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Agriculture has changed throughout history into what it is today. Present large-scale grain
farming operations have dominated the United States and pose concerns with soil health and
environmental sustainability. Tillage of monoculture crop fields has resulted in loss of topsoil
with consistent erosion, ultimately leading to devastating losses of nutrients including nitrogen
and soil organic matter, both of which are responsible for soil health, and plant function. More
recent sustainable treatments on large-scale fields including no-till and cover cropping help to
mitigate the environmental impact of agriculture while maintaining profitable yields, but
research has focused on the midwest region of the United States. This study investigates the
correlation between the decision to utilize cover cropping with tillage and no-till grain farming,
and soil organic matter and nitrogen content in Waterford, Pennsylvania. Results show that the
combination of no-till and cover cropping field treatments supports the highest amount of both
soil organic matter and nitrogen, while tillage without cover crops held the lowest. This research
suggests adopting sustainable farming practices in Erie County, Pennsylvania increases soil
health, which is linked to higher yields, carbon sequestration, and mitigation of soil and
surrounding ecosystem degradation. Further research should be conducted on this response to
yield and profitability to farmers in this area, and an economic analysis on the feasibility to

transition from tillage to no-till systems.



Introduction

Across the globe, agriculture has changed in significant ways over the last few hundred
years. An area of vast, rich forest that once stretched across the entirety of America is now the

world’s largest producer of corn and second largest for soybeans (USDA).

The history of the United States’ food system began in the 1800s when people first
settled this land. Indigenous people grew corn (zea mays), squash (cucurbita), and beans
(phaseolus vulgaris), or what is referred to as the ‘three sisters’ as these crops were best suited
for the area. However, when European settlers arrived, they forcibly removed Native Americans
and began clear cutting forests to grow row crops in order to feed the influx of people (Binkley
2021). The first-row crops were planted, managed, and harvested by hand or animal drawn
implements. One of the more effective and well-known tools was the moldboard plow, which
was pulled by livestock and used in a way that caused little to no disturbance to the soil;
however, the introduction of the steam horse in 1910 meant the revolution of fossil-fueled,
powerful technology and agriculture as we know it today (Lal et al. 2007). It was the first step to
new and efficient equipment that made it easy to farm on large scales, or what we consider

conventional farming.

During the 1900s plowing the soil dominated farms across the United States. Tillage is
the act of churning the soil over itself and is used to distribute manure and clear residue, weeds,
and uneven surfaces for the next growing season. While it has its benefits, tillage does cause
issues with erosion, water permeability, and nutrient loss (Holland 2004). Disrupting the soil
destroys root systems that hold soil particles together and prevent topsoil from running off into
surrounding ecosystems. Tillage allows heavy rain, snow, and even wind to move topsoil off
fields and into waterways, and is a large part of the Dust Bowl tragedy that occurred in the 1930s
(Lal et al. 2007). A loss of topsoil means a loss of the vital nutrients and organic matter that
plants heavily rely on to grow and produce healthy food (Cooper 2017). Tillage also aids in
compaction as it only aggravates the top few inches of the soil, resulting in difficulty for plants to
expand their roots deep into the ground and allow water to seep in or hold moisture in the soil
(Holland 2004). The loss of nutrients and soil structure has forced farmers to invest in irrigation

systems and fertilizer.



Soil organic matter (SOM) is necessary to healthy crop growth and sustainability. SOM
has the ability to aid in nutrient retention and transport through soil systems and plants while also
maintaining stability of them (Fisher-Power 2018). SOM is also responsible for controlling
contaminants in the soil away from leaching into groundwater or harmful absorption by the plant
itself (Zhang et al. 2009). On agricultural fields, pesticides are used continuously to control pests
for economic benefit. However, pesticides have been linked to environmental degradation.
Research shows that soil organic matter is the single most important soil constituent for pesticide
absorption and control, which improves the sustainability of surrounding ecosystems and

watersheds from such degradation (Farenhorst 2006).

Nitrogen works in conjunction with soil organic matter in soil to improve the health of
the crop and maintain environmental sustainability. Nitrogen is necessary for soil organic matter
and soil organic carbon production and availability to the plant (Oelofse et al. 2015). It increases
the effectiveness of SOM and raises pH in soil, reducing acidification that can be harmful to
plants and soil ecosystems (Michael et al. 2015). Plants depend on nitrogen as nutrients to
promote healthy growth, development, reproduction, carbon sequestration, and photosynthesis,
as well as aid in decomposition and nutrient uptake (Frank & Groffman 2009). Additionally,
nitrogen assists microbial and root system relationships which in return produces higher yield,

economically benefiting farmers (Frank & Groftman 2009).

No-till is a technique used in crop farming that does not require the plowing of soils, but
requires specialized equipment for planting and maintaining. No-till minimizes topsoil disruption
by drilling seed directly into the ground rather than churning soil over as plowing does. Less
disturbance to the soil is better for water infiltration, erosion, nutrient loss, and soil organic
matter (Holland 2004). In addition, no-till fields facilitate habitat for plants to disperse their root
systems deep into the ground and hold their structure, which strengthens their ability to defend
against harsh wind and damaging precipitation. It also allows for increased water infiltration and
storage, making it much more accessible for crops. During floods, the water drains faster, and in

droughts, the water is stored longer (Holland 2004).

Climate change is exacerbating weather patterns and making it difficult for farmers to

prepare for such events, and is one reason many are switching to these new, sustainable methods



(Scopel 2012). Fields that are not plowed also allow microorganisms to accumulate soil organic
matter without breaking bonds. Soil health is directly related to the health of crops growing, and
therefore, less fertilizer is needed. Not plowing encourages roots to hold the soil particles
together and keep topsoil from eroding (Holland 2004). No-till farming benefits both the

environment and the farmer.

There are techniques used in coherence with no-till agriculture that makes it possible for
large-scale farming including zone building, cultimulching, and cover cropping. A zone builder
is used to create deep but narrow trenches in the soil to help with compaction, and is used hand
in hand with a cultimulcher- an implement built of rotating wheels that is pulled across fields to

flatten any uneven spaces that are hindering growth.

Cover cropping, sometimes referred to as green manure, is used with no-till systems to
incorporate nitrogen and organic matter into the soil without needing any synthetic or chemically
produced additives (Otieno 2021). This entails a nitrogen fixing plant that is typically not
harvested such as rye, clover, or vetch (Lowry & Brainard 2019). Cover crops act as legumes by
fixing nitrogen from the atmosphere to the soil for future crops to absorb, reducing the need for
synthetic fertilizer (Gardner 2009). In addition, cover crops sequester carbon dioxide from the
atmosphere beyond growing seasons (Hu et al. 2024). Farmers either spray or roll crimp cover
crops to kill them before planting cash crops, and the decomposition adds to the soil organic
matter (Bezuidenhout et al. 2012). Research suggests a combination of sustainable practices on

no-till fields works best for enhancing yields and soil health (Gardner 2009).

While there are many benefits to no-till, the return on investment may not be seen for
many years. Corn stalk and cover crop residue left on fields can decrease yields, as it hinders a
young seedling's ability to reach sunlight and develop new growth (Sharratt 2002). While
plowing fields diminishes residue and establishes open ground for easier sprouting. This, along
with financial drawbacks, is one reason many farmers have not yet adopted no-till. The cost of
pesticides, specialized equipment, and risk of losses in yield and profit within the first few years

makes it difficult to switch to no-till.

Farmers willing to convert to no-till will preserve topsoil and nutrients while reducing the

need for fertilizer, conserving surrounding ecosystems from runoff and eutrophication and



improving yields with the right combination of equipment and time (Kennedy & Schillinger

2006). Such changes will be necessary with a changing world.

Climate change is currently disrupting the weather patterns of the United States, making
it difficult for farmers to be able to predict their growing seasons (Scopel 2012). The heating
planet is causing exacerbated weather disasters including droughts and floods that are unusual

for certain areas, and farmers are having to quickly adapt to these situations (Stokes 2010).

Erie County, Pennsylvania has been an area of crop and livestock farmland dating back
hundreds of years. The diversity of soil types and topography of this region historically supplied
the first settlers the ability to grow a variety of different crops including grasses, grains, fruits,
and vegetables which remains similarly today (PHMC). Erie County’s humid continental climate
supports large-scale agriculture and sits at the tail end of the corn belt of the United States
(PHMC). The government of Erie County has recognized the importance of agriculture in this
area and has developed climate action plans to mitigate the impact climate change has had on
farmers, including incentives to implement sustainable farming practices such as no-till (Erie
Community Climate Action Plan). Today, Erie County participates in Pennsylvania’s nationally
recognized farmland preservation program and offers farmers the opportunity to get involved in

agricultural conservation easements to protect their land (Seal of Erie County, Pennsylvania).

In a changing climate, sustainable farming practices are necessary to support agriculture
as the backbone of humanity. Farmers profit and feasibility for change must be incorporated into
the transition to such treatments. The goal of this study is to analyze the difference in soil organic
matter and nitrogen content on tilled vs no-till fields utilizing cover crops in Waterford,
Pennsylvania to determine the best combination of field treatments for soil health in this area.
Research done on this topic has focused in the Midwest of the United States. This research is
intended to provide critical information to all farmers in Northwestern Pennsylvania with which

field treatments are most beneficial to their soil health.



Methods

This experiment took place in Waterford, Pennsylvania. In November of 2023, two farms
were selected for evaluation and sampling: Jim and Jim Glover Farms and Porter Valley Farm.
They are located 3 miles (4.82 km) apart from one another and share similar soil types and land
attributes regarding topography, distance to French Creek, the main waterway in this area, and

climate.
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Figure 1. Farms chosen for sampling in Erie County, Pennsylvania. Jim and Jim Glover Farms
fields highlighted in green chosen for no-till sampling and Porter Valley Farm fields highlighted
in orange chosen for tillage sampling.



Jim and Jim Glover Farms use a no-till approach to planting corn while Porter Valley
Farm uses tillage. On each of these farms, a combination of cover crops and no cover crops were
used. The two farms were split into separate categories and assigned three fields per treatment
for sampling. Each field, originally named by location, was given a coded name. Tillage without
cover crops was labeled 1 with three fields subsequently named 1A, 1B, and 1C. Similarly,
tillage fields with cover crops were labeled with 2 (A-C), no-till fields without cover crops as 3

(A-C), and no-till fields with cover crops as 4 (A-C).

Porter Valley Farm

Tillage | E /" Tillage | 24

\ CoverCrops | BR

s

\ No Cover Crops /

1

@]

D

Jim and Jim Glover Farm

NoTill \ BA] /" Nomil O\ EA]
| Mo Cover Cron | BB ' cover oo, | BB
O LOVer _n!-}]'-:._.- IE JOVET ,|-;le‘; E

Figure 2. Four field treatments for examination and field coding in relation to treatment for both
Porter Valley Farm and Jim and Jim Glover Farms.

Satellite images of the 12 coded fields were overlaid with a grid. The x axis was labeled 1
through 6, and the y axis was labeled A through J. A random number generator was used to
choose a number and letter five times per field to arrange a random sampling of the field. The
fields were divided into 6 equal longitudinal distances and 10 equal latitudinal distances. Grid
lines were drawn to provide information on the travel distance needed to gather a sample at the

correct place as reflected in the computer model.

For example, Figure 3 shows field 4A and the grid overlay. The yellow dots are the
randomly selected sample sites determined by the random number generator (1D, 2C, 6C, 2],

5F). The physical field distance from 1 to 6 is 905 feet (275.84 m), and from A to J is 1,350 feet



(411.48 m). Dividing the x axis of 905 feet by 6 results approximately 150 feet (45.72m) per
square, and the y axis by 10 equals 135 feet (41.15m). Using the mobile application Pace Ruler:
Measuring Distances with GNSS by Takafumi AMANO, the correct distance per square across

and up the field were traveled by ATV to collect a soil sample at that location.
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Figure 3. Field 44, location Farm Creekside utilizing Treatment 4: No-till with cover crops,
with grid overlay and randomly generated sampling site locations.

A 36” stainless steel tubular t-style handle soil probe was used to extract soil core
samples at the five randomly selected points across each of the 12 chosen fields. The five soil
cores were placed into a cup and shaken up to evenly distribute the samples, and then transferred

to a bag labeled to the associated field code.



Soil samples were sent to Penn State Agricultural Analytical Services Laboratory at The
Pennsylvania State University in University Park, Pennsylvania. The samples were analyzed for
soil pH, phosphorus (ppm), potassium (ppm), magnesium (ppm), calcium (ppm), acidity
(meq/100g), organic matter (%), and nitrogen (%). For this experiment, the focus remains on the

percentage of soil organic matter and nitrogen content.

The overall data collected includes sample date, field name, coded field ID name, field
treatment 1-4, soil organic matter percentage, nitrogen content percentage, and acreage. This data
was then updated in a chart for organizational purposes and used to create simplified graphics
that can be compared to identify which field treatments provide the most soil organic matter and
nitrogen. The results of this study will be issued to those involved with sustainable agriculture
research, soil analysts, students of environmental interest, and farmers of this region. Distributing
this information will provide valuable information on which treatment is most beneficial to both

the farmer and the environment.



Results

Results of this study show that tillage treatments averaged higher in soil organic
matter (SOM) than no-till treatments by 0.215%. Tillage treatments revealed identical averages
for nitrogen content percentage as compared to no-till treatments with a result of 0.195%. The
cover cropped tillage fields were higher in both with 3.4% soil organic matter and 0.21%
nitrogen as compared to tillage without cover crops which averaged 3.37% soil organic matter
and 0.18% nitrogen content. The no-till without cover crops scored highest for both soil organic
matter with 3.47% and nitrogen content with 0.23% overall, while no-till with cover crops
averaged the lowest in both categories overall with 2.87% soil organic matter and 0.16%
nitrogen. Table 1 and Figures 4-5 present the averages for both soil organic matter percentage

and nitrogen content percentage on each field treatment tested.

Treatment Description Soil Organic Matter (%)  Nitrogen (%)
1 Tillage without cover crops 3.37 0.18
2 Tillage with cover crops 34 0.21
3 No-till without cover crops 3.47 0.23
4 No-till with cover crops 2.87 0.16

Table 1. Average percent organic matter and nitrogen content for each field treatment (1-4)
using a combination of tillage and no-till with and without an implementation of cover crops.
Three fields were sampled per treatment and the averages were calculated and recorded.

Figures 6-9 depict the twelve soil samples conducted and the percentages of both
nitrogen content and soil organic matter and include per sample data with averages of each
treatment to reflect digestible trends and patterns throughout the research. Figure 6 shows the
three sample sites of treatment 1, tillage without cover crops, soil organic matter and nitrogen
content percentage per field. The County Line site revealed 3.1% SOM and 0.17% nitrogen, and
both Jonah’s I and Jonah’s II 3.5% SOM and 0.19% nitrogen. Figure 7 depicts the same
information for treatment 2, tillage with cover crops, revealing 3.2% SOM and 0.19% nitrogen
from Waterhouse South, 3.5% SOM for both Waterhouse North I and II, while a 0.22% nitrogen
content form Waterhouse North I and 0.21% from Waterhouse North II. Figure 8 shows the three
sample sites of treatment 3, no-till without cover crops, where Willey Road I has 3.5% SOM and

0.23% nitrogen, Willey Road II has 3.8% SOM and 0.25% nitrogen, and Willey Road III has



3.1% SOM and 0.20% nitrogen. Figure 9 continues this pattern depicting treatment 4, no-till with
cover crops, revealing 3.3% SOM and 0.19% nitrogen at the Farm Creekside location, 2.8%
SOM and 0.16% nitrogen from the Old Gravel Pit site, and finally 2.5% SOM and 0.14%
nitrogen from the Weber Dutchtown field site. Table 2 presents a detailed breakdown of the
fields with each coded ID, description, acreage, treatment, and percent soil organic matter and
nitrogen.

Fields with higher soil organic matter contained higher nitrogen, and fields with
lower soil organic matter contained less nitrogen. Differences in percentages were miniscule but

still present and followed somewhat of a predictable pattern.
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Figure 4. The average soil organic matter percentages per field treatment. Treatment 1: Tillage
without cover crops, Treatment 2: Tillage with cover crops, Treatment 3: No-till without cover
crops, Treatment 4. No-till with cover crops.
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Figure 5. The average nitrogen content percentages per field treatment. Treatment 1: Tillage
without cover crops, Treatment 2: Tillage with cover crops, Treatment 3: No-till without cover

crops, Treatment 4: No-till with cover crops.
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Figure 6. Three sample sites of Treatment 1: Tillage without cover crops. Results show percent
soil organic matter and percent nitrogen content.
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Figure 7. Three sample sites of Treatment 2: Tillage with cover crops. Results show percent soil
organic matter and percent nitrogen content.
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Figure 8. Three sample sites of Treatment 3: No-till without cover crops. Results show percent
soil organic matter and percent nitrogen content.
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Figure 9. Three sample sites of Treatment 4: No-till with cover crops. Results show percent soil
organic matter and percent nitrogen content.
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Discussion

The results of this study suggest that the most successful field treatment for soil organic
matter and nitrogen content on corn fields in Waterford, Pennsylvania is no-till without cover
crops revealing the highest percent of both with an average of 3.47% SOM and 0.23% nitrogen
(see figures 4-5). No-till minimizes disruption to the soil which reduces erosion, leading to the
likeliness of treatment 3: no-till without cover crops, revealing the strongest percentage of both.

Overall, there is a pattern of lower soil health on tillage fields compared to no-till, and
cover cropping on tillage fields is more successful for soil health than tillage without cover
cropping. Field corn (Zea mays) is known to extract and deplete nutrients in the soil at greater
quantities than other conventional crops such as wheat (7riticum aestivum) or soybeans (Glycine
max) (Liebig et al. 2022). For this reason, many farmers use sustainable practices to reverse these
effects such as crop rotation, no-till, and cover crops which have been examined by this study.
Each of the corn fields sampled were on rotation with soybeans in the previous growing year
(2023) leaving a similar rotational soil baseline.

Of the tillage results that were revealed in this study, cover crops were more effective
than no cover crops. Soil organic matter percentage averaged slightly higher on cover crop fields
than ones without in the tillage category by 0.03%, suggesting that the decomposition of the
cover crops aided the amount of SOM that could be available to the corn on these fields. Soil
organic matter increases a crop’s ability to retain and absorb nutrients while simultaneously
controlling harmful contaminants in the soil (Zhang et al. 2009). Soil microbial health is
necessary to produce a healthy crop (Jat et al. 2021).

Nitrogen percentage was higher per each field and averaged higher on fields receiving
tillage with cover crops versus tillage without cover crops as well. While having many benefits
of its own such as promoting a plant’s ability to develop, photosynthesize, and reproduce
(Oelofse et al. 2015), nitrogen also aids soil organic matter in its function (Michael et al. 2015).

Of the no-till treatments, this case study suggests that no-till without cover crops is best
for the soil organic matter and nitrogen content on fields in Waterford, Pennsylvania. No-till field
treatments avoid disruption of the soil, leading to lesser amounts of potential erosion and runoff
into surrounding ecosystems (Holland 2004). This benefits the farmers from losing topsoil that is
necessary for growing healthy crops and having high yields, as well as biodiversity in these

ecosystems that would otherwise be negatively affected by the chemicals in the runoff (Allen et
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al. 2021). This includes both chemical poisoning from harmful sprays and eutrophication from
fertilizers. It also leaves the crop residue that was harvested the previous year lying on the field
to decompose, creating layers of soil organic matter to be available for the next crop (Holland
2004). Fields receiving treatments 3 (A-C) and 4 (A-C) provide better chances for surrounding
ecosystems to thrive in these environments away from runoff due to the utilization of no-till, and
further research should be conducted to test such a response.

Unexpectedly, the lowest percentage of both nitrogen and soil organic matter across all
treatments resulted from no-till with cover crops. Personal communication with Jim and Jim
Glover Farms revealed this could possibly be due to the previous field treatments that were
conducted on the no-till cover cropped sampled fields (Hanas & Glover 2024). Studies show that
conversion from tillage to no-till can take soil up to 15-20 years to accumulate measurable and
long-term benefits (Chief, 2019). It is likely that the lack of nitrogen and soil organic matter on
these sampled fields compared to the rest is a result of minimal time for the soil conditions to
adjust and regenerate since the transition from tillage.

Limitations to this study include constraints on time, information, and a lack of control
groups. This study was conducted within a one year period from soil sampling to analysis, and
therefore had to be taken from working farms and their availability, not in a controlled
environment. This leaves room for error in constants regarding equipment type, quantity and
quality of fertilizers and pesticides, and finally differences in farming history. Soil samples were
taken on the most accurate and closely related available fields utilizing the four treatment types
within Waterford, Pennsylvania for this study.

In response to this study, future research should analyze the effects of no-till versus
tillage and cover cropping field techniques in areas of differing soil types and climates. This
study was conducted on gravel ground in an area that was historically formed by glaciers
(Department of Conservation and Natural Resources 2025). Other places with varying soil types
such as sand or clay ground would likely reveal different results in best farming practices.
Climate also varies across the United States which in turn varies the length of growing seasons
and crop suitability (Cerda 2000). Further research on soil microbial and nutrient health should
be done for treatment recommendations on corn fields in other climate regions. Additionally,

correlation between yield and soil health should be analyzed in order to determine the highest

17



profitability to farmers in this particular area, supporting the importance of benefiting both
people and the environment.

The future of a sustainable planet begins with a sustainable food system. Environmental
degradation by humans include negative impacts on habitat, overexploitation of resources, and
climate change, which can all be connected to conventional agriculture. The importance and
relevance of sustainable practices in large scale agriculture is growing as environmental
degradation does simultaneously. Improvements in agricultural sustainability such as no-till and
cover cropping practices are dominating conventional farming and feasible to implement on
large scales (Scopel 2012). This study shows that no-till without cover cropping was revealed to
be the most successful treatment on corn fields in Waterford, Pennsylvania for soil health

regarding soil organic matter and nitrogen content.
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Figure 10. Tivelve individual sample sites with soil organic matter percentage results. Treatment
1: Tillage without cover crops, Treatment 2: Tillage with cover crops, Treatment 3: No-till
without cover crops, and Treatment 4: No-till with cover crops.
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Figure 11. Twelve individual sample sites with nitrogen content percentage results. Treatment 1:
Tillage without cover crops, Treatment 2: Tillage with cover crops, Treatment 3: No-till without

cover crops, and Treatment 4. No-till with cover crops.
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Figure 12. Twelve individual field sample sites by coded Field ID with both soil organic matter
percentage and nitrogen content percentage results. Treatment 1: Tillage without cover crops,
Treatment 2: Tillage with cover crops, Treatment 3: No-till without cover crops, and Treatment 4.
No-till with cover crops. ABC refers to the three varying sites within each field treatment method
behind 1-4 (reference table 2 for detailed breakdown of location name).
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Sample | Field Description or | Field | Treatment | Organic Nitrogen | Acreage
Date Name ID (1-4) Matter (%) | (%)
5/6 Cell Tower County 1A 1 3.1 0.17 12
Line
5/6 Jonah’s | 1B 1 3.5 0.19 3
5/6 Jonah’s I1 1C 1 3.5 0.19 13
5/6 Waterhouse South 2A 2 3.2 0.19 8.2
5/6 Waterhouse North I 2B 2 3.5 0.22 12.4
5/6 Waterhouse North II 2C 2 3.5 0.21 12
5/6 Willey Rd I 3A 3 3.5 0.23 12
5/6 Willey Rd I 3B 3 3.8 0.25 13
5/6 Willey Rd 111 3C 3 3.1 0.20 14
5/6 Farm Creekside 4A 4 33 0.19 26
5/6 Old Gravel Pit 4B 4 2.8 0.16 43
5/6 Weber Dutchtown 4C 4 2.5 0.14 20

Table 2. Sampling date, fields chosen by description and or location name as labeled by Jim and
Jim Glover Farms or Porter Valley Farm, coded Field ID by treatment and varying location,
results of soil organic matter and nitrogen content percentage, and field site acreage.
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