55 42 B S FEREMBEXRLHFR Vol.42 No.5
2024 49 H Agricultural Research in the Arid Areas Sept. 2024

SCEHE 110007601 (2024) 05-0014-11 doi 107606/ issn. 1000-7601.2024.05.02
TERNEDMWTFELMR
AR B B M
S S N - 012 2 Sl (N - R S = B3 &

(1 FEARTEALOE AN e, TE KT 7501005 2. TEHRZERFRE, TH 4111 7500025
3. TEAMBLEBEAOM A B AP PG, T 5 )11 750002)

W OEVARTEREATEEZTERS AT, FhE R MEENZ SN UTEEXE 20 BENZ
ERBMHCR)FRBME,RAREARHE KRG, UEARENEX, FRANZ S E X, WKM7 T FREAET A
ZFEERBRMNER, BRXA. TERE T, NEZNEAR AREHURFEEZRD , L FHEL2 WD T
10.19% 11.01% %1 39.13% , 12 F % 39 5 T4 50 & 7 2038 £ % M WA R 4k 5§ 7 & 54 5 Kk 08-1 % 3 b i A % A%
BHABRD NETHE TENERFHELEAAEE, TEBE T, NEHENEE FARSESNHMEE
A PTG A, E 3 E R B T 0.76% 14.17% (11.44% 2R 5 % T #54 8 RO E K& A fr b [0 B 4R E AR
EMAEWEER B ANMEY T UIEER A, BEE-17.72%~46.55% 2 8], B ZEH iy &M S E S 25 2
THE 4539 415 51 %545 565 575 585 605 615 K&KEI15F k081 Kk3463 & 13 M fh, &
AHRBHHEEHREL AN EHFLENN RN ATASM S THES565 THE9FTETHESOEERM, HAET
EMETTAESA ST TAS2EEARIS EHEARFNFEE BAEN, LB ENZTHFE N 4031 kg - hm ™,
SRR E R AR LBERNEZBHG —RKT EZA N BN EREIMERKRATESMASETELAHT
EHBHFNEERN,

KPR ANL M FE B IGIRERTIN; TE

hESHES.S513; S32  XERERE:A

Dorught resistance evaluation of yield and quality traits
of spring wheat varieties in Ningxia
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Research Center, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan, Ningxia 750002, China)

Abstract: To understand the effects of drought stress on yield and quality of spring wheat in Ningxia, 20
spring wheat varieties( lines) with good quality and drought tolerance were selected, a two-factor split plot experi-
ment was conducted to compare the differences in yield and quality of wheat under different irrigation treatments.
The results showed that the grain number per ear, number of effective panicles and yield of wheat decreased signifi-
cantly by 10.19%, 11.01% and 39.13% respectively under drought stress, but the number of grains per ear of
Ningchun 39, Ningchun 50, Ning 2038 and the number of effective panicles of Ningchun 54, Yong 08-1 did not
decrease, and the change of 1000-grain weight, fertile spikelet and average spike length was not significant. The
bulk density, protein content and sedimentation value were increased by 0.76% , 14.17% and 11.44% respectively
under drought stress, however, the hardness, wet gluten content, water absorption andmaximum tensile resistance

were significantly affected by different genotype. In addition, the maximum tensile resistance had the largest varia-
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tion range from —17.72% to 46.55%. Most of the varieties increased significantly ,including Ningchun 4, Ningchun
39, Ningchun 41, Ningchun51, Ningchun54, Ningchun56, Ningchun57, Ningchun 58, Ningchun 60, Ningchun
61, Yongliang 15, Yong 08—1 and Yong 3463. According to the subordinate function method, Ningchun 54, Ning-

chun 56, Ningchun 39 and Ningchun 50 were the top drought-resistant varieties. Ningchun 54, Ningchun 52 and

Yongliang 15 had better yield and quality under drought stress, the yield of this population was 4 031 kg + hm™,

and the quality indexes reached the second level of national strong gluten level except the stable time. It is inferred

that Ningchun 54 may have a better comprehensive performance in arid regions based on the results of drought re-

sistance evaluation and cluster analysis.

Keywords: spring wheat; varieties; yield; quality; evaluation of drought resistance; Ningxia
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Table 1  Analysis of variance on yield and quality related traits of spring wheat in Ningxia

Ptk FHEK AL B Soil moisture FEHAL Genotype

Characters F A F value P P value FAH F value Pt P value
/NX 74 Plot yield 391.423 0.0001 2.117 0.0110
IR Average ear length 1.095 0.3085 1.000 0.5000
Al 7 /N Fertile spikelet 0.092 0.7648 4.394 0.0011
BRI Grain number per spike 29.849 0.0001 3.520 0.0001
H AR Effective panicles 50.203 0.0001 3.296 0.0001
TRiE 1000-grain weight 1.007 0.3186 4.392 0.0001
ZXH Volume weight 21.811 0.0002 6.635 0.0001
f#)% Hardness 28.006 0.0001 7.530 0.0001
A Content of protein 37.003 0.0001 0.846 0.6400
2 TE 57 % f Wet gluten content 6.663 0.0183 2.743 0.0167
UUFE Sedimentation value 18.960 0.0003 2.080 0.0595
FasE BT A Settling time 0.496 0.4900 1.526 0.1825
W 7K B Water absorption 8.690 0.0083 5.410 0.0003
e KA AHBH 7 Maximum tensile resistance 6.657 0.0183 1.371 0.2489
FI T Tensile area 1.916 0.0827 1.916 0.0827
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x4 FEEHGMRFEHEFRNGESERREFHEEMTERE
Table 4 Comprehensive index coefficient, characteristic

value and contribution rate of yield index and quality index

T H ltem cl, cl, cl, cl, cl;
7oA Yield 0.53 -0.16 0.16 0.07 0.03
FhiE
1000-grain weight 0.48 0.05 0.03 0.27 0.05
R
okl 043 005 004 -001 -0.22
Effective panicles
Grain number -0.32 0.33 -0.23 0.24 0.02
per spike
4 Ear length 0.30 0.32 0.14  -0.28 0.39
HJ. @/J\ﬁ? 0.12 0.46 -0.18 0.00 0.41
Fertile spikelet
[ Hardness -0.10 0.45 -0.08 0.11 -0.02
- A EL
CEAREE 08 038 034 031 -0.07
Content of protein
M=) A~ B
5 2 A -0.18 003 061 -012 020
Wet gluten content
FERE -0.07 008 053 0.19 -0.20
Settling time
. ULIK%{H 0.05 0.13 0.07 0.68 0.21
Sedimentation value
1) 2
Mk . 0.21 0.34 -0.22 -0.27 -0.50
Water absorption
e K sE Sy
Maximum tensile 0.01 -0.25 -0.18 -0.29 0.50
resistance
FRHF(E Eigenvalues  1.71 .52 1.36 1.26 1.09
TR 2% /0
J'Z‘Fﬁ?.//c 22.52 17.84 14.26 12.23 9.18
Contribution rate
Rtk R/ %
Cumulative 22.52 40.36  54.62 66.85 76.03

contribution rate

26 AEGMTFEEGETFERMRNERI
A AN AE T AR 7 R RN T A R AR
BARRIEHr s, FERR IR 25 10.0 4b n] ks A3k
BRI 5 K& (FE 2) , & ZERE/N A i 7= i LA
RS EATEIT T (R 6), MEI2 FH,H T2
AR TR bR AR X AR, B A S TR B R
5T R BRI, G5 THE 45 . THE39 5. THF
415 THES0 S H5THE S5 LN RL
BARbRE S TEAS i AR X B A, 7 R A B R, T
TR AR R sk R 15 5 TE S 5578
54 %5 5 W28 S Al = i 28 G e bR AR X i i, B R 5
B IR A TR BRI, T B R, ARk 3463 T
3015 57 2038 5 IV Lk G fabr a A
A, E R S AR, 0 T AR A, BT
BT TESBZ THESGSHTH 5,8V
PR LR A TR bR IR, A S R R, AR
JE AR 5, 5 B, AL TR S5 S TR
575 THS8Z . THO60 FTHKO-1, HE6FH
L ANRIZERE N AR 7 i 5 S T AR A T A B
ZES ERBNE AT RN T A E W DR
HYIR 3 [ ZE R i pn i B A B & R IV E N
13.99%%h, Hogy 4 B8 1 14% ; 1811 7 i i
30% A IV VAE 3 38, HAy 2 KT 29% ; i
VARG B 1] 5 e KA BE 3 B4 7E P i K P LAY

x5 ARMERHTFEMETHESERE F(X) RERHE U(X) D EREETMN

Table 5 Comprehensive index value F(Xi), subordinate function value U ( Xi) ,

D value and comprehensive evaluation of different wheat varieties under drought stress

SR p AR
Variety (line) F(X)) F(Xy) F(X) F(X) F(X5) UX) UX, UX;) UX,) UXs) D value Comprehftnslve
valuation
T4 42 Ningchun 4 =003 0.55 -1.01 0.73 0.07 0.55 0.72 0.18 0.67 0.52 0.53 11
KB 155 Yongliang 15 1.19  -1.95 -1.05 018 -098 0.93 0.00 0.17 0.50 025 042 15
T4 39 % Ningchun 39 1.23 1.05 -025 -033 0.30 0.94 0.87 0.39 033 0.57 0.68 3
T4 41 2 Ningchun 41 000 -1.04 19 -042 -073 0.56 0.26 1.00 0.30 0.32 0.50 12
T4 48 5 Ningchun 48 -1.00  -1.25 -037 -048 0.06 0.25 0.20 0.36 0.28 0.51 0.30 18
T°% 50 5 Ningchun 50  -0.47 0.83 1.01 1.62 044 041 0.80 0.73 0.96 0.61 0.67 4
T4 51 5 Ningchun 51 037  0.60 -030 050 125 0.67 0.74 0.37 0.60 0.81 0.64
T4 525 Ningchun 52 179 -1.77 -0.12 -076 -088 0.00 0.05 042 0.19 0.28 0.16 19
T4 53 % Ningchun 53 -038 037 0.71 0.22 201 0.44 0.67 0.65 0.51 1.00 0.61 7
T4 54 % Ningchun 54 0.77 1.34 -0.11 175  -026 0.80 0.95 043 1.00 043 075 1
T4 55 Ningchun 55 -139  -0.18 1L10  -044  -136 0.12 0.51 0.76 0.30 0.16 0.37 16
T4 56 % Ningchun 56 078 040 105 055 1.03 0.80 0.68 0.74 0.61 0.76 0.73 2
T4 575 Ningchun 57 0.39 113 075 091 0.55 0.68 0.89 0.66 0.15 0.64 0.63 6
T4 58 % Ningchun 58 -021  -1.23 -034 -124 -108 0.49 021 0.36 0.04 023 0.30 17
T4 60 % Ningchun 60 —0.41 0.08 -032  -136 1.18 043 0.59 037 0.00 0.80 043 14
T4 61 = Ningchun 61 079 044 -1.67 073 0.39 0.31 0.69 0.00 0.67 0.60 043 13
7 2038 Ningzuo 2038 0.62 1.51 -1.16 -060 -048 075 1.00 0.14 0.24 0.38 0.57 9
“J 3015 Ningzuo 3015 143 -0.12 -002 028  -2.00 1.00 0.53 045 0.53 0.00 0.59 8
7K 08-1 Yong 08-1 -033  -0.65 070 -051  —0.67 0.45 0.38 0.65 0.27 0.33 043 14
7K 3463 Yong 3463 003 -0.11 -060 050 115 0.57 0.53 0.29 0.60 0.79 0.54 10
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T #4515 Ningchun 51 (1)
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Fig.2  Cluster analysis based on yield, physical, nutrition

and processing quality traits data
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Table 6 Average of yield and quality parameters of different groups

Pk R pcyicd Group
Character Parameter I i m I\ VvV
JNX =i Plot yield/kg 0.71b 0.78ab 0.85a 0.77ab 0.75b
PR bR ARSI Effective panicles/ (10* + hm™?) 37.53ab 40.40a 33.43b 36.83ab 35.10ab
Yield index FERIZL Grain number per spike 31.54a 31.56a 33.67a 33.60a 34.03a
Tk 1000-grain weight 43.95ab 40.76b 46.91a 44.46a 46.14a
Yy B reE X Volume weight/(g - L") 831.07¢ 842.22a 828.89¢ 835.67b 839.80a
Physical properties fifi ¥ Hardness 61.77b 63.33a 61.63b 60.10c 63.47a
HIRMR % H F & Content of protein/% 14.13b 14.12b 14.02b 13.99b 14.49a
Nutritional quality JETA 777 7 Wet gluten content/% 29.56d 30.34c 29.09¢ 30.93b 31.24a
ULI%(E Sedimentation value/s 457.73d 461.55d 480.11¢ 492.25b 504.83a
T s FAEMTH] Settling time/min 5.19b 4.73¢ 5.54a 3.98d 4.09d
Processing quality %7K B Water absorption/ (mL + 100g™") 60.29b 63.43a 63.58a 59.04¢ 63.36a
B KFiHBH )1 Maximum tensile resistance( EU) 272.53b 291.89a 238.11¢ 226.83d 274.07b

T : R NG FRER AR R ST AR 26 ) 22 53 2.3 (P<0.05).

Note: Different lowercase letters in the same line show significant differences among groups under the same parameter ( P<0.05).

R X ET AR —E A BIE4 SR
SRy FRE S S0 S R BN 2 A B R A, B4R
PRBEE PERREAR, MDA & BEH N, & 25 52 nepk = A
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M AN 2, 22 DR DR TR AN [ 7 7 2 J 35 22 5
DEWIZ R A 7 1 0 0 B0t A AR AR A 5 4
P — Al Tidte,

SR PRIE S AR SR R /N il R AR B
FEELPIR 0 T/ INAZ AN [ it B R e
FER] 2724 E AR A2 i B2 T 5 M 3 1 5 ) P
PR A W] R 28 5 . 1 530 2 B MR I &
B HE AR T PR, (R BE A
WK B R R AL B T FR 52 M 0 5 3 PR TR AR

KRR, FEMRIA & 80 E 2 14 &P, 9
By TR 4 Oy W EREAR, Pk R 15 SRR R
FRAR (0 L 1w A AR T R AR =
X FE AN [ 5t A 1 /0N 22 it JO R A B 855 () 1) 7 S
FREEAFAE2E ST IR — S R I AS [R) 38 0 52 R B8 4%
PERYSE I AR — AL Amin 252 A8 T 5
T AT ARSI B 1 A o A, 1T B I B v i A
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T AT, A W JCHE K AL B 45 048 b 2 4
T S G L JE 2 b R KR BE ) AE T R Ea
TARME K, AR SRR R £, BRI A SR
T IR 65% | KIGIE N 76.5% , F-43 45055 S b BE
23.88% , /L SR G 25% , B KR N 17.72%



55

B A T AR /INAL AR R Rt R IR AT R 23

LA R RN TR 9.19 % , M<K 2 1T I A T 7k
2, AR I B] 52 - P8 A R e R S S
T AN T 5 A AS ) 6 TR, 36 B 52 ikt %o AN ]
s N By AN [R) 38 AR 24 REAE S W R[], R B T AN
[ ity o oxet = SR a4 35 B A AR B K 22 5

R PSR R B TR/ IN 22 BT R 2R 1 AT 6T
PP R THERE | T 2R 28 201 m 6 4 4t o ot
2T T2, AS BRI EREZ L&
S Bt b 1 2 S B 0 3 6 3 e SR T e AR A
T 545 T 56 SPGB e E SR, 4
BR 0.75 F0.73  7E RS e 2 R v e IR M (B 1k
RS IR THEMA S THE2 55KR 15
S HPE RS AR AR, AN B SR N TR
WA, ZEA PRI AMT 45 R T I T 4 54 SRR
H TR X I ] BE S B LR A R, 5K
YR P AR bR T AR AR T iR
(381G ZREPE AT, 46 T AR R 90 R ] 1 35 4% 22
SN, AT IE R A SRR R AE T R A R T
PR RS o) () 53k A1, (E A o R | TR (B 135 )
—GOKF-, TR O R A KR LR G —, HEA
PR A AP R A SN, AR, AR
EErE R TREREAWIE(5+10/17+18,
GluA3f/b/ g ) % T A 1 1sf () R AR R 6 1) A 8 35 1)
BT O DR A P i R S A I
ST BB AR T A SR

4 4 ik

TR 2 5 AT LA A R B
AR AL RE TR T 20 VB RCF SR 2
HREN TR T AR AE R AR
U4 5 B9 ok T, R BEIE 3
At B Rt AL 0B322 PR R
O A7 535 2 5, FLIR R L 25 0 Rk, 22
SRS | SR N 0 880 1 LK SR R
TEHL T 246 444 9 0 B8 B 0 545
TR 56 5T 39 ST S0 B4R, RIS
PORIRERET AR 543 T 52 KR 15 BE TR
W B LA B0 5 8RB £ AT 2
TR 54 B TR BT R AR5 4 4

5 % X k.

(1] SRPIL, 3Kar 7, SetEat. /N A TR SR IO IE B
REATRMCR)]. FRbRFR, 199, 11(3) ; 57-62.
ZHANG QJ, ZHANG LY, BI H W. Accumulation and distribution of
carbohydrate and nitrogen and their relationships to grain protein
content in wheat [ J ]. Actaagriculturaeboreali-sinica, 1996, 11(3):

57-62.

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

(1]

FORZy, SR, IR, A5 /N R R R E P R R HL
BT[], hEfEIE R, 2006, 22(1) : 103-106.
JITH, ZHANG C J, XIE HM, et al. A comparative study on yield
index of wheat varieties drought resistance [ J ]. Chinese agricultural
science bulletin, 2006, 22(1) . 103-106.
SEET, HA, ke, S BRI T RN SR
ACRET P FFRLT™ He R BTS2 [ 0], 2B 2741, 2020, 40
(4) : 494-502.
CHAO M N, SHI X Y, ZHANG J L, et al. Effects of persistent
drought at grain filling stage on flag leaf photosynthesis ,antioxidant en-
zyme activity ,grain yield and quality of wheat[J]. Journal of Triticeae
Crops, 2020, 40(4) ; 494-502.
SR, BRINE), ZR40ET, S5 WKAARRIR/ N f i B e
RO FIFBSCRIREIR T ). Z220EH#ATR, 2013, 33(3) : 530-538.
DANG G Y, WEI'Y Q, LI H X, et al. Effects of irrigation on grain
yield formation and water use efficiency of different spring wheat culti-
vars[ J]. Journal of Triticeae Crops, 2013, 33(3); 530-538.
Flede, skRR, KRN, . AERS FANEAEMR G 5 K
PURADRIE[) ] T ERN, 2019, 17(17) ; 5775-5782.
YAN J L, ZHANG ] L, ZHANG D X, et al. Yield, drought resistance
and water saving with physiological traits under different water regimes
in wheat[ J ]. Molecular plant breeding, 2019, 17(17) ; 5775-5782.
FRM, BrcE, FB. HETRPHEXE/NE RN
[J]. AR, 1996, 30(4) : 309-313.
WANG C'Y, MA Y X, ZHOU S M. Study on effects of soil drought
stress on winter wheat senescence[ ] |. Journalof Henan Agriculture U-
niversity, 1996, 30(4) . 309-313.
22, FR, GHE, AR DT RRIBUKN AR L /N AT
KLY ] KPR, 2004, 18(1) : 193-19%.
LAN T, JIANG D, XIE Z J, et al. Effects of post-anthesis drought and
waterlogging on grain quality traits in different specialty wheat varieties
[J]. Journal of Soil and Water Conservation, 2004, 18(1) : 193-196.
VAIREE, THRSC, SRAKHH. SR/ N i DB e S 77 2 AR oY
[J]. R A, 2002, (1) : 20-22.
XUZZ,YUZW, ZHANG Y L. Study on irrigation scheme for winter
wheat with high yield and good quality[ J]. Shandong Agricultural Sci-
ences, 2002,(1) . 20-22.
S, E/NlE, . ARESXARF LI NE AT R
BRI R R MR A R [ 1], RS AR, 2003, 23 (12):
2587-2593.
MA X M, WANG X C, WANG Z Q. Effects of N-form on photosyn-
thetic characteristics in late growth stages and spikes of wheat cultivars
with specialized end-uses[ J]. Acta Ecologica Sinica, 2003, 23(12):
2587-2593.
IhARME, B, EAM, & A AEE TS KXt N &
TEa A R P = i B S [ ], A= 2523, 2008, 28(10):
4896-4901.
MA D H, ZHAO C X, WANG Y F, et al. Effects of nitrogen fertilizer
rate and post anthesis soil water content on photosynthetic characteris-
tics in flag leaves and yield of wheat[J]. Acta Ecologica Sinica,
2008, 28(10) ; 4896-4901.
rhe A RN ] [ 5T e B A I Ry , v Pl A A
PR 5y 22, /N R E R B R AR : GB/T 21304-2007[ ST ALAT
AR A, 2007.
General Administration of Quality Supervision, Inspection and Quar-
antine of the People”’s Republic of China, Standardization Adminis-
tration of the People’ s Republic of China. Determination of wheat
hardness-hardness index method: GB/T 21304-2007 [ S ]. Beijing:



24

T T XA TS

o542 &

[12]

[13]

[14]

[15]

[16]

[19]

[20]

Standards Press of China, 2007.

FAE N RO, 528 S EY R TR F 5
TG :GB 2905-1982[ S]., 1982.

Ministry of Agriculture of the PRC.Method for determination of crude

o 7 12 (2

protein in cereals and beans seeds( Semi-micro kjeldahl method) ; GB
2905-1982[ S]., 1982.

e N RN ] [ GMR A A SR /N Mo 473 3 e 0 2 - 1
ek, SB/T 10248-10249-95[S]., 1995.

National Grain Reserve Administration of the People’s Republic of
China.Method for the deternination of wet gluten quaﬂily in wheat
flour-gluten index: SB/T 10248-10249-95[ S].,

EZE SR, ERIMELE ﬂﬁ)\z: NG PR B
TRV RN 18 22 T HORLARE 3 6 75 B0 19 % Hagberg-Perten 75
GB/T 1036-202X[S]., 2008.

State Administration for Market Regulation, Standardization Adminis-
tration of the People’s Republic of China. Wheat rye and respective
flours, durum wheat and durum wheat semolina-determination of the
falling number according to Hagberg-Perten: GB/T 1036-202X
[S]., 2008.

FER TR EBER, FZAREE B 2. il N
WA A % . GB/T 14614-2019[ S ].ALHL:
R AR, 2019,

State Administration for Market Regulation, Standardization Adminis-
tration of the People’ s Republic of China. Inspection of grain and
oils-doughs rheological properties determination of wheat flour-farino-
graph test: GB/T 14614-2019 [ S]. Beijing: Standards Press of
China, 2019.

EF ISR, EFRIMEATIIZ 5 2 Il N2
AR AR 2R R {8 . GB/T 14615-2019[ ST dbat.
rh bR AL

State Administration for Market Regulation, Standardization Adminis-
tration of the People’ s Republic of China. Inspection of grain and
oils-doughs rheological properties determination of wheat flour-exten-
sograph test; GB/T 14615-2019[ S]. Beijing: Standards Press of Chi-
na, 2019.

TR, FiEH, DEE, 4 TEEXE/NZIL S LT
SHEXd TI‘JEJ%@?ﬂﬂd’JHW‘[ J]. AZ2¥2RE, 2019, 38(7):
2049-2056.

WANG C, WANG L X, MA G F, et al. Responses of morphological
structure and dry matter allocation of spring wheat to drought stress at
different developmental stages in the irrigation district of Ningxia[J].
Chinese Journal of Ecology, 2019, 38(7) : 2049-2056.

FEMW, KRR, 28, & B LK NE A KT
JEEFPEAGREL)]. WK, 2018, 37(8) : 76-82.

LIY B, ZHU Y N, LI D X, et al. Effects of alternating drought and
watering on growth , photosynthesis and yield of wither wheat[ J]. Jour-
nal of Irrigation and Drainage, 2018, 37(8) ; 76-82.

IR, THE, AR, 55 IR Spa0 X/ NAE e B A
FERRPERIREIL ). i ERHESC, 2017, 12(18) ; 2141-2145.
HUANG Z J, DING J F, LI C Y, et al. Effects of drought stress at
heading stage on grain yield and physiological characteristics of wheat
[J]. China Sciencepaper, 2017, 12(18): 2141-2145.

SOUZA E J, MARTIN J M, GUTTIERI M J, et al. Influence of geno-

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

type environment and nitrogen management on spring wheat quality
[J]. Crop Science, 2004, 44(2) . 425-432.

FAVIO B, PATRICK L F, CHARLES G, et al. Geneticloci related o
kernel quality difference between a soft and hard wheat cultivar[ J].
Crop Science, 2005, 45(5): 1685-1695.

JOHN D, BERZONSKY W A. Evaluation of spring wheat quality
traits and genotypes for production of Cantonese Asian noodles[]].
Crop Science, 2003, 43(4): 1313-1319.

AT, EPURL, R 55, MR/ N R R
Aebge4i, 2000, 15(3) ; 126-131.

ZHAO H, WANG X C, LIT Z, et al. The determination and analysis

TRt (1]

of wheat quality in Henan[J]. Acta Agriculturae Boreali-Sinica,
2000, 15(3) . 126-131.

W, RS, KL PR/
[J]. ZZ2AE024R, 2000, 20(3) : 21-24.
YANG X J, ZHOU J B, WAN Y H. Study on variation of quality
characters of high-quality wheat grown in different environment[ ] ].
Journal of Triticeae Crops, 2000, 20(3) ; 21-24.

TR, DL, BIEK, 45 /N S STHtR Al 3 R BRI BREE B
HHEAERNAIHT[I]. AR, 2008, 22(5) : 706-711, 692.
QIAO Y Q, MA C X, HUANG Z L, et al. The effects of genotype,
environment and their interaction on wheat quality[ J]. Journal of Nu-
clear Agricultural Sciences, 2008, 22(5) ; 706-711, 692.

AMIRI R Z, SASANI S, JALALI-HONARMAND 8, et al. Genetic

diversity of bread wheat genotypes in Iran for some nutritional value

PR G PR AL S 0T

and baking quality traits [ J]. Physiologyand Molecular Biology of

Plants ; an International Journal of Functional Plant Biology, 2018, 24

(1) 147-157.

FRIH, FERSy, R, S5 T RET N TER AR
RN ). TTREAOERLE, 2008, (8) : 32-37.

WANG C Y, JITH, GUO T C, et al. Effects of drought stress on

starch pasting characteristics of different spring wheat cultivars[ J].

Journal of Henan Agricultural Sciences, 2008, (8): 32-37.

ZRIERN, 222357, SNV K, S BT RS TSR AN I T

S RLE uﬂ:ﬁ[” LHAN WA, 2022, 42(12) . 1473-1483.

LI XL, JIANG LF, MAXF, et al. Comprehensive processing qual-

ity evaluation of strong gluten wheat based on principal component a-

nalysis[ J]. Journal of Triticeae Crops, 2022, 42(12) . 1473-1483.

TRYERE, IR, T/Ne, A TRE/NEDUTENEE SR

S3HTL1]. TR AAFST, 2017, 35(6) : 95-103.

ZHANG W J, YUAN H M, WANG X L, et al. Genetic diversity of

spring wheat germplasm resources based on drought resistance in

Ningxia[ J]. Agricultural Research in the Arid Areas, 2017, 35(6):

95-103.

HE Z H, LIU L, XIA X C, et al. Composition of HMW and LMW

glutenin subunits and their effectson dough properties, pan bread ,and

noodle quality of Chinese bread wheats[ J]. Cereal Chemistry, 2005,

82(4): 348.

Wik, T8, WH, % WFE 02 S FESEHTE Glu-A3

SEPRSSEL ], BRPTALAL, 2020, 66(5) : 59-61.

JIHT, WANG M, CAOY, et al. Identification of low molecular glu-

tenin subunit Glu-A3 gene in Jinmai 92[ J]. Shaanxi Journal of Agri-

cultural Sciences, 2020, 66(5) ; 59-61.



