Long-term influence of tillage and cover crops on soll nitrous oxide emissions in corn-soybean rotations in Southern lllinois

S][U Folahanmi Adeyemi', Madhabi Tiwari', Oladapo Adeyemi', Ashani Thilakaranthne?, Gurbir Singh3, SI[U

Southern Jon Schoonover?, Karl Williard?, Eric Brevik'*4, Amir Sadeghpour’ Southern
Nlinois 'School of Agricultural Sciences, Soutf?erlj lllingis U_niversity, Carbondale, IL. Nlinois
University 2School of Forestry, Southern lllinois University, Carbondale, IL. University
S 3Division of Plant Sciences, University of Missouri-Columbia, Novely, MO. S a—
4School of Earth Systems and Sustainability, Southern lllinois University, Carbondale, IL.

Introduction Results and Discussion Results and Discussion

The effective management of nutrients has resulted in the Grain Yield Periodic N,O-N emissions across the corn-soybean rotation

adoption of conservative forms of agriculture such as no-tillage (A) . (B) - were highest during early-season, especially after planting
(NT) and cover crops (CC) and during rainfall with minor increase in mid-season prior

250 4 o
: to a decrease towards the end of the season.

No-till offers multiple benefits including improved soil water
holding capacity, infiltration, and carbon (C) sequestration.

Cover crops promote nutrient cycling, reduce erosion, and
moderate soil temperature and moisture.

Winter cereal cover crops (WCCCs), most notably winter rye
(Secale cereal) (WCR) are widely recognized as effective
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Legum CC such as hairy vetch (Vicia villosa L.) (HV) add Treatments
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nitrogen (N) and increase overall production. Figure 2. Grain yields for corn (A) and soybean (B) as influenced J .
We hypothesize that HV could increase soil N,O during the by treatments. | = N B | | | |
CF)rn SeaS.OnS by ad.dlng EXCesS N! while WCR Increalse SO!I Corn grain yield differed among the treatments, with CcrShyv- o CCISh‘.RTTreatments - - N - Treatments N N
nitrous oxide (N,O) in the soybean season by increasing soill RT producing the highest yield and CncSnc-NT was the Figure 5. Cumulative N,O-N emissions during corn (A) and
volumetric water content (VWC). lowest. In contrast, soybean grain yield was not significantly soybean (B).

affected by treatments.
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. . Cumulative soil N,O-N emissions were significantly greater

Objectives Soil N.O-N Emissions Trends during corn than during the soybean. In corn, CcrShv-RT had
Our objectives were to evaluate the interactive effects of CC vs A) . l___z e the greatest emissions, with the CC treatments having
no-cover crop (NOCC) and tillage vs. no-till combinations on (i) 1T I Majoreinfallevents | greater emission. In soybean, cumulative emissions were
N,O fluxes, (ii) cumulative N,O, (iii) yield-scaled emissions, (iv)

(.
grain yield, and (v) factors influencing N,O emission.
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_ | || . Tt Table 1. Yield-scaled emissions for the corn and soybean seasons.
Materials and Methods | it
| | 1 Treatments Corn (lb bu™) Soybean (lb bu™)

|
iy CcrShv-NT 0.13%0.05 a 0.06+0.02 a

Baseline |

Baseline

IoE lower and did not differ among treatments.

The experimental design was a randomized factorial design
with three replications.

CcrShv-RT 0.11+0.06 a 0.04+0.01 a

Treatments were two tillage systems (no-till vs. conventional
tillage) and two cover crops (no-cover crop control vs. WCR
prior to soybean; hairy vetch prior to corn). No-cover crop
no-till (CncSnc-NT), no-cover crop till (CncSnc-RT), cover
crop no-till (CcrShv-NT), and cover crop till (CcrShv-RT).

« Corn (2021 and 2023) and soybean (2022 and 2024) were
planted in early May and harvested in October of their
respective growing seasons.

End-of-season End-of-season |

CncSnc-NT 0.11+0.04 a 0.0/7+0.03 a

Baseline |

CncSnc-RT 0.07+0.02 a 0.05%+0.02 a
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1 Yield-scaled N,O-N emissions were not affected by the
0 +—d — - treatments in both corn and soybean, suggesting that the
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Date interaction between cover crop and tillage produced similar
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, — Figure 3. Soil daily N,O-N emissions as influenced by sampling Principal Component Analysis
—oaane dates, corn (A) and (C), soybean (B) and (D). | (B)

Trea‘t:ri:l'edntB e ' ; Treatment Treatment
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e e oiop (o S ) = B ameae. L — Soil N,O-N emissions were significantly affected by weather SoilTemp,  ANON A CaShvRT | b SR
2% Gover crop (Coreal rye/tisiry vetch) x Tilage | — and fertilization, with treatment differences evident during peak f O CncSnoRT 320 |0 CucSncRT
B e, T events. Corn had higher emissions when compared to
| | soybean, however higher rainfall in 2024 (Figure 3D) also led to

substantial emissions.
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Figure 1. A long-term field trial established in 2013 and has been
continued until present at Agronomy Research Farms at Southern
lllinois University Carbondale.
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Figure 6. Biplot for principal component analysis indicating first 2
principal components for corn (A) and soybean (B).

[5]
M

(=]
M

N,O-N emissions were strongly associated with the soil VWC
in both corn and soybean, however corn was more
associated with N availability than soybean.

Cumulative N,O-N emissions (Ib ac!)

Soil nitrate-N and ammonium-N sampling: Soil samples |
were collected using a soil probe (0-6 inches depth) over the [ &K -

August September

growing seasons (May — Oct). Monts Monts

Cumulative N,O-N emissions (lb ac™!)
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Grain Yield: At physiological maturity, corn and soybean plants

were harvested to determine grain yield. e Conclusions

Cover crops, especially hairy vetch preceding corn, resulted
iIn higher cumulative emissions.
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Soil N,O emissions sampling and measurement: Closed
vented chambers were used to collect gas samples. Gas
samples were analyzed using a GC. N,O flux was measured by
regressing time (0, 15, 30, and 45 min) vs. N,O concentration.
Yield-scaled N,O emissions were evaluated by dividing
cumulative area-scaled emissions by grain yield.

The effect of tillage on N,O emissions was inconsistent, with
no significant reductions in no-tillage compared to reduced
tillage.

Cumulative N,O-N emissions (Ib ac™!)

Cumulative N>,O-N emis

Soil VWC was the main driver of emissions, reflecting
combined influence of soil and management factors.

August September July August September

Soil volumetric water content (VWC) and temperature: © Monts

Measured using TDR 350 moisture meter and general soll Figure 4. Cumulative N,O-N emissions by periods in corn (A) and (C),
thermometer, respectively. soybean (B) and (D). Acknowledgements ' ILLINOIS
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