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Identification of agronomic traits and drought tolerance at germination
stage of 44 local foxtail millet varieties from Shanxi Province

HOU Sen, QIN Huibin, LI Meng, WANG Haigang, MU Zhixin
(Center for Agriculture Genetic Resources Research, Shanxi Agriculture University, Key Laboratory of Crop Gene
Resources and Germplasm Enhancement on Loess Plateaw, Ministry of Agriculture, Shanxi Key Laboratory

of Genetic Resources and Genetic Improvement of Minor Crops, Taiyuan, Shanxi 030031, China)

Abstract : Totally 44 foxtail millet varieties (lines) collected from different areas in Shanxi were used. Twelve
agronomic traits, two quality related traits and drought tolerance related indicators at germination stage were identi-
fied, which drought condition was simulated by PEG—6000. Agronomic traits including sheath color (ShC) , seed-
ling leaf color (SLC) , main stem length (MSL) , main stem diameter (MSD) , main stem node number ( MSNN) ,
panicle length ( PL) , panicle type (PT) , panicle tightness ( PTi) , grain color (GC) , millet color (MC) , whole
growth period ( WGP) and 1000-grain weight (1000—GW). Quality related traits including starch content (SC)
and protein content ( PC). Promptness index ( PI), germination rate ( GR) , root length (RL) , sprout length ( SL)
and root length per sprout length (R/S) as drought-related traits were measured under —0.5 MPa PEG stress. The
coefficients of variation (CV,%) of quantitative traits ranged from 1.32% (SC) to 22.31% (MSD). Correlation a-
nalysis indicated that MSNN showed significant and positive correlation with MSL, and significant and negative cor-

relation with MSD. 1000-GW showed significant and positive correlation with MSD and PL, and significant and
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negative correlation with MSNN. PC showed a significant and negative correlation with MSL and SC. The CV of
drought-related traits ranged from 13.7% (RL) to 22.86% ( PI) under drought stress, and 10.92% (RL) to
17.82% (R/S) under normal condition, respectively. Germination drought resistance index ( GDRI) was calculated

to identify drought tolerance capacity of foxtail millet accessions, seventeen elite drought tolerance accessions were

selected. Correlation analysis was conducted to explore the relationships among drought-related traits. Relative root

length per sprout (RR/S) showed significant and positive correlation with RRL, and significant and negative corre-

lation with RSL. The drought resistance of various millet materials during the bud stage was evaluated by combining

the germination drought resistance index with cluster analysis, and they were divided into 5 levels. Seventeen first-

level drought resistant resources, such as ‘ Changbogu’ were selected.

Keywords: foxtail millet; agronomic traits; drought tolerance; germination stage; Shanxi local varieties
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Table 1  Distribution of Shanxi millet resources for testing

h R i (CE) ERI/ N i PR
City o Longitude  Latitude Altitude Number
County
FHH Tianzhen 114.19 40.53 1172 3
K M Yunzhou 113.47 40.32 1325 1
Dalonn J” R Guangling 113.99 39.81 1420 1
& Hunyuan 113.82 39.56 1503 2
R IT. Linggiu 114.14 39.39 1150 7
M IR Fanshi 113.62 39.28 1206 6
Xinshou A Wutai 113.50 38.76 1220 7
FiFE Wuzhai 111.72 38.67 1412 2
B 24 H Xingxian 111.05 38.29 1063 4
Lvliang F#% Shilou 110.72 37.06 924 4
ESRVAN
C;‘,:n‘;hi RS Wuxiang 11284 3701 1163 6
i) .
Linfen L Xixian 110.84 36.69 1006 1
A1 Total 12 M
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Fig.1 GDRI and its variance of foxtail millet under different osmotic potentials
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Table 2 Summary of qualitative agronomic traits in foxtail millet
PR Trait i No. kb Ratio/% PR Trait i No. ikt Ratio/%
o %k Green 41 93.18 kR Spindle 22 50.00
ShC 2 Purple 2 4.55 B J% Cylinder 15 34.09
4] Red 1 2.27 L MWiTE Cat paw 3 6.82
. 4t Green 26 59.09 PT M EFE Duck beak 2 4.55
?LC SL4% Purplish green 13 29.55 WMEH Chicken beak 1 2.27
4t Yellowish green 5 11.36 T Ball bat 1 2.27
. 5 Loose 21 47.73 T Yellow 15 34.09
TNV .
PTi 1 Middle 17 38.64 21 Red 14 31.82
£ Tight 6 13.64 RN H White 11 25.00
Fof # Yellow 38 86.36 GC 5 Brown 2 4.55
MC L Light yellow 5 11.36 % Black 1 2.27
F1 White 1 2.27 #H Cyan 1 2.27
R3 ATFHERZERERREXEROEREIT
Table 3 Statistics of quantitative agronomic traits and quality-related traits
PEIR FERKRE FEHRZ FZETEL FRKE 2EEm THIE TEM % HATE
Trait MSL/em MSD/ em MSNN PL/cm WGP/d 1000-GW/ g SC/ % PC/%
We/IME Min 104.50 0.41 9.0 20.20 110.0 2.40 83.64 9.43
W KAH Max 167.50 1.22 17.0 48.40 138.0 4.60 88.18 13.50
¥IE Mean 142.66 0.71 11.7 32.83 130.0 3.67 85.85 11.20
FrifEZE SD 15.60 0.16 1.8 6.87 9.1 0.52 1.13 0.80
ASRE CV/ % 10.94 22.31 15.3 20.94 7.0 14.19 1.32 7.13
F4 BATFFHEMEEXEROEREIT
Table 4  Statistics of germinating stage traits related to drought tolerance
T 5240 Drought TR CK .
PEAR Wik gl FEtk Wik Ptk WA AHXT  ARXE AEXE XS
Tt gesg JOPRORIK SEREUFIC | gL e ROPRORK CFRISE| g SHEECORR OBICIFIC AU
py  OR/% RL/em SL/em R/S o GR/% RL/cm SL/em R/S GDRI RGR RRL RSL RR/S
W/ ME Min 055 3733 337 311 074 ||[#/ME Min 109 6000 325 559 044 ||#/ME Min 033 051 073 037 129
WRAH Max 154 9600 655 560 170 || Max 2.10 97.00 567 932 096 |[tHK(H Max 078 107 143 079 252
YIE Mean 107 7367 469 440 1.08 || Mean 178 8439 449 743 061 ||3{H Mean 060 087 105 060 1.80
FrfEZE SD 024 1438 064 060 0.19 |[#nfEZESD 022 928 049 086 011 |[#pfEZESD 011 012 015 011 036
V% 22.86 1952 1370 1374 17.32 V% 1251 1099 1092 1152 17.82 V% 1845 1427 1447 1831 19.79

2.4 XS

WA Z VARG i TR SR B A S 4 20 B
GURER, FEWRCE EER AR 23 EM
PR SE NEREIL SRR Uil ST A EES I S
FARF E R R B2 IE A OG5 F 2R Bk
B 2 SRR O B 5 0l R SRR M
oy BRI 2 A B UG (R 5) .

T A2 28 38 ARG 250K LR AR 28 L 8 R X
I A i A4 BOtE A7 AR DA 23 B, 40 2R 3 WD i 2 T
FRAR R RS e 2 AR RO AR AR R 2 4 2 ]
I IE A OGOC AR 5 AR AR ZF LE 5 R X AR K 22 8 3
IEMRKR, SR EBFEAMICKR(FR6),

2.5 EFHAMEMEEN

FIL W A s 5 48 B0 4 28 T 5240 47 0T
B, 383 RGBTy B4 ORI I & it 5
EHOr R S NS, Hp 1% 17 £3(0.64~0.78) ,2
2 12 17 (0.58~0.63) ,3 2 8 £3(0.50~0.56) ,4 4% 5
£3(0.43~0.47) ,5 2% 2 £73(0.33~0.34) , fiivkHh < &
4 L S 2 RS IR (R T) .

3 W 1w

ABIFFEAE X L P4 45 5 3 J7 il A R AR 2 AR
O A R B, R AR T R L B0 3,
ESAVEL IO E AR S CU LN SRR R p



30 54 X AV A 5T 425
x5 BFHERZHRE RRHEXEREIEXESHT
Table 5 Correlation analysis among quantitative agronomic traits and quality-related traits
LN FEKE FEHR FZETH FHKE Esach=p. 1 T-hi MR EAREGE
Ttem MSL MSD MSNN PL WGP 1000-GW sC PC
FZEKE MSL 1.000
FEZEHA#E MSD 0.068 1.000
FEZE1 8 MSNN 0.365* * -0.359" * 1.000
FHKE PL 0.077 0.075 -0.088 1.000
FH wep -0.063 0.048 -0.019 0.012 1.000
TRiE 1000-GW 0.073 0.473** -0.449 " * 0.352** 0.213 1.000
MR SC 0.008 -0.020 -0.085 0.076 -0.167 0.185 1.000
EARSE PC -0.320* 0.072 -0.010 -0.240 0.241 -0.151 -0.556* * 1.000
o Fl s PBIFIRTE P<0.05 Fil P<0.01 KF EZERBE, TR,
Note: * and * = indicate significant differences at P<0.05 and P<0.01 level, respectively. The same below.
F 6 BT RHEXMERBIMEXESS T gR7

Table 6 Correlation analysis of drought tolerance

related traits in millet germinating stage

Jebi BRI S XA MxE AT AR
lf'm R/ R MK K ZEL
¢ GDRI  RGR RRL RSL  RR/S
W & T S35 %0 GDRI - 1.000
X K ZEH RGR - 0.850* * 1.000
FHXTARE RRL 0.494** 0.390 * * 1.000
AN 2R RSL 0.427** 0.423** 0.335* 1.000

FHXTARZE L RR/S

-0.063

-0.132

0.384* "-0.722" * 1.000

KT MABEFHRRERTEME

Table 7

accessions used in this study

Information on 44 foxtail millet

BRI S i R

GDRI Group
1 £14% Honggu M B Xingxian 0.75 1
2 214} Honggu ML Xingxian 0.56 3
3 =784k Sanbianhua R T Linggiu 0.71 1
4 K/ Changgouxiaogu R T Linggiu 0.54 3
5 RIS Jiansuigu R T Lingqiu 0.67 1
6 JINA Longzhuagu R F Linggiu 0.69 1
7 HIHAY Tuzuigu R [T Lingqiu 0.69 1
8 JREEA Langweibagu # T Linggiu 0.58 2
9 #14% Honggu M H. Xingxian 0.61 2
10 T4 Huanggu M Xingxian 0.74 1
11 /N4 Xiaohuanggu — Tf Wutai 0.74 1
12 4+ F Ruanguzi A Wutai 0.56 3
13 HFF#4 Baiganyinggu 1 E Wutai 0.62 2
14 ZIFFHE4S Hongganyinggu Tif5 Wutai 0.74 1
15 HBRE Heitiexiu F.5 Wutai 0.61 2
16 K48 Changbogu TA Wutai 0.78 1

Continued table 7

iR T

GDRI Group
17 /NELAS Xiaohonggu T E5 Wutai 0.58 2
18 14T Hongguzi H.%€ Wuzhai 0.60 2
19 214+ Honggu H %€ Wuzhai 0.50 3
20 /NH A4T Xiaoriyueguzi  £i#% Shilou 0.72 1
21 /NHIIAST Xiaoriqiguzi £ Shilou 0.64 1
22 4% Dagu £ Shilou 0.59 2
23 AT Heiguzi BB Xixian 0.61 2
24  [EHFESA Wangzhuanggu 7 [T Linggiu 0.65 1
25 /N4 Xiaohonggu Ak Shilou 0.68 1
26 #4% Huanggu PR Fanshi 0.71 1
27 F14% Baigu PR Fanshi 0.63 2
28 /NZLAS Xiaohonggu IR Fanshi 0.60 2
29 A4ZEZ Niujiangsheng R Fanshi 0.62 2
30 ZKAY Laolaishao U Fanshi 0.51 3
31 BT Gua S Fanshi 0.34 5
32 HA Qinggu K% Wuxiang 0.47 4
33 JJRA Zhuazhuagu %% Wuxiang 0.74 1
34 B Heigu K% Wuxiang 0.52 3
35 £14% Honggu K% Wuxiang  0.43 4
36 #4% Huanggu K% Wuxiang 0.69 1
37 14 Baigu K% Wuxiang 0.61 2
38 ZIFF4 Honggangu  J R Guangling  0.68 1
39 /N4 Xiaohonggu — VEJE Hunyuan 0.33 5
40 # 4% Huanggu YV Hunyuan 0.51 3
41 £14% Honggu KA Tianzhen  0.43 4
42 IMBEAT Youlvguzi  KAH Tianzhen 0.52 3
43 JNEABT Xiaobaiguzi K4 Tianzhen 0.44 4
44 BT Guzi 2N Yunzhou 0.46 4
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