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Fig. 1. Geographical distribution of collecting sites of dwarf/cluster-bearing walnut germplasm in Iran.
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Table 1. Origin and number of seeds cultured from each family.
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Table 2. Timing of research and measurement of traitsin the nursery.
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1 Selection of low-vigor and cluster-bearing walnut genotypes from all Summer 2013
over the country

2 G5k AY e 9 s
Seed collecting Septamber 2013

3 GDA Ha L eas Ay wdal
Seed sowing in the nursery March 2014

4 OB AV o808
Germination April 2014

5 Jol Jbe (a0 5 (S55058,550 sla (L)) AY s s
Morphological and flowering assessments in the first year Septamber 2014

6 pos o 80K Gl5ae A (a8
Flowering in second year April 2015

7 pos b (S35l sdo0e sla (b5 AF Ds2oed
Morphological assessments in the second year September 2015
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Evaluation of seedlings height in the third year September 2016
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Table 3. Descriptive statistics analysis of morphological traits in different walnut haf-sib
offspring.

. L. . . SD CV%
No Trait Abbreviation Unit Min. Max. Mean Lol s .
P = SR
slaas Shs obaial s Gl dady Sk
olae ol s
Seedling height 1% om
1 Y ear SH1 e Bl 14.66 53.1 26.09 10.04 38.49
Jsl Jlew L plas | o
Stem diameter 1% year mm
2l Gl el SD1 S e 297 643 49 091 1857
No. of nodes 1% year
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Stem diameter/Seedling height in Ratio
5 1fyear SDH1 o 0138 027 021 0037 1745
Jol s Ul plis 5l il calas e
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Mann Whitney -¥ Kruska Wallis -y Ward -v Cluster analysis -\
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Table 4. Mean comparison of some morphological traits between dwarf/cluster bearing walnut half-sib populations.
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Fig. 2. Comparison of some traits among populations, shoot height in first year (A) and second year (B),
stem diameter in first year (C) and second year (D), branch number in 2™ year (E) and precocity

percentage among populationsin 2™ year (F)
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Fig. 3. Rank comparisons of some traits by non-parametric analysis in the studied walnut families. A: FN2
(flower number in 2™ year) B: FN1 (flower number in 1% year) C: FrN (Fruit number in 2™ year) D:
FFR (Fruit/Flower ratio), E: SSS (seed splitting during stratification) F: B1 (Branch number in 1%
year). Vauesin each column followed by the dissimilar letters are significantly different according to
the Kruskal-Wallis and Mann-Whitney non-parametric test.
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Fig. 6. Regression between shoot height in 2™ year and stem diameter in 1% year (A), shoot height in 1% year
(B), node number in 1% year (C), internode length in 1% year (D) of walnut seedling during 2014-2015
years. Lines represent linear regressions. Each point represents aindividual.
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Table 7. Stepwise regression of seedlings height in the second year (as function variables), seedling diameter
traitsin the first year, and SPAD index in thefirst year (asindependent variable).
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Table 7. Coefficient of correlation between different traits among the half-sib families of cluster bearing walnuts.
Character \n2  sp2  SH2  LC2 LCL SHL NNI SDI BL B2V IL1  IL2 SDH1 SDH2 MFN1 MFN2 MF CHSL CHS2 SMW SGP SSS GR PSP FN2 FrN  FFR
NN2 ¢
SD2 5 1
SH2 85 78 1
LC2 19 24 a4 1
Lc1 27 36 59t 12 1
SH1 53 45 77t 45 50¢ 1
NN1 53 40 56 35 19 65 1
SD1 67 59t g 35 a1 84 79 1
B1 23 16 .37 42 370 45 12 37 1
B2 28 09 .27 24 034 46 B4 62 175 1
\ 54 55+ 70** 37 A7 T BB 5% 48 31 1
IL1 41 a1 86 .25 A4 87+ .30 66%* 58+ 23 73 1
IL2 B63**  70%*  83** .39 6% 31 22 48 20 -03 .35 26 1
SDH1 .36  -29 -55%* -25 -351 -85%* -42 -51* -29 -16 -70%* -81** -07 1
SDH2 .31 13 -48* -40  -48* -48 -25 -41 -30 -24 -26 -37 -40 .33 1
MFN1  og 24 30 192 233 46 26 41 .08 07 30 4 13 -2 -08 1
MFN2 o9 -04 28 361 139 .27 36 24 .02 15 .06 .06 30  -10 50+ 34 1
MF 33 13 35 214 -078 37 60** 40 06 16 36 .12 15 -32 -30 .05 46 1
CHSL  _o@** -04* -06** 003 02  -08* -0.7** -08** -027 -051* -06** -07** -013 071** 023 -02 -009 -043 1
CHS2  _73*+ _g** -73** 04 -265 -32 -33 -55+ -06 -15 -38 -28 -77** 21 30 .06 -062 -25 46 1
SMW .09 11 -01 -05 095 .28 008 .15 12 -0l .20 .39 -26 -39 22 03 -62** -17 -31 .08 1
SGP .00 20 19 40 216 31 150 23 21 -01 24 27 12 -10 -06 .38 11 .26 -03 .15 19 1
Sss 2 14 18 27 117 18  -104 06 -14 18 10 10 05 -15 -10 .28 05 -13 -05 .02 -07 .15 1
GR 28 27 17 01 139  -46* -227 -18 -17 -28 -33  -46* 65** 06** -05 -23 .15  -13  45% -42 .57 -17  -04 1
PSP -7 -1 06 31 39 -05 078 .05 -04 017 -23 -17 32 .23 -26 .14 59* 00 26 .00 -35 -02 -14 36 1
FN2 -02 04 25 48 291 53 282 36 .20 .22 23 45+ 04 -29 -28 73+ 60 .17 -18 32 -09 52* 24 -30 34 1
FrN .09 17 42 A7 362 72+ 394 55 17 .32 35  57** 14  -49* -33 70** 50 33 -40 05 .11 55+ 31 -40 26  .86** 1
FFR 15 22 39 19 .18 52* 351 48 02 3 28 3 21 -4 -21 15 16  55¢ -45* -34 23 3 10 -26 .09 .19 64 1
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Table 8. Eigen vaue, percentage of variance and cumulative percent variance for main
factors of morphological traitsin cluster bearing walnut half-sib progeny

Component Initial Eigenvalues Extraction Sums of Squared L oadings
K bl wm o S s 59 Jgs bl wm o S s 0
Total % of Variance ~ Cumulative % Total % of Variance Cumulative %

1 9.83 35.12 35.12 9.83 35.12 35.12
2 3.83 13.70 48.82 3.83 13.70 48.82
3 351 12.55 61.37 351 12.55 61.37
4 2.22 7.92 69.30 221 7.92 69.3
5 159 5.68 74.98 159 5.68 74.98
6 131 4.68 79.66 131 4.68 79.66
7 119 4.26 83.93 119 4.26 83.93
8 111 3.97 87.90 111 3.97 87.90
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Table 9. PCA anaysis of growth and precocity related traits in offspring of cluster-bearing
walnut genotypes.

Component
Traits 1 2 3 4 5 6 7 8
1 NN2 .66 -.60 -12 -.08 A1 -.18 -.06 .03
2 SD2 .60 -.52 -11 21 46 .03 .16 .16
3 SH2 .89 -42 .04 .10 .04 -.03 -.07 .01
4 LC2 .53 A1 45 .34 -.23 .09 .19 -.22
5 LC1 .55 -14 .28 .59 -.24 .07 .08 -.18
6 SH1 .95 .19 -17 .03 -.08 -.07 -.06 -.01
7 NN1 .70 -.03 -.05 -.46 -.01 .05 21 14
8 SD1 91 -1 -.08 -17 .03 -.08 .25 .05
9 Bl A4 .05 -.08 34 -.53 .04 .23 .26
10 B2 46 A3 -.02 -47 -11 -41 .53 -.27
11 \% .80 -.05 -.29 12 -.10 -.004 -.01 14
12 IL1 .79 .18 -31 .28 -12 -.09 -12 A3
13 IL2 .53 -.68 .37 .23 .07 A3 -.02 .004
14 SDH1 -71 -.22 43 -.07 A5 .02 .36 .05
15 SDH2 -51 .06 -.32 .06 .55 .06 .33 .25
16 MFN1 A7 .40 .24 15 43 -.18 -.13 .35
17 MFEN2 .365 A1 71 -.37 -13 -.03 -.28 A7
18 MF AT75 .00 .07 -.59 -.05 A48 -.20 .01
19 CSH1 -.75 -.01 A48 .36 -.05 15 .02 -.08
20 CSH2 -.48 a7 A1 14 -.09 -.05 .06 A1
21 SMW A3 .30 -.70 .33 A1 21 21 -.16
22 SGP .36 .37 .19 27 31 A7 .07 .02
23 SVS .19 A1 15 21 40 -51 -.25 -.50
24 GR -.23 -.78 .53 .10 A1 .03 .02 .03
25 PSP .18 .18 .76 -.15 .01 -.04 .39 -.004
26 FN2 51 .62 A48 .08 A2 -11 -.04 .22
27 FrN .70 .56 .29 .00 .23 .06 -.05 -.09
28 FFR .55 .16 -.04 -.26 21 45 .02 -.48
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Fig. 7. Analysis of PCA core components based on cluster bearing walnut half-sib families.
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Mor phological Traits Survey of Cluster-Bearing Walnuts Half-sib
Progeniesfor Selection of Dwarf and Precocious Genotypes

M. Mohseniazar and K. Vahdati*?

One of the ways to establish high density orchards is using dwarf varieties and rootstocks.
This entails having dwarf varieties or rootstocks. Dwarf rootstocks are available for most
pome and stone fruits but it is still under development in walnut (Juglans regia). Selection of
dwarf /semi dwarf and precocious genotypes of walnut was the main objective of this
research. For this purpose, seeds of dwarf and cluster bearing wanut genotypes were
collected from 21 locations all around the country and planted in a nursery and 28
morphological traits were recorded and evaluated for 2 years. A significant morphological
difference was observed between half-sib families. Clustering of al genotypes appears three
dwarf, semi-dwarf, and vigorous groups. More than 65% of families belong to dwarf and
semi-dwarf clusters. Cluster analysisinsert all the genotypse in three groups including dwarf,
semi-dwarf, and vigorous. Results showed that 46.1% of all 351 genotypes are dwarf, 37.3%
are semi-dwarf, and 16.5% are vigorous. According to the PCA analysis, three first principal
components could explain 61.37% of the total variation. Also results showed that seedling
height have significant correlation with some traits like stem diameter, node number, and
internode length.

Keywords. Correlation, Dwarf, Genotype, Juglans regia, Morphological, Rootstock.
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