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Genetic Parameters Estimation of Main Agronomical Traits of Foxtail
Millet Germplasm Resources under Multiple Environments
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Abstract: In this study, eight agronomic characters ( including plant height, leaf number, panicle length,
panicle diameter, panicle weight, grain weight per panicle, branch number per panicle and grain number per
branch ) of 160 foxtail millet germplasm resources were investigated at three environmental conditions ( Ledong,
Hainan province; Luoyang, Henan province ; Gongzhuling, Jilin province ) from 2015 to 2016. Their broad-
sense heritability were estimated by simultaneously considering the years, latitude environments and genotypic
variations, and the genetic relationship among these traits was analyzed. The average heritability at each of eight
traits using single-factor analysis method was over 0.9000 at years and latitude environments. While no variation
on individual heritability at eight traits was detected at Ledong ( low latitude environment ), for the traits panicle
length, grain number per branch and panicle weight, grain weight per panicle as well as branch number per
panicle this factor the significant variation on individual heritability was detected at Luoyang and Gongzhuling.

Several traits such as plant height, leaf number, panicle length, panicle diameter, and branch number per panicle
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showed higher heritability, whereas the traits including panicle weight, grain weight per panicle, and grain

number per branch were detected with moderate heritability. Under three-factor combined conditions, the average
heritability decreased from 0.9000 to 0.7266-0.8483, and the individual heritability decreased from 0.5209-
0.9931 to 0.2292-0.4263. The characters including plant height, leaf number and panicle diameter were suitable

for selection of foxtail millet ecological adaptability breeding. The plant height, leaf number and panicle diameter

positively correlated with either of panicle weight and grain weight per panicle ( P<0.001 ). Thus, selection for

plant height, leaf number and panicle diameter might achieve the selection of panicle weight and grain weight per

panicle in breeding for ecological adaptability, stable yield or high yield cultivars in foxtail millet.

Key words: foxtail millet; ecological adaptability ; agronomic characters; heritability ; correlation analysis
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Table 1 Sunshine hours and active accumulated temperature
in different regions

X i ) BRI B
i;m e (@)
Sunshine AAT
NES 3 2015-05 241.9 492.9
Gongzhuling 2015-06 269.6 636.0
2015-07 3112 737.8
2015-08 240.8 703.7
2015-09 259.0 507.0
FHIE 264.5 615.5
2016-05 272.4 511.5
2016-06 2747 624.0
2016-07 268.2 747.1
2016-08 289.2 696.0
2016-09 192.7 523.9
SEASE 259.4 620.5
1% FH 2015-05 202.4 691.3
Luoyang 2015-06 131.7 792.0
2015-07 195.9 868.0
2015-08 148.8 830.8
2015-09 1422 669.0
FEE 164.2 770.2
2016-05 204.2 651.0
2016-06 227.9 747.0
2016-07 189.4 902.1
2016-08 151.0 876.0
2016-09 164.1 753.0
SFAAE 1873 785.82
MR 2015-11 180.2 606.0
Meidong 2015-12 77.4 784.3
2016-01 274 561.1
2016-02 113.4 456.4
2016-03 154.1 635.5
SEASE 110.5 608.7
2016-11 115.7 696.0
2016-12 98.5 647.9
2017-01 25.8 534.0
2017-02 110.7 4843
2017-03 138.8 647.9
FHIE 97.9 602.0

AAT: Active accumulated temperature
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Table 2 Descriptive statistical analysis of agronomic characters of millet under different latitude environments
b 5iH PR T (R3S T Tl Febid P —
Environment Item (em) NL (em) (om) (e) (e) SN GN
PH PL PD SW GW
MR e/ IME 10.6000 3.0000 1.6000 2.5100 0.2000 0.0300 3.0000 1.2500
Meidong ONI] 174.1000  13.0000 31.0000 13.4000  40.0000 26.0300  121.0000  245.0000
i 98.7477  8.4100 12.5066 6.2290 8.4792 6.9397 554667 46.8505
iz 19.8215 1.9580 3.7259 1.3888 2.5890 22618 185871 16.5919
1% H e/ IME 12.3000 3.0000 2.7000 2.1000 0.2200 0.0300 6.0000 1.1900
Luoyang IONE] 190.2000  21.0000 48.4000 115000 30.6500 247600 175.0000  533.3300
B 118.9449  9.2900 17.0360 5.9513 7.8962 57623 88.4317 322515
i 22.3803 2.0580 4.4670 1.2304 2.2497 15127 25.5907 12.7707
NEW s ME 12.8000  4.0000 2.2000 2.9800 0.3600 0.0300  11.0000 1.1300
Gongzhuling IONE] 245.0000  24.0000 48.0000 21.1800  58.3700 46,0600  306.0000  637.2200
B 1584242 16.0300 26.1170 9.1017  19.6435 142197 1133661 57.6239
bRz 36.6893 3.8580 55121 1.9779 5.0259 32924 31.0567 22.9127

PH: Plant height; NL: Number of leaves; PL: Panicle length; PD: Panicle diameter; SW: Spike weight; GW : Grain weight per panicle; SN: Spikelet

number; GN: Grain number per branch; the same as below
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Table 3 Comparison analysis of heritabilities of eight agronomic traits in millet under multi-latitude environment during

2015-2016

. o P Fl H - ¥y ﬁﬁﬁﬁ iﬁk\'iﬁ}%ﬁ Vi
Trait Environment Year B SS Mean square s Ind.1V1d.u.al A?/era.g.e F
DF MS heritability heritability

Mg MR 2015 157 477733.5625  3042.8889  435.1736 0.8919 0.9827 57.6710
PH 2016 191 588076.3750  3078.9338  370.9691 0.9205 0.9896 96.0926
% 2015 215 709192.3750  3298.5691  351.8228 0.7908 0.9718 35.4410
2016 186 634154.0000  3409.4302  407.6827 0.8501 0.9789 47.4403
NI 2015 147 5748362500 39104507  583.1355 0.8464 0.9729 36.9554
2016 197  1130547.2500  5738.8184  648.8802 0.8723 0.9834 60.4070
E M4 2015 157 3307.4487 21.0666 3.0413 0.9472 0.9920 124.3333
NL 2016 191 3488.6909 18.2654 2.1625 0.8110 0.9724 36.2345
& IH 2015 215 6735.8623 31.3296 3.3472 0.8007 0.9734 37.6002
2016 186 5214.6245 28.0356 3.3100 0.7792 0.9665 29.8934
NS 2015 147 9446.4053 64.2613 9.8389 0.9931 0.9989 9423750
2016 197 7095.1465 36.0160 4.0580 0.8492 0.9800 49.9773
(23 HEAR 2015 157 10873.8604 69.2602 9.6349 0.7591 0.9559 22,6517
PL 2016 191 25092.0508 131.3720 15.6936 0.8638 0.9812 53.0781
& IH 2015 215 28681.5938 133.4028 13.9464 0.6876 0.9525 21.0562
2016 186 29498.9590 158.5966 18.8129 0.8024 0.9711 34.6176
NEW 2015 147 31808.9766  216.3876 31.7648 0.7766 0.9578 23.6757
2016 197 46279.3711 234.9207 26.2915 0.8081 0.9734 37.6309
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Trait Environment  Year id SS Mean square i Ind.w]c?u'al AYera'g.e F
DF MS heritability heritability

T MEAR 2015 157 1647.5859 10.4942 1.4533 0.7408 0.9515 20.6383
PD 2016 191 3675.3999 19.2429 2.3063 0.8848 0.9844 64.1064
el 2015 215 2550.2500 11.8616 1.2470 0.7139 0.9579 23.7383
2016 186 18202.9047 9.6930 1.1384 0.7532 0.9615 25.9834
NI 2015 147 2156.6663 14.6712 2.1187 0.7141 0.9422 17.2977
2016 197 6264.1587 31.7978 3.5208 0.7498 0.9630 27.0632
Tl MR 2015 157 13627.5977 86.8000 11.9229 0.7097 0.9438 17.8010
SW 2016 191 43407.6484  227.2652 27.1254 0.8584 0.9803 50.7790
& IH 2015 215 27016.8848  125.6599 12.8940 0.6118 0.9349 15.3592
2016 186 18161.7383 97.6438 112317 0.6636 0.9417 17.1488
o Fs 2015 147 437942891  297.9203 42.8861 0.7031 0.9392 16.4485
2016 197 99466.4688  504.9059 53.6168 0.5817 0.9236 13.0945
YA HEZR 2015 157 10658.6699 67.8896 9.3274 0.7105 0.9440 17.8648
Gw 2016 191 28713.9629  150.3349 17.9831 0.8566 0.9800 150.0587
1% FH 2015 215 17219.5566 80.0910 8.1470 0.5815 0.9236 13.6618
2016 186 12797.0625 68.8014 7.9053 0.6594 0.9406 16.8492
NFEW 2015 147 30572.8184  207.9784 29.8382 0.6917 0.9360 15.6364
2016 197 70656.3203  358.6615 38.3548 0.6048 0.9301 143121
RS H MEAR 2015 157 305008.8750  1942.7317 268.9755 0.7399 0.9513 20.5426
SN 2016 191 614784.8750  3218.7690 385.8400 0.8858 0.9845 64.7160
1% FH 2015 215 939381.7500  4369.2173 459.1913 0.7123 0.9575 23.5570
2016 186  988263.4375  5313.2441 629.0060 0.7934 0.9692 32.4411
NFEWE 2015 147 1001747.5625  6814.6094 973.5108 0.6777 0.9321 14.7186
2016 197  1213732.1250  6161.0777 687.0455 0.7876 0.9699 33.2479
k% MEAR 2015 157 614460.5625  3913.7615 528.8031 0.6536 0.9284 13.9629
GN 2016 191 848622.2500  4443.0483 514.8651 0.7061 0.9518 20.7338
1% FH 2015 215 433019.4688  2014.0441 200.7880 0.5209 0.9083 10.9078
2016 186  1560798.1250  8391.3788  1001.8742 0.8410 0.9774 443103
NFEWE 2015 147 807829.3750  5495.4380 780.3431 0.6588 0.9265 13.5981
2016 197  2673330.0000 13570.2031  1486.8802 0.6999 0.9530 212816

T B #) 0.2292~0.4263, - ¥ 35t £ 77 B 0.9000 L) I
TR 0.7266~0.8483, =[N & 41 F Htkisfl 1
AEGT A i A MR R i g it R B R R A
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R E RS R 3 AR, BARR B L T R T
0.3000; P-4 4% 7 FH X5 i A e g I BT
HL, JEFEITE 0.8356~0.8483 22 [i] , 8 K AR AL KO- 14

it % 774823 0.8000, F# F Ak HE AL AL EL 3 > 1
RS- 24 3845 J1 321G, 7R 0.7266~0.7501 Z [7], &5
B PR IE % 0 FIF- Y84 00 B0a , ks i e iORn
TERH 3 AR BA% )38 1R , 52 M R 58 FH 3[R AL 52
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Table 4 Estimation of heritabilities of eight agronomic traits in millet under combination of three factors including year,

environment and genotype

. N iRy St il WL 7
PR A ST A Yo7 i 28 ..

. Individual Average F
Trait DF SS Mean square MS o o

heritability heritability

FkE PH 224 2475887.7500 11053.0703 230.6437 0.4067 0.8356 150.5732
A% NL 224 24256.6992 108.2888 2.2632 0.4263 0.8411 196.8737
FEK PL 224 89493.5156 399.5246 8.2853 0.3140 0.7847 78.1986
M PD 224 11003.6094 49.1233 1.0192 0.3856 0.8483 90.9646
FliFE SW 224 110465.3828 493.1490 10.0767 0.2401 0.7501 36.6578
TR GW 224 73228.2656 326.9119 6.6731 0.2292 0.7360 35.3733
FEADEL SN 224 2598793.7500 11601.7578 239.9407 0.3087 0.7909 64.6293
BRI %L GN 224 2874143.2500 12830.9971 262.9079 0.2322 0.7266 40.6800

2.4 2015-2016 FEE—IMESEMH IME EFD
ZEEWER A FHERNEE NS

4 F 2015-2016 4F [H] B — I35 5 4F 0 IR B

FE DR A = PR R EE T il A Y Y 35t A% T 43 B 3R

(F£5), S = HERELM A TN

() LR I8 A% AR T B354 1 (P<0.01 ), 7EER

—IREEN A TR % B b DX ) BBk B A% ) R

S AL 743 5k 0.7133 F10.8187, i 4% 1 5 5,
HWRS T AR AR A it 1% ST AR A — &R
BT, 4 P B P23 0% 718 0.7886, HLbk st
& 7120 0.4806, £ HE R B, A T A 0 A%
FITEA A X B — 2 25 57 (AR A0y BR b 3
PR = PR 3R R I A% 13 i, 52 B 4 B 5
BN,

RS5 20152016 FiE B —RE S FH IRME ERE = ARME P HMEHNEESD

Table 5 Estimation of heritability of heading date in single environment and three factors including year, environment and

genotype during 2015-2016

By Ly ST SOt ()]

2853 FI I JiZEH -
. Mean Individual Average F

Environment DF SS MS o o

square heritability heritability
1%BH Luoyang 161 21338.7363 132.5387 59.8021 0.7133 0.8187 5.5143
75 Meidon 162 5413.0542 33.4139 9.4499 0.3461 0.4657 1.8716

g

A FI¥ Gongzhuling 158 28707.0506 181.6902 79.9623 0.6041 0.7115 3.4667
EUSE$751 166 42373.2930 255.2608 44.3690 0.4806 0.7886 8.5195

Three-facter environments

25 FEHRHEEFRBE=ZFZAEGEEFTSIK
SRR R XS T
HEZHEAEGFMT 8 MR ZEMIBAL I
Ik 6. BRI F 4L 2 sl i m RS
PR R R RO R A A B A 3 I A G
(P<0.01 B, P<0.001 ), FAH 5 o ROk = AR b7 £

I B 2 TEAH G (P<0.001 ), AIF5E 25 50 8 Ak e
I RCRIRERL 3 g et 1% 0 PR A F A
SRR A R SRR T P4 A R S Y i A% TR A
K, AN IR IR FIRE DA RUSZ 0, DR X 45 14K 5
R RO AT A B X P B 2, A7 R AR 1
VA Ve W (U A B 1Y
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Table 6 Genetic correlation coefficient of eight agronomic traits of millet under three-factor combination of year,

environment and genotype

PEAR R K TR T Tk FEAS %L k%L
Trait NL PL PD PW GW SN GN
Frm PH 0.5909™" 0.5805™" 0.1950" 0.2972™" 02277 0.3326™" 0.0891
A NL 0.3930™" 0.5813™ 0.5173™ 0.4573"" 03761 0.2926™
T PL 0.1631° 02794 0.1699" 0.4547" 0.0914
FEH PD 0.7298™" 0.6696"" 0.1689" 0.5314™
fHE PW 09743 031377 0.5142""
kLT GW 0.2206™" 0.5447"
T % GN 0.1878"

" FE P<0.05 K BRI T AE P<0.01 KF L BERIE; T FE P<0.001 /KB B IEAHG

": Significant correlation at the level of P<0.05; " : Significant correlation at the level of P<0.01; ~, Significant correlation at the level of P<0.001

RIS i
31 BFREMRMEES

TE B B i e o X AR A B MR e %
i, L R — A AR RS, E R ILA e T HA
DA, TR AR BB ARS8 A% ok,
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TN — A HNE BB, 1AMtk 15 /Y mT RETE
SR P RS A R R, TR bk
e ARE 1 38 A% A, T TR A Qe A7 e 4%
TR F R IRA% BN BB T U AT B s
FREPE. AWML RN], PARDA T 8K
ZPRRAGF-E 3845 S 2T 0.9000, HAAZ AF4 FlI
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Table S1 160 foxtail millet resources used in this study

e e REM T A4 SR Hh
Serial number Variety name Origin region |Serial number Variety name Origin region
1 A 2 HHEE 40 WA 210 R AL
2 BH6 RENE 41 M 91-0130 AL
3 # 06-6 HEE 42 WA 139 AT
4 B4 3 FRER 43 W1 91-0053 ERIESPCIE ]
5 #5 05-2 HERE 44 1 91-0079 R AL
6 FH 12 HHENATR s EEH HrEATAE
7 #0315 HEE o6 YRR AT
8 #8041 HHE 47 KILRFF HrEAT R
9 % 5424 HETR 48 % 41 A ElAT R
10 B4 15 HEEEE 49 595 HrEATAE
11 Ba 1 R[50 EH25 AT
12 B 16 HEWE |S1 ME3T HrElAT R
13 %7 4117 HEEE |52 A 11 A E L
14 BE 135 HHENATES |53 % 88 HrEATAE
15 BE 185 R |54 ANES AT
16 % 04-5014 HEEE |55 HER R AL
17 B&2%5 FEER |56 F3kHE A ElAT R
18 +EBF HEE |57 Z4Esk AT
19 BB HENATES (58 A\ AT
20 KRS FEARE |59 NET HrElT R
21 WA 27 FEAAE 60 B A ElAT R
22 A28 FEWIE Jel it 4 T L AR
23 HAE 17 HEEAE 62 “535 T L AR
24 EH15 FFEAE |63 LNSh e FELAR
25 HRFS 5 FEAAE o4 BT FELAR
26 A 24 HENATAE (65 L& T L AR
27 HE22 AL 66 ARTH T L AR
28 A 18 HHEREAE 67 B FELAR
29 A 31 FERIL (68 13 R L P
30 12 AL 69 TEH355 R L
31 HAE 15 AL 70 Wiks 5 L
32 K29 FEmAE |71 Ly A LS
33 A 26 E AL |72 AW R L P
34 HA 30 HENATAE |73 KA o LT
35 HF1 HEEAE 74 T4 26 EHE Ry AN
36 532 KH |75 H&9 S o E bR
37 A 8 FEWEE 76 N 665 Hh L AR
38 W4 6 HEEAE 77 NG 695 Hh L A
39 W4 81 HENAAE |78 NE3 S Hh L A
79 FIFF 7D hEE b (113 ISE770 Bfi;?ﬂ;ﬁﬁﬁ
, o s FE Br 2 5 A 5

80 TR — Ay o E S RIT (114 ISE775 (ICRISAT)
81 T TR HE ORI (115 By H 4
82 7 HHE T (116 ~1H H A
83 kAR R BT 117 41 £




84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

104

105

106
107
108
109

110

111
112
144
149
150
151
152
153
154

06-766
N
AR A

WA R R BT

ER 115
11 28 1071
KB
WIHT
“F

b
wbn
s 115
EINFRT
29S8

>

EEFE
ST
SET3/80
ISE-430
KEH
ISE-245
54 28-81
Hah 1
Bras
k5
Bty 10 5
UB1%5
6 aVAN
AR5
AR

A
HEHE
Hh ] B
o [ B
o [ B
AHN
Hh ]
v s
v g
W ]
Hh
o [ H
T E
HE T
HE T
o [ H
o [ H
HE NS
HE NS
T E P

SNEIE

S

Lk
e
xH
HA

BT R K
¥

%H
i
HEL T
LRSSy AT
SAESREpTi)
Hh L
LRSSy AT
Hh P 52
Hh [ R

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

133
134

135
136

137

138

139

140
141
142
143

145

146
147
148
155
156
157
158
159
160

Red
Red
K-3606
Ise-455
Set64/82
8322-14
HXK 15
2013
HFE2T
LIRS
Sl R
WA
el
WAT
IR\
15HN-206
15HN-138
15HN-79
ANTRIER
“r
AR ES

ANESSE
54

N
BET
6T
AN
SR
Tt
FE3 %

EIE

HZ W
FEH

T

ARH

L g
ARA

L
ARH

EREER]
SR
H [ 7
HE
i EH i
i EH i
L
o E L
T
HhE 5 AR
o [H 516
HETE

L H

ARA
ARH
SRIESREN
o [ B

7 AR

SHEIERIS
LT
Hh AR
Hh L
SIS E
I P
Hh L
Hh L
SHESROIE




