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ABSTRACT 
 

The main aim of present study was to overcome the problems associated with the in vitro culture 
initiation in Terminalia arjuna. The micropropagation of tree species is not easy as shrubs and 
herbs. Many problems encountered from explant collection to in vitro culture establishment. The 
problems that have been occurred during T. arjuna micropropagation were culture contamination, 
phenolic exudation, bud growth inhibition, shoots yellowing and leaf fall. All these problems have 
been solved by applying certain treatments prior to explant collection and inoculation. The mother 
tree was lopped in November months (six months prior to explant collection) to remove any 
inhibitory substance and release bud growth. Different sterilizing agents were used to minimize the 
bacterial and fungal contamination. Some modification in culture media (use of different 
concentration of NH4NO3 and KNO3 salts and adenine sulphate) was done. Surface sterilization of 
nodal explants collected from lopped branches with 0.1% HgCl2 for 8 min., treatment with chilled 
antioxidant solution (Ascorbic acid, Citric acid and PVP) and half strength of NH4NO3 and KNO3 

salts of MS medium supported 100% bud break response with proliferation of green and healthy in 
vitro shoots. Removing these hurdles already in the initial stage of micropropagation is very 
important and maximize mass in vitro propagation of this medicinally important Arjun tree.   
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1. INTRODUCTION 

 
Terminalia arjuna is an important medicinal plant 
species which holds reputed position in medicinal 
industry. It is commonly known as Arjuna or 
Arjun tree. T. arjuna is a large evergreen tree 
with height of about 20- 26 m and girth about 3 
m. It grows mostly in moist cool areas. Its wood 
is more Havier, harder and shock resistance than 
teak. The leaves are oblong in shape, cordate 
and 10-15 cm long. The flowers are small, pale 
yellow and borne on pendulous terminal and 
axillary spikes. Each spikes consists of 45±3.5 
flowers. Fruits are woody, winged, green when 
young, but become brownish- black at maturity. 
Seeds are natural photoblastic with 50-60% 
germination capacity. All parts of this tree have 
medicinal properties but the bark of this tree is 
the most valuable part, containing many 
secondary metabolites such as polyphenols, 
flavonoids, tannins, triterpenoids, saponins, 
sterols [1], minerals and amino acids (tryptophan, 
tyrosine, histidine and cysteine) which have 
antioxidant, hypotensive, anti-atherogenic, anti-
inflammatory, anti-carcinogenic, anti-mutagenic 
and gastro-productive effects [2]. The bark grows 
in two rainy seasons thus yield can be obtained 
on three-year cycle. Arjuna is one of the major 
tannin yielding trees. Bark (22–24%), leaf (10–
11%) and fruit (7–20%) contains tannins. 
Although, Arjuna can easily be found across the 
Indian subcontinent but due to its high medicinal 
value, its population is declining sharply. To 
replenish its rapid loss and to meet medicinal 
requirements, its large-scale propagation is 
highly needed, however conventional 
propagation methods have some loopholes as 
inefficiency in rooting by cuttings and air-layering 
methods [3]. In this context, nonconventional 
propagation methods like micropropagation are 
the only hope for mass production. 
Micropropagation of tree species is generally not 
an easy task. The woody nature of tree species 
hindered its in vitro response. The 
micropropagation of T. arjuna is influenced by 
many factors which determine the propagation 
success rate. Previous studies on 
micropropagation of T. arjuna [3,4] described 
complete protocol but no reports have been 
found to report any problems associated with its 
micropropagation and their remedies. Therefore, 
the main aim of this study was to offer a solution 
for the problems occurred during in vitro 
propagation of T. arjuna due to the recalcitrant 
nature of this species limiting thus culture 

establishment and mass production. This study is 
the continuation of previous research works done 
in 2015 [5], 2018 [6], 2020 [7] including a 
complete micropropagation and factor influencing 
ex vitro rooting in Arjun tree. 
 

2. MATERIALS AND METHODS  
 
Nodal explants containing axillary buds were 
collected from T. arjuna growing at Ummaid 
garden, Jodhpur. These explants were pre-
treated to remove any bacterial or fungal 
contamination and to enhance the in vitro 
response of nodal explants. The axillary shoot 
proliferation was achieved on MS medium 
containing 8.88 µM BAP. The culture vessels 
containing explants were kept in culture room for 
4 weeks at 25 ± 2ºC temperature and 16 hr. light 
conditions. 
 

2.1 Bacterial and Fungal Contamination 
 
In the present study different sterilizing agents 
with pre treatments containing Bavistin and 
streptomycin were tried successfully to overcome 
the problem of fungal and bacterial infection. To 
obtain aseptic bud break, two different sterilizing 
agents like HgCl2 and NaOCl were used. Nodal 
explants containing axillary buds were treated 
with 0.1% HgCl2 and 5% NaOCl sterilizing 
agents for different time period ranging from 4 
min to 10 min under Laminar air flow hood. After 
the treatment with sterilizing agents, nodal 
segments were washed with autoclaved distilled 
water, so as to remove the traces of mercuric 
chloride and then cultured on medium.  
 

2.2 Bud Growth Inhibition 
 
A good healthy tree was selected as mother tree 
and was lopped during November. New shoots 
regenerated from cuts (lopped branches) and old 
shoots (unlopped branches) in May were chosen 
as source for nodal segments. These explants 
were cultured on MS medium. 
 

2.3 Browning of Culture 
 
Different antioxidants and absorbents were used 
to eliminate the problem of phenolic exudation 
and culture browning. The nodal segments 
containing axillary bud were treated with chilled 
(4°C) solution of ascorbic acid (100 mg/l), citric 
acid (50 mg/l) and PVP (25 mg/l) for 10-30 min. 
These antioxidants and absorbent were also 
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added to the culture medium supplemented with 
2.0 mg/l BAP. 
 

2.4 Yellowing of Shoots 
 
The different concentration of nitrate salts of MS 
medium was used to prevent the yellowing of 
newly proliferated shoots under in vitro condition. 
Two major salts NH4NO3 and KNO3 of MS 
medium were incorporated in induction medium 
at 1x (1650 mg/l NH4NO3 and 1900 mg/l KNO3), 
1/2x (825 mg/l NH4NO3 and 950 mg/l KNO3) and 
1/4x (412.5 mg/l NH4NO3 and 475 mg/l KNO3) 
concentration to improve axillary shoot 
proliferation response. 
 
2.5 Leaf Fall in In vitro Grown Shoot 
 
The effect of adenine sulphate was studied on 
axillary shoot proliferation. For this, different 
concentration of adenine sulphate (25, 50, 100 
mg/l) was added in modified MS medium 
supplemented with BAP 2.0 mg/l. 
 
2.6 Statistical Analysis 
 
Total 15 replicate were used for each treatment 
and each treatment repeated three times. The 
data of each experiment were recorded after 4 
weeks. The resultant data were analyzed through 
one-way analysis of variance (ANOVA) using 
Statistical Packages for Social Sciences 
Software (SPSS 17.0). The results are 
expressed as mean ± SE of three experiments. 
The significant differences between the means 
were assessed by Duncan’s multiple range test 
(P = 0.05). 

 
3. RESULTS AND DISCUSSION 

 
3.1 Bacterial and Fungal Contamination 
 
Explants sterilized with NaOCl for 6 min gave 
82.22% axillary bud break response. When 
NaOCl was used to surface sterilize the explants 
for 8-10 min, the explants decolorized and died 
after 10 days of inoculation. Out of the two 
sterilizing agents tested, 0.1% HgCl2 proved to 
be more effective and gave the maximum 
number of aseptic explants. Maximum 100% 
viable nodal segments containing axillary buds 
were obtained when explants were treated with 
0.1% HgCl2 for 8 min. The increase of HgCl2 

treatment duration above 8 min resulted in death 
of the explants which decreased the percentage 
survival of axillary buds (Table 1). 

Use of streptomycin and Bavistin as pre 
disinfectant has been reported earlier also 
Pithecellobium dulce [8] and Melia dubia [9]. 
Heavy bacterial and fungal contamination of 
nodal segments collected from field grown 
mature tree was one of the major problems in the 
in vitro propagation of T. arjuna. Out of two 
sterilizing agents used for different time duration, 
0.1% HgCl2 for 8 min gave maximum 100% 
aseptic cultures. These results are in agreement 
with those of other reports where 0.1% HgCl2 
was very effective for sterilization of explants of 
Holarrhena antidysenterica [10] and Dalbergia 
sissoo [11]. 
 

3.2 Release of Bud Growth Inhibition 
 

The management of mother tree is the main 
prerequisite for axillary shoot proliferation. When 
explants were cultured for axillary shoot 
proliferation, explants collected from unlopped 
trees were difficult to sterilize and showed poor 
bud break response with higher contamination. 
The nodal segments containing axillary buds 
collected from lopped trees responded better in 
terms of bud break percentage response with 
minimum contamination. Maximum 100% bud 
break response was obtained in nodal explants 
cultured from lopped tree (Table 2). The multiple 
axillary buds were proliferated form lopped tree 
whereas 2-3 shoots were proliferated from 
unlopped tree which did not elongate and 
multiply on further subculture on multiplication 
medium (MMS medium with1.0 mg/l BAP + 0.1 
mg/l NAA).    
 

The lopping of mother tree affects the axillary 
shoot proliferation response. The limited bud 
break in nodal explants collected from unlopped 
branches is due to their aged tissues present in it 
which block the activation of meristem. Phulwaria 
et al. [12] observed that the explants collected 
from mature and aged tree carried recalcitrant 
microbes and it was difficult to get them surface 
sterilized which was another reason for obtaining 
low percentage of aseptic explants. Rathore et 
al. [13] suggested lopping as a method of 
removing or diluting the inhibitors/ bud arresting 
factors. The young shoots collected from lopped 
tree produced less phenolic exudation and 
responded to bud multiplication. Saha [14] also 
observed that aged explants leached out more 
phenolics in the medium. Purohit et al. [15] had 
suggested trimming as a method of rejuvenation/ 
reinvigoration of mature adult woody plants. 
Vibha et al. [16] obtained multiple shoots from 
nodal shoot segments of lopped tree of Dalbergia 
sissoo. 
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Table 1. Effect of different sterilization agents and sterilization time on the survival percent of 
explants (axillary buds) of Terminalia arjuna. Data recorded after 4 weeks from inoculation 

 
Sterilizing 
agents 

Time duration of 
sterilization  
(min) 

Survival % of aseptic 
axillary buds  
(explants) 

Observation 

HgCl2 4 46.66±0.08
bc 

Mostly contaminated 
 6 86.66±0.05a Green and contaminated 
 8 100.00±0.00

a 
Green and less contaminated 

 10 53.33±0.08
b 

Few dead 
NaOCl 4 60.00±0.07b Green and contaminated 
 6 82.22±0.05

a 
Green and less contaminated 

 8 55.55±0.07
b 

Decolorized and less contaminated 
 10 33.33±0.07c Mostly dead 

A value represents mean ± standard error 
 

Table 2. Effect of management of mother tree on axillary shoot proliferation of Terminalia 
arjuna 

 
Explants Bud break 

response (%) 
Mean shoot 
no. 

Mean shoot length 
(cm) 

Nodal segments from lopped tree 77.78±0.06 2.42±0.17 0.55±0.01 
Nodal segments from non lopped tree 100±0.00 5.51±0.16 0.82±0.02 

Values in column: mean ± standard error 
 
3.3 Browning of Medium 
 
During the culture establishment problem of 
phenolic exudation was encountered as the cut 
end of all explants exhibited browning in the 
culture media and subsequently the entire 
explant necrosed and died. This problem of 
phenolic exudation was overcome by keeping the 
explants in a solution of (chilled 4°C) ascorbic 
acid (100 mg/l), citric acid (50 mg/l) and PVP (25 
mg/l) for 10-30 min prior to inoculation on 
medium. It was observed that pre soaking of 
explants in a solution of ascorbic acid, citric acid 
and PVP for 20 min checked the phenolic 
exudation and gave 100% axillary bud break. 
Explants presoaked in this solution for more than 
20 min delayed the in vitro bud break response 
(Table 3). 
 
The main difficulty encountered during culture 
establishment was the exudation of phenolic into 
the medium. Some plants, particularly tropical 
species like Mango, T. catappa, contain high 
concentration of phenolic substances that are 
oxidized when cells are wounded or senescent. 
Isolated tissue then became brown or black and 
failed to grow. Browning has been described as 
enzymatic oxidation of phenolic substances by 
polyphenol oxidase [17]. PPO (polyphenol 
oxidase) is mainly in the vacuoles, while the 
enzyme is localized in plastids or chloroplasts. 
They do not come in contact with each other, but 

during excision cells are injured, and the 
browning reaction is initiated [18]. Besides 
polyphenol oxidase, phenylalanine ammonia 
lyase and peroxidase are also responsible for 
browning arising from wound as a catalyzer of 
polyphenol biosynthesis [19]. Because of this 
exudation of phenolic substances, the explants 
did not survive and eventually died without 
regenerating buds. To overcome this, nodal 
segments were treated with chilled antioxidant 
and absorbent solution (ascorbic acid, 100 mg/l; 
citric acid, 50 mg/l; PVP, 25 mg/l) for 10-30 min. 
Maximum 100% bud break response with 
minimum phenolics was obtained when explants 
were treated with chilled antioxidant and 
absorbent solution for 15 min. Since, PVP, a 
polyamide, is known to be the most potent 
antioxidant, as it absorbs phenols through 
hydrogen bonding and thus prevents their 
oxidation [20]. Ajithkumar and Seeni [21] found 
citric acid and ascorbic acid as potent agent to 
control oxidative browning. Similar results to 
overcome phenolic exudation have been 
reported in Megnifera indica [19] and Terminalia 
catappa [22].  
 

3.4 Yellowing of Shoots 
 

Two major nitrogen source of MS medium had 
profound effect on axillary shoot proliferation 
response and leaf fall. The effect of NH4NO3 and 
KNO3 on axillary bud break was studied by 
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incorporating these salts at different 
concentration (1/4x-1x) in MS medium supple 
mented with 2.0 mg/l BAP + additives (100 mg/l 
of ascorbic acid, 50 mg/l of citric acid and 25 mg/l 
PVP). When full concentration (1x) of NH4NO3 
and KNO3 was used in medium, the newly 
proliferated shoots dropped their leaves. 
However, at reduced concentration (1x to 1/2x) 
of NH4NO3 and KNO3 in the medium improved 
bud break percentage from 91.11% to 100% and 
prevented leaf fall and produced healthy shoots. 
Thus, MS medium with half concentration of 
NH4NO3 (825 mg/l) and KNO3 (950 mg/l) was the 
best and referred to as modified MS medium 
(MMS medium) (Table 4). 
 

The concentration of the salts of basal medium 
were also found to affect in vitro shoot 
proliferation and shoot multiplication in T. arjuna. 
Nodal segments containing axillary bud cultured 
on MS medium showed defoliation but after 
some repeated subculture, shoots became 
yellow and died. When nodal segments 
containing axillary bud were cultured on half 
concentration of NH4NO3 and KNO3 salts in MS 
medium (modified MS medium) it resulted in 
green, healthy and thick shoots with good in vitro 
shoot proliferation. Rathore et al. [23] observed 
that the shoots multiplied on full strength MS 
medium showed symptoms of hyperhydration 
and defoliation. The effectiveness of low salt 
concentration on shoot proliferation and 
multiplication was also reported in T. arjuna [3,4], 
Citrus limon [23]. 

3.5 Leaf Fall 
 
To study the effect of adenine sulphate as an 
adjuvant, its three concentration (25, 50, 100 
mg/l) were incorporated in MMS (modified MS 
medium) medium supplemented with 2.0 mg/l 
BAP. Results indicated that adjuvating the 
medium with 50 mg/l adenine sulphate resulted 
in 100% bud break response with retention of 
leaves and prevention of leaf fall (Table 5). 
Shoots regenerated from axillary buds were 
green and healthy. Medium supplemented with 
25 mg/l adenine sulphate resulted in decreased 
proliferation response. At higher concentration of 
adenine sulphate (100 mg/l) in medium, although 
the percent bud break response was 100 % but 
number of shoots regenerated was decreased. 
Therefore, for all experiments 50 mg/l adenine 
sulphate was added in MMS medium.  
 
In the present study, adenine sulphate was used 
as an adjuvant. Adjuvating the medium with 50 
mg/l adenine sulphate resulted in retention of 
leaves and prevention of leaf fall. It provides an 
available source of nitrogen to the cell which can 
generally be taken up more rapidly than the 
inorganic nitrogen. Adenine in the form of 
adenine sulphate can stimulate cell growth and 
greatly enhance shoot formation [24]. The 
promotive role of adenine sulphate in shoot 
induction and multiplication has been 
emphasized in different woody species namely 
Bauhinia vahlii [25] and Pithecellobium dulce [8]. 

 
Table 3. Effect of antioxidant (100 mg/l ascorbic acid and 50 mg/l citric acid) and absorbent (25 

mg/l PVP) on browning and leaching. Data recorded after 4 weeks 

 
Treatment no. Time duration Bud break response (%) Phenolic exudation 

1 0 62.22±0.07
c 

+++++ 

2 10 86.66±0.05
ab 

++ 

3 20 100.00±0.00
a 

+ 

4 30 73.33±0.06bc + 
+++++ = Higher phenolic exudation, ++ = Lower phenolic exudation 

+ = Minimum phenolic exudation 

 
Table 4. Effect of NH4NO3 and KNO3 salts concentration in MS medium on axillary shoot 

proliferation in T. arjuna 

 

NH4NO3 and KNO3 salts 
concentration 

Response (%) Mean shoot number Mean shoot length 
(cm) 

1x 91.11±0.04a 4.68±0.16b 0.82±0.02a 

1/2x 100.00±0.00a 5.93±0.13a 0.87±0.02a 

1/4 77.78±0.06
b 

4.43±0.20
b 

0.75±0.02
b 

A value represents mean ± standard error 
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Table 5. Effect of adenine sulphate on axillary shoot proliferation of T. arjuna. Data recorded 
after 4 weeks 

 
Adenine sulphate 
concentration (mg/l) 

Bud break response 
(%) 

Mean shoot no. Mean shoot length 
(cm) 

Control 86.66±0.05b 3.35±0.16c 0.67±0.02b 

25 95.55±0.03
a 

3.86±0.18
bc 

0.72±0.02
b 

50 100.00±0.00a 5.31±0.15a 0.83±0.02a 

100 100.00±0.00
a 

4.28±0.20
b 

0.80±0.02
a 

A value represents mean ± standard error 
 

4. CONCLUSION 
 
In conclusion, culture establishment is the first 
and most challenging part in micropropagation 
method for any plant species, especially in 
woody plants, where many problems can occur. 
However, the present study provides useful 
information and techniques to overcome the 
problems arising from the in vitro culture 
establishment of T. arjuna to reach efficient and 
large scale production of Arjuna to preserve its 
medicinal properties and uses.  
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