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Microbial Engineering to
Enhance Your Bottom Line

Kris Nichols
Man-Dak Zero Tillage Association
Feb. 17-19

H Agricultural Research Service

Living Soils

« Soil is organic (i.e. living)

« Billions of organisms

representing millions of
species of a range of
sizes and shapes

total number of people
that have ever lived on
earth.

The Soil Food Web
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Microbial engineering is the process by which microorganisms
manipulate their environment to insure their own survival. The
manipulations of billions of organisms interact resulting in
changes which may be seen on a macroscopic scale. In some
cases, although some organisms may be microscopic, their
reach may be macroscopic. In fact, the largest organisms in the
world are microscopic fungi. For example, a honey mushroom
(Armillaria ostoyae) identified by Dr. Catherine Parks has
microscopic fungal hyphae or threadlike strands over 2,200
acres (880 hectares) of the Malheur National Forest, in eastern
Oregon. The fungal organism measures 3.5 miles (5.6
kilometres) across but extends only about three feet (one metre)
down into the soil and is estimated to be more than 2,400 years
old.

On average, cultivated soil in the Corn Belt has lost from 20 to
50% of its organic matter. The loss of organic matter has lead
to the formation of compacted/heavier soils. A furrow slice
now weighs from 100 to 300 tons more per acre (10-30%
increase) than it once did. This requires equipment with more
power to plow the field. Compaction also negatively impacts
infiltration — a field may have standing water on the surface, but
the soil 12 inches below the surface will be dry. This surface
crusting is usually only one-eighth inch to 1 inch thick but it car
slow water movement by a third or a a fifth. Studies show that
only one-fifth inch of water will pass through the plow layer pet
hour this is 16 times slower than the 3.2 inches per hour which
passes through soil with good tilth. Soil with good tilth may
also hold about 17% more water which is available for plant
growth. - Your Soil Crumbly or Cloddy? USDA-Soil
Conservation Service (Natural Resources Conservation Service)
Leaflet No. 328. U.S. Government Printing Office. 1952.

The organisms in the soil are organized into a complex foodweb
which begins with food coming from the plant as organic matter
(i.e. decomposed leaves, stems, roots, etc.) and exudates which
come from plant roots. Organisms that feed off of this plant
material produce waste materials or act as food sources for the
next trophic level (i.e. position in the food chain). This
continues up through the food chain until macroscopic
organisms are reached. However, rather than it being structured
like a chain in one direction, it is actually more like a web or
intersecting cycles of energy and nutrients where the bodies and
waste products of one organism becomes the food source for
another organism, making each organism in the food web both
predator and prey.
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Basic Photosynthesis
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> Soil.organic matter is <5% of soil by weight but
controls >30% of the processes

» As soil organic matter increases from 1% to 3%,
the available water holding capacity of the soil
doubles (Hudson; 1994).

> Organic matter is the goddess of our soils and [
therefore we have to worship her. - Nond Pereira, -
30 years of continuousno tillage, Brazil .

> | conceive that land belongs.to a vast family of
which many are'dead, few are
countless. numbers are unborn
Chieftain

Microbial Foodweb

(Grassland Foodweb, Killham, 1994)

Photosynthesis is a biochemical process where carbon dioxide
(CO2) and water (H20) are taken up by the plant and converted
to sugars (C6H1206)and oxygen (0O2) using energy from the
sun. This process occurs in the green parts of the plant.

Soil organic matter or soil carbon is what gives soil its rich
color. Soil organic matter is made up of decomposing or rotting
bodies and waste products from macroscopic and microscopic
organisms.

The organisms in the soil are organized into a complex foodweb
which begins with food coming from the plant as organic matter
(i.e. decomposed leaves, stems, roots, etc.) and exudates which
come from plant roots. Organisms that feed off of this plant
material produce waste materials or act as food sources for the
next trophic level (i.e. position in the food chain). This
continues up through the food chain until macroscopic
organisms are reached. However, rather than it being structured
like a chain in one direction, it is actually more like a web or
intersecting cycles of energy and nutrients where the bodies and
waste products of one organism becomes the food source for
another organism, making each organism in the food web both
predator and prey.
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Microbial Foodweb

(Grassland Foodweb, Killham, 1994)
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Microbial Foodweb

(Grassland Foodweb, Killham, 1994)
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Microbial Foodweb

When one organism is removed from the foodweb because of
lack of food or habitat, it affects the growth of other organisms
by reducing their food source.

More organisms starting dying.

As organisms are removed from the foodweb due to the loss of
their food source, predator and prey relationships get out of
balance making it more difficult for the web to remain intact
and it eventually collapses. This means the soil is no longer
able to perform many of its functions including cycling
nutrients from the soil back to the plant and maintaining soil
aggregates and pore spaces crucial to water and air
relationships.



Slide 10 Carbon is the food source for almost all soil organisms. It is

found in every cell and every molecule in all plants and soil
It's all about the food! organisms. It glso provides the_ energy for plants and soil

" organisms to live — move, obtain food, grow, and reproduce.
This carbon comes from photosynthesis.

- Where does it come from?
- How much does it cost?

- How consistent is the source?
- What type of food is it?

FOOD = CARBON = ENERGY

Slide 11 All organisms are working for their own survival. They need to
obtain the most food at the least cost. In other words, all
organisms are constantly manipulating their physical structures
and/or their growing environment to reduce their carbon costs
and increase their benefits. This is similar to the way a tree or
plant works, where photosynthesis which requires sunlight for
energy is maximized by increasing the plant surface area
exposed to sunlight. In other words, leaves are on branches
which extend out for the trunk to increase exposure.

Slide 12 Belowground plant roots and soil organisms mimic many of the

processes which occur aboveground to improve the efficiency
of food uptake. For example, just like putting leaves on
branches to optimize access to sunlight, roots branch away from
the tap root to obtain nutrients and water from the soil.
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et BUILD SOIL BIOTA
< To cultivate soil organisms, they
need:
= Food
- Diverse crop rotation
« Consistent source from continuous cover
provided by perennials, cover crops, or
long-season crops.
= Habitat
« Stable aggregates
Slide 45

The microbes and mycorrhizal fungi will be attracted to the

plant roots and growth near them in large numbers to convert

organic nutrients in the soil into inorganic nutrients that the
plant can use. The mycorrhizal fungi will deliver these
nutrients to the plant. This process will provide available
nutrients throughout the growing season and prevent the plant
from starving especially when trying to make seed.

After satisfying your need for food, you next would like to have
shelter and a place to live and grow (i.e. a habitat).

Tillage cause that fungal network to be broken up, and the
organic matter that adds the richness to the soil is now on the
source instead of being buried below the surface. The hyphal
fragments and organic matter are rapidly consumed by surface
residue decomposers and the CO, that came from the plant is
now released back to the atmosphere making the soils a source
of atmospheric CO, rather than a sink for CO,.
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Organic matter (i.e. carbon) and soil
organisms form soil aggregates
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Slide 17 Why are aggregates important?
+ Improve Soil Structure
v Porosity
- Root penetration
Not Well Aggregated Soil
Slide 18

Compaction Impacts on Root Growth

In poorly aggregated soil, or where zones of
compaction exist due to poor aggregation,
roots will grow where there is no compaction
(left) or will bend to avoid compacted zones
(above).

To improve the efficiency of the process even further, plant
roots, root exudates, fungal hyphae, and the growth of bacteria
and fungi around them form pellets in the soil or soil
aggregates. These aggregates come in different shapes and
sizes and act as stable microbial towns which provide protection
against predators, floods, and toxic chemicals and easy access to
food sources, such as POM or other microbes. When the
microbes in these towns consume their food, some of the excess
nitrogen, phosphorus, and other nutrients are released in a plant-
available form. The AM fungi transport these plant-available
nutrients back to the roots where the arbuscules are located.
Nutrients flow out of the arbuscules and are used as currency to
pay for food (i.e. carbon) from the plant which the AM fungi
use to make more hyphae.

Porosity, or the amount of pore space/openings, in the soil is
greater in a well aggregated soil than in a not well aggregated
soil. This space provides room for root growth.

When a root encounters an area of compaction where the soil is
not well aggregated, the root exerts energy to try to penetrate
that layer. If it cannot penetrate the layer, then it will grow
sideways around the zone of compaction. This process takes
more energy and more carbon than would be required to grow
straight down.
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Why are aggregates important?

+ Improve Soil Structure
v Porosity

- Root penetration

- Gas exchange

- Water infiltration

- Water holding capacity

Slide 20 Aggregate Stabilization Model

Slide 21 Aggregate Stabilization Model

Porosity also provides space for oxygen and carbon dioxide gas
exchange to occur in the soil. Plant roots and almost all soil
organisms in the first 4 inches (10 cm) of soil are aerobic,
meaning they take in oxygen and give off carbon dioxide
through respiration. In addition to allow gases to enter and
leave the soil, the greater pore space in a well aggregated soil
allows water to quickly flow into the soil (i.e. infiltrate) rather
than pool on the surface. Finally, the space between the
aggregates may be filled with water which stays next to plant
roots for when the plants need it. While carrying out research at
University of Sydney during 2004, Glenn Morris found that for
every 1% increase in SOC levels, an additional 14.4 liters of
water could be stored per square meter of soil in the top 30 cm
of a soil profile with a bulk density of 1.2g/cm3.

Soil aggregates are formed by the collection of soil particles on
the roots and fungal hyphal net and the gluing action of
polysaccharides produced by roots, bacteria, and fungi. These
aggregates are have openings on their surface and inside of
them which are indicated by the gray space in this diagram.

When it rains, water rushes in through the openings so quickly
that the gases which are in this open space do not have time to
escape or to dissolve in the water. As the space for these gases
shrinks, pressure begins to build. This is indicated by the gray
diamonds.
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+ Improve Soil Structure

v Porosity

- Root penetration

- Aeration

- Water infiltration

- Water holding capacity

v Erosion control

lled well aggregated
soil above and not well
aggregated soil below.

Improved soil structure due to more soil aggregates is also
beneficial for controlling erosion because particle size —
diameter and mass — is a component used to predict soil erosion
rates. A fundamental concept of erosion is that the amount of
energy required to move a particle increases as the size and
mass of that particle increases. Therefore, it would take higher
velocity winds or raindrops which are larger or falling at a
greater velocity to move a soil aggregate than to move the
particles (i.e. sand, silt, clay, or POM) within the aggregate
alone.

Fall tillage results in the breakdown of soil aggregates creating
smaller particles which are easily transported off the field by
melting snow or are carried into the ditches by wind. In 2001,
the NRCS estimated that 1.8 billion metric tons of topsoil was
lost by erosion.

This photograph taken from space shows wind blowing the
fragile soil in Africa across the Atlantic Ocean.



Slide 25

Slide 26

Slide 27

Rainfall Simulator

Water Infiltration

PR
Conventional

) Undisturbed

A rainfall simulator may be used to simulate the affects of rain
on the soil surface.

These soils were placed under a rainfall simulator with all the
samples watered the same amount. When there are growing
plants (first sample) or high amounts of residues (third sample)
on the soil surface, more of the water will flow into the soil and
remain in the soil in the pore spaces between aggregates. When
there is less residue and the soil aggregates are not very stable,
more water will run-off carrying soil particles from within
exploded aggregates with it (see the second and fourth sample).

Following a rainfall simulation exercise, the pans or trays
containing the soil were inverted over a tarp and the soil was
dumped out. The sample from the conventional system was dry
on the bottom whereas the sample from an undisturbed system
was wet all the way to the bottom. Also note the darker color
and better structure of the undisturbed soil. When the
aggregates remain intact and there is more pore space, the water
will flow into the soil rather than running off of the surface.
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Why are aggregates important?

« Improve Soil Structure

v Porosity

. Root penetration Water-filled well aggregated
: soil above and not well

- Aeration

- Water infiltration

- Water holding capacity

v Erosion control

Improved soil structure due to more soil aggregates is also
beneficial for controlling erosion because particle size —
diameter and mass — is a component used to predict soil erosion
rates. A fundamental concept of erosion is that the amount of
energy required to move a particle increases as the size and
mass of that particle increases. Therefore, it would take higher
velocity winds or raindrops which are larger or falling at a
greater velocity to move a soil aggregate than to move the
particles (i.e. sand, silt, clay, or POM) within the aggregate
alone.

Fall tillage results in the breakdown of soil aggregates creating
smaller particles which are easily transported off the field by
melting snow or are carried into the ditches by wind. In 2001,
the NRCS estimated that 1.8 billion metric tons of topsoil was
lost by erosion.

This photograph taken from space shows wind blowing the
fragile soil in Africa across the Atlantic Ocean.



Soil microorganisms, especially within protected aggregates,
play important roles in cycling carbon and nitrogen compounds
+ Improve Soil Structure through their various chemical forms.

v Porosity

Slide 31 Why are aggregates important?

led well aggregated
L soil above and not well
- Aeration aggregated sail below.

- Water infiltration
- Water holding capacity

v Erosion control

- Root penetration

«Improve Nutrient Cycling

v Provides a protected habitat

v Provides food

v Protects soil organic matter (i.e. carbon) from
rapid decomposition

Slide 32 To build soil biota and improve soil health, think about what
BUILD SOIL BIOTA your basic needs are and make sure that the soil is in a position
4 To cultivate soil organisms, they to sati§fy those same ne?eds in the billiong of organisms living in
need: 05 the soil. Your first basic need is food, without food you cannot
o e live.
+ Consistent source from continuous cover
provided by perennials, cover crops, or
long-season crops
Slide 33 If you only have a plant growing every other year and you are

Continuous Cover X .
. . growing the same plant type, especially a short season plant,
and Crop Diversity than you will be putting very little in your carbon in soil bank
Wheat - Fallow and inadequately supporting biological growth.
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Continuous Cover
and Crop Diversity

Continuous Wheat

Slide 35 .
Continuous Cover
and Crop Diversity
Minimum Diversity
Slide 36

Continuous Cover
and Crop Diversity

Maximum Diversity

When you modify your cropping system to have a crop every
year, you will bank more carbon and stimulate more biological
growth.

As you increase crop diversity, you will increase the amount of
carbon you are banking and starting feeding a greater variety of
soil organisms.

The more you increase your crop diversity, the higher your soil
carbon bank will grow and the better you will be able to support
soil organisms and improve soil health.
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Continuous Cover
and Crop Diversity

Maximum Diversity with Cover Crops

Cover Impacts Soil
Temperature

Cocktail

Raddish

The more living plant cover you have, the more carbon you are
putting in the bank. As you put more carbon in the soil bank,
the improvements to soil health will reward you with more
efficient plant growth. In other words, you will be able to grow
more on less resources.

In 2006, the Burleigh County Soil Conservation District planted
several different types of a cover crops and a cover crop
cocktail into the same field. Because of the drought that year,
the impact on single species of crops was readily demonstrated.
The upper left picture shows what the turnip cover crop looked
like, the upper right picture was of oilseed radish, and the
bottom picture contained a cocktail of millet, cowpea,
sunflower, soybean, turnip, and oilseed radish. The advantage
of the cocktail is that the plants had different rooting depths,
giving them access to different moisture zones, whereas in the
single species plots, all the water was being sucked from the
same place, and the different plant heights and leaf sizes
allowed the soil to remain completely covered. In addition, the
mixture contained a diversity of crops including grasses,
oilseeds, and legumes. The legumes provided N to the system
by nitrogen-fixing rhizobium and may have transferred some of
this N to the grasses and oilseed crops when both plants were
associated with the same mycorrhizal fungus.

Having leaves of different sizes in the cover crop cocktail
provided better cover of the soil during the hot, dry 2006
summer near Bismarck, ND, which dramatically reduced the
soil surface temperature. At higher temperatures, plant root
growth and microbial activity is almost non-existent putting
further pressures on the ability of the plants to grow
successfully in this system.
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When seeds are planted with all of their fertility requirements
for the entire growing season available to them right near the
seed, the seed will germinate and the roots will pick up those
nutrients rapidly before they are leached through the soil or tied
up by soil minerals. To the growing plant, the high
concentration of available nutrients is like having a big buffet
and the nutrients will be used rapidly to produce a very healthy
looking green plant.

As the growing season moves on, the supply of plant-available
nutrients shrinks and the plant begins to starve. This is
especially critical if the plant is in the process of forming the
seed, which requires a large amount of nutrients, especially
nitrogen. The plant then tries to extend its roots further out into
the soil and give off exudates to attract soil microorganisms,
which shifts carbon away from plant growth and seed
formation. In addition, the timing of this may be too late in the
season to get enough microbial activity and root growth to feed
the starving plant. This may result in a yield decline despite
having added a lot of fertilizer to the soil at or around planting
and having a very healthy looking plant initially. In other
words, the plant consumes the big buffet of nutrients available
around its roots very quickly without knowing that those are all
the nutrients that will be applied and the rest must be obtained
from the soil.

When seeds are planted with enough fertilizer for the plant to
germinate and begin growing. The growing plant may not look
as healthy aboveground, but belowground it will be giving off
exudates from its roots to stimulate mycorrhizal fungi and
microbial growth.
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Slde 4 BUILD SOIL BIOTA
« To cultivate soil organisms, they
need:
= Food
« Diverse crop rotation
+ Consistent source from continuous cover
provided by perennials, cover crops, or
long-season crops
= Habitat
« Stable aggregates
Slide 45

The microbes and mycorrhizal fungi will be attracted to the
plant roots and growth near them in large numbers to convert
organic nutrients in the soil into inorganic nutrients that the
plant can use. The mycorrhizal fungi will deliver these
nutrients to the plant. This process will provide available
nutrients throughout the growing season and prevent the plant
from starving especially when trying to make seed.

After satisfying your need for food, you next would like to have
shelter and a place to live and grow (i.e. a habitat).

Tillage cause that fungal network to be broken up, and the
organic matter that adds the richness to the soil is now on the
source instead of being buried below the surface. The hyphal
fragments and organic matter are rapidly consumed by surface
residue decomposers and the CO, that came from the plant is
now released back to the atmosphere making the soils a source
of atmospheric CO, rather than a sink for CO,.



Slide 46 Simulated total soil carbon changes (0 - 20 cm depth) from
Historic Loss of Soil Carbon 1907 to 1990 for'th_e ceptral U.S. corn belt gnd a portion of the
Great Plains. This indicates that soil organic carbon levels
oo oot s dropped to 53% of precultivation levels in the 1960s and
=i age Tillage increased subsequently with the adoption of conservation tillage
E 6000 practices and the advent of higher yielding varieties which
52333 GG IED produce more crop residues (Lal et al., 1998). Research has
3 o 3% of 1907 > shown that carbon (C) associated with the microaggregates
3500 within macroaggregates accounted for 20-47% of total C in NT
systems but explained 45-87% of the difference in total C
between NT and CT.
Slide 47 . . Plant cover followed by tillage has the biggest impact on soils
Cropping Systems and Soil Carbon ability to sequester carbon.
Sequestration
Long-term Cropping System Study
USDA-ARS, Mandan, ND, 1983-1996
Results for 0-6” depth
Cropping System CT MT NT
SW-F -0.12 -0.07 -0.14
SW-WW-SF -0.06
From Halvorson et al. (2002)
Slide 48 This study shows directly, the impact of plant cover and tillage

Stabilize Aggregates on soil aggregates. The top three pictures show aggregates
collected from soils at the same location but under different
management scenarios (CT, SW-F — Conventional tillage with
spring wheat-fallow rotation; NT, SW-WW-SF — No tillage
with a spring wheat-winter wheat-sunflower rotation; and a

e S moderately-grazed pasture) while the bottom three are these
same aggregates after the addition of water. WSA is a
laboratory measurement of water stable aggregation while TG is
a measurement of glomalin in the soils.

WSA = 14%, T6 %, WSA = 93%, T6
=24mggt = 3. - =7.9mgg!




< To cultivate soil organisms, they
need:
= Food

+ Diverse crop rotation
+ Consistent source from continuous cover
provided by perennials, cover crops, or
long-season crops
L ELTIEN
« Stable aggregates that are not destroyed
by tillage

* The benefits of cultivating soil
organisms are:

*Increased soil organic matter
*Increased fertility

*Increased profitabi
=Long-term sustai

Slide 50
Bottom Line in Ag Production,
1961-1996
v 6.9-fold increase in N fertilization
v 3.5-fold increase in P fertilization
v 10% increase in land farmed

v Doubling in amount of land irrigated

Tilman, 1999 (FAO)

Slide 51

Shift Focus

v Aboveground Limitations
- Precipitation
- Fertility
- Temperature — Growing degree days

v Recognize the soil as a resource

then soil organisms will come and you will reap the benefits.

The bottom line in ag production is that farmers have been
trying to improve the profitability of the system and in the
process these things have occurred which have resulted in a
decline in ecosystem services and no increase in profitability.

By shifting focus and recognizing the soil as a resource, farmers

will be better able to changing environmental and economic
conditions.



Cultivators of the earth are the most
valuable citizens.

- Thomas Jefferson

Slide 53

To be a successful farmer one must first
know the nature of the soil.
- Xenophon, Oeconomicus, 400 B.C.

Northern Great Plains Research Laboratory
USDA-ARS, Mandan, ND
Kristine.Nichols@ars.usda.gov

http://www.mandan.ars.usda.gov/ m




Are Your Phosphorus Dollars Staying on the Farm?

Don Flaten and Christine Rawluk, University of Manitoba
Manitoba -North Dakota Zerotill Conference
Brandon, MB - February 17-19, 2009

Concerns for Phosphorus ... Environmental and
Agronomic

The main concern for excess phosphorus (P) accumulation
in soil is the risk of contamination of surface water bodies
and the subsequent decline in water quality by the process
of eutrophication (increasing growth of algae, surface
scums, followed by the depleted oxygen concentrations,
foul odours, sedimentation, fishkills and release of algal
toxins). The P responsible for eutrophication originates
from a variety of sources, not only from livestock and crop
production activities, but also from natural ecosystems
and direct discharge of human and industrial waste.

In addition, from an agronomic perspective, P is an
essential nutrient for crop production; without phosphorus,
we can’t grow crops. Therefore, we need to replace the
P that we remove at harvest to maintain the fertility and
productivity of our land. In addition, the substantial
increases in the cost of P fertilizers in recent years and the
world’s declining reserves of high quality phosphate rock
make efficient management of P an important issue from
an economic and sustainability perspective.

Factors Affecting the Risk of Phosphorus Transfer
from Agricultural Land: An Overview

The factors affecting the risk of P losses from agricultural
land are similar to the typical source-receptor-pathway
model that applies to most types of environmental
contamination. In the case of nutrients applied onto
agricultural land, the source factor can be subdivided into
several subfactors including form of nutrient and rate,
method of application; rate of nutrient removal by crops
and livestock; and the soil’s capacity to retain nutrients.
Pathway factors relate to the transport of nutrients in
particulate and dissolved forms. And, of course, the
receptor factor relates to surface or groundwater, where
a defined level of water quality is desired. All of these
factors interact in the general model described in Figure
1.

1) Source Factors — affect the quantity of P in the
soil available for environmental losses. Source
factors address the:

e net loading rate of P — the balance
between N and P inputs and removals

e availability of P for plant uptake or loss
to surface water as affected by:

- form and amounts of P in fertilizers and manure

- the rate at which fertilizer and manure is applied

- placement of fertilizer and manure

- timing of fertilizer and manure application

e capacity of the soil and vegetation to retain added P.

Overall, the largest “loss” of P from Manitoba soils is in

the form of harvested crop products. For example, the
average rate of P removal by crops is approximately 20 Ib
P O, peracre of agricultural land (A.M. Johnston, personal
communication, based on Statistics Canada information),
whereas the average rate of P loss to the Assiniboine
River within its watershed is less than 0.1 1b P,O, per acre.
However, even small losses of P from agricultural land
can cause large problems with water quality, especially in
a fairly dry climate where runoff volumes are insufficient
to provide substantial dilution of the small amounts of P
that are lost, resulting in relatively high concentrations of
P in surface waters.

The potential for loss to surface water increases as P
accumulates in soil and overwhelms the soil’s ability to
retain those nutrients. However, some risk for nutrient
loss still exists at all concentrations of N and P because
the system is not closed -- it is “leaky”.

Source
Factors

Nutrient Nutrient Retention Nutrient
iput Rate Capa‘;:lty in Soiland | Removal Rate
etation

Transport Factors

Surface & Ground
Water Quality

Figure 1. The risk of nutrient loss from land to water
depends on the balance of nutrient inputs and removal,
along with the capacity of soil and vegetation to retain
nutrients and the intensity of transport factors (adapted
from Flaten 2003).

2) Transport Factors — determine the loss pathway
and ease of P movement along that pathway.
Transport factors for P contamination of surface
and groundwater include:

e climate and weather factors - quantity of snow and
duration of snowmelt period; frequency, duration,
intensity and quantity of rainfall events

e landscape - slope, hydrology, surface condition, depth
to water table, proximity to water bodies

e soil — texture, structure, stratification,
water retention and infiltration capacity



e land and water management — soil and crop
management, equipment and operations, drainage,
vegetated areas

Transport factors connect the source to the receptor and
determine if the potential for P loss at the source translates
to actual nutrient loss to surface or ground water.
Therefore, source and transport factors must coincide at
the same location and at the same time in order for N and
P to move from land to water.

The relative importance of the various source and transport
factors is governed by regional land and climatic factors.
Therefore, an understanding of how those factors interact
in the region is necessary for developing beneficial
management practices that will control nutrient loss in
the region. Conversely, without this understanding, the
practices purported to be beneficial and encouraged by
education, incentives and regulations are likely to be
ineffective, inefficient and/or counter-productive.

Challenges Affecting Source Factors and the Risk of P
Loss in the Prairies

Soil is not the only possible source of P released during
runoff events. When plants are actively growing, they
retain their tissue P quite well. However, repeated freezing
and thawing of plant material breaks up plant cells and
releases P from plant tissues which can be subsequently
transported with snowmelt runoff to surface waters.
Surface residues or perennial cover may therefore also
contribute significant amounts of dissolved P to snowmelt
runoff, particularly with reduced tillage or perennial
cropping. Under simulated rainfall, Bechmann et al.
(2005) measured approximately ten times more total P
loss in runoff from catch-cropped soils after freeze/thaw
cycles than from bare manured or bare unmanured soils.
Similarly, laboratory studies in Manitoba showed that
the amount of soluble P released from frozen and thawed
canola and oat residues was much higher than from the
top 1 cm of soil collected from the same fields. Riparian
vegetation also released a significant amount of soluble
P (Flaten et al. 2005). As a result of these processes,
converting to conservation tillage increased the annual
flow weighted mean concentrations and export of P by
14 and 12%, respectively in a long term paired watershed
experiment in the South Tobacco Creek watershed near
Miami, MB (Tiessen, personal communication).

Challenges Affecting Transport Factors and the Risk
of P Loss in the Prairies

In most of North America and Europe, where the climate
is relatively warm and humid, rainfall is the main source
of runoff. However, in the Prairies, 80-90% of runoff
typically occurs during spring snowmelt (Nicholaichuk
1967; Glozier et al. 2006. As a result, the vast majority
of runoff and P loss in this region also occurs during
snowmelt, rather than rainfall runoff events (Figure 2)
(Glozier et al. 2006; Sheppard et al. 2006; Green and
Turner 2002).

Phosphorus (t/m)

Monthly Total P Loading in Red River at Selkirk (1994-2005)
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Figure 2. Monthly total phosphorus loading in the Red
River at Selkirk (1994-2005) (Lake Winnipeg Stewardship
Board 2006)

Most snowmelt P in the Prairies is in the dissolved form -
Erosion of soil by water is an important pathway for steeply
sloped land in humid climates (e.g., much of the U.S. and
Europe). However, in the Prairies, the nature of our cold,
dry climate combined with our relatively level landscapes
makes dissolved P the predominant form of P lost from
agricultural fields during snowmelt (Glozier et al. 2006;
Little et al. 2007). In addition, snowmelt runoff extends
over a longer time period than rainfall runoff and the long
duration of the soil-water contact encourages solubilization
reactions at this interface. Soluble P is also released during
freezing and thawing of dead plant tissues (Bechmann et al.
2005; Flaten et al. 2005). As a result of these factors, 79%
of the runoff flow and 83% of P loss in the South Tobacco
Creek watershed of south-central Manitoba occurred during
snowmelt (Glozier et al. 2006) with the vast majority of the
P lost in dissolved forms, especially at the edges of fields.
Alberta researchers have also observed that snowmelt
runoff is the dominant source of dissolved P.

P loss during snowmelt is more complex than during
rainfall - The water flow pattern for snowmelt runoff is
much slower and more complex than for rainfall runoff.
During snowmelt, conditions at the soil surface determine
the degree of P loss since most of the soil is frozen and water
infiltration is restricted to the soil surface or a thin thawed
layer. Therefore, in addition to the complex hydrological
character of snowmelt runoff, losses of P will vary with:

e  Sources of available P at the soil surface:

- Preleased from plant residues and perennial crops

- Poriginally present in snow

- Preleased from soil (background, from manure, or

from fertilizer P)

e  Depth of thawed layer of soil

e Duration and degree of contact between snowmelt
and soil surface/thawed layer

These pools of P can enter into melt water along the
drainage pathway for transport to surface water. It
is largely land management factors that determine
the soil surface conditions and the amount of
soil and vegetative P available for interaction
with snowmelt. Once the dissolved P begins to
move with snowmelt water, it is very difficult to



intercept due to most of the soil being frozen and
a lack of plant growth and uptake. Therefore,
reducing the quantity of soil P located at or near
the soil surface via input and crop management
is the most effective means for reducing the
risk of dissolved P entering surface waters with
snowmelt runoff.

Developing and Implementing BMPs to Reduce the
Risk of P Contamination of Water

The development of a sound scientific base for reducing
the potential for P contamination of surface waters by
agricultural sources requires detailed information about
many factors. Such factors include the landscape attributes
involved in the risk of overland or subsurface transport
of P, the amount of P available from all sources and their
modes of application on agricultural land. However, most
of the information on P behaviour and transfer has been
developed for areas in which soils are dominantly acidic
and where transport is dominated by overland processes
after rainfall (erosion and surface runoff). This information
may not be pertinent to the Prairies because it is dominated
by neutral to high pH soils, relatively flat agricultural land
base, and runoff processes that are mostly associated with
snowmelt.

To date, our knowledge of the P transport processes and the
effectiveness of transport-oriented BMPs for reducing P
loss in the Prairies is very limited. Our relatively dry, cold
climate and nearly level or “pothole” topography results in
relatively low rates of erosion; therefore, erosion control
will probably do little to reduce P loss. As a result, limited
research to date indicates that vegetated buffer strips and
zero tillage may not be very effective for reducing P losses
under our conditions (Sheppard et al. 2006; Glozier et al.
2000).

Conversely, research in the Prairies indicates that some
source-oriented factors, such as soil test P concentrations
appear to be relatively strongly associated with P loss from
Prairie watersheds, at least at high concentrations of soil
test P (Little et al. 2007). Therefore, we should focus most
of our immediate efforts towards nutrient management
practices that will reduce P source/loading problems,
developing and promoting practical ways to balance
P application with removal to avoid accumulation of
excessive soil test P and to make efficient use of P applied
in the form of manures and synthetic fertilizers.

The challenge of developing BMPs that will address the
issue of P transfer to water bodies is, however, complex.
Phosphorus behaviour in soil, in water and at the interface
between these two media is very complicated and so
is the jurisdictional responsibility for managing these
resources. As a result of this complexity, P management
is a challenge that requires a multi-disciplinary and
multi-agency approach. For example, knowledge of

hydrological and soil science is needed to understand
the problem; knowledge of these sciences plus animal
science, agricultural engineering and agricultural policy is
required to develop practical solutions. Similarly, in order
to develop and implement a sensible, fair and effective P
management strategy, Federal, Provincial, and municipal
agencies, along with university scientists and agricultural
producer groups must work cooperatively.
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