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Honestly…This is a Bit Terrifying

No singular, definitive answer – “It depends”
Texture, mineralogy, biochemistry, biological communities, climate, drainage 

class/permeability, bedrock influence, soil testing protocols…

Science typically focuses on large scale, commercial crops
Profitability, environment, diverse soils/conditions… 1000 vs 1000

Mother Nature is resilient and adaptable
Many different approaches often result in the same outcome

Smart, passionate, detail-oriented, fearless, “big” thinkers



I’m That Kind of Soil Scientist…



Today’s Root Focus…

Less Energy Costly and Bigger, Better Root Systems
▪ Water and nutrient uptake

▪ Anchoring / structural support

▪ Nutrient and energy storage

▪ Plant hormone production

▪ Rhizosphere interactions



Midsummer (blossom)
“Zig zag” taproot to 3.5 feet (1.1 m)
Laterals spread 5 feet (2.4 m)

Maturing plants
Taproot to 6 feet (1.8 m)
Laterals spread 12 to 17 feet (3.7 to 5.2 m)
Roots mostly in top 8 inches (20 cm)
Profusely branched, 4 to 5 short branches per inch
Roots growing 2.5 inches (6.4 cm) per day

At maturity
Radial spread of 13 to 19 feet (4.0 to 5.8 m)
Five to seven main roots, with numerous branches
Nodal roots 4 to 5 feet (1.2 to 1.5 m) long, superficial 
Approximately 1,000 ft3 (28 m3)of soil explored

Basic Root System?
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Potential Interpretation

Impacts of 
trafficking, 

temperature, 
moisture

Large energy 
expenditure on 

roots

Aggregation, 
fertility, water 
key in top 12”

Nodal roots 
significant 

contributors



Let’s Grow Some Roots!

Soil Aggregation
▪ Supply of oxygen and water
▪ Reduce root ATP need
▪ Facilitate soil exploration

• Photosynthesis

• Feeds top growth first

• Roots 10 to 40%+ total plant biomass

• Transport

• Leaves to roots via phloem

• Cellular Respiration

• Glucose to energy (ATP)

• Oxygen from soil matrix

• ATP Use

• Cell division, elongation

• Nutrient/water uptake



What are Soil Aggregates?



Why the 
Aggregate Focus?



Giant Water Requirement

▪ Max fruit growth rate –
~ 44 lbs (20 kg) per day

▪ 97 to 99% of water 
lost via transpiration

▪ ~ 175 to 525 gallons (660 
to 1990 L) water per day

▪ Soil explored = 1000 ft3

▪ Roots in top 1 ft = 
area of 1000 ft2

(93 m2)

▪ Loam soil
▪ 1800 in3 water = 

7.8 gallons (30 L)



Increase Water Holding Capacity

Increase soil organic matter
▪ Add manure, compost, etc over time
▪ Stabilize organic matter in soil 

aggregation

▪ 3 inches (7.6 cm) of compost incorporated 
to 6 inches (15.2 cm)
▪ Increased water holding capacity by 

150% in a sandy soil
▪ Muted impact in heavier textured soils 

– 50% increase



Plant Water Uptake

● Primarily through root hairs, most near root tip
● Aided by mycorrhizae



Aggregates Help Move Water

Disease
Redox reactions



Why the 
Aggregate Focus?



Why the Aggregate Focus?

Root growth requires
▪ 20 to 40% of daily photosynthates, sometimes exceeding 50% 

Compacted soils
▪ Decreased root elongation and root volume

▪ Physical and ethylene response
▪ Axial roots thicken, lateral root number decrease
▪ Root growth ceases with increased compaction

Penetration resistance increases of
▪ 25 to 65 psi (0.17 to 0.45 MPa) – 35% more energy
▪ 25 to 129 psi (0.17 to 0.89 Mpa) – 90% more energy





Water and Nutrient Uptake

Pore diversity is 
essential for soil 

function



Nutrient and Root Interactions

Modes of Uptake
▪ Diffusion
▪ Root interception
▪ Mass flow

Redox reactions

Mycorrhizal infection



What We Want…



What 
We 
Have…













Building Soil Aggregates

● Reduce energy needed to grow roots, push those sugars to fruits





Roots 24-7-365



Promoting Aggregation

Lots of Discussion!

Additives
▪ Calcium
▪ Manure
▪ Humic acids
▪ Polyacrylamide (PAM)
▪ Mycorrhizal inoculants



Promoting Root Growth

Lots of Discussion!

Additives
▪ Humic acids
▪ Seaweed extracts
▪ Protein hydrolysates
▪ Plant growth promoting rhizobacteria



Food for Thought?



Dominant Soil 

Bacterial Phyla

Giant Pumpkin

(%, rank)

Small Pumpkin

(%, rank)

Control

(%, rank)

Role Genus

Proteobacteria 40.82 (1) 42.82  (1) 34.33 (1) C, N, S cycling

N fixation

Alpha

Gamma
Delta

Actinobacteriota 20.07 (2) 21.94 (2) 23.59 (2)

Acidobacteriota 9.60 (3) 7.79 (4) 7.35 (5) C, N, S cycling

IAA and siderophores

Acidobacterium

Difficult to culture

Chloroflexi 9.20 (4) 8.61 (3) 9.43 (3)

Gemmatimonadota 4.31 (5) 2.92 (7) 3.04 (6)

Patescibacteria 3.88 (6) 3.77 (6) 1.49 (9) Role not well understood Difficult to culture 

and study

Bacteroidota 3.87 (7) 4.59 (5) 2.94 (7)

Myxococcota 2.78 (8) 2.40 (8) 2.63 (8)

Firmicutes 1.40 (9) 1.97 (9) 9.19 (4) Lignocellulose degradation

Disease suppression
Produce SCFA

Bacillus

Clostridia
Staph, Strep



Urine Treated Biochar?

Cow-manure compost combined with:
▪ urine-only
▪ biochar-only
▪ urine-loaded biochar

Applied directly to the root zone before seeding
Biochar dry matter content of 670 pounds per acre (750 kg/ha)

Urine-biochar treatment increased pumpkin yield
▪ 300%+ compared to only urine 
▪ 85% increase compared to biochar-only



Discussion

Jamie Patton, CPSS
jamiejpatton@gmail.com
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