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Temperature, Water, Light

« Adapt to region — fairly cold tolerant.

* Tolerant of hot and arid conditions
provided roots can reach water.

* Does not tolerate water logged soils.

 Thrive in full sun.
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So1l Limitations

* Grows best on sandy loams.
* 40% or more clay not generally good.

* Adequate pH — over 6.0 (requires calcium).

* Nutrient loving especially N-P-K.
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e
Root Ecology

* Long tap root (6 ft) If friable soill.

* Medium texture soll tap root 3 ft.




R
Fertility Requirements

Potassium (2.5 to 3.0%)
65 — 70 Ibs per acre

Phosphorus (0.5 — 0.6%) [t
SN /,‘ ¢ S ‘/ /
50 to 70 Ibs per acre |
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R
Fertility Requirements
Nitrogen (5 to 6%)

100 to 200 Ibs per acre
Applied early in growth

No response in rich soll
Reduce THC??
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Fig. 4. Phases of broccoli crop nitrogen (IN) uptake rate (Ib//acre per day) and
cumulative N uptake in Ib acre (1 Ib acre = 1.1 209 kg-ha ') compared with
broccoli biomass accumulation in ton/acre (1 ton acre = 2.2417 mg-ha™1)
FSullivvamn et al.. 190905,



Soil Surface Soil Properties Crops

A 0-6 inch pH, PK,OM, Cl, S Alfaifa, clovers (analyze only 0-6
Ca, Mg, CEC, Zn, inch depth, nitrate analysis at deeper
NH4*-N, Fe, Mn, Cu, depths not necessary).

v soluble salts, NA

A 6-24 inch Soluble salts, NO,-N, Wheat, barley, oats, durum, corn,
S, Cl (in addition to soybean, dry bean, potato, canola,
0-6 inch depth) crambe, mustard, sunflower, grass

hay, pasture, millet, canary seed,
flax, safflower, buckwheat, lentil,

field pea, sorghum, sudangrass.

(Separate 0-24 inch depth into a

0-6 inch and 6-24 inch depth.)

> <€

24-48 inch NO,-N, in addition Sugarbeet, malting barley. (Sunflower
to the 0-6 inch and if greater than 30 Ib N/acre are
6-24 inch depths anticipated at the 24-48 inch depth.)
(Separate cores into 0-6 inch,
v 6-24 inch and 24-48 inch depths.)

Figure 1. Depth recommended generally for soil analysis of certain properties and nitrate analysis for crops.
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“Nutrient

Phosphorus (P):
Potassium (K):
Magnesium (Mg):

So'[ PH (2 1, water)

Capber (Cu) |

Modified Morgan extractable, ppm Zinc (Zn) 0.5
Macronutrients Sodium (Na) 14.0
Phosphorus (P) 2.0 4-10 Aluminum (Al) 47
Potassium (K) 54  100-160 Soil Organic Matter % 53
Calcium (Ca) 1664 Effective CEC, meq/100g 9.6
Magnesium (Mg) . - 134 50-120 Base Saturation, %
Sulfur (S) 8.0 Calcium Saturation 714 40-80
Micronutrients Potassium Saturation 1.3 2.0-7.0
Iron (Fe) 135 1.0 Magnesium Saturation 10.4 10-30
Manganese (Mn) 4.9 14.0
Boron (B) 0.3 0.3
Recommendations for Pasture, Grass (< 30% legume) - Maintenance (2AM)
Limestone (Target pH of 6.2) Nitrogen, N Phosphate, P,0; Potash, K,0
tons / Acre lbs / Acre Ibs / Acre Ibs / Acre
0 50 60 80
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Wy

?%x? Soil Health is

The abillity of a soil to provide a physical,
chemical, and biological environment for
the plant that is health sustaining.
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There are three general
"types” of organic matter in soils
v' Living
v' Dead
v Very Dead
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Changing Forms of

Soil Organic Matter

e
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e
—Dead —

Recently dead soil organisms and crop
residues provide the food (energy
and nutrients) for soil organisms to
live and function. Also called "active”

or "particulate” organic matter.
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Nutrient cycling in soil
is highly dependent on
an active and diverse
community of microbes
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} \ Nematodes
[ ‘ Root-feeders

_ The Soil Food Web

Arthropods
Shredders

Arthropods

Predators

Birds
JL\ Nematodes
/) Fungal- and
/\ bacterial-feeders

Fungi
Mycorrhizal fungi
Saprophytic fungi

Nematodes
Predators

7 Plants

Shoots and
roots

0r9;i—¢_\ " Protozoa
Matter % Amoebae, flagellates,
Waste, residue and and ciliates .
metabolites from @ @ . Animals
plants, animals and Bacteria
microbes.
First trophic Second Third trophic Fourth trophic Fifth and
level: trophic level: level: level: higher trophic
Photosynthesizers Decomposers Shredders Higher level levels:
Mutualists Predators predators Higher level
Pathogens, parasites Grazers predators

Root-feeders



Disease Suppression
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e
Living and Dead Form Aggregates

Humus, partially broken down organic matter, plant roots,
fungal threads, bacterials gels, and earth worm feces, form
glues that hold soil particles together creating a good soil
structure

MICROBIAL AND FUNGAL
BYPRODUCTS GLUE

DISPERSED STATE AGGREGATED STATE

} ROERTEREION
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Environmentdl Hedolth

Infiltration

a) aggregated soil b) soil crusts after
aggregates break down
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Add Increased biological activity

organic H — (& diversity)

matter
Reduced ‘/A " \ =
soil-borne diseases, s51€EallON «— Decomposition

parasitic nematodes / increased / ! ,

Pore structure S A aFlee Nutrients

improved growth released
promoting Harmful
Improved tilth substances SUbSta.n.CGS
and water storage 1 detoxified
\ 7

HEALTHY SOIL, PLANTS, FARM, COMMUNITY

| |UNIVERSITY OF
& |VERMONT

CULTIVATING HEALTHY COMMUNITIES



Gaseous

., Precipitation Atmospheric (¢ o
Mo A i~ Nitrogen o [
e e Fixation |
Fossil 'Fuel 0 g DL /
Emissions gt Bacteria
(Gaseous .‘ A | Fixation
Losses i i
#ﬁn ey N2& NZO ¢ ) |
) m 5 5 Runoff
Fertilizers

(R-NH,)

Mineralization

Organii Matter w&iutrophication
Denitrification \

Plant '
Consumption \Ammomum
(NF!;) Leaching
Nitrification
Nitrates Nitrites _/

(NO;) “*Nitrification (NO,)




R
So1l Nitrogen

« Organic Nitrogen (SOM)
— slowly available to crops
— microbes required

* Inorganic Nitrogen
—rapidly available - Plant Available Nitrogen
—ammonium ion (NH,*) and nitrate (NO; )
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Mineralization I

Manure : Plant
B Soll available

. ' NH4+
(Organic-N) Microbes

(Soil Temp. > 50 degrees F)

Alir, Moisture, Nice Home!




Immobilization I

Manure : Plant
B o0l ayailable

. ' NH4+
(Organic-N) Microbes

(Soil Temp. > 50 degrees F)

Alir, Moisture, Nice Home!




Nitrification

Plant
Plant :
available L’ available
NH4+ Bacteria NO-3

Soil Temp. > 50 degrees F
pH near 7/
Air, Moisture, Nice Home!

Produces H+ so reduce pH




Volatilization

Plant Soil Gas NH;
available . & H20
NH4+ OH Bacteria

Increase with high pH

Increase with wet to rapid dry conditions




Denitrification I

Plant SOII Gas
avallable — e e N2 or N20O
NH4+ Bacteria

(Soil Temp. > 50 degrees F)
NO OXYGEN, Moisture




Nitrogen Supply - Organic Farms

« Backbone — Building Soil Organic Matter
— N-fixed through legumes
— Animal manure/composts
— Organic fertilizers
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Organic Matter Is Not Created Equal

Early Stages
/ Supponrts high microbial activity

Supports rapid decomposition
/Hﬁ& when-adequate C and N.

Later Stages
Food but need some N

High C
Even Later Stages
Food but need lots N
Very High C
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Nitrogen Credits for
_Alfalfa

Medium or Fine Sandy Soils
Textured Soils

# Alfalfa Stand Density

E Good >70%
4

: Fair 30-70%
Poor <30%

> 8 inches < 8 inches > 8inches < 8inches |

regrowth  regrowth regrowth  regrowth
NITROGEN CREDIT

---------- Ibs N/acre - - - - ------

190 150 140

160 120 110

130 90 80
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Red Clover and

Soybean Nitrogen
Credits

 Sod

— 70 Ibs N/a maximum
* 80% of alfalfa credit

.
-
\

; » Cereal Cover crops
E —0-90 Ibs N/a
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Fig. 2. Timing of nitrogen (N) mineralization from soil organic matter, cover

crop residue, and organic fertilizer in relation to crop N uptake (from Gaskell
et al., 20006).

Gaskell & Smith, 2007
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Organic Fertilizers

Byproducts of Fish, Livestock, or Food

Table 1. Common organic nitrogen (N) fertilizer materials and their
nutrient analysis.”

Nitrogen Phosphorus Potassium
Material (% N) (% 1) (% K)
Fish meal or powder 10-11 1.3 <1
Pelleted chicken manure 24 <1 <1
Processed liquid fish residues 4 <] <]
Feather meal 12 0 0
Seabird and bat guano 9-12 <1-1.75 <1
Alfalta meal { Medicago sativa ) 4 <1 <1
Soybean meal ( Glycine max) 7 <] <]
Bone meal 2 <1 0
Kelp (order Laminariales) <] 0 1.7
<Chilean nitrate 16 0 ] —
Blood meal 12 0 0
Meat and bone meal 8 2.2 <1

“Craskell er al., 2006.
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Important Supplements

Table. 2. Mineralization rates of several typical organic fertilizer materials at two
temperature regimes.”

Proportion of inital organic
nitrogen mineralized (%)

Product Temp ("C)* 1 wk 4 wk 8 wk
Pelleted poultry manure 15 4 16 21
25 10 23 36
Sea bird guano 15 49 57 60
25 45 438 54
Pelleted seabird guano 15 42 61 64
25 406 60 67
Fish powder 15 51 55 61
25 48 60 64
Feather meal 15 42 56 59
25 50 64 63
Blood meal 15 41 60 64
25 51 67 70

*(raskell er al., 2006; Hartz and Johnstone, 2006.

(1.8 % °C) + 32 = °F. Gaskell & Smith, 2007
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Fig. 4. Phases of broccoli crop nitrogen (IN) uptake rate (Ib//acre per day) and
cumulative N uptake in Ib acre (1 Ib acre = 1.1 209 kg-ha ') compared with
broccoli biomass accumulation in ton/acre (1 ton acre = 2.2417 mg-ha™1)
FSullivvamn et al.. 190905,
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Organic Fertilizers

Amendment Total C% Total N % C:N ratio
soybean meal 44.7 8.19 5.5
mustard meal 50.3 5.68 8.9
canola meal 48.7 5.57 8.7
pro-gro 23.1 5.07 4.6
kreher's 314 5.41 5.8
blood meal 51.3 15.2 3.4
giroux's 24.2 1.68 14.4
moo doo 37.0 2.01 18.4
chilean nitrate 16.0

A | UNIVERSITY OF Feather meal, alfalfa meal, cheep cheep
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C:N Ratio

0.6 Sample Name  |C:N ratio
soy meal 5.5
= < .
M’\

@ 0.5 . ¢ mustard meal 8.9
o . sun meal 15.2
S
c— |

= 0.4 N canola meal 8.7
= pro-gro 4.6
<C

- 0.3 kreher's 5.8
t_% ’\ blood meal 3.4
°>'_ 0.2 giroux's 14.4
(1] \ moo doo 18.4
o 0.1 X

o .

~ R? = 0.9005

0 | |
) 10 20
Amendment C:N
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Plant Available Nitrogen

Plant Avalable Nitrogen
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Canola Meal
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Plant Available Nitrogen

Mustard Meal
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Plant Available Nitrogen

40
Sampling Day

Sunflower Meal

Sampling Day

6% N
C:N=8.9
@ clay
M loam
80
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@ clay
M loam
80



5.4% N

- - 1.7%N '
Giroux's Poultry Litter (1~ 400 Kreher's CN=58
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Amount of each amendment needed to contribute 100 lbs of Plant Available N during
the 70 days after incorporation (average of two soils)

Soy Meal |ProGro |Dried Poultry | Chilean
Blood Litter Nitrate

70 day PAN (%0) 0.529 0.518 0.532 0.234 0.841
Amt needed (dm 2348 3807 1241 25470 744
basis)

Amt needed (wet 2647 4138 1340 45645 744
basis) T

PAN' 100 100 100 100 100
Total N7 192 193 189 427 119
$/Ib N* $2.87 $7.80 $6.95 T $3.50
$/Ib PA? $5.75 $15.0 $13.0 T $4.46
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Industrial Hemp

NOT Marijuana
NO THC

— 19 You are beip,
Photographed and
:«il(l’ eprosecuted

=~ Nder Federal law,
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