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ABSTRACT 

The purpose of this study is to investigate the effect of antioxidants on the budding success of three  

walnut genotypes under greenhouse conditions. After stratification, seeds were planted in a greenhouse at  

the end of autumn. After about 20 months, the seedlings grew up to 80 cm. The budding was done using  

scions of Z30, Z60, and B21 genotypes. Scions were immersed in polyvinylpyrrolidone (PVP) or ascorbic  

acid in the concentrations 2, 3, and 4 g·dm-3 for 1 h before budding. Percentage of successful budding was  

determined after one month. The results showed that genotype significantly affected the percentage of bud-  

ding success, but no interaction between genotype and treatments was found. The antioxidant solutions  

significantly affected all the parameters studied in this research. Ascorbic acid with 3 g·dm-3 resulted in the  

highest percentage of budding success (86.66%); no significant differences were observed with 4 g·dm-3 of  

ascorbic acid and 3 and 4 g·dm-3 of PVP. Furthermore, antioxidant solutions significantly affected the con-  

tent of chlorophylls, and 3 g·dm-3 of ascorbic acid resulted in the highest content of chlorophylls in scion  

leaves.  
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INTRODUCTION  

  

Walnut is one of the most important nut fruit  

trees in many parts of the world and has long been  

considered by humans to produce fruit and wood.  

Iran produces 445,000 tons of walnuts what places  

it on the second place in the world, after China  

(FAO 2014). However, the export of walnuts in siz-  

able amount needs the evenness of the product in  

terms of size, quality, and other apparent traits and  

this production should be based on clonally propa-  

gated best genotypes (Godeanu et al. 2004). This  

kind of vegetative propagation uses grafting or bud-  

ding. Among budding techniques, patch budding is  

the most common and most successful for walnuts  

in most walnut producing countries in the world  

(Kasmi et al. 2013; Pinghai & Rongting 1993). Alt-  

hough propagation of walnut by budding is possi-  

ble, it has lower efficiency compared to most fruit  

trees what increases the price of grafted seedlings.  

The important reason for low budding success in  

walnuts is the high phenolic content in this plant. In  

the wound caused by budding, these compounds are  

oxidized by phenol oxidases and molecular oxygen  

and turned into complex of molecules that are brown  

or dark what results in necrosis of the tissues at the  

site of the budding (Karadeniz 2005). It should be  

noted that the percentage of budding success among  

different cultivars and genotypes is significantly  

different probably also because of differences in  

their phenolic materials content (Rezaee & Vahdati  

2008; Vahdati & Zareie 2005; Karadeniz 2005).  

There are reports on the effect of high concentra-  

tions of phenolic substances on budding and graft-  

ing success (Mng’omba et al. 2008; Azimi et al.  

2016). Karadeniz (2003) reported that there is a neg-  

ative correlation between the amount of phenol and  

the percentage of graft success in the walnut. Reddy  
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and Melanta (1989) and Karadeniz (2003) stated that  

grafting success was associated with phenolic con-  

tent of scion. In apricot, the accumulation of some  

phenolic compounds at the site of budding union  

leads to a lack of differentiation of callus and vari-  

ous intracellular disorders (Errea et al. 1994 a, b).  

Generally, phenols lead to minimization of cells and  

lack of grafting success (Errea et al. 2001). In addi-  

tion, some phenols influence the success of grafting  

by affecting the amount of auxins, which play a role  

in the growth and development of cells and induc-  

tion of differentiation of vascular tissues in the graft  

site (Aloni 2001). The monophenol (p-coumaric  

acid), by increasing the activity of indoleacetic acid  

(IAA) oxidase, decomposes the auxins (Lockard &  

Schneider 1981). In the cherry graft on the sour  

cherry, the accumulation of prunin was seen above  

the grafting site. A flavanone prunin increases the  

oxidative degradation of IAA and is proposed as  

a marker of incompatibility between graft compo-  

nents (Treutter & Feucht 1988).  

Zakinthinos and Rouskas (1997) and Alzate et  

al. (2002) have shown that one of the methods to  

enhance grafting success in plants with high phenol  

is the use of various antioxidants – such as polyvi-  

nylpyrrolidone (PVP), ascorbic acid, or citric acid –  

to reduce the oxidation of phenolic substances in the  

site of the graft. So far, no report has been published  

on the effect of scion immersion in antioxidant so-  

lutions on the effectiveness and percentage of patch  

budding.   

Therefore, the purpose of this study is to inves-  

tigate the effects of scions immersion in antioxi-  

dants PVP and ascorbic acid solutions at various  

concentrations on the budding success rate of three  

superior genotypes of walnut – Z30, Z60, and B21.  

  

MATERIALS AND METHODS  

  

The seeds of the rootstock were harvested  

from a tree and then stratified for about eight  

weeks at a temperature of 4–5 °C in a wet perlite  

after disinfecting it with fungicide. Subsequently,  

the seeds were planted in late autumn in a green-  

house in planting beds containing one-third soil,  

one-third decayed manure, and one-third wind  

sand with a distance of 20 cm in the row and 50 cm  

between the rows. After about 20 months when  

seedlings were approximately 80 cm high, patch  

budding was performed at the beginning of July.  

Factorial experiment was conducted in a com-  

pletely randomized design with 3 superior geno-  

types – Z30, Z60, and B21 – as the first factor and  

PVP and ascorbic acid in concentrations 2, 3, and  

4 g·dm-3 plus water in the control as the second fac-  

tor, in 5 replicates and at least 10 seedlings per rep-  

licate. The scions were prepared from strong 1-year  

branches and were used for budding after immer-  

sion for 1 h at different concentrations of antioxi-  

dant solutions. The budding sites were closed with  

plastic tape. The seedlings were kept in a green-  

house at a temperature of about 26 °C per day and  

about 23 °C per night and relative humidity of at  

least 70%. A skilled worker was employed to per-  

form the budding. Although successful buddings  

were evaluated every week, the final percentage of  

budding success was determined one month after  

budding. In addition, measurements of traits such as  

shoot length, shoot diameter, number of scion  

leaves, concentrations of chlorophyll a and b, and  

total chlorophylls were undertaken three months af-  

ter budding. The amount of photosynthetic pig-  

ments (chlorophyll a, b, and total) was determined  

according to the method of Lichtenthaler (1987).  

The pigment extract was measured versus a blank of  

80% (V/V) acetone at wavelengths of 646.8 and  

663.2 nm for chlorophyll assays.  

Data was analyzed using SAS software. To  

normalize the distribution, data related to the per-  

centage of budding success were converted as Arc  

Sin and the remaining data were converted using log  

(x + 10). The comparison of means was done by  

Tukey’s method at 5% probability level.  

 

RESULTS  

 

The three genotypes studied showed signifi-  

cant differences in all of the indices, except in the  

content of chlorophylls. However, no interaction  

was found between cultivars and antioxidant con-  

centrations (Table 1). The highest percentage of  

budding success was found in Z60 (82.75%), while  

in B21 and Z30, the effectiveness was slightly lower  

– 81.32 and 78.46% (Fig. 1A).  
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Table 1. The ANOVA results of the tested characters that are important in patch budding  

  

Source 

of variation 
df 

Mean square 

budding 

success 

(%) 

length of 

shoot 

(cm) 

diameter  

of scion 

(mm) 

number  

of leaves 

chlorophyll a 

(mg·g-1) 

chlorophyll b 

(mg·g-1) 

total  

chlorophyll 

(mg·g-1) 

Model 20 207.00** 82.80** 5.88** 0.84** 25.30** 10.73** 67.75** 

Cultivar 2 233.33* 801.73** 54.34** 3.82** 0.77 ns 0.37 ns 1.96 ns 

Antioxidant 

solution 
6 612.24** 8.66** 1.48** 1.54** 82.96** 35.56** 223.98** 

Cultivar × an-

tioxidant so-

lution 

12 0.02 ns 0.05 ns 0.01 ns 0.01 ns 0.56 ns 0.05 ns 0.60 ns 

Error 126 54.98 0.55 0.08 0.07 0.43 0.25 0.69 

Cv (%)  9.17 5.11 5.76 6.01 4.93 7.74 4.18 

* Significance levels at 5%.    ** Significance levels at 1%.  
ANOVA, analysis of variance; ns, not significant.  

  

  
Fig. 1. Effect of cultivar on (A) the percentage of budding success, (B) length of shoot, (C) diameter of scion, and  
(D) number of leaves. Bars with different letters are significantly different from each other at P  ≤ 0.05 (Tukey’s  
test) ± values.  

  

The mean comparison of three genotypes  

showed that the maximum shoot length of scion was  

16.89 and 16.87 cm in Z60 and Z30, respectively,  

while 10.0 cm in B21 (Fig. 1B). The average scion  

diameter was the highest in Z30 (6.33 mm), fol-  

lowed by B21 (4.87 mm) and Z60 (4.28 mm)  

(Fig. 1C). The number of leaves was from 4.82 to  

4.28 mm (Fig. 1D).  

The antioxidant solutions significantly af-  

fected all the indices studied (Table 1) here, although  

differences were not always big (Fig. 2). The high-  

est percentage of budding success was 86.66% in  

the treatment of 3 g·dm-3 of ascorbic acid, but no  

significant difference was observed with 4 g·dm-3 of  

ascorbic acid and 3 and 4 g·dm-3 of PVP treatments.  

Control treatment showed the lowest percentage of  

budding success (72.38%) (Fig. 2A).  

Comparison of means showed that the maxi-  

mum shoot length (15.45 cm) was related to  

3 g·dm-3 of ascorbic acid, which showed significant  
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difference with all antioxidant treatments other than  

treatment of 4 g·dm-3 of PVP (Fig. 2B).  

All antioxidants increased the average scion di-  

ameters, and the highest increase was in the treat-  

ment of 4 g·dm-3 of ascorbic acid (Fig. 2C). The  

same trend was recorded in number of leaves (Fig.  

2D). Antioxidant solutions significantly affected the  

content of chlorophylls (Table 1). The highest content  

of chlorophylls in leaves was found in scions treated  

with 3 and 4 mg·dm-3 of ascorbic acid (Fig. 3).  

 

  

Fig. 2. Effect of antioxidant treatments on (A) the percentage of budding success, (B) length of shoot, (C )diameter  

of scion ,and (D )number of leaves .Bars with different letters are significantly different from each other at P  

 ≤0.05 (Tukey’s test) ± SE values.  

  

  

Fig. 3. Effect of antioxidant treatments on chlorophylls a and b and total chlorophyll in scion leaves. Bars with dif-  

ferent letters are significantly different from each other at P ≤ 0.05 (Tukey’s test) ± SE values  
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DISCUSSION  

  

The effectiveness of budding in walnut de-  

pends on genotype (Stanisavljevic & Mitrovic  

1997; Vahdati & Zareie 2005; Suk-In et al. 2005;  

Dehghan et al. 2009; Paunović et al. 2012). In So-  

leimani et al. (2008) study on hypocotyl grafting of  

walnut, the least percentage of budding success was  

found in Z30 genotype.  

According to Rezaee and Vahdati (2008), the  

physiological conditions of the scion at the time of  

budding also influence the budding success. Vari-  

ous genotypes of walnut differ in terms of water  

content in tissues, soluble sugars, starch, carbon-to-  

nitrogen ratio, phenolic compounds, and hormones,  

which can influence budding success and subse-  

quent growth of the scions (Stanisavljevic & Mi-  

trovic 1997; Rongting & Pinghai 1993; 1990). Some  

researchers have attributed the weakness of the bud-  

ding success in walnut to the high concentration of  

phenolic compounds in the tissues and the oxidation  

of these compounds at the site of the wound resulting  

from the graft (Pinghai & Rongting 1993). It seems  

that in Z60 genotype, which had the highest budding  

success, a lower concentration of phenolic sub-  

stances or higher concentration of antioxidant sub-  

stances could be responsible for this result.  

The use of antioxidant solutions has been re-  

ported as beneficial for budding success of soursop  

and walnut plants (Alzate et al. 2002; Zakinthinos  

& Rouskas 1997). Aminzadeh et al. (2013) investi-  

gated the effect of antioxidant solutions on walnut  

micro-grafting and showed that the immersion of  

scions in the PVP solution minimizes the time re-  

quired for graft-take. In addition, the effect of vari-  

ous antioxidants on reducing the oxidation of phe-  

nolic substances in micro-grafting of the soursop  

plant (Annona muricata) was proved (Alzate et al.  

2002). In this report, ascorbic acid and PVP stimu-  

lated the growth of the scions.  

Walnuts have a significant amount of phenolic  

materials, especially juglon (Aminzadeh et al.  

2013), content of which increases from June to mid-  

summer. By wounding tissues in grafting or bud-  

ding, these materials are significantly secreted at the  

site of the wound which can prevent graft-take  

(Rongting & Pinghai 1993; Rezaee et al. 2008). The  

movement of auxins and cytokinins, which are  

important for the growth and differentiation of cells  

and vascular tissue, is stopped by phenols (Usenik  

& Sˇtampar 2000). In addition, phenolic acids in-  

hibit the plant growth and enhance the oxidative  

degradation of IAA (Mng’omba et al. 2008). In this  

study, all the growth indices increased significantly  

in comparison to control treatment using scions im-  

mersion in antioxidant solutions; this could result in  

decrease of the releasing of phenolic materials. In  

tissue culture conditions, antioxidant materials are  

used to micropropagate plants with high phenolic  

content in order to reduce the secretion of these sub-  

stances and prevent the browning of the medium  

and explants (Thomas 2008): but the use of antiox-  

idants for the propagation of plants through graft is  

not common, and there are only a few reports on this  

topic.  

CONCLUSIONS  

  
The results of this study indicate that immer-  

sion of scions in PVP or ascorbic acid antioxidant  
solutions before grafting can increase significantly  
the percentage of budding success and subsequent  
growth of walnut scions. Consequently, these low-  
cost materials are recommended for the use in bud-  
ding.  
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