
HORTICULTURAL SCIENCE HANDBOOK:

THE ULTIMATE GUIDE TO VAPOR PRESSURE

DEFICIT

Mastering the VPD Chart for Precision Climate Control and Transpiration Optimization

Introduction to Plant Transpiration Mechanics

In modern commercial greenhouse management and indoor hydroponic cultivation, managing the

environmental atmosphere requires looking past basic temperature and relative humidity guidelines.

While growers historically relied on those parameters independently, crop science shows that plant

health, nutrient uptake, and overall growth rates are governed by a single metric: **Vapor Pressure

Deficit (VPD)**. 

Vapor Pressure Deficit measures the difference (the deficit) between the amount of moisture the air

can hold when fully saturated and the actual amount of moisture present in the air  at any given

moment.  Expressed universally  in kilopascals (kPa),  this value dictates the evaporation pressure

exerted on a plant's leaves. 

This technical  manual  provides a thorough look into the physics of  vapor pressure,  transpiration

rates, stomatal responses, step-by-step calculation workflows, and a comprehensive **vpd chart**

reference mapping growth phases from clone to final flower. 

Useful Tool: Vapor Pressure Deficit VPD Calculator - Everything Calculators

https://everythingcalculators.com/garden-calculators/vapor-pressure-deficit-vpd-calculator/


Section 1: Foundations of Vapor Pressure Deficit

To  understand  how  a  **vpd  chart**  works,  you  must  first  understand  the  relationship  between

ambient air temperature and water vapor capacity. As air temperature increases, its capacity to hold

water vapor grows exponentially. 

Inside a plant's leaves, the internal cellular structure (the substomatal cavity) is near 100% water

saturation. This creates an internal vapor pressure that is typically higher than the pressure of the

surrounding grow room atmosphere. Because gases naturally move from areas of high pressure to

low  pressure,  water  vapor  exits  the  leaf  through  tiny  microscopic  pores  called  stomata—a vital

lifecycle process known as **transpiration**. 

Why Relative Humidity Alone is Misleading

Relative Humidity (RH) only tells you the *percentage* of saturation at a specific temperature; it does

not measure actual drying pressure. For instance, a grow room sitting at 20°C with 70% RH exerts a

completely  different  drying pressure on a  plant  than a  room at  30°C with  70% RH,  despite  the

humidity percentage matching perfectly. VPD resolves this confusion by combining temperature and

humidity into a single metric of absolute drying power. 

The Transpiration Engine: Transpiration acts as the pump that pulls water and essential

dissolved minerals (like calcium, nitrogen, and potassium) up from the root zone, distributing

them throughout the plant structure to fuel photosynthesis. 
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The Three Types of VPD Metrics

When utilizing environmental  controllers or looking at  a **vpd chart**,  it  is  critical  to know which

specific variety of VPD calculation is being evaluated. Lenders, automation sensors, and growers

break the data down into three separate tiers: 

1. VPD Air ($VPD_{air}$)

This calculation measures the deficit strictly within the surrounding air. It compares the Saturation

Vapor Pressure of the air against the Actual Vapor Pressure of the air, assuming the leaf temperature

matches the room temperature exactly. While simple to calculate, it can be inaccurate if intense grow

lights cause leaf temperatures to skew. 

2. VPD Leaf-to-Air ($VPD_{leaf}$)

The gold standard for commercial cultivators. This calculation incorporates the actual **Leaf Surface

Temperature (LST)**, which is measured directly using an infrared thermometer. Because plants cool

themselves through evaporation, the leaf surface is typically 1°C to 3°C cooler than the ambient air. 

3. VPD Canopy ($VPD_{canopy}$)

Used in large-scale facilities, this metric tracks the aggregate microclimate directly surrounding the

dense upper leaf canopy, where humidity levels are often higher due to dense, localized moisture

release. 
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https://everythingcalculators.com/garden-calculators/vapor-pressure-deficit-vpd-calculator/


Section 2: The Mathematical Formulas Behind VPD

To calculate Vapor Pressure Deficit  with scientific  accuracy,  engineers use a series of  equations

derived from the **Tetens Equation** to find saturation pressures based on temperature inputs. 

Step 1: Calculate Saturation Vapor Pressure (SVP)

Saturation Vapor Pressure represents the maximum water pressure the air can hold at a specific

temperature (T, in degrees Celsius):

SVP = 0.61078 × e[ (17.27 × T) / (T + 237.3) ]

Step 2: Calculate Actual Vapor Pressure (AVP)

Actual Vapor Pressure represents the water pressure currently present in your grow room, found by

factoring in Relative Humidity (RH):

AVP = SVP × (RH / 100)

Step 3: Resolve the Deficit

The final  VPD value is isolated by subtracting the actual  pressure from the maximum saturation

pressure:

VPD = SVP − AVP

The  resulting  value  is  expressed  in  kilopascals  (kPa).  One  kPa  is  equal  to  1,000  Pascals  of

atmospheric pressure.
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Step-by-Step Manual Calculation Walkthrough

Let us walk through a practical scenario to see how these thermodynamic equations apply to an

active cultivation space. 

Grow Room Environment Data: An indoor grow room shows an ambient air temperature of 

25°C and a Relative Humidity level of 50%. 

Step 1: Compute the Saturation Pressure (SVP)

Plug 25°C into the Saturation equation:

SVP = 0.61078 × e[ (17.27 × 25) / (25 + 237.3) ] = 0.61078 × e1.646 ≈ 3.167 kPa

Step 2: Compute the Actual Pressure (AVP)

Factor in the 50% relative humidity level:

AVP = 3.167 × (50 / 100) = 1.583 kPa

Step 3: Isolate the Final Deficit

Subtract the actual pressure from the maximum saturation baseline:

VPD = 3.167 − 1.583 = 1.584 kPa

At 25°C and 50% RH, the room's atmospheric drying power measures **1.58 kPa**. As we will see

on the target charts later, this represents a dry environment that places high evaporation stress on

young crops. 
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Section 3: The Master VPD Reference Chart

The table  below serves as a data guide mapping out  various temperature and relative humidity

configurations, showing target ranges based on standard ambient air assumptions. 

Air Temp (°C) 40% RH 50% RH 60% RH 70% RH 80% RH

18°C 1.24 kPa 1.03 kPa 0.83 kPa 0.62 kPa 0.41 kPa

20°C 1.40 kPa 1.17 kPa 0.94 kPa 0.70 kPa 0.47 kPa

22°C 1.59 kPa 1.32 kPa 1.06 kPa 0.79 kPa 0.53 kPa

24°C 1.79 kPa 1.49 kPa 1.19 kPa 0.90 kPa 0.60 kPa

26°C 2.02 kPa 1.68 kPa 1.35 kPa 1.01 kPa 0.67 kPa

28°C 2.27 kPa 1.89 kPa 1.51 kPa 1.13 kPa 0.76 kPa

30°C 2.55 kPa 2.12 kPa 1.70 kPa 1.27 kPa 0.85 kPa

How to Read the Data Ranges:

Under 0.4 kPa: Danger Zone. Air is too humid; risk of mold and stymied nutrient flow.

0.4 to 0.8 kPa: Ideal for Clones, Seedlings, and early root development.

0.8 to 1.2 kPa: Ideal for Veg Phase and robust structural leaf growth.

1.2 to 1.6 kPa: Ideal for Mid-to-Late Flower phases to maximize flower density.

Over 1.6 kPa: High Stress Danger Zone. Stomata close to prevent leaf dry-out.

• 

• 

• 

• 

• 
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Section 4: Optimal VPD Targets by Growth Phase

1. Propagation, Cutting, and Seedling Stage

During the initial weeks of a crop's lifecycle, young seedlings and freshly cut clones lack fully formed

root networks. Because they cannot efficiently draw water from the soil or hydroponic medium, their

survival depends entirely on absorbing moisture through their soft outer leaf tissue. 

To support this, the grow room atmosphere must exert very little drying pressure. Cultivators target a

low VPD range between **0.4 kPa and 0.8 kPa**. 

Target Metric Category Recommended Setpoint Target Value

Ideal Target Ambient VPD Range 0.40 kPa to 0.75 kPa

Preferred Air Temperature Range 23°C to 26°C

Preferred Relative Humidity (RH) Scope 70% to 80%

If the VPD spikes over 1.0 kPa during this stage, the air will pull water out of the unrooted cuttings

faster than they can absorb it, causing the leaves to dry out, wilt, and fail to root. 
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2. The Vegetative Growth Phase

Once a plant establishes a robust root network, it transitions into the vegetative stage, focusing on

rapid structural development, branching, and leaf growth. During this stage, the plant's transpiration

engine needs to be ramped up to actively draw nutrients like calcium from the soil. 

To stimulate this accelerated growth, the drying pressure of the room should be stepped up into a

moderate target range of **0.8 kPa to 1.2 kPa**. 

Target Metric Category Recommended Setpoint Target Value

Ideal Target Ambient VPD Range 0.80 kPa to 1.15 kPa

Preferred Air Temperature Range 24°C to 28°C

Preferred Relative Humidity (RH) Scope 55% to 65%

This  moderate  deficit  keeps  the  stomatal  pores  open,  driving  fast  carbon  dioxide  exchange  for

photosynthesis while maintaining a steady, healthy flow of nutrient-rich water up through the root

system. 
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3. The Generative Flowering Stage

During the flowering and bud-formation phase,  plant  management  requirements  pivot.  The plant

canopy is dense, releasing high volumes of moisture into the air. At the same time, compact flower

clusters create prime conditions for fungal pathogens like bud rot (*Botrytis cinerea*) and powdery

mildew if humidity spikes. 

To protect the crop and encourage final flower development, the environmental target is increased to

a higher range of **1.2 kPa to 1.5 kPa**. 

Target Metric Category Recommended Setpoint Target Value

Ideal Target Ambient VPD Range 1.20 kPa to 1.50 kPa

Preferred Air Temperature Range 21°C to 25°C

Preferred Relative Humidity (RH) Scope 40% to 50%

By lowering room humidity to hit this higher VPD zone, growers significantly reduce the risk of fungal

growth while encouraging the plant to channel energy into resin and essential oil production. 
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Section 5: Environmental Anomalies & Stress Responses

The Consequences of Low VPD (Too Humid)

When  a  grow  room's  relative  humidity  is  too  high  for  its  temperature,  the  air  approaches  full

saturation, dropping the VPD below **0.4 kPa**. In this environment, the air exerts almost no drying

pressure, causing transpiration to grind to a near halt. 

Because the plant cannot evaporate water from its leaves, its roots stop drawing water and dissolved

nutrients from the media. This shutdown leads to several common operational issues: 

Tip Burn & Calcium Deficiency: Calcium is a immobile nutrient that relies entirely on water

movement to reach new leaves. When transpiration stalls, leaf tips develop severe calcium

deficiencies, warping and dying.

Stomatal Guttation & Edema: Internal water pressure can build up within the plant. This

pressure forces water out through the edges of the leaves (guttation) or ruptures plant cells

entirely (edema), leaving open wounds vulnerable to bacterial infections.

• 

• 
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The Consequences of High VPD (Too Dry)

When a grow room's air is too dry or hot, the VPD climbs past **1.6 kPa**. In this state, the dry air

pulls moisture out of the leaves faster than the root system can replenish it. 

To protect  itself  from dehydrating,  the plant  triggers an automated survival  defense:  it  closes its

stomatal pores to lock in remaining moisture. 

The Cost of Stomatal Closure

While closing stomata saves water, it stops the plant's intake of carbon dioxide ($CO_2$), which is

essential  for  photosynthesis.  This  defense stalls  growth,  leaves leaves limp or  curled,  and traps

internal heat, scorching the plant and dragging down final harvest yields. 

Environmental

Extremes
Typical Plant Defense Responses Long-Term Cultivation Impact

Low VPD (< 0.4 kPa)
Stalled transpiration, moisture

accumulation, cellular edema.

Nutrient deficiencies (Calcium),

root rot, mold infections.

High VPD (> 1.6 kPa)
Stomatal closure, restricted $CO_2$

absorption, root stress.

Stunted growth, heat scorch, poor

crop yields.
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Section 6: Grow Room Environmental Adjustments

When your sensors reveal that your environment has drifted out of the target zone on your **vpd

chart**, use these standard procedures to balance your grow room climate: 

Steps to Lower VPD (When Air is Too Dry/Hot):

Increase Relative Humidity: Turn on commercial humidifiers to inject fine water vapor directly

into the airflow.

Lower Ambient Temperatures: Adjust air conditioning cooling loops to drop temperatures,

reducing the air's overall moisture capacity.

Reduce Overall Ventilation: Slow down exhaust fan speeds slightly to allow moisture transpired

by the plant canopy to accumulate naturally in the room.

Steps to Raise VPD (When Air is Too Humid/Cold):

Engage Dehumidification: Turn on dedicated dehumidifiers to strip excess water vapor out of

the atmosphere.

Increase Ambient Heat: Adjust environmental heaters to warm the room, expanding the air's

water vapor capacity.

Increase Fresh Air Exchange: Speed up intake and exhaust fans to flush humid air out of the

building.

• 

• 

• 

• 

• 

• 
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Operational Climate Validation Checklist

Before  making  major  adjustments  to  your  automated  environmental  systems  based  on  chart

setpoints, run through this baseline validation checklist: 

1. Calibrate Your Sensors Regularly

Wall-mounted humidity sensors can easily drift by 5% to 10% over time due to dust and nutrient

spray. Clean and calibrate your hygrometers monthly using a standard salt reference test to ensure

accurate readings.

2. Use True Leaf Surface Temperatures

Do not rely entirely on basic air  temperature readings. Use a handheld infrared sensor to check

actual leaf temperatures under full light exposure to confirm your leaf-to-air calculations are correct.

3. Avoid Rapid Climate Swings

Plants adapt smoothly to gradual environmental changes. Avoid aggressive, sudden adjustments to

your humidity or temperature settings, as rapid swings can shock crops and stress plant tissue.

4. Maintain Active Air Circulation

Stagnant air  pockets can form dense microclimates within the leaf  canopy.  Keep oscillating fans

running continuously to ensure clean, uniform climate metrics throughout the entire cultivation facility.
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Conclusion & Precision Calculation Resources

Integrating a comprehensive **vpd chart** strategy into your regular cultivation workflow shifts indoor

gardening from guesswork to data-driven precision science. Balancing air temperature, leaf surface

dynamics, and relative humidity maximizes your crop's transpiration potential, driving faster growth

and premium harvest quality. 

While using printed reference tables works well for standard conditions, calculating precise leaf-to-air

vapor pressure changes on the fly can be time-consuming and prone to manual rounding mistakes. 

Streamline Your Environmental Climate Control

Instantly calculate air and leaf-to-air vapor metrics, find your perfect grow phase targets, and balance

your room's climate parameters with total mathematical confidence.

Access the Precision Cultivation Calculator: 

Vapor Pressure Deficit VPD Calculator - Everything Calculators
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