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Key germplasm developing of foxtail millet in arid and
semi-arid areas based on phenotypic traits

ZHAO Xiaoqin, JIA Ruiling, LIU Junxiu, WEN Yinhua, LIU Yanming,
SHI Lili, ZHANG Juanning, MA Ning
( Dingxi Academy of Agricultural Sciences, Dingxi, Gansu 743000, China)

Abstract; In this study, a total of 871 foxtail millet germplasm resources were categorized based on their bo-
tanical varieties. Key accessions were identified through the analysis of 17 phenotypic traits, employing the square
root strategy, UPGMA clustering within groups, and random sampling within individual clusters. These key acces-
sions were evaluated using i—test, F—test, Chi—squared test, and phenotypic retention ratio analyses. Finally, the
principal components analysis and the histogram analysis were used to re-confirm the foxtail millet key germplasm.
A total of 85 as key germplasm was selected, accounting for 9.8% of total resources, including 21 white varieties,
49 yellow varieties, 3 orange varieties, 5 cyan varieties, 4 red varieties, 2 black varieties, and 1 brown variety.
The results of significant analysis showed that the variance (P from 0.047 to 0.986) , coefficient of variation ( P=
0.965) , and Shannon-weaver diversity index (P =0.873) for 17 phenotypic traits were not significantly different
between key germplasm and entire collection (P>0.05), and the distribution range, the ratio of phenotypic reten-
tion (0.812~1.402) of entire collection were preserved. The phenotypic correlations displayed the same genetic as-
sociation and distribution frequency between the two collections. Thus, the key germplasm of foxtail millet in arid
and semi-arid areas can represent the genetic variability and reduce the genetic population in entire resources and

can provide a theoretical basis for evaluation, innovation of foxtail millet and cultivation of new varieties.
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Table 1  Quantified value of the qualitative traits of foxtail millet

MR Trait MR Quantified value
KT 45 SL Shape of leaf L2852 20 B2 30F 8 4. F 3% 1. Lift;2. Half lift;3. Flat;4. Droop
FFAEII 25 SLF L2 2.2 12 3 4. T 4
Shape of leaf in flowering 1. Lift;2. Half lift;3. Flat;4. Droop
% SPN LLHA ;2.9 3.4 4. 208
Shape of panicle neck 1. Straight;2. Moderate bending;3. Bend ;4. Hook shape
Y PT LXGWEIE ;2. 5 0E ; 3. 1R fRTJE ;4 MERRIE 5 5. WS MEE ;6 0 TUE 5 7. B T0E
Panicle type 1. Conical ;2. Spindle;3. Cylinder;4. Stick;5. Duck bill type;6. Cat claw type;7. Budha hand type
wRiE HC LR 2. 30K 5 3R 4. 21080, 5. 75 K0 6. 46k 7. SBokT
Hull color 1. White type;2. Yellow type;3. Orange type;4. Red type;5. Cyan type;6. Brown type;7. Black type
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Table 2 Composition of botanical variety and Chi-square

test in the key germplasm and entire collection

BT AR LR
Ml Key germplasm Entire collection
Botanical varlely e Wi M iH%
Number  Percentage Number  Percentage
FIk. White type 21 24.706 194 22.273
HORL Yellow type 49 57.647 502 57.635
Fhi Orange type 3 3.530 32 3.674
Z1KL Red type 4 4.706 46 5.281
HHL Cyan type 5 5.882 62 7.118
¥Hi Brown type 1 1.176 18 2.067
FKI Black type 2 2.353 17 1.952
R 0.845
Pt P value 0.991

H.P>0.05 FHERARE,

Note: P>0.05 means the difference is insignificant.
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Table 3 Comparison of means, range and variances for phenotypic traits in the key germplasm and entire collection
SEHAI(E Mean le= Range 772% Variance
PRIk HTRE  2FRRE L BT SRR PRERVER B TR AR i P
Trait Key Entire L Key Entire Range Key Entire ) i
. Significance . . F value P value
germplasm  collection germplasm collection /% germplasm  collection
T SL 3.01 3.00 NS 1.00~4.00 1.00~4.00 100.00 0.509 0.464 0.008 0.929
HEFW GP/d 141.54 143.34 NS 109.00~151.00 109.00~163.00 77.00 25.608 23.027 9.964 0.202
FEAEHI % SLF 2.87 2.67 NS 1.00~4.00 1.00~4.00 100.00 1.114 1.174 2.663 0.103
L~ A 60.76 59.82 NS 19.00~76.00  19.00-82.00 90.47 70.634 52.055 1.263 0.261
K HTMP/d ) : : ’ ’ : : ’ ! : i

T SPN 3.56 3.62 NS 1.00~4.00 1.00~7.00 100.00 0.534 0.483 0.605 0.437
g pr 2.55 2.59 NS 1.00~7.00 1.00~7.00 100.00 2.083 2,123 0.077 0.781
¥kES PH/ cm 151.07 156.23 NS 78.60~204.40  62.40~210.80 84.71 703.599 505.557 3.954 0.047
ZEK MSL/cm 129.49 133.84 NS 61.20~180.00 56.00~190.00 88.65 579.311 463.371 3.094 0.079
FHHK MPL/em 19.83 20.54 NS 9.60~37.00 8.20~59.00 53.93 26.158 20.004 1.900 0.168
T MPD/em 2.83 2.96 NS 1.34~4.80 1.08~5.88 72.08 0.439 0.474 0.243 0.622
FEHTE MPW/g 2370 23.46 NS 3.33~55.00  3.30~55.00 99.94 118.010 100.477 1.165 0.281
SEEETE TPW/g 817 7.30 NS 0.00~8330  0.00~83.30 100.00 185.309 132.368 1.740 0.101
FZERiE GWMP/g  17.88 20.26 NS 1.67~4500  1.67~55.00 81.24 69.540 90.867 1.048 0.306
SYBERIEE GWTP/ g 682 5.206 NS 0.00~66.70 0.00~66.75 99.92 87.912 71.578 1.934 0.063
THiE TCW/ g 293 2.85 NS 0.90~4.50 0.90~5.40 80.00 0.391 0.385 0.657 0.986
ARt HC 293 2.32 NS 1.00~7.00 1.00~7.00 100.00 1.839 1.747 0.409 0.523
Yk T T HWP/g 3877 3773 NS 8.33~152770  3.33~152.70 96.65 687.810 331.290 0.998 0.489

NS Rl TR S AR R

Note ;

JA] - YE 25 SN B35 P>0.05 Ron i TR B A4

NS means the difference of mean value between the key germplasm and entrie collection is insignificant. P>0.05 means the difference between

RpE ) Jy 22 26 N2, P<0.05 RoRERDE,

the key germplasm and entire collection is insignificant, P<0.05 means the difference is significant.
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Table 4  Coefficient of variation and genetic diversity

index of key germplasm and entire collection

BRRE CV/ % TREFEARE H
PEAR HFE AWHE TR AR
Trait Key Entire Key Entire
germplasm  collection  germplasm  collection
Hrwint 4 SL 22.640 23.720 0.973 1.020
EHEW cp 4.770 3.340 2.828 2.802
JEAEWINT % SLF - 38.800 40.580 1.314 1.350
*ﬁﬁkf gﬁ;ﬁj 13.830 12.050 3.226 3.344
T SPN 20.500 19.160 0.858 0.790
Y T 56.510 56.060 1.614 1.649
Wk PH 17.550 14.390 5.345 5.700
2K MSL 4.473 4.325 5.290 5.666
FHA MPL 25.860 21.820 4.170 5.114
T MPD 23.400 24.560 3.866 4.591
FZEHEE MPW 69.880 45.810 3.442 3.330
JYEERETE TPW 128510  129.390 2.472 2.175
FHUBE GWMP  46.620 47.040 3.258 3.112
SYEERIE GWTP  130.650  162.510 2.469 2.069
TR TCW 21.120 21.890 3.854 3.486
ARt HC 59.440 58.400 1.232 1.277
PR B E
o e 57.293 48.230 3.670 3.816
XM 43938+  43.133% 2.934+ 3.017+
Average 8.932 9.692 0.333 0.374
P {8 P value 0.965 0.873
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Table 5 Comparison of frequency distribution and the ratio
of phenotypic retention for phenotypic traits in the

key germplasm and entire collection

p g e RER
Trait umber of 2 P value LAl
classes RPR
Y2 SL 4 0.287 0.963 1.044
HEEHEW cp 10 13.680 0.134 1.067
TR SLF 4 2.788 0.425 0.905
?H;ik: [’ﬁﬁﬁq 10 7.764 0.558 1.146
% SPN 4 0.918 0.821 1.069
Y PT 7 4.691 0.584 1.008
W PH 10 7.855 0.549 1.220
2K MSL 10 6.868 0.651 1.155
FHK mPL 10 9.628 0.381 1.184
A MPD 10 6.512 0.688 1.006
FEME MPW 10 3.652 0.933 1.072
SYEEFHTE TPW 10 14.815 0.275 1.057
FHORIE CWMP 10 3.786 0.869 0.990
SYBERIT GWTP 10 13.982 0.195 0.844
T-HiE TCW 10 5.463 0.532 0.979
Hhita HC 7 0.901 0.989 0.812
HRRT B E HWP 10 17.358 0.043 1.402

1E:P>0.05 RWIZERANE,

Note ; P>0.05 means the difference is insignificant.
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Table 6 Traits significantly correlated in both key germplasm and entire collection
AHCREL HHCFREL
N TR E o PR TR AT
Trait Key Entire Trait Key Entire
germplasm collection germplasm collection

H B - ~ BERR cP-HTMP -0.103** -0.259* Wi —25K PH-MSL 0.970" * 0.961* *
HEF WY GP-SPN -0.002** -0.091* M- FA84 PH-MPL 0.513"* 0.320* *
HEE-BY eP-PT 0.136* 0.122%* M-8 PH-MPD 0.271"* 0.103* *
HE-HE GP-PH 0.204* 0.099* * Whimi— =P8 PH-MPW 0.337"* 0.074"*
HEHW-FHEK GP-MPL 0.398** 0.151* Wkm-F 6 E PH-GWMP 0.393* * 0.095* *
B W-FHH GP-MPD 0.250* * 0.079** Mm-Sk T RS PH-HWP 0.386" * 0.264" *
HEF - EZ5HE GP-MPW 0.229* * 0.106* * K- MSL-MPL 0.370" * 0.156" *
HEF - EERE GP-GWTP -0.286* * -0.230% LR —JPEEREE MSL-TPW 0.134* 0.092* *
B4R GP-HC -0.243" -0.125** 25K -5 BERIE MSL-GWTP 0.137* 0.094" *
FEACIHIN % e SLF-PP 0.204* 0.246" * ZER-HbR TR MSL-HWP 0.406* * 0.276" *
FAEWIN LY SLF-PT -0.203* -0.130* FREH - FHH MPL-MPD 0.347* 0.203* *
TR 2~ E R SLF-GWMP 0.252** 0.138"* FREK - F LT MPL-MPW 0.485"* 0.286" *
FALWIM 2~ TR SLF-TGW -0.146 0.116** TR S BEREE MPL-TPW -0.202* * -0.131* *
it ~ BN R4 HTMP-SPN 0.227* 0.263** FREK - T MPL-GWMP 0.555* * 0.247%
P ~ AR AL -T80Y HTMP-PT —0.348* * -0.238** FHK -/ BERE MPL-GWTP -0.214* -0.137**
e ~ B K- A HTMP-GWMP 0.088* 0.284** FHHK-TRE MPL-TCW 0.326" * 0.326"*
A ~ B R A - TR HTMP-TGW 0.358* * 0.336" Tl - FE=5HE MPD-MPW 0.382* * 0.281**
A ~ B K-k T HTMP-HWP  —0.148* -0.098* * T -/ BEREE MPD-TPW ~0.053"* -0.082* *
IR ~ A A AR (S, HTMP-HC -0.177 0.129"* FH -3k B MPD-GWMP 0.378"* 0.247"*
LTI SPN-PT -0.254* -0.154* * 42K 5 MPD-HC 0.174 -0.094* *
FHYE—FkE SPN-PH 0390 * 0316 * FEEE - EERE MPW-TPW -0.106* * -0.149* *
FHZ 25K SPN-MSL 0.347* 0.282%* KR - R MPW-GWMP 0.901 " * 0.938* *
FlZ-F R SPN-MPL 0.420* * 0.293* * T Sy EER T MPW-GWTP -0.097"* -0.128*
T -FFH SPN-MPD 0.130 0.103* * SYBERMTE - TR E TPW-GWMP -0.129"* -0.139* *
FHYS—FZLFl T SPN-MPW 0.305** 0.266* * SYBERRE -y BERLE TPW-CWTP 0.989* * 0.973*
TSR SPN-GWMP 0.307** 0.270* * Sy BERE - bk TR TPW-HWP 0.532** 0.586" *
FHE-T-RiE SPN-TGW 0.136 0.204" * SYBEREE AR TPW-HC 0.081 0.103" *
P -8k PT-MPD 0.150 0.127"* TR M EER B GWMP-GWTP -0.114"* -0.112* *
HIE-Thi&E PT-TCW -0.076 -0.143* YRR E-BR TR GWTP-HWP 0.513* * 0.537**
FY -tk T HEE PT-HWP 0.043 0.091* SrEERIE -SRI GWTP-HC 0.103 0.107* *

o fURTE P<0.05 7KF E B = fURTE P<0.01 /K- _F B EHE,

Note: * represents significant correlation at P<0.05, * * represents significant correlation at P<0.01.
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