3d Z5%) 25 F3 oA & B

K5 NETWME REFERIY

Table 5 Principal component scores and composite scores of wheat

AT F, F, F; F, F FHE#
1 -1.28 -1.79 -1.26 —0.24 -1.28 15
2 —0.59 —0.03 —1.66 0 —0.59 10
3 1.9 —0.03 0.39 —-1.33 0.99 4
4 —0.31 —-0.57 0.45 —0.37 —0.25 9
5 3.46 1.48 —-1.16 —-1.64 1.89 2
6 -2.15 1.6 0.95 0.88 —0.67 11
7 1.27 2.56 -1.27 -0.29 0.98 5
8 -1.74 —0.4 -2.07 —-0.76 —1.44 17
9 4.13 -3.87 1.08 0.08 1.75 3
10 6.07 1.23 —0.04 2.16 3.84 1
11 —1.34 -1.63 0.21 —0.48 —-1.08 14
12 —1.44 -0.9 -0.99 2.12 —0.93 13
13 0.82 0.48 —0.13 0.17 0.55 6
14 —0.49 —0.04 1.28 -1.27 —0.21 8
15 —4.01 0.57 0.4 0.54 —2.03 18
16 —-1.46 —0.38 0.82 0.89 —0.68 12
17 -2.29 0.4 —0.46 —0.04 -1.28 16
18 —0.56 1.34 3.46 -0.4 0.43 7
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Fig.2 Cluster analysis based on phenotypic characters
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Table 6 Average of 14 quality parameters in different groups

I I I
THRiH (g) 43.30+1.98° 43.07+0.98* 43.60+2.26
W5y (%) 1.47+0.09° 1.51£0.11° 1.69+0.01°

TR A (%) 62.10+2.38"  62.00+2.53" 66.50+0.71°

EEEE(%) 14.02£0.58°  14.28+0.52° 16.10+0.85"

MR T A o (%) 20.84+2.03"  32.23+2.58° 32.40+1.13

PUVEFE4(mL) 33.60£4.25°  36.67+4.84"  38.50+£10.61°

T HEA(%) 63.50+11.14°  68.50+15.08®  85.00+2.83"

JE BT A] (min) 3.83+2.63" 5.43+4.25b 12.40+4.95

MR ER A (min) -~ 5.31+£3.36° 7.87+5.02° 17.20+5.94°
MR RIS (mm)  76.10£46.81°  153.83£101.69° 128.50+£105.36°

KPS (BU)  236.10+£52.69°  407.50+49.72°

50 mmPEfFH S (BU)  194.40+45.89°  322.17+35.05°
FEAfE (mm) 159.10+13.06°  132.67+6.83"
Fr AT A (em®) 49.80+13.03°  77.83+7.96"

i AT AR R RER R 3 25 5 (P<0.05) .

728.50+£94.05°
599.00£97.58*

145.50+14.85"
96.00:£65.05"

B BB B RO, WAL 17+18., 5+10. GluA3f £5£%)
T 1 JE B Bs Ta) R B (e HLAT 52 38 09 1 ) 8508 14

INEBEHE AT 013.5, 63 Tl o72.5 L5847 5
LR G R 7| i O LT A 11 e = T ol [ s AN 0
®35.5. y42.5 F1 B57.5 FiX LG HR S 17 a0,
BT A A S BRI AV 3, B0 M2

AR FLBRAA RIS BNV I, KR T 2SS p i A s A

[T R R S G S Ol | B S B X S (IS e o VAT

JR S22, Ky o R R 45 %0 (153.83 mm) B =, JE{H1E

(132.67 mm) fe 2=, FRBEBH AN PrJal i R S0
TR RS [a], A LA s S5 v A PSR PR o
PR AR 3 i XA AR YEE 17% A& 25 0itE 30% Fic
TETEAER, 2 B/ NZER PR FURFPRE A S B st S5 T

JSIE A E] (12.40 min) FlTE A58 2R TE] (17.20 min)
TE = AR B, FE RS TR A R B TR A TS i

FHF IR S A S 2, ELOCBR AT ol LU K

R B TR], $2 e T AT R e . FRITIZISHE
Wyl 0T e, RN A, . AR, S T 25

BT RN 2, S 276 L DT R B AT, W s X

4y INZE i B R TR IR SR A R B

3 #ig

ARWFFEIMAE T M g HL X AP A 18 AR /INEE
SRR AR . TEDRY B i A BRI R 1)
15 A Eh AR AR AEAE 22 5, Horh 28 S e KR bR I
JEHSTE], AR S ZRBCHN 78.96%, REASFZRECH 1.89%,
Z5 BN BiZE 26 1Y 6 TWFEFRIE BITRE /N SR i
JR AT IERRUAERR I o TR EER, 7 A bk 2 H s 55 i B
FLR L AHSEPESI TR TS PR FE AR T 1A
4 AF ST, TN 14 DFEFRIT A TACE, FHATLRE
PR, 4550 18 /N2 S AR P25 in T 5 J5t A s ZIMIC
HIHET, HEZ BT MK B e 26, 15 22 IBFE 49;
WASHTHE 18 SRR, 3 28, it L2 Bt AR
[R5, IR SR A /N2 B AP R T AR, AItse
ORISR s Al /N2 B A 26 HEHET vh A AR
4199 #5522 S AARER I IR AT /N AE A G SR
A, A5 RO B B B R Ao /N2 Jin T sk
TR R BRI B IR AR, AT kb e T R R,
ST AR PR TR ARG = i . ARWFFE a3 R Tt
JE/INZE AR AL T S5, S EASR] N S R Rk
TR P B 2 & & A HAA B2 X, SR, )57 22
VR U~ SN e S S S Wi == v 11| I IR T DAY <=t =
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