
The Science Behind Plant Growth
From soil and water to photosynthesis and healthy plants

Key question: What does a plant need to grow—and why?

We will explore soil, nutrients, water, roots, leaves, and photosynthesis.
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What Does a Plant Need to Grow?

Sunlight — provides energy for photosynthesis.

Water — used in photosynthesis and transported through the plant.

Carbon dioxide (CO₂) — carbon source for making sugars.

Mineral nutrients — elements such as nitrogen, phosphorus, potassium, magnesium, and iron.

Oxygen — roots need oxygen for cellular respiration.

Suitable temperature and space — enzymes and cells work best within appropriate conditions.
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What Does Soil Contain?

Mineral particles: sand, silt, and clay.

Organic matter: decomposed leaves, roots, and other living material.

Water: dissolves nutrients so roots can absorb them.

Air: fills pore spaces and supplies oxygen to roots and soil organisms.

Living organisms: bacteria, fungi, earthworms, and other decomposers.

Nutrients: plant-available forms of elements needed for growth.
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Types of Soil

Sandy soil — large particles, drains quickly, warms quickly, but holds fewer nutrients.

Clay soil — very small particles, holds water and nutrients well, but can drain poorly.

Silty soil — smooth, fertile, and holds more water than sandy soil.

Loamy soil — a balanced mixture of sand, silt, clay, and organic matter; often excellent for many 
plants.

Soil texture affects drainage, aeration, root growth, and nutrient availability.
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Soil Nutrients: What Do Plants Use?

Nitrogen (N) — supports leafy growth and chlorophyll production.

Phosphorus (P) — important for energy transfer and roots.

Potassium (K) — helps regulate water balance and supports many plant processes.

Secondary nutrients — calcium, magnesium, and sulfur.

Micronutrients — iron, zinc, manganese, copper, boron, molybdenum, chlorine, and nickel.

Plants need these in different amounts; more is not always better.
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Roots: The Plant's Supply Network

Root hairs greatly increase the surface area for absorbing water and dissolved minerals.

Water and minerals enter roots and move upward through xylem.

Roots also anchor the plant and store food in some species.

Root respiration needs oxygen from air in the soil.

Healthy soil structure leaves enough pore space for both water and air.
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Photosynthesis: How Plants Make Food

Leaves capture light using chlorophyll inside chloroplasts.

Water enters mainly through the roots and travels to leaves.

Carbon dioxide enters leaves through tiny openings called stomata.

Light energy drives reactions that build sugars from CO₂ and water.

Oxygen is released as a by-product.

The sugars provide energy and carbon for growth, repair, and storage.
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Photosynthesis in One Equation

6 CO₂ + 6 H₂O + light energy → C₆H₁₂O₆ + 6 O₂

Carbon dioxide + water + light → glucose + oxygen

Chlorophyll absorbs light energy; the plant uses that energy to drive the process.

Glucose can be used immediately or converted into starch, cellulose, and other 
compounds.
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What Controls the Rate of Photosynthesis?

Light intensity — too little light limits energy capture; beyond a point, more light may not 
increase the rate.

Carbon dioxide concentration — low CO₂ can limit sugar production.

Water availability — drought causes stomata to close and can reduce CO₂ entry.

Temperature — photosynthesis depends on enzymes and works best within a suitable 
temperature range.

The scarcest required resource can become the limiting factor.
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From Photosynthesis to Plant Growth

Photosynthesis supplies sugars—the carbon building blocks of the plant.

Cellular respiration releases usable energy from sugars for cell work.

Plants use carbon compounds to build cellulose, proteins, lipids, DNA, and other tissues.

Mineral nutrients become part of these molecules or help enzymes function.

Cells divide and expand, producing new roots, stems, leaves, flowers, and fruits.
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The Whole System: Soil → Roots → Leaves → Growth

Soil provides a physical home, water, air, and mineral nutrients.

Roots absorb water and nutrients and transport them through the plant.

Leaves take in CO₂ and capture light.

Photosynthesis produces sugars that fuel growth and provide building materials.

Plant growth is therefore a connected system—not just 'food in the soil'.
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Simple Investigation: Which Factor Matters?

Choose identical seedlings and keep soil, pot size, and watering the same.

Change one factor at a time: light level, water amount, or soil type.

Measure height, number of leaves, and/or leaf area over several weeks.

Keep other conditions as controlled as possible.

Ask: Which factor changed growth the most, and what biological process explains the result?
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Key Takeaways

Healthy plant growth depends on light, water, CO₂, oxygen, nutrients, temperature, and suitable 
growing conditions.

Soil is a living, physical, and chemical system containing minerals, organic matter, water, air, and 
organisms.

Different soil textures change drainage, aeration, and nutrient-holding capacity.

Photosynthesis converts light energy into chemical energy stored in sugars.

Growth happens when plants use that carbon, energy, water, and minerals to build new cells 
and tissues.
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Discussion / Questions

Why might a plant grow poorly in waterlogged soil even when plenty of water is 
available?

Why is loamy soil often considered a good general-purpose growing medium?

What happens to photosynthesis when a plant is severely dehydrated?

Which factor would you test first in a plant-growth experiment—and why?
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