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(ZX) 2 Hiy Mol o i 22 0 & Jkth (37.86° N,
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SEgeuE (37.69°N, 116.62° E) #HTRE, Hdk
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1.1

AR AR 22 5 B 7 Y0 1) 4L 3 X 35 . 2023-2024 AR X B
ARMFE &N FEAKTE=0 CRUR BN 2191.7
A1 2251.5 °C; A H WS FEKE N 154.30 1
154.50 mm CHCE SRR T~ A S8t < Rk K 4k %
Hi ol X EL 55 ) 22 T R FE LB S S R I D .

BB K o A AR L B 1. X 2 e H R AT
0~20 cm LJZ ) LIEHEHPUR 18.39 g/kg &R
1.15 g/kgHE R 20.22 mg/kg A4 162.51 mg/kg;
MRS 1K) 0~20 cm 3R JZ IR S H PR 11.2 gkg.
2% 0.98 g/kg. WA 25.3 mg/kg E R
106.2 mg/kg. B R A BER - IR AL A AR

M 55 R =18 90%, 1 =M B AR /N T K& P24 KB R 22 NN (R) (R D .
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1 2023-2024 2 MAEZNFEKFEKEMNEE
Fig.1 Precipitation and temperature during the winter wheat growing season in the two experimental sites from 2023 to 2024
#z1 sil)hERM (R
Table 1 Tested wheat varieties (line)
i ffj Strong gluten 135 % Medium-strong gluten
5 w A HIEIR T 5 d A HIEIR T 5 d A HIEIR T
Code Variety (line)  Registration number Code Variety Registration number Code  Variety  Registration number
IMUS87 HF U7 HAF 20210023 SM22  FF 22 HHFE 2013002 HM36 #iZ 36 [ % 20230181
LM-01 LM-01 #EHF 20206032 SN086  fif: 086  FHIZ 20198017 HM30 #3 30 B 20219002
IM5022  FFE 5022 L 20210015 H4399 1 4399 L FE 2008002 DH206 &i#F206  [EH 3 20190038
ZM578 hZ 578 [ 3 20210059 JIM418 3% 418 [ % 2016026 ND171 LK 171  HEHZE 20239003
GY5218  #afft 5218 A F 2015005 LX103 #ik 103 3HF 20198022
7ZM886 137 886 FH 20240025 IM4072 %3 4072 [EHHZF 20190057
JMUS0 3 U8 [ #3F 20210054 G35 W 35 &l 5 22 2006010
SN44 i 44 “ 97 20210016 HM33  #ii# 33 [ 8% 20230180
IM221001  HF 221001 AR A SN66 1l 66 EH3 20230031
1.2 Rt 46%) F151.7 kg N/hm? (JRZE, 46%) , IEATHER

KA BEHLX H v, 2 MR SRR (R
AN 30 m2, T 2023 4F 10 A 21 HHAPKX
PR, RWFAREREE A0 T 2024 4 6
He6HAM6 H 10 HIER, JRIEANESIE (15-15-
15) 750 kg/hm?. 44.8 kg P,Os/hm? (R — %%,

fK, HEBEEN 750 m¥hm?, ZJEREBE T
B A AR EE R 2 s, HAR RS B I 2
o 2 H AR AEREAT

1.3 MEMBS55E*
1.3.1 A4 T 2023-2024 FF/NFEFAEN . FE
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Table 2 Irrigation amount during the
reproductive period of each experimental site

. WEWE TR MR EMEH TEW
LL t Irrigation Irrigation Irrigation Irrigation
ocation method period date (m?/hm?)
R WQ (G T 4H4H 750
THEH] 5H4H 750
BE ZX TR LR 4H3H 600
THEH] S5H1H 600

SRR IR 5 WA N XEL 10 AN 2R, (A
SPAD-502 M2 2l i 4% (Spectrum technologies,
SELED W R SPAD {H, 5 7 i A J2: 35 21 T vty (o
FErERKO W 3 SHGE, BANXES 3R
GreenSecker {f # G 1E{Y (Trimble, FEE) &
WA — k8% (NDVD , fANIXEE 3 K.
132 ZERAMREF  EPGEE, BN
BEALIEEL 60 MAH, BN H, HE 3 XK. Wk
WIEFAS /N X BEHLIEEL 3 m? H2R%, EHE 3, R
Je BRI 8 SEFR ™= 5. {#FH PM-8188 NEW (Kett,
H A FPRIK 2 e A E ¥ FRLE KR, Si— A
13% & K EHOFFRL,  BEAMAE S BEALIZE EL 1000 A
BETRE, 3REE. FREAEHT ST
133 &ahes NEHRETEER, XHF
YL R E BIEN e AR . BL0.25 g MhFE,
2.50 g A (BRERER : To/KBRERE  AliA3=100:10:
D IINEEE, BN 5 mL RRR, BT 480N
IR YE R 1 he HUH G I B AR, AR B

2% B ER R ISR ~ 40% B3 (NaOH ¥ + 0.05 mol/L
FRUEFR A48 777, K F Hanon K9860 Il 52 £ i 1 FE
PR . BRGRITTIERTINE 3 AN F A R,
IR E SR E, FIHEA R R 6.25 1HHEN
il

1.3.4 sehtsdn EREM, FASDXEE 3 m?
P/NZE, 3 IRER, JBRLFIE IE 5 L i A7 i
3AMH. WEEAES PG 2 kg ¥R, 7fEH
Quadrumat junior B34l (Brabender, fE[E) Bt
BT, KRR EOKEIRER] 14% GEE . SHRER
AACC 38-12.02 (AACC, 2004) , fi| Glutomatic 2200
T U AL (Perten, Fi i) WU 5 [y FAO9E T 55 25
= (WGC) - Z AACC 7714 54-21 (AACC, 2000),
H Farinograph-AT 4= H 217 Jii{X (Brabender, [ )
W 5 T e ) (DDT D) F i [ A2 e B TE)
(DST) - ZH AACC 7774 54-10 CAACC, 2000),
{8 H Extensograph-E [f 4] :7{#1{X (Brabender, &
FED 000 5 A v i AR AN B KA BH g

1.3.5 RAMEAE EEE T ANLE BRI AR N T
BB ARG AL, HAMEE THEY 5 ERA 16
SRR PE o I e R H0E T B R U B R A AR A
A, BEA USRI A B S 20,

TN S R 2R A R T . A
AL = R AR, RATR L ZHE R R 5%
FasE. el 2 BN TE B (BEH 10:00-14:00) 5k
o AERERIE KRG R 4 26l B AN &,
FAR R ERE B 2O G R B A SHNK 3.

®3 ZHIEENBEXSH

Table 3 Parameters related to multispectral cameras

T8 Fr Index

2% Parameter

AR AL 4% Tmage sensor

6 4> 1/2.9 P&~ CMOS, BIE 1 M T OB KR (R RES A 5 AT 26

HI B AL RS, MBI E IR 3K 208 )1 VB E 212 79D

W (B) : 450 nm*16 nm;

%k (G) : 560 nm=16 nm;

2 (R) : 650 nm+16 nm;

2130 (RE) : 730 nm+16 nm;
WE4rhh (NIRD @ 840 nm+26 nm

JEG T Filter

%%k Lens

F AL 2% 1SO Y | Color sensor ISO range 200~800
HAE R S 35 Monochrome sensor gain 1~8 fi%

HLF 4RI Electronic global shutter
0 Fr e K70 #E 2 Maximum photo resolution
8 F#% 3¢ Photo format

FOV: 62.7°; fEJE: 574 mm (35 mm #&RE20: 40 mm) o5 E e, E: 2.2

1/100~1/20 000 s (A WLYEHAZ) 5 1/100~1/10 000 s (£ H6iE %)
1600x1300 (4.00:3.25)
JPEG (W] WOLE%) +TIFF (£ pid%)

F DJI GS PRO BAFHLRI B 8 ®AT MLk, o

KATSHORE Ny MIXTEE 30 m, BB EE T
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(= BT F-90°) , A lA) 55 55 A 5 B 2 3 3l i
SE 90%A 80%, LAHIRECGHIHEIIE L . itk
ITRE B B RC e, AR IR X NI S48 it
[z = (GCP) , JFKH D-RTK2 w=ifi§/% GNSS
8 Bl i R AR 2% 78 ) o (4 JEOK 0 A8 h
JR 16 Z Y243 I Pix4D mapper AT
AbEE . AEBRFARELAE: EEEAOL 2O R A PRARAR,
TN AT TR S S AR R R BT 4R R
S T A8 T 42 1) s AR AR SR B S B LR RS IE 5
BRI AN, RARMMEEE. &, 4. 4
AR LA 5 N IELF GeoTIFF 4% = IE S 5214
R 2E B 5 B BUEST AR N QGIS B (5 B R 4t
6, ARSI, RIEE 4 B RA K
®4 TANFERERERIEBOTELR
Table 4 The calculation formula for the wide-band
vegetation index of unmanned aerial vehicles

FE BT 2L Vegetation index 5 3 Calculation formula

THE SR E, MR T A XS |
HINCURETE . yidh— 008 B 398 1 S0 M 4t
AL T4, KA OTSU A 3h B 4 # 59%k X
SrAEE S ARG T, T TR N X AR
B, R IR ELE /N X AEAS [F) A2 & B3 0 48 b
TRBUEHMERY, FANDNX 3 IRES,
1.4 BRI

{8 FH Excel 2010 HEEEEHE , {4 SPSS 20.0
PEGETt 3 AT, BLFE A F ST RE A ¢ RS03R4 T it ol 1]
A ZS X () ) 2 AT IS, i — MR ML A
LR 2R T7 22 i AR P AT 2 BAE A R 3R 26
M1, X Z-score AriEAL G IR A LS & 57 st
1793 M . R FH Origin 2021 BAH1ERE . fHH R 4.1.1
H4T GGE i 51EKE.

2 HERE5HR
2.1 s/EmM (R) FERAGKREER

REV-BLUE BLUE :
REV-GREEN GREEN R S A 2 o7 H, B Sl ok i 22
REV-RED RED SFY s 7993.24 kg/hm?, mm B A A 5 RO
REV-RE REDEDGE 9.44%. FEEH-FEE B AE 94, Hd &l
REV-NIR NIR 206 Al 4399 fERX BRI H, RS ST
EVI 2.5(NIR7RED)/(/1+NIR72.4RED) 9000 ke/hm?. FRfF/NESH () KT RN
OI:EH f:{ﬁ?jéi?(;?}f}f;f% 7849.71 kg/hm?, Sl (D [A22 57 RECN 7.62%.
TCARI 3[(REDEDGE-RED)-0.2(REDEDGE- 6 bl (R BRI T 7500 kg/hm?. 15
GREEN)(REDEDGE/RED)] P /N2 W v e o B L OB AR 2 A O, T R D
x5 RaM (R) TEREMKEE
Table 5 Yield and its components of the tested varieties (line)
N FEE ity FRIEL FHiE
T :;Vi’jg;iﬁiﬁ gz Yield (kg/hm?) Spike number (x10hm?)  Grains per spike  1000-grain weight (g)

Wheattpe  “VUTENEE Code o maA i BE R BE R BA

wQ 7X wQ ZX wQ  ZX WQ 7X

R N 1 HM30 803523 8857.81 756.15 635.50 36.67 3376 40.77 45.60

Medium-strong 2 SNOS6  8251.74 850034  720.45 522.48 36.67 3521 41.40 42.62

gluten wheat

3 H4399 741499 926190  693.15 742.96 38.87 3533 3533 37.70

4 DH206  7488.78 9135.03  833.70 561.39 3802 3536 41.87 41.07

5 HM36 814334 817531 664.35 587.33 3797 34.12 38.98 45.20

6 LX103 761930 869134  699.00 442.81 4133 3245 38.87 40.03

7 G35 780472 840824  648.90 544.71 4190  43.08 4135 4128

8 HM33 806446 806494 67230 731.84 40.10  33.65 3825 40.98

9 SM22 770291 842596  659.55 715.17 4133 3423 39.77 36.56

10 SN66  7752.81 782378  625.31 542.86 4165 3512 38.94 37.53

11 IM4072  7749.22  7615.03 585.84 442 81 3927 33.62 43.45 39.96

12 IM418  6266.84 835936 701.70 531.74 36.00  35.60 40.27 3822

13 NDI71 701922 719172  627.15 629.94 3870 34.50 31.98 35.50




236 TE¥p A& Crops 2026 55 5 H
%:3% 5 Table 5 (continued)
s [ s EEA FERLEL TRIE
TR, T oo . . e
N2 Average yield écﬁ:)i Yield (kg/hm?) Spike number (x10*hm?) Grains per spike 1000-grain weight (g)
Wheat type ranking R BE S BLEL SHF BB R B
wQ zX wQ zX wQ zX wQ zX
“FH4{H Mean 7639.50 8346.98 683.66 587.05 39.11  35.08 39.32 40.17
5 R HLCV (%) 8.80  10.08 9.24 21.48 642  11.08 7.45 7.65
77 2243 HT Analysis of variance ok ok ok ok ok ok ok ok
BRI NG 1 ZM578  8808.62 8337.98 685.45 535.45 37.05 3223 47.38 46.92
Stmni glt“ten 2 JM221001 8437.55 8098.60 488.47 261.23 4522 3933 53.78 47.67
whea
3 GY5218 7643.49 8329.43 742.03 570.65 31.50 3742 34.70 36.44
4 JMU80  8138.11 7739.45 696.35 424.29 38.63  32.85 4243 41.82
5 IM5022  8239.64 7585.58 440.44 337.21 55.07  46.83 41.64 40.33
6 ZM886  7905.18 7322.57 670.66 687.38 34.00 3337 41.43 42.86
7 JMU87  7191.03 7922.68 727.36 381.67 36.85  34.28 39.49 41.97
8 SN44  7416.71 7476.70 834.08 455.78 32.07 3037 36.23 34.78
9 LM-01  6975.34 7726.05 589.29 468.75 3947  36.80 43.54 43.68
“F14{H Mean 7861.74 7837.67 652.68 458.04 38.87 3594 42.29 41.83
5 R HLCV (%) 8.61  6.62 19.26 29.45 1937 1530 13.17 9.93
77 2243 HT Analysis of variance ok ok ok ok ok ok ok ok
“xx? RIRTE P<0.01 K EEREZE,
“ik” indicates significant difference at P < 0.01 level.
BN P 1 %
Strong gluten wheat Medium-strong gluten wheat
e 1.0
7o Yield 08
0.6
I 0.4
4 Spike number * ‘ ‘ 09
0.0
Ok K . - -0.2
FRIE Grains per spike ot
-0.6
- . . -0.8
TR 1000-grain weight o o o
Feh Fl% Rk TRIE Feh FlE ROk TRIE
Yield Spike Grains  1000-grain Yield Spike Grains  1000-grain
number  per spike  weight number  per spike  weight

“x7 RORFEP<0.05 KV LEEREE.

“*” indicates significant difference at P < 0.05 level.

B2 s@EgpfnepsEsfEmih (R) 7~

ESHMMERNEX I TRE

Fig.2 Heat map of correlation analysis among yield and its components
of strong gluten and medium-strong gluten wheat varieties (line)

W m et (R S B A SR E . e
UL, ARG AR HORURL B T R 2 ) R
FSfE

22 Bi/hESM (R) ERESMEEES
221 KAt (R) ASERES X
Sk [R] 2R 0 R TR R 5 R 858 B A 1 3 j oy 1R AT AR S
fift, SRIT/NEE AXIS1 Fl AXIS2 4 BIfREE T 77.7%
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100%.

GGE MU “F =t 5far=t" thaeE
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Fig.3 Functional analysis of high and stable yield of
tested wheat varieties (line ) based on GGE biplot
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Fig.4 Analysis of the ideal varieties (line) function
of tested wheats based on GGE biplot
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Table 6 Protein c.onhtent 9f the tested 0 5 10 15 20 25
wheat varieties (line) % (a) JMUS7 L L L L L
INEERA HE4 A= T HJfi & & Protein content ZM8386 X
Wheat type Ranking Code 5ty WQ B E ZX “FH5{E Mean g SN44 — i
3 .
N 1 IMU87 1566  14.70 15.19 W Z LMl :
Stronggluten 5 7MgR6 1539 14.91 15.15 =2 IMUso LV
wheat ﬁ e | !
3 SN44 1486  15.28 15.07 g IMs022 :
4 JM221001 1484 1486 1485 & Gysas 1
5 LM-01 1392 1537 14.64 IM221001 T
6 GYS218 1461 1445 1453 ZM578 1l
7 ZMS78 1461 1421 14.41 (b) H4399 5 -
8 IM5022 1400 1444 14.22 SNO86 -
9  JMUSO 1391 1421 14.06 B HM30 '
- .
FHME 14.65 1471 14.68 § HM3 '
1 NDI71 1493  15.03 14.98 g Lx103 —
B . . . !
qjl\j[i dﬁj? E RWE  sM22 '
edium- 2 SN66 1436 14.56 14.46 < '
strong g2 G35 !
gutenwheat 3 IMA072 1439 1425 1432 T2 e ]
4  HM36 1418 1414 14.16 : :
£ Dm2os J '
= .
5  DH206 1419 1411 14.15 2 snee J ;
6  H4399  13.84 1431 14.07 IMA072 .
7 SNO86  14.02  14.04 14.03 IMa18 v
8 HM30 1392 1412 14.02 NDI71 I
oo @B M0 BT 1399 Es slIETRSEARSERE
10 LX103 14.05  13.78 1391 Fig.5 Clustering of yield and protein content of tested wheats
11 HM33  13.99 1383 13.91 . = e
7 SRNEEM (R) NEENEEREE
12 SM22 14.03 13.69 13.86 Table 7 Yield and protein content of different
13 IM418 13.76  13.61 13.69 types of the tested wheat varieties (line)
FEME 1413 14.11 14.12 I INE R N

B e EZEEAN, HANRHEZE /DN, RIH BT
PE, M#Z T, H4399. LX103 F1 SM22 7E 2 Mk
MIEFEARSRZEER, REtE.
24 ARENERM (R) FENEARSEHESL

AT

DURF L 25 (1 52 7 8 A0 = B A Dl R B Fia b 7 ik
RPERR/NE R (R, AR (R) R
RGERENT, ERRIKEEE 14 4b 9 A58 /N3
Fi (R AR N4 (K 5a) 5 BRIKEE 6.5 4 13
AR AR FERE SR N 4 2% (B Sb) .

ZAR/INFE 7= 1 SR U S AR LR 7,
SR /INE R (RD et 4 MRE BB TRN
EPAA R, ARRERAL 5218 AIGEE 221001, P
¥ B S E S 2 ik 2] 8127.27 kg/hm? 5
14.69%; FHNK Nm =8, NEEHhZE 578, &
ik 8573.30 kg/hm?, HEEEF RN 14.41%; 1

Strong gluten wheat

R pygie g THEAR SR

Medium-strong gluten wheat

TR PHEARS R

Type Average Average Average Average
yield protein yield protein
(kg/hm?) content (%) (kg/hm?) content (%)
I 8127.27b 14.69ab 7735.21b 14.39b
I 8573.30a 14.41ab 8224.80a 14.01bc
1  7492.03c 15.01a 7105.47¢ 14.98a
IV 7925.69b 14.14b 7313.10bc 13.69¢

RANS TR P< 005 KF L EREE, FH.
Different lowercase letters indicate significant differences at P < 0.05
level. The same below.

B, EIEEFE UsT. T3 886, 114Kk 44
FTLM-01 3t 4 A5 Fh, FEE RS8R 15.01%,
TP 387 8 7492.03 kg/hm?; 55TV 2 A 1)
A, BFEFEE USO FIGFE 5022, P =mE5EA
JR S By N 7925.69 kg/hm? Al 14.14%.
HBR N SRR (R g 4 AR 5
IR A, aFEIL R 66 FIGF3E 4072, JL



S 234 11

Wi A 5. SRR AR DR /N P I e R L X3 A O TR AR R T

239

S BRIk 7735.21 kg/hm?, FHEAKR S EA
14.39%; SIS NE =R, WHEHT 4399, 414K 086+

T3 30 73 33, ik 103, A Z 22, ML 35,
75 36 MBI 206 3L 9 ANEh AP, 1ZR P8 B
&, IA 8224.80 kg/hm?, HFHE AT EN

14.01%; SIS NRFRA, NEFHRK 171,

T

EAHRSERINEE, N 14.98%; FIV A

*8 BEMBINERM (R) BRI
Table 8 Quality indexes of high yield and quality wheat varieties (line)

B, NEAFEFEEE 418, P/~ &E N 7313.10 kg/hm?,
PRI AR RN 13.69%.

MR 8 MK 9 ml %0, smiMA (R) BFE
221001 FAEEAR 5218 W Al & & &, 2 ilis
14.73%F1 15.07%, AT Hom i s Al 4 66 Fg 2
4072, FTA SR CR) RT3 & =3I 28.0%,
FAEE AR 5218 PRTH M & B, MO /INE

o (R . EAREHR R mElRsE N
Type Va.riety rotein content (%) Dough development time (min)  Dough stability time (min)
(line) SFEWQ  BE ZX S WQ BEZX  RFWQ  BEZX
%7 Strong gluten W 221001 14.73£0.23  14.29£1.62 5.77£0.36 5.34+0.33 15.971.06  16.64+1.81
A 5218 15.07+0.45 14.66+0.39 2.37+£0.31 3.10+0.18 12.64+0.38  13.70+0.20
5 Medium-strong gluten L 66 14.38£0.44  13.74+0.12 2.91%0.90 2.81+0.17 9.15£0.93  9.98+1.07
F 22 4072 13.96+0.37  14.0240.26 1.87+0.33 1.90+0.21 12.10£1.71  11.62+0.90
x99 EFtRNERM (R) BRERMERK
Table 9  Grain quality characteristics of high yield and quality wheat varieties (line)
s (%) T 5 5 T T T A
?fty;:: Va.riety Wet gluten content (%) Dough extension area (cm?)  Dough maximum resistance (E.U.)
(line) SHWQ  BEZX  RwQ  BEZX S WQ B ZX
) Strong gluten $F#£ 221001 30.9£1.0  31.3£2.6  100.07£3.76  91.87+1.47  485.54+13.44  415.22+4.91
#5218 31.9+3.8 32.3+1.4 116.30+£5.75  105.50+3.56 669.47+2.84 617.79+4.26
i Medium-strong gluten Lt 66 29.9£1.1  30.240.6 97.17+4.26  98.71+2.00  539.74+1321  504.52+8.87
WrE 4072 28.8+1.4 29.3+0.9 100.30+7.75  109.90+4.57 455.53+9.74 430.53+9.02

FRlE (>30%) .

TE TH A AR =R PE 7 TH, 55 79 P R 0
FRA . BrEE 221001 KTH FE R R K, fae
B s, AR /AN msiE (>8 min) o Ffl
5218 {49 T A1 $or e o A A0 T ] 5 K A A B g 3 S %
r T H AR, REH I M SRR T, iR
PERIBE MR AR AHELZ R, AR AR LR 66 Al
BF 22 4072 [1)TH A1 F8 2 BF (8] ] (1548 BE ) BT
SRR J e, AEATS I B R R 5 KR

W e s, BT IEFEE 221001 78
A5 AR TR SR AR, T B AR
5218 7E RMFR S B B S R I, RUIIAEE
BRI X i fe b 5 —E g . 25 b, B
221001 FHEEA 5218 758 H & & W1 5 2 & &
T AR AR 22 e 1 3 RI =, AF A 0o 9 A /)
FhRAE, TEE BRI MLk 66 FF 3 4072
1) i 5 FE A IA B Hp i 5 K, Rl A A T )
TIRE Y

X B AR R A o R Y 22 221001 FEEA 5218
(18 B B A R IR AU 0.4%~0.5%, (HERE
B[R] BE e, 3R B RN EL R85 AT B BE R T T I R
BHmAEE AR . SR SRR A R I
(o feft BEL g BT A 5 R, X L B R T AR )
FEAK, Uk B ER BT T e B AT e bR R
HH 5 A5 P A2 IR B R )N, AT RE R L A T LR
N A
2.5 AREIZEEZM (R) B SPAD EX NDVI &

3% 10 /I A1, DAIER/NZZ ITFAE ) NDVI E
BEETIVE; BEXRATH, 1REES TIS5IES,
IVE AR R G VIR E ZR T H A,
K RA I SPAD B 38 7E TF A6 Ik B de i, K
Ja WITVZE 1) SPAD & 3 i T = A, 5 HAh 2
MNRATREER,

HHEE 11 A%, e fg /N 22, IVIE ) NDVI
(B 53 T ORI S AT oIk 2 2 s T
IV, S5HAh2 MR REZR . XIT SPAD
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F10 BE/IERM (R) TREHEEE SPAD {EX NDVI &
Table 10 SPAD and NDVI values of different types of strong gluten wheat varieties (line)

SR (R K JH— ALt £ NDVI SPAD i SPAD value
Variety (line) THEH] TSR TS A ) AL TSR TS A )
type Anthesis stage  Early filling stage Later filling stage Anthesis stage  Early filling stage Later filling stage
I 0.83a 0.81b 0.77a 56.9a 54.8a 51.0ab
I 0.84a 0.84a 0.76a 60.4a 56.5a 49.4b
111 0.81ab 0.81b 0.75a 56.7a 54.4a 50.4ab
v 0.77b 0.76¢ 0.71b 57.8a 55.6a 53.1a

=11 PEF N EAMAEILEE SPAD EX NDVI &
Table 11 SPAD and NDVI values of different types of medium-strong gluten wheat varieties

o 24 700 IH—{b A B FE 5 NDVI SPAD {H SPAD value
Variety FEAEH TESR I HEREW THEH] TESR I HEREW
type Anthesis stage  Early filling stage Later filling stage Anthesis stage  Early filling stage Later filling stage
I 0.82b 0.82ab 0.78a 55.6a 55.7a 53.7b
I 0.84ab 0.84a 0.77a 57.9a 56.0a 55.1a
I 0.82b 0.82ab 0.78a 57.1a 54.8a 53.8b
v 0.86a 0.79b 0.77a 56.6a 54.5a 52.4b

B, WEMITHERRER G WIIaZm TIMME AT BAEMEZERKPET %, 2T AP

A, HAEEER G WS ARG E R E E R, 2 Rt e %L (EVI. NRI. OSAVI #il TCARD ,
2,6 AREEB @M (R) T AVEWIEHEFIE ARG LR T 5E S sR /N2 R 4 FRAS [R] R R A

N DR TR AR RN A e R A NMEFBIEPHR SR (R 12~13) .

xR 12 BENETRIAXBEERIEL
Table 12 Vegetation indexes of different types of strong gluten wheats

=R EERA ERELEE shAl () A Variety (line) type
Vegetation index Growing stage I I I v

HR AR S EVI EL R ] 0.872+0.023b 0.749+0.103¢c 0.879+0.024b 1.004+0.013a
Zp g 0.636+0.023b 0.565+0.021¢c 0.654+0.011b 0.703+0.011a

T 0.192+0.007b 0.148+0.008d 0.172+0.001¢ 0.208+0.002a

15 7d 0.068+0.001a 0.057+0.002b 0.064+0.000b 0.070+0.001a

1E)5 14d 0.180+0.007b 0.152+0.001d 0.164+0.004c 0.209+0.008a

1EE21d 0.626+0.020a 0.5500.001b 0.556+0.003b 0.512+0.019¢

RFE R HEENRI AT 0.140+0.022b 0.079+0.066b 0.154+0.029b 0.266+0.018a
Zp 0.353+0.015a 0.330+0.022a 0.333+0.004a 0.336+0.004a

PiRta 0.322+0.022a 0.244+0.028b 0.276+0.019b 0.325+0.010a

HhE7d 0.134+0.013a 0.081+£0.008b 0.077+0.018b 0.124+0.013a

1E)5 14d 0.104+0.004a 0.074=0.006b 0.052:0.009¢ 0.111+0.003a

1EE21d 0.163£0.002a 0.156=0.009a 0.131£0.003b 0.1120.004c¢

oAb L 3388 1 R # FE 4 OSAVI T 0.961+0.032ab 0.834+0.137b 1.016+0.020a 1.128+0.019a
ZA R 1.030+0.011a 0.972+0.022b 1.036+0.004a 1.056+0.004a

PiRta 0.516+0.013b 0.420+0.021c 0.479+0.002d 0.546+0.003a

s 7d 0.235+0.004a 0.2010.005¢ 0.225+0.001b 0.241+0.003a

1E)5 14d 0.495+0.013b 0.439+0.003d 0.463+0.008¢ 0.540+0.013a

1efE21d 0.914+0.005a 0.870+0.003b 0.864+0.010b 0.773+0.012¢

2R RS ST H6 4 TCARIT WA 0.232+0.015a 0.212+0.015ab 0.177+0.004b 0.067+0.032¢
Za R -0.463+0.045a -0.367+0.064a -0.406+0.021a -0.367+0.010a

T -0.008+0.008b 0.018+0.007a -0.001+0.005b -0.012+0.004b

15 74d -0.066+0.004b -0.042+0.003a -0.046+0.003a -0.064+0.002b

1E)5 14d —0.042+0.001¢ -0.027+0.000a —0.023+0.005a -0.032+0.002b

)5 21d 0.030+0.015¢ 0.027+0.006¢ 0.058+0.018b 0.1254+0.004a
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® 13 PEAH/NETNERBEHERIER

Table 13 The vegetation indexes of different types of medium-strong gluten wheats

ek Z iR A P2 Variety type
Vegetation index Growing stage 1 I 1 v
TR 2 EVI RATIA 0.900+0.057ab 0.920+£0.047ab 0.950+0.043a 0.840+0.059b
ZATHR 0.622+0.021a 0.658+0.045a 0.685+0.007a 0.684+0.017a
FHE 0.166+0.008b 0.181+0.016b 0.188+0.007ab 0.208+0.003a
15 7d 0.060+0.005b 0.065+0.004ab 0.068+0.002a 0.071+0.001a
16)5 14d 0.155+0.008¢ 0.165+0.010bc 0.197+0.022a 0.183+0.002b
165 21d 0.512+0.020b 0.551+0.032b 0.668+0.076a 0.615+0.006a
ZE AT HRE NRI B 0.19740.061ab ~ 0.187+0.033ab 0.229:£0.029a 0.133%0.052b
ZA TR 0.325+0.004c 0.335+0.007bc 0.346+0.004ab 0.352+0.008a
FHAE 0.223+0.081b 0.305+0.029a 0.293+0.005a 0.362+0.005a
15 7d 0.048+0.068¢ 0.110+0.024b 0.105+0.001b 0.168+0.004a
16J5 14d 0.028+0.034¢ 0.074+0.020b 0.082+0.006b 0.126+0.005a
165 21d 0.109+0.009b 0.135+0.020b 0.139+0.017b 0.183+0.015a
PRt LB T R 2 OSAVI AT 1.057+0.068a 1.039+0.035a 1.079+0.056a 0.954+0.080b
ZA T 1.022+0.013b 1.039:£0.024ab 1.065+0.005a 1.055+0.009ab
FHE 0.460+0.029b 0.497+0.033ab 0.510+0.014ab 0.547+0.004a
15 7d 0.211£0.015b 0.227+0.012a 0.235+0.005a 0.246+0.002a
16J5 14d 0.442+0.021b 0.467+0.021b 0.522+0.032a 0.505+0.003a
165 21d 0.82140.029¢ 0.870+0.028b 0.90120.004ab 0.934+0.012a
SR MU S R 2 TCARI AT 0.113£0.065a 0.172+0.029a 0.119+0.088a 0.205+0.022a
ZA TR -0.395+0.028b  —0.445+0.038ab -0.508+0.046a -0.483+0.029a
FHE 0.011+0.017a -0.008+0.008b —0.002:£0.003ab —0.023+0.003b
15 7d -0.037£0.015¢  —0.058+0.008b -0.052+0.001b -0.082+0.003a
16J5 14d -0.014+0.011a -0.034+0.006b —0.024+0.009ab —0.054+0.005¢
165 21d 0.068+0.015ab 0.036+0.010b 0.104+0.073a -0.016+0.026¢

HT &L 6 W 0530 175 /)N 22 AN [F) R 7 (1 il i i 3e

THT ARV A ) s R A

o EVI GE05 S e = 25 i A A&, ek
PG 21 d BUREN “H—R—w" &%, K
R IAEUE ey, fEAE)E 7 d BEERAL, e
fEJa 21 d RS A JE IR B Tt . 3R I 20T 1
WV ) EVI B2 T HAR SRR, (HETE)S
21 d S F R T HARSA, RUIILRER P E W st

- II

= ]

o oo ®

EVI

JS BS AS 7 DAAS 14 DAAS 21 DAAS
4 H I 3 Growing stage

EAE)E 21 d, IERIE L H W3 m T HoAh Sk
B, —EREEFERE A EERFES A
SRS, TR SRR T AR B 4 AR = KO
165 21 d B TIVERHARR A [, £ AL A 2
)5 14 d, 1R E TPk, HEE T
M2 fE46)G 14~21 d 2R & 2 = k.

— III e\’

0.4r

03r

0.1r

0.0 1 1 1 1 1 1
JS BS AS 7DAAS 14 DAAS 21 DAAS

£ H I Growing stage
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1.2r 0.4r
1.0r 0.2 ag
0.8 c
= — 0.0
Z %
< 0.6} <
© =02
0.4f
02t -0.4
a
0‘0 1 1 1 1 1 1 i
JS BS AS 7 DAAS 14 DAAS 21 DAAS JS BS AS 7DAAS 14 DAAS 21 DAAS
A BB A Growing stage 2EH B B Growing stage

ARVNG FRERIRTE P<0.05 KFLEFEZE. JS: AT BS: 228 AS: JF{Ei; 7 DAAS: €5 7d; 14 DAAS: {£J5 14 d; 21 DAAS:

1t)521d. TR

Different lowercase letters indicate significant differences at P < 0.05 level. JS: jointing stage; BS: booting stage; AS: anthesis stage; 7 DAAS: seven
days after anthesis stage; 14 DAAS: 14 days after anthesis stage; 21 DAAS: 21 days after anthesis stage. The same below.

Elo afi/)EFEFEERERIEHEN
Fig.6 The vegetation index changes of different types of strong gluten wheats

OSAVI Jx B tE# 8 5 0L, 2N “V7 IE
A FEE)E 7~21d, 12K E & T
%, fEME)E 21d, DAIEEE & TIvaE.

TCARI X4 R & EMUR, @E 5S8R S
BHEAMG. 45 SR HAEZREIH B A EIRS
ERTEFFAE I B AR5 21 d M T H A SR B I e RE 7R
KACF, (BAEAE)G 14~21 d FHIE/N T HAB KR, £

- | - I

AS 7 DAAS 14 DAAS 21 DAAS
A E 1 1 Growing stage

JS BS

TCARI

D HE SR IS BRI e B SR R B AR s 1138
TEAEE 21 d RIS 1284, Ui B R 4F iy Fr
FREEME, MR TR R F IR, RoRHmg%R
A AR o B AR A LRI B L

BH P 7 AT 0 e s A /N 22 AN [R] 28 B R R B 4 L
Ak, R N BV AR A /N 22 S0 AR AR
AN . PRAEZREIIRIE 5 21 d B4k FF7E iR I

- III et \%

03r

0.1F

0.0
0.4r

02r 2

0.0

02+

IS

AS
£ H I Growing stage

7DAAS 14 DAAS 21 DAAS

7 HEEENEREIRBMERIE BT

Fig.7 The vegetation index changes of different types of medium-strong gluten wheats
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KV, ABAEAE ST 14~21 d b T 5 AR 4 oA 25 700 o
ANy TIIZEELE T 14~21 d B T HARZK AL, NRI
MIFTEHATF AR BA B R B, 7E4E)E 21 d A /a7t .
EAET HAR SR B AE I fE b 2 U R %, HL
—HEIAE G 21 d AR AR B 3 LR R AR S KK
5 T IOAIE U AN RS B0AE J5 21 d 5380 A
WA . OSAVI H AR bR B 5 5 5 /N 22 A AL
SO “V7 . WNZAREIAEIEE 21 d,
251 OSAVI fH 5 % . TCARI 254k AL B 55 56
WAL, FEZ R PR S . PRIEZ R 2|
)5 14 d By mFHALKR, 7485 14~21d BFt+
W B /N T AR AL, U AR IR 5 SR 2K PR
fif il RN HAR R MR EIE S 14~21d BT}
W B2 5 R, 3 B FL R S o i SO T 2 DUl R A 1)
FHIE .

3 Tig

B AR L 25 I S R AL, B TR R
FEO BN Tl A B R [ bR BR G 4% SR A8 Ak, Nz
i 0T R R B RO BT 7T s 23240 R A 1S 2520158 1Y
INEE PR R T MY B 8 A R R e, 16
RSB EYIM . SR, Rl i i
IRV E BN S EA R AR S X R B
SR, PR, AT ROR] B R S PR B TR RN
ROV =B R ARG, #a) &
i R i [FI SR FH0S280 ARAFF IR B, BV LR
R RS I /N AR 38 7R B 7993.24 kg/hm?,
B REN 8.04%, HA 11 MmFhs =i
7600 kg/hm?, it 206 F17 4399 7Ei#4 EAR 1) 7=
A 5 9000 kg/hm?. 558 7 /N 22 11 2 72 vy
FrhaE g A, R 2 KM (R) BWRZE”
W1. #E—0 M= E i R 2RI, R
Tl 00 v 7= 2 ARG e () RO, TSR A A (D
D)3 3st R SR R . X — &5 R A T A
— 3, RIRE AR BRI RLE S BE 102 /N 22 = P 1Y)
KB R 2 . filan, B 206 B &= 13 T3
RS TRLE, Ul AR A 2 BE R S R AL )
iz fe S R Tt R B A0 SRR 120,

i GGE XUbs Bl 40, s@iands (R)
578 22 221001 e Bm = SRtk . B ER
B ZZE 221001 T A e i [A] K F A, 1
MR A B 5218 TH ] 5 KA B g R

B, XMAEREREZERTRES 2 M LR
SESAR: BETIBESH S ER T RN, M
B 20T T R R T 3 D % A e R HEPEH 2
BTz A GEB3, rhg g A A, 22 30 AR AR
086 M) & PR, 1y 72 2 i PR AT 4399 E
Kb, HEER SR,

FET KM, 5 /N 22 F0 b i i 2N 22 4 )
YN 42 TR AR A, I Pe A T AL
IV, X —KEn T ESRRKR:
e R g s R o A, T o A e R
EEFEMHEZ R EFREARR, S8UEYMER
B fldn, fRK171 MEBRS E85m, HHEK
FEEUIC T = = 4.

INFE AR B RERE T RS W R R R R
EVERZE, R, W/ FEAFEHEABRERS
FEE L AR ORIE, IR R T T A AR R I
BORIE R, MR S B S R R, X
HEBNOL T v 77 /N 22 A B s (B2 IR
AEHFRAR MR, IR M (R 1ERE KT
NDVI Fl SPAD f{f {3 & T H AR AL, BEHK 5 WA RE
Mg K AT B 5 KRR A F B EARAH OG . TRITIIEE fb
Bl CRD 1) SPAD fH N Bl B2 MK T Hodth 2 F ks
B, RPN FERMWEEE N EARAR R R CHE
B AR, EREM (R) 10 SPAD Hah AR K
AL, ERK S A SPAD {f Al il i 4k 4% i
3 SRR E I 33,

T AL 2 i 28 oy i e 2 REE R 7= T A
[F) 7Y ot o ) ' il A BRARAE, SR /N L A
JRAEAE )G 21 d RILH 235 & EVIL & OSAVI
ik TCARI M4HFIE, RFZBMIEAEFTEHAEE
SEELN) R SR AT A AR BT M, RS A I AR
KRR 5P, IR M (R) &I
MR TREE SR F M TP 3ME: TR (R
1E)5 14 d /) NRI BF 2= 44 & HEAK, NSRS
IR A TR R R sl R N2 %
TELB 8 BB A KU 5 5 0 /N 22 AR ARL, TR (RO
EVI F1 OSAVI ZE46J5 21 d F& 2 A 2580 v (1 i A1
JKF, NRI MFFAE HIRGHE R B I 4 B A2 AR KT,
T AL B 22 T R AR R
ZAFRL, DASEEL S 50 BP0 TR
(R) MREFHERZIESS 21 d B EVI Al OSAVI
HH AR B = K, [FR TCARI 2 FmE, 2
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T H 5 B RR M B A AR AR 1200,
4 ZEip

(1) W S FIGF 32 4072, 114 66 A5 I i
FhpF3 221001 B4 5218 = B X T 7600 kg/hm?,
H R J e AR AR, TSR A (RO
0 368 3 265 v ) TR SR B P . GGE Wb B 2R B
SESH AR (RO BEDR 5218, HFE 221001 F1 A5 ff
A AT 22 4072 AR 66 SR e Sha R . B
HKOMTRY, Hrd 221001, HAL 5218 A=A i
RIBE ARl (R, BF32 4072, 1R 66 AE =k
J53 7Y P55 i A

(2385 2 P R R TTAE ) RS
NDVI {8, 7EREHR T2 5 IR iR i, RIS
BT R A

(3) MHET HABSEAL, a7 05T AL R 5 5 /)
ZAEAE)E 21 d RIES b e W4+ 1 B35 HUm EVI
5 TCARI. s 77 A0 53 B4 1) o i i /> 2 fE 48 JR
21 d RILH R ZE AR EVIL X OSAVI HI{k NRI. #
Ferh 5 3 EVI AT AR PR i 0k 5 A S i g v
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Study on Yield-Quality Synergy, Regional Adaptation
and Spectral Characteristics of High-Quality Wheat
in the Northern Huang-Huai-Hai Plain

Chen Haoyue, Zhao Xuan, Sun Meng, Zhou Bingjin, Li Haoran,
Ju Huijing, Zhang Yinghua, Wang Zhimin, Sun Zhencai
(College of Agronomy and Biotechnology, China Agricultural University /
State Key Laboratory of Maize Bio-Breeding, Beijing 100193, China)

Abstract A total of 22 wheat varieties (line) from the northern Huang-Huai-Hai region were used as
experimental materials, and a comprehensive analysis of yield, quality, physiological indices, and spectral
characteristics was conducted at two experimental sites in this region. GGE analysis and a clustering method
were combined to screen high-yielding, stable-yielding, and high-quality varieties (line). The results showed that
the medium- strong-gluten varieties Jimai 4072 and Shannong 66, and the strong-gluten varieties (line) Jimai
221001 and Gaoyou 5218, all had yields exceeding 7600 kg/ha, and their protein content, wet gluten content,
dough stability time, and other indicators all met cultivar approval standards. Moreover, GGE and cluster
analyses indicated that these varieties (line) had good high-yielding and stable-yielding performance and were
classified as high-yield and high-quality varieties (line). UAV-based multispectral remote sensing analysis
revealed that among strong-gluten wheat, Type I high-yield and high-quality varieties (line) had high NDVI
values at anthesis and a smaller decrease in SPAD values during grain filling, and maintained a high enhanced
vegetation index (EVI) and a low transformed chlorophyll absorption in reflectance index (TCARI) during
mid-to-late grain filling, indicating excellent late-stage stay-green ability. In contrast, Type I high-yield and
high-quality varieties (line) among medium-strong-gluten wheat showed low values of EVI, optimized soil-
adjusted vegetation index (OSAVI), and nitrogen reflectance index (NRI) during mid-to-late grain filling,
indicating rapid late-stage senescence accompanied by efficient nitrogen remobilization. Under the present
experimental conditions, Jimai 221001 and Gaoyou 5218 are preferred varieties (line) of strong-gluten wheat in
the northern Huang-Huai-Hai region, while Shannong 66 and Jimai 4072 exhibit high and stable yields and
strong broad adaptability. The EVI during mid-to-late grain filling can serve as a key rapid detection indicator for
screening high-yield and high-quality wheat varieties.

Key words High-yield and high-quality wheat; Variety selection; Cluster analysis; GGE analysis; Spectral

characteristics; Genotype-environment interaction analysis
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