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HN I LRIk e /N RS BT R T 410 R GERIEAN . G55« 1S I/ N R 22 [ T 25 S e K e
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R R AT R A R A R TR
FRBER TR I  nT A M S B S T Y i
FRUEK- 83 1T, HAR A A A vh o= AR iy ]
R, HEm R BT RO AR A
AR SRR SR bR IR & A i 2 AR, FAR BN I I
i EAL YN T (MDA) & & BT, At E LR &
Gt AL ARG (CAT) 2t F ALY (POD ) 5 Ak
YA (SOD ) 1H 45 T 0 15 PR 1 S i R 44
HARE , E NNV 5L IS8 /N bt
FLRE SRS e RO v E TR T R AARSE TAE, 5
SRR /INE T T A RIE s 2 R T LU A
R B AN A T 5B (IE AP e+ 5 A
JETR ) T e/ N T T R A R D
At RGN B/ NE bR EE D), B
i 1 ) BEAG TE (R BLLT BB R R SR AR AR

R LL 15 3/ NERN O AL R, FE 7 H A
Bk 56 Fe b (38.85°F . 100.35°N ) , il i3 K5 A
[F] TS50 T i A K AR PRI R AN A T 5
R AR ARRURT o e S 13 AN E R R
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PE PR ML R AR B IR, S H O TR X R
BRI S B ES %
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1.1 REE R

RIS B4 RE R e AN TR L XY 15 153 35 /N 22 il
S e S e e SR Y i = A 2 R B
A AR M AE P I 5 X bR I, 3 T
[P0 1 e i et o ARk B H Rl K
St B SRAEY) R R = B R
FHRAE BRI S A PRI 1,

x1 15 BHENEMRRESRER

' 2 ' 2R ' 2
1 RE3S 6 B 12-122 11 AL S
2 ZBWSN-158 7 H&ES 5 12 SMP-7257
3 IBWSN 93 8 H#E33 5 13 Z8E300YT-22
4 IIfi B-90 9 7K 3257 14 H# 0058
5 M59 10 7K 2901 15 Il 86014

1.2 it

R PER AN [ /N2 R B i S e S AR SR
SKH 3 PR EE K A A BRI Dy 20) o X SRR
2 R AR S 7K A E A bR, 70 2 BEI A T 45K
W, ARTEREEBES/KENLE, 8K7:00
F119 = 00 4351 &K B IF ARSI S, &5
Tt 3 IR, A EE T2 (SD: R A KA
Sy FH IR K B 10% ~ 20% ) 5% 85 T 52 (MD ; 13
B KR K BB 50% ~ 60% ) K 0F kb B
(CK: - BE& /Kt H [EFRE/K 7 1Y 70% ~ 75% ), 3
45 A AhFR RS AERE 3 RE R, 3 135 AR IX, DX
TIAR 0.6 m*(0.6 m x 1.0 m) , /NX A [a] [E] B 1 m, A1)
[E]B% 0.2 m, R HBEHLIX ZHHE

/NFETF 2025 4 3 A R TR, A%, BT

40 A0, 4THE R 0.2 mo #EFIETIEIE AL, 268 N,
P,0s K0 JFHR N 18 18 5, REUH FiL H )45 7
T, P 3 ORZREE &/ NX AR Ty A H Y
A1, MBS 7 (R . A AR R BRI K R R
] A1, 45 A P A FH ()45 R4 it 229 AH ]

1.3 e s KXor ik

131 FKWE . R s AR RR
L — By /NFE Ay BEINAE BRAE M REAS SR FHRG B2
0.1 em (AR RGHEA T & o DA RR IR A o, T B
TN 8 MR 0 ity 32 o, TS AR D R P

1.3.2 PHEETE TR AREE TR AR T TR
FE o AT R4 Bl PR i 25 A B/ N2 57 BE DA
(14 bt 6 BT AR S 6 T o, T A 5 4 5 A /)
2 A o AR B o BT/ N A A A
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HEAE B E LR IEE N 105 °C, A 30 min, ZJ5
BB 80 C, Mt T i, Frid i bk
SRR BB BT L, T A5 E5 (B 53 31 A 1 B AR T
Ho
1.3.3 MR ARRMAARETE . A4 N
I3 B 3 MR/NE S BEIR G AR AR A, fdTH
WinRHIZO Program AR % 45 #§ 1% 52 BUAR & 48 Fr 1)
W ARG DR B E AR R o1 R Ge ik
AT HCH b B, DL OHORS B 00 ARG | AR 3R T A5 AR
(LN
134 MR ERENE M4 R (SPAD-502 Plus)
TP AR R E A e R A, e
HI L, B PR ER ARSI AL FIE R TR . R
e TO T BN A3 BE I R SRER K X8, oK
R oE 4 e AL AR I e 1 e B i S 1%
P EZ Al T I S AN R A R SR TR Y
FCIFAIZE R, TN LR R AN & & (SPAD
H). BMEREZIE 3 K.
1.3.5 BAYEALEE(SOD) it E AL & BE(CAT) |
A ALY (POD ) TG ME RIS 8 (MDA) & 21 %2 .
FREC 4 63 (BE0 0.1 g) /NSy BEAN: & T 4 15
O, A SN BRI R AR 5 A FH IR B ST s ot
Ao B BIAI SOD 51 & (CAT 51 & .POD ik
& MDA IR G TREA O, 2 BRI & LT
BT O R A 203558 SOD\CAT . POD i 1 #11
MDA i, BN A R PRI E 21T 3 IREE R .
1.4 BAELFES 547

XA B bR 0 SRR eREUE A T3S Rk
15 WG 50T, Rl B AR R E(DC) MR AP F
FEDE™,

1) T B AR TR R L

PLRRE(DC)= T 2E T AL FUE / % FAb B
1Ho

2) AT EWSTHT  THHEAS BN E RN TR LR
EEELA I

FX)=a;,X,; +ayXy; +-+-+- +a; X o (1)

K KX) A T80 E s a; M(=1.2,,mj =12+,
nfEFRAFEELAY R 3T (5 X AR bRbR AL (EL
3) RN Rl A5 A B bR P T R B
SR Jm R
U(X)ZM

Xmax_Xmin (] :1’2’3"'.’11)0 (2)

A UX) SR j AR BRI R eR B s X, 02 4
FEPRYL R R IUE ; X NS jEVRDUR R B By
{H s X AE JRIRIT T R B IRRAE

4) BEEEHRIIALE o

P

TP C ®)

W=

AW S e LA 0 B ST,
.
QP FELES S

DzﬁﬁWXﬂW]Uﬂlﬁwuwo @)

K Excel 2021 B3R 738080 , AR A8 2
L FLGAPRRE(D ), BRI TRk
PG T34 A GraphPad Prism 10 23] “/NMESE”
Pl A5 By Origin 2022 BAFHEAT 45 R Am ] B AH DG PE 43
BT 45835 1 SPSS 25.0 Fil Origin 2022 FI4E1THIh6E,
SEILF ST o3 BT RS540 -

2 HBR55H

2.1 AFBETREWE TENEN LIRS
Wil

OIMPEER (R 2) om MR R, B8 bRy AR
SRBON 7.96% ~ 47.84% s TR T EIA &40, 35
FRAs S 2B 7.60% ~ 39.05%; T FE T 5L hA 444
T, 38R S A2 EO R 8.51% ~ 37.89%

XA, BT R E T R AT
f) SOD ,CAT .POD 1% J& MDA 5 & ) 5 /IME.
KA K TR R TR A0 TR TR
A B KA A/ MBS R T x0T IR, R BT
B 3a xF /N A T 1 SOD .CAT . POD {1 Sz MDA
B PR INEAE — e AR E R TR AR
TR AR R RO AR A s AR B A KR AR 21K
TR 7T 540 T B /INZ AR AR R B
sgfuiats, EETRS5RE T2, fmET240
PR 9 SOD .CAT.POD 1% 14}z MDA & & (19
PUE . S KAE A MESR T T R B, vT
D RE T2 E XTI SOD .CAT . .POD i1 & MDA
BRI AT SRR E R R e i AR K

AR T R T2 fE TR ha R/ Nk

AR FE I He A T S P (Y 5 Ak
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43 4%

%2 4

&2 315 ANFNEFE 13 MEHERKIERIHER ST

b3 EiEL /M R AR ¥ i 22 5 5 A %
Bk fem 36.90 51.25 44.80 4.54 10.13
BT /g 1.25 424 2.33 1.08 46.30
W /g 0.10 0.31 0.18 0.07 39.73
HREE S /g 0.25 1.03 0.56 0.26 46.64
T /g 0.01 0.04 0.02 0.01 41.52
R /em 237.17 747.60 445.87 193.20 4333
CK MR /em? 23.97 80.71 45.97 21.02 4572
HAAF /fom® 0.18 0.70 0.38 0.18 47.84
M4k i (SPAD fH) 30.50 41.70 35.32 2.81 7.96
SOD {4 /(Ulg) 108.83 328.79 235.56 75.55 32.07
CAT {1 /(Ulg) 108.33 224.67 176.56 2825 16.00
POD & /(Ulg) 53.50 108.67 74.33 17.25 2321
MDA J5i i BE /R /(nmol/g ) 6.10 12.90 8.79 2.03 23.06
Bk fem 36.60 48.63 41.03 3.12 7.60
BB TR /g 0.79 1.96 1.26 0.32 25.78
W /g 0.09 0.24 0.15 0.05 33.10
HREE T /g 0.25 0.85 0.48 0.17 35.70
Tt /g 0.02 0.05 0.03 0.01 39.05
K fem 192.75 450.03 274.78 70.26 25.57
MD MR /em? 20.57 49.40 29.76 7.63 25.62
HRAAF fem? 0.17 0.43 0.26 0.07 27.76
22 (SPAD fH) 27.07 37.07 31.75 2.94 9.27
SOD {4 /(Ulg) 137.37 406.57 289.17 85.22 29.47
CAT {1 /(Ulg) 146.67 252.00 211.58 3222 15.23
POD {14 /(Ulg) 71.08 126.67 93.74 15.31 16.33
MDA J57 i BE /R R B2 /(nmol/g ) 7.07 15.66 11.13 2.22 20.00
K fem 32.23 45.20 38.60 3.29 8.51
HEE R /g 0.52 1.49 0.89 0.29 31.93
W /g 0.06 0.19 0.11 0.04 36.18
HREE T /g 0.19 0.70 0.40 0.15 37.89
Tt /g 0.01 0.04 0.02 0.01 33.23
R /em 154.53 423.30 249.60 74.77 29.96
SD HRFHF fom? 16.36 38.22 25.29 6.23 24.63
HRAAF fem? 0.14 0.28 0.21 0.05 22.16
22 (SPAD fH) 22.83 33.07 27.39 3.36 12.26
SOD {4 /(Ulg) 171.61 467.55 345.03 93.36 27.06
CAT {1 /(Ulg) 169.67 288.67 245.42 31.54 12.85
POD & /(Ulg) 85.00 153.58 114.01 18.64 16.35
MDA J57 i BE /R R B2 /(nmol/g ) 10.69 20.72 15.03 2.99 19.86
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2.2 OR[RIRREE TS an X /N2 B IR 52 e 43 B
FEARRIREE T 2WHE T, X 15 NH/INE MR
1) 8 AMEASER: MK (K 1-A), Hifffie (K&
1-B) i T (B 1-C) AR (E 1-D) AR T
Frit (B 1-E) MREREAE 1-F) MK (& 1-G) Al
HARFRLCE 1-H) 347 et . 45 RA5 0, T 50
T XA RN o B ) i L O A T A AR
FTA AR AR AR AR RIS T VR F X AR ot 1

H# 8 5 .7k 2901 .Z8E300YT-22 FIH # 0058 AR
W R T B 12-122 FiH & 8 ST
Fitim TATE; A 3 %5 . ZBWSN-158 . IBWSN93,
B 12-122  HE 8 5 4Kk SMP-7257 FiH &
0058 (AR v X B JIT o i 178) 7 A
P BT X A, ST R MNA T, K 2901 AAR £
[ 5 T % IR SMP=7257 FIH 50058 BB T i
TR A 35 P 12-122 HE 8 5 4%

SRR R BN DN A R I 5 o Sk SMP-7257 FIH 4 0058 AR T BTt i T4 I 5
BT RMA T, ZBWSN-158, B0 12-122,  JFA7 s Ay - AT Ao o 0K T 0 R
A B CK EMD BEESD B BCK EMD BESD
60 15
£ S04 oo, 0 o 3 Lo “ .‘ '
< o
3 aoh 3‘”‘% LR A AL l N t t“ ‘ TR PR
30 #EH\ ‘t‘ *‘ “‘ ’t‘ ]
20 S 00 S P S _—
TR E s g 28 e nzKE g E 2 T E g g2 8 n oy 2o h 8 F 2
# 1 2 = & ¥ F g3 = & I Z 2 4 & F L 32 =
Cﬂé%gg ﬁmﬁ%%@%éﬁg Dﬁégg £ ﬁ%%“%gﬁg
04 < s <
N s
R ‘ } * B L0° ) ‘
HPE: 02 t t ‘ ‘ t‘ k| “' boo ‘u ' %Eéos ‘ .‘ " “‘ t
w 01 ‘?g ?;‘ o ‘ ' = | 14 *‘ “a fs “’ ! " t“* "
®E S s paTEE KRS E 2 0011%?@58@%%%25%-‘28?22
T 2 T 2a88Rk 80 23 % 1 5 4 S & 2 5 8 g 4 2 g
E$§§§ %ﬁﬁﬁ%mg%ﬁg ngégg ﬁﬁﬁ%%mgéﬁg
010 - < 150 B <
20.08 g
@0.06‘ " ‘ 92100‘
%0.04,‘ ‘ ‘ ' h ¢ ‘” = . _‘ -
%88(2) “?t t““’r;* ’ ‘ ‘ g‘ "" “-‘ ‘** % o ‘? ‘70 ““’““f“"" .‘ “",‘ ‘tc . '*‘t‘
TR E 2 g 2adrdhEzK B g EZ EEEEEEEE R E R R
, ) B\ 2 S Bx =
1500 = 1.0 =
E08
EIOOO ‘ =06/ ‘ ‘
2 <00 ‘ Z04 ‘ b e T b 4
S ” IR Q‘ ‘ REITY ‘*‘ % “ “ 9 " oo the " 202 ? ‘?0 “ ‘., e ’ ‘ $ “ ," ‘ t t
TZs552 8 L% E sARAEE 22358 8feEzAE Y E 2
[ I o 1] ISER o OE S = | 7 4 AR CEES ) 5 E S =
S B & 8 Bx =
N

B 1 AREBETEMENE/NEHHAESERIRIE

EAFRETEE T, #2215 M~/
FERRE) 5 A4 B FR . POD 5 (F 2-A) 43
K& & (K 2-B) .SOD i (E 2-C) (CAT i H: (&
2-D) MDA (& 2-E)JA T HuA T, 458,
T 530 AN [ R R B /INAZ F BT POD 144 \.SOD
T (CAT E 1 MDA & A fEdEEH, XN Znt
SRR S A TR AR T S0 RN T R b
AT, FrARPER POD.CAT.SOD Jf1E K& MDA 75
BIE TR, T AR BT SRR A TR

PE— 3P A ARG PE S MDA 5 it ) (U

TPorHT 853 (3R 3) BoR , AN /N2 P B A 1 4 Ak
PR R E T A T, SOD TE P (CAT %
£ . POD it 5 MDA & & () HUEAAE R K2R, %
FAB RS R 5 b T A oG BT S it i 44
J1, ASODYHMDA), A(CAT)/hH(MDA) . A(PODY/h(MDA)
(B i 5t T et 4, TR TS T L (B R i
W3, HH 0058 7E4 MMHEFEE T ASOD)/HMDA).
A(CATY/B(MDA) . A(POD)/ (MDA I Sl /)N , (A58 i1
PR RE I Fa 2 -4 ; IBWSNO3  H % 33 S HE K
BIR AR B BT R B 7 A UM
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BCK EMD ESD

A B
250 gﬁ 50
20200 = 4o0) ‘ ‘&
= o
5 150 ; * “ t Z 30 ‘t? ’t ‘ AL "‘ ’t“‘
Sl it ol T A 2
11 B &
§ sof |1+ o byl ! s 8 10
iy
0 = 0
T g8 REAIIFEZ T Tz gagIarhkgzHE R E S
oLz o2 7 4 ¥ g 22 T E g = £ L 22 T L#Eg S 25T £ g
ﬂgzgg %mﬁ%%mggﬁg ﬂéégg émﬁ%%ﬁggﬁg
8 ) C s 8 EN sod
800
2600 ’ “
= ' :
3400 .“t n ”‘ “ ‘ ‘ 3‘ |
’gzoo ‘ t “‘ t' !
b3
0
T g3 g vd Hg2 KR FE
€ L 2 B2 & g 22 T E g =
KZg® gEERNSLEEC
D S = E g
500 —~ 30
. P
50 400 2
3 300 ’ “ ‘ ” ‘ ‘ . ‘* g 20 ' ‘
2 oot ! ‘? i B ‘ ‘ !
H:gzoo‘ ¢ " ! ’f ST , ! t | * ” vl ', ‘ ‘? {
< 100 N \ = ¢ } ‘
a
U 0 . . . . . . . . . . . . , = 0 . . . . . . . . . . . . . ,
TE 23wl HG S E T g3 g8 dy R HEEEZ
e 2827 4B EIEZR2GIEES B2 227 4¥FEE IR DIEES
= é) E = ‘éﬁ feung = ke~ E % b = o % E =4 éli o s fow] % % i =
B2 AREBETEMEXHNEEEEEERNZMN
*3 AREETEME THEMEZHPRALETES MDA REE/RIRENILE
Qb p mn A(SOD)/H(MDA) A(CAT)/H(MDA) A(POD)/HMDA)
RE3S 29.45 22.00 11.55
ZBWSN-158 53.83 28.34 8.76
IBWSN93 32.57 20.27 6.87
i B=90 36.68 22.73 6.89
M59 41.28 20.59 11.36
BAH 12-122 10.83 16.01 5.92
H&HE8 5 15.00 24.13 13.57
CK H&E33S 37.56 30.78 9.80
7K 3257 26.37 10.10 5.49
7K 2901 23.77 15.87 5.18
7753k 25.41 22.44 10.86
SMP-7257 30.98 17.77 7.09
Z8E300YT-22 15.71 19.80 9.78
H# 0058 14.13 19.33 6.85
Il 86014 29.50 23.62 12.80
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k3 (%)
Qb p mn A(SOD)/H(MDA) A(CAT)/H(MDA) A(POD)/HMDA)
RE3S 25.32 21.45 9.65
ZBWSN-158 41.68 2245 8.03
IBWSN93 36.04 21.44 7.60
I B-90 30.63 22.40 6.75
M59 47.09 20.98 13.33
B 12-122 10.99 14.52 5.74
H&E8 S 10.79 17.54 8.67
MD H#H33 5 27.77 19.39 8.42
K 3257 26.50 11.71 7.11
7k 2901 2241 17.17 5.93
275k 35.04 20.83 10.92
SMP-7257 31.99 16.23 7.80
Z8E300YT-22 18.51 20.91 10.19
4% 0058 15.69 20.33 7.64
IIfi 86014 30.66 24.53 13.65
RE3S 25.28 17.50 8.06
ZBWSN-158 31.47 19.44 7.73
IBWSN93 30.31 16.34 7.29
lifi B-90 27.37 18.44 5.69
M59 39.60 18.08 12.39
B 12-122 11.06 13.17 5.41
H&E8 S 12.54 18.34 11.22
SD HH33 5 30.44 22.78 8.62
7k 3257 21.07 8.19 473
7k 2901 20.77 16.68 6.70
ARG S 27.73 17.93 8.53
SMP-7257 2223 12.51 5.99
Z8E300YT-22 14.17 14.70 7.46
4% 0058 15.55 18.08 7.40
Iifi 86014 28.06 21.64 11.54
T R A FREENG (B Ulg) , b R B BE SRV BE (BA7 :nmol/g)
2.3 A[FEFREE TS N RNE ISR R R BT RS TTE N TR E AR TR
PEST BT BB EIEADCIN, &5 SOD fhPE R 3 IEAH G

FEIE R AL HE (B 3-A) FREE T hE (E13-B)
EE TR Wa (E 3-C)F , 203 13 A~/ 3
PRiEA TR AT o

XTI T, KR SR R R AR
RO o T T B AR TR R A I A
5%, T EE R IR A G AR K PR S AR R M AR

R 2 TR 5 MR AR L A T o AR T TR
AR A I A DG s AR AR e
HRfE B T B R R R A B A, S
SOD G PESE W2 EARSG ;i Jor i S A e o o |
T AR B B A W A DE, 5 SoD TE
39 TR DG 5 AR T o 5 T B AR TR AR
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Fa3E Hol

WEIEM G, 5 SOD 3Pk & B 2 IEAH G B T s
SRR A 2 EAHDG, 5 SOD {E PR 2 B IE
A AR TR 5 SOD JEME &L i 2 IEAHE
TERETREBET, wRKACEHRE SOD iht
5t 0 2 TEAROC AR SRR T it R T o
D TEARDG, SR A o e A S R A O AR
TR T A B SOD T P R AR B IEA G, SR
TR T AR T i 2 B E ARG AR S
P EE TR AREE TR N TR AR TR R
IEARDG, 5 SOD M 5t I 35 IE AR O ; i i o i S AR
fif T L TR AR TR \SOD T M S I 3 1
A ; AR 5 7 T it AR T i S A 8 2 A AH
%, 5 SOD i PER B IEMSS B T RE SR TR
HEWBEICMHR, 5 S0D iEthE BEIEAHXE
TS SOD 1M R B E IEAE,
FEEETRA T, K SR 2% 0 2 A
K, SARF MR B IE A R K SRR AL
A

PR IEARSG, SRR AR B R IEASG,
55 MDA 540 5 0 35 UG s IR AR AR AR
S T R R R A TR, SR
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Evaluation of Drought Resistance of Spring Wheat Germplasm
Resources with Different Genotypes at Seedling Stage

Du Foli, Lang Zhengdong, Pang Zijian, Yan Hongcai, Zhu Zhisu, Wu Yinying, Shen Hanwen, Zhao Xin, Yang Ke,
Wang Xiaowei, Dang Zhijuan, Yao Lirong
(State Key Laboratory of Arid Land Crop Science / Gansu Key Laboratory of Crop Genetic Improvement and Germplasm Innovation /
College of Agronomy, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: To explore the drought resistance of different genotypes of spring wheat germplasm at the seedling stage under drought
stress, 15 spring wheat germplasm resources from different sources were used as materials. Under different degrees of drought stress,
the indicators including root length, root volume, root surface area, seedling fresh weight, seedling length, and superoxide dismutase
(SOD) were determined. Multiple methods such as cluster analysis, membership function analysis, correlation analysis, and principal
component analysis (PCA) were comprehensively applied to conduct a comprehensive and systematic evaluation of the drought
resistance of spring wheat germplasm. There were significant differences in drought resistance among the 15 spring wheat germplasm
resources. Under mild drought stress, the coefficient of variation (CV) of each indicator ranged from 7.60% to 39.05%. Under severe
drought stress, the CV ranged from 8.51% to 37.89%, and under control conditions, the CV ranged from 7.96% to 47.84%. Compared
with the control, seedling length, chlorophyll content, and seedling fresh weight of all spring wheat germplasm decreased to varying
degrees under drought stress (both mild and severe), while the activities of peroxidase (POD), catalase (CAT), and SOD as well as the
content of malondialdehyde (MDA) increased to varying degrees. Through PCA, 13 seedling-stage indicators were divided into
4 principal components. The contribution rates of the 4 principal components under mild drought stress were 45.98%, 16.18%,
11.71%, and 8.69% respectively, while those under severe drought stress were 47.88%, 14.30%, 12.74% and 8.72% respectively.
Based on the drought resistance coefficients of each physiological indicator and combined with the principal component eigenvectors
determined in the PCA process, the comprehensive drought resistance coefficient (D value) was finally obtained through systematic
calculations. The drought resistance of the 15 spring wheat germplasm was ranked according to the D value, and cluster analysis based
on the D value divided the tested germplasm into 4 groups respectively under mild and severe drought stress. One highly
drought-resistant germplasm (Ganchun 0058) and two drought-sensitive germplasm (Ganchun No.33, IBWSN 93) were screened out.
Seedling fresh weight, seedling dry weight, root fresh weight, root dry weight, root length, and root surface area were identified as
effective indicators for evaluating the drought resistance of spring wheat germplasm at the seedling stage.

Key Words: Spring wheat; Drought resistance; Seedling stage; Drought stress; Drought resistance coefficient
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SPSS 17.0 #ATHRGE T 50Hr KA &3 &%, 525
BN SR 2L B A TR R,

X,

(1)

(2)

(3)

(4)

(5)

(D G MPTRRE X O Wha &0 T~ HeR
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®2 W7 DU RBEXSH

-4 % SPAD {1 7= i8N T MERAXT SRR AGER TSR
M-4%2 SPAD {H 1
P 0.025 1
iiSIS 0.056 -0.055 1
AR 0.094 0.238" -0.019 1
A K 0.081 0.133° -0.025 0.040 1
HRIEE L 0.078 -0.138" 0.825™ -0.039 0.009 1
T = 0.030 0.098 -0.021 0.030 0.123" -0.055 1

o TR B EAR(P<0.05) ;%% KRtk BEME(P<0.01),

23 PiRPELE AT P162 P74 P238 P87 .P226 .P144 P20 P29 P64 P287 .
H 2 3 AL, A B R S P R I D EE P80.P95.P81.P114, HH P114 B2tk , 25 AP0

IR 0.24 ~0.88, H:rfr D {H7E 0.30 LT A9 5 Fi A BV DIEA 0.88, X 16 MR AT VE A J5 iHt

14, BT TR EUE& R, 4 P254; D{EFE 0.70 K LU UL REA A T I3 AL

LRIERIA 16 A4S, SRR SRR, 4350 PS5 P240

£ 3 32 ANKREMRFREMBMERE BHERREREITN

iy MERFE SPADE e SN MREAR R RAXEKE RS THRE R DfH
P1 0.79 0.60 0.25 0.92 0.67 0.34 0.85 0.62
P2 0.30 0.84 0.08 0.94 0.59 0.24 0.74 0.55
P3 0.81 0.72 0.14 0.77 0.75 0.28 0.76 0.59
P4 0.90 0.73 0.18 0.98 0.69 0.32 0.36 0.56
P5 0.63 0.79 0.33 0.96 0.72 0.47 0.95 0.70
P6 0.95 0.62 0.16 0.66 0.54 0.35 0.57 0.52
P7 0.89 0.78 0.24 0.84 0.77 0.36 0.62 0.62
P8 0.82 0.38 0.45 0.64 0.61 0.45 0.98 0.61
P9 0.59 0.56 0.34 0.81 0.67 0.41 0.84 0.60
P10 0.46 0.86 0.08 0.70 0.62 0.23 0.70 0.53
P11 0.88 0.87 0.06 0.68 0.52 0.22 0.71 0.55
P12 0.85 0.88 0.08 0.89 0.64 0.25 0.86 0.63
P13 0.77 0.77 0.24 0.84 0.48 0.53 0.35 0.55
P14 0.95 0.99 0.04 0.75 0.54 0.22 0.80 0.60
P15 0.98 0.71 0.35 0.92 0.42 0.76 0.48 0.64
P16 0.78 0.84 0.03 0.85 0.39 0.20 0.71 0.54
P17 0.67 0.83 0.05 0.75 0.64 0.22 0.62 0.53
P18 0.92 0.86 0.00 0.77 0.59 0.20 0.89 0.60
P19 0.86 0.65 0.24 0.80 0.66 0.36 0.99 0.64
P20 0.98 0.59 0.42 0.71 0.68 0.84 0.96 0.72
P21 0.88 0.60 0.09 0.90 0.67 0.26 0.14 0.46
P22 0.99 0.67 0.12 0.81 0.63 0.26 0.47 0.53
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P23 0.72 0.85 0.27 0.87 0.75 0.31 0.78 0.65
P24 0.97 0.81 0.11 0.92 0.76 0.25 0.43 0.57
P25 0.90 0.98 0.20 0.93 0.63 0.25 0.42 0.60
P26 0.37 0.74 0.41 0.21 0.66 0.43 0.89 0.55
P27 0.59 0.93 0.13 1.00 0.34 0.27 0.28 0.51
P28 0.66 0.63 0.23 0.74 0.61 0.56 0.89 0.61
P29 0.97 0.66 0.53 0.88 0.65 0.58 0.96 0.74
P30 0.75 0.37 0.03 0.61 0.62 0.23 0.30 0.38
P31 0.76 0.36 0.09 0.53 0.64 0.24 0.09 0.34
P32 0.69 0.42 0.19 0.72 0.61 0.56 0.53 0.50
P33 0.86 0.66 0.27 0.90 0.28 0.37 0.16 0.48
P34 0.91 0.74 0.11 0.61 0.67 0.24 0.15 0.45
P35 0.79 0.53 0.50 0.77 0.76 0.87 0.62 0.67
P36 0.68 0.92 0.08 0.96 0.71 0.23 0.74 0.61
P37 0.74 0.74 0.11 0.92 0.33 0.24 0.52 0.51
P38 0.83 0.67 0.61 0.91 0.41 0.48 0.47 0.62
P39 0.15 0.83 0.15 0.89 0.38 0.27 0.80 0.53
P40 0.75 0.91 0.13 0.36 0.64 0.24 0.22 0.44
P41 0.91 0.49 0.47 0.71 0.14 0.58 0.13 0.47
P42 0.86 0.98 0.23 0.54 0.66 0.34 0.38 0.55
P43 0.80 0.79 0.12 0.69 0.66 0.25 0.47 0.52
P44 0.83 0.75 0.44 0.99 0.38 0.36 0.79 0.66
P45 0.97 0.66 0.05 0.73 0.38 0.29 0.00 0.40
P46 0.78 0.07 0.33 0.48 0.58 0.38 0.99 0.50
P47 0.78 0.06 0.54 0.34 0.54 0.61 0.44 0.44
P48 0.90 0.13 0.05 0.21 0.68 0.22 0.50 0.33
P49 0.90 0.54 0.17 0.59 0.35 0.47 0.60 0.50
P50 0.93 0.77 0.10 0.55 0.70 0.30 0.96 0.60
P51 0.65 0.76 0.07 0.88 0.58 0.24 0.09 0.44
P52 0.90 0.93 0.52 0.68 0.67 0.44 0.15 0.59
P54 0.69 0.80 0.04 0.75 0.59 0.22 0.66 0.53
P55 0.38 0.65 0.17 0.84 0.66 0.39 0.85 0.57
P56 0.36 0.75 0.13 0.71 0.62 0.26 0.39 0.46
P57 0.40 0.65 0.07 0.26 0.78 0.24 0.82 0.46
P58 0.85 0.99 0.02 0.94 0.78 0.21 1.00 0.68
P59 0.28 0.82 0.04 0.91 0.74 0.22 0.50 0.50
P60 0.58 0.72 0.13 0.92 0.70 0.27 0.91 0.60
P61 0.66 0.98 0.33 0.72 0.65 0.39 0.36 0.58
P62 0.55 0.58 0.16 0.85 0.74 0.26 0.66 0.53
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P63 0.51 0.91 0.10 0.83 0.61 0.23 0.70 0.56
P64 0.36 0.99 0.51 0.92 0.71 0.57 0.94 0.74
P65 0.98 0.66 0.45 0.92 0.64 0.45 0.79 0.69
P66 0.00 0.81 0.04 0.88 0.37 0.20 1.00 0.52
P67 0.95 0.63 0.12 1.00 0.75 0.28 0.52 0.57
P68 0.70 0.97 0.19 0.87 0.67 0.41 0.74 0.65
P69 0.40 0.27 0.01 0.45 0.37 0.20 0.83 0.36
P70 0.79 0.37 0.22 0.79 0.55 0.35 0.52 0.49
P71 0.80 0.46 0.08 0.63 0.59 0.29 0.70 0.49
P72 0.74 0.82 0.10 0.62 0.74 0.27 0.72 0.56
P73 0.93 0.66 0.34 0.62 0.67 0.74 1.00 0.69
p74 0.98 0.62 0.48 0.87 0.70 0.89 0.59 0.70
P75 0.93 0.59 0.12 0.75 0.71 0.26 0.89 0.59
P76 0.48 0.79 0.15 0.92 0.74 0.48 0.45 0.56
p77 0.85 0.54 0.02 0.62 0.62 0.19 0.66 0.48
P78 0.76 0.64 0.08 0.75 0.62 0.35 0.89 0.57
P79 0.65 0.87 0.64 0.78 0.57 0.46 0.65 0.68
P80 0.69 0.86 0.74 0.70 0.56 1.00 0.75 0.76
P81 0.71 0.73 0.72 0.91 0.69 0.97 0.95 0.82
P82 0.89 0.33 0.11 0.75 0.35 0.32 0.80 0.49
P83 0.82 0.71 0.16 0.76 0.69 0.33 0.76 0.59
Pg4 0.26 0.42 0.42 0.60 0.75 0.84 0.62 0.55
P85 0.88 0.37 0.01 0.64 0.70 0.20 0.80 0.48
P86 0.72 0.90 0.36 0.77 0.62 0.61 0.60 0.65
P87 0.57 0.60 1.00 0.67 0.73 0.78 0.58 0.71
P88 0.99 0.81 0.19 0.70 0.76 0.33 0.98 0.67
P89 0.95 0.90 0.27 0.99 0.54 0.39 0.69 0.67
P90 0.92 0.77 0.15 0.92 0.73 0.41 0.58 0.61
Po1 0.95 0.73 0.46 0.59 0.36 0.36 0.96 0.64
P92 0.98 0.40 0.28 0.77 0.35 0.28 0.74 0.53
P93 0.88 0.55 0.04 0.69 0.66 0.22 0.81 0.53
P94 0.94 0.89 0.09 0.99 0.79 0.24 0.84 0.67
P95 0.98 0.95 0.47 0.95 0.54 0.87 0.78 0.79
P96 0.61 0.54 0.43 0.84 0.68 0.62 0.54 0.60
P97 0.92 0.64 0.34 0.74 0.69 0.40 0.81 0.64
P98 0.78 0.70 0.18 0.54 0.62 0.30 0.67 0.53
P99 0.82 0.96 0.07 0.05 0.77 0.32 0.76 0.52
P100 0.57 0.44 0.30 0.64 0.67 0.57 0.68 0.54
p101 0.56 0.89 0.08 0.58 0.78 0.25 0.77 0.55
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P102 0.61 0.29 0.15 0.44 0.76 0.44 0.58 0.43
pP103 0.77 0.63 0.31 1.00 0.66 0.53 0.53 0.61
P104 0.68 0.68 0.07 0.69 0.52 0.23 0.62 0.49
P105 0.70 0.63 0.09 0.68 0.61 0.25 0.57 0.49
P106 0.35 0.21 0.19 0.12 0.59 0.28 0.47 0.30
p107 0.21 0.12 0.12 0.34 0.58 0.28 0.53 0.30
P108 0.13 0.21 0.02 0.85 0.53 0.23 0.51 0.35
P109 0.44 0.43 0.10 0.60 0.77 0.32 0.53 0.44
P110 0.40 0.32 0.33 0.33 0.74 0.59 0.58 0.45
P111 0.82 0.50 0.30 0.55 0.66 0.42 0.54 0.52
P112 0.95 0.99 0.59 0.46 0.75 0.65 0.48 0.68
P113 0.56 0.80 0.38 0.77 0.74 0.41 0.56 0.60
pP114 0.82 0.83 0.94 0.96 0.74 0.76 1.00 0.88
P115 0.64 0.22 0.24 0.67 0.79 0.49 0.55 0.48
P116 0.78 0.25 0.49 0.78 0.58 0.91 0.54 0.59
p117 0.48 0.32 0.17 0.65 0.88 0.32 0.89 0.51
P118 0.51 0.07 0.36 0.57 0.57 0.67 0.58 0.45
P119 0.87 0.23 0.05 0.78 0.85 0.22 0.60 0.47
P120 0.80 0.80 0.43 0.51 0.75 0.42 0.82 0.64
P121 0.73 0.47 0.35 0.93 0.18 0.49 0.68 0.55
P122 0.72 0.42 0.06 0.72 0.47 0.25 0.66 0.45
P123 0.92 0.75 0.11 0.91 0.76 0.28 0.75 0.62
pP124 0.99 0.28 0.01 0.65 0.72 0.17 1.00 0.51
P125 0.34 0.51 0.18 0.61 0.70 0.32 0.68 0.47
P126 0.49 0.51 0.42 0.68 0.87 0.81 0.95 0.67
p127 0.71 0.21 0.36 0.88 0.68 0.37 0.71 0.54
P128 0.66 0.99 0.21 0.91 0.64 0.29 0.95 0.68
P129 0.72 0.81 0.04 0.97 0.78 0.22 0.80 0.61
P130 0.74 0.21 0.30 0.45 0.75 0.49 0.58 0.47
P131 0.73 0.25 0.15 0.85 0.46 0.45 0.21 0.40
P132 0.76 0.23 0.46 0.63 0.57 0.55 0.72 0.54
P133 0.67 0.76 0.35 0.73 0.60 0.46 0.70 0.61
P134 0.70 0.72 0.40 0.74 0.58 0.80 0.43 0.61
P135 0.35 0.96 0.25 0.63 0.64 0.36 0.98 0.62
P136 0.66 0.42 0.10 0.96 0.50 0.31 0.77 0.52
p137 0.49 0.59 0.12 0.56 0.56 0.29 0.72 0.47
P138 0.55 0.48 0.11 0.86 0.75 0.39 0.67 0.52
P139 0.98 0.61 0.07 0.72 0.55 0.24 0.66 0.52
P140 0.98 0.34 0.02 0.60 0.80 0.20 0.28 0.40
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P141 0.94 0.60 0.37 0.95 0.61 0.53 0.85 0.68
p142 0.20 0.68 0.20 0.86 0.68 0.34 0.70 0.54
P143 0.81 043 0.33 0.78 0.59 0.40 0.82 0.58
P144 0.71 0.91 0.31 0.94 0.58 0.58 0.95 0.72
pP145 0.46 041 0.28 0.82 0.62 0.39 0.68 0.52
P146 0.97 0.38 0.37 0.82 0.62 0.42 0.86 0.61
P147 0.50 0.43 0.29 0.78 0.56 0.37 0.93 0.56
P148 0.53 0.67 0.23 0.85 0.65 0.32 0.76 0.57
P149 0.69 0.62 0.26 0.82 0.71 0.32 0.66 0.57
P150 0.65 0.60 0.23 0.63 0.71 0.42 0.76 0.56
P151 0.67 0.39 0.09 0.78 0.83 0.36 0.70 0.51
pP152 0.29 0.85 0.08 0.96 0.74 0.31 0.44 0.52
P153 0.90 0.58 0.61 0.66 0.78 0.96 0.35 0.65
P154 0.81 0.40 0.05 0.57 0.81 0.02 0.87 0.48
P155 0.74 0.50 0.04 0.62 0.79 0.26 0.77 0.51
P156 0.87 0.48 0.28 0.64 0.41 0.59 0.93 0.59
P157 0.57 0.80 0.15 0.93 0.72 0.33 0.67 0.59
P158 0.69 0.99 0.14 0.30 0.64 0.37 0.91 0.58
P159 0.66 043 0.26 0.80 0.49 0.57 0.71 0.55
P160 0.66 0.39 0.00 0.52 0.52 0.17 0.63 0.39
P161 0.48 0.55 0.07 0.85 0.32 0.24 0.67 0.46
P162 0.31 0.63 0.69 0.81 0.43 0.89 0.92 0.70
P163 0.83 0.11 0.29 0.35 0.49 0.47 0.65 0.43
P164 0.48 0.21 0.14 0.96 0.74 0.38 0.37 0.43
P165 0.58 0.54 0.17 0.54 0.86 0.51 0.86 0.56
P166 0.61 0.55 0.00 0.59 1.00 0.20 0.63 0.48
P167 0.46 0.14 0.38 0.59 0.77 0.52 0.87 0.52
P168 0.99 0.81 0.12 0.83 0.87 0.35 0.96 0.68
P169 0.49 0.09 0.34 0.71 0.72 0.49 0.74 0.49
P170 0.88 0.81 0.18 0.32 0.65 0.35 0.65 0.53
P171 0.04 0.04 0.66 0.34 0.17 0.96 0.57 0.42
p172 0.35 043 0.37 0.40 0.81 0.77 0.56 0.51
P173 0.43 0.63 0.23 0.59 0.93 0.45 0.44 0.51
P174 0.63 0.12 0.03 0.40 0.65 0.23 0.49 0.33
P175 0.88 0.49 0.07 0.57 0.28 0.22 0.50 0.41
P176 0.56 0.66 0.15 0.73 0.68 0.44 0.32 0.48
P177 0.82 0.85 0.28 0.87 0.53 0.66 0.64 0.65
P178 0.45 0.80 0.17 0.56 0.64 0.44 0.56 0.51
P179 0.75 0.69 0.37 0.88 0.56 0.57 0.29 0.57
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P180 0.29 0.96 0.05 0.34 0.62 0.30 0.79 0.49
P181 0.70 0.83 0.09 0.94 0.75 0.34 0.52 0.58
pP182 0.47 0.62 0.07 0.47 0.67 0.25 0.68 0.45
P183 0.46 0.32 0.15 0.93 0.68 0.30 0.50 0.46
pP184 0.81 0.65 0.37 0.96 0.82 0.48 0.34 0.60
P185 0.58 0.92 0.15 0.35 0.54 0.38 0.97 0.57
P186 0.50 0.81 0.27 0.88 0.42 0.40 0.82 0.60
P187 0.89 0.32 0.34 0.27 0.77 0.67 0.76 0.54
P188 0.29 1.00 0.01 0.87 0.46 0.00 0.52 0.47
P189 0.88 0.80 0.14 0.78 0.63 0.32 0.91 0.63
P191 0.85 0.51 0.00 0.60 0.63 0.19 0.88 0.50
p192 0.77 0.83 0.01 0.84 0.77 0.20 0.69 0.57
P193 0.69 0.48 0.01 0.85 0.62 0.19 0.67 0.48
P194 0.58 0.32 0.08 0.73 0.73 0.26 0.91 0.50
P196 0.52 0.63 0.04 0.59 0.62 0.27 0.55 0.45
pP197 0.57 0.68 0.28 0.62 0.61 0.42 0.44 0.51
P198 0.52 0.33 0.06 0.96 0.57 0.28 0.85 0.50
P199 0.82 0.35 0.29 0.46 0.61 0.43 0.70 0.50
P200 0.96 047 0.29 0.22 0.14 0.37 0.75 0.45
P201 0.80 0.31 0.59 0.57 0.74 0.85 0.62 0.61
P202 0.55 0.59 0.13 0.50 0.52 0.36 0.61 0.46
P203 0.41 0.69 0.14 0.85 0.74 0.26 0.75 0.55
pP204 0.73 041 0.18 0.77 0.64 0.35 0.96 0.56
P205 0.71 0.67 0.32 0.82 0.54 0.75 0.75 0.64
P206 0.54 0.47 0.13 0.93 0.77 0.40 0.79 0.56
p207 0.66 0.29 0.25 0.68 0.64 0.48 0.96 0.55
pP208 0.94 0.50 0.34 0.65 0.77 0.38 0.72 0.59
P209 0.83 0.50 0.31 0.57 0.00 0.53 0.58 0.48
pP210 0.90 0.24 0.26 0.61 0.77 0.49 0.33 0.46
pP211 0.88 0.60 0.34 0.80 0.79 0.44 0.08 0.52
P212 0.68 0.33 0.69 0.40 0.55 0.68 0.60 0.55
pP213 0.96 0.38 0.34 0.46 0.62 0.77 0.46 0.53
p214 0.71 0.10 0.38 0.92 0.39 0.72 0.35 0.48
P215 0.70 0.40 0.64 0.91 0.77 0.95 0.54 0.67
P216 0.85 0.43 0.29 0.92 0.49 0.48 0.53 0.55
p217 0.34 0.51 0.11 0.45 0.07 0.28 0.43 0.33
P218 0.94 0.41 0.61 0.55 0.08 0.59 0.56 0.53
P219 0.32 0.05 0.44 0.35 0.13 0.74 0.39 0.34
P220 0.62 0.29 0.71 0.69 0.76 0.59 0.55 0.59
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&3 (%)
i HRE SPADMH  HRE SN MREAR R RAXEKE RS THRE R DfH
P221 0.72 0.49 0.22 0.36 0.67 0.29 0.23 0.39
p222 0.92 0.35 0.46 0.98 0.33 0.85 0.39 0.58
p223 0.67 043 0.22 0.92 0.54 0.48 0.44 0.50
P224 0.62 0.51 0.12 0.86 0.71 0.33 0.24 0.45
p225 0.50 0.30 0.11 0.78 0.47 0.27 0.49 0.40
P226 1.00 0.60 0.47 0.83 0.74 0.78 0.79 0.72
P227 0.93 0.92 0.09 0.73 0.69 0.31 0.84 0.63
P228 0.60 0.70 0.01 0.75 0.33 0.18 0.90 0.51
P229 0.93 0.63 0.02 0.56 0.76 0.20 0.60 0.49
P231 0.95 0.55 0.13 0.74 0.62 0.33 0.55 0.52
P232 0.89 0.84 0.09 0.54 0.56 0.36 0.91 0.59
pP233 0.49 0.51 0.19 0.64 0.52 0.32 0.64 0.47
P234 0.82 0.87 0.10 0.94 0.82 0.31 0.61 0.62
P235 0.67 0.63 0.44 0.78 0.57 0.74 0.65 0.63
P236 0.60 0.37 0.10 0.69 0.58 0.27 0.38 0.40
pP237 0.77 0.71 0.45 0.70 0.77 0.83 0.49 0.65
P238 0.83 0.81 0.24 0.90 0.73 0.48 0.98 0.70
P239 0.66 0.76 0.15 0.76 0.52 0.40 0.29 0.49
P240 0.84 0.89 0.34 0.87 0.76 0.75 0.59 0.70
P241 0.90 0.78 0.18 0.86 0.68 0.28 0.53 0.58
P242 0.88 0.31 0.17 0.70 0.76 0.34 0.28 0.44
P243 0.60 0.36 0.03 0.95 0.71 0.25 0.32 0.43
pP244 0.67 0.25 0.31 0.50 0.57 0.68 0.57 0.48
P246 0.29 0.83 0.13 1.00 0.79 0.34 0.29 0.51
P247 0.70 0.07 0.38 0.63 0.60 0.56 0.28 0.42
P248 0.69 0.83 0.03 0.48 0.32 0.22 0.31 0.40
P250 0.36 043 0.13 0.83 0.16 0.36 0.31 0.37
pP251 0.47 0.36 0.17 0.63 0.45 0.47 0.29 0.39
pP252 0.57 0.58 0.12 0.74 0.45 0.41 0.47 0.46
pP253 0.79 0.45 0.24 0.86 0.62 0.57 0.42 0.53
P254 0.09 0.17 0.01 0.47 0.24 0.19 0.46 0.24
P256 0.93 0.55 0.08 0.93 0.66 0.25 0.42 0.51
pP257 0.82 0.49 0.02 0.73 0.57 0.24 0.74 0.49
P258 0.68 0.54 0.02 0.60 0.67 0.19 0.99 0.52
P259 0.94 0.82 0.16 0.76 0.62 0.49 0.16 0.53
P260 0.57 0.35 0.14 0.59 0.66 0.29 0.54 0.42
P261 0.97 0.27 0.20 0.78 0.65 0.48 0.53 0.51
P264 0.70 0.62 0.31 0.95 0.64 0.38 0.70 0.61
P265 0.72 0.32 0.05 0.58 0.62 0.23 0.35 0.37
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2308

Gith  WHRESPAD (bR B OFERL RN AOKR RGER THRAR DI
P267 0.91 0.48 0.02 0.61 0.56 0.20 0.56 0.45
P268 0.89 042 0.04 0.94 0.31 0.22 0.78 0.50
P269 0.80 0.52 0.15 0.88 0.57 0.30 0.68 0.54
P270 0.83 0.63 0.06 0.99 0.37 0.27 0.18 0.45
p271 0.70 0.65 0.22 0.89 0.70 0.42 0.89 0.63
p272 0.76 0.59 0.12 0.50 0.68 0.30 0.89 0.54
P274 0.85 0.67 0.37 0.68 0.73 0.63 0.78 0.65
P275 0.97 0.28 0.30 0.77 0.53 0.48 0.52 0.51
pP276 1.00 0.77 0.02 0.68 0.35 0.19 0.95 0.56
P277 0.69 0.57 0.73 0.82 0.56 0.98 0.11 0.61
P278 0.93 0.47 0.45 0.66 0.53 0.50 0.79 0.61
pP279 0.76 0.05 0.44 0.85 0.53 0.37 0.27 0.44
P280 0.85 0.13 0.05 0.66 0.48 0.23 0.95 0.45
P281 0.94 0.30 0.16 0.95 0.44 0.44 0.66 0.53
p282 0.99 0.19 0.17 0.47 0.30 0.49 0.82 0.47
pP283 0.83 0.33 0.33 0.86 0.83 0.74 0.71 0.62
p284 0.84 0.46 0.39 0.70 0.36 0.66 0.79 0.59
P285 0.80 0.50 0.09 0.98 0.79 0.34 0.85 0.60
P286 0.99 0.27 0.30 0.88 0.46 0.69 0.93 0.62
P287 0.83 0.89 0.47 0.74 0.77 0.75 0.83 0.75
P289 0.98 0.19 0.16 0.74 0.40 0.45 0.94 0.53
P290 0.91 0.14 0.41 0.00 0.70 0.81 0.68 0.48
P291 0.99 0.00 0.27 0.83 0.43 0.66 0.50 0.48
P292 0.67 0.35 0.24 0.95 0.87 0.36 0.85 0.59
P293 0.81 0.13 0.22 0.47 0.72 0.57 0.25 0.40
P294 0.79 0.30 0.10 0.95 0.67 0.32 0.83 0.54
pP295 0.84 0.39 0.05 0.94 0.74 0.23 0.91 0.56
P296 0.95 0.31 0.12 0.88 0.69 0.39 0.77 0.55
pP297 0.73 0.15 0.04 0.84 0.51 0.21 0.57 0.41
P298 0.87 0.89 0.36 0.55 0.52 0.71 0.62 0.64
P299 0.85 0.77 0.08 0.70 0.67 0.27 0.76 0.57
P300 0.77 0.00 0.08 0.67 0.66 0.34 0.97 0.47
P301 0.63 0.20 0.12 0.63 0.32 0.28 0.29 0.33
P302 0.91 0.02 0.04 0.92 0.72 0.29 0.86 0.49
P303 0.78 0.20 0.16 0.72 0.75 0.41 0.77 0.50
P304 0.76 0.17 0.29 0.83 0.58 0.46 0.55 0.49
P305 0.98 0.37 0.19 0.38 0.67 0.53 0.54 0.48
P306 0.81 0.58 0.06 0.78 0.56 0.29 0.25 0.44
P308 0.96 0.52 0.64 0.72 0.84 0.97 0.45 0.69

- 23 -



KEHRLSRF 2026 4F 434 H2
&3 (%)
g LR SPADME M K MEA MRAREKE WRER TYERSE DA
P310 0.47 0.27 0.30 0.58 0.75 0.67 0.32 0.45
P311 0.88 0.00 0.31 0.85 0.59 0.38 0.82 0.52
P312 0.96 0.29 0.27 0.84 0.73 0.62 0.94 0.63
P313 0.99 0.57 0.04 0.53 0.79 0.22 0.96 0.56
P314 0.14 0.45 0.44 0.67 0.16 0.35 0.98 0.50
P315 0.89 0.71 0.59 0.45 1.01 0.55 0.32 0.61
P316 0.96 0.36 0.05 0.74 0.83 0.23 0.89 0.54
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Evaluation of Drought Resistance in Barley Germplasm Resources at
Seedling Stage

Ma Yu!, Lyu Ersuo?, Li Tao', Ba Tu', Qu Jiahui', Ge Mingran®, Wu Ruochen?, Li Jianbo?, Xu Guangxiang?,
Liu Zhiping*
(1. Inner Mongolia Academy of Agricultural and Animal Husbandry Sciences, Hohhot 010031, China; 2. Inner Mongolia Minzu
University, Tongliao 028043, China; 3. Bayannur Academy of Agricultural and Animal Husbandry Sciences, Linhe 015000, China)

Abstract: Drought is a significant abiotic stress factor affecting the growth and development of barley. As a critical stage in barley
growth, drought stress at the seedling stage directly impacts later growth. This paper utilized 302 cultivated barley varieties as
materials, identifying drought resistance at the seedling stage, clarifying drought resistance indicators, and screening germplasm
resources with excellent comprehensive drought resistance performance. The results indicate that root length, root-shoot ratio, leaf
area, dry matter content, plant height, relative leaf water content and chlorophyll content can all serve as drought resistance evaluation
indicators for barley seedlings. Among these, root length has high reliability as a single indicator for assessing drought resistance at
seedling stage. Through comprehensive drought resistance evaluation, 16 highly drought-resistant varieties were selected, including P5,
P240, P162, P74, P238, P87, P226, P144, P20, P29, P64, P287, P80, P95, P81 and P114.

Key Words: Barley; Seedling stage; Drought resistance; Membership function
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MW FE, HIEGUKGIERE S T, SRR 5507
X, JEIEEEHE A, B350 (N P05 K0 i 5341
¥1°0 17% ) =45% , Jiti FH &4 30 ke/667 m?, A7 HLAE
20 kg/667 m?, A=W R L (A R0 AL =2.5 12 1, AL
JB B A3 A = 20% , 15 PR S R T 1 B = T7.5% , )i
FER BP0 80 =30% )7.5 ke/667 m. &5 T
K
1.2 Rt 57k

KRN, 15 3 IREE, A FE (/N
X)) i #1200 m?, HiFF-3H , KZBFTHE 60 em /NEAT
FE 40 em, IS —fHEFR 0.010 mm HuAE, # £
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60 L), Wit 1 ~ 2 IRBHIG A S 45 3 g 1
F, 20254F 9 H 30 H, BGRETTE R EVNX, BE
o a] B 15wk CHCT2 2580 SElsoil 7™ | 43 il e seAs
[) it o ) FE AR AR, O AR
1.3 RFEFR A%

FERR R (em) : B8 BCAE T &40 BE 1T &2
Ui
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BRI
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BB — A B i

FEAH (em ) : VAR R RO 1 32 25 R R A 1 L
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FEER: WOIR HTE N A B /NI FEHR 3 AR
PR (=2 m?), P A I 5 B0 BB, P e T

B 667 m® { RRREL

PAFHECRL T 5 (g) : A F AR 76 RS AR B (/)
XOIEEL 10 MR AR AR CEBRIURE ) 28R
PR B i i

FraE (g) : B F UG 1R R A B (/N XD BE AL
VEHR 15 MRS, 78 WK 5 R FR o i
RIGITE 667 m? AT 5.
1.4 Zdeaba

K H Excel 2010 #1743 , iz H] SPSS 27.0
HEATECE BT 7 225381 A S 3 B RN =2 i 43
B, ZERIE R P<0.05 MES X,

2 HBRE5HH

2.1 AT AR PEARAE R i 22 1k A

HIZR 1R, 25 A 2R BT 253978 0.01 7K
LRI RS EE S AT, AT R[]
RIEFE, /T T — 22 MR R 8] 22 57
YIS

F1 SBEFEMARZERNTESN
E2TN 2H 1) SFJ5 A df ¥y F BEME(PE)
P 105 21 457.051 34 631.090 30.252 0
8IS 105 1077.861 34 31.702 6.498 0
T 105 14.221 34 0.418 3.084 0
ENIS 105 2 005.498 34 58.985 17.721 0
Y 105 166.359 34 4.893 60.569 0
BT T 105 901.878 34 26.526 43211 0
FE 105 557 368.366 34 16 393.187 176.079 0

2 AR, SR AE b2 8] 22 5 0 &
MR ER T EERIMRZ —, B FR BT
B K US4 WA R bR, WA
AR EBERFEAEN] . PRETE 123.67 ~ 177.83 cm,
A 32t i, 54T kS IRER 16 4
90,7744 10, FH 47 303 . 5 4% 2 5 SRLI44 2 B
SEGE L, S HAL R R 25 B i 58
X, FEKTE 1643 ~29.30 cm, H 52408 2 5N
29.30 cm, 55K AR 4F 27 KA 29 LAY 45 & T

k7.4 71 k8. R &4 16 . WZG2023 Btk 19, H 43
19 W4 32 534 45 & kT ZRIESTEE L,
EHAMAF SR 22 S B g e o B
1 2.67 ~ 4.37 em, T4 32 (RN KMl , 54
Bt h 4y 19 2R IEGHEE L, 5HAb M A2 5
Bgiitarm X, Z2KAE 16.70 ~ 30.83 cm, 4378 k11
58 19 FZa5 25 SEeEm 16885 15 &1
k8 Fll WZG2023 223 Gt it~+m X, (H5HAb R
ZERKMME R G EE L
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F2 2024 FFNEEFIRERMARIERERES T

e it Jom HiK fom L Jom EK fom B i TR
(i1~ /667 m?) (kg/667 m*)
K6 123.67+5.691 19.63 + 1.34 hijk ~ 3.53+0.55bede 21.03£1.01 ghi 3.73+0.21 mno 1693 £1.78a  598.97 + 12.41 b
AR 16 17223629 abed  28.90 + 1.06 ab 3.57+049bed  29.03+1.00abe 3.26+0.550p 16.68+1.45a 545.14+19.29d
Wikl 137.53+3.17k 23.00 + 3.48 cdefgh 2.70 +0.10 30.83+1.30a  3.40+0.17nop 13.20£0.68 de 445.43+9.56j
AW k12 14220+6.65ik 2293294 cdefgh 2.80+026ef  22.50+3.92fgh 5.03+0.12hi  8.40+0.45Im 429.10 = 14.46 jk
IHTREA 29 15050+ 0.36 fghi  17.73 +3.07 jk 3.40 +0.36 cdef  19.33 = 1.15 ghijk 5.78 £ 0.35 efg  7.43+0.49 mn 421.01 +2.82 kl
WZG2023 15390 £3.25fgh 2620+ 284 abed  3.10 £0.20 cdef  27.97 + 0.76 abeded.50 + 0.35 ijkl 12.03 = 1.63 efgh 537.34 + 7.32 def
WA 1S 15857+9.70ef  23.17 £2.55 cdefgh 3.20 £0.26 cdef  28.67 + 1.99 abc  4.97 +0.21 hij 10.77 + 0.78 ghij 540.75 + 8.71 de
Wk 20 146.73+4.46hij  23.10+ 1.80 cdefgh 3.10 £0.20 cdef 21.30£2.02ghi 6.13+0.31de  8.00+0.26 Im 496.79 + 17.54 i
Wk 19 168.93+6.00bed 2527 +1.19 abedef 2.93£0.12def  24.90+0.56 ef  530+027gh  8.03+0.131m 433.33 £8.50 jk
A 45 153.90+325fgh 2597 £0.32abede 3.27+0.25cdef  17.00+ 1.61 jk 350 £0.10 nop 12.20 + 0.40 defg 430.48 + 4.44 jk
4£H k8  175.03+490abc 2597 +0.32abede 3.53 +0.55bede 28.33 + 1.25 abed 4.71 +0.40 ijk  12.64 +0.65 def 583.70 + 10.71 he
BEN ST 15880+£4.77f 1660 +2.85k 3.53+046 bede 21.47£2.22 ghi  5.64+0.43 efg 10.66 = 0.67 hijk 597.64 +5.86 b
BIEN 35 15890548 ef  22.50 + 0.4 cdefghi 3.37+0.31 cdef 17.00+1.61jk  6.13+0.11de 10.16+0.83 jk  589.72 +9.76 he
4526 15830+£2.01ef  1943+1.07hik  3.00£020def  18.37+0.85ijk 4.85+0.35hij 11.72 +0.41 fghi 583.83 +4.89 be
B2 14750+ 151 ghij  18.67 + 1.17 ijk 3302020 cdef 17.23+287jk 694+025b  7.47+047mn 517.67 £4.51 gh
FEACK33  14220+8.05ijk  22.37+2.01 defghi 3.33+029 cdef 18.37+0.85ijk 4.69+034ijk 1332+1.71de 616.47+7.67a
SWHEE  16437+3.66de  21.10+0.90 fghij  3.77+025abe  18.67+0.46ijk 4.09+0.121m 15.12+034¢  592.33 + 1528 he
KA 10 169.30+ 1.01 abed  23.17 +2.55 cdefgh 3.57 +0.49 bed  20.30 + 1.61 ghij 6.77+0.42bc  7.40 +0.20 mn  502.67 + 6.43 hi
KARB 13 123.83+2.081 16.43 +2.64 k 2.67+029f 1670£1.97k  826+006a  7.60+0.43mn 599.00 +8.19 b
WKARA 27 140.1326.62jk 2583+ 1.93abede 3.53+046bede 1670+ 1.97k  4.19+0.17 klm 13.02 +0.24 def 544.33 £12.10d

A 29 15020358 fghi  26.83+283abe  35+030cde 1897+ 1.16hij 5.97+0.21 def 10.55 % 1.27 hijk 590.80 + 12.56 he
4290 17270 £3.95 abed  23.53 +3.03 cdefgh 3.27 = 0.64 cdef  20.57 + 1.46 ghij 4.85+0.27 hij 11.90 = 0.79 efgh 585.20 + 7.89 he
HA 19 168.00+2.61bed 2530+ 0.89 abedef 4.23+051ab  30.33+£0.74ab  4.70+0.17 ijk 1029 =0.61 ijk 417.67=2.52kl
WA 62 168.10+1.93bed  23.27+327 cdefgh 350026 cde  25.03+4.92 def 3.44+0.49 nop 1650 £0.53 ab  578.33+6.51 ¢
829 16650+ 1.57cde  20.80+2.99 ghij  2.93+0.12def  19.70 +0.56 ghijk 5.60 £ 0.25 fg  11.00 = 1.00 ghij 588.00 = 8.19 he
F7430  16500+500de  21.77 + 1.56 defghij 3.00 0 def 19.23 £0.71 ghijk 447025 kI 13.500.66d  587.33 £8.33 he
74232 17783+237a  26.13x1.15abed  437+021a  21.10+14lghi 3.07+0.15p  12.00+0.72 efgh 380.00 = 12.00 n
7233 13407390k 24.83+3.09bedef 2.97+0.15def  19.23 £2.22 ghijk 6.89£020b  7.70+0.20 mn  524.67 = 11.02 efg
72303 17540+4.55ab  17.97+2.04 ik 3.07+049 cdef 1873+ 1461k 633+0.15cd  629£020n 397.00+9.85m
R 2E 172.67+£282abed 2340+ 1.04 cdefgh 3.30 £ 0.44 cdef 2143 +2.70 ghi 4.01£0241m 1027 £0.71 ik 410.67 = 11.59 Im
B/ A4S 15327+290fgh 2580427 abede 2.93+0.12def 2263+ 1.17fg  6.80=030bc  7.68+0.29 mn 521.00 = 3.61 fg
SR 2 16953323 abed 2930+ 1.65a 353046 bede 29.87+035ah  3.88+0.30mn 1534081 be 587.00  6.56 be
Skl 151.13£532fgh  21.67+ 1.01 efghij 3.53=046bede 25.80+ 1.25 cdef 6.72£040be  9.26+0.36kl  596.00 + 8.00 be
&Tikd 141376837k 23.53+2.68 cdefsh 3.63+0.71bhed  27.27 +0.15 bede 5.87 =021 def 10.61 + 0.45 hijk 597.67 =4.51 b
STKT  15547£3.56fz  26.13+025abed  3.27+031cdef 2527+2.59def 4.09+0241m 15.04+023c  599.67+4.16b
bR 14.5 325 0.37 443 1.28 297 73.92
AR ABR(CV )% 9.28 14.08 11.14 19.86 25.1 26.61 13.93

{E : Duncan Z 5 WA, RS EE G A /NG FRMURZ R HA SR L (P<0.05),
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Wit 7= e R S PR BUREDRE S e (R B8 0, 7 it 23 B
ZHEE . P, AP A R 7E H (AR
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FATEORL T SR A 7 i Y R SRR R, B R AT
FIFE SR, BT RN E RN, K
R L BEESC AT AR S A AR 7 R e R Y R R 3R
SRR AT A R

Zi L, BT ERR (R HAG A B AR A 241
YER L AR Tz N2 B A K EF 575
R [ AH B, PR AE A R — AL A

3 HNESFRERMZIEREXES

PEAR AR AR Ea vl (ENS AL AR T s
3 1
8IS 0.294 1
vl 0.376" 0.268 1
ESN 0.226 0.489™ 0.168 1
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BT T 0.108 0.362" 0.317 0.306 -0.813" 1
i -0.230 -0.077 -0.048 -0.052 0.130 0.426" 1
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x4 HNVERFTERSERHXEKERHEF

PEIR KR HE¥
AR 0.896 1
B 0.873 2
TEH 0.851 3
AL 0.835 4
Frim 0.798 5
ESS 0.762 6

2.3 KRBT ERS T

AFIAEF e AR T R E A Rk
(BB 225 PEATEN AR A (RO 45 2
VEIE ELA A OCEE . S TORSHE HL A TRHIAN AT Fh
TR SR AR FH 32 a3 o s, %o 35 47
BTG T AR TEE AL . 255 N3R 5
FE7s AT B E RGBS A FEE R T
1, ] 2 W Jir 4 A 1 R o1 B, Bt sr ik 3Rk
83.09% , HH 55— E WA I TTER R 50.12% , FLAR
Wi B BB BT ER, R A R
TS, SR R R R R A A LA, RSOk M, U
= A G R Bk o i . R SO 1 AR
B3 58 BRI TR RN 32.97% , 7 i FRR R A2
THERR, R A K AF B HAt o5 B 53
Ty ZE KN, TTER 0 300 Ry 6.02%F11 3.98%, 45 B
o35 BARSEFR A BB R

R5 ERSVEEETEREINTTETTHE

E2TN HE—EH(PCL) S F s (PC2)
AL -0.512 0.489
BATHRL T 0.458 -0.112
8IS 0.426 -0.084
ESN 0.367 -0.138
T 0.343 -0.166
i -0.005 0.723
P 0.306 -0.438
FEAEE 2.763 1.867
FEHGI 1% 50.12 32.97
FIT TR 1% 50.12 83.09

e IR BARR AL , 1 B EAL e 1 R AR
R R R ERL 7 bR AT X—X,

MR R B JE M, v A5 35 I A TR Rk AR 2
PR EE RS YL Y, 55, et RS K
Y=-0.512 X;+0.458 X,+0.426 X;+0.367 X,+0.343 Xs—
0.005 Xg+0.306 X;; Y,=0.489 X,-0.112 X,~0.084 X;—
0.138 X,~0.166 Xs+0.723 X,~0.438 X;, FJTI A Y =
0.6599 Y,+0.340 1 Y, A[ 415 35 AT i fp 2
PR AR A543 (38 6), M A i e 1 2 B Mk 3
PR 1) ft R A AL

WA AL AT LB, a4 2
SR, N 127 R 16 2T k4 RS 19. 870
k7. 41 k8. IRA k6. AR 27, AEA 29,
WZG2023 155348 i, HEAA S0 5 19 20 AR oy
A 303, 1590 -1.88; 454 A e EMEIR, R
k6 .41 k8. FAREW 55 HMAEH 35 UIn
26 FE A ok33 AR IR A% 139K 29 P
FAF 90 F =R A Rl . ZEA AR R IR
SELLAY 25 A KT AT k4 2T k8 IRAY k6 .5k
F4Y 29, B4 GK33 RLR AR IL R H s = (9 i
Tt AR RO FA ; tP 2448 90 5K 24 4% 13 .5
REW S5 HREN 35 W EEREN B
P R R PR SR o R A S 2 R R RIS
BT b b PR L R B At

3 itieSER

BFHR R Z N R A ERNE R, 5
PRI 25 R d AH G PR 285 DD AH G, 3 3 R R 3k i A
BRI AT R A T . AR R,
S R TR AR R R IR AR OGP
et FIREORL 0T f 5 7 R QPR R, i A
Fr 5 AU T R P IR A DG SR A AT A
Kl ERSOITH, BREERRTFNEZNRE
PEIRFE IR FRIT N 5 A EF R, H— s £
BL{ Ok BARE TR R 1 BB T RO PN AR 0
A AEARIEION 4 A E YT, B TTERE N
89.793%, Mo —F a0 R SRR T
i AR AR, AR A RS
FLRALAR B, SRR T AR 5 2R — A A O
B, ST A SRR S RIS
A KA A K R SERE, I, XS TR R
RO , bR AP AN, iR Zm Ak A=t 4
RCBCE R AR DA AR = B ZEFT AR EAREE
- ESSEE 2 s
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ANl v RioRI s BERFERI R AR SRR L 7 i B g 55 e

7B S R S I S S B IR O | = VAR /7 S 8 2N
(1. AL RR % , U1 R 7S 63700052, LRI Ry, PUJ1T R FE 63700053 3 BE X Al AR 7, 41| R 7 637005)

FEE A TRIIANIR] SRR 28 B o U ) 1 g IX = o MR el 3R R AR 2 etk 7 e KT SR A B R , AR S8R e B il
FET PR 2L ALK 20 FH ARG o 4550 S - Sty 1o S it b 22 T I 4 FE G AT A R GOl 1 ~ 3 ;6 D RER &M
AR R R S AN R B I 22 R LGRS (P< 0.05), I 5 807 v Ff < B BE IR BAE 22 5 HGE 4 8 L(P< 0.05) s AR5y
Mr B, e S TR e R TR i 2 S 3 LE A OG ; 7 B R ] 8 B 0] B D < 8 T A 22 R L B e 2 B L (P< 0.01), i
FILARSRREL 1 57 it , SHORREL 19 SHIFEERLL 7 S H 22 S B S B2 L (P<0.01); % LA 15 Tifk /hm? P iR, 5
12 Jikk /hm? PER A Y22 57 B H 2475 L (P< 0.05), 5 18 JTHk /hm?® Pt B (22 5 B S 47 X (P< 0.01); BRRAT 1 S8 Fh T
FH 12 ok hm? 2505, FEERET 7 % BIKRZL 19 S-SR 15 Jikk mm? %)%, A el s =i, HPRIiRas 1 5 12 Tk /hn?
(A2B1)# FEAN R Pt e ik 4 558.50 kg/hm?,  ShJBTHaFR 7 T, 85 FH BT & S 7E S A A 22 5 B Sei T4 L (P< 0.05), LIBIKRLT 19 5
(A3)Sh R 5 ; ELEETERY & RAE SR 25 55 L G322 75 (P < 0.01), IBIARAL 1 5 (A2) SRR, Hids 5 MERE R TS

TFARSGT AR B EARTE S BE ] iR x 45 BE ) 22 S Toae i 38 3L

eS SRR T SR
thE£ %S :5514

R SRR AR TR AR, R DL 7 |
RS B2 P 5 B AT 0 R, TR PR T i Ay
i ) SRR A0, T AR5 = 1, -4
AR OHER. s 3keR i)z, i
IR ik i AR P APORL A5 , A3 o SR A R
PR3 P ) R, DU A T e 3 X 2
—, GBI A 22 LUK R R i S D TR JRURE , B
PTG i Ml i J Ak R P L2 R TR = i 1) e Y 7 1)
ATT ) AT, T A X 2 R v S SRS T i, (EL
I, T Al MORITRAR 55 13 (R SCRRTAR S8 ) Xk 5 1 3=
ARTRPY iy SRAR AR |7 B i o ) B WAL UF S AT
HGH , ABTFEE TR 2 H 5 5 A 7 5 TR AL
FFREL ity 5 B2 ol LA B it ol A2 77 T B2 9 25 77 T i 1
Bheg At o

Wk H 1 :2025-12-22; 1% 5] H 1 : 2026-03-04,
FL4TH R TR AIEREDF T H (23YYICYI0011)
EE T AR (1982—) , 5 i, @RS 5L, BF5T 7 1) Sl 2
B EHE . Email: 89105004@qq.com,
*MAFVER PR (1996—) , 5 04 5T 55 2 51, R 1) Sy 2%
WHEFSHEE . Email: 2451144325@qq.com

SMERAREAS: A

XEHS1673-6486-20250131

1 #REFE

1.1 G H A

RIT 2024 45 A 8 H—8 A 9 HYErweiifll.
BRERE P E R (106°02 48" E,30°52' 54" N)
R AT I AT + 5, SO, pH
B8 8.28, A ML & it (BTt 43 4k, T [F)8.92 kg &
A 1.08 ofkg AW & 5L 5.47 me/kg A
i 122.88 me/ke HLAFIEHE IS i e R A
HE(N P05 K0 JEE A 15 ¢ 15 & 15)50 ke/667 m? fi
L, TEB L,
1.2 it

TG R FH P R REHLIX L83, A [RZE Ry S,
B ALGRBREL 75 ) A2(FIREEL 1 %5) . A3(HRKRZL19
53 KF B IR %, 1% B1(12 Ji#k /hm?) (B2
(15 Ji ¥k /hm?) B3 (18 Ji #k /hm?)3 47K, 3 IKE
2 27 A/NK B/ NXFPAE 10 47, 478E 0.5 m, £k
FEAMH 0.16.0.13.0.01 m, /PX K 5.0m, FE 40 m,
/NXTEAR 20.0 m?, AERAFPRSKEZL 19 5 f U1
LMV Bl B K Fe e e TPt | FEBRZL 7 5 AR AR AL
1 5o iR B F B RS R

- 33 -



RESGHLR

2026 4F

F43E FHol

1.3 JEmi H KTk

A B AR IC B R R R A A
RS PRI 34 BRONY/T 3923—2021(4K
YEY) SRR A MR A EY) T A b S A D)
BEALAE B/ NX R — AT HC 10 #RIZEAT 5 R, S R OF
JFE 1 mm) )i AR AR, AR R R S A R S 2 A
TOUFR) 1 3 5 Ao 2 DN AR AR R T St A A P YA 380 el
IR BE 5 1 B3 R AR U R T T 4 IO 5 o 1
di b, B s . B FRPCREE 0.01 o) Fri:
W e e Aok o, DA (E A TS b K
SAIDSCER S ) T i B/ N XS PR i i A
P RGBT ELEEVE KD S BETE R S TE R (IR
T )R T2 48T (FOSS ) 4 A1 28 /] 45 7= 1) DS2500
R ZLAM I 53 DA A, A b A 3R 5 325« v SR
RO VERR A% ; PTG : 850 ~ 2 500 nm,,

1.4 BEEGIHHr
RIEBIE S 20 1% F Excel 2024 .SPSS 27.0
BAFAEBRSE R

2 HBRE55H

2.1 HACHA A4 F RN

FH 2% 1 AT, SRR R 37 S R AR s
b AT SRR A AR A A B R A2 SRR AR
PHf . SRR A1 SR EL A2 SRR 1 d, EE A3
P 3 d, A2 fhAPEL A3 AP 2 ds WI4E I AL SRR
Fb A2 SRR 2 d, b A3 AP 1 d, A2 AP EE A3
R 1 d, FRAE S AN AL I AE N [ R R
W 225 NS S RS N R 4n a3, 28 F
IR % B R I A R a3 AR 1~ 3 d,

R1 BNERESREEZELEEH

phs TR H EiES ] P A HEIR Y 2T/
(H-H) (H-H) (H-H) (H-H) (H-H) (H-H) d
A1B1 05-08 05-13 07-15 07-20 08-06 08-09 86
A1B2 05-08 05-13 07-15 07-20 08-05 08-09 85
A1B3 05-08 05-13 07-15 07-20 08-03 08-09 83
A2B1 05-08 05-13 07-16 07-22 08-06 08-09 86
A2B2 05-08 05-13 07-16 07-22 08-06 08-09 86
A2B3 05-08 05-13 07-16 07-22 08-04 08-09 84
A3BI 05-08 05-13 07-18 07-21 08-05 08-09 85
A3B2 05-08 05-13 07-18 07-21 08-04 08-09 84
A3B3 05-08 05-13 07-18 07-21 08-03 08-09 83

2.2 N[FIALIER R R AR 2R R

& 2.96 3. 3K 4. 5 a0 Bk A B4
PRIRTE SR 22 7 R S # 2 L (P<0.01), T
IR SRR 22 S BG4 L(P< 0.05), B K
AR T A S FP R 22 5 B4 22 8 o AR

] A Rk i 22 S HAE T2 B L (P< 0.05), Hox
PRI ICHE A 5o R KR A o 28 JEE 8] 22 57
AGE (P<0.05), YA 740z i Al R4 JiE
EX(RINEATE

®2 AREAETRESREEZERZERAESH

< EL by Fii
IR I bR ik HRRR TRRR ik w8
X4 ] 2 4.037 0.599 0.498 3.152 0.015 3.570
A ] 2 180.720" 0.883 1.075 5.471° 2.253 7.565"
] 2 0.945 0.978 4.005° 1.532 3.304 0.440
S x B 4 1.145 0.252 1314 0.832 1.786 3.507
7= 16
A 26

H x FREFEGIFE X (P<0.05); ** FREFEFESITFEL(P<0.01), £ 10,
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2026 4 543 %

%2 4

*3 RBESRBMEESKEMKE Tukey HSD S EILE

sl BRE fem B Jom Rk /(o BE)  TORIBUR /g FIRR 1% AR

Al 237.73:7.027cC 32.69+0.641 aA  48.689+6.961 aA 14.624+0.697bA  61.22+5357aA  9.47+0.536 bB
A2 268.80+7.428bB  32.38+0.987aA 46.754+5.437aA 15809+ 1.547abA 58.56+5.769 aA  9.77 £ 0.638 abAB
A3 31547:14.338aA 33.00x 1.049aA  50.757+6.993 aA 16467 =1.505aA  64.78 +9.107aA 1030 =0.725 aA

R R A EIE + bRrEL” RIPVEEEE A F/NG PR R A B 22 7 G222 L (P< 0.05) , RIR K S FHE R b
[a)25 R EEES =X (P<0.01), #£4.F5.FK7.% 11,

®4 RBESRTEEEKEMKE Tukey HSD SEILE

B FRES fom K Jom FORR A /(o B TR /g T 1% - Hg K
B1 273.16 + 40.090 aA 3276 £ 1.029 aA  51.850 +7.006 aA 16.156 +1.183 aA  63.00 + 5.357 aA 9.93 +£0.832 aA
B2  271.69 +30.266 aA 32.98 £0.962 aA  49.940 +4.884 aA 15.173+£1.438 aA 64.33£5.613 aA 9.87 £0.614 aA
B3 277.16 + 34.834 aA 32.33+£0.693 aA 44.410+5422bA 15571 £1.757 aA 57.22+6.078 aA 9.73 £0.726 aA
*5 FRABETRESRIERZERNSELLR
AbEg BRES fom K /om HRTR (o ) TRT /g I 1% MR R
A1B1 233.00 + 8.185 cC 33.07 £0.702 aA 54427 +3.515aA 14.760 + 0.072 bA  66.67 +2.082 aA 9.40 + 0.400 bcB
A1B2 239.07 £ 6.543 cC 32.67 +0.611 aA 48.800+6.130 aA 14.840 +0.295 bA  62.00 +2.000 aA 9.90 + 0.100 bcAB
AlIB3 241.13 £5.839 cC 32.33+0.611aA 42.840+6.570aA 14.273 +1.253bA  55.00 + 1.732 aA 9.10 £ 0.700 cB
A2B1 265.47 +7.842 bB 3220+ 1.386aA 44987 +7.701 aA 16.347 + 0.358 abA 54.00 + 3.464 aA 9.50 + 0.700 becB
A2B2 268.80+9.776 bB 32.80 + 1.000 aA 49.193 +4.307 aA 14.760 + 1.460 bA  63.00 + 6.245 aA 9.90 + 0.700 bcAB
A2B3 272.13 +£5.508 bB 32.13+0.757aA 46.083 £5.108 aA 16.320 + 2.200 abA 58.67 £4.619 aA 9.90 + 0.700 bcAB
A3B1 321.00+18.956aA 33.00+1.058aA 56.137 +4.060aA 17.360 +£0.555aA 68.33+8.020aA 10.90 +0.100 aA
A3B2 307.20 £5.032 aA 3347 +1.332aA 51.827+£5.582aA 15.920+2.190 abA 68.00 +7.211 aA 9.80 + 1.000 bcAB
A3B3 31820+ 16.675aA 32.53+0.924aA 44307 +6.358 aA 16.120 + 1.458 abA 58.00 + 10.583 aA 10.20 + 0.400 abAB
23 rEERSSHr H 2B X (P<0.05), 5 B3 MR & ESTT

o 6 J7 2 BFAE ST, 7 R R
FE ] Il 840 1 2% 5% 447 L0 B 25 2

2V (P<0.01),
8) T, A2 S FhET H B1 %, A1 A3 S A s HH B2

H A AL PR Y 22 T LU R (3R

(P<0.01), i ZE LR 7) 0] A7, &R R A e U e i, AR UL A2B1 AR HE
A2 PR, 5 A3 FLAL RIS HE S S, ik 4 558.50 kg/hm?,
BEX(P<0.01), %L B2 P e ixE, 5 Bl 1R
k6 NEFEENFTESN
AR SRR S5 AN H ¥y F{H P
X 2H [d] 2.419 2 1.209 5.658 02139
] 5.778 2 2.889 13.516 0.000 4
2 BE[A] 3.938 2 1.969 9.212 0.0020
S x BB 7.057 4 1.764 8.254 0.000 8
R 3.420 16 0.214
BAR S 22.613 26
k7 BRESRATHEEE Tukey HSD SELLK
Al INXK P kg R INXK P kg
Al 7.159 + 0.761 bB Bl 7.590 + 1.200 bA
A2 8.279 = 0.726 aA B2 8.173 + 0.682 aA
A3 7.572 +0.999 bB B3 7.248 + 0.656 bB
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%8 MASREAIEEM Tukey HSD B ELLE

s 20.0 m?* /N 4 kg INK S Prarei/ S 25t EE

I | 1 PR kg (kg/hm?) 0.05 0.01
A2B1 9.238 8.978 9.132 9.116 4558.50 1 a A
A3B2 9.775 7.917 8.254 8.649 4324.50 2 ab AB
A2B2 8.446 7.826 7.912 8.061 4030.50 3 be ABC
A1B2 8.337 7.543 7.546 7.809 3904.50 4 ed BC
A2B3 8.253 7.510 7.220 7.661 3 831.00 5 ed BCD
A1B3 7.986 6.388 6.965 7.113 3 556.50 6 de CD
A3BI 7.100 7.012 7.182 7.098 3549.00 7 de CD
A3B3 7.675 6.527 6.706 6.970 3 484.50 8 de CD
A1BI 5.955 6.807 6.905 6.556 3277.50 9 e D

2.4 A ERACENR S R ARG B
FI 9 RIHL, P SRR TR | TR TR S W O
HAG, P SRR S IEAROR, bk A B SRR,
TRIFR S B IR, SRR
AIA VIR TR > BERI > K

2.5

At PR TS 22 0B

H6 10, 26 11 A0, 7 AN Sh MR A 4% 5 1]

R x 2 R 22 S RGeS, R Bk
FELAZ SRR | AR AN 32 A 8 R
Bl x B AER R B T A S A 2
HE 23 L (P<0.05), LA A3 S Pl s 5 BLAEE
By B A S A R 22 F B S AR R L(P<0.01),
DL A2 SRR s HAy 5 MR IS T A

®9 MASREZXRZHRSTENRBEXSH

LEES 37 Mg 9N T L o A TR i Bk B
7N 1
IS 0.171 1
Tl 0.085 0.268 1
T i = 0.287 -0.099 -0.250 1
R4 0.310 0.006 0.147 0.573" 1
i -0.083 0.099 0.465° 0.524" -0.390 1

T * FoR BEMH(P<0.05); ** FRMEEMF(P<0.01),
£10 RAESREREROFTESHT

FAE
SRS HEE Ry 1T HEETEN SCHEVENY FLTER By SCHEVERY L/
i it it i it it BUER
X £H ] 2 2.754 1.302 0.035 1.416 1.316 2.280 1.581
Ryl 2 3.645 4.866° 20.462° 2.089 2.149 3.476 1.990
IR 2 1.284 0.931 0.607 0.543 0.481 1.198 0.584
AP x B 4 1.469 1.465 0.355 1.311 1.195 1.360 1.390
mE 16
AR 26
CE: Ot BRI
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2026 4F

F43E FHol

11 ST ERESRIAMEAR.EFETEMEE Tukey HSD ZELLE

an A BRI % FLHEER TR 1%
Al 10.414 + 0.294 bA 23.989 +1.140 bB
A2 10.454 +0.222 bA 27.563 +1.835 aA
A3 10.732 £ 0.217 aA 22.422 +1.572 bB

3 it PR

3.1 TR SR S R R B YOG R

PR TP A e SR R OC B A ) 32 A7 A R
BRI, AN [) 2 [B) 5 A R B i 22 5 . ihAgl)
) SRR, AR IR — 7 5 2% S Bh i BRI B o
JEE RGN S 40 R R A, A T R A o R A 4
AP AR REE R 1 ~ 3 d, X —&5 R 5 kRS g
A A
3.2 PRI R F AR MRS SRR R OC R

AR ISR = 3 6 > B LR, S E]
2 Bt (80 Gt SO PERA
PR TR R A R0 3 A4S, b Heoh 50.09% ; %5 1
] 22 5 B ge it R R R, b7t
16.7% 7] WL =y 3 i) 2R SR 25 Fh
A 6, AR 2 A2 AN, 6 AMPERIR T kL
Jo i B o % B RS, ELA [ i P it 2 2 1
BTN ACAS AR A, X — 45 95 ) g 0l 25 B ik 5 4%
SO AT A2 SR R 5 Bt 2 R B
T, S X1 CAELE RIS I 451819 — 3, (H
TR EA K
3.3 TR SR A S SRR B O R

AGRES 7 IR A SR AR SRR R
TR i > MR > K, PR AR S A
JETE) B i i x 26 BE (Rl 22 S s BE T4 L
(P<0.01), iR ARSRRLL 1 Sy fe i, SRR
19 S HIGEERLL 7 SR 2 R ES I FE L
(P<0.01); HBELL 1S Titk /hm® ZhHE =i i, 5
12 Tk hm® 2% B2 L (P<0.05), 5
18 Ttk mm? 27 B EG I #E L (P<0.01);7
FGLL 15 AT R 12 JIbR /hm?® 55 FRBRET 7 55
RRARET 19 S Ahas FH 15 Jokk /hm? %505, A REHUS
e, P RAFGRRAT 1 5 12 J7 Rk /hm?(A2B1)Ab
PR L 3k 4 558.50 kg/hm?, 7] DA [a] Ao TS =5
e RR A= SRR, AN]SR A HE B R A 2%
B, JA SR AR SRR RO RE A A Y

3.4 AhSETEIRS SRR 15

PEAT AT, SRR o0 Hh S R T
R VIR G AR n B T A . BT R 1 5,
VER T i 5 I A A 2 TG, R TE R S
FEVE R T I AR — R B IEASE (RIS B R
F 5 BT S N RO SO G R TR
5 A IEART, A S IE Ry AT A
soby of R 85 B8 [ 2 5 DO e T2 0 S, B e A ML 7 55
TR AR AT H T AR B A BRI 5 3 1 BOR) LR
For o fE AR AN [R] it A ) 22 S B G022 T Ol 4
TR, AT UL 3 A S A Rl e R B A 2
S, AEANRI R 8] 22 S JCGe T 5, A e R A
AT 2 R — 2, (ELIK R 77 -5 2 B A A3 Bl /)
AR RSk — P R B A TR

B ORI R DIE R R N R 2 —,
T Y IR R T AR A R 2 A A, it
T I B A i (E 5 i s A B B D
TR o %5 R e R MR R A 45 1 FH DT 52 ) g 2
AR . BRVFSRIFE R I, RiRE R R Xl AR
AMYEALEE(SOD) G AL AW (CAT) i = W)
il (POD ) AT {0835 M 5 (IR AT R e Bt 1 38 |
FECH- AN 2RI N P K SRR R, rh AR A A
THE R TR R,

PRI e 3 A EMRR S A PR A O, 524
JEE | b5 5 T B AR/ 5 7 52 P
i -5 4 HE AR = A5 T BRI 5 AR AR P R
JBt | ELBETE M 5 052 b PR R R (R A [
I BA B 25 2257

Sk

(1] KA, P12 2 AR IR THE. g SR ) Tk s A 5 3% 20 e ORI T AF
SEIURS )], FEMIA%7E,2023(6):26-34.

[2] RPRDL, TN 5, 22 4 41, 55 B e A U Fh b B 5 SR ()
rP R RLF,2022,24(4):42-52.
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312 fh.BRvkiE, F 2%, 55 ENANERAE PR SN & BB A 2 AR B B2 1] R 2 5 43 28 4% ,2025,42(6):
P[] 57 B A 7 T W P PR A5 R . AL R, 2020 28-35.
(11):47-48. [7] 75 PRt AR . = 34 (M. 2 B bt B Aol i A,
(415K MR BB BKPEARAE. R RN TR e SR A K R 2023:555-557.
B BB SRR R R ], K ERO R 2022, [8] 4 [ 4, B IE BHL JEL A Wi, 2. SRR 2% BE T 2 R ECAILIR &
28(7):18-23,43. P = R IR ZARIR AT ARl BHE 3 TH,2025(9):
[5] AR Ll 5K I 55 R 309 %8 EE Rt A AT XK 25 89-92,110.
BERT I T S BOR UA R S (0], TSR A AR, (O] RV 5. SB35 3 1 5t ko VP VA Bl 7 5 126 3 K
2017,45(1):84-88. HYEZIAD]. M 47 M K 2,2020:55-60.

[6] X Ibe &, T A AR AR /NP 55 R 2 RUIE X K7 A

Effects of Different Varieties and Planting Densities on Agronomic
Traits, Yield and Quality of Brewing Sorghum

Yang Yuheng!, Zhang Yujuan', Tang Yuan’, Liu Li%, Wang Mei', Xiao Li3, Chen Shengrong?, Li Zelin*
(1. Nanchong Academy of Agricultural Sciences, Nanchong 637000, China; 2. Nanchong Agricultural and Rural Bureau, Nanchong
637000, China; 3. Jialing District Agricultural and Rural Bureau in Nanchong City, Nanchong 637005, China)

Abstract: To investigate the effects of different densities and varieties on the major agronomic traits, yield and grain quality of the primary
conventional sorghum varieties cultivated in the hilly regions of Sichuan Province, this field trial employed a randomized block design
with two factors of sorghum variety and planting density. The results showed that the total growth period of the tested brewing sorghum
varieties tended to decrease with increasing density, with a reduction range of 1-3 days. Among the six major agronomic traits, only
panicle grain weight showed significant differences across densities, while leaf number exhibited significant interaction effects between
variety and density. Partial correlation analysis indicated significant positive correlations between yield and both thousand-grain weight
and panicle grain weight. Yield differences among varieties, densities, and varietyx density interactions reached extremely significant
levels. Nannuohong No.1 exhibited the highest yield, showing extremely significant differences compared to Langnuohong No.19 and
Jianianghong No.7. The density of 150 000 plants/fhm? yielded the highest output, with significant differences at 120 000 plants/hm? and
extremely significant differences at 180 000 plants/hm? The Nannuohong No.1 variety requires a density of 120 000 plants/hm?to achieve
maximum yield, while the Jianianghong No.7 and Langnuohong No.19 varieties require 150 000 plants/hm? In this trial, the
Nannuohong No.1 variety at 120 000 plants/hm? (A2B1) treatment yielded the highest at 4 558.50 kg/hm? Regarding quality
indicators, protein content showed significant differences among varieties, with Langnuohong No.19 (A3) exhibiting the highest level.
Amylose content exhibited extremely significant differences among varieties, with Nannuohong No.1 (A2) having the highest level.
The remaining five traits showed no significant differences. No significant differences were observed for any of the seven quality traits
between planting densities or between varieties and planting densities.

Key Words: Brewing sorghum; Planting density; Agronomic trait; Yield; Quality
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KEGHEBIE  2026,43(2):39-45

Barley and Cereal Sciences

http://dmkx.cbpt.cnki.net
PR AT : damkx1984

JEHIT R R 2R AR, 55 SE TR DTOPSIS BLZ5 4 PR AR T B8 5 X i 46 i F{J/OLL KF2 547 JER1£.2026,43(2):39-45
(2026-03-30). DOI:10.14069/j.cnki.32~1769/5.2026.02.005.

FETHLTY) DTOPSIS 255 VEUT 2RI i )58 1D IR0 it

ZEWHE R AR IO A SRR LR AT e sk
(L AR AR OR ABE , NS R0 02400052, 5T FIR KR BOILA AR Fol , I SEH IEAIRERR 010011)

FEE . L 2024 4E5E+ Ffe R BE T O ) SR K38 IR A9 13 SRl d kL, S B 10 Mg 280 8 AR s &
Rl BB TR R e i 8 AN R TE AR EE A AR 2R L 1 IR PR AR AR /) DTOPSIS 32 , %) o W 1T i 40 JBE T
IR A REE G TN, o0 K ARG R 22 AR i . AR, A3 Be B (TR 2 8K 0.508 37) &tk e JBE 17
TSGR, AR B T (AR 2248 0.000 77) A1 32 25155 (BUEE 24K 0.000 90 )%™ Y E MAAEXT ALK . 34k DTOPSIS WLiH5. 4
RN CAER S 2IURICIRE 13 5 HE 45 KF 10 5 5% 155 .4652(2-30) .NM18-03.1651(5-33) % 10
5 2013FMZ3-1-3.19-174 % 11 5 HE 1 5 .2023-Y-1, Hirf . R PURIF R SR 2R 13 509 G (B0 0.883 38, KR 211
2023-Y-1 B CAHH 0.076 34, 254K LA PR 7 15 T JE0URE S Rl B P= 0B 1 S AR MR DM b | ke B — 8 AR A

B T, SEESHR SRR K R G
SE4IF L AL s DTOPSIS 53 B KR ; ki
FE 4358516

JBEF( Panicum miliaceum L.) N KRB 2R B —4F
R, TRk BT R S5R B AT
IEHNER M, o BE AR Mg BB ZR , — 3 )
41 %% J& (Panicum), M4 ¥ 4 #i & )& ( Setaria) , 5
BEF 45y B AR AN AETE A APRLREME 5 i 22
SR BEFAEAE C4 AR R RSN AR
RRRVI T ISR, AR
BIWEY Z —, TEREA L 1 TR Dy s,
BALH TR R TR X EER SR, 1
Bt XA RN S Bers  HN (Lva A, A1t
PR A 2 E R 70%UL L, e XK St
MR, B2 E B A RRE. B AR
Iz EFRME T S, AR g s A
T E SRR, R R S R s ab
ZRMRP, TENSE T HILIX, BE I AR VU BBAAT X A%
GE TR, [m) st PR A B8 A AR AR 1 B 1 0 0CPE 8% ~

Wik H 391:2026-01-20; f& [ H 1 :2026-03-15.

HAIH A5 AR XCE A S S A0 H (2023KYPT0026)

FEZ TS : AL WHIF(1995—) , %, L, BB SE B, FEEMHR T
JBE R BT R ISR 5 A I AR WFSE . Email: yanyanzuo
2022@163.com,

AR SRR (1985—) Lo W BIDSE 0L, R EAER T

RO AT om R B RRE R T
Email: zhangliyuan—168@163.com,

SMERAREAS: A

XEHS:1673-6486-20260013

12% , WP IR R A= SRk, 425 ml S fif A0 e e ke )
A DAk, BETIE AT LI e st B Y B SR A 5
PR Al SRV E 1 itk )b, BEREISD K
B, SCREE AR AR G R, R R A
MBI 8%t S R AR . RS E S 2
P Bl B 17l v o R R AZ O TR, TR AR T
it DX R LA JBE T Rl A )T R BERL
{5/

GV T3 vk (I i ek BRI ) 2
R85, 5 ZAAR Z TR BT BerE S
KEWNER . IAFREGE N IT L0 2 T fl e
AR 5659, Hotp DTOPSIS #: (Technique for Order
Preference by Similarity to an Ideal Solution , 1& T FHAH
fifHE R 12 ) v [ R 1 1] | 6] B rP PR AR L
VED) S FPPEAN b B R PO | B 45 2
Y BB bR B 255 O, kS B — SR AR VP Y R T
Yo TEREHEIPEAN T, Tl ad P PSR A B PR v R
IE [ R R AL B B A, S R R AR BB
S, RAAEIE F DTOPSIS 3% 5t M 44 A
DB i A AT VA S 9 DHIRFE AR, S
EL— PR PP B ARG S VAN O DA &S
RBRERBLAE = SEbR, 855 K (L OCHKE 5 DTOPSIS
2, SR SEXS 11 DA T Fr g 9 R SRt
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PRy, XSGR T =4 5 = s m = A Hr—2,
B UE T2 IRAEA b Ao TR i AT SRR BT
2 %38 1R FE B SRR AEE LA AL, et
brlEA 15 B 5 A = bR oK, 327 T PR i Bk
PR RIS [ R B, DTOPSIS Y FY AR X 422 10 J
(CAH) 725 ZHGEL 30.11%, T THRUMITEM B0
8.58% , A FEMGHE X 7 it P 4510,

I, DTOPSIS £ RE#& A JBE + Xl ik 46 v
HORZMER TSR 2R PO R
RIFE bR AU MERT, HL7E/K RS A F AR B RiiE
AIEE, AR BIFGE FHIZ 7 5 53 A BB - DX S 56 it
Folt, SN FLZE A MR & E o

1 #M#EFEE

L1 iRXE AR S 2R
IR 2024 AFER A TS E R BE T ORI )

AR AP X R, Aok B 10 ANEERR AN Y 13 4N BE
TFhnAh e AR RS A FR SRR ISR 1,

RIS T NS AR T (117°F (42°N), 16
PR EBELY 700 m, HAEHE T o I8 R FH B AL X ZH HE
A, H 3 R,/ NXHIF 10 m (2 m x 5 m) 1 7HE 33 em,
FETHE 6 J7 ~ 8 Jitk 1667 m*, HZBAEFETIEA DL
JIEE 1000 ~ 2 000 kg/667 m?, H-ALHt AL 6 ke/667 m?
HE 3 ke/667 m* FHAE 2 kg/667 m?, 45 S AR T 5 2%
M, 5 em T JEHBIRFRELE 12 CHHEFD  AUGA57E
2024 4F 5 H 17 HAERER e, 5 H 26 HIHE
1.2 SR R AR

e B [ R BEF ORG ) i XS 06 22K, P8 4
AR MRE 2R AR B R R
Jrh TR e 8 NE AR R MR P
Wragtn. XL PEAR BRAE 7843 S W A A 2 1 22
PR 7 I R R 25 5, ELAR AR A A 4
PR 2,

x1 AR

iR Y E AN PR

NM15-01 HE 105 PRI AR PR 2B 52

NM15-02 HE 1L PRI AR PR 2B 52

NM15-03 FZ 105 SRR Z Wi AR Bl BB 5 BE

NM15-04 P13 5 SRR Z Wi AR Bl BB 5 BE

NM15-05 FEE1S RE TR B

NM15-06 HE4E AL AR Be TSR BT

NM15-07 2013FMZ3-1-3 HNE R R F BT T

NM15-08 19-174 TR AP EBE [ 573 B

NM15-09 HRISS IPa AR R 2 S XA

NM15-10 2023-Y-1 O AR F B

NM15-11 NM18-03 ST AR E I B

NM15-12 1651(5-33) [l #id N T

NM15-13 4652(2-30) [l #id N T

F2 EF(RE)RMEEITMNER
e AEM/ M / FEWH ARUYEE/ FEK S BERITR S/ TR/ i/
d cm 1 /1 8) (4~ 1#k) cm (g/ ) g (kg/667 m?)

NM15-1 89 169.3 8.0 4.0 36.5 155 72 240.01
NM15-2 100 186.6 9.0 3.0 40.5 187 6.7 264.01
NM15-3 100 201.0 8.0 3.0 44.9 20.9 7.9 305.35
NM15-4 100 204.2 9.0 4.0 45.1 189 7.8 307.13
NM15-5 93 158.0 8.0 3.0 41.5 185 6.4 240.68
NM15-6 99 191.9 9.0 4.0 43.1 16.7 75 209.79
NM15-7 101 2423 8.0 3.0 48.7 18.1 7.9 25423
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£2(%)
A HEEW/ PR / FEEVH AWOYEE, FRK s SRR/ TR/ FEa/
d cm (W /1 #R) (A 1RR) cm (g T8) g (kg/667 m*)
NM15-8 102 215.2 9.0 3.0 47.8 19.6 7.3 239.35
NM15-9 98 196.0 8.0 4.0 44.0 15.7 6.8 245.57
NM15-10 101 153.3 9.0 3.0 24.6 14.2 6.2 203.79
NM15-11 114 226.8 8.0 4.0 42.2 15.1 6.1 131.12
NM15-12 100 197.6 9.0 3.0 45.6 18.0 8.6 313.13
NM15-13 114 217.3 9.0 4.0 35.7 13.4 7.2 151.79
13 Shiorik AT AR w:
130 BEbREAL. BRI 5 R R TR TR A geloe, (6)
FEAS T , ToTk PP T4 A O, DRI B 1L |
8 AR A J5E A VA B A T AL T A 231& . (7)

PR, AR B ke S R B T AR
[EEEERON) Ay <k AN N e P b U NAUR TIN N BU N Tb O
W EZERGE 2 DR T AR P R
TrtEEts, e s r B R AE,
PP ERE RIS A A TR (50 1) HoR R
Prd 55 AR R dh BEAR G, DRI A AE 1 45 4t
T AT (AR 2) , BRI -

Xo
J (o) = Z,v,:i .
PSR 2= (1)
— Xi = Xuia
IE[ bR : 7= o (2)
erx - Xmin

s Z; B AR IS R X, bR AR R AO(EL (i o
ZhhAh, i=1,2,3, -+, 135 iRE R EPIR, =1,
2,38, T 1A s Xo NI s X S PERARELL
IR/ IME 5 X A PEIRBRIEAG HT Y SORAE
132 FETRAGEBAAETTE . 1A R
AFEVERFRFR L E Py, WA 3:
Z;

DNV A (3)
Kb em AR B, m=13ChF TR,
FREAL PR ABR IS B, DL A Z
BIFEUE).

2SN FRAR YR e;:

1
K =In—
m

(4)

e;=—K ™ PInP; o (5)

1.3.3  DTOPSIS . 1)FEEDSR AR A FBAGESS
NI HEFRIIA TR , A A A R SR 5

(8)

2) A AR PR R bR I EEAR S R £ B AR
fi RS o Horb Dy AR bs S iR R A
B, D7 BRI 2 AR R I L -

Ri=w; xZ; o

Z‘;l (Rii —Rf>2 5 (9)
D7 =] (=R o (10)

3)VFEEAS i S BEAE R AR XHE IR G, CHE
G, I At b B 23 A PRI 5
D7

C.’ = o
D +D;-

(11)

2 HBRE55H

2.1 PEMEIRIARELL

ABIFFE S T 1) 8 A it o kPR X iz AN [] S 78
A PR AR SR G VR A A (Rl = BT HetE . SR
MR ZE ST 5 EEXT, X 4 B dh B s ot A7
PRUEALAL IR, R S5 SRR 5 o iR e — T L iy £5 8
SEfl MbFRZE R LR 3,
2.2 BT RAGETRAUH AL E

A (3)—(7) T 4 MR F8 B8 1AL
FERH(E D, R B, RRMERELE SN R R
T SACEAAE B 255 . Hd AR BRI AL
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HARBEE 0.508 37, 3 T HALIE AR, fELE B0
M STk A 28 Y TR R L A
MK A 0.175 96.0.135 64 F10.108 92, XFLEAVEHr
SR M EAEE W, MR RS A 2T
Ve dEde b, JTCI B A4 ka3, A E R 50y

HULA 0.000 77.0.001 66 A1 0.000 90, FELEATEMN
HSTERAEX AN o B A4 5 R A AL
H AR P EE— B0, BB & LI 45 MR A i Fh 25
T 22 SRR, AT R 5 L 25 A P $E AL T A
A

*3 HERENRHYE

rIE e AHM PR FEWE O HRUEE FHEK R TR P
NM15-1 090090  0.874 61 0.900 00 100000 049314 027711 042629  0.59829
NM15-2 1.00000  0.94727 1.00000 0 066182 070549 021912  0.730 16
NM15-3 1.00000 098308 090000 0 0.842 13 100000 070916  0.95726
NM15-4 1.00000  0.967 68 1.000 00 1.00000  0.85293 074029  0.64940  0.967 03
NM15-5 093458  0.83305 090000 0 070337  0.68675 0.12749  0.60195
NM15-6 099010 097211 1.000 00 100000  0.767 35 043775 053785 043223
NMI15-7 099010 081562 090000 0 100000  0.63320 072510  0.67643
NMI15-8 098039 091822 100000 0 096386 082999 046614 059463
NM15-9 098039 099197  0.900 00 1.00000  0.80598 031191 027092  0.62882
NMI5-10 099010  0.81697 100000 0 0 0.10710  0.02789  0.399 27
NMI5-11  0.87719 087125  0.900 00 100000 073120 022892 0 0
NMI5-12  1.000 00 1.000 00 100000 0 087246  0.61580 1.000 00 1.000 00
NMI5-13 087719  0.909 47 1.000 00 100000  0.45991 0 043426  0.11355

0.55r1 0.508 37

0.50

045

0.40 |

035

& 030 |
=< 025F

0.20 0.175 96

0157 01504 0.108 92

0.10 | 0.067 79

0.05 | I L

0.00077 0.001 66 0.000 90

0

EES HE

EETH ARUTEE

TR BERTCRE TRTRE U

E1 HEGNERY

2.3 DTOPSIS ¥EZEA VA S il

A2 (8)—(11)THAAT B 4% it P 55 AR fi
PIAX R B G THEEERANER 4 PR, £ S Fhgs
HI B R BRI RS 13 % R 45 KR
10 5 %4 15 5 .4652(2-30) NM18-03 ,1651(5-33) ,
2R 10 5 2013FMZ3-1-3.19-174, R 11 5 H

BE 15 .2023-Y-1, RIEGHHAPE 135 C
-4 0.883 38, FIM {21 2023-Y-1 1 CAH R
0.076 34, " HEFIK,
2.4 @hFh DTOPSIS 5 HrZi & 1P 57 a PR R
—PER XS E

Wk 4 s JBAGEIRAL T DTOPSIS 5275 7F
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M db AR bE S5 s — P BN 25 R — AR,
EWBAH 225, RE M. KB 2 BN E b R
78 23 Z IR B9 FE 43 DTOPSIS VA£G 70 Hr &
THEE 13 525 5 R BB ,2023-Y-1 RBUR 2 ;1M
IR s B R, 1651 (5-33) KA,
NM18-03 & I 25,2 Fh 43 My i M 45 R A e A
A fHIE 19-174 % FR 15 5 .2023-Y-1 X 3 M

et A 5 12 0 A B HE 4 28 AR K, BRI X 3 A i
e RIS AR ZER E BHABA N —3%

P, TS B Kb JE bk A RO BER A R
Rb AR AR E O IXI] o TTHEAR 22 5 BOR BG dhAl
WARZR 115 385 4 55, i Hofe = i 5 H At
RENEIRIBIFFAE—E BB SC R, ISR 4 55
PRI, AR R A BESE R R
LR ATE RTS8 AR 11 500 T B e
ARl AELEAT 8 BE | RS T TR 7E AR, B
BRI

R4 FEFEGET DTOPSIS & . FEHEEHEE

AVLE RS AP 44 FR DIOPSIS i% B
G He44 7 /(kg/667 m2) e
NM15-1 FE 105 0.774 73 3 240.01 8
NM15-2 HFEE11 5 0.206 49 11 264.01 4
NM15-3 HE10 5 0.300 27 8 305.35 3
NM15-4 ME 135 0.883 38 1 307.13 2
NM15-5 FEE 1% 0.190 05 12 240.68 7
NM15-6 HE4S 0.803 48 2 209.79 10
NM15-7 2013FMZ3-1-3 0.262 99 9 25423 5
NM15-8 19-174 0.243 22 10 239.35 9
NM15-9 ERISS 0.759 89 4 245.57 6
NM15-10 2023-Y-1 0.076 34 13 203.79 11
NM15-11 NM18-03 0.687 52 6 131.12 13
NM15-12 1651(5-33) 031115 7 313.13 1
NM15-13 4652(2-30) 0.722 97 5 151.79 12
46230 R . e 5 R P L UL W 2 B,
NM18-03 | . . MR BOR LSR5 47 L brFe KA 2% . filan,
FEnel i . A LGP P B A O B R 7
201 3FM%§:}Z‘3‘ [ " . FEMETT R AR R IR 22 3 O 55 T e L S
HE45 . . RS ™, Ct J B S B — TP IR R A AE B R PR
B LEL d.o A NMIS-2(HR 2R 11 5) B ke (L2 T
g@ i?g . . 7o AR, R AR AE SRR (BR R
HZ10 5 | . /IS, LR i B T SO SE T TS R [\

41210 8 6 42024638 101214
B Hz(c) @ Hi:g (F7hn)
2 FEF&MT DTOPSIS % "2 BEHE A LR

3 itig
LG E T SRR Z LA R O TS S

15 B R VAR AT BRI, 2 R
st HLA VRS, 25 5 BARAS A MR Z 1] ) ip

A 32 it AT 70 ST B AR RT3 5 45
JIR3EL , Ty IR P A5 5 TS 5 | o A8 25 A5 ) AT, ot
Ji 09 P ()4 B R S A5 1 BT ARG A i 1 28K

s s — = E I AR b i HZE B R T
BRI TV 1 5 AR AR PR, SEERT
PR R G0 O PEAG o AR H AR AT I T
AL DTOPSIS 5, —J7 T AR X 8 AN 2
PRI T2 WAL , RS 1 222 56 % PE 285 SR 1Y
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TH; 55—, DTOPSIS B3 it 44 4 b 5 8
e e 25 ff AR T B (G B, SEB T 2484
ML A HET , RRASIE M S B S R R 125 G 22
S RN TARGE S — TR I 20 A T o

ARG DX AR A R Pl - 7= X 2 — , P AR X
PATR FRA A 3, 4R P 5% i (R A% 00 75 2R 2 “ ™
de FEWE =" AT LR A VRN 7 ki i i i
MRS G REX TR PR 135 HE
45 T 10 SEMPE R ERIR L | R
K FET R0 T nl a3 ROk PR ™
Feue s TR A MR O T 7ERER 2+ 55
IS RELRFFRC R R PR R BE | 1X— R AR e X
TSR BT R A AR SV . Ak, 4
BEFATEAT — 5 B Jm B , B s an 5t i e 5 o
A AR B 2% i H MR
VMG B 5 2 N RS 7E S bRk e Hh ik 7
BLEE A M SR SRR A R BN R P T
e i A PSSP s o3 G F e B NS I M 1774 SR Y 4
Ak AT T G T ST B LA P 8 A i
VeI, i — AT R B LR ST IR R KR
sl R ARG 14

4 #Hig

AHFFE LA 2024 A5 1 H A4S B R BEF Ot ) &
Pl XA 13 S A kL, 8 A
RFRME R R PR A PR R L SR R BGE RAL Y
DTOPSIS ¥ X 7% U6 17 B F X 33 06 i A T R 25
M, FEEESINR .

1) B AT R, 5200 BE 7 it i OGRS i PR
o BRI R AR EE > Tk e > F80kE i >
FEE > ERK > BRi > FENEG A F

2) i DTOPSIS ¥ 5 & RN & Fl, HE44
E AR R PR 135 R 45 FET 105,
W2 15 5 .4652(2-30) NM18-03.1651(5-33) . f
7= 10 %5 2013FMZ3-1-3,19-174 J: % 11 5 | HJEE
1 5.2023-Y-1,

3) JETRABLEAL Y DTOPSIS 12 7] %4 £ 4
JEFRAR X A i P OE S, b B — P R PP B 4
T FTAE 3E T B X a6 o o 2 5 s ik S5 R

4) R3S HE 45 HKF 10 SLEEENR
g, 18 PC AR T SR ARl X AR =T 3R, TR izt
XA SE R A B BE I R A

SR
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Comprehensive Evaluation of Broomcorn Millet Varieties in Regional
Trials of Chifeng City by DTOPSIS Method Based on Entropy Weight

Zuo Yanyan', Qi Mingyu?, Li Zhiguang', Fan Wengi*, Feng Jinghan', Ma Junling’, Zhao Min?, Dai Xu?
Zhang Liyuan*
(1. Chifeng Academy of Agricultural and Animal Husbandry Sciences, Chifeng 024000, China; 2. Agricultural and Animal Husbandry
Technology Extension Center of Inner Mongolia Autonomous Region, Hohhot 010011, China)

Abstract: In this study, 13 varieties from the 15th National Regional Trial of Broomcorn Millet (Glutinous) Varieties in 2024 were used
as experimental materials. An evaluation system was constructed using 8 representative agronomic and yield-related indicators: growth
period, plant height, number of main stem nodes, effective tiller number, main panicle length, grain weight per panicle, 1 000-grain
weight and grain yield. The DTOPSIS method integrated with entropy weight assignment was then employed to conduct a
comprehensive evaluation of the tested varieties in Chifeng City, aiming to provide a scientific basis for elite variety selection. Weight
calculation results revealed that effective tiller number (weight coefficient = 0.508 37) was the key determinant of broomcorn millet
yield. In contrast, growth period (0.000 77) and number of main stem nodes (0.000 90) had relatively minor effects on yield. The
comprehensive evaluation rankings of the varieties by the DTOPSIS method from highest to lowest were as follows: Yishu No.13,
Jishu No.4, Chishu No.10, Jinshu No.15, 4652 (2-30), NM18-03, 1651 (5-33), Yishu No.10, 2013FMZ3-1-3, 19-174, Chishu No.11,
Baimi No.1, and 2023-Y-1. The top-performing variety, Yishu No.13, achieved a C; value of 0.883 38, while the poorest-performing
variety, 2023-Y-1, had a C; value of 0.076 34, indicating a substantial difference between the two. This comprehensive evaluation
method balances yield potential and agronomic trait coordination in broomcorn millet varieties, overcoming the one-sidedness of
single-indicator evaluation and enabling a systematic assessment of the tested varieties.

Key Words: Entropy weight method; DTOPSIS method; Broomcorn millet; Regional trial; Chifeng City

(E#% 32 1)
Screening and Comprehensive Evaluation of 35 Millet Varieties in
Aohan Banner

Li Xin', Yu Zetao*, Zhang Fuguo?, Feng Bin*, Hong Zhong?, Li Fei?, Zhao Tiefeng!, Li Haidong?, Yan Liwei’,
Li Xiaoping', Zhang Weiwei*, Huang Shuo', Zhou Zeyan', Hu Shukai?, Xu Zhenxing*, Zhao L.i*,
Hou Changjiang’, Zhang Xiaoming? Li Chao® Zhou Xuan*, Yang Simin*, Rong Xiaoping*
(1. Chifeng Agricultural and Animal Husbandry Technology Extension Center, Chifeng 024000, China; 2. Hohhot Agricultural and
Animal Husbandry Technology Extension Center, Hohhot 010010, China; 3. Weihai Ocean Vocational College, Weihai 264300,
China; 4. Inner Mongolia Agricultural and Animal Husbandry Technology Extension Center, Hohhot 010010, China)

Abstract: To study the agronomic traits and difference of different millet varieties, and the relationship between the main agronomic
traits and yield of millet, and screen out high-quality and high-yield millet varieties, variance analysis, correlation analysis and principal
component analysis were conducted on 35 millet varieties in Aohan Banner respectively. The results showed that yield was
significantly positively correlated with the single ear weight, with a correlation coefficient of 0.426. Ear length is extremely
significantly positively correlated with stem length, with a correlation coefficient of 0.489. Plant height is significantly positively
correlated with ear diameter, with a correlation coefficient of 0.376. The single ear weight is significantly positively correlated with ear
length, with a correlation coefficient of 0.362. The findings indicated close relationships between growth factors and yield formation
factors, which collectively determine final yield. The yield promotion can focus on enhancing nutrient accumulation in the early stage
and optimizing cultivation measures. Principal component analysis reduced to the main two components, with a cumulative
contribution rate of 83.09%. Further, based on the comprehensive scores and yield traits, it can be known that Menghonggu No.2,
Jinmiao k7, Jinmiao k4, Jinmiao k8, Chigu k6, Zhongzagu 29, and LeiguGK33 were suitable to be cultivated and spreaded as millet
varieties with good comprehensive traits in Aohan Banner.

Key Words: Millet; High yield; Excellence; Correlation analysis; Principal component analysis
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PIVER SR JEIR L1, 37 3 5. 159% ML FRIE R OD -5 AN () 245550 2 FC 0 A R B e FH A4 B B B 2 A /O] K32 543 267 4#,2026,
43(2):46-51(2026-03-26 ). DOI:10.14069/j.cnki.32~1769/5.2026.02.006.

15 %ML 5 OD L5 AR ST RCX K ATAS Bk P AR Al e 22 2 e

PMEESR U IR 2, Ear i L E R L e
(1. XA A R RIS e TR Z29H 22570052, 2440 T RBEFARA TAEIA IR 280 225700)

B 15%M BRI OD SRR 24550 2 B (LK ARERE AR 1 d i 2l )X 22 R b iy B8 SO KR 1) 22 4Pk TR, oK AR Ak
ZR e B R AR LN R A S 7 . S5 AR R, 255 20 d 15% M RIBEE L OD 80 mL/667 m+35%PI HELE « T R EW 100 mL/667 m?
1 15%ME 58625 i OD 80 mL/667 m™+40%7H B il EC 80 mL/667 m? X 2= 4L [l 5 , 43 7l K 98.08% .97.12% . #4§J5 40 d 15%
M 3B BE 2 OD 80 mL/667 m*+35% N BRBEELH - T i EW 100 mL/667 m? 3 2 BB 3t i , M 84.46% . 15%0ML F L5 OD
80 mL/667 m? F1 160 mL/667 m* it BRI A FCI AL HRA K FEZE LG5 10 d A 25 REAR, 25)5 20 d TR KRRV IR, & AbHAE

IR ABRE R AUt 25 %K FE2e &, A N RIS
KABIF : 15% M FBEF I OD; ST s BAk ; 44k
B4y 5 :5482.4+6

UTAF K, B 7K R A HLART R B AR e e e
b AL DR RK RS B 20 KT R AR X
8 TRt A SR IMTHILARR R FE A /) B 12 |
BT, S EOH) T2 B AR R A A AR, pHn_ L
RG-SR TN/ G BT
HE IR, KR BER M A RET &7
(Leptochloa chinensis) Fll & J¥ ( Digitaria sanguinalis)
H, HoATIE RSP AR R — R AR A {2
2 RGP T, B PHRCR R IR R R, # AL
PSR 70 2 i A T BR A oK o T L2 Hi /K e
P53 70 ERORBR D 7 W B 22, (HA 080 R AL
7R, SE PR AT R R L, DRI EAT SR Y
IR e 7 R G e R FH PR e TR g o I IR P A
Z T2 MR B, TR AR > A
BT HE FRR IS e 1 22 70 A FEL 5 T 2B D 53k e 5] 52
BC , PR Z 5 P B R A4 T C 5 B fet B AR L ARAIE AR R
O Ecyia

ek S0 P SR T B S PR ), — e A e
ZF R ZF T T AR LR B A A AR
PRI NG, SR 250 g 2% o oSl 2
NEREE TR, PR R PR, MMRERR, &

Wk H 1 :2026-01-04 ; 12 [5] H 1 : 2026-03-04,
PR TR AR SR (1996—) , 33 AL, BB 2500 , 3 5 A S5 1l
TR K B7ADISE . Email: 422787128@qq.com.
*RAEIEE AT (1986—) , T3 L, MR 200, 15 A il
TR KL BTATISE . Email: 707444415@qq.com.

MERAREAS: B

XEHE1673-6486-20260002

IR ZEW A 6, R B E LT, AT BB
Tk KE NG SR H— A A R AR RN [ 2
ZRHEE DG b S R A A KR 2% BB R
() 0 R IE 3D, A 5T 3 Ao H )N XGRS , R R
T 15%ME SR OD 55 [R] 24570 &2 B X K A Ak
FH % B 815 205 S X 7K A ) 2 4k

1 BRI

L1 A

G 7 T 2% A T R S B Be b 2 72 RS
(120°2'25"E.32°54' 59" N), #ifT- 42 i H , FH e
POFIH , 1SRRIy e 4 A LB (B
B PS50 ghg RSB 1.43 gfkg A R0 B
16 mg/kg  HAHR & 74 me/kg, pH 1H K 6.8, I Sy
G IRBCE, &P XOR IS 55— B (G — b il
G R ).
1.2 sk
121 EY). JKAE St R O 25 4 3= AR B ot o e
9108, iR AR E AN, T 2025 4F 6 J] 27 HFEHK.
122 Znr, X8 HTREAH D BUR 2 5 ( Echinochloa
Beauv.) . T 4 - ( Leptochloa chinensis) , Bt 7K it
( Ammannia arenaria) 7875 5. ( Monochoria Vagina]is) N
SRR ( Cyperus difformis) o
123 2550, 15%E B R L OD, 2 & W
(T A BRZS w41 %5 E R SC, 1 5387 (A
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T T A PR w)HR AL ; 489% FEMEBLFA SC, VT HEE
AWy Al By A BR N Al 2 3L 5 35% T W - T i

A0% N E % EC, THE
1.3 R 5eata

340% N1 - N OD, i .

EW, 4218 2 W (1) Al B AR A BRAA w $2 41t BRI AN LR 1,
F1 AR
i’ AL & /(g 3L m1/667 m?) Jiti 24t ]
1 15% ML i OD 80
2 15% ML 3 i OD 160
3 15%ME BT OD+40% N H % EC 80+80
4 15%NE JRBE F M OD+41%FBE R % SC 80+10
5 15% ML FRBE R OD+35% PN HUREER i - T #li; EW 80+100
6 48% SEREEIRL S 30 N
7 15%METRIE R OD+48% FMERL 80+30 B
8 15% ML FRBEH R OD+40% M B EC 50+80
9 15%NE JRBE F I OD+41%FBE R 1% SC 50+10
10 15%HE R BE M OD+35% P BRIBERTR - 1 5 EW 50+100
11 15%MESBE R OD+48% FER S 50+30
12 40% " 1% - I OD 80
13 AT BRHE — —
14 TR — —
T - b 250 B 2 B B e
1.4 it 2 BEREHH
GG AN [F AL BN R HIBEHLIX ZH RS o /NX T
20 (K 5m 98 4m), BALEE 3 REKE , I 2.1 Bk

42 A/NIX o B/ INXAR S, BRI, /N2 [A)AS Ef
HE BIK.
1.5 gk

R T 2025 4F 6 H 26 HFHZy, it 241} [ B4
1 ~3 cm ¥RIKJZE KK 30 1L/667 m? Y5) 5%, 24 f5 44
KS5~7de 25 1d AT N TR . AT
FRAEALI . 35 T 2025 427 A3 H.7 H 17 H7H
31 H 8 H 14 HEF7 N THRBRZRE, HE 4 3Kk,
1.6 AT

T2 10.20 d J5 B4 /NXH 4 gL A, B9 a0
1 m?, P A A 2 B ZRBER it 2y 45 d J5 , A 2%
FERBERORIM LR B i i 2 7.15d )5
H A A B K R et . iz 45 d &, A/
XHC 4 55, B85 10 B, PR KRG IO R o R 2R BERK

KRNI
Bt AT E
o AR B - IO B
= FRRCREERE AT 1o

H 32 2 AT, 255 10 d P4, 45 b A 25 L4
B RRBHRA N 100%.

M3 3 AT, 255 20 d 2, 5 b B R I
BB A, o 15% ML JRE R OD 80 mL/667 m+
35% N BBEFLER - T B EW 100 mL/667 m*,15%
nit 960 156 25 B OD 80 mL/667 m*+40% N % ik EC
80 mL/667 m* Ab B A4 i kR B RLEE B, 4 N
98.08% .97.12% , 15% ML H I OD 160 mL/667 m?,
15% M SR BE S OD 80 mL/667 m*+41% FWE Rz SC
10 mI/667 m*,15%MH FELE % OD 80 mI/667 m+48%
ST AN SC 30 mI/667 m?> Ab B ) i bk 7 2%t 34
T 85%. M 15%ML IR E OD 50 mL/667 m® 5
A2, SRR B R 575 15% Mtk i i 5
iz OD 80 mL/667 m?, 15T X} B 2G5 409115 « P
Jfi¢ OD 80 mL/667 m2,

H 4 A1, 2505 45 d JE# 45 Ah B B B R
FFTFRE, FHrA 15%ME SR OD 80 mL/667 m+
35% PN BRBEECH - T B EW 100 mL/667 m* ZbFRAY
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EHERRB AR s, 85.32% , HABAL BB By W - INEE[E OD 80 mL/667 m* AL FE(F 4)
Txt BE 25 48% FRERFA SC 30 ml/667 m* Fl 40%

®2 AREAEXKBBRERER(A/E 10d)

e BRBIAL 1%
B2 T&T Wy Ty Bk b SRS E B
1 100 a 100 a 100 a 100 a 100 a 100 a
2 100 a 100 a 100 a 100 a 100 a 100 a
3 100 a 100 a 100 a 100 a 100 a 100 a
4 100 a 100 a 100 a 100 a 100 a 100 a
5 100 a 100 a 100 a 100 a 100 a 100 a
6 100 a 100 a 100 a 100 a 100 a 100 a
7 100 a 100 a 100 a 100 a 100 a 100 a
8 100 a 100 a 100 a 100 a 100 a 100 a
9 100 a 100 a 100 a 100 a 100 a 100 a
10 100 a 100 a 100 a 100 a 100 a 100 a
11 100 a 100 a 100 a 100 a 100 a 100 a
12 100 a 100 a 100 a 100 a 100 a 100 a
14(CK) (3.33) (2.33) (0.33) (0.67) (0.33) (7.00)

TE = KON IR CCKO B A 2% 288, B A i [R5 B I AR Il /N 7 B3R R AR B E) 22 S A HLGE T2 R L (P> 0.05 )

®3 FESEKFEBHERERR(4)E 20 d)

e BRI 1%
ME L T&T It R Btk SRS R
1 87.50 be 87.88 ab 7273 ¢ 81.82h 88.89 ab 85.58 cd
2 92.50 ab 90.91 ab 81.82h 90.91 ab 100.00 a 91.35 he
3 97.50 a 96.97 a 90.91 ab 100.00 a 100.00 a 97.12a
4 95.00 ab 93.94 ab 81.82b 100.00 a 100.00 a 94.23 ab
5 97.50 a 96.97 a 100.00 a 100.00 a 100.00 a 98.08 a
6 85.00 be 84.85 ab 63.64 d 7273 d 88.89 ab 81.73d
7 87.50 be 87.88 ab 273 ¢ 90.91 ab 100.00 a 87.50 be
8 85.00 be 87.88 ab 73 e 81.82b 88.89 ab 84.62 cd
9 82.50 cd 84.85 ab 81.82b 81.82b 88.89 ab 83.65 cd
10 82.50 cd 84.85 ab 81.82b 81.82b 100.00 a 84.62 cd
11 82.50 cd 81.82b 7273 ¢ 81.82 b 7778 b 80.77 d
12 80.00 d 84.85 ab 7273 ¢ .73 ¢ 66.67 ¢ 78.85 e
14(CK) (13.33) (11.00) (3.67) (3.67) (3.00) (34.67)

TE 17K B (CRO Bt A 2% 5 2R BRI, B e RIS RO 5 AN TR)/NG PR R AR Bl ) 22 5 B gt i 22 L (P < 0.05). T
ESCIN

—48 —



REGHLR

2026 4F 5 43% B2

R4 AESEXAIBEZHESEER(ZE 45d)

fE BRI 1%
RS T&7r ey HmKh SRS R

1 70.59 ahe 73.56 ab 79.59 be 74.29 be 75.68 b 74.06 e

2 72.94 ahe 78.16 ab 83.67 ab 85.71 ab 78.38 ab 78.50 bed
3 76.47 ab 80.46 ab 89.80 a 82.86 ab 83.78 ab 81.57 ab
4 77.65 ab 81.61 ab 83.67 ab 77.14 be 86.49 ab 80.89 abc
5 84.71 a 8736 a 85.71 ab 77.14 be 89.19 a 85.32a

6 55.29 ed 70.11 be 73.47 cd 74.29 be 75.68 b 67.58 f

7 78.82 ab 81.61 ab 77.55 be 77.14 be 83.78 ab 79.86 bed
8 68.24 ahc 70.11 be 81.63 abe 77.14 be 81.08 ab 7372 e

9 65.88 be 73.56 ab 85.71 ab 85.71 ab 81.08 ab 75.77 cde
10 69.41 ahc 75.86 ab 85.71 ab 9143 a 86.49 ab 78.84 bed
11 70.59 abe 71.26 be 81.63 abe 77.14 be 81.08 ab 74.74 de
12 4941d 5747 c 67.35d 65.71 ¢ 62.16 c 5836 ¢
14(CK) (28.33) (29.00) (16.33) (11.67) (12.33) (97.67)

TE T KO B CCKOBid h 2= B2

fef o R B RA  Ar h R (F 5) F P, 159% Mt JeU ik
}iz OD 80+35% N HRBERE - T ¥ EW 100 ml/667 m’

BERL, B A fm

b T 2 R S AR e L A 84.46% , oA A T 5 %

x5 AEAEIKFEHFZESR

BRI (Z/E 45 d)

P 5 BB 255 48% FBEELFA SC 30 mL/667 m? Fl
409 EME - I ELHE OD 80 mL/667 m? AbFE

RE fif BT 1%
EF S T&r HEy 3y RERL /N SRS SR

1 71.76 ahc 73.64 ab 79.45 ahc 74.80 be 75.63 b 7522 ¢

2 73.58 ab 78.50 ab 83.16 abe 85.86 ab 78.29 ab 80.32 abe
3 77.88 ab 80.63 ab 89.11 a 82.41 ab 84.15 ab 83.01a

4 77.63 ab 81.90 ab 83.37 abe 77.25 be 85.54 ab 80.70 abc
5 84.62 a 87.84 a 85.68 ab 77.56 be 89.60 a 84.46 a

6 55.88 cd 70.21 be 73.83 cd 74.70 be 75.52b 69.67 d

7 78.94 ab 81.58 ab 77.81 be 77.17 be 83.66 ab 79.24 abe
8 68.90 ahc 70.71 be 81.66 abe 77.54 be 81.39 ab 75.74 be
9 66.04 be 74.30 ab 85.69 ab 85.76 ab 81.51 ab 78.81 abe
10 69.76 ahc 76.03 ab 85.48 ab 9147 a 86.42 ab 81.63 ab
11 70.76 abe 71.81 be 81.43 abe 77.36 be 79.59 ab 76.10 be
12 48.49d 5722¢ 67.23d 6592 ¢ 62.70 c 60.49 e
14(CK) (50.70) (50.92) (63.75) (54.25) (22.75) (242.38)

TE TR IR (CKO K o 2 S g o, B0 0 g/m?s
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2026 4F

F43E FHol

22 BEM TR

Z5J5 10 d H A0 BE R 15%ME SR BE 5 i OD
80 mL/667 m?* B3| K 55 HAh 2457 & e b B ) 7K A
IRYIH R HE DAy B B Ak 5 15 %M S e
0D 160 ml/667 m? 4b P %) 7K 8 24 F e R T HoAth b
B AR A A BEOK ARG T 25 F R AR, 55 7 /K 6] B Ak 3
TCHA 5

24 20 d A, A0 FH2G EREIRA TR, K

AR BT IER , 517K B FLIC A .25 52
25 45 d P, 45 A0 FUK RS PR AR TN TR
TR KX IR, 2R BG4 L KA FZREER
AR T TR W TR KR IR (FR 6) 6
W F=2h 0T, AR H = 35 o T KO IR
AR T N TR, 45 Ah B ] = i 22 S R e i 2 X
(#£6),

*6 AREEMKEREURTE

95 PR /em ZEERHL /(A 18R 7 /(kg/hm?)
1 3744 a 12.83 ab 9229.61 a
2 3726 a 12.87 ab 9334.67 a
3 37.16 a 12.73 ab 9354.68 a
4 36.85a 13.03 a 9379.69 a
5 3691 a 13.03 a 9404.70 a
6 36.55a 12.87 ab 9279.64 a
7 36.67 a 13.10a 9329.66 a
8 36.84 a 12.83 ab 9429.71 a
9 3732 a 13.07 a 9304.65a
10 36.78 a 12.63 ab 9329.66 a
11 3691 a 12.83 ab 9479.74 a
12 3753 a 13.07 a 9429.71 a
13 38.58a 13.40 a 9679.84 a
14(CK) 3838a 11.63 b 7928.96 b

3 eSS

UTAES , A DGR AR TR T E . A
WFFE R B, AT e DX A B0k i 32 i Y
CBEFLIR A UG (ALS). Z BEHiAE A 12 1k i
(ACCase) “FMHIZEERFLFRNIA A [FKFRHTIEY,
T T R U R SR AR BT R, B AR R
NIRRT BV, TGS 1200, 28 REGTTE
(13 B B A [V AL B Y B3k e 50 2 47 e i
ST, AT e ARG B 456 s, B 32 oA o 2% R B P )
— SRR HES AT R 2 A o TR AR Bl
BRHLFA] T LR T P R 3% 1) SR AT R 70 AR
PUHERIE I, A5 RIS R IR, 3%k J6C Ik 2 fre JUR 7]
TEK AR R A 24, % T & 2L WG 7 w06 iy HoAy
B BT EL XS KA 22 4 T JRURE - b R P

JHe S e T A R 2—3 0 24, Xb R L S R L S ALY
R B R bR AR 15% M FUE =
iz OD 5 ARFZGFIE R, R T AIRE 4K
Ak H 2% 0 7 5 W K R e e e R R, 5K T A
B A E— AT N SR T R A A A
A

TG 25 R ], 15% M SRk 5 ke OD 5 HoAt 24
R FCXTAE H 2B (R T2 1 5
7K D 0 5 S RIS ) M S v 1 T R AR
HXPKRE G AR E %) 7= 8 I B2 . 15% M
it H 1 OD 80 mL/667 m?> 5 AN [R] 245 751 & it X} 2% 5 By
R T 80% , 15% ML # B 5 i OD 50 mL/667 m* 5
TRV 245700 52 e 2 B Bl 8 1 70% , Ll a5 HAl
2475 52 T PR AR PR 24 2, T LA AR AR e R G 5 e 400 301 A
2y E G, Rl A B PR AR

- 50 -



KESHHKF 2026 4F 543 2
SE k. (71 % M. YT KR 4 T R A 2 SO KB B AR W

(1] B KA B R EH Z= 5 8 A K S BRAFSED]. B 5t e
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Efficacy and Safety of 15% Diflufenican OD Combined with Different
Adjuvants for Weed Control in Transplanted Rice Fields

Sun Yuchen®, Zhou Fenshan?, Wang Likun*, Ge Xiaogin*, Zhou Jinxin*
(1. Xinghua Modern Agricultural Development Service Center, Taizhou 225700, Ching;
2. Rural Work Office of Daduo Town, Xinghua City, Taizhou 225700, China)

Abstract: A field experiment was conducted to determine the rice safety and control efficacy against various weeds of 15% diflufenican
OD combined with different herbicides applied one day before rice transplanting, providing theoretical basis and data support for weed
control in transplanted rice fields. The results showed that at 20 days after application, the combinations of 15% diflufenican OD
80 mL/667 m? + 35% oxadiargyl -butachlor EW 100 mL/667 m? and 15% diflufenican OD 80 mL/667 m? + 40% pretilachlor EC
80 mL/667 m? exhibited high weed control efficacy, reaching 98.08% and 97.12%, respectively. At 40 days after application, the
combination of 15% diflufenican OD 80 mL/667 m? + 35% oxadiargyl - butachlor EW 100 mL/667 m? achieved the highest weed
control efficacy of 84.46%. Rice treated with 15% diflufenican OD alone (80 mL/667 m? and 160 mL/667 m?) and its combinations
showed phytotoxicity symptoms at 10 days after application, but recovered to normal by 20 days after application. All treatments
applied before rice transplanting were safe for rice and had good application prospects.

Key Words: 15% diflufenican OD; Compound; Control effect; Safety

AR T AT EEAELE TN

ST E S5 B & A O FAETR B 58— LA T8 TR AL A A 2 DI RLE , AR Hh A A LA
A" 240 E ZEFRE(GB3100—1993 .GB/T3101—1993 1 GB/T3102.1~3102.13—1993 ) , BLEA T i
T BN AT SR AT AT RAVEE R T

IFA]  H(R)—d; F& A 7 YR - H), &0 2/30 13 02-30; Bf—h; 23 —min; #p—s. JifR .
Mfi—t; 2 7 (T 70 —kg; 7—g; 2 7o—mg; iU —pe; A4 5 —ngo AFR  Ft—L; ZF—mL; It —pL. W
WA AR, v TR EE (M) L 2R mol/LL s 25 Fa e B (NY 3 P, 28 FRR 0 Y mol/L; Jo ik &8
BN R kg/L; SR EE SR MR B A mol/kg ;s ppm R A N ) merkg (REAE0) (/L (RFLA50) |
pmol/mol (BE /R 434555 . THIFH : FH—667 m?, JI |k N7 hm? 55,
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Barley and Cereal Sciences

http://dmkx.cbpt.cnki.net
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XU PR — ML AR SRS A T R 0 2 A 24579 o R AR B A e 46 P T P SRR D RE (/O L. K2 545 2K H24,2026,43(2):
52-57.62(2026-03-27).DO1:10.14069/j.cnki.32-1769/5.2026.02.007.

FPREE 0 T 5 PN 20007 108 S R S g S TR R AU P e

X g, R — PL T SRS BRIk 9
(FPIER AR B 1 T A A AL 2R B R P EE RS0, T 1 P57 810003 )

T P R A T HOR™ AR O E | B0 OB B IR 2G50 L A B S T I PRISE o LA A 9 141 ( Dactylobotrys
graminicola) XI5 , R AR 22 AE K HORILIF A IA 8 BT AGMIEATE M TR A RSB 11 AT R 81 MO AT AL #25
IR BURIEIRE o 255 7R - KA W SRR IR BRI, ECso fEAI14 0119 4,0.360 5 pg/mlLs SUMENIE Hh , BREFIE ECs, {5
L 0.052 6 ~0.509 7 pg/mL(F-44 0.192 8 pg/mL, FUENE2E 57541 9.690) , e SRR ECs, {HYEF 0.108 3 ~0.914 9 pg/mL (-1
0.260 6 pg/mL, BUBPERE FAEH 8.448) 0 2 T 24 77] A AT RN IFE BSR4 G A1 1 52 SR 2 BRI TR H A3 LA A0 A1, AT AR A R

%éﬁo
SRR IR] . T R S 1R 5 24RO 5 R AR g 5 e S B T 5 Uk
HE 52K S . TQ450.2

H M ( Hordeum vulgare var. nudum){E A RAF}
RAEJE 1 AR R , 275 8 e IR A A DL A
AR AUTEBRIE I TR 8 2 U A AT B2
ST, TE A 2 PO 4 5 RAR DR R A% 05
SO I ST PO S T IVA e e i T = S A [ 45
AL, ARy 5 SRl R G SCHEZH LR 5312,

UEAE R, — B e T R B 2B
T PRI B L 7 8 e 5t L SR i A X 2
J, ERR R s ™ B . 2 e B )
W TE g M 22 S0 T, A5 RN g AR AR 1 i L R
(Dacty]obot]ys graminico]a)[3]o LA IR 22 B R i
JIARIBE, A B Pl R o 5 B B 40 (0 S ], £
f Y BRIV 5 BEAR , A (B AT AR AR I B
BORG AR 0™ IR RE A S T R 2R
2 UEBRRE B TS a2 e, H, 20m
CIEHE PO HAN s EERET X 28
HE , — B FHHR R IK 1% ~ 5% , B HHUR R
SRR 30% , KA 1 R B SUR T BR AR AL

ek H 4 :2026-01-08 5 & [1] H 1 :2026-03-17.

HEB I R AN T AR 42 (2023-7]-944) )

EE TS X HE(1998—), L M, Ll AR B
Email: 13619710135@126.com,

*AEER Bk m(1983—), B W4, MR, FENGAEYIRE
ZEEIRPEMFSY , Email: yaoqiang2010@126.com; [ 45— L
(1997—), 55, {4, By ROFIY 51, 2N FAEe T 45
B PR BT, Email: 2025990124@qhu.edu.cn,

SMERAREES: A

XEHE1673-6486-20260004

I, BRI R S i A P I 5 O

ST PR a5 B (S TR
35 T 110 B s AR S 0 i LA < B TC R ) Bl TR B R
R I ICH TR & & 25, S 80k ™
TG Bl A RORASE , 38 0T RESY s SRR BT 24 1 XL
BN, FEUCTS 5T, Tk sl 2 4 s 245570 51 I
9 DL X 24 790 G R R AT, BRI s 3 R 2
Bi45 0 B BAT 55 o v DREERAE bR {5 i b
Y& AR, B TS NIRRT, X SRA TR A IE
LEEIE SRR T B Sl g SERUS /AR b,
I A 90 e A A TR A A H AR TR TR TR 25 (Qol
) RN AL L A SEAR SR 1 IS Sk
SR PP B4, AT s D AR G TR 229 T R A
A A0 S R ATS AT 7 200, o Y S VR LA
s T B A 1 SRR, B B T R SRS A A By
PRI

I 53 3 D R Xt 24 700 1) R S R A i A 25 791
A2 7 %8 AEZPT 25 1 AL i G B R #21Y, H
R, D& T 75 TR 48 T BRI T 0 P X R e W 40 1 1
85 2 IS TR A OB PR RRAE R AR IE . BT,
ABFFELL 2024 4ENEWFE 11 DNEH 510 81 #
T R R A IE I X 4, SR FH I 224 K k0
S LT DR e | W G PR TR P R o A Al 3
2, [R5 BT AN Ti) bt 8RGO AR P v 25 S0, T
S AL B AR R T BRI B 16 25 0] s L BRI
TS , Sy e 470 2 W S5 k2 P 28 SR s il o 42
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2026 4F

F43E FHol

(SETSEL

1 #MR5FE

1.1 A PR

2024 4F 4—7 A I IEAE w005 A G N T TR
MU A va E R RO 6N RS B T pE TR
RN 240 B AR T AR R IX TR VY S RO IR
A RARTT PE T AL X P TR IR T
TR P X PG T G W A R B T e R
WENILFNEL T R AN R A2 1 AN ET
KIEFAFE BRI £ BUR SR A, A 2
DRI A~ S B R R A L, B R R I
TR o SRARHE T 0 BURR VAR, 18 U 1 5
R IAY TR, HRE R I Ry - Ak ) BR A

o C5HE O/ NBE SR S 5 BOIR KRB, AN L H A IR
OB A B0, SRAE JE A1 2155 B I R
BE MR A T8 I AT 11 43 B S ali Ak, e TR AR 2R
FE ITL56 D e 45 S ff o2 LT s i Ry AR A 4 i A 85
(D. graminicola) . BEPR5Z:75 MRS B W M9 T
K BT POEDRS BB R 2—4 M FE RS,
SR e LA TR] — BL T3 43285 18 0P K R 2 5, 30 BT
DG-11 #4723 N 245710 1k , e P iy 81 BRHT T
X} 245 70 SR T
1.2 b5

R 245 751 22 56 LA DT Ay 37 500 24 7 L i,
FFEEHEE 1.0 x 10* pe/mL BIEF; BRI S
T4 CokF RGO & T . 2570 iy B A A
I PR R MR S R R BT LR 1

x1 8MREAEZAMEFEEMNEMZRERE

AT JR AR /(pg/mL) AR
TR 6.12.18.24 HGBTRL T AAR R A B2 )
DK fif iz 0.050.,0.075.0.100.0.150 g SR AE AR R A B2 )
S 1.2.3.4 I FEARAEAL R B A BR A
TR 30.60.90.120 g SRR AR A B2 )
WE S PRI i 0.30.0.50.0.75.1.00 iR FORAAC R A BR A W]
A R R 22 16.24.36.48 g SRR AR A B2 )
WE Tt 1 45.6.0.9.0.12.0 g SO AA R B A PR ]
LR 1.2.3 .4 I FEARAE AR B A BR A

T R R B TR B 2 IR R (T T P

1.3 il aRat

LA ETG (PDA )R FR 5L DB 200 ¢,
TR 20 ¢ HIAGHE 20 ¢, IZERIKERZE L LT
PR 4> B K532 5 R AT 25 N 25591 0 1 S 24 751 ek
PEDE
1.4 SRR S A b
1.4.1 8 Bk 005 BRI KN 7 DG-11 B 5 )
DUSE o SRR 224 KRR 7 8 R B X
FRES SR B AR DG-11 AP, BRI
T B AR E MR T PDA SR, 75 25 ClER &
TEFE 4 & RrmEREARKEHER 5 mm B97E
PR FTFLASAE BRI N AT ST E 4 B 22 1
B i A S SR RS L S TR B A R 2450 Y
PDA “FAlcH, [FIES RIS E 255001925 1 PDA SEARAE
ot R BEACERSE 3 KA EE A AR

BT 25 CHERSEFRAA T EESE 4 4, BRERE,
K73 LM A PR B 75 B4R (mm), I
S IS TR 2228 KA R 134 25500 5 B ik
DG-11 B9A BN HI R EE ECs (B Hrp A K
PRI AA R

B 22 KA = (IR B2 - 4
PR VE AR )/ O IR A HI(E - st
E2) x 100%,
1.4.2 75 PRE B0 PGS DR 5 e | W 420 P T 1 et
I RE R AR E R S . S IR 1417 W5 %,
S3 I AE 81 BT R i TR X WK A Jle | g 4 AT
AR AURRE | 38 3 M AT I B 7 7 1A O 207 R
JH DPS v7.05 B ab MR g A geit o, HET7
FEAH I R B (o) KA RO B (ECo M LAE Ttk
ECso B NIEAECE A 1), IR KIS F#E ECs,
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H5 28 H Ik ECs YA Z FeHH A [R] H IX fUs:
A A A TSR DR A X 24 70 ) SR
I IE A0 A B DS A A B AR G 2 A2 R Y
ECs BUBETEFEPY, L 0.002 pe/mL FLHEEXS ECs, 3
A7 DT 43, Bt 2% DX TR N A B R 1 BRI 32 . DA
A~ ECso DX [] B (B AR AR B XoF 7 X[ ) B A A e
SR , 22 i TR T o TR K B e | WE 4R T T
(A SR A YR A7 T 08 S8 S R 245390 ) B
B [RIES XK o AR HcH e A T IE A A 56 5
22571 R e/ i 35 2580 (LSD) 7 2 8 LU AR
IS IEAN 7] DX [B] R AU 22 S e i T2

2 ZERE55H

2.1 8 MOREFD TR E R DG-11 135

8 A% TR 7R T 7 R R BT 1 2 P9 T M A
R(F 2)FRMW], JX A R PRI A A8 R 0 7 PR
JEEIDTR (DG—11) T 22 A R A 6 1R 2 S X o

B ANHIRIZE T, REE (DRSS ) IR PEROR
ECso AL 0.119 4 pg/mL, 111 [7] Ji 1% 2 4 13 s i
(=) UG M (BRIR S ) TR PR 45 55 , EC {55331
49 3.192 4.88.280 7 pg/mL, PRI [RIZE 257 A [l 45
PR AR 22 57 5 Qol SRR 17 il 751 i 4 B i ( FY
AR ) 5 MUK T BR f e, ECy, 1B
0.360 5 pg/mL; FCABALHI 2570 b, W8 2 (40 BE
B ) T M T 25 (ECs=2.033 5 pe/mL), — &S R
(2200 SRR ) | W T T Y B 3 R ot S A0 T 51
(succinate dehydrogenase inhibitor,SDHI ) , 21 W 4171 ] |
TR 55 (ECs E43 510 15.025 0.12.417 9 pg/ml),
TR AL SRR L 0 (R ) TP 2
(EC5=31.711 0 pg/mL) . A 2455708 1 BIE T FE Y
R (1) >0.95, H P<0.05, 508 AT 5, 25 |, K
M R W S TR TR O 0 TR I AT R R AR, T A Sk
JE BB IR W OB BE 24 7], 2 — 0 FF Ji H ] 5 ek

®2 SHMABENENSHNELR

ENZBill EEEpy s ECs, fH /( pg/mL) (95% &7 X i]) TR RE () P{H
TR y=0.8320x-0479 1 15.025 0(13.538 4 ~ 16.884 2) 0.996 7 0.003 3
W fi iz y=0.647 8 x+ 1.097 9 0.119 4(0.103 9~ 0.135 8) 0.9913 0.008 7
i y=0.5052 x+0.2453 3.192 4(2.678 3 ~3.816 5) 0.984 1 0.0159
TG y=0.8396 x-1.1337  88.2807(54.871 6 ~ 141.7206) 0.9543 0.045 7
e S R y=05231x+0.7318 0.360 5(0.295 7 ~ 0.438 4) 0.9827 0.0173
THABPUFR SRR y= 11772 x- 1.267 2 31.711 0(26.940 9 ~ 37.621 3) 0.994 2 0.005 8
WG P T y=1.1211x-0.7265 12.417 9(11.265 8 ~ 12.7820) 0.999 6 0.000 4
R y=1.7804 x+4.4512 2.0335(1.7912~2.308 7) 0.985 3 0.014 7

2.2 TR R TR DK S i | IE S oA i P e
SRR 22 A= KA HE I 2 81 Bk 75 -3 s v
Xof WK fHe 14 AR , 245 SR s < R [R) L T PR 1 AR
PEAFAE 225, H ECS YA 0.052 6 ~ 0.509 7 pg/ml.,
P B ] BJRR M 22 S 3K 9.690 £iF , ¥ ECy A
0.192 8 pug/mL. For, P T IV o X TR %) U
1 (ECs Y918 0.133 5 pe/mL), P8 77 T 5 Y6 EL B bk 1Y
R ER K (ECs $91H 0272 5 pg/mL), — K 25 57 3k
2.04 5. L4 WPk ECsy 3 1H (0.192 8 pg/ml.)
SRFEMECE R DPEFTIX 38 g - I R D400 B g pg
DAL BB AN /g 18 = i R 4o S P2 | oW /8= ¢
R R BB 1 T 4 XK 5 U AR SR X A
JEPEAL T A HoAy 5 A B (T B R B B EART

EHTFEIKF(F3).

XiF 80 A T A JE 7 AT 1 I 4L A g e D
RN ARETTRERD ECy JEFEy 0.108 3 ~
0.914 9 pg/mL, FHKIAHURNEZE 5y 8.448 17, -1
ECs 4 0.260 6 wg/mLo b, 15 g LA B R AR Y
U o (ECso 3918 0.142 8 wg/mL) , 1 R M 52 7
SRR 0 OB E AR (ECy 15 0.314 2 pg/mL),
THEERIE 2.20 5. Led E K ECy ¥ HE
(0.260 6 wg/mL) AEEUE (N 1) LLEL - Mg R M 24T
B R NI VG TR R P G B R Ak
TURE & T2 B VS A R R T PG TR
Hh DX PR R U AL T b 4 s oy 5 B (T TR Y
TUBHEIL T 28 PR (R 3),
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2.3 TP PR PR R 22 A X R A e | AU
i ) BRI ATTUR 53 A

SR A 11 AE A 81 kR 7 R 8 s 1 AT
Ik i e ST U S, 45 2R WS+ A 3 Rk R o £
¥ By SRR 5t % 2 43 A (BT 1-A)  ECso B e 1H N
0.509 7 pg/mLOW R EE S I 75 y=04541 x+ 06329,
X FREL r=0.9843), HAKEH 0.052 6 wg/mL(X}
MRS EH 7R y=0.325 8 x+ 0.916 7, M XL R B

r=0.990 7), -4 ECs 7 0.192 8 peg/mLo L 0 pg/mL
FTFBR0.55 we/mL A EBR, BEBREERE ECs, X430
11 (411 0.05 we/ml), G452 AR ECE 2l
R R A3 AT B (B 1-B) , 45 5% 7R 12005 o A i
Xof IR i g P R AR 431 T 2 S i L e Y, H
PG TR AT , FTAEA 5 R s T %o DK i e )
ML

0.60r A 33r B HREL = 81
0.55) 30f ~ SEH4IMH = 0.192 8 +0.085 9 pwg/mL
0.50¢ 27+ i H:0.052 6~0.509 7 pe/mL
045’ 24,

2

= 187

30257 =y

) = 127

=0.20f =
0.15} or
0.10 6F
0.05[ 3r .
0 0 LJ [, [,

RIS

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
IRAE % ECsy/(wg/mL)

1 EREEREXKERRRERE (A) RIR S (B)

X B 11 A~ B TR 80 BT L I e 1A T
S PRI SRR 2 , 235 5 S« (3 R o i 4 PR T
BB [FIRE S 250 A (8] 2-A) ,ECs S [
09149 pg/mLCH R EE S FIE T EE y=0.195 6 x+0.507 6,
TR REL r=0.989 0), HARAE A 0.108 3 pe/mL (X
REEE ST A DT FE y = 0.204 6 x + 0.697 5, FH K R 5
r=0.9959), 4 ECsy 4 0.260 6 pg/mL., L) 0 pg/mL

09r
0.81
0.7
0.61
0.5
04+
03r
0.2+
0.1

ECs/( pg/mL)

HRER .0.975 pe/ml A LB B0 S R R EC X1 4
g 13 ZH(ZHFE 0.075 we/mL) , 551145 20w bk gk B O
22 AR AT R o0 A P (] 2-B ), 45 3R B R %00
oo g St i 4 A T P R AR A i £ [ A At
SRR HAF G IR AR, v VR N 7 BRI
Xof i 4 B T 1) R PR 3

PRAREL = 80
45| AL = 0.260 6 £0.135 7 wg/mL
40 JEH :0.108 3~0.914 9 wg/mL

(=]

FIXT SR /%
N NDW
S W

—_
wn O W
T T

| |

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

WY

0.075 0.1500.2250.300 0.375 0450 0.525 0.600 0.6750.750 0.825 0.900 0.975
WA G ECsy/(ug/mL)

B2 BREERENESREERNSEMNE (A)RKS M (B)
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Joa B U T R 5, B TR TR R AL
PR T MR A T Bl 20 A% O TF
Brz— T e A I R B R S T B VAR
(A SRR AR ASBIF SR 30 00 28 N T3, e — U
Pk ET BRI S M A 8 AN R VR AL A AR B 7
HEFT I PR O 126 , 445 SR B R e e 55 T2 45 L il 7510
5 A TR TR ( Qo ISR A1 ) 3510 ) Xt 55 AR J o T )
PSR , B e S N AT B = 8 i B
WA O R S H RIBE IR PR 4E T RO 24575
AR =R A B, AR ] i — R R 2 Rl
5 H AR F AL R 590 TR L 7 28, i P R4
PR iR LT3, R B R R — 24 500 ) e
771,
PR 11 ASELTH 81 Bk 75 Y 8 0 1 1
SRR 7 85 T Bl 7, DR i e 55 W 4 P T VT 2% IX
R FPE 2 2 I HH R B0 a4 Y, RO AE AN [ R U5 )
PR RR T 2 24500 A AU MR A7 — s 25 5 (R fE i
ECs 25 51548 9.690 15, BESA R ECs 25 51554k
8.448 %) , (H ZEU A ARAT) PR B8 oy U , HL AR
BRUBCHEATR 53 A T2 i L BRI R F A 5 IE R 50 A, 3R
WY 164 T BRI R T 18 AR 63X 2 o 24 55 7
A= B R, 25 B RAF R IV 1o

IR FE LA B REAR R h A0l A HR  (An&
FRACAE B ) S PO A & R W E &
AMEETFE BN FE R RGN R
R D I N 2 4 U, TR R, K
— i FH SR TR ) R B0 TR R A 1) BB R AR
U2, UL T R RR LT 25 R W 28 T2, AR
BT 5 ST 1 7 RS 0 e T IDR 2 e i 4 P T 1
TR LR | Ry I A B 285 W T FE () 5 B AU AR A
T st TRV 241 XUR 4 3 T S 2 BR A , ] i 1L
PR 07 S CAnAR Ak 265500 i R4 2 R Rh 2 ),
W B 25 2R

25 b ARG B H R B e 5 W 4 TR R 1 OGS
T PR 0 A EL A R S A T ) 2459 (R EsE ST
T R R X P AP 2GR A R E R . ik
F 5% 45 5 0 5 PR 8 s I B 22 B i T R0 24
TIPS 5 sh 25 Wi 2 B AR, W] 45 %5048 5 i )
AR R A R BT R A 4
HA TR S5IE L.
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[21 B HEAH 90 ZR A5 5. NIRRT BR A S BRI .

ERBIFSE 59T % ,2025,46(5):72-79.

(BRI 357, SCRITER, A 5, A5 5 RS i R AR HE 22 5 g 1) TG 1A
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S BHELRRARS MV SR S X5 50 be

BOVEEE L REAR 2, A IR !, FE !
(1. SPBHELVE D FE 345 Sk, YT IR ST FH 22430052, 51 FHE 4TV B2, T3 55BH 224300)

R A P B T4 T PR A e, AT 1) AR AR PRI LB, JEAFSAAE ™ M KU | by o 4 LRt s A2 5 2585 1T
WU B R o e AT PERARR ™ L A FE AR , R GUMBIELAE AR 0 T i o R B M e 5 S5 5 U G 1 X >4
PV TR AL AT SN S TN THAL AL | AR A RE T 55950, I SO ™ R + AT + RSN T + STRRL 57 119
LA ZR SR ACRHEORAR 5 = R, USR5 BH 5 25 [R1 26 DX AR AR A T TR RIS 225 RIS AR

SRR B BH AR s b B 5 RS =R
FESESS511.2+3

S P EL s AR VTR P, SR A R R A R
L0t S [ L BOREK R AR e . 22id &2
AR IR TR, S B DA R A 27 X R A k2
AT M T A A 7l ol i BB B o
[ “TARROKRZ S 7 i S BERG AR I A= g S 158
TR B AR A SR U 7, 7B RE . SR, 7l
K JEAR R T I — 2R S A AN A B AL, Bk
AT 2 I B 3t DORRAR A 7 R BAR 5 A7 A 1R
FFE AT RS FEE , %) IPLI 5 RO A A g
T ga g S HAA B X

1 SIPREMEFEERR

SEPHEA T2 0, JE W TR
POKGRIE T, ALK AR HE B R AR K . BEN
TR, “— TR (S BT V0V BT ) S5
16 258 FGEE L K 2 000 4345k . il v,
PREACHE  HEHER R 585 . A 9.10 H {353 BH B8k
T EE O B ZRE rh  KE AR AR B AR R T T i
BF B, 2 45 0o HE SR | Bt i, 2 e
BRFARE LT | R R T v 0 i SRRAE o 1M X R
FHUTBUE R, 0 i & i 3 5, 38 pH (EE R
7 ~ 8, A R4 ER 125 ~ 250 mg/kg, RERS A 5K

Wk H 489 :2025-12-12; & 51 H 1 : 2026-03-09,

FEEWH  FBH BRI = A X a5 H (SYNY2025026)

FEB RIS TR (1981—) , £ A+, IE R A 20, F 75 05 1l A1
Yt . Email: 17158682@qq.com,

MERARERS: B

XEHE:1673-6486-20250125

PETHE SR, O FUBREIR . A 1R IR B8 A5
B B B0 AR B T A BAROR S B

0 55 B 78 (1942—1988 )i 4k - “ B rp it 855
DAY PV S8 BEIAT GBI s I FERORG , — 4 — A
1956 4F, EL NS — IR BOK B IRA RS AR IR
FH McFRK R, 21 1962 41, K FF ARSI 3.39 77 hm?
JeAT 7 S PRRRAS I a2 2 B AT, 20 tH22 80 4FAR,
T BRI UL B K, 2020 422207, S BH B
T RS T AR AETE 0.33 1 hm® iy, I JLAE, B
BRI G HEHES DRRARE S 19 ik LR S FH X
SORE K A T R R T, S BRDRR e e i AR — 25 1
K, Z 2025 AEE K F] 045 07 hm 24 (K 1), 84
KR A ELBEOK KAz 77 A . 2020 4R 22
T, 558 B SRR AR SR 2 kA 99-25, HLFPAH -
SR A AN, AL R PR 2 T
B TR, AESORE 9925 Rl it BB 4F N e 5 2 e
SYRHZ A5 E L B4 150 T AORERS BT Sl Fol
FALEAB AL, B IR B AE R i, KRR R, 3
FERRWA THIREE S, S R T AR
AL PR VBT OORE OB S R S I B Sk, T
i) el

YT, S B SRR A AT e o i /N TGS AP e
AR R RS AAE ARG A A R . AR, SRR
B UESRIEY @ T8 . KR4 A
BB ARR R S H AT, KR LT
PR ARG HEA KRESR O R SR 5,
SRAGHARE BRI SHE, B T8 EE R AT
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ST ) T A B DX 7™ AR R DAL w8 7™ e 8 £
PR, KRR AR L 620 kg/667 m? ZiAq ",

0501
0451
0401

I
[
O

T

e

[O%)

S
T

I

Y

U1
T

FERERIARTAR / T hm?

LU SR FPAE AR 99-25 77 it {5 50 kg/667 m* /¢
ﬁo

1980 1985 1990 1995

2000
DY

|
2005 2010 2015 2020 2025

11980 fF USSR BB FEE R LB (BIELIE T HE“ MBS ITFEL")

2 SRR A RIR

2.1 AR SRR B S BRRR R L SR T
FEREE T/ N B EY) , 4 FE A A T BV X
TR AR TR /N B A R A4 H 35 o 2208, T
Z A TR, Iy DL BB RE RS A o b S5 A
FEFE 99-25 S, A FR R, P AR HURE R K
H2XER 1 S7egt R B R8RS , AR
BUGAEY Ko SRhEs iz AL, dh PRl ss e g , 5%
Tk | SEAEGHRE 909-25 =Tt 8.77%, HKF
P 3~5 Ao, HBTLARERE 1 58 Y5 50
B S BEAR AR, AS(EL B 7= RS A g e 22 5, i L
HK SRR R R R, H REED 15 B Th ks
2025 4 T ARG F RN A B 75 [ A g
INGNT 879 FFUR/RTERAE . WIS UERF A& 55 & 8
ai Rl BERE T S BH i DX T R A JRAT AR L A I S
Fehit
2.2 PSR SCELT A = A A
ARk, SPRHE AT H %4520,
TN AR S AR A B S PR TR B Ak
o T A ARSI A T OB L TR AR R R R
HUBRE I, RIE R R R L2 4 il ks . a5 Ak
KA TAR I, R F KR TR,
TIEAS HH 7 T HE ST, BRI AR Arife (b B
P BERRRE A A 2 T 4T, A At — AR B
UE VARG PRAR BORE R “ A 7] + S + R P A1 T

BNV AR K, G2 FUBEFIRL LGRS 75% . S
Pt ML ——5F BARAS AL 2 0™ X s 0.2 IT /kg,
BEE AR R 0.5~1.0 JC /kg, S BHFHE K B k%
[ RE i TR R NAR 10% 2547, B KR HBAR T T 4
JA TR RS e A AR A
2.3 JeskAinlb s | S5HE S i TR )& AR EE T

T T 2RI R 25 A PR S RV 1, 75 R 38 T
FNAS B BT, (00 B BH B AR R e v AR — 2
Ko MATHATERE R E KGR, XA
RN T Aol e — 4R T A A A K R A 2R
FEREAE P # ep, S BE A R R B 9 el i T
&, 5IFEsE N T A @B A =i T 28, K
FTIHESERE R = A & R FIRR A AR 72 o 3 1 2 Fol
LSRRI S S B E R B M5 T 25K
KAGTRM T A, AT IR BT ROREE AT FRA A
25 T CER ) MR Tk A BR S R VLI oKl 4
PRI AT RS ) VT304 A BRIk 5 1A R w) Il
%% o/l Iy W, N T2 < 1 F /NS I E = e 5 S & <1
FRLZA 7] R T BATICOR AL A BR 2 7] 46 3 a4l 1
HAgsm it T ok i TREST , REf i FAR N T
BURRRAS REARR (B2 LR SR T ek
A LA R + B + e P R i TR AR
(772, SRR P R BEA S G R RS T
BRI R, BERE B PRI 25 , Gl i bR E AL Fh
R, JEORE i T A 2 1 RE , R BT sl 47l B &
J'& o DA PR RGO A 3 2 OB B PH 5 A (R K
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Vi 2 )AEREE B 30 ZAE D5, H R AR IR, TR
TEAGIE  AFEAR R BT HIH 2%, LN 4 2 4R
TH % S4B 2% BTSSR L. J38h, S Bk 5 BT
KAETIERL T KBTI SRR 2 RT R
K7 MR BRI . HET, AT VLIRS BH IO S
A BR A E) TLIRE AR R0 R A FRA ] AR Z
BB LR BR A RS 250 T AL -l
BRI TARKE RSB A4
2.4 SRR AR T A ] B AR T
SIHEZE . BBUMN & EEM MR, 21 e
1, 508 1T KK AR, 2005 45, “BFBHACK " Bl
WA 4 A KRR BR , 2010 4F, iZ B4 SR
K SRR F AT P R 2 . it
BRI & M SEEE 0 E RS
(RSN D) SN A 32 ey NIV A S
BHET SRR SRR 44 B RN 55 5 B AN 4
Th, A Bk 357.23 42T (WL K% CARD H
FEl Ml it RS O PEAG ), 7 i B T UL, e b
T UL, A S T A A R T o ARFE S BRI K
AR A L, S PR R ORE AL KR, HATE &20E
T AR B S ) 4 el B R A R AR

3 SIPRERRES L FER R

3.0 FMEIR R , ARBTXUR RE I8
UTARSR , AR P RERE RS A5 SR A7 10K A FL AR S T
Gy R . — 7 T, R A AL T3k Aol , A
R B AT B, ot = WX AR K FH 25, Ak
JUAFAI e (4 e 0 v i 57+ A1) FESUT 52 BT R 2
SO0 s R IR AT RS ) S B T, P00 2 AN RE I A 2
R 15 XU FRT A5, 0 S5 RO K R ™ B 5t o™
AT, T IR AL P 2855 o 93— 71T, 4%
25 NURHFER BT ASEAF LK, N T A BOok i , Fh
P TR TR RN & TR AR,
ARBINA FE G R ROW N PRI FT51 , = 5
RS2 BN RE CRAFBIL , FCAH B s S Tl 34 7 155 6 01
HASC, AR AR A A P Ak T 58 S5 7, X
AN Y SR i XU , 57 W G A 7 M e J , T
SN REAARRE T B UX B BE JT
3.2 IMTEIREEAR, B i s G AR
TS BB RN AR lb 22 g v /NS, SRR
e RAMAA 4 F GRS AT 4o | ik

SERIZN T 20 2 XPREAE 4 D BE B B BRI
AR B B IEL ™ S A I BEAN R o BEAh, 7
Il AR 2, Z2 AL GEK il dh o 3, WA B
B AFERE B AE R Al S T AR T AR
Km0 AE AR 5 B AR T A B TT 45, T S sa 4 )
Ao, BUBIHELAY™ R o 5340 WA T By dn s
76 AL G R R, REME R F YA B,
IXTETR B G AY [R] I, ik P RE R BUPREE 5 4, (LT
TR ROK B A R ] VLIRS BHROR 42 414 FR
2 R AEABIR B AP R FLAE AL L SRR R 2
AL BA 2T E R b o RERE™ LA R A5 7e 4t
KMl RGN T i | i — 2P 32 ke A
P EL, 3RS B LA 2 1]
3.3 ARRRARIEAR, G BE T 55

R IROR 2 [ G BRAR 7 , 7EH R
T, SRR AR L s T — T 2, AR
T —ER T EERY, (EIH 2 i AT R R A
UL BRSO B , B = AR R | PR AR Y
RIS T fiff o TS BE T-4F " DX T Al R S BH R
KT REZE R i T R L 5N SRS
AR 2R DR F A, iZAh R E IR L B
CREASESE I BT, T B X AR ED AN TR, HL
A U TE AR X B — ATy SRR DA ™ il R 2 A
2N A HURA P R T EFRRTFEE
FEHET™, SRR SESR T 0% o B BIRG RS AR REHS ™
At LA R T s LS s S5
FERERARZETCIL, s B A e B AR R LS B,
HEROMA Tl AR Y 22 TR A AR S RN ]
3.4 =URVGBER, L EE D E B B

FURIT , 568 BEAR AR ML ATY B v A 15
B AEILRIPRT 28 = R AR S o JEAFR 1%
HLB B2 RIS T8 S5 g, A BB
AV FE L BT T A AF 7 G, S B KO AR
AT PR A T3 BHRORSE A RS Rl 25 Al ide
DL T RKRSCAR TR EARR AL | & Rk 7 55 % i
SN . B B8 2 3G U Z2R A7 UK
FT el ™ 4542 J& TR CUARIR IO L, AR A 1 8 1 e b
FLAR DS, MELUE SR A W5 ) FISE 4 1 1 SOIK b
o A BE DR AT, R Al B R
iU Al 55 R A AR AL S A R o R X T A
b PR BB SR R 22 T TR, 3 23 0 T Al D) T s
DETORE A SO R ke ) 7 AL, DIGJBORG A B0 R AT A
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FEERT s RIS, I ARl 597 S5 ik Ui T 7 LR
BAEEHIRIERNZ A AN EE, WAL U™ e
ik AR L LRSS Y AR

4 HESPAFET L SRER R REN

4.1 SRACEHEEE A8l

RITHES™ Wy B R + DU 75 W0 5 o A b i A
(e IDEEP% 112 Ny S Y i R K A = B NP7 N 4 |
KBAET-5 @t i AU A IR A pu
WE DA RS St WA G, el A P s i
S AR AHORE vEREE AR 5 2, SRR L | 4
BRI e B 05 B8 WL A T R TR A
FROPAS AL BT ARG RE ST o RIS, X i = fAk i
I B 1SR RUBS: AT 3 XU, 3l o S AR B A1
FEE VTR ES 7 28 1 KA K E i E 45 H AR
WS 4 A PR B R 0 A P 2 30 XU B B 1% R A5
R R MRS AR, 3885 A AR XU (14 B A
PR A5 0 o
4.2 JEARELEE S, ST SN (E

UE— 2 K SRR RS TR N T, B A B R S R
S8 S A R &, etk sl s | R | ek
ol R T B A, FE & LI R R T RE PR B
SR RS, AR ORI RRRME ORIERESS o[RBT
WFTAEIN T 150 7 ¢ = Redkat, dE—2omib i
FER = D SRR A5, HE SIPAR R AT SR T [ A
THAR , [RIE, nag PR I TR =iz A R ,
W FHAG e Az 7= A ) kL R e e, R OR B3
BOKARE I A4l R M SR B 27 4 %5, S I VR Al e &k
TEFRFI ST A AR 22 3K 25 o
4.3  FTHESRIBG ML SR TR )

SR G BRI AR R, ARG A A = 2ot
R RO B B AR w2 i)
OGS IR AMA R, A BT W8 AR 7 b A
AL %E 1 A5, T B T LT A B R AT
bR, IESK BT it E AT (R VR EEAZ A S
FERR R 04 0 s, R FH AT GE R T R AR AL B 745 1%
SRR AR AR, 3 B A 25k e SO SRR
3, B3 SRR, Y S &2 . J3 Ak S
R B R AL S R R i — s e
B I S RT R SR IR A R T R

AR IR e R T SR TR R
4.4 fRHE=7ERE WAL T ERE

AT TLAF, 9 BH B A R R AL WD Uiy A%
FRE SR HIE SRR T — IR RR—
207 H AU I T R BPEAERAR /M4 AN ROk
BRI R BV S g TS DR X G
A B O T A R R R R Ry
DX RIS, TRBESS & “ M TAF " WAL, T A &
FUMTAIRER , BT XA [R) AR IS Boop A B R BT — ke
KBIRAT” ERSL S 8, WS RE A K 2
AR I Bl TRV R0 A BT il AR TR
AT FRARRE SCAL R D s PRIEAIRL 2 R Ak, 4R
FEST P R 471 AR S, T DUREK MRS £ R e (L B
FRLEARIR D R IRUEAF " b T8 L BB 2R B
R AMAFAE” 192 R AR AR, A 8 (™
M BESS , S R ORIE

5 #itERE

S PR A b 220 AR R, B BT R
L N T AR R ) BRI SR, oy X
TR LR @™o SRTT, ZESE B R 3“5 B4
Ay WhBUE AR AT RE D I TR L | e
A AV Rl D7 TR AR R . AR RT s i B B
TR SRR L, 4 S 188 T4 PR A R oK 3 T3 A
] R R R A A4 1], FLIE SIS — AR B — 7 7
O 45S =8

SR

(] 28RBS 5,5 VTR B L 2 5 R 38 B
P AEFTERRD). A0l TR A, 2023,43(13):9-10.

[2] 9 FHE 7 g ZE 1 4. B FH B R (1942—1988)[M]. B
UL R RO MU, 1997 £ 152.

[3] B AR PR 5 2 B 5. OR ™ il 2 JRAS T AR < LA
SRR B[] K2 54258 2,2021,38(4):47-49.

[4] Bk, s PR s bR AR, S BH SRR 22 R AR s P Bk L 24
RIZE SR XS]], T 571 ,2023,43(5):90-92.
[S1INFEIR,ZE 78 e 45 VI IR A S PR S X S R

W] LRAREF2,2014,42(11):13-16.

—61 -



e ARl 2026 4F 43 % 2

Development Status and Countermeasures of Glutinous Rice Industry in
Sheyang County

Huang Pingxia®, Chen Changyin?, Ji Xuecheng®, Zhang Jingjing®, Bai Xupeng*
(1. Sheyang Crop Cultivation Guidance Station, Sheyang 224300, China;
2. Sheyang Grain Industry Association, Sheyang 224300, China)

Abstract: As an important glutinous rice production base in Jiangsu Province, Sheyang County has made remarkable progress in
industrial scale, variety improvement and brand building in recent years, relying on its unique natural conditions and location
advantages. By analyzing the development status of the glutinous rice industry in Sheyang, this paper systematically sorts out the
achievements in planting, processing, brand building and industrial chain integration. In view of the current industry facing bottlenecks
such as fluctuations in planting efficiency, insufficient conversion rate of deep processing, and weak brand premium ability. It is
recommended to build a whole industrial chain system of “good seeds + standardized planting + deep processing + cultural tourism
integration”, and strengthen scientific and technological empowerment and three-industrial integration, in order to provide theoretical
reference and practical path for the transformation and upgrading of the glutinous rice industry in Sheyang County and even similar
areas.

Key Words: Sheyang County; Glutinous rice industry; Full industrial chain; Brand building; Integration of three industries

(L% 5STH)
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FAA R 2B 2#,2014,42(27):9335-9338,9340. BH,2025,43(5):42-44.
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Screening of Fungicides and Sensitivity of Dactylobotrys graminicola to
Prochloraz and Picoxystrobin

Liu Yan, ChenLi Yifan, Zheng Haowen, He Cuiping, Yao Qiang
(Qinghai Provincial Key Laboratory of Agricultural Integrated Pest Management / Academy of Agricultural and Forestry Sciences,
Qinghai University, Xining 810003, China)

Abstract: Dactylobotrys graminicola, an emerging fungal disease with increasing damage to hulless barley (Hordeum vulgare var.
nudum), currently lacks registered fungicides for control. We screened 8 fungicides against its causal agent Dactylobotrys graminicola
via mycelial growth rate method, then tested sensitivity of 81 strains (from 11 counties of Qinghai) to top-performing ones. Prochloraz
and picoxystrobin showed optimal activity (ECs: 0.119 4 pg/mL, 0.360 5 pg/mL). Prochloraz ECy, ranged from 0.052 6 pg/mL to
0.509 7 pg/mL (mean: 0.192 8 pg/mL, 9.690-fold sensitivity difference). Picoxystrobin ECs, ranged from 0.108 3 pg/mL to 0.914 9 pg/mL
(mean: 0.260 6 pg/mL, 8.448-fold sensitivity difference). Their sensitivity frequency distributions were continuous unimodal and
normal, serving as baselines.

Key Words: Dactylobotrys graminicola; Fungicide screening; Prochloraz; Picoxystrobin; Sensitivity
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Breeding and Cultivation Techniques of Black, Hooked—awn and
Dual-purpose Highland Barley Variety Longqing No.5

Bao Qijun?, Liu Xiaoning', Zhao Feng', Zhang Huayu?, Pan Yongdong®, Guo Ganggang?, Wang Juncheng?,
Meng Yaxiong®, Wang Chunchao?, Sun Jing?
(1. Institute of Economic Crops and Malting Barley Material, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China;
2. Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3. Gansu Agricultural University,
Lanzhou 730070, China)

Abstract: Longging No.5 is a new high-quality, high-yield, black-hulled and dual-purpose highland barley variety developed through
southern breeding. It was jointly developed by Institute of Economic Crops and Malting Barley Material, Gansu Academy of

Agricultural Sciences, in collaboration with Chinese Academy of Agricultural Sciences and Gansu Agricultural University. Ganken

No.5 was used as the maternal parent and a hybrid progeny of Ganken No.5 x ZDM8082 as the paternal parent. In 2023, it passed the
national non-major crop variety registration [GPD Barley (Highland Barley) (2023) 620036)]. In 2025, it was granted for the plant new
variety right (CNA20211007792).This variety has an approximate growth period of 114 days and an average plant height of 83.1 cm.
The ears are approximately 5.3 cm long and contain an average of 35.9 kernels. The grain has the following nutritional content: crude
protein (11.3%), fat (1.85%), crude fibre (2.58%), total starch (58.62%), B-glucan (5.65%) and lysine (1.24%). With an average yield
of 4 654.56 kg/hm? across multiple trial sites in the province, it is well suited to cultivation in Gansu’s highland barley production

areas.

Key Words: Black highland barley; Dual use of grain and forage; High quality and high yield
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BIFRFE, FBF 920 Bk 72.7 ~ 75.4 em, HUBIPELS ; HE
RV KAHIE 75, 5 V% B0, AH B0 5 8 ) e
B Z S B NEEHES 9 25 S K
T, 5, B IR PR R PR A I T B R, KA
920 B A7 i FURERY 610.5 7 ~ 628.5 J7 4> /hm?, B
£136.8 ~ 38.5 4/ B, TRt 39.8 ~ 44.6 g
22 WIS

2021—2022 4EJF . 2022—2023 4EFE LA AR F
T A 7= it J5 i WA 56 D3 O R ) ARG , KR 22

920 Z¥H 51 808 o/L, V- d A i & im (158 (B
R R IRD AR 14.4% (13.5% , SR TH & H50 51k
35.0% .31.4% , W /K 5351 606,581 mL/kg, Fa i )
(153514 2.8 .3.0 min, FAHE A5 4 35.31 em?, fiz
FPUHBE S50 500 197 170 EU.(FE 1), J@ iz,
EAHIVER L AT AR ER g il e,
23 HUmEtESEE

2021—2022 4 . 2022—2023 4F J&F £ 1 44
MV B BEAE Y AR G 5E It CEERR ) %, 4
7 920 BIRIA hHUAF TN, UM L e
SR , = B IR RN (K 2) .
24 FPERI

2021—2022 4EFEFRE 920 SNl g & /N2
ARAHT ER IS I B X R A 2], 14 2SR S
ik 8 514.0 kg/hm?, LEXTHRTE 4 207 3§777.00%, Lt
X BB 72 2 = 3.0% [ 5 R 58 85.7%, Ji A 4 114>
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F43E FHol

SRR 6 7 52022—2023 ARSI, 14 S0
M PR IK 7 782.0 ke/hm?, X IR 4% 207 14
77 5.60% , Lb X BRI 7™ 48 =3.0% 1Y 12 58 %£92.9% .
2023—2024 4% SRS A A, A R
8 850.0 kg/hm?, HLXF B8 4% 207 347 6.58%, 14 1L
AL 13 O R P =309, 1977 1R 92.99% (£ 3) .
FE 3 TLIE L, HFE 920 SFIRKkE A 73.7 em,

x1

ASWEAE 72.7 ~ 75.4 cm; TR BTN IRTE 39.8 ~44.6 ¢,
— BT 42.1 ~44.6 ¢ (FHT 2023 4R RS,
1 A% 2023 AR TR R RE )W, 25 T 2 R iR
$619.0 14> /hm?, YRR AL 37.1 KL / B, 3 4R
42 SR BB R A A 920 j7 i =B A7
BT Hbs K - SR s B LA R AP
PR

MWE 920 TEMEIEIR

. EARSE/ R/ TSR/ Wk 2 / FaEmtmE / RdEEL . RS /
. % (g/L) % (ml/kg) min cm? E.U.
2021—2022 14.4 808 35.0 606 2.8 35 197
2022—2023 13.5 308 31.4 581 3.0 31 170
S 14.0 808 33.2 594 2.9 33 184
R2 HEROHFLETER
AR 2R 459 FIR BUHR INEE
2021—2022 k7 Hp Hp K K
2022—2023 k7 Hp Hp K K
N BEET R R RS =Y
%3 BFE R0 FEMR=ZERIEHRAIEFT SR
- =} FE%L / Hlkr g / THRIFE /PR AR 207 HErE S =3.0%3E57 R
- em (54 /hm?)  CRI/ER) g (kg/hm?) % %
2021—2022 72.9 610.5 36.8 44.6 8514.0 7.00 85.7
2022—2023 72.7 618.0 37.1 39.8 7782.0 5.60 92.9
2023—2024 75.4 628.5 37.3 0.4 8 850.0 6.58 92.9
S 73.7 619.0 37.1 0.3 8382.0 6.39 90.5

3 MBE 920 EEIEIHRARER

3.1 EEAE B

Kz 920 J& T2k A, 6T B 4 bR A PHARNA
INZZ XK GBS ] AR, S5 ARV 10 H 8—18 H,
ARG 10 A 10—15 B, 7] AR R AR
Rl 5T i N M T KTk e R R, — e IR
ML 3% 5 L 120 ~ 135 kg/hm® SH°HL, P50 H
TR 150 ~ 180 kg/hm? A HL, ARAE S 7KL 180 ~
225 kg/hm® HH ., — WA BERGRE] 1275 J7 ~
1575 J3A4> /hm?® 2B, 5 3685 495 401 oA 8 21 5% B R K
L REFPRGR I Y I ik, ) el R A 4R
TS
32 KIEEH

fE/NERAET I B HIE B CRBNE

PR M BT T . AT R A LR S A
BiG o B HR IARE B IR R R AR 2R AT
FRAEAE B, B AT 3 7 {50 45 9E , A W] {2 a2 43 BE R
MEIMERT o =R HBEGEfR 2R 150 keg/hm? 22
A, PREEAE Ty b HB PR 2R 225 keg/hm? 2247 FETE
AT LA 989% Mk — A B 150 o/667 m> FIZEE
ENME 10 mL/667 m?, X 7K 15 kg/667 m? 47 i [fiM
%5, [81F% 10 d ATFAT 2 Rmsei, 303 1) A i kA=
AT [ 4.5% B30 A ERFLIH 80 mL/667 m?
HEATBEG , AI 302 B i /N2 T o o AR B
33 WERR

K 920 MIZEEPURTER LTS (BA 0 & S5 BIR
IRFEI o /NAE AT — PR A S A 7
INZE A A B IR T R R R TR G
T EE, R/ INAZ R T el
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FERTIR R 80% VA I, HE B Ll A y= L REUA Y
Bi i AW B ia A2 B i S T, T 2# B TR AR
e B He IR TLAEAT 257 I SR U A TS S5 BTG o /)N
FAETEES A AR 5 F 70% <R 15 CUL L
a2 A , BGEE B R, 3 d DAL il R FE R RN
HIMEZSR A R B , WSS 24 h NIl ,2 ~ 3 d
PN AT A0 DR A= 490 2 428 s B G XU RS s ) P 1 IR
A B FH UM DRTTER ISR I DR A T e | s
A L PR M 4 e 3 2 I By i, A ] SR B 4 24 46
Jiti, AR GE PR A
3.4 EmR

R A 0 R 3t B A7 B 52 306 1 2 AR e 489
— /N B LN T RCE], USRS ) A B A
e M R AVER A W B HL Y bk v] L7 5¢ Y &
BRI, bt e S BORPR K 2R A AR S W ) R A
J BT 7 AE N THE A B s it TG A | BR
16,735 1 I

4 RASHREAR

PRAG IR N Bl A ) R R
L RCER Y, He H 0RO UE S A R O AR e iR it Al
FEw R /ANAE R A R AR Al
Mo R g SR, ¢ = 7 S B RS AT [
(B ZEP ) e 2 [ A ) R S el ] 3 A =%
HBL
4.1 FEAT[H

TE/NZ WS PEART B A i A RV 2R K
faoH: % 55 RN, 22 R A — B0 SR, SR AR
JBOAE o IR ELAT SRR /N i A A R A
SO i 0 5 e 2 v, AN 7% L R UR ;195 S A
KBLAJEPEAR A BAAERE RN ) SSHEAILSA T B A A
FE, HE RT3 m AT 25 em, B 50 em [5E
B, DMETASHL RN 56 i ] T | gt 45
BAEFMMICE, E5IZMF AR I, &
AR T AT R ZAT M IR BRVE IR, TR A% i
PEIR A MR | SR HCEE MR 10 SOk, I 1T IS
SLILE R M .
4.2 FHAR[H

FE 2R (B AT SR Y5 T A [ e 32 B g L Y
FEAT o TR LRI TR A T 4l B S, B DR T
w2k TRV AR A, ATh AR A P
Y LAY PR AT O 2 , A 2 e 2 TRIRAE KO
RIEER, PEFFG2OR B RAT ATk, i3
MUBRLORAT , A N SMBAR ML, ™ BiRA% T

A i A S
4.3 [ [

ek R R T AR 2 5 (FF A E R
JRFPARIE GB 4404.1—2008 CHEEVEYIFPF 45 1 5B
I3 RS B HIE FELR A B AT 99.9% ),
TR TR A, T A P R B R R A X R
] SR g 77 o 5 A B e, DA AR AR R Tl | o o
SRR F , I 78 b R RN S SR it A E ) 4 R
B, SRR R IR A

T A [ T PR A A AT DA R R T
7 920 WP AR, b g0 D AP PR IR A1 B A P Ak 2
PO XS /INZE BT AR SR A R R R AR
PR fE FEAR Y R p 23 3 A HAT F 5

5 #iE

WE R R AR B /N A R A A
BAR I LR IR 4 B AP H AR , 26 & U058 di A LR
FEE SR B LR NENTNTHE. DL
AT 1290/ F737 15 LR, & id B L L 4E)
PRI IE T S E LA R T RCE R
P B/ INAZ B SRR 22 920, S2BR T IEFT RS B Fh
HAR, $THE TIREFFAS = 7= I BE 22, 76 /N2 SR
S TARGF I EAT BRI

R A DX 36 e A =i B S b, KR
920 FEA/NAT, AR, 7 i =B R PN AL
FEEL . R, TRTTE RS 619.0 T4/ hm?,
37.1 K0/ FE 423 ¢, iESE 3 AR HEXTRTE AR 207 -
7 6.39% , P 1 ROR  IE PR, B R A
AR 73.7 em, DIV LE  BRFRE =4 2
HAEURTH R =30% 08358 0, J247 L ay3ade
AT LR B PURRE ST, bR T R B = il 2 A,
At 4 Fop 3 B IR B H R DL FKE . K5 920
CRA RIVEFT (= P Brm LS, A e
T I FH A IXURS: () BEARL S A 3 AT R A R
{5 BH b DX 4D At DX S35 P b AT, J ] — A= A X S
HOEAHE X R TR G Bk e rh
Hit X K AR L R 2 A IE E, FRE 2 4
72 DX 7K L X, R R ) itk — 2 e
FIFH Al 35 y= 1 35 RN AR 2 ol R A A B8 it

SR

(HHPE B A5 EZRE L2 N ERL
SR B SEL S BRI D). BT SRIRE RE iR (e 2
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Breeding of Dwarf and Large—spike Wheat Cultivar Zhengmai 920 and
Its Cultivation Techniques for Quality Improvement and Efficiency
Enhancement

Zhang Dan, Xiang Zhiguo, Zuo Zhidan, Li Panpan, Liu Dongyang, Yang Hongshan, Zhao Xianlin,

Zhao Yongying
(Wheat Research Institute, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China)

Abstract: Zhengmai 920 is a new wheat cultivar developed by Wheat Research Institute of Henan Academy of Agricultural Sciences in
2013 using the cross combination Zhengmai 1290x Cunmai 15, designed based on specific breeding objectives. Through accelerated
summer generation advancement and six consecutive years of selection and evaluation, the line was developed through the pedigree
method into a dwarf, large-spike, high-yield and stable-yield cultivar. The cultivar was officially approved in 2025 by Henan Provincial
Crop Variety Approval Committee, with the registration number of Yushenmai 20252047. From 2021 to 2024, the wheat cultivar
Zhengmai 920 was evaluated in regional and production trials conducted by the irrigated-field group of Henan Wheat Industry
Technology Innovation Strategic Alliance. Plant height of Zhengmai 920 remained stable across years, ranging from 72.7 to 75.4 cm.
The three-year mean adjusted yield reached 8 382.0 kg/hm? representing an average increase of 6.39% compared with the control
cultivar Bainong 207. Moreover, over 90% of the test sites exhibited yield increases of =3.0%, indicating high yield potential and
stable performance. This paper summarizes the breeding process, characteristics, yield performance, and cultivation techniques for
enhancing quality and production efficiency of Zhengmai 920, providing technical support for its demonstration, promotion,
development and utilization.

Key Words: Wheat; Zhengmai 920; Breeding process; Key techniques

BETHAERR R “+THEAEEZE
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(1. V& PATT R AMEL22 5 RS 18 BH 47102252, BT S 45 , R & FBH 471000)

FEE PR E I/ INE RS T 22 IS BHTT AR MR BE 2005 4ELAEZ 16 EEA A FH R EE 97698 F 7 5 ) NAXA R
FH BT AR 2 B BT QBT 55 7 /INZE B R AR B, T 2018 AP H7 E (g 45« |61 9 &2 20180058) . F H7E LA
o, XL 22 FRAE B FHEA T T i 25, BT A8 H0R 0.900 ~ 1.130, BT 2 ~ 3 94, LA HUR MRS s bR 75 om 24, 3
BT ), B S A E  PUIEME AT s R R A TR LR, BAREK L BIK 5 7 55 28.39% 5 K I R AR 7RG 3 AR 1
6 560.0 kg/hm?, -84 7= 2R 97 8% ; G LR L AF 2 s KR = /mil , FEAE B HIF/K LT 300 mm A9 KK A4y 1T SE B35 7
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FEAERTH, EEAAE AR IR E B /N A
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T

1 &R 22 FHERR

1.1 SRR

R 8V S b A R ) B R b 07
PRI K CEAAE A . LR R AR AT 4R
285 o B AR AR A e £, 18 W R 4R S bR B
ISR P B v 1 5K S A I \E S 1 i A ]
PR R RUE AR AR R PAT 4 |
S S %E e E TR e R
EMBEHARTE, RAFR T EEPR /N
BRI 22, ACAJEZZ 16 KA TR 4 5195
8425B" S B, BAT S AR GE T 4
AP RAFR A TEARIE 976008 R 7 5 RAT
BUGEPIMNERIE W 43 2 5 BRI g, B
BHCRTK P AR FRE L T e S
Mo THEEEGE VL TR S E e A r s
SREPE, RIHE AT )32 A I S
1.2 PiigetE

U R R N I R R R E R IX
W B EEAE bR, FERFREE RS R 22 KA
5N PR B AR BE A T HT RPN,
WARPURE BB R U AR 1 s BEAZIX
B XSGR RS, K F 22 PR
J 3 G, U RO B AP 22 47 A A AR
YOEAIR R, PUEREUE 1.000 247, P90
2~3 4, Hh@MEET 2017—2021 4FXF L X
FHER) 23 DN A TR S I8 R 22 L E

BAUTE 1.100 ~ 1.300, TR 2 9, TR PR,
®1 BE2HEHLETARER

AR PURIREC BRI % WL
2014—2015 0.961 3 Hhag
2015—2016 0.900 3 Hhag
2017—2018 1.120 2 B
2018—2019 1.130 2 BT
2020—2021 1.110 2 B
2021—2022 1.014 3 &
2022—2023 0.906 3 &
2023—2024 1.012 3 Hhag
2024—2025 1.073 3 &

1.3 PLFEREE

IS 22 AP S R, e i
A X SR O B — A R L A HE R e Ak
B £ 24K K (117.96°E ,40.09° N) i 47 .
2AEHTIEME R AR N, IR AEEER 2.7%,
PUIEG 1 G, PUFEMEIFRY, BHAE 3 HMIKIR & A 50
B EIFFEREENEE N —EEEME R, ¥
FE T S5 R 2R FE ) BT, 2018 4F DA P2 S Bk i & %o
35 D/ NEEHT A TR, LASZ IR R RO R AR PR
INEVUBIRTERE ST, A 45 R BRI 5 22 2
R 6% , 5/ NFXF TR E A 207(28% )P, dE i
A% 22 HA BRI EIHFERE T .
1.4 Bt

R 22 ESIMERXREeH,  hep EAOL R
SEBEAEP RIS T N T4 :2014—2015 4R
e R R | e R R e N
29 52015—2016 42 R B AR B P BB . sk
A5 R R
1.5 KAFI R

KGR FRCR L Z AR W 2T | ] = | 13
S R K RV B A R R S TR [R]PY, He
EAERR A FIFARCR AT =2 L, 5 jE A/
FE T WIN KT R AR R, WA IFoE 20, bl
BT I ANBRE IN , 7K 43 I AR B R S
J& FREHF2 2017—2019 4F 3K 27 5l 25 1 X 1
WHEZZ X e AT T K o3 R AR S, an gk 2 it
N ANRVINZE SRR K o R RCRAF R 25 5% R4
B AR (WO R T BHGERE 1 IR(W A
T L5 22 B9 BK 4 R R 430 20,081
17.176 kg/(mm+hm?) , oAb S FPK 29 R {E
I3 AR 13.24%F01 8.95% , 24 540 0 35 s AE AR 1T 3] +
FEAEHIERE 2 YUK (W2 AT, 3% 5 22 A7k 43I
RN 13.911 kg/(mm-hm?) , A& FF G 7K 53F1 FH
BCRIEI R 5.27%, T EMRAET 2019—2020 4
XA [R] i INAE ARSI KA 3238007 = K
SIFIRRCRIEAT T it ss , ik 3 s, AN [R] S
ANRIE KA 7K 2 R SR Bl A VE 7K 2 3G
BEARR, [ s AH ) A RO [R] b 22 [ 9 52 22
WO HK 53 F R B =4 22.00 kg/(mm+hm?), W1
11 18.84 kg/(mm-hm?)HESE -, S 2 [B]7K 43 I FH A
RIFAEN D H 25 5 22 18 5 30 7F WO W1 £
R RIS,
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x2 ARKFVEBETIER 22 k4 F ARE kg/(mm*hm?)
w0 Wi w2
A
2017—2018 2018—2019 V¥  2017—2018 2018—2019 ¥}  2017—2018 2018—2019 -}
22 13.706 26456 20081 A  13.128 21224  17.176 a 9.760 18062  13911a
HABGRME  11.590 23876  17.733B  12.469 19.062  15765b  10.173 16255  13.214a

TE: WO Sy FARZEAE, W1 S HIREAR , W2 a3 + TFAEIIE K . ANTR)/INE S BERR SRR IAL 22 5778 0.05 K- Bge it 3 L AR S 55
FIRAE 0.01 AR S22 o

£ 3 2019—2020 ERRKSAIETIRE 22 ko F A=

I KGRI R / [kg/(mm - hm?)] 0.05 /K V-2 5 W Ek 0.01 /KF- 225 W Ek
" * w0 Wi w2 w0 Wi w2 w0 Wi w2
W 22 22.00 18.84 16.78 a ab a A AB AB
HoAfl A ASE 1973 18.10 16.36 ef de be CDE CDE CDE
1.6 HRFRFHE i I AL PR A OCIR AT, ¥ 5 22 DUGE A 22 16 Flik

TR R NERR R SHUR BT RR, KIE 9769 B IE N TaVSRI-B LI KA R kK 3
& PATT A MBL A BEAR i, T 2022—2025 4F4k4k TaMOR-B [ {1t 5 5 A5 AR S HAE S 1 AR 2R
PR 22 AT IR R R SY, IR RO (E20E TR Bl 85 22 IR AR K5
(WinRHizo, JIEEKO)XF HARKE ARSI EAR ARMRF W RE 5, H3ER)Z K R R & PR K
HRF AR RIEPR AT 08T SERIHIAIR 5 0%, 52 IE3AE.
MetB =i, #2 3 AERIARALMIRIETE 22 1.7 &R
REHIE(FR 4) 3852 22 T i 3.82 ¢f RV ER K BERAR Ml R 2 2 A A 3 3 O 32 T A 4
319.3 em MR FH A 1 266.25 cm? AT 8.19 em?, bR ST APEM IR A R AR IS R 22 B
g3 0 L RIS 5 7 5 4.95% .28.39% .9.07% SOD iP5 CAT JEPEAIR i) 2 I B2 AR A MDA % i
1.99% ; AR -3 A% 0.28 em, HLXF R/ 3.45%; 51 (IREFRRIE , RENE AF SRR 0T 5t |40 T & A1 = i v
EF= iR 35.79 g, HEXT BRI 5 7 5 (25.07 ¢) & PREE KT, I = IR A2 A PEE (D)2l 0.729,
42.76%. K FRFHAE SR /N S A P kM ZEB T A PR S e,

®4 BE 22 RRFEER

A TR o/ #R) SRR fom  AREAE /mm BB fem®  HEEEF fom® bk /g
2022—2023 4.25 318.0 0.27 8.15 1280.32 34.99
2023—2024 3.77 329.0 0.32 8.85 1362.08 37.58
2024—2025 3.45 311.0 0.26 7.56 1156.34 34.81

Iy 3.82 319.3 0.28 8.19 1266.25 35.79

W5 7 5(CK) 3.64 248.7 0.29 8.03 1 160.96 25.07

H. CK 3% /% 4.95 28.39 -3.45 1.99 9.07 42.76
2 RE 22 B .3 4F 38 AN IR i 6 560.0 kg/hm?, 555 R
K= 7.43% GRM R KT, 5387 15K 97.8%
2.1 mERRE WS 22 fEm R R R L fE R

B 22 WNSINE G L A X BA XL /NS, A3 U5 TR R B s s el
B A, B SR ORI R RS AR Nk 6 B, 3 5 22 7RI 1L
AR LB o XK A A AR (3R 5)3R IR SRS S ZAR 2 SOV R, TR E
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Rkt 220 mm B9 T F4E03 7 B =ik 6 777.0 kg/hm?,
FEAE B AR K 70 R A0 U =1 8 9 750 ke/hm?
DL =i s, Rl 7R 2022 4R FFH B DR T
R TT B R AT IR T34 77 1t 9 892.8 kg/hm?,
Bl 4 E M/ R 20 i, B AT Y AR i
(5262.15 kg/hm®)HE 751 88.0% , K= 5h & FFH 18 4~
INFZ SRS [ HE R A Y, 9% 2 22 E A 4R

2 (WO) T WADEHE (WD) S5 56 e i Bk
SRR PR A T 14.41% .7.08% , FETT 22 W% 52
22 BRI 08 1, 3k 7 I 5 22
RS R R RE B, 7E 2023 A [E K
A2 X F T I R L R A /N L R
BRI R A SR DX LR ) A S

*5 ERHEEZZXERARKEER 2278

IR IR 771 /(kg/hm?) (R/4 L CK 34 /% M7 5% 1% BE7 g A w4
2014—2015 X I 6535.5 4 5.6 93.3 15 1
2015—2016 X I 6 784.5 2 79 100.0 15 0
2016—2017 AR 6 360.0 1 8.8 100.0 8 0

x6 BERE2EFFERERECS
Gy Hh TR /hn? P4t /(ke/hm?) Gy Hh TR /hn? 74 /(kg/hm?)
2019 TR ¥ FH 33.33 7624.5 2022 LLIPE 3, 33.33 8019.0
2019 TR ¥ BH 33.33 7792.5 2022 e % BH 66.67 9892.8
2020 TR =00k 20.00 6 883.5 2023 TR =0 0k 33.33 7210.5
2020 T 1% P 66.67 6777.0 2023 TR & FH 133.33 8349.0
2021 e 7 33.33 7975.5 2023 11 PGIE 33.33 7903.5
2021 [SquitpiETEa) 33.33 7678.5 2024 T 1% P 1.33 8 476.2
2021 TR ¥ BH 33.33 7797.0 2025 e % BH 66.67 6716.6

2.2 PR BRI

JINZZ 7 11 v {1 P RS D BSORD TR o
P, = H A NG ARSI IR A LRIE . 7E
AR X BB 4R o /N A e Y
FB X ASEAEHT R B R A 250 P, ey (A
INFZ P AR . SRR, A
B — BB, 7Rk B — @ B JT , vl 42 Aok
BT o a2, (R AR 25 STk T B,
25 i NI R 22 [ SR U R R A 08 7 e A
PR 25 B 40 BT 22 BT, 9% 52 22 184 7 194 5 DR A TRk 4
L5 AR EE o R v (R SR TR TR o L R ARG, F
MK R 22 JE— A2 RER S50 Bt 2/
AR AR, Sy AN NI 22 AN[RIAE £ 5 7 A
H P PR (R 7) PTRLUE LS AR 24 R A AL
604.7 TS I, BRI 36.8 K7/ F, T-Rif & 439 g,
O 8 246.3 ke/hm?; FR IR 2021—2022 4F

JELL 9 892.8 kg/hm? [ 7 it A1) 4= [ b /N 37 1Ry 7= 4
S, MAE 2024—2025 4F LA/ HE RGO T, S
6 716.6 kg/hm? {4775t , JE 1M 22 B2 St Pl L AT AR 58 119
RERWARE ) o AER AR L L, I T 22 Jl A
BALE 550 T3 ~ 650 J5 4~ /hm?® (G FEAE |, R B
SEAE 35 KL/ BT, TR OREF 43 ¢ 247, SC30
6 750 ~ 8 250 kg/hm? 7= K= M A PR IE R

kA SSRGS I 22 AE B IE AT IX X 38k
A P Bk R 75.6 em, [RIRHZE S PR S
PR T T HSE B R SRR E TR 76.1 em®); HEE T 5
Jip 3 FNAE BB FREE R AT A BRI 5 22 AR R Y
B (R R 2 47 K, KA BT Rk R
R 2 47 IR EAIR 20% 4047 - & ARk, i
B RhF  ZE R AR KOS 1% 5 22 MBIk
REJT, izt Al s 7= B8 T 560
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AR JAEEL /A m?)  FERE /Chr /F8)  THRIFE /g BRE fem X /(kg/hm?) b,
2020—2021 552.0 38.2 43.5 76.3 7797.0
2021—2022 637.5 415 45.3 78.6 9892.8
2022—2023 586.5 38.5 435 77.6 8 349.0 TTEg % FH
2023—2024 645.8 35.5 43.5 77.3 8 476.2
2024—2025 601.5 30.2 43.5 70.5 6716.6

S 604.7 36.8 43.9 76.1 8 246.3

3 itig [3] e E i, TH k4L, 3T SPEI T8EUW AR 4 F X T2

Bl 5 B A 22 SRR XIS AR B, K 98 DR I
Z AR TR KR A AN, H 3—
4 HEIEFER K , FAE XCR B B | 255
JEE I R T 2R T B e R RO T K
SR, R G A SR R R P TR
PSSR I = 77/ NS Bl O, A S i x5
22 BT B RE AL R AR PO I R A A
F oA, A W 1 22 B A i
YU PUIE B PR A5, b i I TSR T 9% 52 22
VRO S/ N BT o R LR RR PR . FEARR I
PP T AR 2T R GO 224, T U i, IR
A i A 2 A BB, ARG R A AR
FHE AL, SRR R SRUR JE ,
HHE FH T B SR R DRI ) By BRAR ) /N A2
Hran Al B PRI B AR, R IR, 2
e TORL IR, e RBEIORE” YA G B JEN , e #5
o™ A, HEMT S B RIS AR MV IE AL

4 #Hig

B 200 R A R R R
P LA T R A BN L, DL AR 2 X
R B R T AR PR AN AR K REY
PR R AR B PERE A A R A A
DX Bt DXOR TRTARHE ) R AR ARG B Al ol
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M

Excellent Characteristics of New Drought-resistant and High—yield
Wheat Variety Luohan 22

Feng Weisen?, Yang Li%, Chen Yibo?*, Ren Jian? Ding Zhigiang*, Zhao Yan', Zhang Xuepin®, Wu Shaohui'
(1. Luoyang Academy of Agriculture and Forestry Sciences, Luoyang 471022, China;
2. Luoyang Meteorological Bureau, Luoyang 471000, China)

Abstract: The new wheat variety Luohan 22, characterized by drought resistance and high yield, was developed by the Luoyang
Academy of Agriculture and Forestry Sciences in 2005. Utilizing our innovative high-efficiency breeding technology tailored for
drought-resistant and high-yield wheat, it was bred with Zhoumai 16 as the maternal parent and the self-developed drought-resistant
line Luo 9769 (Luohan No.7) as the paternal parent. The variety was approved by the state in 2018 (Approval Number: Guoshenmai
20180058). Since its approval, extensive research has been carried out on the characteristics and applications of Luohan 22. Its
drought-resistant index ranges from 0.900 to 1.130, with a drought resistance rating of 2 to 3, indicating good overall drought tolerance.
T he plant height is approximately 75 cm, featuring short basal internodes that confer resistance to lodging. It exhibits weak winter
hardiness but possesses excellent cold resistance. The root system is robust and deeply rooted, with a total root length 28.39% greater than
that of the control variety Luohan No.7. Over three years of regional and production trials, the average yield reached 6 560.0 kg/hm? with
an average yield increase rate of 97.8%. After multiple years of large-scale production demonstrations across various locations, the
average Yyield achieved 6 716.6 kg/hm? in drought years with precipitation below 300 mm during the growth period, while
demonstrating a high-yield potential exceeding 9 892.8 kg/hm? in years with precipitation above 500 mm. This underscores the high
and stable yield performance of Luohan 22 under drought conditions. This variety achieves a synergistic enhancement of both drought
resistance and high vyield, resolving the long-standing challenge of reconciling drought resistance with high productivity in the
Huang-Huai dry and fertile lands and expanded irrigation areas, which can provide crucial variety support and cultivation technology
guarantees for ensuring food security.

Key Words: Wheat; Luohan 22; Drought resistance; High and stable yield
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Hhsii D ZE B Rl 7 28 918 I H B IR IE

IEECS SR TN 0 € X7 7k SR S AN P o R - R G
(LYLHAE R REBR EEYBIF AT, LA BT 2100142 VLA LA A BRZA 6] V15 FE 5t 211500)

FEE .7 918 JRVLINA AL BE M EAE I ST i S VLIR VLR A BRA WA , PATR & 22 W BEAS R 5 5 AR HEA 722
A2, I R U DR RS AT INAS BRI, 2025 ARIELVTIRAR i AT E 2R S (T E S 5 - R & 20251010), 38 BLAET TR
AL DRI bl e , DS AAE R85 P34 BHEIE 9 000 kg/hm?, XA H P REEL 633.8 J74> /hm?, FEAL

H036.6 K/ BE, TRUTCRE 45.4 o PURTESRE R i MR BT/ N2 25850 , IR BN M5 R/ N 22 BOAE R RE

KRR /NE T 918 TR R AN ; SRR
FESES S512.1

VLI EAL S DX b Ah 3 g b A st 6 s, 7
JRHBIX J& 22, /N2 AR FP AR AR AL 130 J7 hmY, F
Yy B AR, T3k 6 000 ke/hm? 645, 23k [ &
AT SR IR . 12 X 2R R A 1 N
AR 2 TH /N b R T LR SR AR 2
R T /N AR A2 WG, A ERAEARE N
ARFNIXALEE, WAL X/NEIRER I &
Az B/ INE SR AR BRI PUE U IZ L X N
PR EZE BRI, ST R VLR OB
B A BRI ST T 5T T A A R R A 1E,
SR B R AR AN 22 22 RV
m AR ZE 5 AN BCAL AR il AR R, B A
SRR I TR BB A /N A T 918,2025 AFIE VLR
B E S TR 20251010), A4 1%
AR T Zead BRI LA R B N R
PR SRR AR R HE T R RS

1 FE918EE T

2013 454, LA 2RI I B R 5 2 22 SRR
AVURTEIF IR 5 SR ASARMATA AL,
2013 AEBKN T B F1, 2014 4F 2R AL A 425
M Fy, BEPRERAT . KRAEEPUR SRR, FIRIARELT,
2015 AEAEML SRR AT B kS kR vk %, bk Btk T

Wk B 1:2026-01-19; f% 51 H 1 : 2026-03-20,

HEWH : MFE/NEZ =k R (CARS-03-57),

PG T AR (1968—) , 5 Wi+ W5 61, FENE/NE AT
FF5Y . Email: mpzhou2000@163.com,

M ERAREAD: B

XEHS:1673-6486-20260011

2016 AEFRE R BRAT , PR A 2R AR H R IR
7 LA PURTERIEH 35 DHRAT T 2017—2018 4E
HEEE 2 AR TR R R R R O R PO TSR
PEARER 2 AR R P 2018—2019 4F Jif = g
JE, Hr 123 dh R 5 9 862.5 ke/hm?, BEAH AR
X A S AR 20 B9 7.8% . 2019—2020 4FFE %
FLLT S19023 WS AT 2w S Fh A
R, I & B0, LA PURTEL HEES N
2020—2021 4 BE VL5 48 HEL /N2 b A B 35 1 43X
56 ,2021—2023 4ES AT A AL /N XI5,
2023—2024 4F £ 2 L o548 Wb /N & A = iR 5
2025 4F 7 H Bt VLI AR b R i e 2 B s i
T ESL R T 918(E 1),

2013 4E % P 221@% 55
2013—2014 4EJE F, IR 258
2014—2015 4EJiF ljz BEREOL S5 AR

2015—2016 4E i 53 FRAT HL A, P00 S5 bk

2016—2017 4EJE 154 RRAT LA, B R AR R AT

2017—2018 4F i 55 FRZ A
2018—2019 4E i fﬁ YE M (J23)

2019—2020 4EJi F, il s (7 S19023)

inFm TLIA WAL TR A | X I
Fl” YL HESL A i T

TF 918 W E (A E 4T W H 2 20251010)
1 FE 918 B TR

2020—2023 4F
2023—2024 4EJF

2025 4E
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2 T 918 HFEHFIE

21 MR
T 918 NP /NE R A R E K
P, A BE IR . I PR IR R R R

3, AT s BRI , th R K L H 5T R,
FERIRGE T, AR BE 4T o VTR XA P45 R 7
7 018 W] 223.0d, HEXHIEHER 20 38 0.4 d,
PR 80.8 em, A3 A(FE%L 633.8 J1 4~ /hm?, LKL
36.6 ki /B, TRiFi 454 ¢(K 1)

Fx1 TEIBHMARZHIKRI

R AR EEH/ P / FrH HRES/ IR / i%jéﬁﬁt/ T /
d cm (kg/hm?) (34> /hm?) % (ki /) g
2022 221.0 80.7 9174.0 619.5 39.8 36.8 46.3
KA 2023 225.0 80.9 8920.5 648.0 40.7 36.3 44.6
Sty 223.0 80.8 9047.2 633.8 40.2 36.6 454
HEPRT 2024 226.1 80.9 9258.0 634.5 39.4 35.1 45.6
22 FEEEH 24 BumtE

2021—2022 4EES VLI AR L B 41/ 5
P X SRS, T & 918 34 F R 9 174.0 ke/hm?,
Fo X HEHEAZ 20 3977 5.3% ;2022—2023 4F 4241,
S PR 8 920.5 ke/hm?, Fb %t BB E 22 20 4 7
4.0% ;2023—2024 4EFE ST IR A WL B /A
A A R, S R 9 258.0 ke/hm? (R 1), L
Xt HEHERE 20 B4 77 5.5%,
2.3 sk

2022 1 2023 4ELVLIRE /INE X SO g A
2N AT AT W it JoT M A e o U o,
RN TF 918 A H 415K 832.0.804.0 /L, i
5 ot 0 B (T2 ) 43 0l R 13.4% (15.2% , 1R T
A7 I B0 N 29.2% 32.1% , WK 4351 N
61.5% .61.9%, T A F2 %2 1 [8] 4351 8 7.8 7.1 min, ]
P RRLAHIBE. 1 4350 R 476.0.251.0 E.U., [fi Al Hifd
T A3 1K 84.0.56.0 em?, A 4 Bl 3 48 K 43 1
64.4.62.0(3 2), 2022 4 b oA 45 S 1k 21 o Al
INFE LRI BRI

k2 FEISRALELER

AL AO B A Bt R I BIE T BT T30
T DX M AV RL 22 58 B A5 HL T T M X o
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3 FEISHIEHAES

3 IEEAAE X R
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Breeding and Characteristics of New Medium-strong Gluten
Wheat Variety Ningmai 918

Zhou Miaoping', Guo Yuanshi?, Yao Jinbao!, Yang Xueming?, Zhang Pingping’, Hou Yunzhang?,
Zhang Peng', He Yi!
(1. Institute of Food Crops, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China;
2. Jiangsu Zhongjiang Seed Industry Co., Ltd., Nanjing 211500, China)

Abstract: Ningmai 918 is a new white-grained medium-strong gluten wheat variety, jointly bred by Institute of Food Crops, Jiangsu
Academy of Agricultural Sciences and Jiangsu Zhongjiang Seed Industry Co., Ltd. via the pedigree method, with Jimai 22 as the
maternal parent and Baomai No.5 as the paternal parent. It was approved by the Jiangsu Crop Variety Approval Committee in 2025
(Approval Number: Sushenmai 20251010) and is suitable for cultivation in the Huaibei area of Jiangsu Province. This variety features
high yield, with the average yield reaching over 9 000 kg/hm? in regional and production trials. In regional trials, it showed an average
effective panicle number of 6.3 million per hm? 36.6 grains per panicle, and a 1 000-grain weight of 45.4 g. Disease resistance
identification results indicated that Ningmai 918 has high resistance to wheat stripe rust, and moderate susceptibility to Fusarium head
blight, leaf rust and wheat yellow mosaic virus disease.

Key Words: Wheat; Ningmai 918; Medium-strong gluten; Fusarium head blight; Stripe rust
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