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Abstract: In this study, 10 foxtail millet (Setaria italica L.) germplasm accessions were treated with varying
concentrations of NaCl solution. By analyzing four indexes, including the relative germination potential, rela-
tive germination rate, relative shoot length, and relative root length during germination stage, we established
that the suitable NaCl concentration for the identification of salt tolerance during germination in foxtail millet
was 180 mmol/L. To evaluate the salt-tolerance of 180 core germplasms during the germination stage, corre-
lation analysis and principal component analysis were employed to calculate the aforementioned four traits un-
der 180 mmol/L NaCl treatment. Comprehensive evaluation and salt-tolerant grade of the 180 germplasms
were identified by membership functional analysis and cluster analysis. Results revealed that except for the
non-significant correlation between relative germination rate and relative shoot length, all other indexes

showed a highly significant positive correlation. Furthermore, principal component analysis suggested that the
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four indexes could be considered as key indices for assessing salt tolerance. Cluster analysis revealed that
the 180 germplasms could be divided into four groups: highly salt tolerant, salt tolerant, salt sensitive, and ex-
tremely salt sensitive. Jiangu, Henggu 12, Qitoubai, K-3606, and Jingu 20 were identified as extremely salt to-
lerant accessions through comprehensive evaluation using membership function. In addition, under 180
mmol/L NaCl stress, 40 lines from the F, generation recombinant inbred line (RIL) of Heizhigu (extremely salt-
sensitive)xChangnong 35 (salt-tolerant) were analyzed. Results showed significant variation among the 40
lines, with their frequency distribution of salt tolerance grades approximating normal distribution, indicating that
this population was suitable for salt-tolerant QTL mapping. These findings demonstrated that 180 mmol/L
NaCl could be used for the identification of salt-tolerant foxtail millet germplasms during the germination stage
and that at this concentration, salt tolerance differences among various germplasms can be better distin-
guished by four indexes: relative germination potential, relative germination rate, relative shoot length, and
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relative root length.
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Table 1 Name and source of 10 germplasms

%5 Code £ % Name KI5 Origin
1 K4 355 iy
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FREKITE T

SEECVEE . EEAR N 9 om B EE B 5% Lok
EXUZ AR, wEAth A dens 4 EXw4UN, LI
PR U8 AR A S 50 ) R v R AR IR . AR A BT
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- Eg; Table 2 Analysis of four indexes in 10 germplasms of Se-
o taria italica under different NaCl concentrations
< 90 == RCL
= — NaCl ¥ i . -
2 : RRR I PR ERRE
3 60 o . Averagez Rangeof 7"
o Indexes concentration / . CV /%
< SE/ % variation / %
B mmol/L
3 g 50 96.58+27.64a 58.70~166.67 28.62
g ) 100 83.63+23.98ab 57.50~138.10 28.67
; ; 120 71.79+26.69b 45.00~139.68 37.18
50- 100 120 150 160 170 180 200 RGP 150 64.88+20.19b 37.59~96.83  31.12
NaCl / mmol/L 160 64.88£13.16b 54.00~91.00  20.29
170 53.63+16.72bc 33.00~87.00  31.17
RGP ié'ﬁézﬁﬁy I;I'JQGR: XS % 2F 35 RCL: MM K5 180 52.07425.58b 10.00~94.00  49.12
: ‘ o Hl o
RGP: Relative germination potential; RGR: Relative germina- 200 34.00+18.26c  10.00~67.44 5370
tion rate; RCL: Relative coleoptile length; RRR: Relative radi- 50 96.91+25.90a 66.41~155.56 26.72
cal root length. Same below. 100 87.70+21.10ab 54.10~127.78 24.06
El1 TRERE NacCl hIBTHI 4 MRS 120 79.42+21.00 ab 56.10~134.72  26.51
Fig. 1 Analysis of four indexes under different s 150 68.97+19.54b 39.34~101.39 28.34
RGR
NaCl treatments 160 71.22411.21b  61.00~96.00  15.74
170 63.37£14.32b  40.00~90.00  22.60
B3 I =
ShME T A AEARST 180 61.10£24.46b 12.00~89.00  40.03
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KRR I GIEF, Bl R v B2 T v 30 4
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SR RE A 2R A AR S R R A X At e 4 3
THRAK; 180 mmol/L f, A X ZEK FIARXT AR K Y
7 S R B R AR S R HICRR 8 B 8 R KO (4 R
2.00%~55.00%. 54.23% M 13.00%~34.00% .
22.74%) .

Zi ik, NaCl ¥ i 180 mmol/L i, 10
4 Fh ST A ARRT & ZE 35 ARXS & 2 AR 2R
KUK ARX R AR B 22 5, 8 B 7 Fh i

e WA SR E 1 [F—18 bR R SA R 7 b 2 7m AN A b 3
[ 7E P<0.05 K- 1225 B3
Notes: Abbreviations are the same as those in Fig. 1. Diffe-
rent letters indicate significant differences between
treatments (P<0.05).
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Fig. 2 Frequency distribution of salt tolerance traits during thegermination stage in Setaria italica
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B3 NaCl ME&H TAFHREEERBEIEN
LB iy
Fig. 3 Correlation analysis of four indexes during the ger-
mination stage under NaCl stress in Sefaria italica

®3 NaClfpBE TAFHABGSERNERS REAEHE
Table 3 Principal component and contribution rates of
comprehensive indexes of Setaria italica during the germi-
nation stage under NaCl stress

F o FHIE(E D& Fit ok
Principal Eigen  Contribution Cumulative contribution
component value rate / % rate / %
1 2.046 51.140 51.140
2 1.107 27.687 78.827

F4 NaClBMEHGTEFHRYPSERHEFHEER
Table 4 Factor loading matrix of four indexes of Setaria
italica during the germination stage under NaCl stress

£zt 31 T 2
Indexes Component 1 Component 2
RGP 0.439 -0.293
RGR 0.425 -0.353
RCL 0.260 0.540
RRR 0.218 0.633

IE: R AgE R A,

Note: Abbreviations are the same as those given in Fig. 1.
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A: 180 (3 F R BT R, BFNER 180 A F R BT s (BESE 3) . B: BHEHFK 40 ik &R B U3 RIL B4 40 63 Fh BT A 2 5 5
L EAFRME IR BT B AR AN BT, @R BUEAN BT 1 AR BURFh .
A: 180 germplasms; Numbers represent codes of 180 germplasms(Attached Table 3). B: 40 lines from one genetic population; Numbers
represent the code of 40 germplasms from a RIL population. Red represents extremely salt-tolerant accessions; Yellow represents salt-tol-
erant accessions; green represents salt-sensitive accessions; Blue represents extremely salt-sensitive accessions.
Ea 180 A FHEK 40 HiEEFHEERMEEHNRES N
Fig. 4 Cluster of 180 germplasms and 40 lines from one genetic population for salt tolerance
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Table 5 Classification of 180 Setaria italica germplasms for salt tolerance during the germination stage
[E=NES ZANME il i 42 ¢
Salt tolerance D Name
R i i 0.335~0.436 Ay . M4 120 Fr3kH. K-3606. A4 20
[GEN 0.200~0.311 Kif 204, PREEFF 6. ANEAT. WA 33, KEW. N=7 hAas . Kk 3555
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