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Correlation and Regression Analysis between Heading Date and
Agronomic Traits in Foxtail Millet

JIA Xiao-ping*, LI Jian-feng', ZHAO Yuan', QUAN Jian-zhang®, DONG Zhi-ping®, DAI Ling-feng', ZHANG
Xiao-mei*, ZHANG Bo', YUAN Xi-lei'
(*College of Agriculture, Henan University of Science and Technology, Luoyang 471023; ?Institute of Millet, Hebei Academy of

Agriculture and Forestry Sciences / National Millet Improvement Center, Shijiazhuang 050035 )

Abstract: Heading date is an important character, which determines the region and season adaptability of
crops. Making clear the suitable planting regions for different foxtail millet cultivars is very important to production
practice. 160 foxtail millet resources were investigated for nine traits ( e.g. heading date, plant height, panicle
length, panicle weight and so on ) at Hainan, Luoyang and Jilin in two consecutive years. Correlation analysis
showed that a negative correlation was existed between heading date and 1000-grain weight across three regions,
but a positive correlation was existed between heading date and plant height, leaf number, panicle length, panicle
diameter, panicle weight, branch number per panicle and grain weight per panicle at Hainan and Luoyang, a
minor negative correlation was existed between heading date and grain weight per panicle at Jilin, which indicated
that with the proper delay of heading date, the grain yield of foxtail millet could be increased by grain number
increasement, while excessive delay of heading date might lead to decline of production potential. Variance
analysis showed that heading date had significant effect on plant height, leaf number, panicle length, panicle
diameter, panicle weight, branch number per panicle, grain weight per panicle and 1000-grain weight ( P<0.05 )
across three regions. At Hainan, with the delay of heading date, grain weight per panicle gave an increasing trend.
The cultivars with their heading date longer than 40 d possesed the largest grain weight per panicle. At Luoyang,
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the cultivars with their heading date ranged from 50 d to 60 d possesed the highest grain weight per panicle. At
Jilin, the cultivars with their heading date ranged from 70 d to 80 d possesed the highest grain weight per panicle.
The average grain weight per panicle of each variety across three regions was measured and based on which 53
broad ecological adaptability foxtail millet varieties were screened out. The optimum regression equations between
plant height, leaf number, branch number per panicle and heading date were established across three regions. This
study concluded that within a certain heading date range, the yield of foxtail millet was increased by increasing
grain number but not 1000-grain weight. The selected broad ecological adaptability resources and the established
regression equations provided foundation for broad-adaptability cultivar breeding and accurately selection of plant

height, leaf number and branch number per panicle by heading date information.
Key words: Setaria italica (L. )P.Beauv.; heading date; regional adaptability; agronomic traits;

regression analysis
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Table 1 Correlation coefficient between heading date and agronomic traits

HIX LELTN %ﬁﬁ_ 3] w7 ﬁgﬁ ﬁ%ﬁ Tl ﬁﬁ@ %_ﬂ H
Region Traits 1000?gra|n Plant height No. of leaves Panicle F.’anlcle Spike weight Grain Wélght Spikelet
weight length diameter per panicle number

R Eilipesi) -0.123" 0.404” 0.1917 0.645" 0.470” 0.585" 0.525™ 0.429”
Hainan T -0.029 0.001 -0.020 0.004 -0.004 0.011 -0.017
P 0.784" 0.592" 0.557" 0.608" 0.628" 0.629"

AR 0.304" 0.601" 0.552" 0.605" 0.607"

5SS 0.590" 0.760" 0.717" 0.568"

eyl 0.869™ 0.856" 0.551"

T 0.982" 0.656"

Tk 0.663"

& IH T -0.207" 0.634" 0.810" 0.397" 0.326™ 0.245" 0.175" 0.587"
Luoyang ThiHE -0.096 -0.173" 0.021 0.068 0.294” 0.325" -0.010
/3] 0.709” 0.649” 0.320” 0.353" 0.274” 0.588"

4L 0.384" 0.528" 0.496™ 0.420" 0.581"

LS 0.224™ 0.304™ 0.184" 0.503"

T 0.703" 0.633" 0.417"

THE 0.961" 0.415~

Tk 0.339”

Hk EilipEsi| -0.3777 0.391" 0.110 0.082 0.260" 0.119 -0.009 0.262"
Jilin TR 0.123 -0.230" 0.274" 0.108 0.304™ 0.317" -0.235"
s -0.511" 0.461" 0.340” 0.500" 0.396" -0.005

L -0.092 -0.077 -0.182" -0171" 0.358"

3 0.241" 0.390" 0.297" 0.263"

TR 0.664" 0.562" -0.177"

T 0.956" -0.097

Py A S -0.139"

TR R (P<0.05), " FRAHIE R B 3 (P<0.01)

" indicates that the correlation coefficient is significant ( P<0.05 ), ™ indicates that the correlation coefficient is very significant ( P<0.01 )
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Table 2 Effect of heading date on agronomic traits of millet

X ?EE%%,E;E.J (d) T‘*ﬁi(g) et (om) LR %%J&(-cm) %%*ﬁ(.cm) M (g) ﬁ*ﬁi (-g) . TR AR
Region Heading 1000?gra|n Plant height No. of Panicle F.’amcle Spike weight Grain W?Ight Spikelet nl.meer
date weight leaves length diameter per panicle per panicle
fisas) 20 3.22+0.05a 89.54+1.60c  7.81+0.16c 10.31+0.21c 5.43+0.10c  5.62+0.25c  4.72+0.23c 46.54+1.40c
Hainan 30 3.24+0.04a 104.09+1.39b 8.81+0.16b 13.98+0.28b 6.69+0.09b 10.46+0.33b 8.49+0.28b 61.44+1.34b
40 2.77+0.19b 125.75+3.89a 9.51+0.38a 18.45+0.72a 7.43+0.39a 12.69+1.33a 9.77+1.14a 70.80+4.03a
&I 20 2.56+0.20a 71.32+4.11e 5.00+0.26e  9.79+1.12c 4.09+0.33d 2.13+0.56c  1.52+0.45c 34.02+5.6d
Luoyang 30 2.60+0.08a 101.57+2.31d 7.21+0.22d 15.61+0.53b 5.16+0.15c 543+0.43b 3.74+0.32b  67.80+2.9c
40 2.68+0.05a 118.28+1.22c  9.08+0.10c 17.25+0.30b 6.00+0.08ab 8.11+0.26a  6.01+0.22a 88.31+1.54b
50 2.50+0.06a 131.30+1.84b 10.52+0.11b 17.60+0.39b 6.43+0.10a 8.46+0.29a  6.13+0.24a 97.42+1.74ab
60 1.99+0.23b 144.36+6.49a 12.59+0.61la 22.88+1.12a 5.43+0.25bc 6.29+0.91b 3.61+0.57b 108.33+3.5a
EEL 40 2.91+0.14ab 104.54+6.60d 14.98+1.65c 21.93+1.71b 6.74+0.53d 9.98+1.54c 7.41+1.17c 84.80+8.82¢c
Jilin 50 3.12+0.10a 138.36+3.62c 15.22+0.66bc 25.83+0.94a 8.11+0.25c 16.75+1.01b 13.27+0.85b 104.65+3.57b
60 2.93+0.07ab 155.20+3.63b 15.86+0.46ab 26.85+0.60a 8.76+0.17bc 19.30+0.83b 14.24+0.67ab 111.64+2.58ah
70 2.74+0.05bc 166.24+3.61a 15.92+0.36ab 26.46+0.50a 9.69+0.17a 22.51+0.69a 16.37+0.57a 115.90+2.76ab
80 2.48+0.08c 170.85+5.01a 16.84+0.53a 26.47+0.73a 9.14+0.27ab 17.53+1.17b 11.30+0.89b 123.17+4.22a

[FFIAIR) NG bk 22 53 135 (P<0.05 ), AIR)/ING F6) 4y 22 5 A 1 2 (P>0.05 )

The mean lower characters of the peer mean difference is significant ( P<0.05 ), the same lowercase letter is not significant ( P>0.05 )
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Table 3 The broad-ecological adaptability foxtail millet resources identified within this study
ERAERTE g B (0 ) SERAERY o LIS Q)
Adaptability Variety Heading date Adaptability Variety Heading date
rank rank
1 k15 TR (37), 3% (50.5), 5k (75) || 27 2013 T (33.5),1%FH (48 ), &k (72)
2 By 11 054 (36), 9% FH (51), &Mk (75) 28 rE 2% g (36), 9% PH (51.5), &k (71)
3 %4y 18 55 (39), 3B (51.5), %4k (76) || 29 HAF 15 15w (37 ), 3% FH (47 ), %Ak (71)
4 B3 TR (34.5), 1% 61 (49), 354k (78) || 30 13 g (34), 9% PH (43.5), k(68 )
5 15HN-206 T (33.5), 1B (52), 5k (76) || 31 B g (37), %% PH (50.5), H Ak (75)
6 NAF 66 TR (31.5), 1861 (40), 54k (67) || 32 £ g (35.5),1%BH (47.5), %4k (73.5)
7 B2 T3T5 (32.5),1% 1 (46 ), % #k(85) || 33 HP 7575 (30 ), 9% BH (37), # 4k (63.5)
8 W 210 R (285),1%FH (50.5), %M (70.5) || 34 HBH35 g (34), 9% PH (42.5), H R (73)
9 Uik 55 TR (37 ), 3% B0 (46 ), F A (71) 35 4 18 YERT (35 ), Y& FH (47 ), 354k (75)
10 4 16 TR (38), 7% BH (52.5), 4k (78.5) || 36 HA 65 TR (29), 9% FH (39), Kk (61.5)
1 AT H T5E5 (40), 9% B0 (58.5), &#k(87) || 37 AT 22 TR (32), 9% PH (44.5), 5k (68)
12 w95 TR (32), 9% BH (47 ), 4k (63) 38 15HN-79 167 (37 ), 3% PH (52 ), &Mk (75)
13 AT 26 575 (35.5), 1P (51), %4k (75) || 39 HRE5 T3R5 (33.5), 1% BH (47 ), FH#(775)
14 11 5 1071 3G (39), 3% B (50.5), %4k (73) || 40 TPRITR T5RG (25), 3% FH (38 ), 4K (56.5)
15 M4 9% T (33), 780 (41.5), bk (645) || 41 a2 TERE (32), 9% BH (43), Kk (82)
16 W4 6 TR (29), 3B (51), F 4k (745) || 42 HRA 11 TR (31), 7 FA (46.5), % (76.5)
17 I 5424 TR (29.5), 1% B (44), 54k (84) || 43 KIS T (28 ), FH (45.5), R (62.5)
18 532 375 (37.5),1%FH (54.5), 74k (75.5) || 44 Y 24 T5RE (35), 7% FH (48 ), %Ak (73.5)
19 AN 0 157E (29), 7% FH (40 ), # Mk (68) 45 NAY 69 1057E (32), 9% FH (47 ), FH MR (73)
20 B 6 10574 (35), 9% FH (50 ), # AR (78) 46 4T 29 10574 (36.5), 7% BH (58.5 ), # Mk (84)
21 M 12 R (37.5), 10 (49), %54k (73) || 47 AN T5rE (30), 7% FH (46.5), R (70)
22 WA 3BT M (34.5), 3881 (54), 7k (805) || 48 AT 5rE (30), 9% PH (52.5), R (83)
23 06-766 T (32.5), 1% FH (48), %54k (73) || 49 #¢ 06-6 5 (37 ), %% PH (51.5), E K (78)
24 # 05-2 TR (37), 3% (54.5), 75k (80) || 50 KTEHE TR (30.5), 1% FH (44 ), &k (74)
25 %4y 15 TG (31.5), 1% FH (48), 74k (76) || 51 ik 7924 5w (37), 9% FH (53 ), %Ak (89)
26 B 45 T (37.5),3% B (51.5), %54k (75) || 52 2N 5 (29.5), 1% FH (52.5), H Ak (71)

53 HLERG TR (29.5), 1% FH (47 ), &k (79)
24 BHFRZERXTHHFERAR BS54 PRBCHA [l H 2 W 1~ K 8, Al LLE Y, & F

DU BE S0 O A 72 4, SR 20 5] LA T KL B bR
e IR R R REORL L R R RO R A A
o DR i, M) T SPSS BRI A Y R ML kR

O bR e i R R R TORLEE AR K
e PRI T il 2k A VR R L35 B LT AR 3 0 i IX R
HHIE
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Fig.1 Regression curves between 1000 grain weight and heading date
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Regression curves between leaf number and heading date
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Fig.8 Regression curves between spikelet number and heading date
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Table 4 Regression analysis of heading characters of millet with agronomic traits

AR Tl 3t [X Rl AR W P E WA B R? BIEpE:
Traits Plant region Regression model Saliency P value Fitting degree R Regression equation
TR jiiaea) etk 0.349 0.728 Y=3.760-0.003X
1000-grain weight =T 0.357 0.900 Y=1.749+0.122X-0.003X?
R 0.410 0.639 Y=6.109 ( InX ) **®
% gt 0.171 0.516 Y=2.964-0.012X
/vl 0.053 0.947 Y=1.623+0.164X-0.001X*
TR AL 0.269 0.379 Y=4.529 (InX )M
FHR etk 0.091 0.668 Y=3.576-0.012X
ZWr 0.059 0.094 Y=1.305+0.068X-0.001X’
RS 0.134 0.581 Y=7.495(InX ) °**
P A b 0.072 0.987 Y=52.145+1.811X
Plant height —WIT 0.049 0.988 Y=81.790-0.324X+0.036X*
R 0.104 0.974 Y=20.844 ( InX )°*®
1%KH etk 0.003 0.962 Y=43.042+1.758X
—WIT 0.006 0.994 Y=4.958+3.934X-0.027X’
R 0.001 0.978 Y=11.304( InX ) ***
K ek 0.015 0.893 Y=50.741+1.605X
=/ 0.005 0.995 Y=-105.250+7.111X-0.046X>
R 0.011 0.916 Y=8.487 (InX )***®
L i) 2k 0.064 0.990 Y=6.155+0.085X
No. of leaves WO 0.001 1.000 Y=4.917+0.174X-0.001X*
TR 0.004 0.999 Y=3.327( InX )°***
1% FH b 0.000 0.996 Y=1.476+0.185X
ZWr 0.003 0.997 Y=0.758+0.226X+0.001X*
TERREL 0.000 0.997 Y=0.427 ( InX )%
AR etk 0.008 0.928 Y=13.112+0.044X
vl 0.051 0.949 Y=15.011-0.023X+0.001X?
T PREL 0.013 0.902 Y=8.275(InX ) ***
K bE3ea) 2k 0.036 0.991 Y=2.039+0.407X
Panicle length /v 0.021 0.999 Y=5.410+0.164X+0.004X2
TR 0.046 0.995 Y=0.841( InX )°%*
kA 2tk 0.014 0.899 Y=5.363+0.282X
=91 0.096 0.904 Y=2.976+0.418X-0.002X?
FEPR%L 0.011 0.915 Y=1.351( InX )%
Sk ek 0.140 0.570 Y=19.687+0.097X
il 0.066 0.934 Y=-2.580+0.883X-0.007X?
TR 0.094 0.661 Y=9.226 ( InX )%
il TR &bk 0.096 0.977 Y=3.512+0.100X
Panicle diameter T 0.068 0.978 Y=1.314+0.258X~-0.003X?
B 0.059 0.991 Y=1.389 ( InX )**
%A s 0.191 0.486 Y=3.846+0.039X
/9] 0.047 0.953 Y=-0.718+0.300X-0.003X?
TR 0.097 0.655 Y=1.660( InX )°**
bk Ak 0.043 0.792 Y=4.657+0.064X
=/ ;1 0.031 0.969 Y=-4.009+0.370X-0.003X2
PR 0.024 0.856 Y=1.219( InX )**"
FliTE bE3Es) 2tk 0.134 0.956 Y=-1.014+0.353X
Spike weight W 0.063 0.970 Y=-11.905+1.138X-0.013X?2
R 0.118 0.962 Y=0.161( InX )***
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Fa4(4)
AR T b X [o] P17 M P AE PGB R? o] 75
Traits Plant region Regression model Saliency P value Fitting degree R? Regression equation
T 1% B Ak 0.183 0.499 Y=1.545+0.113X
Spike weight =/ 0.015 0.985 Y=-11.712+0.871X-0.009X?2
FEPREL 0.078 0.697 Y=0.111 ( InX )+
T 2Rk 0.174 0.512 Y=4.688+0.209X
/il 0.049 0.950 Y=-50.764+2.166X-0.016X2
PR 0.107 0.633 Y=0.441( InX )°®*
T fisaea) &bk 0.177 0.924 Y=0.083+0.253X
Grain weight per Wy 0.078 1.000 Y=-10.348+1.004X-0.013X?
panicle R AR 0.155 0.942 Y=0.196 ( InX )"
1% FH s 0.345 0.294 Y=1.572+0.066X
=/ 0.052 0.948 Y=-10.041+0.729X-0.008X?
TR 0.156 0.542 Y=0.117 ( InX ) **®
bk ek 0.382 0.258 Y=5.989+0.109X
/vl 0.076 0.924 Y=-44.260+1.882X-0.015X?
TR 0.258 0.392 Y=0.713 ( InX )**"
TR T 2tk 0.083 0.983 Y=23.194+1.213X
Spikelet number —WKH 0.048 0.994 Y=0.111+2.875X-0.028X?
TS 0.055 0.992 Y=7.536( InX ) ***
%I s 0.009 0.925 Y=7.877+1.782X
/v 0.007 0.993 Y=-49.276+5.048X-0.041X2
R 0.008 0.930 Y=1.749(InX ) ***
bk bk 0.013 0.905 Y=55.236+0.880X
-t/ vl 0.030 0.970 Y=-12.555+3.273X-0.020X?
TR 0.009 0.926 Y=13.768 ( InX ) **

XA, Y S EE A A SR

X is heading stage and Y is the corresponding agronomic trait

T TEF P b DX 2~ REDHLGS Bil A 40 1) 3 b ] 09 7
rh DU R A )7 AR S e G, 4005 B Dl 0,991, [l 1A
5 #  Y=1.389 (InX ) **" {H 2 K 3k 3| i 3% K F
(P>0.05 ), 4% 7Bl KO i L4 1) [l U1 7 3 oo A 28
Hh T X DL R0 5 AR 400 B e, EL I
956 R I8 3 i /K F (P<0.05), — W7 [FIH 7R
Y=5.410+0.164X+0.004X2, #8145 Ji iy 0.999; ¥4 FH 1y
DX DA ek 5 0] A 5 RE A 4005 BE B, HL I 5C Rk
P K- (P<0.05 ), i bk &K 0] 19 77 &0 Y=1.351
(InX) %% D5 1 Ry 0.915; MM IX 1) 3 AP ALY
AR FN B E /K (P>0.05 ), 7EHERG & FH T AkiX 3
A Hi 5 1T S RN T Xl A ) [T AR A 3
ARBF . E K (P>0.05),

3 it

i PR A el (R 7/ T e RS R VA v | o e A
PER B R R, W VE ™ B BT A S 2R T
W BRI X 6 A 30 s et o e
A TR SCHT ST, 2 X0 h e 0 e e sy

SE AR B AT AR AR A AR AR A I E L R
B T T R AT 3 A T AR R AR
SOV A 5 KR AL G A AR R
BRI AL, O 12 o A U DL SR
AT PR S B O AR RN R R TR AR . A1 A
L UBE ST T S [ MR A BT 28 T4 AR i
RIS, e B IR i A o J5E Ak 3
P TS TG ReR . ARG T
I A 3 BEAR bR P R e, 2 T
9T T 21 AT T i AL 7 0] JESMIR Cah Bk
oA EbR JHREZ RIS R R B i S ] S
0 TEARSC SR 0 5 A ) AT 2
REI) RG] i ) ) B RO, L A A% A 7 30
() FRORE K B EBYLE ™ A ARAFA X e 3
AT A AR AR A T B MR AT TR R
FIIEAE T, A B | AR | T RO A R
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