How Do Plants Grow?

What is Plant Growth?

Plant growth is the process by which a plant increases in size and mass. This isn't
just about getting taller; it involves the development of new organs like roots,
stems, leaves, and flowers. This entire process is powered by energy that the
plant creates itself.

Growth happens in two main ways:

e Cell Division: The plant creates new cells, primarily in specific areas called

meristems (found at the tips of roots and shoots).

e Cell Elongation: The newly created cells increase in size, contributing to the

overall growth of the plant.
To grow, a plant needs three basic things: Energy, Water, and Nutrients. Let's
explore how it gets and uses them.

. Key Processes and Important Terms

A. Germination: The Beginning

This is the process where a seed, under the right conditions, sprouts and develops
into a young plant (seedling).

Conditions for Germination (Remember WOW):

o Water: Softens the seed coat and activates internal enzymes.
o Oxygen: Needed for the seed to respire and produce energy.
o Warmth: Requires an optimal temperature for chemical reactions to occur.

Key Terms:

Seed Coat: The protective outer layer of a seed.

Embryo: The tiny, undeveloped plant inside the seed.

Cotyledon: The part of the seed that stores food for the embryo.
Radicle: The part of the embryo that develops into the primary root.
Plumule: The part of the embryo that develops into the shoot (stem and
leaves).
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Photosynthesis: The Plant's Kitchen

This is the most critical process for plant growth. It's how plants make their own
food (a sugar called glucose).
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The "Recipe" for Photosynthesis:

Ingredients (Reactants):

1. Carbon Dioxide (CO;) from the air.
2. Water (H,0) from the soil.
3. Sunlight (Light Energy).

Products:

1. Glucose (CsH1206) - the plant's food/energy source.
2. Oxygen (0,) - released into the atmosphere as a byproduct.

Where it Happens:

In the chloroplasts, which are tiny organelles inside leaf cells. Chloroplasts

contain chlorophyll, the green pigment that captures sunlight.
Word Equation:

Carbon Dioxide + Water --(in the presence of Sunlight & Chlorophyll)-->
Glucose + Oxygen

C. Respiration: Using the Energy

Making food is not enough. The plant must convert that food into usable energy for
growth, repair, and other life functions.

Process: Respiration breaks down the glucose made during photosynthesis to
release energy.

Key Point: Respiration happens 24 hours a day, in all living cells of the plant,
not just in the leaves and not just at night.

Word Equation: Glucose + Oxygen --> Carbon Dioxide + Water + Energy

D. Transport: The Plant's Plumbing System

Plants need a system to move water, nutrients, and food around. This is done by a
network of tubes.

Xylem (sounds like "zy-lem"): Transports water and dissolved minerals from
the roots UP to the rest of the plant.

Mnemonic: "Xylem to the sky-lem".

Phloem (sounds like "flow-em"): Transports food (glucose) from the leaves

(where it's made) DOWN and AROUND to other parts of the plant that need
energy (like roots, fruits, and flowers).

Mnemonic: "Phloem flows 'em food".
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e Transpiration: The process of water evaporating from the leaves through tiny
pores called stomata. This evaporation creates a "sucking" force, called

transpiration pull, which helps pull water up the xylem from the roots.

iii. Detailed Examples with Solutions
Example 1: Tracing the Path of a Water Molecule

Problem: Describe the journey of a water molecule from the soil to the air
through a plant. Name the key processes and structures involved.

Solution:

1. Absorption: The water molecule is in the soil and is absorbed by the plant's
root hairs.

2. Transport via Xylem: The molecule enters the xylem tubes in the root.

3. Upward Movement: It travels up through the xylem in the stem and into
the leaves.

4. Use in Photosynthesis: In a leaf cell, the water molecule might be used as a
reactant in photosynthesis.

5. Transpiration: Alternatively, the water molecule travels to the surface of
the leaf and evaporates through a stoma (plural: stomata), entering the
atmosphere as water vapor. This process is called transpiration.

Example 2: The Source of a Wooden Log's Mass

Problem: An acorn weighing a few grams grows into a giant oak tree weighing
several tonnes. Where does most of the tree's mass (the solid wood, leaves, etc.)
come from?

Solution:

1. Initial Thought: Many people think the mass comes from the soil. While the
soil provides essential nutrients, it contributes very little to the overall
mass.

2. Correct Answer: The vast majority of the tree's mass comes from carbon,
which the plant gets from carbon dioxide (CO,) in the air.

3. Explanation: During photosynthesis, the plant takes in CO,. The carbon
atom (C) from the CO, is used to build glucose molecules (CsH12,0s). These
glucose molecules are then used to build larger, more complex molecules
like cellulose, which makes up the structure of wood and stems. The mass

of the tree is primarily stored carbon, pulled directly from the air.
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Common Misconceptions and Clarifications

‘ Misconception Clarification

"Plants get their food Plants get water and nutrients (minerals) from the soil.
from the soil". They make their own food (glucose) using sunlight,
water, and carbon dioxide from the air through
photosynthesis.

"Photosynthesis is how | Photosynthesis is a food-making process. Plants
plants breathe". "breathe" through respiration, where they take in
oxygen and release carbon dioxide to get energy from
their food. Gas exchange for both processes happens
through the stomata.

"Plants only respire at | Plants respire 24/7, just like animals. They need a
night". constant supply of energy to live. During the day,
photosynthesis produces much more oxygen than
respiration consumes, so the net effect is oxygen
release.

"The bigger the seed, The size of the seed relates to the amount of stored
the bigger the plant food (cotyledon) for the initial embryo. It gives the
will be". seedling a strong start, but the ultimate size of the
plant depends on its genetics and environmental
factors like sunlight, water, and nutrients.

iv. Practice Problems with Step-by-Step Solutions

Problem 1: You take a healthy, well-watered potted plant and place itin a
completely dark closet for a week. What do you predict will happen to the plant
and why?

e Step 1: Identify the key change. The plant is deprived of sunlight.

e Step 2: Relate the change to a key process. Sunlight is essential for

photosynthesis. Without light, photosynthesis will stop.

e Step 3: Determine the consequences. The plant can no longer produce its own
food (glucose). It will start using up its stored energy reserves through
respiration. The leaves may turn yellow as the chlorophyll breaks down, and

the plant will become weak and eventually die if left in the dark.
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e Solution: The plant will become weak and its leaves will likely turn yellow. This
is because it cannot perform photosynthesis without light to make its food. It
will be forced to use up its stored energy to survive, but these stores will
eventually run out.

Problem 2: A gardener notices the leaves on her tomato plants are turning yellow,
but the veins on the leaves remain green. She knows the plants get plenty of sun and
water. What is the most likely problem?

e Step 1: Analyze the symptoms. Yellowing leaves indicate a lack of chlorophyll.

e Step 2: Consider the plant's needs. Besides sun and water, plants need

nutrients from the soil to build molecules like chlorophyll.

e Step 3: Form a hypothesis. The plant is likely suffering from a nutrient
deficiency. The specific symptom (yellow leaves with green veins) is a classic
sign of iron or magnesium deficiency, as these minerals are crucial for making
chlorophyll.

e Solution: The most likely problem is a lack of essential nutrients in the sail,

specifically minerals like magnesium or iron, which are needed to produce
chlorophyll. The gardener should consider adding a balanced fertilizer to the
soil.

v. Summary of Main Concepts

e Plant growth is an increase in size and mass, driven by cell division and

elongation.
e Growth starts with germination, where a seed sprouts using stored food.

e The primary engine of growth is photosynthesis, the process of converting light

energy, water, and CO, into food (glucose).
e Plants use the energy from glucose through respiration, which occurs 24/7.

e Atransport system of xylem (for water) and phloem (for food) moves
substances throughout the plant.

e Transpiration (water evaporation from leaves) helps pull water up from the

roots.

e A plant's mass comes mainly from the carbon in the air, not from the soil.




