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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 

fulfilment of  the requirement for the degree of Master of Agricultural Science 

 

UTILIZATION OF SPENT MUSHROOM WASTE AND PEAT AS 

SOILLESS GROWING MEDIUM FOR Brassica oleracea var. Alboglabra 
 

By 

 

HATARI SENDI 

 

December 2014 

 

Chairman: Mahmud Tengku Muda Mohamed, PhD 

 

Faculty: Agriculture 

 

Peat moss (PM) is the most widely used growing substrate for the pot culture. Due 

to diminishing availability and increasing price of PM, researchers are looking for 

viable alternatives for peat as a growth media component for potted plants. A pot 

study was conducted with a view to investigate the possibility of using spent 

mushroom waste (SMW) for kailan (Brassica oleracea var. Alboglabra) 

production replacing PM in growth media. The treatments evaluated were 100% 

SMW, 100% PM, and mixtures of SMW and PM in different ratios like 1:1, 1:2 

and 2:1 (v/v) with or without NPK amendment. The experiment was arranged in a 

completely randomized design (CRD) with five replications per treatment. 

Chemical properties like pH and salinity level (EC) of SMW were within the 

acceptable range of crop production but, nutrient content, especially nitrogen 

content was not enough to provide sufficient nutrition to plant for normal growth. 

Only PM (100%) and SMW and PM mixture in 1:2 ratio with NPK amendment 

performed equally in terms of kailan growth. This study confirms the feasibility of 

replacing PM by SMW up to maximum 50% in the growth media, and suggests 

NPK supplementation from inorganic sources to ensure higher productivity of 

kailan. 

 

Further testing was conducted to study the effects of various rates of SMW with 

virgin peat (VP) and non-virgin peat (NVP) at different location on the growth and 

yield of kailan. The peat sampling for VP and NVP was collected at Malaysian 

Agricultural Research and Development Institute (MARDI), Pontian Johor. The 

treatments evaluated were 100% SMW, 100% VP, 100% NVP and mixtures of 

SMW and VP or NVP in different ratios like 1:1, 1:2 and 2:1 (v/v) with NPK 

amendment. The experiment was arranged in a completely randomized design 

(CRD) with five replications per treatment. Result was obtained from peat soil in 

Peninsular Malaysia (Johor) indicated that no significant differences occurred 

between treatments that contained the portion of SMW with VP and SMW with 

NVP when amended with NPK. Plant height, leaf number, leaf fresh weights, leaf 

dry weight, total leaf area and chlorophyll content increased significantly when 

kailan were planted with amended NPK especially on NVP. The media with 100% 
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NVP also showed a better plant growth because of the existing of fertilizer in the 

soil which is came from previous agriculture activities. 

 

For experiment three, the peat sampling was collected at Malaysian Agricultural 

Research and Development Institute (MARDI), Saratok Sarawak. Result obtained 

from observation in Sarawak also showed the media with amended NPK, fertilized 

soilless, there is not much differences among VP and NVP. This is due to the pH 

reading for all treatments gave almost similar result in between pH 3.63 to pH 

5.04. 

 

Plants grown in soilless media that contained portions of SMW and NVP gave 

better result compared to plants grown in media that contained SMW and VP. 

Further studies should be conducted under various conditions with plant species or 

other horticultural crops. Since imported PM is expensive and not economical to 

use as part of the soilless media, more studies need to be done to determine the 

modifications on soil fertility, and fertilizer requirements should be taken into 

account to enable SMW and peat compound to become a soilless media.   
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk Ijazah Master Sains Pertanian 

 

PENGGUNAAN SISA BUANGAN CENDAWAN DAN GAMBUT SEBAGAI 

MEDIA PERTUMBUHAN KURANG TANAH UNTUK Brassica oleracea 

var. Alboglabra 

 

Oleh 

 

HATARI SENDI 

 

Disember 2014 

 

Pengerusi: Mahmud Tengku Muda Mohamed, PhD 

 

Fakulti: Pertanian 

 

Peat moss (PM) adalah media tanaman yang paling meluas digunakan untuk 

kultur pot. Disebabkan ketersediaan pengurangan dan kenaikan harga PM, para 

penyelidik melihat gambut sebagai alternatif media pertumbuhan bagi tanaman 

berpasu. Kajian ini dilaksanakan untuk menilai kemungkinan menggunakan bahan 

buangan cendawan (SMW) untuk pengeluaran kailan (Brassica oleracea var. 

Alboglabra) menggantikan PM dalam media tanaman. Rawatan yang telah dibuat 

adalah 100% SMW, 100% PM pada nisbah berbeza seperti 1:1, 1:2, 2:1 dengan 

pengubahan NPK. Rekabentuk kajian yang digunakan ialah rekabentuk penuh 

rawak lengkap (CRD) dengan lima replikasi setiap rawatan. Sifat kimia seperti pH 

dan tahap kemasinan bahan buangan cendawan adalah di dalam lingkungan yang 

boleh diterima untuk pengeluaran tanaman tetapi kandungan nutrien khasnya 

kandungan nitrogen adalah tidak mencukupi untuk dijadikan zat makanan supaya 

tanaman ini tumbuh dalam keadaan biasa. Hanya PM (100%) dan campuran SMW 

dan PM pada nisbah 1:2 dengan NPK menunjukkan pertumbuhan sebenar kailan. 

Kajian ini mengesahkan SMW dapat menggantikan PM sehingga 50% dalam 

media tanaman dan mencadangkan gantian NPK dari sumber bukan organik untuk 

memastikan produktiviti kailan meningkat. 

 

Kajian selanjutnya dijalankan untuk menilai keberkesanan kepelbagaian kadar 

SMW dengan tanah gambut dara (VP) dan bukan tanah gambut dara (NVP) di 

kawasan yang berbeza terhadap pertumbuhan dan hasilan kailan. Persampelan 

gambut untuk VP dan NVP telah diambil di Institut Penyelidikan dan Kemajuan 

Pertanian Malaysia (MARDI), Pontian Johor. Rawatan yang telah dinilai adalah 

100% SMW, 100% VP dan 100% NVP pada nisbah berbeza seperti 1:1, 1:2, 2:1 

dengan pengubahan NPK. Rekabentuk kajian yang digunakan ialah rekabentuk 

penuh rawak lengkap (CRD) dengan lima replikasi setiap kawatan. Keputusan 

yang diperolehi di Semenanjung Malaysia (Johor) menunjukkan perbezaan yang 

tidak ketara pada rawatan yang mengandungi SMW dengan VP dan SMW dengan 

NVP apabila adanya pengubahan NPK. Ketinggian tanaman, jumlah bilangan 

daun, berat basah pucuk, berat kering pucuk, jumlah keluasan daun dan 
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kandungan klorofil meningkat dengan ketara apabila di tanam dengan campuran 

baja NPK terutamanya pada media NVP. Media yang mengandungi 100% NVP 

juga menunjukkan pertumbuhan tanaman yang lebih baik berbanding dengan 

rawatan kawalan disebabkan oleh kewujudan baja di dalam kandungan tanah yang 

terhasil daripada aktiviti pertanian sebelum ini. 

 

Untuk kajian ketiga, persampelan gambut untuk VP dan NVP telah diambil di 

Institut Penyelidikan dan Kemajuan Pertanian Malaysia (MARDI), Saratok 

Sarawak. Keputusan yang diperolehi daripada pemerhatian di Sarawak 

menunjukkan media yang dibaja NPK, ianya tidak menunjukkan perbezaan yang 

ketara di antara VP dan NVP. Ini berikutan bacaan pH tanah untuk kesemua 

rawatan memberikan keputusan yang hampir sama di antara pH 3.63 hinga pH 

5.04.  

 

Pertumbuhan pokok dalam media kurang tanah yang mengandungi SMW dan 

NVP memberikan keputusan yang baik berbanding dengan tanaman pada media 

yang mengandungi SMW dan VP. Kajian pada masa akan datang haruslah dibuat 

dengan mengambil kira pelbagai keadaan dengan spesis tanaman atau tanaman 

hortikultur yang lain. Memandangkan PM import adalah mahal dan tidak ekonomi 

untuk digunakan sebagai sebahagian daripada media kurang tanah, kajian lanjut 

haruslah dibuat untuk menentukan pengubahsuaian pada kesuburan tanah, dan 

keperluan pembajaan perlulah di ambil kira untuk membolehkan SMW dan 

kandungan gambut boleh menjadi media kurang tanah. 
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CHAPTER 1 

 

INTRODUCTION 

 

Mushroom cultivation is a profitable agribusiness. In 2007, global mushroom 

production amounted to 3.4 million tons (USITC, 2010). China, European Union 

and the United States were the largest global producers of mushrooms. Other 

important global producers in year 2007 included Canada, Japan, India, Australia 

and Indonesia. Global mushroom consumption amounted to 3.3 million tons and 

China, the European Union and the United States were the leading consumers of 

mushrooms. Other major consumers included Canada, Japan, Russia, Australia 

and India. All consumption in China, European Union and India was supplied 

from domestic production. Global exports of canned mushrooms amounted to 458 

thousand tons with China accounting for 87% of total volume in 2008. However, 

global imports of canned mushroom amounted to 292 thousand tons with the 

United States and Russia accounting for the largest of total import volume in 2008 

(USITC, 2010). For the global exports of fresh mushroom, Canada and the United 

States were the largest global exporters in 2008 together accounting almost 80% 

of the total volume. Other major exporters of fresh mushrooms in 2008 included 

Malaysia and Mexico. For the global imports of fresh mushroom, Russia and the 

United States together were the most important global import markets (USITC, 

2010). 

 

In Malaysia, the cultivation technique of the mushroom has been introduced into 

Malaysia from Canton and has been grown at Penang since 1934 (Baker, 1934). In 

2008, there were 436 mushroom growers in Malaysia (Khairul et al., 2012). In 

year 2007, total import for mushroom is 16,243 tonnes with a value of RM 50.40 

million compared to total quantity of exported mushroom which was only 3,506 

tonnes with a value of RM 25.1 million (DOSM, 2005). Among the types of 

mushrooms grown in Malaysia, grey oyster mushroom (Pleurotus sojar-caju) is 

widely cultivated. Oyster mushroom is harvested four to seven times from each 

production cycle. Normally, at the end of the mushroom fruiting cycle, “spent” 

(used) mushroom substrate is left abandoned or discarded (Danny and Seung, 

2004). If not properly handled, these spent substrates may eventually cause 

environmental hazard.  

 

Worldwide, mushrooms are produced on natural materials obtained from 

agriculture, woodlands, animal husbandry and manufacturing industries. Some of 

these wastes include banana leaves, peanut hull and corn leaves, mango fruits and 

seeds, sugarcane leaves, wheat and rice straw (Cangy and Peerally, 1995). The 

widely used substrate for cultivation of the oyster mushroom in Asia is rice straw 

(Thomas et al., 1998). Rice straw considered as the best substrate in terms of yield 

and protein content of mushroom. In Europe, wheat straw is used as a growing 

medium for mushroom, while in the South East Asian countries sawdust is more 

common. Adding of soil, peat moss or both components to the media will increase 

the nutrient contents. Hence, growth of plants in media that was formulated with 

peat, soil or both amended with fertilizers is better than without amendment.   
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In recent years, plant growing in a soilless culture has a great importance 

worldwide. Lohr et al. (1984) and Maher (1991) reported that spent mushroom 

waste (SMW) also was used as plant growing medium. Mixtures of SMW with 

high quality growing medium such as peat, vermiculite and bark were given a 

significant result than used alone in studies on SMW (Calvin et al., 1994). SMW 

from Agaricus bisporus production is used in horticulture as a component of 

potting soil mixes, soil amendment to improve turf-grass, in wetlands for 

remediation of contaminated water, in stabilizing severely disturbed soils, as 

bedding for animals and to control plant diseases (Danny, 2002). SMW from 

Agaricus bisporus has found acceptance as feed or animals, ingredients in the 

cultivation of other mushroom species, fuel, medium for vermiculture, in 

agriculture or landscape to enrich soils and as a matrix for bio-remediation of 

contaminated soils (Danny, 2002). 

 

Shi et al. (2008) reported that the electronic conductivity value of SMW is high 

but low for peat. Thus, the pH value of SMW can be lowered by mixing with peat. 

If SMW is used in proper proportion, it can act as peat substitute in soilless culture 

(Shi et al., 2008). According to Wang et al. (1984) increased plant growth and 

yield were obtained with the addition of 20 to 30% of SMW with sandy loam. 

However, vegetables grown at 50% of SMW with sandy loam exhibited some 

stunting effect. 

  

In Europe, farmers are using SMW, supplemented with other materials to cultivate 

plants but, in Malaysia there are not much scientific research done to use it in 

combination with other agricultural by-products. Study on the use of SMW as a 

part of soilless media is still scarce in Malaysia, thus this study was deemed 

necessary. This study was undertaken with an ultimate aim to determine the 

effects of SMW alone and in combination with peat moss (PM) and peat on 

growth and quality of kailan, Brassica oleracea var. Alboglabra. This variety is a 

popular variety, easy to grow and contain high nutritional value. The specific 

objectives were:  

i. To evaluate the effects of spent mushroom waste and different 

ratios of spent mushroom waste and peat moss with and without 

fertilizer on growth and yield of Brassica oleracea var. 

Alboglabra at an open field.  

ii. To evaluate the effects of different ratios of spent mushroom 

waste, virgin peat and non-virgin peat in soilless media on 

growth and yield of Brassica oleracea var. Alboglabra at an 

open field.  

iii. To evaluate the effects of different ratios of spent mushroom 

waste, virgin peat and non-virgin peat in soilless media on 

growth and yield of Brassica oleracea var. Alboglabra at 

Sarawak, East Malaysia under netted structure. 

 

 

 

 



© C
OPYRIG

HT U
PM

69 

 

REFERENCES 
 

 

Abad, M., Noguera, P., & Bures, S. (2001). National inventory of organic wastes 

for use as growth media for ornamental potted plant production: case 

study in Spain. Biresource Technology, 77, 197-200.  

 

Akanbi, W.B., Togun, A.O., Adedrian, J.A., & Ilupeju, A.O. (2010). Growth dry 

matter  and fruit yields component of okra under organic and inorganic 

sources of nutrients. American Eurasian Journal of Sustainable 

Agriculture, 49(1), 1-13. 

 

Akande, M.O., Oluwatoyinbo, F.I., Makinde, E.A., Adepujo, E.S., & Adepujo, 

I.S. (2010). Response of okra to organic and inorganic fertilization. 

Nature and Science, 8(11), 261-266. 

 

Altland, J.E., Gilliam, C.H., Edwards, J.H., Keever, G.J., Fare, D.C., & Sibley, 

J.L. (2002). Rapid determination of nitrogen status in annual vinca. 

Journal of Environment and Horticulture, 20, 189-194. 

 

Altland, J.E. (2006). Substrate pH, a tricky topic. Digger, 50, 42-47. 

 

Altland, J.E., & Krause, C. (2010). Modification of switchgrass substrate pH using 

compost, peatmoss, and elemental sulphur. HortTechnology, 20(6), 950-

956. 

 

Ambak, K., & Melling, L. (2000). Management practices for sustainable 

cultivation of crop plants on tropical peatland. Paper presented at the 

International Symposium on Tropical Peatlands, Bogor, Indonesia.  

 

Anderson, J.A.R. (1964). The structure and development of the peat swamps on 

Sarawak and Brunei. The Journal of Tropical Geography, 18, 7-16. 

 

Anderson, J.A.R. (1972). Trees of peat swamp forests of Sarawak. Forest 

Department, Sarawak. 

 

Appanah, S. (1999). Flora survey of North Selangor Peat Swamp Forest. 

Sustainable Management of Peat Swamp Forest in Peninsular Malaysia. 

Volume I, Resource and Environment. Forestry Department, Kuala 

Lumpur, Peninsular Malaysia. 

 

Awang, Y., Shaharom, A.S., Mohamad, R.B., & Selamat, A. (2010). Growth 

dynamics of Celosia cristata grown in cocopeat, burnt rice hull and kenaf 

core fibre mixtures, American  Journal of Agricultural and Biological 

Sciences, 5, 70-76. 

 

Baker, J.A. (1934). Mushroom growing in Wellesley and Penang Provinces. 

Malay Agriculture Journal, 22, 25-28. 

 



© C
OPYRIG

HT U
PM

70 

 

Bennett, E.L., & Gombek, F. (1991). Wildlife and conservation in Sarawak’s 

peatswamp forests. Paper presented at the International Symposium on 

Tropical Peatlands, Kuching, Sarawak, Malaysia.  

 

Bunt, A.C. (1988). Media and mixes for container-grown plants. Second ed. of 

modern potting composts. Unwin Hyman Ltd., London, UK. 

 

Burger, B.W., Hartz, T.K., & Forister, G.W. (1997). Composted green waste as a 

container medium amendment for the production of ornamental plants. 

HortScience, 32(1), 57-60. 

 

Bustamante, M.A., Paredes, C., Moral, R., Agullo, E., Perez-Murcia, M.D., & 

Abad, M. (2008). Composts from distillery wastes as peat substitutes for 

transplant production. Elsevier, 52(5), 792-799. 

 

Calvin, C., Cline, R.A., & Rinker, D.L. (1994). Bark and peat amended spent 

mushroom compost for containerized culture of shrubs. HortScience, 29, 

781-784. 

 

Cangy, C., & Peerally, A. (1995). Studies of Pleurotus production on sugarcane 

bagasse. African Journal of Mycology and Biotechnology, 3, 67-79. 

 

Chang, S.T. (1982). Cultivation of Volvariella mushrooms in Southeast Asia. 

Tropical mushrooms: biological nature and cultivation methods. 12, 221-

252. 

 

Chang, S.T., & Miles, P.G. (1982). Introduction to mushroom science. Tropical 

mushrooms: biological nature and cultivation methods. 1, 1-10.  

 

Chew, T.A., Abu Hasssan, I., & Mohayidin, M.G. (2000). Estimating the 

environmental benefits of sago cultivation. Repositioning of the 

Agriculture Industry in the Next Millenium. Eds A Radan and FM 

Arshad. Universiti Putra Malaysia, Serdang, Selangor. 235-251. 

 

Chiu, S.W., Ching, M.L., Fong, K.L., & Moore, D. (1998). Spent oyster 

mushroom substrate perfoms better than many mushroom mycelia in 

removing the biocide pentachlorophenol. Cambridge Journals, 102(12), 

1553-1562. 

 

Chong, C., Cline, R.A., Rinker, D.L., & Allen, O.B. (1991a). Growth and mineral 

nutrient status of containerized woody species in media amended with 

spent mushroom compost. Journal of the American Society for 

Horticultural Science, 116, 242-247. 

 

Chong, C., Cline, R.A., & Rinker, D.L. (1991b). Rapid leaching of salts- Key to 

successful plant growth in spent mushroom compost potting mixes. 

Mushroom News, 39(10). 12-13. 

 

Chong, C., Rinker, D.L., & Cline, R.A. (1991c). A comparison of live spent 

mushroom composts for container culture of ornamental shrubs. 

Mushroom Science, 13(2), 637-644. 



© C
OPYRIG

HT U
PM

71 

 

Chong, C., & Rinker, D.L. (1994). Use of spent mushroom substrate for growing 

containerized woody ornamentals. An overview. Journal of the American 

Society for Horticultural Science, 2(3), 45-53. 

 

Chong, C., Cline, R.A., & Rinker, D.L. (1994). Bark- and peat-amended spent 

mushroom compost for containerized culture of shrubs. HortScience, 

29(7), 781-784. 

 

Chong, C. (2005). Experiences with wastes and composts in nursery substrates. 

HortTechnology. 15, 739-747. 

 

Danny, L.R. (2002). Handling and using “spent” mushroom substrate around the 

world. Mushroom Biology and Mushroom Products. Sánchez et al. 

(Eds).UAEM. ISBN 968-878-105. 

 

Danny, L.R., & Seung, W.K. (2004). Recycling of Spent Mushroom Substrate. 

Oyster Mushroom Cultivation. 187-191. 

 

Davis, J.G., & Wilson C.R. (2005). Choosing a Soil Amendment online from 

http://www.ext.colostate.edu/pubs/garden/07235.html (Retrieved 23 

February 2011) 

 

DOA. (2012). Department of Agriculture. Hectareage, production and value of 

production of vegetables, Malaysia. Vegetables and Cash Crops Statistic 

Malaysia.  

 

Eklind, Y., Ramert, B., & Wivstad, M. (2001). Evaluation of growing media 

containing farmyard manure compost, household waste compost or 

chicken manure for the propagation of lettuce (Lactura sativa L.) 

transplants. Biological Agriculture & Horticulture. Journal for 

Sustainable Production Systems, 19(2), 157-181. 

 

Ersin, P., Ibrahim, U.H., Bulent, T., Kubilay, O., Naci, O.A., & Mehmet, K. 

(2009). Effects of spent mushroom compost on quality and productivity 

of cucumber (Cucumis sativus L.) grown in greenhouses. African Journal 

of Biotechnology, 8(2), 176-180. 

 

Eudoxie, G.D., & Alexender, I.A. (2011). Spent mushroom substrate as a 

transplant media replacement for commercial peat in tomato seedling 

production. Journal of Agriultural Science, 3, 41-49. 

 

FAO. (1990). Soilless culture for horticultural crop production. FAO Plant 

Production and Protection Paper, ROME, 188. 

 

FAO. (2012). Food and Agriculture Organization. World mushroom production 

quantity online from http.//  faostat.fao.org/site/567/Desktop Default.aspx 

(Retrieved 3 August 2013) 

 

Fasidi, I.O., Kadiri, M., Jonathan, S.G., Adenipekun, C.O., & Kuforiji, O.O. 

(2008). Cultivation of tropical mushrooms. Ibadan University Press, 

Ibadan. 

http://www.ext.colostate.edu/pubs/garden/07235.html


© C
OPYRIG

HT U
PM

72 

 

Geoffrey, I.M. (2001). Making Use of Sawdust online from 

http://www.suite101.com/pages/article_old.cfm/organic/68287 

(Retrieved 23 February 2011) 

 

Graham, K.M. (1975). Studies on the padi mushroom (Volvariella volvacea). V. 

Performance of single-basidiospore isolates. Malaysian  Agricultural 

Research Journal, 5, 31-36. 

 

Griffin, D.H. (1994). Fungal Physiology, 2nd edn. Wiley Liss, New York. 

 

Grigatti, M. (2008). Growth and nutritional status of bedding plants on compost-

based growth media. Acta Horticulturae, 77(9), 607-614. 

 

Gui-xiao, L., Ping, F., Yi-bo, T., & Ya-juan, L. (2009). Effect of CO2 enrichment 

on the glucosinolate contents under different nitrogen levels in bolting 

stem of Chinese kale (Brassica alboglabra L.). Journal of Zhejiang 

University Science B., 10(6), 454-464. 

 

Hammond, R.F. (1975). The origin, formation and distribution of peatland 

resources. Peat in horticulture. Academic press inc. (London) Ltd. 1,1-

22. 

 

Hashim, R., & Islam, S. (2008). Engineering properties of peat soils in Peninsular, 

Malaysia. Journal of Applied Sciences, 8(22), 4215-4219. 

 

Handreck, K.A., & Black, N. (1991). Growing media for ornamental plants and 

turf. New South Wales University Press. Kensington. Australia. 

 

Idowu, O.O., & Kadiri, M. (2013). Growth and yield response of okra to spent 

mushroom compost from the cultivation of Pleurotus ostreatus an edible 

mushroom. Academic Journal of Agricultural Research, 1(1), 39-44. 

 

Idris, A., & Abdull Ghaffar, O. (2010). Tanaman Cendawan. Nota Ringkas 

Tanaman Makanan. 53-57. 

 

Irshad, F., & Saleem, Q.T (2011). Designing a Low Cost Super Salinity 

Measuring Device for Soil and Water. International Journal of Chemical 

and Environmental Engineering, 2, 56-61. 

 

Ismail, A.B. (1984). Characterization of lowland organic soils in Peninsular 

Malaysia. Paper presented at the Workshop Classification and 

Management of Peat, Kuala Lumpur, Malaysia.  

 

Ismail, A.B., Asing, J., & Zulkifli, M. (2007). Residual impact of various land 

clearing techniques on peat chemical characteristics. In Impact of Land 

Clearing on Peat Ecosystems. A Case Study at MARDI Peat Research 

Station, Sessang, Sarawak, Malaysia, 33-61. 

 

 

 

http://www.suite101.com/pages/article_old.cfm/organic/68287


© C
OPYRIG

HT U
PM

73 

 

Issarakraisila, M., Ma, Q., & Turner, D.W. (2007). Photosynthetic and growth 

responses of juvenile Chinese kale (Brassica oleracea var. alboglabra) 

and Caisin (Brassica rapa subsp. parachinensis) to waterlogging and 

water deficit. Scientia Horticulturae, 111(2), 107-113. 

 

Iwase, Y., Umezawa, K., & Masuda, K. (2000). Cultivation of Pleurotus ostreatus 

with beer spent grain and utilization. Mushroom Science, 15, 819-826. 

 

Jayasinghe, G.Y., Arachichi, I.D.L., & Yoshihiro, T. (2010). Evaluation of 

containerized substrates developed from cattle manure compost and 

synthetic aggregates for ornamental plant production as a peat alternative. 

Resource Conservation and Recycling. 54(12), 1412-1418. 

 

Jonathan, S.G. (2002). Vegetative growth requirements and antimicrobial 

activities of some higher fungi in Nigeria. PhD dissertation. University of 

Ibadan, Ibadan. 

 

Jonathan, S.G., Lawal, M.M., & Oyetunji, O.J. (2011). Effect of spent mushroom 

compost of Pleurotus pulmonaris on growth performance of four 

Nigerian vegetables. Mycobiology, 39, 164-169. 

 

Jordan, S.N., Mullen, G.J., & Murphy, M.C. (2008). Composition of variability  of 

spent mushroom compost in Ireland. Bioresource Technology, 99, 411-

418. 

 

Kadiri, M., & Mustapha, Y. (2010). The use of spent mushroom substrate of 

lentinus subnudus (Berk) as a soil conditioner for vegetables. Bayero 

Journal of Pure and Applied Science, 3, 16-19. 

 

Kanapathy, K. (1968). Peat soils in diversification of Malaysia Agriculture. West 

Malaysia. 

 

Khairul Asfamawi, K., Yaseer Suhaimi, M., Mohamad, A.M., Aminuddin, H., & 

Mohd Hassan, W. (2012). Manual Teknologi Penanaman Cendawan 

Tiram Kelabu. MARDI. 

 

Khan, Z., Tiyagi, S.A., Mahmood, I., & Rizvi, R. (2012). Effects of N 

fertilization, organic matter, and biofertilizers on the growth and yield of 

chilly in relation to management of plant-parasitic nematodes. Turkish 

Journal of Botany, 36(81), 73-81. 

 

Lee, B.S., & Noor Auni, H. (1990). Panduan Penanaman Cendawan. Siri Panduan 

Tanaman, MARDI. 

 

Lee, H.S. (1991). Utilization and conservation of peat swamp forest in Sarawak. 

Paper presented at the International Symposium on Tropical Peatland, 

Kuching, Sarawak, Malaysia.  

 

Lemaire, F., Dartigues, A., & Riviere, L.M. (1985). Properties of substrate made 

with spent mushroom compost. Acta Horticulturae,172, 13-29. 



© C
OPYRIG

HT U
PM

74 

 

Lemaire, F. (1997). The problem of the biostability in organic substrates. In 

Proceedings of the ISHS International Symposium on Growing Media 

and Plant Nutrition. Roeber, Freising, Germany. Acta Horticulturae, 450, 

63-70. 

 

Lennartsson, M. (1997). The peat conservation issue and the need for alternatives. 

Paper presented at the International Peat Conference on Peat in 

Horticulture, Schmilewski, Amsterdam. 

 

Lette, R. (2006). Malaysia’s peat swamp forest conservation and sustainable use. 

Published by United Nations Development Programme Malaysia. 

Ministry of Natural Resources and Environment, Malaysia. 

 

Lim, C.K., Chin, Y.K., & Bolle-Jones, E.W. (1973).  Crop indicators of nutrient 

status of peat soil. Malaysian Agricultural Research Journal, 49, 198-

207. 

 

Liong, T.Y., & Siong, K.H. (1979). A review of lowland organic soils of Sarawak. 

Technical paper no. 4. Research Branch Department of Agriculture 

Sarawak.  

 

Lohr, I.V., Wang, S.H., & Wolt, J.D. (1984). Physical and chemical characteristics 

of fresh and aged spent mushroom compost. HortScience., 19, 681-683. 

 

Lucas, R.E., Rieke, P.E., Shickluna, J.C., & Cole, A. (1975). Lime and fertilizer 

requirements for peats. Peat in horticulture. Academic press inc. 

(London) Ltd. 4, 51-70. 

 

Maher, M.J. (1988). Spent mushroom compost as an organic manure and potting 

compost component. Compost processes in waste management. 

Brussels., 71-82. 

 

Maher, M.J. (1991). Spent mushroom compost as a nutrient source in peat based 

potting substrates. Science and Cultivation of Edible Fungi. Balkema, 

Rotterdam, 645-650. 

 

Maher, M.J. (1994). The use of spent mushroom substrate (SMS) as an organic 

manure and plant substrate component. Compost Science and Utilization, 

2, 37-44. 

 

MARDI. (1996). Master plan for MARDI Sessang Peat Research Station. 

MARDI, Serdang. 

 

MARDI. (2005). Anggaran Kos Pengeluaran dan Pendapatan untuk Sayuran dan 

Rempah. 64-67. 

 

Medina, E., Paredes, C., Perez-Murcia, M.D., Bustamante, M.A., & Moral, R. 

(2009). Spent mushroom substrates as component of growing media for 

germination and growth of horticultural plants. Elsevier. 10(18), 4227–

4232. 



© C
OPYRIG

HT U
PM

75 

 

Melling, L., Ambak, K., Osman, J., & Husni, A. (1999). Water management for 

the sustainable utilisation of peat soils for agriculture. Paper presented at 

the International Conference & Workshop on Tropical Peat Swamps, 

Penang, Malaysia. 

 

Melling, L. (2000). Dalat and Mukah sago plantation peat soil study. DOA, 

Sarawak, 37. 

 

Mohd Zahari, A.B., Abd Wahab, N., Ting, C.C., & Abd Rahim, N. (1981). 

Distribution, characteristics and utilities of problem soils in Malaysia. A 

country report. Symp. on Distribution, Characteristics and Utilization of 

Problem Soils. Tsukuba Ibaraki, Japan. 

 

Munita, J. (2001). Characteristics and classification of soils, in Chemical and 

Mining Company of Chile,11
th
 edn., Santiago, Chile. p. 1515. 

 

Mutalib, A.A., Lim, J.S., Wong, M.H., & Koonvai, L. (1991). Characterization, 

distribution and utilization of peat in Malaysia. Paper presented at the 

International Symposium on Tropical Peatlands, Kuching, Sarawak, 

Malaysia.  

 

Naidu, N.R. (1971). Cultivation of padi straw mushroom Volvariella volvacea 

(Fr.) Sing. Using oil palm bunch waste as a medium. The Planter, 47, 

190-193. 

 

Natural Standard Professional Monograph. (2012). 

http://www.naturalstandard.com/index-abstract.asp?create-

abstract=brassica.asp&title=Cabbage,%20Broccoli,%20Cauliflower,%20

Collard,%20Kale,%20Brussels%20sprouts,%20Kohlrabi (Retrieved 5 

May 2012) 

 

Okazaki, M., Yonebayashi, K., & Zahari, A.B. (1989). Characteristic of soil and 

water in Wedland along the western coast of Johor, Malaysia. Paper 

presented at the Workshop on Tropical Peat Ecosystem, Serdang, 

Selangor, Malaysia.   

 

Okazaki, M., Watanabe, C., Yoshikawa, M., Yamaguchi, C., & Yoshimura, N. 

(1999). Chemical compounds in gas emitted from tropical peat soil with 

burning. Paper presented at the International Symposium on Tropical 

Peatlands, Bogor, Indonesia.  

 

OMAF. (2003). Ontario Ministry of Agriculture and Food. Nursery and landscape 

plant production and IPM, Publ. 383. Queen‟s Printer for Ontario, 

Toronto, ON. 

 

Ostos, J.C., Lopez-Garrido, R., Murillo, J.M., & Lopez, R. (2008). Substitution of 

peat for municipal solid waste and sewage sludge-based composts in 

nursery growing media. Effects on growth and nutrition of the native 

shrub Pistacia lentiscus L. Bioresource Technology, 99, 1793-1800. 

 

http://www.naturalstandard.com/index-abstract.asp?create-abstract=brassica.asp&title=Cabbage,%20Broccoli,%20Cauliflower,%20Collard,%20Kale,%20Brussels%20sprouts,%20Kohlrabi
http://www.naturalstandard.com/index-abstract.asp?create-abstract=brassica.asp&title=Cabbage,%20Broccoli,%20Cauliflower,%20Collard,%20Kale,%20Brussels%20sprouts,%20Kohlrabi
http://www.naturalstandard.com/index-abstract.asp?create-abstract=brassica.asp&title=Cabbage,%20Broccoli,%20Cauliflower,%20Collard,%20Kale,%20Brussels%20sprouts,%20Kohlrabi


© C
OPYRIG

HT U
PM

76 

 

Paramananthan, S., Zauyah, S., Lim, L., Chan, C.P., & Boaklan, Y.K., (1984). 

Proposal for united classification of organic soil in Malaysia. Paper 

presented at the Workshop on classification and Management of Peat in 

Malaysia, Kuala Lumpur, Malaysia. 

 

Paramananthan, S., & Omar, W. (2008). Proposals for the classification of 

organic soils of Malaysia. Paper presented at the meeting and seminar, 

Malaysia-Netherlands joint committee on carbon emissions. Bangi, 

Selangor, Malaysia. 

 

Perez-Murcia, M.D., Moral, R., Caselles, J.M., Espinosa, A.P., & Paredes, C. 

(2006). Use of composted sewage sludge in growth media for broccoli. 

Bioresource Technology, 97, 123-130. 

 

Peter, S. (2003). Environmental issues of peatland development in Sarawak. Paper 

presented at the workshop on management and conservation of peatland, 

Sibu, Sarawak, Malaysia  

 

Puustjarvi, V., & Robertson, R.A. (1975). Physical and Chemical properties. Peat 

in horticulture. Academic press inc. (London) Ltd. 2, 23-38. 

 

Radjagukguk, B. (1991). Utilization and management of peat land in Indonesia 

for agriculture and forestry. Paper presented at the International 

Symposium on Tropical Peatland, Kuching, Sarawak, Malaysia.  

 

Rainbow, A., & Wilson, N. (1998). The transformation of composted organic 

residues into effective growing media. SHS Acta Horticulturae 469: 

International Symposium on Composting & Use of Composted Material 

in Horticulture, 469, 79-88. 

 

Rashidah, A., Ismail, B., Devapriya, C.W., & Adnan, Z. (2012). Overview of the 

sustainable uses of peat soil in Malaysia with some relevant geotechnical 

assessments. International Journal of Integrated Engineering. Special 

Issue on ICONCEES, 4(3), 38-46. 

 

Ribas, L.C.C., De Mendonca, M.M., Camelini, C.M., & Soares, C.H.L. (2009). 

Use of spent mushroom substrates from Agaricus subrufescens (syn. A. 

blazei, A. brasiliensis) and Lentinula edodes productions in the 

enrichment of a soil-based potting media for lettuce (Lactuca sativa) 

cultivation: Growth promotion and soil bioremediation. Bioresource 

Technology, 100, 4750-4757. 

 

Ribeiro, H.M., Romero, A.M., Pereira, H., Borges, P., Cabral, F., & Vaconcelos, 

E. (2007). Evaluation of a compost obtained from forestry wastes and 

solid phase of pig slurry as a substrate for seedlings production. 

Bioresource Technology, 98, 3294-3297. 

 

Romaine, C.P., & Holcomb, E.J. (2001). Spent mushroom substrate: a novel 

multifunctional constituent of potting medium for plants. Mushroom 

News, 49, 4-15. 

http://www.actahort.org/books/469/index.htm
http://www.actahort.org/books/469/index.htm


© C
OPYRIG

HT U
PM

77 

 

Sa‟don, N.M., Abdul Karim, A.R., Jaol, W., & Wan Lili, W.H. (2015). Sarawak 

peat characteristics and heat treatment. Journal of Civil Engineering. 

UNIMAS. 6-12.  

 

SAS. (2003). Statistical Analysis System. The SAS system for Windows, Version 

9.2. SAS Inst. Inc., Cary, NC, USA. 

 

Schisler, L.C. (1982). Biochemical and mycological aspects of mushroom 

composting. In P. Wuest (Eds.). Penn State handbook for commercial 

mushroom growers. Pa. State University, University Park., 3-10.  

 

Sheard, G.F. (1975). Loamless substrates for use in containers and as unit 

products. Peat in horticulture. Academic press inc. (London) Ltd. 9, 119-

132. 

 

Sherry, H.W., Virginia, I.L., & David, L.C. (1984). Growth response of selected 

vegetable crops to spent mushroom compost application in a controlled 

environment. Plant and Soil, 82, 31-40.  

 

Shi, L., Zhang, Z., Liu, D., Li, W., & Bao, R. (2008). Comparison of 

physiochemical properties between spent mushroom compost and peat 

substrate and adjustment. Nongye Gongcheng Xuebao/Transactions of 

the Chinese Society of Agricultural Engineering. 24(4), 199-203. 

 

Stewart, D.P.C., Cameron, K.C., Cornforth, I.S., & Sedcok, J.R. (1998). Effects of 

spent mushroom substrate on soil physical conditions and plant growth in 

an intensive horticultural system. Australian Journal of Soil Research, 

36(6), 899-912.    

 

Tariq, U., Rehman, S.U., Khan, M.A., & Yunus,  A. (2012). Agricultural and 

municipal waste as potting media components for the growth and 

flowering of Dahlia hortensis Figaro. Turkish Journal of Botany, 

36(4),378-385. 

 

Tay, T.H., & Wee, Y.C. (1972). Liming of peat soils and its effects on pineapple. 

Malay Pineapple Industry Board. Malays Pineapple Journal, 2, 53-59.  

 

Teng, C.S. (2003). Peatland and agriculture in Sarawak. Research and 

development support and challenges. Sarawak DOA’s experience. Paper 

presented at the workshop on management and conservation of peatland, 

Sibu, Sarawak, Malaysia. 

 

Thomas, G.V., Prabhu, S.R., Reeny, M.Z., & Bopaiah, B.M. (1998). Evaluation of 

lignocellulosic biomass from coconut palm as substrate for cultivation of 

Pleurotus sajor-caju (Fr.) Singer. World Journal of Microbiology and 

Biotechnology, 14, 879-882. 

 

Tie, Y.L. (1979). A review of lowland organic soils of Sarawak. Technical paper 

4. Department of Agriculture, Sarawak. 11-16. 



© C
OPYRIG

HT U
PM

78 

 

Tie, Y.L. (1991). Report on detailed soil surveys of the peat experimental stations. 

Report No. 271, Soil Division, Research Branch, Department of 

Agriculture, Sarawak. 

 

Tie, Y.L., and Esterle, J.S. (1991). Formation of lowland peat domes in Sarawak, 

Malaysia. Paper presented at the International Symposium on Tropical 

Peatlands, Kuching, Sarawak, Malaysia. 

 

USDA. (1975). Soil Taxonomy. A basic system of soil classification for making 

and interpreting soil surveys. Soil conservation services, USDA Agri. 

Handbook No. 436, U.S. Government Printing Office, Washington D.C. 

 

USDA. (2010). National Nutrient Database for Standard Reference online from 

http://ndb.nal.usda.gov/ndb/foods/show/3642?fg=&man=&lfacet=&coun

t=&max=25&sort=&qlookup=Broccoli%2C+chinese%2C+cooked&offs

et=&format=Abridged&new=1 (Retrieved 20 February 2012) 

 

USITC. (2010). Mushrooms. Industry & Trade Summary. United States 

International Trade Commission. 28-31 online from 

http://www.usitc.gov/publications/332/ITS_7.pdf (Retrieved 23 August 

2013) 

 

Van Poppel, G., Verhoeven, D.T., Verhagen, H., & Goldbohm, R.A. (1999). 

Brassica vegetables and cancer prevention. Epidemiology and 

mechanisms. Adv. Exp. Med. Biol., 472, 159-168. 

 

Vimala, P., & Chan, S.K. (1990). Tanah dan pembajaan. Panduan pengeluaran 

sayur-sayuran. MARDI. 5, 29-40. 

 

Wang, H.L.S. (1983). Spent mushroom compost as a soil amendment for 

vegetables. Ph.D. theses. The University of Tennessee. 

 

Wang, H.L.S., Virginia, I. L., & David, L.C. (1984). Growth response of selected 

vegetable crops to spent mushroom compost application in a controlled 

environment. Plant and Soil, 82, 31-41. 

 

Watson, M.E. (2003). Testing compost. Ohio State University Fact Sheet. 

Agriculture and Natural Resources, Ohio. 

 

Wetlands International Malaysia. (2010). A quick scan of peatlands in Malaysia. 

Wetlands International-Malaysia. Petaling Jaya, Malaysia. 50 pp.  

 

Wong, L.J. (2003). Status of Peat Swamp Forest of Sarawak. Sarawak Forestry 

Corporation/Alterra Wageningen UR: Kuching, Sarawak/Wageningen, 

Netherlands.  

 

Williams, B.C., McMullan, J.T., & McCahey, S. (2001). An initian assessment of 

spent mushroom compost as potential energy feedstock. Bioresource 

Technology, 79, 227-230. 

http://ndb.nal.usda.gov/ndb/foods/show/3642?fg=&man=&lfacet=&count=&max=25&sort=&qlookup=Broccoli%2C+chinese%2C+cooked&offset=&format=Abridged&new=1
http://ndb.nal.usda.gov/ndb/foods/show/3642?fg=&man=&lfacet=&count=&max=25&sort=&qlookup=Broccoli%2C+chinese%2C+cooked&offset=&format=Abridged&new=1
http://ndb.nal.usda.gov/ndb/foods/show/3642?fg=&man=&lfacet=&count=&max=25&sort=&qlookup=Broccoli%2C+chinese%2C+cooked&offset=&format=Abridged&new=1
http://www.usitc.gov/publications/332/ITS_7.pdf


© C
OPYRIG

HT U
PM

79 

 

Yong, Y.C., and Graham, K.M. (1973). Studies on the mushroom (Volvariella 

volvacea). Use of oil palm pericarp waste as an alternative substrate. 

Malaysian Agricultural Research Journal, 2, 15-22. 

 

Yong, Y.C., and Graham, K.M. (1974). Studies on the mushroom (Volvariella 

volvacea). Effect of urea on mycelial development and upon yield in 

palm oil pericarp waste. Malay Agriculture, Malaysian Agricultural 

Research Journal, 3, 7-11. 

 

Young, J.R., Holcomb, E.J., & Heuser, C.W. (2002). Greenhouse growth of 

marigolds in three leached sources of spent mushroom compost over a 3-

year period. HortTechnology, 12(4), 701-705. 

 

Zhang, R.H., Li, X.J., & Fadel, J.G. (2002). Oyster mushroom cultivation with 

rice and wheat straw. Bioresource Technology, 82, 277-284. 

 

Zhang, R.H., Duan, Z.Q., & Li, Z.G. (2012). Use of spent mushroom substrate as 

growing media for tomato and cucumber seedlings. Pedosphere, 22(3), 

333-342. 

 

Zuraifah, A.M., Daranee, C., Kisana, B., Monique, P., Jisnuson, S., Pattana, S.H., 

& Chantragan, S. (2011). Proteomic analysis of Chinese kale (B. 

alboglabra) leaves during growth. Journal of Integrated Omics. 102-107. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	UTILIZATION OF SPENT MUSHROOM WASTE AND PEAT ASSOILLESS GROWING MEDIUM FOR Brassica oleracea var. Alboglabra
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



