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Phenotypic Traits Diversities of Walnut Germplasm Resources in Guizhou

LU Zhongke', ZENG Yajun®, WANG Gang®, HOU Na** , CHEN Shengqun®

(1 Guizhou Academy of Forestry, Guiyang 550005, China; 2 Guizhou Walnut Research Institute, Guiyang 550005, China)

Abstract: This study took 3 mountain ranges (Wumeng mountain, Miaoling mountain and Wuling moun-
tain), 19 walnut and iron walnut populations,and 245 individual plants in Guizhou Province as the research
materials,and analyzed the diversity, correlation, clustering and variation of 29 nut phenotypic traits, in
order to reveal the phenotypic genetic diversity level of walnut resources in Guizhou, and provide a basis
for the conservation and utilization of walnut resources in Guizhou and the construction of core germplasm.
The results showed that: (1) the Simpson index of 18 phenotypic quality traits of 245 germplasm re-
sources of walnut and iron walnut were 0. 26 —0. 82, and the Shannon-Wiener index was 0. 12—1.79. The
shape of walnut leaflet was diverse, and parietal leaf degeneration was prone to occur, Nut shell surface
characteristics, nut shape and Walnut skin color were rich in diversity. (2) The coefficient of variation of
nut phenotype is 3. 32% —47.67%, the average is 21. 28 % and the difference is significant (P <C0. 05), the
coefficient of variation between populations is 9. 42% — 31. 61% and the difference is significant (P <C
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0. 05). Intra-population and inter-population variation is the source of walnut phenotypic diversity. How-
ever, the differences in nut traits between populations were significantly higher than those within popula-
tion, indicating that inter-population variation was the main source of nut phenotypic variation in this re-
gion. (3) The phenotypes of walnuts in the three mountain regions have different degrees of variation,
among which, the Miaoling Mountain had a low degree of walnut phenotype variation, while the Wumeng
mountain had a high degree of walnut phenotypic variation. UPGMA clustering results showed that the 19
walnut populations were divided into three categories according to the Guizhou Mountain range, indicating
that the square European distance of the nut phenotypic traits of Guizhou walnut resources showed a posi-
tive correlation with the geographical region or climatic conditions. It is believed that Guizhou is rich in

walnut germplasm resources and has high phenotypic diversity, and its phenotypic variation mainly comes

from inter-population variation.

Key words: walnut(Juglans regia); nut phenotype; Guizhou; genetic diversity
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K2 ZHMRBEBMTHEEERE
Table 2 The description and assignment of the quality characters for walnut
E e F T I MR TR AE B il i
Type  code Phenotypic quality trait Description and assignment
1 /NHFEAR Shape of leaflet 1. R Ellipse; 2. KR Long ellipse; 3. K4 [ Broad elliptic
R 2 T B {4 Parietal degeneration 1. & Exist;2. JG None
Leaf 3 2R R Shape of leaf tip 1. BliJE Blunt; 2. #i48 Tapered;3. 848 Sharp
4 2R Shape of leaf margin 1. 2% Leaf margin smoothly;2. 41454 Fine serration
1. i [#JE Long circularl; Ji [#1JE Long circular; 2. 8] = ffiJ£ Upside-down tri-
s B AR Nut she angle; 3. [ U JE Broad ovate;4. B ##JE Broad trapezium;5. [## Circular;6.
v ut shape [%% i [ J& Broad elliptic; 7. £ J5 /& Rectangle; 8. #6JE Trapezium;9. P JE O-
vum;10. = Triangle; 11. #i[#JE Ellipse;12. >/ Heart-shaped
1. ZI8 /> Groove shallow and slightly; 2. Z1 40 . £ Groove shallow and
strongly; 3. ZI8LI . /> Groove deep and slightly; 4. 7|J{’XF % Groove deep
6 W Fe R AF Nut surface features and strongly;5. x'Ji%(ﬁ /L Pit shallow and slightly;6. 9'].‘-%(55 % Pit shallow
and strongly; 7. % 55 & . /I‘ Pit deep and slightly; 8. %I 5% i& . £ Pit deep
and strongly
7 LTI AR Shape of top perpendicular to suture 1. 2R Strong pointed;2. - Flat; 3. f§-F Slightly flat
8 HIF AR Shape of apex perpendicular to suture 1. W Glossy;2. 3 Truncate; 3. & Tower;4. [l Rounded
9 IR Shape of base perpendicular to suture 1. M Concave;2. ¥ Flat; 3. iy Bulge;4. f8™ Slightly bulge
% 10 #& A L4 1E Suture line character 1. [T Concave;2. B Swelling; 3. ¥ Flat
Nut
11 S5 2R 'E % E Suture line tightness 1. %55 Rarely;2. 55 Slightly; 3. f Moderately;4. 5 Strongly
1. #5¢ Light shell; 2. #1 5% Mod shell; 3. J& 5% Thick shell; 4. 4% % Pa-
12 ¥ 7e R E 2R Type of core shell thickness pe;%;)}:. E.%-g{ ﬁt];afe kernflm oderate she T 1ek she K Pa
13 N #8 B Minor septum 1. ¥ 5t Leathery;2. H Jii Bony;3. iR ft Degeneration
14 R BE X Major septum 1. 3 it Leathery;2. H Jit Bony;3. i Membranous
15 R A M0 BE Fullness of kernel 1. A3 Shrivelled; 2. #4151 Almost full; 3. {3 Full
- L 1. # Brown;2. # Yellow;3. # [ Yellow white;4. ##) Yellow brown;5. %
16 #A7H @ Kernel skin color # Light yellow;6. % Purple; 7. 241 Purple red
17 IR I A5]BF Nut evenness 1. A¥J%) Unevenly; 2. 834 %] Relative evenly; 3. #]%] evenly
18 A X Kernel flavor 1. #f Excellently;2. #1 Moderately

T AR 5 R B R AE X R T T

Note:Codes correspond to phenotypic quality traits, the same as below
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Horp, S AR ML — R B R

gfﬁ#ﬁ?’éﬁzu

5 2 PR BB A7 bR v A A B T B RK G L
O 1 (UPGMA) X JH B 40 B4 g 47 B 2540 ¥, Al
H MEGA-X-10. 2. 6 #{4E/EK .

'@E’J%ﬁ‘(ﬁ;P SEAR AR — R A T MR AR AR A
Fofr 22 25 PR i 5 3 50 o AR 5T 4 50 L A7)
() HFBIKR S F ik 18 M Excel 2007 #fF
TRCHE G2 1T RN A B, A Simpson 8 %X Shan-
non-Wiener 5% S 2 {8 F 28 S R H0%0 0, 5 1
SPSS 26. 0 FAFGE i A% Hk 2R L M AR 1 - X {8 A bR 1
25 HPER B 728 53 RE(CV) FRoR JE R A Z HEHEK
P00 I3 Hf Duncan K5 X 44 bR UL {1 R
TN LR R REN I 22 57 B E Y R Ak
FR B0 W A ) R R A A R

(D ABMKRRE S H 7% s H SPSS 26.0

2 g 550

2.1 BHERBEERFRSGREHEMEEY
2.1.1 BHMRBEFEMRESHEESHF 18 PR

AR AY Simpson #8401 Shannon-Wiener 5 %%
Sr5Ih 0.26~0.82 F1 0. 12~1.79(% 3). FEIH A
PEMR . Simpson 5 ¥ Fe w2 U B AL 4,
0.50, 2RI MR F MK, & 0. 37, Shannon-Wiener &
B s e /AN IER, A 0. 75, MM IE R & K. R
0.12; 7F % B 4 4R A, Simpson 48 ¢ Al Shannon-
Wiener 154053510 0. 26~0. 82 1 0. 45~1. 79,
i, 4% 5T R AR AE AY Simpson $8 50 Shannon-Wie-
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ner 8B B . o 0.82.1. 79, LIR B %
5o 0.80.1. 71, I, BBkt i 5 o B0 it
BALI G, B/ AR 288, B Ah , I A% 52 36 1 4F
TE R A a2 E .

&3 R AR AR N IR AR N 3 R,
LK W2 e 2 (72, 24%), W R OB & >
(7.35%) ; TR AL I G 8 £ (55. 9220 5 iHARIE AR
Gy k3 B, LR M (75, 92%0), BB & >
(1.2250) s IR R L &% R (97,55 %) . FEIRR
PR R A 12 25, LRE (48, 57 %),
HWRGZ i FE (15, 12 %0) (R IRDE (10. 20 %60 HA4
B I AN GBI BN D IANI B AN B AN
B B = MAIBFGIE &N, R 0,41 % ~6. 53 %5
Wit 2 W FFAE DL Z0 s o L & 64, 13%, I 80
35.87 % Horh 2w e b e (23, 67000, 204
D E B (2. 48%) RTHIER LLR N £
(75.92%); R E R LLFh F (37, 5520, &
(8.16 %) Fe ks K TE AR LA 3 (37, 14 %), [
(15. 10 %) fe /b s B8 A SRR LA L O 32 (84. 49 %0)
BRI LI R N (61, 63%0) s B R LU
W FE(68. 57200 s N BE LR (57,96 %0) &

B TR AR (2. 45 %6) 5 B R AR 5 > 3 (57. 96 %6) 5
FAT MR W6 BE S 92, 2400 BT B2 B DLk Bl E
(33.47%) VR LT He /(0. 82%) 3 W S M AR My &) FF
Hi 98. 78 %6 s A~ MUBR B 4 (82. 86 %0) . MR UL,
SN b XA B R SRR AE 2 0 # e  BE A 26 Tk
AL R AR TS A A M6 55 HLAZ b X —
el OREY g
2.1.2 #ZEkRBFEHRSHEEIFT £ 4RV
WAk /N B 7~ 17 FRRLE R AL 1~ 979 R 1,50
~10.50 mm, ¥ 6. 04 mm; =R N 25. 80~
41.70 mm, ¥ 33. 20 mm; RIEFEE 0. 77~1. 68,
A4 118 KT 2. 02~13.30 g, F¥IH 5. 04 g;
PR N 4.30~34.00 g, F# 10,16 g, H AR RH
BB KR IN RA (29. 91 %) , FUR 2 Bk 45 R4k
(29. 87 %) Fl B S (29, 37%), fx /M & = 12 4 1
(8.3020) . UHITEEMAERK AT SRS ZOESH
R4 B AR SRR IR AR AR R /N
2.2 BHREBEXEDH

i Pearson FUA M AH G R B4 BT 245 4y % Bk
BARAS [R5 MR A G M (I D), M G R BGE B
BEKFLL B 27 X, Hoh g 2 SO 6 8 &), B

3 HAREBRREMNFREERTERERR
Table 3 Variation of quality traits in leaves and nut phenotypes
JURT ﬁ?ﬂﬁﬁ K% 7 &5 L The proportion of each level/ % - Shannon-
type quality 1 2 3 4 5 6 7 8 9 10 11 12 Index 1/ jex
trait code
1 20. 41 72.24 7.35 0.43 0.75
PR 2 55.92 44.08 0. 50 0.69
Leaf traits 3 .22 75.92 22.86 0.37  0.64
4 97.55 2.45 0.48 0.12
5 15.12 0.41 3.67 4.08 48.57 10.20 6.53 1.63 3.27 0. 82 5.31 0.41 0.72 1.72
6 16.73 17.10 2.48 23.67 21.22 5.36  13.88 0.82 1.79
7 75.92 0.82  23.27 0.37 0.59
8 35.10 37.55 8.16 19.18 0.70 1. 26
9 15.10 37.14 20.00 27.76 0.73 1. 34
10 0.41 84.49 15.10 0.26 0.45
2SR 11 27.35 3.27 61.63 7.76 0.54 0.96
Nut traits 12 68.57 10.61  0.82 19.18  0.82 0.48  0.89
13 39.59 2.45 57.96 0.59 0.77
14 40. 82 1.22 57.96 0.50 0.74
15 7.76  55.10 37. 14 0.55 0. 89
16 13.47 13.47 14.29 18.78 33.47 5.71 0.82 0. 80 1.71
17 1.22 82.86 15.92 0.29 0.52
18 82.86 17.14 0.29 1. 49
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Table 4 Analysis of diversity for 11 quantitative characters of walnut
(EXN g PHME PN Fe/ME e 22 i 2 Rz BRRH
Character Code Mean Max Min R Variance SD CV/%
/N Number of leaflets/slice 19 10. 24 17. 00 7.00 10. 00 3.42 1.85 18. 06
ARG 25 B Number of walnut of single branches/an 20 2.97 9. 00 1.00 8. 00 0.79 0. 89 29. 87
H K JEE Thickness of green husk/mm 21 6. 04 10. 50 1. 50 9.00 2.62 1.62 26. 82
Y\#% Longitudinal diameter/mm 22 36.03 45. 30 26. 60 18.70 13.32 3.65 10. 13
f4% Transverse diameter/mm 23 30.61 41.70 24. 20 17.50 8.03 2.83 9.26
4% Side diameter/mm 24 32.96 42. 80 25.10 17.70 10. 74 3.28 9.94
=#¥{H Geometric mean diameter/mm 25 33. 20 41.70 25. 80 15. 90 7.60 2.76 8. 30
I A8 E Nut shape index 26 1.18 1. 68 0.77 0.91 0.01 0.12 10. 00
%1~ Weight of kernel/g 27 5.04 13. 30 2.02 11.28 2.28 1.51 29.91
LT Weight of nut/g 28 10. 16 34.00 1.30 29.70 8.90 2.98 29. 37
H 1~ % Kernel rate/ % 29 50. 31 75.50 31. 80 43.70 53.51 7.31 14.54
e ARG 5 2 BRI MR AR X Rz, R )
Note:Codes correspond to phenotypic quantitative traits, the same below
1.0
/A% -0.023 0.070 0.081 0.040 0.083 0.082 0.055 0.0042 0.097 -0.035
[Number of leaflets
0.8
bR 015 -0.078  -0.056 -0.071 -0.082 -0.024 -0.074 -0.063 -0.038
Number of walnut of single branches
* HEHEE 022 010 012 048 013 0.050 0.074 -0.080 0.6
Thickness of green husk =
“* g% 044 050 079 059 036 055 -0.15 - 0.4
Longitudinal diameter
) 4% 081 086 045 047 065 -0.16 0.2
Transverse diameter
& . W% 080 025 049 069 -0.15 )
Side diameter
= . . =% 0.0075 051 074 -018 - .02
ometric mean diameter
3 ’ 9 = RN 0061 0047 3264 | [,
Nut shape index .
2 © i@ 054 0.097
w @ . Weight of kemel -0.6
0000 6.
Weight of nut -0.8
* * * ok *H {ﬂ{ 4¥
Kemel rate -1.0

K1
Fig. 1

FIEAR 19 Xb, 11 ARBBE MR, 7 R E
HYE R BCE B B G R SR B
TREC AL PR R B IEOC, SR A B
IEARSG AR A= R B 3 R AR O
5 R L IR OG s AU R B B AR A A
28 A ROM OG5 B R RS 7T B R A W A
KA RORE AR B AR 5 35 UM
Ko MRV =1 R R

A 22 A [ B PR B9 AR 5E A 0 A7

Correlation analysis of different quantitative traits of germplasm in walnut

TR R 5 e AR R, B AR A R o
M, H T SRBAIT
2.3 ZHMRBETRE5HWL

AL 3 A Lk DS A e S R R SR A AR
BT LRI 20 (3 5) .19 A4S K AR B A bk e
PR AE SR BN 3. 32% ~47.67% , £ 3 WH (P
<<0. 05) ¥k 21. 28% . e Rodetk b, A48 5 R AU
KGRI B AL 4 (25. 98 %) , IR (3. 32 %)
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F6 BREWIEREERERML anova
Table 6 Anova analysis of nut traits between populations and within population
I E M Sig. o FH M Sig. B M Sig.
AR AR AR
Character S A 1) JE N Character S 1) JEREN Character Je& 1) JE N
code Among Within code Among Within code Among Within
populations population populations population populations population
1 0. 000 1. 000 11 0. 000 0.003 21 0. 000 0.337
2 0. 000 0.034 12 0.008 0.120 22 0.221 0.075
3 0. 000 0.036 13 0. 000 0.261 23 0.193 0.494
4 0. 000 1. 000 14 0. 000 0.134 24 0.225 0.210
> 0. 065 0.998 15 0. 000 0.042 25 0.076 0. 047
6 0. 000 0.555 16 0.067 0. 405 26 0.573 0. 810
7 0.058 0.088 17 0. 000 0.999 27 0.003 0.012
8 0.001 0.719 18 0. 000 0.010 28 0.584 0.278
9 0.047 0.637 19 0.003 0.752 29 0. 000 0.003
10 0. 000 0.196 20 0. 004 0.970
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Fig. 2 Cluster analyses of 19 populations based on average

Euclidean distance of phenotypic traits
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The letters in the figure represent the population code, and the specific meaning is the same as Table 1,
The numbers represent different walnut individual plants in the population
Fig. 3 Cluster analysis of 245 walnut based on the average Euclidean distance of phenotypic traits
X7 FTAHEREST 29N ERERNTRER
Table 7 Variation of 29 nut traits in different geographical regions
A5 RELCV/ A AR FECV/ %
PEARACTS TR TS
Character B X T UA 1 X X Character 55X P4 X % X
code Wumeng Miaoling Wuling code Wumeng Miaoling Wuling
Mountain Mountain Mountains Mountain Mountain Mountains

1 32.25 5.35 21.00 16 43.52 45,21 28. 82
2 23.44 31.92 20. 66 17 7.92 4.37 4.29
3 17.74 0. 00 12.09 18 22.04 5.42 8.58
4 0. 00 0. 00 15.77 19 16. 86 11.92 23.60
5 60.91 37.54 38.93 20 25.46 3.17 18.55
6 41.40 52.17 46. 42 21 17. 44 7.14 30. 66
7 42.11 24. 24 44. 28 22 9.72 9.72 6.96
8 47.05 41.58 47.15 23 9.01 8.15 5. 96
9 37.96 36.75 40. 00 24 9.53 6.59 8.65
10 16. 00 6. 14 7.14 25 8.13 5. 80 4.56
11 28.53 15.43 20. 27 26 8.57 12. 36 9.72
12 60. 22 18. 88 57. 31 27 23.94 17.79 17.43
13 35.22 12. 38 22.92 28 23.06 14. 45 21.95
14 35.56 8. 40 26. 22 29 11. 84 8.31 12.77
15 25.32 15.78 10. 67
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