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In vitro propagation of walnut has played a very important role in rapid multiplication of cultivars with 
desirable traits and production of healthy and disease-free plants. During the last several years, 
different approaches have been made for in vitro propagation of walnut. Micropropagation using 
apicale bud, nodale segement, leaves, petioles, cotyledons, embryos and understanding the specific 
requirement at different stages has been comprehensively covered in literature. New challenges for 
refinements of protocols for high rate of shoot multiplication and development of cost effective 
methods has gained importance in the recent past. Importance of liquid and solid static culture for 
callus induction, embryogenesis, shoot proliferation and root induction for walnut is also discussed in 
the present review. Further, the development of protocols for in vitro propagation, culture nodal 
segment from seedling, somatic embryogenesis and plant regeneration which is considered the most 
important step for successful implementation of various biotechnological technique used for plant 
improvement programmes has been adequately addressed in literature. In walnut, there are several 
reports which indicate rapid regeneration and multiplication through organogenesis or somatic 
embryogenesis. On the whole, the present review gives a consolidated account of in vitro propagation 
in walnut. 
 
Key words: Walnut, Juglans spp. L, root induction, shoot multiplication, regeneration, medium culture, 
micropropagation, somatic embryogenesis. 

 
 
INTRODUCTION 
 
Clasification and distribution 
 
Walnut is classified under Kingdom Planta; Division, 
Magnoliopsda; Order, Fagales; Family, Juglandacea and 
Genus, Juglans. The genus Juglans L. comprises 21 
long-lived deciduous tree species generically referred to 
as walnuts. Juglans regia L. (Persion walnut; McGranahan 
and Leslie, 1990), Juglans nigra L. (Eastern black walnut; 
Funk.,  1979),  and Juglans cinerea L. (butternut; McDaniel, 
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1979) are important for commercial nut production. J. 
nigra L. is also used for timber and as valuable ecological 
rich species (Elias, 1980). These monoecious trees are 
native to North and South America, and from south Eastern 
Europe to eastern Asia (Bailey and Bailey, 1976). 
Manning (1978) divided Juglans L. into 4 sections: 
 
1) Cardiocaryon Dode, with three species native to 
China, Korea, and Japan. (J. ailantifolia Carr, J. 
manshurica Maxim and J. catheyensis Dode). 
2) Trachycaryon Dode ex Mann, with one species, J. 
cinerea, native to eastern North America. 
3) Rhysocaryon Dode, with 16 species native to North, 
Central, and South America, and the West Indies. 
4) Dioscaryon Dode with one species, J. regia, native 
from Europe to the Himalayan Mountains.  
 
Walnut is a temperate nut crop. Nuts, leaves and woods 
of walnut are consumed by humans and wildlife because 
of the high quality wood, nutritious nuts and pharma-
cological  properties  of  the  leaves. The nut is a very rich  
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Figure 1. Morphological characteristics of Juglans regia L. Growing in North of Iran. A and B, Growth habit. The 
pictures captured in autumn and summer seasons respectively; C, the male flowers are formed on the previous 
year’s wood; D and E, respectively immature and mature fruits 11 and 22 weeks after anthesis.  

 
 
 
source of proteins, fats, minerals and a concen-trated 
source of energy (Kaur et al., 2006; Ostry and Pijut, 
2000; Gunes, 1999). Moist, rich soils of hillsides and 
stream banks are the preferred growing sites, although 
walnuts can grow quite well on dry, rocky soils (Pijut, 
1997, 2004). In the last two decades, in vitro prop-agation 
has revolutionized commercial nursery business. The 
Persian walnut (J. regia L.) is the most horticulturally 
developed and widely cultivated species for nut pro-
duction (McGranahan and Leslie, 1990) (Figure 1). Black 
walnut (J. nigra L.) is one of the most valuable hardwoods 
produced in the United States (Williams, 1990). Eastern 
black walnut is also grown for the edible nuts, but this 
species is more valued for its high quality wood, prized 
for fine furniture, gunstocks, cabinets and veneers. 
Butternut (J. cinerea L.) is valued economically and 
ecologically for both wood and edible nuts. The nuts are 
an important wildlife mast and the wood is marketable for 
many uses including furniture, cabinets, fine wood-
working, and paneling. In areas where quality butternut 
wood is available, it ranks eighth out of the top 28 species 
for prime veneer and sawlogs (Peterson, 1990). Walnuts 
are now distributed across the temperate zones as both 
commercial and ornamental trees. 

Propagation methods and problems 
 
Juglans species are usually propagated by seeds, 
although the dormant embryo most in Juglans spp is the 
main constraint on propagation and development of high 
yielding cultivars through hybridization. Dormancy can be 
broken by fall sowing or by moist, prechilling of seeds at 
3 - 5°C for 3 - 4 months but still results in a low percent-
tage of seed germination. There is also evidence that the 
canker disease may have seedborne transmission 
(Orchard, 1984). Application of the methods of plant 
regeneration from in vitro cultured embryos allows 
barriers in hybridization to be overcomed (Hormaza, 1999; 
Bridgen, 1994), in addition obtaining higher and faster 
multiplication rate of plants of an elite genotype. Because 
of their juvenile nature, embryos have a high potential for 
regeneration and hence may be used for in vitro pro-
pagation (Kaur et al., 2006). Cultivars of Juglans spp are 
vegetatively propagated by grafting onto seedling root-
stocks. Various degrees of success have been reported 
for intraspecific as well as interspecific grafting in the 
genus (Kaeiser and Funk, 1971; Xi and Ding, 1990). Wal-
nut can be propagated by grafting onto black walnut 
rootstock, with limited success. In general, the most popular  
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way of walnut vegetative propagation is that of grafting 
which is, however, labor intensive, time-consuming and 
costly. However, vegetative propagation by cuttings of 
mature tree specimens is very difficult due to their low 
rooting ability (McGranahan et al., 1988; Land and 
Cunninham., 1994). Some authors (Rodriguez et al., 1989., 
Chenevard et al., 1997) concluded that walnut propa-
gation is still an unsolved problem and the main reasons 
are irregular and often low rooting rates and high 
mortalities of rooted plants during acclimatization. Earlier 
investigations (Claudet et al., 1992; Yalcin., 1993a) 
suggested that the continuity of the sclerenchymatous 
cylinder encircling the phloem inhibits rooting or root 
emergence. Jay-Allemand and colleagues (1995) 
suggested that juglone (5-hydroxy-1,4-naphthalenedione) 
is a major internal factor with a role in adventitious root 
induction during early stages of rhizogenesis and there is 
a positive correlation between juglone content and the 
rooting capacity of microcuttings. Many treatments on 
difficult-to-root Juglans species have been studied in 
order to improve rooting efficiency (Chelawant et al., 
1995; Stephans et al., 1990; Heloir et al., 1996), but with-
out significant improvements. Somatic embryo-genesis is a 
rapid propagation method and an important tool in making 
genetic improvements (Robacker, 1993). 
 
 
Browning of the growth medium 
 
Browning of the medium is the result of oxidation of 
polyphenols exuded from the cut surface of the explants 
which can be overcome by adding substances such as 
polyvinyl pyrrolidone (PVP), citric acid, ascorbic acid, 
activated charcoal, thiourea, L-cysteine, glutamine, 
aspargine, argenine or resorting to frequent subculturing 
(Rout et al., 1999; Pierik., 1987) or incubating cultures for 
a day or two in total darkness after inoculation as 
polyphenol oxidase activity was found to be induced by 
light (Pittet and Moncousin, 1981). Curir et al. (1986) 
stated that 3 days of culture on the medium containing 
charcoal followed by transfer to a fresh medium was 
highly effective in enhancing the growth of primary 
explants. In walnut, one of the major obstacles in the 
establishment of cultures is the presence of several 
phenolic compounds, including the allelochemical com-
pound juglone, which interfere with cell growth (Rietvel, 
1982, 1983). Also, weekly transfer of butternut nodal 
explants to fresh culture medium was necessary to 
maintain optimum growth and to limit the build-up of 
phytotoxic exudates in the culture medium. The 
production of exudates from freshly cultured explants of 
walnuts has also been a problem, solved by employing 
explant presoaking and transferring explants frequently to 
fresh medium (Preece et al., 1989; Leslie and 
McGranahan, 1992). To decrease explant exudation, 
they were transferred onto fresh medium 1, 3, 5 and 8 
days after culture (Driver and Kuniyuki, 1984; McGranahan 
et  al.,  1988;  Revilla  et  al.,  1989).  Long  et   al.  (1995)  

 
 
 
 
removed the testa from the cotyledon pieces to reduce 
lethal browning. Transfers to fresh medium were made 
after 1 - 2 days. After 5 days, explants were transferred to 
125-ml glass jars (baby food) containing 25 ml medium. 
These initial transfers were made to reduce the possible 
inhibitory effects of dark colored exudates that accumu-
lated in the medium (Preece and Compton, 1991). In our 
study (Payghamzadeh and Kazemitabar, 2008b), explants 
were cultured on two kind of medium cultures such as 
mono phase medium supplemented with different con-
centration of 6-benzyl aminopurine (BAP) and double 
phase medium which the lower phase were supplemented 
with activated charcoal without plant growth regulation 
and upper phase was liquid DKW basal medium supple-
mented with different concentration of BAP without 
activated charcoal. Results indicated that 8.9 µM BAP 
was best concentration for lateral bud induction. Also, 
between two kind of medium culture, the double phase 
medium culture was better than any other medium 
(Figure 2). 
 
 
MICROPROPAGATION  
 
Micropropagation has the immense advantage of rapidly 
generating a large number of genetically identical plants 
in a much shorter time than could be achieved by con-
ventional propagation methods. In general, works on 
micropropagation of walnut is summarized in Table 1. 
 
 
Stages involved in micropropagation  
 
A successful micropropagation protocol proceeds through 
a series of stages, each with a specific set of requirements. 
These are (i) Initiation of aseptic cultures, (ii) shoot 
multiplication, (iii) rooting of microshoots (iv) hardening 
and field transfer of tissue culture raised plants. 
 
 
Initiation of aseptic cultures  
 
Choice of explant for Juglans spp.: The choice of explant 
for initiation of culture is largely dictated by the method to 
be adopted for in vitro propagation. In walnut, the juvenile 
explants such as immature to mature embryos and 
immature cotyledons are often suitable for induction of 
somatic embryogenesis, callus, roots, germinants and 
shoot organogenesis (Table 1). 
 
Sterilization of explants: One of the most important factors 
of plant tissues culture is establishing and maintaining 
aseptic conditions. Preparing sterile explants is difficult 
because the tissue must be treated with disinfectants to 
destroy any microbial contamination without harming the 
explant tissue. For walnut, the commonly adopted proce-
dure  involves  surface  sterilization of initial explants with  
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Figure 2. Comparison of explants survival on media supplemented with and without 
activated charcoal. In two culture systems, polyphenolic materials exuded after 0.5 - 1 h 
from wounded areas of explants. Different explants gradually died after 12 days on a 
medium without activated charcoal (left), but explants cultured on medium supplemented 
with activated charcoal were alive 21 days after sub-culture and then gradually died (right).  

 
 
 
Table 1. Summary of in vitro studies with Juglans spp L. species. 
 

Species/cultivar Explant Study/results Reference 

J. nigra L.  Shoots, leaves Micro propagation/shooted rooted, plants Roschke and Pijut (2006) 
J. regia L. Mature embryo Micro propagation/mediums comparision Payghamzadeh and Kazemitabar 

(2008a) 
J. regia L.  Immature cotyledons Somatic embryogenesis Payghamzadeh and Kazemitabar 

(2008d) 
J. regia L.  Cotyledons Adventitious regeneration/somatic 

embryogenesis 
Long et al. (1995) 

J. regia L. rootstock 
cv. Perlata 

Mature fruit Embryo culture/germinated embryos and 
developed plants 

Sanchez-Zamora et al. (2006) 

J. regia L. cv. SU-2 Somatic embryos Germination of somatic embryos/germinated 
embryos 

Dumanogle (2000) 

J. regia L  Mature fruit Micropropagation /germinated embryos, fully 
development plant 

Kaur et al. (2006) 

J. cinerea Immature cotyledons Somatic embryogenesis; callus; roots; 
germinant 

Pijut (1993a, b) 

J. nigra Immature cotyledons Somatic embryogenesis; shoot organogenesis Long et al. (1992) 
J. nigra Immature to mature 

cotyledons 
Somatic embryogenesis; callus; roots Neuman et al. (1993) 

J. nigra, J. major Immature cotyledons Somatic embryogenesis; inter-specific hybrids Cornu (1988) 
J. nigra × J. regia Embryonic axes Germinants shoots Cornu and Jay- Allemand (1989) 
J. nigra × J. regia Shoot tips Rooted plantlets Meynier and Arnould (1989) 
J. nigra × J. regia Immature cotyledons Maturation, germination of somatic embryos Deng and Cornu (1992) 
Interspecific hybrids Embryonic axes Improved rooting of micro shoots; plants Jay-Allemand et al. (1992) 
J. regia Cotyledon Somatic embryogenesis ; plants Tulecke and McGranahan (1985) 
J. regia Immature cotyledons Histology of somatic embryo origin Polito et al. (1989) 
J. regia 

 
Embryonic axes; nodal 
segments 

Shoots; rooted plants Revilla et al. (1989) 

J. regia Apical and lateral buds Shoot formation Felaliev (1990) 
J. regia Axillary buds Shoot multiplication; rooted plants Stephens et al. (1990) 
J. regia Ovules Somatic embryo origin determined by RFLP 

and isozyme analysis 
Aly et al. (1992) 
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Table 1. Cont.. 
 

Clone TRS Micro shoots Improved acclimatization of plantlets Voyiatzis and McGranahan (1994) 
J. regia, J. hindsii × 
J. regia 

Nodal segments Shoot multiplication; rooted shoots Gruselle and Boxus (1990) 

J. regia × J. nigra Nodal segments Pi nutrition in relation to callus and shoot 
development 

Barbas et al. (1993a) 
 

J. regia × J. nigra Embryonic axes Gelling agent effects on shoot growth Barbas et al. (1993b) 
J. regia L. Immature and mature 

embryos, immature 
cotyledons 

Micro propagation/callus induction, embryo 
germination 

Payghamzadeh ( 2008) 

 

Pi, Orthophosphate; RFLP, restriction fragment length polymorphism. 
 
 
 
50 - 70% (v/v) ethanol for 20 – 30 s followed by 0.1 - 15% 
(v/v) sodium hypochorite containing 0.01% Tween 20 for 
10 - 20 min and then three 5 min rinses in sterile distilled 
water (Table 2). Table 2 shows the detailed protocols 
adopted for several explant tissues by a number of workers. 
 
 
In vitro culture 
 
Research with Juglans spp has focused on several 
different biotechnological approaches and initial explant 
material (Table 1) for the purpose of clonal mass pro-
pagation and subsequent genetic improvement. Progress 
in developing techniques for in vitro culture Juglans spp 
and hybrids has been very successful over the past 10 
years. Plantlets have been obtained via shoot-tip 
multiplication, cultured nodal segments, and somatic 
embryogenesis. However, few reports have been published 
on attempts to micropropagate Juglans sp L. 
(Payghamzadeh, 2008) (Table 3). 
 
Callus culture: It seems that in walnut, auxins and cyto-
kinins are responsible for callus induction. In our own 
study, callus fresh weight depended on BAP and indole-
3-butyric-acid (IBA) concentration. Initially, the calluses 
was green and nodular (Figure 3c), but then become 
brown and friable especially those grown in 0.1 mg 1-1 

IBA and 1.5 mg 1-1 BAP which become necrotic and 
loosed. In general terms, the 0.01 and 0.1 mg 1-1 IBA and 
1.5 mg 1-1 BAP favor callus induction from immature 
embryonic bodies (Payghamzadeh and Kazemitabar, 
2010a). This callus was white, cream, loose and very 
slow growing. Attempts to regenerate shoots or somatic 
embryos from this type of callus have so far been 
unsuccessful. 
 
 
SHOOT MULTIPLICATION 
 
Several reports indicated that Juglans species are 
amenable, to a certain degree, to micro propagation 
(Sommers et al., 1982; Driver and Kuniyuki, 1984; Meynier, 
1985; Heile-Sudholt et al., 1986; Lee et al., 1986; 

McGranahan et al., 1988; Revilla et al., 1989; Felaliev, 
1990; Gruselle and Boxus, 1990; Leslie and McGranahan, 
1992; Stephans et al., 1990) (Table 3). Axillary buds 
elongated when explants were cultured on a Driver and 
Kuniyuki Walnut (DKW) medium supplemented with 8.9 
mM BAP (Payghamzadeh and Kazamitabar, 2008b). 
Chalupa (1981) reported successful axillary bud 
elongation from nodal stem segments of J. regia seed-
lings cultured on Murashige and Skoog (MS) medium 
containing 0.4 µM BA and 0.8 µM a-naphthalene acetic 
acid (NAA). Gruselle et al. (1987) using a modified MS 
medium, found both 4.4 and 8.9 µM BA suitable for 
culturing nodal explants from young seedlings of J. regia. 
Culturing juvenile J. cinerea nodal explants on woody 
plant medium (WPM) or DKW media, regardless of growth 
regulators, resulted in the swelling and partial expansion 
of axillary buds, but no significant elongation. Much like 
black walnut and butternut seedlings, in vitro-derived 
plantlets initially increased root, rather than shoot growth 
(Pijut, 1997) (Table 3). The various factors that influence 
in vitro shoot multiplication in walnut are listed below. 
 
 
Species/genotypes/cultivars 
 
Scaltsoyiannes et al. (1997) marked a clear effect of 
genotypes on in vitro propagation of two walnut cultivars. 
They observed significant differences among the multipli-
cation rates of twelve different clones from these nuts. 
The effect of genotype was obvious in the rooting phase 
as well. Some clones exhibit high rooting ability (95%) 
and some low (5%). Among the twelve clones, significant 
differences were also observed for their multiplication 
rates. Although most of them ranged from 150 to 460 
axillary shoots per 100 explants, there was one, P5, with 
a low multiplication rate and another, P6, with a high rate. 
In another study (Payghamzadeh and Kazemitabar, 2010a) 
for optimazation of medium culture for embryo culture of 
eight cultivars of walnut, immature embryos were cultured 
on DKW basal medium. Many cultivars are capable of 
supporting the conversion of plantlet from young embryos. 
It was observed that different cultivars had different 
requirements for growth regulators. Between different 
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Table 2. Commonly used methods for sterilization of explants. 
  

Species/Cultivar Explants Study Disinfectants and dosage Method Reference 

J. regia L. cultivars vis., 
ACO38853, Netar Akhort, 
Gobind, Solding selection  

Mature fruit  Embryo culture 0.1% sodium hypochlorite Mature fruits were washed in running 
tap water. Then epicarp was removed 
and the remaining part of the fruit (nut) 
was disinfected by treating with 0.1% 
solution of sodium hypochlorite followed 
by washing twice with sterile distilled 
water for 5 min. 

Kour et al. (2006) 

J. regia L. cultivars vis., 
Yalova-1, Sebin, Bilecik, KR-
1, KR-2, Sen-2, 07-KOR-1, 
Tokat-1, Kaman-1, Kaman-5 

Immature fruit  Somatic 
embryogenesis 

3.75% sodium hypochlorite  Fruits were sterilized by immersion for 
25 min in 3.75% (v/v) sodium 
hypochlorite, followed by three 5- min 
rinses in sterile distilled water. 

San and Hatic (2006) 

J. regia L.  

 
 

Shoot and 
leaf 

Adventitious shoot 
regeneration and 
micro propagation 

For shoots: 70% ethanol, 15% 
bleach solution 

For shoots: shoots washed under 
running tap water for 30 min. Shoots 
were cut into sections and washed for 
30 s in 70% ethanol, disinfected for 20 
min in 15% bleach solution plus 0.01% 
Tween on an orbital shaker and rinsed 
in sterile water four times for 30 s. 

Roschke and Pijut (2006) 
 
 
 
 

For leaves: 10% bleach solution For leaves: explants were surface 
washed in running tap water for 5 min, 
sterilized for 10 min in 10% bleach 
solution and rinsed four times with 
sterile water. 

J. cinerea L. Nodal 
segment 

Axillary bud culture 0.8% (v/v) sodium hypochlorite 
(15% clorox bleach) 

Stems from actively growing seedlings 
were stripped of leaflets and surface 
disinfested in 0.8% (v/v) sodium 
hypochlorite (15% clorox bleach) for 15-
20 min, followed by four rinses in sterile, 
deionized water. 

Pijut (1997)  

 
 
 
cultivars, the highest percent embryos germination 
were achieved in Chandler, Serr, Hartky, 
Rentegnomushak and Local cultivar. Kaur et al. 
(2006) investigated embryo germination in five 
cultivars of walnut (J. regia L.) viz., ACO 38853, 
Netar Akhrot, Gobind, Solding selection and 
Blackmore via in vitro culture. In this study, they 
observed significant differences between the five 

cultivars, with Netar Akhrot having the highest 
percent embryo germination. The influence of 
genotype on shoot proliferation could easily be 
interpreted by linking it with the recent progress in 
functional genomics of plants. Current studies 
indicate that there are genes responsible for 
increased number of bud initials and shoot 
proliferation. Moreover, the involvement of genes 

in modulating hormone levels has also been 
reported (Tantikanjana et al., 2001). 
 
 
Media 
 
The culture medium is one of the most important 
components   of   plant   cell   and  tissue    culture  
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Table 2. Contd. 
 

Species/Cultivar  Explants Study  Disinfectants and dosage Method  Reference 

J. regia L. cultivar vis., 
Plemiana 1 and Plemiana 2 

 

Kernel Embryo culture  NaOCl (1.0% w/v), 75% v/v EtOH 
 

The nuts were cracked and the kernels 
were immersed in NaOCl (1.0% w/v) for 
5 min followed by 75% v/v EtOH for 
another 5 min and were rinsed three 
times in sterile distilled water. 

Scaltsoyiannes et al. 
(1997) 

J. nigra L. Immature 
cotyledons 

Adventitious 
regeneration 

5..25% NaClO ; 70% EtOH; HCL 
0.01 N 

The immature fruit were surface-
disinfected immediately following 
collection for 1 min in 70% (v/v) 
ethanol/water solution, followed by a 5 
min immersion in 5.25% NaClO. This 
was followed by a 1 min rinse in sterile 
deionized water, 1 min in 0.01 M HCl, 
and three 5-min rinses in sterile 
deionized water. 

Long et al. (1995) 

J. regia L. 

J. regia L. rootstock cv. 
Peralta 

Fruit 
Nut  

Micro propagation  
Embryo culture 

0.5% NaClO, 75% EtOH Seeds were previously immersed for 24 
h in water and disinfected for 5 min in 
0.5% NaCIO solution followed by 5 min 
in 75% ethanol and 3 rinses in sterile 
distilled water. 

Revilla et al. (1989) 
Sánchez-Zamora et al. 
(2006) 

10% solution of Domestos®, 70% 
ethanol 

The nuts were harvested in October 
2002 and washed in a 10% solution of 
Domestos® for 2 h, rinsing and 
changing the solution every 30 min. The 
nuts were cracked, the kernel removed 
and the lower half of the cotyledons cut 
off. These embryos were disinfested in 
a laminar flow cabinet, for 2 min in 70% 
ethanol and for 20 min in 20% 
Domestos®, finishing with three rinses 
of sterile water. 

 
 
 
methods. For micropropagation of Juglans L., 
different culture media have been used, such as 
Driver and Kuniyuki (1984) (DKW), Murashige and 
Skoog (1962) (MS), Cheng (1975), Gamborg et al. 
(1968) and Lloyd and McCown (1981) (WPM), 
Rodríguez (1982) [medium K(h)], with varying 
success. Also, different media have been used for 
the proliferation stage of the explants as indicated 

by Jay-Allemand (1982), using a primary culture in 
half strength Knop's medium and a secondary one 
in Miller medium with 1 mg/l BAP. Murashige and 
Skoog’s  (1962)  medium  and Driver and Kuniyuki 
(DKW) medium (1984) were found to be the most 
commonly used for walnut propagation. The com-
position (mg/l) of each culture medium used for in 
vitro culture walnut is listed in Table 7. The first 

attempts at walnut micropropagation utilised exis-
ting media formulations which were suitable for 
other woody plants. Using Driver and Kuniyuki 
(1984), Cheng (Cheng, 1975), Murashige and 
Skoog (MS) (Murashige and Skoog, 1962), B5 
(Gamborg et al., 1968) and woody plant media 
(WPM) (Lloyd and McCown, 1981) encountered 
the problem of gradual culture  deterioration.  This  
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Table 2. Contd. 
 

Species/Cultivar  Explants Study  Disinfectants and dosage Method  Reference 

J. regia L. Embryonic 
axes 

Morphogenic study 
and embryo culture 

Alconox (0.1%), NaClO  
(5 gl−1) 

Embryonic axes from the seeds were 
isolated and then sterilized by soaking 
with alconox (0.1%) for 10 min, rinsed 
with distilled water for 10 min, soaked 
with NaClO (5 gl−1) for 10 min and 
finally rinsed 3 times with distilled water. 

Fernandez et al. (2000)  

J. regia L.  Immature 
fruits 

Callus induction 
from immature 
embryos 

Hypochlorite sodium 3.75%; EtOH 
50% 

Immature fruit were selected at 6 weeks 
postanthesis and washed under running 
tap water for 30 min, then the fruits 
were treated for 30 s in 50% EtOH, 
disinfected for 20 min in 3.75% 
hypochlorite sodium solution made up 
with sterile water plus 0.01% Tween 20, 
after that samples were three 5-times 
rinsed with sterile distilled water.  

Payghamzadeh (2008)  

 
 
 
Table 3. Commonly used hormones, mediums and explants for in vitro propagation of walnut. 
 

Species/ 

cultivars 

Plant growth regulator 
Study Medium Explant References 

BAP Kn TDZ 2,4-D IBA IAA NAA GA3 

J. cinerea L. - - - - 2.5 µM - - - Rooting  1/2 MS Ms Pijut (1997) 
J. cinerea L. 8.9 µM - - - - - - - Axillary bud culture MS Ns Pijut (1997) 
J. regia L - - - - 3 mg/l - - - Rooting of shoot DKW S Heloir et al. (1996) 
J. regia L 1 mg/l - - - - - - - Axillary shoot 

proliferation 
MS S Heloir et al. (1996) 

J. nigra L. 1 - 5 mg/l - - - - - - - Bud proliferation MS or DKW - Sommers et al. 
(1982) 

J. regia L. 1 mg/l - - - 0.01 mg/l - - - Shoot multiplication DKW, MS and 
WPM 

St Saadat and 
Hennerty (2002) 

J. regia L - - 6.8 µM - 1 µM - - - Adventitious shoot 
regeneration 

DW (1/2 
DKW+1/2 WPM) 

L Roschke and Pijut 
(2006)  

J. regia L. 4.44 µM - - - 0.005 µM - - - Shoot multiplication DKW Ge Jay-Allemand et al. 
(1992) 

J. regia L 1 mg/l - - - - - - - Shoot multiplication and 
rhizogenesis induction 

MS Eje Penula et al. (1988) 

J. regia L. 1 mg/l 2 mg/l - - 0.01 mg/l - - - Macro morphological and 
histological analyses. 

Modified MS Sb Rodriguez et al. 
(1993) 

J. regia L 1 mg/l -  - 0.1 mg/l 0.05 mg/l - 0.1 mg/l Micro propagation MS Jns, Ea Revilla et al. (1989) 
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Table 3. Cont.. 
 

J. regia L 4.4, 8.9 µM - - - - - - - Culturing nodal segement Modified MS Ns Gruselle et al. 
(1987) 

J. regia L. 0.4 µM - - - - - 0.8 
µM 

- Axillary bud elongation MS Ns Chalupa (1981) 

J. nigra L. - - 5 µM 0.1 µM - - - - Adventitious regeneration WPM - Long et al. (1995) 
 

Jns, Juvenile nodal segement; S, shoot; St,  shoot tip; L, leaf; Ns, nodal segement; Ea, embryonic axes; Ms, microcutting shoots; Ge, germinated embryos; Eje, embryonic and juvenile explants; Sb, 
shoot buds; Ns, nodal segements. 
 
 
 

 
 
Figure 3. Micropropagation of walnut. A, Embryonic callus product from cotyledonary 
explants; B, mature embryos cultured on Driver and Kuniyoki walnut basal medium; C, 
calluses inducted from embryonic badies; D, fully developed plantlet originating from mature 
embryos culture (Payghamzadeh, 2008). 

 
 
 
problem led them to develop a new medium called 
DKW medium (McGranahan et al., 1987) optimized 
especially for the growth of the paradox hybrid. 
Although DKW medium was developed for cultivar 
paradox, it has proven suitable for a variety of 
Juglandaceae species, including J. regia L. and is 

currently the most widely used medium for walnut 
tissue culture (Cornu and Jay-Allemand, 1989; 
McGranahan et al., 1987; McGranahan and Leslie, 
1987; Payghamzadeh, 2008). However, several 
researchers used MS medium for culturing Persian 
walnut  and  reported successful results (Revilla et 

al., 1989; Penuela et al., 1988; Kornova et al., 
1993; Gruselle and Boxus, 1990; Payghamzadeh, 
2008). Saadata and Hennerty (2002) indicated 
that Persian walnut needs a high salt medium for 
shoot multiplication and DKW medium was there-
fore a suitable medium. DKW is  a  relatively  high 

a b 

c d 



 
 
 
 
salt medium resembling MS in its nitrogen content, but 
also containing high concentrations of several other ions. 
In contrast to DKW and MS media, WPM is a low salt 
medium and was a poor medium for walnut tissue 
culture. Saadat and Hennerty (2002) reported no signifi-
cant difference in shoot or callus fresh weight and main 
shoot length of explants between DKW and MS media, 
but both of them were significantly better than WPM. This 
confirms the results of Driver and Kuniyuki (1984), who 
reported that DKW medium was superior to WPM for 
micropropagation of paradox walnut and Heile-Sudholt et 
al. (1986), for black walnut who reported that axillary 
shoots were significantly greater on DKW than on WPM, 
and micro-shoots on DKW were thinner, had more leaf 
expansion and were greener than those on WPM. 

In comparison to WPM, MS basal medium has a very 
high nitrate concentration. This may have placed additional 
metabolic stress on the cultures. Many components of 
MS medium, not present in WPM, have also been 
reported to induce stress in plant cells. The inclusion of 
cobalt (and lack of nickel) in MS basal medium has been 
reported to contribute to leaf damage and metabolic 
stress in tissue cultured potato plants (Witte et al., 2002). 
WPM contains neither nickel nor cobalt. MS medium also 
contains potassium iodide (KI), whereas WPM does not 
include a source of iodine. KI has previously been shown 
to be toxic to goldenweed (Haplopappus gracilis) cells 
when cultured under dark conditions (Eriksson, 1965). 
Payghamzadeh and Kazemitabar (2008a) compared the 
effects of MT medium with modified DKW basal medium 
on walnut micropropagation. They reported that, 
percentage embryo germination and shoot proliferation in 
modified DKW medium was more than MT medium 
culture. But root proliferation in MT medium was more 
than DKW. The Instituto Murciano de Investigacióny 
Desarrollo Agrarioy alimentario (IMIDA) fruticulture team 
designed a new medium for walnut tissues culture (NGE) 
(Sanchez-Zamora et al., 2006) and determined the best 
culture medium for in vitro embryo germination. They 
compared DKW, WPM, and NGE medium. The best 
result after 35 days was 81% using the WPM medium, 
with significant statistical differences when compared with 
the other media. Little difference was found between the 
NGE and DKW media (62 and 54%, respectively) and the 
worst result was achieved with MS (27%). Looking at 
these results, we can see the big influence of the culture 
medium on the in vitro germination of mature embryos. A 
large majority of the embryos evolved into complete 
plants, WPM being the medium where the highest num-
ber of plants was obtained (60%), followed by NGE and 
DKW, with 44 and 45%, respectively. The NGE and WPM 
cultures were the only ones where plants appeared with 
stems but not roots. Culturing juvenile J. cinerea nodal 
explants on WPM or DKW media, regardless of growth 
regulators tested, resulted in the swelling and partial 
expansion of axillary buds, but with no significant 
elongation. In contrast, DKW medium  has  proven  to  be  
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suitable (and in many cases superior) for the culture of J. 
regia as well as other Juglans species (Driver and 
Kuniyuki, 1984; Heile-Sudholt et al., 1986; Lee et al., 
1986; McGranahan et al., 1988; Leslie and McGranahan, 
1992). 
 
 
Carbohydrates 
 
Sucrose (3%) was commonly used as a source of 
carbohydrate. In general, for tissue culture, Murashige 
and Skoog (1962) stated that the use of 3% sucrose is 
better than 2 or 4%. In walnut, researchers used (3%) of 
Murashige and Skoog (1962) from the recommended 
concentration. 
 
 
Growth regulators 
 
Table 3 summarises the plant growth regulators (PGRs) 
used for in vitro propagation of explants, Table 4 shows 
those used for embryo culture while Table 5 displays 
PGRs used for embryogensis. Inclusion of BAP and 
gibberellic acid (GA3) in the culture medium was essential 
for bud proliferation and embryo germination of walnut, 
respectively. In our study, inclusion of 2 mg l-1 GA3 
enhanced embryo germination and shoot proliferation 
(Payghamzadeh, 2008; Payghamzadeh and Kazemitabar, 
2008a). Also, inclusion of 2 mg l-1 2,4-dichloropheno-
xyacetic acid (2, 4-D) in combination with 1 mg l-1 BAP 
was best performed medium for somatic embryogenesis 
in walnut (Payghamzadeh, 2008; Payghamzadeh and 
Kazemitabar, 2010b). In another work, results indicated 
that 8.9 µM BAP was best concentration for lateral bud 
induction (Payghamzadeh and Kazemitabar, 2008b). 
 
  
Status of the medium 
 
The commonly used agent is the solidifying agent to in 
vitro propagation of walnut listed in Table 6. For plant 
tissue culture media, both agar and phytagel, which are 
natural polysaccharides with a high capacity for gelation, 
are commonly used as gelling agents. Agar is most 
frequently used because of its desirable characteristics 
such as clarity, stability and its inertness (Ibrahim, 1994). 
However, phytagel, the alternative gelling agent, is 
increasingly being used because it forms a relatively 
clear gel and contains no contaminants (Pierik, 1987). 
Although agar is used routinely to solidify most media, 
Gelrite has been used as a solidifying agent for DKW 
medium. Some users of DKW medium have avoided 
Gelrite because of its reputation for promoting vitrification, 
but Leslie and McGranahan (1992) claimed that it was 
not a problem as long as the culture vessels were not 
sealed tightly. They reported that micro-propagated   
walnut  shoots  on  agar solidified DKW  medium  showed 
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Table 4. Commonly used hormones, mediums and explants for walnut embryo culture. 
 

Species/cultivar 
Plant growth regulator 

Study Medium Explant References 
BAP Kn TDZ 2,4-D IBA IAA NAA GA3 

J. regia L. 1 mg/l - - - 0 - 0.1- 
0.05 mg/l 

- - - Micro 
propagation 

DKW If Payghamzadeh 
(2008) 

J. regia L., a local 
cultivar. 

- - - - - - - 2 mg/l Micro 
propagation 

DKW, Mt Me Payghamzadeh 
and 
Kazemitabar 
(2008c) 

J. regia L.  0.5 mg/l 0.5 mg/l - - - - - 2 mg/l Embryo culture MS Me Kaur et al. 
(2006) 

J. regia L. - 0.3 mg/l - 1 mg/l 2 mg/l - 2 mg/l - Modulation and 
morphogenic; 
callus induction 

MS or K(h) Ea Fernandez et al. 
(2000) 

J. regia L. 0.5 - 2 mg/l - - - - - 0.1 - 0.5 
mg/l 

0.1 - 0.5 
mg/l 

Embryo culture MS Me Liu and Han 
(1986) 

J. regia L. 4.44 µM - - - - - - - Micro 
propagation 

DKW E Jay-Allemand et 
al. (1992) 

J. regia L. 0.1 - 1 mg/l - - - - - - - Axillary bud 
proliferation 

MS Ea Fernandez et al. 
(2000) 

J. regia L. 1 mg/l - - - - - - - 
 

Embryo 
proliferation 

1/2 Knop, 
Miller 

E Jay-Allemand 
(1982) 

J. regia L. cv su-2 - - - - - - - 9 mg/l Germination of 
desiccated 
somatic embryos 

DKW Dse Dumanoglu 
(2000) 

J. regia L. cv Plemiana 
1, Plemiana 2 

4.44, 2.22 
µM 

- - - 0.005 µM - - - Micro 
propagation 

DKW E Scaltsoyiannes 
et al. (1997) 

J. regia L. rootstock cv, 
Perlata 

0.5 mg/l - - - 0.1 mg/l - - - Embryo 
germination 

NGE, DKW, 
WPM 

Me Sanchez-
Zamora et al. 
(2006) 

J. regia L. 1 mg/l -  - 0.1 mg/l 0.05 mg/l - 0.1 mg/l Micro 
propagation 

MS Ea Revilla et al. 
(1989) 

 

Me, Mature embryo; Ea, embryonic axes; E, embryo; Dse, desiccated somatic embryo; If, immature fruit; Ie = immature embryos. 
 
 
 
reduced growth rates and some problems with 
chlorosis. Cornu and Jay-Allemand (1989) com-
pared two kinds of solidifying compounds for 
shoot multiplication of walnut. They reported that 
after two transfers, shoot elongation and callus 
formation of hybrid walnut increased significantly 

in Gelrite. Barbas et al. (1993a) reported that 
gelling agents affected the growth of in vitro 
cultured walnut shoots. Gelrite promoted shoot 
elongation and bud production, whereas Difco 
Bacto agar inhibited growth and led to fully 
expanded leaves, but the formation of new leaves 

was limited. On Gelrite solidified medium, the 
leaves were smaller, bright green in colour and 
new leaves were formed regularly. Using Phytagel 
as  the  solidifying agent gave significantly greater 
callus and shoot fresh weight, main shoot length 
and leaf number on shoots than when the medium 



Payghamzadeh and Kazemitabar         301 
 
 
 

Table 5. Commonly used hormones, medium and explant for embryogenesis. 
 

Species/cultivar Plant growth regulator Medium  Explant References 

 BAP Kn TDZ 2-4-D IBA IAA NAA GA3    

J. regia L 1 mg/l 2 mg/l - - 0.01 mg/l - - - DKW Ic San and Hatic (2006) 

J. regia L. 4.4 µM 9.3 or 1.1 µM - 9.1 µM 0.05 µM - - - DKW or MS Ic Pijut (1993a) 

J. nigra L - - 5 µM 0.1 µM - - - - WPM C Neuman et al. (1993) 

J. regia L. cv Manregian  4.4 µM 9.3 or 1.1 µM - 9.1 µM 0.05 µM - - - DKW or MS Et Tuleke et al. (1988) 

J. regia L. 1 mg/l 2 mg/l - - 0.01 mg/l - - - MS Ic Boltivets and Piven (1990) 

J. nigra L - - 5 µM 0.1 µM - - - - DKW Ic Steger et al. (2003) 

J. nigra L 1 mg/l 2 mg/l - - 0.01 mg/l - - - LP Ic Steger et al. (2003) 
 

Ic, Immature cotyledons; C, cotyledons; Et, endosperm tissues; Ea, embryonic axes. 
 
 
 
Table 6. Commonly used agents as the solidifying agent for in vitro propagation of walnut. 
 

Species/cultivar Type of gelling agent Concentration Medium pH Study References 

J. cinerea L. Phytagel1 0.22% (w/v) MS 5.7 Axillary bud culture Pijut (1997) 
J. cinerea L Phytagel 0.22% (w/v) 1/2 MS 5.7 Rooting of microshooting Pijut (1997) 
J. cinerea L Gelrite (Merck Co) or Difco-

bacto agar 
0.24% (w/v), 0.7% (w/v) 

respectively 
MS or DKW 5.7 Somatic embryogenesis Pijut (1993a) 

J. regia L Gelrite (Merck Co) 0.21% (w/v) DKW 5.7 Somatic embryogenesis San and Hatic (2006) 
J. regia L Agar (India, Himedia, 

Mumbai)@ 
6 g/l MS 5.8 Embryo culture  Kaur et al. (2006) 

J. regia L Difco-bacto agar 8 g/l MS, DKW, WPM, 
1/2(DKW+WPM) 

- Micropropagation and adventitious 
shoot induction 

Roschke and Pijut (2006)  

J. regia L Difco-bacto agar 0.7% MS, K(h) 5.8 Modulation and morphogenic study 
on embryonic axes 

Fernandez et al. (2000) 

J. regia L. clone RG1 Roland agar 7.5 g/l DKW - Axillary bud proliferation Heloir et al. (1996) 
J. regia L. rootstock 
cv. Perlata 

Difco-bacto agar 7 g/l WPM, DKW, NGE 5.7 Embryo germination and proliferation Sanchez-Zamora et al. (2006) 

 
1Sigma Chemical Co, St, Louis, Missouri. 
 
 
 
was solidified with Difco Bacto agar (Saadat and 
Hennerty, 2002), and confirms the results reported 
by Barbas et al. (1993b), Cornu and Jay-Allemand 
(1989), Nairn et al. (1995) and Pasqualetto et al. 
(1988). Barbas et al. (1993) reported that the two 

gelling agents resulted in major differences in 
mineral contents. Gelrite contained a higher amount 
of Ca, Mg, K and Fe than Difco Bacto agar, but 
agar contained more Na than Gelrite and media 
solidified with agar contained threefold higher Na 

levels than media solidified with Gelrite. In 
addition, a significant accumulation of Na was found 
in the leaves of the explants cultured on media 
solidified with agar. In callus samples of media 
solidified  with  agar,  the   level   of   hydrojuglone  
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Table 7. Salts composition (mg/l) of each culture medium. 
 

Component MS DKW WPM NGE B5 LP 

NH4NO3 1650 1416 400 908 - 908 

KNO3 1900 - - 723 2500 - 

Ca(NO3)2.4H2O - 1968 556 2248 - 1262 

CaCl2.2H2O 440 149 96 699 150 122.2 

K2SO4 - 1559 990 - - 1274.5 

MgSO4.7H2O 370 740 370 2053 250 555 

(NH4)2SO4 - - - - 134 - 

MnS04.H2O - - - - 10 27.9 

NaH2PO4.H2O - - - - 150 - 

KH2PO4 170 265 170 155 - 217.5 

MnSO4.4H2O 22.3 33.5 22.3 22.3 - - 

Na2MoO4.2H2O 0.25 0.39 0.25 0.25 0.25 0.32 

ZnSO4.7H2O 8.6 - 8.6 8.6 2 4.3 

Zn(NO3)2.6H2O - 17 - - - 8.5 

KI 0.83 - - 0.83 0.75 - 

H3BO3 6.2 4.8 6.2 6.2 3 5.5 

CuSO4.5H2O 0.025 0.25 0.25 0.025 0.025 0.25 

CoCl.6H2O 0.025 - - 0.025 0.025 - 

NiSO4.6H2O - 0.005 - - - - 

FeSO4.7H2O 27.8 33.8 27.8 27.8 - 30.8 

Na2EDTA.2H2O 37.3 45.4 37.3 37.3 37.3 41.35 

Myo-inositol 100 100 100 100 100 100 

Thiamin-HCL 0.1 2 1 0.1 10 1.5 

Nicotinic acid 0.5 1 0.5 0.5 1 0.75 

Pyridoxine-HCL 0.5 - 0.5 0.5 1 0.25 

Glycine  2 2 2 2 - 2 

Glutamine - - 2 - - - 

Sucrose 30000 30000 30000 30000 20000 30000 
 

MS, Murashige and Skoog (1969); DKW, Driver and Kuniyuki walnut medium (1984);  WPM, Woody 
plant medium (Lloyd and McCown, 1980); NGE, Sanchez-Zamora et al. (2006);  B5- Gamborg et al. (1974); 
LP, Preece et al. (1994). 

 
 
 
glucoside, a marker of juvenility in walnut, decreased 
drastically. They concluded that lack of growth, mature 
foliar morphology, sodium accumulation and hydrojuglone 
glucoside decline supported the hypothesis that agar 
accelerated the ageing of in vitro cultured walnut explants 
and could not be recommended for shoot multiplication of 
Persian walnut (Barbas et al., 1993). Liquid cultures, 
without any gelation agent can give a better response to 
a better contact between explants and the liquid medium 
which increases the availability of cytokinins and other 
nutrients, and dilution of any exudates from the explants 
(Payghamzadeh and Kazemitabar, 2008b). Further, the 
successful establishment of cultures in liquid medium has 
several other advantages and is an important step 
towards automation. Further, elimination of agar in the 
liquid medium reduces the cost. 

Physical factors 
 
Light 
 
Table 8 summarizes the physical parameters of culture 
conditions used in studies of walnut. Perusal of the 
literature indicates that light intensity plays an important 
role in satisfactory shoot growth. One to 3000 lux (ca. 40 
- 92 µmol/m2/s) is reported to be sufficient for embryo 
culture, axillary bud culture and shoot proliferation in 
walnut (Jay-Allemand et al., 1992; Kaur et al., 2006; Long 
et al., 1995; Roschke and Pijut., 2006; Paygamzedeh, 
2008). Capellades et al. (1990) however, opined that 
cultured   plantlets  could   resemble   greenhouse  grown 
plants if these were cultured at a higher light intensity (80 
µmol m-2s-1)  than   that   normally   available   inside   the 
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Table 8. Physical condition required for in vitro culture of walnut. 
 

Species/cultivar 

 

Light 
density 

Instrument Photo period Temperature Medium Study References 

J. cinerea L 

 

92 µmol/m2/s Cool white fluorcent 
lamp 

18 h 26°C MS Axillary bud culture Pijut (1997) 

J. regia L 

 

55 - 65 µEm-

2s-1 
Cool white fluorcent 
lamp 

16 h 27±1°C DKW Embryo culture and shoot 
multiplication 

Jay-Allemand et al. 
(1992) 

J. cinerea L 

 

92 µmol/m2/s Cool white fluorcent 
lamp 

18 h 26°C 1/2 MS Rooting of microshoots Pijut (1997) 

J. cinerea L - - - 26°C DKW or MS Somatic embryogenesis Pijut (1993a) 

J. regia L - - - 25°C DKW Somatic embryogenesis San and Hatic (2006) 
J. regia L 3000 Lux - 16.8 h 22°C MS Embryo culture Kaur et al. (2006) 
J. regia L  

 

80 µmolm-2s-1 - 16 h  
24±2°C 

MS, DKW, WPM, 
1/2(WPM+DKW) 

Adventitious shoot 
induction 

Roscke and Pijut 
(2006)  

J. regia L 

 

40 µmolm-2s-1 Cool white fluorcent 
lamp 

16 h 25°C 1/2 K(h), MS Modulation and 
morphogenic study on 
embryonic axes 

Fernandez et al. 
(2000) 

J. regia L. cv. 
Plemania1, Plemania2 
 

55 - 65 µEm-

2s-1 
Cool white fluorcent 
lamp 

16 h for first six 
days, 8 h for 

remaining days 

24±1°C for first six 
days, 21±1°C for 
reminded days 

DKW (1/4 (macro 
nutrient) 

Root induction Scaltsoyiannes et al. 
(1997) 

J. regia L. clone RG1 312 molm-2s-1 Sylvania Grolux 
fluorcent lam 

16 h Day/night 
respectively 28/25°C 

DKW Shoot bud proliferation Heloir et al. (1996) 

J. regia L. cv. 
Plemania1, Plemania2 

55 - 65 µEm-

2s-1 
Cool white fluorcent 
lamp 

16 h 27±1°C DKW Somatic embryogenesis 
and shoot multiplication 

Scaltsoyiannes et al. 
(1997) 

J. regia L. rootstock cv. 
Perlata 

5000 lx Philips TLD 58w/54 16 h 25±1°C DKW, WPM, NGE Embryo germination and 
proliferation 

Sanchez-Zamora et 
al. (2006) 

J. regia L - - - 25°C DKW Maturation and germination 
of somatic embryos 

Deng and Cornu 
(1992) 

 
 
 
culture vessels (25 µmol m-2s-1). Usually a 16 - 18 
h photoperiod from Sylvania Grolux type white 
fluorescent lamps or cool white fluorescent lamps 
is provided in culture conditions (Sanchez-Zamora 
et al., 2006; Heloir et al., 1996; Scaltsoyiannes et 
al., 1997; Long et al., 1995; Roschke and Pijut,   
2006;   Payghamzadeh and Kazemitabar, 2008a, 
b, c and d). In general, in walnut tissue culture, 16 - 
18 h illumination resulted in a normal growth, 

multiplication and germination rate. 
 
 
Temperature 
 
For somatic embryogenesis, embryo culture and 
optimal shoot or root formation and proliferation, 
the range 22 - 28°C is the best temperature, as 
summarized in Table 8. For instance, Kaur et al. 

(2006) used 22°C throughout optimization of 
medium for embryo culture. However, San and 
Hatic (2006) used 25°C for somatic embryo-
genesis and Fernandez et al. (2000) used 26°C for 
modulation and morphogenic study on embryonic 
axes via embryo culture technique. Long et al. 
(1995) used 25°C for somatic embryogenesis and 
adventitious shoots in J. nigra L. In our work, we 
used 25°C for callus induction from selected
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explant from original plant and embryos of walnut 
(Payghamzadeh, 2008; Payghamzadeh and Kazemitabar, 
2010a, 2010b). Others have used different temperatures 
for different stages in tissue culture. Scaltsoyiannes et al. 
(1997) incubated at 24±1°C for the first six days and 
21±1°C for the reminder of the time in root induction 
phase. 
 
 
ROOTING OF MICROSHOOTS 
 
For any propagation method, successful rooting of 
microshoots is a pre-requisite to facilitate their establish-
ment in soil. Considerable work has been done to enhance 
rooting efficiency in different walnut varieties. Rooting of 
microshoots can be accomplished both under in vitro and 
ex vitro conditions. 
 
 
In vitro rooting of microshoots 
 
Walnut plants have been clonally propagated from tissue 
culture derived microshoots. The in vitro rooting capacity 
depends on the interaction of internal and external factors 
(Hyndman et al., 1982a; Scaltsoyiannes et al., 1997). As 
is well known, genotype plays a major role in all phases 
of vegetative propagation. The same authors noticed that 
the pretreatment of the hybrid microcuttings (J. nigra × J. 
regia) with 24.6 µM IBA for 5 days in darkness are essential 
for rooting induction. Scaltsoyiannes et al. (1997) found 
that 6-day pretreatment with the same concentration of 
IBA enhanced subsequent rooting. The level of endo-
genous hormones and peroxidase activity proved to be 
useful predictive markers of the rooting performance 
(Gaspar et al., 1992, 1994) of micropropagated shoots. 
Leslie and McGranahan (1992) reported that the highest 
rooting frequency (75%) occurred on microshoots placed 
on half-strength MS containing 2.5 µM IBA for 7 days in 
darkness. Adventitious roots began to emerge within 7 
days and elongated when microshoots were transferred 
to the light. Although roots were also initiated on 
microshoots cultured on media containing 4.9 or 24.6 µM 
IBA, only the 2.5 µM IBA-rooted plantlets were success-
fully acclimatized ex vitro. In vitro and ex vitro rooting of 
micropropagated Juglans L. species has been successful 
using IBA with or without NAA. 
 
 
Inorganic salts 
 
Relatively low salt concentrations in the medium are known 
to enhance rooting of microshoots (Murashige, 1979). 
Pijut (1997) used ½ MS medium for rooting microcuttings. 
Scaltsoyiannes et al. (1997) used DKW basal medium 
with ¼ concentrations of macroelement for root induction 
on shoots. Further, when the NO3/NH4 ratio increased 
from0.1 to 3.0, there was an increase in the number of 
roots per explant. Hyndman et al. (1982a) demonstrated 
that a decrease in KNO3 and NH4NO3  concentration  was 

 
 
 
 
the decisive factor for improving the rooting percentage. 
Long et al. (1995) showed that for rooting of shoots, 1 
week on DKW basal medium with a reduced amount of 
nitrogen (456.2 mg/L NH4NO3 and 634.0 mg/L Ca 
(NO3)2), high sugar concentration (Driver and Suttle 1987) 
are required. 
 
 
Carbohydrates and medium cultures 
 
Sucrose acts as an enhancer of osmotic potential and 
also plays a vital role in root induction. Rout et al. (1990) 
reported that rooting of microshoots was better on a solid 
medium compared to the liquid medium. Damiano et al. 
(1989) observed enhancement of in vitro rooting by using 
a double layered medium, that is, agargelled medium 
with an upper layer of liquid medium. Revilla et al. (1989) 
reported that the establishment of the explants in double-
phase cultures increased the micropropagation rate for 
both types of plant material (embryos and juvenile 
materials). Similar results were observed for juvenile 
material when the plantlets in the greenhouse were 
stimulated with growth regulator solutions. Revilla et al. 
(1989) reported that the use of treatments, double-phase 
and plant growth regulator stimulation, will improve the 
proliferation rate in walnut. Sixty percent of the shoots 
regenerated from embryonic material produced roots. 
Similar rooting conditions were used by Meynier (1985) 
for hybrid walnut. It was further observed that root length 
was short in solid medium as compared to liquid medium 
(Ebrahim and Ibrahim, 2000). However, Scaltsoyiannes et 
al. (1997) achieved 95% rooting in several cultivars of 
walnut by using DKW medium devoid of growth regulators 
but supplemented with 40 g/l sucrose. Long et al. (1995), 
for rooting of shoots used a high concenteration of 
sucrose (52.64 g/L sucrose). However, beyond 3% 
sucrose, browning of root tips occurred. The same report 
indicated that no pigmentation was observed in the 
presence of sorbitol which was used as an osmoticum. 
This indicates that the darkening of the roots is due to the 
presence of sucrose as carbohydrate not as osmoticum. 
 
 
Activated charcoal 
 
Activated charcoal when added to the culture medium 
was found to have a remarkable positive influence on the 
rooting efficiency of cultured walnut, wherein better 
rooting in terms of number of roots/shoot and root length 
was obtained. Moreover, addition of activated charcoal 
was found to reduce the days required for root initiation. 
Revilla et al. (1989) found that rooting was initiated after 
dipping the shoot base into a liquid medium containing 2 
mg/1 IBA for 24 h then transferring onto a solidified 
medium containing 1% activated charcoal. Also, this 
agent, affected sorption of polyphenols exuded from the 
cut surface of the explants. Payghamzadeh and 
Kazemitabar (2008b)  in  order  to  decrease  the  harmful 



 
 
 
 
effects of exuded polyphenolic materials from the basal 
end of explants into the medium, two kind of DKW 
medium cultures were used such as mono phase 
medium supplemented with different concentrations of 
BAP and double phase medium of which the lower phase 
was supplemented with activated charcoal without plant 
growth regulator while upper phase was liquid basal 
medium supplemented with different concentration of 
BAP without activated charcoal. Results indicated that 
between two kind of medium cultures, the double phase 
medium culture was better than any other medium. 
 
 
Growth regulators 
 
In most of the earlier reports, a range of concentrations of 
different auxins were used for root induction (Table 3). 
The rooting procedure consisted of two phases: i) root 
induction phase: microshoots (4 - 5 cm) were established 
on DKW medium (¼ macroelements) supplemented with 
24.6 µM IBA and 40 g.1–1 sucrose (Jay-Allemand et al., 
1992) and were kept in darkness for 6 days at 24±1°C for 
16 h and 21±1°C for the remainig 8 h and ii) initiation 
phase: the pretreated shoots were transferred to 
sterilized vermiculite in which gelified DKW medium (¼ 
macroelements) free of hormones, was added. 
 
 
Physical factors 
 

Light and tempreture 
 
There are only a few reports on the role of culture 
environment such as light and temperature on walnut 
rooting. For perusal of literatures published about effect 
of light and tempreture on walnut. 
 
 
Size and type of vermiculite 
 
Scaltsoyiannes et al (1997), microshoots (4 cm to 5 cm) 
of the clones (P3, P7) after the induction phase were 
transferred to the rooting medium using two size-types of 
vermiculite (medium-type I and small type II). In each 
treatment, 20 microshoots were used. Between the two 
size-types of vermiculite (medium-type I and small-type 
II) that were tested, the medium size promoted both 
microshoot rooting percentage and the quality of the root 
system. Concerning the rooting substrate, the positive 
effect of the medium size vermiculite in rooting was, also, 
found by Jay-Allemand et al. (1992), who stated that this 
is probably due to better aeration of the rooting system 
achieved by this type of vermiculite. 
 
 
COMPARISON OF IN VITRO AND EX VITRO ROOTING 
 
A comparison of in vitro and ex vitro rooting has been 
made by McGranahan et al. (2006) in different genotype  
of   walnut.   They   produced   over   2300   plantlets   for 
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greenhouse screens and 1200 nursery row sized trees 
for field trials during 2006. These plants were clonally 
propagated from tissue culture derived microshoots. As a 
result of devising an ex vitro method of rooting micro-
shoots in greenhouse fog chambers, survival of rooted 
microshoots was improved to 80% for ex vitro rooted 
plantlets as compared to 50% for in vitro rooted ones of 
the same genotypes. Ex vitro rooted plantlets grow faster 
in the greenhouse and are ready for dormancy induction 
sooner. The general method for multiplication, rooting, 
acclimatization and greenhouse growth of in vitro tissue 
culture derived plants has been described in the Walnut 
Research Reports for 2001 through 2004. The ex vitro 
rooted plantlets survived than in vitro rooted plantlets. Ex 
vitro rooted plantlets also grew faster and were large 
enough for dormancy breaking procedures in a shorter 
time than in vitro rooted plantlets; rooting percentage is 
about the same for in vitro and ex vitro rooted plantlets 
but some experimental ex vitro treatments show potential 
for substantially increasing rooting percentage 
(McGranahan et al., 2006). Scaltsoyiannes et al. (1997) 
achieved 5 - 95% in vitro rooting in J. regia L. Pijut (1997) 
also achieved 75% in vitro rooting in J. cinerea L. 
Carpenter (1975), reported 60 - 70% rooting of hard 
wood cutting taken from mature black walnut trees (J. 
regia L.). Gautam and Chauham (1990) reported dormant 
cutting taken from 4-to-5-year-old hedges of J. regia 
rooted (14.5%) when treated with 74 mM IBA. 
  
 
ACCLIMATIZATION AND FIELD ESTABLISHMENT 
 
The successful acclimatization of micropropagated plants 
and their subsequent transfer to the field is a crucial step 
for commercial exploitation of in vitro technology. 
However, the acclimatization of micropropagated walnut 
was reported to be a difficult procedure because of rapid 
desiccation of plantlets or their susceptibility to diseases 
due to high humidity and difficult rooting. Preece and 
Sutter (1991) and Sutter et al. (1992) have reviewed 
acclimatization of micropropagated plants in the green-
house and in the open field which consisted of cellulose 
plug (sorbarods), for support and protecting the roots 
during transfer to soil, and ventilated culture vessel to 
improve the resistance of the plantlets to desiccation. The 
plantlets thus grown showed better survival when 
transferred to ex vitro conditions. Sorbarods provided the 
necessary protection and facility for proper handling of 
the microshoots and helped in the production of larger 
roots, which facilitated 100% successful establishment. In 
general, acclimatization and greenhouse growth of in 
vitro tissue culture derived plants of walnut has been 
described in the Walnut Research Reports. 
 
 
PLANT REGENERATION 
 
In  principle,  it  is  possible  to  regenerated  whole plants 
from protoplasts,  single  cells  or  small  pieces  of  tissue 
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because plant cells are totipotent. Regeneration can be 
performed via differentiation of callus or explants, or via 
somatic embryogenesis. However, the critical step for 
successful micropropagation is frequently the develop-
ment of an efficient in vitro regeneration system. In walnut, 
there are many reports which indicate rapid regeneration 
and multiplication through organogenesis, somatic 
embryogenesis or embryo culture (Tables 3, 4, 5). 
 
 
Organogenesis 
 
Organogenesis in the embryonic axis of J. regia was 
inhibited by 2, 4-D as occurred with other species 
(Yeoman and Forch, 1980). Cytikinins and auxins allowed 
shoot and root development but it was dependent on both 
the type and concentration of auxin in the culture medium 
Fernandez et al. (2000) investigated the effect of cultural 
conditions such as basal medium, auxin/cytokinin ratio 
and photoperiod on organogenesis, callus tissue 
induction, cell suspensions and bud proliferation in 
embryonic axes of J. regia cultured in vitro. They reported 
that the shoot length decreased with NAA concentrations 
higher than 1 mgl−1 and with IBA at 8 mgl−1. Conversely, 
lower auxin concentrations did not yield shoot lengths 
significantly different from the control. The embryonic axis 
developed one root in the absence of auxins, which could 
reach up to 50 mm in length. NAA or IBA concentrations 
higher than 2 mg/l induced root proliferation, and the 
length of roots decreased with increasing auxin con-
centration. IBA was more effective in promoting rooting 
than NAA. The formation of secondary roots occurred 
only when IBA at 1 or 2 mg/l was added into the culture 
medium. The morphological aspect of roots changed with 
the auxin employed: IBA induced long and thin roots and 
with NAA they were shorter and thicker. For this reason, 
the fresh weight of roots did not show significant diffe-
rences between these treatments. Basal bud development 
was inhibited with all NAA concentrations assayed. 
Roschke and Pijut (2006) reported that of the six 
genotypes of J. nigra L. that were cultured on various 
combinations of thidiazuron (TDZ) and IBA, three 
genotypes (D, E, F) showed adventitious shoot regene-
ration. On 6.8 µM TDZ plus 1.0 µM IBA, genotype D 
regenerated shoots on 60% of the explants; being the 
highest rate for all genotypes. Genotype F showed 10% 
shoot regeneration on the same medium as well as on 
6.8 µM TDZ plus 0 µM IBA. This was also the only plant 
growth regulator combination on which genotype E 
responded, regenerating shoots on 10% of the explants. 
According to Christianson and Warnick (1987), shoot 
organogenesis follows three physiological stages: 
acquisition of competence for induction (ability to respond 
to the inducer), induction (changing the fate of the tissue), 
and morphological differentiation and growth. Organo-
genesis has been previously reported in J. nigra by 
Cornu (1988) where he described  somatic  embryogenesis 

 
 
 
 
but not organogenesis. Neuman et al. (1993) did not 
report shoot organogenesis in their experiments in which 
they placed immature cotyledonary explants on WPM 
with 2, 4-D and TDZ from 8 to 14 weeks after anthesis. 
 
 
Somatic embryogenesis 
 
Somatic embryogenesis is the foundation of genetic 
transformation in several economically important tree 
species. Somatic embryogenesis has been induced in a 
number of species of Juglans (Tulecke et al., 1995). 
Immature cotyledons have been used for somatic embryo 
induction in walnut cultivars and the medium was supple-
mented with varied concentrations of PGRs. The immature 
fruits collected at 8 - 12 weeks after anthesis were best 
for explants. For example, Tulecke and McGranahan 
(1985) reported that the optimum stage of cotyledon 
development for the induction of somatic embryos was 6 
- 11 weeks after pollination, the cotyledon pieces that 
were embryogenic ranged from 10 - 44%, and the num-
ber produced per cotyledon piece varied from 0 - 26. Pijut 
(1993) suggested that the highest frequency (42 - 56%) 
of cotyledon stage somatic embryo development in 
butternut was found in explants collected 9 or 8 weeks 
postanthesis. Pijut (1997) reported for somatic embryo-
genesis, that immature zygotic embryos should be 
excised 8 - 11 weeks postanthesis, cotyledon segments 
cultured on induction medium for 3 weeks and then trans-
fered to a plant growth regulator-free development 
medium. Direct somatic embryos formed on explants 
cultured on DKW supplemented with 250 mg/1 L-
glutamine, 0.05 µM IBA, 4.4 µM BA, and 9.3 µM kinetin. 
Embryogenic callus formed on explants cultured on DKW 
or MS media supplemented with 1.1 µM BA and 9.1 µM 
2, 4-D. All cultures were incubated in darkness at 26°C. 
Somatic embryos continued to develop when cultures were 
transferred every 3 weeks to fresh development medium. 
In our study, Results indicated that the highest embryonic 
cotyledons were achieved in 8 week postanthesis. Also 
the highest embryonic cotyledons were achieved in 
medium containing 2 mgl-1 2, 4-D and 1 mgl-1 BAP 
(Payghamzadeh and Kazemitabar, 2008d) (Figure 3a). In 
general, other works and commonly used hormones, 
mediums and explants for somatic embryogenesis are 
listed in Table 5. 
 
 
Embryo culture 
 
In vitro embryo culture is a widely used tool in the genetic 
breeding of plant species (Ramming, 1990; Cossio and 
Minotta, 1983). Embryo culture is one of the most effec-
tive in vitro culture methods, allowing attainment of 
hybrids from reduced breeding cycle of many plants 
(Raghavan 1977, 1980). Several factors influenced walnut 
embryo  germination  such  as  plant   growth   regulators, 
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Figure 4. Step by step schematics of the embryo culture of walnut. 1, Mature fruits as explants; 2, washing under 
running tap water for 10 min; 3, explants treated with bleach solutions for 10 min; 4, washing under running tap 
water for 10 min; 5, explants treated with 50 - 70% (v/v) ethanol for 20 – 30 s followed by 0.1 - 15% (v/v) sodium 
hypochorite containing 0.01% Tween 20 for 10 - 20 min; 6, after that samples were rinsed three 5-times with 
sterile distilled water in aseptic condition (step 7); 7, a lamin air flow hood for tissues culture; 8, fruits were 
cracked by piercing a pointed forceps; 9, excise embryos with few cotyledons tissues; 10, the excised embryos 
were cultured in basal medium; 11, In vitro germinated walnut embryos; 12, acclimization in vitro germinated 
walnut embryos. 

 
 
 
medium cultures, physical factors etc. The BAP and IBA 
have a positive influence on embryos germination in all 
cultivars. High percentage embryos germination was 
obtained in 1 and 1.5 mg l-1 BAP (P < 0.01) and 0.05 and 
0.1 mg l-1 IBA (P < 0.01). Treated immature embryos as 
compared to untreated ones, suggesting improvement in 
germination of embryos was strongly influenced by 
concentrations of BAP and IBA (Payghamzadeh and 
Kazemitabar, 2010a). In other words, significant 
differences were observed between different medium 
cultures, GA3 concentrations and physical factors. 
Percentage embryo germination and main shoot length 
was more in modified DKW medium, cold dark culture 

condition and 2 mgl-1 GA3 hormone than any other. The 
MT medium culture and cold dark culture condition was 
very efficient for root proliferation than modified DKW 
medium culture and heat light culture condition. In this 
experiment, GA3 had a negative effect on root growth, 
wherein main root length in 0 mg1-1 GA3 was more than 2 
mgl-1 GA3. Percentage germination of embryos was higher 
when GA3 and cold treatments were simultaneously 
applied as compared to those when applied separately 
(Payghamzadeh and Kazemitabar, 2008b,c). Hormones, 
media and explants used for walnut embryo culture are 
listed in Table 3. Figure 4 illustrates details of embryo 
culture technique in walnut (Figures 3b and d). 
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SUMMARY AND CONCLUSIONS 
 
The clonal propagation of walnut via axillary bud culture, 
shoot tip culture and rooting of microcuttings and micro-
shoots from original plants or other materials are very 
useful in maintaining walnut cultivars and for the 
propagation of clones with valuable genotypes. In vitro 
propagation of walnut via somatic embryogenesis offers a 
great potential for rapid propagation and improvement of 
walnut. Also this method is very useful for biotech-
nological methods such as transformation, protoplast 
fusion and production of cybrids, artificial seeds etc. By 
this method, there can be production of new cultivars with 
desirable traits such as high quality wood and fruits, 
tolerant or resistant to pests, diseases and tolerant to 
drought, gypsi and salinity soils. Immature cotyledonary 
tissue of walnut is amenable to somatic embryogenesis in 
the presence of 2,4-D in combination with other phyto-
hormones. The ability to produce embryogenic cultures 
was dependent upon the developmental stage of the 
cotyledon explants. This developmental stage was 8 - 12 
weeks postanthesis. Germination of somatic embryos and 
plantlet survival has been achieved, although at a low 
frequency. If maturation and germination techniques for 
somatic embryos could be improved and the number of 
plantlets increased, the potential exists for genetic 
improvement and multiplication of walnut. We can shorten 
the propagation cycle via embryo culture and this 
technique allows barriers in hybridization to be overcome. 
Rapid multiplication of elite clones, production of healthy 
and disease-free plants and faster introduction of novel 
cultivars with desirable traits are urgently needed in walnut 
improvement programmes. In this regard, in vitro propa-
gation techniques are likely to play a vital role. At present, 
there are many reproducible protocols for in vitro propa-
gation of walnut. However, the new challenges that are 
faced today by the tissue culture industry include cost 
efficiency, automation, control and optimization of the 
micro environment. The recent trend to move from agar-
gelled media to liquid media is a strategic step in this 
direction. A big challenge in walnut studies focuses on 
genetic improvement of elite trees with desirable treats by 
transformation systems and identification by molecular 
markers. 
 
 
ACKNOWLEDGEMENT 
 
We are grateful to Dr Meriel .G. Jones, University of 
Liverpool, for advice and revision of an earlier version of 
this manuscript. 
 
 
REFERENCES  
 
Aly MAM, Fjellstrom RG, McGranahan GH, Parfitt DE (1992). Origin of 

walnut somatic embryos determined by RFLP and isozyme analysis.  
    HortScience, 27(1): 61-63.  
Bailey LH, Bailey EZ (1976). Hortus third. (eds). Macmillan, New York, 

p. 1290.  

 
 
 
 
Barbas E, Chaillou S, Cornu D, Doumas P, Jay-Allemand C, Lamaze T 

(1993a). Orthophosphate nutrition of in vitro propagated hybrid 
walnut (Juglans nigra x Juglans regia) trees: Pi (32Pi) uptake and 
transport in relation to callus and shoot.  

Barbas E, Jay-Allemand C, Doumas P, Chaillou S, Cornu D (1993b). 
Effects of gelling agents on growth, mineral composition and 
naphthoquinone content of in vitro explants of hybrid walnut tree 
Juglans regia-Juglans nigra L. Ann. Sci. For. (Paris), 50: 177-186. 

Barbas E, Chaillou S, Cornu D, Doumas P, Jay-Allemand C and 
Lamaze T (1993). Ortho-phosphate nutrition of in vitro propagated 
hybrid walnut (Juglans nigra X Juglans regia) trees: (Pi) uptake and 
transport in relation to callus and shoot development. Plant Physiol. 
Biochem. 31(1): 41-49. 

Boltivets VS, Piven NM (1990). Induced embryogenesis in the tissue 
culture of walnut. Fiziologiyai Biokhmiya Kul Turnykh Rastanii 22 (4): 
409-413.  

Bridgen MP (1994). A review of plant embryo culture. Hortic. Sci. 29: 
1243-1246. 

Capellades M, Fontarnau R, Carulla C, Debergh P (1990). Environment 
influences anatomy of stomata and epidermal cells in tissue cultured 
Rosa multiflora. J. Am. Soc. Hortic. Sci. 115: 141-145. 

Carpenter SB (1975). Rooting black walnut cuttings with ethephon. Tree 
Planters’ Notes, 26(3): 29. 

Chalupa V (1981). Clonal propagation of broad-leaved forest trees in 
vitro. Commun. Inst. For. Cech. 12: 255-271.  

Chelawant D, Jay-Allemand C, Gendraud M, Frossard JS (1995). The 
effect of Sucrose on the development of hybrid walnut microcuttigns 
(Juglans regia × Juglans nigra). Consequences on their survival 
during acclimatization. Ann. Des Sci. For. 52(2): 147-156. 

Chenevard D, Frossard JS, Jay-Allemand C (1997). Carbohydrate 
reserves and CO2 balance of Hybrid walnut (Juglans nigra no. 23X 
Juglans regia) Plantlets during acclimatisation. Sci. Hortic. 68: 207-
217. 

Cheng TY (1975). Adventitious bud formation in culture of Douglas fir 
(Pseudotsuga menziensii Mirb, Franco). Plant Sci. Lett. 5: 97-102. 

Christianson ML, Warnick DA (1987). In: Hanover JW, Keathley DE 
(eds) Genetic manipulation of woody plants. Plenum Press, New 
York, pp. 101-115 

Claudet AC, Drauet A, Jay-Allemand C (1992). Tissue distribution of 
phenolic compounds in annual shoots from adult and rejuvenated 
hybrid walnut trees. Plant Physiol. Biochem. 30(5): 565-572.  

Cornu D (1988). Somatic Embryogenesis in Tissue Cultures of Walnut 
(Juglans nigra, J. major, and hybrids J. nigra × J. regia), In: Somatic 
Cell Genetics of Woody Plants, Ed: Ahuja MR, Kluwer Academic 
Pub., Dordrecht, The Netherlands, pp. 45-49.  

Cornu D, Jay-Allemand C (1989). Micropropagation of hybrid walnut 
trees (Juglans nigra × Juglans regia) through culture and multiplication 
of embryos. Ann. Sci. For. 46: 113-116.  

Cossio F, Minotta G (1983). Prove preliminary di coltura in vitro di 
embrioni isolati di noce (Juglans regiaL.) e confronto tra differenti 
combinacinَ di sali minerali, Riv. Ortoflorofrutt. It. 67: 287-298. 

Curir P, Damiano C, Cosmi T (1986). In vitro propagation of some rose 
cultivars. Acta. Hortic. 189: 221-224.  

Damiano C, Curir D, Esposito P, Ruffoni B (1989). Present 
micropropagation research programs at ISF in Sanremo. Acta Hortic. 
251: 129-133. 

Deng MD, Cornu D (1992). Maturation and germination of walnut 
somatic embryos. Plant Cell, Tissue Organ Culture. 28: 195-202.  

Driver JA, Suttle GRL (1987). In: Bonga JM, Durzan DH (eds) Cell and 
tissue culture in forestry, Martinus Nijhoff, Boston, 2: 320-335. 

Driver JA, Kuniyuki AH (1984). In vitro propagation of Paradox walnut 
Juglans hindsii × Juglans regia rootstock. HortScience, 19: 507-509. 

Dumanoglu H (2000). Dessiccation using saturated salt solutions and 
improvement germination rate of walnut (Juglans regia L.) somatic 
embryos. Turk. J. Agric. For. 24: 491-498. 

Ebrahim MKH, Ibrahim AI (2000). Influence of medium solidification and 
pH value on in vitro propagation of Maranta leuconeura cv 
Kerchoviana. Sci. Hortic. 86: 211-221. 

Elias TS (1980). The complete treese of North America.-New York: Van 
Nostrand Reinhold.  

Eriksson T (1965). Studies on the growth requirements and growth 
measurements   of   cell   cultures   of   Haplopapus  gracilis.  Physiol.  



 
 
 
 

Plant.18: 976-993. 
Felaliev AS (1990). Morphogenesis of Juglans regia L. in vitro. Ukr J. 

Bot. 47(3): 85-87. 
Fernandez H, Perez C, Sanchez-Tames R (2000). Modulation of the 

morphogenic potential of the embryonic axis of Juglans regia by 
cultural conditions. Plant Growth Regul. 30: 125-131. 

Funk DT (1979). Genetics of black walnut. In: Jaynes RA (Ed.). Nut tree 
culture in North America, Hamdem, CT: North. Nut Growers Assoc. 
pp. 51- 73. 

Gamborg OL, Miller RA, Ojima K (1968). Nutrient requirements of 
suspension cultures of soybean root cells. Exp. Cell Res. 50: 151-
158. 

Gaspar T, Kevers C, Hausman JF, Berthon JY, Ripetti V (1992). 
Practical use of peroxidase activity as a predictive marker of rooting 
performance of micropropagated shoots. Agronomie, 12: 757-765. 

Gaspar T, Kevers C, Hausman JF, Berthon JY, Ripetti V (1994). 
Peroxidase activity and endogenous free auxin during adventitious 
root formation. In: “Physiology, Growth and Development of plants in 
culture”. P. J. Lumsden, J. R. Nicholas and W. J. Davies (eds). 
Kluwer Academic Publishers, Netherlands. 

Gautam DR, Chauhan JS (1990). A physiological analysis of rooting in 
cuttings of juvenile walnut (juglans regia L.). Acta Horticult. 284: 33-
44. 

Gruselle R, Boxus P (1990). Walnut micropropagation. Acta Hort. 284: 
45-52. 

Gruselle R, Badia N, Boxus P (1987). Walnut micropropagation: first 
results. Acta Hort. 212: 511-516. 

Gunes T (1999). An investigation on rooting of Juglans regia L. 
hardwood cutting. Tr. J. of Botan y. 23: 367-372. 

Heile-Sudholt C, Huetteman CA, Preece JE, Van Sambeek JW, Gaffney 
GR (1986). In vitro embryonic axis and seedling shoot tip culture of 
Juglans nigra L. Plant Cell Tissue Organ Cult. 6: 189 - 197  

Heloir MC, Kevers C, Hausman JF, Gaspar T (1996). Changes in the 
concentrations of auxins and Polyamines during rooting of in vitro 
propagated walnut shoots. Tree Physiol. 16(5): 515-519.  

Hormaza JI (1999). Early selection in cherry combining RAPDs with 
embryo culture. Sci. Hortic. 79: 121-126. 

Hyndman SE, Hasegawa PM, Bressan RA (1982a). Stimulation of root 
initiation from cultured rose shoots through the use of reduced 
concentrations of mineral salts. Hortic Sci. 17(1): 82-83. 

Ibrahim AI (1994). Effect of gelling agent and activated charcoal on the 
growth and development of cordyline terminalis cultured in vitro. 
Proceedings of the first conference of ornamental horticulture. In: Pati 
PK, Rath SP, Sharma M, Sood A, Ahuja PS. 2006. In vitro 
propagation of rose-a review. Biotechnol. Advs. 24(1): 94-114, 55-67. 

Jay-Allemand CH (1982). Culture in vitro du noger (Juglans sp.), Etude 
experimentale sur l’ensemencement d’embryons isoles et de 
bourgeons, Mem D, Univ Sci Tchn Languedoc, Mompelier, Fr. 

Jay-Allemand C, Doumas P, Sotta B, Tranvan H, Niginiac E, 
Sandermann H and Bonnet-Masimbert M (1995). Juvenility and 
Physiology of Rhizogenesis in two woody species (Sequoia 
sempervirens and Juglans regia × Juglans nigra). Contr. to forest tree 
physiol. Final W.S. ref. Dourdan-France. pp. 76, 48 

Jay-Allemand C, Capelli P, Cornu D (1992). Root development of in vitro 
hybrid walnut microcuttings in a vermiculite-containing gelrite 
medium. Sci. Hortic. 51: 335-342. 

Kaeiser M, Funk DT (1971). Structural changes in walnut grafts. Annu. 
Rep. North Nut. Grow Assoc. 62: 90-94  

Kaur R, Sharma N, Kumar K, Sharma DR, Sharma SD (2006). In vitro 
germination of walnut (Juglans regia L.) embryos. Sci. Horticult. 109: 
385-388.  

Kornova K, Stephanova A, Terzijsky D (1993). In vitro culture of 
immature embryos and cotyledons of Juglans regia L., morphological 
and anatomical analyses of some regenerants. Acta Hort. 311: 125-
133. 

Land SB, Cunningham M (1994). Rooted cutting macropropagation of 
hardwoods. In:-Applications of vegetative propagation in forestry‘‘.  

    Proc. of the Southern regional information exchange group biennial 
symposium on forest genetics. Foster GS and Diner AM. (eds.).    
Published by Southern Forest Experiment Station New Orleans, 
Louisiana. pp. 75-96. 

Lee MH, Ahn CY Park  CS  (1986).   In   vitro   propagation   of  Juglans  

Payghamzadeh and Kazemitabar         309 
 
 
 

sinensis Dode from bud culture. Res. Rep. Inst. For. Gen. Korea, 22: 
159-163.  

Leslie C, McGranahan G (1992). Micropropagation of Persian walnut 
(Juglans regia L.). In: Bajaj YPS (ed) Biotechnology in agriculture and  
forestry, vol 18. High-tech and micropropagation I 1. Springer, 
BerlinHeidelberg New York, pp. 136-150.  

Liu SL, Han BW (1989). Plant regeneration from excised embryos of 
Juglans regia. Acta Phytophysiol. Sinica, 15: 98-100. 

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. 

Long LM, Preece JE, Van Sambeek JW (1995). Adventitious 
regeneration of Juglans nigra L. (eastern black walnut). Plant Cell 
Rep. 14: 799-803. 

Long LM, Preece JH, Gaffney GR, Van Sambeek JW (1992). Somatic 
embryogenesis and organogenesis of eastern black walnut (J. nigra), 
Hort. Sci. 27(6): p. 584. 

Manning WE (1978). The classification within the Juglandaceae - Ann. 
Missouri Bot. Gard. 65: 1058-1087.  

McDaniel JC (1979). Other walnut including butternut, heartnut, and 
hybrids.- In: Jaynes RA (Ed.). Nut tree culture in North America,.- 
Hamdem, CT: North. Nut Growers Assoc. pp. 98-110. 

McGranahan GH, Driver A, Tulecke W (1987). Tissue culture of Juglans. 
In: Bonga GM, Durzan DJ (Eds.). Cell and Tissue Culture in Forestry, 
Martinus Nijhoff, Dordrecht, 3: 261-271. 

McGranahan G, Leslie C (1990). Walnuts (Juglans). In: Moore JN, 
Ballington JR (eds). Geneticresources of temperate fruit and nut 
crops, Int. Soc. Hortic. Sci. Wageningen, 2: 907-951. 

McGranahan G, Leslie CA (1987). In vitro propagation of mature Persian 
walnut cultivars. Hort. Sci. 23(1): 220. 

McGranahan G, Leslie CA, Driver JA (1988). In vitro propagation of 
mature Persian walnut cultivars. Hort. Sci. 23(1): 220 

Meynier V (1985). Miseen culture in vitro de meristmes de noyers 
hybrides. C R Acad. Sci. Paris Ser. 301(5): 261-264. 

Meynier V, Arnould MF (1989). Compared effectiveness of antibiotic 
treatments and shoot tip culture on bacterial decontamination of an in 
vitro-propagated clone of hybrid walnut (Juglans nigra × J. regia). 
Biol. Plant, 31(4): 269-275.  

Murashige T (1979). Principles of rapid propagation. In: Hughes KW, 
Hanks R, Constantin M, editors. Propagation of higher plants through 
tissue culture A bridge between research and application National 
Tech In to Serv, US Dept of commerce Spring field. p. 14-24. 

Murashige T, Skoog F (1962). A revised medium for rapid growth and 
bioassays with tobacco tissue cultures. Physiol. Plant. 15: 473-497. 

Nairn BJ, Furneaux RH, Stevenson TT (1995). Identification of an agar 
constituent responsible for hydric control in micropropagation of 
radiata pine. Plant Cell Tisse. Organ. Culture. 43: 1-11. 

Neuman MC, Preece JE, Van Sambeek JW, Gaffney GR (1993). 
Somatic embryogenesis and callus production from cotyledon explants 
of Eastern black walnut. Plant Cell Tissue Organ Culture, 32: 9-18.  

Orchard LP (1984). Butternut canker: host range, disease resistance, 
seedling-disease reactions, and seed-borne transmission. PhD Diss, 
Un iversity of Wisconsin, Madison p. 145.  

Ostry ME, Pijut PM (2000). Butternut: an underused resource in North 
America. Hort. Technol. 10(2): 302-306. 

Pasqualetto PL, Zimmerman RH, Fordham I (1988). The influence of 
cation and gelling agent concentrations on vitrification of apple 
cultivars in vitro. Plant Cell Tissue Organ. Culture, 14: 31-40. 

Payghamzadeh K, Kazemitabar SK (2008a). Comparison effects of MT 
novel medium with modified DKW basal medium on walnut 
micropropagation. Proceeding book of the 1st national conference of 
student biology and modern world, p. 204. .  

Payghamzadeh K, Kazemitabar SK (2008b). An investigation on 
asexual propagation of adult Persion walnut (Juglans regia L.) via 
single nod culture and apical shoot culture. . Abstract book of the 15th   

    national and 3 th international conference of biology. p. 208. 
Payghamzadeh K, Kazemitabar SK (2008c). Assessment on effects of 

physical factors and interaction its with GA3 on walnut local cultivar 
micropropagation. Abstract book of the 10th Iranian genetic congress. 

Payghamzadeh K, Kazemitabar SK (2008d). Somatic embryogenesis 
from immature cotyledons of a local cultivar of walnut. Proceeding 
book of the 1st national  conference  of  student  biology  and  modern  



310         Afr. J. Biotechnol. 
 
 
 

world, p. 25.  
Payghamzadeh K (2008). Somatic embryogenesis from immature 

cotyledons and meristemic culture of walnut (Juglans regia L.). The 
MSc thesis. College of agriculture, Dep of Plant breeding and 
Biotechnology, University of Agricultural and Natural Resources of 
Sari, Iran. pp. 48-77. 

Payghamzadeh K, Kazemitabar SK (2010a). The effects of BAP and 
IBA and genotypes on in vitro germination of immature walnut 
embryos. Inter. J. Plant Produc. 4(4) : 309-322.  

Payghamzadeh K, Kazemitabar SK (2010b). In vitro germination of 
Pecan (Carya illinoinensis) embryo. Biharean Biol. 4 (1) :37-43. 

Penuela R, Garavito C, Sanchez-Tames R, Rodrıguez R (1988). Mutiple 
shoot-bud stimulation and rhizogenesis induction of embryogenic and 
juvenile explants of walnut. Acta Hort. 227: 457-459. 

Peterson TA (1990). Wisconsin forest products price review, timbered. 
USDA Coop Ext Serv, University of Wisconsin, Madison, p. 5.  

Pierik RLM (1987). In vitro propagation of higher plants. Boston7 
Martinus, Nijhoff Publishers. In: Pati, P. K., S. P. Rath. M. Sharma., A. 
Sood., P. S. Ahuja. 2006. In vitro propagation of rose-a review. 
Biotechnol. Adv. 24(1): 94-114.  

Pijut PM (1993). Somatic embryogenesis in butternut, Juglans cinerea. 
Can. J. For. Res. 23: 835-838. 

Pijut PM (1993a). Somatic embryogenesis in butternut, Juglans cinerea. 
Can. J. For. Res. 23: 835-838.  

Pijut PM (1993b). Regeneration of Juglans cinrea through somatic 
embryogenesis. Part II, In Vitro Cell. Dev. Biol. 29(3): 69.  

Pijut PM (2004). Vegetative propagation of butternut (Juglans cinerea) 
field results In: Michler, C.H.; Pijut, P. M. Van Sambeek, J.W.; 
Coggeshall, M.V.; Seifert, J.; Woeste, K.; Overton, R.; Ponder, F., Jr., 
eds. Proceedings of the 6th Walnut Council Research Symposium; 
Gen. Tech. Rep. NC-243. St. Paul, MN: U.S. Department of 
Agriculture, Forest Service, North Central Research Station. pp. 37-
44. 

Pijut PM (1997). Micropropagation of Juglans cinerea L. (Butternut). 
High-Tech and Micropropagation V. Ed. Y.P.S. Bajaj. Springer-
Verlag, Berlin, Biotechnol. Agric. For. 39: 345-357. 

Pittet H, Moncousin C (1981). Multiplication novelle du rosier. Rev. 
Horticult. Suisse, 54: 169-173.  

Polito VS, McGranahan G, Pinney K, Leslie C (1989). Origin of somatic 
embryos from repetitively embryogenic cultures of walnut (Juglans 
regia L.): implications for Agrobacterium-mediated transfor mation. 
Plant Cell Rep. 8: 219-221.  

Preece JE, Compton ME (1991) In: Bajaj YPS (ed) High-Tech and 
Micropropagation I. Springer-Verlag, Berlin Biotechnology in 
agriculture and forestry, 17: 168-189. 

Preece JE, Sutter EG (1991). Acclimatization of micropropagated plants 
to the green house and field. In: Debergh PC, Zimmerman RH, 
editors. Micropropagation. The Netherlands7 Kluwer. pp. 71-93. 

Preece JE, Van Sambeek JW, Huetteman CA, Gaffney GR (1989). In 
vitro studies with walnut (Juglans) species. In: Phelps JE (ed) The 
Continuing Quest for Quality, Proceed 4th Black Walnut Symp. 
Carbondale, Illinois. pp. 159-180. 

Raghavan V (1977). Applied aspects of embryo culture. In: Reinert J 
and Bajaj YPS (eds) Applied and Fundamental Aspects of Plant Cell 
Tissue Culture, Berlin- Heidelberg-New York: Springer-Verlag. pp. 
375-397. 

Raghavan V (1980). Embryo culture. In: Vasil IK (ed) International 
review of cytology supplement 11B. Perspectives in Plant Cell and 
Tissue Culture, New York: Academic Press. pp. 209-240. 

Ramming DW (1990). The use of embryo cultura in fruti breeding, 
HortScience, 25: 393-398. 

Renukdas NN, Manoharan M, Garner JO (2010). In vitro propagation of 
pecan [Carya illinoinensis (Wangenh) K. Koch]. Plant Biotechnol.  27: 
211–215. 

Renukdas NN, Manoharan M, Garner JO (2008). In vitro plant 
regeneration of pecan [Carya illinoinensis (Wangenh) K. Koch]. In 
Vitro Cellular & Developmental Biology-Plant 44: 342-363. 

Renukdas NN, Manoharan M, Garner JO (2009). In vitro propagation of 
pecan (Carya illinoinensis (Wangenh) K. Koch. ARD 15th Biennial 
Research Symposium, Atlanta, Georgia (P181). 

Revilla MA, Majada J,Rodriguez R (1989). Walnut (Juglans regia L.) 
micropropagation. For. Tree Physiol. 46: 149-151. 

 
 
 
 
Rietvel WJ (1982). The significance of allelopathy in blackwalnut cultural 

systems. Northern Nut Growers Association. Annu. Rep. 72: 117-134. 
Rietvel WJ (1983) Allelopathic effects of juglone on germinationand 

growth of several herbaceous and woody species. J. Chem. Ecol. 9: 
295-308. 

Robacker C (1993). Somatic embry ogenesis and plant regeneration 
from muscadine grape leaf explants, HortScience, 28(1): 53-55.  

Rodrيguez R (1982). Stimulation of multiple shoot-bud formation in 
walnuts seeds, HortScience, 17(4): 592. 

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. 

Rodriguez R, Revilla A, Albuerne M, Perez C (1989). Walnut (Juglans 
spp). In: Bajaj YPS (ed) Trees II. Springer, Berlin Heidelberg New 
York. Biotechnol. Agric. For. 5: 99-126  

Roschke C, Paula MP (2006). Website. <http://ncrs.fs.fed.us/4157/local 

resources/downloads/posters/2006/Roschke.pdf> 
Rout GR, Debata BK, Das P (1990). In vitro clonal multiplication of 

roses. Proc. Natl. Acad. Sci. India, 60: 311-318. 
Rout GR, Samantaray S, Mottley J, Das P (1999). Biotechnology of the 

rose: a review of recent progress. Sci. Horticult. 81: 201-228. 
Saadata YA, Hennerty MJ (2002). Factors affecting the shoot 

multiplication of Persian walnut (Juglans regia L.). Sci. Horticult. 95: 
251-260. 

San B, Hatice D (2006). Somatic Embryogenesis from Immature 
Cotyledons of Apomictic and Non-Apomictic Seeds in Walnut 
(Juglans regia L.). Turk. J. Agric. For. 30: 111-117.  

San B, Hatic D (2007). Effect of Desiccation, cold storage, and 
gibberellic acid on germination of somatic embryos in walnut (Juglans 
regia). New Zealand Jurnal of Crop and Horticulture science 35 (1): 
73-78. 

Sanchez-Zamora MA, Diego Frutos Tomas JCT, Garcia-Lopez R (2006). 
Embryo germination and proliferation in vitro of Juglans regia L. Sci. 
Horticult. 108(3): 317-321. 

Scaltsoyiannes A, Tsoulpha P, Panetsos KP, Moulalis D (1997). Effect of 
genotype on micropropagation of walnut trees (Juglans regia L.), Sil. 
Gen. 46(6): 326-332. 

Sommers PW, Van Sambeek JW, Preece JE, Gaffney G, Myers O 
(1982). In vitro micropropagation of black walnut. In: Proc 7th North 
Am For Biol, Lexington KY: Univ. Kentucky Press. pp. 224-230. 

Steger MM, Preece LE, Hammerschlag F, Saxena P (2003). The 
influence of source tree on somatic embryogenesis from eastern 
black walnut (Juglans nigra) immature cotyledons. Acta Hortic. 625: 
249-252. 

Stephans LC, Krell SL, Domoto PA (1990). In vitro propagation of 
Juglans regia. 81 sf. Hamden, Connecticut USA. Ann. Rep. Northern 
Nut Growers, 9: 122-126 

Sutter EG, Shackel K, Diaz JC (1992). Acclimatization of tissue cultured 
plants. Acta Hortic. 314: 115-118. 

Tantikanjana T, Young WHJ, Letham DS, Griffith M, Hussain M, Ljung K 
(2001). Control of axillary bud proliferation and shoot architecture in 
Arabidopsis through supershoot gene. 12: 1587-1588. 

Tetsumura T, Tsukuda K, Kawase K (2002). Micropropagation of 
shinano walnut (Juglans regia L.).J. Japan. Soc. Hort. Sci. 17:661-
666. 

Tulecke W, McGranahan G (1985). Somatic embryogenesis and plant 
regeneration from cotyledons of walnut, Juglans regia L. Plant Sci. 
40: 57-63. 

Tulecke W, McGranahan GH, Leslie CA (1995). Somatic embryogenesis 
in walnut (Juglans species). In: Bajaj YPS (ed) Biotechnology in 
agriculture and forestry, Somatic embryogenesis and synthetic seed 
I. Springer, Berlin Heidelberg New York, 30: 370-377. 

Vahdati K, Leslie C, Zamani Z, McGranahan G (2004). Rooting and 
acclimatization of in-vitro grown shoots from three mature Persian 
walnut cultivars. Hort. Science 39:.324-327. 

Vahdati K, Bayat Sh, Ebrahimzadeh H, Jariteh M, Mirmasoumi M 
(2008). Effect of exogenous ABA on somatic embryo maturation and 
germination in Persian walnut (Juglans regia L.). Plant Cell Tissue 
Organ Cult. 93:163-171. 

Voyiatzis DG, McGranahan GH (1994). An improved method for 
acclimatizing tissue-cultured walnut plantlets using an antitranspirant.  



 
 
 
 

Hort. Sci. 29(1): 4-2. 
Williams RD (1990). Juglans nigra L., Black walnut. In: Burns RM, 

Honkala BH (techcoords) Silvics of North America, Hardwoods. 
USDA For Serv Agric Handbook 654, Washington, 2: 391-399.  

Witte CP, Tiller SA, Taylor MA, Davies HV (2002). Addition of nickel to 
Murashige and Skoog medium in plant tissue culture activates urease 
and may reduce metabolic stress. Plant Cell Tissue Organ Culture, 
68: 103-104. 

Xi R, Ding P (1990). Theory and practice of walnut grafting. Acta Hortic. 
284: 69-88.  

 
 
 
 
 
 
 

Payghamzadeh and Kazemitabar         311 
 
 
 
Yalçın I (1993a). Juglans regia L. sürgün çeliklerinin kök olusturmasında 

anatomik engeller ve kök olusumu üzerine bir arastırma. C.Ü. Fen Bil. 
Der. 15(16): 63-80. 

Yeoman M, Forche E (1980). Cell proliferation and growth in callus 
cultures. In: Perspectives in Plant Cell and Tissue Culture. Int Review 
of Cytology, pp. 1-4. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 


