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Introduction


In many plants the hypocotyl is the part of the plant responsible for vertical growth of the seedling (Flora, 1967). The spectral properties of light are known to influence a variety of plant processes including seed germination and photosynthesis (Starr and Taggert, 1988). Therefore hypocotyl elongation is likely to be impacted by exposure to various wavelengths of light.


We chose kidney beans as the experimental plants because they grow rapidly and are the type of plant in which the hypocotyl (rather than epicotyl) contributes to plant height (Dickey, 1988). We used five different treatments: darkness, white light, and white light filtered through blue, green and red acetate filters. The different colors were chosen because we know that red and blue light are used in photosynthesis, while green light is not (Starr and Taggert, 1988). We tested the hypotheses that  light is required for hypocotyl growth, and that some wavelengths of light will promote greater growth that other wavelengths.  We predicted that hypocotyl growth will not occur in the absence of light. 

Materials and Methods


We placed one hundred kidney bean seeds on moist paper towels and left them in the dark for seven days. We then selected fifty of the seeds which had germinated and planted them in potting mix (2/3 general purpose potting soil and 1/3 perlite) in flats, putting ten germinated seeds in each flat. 


To give the plants different wavelengths of light, we made light boxes out of 22 cm w x 45cm l x 22 cm h cardboard boxes and colored acetate filters. Color filters were obtained from Edmund Scientific Company. We used daylight blue (#851), medium green (#874), and medium red (#823) filters. The acetate filter replaced the cardboard top of each box. We used a clear sheet of acetate for the white light, and left the cardboard box intact for darkness. Before we put the plants in the boxes, we measured the light intensity in each box. We found that to have equal light intensities, we had to place the boxes the following distances from the light: white light 42 cm, red 35 cm, green 27 cm, and blue 13 cm. 


We put one flat of plants in each box and placed the boxes at the appropriate distances from the fluorescent lights on the growth shelves. Plants were exposed to 16 hours of light each day. We watered each flat daily with 100 ml of tap water.


We measured hypocotyl length of each plant at 9:00am each day for ten days. The hypocotyl is the part of the stem which is below the cotyledons (see Figure 1). We took the plants to a dimly-lit area of the room for this measurement so they would not be subjected to the wrong type of light.

Results

We found that the average hypocotyl length was greatest in darkness and green light (120 and 100 mm respectively) while in white, red, and blue light mean hypocotyl length tended to be much shorter (25, 30, and 25 mm respectively) (Figure 1). The rate of hypocotyl elongation was greater in darkness than in white light.  The two colors of light that had the greatest hypocotyl growth rate were no light (dark) and green light with rates of 12.8 mm/day and 10.5 mm/day respectively.  Blue, White and Red light had the lowest hypocotyl growth rates at approximately 2.5 mm/day (Figure 2)
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Figure 1. Average hypocotyl length of kidney bean seedlings. Seedlings were exposed to different wavelengths of light for ten days.   Seeds in darkness had the greatest growth at 120 mm, followed by seeds exposed to green light which grew 100 mm.  Seeds exposed to Blue, Red and White light showed little growth.
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Figure 2. Growth rate of hypocotyls exposed to different wavelenths of light.  Dark light had the highest growth rate with 12.8 mm/day, followed by Green light with 10.5 mm/day.  White, Red and Blue light all had similar growth rates around  2.5 mm/day.
Conclusion

The hypothesis that hypocotyl growth will not occur in the absence of light was not supported.  Our results show that plants exposed to no light had the highest average total growth of 120 mm after ten days and the same plants had the highest growth rate of 12.8 mm/day.  Plants exposed to green light (which is a wavelength of light not available to plants for photosynthesis) also had a large amount of growth at 100mm and the second highest growth rate of 10.5 mm/day.   Plants exposed to white, blue and red light (wavelengths that plants do use for photosynthesis) had the lowest total growth and growth rates with only a fraction of the total  growth with only 25-30mm and growth rates of around 2/5 mm/day.
Since plants need light for photosynthesis, we did not expect to find so much growth in the dark. Possibly this is a mechanism that plant uses to try to reach the proper kind of light. The elongation is caused by an accumulation of a hormone, auxin, which stimulates plant growth (Smith, 1976). We were also puzzled by the apparent lack of chlorophyll in the plants grown in darkness and green light, since chlorophyll is also needed for photosynthesis, which provides the plant with energy. The plants in the dark must be getting the energy for growth from a source other than photosynthesis, most likely from stored reserves in their seeds (Starr and Taggert, 1987).
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