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Analysis of Agronomic Characteristics of Different Millet Varieties in Summer

Millet Region of North China

WANG Shuting, LI Xiaoyan, QIN Jiafan*, LIU Zhongling, SUN Xiaojuan

(Luoyang Academy of Agriculture and Forestry Sciences, Luoyang 471023, China)

Abstract: To breed millet varieties suitable for summer sowing in the summer millet region of North China, this
study comprehensively used Grey Relational Analysis(GRA), Membership Function Analysis(MFA), Technique
for Order Preference by Similarity to Ideal Solution(TOPSIS) and Rank-Sum Ratio(RSR) to conduct a multi-
dimensional comprehensive evaluation of the varieties tested in the millet regional test in the summer millet re-
gion of North China in 2024. The results showed that Yugul01, Cang313, Zhenggu678 and 23HK311 ranked high
among the four evaluation systems, and their comprehensive characteristics performed well. The results calcu-
lated by the four evaluation methods are not consistent with the yield rankings. Yield is not the sole criterion for
evaluating millet varieties, comprehensive traits such as panicle length, panicle thickness, panicle weight, grain
weight per panicle, and thousand-grain weight are also crucial factors in the overall assessment of millet varieties.
Overall, YugulO1, Cang313, Zhenggu678, and 23HK311 are varieties with excellent and stable comprehensive
traits, and have significant breeding value.

Key words: Millet; Grey relational analysis; Membership function analysis; Technique for order preference by
similarity to ideal solution; Rank-sum ratio
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Table 1 Name and source of the tested varieties
ez TR S HLFh AL
Code name Variety name Seed supply unit
1 145 855 BBV E LA ST T
2 WREN A4S WAL MR =B T WFIE
3 114 65(19-8551) A T A Bk 2
4 BH6S MR B
5 471 TN AR B
6 #4101 R A AR B A ERF
(F22¢1-1) FERT
7 678 R A AR B A ER F
(F822C12) g
8 14 815 PR il B B
9 %4358 LT AR B
10 %4350 LT AR B
11 #1313 TN T AR} 27 B
12 22-6023 TS HR T Al Bk 2 e
13 i 19-86 W BT AR 27 e
14 T 18NR143 IR LM R B T 5 T
15 7 16054 INZRA AN B B A 5 T
16 1§ 1706 T fOL B2 B
17 23HK311 WAL AL =B T WFTE T
18 NK821 LT AR 2= e A= P B AR
FEIT AL RMF 7 B A i
19 M07-3 et AR 2= e A= P B AR BT
FEIT AL A MBI
20 %28 rhE Ol B BRI
B
21 7 2024-1 WAL A AR B S AL 5T BT
22 B 18 BT BB
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Table 2 Analysis of variations in agronomic traits and yields of different millet varieties(lines)

H AR /%
HEF Wiem O b TR ,
Hi . / 2 fH /cm RN HL /g P H /g ercent- N .
" 151 /d FhEi/em 4/ em g A% vl
SR Repro- Spike Grain 1000- age of 5
Heading Plant Spike Weight Yield rate kgehm™
Parameter ductive thick- weight per grain grain )
period height length per of millet Yield
period ness panicle weight  weight per
panicle
panicle
SN 51.00 92.00 137.17 21.29 2.66 18.64 14.95 81.90 76.39 2.80 8425.50
fe/ME 45.00 87.00 11733 1871 230 1501 12.26 77.30 71.54 2.44 4692.00
S 46.95 89.73 126.10 20.43 2.46 17.24 13.80 80.07 74.30 2.60 6 664.09
brifi2: 1.89 1.49 5.19 0.67 0.10 0.91 0.76 1.21 1.31 0.12 1 044.68
5 5 7 H(%) 4.02 1.66 4.11 3.27 3.90 5.30 5.53 1.51 1.77 4.42 15.68
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Table 3 Correlation analysis of various agronomic traits of different millet varieties(lines)

Fiok Percent-
AHY . RS iy TR oA
AR Ejigsa P K T . Grain age of . o
Repro- Weight 1000- Yield FrAE
Agronomic  Heading Plant Spike Spike weight grain )
ductive per grain rate of Yield
traits period height length  thickness per weight
period panicle weight millet
panicle per
panicle
il 1.000
LEH 0.640 1.000
PR 0.081 0.495 1.000
SIS 0251  -0.236  -0.555 1.000
AL 0.076 0323 -0.107  -0.095 1.000
AR -0.154 0.065 0.090  -0.239  -0.023 1.000
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Table 3 continued

Tk Percent-
A H W . A Thr kR
RV i B -3 TR Grain age of o
Repro- Weight 1000- Yield s
Agronomic  Heading Plant Spike Spike weight grain
ductive per grain rate of Yield
traits period height length  thickness per weight
period panicle weight millet
panicle per
panicle
kIR -0236  -0.093 0.017 0254  -0.050  0.963 1.000
A% -0364 0598 -0.265  -0.105  -0.113  0.020 0.288 1.000
KRR 0.088 0.224 0.109 0.061 -0.018 0.133 0.085 -0.171 1.000
THE -0.383 -0.205 -0.009 0.209 0.015 0.420 0.435 0.117 0.217 1.000
JrE -0.277 0.026 0.271 -0.087 -0.325 0.542 0.519 0.018 0.406 0.417 1.000

K, XA RE B R A PR RO A DR 1R EERE, S B S CGR AR R)
=L BT EE R . M SRR J&(45.005 87.005 136.105 21.29;5 2.66; 18.645 14.95;
R K (r=—0.277), F B RE A, ™ £ 1T BB AT 81.90;76.39;2.80; 8 425.50), 4 & X B 4w #E 47 bn
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Table 4 The standardized treatment results of various agronomic traits of the 22 tested varieties

g8 AN Percent-
AT . AR TR RS
. gz M T T Grain age of o
SRS Repro- Weight 1000~ Yield s
Heading Plant Spike Spike weight grain
Code name ductive per grain rate of Yield
period height length  thickness per weight
period panicle weight millet
panicle per
panicle
h4% 855 0.666 7 0.2 02023 00000 04722 09146 1.0000 03333 0.6887 09261 0.7011
WA 4% 1.0000 0.4 09250 08140 07778 03168 02156 09444 07732 04696  0.6364
765
0.666 7 0.6 04706  0.8372 0.0000 0.6942 0.7100 0.6111 05938 0.7674  0.5862
(19-8551)
BHR6S 0.666 7 0.8 03415 07054 04167 05813  0.6022 0.2222 03897 08196  0.2005
471 0.3333 0.4 06197 08178 0.0556 04022 03123 0.0000 0.7443 04870 0.7228
%A 101
. 0.500 0 0.4 02078 09574 1.0000 1.0000 0.9888  0.6944 0.8103 0.5957 08445
(#622C1-1)
K13 678
. 1.000 0 1.0 08013 1.0000 03889 0.5537 0.6245 0.5000  0.4948 1.0000  0.4628
(#22C12)

4% 815 0.8333 0.8 0.6685  0.589 1 03333 05592  0.4981 0.6944 04804 05457 0.6324
B4 58 1.000 0 0.4 09973 0.6085 0.0556 09394 0.7881  0.6389 1.0000  0.167 4 1.000 0
B4 50 1.000 0 0.4 04959 04496 03333 08402 0.7323 03333 04845 03239 0.7593

313 0.8333 0.8 0.8329 09496 0.1944 08154 08401 09722 09093 0.7609  0.903 6
1822-6023  0.666 7 0.4 07986  0.7984 05556  0.8512  0.8178 1.0000 0.0000 05630  0.369 2
% 19-86 0.666 7 0.6 09223 0.7558 05722 06650 0.6428 04056 0.0763 0.5674  0.2663
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Table 4 continued
T Percent-
A H W . FARETE Tk ok
N Ay NG 53 T Grain age of .
LR ey Repro- Weight 1000- Yield P
Heading Plant Spike Spike weight grain
Code name ductive per grain rate of Yield
period height length  thickness per weight
period panicle weight millet
panicle per
panicle
B I8NR143  0.166 7 0.0 08997 0.6008 05278 0.7603  0.736 1 0.0833 05526 0.6174 0.7160
B 16054 0.8333 0.4 08455 0.7984 05833 04766 04349 02500 03753  0.6370 05299
i 1706 0.000 0 0.0 09639 09147 04722 02590 0.0260 0.1111 0.6144  0.0000  0.1587
23HK311 1.000 0 0.4 09133 03721 07778 0.6033  0.6171 0.7222 09856 0.7891  0.4094
NK821 0.000 0 0.0 08735 08876 0.6944 02617 0.1227 0.2222 0.8825 0.3435  0.0000
MO07-3 0.500 0 0.4 03911 06434 00556 0.6749 0.7249 0.8056 05814 08891 0.789 1
P45 28 0.666 7 0.0 0.0000 0.1705 0.7500 0.7493  0.6283 03056 03897 03000 0.5705
15 2024-1 1.000 0 0.8 05447 05271 03611 0.0000 0.0000 0.0278 02247 09522 03957
B8 0.8333 0.8 03921 04574 05556  0.6391 0.6394 0.1389 04598 0.7326  0.066 3
23 1.000 0 1.0 1.0000  1.0000 1.0000  1.0000 1.0000 1.0000 1.0000 1.0000  1.0000
o PAR(E BEAT R RS (REDHL PARETE RERITE . AL B, RIUBC{EMOCEIL o R bR EAL S B B AT

TORLEL | HOK R AR SRR i AR D OE 1 45 B

KA SEIR F B (R 4)FW A8 DRI 23 BT (3 5)

x5 2105 RTHREKEHS

Table 5 The correlation degree of the 22 tested varieties ranking

AN OCHR kil P I SCHRE HE4
Evaluation item Degree of correlation Ranking Evaluation item Degree of correlation Ranking
313 0.755 1 145 815 0.571 12
B4 58 0.719 2 % 19-86 0.560 13
BAF101(K522C1-1) 0.718 3 ¥ 16054 0.557 14
FRAT 678(K 22C12) 0.704 4 U 18NR143 0.548 15
23HK311 0.668 5 7 2024-1 0.541 16
R4S 0.655 6 #4318 0.540 17
HE 22-6023 0.620 7 BHre6s 0.536 18
H45 855 0.599 8 NK821 0.512 19
M07-3 0.579 9 471 0.504 20
HBA 6 5(19-8551) 0.575 10 7528 0.488 21
#4550 0.572 11 i 1706 0.483 22

R 2 4 B9 K @ SCHR AR B M 3R 5 I 255 R TR

24 240 mFHRSBESEST

FEHEA , AT LAY 22 208 i R I 25 & R Ik
TR G o BEARINT &, SCHE BB s, R W% i
RIVEERER 5B S E P8R, GG AR 2
PERE A = W AL . 28 1L 313 A 58 B
4% 101 R4S 678 F 23HK311 25 5 & 7 22 %0 2k
R R E B 256 R & .

TOPSIS J5 ¥4 38 o 115 45 & & 5 1F 3 AE ff
T HAE i ) R S, A5 2R S AT A T A, NN HEAT
BWHET o LRG0 R BB R WTIZN R
T E PR, SR A ERE B . iR e T AT, V8 313,
B4 101088 22C1-1)  FB 4 678(FB 22C12) . 23HK311
MBI & 4 S AT T B =
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Table 6 The calculation results of the Technique for Order Preference by Similarity to Ideal Solution for 22 tested

varieties
il IEFAR AR B (D+) AR B8 (D-) BT R HErv
Index Positive ideal solution distance Negative ideal distance C()mprehenswe score index Sorting
143 855 0.5659 0.600 1 0.514 7 14
WIEH 45 0.422 6 0.715 5 0.628 7 5
4% 65(19-8551) 0.486 7 0.607 5 0.5552 9
BH6S 0.538 5 0.555 1 0.507 6 16
471 0.667 5 0.468 6 0.4125 20
B 10108 22C1-1) 0.386 5 0.7520 0.660 5 2
AT 678K 22C12) 0.389 3 0.738 8 0.6549 3
A4 815 0.4120 0.634 7 0.606 4 6
#4558 0.484 4 0.729 4 0.600 9 7
#4550 0.5182 0.574 9 0.5259 12
w313 0.308 4 0.8193 0.726 5 1
HB22-6023 0.469 0 0.676 7 0.590 7 8
% 19-86 0.502 8 0.579 3 0.5353 11
T 18NR143 0.641 4 0.5357 0.455 1 18
7 16054 0.515 4 0.5556 0.5188 13
i 1706 0.800 0 04170 0.342 6 22
23HK311 0.387 5 0.710 8 0.647 2 4
NK821 0.745 5 0.4817 03925 21
MO07-3 0.498 7 0.6158 0.5525 10
4528 0.663 5 0.481 1 0.420 3 19
7 2024-1 0.665 6 0.556 6 0.455 4 17
B4 18 0.552'5 05728 0.509 0 15
25 FRERHESH 4, Lh0.726 5 01 24 5 g (B HE 44 565 107, HEA 5

B IR B G TR BE Ay M AR [ B 48 A, EATSRE 2 3 A I LRl 0 I R U8 313(0.641 9) F 23HK311
JEBBRB (R T). B 101 22C1-1)F M fx £ 20241 Fi 1706 HEZ )5 -

R7 2105 EMERZERKMREJZLYE

Table 7 The membership function values of each agronomic trait of the 22 tested varieties

ks B Percent- BE A
3N R R kR FE{E
A Grain age of 1000- i HE44
Spike Spike Weight Yield rate Average
Code name weight per grain grain Yield Ranking
length thickness  per panicle of millet value
panicle  weight per weight
panicle
14+ 855 0.000 0 0.472 2 0914 6 1.000 0 0.926 1 0.688 7 0.3333 0.701 1 0.6415 6
BIMEW A4S 08140 0.777 8 0.316 8 0.2156 0.469 6 0.773 2 0.944 4 0.636 4 0.548 3 9
7 65
0.8372 0.000 0 0.694 2 0.710 0 0.767 4 0.593 8 0.6111 0.586 2 0.516 4 10
(19-8551)
BT 0.705 4 04167 0.5813 0.602 2 0.8196 0.389 7 0.2222 0.200 5 0.413 2 16

471 0.817 8 0.0556 0.402 2 0.3123 0.4870 0.744 3 0.000 0 0.722 8 0.496 6 19
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Table 7 continued
ik
FeA Percent- TR E
SIS L AR iR FEE
En = Grain age of o 1000- i HE#
Spike Spike Weight Yield rate Average
Code name weight per grain grain Yield Ranking
length thickness  per panicle of millet value
panicle  weight per weight
panicle
#4101
. 0.957 4 1.000 0 1.000 0 0.988 8 0.5957 0.8103 0.694 4 0.844 5 0.726 5 1
(#622C1-1)
B4 678
. 1.000 0 0.3889 0.553 7 0.624 5 1.000 0 0.494 8 0.500 0 0.462 8 0.486 9 7
(#822C12)
14 815 0.589 1 0.3333 0.559 2 0.498 1 0.545 7 0.480 4 0.694 4 0.632 4 0.484 2 12
B4 58 0.608 5 0.055 6 0.939 4 0.788 1 0.167 4 1.000 0 0.638 9 1.000 0 0.567 1 4
B4 50 0.449 6 0.3333 0.840 2 0.7323 0.3239 0.484 5 0.3333 0.759 3 0.507 3 13
313 0.949 6 0.194 4 0.8154 0.840 1 0.760 9 0.909 3 0.9722 0.903 6 0.6419 2
1t 22-6023 0.798 4 0.5556 0.8512 0.8178 0.563 0 0.000 0 1.000 0 0.369 2 0.565 3 8
% 19-86 0.755 8 0.5833 0.705 2 0.643 1 0.567 4 0.076 3 0.5833 0.2593 0.5217 14
U 18NR143 0.600 8 0.527 8 0.760 3 0.736 1 0.617 4 0.5526 0.083 3 0.716 0 0.6194 11
BF 16054 0.798 4 0.5833 0.476 6 0.434 9 0.6370 0.3753 0.2500 0.5299 0.473 5 15
i 1706 09147 0.472 2 0.2590 0.026 0 0.000 0 0.614 4 0.1111 0.158 7 0.456 2 21
23HK311 03721 0.777 8 0.603 3 0.617 1 0.789 1 0.9856 0.7222 0.409 4 0.578 8 3
NK821 0.887 6 0.694 4 0.2617 0.1227 0.343 5 0.8825 0.2222 0.000 0 0.538 8 20
MO07-3 0.643 4 0.055 6 0.674 9 0.724 9 0.889 1 0.581 4 0.805 6 0.789 1 0.640 5 5
4528 0.170 5 0.750 0 0.749 3 0.628 3 0.300 0 0.389 7 0.305 6 0.570 5 0.563 4 17
i 2024-1 0.527 1 0.361 1 0.000 0 0.000 0 0.9522 0.224 7 0.027 8 0.3957 0.2615 22
B4 18 0.457 4 0.5556 0.639 1 0.639 4 0.732 6 0.459 8 0.1389 0.066 3 0.378 0 18

2.6 BAMLLESITFEM S WX

R4l X0 422 5548 B O ik AT BRI L 2R B TR
G3 BT R A E AR I R B SR A 3R 4T Ab
PE AR T EPR A E . B B X R —
TVEM 48 b, # HBUE /N #ETT HE Y |, 45 2 AH B
BRI R, LU BRIR R B AR 0 8 bR e . 7RIt
BLmb b, 3 T 45 X R 00 RSRAE K HLHEY , OF
— 25 SRAS XS WL A9 Probit i (B 23 RS 4 oy X 1 1) Ak

FHAT), LA Probit {H 4 FH A2 i , RSR {H Ay A A8 &,
HEAL T HA R, BLE 1 B & RSR 1Ak I
. e, WIEIIE 5 M RSR (E F 35 fEF , I 58
BT AE K 43, bl 3 8 il A, HE44 B S A Y 4 i)
B 101 H A 678(£8 22C12) . 23HK311 . ¥ 313
A4y 855, Hodr, #:4% 101 K84 6785 22C12) il
23HK311 73 B4 5 90 R 3 90, R fe bt

K8 IHERERILCE

Table 8 Summary of the classification and grading results

0] RSR 44 Probit RSRPLAH YA
Index RSR ranking RSR fitting value Classification grade
B4 101088 22C1-1) 2 6.691 0.759 3
A 67805 22C12) 3 6.335 0.715 3
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Table 8 continued

eS| RSR HE4; probit RSR D4 {H VR ER
Index RSR ranking RSR fitting value Classification grade
23HK311 4 6.097 0.686 3
313 1 7.278 0.831 3
14+ 855 14 4770 0.523 2
7#%19-86 11 5.114 0.565 2
7 2024-1 18 4252 0.459 2
428 19 4.092 0.439 2
M07-3 10 5.230 0.579 2
16054 13 4.886 0.537 2
B 18NR143 17 4.395 0.477 2
1 22-6023 7 5.605 0.625 2
e 4T 5 5.908 0.663 2
#4550 12 5.000 0.551 2
#4558 6 5.748 0.643 2
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