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Å Field Production
ïSoil-based systems, typically drip-irrigated
ïContainerized (Pot-in-pot) soilless substrate 

systems irrigated with spray-stake emitters
ïExtensive (large-scale) operations

ÅModerately managed to optimize growth

Å 1 to 7-year production cycles

Field-Nursery Operations 



Å Can be covered at time (overwintering 
structures)

Å 6-month to 2-year production cycles

Å Also intensively managed to maximize growth

Å Soilless substrates

Container-Nursery Operations 



Å Covered structures

Å High-value; multiple crops per year

Å Highly managed to maximize growth

Å Very high plant densities

Å Soilless Substrates

Greenhouse Operations 



Commercial sources:  municipal or water districts 

On-farm supply:  
a) Rivers, streams or captured (contained) runoff 

water and/or
b) Groundwater (wells)

Irrigation Water Sources

Issues:

Å Availability and Cost

Å Permitted water use, regulations

ÅWater quality (both ground and surface) 
­   nutrient load (nitrogen and phosphorus)
­   salinity, alkalinity
­   algal (filtration) and disease (sanitation)



Container Substrates Integrate Many Dynamic Variables

Surface  runoff

Leaching
Water, Nutrient and 
Pathogen Movement

Plant Daily 
Water Use Irrigation Water 

Volume and Duration

Plant Species and Size

Container Size +  
Substrate Physical 

Properties +  Porosity

Irrigation System 
Type and 

Uniformity

[Rainfall]
Temperature and RH,

Light (season)

Precision
Scheduling

Over-irrigation typically  
leads to nutrient and 

pathogen 
management issues

John D. Lea-Cox, 2013

Nutrient Inputs, 
Retention and 

Leaching



Å Soilless organic substrates typically have 
little or no anion exchange capacity

Å Soilless substrates are typically acidic and 
are maintained as such

Å Depending on their state of composting 
(aging), they can have considerable cation 
exchange capacity and hence buffering 
capacity.

Å The most optimal pH for nutrient availability 
is between 5.5 and 6.3 in soilless substrates

Å Additions of excess lime can reduce 
micronutrient availability 

Soilless Substrate Properties



ÅThe optimal pH for nutrient availability 
is between 5.5 and 6.3 in soilless 
substrates

ÅWhat management factors effect 
substrate pH?

ÅSome plants have different pH 
requirements: Why?

ÅWater quality and your fertilizer 
regime affect substrate pH

Substrate pH т Hydrogen Ion Activity

pH is the concentration of H+ ion activity 
expressed on a logarithmic scale



иBase saturation is the percentage of the 
exchange sites that are occupied by the basic 
cations: 
­  Potassium (K), Magnesium (Mg), Calcium 

(Ca), and Sodium (Na).

иThese are called basic cations because 
substrate tends to be alkaline/basic (high pH) 
when the CEC is entirely saturated with them.

иWhen negatively-charged sites on the media 
are saturated with basic cations, it increases 
the buffering capacity of the substrate 

Base Saturation, CEC and Buffering Capacity

Buffering Capacity:  The ability to resist 
changes in pH



pH and Nutrient Availability Differences т Substrates vs. Soils 

Handreck and Black, 2010
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ÅMonitoring EC helps ascertain the salt load on 
roots

ÅMonitoring pH ascertains nutrient availability 

ÅMonitoring should start at the time of receiving 
the substrates

Å Proactively monitor both pH and EC as often as 
possible throughout the production facility

Å There are several methods and managers should 
train someone on the appropriate methods

Monitoring Substrate pH and Electrical Conductivity (EC)



1:1 Media Extract:

1. Collect a volume of substrate in a container with volume 
gradations (target 80 ml)

2. Tamp container on a flat surface (table) 4 times to compress 
substrate 

3. Add the same amount of distilled water as volume of substrate
4. Let sit for at least 20 min

Substrate Extraction Procedures

Saturated Media Extract: (SME)

1. Saturate substrate sample  in a container to glistening
2. Let sit for at least 20 minutes т more time is better



V Irrigate Normally
V Wait 2 hours

Monitor Electrical Conductivity (Tip Test)

V Tilt Container
V Collect Leachate
V Measure EC

Monitor Electrical Conductivity
1. Measure of nutrient availability
2. Monitors potential nutrient runoff

Ý   Adjust irrigation durations and leaching 
fractions to maintain or reduce salt 
accumulation in the root profile



ü Pond water quality is affected by: 
Å Poor practices in the production area

Å Poor pond design and maintenance 

Clean water storage systems 
are worth the investment!

Irrigation Runoff Capture and Storage Systems



Recycled (Return) water quality is affected by: 

Å pH too high (or too low)
Å Salt accumulation 
Å Biotic Issues
- Viral
- Fungal Pathogens
- Algae

ÅDebris
- Sediments
- Plant Parts

 

Common Water Quality Problems

This 5 ha greenhouse recycles up to 2 million 
liters of water per day, which is screened to 
remove leaves, peat moss, and other debris



ÅAlkalinity:  A measure of the ability of water to 
resist changes in pH

ÅMeasured in terms of ppm or meq/L CaCO3 

ïmeq = milli -equivalents 
ï50 ppm CaCO3 = 1 meq/L of CaCO3 

Water pH too High?  Do you know your Alkalinity?



High Alkalinity water:
-may cause a gradual increase in the pH of your soilless substrate. 

- It may be necessary to inject acid (phosphoric or sulfuric) into the water or use 
ċĦŔĬŔĦШƚƨĤƚƣƖċƣĲШċůĲŰĬůĲŰƣƚЯШƚƨĦőШċƚШƚƨũŉƨƖШŸƖШљċĦŔĬ-ŉŸƖůŔŰŊњШŉĲƖƣŔũŔǍĲƖƚЮ

Low Alkalinity water:
-may be deficient in calcium, magnesium or sulfate; additional supplements 

may be needed. 

- A fertilizer program that alternates a potentially basic fertilizer with a low 
potential acidity fertilizer can help prevent pH crashes in the growing media.

Alkalinity Issues



Bailey and Bilderback. 1998. Alkalinity. NCSU HIL #558 

Acids that are typically used include: 
Citric
Nitric
Phosphoric
Sulfuric

Alkalinity Example 



Its important to have your 
irrigation water tested by an 

accredited lab 

Test your Irrigation Water



Ensure that your substrates are tested using the appropriate analytical methods.  

NOT soil analytical methods!! 

Analyzing your Substrates

https://agsci.psu.edu/aasl/greenhouse-soilless-media-testing/methods

https://agsci.psu.edu/aasl/greenhouse-soilless-media-testing/methods


John LCUniv of MD

Calculate your Alkalinity  Based on Your Test Results

Alkalinity calculator:  http://extension.unh.edu/Agric/AGGHFL/Alkcalc.cfm



Univ of MD John LC

Alkalinity calculator:  http://extension.unh.edu/Agric/AGGHFL/Alkcalc.cfm

Calculates your Acid Requirements 



Container size Acceptable alkalinity Level of Concern Y

Plugs 60-100 <40, >120

Small pots 80-120 <40, >140

4-5" pots 100-140 <40, >160

>6" pots 120-180 <60, >200
z  Alkalinity levels recommended through Scotts Testing Lab. Actual levels may vary depending on 

crop type and desired plant response.

Y  Low levels may result in media pH decrease, and high levels may result in media pH increase. 
These trends are highly dependent upon fertilization rate.

Suggested Alkalinity Guidelines (mg CaCO3 / Liter)Z

https://www.umass.edu/agriculture-food-environment/greenhouse-
floriculture/greenhouse-best-management-practices-bmp-manual

https://www.umass.edu/agriculture-food-environment/greenhouse-floriculture/greenhouse-best-management-practices-bmp-manual


Alkalinity Treatment Options

Å5ƻ ƴƻǘ ƻǾŜǊǿŀǘŜǊΧΦ

ÅReduce your lime amendment rate 

ÅUse an acid reacting fertilizer ς Acid reacting fertilizers are those with the 
majority of nitrogen supplied in either an ammoniacal or urea form.

ÅAcid injection ς If the suggestions above do not decrease substrate pH down 

to the recommended range, it may be time to evaluate injecting acids.  



Acid reacting fertilizers are those with a majority of nitrogen supplied in either: 
ïAmmoniacal forms т NH4-N
ïUrea form т CO(NH2)2 

pH effects of three fertilizer solutions

N-P-K ratio Potential acidity or 
basicity (Kg/Tonne)

Percentage of N in the 
ammonium form

pH of 200 mg N L-1 
solution

20-10-20 214.5  acidic 40% 4.75

17-4-17 0  neutral 25% 4.37

15-0-15 210.0  basic 13% 4.08

Acid forming fertilizers should have >60% of the nitrogen supplied as a non-nitrate forms

Acidifying Fertilizer Sources



https://nurserycrops.ces.ncsu.edu

Water Extraction т Comparative Analysis Values



Pop Quiz:  What Nutrient Deficiency is this?   

Rhododendron

Pinus radiata
Boron Deficiency:  Boron is implicated in cell wall 

elongation and lignin biosynthesis



http:// cleanwater3.org

USDA-NIFA-SCRI  
Award no. 2014-51181-22372

Resources



Upcoming Online Irrigation Course ς August 2025

Register at:  https://hort.ifas.ufl.edu/training/


