
Desert Plant Adaptations



California Deserts



 

Limiting Factors



 

____________



 

Cold Winter Temperatures

Water



Cold Winter Temperatures Are 
Common In The Mojave Desert

The Joshua Tree is the indicator species of the Mojave Desert



Xerophytic Plants



 

Drought adapted



 

Have adaptations that allow them to 
live through hot dry periods during the 
summer months



Three Main Adaptive Strategies



 

Succulence



 

Drought Tolerance



 

Drought Evasion

This means they
store water

Drought tolerant plants have
adaptations that allow them
to conserve water and have
the ability to withstand long
periods of drought

Many desert wildflowers simply
exist as seeds in the soil until a 
wet year stimulates germination

Creosote Bush

Cacti are stem 
succulents



Pancake Cactus – A Stem Succulent

Green
Stem

CAM P/s



Pancake Cactus – A Stem Succulent

Green
stems

Spines are
deterrents to
animals that 
try to get to 
the water 
stored in the 
stems

Spines are
modified leaves



Desert Agave

The desert agave is a 
leaf succulent. This 
means that it stores 
water in its leaves



Adaptations Found In Joshua Trees



 

The Joshua Tree is a 
perennial. 



 

Perennials:


 

Live more than one 
year



 

Are xerophytes 
(drought adapted)



 

A semi-leaf succulent, 
i.e it stores water in 
its leaves



CAM Photosynthesis: 
Cacti and Other Succulents



 

Stomata closed during the day and open at 
night



 

Take in CO2 at night and convert it into a 4C 
acid 


 

The 4C acid is a storage form of CO2



 

During the day, when the stomata are closed,  
the 4C acid releases CO2 to the Calvin-Benson 
Cycle (dark reaction)



 

What is the advantage of having the stomata 
open at night and closed during the day?



Succulents Guard Stored Water



 

Waxy cuticles


 

Few leaves – agaves


 

No leaves – cacti


 

Spines – cacti


 

Discourage herbivores from eating 
succulent stems



 

Shade the stem and reduce stem 
temperatures



A Partially Closed Stomate

Notice the waxy 
cuticle on the
leaf surface



Pencil Cholla Is 
A Type Of 

Cactus

What type of 
photosynthesis
does it have?

What kind of 
succulent is it?

The spines are 
modified?

Leaves

CAM

A stem succulent



Drought Tolerance



 

Creosote Bush



 

Burr Sage



 

Brittle Bush



Community: Creosote Bush Scrub

Creosote bush

Bur sage



Burr Sage



 

Burr sage is drought 
deciduous. This means 
it drops its leaves in 
times of drought when 
it is water stressed.



Die Back – Creosote Bush

Die back means that the plant lets some of its stems
die. This reduces the amount of water the plant needs 
to survive.



Lateral Roots – Creosote Bush

Lateral roots are close to the soil surface. Lateral roots enable the plant to
absorb water from the soil surface following a very light rain.



Deep Tap Roots
What is a tap root?

A tap root is a root that grows down deep into the soil.



Leaf Hairs on Brittlebush

Leaf hairs make the leaf surface appear white. White reflects all the colors 
of sunlight, thus reduces the temperature of the leaf surface. The lower the
leaf temperature, the lower the transpiration rate.



Degree of Stomatal Opening

Closed Partially Fully
Open Open

Rate of
P/S

Dormancy During Extended 
Periods of Drought

When do plants close their stomata?
Plants close their stomata when they are water
stressed. This reduces water loss but also stops
photosynthesis.
Plants also close their stomata at night.



Creosote Bush In Flower

Since this plant is a 
perennial would you 
expect it to be 
xerophytic?

Small 
leaves

Waxy resin covered 
leaves

Yes. Perennials live more than 
one year and have to be able
to tolerate summer drought.



Would you guess that these 
are the leaves of a desert
plant?

Where were these 
photographs
taken?

No. The leaves are huge.
This plant would have a very
high transpiration rate!

Costa Rica – The Tropics



Desert Wash



Desert Wash Trees



 

Smoke Tree


 

Paloverde


 

Mesquite



Smoke Tree – A Desert Wash Tree



Seed Scarification


 

The seeds of smoke tree and other trees that grow 
in desert washes must be scratched before they 
will germinate.



 

What conditions in nature will cause seed 
scarification in trees that grow in washes?



 

What are the advantages of this?
Flash floods

The seeds will not germinate unless the soil is really wet. This increases the
probability that the seedlings will survive.

The scratching of the seed is called
seed scarification



Smoke Tree Seedling



Smoke Tree Seedlings

After the seeds
germinate most of
the energy goes to
create a deep tap
root so the root
can reach the water
table before the soil
dries out.



Smoke Tree – A Phreatophyte


 

Phreatophyte 
means “well plant” 
thus these trees 
must have their 
roots in the water 
table.



 

These trees have 
very deep tap 
roots.



Mesquite


 

Mesquite is a 
phreatophyte



 

What is a 
phreatophyte?



 

A mesquite tap root 
has measured in a 
mine shaft was 160 
feet long



Palms Are Phreatophytes



Joshua Tree – Now A National Park



Most Desert 
Perennials Have
Deep Tap Roots

At the Joshua Tree 
Nursery, seedlings are
grown in newspaper 
tubes that are 
covered with wax paper.

This allows a good tap 
root to develop.



Most Desert Perennials 
Need Deep Taproots

When the roots of seedlings 
reach the bottom of the 
newspaper tube they are 
transplanted to 4 foot 
sections of sewer pipe. This 
enables the development 
of a deep taproot.

Creosote Bush



Washing Chemical Inhibitors Off Seeds



Chemical Inhibitors on Seed Coat



 

These must be washed off before the 
plant will germinate



 

These prevent the seeds from 
germinating during dry years



 

El Nino years are accompanied by 
incredible wildflower blooms in the 
desert



What type of leaf anatomy 
does this plant have?



Palo Verde – A Desert Wash Tree

To germinate,
the seeds of
this tree must
be?

Scarified



The Spring Wildflowers After A Heavy Rain

Annuals (Ephemerals)



Annuals or Ephemerals


 

The life cycle of a plant


 

Seed Germination Seedling



 

Seedling Adult Plant Fruit Seeds



 

Ephemerals are not xerophytic. They 
exist as seeds during harsh periods and 
germinate when conditions are warm 
and wet.



Short versus Long Lived Plants


 

Annuals 
(Ephemerals)


 

Live less than one 
year



 

Complete life cycle in 
a short period of 
time when conditions 
are favorable



 

Not Xerophytic



 

Perennials


 

Live more than one 
year



 

Must be able to 
tolerate the extreme 
heat of summer and 
the cold 
temperatures of 
winter



 

Xerophytic





 

Monkey Flower


 

An annual or 
ephemeral?



Most Desert Wildflowers Are Annuals



Other Drought Adaptations



 

Close stomata


 

Waxy cuticle


 

Leaf hairs


 

Drought deciduous – 
drop leaves when 
conditions become 
very dry


 

Why be drought 
deciduous?



 

CAM photosynthesis


 

C4 photosynthesis



 

Geophytes


 

Store water and 
starch in an 
underground bulb



 

Underground tuber 
that stores water



A Partially Closed Stomate

Notice the waxy 
cuticle on the
leaf surface



Tidestroma oblongifolia

The common name of this 
plant is “mouse ears”. It is 
the plant featured in the 
article High Efficiency 
Photosynthesis.

This is a C4 Plant with _______
anatomy



Desert Holly
Desert holly
can live in 
salty soils since
it has salt 
glands



Desert Holly: 
A C4 Plant

Note the chloroplasts
are in the center of 
the leaf.

This type of leaf 
anatomy is called 
“Kranz Anatomy”.
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