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Phenotypic Diversity Analysis and Comprehensive Evaluation of

Walnut Introduction in Shanxi

XU Taoyu, LI Jian, SHI Gensheng , HAO Huazheng, JI Zhongrui,

CHEN Lin, WANG Jing,ZHANG Qiang
(Institute of Industrial Crop, Shanxi Agricultural University, Taiyuan 030031, China)

Abstract: In this study, 87 walnut resources introduced in Fenyang Walnut Seed Breeding Experimental Garden of the
National Forestry Seed Base were used as research objects. The quality and quantitative traits of nut phenotypes were
determined, and diversity analysis, principal component analysis, correlation analysis, cluster analysis, and comprehensive
evaluation were performed on 6 quality traits and 14 quantitative traits. The results showed that the diversity index of 6 quality
traits of 87 walnut nuts introduced in Shanxi ranged from 0.494 to 2.019, among them, nut shape and nucleolar skin color were
the phenotypic markers with the most abundant genetic diverse and could be used as a core index for germplasm identification.
The coefficient of variation of 14 quantitative traits ranged from 8.88% to 29.33%, among them, the high coefficient of
variation in green fruit unit weight, nut wet weight, and walnut kernel rate provided a direct selection basis for the breeding for
high-yield and high value—added varieties. Four principal components were extracted by principal component analysis, and the
cumulative contribution rate reached 86.934% , which could better reflect the variation information of the main traits, and
among them, nut size(PC1) and fruit shape index(PC2) were the dominant factors in phenotypic differentiation. Correlation
analysis showed that 14 quantitative traits were associated to varying degrees, the negative correlation between shell thickness

and walnut kernel rate provided a theoretical support for the breeding strategy of thin shell high kernel. Cluster analysis divided
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87 walnut variety resources into four major groups when the Euclidean distance was 1.2. The result of the comprehensive

evaluation indicated that the germplasm with excellent comprehensive performance such as Jufeng and Jinlong 1 could be

directly applied to variety improvement, and the special materials such as Ziren required exploration of the unique metabolic

pathways by functional genomics to expand the multiutilization scenarios of walnuts.

Keywords: walnut; phenotypic diversity; correlation analysis; cluster analysis; comprehensive evaluation
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7o O R RORS o 9 K IR AE B, B R 3R B b 5 B K
Ak Rl 5 I
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Tab.1 87 walnut introduction resources

P B 31t 5 fi 31 FL
Code Varity Introduction site Code Varity Introduction site
1 w15 LI P53 BH 9 15 7R
2 LT 65 STy 10 BRLY 7R
3 JLHF IIp'S 11 125 AR
4 (e AR 12 ERIIPNE LLPE 3 L
5 ot 7R 13 BRY HIFS
6 BA55 IIF'S 14 (S AR
7 bk 35 Bl vy 15 BRI AR
8 IR 174 22 16 & P
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Tab.1(Continued) 87 walnut introduction resources

i i el 7| i i i i 5| o iy
Code Varity Introduction site Code Varity Introduction site
17 IV N AR 53 fy 7 H it
18 #1055 7R 54 ) fi L7
19 a1 KN 55 a1l TR
20 Je Bk IOEIE 56 5t 861 e
21 B AR 57 FL 343 B 5
22 L7715 Ly 58 %€ L 2EIR B
23 e RS L7y 59 65 K
24 S AR 60 Uil LLPE ¥ b1
25 L7555 U3 61 HE [N
26 NM1-8 NESn 62 HFH 7R
27 BHSS lIFR 63 L 35 Ly
28 409404 1L g % B 64 FH15 L 2
29 3945 LIPS %y 1 65 EEL eS|
30 BRTS AR 66 KA EJE
31 NM1-6 0 67 ] B
32 T2 1y 68 fetz 15 VG K4
33 BAR3S AR 69 R6S [lER
34 7 e 70 e ] X H
35 8510 1L VS 73 BH 71 Titk 25 [
36 AL 245 L7 72 i 185 B g
37 % R boE:) 73 Ui 3% 1L 74 3 R
38 bk 6 5 e 74 HE A
39 15& AR 75 [EES S i
40 BRE1S INZR 76 B2 1L g % BH
41 BwR2% AR 77 W% 25 1LPE ¥y 1
42 fiy 9 S 78 G 1S v
43 3244 Ll g % BH 79 WA 1L VG 3 BH
44 Itk e PG H 80 W5 LLVE % BH
45 B4 AR 81 Y% 65 1L 74 3 BH
46 8506 1L 74 % BH 82 Ty 1L 74 % R
47 AR i it 83 P9k 15 (i
48 k3> B[’y 84 i R
49 A AR 85 s 1y
50 8511 LIPS ¥y 1 86 FELA £ eS|
51 “BR15 7R 87 51 B VY 22 B
52 FEFE o7

1.3 REBMEFZE

AR Al CAZ Bk ol o % U548 3R RLYE 5 PF A0 ), R A%
Bk 1 A7 Pl 5T 0 R A R R A . 2024 4F 9 A
10 HF RS 58 200, A~ SR e 28 3 BRI g L
A K IR — B RERT , AR BE AL R 10 4> K/ AR
— B REL T2 — TR RR R R
i (GFUW) , fif H] % b5 < ROCOKS B2 0.01 mm) 43 51l
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SCJEEE (DFST) M - & (SWKW) , WL FE 5
A1 B A i

S UL R o1 b R T =R I A < B | =
A%
HIEIE 5 (FSI)=2XDFVD/(DFTD+DFLD)

(1)
1473 (WKR) =SWKW/NWW X 100% (2)
14 HHE4E
FI I Excel 2020 % 4317 500 48 1 F 1151 4
5 Y R e DR B R Y 7 S R
SPSS 26.0 Gt ¥ 73 It FAF X S s K e HEAT 7 A o

41 T Origin 2022 4Pl 1 5 261
2 HREHM

ETHENRKHRLHEET R REERE

Xt 87 iy &% b 14 6 A4 2R 5% 5t A IR HE AT 20 A
(% 2), AR, RATBIRA 10 #1265, 53 9 5
B T B G R B K RE B
B (B T RE A SERREEE
A AT, 73 AN BN R VR SR AN
A 3FARL, 7 o M A e BTSRRI
B oy ik o R AR R A SRR, 43

2.1

A A B, 98 B AN [ 32 49 X5 43 B 7 A= i s e o ] TR B N . R A SRR AL, 3 IR
b T O B AT R S 07 AR AR BT AR N TR
x2 6T REMRNAERSIARSHELER
Tab.2 Frequency distribution and diversity index of six quality traits
SR IR $i%  Frequency Shannon*‘é‘&*ﬂl
Descriptive trait - Shannon in-
1 2 3 4 5 6 7 8 9 10 dex

IREIJEAR Nut shape 0.21 0.13 0.21 0.11 0.09 0.02 0.08 0.02 0.13 0 2.019
WG MY Suture tightness 0.43 0.14 011  0.32 1.250
B A LRHFAE Suture characteristics  0.00 0.20 0.80 0.494
5% Nucleolus shell pits 0.44 0.30 0.26 1.074
BAT M Nucleolus plumpness  0.08 0.29 0.63 0.851
#A~H . Nucleolus skin color 0.43 0.48 0.05  0.01 0.03 1.024

MF 20 LU 6 AN ot o R AR a5t A SR B 2L
AN 4 v B ) — PRIk 9 st % 22 B Mt A7 7
25, YR BN 0.494~2.019, F ¥ {H
1119, Hoop e OB 1 2 R MR AR S
(2.019) , &% A LR RFAE 1Y 22 B M 38 BUR AR (0.494) .
oAt PR IR 1 22 RE R 48 B R BI/IMIRIR 28 G 4B
B (1.250) KT 2055 (1.074) B Bz 5(1.024) |
WAL 2 (0.851) &

22 BMEBERRBEYPEERMNBESHEESFT

ARk, T B o ke BB SR R S R
frfa TR, Ak R LR A 8 | R
o EFREE TR EEERSRF S EKZ
KA =% TR B, A5 mA
TEMER =R FRIEEES N T
7 oK,y U S AR SR LA S . ARSI R Y 87 1
Bk, & B R (R R A0 ) R
{8 ) =50 mm 0 — & 1A 334y, 4 b 37.93%
50 mm>F R EH A =45 mm B9 8 A 394y,

A7 b 44.83%,45 mm>F £ H A =40 mm B =
B SRAT 154, i b 17.24 %61,

M FE 3T LU, 14 4 32 B0 80 MR A7 7 25
S A8 S Z KN 8.88%~29.33% , MM K 16.16 %,
ot WY A% Bk o ot 0 U 2 S W o L e R RO T Y
AR S ZR OB (29.33%) , Howk o R R
(25.74 %) M T IR (22.97% ) ; F R0 A
5 R BE/N(8.88%6) , HJE Rl AR (9.41 %) Al
TR (9.91%) o T AR R A Ay A S
K,iE# 86.11 g(27.34~113.45 g) , M- KA 7
0l R 31.65%~87.61% , # M 9 48 1) 48 57 3
9 36.74~75.93 mm, B JR T & 9 AR 5 oY
9.43~46.63 g, T R Y 12 19 A& 55 95 [{ Sy 28.50~
60.17 mm, B 5 it 5 19 48 S [l Ry 6.85~22.87 g,
PSR R AR S R 3.92~11.50 g, T KR
JE 738 530 A 3.55~8.27 mm, T 3R 58 & B (1 A8
SEHEF A 0.72~2.12 mm , I 48 By 78 530 Bl N
0.91~1.45,
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Tab.3 Statistical analysis of quantitative traits of nut phenotype in 87 walnut germplasm resources
FAIVEAR K AH e/ ME e 2% SRETA ' ¥l bl 22 B 5 R
Phenotypic trait Maximum Minimum Range Median Mean SD ()%
GFVD/mm 75.93 36.74 39.19 50.70 51.66 5.6 10.83
GFTD/mm 62.79 36.99 25.80 47.52 47.97 4.26 8.88
GFLD/mm 57.95 33.59 24.36 45.35 45.85 4.31 9.41
GST/mm 8.27 3.55 4.72 5.97 6.00 0.90 16.50
GFUW/g 113.45 27.34 86.11 57.10 59.75 15.38 25.74
NWW /g 46.63 9.43 37.20 19.29 20.41 5.99 29.33
DFVD/mm 60.17 28.50 31.67 38.62 39.62 4.72 11.92
DFTD/mm 49.13 28.75 20.38 35.13 35.54 3.61 10.17
DFLD/mm 46.78 25.35 21.43 34.49 34.74 3.44 9.91
DFST/mm 2.12 0.72 1.40 1.29 1.33 0.30 22.97
NWW/g 22.87 6.85 16.02 12.77 13.14 2.97 22.60
SWKW/g 11.50 3.92 7.58 7.12 7.11 1.56 21.90
FSI 1.45 0.91 0.54 1.12 1.13 0.12 10.68
WKR/ % 87.61 31.65 55.95 53.77 54.81 8.43 15.39

2.3 HEREBMERBEXEST
FF Pearson A 1 2 B4 H1, 87 1y bk 5| Ff

BEVR I 14 A Fa PR A7 AR A ) A2 B2 09 AH OC M (3R
4), Hrp HRHPZ(GFVD) FREER(GFTD)
AR MR (GFLD) 8] 52 4% 3 1E 47 ¢ T 2R %
(DFVD) . T H# 4 (DETD) . T # M 42 (DFLD)
E] 2 A% W R A OC ;R RE(GST) 5 HF R =
B OH R E(GFUW) 20 B F IE M6 T3

FEE(DFST)5H R =/ TR =/ HFREE
(GST) . F 1 i & (NWW) | f R B (0 &
(SWKW ) ¥ 4% i 3 E A G, 1M 5 1 {3 (WKR)
S B AR G IR R T T i (IDW) 5 1 08 i
HE(NWW) S 8 3 EAH G i % (WKR) 5+
RFJEE (DFST) BRI T & (IDW) ¥ 24k B %
R 6, 17 5 B R AT i (SWKW) 24 8 3% 1F
FHX

x4 7THEMMEHRERERRBEERMBXLEST

Tab.4 Correlation analysis of nut phenotypic traits of 87 walnut germplasm resources
,Eij; GFVD GFTD GFLD GST GFUW NWW DFVD DFTD DFLD DFST IDW  SWKW FSI  WKR
GFVD 1
GFTD 0.575™ 1
GFLD 0.572" 0.899" 1
GST 0.366” 0.535" 0.508™ 1
GFUW 0.7627 0.8757 0.881" 0.607" 1
NWW 0.6727 0.7717 0.8127 0.244" 0.851" 1
DFVD 0.864" 0.4297 0.4417 0.171 0.6167 0.636" 1
DETD 0.405" 0.682" 0.668" 0.088 0.621" 0.698" 0.482™ 1
DFLD 0.406™ 0.7857 0.842” 0.214" 0.708" 0.784" 0.454™ 0.830" 1
DFST 0.265 0.3157  0.302 0.247° 0.394™ 0.436" 0.256° 0.299" 0.306" 1
IDW  0.5667 0.6557 0.730" 0.350 0.717" 0.732" 0.643" 0.633" 0.738" 0.466" 1
SWKW 0.580 0.686" 0.747" 0.3177 0.749”" 0.782™ 0.510" 0.567" 0.694" 0.275" 0.755" 1
FSI 0.569" -0.192 -0.201 0.050  0.064 0.021 0.663" -0.296" -0.320"" 0.031 0.072  -0.024 1
WKR 0 0.020 -0.005 -0.073  0.015 0.043  -0.200 -0.094 -0.059 -0.301" -0.364" 0.318™ -0.150 1

T *#3RIRTE 0.05 7K F T S 35 M 5 5 #3878 7E 0.01 7K F R Al A2 35 M %

Note: * indicated significant correlation at 0.05 level; ** indicated extremely significant correlation at 0.01 level.
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Fig.1 Cluster analysis of 87 walnut resources based on phenotypic traits
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fR I ST RO 13.76 g, B AR 4 5 IR T R R
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AN HE 5 T 0 BEAL 48 34 b A B U, 43 i
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T RBIE . i NM1-6 1) 75 H 5 i R 31.43 g, I

REFE K 7.09 g, RILHEE1.078, #2305 A JE ; Bk
FRIE ARG E R WA FIE 55 1 W4
TANBEUR O 0 1% W B AR IR RN RN
KR . G SRR o 43.52 g, IR T
01048 g, BRI H R 1.106, Z KM RIE 55 1
WAL TR 1A BEUR, Oy 56 20 e a2 IR AR K/
ARG NG CasR e, EEAE R
U 50.5 g, AR T 12.11 g, RIEHE 5K
JLAAT A e 5 N R LA SRR, N
(O S Sl L LR NV NN LS | 7 1| A T
()7 S0 B ol 55.25 g, AR T i E o 19.18 g, R IE
MR 5V RS T 174 5 g IR, 4351 &
FEE BG4S 409404 F I 25 WSS i
3T LTS k2 CEY 2 8511 ek
4% 8506.8510 1 F .Utk 1 5 . & iz WH
5 AR I RN 48 SRE £ i [ 5 [P
WFEFIRIE R T RIE , & B 45 RIE h 7 | E | 1L
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MFEF 1245, BH 45 12.28 g 5 VI W REAUHE T
6 4> il Bl BT IR, 430 R JE L FEOR B R 1295 R
FEEA LR 6T PR 3S R UR R E KN
55 B 2 KM IR 58 BT |, a0 2K L E IR R N
KGR, &R 125 R NEIE . B RATEED
F65~75g, &R 125 67.3 g, Fibk 35 74.85 g;
B A 45 8t b B8 3, 20 i 2 4 1% L
KE 08 75 i 645 R 185 AL 35 K &
RS R R BRI/ AR R 2 0 3T B S
[, a4 15 B8 3 8 07 R SR B8 S Oy B
. BETFEAE13~18 g, MiF 1l KR 18.73 g,

WHK17.6 g, Rt L MR, - REH T
0.43~0.5; H A4y 424> i B 5 I 0y 55 I ¥ , 3200 1
(4 5 N SR RN R S N BB 2R L4 R
AN R RN DI S b 9 Ak B R e Wi
o WILT 6 5 RIL KEE , uFRE NI, &
FEIRTE Ay A 1R
25 BMRERREERNERS W

Kb 87 U A% Mk 0% U A 14 A I S 3R AR AT
T RS AT A LR 5. LLERAE(E 1.0 R xR
MR T 4 E Wy, KR mmmERs T
86.934 %6 , Ho iz e T U SR AL MR 1 KA E B
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Tab.5 Principal component analysis of quantitative traits of 87 walnut germplasm resources

FILEIN LRI N

th:ygj);m PC1 PC2 PC3 PC4 Phijy&jﬁm PC1 PC2 PC3 PC4
GFVD 0.484  0.781  0.270  0.005 DFST -0.303  -0.076 -0.228  0.593
GFTD 0.817  0.039  0.454 -0.039 IDW 0.742  0.278  0.163 -0.424
GFLD 0.855  0.044 0414 -0.053 SWKW 0.813  0.240 0218 0.219
GST -0.151  -0.072 -0.943  0.113 FSI 0.304 -0.942 -0.021  0.069
GFUW 0.764  0.309  0.511 -0.051 WKR 0.093 -0.068  0.046  0.937
NWW 0.872  0.295  0.131 -0.051 ||##4Ffli Eigenvalue 7.588  1.580  0.890  0.809
DFVD 0.476 ~ 0.837 -0.022 -0.186 |5i#k=/% Contributionrate 53.734 15.060 10.015  8.125
DFTD 0.882  -0.025 -0.137 -0.182 | R 5ilkE/% Total rate 53.734  68.794 78.809 86.934
DFLD 0.940  -0.060  0.034 -0.141

551 AT R AR (E B K (7.588) , BTk R L
K, N 53.734 % RRAE ] & b IE 1) 2 5 A R
AR T RRR R GAR R A T RMAR,
HRAE 1) B E 2 R T 0.85, 33 S6 PR R e T IR IR
(4 /N i B0 ] 48 A A8 7R B oA 1 SR SR R L AR AE )
HH A -0.303. 55 2 F LA FRAEAE hy 1.58, BTk %
9 15.06 %, 1F [ 2 ff 38 i 09 PER A TR IAE L F
RYAR, H AR 1) A 1 T 0.78,, 1] 48 far {8 48
1R 1 SR ST 46 B, RRAE 1) B E O -0.942, X MR
SHMRIEIRAE . 83 F ML M 0.89, 51
1k 2% 10.015 %0 , 1F [ 28 faf 58 /55 19 A 75 2R 50 0 i
FEAE 1) 2 {H R 0.511, B 1) 4R for (B 42 & 1 A 5 LR
i, HUERAE 1) B 9 -0.943, J& T KBk 75 SR B Mok
FRIE. 5 4 B FRIE(E M 0.809, TR K 8.125 %,
T ) 28 A 8 e PR TR TR SRR R
{7, HURR AR (R 40 0 2 0.937.,0.593.,0.219, J& T
e L ) 28 B AR B
2.6 ZEBRERIERITNER

W 87 13 A% Bk 0 VR i) 1 AL 3 R P bR B A o

+50-

b MR 4 4 A F2 805 1 DT ER R AR 2K b TR ER
GIFMEIFHEY . 56 E s R, F AR
TR B R e AR
R AR HET WK 6,

87 173 B Ak T VAL 11y 1 B e AR MR 25 B 40 {1 Y
H(-0.185~4.756) , Zi G 4 E W - B 1.984, i
T F 1 SRR 25 I AR T 2R S
SPEEA. RIELEAE NGB REIPILEE R,
HE PP A5 21 3 K SHE b 25 5 VEHr 26 B0 A AR 10 B 5 9%
P56 T BB E FLE ik m (4.756) B F
IR AR, TR AR A 112.9 g, )8 T T4 K F,
R RE11.5 g, % 0.502, BILFEH1.431, %
FEETE AR KBRS R Ak
KR A BRI T 5 1 2R A%
15 MLEamE i (3.393) , T £ |E , iz
4.12 cm, 42 4.31 cm, 42 4.23 em. 32 il B R 3
R IR K S S B 5 J8 T I S ARk
S5 AR AL M (R AR I AR LT BB
SEAZ AR I A DXRRAR, B0 FE IR AT PR AR 1S A AR



VF P 5 < L0 5] R AR SR AL 2 A

Lo T B LR VAN

B R 73S
Peds s

R AR . HERIE S RN 2 R b
Ry AL o A SR e 1 i 45

B o3 E e (3.303) R P T T 13.76 g, SRAZR
#9.886 g, =% 0.718 g, R I35 %1 1.008, it [

B RFEBOL 58S

A L ST

Tab.6 Ranking of comprehensive scores of phenotypic traits of walnut nuts
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