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DEVELOPING ASIMPLE
VEGETABLE “FACTORY”

Keiichi Tsuchihashi, Kurumi Aoki, Sorato Sakurai

Nagasaki Prefectural Nagasaki Minami High School

Abstract

The purpose is to create a vegetable farm using readily available materials and solar power. Using a data logger that records the pH and temperature of the growing environment, we
grew sugar pea vines using hydroponics and soil cultivation. As a result, sugar pea vines grew faster through hydroponics than through soil cultivation. This experiment proved it is
cheap and easy to grow vegetables indoors.

Introduction
It’s difficult for farmers to pick vegetables on the farm in Japan because of typhoons and
unusual weather. Also due to the aging of farmers, there is a shortage of workers. Farmers
don't use ICT very much to grow vegetables. This is because it is not possible to grow
vegetables with the same quality. Therefore, a vegetable factory, which is a system that
creates an environment for growing vegetables by artificially controlling things such as light
and temperature, can be used as a replacement to traditional farming methods.
We did two separate experiments. In our first experiment, we grew kale in a homemade
Huis Ten Bosch to see if it could grow Figure 4. Measurement of water pH in kale experiment Figure 5. Measurement of Water Temperature in kale experiment
vegetables using hydroponics. Hydroponics is a cultivation method using liquid fertilizer
instead of soil. We used a solar panel to power an LED light and water circulating pump,

which prevented the fertilizer from sinking to the bottom of the box. Then, when we Sugar Pea Vine Experiment

confirmed our vegetable factory worked, we conducted an experiment with sugar pea vines ~ We planned to observe the cultivation of sugar pea vines for one month.
using hydroponics and soil cultivation to see which method grows vegetables more Sugar pea vine growth was first observed on day 1 for hydroponics, and day
efficiently. 2 for soil cultivation. Over seven days, it was found that sugar pea vines

using hydroponics grew faster. Kale grown closer to the LED light grew
taller than those further away from it

Materials ) )
1.Styrofoam From day‘6 to 7, the average length of the sugar pea vines grown using

. hydroponics grew
2.LED Light il o of ot i cultivat ]
3.Metal Rack 8cm, while the plants growing from soil cultivation grew 4cm. From day 7

to 10, sugar pea vines grown using soil cultivation didn’t grow, but the sugar
pea vines grown using hydroponics grew a little. At around day 10, we had
to stop recording because the tray holding the sugar pea vines in the
hydroponics experiment collapsed.

4.Liquid Fertilizer
5.Circulating Pump
6.Sponge

7.Computer
8.Rechargeable Battery
9.Solar Panel

10.Hot Glue Gun
11.Data logger
12.Basket

Methods

Kale Experlment R R Figure 6. Growth of sugar pea vine observed over 10 days Figure 7. Comparison of sugar pea vine stem growth over 10 days
1.Cut Styrofoam and glue pieces together with glue gun to make a box

2.Fix five kale plant stems each with a sponge and fit in Styrofoam mold

3.Install pumps and water temperature regulators inside the box

4.Add 10mL of liquid fertilizer and 15L of water in the Styrofoam box Discussion

5.Assemble metal rack and place Styrofoam box on it In our kale experiments, we checked whether the plants grew in the vegetable factory. This
6.Attach LED light outside the box, light facing inwards experiment proved our vegetable factory can grow plants and is working properly.

7.Place solar panels outside and connect to rechargeablerlatteryuid reriizer Furthermore, we found it is possible to measure and record temperature and pH by using a data
8.Use rechargeable battery to power pumps and LED light . logger that logs the data in a PC. Therefore, by measuring, recording, and managing, we can
9.Attach pH and temperature data logger and connect to PC outside the box notice any changes in the vegetable factory. In addition, plants that were farther from the light
10.Float Styrofoam mold with kale over water in vegetable factory source were slow to photosynthesize and grew slower than those closer to it. Therefore, in the
11.0bserve plant growth over 3 months future, we want to fix the LED light so that it is perpendicular to the box so that light is spread
Sugar Pea Vine Experiment evenly in the vegetable factory.

1.Prepare hydroponics experiment using the same method as the Kale experiment In our second experiment, we compared the growth of sugar pea vines grown by soil

2.For soil cultivation experiment, add soil to around the same level of water in the cultivation and hydroponics. The purpose was to find out which method grows sugar pea vines
hydroponics experiment to the Styrofoam box faster. From the sixth day to the seventh day, we think that the growth of the sugar pea vines in
3.Plant 50 seeds in soil . _ _ both experiments was fast because the energy of the seed itself was maximized. Growth after
4.Use basket to hold 50 seeds in hydroponics experiment and float basket over water the seventh day in the hydroponics experiment stopped because the seeds fell and had been
5.Water soil cultivation experiment with 500mL of 10mL liquid fertilizer & 15L water immersed in water. Therefore, we want to try fixing this by using a string or the like, and
solution on first day and every 3 days after observe sugar pea vine growth for a full month.

6.0bserve plant growth over 1 month

Results Conclusions

Kale Experiment In our research, we were able to create a vegetable factory that is easy to operate by using
The cultivation of kale was carried out for three months. First, we measured the thickness  materials that are close to us. We confirmed it is possible to grow vegetables using our

of the stems to be grown. On average, each kale had eight leaves, and after one month, seven  vegetable factory by growing kale. From our experiment with sugar pea vines, we also

more leaves grew. On average, the area of the leaves grew from 55 cm2 to 80 cm2. It was found that vegetables grown using hydroponics grow faster than using soil cultivation. In the

possible to record the pH and temperature of the water in the data logger and express in a future, we would like to improve the ease of use of our vegetable factory so that more
graph. people can use it. For example, we would like to make a lid to prevent the box from spilling
when moving it.
We would also like to test different concentrations of liquid fertilizer to find the best
growing conditions.
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DEVELOPING AN INSTRUMENT
FOR OBSERVING VEINS USING
NEAR-INFRARED LIGHT

Keiichi Tsuchihashi , Ayane Matsutake, Makoto Sako

Nagasaki Minami High School

Abstract

The purpose is to create an instrument that can view veins by using a night-vision camera. We attached a cheap night-vision camera to a cardboard box and tried irradiating near-
infrared light to the back of our hands. Veins were projected on a computer screen as black lines. We believe this instrument could be used as a cheap medical diagnostic tool that can
be used at home.

Introduction

Many machines that use near infrared light is used in a daily life.

For example, remote controls, infrared cameras, pulse oximeters

and so on. Infrared cameras can show things in dark places by using

near infrared light. The light does not have a color and the light goes through our skin.
The purpose of this experiment was to make a cheaper machine which can show veins for
doing injections. This machine can be made by using an infrared camera. Infrared
cameras are cheaper than other machines which use infrared, can be gotten easily, and
can emit much light. They can also be connected to a personal computer to produce
images of veins in real time. If this machine is made, hospitals public won’t need to
spend much money on using more expensive equipment.

Results

Materials

. Infrared camera
. Cardboard box
. Packing tapes

. Blackout curtain
PC

. Box cutter

. Compass

~NoUAwWN R

Figure 1: The infrared camera

Methods

1. Close the cardboard folds of one side by using packing tape. Cut off the folds of
the other and cut a 10cm by 12cm rectangle hole on one side.

2. Trace a circle on the center of the top of the cardboard box by using the compass
and cut it with the box cutter.

3. Connect the infrared camera to a computer.

Figure 5: Pictures of palm taken from infrared camera inside the boxes. Top left: small box. Top right: middle-sized box. Bottorn: tall box

Using AMCap, live video of the inside of the box could be seen on the computer screen.

4. Fit the infrared camera through the hole.

5. Cover the box with a blackout curtain.

6. Put palm facing down inside the box through the rectangular hole

7. Look at the image of the palm’s veins produced on the computer in real time in

Figure 4 shows still images of the outline of a palm from the inside of the three boxes
tested. The black lines on the palm show veins.

The middle-sized box produced the clearest image of veins of the three different sized
boxes. The small box produced a mostly white image, and the tall box produced faint

the “AMCap’ computer program. black lines for veins.
8. Use steps 1-5 to create two other different sized boxes and test them using steps

6-7

Discussion

To take the best pictures of veins, the palm had to be placed off center because the center
of the camera emitted too much white light. In the small box, the camera was too close to
the palm, and the white light was so strong that veins couldn’t be shown. In the tall box,
the infrared camera was too far from the palm, so the camera couldn’t focus the image
well. So, the middle sized box was best for showing veins clearly because the camera
position gave the best lighting and focus.

In the future, we want to shut out the white light on the camera to see if it will produce
better pictures of veins. We want to cut a hole in the back of the box so that the whole arm
to go through the box, and cut holes on the sides so that another set of hands can enter the
box. We also want to test more different sized boxes to see which produces the best image.

Figure 2: Box after Step 2

Conclusions

We made a machine using cheap materials which can be used to show veins in the human
palm. We want to try new box designs until we can get good images of veins of the arm.
If we do that, we think the machine will be useful to hospitals and the general public for
medical purposes.

Acknowledgments
We would like to thank our teacher Keiichi Tsuchihashi for providing us the materials and
giving us advice.

Figure 3: Setup after Step 4

Figure 4: The three different sized boxes tested
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Developing simple tissue culture
and saving the endangered species of Hosta Tibae

Nagasaki Prefectural Nagasaki Minami High School
Instructor  Keiichi Tsuchihashi
Student Saya Yahata

1. Abstract

we have developed a method for producing cloned seedlings from the petals of a chrysanthemum.

And we succeeded in producing a regenerated individual of the Nagasaki Giboshi using the method.

we think that the method that we developed can be used to save the Nagasaki Giboshi from extinction.

Figure3petal culture of
chrysanthemum

Figure1l about Hosta Tibae Figure2 about tissue culture

2. Basic research [develop a tissue culture method that can be done in a high school biology room |
(1)Prepare

Sterile boxes of cardboard . Disinfectant spray from a 100 yen shop,Tweezers, razors, Sterilization s olution

from 100—yen shop, Beaker of 50ml, Glass bottle with cap, petal of chrysanthemum,

medium of MS, plant hormone (NAA and KIN)

(2) Method

(D Make a medium by adding two types of hormones in hot water. Then dispensed into a test

tube to perform sterilization for 40 minutes. Sterilization is carried out in a steamer.

@ Apparatus, chrysanthemum petals, the medium put in a sterile box and disinfect the inside of the box with s

terilization spray.

®) Cut the petals inside the chrysanthemum with a sterilized razor, petals which put in a glass bottle sterilized
for 3 minutes. containing disinfectant.

@ The petal that were sterilized planted into the medium in a box .

®) The planted medium is placed in a place at 27 degrees.

In three years, 1800 petals experiments.

Figure4 thought of points Figure5 make medium Figure6 experiment

3. result

Figure 9 Verification and
Figure7 result of Organ formation Figure 8 characteristics of hormone {issemination of simple methods
In the case of chrysanthemum, it is understood that roots can be formed when there is a lot of NAA
added, and when there is a lot of KIN, buds can be formed from FIG 7. As a result, about 98% of 1800
petals succeeded. And this was recognized as the best research mojat award at the Japanese Plant

Physiology Society.

4 .Consideration
We have developed a method for
producing cloned seedlings from the petals
of a chrysanthemum by using a cardboard—
steril box and a sterilization spray. When
our simple tissue culture method was
developed, by we started to research
Nagasaki Giboshi. Figure10 Figurel1
make clone seedling sterile boxes, disinfectant spray



Applied Research - Tissue Culture of Endangered Species Nagasaki Giboshi

1 overview

There is a plant called Hosta Tibae(=Nagasaki

Giboshi) in Nagasaki. It is an endangered plant

species with only 200 individual plants remaining due

to gazing by grass—eating animals like deer and

residential development.

We believe that its proliferation by tissue culture is
urgently needed. Figure12

Figure13 closed article
transfer of Nagasaki Giboshi

We experimented flower stems, petals

2 (1 )prepare and eXt|nCt|0n and petioles with combination of
We used these parts of the Nagasaki Giboshi. Our hormones.
experiment method is the same chrysanthemum.

Figure14 used parts Figure15 combination of hormones

(2)result

@ flower stems did not form calluses

®) petals did not form calluses
® We found that when the concentration of plant

hormones is one—to—one, it also forms callus.

—

Figure16 Figure17 i .
result of Organ formation make a regenerated individual Figure18 conclusion
3.Conclusion

We succeeded in making a regenerated
individual of Nagasaki Giboshi. And we
found that the concentration of plant
hormones when it forms callus. So we
have summarized how to increase the
number of Nagasaki Giboshi.

Figure19 How to increase the number of Nagasaki Giboshi

4. summary

We have developed a method for producing cloned seedlings from the petals of a chrysanthemum. We
succeeded in producing a regenerated individual of the Nagasaki Giboushi using the method. From this result,
we think that we developed a method that can be done anytime, anywhere at a low—cost, and in simple, we
think that the method that we developed can be used to save the Nagasaki Giboshi from extinction. And we
think this research can contribute to goals of SDGs.
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