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An issue particular to hydrocarbon
impacted soils: hydrophobicity

# Hydrophobicity is caused by the coating of soil
particles with hydrophobic or “water repelling”
organic matter

Water drops on | >
hydrophobic
soil




Hydrophobicity can inhibit revegetation

% Li et al. (1997) showed that hydrocarbon impacted
soils failed to support healthy plant growth
because the soil would not hold water (not because
of any toxicity)

= Contaminated soil contained 4% TPH

= Bioremediated soil contained 2% TPH
= Control soil with no hydrocarbon impact
-

All soils received the same watering protocol with
collection of leachate

Li et al., Plant and Soil, 192, 219-226 (1997)
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When is hydrophobicity likely to be a
problem?

# Roy et al. (2003), in a study of a old weathered oil-
impacted sites in Alberta, reported that
hydrophobicity was associated with some, but not all,
crude oil spill sites

# Hydrophobicity is probably a product of a
combination of circumstances including:

= properties of the crude oil (greater proportions of heavies
and waxy hydrocarbons)

= dryness of the soil at the time of first contact with
hydrocarbon

= prolonged exposure to hot dry weather and ultraviolet
light

Roy et al., J. Environmental Quality, 32, 583-590 (2003)



An example of UV-induced chemical
reactions
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These photo-induced reactions increase the
likelihood of strong interactions between

hydrocarbons and mineral particles and SOM.
Result is:

» Increase in hydrophobicity

+ Decrease in apparent TPH (poor extraction of

photoproducts)



What can we do about hydrophobicity?

# Hydrophobicity is counteracted by
hydrophilic organic matter (hay or
composted manure, for example) and
hydrogels

= Increases water holding capacity of
the soil

=Increases contact of water with
hydrophobic soil particles making
them more likely to wet

RestorN?wcnce“




The power of hydrogels
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Hydrogels field test

Initiated July 2008

# Randomized block design with at least triplicate treatments
= 8 ft by 8 ft plots
= 9 gal of 42 APT crude oil applied and tilled in
= Amendments for treatments applied and plots re-tilled
= Equivalent of one inch rainfall applied at startup
= Reapplication of amendments at 30 and 60 days
¥  Treatments
= Hay
Fertilizer
Hay + Fertilizer
Compost + Hydrogels (BioNhance)
Compost + Hydrogels + Hay
Compost + Hydrogels + Fertilizer
Compost + Hydrogels + Hay + Fertilizer
None
#  Analysis
= TPH DRO at 0, 30, and 60 days
= Plant above ground biomass and percent coverage in Spring 2009
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Plant cover
Spring 2009
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Revegetation of former brine
impacted soils

The ultimate goal of the brine
remediation process

Even if you dig and haul you still have to
revegetate



Revegetation

# Natural revegetation?
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Requires adequate moisture
= Rainfall relative to evaporation potential

Requires desired vegetation immediately adjacent to site

If and when the desired vegetation makes up > 20% of
the plant canopy cover then natural revegetation with the
desired plant community is possible

Weed management strategies may be required to give
the desired plants a foothold in the site

= Frequent monitoring

= Hand pulling of weeds

= Spot treatment with herbicides

= Transplanting of desired vegetation



Reference
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Correcting weed infestations

Till site in late fall to encourage maximum germination of
weed seeds

A few weeks later apply a non-selective herbicide to kill
newly emerging weeds

Following herbicide treatment plant seeds of fall dormant
grasses

The following spring the remaining weed seeds and seeded
grasses should emerge with adequate moisture; if F%r‘ass
seedlings survive to midsummer apply a broadleaf herbicide

Contact local experts for herbicide recommendations and
rates specific to your site conditions



Reseeding for revegetation

# Establish goals in consultation with
landowner and regulator
+ Restore forage crops?
= Restore agricultural productivity?
= Restore native plant community?
= Quick revegetation for erosion control?
= Halophytes?



Reseeding a remediated site, replacement
( soil, or other restoration site

# Assess the overall quality of the soil
= Primary and secondary plant nutrients

= Use an ag lab to provide recommendations for specific plant
community desired

= Bulk density (g dry soil/cm?3)
= Ideal: 1.4
= Acceptable: 1.2 - 1.6
= Soil texture
= Match plants with soil texture
= Organic matter
= Tdeal: > 3%
= Acceptable: > 2%
= pH
# Ideal: 6.5-7.5
= Acceptable: 55-8.5



Reseeding a remediated site, replacement
( soil, or other restoration site

# Assess the overall quality of the soil

= Primary and secondary plant nutrients
= Use an ag lab to provide recommendations for specific
= Ideal: 1.4 |
= Acceptable: 1.2 - 1.6
= Organic matter
= Tdeal: > 3%

plant community desired |
= Soil texture
= Acceptable: > 2% \.u—k—‘% E é‘gu/
= pH
# Ideal: 6.5-7.5 , -

= Bulk density (g dry soil/cm?3)
= Match plants with soil texture B §
= Acceptable: 5.5 - 8.5

Organic Matter
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Major Nutrients
*Nitrogen

* Phosphorus

* Potassium

* Calcium

* Magnesium

* Sulfur

Micronutrients
* Boron

*Iron

* Manganese

* Zinc

* Copper

* Chloride

* Molybdenum



Reference

RELATIVE STATUS
Element Application | Units | V. Low Low Medium High | V. High |
pH All,  5.0- 7.0 is normally acceptable. Some species benefit from more acid
conditions.
pH micro- irrig. <6.5 6.5-7.2 7.2-7.6 7.7-8.0 >8.0
blockage
Nitrogen, Total (N) All ppm <18 19-36 37-54 55-90 >90
Nitrate-N (NO;-N) All ppm <15 16-30 31-45 46-75 >75
Ammonium-N (NH4-N) All ppm <3 4-6 7-9 10-15 >15
NH,-N + NOs-N Hydroponics ppm <5 6-13 14-21 22-30 >30)
Phosphorus (P) All ppm <1 1-1.9 2-29 3-5 >5
Potassium (K) All ppm <3 3.1-4.5 4.6-6.0 6.1-10.0 >10
Calcium (Ca)* All ppm <40 41-80 81-120 121-150 >150
Magnesium (Mg) All ppm <8 9-16 17-24 25-30 >30
Sulfate-S (SO 4-S) All ppm <24 25-50 51-240 241-300 >300
Boron (B)** Greenhouse, ppm <0.25 0.26-0.5 0.51-0.8 | 0.81-2.0 >2.0
Nursery
Boron (B)** Field crops ppm <0.75 0.76-1.17 1.18-1.6 | 1.61-2.0 >2.0
Boron (B) Hydroponics ppm <1.0 1.1-1.25 1.26-1.6 | 1.61-2.0 >2.0
Copper (Cu) All ppm <0.05 0.06-0.10 | 0.11-1.20 | 0.21-0.30 | >0.30
Iron (Fe) All ppm <0.20 0.21-0.30 | 031-0.40 | 0.41-0.50 | >0.50
Iron (Fe) micro- irrig. ppm <0.20 0.21-0.63 0.64-1.0 1.1-1.5 >1.5
blockage
Manganese (Mn) All ppm <0.50 0.51-0.75 0.76-1.0 1.1-2.0 >2.0
Manganese (Mn) micro- irrig. ppm <0.10 0.11-0.57 0.58-1.0 1.1-1.5 >1.5
blockage
Molybdenum (Mo) All ppm <0.005 | .006-0.01 | 0.011-.020 | .021-0.05 | >0.05




Reseeding a remediated site, replacement
( soil, or other restoration site

# Assess the overall quality of the soil
= Primary and secondary plant nutrients

= Use an ag lab to provide recommendations for specific plant
community desired

= Bulk density (g dry soil/cm3)
= Ideal: 1.4
= Acceptable: 1.2 - 1.6
= Soil texture
= Match plants with soil texture
= Organic matter
= Tdeal: > 3%
= Acceptable: > 2%
= pH
= Ideal: 6.5-75
= Acceptable: 5.5 - 8.5



The bulk soil density is the weight of oven
dry soil/volume of the soil before drying

Compaction and Pore Space

% Yolume
Low bulk N High
soil \ B bulk soil
. 40
density density
20
Normal Compacted 48 % Pore Space i r
Macro Pores . Micro Pores |ﬁ?‘ﬂ "o

Mon-compacted Compacted
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The effects of soil compaction may
ersist for decades

Historic bison wallow
(from the 19th
century) in tallgrass
prairie in Oklahoma




Ideal soil bulk densities and root growth
limiting bulk densities for soils of
different textures

Bulk N
Ideal densities E}""(l::_ crirt‘a:smes
Dk that may r'es'rr'ic'ryr'oo'r
Soil texture densities | affect root h
growth growt
g/cm3

Source: generalized from USDA-NRCS soil quality test kit guide.

Sand, loamy sand <1.60 1.70 >1.80

Sandy loam, loam, sandy clay
loam, clay loam, silt, silt <1.40 1.60 >1.75
loam, silty clay loam

Sandy clay, silty clay, clay <110 1.50 >1.60




Measuring bulk soil density

|

# Remove vegetation from the soil surface

% Push a pre-weighed sampling can of known volume into the soil.
If it is difficult to push into the soil, place a piece of wood
over the can and hit the wood with a hammer. If necessary
wet the soil to make it easier to drive into the ground. Drive
the sampling can into the ground until soil just starts to come
out of the small hole in the bottom of the can.




Measuring bulk soil density

# Using a trowel or shovel dig around the can in order to
remove it from the soil
# Trim the soil from the top of the can and around the edges

of the can so that the volume of the soil is the same as the
volume of the can; cover the can with a lid and label and ship

to ag lab




Reducing bulk soil density

% Ripping and secondary tillage*

% Incorporation of organic matter (compost
and biodegradable organic matter)*

% Limit access to livestock
¥ Keep vehicles of f the site

# With time natural mechanisms of
decreasing bulk soil density:
= Freeze-thaw cycles
+ Actions of soil animals

*If revegetation efforts immediately follow successful
remediation these steps may be unnecessary.



Reseeding a remediated site, replacement
( soil, or other restoration site

# Assess the overall quality of the soil
= Primary and secondary plant nutrients

= Use an ag lab to provide recommendations for specific plant
community desired

= Bulk density (g dry soil/cm?3)
= Ideal: 1.4
= Acceptable: 1.2 - 1.6
= Soil texture
= Match plants with soil texture
= Organic matter
= Tdeal: > 3%
= Acceptable: > 2%
= pH
# Ideal: 6.5-7.5
= Acceptable: 55-8.5



What kind of soil do you have?

Sand Loam

Feels gritty;

noh-cohesive - Does not feel Wet

clay is very

does not stick gritty: | sticky: easily
together ina Floury feel, formed into long
mass unless it smooth; ribbons  ciay sei
is very wet. wet silt does T
Sandy Soil n0'|' eXthIT Loam Soil
stickiness

50 - 100% Clay

0 - 45% Silt

0 - 10% Clay = J0-45%Sand

0 -10% Silt
10 - 30% Clay

(0 “ 80 - 100% Sand 30 - 50% Silt

= J25-50% Sand
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Reseeding a remediated site, replacement
( soil, or other restoration site

# Assess the overall quality of the soil
= Primary and secondary plant nutrients

= Use an ag lab to provide recommendations for specific plant
community desired

= Bulk density (g dry soil/cm?3)
= Ideal: 1.4
= Acceptable: 1.2 - 1.6
= Soil texture
= Match plants with soil texture
= Organic matter
n Ideal: > 3%
= Acceptable: > 2%
= pH
# Ideal: 6.5-7.5
= Acceptable: 55-8.5



Organic
top soil




Soil Organic Matter Extraction Test

LOW MEDIUM HIGH
1.0-1.5 % 2.0-25 % 3.0-3.5% *
*(or higher)

-—_“;“'. :



Improve soil organic
Biological: matter content by
tilling in compost and
biodegradable organic
matter; rebuilding
Soil/plant System Resilence deposits of stable
organic matter is a
longterm process.

- Source of Energy
- Reservoir of Nutrients

Functions
of
SOM

Physical: Chemical:
Structure Stabilit - Cation Exchange

Water Retention - Soil pH

Thermal Property - Binding of SOM
to Soil Minerals




Reseeding a remediated site, replacement
( soil, or other restoration site

# Assess the overall quality of the soil
= Primary and secondary plant nutrients

= Use an ag lab to provide recommendations for specific plant
community desired

= Bulk density (g dry soil/cm?3)
= Ideal: 1.4
= Acceptable: 1.2 - 1.6
= Soil texture
= Match plants with soil texture
= Organic matter
= Tdeal: > 3%
= Acceptable: > 2%
= pH
= Ideal: 6.5 - 7.5
= Acceptable: 5.5 - 8.5
= Match plants with soil pH



pH affects nutrient availability

Mitrogen
Phosphorus
Potassium & Sulfur

Calcium

Magnesium

Fe, Cu, £n, Mn. Co

Molybdenum




Measuring soil pH

¥ Remember pH of soil is measured by mixing
soil with distilled water and measuring the
pH of the water with
= pH paper
= Garden pH kits
= pH meters
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Adjusting pH

# Neutralizing acidity (to raise pH):
+ Ag lime- dolomite or calcitic limestone crushed
and ground to a specified fineness

= Calcitic limestone - crystalline calcium
carbonate (CaCO,)

= Dolomite - mixture of calcium carbonate and
maghesium carbonate



Adjusting pH, cont.

|

¥ Increasing acidity (to lower pH):
= Elemental sulfur
= Aluminum sulfate [Al,(SO,);]
= Ferrous sulfate (FeSO,)

Get help from your local ag lab

% Jo K Je K e Jo X o ke I Jo K e e Jo ke ek de ke ek ek ek ok

Note: It is usually better to use
species adapted to site pH instead
of altering pH - especially if the
surrounding area has similar pH



Reseeding a remediated site, replacement
soil, or other restoration site

. Organic matter to

¥ Seedbed preparation retain moisture
Soil loose enough to
allow emergence;
shallow enough to allow
seedling to emerge
before running out of
energy

Soil sufficiently firm to
provide a stable
foundation for roots but
porous enough to allow for
good root penetration

. .- .: ‘-‘Lv [l — -.;.. ,’ - - . -
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Seedbed preparation %

¥ Primary tillage
= Most aggressive tillage
= Cuts and shatters soil
= Buries applied organic matter
= Leaves rough surface

¥ Secondary tillage
= Follows primary ftillage
= Normally shallower working depth
= Provide additional soil pulverization
# Large clods may result in seeds being buried too deep
= Level soil surface
= Control weeds



Primary tillage implements




Field after primary tillage




Secondary tillage




Field after secondary tillage




Avoid excessive soil compaction while
( preparing the seedbed

q . :
/ Maximum compaction potential

DO A G AN G SR G R -

Compaction

Field capacity

Moisture level for
maximum
compaction

g

Soil Moisture



Seedbed preparation, cont.

¥ During secondary tillage incorporate any necessary
soil amendments

= Topsoil, if needed
= Organic matter

= In arid and semiarid areas use compost
supplemented with hydrogels - captures and
holds water
# Recommended by USDA Dept. of Agricultural
Research

+ Fertilizers
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The power of hydrogels
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Fresh Cow Manure

Composted Cow Manure*

Wet with strong odor

Earthy smell!
Moist-dry

High nutrient concentrations

Low nutrient concentrations
1-3% N, 0.5-1% P,05, 1-2% K,O
(Releases about 10% of its
nutrients per year)

High tendency to “burn”?

No burning, safe fertilizer

High salinity

Usually much lower salinity?

Weed seeds and pathogens

Weed seeds and pathogens killed
by composting

Biodegradation in soil tends to
deplete oxygen

No negative effect on soil gas
oxygen

IIf it smells of ammonia its not done yet.
2Must let fresh manure age 60-90 days to prevent burning.
3Check salinity before use. Make a paste with distilled water and

measure EC. If EC < 10 mmhos/cm it’s OK to use if you till it in 6-8 mches
4Density 15-25 Ibs/f13 or 400-675 Ibs/yd? dry; X 2 moist




Seedbed preparation, cont.

¥ After secondary tillage light packing of the soil
rovudes a flr'm but penetrable seedbed
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Is this seedbed too soft?




Seedbed preparation, cont.

(

¥ Roughing the surface
before seeding creates
safe sites for seeds and
collect moisture

¥ Light chaining after
broadcasting seeding
facilitates good contact of
the seed with soil

¥ Overlay with a thin layer of
soil/compost




Seedbed preparation, cont.

# Inareas that are very hot and windy plant a stubble crop the year
before seeding with the desired vegetation (use a sterile annual
cool season grass)

# The next season rough the surface by light raking, sow seeds and
pack lightly

# Stubble crop provides shade and wind protection for new seedlings




What to seed?

% Depends on management objectives
= Forage crops
= Native vegetation
= Quick growing species for erosion control
+ Halophytes

= Get advice from local
soil conservation district
office about species native
to your area



|

Regardless of objective mﬁﬁ%

¥ Choose plants that are adapted to soil, climate,
elevation, and topography of the area top be restored

# Important to know origin of seeds

¥ Seeds should originate from sources from within 200
miles N and S and 100 miles E and W

¥ Use certified named varieties

# Mixtures are preferred over single species
= Especially different rooting depths
= Most efficient use of moisture and nutrients

¥ Use seed of known quality
# Know germination and purity of seed

¥ lagll'og)shed seeding rates are based on pure live seeds

= %PLS = 7% purity X % germination



Go to http://plants.usda.gov to get
plant distributions by state

%P!_ANTS

[ lMaska

[ |District of Columbis
[ [Hawsii

[ JPuetoRico THROY
[ Jwirgin Islands

This one is for
tall wheatgrass.
In the web site
you click on a
state and you
get the
distribution of
the plant by
county in that
state.




When to seed?

% Try to seed just
before season of
expected high SPRING

rainfall SUMMER

% Cool season grasses FALL
may be planted in

spring or early fall
(ideally in the fall)

# Warm season
grasses in spring




When to seed?

 If you are planning a spring planting, begin
seedbed preparation in the fall prior o planting
the following spring.

* Preparation of the site in the fall will damage the
root systems of perennial weeds and expose them
to freezing temperatures and the dehydrating
action of winter winds.

 In the following spring, the ground should be
worked at a shallow depth (secondary tillage) at
least twice to break up clods and eliminate annual
weeds.



How to seed?

¥ Broadcast seeding must be done on loose, roughened soil,
seeding is followed by chaining

% Seeding rates are typically 20-50 seeds/ft2
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How to seed?

# Depth

= Seeds have stored energy,
sprout must break the
surface and produce leaves
before getting energy from
the sun. If the seed is
planted too deep the sprout
can’ t make it to the surface

= General rule of thumb -
plant seeds at a depth 4-7 X
the diameter of the seed

= With a mixture base
planting depth on the
diameter of the smallest
seed

= Avg % - 7 inch




4 soil
surface




o £ & H &
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Common causes of planting and
emergence problems

Insufficient moisture

Seedbed too hard or too loose

Old seeds, dead before planting or had low vigor.
Too few seeds were planted.

Seeds were planted too deep.

Seeds were not uniformly distributed

Seeds were planted too shallow and dug up by
birds or moved by insects.

Sowing occurred too long after cultivation allowing
weeds to establish and compete with crop
seedlings for resources.

Heavy rain fell after sowing and the soil surface
crusted.



Management of revegetation sites

¥ If natural Erecipita’rion is inadequate - must water
to establish seedlings!

¥ Water only until plants are established, if well
matched to the local climate they will persist with
normal rainfall

& Watch for drought stress during this period of
establishment, monitor soil moisture

¥ Protect the site from compaction by livestock
# Monitor for signs of nutrient deficiencies in plants




Management of revegetation sites

¥ Light mulch

= Protects seeds from wind and water erosion,
conserves moisture, moderates soil
temperature

= Use local hay, weed free

+ Tackifiers help in windy climates (guar gum,
polyacrylamides)

¥ Protect from grazin% until roots have firmly
established (usually 2-3 years)

¥ Watch for signs of foraging by wildlife
¥ Hand pull weeds or spot herbicide

+ Most grass seedlings can tolerate herbicide
application af ter reaching the 4 leaf stage



Management of revegetation sites

& Watch for
= Foraging by wildlife
+ Erosion
= Areas of revegetation failure

¥ Nutrient management is especially important
when gypsum has been used in remediation of
brine spills!



Poorly prepared fields will cause
management problems in revegetation

Symptoms include:
= Poor plant establishment
= Excessive pest / weed burdens
= Uneven plant growth and maturity
= Poor water use efficiency



Recent revegetation project

—~
A

Applying
ertilizer an

RestorN?wonce“

Former brine impacted
site excavated and
backfilled with clean soil,

depth of 15 ft



Recent revegetation project

Incorporating

amendments during
secondary tillage in
amendments




Recent revegetation project




Recent revegetation project

Establishing good
seed-soil contact
following seeding with
sudan grass (June)
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Mycorrhizal fungi and plant available P

% Soil P will typically move only about 0.1 in, so plant
roots must continually grow into new areas to get P

& Mycorrhizal fungi act as extension of plant roots




Introducing mycorrhizal fungi

% TInocula of mycorrhizal fungi are available
commercially. As your county ag extension service
if the vegetation you desire can benefit from
mycorrhizal fungi.

¥ Collect top litter from surrounding weed-free
landscape and work into top soil.

¥ A stubble crop also captures wind borne spores.



Nurse plants

# Shrubs as nurse plants (over story plants)

+ Increases water available by moisture
iInterception

= Enhance soil fertility

+ Reduce evaporation

= Improves soil structure

+ Increases nutrient cycling

= Adds organic matter from litter

“
b

Under nurse plant In gaps
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Terminology used to describe deficiency symptoms

Term Definition

Chlorosis | Yellowing or lighter shade of green
Necrosis Browning or dying of plant tissue
Interveinal | Between the leaf veins

Meristem | The growing point of a plant

Internode |Distance of the stem between the leaves
Mobile A mobile element is one that is able to

translocate, or move, from one part of
the plant to another depending on its
need. Mobile elements generally move
from older (lower) plant parts to the
plant’s site of most active growth

(meristem).

Delaware Coop. Extension



Element mobility and deficiency symptoms

Essential Mobility Deficiency Symptoms and
Element Occurrence
Nitrogen Mobile within plants: | =Stunted, slow growing, chlorotic
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lowa State Extension

lower leaves show
chlorosis first.

plants.

*Reduced vyield.

=Plants more susceptible to
weather stress and disease.
=Some crops may mature earlier.

Phosphorus

~ -~ E .

lowa State Extension

Mobile within plants:

lower leaves show

/| | deficiency first.

=Over-all stunted plant and a
poorly developed root system.
=Can cause purple or reddish
color associated with the
accumulation of sugars.
*Difficult to detect in field.




Element mobility and deficiency symptoms

Essential Mobility Deficiency Symptoms and
Element Occurrence
Potassium Mobile within =Commonly causes scorching or
37 plants: lower firing along leaf margins.
§ leaves show *Deficient plants grow slowly,

Univ. of Minnesota Extension

deficiency first.

have poorly-developed root
systems, weak stalks; lodging is
common.

»Seed and fruit are small and
shriveled.

*Plants possess low resistance to
disease.

=Deficiencies most common on
acid sandy soils and soils that

have received large applications
of Ca and/or Mg.




Element mobility and deficiency symptoms

Essential Mobility Deficiency Symptoms and
Element Occurrence
Calcium Not mobile within "Poor root growth: Ca deficient

(

Aarhus University

plants: upper leaves
and the growing point

show deficiency
symptoms first.

roots often turn black and rot.
*Failure of terminal buds of
shoots and apical tips of roots to
develop, causing plant growth to
cease.

=Most often occurs on very acid
soils where Ca levels are low.
=Other deficiencies usually limit
growth before Ca deficiency.

Magnesium
U
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Clemson University

Mobile within plants:
lower leaves show
deficiency first.

=Leaves show a yellowish, bronze
or reddish color while leaf veins
remain green.
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Element mobility and deficiency symptoms

Essential Mobility Deficiency Symptoms and
Element Occurrence

Somewhat mobile | =Chlorosis of the longer leaves.
within plants but | =If deficiency is severe, entire
upper leaves tend | plant can be chlorotic and

to show deficiency | stunted.

first. =Symptoms resemble those of N
deficiency: can lead to incorrect
diagnoses.

Boron Not mobile within | *Reduced leaf size and
' | plants: upper deformation of new leaves.
leaves and the »Interveinal chlorosis if

growing point show | deficiency is severe.

deficiency *May cause distorted stems.

symptoms first. *Related to flower and or fruit

N S abortion, poor grain fill, and
stunted growth.

=May occur on very acid, sandy-
textured soils or alkaline soils.




Element mobility and deficiency symptoms

Essential
Element

Mobility

Deficiency Symptoms and
Occurrence

Ontario Ministry of Agriculture,
Food, and Rural Affairs

Not mobile within
plants: upper leaves
and the growing
point show
deficiency symptoms
first.

*Reduced leaf size.

*Uniformly pale yellow leaves.
=Leaves may lack turgor and may
develop a bluish-green cast,
become chlorotic and curl.
*Flower production fails.
=Organic soils are most likely to
be Cu deficient.

North Central Regional Committee
on Non-conventional Soil Additives

Not mobile within
plants: upper leaves
show deficiency
symptoms first.

=Interveinal chlorosis that
progresses over the entire leaf.
With severe deficiencies, leaves
turn entirely white.
=Contributing factors include
imbalance with other metals,
excessive soil P levels, high soil
pH, wet, and cold soils.




Element mobility and deficiency symptoms

Essential Mobility Deficiency Symptoms and
Element Occurrence
Not mobile within sInterveinal chlorosis.

Manganese

B (¢

Michigan State University

Extension

plants: upper leaves
show deficiency
symptoms first.

=Appearance of brownish-black
specks.

=Occurs most often on high
organic matter soils and soils
with neutral to alkaline pH with
low native Mn content.

e, ]
R T NN :
L — /
v = Y 4
ok A . - >~
B N 3
NN LS e o
D, \ '
o
e P 8 - .
(R -3 = i
.t . S
" ¥ pe's N 3 &
pEegfey N = 5
0 . .
- AN

University of Minnesota

Extension

Not mobile within
plants: upper leaves
and the growing
point show
deficiency symptoms
first.

sShortened internodes between
new leaves.

:Death of meristematic tissue.
=Deformed new leaves.
*Interveinal chlorosis.

=Occurs most often on alkaline
(high pH) soils or soils with high
available P levels.




Element mobility and deficiency symptoms

Essential Mobility Deficiency Symptoms and
Element Occurrence
Molybdenum | Not mobile within | =Interveinal chlorosis.
plants: upper *Wilting.
leaves show *Marginal necrosis of upper leaves.
deficiency =Occurs principally on very acid
symptoms first. soils, since Mo becomes less
available with low pH.
Chlorine Mobile within =Chlorosis in upper leaves.
plant, but =Overall wilting of the plants.
deficiency =Deficiencies may occur in well
symptoms usually drained soils under high rainfall.
appear on the
Cobalt URRAT BGNEMBISHL | =Causes N deficiency: chlorotic
N-fixing bacteria |leaves and stunted plants.
in root nodules. =Occurs in areas with soils
deficient in native Co.
Nickel Mobile within =Symptoms and occurrence are not

plants.

well documented.




Reference
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N K P NaCl Mg Zn Fe s Mn
nitrogen potassium phosphorus salt magnesium zinc iron sulphur manganese
deficiency deficiency deficiency toxicity deficiency  deficienc deficiency deficiency  deficiency

Cu
copper
deficiency

Ca
calcium
deficiency




Weeds - biological indicators of the
( restoration of soil health and fertility

% During revegetation pay attention to the weeds that pop up

% The weeds that grow on your site can signal adverse growing
conditions in The soil such as:

.'—
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Too little water

Too much water
Low N

High N

Too much shade
Compaction

Low pH

General low fertility

¥ Send a cutting of the weed to your county extension office
for identification and recommendations



Example

Barnyard grass-poor drainage




Example
Birdsfoot trefoil-drought, low nitrogen




Example
Prostrate knotweed-compaction




|

See Appendix for additional
resources on revegetation






