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Abstract 

Cotyledonary explants were excised from 15-day-old seedlings of Acacia holosericea A. Cunn ex G. Don and cultured on B5 
medium supplemented with different growth regulators. Caulogenesis was observed both directly and indirectly in different cytokinin 
adjuvanted media. Of all the cytokinins tested, zeatin supported maximum multiple shoot differentiation. Friable to compact nodular 
green calluses developed at cut ends of explants and on their surface within 15-20 days of inoculation. Caulogenesis was observed 
only after 40-45 days of initial culture, and an average of 4.3±2.7 shoots per explant were formed on 2.5 mg/l zeatin containing B5 
medium in 40% of explants. The addition of 200 mg/l Ad.S enhanced the percentage of explants forming shoot buds to 50 and raised 
the number of shoot buds per explant to 12.0±6.8. Cent percent of the in vitro raised shoots when excised and subcultured on B5 basal 
medium, developed roots directly at their base. 

 
Keywords: Acacia Holosericea, Cotyledons, Fabaceous Tree, Micropropagation. 
 
Abbreviations: Ad.S., Adenine Sulphate; B5, Gamborg Et Al Medium; BA, N6-Benzyladenine; 2ip, (6-Dimethyl Allylamine)-Purine; 
Kn, Kinetin. 
 
Introduction 

The last three decades have witnessed a large proportion of forests being denuded. The availability of land for crop 
production is gradually shrinking at an alarming rate due to industrialization, urbanisation, etc. The environment has been strikingly 
degraded both in rural and urban areas. Maintenance of higher living standards, obviously, always craving for much more than 
required consumption of natural resources have been the chief cause for environmental degradation in the urbanised world, whereas it 
is poverty and overpopulation in rural areas which have led to the degradation of the environment in the developing countries. Hence, 
reforestation is an urgent priority for mitigating such hazardous and catastrophic developments. This can be done by planting trees that 
are multipurpose, fast-growing, high-yielding, capable of withstanding abiotic and biotic stresses, resistant to diseases and pests as 
well as have the ability to fix atmospheric nitrogen directly, ultimately acting as artificial fertilisers[1][2]. Some such woody species 
are the leguminous trees, whose potential has been recognized the world over. There has been a conspicuous lacuna in the axenic 
morphogenesis due to their recalcitrant nature under in vitro conditions. However, it has now been possible to micropropagate some of 
the most valuable woody legumes such as Acacia, Albizia, Dalbergia, Prosopis, etc. 

 
Acacia holosericea A. Cunn. Ex G. Don, is a native of Australia and was introduced in India for afforestation projects. It is a 

small tree, well adapted to a wide range of harsh habitats in arid lands, and plays a significant role in the revegetation of denuded 
lands. The tree grows well even under environmentally stressed conditions such as water scarcity, low nutrients and high levels of 
salinity. It is also known to be responsible for altering the soil microbiota by modifying the structure of Arbuscular Mycorrhizal fungal 
communities [3]. Besides being adaptable to arid regions, it is often grown as an ornamental tree [4]. This tree taxon has appreciably 
high productivity, useful for biochar, bio-oil and biogas production [5]. It grows profusely which makes it not only suitable but also 
important for introduction in Indian deserts [6]. The present study reports micropropagation of A. holosericea through the 
cotyledonary explants. 

 
Materials and methods 

Seeds of Acacia holosericea were soaked in concentrated sulphuric acid for 30 min. and surface sterilised by treating with 
freshly prepared chlorine water for 45 min. Chlorine was obtained by adding 30 ml of concentrated hydrochloric acid (LR) to 4 g of 
potassium permanganate. The chlorine water was prepared by bubbling chlorine in 500 ml of distilled water for 15-20 min. Thereafter, 
the seeds were washed thrice with sterilised water and implanted aseptically on semi-solid Knop’s medium [7]. 

 
Cotyledons were excised from 15-day-old in vitro raised seedlings and cultured on B5 [8] medium either alone or 

supplemented with growth regulators such as cytokinins and/or auxins. In addition, a few adjuvants such as adenine sulphate and 
coconut water were also tried. 
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The pH of all the media was adjusted to 5.8 using 1N NaOH 
or 1N HCl before autoclaving at 121oC at 1.06 kg/cm2 pressure for 15-
20 min. The media were gelled with 0.8% agar (Qualigens, Bombay, 
India). As a source of carbon, 2% sucrose (Daurala, Delhi, India) was 
used for seed germination and 3% for rearing the explants. Cultures 
were raised in glass tubes (Borosil, 2.5 x 1.5 cm) and plugged with 
cotton wrapped in muslin cloth. Cultures were maintained at a 
temperature of 25±2o C, with 55±5 % relative humidity under white 
fluorescent 40µ Em-2s-1 light emitted by 40 W Crompton tubes, 
creating 16 hr. photoperiod. The explants were regularly subcultured at 
an interval of 25-30 days. Observations were recorded at 10-12 days 
intervals and the final data were recorded after 60-90 days of growth. 
The in vitro raised shoots were excised and subcultured on rooting 
media. 

 
The morphogenic response of explants was recorded in terms of: 

(i) Callus developed: (a) percentage of explants producing callus, 
(b) amount of callus recorded on visual basis as, nil (-), little 
(+), moderate (++), good (+++) and profuse (++++) as well as 
(c) nature and colour of callus. 

(ii) Caulogenesis: (a) percentage of explants producing shoots, (b) 
number of shoots per explant and (c) shoot growth, i.e., average 
shoot length. 

(iii) Rhizogenesis: (a) percentage of explants producing roots, (b) 
number of roots per explant and (c) root growth, i.e., average 
root length. 

 
All experiments have been repeated at least twice and mostly a 

minimum of twenty-four replicates have been raised for each 
treatment. The average number of shoots per responding explant and 
the average length of shoots have been represented as mean values 
along with standard error (mean±S.E.). The percentage of responding 
explants has been tested by the Chi-square method considering 
variance at a 5 % level. 

 
Results and Discussion 

Seed germination: Seeds of many plants, legumes in particular 
are known to be comparatively impervious to water due to hard seed 
coats. Therefore, the seed coat is cracked or scarified so that the seeds 
can imbibe water and germinate promptly. In the present 
investigations, the seeds of A. holosericea showed very poor 
germination (13%), therefore, they were scarified by soaking them in concentrated sulphuric acid for varying durations (5-35min.) 
before germinating them on Knop’s medium. Treatment with sulphuric acid for 30 min. enhanced the germination percentage to 85%, 
as also reported for other species of Acacia viz.  A. mangium [9][10], A. senegal [11] and A. modesta [12] 

 
Differentiation of shoots: Amongst the various explants excised from 15-day-old in vitro raised seedlings of A. holosericea, the 
cotyledons, cotyledonary nodes and leaves showed a significant morphogenic response. Of these, only the results pertaining to 
cotyledons are presented in this communication. 
 

When cultured on B5 basal media friable to compact greenish-yellow calluses developed to variable extents within 15-20 
days of culture. A very low (2-4) percentage of the explants differentiated shoot buds either at the cut ends or on their surface, after 
20-25 days of culture. In addition to shoots, the explants also differentiated roots sporadically. 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2022/11.01.135 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2022); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:11, ISSUE:1(7), January: 2022 

Online Copy of Article Publication Available (2022 Issues): www.ijmer.in 
Digital Certificate of Publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 2nd January 2022   

 Publication Date:10th February 2022 
Publisher: Sucharitha Publication, India 

 

 
72 

 

Most of the reports on caulogenesis of fabaceous trees lay stress on the 
requirement of either a cytokinin alone, a combination of two or more 
cytokinins, or a combination of cytokinin with an adjuvant or auxin. 
While BA has been the most commonly used cytokinin for in vitro 
culture of several species [13], there are others in which either Kn or 
zeatin seemed better (present investigations).   
 
When cultured on B5 medium adjuvanted individually with cytokinins 
(BA, Kn, 2iP and zeatin), the cotyledons of A. holosericea 
hypertrophied and assumed various shapes within 10-15 days of 
culture, on all the media tried. Friable to translucent or compact green 
nodular calluses developed at the cut ends and on the entire surface of 
the explants. Multiple shoot buds differentiated either directly on the 
surface or indirectly via callus in all cytokinin containing media. 
Although a low percentage of explants differentiated multiple shoots 
on BA, Kn and 2iP supplemented media, the best response was elicited 
on zeatin adjuvanted medium, as also reported in A. senegal [11], Aloe 
polyphylla [14]. 
 
On zeatin containing medium, the explants enlarged and formed friable 
white to compact green calluses at their margins and cut ends within 
15-20 days of culture. Maximum callus was formed at the cut ends of 
explants that were in contact with the medium. After another 7-10 days, callus became nodular, shiny and green in colour (Fig. 1B). 
Caulogenesis was observed after 40-45 days of initial culture both directly (Fig. 1A) or indirectly via callus phase. Generally, shoot 
buds differentiated from nodular green callus (Fig. 1C), however, buds also developed from the translucent yellowish-brown callus 
(Fig.1D). Multiple shoot buds differentiated at almost all levels of zeatin (Table 1).  
 

Table 1: Morphogenic effect of zeatin on A. holosericea cotyledons, reared on B5 medium for 60 d. 

Zeatin 
(mg/l) 

Number of 
explants 

Explants 
forming callus 
(%) 

Explants 
forming 
shoots (%) 

Average 
number of 
shoots per 
explant 

Average 
shoot 
length(cm) 

Explants 
forming 
roots (%) 

0 63 87a** (++) * 6 1.0±0.0 0.4±0.1 41 

0.1 59 92a (++) 10 1.5±0.7 0.2±0.0 34 

0.5 59 97 a (++) 17 1.2±0.4 0.2±0.0 29 

1.0 63 98a (++) 25 4.0±4.2 0.2±0.0 13 

1.5 60 60a (++) 25 1.3±0.4 0.2±0.0 0a 

2.0 57 79a (+++) 22 1.0±0.0 0.5±0.0 2 

2.5 63 97a (+++) 40 4.3±2.7 0.5±0.2 0a 

3.0 63 100a (++) 13 2.2±2.5 0.4±0.3 0a 

 
*Relative amount of callus: (++) = moderate. (+++) = good 
**Values in a column followed by the same superscript are not significantly different as determined by the Chi-square test at 5% level. 
 

Fig.1(A-F). In vitro morphogenic response 
of Acacia holosericea. A: Shoot buds 
differentiating from explants on 2.5 mg/l 
zeatin containing B5 medium, B: Shiny 
nodular callus along with multiple shoot 
differentiation on B5 medium with 2.5mg/l 
zeatin, C, D: Callus differentiating multiple 
shoot buds on 2.5 mg/l zeatin plus 200 mg/l 
Ad.S. medium, E: Multiple shoot 
buds(arrows) developing from callus pieces 
after 6m F: Elongated shoots(s), multiple 
shoot buds along with some roots (arrows) 
developing on callus mass even after 6m of 
culture 
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In some cases, the shoot buds were so many that it was difficult to count their number (Fig. 1D). The explants showed a very 
erratic behaviour resulting in multiple shoots in some while none in others. Therefore, there was a marked variation in the average 
number of shoots formed per explant. However, based on countable shoots, their average number was from 4.0±4,2 and 4.3±2.7 at 1 
and 2.5 mg/l of zeatin adjuvanted B5 medium, respectively (Table 1). Although the percentage of shoot differentiation was high, only 
a few shoots elongated up to 1cm on 2.5mg/l zeatin. Though low levels of zeatin supported some rooting, on higher levels (1.5, 2.5 
and 3 mg/l) rhizogenesis was completely inhibited. The shoots reared on different cytokinin adjuvanted media elongated considerably 
(2-3cm) if subcultured on B5 basal medium for 15-20 days. 

 
Adenine has been known to enhance the number of shoot buds when used alone or along with cytokinins [15][16]. In the 

present investigations also since, zeatin showed a positive morphogenic response, the additive effect of different growth regulators 
was assessed at optimum level of zeatin (2.5 mg/l). Within 15-20 days of inoculation on B5 medium containing 2.5 mg/l zeatin and 50-
200 mg/l of Ad.S., the explants increased in size and supported friable to translucent or compact green calluses on all the media used. 
The callus increased in size and amount considerably with increasing concentrations of Ad.S. (25-100 mg/l), but decreased after 200 
mg/l. After 30-40 days of culture, the explants either developed (i) small green nodular and reddish-pink compact callus which 
differentiated shoot buds after another 10-20 days of culture or/and (ii) the explants became completely covered with translucent 
yellowish-white callus from which multiple shoot buds originated. As many as 25-30 shoot buds per explant differentiated on medium 
containing 50-200 mg/l Ad.S. However, the percentage of explants showing shoot buds was low. A maximum of 50% of the explants 
showed an average of 12.0±6.8 shoots per explant at 200 mg/l Ad.S. level (Fig. 1D, Table 2). In this combination shoots not only 
attained a maximum length of 2.5 cm, with an average length of 0.5±0.3 cm but were also well developed. 

 
Therefore, the addition of Ad.S. to the optimum concentration of zeatin showed a synergistic effect on regeneration of 

multiple shoots in the cotyledonary explants. 
 

Table 2: The morphogenic response of A. holosericea cotyledons on B5 medium supplemented with 2.5mg/l zeatin and Ad.S.,  
                      after 60d of culture. 

Ad.S.(mg/l) 
Number of 
explants 

Explants 
forming callus 
(%) 

Explants 
forming shoots 
(%) 

Average 
number of 
shoots per 
explant 

Average shoot 
length (cm) 

B5 24 50a** (+) * 4 1.0±0.0 0.1±0.0 

Zeatin + 0 22 95a, b (+++) 27 3.1±2.4 0.7±0.5 

25 24 100a, c (++) 8 1.0±0.0 0.2±0.0 

50 24 96a, d (++++) 17a 10.2±7.2 0.3±0.0 

100 24 100a, c (++++) 25 8.1±7.9 0.2±0.0 

150 24 
92b, c, d, e 
(++++) 

17a 6.7±5.7 0.2±0.1 

200 24 
67b, c, d, e 
(++++) 

50 12.0±6.8 0.5±0.3 

250 24 29a (++) 21 1.8±1.1 0.2±0.0 

 
*Relative amount of callus: (+) = little, (++) = moderate, (+++) = good, (++++) = profuse 
**Values in a column followed by the same superscript are not significantly different as determined by Chi-square test at 5% level. 
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Retention of morphogenic potential:  The callus retained their morphogenic potential 
even after six months of initial culture (Fig. 1E, F). If regularly subcultured for 5-6 times 
at an interval of 25-30 days, each on a fresh medium of the same composition, multiple 
shoots continued to differentiate. Even a small piece of callus mass (0.5-0.7 cm in 
diameter), if separately subcultured, developed multiple shoot buds (Fig. 1E) which later 
elongated into well-formed shoots. Sometimes roots were also organised in callus 
masses (Fig. 1F; arrows). Thus, this proved to be a good system for mass multiplication 
of A. holosericea.  
 
Rooting of excised shoots and Acclimatisation: Rooting has been generally poor in in 
vitro raised shoots of Acacia species. However, during the present investigations in vitro 
raised shoots (0.5 - 2 cm long) when excised and cultured on B5 basal medium 
developed long and healthy roots directly at the base of the shoots within 10-20 days 
(Fig.2A). Rooting was recorded in 100% cultures. The plantlets after 30-40 days of 
incubation on B5 basal medium were transferred to small pots containing garden soil and 
sand (1:1), (Fig. 2B).  
 

These were maintained under high humidity in the culture room, by covering 
them with plastic bags. In some cases, defoliation occurred rapidly in soil. It has been 
reported that hardening processes prior to transfer are often inadequate due to loss of 
water and desiccation caused by cuticular and stomatal transpiration that occurs while 
transferring plantlets from culture conditions. This may be either due to altered 
mesophyll structure, poor photosynthetic activity, malfunctioning stomata and a marked 
decrease in cuticular waxes [17][18]. In some plants, diluting the basal medium before 
transplanting to soil or using soil, vermiculite and peat mix in various proportions helps 
in hardening of the plants [19][20]. 

 
Conclusion 

In the present studies, successful micropropagation of cotyledonary explants of 

Acacia holosericea was carried out. The explants could retain their potential of 
regenerating multiple shoots even after 6 months. Zeatin along with adenine sulphate 
was found to be the most suitable for regeneration. In vitro raised plantlets were 
successfully transferred to the soil. 
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