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Phenotypic Diversity Analysis of 44 Sorghum Germplasm Resources Introduced
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Abstract: The identification and characterization of phenotypic traits are the foundation for understanding crop
germplasm resources for breeding new cultivars. The sorghum germplasm from Central Asia demonstrated
unique genotypes. It is of great significance to fully understand these materials for sorghum breeding in China.
This study focused on 44 sorghum germplasm resources introduced from Central Asia. Precise characterization
of phenotypic traits was systematically conducted, combined with multivariate statistical methods (including cor-
relation analysis, cluster analysis, and principal component analysis) for systematic evaluation. Data analysis
revealed that the tested accessions exhibited high heterogeneity at the phenotypic level, possessed diverse
genetic backgrounds, and demonstrated complex interrelationships among traits. Cluster analysis grouped the
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44 sorghum accessions into five clusters. Based on different breeding objectives, suitable germplasm resources
can be selected. Principal component analysis (PCA) and comprehensive evaluation were performed on the sor-
ghum resources. Based on F-values, the top 10 accessions with the best overall performance were identified.
Among them, 7 germplasm materials belonged to Cluster II, and their phenotypic characteristics were signifi-
cantly superior to that of the other clusters (e. g., with mean plant height reaching 286. 33 cm and panicle
weight at 102. 50 g). They showed particularly outstanding performance in stalk lodging resistance and grain
yield potential, making them valuable core parental materials for germplasm innovation and the development of
hybrid combinations. This study analyzed the phenotypic diversity of sorghum germplasm resources and classi-
fied them based on similar phenotypes. This study provides a theoretical foundation for sorghum cultivation in
semi-arid and arid regions, and also lays a foundation for the efficient utilization of sorghum germplasm

resources and the development of new varieties.
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Table 1 General information of the sorghum germplasm resources

% 5T 44 B B3 G5 Fift 53 44 Bk SRR

No. Germplasm name Origination No. Germplasm name Origination
1 ICSR-93034 & w4 Tajikistan 23 1y B Karangahape Road &5 w4 Tajikistan
2 = #¢ 2218 545 Svetlana 5 &35 e rH Tajikistan 24 HuJ7 SR 1 Local variety 1 Y475 ST Tajikistan
3 7 3% Khujand 353 v T H Tajikistan 25 M5 A 2 Local variety 2 & v T H Tajikistan
4 Tuc-14 37 7T Tajikistan 26 K JE Torch 1& 7 5T Tajikistan
5 ICSSH-58 353 0 HrH Tajikistan 27 FFi/R Carral 353 vE T Tajikistan
6 0 IR 5% Schalk & 35 73T HH Tajikistan 28 K% Sea mew 3555 e T HH Tajikistan
7 SPV-1499 335 TR T A Tajikistan 29 .\ Giant 335 T IH Tajikistan
8 YCSV-25-279 B3 LT H Tajikistan 30 ¢ JE [ ik 4 Kanibada white & T Tajikistan
9 ICSV-93-046 35+ v T A Tajikistan 31 W BEIR-45 Gissar-45 P& i T Tajikistan
10 ICSV-25-275 3475 7 HrdH Tajikistan 32 % B9 /K -25 Gissar-25 ¥4 3% 5T Tajikistan
11 Tuc-13 B35 5 irH Tajikistan 33 P & Wik Hozinski P4 3% vE 4 Tajikistan
12 4 75 % Broomstick sorghum 357 5g {741 Tajikistan 34 M7 R 3 Local variety3 B35 v T Tajikistan
13 ICSV-112 W&+ v M Tajikistan 35 5§ P 4 Local variety4 175 5T Tajikistan
14 ICSV-25-280 34 v W H Tajikistan 36 HiJy &P S Local variety 35 v T Tajikistan
15 Uz Yao &7 7T 4H Tajikistan 37 HiJ5 §h 6 Local variety6 &7 s Tajikistan
16 S-35 3535 7T Tajikistan 38 HiJ7 & FP 7 Local variety7 335 TR IH Tajikistan
17 P BEK Gissar B3 LT Tajikistan 39 i)y P 8 Local variety8 W&+ s 38 Tajikistan
18 ICSP-93-036 B35 53U 4H Tajikistan 40 Ho 75 Rl 9 Local variety9 P35 2 4 Tajikistan
19 ICSV-745 3835 72 148 Tajikistan 41 M7 i AP 10 Local variety 10 3 3% e T HH Tajikistan
20 WZGL.2309-1 525 3 5 il Uzbekistan 42 )5 f 11 Local variety11 B3 38 030 Tajikistan
21 FELEF. Sevilla 155 v T Tajikistan 43 M5 i Ff 12 Local variety12 B35 ST Tajikistan
22 [ 5 7 FLJK Bakrawal & & vi {730 Tajikistan 44 M7 i RP 13 Local variety13 37 54 Tajikistan
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Table 2 Assignment of morphological traits

PR Traits

W AH Assignment

EH {4 Coleoptile color
X7 8 Seedling leaf color
E Bk 1 Main vein color
Bl fft HRZS Panicle branch extension
FA! Panicle type
HJE Panicle shape
Fi5e 4 Glume color
HiFE AP Hull coated degree
H A Grain color

HiJ¥ Grain shape

H=1;4t=2;%=3
Lh=1;41=2;%=3
F=1;7k =2 =3; 4t =4;
K=1;"=2;=3;MH=4; i =5
BE=1; 1 E=2; =3 M =4;AH=5

Jitl=1;4F.0=2; A =3; B L =4; L =5 KL =6, =7; 7 =8

H=1;#=2; K=3;4=4; 1 =5; ¥ =6;B=7
0=1;1/4=2;1/2=3;3/4=4;1=5
H=1;#=2; K=3;4L=4;#=5; %8 =6;:B=7
YRIE = 1; WY =2; B =3; KA JE =4
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Table 3 Distribution rates and diversity indices of qualitative traits in the sorghum germplasm resources

AR Traits W AE 43 77 % Assignment distribution ratio/ % A% Z AR EL

) 1 2 3 4 5 6 7 8 Genetic diversity index
254 {4 Coleoptile color / 100.0 / / / / / / 0.0000
L7 (5 Seedling leaf color 93.2 / 6.8 / / / / / 0.2484
F ik {4 Main vein color 34.1 40.9 2.3 22.7 / / / / 1.1559
B4 i R 2 Panicle branch extension 25.0 15.9  15.9 9.1 34.1 / / / 1.5163
FEAY Panicle type / 27.3 386 27.3 6.8 / / / 1.2591
HJE Panicle shape 11.4 / 13.6 20.5 2.3 2.3 25 25 1.7104
7% 4 Glume color 11.4 29.5 6.8 50.0 2.3 / / / 1.2238
e A% Hull coated degree 2.3 45  56.8 4.5 31.8 / / / 1.0547
i {4 Grain color 40.9 2.3 2.3 52.3 2.3 / / / 0.9649
B JE Grain shape 34.1 29.5  25.0 11.4 / / / / 1.3211
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Table 4 Diversity analysis of quantitative traits in the sorghum germplasm resources

IR Traits T E brifE 22 fe/ME IEHNE SR itk Z R TR L

Mean SD Min Max CV/% Genetic diversity index
¥k Plant height/cm 212.21 61.22 113.10 378.70 28.85 2.0524
2201 Stem diameter/mm 17.21 4.33 2.76 27.76 25.15 2.0103
it H %X Leaf number/4~ 9.58 2.01 4.00 13.00 21.00 1.8336
F K Main panicle length/cm 30.88 13.03 12.00 75.00 42.21 1.9059
FEMG K Peduncle length/cm 36.75 12.74 16.00 82.00 34.67 2.0293
A HL Peduncle diameter/mm 7.75 2.81 2.16 14.96 36.20 2.0567
T Panicle weight/g 70.47 39.75 10.00 250.00 56.40 1.8468
TR ®E 1000-Grain weight/g 20.34 11.25 3.73 79.29 55.29 1.8683
H K Grain length/mm 4.87 0.50 3.59 6.05 10.19 2.0534
B 5% Grain width/mm 3.42 0.33 2.61 4.10 9.76 2.0452
FFR K FE 1L Grain length-to-width ratio 1.48 0.22 1.14 2.08 14.81 1.9742
FERLTE B Grain area/mm? 11.57 1.52 7.59 15.32 13.11 2.0629
FERLJE K Grain perimeter/mm 13.58 0.93 10.16 15.95 6.82 1.9853
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Fig. 1 Phenotypic correlation analysis of the sorghum germplasm resources
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(close to —Tor 1), while light blue or light red indicate a weaker correlation (close to 0)
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Fig.2 Genetic cluster tree of the 44 sorghum germplasm
resources
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Note: The codes of samples are the same as table 1

R5 FAREBNSRBSERBESF
Table 5 Analysis of the mean values of the quantitative traits in different clusters

Helt R Cluster | KB Cluster [1 KB Cluster 111 KB Cluster IV BV Cluster V
: FHE RME ORKE PHE RO RKE CFBE O RME ORKE FHE ROME RKE CFHE RME O RKE
Trais Mean Min.  Max.  Mean M. Max.  Mean  Mimn.  Max.  Mean M. Max. ~ Mean M. Max.
H i Plent height/cm 220.83 13550 28510 286.33 24510 35120  149.07 11310 198.20 15311  129.90  200.00  368.77  361.50  378.70
2 Stem diameter/mm 17.67 1163 27.76 1681 276 2408 16.70 684 2710 1800 1163 2688 1375 1140 1516
I k4 Leaf number/4 9.90 600  13.00 1146 1000  13.00 7.53 400 11.00 9.83 800 1200 1100 1000  12.00
F K Main panicle length/cm 21.07 1200 5200 4681 2000  75.00 2881 1600  46.00 2450 2000  35.00 2367 2200  25.00
FERA K Peduncle length/cm 36.43 1800 6400  27.00 1600  43.00 4381 2400 8200 2975 2200  39.00 5567  50.00  61.00
TERH Peduncle diameter/mm 7.62 3360 1419 1061 746 1496 593 216 12.33 8.85 339 1448 6.85 6.28 7.50
THE 1000-Grain weight/g 22.29 4256 4255 1560 6.71 3229 16.60 378 065 3217 960 7929 3031 1783 45.25
Fik Grain length/mm 473 4.46 5.03 5.38 5.32 545 473 2.68 4.04 423 4.02 4.61 461 4.50 4.94
Hi 5 Grain width/mm 3.96 2.64 4.07 3.23 3.12 345 331 1.16 2.07 3.6 349 371 3.37 3.30 342
FHRK SE I Grain length-to-width ratio 1.38 114 1.90 413 156 13.98 1.50 843 10.14 1.27 1.4 1.29 141 1.32 157
FRCE AL Grain area/mm’ 12.72 167 1439 1174 1100 1221 1088 1107 1542 1295 1234 1356 1122 1071 1211
FRiJR A Grain perimeter/mm 13.73 1312 1424 1353 13.08 1424 1325 1107 1000 1337 1312 1362 1307 1261 13.93
F8 7 Panicle weight/g 67.37 20.00 160.00 10250 70.00 170.00  41.67  10.00 100.00 111.67  40.00 250.00  66.67  60.00  70.00
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Table 6 Principal component analysis of phenotypic traits

F A4 Principal components

Mtk Traits

PC1 PC2 PC3 PC4 PC5
FEJE Panicle shape 0.789 —0.180 0.043 —0.182 —0.050

B K Grain length 0.789 0.107 0.393 0.240 —0.093

B K Panicle length 0.787 0.111 —0.133 0.082 —0.045

T Panicle type 0.781 —0.268 —0.099 —0.033 0.171

i1, Grain color 0.735 0.002 0.176 —0.389 0.112

FE48 Glume color 0.617 —0.100 —0.069 0.380 0.217

e A% Hull coated degree 0.614 —0.094 —0.272 0.120 —0.209

Pk % Plant height 0.580 0.410 —0.020 0.164 0.517

$i 5% Grain width —0.557 0.510 0.332 0.105 —0.192

B Grain shape —0.514 0.276 —0.141 0.090 0.459

FFRL 5 H Grain length-to-width ratio 0.501 —0.026 0.006 0.135 —0.141
22 Stem diameter —0.099 0.817 —0.137 0.036 —0.241

F T Panicle weight 0.022 0.790 —0.137 —0.216 0.068

AR HL Peduncle diameter 0.374 0.720 —0.024 —0.301 —0.011

FEAR K Peduncle length —0.049 —0.660 0.428 0.104 0.187

it A %% Leal number 0.437 0.610 —0.204 0.187 0.260
HE IR 45 Peduncle extension 0.356 0.587 —0.163 0.186 —0.449

F2 ik 4 Main vein color —0.157 0.428 —0.234 —0.381 0.166

K1 {4 Seedling leaf color 0.04 0.142 0.738 —0.326 —0.118
HFRE T X Grain area 0.423 0.322 0.721 0.227 —0.067
PR E K Grain perimeter —0.274 0.515 0.581 0.002 0.306
T-HE # 1000-grain weight —0.533 0.277 0.013 0.617 —0.006

R E{H Eigenvalue 5.972 4.263 2.17 1.376 1.188

51k Contribution rates 27.144 19.375 9.863 6.253 5.400

Zit BTk % Cumulative contribution rates 27.144 46.519 56.382 62.634 68.034

2.6 ZEITEMN

4586 5A LA T A TR bR I 0 R A RRAE 1] 6
PUVRFIE [) 5 0 ACEE #5480 19 pR B R 3k 5K, Bl
Ji AR FE 18050 Bt 7 R RRAE AR o 3 30 32 i 0 A 1
FRAEAE Z A L A T3 o 25 B R F =
0.399F,+0. 285F,+0. 145F,+0. 092F,+0. 079F;,

HRAE F AR 44 0y o S EA T AR 1) 255 DFAN L4553
R LR ARG . A4 0y R B EIAE 20. 00~
35.00 Z [|] . ZiG 1470 AEHT 10 44 (F>>31. 25 iy % 4
R 7 T SRR BT IR L IS sl
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(MRG58 53 B, 730 35. 00 1 34. 93,



554 FOOREE A4 PG | R S A TR IR AR AR RS T 1259

x7T WIOZREZHIENER

Table 7 Top 10 comprehensive evaluation results

%5 No. K Origination B 4 Bk Germplasm name LEA 155 Scores HHf Cluster
28 3% 35 T4 Tajikistan 13K 35.00 11
20 13,7% 5 55740 Uzbekistan WZGL2309-1 34.93 11
30 B4 3% 5 3 Tajikistan RIEHEikHA 34.86 II
21 35 7% S 4H Tajikistan FE AL F) W 34.58 1T
29 B5 3% 53U H Tajikistan A 33.62 11
27 BT wa i H Tajikistan RHLR 33.52 11
40 1455 7 W 48 Tajikistan H 7 RO 33.44 I
41 35 7% 539 4H Tajikistan b5 10 32.99 II
23 B35 w0 B3 Tajikistan NN 31.49 I
24 B35 T 4H Tajikistan Hi T L 31.25 I
3 T AR B 5% 6V ) 3R B AR AR 0 A DGV o3 BT R W L AR

IR 5 S AR Wy T DR R B 7R
sty o A it T A 2 o T 9 R ) e T 2 A R A%
P BT(DNAD I Z2 A METE AR R IR EE T i Bk Rk
FAUPEAR B e 1 A 5 BR BT Y BLAT , B T AR B ELfE
TATAG T, R R A AT A7 R A (A ¥ R B 7
3 R R 8 o e A A o R HG R TR A S B T B X
i 3 VR A 2 Y A A YA SR A L T AR K B AT
R R A AL A R AR il ok A
KRR IR AT i R R AT R TR ML SR T
IR A 7 Y B 0 A, 0 R 4R T 2000~3006 5 4 BF
e R B A R ) A B O KRR R b O B R T T O T
GEM 1T AET 3k B S U B ) A e R B
NSRRI B & T T

F 5 o S b o % IR SR AL B 2 AR, T LB R A
[Fi) A 5 B o P AR TR] B a8t 15 22 5 0 AR BE S L ER T 44
3 vp 5 A R R VR Y 23 A e B MR B L R X
SEAE R A B B A 2R . BRZFIE (0 R R
HR T 2 (8 A1 At 5 A BRI A R A S o3
e i PR P, BEOE R 5 A 2 R TR A Bl
1. 7104, 15t W BETE 1) 388 1% 740 S5 08 38 A vy, 30 A2
S (W B 2o TN A e o= 6 9 25 07 2 IR AR 53, X
IR A B T R . ARG PR R
R ) A8 S AR B K, R T ARURT AP R 45 4
R 38 A 22 RE PR R R L X 5 AR T AR N R B
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TR E T MR Oy T, R S BEE 2 R A
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