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Abstract. Spongiocarpella grubovii Ulzij. is a species found in Mongolia that is 

threatened with extinction and is difficult to propagate using conventional 

methods. Therefore, in vitro propagation is expected to play an important role in 

the propagation of the species and in the rehabilitation of mining areas. In this 

study, a tissue culture protocol for Spongiocarpella grubovii was established. 

Significant contamination was found in the in vitro culture; however, the addition 

of a plant protection mixture (PPM) to the culture medium reduced the 

contamination to 60%. The medium in combination with α-naphthalene acetic 

acid (NAA), 6-benzyladenine (BA), zeatin and kinetin for shoot multiplication 

was analysed separately. The results showed that shoot multiplication on 

Murashige-Skoogs medium (MS) with 1.0 mg/L BA and 0.2 mg/L NAA was most 

effective and produced 4 shoots per explant after 4 weeks. For rooting of these 

propagated shoots, 0.1 and 1.0 mg/L indole-3-butyric acid (IBA), NAA and 

indole-3-acetic acid (IAA) were tested on full-strength MS, half-strength MS, 

full-strength Driver & Kuniyuki Walnut’s medium (DKW) and half-strength 

DKW medium. The results showed that 3.9 roots, 0.5 cm long, and 47% root 

induction were observed after 4 weeks in ½ MS medium containing 0.1 mg/L 

NAA. In vitro propagated shoots treated with 300 mg/L IBA solution successfully 

rooted 92% ex vitro and were developed for the first time for this species. 

Keywords: Spongiocarpella grubovii Ulzij., in vitro plantlets, propagation, ex 

vitro, subendemic

Abbreviations:   

 BAP: 6-Benzyladenine 

 Kin: Kinetin 

 NAA: α-Naphtalene acetic acid 

 IBA: Indole-3 butyric acid 

 IAA: Indole-3 acetic acid 

 MS: Murashige-Skoog’s medium 

 DKW: Driver & Kuniyuki Walnut’s medium 

 PPM: Plant protection mixture 

1 Introduction 

The Gobi region, which is highly endangered by the effects of climate change and 

mining, is home to most of Mongolia's endemic and rare plants. One of them, 

 
© The Author(s) 2025
G. Davaakhuu et al. (eds.), Proceedings of the International Biological Conference in Mongolia 2025 (IBCM
2025), Advances in Biological Sciences Research 48,
https://doi.org/10.2991/978-94-6463-837-0_10

mailto:oyunbilegyu@mas.ac.mn
https://doi.org/10.2991/978-94-6463-837-0_10
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-837-0_10&domain=pdf


Establishment of an In Vitro Propagation Protocol for …             137

Spongiocarpella grubovii Ulzij. from the legume family, is a perennial woody shrub, a 

relict, a subendemic plant with very rare status, found in Inner Mongolia, Ordos, Alasha 

Gobi of China, Mongolia, Alasha Gobi desert zone and Dornogovi steppe zone. 

Global warming has caused significant changes in Mongolia's ecosystem, which can 

be seen in the expansion of desert areas, the increase in droughts, the reduction of water 

resources, the loss of biodiversity, the alteration of natural zones and the impact on the 

distribution of plants and animals (Mijiddorj 2015). 

S. grubovii has not produced any seeds in the last ten years due to decreased rainfall. 

In addition, this plant is widespread in the Gobi Desert, an area in Mongolia rich in 

mineral resources, and is one of the species whose populations are declining due to 

mining activities. In connection with the Oyu Tolgoi mining project, a survey in Soum 

Khanbogd in Umnogobi province identified 269 plant species in the area, 41 of which 

are in need of protection. One of these 8 priority plant species is S. grubovii (Oyu Tolgoi 

LLC 2012). In 2017, due to the construction of an underground mine where the plant 

grows, attempts were made to transplant the plant and propagate it from seed, but 

without success (Oyu Tolgoi LLC 2017). 

The biotechnological method, an advanced tissue culture technique, offers numerous 

advantages, including the rapid production of healthy seedlings and the cultivation of 

species that are difficult to propagate using conventional methods. 

2 Materials and methods 

The seeds of S. grubovii were collected between June to July 2021 in the mining area 

of Oyu Tolgoi Company, Khanbogd soum of Umnugobi province in southern 

Mongolia. The seeds were first treated with 98 % sulfuric acid (H2SO4) for 30 minutes 

and rinsed three times with sterile distilled water. The surface of the seeds was sterilised 

with a 2.5% sodium hypochlorite solution (NaOCl) with 2-3 drops of Tween 20 for 20 

minutes and rinsed three times with sterile distilled water. The sterilized seeds were 

germinated in ½ MS medium. 

2.1 Propagation of shoots 

For shoot multiplication, apical shoots were cultured in MS and DKW medium 

containing 0.5 ml/L PPM, 3 % sucrose and 0.7 % agar supplemented with 1.0 mg/L 

BA, zeatin and Kin combination with 0.2 mg/L NAA. The cultures were grown in a 

culture room with a light intensity of 3000-5000 lux, 16 hours of light and 8 hours of 

darkness at 25±2°C. Each treatment was replicated three times. Propagated shoots were 

subcultured regularly at intervals of 4-5 weeks in freshly prepared medium.  

2.2 Effect of auxins on rooting of shoots (in vitro) 

For rooting, elongated (4-5 cm) shoots were detached from the propagated shoots and 

cultured in half- and full-strength MS and DKW medium containing 0.1, 1.0 mg/L IBA, 

NAA and IAA concentrations, respectively, and 0.5 ml/L PPM, 3% sucrose and 0.7% 

agar. Each treatment was repeated three times. Cultures were grown under baseline 

conditions. 

2.3 Ex vitro root induction 

To save labour and time, the root induction experiments were repeated ex vitro. Ap-

proximately 4-5 cm elongated shoots were cut from the propagated shoots and the cut 
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ends of the shoots were immersed in an auxin solution containing IBA and NAA for 20 

minutes. Different auxin concentrations of 50-500 mg/L were prepared with distilled 

water. The shoots treated in an auxin solution were transferred to plastic bottles with 

pre-sterilised soil. They were moistened with 5 ml of a quarter of the MS salt solution 

once a week for 4 weeks and kept in an ex-vitro room for rooting and acclimatisation. 

2.4 Statistical analysis of the data 

Data were collected after four weeks of culture. Results are expressed as mean±standard 

error. Results were subjected to analysis of variance, and the significance of differences 

between means was determined by Tukey’s test at P<0.05 using JMP software, version 

8.02 (SAS Institute). 

3 Results and Discussion 

3.1 Establishment of cultures and propagation of shoots 

The seeds of S. grubovii were first treated with 98% sulphuric acid (H2SO4) for 30 

minutes, the surface of the seeds was sterilised in 70% ethanol (EtOH) for 30 seconds 

and in a 2.5% sodium hypochlorite solution (NaOCl) with 2-3 drops of Tween 20 for 

20 minutes. When germinated in ½ MS medium, there was no contamination, seedlings 

appeared within 6-7 days, and the germination rate was 60-70%. As the species 

naturally contains endophytic bacteria, contamination occurred during in vitro culture. 

This problem could be reduced to 60 % by adding 0.5 ml/L PPM to the medium (data 

not shown). 

To propagate the shoots, apical shoots were cut from the seedlings and analysed in 

MS and DKW medium containing 0.5 ml/L PPM, 3 % sucrose and 0.7 % agar 

supplemented with 1.0 mg/L BA, zeatin and Kin combination with 0.2 mg/L NAA. The 

results of the study show that the shoots did not multiply in the control medium without 

hormones. MS medium with 1.0 mg/L BA and 0.2 mg/L NAA was best for shoot 

multiplication, and 4.71±0.20 maximum shoot multiplications were produced (Table 1, 

Fig. 1A). MS medium with 1.0 mg/L BA and 0.2 mg/L NAA had the best effect, so the 

medium was replaced with DKW medium and 3.57±0.14 shoots were produced on the 

DKW medium with 1.0 mg/L BA and 0.2 mg/L NAA, and it was found that the MS 

medium was best for shoot multiplication. 

Therefore, the subculture was performed in MS medium with 1.0 mg/L BA and 0.2 

mg/L NAA. The studies by Wei et al. (2015) show that 8.2 shoots were formed from 

each leaf explant of Oxytropis glabra (Lam) in MS medium with 2.0 mg/L BAP and 

0.2 mg/L NAA. 

Table 1.  Effects of different hormones on shoot propagation of S. grubovii 

Medium (mg/L) Mean shoot number per 

explant 

Mean plant height per

explant 

Control 1.20±0.06d 0.4±0.01d 

MS+1.0 mg/L BA, 0.2 mg/L NAA 4.71±0.20a 1.9±0.05a 

MS+1.0 mg/L Zeatin, 0.2 mg/L NAA 3.19±0.12b 1.27±0.06b 

MS+1.0 mg/L Kin, 0.2 mg/L NAA 2.26±0.08c 0.99±0.03c 
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DKW+1.0 mg/L BA, 0.2 mg/L NAA 3.57±0.14b 1.82±0.07a 

 

 

Fig 1. Different stages of in vitro propagation of S. grubovii. a. Shoot multiplication from apical 

shoots after 4 weeks b. In vitro rooting of the propagated shoots after 4 weeks c. The process of 
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rooting and acclimatisation of the shoots in the soil by treatment with an auxin solution d. The 

plantlets were acclimatised in the ex-vitro room and transferred to the greenhouse 

3.2 In vitro root induction 

For rooting of propagated shoots, auxin-type hormones such as NAA, IAA and IBA 

were cultured in full MS, half MS, full DKW and half DKW medium at concentrations 

of 0.1 and 1.0 mg/L, respectively, and the effects of medium and hormones were 

determined. The results after 4 weeks of the experiment showed that there was no root 

induction in the medium without hormones, ½ MC, DKW and ½ DKW. For in vitro 

rooting of S. grubovii, ½ MS medium with 0.1 mg/L NAA was the most suitable 

medium with an average of 3.9±0.31 roots, 0.5±0.04 cm length and 47±3.84% (Table 

2, Fig. 1B). Our results suggests that half the strength of MS salts in the medium is 

suitable for in vitro rooting and is supported by many authors (Rai et al. 2010; Patel et 

al. 2014; Lodha et al. 2014). Our results are similar to those of Liu et al. (2011), who 

found that the optimum for in vitro rooting of Oxytropis myriophylla was ½ MS 

medium containing 0.1 mg/L NAA. 

Table 2. In vitro root induction rate, root number, and root length parameters in different 

mediums with 0.1 and 1.0 mg/L IBA, NAA, and IAA. 

Root induction % 
Number of roots 

per shoot 
Root length/cm Medium (mg/L) 

0.1 IBA 10.0±3.30cd 1.50±0.50ab 0.30±0.10ab 

1.0 IBA 6.70±0.00d 1.00±0.00ab 0.20±0.00ab 

 0.1 NAA 8.90±2.20cd 2.50±0.64ab 0.42±0.11ab 

MS 
1.0 NAA 26.3±13.3abc 3.17±0.54ab 0.27±0.02ab 

0.1 IAA 0 0 0 

1.0 IAA 6.70±0.00cd 1.00±0.00 0.25±0.00ab 

0.1 IBA 26.7±10.3abc 1.75±0.21b 0.47±0.11ab 

1.0 IBA 6.70±0.00cd 1.50±0.50ab 0.35±0.05ab 

0.1 NAA 46.7±3.84a 3.90±0.31a 0.49±0.04a 

1/2 MS 
1.0 NAA 20.1±3.95bcd 2.89±0.31ab 0.32±0.04ab 

0.1 IAA 8.90±2.20cd 1.50±0.29b 0.15±0.03ab 

1.0 IAA 6.70±0.00cd 1.00±0.00b 0.13±0.03ab 

0.1 IBA 6.70±0.00cd 1.00±0.00ab 0.10±0.00ab 

1.0 IBA 11.1±2.20cd 1.40±0.24b 0.20±0.05ab 

0.1 NAA 8.90±2.20cd 1.75±0.25ab 0.15±0.05ab 

DKW 
1.0 NAA 6.70±0.00cd 1.33±0.33ab 0.13±0.02ab 

0.1 IAA 0 0 0 

1.0 IAA 0 0 0 

0.1 IBA 8.90±2.20abc 1.50±0.29b 0.22±0.04ab 

1.0 IBA 11.1±2.20cd 2.00±0.45ab 0.28±0.08ab 

0.1 NAA 35.8±5.90ab 2.62±0.31ab 0.26±0.03b 

1/2 DKW 
1.0 NAA 20.0±0.00bcd 2.67±0.33ab 0.20±0.02ab 

0.1 IAA 6.70±0.00cd 1.00±0.00ab 0.15±0.05ab 

1.0 IAA 8.90±2.20cd 1.25±0.25b 0.20±0.07ab 

3.3 Ex vitro root induction and acclimatization of plantlets 

For the propagation of S. grubovii, we wanted to develop an excellent new root 

induction protocol using the ex vitro rooting method, which can save human labour and 

time. A major problem with ex vitro transfer is the large loss of water from the shoot 

when the plantlets are transferred from the culture vessel to ex vitro conditions. In the 

ex vitro method, experiments such as rooting and acclimatisation were carried out 
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simultaneously. After the shoots were treated in a solution of IBA and NAA for 20 

minutes, they were transferred to a culture vessel with sterilised soil and covered with 

polybags. 

For ex vitro root induction, excellent results (92-96%) were obtained at each 

concentration when the shoots were treated in an IBA solution (Table 3). The maximum 

response (92%), plant height of 3.25±0.24 cm, number of shoots 2.71±0.29, number of 

roots 3.08±0.37, length of roots 2.40±0.18 cm were observed in solution containing 

IBA at a concentration of 300 mg/L. The number of roots (2-4.67) was high at the NAA 

concentrations, but they grew abnormally (Fig. 2 e-h). The number of roots was highest 

(4.67±0.33) at NAA concentration of 100 mg/L, but there was no significant response 

in root induction (57.2 % ) and other parameters (Table 3). IBA has been shown to be 

more effective than other auxins in root induction in most plant species (Rathore et al. 

2013; Patel et al. 2014). Basella alba L. was successfully rooted ex vitro with a 300 

mg/L IBA solution (Mahipal et al. 2016). The plantlets raised by ex vitro rooting 

methods are better able to survive in vivo stress (Ranaweeraa et al. 2013). During 

acclimatisation and ex vitro rooting, five ml of sterilised water was poured over the 

polybag-covered plantlets once a week. After 4-5 weeks, they were transplanted into 

large polybags with the same soil and then acclimatised in the greenhouse (Fig. 1 c-d). 

This method of rooting and acclimatisation is most suitable for S.grubovii. 

Table 3. The effect of the concentration of IBA and NAA in ex vitro root formation of  

S. grubovii 

Root 

induction 

% 

Mean shoot 

number per 

explant 

Mean plant 

height per 

explant 

Number of 

roots per 

explant 

Root 

length/cm 

Auxin 

solution 

(mg/L) 

50 95.5±2.23a 2.36±0.25ab 3.04±0.20a 2.25±0.32c 1.39±0.20b 

100 94.5±5.50a 2.43±0.26ab 3.34±0.31a 2.07±0.24c 0.34±0.07cd 

IBA 
300 91.7±4.41a 2.71±0.29a 3.25±0.24a 3.08±0.37abc 2.40±0.18a 

500 95.5±4.50a 2.52±0.23a 3.47±0.33a 2.80±0.57bc 0.96±0.15bc 

50 96.0±4.00a 1.68±0.14bc 2.87±0.14ab 2.90±0.28abc 0.10±0.18bc 

100 57.2±2.75a 1.52±0.11c 2.90±0.19ab 4.67±0.33a 1.31±0.15b 

NAA 
300 85.8±4.22a 1.19±0.12c 2.54±0.14ab 4.18±0.34ab 0.40±0.09cd 

500 70.7±10.9a 1.17±0.07c 2.31±0.11b 4.00±0.41ab 0.23±0.04d 

30.0±10.0b 1.50±0.15abc 2.56±0.19ab 2.00±0.41d 0.20±0.10d Control 
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Fig 2.  S. grubovii shoots were grown ex vitro by treatment with solutions containing different 

IBA and NAA concentrations. Scale bar-1cm. a-d: 50-500 mg/L IBA, e-h: 50-500 mg/L NAA 

4 Conclusion 

An efficient in vitro propagation protocol was established for S.grubovii. A suitable 

medium for shoot multiplication and rooting from the apical shoots of the in vitro 

plantlets was determined. This study shows that ex vitro rooting of shoots could save 

time and labour in the large-scale production of  in vitro plantlets of this endangered 

and sub-endemic plant. 
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