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Week 4 

 

TREE ROOT PHYSIOLOGY 

The development of a root system is dependent upon the tree genetics, the soils, 

and the environment.  

Root physiology is the ability of the roots to sense the environment and adjust 

accordingly.   

The root system becomes more complex as the plant grows from a single root in a 

young seedling to a massive system of branched roots, often weighing tons in large trees. 

During all stages in a plant's growth cycle, there is a balance between the shoot system 

and the root system. The root system must be able to supply the shoot with sufficient 

water and mineral nutrients, and the shoot system must manufacture enough food to 

maintain the root system. 

 

Root Parts 

Parts of root are listed from the youngest part of a root to the oldest part: 

Root Cap – This part of the root is at its very tip.  The cap protects the tip of the root as it 

is forced through the soil by the elongating root tissue behind it.  

Apical Meristem – is a small region at the tip of a root in which all cells are capable of 

repeated division and from which all primary root tissues are derived.  

Region of Elongation – Cells in their fixed positions elongate to reach mature dimensions 

in the region of elongation.   

Region of Root Hairs – are tiny, hair-like structures that grow on the surface of the 

plant roots. Their main function is to increase the area available for water absorption 

and that of minerals and other nutrients. Root hairs are delicate structures that can only 

survive for a couple of days.  

Rhizosphere – The contact zone between the root surface and the soil is called the 

rhizosphere. This region, only a few millimeters thick, is a very interesting and unique 

zone. Its complex chemistry includes organic material, gases, and nutrients from the 

roots. Consequently, the bacteria and fungi near roots are often richer and more diverse 

than in soil farther away. Soil fungi and bacteria form important symbiotic (mutually 

beneficial) relationships with roots.  

Mycorrhizae – Mycorrhizae are beneficial fungi to trees.  Mycorrhizal fungi are naturally 

occurring fungi that prefer the soil in the woods.  Mycorrhizae (my-ka-RY-zee) are not 

exactly a root, and they are not exactly a fungus; they fall halfway between.  They are 

important because they form a symbiotic relationship with a tree's roots and they act as 
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extensions of the roots.  They translocate nutrients and moisture back to the root for 

absorption and use by the tree.  In exchange, the tree provides the fungus with 

carbohydrates, vitamins, and amino acids.   

Absorption and water flow through plants 

Independent of the species, plants require from the soil a water volume that 

overcomes its metabolic necessities. Through the transpiration process plants transmit 

to the atmosphere the majority of the water absorbed from soil (generally around 90%). 

From this perspective, it is noted that the plant water requirements are defined primarily by 

the atmosphere evapo-transpirative demand, which is a passive process. Figuratively we 

can compare a plant water flow with the principles of oil flow in the wick of an old fashion 

lampion. 

 

Water potential 

The water content in the soil, plants and atmosphere is usually described as water 

potential (Ψ). This is based on the relation between the water content in the part of a 

system and pure water at the same temperature and atmospheric pressure, measured in 

pressure units (mega pascal-MPa or bars-Bar). By definition, the potential of free pure 

water at atmospheric pressure and at a temperature of 25°C corresponds to 0 (zero) MPa. 

The contrast in the water potential between two points invariably determines the 

direction of water transport in a system.  

 

The most widely used description of the water status of plants has been introduced by 

Slatyer and Taylor. The water status in plants is measured by water potential, Ψ, a 

measure of free energy available to do work, as in “move water”. The simplified form is: 

Ψ=Ψs +Ψp 

In words, the above equation means the two components of water potential are: 

1. Solute potential (Ψ s): Solute potential reflects how much stuff (particle) is in the 

water. Any water with stuff dissolved in it has a negative solute potential (Ψs), since 

solutes bind with water molecules and lessen their ability to move and do work. 

 

2. Pressure potential (Ψ p): Pressure potential is the amount of force being exerted on 

a solution. In living cells, this pressure comes from the contents of the cell pushing 

against the cell wall. The cell wall pushes back, causing turgor pressure. Turgor 

pressure causes plant parts to be firm and erect.  

Concerning the component of the water potential can be positive or negative. For 

example, if we observe a turgid cell of a root cortex or a leaf mesophyll, the hydrostatic 

pressure is positive. However, in a xylem vessel subjected to a stressful condition in a 

transpiring plant this component of pressure is negative.  
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Finally, we should emphasize that the gravitational potential (Ψg) - ignored in most 

cases - is very important in studies of the water potential of tree species, where plant 

height exerts a great influence on water flow. Considering that this gravitational 

component fluctuates at a rate of 0.1 MPa for every 10 meters of vertical displacement, it 

is suggested to consider if when plant height is 10 m or more. 

 

Ψ = Ψs + Ψp + Ψg 

 

Water dynamics in soil-plant-atmosphere system 

Soil water 

The water potential in soil affects water reservoir and its availability for plants; 

hence it has a large impact on plant growth and production. Furthermore, the soil water 

content exerts a great influence on some physical and chemical properties of soil, such 

as the oxygen content, which interferes with: 

1. Root breathing, 

2. Microbial activity  

3. Soil chemical status.  

Water potential is directly dependent on soil physical characteristics, and varies 

with time and space, depending on soil water balance. That balance is determined by 

input (rain, irrigation) and output of the soil (drainage, evaporation and root absorption). It 

is noteworthy that the amount of rain affecting soil water reservoir is only the effective 

precipitation. This is the amount of precipitation that is actually added and stored in the 

soil. 

For example, during drier periods less than 5 mm of daily rainfall would not be 

considered effective, as this amount of precipitation would likely evaporate from the surface 

before soaking into the ground. 

With regard to the physiological aspect, it is important to point out that the water 

content in soil is associated with three terms: field capacity, the permanent wilting point 

and the available water content. 

 

Field capacity (FC) 

It is the maximum water content that a given soil can retain by capillarity, after 

saturation and gravity drainage. 

In general, clay soils or those with higher content of organic matter (upper to 5% 

of organic matter) present a higher soil water holding capacity (average field capacity 

ranging from 35 to 40 % soil volume). In contrast, a sandy soil has a lower water holding 

capacity and field capacity typically ranges from 10- 15% soil volume.  

 

Wilting point (WP) 

This term is also known as the permanent wilting point, and can be defined as the 

amount of water per unit weight (or volume) of soil that is so tightly retained by the soil 

matrix that roots are unable to absorb causing the wilting of plant. In others words, it 
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corresponds to the water potential of soil under which plants cannot maintain turgor 

pressure, even if a series of defense mechanisms have been triggered: 

 

1. Increased Abscicic acid (ABA) hormone synthesis 

2. Stomatal closure 

3. Osmotic adjustment 

4. Leaf fall 

  
 

Available water content  

The water content of the soil between field capacity and the permanent wilting 

percentage is considered available water, or water that is available for uptake by plants. 

The range of available water is relatively high in sandy soil as compared to silty soils, 

somewhat less in clay, and relatively low in sand. In a drying soil, plants will begin to show 

signs of water stress and reduced growth long before the soil water potential reaches the 

permanent wilting percentage. 

 

Water absorption by the roots 

The water flow of a plant is primarily controlled by the transpiration rate. In this 

flow system it is essential indeed that there are no limitations on water absorption by the 

root system. As the roots absorb water, there is a reduction in the water potential in the 

soil that is in contact with the roots (rhizosphere). This process establishes a water 

potential gradient between the rhizosphere and a neighboring region of the soil which 

presents a higher water potential and which coordinates the water movement towards the 

roots of a transpiring plant. This water movement in the soil occurs mainly through mass 

flow due to the fact that the water filled micro pores of the soil are interconnected. 

Therefore, water flows from soil to root at a rate depending on the water potential 

gradient between soil and plant which is affected by: 

 

1. Plant water need  

2. Hydraulic conductivity of the soil 

3. Soil type and soil water content.  
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Sandy soils have higher conductivity due to greater porosity, but they also retain 

less water in relation to clay soils or soils rich in organic matter. 

 
The water absorption by the roots is related to its surface directly in contact with soil. 

Thus, longer and younger (less suberized) roots with more root hairs are essential for 

increasing the contact surface and improve the water absorption capacity of the soil.  

 

In humid regions, as tropical rain forest, plants usually do not require very extensive 

root systems (i.e. root: shoot ratio < 0.15), because a small volume of soil can meet the 

demands of transpiration. This condition in turn induces a reduction of the root: shoot 

ratio. On the other hand, in dry regions, the plants invest more in their roots, increasing 

the root: shoot ratio such that the roots can represent upper to 90% of a plant biomass in 

some species of a desert climate. 

With the water reaching the roots, the absorption process is directly dependent on the 

water potential gradient between the rhizosphere and the root xylem.  

 

The water intake in the roots can follow three ways into the root tissue in relation to the 

route of the epidermis to the endoderm of the root, called radial water transport:  

 

1. Apoplastic, where the water moves through the intercellular spaces and does not 

pass through any membranes, exclusively occupying the continuous network of the 

cell walls. 

 

2. Symplastic, where the water moves exclusively from one cell to another through 

plasmodesmata connections. 

 

3. Transmembrane, which corresponds to a mixed path between the first two, where 

the water goes in one direction through the root tissue, entering (symplastic) and 

exiting (apoplastic) cells.  
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With regard to water absorption control in the roots, plants also have membrane water 

transporter proteins (water-channel proteins), called aquaporins.  

The number of these proteins available for the root surface is variable throughout the day, 

being higher during the photoperiod due to the higher demands of photo-transpiration.  

The maintenance of this process - as a result - depends on the output (in the atmosphere) 

of water vapor present in the intercellular spaces. The water vapor moves from leaf 

intercellular spaces to the atmosphere predominantly through stomatal diffusion. This 

process of the loss of water vapor by the leaves is called transpiration and corresponds to 

the majority (90%) of the volume of water absorbed by plants. 

 

 
 

 

 

 


