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INTRODUCTION

Water is an essential component for plant growth,
serving as a solvent, a medium for nutrient transport, and a
crucial element in photosynthesis. Water also helps in
temperature regulation, cellular structure maintenance, and
overall plant health. In this article, it has been delved into the
types of water available to plants, the concept of crop water
requirements, how plants utilize these water sources, and why
they require large amounts of water. The dynamics of water
flow from soil to plant to atmosphere are also explored to
understand the journey of water in the plant ecosystem.

Water constitutes approximately 80-90% of a plant's
fresh weight, emphasizing its role in growth and
development. Agricultural plants typically require large
quantities of water, with some species needing over 300 liters
of water per kilogram of biomass produced. For instance,
maize may require around 500-800 mm of water during its
growth cycle, while rice requires 1200-2000 mm due to its
flooded cultivation conditions. This water need is primarily
met through soil moisture, capillary water, rainfall, and other
sources.

Water exists in the soil in different forms based on
its interaction with soil particles. Plants absorb water mainly
through their root system and transport it to various parts,
where it is used in various metabolic processes. However,
most of the absorbed water is lost to the atmosphere through
evapotranspiration. This flow of water from the soil to the
atmosphere via plants is a fundamental aspect of the water
cycle and plays a crucial role in ecosystem regulation.
TYPES OF WATER FOR PLANTS
1. Soil Moisture

Soil moisture refers to the water present in the soil
profile. It is primarily influenced by rainfall, irrigation, and
soil properties. Soil moisture is categorized based on its
availability to plants into three types:

Gravitational Water: This water is usually found in large soil
pores and drains quickly due to gravity. It is not readily

available to plants because it is lost soon after rainfall or
irrigation.

Capillary Water: This is the most important type of water for
plant growth. It is held in smaller soil pores and remains
available for plant absorption. Capillary water is essential as
it remains in the soil longer and can be utilized by plants
effectively.

Hygroscopic Water: This water forms a thin film around soil
particles and is held very tightly. It is generally unavailable to
plants due to the strong forces binding it to soil particles.
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Fig. 1: Soil moisture availability under different
precipitation conditions

2. Capillary Water

Capillary water is the primary source of water for
plants, as it is retained in soil capillaries and does not drain
readily due to gravity. Plants rely on capillary action to extract
this water from the soil, as it moves through capillary pores
towards the root zone. The availability of capillary water
largely depends on soil texture, structure, and organic matter
content, which influence the soil’s water-holding capacity.
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Capillary water ensures that plants have access to a steady
supply of moisture, even during dry periods. It forms a "soil
moisture reservoir" that can sustain plant growth in the
absence of frequent rainfall or irrigation.

3. Effective Rainfall

Effective rainfall is the portion of rainfall that is
retained in the root zone of the soil and is available for plant
uptake. Not all rainfall is effective; some water may evaporate,
runoff, or percolate deep into the soil beyond the root zone.
Effective rainfall varies with soil type, vegetation cover,
rainfall intensity, and slope. Effective rainfall is critical for
rainfed agriculture, as it determines the extent to which crops
can meet their water needs without irrigation. For example,
in arid regions, effective rainfall may constitute the primary
water source for crops, especially during the growing season.

4. Dew

Dew is the moisture that condenses from the
atmosphere onto plant surfaces, particularly during the
night. Although its contribution to the total water budget of
a plant is minor, dew can provide additional moisture to
plants, especially in arid and semi-arid regions. In some desert
plants, dew is critical for survival as it provides moisture for
short periods, helping reduce water stress.

5. Water Vapor

Plants do not directly utilize atmospheric water
vapor, but it plays a role in the overall water balance. High
humidity can reduce transpiration rates in plants, helping
them retain water. Some epiphytic plants (plants that grow
on other plants) absorb water from the atmosphere, but in
most cases, water vapor indirectly affects plant water status by
influencing transpiration.

CROP WATER REQUIREMENT

The Crop Water Requirement (CWR) is the amount
of water needed by a crop to meet its physiological needs for
optimal growth, development, and yield. CWR varies based
on several factors, including crop type, growth stage, climate,
soil conditions, and management practices. Different
methods, like the Hargreaves, Penman-Monteith, and FAO
calculate  crop

56 methodologies, are wused to

evapotranspiration based on climatic and plant parameters.
Meeting Crop Water Requirement
Crops meet their water requirements primarily

through:

1. Soil Moisture (Capillary Water): The main source,
especially for irrigated and rainfed crops.

2. Effective Rainfall: Natural precipitation that recharges
the root zone.

3. Irrigation: Artificial application of water to supplement
rainfall and soil moisture.

4. Dew: Minor contribution, mostly beneficial in water-
scarce environments.

5. Water Dynamics in Plants: Soil to Atmosphere

Water flows from the soil to the atmosphere through
a series of interconnected processes:

1. Absorption by Roots: Plant roots absorb soil
water through osmosis. This process depends on soil water
potential, root characteristics, and plant needs. Water is
taken up primarily from the root zone where capillary water
is accessible.

2. Movement through the Plant: Once inside the
plant, water travels upward through the xylem vessels by
capillary action and cohesion tension. This movement is
driven by transpiration at the leaf surface.

3. Transpiration: Transpiration is the loss of water
vapor from leaf surfaces into the atmosphere. It occurs
through stomata, small openings on the leaf surface. This
process creates a negative pressure in the xylem, pulling more
water upward from the roots. Transpiration helps in nutrient
transport, temperature regulation, and maintaining turgidity
in plant cells.
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Fig. 2. Soil-plant-atmosphere continuum
THE FUNCTION OF WATER IN PLANTS

As Solvent: Water is the universal solvent, as it dissolves
more substances than any other liquid. As a result, water is
the medium in which biochemical reactions and chemical
processes are dissolved in the cell. Water may flow from place
to place in the plant because cell membranes and cell walls
are both permeable to it. Water becomes a continuous liquid
throughout the plant, filling the central section of mature
cells’ vacuoles, the walls, and the majority of the intercellular
space. Because of the necessity for carbon dioxide exchange
with the air, the intercellular spaces of leaves are filled with
gas.

As Reactant: Water is a reactant in the cell’s biochemical
processes. One of them is photosynthesis, in which water
supplies electrons that are eventually used in the reduction
of carbon to carbohydrates and hydrogen protons that are
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used in the formation of Adenosine Triphosphate (ATP).
The oxygen produced in photosynthesis is also derived from
water. Water also acts as a reactant, in the breakdown of plant
food reserves like starch. Water atoms are inserted between
the glucose units of the starch polymer during starch
hydrolysis, converting starch to sugar.

As Transport: Water flow transports minerals taken from the
soil through the root, up the stem, and throughout the plant.
It also transports carbohydrate molecules generated during
photosynthesis throughout the plant.

For Growth: The vacuoles of freshly produced cells are
dispersed and small during cell division. Minerals are taken
in and deposited in these small vacuoles. Water diffuses into
the small vacuoles, causing them to expand and create
pressure inside the cell. This pressure causes the young cells’
plastic walls to expand, resulting in cell development. The
vacuoles eventually coalesce (merge and join) into a central
vacuole, and the walls thicken to the point where they lose
their plasticity, so the cell no longer grows but maintains
water pressure inside the cell at maturity.

For Turgidity: The force of water pressing against the
interior of the cell walls helps mature cells keeps their shape.
If the pressure is removed (for example, due to excessive
evaporation, death, or exposure to salt solutions), the cells
lose their turgidity and become flaccid. Many tissues, such as
leaves and annual plants that lack woody or other supporting
components, are shaped by the turgidity of cells.
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For Thermal Stability: Water requires more calories of heat
to increase its temperature than any other common
substance. As a result, plants, which are largely water, may
absorb a lot of heat (for example, from sunshine) and only
slowly gain temperature. Similarly, the temperature of water

(for a plant) must be dropped by the same number of calories;
hence, plant temperature can remain close to air temperature
during brief cold periods. Plants can sustain a more
consistent temperature than the air because of their high-
water content.

For Root Growth: Root growth reaches new soil, water, and
mineral stores by growing into them. Water and mineral
absorption will be affected by any factor that affects root
development.

Why Plants Require a Large Quantity of Water?

Plants need large amounts of water primarily due to
transpiration. Over 95% of the water absorbed by plants is
lost through transpiration. This water loss might seem
excessive, but it is vital for several reasons:

® Cooling: Transpiration cools the plant and prevents
overheating in high temperatures.

e Nutrient Transport: Water acts as a medium for
transporting nutrients from the soil to various plant
parts.

o Growth and Development: Water maintains cell turgor
pressure, which is necessary for cell expansion, growth,
and structural integrity.

e Photosynthesis: Water is a reactant in photosynthesis,
contributing to food production in plants.

Plants have evolved mechanisms to regulate water
loss, such as closing their stomata under water stress,
developing deep roots in dry climates, and storing water in
specialized tissues (e.g., succulents).

CONCLUSION

Water is a critical resource for plant survival, growth,
and productivity. Different types of water - soil moisture,
capillary water, effective rainfall, dew, and water vapor -
contribute to the overall water balance of plants. Each of
these sources plays a unique role in supporting crop water
requirements and influencing plant health. Understanding
water dynamics in plants, soil absorption to
atmospheric transpiration, is essential for managing water
resources in agriculture. Given that agriculture accounts for
around 70% of global freshwater use, optimizing water use
through efficient irrigation, water-conserving crop varieties,
and sustainable practices is imperative to support the growing
food demand while preserving this invaluable resource.
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