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Analysis of Phenotypic Trait Differences and Synthetical Evaluation
of Nut of Different Hazelnut Varieties (Lines)

MA Zhong, ZHANG Yungi, BAI Qian, WEN Yue, SU Shuchai”

(Beijing Forestry University, College of Forestry, Beijing 100083, China)

Abstract: We used Corylus heterophylla Fisch., C. mandshurica Maxim. et Rupr. and 25 C. hetero-
phylla Fisch. X C. avellana L. strains with good growth, resistance and yield as materials to analyze the
appearance quality. 17 appearance quality indexes such as nut length, nut width, nut weight, kernel
weight, shell thickness, kernel percent, shell weight, shape index, elongation, arithmetic mean diameter,
geometric mean diameter, sphericity, aspect ratio, surface area, volume, filling index were measured and
analyzed. The appearance quality characteristics of the hazelnut strains were comprehensively evaluated by
means of analysis of variance, correlation analysis, cluster analysis and principal component analysis. The
analysis of nut quality is of great significance for the cultivation and screening of hazelnut strains, and
which provides a scientific basis for the variety selection, development., processing and utilization of do-

mestic strains of hazelnut. The results showed that: (1) the differences in 17 appearance quality indexes of
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different hazelnut strains showed significant levels. There were obvious differences in shell weight, volume
and nut weight, variability coefficient of which were 31.49%, 30.44% ., 27.50% , respectively. The varia-
bility coefficients of aspect ratio, shape index, elongation, sphericity were below 10%. (2) The nut
length, width, thickness, nut weight, kernel weight, kernel percent of C. heterophylla Fisch. X C.
avellana 1.. strains were better than that of C. heterophylla Fisch. , C. mandshurica Maxim. et Rupr.
The kernel weight and kernel percent of C. heterophylla Fisch. X C. avellana L. strains were 0. 70 —
1.46 g, 31.48% —56. 12% ., respectively, which were significantly higher than that of C. heterophylla
Fisch. (0.51 g and 35.13%) . C. mandshurica Maxim. et Rupr. (0.37 g and 38.12%). (3) Results of
correlation analysis showed that the larger the volume of nut, the greater its nut weight and the kernel
weight. The thinner the shell, the higher the kernel percent. (4) Principal component analysis showed
that the main indexes affecting the comprehensive score of nuts were length, width, thickness, nut
weight, kernel weight, followed by shape index, aspect ratio, percent kernel and filling index. According

to the comprehensive scores, the comprehensive characters of nuts of 81-7, U3, 85-28, Liaozhen 9, U2,

Dawei, Liaozhen 2 and Liaozhen 3 were better.
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Table 1 Analysis of variance for phenotypic traits of hazelnut

PER 1 B EE 7 ¥ior F 1A P{H

Trait Degree of freedom  Quadratic sum Mean square F value P value
4% Length/mm 26 9 730.47 374. 249 280. 805 0
%% Thickness/mm 26 5 485.319 210. 974 114. 88 0
Hi42 Width/mm 26 4 952, 449 190. 479 166. 643
I LR Nut weight/g 26 593. 217 22.816 132.929 0
A= FidE Kernel weight/g 26 74.543 2.867 79. 982 0
75 Shell thickness/mm 26 100. 805 3.877 55. 402 0
I Shell weight/g 26 286. 997 11.038 129. 495 0
i1~ % Percent kernel/ % 26 42 272,358 1 625. 86 44,602 0
I FEEL Shape index 26 9. 368 0.36 101. 595 0
i & % Elongation 26 16.129 0. 62 95. 714 0
BRI EF Arithmetic mean diameter/mm 26 5 578. 881 214.572 231. 729 0
JUfA[SE- 1) H 4% Geometric mean diameter/mm 26 5 526. 252 212.548 202.921 0
[ ER ¥ Sphericity 26 4,426 0.17 82.232 0
BN Aspect ratio 26 10. 611 0. 408 73. 894 0
U2 LR Surface area/cm” 26 6 585. 648 253. 294 209. 732 0
I FAR Volume/em” 26 1297.5 49. 904 203. 292 0
U A 78 £ Filling index 26 4. 453 0.171 5.017 0
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Table 2 Comparison on nut shape index of different hazelnut varieties (lines)

R (R Pz 4z Mtz I AR E iK%

Genotype Length/mm Width/mm Thickness/mm Shape index Elongation
81-19 17.3340. 88k 15.96=42. 65gh 14.18+1. 18i 0.87+0. 09fg 1.23740. 09de

81-7 19.50E1. 07f 21.7740. 87a 20.2040. 71a 1. 0840, 06a 1.1140. 05j

il#% 7 % Liaozhen 7 17.99+1. 2j 15.91+1. 3gh 14.61+1.25h 0.85+0.05g 1.24740.08d
524 Bokehong 19.21+0. 88g 16.32-+0.79g 15.5440.52g 0.83-0.03gh 1.2440.05d
7 Kuixiang 20.0240. 79ef 17.94+2. 47¢ 17.5540. 92d 0.89+0.07f 1.1440. 06f
83-32 19,7541, 17f 17.98+1. 19¢ 15.340. 76gh 0.85+0.06g 1.2940. 09¢

83-33 19.39+1. 371 17.09+1. 141 16.44+1.03f 0.87+0. 04fg 1.1840. 07e

84-1 20.4241. 36e 15.70+1. 10h 14. 57241, 08hi 0.744+0.03j 1.4040. 07a

ik 4k Dawei 21.6940. 73d 19.75+1. 10¢ 18.54+0. 85¢ 0.88+0. 04f 1.1740. 05ef
FBA Yuzhui 19.10+0. 94gi 15.611. 20hi 14.95+1. 29h 0.80+0. 05hi 1.2840. 09¢
84-504 20,1621, 22¢f 16. 9540, 78f 16. 6620, 79¢f 0.84+0. 04gh 1.2140. 05de
84-545 17.88+1. 61j 15.14=1. 70i 14,0741, 52i 0.82+0.07h 1.2840. 09¢
85-127 18.700. 93i 18.13+1. 13¢ 16.82+0. 96ef 0.934+0. 0de 1.1140. 05fg

85-28 18.21+1.13j 19.58+0. 91c 18.45+1. 27¢ 1.05+0.07b 1.0740. 09j
B9 21.6041.02d 18.320. 96e 17.030. 87¢ 0.82+0.04h 1.2740.07cd
iI#% 1 % Liaozhen 1 20. 4641, 41e 18.67+1. 12de 16.93+1. 23ef 0.87+0.05fg 1.2140. 08de
T ¥ 2 5 Liaozhen 2 19.43+0. 94f 20.25+1. 37bc 17.93+1.12d 0.9840. 06¢ 1.0940. 06gi
iLF& 21 5 Liaozhen 21 22.1241. 12c¢d 17.8241. 16e 16.5940. 92f 0.78+0. 04i 1.3320. 06b
iL# 3 % Liaozhen 3 26.2941. 39a 19.4320. 93cd 18.33+0. 85cd 0.7240. 04k 1.4440. 08a
82-15 21.4440. 96d 18.56 0. 80de 17.84+0.78d 0.85+0.03g 1. 2040. 06e

iL#E 9 %5 Liaozhen 9 20.84+1. 26e 19. 8441, 38¢ 18. 6441, 40c 0.92+0. 06e 1.1240.07fg
Ul 22.1141. 08cd 18.98+1.32d 17. 9441, 36d 0.84+0.06gh 1.2440.11d
U2 22.4741.09¢ 19.56+1. 02¢ 18.38+0.91c 0.85+0.04g 1.2240. 08de
U3 25.384+1.47b 20.4141.53b 19.30241.07b 0. 78=0. 051 1.3240. 09be
U4 22,3441, 02cd 18.350. 89¢ 16.8940. 83ef 0.794+0. 04i 1.3240. 07be

F£ 4 Maozhen 13.4841. 191 13. 1441, 04j 12.26+1.11j 0.9540. 11de 1.11£0. 14g
SF-#% Pingzhen 14.17+1. 421 14.18+2. 30j 13. 30+ 1. 50j 0.9840.13d 1.07+0. 12i
5 5 Z U Coefficient of variation 13.47% 11.14% 11.35% 9.50% 7.73%

W ARFE/NG FHRRR 2Z R B3 (P<<0.05, LSDKE) . FH

Notes: Different normal letters indicated significant difference in multiple comparison, the same as

below
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Table 3 Comparison on nut economic traits of different hazelnut varieties (lines)

(RO R SR i R HE5E T HA R TR

Genotype Nut weight/g Kernel weight/g Shell weight/g Percent kernel/%  Shell thickness/mm

81-19 1.53%0. 27ij 0.85+0. 16¢ 0.68=+0.19f 56.1247.98a 0.86+0.17h

81-7 3.584+0. 34a 1. 4640. 14a 2.1240. 24ab 40, 8142, 39f 1. 780, 18be

il#% 7 % Liaozhen 7 1. 63740, 35i 0.70+0.17f 0.94+0. 22¢ 43.2149. 85¢ 0.96+0.15g

524 Bokehong 2.140. 25fg 0.97-0. 16de 1.134+0. l4de 46.0346.06d 1.3440. 18ef

#FF Kuixiang 2.6340.33d 0.9140. 18¢ 1.7240. 24be 34,5745, 82hi 1. 7140. 14c¢

83-32 2.36+0. 39ef 0.9140. 15¢ 1. 4440, 30cd 39,0144, 921g 1.5340. 22de

83-33 2.340. 49ef 0.97+0. 20de 1.3340. 32de 42,4144, 13ef 1.3840. 19e

84-1 1.6520. 43i 0.7740. 25f 0.8940. 22ef 45.8747.04d 0.99+0. 14g

4k Dawei 3.17+0. 36b 1.1640. 16¢ 2.014+0. 27ab 36.68+3. 64gh 1.58+0.21d

BN Yuzhui 1.8540. 32h 0.85+0.11e 1.0040. 24e 46. 5448, 04c 1.2740. 251

84-504 2.0840. 44g 0.7040. 24f 1.38+0. 25d 32.90+7.42i 1.3940. 12¢

84-545 1. 4340. 40j 0.73%0. 20f 0.70%0. 25f 51.62+8.43b 0.93+0.19g

85-127 2.244+0.41f 0.95+0. 19de 1.2940. 25de 42.2743. 86ef 1.2440. 181

85-28 2.860. 48cd 1.0140. 26d 1.860.29b 34,7046, 10hi 1. 7740. 9be

B9 2. 6240, 34d 1.0040. 13d 1.6240. 25¢ 38.1343. 23g 1.5520. 19d

iI#% 1 % Liaozhen 1 2.734+0.51d 0.98+0. 20de 1.7540. 36bc 35.8744. 13gh 1.58+0.17d

L% 2 5 Liaozhen 2 2.73740.49d 1.17+0.19¢ 1.55+0. 36cd 43,4144, 45¢ 1.37£0. 16ef

L F& 21 5 Liaozhen 21 2. 4470, 44e 0.8520. 31e 1. 6040. 31¢ 34,0810, 2hi 1.5440. 21de

iL# 3 5 Liaozhen 3 3.21+0.49b 1.3540. 26b 1.8740. 3b 41. 8344, 89ef 1. 360, 14ef

82-15 2.72+0.27d 1.0140.13d 1.7140. 28be 37.2344.00gh 1.7240. 19be

i ¥ 9 5 Liaozhen 9 2.960. 65¢ 1.1440. 19¢ 1.8240.51b 39.68+8.531g 1.5340. 23de

Ul 3.0940. 55bc 0.97+0.19de 2.1240. 43ab 31,4844, 27i 1.9340. 25a

U2 3.434+0. 55a 1.2140. 21c¢ 2.224+0. 40a 35. 3444, 98h 1.81+0. 25b

U3 3.1740.48b 1.2840. 19be 1.8940. 34ab 40. 48+3. 361g 1.3320. 18ef

U4 2.58+0. 27de 0.99+0.12d 1.5940. 24cd 38.79+5. 1fg 1. 44740, 16e

F£ 4 Maozhen 1.06£0. 15k 0.3740.07h 0.6940. 16f 38.12+5.41g 1.69+0. 28c

4% Pingzhen 1.35+0. 34 0.514+0. 14g 0. 8440, 24ef 35.13%+5. 17hi 1.55+0.41d

5 5 Z U Coefficient of variation 27.50% 24.75% 31.49% 14.01% 18.97%
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Table 6 Eigenvalues and proportion of total variability and component scores for hazelnut
. o EAsr . RS %ty Ay 5
Vj?i?{)le Component loading Eljr‘fo(tii Component score Component Rfﬁgﬂg
PCl PC2 PC3 PCl PC2 PC3 score
1% Length 0.094 —0.107 —0.009 81-7 3.69 5.12 1. 84 3. 64 1
fj# Thickness 0.105  0.045  0.061 U3 4,78 —2.11 1.19 2.12 2
Kif2 Width 0.103  0.049 0.1 85-28 1.18 4.43 0.45 1.93 3
I BT i Nut weight 0.106  0.036  0.02 iL#% 9 %5 Liaozhen 9 2.35 1.45 0.98 1.79 4
A i Kernel weight 0.097  0.012  0.191 U2 3.31 0.15 —0.37 1.78 5
HL5EJE Shell thickness —0.002 0.081 —0.331 ik 4E Dawei 2.83 0.71 0. 36 1.76 6
H5e it Shell weight 0.053  0.116 —0.269 il 2% Liaozhen 2 1.29 2.50 1.74 1. 60 7
H 1% Percent kernel —0.046 —0.069  0.381  iI## 35 Liaozhen 3 4.3 —3.73 0.61 1.34 8
HIEFEHL Shape index —0.008  0.206  0.087 Ul 2.67 0.03 —1.05 1.32 9
{fi K % Elongation 0.008 —0.204 —0.06 i #% 7 5 Liaozhen 7 1.74 —0.03 —0.18 0. 90 10
BRI AR Arithmetic mean diameter 0.108 —0.017  0.049  if#E 15 Liaozhen 1 0.96 0.40 —0.23 0. 60 11
JUfA[ ¥ H 42 Geometric mean diameter 0.109 —0.012  0.049 It 7 Kuixiang 0.58 0.90 —0.82 0.47 12
BIERJE Sphericity —0.008  0.206  0.083 B9 1.19 —0.95 —0.16 0.36 13
YL LL Aspect ratio —0.011  0.202  0.107 U4 1.34 —1.84 —0.05 0. 20 14
I SR F M L Surface area 0.109 —0.009  0.04 85-127 —0. 64 1.28 1.03 0.14 15
IR Volume 0.108 —0.007  0.033 il#% 21 %5 Liaozhen 21 0.99 —1.92 —0.81 —0.10 16
IR L3 5 5K Filling index —0.078  0.022  0.271 84-504 —0.30 —0.68 —0.51  —0.41 17
BEAIE{E Characteristic root 9.141  4.75 2. 047 83-33 —0.82 —0.09 0.19  —0.44 18
7 2 BTk Variance contribution rate/ % 53.769 27.942 12.039 83-32 —0.63 —0.44 —0.43 —0.51 19
Cumulative ifﬁizﬂﬁmn rate/ % 93769 81711 93.749 M54 Bokehong —1.85 —1.03 0.02 —1.28 20
F B Yuzhui —2.57 —1.90 —0.12 —1.93 21
82-15 —3.17 —1.04 0.39 —1.95 22
84-1 —2.34 —3.71 0.19 —2.27 23
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SF-#% Pingzhen —5.83 2.45 —1.54 —2.64 25
84-545 —4.10 —2.00 0.72 —2.68 26
£ Maozhen —6.46 2.95 —4.38 —3.18 27
6
~ D 3 0w
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Fig.2 Principal component analysis of phenotypic

traits of hazelnut
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