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Introduction
• Nitrous oxide (N₂O) is an important greenhouse gas

that contributes to global warming (Haider et al.,
2020).

• Winter wheat (WW) production in the Midwest
provides agronomic advantages; however, farmers
often apply N fertilizer in the fall to enhance
efficiency in operation (Nafziger, 2020).

• This fall application might make N losses worse due
to low crop uptake (Thilakarathna et al., 2020).

• We hypothesized that varying N fertilizer rates and
application timing in WW will have an impact on
yield, N2O emissions, and yield-scaled emissions.

• The impact of different fertilizer rates and application
timings on N₂O emissions has not been sufficiently
investigated in WW in southern Illinois.

• This study examines the impact of varying N
fertilizer rates and application timing on grain
yield, N₂O emissions, and yield-scaled
emissions in WW production.

Results and Discussion
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Conclusions
• Soybean yield was significantly higher during the

single-season treatment than the fertilized treatments
in 2022.

• High fertilizer intensity with fall application double-
cropped with soybean consistently resulted in high
daily N₂O fluxes compared to lower rates or spring-
only applications.

• The yield-scaled emissions across years showed that
HDC and NDC caused significantly more emissions
per unit of grain produced compared to LDC and
MDC, which were similar. But LDC was the most
profitable strategy across all market scenarios.

• Future studies should focus on refining the timing
and rates of spring applications to further reduce
environmental impact while maintaining wheat
productivity in the Midwest.

Materials and Methods

Figure 1. Closed vented gas chamber (A), soil probe (B), TDR 350 (C), and soil 
thermometer (D).
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The study was laid out in a randomized complete block
design (RCBD) with four replicates at the Agronomy
Research Center (ARC), Carbondale, IL.
Treatments: 1. No double crop (NDC), 2. Low fertilizer
intensity + double crop (LDC), 3. Medium fertilizer
intensity + double crop (MDC), and 4. High fertilizer
intensity + double crop (HDC).
Winter wheat (cv. “Agrimaxx 495”; 2,000,000 seed
ha⁻¹).

Table 1. Fertilizer application rates (kg ha⁻¹) for winter wheat across fall and
spring growing seasons.

(A) (C)(B)

Production-scaled emissions of N2O-N during winter 
wheat and soybean growing seasons in 2022 and 2024

(D)

TotalSpringFall
(lbs N ac-1)(lbs N ac-1)(lbs N ac-1)

JointingTillering
UANMAPUANMAPMAP

10740-4027-Low
16770-7027-Medium
16770-70-27High

Abbreviation: MAP = monoammonium phosphate, UAN = urea ammonium nitrate.

Figure 2. Grain yield of winter wheat and soybean in 2022 and 2024.

Winter wheat and soybean grain yield in 2022 and 2024

Table 2. Average cumulative nitrous oxide (N2O-N) fluxes during winter wheat
double-cropped with soybeans in 2022 and 2024.

20242022

Total cumulative N2O-N emissions (g N2O-N ha-1 yr-1)
Treatments

2223.59±93.81 b2547.63±186.39 bNDC

2232.96±114.16 b3035.80±124.21 bLDC

2585.47±182.30 b2330.14±290.25 bMDC

4070.21±136.29 a4328.99±26.18 aHDC

0.0010.01Pr > F

Abbreviations: NDC = No double-crop, LDC = Low fertilizer intensity + double crop, MDC = 
Medium fertilizer intensity + double crop, and HDC = High fertilizer intensity + double crop. 
Data shown are means ± standard errors of four spatial replicates. Identical letters indicate 
no significant difference (Tukey's test, p ≤ .05 level). 

Aggregate N2O-N emissions during winter wheat double-
cropped with soybeans in 2022 and 2024

Figure 4. Average yield-scaled nitrous oxide (N2O-N) emissions during winter
wheat and soybean growing seasons in 2022 and 2024.

Abbreviation: NDC = No double crop, LDC = Low fertilizer intensity + double crop, MDC = Medium 
fertilizer intensity + double crop, and HW = High fertilizer intensity + double crop.

N2O-N emissions during double –cropped winter wheat 
with soybean in 2022 and 2024

Figure 3. Mean daily soil nitrous oxide (N2O-N) fluxes during winter wheat and 
soybean growing seasons in 2022 (A) and 2024 (B). Abbreviations: see Figure 2. 
Identical letters indicate no significant difference (Tukey p ≤ .05).
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2024 Net return ($ ac-1)2022 Net return ($ ac-1)TreatmentScenario

499724NDCAdverse

511807LDC

462756MDC

488736HDC

499724NDCLow price

549869LDC

495846MDC

520826HDC

501739NDCBaseline

556874LDC

502845MDC

526824HDC

504755NDCHigh price

556874LDC

502825MDC

524803HDC

504755NDCFavorable

589935LDC

534915MDC

557894HDC

Table 3. Sensitivity analysis of net return over variable costs ($ ha⁻¹) for three WW
management intensities under five market scenarios in 2022 and 2024.

2024 yield bu ac-1 (Mg ha-1)2022 yield bu ac-1 (Mg ha-1)TreatmentCrop

--NDC

Winter wheat

43.20 (2.82) a55.97 (3.66) aLDC

49.20 (3.22) a58.85 (3.85) aMDC

43.40 (2.84) a56.42 (3.69) aHDC

0.050.05Pr > F

45.90 (3.08) a52.56 (3.53) aNDC

Soybean

44.10 (2.96) a45.67 (3.07) bLDC

48.69 (3.27) a46.21 (3.10) bMDC

50.00 (3.36) a46.12 (3.10) bHDC

0.050.01Pr > F

Abbreviation: NDC = No double crop, LDC = Low fertilizer intensity + double crop, MDC = Medium fertilizer 
intensity + double crop, and HW = High fertilizer intensity + double crop. Identical letters indicate no 
significant difference (Tukey p ≤ .05).


