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Genetic Diversity Analysis of Major Agronomic Traits in 160
Introduced Chickpea ( Cicer arietinum L. ) Germplasm Resources
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Abstract: In this study, 13 agronomic traits of 160 chickpea germplasm resources induced from ICRISAT
were evaluated.Elite germplasms were screened to provide reference for chickpea germplasm resource innovation
and breeding in China.The results showed that these chickpea germplasms represented abundant genetic
diversity.The variable coefficients of 7 quantitative traits were branches per plant>pods per plant>100-seed
weight>yield>plant height>seeds per pod>growth period, and the genetic diversity index of 6 quality traits were
seed color>plant type>flower color>seed surface>seed shape>leaf type.The cumulative contribution of the top 4
principal factors reached 63.417% in the principal factors analysis, as well as the first principal factor was mainly
related to the yield traits and yield; the second principal factor was mainly related to the growth period; the third
principal factor was mainly related to the plant height and seed shape; the fourth principal factor was mainly
related to plant height and seed shape.With cluster analysis, 160 chickpea germplasm resources were classified

into 3 groups, the group I showed the highest plant height, the group Il showed the highest yield, the group Il

KRB 2019-12-12  fEEIEHI:2020-01-02 ML HALHEHA: 2020-01-19
URL: http://doi.org/10.13430/j.cnki.jpgr.20191212002
B—EE FENFREHEE M SRIEH A, B-mail: haoxiyul 990@foxmail.com
WAEAER R, FEMFE A G REHER | E-mail: liangjie9669@163.com
SRERIR , F M T 28R BT FTR , E-mail : zongxuxiao@caas.cn
EEWE : il R E B AR A BRI TTH Q2018002 ); EIZ T B AR AR ( CARS-08-G4 )
Foundation project: Youth Development Foundation of Baicheng Academy of Agricultural Sciences ( Q2018002 ), China Agriculture Research System of
Food Legumes ( CARS-08-G4 )



876 7/

B

21 %

showed the biggest seed.63 chickpea germplasm resources with elite agronomic traits were screened, which were

early maturing, short stem, branchless, more pods per plant, more seed per pod, large seed and high yield.

Key words: chickpea; introduction; germplasm resources; agronomic traits; genetic diversity

JEWE T ( Cicer arietinum L. ) 2= JEWE T )& ( Cicer L. )
(¥ 4% 1% B, 4% 47 Desi #1 Kabuli 4~ F#1, & &
EZ L/ Np A= N 1R~ 3170 e N e AV
KMo R, BN E A B EA Z 6
PR T A T A XA PR, B B A L BT
JEE L BRI A [ %, v B R A 1 AR
R R R A, HEA 2w R T
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I W T ) AR S L e A AR R TR, R R AT AR
MU i B —E T AOR AR S, T R —
R S SRAMEY T E AR TR R T R
PR, A4 TR FE PG AL AR X

TN B 20 06 ) 5 o 8 05 I 1) A7 W DR AR A 7
it ZREE ST, SR T TR A R RN 23 A
TR, A RFFE N B4R B 25 AR A R,
(NS T QNS A N V7 Tk e SO SE S E A s
RRTTIEER 7 120 QR ER 7 3 VAT /it IS A R (e <
R AR S 2RO R a6 b R 4 R
AT ARG W IS5 R E IR . Ik, AHFST Xt
[ A0 8T 51 2E 1) 160 13 8 W SR B S R EA T TR E
PR A PEAN B , I 38 2 A M AT L = R4 i
PRI, AP T X SE IR (1) 385 AR 57
LI A 3 [ 8 1 1 A S5 BN R D AL
5%,
1 MEEFE
1.1 RS A

I RHL 160 17y, 2018 4F5| [ FE P2 TR 40HF
YEYIRISE Fh0 (ICRISAT, ENJE ), 5 #0145l CP18-1~
CP18-160, 45 H 5 % T A I T Ak B Be
IRIGHE (45°38'N, 122°50°F ), 4k 155.4 m. BN
AR 18.7 °C ¥R /K 316 mm, 4734 H HRIEL
1552.1 ho B HIAIR SREE A, M 3AF- 4, + 3500 1 4
7], 2 AFRBR AL S A 5 NG
1.2 REAHE

5T 2018-2019 4E T, & E 3 IKEE ,/hX
7K 5 m, 4 47X, 4785 65 cm, /DX AR 13 m*, T
AEIXH IR A A 1 5 A A8 A TR A, BRI
F/NXHL 5 PRI AR AR AR MR L 32550
B AR IERR  FRIERIEI, BRI  a

FER A W A L B URILE T8 A e oA 1T TR <
RT3 BR B W S R R TR AR Y A A
HEN O (F 1),

F1 EETREMEREORRIE

Table 1 Descriptors standard for agronomic traits of chickpea

PR Traits i BEYE Descriptors standard

A H W GP RSS2 R R0 KRB, 5007 R d

Wk PH AT ek DA~ I AR R T 1) 4 B2, 67
N em

FZEIMRE BPP LTI SR R 3225 M — SRR,
PLRAS /B

HMRIERC PPP  BCAIYIIGITHECERR T EAEEL, BN /B

FAYERIE SPP YT A B TE SR P I 2 ) AR
B, BARLRPRE /S

HRLE HSW FRHL 100 RRE AR TRPRI BT, B g

Y JRCTJ5 1) AT ARG T, 243 kg/hm?

gnpntA LT 1=l

1645 FC 1= 1, 2= M4r, 3= %41, 4= %

PRI PT 1= 157, 2= 21557, 3= 4, 4= Pliik

HE SS 1= 3098, 2= IG3IE , 3= 2R)E

PRI SeSu 1=, 2= #AE, 3= MR

Hiff, SeCo 1=, 2= K0, 3=H5, 4= A, 5= K#, 6= i

F P AR ACA G B A A TR

Only the phenotypes involved in this experiment were assigned in
the table.GP: Growth period, PH: Plant height, BPP: Branches per
plant, PPP: Pods per plant, SPP: Seeds per pod, HSW: 100-seed
weight, Y: Yield, LT: Leaf type, FC: Flower color, PT: Plant type,
SS: Seed shape, SeSu: Seed surface, SeCo: Seed color.The same as

below

KM Shannon ZFEHEFEEUMTIE S Ela MR
TTistAG ZFEVE ST , AR R I B AH DG 73 A i 2
FERFNT
1.3 HIEEESS

% H Microsoft Excel 2019 #1755 25 #1, X% 6
A BT R A T AR A T 580 53T o

Shannon Z A PEFR A Hr - SeTt B ge A kL 2
PRFEE (X)) FbrifE 2 (o), SR %00 h 10 9, A
W19 Xi<(X=20)] 2510 %[ Xi>(X+20) ],
0.50 4 1 9%, B9 AR 4% H 115 Shannon £
FEMEFRER

Shannon ZFEME R H'=-3 PilnPi,
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RIS - 160 Hr5hs | M T BT 2R SRR iE AL 2R A
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Ao Pi IR MR ER 1 G0 N B R B B
BT A3, In Ay [ AR %%,

K H SPSS 22.0 #E47 #H X4 43 #r ( Pearson ) Fll
F ST, R H RIEF 2R EIEF “ape” 11
HEATRIS TN, R fRAS T 3.3.3,

2 HER55H

T EEREMRFRGEEREE SN
P 2 R AR bR 2R R bk

2.1

K2 160 REEEMRFRNBELEKER

B BAIERE | EORLE A 7 B RIRAEAN R
I 5 O R (B AR MEFR BB L 1.587~2.047, Bk
R KA 2,047, FORLEE IR Z N 2.004, 322550 Ho8 R
/NH1.587,

7 AN B MR AR S R B L 5.89%0~70.1%
Horpr, EZE0RBUR KN 70.1%, G BT WLISK, H
VRIS S5 R B KT 10%, L% 0 1 G Fh
2 MAFAE R 25 K RS A R T4 b
JEA A1) O RN i 3 o

Table 2 The phenotypic variation of quantitative traits in 160 chickpea germplasm resources

PER A S M P2z SR %) Shannon ZFEMEFR L
Traits Range Mean SD cv H
AFH(d)GP 64~100 85.5 5.0 5.8 1.983

FE5 (em ) PH 29.7~82.7 51.5 10.6 20.5 2.047
T2 BPP 0~1.7 0.6 0.4 70.1 1.587
FARRIER PPP 18~241 64.5 29.7 46.1 1.875
ASERI4L SPP 1~2 13 0.2 183 1.937

H R (g ) HSW 15.3~51.4 29.7 8.2 27.5 2.004

Pt (kg/hm®) Y 1035.6~2984.6 1765.0 418.2 23.7 1.996

22 ARAEEEMREZRREEREESHE

1 3% 3 WA, 160 177 J8 g G 5T 9 I8 1Y) &2 it
TR N30 A5 A6 60 UM 2T 500 3, i 59.49%, Hik
R, A7 33.7%; BREIDLAE TS A 3 HUOh 4
[ CRTRAVESSIAEE M=) ) DS IR ey

3 160 PEESTHREARENREERITE

Z M R LR (AR 2, O B4
6 B 1R AR Y 2 B 1 45 B I O 0~1.385,
Forpobr (i AR PR HE KU R, RITZ RIS AL 24

P 5, R T Wi L D A g A ol R AR IR T
Bt

Table 3 The distribution of frequency of qualitative traits in 160 chickpea germplasm resources

PEIR Shannon ZFEEFREL J1% (% ) Frequency

Traits H 1 2 3 4 5 6
S rAL LT 0.000 100.0

1k FC 0.905 33.7 59.4 2.5 4.4

FRAL PT 1.119 19.5 453 333 1.9

HiJE SS 0.412 51.2 46.9 1.9

FlF21fi SeSu 0.772 1.9 125 85.6

Kifa SeCo 1.385 13.8 32.5 21.3 312 0.6 0.6

23 AREREFHRFRRSEREXES
12 4> FBEACE VAR A 45 R R W] (3R

4), B G RIE AR R F IE AR OE, 5 Ak

HRE RGP T A I A G

Koy O GRRB KT R SR W R OG5
PREIER S W IEAR DG, SRR3R0 | AR E A
TG s BRIY SR bR B S M B 25 B AR R,
R 5 A 35 A5G, 55 b 2 I S A = BRI OG5
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SR AR IE R R B IE ARG, SRl TR
PR SRR A AR OG5 OB A 5 AR K5 2
A HAd PR ] A RH A R T, R Bk R
H PR R PSSR AN [R) R R A e ]
PRI, AE ORI AR,

24 AEEEEZMREFRERSERERS ST
FIIFH SPSS 22.0 Xf 160 443 g AR BT BTG 12 4

FEAR LR IEAT TR0, A5 R R EEAE B

L PAERT 4 A4 B RS, BT BTERR hy 63.417%

(%£5),

F4 160 HEETMRFREEIEXRZSERAMBXES N
Table 4 The correlation analysis of main agronomic traits in 160 chickpea germplasm resources
ifiin FohE prach PRI RO FMrdkm omE EEH bR ;;;& ARRIER  TRIERIEL
confficient Y FC PT SS SeSu SeCo GP PH 8PP PPP SPP
1bt8 FC 0.079
FE# PT —0.045 0.248"
K SS 0.210" 04337 0.185
B T30 SeSu -0.250"  -0.5817  -0.424" -0.527"
hi s SeCo 0.053 0.333" 02177 02647 -0.343"
EHY GP -0.187"  0.120 0.138 0.014 0.016 -0.064
Fk#s PH -0.404"  -0.148  -0.143  -0.351" 03997  -0.014 -0.005
FZEMAALBPP —0.100 -0.175"  0.143  -0.034 0.177°  -0.066  0.095  0.126
HRRIERL PPP 0262 0203 03497 02267 -0.419" 0.134  -0.012 -0.188"  0.245"
BYSRIEL SPP 0.111  -0.026  -0.138 0.133  -0.178 -0.163" -0.031 -0.245" -0.091 -0.072
EORIE HSW 0.178°  -0.586" -0.106  -0.190" 0388  -0.172" -0.053 -0.123 0.318" 0.012 0.039

TR AR EERAE 0.05 F110.01 K- s R

“and “"mean significant ( P<0.05 ) and extremely significant ( P<0.01 ) correlation

£S5 160 HEEEMRFAFEEZR R ER ST T
Table 5 The principal components analysis of main agronomic
traits in 160 chickpea germplasm resources

PER W11 W12 HWTF3 W14
Traits Factorl Factor2 Factor3 Factord
1 FC -0277 0050  0.001 -0.194
FE#I PT -0.089  0.111 -0.013  0.358
FiJE SS 0.102  0.086  0.083  0.422
il F-2 1 SeSu -0.032 -0.042 -0.136  0.008
Hiff SeCo -0.186 -0.427 -0.142 -0.165
4 FH W GP -0.194  0.686 -0.519  0.104
Fim PH 0451  -0.197 0321  0.626
2SR BPP 0.117  0.122 0366 -0.234
BRI PPP 0.198 -0.095  0.186 —0.128
HYERIEL SPP 0304 0434 0538  0.078
EORIE HSW 0.489 -0.036 -0.187  0.111

PR Y 0.494 -0.266 -0.300  0.369
FEEAE Eigenvalue 3116 1771 1575 1.147
Biiik® (% ) Contributionrate 25966  14.761  13.128  9.562
ZBTA (% ) Cumulative  25.966  40.727  53.855  63.417

contribution rate

551 EMOMRIE(E N 3.116, TTHREN 25.966%
BT R PRI A P i R SR SR BRI Rk €
B, FRAE 1) 5 43 51 M 0.494,0.489,0.304,0.198
TR T BRR SERIONT 7 i e B S RN S A
%, F W TR SR e IR e A e, H
BB A 2338 fn ™ 6

552 FRUMFIE R 1.771, SRR A 14.761%.
A= IR 1) B e T IR, R 0.686.,
W 2R 32 B F W 5 ) A R, SR AR AR )
oo 5 HL B SR B R SRR 22, (EL 3/ 1) AR SE BRI AL
AN E R R T AR T

553 FMOMEREE Y 1575, BT 13.128%. %%
o A58 1 PRV RAT BSR4, 3 25 A BEIORIR 57, R
[N 0.538.0.366.0.321, IS 35 f i ffi (1)
TEASTHER, R 3 B 2 R T R AR ARAS 21
FARRIEEIN ISR (R FOR E A T AR 1

554 FROMERIE N 1,147, ST RN 9.562%,
FE T MR R AR SRR ) 5
KRR, R SRR 2, Aok B
K, HEmET T 5,
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Cluster analysis in 160 chickpea germplasm resources map

R RIS T, B BRURZS  RIRGE T,
JRRGE , FORLE RO, RS P o, B2
BRI 2 5 2R B e, FLUCON BARR IR, AR i

o LRERMERIR, LT E T IR FPRBOR )
JEWE SRR

2.6 EEEHRMRTGIE

FRAE IR e 25 5 W2 i e R SR AT TS5y
B 38 JERIENZ TR 7= R SRR BT 9 R 63 1
(7). HApREBF TR 16, 4 F W 64 d; JEATRIR 1
0y R 29.7 e TOAMERNIT 32 1y ; IR 3 107, 5
WRIEECN 162.7~241.0 15 FAISRIEZ 5T 8 1)y, B
FIBON 1.78~2.00 Ki; FRIFPT 20 443, EORLE K 40.63~
51.36 g; Far e FhR 8 3, P 2507.69~2984.62 kg/hm',
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Table 6 The average and coefficient variation amount of quantitative traits in germplasm groups of chickpea
PR WH F A Germplasm groups
Traits Item 1 1 m
HEFW(d)GP ¥iE 87.08 85.42 83.72
5 R % ) 6.52 439 5.80
P (em ) PH i) 5477 45.11 49.52
5t R %) 18.07 15.21 18.25
F2 2553 HK BPP YA 0.64 0.54 0.65
5 FE (%) 62.53 83.62 67.60
HRREEL PPP ¥iH 54.87 77.24 65.35
5 FE (%) 34.01 39.29 39.00
YR EL SPP B 1.25 1.31 1.28
5 FE (%) 17.58 22.84 19.28
EhiE (g) HSW i 26.97 30.08 33.44
S FE(% ) 25.78 24.23 26.04
et (kg/hm®)Y ¥{E 1370.38 2399.53 1884.50
TRFRE(%) 12.12 7.48 7.50
x7 63 NEEERFRIRTIR
Table 7 63 chickpea germplasm resources with elite agronomic traits
. e SRR AEE bR I%éj\ %ﬁk in%*z FURIE Fﬁiz
No. Name Elite traits () (om) B e = (2) (kg/hm’)
GP PH BPP  PPP  SPP HSW Y
CP18-142 ICCX-110055-F3-P58-BP R T 64 56.0 0.0 263 111 15.30 1846.15
CP18-40 ICCV 15305 AN A 81 29.7 0.7 77.0 111 43.03 1923.08
CP18-32 ICCV 15115 T 84 33.0 0.0 537 156 23.16 2107.69
CP18-30 ICCV 15113 ok SR 87 34.0 0.0 580  1.89 22.71 2261.54
CP18-34 ICCV 15117 Toork ek 90 34.7 0.0 713 2.00 24.72 2292.31
CP18-33 ICCV 15116 JeorkL 87 35.7 0.0 467 122 29.22 2200.00
CP18-119 ICCV 07101 Teorki 80 37.7 0.0 80.7  1.33 15.47 1353.85
CP18-56 ICCV 16104 Tk 82 37.7 0.0 447 111 21.78 1846.15
CP18-97 ICCX-100090-1-37-1-P1-BP Toork 80 38.0 0.0 98.0  1.22 22.6 2046.15
CP18-104  ICCX-100091-F4(2)-P75-BP T 84 38.7 0.0 460 144 33.95 2430.77
CP18-100  ICCX-100090-F4 (2 )-P20-BP T 90 38.7 0.0 60.7 122 35.31 2476.92
CP18-54 ICCV 16102 Teork 89 40.3 0.0 727 1.56 26.20 1846.15
CP18-101 ICCX-100090-F4 ( 2 ) -P2-BP Toor s 80 40.7 0.0 119.3 144 21.72 1738.46
CP18-99 ICCX-100090-F4 (2 )-P1-BP Jeorke 87 40.7 00 1173  1.00 33.00 2984.62
CP18-85 ICCV 16315 Jeorks 86 41.7 0.0 383 133 29.10 1400.00
CP18-18 ICCV 15101 T 78 42.0 0.0 550  1.56 26.74 2461.54
CP18-35 ICCV 15118 TR 80 43.0 0.0 373 1.56 33.20 2692.31
CP18-96 ICCX-100090-1-32-1-P1-BP TeorEL e 87 43.3 0.0 73.7 111 24.28 2569.23
CP18-93 ICCX-100025-F4-P43-BP Teok 81 453 0.0 883 122 26.41 1307.69
CP18-64 ICCV 16112 TeorkL R % 82 453 0.0 67.7  1.89 28.48 1969.23
CP18-66 ICCV 16114 T 87 453 0.0 647  1.56 36.44 2000.00
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No. Name Elite traits (d) (em) Bk JHK # (g) (kg/hm*)
GP PH BPP  PPP  SPP HSW Y
CP18-55 ICCV 16103 Teorks e 92 46.3 0.0 823 L1 23.68 2753.85
CP18-69 ICCV 16117 Teorke 78 46.7 0.0 66.7  1.67 24.30 1646.15
CP18-140 ICCX-110055-F3-P4-BP Teork 88 48.7 0.0 27.0 133 18.68 1384.62
CP18-147 ICCV 16505 TeorL 93 48.7 0.0 393 1.56 16.52 1353.85
CP18-90 ICCX-100023-F4-P77-BP TR 86 50.3 0.0 483 1.00 33.06 1692.31
CP18-144 ICCX-110055-F3-P62-BP TR 97 53.3 0.0 307 1.00 18.32 1492.31
CP18-82 ICCV 16312 Tk 86 60.3 0.0 407 122 31.95 1384.62
CP18-143 ICCX-110055-F3-P61-BP T 81 63.0 0.0 273 111 19.17 149231
CP18-84 ICCV 16314 Teork 80 63.7 0.0 28.7  1.44 30.25 1276.92
CP18-63 ICCV 16111 Teork 87 67.0 0.0 487 133 28.34 1753.85
CP18-141 ICCX-110055-F3-P51-BP TeorL 86 68.7 0.0 443 122 19.38 1661.54
CP18-114 ICCV 03201 T 89 733 0.0 443 1.00 21.97 1400.00
CP18-24 ICCV 15107 ESd 87 56.3 1.0 2410 122 37.22 1415.38
CP18-158 ICCV 16519 E£ S 86 50.3 1.7 1727 111 32.49 1953.85
CP18-153 ICCV 16514 LI e 90 57.0 1.0 1627  1.00 25.29 2507.69
CP18-67 ICCV 16115 B YA EZ 78 39.0 0.3 727 1.89 21.05 2369.23
CP18-27 ICCV 15110 B3 VA EZ 79 443 0.3 61.7  1.89 28.79 2107.69
CP18-113 ICCV 03112 kg 86 59.3 0.3 180  1.78 2273 1169.23
CP18-152 ICCV 16513 Sk 87 49.7 13 1337 178 25.63 2400.00
CP18-19 ICCV 15102 Jekikiz 85 45.0 1.0 85.0  1.78 25.84 1600.00
CP18-15 ICCV 14316 PN 85 44.0 1.0 450 144 51.36 1769.23
CP18-38 ICCV 15303 PN 85 62.7 0.3 717 167 50.66 1846.15
CP18-16 ICCV 14317 KL 80 48.0 0.7 373 1.33 47.86 2046.15
CP18-37 ICCV 15302 KHL 87 51.7 0.7 60.7 1.33 47.45 2107.69
CP18-12 ICCV 14313 Kohi 91 51.0 1.0 59.0  1.56 47.15 2353.85
CP18-11 ICCV 14312 N A 88 44.0 1.0 447 156 46.45 2215.38
CP18-43 ICCV 15308 N 86 55.7 1.3 557 1.44 46.44 1246.15
CP18-14 ICCV 14315 Khi 90 50.3 1.3 493 167 46.02 1753.85
CP18-17 ICCV 14318 PN 85 45.0 1.0 490 133 45.5 1723.08
CP18-2 ICCV 14302 PN 88 41.7 1.0 683 133 45.14 2107.69
CP18-1 ICCV 14301 KHL 85 60.0 0.7 56.7  1.00 44.93 1323.08
CP18-8 ICCV 14309 PN 83 55.0 1.0 960  1.22 44.82 2384.62
CP18-72 ICCV 16302 P TA 82 403 0.7 573 111 4335 1723.08
CP18-41 ICCV 15306 N 87 44.0 1.0 87.0  1.33 42.00 1553.85
CP18-10 ICCV 14311 PN 85 54.3 1.3 60.7 133 41.69 1969.23
CP18-42 ICCV 15307 PN 88 433 0.7 69.0 122 41.07 1707.69
CP18-45 ICCV 15311 PN 84 473 0.7 27 122 41.00 2215.38
CP18-49 ICCV 15315 KL 80 47.7 0.3 490 122 40.92 1907.69
CP18-39 ICCV 15304 KHL 83 413 0.3 727 1.22 40.63 2092.31
CP18-31 ICCV 15114 (5058 79 43.7 0.7 553 1.44 26.97 2553.85
CP18-62 ICCV 16110 e 86 483 0.3 547 133 29.73 2538.46
CP18-127 ICCX-110049-F3-P23-BP (=T 90 65.0 1.0 783 111 27.21 2523.08
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160 13 A15 | W G AN FE IR AT 7 B MR
5 S R RN BN 5.890~70.1%, T 25y K B A B
KAAE 5 ZHL, 6 A B PR Z AP E0E R
0~1.385, R fo FIBR T [ AR PR FR U = L B2 i
RIS R IR0 B AL | £ 4 2R ) 25 R AR, R/ W
160 1 18 W 15 R o 9 U5 2R R 2 A, ] Sk U 1 L A b
BrRlE M E At Em Ak gk CP18-99
PR 2984.6 kg/hm® G T fim b X 0 6
O AT R R IR R P R BN T e
ORISR . E ARG DX R S R o
KL, T e G FERE AR, v TR 4 AWS
ARG, 7 A B RIS T 2E T R AR LA
LR 1G FEE R . L, R S Rl T A,
T Y2 S S S0 AR T A X S — A
(1R A2 Tl A 2 T sy Ko o 7 i R AR e S
BRI , 38 1A M4 S B R T B TR SR
AN REE R ORI T R At o
Sl

8 S0 AR RS T A S A, 7
o AR IR A B A G, 5 R E 2 W IE
P SIER 7 =N S 0 S & L R SN S T
A ORLEL 5 PR Z 18 AF 7 25 AH O, 3 5 8B T I
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