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Analysis of Agronomic and Quality Traits of Local Adzuki Bean

Germplasm Resources in Zhejiang
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Abstract: In this study, 85 local adzuki bean germplasm resources collected in Zhejiang province during “The Third National
Campaign of Crop Germplasm Census and Collection” were used as materials, and a systematic analysis was conducted on the genetic
diversity of their agronomic and quality traits. The study found that these resources were unevenly distributed within Zhejiang
province and exhibited rich genetic diversity. The coefficient variation of quantitative traits ranged from 6.10% to 58.26%. The
coefficients of variation of yield per plant (58.26%) and the number of pods per plant (42.47%) were the highest. The Shannon
diversity index ranged from 0.02 to 2.43, and the diversity index of plant height was the largest. Correlation analysis showed that the
grain length was positively correlated with grain width (R=0.73), pod length (R=0.62), and 100-seed weight (R=0.82).; the plot yield
was positively related to the number of pods per plant (R=0.44) and yield per plant (R=0.38). Principal component analysis extracted 5

principal components, with a cumulative contribution rate of 63.929%. The coefficient variation of 11 descriptive traits ranges from
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0.00% to 181.15%. The coefficient of variation of the color of young pod was the smallest, and that of pod dehiscence was the largest.
The diversity index ranged from 0.00 to 1.18. The diversity index of maturity was the highest, while that of the young pod color was
the lowest. Cluster analysis divided these resources into three major groups. Group I contained 17 resources, with a relatively short
overall growth period, a short plant height, and large seed length, seed width, and 100-seed weight. Group II contained 37 resources,
with a medium maturity and relatively tall plant. Group III covered 31 resources, with a long growth period, high pod length, pod
width, number of pods per plant, and number of seeds per pod, as well as high yield and amino acid content. Four excellent adzuki
bean resources in Zhejiang province were screened out through comprehensive scoring. This study systematically analyzed and
evaluated the newly collected adzuki bean germplasm resources in Zhejiang. It provides an important theoretical basis for adzuki bean
germplasm innovation and the cultivation of excellent varieties, and contributes to promoting the development of the adzuki bean

industry.
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Table 1 General information of 85 adzuki bean germplasm resources

Fr Fi PR A WA = Rl 4K Beteb
No. Germplasm number Germplasm Collt?c‘tion No. Germplasm Germplasm name Collection position
name pOSlthn number
X01 2017331086 NRLAR B TV 22 5 X47 2018334440 piNG) PO T I 221X
X02 2017332043 N2 WU TR A X48 P330502011 ZiNE) W T RPEX
X03 2018331031 KRG SR X49 P331124002 FABH R LA (R 7N ERES
X04 2017332088 AR B M T A T X50 P331082023 Spisa G T I i T
X05 2018333226 HE (KIFED T AL IX X51 2018331264 Vs W TN
X06 2018333406 N2 St H X52 2019334497 ZiNE) B T I 22X
X07 2018333424 A=) SEmERE X53 2019334491 pins) BT I 22 X
X08 P330281037 WA T TR BETT X54 2018331069 e et
X09 P330329008 HE R T R X55 2018333617 HRE BHITHAE X
X10 P330381003 A=) R T i 22 1 X56 7300034 IR e T H LB
X12 P330483009 FIRE FEXTE 2 T X57 7100035 IR EAL PR ATIER]
X13 P330523022 N T T e B X58 730003 6 KRR E B TV 22 B
X14 P330726042 giyin=l ST E X59 73000 41 EdbKai BU T I 22X
X15 P330726051 EARZ =R SHETHHITE X60 7100046 KRR (iR B =F =
X16 P330726053 MIEHG SAETTHILE X61 7300049 >N+ FKT% S &
X17 P330726067 WG ST E X62 7300050 AR A T T SRS
X18 P330822009 KA TR LB X63 7100055 INKE AR B2 &
X19 P330825028 TARE 4 T e L X64 7300057 FANIRTG N R
X20 P331022011 RIS BT =TTR X66 7300136 AViN= SAETTHLE
X21 P331023005 N2 GMRER X67 7300137 LKL SAETTHLE
X22 P331102008 Pl T 7K 7T SEE AR X X68 7100274 FABH K L4 R 7K i A BH
X25 P330723017 EiN=A SHEH I E X69 7300275 [N EPNAR PN [HiR SRV ER=S
X26 P330825008 FEBHAR ] T A X70 7300276 FaBH KA AR AU/ HTAARH
X27 2017331089 KKLAR PO T i 22 B X71 7100345 +RE (R SR E
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X29 2018331016 EiN=A SHEH R E X73 7100348 N ST EEGX
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Table 2 The morphological characteristics and their evaluation criteria for adzuki bean germplasm resources

PEIR Traits It Evaluation criteria

Bt Maturing characteristic 1: BRE (<80d) , 2: F (80~100d) , 3: 1 (100~120d) , 4: HBf (120~140d) , 5: WHE (=140 d)
#)Z54 Young stem color 1: 4%, 2: %

F 24 Main stem color 1: 4%, 2: @, 3: %

£ Flower color 1. V%3, 2: 3, 3. WWHE

AK I Growth habit l: HSZ, 2: F8/E, 3. &4

4536 3] 7% Pod-setting habit 1. KRR, 2: AR

%)FE . Young pods color 1 &%, 2: %

7% Pod shape 1. BfEE, 2: #I4, 3. 58

43P Pod-dehiscence property 0: K, 1: 1, 2. 28

Rifs Seed color 1: A, 2: 8, 3: %, 4: 4, 5: 4, 6: B, 7. LG, 8: fEHE (M)
$if% Seed shape 1: FRRE, 2 KB, 3: 2B

2 ERE5 7

2.1 NEMREREMNIEN D HIERTH
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The size of red markers indicates the number of adzuki bean germplasm resources collected in each region
185 fHNEMRFFEREM RS
Fig. 1 Geographical distribution of collection sites for 85 adzuki bean germplasm resources
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17 NECEMARIAR AL Z R TR (R 3D, WHLA /NG RIEREE 2T . &1
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TE] (6.34%) « VER & (6.85%) %nﬁujh (9 18%) A2 REEUD, riﬂﬂaxﬂﬁﬁ HEAEIRE Shannon
ZRVETREUE 0.02~2.43 2 18], HAHEA SRR MRS (0.02) , WHINEMBESHETHER S
BRI R EERR, M BONERE ﬁﬁ%@lﬁl’ﬂﬁﬁ—fﬁaﬁlmk (2.43) , RYPNGMEBHERAEZ MR L
LR AR ALN, RN FE e ek, sAh, 2T W, Rpkes. il ARiE. Bk
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Table 3 Genetic diversity analysis of quantitative traits of adzuki bean germplasm resources

PEAR IZIN] R/ME FHME bRz B RE (%) Z PR R
Traits Max. Min. Mean SD cv H’
FFE# (d)  Flowering period 65.00 52.00 57.52 3.65 6.34 1.89
G (d)  Maturity period 135.00 84.00 109.13 13.96 12.79 2.11

AEHH () Whole growth period 145.00 94.00 115.00 11.93 10.37 1.95



#k# (cm) Plant height

Jék (cm) Pod length

S5 (cm) Pod width

HREIEEL (A4Y) Number of pods per plant
FLIERIEL KL Number of seeds per pod
fik (mm) Seed length

Fi%E (mm) Seed width

FHE (g) 100-seed weight

Hpkre & (g) Yield per plant

MX 7R (g) Plot yield

FIER & H (ug/g Dw) Amino acid content
Ve E & (mg/g Dw) Starch content

&=
HEESE (%) Crude protein content

B & & (%) Crude fat content

18.40
49.30
994.30

12053.77

650.45
29.11
0.01

2.80

59.50

7889.59
485.08

20.49
0.00

87.96

0.59
31.71

11.03
14.01
475.90
8922.82
573.37
24.19
0.01

25.06

0.07
13.47
0.95
0.67
0.43

2.68

182.97
953.14
39.29
1.47
0.00

28.49
13.91
12.25
42.47
11.57
10.80
9.18
24.33
58.26
38.45
10.68
6.85
6.10

11.96

1.67
1.55

2.02

Dw, F#; Dw,dry weight
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17 NMEMERAE G ITE REH (B 2) , AXPES BRI (R=0.44) FIHEMK™F (R=0.38) IE
e EAEEMSIFEY (R=0.45) ARHAM] (R=0.81) EMIKE; FiKS5Fi%E (R=0.73) . 3K (R=0.62)
FIERIE (R=0.82) IEAHZE; Fivi Sk (R=0.73) . FK (R=0.43) FIERE (R=0.82) EMK; FFEH
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Fe K (R=0.32) FbkE (R=0.44) IEAHG; A SR (R=047) . 24 FH (R=0.81) FtkE (R=0.3)
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#HIE 5y B IRTE P<0.05 F1 P<0.01 /KF T R AHXK
* and ** indicate significant correlations at the levels of P<0.05 and P<0.01, respectively
E 2 NEMHRFEREREMREX S

Fig.2 Correlation analysis of quantitative traits in adzuki bean germplasm resources
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Table 4 Principal component analysis of morphological traits of adzuki bean germplasm resources

F 4 Principal components

MR Traits
1 2 3 4 5

LA Flowering period 0.196 0.287 -0.167 -0.118 -0.246
ALY Maturity period 0.106 0.440 -0.333 -0.218 -0.054
4=E B W] Whole growth period 0.127 0.421 -0.279 -0.153 -0.202
Fk 5 Plant height 0.157 0.133 -0.138 -0.284 0.606
3K Pod length -0.113 -0.248 0.148 -0.577 -0.177
39 Pod width -0.350 -0.059 0.093 -0.104 0.188
Rk JER Number of pods per plant 0.170 0.249 0.440 -0.019 -0.029
R AL Number of seeds per pod 0.179 0.194 0.139 -0.224 0.478
bk Seed length -0.443 0.215 -0.029 -0.048 0.068
b5 Seed width -0.458 0.206 0.031 -0.046 0.111
TR E 100-seed weight -0.439 0.259 0.084 0.031 0.114
HupkP=HE Yield per plant -0.080 0.337 0.448 0.056 -0.235
/NX 77 & Plot yield 0.179 0.171 0.438 -0.016 0.008
FAFFR S B Amino acid content -0.192 0.127 -0.081 0.090 -0.166
YEM & & Starch content 0.090 0.172 0.107 0.140 -0.142
#2414 & Crude protein content -0.164 0.024 -0.306 0.045 -0.130
FAE W & & Crude fat content -0.068 -0.141 0.085 -0.634 -0.288
FHE{H Eigenvalue 3.241 2.737 2.038 1.552 1.300
TiEkZE (%) Contribution rate 19.065 16.100 11.986 9.130 7.648
Hi5Imk#%E (%) Cumulative contribution rate 19.065 35.165 47.151 56.281 63.929
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Table 5 Genetic diversity analysis of quantitative traits of adzuki bean germplasm resources

PRIR RRME RAME I iz BFFE (%) EZEARRiEEA
Traits Max. Min. Mean SD cv H'
#A M Maturing characteristic 5 1 3.09 0.81 26.17 1.18
#2564 Young stem color 2 1 1.01 0.11 10.43 0.06
FE 24 Main stem color 3 2 2.01 0.11 5.24 0.06
16 Flower color 2 1 1.01 0.11 10.43 0.06
AK I Growth habit 3 1 1.77 0.67 38.00 0.98
453231 Pod-setting habit 2 1 1.44 0.50 34.68 0.68
#)FE . Young pods color 1 1 1.00 0.00 0.00 0.00
I Pod shape 2 1 1.58 0.50 31.30 0.68
#JME Pod-dehiscenc e property 1 0 0.24 0.43 181.15 0.55
Fifh Seed color 8 3 4.09 0.53 13.04 0.29
$if% Seed shape 3 1 1.51 0.55 36.11 0.78
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Fig.3 Clustering dendrogram of 85 adzuki bean germplasm resources
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Table 6 Trait analysis of adzuki bean germplasm resources in different groups

i 2B 1 Cluster 1 2B 10 Cluster 11 ZK# 111 Cluster 11T
; 4}\ R/ME ON] PHIME R/ME RKME FHE f/MA RKME FEME
e Min. Max. Mean Min. Max. Mean Min. Max. Mean
FFIEW (d)  Flowering period 52.00 60.00 54.24 52.00 65.00 58.08 52.00 65.00 58.65
G () Maturity period 84.00 103.00 94.06 84.00 134.00 111.84 93.00 135.00 114.16
£EHE W (d) Whole growth period 94.00 113.00 101.94 94.00 144.00 116.49 95.00 145.00 120.39
¥k (em) Plant height 42.00 90.00 68.89 31.08 144.17 96.95 52.88 146.33 85.94
3K (cm) Pod length 5.20 11.39 8.74 6.30 11.20 8.64 7.20 12.50 9.15
J5E (ecm) Pod width 0.53 0.75 0.64 0.42 0.75 0.57 0.47 5.23 0.78
BFRIEH (4D Number of pods per plant 8.00 49.20 26.34 5.40 45.00 25.60 17.00 80.00 41.46
HIERIEL ChD) Number of seeds per pod 5.50 8.80 7.55 5.50 9.80 8.18 6.20 10.40 8.61
K (mm) Seed length 5.59 7.57 6.60 4.55 7.55 6.08 5.16 7.73 6.27
Hi%E (mm) Seed width 4.50 5.65 5.06 3.20 5.22 4.54 377 5.68 476
HHRIE (g) 100-seed weight 9.60 17.30 13.38 4.50 14.40 9.99 7.20 18.40 11.21
HpkPeE (g) Yield per plant 430 36.40 16.89 3.00 15.50 8.33 2.80 49.30 19.37
/INXEE (g) Plot yield 255.60 790.80 442.64 59.50 776.30 412.21 179.20 994.30 569.25
HAIB SR (ug/g Dw) Amino acid content ~ 8102.77  10591.13  8777.33 7889.59  10659.61  8607.31 7897.07  12053.77  9379.18
WA E (mg/g Dw) Starch content 485.08 650.45 579.43 504.40 646.87 564.57 503.76 647.58 580.54
FAEW & & (%) Crude fat content 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01
HEASE (%) Crude protein content 21.33 26.42 24.35 22.35 26.66 24.06 20.49 29.11 24.27
#ME Maturing characteristic 1 3 2.53 2 4 3.31 2 5 3.45
#2511 Young stem color 1 1 1.00 1 1 1.00 1 2 1.03
EZ£ (% Main stem color 1 1 1.00 1 1 1.00 1 2 1.03
1£ . Flower color 2 2 2.00 2 2 2.00 2 2 2.00

KM Growth habit 1 3 1.76 1 3 1.97 1 3 1.58



253231 Pod-setting habit 2 1.35 1 2 1.28 1 2 1.55
%JEt Young pods color 1 1.00 1 1 1.00 1 1 1.00
J&H Pod shape 2 1.35 1 2 1.39 1 2 1.55
43 Pod-dehiscence property 1 0.25 0 1 0.19 0 1 0.10
#ith Seed color 6 4.12 3 5 4.00 4 8 4.13
HiJE Seed shape 2 1.53 1 2 1.51 1 3 1.61
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INXFEREE (798.1-994.3 g0 , HAWEE B 4T BT NSk IS 7 B, FDIX Pk 994.3 g, A
FTE IR . ATFIFIX 4 S AT s e
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Table 7 Adzuki bean germplasm resources with the top 4 comprehensive scores
Tl o i s 44 R A A FRPRIEEL

2 =] ade X =N
U Germplasm Germplasm Collection Number of pods ~ Number of seeds [kt (g.> b ,:Fti. (g)
No. L 100-seed weight Plot yield

number name position per plant per pod
X34 2018334222 eI TS 53.8 9.4 10.7 994.3
X33 2018331094 = ST R 49.0 9.3 8.5 889.7
X57 7J00035 il NaR ! e T B 43.4 10.2 7.9 798.1
X32 2018334467 BARE T I 22 X 51.2 10.4 10.3 987.2
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INGAE N — R 2 FRIRAE Y, R R SR O R T AR R R AL R R S S L, [,
iR NS R 1)1 )M pu L s 2 =2 L Ly = ) i N b O ey X S SR T Ve P SR oL LN (= 2/ A = S N
JR VR M R LA 2R G S RPN (AR TS, 20 T o7 O SRR S8 < R AT S R R R R . BT,
AW FARFE “ 28 =R A EARAED MR 55 & SUSEATEN 7 F1 WA R (a4 SR i SR R AU RS ik 2 e 7
WH, X5 /N GRFREIERET T RGN EEAINT . AR BN A BN SRR R E
HA A AN, 85 G /N MR BHIE A 20 (R B4R 15 iR EBUN TR 13 R A EEKHT, X 3 A
[ B IR AR o e SR AR LR 56.47%; AHWCAE B T i B URAN 1 43, RAE S LT R B/ G R IR (R
1) o X P43 A7 22 S AR FADAE YA 72 it A A I, o e S S NS AR 1) 203 A7 VT 5 b g R S Fof i 8 0 R 25 P 7
R 22N TRV 22 T () B IRA IS B S R TR 56%, TIfE S A B ARIREE . REAL G SRl R R
R K. BHIE AT A B 5275 A8 I S8 B R 5T BT R DR IR R v, 75 x5 52/l X B o AL AR
Bff R b 0T 02 IR ) 6 RE MR AN 2 R

A R S IR () B HORE S, W U R LW M /N SRR 17 ANECEIRAT 11 ANFER R
B8 S 2B IAE 6.10%~58.26% (£ 3) , A1 0.00%~181.15%2 7] (£ 5) , ARMEIRAIZRF REZE R A
BN BR BV IR B YT /N R IR AR R AR 5 RAUAE 9.31%~58.18% 18], ASHIF 7t 45 5 H A —F],
TERCRMER DT, Sk AR IS R K (B3, 5K AR Er S g 1 —
B, RFIRLENMARIEAF R A 2 TR, BAERKINERE ), "= gt 260 miEa
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JELH T XFWHT AR ARSI G R, % R VB M R, %45 5 B S O e i & 120
PRI FE 41— B TTAb /N TR IR 1Y) B R B AR SN 5.0~16.5 gty BIRVTAA 239 13 /)N 15 Hh 75 il o %
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