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Changes in Soil
Temperature and Nutrient
Management with No-Till
Farming Practices

There are many good reasons to reduce soil disturbance and tillage operations
on the farm or ranch. These include reduced production costs, more efficient
use of water, and increased resiliency to climate and weather variability.

The adoption of any new farming practice comes with some risk, and
success with no-till will require commitment, flexibility, and an understanding
of soil biology. This bulletin seeks to address two common concerns about
transitioning to a no-till system: cooler soil temperatures at planting, and the
need for additional nitrogen fertilizer.

Soil Biology

There are more individual microbes in a shovel full of soil than there are people
on earth. These "underground livestock” include bacteria, fungi, algae, and
protozoa, among others. Their job is to help plants access nutrients and water
in the soil, improve seed germination, and convert raw materials like manure and
crop residue into soil organic matter." Insects, worms, and small animals also
have an important role to play. They help break down the organic material in the
soil into smaller pieces, excrete plant nutrients in their waste, and work hard to
create space for air and water to move through the soil. Worms carry organic
matter from the surface into the soil were the microbes can further break it
down into plant food.



The entire soil biological system is driven by carbon.

Plants convert CO, (carbon dioxide) into both tissue and
root exudates. Up to 20 percent of all photosynthetically
fixed carbon is secreted by plant roots into the soil to feed
microbes.? In return, these microbes help provide nutrients,
water, and disease resistance for the plants.

Soil organic matter contains all of the 17 essential plant
nutrients. It is made up of about 50 percent carbon, five
percent nitrogen, 0.5 percent phosphorus, 0.5 percent
potassium, and trace amounts of the other 13 essential
nutrients. Many of these macro and micro-nutrients are

not plant available until they have been broken down into
their ionic form by the soil microbes through the process of
mineralization.

Think of soil organic matter as an investment that pays
consistent dividends. In healthy soil with a thriving microbial
population and minimal disturbance, microbes will recycle
one to three percent of the soil organic matter per year and
release the nutrients it contains in plant available forms. As
the soil organic matter increases, so does your investment
and your dividends.

Soil microbes are responsible for converting the nutrients
in organic materials (e.g. manure, crop residue) into a form
plants can use. They thrive in warmer soils with a “just

right” balance of air and water. Cool, saturated soils will
have less microbial activity and therefore less early season
nutrient release from soil organic matter. This dynamic

has an important effect on nitrogen management under
no-till practices.

The Cost of Tillage

Tillage physically damages soil structure, causes erosion,
and increases soil water loss (evaporation). Tillage also
aerates the soil and stimulates bacterial activity. The
majority of soil bacteria are aerobic. Tillage introduces
oxygen which causes a rapid increase in bacterial activity,
and consumption of soil organic matter. The resultis a
short-term flush of nutrients, and loss of stored soil carbon
as CO,,. Think of this like cashing out your investment for a
short-term benefit and losing your long-term investment.

While bacteria do thrive in heavily disturbed soils, tillage is
deadly to worms and soil fungi. The long fungal filaments
play a major role in soil aggregation and thus erosion
resistance. Mycorrhizal fungi form beneficial associations
with most plants and increase the plants ability to access
water and nutrients like phosphorus and iron. Research
comparing microbial biomass in cultivated and uncultivated
soils of the lowa prairie found that total microbial biomass
in uncultivated soils was twice that of cultivated soils, and
the uncultivated soils had three to five times more fungus
than bacteria (by weight).



Soils under long term no-till management have a larger,
more diverse microbe population, more worms, more
soil organic matter, better structure, and more water
holding capacity.*

Bare soil is prone to wind and water erosion and loss of
the farm's most valuable asset — topsoil. Soil armor (crop
residue and mulch) moderates soil temperature extremes,
reduces water loss through evaporation, and increases
resiliency in the face of weather extremes (e.g., heavy
precipitation events, or drought).

Soil Temperature

By eliminating or reducing tillage, more residue is left on
the surface to protect against erosion and water loss, and
moderate soil temperature. In some cases, this causes the
soil to warm more slowly in the spring than it would if left
bare. Producers in North Dakota®, Idaho®, Wyoming’, and
Montana® report that while some crops do get a slower
start, they catch up by the end of the growing season and
sometimes even do better. The benefits of cooler soll
temperatures during the summer outweigh the costs of
cooler temperatures in the spring.

Research in Manitoba® and Saskatchewan'™ found
short-term differences in temperature and moisture
between conventional and no-till fields at planting, but

no reduction in cereal crop yield. Research in Sydney,
Montana, compared no-till, strip-till, and conventional
tillage practices for sugar beets and found that reducing
tillage did not have a negative impact on seed germination,
stand establishment, yield, or sugar content™.

The benefits of cooler soils and less evaporation are
especially significant under drought conditions or when
irrigation water is restricted. Some producers report that
they do not need to water up their crops after planting'?,
and need to irrigate less frequently in their no-till fields.

Air is easier to heat or cool than water, so temperatures
fluctuate more rapidly in drier soils (higher highs and lower
lows). The temperature buffering capacity of the extra
moisture in no-till soils could be advantageous in years with
a late spring cold snap.

Nutrient Management

When reducing tillage and leaving more residue on the
soil surface, farmers may need to adapt their nutrient
management practices. Cooler soils at planting will have
less microbial activity and therefore slower early season
nutrient release (mineralization) from soil organic matter.

Root Exudates: Various amino acids, sugars, and organic
acids that are secreted by plant roots. These exudates
provide a host of benefits to the plants. They are a carbon
(food) source for beneficial soil microbes, help release
nutrients from soil minerals, signal neighboring plants to
temporarily increase their defenses against pest or disease,
inhibit or promote seed germination, and are a major
source of soil carbon.

Mineralization: The microbial process by which large,
complex organic compounds are broken down into smaller
inorganic components that can be used by plants. For
example, when a protein is broken down into nitrate,
sulfate, and other ions that can be directly used by

plants. This process is dependent on the ratio of carbon
and nitrogen in the soil or residue being decomposed.
When the ratio of carbon to nitrogen is below about 251,
nitrogen and other nutrient will be made available for
plants through the process of mineralization. The microbes
that are involved in the mineralization of nitrogen require
oxygen and thrive in soils between 77-95°F.

Immobilization: The microbial process by which
plant-available nutrients are used by microbes and
temporarily unavailable to plants. When nitrogen is
immobilized in the soil it is temporarily “tied up” by soil
microbes and no longer in the nitrate or ammonia form
that plants can use.

In some cases, more early-season nitrogen may be
required to maintain yields — depending on crop and soil
conditions. While total soil nitrogen may be higher under
no-till management (due to more soil organic matter),
nitrate-N may be lower in wet, cool, or compacted soils.

High carbon crop residue like corn and grain stubble will
immobilize nitrogen in the short-term. As soil microbial and
worm activity increases over time, so will the rate of residue
decomposition and organic matter mineralization.™ A
review of 16 studies across the US and Europe found that
on average, 32 Ibs. of plant available nitrogen per acre were
mineralized per one percent soil organic matter.’ Nitrogen
mineralization rates vary widely based on soil type, soil
organic matter content, climate, weather, crop, and farming
practices.

The soil microbes that are converting high-carbon

crop residues and manures to soil organic matter need
adequate amounts of nitrogen. Montana State University
Extension recommmends adding an additional 10 Ibs. of
nitrogen per 1,000 Ibs. of wheat or corn stubble for the first
few years of no-till.’ This may not be necessary following
low residue crops like sugar beets or beans.
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