
 

 

 

  International Journal of Farming and Allied Sciences 
Available online at www.ijfas.com 

©2014 IJFAS Journal-2014-3-2/203-209/ 28 February, 2014 

ISSN 2322-4134 ©2014 IJFAS 

 

Impact of Media and Different Cytokinins 
Concentrations on in Vitro Shoot Multiplication of 

Persian Walnut (Juglans regia L.) 
 

Mohamad Bagher Yari1*, Mansour Gholami1 and Iraj khazaei2 
 

1. Department of Horticultural Sciences, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, I.R. Iran 
2. Department of Horticultural Sciences, Faculty of Agriculture, Islamic Azad University, Karaj Branch, Karaj, 

I.R.  Iran 
 

           Corresponding author: Mohamad Bagher Yari 
 

ABSTRACT: Walnut (Juglans regia L.) is one of the important nut trees in Iran and has a wide 
distribution and diversity in this country. Walnut propagation especially micropropagation has some 
problems. This study was carried out in order to investigate shoot proliferation of two genotypes (Z60 
and Z63) of J. regia L. on three culture media (MS, WPM and DKW) containing different concentrations 
of diverse cytokinins. Cytokinins were BA, TDZ, Zeatin, Kinetin, at 0.0, 0.2, 0.4, 0.6, 0.8, mgl

-1
 combined 

with 0.01 mgl
-1

 IBA. Results showed that DKW medium was the best medium for the most of 
investigated parameters for walnut micropropagation. The highest number of shoots with callus (%) 
obtained in 0.8 mgl

-1 
TDZ. Media containing 0.8 mgl

-1
 BA produced the highest number of multiple 

shoots/explant and the highest number of leaves. Also, the longest shoot length (cm) obtained from 
media containing 0.8 mgl

-1
 Zeatin and also the highest numbers of nodes obtained from media 

containing Zeatin. High concentrations of BA produced explants with high shoot fresh weights and high 
concentrations of TDZ lead to produce explants with high callus fresh weights. 
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INTRODUCTION 
 

 Walnut (Juglans regia L.) family Juglandaceae, is a temperate nut crop. It is one of the most important nut 
crops, the annual world production is 1,724,172 tones from the cultivated area 718,327 ha (FAO, 2008). It is a very 
rich source of proteins, fats, minerals and carbohydrates. Low percentage of seed germination and long 
propagation cycle are the main constraints in the development of high yielding cultivars through hybridization for 
micropropagation of Juglans spp., many studies have so far been conducted. Micropropagation system using 
different culture media have been used, such as( Driver and Kuniyuki (DKW) ,1984) , (Murashige and Skoog (MS) 
,1962), (Cheng ,1975), (Gamborg et al. ,1968) and (Lloyd and McCown (WPM) ,1981), have been employed. In a 
J. regia seed (germination study, Rodrı´guez ,1982) used (0, 4, 20 and 40 µM) benzylaminopurine (BAP) and (0, 
0.4, 4 and 20 µM) indole butyric acid (IBA), for 5 and 7 weeks. The best treatment was 40 µM BAP without IBA, 
resulting in a germination percentage of 80%. Some high-cytokinin effects on shoots and leaves regeneration have 
also been reported by previous Juglans researchers (Heile-Sudholt et al., 1986; Sudholt et al., 1986; Sambeek et 
al., 1997; Revilla et al., 1989). 
 In other studies, the effect of different culture media and different BAP concentrations have been compared 
and MS was shown to be the most appropriate medium (Cossio and Minotta, 1983). (Subsequently, Rodrı´guez et 
al. ,1989) found through a new in-vitro germination studies, that the anomalies referred to by (Cossio and 
Minotta,1983) could not be due to the presence or absence of cotyledons. Different media have been used for the 
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proliferation stage of the explants as indicated by (Revilla et al.,1989) that the best growth regulator treatment for 
shoot proliferation stage is 1 mgl

-1 
BAP and 0.1 mgl

-1
 IBA, but (Rodrı´guez et al.,1993) suggested the addition of 2 

mgl
-1 

kinetin to this treatment. (Penuela et al.,1988) reported that BA at 1mgl
-1

 was the most efficient concentration 
for shoot multiplication of J. regia on MS medium.  
 MS medium has been successfully used for J. regia micropropagation by several previous research groups 
(Chalupa, 1981; Cossio and Minolta, 1983; Revilla et al., 1989; Gruselle and Boxus 1990; Fatima et al., 2006). 
(But, Saadat and Hennerty, 2002) analyzed the factors affecting multiplication through comparing culture media, 
growth regulators and gelling agents and concluded that the optimal medium was DKW supplemented with 2.2 gl

-1
 

phytagel, 1 mgl
-1

 BAP and 0.01 mgl
-1

 IBA. Considering all these references, it is necessary to determine the optimal 
in-vitro conditions for each particular plant material. The effects of some cytokinin types and media have also been 
reported by several research groups on Juglans genus (Heile-Sudholt et al., 1986; Van Sambeek et al., 1997; 
Revilla et al., 1989; Bosela et al., 2008).  
 On the other hand, (Navatel and Bourrain, 2001) detected differences between genotypes with respect to 
multiplication rates and elongation of internodal zones. Among many in-vitro factors determination of the efficient 
culture media and the most optimal types and concentrations of plant growth regulators as medium constituents 
are the most important aspects of successful micropropagation. 
 The aim of this study was to investigate the effects of culture media and different cytokinins and their 
concentrations on callus induction, and shoot multiplication of Persian walnut, approaching an efficient 
micropropagation protocol to be used in walnut propagation programs. 
 

MATERIALS AND METHODS 
 

Plant materials 
 Plant materials were collected from vigorous current year shoots, freshly sprouted apical tips, removed during 
late April and/or early May from mature 10-years-old trees of two genotypes (Z60 and Z63) of J. regia growing at 
the Walnut Research Institute, Tooyserkan, Iran. After trimming the leaves, shoots were cut into pieces (2–2.5 cm 
each) with a single node. 
 
Surface sterilization 
 The nodal segments were pre-washed in 0.1% Rika

®
, a commercial dish washing solution, for about 15 

minutes and then placed under running tap water. The explants were surface sterilized by immersion in 70% 
ethanol for 1 min, and then transferred to solution of 0.6% sodium hypochlorite (NaOCl) with two drops of Tween-
20 for 15 min and finally rinsed 3 times in distilled water. 
 
Culture medium and incubation conditions  
 Three culture media incubating (Murashige and Skoog medium (MS),1962), (Lloyd and McCown medium 
(WPM) ,1981) and (Driver and Kuniyuki (DKW),1984) were used. Explants of each genotype placed separately on 
any culture media containing cytokinins BA, TDZ, Zeatin, Kinetin, at 0.0, 0.2, 0.4, 0.6, 0.8, mgl

-1
 in combined with 

0.01 mgl
-1

 IBA.  
 Explants, 1.5–2.0 cm long, were cultured in 250 ml glass jar containing 40 ml of DKW any medium salts and 
vitamins plus 30 gl

-1
 sucrose and 8 gl

-1 
agar. The media were adjusted to pH 5.7 with 0.1N HCl or NaOH before 

autoclaving at 121 
◦
C and 100 KPa for 15 min. Explants were placed vertically into the medium and for each jar 5 

explants were used. Cultures were maintained at 24±2  ْ  C and 16 h photoperiod at 37.5 mmol m
-2

s
-1

 light provided 
by cool-white fluorescent lamps. Explants were subcultured onto the fresh media every 4 weeks and kept under the 
same light and temperature conditions. 
 
Addition of anti-oxidants and PVP 
 In order to reduce on media browning, ascorbic acid, citric acid and polyvinylpyrolidone (PVP) (each of them 
100 mgl

-1
) were added to the shoot proliferation media after autoclaving. 

 
Statistical analysis 
 All measuring indices including number of shoots with callus (%), number of multiple shoots/explant, shoot 
length (cm), number of nodes, number of leaves, shoot fresh weight and callus fresh weight were recorded at the 
end of 30 days of culture. This study was conducted in a factorial experiment based on completely randomized 
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design. Each experiment included 6 replications and repeated two times. Data were analyzed using SAS software 
(version 9). The mean values were compared using Duncan’s multiple range tests (P < 0.05). 
 

RESULTS AND DISCUSSION 
 

Results  
 The results showed that shoots of explant of Z63 genotype on DKW medium produced maximum callus 
(95.1%) in 0.8 mgl

-1
 TDZ concentration after 6 weeks. Compared with 0.6 TDZ was not significant and the lowest 

shoots with callus (%70.2) were in 0.2 mgl
-1

 kinetin concentration. It was significant with other treatments (Table 1). 
Between 0.8 mgl

-1
 Zeatin concentration and 0.2 up to 0.6 TDZ concentrations in this characteristic there was not 

observed significant differences. Increasing of concentration in each 4 hormone increased percentage of callus 
producing branches significantly increased. Overall, in zeatin and TDZ treatments there were higher percentages of 
callus production. But the minimum number of shoots (0.8) observed in 0.2 mgl

-1
 kinetin concentration. Also, the 

highest number of shoots (5.7) obtained in the 0.8 mg/L BA treatment that had significant difference with the other 
treatments (Figure 1-d). But between treatments 0.2 up to 0.6 mgl

-1 
of Zeatin there were no significant differences. 

The highest numbers of shoots were produced in BA treatments. So, by increasing its concentrations from 0.2 up 
to 0.8 mgl

-1
 the number of shoots increased almost two times (from 3.2 to 5.8) (Figure 1-b). For this parameter, 

kinetin and TDZ had fewer effects in comparison with the other treatments. 
 

Table 1. Effect of different cytokinins on Z63 shoot proliferation in DKW basal medium 

Means showing similar letters in each column are not significantly different at %5 level according to Duncan’s multiple range test 

 
 The highest shoot length (7.2 cm) achieved in the 0.8 mgl

-1 
of Zeatin concentration and the lowest shoot length 

(3.2 cm) observed in 0.2 mgl
-1 

of TDZ concentration. In all cytokinins except BA, by increasing concentrations from 
0.2 up to 0.6 shoot length was increased. This increasing of shoot length in Zeatin was higher than other 
hormones. However, reduction of shoot length (from 4.2 to 3.1 cm) in BA increased the number of leaves. The 
maximum number of node (9) was produced in 0.8 mgl

-1
 of Zeatin treatment. Also, the lowest number of node (3) 

obtained in different concentrations of kinetin that there were no significant differences between them. Except 
Zeatin, by increasing of hormones concentrations the numbers of nodes were decreased in all hormones or have 
remained unchanged. This shows that hormones negatively affect nodes growth or were affectless. Also, there 
were no significantly increase in the number of nodes among 0.2, 0.4 and 0.6 mgl

-1
 of Zeatin concentrations. In all 

hormones by increasing concentrations the numbers of leaves were increased (Figure 1) shows increasing of this 
parameter only in Zeatin). The maximum number of leaves (27) produced in 0.8 mgl

-1 
BA. The lowest number of 

leaves (4.2) obtained in 0.2 mgl
-1 

TDZ treatment, and there were no significant differences between0.2 and 0.4 and 
0.6 mgl

-1 
of Kinetin and TDZ. Treatments with more leaves had higher weights. Highest weight (5.71 g) obtained in 

    
Cytokinins 
 
 

mgl
-1
 

Number of shoots 
with callus (%) 

Number of multiple 
shoots/explant 

Shoot 
length (cm) 

No of 
nodes 

No of 
leaves 

Shoot fresh 
weight(gr) 

Callus fresh 
weight(gr) 

control 0 5
f
 0.5

h
 0.8

f
 1

f
 1.2

f
 0.8

g
 0.5

h
 

         
Kinetin 0.2 70.2e 0.8g 3.5e 3e 5e 2.64ef 0.25g 

0.4 75.4de 1.5ef 3.3e 3.2e 7.5e 2.65ef 0.32g 
0.6 82.7cd 1.8e 4d 3e 9de 2.81e 0.4f 
0.8 85.4c 2e 4.2d 3e 11.5d 3.22e 0.42f 

         
BA 0.2 65.6f 3.2c 4.2d 5c 11.3d 3.83d 0.52e 

0.4 72.3e 3.8bc 4d 4.2d 16.8c 4.52c 0.64d 
0.6 74.6de 4.5b 3.5e 4d 22.4ab 5.23b 0.78b 
0.8 77.2d 5.8a 3.1e 3.8de 27a 5.71a 0.85a 

         
Zeatin 0.2 78.6d 2.1de 5.3c 7.2bc 9.5de 3e 0.42f 

0.4 80d 2.3d 6.1b 7.5bc 15.3c 3.64d 0.56de 
0.6 84.5c 2.5d 6.7ab 8.2b 18.7bc 4.23cd 0.58d 
0.8 90.3b 3.2c 7.2a 9a 21.4b 4.82c 0.62d 

         
TDZ 0.2 87.4b 1fg 3.2e 5c 4.2e 2.13f 0.51e 

0.4 90.2b 1.3f 3.5e 4.2d 6.8e 2.33f 0.72c 
0.6 93.4ab 1.5ef 3.8de 4d 8e 2.54f 0.75bc 
0.8 95.1a 1.8e 4d 3.8de 10.2de 2.64ef 0.78b 
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0.8 mgl
-1 

BA. Also, there were significant differences between different concentrations of BA. The lowest shoot 
fresh weight (2.13 g) obtained in 0.2 mgl

-1 
TDZ. Between different concentrations of TDZ and 0.2 and 0.4 mgl

-1 

Kinetin there were no significant differences for shoot fresh weight. BA and kinetin were appropriate hormones for 
shoot growth. In all hormones enhancing in shoot fresh weight lead to increase the number of leaves even more 
than twice. The most callus fresh weight (0.85 g) obtained in 0.8 mgl

-1 
BA. There observed significant differences 

among all treatments even the different concentrations of a same hormone. The lowest callus fresh weight (0.25 g) 
produced in 0.2 mgl

-1 
kinitin. 

 The highest (%88.6) shoots with callus obtained in MS culture medium by explant of Z63 genotype that were 
grown in 0.8 mgl

-1 
TDZ. For this trait, significant differences observed between diverse concentrations of TDZ. The 

highest number of shoots per explants (4.2) produced in 0.8 mgl
-1 

BA treatment and the lowest (1.2) obtained in 0.2 
mgl

-1 
kinetin. By enhancing concentrations of hormones number of shoots was increased. This event observed less 

in Zeatin and more in kinetin than the others. The maximum shoot length (7.5 cm) produced in 0.8 mgl
-1

 of Zeatin 
concentration that had no significant difference with 0.6 mgl

-1
 of Zeatin and the minimum shoot length (3.8 cm) 

obtained in 0.2 mgl
-1

 concentration of kinetin (Table 2). Except BA, in all hormones, with addition of concentrations 
main shoot lengths were increased. Maximum number of nodes (10.1) produced in explants grown in 0.8 mgl

-1
 

Zeatin and the lowest (4) obtained in 0.2 mgl
-1

 of kinetin. By enhancing hormones concentration the number of 
nodes has increased except BA (Table 2). In all used cytokinins higher concentrations had more stimulate cell 
division and lead to high number of leaves. The highest (22.4) and the lowest (5) number of leaves observed in 0.8 
mgl

-1
 BA and in 0.2 mgl

-1
 kinetin, respectively. Different hormones in low concentrations showed similar results. 

The highest shoot fresh weight (4.51 g) and the maximum number of leaves were obtained in 0.8 mgl
-1

 BA (Figure 
1-f). Among different concentrations of BA there were significant differences. The lowest shoot fresh weight (1.7 g) 
related to 0.2 mgl

-1
 of TDZ treatment. The highest callus fresh weight (0.8 g) produced in treatment 0.8 mgl

-1
 of 

TDZ, despite of low shoot fresh weight. The lowest callus (0.1) was obtained in 0.2 mgl
-1

 BA. Callus fresh weight in 
kinetin and Zeatin treatments were significantly higher than the other treatments. BA was the most effective 
hormone on the shoot growth, which affected it through the stimulation of leaf growth. Without increasing the node 
and stem length, Zeatin also had more effect on shoot growth. This addition was through increasing the number of 
nodes and stem lengths. TDZ with stimulating callus production in explants produced less shoot that can be an 
effective hormone in somatic embryogenesis.  
 

Table 2. Effect of different cytokinins on Z63 shoot proliferation in MS basal medium  

Means showing similar letters in each column are not significantly different at %5 level according to Duncan’s multiple range test 

 
 In WPM medium, genotype Z63 produced the highest percent (98.3%) of shoots with callus in 0.8 mgl

-1
 TDZ 

concentration. The lowest percentage of shoots with callus (%75.6) produced in 0.2 mgl
-1

 BA. This index in higher 
hormone concentrations increased but there not showed significant differences between 0.4, 0.6, 0.8 mgl

-1 
of 

Kinetin and Zeatin concentrations. Percentage of callus that produced shoots in WPM medium was higher than 

Cytokinins 
 
 

mgl
-

1
 

Number of shoots 
with callus (%) 

Number of multiple 
shoots/explant 

Shoot 
length(cm) 

No of 
nodes 

No of 
leaves 

Shoot fresh 
weight(gr) 

Callus fresh 
weight(gr) 

control 0 3
f
 0.2

j
 0.5

g
 0.8

i
 1

h
 0.6

g
 0.2

g
 

         
Kinetin 0.2 65e 1.2i 3.8f 4h 5g 2.23e 0.12f 

0.4 68.2e 1.6h 4e 4.5g 6.2f 2.55e 0.26e 
0.6 69.5d 1.9g 4.2e 4.8fg 8.7e 2.67d 0.28e 
0.8 72.1cd 2.5f 4.5de 5.2f 10.5d 3.14d 0.32d 

         
BA 0.2 70.3d 2.5f 4.6e 5fg 10.2d 2.85d 0.1f 

0.4 75.5c 3.3de 4.4de 4.7g 16.2b 3.83c 0.16f 
0.6 78.1b 4.2bc 4.3de 4.2g 18.7b 4.24b 0.24ef 
0.8 78.8b 5a 4.2e 4h 22.4a 4.51a 0.3e 

         
Zeatin 0.2 70.1d 3.2e 6.3b 7.5d 7.5e 2.90d 0.13f 

0.4 72.6cd 3.5d 6.6b 8.8c 12.3cd 3.82c 0.22g 
0.6 74.3c 3.8c 7.2a 9.2b 14.5c 4bc 0.28e 
0.8 75.8c 4.5b 7.5a 10.1a 18.2b 4.23b 0.36d 

         
TDZ 0.2 82.5ab 1i 4.2e 5.1f 6.5f 1.70f 0.52c 

0.4 84.2a 1.5h 4.4de 5.6f 7.2e 1.92f 0.73b 
0.6 86.2a 1.6h 4.7d 6.4e 8.8e 2.15e 0.78a 
0.8 88.6a 2g 5.4c 6.5e 9.8d 2.22e 0.8a 
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both DKW and MS media. It shows that WPM is a suitable medium for callus production. In the number of shoots 
per explants the highest number of shoots (4.2) obtained in 0.8 mgl

-1
 BA and the lowest (0.9) in 0.2 mgl

-1
 Kinetin 

(Table -3). The highest shoot length (5.8 cm) produced in 0.8 mgl
-1 

Zeatin. There was no significant difference 
between 0.6 and 0.4 mgl

-1 
Zeatin. The lowest shoot length (3.2 cm) produced in 0.2 mgl

-1 
Kinetin that was not 

significantly difference with 0.6 and 0.8 mgl
-1 

BA concentrations. In all hormones except BA, by adding 
concentrations shoot length increased that this event in TDZ was more than other hormones which lead to highest 
number of nodes production in 0.8 mgl

-1
 TDZ treatment. Minimum number of nodes (3.2) observed in 0.8 mgl

-1 
BA 

(Table 3). In all treatments except BA, the number of nodes increased at higher concentrations. Although the most 
number of nodes (6.7) and the highest main shoot length were produced by TDZ and Zeatin, respectively. The 
maximum number of leaves (18.5) observed in 0.8 mgl

-1 
BA and the least number of leaves (6.6) produced in 0.2 

mgl
-1

 kinetin. Although the decrement in shoot length and number of node obtained in BA but it was also more 
effective in leaf growth. At the same treatment with accession four-fold of concentrations of the number of leaf has 
doubled. Therefore the maximum shoot fresh weight (4.38 g) observed in 0.8 mgl

-1 
BA and the lowest shoot fresh 

weight (1.62 g) was obtained in 0.2 mgl
-1

 TDZ. Also, despite accession the number of nodes there was no 
significant difference among 0.4, 0.6 and 0.8 Kinetin and TDZ treatments. The highest callus fresh weight (0.95 g) 
obtained in 0.8 mgl

-1
 TDZ concentration (Figure 1-c).  

 
Table 3. Effect of different cytokinins on Z63 shoot proliferation in WPM basal medium 

Means showing similar letters in each column are not significantly different at %5 level according to Duncan’s multiple range test 

 

 
Figure 1. Shoot proliferation in walnut explant on different media and different cytokinins concentrations. (A) Nodal segments obtained from 
vigorous current year shoots., bar: 12 mm. (B) Nodal segment with vegetative leafy bud activation after 4 weeks of culture on DKW medium 
supplemented with 0.6 mgl

-1
 BA , bar: 8.5 mm. (C) Induction of callus in bottom of shoot on WPM medium supplemented with 0.8 mgl

-1
 TDZ, 

bar: 12 mm. (D) Shoot proliferation on DKW medium supplemented with 0.8 mgl
-1
 BA , bar: 18 mm. (E) Shoot proliferation on DKW medium 

supplemented with 0.8 mgl
-1
 Zeatin, bar: 15 mm. (F) Shoot proliferation on MS medium supplemented with 0.8 mgl

-1
 BA, bar: 15 mm 

 

Cytokinins 
 
 

mgl
-

1
 

Number of shoots 
with callus (%) 

Number of multiple 
shoots/explant 

Shoot 
length(cm) 

No of 
nodes 

No of 
leaves 

Shoot fresh 
weight(gr) 

Callus fresh 
weight(gr) 

control 0 4f 0.3h 0.4f 0.4f 0.6e 0.4f 0.2g 
         
Kinetin 0.2 80.2c 0.9g 3.2e 3.3e 6.6d 1.8e 0.38f 

0.4 83.5b 1.2f 3.4d 3.5e 6.8d 2.1d 0.45e 
0.6 87.4b 1.6e 3.5d 3.8d 7.2c 2.27d 0.53e 
0.8 92.1b 2de 3.8d 4d 8.7c 2.43d 0.61d 

         
BA 0.2 75.6e 2.2d 4c 4d 8.2c 2.85c 0.71c 

0.4 78.4d 3c 3.6d 3.7d 12.8b 3.78b 0.77c 
0.6 80.3c 3.8b 3.3e 3.5e 16.7a 4.10a 0.85b 
0.8 82.3bc 4.2a 3.2e 3.2e 18.5a 4.38a 0.9a 

         
Zeatin 0.2 80.4c 2.5d 5b 6.1b 7.5c 3c 0.65d 

0.4 82.1bc 2.8c 5.3ab 5.7b 8.3c 3.24c 0.78c 
0.6 85.2b 3.3c 5.5a 5.3c 9.7bc 3.65b 0.84b 
0.8 88.2b 3.6bc 5.8a 5c 10.8bc 3.78b 0.87ab 

         
TDZ 0.2 92.6b 0.8g 3.8d 5.6b 6.4d 1.62e 0.85b 

0.4 96.1a 1.2f 4.2c 5.7b 7.7c 1.90d 0.88ab 
0.6 96.4a 1.4e 4.5c 5.8b 8.2c 2.15d 0.92a 
0.8 98.3a 1.5e 4.8b 6.7a 8.8c 2.20d 0.95a 
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Discussion  
 Results of this study indicated that Persian walnut needs a high salt medium for shoot multiplication, so DKW 
medium was found as a suitable medium. Not only DKW is a relatively high salt containing medium that is like MS 
in its nitrogen content, but also it is containing high concentrations of several other ions. In contrast to DKW and 
MS media, WPM is a low salt containing medium and is a poor medium for walnut tissue culture. This confirms the 
results of (Driver and Kuniyuki,1984) who reported that DKW medium was superior than WPM for 
micropropagation of ‘Paradox’ cultivar of (walnut and Heile-Sudholt et al.,1986) reported that axillary shoots were 
significantly greater on DKW than on WPM in black walnut and micro-shoots on DKW were thinner. 
 (Saadat and Hennerty ,2002) reported that the best cytokinin for shoot multiplication of J. regia L. was BA at 
1.0 mg l

-1
. This confirms the results reported by( Driver and Kuniyuki ,1984), (Revilla et al. ,1989), (Gruselle et 

al.,1987), (McGranahan and Leslie,1988) and (Penuela et al.,1988). Inclusion of 0.4–0.6 mg l
-1

 BA and 0.01 mg l
-1

 
IBA was found to be optimum for shoot elongation of Persian walnut micro-shoots (Table 3) and lower 
concentrations of BA were not suitable, because of the poor quality of produced shoots. This is in contrast with the 
results of( Rodriguez et al.,1989) who reported that application of BA and IBA at 0.1 mg l

-1
 was optimum for 

maintaining a desirable rate of growth. This difference might be because of the use of different basal nutrient media 
or plant materials.  
 ( Bosela et al.,2008) reported that TDZ had strong positive effects on the rate of axillary proliferation, 
confirming the results of previous research groups (Khan et al., 1995; Van Sambeek et al., 1997), but it was 
effective only over a relatively narrow concentration range and the regenerated shoots exhibited morphological 
defects at high frequencies. Similar problems were reported by Van( Sambeek et al.,1997). In contrast, KIN and 
2iP appeared wholly ineffective for shoot culture growth, but were only tested during culture initiation and at 
relatively low concentrations (2.5–5 μM).  
 For four of six shoot lines, the rates of shoot elongation were equivalent on BA and ZEA media. However, BA 
was also effective for the induction of shoot proliferation with proliferation frequencies of up to 88% being possible 
for shoot tip explants. BA has generally been used in combination with an auxin, typically IBA, for walnut 
micropropagation (Rodriguez et al., 1989) and for J. regia taxa, IBA supplementation has been demonstrated to 
have positive effects on shoot culture growth (Rodriguez, 1982; Driver and Kuniyuki, 1984; Gruselle et al., 1987; 
Saadat and Hennerty, 2002). In the current study, IBA (0.05 μM) facilitated both elongation and proliferation, 
depending on the explant type, but the improvements were generally not statistically significant. 
 (Bosela et al., 2008) reported that the growth of black walnut in shoot cultures was different according to media 
with different nutrient formulation (MS, DKW, WPM, and 1/2X DKW), cytokinin types (ZEA, BA, and TDZ), and 
cytokinin concentrations. All three cytokinins facilitated shoot regeneration from nodal cuttings, but recurrent 
elongation was only observed for BA (5–12.5 μM) and ZEA (5–25 μM) with mean shoot heights of 70–80 mm being 
possible after two culture periods (6– 8 weeks) for the fastest elongating lines. ZEA was effective across all six 
shoot lines with mean shoot heights of at least 35 mm over two culture periods, but two of the shoot lines were 
‘nonresponsive’ to BA with mean shoot heights of <15 mm. Similar types of ‘high-cytokinin’ effects have also been 
reported by previous Juglans researchers. For example, when WPM with 8.8–44 μM BA (2–10 mg l

−1
) was used for 

culture multiplication in black walnut, the regenerated shoots were short (5–10 mm tall) and swollen (hypertrophic), 
and etiolation was required to produce shoots of sufficient height for root induction (Heile-Sudholt et al., 1986). On 
DKW media with TDZ (0.3 μM), the shoots were taller (to nearly 20 mm) but were frequently fasciated and were 
generally nonresponsive when separated and individually subcultured (Van Sambeek et al., 1997). For J. regia, 
BA, at concentrations of 2–5 mg l

−1
, caused “morphological modifications” of the leaves and shoots (Revilla et al., 

1989). 
 TDZ had strong positive effects on the rate of axillary proliferation, confirming the results of previous research 
groups (Khan et al., 1995; Van Sambeek et al., 1997), but it was effective only over a relatively narrow 
concentration range and the regenerated shoots exhibited morphological defects at high frequencies. Similar 
problems were reported by Van (Sambeek et al.,1997). In contrast, KIN and 2iP appeared wholly ineffective for 
shoot culture growth, but were only tested during culture initiation and at relatively low concentrations (2.5–5 μM). 
 Some effects of cytoknin types and media have been reported by several previous research groups on Juglans 
genus such as (Heile-Sudholt et al.,1986), Van (Sambeek et al.,1997), (Revilla et al. ,1989) and (Bosela et 
al.,2008). In fact, MS medium has been successfully used for J. regia micropropagation by several previous 
research groups (Chalupa, 1981; Cossio and Minolta, 1983; Revilla et al. 1989; Gruselle and Boxus, 1990; Fatima 
et al., 2006). 

 
 



Intl J Farm & Alli Sci. Vol., 3 (2): 203-209, 2014 

 

209 
 
 

REFERENCES 
 
Bosela MJ, Michler CH. 2008. Media effects on black walnut (Juglans nigra L.) shoot culture growth in vitro: evaluation of multiple nutrient 

formulations and cytokinin types In Vitro Cell Dev Biol Plant 44:316–329. 
Cossio F, Minotta G. 1983. Prove preliminary di coltura in vitro di embrioni isolati di noce (Juglans regia L.) e confronto tra differenti 

combinacio´n di sali minerali. Riv. Ortoflorofrutt It 67:287–298. 
Driver JA, Kuniyuki AH. 1984. In vitro propagation of Paradox walnut rootstock. HortScience19:507–509 
Fatima A, Kamili AN, Shah AM. 2006. Plantlet regeneration from excised embryonal axes, shoot apices, and nodal segments of Juglans regia L. 

Acta Hortic 705:387–392. 
FAO. 2008. website: http://www.fao.org/faostat. 
Gruselle R, Boxus P. 1990. Walnut micropropagation. Acta Hort 284:45–52 . 
Heile-Sudholt C, Hutteman CA, Preece JE, Van Sambeek JW, Gaffney GR. 1986. In vitro embryonic axis and seedling shot tip culture of 

Juglans nigra L. Plant Cell Tissue Organ Cult 6:189–197. 
Jay-Allemand CH. 1982. Culture in vitro du noger (Juglans sp.) In: Etude experimentale sur l’ensemencement d’embryons isoles et de 

bourgeons, Mem D, Univ Sci Tchn Languedoc, Mompelier, Fr. 
Lloyd G, McCown B. 1981. Commercially feasible micropropagation of mountain laurel, Kalmia latifolia, by the use of shoot tip culture. Proc 

Plant Prop Soc 30:421–427. 
Murashige T, Skoog F. 1962. A revised medium for rapid growth and bioassay with tobacco cultures. Physiologia Plantarum 15:473–497. 
Navatel J, Bourrain L. 2001. Plant production of walnut Juglans regia L. by in vitro multiplication. Acta Hort 544:465–471. 
Penuela R, Garavito C, Sanchez-Tames R, Rodriguez R. 1988. Multiple shoot-bud stimulation and rhizogenesis induction of embryonic and 

juvenile explants of walnut. Acta Hort 227:457–459. 
Revilla MA, Majada J, Rodriguez R. 1989. Walnut (Juglans regia L.) micropropagation. Ann Sci For (Paris) 46:149–151. 
Rodriguez R, Lopez C, Diaz-Sala C, Berros B. 1993. Simultaneous shoot-bud development on walnut tissues of different ages: 

macromorphological and histological analyses. Acta Hort 311:141–152. 
Rodrı´guez R. 1982. Stimulation of multiple shoot-bud formation in walnuts seeds. HortScience 17: 592. 
Rodrı´guez R, Revilla A, Albuerne M, Perez C. 1989.Walnut (Juglans spp.) In: Bajaj, Y.P.S. (Ed.), Biotechnology in Agriculture and Forestry, 

Trees II, vol. 5. pp:99–125. 
Sambeek .1997. Knowledge for the future of black walnut. (Ed.) Proceedings of the Fifth Black Walnut Symposium, 28–31 July1996, USDA 

Forest Service, North Central Forest Experiment Station pp:78–92. 
Saadat YA, Hennerty MJ. 2002. Factors affecting the shoot multiplication of Persian walnut (Juglans regia L.) Scientia Horticulturae 95:251–

260. 
Van Sambeek JW, Lambus LJ, Kahn SB, Preece JE. 1986. In vitro establishment of tissues from adult black walnut. In Journal of W. Van. 
 
 

 
 

 
 
 

 
 

http://www.fao.org/faostat

