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DESCRIPTION
Roots are fundamental to the survival and growth of plants. 
They anchor plants to the soil, absorb water and nutrients and 
serve as storage organs for energy reserves. Beyond these basic 
functions, roots play a critical role in regulating plant growth, 
responding to environmental changes and supporting overall 
plant physiology. In the context of the Journal of Plant 
Biochemistry and Physiology, this article delves into the 
biochemical and physiological processes that govern root 
function, highlighting their crucial role in plant development 
and their interactions with the surrounding environment.

Root structure and function

Structural overview: Roots are composed of key regions: the 
root cap, meristematic zone, elongation zone and maturation 
zone. The epidermis absorbs water and minerals, while the 
cortex stores nutrients. The endodermis regulates transport to 
the vascular cylinder which contains xylem and phloem for water 
and nutrient distribution.

Water and nutrient uptake: Roots absorb water through 
osmosis and minerals via active transport. Root hairs increase 
surface area enhancing absorption efficiency.

Anchorage and support: Roots anchor plants firmly in soil, 
providing stability. They also create pathways for mycorrhizal 
associations, improving nutrient uptake.

Storage role: In some plants, roots store starch and other 
reserves, ensuring energy availability during growth or dormancy.

Biochemical and physiological processes in root 
development

Roots are involved in various biochemical and physiological 
processes essential for plant survival:

Water and nutrient uptake: The primary function of roots is to 
absorb water and nutrients from the soil. Root hairs, fine 
extensions of epidermal cells, greatly increase the surface area 
available for absorption. Active transport mechanisms and ion 
channels in the cell membranes allow roots to uptake essential

nutrients such as nitrogen, phosphorus, potassium and trace 
elements. Water uptake occurs through osmosis, facilitated by 
aquaporins specialized proteins that allow water molecules to 
pass through cell membranes.

Root hormones: Hormones such as auxins, cytokinins and 
gibberellins regulate root growth and development. Auxins are 
particularly important for promoting elongation in the root and 
lateral root formation. Cytokinins, on the other hand regulate 
cell division and root branching, while gibberellins influence 
root elongation and depth.

Root respiration and energy production: Roots are highly 
metabolic organs and require a substantial amount of energy for 
their various functions, including nutrient absorption and cell 
division. Root cells rely on aerobic respiration, where glucose is 
metabolized in the mitochondria to produce adenosine 
triphosphate, the energy currency of the cell. In low-oxygen 
conditions, such as waterlogged soils, roots switch to anaerobic 
respiration, though less efficient.

Symbiotic relationships: Roots also form symbiotic relationships 
with other organisms that enhance their nutrient acquisition 
abilities. A key example is the mycorrhizal association, where 
fungi form a symbiotic relationship with plant roots, improving 
phosphorus uptake and providing protection against pathogens. 
Another significant interaction is nitrogen fixation, where roots 
of leguminous plants host nitrogen-fixing bacteria, which convert 
atmospheric nitrogen into a usable form for the plant.

Roots and stress responses

Roots are central to a plant’s ability to adapt to environmental 
stresses such as drought, salinity and nutrient deficiencies. 
Several biochemical and physiological mechanisms enable roots 
to mitigate the effects of these stresses:

Drought stress: Under water scarcity, plants activate drought-
responsive genes that promote root growth in search of water. 
The plant may also produce osmotic regulators, such as proline 
and sugars, to maintain cellular hydration. Roots can adjust 
their architecture, producing deeper or more extensive root 
systems to access water.
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CONCLUSION
Roots are essential for plant growth, anchorage and survival, 
playing key roles in water and nutrient uptake, storage and 
environmental responses. They regulate biochemical and 
physiological processes, including hormone signaling, energy 
production and symbiotic interactions. Roots also adapt to 
stresses like drought, salinity and nutrient deficiencies, 
showcasing their versatility in sustaining plant development and 
ensuring resilience in changing environmental conditions.

Franz L

Salinity stress: In saline environments, roots act as a barrier to 
prevent excessive salt uptake. Plants have evolved mechanisms 
such as the synthesis of osmoregulatory compounds and ion 
transport proteins to exclude or sequester salts in vacuoles, 
ensuring that cellular functions are not disrupted.

Nutrient deficiency: When roots sense nutrient shortages, they 
alter their growth patterns. For example, under nitrogen 
deficiency, roots may increase their production of root hairs to 
increase surface area for nutrient uptake. Additionally, plants 
may release organic acids into the soil to mobilize immobile 
nutrients like phosphorus.
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