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1. 

1. 1. Why is pH important?  
 The most common nutritional problems occur in 
greenhouse container-grown crops when pH of the 
root substrate (also called potting mix or growing 
substrate) is outside the acceptable range.  Substrate-
pH measures acidity (low pH = acid) or basicity 
(high pH = basic, also called alkaline) of a root 
substrate, which affects a chain of events that 
ultimately affects plant health. 

 Plants take up dissolved nutrients through their 
roots.  Substrate-pH drives chemical reactions that 
determine whether nutrients are either available for 
root uptake (i.e. soluble and dissolved) or 
unavailable for uptake (i.e. insoluble and solid). 

 The most important nutrient affected by substrate-
pH is iron (Figure 1).  Iron, phosphorus and the 
micronutrients manganese, copper, zinc, and boron 
also decrease in solubility at high pH.  Molybdenum 
increases in solubility at high pH. 

 The acceptable range for most crops growing in a 
soilless substrate is 5.6 to 6.4, because in this range 
micronutrients are soluble enough to satisfy plant 
needs without becoming toxic. 

2. Recognizing the problem 

Iron is required by plants to produce chlorophyll 
(the pigment in leaves which gives plants their green 
color).  At high substrate-pH, iron (as well as most 
other micronutrients) becomes less soluble in the 
root substrate, resulting in lower uptake by the plant 

(Figure 1). Because iron is not mobile within the 
plant, deficiencies induced by high pH tend to show 
chlorosis (yellowing caused by lack of chlorophyll) 
in the growing 
tip.  
Sometimes, the 
chlorosis is 
over the entire 
leaf, but it can 
also be 
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pH determines 
micronutrient solubility 

in the root substrate: 
• low pH  = very soluble 
• high pH = less soluble 

► 
Plant takes up 

soluble nutrients 
through roots 

 
► 

Nutrients transported into 
leaves and growing points: 

• Excess = toxicity 
• Adequate = healthy 

• Insufficient = deficiency 

► 

Toxicity or Deficiency results 
in stunted growth, poor plant 
appearance, and un-saleable 

plants 
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Figure 1.  The effect of growing petunia at different substrate-pH levels on 
(A) soluble iron content in the soil solution, (B) iron content in the leaf 
tissue, and (C) leaf chlorophyll content.  As pH increased there was 
decreased iron uptake.  At the highest pH, substrate and tissue iron levels 
were the lowest, and the plants showed classic iron deficiency symptoms 
(chlorosis due to the lack of chlorophyll, see photo above right on this page).  
Research by Brandon Smith and Paul Fisher, Univ. of New Hampshire, and 
William Argo, Blackmore Co. 



2 
 

interveinal (leaf veins 
are green, but 
remaining tissue is 
yellow) as shown with 
the picture above of 
petunias grown at 
high pH. As the 
deficiency becomes 
more severe, plants 
lose vigor and the 
color of the chlorosis 
changes from yellow 
to almost completely 
white with necrotic 
(dead) areas forming 
at the growing points. 

At low substrate-pH, 
iron and manganese are highly soluble in the root 
substrate. Excess micronutrients can accumulate in 
plant tissue and cause chlorosis and necrosis (dead 
tissue) on leaf margins and as leaf spots, as shown in 
these geranium and marigold leaves. The damage 
tends to occur in older leaves because the longer a 
leaf grows on the plant, the more time it has to 
accumulate excess micronutrients. 

3. Why do Substrate-pH problems arise? 

Reasons that substrate-pH can be too high or low 
include: 

3A. Poor buffering of soilless substrate. The 
move away from use of soil in greenhouse container 
substrate has many benefits (uniformity, 
consistency, aeration, sterility) but results in less 
buffering (chemical resistance to pH change) than 
soil. 

 A pH unit change within one week can sometimes 
occur with soilless substrate. Substrate-pH can drift 
up or down depending on the balance of factors 
including water alkalinity, lime activity, acidification 
of the substrate by plant roots, and use of an acid or 
basic reaction fertilizer.  As a result, it is important 
not just to blame problems on the substrate or 

fertilizer, but rather to also understand how grower 
management can cause pH to change over time. 

 3B. Limestone.  Limestone is mixed into substrate 
to raise pH to around 6.0 because both peat and bark 
are acidic.  Limestone sources differ in their 
composition, particle size, and hardness, which 
causes them to vary in their reactivity (i.e. how 
many pounds per cubic yard are required to raise pH 
at the start of the crop), and also in how long they 
continue to react during crop growth. 

 If the incorrect type or quantity of lime is used 
during mixing of the substrate, pH can either be out 
of range at the start of the crop, or it can drift over 
time.  If mixing your own substrate, (a) consult a 
fertilizer or substrate company to obtain a suitable 
type of lime, (b) run small batch tests to check how 
much lime is needed to bring pH up to the target 
level, and (c) if you change the source of lime, peat, 
bark, or vermiculite you will need to re-test your 
recipe. 

 If you consistently run into problems with high or 
low substrate-pH, and you have correctly matched 
the fertilizer type with water alkalinity, consider 
changing the lime type or rate. 

 3C. Wide range in crops.  Species differ in their 
nutritional needs, and can be separated into three 
nutritional groups based on their efficiency at taking 
up iron from the root substrate.  

• Petunia group: Also 
known as iron-
inefficient species, 
prone to iron 
deficiency at high 
substrate-pH, 
especially when 
combined with low 
fertilizer 
concentration. Grow 
at a lower substrate-
pH range of 5.4-6.2 to maximize iron solubility.  This 
group is often misdiagnosed as a “high feed” or “high 
iron” group.  They do not necessarily require higher 
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rates of fertilizer or iron, but are especially sensitive 
to high pH and the need for adequate iron. Examples 
include bacopa, basil, blueberry, calibrachoa, diascia, 
nemesia, pansy, petunia, snapdragon, vinca. 

• General group: Not 
prone to pH related 
problems. Grow at a 
moderate pH range of 
5.8-6.4.  Examples 
include 
chrysanthemum, 
impatiens, ivy 
geranium, poinsettia, 
tomato.   

• Geranium group: Also known as iron-efficient 
species, prone to iron/ manganese toxicity at low 
pH, especially when combined with high fertilizer 
concentration.  Grow at a higher substrate-pH range 
of 6.0-6.6 to limit the 
solubility of iron and 
manganese.  Examples 
include marigold, seed 
and zonal geranium, 
New Guinea 
impatiens, and 
lisianthus. 

 3D. Fertilizer type.  
You cannot measure 
the acid or basic reaction of a water-soluble fertilizer 
by measuring the pH of the stock tank or the 
solution coming out of the end of the hose.  Rather, 
it is the tendency of a water-soluble fertilizer to 
change substrate-pH over time after the fertilizer 
interacts with plants or microbes. 

 The label on a fertilizer bag usually provides 
information on the acid or basic reaction of a water-
soluble fertilizer expressed as an acidic or basic 
“calcium carbonate equivalency” (CCE).  The CCE 
is a relative measure of the tendency of the fertilizer 
to raise or low lower substrate-pH (Table 1). 

 More importantly, the label tells the type and 
percentage of the different forms of nitrogen 

(ammonium, nitrate, or urea), as well as the 
percentage of the other nutrients contained in the 
fertilizer. 

In general, ammoniacal and urea nitrogen are 
acidic, and tend to drive the substrate-pH down, 
whereas nitrate nitrogen is weakly basic and tends to 
drive the substrate-pH up. 

 Several factors are important when using 
fertilizers to raise or lower substrate-pH: 

• Nitrate only increases substrate-pH when the 
fertilizer is taken up by plant roots.  
Therefore, if plants are small, or are stressed 
and not growing, nitrate has little influence 
on substrate-pH. 

• Ammonium can cause the substrate-pH to go 
down even if the plant is small or is not 
growing, because soil bacteria acidify the 
substrate through a process termed 
nitrification. 

• Ammonium is less effective at lowering 
substrate-pH in cool, saturated soil because 
nitrification is inhibited.  In addition, 
ammonium toxicity in plants can occur in 
cool, wet conditions because plants are more 
likely to take up excess ammonium. 

• Sometimes ammonium will not drop 
substrate-pH at all because other factors 
(especially excessive lime rates in the 
substrate or high water alkalinity) can have a 
stronger effect on pH than the fertilizer, 
counteracting the pH effects of the fertilizer. 

Table 1.  Calcium carbonate equivalency (CCE), and the percent 
of acidic nitrogen1 contained in several commercially available 
water-soluble fertilizers. 

Formula CCE2 % Acidic 
Nitrogen 

21-7-7 1520 acidic 100% 
20-20-20 680 acidic 70% 
20-10-20 429 acidic 40% 

17-5-17-3 Ca-1 Mg 0 acidic 25% 
13-2-13-6 Ca-3 Mg 330 basic 5% 

 

1% acidic nitrogen is calculated as the sum of ammoniacal and urea 
nitrogen divided by the total nitrogen contained in the formula 
2Units for CCE are pounds acidity or basicity per ton of fertilizer. 
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 3E. Irrigation water alkalinity. Irrigation water 
pH affects chemical solubility of solutions, but has 
little effect on substrate-pH. 

 Instead, substrate-pH is affected by water 
alkalinity, which is a measure of the basic ions, 
mainly bicarbonates and carbonates, dissolved in the 
water.  Alkalinity can be thought of as the “liming 
content” of the water, and irrigating with a high 
alkalinity water (above 150 ppm CaCO3 of 
alkalinity) can cause substrate-pH to increase over 
time.  

 Options for alkalinity management are:  

• Alkalinity can be reduced by injecting strong 
mineral acids (like sulfuric or phosphoric 
acid) into the irrigation water. 

• It may be feasible to change or blend water 
sources.  Rain water collected in cisterns or 
ponds and water purified using reverse-
osmosis contain little if any alkalinity. 

• Matching the alkalinity of the water to the 
reaction produced by the fertilizer is the 
most important decision growers can make 
to maintain a stable pH.  For example, a low-
alkalinity water should be balanced with a 
“basic fertilizer” (Table 1, containing low 
levels of ammoniacal nitrogen).  A high-
alkalinity water can be balanced with an 
“acidic fertilizer” (one high in ammoniacal 
nitrogen).  Problems can occur when using 
ammonium-based fertilizers in cold weather 
(see 3D above).  
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