
Soil and FertilizerSoil and FertilizerSoil and Fertilizer Soil and Fertilizer 
ManagementManagementManagementManagement

Richard SmithRichard Smith
Vegetable Crop and Weed Science Farm AdvisorVegetable Crop and Weed Science Farm Advisor

University of California Cooperative ExtensionUniversity of California Cooperative Extensiony py p
Monterey, Santa Cruz and San Benito CountiesMonterey, Santa Cruz and San Benito Counties



Outline for the DayOutline for the Day

1.1. Lecture formatLecture format
2.2. BreakBreak
3.3. Lecture formatLecture format
4.4. Hands on ExerciseHands on Exercise
5.5. LunchLunch
6.6. Dig HoleDig Hole
7.7. Lecture formatLecture format7.7. Lecture formatLecture format



Soil DefinedSoil Defined

C iti f “Id l” S il•• “the upper layer of “the upper layer of 
earth that may be earth that may be 
plowed and in whichplowed and in which

Composition of an “Ideal” Soil

Air
plowed and in which plowed and in which 
plants grow”plants grow” Solids

(Organics 

•• Soil is made of:Soil is made of:
Minerals, Organic Minerals, Organic Water

+Minerals)

Matter, Air, WaterMatter, Air, Water
(Organic Matter)



Soil FormationSoil Formation
•• Soil is created over time from decomposing Soil is created over time from decomposing 

rocks and organic matterrocks and organic mattergg

•• Variability in different types of soils arise Variability in different types of soils arise 
f 5 d i f tf 5 d i f tfrom 5 dynamic factors:from 5 dynamic factors:
–– Climate (temperature and rainfall)Climate (temperature and rainfall)
–– Organisms (bacteria plants fungi)Organisms (bacteria plants fungi)Organisms (bacteria, plants, fungi)Organisms (bacteria, plants, fungi)
–– Relief (topography, runoff, drainage)Relief (topography, runoff, drainage)
–– Parent Material (bedrock, alluvium)Parent Material (bedrock, alluvium)( , )( , )
–– TimeTime



Climate

Climate



Climate



Valley BottomValley BottomValley Bottom Valley Bottom 
Soils formed from Soils formed from 
river alluviumriver alluvium

Salinas RiverSalinas RiverSalinas RiverSalinas River
TopographyTopography



TopographyTopography



Parent Material
(Serpentine – high in Mg)



Parent Material:Parent Material:
Ancient San Dunes

Parent Material:Parent Material:
Geologic MapGeologic Map
Of the UpperOf the Upper
S li V llS li V ll

Granite
Salinas ValleySalinas Valley

Terrace

Alluvium

Metamorphic



Elements of the Earth’s Crust by Elements of the Earth’s Crust by 
W i h PW i h PWeight PercentageWeight Percentage

Potassium
Sodium

Magnesium

Potassium
Phosphorus (0.10%)
All others (1.9%)

Silicon
Calcium
Iron
Aluminum

Oxygen



Common Minerals in RocksCommon Minerals in RocksCommon Minerals in RocksCommon Minerals in Rocks
•• QuartzQuartz •• PyroxenesPyroxenesQuartzQuartz

–– SiO2SiO2
•• FeldsparsFeldspars

PyroxenesPyroxenes
–– Ca((Mg,Fe,Al)(Si,Al)OCa((Mg,Fe,Al)(Si,Al)O33))22

•• OlivenesOlivenesFeldsparsFeldspars
–– (Na,Ca)(Si,Al)(Na,Ca)(Si,Al)33OO88

•• MicasMicas
–– (Mg,Fe)(Mg,Fe)22SiOSiO44

•• PhosphatesPhosphates
–– K(Mg,Fe)K(Mg,Fe)33(Si(Si33Al)OAl)O1010(OH)(OH)22

•• AmphibolesAmphiboles
–– CaCa55(PO(PO44))33(F,OH)(F,OH)

•• CarbonatesCarbonates
–– (Ca,Na)(Ca,Na)22(Mg,Fe,Al)(Mg,Fe,Al)55SiSi88OO2222(OH(OH22)) –– CaCOCaCO33

These minerals contain iron magnesium sodium calcium and potassiumThese minerals contain iron, magnesium, sodium, calcium and potassium
but other elements such as copper, manganese and other essential elements
are also contained in rock minerals.



TimeTime



Older Soils on a TerraceOlder Soils on a Terrace

Recent Alluvium
Along River

TimeTime Time
g



Soil Formation TerminologySoil Formation Terminology

•• Sedentary or residual soil : formed from Sedentary or residual soil : formed from 
b d k th i (f d i l )b d k th i (f d i l )bedrock weathering (formed in place)bedrock weathering (formed in place)

•• Transported soils are moved to a new Transported soils are moved to a new 
location by natural forces:location by natural forces:

stream transported = alluvialstream transported = alluvial
ocean transported = marineocean transported = marine
windwind--deposited = deposited = aolianaolian
glacially transported = glacialglacially transported = glacial



The Soil Profile BasicsThe Soil Profile Basics

•• As soils age, they differentiate into a As soils age, they differentiate into a g yg y
profile of distinct layers, or horizons   profile of distinct layers, or horizons   
(A, B, and C)(A, B, and C)( )( )

•• Note: Many profiles around urban areasNote: Many profiles around urban areas•• Note: Many profiles around urban areas Note: Many profiles around urban areas 
have been disturbed and may not show have been disturbed and may not show 
distinct horizonsdistinct horizonsdistinct horizonsdistinct horizons



A horizonA horizon
Mostly what we farmMostly what we farmMostly what we farmMostly what we farm

B horizon (subsoil)B horizon (subsoil)B horizon (subsoil)B horizon (subsoil)

C horizonC horizon
(Weathered Parent(Weathered Parent
Material)Material)



The A Horizon The A Horizon -- surface soil or surface soil or 
topsoiltopsoil

Depth: several inches to several Depth: several inches to several 
feetfeet

Characteristics:Characteristics:
Zone of greatest biologic Zone of greatest biologic 
activity and most activity and most 
microorganismsmicroorganismsmicroorganismsmicroorganisms

Typically the darkest horizonTypically the darkest horizon
This is the zone where This is the zone where 
nutrients are stored, leached nutrients are stored, leached 
and where salts accumulateand where salts accumulate

This is the zone that we place mostThis is the zone that we place mostThis is the zone that we place most This is the zone that we place most 
of our efforts in terms of soil of our efforts in terms of soil 
improvementimprovement



The B Horizon The B Horizon –– subsoilsubsoil

Characteristics:Characteristics:Characteristics:Characteristics:
Fewer roots and microbesFewer roots and microbes
Usually lighter in colorUsually lighter in color

Accumulates minerals leaching Accumulates minerals leaching 
from the A horizonfrom the A horizon

Can be more compactCan be more compactCan be more compact Can be more compact 
This layer can accumulate clay This layer can accumulate clay 
and form pansand form pans

The B Horizon may not be present The B Horizon may not be present 
in very young soils (called Ain very young soils (called A--C C 
soils)soils)



C Horizon:C Horizon:C Horizon:C Horizon:
Little or no biologic activityLittle or no biologic activity

Similar to parent material or Similar to parent material or 
bedrockbedrock

Basically weathered rockBasically weathered rock

R Horizon: R Horizon: 
Consolidated rock layer below Consolidated rock layer below 
A, B and CA, B and C





Important Physical & Chemical Important Physical & Chemical p yp y
Properties of SoilProperties of Soil

1.1. Soil MineralsSoil Minerals 6.6. Soil PorositySoil Porosity
2.2. Soil TextureSoil Texture
3.3. Cation Exchange Cation Exchange 

yy
7.7. Soil ColorSoil Color
8.8. Soil DepthSoil Depthgg

CapacityCapacity
4.4. Bulk DensityBulk Density

8.8. Soil DepthSoil Depth
9.9. Soil Organic MatterSoil Organic Matter
1010 Soil OrganismsSoil Organisms

5.5. Soil StructureSoil Structure
10.10. Soil OrganismsSoil Organisms



1. Soil Minerals1. Soil Minerals
•• SandSand

–– Largest particle, least surface Largest particle, least surface a gest pa t c e, east su acea gest pa t c e, east su ace
areaarea

–– Ranges from 10 Ranges from 10 -- 1000 times 1000 times 
bigger than the largest clay bigger than the largest clay 
particleparticleparticleparticle

•• SiltSilt
–– Intermediate sized particlesIntermediate sized particles

Clay forms as Clay forms as 
primary minerals primary minerals Intermediate sized particlesIntermediate sized particles

•• ClayClay
–– Smallest particle greatestSmallest particle greatest

p yp y
weather and weather and 
reform into reform into 
silicate sheetssilicate sheets

Smallest particle, greatest Smallest particle, greatest 
surface areasurface area

–– Thousands of times more Thousands of times more 
surface area than silt, a million surface area than silt, a million 
times more surface area thantimes more surface area thantimes more surface area than times more surface area than 
coarse sandcoarse sand





Impact of Soil Components on Impact of Soil Components on 
CEC and Surface AreaCEC and Surface Area

Soil ComponentSoil Component Surface Area Surface Area pp
(meters(meters22/gram)/gram)

•• Organic MatterOrganic Matter 500500 800800•• Organic MatterOrganic Matter 500500--800800
•• MontmorilloniteMontmorillonite clayclay 600600--800800
•• SiltSilt 0.0450.045
•• SandSand 0.00450.0045



2. Soil Texture2. Soil Texture

•• Soil texture: relative proportions of sand, Soil texture: relative proportions of sand, 
silt and clay mineral particles in a givensilt and clay mineral particles in a givensilt, and clay mineral particles in a given silt, and clay mineral particles in a given 
soilsoil
–– Texture determines nutrient and water holding Texture determines nutrient and water holding 

itiiticapacitiescapacities
•• General Categories of Soil Texture: General Categories of Soil Texture: 

–– Course texture = “light soil”, sandy, coarse Course texture = “light soil”, sandy, coarse g , y,g , y,
grainedgrained

–– Medium texture = loamy soilMedium texture = loamy soil
–– Fine texture = “heavy soil”, clayFine texture = “heavy soil”, clayFine texture  heavy soil , clayFine texture  heavy soil , clay

•• Soil texture can be determined by feeling Soil texture can be determined by feeling 
the soil….the soil….

D th ibb t t i t il t d t iD th ibb t t i t il t d t i–– Do the ribbon test on moist soil to determine Do the ribbon test on moist soil to determine 
texturetexture



Soil Textural ClassesSoil Textural ClassesSoil Textural ClassesSoil Textural Classes



Effects of Soil TextureEffects of Soil Texture

•• Course textured soilsCourse textured soils
–– warm up faster in the springwarm up faster in the spring
–– can have greater water infiltrationcan have greater water infiltration
–– have less ability to hold nutrients and store waterhave less ability to hold nutrients and store water

•• Fine textured soilsFine textured soils
hold more water and nutrientshold more water and nutrients–– hold more water and nutrientshold more water and nutrients

–– have less drainage potential, aeration and pore have less drainage potential, aeration and pore 
spacespace

•• Ideal Textures : sandy loam, loam and clay Ideal Textures : sandy loam, loam and clay 
loamsloams

This mix of particles holds sufficient water butThis mix of particles holds sufficient water but–– This mix of particles holds sufficient water but This mix of particles holds sufficient water but 
still permits infiltration and percolationstill permits infiltration and percolation



Clay is the most important Clay is the most important 
soil particle becausesoil particle becausesoil particle because……soil particle because……

1.1. Small clay particles have Small clay particles have 
more surface areamore surface area

–– Chemical reactions occur on Chemical reactions occur on 
the surface of mineral the surface of mineral 

Na+

particlesparticles

2. 2. Clay particles are Clay particles are 
negatively chargednegatively charged Clay

H+
Ca++

negatively chargednegatively charged
–– Positively charged ions Positively charged ions 

(cations) are essential plant (cations) are essential plant 
nutrients and are attracted tonutrients and are attracted to

y
Particle

Mg++ -
nutrients and are attracted to nutrients and are attracted to 
the negative clay particlesthe negative clay particles

–– Attraction of these cations to Attraction of these cations to 
the surface of a solid is called the surface of a solid is called 

K+ Na+

adsorptionadsorption



Clay is the most important Clay is the most important 
soil particle becausesoil particle because

3.3. Clay has a highClay has a high

soil particle because……soil particle because……
3.3. Clay has a high Clay has a high 

affinity for wateraffinity for water SO4
-2

Water

4.4. Clay particles repel Clay particles repel 
negatively charged negatively charged 

H+
Ca++

Clayg y gg y g
nutrients nutrients 

Mg++ -

y
Particle

Water

K+ Na+

NO3
-

Water

NO3



3. Cation Exchange Capacity3. Cation Exchange Capacity

•• Cation Exchange Capacity (CEC) = theCation Exchange Capacity (CEC) = theCation Exchange Capacity (CEC) = the Cation Exchange Capacity (CEC) = the 
amount of cations that can be absorbed amount of cations that can be absorbed 
or held by a soilor held by a soilor held by a soilor held by a soil

•• Fertile soils have higher CEC: can hold Fertile soils have higher CEC: can hold 
more nutrients (greater reservoir)more nutrients (greater reservoir)more nutrients (greater reservoir)more nutrients (greater reservoir)

•• CEC is determined byCEC is determined by
–– Amount and type of clay in soilAmount and type of clay in soil
–– Organic Matter ContentOrganic Matter Content



Impact of Soil Components on Impact of Soil Components on 
CEC and Surface AreaCEC and Surface Area

Soil ComponentSoil Component CECCEC
(meq/100 grams)(meq/100 grams)(meq/100 grams)(meq/100 grams)

•• Organic MatterOrganic Matter 200200--400400
•• MontmorilloniteMontmorillonite clayclay 8080--150150
•• KaoliniteKaolinite clayclay 33--1515
•• SiltSilt•• SiltSilt --------
•• SandSand --------



4. Bulk Density4. Bulk Density

•• Bulk Density = Weight per Volume of aBulk Density = Weight per Volume of aBulk Density = Weight per Volume of a Bulk Density = Weight per Volume of a 
substancesubstance

•• Materials with more pore space have aMaterials with more pore space have a•• Materials with more pore space have a Materials with more pore space have a 
lower bulk densitylower bulk density

S lid k 2 65 biS lid k 2 65 bi–– Solid rock : 2.65 grams per cubic cmSolid rock : 2.65 grams per cubic cm
–– Sandy soils : 1.6 grams per cubic cmSandy soils : 1.6 grams per cubic cm

Cl il 1 2 biCl il 1 2 bi–– Clay soils : 1.2 grams per cubic cmClay soils : 1.2 grams per cubic cm



5. Soil Structure5. Soil Structure

•• Most soil particles exist in clumpsMost soil particles exist in clumpsMost soil particles exist in clumps Most soil particles exist in clumps 
known as aggregates (clods)known as aggregates (clods)

•• Soil structure is the way in whichSoil structure is the way in whichSoil structure is the way in which Soil structure is the way in which 
aggregates are arrangedaggregates are arranged

•• Soil texture cannot be changed, but soilSoil texture cannot be changed, but soilSoil texture cannot be changed, but soil Soil texture cannot be changed, but soil 
structure can be changedstructure can be changed

•• This is one of the most commonlyThis is one of the most commonlyThis is one of the most commonly This is one of the most commonly 
asked questions asked questions –– improving the soil improving the soil 
structure of claysstructure of claysyy



Soil Structure : AggregationSoil Structure : Aggregation

•• Aggregation means soil structureAggregation means soil structureAggregation means soil structure Aggregation means soil structure 
developmentdevelopment

•• Deflocculation is the dispersal of aggregate Deflocculation is the dispersal of aggregate p gg gp gg g
particles (caused by sodium salts)particles (caused by sodium salts)

•• Aggregate binding agents: clay, organic Aggregate binding agents: clay, organic gg g g g y, ggg g g g y, g
matter, microbial exudates, earthworms, matter, microbial exudates, earthworms, 
tilling operations, root growth, climatic tilling operations, root growth, climatic 

l (f i d h i ) l i ll (f i d h i ) l i lcycles (freezing and thawing), calcium saltscycles (freezing and thawing), calcium salts
•• Sandy soils support very little aggregation Sandy soils support very little aggregation 



Soil Structure: Soil Structure: 
Crusting vs Crumb StructureCrusting vs Crumb StructureCrusting vs Crumb StructureCrusting vs Crumb Structure

Crumb structure
good water & air g
infiltration

Crusted, tight soilCrusted, tight soil



Maintaining Soil StructureMaintaining Soil Structure

•• Years of formation can be destroyedYears of formation can be destroyedYears of formation can be destroyed Years of formation can be destroyed 
quickly with poor managementquickly with poor management

•• Avoid working or walking on soil whenAvoid working or walking on soil when•• Avoid working or walking on soil when Avoid working or walking on soil when 
wetwet
L t il d i 1L t il d i 1 2 d b f ki2 d b f ki•• Let soil drain 1Let soil drain 1--2 days before working, 2 days before working, 
more drainage time is needed for clay more drainage time is needed for clay 

ililsoilssoils



6. Soil Porosity6. Soil Porosity
Pore space conveys oxygen, water, dissolvedPore space conveys oxygen, water, dissolved
nutrients and gives roots space to grownutrients and gives roots space to grownutrients and gives roots space to grownutrients and gives roots space to grow
•• MacroporesMacropores: larger pores usually occupied by : larger pores usually occupied by 

air (formed by rotting roots and earth worms)air (formed by rotting roots and earth worms)air (formed by rotting roots and earth worms)air (formed by rotting roots and earth worms)
•• MicroporesMicropores: smaller pores responsible for water : smaller pores responsible for water 

storagestorage



7. Soil Color7. Soil Color

•• Color is a function of:Color is a function of:Color is a function of:Color is a function of:
–– amount of organic matteramount of organic matter
–– type of parent materialtype of parent materialtype of parent materialtype of parent material
–– weathering forces and climateweathering forces and climate
–– type of salts presenttype of salts presentyp pyp p
–– aeration of the soilaeration of the soil

•• Can be a useful indication of the soil health Can be a useful indication of the soil health 
and productivityand productivity



Soil ColorSoil ColorSoil ColorSoil Color

Dark colored soils usually contain higher organicDark colored soils usually contain higher organicDark colored soils usually contain higher organic Dark colored soils usually contain higher organic 
matter (1.5 matter (1.5 –– 2% in the Central Coast) 2% in the Central Coast) 



Soil ColorSoil ColorSoil ColorSoil Color

• Old soils are Old soils are 
frequently red or frequently red or 
yellow, indicating yellow, indicating 
nutrient loss and nutrient loss and 
build up of ironbuild up of ironbuild up of iron build up of iron 



Soil Color in CaliforniaSoil Color in California

•• California soils are mostly grey andCalifornia soils are mostly grey andCalifornia soils are mostly grey and California soils are mostly grey and 
brown and low in organic matterbrown and low in organic matter

•• Color can indicate origin:Color can indicate origin:•• Color can indicate origin: Color can indicate origin: 
–– Watsonville area, black soils on marine Watsonville area, black soils on marine 

terracesterracesterracesterraces
–– Brown to grayish soils develop along the Brown to grayish soils develop along the 

riverriverriverriver



8. Soil Depth8. Soil Depth

•• Soil Depth : Vertical distance between the Soil Depth : Vertical distance between the 
il f d l th t t thil f d l th t t thsoil surface and a layer that stops the soil surface and a layer that stops the 

downward growth or roots (i.e., bed rock, downward growth or roots (i.e., bed rock, 
gravel, claypan or hardpan)gravel, claypan or hardpan)gravel, claypan or hardpan)gravel, claypan or hardpan)

•• Deeper soil means a greater total water and Deeper soil means a greater total water and 
nutrient storage capacitynutrient storage capacity

•• Categories:Categories:
<1 foot<1 foot = very shallow= very shallow
11 2 f t2 f t h llh ll1 1 –– 2 feet2 feet = shallow= shallow
2 2 –– 3 feet3 feet = moderately deep= moderately deep
33 –– 4 feet4 feet = deep= deep3 3 4 feet4 feet  deep deep
>4 feet>4 feet = very deep= very deep



9. Soil Organic Matter9. Soil Organic Matter9. Soil Organic Matter9. Soil Organic Matter
•• Organic matter content depends on climate Organic matter content depends on climate g pg p

and soil type (1% in welland soil type (1% in well--drained dry regions drained dry regions 
to 50% in poorly drained swamps)to 50% in poorly drained swamps)
F t till d l t d tF t till d l t d t•• Frequent tillage and crop removal tend to Frequent tillage and crop removal tend to 
decrease natural levels of organic matterdecrease natural levels of organic matter



Make up of Soil Organic MatterMake up of Soil Organic Matter

Active Soil Organic Matter
Less than one year oldLess than one year old
(< 20% of total organic matter)

Resistant Soil Organic 
Matter
5 – 50 years old

Stable Soil Organic
MatterMatter
>1000 years old



Soil Organic Matter : HumusSoil Organic Matter : Humus

•• Humus is organic matter that is resistant toHumus is organic matter that is resistant toHumus is organic matter that is resistant to Humus is organic matter that is resistant to 
further decomposition, composed mainly of further decomposition, composed mainly of 
humic and fulvic acidshumic and fulvic acids

•• Like clay, humus is negatively charged and Like clay, humus is negatively charged and 
attracts plant nutrients and waterattracts plant nutrients and water

•• Humus increases cation exchange capacity Humus increases cation exchange capacity 
and serves as a reservoir of plant nutrientsand serves as a reservoir of plant nutrients

•• Humus aids in forming granular soil Humus aids in forming granular soil 
structurestructure



Organic Residues

Mineralization
Nutrient

Decomposers
Bacteria

Fungi
Assimilation

Nutrient 
Release

Humus

Heat and 
Carbon Dioxide

Humus



C:N RatioC:N RatioC:N RatioC:N Ratio
•• Microbes in soils in Microbes in soils in C:N Ratio of Common

California are typically in California are typically in 
a constant state of carbon a constant state of carbon 
starvationstarvation

Organic Materials

Greens
Alfalfa hay 12:1starvationstarvation

•• Additions of carbon rich Additions of carbon rich 
materials help to buildmaterials help to build

Alfalfa hay 12:1
Food wastes 15:1
Grass clippings 19:1
Rotted manures 20:1
F it t 35 1materials help to build materials help to build 

organic matter in the soilorganic matter in the soil
•• Microbes can temporarily Microbes can temporarily 

Fruit wastes 35:1

Browns
Cornstalks 60:1

“tie up” nitrogen while “tie up” nitrogen while 
digesting large amounts digesting large amounts 
of carbon rich residuesof carbon rich residues

Leaves 60:1
Straw 80:1
Sawdust 500:1
Wood 700:1of carbon rich residuesof carbon rich residues Wood 700:1



10. Beneficial Soil Organisms10. Beneficial Soil Organisms

•• Most live in the soil surface near Most live in the soil surface near 
rootsroots

•• One gram of soil may contain:One gram of soil may contain:One gram of soil may contain:One gram of soil may contain:
–– 4 billion bacteria4 billion bacteria

1 million fungi1 million fungi–– 1 million fungi1 million fungi
–– 20 million actinomycetes20 million actinomycetes

300 000 algae300 000 algae–– 300,000 algae300,000 algae
–– One or two earthwormsOne or two earthworms



EarthwormsEarthwormsEarthwormsEarthworms
•• Earthworms are part of Earthworms are part of pp

the soil macro fauna the soil macro fauna 
(visible organisms)(visible organisms)

•• Earthworms feed onEarthworms feed onEarthworms feed on Earthworms feed on 
plant residues and their plant residues and their 
movement stirs and movement stirs and 
aerates the soilaerates the soilaerates the soilaerates the soil

•• Excreta is an excellent Excreta is an excellent 
fertilizer high in fertilizer high in 
phosphates potassiumphosphates potassiumphosphates, potassium, phosphates, potassium, 
nitrogen, calcium, and nitrogen, calcium, and 
magnesiummagnesium



Saprophytes (Bacteria and Fungi)Saprophytes (Bacteria and Fungi)

Saprophytes: Beneficial soil Saprophytes: Beneficial soil 
i i hi h f di i hi h f dmicroorganisms which feed on microorganisms which feed on 

decaying plant materialdecaying plant material

Functions of Saprophytes:Functions of Saprophytes:
1.1. Enzymes are used to transform complex Enzymes are used to transform complex 

organic molecules into simple nutrients that organic molecules into simple nutrients that 
become available to plantsbecome available to plantsbecome available to plantsbecome available to plants

2.2. Make humusMake humus
33 M k b t th t bi d th ilM k b t th t bi d th il3.3. Make gummy substances that bind the soil Make gummy substances that bind the soil 

particlesparticles



Symbiotic Micro OrganismsSymbiotic Micro Organisms
•• Mycorrhizae: Soil fungi which forms associations Mycorrhizae: Soil fungi which forms associations 

with plant roots (bacteria fungi actinomycetes)with plant roots (bacteria fungi actinomycetes)with plant roots (bacteria, fungi, actinomycetes)with plant roots (bacteria, fungi, actinomycetes)

•• Rhizobia species: Soil bacteria that formRhizobia species: Soil bacteria that form•• Rhizobia species: Soil bacteria that form Rhizobia species: Soil bacteria that form 
symbiotic associations with roots of legumessymbiotic associations with roots of legumes
–– Fix atmospheric nitrogen to an available form Fix atmospheric nitrogen to an available form p gp g

that is  available to plantsthat is  available to plants



Nodules on Bell BeanNodules on Bell Bean

Red interior of the noduleRed interior of the nodule





Soil pHSoil pH

•• Soil acidity or alkalinity effects nutrient Soil acidity or alkalinity effects nutrient y yy y
availabilityavailability

•• pH scalepH scale
1 7 14

ACID ALKALINE

•• Most California soils range from 5 to 8.5Most California soils range from 5 to 8.5
•• Crop plants do best in slightly acidic to Crop plants do best in slightly acidic to 

l il ( H )l il ( H )neutral soils (pH 5.5 to 7.5)neutral soils (pH 5.5 to 7.5)
•• Note : azaleas, rhododendrons and Note : azaleas, rhododendrons and 

blueberries prefer acid soilsblueberries prefer acid soilsblueberries prefer acid soilsblueberries prefer acid soils



pH Scale ExamplespH Scale ExamplespH Scale ExamplespH Scale Examples
Humid Region

Acid Sulfate 
Soils

Forest Soils

Arable Soils

Calcareous
Soils

Sodic Soils

1 2           3           4           5          6          7           8          9         10        11

Lemon   Vinegar     Coffee       Rain       Milk       Sea Antacid Bleach
Juice WaterJuice Water



Soil pH and NutrientsSoil pH and NutrientsSoil pH and NutrientsSoil pH and Nutrients
•• At higher and lower pH, some importantAt higher and lower pH, some importantAt higher and lower pH, some important At higher and lower pH, some important 

nutrients precipitate and cannot be absorbed nutrients precipitate and cannot be absorbed 
by plantsby plants

•• Soil pH also effects the amounts of toxic Soil pH also effects the amounts of toxic 
mineralsminerals
–– Acids soils may contain toxic levels of Acids soils may contain toxic levels of 

aluminum and manganesealuminum and manganese
–– Alkaline Soils may contain excessive Alkaline Soils may contain excessive 

amounts of toxic salts and sodiumamounts of toxic salts and sodium



Management of Soil pHManagement of Soil pHManagement of Soil pHManagement of Soil pH

•• pH too lowpH too lowpH too lowpH too low
–– Add lime (calcium carbonate, dolomite, Add lime (calcium carbonate, dolomite, 

etc) or wood ashesetc) or wood ashesetc) or wood ashesetc) or wood ashes
•• pH too highpH too high

Add sulfur (particle size effects speed ofAdd sulfur (particle size effects speed of–– Add sulfur (particle size effects speed of Add sulfur (particle size effects speed of 
reaction)reaction)
May take several months to lower pHMay take several months to lower pH–– May take several months to lower pHMay take several months to lower pH

–– Note: Gypsum (calcium sulfate) improves Note: Gypsum (calcium sulfate) improves 
water filtration does not lower pHwater filtration does not lower pHwater filtration, does not lower pHwater filtration, does not lower pH



Lime Requirement to Raise pHLime Requirement to Raise pH
In the top 6” of soilIn the top 6” of soilt e top 6 o sot e top 6 o so

Lbs limestoneLbs limestone SandSand SandySandy LoamLoam ClayClayLbs limestone Lbs limestone 
per 100 sq ftper 100 sq ft

SandSand SandySandy
LoamLoam

LoamLoam ClayClay
LoamLoam

6.0 to 6.56.0 to 6.5 1.51.5 3.23.2 4.24.2 5.55.5



Sulfur Requirement to Lower pHSulfur Requirement to Lower pH
In the top 6” of soilIn the top 6” of soilIn the top 6” of soilIn the top 6” of soil

Lbs elemental Lbs elemental 
sulfur sulfur 

100 ft100 ft

SandSand LoamLoam ClayClay

per 100 sq ftper 100 sq ft

7.0 to 6.57.0 to 6.5 0.250.25 0.350.35 0.700.70



Hands On ExerciseHands On ExerciseHands On ExerciseHands On Exercise





Soil Water TermsSoil Water TermsSoil Water TermsSoil Water Terms
•• Water infiltrates and percolates in the soilWater infiltrates and percolates in the soilpp
•• Fate of water in soil: Fate of water in soil: 

–– Transpiration (water lost at leaf surfaces through Transpiration (water lost at leaf surfaces through 
stomata)stomata)

–– Evaporation (water lost as vapor at the soil Evaporation (water lost as vapor at the soil 
surface)surface)))

•• Collectively known as evapotranspirationCollectively known as evapotranspiration



Soil WaterSoil Water
•• Soil Water carries dissolved nutrients to Soil Water carries dissolved nutrients to 

plant rootsplant rootsplant rootsplant roots
–– Interception of nutrientsInterception of nutrients

Passive diffusionPassive diffusion–– Passive diffusion Passive diffusion 
•• Plants compete with other forces for Plants compete with other forces for 

ttwaterwater
–– Cohesion is the tension between water Cohesion is the tension between water 

l ll lmoleculesmolecules
–– Adhesion is the attraction of water to soil Adhesion is the attraction of water to soil 

particlesparticlesparticlesparticles



Water TensionWater Tension



Water CohesionWater CohesionWater CohesionWater Cohesion



Soil Water ContentSoil Water ContentSoil Water ContentSoil Water Content
•• Saturated : When all the pore spaces are filled with Saturated : When all the pore spaces are filled with p pp p

water water 

•• Gravitational Water: Water that drains freely becauseGravitational Water: Water that drains freely because•• Gravitational Water: Water that drains freely because Gravitational Water: Water that drains freely because 
of gravity, remaining water is held by cohesion and of gravity, remaining water is held by cohesion and 
adhesionadhesion

•• Field Capacity : Maximum amount of water that can Field Capacity : Maximum amount of water that can 
be held against the downward force of gravity when be held against the downward force of gravity when g g yg g y
excess water is appliedexcess water is applied

•• Permanent Wilting Percentage: The amount of waterPermanent Wilting Percentage: The amount of water•• Permanent Wilting Percentage: The amount of water Permanent Wilting Percentage: The amount of water 
in soil from which plants are unable to extract any in soil from which plants are unable to extract any 
water for growthwater for growth



Soil WaterSoil WaterSoil WaterSoil Water
•• The strength of cohesion and adhesion forces are The strength of cohesion and adhesion forces are gg

influenced by total pore volume (porosity) of the soilinfluenced by total pore volume (porosity) of the soil
–– Clay soils hold water tightly because of smaller, Clay soils hold water tightly because of smaller, 

negatively charged particlesnegatively charged particlesnegatively charged particlesnegatively charged particles
–– Sands and coarse textured soils have less waterSands and coarse textured soils have less water--

holding capacityholding capacity

•• Water furthest away from each soil particle is held Water furthest away from each soil particle is held 
loosely, and easier for plants to absorbloosely, and easier for plants to absorbyy

•• Plants exert force to pull water away from the soil by Plants exert force to pull water away from the soil by 
transpiring through their leavestranspiring through their leaves
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Soil Fertility and Plant NutritionSoil Fertility and Plant NutritionSoil Fertility and Plant NutritionSoil Fertility and Plant Nutrition
•• A fertile soil contains 17 nutrient elements in optimal A fertile soil contains 17 nutrient elements in optimal pp

amounts and in a chemically absorbable formamounts and in a chemically absorbable form
•• Of the 17 elements…..Of the 17 elements…..

3 are taken from the air3 are taken from the air–– 3 are taken from the air3 are taken from the air
–– 14 are absorbed by roots14 are absorbed by roots

Macronutrients :Macronutrients :
•• Primary nutrientsPrimary nutrients
•• Secondary NutrientsSecondary Nutrients

Macronutrients : Macronutrients : 
measured by measured by 
percentpercent

•• MicronutrientsMicronutrients Measured as parts per millionMeasured as parts per million



Common Problems in CACommon Problems in CACommon Problems in CACommon Problems in CA
•• Common Deficiencies Common Deficiencies ––

–– NitrogenNitrogen
–– PotassiumPotassium
–– PhosporusPhosporus
–– ZincZinc
–– IronIronIronIron

•• Common Toxicities Common Toxicities ––
–– BoronBoron
–– ChlorineChlorine
–– SodiumSodium



Nitrogen (N)Nitrogen (N)Nitrogen (N)Nitrogen (N)
•• Very important for many aspects of growth Very important for many aspects of growth y p y p gy p y p g

and developmentand development
•• Taken up as NOTaken up as NO33

-- (nitrate) and (nitrate) and 
NHNH ++ (ammonium)(ammonium)NHNH44

++ (ammonium)(ammonium)
•• Nitrogen in fertilizers converted to nitrate by Nitrogen in fertilizers converted to nitrate by 

microorganismsmicroorganismsgg
•• Deficiency: chlorosis (yellowing) of older Deficiency: chlorosis (yellowing) of older 

leaves (nitrogen moves to younger tissue leaves (nitrogen moves to younger tissue 
when limited)when limited)when limited)when limited)

•• Excess: Dark green, excessive vegetation Excess: Dark green, excessive vegetation 
growthgrowth





Deficient SpinachDeficient Spinach



Older Leaves Turn Yellow



Virus infectedVirus infected



Nitrogen deficient broccoli turns purpleNitrogen deficient broccoli turns purple



Phosporus (P)Phosporus (P)Phosporus (P)Phosporus (P)
•• Stimulates early growth and root formation,Stimulates early growth and root formation,Stimulates early growth and root formation, Stimulates early growth and root formation, 

promotes seed formation, important in promotes seed formation, important in 
photosynthesisphotosynthesis

•• Deficiency:Deficiency:yy
–– Common in highly weathered soils with claypans Common in highly weathered soils with claypans 

or hardpans, or soils with long cropping historyor hardpans, or soils with long cropping history
–– Causes plant stunning and purplish casts on Causes plant stunning and purplish casts on 

leavesleaves



PHOSPHORUSPHOSPHORUS
CYCLECYCLE

Plant Uptake andPlant Uptake and
INPUTS:INPUTS:
Fertilizers: H2P04

-; HP04
-2

Plant Uptake and Plant Uptake and 
Crop RemovalCrop Removal

Biological and Organic P:
(i.e. compost & crop 
residues)

SorbedSorbed PP
Clays, Al, Fe OxidesClays, Al, Fe Oxides

Organic POrganic P
Soil Solution PSoil Solution P
HH22P0P044

--; HP0; HP044
--22

Secondary PSecondary P
MineralsMinerals
Ca, Fe, Al Ca, Fe, Al 

Organic POrganic P
Soil BiomassSoil Biomass
Soil Organic MatterSoil Organic Matter
Soluble Organic PSoluble Organic P
D i Pl t R idD i Pl t R id, ,, ,

PhosphatesPhosphates

Primary P Primary P 

Decaying Plant ResiduesDecaying Plant Residues

yy
MineralsMinerals
ApatitesApatites

LossesLosses



Phosphorus deficiency can show purpling, 
but most common symptom is stunting



Potassium (K)Potassium (K)Potassium (K)Potassium (K)
•• Important for Important for stomatestomate opening/closing, cell opening/closing, cell pp p g g,p g g,

division, starch and protein synthesis, size division, starch and protein synthesis, size 
and quality of fruit and disease resistanceand quality of fruit and disease resistance
T k KT k K++•• Taken up as KTaken up as K++

•• Can be tied up in soil mineralsCan be tied up in soil minerals
D fi i S t i l d hiD fi i S t i l d hi•• Deficiency: Symptoms include scorching Deficiency: Symptoms include scorching 
along leaf margins, slow growth, weak along leaf margins, slow growth, weak 
stems, poor rootsstems, poor rootsste s, poo ootsste s, poo oots



Potassium deficient peppersPotassium deficient peppers





VigorousVigorous
root systemroot system

WeakWeak
root systemroot systemroot systemroot system

reduced Kreduced K
deficiencydeficiency

root systemroot system
increased Kincreased K
deficiencydeficiency



Nematodes causing potassium deficiency on peppers



Calcium (Ca)Calcium (Ca)Calcium (Ca)Calcium (Ca)
•• Essential component of Essential component of pp

plant cell walls and plant cell walls and 
membranesmembranes

•• Young tissues showYoung tissues showYoung tissues show Young tissues show 
deficiencies firstdeficiencies first

•• Excess calcium lead to Excess calcium lead to 
high pHhigh pHhigh pHhigh pH

•• Deficiency:Deficiency:
–– Reduced terminal growth Reduced terminal growth 

f h tf h tof shootsof shoots
–– Blossom end rot of Blossom end rot of 

tomatoestomatoes
Tip burn on lettuceTip burn on lettuce–– Tip burn on lettuce, Tip burn on lettuce, 
cabbagecabbage



Strawberry                                   Spinach



Tipburn on Tipburn on 
Romaine LettuceRomaine Lettuce



Blossom end rot on pepper



Magnesium (Mg)Magnesium (Mg)Magnesium (Mg)Magnesium (Mg)

•• Important part ofImportant part of•• Important part of Important part of 
chlorophyll molecule, chlorophyll molecule, 
aids in mobility of aids in mobility of yy
phosphorusphosphorus

•• Very mobile within Very mobile within yy
plantsplants

•• Deficiency:Deficiency:
–– Marginal necrosis and Marginal necrosis and 

intervenal chlorosisintervenal chlorosis



Magnesium toxicityg y



Sulfur (S)Sulfur (S)Sulfur (S)Sulfur (S)

•• Taken up as SOTaken up as SO44
--22Taken up as SOTaken up as SO44

•• Deficiency: Not common, can occur in Deficiency: Not common, can occur in 
high rainfall areas and in rangelandhigh rainfall areas and in rangelandhigh rainfall areas and in rangelandhigh rainfall areas and in rangeland



Zinc (Zn)Zinc (Zn)Zinc (Zn)Zinc (Zn)

•• An important component of enzymesAn important component of enzymesAn important component of enzymes An important component of enzymes 
including those involved with plant including those involved with plant 
hormone synthesishormone synthesishormone synthesishormone synthesis

•• Deficiency:Deficiency:
C b il d ith t t blC b il d ith t t bl–– Can be easily measured with extractable Can be easily measured with extractable 
zinc soil testszinc soil tests
Affects the growing point of plantsAffects the growing point of plants–– Affects the growing point of plantsAffects the growing point of plants

–– Plants can show interveinal chlorosis and Plants can show interveinal chlorosis and 
stunting of terminal growthstunting of terminal growthstunting of terminal growthstunting of terminal growth





Iron (Fe)Iron (Fe)Iron (Fe)Iron (Fe)

•• Essential component of chlorophyllEssential component of chlorophyllEssential component of chlorophyll Essential component of chlorophyll 
synthesissynthesis

•• Deficiency:Deficiency:
–– Due to high pH, Due to high pH, 
–– Common when acidCommon when acid--loving plants are in loving plants are in 

alkaline soilsalkaline soils



Blueberry with iron chlorosisBlueberry with iron chlorosisBlueberry with iron chlorosisBlueberry with iron chlorosis



Manganese (Mn)Manganese (Mn)Manganese (Mn)Manganese (Mn)

• Important component in enzymeImportant component in enzyme 
catalysts for many reactions

• Excess: Only seen in highly acidic soils• Excess: Only seen in highly acidic soils
• Deficiency: 

– Interveinal and marginal chlorosis of 
young leaves



Possible manganese excess on Romaine lettucePossible manganese excess on Romaine lettuce



Boron (B)Boron (B)Boron (B)Boron (B)
•• Important in meristem differentiationImportant in meristem differentiationImportant in meristem differentiationImportant in meristem differentiation

•• Toxicity is marginal burn on leavesToxicity is marginal burn on leaves•• Toxicity is marginal burn on leavesToxicity is marginal burn on leaves
–– Very common in some parts of the State Very common in some parts of the State 

(i.e. Hollister area)(i.e. Hollister area)(i.e. Hollister area)(i.e. Hollister area)
•• Deficiencies common in intensive Deficiencies common in intensive 

cropping systemscropping systemsc opp g syste sc opp g syste s
–– Occasionally applied to celery and Occasionally applied to celery and 

strawberriesstrawberries



Boron deficiency on broccoli from IndianaBoron deficiency on broccoli from Indiana



Hunger Signs in Plants : Hunger Signs in Plants : 
General NotesGeneral NotesGeneral NotesGeneral Notes

•• Master gardeners need to know signsMaster gardeners need to know signsMaster gardeners need to know signs Master gardeners need to know signs 
of nutrient deficiency, toxicity, or of nutrient deficiency, toxicity, or 
imbalance!imbalance!

•• Sometimes plants do not show Sometimes plants do not show 
symptoms until severe stress has symptoms until severe stress has y py p
occurredoccurred

•• Visual diagnoses are usually not Visual diagnoses are usually not g yg y
enough enough --tissue and soil analysis are tissue and soil analysis are 
often needed to solve the problem often needed to solve the problem 





Fertilization of Garden SoilsFertilization of Garden SoilsFertilization of Garden SoilsFertilization of Garden Soils
•• Nutrition management in gardens is Nutrition management in gardens is g gg g

relatively simple in Californiarelatively simple in California
•• Most soils have sufficient levels of essential Most soils have sufficient levels of essential 

t i tt i tnutrientsnutrients
•• The use of composts and manures are The use of composts and manures are 

excellent sources of fertilityexcellent sources of fertilityexcellent sources of fertilityexcellent sources of fertility
•• Mostly garden soils require small amounts of Mostly garden soils require small amounts of 

supplemental nitrogen fertilizer to achieve supplemental nitrogen fertilizer to achieve supp e e ta t oge e t e to ac e esupp e e ta t oge e t e to ac e e
good growthgood growth



Nitrogen FertilizersNitrogen FertilizersNitrogen FertilizersNitrogen Fertilizers

•• The air is 78% NThe air is 78% NThe air is 78% NThe air is 78% N
•• Ammonia is formed by the reaction of Ammonia is formed by the reaction of 

nitrogen and hydrogen:nitrogen and hydrogen:nitrogen and hydrogen: nitrogen and hydrogen: 
3H3H2 2 + N+ N22 (high temp & pressure) = 2NH(high temp & pressure) = 2NH33

(( ))•• Anhydrous Ammonia: NH3 (82Anhydrous Ammonia: NH3 (82--00--0)0)



Nitrogen FertilizersNitrogen FertilizersNitrogen FertilizersNitrogen Fertilizers
•• Ammonium nitrate: NHAmmonium nitrate: NH44NONO33Ammonium nitrate: NHAmmonium nitrate: NH44NONO33

–– (34(34--00--0)0)
•• Ammonium sulfate: (NHAmmonium sulfate: (NH44))22SOSO44Ammonium sulfate: (NHAmmonium sulfate: (NH44))22SOSO44

–– (21(21--00--00--24)24)
•• Calcium nitrate: 5Ca(N0Calcium nitrate: 5Ca(N033)   )   (( 33))

–– (15.5(15.5--00--00--19)19)
•• Urea: CO(NHUrea: CO(NH22))22(( 22))22

–– (46(46--00--0)0)



Nitrogen Inputs to CropsNitrogen Inputs to CropsNitrogen Inputs to CropsNitrogen Inputs to Crops

•• Soil mineralizationSoil mineralizationSoil mineralizationSoil mineralization
•• FertilizersFertilizers

A d t ( t iA d t ( t i•• Amendments (manure, compost, prior Amendments (manure, compost, prior 
crop residues)crop residues)

•• Cover cropsCover crops



Types of Inorganic FertilizersTypes of Inorganic FertilizersTypes of Inorganic FertilizersTypes of Inorganic Fertilizers

•• Labels show percentage of: NitrogenLabels show percentage of: Nitrogen--Labels show percentage of: NitrogenLabels show percentage of: Nitrogen--
PhosphorusPhosphorus--PotassiumPotassium

•• Example: A 100 lb bag of 12Example: A 100 lb bag of 12 1212 1212•• Example: A 100 lb bag of 12Example: A 100 lb bag of 12--1212--12 12 
contains 12 pounds of the following:contains 12 pounds of the following:

Nit (N)Nit (N)–– Nitrogen (N) Nitrogen (N) 
–– Phosphorus (P2O5) Phosphorus (P2O5) 

P i (K2O)P i (K2O)–– Potassium (K2O)Potassium (K2O)



Organic Fertility Management Organic Fertility Management 
of Gardensof Gardens

•• “Feed the Soil to Feed the Plant”“Feed the Soil to Feed the Plant”
•• This is the basic precept to organic soilThis is the basic precept to organic soilThis is the basic precept to organic soil This is the basic precept to organic soil 

managementmanagement
•• It is carried out by practices thatIt is carried out by practices that•• It is carried out by practices that It is carried out by practices that 

increase soil organic matter, biological increase soil organic matter, biological 
activity and nutrient availabilityactivity and nutrient availabilityactivity and nutrient availabilityactivity and nutrient availability



Building up Organic MatterBuilding up Organic MatterBuilding up Organic MatterBuilding up Organic Matter
•• Over time, adding materials such asOver time, adding materials such asOver time, adding materials such as Over time, adding materials such as 

green manures (cover crops), crop green manures (cover crops), crop 
residues and compost builds up the residues and compost builds up the p pp p
levels of organic matterlevels of organic matter

•• As soil organic matter increases, the As soil organic matter increases, the gg
ability of the soil to supply nutrients to ability of the soil to supply nutrients to 
the crop also increasesthe crop also increases



Common Dry Organic Common Dry Organic 
FertilizersFertilizers

FertilizerFertilizer NitrogenNitrogen PhosphorusPhosphorus PotassiumPotassium

Feather Meal 12 0 0
Blood Meal 13 0 013 0 0
Meat Meal 8 5 1
Chicken Manure 2 3 1 5 1 5Chicken Manure 2-3 1.5 1.5
Fish Meal 10-11 6 2
Bone Meal 2 5 0Bone Meal 2 5 0
Alfalfa Meal 4 1 1
K l 1 0 4Kelp <1 0 4



Commercial Organic FertilizersCommercial Organic FertilizersCommercial Organic FertilizersCommercial Organic Fertilizers
•• They are expensive:They are expensive:

–– Dry materials are routinely more than Dry materials are routinely more than 
$2.50 per pound of nitrogen$2.50 per pound of nitrogen

–– Liquid materials are 2Liquid materials are 2--4 times this 4 times this 
amountamount

•• Their release of nitrogen depends Their release of nitrogen depends 
upon the type of material and the upon the type of material and the 
size of the granulessize of the granules



Comparison of Comparison of 
O i C ti l S ilO i C ti l S ilOrganic vs Conventional SoilsOrganic vs Conventional Soils

Salinas, 2003Salinas, 2003

ManagementManagement Organic Organic 
MatterMatter

Total Soil Total Soil 
NitrogenNitrogen

Stored Stored 
NitrogenNitrogen

PercentPercent PercentPercent Lbs/ALbs/A

Organic Organic 1.741.74 0.140.14 5,6005,600
ConventionalConventional 1.371.37 0.110.11 4,4004,400



Comparison of Organic Comparison of Organic 
and Conventional Onions Hollister 1996and Conventional Onions Hollister 1996
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For further information on For further information on 
organic fertility managementorganic fertility management

•• http://anrcatalog.ucdavis.edu/http://anrcatalog.ucdavis.edu/
–– Go to free publicationsGo to free publicationspp

• Soil Fertility Management for Organic Crops 
• Publication Number: 7249 





COVER CROPSCOVER CROPS



LegumesLegumesLegumesLegumes
••Bell beans, vetches and peasBell beans, vetches and peas, p, p

••They provide a net input of nitrogenThey provide a net input of nitrogen
into the crop production systeminto the crop production systeminto the crop production systeminto the crop production system
by fixing atmospheric nitrogen (N2)by fixing atmospheric nitrogen (N2)
into a form useable by cropsinto a form useable by crops

••Maximize N production by floweringMaximize N production by flowering

R t N d lR t N d l••Not as good as scavenging as Not as good as scavenging as 
cereals and mustardscereals and mustards

Root NodulesRoot Nodules



Peas

V t h Bell Beans
Lana VetchLana Vetch

Vetch Bell Beans



Cereals                                   MustardsCereals                                   Mustards



Cereal/legume MixCereal/legume Mix





Tour of Richard’s GardenTour of Richard’s Garden



Intensive Kitchen GardenIntensive Kitchen Garden
(with gopher wire underneath)(with gopher wire underneath)



Composting SideComposting Side Building SideBuilding SideComposting SideComposting Side Building SideBuilding Side







More Extensive Area in the Back for More Extensive Area in the Back for 
land intensive cropsland intensive crops





Comparison of Soil AnalysesComparison of Soil Analyses

SoilSoil CharacteristicCharacteristic GardenGarden PasturePasture

yy
Garden and adjacent pastureGarden and adjacent pasture

SoilSoil CharacteristicCharacteristic GardenGarden PasturePasture

pHpH 5.25.2 4.84.8

CECCEC 8 38 3 4 44 4CECCEC 8.38.3 4.44.4

Total Nitrogen (%)Total Nitrogen (%) 0.090.09 0.060.06

N storage (lbs/A)N storage (lbs/A) 1,8001,800 1,2001,200

Organic Matter (%)Organic Matter (%) 1.61.6 1.11.1

NitrateNitrate--N (ppm)N (ppm) 70.970.9 12.112.1

Phosphorus (ppm)Phosphorus (ppm) 47.047.0 32.832.8

PotassiumPotassium (ppm)(ppm) 139139 114114





Inputs:
Horse manureHorse manure



Ground up sunflower stems
S d b k t th dSpread back onto the garden area



Cover crops over the winter



Meat Meal 8Meat Meal 8--55--11Meat Meal 8Meat Meal 8 55 11



Partners in crimePartners in crime



Helpers



Fruit Trees





Beneath the mulch



Clovers between tre



Thank You For Your AttentionThank You For Your Attention


