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2 = Introduction Pg 1-2

What's wrong with my plants, there are 4 problem areas:

Light

Water

Pest & Disease
Soll

science

f‘ér gmﬁ,‘f?zﬁ different species. They are growing, breathing, and reproducing. Some attack plants

/4 PR Buld Soigaiin while others form partnerships

In a pinch of soil there are billions of living organisms representing many thousands of

;'\‘._. ROBERT PAVLIS

and defend.

Roamers case the soil and collect nutrients and deliver them to the plant roofts,
spoon feeding the plants. All this mysterious activity can not be see by the naked
eye. The numbers are vast and the microbe societies are very complex.
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Soil Health, Naturally

What's wrong with my plants, there are 4 problem areas:
J Growing plants is easy if you understand the soil below. It acts as an anchor, feeds
them and provides air and water. If you create a healthy soil you can grow anything
suitable to the climate.
The goals lined out in this book are:
1. The role soil plays
2. Understanding what goes on in the soil and how if effects the plants

2 = Infroduction Pg 3

secience Defining Soil Health depends on what eco-entity is your focus. For example:

f6r gardeners

‘ " ‘ Working with Nature

/| o Bl SoitHeaith A farmer would define soil by yield production
(5 \\\Rosemm.s A climate scientist might define by how much sequestered carbon is in the soll
' v A microbiologist by microbial populations and diversity

oM Ch This book will defines a healthy soil as:
Q@"YA;*}“ » One that grows a wide range of plants
g ) P » Has good aggregation and supports a

REISON

» Has a high number of diverse microbes
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Infroduction Pg 4.5

Terminology

Organic is used too frequently o mean several different things leading to all kinds of
misunderstandings. This book will use the chemist’s definition of organic and the term
certified organic when referring to organic agriculture.

Organic soil definition by trade:

Gardner’s-soil that has been treated organically following certain organic certification rules
Soil Scientists-soil created by layering of plant material instead of the degradation of rocks.

Typically contains more than 20% organic matter, and peat bogs and marshes are a prime

example. This book uses the Soil Science definition as a basis.

Fertilizer-Any material added to the soil with the primary purpose of supplying at least ONE
plant nutrient.

Synthetic fertilizers are referred to as man made.
Organic fertilizers are from natural products

Understanding Soil Health for Plant Success
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Soil Amendments

Soil amendments are added to the soil with the purpose to change the physical properties
water retention, permeability, drainage and pH changes.

Some amendments have a duel purpose, changing both physical and nutrients such as
compost it provides nutrients and changes the physical properties.

Organic Matter
S( lence Organisms in the soil are classified as flora(plants) and fauna(animals). Organic matter
' f refers to dead material such as wood chips and manure or highly decomposed such as

f6r gardeners
X J" Working win Nature compost or humus.
//‘ L‘ to Build Soil'Health

/ i'\-' \\ROBERT PAVLIS .
\ 5 Microbes

On the top tier these microorganisms are easy to separate and they decrease in size the
differences between plant and animal is muddied because some have characteristics of

\\)M CQ4
°¢<A7 oY bofth.
@ . . . . .
o et ) 4 " 0 This book references these organisms as microbe and microorganisms.
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Defining soil is difficult

According to the Soil Science Academy of America

“Soil is the top layer of the Earth’s surface that generally consists of loose rock and mineral
particles mixed with dead organic matter.” One thing to note, this definition does NOT
include

the many different organisms that live in the soil.

MYTH- Soil is alive

Soil is NOT alive, it does not eat or breathe. When referring to a “living soil” they are

"i ‘ e eliill | actually referring to a Soil Ecosystem that consist of soil and all the living organisms in and
to Build Soil'Health

£ }\\ROBERT PAVLIS on it.
~‘ 11
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It has life and supports life and has life in it BUT even it is not alive.

REISON
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Pg 12

ldeal Soil/Composition

Clay 19%

Sand 38%

Silt 38%

Components of ideal soil

g
DT
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Organic

Pg 12

Although, the OM is only 5% it is extremely important for
lay 19% providing soil it's physical and chemical characteristics.
YelaleRetyA |t is rare to have soil with these ratios, and impractical to convert
soil fo these ratios. Many plants are adaptable and grow in @
Silt 38% variety of soil composition.
With the largest majority of the soil being sand, silt and clay it is
—%rngla?cgn?eres by large to vast to change. However, if you can change the
|\ Working wirNature OM percent and even by 1% it can have a significant effect.
/\ }’ N B:':L:,:::::Ll.t: When soil ratios deviate from ideal, the more issues you will
A% e have with your soil.
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Soil Origin
Soil starts as large rock formations. Over time, broken into smaller
and smaller pieces through the acftion of three types of weathering

Physical factors such as wind, rain, snow, and temperature
with the freeze and thaw cycle starts the erosion process
allowing colonization develop.

Reactions with atmospheric gasses like oxygen, carbon and sulfur starts

the rock decaying cycle that forms a thin organic layer over the rocks.

BIOLOGICAL

From the parent rock material, by the interaction of
climate and soil vegetation begin forming. After thousands
of years what once started as rock has converted into
different types of soils.

Understanding Soil Health for Plant Success
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Physical Weathering

The process that breaks down rock into
smaller pieces.

: f6r f'gardeners _ Water collects Ice thaws, contracts
‘ ) WOl'k.il'lgswit.h Nature . in rock crack and water gets deeper
// i(‘- 1/~ to Build Soil-Health

A Repeated expansion
/o Bu i Water freezesand — into cracks again and contraction
\ |\ '\ ROBERT PAVLIS expands, forcing causes further
14\ 1T = : ! .
Ha ‘EEER : crack to widen cracks till rock
: splits
\\)M Ck‘q
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Pg 13

Chemical Weathering types

» Living Organisms
Plants that grow on or in rocks produce a weak acid that
chemically break down rock

A PO
Example: Lichens and mosses 5.
REP
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. Animal Action
Burrowing animals e.g. rats,
.~ ants, snakes, dig out

Soil Basics

Plant Action
Plant roofs break up
sclence rocks when
-fér.gardeners growing between
' \‘h" Working with Nature rOijOinTS
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Human Action
Any type of construction,
= leads to rock breakdown
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Granite, sandstone and shale result in acidic soil and limestone and basalt contain calcium
and magnesium resultingin alkaline soil.
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Soil Particle Size

SILT - 0.05 to
SAND -2.0t0 0.05 mm ,0.002 mm

“idigy
CLAY - less

than 0.002 mm




Soil Types & Characteristics

Pg 14,15

Soil Basics

« Dry, light soil and gritty, rough to the touch

« Has larger soil particle size and |ofs of air spaces
« Easy to work and good to work with

* Free draining, tends to lose nutrients easily

« Usually deficient in plant food and humus

* |t is mostly acidic

medium soil particles and adequate air space
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Soil Texture

Sand, silt and clay are particles that most often occur
together. Scientist use the term soil texture

to describe the ratio of sand, silt and clay in a given
sample.

ldeal soil which is 38% sand, 38% silt, and 19% clay and
5 OM is referred to as a loam.

If the clay amount is larger, it is a clay loam. A very
sandy soil with some clay and silt is a sandy loam

Knowing each soil texture is very important because
each will function differently. The soil texture

triangle is very helpful in determining the physical and
chemical properties of your soil.
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Soil Texture Triangle

70
30

60 40

Clay (%) & Silt (%)

silty =950
clay

clay loam \mlltgac;:lay
medium
silty loam ﬁ 90
100

\ loam
100 90 80 70 60 S50 40 30 20 10 O
Sand (%)




, , Soil Permeability
The Importance of Particle Size

Permeability is the rate water flows
through the soill.

% Water retention is how much
water is frapped by the soil and
how much by unit volume the soll
can hold is influenced by the
texture, clay minerals, organic
content, parficles and soil structure.
Sandy soils are highly permeable

High permeability Low where water can easily and
quickly move through the saill
profile. Clay soils, due to a smaller
particle size have less room for
Ry, water movement resulting in low

&
@
Q

permeability
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permeability.




Particle Size & Porosity

Particle size:

0.05mm-2mm

0.002mm~-0.05mm

<0.002mm

Porosity:

Determines the total amount
of water a material will hold.
Dependent on the number
and the size of the pores in
the soll. These factors also
affect the permeability of the
soll.

2=
N
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Evaporation-At the saoill
surface, water furns to
water vapor that releases
info the air.

The process continues
drawing water to the

Water 25% surface by capillary action,

Sclence slowly drying the saill
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TRANSPIRATION

Plant roots constantly absorlo water through
the root hairs

‘ As it tfravels up through the plant it

\@> Is transferred to the leaves and
evaporates through the leaf openings
called the Stomata.

; ’ Some water is used for photosynthesis

A large tree can move 100 gallons of water
a day and discharge it intfo the air as water

vVapor.
/® As water leaves the air fills the void, there is

always air in the soil, since roots need oxygen
to survive.
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Soil Basics Pg 19

Process of Photosynthesis

Leaves absorb the energy in -~ ™"
sunlight & take in carbon
dioxide from the air.

< /|, Oxygen is released
w2y into the air.

hA
;’;::'". carbohydrates
”. The hydrogen is then
combined with the carbon
Yf:éi’;.i‘.i‘f;;““‘ | dioxide to product
plant cl e o carbohydrates.
) \ / s
LX)
:. h.ydrogo

chloroplast

oxygen

In leaf cells, there are special parts
called chloroplast. In the chloroplasts,

the energy in sunlight is used to break
apart the oxygen and hydrogen molecules.
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6CO

Carbon
dioxide

b

2

Photosynthesis Equation

6H.0

Water

O

C6H1206

Glucose

O

-+

Photosynthesis

Chlorophyll

60

2

+ Oxygen
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Soil Basics
2 Atoms of 1 Atom of — 1 molecule .
Water molecules, one end is
positive one is negative.
They act like magnets, sticky
O _|_ — in nature called cohesion.

v
H2

+

o
v
O

&

v
H,0

This plays a key role in how
water & nutrients move through
the soill.
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Qﬁﬁ Oxygen Negative

= ——— Hydrogen Bond

\\
— Hydrogen Positivé

The Water Molecule

T T

* Polarity

- Polar molecules have a region
with a slight positive charge
and a slight negative charge.

- A water molecule is polar

because there is an uneven
distribution of electrons
between the oxygen and
hydrogen atoms.

- Oxygen has 8 protons and a
larger pull on the electrons than
Hydrogen with just 1 proton.

-
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Water dropped onto the soil moves
down and sideways due to the interplay
of charges on Clay and OM and water.

Sand has large pore spaces and almost
no charge.
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Aggregation and Soil Structure

- . (/

Aggregation - Arrangement of primary soil
particles (sand, silt, clay) around soil organic
matter and through particle associations makes

4 the soil stable and structural. Aggregate stability
is a good indicator of soil health.
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WHAT IS SOIL

STRUCTURE:

Soil particles _
It is the aggregation The level of aggregation
of individual particles . . o o
that gives thfson te @@ determines if the soil is a
! ® structure. In . .
% legl(ie undistributedsdils, @@@ﬂ good performing soil or
r gar onere theseagdregatesitonm g8, a poor performing soil.
_ 'h‘ Working with Nature different shapes o @
\ o Build Soil'Health. known as peds. It is the % So|| sauces act Ilke a glue
}\ ROBERT PAVLIS shape and alignment i
i} of the peds, which, @@{1 sticks sand, silt, clay
combined with particle )
size/texture, determine and organic matter
oM Ch_ the size and number of o Pkl e , ”
4,"\ A L pore spaces through Individual of ““I 4 T together to form ‘Peds”.
o Y . which water, air, roots particles 0 1orm a peq —
P ‘\ and soil organisms can SMALNEEAE]
pass. other to form

soil structure
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Single grain

Platy

Granular
Blocky
I I| Massive

Prismatic
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Soil Matrix

@ Silt/Clay Particles
%‘;} Microbes

‘ POM

Pore space

@ Virus

Macroaggregate

Microaggregate

Fungi

Organic matter binder and
pore space

Mycorrhizal fungal hyphae

Plant root

These sauces known as “Life Juices come from plants,
bacteria, fungi, earthworms, small insects, clay, iron
oxide and organic matter. The best of these binding
agents come from microorganisms.

It is a two step process:

Binding agents from soil microbes helps stick the very
small soil particles and organic matter together to form
microaggregates.

Breakdown Timeframe: decades/centuries

Microaggregates are stuck together by mycelium of fungi
and hyphae of actinomycetes(bacteria) to forms the
larger macroaggregates.

The greater the fungal biomass the bigger size and

greater quantity of the macroaggregates, the healthier
the soil.

Breakdown Timeframe: 1-10 years
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Mycorrhizae are actually a fungus. They exist

7

7
’ >
A
>y

CONCEPTUAL DIAGRAM OF A MACROAGGREGATE

From Jastrow and Miller, 1998, In Soil Processes and the Carbon Cycle, CRC Press.

Plant root

croaggregates

S
AR
&5 O
o *)
& )
P A\

Plant and fungal debris
©  Silt-sized aggregates

@  Claymicrostructures
Particulate organic
, matter being decomposed
by saprophytic fungi
_y/ Mycorrhizal fungal hyphae

D Pore space and
D organic binding agents

N

as very tiny, almost or even entirely microscopic,

o

threads called hyphae. The hyphae are all interconnected into a net-like web called a mycelium,
which measures hundreds or thousands of miles—all packed into a tiny area around the plant.
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Life cycle of Spores

Reproduction | 4 o omycetes Germination
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DEFINITION

DESCRIPTION

Soil Texture vs Soil Structure

More Information Online WWW.DIFFERENCEBETWEEN.COM

Soil texture is the
proportion of sand, silt,
and clay-sized particles
that makes the mineral

fraction of soil

Describes the feel or
shape of the soil

Sand, loamy sand, sandy
loam, loam, silt, sandy
clay loam, clay loam, silty
clay loam, sandy clay,
silty clay, and clay

Soil structure is the way
individual particles of
sand, silt and clay are

assembled

Describes the cohesive
whole built up of
distinct parts

Platy soil, prismatic,
columnar, blocky,
granular, wedge, and
lenticular
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Soil Aggregation  agoregate structures provided both large and small

pores. Large soil pores allow water to quickly infiltrate
the soil. Smaller soil pores can store plant available
~ water in times of limited rainfall.

" Aggregated Soil
Has visible pores, root
channels and provides
earthworm habitat.

S 99=.~7% Compacted Soil
“% A The soil looks cemented
g - Wwith limited pore spaces.

Management practices directly effect the level of soil aggregation.
High-intensity tillage practices reduce aggregation; whereas, reduced
or no-till systems facilitate aggregation.
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Why are aggregates

important?
SLICDCE
“for gardeners Good Drainage
/ { A e Bulld St Hoalth Soil Carbon Accumulation
G ot Soil Stability
EE—— Healthy root growth

Water and Air Flow
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Organic matter decomposition

©

@

ol o
Sulphate reduction and
iron oxidation

/ ﬁ\‘ 'A\

Root exudates

Nutrient absorption

Phosphate solubilization

Denitrification

Nitrogen fixation

PAH degradation

A

Metal absorptlon

Terminology

Polycyclic aromatic hydrocarbons
(PAHSs) are a class of chemicals that
occur naturally in coal, crude oil, and
gasoline. They result from burning
coal, oil, gas, wood, garbage, and
tobacco. PAHs can bind to or form
small particles in the air and soil.
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Soil Basics
.2 Pharmaceutical applications g9
r P Anti-
Cosmetics a - i

H Enzymes for food and other industries

194

, , inflammatory .-~
oo Antibacterial . v,
Antioxidants Antifungal ?
Cellulases . Antiparasitic -
N Antitumour Antiviral
Chitinases Amylases ... Antimalaria Anticancer
Pectinases ' Bioremediation (water, soil and
Lipases . : . air treatment): organic and
Actino my cetes inorganic contaminants
Phosphatase  proteases
Among 2 : Biofuels production
Keratinases others .- Biocontrol of
-~ Plant growth phytopathogens  Nitrogen
Xylanases .-~ promotion fixation
Increase soil Organic matter Phosphate Phytohormones
fertility recycling solubilization synthesis

Reduc'e demap;l for Agricultural uses 0 Slderophpres
chemical fertilizers . ‘ production
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A
AAAAA
e y
A
~

= 60735.9026
510792

1.09526.0003

pH 1 - 10

Universal indicator

P

. pH-indicator paper £

Soil pH

In 1909, a chemist called Sgrensen devised a system of
measuring the amount of free H* ions in a solution. He
called it the pH scale because, in German,

potenz Hydrogen means “Hydrogen concentration”.

Put simply, pH is a universal scale that's used to determine

the acidity or basicity of a substance or solution measured
in logarithms.
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Soil pH
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Soil pH
‘ P The pH Scale
More alkaline /10,000,000 s
blcaches,
1/1,000,000 oven cleaner
1/100,000 Soapy water
1/10,000 Household Ammonda (11.9)
11,000 MK of magnesium (10.9)
1100 Toothpaste (9.9)
Concentration of 110 Bmwd;g;:). Seawater,
! Hydrogen ions .
fsé’ A Sl 1 s ° | S s
: ; water
, r,gardeners — " Urine () Mk (55)
', - Working with Nature
/e Build SoilHealth 100 fombio 2 |
4 W ROBERT PAVLIS 1.000 Tomato juice (4.1)
10,000 Grapefruit & do:::ge juice, Soft
L iee (2.3
100,000 em,‘;g )
chioric acki secreted fro
\h\\) MC Rq v 1.090,000 Mn:m Stomach ﬁlng () "
A .
Q@/ /““ More acid 10,000,000 Battery Acid
Q Es 1983 ©
Typical pH for Selected Foods
A Most fruits — 2.8 to 4.6; Most vegetahles —5.0to 7.0; Meats, poultry, seafood - 5.1t0 7.1
ELS@N Melons — 5.2 t0 6.6; Tomatoes - 4.3 to 4.9 (borderline); Rhubarb-3.1t03.4
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What effects soil pH<¢

The rock from which the particles
are formed.

A calcareous soil contains calcium carbonate
(CaC0O3) in abundance. There’s an underlying
layer of chalk or limestone.

Organic soils are different due to

they are from decayed plant/animal

and not rock

Rain

As it falls it picks up CO? when it hits the
ground the pH is about 5.5. As more
pollutants are picked up the rain becomes
more acidic.

pH Color Chart

( 10.0
Limestone and Basalt are
alkaline rocks

L m that produce alkaline soils

»Neutral

.AIkallne

T48)

( 6.0
Ao 5.0 Granite, Sandstone, Shale
pH | Acidic rocks that produce

acidic soils
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Soil pH
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Sulfur Dioxide Vo N
Nitrogen Oxides [

SCIEINCE
: fér"gardeners

",.“‘ Working with Nature

/

{1/ to Build Soil'Health
ROBERT PAVLIS
B |

N
TN
."J» X
ot

-------
e

MC

\
& ;
&
o s 198 O

= £—N
JELSON

PLANT FOOD

Acid Rain

As it falls it picks up CO? when it hits the ground the pH is about 5.5. As more
pollutants are picked up the rain becomes more acidic.
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Soil Basics

Soil pH

NS

Average ‘N

B 80% to 90% R

I 75% to 80% : Y
[ ] 70% to 75% '
[ ] 60%to 70% P2y .
L | 50% to 60%
B 40% to 50%
B 25% to 40%

Source: NCEI-ASOS L s
Min 10 Years AU ot 2
© Brian Brettschneider o 7 Nar

e\ . ne N .

@Climatologistd9 i WY Q3
) & [ B A o

\ { \ “,,yn-‘ 4

-

High rainfall in the east keeps soil acidic by washing minerals(cations)
deeper into the soil increasing the hydrogen ions near the surface.
Dry regions in the west, result in water moving from lower levels to the
surface

through evaporation. This carries minerals up like calcium and

Pg 25
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J Soil pH
Natural Process can also acidify the soil.
Respiration of soil roots and organisms produces
CO2 which is acidic.
Decay of organic matter produces organic acids
Plant growth absorbs minerals from the soil leaving
. behind hydrogen ion:s.
Sclence Manual Changes to change the pH:
f6rgva;u;denftrs Sulfur decreases pH
/1 Vo Buld SoiHeath Lime increases pH
X *.‘\\”?Eff“'? Fertilizers can increase or decrease pH
AL DR Compost and manures can change pH
These are long term options and according to the
book author, the soil can quickly revert back to it's
original pH.
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Soil pH

pH affects the nutrient levels in the soil solution and
therefore influences plant growth.

A pH around 7 is the goal (on average) to max out uptake
on all nutrients.

If you add Hydrogen lons, the pH becomes lower, more
acidic. Lessen the H-lons the pH rises.

Nutrient availability with regards to high & low pH - see
the following chart.




N Y.
ANAWVLZEL 4 °
() . .
<\{/<= Soil Basics Soull Healtin, Notwrally Pg 27
Soil pH
J 4.0 415 510 5.15 610 615 7i0 7]5 8.10 8i5 9.10 9.[5 10.0

RANGE OF ACIDITY NEUTRAL RANGE OF ALKALINITY

NITROGEN

o PHOSPHORUS -
el e p— p—

POTASSIUM
e ——————
SULFUR

T s e e R — — e SR
CALCIUM
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Soil pH

Nitrogen (N), Potassium (K), and Sulfur (S) are major plant
nutrients that appear to be less affected directly by soil pH
than the others.

Phosphorus (P), is directly affected. At alkaline pH values,
greater than pH 7.5, phosphate ions tend to react with
Calcium (Ca) & Magnesium (Mg) to form less soluble
compounds. At acidic pH values, phosphate ions react
with aluminum (Al) and iron (Fe) to again form less soluble
compounds. In alkaline soils Calcium reacts with Iron and
lowers the available Iron ions.

Most of the other nutrients (micronutrients especially) tend
to be less available when soil pH is above 7.5, and in fact
are optimally available at a slightly acidic pH; 6.5 to 6.8.
The exception is Molybdenum (Mo), which appears to be
less available under acidic pH levels and more available at
moderately alkaline pH levels.
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Plant Nutrient Toxicity

As soil pH drops, availability of Magnesium and Calcium
declines while Manganese availability increases, often to
toxic levels. Below pH of 5.2, the chemistry of the soil
changes and Aluminum is released into the soil solution at
increasing levels, further acidifying the soil. This “Free
Aluminum” also is very harmful to plant roots because
Aluminum interferes with Calcium, it can bind with
Phosphorus, and can interfere with cell expansion at root
tips, effectively stopping root tip development.

Most of the active mineral nutrient uptake occurs in the
region just behind the root tips. Without further root tip
growth, nutrient uptake will become limited. Effective
rooting volume is also reduced, thus placing the plant
under additional stress. In severe cases, plants can die.
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Plant Nutrient Toxicity

The primary symptoms of adverse soil pH are similar to those that can occur from nutrient deficiencies
or excesses (toxicities). High pH causes chlorosis and bleaching in the veins, pale mottling, and blotchy
or marginal necrosis of new growth. Damage is primarily due to reduce availability of minerals,

especially Iron, Manganese, and Zinc, so any of the symptoms of those deficiencies may occur in high-
pH soils.

If soil pH is below 5.5, new foliage becomes chlorotic, distorted, and possibly necrotic. Plant growth
slows. In severe cases affected roots can become discolored, short, and stubby. Toxicity symptoms
result primarily from high levels of Aluminum being released and deficiencies of Calcium

and Magnesium. Copper and Manganese toxicity and Phosphorus deficiency symptoms may also
occur.

pH and Soil Organisms

Soil organisms prefer a neutral pH. Earthworms like a pH from 5-7. Fungi prefer an acidic level.
Bacteria varies, it can range from 1 to 11.
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J Plant nutrients are separated into 2 categories: mineral and non-mineral

e Non-mineral: O, H, C
o Make up 96% of a plant
e Mineral:N, P, K, Ca, Mg, S & more
o 4% of a plant’s weight
o 4 sources for mineral nutrients: soil minerals,
organic matter, nutrients absorbed onto
S _-_;leﬂCe clay and humus, and the soil solution
: fér.gardeners
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Cellular Respiration
CcH,0O4 + 60, — 6H,0 + 6CO, + energy

(glucose + oxygen — water + carbon dioxide + energy)

VS
Photosynthesis
Light Energy

6 H,0 + 6 CO, -8 > CH,,0 + 6 O,

s. | A
=SE\=
jLSIO - (water + carbon dioxide ----ENERGY---> glucose + oxygen)
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o Essential and Beneficial Elements in Higher Plants
| ' Essential Mineral Element
- h Essential Non-mineral Element He |
| Li | Be Beneficial Mineral Element B N F Ne
‘Na| Mg B || si [eEsiel Ar |
SCICICE [ KlCa sc Ti v cr Mnl Fe Co|Nilculzn Ga Ge As|Se Br Kr.
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Periodic Table of Elements i

4]
g
"t
=
>

C

T 77 \ 18
£ , 6 protons 2 “':
& / bneutrons 13 14 15 16 17 l1m
5 10806 200697 100 8g 15999 8g 18.998 §]() 204197

6 electrons ol Y e

Boron | Carbon J Nitrogen | Oxygen § Fluorine | Neon
Carbon 14 22084 015 16 17 35446 18 39548

SIE Vg

MH& 3 4 5 0 aluminium | Silicon JPhosphorusl Sulfur § Chlorine §  Argon
2 72.630 | 33 74.922 |34 78971 35 79.501 36 83.798
As | Se | Br | Kr
Arsenic J Selenium § Bromine ypton

6 7 8 9 1 11 12

19 390563 §90) 40078 § 71 44955 § 99 41_.557 23 50345 f o4 519961 § o5 54.938 § o6 55.845 | 27 58933 §og 5&5534 29 63546 30 6533 873) 697233

Potassium | Calelum J Scandium || Titanium | vanadium JChromiumManganesel |ron [ Cobalt § Nickel | Copper Zinc J Gallium
37 85478 § 38 87.62 § 39 589058 §4() 91.224 § 4] 92906 §42 95.95 043 (98) 44 10107 § 45 12945 Q46 106.42 § 47 19T B4 112414 § 40 114818 § 5() 118.710 § 5] 121760 ¥
science i gl 6 |
| Rubidium | Strontium J§  vesr Zirconium f§ Niobium fvolybdenum § Technetium § Ruthenium | Rhodium JPalladiumll Silver §Cadmium}j Indium Tin Antimony § Tellurium § lodine
v .» 55 132505 56 137321 57-71 72 17843 § 73 180548 § 74 183.84 § 75 186207 § 76 190.23 § 77 152217 § 7 195.06¢ § 7Q 196967 § o) 200552 § g1 204382 § 09 207.2 | 83 00.980
fér.gardeners s [Ba |- 1 |'ra |'W |'Re [0s | ir [Pt |au [Hg 11 |'Pb | Bi
£ J A Caesium j| Barium Hafnium J Tantalum § Tungsten §Rhenium | Osmium § Iridium JPlatinumll Gold § Mercury §Thallium} Lead ismuth J Polonium
| Ny Worl{lng with Nature 87 (223) §88 (226)§89-103 | 104 (267 | 105 (268) | 106 (269) § 107 (270} | 108 (277) §209 (278) § 110 (262) B 111 (262) § 11 (285) § 113 (269) 115 (290
{1/ to Build Soil'Health A Fr | Ra |....-] Rf | Db Sg ] Hs | Mt | Ds Rg Cn|N
7 A Francium | Radium rutherordium Dubnium | Seaborgium | Bohrium [ Hassium [Meitneriui oanty Copernici
Aj L 1 .. 515 .
d Eu b
i ethium i o
2
um

‘o
EHE
El

=

o

A

B

H

Ex‘g

@
w
3

i35
o
&
2z
’8
=B s

3
g
S

=
S
£
-
=
-
—
@
(=
-
g
=
©
g

5
im
|

&
R

|

ROBERT PAVLIS

B

113 (286)
h c
icium f Nihoni

C

86,

Bohri

) :’\,\} ' 57 138.905 58 140116 59 140,908 60 144 242 6 (145) 62 150.36 63 151.964 64 157.25 65 158325 66 162500 67 164.930 68 167.259 69 168.934 70 173.045

WENGENGEEE La | Ce | Pr | Nd |[Pm|Sm Gd|Tb|Dy|Ho| Er |[Tm| Yb

Lanthanum | Cerium | Praseodymium i Neodymium Jl Prom: Samarium J| Europium J Gadolinium § Terbium J Oysorosum § Holmium § Erbium J Thulium J§ Ytterbium § Lutetium

89 (227) Jo0 e §g] 21006 §g) 28022 §93 (237) §94 (244) §95 (243) §96 (247) 97 (247) §98 (251) 100 (257) § 101 (258) 1102 (259)
WOV Ac | Th|Pa| U [Np|Pu|Am|Cm| Bk | Cf Fm|{Md|No| L

\\)M C Qﬂ Actinium JJ Thorium JProtactinium§ Uranium J§ Neptunium § Plutonium J| Americium | Curi Berkelium jCalifornium Fermium [ Mendelevium § Nobelium J Lawrencium

o A

&
f o ” % Alkali Metals I Alkaline Earth Metals | Lanthanide I Transition Metals |

B Post-Transition Metals] I Polyatomic nonmetal | [ Diatomic nonmetal |
5 NEVAN A

& E
5

=
w
=
8

-

e

@ I Noblegas | [ Unknown Chemical Properties |



PAVLS Plant Nutrients Soul HW""J NWO’“’H Pg 31

Most plant nutrients are metals and need to be converted into IONS to be used by a
J plant. These metals interact with other nutrients in the air or soil solution to separate
into charged particles (ions).

Forms of nutrients taken up by plants

Essential Element Symbol Ionic Form
lons with a positive charge are cations
S € lence and ions with a negative charge are
- fér gardeners anions.
‘ "\‘ Working with Nature -
{ to Build Soi . . 7 3
/k )/ Baéiez:::::f: All of the mineral nutrients used by NRugen S 07y N -
| RE plants form some sort of ion. Phosphorus P H,PO,-, HPO,
Potassium K K*
Calcium Ca Ca?*
WM Cp :
S < "“,(\“ Magnesium Mg Mg?*
@
a = ; ( "o Sulfur S SO,

NELSON

NH;+ H,O — NH; + OH"

N PLANT T FOOD
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Essential plant nutrients by ionic groups.

CATIONS ANIONS
Element Chemical Symbol | Plant Available Forms | Element Chemical Symbol | Plant Available Forms
NH, NH,+ NO, NO.-
K K+ p P0,3- HPO  H,PO -
Ca Cat+ S 80,80,
Mg Mg2+ B H,B0,,B,0%
I Fe Fe+, Fgi+ lybdenun Mo Mo0 -
Mn Mn2+ lori Cl Cl-
| In In%
nper Cu Cu+, Cu+
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A clay particle, which is negatively
charged, binds mineral cations.
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The protons bind
to the clay particle,
which releases the
cations into the soll
solution.

e/

MC =
f‘“ ""»,;\ CO; + Hy0 - H,CO;—>HCO5; + &

o s 198 O /

? Protons are pumped from the roots or j
NELSON

freed by the ionization of carbonic acid.
PLANT FOOD
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What is a salt?

Table salt or road salt releases ions in water. All life including plants,
needs some sodium. Just as anything too much is over-kill and can
quickly become toxic to plants and microbes.

The harm relates to osmotic pressure.

lons in water act as strong magnets and pull water toward themselves.
If one area has plenty of ions and a neighboring area has very few,
water will move from the area with few ions to the one with more.
Plants use this to their advantage by keeping a high concentration of
ions inside the root which is then transported into the rest of the plant.
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The Water Molecule
SLlence ‘ o O\ One single ion can impact
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What is a salt?

Chemist, soil scientist and this book refers to salt as
“any compound made up of ions.”

Forms in which nutrients
science exist

: fé’ri;gardener’s \
/} / lorkiig wi:Bekuice O cation - positively charged ion %
/ &\‘ N 0 & 4

o\ )-\' SORSHIPAYLIS O anion - negatively charged ion
\ P

O neutral - uncharged

WM Cr, * Plants used the mineralized from of a
A_" nutrient

- It does not matter to the plant where it comes from

Compied A Loned Oy Syent 5
lemmall MAL  Pacthary

—\

NELSON
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What Is a Salt in Chemistry?

A salt is a chemical compound formed by ionic bonds between cations and anions.

Neutrallzatlon Reaction

Ab ek

salt
HCl NaOH
Hydrochloric acid  Sodium hydroxide Sodi hloride Waier

For example, a salt forms in a neutralization reaction when a metal
ion from a base replaces the H*ion from an acid .

sciencenotes.org
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J Chemical compounds such as ammonium nitrate and potassium phosphate,
found in synthetic fertilizers, are also salts.

Urea is an organic molecule made up of carbon, hydrogen, oxygen and
nitrogen. It does NOT form ions in water, it is NOT a salt.

UREA STRUCTURE

CHN,0

science
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Many believe that the salts in synthetic
fertilizers harm soil life. Actually, they dissolve
in water forming ions, exactly as ions
released from organic materials like manure

science or compost. It is an essential element for
; f6r gardeners soil microbes and plant life.

/{ ", b Bulld Soll Health Used in appropriate amounts, salts do not
42 )
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harm soil life.
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When too much fertilizer is used the salts in the
fertilizer are released as ions making the con-
centration of ions outside the roots higher than
the inside.

Because of the strong magnetic bond water
then flows from inside the root out in the soll
solution.

With this loss of water the plant experiences
drought-like conditions and the upper leaves
will start fo dry out.
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MOVEMENT OF NUTRIENTS IN SOIL

Begin by understanding that all nutrients have a charge: All are either Cations(+) or Anions(-).
Nutrients move through the soils in the soil solution.

In Sand and Silt Soils In Clay and Organic Soils
These Have little or no electrical charge These have high amount of electrical charge
* Nutrient ions don't bond fo these soil types * Nutrient ions bond strongly with these soil types
*Nutrient ions run readily thru these soil profiles * Nutrient ions aren’t readily replaced with

leaching water but can be replaced by ions that

soils have a stronger affinity for ie: Ca verses Na
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ESSENTIAL PLANT NUTRIENTS

Essential is defined as nutrients that the plant needs to survive.

Two major groups:

Ist: Carbon, Oxygen & Hydrogen: obtained by air and water

2"d: N,P,K,Ca,Mg.,S,B,Cl,Zn,Cu,Mn,Mo: obtained mostly from roofts. The
exceptionisin agricultural settings, thru the foliage.

Macros and Micros

Macronutrients: Use in large amounts in plants: N,P,K Ca, Mg, S
Micronutrients or (trace minerals): Used in much smaller amounts in plants.
These include: B, ClI, Cu, Fe, Mn, Mo, Zn and a debatable group Ni,CI,Co,Si.
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Organic or Synthetic: Which source is best?

Organic Sources

Manures, compost etc.

Slowly decomposes to
nitrate ions

Nitrate lons

111l

Nitrate ions are absorbed into plant root

Synthetic Sources

Synthetic fertilizers
Ammonium nitrate dissolves
into nitrate ions




Essential plant nutrients in soil

Y

Non-mineral elements

I '
~ Carbon, CO,, C-SOM _ Secondary
macronutrients
~» Hydrogen, H,0, H* . Nitrogen, NH,*,NO;" Calcium, Ca(ll) r Copper, Cu(ll) -
Phosphorous, HPO,2, . Iron, Fe(ll), Fe(ll) -
> Oxygen, 0,, H,0 > : Magnesium, Mg(ll) «
ot 112604 , Manganese, Mn(Il) «
L, ; % -
Potassium, K* =HtlEey + Zinc,Zn () -
Nickel, Ni(ll) «
Molybdenum,
MoO,*

Boron, H;BO; -

Chlorine, CI- «
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The forms of Nitrogen that are readily available for plant use are —
Ammonium and Nifrate.

The main functions of Nitrogen in plants:

Nitrogen is essential for Amino Acids. Amino Acids build up proteins.
Nitrogen is also a component of Nucleic Acids, which form the DNA
of all living things and holds the genetic code.
Nitrogen is a component of Chlorophyll, which is the site of
carbohydrate formation (Photosynthesis). Chlorophyll gives plants
their green color.

* Photosynthesis occurs at high rates when there is sufficient

nitrogen.
« A plant receiving sufficient nitrogen will typically exhibit

vigorous plant growth. Leaves will also develop a dark green
color.
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Most common types of Nitrogens for plant use:

Ammonium (NH, ) — Taken in by plants and used
directly by proteins. This nitfrate form stays in the soil.
NH, converts best o a nitfrate form when — soil temps
are around 80F, 50% Moisture in the soil and the soil pH
is near 7. Conditions unfavorable for making nitrates:
a soil pH below 5.5, a waterlogged moisture condition,
and temperatures under 40F.

Ammonia (NH;) —is a gas, when compressed info a
liguid form it can be injected into the soil and with the
soil moisture it turns into NH,. Then that NH, can aftach
itself to clay & organic matter for use.
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NO, used by plants for growth and
development. Nitrates can be lost through water
movement, leaching.

N,) — makes up 78% of the Atmosphere,
but cannot be used by plants as is. Nifrification is
needed to convert this form info Ammonium.

Urea (CH.N,O) — usually undergoes a three-step
change before it is taken up by plants. 15" — enzymes
in the soil or plant convert the Urea to Ammonia. 2n9,
the Ammonia reacts with soil water to form
Ammonium. And 39, through the action of sail
microorganisms, the Ammonium is converted to
Nitrate for plant uptake. If not converted, it can be
lost through leaching.
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Urea is made in the reaction of carbon dioxide with
anhydrous ammonia and is inorganic fertilizer, but
chemically is organic material. Urea is synthetic
Organic fertilizer because its chemistry contains
carbon, hydrogen, and oxygen (CH4N,O). So, on the
sclience basis of its chemical composition (having carbon) it is
-for.gardeners organic fertilizer.

l \..| - Working with Nature
/{ /o Build Soil'Health

/N What about NutriSphere-N? Coated onto a 46-0-0 prill? Yes
] ‘ N
yA R I or No?

It is a water-soluble organic compound, created from
> fermentation of maize. It also breaks down in the soil to carbon,

) hydrogen and oxygen.
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‘J What about NITROFORM™ 38-0-0: Is it Organic?e
Simplot says yes, but is ite
There 38-0-0 label reads:

o NITROFORM is a non-burning form of slow-release
%rg}ggeln?eres organic nitrogen produced by combining urea and
X T Working was Nature formaldehyde under controlled manufacturing
/\ ;’\":'!,‘Liii'l'ffifi' conditions. It is released by soil micro-organisms the
;\\ THEEE nitrogen is available during the plant growth cycles
- when organisms are most active. It contains 71% of its

nitrogen as slow-release.

1
A
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It is not a true Organic, but it is considered to be a “synthetic
organic”, because of its covalent carbon bond (the sharing of
electrons or molecular bonds) that benefits soil microbes.
So, if the Nitrogen benefits soil microbes, is it organic?

Are Biosolids an organic nitrogen source? Milorganite?

They are not a clean source/product, so no.




W
\n 4 °
SNY/Z=  Pplant Nutrients Soull Healtin, Noturally g 32

J Nifrification is the process by which ammonia (NH;) or
ammonium (NH4*) is converted to nitrate (NO57).

Nitrification is the net result of two distinct processes:
oxidation of ammonium fo nitrite (NO,~) by nitrosifying
or ammonia-oxidizing bacteria and oxidation of nitrite
2 (NO,") to nitrate (NO5™) by the nitrite-oxidizing
Sclence bacteria.

félrf,_gardener‘s

'\" Working with Nature

/ ‘l\ /a0 Build Soil Heath Nitrification is an important step in the nitfrogen cycle in
NN *."\\”?Eff“'s soil. Nitrification is an aerobic process performed by
AR | | 1 small groups of autotrophic bacteria and archaea.
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Plant readily available Nitrogen is only about 3% in
soils. The rest is tied up as living or dead organic
matter.

Nitrate & Nifrite are both anions with a Negative
charge.
Ammonium is a cation with a Positive charge.

Ammonium will stick to negatively charged clay and
organic matter material therefore slowing down
leaching and for this reason Ammonium is a good
Nitrogen source for most plants.
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J Pansies & Petunias like what kind of Nitrogen<e

Not ammoniacal. That makes them too juicy, too
leafy. Nitrate based blends are received better. They
like lower pH blends with slow release.

- What about Nitrogen for trees & shrubse
secience
f,dr.f_gardeners

'h" Working with Nature

. Research in woody plant nutrition has shown that

A

/:
A

L)

Al ,"\t\sui_m Soil Health Nitrogen is the element that yields the greatest growth

ROBERT PAVLIS
N =

i ‘ o | X
i b B .

response in trees and shrubs. Go with slow release N'’s.

\
Look at each product label and you'll see what
Nitrogen's are in play.
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Animal manures contain both organic and inorganic
forms of phosphorus. When manure mineralizes,
organic phosphorus becomes inorganic phosphorus in
solution and is available to plants. Some organic
phosphorus is transformed to inorganic form shortly
after application but other phosphorus will remain in
organic form. Soil organic phosphorus consists of
labile and stable fractions. The labile fractions will be
mineralized after a short time while the stable
fractions may remain in organic form for years.
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hitps://www.youtube.com/watch?v=Wzo-uFS7LUA

Phosphorus Cycle
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Phosphorus

\ 4
P \ “‘,(\“
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Origin

Naturally derived from dissolved

rock commonly known as rock
phosphate.

The main mining regions are the Middle
%rg}gggrﬁg | © East, China and the United Stafes.

| kit ot : Two basic forms exist in the soill

// L\

N\ \\\ROBERTPf\LI? Free phosphorus
Phosphorus Tied up phosphorus
from dead and living organic maftter

4 f.
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< corrvm Key Functions

: Plant growth & development
Bloom set, seed germination
Captures, stores and converts energy
A component of ATP, phospholipids &
nucleotides
Formation of cell wall structure
Drives Photosynthesis
Regulates metabolism
Transformation of sugars and starches
Nutrient movement
Generational genetic transfer-DNA RNA
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Phosphorus Cycle

Animal (& plant) decomposition

eathering
of rocks

Incorporation /

i Geological
* e \Pzgiﬁ:?ite uplift and
by water formation
of new
Phosphate ] rock
fertilizer runoff " .=,

from farmland - = .©

ﬁ:‘g e

. 0@0

8'ce20
L J

-8

‘o @

‘-Q.- ~ e. Q.Q P e
Formation
of e
phosphate -
sediments

=3
- S
® e

Absorption
by plants

Underground| Leaching
- phosphate d
\
Decomposers

reserve

J Underwater phosphate reserve
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Adenosine triphosphate (ATP) is the source of energy for use and storage at the cellular
level. The structure of ATP is a nucleoside triphosphate, consisting of a nitrogenous base
(adenine), a ribose sugar, and three serially bonded phosphate groups.

ATP or adenosine triphosphate is an organic molecule

that acts as the main energy carrier in cells.
| ATP involved in many reactions taking place including photosynthesis

NH,

N XN

< )
0) N

OH OH

Ribose
Clo H16 N5 013 P3
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Plasmodesmata
Plasma membrané

Chloroplast

Thylakoid membrane
Starch grain

Cell wall |

Vacuole

Vacuole
Tonoplast

Filamentous
cytoskeleton

Small

Mitochondrion

(mitochondria)

Peroxisome

Cell walls are like the

walls of a building and

the cell membrane mimics
the hallways allowing for
passage.

Cytoplasm

Nucleus

membranous
vesicles

Smooth
endoplasmic
reticulum

Ribosomes

Golgi vesicles

- Nucleolus
Golgi body Rough

Nuclear pore
Nuclear envelope

(Golgi apparatus) endoplasmic
reticulum
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Photosynthesis:

1. The plant draws up water (H,0)
through its roots

2. The leaves take in CO, from the air

3. The leaves trap from sunlig

The plant uses the energy of
sunlight to turn water (H,0) and’
CO, into sugars and oxygen (O

5. The plant releases oxygen (O,)
into the air

6. The plant uses the sugars for growth

m WAGENINGEN
INVERNTY & REREANRCH
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+
Potassium 22 (K"
Primary Mineral
‘»\“MACQ% Potassium
Q’_" / "\“ i Micas, Feldspars,
a t‘ﬁ, z % 0 DR Potassium

and Clay Minerals
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Crop
harvest

T 1 G
g, " 45
RV
)
\

Organic matter

Organic P Soluble P

Soil Minerals

Crop
~tesidue

Fertilizer P| St

Soil Solution P Z

Inorganic

A 4

Leaching
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When added to the soil P is converted
within 24 hours to Labile P. This form of

P is only available for a short time and
eventually becomes Stable P making
access to the plant difficult, it is basically
locked away.
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Organic P

Crop
harvest

Fertilizer P |

2 1 gr— Crop
N . residue
/,/ . “"’; R "\v

' Solution P

Exchange bucket

Modified from Figure 34-2 in the LPES Curriculum.

Inorganic P

Soluble P in soil solution easy
for the plant to access but
IS in very small quantities.

Labile P is held loosely by
soil particles

Stable P is the majority of free
P but is held strongly by soil
particles.

As plants ufilize soluble P then
some Labile P is converted

to Soluble P so there is always
some available to the plant




Phosphate solubilizing
bacteria

https://www.nytimes.com/2020/12/14/science/roots-competition-game-theory.html
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Bacillus sp.
Bacillus amyloliquefaciens
Paenibacillus polymyxa

F(//V




Phosphorus Converters!

Certain bacteria (such as Thiobacillus and Bacillus) can convert non-available
inorganic phosphorus in the soil into a usable (organic or inorganic) form of
phosphate. These bacteria can also create siderophores, which chelate iron and
render it useless to harmful bacteria.

e

Pseudomonas sp., Rhizobium sp., and Escherichia sp., form the largest microbial ~— eh-sh-ri-kee-uh
communities with Phosphorus solubilization abilities in soil.

Phosphorus-solubilizing bacteria are commonly used plant probiotics that promote

plant development by converting insoluble P into soluble P that is easily absorbed
and used by roots.



Deficiency

Essential role in photosynthesis
Improve flower formation
Promote early crop maturity
Vital Component of ATP

Stunted leave growth

Stunted stem growth

Older leaves are affected first
Purple color of old leafs and stem

Delayed maturity Improve Seed formation
Low shoot/root ratio Cell division and development tissue
Poor rooting Stimulate root development

Soil and Plant Associated

Microbiomes
0’93;;,-0

O
T/« FePO,2H,0 + Inositol phosphate %
L « AIPO,. 2H,0 + Phytin S
- S + Cay(PO,), + Phytate g
% = CaHPO, » Sugar phosphate s
Z + Cag(PO,),F + Nucleotides @

+ Cay(PO,)s(OH), Phosphoproteins

Enzymatic Degradation

Solubilization

Organic acids production e-Sonupa™ Acid Phosphatase
Inorganic acids production Alkaline Phosphates
Siderophores production Bioavailable Phosphorus Phytases
Exopolysaccharides H,PO,; H,PO,? Phosphatases
Ammonia assimilation = Phosphonatases
H,S Production C-P Lyases
Plant Growth Promotion Plant Protection
P-Mobilization = Plant Disease Management
Enhancement P Ag ﬂcuuu ral Suppress Pathogenic Effect

Abiotic Stress Alleviation ‘ 3usta|nab|||ty Biotic Stress Management
Enhanced Crop Production Nutrient Uptake & Cycling
Soil Health and Fertility Increase Yield
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NUTRIENT ABSORPTION -

s e CropResidues
» '.l. .‘O‘ AmmalManu nt

* Mono/Di ammonium
Phosphate (MAP/DAP)

phosphate
Single/Triple ’
superphosphate @

(SSP/TSP)

MINERALIZATION BY
RELIABILITY & TRUST SOIL BACTERIA

Yo, . . S ey

In farming, we mostly see low levels of  pg38
Phosphorus due to repetitive harvest.
There are two possible exceptions:

Sandy soils that can’t bind nutrients

New homes built on farm land

Due to the water way run off studies some
States have banned the use of Phosphorus
fertilizers.

o= One myth mentioned in the book, was in

Phosphate ig s &\
H2PO4- ions )
HPO42- ions

"
NS
CROPNUTS

A early studies of ferfilizer, the lack of P resulted
& in poor roof growth leading to suppliers
I marketing products like fransplant ferfilizers

and root boosters. Bone meal became
popular during this time.

Then scientfist discovered roots can grow just
fine provided the soil contains adequate P
at the time of transplant, or to gain more
blooms.

Unless you have deficient levels of P adding
more is no benefit fo the plant but can
pollute lakes and rivers and harm soil micro-

organisms.
New technology
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TOO MUCH for the plant and for the soil microbes!

PHOSPHOROUS

CESS / DEFICIENCY
EWER LEAVES VERTICAL AND LATERAL oyppo jEAF STEMS
DEVELOP \\ GROWTH SLOWS  s\p MAIN VEINS TURN
INTERVENIAL \\» 4 REDDISH-PURPLE,
CHLOROSIS N STARTING ON
3 UNDERSIDES
NEW LEAVES GROW TR
THIN BLADES SMALLER, BLUISH

LESS INTERNODAL SPAC GREEN, OFTEN

WITH BLOTCHES

LEAF TIPS AND
MARGINS BURN OLDER LEAF TIPS
DARKEN AND CURL
MICRONUTRIENT

DOWNWARDS
" SEVERELY AFFECTED LEAVES
| TURN DARK BRONZE,

DEFICIENCIES APPEAR

LOWER LEAVES CURL

METALLIC-PURPLE COLOR AND
ANDIDEVEECR SROS CONTINUE TO CURL WITHER
ROOT TIPS DIE BACK D DROP

WEAKENED PLANT IS
~ SUSCEPTIBLE TO DISEASES AND
PESTS

i~
—/

Where's the mycorrhizal gang?

They are working the
| furf area.




Pg 39

Phosphate overload has been labeled
the cause of Algae Bloom that cuts off
the oxygen supply in waterways.
Phosphate pollution from both fertilizer
and soaps (laundry, shampoo, bath)

- is the main cause of confamination in
. sfreams and lakes and in resent years
some phosphates have been banned
in soap production.
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Low
J pH <7.1 Oilsen 16-25ppm Adequcﬂ'e
Test, Don’'t Guess! Optimum
pH >7.1 Bray 26-40ppm High
Soil Submission Results
pH (E.s ) 65-7.3 _
Nitrate Nitrogen (N) 2 ppm 58-11.5 _
S & 1ence @sphom (P)\/adequcﬂe/w ppl) 16-21 _
; fél’ Jgardeners Potassium (K) 100 ppm 161 - 201 -
‘ \‘m“ Working with Nature I
/1 3,/"‘ to Build Soil'Health Organic Matter 2.0% 25-45
/ “\‘ |\ '\ ROBERT PAVLIS
\ 4 \ i ma : Soluble Salts 0.27 mmhos/cm 0-09 h
o Calcium (Ca% of CEC) 58 % 65-76 _
oM Ch Magnesium (Mg% of CEC) 8.1% 15 -21 _
\ 4
éf * ,‘\“ Cation Exchange Capacity (CEC) 20.4 meqg/100g I
o £ 1983 O

Your Recommended Nutrient Applicaion (Ibs/1000 sq ft)
| Nitrogen, N | Phosphorus, P20s | Potassium, Kz0
31 2 1 2

NELSON

~PLANT FOOD
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PREMIUM SPRING & SUMMER FERTILIZER

« Feeds your lawn consistently for up to 6 months

and mowing frequency

* Supplies both Nitrogen and
energy rich Carbon to help

\
S * Helps reduce water consumption

increase and sustain beneficial
microorganisms
i 20 motes slow, even growth
uring the hot summer months

* Contains extra Sulfur for

complete and balanced o
Plant nytri tion »

M ucan TRUST
W, 0kmt5 Ingredients yo
fgom our family to yours

S b Mol

o ns. (s

1KG)

How the P in NPK is Expressed

Phosphorus content in soil, plants and animal rations is

expressed as phosphorus (P) content, but phosphorus

in fertilizers and manure intended for land application

is expressed as phosphate (P,0.).

*To convert Phosphorus(P) to P,O, concentration,
multiply by 2.29

*To convert P,O, to Phosphorus(P), multiply by 0.44

Most commercial fertilizers use soluble P in the form of

Monoammonium phosphate MAP or Dicmmonium
phosphate DAP.

DAP 18-46-0 and MAP 11-52-0

Nelson products utilizes MAP, it cost a litfle more but
has a bit higher P concentration, when in solufion it is
a bit more acidic, a perfect “solution” for alkaline sails.




Sources of Phosphorus we utilize

0-46-0 Triple Super
9-44-0 HAFIA MAP
11-52-0 Potash (MAP)
4-10-12 Bone/Blood meal
0-45-0 Di Cal Phosphate

Bone meal provides phosphorus and calcium to plants, along
with a largely inconsequential amount of nitrogen. The N-P-K
¥ rating of bone meal is typically 3-15-0 along with a calcium
S hoom: CardeniCenten content of around 12% (18% CaO equiv.), although it can vary
quite a bit depending on the source from 1-13-0 to 3-22-0.

Premium Quality

Bone Meal
Bone meal increases phosphorous in soil for optimal spring

gardening results. Essential in the development of strong roo
systems, this element is released into the soil for up to four
months. Slow, steady delivery of nutrients helps you grow
plenty of big, blooming flowers, fruits, and vegetables.




BONE MEAL

ENHANCE PLANT
VITATITY WITH
STEAMED

ODOURLESS BONE VA S

rg:
Phosphorus & Calcium

Pure, Steamed

UNLEASH THE
BENEFITS TODAY

o RICH IN CALCIUM
Strengthens plant cell walls, promotes
” sturdy growth

RICH IN PHOSPHORUS
@Essential for photosynthesis, flowering,
fruit yield, and pest resistance

SLOW RELEASE
@ Long-lasting fertilizer, requires
minimal application

P

-




Summary of How Phosphorus Behaves in the Soil

hitps://www.youtube.com/watch?v=j1HIClkuLhw

) 0:10/345
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&= COMPONENTS

S ADDITIONS
TO SOIL

& LOSSES
FROM SOIL

NIMAL SOURCES
& BIOSOLIDS

i ELANT RESIDUES'

B

PRIMARY MINERALS
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