Simulating Maize Response to Nitrogen Fertilizer Using the Critical Nitrogen
Dilution Curve

ABSTRACT

The application of crop models to simulate crop responses to water and nitrogen (N) is crucial for improving agricultural
management. The majority of these models involve complex equations and require several input parameters for calibration.
AquaCrop simulates crop response to different N levels using a semi-quantitative approach, which simulates the effect of
N stress on transpiration and biomass production during the growing season. This model does not provide information on
the optimal timing and quantity of N fertilizer application for efficient farm management. In the present study, a direct
simulation approach based on the concept of a critical nitrogen curve was applied to simulate the effect of N deficiency on
transpiration and biomass production. The main objective of this study was to evaluate a direct simulatiopgapproach and
compare its results with those derived from the semi-quantitative approach. For this purpose, experimental data were
collected from two years of maize cultivation. Biomass and plant nitrogen concentrations were measured“duting the
growing season. The results showed that the RRMSE (relative root mean square error) index in biomass simulation\by the
direct method was, on average, 4% lower for each treatment compared to the semi-quantitative appreach. In addition,
increased N stress led to increased errors in simulating biomass. Thus, the RRMSE for biomass'simulation using'the direct
method was 26.48 % and 30.96% for treatments under the highest stressjyand 9.57% and 15.78 % for non-stressed
treatments. In general, these findings show that integrating the critical nitrogenjeoncentration concept into crop models
provides more accurate estimates for crops under nitrogen stress.
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Background and purpose:

The application of crop models to simulate crop responses to waterand nitrogen (N) is crucial for improving agricultural
management. The majority of these models involve complex equations and require several input parameters for calibration.
They are used to simulate the water flow and N transport in soil and plants. AquaCrop as a user-friendly model, simulates
the crop response to different amounts of N using a semi-quantitative approach which simulates the effect of N stress on
transpiration and biomass production during the growing seasef. In this method, the effect of N deficiency on biomass
production is simulated based on several canstant redugction coefficients for each stress level during the growing season.
This model cannot determinggthe proper time and amount of N fertilizer for efficient farm management. In the present
study, a direct simulation approach based on the concept of a critical nitrogen curve was applied to simulate the effect of
N deficiency on transpiration and biemass production. In this method, biomass values were simulated based on the effect
of N deficiency on cangpy resistance(re), transpiration (Tr), and normalized water productivity (WP") parameters, during
the growing season. The main objective of this study was to evaluate a direct simulation approach and compare its results
with the AquaCrop semi-quantitative approach.

Materials and metheds:

For this purpose, field®xperiments were conducted at the research farm located in Tehran, during the 2015 and 2016
growing seasons. Five N treatments were investigated including no nitrogen (N0), 50(N1), 100(N2), 150(N3) and 200 kg
N. ha—1 (N4)foneach year. Biomass and plant nitrogen concentrations were measured during the growing season.

Findings:

The results showed an inverse relationship between N stress and both Tr and WP™. In other words, increasing N stress led
to decreased values of Tr and WP”. Moreover, in the direct simulation approach, WP” changes during the growing season
based on the nitrogen nutrition index. In the AquaCrop model, WP” is obtained from a linear regression equation, which is
assumed to be constant during the growing season. This factor may cause more errors in biomass simulation. The RRMSE
(relative root mean square error) index in biomass simulation by the direct method was, on average, 4% lower for each
treatment compared to the semi-quantitative approach. In addition, increased N stress led to increased errors in simulating
biomass. Thus, the RRMSE for biomass simulation using the direct method was 26.48 % and 30.96% for treatments under
the highest stress, and 9.57% and 15.75 % for non-stressed treatments.

Conclusion:

In general, these findings show that integrating the critical nitrogen concentration concept into crop models provides more
accurate estimates for crops under nitrogen stress. Therefore, the integration of a direct simulation approach and critical
nitrogen concentration concept proves highly effective in examining nitrogen management scenarios for agriculture.
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