
How are these leaf adaptations

Red à attract pollinators
Hairs à reduce air 
Holes and many tiny à reduce likelihood of ripping in the wind
Leaves become spines à greatly reduced surface area for hot dry 
conditions
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https://www.youtube.com/watch?v=y4QySmV1mqw
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These are all cross sections of lily pad leaves.  Note the following 
adaptations

1. Very large air spaces so it floats
2. Guard cells and stomates on the top only since only the top is 

exposed to air
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• Discuss things like:
• Roots are widespread and close to the surface to absorb any rainfall 

even a light rain
• Water is stored in the thick, expandable stems. The fleshy stems of 

the barrel cactus are pleated like an accordion to expand when it 
rains and shrink as moisture is used up. These pleats also channel 
water to the base of the plant during rain showers. This combination 
of water-retaining pulp and flexible skin allows the cactus to hold an 
impressive amount of water, with 5- to 6-foot barrel cacti often 
weighing several hundred pounds.

• When water is no longer available in the summer, many desert 
shrubs drop their leaves and become dormant.

• The leaves of cactus have evolved into spines with almost no surface 
area.  Instead of levaes,  green stems produce the plant's food, but 
lose less water than leaves because of their sunken pores and a 
waxy coating on the surface of the stem. 

• The dense network of spines shades the stems, keeping them cooler 
than the surrounding air.
Many barrel cactus lean to the south so that a minimum of body 
surface is exposed to the drying effect of the midday sun.
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PLUS, cactus are CAM plants, discussed on the next slides.
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RUBISCO, the starting enzyme of the Calvin cycle evolved when free 
oxygen was not present in the atmosphere.  There was no selective 
pressure for it to distinguish between carbon dioxide and oxygen.  Thus, 
when carbon dioxide levels are low (which will occur when plants close 
their stomates under hot dry conditions in the day to present water loss) 
RUBISCO combines RuBP and oxygen which, in a nutshell, breaks 
RuBP apart and removes it from the Calvin cycle.  The RuBP is wastes 
and so is the energy that went into making it.  BAD NEWS FOR THE 
PLANT.  To Avoid photo respiration some plants have evolved alternate 
mechanisms to keep their CO2 levels high under hot dry conditions.  
There are the CAM Plants and the C4 plants.

Helpful: from Wikipedia
Photorespiration (also known as the oxidative photosynthetic 
carbon cycle, or C2 photosynthesis) refers to a process in plant 
metabolism where the enzyme RuBisCO oxygenates RuBP, causing 
some of the energy produced by photosynthesis to be wasted. The 
desired reaction is the addition of carbon dioxide to RuBP
(carboxylation), a key step in the Calvin–Benson cycle, however 
approximately 25% of reactions by RuBisCO instead add oxygen to 
RuBP (oxygenation), creating a product that cannot be used within the 
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Calvin–Benson cycle. This process reduces the efficiency of photosynthesis, 
potentially reducing photosynthetic output by 25% 
in C3 plants.[1] Photorespiration involves a complex network of enzyme 
reactions that exchange metabolites between chloroplasts, 
leaf peroxisomes and mitochondria.
The oxygenation reaction of RuBisCO is a wasteful process because 3-
phosphoglycerate is created at a reduced rate and higher metabolic cost 
compared with RuBP carboxylase activity. While photorespiratory carbon 
cycling results in the formation of G3Peventually, there is still a net loss of 
carbon (around 25% of carbon fixed by photosynthesis is re-released as 
CO2)[2] and nitrogen, as ammonia. Ammonia must be detoxified at a 
substantial cost to the cell. Photorespiration also incurs a direct cost of 
one ATP and one NAD(P)H.
While it is common to refer to the entire process as photorespiration, 
technically the term refers only to the metabolic network which acts to rescue 
the products of the oxygenation reaction (phosphoglycolate).
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C4 plants have separated the uptake of CO2 from the use in the Calvin 
Cycle.  The update of  CO2 now happens in the mesophyll cells only 
and the Calvin cycle will occur in the Bundle Sheath cells only.  
Students will have drawn diagram of monocot leaves (corn) which are 
C4 plants.  Use this diagram and the next to review that anatomy.



Review:  Video:  “The Leaf”
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PEP carboxylase is the new enzyme that C4 plants have evolved that 
has a high affinity for CO2 EVEN when concentrations of CO2 are low.  
The mesophyll first places the CO2 into an acid (students DO NOT 
need to know any of these names) which is then pumped into the 
Bundle Sheath cell where the CO2 is release and used by RUBISCO 
for the Calvin Cycle.  This keeps the CO2 levels high enough so 
photorespiration is avoided.
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Here is the second adaptation to avoid photorepsiration.  Instead of 
separatingCO2 storage  and the Calvin cycle in different anatomical 
places (mesophyll and bundlesheath cells) the CAM plants open their 
stomates at NIGHT and close them in the day.  At night, they have an 
enzymes that combines the CO2 into an organic acid and then in the 
day, when they close their stomata, they release the CO2 from the acid 
for RUBISCO to use.

CAM à Cactus, epiphytes



If you think students are confused, feel free to watch this vido (a little 
long at 12 minutes)
Good You Tube:  http://www.youtube.com/watch?v=Dq38MpYOb8w
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If any time remains, students can work on practice  problems for 
photosthnesis
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