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Abstract. This study investigates the effect of Pleurotus spent mushroom compost as green 
supplementary nutrient in tissue culture. Different concentration of Pleurotus spent mushroom 
compost in powder (SMC) and activated carbon (SMCAC) were added into Murashige and Skoog 
media (MS) with 0.1 mg/L 6-benzylaminopurine (BAP). The shoot regeneration of Clinacantus 
nutans plant such as number of shoots, number of leaves and length of leaves were recorded for 
four weeks. Collected data was analyzed using one way analysis of variance (ANOVA) and 
Tukey test through the SPSS Statistics 21 software. The 0.1 g/L SMC recorded the highest leaves 
numbers. Meanwhile, 0.2 g/L SMC showed highest performance in length of shoot. The SMCAC 
showed a negative response in number of  leaves and shoot as well as length of shoot. In summary, 
the SMC showed significant performance in number of leave and shoot length but less effective on 
number of shoot. In contradictory, the SMCAC reported poor performance in shoot regeneration 
but contribute in absorption of nutrient from environment and storage of the nutrient asfunction 
of biochar. Therefore, the SMC has a high potential as a green supplementary nutrient for 
tissue culture. The application of this material has contributes into the green technology via 
convert waste to product, which is in-line with zero waste concept.  

1 Introduction 
Tissue culture technique improves shoot regeneration of plants' growth with high proliferation rates 
when compared to on the soil. But, some of plants that grow in the culture media still giving low shoot 
regeneration rate because of low absorption of nutrients [1]. In order to increase shoots proliferation, 
the supplementary nutrient is added in culture media in order to reduce the use of exogenous 
hormones, improve performance and minimize the cost [2, 3]. Generally, the supplementary nutrient 
is based on synthetic chemicals [4, 5]. On the other hand, agricultural waste which has high organic 
compounds has been neglectedin tissue culture application [6].  

Pleurotus ostreatus spent mushroom compost (SMC) is an agriculture waste that obtained from 
mushroom cultivation farm. For traditional on soil stem cutting study, SMC supplied nutrients to the 
crops and thus potential to replace inorganic fertilizer [7]. However, the activated carbon showed no 
detectable relationship between the activated carbon and the productivity of plant, but promised a win-
win solution to energy, carbon storage and ecosystem function [8]. To authors’ knowledge, there is 

                                                
a Corresponding author : taychiay@gmail.com 

 DOI: 10.1051/
C© Owned by the authors, published by EDP Sciences, 201

/

0 0 (  201 )
201conf

Web of ConferencesMATEC
atecm

,
0 06

6

6

4
47
7 5

5
10
10

 �����������	
�������������������������������������������������������������������������������������� ���������
�������
�������������������������������������
������������������������
������������������������ ����
��
�����������

4

http://www.matec-conferences.org
http://dx.doi.org/10.1051/matecconf/20164705010
http://www.edpsciences.org
http://creativecommons.org/licenses/by/4.0


MATEC Web of Conferences 

lack of study in SMC and SMCAC as supplementary nutrient in tissue culture and comparison of 
performance. 

Clinacantus nutans plant has been chosen in this study due to its medicinal properties and high 
demand in market [9]. The traditional on soil stem cutting technique hardly supply consistent quality 
and quantity ofplant. Therefore, this study focuses on the effects of SMC and SMCAC in culture 
medium as supplementary nutrient in tissue culture media to the C. nutans. Moreover, this study 
compares their shoot regeneration performance on the C. nutans through statistical analysis. 

2 Methodology 

2.1 Samples collection 

The sample of Pleurotus spent mushroom compost was collected from C & C Mushroom Cultivation 
Farm Sdn. Bhd, Johor, Malaysia. Meanwhile, the stems of C. nutans as tissue culture plant were taken 
from plant nursery in Arau and surface sterilized by using 30% Clorox and 70% ethanol prior to 
subculture and plant regeneration study. 

2.2 Shoot regeneration study 

Nodal segments of C. nutans explants were cultured on full strength MS media supplemented with 
SMC at 0.05, 0.1, 0.2 g/L and SMCAC at 0.3, 1.25, 2.5 g/L, respectively. The media contained 
standardized 0.1 mg/L BAP hormone in order to induce plant regeneration. The culture jars have been 
incubated in growth room at adjusted temperature of 26 ± 1 ºC and under initial photoperiod of 16 
hours light and 8 hours dark period. The number of shoots, number of leaves and length of shoots 
were observed and recorded every week for four weeks. The experiment was repeated with two nodal 
segments of C. nutans per jam jar. 

2.3 Statistical analysis 

Data was analyzed using SPSS Statistics 21 software for Windows 7. The values were expressed in 
mean ± standard error and analyzed by one-way analysis of variance (ANOVA) and tukey test. 

3 Results and Discussion 

Effects of Pleurotus spent mushroom compost (SMC) and Pleurotus spent mushroom compost 
activated carbon (SMCAC) on C. nutans shoot regeneration were examined through number of leaves, 
number of shoot and length of shoot. In addition, comparison of them were evaluated through 
statistical analysis. 

3.1 Effect of SMC 

Figure 1(a) and (b) illustrate the effects of SMC and SMCAC on C. nutans shoot proliferation through 
number of leaves and shoots as well as shoot length. In shoot proliferation, the 0.1 g/L SMC recorded 
the highest leaves numbers of 7 compared to 5 in other treatments. While, similar number of shoot of 
2 - 3 was recorded for all treatments. Briefly, SMC enhanced number of shoot but not showed 
significant different performance in shoot proliferation for number of leaves and shoots amongst 
treatments. This revealed that the addition of SMC increased the pH values, salt contents, macro and 
micronutrient concentrations, thus improved shoot regeneration [10]. Wang et al. [11] supported this 
observation as reported that Agaricus bisporus SMC increased number of leaves of green cauliflower 
and cabbage in soil. 
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(a)                                                                                         (b) 

Figure 1. Effects of different concentrations of SMC on the growth performance of C. nutans (a) number of 
leaves and shoots (b) length of shoot. 

 
For shoot length in C. nutans, SMC at 0.2 g/L exhibited the highest length of shoots (Figure 1 (b)). 

The SMC showed significant effect on length of shoot among control, 0.05-0.1 g/L SMC and 0.2 
mg/L SMC. Basically, the SMC serves as organic soil amendments to improve plant growth in 
agriculture [12]. Thus, the SMC improved the shoots length of C. nutans and directly increased the 
height of the plant. Increase in shoot length contributes to quantity production through higher yield of 
leaves obtained in order to meet market demand in a shorter time with consistent quality of culture. 
Similar positive observation also reported by Jonathan et al. [13] on the effects of SMC as soil 
conditioner for the growth of soybean plant. 

3.2 Effect of SMCAC 

The shoots regeneration patterns of C. nutans nodes segments in different concentration of SMCAC 
are shown in Figure 2 (a) and (b). Generally, the explants were survived in 0.3-2.5 g/L of SMCAC but 
showed slower in shoot regeneration than control treatment. Control and treatments of SMCAC 
showed significantly different in number of leaves and shoots. Meanwhile, there is no significant 
difference amongst treatments and control statistically for shoot length. This is because activated 
carbon absorbed high concentration of nutrients and growth hormone in both liquid and solid media 
[14]. Generally, activated carbon, a stable and recalcitrant carbon, could function as biochar which is 
reported as slow sequestration in carbon source [15]. Thus, such circumstances of fast absorption and 
slow in released of nutrients caused slower cell division which led to slower shoot regeneration. This 
observation was supported by Zimmerman et al. [16] who reported that the soil organic matter 
stimulated the co-mineralization of the labile components of biochar over the short term, while over 
the long term, biochar-soil interaction enhanced carbon storage through the process of organic matter 
sorption to biochar and physical protection. 

3.3 Comparison study 

The different growth performance of C. nutans using SMC and SMCAC at different concentrations 
compared to control were demonstrated in Figure 3 (a) and (b). A 0.1 mg/L SMC showed the highest 
in number of leaves and significantly different statistically with control and other SMC treatments as 
well as SMCAC treatments. Generally, a decrease in number of shoots when adding SMC and 
SMCAC. The controlled treatment showed the highest shoots number among other treatments (Figure 
3 (a)).  
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(a)                                                                                             (b) 

Figure 2. Effects of different concentrations of SMCAC on the growth performance of C. nutans (a) number of 
leaves and shoots (b) length of shoot. 

 
Overall, the control showed significantly different with SMC and SMCAC in number of shoot. 

The explants in 0.2 g/L of SMC showed the highest length of shoots with increment of two times 
when compared to the control and SMCAC treatments (Figure 3 (b)). It can be summarized that SMC 
is an excellent candidate as supplementary nutrient in tissue culture technique for C. nutans as it 
exhibited highest and significant performance in number of leaves and length of shoots compared to 
other treatments. The application of SMC in tissue culture technique not only significantly improves 
plant shoot regeneration and plant growth but also convert agricultural waste to product which is in-
line with green technology development and zero waste concept. 
 

 
(a)                                                                                             (b) 

Figure 3. Effects of different concentrations of SMC and SMCAC on the growth performance of C. nutans        
(a) number of leaves and shoots (b) length of shoot. 

4 Conclusion 
The potential of SMC and SMCAC as green supplementary nutrient in tissue culture were evaluated. 
This study exhibit that SMC was found to be increased number of leaves and length of shoot of C. 
nutans. The highest number of leaves and length of shoots were recorded at 0.1 /L SMC and 0.2 g/L 
SMC, respectively. But, SMC showed a reverse relationship for number of shoots with increase of 
SMC concentration. On the other hand, SMCAC revealed a negative performance in shoot 
regeneration in terms of number of leaves, number of shoots and length of shoots. In conclusion, SMC 
is a potential green supplementary nutrient in tissue culture with significant performance in number of 
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leaves and length of shoots. Meanwhile, SMCAC was found to be a good absorbent as potential 
activated carbon functions as biochar for nutrient adsorption from environment. The application of 
SMC and SMCAC not only develop green biotechnology but also apply zero waste concept by 
convert waste to product. 

References 
[1] A. Ebert, F. Taylor and J. Blake, Changes of 6-benzylaminopurine and 2, 4-

Ddichlorophenoxyacetic acid concentrations in plant tissue culture media in the presence of 
activated charcoal, Plant Cell Tiss. Org., 33,157-162, (1993). 

[2] M. La Habi, B. Prasetya, S. Prijono and Z. Kusuma, The effect of sago pith waste granule 
compost and inorganic fertilizer on soil physical characteristics and corn (Zea mays L.) 
production in inceptisol, IOSR J. of Environmental Science, Toxicology and Food Technology, 8, 
32-40, (2014). 

[3] N.S. Karam, K.I. Ereifej, R.A. Shibli, H. AbuKudais, A. Alkofahi and Y. Malkawi, Metals 
concentration, growth, and yield of potatoproduced from in vitro plantlets or microtubers and 
grown in municipal solid-waste-amended substrates, J. Plant Nutr., 21, 725-739, (1998). 

[4] J. Singh, F. Sabir, R.S. Sangwan, L.K. Narnoliya, S. Saxena and N.S. Sangwan, Enhanced 
secondary metabolite production and pathway gene expression by leaf explants-induced direct 
root morphotypes are regulated by combination of growth regulators and culture conditionsin 
centella asiatica (L.) urban, Plant Growth Regul., 75, 55-66, (2015). 

[5] F. Trevisan, E.P. Chu, M. Gaspar and M.A.M. Carvalho, In vitro culture and fructan production 
by Vernonia herbacea (Asteraceae), Acta Physiol. Plant, 36, 2299-307, (2014). 

[6] R. Us-Camas, G. Rivera-Solis, F, Duarte-Ake and C. De-la-Peria, In vitro culture: an epigenetic 
challenge for plants, Plant Cell Tiss. Cult., 118, 187-201, (2014). 

[7] D.P.C. Stewart, K.C. Cameron, I.S. Cornforth and J.R. Sedcole, Effects of spent mushroom 
substrate on soil physical conditions and plant growth in an intensive horticulture system, Aust. J. 
Soil Res., 36, 899-912, (1998). 

[8] L.A. Biederman and W.S. Harpole, Biochar and its effects on plant productivity and nutrient 
cycling: a meta-analysis, GCB Bioenergy, 5, 202-214,(2013). 

[9] Y.K. Yong, J.J. Tan, S.S. The, S.H. Mah, G.C.L. Ee, H.S. Chiong and Z. Ahmad, Clinacanthus 
nutans extracts are antioxidant with antipoliferative effect on cultured human cancer cell lines, 
Evid. Based Complementary Altern.Med., 2013, 1-8, (2013). 

[10] E. Medina, C. Paredes, M.D. Perez-Murcia, M.A. Bustamante and R. Moral, Spent mushroom 
substrate as component of growing media for germination and growth of hoticultureal plants, 
Bioresour. Technol., 100, 4227-4232, (2009). 

[11] Y.J. Wang, R.X. Chen, D.Q. Lu, P.J. Zhang and B.Q. Gu, Recycle experiment on flower and 
vegetable with spent mushroom substrate, Edible Fungi, 1, 45-46, (2006). 

[12] R.I. Lopez-Castro, S. Delmastro and N.R. Curvetto, Spent oyster mushroom substrate in a mix 
with organic soil for plant pot cultivation, Micol. Aplicada Int., 20, 17-26, (2008). 

[13] S.G. Jonathan, O.J. Oyetunji, O.J. Olawuyi and P.O. Uwukhor, Application of Pleurotus 
ostreatus SMC as soil conditioner for the growth of soybean (Glycine max), Academia Arena, 5, 
55-61, (2013). 

[14] M.J. Pan and J. Van-Staden, The use of charcoal in vitro culture – a review, Plant Growth 
Regul., 26 ,155-163, (1998). 

[15] K.A. Spokas, K.B. Cantrell, J.M. Novak, D.W. Archer, J.A. Ippolito, H.P. Collins and A.A. 
Nichols, Biochar: A synthesis of its agronomic impact beyond carbon sequestration, J. Environ. 
Qual., 41, 973-989, (2012). 

[16] A.R. Zimmerman, B. Gao and M. Ahn, Positive and negative carbon mineralization priming 
effects among a variety of biochar-amended soils, Soil Biol. Biochem., 43, 1169-1179, (2011). 

 

IConCEES 2015

05010-p.5


