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Overall, our data suggest most of the N2O-N emissions occur early in the season so management
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treatments.

In the watershed scale project, the cover crop treatment significantly reduced total suspended sediment,
dissolved reactive phosphorus (DRP) and nitrate in the stream compared to the control watershed. In 2021, the
approximate TSS loading was 17.38 Ibs/acre/yr for the cover crop (CC) watershed and 37.19 Ibs/acre/yr for the
control watershed. The DRP in the CC watershed was 2.36 Ibs/acre/yr and the No-CC was 6.65 Ibs/acre/yr
during storm events. The nitrate (NO3™-N) loading during storm events of the CC watershed was also lower at
9.80 Ibs/acre/yr versus the No-CC at 34.36 Ibs/acre/yr. This suggests cover crops are very effective at reducing
sediment and nutrient levels at the watershed scale.
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preparing journal articles and poster presentations in 2022.



SUMMARY

The long-term impact of cover crops under conventional tillage and no tillage on nutrient
leaching is being assessed at the university farms at Southern Illinois University Carbondale.
Three different cover crop rotations (corn/cereal rye/soybean/hairy vetch, corn/cereal
rye/soybean/oats+radish, corn/NoCC/soybean/NoCC) and two different tillage practices
(conventional tillage and no tillage) are integrated in the experimental design. We found that
timing of cover crop planting and establishment is an important determinant of in-field nutrient
leaching. If a cover crop does not have time to establish in the fall, the effect on nitrate leaching
can be significant as was seen in fall 2019. Due to late establishment, there was more nitrogen
leached in the cereal rye cover crop season versus no cover crop plots. However, the amount of
leaching was relatively low at 4 kg ha compared to most agricultural systems. The 2020-2021
cover crop of hairy vetch (a nitrogen fixer) did not result in a significant difference in leaching
between cover crops and no cover crops. Soil sampling indicates that phosphorus stratification is
occurring in the cover crop areas.

Overall, our data suggest most of N2O-N emissions occur early in the season so
management practices should focus on finding solutions to reduce excess N early in the growing
season to potentially reduce N2O-N losses. Similar to 2019, N.O-N emissions were higher during
corn after vetch than the no-CC treatments reflecting on N contribution from vetch. Our data also
show that inclusion of vetch increased corn yield similar to 2019 data suggesting N addition by
vetch increases yield due to possible N limitation in corn with no-CC treatments.

In the watershed scale project, the cover crop treatment significantly reduced total
suspended sediment, dissolved reactive phosphorus (DRP) and nitrate in the stream compared to
the control watershed. In 2021, the approximate TSS loading was 17.38 Ibs/acre/yr for the cover
crop (CC) watershed and 37.19 Ibs/acre/yr for the control watershed. The DRP in the CC
watershed was 2.36 Ibs/acre/yr and the No-CC was 6.65 Ibs/acre/yr during storm events. The
nitrate (NOs™-N) loading during storm events of the CC watershed was also lower at 9.80
Ibs/acre/yr versus the No-CC at 34.36 Ibs/acre/yr. This suggests cover crops are very effective at
reducing sediment and nutrient levels at the watershed scale.
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Figure 1. Mean seasonal Nitrate-N leaching in field for cover crop seasons from 2015 through 2021 at SIU

university farms




Minimizing Phosphorus and Nitrogen Loss from Agricultural Systems with Cover Crops
and Tillage in Southern Illinois

Phosphorus and nitrogen management in agricultural systems has significant economic
and environmental implications for producers in Illinois. Cover crops have been promoted to
potentially reduce nutrient leaching from agricultural systems and improve soil health and
fertility. However, there is little information regarding phosphorus and nitrogen losses under
different cover cropping and tillage practices in corn/soybean systems, particularly in non-tiled
drained fields. This research will focus on identifying the impact of cover crops on phosphate
and nitrate leaching under different tillage practices, impact of topography on nutrient leaching
under cover crops, and the effect of cover crops on runoff and stream nutrient loads at a
watershed scale.

This research has several objectives and three studies to investigate those objectives. These are:
Cover Crop X Tillage Study

1. Determine the interaction of cover crops and tillage on uptake/removal of P from soil and cash
crop yields.

2. Evaluate the potential for soil P stratification in cover crop and tillage study.

3. Evaluate phosphate and nitrate-N leaching and N emissions with and without legume/non-
legume cover crops and tillage (no-tillage and conventional tillage).

Paired Watershed Study

4. Evaluate the sediment, phosphate, nitrate, ammonia, and total N load losses from the paired
watershed experiment.

5. Evaluate the influence of cover crops in improving soil water holding capacity.
Watershed Scale Study

6. Determine the interaction of cover crops and topography on uptake/removal of P from soil and
cash crop vyields.

7. Evaluate the influence of cover crops (hairy vetch and cereal rye) on P and N dynamics in soil
and water at different topographic positions.

Study 1: Cover crop by tillage study

To observe cover crop effects on nitrate and phosphate leaching in the vadose zone, 109
pan lysimeter samples were collected after rainfall events over the past 5 years. In 2021, twenty
samples were collected. Corn was the cash crop during the soil solution sampling period of 2015,
2017, 2019 and 2021 while soybean was the cash crop in 2016, 2018 and 2020. In fall 2017,
cereal rye was planted as the cover crop and in fall 2018 the field was planted with hairy vetch
and dover mixture. During the cereal rye season of fall 2017 to spring 2018, cover crop rotations
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CcrSor (corn/cereal rye/soybean/oats radish) and CcrShv (corn/cereal rye/soybean/hairy vetch)
showed 68% and 82% lower nitrate leaching compared to no cover crop rotation, respectively.
In contrast, during cover crop season fall 2018 to spring 2019, CcrSor and CcrShv rotations had
68% and 75% higher nitrate-N leaching compared to no cover crops.

The cover crop season 2019-2020 planted with cereal rye had greater nitrate leaching in
cereal rye rotations (CcrSor and CcrShv) compared to no cover crop rotations. However, the
average magnitude of leaching was around 4 kg ha™ for CcrShv rotation, which was significantly
greater than the average leaching of CncSnc rotation (2 kg hat). These values were much lower
than the leaching values usually observed in the field during corn — soybean cultivations as well
as during hairy vetch and dover seasons. The primary reason for increased nitrate leaching could
be the delayed planting in 2019, which resulted a lower cover crop biomass in cereal rye than
usual. The last CcrShv rotation had no significant difference between cover crops and no cover
crop plots.
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Figure 1. Mean seasonal Nitrate-N leaching for cover crops seasons from 2015 through 2021 at
SIU university farms.

The cereal rye fall 2019 — spring 2020 had an average biomass of 1560 kg ha™* and no
cover crop (CncSnc) had an average biomass yield of 784 kg ha* (Figure 2). The soybean crop
was planted on May 26", 2020 and harvested on October 6", 2020. Soybean yield was
approximately uniform over the field with highest yield observed in tilled cover crop plots and
lowest observed in CncSnc with no-till rotation. The combined yield was 2 % greater in cover
crop plots compared to no cover crop plots. Corn yield in 2021 was significantly greater in
CcrShv rotation with CT compared to all others. The lowest yield was observed in CncSnc
rotation.
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Figure 2. Cereal rye with weed biomass compared to weed biomass in no CC plots.

Cumulative nitrate-N loss was calculated for all the cash crops and cover crops starting in
corn season 2015 (Figure 3). Results show that highest cumulative nitrate-N loss in cover crop
seasons was associated with hairy vetch plots under no till practice (CcrShv rotation) in the
2018/2019 cover crop season. Cumulative nitrate-N loss was 183.4 kg ha™* for this rotation.
CcrShv under conventional tillage, CncSnc under no till, CncSnc under conventional tillage had
102.2 kg ha*, 19.8 kg ha* and 46.2 kg ha of cumulative nitrate-N loss, respectively. The cereal
rye season 2019/2020 had only around 30 kg ha* cumulative nitrate loss, which is much lower
than the losses observed during the cover crop season as well as corn season in 2019. Lower
leaching values could be a result of planting cover crop as well as the lower rainfall amount (26
inches) compared to the previous cover crop season. The last hairy vetch/ oats+ radish season
2020/2021 had maximum cumulative nitrate leaching of 40 kg ha™ which was observed in
CcrSor- NT rotation. However, in the 2018/2019 season there was no significant difference
between CC and NoCC plots.
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Dissolved Reactive Phosphorus (DRP) did not show a statistically significant difference
among cover crop treatments (Table 2), tillage treatments or among combinations in most of the
seasons. Cover crop season 2019 showed significantly higher DRP removal in conventional
tilled plots compared to no-till plots. Greatest DRP leaching of the season was observed in
CncSnc rotation under conventional tillage (1.12 kg ha*). DRP observations in cover crop
season 2020 was significantly higher in cover crop plots compared to the no cover crop plots.
Also, there was significantly higher DRP concentrations in conventional tillage plots compared
to no-till plots. Increased DRP concentration in cover crop plots could be a function of more
organic matter decomposing in cover crop plots compared to no cover crop plots.

Soil phosphorus was analyzed using Brayl method after cash crop harvest in fall and
after termination of cover crops in spring. Results support the hypothesis of phosphorus
stratification in agricultural fields. Soil phosphorus in top 15 cm was significantly higher than
the deeper soil in the field. After fall 2018, the top 15 cm of soil was further divided in to two
depths as 0-5 cm and 5-15 cm for sampling. After splitting the top 15 cm into two samples, there
was significantly higher phosphorus concentration in top 0-5 cm depth compared to the lower
depths. This confirms the possibility of stratification of phosphorus in top layer of soil following
continuous cropping.

Soil physical properties such as bulk density, aggregate stability, infiltration, and
penetration were measured in the field. Except for bulk density at 0-5 cm depth, there was no
significant difference among the treatments. Even though no significant difference is observed,
the greatest increase in aggregate stability was observed in CC plots compared to No CC plots.
This shows that longer term research could be helpful to better interpret the cover crop effect on
soil properties.



Table 1. Comparison of mean nitrite-N (NO2-N), nitrate-N (NO3z™-N), and Total-N (TN) loads in
soil water collected using pan lysimeters. Within a column and within a given factor or
combination of factors, means followed by the same letter are not statistically different (o =

0.05).
Fall 2018 (Soybean) Spring 2019 (Vetch and Dover ) Fall 2019 (Corn)
Rotationt  Tillage}

NO;-N NO;—N TN NO;-N NO;-N TN NO;-N NOs-N TN
CncSnc 0.0186a 3.892a 7.197a 0.0311a 5.769a 5.982a 0.0344a 7.406a 6.5702a
CcrShr 0.0322a 3.576a 5.755a 0.0632a 17.808b 18.270b 0.0526a 6.464a 6.3909a
CcrSor 0.2972a 9.424a 12.145a 0.0551a 23.337b 23.622b 0.0587a 20.437a 18.851a
CT 0.2134a 7.989a 12.016a 0.0482a 14.066a 14.899a 0.038a 5.975a 5.0128a
NT 0.0186a 3.272a 4.715a 0.0514a 17.210a 17.017a 0.0598a 16.897a 16.196b
CcrSor CT 0.0406a 6.922a 13.496a 0.0512a 7.382a 8.0246a 0.0395a 6.317a 5.0642ab
CncSnc CT 0.0409a 3.712a 6.3907a 0.0508a 12.047ab 13.600ab 0.0463a 6.096a 5.4666ab
CcerShr CT 0.5587a 13.332a 16.161a 0.0425a 22.770b 23.072b 0.0283a 5.512a 4.5075a
CcerSor NT 0.0035a 0.862a 0.898a 0.0109a 4.157a 3.9386a 0.0779a 34.557a 32.639%b
CncSnc NT 0.0235a 3.440a 5.119a 0.0756a 23.569b 22.940b 0.0224a 8.717a 7.6737ab
CcrShr NT 0.0357a 5.516a 8.128a 0.0676a 23.905b 24.172b 0.0769a 7.415a 8.2743ab
Spring 2020 (Cereal Rye) Fall 2020 (Soybean) Spring 2021 (Vetch and Dover)

Rotationt  Tillage}

NO;-N NO;-N TN NO;-N NO;-N TN NO,-N NO;-N TN

CncSnc 0.007a 2.27b 2.85b n.a n.a n.a 0.0029ab 1.623a 2.847b
CcrShr 0.015b 4.22a 5.04a n.a n.a n.a 0.0017 b 0.675a 5.038a
CcrSor 0.013ab 3.93ab 4.61ab n.a n.a n.a 0.0037a 2.162a 4.609ab
CT 0.013a 3.82a 4.49 n.a n.a n.a 0.003a 1.257a 4.493a

NT 0.010a 3.12a 3.84a n.a n.a n.a 0.002a 1.716a 3.837a
CcrSor CT 0.012ab 3.27ab 3.77ab n.a n.a n.a 0.0018b 0.299a 3.771ab
CncSnc CT 0.007b 3.38ab 4.07ab n.a n.a n.a 0.0035ab 2.873a 4.072ab
CcrShr CT 0.018a 4.82a 5.64a n.a n.a n.a 0.0014b 0.598a 5.635a
CcrSor NT 0.013ab 4.59a 5.45a n.a n.a n.a 0.0057a 4.024a 5.447a
CncSnc NT 0.006b 1.16b 1.62b n.a n.a n.a 0.0024ab 0.373a 1.623b
| Ccrshr NT 0.011ab 3.62ab 4.44ab n.a n.a n.a 0.0019b 0.752a 4.441ab

1 Rotation: CncSnc (Winter fallow/Corn/Winter fallow/Soybean), CcrShr (Hairy vetch/Corn/Cereal rye/Soybean),
CcrSor (Oats+radish/Corn/Cereal rye/ Soybean).

iTillage: Conventional tillage (CT), No-tillage (NT).

1 Rotation: CncSnc (Winter fallow/Corn/Winter fallow/Soybean), CcrShr (Hairy vetch/Corn/Cereal rye/Soybean),

10



Table 2. Comparison of mean DRP (dissolved reactive phosphate) loads in soil water collected
using pan lysimeters. Within a column and within a given factor or combination of factors,

means followed by the same letter are not statistically different (a = 0.05).

2015 2016 2017 2018 2019 2020 2021

Rotationt Tillagef  Corn CC  Soybean CC Corn CC  Soybean cC Corn CC  Soybean CC
Harvest Season Harvest Season Harvest Season Harvest Season Harvest Season Harvest  Season

DRP DRP DRP DRP DRP DRP DRP DRP DRP DRP
kg hat

CncSnc 0.57b 0.15 0.27 0.92a 0.02 1.42a 1.56a 0.76a 0.05a  0.009b n.a 1.007a
CcrShr 0.65a 0.1 0.15 0.2b 0.02 2.6a 1.33a 0.82a 0.03a  0.151a n.a 0.619a
CerSor 0.96ab  0.26 0.4 0.54a 0.01 1.5a 2.51a 059a  0.07a  0.069 n.a 1.110a
CT 0.56b 0.22a 0.34a 0.79 0.01 2.35a 1.68a 0.87a 0.03a 0.08a n.a 0.692b
NT 0.90a 0.12b 0.21b 0.31 0.02 1.32a 1.93a 0.57b 0.08a 0.02b n.a 1.131a
CcrSor CcT 0.49b 0.30a 0.48 0.81ab 0 1.2a 2.13a 0.48bc  0.017a 0.067a n.a 0.639b
CncSnc CT 0.67b  0.21a 0.32 1.35a 0.02 1.46a  2.25a 1.12a  0.055a 0.03ab n.a 0.882ab
CerShr CT 0.53b  0.14a 0.23 021c  0.02 419a  0.65a 1.0ab  0.018a 0.262a n.a 0.558b
CcrSor NT 0.82ab  0.22a 0.33 0.26bc 0.01 1.76a 2.8% 0.70abc  0.141a 0.071a n.a 1.583a
CneSnc NT 0.47b 0.08b 0.21 0.49bc 0.02 1.38a 0.87a 0.39¢c 0.041a 0.003b n.a 1.131ab
CerShr NT 1.3%9a 0.06b 0.08 0.18bc 0.02 0.8a 12.0la  0.64abc  0.044a 0.087a n.a 0.679b

CcrSor (Oats+radish/Corn/Cereal rye/ Soybean).

1Tillage: Conventional tillage (CT), No-tillage (NT).

Soil N2O Emissions (vetch phase):

We have sampled N2O 15 times (one more than what we had proposed) from soybean
harvest to vetch termination (Fig. 4). These samplings occurred one time in October, three times
in November, two times in January, two times in February, three times in March, and two times
in April. Data analysis indicated that sampling date but not treatment (combination of tillage and
cover crop) and the interaction was significant. Soil N.O emission data were highest right after
soybean harvest (possibly reflecting N release from soybean residue). The October sampling date
accounted for 33-40% of the total N2O-N emissions during the vetch phase. Soil N2O-N
emissions were low during winter and spring and overall, our data indicated low N2>O-N
emissions from cover crop phase as compared to the cash crop phase. A contrast analysis
indicated that N2O-N emissions were higher in vetch treatments than the no-CC treatments and
that no-till decreased average daily N2O-N emissions. We are currently assessing soil N data, soil
volumetric water content, and soil temperature to better understand the dynamics of N.O
emissions during the fallow season.
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Figure 4. Trends of N2O-N emissions as influenced by CC (hairy vetch vs. no-CC) and tillage
systems (no-till vs. reduced tillage).

Soil N2O Emissions (corn phase):

Most of soil N2O-N emissions occurred prior to mid-June which was in line with our data
in 2019 (Fig. 5). Overall, our data suggest most of N.O-N emissions occur early in the season so
management practices should focus on finding solutions to reduce excess N early in the growing
season to potentially reduce N2O-N losses. Similar to 2019, N.O-N emissions were higher during
corn after vetch than the no-CC treatments reflecting on N contribution from vetch as previously
shown in data by Singh et al. (2020). Our data also show that inclusion of vetch increased corn
yield similar to 2019 data suggesting N addition by vetch increases yield due to possible N
limitation in corn with no-CC treatments. One way to validate this hypothesis is to split N
application to (i) current N rate and (ii) current N rate plus 100 Ibs N/acre to ensure there were
no N limitation in our system. As we expected, N>O-N losses were low in July and throughout
corn reproductive phase until harvest. We can conclude that inclusion of vetch consistently
increases both corn yield and N2O-N emissions, but tillage effects are less consistent and vary by
year.

12
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Figure 5. Trends of N2O-N emissions as influenced by CC (hairy vetch vs. no-CC) and tillage
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Study 2: Paired-watershed study with cover crops for stream water quality

This study was designed to investigate the effect of cover crops on mitigating agricultural
runoff and nutrient loading. The research will help determine if cover crops can reduce the
amount of phosphorus and nitrogen entering water ways adjacent to agricultural fields and if they
have a positive effect on the water quality. Using a paired watershed approach, two watersheds
were selected on the SIU farm with similar topographic and climatic conditions. In 2008, a four-
year calibration period began with no treatment on the watersheds. When treatment was applied,
one watershed had a cover crop treatment (CC) and the other was the control with no cover crops
(No-CC). Both fields were under the no-till practice.

In-stream sampling occurs during and after a rain event when the stream water level
reaches a stage height above 0.35 feet in the sampling area. An automated ISCO water sampler
takes periodic samples while stage height is above 0.35 feet. 54 events were sampled, and 1203
individual water samples have been examined since 2015, when cover crops were introduced in
the treatment watershed, through the fall of 2021. 10 events were sampled in 2021 after the hairy
vetch cover crop treatment, however, there wasn’t sufficient rainfall in the fall to have samples
post corn harvest.

Total Suspended Solids

Under the cover crop treatment, there was a significant reduction in total suspended
sediment (TSS) in the stream of the cover crop treatment watershed compared to the control
watershed. Concentrations of TSS were found to be higher in the CC treatment watershed
(Figure 6). However, due to the difference in watershed size, the cover crop treatment produced
less overall runoff per acre. In 2021, the approximate TSS loading was 17.38 Ibs/acre/yr for the
cover crop watershed and 37.19 Ibs/acre/yr for the control watershed from a storm event that
produced enough precipitation for the stage height in the streams to exceed 0.35 ft (Figure 7).
Cover crops have shown a reduction of sediment movement from the fields especially during the
non-growing seasons and 2021 is no exception.

14
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Figure 6. Total suspended solids (TSS) concentrations from in stream sampling for the cover
crop and no cover crop paired watersheds in 2021.
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Figure 7. Average total suspended solid (TSS) runoff for each storm event during 2021

Dissolved Reactive Phosphorus (DRP)
The use of cover crops reduced the amount of DRP loading into the stream channels. The

CC watershed had 2.36 Ibs/acre/yr and the No-CC watershed had 6.65 Ibs/acre/yr of DRP during
storm events in 2021. The in-stream DRP concentration was lower as well in the CC watershed
(Figure 8). There are periods throughout the year when the cover crops have similar values as the
control, but this is most likely due to the planting time and success of germination of the cover
crops. The fall of 2020 was wet, and harvest was delayed, thus cover crops were not planted until
November 13th. This late planting caused low germination and growth rates for the planted

cover crop which could explain the similar values.
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Figure 8. Dissolved reactive phosphorus concentrations in the stream channel from runoff of
cover crop and no cover crop fields from spring 2020 to fall 2021.

Nitrate-N
The nitrate (NO3™-N) loading during storm events of the CC watershed was 9.80
Ibs/acre/yr and the No-CC watershed was 34.36 Ibs/acre/yr. The nitrate concentrations in the

stream were low in 2020 following the use of a cereal rye cover crop for the winter of
2019/2020. The nitrate concentrations were much higher the following growing season of 2021

after the use of hairy vetch as a 2020/2021 cover crop which fixes nitrogen. The fields were
fertilized on April 3rd just before a spike in nitrate levels as well. These two situations may have

impacted the higher levels of nitrate. However, for the growing season of 2021 the nitrate levels
were higher in the No-CC stream. In 2021, the amount of ammonium NH4*-N runoff was similar

between CC and No-CC watersheds and was relatively low. The CC watershed had 0.16
Ibs/acre/yr and No-CC watershed had 0.14 Ibs/acre/yr during storm events.
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Figure 9. Mean NO3™-N concentrations (mg L) found in the streams from spring 2020 — fall
2021.

Study 3: Watershed scale study on topographic positions x cover crop effects

This study examined the effect of cover crops and topographic position and its effects on
soil water quality, phosphorus stratification, and crop yields. Water samples were collected from
suction cup lysimeters from three different topographic positions in six sub watersheds, nine in
the CC treatment and nine in the No-CC treatment, for the corn season of 2021 (Figure 11 and
Figure 12). To date, 119 samples have been collected and analyzed in the lab for dissolved
reactive phosphate (DRP), anions, ammonium NH4*-N, nitrate NOs -N, and TN. Cover crop
season 2020/2021 was under hairy vetch. Soil samples were taken in the spring and fall each
year in three locations near each lysimeter at three different depths 0-5 cm, 5-15 cm, and 15-30
cm to monitor phosphorus stratification in the soil. Biomass was also collected at these locations
twice a year to monitor carbon/nitrogen ratios and biomass levels. Yields of the cash crop, corn
and soybeans, were taken during harvest to determine if there was any impact on yield from the
cover crop treatment.

Soil Water Solution

The CC treatment reduced the DRP concentration in the soil water solution. DRP
concentration for spring, summer and fall were half the values in the CC treatment field than in
the No-CC field (Table 3). Most of the samples in both the CC and No-CC field had insignificant
amounts of ammonium until fertilization on 4/3/2021. The highest average concentration was in
sub-watershed 5 (0.126 mg L) and the lowest was in sub-watershed 3 (0.022 mg L™). Sub-
watershed 5 had the lowest topographic relief for water to move from it and sub-watershed 3 had
the highest relief allowing for water to leach and runoff rapidly. The average ammonium
concentration was higher in No-CC field (0.051 mg L) than the CC field at 0.039 mg L.
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Nitrate NOs—N was lower in the CC treatment field (78.280 mg L) versus No-CC (93.583 mg
L.

Table 3. Seasonal averages of dissolved reactive phosphorus in soil water.

Dissolved Reactive Phosphorus Concentration mg L

Treatment CcC No-CC
Spring 0.07 0.12
Summer 0.09 0.19

Fall 0.05 0.15

Soil P Stratification

Soil P stratification in the 0-5 cm soil profile remains higher in the CC fields. Fall 2021
soil samples have not yet been analyzed, however the spring soil samples show that phosphorus
is not increasing in the 0-5 cm profile. Since spring of 2019, soil bound phosphorus has stayed
near 70 mg/kg. Below the 0-5 cm profile, the soil P remains lower in the CC fields by
approximately 50%. Spring of 2021 showed at the 5-15 cm and the 15-30 cm depths soil P was
lower in the CC field than in the No-CC field (Table 4). This shows that cover crops are reducing
the amount of phosphorus moving downward into the soil profile.

Table 4. Phosphorus levels (mg/kg) for soil profile depths in cover crop treatment (CC) and no
cover crop control (No-CC).

Phosphorus Levels (mg/kg)

Spring Fall Spring Fall Spring
2019 2019 2020 2020 2021
0-5 cm CC 72.15 69.89 70.22 67.00 70.22
No-CC 62.81 89.63 59.04 50.59 59.04
5.15 cm CC 22.04 30.04 22.19 23.00 22.19
No-CC 51.81 87.44 49.07 37.04 49.07
CC 14.93 28.63 14.89 14.38 14.89

15-30 cm
No-CC 54.63 51.56 45.70 29.26 45.70

Crop yields

The corn yield for 2021 showed that there was less yield for the CC fields (153.19
bushels/acre) versus No-CC field (174.79 bushels/acre). However, the average corn yield in 2019
for CC was 84.49 bushels/acre and 76.94 bushels/acre for the No-CC field (Figure 10). This
indicates that cover crops can have different influences on yields depending on precipitation and
timing of the planting of cover crops. The soybean yield in 2020 was not significantly different.
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The No-CC field had a slightly higher yield of 48.06 bushels/acre and the CC field had 45.55
bushels/acre.
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Figure 10. Corn yield comparison between 2019 and 2021 after hairy vetch cover crop treatment.
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Figure 11. Paired watershed research site, Carbondale, IL. Watershed 1 was planted with cover
crops (CC) and watershed 2 was no cover crop (No-CC) control. Crop rotation is corn/cereal
rye/soybean/hairy vetch in CC watershed and corn/winter fallow/soybean/winter fallow in No-CC
watershed
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Figure 12. Tension cup lysimeter for collecting soil solution water and hairy vetch cover crops
on the CC treatment field (March 2021).
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Professional Presentations

Thilakarathne, A.M., K.W.J. Williard, G Singh, J.E. Schoonover, J.F. Crim, and J. Snyder. 2021. Do
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2021. Oral Presentation.

Thilakarathne, A.M., K.W.J. Williard, G Singh, J.E. Schoonover, J.F. Crim, and J. Snyder. 2021. Cover
Crops and Nitrate Leaching. ASA, CSSA, SSSA Annual Conference Salt Lake City, Utah. November 06-10, 2021.
Rapid oral/Poster Presentation.

Thilakarathne, A.M., K.W.J. Williard, G Singh, J.E. Schoonover, J.F. Crim, J. Snyder and C. Blattel. 2020.
Impact of Cover Crops on Nitrate Leaching from a Corn-Soybean Rotation. ASA, CSSA, SSSA Annual Virtual
Conference. November 09-13, 2020. Oral Presentation.

Thilakarathne, A.M., K.W.J. Williard, G Singh, J.E. Schoonover, J.F. Crim, J. Snyder and C. Blattel. 2019.
Impact of Cover Crops on Nutrient Leaching in Vadose Zone. ASA, CSSA, SSSA Annual Conference San Antonio,
Texas. November 11-13, 2019. Poster Presentation.

Sadeghpour, A., P. Kumar, A.M. Thilakarathne, J.E. Schoonover, K.L. Gage, G. Singh, K.W.J. Williard.
2019. Does no-till and vetch cover crop decrease nitrous oxide emissions in a corn-soybean rotation? ASA, CSSA,
SSSA Annual Conference San Antonio, Texas. November 11-13, 2019. Oral Presentation.

Thilakarathne, A.M., K.W.J. Williard, G Singh, J.E. Schoonover and J. Snyder. 2019. Impact of Cover
Crops on Gravitational Water Transport through the VVadose Zone. Water Smart Innovations Annual Conference,
Las Vegas, Nevada. October 2-4, 2019. Poster Presentation.

Sharma, A., J.E. Schoonover, K.W.J. Williard, G. Singh, J.F. Crim, J.M. Snyder, C.R. Blattel. 2019.
Cover Crops: Solution to Sediment and Nutrient Loss? A Paired Watershed Study. UCOWR/NIWR Annual
Water Resources Conference, Snowbird, UT. June 11-13, 2019. Poster Presentation.

Thilakarathne, A.M., K.W.J. Williard, G. Singh and J.E. Schoonover. 2019. Impact of Cover Crops on
Nitrate and Phosphate Leaching in Vadose Zone. UCOWR/NIWR Annual Water Resources Conference,
Snowbird, Utah. June 11-13, 2019. Poster Presentation.

Journal Articles — 1 in 2021, 4 in 2020, 2 in 2019

Singh, G., G. Kaur, K.W.J. Williard, and J.E. Schoonover. 2021. Cover crops and tillage effects on carbon-
nitrogen pools: A lysimeter study. Vadose Zone Journal 20(2). doi:10.1002/vzj2.20110

Singh, G. A.D. Thilakarathne, K.W.J. Williard, J.E. Schoonover, R.L. Cook, K.L. Gage, and R. McElroy.
2020. Tillage and legume non-legume cover cropping effects on corn-soybean production. Agronomy Journal
112:2636-2648. doi: 10.1002/agj2.20221

Singh, G., G. Kaur, K. Williard, J. Schoonover, and K.A. Nelson. 2020. Managing phosphorus loss from
agroecosystems of the Midwestern United States: A review. Agronomy 10, 561 doi:10.3390/agronomy10040561

Singh, G. A.D., M. Dhakal, L. Yang, G. Kaur, K.W.J. Williard, J.E. Schoonover, and A. Sadeghpour. 2020.

Decomposition and nitrogen release of cover crops in reduced- and no-tillage systems. Agronomy Journal
112:3605-3618. doi: 10.1002/agj2.20268
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Dhakal, M., G. Singh, R.L. Cook, and T. Sievers. 2020. Modeling hairy vetch and cereal rye cover crop
decomposition and nitrogen release. Agronomy 10, 701 doi: 10.3390/agronomy10050701

Singh, G., K. Williard, J. Schoonover, K.A. Nelson, and G. Kaur. 2019. Cover crops and landscape position
effects on nitrogen dynamics in plant-soil-water pools. Water 11, 513 doi:10.3390/w11030513

Singh, G., G. Kaur, K.W.J. Williard, K. Nelson, and J.E. Schoonover. 2019. Cover crops and topography
differentially impacts weeds at a watershed scale. Weed Technology 34:73-81 doi 10.1017/wet.2019.83

Ashani Thilakarathne, Madhabi Tiwari, Pawan Kumar, Amanda Weidhuner, Oladapo Adeyemi, Gurbir
Singh, Jon Schoonover, Karl Williard, Amir Sadeghpour. Large nitrous oxide and nitrate leaching loss from
terminated hairy vetch in tillage systems. Soil and Tillage research (Internal Review).

Field Days

This research was highlighted at 2 presentations and in 2 student posters at SIU Farms Ag Field Day in July 2021.
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