Transpiration in Plants: Its Importance and Applications

For many years, little attention was paid to transpiration, a vital plant activity. The absence of
attention is surprising given its significance to plant health and the global water cycle.

However, now that transpiration applications are starting to gain popularity.

The majority of the water that a plant absorbs is not used by it. The water lost through
transpiration ranges from 97 to 99 percent. The physiological loss of water in the form of water
vapour, primarily from the stomata in leaves, but also by evaporation from the surfaces of

leaves, flowers, and stems, is known as transpiration.

Based on the location where the process takes place, there are three primary forms of

transpiration:

Stomatal transpiration: Despite only making up 3% of the leaf's surface area, stomata contain
the majority of water is lost since they are necessary for photosynthesis. Stomata are opened to
let carbon dioxide to penetrate for photosynthesis; however, if the air is drier outside owing to
variables like high temperature, this also causes the water in the mesophyll tissue of leaves to

evaporate.

Cuticular transpiration: Water vapour can evaporate from leaves through a waxy cuticle
known as cuticular transpiration. Except when the stomata are closed, water loss in this area is

less than stomatal transpiration.

Lenticular transpiration: Lenticels, tiny openings in the bark of some plants, are another
location where some water loss is observed. Water loss from this type of transpiration is the

least.
Factors Affect Transpiration Rate

The rate of transpiration at the plant level is regulated by a combination of internal and external

influences.

Since stomata are only open during daylight hours, when transpiration can take place, solar

radiation is the most significant factor.

The Cohesion-Tension theory, which describes how transpiration transfers water in plants,

demonstrates the link between the atmospheres inside and outside of plants.



Negative water pressure or potential is created at the leaf surface as a result of water vapour
loss. Water's propensity to travel from one area to another is known as its potential. In
comparison to the stem, which is lower than the water potential in the roots, the water potential
is lower in the leaves. Water flows from an area with high water potential to one with reduced

water potential. Water is carried from the leaves to the roots.

In addition, water is drawn up to the leaves of tall trees by the cohesion/attraction of water

molecules and their attachment to the xylem walls.

The water potential of the leaves must ultimately be lower than the water vapour pressure
deficit of the surrounding air for transpiration to take place. When the relative humidity of the
air is low, which might happen because of windy conditions or when the temperature is high,

transpiration rates are higher. Less transpiration occurs at greater relative humidity levels.

Transpiration rates will be impacted by the same atmospheric carbon dioxide concentrations

that control stomata opening.
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Additionally, certain morphological and biochemical traits of plants will also have an impact

on transpiration rate:



e Orientation of leaves

e Leaf area and shape

e Leaf surface characteristics like

e Thick cuticle and presence of hair
¢ Root-shoot ratio

e Leaf and root hormones

e Age of the plant

In ecosystems, additional factors like species diversity and plant density will also affect large-

scale transpiration rates.

Transpiration involves the transport of water from the plant to the leaves and the movement of
the leaves' waste products into the atmosphere. Both at the plant and global levels, these two

factors are essential.
Is Transpiration Important

Maintaining plant water balance largely depends on the rate at which water is transpired

through the plants. For plants, this has a lot of advantages.

1. Uptake of Nutrients: One of the key advantages of the Cohesion-Tension mechanism,
which is initiated by transpiration, which draws water from the soil into the roots, is the
uptake of nutrients. This carries nutrients and water. Roots transport nutrients to the
plant's shoots and other parts. Therefore, transpiration is crucial for a plant's existence
and output. The rate of transpiration affects yields in agriculture.

2. Because excessive water loss can cause plants to become dehydrated, the rate at which
plants transpire will determine whether they tolerate heat and drought stress. Since
water 1s frequently a scarce resource, a large portion of agricultural research is devoted
to finding ways to optimise plant water consumption in order to boost output alongside
photosynthesis. Through stomata, photosynthesis is tightly linked to transpiration and
water use efficiency. Water consumption efficiency varies among the three forms of
photosynthesis, with C3 plants using the least, C4 plants using more, and CAM plants
using the most. The CAM, or crassulacean acid metabolism, is a metabolic process that
plants in arid regions have evolved to use as a means of reducing leaf transpiration.

Nevertheless, each variety has a wide range of water use efficiency based on species.



3. Plant transpiration lowers the temperature of leaves, the biggest plant organ, through
evaporative cooling.

4. Transpiration also keeps the water balance in plants in check. Plants take up a lot of
water, and transpiration is how extra water is expelled. Depending on the species, a
single tree that is 20 metres tall can absorb anywhere between 10 and 200 litres of water
every day. The majority of the water uptake is used for photosynthesis, cell expansion,
and growth. A typical corn plant may take in 200 litres of water throughout the summer,
and an Amazonian overstory tree named Euperua purpurea can absorb 1,180 kg per
day.

5. Turgor pressure keeps the plant cells full and turgid, due to the transpiration stream
of water from roots to shoots. This has many uses for plants:

4+ It keeps the shape and structure of the plant. Plants would wilt and become
floppy without water.

+ Turgor pressure makes it possible for plants to respond to stimuli with nastic
movement.

#+ For numerous cell processes, turgor pressure is required. In addition to opening
stomata so that carbon dioxide can enter for photosynthesis, it promotes apical

development through cell expansion.

Mechanism of stomatal transpiration

Structure of Stomata

Any little pores known as stomata are found on the epidermal surface of leaves. The holes are
protected by two kidney-shaped cells known as guard cells. The inner wall of the guard cell is
thicker than the outer walls as it approaches the stomata. Additionally, the guard cell
microfibrils' unusual configuration helps with the opening and closing of the stomatal aperture.

Microlibrils
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Microfibrils have a radial rather than a longitudinal orientation. This makes it easier for stomata
to open. The number of stomata on the lower surface of a dorsiventral dicotyledonous leaf is
greater than that on the upper surface. This modification aids in lowering water evaporation. A
monocotyledonous plant's isobilateral leaf has the same number of stomata on both surfaces.

Mechanism of Stomatal Movement

The factors which affect stomatal movement are-

e Amount of light

o The concentration of carbon dioxide

o Water supply
Stomata open and close in response to variations in turgidity in the guard cells. The guard cells
engage in photosynthesis during the day, which causes osmotic pressure to rise. As a result, the
guard cells take up water from the cells around them. The guard cells thus become turgid.
Additionally, guard cell stomata open as a result of the inner, thicker walls being pulled in and the
outer, thinner walls being pushed out. Guard cells are in a flaccid state at night and remain closed

when there is a lack of water or in dry areas.

Mechanism of stomatal transpiration involves following steps:

i. Osmotic diffusion of water from xylem to inter cellular spaces through mesophyll cells:
Mesophyll cells are in contract with the xylem inside the leaf and, on the other hand, with the
intercellular spaces above the stomata. Mesophyll cells become turgid when the water supplied
by the xylem of the leaf saturates the cell wall protoplasm and vacuoles. They discharge water
in the form of vapours into the intercellular spaces close to stomata through osmotic diffusion
as a result of their diffusion pressure deficit and decrease in osmotic pressure. Next, the O.P.
and the D.P.D of mesophyll cells rises, causing them to osmotically diffuse water from the
xylem.

ii. Opening and closing of stomata:

Transpiration requires stomatal movement, or the closing and opening of stomata, when water
from mesophyll cells reaches the mercellular spaces above stomata in the form of vapour.

Stomatal movement is the primary process involved in stomatal transpiration.



Mechanism of Stomatal Movement:
The volume and form of guard cells fluctuate, which causes stomatal movements. The guard

cells are contracting and expanding as a result of turgidity and flaccidity, respectively. A
pressure is created that causes the outer, thinner wall to bulge outward when guard cells take
up water from the surrounding cells and become turgid. The guard cells' inner thick wall, which
was pulled apart by an outward bulging, led to the stomata's opening. Mechanism Stomata open
and close as a result of variations in guard cell turgor. Stomata often open in the morning and
close at night. Several suggestions have been put up to explain the real mechanism responsible

for the water's entry and exit from the guard cells.
Following is a description of these theories:

1. The Starch-Sugar Interconversion Theory, for instance Steward proposed this
hypothesis in 1964. He claimed that during the day, the phosphorylase enzyme
transforms starch into sugar, increasing the guard cell's osmotic potential and allowing
water to enter the cell. The identical process, which shuts the guard cell by closing the
stomata, occurs in reverse during the night.

2. Synthesis of organic solutes: blue light also promotes the creation of malate and the
breakdown of starch, two organic solutes. Organic acids include malate. Malate is
produced by plants in the cytoplasm of the guard cell from the substance released during
starch hydrolysis. Oxaloacetate is created when the enzyme phosphoenol pyruvate
carboxylase (PEP carboxylase) links carbon dioxide to PEP. Oxaloacetate is then
converted to malate and stored in the vacuole. Guard cells also carry out photosynthesis
when light is present. The osmotically active solutes, such sucrose, rise. K+, Cl-,
malate, and sucrose concentration therefore rise in the presence of light. Water moves
passively into the guard cells as a result of the rise in these osmotically active chemicals,
and as these cells get more turgid, the stomatal. Water passively enters the guard cells
as a result of an increase in these osmotically active compounds, and as these cells get
more turgid, the stomatal opening opens.

3. The proton-potassium pump hypothesis, which Levit proposed in 1974, incorporated
the key elements of Steward's and Scarth's hypotheses and provided a modified
explanation for how stomata move. According to this theory, light-induced K+ ion
transport occurs into the guard cells. The following is the order in which they occur:

» Protons created by the breakdown of malic acid travel from the cytoplasm into

the chloroplasts of guard cells when exposed to light.



» K+ ions enter the guard cells from the surrounding mesophyll cells, where they
interact with the malate ions to generate potassium malate, which counteracts
the outflow of protons.

» Potassium malate causes increase in the osmotic potential of guard cells causing
entry of water into the guard cells as a result of which the stoma opens.

» At night the dissociation of potassium malate takes place and K+ ions exit out

of guard cells causing loss of water from guard cells and so the stoma closes

Global Transpiration

An essential part of the global water cycle is transpiration. Plants lose a significant enough

amount of water to have an impact on the atmosphere.

Evapotranspiration is the term for both evaporation and transpiration. According to estimates,
almost 67% of rainfall in the USA is returned to the atmosphere as evapotranspiration, while
the remaining 29% goes into the oceans as runoff, 2% becomes groundwater, and the other 2%

is used by people.

A contentious issue is how much transpiration contributes to evapotranspiration. According to
several studies, evapotranspiration is made up of between 61 and 75 percent transpiration from
land surfaces. Even after accounting for evaporation from the oceans, lakes, wetlands, and soil

on a global scale, 10-15% of all evaporation is still attributable to transpiration.

The amount of transpiration varies depending on the kind of flora, with rainforests producing

the most (70%) and steppe and desert producing the least (51%).

Geographical location, season, time of day, and cloud cover can all be used to explain variations
in transpiration. The transpiration rate is also impacted by anthropogenic activities that result

in higher carbon dioxide levels, land use, deforestation, and climate change.

Climate change-related higher temperatures are hastening evapotranspiration. As a result, there
will be more water vapour in the atmosphere, which may cause some areas—especially coastal
ones—to experience more strong and frequent rainstorms. Warmer and longer growing seasons

are occurring in colder places, which also results in increased amounts of transpiration.

Applications of Transpiration



Measurement of transpiration is becoming a crucial component of several disciplines, including

the with the increased demand from climate change.

= Plant breeding to produce drought- and heat-resistant vegetation
= raising crop yields without raising irrigation levels

* Producing wood through silviculture

= study on carbon sequestration

= accounting for carbon

= hydrological research and application

= Meteorology research and application

* Environmental management

= management of watersheds

= using a green roof
Transpiration Measurement

Devices that can provide exact, quick findings are needed due to the significant importance
that transpiration plays. Tools must be portable and compact to enable for in-situ
measurements. All of these characteristics are present in the CID-BioScience Inc.-produced
CI-340 Handheld Photosynthesis System. To measure the variables that affect transpiration,
instruments like leaf area metres and plant canopy imagers are also required. This innovative
technology makes it possible to use measurements of transpiration at the plant size to meet

global needs.



