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BACKGROUND

In 1988, the Kellogg Biological Station Long Term
Ecological Research site (KBS LTER) joined the
National Science Foundation’s LTER Network to
study the ecology of field crop production. KBS
LTER examines ecological and evolutionary
interactions in field crops and natural systems,
aiming to improve farm profitability and
sustainability.

The main KBS LTER experiment features four
corn/soy/wheat cropping systems with varying
management practices, three perennial systems,
and an unmanaged ecosystem. The cropping
system trials include conventional management
(tilled, follows MSU fertilizer and pesticide
recommendations), no-till (follows MSU fertilizer
and pesticide recommendations), reduced input
(tilled, receives 1/3 of chemical inputs, and
includes cover crops), and biologically based
(tilled, receives no chemical inputs, includes cover
crops) (Figure 1).

An aerial image of the KBS LTE Iot, in Kalamazoo county,
Michigan. The soils are loams or sandy loams. In 1988, the soils
contained about 2% organic matter. PC: K. Kahmark.
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Figure 1: A graphical depiction of the LTER treatment plots by
management intensity illustrated by Trevor Grabill.

Descriptions of Tilled and No-Tilled
Treatments in the KBS LTER

Conventional Tillage Treatment

* Moldboard plow used from 1989 to 1993, and
chisel plowed every year since 1994.

» Chisel plow and field cultivator used before
planting corn and soybeans in the spring.

» Winter wheat is planted in the fall after chisel
plow and soil finisher passes.

+ Wheat straw gets harvested, corn and
soybean residue remain on the field after
harvest.

No-Till Treatment

* No-till planter is used to plant corn, soybeans,
and wheat.

+ Additional herbicide is used to control weeds
that would otherwise be suppressed by tillage.

* Wheat straw gets harvested, corn and
soybean residue remain on the field after
harvest.

WHY NO-TILL?

Tillage prepares seedbeds, incorporates nutrients,
prevents weed competition, and manages crop
residue. However, tillage alters the soil's chemical,
biological, and physical properties and can
increase the risk of nutrient loss, erosion, and
compaction while reducing soil organic matter and
biological activity. Better machinery, more effective
herbicides, and decades of experience from no-till
farmers have made no-till farming easier, but its
adoption has stalled in many U.S. regions." 2
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WHAT HAVE WE LEARNED FROM OVER 30 YEARS OF
RESEARCH IN TILLED AND NO-TILLED SYSTEMS?

Significant questions remain about no-till's profitability, short-term and long-term field changes,
effectiveness, and the learning curve of a new management system. These uncertainties can hinder
adoption or lead people to stop the practice.® Fortunately, long-term research on no-till systems at the
KBS LTER offers valuable insights into the effects of this practice, which may help address some of the
uncertainties surrounding no-till.

For over 30 years, the KBS LTER has measured yield, profitability, soil aggregation, carbon sequestration,
greenhouse gas emissions, and soil moisture in both tilled and no-tilled fields. Here, we summarize the
key findings and observations from this data. In the “Practice Consideration” section, we discuss tradeoffs
and nuances in adoption, including how no-till can be included alongside other conservation farming
practices to improve success.

HIGHLIGHTS: Continuous no-till fields at KBS have...

« Outyielded tilled systems, most consistently after 15 continuous years of the
practice.®

* Helped crops become more resilient to weather extremes, such as drought and
flooding, due to improved water holding capacity and improved soil drainage.°

- Become more profitable than tilled systems even after paying off the initial
equipment investment.®

- Shown that soil organic matter gains can be readily lost with a single tillage
event. When converting Conservation Reserve Program (CRP) land back to
cropland after one tillage pass, carbon sequestration and soil aggregation gains
that were made over several years were lost. This highlights a key difference
between continuous and rotational no-till when it comes to carbon sequestration.!

« Accumulated compounded benefits that have been built over decades. 2 to 3
years were not long enough to consistently observe the benefits described above.*

. ,
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o & harvest at the
KBS LTER site.
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YIELD

How have corn, soy, and wheat yields compared between tilled and no-till systems?

For the first 15 years of research, no-till
(NT) plots had comparable yields to the Yields Corn Soybean Wheat
conventionally tilled (CT) plots at the KBS (bu/A) CT NT CT NT CT NT

LTER.site across all three crops (Table 1 1989-2004 934 96.6 334 367 522 497
and Figure 2). After 15 years, NT corn and
soybeans started to regularly out-yield CT ~ 2005-2023 134.1 1604 421 490 639 67.1

corn and soybeans. Compared to corn and Average 1159 1328 37.8 431 604 625

wheat, soybean ylelds reSponded most Table 1: Yield averages of no-tilled (NT) and conventionally tilled (CT)
quickly to the NT treatment, with a greater  com, soybeans, and wheat in the first 15 years, the years, and entire
_ ) . . oy 5
yi eld in NT than CT after 8 ye ars.5 experiment so far. Compiled by Christine Charles from KBS LTER data.
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Figure 2: Yield comparison of no-tilled (NT) and conventionally tilled (CT) a) corn, b) soybeans, and c) wheat from 1989 to 2022.
Arrows indicate when NT yields begin to consistently outyield CT corn and soybean yields. Soybean yields alone diverged in year 8,
while corn yields diverged in year 16. Compiled by Hsun-Yi Hsieh and Elizabeth Schultheis from KBS LTER data.b

SOIL MOISTURE AND DRAINAGE

How do differences in tillage influence water retention and drainage?

Soil aggregation supports crop productivity 031
and environmental outcomes by improving
water infiltration, moisture retention, erosion
resistance, and organic matter protection.®

-0

Reducing tillage preserves soil aggregates, as 021
seen in KBS LTER experiments, where NT
fields showed greater aggregation than CT
within 10 years.” 0.11

Between 1995 and 2006, NT fields had the o No till
highest infiltration rates of the four cropping ® Conventional
systems, similar to a nearby undisturbed

Volumetric soil moisture

. . 0,0 T T T T T T T T
forest.'9 NT also shows higher water-holding Apr May Jun Jul Aug Sep Oct  Nov
capacity than CT, particularly during droughts, Year 2012
such as in 2012 (Figure 3).70 This likely Figure 3: Seasonal soil moisture (cm%cm?) in conventional and no-till
Supported the higher soybeans yields in systems during the 2012 soybean season. A 6-week drought followed
2012.5 a 3 June rainfall (R). Error bars indicate standard error (n = 6). 1
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SOIL CARBON SEQUESTRATION
Does soil carbon sequestration differ in tilled and no-tilled fields?

KBS LTER research revealed that the best way to reduce
CO, loss and build soil carbon was by protecting soil
organic carbon (SOC) inside large soil aggregates.® Larger
soil aggregates have greater potential to contain more SOC
(Figure 4). Therefore, farming practices that help soil form
these aggregates are more likely to store more carbon in
the soil. On the other hand, practices that break up soil

0 : : : . : , aggregates cause more carbon to be released.

Soil Aggregate Mean Weight
Diameter (mm)
N

Soil Organic C (g k) A KBS study also found that a single tillage pass on soil
) S , that was never farmed could reduce the amount of
Figure 4: Relationship between SOC and soil ti t ts f d fields that had b tilled
aggregate size (mean weight-diameter; mm) in the aggregation 1o amounts Ou_n 9” _'e S a_ ad been lile
KBS LTER experiment 8 for more than 50 years.* This highlights an importance way
continuous NT management can realize soil carbon gains.

GREENHOUSE GAS EMISSIONS

How have tilled and no-till fields affected greenhouse gas emissions?

Greenhouse gases such CO,, CH,, and sop_, (A Components of GWI
N,O trap heat in the atmosphere once - e
they are released. Soil and nutrient 0

management (either through manure or - -

fertilizer) have a significant impact on the ]

release of these greenhouse gases. -400-

600- - N3O emission

Agronomic inputs
CH4 oxidation

Soil carbon change
- Fossil fuel offset credit

Global Warming Impact (GWI) measures
how much heat an activity adds to the
atmosphere, using "CO, equivalents"
(CO,e) for comparison. For example,
releasing 1 gram of CO, has a GWI of 1g
CO,e, while 1 gram of nitrous oxide (N,O)

-800+

-1000

T T
Conventional No-till

Global Warming Impact (g CO5e m-2 yr‘1)

has a GWI of 298g CO.e because it traps (B) Net GWI
much more heat. NT fields in the KBS 0
LTER have a lower annual GWI than CT 500+
largely due to the greater soil carbon T
accumulation (Figure 5). -400 T
In a study that evaluated greenhouse gas -600 . . &
emissions six months after converting Conventional - No-till Pl

: Research technician Kevin
Conservation Reserve Program (CRP) Figure 5: Conventionally tilled and no- Kahmark collects greenhouse
land to field crops, CT was found to tiled systems compared by the a) gas samples. PC: K. Stepnitz
release 20% more N,O and 100% times components of Global Warming Impact

2 (GWI, and b) the net impact. Error bars

more COZ than when NT was used to represent standard error (n = 6).
convert the CRP land." Redrawn by Jane Schuette from Gelfand

etal. (2013).""
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PROFITABILITY

Is no-till more profitable over time?
How long does it take?

Financial sustainability is critical when it comes to
the sustained use and adoption of any
conservation practice. When comparing NT and
CT systems year to year, CT had greater
associated production costs due to labor and fuel
costs, which ultimately led to a less profitable
system than the NT fields.® However, 13 years
were needed to recuperate the costs associated
with the purchase of NT equipment upfront. That
said, profitability may be achieved more quickly if
new machinery does not need to be bought, or if
equipment is rented, cost-shared, or shared
between multiple farms.

After recovering the expenses of the NT
equipment, the KBS LTER site has seen
increasingly greater profit in the NT system
compared to the CT system year over year after
13 years (Figure 6). This increased profitability is
due to both the reduced input costs in the NT
system and increased yield.

Profitability in LTER's Continuous No-Till

Compared to Continuous Tilled Systems
: : e

10000

- - - Accumulated expenses
5000

== Accumulated revenue

Accumulated difference

Accumulated USD/ha

1990 2000 2010
Year

Figure 6: Partial budgeting analysis of relative profitability
plot comparing the expense of implementation and
management of the two tillage systems at KBS LTER. The
13-year mark indicated when profits became net positive (in
blue) as expenses decreased (in red) when payment on the
no-till planter was complete.®

PRACTICE
CONSIDERATIONS

Science Finding 1: In a study of tillage systems in
soybeans across Michigan, including KBS, regional
attributes (like climate and soil types) significantly
influenced the yield potential of no-till
management.'3

The coldest regions of Michigan with higher clay or
organic matter content were more likely to see declines
in yields related to no-till than southern areas of the
state and/or areas with coarser textured soils. However,
delayed planting dates improved the ability to overcome
these yield penalties.

Consideration 1: No-till systems require management

customizations (equipment, variety, later planting date,
etc.) based on region and soil type. Fields with sandy or
loamy soil with lower organic matter, like those in the
central to southern half of Michigan, may see faster
yield benefits after transitioning to no-till than other
regions with greater organic matter and clay.

Science Finding 2: No-till systems at KBS
accumulated more soil organic carbon (SOC) than
conventionally tilled soils. However, fields that had
cover crops, even though they were tilled each
year, surpassed the no-till fields with the total
amount of SOC accumulated.'4

Consideration 2: Cover cropping alone orin
combination with no-till systems may be more effective
at building soil carbon over time than no-till alone.

Science Finding 3: To reduce greenhouse gas

emissions from field crop management, especially of
N,O, a reduction of fertilizer inputs rather than just
NT has been observed to reduce overall global
warming impact most significantly.!?
Consideration 3: Studies show that reducing fertilizer
inputs does more to reduce overall global warming
impacts than NT alone. Optimizing nitrogen fertilizer
inputs can make NT systems even more carbon
negative.
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