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Abstract
Microcuttings browning and eventual death of the tissue during the initial stage of walnut tissue culture is a

frequent problem. In this research, three different experiments were conducted to inhibition microcuttings

browning. In first experiment, the effect DKW, DKW and MS culture medium fortified with activated charcoal

(AC) and ascorbic acid (AA) on the initiation medium for two Persian walnut cultivars chandler and Jamal were

evaluated. Results of this experiment indicated that DKW medium fortified with AC were optimum medium than

MS and DKW Supplemented with AC and AA. In second experiment, the subculturing thrice of two walnut

cultivars microcuttings at an interval of 48 hrs in DKW basal medium and DKW medium containing AC and AA
were studied. The microcuttings subculturing in DKW medium containing AC was better than subculturing in
DKW medium containing AA but there was no significant difference between them. In third experiment, the
microcuttings were soaked for 2 h before culture by following solutions: soaked in distilled water, polyvinyl
pyrrolidone (PVP) and AA for two walnut cultivars. Microcuttings soaked in PVP had suitable establishment than
AA and distilled water. Finally, this research indicated in most cases successful control of Persian walnut

microcuttings browning could be achieved by different combinations of these methods.
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Introduction

Walnut tree (Juglans regia L.), belongs to family
Juglandaceae, is an important temperate nut crop.
Walnuts rank third in nut production after cashews
and almonds (FAOSTAT, 2011). During the last
decade, the worldwide walnut production was
doubled, probably reflecting on the increase in
consumers demand for this nut (Christopoulos and
Tsantili, 2011). The first attempts at walnut

micropropagation  utilized  existing  medium
formulations which were suitable for other woody
plants. Because woody plants are still often very
difficult to culture; many different types of medium
have been employed. In previous researches done at
walnut micropropagation, different culture medium
have been used, such as Driver and Kuniyuki (DKW)
(Driver and Kuniyuki, 1984), Murashige and Skoog
(MS) (Murashige and Skoog, 1962), B5 (Gamborg et
al., 1968), Cheng (C) (Cheng, 1978), NGE (Sanchez-
Zamora, 2006) and woody plant medium (WPM)
(Lloyd and McCown, 1981) with varying results.
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 conventional propagation methods. But
these techniques receive a set back by certain
physiological processes which hinders the success of

new technique, particularly in perennial fruit crops.

Explants browning and eventual death of the tissue
during the initial stage of walnut culture is a frequent
problem. One of the major obstacles associated with
in vitro multiplication of walnut mature material is
the phenolic compound exudation from the cut
surface of the explants. Oxidation of these compounds
caused lethal browning of explants and culture
medium. Oxidation of phenolic compounds released
from the cut ends of explants by polyphenoloxidases,
peroxidases cause lethal browning of explants and
culture medium (Bhat and Chandel, 1991). In some
species the establishment of explants frequently
requires special procedures to escape or avoid
problems associated with oxidation of polyphenols

(Ashutosh et al., 2003). Difficulties reported on tissue

culture of Juglans species were mainly in the
initiation phase due to the detrimental effect of
phenolic browning beside the low multiplication rate
and cultures decline in the proliferation phase.
Supplementing the initial medium with different
additives that can prevent the production of phenolics
or can remove inhibitory phenolic substances from
the medium, such as antioxidants, chelate-forming
materials or adsorbents (Block and Lankes, 1996; Pan
and van Staden, 1998; Dobranszki et al., 2000 a,b,c;
Sharma et al., 2000; Thomas, 2008). In this study,
efficient shoot multiplication method from nodal
segments of walnut (Juglans regia L.) using different
nutrient medium, antioxidants, absorbent, different
pretreatments and subculturing of microcuttings were
evaluated. This study aimed to counteract and
declining browning to enhance growth and

multiplication of cultures. This research was made to
control browning of cultures to get successful

establishment of two Persian walnut microcuttings.

Materials and methods

Plant Materials

Newly grown shoots of two Persian walnut cultivars
(Juglans regia L.), "Chandler' and ‘Jamal' were
collected in early May 2013 from selected mature
trees growing in Walnut Research Station in
Toyserkan, Iran. Trees were managed in terms of
nutrition, pruning, irrigation, pests and diseases,

similarly.

Sterilization of microcuttings

Shoots were cut into nodal segments (uninodal
microcuttings with a length between 3 and 5 cm).
Then were washed with tap water for 20+05 min and
surface-disinfected by immersion in 70% (v/v)
ethanol/water solution for 30 s followed by 1.5%
(w/v) sodium hypochlorite fresh solution with two
drops of Tween 20 per 100 ml for 20 min, followed by

three rinses in sterile deionized water.

In this research, three different experiments have

been conducted:
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Experiment 1
The experiment was performed as a factorial
experiment with three factors. These factors including

three different nutrient medium (‘;DKW, DKW and

MS) as factor A; additives substance in basal medium
including AC (2 g/1) and AA (150 mg/1) as factor B;
and 'Jamal' and 'Chandler' two Persian walnut
(Juglans regia L.) cultivars as factor C. The
treatments were arranged in a completely randomized
design with three replications, with each replication

containing 20 microcuttings.

Experiment 2

The experiment was performed as a factorial
experiment with two factors. These factors including
three different subculturing of microcuttings thrice, at
an interval of 48 hrs in DKW basal medium, DKW
medium which was containing AC (2 g/1) and DKW
medium which was containing AA (150 mg/l) as
factor A and 'Jamal' and 'Chandler' two Persian
walnut (Juglans regia L.) cultivars as factor B.
Treatments were arranged in a completely
randomized design with four replications, with each

replication containing 20 microcuttings.

Experiment 3

In this experiment, the immediate effects of anti-
browning pre-treatments of microcuttings were tested
on the initiation phase. The experiment was
performed as a factorial experiment with two factors.
These

microcuttings were soaked for 2 hours in one of the

factors including prior to culturing,
following solutions, soaked in distilled water, soaked
in antioxidant (AA 150 mg/1) and soaked in PVP (500
mg/l) as factor A and 'Jamal' and 'Chandler' two
Persian walnut (Juglans regia L.) cultivarsas as factor
B. Treatments were arranged in a completely
randomized design with four replications, with each
replication containing 20 microcuttings. The
immediate effects of pre-treatments were tested in the

initiation phase.

Culture conditions

Nodal segments of two cultivars (Jamal and
Chandler) were used as microcuttings. Microcuttings
(3 to 5 cm in length) were cultured on basal medium
consisted of Driver and Kuniyuki (Driver and
1984) Walnut (DKW) macro- and

microelements and vitamins, supplemented with 3%

Kuniyuki,

(w/v) sucrose and without any growth regulators. AC
and PVP added to medium before autoclaving but AA
is not stable at high temperature and added to
medium after autoclaving by filtration sterilization.
The medium was solidified with 0.8% (w/v) Sigma
agar and autoclaved at 121°C and 1.06 kg/cm?2
pressure for 15 min after adjusting the pH to 5.8 with
0.1 N HCI or 0.1 N KOH. Microcuttings were kept at
22 #1 °C and 16 h light: 8 h dark Photoperiod
(provided by cool-white fluorescent light). The
cultures were maintained 30 days at the same
conditions. Observations of the extent of browning
were recorded. The rate of each treatments efficiency
for the inhibition of browning in each experiment
recorded with followed scores: -: Not effective for the
inhibition of browning, +: low efficiency, and ++:

high efficiency.

Statistical Analysis
All statistical analyses were performed using the
programme GLM on SAS (Anonymous, 1988). The
cultures were maintained 30 days on the same
conditions and the data were analyzed using analysis
(ANOVA) to

significance, and the mean+SE (standard error).

of variance calculate statistical

Differing significantly were determined using

Duncan’s multiple range test at p < 0.05 level.

Results
Experiment 1
This experiment was conducted to find the optimum

nutrient medium (‘% DKW, DKW and MS) fortified

with additives substance (AC and AA) for shoot
multiplication of two Persian walnut cultivars (Table
1). The results of this experiment showed the DKW
medium fortified with AC was optimum medium.

Establishment of microcuttings was better in DKW
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basal medium than other medium. Significant
difference was observed for main shoot length and

shoot fresh weight between DKW with MS and > DKW

medium, and no significant difference was observed

for Leaf number on shoots and shoot number on

microcuttings between DKW and MS medium. Micro-
shoots on =DKW were thinner, had less leaf

expansion and were less green than those on DKW

and MS medium (Fig. 2).

Table 1. In vitro growth and browning of different cultivars of J. regia L. 30 day after inoculation on different

nutrient media fortified with two additives substancesza.

Shoot

Main shoot Shootfresh Leaf number number on Tissue
. . inoh
Media length (cm) weight (g) on shoots explants browning
DKW 3.66+0.09 a 0.7740.04 a 9.87+0.99 a 3.50+0.53 a +
~MS 3.52+0.15b 0.64+0.04 b 9.12+0.64 ab 2.62+0.74 ab +
=DKW 3.40+0.20 ¢ 0.61+£0.04 b 8.62+0.92 b 2.50+0.76 b ++
Additives substance
AC 3.62+0.17 a 0.70+0.08 a 9.67+0.98 a 3.00+0.74 a ++
AA 3.43+0.15 b 0.65+0.07b 8.75+0.75 b 2.75+0.87 a +
Cultivar
Chandler 3.56+0.22a 0.68+0.08 a 9.33+0.89 a 3.00+£0.74 a +
Jamal 3.49+0.15 a 0.67+0.08 a 9.08+1.08 a 2.75+0.87 a +
Interaction P<o0.05 NSe NS NS

aMeans + standard error followed by the same letter are not significantly different (P < 0.05).

b -: Not effective for the inhibition of tissue browning, +: low efficiency, and ++: high efficiency.

¢ Not significant (P < 0.05). AA = ascorbic acid; AC= activated charcoal.

All three nutrient medium (— DKW, DKW and MS)

fortified with AC obtained better

combination medium with AA in both cultivars. The best

result than

results for main shoot length, shoot fresh weight and
Leaf number on shoots were observed on cultures
fortified with AC in both cultivars and significantly better
than cultures fortified with AA. There was no significant
difference between medium fortified with AC and AA for
shoot number on microcuttings (Table 1).

main shoots rate of

The graph for length

microcuttings in different medium, additives
substances and different cultivars, illustrated in Fig. 1.
results showed medium fortified with AC promoted

shoot elongation in all medium for Chandler and

Jamal cultivars except Z DKW medium for Jamal

cultivar that obtained longer main shoot when
fortified with AA than AC.
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Fig. 1. Explants main shoot length rate of two
Persian walnut cultivars (J. regia L.) 30 day after
inoculation on different media fortified with AC and
AA. AA= ascorbic acid; AC= activated charcoal.

In this experiment, Chandler and Jamal cultivars
were not significantly different with together.
Efficiency rate of each treatment for the inhibition of

tissue browning (Table 1) showed present treatments
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on this experiment had a variable effect for the
inhibition of tissue browning in both cultivars.
However AA and AC treatments alone had low (+)

and high (++) efficiency for the inhibition of tissue

browning, respectively. Also, different z DKW, DKW

and MS medium treatments alone had high (++), low
(+) and low (+) effective for the inhibition of tissue

browning, respectively.

Experiment 2

Results of this experiment (Table 2) indicated that
subculturing of microcuttings thrice, at an interval of
48 hrs in DKW medium containing AC was better
than subculturing in DKW medium containing AA.
But significant difference was not observed between
them. The subculturing of microcuttings thrice, at an
interval of 48 hrs in DKW medium containing AC was

not significantly different from subculturing of

microcuttings thrice, at an interval of 48 hrs in DKW
medium containing AA. But both of them were
significantly = better than sub culturing of
microcuttings thrice, at an interval of 48 hrs in DKW
basal medium. In two traits, Main shoot length and
Leaf number on shoots, Jamal cultivar was
significantly different from Chandler cultivar that
these traits higher in Jamal cultivar. In other traits,
these two cultivars were not significantly different
together. Efficiency rate of each treatment for the
inhibition of browning (Table 2) showed present
treatments in this experiment had a low efficiency (+)
on Chandler cultivar and high efficiency (++) on
Jamal cultivar for the inhibition of tissue browning.
However DKW medium fortified with AC, AA and
basal medium had high (++), low (+) and not effective

(-) for the inhibition of tissue browning, respectively.

Table 2. Responses of two Persian walnut (J. regia L.) explants 30 day after inoculation to subculturing of

explants on different mediaz.

The subculturing of Main shoot Shoot Leaf Shoot
explants: length fresh number on number on Tissue
thrice, at an interval of (cm) weight (g) shoots explants browningb
48 hrs in:
DKW medium 3.09+0.10b  0.54+0.05b  7.50+2.27b 1.87+0.83 b -
DKW medium with AA 3.51£0.15 a 0.71£0.05a  9.00+1.69 a 3.00+0.75a +
DKW medium with AC 3.62+0.10a  0.73+0.06a 9.38+0.74a  3.25+0.71a ++
Cultivar
Chandler 3.33+0.23b  0.64+0.10 a 8.17+1.95b 2.75+0.96 a +

Jamal 3.48+0.28a  0.68+0.10a 9.08+1.62 a 2.67+0.98 a ++

Interaction NS¢ NS P<o0.05 P<o0.05

aMeans + standard error followed by the same letter are not significantly different (P < 0.05).

b _: Not effective for the inhibition of tissue browning, +: low efficiency, and ++: high efficiency.

¢ Not significant (P < 0.05). AA = ascorbic acid; AC= activated charcoal.

Experiment 3

In third experiment, the microcuttings were soaked in
different solution for 2 h before culture to allow
leaching out of phenolic compounds. Microcuttings
soaked in PVP were more successful than other two
anti-browning pretreatments for Main shoot length,
Shoot fresh weight and Leaf number on shoots.
Although microcuttings soaked in AA were also
successful on rate of cultures establishment than
microcuttings soaked in distilled water. In this

experiment Chandler cultivar was significantly better

than Jamal cultivar. However, significant difference
was not observed for shoot number on microcuttings
(Table 3). Efficiency rate of each treatment for the
inhibition of browning (Table 3) showed present
treatments in this experiment had a high efficiency
(++) on Chandler cultivar and low efficiency (+) on
Jamal cultivar for the inhibition of tissue browning.
However pretreatments soaked microcuttings for 2
hours in distilled water, PVP and AA had low (+),
high (++) and low (+) efficiency for the inhibition of

tissue browning, respectively.
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Table 3. Responses of two Persian walnut cultivars 30 day after inoculation to different anti-browning

pretreatments of explantsa.

Anti-browning

treat tse Main shoot Shoot Leaf Shoot Ti
S prerreatments: length fresh number on number on 1ssue
oaked explants for 2 (cm) weight () hoot lant browning?
hours in ght (g shoots explants
Distilled water 3.25+0.16 b 0.53+£0.30¢C 4.00+1.07 ¢ 1.62+0.74 b +
PVP 3.71£0.07 a 0.69+£0.06 a 0.00+1.93 a 3.00+0.76 a ++
AA 3.19+0.11b 0.59+0.07b 5.75+1.91 b 2.75+0.71a +
Cultivar
Chandler 3.46+0.23a  0.63+0.09a 6.92+2.75 a 2.58+0.99 a ++
Jamal 3.32+0.29b  0.57+0.08 b 5.58+2.50 b 2.33+0.89a +
Interaction NSe NS NS NS

aMeans + standard error followed by the same letter are not significantly different (P < 0.05).

b -: Not effective for the inhibition of tissue browning, +: low efficiency, and ++: high efficiency.

¢ Not significant (P < 0.05). AA = ascorbic acid; PVP = polyvinyl pyrrolidone.

Discussion

Result of first experiment showed taking into account
all the variables studied, the most appropriate culture
medium for the in vitro walnut shoot multiplication
was the Driver and Kuniyuki walnut (DKW) medium
fortified with AC can be optimum medium (Fig. 1 and
Fig. 2). Considering that minerals macroelements can
be a limit factor for growth of walnut microcuttings
(Amiri, amounts of

2004), comparing the

macroelements in culture medium shows that — DKW

medium is infirm medium than DKW and MS
mediums. DKW medium have Ca2*, Cl, Mg2* and
NO3;- more than MS medium, but less K*, NH,* and
So42 (Toosi and Dilmagani, 2010). DKW and MS

medium are high salt medium than 2 DKW medium,

certainly. This point indicated Persian walnut
microcuttings needs a strong medium than infirm
medium for in vitro nodal segments growth and
proliferation. Similar results by Bourrain et al.,
(2000), Tetsumura et al., (2002), Bosela and Michler,
(2008), Toosi and Dilmagani, (2010) for walnut
multiplication using DKW medium has been reported
(Bonga and Aderkas, 1992; Bourrain, 2000; Saadat
and Hennerty, 2002; Tetsumura et al., 2002). In
other hand, with increasing salt concentration in
medium, increased production of phenolic
compounds on medium then browning extended
(Senoviratne and Wijesekara, 1996). However the
release of phenolic component into the culture

medium and browning (Table 1) appeared in the

DKW and MS medium higher than > DKW medium

but, = DKW medium don’t advised for initial steps in

vitro culture of walnut. Because microcuttings on

DKW were thinner, had less leaf expansion and

were less green than those on DKW and MS medium
(Fig. 2).

Fig. 2. Images of Persian walnut explants 30 day

after culture incubation on different basal nutrient
media fortified with AA. A) 1/2 DKW medium B)
DKW medium and C) MS medium.

In first experiment, almost, once culture in DKW
medium containing AC was successful than medium
containing AA, also in second experiment the
medium subculture thrice, at an interval of 48 hrs in
DKW medium containing AC than AA achieved better
result on cultures establishment and regeneration
(Fig. 3). This topic indicated activated charcoal is a
strong adsorbent (Bin Zhou et al., 2010). Medium
containing AC effectively prevented explants
browning by adsorbing phenolics, and by providing a
dark caused

environment inactivating
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polyphenoloxidase (PPO) and peroxidase (POD),

resulting in increased explants survival and
organogenesis (Tisserat, 1979; Pan and van Staden,
1998; Nguyen et al., 2007; Thomas, 2008). Similar
results have been reported Sharada et al., (2003),
Prajapati et al., (2003) and Dibax et al., (2005) about
positive influences of adding activated charcoal to the
culture medium that prevented the effect of leached

phenolics that hindered regeneration.

Fig. 3. Difference between DKW basal nutrient
media fortified with AC and AA on explants growth
and proliferation 30 day after incubation in second
experiments. A) Media fortified with AC. B) Media
fortified with AA.

In other hand, ascorbic acid is known to decay rapidly
in plant tissue culture medium. Ascorbic acid is
oxidized by reactions catalyzed by Cu (II) and Fe (IIT)
(Elmore et al., 1990), both of which are component of
Driver and Kuniyuki Walnut medium. On the basis of
our results, we conclude that treating with AA had a
suitable result for decrease browning in medium and
microcuttings establishment, also. Elmore et al.,
(1990) used AA as antioxidant and anti-browning
agent in plant cell, tissue and organ -culture.
Furthermore, Strosse et al., (2004) reported that
adding ascorbic acid to the medium inhibited the

exudation of phenols in banana tissue culture.

Our results showed that treating the 2 h soaked nodal
segments with PVP solution before culture eliminated
browning in explants and allowed leaching out of

phenolic compounds. In similar research, in trees and

woody plants, studies have suggested that
antioxidants, such as PVP, can be added to the
medium to reduce the oxidation, and thus browning,
in cultured tissue (Gupta et al., 1980; Tyagi et al.,

1981; Zhong et al., 1995).

Conclusion

Concluding from the obtained results, in all
experiments studied in this research, efficiency rate of
each treatment for the inhibition of browning showed
present treatments had a varying success. Results
indicated low efficiency for both cultivar in first
experiments, low efficiency for Chandler cultivar and
high efficiency for Jamal -cultivar in second
experiments, and high efficiency for Chandler cultivar
and low efficiency for Jamal cultivar in third
experiments for the inhibition of browning,
respectively. Therefore, AC and AA and PVP are
useful and effective in managing the problem of
phenolics and improving regeneration in Juglans
regia L. but, the efficiency of treatments is highly
sampling time and genotype dependent and in most
cases successful control of explants browning could
be achieved by different combinations of these

methods.

Acknowledgements

This work was funded by Bu ali-Sina University in
2013. Also, the authors are grateful to the staff of the
Researches Center of Agricultural and Natural
Resources of Hamedan province for supplying plant

materials.

References

Amiri ME. 2004. Effect of mineral concentration on
tissue cultured walnut (Juglans nigra var. zeiabadi)
growth. International Society for Horticultural
Science, p 705.
Anonymous. 1988. SAS/STAT User’s Guide,
Release 6.03. Statistical Analysis System (SAS)

Institute, Inc, Cary, NC.

568 | Ehteshamnia and Gholami



J. Bio. & Env. Sci.

2014

Ashutosh A, Murkute Sh, Mayakumari P. 2003.
Exudation and browning in tissue culture of

pomegranate. Agricultural Science Digest 23, 29—31.

Bhat SR, Chandel KPJ. 1991. PI eellReports, 10,
358-361.

Bin Zh, Xinfang W, Rongting W, Jingming J.
2010. Quantification of the enzymatic browning and
secondary metabolites in the callus culture system of
Nigella glandulifera Freynet Sint. Asian Journal of

traditional medicines, 5,109-116.

Block R, Lankes C. 1996. Massnahmen gegen die
Verbrdunung bei der in-vitro-Etablierung der

Apfelunterlage M9g. Gartenbauwiss 61, 11-7.

Bonga JM, Aderkas PV. 1992. In vitro culture of
trees, 2, 35-38.
http://dx.doi.org/10.1007/978-94-015-8058-8

Bosela MJ, Michler CH. 2008b. Medium effects
on black walnut (Juglans regia L.) shoot culture
growth in vitro: evaluation of multiple nutrient
formulation and cytokinin types. In Vitro Cellular &
Developmental Biology Plant 44, 116-121.
http://dx.doi.org/10.1007/s11627-008-9114-5
Bourrain L. 2000. In vitro  walnut
micropropagation (Juglans nigra L.) application.
CTIFL. p 30-127.

Cheng TY. 1978. Propagating woody plants through
tissue culture. Am Nurseryman, 7-14.

Christopoulos MV, Tsantili E. 2011. Effects of
temperature and packaging atmosphere on total
antioxidants and colour of walnut (Juglans regia L.)
kernels during storage. Journal of Scientia
Horticulturae 131, 49—57.

http://dx.doi.org/10.1016/j.scienta.2011.09.026

Dibax R, Eisfeld CL, Koehler HC, Quoirin M.

2005. Plant regeneration from cotyledonary explants

of Eucalyptus camaldulensis. Scientia Agricola
(Piracicaba, Brazil) 62, 406-412.
http://dx.doi.org/10.1590/S0103-

90162005000400016

Dobranszki J, Abdul-Kader A, Magyar-Tabori K,
Jambor-Benczar E, Buban T, Szalai J. 2000a. In
vitro shoot multiplication of apple: comparative
response of three rootstocks to cytokinins and auxin. Int

Journal of Hortic Sci 6, 36—9.

Dobranszki J, Abdul-Kader A, Magyar-Tabori
K, Jambor-Benczar E, Buban T, Szalai J.
Szalai. 2000b. Single and dual effects of different
cytokinins on shoot multiplication of different apple

scions. Int Journal of Hortic Sci 6, 76—S8.

Dobranszki J, Magyar-Tabori K, Jambor-
Benczuar E, Lazanyi J, Buban T, Szalai J. 2000c.
Influence of aromatic cytokinins on shoot
multiplication and their post-effects on rooting of
apple cv. Hasvéti rozmaring. Int Journal of Hortic Sci

6, 84-7.

Driver, J.A. and A.H. Kuniyuki. 1984. In vitro
propagation of paradox walnut rootstock, Journal of

Hort Sci 19: 507-709.

Elmore H, Samples B, Sharma S, Harrison M.
1990. Influence of cultural and physiochemical factors
on ascorbate stability in plant tissue culture medium.
Plant Cell, Tissue and Organ Culture, 20, 131-135.
http://dx.doi.org/10.1007/BFo0114711

FAOSTAT. 2011. FAOSTAT Database Results 2009.
http://faostat.fao.org/site/567/default.aspxancor

(accessed January 2011).

Gamborg OL, Miller RA, Ojima K. 1968.
Nutrient requirements of suspension cultures of
soybean root cells. Exp. Cell Res 50, 151-158.
http://dx.doi.org/10.1016/0014-4827(68)90403-5
Gupta PK, Nadgir AL, Mascarenhas AF,

Jagannathan V. 1980. Tissue culture of forest trees:

569 | Ehteshamnia and Gholami


http://faostat.fao.org/

J. Bio. & Env. Sci.

2014

clonal multiplication of Tectona grandis L. by tissue
culture. Journal of Plant Sci Lett 17, 259-268.
http://dx.doi.org/10.1016/0304-4211(80)90156-X

Jaiswal VS, Amin MN. 1987. In vitro propagation
of guava from shoot cultures of mature trees. Journal
of Plant Physiol 130, 7-12.
http://dx.doi.org/10.1016/S0176-1617(87)80296-1

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.

M'Kada J, Dorin N, Bigot C. 1991. In vitro
propagation of Arctostaphylos uva-ursi L. Sprengel.:
comparison between two methodologies. Plant Cell,
Tissue and Organ Culture, 24, 217—22.
http://dx.doi.org/10.1007/BF00033480

Murashige T, Skoog F. 1962. A revised medium for
rapid growth and bioassays with tobacco tissue
cultures. Physiol Plant 15, 473-497.
http://dx.doi.org/10.1111/§.1399-3054.1962.tb08052.x

Nguyen TV, Thu TT, Claeys M, Angenon G.
2007. Agrobacterium mediumted transformation of
sorghum (Sorghum bicolour (L.) Moench) using an
improved in vitro regeneration system. Plant Cell,
Tissue and Organ Culture, 91, 155—-164.
http://dx.doi.org/10.1007/s11240-007-9228-1

Pan MJ, van Staden J. 1998. The use of charcoal in
in vitro culture - a review. Journal of Plant Growth
Regulation 26, 155-163.
http://dx.doi.org/10.1023/A:1006119015972

Patel DH, Mehta SR,

Direct in vitro

Prajapati HA,
Subramanian RB. 2003.
regeneration of Curculigo orchioides Gaertn., an

endangered anticarcinogenic herb. Journal of Curr

Sci 84, 747-749.

Saadat YA, Hennerty MJ. 2002. Factors affecting
shoot multiplication of Persian walnut (Juglans regia
L.). Journal of Scientia Horticulturae 95, 257-260.
http://dx.doi.org/10.1016/S0304-4238(02)00003-1

Sanchez-Zamora MA, Cos-terrer J, Frutos-
Tomas D, Garcia-Lopez R. 2006. Embryo
germination and proliferation in vitro of Juglans
regia L. Scientia Horticulturae 108, 317- 321.

http://dx.doi.org/10.1016/j.scienta.2006.01.041

Seneviratne P, Wijesekara GAS. 1996. The
problem of phenolic exudates in vitro cultures of
mature Hevea brasiliensis. Journal of Plantation

Crops 24, 54-62.

Sharada M, Ahuja A, Kaul MK.

Regeneration of plantlets via callus cultures in

2003.

Celastrus paniculatus Willd—A rare endangered,
medicinal plant. Journal of Plant Biochem Biotechnol
12, 65-69.

http://dx.doi.org/10.1007/BF03263163

Sharma M, Modgil M, Sharma DR. 2000.
Successful propagation in vitro of apple rootstock
MM106 and influence of phloroglucinol. Indian

Journal of Exp Biol 38, 1236—40.

Strosse H, Van den Houwe I, Panis B. 2004.
Banana cell and tissue culture — review. In: Jain,
S.M., Swennen R (eds.) Banana Improvement:
Cellular, Molecular Biology, and Induced Mutations,
Science Publishers, Inc., Enfield, NH, USA. p. 1-12.

Tessitura T, Tsukuda K, Kawase K. 2002.
Micropropagation of shinano walnut (Juglans regia

L.). Journal Japan Soc Hort Sci 17, 661-666.

Thomas TD. 2008. The role of activated charcoal in
plant tissue culture. Journal of Biotechnol Adv 26,
618-31.
http://dx.doi.org/10.1016/j.biotechadv.2008.08.003

570 | Ehteshamnia and Gholami



J. Bio. & Env. Sci.

2014

Tisserat B. 1979. Propagation of data palm (Phoenix
dactylifera L.) in vitro. Journal of Experimental

Botany 30, 1275-1283.

Toosi S, Dilmagani K. 2010. Proliferation of
Juglans regia L. by in vitro embryo Culture. Journal
of Cell Biology and Genetics, 1, 12—19.
http://dx.doi.org/10.5897/2141-6516

Tyagi AK, Rashid A, Maheshiwari SC. 1981.
Promotive effect of polyvinyl polypyrrolidone on
pollen embryogenesis in Datura innoxia. Journal of
Physiology Plants 53, 405-406.
http://dx.doi.org/10.1111/5.1399-
3054.1981.tbo2722.x

Weatherhead M, Burdon J, Henshaw G. 1979.
Effects of activated charcoal as an additive to plant
tissue culture medium: Part 2. Z Pflanzen. Physiol 94,
399-405.
http://dx.doi.org/10.1016/S0044-328X(79)80223-8

Zhong D, Michaux-Ferriere N, Coumans M.
doubled haploid

annuus)  plant

1995. Assay for sunflower

(Helianthus production by
androgenesis: fact or artifact? Part 1. In vitro anther
culture. Plant Cell, Tissue and Organ Culture, 41, 91-
97.

http://dx.doi.org/10.1007/BF00051577

571 | Ehteshamnia and Gholami



