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Asian countries such as Malaysia and Indonesia are beginning to commercialise the cultivation of Volvariella volvacea as 
the demand rises. However, production is still low due to a lack of knowledge about formulation and poor handling of the 
spent mushroom substrates. In Malaysia, this shortage can be addressed by selecting high-yielding biomass such as oil palm 
biomass that can promote the development of Volvariella. In addition, the substrates from mushroom cultivation can be used 
as a soil conditioner for crop cultivation. The growth of mushrooms requires enough nutrients and moisture content. Empty 
fruit bunches (EFB) and oil palm fronds (OPF) are suitable for this purpose as they possess these properties. The use of 
oil palm biomass as a substrate would increase the mycelium rate, number of needles and weight in a shorter time. On the 
other hand, the spent mushroom substrates should be a useful material for the cultivation of maize (Zea mays L.) and would 
improve plant development by increasing soil pH. The importance of EFB and OPF for increasing mushroom yield, and the 
application of spent substrates in maize cultivation has not yet been established in various studies. This review summarises 
the properties of oil palm biomass on mushroom development and the application of spent substrates to achieve high maize 
yields and improve soil physicochemical properties. Future studies should support the utilisation of oil palm biomass for 
Volvariella cultivation and the use of spent substrates for sustainable maize production.
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Volvariella volvacea is one of the edible mush-
rooms in the world among the 7,000 species rec-
ognised in the last 10 years, and its production for 
commercial purposes is still low (El-Sebaaly et al. 
2021). In some countries, it is also known as rice 
straw mushroom (Ahlawat & Arora 2016), and in 
some areas it is also called Chinese mushroom (Sud-
ha et al. 2019). In 2022, global mushroom produc-
tion reached approximately 48.34 million metric 
tonnes, with Volvariella volvacea accounting for 
about 1% of the total output (Singh et al. 2020; Sta-
tista 2024). It has the same properties as most mush-
rooms, namely a high nutritional content of vitamin 
B3, organic acid, abundant minerals, and a source 
of polysaccharides, biologically active proteins and 
antioxidants that can exhibit anticoagulant, anti-in-
flammatory, antihypertensive, antimicrobial, anti-
cancer, and anti-tumour effects (Eguchi et al. 2015). 
It also rots easily and must be properly treated after 
harvesting (Sakinah et al. 2019). Interestingly, the 
cultivation of this crop requires lignin-cellulose sub-
strate and sufficient nutrients for good production, 
and the spent straw can be utilised for the cultivation 
of other crops and used as a soil conditioner.

Commonly, rice straw is used for paddy straw 
mushroom cultivation previously with a wide range 
of cellulosic materials, good carbon-to-nitrogen 
ratio, and classified as speedily and easily decom-
posable (Ahlawat & Arora 2016). Before 1970, 
this mushroom was only cultivated with rice straw 
as it would have a good impact that is favorable to 
this type of mushroom developing, and later farm-
ers started to mix the formulation of substrates to 
improve production (Yella et al. 2021). Trials for 
this mushroom were done on cotton wastes, paddy 
straws and banana leaves, and the outcomes were not 
significantly different among the treatments (Zikriya 
et al. 2018). Theoretically, rice straw is classified as 
a  lignocellulosic biomass and approximately con-
sists of around 12% lignin, 25% hemicellulose and 
43% cellulose (Harun et al. 2022).

On the other hand, waste from oil palms, such as 
trunk, fronds and empty fruit stalks, are also catego-
rised as lignin-containing cellulosic material, which 
is widely cultivated and produced in Asia, especial-
ly in Malaysia and Indonesia (Dungani et al. 2018). 
About 21% of the freshly cut bunches each day be-
come empty fruit clusters, while the boot and fronds 

can be recovered in the replanting phase (Triyono et 
al. 2019). From 4.49 million palm trees, 17.73 mil. t 
of palm oil is extracted, which will produce around 
3.72 mil. t of EFB as waste (Alam et al. 2015). Es-
timately, around 25.49 metric tonnes of EFB are 
produced from 19.5 million metric tonnes of crude 
palm oil production in 2025 (MPOB 2024). This 
waste had a composition of 3.3%, 21.3% and 17.6% 
for cellulose, hemicellulose and lignin, respectively 
(Mamimin et al. 2021).

Other than that, the substrate selection should 
also focus on the moisture and nitrogen content of 
the material used. Optimum moisture is needed to 
ensure good production, and at the same time, the 
result declines as the moisture exceeds from opti-
mum limit (Pani et al. 2017). The good waste ap-
plied can hold around 60 − 70% water through the 
cultivation of the mushroom process and needs to 
be applied with extra water if needed (Luu et al. 
2022). This moisture will be very related to the pro-
duction during the post-harvest of mushrooms (Ku-
mar 2015). Besides, the Carbon-to-Nitrogen ratio 
in substrates is also important in cultivation, a high 
value would rise mushroom development with the 
increase of glucose (Diamantopoulou et al. 2016). 
Han et al. (2024) reported 27:1 as an optimal ratio 
for mushroom good development. While another 
research found that a 40:1 ratio is needed for good 
volvariella development (Amir et al. 2025)

The use of different substrates for cultivating 
Volvariella volvacea significantly influences the 
duration required for complete mycelial coloni-
zation. Practically, around 10 days are needed for 
the mushroom mycelium to fully colonize on the 
oil palm waste and another 6 days for the pinning 
(Obodai & Odamtten 2012) and one research study 
showed that the Volvariella can start harvest on day 
12 or 14 after the seedling (Triyono et al. 2019). On 
the other hand, one researcher recorded that using 
rice straw waste can get fully colonized in less than 
10 days (Zikriya et al. 2018). Moreover, the spent 
mushroom compost from mushroom cultivation ba-
sically would raise the number of waste products 
after harvest (Zied et al. 2020). Many researchers 
have started to focus on this method. One research-
er focused on the benefits of Volvariella waste for 
energy generation that is eco-friendlier (Umor et al. 
2021), and another researcher highlighted the ben-
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efit of mushroom waste as a soil improvement (Yu 
et al. 2019). It can also be used as a biofertiliser for 
crop cultivation in the agriculture sector (Othman et 
al. 2020).

Finally, promoting sustainable cultivation prac-
tices requires emphasizing both yield and organic 
methods as key strategies to support environmen-
tally friendly agriculture (Tuhy et al. 2015). The 
goal can be realistic by applying agricultural waste 
on crop cultivation that focuses on quality, higher 
yield and nutrient uptake (Ashrafi et al. 2015). It can 
also be observed from a nutrient availability point 
of view and the reduction of the use of fertiliser as it 
can play crucial role as a biofertiliser (Rajavat et al. 
2022). By applying amendments in soil, researchers 
would also need to ensure a good result in moisture 
content, dry matter, EC, pH, ash, carbon, nitrogen, 
protein contents, and C: N ratio (Owaid et al. 2017). 
This review focuses on the improvement of Volvari-
ella yield using oil palm biomass and the benefits of 
spent mushroom substrates on soil physical proper-
ties and maize production. 

1.  Volvariella Mushroom Background
Volvariella volvacea was cultivated around 30 

decades ago, being introduced and starting to be 
cultivated in Malaysia and other Asian countries, 
from China after 1900 (Yella et al. 2021). It can be 
cultivated in most areas of the world that offer warm 
temperatures most of the time, either in subtropical 
or tropical regions (Sudha et al. 2019; Amir et al. 
2023). Over this decade, its demand was about 5% 
of the total production of all kinds of mushroom 
production (Sakinah et al. 2019). Commonly, it has 
been cultivated using rice straw and cotton waste as 
substrates. However, numerous other materials have 
also been explored for the cultivation of mushroom, 
such as oil palm biomass or banana leaf (Yella et 
al. 2021). The substrate is a crucial technology that 
needs to be developed to make sure this yield, and 
resources are fully utilised (Amir et al. 2023). Fig-
ure 1 summarized on the Volvariella development 
that can be divided into 6 stages.

2.  Oil Palm Biomass Production 
Malaysia remains the world’s second-largest 

producer and exporter of palm oil, contributing ap-
proximately 26% to global production and account-

ing for about 35% of global exports in 2024 (Raja-
kal et al. 2024). Approximately 400 palm oil mills 
are in operation, leading to an increase in oil palm 
waste from mill production (Umar et al. 2021). The 
waste is generated as biomass waste, some of which 
is recycled, while most remains unused (Onoja et al. 
2019). Oil palm biomass generates a large amount 
of palm kernel shells (PKS), oil palm trunks (OPT), 
empty fruit bunches (EFB), mesocarp fibres (MF) 
and oil palm fronds (OPF) and can lead to pollution 
problems without proper management (Nabilah et 
al. 2023). Major biomass was empty fruit bunch-
es that accumulate after the oil extraction process 
(Umor et al. 2024). This industry is growing rapidly 
over time and produces a large amount of biomass 
that must be fully utilised in order to benefit from 
it (Vakili et al. 2015), e.g., as a substrate for mush-
room cultivation (Mahari et al. 2020)

2.1 Potential of Oil Palm Biomass for Recycling 
Oil palm biomass is also a valuable agricultur-

al waste, such as empty fruit bunch, which contains 
a high proportion of organic matter, namely about 
95.64% (Nurliyana et al. 2015). The nitrogen con-
tent is between 0.7% and 1.65%, and the carbon 
content is between 41.9% and 44% (Chiejina & Osi-
be 2015; Idris et al. 2015; Santi & Goenadi 2019). A 
study on palm frond waste has shown that it can be 
a good water reservoir, with more than 60% mois-
ture when wet (Wahab et al. 2021) and is also a good 
source of lignocellulose (Sudheer et al. 2016).

Figure 1. The cycle of Volvariella sp (edited by Ahlawat & 
Arora 2016).
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2.2 Main Properties of Oil Palm biomass that Fit 
the Volvariella Cultivation 

In Malaysia, sawdust is commercially used for 
mushroom cultivation, while in other countries 
mainly wheat or rice straw is used and overall pro-
duction is strongly supported by the lignocellulosic 
material from agricultural wastes (Zikriyani et al. 
2018; Yella et al. 2021). Fungi such as Volvariel-
la require cellulosic material for their development 
(Ahlawat & Arora 2016). The cellulase content de-
creases in the course of composting and decomposi-
tion (Sun et al. 2021). Table 1 shows the content of 
hemicellulose, cellulose and lignin in the biomass of 
oil palms from different regions and countries:

2.3 Effect of Oil Palm Biomass to the Yield of Vol-
variella Mushroom

Oil  palm  waste fibres such as mesocarp fi-
bres and empty fruit bunch fibres are effective 
substrates for the  growth of mushroom (Sudherr 
et al. 2016). One study observed that empty fruit 
bunch or shredded palm pressed fibre (PPF) of oil 
palm cooperated with rubber tree sawdust is poten-
tial to give high yield of mushroom (Ali et al. 2013). 
The optimum amount of oil palm empty fruit bunch 
mixed with nutrients will give high yield of mush-

room production (Marlina et al. 2015). The research 
has revealed that whole stalk empty fruit bunch ap-
plications give yield of 2.4 kg/m2 and 3.61% aver-
age biological conversion efficiency (BCE) of Vol-
variella (Triyono et al. 2019). Oil palm empty fruit 
bunch show a good reduction for the percentage of 
the lignocellulose that will also rise the yield of Vol-
variella (Mariadass et al. 2024). The yield of Vol-
variella with the pallet oil palm empty fruit bunch is 
also higher than the use of fibre (Umor et al. 2021). 
Azman et al. 2023 presented that oil palm empty 
fruit bunch shows highest yield compared to rice 
straw, sawdust and oil palm trunk. Mushroom culti-
vated with 100% oil palm empty fruit bunch showed 
1.9 times faster compared to the control for mush-
room growth and agronomic performance (Aubrey 
et al. 2022). One paper showed that the biological 
efficiency of Volvariella cultivation with the appli-
cation of empty fruit bunches still low at 3.6 – 6.5% 
while using paddy straw or banana leaves can give 
up to 10.2 − 15.2% (Suwannarach et al. 2022). 

3.  Composting of Volvariella Substrate
Composting is to get stable organic matter 

through biological aerobic, and it can be done by 
natural or added material to boost the microbial ac-

T  a  b  l  e   1

Hemicellulose, cellulose and lignin content of oil palm biomass from differents country observation

Material Origin Hemicellulose 
[%]

Cellulose 
[%]

Lignin
[%] Reference

Oefb

Malaysia
18.03 45.22 35.90 (Umor et al. 2021)

35.80 36.70 18.60 (Ching & NG 2014)

Thailand 
6.30 41.90 0.70 (Palamae et al. 2017)

37.83 24.21 37.96 (Wadchasit et al. 2020)

Nigeria
33.50 43.51 19.80 (Onuorah et al. 2015)

NA 54.12 18.29 (Kolajo et al. 2024)

Indonesia
13.50 36.67 31.16 (Cifriadi et al. 2017)

20.70 30.41 35.94 (Kristiani et al. 2016)

Opf

Malaysia
19.20 31.50 14.00 (Hong et al. 2012)

24.00 58.00 5.00 (Sabrina et al. 2013)

Indonesia
12.41 45.44 15.34 (Astuti et al. 2019)

34.00 42.67 22.90 (Kumneadklang et al. 2019)
Note: Oefb − oil palm empty fruit bunches; Opf − oil palm fronds.
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tivity (Pergola et al. 2018). It was the first step in 
mushroom cultivation (Li et al. 2017) and related 
to various aerobic microorganisms in the organ-
ic matter pure from agricultural waste (Leiva et 
al. 2016). The process can be done either in short 
or long term, novel procedure is short composting 
substrate, which reduces the chance of infection by 
competitive species, possesses energy conserva-
tion, achieves high production efficiency, and has a 
shorter production duration (Liu et al. 2022). Com-
posting would produce a superior nutritional source, 
especially protein for mushrooms from the compo-
nents of raw lignocellulosic materials (Mohamed et 
al. 2016).

3.1 Volvariella Development Effect by Different Pe-
riod of Composting 

Basically, for mushroom composting of sub-
strate, the period suggested before spawning ranged 
from 5 − 10 days (Umor et al. 2023; Mariadass et al. 
2024). Besides, it also suggested not to be more than 
8 days as the activity will start to drop off (Triyono 
et al. 2019). On the other hand, Vieira et al. (2016) 
suggested 7 days of composting to get as high as an 
effective period for the good composting process. It 
is similar to one study that observed 7 days is good 
for the activity and pH of compost compared to  
5 days, 3 days, or un-composted substrates (Saski-
awan et al. 2023). The 8 days of composting together 
with fertiliser will increase the decomposition rate 
that will lead to high productivity in the harvest stage 
(Triyono et al. 2019). To get good development of 
fruiting bodies by substrate 4 days is suggested rath-
er than 3 or 5 days of composting (Guo et al. 2023). 
Furthermore, the composting of substrate for 7 days 
is showing good results of yield (Vieira et al. 2016) 
and lessen to 5 days also has the potential to get high 
yield (Yang et al. 2022). Another researcher proved 
that without composting, the substrate can also give 
a higher yield of Volvariella (Umor et al. 2024). For 
better results on mushroom development, 1 day of 
composting is acceptable with the help of a steamer 
being cooled down and proceeding to spawn (Ahl-
awat & Arora 2016). Composting substrate for 4 or 
5 days is significant for the mushroom development 
together with high polysaccharide content com-
pared to 3 days of composting (Guo et al. 2023). Bi-
ological efficiency observed in one trial using paddy 

straw as substrate for 3 different days of composting 
3, 6 & 9 days were 10.25, 7.2 and 6.82% (Elangovan 
et al. 2023)

4.  Maize Cultivation Prospect 
Maize cultivation is one of the most important 

agricultural activities globally and has been increas-
ing significantly in Malaysia. This increase may be 
caused by the use for various industries to fulfill the 
market demand (Sirisuntornlak et al. 2021) and be-
ing used for human diet and some animal meal that 
can be declared as a major supply of energy to the 
poultry (Urassa 2015; Dei & Herbert 2017). Maize 
is also being largely involved in import or export 
process within the country (Wang & Hu 2021). Cul-
tivation of maize in terms of yield is the same as 
most of the crops in the world that will be affected 
by the harvest stage, climatic conditions and varie- 
ties used (Nazli et al. 2019). The cultivation of maize 
will benefit from the application of organic material 
rather than chemical material to increase the chem-
ical and physical properties of soil that will lead to 
good crop production (Omovbude et al. 2019). With 
soil nutrient deficiency, weakly structured, low re-
tention, and water holding and retention capacity 
will be a limitation to support the growth of maize 
(Adzemi et al. 2017).

5.   Post Management of Spent Mushroom Substrates
Generally, spent mushroom substrate or spent 

mushroom compost is generated by the cultivation 
of mushrooms (Li et al. 2017). Its management has 
become challenging for the mushroom producer in 

Figure 2. Flow for the management of oil palm biomass.
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terms of economically sustainable and environmen-
tally solutions for this organic residue (Paula et al. 
2017) and has become an abundant agricultural waste 
(Othman et al. 2020) that will bring to serious envi-
ronmental problems at the end of mushroom culti-
vation (Martin et al. 2023). This waste would most-
ly be made of cellulose material that can continue 
to be decomposed after being used for the mush-
room cultivation (Sun et al. 2021). Interestingly, 
many researchers start to highlight the potential of 
spent mushroom substrates compost such as reusing 
for mushroom cultivation (Cunha Zied et al. 2020), 
applying it on soil as plant development support-
ing material (Mwangi et al. 2024) and converting 
it into animal feed or fertiliser (Umor et al. 2021). 
The diagram concludes on the flow from the pro-
cess of oil palm biomass converting into mushroom 
substrate by composting and lastly being reused for 
soil amendment of crop cultivation (Omovbude et 
al. 2019; Triyono et al. 2019; Cunha et al. 2020).

5.1 Effect of Spent Mushroom Substrates on Phys-
iochemical Properties of Soil 

Spent mushroom substrates can be fantastically 
used in horticulture or agriculture, helping to reduce 
the use of non-renewable resources such as peat 
soils (Paula et al. 2017), to be used as a soil fertil-
iser (Umor et al. 2021) and positively influence soil 
properties for plant cultivation (Cunha Zied et al. 
2020). It also contains nutrients that are important 
for the health of the field, such as nitrogen, phos-
phorus, and potassium (Madrim 2018; Othman et 
al. 2020). It can also be a good mobilizer of phos-
phate, allowing the highest uptake of phosphate by 
the root and transfer to the leaves (Roy et al. 2015). 
The optimal application of spent mushroom sub-
strate has a positive effect on the utilisation of car-
bon sources in the soil (Li et al. 2020). Nutrients P 
and K increase over time, while C and N decrease 
over time (Ashrafi et al. 2014). The results showed 
that the available and total nitrogen, potassium and 
phosphorus content increased significantly when the 
soil was mixed with 39%, 24%, 17%, 28%, 18% and 
70% of the residual substrate of V. volvacea after 
one to three weeks, and slowly decreased thereafter 
(Yang et al. 2017). The result of using mushroom 
substrates was improved by adding chicken manure 
to promote the composting of these wastes (Tao et 

al. 2022). On the other hand, the used mushroom 
substrates increase soil pH by 1.0 − 1.2 units com-
pared to untreated soil (Lipiec et al. 2021). A study 
has shown that fresh mushroom substrate has a pH 
of 6.2 and increases to 7.2 after conversion to bio-
char (Lou et al. 2017). On the other hand, the pH 
of oyster mushroom substrate was slightly acidic at 
5.06 (Owaid et al. 2017) and that of button mush-
room substrate was quite alkaline at 7.6 (Carpio 
et al. 2023). Wei et al. (2020) found that the spent 
mushroom substrate has a positive effect on soil pH. 
Another study showed that the pH decreases when 
using spent mushroom substrates, but the electri-
cal conductivity of the soil increases (Van & Wang 
2015). The higher pH of spent mushroom substrates 
was 7.8 − 8.1, which favours acidic soils (Velusami 
et al. 2022) and this value increases with a higher 
number of spent mushroom substrates (Ashrafi et al. 
2014).

5.2 Effect of Spent Mushroom Substrates on 
Phosphorus Availability in Soil

The waste from mushroom cultivation contains 
abundant nutrients, including organic matter, phos-
phorus (P) and nitrogen (N), which can provide nu-
trients to the soil (Lou et al. 2015). They can also be 
converted into fertilisers by using methods such as 
composting and vermicomposting, which can avoid 
or reduce the use of chemical fertilisers (Rajavat et 
al. 2022). Theoretically, the mushroom substrate, 
which is already mixed with nutrients, can serve as 
a nutrient cycle and increase the bioavailability of 
nutrients to the soil (Hu et al. 2021). A study has 
proven that it is a good substitute for fertiliser with-
out any negative impact on the crop (Hacket 2015). 
The nutrient content of spent mushroom substrates 
was higher compared to standard media or peat soil 
(Catal & Peksen 2018). Application of spent mush-
room substrates at 40 or 20 t/ha increases phospho-
rus availability in the soil (Gerdelidani & Hosseini 
2017). The application of 12 t/ha of spent enoki 
substrate and 10 t/ha of spent button substrate was 
effective in supplying phosphorus after deducting 
chemical fertilisers (Chen et al. 2022). The applica-
tion of spent mushroom substrates to the soil with or 
without the addition of fertiliser resulted in the same 
total phosphorus content of 0.21 g/kg (Kwiatkowska 
& Joniec 2022). Phosphorus analysis of spent button 
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mushroom and oyster mushroom showed a content 
of 6.80 g/kg and 3.74 kg, respectively (Paredes et 
al. 2016). Carpio et al. (2023) found a low available 
phosphorus content of 1.14 g/kg in compost from 
button mushrooms and another researcher found 
a lower phosphorus content in compost from oyster 
mushrooms, which was 0.8 mg/kg (Wiafe-Kwagyan 
& Odamtten 2018). The percentage of phosphorus 
in the spent mushrooms increases with the time of 
composting after mushroom cultivation as found in 
this study, which was 0.35% phosphorus in 1 month 
and up to 0.65% in 3 months (Ashrafi et al. 2014).

5.3 Effect of Spent Mushroom Substrates on Various 
Crop Cultivation

Mixing the mushroom substrates for growing 
other crops would be helpful to achieve healthier 
plants and higher yields (Jasińska 2018). Some 
spent mushrooms also have a high nitrogen content 
(Owaid et al. 2017) and are also a good material for 
nutrient conservation in the soil (Lou et al. 2015) 
that will promote plant development and lead to 
successful crop production. A study has shown that 
the application of 15 tonnes of compost from spent 
mushrooms per hectare has a good effect on the 
yield of barley and as a nitrogen supplier (Hacket 
2015). The application of spent mushrooms as a top 
dressing in vegetable cultivation shows good results 

for productivity (Zied et al. 2021). A study on let-
tuce shows that the application of substrates from 
mushroom waste gives the same results as the appli-
cation of mineral fertilisers (Paredes et al. 2016) and 
a study also shows a good development of the lettuce 
crop when applying 45% or 75% of substrates from 
mushroom waste (Marques et al. 2014). On the other 
hand, the use of spent mushroom substrate from 
button and oyster mushrooms was found to increase 
the development of Capsicum annuum L. (Roy et 
al. 2015). One study concluded that aged mushroom 
substrates is more suitable for plant production than 
fresh mushroom substrates (Demir 2017). The use 
of mushroom substrates is suitable as a substitute 
for synthetic fertilisers in maize cultivation (Alves 
et al. 2022). Table 2 focuses on the effect of spent 
mushroom on different setups using spent mush-
room substrates.

5.3.1 Effect of Mushroom Substrates on Growth 
and Photosynthesis Rate of Maize

Spent mushroom substrates (SMS) have gained 
attention for their multifunctional role in agricul-
ture, particularly as a carrier for plant growth-pro-
moting microbes (Othman et al. 2020), which can 
enhance plant growth and yield (Yu et al. 2019). It 
can also act as a slow-release fertiliser that causes 
efficient nutrient uptake, which promotes good plant 

T  a  b  l  e   2

Effect of various types of spent mushroom substrates to maize crop at different area 

Area Recommended doses Spent mushroom 
application Respond Reference 

Mushroom Research Centre, 
Solan, India

15 t/ha of spent 
mushroom compost Button mushroom 6.6 t/ha (Yadav et al. 2015)

Faculty of Chemistry, 
University of Technology 
Smoluchowskiego, Poland

0.3 t/ha spent 
mushroom compost − 6.4 t/ha grain (Tuhy et al. 2015)

Agricultural Sciences and a 
Sustainable Environment, 
Pennsylvania State 
University, Berks Campus, 
Pennsylvania, U.S.

50 t/ha of spent 
mushroom compost

Fresh mushroom 
substrate

Increase the yield 
compared to the 

control
(Coles et al. 2020)

Gorowong Village, 
Parungpanjang District, Bogor 
Regency, West Java

45 t/ha Vermicompost 
mushroom substrate

31.7 g of 100 seed 
grains 

(Purnawanto et al. 
2022)

College of Agriculture, MSU, 
Marawi City 20 t/ha Half-dry spent 

mushroom 4.28 t (Ambos & Calipusan 
2017)

Department of Pathology, 
Federal Research Institute of 
Nigeria

27 kg/ha Hydroponic geminate 
stage 

1.8 cm higher than 
chemical fertiliser 

treatment

(Oluwabamiro et al. 
2023)
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development with sufficient nutrients (Muchena et 
al. 2021) and neutralises the pH of the soil, which 
has a positive effect on plant growth (Coles et al. 
2020; Oluwabamiro et al. 2023). One researcher 
found that the mushroom compost consumed in-
creased the potassium content in the soil and was 
also high in the analysis of leaf uptake (Alves et 
al. 2022). A study conducted at the early stage of 
maize in 8 days using spent mushroom substrates in 
a hydroponics plant gave 750 g fresh weight, 400 g 
dry weight, 11.6 cm plant height, and the highest 
results in maize, fibre and ash compared to NPK and 
control (Oluwabamiro et al. 2023). Another study 
conducted up to the maturity stage, applying 2.5 
t/ha of spent mushrooms with 2.5 t/ha of chicken 
manure, showed a 20% increase in leaf index com-
pared to the control and a plant height of 246.9 cm 
compared to the control (159 cm) (Omovbude et al. 
2019). The application of compost from spent mush-
rooms to the plant appeared to increase chlorophyll 
content, which is a sign of a high photosynthetic rate 
of the leaf (Roy et al. 2015; Salachna et al. 2021), 
and the use of vermicompost from spent mushroom 
substrate had the same effect on the increase in chlo-
rophyll content (Duggan 2015).

CONCLUSIONS

The growing demand for agricultural products 
has significantly increased biomass waste genera-
tion, posing environmental challenges if not effec-
tively managed. This study highlights the potential 
of repurposing oil palm biomass, specifically empty 
fruit bunches (EFB) and oil palm fronds (OPF) as 
substrates for Volvariella mushroom cultivation, of-
fering a sustainable approach that not only improves 
mushroom yield and biological efficiency but 
also contributes to circular agricultural practices.  
Furthermore, the reuse of spent mushroom sub-
strates (SMS) as a soil conditioner for maize demon-
strates promising benefits for soil health and crop 
growth. However, existing research remains limited 
and sometimes yields inconsistent results. To fully 
realize the potential of these practices, further stud-
ies are needed to optimize substrate formulations, 
assess the long-term agronomic and environmental 
impacts, and evaluate their scalability. Advancing 

this line of research will contribute to more sustain-
able and resource-efficient agricultural systems by 
reducing biomass waste and enhancing overall pro-
ductivity.
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