Exploring feasibility of cultivating edible mushroom using cotton textile waste: A sustainable approach
N. N. Doray* , I. S. Hewage2 , K. G. N. H. Weerasinghe2 , S. M. Young1 , R. U. Halwatura2, 
1. Department of Environmental Technology, Faculty of Technology, University of Colombo, Techno city, Pitipana, Homagama, Sri Lanka.
2. Department of Civil Engineering, Faculty of Engineering, University of Moratuwa, Moratuwa, Sri Lanka
*Corresponding author – doraynelisha@gmail.com 
Abstract 
In developing countries, a larger number of cotton textile waste is generated annually.  The study was conducted to determine sustainable way to upcycle cotton textile waste while enhancing food production. Pleurotus ostreatus (oyster mushroom) grown in black and white cotton textile wastes by mixing ratios (25%, 50%, 75% and 100%) with the saw dust were tested for efficiency in mushroom production. The data of 3 flushes were recorded. Results of study found that oyster mushroom can grow on cotton waste with varying performances. The highest total quantity yield, economic yield and biological efficiency were obtained in 25% - 50% white cotton substrate. These 9 treatments were statistically different from each other P<0.05. The study also conducted to determine concentration of heavy metals Cu, Cr, Pb and Cd in oyster mushrooms by atomic absorption spectrometry after dry acid digestion. The levels of heavy metals ranged from 0.08 – 0.2 mg/kg for Cu, 0.01 – 0.09 mg/kg for Cr, 0.01 – 0.13 mg/kg for Pb and 0.05 – 0.13 mg/kg for Cd. All samples were below the recommended limits set by WHO/FAO. The estimated daily intake of metals calculated and compared with tolerable daily intake. None of the values obtained here are considered health risks because a large amount of mushroom should be consumed for heavy metal toxicity to kick on. The study recommends 25% - 50% white cotton textile waste as sustainable substrate for cultivation of oyster mushroom. It also suggests that there is a need for further experiments on various aspects of mushroom cultivation. 
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1. Introduction 
The number of textiles producing globally has doubled due to fast fashion in apparel industry. There are more than 100 billion units, discarded into environment, normally 25% of textile waste are recycled or refurbished and 73% of them are incinerated or sent to landfill (Harper and Moody., 2023; Ronac et al., 2023). The disposal of large amounts of textile waste is a major environmental problem that negatively affects air, water, and soil quality (Costa et al., 2020; Niinimȁki etal., 2020). To combat these negative effects, a sustainable approach is to recycle and repurpose textile waste into eco-friendly materials using the principles of the circular economy (Indrani et al., 2024; Ribul et al., 2021). From this research transform waste textiles into useful products that reduce carbon emissions and decrease the need for new raw materials. A groundbreaking solution to address this issue is to cultivate mushrooms from textile waste. The textile waste as mushroom culture media, there are some similarities between natural fiber and textiles fibers such as fiber structure, and also fiber durability and moisture retention that essential for mycelium growth environment. By exploring this possibility, the industry can not minimize its environmental impact but also maximize the potential of waste materials for sustainable development (Nasir et al., 2017). This research investigated to determine the suitability of different types of cotton textile waste for mushroom cultivation. To optimize substrates, the study investigated various pretreatment procedures, including sterilization and nutrient supplementation. Using textile waste as a substrate for mushroom growth offers a unique opportunity to tackle two critical issues simultaneously: textile waste management and food security (La Rosa and Grammatikos., 2019; Cunha Zied et al., 2020). The study examined the feasibility, challenges, and benefits of using textile waste as a substrate for mushroom cultivation, with a focus on innovative waste management solutions and their implications for addressing environmental and social challenges in the modern world. 
A lot of researchers around the world, including the Sri Lanka, have been studying how to grow mushrooms from different kinds of waste, such as farm waste, industrial waste, and solid waste from cities (Wag mare., 2021). By reviewing international and national scenario of this research combination of cotton waste, rice straw, and wheat bran as a substrate for oyster mushroom cultivation reached acceptable yield and increased biomass production and economic feasibility (Kamthan and Tiwari, 2017). Another study was done using cotton waste with agricultural residues like sugarcane bagasse, maize and weed straws, water hyacinth and coir pith to develop a composite substrate for oyster mushroom cultivation. In the results that substrate is efficient, can use for mushroom cultivation (Ram and Sinha, 2007; Khound et al., 2024). Recently, people have become more interested in organic farming, sustainability and finding new ways to use waste, like growing edible mushrooms. This study's main objective is to find out if it's possible to grow edible mushrooms on cotton textile wastes.
In the past few years, mushroom cultivation has increased demand as a sustainable agricultural practice that can help to reduce waste (Prajapati et al., 2022). This research offers number of benefits beyond traditional agriculture, including the addition of textile waste into mushroom cultivation. By doing so, it creates a circular economy model that promotes sustainable practices (Eriksson., 2017). Mushrooms not only provide nutritious and protein-rich food sources, but they also offer opportunities for bioremediation and environmentally responsible management by using agricultural waste substrates (Baldrian et al., 2005 ; El-Ramady et al., 2022).  Overall, the combination of mushroom cultivation and textile waste has the potential to revolutionize sustainable agro-industrial practices by promoting economic opportunities, fostering ecological resilience, and increasing nutritional diversity. Specifically, assessed the biological efficiency to evaluate how efficiency of substrate in supporting mushroom growth and development, the potential of accumulating heavy metal in mushroom fruiting bodies assessed to ensure food safety, yield and economic feasibility of this approach (Zhu et al., 2011; Llorente-Mirandes et al., 2016). By understanding potential of textile waste as a mushroom substrate. This research will provide valuable insights into feasibility, environmental impact and economic feasibility of this sustainable approach to waste upcycling and food production.
2. Materials and methods
The experiment was conducted to assess the feasibility of using cotton textile waste as a substrate for oyster mushroom (Pleurotus ostreatus) cultivation. The study was carried out focusing on the preparation of substrates, inoculation, and monitoring of mushroom growth. Various ratios of cotton textile wastes were tested to determine how their impact on yield efficiency. Also heavy metal concentrations in harvested mushrooms were analyzed to ensure compliance with food safety standards. The experimental design and data collection methods were carefully designed to ensure accuracy of results.  
2.1 Treatment details 
The study was conducted at the laboratory of the Department of Environmental Technology at the Faculty of Technology, University of Colombo, Mahenwatta, Pitipana, Homaagama, Sri Lanka (6.8174˚ N, 80.0450˚ E), from August to December 2024. The experiment was laid in Completely Randomized Design (CRD) with 9 treatments (control (C), 25% white cotton (TW1), 50% white cotton (TW2), 75% white cotton (TW3), 100% white cotton (TW4), 25% black cotton (TB1), 50% black cotton (TB2), 75% black cotton (TB3) and 100% black cotton (TB4) and 4 replicates per treatment. 
2.2 Substrate preparation and growth condition 
Cotton textile waste shredded into small pieces using shredder. Made substrate compositions with mixing albizia sawdust and nutrition supplements like rice polish, MgSo4, multigrain flour and dolomite which serves as the control substrate for mushroom cultivation. 575 g of substrates were transferred to individual polypropylene bags (7×14 inches). The opening of each bag was tied and plugged PVC ring and cotton swabs (Zoysa LDM et al., 2020). The substrates were sterilized for 3 hours and allowed to cool them to room temperature (25℃). Each bag was inoculated with a two-tea spoonful of spawn prepared in paddy seed substrate under sterile conditions. Then bags were moved to dark room and after spawning shift to production room. The opening of the bags were watered 3-4 times a day and maintained relative humidity between 80% - 85% (Oei and Mass 2003). 
3. Observations 
The yield data were collected over 3 flushes. The data of growth attributes for 1st, 2nd and final harvest were taken from observations. Fruiting bodies were weighed and measured for pileus diameter and stipe length after each harvest and quantity of harvested in all three flushes. The biological efficiency (BE%) of harvest were calculated as following formula:
     (Gimray et al., 2016)
Biological efficiency factor of the growth media is 100% of the substrate, without any other supplements or water, to observe the initial potential of waste and the right supplement that has feasibility to more mushrooms production to increase the productivity of cultivation. 

4. Data collection and analysis 
Physical attributes including stipe length (cm), pileus diameter (cm) were measured as shown in Figure 1 and yield parameters like number of clusters and yield weight (g) of mushrooms were recorded. These characters are important indicators of mushroom quality and marketability.
 To evaluate heavy metal accumulation in mushroom yield using flame and graphite furnace atomic absorption spectrometer (AAS), the following method of digestion was used. Each mushroom sample was individually cut into pieces and oven dry at 70℃ until reach constant weight. 1g of dried mushroom powder from each sample weighed into beaker and 6ml of nitric acid (65%), 1 ml of Hydrogen Peroxide (30%) and 1 ml of sulfuric acid (30%) were added. Placed mixture into hot plate and heated up to 150℃. Continued temperature until fumes appears and complete digestion of organic matter. Allowed it to cool, diluted acid solution with 25 ml DI water. The digested samples were placed in to centrifuge tubes and vortex it. Then all the digested samples were filtered separately to remove remaining insoluble particles. (Dospatliev and Ivanova, 2017).  
[image: ]
Figure 1: Measurement of morphological features a) Color, b) Diameter, c) Length
5. Results 
The results of time required for mycelial running, pin-head formation and flushing intervals are showed in Figure 2 and 3. The mycelial growth was faster on 75% and 100% white cotton substrates (23.35 days) than other substrate compositions.
C - Control
TW1 – 25% white cotton 
TW2 – 50% white cotton 
TW3 – 75% white cotton
TW4 – 100% white cotton


Figure 2 : Time elapsed for mycelia running, pin head formation and maturity of fruiting bodies of oyster mushrooms under white cotton substrates

C     - Control
TB1 – 25% black cotton
TB2 – 50% black cotton
TB3 -  75% black cotton 
TB4 – 100% black cotton 
Figure 3 : Time elapsed for mycelia running, pin head formation and maturity of fruiting bodies of oyster mushrooms under black cotton substrates



The interim period of pin-head formation varied with substrates, ranging from 31.62 to 40 days after spawning. Pin-head formation occurred quickly in control substrate (31.62 days), relatively longer time taken in 100% black cotton substrate (40 days). The observations of flushing intervals were recorded as days taken from spawning to first yield, first yield to second yield and second yield to third yield of oyster mushroom shows the comparison of marginal means between tested substrates. The average number of days taken for first harvest were between 36-42.25 days. The earliest harvest was noted on 75% white cotton and Control substrates (35 - 36 days). 75% black cotton substrate was the highest number of days taken for first yield. This demonstrate that amount of cotton can easily affect the formation of fruiting bodies and substrate might be too packed. But once mushroom produced, cotton can provide the nutrients that needed to produce a good harvest. 
5.1 Impacts of substrate on physical attributes
A mushroom body with shorter stipe length and diametrically larger pileus are commercially regarded more desirable. Physical attributes like pileus diameter and stipe length of yield depends according on nutrient availability which depends on substrate type. The Figure 4: impact of substrate on pileus diameter and Figure 5: impact of substrate on stipe length shows clear interconnection between pileus diameter and stipe length that depends of the substrate used.
C - Control
TW1 – 25% white cotton
TW2 – 50% white cotton
TW3 – 75% white cotton
TW4 – 100% white cotton
TB1 – 25% black cotton
TB2 – 50% black cotton
TB3 – 75% black cotton
TB4 – 100% black cotton
Figure 4 Impact of substrate on pileus diameter





C - Control
TW1 – 25% white cotton
TW2 – 50% white cotton
TW3 – 75% white cotton
TW4 – 100% white cotton
TB1 – 25% black cotton
TB2 – 50% black cotton
TB3 – 75% black cotton
TB4 – 100% black cotton

Figure 5 Impact of substrate on stipe length


The control and textile waste treatments continuously performed better than traditional substrates. The decreasing sizes in both pileus diameter and stipe length across 3 yields indicate that using the same substrate continuously can limit long term yield performance. Nutrients of these substrates are running out or some substance in black cotton affects to the mushrooms. Therefore, improving the nutrition in the substrate can maintaining good yield quality over time. There is a significant difference between substrate types Vs stipe length and pileus diameter (P < 0.05). It means that the substrate types significantly affected to increase the stipe length. Further, the pileus diameter also indicates no significant differences P < 0.05. 

5.2 Quantity of harvest                                                              
Figure 6: shows the quantity of harvests were varied significantly on different substrates in all three flushes. There are significant showed in all 3 yields across there treatments P<0.05. In first flush, highest quantity of harvest (373.76 g) was obtained on 25% white cotton substrate. In second flush, 50% white cotton substrate (196.25 g) obtained highest yield. In the same flush the lowest yield was obtained 75% black cotton substrate (88.23 g). in the 3rd flush highest yield was obtained again 25% white cotton substrate (191.25 g), the lowest yield was recorded on 100% black cotton substrate (79 g) and 100% white cotton substrate (95.77 g). overall, in terms of production, white cotton substrate could be considered as best substrates. The black cotton may contain dyes, chemicals or pigments that used in manufacturing process could be toxic to mycelium or inhibit enzymatic activity which essential for substrate degradation. Also, black cotton can absorb more heat than white cotton. This may not seem significant but slight changes of temperature affects mycelial metabolism and moisture retention.

Figure 6 : Impact of substrate on mushroom yieldC - Control
TW1 – 25% white cotton
TW2 – 50% white cotton
TW3 – 75% white cotton
TW4 – 100% white cotton
TB1 – 25% black cotton
TB2 – 50% black cotton
TB3 – 75% black cotton
TB4 – 100% black cotton

5.3 Yield efficiency
Table 1 shows yield efficiency is to evaluate efficiency of converting waste into biological yield harvested to dry weight of each substrate. 


Table 1 : Statistical analysis for yield efficiency of mushroom yield grown on different substrate types
	Substrate type 
	Yield efficiency

	 C
	 0.4288 ± 0.0512ab

	TW1
	0.4509 ± 0.0388a

	TW2
	0.3991 ± 0.0155abc

	TW3
	0.3717 ± 0.0132abc

	TW4
	0.3181 ± 0.0182abc

	TB1
	0.3585 ± 0.0472abc

	TB2
	0.3657 ± 0.0479abc

	TB3
	0.2566 ± 0.0342bc

	TB4
	0.2348 ± 0.0373c

	p-value
	0.001










The highest percentage of yield efficiency was obtained by 25% white cotton substrate. The least percentage of yield efficiency was obtained in 100% black cotton substrate. This is because black cotton substrate contains low protein levels or it’s dye reactions to growth, making it unsuitable for mushroom cultivation. The analysis shows that the substrates control and 25% white cotton substrate have the highest yield efficiencies, averaging 45%. There is a negative relationship between substrate cotton percentage and weight of the mushroom yield, when cotton percentage increases the yield decreases. A substrate ratio of 25% - 50% white cotton substrate recommended for sustainable mushroom cultivation that promoting effective waste management and resource utilization. 
5.4 Concentration of heavy metals in mushroom samples 
The means of relative concentrations of Cu, Cr, Pb and Cd heavy metals for 3 mushroom yields are summarized below. 
The heavy metal concentration of 1st yield among all treatments ranged from 0.08 - 0.14, 0.01 - 0.04, 0.01 - 0.02 and 0.05 - 0.13 mg/kg respectively for copper, chromium, lead and cadmium. The concentrations of heavy metals for 2nd yield among all treatments ranged from 0.05 - 0.2, 0.01 - 0.06, 0.02 - 0.08 and 0.10 - 0.13 mg/kg respectively for copper, chromium, lead and cadmium. The heavy metal concentration of 3rd yields among all treatments ranged from 0.08 - 0.25, 0.02 - 0.09, 0.03 - 0.13 and 0.08 - 0.14 mg/kg respectively for copper, chromium, lead and cadmium.
The order of concentrations of heavy metals in mushroom yield was found to be Cu>Cr>Cd>Pb. 

Figure 7 : Relative copper concentration of different mushroom yield







Figure 8 : Relative chromium concentration in different mushroom yields

Figure 9 : Relative lead concentration of different mushroom yields









Figure 10 : Relative cadmium concentration of different mushroom yield
The concentrations of heavy metals (Cu, Cr, Pb, and Cd) in mushroom samples shows variations based on substrate composition, as illustrated in Figures 7 to 10. All values remained within the maximum permissible limits of heavy metal concentration in food that set by WHO/FAO. According to WHO/FAO limits maximum permissible heavy metal concentrations are as following Table 2.
Table 2: WHO/FAO maximum permissible limits of heavy metal concentration on food (WHO, 1989)
	Heavy metal
	FAO/WHO maximum permissible values (mg/kg)


	Cu
	73.3

	Cr
	0.5

	Pb
	0.3

	Cd
	0.2



6. Discussion
As the finding of this study the growth of Pleurotus mycelium was relatively faster on 75% white cotton substrate and 100% white cotton substrate compared to other substrate compositions. On average it took about 23 days for mycelium to run on each substrate. The variation in the number of days a spawn takes to complete colonization of a given substrate is a function of the fungal strain, growth conditions and substrate type (Gimray et al., 2016). This variation could be attributed to the chemical composition and Carbon to Nitrogen ratio (C: N) of the substrates used. Mushroom mycelium requires specific nutrients for its growth, the addition of supplements can thus increase mushroom yield through the provision of these specific nutrients. The time required for pin-head formation appeared about 6 days after fully mycelium development. In this, all over the cropping period for oyster mushrooms the time elapsed between spawn inoculation and maturity of fruiting bodies varied for each of the different substrate compositions used, ranging from 23 days to 44.75 days. The variation in cropping period among different substrates could emanate from variations in the time elapsed for the formation of pinheads, maturation of fruiting bodies, flushing intervals and yield caused by the nature of substrates, because the constant temperature, humidity and light controlled to each substrate equally. 
Before determining the yield of oyster mushrooms, measurements were taken on the physical attributes like stipe length and pileus diameter of various substrate types. The use of different substrate compositions are not significant in stipe length and pileus diameter. The Number of fruiting bodies was significantly higher in 100% white cotton substrate in the first yield than in other substrates. The lowest number of fruiting bodies were found in 100% black cotton substrate. The study confirmed that the use of different substrates brought a significant (P < 0.05) effect on the biological and economic yield of oyster mushrooms. The largest yield was harvested from 25% white cotton substrate, the least was obtained from 100% black cotton substrate. Similarly, the biological efficiency also varied significantly among the different substrates used. The performance of oyster growth and yield in 75% black cotton and 100% black cotton substrate was minimal. This could be because the Cr concentration and color of the substrate cause growth inhibition. And low in protein content and thus insufficient for the cultivation of mushrooms.

The t-test performed at 95% confidence interval revealed statistically significant difference between the heavy metal content among all treatments in all 3 yields since p<0.05. The joint FAO/WHO expert committee on food additives has established Tolerable Daily Intake (TDI) µg/kg per person of 60kg in weight allowing to be consumed 1000, 300, 3 and 1 µg/kg respectively for Cu, Cr, Pb and Cd can be eaten per day without no significant risk (Riina et. al., 2006). The Estimated Daily Intake (EDI) values for all measured heavy metals form mushroom consumption are 0.1, 0.42, .58 and 0.6 µg/kg for Cu, Cr, Pb and Cd significantly below the TDI limits. This shows that consuming mushroom grown on cotton waste substrates minimum immediate health risks in terms of heavy metal exposure. 
7. Conclusion 
The study certifies that cotton textile waste is suitable substrate for mushroom cultivation. The optimal mushroom growth was observed with a white cotton substrate ratio of  25% to 50% agricultural waste resulting high yields. Conducted heavy metal analysis shows that mushroom samples were below WHO/FAO safety limits, confirming that safety of using cotton textile waste. The benefits of using cotton waste as substrate includes sustainability and waste reduction, challenges exist regarding substrate quality and potential residual chemicals. Future research should be focused on effects of fabric dye absorption on heavy metal uptake and finding improved substrate combinations to enhance cultivation practices, feasibility studies for different mushroom varieties and availability of different toxic contaminants including heavy metals. Overall result of this study states that the potential of cotton waste in promoting sustainable food production. 
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e
cd

0.251	0.315	6.2899999999999998E-2	0.52500000000000002	0.44	0.41599999999999998	0.12	0.28299999999999997	0.218	0.251	0.315	6.2899999999999998E-2	0.52500000000000002	0.44	0.41599999999999998	0.12	0.28299999999999997	0.218	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	8.766	6.2350000000000003	6.8250000000000002	7.9749999999999996	7.24	9	5.78	5.2930000000000001	6.86	Stipe length yield 3	cd
b
a
cd
d
bc
bcd
cd
bc

0.192	0.44600000000000001	0.7	0.252	0.35399999999999998	0.28399999999999997	0.41	0.27200000000000002	0.44400000000000001	0.192	0.44600000000000001	0.7	0.252	0.35399999999999998	0.28399999999999997	0.41	0.27200000000000002	0.44400000000000001	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	5.9269999999999996	8.1519999999999992	10.3	6.3029999999999999	5.1829999999999998	7.4829999999999997	6.8630000000000004	5.9569999999999999	7.31	Treatments


Stipe length (cm)




1st Yield	a
ab
bc
bc
bc
bc
c
d
d

3.49	3.56	4.42	1.4	2.5	3.78	3.62	4.63	1.47	3.49	3.56	4.42	1.4	2.5	3.78	3.62	4.63	1.47	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	88.16	78	57.64	60.23	62.5	58.88	63.1	36.119999999999997	37.770000000000003	2nd Yield	a
a
ab
abc

cd
cd
bcd
cd
d

2.93	4.41	2.5	1.64	2.11	0.3	3.36	0.35	2.34	2.93	4.41	2.5	1.64	2.11	0.3	3.36	0.35	2.34	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	57.65	53.33	57.5	38.270000000000003	38.68	45.3	30.88	25.35	37.659999999999997	3rd Yield	a
ab
ab
abc
abc

abc
bc
bc
c

3.04	1.1499999999999999	4.79	0.23	2.77	3.44	5.0999999999999996	1.3	3.1	3.04	1.1499999999999999	4.79	0.23	2.77	3.44	5.0999999999999996	1.3	3.1	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	52.56	43.85	44.46	50.44	32.770000000000003	38.14	50.11	34.31	26.9	Treatments


Weight (g)




Yield no 1	d
abc
abc
cd
bcd
abc
ab
bc
a

4.07	0	2.2999999999999998	7.31	3.91	5.99	4.6399999999999997	5.67	7.72	4.07	0	2.2999999999999998	7.31	3.91	5.99	4.6399999999999997	5.67	7.72	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	87.7	121.7	130.5	101.72	111.52	128.66999999999999	137.02000000000001	118.93	147.38	Yield no 2	f
b
a
c
d
e
e
e
c

0.76	1.1100000000000001	1.43	2.35	4.12	5.5	1.42	0.12	3.65	0.76	1.1100000000000001	1.43	2.35	4.12	5.5	1.42	0.12	3.65	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	53.77	170.13	205.23	141.69999999999999	123.52	99.4	107.23	103.77	147.55000000000001	Yield no 3	cd
cd
d
c
c
c
b
b
a

5.35	3.67	1.19	5.23	4.03	2.61	1.71	2.6	2.25	5.35	3.67	1.19	5.23	4.03	2.61	1.71	2.6	2.25	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	96.37	100	88	105.57	110.15	108.8	155.07	159.1	255.7	Treatment


Concentration µg/kg




Yield no 1	b
c
bc
a
bc
bc
bc
bc
a

1.77	2.4500000000000002	1.23	3.23	1.8	2.38	1.25	2.02	2.06	1.77	2.4500000000000002	1.23	3.23	1.8	2.38	1.25	2.02	2.06	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	27.27	16.62	18.690000000000001	41.13	22.05	17.45	22.23	22.99	39	Yield no 2	bc
e
cd
bc
d
e
a
ab
d

0	1.17	2.2000000000000002	2.21	1.47	0.16	3.34	0.04	1.33	0	1.17	2.2000000000000002	2.21	1.47	0.16	3.34	0.04	1.33	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	53.21	19.46	44.45	51.09	37.47	25.27	67.5	59.1	39.909999999999997	Yield no 3	a
c
bc
bc
b
bc
c
bc
bc

6.77	2.72	5.59	2.72	0.27	4.1900000000000004	4.6100000000000003	5.55	4.09	6.77	2.72	5.59	2.72	0.27	4.1900000000000004	4.6100000000000003	5.55	4.09	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	98.17	27.92	41.87	44.25	63.68	44.23	34.57	46.41	44.01	Treatment


Concentration µg/kg




Yield no 1	bc
c
ab
c
a
c
c
abc
c

2.39	0.56999999999999995	4.28	0.71	2.29	2.1	1.44	2.97	1.4	2.39	0.56999999999999995	4.28	0.71	2.29	2.1	1.44	2.97	1.4	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	16.899999999999999	14.23	26.77	11.23	27.27	11.35	14.52	19.18	12.35	Yield no 2	d
bc
a
a
de
ab
ab
cd
e

2.16	2.4900000000000002	3.17	1.56	3.4	0.91	4.57	5.13	2.35	2.16	2.4900000000000002	3.17	1.56	3.4	0.91	4.57	5.13	2.35	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	42.95	62.5	85.15	77.569999999999993	41.47	70.099999999999994	75.05	51.23	26.68	Yield no 3	b
cd
b
cd
d
a
cd
c
cd

3.75	1.52	2.4300000000000002	0.27	3.78	2.21	0.61	2.88	2.74	3.75	1.52	2.4300000000000002	0.27	3.78	2.21	0.61	2.88	2.74	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	86.77	38.630000000000003	81.08	41.25	32.75	136.35	47.67	48.53	43.26	Treatment


Concentration µg/kg




Yield no 1	a
b
a
bc
bc
ab
d
cd
d

1.45	5.41	3.71	2.61	11.7	7.58	5.46	3.22	5.68	1.45	5.41	3.71	2.61	11.7	7.58	5.46	3.22	5.68	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	130.85	102.36	133.46	95.87	99	115.13	58.8	73.67	58.84	Yield no 2	ab
ab
ab
ab
b
a
ab
b
ab

2.66	5.91	4.88	6.82	0.90300000000000002	8.07	4.7300000000000004	6.17	7.78	2.66	5.91	4.88	6.82	0.90300000000000002	8.07	4.7300000000000004	6.17	7.78	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	128.46	130.80000000000001	119.12	114.1	101.68	136.69999999999999	125.36	108.58	115.14	Yield no 3	a
bcd
bcd
cd
d
ab
cd
abc
abc

1.71	11.2	4.6399999999999997	0.1	2.34	1.3	6.31	2.64	8.11	1.71	11.2	4.6399999999999997	0.1	2.34	1.3	6.31	2.64	8.11	C	TW1	TW2	TW3	TW4	TB1	TB2	TB3	TB4	140.65	106.3	108.56	100.01	84.3	135.41999999999999	103.94	122.39	116.24	Treatment


Concentration µg/kg




C	Mycelium running	Pin-head formation	Maturity of fruiting bodies (1st yield)	2nd yield	3rd yield	23.5	31.62	36	42.12	49.62	TW1	Mycelium running	Pin-head formation	Maturity of fruiting bodies (1st yield)	2nd yield	3rd yield	23.33	32.33	36.659999999999997	43.66	52	TW2	Mycelium running	Pin-head formation	Maturity of fruiting bodies (1st yield)	2nd yield	3rd yield	24	32.5	37	44	51.25	TW3	Mycelium running	Pin-head formation	Maturity of fruiting bodies (1st yield)	2nd yield	3rd yield	23.25	32	36	43.5	51.25	TW4	Mycelium running	Pin-head formation	Maturity of fruiting bodies (1st yield)	2nd yield	3rd yield	23.25	33.75	38	45	51.75	Mushroom cycle stages


Days
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