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What is soil?
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Basic Units of Soil: Sand, Silt and Clay



USDA Soil Triangle



Soil Chemistry

•All soils contain some levels of basic nutrients 

• Macro-nutrients: N, P, K

• Secondary nutrients: Calcium, Magnesium, Sulfur

• Micronutrients: Boron, Copper, Iron, Chloride, 
Manganese, Molybdenum, and Zinc



Nutrient availability varies with pH



Soil Test is Essential
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Winter High Tunnel Research at CCE

N fertilization does not increase spinach yield
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Harvest Date

Spinach Yield

0 (Early) 0 (Late) 65 (Early) 65 (Late) 130 (Early) 130 (Early) 200 (Early) 200 (Late)

• Higher yields from earlier planting
• No significant yield differences 

across N fertility treatments: 0, 65, 
130, and 200 lbs N/ac

Aug. 27 Sept. 10



Foliar Test also Essential















Approaches to reducing high pH/calcium

• Prevention
• No to low calcium fertilizers

• Avoid compost

• No lime

• Acidification of irrigation water

• Elemental sulfur

• Peat moss

• Plastic removal 

• Moveable tunnels



Irrigation Water
pH
Alkalinity



Injectors







Optimal Nitrogen levels in high tunnel tomatoes:

Stage of 
growth:

% Dry 
matter

Vegetative: 4% to 5%

Fruiting: 3.5% to 4%



















Pre-Plant Nitrogen Sources
(low phosphorus, calcium, salts & pH)

Name Analysis $ per pound 
of nitrogen 
(average)

Release Rate Things to note

Alfalfa Meal 3-1-2 
(varies)

$20+ Medium-
slow

Incorporate well into the root 
zone.

Blood Meal 12-0-0 ~$15 Very fast Hot. Can burn roots. Mix with a 
slow release fertilizer for season 
on N availability

Composted 
plant material

Variable, 
usually 
around 
2-1-1

Variable Slow Need to test for nutrient content. 
Will help increase organic matter 
and improve tilth. Don’t rely on it 
alone for nitrogen.

Feather meal 13-0-0 
(varies)

$8 Medium Can be hot – incorporate well to 
avoid hotspots.

Soybean meal 7-1-2 $13 Medium Apply 2 weeks prior to transplant 
to avoid burning plants.



In-Season Nitrogen Sources
(low phosphorus, calcium, salts & pH)

Name Analysis $ per pound of 
nitrogen 
(average)

Release
rate

Drawbacks

Blood meal 12-0-0 ~$15 Very
Fast

Hot, can burn roots.
Not soluble (can side dress)

Chilean nitrate 
(Sodium
nitrate)

16-0-0 $3 Very
fast

High salts. Currently OMRI approved but 
likely to become prohibited pending rule 
changes. Use for no more than 20% of N 
requirement and check with certifier.

Nature’s 
Source

3-1-1 ~$50 Fast Soluble. Made from oilseed extracts.

Pure Protein
Dry

15-1-1 $200 Fast Codfish hydrosolate. Soluble (can be 
injected) 

Verdanta PL-2 2-0-6 ? Fast New soluble product made of fermented 
sugar cane. Low salt index. High K.

Ferti-Nitro Plus 13-0-0 $53 Fast Soy protein derivative.

Wisgeranic 3-1-1 In development Fast Derived from food waste



Nitrogen sources to consider avoiding
(high phosphorus, calcium, salts & pH)

Name Analysis $ per pound of 
nitrogen 
(average)

Release
rate

Drawbacks

Composted 
animal 
manure

Varies Varies Slow High pH, salts and phosphorus. Can 
also add excess calcium. 

Fish emulsion 2-4-2 Varies Medium High salts, phosphorus. N not 
readily available to plants.

Fish Meal 10-.5-3.5 ~$15 Medium Salty, lots of micronutrients that can 
throw things out of balance.

Foliar feeding 
of any kind

Varies Varies Fast May cause plants to “green up” for a 
bit but not a good way to provide a 
crop with sufficient nitrogen.







Soluble OMRI Micros

• “Micronutrient deficiency must be documented by soil or tissue 
testing or other documented and verifiable method as approved by a 
certifying agent”

• Fish and seaweed products (micro quantities unknown)
• Caution-the oils in these products can burn foliage

• Other micros available, often as derivatives of sulfates

• Before moving into this approach remember that your micro-nutrient 
deficiency is most likely caused by compaction, pH or nutrient 
imbalance and not a soil deficiency.





University of Illinois













Organic N Conventional N

Tunnel 1

lbs. N 
/Acre from 
cover crop

Pro-Booster
10-0-0   

$6.40/lb 

Feather Meal 
13-0-0     

$8.00/lb 

Soybean Meal    
7-1-2     

$13.00/lb

Urea
46-0-0 

$0.43/lb

Miller's
20-20-20 
$2.14/lb 

Triticale, w/ cover 73 $467 $584 $949 $31 $156

Triticale, no cover 72 $461 $576 $936 $31 $154

Triticale + Peas, w/ cover 40 $256 $320 $520 $17 $86

Triticale + Peas, no cover 61 $390 $488 $793 $26 $131

Tunnel 3

Triticale, w/ cover 24 $152 $190 $309 $10 $51

Triticale, no cover 19 $122 $153 $248 $8 $41

Triticale + Peas, w/ cover 25 $158 $197 $320 $11 $53

Triticale + Peas, no cover 27 $171 $214 $347 $11 $57

Nitrogen Fertility 
Cost-Savings
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Seasonal Prices & Tomato Yields, (early planting)

Bare Ground Triticale w/ cover Triticale no cover

Triticale + Peas w/ cover Triticale + Peas no cover Price/25lb Box
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Seasonal Prices & Tomato Yields, (late planting)

Bare Ground Triticale, w/Cover Triticale, no cover

Triticale+Peas, w/ Cover Triticale+Peas, no Cover Price/25lb Box



Conclusions

• Keep pH and calcium in check:
• Acidify water 
• Add sulfur to soil in the fall
• Avoid additional Ca  fertilizers

• Soil and foliar test, then add only what you need

• Cover crops can contribute significant quantities of nitrogen

• We are still learning





@Jud_Reid


