
9.1 – TRANSPIRATION 
 

PLANT STRUCTURES 

Note: This all applies specifically to “dicotyledonous” plants. This is the most common type of flowering plant. 

 

Plant 

 
Stem  

 
. 

 Epidermis = Outer protective layer of the stem 

o Often has a waxy cuticle to prevent water loss 

 Cortex = Cells with thick cell walls to help hold up plant 

 Pith = Soft inner layer of cells in the center of the stem 
. 

 Vascular bundle = Contains xylem, phloem and cambium tissues 

 Xylem = Tube carrying water from roots to leaves 

 Phloem = Tube carrying nutrients/sugars both up and down the plant 

o From ‘source’ to ‘sink’ 

 Cambium = Ring of growth in the plant 

o This is a lateral meristem 



Leaf   

 
. 

 Upper and lower epidermis = Outer protective ‘skin’ protecting leaf 

 Waxy cuticle = Prevent water from evaporating from top of leaf 

o This layer is secreted by the upper epidermis 

 Palisade mesophyll = Layer of cells doing photosynthesis 

o This is the main photosynthetic layer of the leaf 

 Spongy mesophyll = Layer of cells with air spaces for gas exchange 

o This is also a secondary site of photosynthesis 

 Stomata = Hole where water can evaporate from leaf 

 Guard cells = Cells that can open and close stomata 

 

 

 

SUPPORT IN PLANTS 

 Plants need to hold themselves up and do so using: 

1. Cellulose Cell Walls  

o Cell walls in cortex help hold plant up  

2. Turgor Pressure  

o Vacuoles inflate and push against cell walls  

o Inflated cells are "turgid" and holds plant up  

3. Lignified Xylem  

o Lignin is a protein that wraps around xylem in stems  

o Xylem "columns" are stiff to hold up plant  

 

  



TRANSPIRATION 

 Transpiration is the movement of water from the roots to the leaves, through the xylem  

 

Steps of transpiration 

1. Sunlight hits the leaves increasing temperature  

2. Water evaporates out of the spongy mesophyll, turning from liquid to vapor  

3. Water vapor leaves the leaf through stomata 

o Water leaves between guard cells on bottom of leaf  

4. Water molecules form hydrogen bonds with each other, so leaving molecules pull the one 

behind it by cohesion 

5. Cellulose of spongy mesophyll cells are polar, so help pull water out of xylem by adhesion  

o Water leaving spongy mesophyll is replaced by water from xylem 

6. Water is pulled up the xylem by "transpiration pull"  

7. Xylem vessels are designed to facilitate transpiration 

o Xylem vessels are made of dead cells and cell walls between them have disappeared, 

making a hollow tube to minimize resistance to water moving up 

o Water can adhere with polarity to xylem walls 

i. Helps prevent water moving back down 

o Cell walls are thick to withstand strong negative pressure caused by suction up plant 

8. Water enters the base of xylem in roots  

9. Water enters the root from the surrounding soil  

o Root cells have "root hairs" to increase SA for water absorption  

o Solute concentration is higher in root than in the soil, so water enters by osmosis  

10. In the root, water is pulled towards the xylem through two pathways:  

o SYMPLASTIC pathway: Water moves through cell cytoplasms 

o APOPLASTIC pathway: Water moves through cell walls  

11. Water moves through the root until it reaches the CASPARIAN STRIP, which forces water in 

the apoplastic pathway to enter the cytoplasm  

  



Forces Affecting Transpiration  
. 

 Temperature 

 Increasing temperature, increases transpiration  

 Because molecules move faster at high temperatures 

 So more water evaporates faster from spongy mesophyll at high temperatures 
. 

 Light  

 Increasing light, increases transpiration 

 Became stomata open more with more light  

 They open to let in CO2 for photosynthesis  
. 

 Wind  

 Increasing wind, increases rate of transpiration  

 Wind pulls water away from stomata 

o Water pulls molecules behind them by cohesion 

 Increases concentration gradient for water  
. 
 Humidity (water dissolved in the air)  

 Increasing humidity, decreases transpiration  

 Decreases the concentration gradient between leaf’s air spaces and outside air 

 

ADAPTATIONS FOR WATER STRESS 

 

 Water stress = lack of water  

  Halophytes and xerophytes have many adaptation for water stress 

 

 Xerophyte = plant adapted to day conditions  

 Deserts and high mountains  

 Halophyte =  Plant adapted to salty conditions  

  Environments near oceans 

 

Adaptations for water stress include: 

 Small leaves to decrease SA for transpiration (so less transpiration) 

 Have thinker waxy cuticle to prevent water loss by evaporation  

 Sometimes have spines/thorns instead of leaves  

 Have fewer stomata to decrease transpiration  

 Leaves can be curled or stomata put in pits to decrease effect of wind or increase humidity just 

outside stomata 
. 

 Have wider and deeper roots to get more water  
. 

 Have thick stems to store water ( = succulence)  

 Stem can do photosynthesis instead of leaves, so don’t need leaves 



MINERAL UPTAKE IN THE ROOTS 
. 

 Roots cells have higher concentration of minerals than surrounding soil  

  Active transport is needed to uptake minerals  

 

 Roots have adaptations to increase SA for mineral absorption 

1. Roots have many branches 

2. Root cells have “root hairs” to increase SA 

 Cell membranes have many protein pumps to pump in minerals  

3. Mutualistic fungi grow over roots and pass minerals to the plant 

 Fungi also decompose dead organisms, increasing minerals around roots 

 These are called “fungal hyphae” 

 Plant gives fungi sugar as “payment” 

 

 

Process of mineral absorption 

    Cation = Positively charged atom 

o They are “paws”itive (cats…) 

o Examples:  Calcium (Ca2+), Magnesium (Mg2+), Potassium (K+), Sodium (Na+), etc. 

    Anion = Negatively charged atom 

o Examples:  Chlorine (Cl-),  

 

1. Soil contains clay particles, which have a negative charge  

o Cations are attached to clay  

2. Root cells have proton pumps that pump H+ into soil  

3. H+ get attached to clay particles and displace/free the cations  

4. Cation enter root through facilitated diffusion (channel proteins) 

o They are attracted to negative charge in the root caused by pumping out protons  

5. H+ 'want' to enter root cell by diffusion  

o They can enter only if they come with an anion 

o H+ and anions enter root by cotransport 

6. Water follows minerals into root by osmosis  
. 

 


