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Phenotypic Diversities of Nuts of Walnut Populations Originated from
Seedlings in Liangshan Prefecture

LIU Hao' , MA Qing-guo' , ZHANG Ji-yong’ , WEN Ming”’ , SONG Xiao-bo', ZHANG Jun-pei’, PEI Dong'
(1. Research Institute of Forestry, Chinese Academy of Forestry, Key Laboratory of Tree Breeding and Cultivation of State Forestry Administration,
State Key Laboratory of Tree Genetics and Breeding, Beijing 100091, China; 2. Forestry Bureau of Liangshan Prefecture, Xichang 615000,

Sichuan, China; 3. Olive Breeding Demonstration Forestry Station of Liangshan Prefecture, Xichang 615000, Sichuan, China)

Abstract ; [ Objective ] Using the nut of Juglans regia and Juglans sigillata in Liangshan of Sichuan as samples to
study the phenotype abundance and variation characteristics for detecting resource and providing theory evidence in
using resource reasonable. [ Method ] Taking 330 seedlings from 15 J. regia and J. sigillata populations as research
materials, the diversity and cluster analysis were studied using 18 nut phenotypic traits. [ Result] (1) The coeffi-
cient of variation of phenotypic traits in Liangshan walnut population originated from seedlings was between 8.46%
and 59.47% , with an average of 35.26% . The nuts with very large ( >20.0 g ) and very small ( <5.0 g) single
nut weight occupied a certain proportion. The phenotypic traits meet almost all the trait descriptions in the “Guide-
lines for the conduct of tests for distinctness, uniformity and stability-Juglans ( Juglans L. )”. Three features in
shape and one in skin color of kernels were added. The Simpson index of population genetic traits was 0. 201 —

0. 855, Shannon-Wiener index was between 0. 649 and 2. 873, indicating abundant variations in nut phenotypic di-
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versity in this area. (2) The phenotypic differentiation of 18 phenotypic traits in populations was larger than that a-

mong populations in this area and the differentiation coefficients among populations was 6. 03% , suggesting the phe-

notypic differentiation in populations was the main variation source. (3) UPGMA cluster analysis showed that the

Manhattan distance of nut phenotypic traits were positively related to the geographic distance or climatic conditions.

[ Conclusion | The nut phenotype of J. regia and J. sigillata in Liangshan was abundant. It is the important area for

distribution of diversity walnut resources in China.

Keywords : walnut( Juglans regia) ; phenotype diversity; liangshan; population

1k (Juglans regia L. ) S518Z 8k (J. sigillata
Dode) ¥4 J& & Bk B} ( Juglandaceae ) , ¥ 8k J& ( Juglans
L. ), KZMk4L (Section Juglans) ,7EF FE DU 1145 (1L 3%
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Table 1 The ecological and geographical information and sample size of populations in this study
v o oK R R 3% Elevation AR
Egﬁ({tﬁ% jé*qéﬂﬁ . é}_f;‘ﬂ:( E) é':EE( N ilzjnifg ﬁj\ir?n:jm Ari':‘uil sur?;iaizne T SEHE Sﬁafji
Code sampling site  Langitude Latitude . .
precipitation/mm  temperature/ C hours/h Range/m Mean/m  size/ >
XC PHE 102°05'09" 28°04'07" 1013 15.0 1 648 1500 ~2 500 1542 9
YY ThUR 101°29'35"  27°25'53" 855 12.1 2 600 1 800 ~2 700 2 540 8
DC prog=1 102°10'37" 27°24"21" 1 049 17.7 2147 1300 ~2 500 1380 38
HL il 102°14'33"  26°39'16" 1130 15.1 2 055 1 000 ~ 2 600 1788 46
HD 27K 102°34'24" 26°38'08" 1 001 16.1 2 445 1 100 ~2 300 2 075 24
NN T 102°44'00" 27°03'48" 970 19.4 2257 800 ~ 1 900 1 643 17
PG WA 102°32'22" 27°22'35" 1 300 16.8 2 095 1 040 ~2 680 1 860 12
JY 4 fH 103°15'08” 27°41'33" 820 15.8 1574 900 ~ 2 200 1452 13
Z) A i 102°50'58"  28°00'28" 1013 19.0 1622 1260 ~ 1 600 1430 15
MN 7T 102°13'48" 28°32'52" 1110 13.3 1878 1700 ~2 500 1774 14
YX figit 102°30'31”  28°38'06" 1133 13.3 1 687 1 620 ~2 700 1 662 12
GL HE 102°47'48" 29°02'25" 850 17.0 1 661 870 ~ 1 980 1170 12
MG FEhh 103°06'17"” 28°26'23" 815 11.2 1791 1938 ~2 211 2074 33
LB EW 103°34'19"  28°15'45" 850 12.2 1225 900 ~ 1 800 1353 43
ML AKH 101°16'18" 27°56'09" 800 14.3 2 303 2 000 ~2 800 2 667 34
41t Total 330
x2 FEMZkFEZ R RRBESEREREIE
Table 2 The description and assignment of nut quality character for walnut accessions in Liangshan prefecture
Nz MR SRR A e IR IR EWAET
Code Nut quality traits Description and assignment
, W BB L YT TR IR 1. #15JE Elliptic;2 : [#4 R Broad elliptic;3 : K [AJE Long circular;4 ; [AlJE Circular;
Shape in longitudinalsection through suture 5: GR[EITE Ovate;6: [# BITE Broad ovate;7 : =ffJE Triangular;8 : #JF Trapezium
‘ - 1 :[AJE Elliptic;2 ;i [EJE Oblate;3 : {#] U [RJE Inverted Ovate ;4 ;.0>JE Heart-shaped;
2 ﬁﬁﬁ%ééﬁ%{ﬂﬁﬁ;% . . 5GP ]Elﬂ:ﬁp Broad ovate;6: = ffiJ Tfiangularﬂ .77 (Bf) JE Squareness ( Trapezifm) ;
Shape in longitudinal section perpendicular to suture 8 . KM JE Long circular:9 ; 5B Ovate 10 HoAls Other (6 1)
3 IREEEYIEIEIR Shape in cross section 2. i [AJE Oblate;3 ; [AJE Circular;4 : ##[HJE Elliptic;5 ; HAth Other
4 TR HFEEE Prominence of apical tip 3. Weak flat;5:1"y Medium bulge ;7 : 2% Strong pointed
5  HJFIEIR Shape of apex perpendicular to suture 1:[@J¥ Rounded ;2 : ¥ Truncate
6  HJEIEIR Shape of base perpendicular to suture 1 ;[ Rounded;2 : jii [#JE Oblate ;3 . #2JE Cuneate ;4 ; 7} Truncate ;5 ; HoAth Other
7 Z|%% Pit on the shell 1./ Slightly;3 ; 5t Moderately ;5 : £ Strongly ;7 : fR 2 Embossed;
8  ZIZL Groove on the shell 1.3 Flat;3 . 3% Shallow ;5 : 1 Medium;7 : % Deep

9 HEH 255 Number of pads on suture

10 88454k AR Prominence of pad on suture
11 REFAAEF b Diaphragm texture
12 PR EEF L Inner pleat wall of shell

1:2 %% Two;2:2 ~3 4% Two-three;3:3 2% Three;4:2 ~ 4 4% Two-four;5:3 ~ 4 %% Three-
four;6 :4 2% Four (& 2)

3.9 Flat;5 1" Bulge

1 : i i Membranous;2 : 4Ci Papery;3 . 55 Leathery;4 . it Bony

1 6 jfi Membranous ;2 ; §5Jii Leathery;3 ;5 i Bony ;4 :iE{k Degeneration

1:H (%% H) White ( Yellow white) ;2 ¥ #% Light yellow;3: %% Yellow; 4. ¥ # Light

13 #%{~Hz % Skin color of kernel

brown ;5 : # Brown;6: L% ( 2541) Red brown (Purple red) ;7 : 2545 ( £8) Purple brown

(Purple) ;8: 5 Black (& 3)

3 HRGAA

BRRRBENEEMRTESHRESHFEEIEE
H15¢ 3 A0 13 AN IR R SR AL Y it MR Simp-
son $8%°4 0. 201 ~ 0. 855, Shannon-Wiener $5 % N
0.649 ~2. 873 JLoft V4% 2 Lk BT RURIR (1O 1)
()35 4y 0. 855 F1 2. 873, 7 B 4% A £k A\ V) m (fLAD
2) HYRHR 0. 771 F12. 546, 255 Kk (AR5 7) 1943

3.1

J29 0. 731 I 1. 940 , R~ Kz 4 (fURS 13) f953- 51
0.761 H12.490, BIREE S LKA (U 9) M4k 52k
FHMFEEE (fUHY 10) 1) ZAEPESR RO AR e 2 K
S B R BLE BRI JE (= IEF07 (B) T2 3 Fil
e 48 S R AR AN A= (— R A AL ) L 3%
TERZME)E DUS JMHE R A R DL 38, 55 A 0 B
TR ETE 9 FoA, PR, R T L4 S R AT AR
10 G, AR 8 Hu(3R2) .
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Fig.1 Shape in longitudinal section perpendicular to suture of walnut in Liangshan prefecture
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LYV AR b, B i o5 b #K (38.79% )
HHINETE (17.58% ) Jm L (16.97% ) KM
BT (12.12% ) , H A4 @ 09 B L0 T8 3 09 R E |
=S R T5 () B B i e B Eh, h 3.33% ~
1. 21% 5 R 1R DL RDE F [BE R 325 2R
JETE R BRI AR A b LY LR J& 2, 43 305
58.48% F1 46.06% ; TS HFE BE o™ 1Y) % 5L e
%, 17 47.88% ,iF— A EIUE T T4 58 R I (g
IR 7 M X E B, RS A A Ok
BT 6 G, B A R AE IR AT S5 L T o L R
FEA BB — 2 A e, P S8 G2 4802 A L
B2, 089.09% ,2 4Lk B A7 LK, M 6.67%
~0.30% . Z1% &R & ZMIEZH& G
31.21% F123. 64% , Vi, W 7 9] £ Hh DX 36 4% Bk 95 U5
1) R R T DAV 20 %8 R 32 o Ao I S 5 b, LA 4085 1)
PR % 15 46.97% . PIRARE 5T R Ak i) U A
2,15 54.24% Uk B 2 M DX R 4 T S APk AN 3L
BB G B~ . S XA el lE ey £, 5
41.82% bR HE 6 M- @, i8F 10.61% 5
(N e/

3.2 BERRAHSEREERME

Fe4 R PRI ER 3.29 ~28.18 g, F
11.99 g;52/5 % 0. 11 ~4.50 mm, 44 0.96 mm; M}
{~2%410.00% ~ 78.48% ,-14 48. 06% ; |7l FE $5 4
H50.66 ~ 1. 13,514 0. 88; =4 H{H Ny 21. 24 ~
47.41 mm,F334.17 mm, REZFZEZENESR

1 | 3 I 6 |
B2 Sl AR A IR R e 5 2 A H BT IR

Fig.2 Number of pads on suture resources of walnut nuts

in Liangshan prefecture
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Fig.3  The kernel color of walnut nuts in Liangshan prefecture

Bk, R 44.59% ; O R i, o 31..02%
FRUCR A= E, R 19. 03% 5 2 Ji5 A = A2 4 (8 F0 B 2
FeH, 435k 10.41% F19.22%

25 IR SR AR IR A A 534 BT B (B 4) 3%
] 2 AR o0 A A 25 o, SR BT 6 | MR S8 A
JERR BTG IS A (A ST R = A2 B {E i
PR X 437 . BRI R KL 10.04 ~13.94 g,
Hi 46.67% o W REHTE 43.26% ~ 52. 86% , 4
51.52% . = 42I{EAE 32. 31 ~ 38. 73 mm £E 43
i fH 32.31 ~36. 04 mm Ay PEARI R M ok, 5
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46.97% o[BI EEFE R, Forr 0. 78 ~ 0. 84 B /fy
23.33%,0.84 ~0.92 } 5 35.76% ,0.92 ~0.98 f{

x=3

RN 330 AR 13 N BRRBWREERTRRR
Table 3 Variation of thirteen quality traits for 330 genotypes nut phenotypic in Liangshan prefecture

Hi21.52% , "RRESTRIE0.74 ~1.19 mm fYPEIR
WIS A B K, 15 55.76 %

B RS ZRJ9 15 H) The proportion of each level/% 2R R FA-HENTEEL
Quality traits code 1 2 3 4 5 6 7 8 9 10 Simpson index Shannon-Wiener index
1 15.15 10.91 13.94 21.52 3.33 8.18 13.94 13.03 0.855 2.873
2 38.79 16.97 2.42  3.03 3.33 1.21 2.12 12.12 17.58 2.42 0.771 2.546
3 39.39 58.48 1.52 0.6l 0.502 1.118
4 34.85 47.88 17.27 0.619 1.476
5 58.48 41.52 0.486 0.979
6 46.06  9.09 14.24 29.09 1.52 0.674 1.840
7 14.24 30.91 31.21 23.64 0.731 1.940
8 45.15 40.61 9.39 4.00 0.620 1.578
9 89.09 6.67 0.30 3.33 0.30 0.30 0.201 0. 649
10 26.97 73.03 0.394 0.841
11 13.33  46.97 28.48 11.21 0. 668 1.770
12 13.94 24.85 6.97 54.24 0.620 1.642
13 10.00 17.88 41.82 3.64 3.64 5.45 6.97 10.61 0.761 2.490
R4 RN 330 HEAERRE S MHERKHERKER
Table 4 Variation of five quantitative traits for 330 genotypes nut phenotypic in Liangshan prefecture
Bt PR A LYY RN S IN N R/ME FEME ez i AR R
Quantitative traits Code Quantitative traits Max. Min. Mean Range SD CV/%
14 PSR B Weight of nut/g 28.18 3.29 11.99 24.89 3.72 31.02
15 52 J5 Shell thickness/mm 4.50 0.11 0.96 4.39 0.43 44.59
16 14~ 3 Kernel rate/% 78.48 10. 00 48.06 68.48 9.14 19.03
17 |7 £ 45 %% Index of roundness 1.13 0.66 0.88 0.47 0.08 9.22
18 =441l Geometric mean diameter/mm 47.41 21.24 34.17 24.17 3.56 10.41
50 60
K 10 | =Y K
0

7.2 10.0

Wi#Frequency/%

13.9

16.7
R EMass of single/g

0.78 0.84
[ FEHe ¥ Index of roundness

[l 4

36.34 43.26 52.86 59.78
H{=#%Kenel rate/%

Bi#Frequency/%

0.92 0.98

DL PH A U AR R T PR A ) A1

Fig.4 Frequency distribution of nuts phenotype characters of walnut in Liangshan prefecture

29.62 32.31 36.04 38.73
=#¥){EDiameter mean/mm

0.41 0.74 1.19 1.52
#% 7B Thickness of shell/mm
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H% 5 Al A 18 AN IR LR A PR AR S R Eh
8.46% ~ 59.47% , 22 F B FH (P <0.05) , K
35.26% ,Hor AR SRR B R IR 20, H 59. 47 %

e

AR SRR /NIRRT O 8.46% o 1S AR
18 A1 2R 2 T PR AR AR S AR B P9 (E g 29. 49% ~
39.28% , AR ZE AN

UM IS M REEFHERRBEURERRYRSERLR

Table 5 Variation coefficients (CV) and multiple comparisons of phenotypic traits in 15 populations in

Liangshan prefecture

TR JE#E Population HiE
phenifj;:flrans DG GL  HD HL JY LB MG ML MN NN PG XC YX YY 75 Mean/%
! 63.21 36.47 63.56 63.55 66.89 47.24 54.99 37.17 46.04 43.86 58.86 69.02 52.26 37.64 49.13  52.66g
2 31.13 25.69 36.77 38.53 54.20 54.20 29.13 44.78 22.85 40.05 28.75 39.09 42.74 32.63 35.77  37.09def

3 26.08 20.89 18.84 20.59 15.84 18.83 17.65 17.09 18.81 20.82 21.10 21.43 22.60 21.38 21.82  20.25b

4 29.41 30.06 36.12 22.87 31.35 34.07 30.97 33.60 30.59 29.33 25.88 29.27 19.93 39.40 31.40  30.28cd
5 45.20 34.82 30.43 35.49 45.17 38.10 35.48 36.83 35.95 34.99 33.36 36.08 34.82 26.45 36.22  35.96cde

6 57.76 60.54 58.23 55.16 60.46 54.40 60.60 68.91 63.60 60.91 60.80 49.93 44.20 46.29 61.93  57.58g

7 44.91 38.56 60.53 47.22 75.31 48.54 39.66 45.05 39.05 27.62 51.31 30.57 30.76 50.65 43.04  44.85f

8 69.00 49.49 86.92 60.20 65.81 64.11 59.84 52.05 60.31 59.46 67.42 68.82 40.20 46.61 41.82  59.47¢

9 82.22 0.00 37.68 44.70 25.75 54.55 31.91 68.29 24.94 0.00 26.65 70.19 33.36 77.14 78.49  43.73ef

10 20.79 22.72 16.32 20.53 11.45 15.81 10.09 20.97 25.94 19.31 26.11 27.11 26.86 27.60 14.87  20.43Db
11 36.51 34.88 27.24 29.93 35.36 36.89 32.68 30.28 30.94 29.22 37.26 39.67 55.16 61.72 26.35  36.27cde
12 40.11 44.72 31.65 40.37 48.86 21.46 32.30 34.09 37.15 40.70 51.31 43.27 69.28 70.71 29.41  42.36ef
13 47.83 70.20 51.94 64.46 65.56 45.61 57.29 68.67 38.12 52.70 40.18 55.22 63.21 49.68 57.47 55.21g
14 37.51 36.71 24.67 21.48 31.82 27.99 25.59 34.58 33.64 17.31 22.11 21.66 18.50 37.60 34.33 28.37c
15 32.76 36.26 34.91 19.31 38.83 43.80 72.44 42.27 25.33 30.32 36.12 23.26 25.43 35.54 35.15 35.45cde
16 10.57 8.06 6.92 9.33 5.20 10.65 9.38 8.42 6.17 7.33 11.54 6.19 7.94 10.14 9.02  8.46a
17 15.29 16.07 15.26 16.56 18.91 20.35 29.95 24.58 12.70 10.87 17.60 8.10 11.60 14.11 14.27 16.41ab
18 10.16 12.71 10.27 7.97 10.31 11.08 8.74 11.35 14.91 5.98 4.77 8.62 5.39 15.16 9.46  9.7%

#{H Mean  38.92 32.16 36.01 34.35 39.28 35.98 35.48 37.72 31.50 29.49 34.51 35.97 33.57 38.91 35.00 35.26

T TR EEACRS 3R 1, MRS 1 ~ 18 WK 2, F IRl “ ¥ FUA R T B3R PEAR B 7E 0. 05 /K- b 22 57 W3,
Note ; Code of population see table 1, codes of phenotypic traits 1-18 see table 2, the same below. Paired populations with the different letters are sig-
nificantly different (P <0.05) shown in ‘Mean’ line, and Paired traits with the different letters are significantly different (P <0.05) shown in ‘ Mean’

column.

Xt 15 ARSI A TR Y 18 AR B
WA A Tr 220007 T A% o0 AR S iy e B
IR 6 AL A N 7 2200 ik i AR S5 1Y 93. 97 %
JEREE] J5 22 7045k 7 6. 03% 5 JEAE ] 18 AR ALK Y
BRIV R ECR 0. 16% ~ 11.03% , ¥4 6.03% ,
18 A FIUVEIR I fie K22, /DR IR TE
AR5 18 AMEARTT 225045 11 73 LU JE AR N A2 S R T
JERRETR] , 6 HH J AR P9 A2 S i 2% DX I I SR 3R TR A S Y
3.4 ERERBEESHERIBESNT

PABT 69 18 AR SRR B F- B S 4L,
FFAZHE AN AZ A S A= Jo i R B EIR Manhattan i
B EFT UPGMA RO T, 4521 (181 5) W . A%
FHES 0. 8 B, 1S B A AZ AR S A FE A SR O 7
Z. DC.HL.XC PG RN LTI JY LB MG,

71 BRI R GL NN MN 52 HD Bl —
2 AEBALIEE N 0.9 B 5 R BULZE RN 255 YX,
YY 7ESAEHEEI A 1.1 IR — 25 ML 52
(L BB e . B IT S R BT 5 b PR B
a7 A B TEA S e 3
4 g

SR GRIC I R 178 5 0 LT 1%, AR S
TR TE 2 T A 7 B S I o 1 4 2
PES 10 (BB RIARIOAN 4 Tk AR VR T,
H— 4 A P A S K R R B 5 S
T2 RSO 15 A5 SRR 330 AR Rk
18 AR A RIPEIR (19 2 REVE ST 45 ST, sl
R AR Ve U AT F B 10 R, AR
36T MR DUS M s KRB0 kiR,
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Table 6 Variance components and phenotypic differentiation coefficients of nut phenotypic traits of

walnut populations in Liangshan prefecture

FERUPEIRARTT J5 244y & Variance component J5 224y 8 41 H Percentage of variance component /% Je e ] e A
Code of phenotypic JE R JEREN SRR JERER VRIS
traits Among populations Within populations Among populations Within populations Vsr/ %
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Fig.5 Cluster analyses of 15 walnut populations based on average

Manhattan distance of nut phenotypic traits
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