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Abstract: [ Objective | Waterlogging is one of the main obstacles affecting the growth of black sesame.
Identification of waterlogging tolerance of black sesame germplasm resources at seedling stage and screen
reliable evaluation indexes can provide theoretical basis for breeding and cultivation of waterlogging—tolerant
black sesame varieties. [ Method | 52 black sesame germplasm resources were selected as experimental
materials and they were waterlogged for 7 days at seedling stage.Seven indexes, including seedling survival rate,
plant height and root length, were measured, and the waterlogging tolerance coefficient of each index was
calculated. Principal component analysis, membership function analysis, cluster analysis, correlation analysis
and stepwise regression analysis were used to comprehensively evaluate the waterlogging tolerance of different
black sesame germplasm resources and screen the waterlogging tolerance indexes. [ Result | Seven indicators
were simplified into four independent comprehensive indicators by principal component analysis, which
contained 79.25% of all information; Based on the comprehensive evaluation results of waterlogging tolerance
and the classification of waterlogging tolerance grades, five varieties with high waterlogging tolerance, 39
varieties with moderate waterlogging tolerance and eight varieties with waterlogging sensitivity were screened
out. Correlation analysis showed that plant height, root length, aboveground biomass and underground biomass
were the main influencing factors of comprehensive evaluation value, and there were also different degrees of
correlation among all indexes. Four key indexes such as plant height, root length, aboveground biomass and
underground biomass , were screened out from seven identification indexes by regression analysis.[ Conclusion |
Based on the above analysis, Poyang black sesame, Xingzi black sesame, Duoshuo black sesame, Duchang
black sesame and 17-50 were the most waterlogging tolerant and can be used as excellent parents for breeding ;
The plant height, root length, aboveground biomass and underground biomass are critical indexes to rapidly
identify the waterlogging—tolerance of sesame seedlings.

Keywords: black sesame;seedling stage ; waterlogging tolerance ; principal component analysis; clustering

analysis ; comprehensive evaluation
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Tab.l1 Information of Black Sesame varieties tested

4% No. rn P Variety SKUE Origins 4% No. A Variety KU Origins
1 B BH 24 2 iR banii} 27 WZM5 DN
2 R VLY 28 WZM6 bANiii)
3 BT bANLi} 29 WZM7 bANLT}
4 TR R 2834 bANii) 30 WZMS8 bANLT}
5 Mo B2 R VLY 31 WZM9 bANLT}
6 Z W B2 VLVY 32 WZM10 bANLT}
7 TR VLVY 33 B E B 2R b}
8 TR R PN 34 233 el d
9 EVITE R PN 35 24 iimld
10 YR 2831 baNii) 36 2 HJ05 tilla
11 4 v R PN 37 2 HI6 il
12 4 HRR pANii] 38 1 35 il
13 il E 2 PANi) 39 LY 207 il
14 R banii) 40 BT RR |
15 [=B e banii) 41 RIS bifEe]
16 W8T banii} 42 P AR
17 M2y DAL 43 17-25 DN
18 9T DAL 44 17-43 DN
19 BEI11S DAL 45 17-46-1 DN

20 H®mE15 banii} 46 17-50 DN
21 B 145 VIV 47 17-51 VAN
22 TR 2 R bANLi) 48 17-57-2 bANLT}
23 WZM1 VLY 49 17-62 bANLT}
24 WZM2 VLVY 50 17-76-1 bANLT}
25 WZM3 VLY 51 17-119 VLY
26 WZM4 VLY 52 17-156 VLYY

1.2 kit

I AR T 7K ik AT P 22 IR e S0 i i 1 4 e 1 o R IBORPRLARLING O/ INAH AT Y 22 RORF L1 ) 4 Ao
T (ETHR 10 em, FTIRHAZ8 ecm, 5 8 cm)  fEFHEFUY KA LB =111, HYEK=E2H
LI I P (B2 B 3 RSBk, A K 2 4 B AT BK 7 d AR B DR FE T b TR S it
TR AR (RS /KBRS 100% ) , 0 BRALIEH KM B Tt T 45 RS 78 AR W 897K 08 B 2R KR
3d, BUREIE A5 AR b . A AL E A S A SRIEHLIX 411K T
1.3 WEmMBS57H X
13.1 ZERGGAFE

05 2R (survival rate, SR) = (& TH A7 16 B0/ % B ) X 100% (1)
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2.1 BIUSHREIM iR R A

FH 2R 2 AT AT, 52 00 BE 2 R S FPAE SR A R A7T6 AR B Tt 35t R AR R O 0.67~0.93 ,F- Y1 0.85;

(YT 28 B MR 0.54~1.10, ~F-41{F 0.80 5 L ATt ot R AL R 4 0.23~0.62,F- 1 0.38 ; 4 |- FRAE Wi

TR T5T 22 B8 IR A 0.34~1.52, ~F- 4118 0.78 5 i A 47 i A it ot R 45028 R 0 0.35~1.29,°F- 3491 0.64 ; MR 5

FE AR 35 22 KR 6 R 0.28~2.35, SF-H{H 1.15; SPAD {i i i 155 22 B2 iR 4 0.74~1.16, F-X(H 1.0, 5274

PR A5 R AR It R AL 0 A8 S5 RECWAFTE 25 57, FLrP AR et LU AR 5 R B K, AT R A8 S R AR/,
G T LA A2 R o R A T 9 A

R2 2MHEZRSEMHZMERAERRZLE(WRC)
Tab.2 The waterlogging resistance coefficients of 52 black sesame varieties
W EFAEE WA ML

epL R P SIS _ Und 1 Reotsh ) SPAD
Varieties Survival rate  Plant height ~ Root length AboYeglound fiersroun oots 00.[ ratio SPAD value
biomass biomass respectively
1 0.93 1.10 0.46 1.23 0.77 1.59 1.06
2 0.87 1.07 0.35 1.17 0.53 2.35 0.80
3 0.87 1.06 0.47 0.89 0.71 1.51 0.95
4 0.93 1.00 0.34 0.82 0.46 1.59 1.16
5 0.87 0.86 0.32 0.81 0.50 2.24 1.07
6 0.87 0.79 0.44 0.91 1.17 1.35 0.99
7 0.93 0.80 0.29 0.68 0.50 1.65 1.10
8 0.87 0.78 0.36 0.61 0.59 1.16 0.99
9 0.73 1.05 0.36 1.45 0.67 2.22 1.10
10 0.87 0.83 0.34 1.01 0.77 1.38 1.05
11 0.87 0.79 0.42 0.84 0.60 1.61 1.08

12 0.67 0.63 0.39 0.67 0.66 1.25 1.04
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st Rk b g WDIRRRCR PRS- R e
Varieties Survival rate  Plant height ~ Root length oo . ‘;‘;S;ezzvjy"’ SPAD value

13 0.87 0.80 0.62 0.69 1.29 0.62 0.90

14 0.87 0.89 0.41 0.72 0.52 1.59 0.98

15 0.80 1.00 0.40 0.84 0.68 1.62 1.05

16 0.87 0.75 0.41 0.64 0.69 1.22 1.07

17 0.87 0.70 0.39 0.66 0.75 1.22 1.10

18 0.87 0.87 0.39 0.50 0.50 1.55 1.04

19 0.80 0.84 0.38 0.95 0.92 1.44 1.09

20 0.87 0.75 0.48 0.84 0.55 0.67 0.81

21 0.80 0.74 0.36 0.66 0.63 1.12 0.97

22 0.87 0.92 0.48 0.96 0.68 0.68 0.95

23 0.93 0.77 0.23 0.77 0.39 0.52 1.11

24 0.80 0.59 0.46 0.41 1.15 1.29 0.78

25 0.8 0.77 0.37 0.60 0.64 0.85 1.07

26 0.87 0.71 0.25 0.71 0.45 0.56 1.13

27 0.87 0.76 0.30 0.49 0.70 0.98 0.81

28 0.87 0.63 0.47 0.54 0.48 0.88 1.05

29 0.87 0.75 0.47 0.59 0.61 0.99 0.82

30 0.87 0.65 0.44 0.66 0.78 0.81 1.01

31 0.93 0.81 0.40 0.75 0.62 0.92 1.03

32 0.93 0.77 0.31 0.75 0.53 0.67 1.04

33 0.87 0.90 0.29 1.03 0.55 0.54 0.74

34 0.87 0.74 0.36 1.13 0.83 0.76 0.99

35 0.87 0.63 0.38 0.67 0.65 0.85 0.96

36 0.87 0.82 0.35 0.72 0.56 0.76 1.02

37 0.87 0.61 0.41 0.48 0.55 0.87 1.04

38 0.73 0.70 0.28 0.62 0.42 0.75 0.96

39 0.80 0.85 0.38 0.90 0.91 2.02 0.86

40 0.80 0.71 0.34 0.81 0.70 0.72 0.99

41 0.80 0.77 0.45 0.70 0.56 0.59 0.98

42 0.80 0.96 0.38 0.89 0.75 0.76 0.98

43 0.87 0.77 0.32 0.57 0.51 0.79 1.08

44 0.87 0.78 0.34 0.80 0.61 0.63 1.06

45 0.87 0.83 0.38 0.72 0.52 0.65 0.92

46 0.87 1.06 0.43 1.52 0.67 0.48 1.00

47 0.87 0.86 0.38 0.74 0.51 0.49 1.11

48 0.87 0.65 0.30 0.66 0.47 0.68 1.14

49 0.87 0.86 0.55 0.72 0.54 0.68 1.06

50 0.87 0.93 0.27 1.31 0.53 0.49 1.06

51 0.80 0.54 0.44 0.34 0.35 0.28 0.90

52 0.80 0.70 0.43 0.98 0.79 0.53 1.11
e K AE Max 0.93 1.10 0.62 1.52 1.29 2.35 1.16
f5e/IME Min 0.67 0.54 0.23 0.34 0.35 0.28 0.74
SEEE Average 0.85 0.80 0.38 0.78 0.64 1.15 1.00

Stanﬁifg”iiﬁm 0.0523 0.1316 0.074 2 0.2422 0.187 8 0.505 8 0.100 1

A% 6.2 16.5 19.5 311 29.3 44.0 10.0

Coefficient variation
22 ZREEmREERNERS S
S AR bR A AR ot 37 H A AR RO ZE- G bR, DT SR BT 0% i B P 2 JRR i 10T Y T s 1 1Y
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PR o T 52 A BA 2 R 5T B8 R A 7 A B I B I0UE bR 35T AR G A T A 4 B, B3R 3 WA, CLL L CL
CL F1 CI, 4 4> 3 20 AE A8 29 991 M 1.98.1.74 . 1.03 1 0.81, 5T Bk K53 51l hy 28.31% . 24.79% . 14.65% Fil
11.51%, Bt 5Tk R 55 79.25%, 1% 4 4~ F W 0T LR 7 8 FR 09 KB 5 B o A6 B R4 CL P, #Rk s
FIH b AR Wy AT (B R, FE 0.80 DA, PR PTE 2¢ 32 o0 VA oA b b 3 R+, S T v 1k 48 A 55—
FEAEDR ; F LS CL A AR R T 3B AE 4 e B far 45 5, 439104 0.764 F10.798 , A% 3 A 43 U S i R34S
T RS 5 H R bR R CL RS2 A0 R A ), R far (e, 14 81 0.842,, Rl L T
DI CL I A 716 2R 1 5 240 CI, 32852 SPAD {H 520 , #1735 21 0.863, Al BH%Z i3 I3 A - -
SPADfEH ¥
R3 BESERNBEERRSRE

Tab.3 Coefficients and contribution rates of comprehensive indexes

ZEATERR Comprehensive index

F8#1 Indicators

Cl, CL, CL, cl,
G2 Survival rate 0.129 -0.364 0.842 0.036
Pk Plant height 0.915 -0.092 0.134 -0.133
R Root length 0.006 0.764 0.354 0.288
Mo L FBA M1 Aboveground biomass 0.842 0.055 0.015 -0.090
MR #8444 Underground biomass 0.205 0.798 -0.034 0.289
HRIE . Root shoot ratio respectively 0.608 0.093 -0.402 0.116
SPAD{ SPAD value 0.080 -0.602 -0.098 0.773
FRIFA Eigenvalue 1.98 1.74 1.03 0.81
Tk #/% Contribution rate 28.31 24.79 14.65 11.51
Z1 5Tk % /% Cumulative contribution rate 28.31 53.10 67.75 79.25

23 mWIRESEIFENREBESH

W B i s 200 2 N [ N v o W 1o 70 10 0 W s Sl (O R DEZ S =R TN =5 3
R PR B [ (X)], 285 AR A 54 5 G F AR A (w,) L 535908 35% . 31% .20% Fl 14% , #1455 T 51
FE bR A E RS B R [R] 22 JFR df RS E 25 A PR DAL, R D (B0 /N FI B 355 1 A 5 559 , D (K
Mo P . ph R 4 T PR RS A AT S AT S R REBH R 2 B RR B TR 1750, it RS
M5 545 0 17-57-2 . WZM-1 WZM-4 17-119 FIrth 2 35, hy 1 5347 3 X 2 R 0ot 1 #4547 25 5 2 0T
o % DAEHEAT RIS BT (B 1), nDRE 52 Z R SRR 430 3 AN RIS 58 T 28 0y v B T 4ot 5 b 5 A4~ (D=
0.66) , t BRI 9.6% ; 55 T 25 B E U  AP 8 15(0.412D20.28) , i BHRA BRI 15.4% ;45 T2 Ky vh
JEE R A A 394> (0.622D20.43 ) AR ARG 75%

R4 2 EBZRMEAIM(X) ) DEREETHN

Tab.4 w(X;).w.D-value and comprehensive evaluation of 52 black sesame germplasm

o - o . . . ZEA PR
i Zi5 848 Comprehensive index SR & BEEUE Membership function DE
Comprehensive

No. D value
CI, CI, ClL CI, w(X)  w(X)  wX)  w(X,) evaluation
1 3.38 0.01 2.00 0.72 0.95 0.40 1.00 0.87 0.78 15 BT
2 3.24 0.07 -0.23 -2.20 0.93 0.41 0.58 0.22 0.60 r BT e
3 1.96 1.02 0.38 -0.19 0.75 0.54 0.69 0.67 0.66 T BT
4 1.59 -2.16 0.84 0.82 0.70 0.10 0.78 0.89 0.56 r T VR
5 1.29 -1.28 -0.90 0.33 0.66 0.22 0.45 0.78 0.50 Hp R T 35
6 0.97 2.10 0.52 1.09 0.61 0.69 0.72 0.96 0.70 15 JEE M 5
7 0.23 -1.83 -0.17 0.44 0.51 0.14 0.59 0.81 0.45 Fp R TR 35
8 -0.52 -0.30 -0.06 -0.17 0.40 0.35 0.61 0.67 0.47 Hp R T 5t
9 3.75 -0.20 -2.51 0.48 1.00 0.37 0.14 0.82 0.61 F R T 45

10 1.07 -0.18 -0.47 0.40 0.63 0.37 0.53 0.80 0.55 Fp REE i T
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s ZEATERR Comprehensive index R R EE Membership function D1E %%ﬂz{ﬁ
No. D value Comprehensive
Cl, CI, CI, CI, wX)  wplX)  wpX)  wplX) evaluation
11 056  -022  -0.12 0.91 0.55 0.37 0.60 0.91 0.56 P BT 5
12 -1.30 094  -3.25 0.58 0.29 0.53 0.00 0.84 0.38 i E U
13 -0.11 438 1.73 1.16 0.46 1.00 0.95 0.97 0.80 e Vi
14 0.63 -0.12 0.00 -0.22 0.56 0.38 0.62 0.66 0.53 TP BT 5
15 1.51 032  -1.42 0.41 0.69 0.44 0.35 0.80 0.56 o TR 35
16 -0.43 0.12 -0.11 0.95 0.42 0.41 0.60 0.92 0.52 rf BT 35
17 -0.53 -0.05 0.06 1.29 0.40 0.39 0.63 1.00 0.53 Hp BT 35
18 -0.07 052  -0.34 0.29 0.47 0.32 0.55 0.78 0.48 rP R TR 35
19 1.08 0.72 -1.23 1.18 0.63 0.49 0.39 0.98 0.59 rp BT 35
20 -0.57 1.14 1.47 -1.47 0.40 0.55 0.90 0.38 0.54 r R T 5
21 -0.74 0.29 -1.26 -0.30 0.37 0.44 0.38 0.64 0.43 rh BT 35t
22 0.70 0.94 1.00 -0.29 0.57 0.53 0.81 0.65 0.62 rp BT 35
23 -0.76 -2.87 0.43 -0.24 0.37 0.00 0.70 0.66 0.36 T U
24 -1.65 3.92 -1.18 -0.31 0.25 0.94 0.40 0.64 0.55 rp BT 35
25 -0.89 -0.16 -0.87 0.55 0.35 0.37 0.45 0.84 0.45 Hp BT 5
26 -1.19 -2.35 -0.28 0.21 0.31 0.07 0.57 0.76 0.35 T E R
27 -1.11 0.51 -0.34 -1.79 0.32 0.47 0.55 0.31 0.41 Tt UK
28 -1.69 -0.07 0.76 0.77 0.24 0.39 0.76 0.88 0.48 T T 5
29 -0.87 1.32 1.09  -1.13 0.35 0.58 0.83 0.46 0.53 rh BT 35
30 -1.12 0.78 0.84 0.72 0.32 0.50 0.78 0.87 0.55 TP BT 35
31 -0.09 -0.36 1.06 0.27 0.46 0.35 0.82 0.77 0.54 r T
32 -0.57  -147 0.93 -0.21 0.40 0.19 0.80 0.67 0.45 rp BT 35
33 0.44 -0.12 0.60 -3.20 0.54 0.38 0.73 0.00 0.45 Hp BT 35
34 0.43 0.34 0.28 -0.04 0.54 0.44 0.67 0.70 0.56 rp R TR 35
35 -1.36 0.28 0.01 -0.18 0.29 0.43 0.62 0.67 0.45 F R TRt
36 -0.43 -0.62 -0.09 -0.22 0.42 0.31 0.60 0.66 0.45 H EE T V5
37 -1.89 -0.28 0.58 0.60 0.21 0.36 0.73 0.85 0.45 F T Y
38 -1.62  -0.80 207 -116 025 0.29 0.22 0.45 0.28 1ot A HURR
39 1.35 190 -1.71 -0.68 0.67 0.66 0.29 0.56 0.57 r R T
40 -0.78 0.15 -0.89 -0.23 0.37 0.42 0.45 0.66 0.44 rP R TR 35
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Fig.1  Cluster image of black sesame varieties based on D value of comprehensive evaluation of waterlogging tolerance
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