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FRRLERZ GQZALE & AETLEAH LG & AR
(R ARl BEAEIT ST B, K VD 4101255 2 Eg & 4Ol BB, K7 410125)

WE: AT AT R ZAEF RIS, At —F BT o H AL, L F & e o9 F et KREFR AT
M E LT B AR T R 40 AN E 69 69 AT A R TR AT AR AR IR, SRR LR 69 M3 TR
EBHH T 201~600 m 89 PAKRESEILE . 19 MNREEREAA IR FEEE SHRFE; TROIDITH 19 MREMKS
HINERS , L EZEEHREET TRSBH HETE EAFH BEE TEE AEEML, Bt Tdk R 75.525%, REH
M OMT R A2 RER, G | £BOIE M WAL D EMT D T8 5 | £S5 A 2N LH kT B&
[-1, 2B 248 AHEE ), F20K, HHNEHCE L HHRAKEXRAEMER FERG; HF N EBELTUASH 2
AEEE, 5 BEI -1 AL 2 ApFhtsd, 28K, RBRESHER ALK S HIRBA RS HEKR T FELAR
BU 12 A5 F 45 R AR R, FE AP it sk 4 KT AR R L BAF R0 TR . A E RESHAE TR, KRR IR, ABH
WIRF R, & 7% 24T WA TR F R

KR M T K- AR R

Evaluation of Phenotypic Diversity of 69 Finger Millet Germplasms

LI Ji-guang', WANG Yan-lan', XIANG Lan-zhou ', DENG Jing’,
ZHU Jian-yu', WANG Li-qun', TANG Rui', YU Ying-hong’
('Crop Research Institute , Hunan Academy of Agricultural Sciences, Changsha 410125
*Hunan Academy of Agricultural Sciences, Changsha 410125 )

Abstract: There are few systematic studies on finger millet germplasm resources in China. In order to further
explore the utilization value of finger millet, breeding high-quality millet varieties, the phenotypic diversity of
69 finger millet germplasms collected from 40 counties and cities in Hunan, Jiangxi, Guangxi and Tibet was
evaluated in the study. The results showed that the 69 local resources were mainly distributed in the low and
medium altitude of 201-600 m. The diversity analysis based on 19 phenotypic traits revealed a rich genetic
diversity in this collection. The correlation analysis and principal component analysis suggested 7 principal
components including weight per plant, number of branches on main spike, leaf color of seeding, whole growth
period, seed coat color, 1000-grain weight and glutinousness. The cumulative contribution rate was 75.525%.
Two main categories were suggested for the 69 accessions. The first group included 44 germplasms with small
plant, low biomass and low grain yield, and was further divided into two subgroups: compared with subgroup

I -1, subgroup I -2 had even smaller plant, lower biomass and lower grain yield. The second group included 25
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germplasms with relatively large plant, high biomass and high grain yield, and was further divided into two subgroups:

compared with subgroup Il -1, subgroup II -2 had lower biomass and lower grain yield. A core collection containing 12

finger millet accessions were identified, by cluster analysis results and extreme-values of quantitative traits and variation

types of qualitative traits, as representative resources of the following four types: forage accessions with large biomass,

grain accessions with long spikes, glutinous grain accessions, and dual-purpose grain and forage accessions with high

grain yield and high biomass.

Key words: finger millet; appraisal ; germplasm resources

BlaFIE T ARARE R OR, 296 10
AFh, BB R ALY AR A SR DA AR, HLH S YR DU A A
B2 HA 2R, HrP B ( Eleusine coracana
(L.)Gaertn. ) b 1 A HAMY), & TR X KK
BREM Z — 3532 EH EZ BB A & — i e
1 “BRAY”, A FESY P A SR —
2 BERETIEMN S, FEAMTES TA B
BEJRIAZR P E A R TR 2 TR
TTRE U BT A X A R

BT IR, iE B3R, Chethan 25 Fil
Singh %7 X8 T8 FE AN HEAT T BRST, R BLE T
HHEE RS 5%~8% SRR 19%~2% i £ 47 4
15%~20% , &[S FER & AR T A A b & e
f RS EBEAY, MR E B E,
I R I R 2510 78 1 ) S [i) A K B 58 3
B, FEPUHT BLAFROBT S TR

Bt B IR DIRER R E AN
ZAHGE " Joshi 24X} 28 R TS T ZRENE
AT, 6B T AR S B R R A S Y AR ) e A

R1 69 MBRTFHAMRRENERER

R, e B A Fb B KR 2B R R = . =
JOE 5 A S SR TP R T AR TR T 3 8RR T
M7 GEIR A 2R KB TR A A T LU ST
HAC IR B8 5 13 25 80K

PP IR AN R AT R L S R IR A R 42
55 R ) R SRS, HRT, o BTSRRI
R RGN TR At — AR IR A A
(B, BEF 51 b B RS R ARG E A X IR
P TLPG LA S PG ek 40 B iR 1 69 13 F 1R st
VEHEAT T RAERR PN AN 2R E ST, i e A O
PRI R AT RIS T4 SR G A T X 2%t
U5, DR B A At 4= 2%
1 MR ERZE
1.1 iRIEH R SR i

AR B0 DL 69 1 1 5 B T B8 IR O S A 6 R
(R 1), I H 25 i T 8 O BHE BEAE i 58
Frikiih , 113° E, 28.3° N, WK 50 m. i AT
L S L o e

Table 1 Information of 69 Eleusine coracana( L. ) Gaertn. germplasm resources

J¥*5 Serial number 4Bk Name 2% (°E ) Longitude  £F# (°N)Latitude 4Kk (m) Altitude HeIi Source

1 TAELBT 111.035 27.729 405 i 2SR
2 KREBT 111.441 27.963 248 BB PR
3 ek 2+ 111.477 27.935 441 BB S
4 (EESURESE 111.477 27.935 441 BLEAF &
5 HPERBT 111.384 28.097 478 BB -4
6 B+ 111.477 27.935 441 kR S
7 FRBF 111.384 28.097 309 L B -4
8 ViSne = 111.441 27.963 414 BB PRAE
9 ARBF 111.384 28.097 309 BriL B -4
10 HVERF 111.441 27.963 414 B Bl pRAE
11 BB T 111.189 28.056 306 BBty
12 FiEet =n 111.477 27.935 441 BB S
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F1(4)
¥+ Serial number £, F% Name Z:)% (°E ) Longitude  £5J¥ (°N ) Latitude % (m ) Altitude IR Source
13 KR T 111.441 27.963 248 AL R
14 T 111.384 28.097 478 AL EII
15 AEF 111.477 27.935 441 B EAR T S
16 [ZNi=n 111.441 27.963 414 B P
17 RS 111.441 27.963 248 B P
18 GEY e 110.871 27.798 425 E A= i
19 TRET 111.384 28.097 309 BriL B 14
20 EIBT 111.189 28.056 289 LB s
21 BT 111.477 27.935 441 BB S
22 RUGER T 111.441 27.963 414 B P
23 WREKHRRZ T 111.101 27.364 582 Rl L 11 B
24 INEERERR T 111.101 27.364 582 R m] B P E
25 KFET 111.628 25.903 558 MU EKIT S
26 P 110.296 27.340 46 LA TEET 3
27 KAtk T 111.445 25.749 365 T B
28 HBF 112.804 26.207 159 RIAHATAT &
29 P 110.132 26.181 1484 oL E R I
30 Al SE 111.150 27.485 674 e ] L 75 4
31 TPTERRE 111.816 25.294 1010 HEUEERIGE S
32 #I)LBT 109.483 28.188 762 RUSVE R AR
33 EBT 110.175 27.199 342 P S
34 KRIEERGTET 110.108 26.275 844 Wb RKGE S
35 HART 111.101 27.364 581 [F{TRESRE
36 RELLFE T 111.651 27.898 680 W S
37 a1 110.485 27.410 574 TR0 B2 el
38 fiRET 110.457 27.159 802 W EHES
39 Kihfa+ 112.131 25.116 545 WL BRI &
40 HHIEBT 113.811 26.442 156 R BIBERES
41 T 110.054 26.507 387 L= T
42 IRCIE S 112.198 26.478 221 WrH KRS
43 FEHEBRT 111.476 25.747 385 SEREY /N e
44 KIEX 2 110.108 26.275 831 WHEHRKRES
45 WA 5 110.828 27.235 436 Bég [l B U VLA
46 BV CESE 113.182 25.518 287 HELRAS
47 BT 110.457 27.159 801 WAEHES
48 N 111.497 25.657 438 EHIRRE S
49 LURCER 111.441 27.963 248 B B PR
50 BIrEF 113.708 25917 911 HARAHFILS
51 MR T 111.441 27.963 485 B E T P

52 T 110.673 26.641 397 BRI TSR
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J¥'5 Serial number £ 7K Name 2% (°E ) Longitude  £FF (°N)Latitude  #4% (m ) Altitude PR Source
53 KFEBT 110.487 26.624 535 Wb B4
54 BT 110.487 26.624 487 Wb B
55 (== 110.487 26.624 457 Wb B
56 PR 112.113 29.112 405 PRV I FRLIX
57 KIERT 110.180 22.657 521 FIN KA ()78 )
58 BN 110.050 22.621 111 T XML ()74 )
59 iR 111.577 24.411 589 SRV )
60 MpERSF 115.125 24.759 515 FE R BRI (VL)
61 AT 115.268 24.822 530 FEFEBAG A (TLPY)
62 BT 110.673 26.641 397 T SRR
63 HTBT 111.216 26.631 541 BT B KA
64 E BT 112.345 26.184 759 WTHEL S
65 il 112.345 26.184 759 WL S
66 KB+ 110.563 26.429 1240 TEEES
67 KT 97.472 28.667 2300 FEPEL 1B (VU3 )
68 Flit=s 111.441 27.963 411 B PR
69 ML 111.441 27.963 411 B P

1.2 KB 5A*E

AR B T 2019-2020 4F #4758 72
HES, A EE /DX AT 2 m, 517X, 470
50 cm, AR 30 em, 7R, TR I 2~3 R /DNMXHT
M 5m’,

MR E A B[] A A AN /N X i
i Sy BERE ArRbE BRI R KRB i
Mo WOIR SRR/ X B BLIZE S0 S AR E 3255550
— R EERE A K R
BOAE W AR E AR AR TR
HGERZMR, T BT ER A BRI
RN, AT PR A RO S B (R TR
PEIRHE IR R BRI ) T T -

K H] Shannon Z2FEPEFE B Mride it R AU PR
TTIBAG ZRE A0 BI , AR 1 R 3 B B A O 7 A i 1
RS
1.3 HIEEESSH

% Microsoft Excel 2019 #4783 1, 43 5]
XTI 55 8 B MR DARAS (A (% 2.
B 1), Gt 45 PR 2 50 0 45 238 43 A TN 22 B 48 50
PIAR VU R R S RBCR Z RS BON PN P AR, X
B MR AT 10 905028, S — 4 [ Xi<(X-20) |

K[ Xi>(X+20) |, 5 0.50 H—2, B—H1H
AH X451 2% FH T 1154 Shannon Z2 £ 145 %4, Shannon
Z A R ECH=PilnPi, X, Pi iz MR A 1 9
S R WA R B A B B4y e, In S AR
$H'°) 5 SR DPS 7.05 BAEHEATAR T T
IRt BRI T o

Fx2 BTFMRZEREERRE

Table 2 Coding for qualitative traits of Eleusine coracana
( L. ) Gaertn. germplasm resources

PEIR Trait It {E Coding

i (, LSC 1= &%, 2= 468

it SLC 1= k%%, 2= 48

JYEEME T 1= 55, 2= 555, 3= 45, 4= R, 5= 91

J3Hitk B 1= 59, 2= 5355, 3= T 45, 4= 508, 5= 78

HIE SS 1=k, 2=, 3= %

Hifn SCC 1= F558, 2= H5%, 3= #5410, 4= H ek, 5= Ha(n,
6= 4T, 7= BT

KM G 1=HE, 2= HF

PUBEIME LR 1= 5k, 2=, 3= 55

LSC: Leaf sheath color, SLC: Seedling leaf color, T: Tillering, B:
Branching, SS: Spike shape, SCC: Seed coat color, G: Glutinousness,

LR: Lodging resistance. The same as below
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A BETR B b Co 540 D: W8T B 4800 F. 1840, G B4
A': Brownish-yellow, B: Brownish, C: Brownish-red, D: Brown-yellow, E: Brown, F: Brown-red, G: Blackish-red
E1 Briue(FXERERE)

Fig.1 Seed coat color of Eleusine coracana( L. ) Gaertn. ( photographs taken under stereo microscope )
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B2 69 MBRFMREREEDHIER
Fig.2 Vertical distribution of Eleusine coracana( L. )
Gaertn. germplasm resources
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Table 3 Frequency distribution and diversity of 8 qualitative traits
Ptk BiR 4345 (% ) Frequency distribution SRS R
Trait 1 2 3 4 5 6 7 Diversity index
- LSC 43.5 56.5 0.68
#ht@ SLC 37.7 62.3 0.66
SYEEPE T 13.1 15.9 47.8 20.3 2.9 1.34
B B 50.7 21.8 18.8 72 1.4 1.24
FEHE SS 34.8 493 15.9 1.01
Rt SCC 5.8 7.2 29.0 11.6 13.1 232 10.1 1.80
KA G 84.1 159 0.44
Pt LR 478 30.4 21.8 1.05

F4 NNEEERNSEFESR

Table 4 Diversity analysis of 11 quantitative traits
PEAR SEONEE i ME FHME 2 P22 5 FRE (%) EZ iR 11
Trait Max. Min. Mean Range SD crv Diversity index
FZETH NNMS 103 5.0 7.1 53 12 16.7 1.810
—MRZEHONS 14.7 23 6.9 12.4 2.2 31.3 2.008
FZEKBEE (em)LS 139.8 75.4 104.4 64.4 13.4 12.8 2.078
FZE A% (em ) DS 1.6 0.4 1.0 1.2 0.3 35.0 1.871
FAHEAEE (em ) SL 21.4 5.5 11.8 15.9 3.6 30.2 1.997
FHESM R NB 9.7 33 6.5 6.4 1.6 24.4 2.080
2AEHEWH (d)GP 149.0 93.0 118.9 56.0 123 10.3 1.970
HARRETE (g ) WP 292.4 22.0 118.8 270.4 64.2 54.0 1.905
HpRIEE (g) SW 78.6 6.5 323 72.1 16.3 50.3 1.858
HRRRE (g) GW 36.6 32 16.1 334 7.6 473 1.965
ThiE (g) TGW 2.6 1.2 1.8 1.4 0.2 12.8 1.826

NNMS: Node number on main stem, NS: Number of stems per plant, LS: Length of main stem, DS: Diameter of main stem, SL: Main spike

length, NB: Number of branches on main spike, GP: Whole growth period, WP: Weight per plant, SW: Spike weight per plant, GW : Grain weight

per plant, TGW : 1000-grain weight. The same as below

2.3 XS

19 AR Z AR A3 B s (35 ), it
LERRS I R (ST R TP S € R R 7 A ]
— PR B bR R OB R R S 2 IR
ARG, e, BRI E R A B R R 2 ) BE
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PRFEE bR S — AR BENE L R RE
IR | BOMORE EE SR AR AR OGRS TR

R [ A AH O P 285 /B R IS 0l 2
FMG, 5 2 EAR R AR TR OC, e

O BCEAR XSRS , EEEEAREUN; KL TRIE Ok
kG 5 HAb AR 1 IO 0 25 AR OGP 5 Horpr, — k2K
B Bk Ry R ORCE LA S BEME A A
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X 19 R AR AT E RS T (3R 6), 19
IR EBAF BEPLER 7 A FE ST,
Rt sT kR 75.525%. o, 55 1 3 4 Tk oR
20.346% , 2 Aaf 4 ey H AT BRI IE RE AR Mk
A ARG AR B — PR BEE kL
A ULIHSE 1 o B e T ek fE—
EREE L, —PREEEO S e R | bR R
H R, 2 RO TIERE 16.321 %, EEH
e BB AR R B X K T At
AR TR A3 P Ay A A s %) 67 o) 28, AV TAE
—ERRE LA T FEKE LR B3 E

®o6 FERZHKRMERS AN

L5 BTHKFE 11.054% , 5 € F0 )y 1 0 2 250446 %
AT HA R, AR S 3 a2 vh 4 (A %)
B I 2 AR, % Ty S RS T ) I LR A
55 4 FA TR 8.384% , 4 B VR 7] B (K e
B, R 4 RS AT RN S NS
TR 7.787% , Bt BB X (A K, TR A i
o B ) AT , 2 M 22 B AR £ (kR T TR LA
N B 6 AN TUERE 5.922% , # AR R & T-hE
MR BE M R R AT, i 2 iE K — k2R
B BEE S PR R ERAL, 5 7 TR sTEkR
5.712% , Fr KRG RT3 PR B R 1E 1] f (R,
R SRR TR BE A

Table 6 Principal component analysis of main agronomic traits

PEAR K1 B2 B3 K+ 4 K+ 5 AT 6 AT 7
Trait Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7
i, LSC -0.049 0.179 0.585 0.059 0.041 -0.215 0.062
At SLC -0.053 0.106 0.638 0.009 0.034 -0.140 0.063
T2 ECNNMS 0.116 0.311 -0.122 0.276 0.164 0.122 -0.065
—BRZEB NS 0.379 -0.184 -0.129 -0.094 -0.024 -0.388 -0.068
IYBEET 0.373 -0.145 -0.110 -0.166 0.065 -0.338 0.004
FEKE LS 0.261 0.239 -0.132 0.038 0.144 0.320 -0.068
S3EPE B 0.214 -0.249 0.166 -0.279 0.087 0.166 0.044
FZEH# DS 0.049 0.426 -0.067 -0.266 0.064 0.056 0.198
I SS 0.112 -0.296 0.185 0.182 0.250 0.059 0.202
FHRKSE SL 0.127 0.374 -0.016 0.152 -0.074 -0.137 -0.311
FHA A NB 0.144 0.444 0.092 -0.001 -0.154 -0.129 -0.032
Kt sCC -0.021 -0.065 0.107 0211 0.581 0.367 -0.169
LAHW GP -0.117 -0.033 -0.150 0.596 -0.095 -0.174 -0.107
AR WP 0.436 0.033 0.076 0.057 0.201 -0.044 -0.168
ARREEE SW 0.433 -0.041 0.143 0.163 -0.112 0.141 0.089
ki E GW 0.370 -0.033 0.057 0.243 -0.284 0.180 0.235
TR H TGW 0.039 -0.021 0.086 0.002 -0.517 0.453 0.173
KRR G -0.039 0.012 -0.134 0.361 0.118 -0.241 0.653
PPk LR 0.020 0.265 -0.159 -0.244 0.283 0.021 0.460
FFHE{H Eigenvalue 3.866 3.101 2.100 1.593 1.480 1.125 1.085
FtHk% (% ) Contribution rate 20.346 16.321 11.054 8.384 7.787 5.922 5712
Z3 5Tk % (% ) Cumulative contribution rate  20.346 36.667 47.721 56.105 63.892 69.813 75.525
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FJ7#EES Chi-square distance
B3 BFHRARREE
Fig.3 Cluster graph of Eleusine coracana( L. )
Gaertn. germplasm resources
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Table 7 Selected elite germplasm resources
@ e TESTHE He GUINMRIE GHAN RERETON g
Number Name LS SL NB GP WP SW GW TGW ¢ R
5 LIRSy 96.9 10.9 7.3 106 189.9 40.6 17.7 12 1 1
13 KRISET 110.1 14.5 6.7 105 292.4 69.4 24.5 1.7 1 1
16 EABT 77.2 6.3 3.7 100 28.6 6.5 32 2.0 2 1
19 THBT 97.4 9.1 4.3 110 192.2 383 18.7 2.0 1 1
23 WEERRER T 1074 21.4 8.3 133 80.3 29.4 15.4 1.8 2 1
25 KFET 95.1 10.4 5.3 134 158.5 45.7 25.3 2.1 1 1
33 EBT 107.4 10.1 8.3 109 152.4 58.7 24.9 1.9 1 2
36 BT 106.2 16.0 6.7 113 122.0 50.5 30.7 25 1 1
46 KB+ 131.2 8.1 7.7 122 172.0 53.7 33.7 1.9 2 2
50 BIEBT 117.1 11.1 7.0 126 173.9 59.7 29.3 1.9 1 1
53 KEBF 120.2 18.6 8.3 108 260.4 64.8 32.9 1.8 1 2
64 BT 120.4 16.3 9.3 110 135.8 212 6.6 22 1 2

A: FUKRET ()™ ); B: BT T ( EEMEZ ), C: PR (KB ); D: AR T (EEH);
E: skFIRB T (B3O F: BT (L)
A': Qiuping finger millet ( main spike branched more ), B: Baishui finger millet ( high-yield ), C: Daping finger millet ( long spike ),

D: Wayao finger millet ( compact spike ), E: Zhangjialing finger millet ( early mature ), F: Shangyang finger millet ( dwarf )
E4 #AARBFRIE

Fig.4 Some of the selected elite germplasm resources of Eleusine coracana( L. ) Gaertn.
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