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1. Introduction

• Environmental conditions and farming management practices affect the N
cycle in agroecosystems. Particularly, weather conditions during the pregrowing-season (e.g. winter and early spring for the U.S. Corn Belt) can
influence the dynamics of soil inorganic N (SIN) content and have
implications for the end-of-season crop yield.

(2) Model and scenario design
• Ecosys is a mechanistically-based ecosystem model which could simulate both nutrient and
water cycling in different ecosystems (agriculture, forest, savannah, grassland, tundra and
desert). It could simulate the behavior under different environment conditions.

4. Model-simulated response between pre-growingseason weather and yield for different N fertilizer rates

• Figure 3. Major soil and crop processes simulated in ecosys

3. Model performance evaluation with the field
experiments

• Figure 1. (a) a schematic diagram illustrating the time span of pre-growingseasons, and (b) the framework of this study to investigate the impact of
pre-growing-season weather conditions on soil nitrogen status and crop
production.

2. Method and data
(1) Validation data

• To systematically evaluate impacts of different nitrogen application
strategies on crop productivity and environmental sustainability in the U.S.
Midwestern agroecosystem, we validated an advanced process-based
model, ecosys (Figure 1b), based on a series of field experiment data (i.e.
corn yield, leaching and N2O) conducted under different N fertilizer timing
experiments (Figure 2).

• Figure 2. The locations of field experiments used in this study. Sites listed
in blue are where 10-year field trials were run to measure N-yield
responses. Sites listed in red have N cycle related measurements. DSU
(DS-upland), DSB (DS-bottomland) and SEPAC (Southeastern Indiana
Purdue Ag Center) are abbreviations of the three corresponding sites.

• Figure 6. Effects of fertilizer rate on the relationship between pre-growing-season weather
and crop yield for the Urbana site.

• Figure 4. Comparison of ecosys simulated and measured corn grain yield (15% moisture) at
seven sites in Illinois (a; ranges and mean values of measured yield are respectively
represented as lines and points) and six additional sites across the US Midwest (b).

• Figure 5. Comparison of ecosys simulated and measured multi-year average N-yield
responses during 1999-2008 at each (a-g) and all (h) seven sites in Illinois.

5. Conclusion

This study investigated the impact of pre-growing-season weather conditions on soil N
status and crop yield in the U.S. Midwest by using scenario simulations based on a wellvalidated agroecosystem model ecosys at seven sites in Illinois. We found ecosys had a
strong capability to capture the carbon fixation and allocation processes, soil variables,
N fluxes, and N-yield responses collected from a number of U.S. Midwest sites. We
predict wetter pre-growing-seasons can cause a reduction of SIN content through
increasing leaching, and cause yield loss of 0.54-0.86 Mg/ha (5-14%) under no fertilizer
and of 0.21- 0.33 Mg/ha (1-3%) under the normally used N fertilizer rate (167 kg N/ha).
This precipitation-induced yield loss can be mitigated by adding more N fertilizer. In
contrast, we predict colder pre-growing-seasons can also reduce SIN content, but
through different pathways including decreased mineralization and increased leaching
enhanced by decreased evapotranspiration. This decreased SIN content caused by lower
pre-growing-season temperature can contribute to corn yield loss of 0.10-0.68 Mg/ha
(2-8%) under no fertilizer and of 0.12-0.48 Mg/ha (1-4%) under the normal fertilizer
rate. This yield decrease can be mitigated but cannot be eliminated by N fertilizer
because the decreased pre-growing-season temperature also reduces growing-season
crop N demand by cooling the early-growing-season soils and ultimately reducing crop
yield potential.
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