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The solution of a problems No. 11. " Grow Light"

12FM team Novosibirsk, 8th class

chnmk@mail.ru
Slide No. 1. Hello, my name is Vladimir Iovets, I’m a member of 12FM team and I want to represent you the solution of the problem №11 «Grow Light».
Slide No. 2. The task you can see on the screen.  Investigate how different types of artificial lights affect plant growth. What is the role of light spectrum? 
Slide No. 3. During the study of scientific publications we formulated a hypothesis: if we select sources of light with optimal technical parameters (light temperature, wavelength), then we can regulate the growth and development of plants. The aim of the study is to investigate the influence of various types of artificial light sources on the growth and development of plants.
Slide No. 4. The tasks you can observe on the sreen.
Slide No. 5. Now we consider some theoretical problems that will be used in the study.
What is light? It is known that this is an electromagnetic radiation perceived by the visual organs. Its main characteristic is the wavelength, which is measured in nanometers (nm). White light occupies a wavelength region from 400 to 800 nm. In this case, the violet is located in the lower part (short waves from 400 nm), and red - in the upper part of the range presented on the slide (long waves up to 800 nm).
The first explanations of the spectrum of visible radiation were given by Isaac Newton in “Optics” and Johann Goethe in “Theory of Colours”, but before them Roger Bacon observed the optical spectrum in a glass of water.
It was Newton who first used the word "light" in print in 1671, describing his optical experiments. He made the observation that when a ray of light falls on the glass prism surface at an angle to the surface, some of the light reflects.  A part of light passes through the glass, forming colored strips.
Slide No.6.  Sunlight is one of the most important environmental indicators for plant life. It is absorbed by chlorophyll and is used in the construction of primary organic matter.
When plant absorbs hydrocarbons, it grows actively and the size of the leaves increases. The plant produces hydrocarbons in the process of photosynthesis.
The main stages of photosynthesis are presented on the slide.
1. Photophysical - absorption of a light portion by pigments, their transition into an excited state and the transfer of energy to other molecules of the photosystem.
2. Photochemical - separation of charges in the reaction center, transfer of electrons through the photosynthetic electron transport chain, which ends with the synthesis of ATP and NADPH.
3. Chemical - electron transport reactions; light-independent reactions or cycles of carbon during photosynthesis.

The first two stages together are called the light-dependent stage of photosynthesis. The third stage occurs without the participation of light and includes biochemical reactions of synthesis of organic substances using energy accumulated at the light-dependent stage.
Slide No. 7. Now we consider the influence of spectrum separate parts of visible light on the development of plants.
Photomorphogenesis are the process occurring in a plant under the influence of light of different spectral composition and intensity. Its first manifestation arises at the moment of germination of the seed. The seed was awakened from hibernation and began to germinate, while being under a layer of soil, in the dark, even if the seeds are sown superficially, they are also in the dark at night.
Appearing on the surface of the soil, the sprout has a pale appearance and a hooked, sagging shape. To continue growing, it is sufficient for him to have daily short-term lighting lasting from 5 to 10 minutes.
Both in the seed and in the leaves there is a phytochrome pigment, which takes an active part in the germination process of the seeds. When absorbing red light with a short wavelength (from 620 nm), phytochrome stimulates the germination of seeds, while red, with a wavelength of 680 nm - suppresses the germination of seeds.
Even short-term lighting of the sprout is sufficient to reduce the growth rate of the stem, the hook straightens, the synthesis of chlorophyll begins, the cotyledons begin to turn green.
And all this, thanks to the red light. In the sunlight of day, the usual red rays are greater than the "distant" red rays, so the activity of the plant is high during the day, and at night it goes into an inactive form.
It is known that the yellow-green part of the spectrum does not influence the growth or development of plants in any way.
The blue color plays an important role in the life of plants, thanks to another pigment - cryptochrome, which reacts to blue light in the range from 400 to 500 nm. For adult plants, blue color, in particular, regulates the width of the stomata of the leaves, controls the movement of leaves behind the sun, inhibits the growth of stems.
With regard to the germinating plant, the role of blue light in inhibiting stalk and hypocotyl growth is very important, i.e. In limiting the "pulling" of seedlings. Blue light also inhibits germination of seeds.
In addition, the blue light controls the bend of the sprout and the stem toward the light source (phototropism).
Blue light stimulates cell division, but inhibits their stretching.
Violet rays stimulate the formation of protein, regulate the growth rate of plants. Plants grown with an excess of the violet part of the spectrum bloom faster.
Thus, red and orange rays (development of the root system, fruit ripening, flowering of plants), as well as blue and violet (stimulating the formation of proteins and regulating the growth rate of the plant) are necessary for plant growth.
Slide No. 8. To study the effect of various types of artificial lighting, we used various phytolamps. Let's consider their features.
Bicolor lamp. The simplest kind, including two types of lamps - blue and red. This lamp is suitable for any plant that grows on the sub-window, as an addition to natural light. 
Multispectral lamp. It combines warm white, red, blue and far red colors. Such a lamp is used for thickened plantings and indoor plants. For seedlings, such a lamp fits to a lesser degree. 
Full spectrum lamp. It contains all the colors of the rainbow, so these lamps are called "personal sun". With her help, you can grow plants from the seed stage to harvesting in the total absence of sun and light. 
Slide No. 9. Let’s observe the experimental part of the study.
The purpose of the first experiment is to establish a dependence between the features of the photomorphogenesis process and the origin of the light source (natural or artificial). 

We placed the sample number 1 under artificial lighting (a fluorescent gas lamp, 60V), and sample number 2 - under natural light (sunlight) for a period of 3 days. Results of the experiment: 
1. under the influence of natural light, the radish rose more squat than the sample growing under an artificial light lamp;

2. the leaves of sample No. 2 had a larger area and a darker color;

3. the staining intensity of the stalk was higher also for sample No. 2.
Conclusion: sunlight is optimal in its spectral composition, rather than artificial lighting, so the growth and development of plants of sample  №2 pass more intensively. 
Slide No. 10. The purpose of the second experiment is to investigate the influence of light on the germination of plant seeds. 
To do this, we dropped two samples of radish into the ground. The first sample was placed under the influence of sunlight, and the second - in a dark box.
Slide No. 11. Seeds of both samples emerged two days later, but sample No. 2 had a bright yellow color of the leaves, the leaf area was much narrower than in sample No. 1. The stem is white, the pigment chlorophyll is absent in it. This can be explained by the fact that in sample No. 2 the process of photosynthesis was minimized.
Slide No. 12. The purpose of the next experiment is to investigate, which light of the spectral composition most optimally affects the growth and development of plants. 

Radish samples were placed under the illumination of different spectral compositions (incandescent lamp - predominantly near red wavelength, daylight lamp - balance, fluorescent lamp - predominantly blue)
Slide No. 13. Conclusion: during the experiment it was found that the most optimal variant for growing plants is a fluorescent lamp. Under the influence of the incandescent lamp, the plant rises and grows very quickly. But because of the long exposure to thermal radiation it dries also very quickly. Under the influence of the fluorescent lamp it germinates for a long time. The stem is paler and elongated, and the leaf area is smaller.

Slide No. 14.  Photos from the experiment you can see on the screen. Direct the attention of the jury to the difference in the stems and leaf blades color. 
Slide No. 15. The purpose of the next experiment is to reveal, which light of the spectral composition most optimally influences the flowering process. 
We placed plants (Kalanchoe) under the influence of an incandescent and a fluorescent lamps.
 Conclusion: under the influence of incandescent lights bloom faster, they are more magnificent, but the incandescent lamp burns leaves and flowers. Under the fluorescent lamp the buds blossomed more slowly, but they looked more fresh. 
Slide No. 16.  Let’s observe the conclusions.
1. Light is not needed for seed germination.

2. The red part of the spectrum (short wavelength) promotes intensive growth of leaves. This light, completely absorbed by chlorophyll, increases the formation of carbohydrates during photosynthesis. The red light zone is crucial for all physiological processes.

3. Blue rays inhibit the growth of plants, forming compact plants with thicker leaves. The blue part of the spectrum of light is completely absorbed by chlorophyll, which creates conditions for the maximum intensity of photosynthesis.

4. Optimum conditions for plant development can be created only by natural sunlight, containing a full range of wavelengths. 

Slide No. 17.  References are on the slide.
Thank you very much for your attention, I’m ready to answer your questions.
