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Nitrate Leaching in Corn/Soybean Rotation in Southern Illinois: Effects of
Legume/Non-Legume Cover Crops, Tillage, and Topography

&

Fate of N Urea Fertilizer in a No-till Corn/Soybean System with Cover
Crops

Jon Schoonover, Professor of Physical Hydrology, Southern Illinois University — Carbondale
Background and Objectives

Nitrogen loss to the environment remains one of the biggest issues facing agriculture today.
Impacts on water quality have received growing attention and require immediate attention to
develop best management practices to reduce nitrate leaching and runoff from agricultural fields.
One suggested means of reducing nitrogen losses is using winter cover crops, but there is very
little information on the effect of cover crops on nitrate leaching, particularly in non-tile drained
fields. Additionally, there is little information on the interaction of tillage and cover crop type
(legume or non-legume) on potential leaching. During our literature review we were not able to
find any study that have used **N-labeled urea isotope to study N leaching using pan lysimeters
for a complete understanding of the mechanisms with which cover crops can potentially benefit
water quality.

The practical use of cover crops is when farmers adopt and plant cover crops at the
field/watershed scale. The watershed scale increases variability and bring challenges in
establishing and planting of cover crops. The benefits of using cover crops that are reported in
the plot scale study might not show similar results in short term at the watershed scale due to lag
time between the implementation of the cover crops and their effect to be delivered to the water
bodies. The interaction of topography and cover crops is an important aspect of research that has
been investigated on a limited scale. The impact of cover crops at a watershed scale has received
little attention because these projects are labor intensive and require long term monitoring. Since
we had a pre-established watershed-scale experiment, we are also investigating the influence of
cover crops using four years of baseline data to determine potential reductions in nitrogen losses
both to the groundwater and to overland flow that end in head water streams.

The objectives of the cover crop projects:
Study 1: Tillage x cover crop

1. To evaluate the influence of cover crops and tillage on corn/soybean yields

2. To evaluate Nitrate-N leaching with and without legume/non-legume cover crops at the field
scale study.

3. Evaluate Nitrate-N Leaching due to the interactions with tillage.

4. Evaluate the contribution of cover crops in building soil carbon pools (total carbon, active
carbon or potassium permanganate oxidizable carbon and water extractable carbon).

5. Evaluate the influence of cover crops in improving soil water holding capacity using moisture
sensor data.



Study 2: ®N-labeled Urea Fertilizer

1. To quantify residual N fertilizer uptake by the non-leguminous cover crop and fertilizer N-
use efficiency in no-till soils using °N tracer techniques.

2. To evaluate the contribution of fertilizer and soil organic matter (SOM) to N leaching under
corn/soybean cropping system with and without a winter non-leguminous cover crop.

3. To quantify °N content of surface runoff after storm events under corn/soybean cropping
system with and without a winter non-leguminous cover crop.

4. To quantify decomposition rate of cover crop litter and fractionation of available N in soil,
5N released through mineralization will be studied.

Study 3: Topography x cover crop

1. To evaluate the influence of cover crops and topography on corn/soybean yields.
2. Evaluate the influence of cover crops (Hairy vetch and cereal rye) on nutrient dynamics and
leaching at different topographic positions on a watershed scale.

Study 4: Cover crops at watershed scale in Paired-watershed design

1. To compare the effectiveness of winter cover crops in reducing runoff, total suspended
sediments (TSS), nitrogen (N) and phosphorus (P) concentrations in ephemeral streams of
non-tile drained headwater agricultural watersheds.

Summary of work since January 2017
Site Location

The project location is at the Southern Illinois University Agronomy Research Center in
Carbondale, IL. The tillage x cover crop experimental design was established in 2013 in a
corn/soybean rotation (all corn one year, followed by all soybean the next year). The paired
watershed study, instrumented in 2008, was also established at the Agronomy Research Center.
The watersheds are under mixed land use and drain 68 and 103 acres, respectively. The
microplots for °N study were overlaid on the tillage x cover crop field. The fields have variable
slopes and dominant soil series is Hosmer silt loam on shoulder and backslope positions and
Bonnie silt loam on footslope postions. Pan lysimeters for tillage x cover crop are installed in
Hosmer-silt loams (Fine-silty, mixed, active, mesic Oxyaquic Fragiuadalfs) shoulder positions
(flat slopes). In the topography x cover crop study, tension lysimeters are installed on all three
topographic positions in the paired watersheds. For monitoring stream water quality, the paired
watershed are instrumented with Parshall flumes and ISCO automated samplers.



Design

The plot layout is a completely randomized design with three replicates of each treatment: tillage
x no till and cover crop x no cover crop (Figure 1). In odd years (prior to corn), the cover crop
treatment has been split between a legume (hairy vetch) and a non-legume that winter kills (oats
& radish mix). In even years (prior to soybeans), cereal rye is planted across the entire cover
crop treatment (Figure 2). Tillage treatments only occur in the spring prior to planting. This
study monitors physical soil properties (infiltration, bulk density, permeability) and chemical soil
properties (organic matter, soil nitrogen, phosphorus, pH, apparent soil electrical conductivity)
response to tillage and cover crops as well as nitrate leaching. Soil moisture sensors were
installed in similar elevations across the plots. Shallow (18 inch) and deep (36 inch) tension
lysimeters were installed in each replicate of each treatment to collect water held in soil pores.
Pan lysimeters were installed in each replicate to collect water samples for estimating Nitrite-N
Nitrate-N and total N leaching through the upper soil horizon.

The °N-labeled urea fertilizer research was overlayed on the existing strip plot setup of the
tillage x cover crop research (Figure 3). Additionally, due to the high cost of analysis of °N
samples, only two crop rotations that are CncSnc without winter CCs and CcrShv with CCs in
NT system were selected to address the objectives of this research (Figure 2). In total, there were
three microplots for rotation CncSnc and three for rotation CcrShr. Additionally, four control
microplots that are two with rotation CncSnc and two with rotation CcrShr were established with
zero N fertilization and data collected from the control plots was used in °N calculations.

The layout of the paired watershed study is a nested design where the smaller watershed (68
acres) is the control watershed and larger watershed (103 acres) is the treatment watershed
(Figure 4). In each watershed three basins were randomly selected and delineated using LIDAR
data in GIS software. Each basin has three topographic positions where tension lysimeters are
installed for monitoring nitrate leaching. This study monitors physical soil properties
(infiltration, permeability, bulk density) and chemical soil properties (organic matter, soil
nitrogen, phosphorus, pH, apparent soil electrical conductivity) at three topographic positions
(shoulder, backslope and deposition slope). Parshall fumes and ISCO samplers are installed at
mouth of each watershed for monitoring stream water quality. (Figure 5).

Challenges and observations

Spring 2017 was wet and resulted in a better stand of hairy vetch, which reached a height of ~2-3
feet at termination in spring. However, the growing season precipitation for corn (May to
September) was 14 inches less in 2017 compared to 2015. The lower precipitation resulted in
reduced leaching and we were only able to collect four leaching events from tillage x cover crop
study during corn season 2017. Surface water quality data were collected from paired watersheds
and processed for largest storm event received throughout the year. At the watershed scale,
planting cover crops reduced the peak discharge during storm events.

Obtaining and processing water samples in time from all the studies has been a challenge thus
far. Some lysimeters needed to be replaced or repaired throughout the year due to rodents
chewing the tubes and damage from planting. Below freezing temperatures were observed in



December and January 2017/2018. The tubes of tension lysimeters were frozen and samples
could not be extracted. The couplings and tubes of tension lysimeters were replaced due to the
damage from the freezing conditions. Additionally, the data loggers that were installed for
monitoring soil moisture content (volumetric water content) often failed because of the winter

weather conditions.

The °N-labeled urea fertilizer was applied on microplots on the day of planting corn and runoff
plots were established one day after planting corn (Figure 3). Sampling runoff water from
microplots have so far been successful and water samples collected were analyzed for 1°N
Nitrate-N. Due to the relatively dry conditions in summer 2017 we were only able to sample two
leaching events from microplots for *°N analysis and five runoff sampling events. We also
collected soil samples to the depth of 45 cm four times during the 2017 corn growing season
from the Microplots and analyzed them for °N recovery.

Table 1. Important dates of the field work done on the cover crop research studies.

. Paired
CC x Tillage Watershed ®N Urea
Cover crop termination 4/23/2015 NA
Soil sampling - prior to planting 4/24/2015 | 4/22-23/2015
Planting (corn DKC 54-56RIB) 5/20/15 5/3/2015
. . . . 3/30/2015 —
Tension lysimeter installation 412712015 5/19/2015
Pan lysimeter installation 5/4/2015
First water sampling 6/9/2015 6/9/2015
Soil moisture sensor installation 6/24/2015 6/30/2015
Harvest 9/18/2015 10/2/2015
Soil Sampling post-harvest 9/30/2015 10/8/2015
Cover crop planted (Cereal Rye) 9/28/2015 10/5/2015
EM38 EC (Apparent EC) Fall 2015 9/28/2015 10/5/2015
ISCO First Sampling 11/17/2015
Soil moisture sensor re-installation 9/30/2015 10/7/2015
Soil Sample Collection Fall 9/30/2015 10/8/2015
Bulk density samples collected (core method) 10/13/2015
Deep cores with soil probe truck bulk density NA 10/13/2015
Soil infiltration measured NA 10/14/2015
Soil sampling spring 4/13/2016 4/13/2016
Above ground biomass samples collected 4/18/2016 4/15/2016
Apparent EC spring 2016 4/16/2016 4/16/2016
Burn down of rye 4/26/2016 4/17/2016
Installed four new pan lysimeters for N*° project 5/4/2016
Last water sampling for cereal rye (event no.24) 5/20/2016 4/17/2016
Lysimeters buried and soil moisture sensors 5/20/2016 411712016
removed
Tillage of treatment implemented 6/3/2016
Soybeans planted 6/10/2016 6/16/2016




Lysimeters and soil moisture sensors reinstalled 6/15/2016 6/18/2016

First water sampling from lysimeters for soybean 6/16/2016 6/27/2016

season collected

Last water sampling from lysimeter for soybean 9/28/2016 10/11/2016

season collected

Soybean above ground biomass collected 10/1/2016 10/1/2016

Soil moisture sensors removed 10/4/2016 10/11/2016

Soybean Harvested 10/10/2016 10/25/2016

Soil Sampling fall 2016 10/13/2016 10/25/2016

Apparent EC fall 2016 10/17/2016 10/26/2016

Cover crop planted (Vetch/Dover) 10/17/2016 10/26/2016

Reinstalled Soil Moisture Sensors 10/21/2016 10/31/2016

First water sampling form cover crops 10/21/2016 10/31/2016

Applied DAP 3/15/2017 5/31/2017

;Bl;pplled TS;E @150 Ibs/acre and MOP @100 3/15/2017
s/acre to N plots

Cover crop biomass samples collected 4/13/2017 5/12/2017

Cover crops terminated 4/13/2017 5/12/2017

Soil sampling 4/13/2017 4/10/2017

EM38 EC (Apparent EC) Spring 2017 4/12/2017 5/18/2017

Cover crop decomposition study started 4/20/2017

Moisture sensors removed 4/25/2017 5/16/2016

Tillage of treatments 4/25/2017

Last water sampling of vetch 2017 5/8/2017 5/16/2016

N application 5/9/2017 6/3/2017

N urea applications to subplots 5/9/2017

15 . . . 5/9/2017 to
N Soil sampling (at 0, 7, 21, 42 days after planting) 6/20/2017

Corn planted variety DKC58-06RIB 5/9/2017 5/19/2017 5/9/2017

Runoff plots made and completed 5/10/2017

First Runoff sample collected 5/12/2017

Moisture sensors reinstalled 5/12/2017 5/24/2017

First Lysimeter water sampling for corn 5/24/2017 5/24/2017 5/24/2017

Corn biomass samples 9/11/2017 9/13/2017 9/11/2017

Moisture sensors removed 9/11/2017 9/28/2017

Corn harvested 9/27/2017 10/6/2017 9/27/12017

Soil sampling fall 2017 10/2/2017 10/9/2017 10/2/2017

EM38 EC (Apparent EC) Fall 2017 10/3/2017 10/12/2017

Cover crop planted 10/6/2017 10/13/2017 10/6/2017

Moisture sensors reinstalled 10/13/2017 10/14/2017

First lysimeter sampling for cereal rye 2017 10/14/2017 10/14/2017 10/14/2017




Outreach

The project results were presented at the Universities Council on Water Resources (UCOWR)
conference in June 2017, Belleville SIU field day in July 2017, Soil Science Society of America
(SSSA) annual conference in October 2017, 47" North central soil fertility IPNI conference at
Des Moines lowa in November 2017, the 50" Annual fertilizer and pesticide conference at Mt.
Vernon in November 2017, and the Madison County Cover Crop field day in December 2017.
The list of presentations and papers ready for submission is given at the end of this report.

Important Results

Study 1: Tillage x cover crop

Use of cover crops in spring 2015 and 2016 resulted into lower nitrate-N in soil than the no cover
crop rotation, possibly due to higher N uptake by cover crops compared to weeds in no cover
crop rotation (Table 1). The nitrate-N in soil in fall 2015 after corn harvest was affected by the
interaction of rotation and tillage systems. Within the conventional tillage systems, the no cover
crop rotation had 4.04 kg ha* higher nitrate-N in soil than the rotation having oats+radish cover
crop in 2015, whereas no differences were found for Nitrate-N between rotations under no tillage
systems.

Corn was the cash crop during the soil solution sampling period in fall 2015 and 2017, whereas
soybean was cash crop during the fall 2016 sampling period. During the cash crop season in fall
2015, the rotations with cover crops increased the N leaching as compared to rotation that had no
cover crops planted during the winter season (Table 2, Figure 6). During the cover crop growing
season in spring 2016, cereal rye cover crop reduced the nitrate-N leaching by 84% (0.68 kg ha™)
and 78% (0.63 kg ha*) compared to the no cover crop rotation, respectively, under the
conventional tillage system (Table 2).

After four years under no tillage system with two complete cropping cycles, the corn yield was
14% greater with cover crop rotation corn/cereal rye/soybean/hairy vetch compared to corn/no
cover crop/soybean/no cover crop, whereas no significant difference existed in corn yield due to
cover crop treatments within conventional tillage. Both cover crop rotations under no tillage
reduced soybean yield by 24-27% compared to no cover crop rotation.

Study 2: ®N-labeled Urea Fertilizer

During corn season 2017 repeated soil samples were collected and were analyzed for *°N
fertilizer recovery in soil. The results showed higher °N recovery in the corn that preceded hairy
vetch cover crop than the corn that preceded no cover crop on soil sampling events 7 and 21 days
after planting by 13.13 and 3.68 kg ha™, respectively, at the depth 15-30 cm (Figure 7). Overall,
the cumulative loss of *Nitrate™-N through pan lysimeters during corn season 2017 was <2% of
the applied fertilizer. The contribution of nitrate-N from soil organic matter to leaching was 61%
higher for corn rotation with hairy vetch compared to corn rotation with no cover crops.



Study 3: Topography x cover crop

The nitrogen uptake of cereal rye was higher in the watershed planted with cover crops than the
weeds in no cover crop watershed. Although this increase in nitrogen uptake was not significant
it still resulted in reducing nitrate-N leaching measured using tension lysimeters in the watershed
with cover crops by 67% when compared to the no cover crop watershed. During 2017 the
nitrogen uptake of hairy vetch was 110.9, 85.02 and 44.89 kg ha* higher than the watershed that
had no cover crops at the shoulder, backslope and footslope position, respectively. However, the
improvements in the water quality were only seen at the footslope position, where the hairy vetch
CC in spring 2017 reduced nitrate-N concentrations in the watershed planted with cover crops
compared to watershed with no cover crops by 7.71 mg L. The temporal change in nitrate-N
concentrations were measured using tension lysimeters and is presented in figure 8.

Study 4: Cover crops at the watershed scale in paired-watershed design

Delayed termination of hairy vetch in May 2017 resulted in a 100% increase of the biomass
when compared to biomass sampling in April 2017. The thick biomass cover of hairy vetch
helped reduce the event mean discharge as well as peak discharge (Figure 9). Both cover crops
(i.e., cereal rye and hairy vetch) reduced peak discharge of storm events (with intensity <10 mm
hr') by 51-55% for the watershed with cover crops compared to watershed without cover crops,
likely due to increased infiltration rates. Additionally, the total suspended solids and discharge
were reduced by 33% and 34%, respectively in the watershed with cover crops during the cover
crop treatment period.

Summary

Randy Lange (Researcher) and Gurbir Singh (PhD student in Forestry) have continued to collect
water samples through 2017/2018 in both the cover crop x tillage nitrate leaching field plots and
in the paired-watershed study. The samples have been analyzed for a suite of nutrients, including
nitrate. To date, 64 sets of tension lysimeter samples have been collected and 48 rainfall events
have been sampled in the pan lysimeters (where the water table remained below the pan).
Researcher, Jacqueline Crim has been providing technical assistance and laboratory support
throughout the project.

Outreach and published/submitted work
Oral Presentations/Posters/Accepted Abstracts from 2017/2018

e Do cover crops really make a difference in improving water quality?
Gurbir Singh, Karl Williard, and Jon Schoonover
Illinois Soil Testing Association (ISTA) Annual Conference, Columbia, Illinois, February
27-28, 2018.

e Water quality benefits and challenges of conservation practices.
Karl Williard, Jon Schoonover, and Gurbir Singh



2018 Illinois Association of Drainage Districts Annual Conference, Bloomington, IL,
January 18, 2018.

Integrating the use of cover crops into saturated buffer designs for nitrogen mitigation.
Jon Schoonover and Karl Williard

Annual Farm Bureau meeting, Chicago, IL., December 2, 2018.

Nitrate leaching in a corn/soybean rotation in southern Illinois: effects of cover cropping
and tillage.

Gurbir Singh, Karl Williard, and Jon Schoonover

50™ Southern Illinois Fertilizer and Pesticide Conference, Mt. Vernon, IL, November 21,
2017

Water quality benefits and challenges of cover crops

Karl Williard, Jon Schoonover, and Gurbir Singh

Madison County Cover Crop Field Day, Highland IL, December 7, 2017.

Cereal rye and hairy vetch cover crops for improving soil and water quality.

Gurbir Singh, Karl Williard, Jon Schoonover, Rachel Cook and Randy McElroy

47" North Central Extension-Industry Soil Fertility Conference, Des Moines, IA,
November 15-16, 2017

The effects of cover crops and saturated buffers on water quality in southern Illinois.
Gurbir Singh, Jon Schoonover, and Karl Williard

Southern Illinois University Annual Belleville Field Day, July 13, 2017.

Cover crops and tillage interaction effect on claypan soils of southern Illinois.

Gurbir Singh, Jon Schoonover, Karl Williard and Karla Gage

47" North Central Extension-Industry Soil Fertility Conference, Des Moines, IA,
November 15-16, 2017

Cover crops for improving soil health and water quality

Gurbir Singh, Karl Williard, and Jon Schoonover

Natural Sciences Student Symposium, Southern Illinois University, Carbondale, IL,
November 3, 2017

Can a legume cover crop increase nitrate leaching after termination?

Gurbir Singh, Karl Williard, Jon Schoonover, Rachel Cook and Randy McElroy
ASA-CSSA-SSSA Annual Meeting, Tampa, FL, November 23-25, 2017. Available
online:

https://scisoc.confex.com/crops/2017am/webprogram/Paper105744.html

A paired watershed study on stream water quality from a corn/soybean rotation planted
with winter cover crops.

Gurbir Singh, Karl Williard, Jon Schoonover, and Jackie Crim

ASA-CSSA-SSSA Annual Meeting, Tampa, FL, October 22-25, 2017. Available online:
https://scisoc.confex.com/crops/2017am/webprogram/Paper105742.html

Nutrient and sediment export from a corn/soybean rotation planted with winter cover
crops: a paired watershed study.

Gurbir Singh, Karl Williard, Jon Schoonover, and Jackie Crim



https://scisoc.confex.com/crops/2017am/webprogram/Paper105744.html
https://scisoc.confex.com/crops/2017am/webprogram/Paper105742.html

Universities Council on Water Resources/ National Institutes for Water Resources
(UCOWR/NIWR), Annual Water Resources Conference, Colorado State University, Fort
Collins, CO, June 13-15, 2017.

Riparian buffers and cover crops: tools to address water quality.

Karl Williard, Jon Schoonover, and Gurbir Singh

Conservation cropping seminars, Carbondale, IL, January 26, 2017. Available online:
http://www.ccswed.com/media/Carbondale%20Agenda+Registration.pdf
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http://www.ccswcd.com/media/Carbondale%20Agenda+Registration.pdf

Research papers under review or ready for submission in peer reviewed journals

Singh, G., Williard, K.W., and Schoonover, J.E. Cover crops for managing stream water
quantity and improving stream water quality of non-tile drained paired watersheds.
Agricultural Water Management

Singh, G., Williard, K.W., and Schoonover, J.E. Influence of cover crops and tillage on
nitrogen dynamics in plant-soil-water pools. Soil and Tillage Research

Singh, G., Williard, K.W., and Schoonover, J.E. Influence of cover crops and topography
on nitrogen dynamics in plant-soil-water pools. Agriculture, Ecosystems and
Environment

Singh, G., Williard, K.W., Schoonover, J.E., Rachel C., McElroy R., and Gage K. Cover
cropping and tillage effect on corn and soybean production in Southern Illinois.
Agronomy Journal

Singh, G., Williard, K.W., Schoonover, J.E., and Crim J. Cover-crops and topography
effect on weed suppression and crop production in Illinois. Agriculture, Ecosystems and
Environment
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Legend

[IField Boundary

Treatment

Bl Cover crop (Cereal rye/Hairy vetch) x No-tillage

7 Cover crop (Cereal rye/Oats-Radish) x No-tillage ,:/ //f////////////////
B No-Cover crop x No-tillage : //////////////////////’

%7 Cover crop (Cereal rye/Hairy vetch) x Tillage
777 Cover crop (Cereal rye/Oats-Radish) x Tillage
772 No-Cover crop x Tillage

Figure 1. Cover crop vs tillage research site at Carbondale, IL



2013

2014

2015

2016

2017

JFMAMJ JASOND

J FMAMJ JASOND

JFMAMJ JASOND

JFMAMJJASOND

J FMAMJJASOND

Rotation Tillage

CncSnc CT No-CC Soybean No-CC Corn No-CC Soybean No-CC Corn
CcrShv CT Cereal rye Soybean | Hairy vetch| Corn Cereal rye Soybean | Hairy vetch Corn
CcrSor CT Cereal rye Soybean Corn Cereal Rye | Soybean Corn
CncSnc NT No-CC Soybean No-CC Corn No-CC Soybean No-CC Corn
CcrShv NT Cereal rye Soybean | Hairy vetch| Corn Cereal rye Soybean | Hairy vetch Corn
CcrSor NT Cereal rye Soybean Corn Cereal Rye | Soybean Corn

Soil Solution Collection Events | - I I | 7 ] 14 | &6 | 12 | 4 |

Figure 2. Crop sequence for different rotations and tillage from 2013 to 2017 along with soil solution collection events collected using
pan lysimeters.
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Inches Meters
Row to Row spacing 30 0.762
Plant to Plant 7 0.178
MICROPLOT (3 m?)

North

West

South

Figure 3. Experiment design for monitoring the fate of isotopically labeled (**N) urea in corn plantation with CC and micro-plot layout

(green indicates corn plants in microplot) and runoff plots installed on lysimeters buried in ground.
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Watershed 1
(Cover Crop)

] watershed Boundary * Sampling Locations
Basins Number - Area (ha) Topographic Position
| |Basin1-3.20 I shoulder

D Basin 2 - 4.89 [ Backslope

| |Basin3-1.24 [ ]Footstope  y

[IBasin4-3.34 ,

[ Basin5-1.21 4 d

[ 1 Basin6-4.21 s
2015 2016 2017

JFMAMJ JASOND|J FMAMJJASON D|J FMAMJJASOND

Watershed  —_PreCC Post-CC

CcC Cereal rye Soybean Hairy vetch
NoCC No-CC Soybean No-CC

Soil Solution Collection Events | 8 | 16 | 10 | 16 | 7 |

Figure 4. Watershed research site at Carbondale Illinois USA. Watershed 1 was planted with cover crops (CC) and watershed 2 was
No cover crop (NoCC) control. Crop rotation followed was corn/cereal rye/soybean/hairy vetch in CC watershed and corn/winter
fallow/soybean/winter fallow in NoCC watershed.



| Legend
Stream Order | | CC-Treatment Watershed
Strahler 1952 /. Water Quality Monitoring Locations

1 D Control Watershed
— 7 - Area of Field 3 & 25 under Cover Crops
——3 :I Field Boundaries

Figure 5. Paired watershed research site at Southern Illinois University’s research farms in Carbondale, IL. The control watershed has
area of 27 ha and contains field numbers: 17, 18, 19, 25, 26, and 27. The CC-treatment watershed has area of 42 ha and contains field
numbers: 2, 3, 21, 22, 24 and 25. Picture on the right side shows water flowing from the Parshall flume installed at mouth of the CC-

treatment watershed.
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Figure 6. Average Nitrate-N leaching between sampling dates for cover crop and no-cover crop treatments under no-tillage and
conventional tillage system. Blue bars represent average daily precipitation received at the research site.
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Figure 7. Mean values of *°N recovery from applied fertilizer determined in rotation by depth. Means followed by the same letter are

not statistically different (a.= 0.10).
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Figure 8. Average soil solution Nitrate-N (NO3s™-N) concentrations between sampling dates for cover crop and no-cover crop
treatments at three topographic positions. Blue bars at the top of the graph represents average daily precipitation received at the
research site.
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Figure 9. Storm water discharge measured from paired watersheds representing storm events received during cover crop season in
2016 and 2017.



Table 1. Mean values of Soil Nitrate-N (NOs-N) and Ammonium-N (NH4"-N) determined in rotation with tillage at a specific depth.
Within a column and within a given factor or combination of factors, means followed by the same letter are not statistically different

(@=0.05).
. . Spring 2015 Fall 2015 Spring 2016 Fall 2016 Spring 2017 Fall 2017

Rotationf Tillagel Depthi -55 "N NN  “NO;-N NHeN  NO:-N NHe-N  NOs-N NH#N  NOz-N NHeN  NOs-N NH#-N

kg hat

cnesne 542a  11.65 729 1431 273 1355 778 8.30 178 4172 6.260  4.07

Cershr 281b 1288 738 1567 058b 1218 883 914 111 4973 12772 346

CerSor 408b 1134 503  12.08 057b  13.04 747 8.40 083 4482 578b 3.2

cT 386 1225 833 1433 150a  11.46b 854a 874 156 4439 907 354

NT 434 1166 541b 1431 0.99b  14.39 7510 8.49 002  46.45 747 357

0-15  569a 14.35a 1459  13.36b 125  17.02a 178la  9.39 217a  41.87b 1497a 341

15-30  2.84b  10.90b 400b  12.97b 109  10.22b 303b  7.95 0.74b  38.1b 6580  4.08

30-45 3780 10.62b 201c  16.63a 153 1154b 234c 852 0.81b  56.29a 326c 347

CncSne  CT 500 1186 1059 1417 362a 1118 922 823 239 4535 692  3.78

Coshr  CT 205 1271 784ab 1650 058c 1134 889  9.22 130 4565 1400 3.9

CoSor  CT 354 1218 6.550c  12.32 0.56c 1187 752 8.76 100 4217 630 334

CncSnc NT 575 1143 309 1445 184h 1592 635 838 118  38.08 560  4.35

Corshr  NT 266 1305 6.93abc  14.85 057c 1303 877 9.06 002 5381 1154 343

CorSor  NT 461 1050 531bc  13.65 057c 1422 741 804 0.66  47.46 527 201

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

Soybean).

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

1IDepth in cm.
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Table 2. Comparison of mean Nitrite-N (NO2™-N), Nitrate-N (NO3z™-N), and Total-N (TN) loads collected using pan lysimeter. 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).

Rotation? Tillage} Fall 2015 Spring 2016 Fall 2016 Spring 2017 Fall 2017

NO2-N NOs-N TN NOz-N NOs-N TN NO2-N NOsz-N TN NOz-N NOs-N TN NO2-N NOs-N TN
kg hat

CncSnc 0.146b 19.96b 20.86b 0.0007b 0.54a 0.59a 0.0037b 1.53 2.62 0.0269a 0.06b 0.56b 0.003 2.07b 3.18b
Ccershr 0.239a 37.73a 38.14a 0.0002a 0.16b 0.18b 0.008lab 1.29 1.96 0.0072b 0.59b 1.24b 0.0266 10.63a 13.44a
CcrSor 0.2288a 33.46a 33.79a 0.0016a 0.19b 0.27b 0.019a 162 259 0.0376a 2.36a 3.09a 0.007 1.85b 2.11b
CT  0.2033 32.2l1a 33.09a 0.0017a 0.37 0.42a 0.0118a 2.19 3.17a 0.0408 051 1.49 0.0182 8.01 10.32
NT  0.2059 28.56b 28.77b 0b 0.22 0.27b  0.0087b  0.77 1.60b 0.007 15 1.77 0.0062 1.69 217
CncSnc CT 01669 2544 26.85 0.0022a 0.8la 0.89a 0.0043 257 3.61 0.0538a 0.01 1.0lbc 0.0033b 3.21b 5.35b
CcerShr CT  0.2444 3377 3438 0.0004a 0.13c 0.14b 0.0106 1.78 2.74 0.000lbc 0.36 1.46abc 0.0459a 19.41a 24.03a
CcrSor CT 01985 3742 38.02 0.0024a 0.18bc 0.23b  0.0204 2.19 3.17 0.0686ab 1.15 1.99ab 0.0055b 1.41b 1.57b
CncSnc NT 01251 1448 1486 0.0001b 0.27b 0.29b 0.003 046 162 0.000lc 011 0.11c 0.0026b 0.93b 1.01b
CcerShr NT 02336 417 4189 0.0008a 0.19bc 0.21b  0.0056 0.79 1.17 0.0143ab 0.83 1.0lbc 0.0073b 1.86b 2.85b
CcrSor NT 02591 2951 2956 0.0008a 0.20bc 0.31b  0.0177 1.06 2.02 0.0066ab 3.58 4.19a  0.0085b 2.28b 2.64b

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

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