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Phenotypic Diversity and Adaptability Analysis of 228 Accessions of
Introduced Garlic Genetic Resources

DU Zhen-zhen', LI Xi-xiang", SONG Jiang-ping*, WU Ya-hong*, ZHAO Qing*, XU Ting',
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Abstract: The phenotypic diversity and adaptability of 228 introduced garlic ( Allium sativum L. ) germplasm
accessions originated from 34 countries were evaluated in the present study. The field trial was performed at the
national germplasm repository for vegetables. The coefficient of variation of 13 quantitative traits ranged from
18.94% to 56.36%. These genotypes represented visible variations on all qualitative traits except leaf shape. The
diversity index of 25 traits varied from 0 to 2.03, indicating that the introduced garlic germplasm maintained high
levels of genetic diversity. The clustering analysis of 228 accessions revealed three groups. The accessions within
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group | showed small and slender plants, short and thin leaves, and low quality bulbs. The group Il was comprised
of those accessions that transverse diameter of bulbs were small, and bulbs were less and the bulbs shape were
high spherical. The accessions in group 111 mostly exhibited tall and big plants, long and wide leaves, and heavy
and large bulbs. The first three principal components explained 69.94% of phenotypic variation. The bulb weight
was found to be significantly and positively correlated with bulb diameter, bulb height, height of scale buds and
width of scale buds. Furthermore, these accessions were variable on adaptability by comparing the measurements
of bulb-related traits before planting with that of after harvest. Thus, these results will provide benefits for breeders
and researchers in order to take use of the germplasm accessions in breeding programs.
Key words: garlic; introduction; germplasm resources; phenotypic diversity; adaptability
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Table 1 The varieties used in this study
i P 3 ' 3 G 3 e SR
No. Origin No. Origin No. Origin No. Origin
V08N0645 RE VO08N0702 AR T V08N0759 7 s VOSNO0816  Hrig ek
VO8NO0646 PRl FIZE/R4EW ZER R || VO8NO703 I VO8N0760 &2 W VO8NO0817 + 2
VO8N0647  ily FTZE/RGETE ZERMN/K || VOBNO704 B VO8NO0761 2 VO08N0818 I B LT
VO8N0648  MLil| FZE/RYE ZEM MK || VOBNO705 FE VO08N0762 R5 VO08N0819 MR T
VO8N0649  Mily FiZE/RYEE ZENMIZK || VO8NO706 B V08N0763 rhE V08N0820 W B T
VOSN0650 SRl FZE/R4ET ZEN IR || VO8NO707 FE[H VO08N0764 [LEISZR VO08N0821 1 5]
VO8NO0651 PRl FrZE/R4EW ZEPJiN/R || VO8NO708 e VO8NO0765 PUBE VO8N0822 12 ]
VO8NO0652 MLl AZE/RZEW. ZEMNNIZR || \VOSNO709 P VO08N0766 PUPEF VO08N0823 g
VO8NO0653 PRl FIZE/R4EW ZEPiN/R || VO8NO710 e Ed| V08NO0767 PR VO8N0824 & il
VOBNO0654 ALl HIZE/RAE ZENNZR || VO8NO711 ESE| VO8N0768 TEES \VO8N0825 EH
VO8N0655 Ml FTZE/R4EW ZENIN/R || VOBNO712 e VO8N0769 PUBE VO8N0826 KH
VOBNO0656 &1L HZE/RLE FEN /K || VOBNOT713 B VO08NO0770 [iipiaZa VO08N0827 EH
VO8N0657 b= V08N0714 EE VO08NO0771 PBE T V08N0828 XH
VO8N0658 FEIRZ B VO08N0715 B VO8NO0772 (BN VO08N0829 B
V0O8N0659 +FH VO08N0716 EE VO08NO0773 (LIS V08N0830 g
VO8N0660 i VO8NO0717 EE| VO8N0774 iR VO8NO0831 EH
VO8N0661 R VO08N0718 FEIRYET VO08NO0775 PUPEF VO8N0832 F
\V08N0662 W VO8NO0719 ey VO8NO0776 PUBE VO8N0833 e
VO8N0663 E VO08N0720 P VO08NO777 PHHEF VO08N0834 %
V08N0664 HETE VO08N0721 BH) V08NO0778 PHBE A VO08N0835 %
VO08N0665 o V08N0722 FHE VO8N0779 BUFIIE V08N0836 B
V08N0666 FETT VO08N0723 ST V08N0780 TR VO08N0837 R
VO8N0667 i) VO08N0724 [ 3 iH VO08N0781 [rSInpaINa VO08N0838 R i
\VO8N0668 W VO8NO0725 B VO8N0782 PRInFE VO8N0839 B
VO8N0669 = VO8NO726 5245 5atlrH || \VO8NO783 LRAE V08N0840 B
VO8N0670 b= V08N0727 e VO08N0784 ESInpiIna V08N0841 EMH
VO08N0671 W VO8NO0728 e VO8NO0785 LA VO8N0842 eS|
VO8N0672 e VO8NO0729 B W VO8N0786 LRANF A VO8N0843 £
VO8N0673 i VO8NO0730 e VO8N0787 A, VO8N0845 EH
VO8NO0674 W4 VO08N0731 i VO08N0788 PRInFE VO08N0846 g
\VO8N0675 BRI VO8NO0732 [itpsivzn VO8N0789 EE| VO8NO0847 EE|
VO08N0676 F VO08N0733 VPEF VO08N0790 B VO08N0848 B
\VO8N0677 EE| VO8NO0734 PHEES VO8N0791 EE| VO8N0849 eI
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\V08N0681 %2 W VO8NO0738 LRINF I VO8N0795 EH V08N0853 EH
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VO08N0683 b= VO8NO0740 HE VO8N0797 EH VO8N0855 ESE|
\VO8N0684 BRI VO8NO0741 i [ VO8N0798 B VO8NO0856 eS|
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Table 2 The phenotypic characters deployed in this study
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Cl Wi FYE RN Cl4 A D2 /N
C2 B N RN C15 e IGigsinc 2N
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Table 3 The diversity index and statistical analysis of numerical characteristics in garlic

PER FHME R AE e/ MHE We 2z 5 REL ZREPER AL
Characters Mean Max. Min. Range (%)CV H’
Bk (em ) PH 56.47 110.00 23.00 87.00 22.40 1.11
FiF (cm ) PB 46.55 100.00 12.00 88.00 26.74 0.92
bkt B LN 7.31 12.00 3.00 9.00 18.94 2.03
M (em ) LL 40.68 74.00 14.50 59.50 22.43 2.00
5% (cm ) LW 2.27 430 0.20 4.10 29.65 1.93
M F A =5 (em ) PsH 18.46 43.00 4.00 39.00 35.86 1.94
M - {EZEH (em ) PsD 1.63 3.40 0.20 3.20 32.13 1.96
255 (mm ) BV 37.76 67.85 11.68 56.17 20.14 1.94
i Z5H525 (mm ) BD 41.84 86.82 14.61 72.21 23.76 1.99
k=R (g ) BW 31.74 116.00 3.00 113.00 56.36 1.85
%5 2F = (mm ) CH 29.94 51.68 3.66 48.02 20.40 1.93
i ZFF %6 (mm ) CW 19.58 49.77 1.90 47.87 3211 1.88
%254 CN 7.47 32.00 1.00 31.00 43.77 1.77

PH: Plant height, PB: Plant breadth, LN: Number of leaves per plant, LL: Leaf length, LW: Leaf width, PsH: Overground pseudostem height,
PsD: Overground pseudostem diameter, BV : Vertical diameter of bulb, BD: Transverse diameter of bulb, BW: Weight per bulb, CH: Clove high,

CW: Clove back width, CN: Number of cloves per bulb. The same as below
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Table 4 The diversity index and distribution of descriptive traits in garlic

LERIN 3l MRAF b of: %L HEEE S (% ) TR
Characters Grades Assignment criteria Accessions Percentage H’
PR PT JENA 1 29 12.72 0.99
ERENA 2 98 42.98
TrRE 3 101 44.30
M LP T 1 40 17.54 1.01
PR 2 116 50.88
HEH 3 72 31.58
e LC il 1 25 10.96 1.14
gk 2 13 5.70
E£5 3 95 41.67
Rk 4 95 41.67
e LS Eiidapia 1 228 100.00 0
HAte 2 0 0
AT B Lwix I 0 0 0 0.44
b 1 8 351
oE 2 201 88.16
% 3 19 8.33
Pk Bo A EE 1 134 58.77 0.68
A 2 0 0
FE £ 3 94 41.23
i =5IE R BS i 1 94 43.12 1.08
pli A 2 64 29.36
e bl 3 60 2752
251 (4, BC H 1 151 69.27 0.87
R 2 8 3.67
kLD 3 6 2.75
e 4N 4 3 1.38
e 5 0 0
SR 6 50 22.94
2745 CT AL EZ 1 11 5.05 1.21
Fom 4 2 35 16.06
FL] Bk 3 114 52.29
Mk 4 5 2.29
ASHEI 5 53 2431
2R SF R CU 5T 1 10 459 0.74
R 3% 2 153 70.18
AT 3 55 25.23
% 25 441 CpN S 1 128 58.72 0.68
W)z 2 90 41.28
@245, CpC =i 1 45 20.64 1.47
R 2 3 1.38
& 3 25 11.47
E41 4 53 24.31
aREn 5 8 3.67
SAREL 6 84 38.53

PT: Plant type, LP: Leaf posture, LC: Leaf color, LS: Leaf shape, Lwx: Leaf wax, Bo: Bolting, BS: Bulb shape, BC: Color of bulb skin, CT: Bulb
structure, CU: Cloves uniformity, CpN: Number of clove scale, CpC: Color of clove scale. The same as below
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LT ARG R BN 0.89275, Bk 25 S 25 w1
FHOC R HCH 0.73363, FA7EM .35 1EAH G, 1% 3R B 8%
SRR R S A MR R A T R AR R
242 ARRBHZIHEUERNMTERENE
ZHRI R MAIFIE N 8 i LI, KErweli
FhAE G, BRiZE s ok, AR S R A 3 2
St RS BARYIEA BT N R (B R SR
Tt iR R SR I B TR R T, 228 Y
MR 54 b4 AL RSk B 25 F {555 | R RTA BT
P, Hohoke [ 78 [ Y VOBN0822 ) i 25 o 3 i (1Y)
WK ETIAF] 26.07 g, 2k A £ VOBN08AT i
ZEMA K iR E] 24.67 g, >k FARS ) VOBNO761 1Y)
figh 2= H A #] 23.82 g, 2k AU 419 VOBNO 662 (1)
figs 25 498 | Bk 3] 20,11 g, 3% S0 TR 51 RS & 1
e AR T R RO KRR A T o G, 2R A
2£5~6 cm N — G AR ifE, 4~5 om Sy &Y, AR
5 R o R 25 A 2R L 6 om RO BR IR 9 1y, 4
i 2 VOBNO730 (k% Hr ). VOBNO761 ( fk % 1 ).
VO8N0807 ( 2 [# ), VO8N0808 ( 3% [H ). VO8N0822
(7% |5 ).VO8N0843 (3£ [E ).V08N0847 (3 H ),
VO8N0864 ({4 i ] . ). VOSNO871 ( 1% 2% 51| 5. 7
H), Hodok {82 HriY VOSNO761 (1) =574 i
35T 75.86 mm, >k H A IAIE R VOSNO864 (1)
2P B ARAF T 67.62 mm, Y 4b, 3K E— bR
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Table 5 Comparison of mean and coefficient of variation of different traits in garlic resources

" JA Total 55 1T 254 Group 1 55 MW 258 Group 1T 5 MZSHE Group I
?::acters FIE ARFRE FHE ERRE FIE ERFRE FE BRRE
Average (%)CV Average (%)CV Average (%)CV Average (%)CV
Bis (em ) PH 56.47 22.40 45.88 17.89 58.21 16.27 76.95 16.12
PR (cm ) PB 46.55 26.74 38.36 29.39 47.86 20.94 61.27 22.33
kit A LN 731 18.94 6.30 16.93 7.50 16.93 8.78 12.01
M4 (em ) LL 40.68 22.43 33.50 19.58 42.03 17.75 53.72 15.69
5% (cm ) LW 2.27 29.65 1.64 35.33 2.43 19.78 3.10 15.94
Hb 125 (em ) PsH 18.46 35.86 13.68 35.03 19.89 31.66 23.12 25.34
Hb - BZ54 (em ) PsD 1.63 32.13 1.19 39.10 1.74 24.19 2.21 14.53
=255 (mm ) BV 37.76 20.14 31.22 14.48 39.40 16.64 46.10 14.36
25525 (mm ) BD 41.84 23.76 45.88 17.89 43.26 17.45 58.27 11.77
ST (g ) BW 31.74 56.36 16.33 39.16 33.18 36.73 69.34 24.45
%5 2F = (mm ) CH 29.94 20.40 24.46 16.26 3153 15.66 35.28 19.72
527755 (mm ) CW 19.58 3211 15.32 25.62 20.64 28.67 24.79 29.28
% 274 CN 7.47 43.77 7.93 48.76 7.03 37.97 8.39 37.00
F 6 EHSOWMHIFHEEMTEER LA
3 iTig

Table 6 Eigenvalue and proportion in principal component

analysis

(EXIN AT 1 M+ 2 T3
Characters Factorl Factorl Factorl
P PH 0.2781 0.3932 0.0033
Pl PB 0.2528 0.0165 -0.5455
kI A LN 0.2726 -0.2120 -0.2707
K LL 0.2804 0.2523 0.3844
e LW 0.3089 -0.0170 -0.3203
Hi =5 PsH 0.1776 0.3920 0.2451
Hh - EEEHL PsD 0.2873 -0.0147 0.0838
=51 BV 0.3106 -0.1193 0.2317
1251525 BD 0.3224 0.0336 0.3507
HULBEZE T BW 0.3409 0.0644 0.1959
5 2F m CH 0.3202 -0.1296 0.0911
2575 58 CW 0.2708 -0.3751 0.2782
%254 CN -0.0617 0.6366 0.1044
FEAEAE Eigenvalue 6.5556 1.5350 1.0011
DU (% ) 50.43 11.81 7.70
Contributive proportion

FRTTHRR (% ) 50.43 62.24 69.94

Cumulative proportion rate

HERI IR BT URAT 30 1, IR 3 bR i) R B IRAT
77 4y, BAT R BTSN E AL 126 £

K2 v E A Y RS (H S R o
— a5 | HEE SRR R, i e 5 b E AR AL
SRR, JE b T s B AR, PRI 5 o AR
At E PR SE 4 F B PO A T 5 o ASBTTEE IR
F T 34 A EZFHLIX Y 228 9y Kam e IR X AT %
Y 25 DFRIIVEARI AL ZAENEEAT T 00T, A3
T HER BTSSR, A AR R DA [ R JEE it 1%
Gt 5 E RV STAR L 2t 5 |
N C U EE 25 EX iep 4 IR SR U ESPN
o T URURI S 19 22 RV AN R it i 18 7 BAT s
e,

R T RE NS Bl Ml 5 B K BR8] 1) X 73
SR O R R A FH LA B A R 51 i 2 B
PRI . AT i O PR BRI 4 R
G IY 0 = RIEHE, Horb 2R 1 o = ke 22 1Y
R, AR MR R rp, TINOR S T SRR BT IR A5
W, LI R LA R R BEER O T LS
T SRR R T 25 i 28 e/ 85 25 KD,
By g R, A TR B = T, i A i
HL9E, 8525 HL SRS 2EK, MR R B 25 &
R R, 0O B2 AR AR R
Bt

A ZE B 0 ks 5 | KGR BEIRAY 13 R
¥tk 9 34 E R, H R TTRRA L 69.94%, 45 &
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Table 7 Correlation analysis of bulb-related traits in garlic resources

Pk Characters HLBEEE BW #2575 BV 2545842 BD 525 CN 252575 CH 2T 98 CW
FLBEZE R BW 1
it =515 BV 0.73363" 1
=5 Ki12 BD 0.89275" 0.72097" 1
5274 CN 0.04635 -0.12107 0.07044 1
i 2E 75 CH 0.70493" 0.76002" 0.63716" -0.34921" 1
1% 2E 15 v CW 0.61332" 0.61156" 0.60272" -0.51236" 0.64859™ 1
T RIRTE 0.0L KV F 2R B
“Indicates significant differences under 0.01 level
*8 HEHEMRMEIMREHEZMERE
Table 8 The bulb quantitative traits before and after the significant test
b3 4545 Characters i bR T {_E P&
Mean s T-Statistic value P value
SR ETE 2= (mm ) BV before planting 37.78 5.28 0.066 0.947
51 M5 8255 (mm ) BV after harvest 37.76 6.89
5 FPRTEE2LRE 2% (mm ) BD before planting 47.82 8.60 12.113 <0.0001
55 825148 (mm ) BD after harvest 41.87 9.23
5 FhET AL %% ( mm ) BW before planting 36.72 15.37 6.494 <0.0001
SR G Sk 25 (mm ) BW after harvest 31.85 16.78
5 BT % 2541 CN before planting 9.31 3.32 8.540 <0.0001
51 B % 2E %0 CN after harvest 7.36 2.54

IO MR L T PR A OC 2 AR AR 3
BT HE 1 SRR MR T 5 2 R
T, 20 3 T MARIEIN 1o FE RO 9 7 TAR
Hh IR AL AT 0 e DL LT, L B
BT, AR Tl IR A2 B
55 1 B AR PRI 1, 26 2 Rl
RO PR L 5 3 L i R ST A
4 R A TR ¥, 3 40 AR 22 S i DL A AT
RESEATRIAN TR, o AT RS 5 | 1 A BT UROR 18 B >4 b Fr)
AR MR RIS AR E o

= NEIN = N NG DR = NN N o
Vi 2RO 2L AR I BORE ) AR RN 2R
BRE T BRI S R ) R E
RIS, 2 AT o oA A2 R , 825 TN 1Y 5T
(€S SNSRI N /3 =i ) P ER NN
FERAPEN IC N, MR T aE R R, izt
G HE KRR BRI SRS 5 Sk SRR A A OC R A
0.89275, fif 25 H 5 i 25 =y AH O A 4 0.73363, 477
PR IEAHSC IR, IX R W 25 A S i =E 2
o e ) T AR AR SR A

IR B, FEIE T 7 R e R O o R AR
R BEZERER R .t Tz e 7 R — % B L[]
FERR B BRAE T AT, % T 254 /N GR R A E
A7 1 % PP, T B S0 L = B 2 TR B — e 5

TR P35 107 1 B A SR A B D5 | el A
O T AL )AL, R R 5 | 0 i I 1 0 253 J 3
PRSI & B R 0 R Tl 648 B 5 T R ok
Ak, HAbPRR S SRR BEES . MR,
T B S iy 25 o g T o, (LS 4 o o B Sk il 2K
A LTS gE R 3 B A TR A ATk
228 (MR 54 0y ARk Sk i 25 T (A5 | P
B T 5 5, 305 IO P TP O 0 Sk i 25 o 1 K o
i 20 g H RS 6 em MYFTIR 10 £, LA
R UE S | B AR R I T AR JER S DX
F RIS, A BT, (R ARSI 5]
Tt —A~ 25 B i LI 25 SR AEA T B 43 BT, i T RATS
SRFEAE I8 M I DIk A, PR T A e ()3
JEA ek Rk, I, e 2e 5 Btk — ik T 2 4F
Z R ARG HEPEM IT 455 00 F A — 2D X8R
PEFTRATEN .
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