Criteria for selecting the optimal light spectrum for plant cultivation in greenhouse conditions
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Abstract. This study investigates the best light spectrum for artificial plant growing, focusing on LED lighting technology. By comparing natural sunshine to artificial light sources and evaluating the absorption spectra of essential plant pigments, the study suggests that red (660 nm) and blue (450 nm) wavelengths are the most effective for photosynthesis. The paper also looks at the limits of previous models, such as McCree's action spectrum, in light of recent spectral efficiency data. According to study, plants develop well when exposed to a balanced blend of red, blue, and green light, which is quite similar to sunlight. Furthermore, it has been discovered that during specific growth stages, ultraviolet and far-red wavelengths serve complementary but potentially helpful functions
INTRODUCTION
Theoretically, all lamps are the same, but their practical applications vary widely. First, pick lamps with aluminum casings. The lamp's housing ought to be heavy and substantial. The second is that high-quality LEDs are necessary. They must be of extraordinary quality and possess a certain spectrum. Red, blue, and green are the colors that work best for plants. Stated differently, the lamp's LEDs must be red, blue, and green. If the LED ratio is appropriate, the plants will feel comfortable. The blue hue is actually essential to the plant's visual appeal, even though it alters the fruiting season. So there must be red. Red, on the other hand, is vital to the plant and marks the beginning of the fruiting and flowering season. Furthermore, the color green is only required to facilitate plant work for our eyes. Red, green, and blue should normally make up 20–30% of the total. The plant will then develop in a comfortable way. The color temperature of such a lamp should be approximately 4200 Kelvin.
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FIGURE 1. The absorption spectra of the main plant pigments are displayed 
EXPERIMENTAL RESEARCH
Plants contain a variety of pigments that sense color. [1] This picture shows the primary pigments [2]. It is evident that the absorption spectrum of these pigments spans from 400 to 700 nanometers [3,4]. The main ones, though, are pigments that also absorb ultraviolet and infrared light. More precisely, the far red infrared spectrum heats the leaf immersed in the water, which is why it primarily affects us. [5] The sun is, of course, the best color for plants. This is true, but the question arises when we wish to cultivate plants in artificial settings, such as a greenhouse, a windowsill, or a completely indoor space that isn’t exposed to sunlight. [6,7]
LED-based lamps, sodium lamps, and other gas-discharge lamps come in a wide range of colors, including bicolor, full spectrum, and white [8]. I will therefore go into more detail in this article. [9] What is the best light to use? The pigment absorption spectrum data makes it evident at first glance that the lamp's spectrum should coincide with these absorption peaks [11]. This isn’t entirely true, though.This method of creating lamps to measure spectral radiation has been stimulating minds ever since Timiryazevo and this absorption spectrum of the average leaf were derived. The spectral efficiency of photosynthesis was calculated using the absorption spectrum of the photosynthetic pigments chlorophyll and carotenoids, which is line one [13].
This includes data from McCree and other scientists of the time. Considering all of this, a standard was even developed in the 1980s that said the radiation spectrum of the lamp should be the same as the spectrum of photosynthesis efficiency. [14,15] Subsequent studies, however, have demonstrated that this is still incorrect. Because McCree radiation was applied to plants that had distinct spectra, or those that glowed red in different ways. For both green and blue, they looked at the rate of photosynthesis separately. They shone with every light wavelength to observe the effects of each one.

[image: C:\Users\Sukhrob\Downloads\1.jpg]
FIGURE 2. Spectral photosynthetic efficiency of optical radiation

However, it is fundamentally inaccurate to say that these effects occurred at a relatively small illumination, or irradiance. The second mistake is that the absorption spectra of pigments in different solutions are detected using a spectrophotometer. However, the leaf absorbs light energy differently on average than the sum of the absorption of these pigments extracted by some solution because the solvent and the extraction process both affect the absorption spectra in different solvents, and because the pigments are in compounds and surrounded by other elements in the leaf  [16].
This method of assessing pigments' spectrum efficiency is therefore not entirely accurate; they gradually moved away from it, and this criterion remained in use during those years before being discontinued. Last but not least, scientists have shown that the leaf absorbs light between 400 and 700 nanometers, making it incorrect to assess its efficacy based on specific pigments like chlorophyll carotenoids [10]. Additionally, linking it to these carotenoids and chlorophyll absorption peaks and selecting LEDs specifically for these peaks is not entirely correct.
RESEARCH RESULTS
This picture shows how different colors influence the processes that occur in plants that affect their vital functions. No wavelength-specific binding is present. This range is displayed here, and despite the table's extreme conditionality, certain impacts are visible. They are found in certain plants and can be used to create lamps or to make some that currently exist.
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FIGURE 3. The main effects stimulated by different flowers throughout the plant life cycle

Let’s now examine the sun radiation spectrum. It is true that solar radiation has a broad and constant spectrum. Additionally, the plant has evolved to withstand this type of radiation. We can observe that the sun's upper portion is cloudless and clear. We have almost equal amounts of red, green, and blue. And down below is the sun’s spectrum during overcast conditions.
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FIGURE 4. The light spectrum of the sun on a sunny day

More blue is produced, less red. That being said, if you examine the percentage ratio.
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FIGURE 5. Sunlight spectrum on a cloudy day

We keep the proportions so that red is about 30%, green is between 26% and 28%, and blue is always about 20%. At the same time, far red is around 20% and ultraviolet light is no more than 1%.

TABLE 1. Percentage ratio of radiation in different parts of the spectrum
	
	Sun 
	Cloudy 
	Sunny %
	Cloudy %

	Blue
	452,2
	68,51
	18,8
	22,2

	Green
	647,8
	85,6
	26,9
	27,7

	Red
	721,9
	86,6
	30,0
	2781

	Ultraviolet
	31,67
	5,382
	1,3
	1,7

	Far red
	553,7
	62,15
	23,0
	20,1

	
	2407
	308,7
	
	



This can theoretically serve as a reference for choosing artificial LED light sources and spectrum ratios. For instance, most plant species will probably grow under such a lamp if it is made with such ratios; they won’t experience any significant alterations related to an inaccurate spectrum and an inadequate ratio of various ranges there. Consequently, this can serve as a foundation, and these percentage ratios can be modified based on the kind of plant and the desired outcome. Simply growing green mass is one thing; producing fruit is another; and promoting additional effects, like reddening red lettuce, is a third objective. 
CONCLUSIONS
You can alter these ratios for the same dill, parsley, and other basils to increase various volatile aromatic components.
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FIGURE 6. Spectral composition of radiation in the shade of trees
Here is another spectrum of solar radiation that we can observe in the shade of trees. The greenery allows a significant portion of the light to reach us. This red light extends from 700 to 800 nanometers and beyond. For instance, if you grow on a windowsill, your window will look out onto the tree-rich yard. Therefore, the plants will extend to escape the shade so that your seedlings do not stretch to the far red. The process known as phytochrome reactions is activated.
Which make it easier for the plant to avoid the shade when it occurs. In the shade of other trees there begins to stretch to look for light, to prevent this, it is enough to add blue, green and red to the windowsill so that the spectrum is more even and your plant will not stretch [12].
The radiation efficiency of a few Cree LEDs is shown below. These are all useful tools for simulating the sun's spectrum. Selecting LEDs that will accomplish the task efficiently is an additional step. It is evident from this graph that red LEDs with a wavelength of 660 nanometers—not to be confused with 630 nanometers—are our most efficient. Its efficiency is around half that of the original.
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FIGURE 7. Emission efficiency of LEDs
The Cree LEDs have the following emission efficiency:
Blue (450 nm) – 3 μmol/J; Red (660 nm) – 3.8 μmol/J;
Far red (730 nm) – 3.3 μmol/J; White (4000 K) – 3.3 μmol/J.

Next, we have far red in efficiency, but I want to point out right once that they cost a lot more. These are Cree LEDs; other brands' efficiency may vary, but generally speaking, these ratios will be maintained as efficiency improves. The color temperature of these white LEDs is 4000 Kelvin. The efficiency of a different color temperature is almost the same. However, the highest photon flux on LEDs is 4000 Kelvin. This illustrates how green LEDs are twice as inefficient. As a result, using them in lamp design is unfeasible. I would also like to say the same regarding ultraviolet, yellow LEDs, and other colors. They are all somewhat inefficient, with the exception of those mentioned above. It turns out that when creating lamps, it is beneficial for us to employ only red, blue, white, and maybe far red. Naturally, distant red will be unnecessary for you if, as I previously stated, you have a window sill with tree shadows.
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