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Abstract

The question I was trying to answer is how does the amount of water affect the growth of

mushrooms? The experiment I designed to try and answer the question was I bought 3 kits

online, to test 3 treatments, which were dehydrating mushrooms, a control of just doing the kits

directions, and drowning the third set. In my first round, I didn't let all the mushrooms grow first

before testing the effect of the water amounts, so only the dehydrated set grew. From my statiscal

test, ANOVA, I got a p-value of 1.1102e-16, which is lower than 0.05, which says that one or

more of the treatments are significantly different, which were just the dehydrated mushrooms

and the two that didn't get any results according to the Tukey HSD Results. In my second round,

I improved my process to get results from all the treatments. So I got the kits growing before I

did the treatments to them. But my results were all rather close, so I think my treatments weren't

significant enough to have them turn out different. From my statiscal test, ANOVA, I got a

p-value of 0.0452, which is again lower than 0.05, with the dehydrated mushrooms being

significantly different to the drowned mushrooms according to the Tukey HSD Results. My main

conclusion is that through the many variables in this experiment, I did find data to support my

hypothesis, but some that did not too. So to find the answer to my question, more tests would

need to be done.

Researchable Question

How does the amount of water affect the growth of mushrooms?

Hypothesis

If I water a set of mushrooms less than recommended by the kit, then they will grow better than

the overhydrated set of mushrooms, because since mushrooms naturally need less water, they

will be able to grow easier with less water, where the drowned mushrooms will more likely die
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Background Research

Introduction

Mushrooms can be found at the store, but where did they come from? In Arizona, the

plants for them are not really seen by the average person. But on a rainy day in the desert on a

dirt road, a mushroom could be found growing. This can lead one to wonder how it got there.

And then how did the mushroom grow another cap after more rain came down? And why did it

later come out of the ground and end it’s growing process, was this the cause of too much rain?

This could leave a person curious to learn more about water and mushrooms, which leads to the

researchable question, How does the amount of water affect the growth of mushrooms?

Background Information

When growing mushrooms, maintaining the moisture levels is very important. If the

moisture is very dry, the mushrooms grow to be cracked and torn. And if the place is dripping

with water, the mushrooms will not successfully grow as well. So the moisture the mushrooms

are grown at must be maintained. If it is not regulated, the mushrooms will not succeed it’s

growth process. Hence why mushrooms are often grown in mushroom houses where the

moisture levels can be controlled to be just right for the success of the growing process (Duggar

32).

When mushrooms are dehydrated using different hot-air drying methods and rehydrated,

the water holding capacity is very affected. This is relevant because the water holding capacity

affects the physical sense attributes of the mushroom plant. Protein denaturation played a big role

in the status of the water holding capacity, since it affected the structure of the crop after the

rehydration process of the mushroom was over (Qiu et al 129230). So the lack and regaining of

water is important to the growing process of mushrooms.
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The loss of water is an important part of the growing of mushrooms, so mushrooms go

through a process of transpiration to keep their freshness, which can be seen through their

weight, appearance and texture. If only a 5% loss in weight occurs, the mushroom can become

wilted and unfresh. Humidity has been found to affect the transpiration rate the most, so the

regulation of water loss needs to have a humidity regulation as well. So for water to affect

mushroom growth, in the way of transpiration, humidity and other factors must be controlled to

aid in the process for the success of the crop (Mahajan et al. 285).

Mushrooms are the best known for water conservation methods. To grow a mushroom,

approximately twenty eight liters of water are required, which is way lower than the water

requirement for most other plants. The mushroom needs this water for growth, but consumption

cannot happen unless the water is replaced because the plant as well as the environment around it

needs the water (Kurtzman 27). So the amount of water does have an effect on how the

mushroom grows, if too much is used it would not grow, so that helps with the understanding of

the question of this paper (How does water affect the growth of mushrooms?). It is also

important to watch the water lost through transpiration and evaporation, which humidity helps

with (Kalberer, 54).

Moisture also affects the composite of the mushroom sample in experiments. If it were to

be vacuumed dried of it’s moisture, the dry mass of each mushroom sample composite could be

found (Phillips et al. 632). In a folate composition of different types of mushrooms experiment,

the moisture was measured and stayed in the range of 86.9-95.12 g/100g (Phillips et al. 634).

This information shows that moisture in the mushroom’s soil does affect its overall mass, which

is one of the factors that plays a part in their growth.
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Water being available for mushrooms to use is very important and majorly affects their

activity/growth. Water, like in ostomic or matric potential, has been accessed to have an effect on

the growth of mushrooms. At different water availability areas, the growth does have a response

to this but the results varied in the research. Low soil water availability did not help the

mushroom crop (Jones et al. 877).

Specific Research Examples

The first specific research example to be discussed was done by Lilleskov et al., and the

experiment that was done was trying to answer the question of, do mushrooms grown during a

drought survive because they had access to deeper soil water? They wanted to know if having

this access would minimize the stress that tries to stop the mushroom from functioning during a

drought. To start the experiment, to test this access to deeper groundwater, a stable isotope of

oxygen was used because of the difference in isotopic values of the surface and groundwater.

Wells were used to store the groundwater and were a few meters from the mushroom plant itself.

In the experiment it is proven that the mushrooms in the drier soils, which is what the soil would

be like in a drought, used a substantial amount, about 25-80%, of the deep water, which was

more than thirty cm down. The wetter soil used mostly it’s surface water. Their end conclusion

was that most mushrooms can access deep soil water sources. This access helps them to survive,

reproduce, and function during a drought (Lilleskov et al. 488). So it was shown that the access

to deeper groundwater does have a significant effect on mushroom’s ability to function during a

drought. This experiment helps to answer the question of this paper (How does water affect the

growth of mushrooms?), because it shows a way that mushrooms can use water to help them

grow, which shows that water does have an effect on their growth, enough that they are able to

live through droughts if groundwater is available to them.
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The second specific research example was done by Lu et al., where they wanted to see,

how does the hot-air drying process affect the moisture distribution in mushrooms? (Lu et al. 1).

They tried six different methods of hot-air drying, which were, isothermal drying, or ID, (where

the mushroom samples were dried at a constant temperature of 55C the whole time), uniform rise

drying, or URD, (where the temperature started as 40C and increased every two hours by 2C

until the drying was done), nonuniform rise drying, or NURD, (where the samples started at 40C,

had the temperature increased every hour by 2.5C for 5 hours, then for the next 7 hours the

temperature was increased by 2C every hour, and then till the end the temperature was increased

by 1C until the end), uniform intermittent drying, or UID, (where the samples were dried at a

constant temperature of 55C, along with a 10 minute power off/stop every 50 minutes of drying,

containing this cycle until the drying was done), nonuniform intermittent drying, or NUID,

(where the samples started there treatment at 55C for 5 hours, along with 5 minute power offs

every 55 mins of the drying, then for the next 7h hours of drying, 10 minute power offs every 50

minutes, and lastly 15 minute power offs every 45 minutes), and combined drying, or CD,

(where the temperature for the samples started at 40C, increased by 2.5C every hour, also with 5

minute power offs after each 55 minutes for 5 hours, and next an increase of 2C after every hour,

with stops of 10 minutes each 50 minutes of 7 hours, and then lastly an increase of 1C each hour

along with the 15 minute break after each 45 minutes) (Lu et al. 2). To see the change in

moisture distribution during their experiment, they used a nuclear magnetic resonance along with

2D proton density imaging, where the size of the image was determined to be 200x128 pixels, to

analyze this change throughout the drying of the mushrooms (Lu et al. 3). The results of this

experiment showed at the start of all the drying processes, a higher temperature led to a higher

dehydration rate, (Lu et al. 3), which makes sense because if the temperature is hotter, the
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mushrooms would dehydrate faster, like how humans dehydrate faster if they haven’t drank

water and are in the sunshine versus if they were to stay inside all day and not drink water. In the

end, combined drying (CD) was chosen as the best treatment because it positively affected the

mushrooms quality, as well as for having a pretty constant moisture distribution throughout the

whole drying process.(Lu et al. 1). It also had the fastest dehydration rate due to its high

temperature that matched well with its interval time (Lu et al. 3). Many conclusions came from

this experiment. To start, the power offs/relaxation times gave data on the different states of

moisture, which are freezable, non-freezable, and bound. Next, the experimenters learned that if

shortening the drying time was the goal, the transformation from a non-freezable moisture to a

freezable moisture needs to be fast, and also have the assistance of drying temperature and the

power offs (Lu et al. 7). The end results showed that bound moisture was the only one that was

stable in moisture during the drying, while the freezable and non-freezable were active during

the process (Lu et al. 1). This experiment aids in the question of this paper (How does water

affect the growth of mushrooms?), by showing that moisture does play a big role in mushrooms.

Now that it has been discussed what happens when a mushroom is dehydrated, like if it didn’t

get enough water in the later experiment, it can help in the later formation of a hypothesis of how

different water amounts affects mushroom growth.

Revision of Researchable Question

And finally after all this research of the topic of mushroom growth and water’s effect on

that, an experiment can be designed to test the question of this paper. The original question was

“How does water affect the growth of mushrooms?”, which can be discussed further. To keep the

question short, the plan is to leave it the way it originally was, but in this paragraph get down to

the details. It’s focus is how different amounts of water differently affect how mushrooms grow.
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Perhaps one treatment being dehydrated, another drowned, and a control of the recommended

amount of water listed on the mushroom growing kit. Also, will the mushrooms reproduce to

grow multiple caps during the experiment; like the mushrooms did with the groundwater in the

growth during drought experiment (Lilleskov et al. 488). In conclusion, this research has shown

that water, or the lack of it, does have an effect on the growth of mushrooms, and this is

something that can be tested in an experiment.
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Materials

- 6 Back to the Roots Organic Mini Oyster Mushroom Grow Kits

- 4.92892 ml measuring cup

- 9.858 ml measuring cup

- 14.787 ml measuring cup

- 29.573 ml measuring cup

- 73.9338 ml measuring cup

- Water

- Small sharp Knife

- Fork

- 3 Big bowls

- Rag

- Window that gives indirect sunlight

- Measuring tape

- Computer with Google Sheets and ANOVA test
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Operational Definitions

Ostomic potential: The decrease in the water potential which is due to the presence of solutes.

(affects soil water flow whenever there is a gradient in solute concentration within the soil)

Matric potential: Represents the soil water that would be available to a crop

Hot-air drying process: The evaporation of water or another liquid such as a solvent from the

surface being dried
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Procedures

1. I opened the Perforation window on the 3 Grow Kit boxes with them facing up

2. I cut an “x” into the mushroom bags with them still inside the box, having it just hit the

sides of the Perforation windows

3. I lifted up each flap and with a fork lightly scratched away some of the top white layer

4. I took the Bags out of their boxes and placed them each in there own big bowl of water

face down, and left them there to soak for at least 6 hours

5. After 6 or more hours, I lightly dried the bags with a rag enough that they didn’t get the

box wet when I put them back in, making sure the “x” side was in the perforation

window.

6. I placed the box near a window, in indirect sunlight

For the first round:

7. I watered the first set of mushrooms once a day, 9.858 milliliters, until I started to see

mushrooms appear

8. I watered the second set of mushrooms every other day, 4.92892 ml, until I started to see

mushrooms appear

9. I watered the third set of mushrooms once a day,  14.787 milliliters, until I started to see

mushrooms appear

10. Once the mushrooms started to appear, I turned the box upright and only added water if

they began to dry out.

11. I then stopped when the caps were flattening, the edges were brown, but no split edges

yet
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For the second round:

12. I watered the three kits the same amount, 9.85784ml, until the mushrooms started

pinning(mushrooms popping up from the soil), where I sat the box upright

13. Then I watered the first set of mushrooms every night, 29.5735 ml, by sitting the box

down, and then back upright after adding the water

14. Then I didn't water the 2nd set of mushrooms (control treatment)

15. I watered the third set of mushrooms everyday, 73.9338 ml, by sitting the box down, and

then back upright after adding the water

16. I then watered in this process until the mushroom caps started to flattened but before the

corners split.

17. I then harvested the mushrooms all at once in each set, by grabbing the base of the

mushrooms and gently pulling up

18. I sorted them to find the top 10 biggest caps in cm in each group of mushrooms

19. I wrote the measurements of each of these top 10 caps

20. I found the Mean and Standard Deviation of each set in Google Sheets

21. I ran an ANOVA test of all the data to test the significance
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Results

First Round Raw Data Table

Second Round Raw Data Table

First Round Summary Table

Second Round Summary Table
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First Round Graph

Second Round Graph
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ANOVA Test (First Round)

-Raw Values

-ANOVA results
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ANOVA Test Second Round

-Raw Values



18

-ANOVA results
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Photos of the experiment
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-Second:
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Conclusions

The experiment didn't go quite as planned. On Amazon, I got 3 separate Back to the

Roots Organic Mini Oyster Mushroom Grow Kits. And each one looked a bit different, with

different levels of dry and wetness in the soil, so I knew my experiment was going to be a little

weird and varied. And it was, only my dehydrated mushrooms, which were watered 4.92892 ml

a day, ended up growing mushrooms. My mushrooms watered 9.858 ml a day and watered

14.787 ml a day did not end up growing at all. However, my hypothesis, If I water a set of

mushrooms less than recommended by the kit, then they will grow better than the overhydrated

set of mushrooms, because since mushrooms naturally need less water, they will be able to grow

easier with less water, where the drowned mushrooms will more likely die, is so far supported by

my data, because the dehydrated mushrooms grew better than the overhydrated ones,

significantly. The dehydrated mushrooms actually grew, and the others didn't. Though it would

have been nice if the control mushrooms had grown as well, my results still support my

hypothesis. The less water the mushrooms got, the better they grew. Next, my error bars tell me

that my measurement of the Mushroom caps could have been off by about 0.3 cm each time,

which is very close so I measured well and accurately. And finally, the Anova test tells me that

all my data had a significant difference to it, with the p value of 1.1102e-16, because the

comparison of the F statistic to the one way Anova was lower than 0.05. This makes sense

because only one of my sample data columns had data to be put into it, so they are very different.

The Tukey HSD tells me that when you compare the treatments to each other, the B and C

samples, the drowned and control mushrooms, had an insignificant difference, because they are

the same. And the B and C samples compared to the A, the dehydrated mushrooms that actually

grew, are significantly different, with a Tukey HSD Interference of p<0.01. These results also
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make sense because again, the A grew and had data and the B and C did not. So in conclusion,

even though the experiment didn't go quite as well as planned, there is still evidence of my

hypothesis being supported by my results.

In discussion of the two rounds’ graphs, my graphs of my two rounds of experiments

look very different. The first graph only has data for one treatment, since the experiment didn't

go as expected that time. But, the second time, it went better. The second graph shows the results

of three treatments. Even though all the mushrooms grew the second time around, it still wasn’t

perfect. The error bars show that all the treatments are about equal. So in both experiments,

things didn’t go as planned. The trend I see in the graphs is that all the top mushroom cap lengths

are all 3-4cm. And since a bar graph was used, the slope of the line can't tell about exactly how

much your dependent variable changed as the independent variable was changed.

My hypothesis, If I water a set of mushrooms less than recommended by the kit, then

they will grow better than the overhydrated set of mushrooms, because since mushrooms

naturally need less water, they will be able to grow easier with less water, where the drowned

mushrooms will more likely die, was both supported and unsupported by the two rounds of data.

In the first round, only the dehydrated mushrooms ended up growing at all, so that supports my

hypothesis.  The p-value on the ANOVA test was 1.1102e-16. On the other hand, in my second

round, all of the mushrooms grew. The p-value on the ANOVA test was 0.0452. And it looks like

the drowned mushrooms did best. But, the error bars all overlapping shows that all the data was

too close to be significant, so my hypothesis was unsupported by the second round of results.

The data of the second round did not support my hypothesis. What I think was going on

was that the online brought kits are all different, so it’s a big variable that has shown its effects

throughout. Also, the water used after the mushroom pinning occurred probably needed to be
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more significant. Since it seemed to have done nothing, clearly it wasn’t enough. My revised

hypothesis would be: If I water all the sets of mushrooms, after their “pinning”(first signs of

mushrooms to show up) occurs, a different but significant amount, then the more dehydrated

mushrooms will have the biggest Cap size, because since mushrooms naturally need less water,

they will be able to grow easier with less water.

There were definitely many sources of error in these two rounds of this experiment. First,

all the kits come a little bit different. Having extra variables does not make it easy to test one

variable, which in this experiment was water. Next, watering. In my first round, the first few

days I messed up my watering a lot, but luckily one didn’t get drowned and was able to grow and

give me results. In the second round, I didn’t, after pinning, water them significantly enough.

73.9338ml apparently isn't enough to shrink the size of a mushroom cap. Lastly, a possible error

could have occurred while the measuring of the caps took place after the harvest of the plants.

Since it was a tape measure, the placement may have not always been correct. Plus, since the

caps are curved and at times full circle, finding the cap size was hard and probably not all that

accurate.

What I have learned is that mushrooms are very different from other plants. Once they pin, they

grow everyday really fast, and so affecting their process is difficult. I learned that online kits are

an unreliable source for experiments because of all the extra variables they introduce, not to

mention the price for them making the experiment hard to repeat. I got to learn about how

mushrooms work in real life when before in my research I was just reading about them, I got to

make all the cool connections. Possible improvements I could make is again, significantly

watering the mushrooms after they pin. I could also look for a more cost effective and reliable

way to grow mushrooms, which might be hard but it’s worth a try. The best way to go about
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testing my revised hypothesis is by doing it more times, but in a way that isn’t expensive, just to

get extra variables that ruin the experiment.

There are definitely improvements that can be made to improve my experiment. To start,

put all the bags in their bowl of water at the same time. In the beginning, you soak the bags of

soil in water for about 6 hours. When I did it, I filled the bowl with water, put a bag in, then

started on the next bowl. And that might've had an effect on the results. Next time, I would fill

the bowls, then put all the bags in at about the same time. I think doing this would help all the

treatments to grow, because it’s one of the important steps in the step up process that should be

the same for all the bags, because that’s not a variable that should be varying, the variable

varying is instead how much water they get the days leading after the setup process is over. Next,

making sure I water the mushrooms correctly everyday. At first, I was watering the mushrooms

too much. Instead of watering the mushrooms a total of 4.92892 ml, 9.858 ml, and 14.787 ml, I

was watering each flap of the soil that much. So, the dehydrated mushrooms at first were getting

watered the closest to the controlled mushrooms amount, so that was probably why those grew

the most. If I were to do this experiment again, I would start with the right amounts of water so I

get accurate results. Next, as the watering process goes on, I should do what I need to for all the

soils to match. Last time, in the end, the control soil was growing moss and the overhydrated was

just covered in the white beginning top layer. So, if in the next experiment the soils are varying,

I’m going to do what I can to have them look the same. Like if just the white stuff is growing

after being scraped in the beginning of the experiment, I’ll scrap it again and remove it. If mold

is growing, I’ll remove it from the soil. This would help because since I can't pick for Amazon to

make all the soils come exactly the same, I can do this and it should help get mushrooms, and not
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moss, to grow. So in conclusion, a lot went wrong, some in and out of my personal control, so

there are some things I could do next time to get more data from my experiment.
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