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1.Soil Structure Soil Food Web

Green Plants Arthropod Shredders
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2.Numbers or Ratios
3.Current Water in Soil

4. Why Residue Management Matters

5.Breaking Heavy Metal Bonds
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8.When do | stop feeding the Crop
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Carbonates or Particulate organic matter
other salts, 3 with bacterial colony
acting as binding
agents

Bacterial
colony

Know Your Soil Structure

Film of organic matter

(shades of green shows
different stages of decay) Fe, Al, Mn oxides
and hydroxides

Hyphal
fragment

Soil

Quartz grain
with film of oxides
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Tillage effect on solil pore architecture
(&

Noncompacted soil
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Ploughed Zero tillage

Pore thickness (mm)

Compacted soil

1-Reduced branching
2-Thicker roots

3-Root growth inhibition
4-Mucilage secretion
5-Dense root hairs
6-Restricted ethylene
diffusion
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Compacted soil

Ethylene diffusion

Saturated Soils
Heavy Clays

e Increased MCS development

¢ Increased radial thickening « _

e Decreased primary root length «- BA :: High soil bulk density

AU 7| | o e Lack of OM
Oxygen Levels Low
Crop Rotations
Aluminum, Iron, Magnesium
Salt Load High

e Circumnutation <---.________ i ‘ ‘ i 54 Reduced soil macroporosity

Mechanoreception

Ca? influx mediated by:

e MCA1
e PZO1
e FER

Increased mechanical

resistance

Trends in Plant Science
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Combine 40’ and Spread 2%’
Ever Change the A-B Lines
Do you Change Dry Spread
Directions or Starting Points

SR Ak 1% &

s

Your ldeal K:P Ratio?
Zn:Cu Ratio?
Base Saturation of H
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MACRONUTRIENTS
[C, H, 0]

Non-minerals
A

~

[ MACRONUTRIENTS
(Primary)
[N, P, K]

MACRONUTRIENTS

(Secondary/ Tertiary)
[Ca, Mg, S|

MICRONUTRIENTS
(Primary)

Minerals

MICRONUTRIENTS

(Newly Suggested)
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% | soil sensing methods

Agronomic soil broperties

Content Farmers

; Soil Soil organic Soil Soil Soil Depth Soil H Total N Other Cation
S()ll SeNnsor | texture matter moisture salnity density | variability P content | nutrients | exchanhe
NBe eitel v capacity
e R R =R &) - ]
ﬁ ...'C ..'0 :D: m' . .N m %
Electrical &
electromagnetic
Optical &
radiometric
Mechanical
Acoustic &
pneumatic

Electrochemical

Aerial sensing

[based on: Adamchuk et al. 2004]
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B2 Notes [ Predicted  Applrrigation  Rainfall [ Relative

Watching the Plant Drink

99.7 1.85

971

919
169

89.3

86.7

Available Water(%)
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BIOCHEMICAL SEQUENCE OF NUTRITION IN PLANTS

O=00=22M™%

mropP-
O

Plant biochemical sequences begin with: Amino acids form proteins such as chloro-
1. Boron, which activates — phyll and tag trace elements, especially —
2. Silicon which carries all other nutrients 5. Magnesium which transfers energy via —
starting with — 6. Phosphorusto —
3. Calcium which binds — 7. Carbon to form sugars which go where —
4. Nitrogen to form amino acids, DNA and cell 8. Potassium carries them. This is the basis
~ L of plant growth. I —
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Qﬁﬁ, | Correction of sodic soils by Calcium (Ca) application ‘@?
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e Transports water and
minerals

e One-way (upward)
flow

e Transport is bulk flow
due to negative
pressure

* Hollow dead cells

* No end walls

e Form center of the
vascular bundle

e Rich in lignin, which
supports the plant

Xylem and Phloem

Plant Vascular System

|l o

Xylem

e Transports food in
the form of sugars

* Two-way flow

e Transport is by
osmosis/turgor
pressure

e Live cells with no
nucleus

e Perforated end walls

e Outside edge of
vascular bundle

» Also transports

. amino acids, mRNA,

(L
Phloem and hormones

O Xylem Phloem

__Tracheids v

Xylem
Xylem transports water and
minerals through vessel elements
and tracheids, which are dead at
maturity and have a primary and
secondary cell wall. In pits, the
secondary wall is thin or missing,
allowing water to flow laterally. \

Parenchyma
cells

Vessel element

Parenchyma cell Perforation plate

g

Xylem Role

¥ Now in Plants Xylemis a
principal component of vascular
tissue, together with phloem

and cambium. Its main roles

are transporting water and solutes
originating from the plant-soil
interface to the stems and leaves,
and providing mechanical support
and storage.

Tracheids

Primary cell wall
Secondary cell wall Pits

Phloem Role

¥Z And now the role of
L bundled ~y

Phloem. moves food Dot In than so-avkls AL

substances that the s == W 1

hey allow the -

plant has produced by movement of water and *

photosynthesis to where they """ X

are needed for processes

such as: growing parts of

the plant for immediate use.

storage organs such as

bulbs.

The Leaf: Vascular
Tissue

The VEINS - made up ™=
of xylem and phloem
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—— Modes of Nutrition in Plants —

Did you know that plants have several unigue "modes of nutrition" that allow them to thrive in
diverse environments? From self-made meals (autotrophs) to dining with a partner
(symbiosis), plants teach us how nutrition drives growth!

Here's a quick breakdown:

Symbiotic
Mutualistic Plants that
relationships for produce their own
nutrient food through

exchange. photosynthesis.

Saprophytic Heterotrophs

Organisms that
rely on others for
nourishment.

Organisms
feeding on dead
and decaying
matter.

Insectivorol Parasitic

Plants that Plants that extract
capture and nutrients from a
digest insects. host.

33" Annual The <= o
il <<<<gd |
NATIONAL W\ Precision

\\'l/ “n T“_IIAEE ersons’ =V Planting Bicl"l'ill Cover Crops
- . - -

//‘\{" CONFERENCE Yettor Ag Leader N\ OTITAN
January 7-10, 2025 « Louisvile, Ky,

r =
(G Y of 1 ) L - |Au‘—] R MidWest Mmonfag & HORSCH Lsw

BioTech..

VULCAN - b NS, e
VW ey H%E,.,EEE!,ES_D!‘_,F" ForGroﬁgg MartinTi[|

Official Machinery Dealer §)
A P A CHE" GT cial Machinery Dealer Sponsor 5 exvzonmean

SPRAYERS




Leaf Brix chart- generalized markers

1 2 3 4 5 67 8 9 10 11 12 13 14 15 16 17 18 19 20+
Insect resistance begins Food is now produced

Fit for human consumption

es Water retention N O i ns e(:ts
ﬁﬁ-@g;g,;;_ - abilities increase N 0O d i se a se

Aphid group 6-8 Brix
Sucking insects  7-9 Brix

At what Brix levels do . .
various insects lose == Chewing Insects  9-11 Brix

interest in plants? BB Grasshopper group 10-12+ Brix
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1234567891011 12 13 14 15 16 17 18 19 20+

Insect resistance begins* Food is now produced

Fit for human consumption

Water retention N o i n s eCts
abilities increase N o d isease

L | SN Objectively healthy
Sword and shield
Fighting chance |
Force feeding necessary
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Induce plant immunity

Competitive exclusion f

Antimicrobial & antifungal
compounds
Direct inhibition

Type VI secretion system Siderophores and VOCs
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just 1 milliliter of rumen fluid you can
find 100 billion bacteria, 10 million
protozoa and 10,000 fungi. ...more

How many of you have livestock for
Biological Diversity from animals?

axai >
_5‘0‘» éi‘i‘n :
;aaonaa&aaah |

{ \ 100 billion * 10tfl:lous_and
<~} bacteria ngi

1 milliliter — % 10 million *
of rumen fluid protozoa

>1,000,000,000,000,000
rumen bugs per cow
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Plant Growth Regulation

ABOVE ground

BELOW ground

¥ **Plant growth regulation** refers to the
process of controlling or influencing the growth
and development of plants through natural or
synthetic substances. These regulators, such as
plant hormones or growth-promoting chemicals,
affect various physiological processes like cell
division, elongation, flowering, fruit ripening,
and stress responses. The goal of plant growth
regulation is to optimize growth, enhance yield,
or control unwanted growth in agricultural or
horticultural settings.
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The Role of Plant Hormones %

in Growth and Life Cycle

Fruit

Growth and —
) ty Development Abscission

Maturity

GIBBERELLIN

CYTOKININS

ETHYLENE

This simple yet powerful chart sheds light on the ke¥ players - plant hormones
- and their roles in each stage of the plant lifecycle!
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Bio-Fertilizers

]

Nitrogen- Phosphate- Potassium- Organic Matter
Fixing  Solubilizing Solubilizing Decomposing

y & 3 ¥

« Rhizobium « Pseudomonas « Frateuria aurantia « Trichoderma
« Azotobacter « Bacillus « Bacillus « Penicillium
« Azospirillum « Aspergillus mucilaginosus « Aspergillus
« Blue-Green -« Penicillium . Bacillus edaphicus « Cellulomonas

Algae « Bacillus circulans

(Cyanobacte
ria)

-
Bio Ti
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ti AMF effect t{ Si-AMF synergistic effect

14 Photosynthesis

t* Antioxidant system

ff Shoot growth 1 f Grain yield

t?Compounds

14 Hormonal balance
14 Gas-exchange

4 stomatal conductance

f‘ Pigments
f ‘ Osmolyte accumulation

1‘ ‘ Osmotic balance
f‘ Nutrient uptake

Mycorrhization

f‘ Water use efficiency

f‘ Hydraulic conductance Spores
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Antibiotic Sensitivity Overview
(taken from the wellinglonicu.com drug manual)

Gram Negative Bacilli

E.coll, Klebsiella | '
Pseudomonas SCAPPM*
Proteus E

Penicillin
Amoxyecillin ]
Flucloxacillin |
Cephazolin |
Clindamycin | [ Clindamycin |
Rifampicin/Fusidic Ackd |
Vancomycin/Teicoplanin, Linezolid, Metroni
Daptomycin dazole
Trimethoprim |
| Ciprofloxacin
| Gentamicin/Tobramycin, Aztreonam
| Moxifloxacin | [ Moxifloxacin |
Cefuroxime |
Ceftriaxone ]
I Ceftazidime 41
Cefepime |
Amoxycillin-clavulanate Amoxycillin-clavulanate
Ticarcillin-clavulanate, Piperacillin-tazobactam Pgﬁg:‘.}?ﬁ?:;:‘::::ifﬂ
Meropenem’, Imipenem?
Ertapenem’ | | Ertapenem’

Antibiotics in bold also cover Enterococcus Faecalis. For simplicity, atypical organisms are not shown
ESBL -producing organisms are not susceptible to most antibiotics containing a beta-lactam ring; carbapenems' are the usual agent of choice.
*ESCAPPM organisms are Enterobacter spp., Serratia spp., Citrobacter freundii, Aeromonas spp., Proteus spp., Providencia spp. & Morganelia morganii,

This antiblotic sensitivity chart is intended as a rough guide pending specific identification & sensitivities - it does not replace expert 1D advice. _
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cell wall* a e,

ek T HR, lignification, cell death, OB \ o PTI
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P Ca++, ROS, SMs, Callos++
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-
-

SR HR, lignin, cell death, OB l TETI -
il 3
,ModMonE —«  ICS1, ICS2, PAL, PR1-7, NPR1 SA/PR——

« of defense ——— i
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CaCO3 ‘CaCO:;
dissolution precipitation

{pH

MgP

K Mn Zn

Soil solution Soil solution

Trends in Plant Sclence
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L1 PLANT NUTRLENTS

lDF IMPROVIN AND?FG ECTING PLANT HEALTE

Onearth *@ «

‘ NITROGEN o | [ODINE
there are ‘ 18 are essential , PR
92 naturally @ toplantsand AU - »
occurring ‘|5 of them are Ny <UL
chemical supplied by soils - | TN
elements
COPPER
POTASSIUM : P
/q {RON
(’ SULPHUR
CALCIUM
MANGANESE
-
MAGNESIUM
e SILICON
810N LT NN (n N
e/ { =R MOLYEDENUM
SELENTUM
CHLORINE NICKEL 1INC

i
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Why are your crops not growing well?
R\ 3
y UWenasicoayaiin s,.ro_pg

OB L WA

ORGANIC

NUTRIENT ,
MATTERLOSS

IMBALANGE
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Source:https://Inkd.infe5EH3RhJ

I Based on relative essemiallty I | Based on function and behavior |
Essentlal ” Beneﬁﬂal I I Group 1 ] LGmup [ I I Group 1] I I Group v | - TP = o = - WTROGEH00
/’ih\ * lowolved in photosyntiwess
Basic Accessa mulm’rv Catalyst & | * Promates vegetative growth |
£ “"""'\ structural ] [ sl ] [ & carrier ] [ activator ] 3 4
- ; = . . : : a ( osoworus b
/ A, “’ / ,._,,m‘\ K increases resistance against Pests & Low Tcmpem'uvcsl IP plays a major role in capturing Sun's Energgl ppreadivis 'ﬂ ekt
s. /cuo.c-\ a u.u,s \ X, Ca, Mg R M | * Promotes matusity )
y 8 /
A i 3
| Ca & Mg aid Cell Division & strengthen Cell Walls N & Mg are base elements in Chlorophyll ‘ o teaiapes
* Improves quality of fruts
| Based on mobility | |

(=) =) (=)

al

HE=E)
=

I B helps in rapid Cell Wall formation & growth I N I N & P lead to Rapid Vegetative Growth I

Q m | N & P are vital components of ATPJ

Cu & Zn are components in Enzymes

* InCreases Gisesse resistance

MAGNESILM (Mg)
* Regulates uptake of otfwr
nutrients
* Key nutrient in chiorophyll
| sroduction (green plants)

[ surumis

j;.szu-.\ LI P 4R TERR ,,‘;'.‘5:':,,. * Prostes nodule ormation
| ’ B | ) N Water . A:A.:'fl:‘ 100k grouth a0 seed
[ Ca regulates Growth Enzymes ] ° . D * | Fe & Mn help in Photosynthesis | \_ fomaten J
# ( emoumica h
F Y 3 I'\r-lem !fu!un g '
Non-mineral E , O\ \ @ [ K Wmpeoves Quasit J i
-
elements
, : o s s TIP BOX:
Hzo\ . % ; © I P aids flower & seed formation o‘?r’ : P promotes Ripening/Maturity I o AT
\ : ensures
co, 8 @ f -
\ | Mg & Cu aid Respiration ; L [ P & K strengthen S'!mJ MACRONUTRIENTS
(Highly Essential)
0, ' - €. 1, 0]
\ “ [K & Cl controls opening & closing of Svomala] —e{ K aids transportation ]
~
A MACRONUTRIENTS
le = = (Primary)
l K promotes Root Health * s Ni helps N-Fixing Plants IN.P.K]
Secondary Micro
nutrients nutrients [N, P 5 aid Root Growth fe———s ._—{ P promates Early Root Growth ] MACRONUTRIENTS
ca* Fe?* (0.078) @ (Secondary/ Tertiary)
(0.242) Cu®(0.073) Cu* >y M
Lo ICa, Mg, S|
Mg H,B0, H,80,

4
(0.381)

33" Annual

i Zn?*(0.075) @
Cl (0.181)
3 Mn?* (0.083)
i (o 377) (0.280)

MoO, (o.zvo)
Ni2* (0.069)

Primary nutrients

Is imul, seed & Nodule For i F—ob

, Mo helps in synthesis of Nitrate Reductase

h—4 Ca aids Absorption & New Roots ]

Micronutrients: Iron (Fe), Copper (Cu), Zinc

© PMF IA

(Zn), Manganese (Mn), Nickel (Ni), Boron

Macronutrients: Carbon (C), Hydrogen (H), Oxygen (B), Malybdenum (Mo) & Chiorine (CT)

(D), Nitrogen (N), Phosphorous (P), Potassium (K),
Calcium (Ca), Sulfur (S) & Magnesium (Mg)

NPK — Nitrogen (N), Phospharous (P), Patassium (K)

MICRONUTRIENTS
(Primary)

MICRONUTRIENTS

(Newly Suggested)
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BROADACARE

Effects of CALCIUM
on stabilization of cell wall

HYBRID=<AG structures and expansion control

HORTICULTURE

SMALLCROP

Role in maintaining
cell wall integrity

(calcium pectinate)

Acidic growth
(cell wall elongation
or expansion at low pH)

wm

Stress response
and antioxidative
defense

=20

lon exchange
properties

Stabilization
of cytoskeleton

33" Annual

Respiration (Energy)
s  lron

i

Overall Plant Growth
Nitrogen = Phosphorus
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om /+1 (248) 930-7512

The Carbonic Acid —

. (®) AQUEUS
Bicarbonate Buffer System

* The carhonic acid-bicarbonate system is a buffered system so while it
produces acidity to allow for soil reactions, the pH is moderated and
(depending upon other ions in solution) commonly buffers out in the
5.3 - 5.6 pH range in the near-root rhizosphere.

aqueus.com hello@aqueus.com / +1 (248) 930-7512

* By comparison, plant roots produce/exude acidity to facilitate nutrient Tydrgnium as an Acidic Salt (© AQueus
uptake in a 4.2 - 5.8 pH range

* Acting as an acidic salt, Tydronium is able to foster the
formation of acid (carbonic acid) through hydrolysis
without itself being consumed in the process

hello@aqueus.com /+1 (248) 930-7512

*As acid reacts with matter in soil solution and protons (H+
ions) are consumed, these protons are donated from
carbonic acid rather than from the Tydronium itself
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The Ph Scale

ACIDIC
1) oronge
A8 juice
Acid rain
All fish die (4.2)
£ X 4244
0g €ggs,

F mF ” 5, crayfish . Bananas
gl 5.053
Rainbow trout

begin to die (6.0)

cleaner
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Crop Protection
Chemicals

Az

5

Pristine ™.

Herbicides Insecticides Fungicides Other Types

= Selective Herbicides = Chemical = Contact Fungicides = Nematicides
= Non-Selective Insecticides = Systemic Fungicides = Molluscicides
Herbicides = Biological = Protective Fungicides = Acaricides
= Contact Herbicides Insecticides = Eradicant Fungicides (Miticide)
= Systemic Herbicides = Systemic » Triazoles = Plant Growth
* Pre-emergence Insecticides = Strobilurins Regulators (PGRs)
Herbicides * Contact Insecticides ®= Carboxamides = Biopesticides
= Post-emergence = Organophosphates = Others = Others
Herbicides = Pyrethroids
= Others = |ngestion
Insecticides
* Others © Pristine Market Insights, All Rights Reserved
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HUMIC ACIDS | BENEFICIAL EFFECTS ON MICROBIOME

NODULE SYMBIOSIS PGPR INTERACTIONS

NUMBER & WEIGHT OF NODULES

.

LEGHEMOGLOBIN CONTENT 1\ LATERAL ROOT NUMBER

NITROGENASE ACTIVITY ‘\ BACTERIAL INFECTION

BIOMASS & YIELD

ENDOPHYTIC
bt 1\ COLONIZATION

1. PROPAGATION & METABOLISM
1. CHEMOTAXIS

‘i\ NODULATION & BFN-RELATED GENES
1\ EFFLUX OF CARBON
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@ HUMIC ACIDS | CARBON ABSORPTION CAPACITY

HUMIVERSE TERRA OPTIMA

HUMIC SUBSTANCES

— —
& A < ¢,
TR a Lo
e 9 2 Ty v 9 ) ba 7
o x L% X N T
iy ¥ e’ 8 % T,
‘~,‘> J 3 £ & “;, J,"l)’
¢ % e" v Io 20 :‘ € ,)2“
¢ s 0 e %’y
« 3 & ’
HUMINS HUMIC ACIDS FULVIC ACIDS
INSOLUBLE IN SOLUBLE IN BASE SOLUBLE IN WATER
BASE AND ACID INSOLUBLE IN ACID
CARBON CONTENT
MOLECULAR WEIGHT AND
DEGREE OF POLYMERIZATION

A

g [SOURCE: Spietz et al. 2024]

ABUNDANCE OF CARBOXYL
AND HYDROXYL GROUPS
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@ HUMIC ACIDS | ADSORPTION CAPACITY FOR AFLATOXIN B1

MosarviRst Tomaa Orriss

AFLATOXIN B1
J
)
.
C .
HYDROGEN B
BONDING { ‘ ‘,y -’
: < ¢
L . HYDROPHOBIC
= INTERACTION
[ - .
e I
y 4 ::- «“e%e
o 4 .o L
:: A 9“ -

ELECTRISTATIC

I STACKNG INTERACTION

g [SOURCE: Maguey-Gonzalez et al. 2023] www.terra-optima.ch
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https://crops.extension.iastate.edu/cropnews/2013/08/scout-crops-aphids
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Seed Formation through Maturity
Estimated Yield Achieved at Stated Development Stage MLOtS Of 0 \E ortunlt Late

| .............. 13-15 days......._... |..--.13-2’Jdays.---1_-.3-10days-_-| o e Eo
R6.75 e '
25% : 50% 91% 98% 100%
Bushels Achieved by Listed Stage
12.5 25 46 49 . 50
15 201" 360 % $39 A0
7.5 15 27 129 30

hitps.iblogs ext v edusoybean-updat'201 200904/ soybean-crop-is-sslkatrs k-to-drought-pests/

‘6 NETAFIM"
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There is more to driving a Car than turning the Key

On Farm Testing
| Invest 5-10% ofmy profit in R&D Each year;
| have found It hard to get 3 year data without 1 year data.
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What do we still need to learn?

Who is ready to study on their own?

Final Questions
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