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Abstract
The current study was aimed to solve the problem of browning in Iranian seedless barberry in vitro culture by using
a variety of different approaches. As such, several experiments were carried out. The results revealed that addition of
225mg/l citric acid+ 50mg/l ascorbic acid could alleviate phenol browning compared to control. Presoaking of explants
in 300mg/l citric acid solution for 30min and culturing them in media containing 225mg/l citric acid could further
reduce browning rate. Results related to the effect of sampling time indicated that explants cut off in April showed the
lowest browning rate and those cut off in January, February and March showed the highest browning rate. Effects of
conditions related to stock plant were also investigated, and the results displayed that explants harvested from upper
position of current-year shoot and sucker showed the lowest browning rates, respectively, while those collected from lower
position of one- and two-year old shoots exhibited the highest browning rate, respectively. Data obtained from shoot color
and diameter also demonstrated that explants taken from pinkish-colored shoots with small diameter showed the lowest
browning rate and those collected from dark brown-colored shoots with large and very large diameter contained the highest
browning rates. Use of 8-hydroxyquinoline and Fe-EDDHA for reduction of browning was investigated for the first time,
and interestingly the results showed that both compounds, in particular 8-hydroxyquinoline, caused a significant reduction
in phenol exudation. More interestingly, they could cause a significant increase in bud break rate. Furthermore, phenol
exudation and peroxidase activity in treatments supplemented with 8-hydroxyquinoline and Fe-EDDHA were lower than
those in treatments containing antioxidants.
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Introduction

Seedless barberry (Berberis vulgaris L. var. asperma),
a highly valued member in the family of Berberidaceae,
is a drought-tolerant species which is mainly grown in
dry regions of Iran. This economically important crop is
the only source of income in some parts of the country.
The economic importance of this multipurpose shrub is
due to its fruits, which are used as raw or cooked (Arayne
et al. 2007). Due to containing high contents of phenolic
compounds (anthocyanins) and ascorbic acid, the fruits are
also regarded as healthy additives that are used in many
foods.
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With high medicinal value, which is mainly due to the
presence of alkaloid berberine in bark of root, stem and
unripe fruits, this species has been used for curing diseases
such as infectious fevers, typhus, arterial blood pressure,
diabetes, different types of cancer, Alzheimer and human
immunodeficiency virus (HIV) (Fatehi et al. 2005; Arayne
et al. 2007; Asai et al. 2007; Ebrahimi-Mamaghani et al.
2009; Bodiwala et al. 2011; Yin et al. 2012).

Moreover, beautiful yellow flowers of this crop in the
early spring which later turn into red berries in summer
and early autumn create an attractive view in the landscape.
The shrub also can be used as border wall around orchards
and lands owing to having thorn and compacted growth
habit. There is a growing desire in the country to cultivate
this valuable crop in many parts of the country, especially
in regions that impending changes of climate threaten the
cultivation of high-water demanding crops and thus culti-
vation of low water demanding plants is inevitable, but it is
difficult to find suitable clone of this shrub due to its recal-
citrant propagation. Finding a way to propagate this species
vegetatively, which cannot be propagated sexually since it is
seedless, has for long time been the subject of many studies
but the results obtained so far have not been fruitful. Sucker
is the only means of propagation of this multipurpose crop
but it has its own limitations. Not only suckers should be
divided from mother plants at specific time of the year but
also they should be in suitable size (60–70cm in length) and
age (2–3 years old) with adequate roots (Balandary and Kafi
2001). Besides, damages occur during division and trans-
portation cause a high percentage of the plants to fail to
grow after cultivation, making the cultivation very time-
consuming, laborious and expensive process. In addition,
provision of high-quality and uniform suckers on a large
scale is not easily possible. As an efficient technique, mi-
cropropagation has been successfully used for propagation
of many plants. Unlike many fruit trees, whose tissue cul-
ture have been successfully optimized, in vitro culture of
Iranian seedless barberry has not been successful thus far,
as disappointingly reported by Azizi et al. (2007) and Mo-
hammadi et al. (2011). One of the most serious obstacles in
the way of successful micropropagation of Iranian seedless
barberry is the exudation of phenolic compound. Browning
posed serious problems for successful micropropagation of
Iranian seedless barberry as shown in the preliminary tests
conducted for 1 year, and the many unpublished attempts
made to tackle this problem proved futile up to now. Control
of phenol-induced browning of explants in in vitro culture
is an important factor determining the success rate of es-
tablishment phase of all fruit trees (Leal et al. 2007; Pérez-
Tornero and Burgos 2007). Since this crop has been found
as a species with high degree of browning and there is no
background about the problem in this crop, doing some
researches to overcome this obstacle can lay the founda-

tions for improvement of Iranian seedless barberry in vitro
culture. The present investigation thus tried for the first
time to assess the influence of a variety of factors including
compounds controlling phenol-induced browning, sampling
time and conditions related to explants on browning prob-
lem in barberry in vitro culture.

Materials andMethods

Plant Material

The current research was performed in tissue culture labo-
ratory of Horticultural Sciences Department, Ferdowsi Uni-
versity of Mashhad, Iran, in a 3-year period from 2014 to
2017. After being collected from barberry shrubs located in
research orchard of Agricultural Faculty, 25–30cm shoots
were transferred to the laboratory. Shoots were then stripped
off leaves and thorns, cut into 2–3cm pieces and subjected
to different treatments designed for controlling phenol-in-
duced browning.

For designing of the treatments, four issues were hypoth-
esized to play a role in reducing phenol-induced brown-
ing and accordingly were taken into consideration: 1) com-
pounds controlling phenol exudation, 2) time of sampling,
3) conditions of explants on stock plant, and 4) subculture.

Experiments Related to Phenol Controlling Agents

The part related to the compounds controlling phenolic
browning was divided into four experiments. In the first
experiment, the combined effects of addition of citric acid
(0, 75, 150 and 225mg/l) and ascorbic acid (0, 50, 100)
to culture medium were investigated. In the second exper-
iment, citric acid was used in sequential manner, so that
explants were first soaked in solutions containing 150 and
300mg/l citric acid for 15 and 30min, and then cultured in
media containing the same antioxidant at three levels of 0,
150 and 225mg/l. These two mentioned experiments were
carried out in factorial based on completely randomized de-
sign with 5 replications. The third experiment was aimed at
studying the effect of 8-hydroxyquinoline at concentrations
of 0, 50, 100, 150 and 200mg/l on browning rate. Effect of
adding Fe-EDDHA at concentrations of 0, 50, 100, 150 and
200mg/l to the media on browning rate was evaluated in the
fourth experiment. The third and fourth experiments were
performed based on completely randomized design with
5 replications. At the end of the experiments, parameters of
browning rate and bud break percentage were recorded.

K

Author's personal copy



The First Successful Report: Control of Browning Problem in in vitro Culture of Iranian Seedless Barberry, a Medicinally Important...

Experiments Related to Explants

Two experiments were designed to study the effects of some
characteristics related to the explants on browning. In the
first experiment, the effects of shoot types including sucker,
current-year shoot, one- and two-year old shoots, and ex-
plant positions including lower, middle and upper positions
on the browning rate were explored. The second experiment
was performed to assess the effects of shoot color and diam-
eter on browning rate. Explants were chosen from dark and
light brown-, pinkish- and green-colored shoots with small,
medium, large and very large diameters. In both experi-
ments, explants were treated with the best citric acid treat-
ment determined in the previous experiment (soaking ex-
plants in solution containing 300mg/l citric acid for 30min
and culturing them in medium containing 225mg/l citric
acid). Both experiments were laid out in factorial based on
completely randomized design with 5 replications. At the
end of the experiments, parameters of browning rate and
bud break percentage were recorded.

Experiments Related to Sampling Time and
Subculture

One experiment was also designed for studying the im-
pact of sampling time on browning rate. Explants were col-
lected each month and were subjected to the best treatment
of citric acid selected in the previous experiment. Besides,
effects of different periods of subculture (7, 14, 21 and
28 days) on browning rate were investigated in a separate
experiment. Explants in this experiment were treated with
the same treatment of citric acid as the previous experi-
ment. The experiments were arranged based on completely
randomized design with 5 replications. At the end of the
experiments, parameters of browning rate and bud break
percentage were recorded.

Comparison of the Best Treatments for Biochemical
Analyses

In a separate experiment, the best treatment of the exper-
iments examining the effect of chemical compounds on
browning (part one of the experiments) was selected and
compared in terms of phenol exudation, peroxidase activ-
ity, browning and bud break rates. Phenol exudation was
measured at the end of 28 days based on the method de-
scribed by Krishna et al. (2008). The peroxidase activity
was measured according to the method described by Sada-
sivam and Manickam (1996).

Experimental Conditions

In all the experiments mentioned above, MS medium con-
taining 0.5mg/l benzyl adenine, 8mg/l agar and 30g/l
sucrose was used as the basal medium, and pH of the me-
dia was adjusted to 5.8 with 0.1N NaOH and/or 0.1N
HCl before autoclaving. All the cultures were main-
tained at 23± 2C under 8/16h photoperiod and PPFD
of 40μmolm–2s–1 provided by cool white fluorescent light.

Data was subjected to an analysis of variance by JAMP
software and means comparison was performed using LSD
at 5% probability level.

Results

Effect of Citric Acid and Ascorbic Acid

Table of analysis of variance (ANOVA) showed that the
effect of citric acid and ascorbic acid on browning and bud
break rates was significant at 1% level, but their interaction
effect was not significant (Table 1).

Results obtained from addition of citric acid and ascor-
bic acid, alone or together, to media showed that degree
of browning varied significantly based on the concentra-
tions of the two antioxidants. Treatments containing no cit-
ric acid+ 0 and 50mg/l ascorbic acid exhibited the highest
rate of phenol-induced browning. By contrast, treatment
supplemented with 225mg/l citric acid+ 100mg/l ascorbic
acid showed the lowest browning rate (63%), however it
did not show significant differences from most of the treat-
ments. For bud break, significant differences were found
among the different treatments. Explants showed no bud
break when medium was devoid of both citric acid and
ascorbic acid, whereas they showed the highest bud break
rate when cultured in the treatment containing 225mg/l cit-
ric acid+ 100mg/l ascorbic acid; however, this treatment
was not significantly different from most treatments con-
taining higher concentrations of citric acid and ascorbic
acid (Table 2).

Table 1 ANOVA results of experimental factors on different factors

Source Mean Square

DF Browning rate Bud break

Citric acid 3 2207.08** 1654.2**

Ascorbic acid 2 473.7ns 716.5**

Citric acid * Ascorbic acid 6 48.7ns 42.4ns

Error 48 167.2 57.5

Ns non-significant, *significant at p≤ 0.05, **significant at p≤ 0.01
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Table 2 Effects of citric acid+ ascorbic acid on browning and bud
break rates

Treatments
(Citric+Ascorbic acids [mg/l])

Browning
rate (%)

Bud break rate
(%)

0+0 100 a 0 f

0+50 100 a 14 e

0+100 87 ab 19.6 de

75+0 85 ab 22.6 cde

75+50 80 bc 28.6 abcd

75+100 77 bcd 32.2 abc

150+50 77 bcd 34.6 ab

225+0 74 bcd 30.6 abc

150+0 73 bcd 25.6 bcd

150+100 68 cd 35.6 a

225+50 67 cd 35.6 a

225+100 63 d 37.6 a

Levels not connected by same letter are significantly different
according to LSD at 5% level

Effect of Citric Acid Presoaking, Time and Citric Acid
Addition

ANOVA results in Table 3 showed that interaction of cit-
ric acid presoaking, presoaking time and addition of citric
acid to the media did not cause significant effects on the
parameters of browning and bud break rates, but the simple
effects of citric acid presoaking and citric acid addition to
the media on the two parameters were significant at 1%
level.

According to means comparison of the treatments, sig-
nificant differences were observed among the different
treatments (Table 4). Explants presoaked in 150mg/l citric
acid for 15 and 30min, respectively, and cultured in me-
dia lacking citric acid showed the highest browning rates,
while explants presoaked with 300mg/l citric acid for 15
and 30min and cultured in media containing 225mg/l citric
acid showed the lowest rate of browning.

On the matter of bud break, the highest rate was found in
the treatments of presoaking explants in 300mg/l citric acid
for 30min and addition of 225 and 150mg/l citric acid to

Table 3 ANOVA results of experimental factors on different factors

Source Mean Square

DF Browning rate Bud break

Presoaking 1 3285.6** 1490.01**

Time 1 147.26ns 673.35**

Citric acid addition 2 2067.8** 3091.25**

Presoaking*Time 1 11.267ns 126.15ns

Presoaking*Citric acid addition 2 26.6ns 6.11ns

Time*Citric acid addition 2 199.26ns 27.15ns

Presoaking*Time*Citric acid addition 2 50.86ns 52.35ns

Error 48 96.967 80.342

Ns non-significant, *significant at p≤ 0.05, **significant at p≤ 0.01

Fig. 1 Explants cultured in media containing 150mg/l 8-hydrox-
yquinoline

the media, respectively, while the lowest rate of bud break
was recorded in the treatment of presoaking in 150mg/l
citric acid for 15min+ no citric acid in the media. Generally,
agitation of explants in citric acid solution and their culture
in media supplemented with the same antioxidant resulted
in the highest bud break and lowest browning rate.

Effect of 8-hydroxyquinoline

As seen in ANOVA Table 5, use of 8-hydroxyquinoline
caused significant impact on browning and bud break rates
at 1% probability level.

Results related to the means comparison of the effect of
8-hydroxyquinoline on browning and bud break rates are
presented in Table 6. Lower browning rate was observed in
treatments containing 8-hydroxyquinoline at different con-
centrations compared to control. Interestingly, bud sprout-
ing rates were significantly higher in treatments supple-
mented with different concentrations of 8-hydroxyquino-
line when compared with the treatment lacking 8-hydroxy-
quinoline (Fig. 1).
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Table 4 Effects of presoaking explant in citric acid solution at different
times+ citric acid addition to media on browning and bud break rates

Treatments
(Pre*Time*Addition)

Browning rate
(%)

Bud break rate
(%)

150*15*0 88 a 13 g

150*30*0 82 ab 18.6 fg

300*15*0 75 bc 24.6 ef

150*15*150 68 cd 29.6 def

150*30*150 67.2 cd 37.6 bcd

150*15*225 64 cde 32.6 cde

150*30*225 64 cde 47.8 ab

300*30*0 60.2 def 27.2 def

300*30*150 56 def 48 ab

300*15*150 53.2 ef 41.2 abc

300*15*225 50 f 48 ab

300*30*225 50 f 50 a

Levels not connected by same letter are significantly different accord-
ing to LSD at 5% level

Table 5 ANOVA results of 8-hydroxyquinoline on different parame-
ters

Source Mean Square

DF Browning rate Bud break rate

8-hydroxyquinoline 4 1806** 2746**

Error 20 54.4 82

Ns non-significant, *significant at p≤ 0.05, **significant at p≤ 0.01

Table 6 Effects of 8-hydroxyquinoline on browning and bud break
rates

8-hydroxy levels (mg/l) Browning rate
(%)

Bud break rate (%)

0 64 a 40 c

50 25 b 87 b

100 22 b 100 a

150 20 b 92 ab

200 20 b 82 b

Levels not connected by same letter are significantly different accord-
ing to LSD at 5% level

Effect of Fe-EDDHA

Use of Fe-EDDHA resulted in significant effect on brown-
ing and bud break rates at 1% probability level, as shown
in ANOVA table (Table 7).

Results of means comparison revealed that there were
significant differences among the different treatments.
Treatments fortified with different concentrations of Fe-
EDDHA displayed lower browning and higher bud break
rates in comparison with Fe-EDDHA-free treatment. Fe-
EDDHA at concentration of 200mg/l caused the great-
est effect in terms of both browning rate and bud break
percentage compared to other concentrations, though the
difference was not statistically significant (Table 8).

Table 7 ANOVA results of Fe-EDDHA on different parameters

Source Mean Square

DF Browning rate Bud break rate

Fe-EDDHA 4 963.50** 2784.94**

Error 20 70.20 109.14

Ns non-significant, *significant at p≤ 0.05, **significant at p≤ 0.01

Table 8 Effects of Fe-EDDHA on browning and bud break rates

Fe-EDDHA levels
(mg/l)

Browning rate
(%)

Bud break rate (%)

0 64 a 30.2 c

50 40 b 59 b

100 35 b 74 a

150 33 b 86 a

200 29 b 87 a

Levels not connected by same letter are significantly different accord-
ing to LSD at 5% level

Table 9 ANOVA results of sampling time on different parameters

Source Mean Square

DF Browning rate Bud break rate

Month 11 1386.309** 296.21**

Error 48 194 100.8

Ns non-significant, *significant at p≤ 0.05, **significant at p≤ 0.01

Table 10 Effects of sampling time on browning and bud break rates

Months Browning rate (%) Bud break rate (%)

August 82 a 36.2 bc

September 82 a 37.6 abc

July 79 a 46 ab

June 77 ab 44.6 ab

May 61 bc 44.6 ab

October 61 bc 49.6 a

November 56 cd 48.6 ab

December 52 cd 38.2 abc

April 50 cd 28.2 c

January 40.6 d 31.2 c

February 39.2 d 30.6 c

March 39 d 30.2 c

Levels not connected by same letter are significantly different accord-
ing to LSD at 5% level

Effect of Sampling Time (Month)

Results presented in ANOVA table indicated significant ef-
fect of sampling time on the parameters of browning and
bud break rates at 1% probability level (Table 9).

Values of means given in Table 10 are clear indication
that there are significant differences among various treat-
ments. Browning of explants cut off in wintering months of
January, February and March were lower than other months,
while browning in those collected in August, September and
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Table 11 ANOVA results of experimental factors on different factors

Source Mean Square

DF Browning
rate

Bud break

Shoot type 3 8534.106** 7968.461**

Explant position 2 8744.017** 5504.450**

Shoot type * Explant position 6 235.106* 644.561**

Error 48 100.25 104.46

Ns non-significant, *significant at p≤ 0.05, **significant at p≤ 0.01

Table 12 Combined effects of shoot type and explant position on
browning and bud break rates

Treatments
(Shoot type * Explant position)

Browning rate
(%)

Bud break rate
(%)

2-year old, Lower 90 a 0 e

1-year old, Lower 79 ab 15 d

2-year old, Middle 79 ab 15 d

1-year old, Middle 70 bc 20 cd

Sucker, Lower 65 c 23.2 cd

2-year old, Upper 63 c 19 cd

Current-year, Lower 48 d 45 b

1-year old, Upper 37 de 31 c

Sucker, Middle 33.2 e 48.6 b

Current-year, Middle 24.6 ef 52 b

Sucker, Upper 15 f 86 a

Current-year, Upper 0 g 79 a

Levels not connected by same letter are significantly different accord-
ing to LSD at 5% level

Table 13 ANOVA results of shoot color and diameter on different fac-
tors

Source Mean Square

DF Browning
rate

Bud break

Shoot color 3 4193.55** 4846.48**

Shoot diameter 3 24,108.05** 28,826.75**

Shoot color * Shoot diameter 9 1892.113* 330.36*

Error 64 79.41 92.09

Ns non-significant, *significant at p≤ 0.05, **significant at p≤ 0.01

July months showed the highest browning rates, respec-
tively. Furthermore, explants displayed the best response
when taken in October and November, with 49.6 and 48.6%
of them exhibiting bud break, respectively. By contrast, ex-
plants showed the lowest bud break rates of 28.2, 30.2 and
30.6% when cut off in April, February and March months,
respectively.

Effect of Shoot Type and Position

According to ANOVA results presented in Table 11, in-
teraction of shoot type and shoot position had significant
influence on browning and bud break rates.

Table 14 Combined effects of shoot color and diameter on browning
and bud break rates

Treatments
(Color*Diameter)

Browning rate
(%)

Bud break rate
(%)

Dark brown, Very large 100 a 0 h

Dark brown, Large 100 a 0 h

Green, Very large 100 a 0 h

Light brown, Very large 100 a 0 h

Light brown, Large 86 b 0 h

Pinkish, Very large 82 b 15.6 g

Green, Large 69 c 27.2 fg

Dark brown, Medium 62 cd 44.6 e

Pinkish, Large 54 d 34.2 ef

Light brown, Medium 42.6 e 59 d

Dark brown, Small 34.2 ef 66 cd

Green, Medium 34.2 ef 73 bc

Light brown, Small 26 fg 71 bcd

Pinkish, Medium 23.6 fg 100 a

Green, Small 15 g 82 b

Pinkish, Small 0 h 100 a

Levels not connected by same letter are significantly different accord-
ing to LSD at 5% level

Table 15 ANOVA results of subculture on different parameters

Source Mean Square

DF Browning rate Bud break rate

Subculture 3 246.18ns 1528.98**

Error 16 82.65 86.60

Ns non-significant, *significant at p≤ 0.05, **significant at p≤ 0.01

Table 16 Effects of subculture on browning and bud break rates

Subculture (Day) Browning rate (%) Bud break rate (%)

28 54 a 31.2 c

21 52 a 39.2 c

14 43 ab 57 b

7 39 b 70 a

Levels not connected by same letter are significantly different accord-
ing to LSD at 5% level

Results of means comparison for browning rate parame-
ter showed that there were significant differences among the
different treatments (Table 12). Based on the results, brown-
ing rate was the highest in the explants taken from lower
position of the two-year-old shoots, while it was the lowest
in the explants prepared from upper position of both cur-
rent-year shoot (0) and sucker (15%). Moreover, explants of
upper position taken from both sucker (86%) and current-
year shoot (79%) had the highest bud break rates compared
to those of lower position taken from two-year-old shoots
with no bud break.

K

Author's personal copy



The First Successful Report: Control of Browning Problem in in vitro Culture of Iranian Seedless Barberry, a Medicinally Important...

Fig. 2 Explant collected from dark brown-colored shoot

Effect of Shoot Color and Shoot Diameter

It is evident from ANOVA table that interaction effects of
shoot color and diameter on browning and bud break rates
were significant at 5% probability level, and their simple
effects were significant at 1% level (Table 13).

As can be seen in Table 14 and Fig. 2 and 3, browning
and bud break rates were significantly different among the
treatments. Explants collected from shoots with large diam-
eter, irrespective of shoot color, recorded the highest phenol
rate. Explants taken from pinkish-colored shoots with small
diameter showed the lowest rate of phenol exudation (0%),
followed by the explants taken from green-colored shoots
with the same diameter as the pinkish ones, with just 15% of
them showing phenol-induced browning. Referring to bud
sprouting rate, explants provided from shoots with pinkish
color and with small and medium diameter showed 100%
bud break. Dark and light brown-colored shoots with large

Table 17 ANOVA results of the best treatment of each experiment on different parameters

Source Mean Square

DF Phenol exudation Peroxidase activity Browning rate Bud break rate

Treatment 4 14,796.14 ** 5.800** 4976.50** 6297.56**

Error 20 77.7 0.053 70.00 77.76

Ns non-significant, *significant at p≤ 0.05, **significant at p≤ 0.01

Table 18 Effects of the best treatment of each experiment on phenol exudation, peroxidase activity, browning rate and bud break rate

Treatments Phenol exudation
(mg/ml)b

Peroxidase activity
(ΔA 470 of 1.0 for 1mg of protein in 10min)

Browning rate
(%)

Bud break rate
(%)

A 187 a 3.91 a 100 a 0 d

B 126.2 b 2.93 b 63 b 37.6 c

C 100.8 c 2.13 c 50 c 50 b

D 75.2 d 1.60 d 29 d 87 a

E 43.6 e 1.22 e 20 d 82 a

Levels not connected by same letter are significantly different according to LSD at 5% level
A control, B 225mg/l citric acid+ 100mg/l ascorbic acid, C Presoaking in 300mg/l citric acid for 30min+ culturing in media containing 225mg/l
citric acid, D 200mg/l Fe-EDDHA, E 200mg/l 8-hydroxyquinoline

Fig. 3 Explant collected from green-colored shoot

and very large diameter plus green-colored shoots with very
large diameter showed no bud sprouting.

Effect of Subculture

Table 15 presents the results of ANOVA related to the ef-
fect of different periods of subculture on browning and bud
break rates. As it is clearly evident, different periods of
subculture brought about significant influences on both pa-
rameters of browning and bud break at 1% probability level.

According to Table 16, there were significant differences
among different periods of subculture. Explants subcultured
after 7 days showed significantly lower browning rate and
higher bud break rate than those subcultured after longer
periods. Explants transferred to new culture after 28 days
showed the highest browning rate and the lowest bud break
rate, but they did not show significant differences from those
subcultured after 21 days with respect to both parameters.
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Biochemical Analyses

As ANOVA results in Table 17 showed, the best treatment
selected from the experiments of part one of the present
study significantly affected phenol exudation and peroxi-
dase activity at 1% probability level.

Means values presented in Table 18 indicated that there
were significant differences among the different treatments.
In vitro phenol exudation was lower in explants cultured
in media supplemented with 8-hydroxyquinoline and Fe-
EDDHA than antioxidant-treated and control explants. Per-
oxidase activity also followed the same pattern, so that
treatments containing 8-hydroxyquinoline and Fe-EDDHA
showed lower peroxidase activity than other treatments.

Discussion

The present study concentrated on the possibility of reduc-
ing browning in in vitro culture of barberry, a species with
high degree of browning in tissue culture. Based on the pre-
liminary experiments conducted for 1 year, browning was
determined as a serious problem limiting the success of bar-
berry in vitro culture. So, according to the information ob-
tained from preliminary experiments, different experiments
were designed for solving the mentioned problem.

Phenol browning is a very common problem in tissue
culture which can be eliminated by using different ap-
proaches including addition of antioxidants and activated
charcoal to medium, presoaking of explants in antioxidants
solution (Raghuvanshi and Srivastava 1995), and frequent
subculture and selection of proper explants (Chandra et al.
2004), but the degree of success varies based on the plant
species.

In the present study, the explants showed browning
within 48h after the culture. To reduce the harmful effect
of phenolic compounds on explants, two antioxidants of
citric acid and ascorbic acid were tried either as single or
in combination, among which mixture of 225mg/l citric
acid+ 100mg/l ascorbic acid was found significantly better
compared to control, but still rate of explant browning was
relatively high. Similar results have been reported by Tao
et al. (2007), who noted that using citric acid at 2–4g/l
did not result in any change in browning rate of Platanus
occidentalis L., and Desai et al. (2018), who found that
supplementing of media with ascorbic acid was not suc-
cessful in controlling of phenol exudation in pomegranate
cv. Bhagwa. Interestingly, Sharma and Ramamurthy (2000)
reported that explants of Eucalyptus tereticornis exhibited
somehow more browning in the presence of antioxidants
than in their absence. Contrary to Desai et al. (2018),
Patil et al. (2011) reported successful alleviation of phe-
nol browning in pomegranate by using 150mg/l ascorbic

acid and 100mg/l citric acid. These conflicting results can
be attributed to the type of plant species. Since single or
combined use of citric acid and ascorbic acid did not yield
promising results in the present study, the mentioned an-
tioxidants were employed in two steps. To do so, explants
were first dipped in solutions containing antioxidants at
different times and then cultured in media containing the
same antioxidants. This approach also failed to cause a sig-
nificant reduction in browning rate, with low rate of the
explants being able to successfully establish. Unlike to
our results, Krishna et al. (2008) in mango reported lower
browning rate by agitating explants in 100mg ascorbic
acid+ 50mg citric acid antioxidant solution and culturing
them in medium supplemented with the same antioxidant
level. Alleviation of phenol browning as a result of pre-
soaking the explants in antioxidants solution has been also
reported in other plants (Chavan et al. 2000; Huang et al.
2002; Tabiyeh et al. 2005; Phulwaria et al. 2012).

In addition to antioxidants, the effect of explant collec-
tion season on the reduction of browning was also investi-
gated. The influences of season on browning of explants in
in vitro culture have been reported in many studies (Chris-
tiansen and Fonnesbech 1975; Biedermann 1985; Prasad
and Chaturvedi 1988; Wang et al. 1994; Bhatt and Dhar
2004; Martin et al. 2006; Arora et al. 2010; Phulwaria et al.
2011, 2012), but there are conflicting reports regarding the
most suitable time for collection of explants. In this con-
text, Wang et al. (1994) in their study on ‘Fuji’ apple and
‘Jinhua’ pear reported that explants collected from Novem-
ber to February produced low rates of browning and those
collected in April and August showed maximum browning
rate, while Sharma and Ramamurthy (2000), working on
4-year-old elite Eucalyptus tereticornis trees, found 100%
browning in explants cut off in February, and no brown-
ing in those harvested in March–April and August–January.
It was also reported in mango that explants collected in
March-April and September-October were more respon-
sive and showed lower phenol exudation (Chandra et al.
2004). Similarly, Tao et al. (2007) reported that brown-
ing rates of the explants collected in January and March
were lower than those in July, and Dhavala and Rathore
(2010) in a study on micropropagation of Embelia ribes
Burm f. found that explants collected during March to May
contained lower rate of browning. In the present study, ex-
plants showed higher browning rate in spring and summer
seasons compared to wintering months. These seasons cor-
respond with the timing of the most active growth phases.
Fresh sprouts appear vigorously in spring and summer, and
new shoots are seen emerging and growing rapidly during
spring and summer (June through August). Possible reason
for high phenol rate in spring and summer might be related
to the new growth of shoots, which provides the possibility
of phenol exudation.
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Dalal and Rai (2001) and Bhatt and Dhar (2004) noted
that explants taken during the winter season showed max-
imum bud break, which is contrary to the present report
where the lowest rate of bud break was seen in winter sea-
son. Chaturvedi et al. (2004) and Arora et al. (2010) in neem
plant, and Phulwaria et al. (2012) in Terminalia catappa re-
ported that explants taken in March and April showed max-
imum bud break which is not in line with the results of the
present study, where the highest bud break rates were seen
in October and November. This time is known to coincide
with maximum new growth in trees; that is the reason why
the explants showed the highest bud break rate. This may
be related to the active growth phase of barberry during the
period with high temperature and low humidity, as shown
by Dhavala and Rathore (2010) in Embelia ribes Burm f.
Generally, bud break rate in all months of the year was low
and differences among them were not high.

In the current study, for better controlling of phenol exu-
dation, effects of physiological conditions of explants were
also studied. The results showed that shoot type and explant
positon on shoot can have significant effect on browning
and bud break rates. Explants collected from upper posi-
tion of both current-year shoot and sucker displayed the
lowest rate of browning, respectively, when compared with
older shoots. Arora et al. (2010) pointed out that not only
the survival of explants but also their later performance are
determined by their size, thickness and maturity. Rai et al.
(2010) and Ram and Shekhawat (2011) also revealed that
woody nodal explants exuded high rate of phenol and were
not thus good for culture establishment. In pomegranate, ex-
plants collected from the older shoots showed higher rate of
browning compared to those collected from younger shoots
(Naik et al. 1999), which is in line with the results re-
ported by the current study. By contrast and similar to our
results, Krishna et al. (2008) in an investigation reported
that younger explants responded better compared to ex-
plants taken from older shoots. This may be due to this is-
sue that young shoots synthesize lower phenolic substances
(Rai et al. 2009). In neem plant, explants collected from
lower position which are older in age showed the highest
bud break rate (Arora et al. 2010), which is not in agreement
with the results of the present study. Our results also dis-
played that explants taken from dark and light brown-col-
ored shoots with very large diameter showed 100% brown-
ing rate, and those taken from pinkish-colored shoots with
small diameter were devoid of browning. Contrary to our
results, Hsia and Korban (1996) in case of Rosa sp reported
that explants with larger diameters developed larger buds
due to better nutrient translocation from the donor mother
plant, hence showed sooner bud break when cultured in me-
dia. Furthermore, 4–6 week old shoots with dark green stem
displayed higher bud break rate and lower phenol exudation

compared to 1–2 week old shoots with reddish brown stem
(Chandra et al. 2004).

The interesting part of this study was related to the ex-
periments investigating the effects of 8-hydroxyquinoline
and Fe-EDDHA for the first time on browning and bud
break rates. Surprisingly, the results showed that use of
these compounds could significantly reduce browning rate
and increase bud break rate. To the best of our knowledge,
there is no report about the use of these compounds for con-
trolling phenol-induced browning in other fruit trees, and
this is the first study reporting the beneficial effect of these
compounds on alleviation of browning and improvement
of bud break rate. 8-hydroxyquinoline is an antioxidant
(Zhong et al. 2002) which has been mainly used in forcing
solution for bud break and also as an antimicrobial agent for
preservation of cut flowers (van Doorn et al. 1989; Verma
et al. 2012). Based on the results of the present study, use of
8-hydroxyquinoline could cause a high reduction in brown-
ing rate compared to control. It also significantly increased
bud break rate so that over 82% bud break was observed in
media supplemented with different concentrations of 8-hy-
droxyquinoline. Another interesting observation in media
containing 8-hydroxyquinoline was the reduction of con-
tamination. It seems that reduction of browning as a result
of using 8-hydroxyquinoline might be due to the blacken-
ing of media. However, the reasons for this observation are
not clear at this time.

Our results regarding the effect of Fe-EDDHA on brown-
ing and bud break rates showed that both parameters were
improved as a result of supplementation of media with Fe-
EDDHA. No report has been published so far about the use
of Fe-EDDHA for control of browning and increase of bud
break in plants. Reports on Fe-EDDHA just show its superi-
ority over Fe-EDTA with respect to the production of higher
leaf chlorophyll content, shoot length and shoot dry weight.
It was also reported that EDDHA has higher photostability
than EDTA that becomes unavailable due to its degradation
by light (Stasinopoulos and Hangarter 1990; Van der Salm
et al. 1994). The higher stability of Fe-EDDHA was also
noted in bitter almond, where higher acquisition of iron
was reported in shoots cultured in media containing Fe-
EDDHA in comparison to the shoots cultured in Fe-EDTA-
supplemented media (Shibli et al. 2002). Shibli et al. (2002)
also found out that increase in iron concentration led to the
enhancement in iron acquisition, and it was also observed
in the present study that bud break rate, as an index of
growth, increased in Iranian seedless barberry when Fe-
EDDHA concentration increased.

Furthermore, in the present study, the treatment showing
the best response in terms of phenol browning rate was cho-
sen from the experiments examining phenol controlling ma-
terials and was subjected to a comparison in terms of phenol
exudation and peroxidase activity. The results demonstrated
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that the rates of phenol exudation and peroxidase activity
in treatments supplemented with 8-hydroxyquinoline and
Fe-EDDHA were significantly lower than those contain-
ing antioxidants. The activity of oxidative enzymes, which
depends on phenols oxidation, can be aggravated by light
(Crippen and Morrison 1986; Mole and Waterman 1994).
Therefore, exclusion of light from culture media helps re-
ducing the explants browning (George 1996). Reduction of
browning exudation and peroxidase activity in media con-
taining 8-hydroxyquinoline may be due to the darkening of
media as a result of using this compound. Besides, higher
photostability of Fe-EDDHA may play a role in the reduc-
tion of peroxidase activity, which can be increased by light.

Conclusion

The present study explored the control of browning in Ira-
nian seedless barberry by taking several factors into con-
sideration. It seems that manipulation of several factors can
be a possible approach for obtaining the desired results.
Use of suitable chemical compound, proper source of ex-
plant and the best time of sampling can successfully reduce
phenol-induced browning. Considering the findings of the
current research, it is obvious that 8-hydroxyquinoline and
Fe-EDDHA led to a significant reduction in phenol brown-
ing compared to the common antioxidants of citric acid and
ascorbic acid. Furthermore, explants cut off in April showed
lower browning rate than other months of the year. Finally,
explants taken from upper position of current-year shoot
and sucker as well as those obtained from pinkish-colored
shoots with small diameter showed the lowest browning
rate.
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