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Comprehensive evaluation of drought tolerance of sorghum
germplasm resources during germination period

WU Guojiang', ZHOU Wei', LV Jingbo’, WANG Zhenguo'*, LI Yan', YU Zhonghao',
DENG Zhilan®, CUI Fengjuan®, LI Mo>, XV Qingquan®, ZHOU Yaxing'
(1. Key Laboratory of State Ethnic Affairs Commission of Ecological Agriculture in Horchin Sandy Land, Inner
Mongolia Minzu University, Tongliao, Inner Mongolia 028000, China; 2. Tongliao Institute of Agricultural
and Animal Husbandry Sciences, Tongliao, Inner Mongolia 028000, China)

Abstract: In this study, 30 sorghum germplasms were treated with simulated drought stress using PEG-6000
at different concentrations as a penetrant. The results showed that 15% PEG — 6000 was the appropriate
concentration for sorghum germplasm stress. Under this treatment of concentration stress, the drought tolerance of
279 sorghum germplasms was comprehensively evaluated at the germination stage. The results showed that the coef-
ficient of variation of the nine drought tolerance indexes ranged from 21.6% to 52.6%. According to the correlation
degree of each index, three key drought tolerance indexes, germination potential, germination rate and germination
index were determined. Through principal component analysis, the nine drought tolerance indexes were integrated
into three independent comprehensive indexes ( principal component values) , and the cumulative contribution rate
of these three principal component values was 88.044%. Based on principal component analysis, the comprehensive
evaluation D value of drought tolerance of sorghum germplasm at germination stage was calculated by membership

function method. At the same time, based on grey correlation analysis, the relative sticking progress of drought tol-
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erance of sorghum germplasm at the germination stage was calculated by DTOPSIS method, and then the D value

and relative sticking progress were averaged to obtain a new comprehensive evaluation value. Based on the new

comprehensive evaluation value, 279 sorghum germplasms were classified into five categories using the Euclidean

distance and class average method. These categories include 29 extremely drought-tolerant germplasms, 170

drought-tolerant germplasms, 52 moderately drought-tolerant germplasms, and 28 drought-sensitive germplasms ( 12

sensitive and 16 highly sensitive ).

Keywords: sorghum; germplasm resources; germination stage; drought tolerance; comprehensive evaluation
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Table 1 Name and number of 279 sorghum germplasm materials
[ilie A= T 5T 24 [ilie A=) Tl 5T 24 Tl 5 i Tl g7 24
Germplasm Germplasm Germplasm Germplasm Germplasm Germplasm
number name number name number name
1127 0402/7K %} Shuike 001X1 28H 9702/ E i Jinhun O 1301H NW10X
1129 0650X9 29H W Ji 586 1999H 0677-2
2402 0650 3% Xuan 30H 0660 2079H 0631-1
2423 LG601/9802 32H 185 % Xuan 2406H 15-2090
2559 L17-1 33H 2008 2408H 0673-1
2568 LTR102 36H W Ji 1586-1 2409H 0674
3314 S101 38H 3 Xinliang 52 2410H NW4-1
3335 009/ Yan 4X3 39H 0402 2411H NW14-1
03 Jil
4205 V7A 40H =R = Sanchisan 2414H 2011-38
H7eMEHR Huangkesheyan
— R = Sanchisan.
6621 5h%¢ Pinzi 02159 43H # 5 IR Huangkesheyan 2417H 9801
77/128/9701/9701
6627 S11 44H 0908 2419H NW9
6635 % Pinzi 02240 46H 188 % Xuan 2435H LG601-1
3017A KA Jinchangzao A 47TH 2004/9701 2440H L Aohan NR2
3018A 98125A 50H 9058/ Xin 52 2446H HIX Aohan NR2-5
3020A QL33A 58H JKE} Shuike 001 2448H HL Aohan BNR-1
3021A T Ji 354A 60H T Xuanji 2451H HABHS Jingdu 5
3022A D51(D53) A 63H 2011-16 2453H 2011-31
3023A 2003A 64H 2011-30 2456H AT Heinuo R2
3025A D73A 67H 9702/2002 2457TH 12487
3028A 314A/(15B/QL33B)/321A 77H T Ji R123-2 /2002 2458H 17 1% Tianxuan 2
3029A 404A 80H 0657 2460H 2011-8
3031A FRE Chifan5578/2001 A 81H 185 1% Xuan 1 2461H 13X3
3036A D369/370A 86H 9700 2464H 15/V4
3041A # Ji 406A 1101H 2002?2;?:{; lfgﬁfm 2472H 188X
3043A 314A/7K Cheng 16,811 1102H W-2002 2476H LY175
Heliang 30A
] ! -
3045A 5;§1z7 ﬂ‘;fﬁgfoit‘;zl SLZ ing 1103H 2004/9702 2499H 19 ik Xinxuan
3049A 0615/98125A 1104H  2004/3% Ming 1/F§ Nan 14-09X5 || 2502H I Aohan NR2-1
3051A V4A 1105H 2005/7KF} Shuike 001 2504H 517 3¢ Nuogaoliang
3053A 0630-2A 1106H 2004/7K%t Shuike 001 2509H ¥ t5| Hebeiyin 19
3011B & Long 188/17/102A 1107H 2007/7788 2512H NW14 % %7 Xuanbaili-1
33098 0614-1 1108H 2011-49 2516H A3
3310B V33 1109H 7413-24 2517H 0343
3312B QL33/15 1110H 7413-25 2522H U Heinuo R2-1
3316B S102 1111H 9704 2523H Je K2 longmiliang 3-1
3317B S301 1112H 5] H - Hayinjizao 82 2525H 21 #F Hongyingzi
3318B QL31/321 M 4§ Yeshanghao 1114H W51 #%. Hayinjizao 80 2534H 19-DUS7
33198 QL33/321 it 4§ Yeshanghao 1115H 0677 2537H L Aohan NR2-2
3321B $302 1116H PR Hubocuo—1 2541H b5 Hebeiyin 9
33228 HBA 1117H 0667 2542H L 5] Hebeiyin 11
3323B JE Yan 4/0624X2 1119H B Tongzao 1X52 2545H FHEZ Jinuoza 3
33268 ] Ao 4X1 1123H 2% Sui R 2551H L Aohan NR
3332B M Yan 4//15/V4 1124H 140R 2553H 19-DUS3
3334B 15-03281 1127H 0401/ 7KF} Shuike 001X1 2562H 9804
3336B S201A 1128H 0650X6 2566H NW14-6
3338B QL33/15X6 1130H 0664,/0650 2572H HLIX Aohan NR2-7
3339B S301A 1131H 901 2576H NW14-16
33408 4T Zhe 15/V4A #f V4A Hao 1132H 0661 2577H 9806
3341B S303 1137H 15-5928,/8004 2581H #IL Aohan BNR
4201B 2001A 1138H 77 2710H i Tian—1
4204B 7K Cheng 16A 1139H 78 2716H L3
4206B 7 Ji 352A 1141H 79 2717H L5
4207B 622A 1142H 713 2718H L6
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Continued table 1
BT G = TS 44 FR BT G 5T 44 FR S 4 5 Tl 5 44 FR
Germplasm Germplasm Germplasm Germplasm Germplasm Germplasm
number name number name number name
4208B 871300A 1143H 40817 2722H L9
4210B L405A 1147H 716 2723H L11
4211B D511A 1149H  WA5]H 5 Hayinjizao 80X4x8004 2753H 12485
4212B D679A 1151H PR Hubocuo 2764H 0778
4216B 15/7050A 1154H 2002/9705X 2787H Dus9
4218B 404/321A 1155H 47 Shi R49X7 2790H FLHE Zaozhe 26
4219B 2001-1A 1158H L Tongzao 1X11 2811H FEFHEH Teyongtian X
4221B 17-HCB 1163H 5L Tongzao 1X86 H25H 9701/ Jinhun 40
i S A
i FLEAZE R X1 -
42228 406/ V4A 1164H Early maturing hybrid X1 THY wJi 104
4224B V4/404/2001A 1170H  Ji 1586 SHV 9701/F1 He R106
4228B JN 1172H L840 10HV 2005/9702
4235B XR3 1173H 660 15HV 1441
4237B 0608-1 1175H 14 16HV Fh 2 %5 Jinuo 2
4238B 0608 1176H 661 55HV 2011-36-1
4239B A3 RNEF & Sterile line 1179H Z11 75HV 1944
4240B 0607 1186H 0650X 1120HV T Tongzao 1X54
4242B R Chifan 5576/2001A 1189H 8917 1126HV 2002/9705
4226BV 2018-2080A 1191H 0905X 1177HV 717
4229BV D501A 1192H JKE} Shuike 001,/2002 1178HV 04126
1212V W51 #5- Hayinjizao 80X008 1196H GAO2 1200HV LG607
1268V JR & Yuanyu 7046/2002/9705 1197H i 44/9701X 1215HV 0402/2002/9705/2004X 1
1309V 0924 &1 Jingxuan 1198H 0654/0650X 1270HV M2
2455V 2011-33 1203H NW15 1275HV 2002/9705X062
2490V 185-1 1204H FZ% Baiza 13R 1289HV 710
4214V  Ji AI/0619A 1206H 8004 1307HV 4% Keza 17
4220V 7K Cheng 3A 1209H P Hubocuo P4 2401HV LG601
H1290V 185X5 1212H W55 #% . Hayinjizao 81X008 2403HV 2011-48
HI1 Fk Qiu 6/7 Ji 116 1220H 2002/9705/0675X4 2447HV QNR
H72 4126 1228H 2003X6 2508HV 9803
H76 7 Ji R104 1232H 9704X3 7490 9701
H83 T Ji 1586-2 1239H W 5] # Hayinjizao 80X020 7491 El Yin 71
A Tongzao 1/
H2554 9802 1245H IR Huboeuo X1 7558 0798
H2580 19-DUS5 1249H 2002/9705X039 7568 NY7
¥ Zhe 3TR/HTH 4 2701H it I
2H Kangjiniin /2003 1250H 2002/9705X048 2701 H Tian & Tian-3
6H 2005 1256H 2002/9705X078 2704 E.:H it Tian-3 % Xuan 1
2704 Tian
77/128/9701/9701/ .
e . . 2746H it KFRFE Guandongqing/
9H o fe Longfuliang/ 1260H 0677 % Xuan X ponh .
8- 111-1/106 2746 H Tian fr3 Xinliang 52
13H 9702 1264H 2002/9705X101 2786 ﬁ.H i 19 Hrkfit Xinxuantian
2786 Tian H
2815 &t H
19H 0916 1273H M5 5815 Tian H 98456
2821 &t H
—+= 1 Y . PN
20H 0939 1284H o Ji R123X 2821 Tian H 19 3k H Xinxuantian—1
2822 it H
22H 2005/2004 1298H 924 2892 Tian H 0439
2823H it
23H Jan—02 1300H NW1X 5823 H Tian LY176
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Note : Different lowercase letters indicate significant differences between treatments ( P<0.05).
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Fig.1 Statistical analysis of drought tolerance related traits in sorghum

germplasm treated with different concentrations of PEG-6000
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TR AT R 53.760% .18.896% F1 15.388% , Eit
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Table 2 Variation analysis of sorghum germplasm traits under 15% PEG-6000 simulated drought stress

J5hi B/ % /kﬁ“}l/% Aﬁ?‘aé& W K em R em  ZEFi/mg MRFE/mg ARGELL

Ttem Germination ~ Germination ~ Germination Vital Bud Root Bud Root Root-shoot
potential rate index index length length mass mass ratio
e KAE Maximum 100.0 100.0 54.4 854.0 7.7 13.0 54.7 22.5 1.0
Fe/ME Minimum 15.0 15.0 5.7 1.1 0.1 0.1 0.1 0.1 0.0
2% Range 85.0 85.0 48.7 852.8 7.6 12.9 54.6 22.4 1.0
FHIE Average 82.0 82.3 41.0 334.3 3.6 4.4 24.3 7.5 0.3
brifE2E SD 17.9 17.8 10.4 159.6 1.5 2.1 9.9 3.9 0.2
ABRERECV/% 21.9 21.6 25.4 47.7 41.9 48.7 40.6 52.6 51.2

TTHRRIA 88.044% , i BHIX 3 A F 0 i & 0915
BRI RIE 9 MHRIEIR I KE R, T L
YE R 2 S R PR 25 B 5 PR

T A R R T AR B A B AR
EFEAR Z A A AH BG4 XA R, IR AR =
EREA B R Z I SRR B b v, iR 3 v
W51 UM EEE Hy 4.838, TTEK % 453.760% , 7F
Ty 22 di e ok, BRI B 45 A JRR S N RE T i
g, Horp 6 R B 1 3 sk Aok, AT
h0.189, HR B A 78 R ZFR R ZFHRE KA
e, UAIIEE 1 F Ao FE B S T SR R M
AR AT, R, AT DAAE S SR 2 AN
A A R T AR 2 F2 sy Bk R ok, B
h0.354 LR R R ZF R A R SF R BURAR i
UL 2 o R R TR SR & AN b R R
ARSI, T RAAE R 5 & R T
AR T AR HE X e 3 32 asy sk ek, 2 {5 N
0.627 , ULHHE 3 o 2 2L S W T i SRR R 2 7 A
Kt R, AT DI AR HE R F
2.4 SRMEHEPHEEIRNKEXEESHT

e 4 T UL, i SR T U R SRS A ) S R
IR R TS I 23S R FPRE F K S 2Rl > TR )
FEHO T S AR S MR T, AR IR €8 S B 43T i
] B S 127 1 g BB T DG IR B R I PR Ik A

&3 15% PEG-6000 T 28 THR
R E MR IERER S ST
Table 3 Principal component analysis of sorghum germplasm

traits under 15% PEG-6000 simulated drought stress

$err F sy Principal component
Index 1 2 3
g
Rk 0.160  -0314  0.111
Germination potential
. 7){%}: 0.169 -0.312 0.115
Germination rate
ST
skian 0.170  -0.288  0.118
Germination index
=4 =}
R 0.189 0.136  —0.042
Vital index
RN
Bud length 0.164 0.223 0.226
R
Root length 0.112 0.354 0.038
e =N
i 0.170 0.204  —-0.068
Bud mass
RER 0.103 0252 0.481
Root mass
ik
R -0.075 0.107  0.627
Root-shoot ratio
ny
FFAE 4.838 1701 1.385
Eigenvalue
TR/ %
Contribution rate/% 33760 18.896 15.388
2otk E/ %

53.760 72.656 88.044

Cumulative contribution rate
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P, FLUR P25 55 AR R 5T OC 3K B /N PR IR 4R
BR, REFEE R AFR K ZF 8 S AR RR BT OCEK B 4%
KOULHHE 2R3 R ZF R P8 BUR T P 0 4
1) AR

2.5 SRMERHLXPHEESESTEN

251 A TERSSHOEEJKEZELSTFH B
T X AR 25 A AR A AT AR 15 e S A BT
B LR BRI E RBUE , JHAR TG 25 255 48 b5 DTk
FBRN R TTERCR SR IBHET 3 MR G T8 bR AL E
3°H 0.6106 ,0.2146 F1 0.1748 i 15 % 3 J& bk %L
EHEAT AL, 32510 A5 45 5 S Fh BT 9 25 5 7 F i D
{8, D (BB T ANFEFP BT ZR-G T S RE ST K/, D (E

K RUIHT T 58 7808, HR4E D K/, v LA
279 173 fm SR R SRR S EA THESS | o T
K, TR BEHEZ T 20 FHES G 20 AR ENEFT X L,
SEHUL 5. Hiovh, 1232H, 2710H . 3020A . 2811H .
1158H . 1177HV . 1250H ,3041A ,33H 2568 ,2823H it
1107H .43H ,3023A . 1175H ,6H , 1143H ,2764H . 3018A
F1103H MIZEE RN D B AR XK, 2 W H: i 52 4
O, B T o i AR BT, 2410H ,4226BV  4238B
1249H . 1130H , 2402, 1198H , 3340B . 1206H , 42068 .
2455V . 4240B . 2414H, 2H . 2417H. 1139H, 1203H,
1192H 2508HV il 1154H (LRG0 D (EARXTED,
FHILT 5T i T T R UR AR

®4 SRMRHRAMEEFHERE XRERNERY

Table 4

Ideal value, correlation degree and weight coefficient of drought

tolerance index of sorghum germplasm at germination stage

JohT RS REFAR FEFRE TR R HFR LSS P ais T M L
l? o Germination ~ Germination ~ Germination Vital Bud Root Bud Root Root-shoot
em potential rate index index length length mass mass ratio
MR fE
1.2189 1.2157 1.3257 2.5542 2.1636 2.9906 2.2516 3.0136 3.0149
Ideal value
YHE BE
%HE 0.8851 0.8865 0.8361 0.5045 0.5787 0.4395 0.5579 0.4387 0.4404
Correlation degree
*Xi%ﬁ 0.1590 0.1592 0.1502 0.0906 0.1039 0.0789 0.1002 0.0788 0.0791
Weight coefficient
K5 BRMEAAELHSMHAWNEENSESITN D ERHEF 252 A TRk EXIFKE 5 H ¢ DTOPSIS 4 4 +F

Table 5 Comprehensive evaluation D value and ranking of

drought tolerance of sorghum germplasm at germination stage

Nuogae P e | SR iy
name D value Ranking name D value Ranking
1232H 0.840 1 2410H 0.365 260
2710H 0.803 2 4226BV 0.345 261
3020A 0.796 3 4238B 0.341 262
2811H 0.795 4 1249H 0.326 263
1158H 0.786 5 1130H 0.317 264

1177HV 0.786 6 2402 0.316 265
1250H 0.785 7 1198H 0.316 266
3041A 0.784 8 3340B 0.314 267

33H 0.784 9 1206H 0.309 268
2568 0.763 10 4206B 0.283 269
2823H #if
2823 H Tian 0.754 11 2455V 0.278 270
1107H 0.745 12 4240B 0.270 271
43H 0.742 13 2414H 0.269 272

3023A 0.738 14 2H 0.266 273

1175H 0.738 15 2417H 0.261 274
6H 0.732 16 1139H 0.249 275
1143H 0.731 17 1203H 0.247 276

2764H 0.721 18 1192H 0.235 277
3018A 0.711 19 2508HV 0.224 278
1103H 0.709 20 1154H 0.222 279

B ARBFSRRE T P Y B T K (A G B B Y T
Wraebnid Z 38 K 8 OC 3R B 3 i 45 31 ) JC =
A Al Ak 38 TR A P R i XoF 1 A A e, 15 )
PR (R) o M6 P 58 B ok th B R 9 IE
TG IS I OE | AR PR B S R A5 AH
XOF O R RE U 4 K 3 I B A T 5 e
5, MR AR I 2E BE RN AT LAXT 279 53 v S A i
PR SR 55 HEA T HE 44, B T A e R BT A R
HHES AT 20 FIHER J5 20 R RHEAT X EE, 25 5% I
F 6, HorP,1232H .2710H  1177HV 3020A ,3041A |
1250H 33H 2568 .1158H ,2811H ,2823H #if .1107H .
43H ,2764H ., 1175H, 3023A . 1143H, 6H , 3018A il
33268 HYAHXT I 1 B AT, 2R B T SR PR g
J& T ok it 5 R Fh S, 2490, 1309V 3017A ,2545H
2508HV ., 1154H, 1196H, 1198H, 1249H, 2414H .
4240B . 3340B. 4226BV. 1130H, 1206H. 2417H,
1203H 2455V [ 1139H F1 1192H £ AH X I i7F B AH %
BN R 5055, 8 T g A T
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Table 6 Relative progress and ranking of drought tolerance

of sorghum germplasm at germination stage

MEHRAFR ARSI B MOELZFR ARG 2
Materials Relative ﬁkﬁ“ Materials Relative ;ﬁFJJT‘
name closeness Ranking name closeness Ranking
1232H 0.685 1 7490 0.304 260
2710H 0.680 2 1309V 0.293 261
1177HV 0.672 3 3017A 0.292 262
3020A 0.671 4 2545H 0.288 263
3041A 0.669 5 2508HV 0.285 264
1250H 0.658 6 1154H 0.285 265
33H 0.656 7 1196H 0.273 266
2568 0.653 8 1198H 0.270 267
1158H 0.651 9 1249H 0.258 268
2811H 0.651 10 2414H 0.257 269
2823H it
2823H Tian 0.638 11 4240B 0.248 270
1107H 0.630 12 3340B 0.247 271
43H 0.628 13 4226BV 0.232 272
2764H 0.628 14 1130H 0.212 273
1175H 0.624 15 1206H 0.206 274
3023A 0.623 16 2417H 0.200 275
1143H 0.621 17 1203H 0.192 276
6H 0.621 18 2455V 0.187 277
3018A 0.605 19 1139H 0.134 278
3326B 0.600 20 1192H 0.114 279

2.6 BRMRHLZPHEERESH

M TFLEATEMY D FURE X 0 2F B #0502 TG 1 49
M aligl, PG, T LKA IR R (9 255 5 1E A D
(ECRVRR G WG 2 88 SR 7 448, 15 2108 1 25 5 VEAN(E,
PR PR HE 12 e 2 5 0 0 Hetb A7 R Hr, 45
T 279 By i AR TR 3o R (K 3)  SBIE
29 AR SRR T 3K — 2 RO A RH10.4% , )8
TR SR 2 12005 170 A~ 5, X — 2%
BE b R REAY 60.9% | J@ Tt S R0 ; 26 250 5
52 A BEA T, X —JBE 7 A S A R 18.6%, &
Frp R SRR A IV A A 12 A SRR, X —
ISR AR R 4.3% , )8 T T R EURF TSV
FALE 16 A = A, X — B 5 A S A R
5.7% ,J& T 5 i AU

3 W ®

TR LR A B8 A, AR TR A
W B, ANTR] 41 530 45 52 Ak i) ™ 2 A 2 AR
Pyt 2 BT R W AR AR A A i R 3
B G HE AR SRR IR 32 R R T T AR
FIIRBE AN, 2B Ja el i IR SR, 204
TR IER AR EES P, IR R

PR RS SR T T A R R,

A 0P A DR A B S 3 2 A b 2
TRZ it 5P i ¥4 P | T 6 P R T o L
e S — B B T 25 45 TR S R A A A it
AR AR K E T AN BERBUAR
T 57 S 2 SR it i 2R EOR BT 5% T 5 R
FIHEATORBE P A 2 00 o R 3 A A e T
LA T A Rl R AR S A R RS IR T A AT
B ZH T IEEH T B — N a8k,
AN [ o [ SR AL 1) 22 S 9K, et BN ) I % ]
—FEAR P N 25 S, SR FH BN R Ao L
SR RS M S BB R B8 ), W OR F 2 48 bR 25
A

ANTRIR0 BT A R AE 6 5 38 T RS R B 3R
P — 2 1Y 25 5, AR S A MR 1 25 R R, e
HAE R, 2 E B A R e, Tk e A
S8 ] 15% PEG-6000 A48T 5 1A 139 #y
FEFP BT IEAARE, Ge it oA T 8 ANt R AR A8 b 1Y
AR AR L& IR, T 8 B0 AR S R B R, A R
ZERNAR S RN BR AT & ZE A0 Hofl 7 T
RPN S RABII R T 25%, BRI IR IR SY
BT R B FR bR T 5 a0 Y e B i & B, RS

B X SR i ) USRS AT A — 22 5, X R
ZESFIAE X &8 FO6 T 23 0 U A AR T
EFIREDGF 28 5T 6 T AR XA Uk, AS B 5 R
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279 1oy i SR L A T BAEL T S a0 R e B, R R
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fgURR , 5 32 T 52 30 0 52 [R) st 35 B 3k 6 4 A
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Fig.2 Differences in sorghum germplasm growth under different concentrations of PEG-6000 solution
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