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Grow Roots
and Your Fruits
will Follow Suit




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...

»  Water and nutrient uptake

= Anchoring / structural support
= Nutrient and energy storage

=  Plant hormone production

» Rhizosphere interactions




Basic Root System?

L Midsummer (blossom)
.I{“![JIIJIJ:\'I.I.UI’.\II-\'] “Zig Zag” taproot to 3.5 feet (-l .-I 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

P ARBER B s NN Roots growing 2.5 inches (6.4 cm) per day
T \ " 1
Fig. 88.--View of the root system of squash after the removal of the surface 12 inches of soil. At matu rity

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 m?3)of soil explored

Fig. 89.--A typical root originating from the node of a squash vine. It is only partially developed.



“‘ Potential Interpretation

Midsummer (blossom)

“Zig zag" taproot to 3.5 feet (1.1 m)
Laterals spread 5 feet (24 m)

Maturing plants
Taproot to 6 feet (1.8 m)
Laterals spread 12 to 17 feet (3.7 to 52 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

Impacts of
trafficking,
temperature,
moisture

Large energy
expenditure on
roots

Nodal roots
significant
contributors

Aggregation,
fertility, water
key in top 12"



Let’s Grow Some Roots!

* Photosynthesis —
* Feeds top growth first
» Roots 10 to 40%-+ total plant biomass »
—\
* Transport
* Leaves to roots via phloem
L/

* Cellular Respiration
* Glucose to energy (ATP)
* Oxygen from soil matrix

Soil Aggregation
=  Supply of oxygen and water
= Reduce root ATP need

* ATP Use = Facilitate soil exploration

* Cell division, elongation
* Nutrient/water uptake




What are Soil Aggregates?

Structure Appearance after Appearance after break-
quality break-up: various up: same soil different
soils tillage

Sq1 I

Friable 1 Sq4

Aggregates Compact

readily crumble )

with fingers Requires
considerable
effort to break
aggregates

sq2 with one hand

Intact
Sq5

Aggregates Very compact

easy to break

with one hand Difficult to
break up

Sq3

Firm

Most

aggregates

break with one
hand

Visual Evaluation of Soil Structure

Soil structure affects root penetration, water avalabilty to plants and sofl aeration. This simple, quick test assesses

The scale of the test ranges from Sq1, good structure, 10 S5, poorstructure.  UMIVERSITET

s0il structure based on the appearance and feel of a biock of 5ol dug out with a spade. AARMY -_\
e uem SRUC




MACROAGGREGATES
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Table C-1. Soil moisture content in inches of
water per foot of soil at field capacity, 15 bars,
and available soil moisture for various soil

textures.
Soil Texture Field Available
Capacity | Bars | Moisture
Content
:
Loamy Sand 19 |08 | 11 Loam soi
I e Al scrcy loam | 25 |11 | 14 1800 in® water =
(R EETONNRVVENI T oI E Al loam | 32 |14 18 |

Sittoam | 36 |18 | 18 | 7.8 gallons (30 L)

18 [ 16 |
16

Silty Clay 2.4
2.2
VID257 Lesson 7, Part 3 Terry Prichard

38 |
Silty Clay Loam -
i | 48 |

| 48




Increase Water Holding Capacity

Increase soil organic matter

Add manure, compost, etc over time
Stabilize organic matter in soill
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

Compost can increase the water
holding capacity in droughty soils




Plant Water Uptake

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

Non- compacted soil Compacted soil

-Fr
~Thinner roots

equent branching

Trerds in
Plant Science

<Reduced branching
~Thicker roota

-More growth inhibition

-Increased root hair len
-Mucilage secretion

:




Aggregates Help Move Water “

0684,00 6 6 0 0 _

Disease Plant available water
Redox reactions

Saturation Field capacity Permanent wilting point




Why the
Aggregate Focus?

MACROAGGREGATES
WITHIN SOIL HORIZON
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and cracks

WATER-STABLE
AGGREGATE

roots with 04— MICROAGGREGATE
root hairs © - 100 pm
mineral e
grain - <P

pores o
POM

ELEMENTARY
SOIL PARTICLE
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NUTRIENTS STORAGE

CARBON STORAGE

MICROBIOTA HABITAT

FAUNA AND ROOTS HABITAT



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
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r and Nutrient Uptake “.

Pore diversity is
essential for soil
function

Fungal hyphae in
air-filled macropores

} Bacterial communi ties
@ in water-filled pores

- 1 Carbon inputs by root
A
v,

rhizosphere in soil matrix rhizosphere in macropore plnt dervedcatboninpus andate. | prazemeree



Nutrient and Root Interactions

Nitrogen [ I
Modes of Uptake Prospors [
= Diffusion sar
= Root interception e
= Mass flow o —_
Redox reactions b

Mycorrhizal infection




What We Want...




What
We
Have...



















Building Soil Aggregates

~ Dore . o oy
Microbial Fungal Pore  Plant Plant Pore Fungal Macroagaregate
1 ¢ CNACO = (1l —
Polysaccharide hrs hyphae space  root root space hyphae \

Fe/Al oxide

=
Microaggregate
0.2 um 2 um 200 um 2 mm 20 mm
Flocculation of clay colloids At this scale. clay-organic Microaggregate - mineral Macroaggregate — formed from Several macroaggregates held
through electrostatic bonding. matter complexes contribute to particles and organic debris many microaggregates bound by a root.
Fe/Al oxides and oreanic flocculation. enmeshed by fungal hyphae together by roots and hyphae.

coatings are some of the major and fine roots.

binding agents.

DIGGING INTO
CANADIAN SOILS

An Introduction to Soil Science






Roots 24-7-365

Average Root Structures of Common Cover Crops

n comm e 1




Promoting Aggregation

Lots of Discussion!

Additives

= Calcium

= Manure

= Humic acids

= Polyacrylamide (PAM)
=  Mycorrhizal inoculants
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Promoting Root Growth

Lots of Discussion!

Additives

Humic acids

Seaweed extracts

Protein hydrolysates

Plant growth promoting rhizobacteria

COMPARISON OF SHORT-TERM PLANT RESPONSES TO ROOT-APPLIED SHA (A) AND FOUAR-APPLIED SHA (B)

A Root-applied SHA

. Increase in shoot and
root growth.
Increase in lateral
roots

Increase in the root
concentration of IAA
and ABA.

Increase in the shoot
concentration of
cytokinins.

Increase in the root
PM-H+ ATPase
activity

6. Increasein shoot

mineral nutrient
concentration.
Increase in the root
concentration of JA
and JAlle.

Foliar-applied SHA

. Increase in shoot and

root growth.

. Increase in principal-

secondary root
volume

. Increase in the root

concentration of IAA
but not of ABA.

. Increase in the shoot

concentration of
cytokinins.

. NolIncrease in the

root PM-H+ ATPase
activity

. NoIncrease in shoot

mineral nutrient
concentration.

. Increase in shoot and

root concentration of
JA and JAlle,

Citation:

De Hita D, Fuantss M,

Famandez V| Zamarre/o AM,
Olaetxea M and Garcia-Mina JM
{2020} Diseriminating the Short-Term
Action of Roct and Foliar Appication
of Humic Acids an Plant Growth:
Emenging Role of Jasmonic Acid.
Front. Plant Sci. 11:493.

doi: 10.3380/fpls. 202000493






Dominant Soil Giant Pumpkin [ Small Pumpkin | Control Genus
Bacterial Phyla (%, rank) (%, rank) (%, rank)

Proteobacteria 40.82 (1) 42.82 (1) 34.33(1) C,N,Scycling Alpha
N fixation Gamma
Delta
Actinobacteriota 20.07 (2) — P —
T K
Sor
Acidobacteriota 9.60 (3) ®SP N, Scycling Acidobacterium
A and siderophores Difficult to culture
Chloroflexi 9.20 (4)
Gemmatimonadota  4.31 (5)
Patescibacteria 3.88 (6) dle not well understood Difficult to culture
and study
Bacteroidota 3.87 (7)
Myxococcota 2.78 (8) 2.40 (8) 2.63 (8)
Ciation: e, ¥; Thow, X Li |
Fng | Humg, 2:Coen B: L ;| EjrMIiCUtES 1.40 (9) 1.97 (9) 9.19 (4) Lignocellulose degradation  Bacillus
me Disease suppression Clostridia
Puampicn Siae Be Sought Ot rom Produce SCFA Staph, Strep
hi Sl A L otipuarion ol onld
Microaal Comerarety Sroctusm =
Rhirosphumes betwom (aand- and

Serudl- Sl Pumphin Yanees. Pl
B, 15, 2056 Betpec e
B0, plansts | | AC2SA



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

L ]
argrrdara ffgrrer




Discussion
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