Unit IV- A : Plant and Animal Nutrition
Unit Outline
I. Plant Nutrition - Chapter 17
A. Plants and Light
1. Historical Background

a. Jan van Helmont: 1600s – Flemish Physician

i. grew a willow tree in a pot for five years adding only water

ii. After five years, there was no change in the mass of the soil, but the mass of the tree increased by 75 kilograms.


iii. concluded that the new plant material came from the water





b. Joseph Priestley:  1770s – English Chemist






i. place a plant in a container after a candle had been burned in the container






ii. It was known at the time that an animal could not live in this “damaged” air.






iii. He found that the plant could grow in this “damaged” air.






iv. This was the first evidence that plants interacted with the air in some way.





c. Antoine Lavoisier: 1780s – French Chemist






i. showed that oxygen is removed from the air during burning





ii. He and others then realized that animals need oxygen from the air just as the 

flame does.

iii. it was concluded that plants give off oxygen to the air





d. Jan Ingenhousz: 1700’s Dutch Physician 






i. found out that plants only give off oxygen to the air in sunlight





e. Jean Senebier: 1700’s Swiss Clergyman






i. found that plants take in carbon dioxide when exposed to sunlight
2. Photosynthesis: The process of transforming the energy of sunlight into chemical energy.

a. By the beginning of the 1800’s scientist had identified the basic requirements for plant growth: carbon dioxide, water and sunlight.


b. Types of Nutrition


i. Heterotrophs organisms that cannot synthesize their own food, and rely on 

autotrophs for their nutrition.

ii. Autotrophs: organisms that are capable of making their own food from simple 

inorganic substances.

iii. Photoautotrophs: are autotrophs that use light energy to drive the reactions used to make organic substances from inorganic substances

iv. Chemoautotrophs: are autotrophs that use inorganic chemicals to drive the 

reactions used to make organic substances from inorganic substances





c. Light Energy: Sunlight is a form of energy known as radiation.





i. radiation travels in waves






ii. A wave’s wavelength is the distance between two adjacent crests, or two 

adjacent troughs.

iii. Sunlight is a mixture of all visible wavelengths of light.

iv. If an object reflects all wavelengths of light it appears to be white.

v. If an object absorbs (the opposite of reflects) all wavelengths of light it appears 

to be black..

vi. When sunlight, or “white light” passes through a prism, the rays of different 

wavelengths are bent different amounts.  This forms a spectrum which shows the colors of visible light in order of their wavelengths.
vii. Violet light has a wavelength of about 380 nm, while red light has a wavelength of 750nm.  The others, such as indigo(?), blue, green, yellow, and orange fall between the violet and red wavelengths.

viii. Although light is a wave, it often behaves as a particle.  Each particle of light is called a photon.  Photons have a fixed amount of energy.

ix. When a photon hits an atom, the energy is used to excite electrons, which is used to make chemical bonds.
x. A substance that absorbs photons is called a pigment.  

xi. The different colors, or wavelengths, of light absorbed by a pigment make up its absorption spectrum.
3. Photosynthetic Pigments


a. The most abundant and important photosynthetic pigments are the chlorophylls.



i. In plants there are two chlorophyll pigments – chlorophyll a, and chlorophyll b.



ii. Chlorophyll a is the primary photosynthetic pigment.


iii.  Chlorophyll b and other pigments such as carotenes (orange), anthocyanins (red) and xanthophylls (yellow) absorb light energy and transfer it to chlorophyll a.

iv. Both chlorophyll a and chlorophyll b absorb red and blue light, and reflect 

green light.  With these other pigments (carotenes, anthocyanins and xanthophylls) plants can absorb and make use of light from all regions of the visible light spectrum.

v. The presence of chlorophyll masks the other pigments in most leaves.  In Autumn, these pigments become more apparent.
4. The Chloroplast – organelle found in green plants in which the process of photosynthesis occurs.  

a.  Chloroplast Structure

i. Each chloroplast consists of photosynthetic membranes arranged in the form of 

flattened sacks called thylakoids.  



ii. Stacks of thylakoids are called grana.  



iii.  The region between the grana is called the stroma.


b.  Chloroplast Function: The combination of chlorophyll, the photosynthetic membranes and specialized proteins convert light energy to chemical energy.



B. Chemistry of Photosynthesis

1. Reactions of Photosynthesis: In green plants the following equation summarizes the conversion of light energy into chemical energy.

6CO2 + 12H2O     light energy      C6H12O6 + 6H2O




2. Light Dependent Reaction – take place only in the presence of light




a. This series of reactions begins when the pigments of the photosynthetic membranes of 

the chloroplast absorb light.





b.  The chlorophyll molecules in these membranes are packed into two light absorbing 

forms called photosystem I and photosystem II.





c.  Photosystem I and II are linked both structurally and functionally.





d.  When photosystem II absorbs light, electrons are passed  to an electron transport chain.






i. this electron transport chain uses the energy from the electrons to pump H+ ions 
into the interior of the grana.

ii.  This pumping causes a high concentration of H+ ions (released from the splitting of water) inside of the grana.






iii.  ATP is formed when the H+ ions rush back to the outside of the grana 
through specific ATP producing channels.
iv. These channels are lined with the ATP synthesizing enzyme called ATPase.

v.  This process of making ATP is called chemiosmosis.

vi.  At the end of the electron transport chain, electrons are passed to 

photosystem I.





e.  When photosystem I uses light, the high energy electrons that are passed from 

photosystem II,  and the the hydrogen ions (H+) from photosystem II, NADPH is created from NADP+. (nictinamide adenine dinucleotide phosphate)

i. Photosystem II provides a continuous supply of electrons and hydrogen ions for 

the reactions of photosystem I.

ii. The high energy ATP and NADPH molecules are then used to power the 

reactions of the light-independent reactions.




3. Light-Independent Reaction – do not rely on light energy directly




a. The light independent reactions take place in the stroma of the chloroplasts.





b. The “dark reaction” is actually a series of reactions used to produce glucose molecules 

from carbon dioxide.  The incorporation of the carbon in carbon dioxide into organic 

compounds is called carbon fixation.

i. carbon fixation occurs through a series of enzyme controlled reactions called the 

Calvin cycle. (Melvin Calvin, and American scientist, won a Nobel Prize in 1961 for his discovery of this cycle)

ii. The starting and ending compound of the Calvin cycle is the 5-carbon sugar called RuBP (ribulose bisphosphate).

iii. The cycle begins when carbon dioxide reacts with RuBP to form two-three carbon compounds called PGA (phosphoglycerate)
iv. The PGA molecules formed are then converted to PGAL (phosphoglyceraldehyde).  The NADPH and ATP formed in the light reaction provide the energy for this reaction.

v. Most of the PGAL produced is used to make more RuBP so the cycle can continue.  

vi. Two out of every 12 molecules of PGAL are combined to make one  molecule of glucose.




4. Factors Affecting Photosynthesis




a. Light intensity, temperature, and water and mineral availability, are some of the factors 

that can affect the rate of photosynthesis.

b. As with all enzyme mediated reactions there are optimum conditions that will serve to 

maximize reaction rate.

c. In times of drought or extreme temperatures, plants may stop performing photosynthesis entirely.




5. Photosynthesis and Cellular Respiration: 
a. Photosynthesis is the reverse of cellular respiration.

b. Photosynthesis occurs in the chloroplast, while respiration occurs in the mitochondria and 

cytoplasm.

c. Photosynthesis captures light energy, storing it as chemical energy, and cellular 

respiration converts this chemical energy into a more usable form  (ATP).

C. Special Cases


1. C4 Plants

a. Some flowering plants such as corn and sugar cane use fix carbon dioxide into a four carbon compound before the Calvin cycle.

b. This four carbon compound is then transported to the leaf cells where the Calvin cycle is operating.  

c. These four carbon compounds are broken down releasing the carbon dioxide previously incorporated into the molecule.   

d. This photosynthetic pathway called the C4 pathway acts as a carbon dioxide “pump” which greatly increases the efficiency of the photosynthetic process.

e. This C4 pathway does require additional light energy.  This is not a problem for C4 plants because they are normally found in high light areas.


2. CAM Plants

a. The Crassulaceae are a family of plants (mostly desert cacti) which have evolved a unique way of conserving water while performing the process of photosynthesis.

b. Many plants of hot dry climates conserve water by closing the stomates (small pores found on the surface of the leaf) during the day.  

c.  Closing stomates prevents water loss, but also inhibits carbon dioxide absorption.

d.  In CAM (crassulacean acid metabolism) plants stomates are opened and carbon dioxide is stored at night.

e.  During the daylight hours, the stored carbon dioxide is used in the process of photosynthesis, while the stomates remain  closed.

3. Food-Making Bacteria



a. All of the photosynthetic bacteria (cyanobacteria) have photosynthetic membranes 

throughout their cytoplasm.

b. Some bacteria carry out chemosynthesis – a process in which food is made using energy from inorganic substances.

c. Chemosynthetic bacteria use the Calving cycle to produce glucose, but drive this reaction using ATP and NADPH that comes from the oxidation of inorganic substances.


4. Heterotrophic Plants



a.  Some plants such as the mistletoe are parasitic.  Although the mistletoe is photosynthetic, 

it adds to its nutrition by siphoning sap from other plants (mainly Oaks).



b.  The dodder plant is entirely parasitic, and has lost the ability to photosynthesize. 





c.  In bogs and marshes, the acidic soil slows the nitrogen cycle, and limits the availability 

of nitrogen.  Some plants in this environment, such as the sundew, venous flytrap, and 

pitcher plant, supplement their nutrition by feeding on animals.
