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Abstract: To address the shortage of locally suitable varieties and elite sorghum [ Sorghum bicolor (L.)
Moench | germplasm resources in Jiangsu's sorghum industry, the genetic variation of 400 accessions from local
and global was comprehensively analyzed in northern Jiangsu, followed by statistical analysis including the
Shannon-Weaver genetic diversity index, correlation analysis, cluster analysis and principal component analysis.
The results showed that these accessions exhibited rich genetic diversity. Among them, the genetic diversity
indices (H' values) of the qualitative traits, such as coleoptile color, leaf color of seedling, medium vein color,

panicle type, panicle shape, glume color, grain color, tillering and grain covering, were 1.0366, 0.2235,
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0.6631, 1.3980, 0.9619, 1.7641, 1.7039, 1.0631 and 0.9908, respectively. In contrast, the H' values of
quantitative traits, such as period of duration, plant height, stem diameter, main panicle length, peduncle
length, grain weight per spike, thousand-grain weight, glume seed percentage, and endosperm corneous were
all relatively higher, showing 2.0479, 1.9254, 2.0472, 1.9822, 2.0531, 2.0314, 2.0693, 1.4375, and
1.9265, respectively. Correlation analysis revealed that plant height was significantly positively correlated with
the period of duration, panicle length, peduncle length, grain weight per spike, glume seed percentage, but
significantly negatively correlated with thousand-grain weight. Grain weight per spike was significantly
positively correlated with period of duration and thousand-grain weight. Panicle length was significantly
positively correlated with peduncle length and glume seed percentage, and significantly negatively correlated
with thousand-grain weight. Cluster analysis of the quantitative traits grouped these accessions into three
clusters at the Euclidean distance of 15. Cluster I, characterized by taller plants, smaller panicle and lower
thousand-grain weight, is suitable for development as energy crop. Cluster II, with the characteristics of
shorter panicle length and peduncle length, can serve as germplasm for dual-purpose grain and forage breeding.
Cluster III, with the characteristics of dwarf, early maturity and large panicle, can be used as a foundation for
germplasm enhancement and grain sorghum breeding. Principal component analysis of quantitative traits
showed that the cumulative contribution rate of four principal component factors to phenotypic variation
reached 85.153%, of which the contributing rate of the first principal component was 33.209% , mainly related
to panicle length and peduncle length, while the contribution rate of the second principal component was
25.189% , mainly related to the grain weight per spike, and the third one was 15.427% contributed by the
thousand-grain weight. The fourth was 11.328%, mainly contributed by period of duration, plant height, stem
diameter and endosperm corneous. From the experimental germplasm, eight elite accessions with shorter
growth duration, shorter plant height and loose panicle type, were selected, with a potential to be used in
sorghum breeding programs in Jiangsu province, China.

Key words: sorghum; germplasm resources; Jiangsu ; genetic diversity
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Table 1 Information of 400 sorghum germplasm accessions used in this study

G5 AR Sk | g YL P ks || g AR Sk W it
No. Name Origin | No. Name Origin | No. Name Origin

1 119 w3 HELLT | 22 PNGEE T hEmdL || 43 R PRI T
2 NS E NS 23 KA H L || 44 H e LT
3 PN PELT | 24 KAER HEdL || 45 iPg eI
4 VKRR hET | 25 FMEARLL hEmL || 46 T LT
5 I BT 26 B L | 47 PR T PR T
6 PRl 5 3 HELT | 27 KA hEmdL || 48 LT LT
7 XL T | 28 PNGE S HrEE || 49 G Hh BRI
8 EA RS ST 29 ZI7eH HEIE |50 TPk 225 e
9 AbEF BT 30 AN HEmIE | st - CHENIVR
10 BB hEASN| 31 SRR HhEmIE |52 PR RN
11 EhEk hELT | 32 Threr EILTG || 53 i EHEJNIPR
12 RN Iy | 33 Szl hEILPE | 54 R v CHENIVR
13 w4 EE A | 34 el HhELYE || 55 KT R CHENIVR
14 BRiE 45 HELT | 35 Yl TELLTE | S6 e A P 7R
15 #FIR hENSY| 36 BT hEILE |57 T e PRI
16 YA LT | 37 L7€S PELYE || 58 16513 P TR
17 7 ) hEINE | 38 ERa2T hEILE |59 TR AR A TR
18 TghRLr HrEdl |39 BiA FELWLTE | 60 AT R R
19 N L | 40 TR hELPE | 61 I R H
20 VNS L | 41 b= RIS | 62 — A (FL3R) e 1 7
21 JINKEL e 5 T | 42 Rk hETT || 63 e 3 (P ) CHENI
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CC: Coleoptile color, 1: White, 2: Green, 3:Purple; LCS: Leaf color of seedling , 1: Green, 2: Red, 3: Purple; MVC: Medium vein color,
1: White, 2: Light yellow, 3: Yellow, 4: Green; PT: Panicle type, 1: Compact, 2: Semi-compact, 3: Semi-loose, 4: Side drooping,

5: Spreading drooping; PS: Panicle shape, 1: Fusiform, 2: Cordate, 3: Cylindrical, 4: Clavate, 5: Cup-shaped, 6:Globular, 7: Umbelliform,
8:Broom like; GLC: Glume color, 1: White, 2: Yellow, 3: Grey, 4: Red, 5:Brown, 6: Purple, 7: Black; GRC: Grain color: 1: White,
2: Grey-white, 3: Light yellow, 4: Yellow, 5: Orange, 6: Red, 7: Brown, 8: Black; T: Tillering: 1: None, 2: Weak, 3: Medium, 4: Strong,
5: Very strong; GRCV: Grain covering, 1: Uncovered, 2: Covered 1/4, 3: Covered 1/2, 4: Covered 3/4, 5: Covered; The same as below
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Fig. 1 Frequency distribution of qualitative traits of 400 sorghum germplasm resources
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) kAR R FE, LA @ (137 43) f
LI (81 )L, O (57T4y) K (53 4y) &%

®2 400 SERMERFEREEREE SRR

(40 1) Fiks f8 (28 1 ) IR =z, #8 (3 1) Fl B (1
93 ) B 5 KR4 e I A BEVE R TC (237 43) , 55 IRZ
(1114y) , sh(2265) 38 (22 153 ) FOAR SR (8 43 /b5 H.
FASTALE B RAR , IO 1/4(201 453) R4 8 1/2(139
B3) 0,8 3/4(57 ) IR Z, ek (34 i,
WA B AR TR o bt S ot T PR R s A 24
PEFEECE- (B A 1.0895, B ARAS iy, Hoh Rl 5%
0 FOREL €8 358 1% 22 FF 1 48 B0 L 43 51 R 13980,
1.7641 F11.7039, HAT AR ZFHE (2 26 L E K
& FEIE 3 BEPE R e st AR 2R TR AL
WAL, 43911 4 1.0366.0.2235.0.6631.0.9619 ., 1.0631
#10.9908 .

Table 2 Genetic diversity index of qualitative traits of 400 tested sorghum germplasm resources

R Hit 437 Quantity distribution ﬁﬁz;;};ti
Qualitative traits : ) 3 4 5 6 ; g o
. CC F1(71) (173) £(156) 1.0366
4t LCS £(380) £1(4) %(16) 0.2235
FhkEMCV F1(320) H#(32) #(3) £(45) 0.6631
HRPT 2(108) iz (168) ThH(62) E(23)  JEE9) 1.3980
HE PS g (302)  AR0IB(7) RREIE37) B (3) WE(6)  BIE(7) B (22) wIE(16)  0.9619
Fire i GLC F1(22) #(95) JK(38) £1.(123) #W(22)  #(57) R(43) 1.7641
Hi s GRC F1(137) JRIF1(53) k¥ (40) #(57) R (3) £I(81)  #(28)  M(1) 1.7039
DBEET Je(237) 55(111) H1(22) 3 (22) R (8) 1.0631
PR GRCV  BEE(0)  Pi1/4(201) bk 1/2(139) fug3/4(57)  Ltuwk(3) 0.9908

55 RO 25 3 b A

The data in parentheses represent the quantity of germplasm resources at each level

22 HEMRNEESHEEST

SR T FE IR 9 A B R AR S b 2 SR
3TN, 9 A B R 0 A S R BUAE 8.85%~
136.33% Z [ , 34725 5 R E0H 40.01% , Hh A8 7 %
BRI 3 HARMRIOR A 7525 B EE A T
FEUIX 3 AR AR SRR AR, AR S R ER/ N
LB, BB X TR IR R 4 T ATE VLA Hh X 1
WA #E—rR I, 9 MR MR B 24
PEFRHUTE 1.4375~2.0693 Z ], SE-H{EH A 1.9467, Hip
SAEF W bR A R K AN R TR
B H R B G 2R 003 1R 2.0479 .
1.9254.2.0472.1.9822.2.0531,2.0314.2.0693 .1.4375
F11.9265, B & e RSN, HpFoa YRR w % 24

PEFEBOYTE 1.9000 LA L, 1568 400 17 155 SEFH 5T 5 I 45
EMRIRAETT I X RS R i = .

A R R 5T TR RN A ) S AR bR .
400 {7 BT I A, 428 B ITE 100 d LT YRR
BBEVEAT 40y, 4302 K H ED Y 1S-160 . 1S-416 .
E-302 Fi1 A S8V 5F 0 ES 3093 7E 101~115 d Z [A] Y
FLZF B 70 43 5 76 116~130 d Z [8] i) F 2 b kLA
194053 5 7E 131~145 d Z [A] BB EHE 1224075145 d
DL IR A R 10 43, ook B ENEEY AS31 42
ATFIKIE 173 do BTV X R i DL/ 22 -
FRESAE N ORI N P, SRR T A
FE L 130 d, fHERXTE IR R 268 1y AT LAZEVL 5L
DX A
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Table 3 Main parameters of quantitative traits of 400 tested sorghum germplasm resources
FIEiRE 2N S ONIEL FoME FHME ERA S TRER(%) R
Quantitative traits Max. Min. Mean Median cv H'
24EHH(dGD 173.00 87.00 126.00+11.20 125.50 8.85 2.0479
Pk (em)PH 447.00 83.00 247.20+70.00 245.00 2831 1.9254
25 (cm)SD 2.20 1.00 1.50+0.30 1.49 18.39 2.0472
K (cm)MPL 79.50 9.20 26.50+6.60 26.00 24.98 1.9822
FEAR A (em)PL 78.30 11.10 41.70£9.90 41.45 23.79 2.0531
Tk # (g)GWPS 111.00 2.60 41.40+22.40 41.00 54.18 2.0314
ThiE (g) TGW 45.60 9.20 26.40+6.20 25.95 23.33 2.0693
#H55% (%) GSP 100 0.20 14.40+19.70 8.00 136.33 1.4375
fIi#(%)EC 95.00 0.50 63.00£26.40 70.00 41.93 1.9265

GD: Period of duration; PH: Plant height; SD: Stem diameter; MPL: Main panicle length; PL: Peduncle length; GWPS: Grain weight per

spike; TGW : Thousand-grain weight; GSP: Glume seed percentage; EC: Endosperm corneous; The same as below

MR R R R R E R RAERZ —, 5 E
B OG . 400 £ I3 0% ] Y bk o 22 S AR K, AR
SRR FEE . Ha PRE/N T 100.00 em 4R
FRFFUEIEAT 13 645, 100.01~150.00 cm =2 [a] (R REFT ¢
JA 21453, 150.01~200.00 cm 22 &) i) Hh 25 bk e 9 U5
A 53 4, 4 0l i 4 EB R Y 3.25%. 5.25%
13.25% ; i Bk = K F 300.00 em {8 = BEJRA 91 177,
b7 AR TT IR 22.75% . F & Wbk S A8 AR AT
VL XA [v] FH 2 v S A A AL = 3 st A ke DAL

ZEH SRR AR 7 BB AH DG, AN ] = SR R
i) 25K 2% AR K fHERTE 1.00 em LA |, HiFp 1,50 cm
DL AR AR R IR Y 45.50% , BRI R R i
TR AR 22—, 400 #3 Hiat 7e  fal f K 2% -
WAR K, Fob i ke 9 2ok B EDBE Y 1S-2312, H A
9.20 cm, fiw &K M2k B B L P HCE T, Kk
79.50 cm. FEAR I 0 = SRALARICR T 3, 400 1735
YRR B AR TE 11.10~78.30 cm Z i), FH4Eh
£ 20.01~50.00 cm, (5 2 FBA B 79.50% . i TT

F4 HRIVEFESRMRFEEESH

VA TB] F Flobr 7 2 S AR R K, Foh R/ M 2.60 g,
T KRR 111.00 g, B EE 4341 7F 20.10~80.00 g
ZIEM R Z | 5 AR 73.00% ., TR0
B 2 SR L 2 25 FE SR O, AL 0 U5 e A
BK,/NF 10.00 g RN (1 12.75% , KF35.00 g i
ST 5 9.00% , K 3 £ H 7E 20.01~34.99 g Z [8] .
SRR T R S PR A OG
TR TR AR IR, B S A S A %
FlFHIE A AR R

25 b, 400 13 i S 5T G IR AE VT 5 e AL b IX 3%
PR A 8 3 I P R I 2 S, A T 3t
L ZREVE . RIS, AR ST AR SR VT 5 b X oy T = 1
AR R FH— A T SRR ) o o A2
B (120 dLAY) PR B (180 ecm LATT ) (REAY
s R O (1 8 A A R BE IR (e 4, [&12) , X 4t
TEIR I R EAT LA AR AL AR AR
TE A VLI DX S SRR S FH 38, BT R VL9755
e i Vi a7 e o

Table 4 Main parameters of selected elite sorghum germplasm resources

R

- . PR ZEHL B BNEK HkiE TRE B
G R U ORUY MR ke mmo N ‘ Ve
. (em) (em) (em)  (em) (g) (g) (%)
No. Name Origin PT PS GRC (d)
oD PH SD MPL PL GWPS TGW GSP
2 J\I5% PENZET PEC 0B 4 107 160 140 200  31.8 50.0 280  15.40
302 EARLY HEATLAND B H A PHEL g 4 116 174 1.15 258 492 28.4 21.7  21.00
357 IS-7541¢c F[H JAW Y H 115 98 162 338 528 12.9 278 16.00
362 R 46D [ R YiERIE 5] 119 101 1.02 282 474 6.5 20.3 2.00
375 Tx-2731 EH hiC g K 111 113 178 311 516 16.0 27.6 2.30
380 Westland kansas [ PHEC giEE 40 119 95 179 263 41.6 11.6 252 24.70
383 KSP7-7-22A %[ e B E41 116 98 188 246 373 46.3 26.0 2.00
384 KSP7-7-22B eS| e B E4l 116 98 188 246 373 46.3 26.0 2.00




A:/\f5%;B:EARLY HEATLAND B;C:IS-7541c;D:R 46(D); E: Tx-2731;F: Westland kansas; G: KSP7-7-22A ; H: KSP7-7-22B
A': Bayeqi

B2 HEFMIRESRMERR

Fig. 2 Selected elite sorghum germplasm resources

23 ETHEMKHEXES T TEARSC HL AR S 3 7K T -5 A i U 22 8 3 67

XiF 400 1 IS AP BB IR O MR MR RIEAT  AHOG. BRIE S A E L TORIE Y AR IR AN
FRRAE T, SR BT Btk R STl K. R SHEMK 7R B E B,
R A RS ORI E AR SR EEREE AAC (RS RS R

£S5 00 SRERMAREHEERNEESH

Table 5 Main parameters of quantitative traits of 400 tested sorghum germplasm resources

PR EAHEY 7= EViil (23S BEMK TR TRiE HrFE MR
Traits GD PH SD MPL PL GWPS TGW GSP EC
LEFHGD 1

Pk PH 0.195™ 1

EiND 0.007 0.031 1

K MPL -0.050 0.199” -0.014 1

TR PL -0.030 0.229" -0.098 0.785" 1

TR E GWPS 0.323" 0.189™ 0.040 0.065 0.030 1

TR TGW 0.057 -0.109" 0.043 -0.149™ -0.129" 0.225" 1

#5752 GSP -0.021 0.248" -0.115 0.180" 0.199” -0.063 -0.129™ 1
FAREC -0.010 -0.044 -0.025 0.089 0.155 -0.350 -0.050 -0.042 1

FHFORTE 1% KR E AN, ¥ FIRTE 5% KPR EHIK

** indicates extremely significant correlation at 1% level, * indicates significant correlation at 5% level
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(3.36), 45 3R], 7ERK FCHE 25 0 15 B, a5
ST IR A A Sk 3R o R T 135 iy TR
R, 2 S HEAR 1 i e EL R e I, T oA 3
W E /N, PTVE N REIR M RLT & o BB TLIE 175 47
PRUR R A R R A, Ok T
1R HLE R AAIR, AT DO IS b 0 e ik e 44 vy LR
7 AT (AR TR 3 R B E R o AT G 1
OYEAT RAEM R TR S 3 & . BB 3L 90
YR IR/ e A BT R KRS
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o

FF R, R = SR SRR, ATV SRy TR R e B
oo 55 B S RTOBI i P e B A SE R R . MR
FERE TP 72.59% K B I TR R 3 R X
(1) 98 13 A Z2 di P A TE L2 THE , 30 S B YR Py e S S A
P A e AR, LATROREON 32 5 S5 AMA A R A Tk
(214y) BEE (34y) JRFEMR L (143 ) SRR FNE
PN BEUR o B I BE R 4Bk H EDEE (17040 ) A1
HAS (1243, 43 59 5 94.29% F15.71% , i3 L6 %% il 4
FFR 4y Fg N TRl ) b, Ja S AR 5 o
R R . B I =2k [ 55 [ (59 fy) Fi & U &F
(2307, 315 92.22% , AU SERR BRI A ML AU 2 5 Bp
B EIN AT R SREE R FRERF R85
FEVLRE

55

i

3222ued

The codes of samples are the same as table 1
E3 ETF 400 HERAE N MBIAMBE LS

Fig. 3 Cluster analysis of 400 sorghum germplasm resources based on nine quantitative traits
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Table 6 Main parameters of quantitative traits of 400 tested sorghum germplasm resources
[N WH A2 BE Germplasms clusters
Traits Item I I I
YEUHEL Number of resources 135 175 90
2EFH(DGD M 120.36 128.52 123.49
5 5K %) 10.80 9.22 7.55
Bk (cm)PH SEHE 291.16 248.42 176.46
AR R E(%) 14.73 18.84 38.14
Z2H (cm)SD SEAME 1.49 1.49 1.51
5 5 A %) 19.63 19.02 18.54
4 (cm)MPL SEEIE 31.33 25.59 25.36
AR R E(%) 26.01 19.79 19.68
FEM K (cm)PL SFEEE 50.69 40.51 40.03
5 A %) 27.26 21.34 21.53
T E (g)GWPS S 20.38 4222 30.99
AR5 R E(%) 69.84 50.04 61.82
THRIE (g) TGW Rl 24.96 27.88 25.64
A B E(%) 24.95 22.97 25.33
H5e% (%) GSP FHE 20.35 11.15 12.71
AR5 R E(%) 70.24 112.60 137.09
(% )EC FEE 73.16 64.37 67.81
A R E(%) 33.42 40.61 36.01
2.5 ETHEMKROERS ST N 25.189% , He bR F 28 e ey , DO R

F2 A3 A3 A 8 2 R AR 4 T 22 R O
B DB LAN A B Sy HL AR R AT BE A B8 5 0h %
oA B 3 B, T /DB A8 e R TR A 455 i A
P 7 B 8 o M i B B U A5 R R ) T
AYAYRTEE AN 7 PR o ARSEARFAEAE RN 22 Tk
FRCEEHEAE R T 1.000 09 F R 440 551 EM
A3 BYFEAEAE R 2.089, J5 22 Tk % R 33.209% , Hh
TRl AR < 28 2 50 v, 150 I HL 2 8 i R
RAGE . 552 FR RN 1,637, J5 25 BimkR

KT W0HBERMATRBEEIRBERS ST

WORFRL T A5 8 . 55 3 AU IARRIE(E N 1.118, )7
ZETTHRF N 15.427% , Forp TR s 2 i i, BN
H A S Wk PR AN S A B 55 4 R
(RIRRAEAE R 1.020, J5 22 5T Rk %0 11.328%, Horfi 4>
A E W R ZEHLLL R A R A A R, UL A
4 F Ay T WA YRR SO TR R . X
AT ) B BTk R 1k 85.153% , Ul B H AT UL
2% 400 173 12 S P GE IR 9 A BOR MR I R 43 1 1%

2

F./chyo

Table 7 The principal components analysis of quantitative traits of 400 tested sorghum germplasm resources

PR T 4> Principal components

Traits 2 3 4
SEFWIGD -0.0097 0.5930 -0.0119 0.5450
P PH 0.4648 0.4333 -0.3054 0.3546
E-ViiN» -0.1428 0.1189 0.3606 0.3793
T MPL 0.8551 0.0244 0.3431 -0.1632
A PL 0.8763 -0.0057 0.3126 -0.1317




4 H1 1 EE [ P A e SR BT BRI A VL R M L X A% R AT 743
F7(48)

PR T 4> Principal components
Traits 1 2 3 4
TR GWPS -0.0047 0.8386 0.1455 -0.1697
TR T TGW -0.3366 0.3154 0.4451 -0.2627
&7 GSP 0.4562 0.0215 -0.6078 -0.0831
FAITHEC 0.1782 -0.5288 0.3014 0.5516
WL AE(E Original eigenvalue 2.089 1.637 1.118 1.020
75 2251k #R (% ) Variance contribution rate 33.209 25.189 15.427 11.328
Z4+5THik% (%) Cumulative variance contribution rate 33.209 58.398 73.824 85.153

3 g

Tl 2l B3 3 7, 5 5 PR AR A A
B R R Fe iU B 3st A% BRI B A Aol B W U
SEVEAT R RCE P S LR T4 PR AR A
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