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Effect of Cultivar, Grafting Method and Epibrassinolide on Grafting
Success Rate in Persian Walnut (Juglan regia L.)
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Table 1. Analysis of variance for grafting success rate in the studied walnut cultivars in 2023

@337 w53 Slas o Sl

S.0.V. I df. Mean squares
Replication NS 4 0.7513
Grafting method (GM) Ls Ss) 1 0.1688
Cultivar (C) ) 1 0.2972
EBr concentration (EBr) gl ol lale 3 0.3409
Cx GM Lgu Shes X ad) 1 2.1046
EBr x GM s gy X i sl o Chle 3 0.3630
EBrxC o5y % Mgl ol Clale 3 2.2095*
EBrx Cx GM Lsm oy X by X gl ol Chle 3 1.2378
Error il gl 60 0.7513
C.V. (%) (1) Sl s o o 28.58

*

Ao y3 G 5 e e o 53 s ime 5 e F
* and **: Significant at the 5% and 1% probability levels.
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Fig. 1. Mean comparison of cultivar x EBr concentration interaction effect on grafting
success rate in walnut cv. Fernor and cv. Chandler in 2023. (0-0.5 less than 20, 0.5-1.0 =
20-40%, 1.0-1.5 = 40-60%, 1.5-2.0 = 60-80% and 2.0 -2.5 = 100-80%). Error bars on
columns reperesent standard errors of the mean
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Table 2. Analysis of variance for scion bud breaking time, shoot length, shoot diameter, and leaf number in studied walnut cultivars in 2023

Doy o S
Mean square
35T am s &S Ly w00 Ol wls J b wli L &K slaws

S.0.V. Sl ae df. Scion bud breaking time  Shoot length  Shoot diameter Leaf number
Replication RS 4 0.29375 341.776* 0.1104 9.8406
Grafting method (GM) NP 1 1.25000 70.3125 0.0289 1.9531
Cultivar (C) ) 1 1.25000 232.5620 = 0.0794 8.7781
EBr concentration (EBr) A gl ol ke 3 1.38333 157.43900 0.1510 15.2198
CxGM Lam oy % ad) 1 0.05000 539.7605* 0.3125 37.1281
EBr x GM Lo Shay X gl ol Chale 3 0.45000 75.2328 0.0215 1.6531
EBrx C 05X Mgl ol ke 3 1.25000** 87.7790 0.2885** 21.6448
EBr x C x GM Lsm oy X by X gl ol Chale 3 0.85000 46.4268 0.0655 2.7614
Error elT gl 60 0.46708 108.5269 0.0940 12.4339
C.V. (%) (1) O ks o 28.83 19.67 22.02 20.93
*and **: Significant at the 5% and 1% probability levels, respectively. Ao y3 G e dlanl b 3 l3 e G4 K
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Fig. 2. Mean comparison of cultivar x EBr concentration interaction effect on scion bud
breaking time in walnut cultivars in 2023. Date of the first leaf bud opening of scion with
qualitative scoring (July 7 to 11 (0-1), July 12 to 16 (1-2), July 17 to 21 (1-3). Error bars
on columns reperesent standard errors of the mean
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Table 3. Analysis of variance for scion bud break time, shoot length, shoot diameter, and number of leaves in studied walnut cultivars in
2024

Sla o o Silee
Mean squares

35T a5 &S g wl g 0L Ol s J b sl s &K slaws
S.0.V. O ok aste df. Scion bud breaking time  Shoot length  Shoot diameter  Leaf number
Replication SIS 4 0.2500 982.78125 3.1528 435.3250
Grafting method (GM) Ly oy 1 1.5125 8569.8000** 1.3703 427.8125*
Cultivar (C) ) 1 1.0125 135.2000 0.5040 103.5125
EBr concentration (EBr) A gl gl lale 3 1.7458* 1014.9330 1.1427 108.8125
C x GM Bgm By % oy 1 0.3125** 20.0075 0.4366 3.6125*
EBr x GM Bgm oan X M gl ol bl 3 0.7792 543.8615 0.3942 80.7458
EBrxC 05X W gl ol ke 3 1.5458 534.6000 1.1598** 103.9125
EBr x C x GM Bsm ooy X by X dd sl ol bl 3 0.9792** 194.7333** 1.2842 ** 41.1458 **
Error sbT gl 60 0.4700 837.5412 1.8743 267.0650
Coefficient of variation (C.V. %) (1) Sl ok o 26.62 18.24 20.07 25.06
*and **: Significant at the 5% and 1% probability levels, respectively. 53 6 5 gty ezl o 3 s e o S Tk 5 %
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Fig. 3. Mean comparison of cultivar x grafting method x EBr concentration interaction
effect on scion bud break time of walnut cultivars in 2024. Date of first leaf bud opening
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ABSTRACT
Farrokhi Toolir, J., Damankeshan, B. and E. Ebrahimpour, E. 2025. Effect of cultivar, grafting
method and epibrassinolide on grafting success rate in Persian walnut (Juglan regia L.). Seed and
Plant, 40, pp.625-654 (in Persian).

This study was conducted to investigate the effects of cultivar, grafting method and
epibrassinolide (EBr) and their interaction effects on grafting success rate and walnut
scion growth. The experiment was carried out as factorial arrangements in randomized
complete block design with five replications in agricultural and natural resources research
and education center of Kerman province in 2023 and 2024. Experimental factors
included: walnut cultivar at two levels, EBr at four levels and grafting method at two
levels. The results showed that Cultivar x EBr interaction significantly affected graft
success in 2023, and scion bud breaking time (SBBT), and shoot diameter in 2024. Cv.
Fernor + 0.05 mM EBr or without EBr had highest grafting success rate (80-100%) in
2023. Cv. Fernor + whip budding + 0.05 mM EBr had the latest SBBT (July 7-11) in
2024. Cv. Fernor + whip budding had the greatest shoot length (35.53 cm) in 2023, and
85 cm in cv. Fernor + 0.15 mM EBr in 2024. Maximum shoot diameters (1.73 cm) were
recorded in cv. Fernor + 0.05 mM EBr in 2023, and in cv. Fernor + patch budding + 0.05
mM EBr (2.5 cm) in 2024. Cv. Fernor + whip budding + 0.25 mM EBr had the highest
leaf number (39 leaves) in 2024. Walnut cultivar had more pronounced effect on grafting
success rate and was identified as the most important factor in walnut seedling growth
compared to high concentration levels of EBr and grafting methods.

Keywords: Walnut, scion, cv. Chandler, cv. Fernor, chip budding, patch budding,
hormone.
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Introduction

Commercial walnut production using seedlings is inefficient due to genetic variability
and poor nut quality (Hartman et al., 2011). Despite the ease and tradition of seedling
propagation in Iran, it fails to meet growers’ economic expectations. Grafting is a
practical and low-cost method for propagating late-blooming, high-yield walnut varieties.
However, its success rate is limited. Studies have identified patch budding as the most
practical and efficient grafting method with success rates up to 93.3% (Khajeali and
Mohammadkhani, 2015).

Factors such as grafting time, method, genotype, temperature, and humidity influence
grafting success rate (Vahdati, 2003). Research has also highlighted the role of plant
hormones especially brassinosteroids (BRs) in vascular tissue formation and graft union
success (Engine and Gokbayrak, 2022). Although BRs have improved flower
development in cv. Chandler (Engine and Gokbayrak, 2022), their effect on walnut
grafting success rate remains unexplored. Therefore, development of commercial
vegetative propagation protocols for producing superior walnut cultivars adapted to
Kerman’s climatic and resources limited conditions is essential.

This study aimed to identify the most effective combination of EBr concentration and
grafting method to improve grafting success arte and scion growth of cv. Chandler and
cv. Fernor walnut.

Materials and Methods

The experiment was conducted at the Rabor walnut research station (RWRS) situated
at 2290 meter above the sea level, 57°02'45"-57°02'48" E and 29°16'31"-29°16'44" N.
The annual rainfall and temperature of the experimental site were 210 mm, and 23 °C,
respectively. Two walnut cultivars, Chandler and Fernor were selected due to their late
leafing, high lateral bearing, and high-quality of nuts which are popular among local
walnut growers in Kerman province.

The experiment was carried out as factorial arrangements in randomized complete block
design with five replications in agricultural and natural resources research and education
center in 2023 and 2024 Experimental factors included: grafting method (patch budding
and whip grafting), cultivar (Chandler and Fernor), and EBr concentration (0, 0.05, 0.15,
0.25 mM), comprised in 16 treatments. In October 2021, 100 walnut fruits were sown in
pots (35 x 10 cm), and after 21 months 80 seedlings were chosen. Scions of cv. Chandler
and cv. Fernor were grafted on seedling rootstocks during June 15-17.

Seedling growth traits were evaluated at the end of the growing season. Traits included
graft success (qualitative evaluation in 2023), SBBT, shoot length, shoot diameter, and
leaf number (measured in both 2023 and 2024). Data were analyzed based on factorial
experiment in randomized complete block design using SAS 9.1. LSD test was used for
mean comparisons, and graphs were depicted using Excel 2013 software.
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Results and Discussion

Grafting success rate in walnuts were significantly influenced by the cultivar x EBr
concentration interaction. EBRs are plant hormones, but their specific role in graft success
needs further investigation alongside other crucial factors like phenolic compounds,
vigorous rootstocks, and optimal environmental conditions. In 2023, cv. Fernor + 0.05
mM EBr showed the highest grafting success rate, but as the EBr concentrations inceased
the grafting success rate decreased.

In 2023 and 2024, cultivar x EBr x grafting method interactions significantly affected
SBBT. Cv. Fernor + low concentration or without EBr had the latest SBBT, but cv.
Chandler + 0.25 mM EBr had the earliest. Chip budding advanced SBBT by 7-9 days
compared to patch budding likely due to better tissue contact. Cv. Fernor + chip budding +
0.15 or 0.05 mM EBr had the longest shoots, whereas cv. Chandler + low EBr produced
shorter shoots. Leaf number was consistent in 2023, but varied significantly in 2024 in cv.
Fernor + chip budding + 0.05 mM EBr producing the highest leaf number (39 leaves). Cv.
Chandler + chip budding + 0.25 mM EBr had lowest leaf number the fewest (9 leaves).
Shoot diameter also varied in different treatments, and the thickest shoots was produced in
cv. Fernor + patch budding + 0.05 mM EBr.

In conclusion, walnut cultivar had more pronounced effect on grafting success rate,
and was identified as the most important factor in walnut seedling growth compared to
high concentration levels of EBr and grafting methods.
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