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Comprehensive evaluation of drought resistance of foxtail millet
germplasm resources during germination period and
drought resistance index screening
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Abstract In order to identify suitable drought resistance evaluation methods of foxtail millet, a total of 35 foxtail millet
cultivars were used in this study. Experiments were conducted under both normal irrigation and 0. 03 mol/L PEG-6000
solution drought stress to simulate drought resistance. Frequency analysis and correlation analysis were conducted to
compare the correlation between the selected nine indicators and the drought resistance during foxtail millet
germination. Factor analysis combined with step wise regression analysis was used to screen the effective evaluation
indicators for drought resistance of germination. The most suitable comprehensive drought resistance identification
standard was obtained through the membership function, and based on this, the selected cultivars were clustered and

the drought resistance levels were classified. The results showed that: The germination potential, germination rate,
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germination index, root fresh and dry weight, bud fresh and dry weight, bud and root length of the 35 cultivars were

inhibited, among which the germination potential was affected most by the drought stress. Except the germination

coefficient, the germination potential was extremely significant or significantly correlated with other indicators. Through

factor analysis. the nine individual traits were transformed into four factors with a cumulative contribution rate of

86.74% . The drought resistance of 35 foxtail millet cultivars was divided into four levels, including 7 highly resistant,

15 moderately resistant, 9 susceptible, and 4 extremely intolerant foxtail millet cultivars through membership function

combined with cluster analysis. Meanwhile, a regression equation, y = — 0. 187 + 0. 554 Xggpw + 0. 550 Xpa. + 0. 264 Xprew »

was established to estimate the tolerance of foxtail millet cultivars to drought stress. The relative root fresh weight,

relative bud dry weight and relative root length were identified as important indicators to assess the resistance of foxtail

millet germination. In conclusion, under drought stress, the drought tolerance of different varieties of foxtail millet at

germination stage could be identified and evaluated quickly and accurately by measuring the three indicators.

Keywords foxtail millet; germination; drought resistance; drought resistance index; comprehensive evaluation
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Table 1  Origins of 35 foxtail millet resources

B o #ﬁ(%\ﬁﬂié%) s o sﬁ?ﬁ(ﬁé\ﬂi‘ﬂiﬁl‘g)
Nusber Variety Origin (Province, City, Number Variety Origin (Province, City,
Autonomous region) Autonomous region)
1 T4 28 JG 28 1L 74 Shanxi 19 A 36 JG 36 M4t Hebei
2 HA 29 ]G 29 17§ Shanxi 20 A 381G 38 4t Hebei
3 TR 42 ]G 42 1P Shanxi 21 BA 41 ]G 41 it Hebei
4 WA 54 JG 54 117§ Shanxi 22 A 42 ]G 42 b Hebei
5 T4 57 JG 57 117 Shanxi 23 HH1QL1 ]t Hebei
6 B4 107 JF 107 P Shanxi 24 A 25 LG 25 M)y 7T Heilongjiang
7 ¥y 109 JF 109 1178 Shanxi 25 B4 31 LG 31 Mg VT Heilongjiang
8 K4 4 CN 4 1175 Shanxi 26 T4 38 LG 38 Mg VT Heilongjiang
9 K4 35 CN 35 17§ Shanxi 27 A 39 LG 39 My 1. Heilongjiang
10 MR A 21 GLJG 21 1175 Shanxi 28 N XXM W51 Inner Mongolia
11 Wik 3 FX 3 11178 Shanxi 29 wen HIG MN521 Inner Mongolia
12 KES DMG 1175 Shanxi 30 A 18 YG 18 B Henan
13 Hrmfi XD 75 Shanxi 31 B4 34 YG 34 Vi # Henan
14 K H4 DBG 1175 Shanxi 32 T IA LZG JE 5T Beijing
15 RFLA4 NJHG 1176 Shanxi 33 B9 Z2G 9 L5 Beijing
16 FHIRLLH A YCHMG 11176 Shanxi 34 B4 13 LG 13 H# Gansu
17 i 75 43 B DGEFN 1175 Shanxi 35 A 5]G5 il T Liaoning
18 A 35 ]G 35 Tt Hebei
S B8 4 BE AL T, 38 HURF R 6 Y R 50 RHFH=n,/N @y
B S RERTE R 2 sk b B AR B4R 90 mm K n, 5 2 RFF IR ZE80 N i Fh 4k .
5% 7% L L A 45 R P AL 5 mL 0. 03 mol/L REFEHR=n,/N (2)

PEG-6000 ¥ WA HL 52 e (T80, DL i 55 &
R KAE R XTI CCRO) L AN AT 3 W, KT A
KRR NLE T 25 C AR B 40 %6 9 06 IRE 3R 48
W SR, G R/ B RE R I 16 h/8 h. A 2 d #b R
0.03 mol/L PEG-6000 ¥ W 8 7&K .
1.3 MEEWRRFE

DIAR 57 A AL 2R OB R K —2F o &
ZERRAEDS AR K TR A [ ) G T R TR K 2E A
HES TR, SR 2 RIS 7 R EFEHE T
BRI FR AR, o 7 KA HEF5 L P B HL g
B10 MR — 3 H B R MER i, D 4
AR ZE K BRI H B E . 105 ‘C A7 15 min. 82 C
T EEERERE TEHE, SHERTAEAKXNT.

K n, 58 7 RFF IR ZE80G N Fh 74k
B K384 P1 = (1.00)n, /N, + (0. 75)n, /N, +
(0.50)n, /N3 4 (0. 25)ns /N, (3)

A en /Ny oy /Ny ong /Ny Flong /N, 43505 1,
2.3 Fl 4 RFh k%,
1.4 HEZHITHW

JHl Microsoft Excel 2007 # ¥ %4 , SPSS 25. 0
WG, SHEPRBE T, R
T SRAF I ZF 3 28 38 W K 48 B AR i o | 2F fif
O T CSE T MR ORT 2R K A B 0 AR A A X
{H S AE XS %2 25 35 R G ¢ 28 38 AR B & 8 B0 AR R
e T A GF 2 i L AE AR T R 2F T AR X
FRAS FUAR X 284K, 104 DA b 45 T 48 A 19 BRI T 52 R
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B (DC, drought resistance coefficient),

ML (5) TR L8 & P 5 R #L (comprehensive
drought resistance coefficient, CDC),

DC = T, + CK; (4)

cpe = L33 pe (5)

A CK, AT 43 51 2 7m if B 52 40 35 0% 48 A
SEAH . O T FACE T R (w) .
w,:C,'%E:LlC[,i:1329""n (6)

K Co W5 D ERE IR TTIRR L RN 5« AR b

TEFT A fE bR TP I AR,
Fie B (T 584 R BT 1 2565 48 s 19 SR T8 o 2
(EIIC NN
p1(x) = (2, — Zimin) + (Timax — LTimin ) 5
1 =1,2,3,".m (7
K 2 s Tinin s Timarn TN RN @ D LRSS S

LR G T8 bR 1 de/ME R KA
R4l A A () D SR B R [ e () 1 4%
M (8) 1B bt 5 M JE & {H (drought resistance

comprehensive evaluation value, D),
D= 2" [uCe) X (C+ 23" CHl,
;I = 1 2 3’... (8)

B & 45 b5 DC AE 8 BT U D £ A% % 75
PEAT IR A QIR JE 53 Br - 3R A3 4 W45 48 DC 5 D Z 4]

Lwi (D) ],
Wiy =i+ D, (9
Ay MBI G,
M S (100 31 B AL BT B R K Cweight
drought resistance coefficient, WDC) ,
WDC = 2" [DC X wi ] (10)
Kby AEFEARCIKE . LU W b5 DC fEN 1L
BFH, WDC 1 )y 2 2% 7 41 47 IR €0, 01K B2 43 BT
WG TR R DC 5 WDC Z ) () EBKE (7)),
I5 e BERAS R A 7 AR D SR B R R
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i Z 18] LA & F8 2000 7242 S e K A8 R A 0~65. 6874,
RS AR 143 0 5 A AR T 1Y AR S AR AR, AR I Dy

IRERIE (). HBA (DI AESRBARE RE 8. 4706 ~T79. 770,25 RHCH 33%.,
F2 BEHYEIERITREIE WA
Table 2 Indicators of foxtail millet under drought stress during germination
B2 W/ % ¥i{H/ % ¥ WERE Y
Parameter Range Mean Mean square CV
AR 52 2 RGE 0.00~33. 36 6 0.003 9 106
AT K 2R RGR 0.78~30. 88 14 0.005 9 55
AR & 15 £ RGI 0.00~65. 68 7 0.010 9 143
AHXS AR T RRDW 8.47~79.77 68 0.041 3 33
A AR fif H RRFW 18.52~93.75 58 0.062 3 41
AHXS 2T RBDW 3.28~92.04 63 0.040 9 40
A X 2 T RBFW 15.30~97. 21 39 0.055 0 52
LEROEZ S RBL 15.87~95. 86 56 0.054 3 42
AH ARG RRL 19. 61~100. 00 50 0.050 1 41
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2 3 AL, (AT 7 i b 2% I0UEE B B0 T 5
RO A MR ZZRR . K 3 L2
FRME R A5 B DC ¥ FEE I AE 0~0. 2, 73 A it
By ok 34,29 34 S A B G35 R 97 76,83 %%

MI7T% ., WMTE MREE FTE FEE KM
K DC 4345 BI7E 0. 2~ 1. 0, 85 F 85 &5 1Y 40 A X
)43 58 0. 6 ~0.8,0.4~0.6,0.8~1.0,0. 4~
0.6.0. 6~0.8 Fl 0.4~0. 6,54 B E 5 M 12,
10.12,12.14 1 13, 43 A B R R 34%6.29% .34 %
34% . 40% M 37%.

£33 FRAEFRMEERATRERB(DC)HZE

Table 3  Frequency of individual drought resistance coefficient (DC) of index of different foxtail millet varieties
0<<DC<20.2 0.2<<DC<20.4 0.4<<DC<0.6 0.6<<DC<0. 8 0.8<<DC<1
=L AR Wi/ % L Wi/ % AL W/ %% AL W/ AL Wi/ %
Index Sample Frequ- Sample Frequ- Sample Frequ- Sample Frequ- Sample Frequ-
number ency number ency number ency number ency number ency
KR GE 34 97 1 3 0 0 0 0 0 0
RHER GR 29 83 6 17 0 0 0 0 0 0
iy & 155 Gl 34 97 0 0 0 0 1 3 0 0
T %E RDW 1 3 4 11 7 20 12 34 11 31
M H RFW 3 9 5 14 10 29 8 23 9 26
T ® BDW 1 3 8 23 6 17 8 23 12 34
EE BFW 9 26 8 23 12 34 6 17 0 0
2K BL 4 11 4 11 8 23 14 40 5 14
B RL 2 6 10 29 13 37 8 23 2 6

2.3 FTEBETEFEERNMBEXE

HHR 4 AT, AH X 27 i 55 A 0F 254K 2 A 0 3
IEAHK R =0. 815(P<C0. 01), #H X} 2f -+ 5 A1 AH X
ZER ) 5 A N 2 6 E S D IE AR OCL, R A
0.758(P<C0. 01) 1 0. 837 (P<C0. 01), X}k
e RN ZERCRI ARG 2 B 3 N bR S A R 2T
BIEW W EEME. R 4054 0. 568(P<C0. 01),
0.490(P<C0. 01) A1 0. 652(P<C0. 01), AHXJ R K Al
AR 2R R G ZF 8 F RAR XS 2F T8 4 e S
AR R 2R 3R 0 3 IE AR G R 43 12 0. 784 (P<C
0.01).,0.726(P<C0.01).,0. 735(P<C0. 01) 1 0. 495
(P<C0.01) . X ZE 4 AH X 25 ff 5 L AH X 2F T 38
AT K ZERA X AR 5 A48 PR 5 M X & 2F R 2
M 3 IEAHOC R 43 3128 0. 582 (P<C0. 01),0. 505
(P<C0.01).,0. 672(P<C0.01),0. 611(P<C0. 01) I
0. 715(P<C0. 01) , AHXFZF 4 A0 XT ZF fif 5 AR X &
ZEH 3 AT bR X 5 R G AR £ R W 3 IR A OC L R 4y

A 0.401(P<C0. 05).,0. 425 (P<C0. 05) f1 0. 383
(P<C0.05) s AHXF2F -+ 8 L AH X AR K A AH X & 28 2% 3
ANF bR ¥ 55 AR R AR B R S AR R S IEAH G LR A3 R
0.495(P<C0. 01),0. 581 (P<C0. 01),0. 559 (P <<
0.01), FHX A& ZEEHAH X AR fif 5 2 48434 5 4
XA T R R E IEAH G, R Bl 0. 415 (P<<
0. 05) 1 0. 389 (P<C0. 05) ; X} 2+ A X AR K Al
AHXS & ZE 3 3 AR AR 5 A X AR T 5 2 A% B 3 IE A
XL, R? 439 0. 492(P<C0. 01),0. 563(P<C0. 01) #il
0.645(P<C0. 01), AHXF AR &F & 5 A X MR T 5 2 4
FE AR S5 AN & 1 R WA IE A OGRS 0. 365
(P<20. 05)H1 0. 402(P<C0. 05) ,
2.4 FEBWETAFEERNEFIH

i 2 5 Al AL KMO=0. 823, Ui B 45 i 2 6] 77 7E
AR AR DG, PR DR 40 B 1) 45 R A i Y 150 IR
71510 Bartlett #5624 0. 000, [5] #F 156 B 4%
AR i Z AL AEAEAR G T B A A
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Table 4 Correlation coefficients among drought resistance coefficients of all indexes in tested foxtail millet germplasm

Bk R KRR Y & 154K T = MR i T T E i K
Index GE GR GI RDW RFW BDW BFW BL
KEZEFE GR 0.611"
W & 454 GI 0.079 0.313
T E RDW 0.415" 0. 645 0.402"
Wi E RFW 0.383" 0.559" 0. 365 0.389"
ZE+H BDW 0.652" 0.672" 0.026 0.492™ 0.495"
ZAEE BFW 0.490™ 0. 505 —0.022 0.292 0.425" 0.837"
ZFK BL 0.568™ 0.582" —0.033 0.238 0.401° 0. 758" 0.815™
R+ RL 0.495" 0.715 0. 255 0.563" 0.581" 0.735" 0.726" 0.784"
e ox A ex S35 RTE P<<0. 05 Fl P<<0. 01 /K-8 A%,
Note: * and ** are significant correlation at P<Z0. 05 and P<C0. 01, respectively.
RS KMO MBHAHRE
Table 5 KMO and Bartlett test
KMO H1EL 47 ARG 50 i
KMO and Bartlett test Value
KMO R 38 97 1 2 £ 0. 823
KMO measure of sampling adequacy )
iR e Syl 209.914
L ) K Approximate chi-square
Bartlett test A E df 36
M Significance 0. 000
26 AL 1A T DTER R 37.91%, SEHME R 0,589, 2 K RZE R 48% . MRAE D Xt Tk

AFXF 2 i T A G 25 L A X AR i T A AR K R 2
TR, BB AR ZE A AR R A O 5 2 AN STk
RN 17,28 % » 2 E g A X ZF T RUAE X AR T g
FE AR ZEM TR R 58 3 AN F kR R
15. 80 %0 » MK % ZE AR AH ST & ZEAAE L N F il &=
SR, EE M 1 d B RS 5 4 DI F BT ER
R 15,75 %, AN Kk R B R BT Y
K&, X 4 AW F 0 R 5wk %k 5
86. 74 0o , AT A R4 B W5 0 0 & A T SRR 3
2.5 Hik#RH
2.5.1 ®FHRAE

M2 7 AT g,

EMEBEHEIEH
18 (D) He 7
s D AT 0.011~0. 965,

.
2
=

2

AR AT R HE T U R R SR kKA
457(0.938) ., B4F 387 (0. 868), “ F Uy 1077 (0. 857) .
‘BLAY 367 (0.965)  HL R MM A CEER
(0.011)FI*HFEA 387 (0. 044) , HiAth [ Fh () 41 51k
AL F W& Z 0], HIAE D AT S WA HE R 45 28, R
H CDC #it WDC #i Bl D #E47HE)F . 24 &t B CDC Al
WDC ¥4 T 0. 116~0. 584, F- ¥ {H ¥ K 0. 384,75
SRBCH 33TV M 34. 2%, 53T D Frg i it
UG REA -, ZHPRRECDO 54
JE B (D) UM ALHT 2 R B (WDC) ) 2 1) 1 % 1
AR 435k 0. 994 (P<C0. 01) 1 0. 998 (P <<
0. 01) s PPk B Ht (D) FUIAL L 5 R £ (WDC)
SR FEIEMX R 4 0.994(P<<0.0D),
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Table 6 Eigenvectors and contribution rates of principal components of
all indexes in tested foxtail millet germplasm
e b M F#fif Factor loading
Index F, F, F, F,

AHXT 2 fif 5 RBFW 0.924 0.067 0.052 0.159

AHXE2E K RBL 0. 894 0.036 0. 057 0. 260

XS HR & B RRFW 0.791 0. 385 0. 304 0.129

AHXTAR K RRL 0.789 0. 262 0.062 0.410

AT ZF T 8 RBDW 0.194 0. 889 0.173 0.215

AT A T3 RRDW 0. 457 0.529 0.311 0. 462

AHXT & 28 % RGE 0.373 0.016 0.795 0.317

AAX R 2 RGR —0.126 0. 470 0.746 —0.145

AR B &% 45 %% RGI 0.331 0. 207 0. 069 0.871

FEAEMR Characteristic root 3.412 1.556 1.422 1.418

BiMk 3/ % Contribution rate 37.91 17. 28 15. 80 15.75

BT/ 26 37.91 55.19 70. 99 86. 74

Cumulative contribution rate

[N T4 H Factor weight 0. 437 0.199 0.182 0.182

F7 HABFHRAEETNHHEZH(CDC) MBAERH(WDC) MM EHEEE(D)
Table 7 CDC-value, WDC-value, and D-value of drought resistance evaluation in tested foxtail millet resources
A SR JE P AL Subordinate function value D HiFE CDC HEF WDC HEJF
Variety 1 2 3 4 D rank CDC rank WDC rank

WA 36 1. 000 0.928 0. 969 0.916 . 965 1 0.582 1 584 1
BA 34 0.985 1. 000 0. 828 1. 000 . 962 2 0.555 4 554 6
A 29 0.989 0. 905 0.970 0.918 . 956 3 0.575 3 581 2
VT SARDS 0.968 0.917 0.910 0.917 . 938 4 0.579 2 574 3
WRES 21 0.956 0. 859 0.876 0.919 . 915 5 0.548 6 560 4
o4 38 0. 944 0.795 0. 829 0. 808 . 868 6 0. 548 5 555 5
iy 107 0. 881 0. 837 0.848 0.831 857 7 0.543 7 537 7
WA 41 0. 807 0.783 0.763 0.813 795 8 0.491 12 . 495 11
RKESH 0. 839 0.708 0.868 0.705 . 794 9 0.516 9 526 9
TR 42 0.782 0.796 0.713 0. 845 . 784 10 0.492 10 . 488 12
B4 18 0.759 0.773 0. 898 0. 705 778 11 0.533 8 527 8
K4k 35 0.792 0.738 0. 669 0.836 L 767 12 0.481 13 . 488 13
HA 54 0.851 0. 670 0.734 0.698 . 766 13 0.491 11 . 497 10
HUr 109 0.755 0.759 0. 699 0.816 . 757 14 0. 467 14 . 468 14
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i A & PR %L Subordinate function value D HEFF CDC HEJF WDC HE 5
Variety 1 2 3 4 D rank CDC rank WDC rank
B4 25 0.794 0. 746 0.575 0.740  0.735 15 0.464 15 0.452 16
FH 30 21 1 4% 0.746 0. 694 0.797 0.561  0.711 16 0. 459 16 0. 449 17
o4 31 0.691 0.679 0.676 0.781  0.702 17 0. 447 17 0.453 15
Kk 4 0. 652 0.708 0.564 0.698  0.656 18 0. 406 20 0. 404 20
3 il 0. 649 0.521 0.796 0.520  0.627 19 0.437 19 0.443 18
BLAT 42 0. 639 0.481 1. 000 0.291  0.610 20 0.443 18 0.428 19
e R4 0.590 0.518 0.535 0.624  0.572 21 0.393 21 0.395 21
4 39 0.613 0.552 0.584 0.397  0.557 22 0. 382 22 0.378 22
AN K 0.618 0. 390 0.320 0.467  0.491 23 0.374 23 0.372 23
Wik 3 0.500 0.474 0.525 0.352  0.472 24 0.342 24 0.325 24
KHA 0. 404 0. 396 0.471 0.458  0.424 25 0.311 25 0.323 25
Hal 0.424 0. 357 0.281 0.386  0.378 26 0.282 26 0.295 26
WA 57 0. 296 0.312 0. 486 0.279  0.331 27 0.282 27 0.278 28
BE 4+ 13 5 0.359 0.223 0.418 0.157  0.306 28 0.281 28 0.280 27
A5 0. 366 0.226 0. 256 0.224  0.292 29 0. 259 30 0.257 30
B 35 0. 262 0.203 0.496 0.218  0.285 30 0.264 29 0. 265 29
EA 28 0. 342 0.251 0.056 0.262  0.257 31 0.233 31 0.214 31
I 2% 43 B 0.196 0. 080 0.313 0. 000 0.159 32 0.203 32 0. 200 32
R 9 0.078 0. 050 0.231 0.017  0.089 33 0.167 33 0.166 33
A 38 0.070 0.019 0. 001 0.055  0.044 34 0.139 34 0.135 34
B A 0. 000 0. 000 0. 000 0.060  0.011 35 0.116 35 0.117 35
-1 Average 0.751 0.481 0.481
WRERE/ % CV 47.832 33.718 34. 210
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Table 8 Correlation degree between DC of all indexes and D together with WDC

and indexes weight in tested foxtail millet germplasm
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Index 71 7 rank Weight V2 7. rank
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0.12
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Fig. 1 Fuzzy clustering dendrogram of drought resistance in tested foxtail millet materials on D-value




5 6 39

BEERAF . AY TR BURIR BT A I R R LR A TR BT A A O 51

2.6 IEIEIRHIIFIE

FA8PRH DC L D 2% 75, it 17 4 A
SR, AR R R B oy = — 0.187 +
0. 554xgppw + 0. 550xkpL + 0. 2642keew » H 7115 77 F2
8 E & B R* = 0.960, Bk 5 M X 28 + &
(arrppw ) AH XS AR 8 (2pppw ) AR AT AR (e ) AT LA
fif# B D 96 %0 WAL I K. T B P=0. 000<<0. 05,
Ul AR 0, AR 12 013 5 B R A G AR e
(xrrew ) XS ZE T FE (ogppw ) FIAXTAR K Cogre ) J2 47
T R BT R S Y AR AR .

3 W

3.1 BHEHMEMIEMNFZE

ST AR BP0 M D AN R 1R 1 48 A
W E P IE H RN TR AR I AR
Mz Z Mg & i Ew i R 608
Pt SRR D (R AT R Z0mE T T I A 4% T
F6 bR X T 52 2 SRR B A 22 55 A4S T4 B X
PEPEM Y BTRR R, TEADAE ST R R B T 32 AR
O350 BT 45 A S T R BRI [T 43 1 b 3858 ol o 6 VR
PSP VEAN FIT 548 b 0 16 L 38 2 32 580 0 B HE
Bk T 5] 45 T4 A oF 1 5 Pl A0 R A [ T 3 1Y
2550 B AR PRV M RN BT 58 A 0 2 4 25 5 T n
HERG . A X 7 8 R B R A O 9 AR
Fro R HPURMEE RE DA PR R B CDC Fn
LR R WDC G285 5 MM 46 45, 25 & B i bt 2
FE bR I BT A S 3 AT R S BE BE A br LSRR
BRI BN BT 45 X A8 T O U 8 B R v R AT 25 A1
Hro TRIA A AIF 5 SR B F 43 B #ig 25 [ 19 43 A 2
ol 77 v T B3k 2% 048 b DR S AN () Al R I S 0 . BT
SRS 1 R 2 B S R A i 5 b R B R A
DA SR ) 5 B 5 A8 F7 o DA 07 1 1 B 52 00, AR
R AP REE B (D) A PR R E(CDO) fil
INALT 5 R B (WD) X 35 S48 1 b Bl i 1 52 4
TTHEY 250 R W 3 AP 45 SR A — 3, KPS BT
S B A (D) AT RS B R T o 4
PR Y, Hodh 348 367 P R, H 4
AP RE RS . AW I 25 A PR R BCRIN
FUHT T 7 B Sy e 5 B 0 1) %l B OF 0 46 A, filE
C R P S VT
3.2 BFWMREREELZPREIERNGIE

YED) T 51 2 el 22 6 R 9 il %) 280 i 38t 4% Pk
MR Z IR A K 43 e DL K A W B S 2 K

2y PR BTE A R I A O 0 A 0 AR
SEEYIPURRE T YOG HE . BT R O AR M R
MR EE AT Z -0 AR RV REEY
W7 A BT R R AR AR A BTN ] R TR R T R
PURPEIE AR A 28 K OZF T H R VIR B H AR+
O T A KA R R 2 R R U e B 1 M
PURER EEARARTY . AKBER T 548 TR
WYL AR SCHY 9 A FR Ll i 2 RS T AR
G2 W BEAT 73 M7 o 45 2R 3% W 4% I0UHE A X 5 1368 g
LA B AN [6]  EL A8 30T 46 AR 22 18] 77 A6 A ] 2 58 ) AH O
P o DRI R T B 45 S04 AR L HE AT I A 20 BT
A5 3 (14 235 AR ME % 0L 1 B b 5 R T B 4% 7 R
PUE . A8 1A 23 A 45 2 AR X 20 5 O AR
MAXAREEE S D HUIH K. 20 B 48 A X
AR i AR O R A 3 6 5 — A 1 b AR 2F T
TES AW B RIILLE 3 MERAER TH 5
A B TR, 5 B 5 B 609 45 R A — 2
1 2 K 2% T A b 5 BT 5 R R AOIAS T R R Rt
A3 WRAB IR BE 23 B, 45 21 4% T 45 b 5 Bt 5218 B
B0 SR B e g R A AR RS 28 > A X AR A > A
X 2 B B > M 2 S AR R R 2 AR A X B K R
B> MR AR T B > AR A 2 > MR B . A
45 2 M5 TS b 55 IALBE 5 28 000 S I A JEE DR /N A
Wy, TR T R T4 b O e 64 fE B PR A T, H
R AR SEIR BE 43 Bt v AR O AR 6 B 5 0 5 AR Y O
HRAPERE /N, AT RE S K (0 5 JK JEE 0 A7 B9 B8 0O 58 48
e

4 # g

A 538 A OC A A3AT LR A A LSRR eR ALY
BT VRIS W 4 A 3% 26 181 U3 43 A7 55 22 F 43 BT 7 15 A
AN T 35 A F b A & W45 A K AR bR T
S B R, A A 9 AN RS AR 2R
AE R AR A AR oF AR i B 25 07 & AT 1 A
VEN R AR, JF L e Il 3 5 B, y = — 0. 187 +
0. 5542 rapw 0. 550xre, 0. 2642 rppw o B E PL R
J3E A hy Rl B 25 A UM S E AR R DU R
MR 6T JIT 326 1) b I iR AT SR8 8 35 MR TR R A
SRPTE PR TR USRI AR 4 A2,
Hor 7 AP A8 SRR R AY 387, S I 1077,
B 367 CTRAT 347 CEA 297 URFLLA ML
R¥E#H 217,



L I N =

= IR 2022 4F 5 27 %

Bk References

(1]

(2]

(3]

[4]

(5]

L6]

(8]

W, SRR, 1 R bR R R X R P A s 2T,
Al B2 . 2009, 42(7)

Shan L., Xu B C. Discussion on drought resistance of Sorghum

2342-2348

and its status in agriculture in arid and semiarid regions[]].

Scientia Agricultura Sinica, 2009, 42 (7). 2342-2348 (in

Chinese)

MPH . BRXUR, DA, ENOC, B, TR EY K NE
e B B pT S B R B g i R (T ). B B iR 2020, 36(1) .
8-15

Yang Y, Shen SH, Ma Y H, Wang R Y, Zhao H. Advances
in the effects of drought on crop growth and research on
drought resistance techniques [ J]. Bulletin of Science and
Technology, 2020, 36(1): 8-15 (in Chinese)

fRANAC, SR, EAF SC, 230, RN, fUTBk, BRE. &
TH TR AR OC QTL LT 5T [J]. #e b e 24, 2020, 35
(6): 36-41

Dai X D, Zhu C C, Wang CY, Qin N, Song Y H, Dai ST, Li
J X. Mapping of drought resistance QTLs at germination stage
of foxtail millet[J]. Acta Agriculturae Boreali-Sinica , 2020,
35(6): 36-41 (in Chinese)

Khajeh-pour M. Industrial Crops[ M. Isfahan: University Jihad
Publications of Isfahan Branch, 2004

BRI, T, N, ZRakit, BAE]. 2, A st M
WL R R, B S REARRU R REEEL] P ERK
A K224, 2018, 23(8): 17-29

Chen BR, Xu N, LiSJ, LiJ] H, Hou ] M, Li W, Shi G S,
Tan H, Gao S J., Wang N. Identification of the drought
resistance of sorghum parental lines at germination stage[ ] ].

Journal of China Agricultural University, 2018, 23(8) . 17-
29 (in Chinese)

MBI, ek B, s, EER. AR ER AR
AP RN TS L], BRI, 2017, 33(9):
17-21

Ren Y L, Qiao D H, Hu C H, Zhang L, Li Y L. Drought
stress on different maize inbred lines at germination stage[ J].
Chinese Agricultural Science Bulletin, 2017, 33(9). 17-21
(in Chinese)

BRI . LA, MRk, (TP /N2 i R 00Tt 5 A L Y
®HIFMLI]. #F, 2014, 33(10):

Chen T Q. Wang W, Yang K L., He Q C.

81-84

The analysis and

screening of drought tolerance materials of wheat at
germination stage [ J |. Seed, 2014, 33 (10): 81-84 (in
Chinese)

T, W, FEZE, sREm, BRbk, RILH. KM T

MRS R R R BRI A, 2014,

(9]

[10]

[11]

[12]

[13]

[14]

(5): 148-153

Tian Y S, Xie Z M, Wang Z J, Zhang G L., Chen L., ZhuJ Y.
Relationship between the drought resistance of rice shoots and
drought resistance coefficient of yield[J]. Crops, 2014, (5):
148-153 (in Chinese)

XK H, DT, — . BRaGTE. OREIEA G R (RO i & 50
SRS E I L), AP A2 B IR, 2016, 17(2): 233-238
Liu Y H, Zhan C F, Shen Y, Chen Z D. Identification of
drought tolerance in peanut varieties/lines at the germination
stage[ J]. Journal of Plant Genetic Resources, 2016, 17(2):
233-238 (in Chinese)

VRN, ke, RELE, K5, Rl ml, Em, BRI
R DR BT B A R 0BT R S R T B AR AR R e [ . A 38t
L% P24, 2017, 18(5): 846-859

Wang C, Zhou L B, Zhang G B, Zhang L Y, Xu Y, Gao X,
Jiang N, Shao M B. Identification, and indices screening of
drought resistance in job’s tears germplasm resources at
germination stage[ J]. Journal of Plant Genetic Resources ,
2017, 18(5):
VEA, b, SR, RS, Mg, s, 2290, BRI
R TR BT B R R I BT S R AR AR R L ] AR
i, 2017, 43(9): 1381-1394

Wang C, Zhou L. B, Zhang G B, Zhang L Y, Xu Y, Gao X,

846-859 (in Chinese)

Jiang N, Shao M B.

Identification and indices screening of

drought resistance at adult plant stage in job’s tears
germplasm resources[ ] ]. Acta Agronomica Sinica, 2017, 43
(9): 1381-1394 (in Chinese)

FAF . AT R, R, BRUKIE ., VRSO B A N TR
S B R DT R R e S S L) ] AR 2E A, 2016, 42(8)
1233-1246

Wu Q, Zhou Y F, Gao Y, Zhang J, Chen B R, Xu W J,
Huang R D. Screening and identification for drought resistance
during germination in sorghum cultivars[J]. Acta Agronomica
42(8):

Sinica ,» 2016, 1233-1246 (in Chinese)

HORLAE , XURI ARG, b, BROGRE. JKRE BTk 8 2% 5 7 ik KOO
MR pE st [T ], b E e 2@ e, 2013, 29(12): 1-5

Jing L H, Liu L C, Mei K, Chen G H. Research progress of
drought resistance identification and evaluation in rice [ J ].
Chinese Agricultural Science Bulletin, 2013, 29(12): 1-5 (in
Chinese)

SRR, HERE, %08, PRABSC, AR F . BB AN BT 85 & )
o £R 5 PF 6 [ 0. A W 38 1% B R 2= 4, 2015, 16 (3D

520-527

Zhang Y J, Gou Z W, Wang X R, Chen W Y, Qi X S.
Comprehensive valuation of drought resistance of flax
germplasm in germination [ J |. Journal of Plant Genetic

Resources, 2015, 16(3): 520-527 (in Chinese)



WA 2 30 B0 A AT A B 9 A O

(2]
w

[15]

5 6 3 BEIRAF . AT AR B
BRA, WU, MBRE, £J5, T, BRER EZUK
A A BT R LR AT RAR AR R L) ). fE AR, 2014,
40(7); 1259-1273

[16]

[17]

[18]

[19]

[20]

[21]

LuoJJ, OuQM, YeCL, Wang F, Wang Y Z, Chen Y L.
Comprehensive valuation of drought resistance and screening of
indices of important flax cultivars [ J]. Acta Agronomica
Sinica, 2014, 40(7): 1259-1273 (in Chinese)
ERIM, XImE, HTE, S, PhRR . AR, BdE . K
TLAN BB A I A M (D], AR AU R 244, 2012, 43
(1): 36-43
Wang L B, Liu L J, Pei Y F, Dong S K, Sun C S, Zu W,
Ruan Y H. Drought resistance identification of soybean
germplasm resources at bud stage[ J]. Journal of Northeast
Agricultural University , 2012, 43(1): 36-42 (in Chinese)
AR T, T, AREE, EX4GR, AMERE, HLB, ESETAH.
R TR B BT A S W O R TS L) . R 4, 2012, 38
(4): 665-674
Qi X S, Liu Z X, Guan R X, Wang X R, Gou Z W, Chang R
Z, Qiu L J. Comparison of evaluation methods for drought-
resistance at soybean adult stage[ J]. Acta Agronomica Sinica »
2012, 38(4): 665-674 (in Chinese)

R, KR SCH, SRAF RS, H Bl ST A DGR Y 32 S
I3HT BRG], T E AR RN, 2011, 44(9)
Zhu Z H, Zheng W Y, Zhang X K. Principal component

1775-1787

analysis and comprehensive evaluation on morphological and
agronomic traits of drought tolerance in rapeseed ( Brassica
napus L) [1]. Scientia Agricultura Sinica, 2011, 44 (9);
1775-1787 (in Chinese)

BN, SRER, SRS IS BB RO R BT A AR AR
A i) EAE R, 2013, 46(3): 476-485

Xie X Y, Zhang X, Zhang B. Evaluation of drought resistance
and analysis of variation of relevant parameters at seedling
stage of rapeseed (Brassica napus 1)[]J]. Scientia Agricultura
Sinica, 2013, 46(3): 476-485 (in Chinese)

MREZR, AAK, PRA, L8, FEREG. 200, KRR
IR (i T 5 R A 20 IR A A R i e [ ] R AR
2012, 38(9):
ShiY T.

1680-1687
Chen Y L, LuoJ J, Wang D, Hou Y Q. Li Z W,
Zhang B X. Screening of drought tolerant agronomic trait

indices of colored cotton varieties (lines) in Gansu Province[ ] ].

Acta Agronomica Sinica, 2012, 38 (9): 1680-1687 (in
Chinese)
E2IF, R, RN, BAR. R, G TR 2

HUR VRS ELT]. MY IR AR, 2014, 15(3) -
Wang L F, WuJ, Jing R L, Cheng X Z, Wang S M. Drought

498-503

resistance identification of mungbean germplasm resources at

bud stage[ J]. Journal of Plant Genetic Resources, 2014, 15

[22] £

[23]

[24]

[25]

[26]

[27]

[28]

(3): 498-503 (in Chinese)

, R, mEE, B2 R G 5 T 9 R )
PrR S 1] fEY 24, 2015, 41(1)
Wang L F, Wu J, Jing R L, Cheng X Z, Wang S M. Drought

145-153

resistance identification of mungbean germplasm resources at
seedling stage[ ] ]. Acta Agronomica Sinica, 2015, 41 (1):
145-153 (in Chinese)

Fuov, i, BUEGE. BRI, TR ST Bl R U A bk
Wyt R [T Y2, 2015, 41(8): 1287-1294

Wang L. F, Wu J, Jing R L, Cheng X Z, Wang S M.
Identification of mungbean germplasm resources resistant to
drought at adult stage[]]. Acta Agronomica Sinica, 2015, 41
(8): 1287-1294 (in Chinese)

ZIs, ML, FIEE, KA, TE, NE, &, A~FH
AN X R BUA F R ZE 0 5 e [T . st A B IR
4, 2013, 14(1); 146-151

Qin L,
B, Chen E Y.

Yang Y B, Guan Y A, Zhang H W, Wang H L, Liu

Identification of drought tolerance at
germination period of foxtail millet cultivars developed from
different ecological regions [ J 1. Journal of Plant Genetic
Resources, 2013, 14(1): 146-151 (in Chinese)

RN BE W, R, SRR, EEX, BV, HE,
BRE. AT WX T 5 W38 09 ma B K bt SR [T, 4
dege 24, 2015, 30(4) . 139-144

Dai X D, Yang Y F, Zhu C C, Lu X M, Wang C Y, Yang X
P, Yang G H, LiJ X. Seed germination response to drought
stress and drought resistance evaluation of foxtail millet[]].
Acta Agriculturae Boreali-Sinica s 2015, 30(4): 139-144 (in
Chinese)

R, SRR, AR, Seh ., MR, A PR OCER
B S O R 2R AT LT E AR B, 2009, 42(8)
2667-2675

Meng Q L, Guan Z B, Feng B L., Chai Y, Hu Y G. Principal
component analysis and fuzzy clustering on drought-tolerance
related traits of foxtail millet (Setaria italica)[]]. Scientia
2667-2675 (in Chinese)
AT AR RN LT
28-32

Agricultura Sinica. 2009, 42(8):
[N/ D NITTR A P2 e I i
AR, 2013, 42(12)
Gao R Y, Shi L R, Cui X G, Li M Z. Assessment of drought
resistance of Setaria italica varieties[ ]J]. Journal of Henan
Agricultural Sciences, 2013, 42(12): 28-32 (in Chinese)

WY, MR, SR, EEE. JEm, 3R, A R Xt
T 5 R A F iR L vE Rl KR . A AR
WL, 2019, 39(6):
Shen J, Wei LY, GuoM ], Wang Y G, Yuan X Y, Guo P Y.

26-33

Effects of humic acid on seed germination of foxtail millet

under drought stresses[]]. Journal of Shanxi Agricultural



L I N =

= IR 2022 4F 5 27 %

[29]

[30]

[31]

University : Natural Science Edition, 2019, 39(6): 26-33 (in
Chinese)

VRVKEZ, JPeR, IRAROC, LINUN, A STHE, SRM, B . 4
Tl O 400 o 7T SR T3 9 R IR SR A A D . i R Al B
2018, 51(8): 1431-1486

XuBX, Yin M Q, Wen Y Y, Pei S S, Ke ZJ, Zhang B,
Yuan X Y. Gene expression profiling of foxtail millet (Setaria
italica 1.) Under Drought Stress During Germination [ J].
Scientia Agricultura Sinica, 2018, 51 (8). 1431-1486 (in
Chinese)

Zp, 208, i, SUEE, TR W S TR 5B R 2
Wiy M [T, A AR OIS 2013, 14(4) : 600-605
LiL, Wang L F, Wu J, Jing R L, Wang S M. Drought
tolerance in common bean germplasm at bud stage[]]. Journal
of Plant Genetic Resources, 2013, 14 (4). 600-605 (in
Chinese)

KA, RMEE, BRI, AxFE, XNFE, B, EX57 H
B3 50 W38 S S AR R 0 O iR S L . AE 3t A% Bt
WA . 2008, 9(1) . 62-67

Zhu X H, Song Y C, Zhao Z H, Shi Y S, Liu Y H, Li Y,
Wang T Y. Methods for identification of drought tolerance at

germination period of foxtail millet by osmotic stress[ ] ].

Journal of Plant Genetic Resources, 2008, 9(1): 62-67 (in

[32]

[33]

[34]

Chinese)

AHBTE, FES, VP, SRASE, KE . HIRRAD BT 5T I AR ]
PRVEPN LI, R 2. 2010, 43(15) ¢ 3076-3087

Qi XS, Wang X R, XuJ, Zhang ] P, Mi J. Drought-resistance
evaluation of flax germplasm at adult plant stage[ J]. Scientia
Agricultura Sinica, 2010, 43(15): 3076-3087 (in Chinese)
XDEHE, Bregk, MBS, M, &30l #H7%EE, Haot.
MR AEAE B8 B BT B MR 255G T A B A8 4 0 0 () 0. A 49y 38t 1% 92 R %
. 2016, 17(1): 53-62, 69

Liu GH, ChenQJ, WuPH, QuYY, Gao W W, Yang ] S,
Du R G. Screening and comprehensive evaluation of drought
resistance indices of cotton at blossing and boll-forming stages[ ] .
Journal of Plant Genetic Resources, 2016, 17(1): 53-62, 69
(in Chinese)

WIRYA, ZEE . BB, BN, B BRI g
ST Y R AL I W B R B B ST ) ). 2R
4. 2016, 36(8): 1093-1100

Hu W M,LiGR, Fan G Q. Li ] G, Rong X ]J. Evaluation and
selection of plant growth adjusting substances related to
enhancing wheat seed germination under drought stress []].
Journal of Triticeae Crops. 2016, 36 (8): 1093-1100 (in
Chinese)

FAEG . 3R



