Leaf Functions:  Photosynthesis

The leaves of the plants I grow in  my garden add both color and texture but of course the plants don’t grow leaves for my benefit.  Most plants have leaves to manufacture food so that they can grow and thrive.   We also grow and thrive through this food manufacturing process because we enjoy the plants both in our garden and on our table as the food we eat.  Understanding the process can improve the way we grow the plants for the maximum benefit of all.

The food manufacturing process is called photosynthesis from the Greek words for “photo” meaning light and synthesis, meaning “putting together”.  It’s a complex process involving many chemicals that we can forget but as the term tells us, light is all important.  Light is an abundant form of energy that we, unfortunately, can not use for our energy needs.  Plants have the ability to convert light energy into chemical energy that both we and the plants can use.   The process is carried out by the chlorophyll in the leaves (or stems) and the product, a sugar called glucose, is carried to various parts of the plant where it is used or stored (think carrot or potato).  

The leaf is especially adapted for photosynthesis.  Most leaves are flat and expanded so that they expose the maximum surface area to the sun.  Inside, the cells are arranged so that those containing chlorophyll are upper most and receive the most sunlight.  Other cells are loosely packed and provide air spaces while others move water and food through the leaf.  Special structures called stomata, usually located on the lower side of the leaf, allow gases (oxygen and carbon dioxide) to enter and leave the leaves.  Here’s a diagram of a typical leaf.

LEAF DIAGRAM

Photosynthesis is a very complex process that involves many chemicals but the overall process of photosynthesis can be summarized in the equation: 

Water + carbon dioxide in the presence of light and chlorophyll yields glucose +  oxygen .  

Here are the highlights of the process.

1. The process of photosynthesis takes place in the chloroplast of the plant.  The chlorophyll is necessary for the process but is not used up in it and can be used over an over again.

2. There are two distinct phases of the process;  one requires light and chlorophyll the other does not.

3. In the first phase (light phase)  water is broken down  to form particles that can collect and carry the energy from the light. Oxygen molecules are also formed.  

4. The second phase (carbon fixation) does not require light or chlorophyll and involves the joining of the energy  from the first phase to molecules of carbon dioxide to form glucose.  

Here’s the process in a diagrammatic form:

PHOTSYNTHESIS DIAGRAM

What is the importance of all this for the gardener?  Look at the materials needed for the process:  light, chlorophyll, water and carbon dioxide.  Consider what can the gardener do to improve the supply of these. 

1. Locating the plant in optimal light conditions is basic.  Some plants need more light than others to carry on photosynthesis at the highest rate possible; a gardener needs to respect that and locate the plant accordingly.  

2. Chlorophyll develops in the presence of light so its concentration in leaves is enhanced by the optimal amount of light.  Thus, locating the plant so that it has the most light that it can use without being damaged will maximize chlorophyll content and add to the overall food that a plant can produce.

3. Most plants need about 1” water per week to grow well.  Of course, there are exceptions;  some plants are especially adapted to dry conditions but most do well in moist but well drained soil.

4. Carbon dioxide is abundant in the atmosphere and enters the leaves through microscopic pores, the stomata, that open during the day when photosynthesis is going on and close at night to reduce water loss.  This loss of water can be significant and is a 2nd reason for making sure that the plant has a sufficient and consistent water supply.

The sugar (glucose) formed by photosynthesis not only keeps the plant growing but it aids in the production of the vegetables and fruits that provide you with vitamins, minerals, carbohydrates, fats, and proteins that you need for growth and activity.  Plants form the base of most food chains because they can convert light energy into chemical energy that we can use, and animals including man can not do so.  Considering that plants also remove carbon dioxide from the air and add oxygen, plants are amazing organisms.

Photosynthesis is a two stage process. The first process is the Light Dependent Process (Light Reactions), requires the direct energy of light to make energy carrier molecules that are used in the second process. The Light Independent Process (or Dark Reactions) occurs when the products of the Light Reaction are used to form C-C covalent bonds of carbohydrates. The Dark Reactions can usually occur in the dark, if the energy carriers from the light process are present. Recent evidence suggests that a major enzyme of the Dark Reaction is indirectly stimulated by light, thus the term Dark Reaction is somewhat of a misnomer. The Light Reactions occur in the grana and the Dark Reactions take place in the stroma of the chloroplasts.

Photosynthesis is vital for all aerobic life on Earth. As well as maintaining the normal level of oxygen in the atmosphere, nearly all life either depends on it directly as a source of energy, or indirectly as the ultimate source of the energy in their food[2] (the exceptions are chemoautotrophs that live in rocks or around deep sea hydrothermal vents).

Transpiration is a process similar to evaporation. It is the loss of water vapor from parts of plants (similar to sweating), especially in leaves but also in stems, flowers and roots. Leaf surfaces are dotted with openings called, collectively, stomata, and in most plants they are more numerous on the undersides of the foliage. The stoma are bordered by guard cells that open and close the pore. [1] Leaf transpiration occurs through stomata, and can be thought of as a necessary "cost" associated with the opening of the stomata to allow the diffusion of carbon dioxide gas from the air for photosynthesis. Transpiration also cools plants and enables mass flow of mineral nutrients and water from roots to shoots.

Mass flow of liquid water from the roots to the leaves is caused by the decrease in hydrostatic (water) pressure in the upper parts of the plants due to the diffusion of water out of stomata into the atmosphere. Water is absorbed at the roots by osmosis, and any dissolved mineral nutrients travel with it through the xylem.

The rate of transpiration is directly related to the degree of stomatal opening, and to the evaporative demand of the atmosphere surrounding the leaf. The amount of water lost by a plant depends on its size, along with surrounding light intensity,[2] temperature, humidity, and wind speed (all of which influence evaporative demand). Soil water supply and soil temperature can influence stomatal opening, and thus transpiration rate.

At night, transpiration usually does not occur because most plants have their stomata closed. When there is a high soil moisture level, water will enter plant roots, because the water potential of the roots is lower than in the soil solution. The water will accumulate in the plant, creating a slight root pressure. The root pressure forces some water to exude through special leaf tip or edge structures, hydathodes, forming drops. Root pressure provides the impetus for this flow, rather than transpirational pull.  For picture look at grasses and Equisetum..

