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Abstract Abstract 
Nitrogen (N) and fungicide are among the most important factors impacting wheat yields in Kansas. 
However, there is limited information on whether foliar fungicides interact with N rates in wheat yield 
determination. Thus, our objectives were to evaluate wheat yield as impacted by different N rates with or 
without the use of foliar fungicide. One field experiment was established using a factorial structure of five 
N rates (0, 30, 60, 90, and 120 pounds of N per acre) by two fungicide management practices (either 
absent or 13 fluid ounces per acre of Nexicor) in a split-plot design near Hutchinson, KS, during the 
2020–2021 wheat growing season. The variety Larry was planted at 90 pounds of seed per acre, N was 
the whole plot and fungicide was the subplot. There was a significant interaction between N and fungicide 
on winter wheat grain yield, where the benefit of fungicide was greater with higher N rates. In the absence 
of fungicide, wheat yields ranged from 51.1 bushels per acre in the zero N rate, to 68.5 bu/a in the highest 
N rate. Meanwhile, grain yield ranged from 57.3 bu/a when no N was applied, to 83.8 bu/a in the highest N 
rate. Despite higher yields when fungicides were applied, grain yield within fungicide treatment plateaued 
at the 90 pounds of N per acre rate. This experiment provided initial empirical evidence for the interaction 
between N management and fungicide. More field experiments are expected to validate this in future 
years. 
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Summary
Nitrogen (N) and fungicide are among the most important factors impacting wheat 
yields in Kansas. However, there is limited information on whether foliar fungicides 
interact with N rates in wheat yield determination. Thus, our objectives were to eval-
uate wheat yield as impacted by different N rates with or without the use of foliar 
fungicide. One field experiment was established using a factorial structure of five N 
rates (0, 30, 60, 90, and 120 pounds of N per acre) by two fungicide management 
practices (either absent or 13 fluid ounces per acre of Nexicor) in a split-plot design 
near Hutchinson, KS, during the 2020–2021 wheat growing season. The variety Larry 
was planted at 90 pounds of seed per acre, N was the whole plot and fungicide was 
the subplot. There was a significant interaction between N and fungicide on winter 
wheat grain yield, where the benefit of fungicide was greater with higher N rates. In the 
absence of fungicide, wheat yields ranged from 51.1 bushels per acre in the zero N rate, 
to 68.5 bu/a in the highest N rate. Meanwhile, grain yield ranged from 57.3 bu/a when 
no N was applied, to 83.8 bu/a in the highest N rate. Despite higher yields when fungi-
cides were applied, grain yield within fungicide treatment plateaued at the 90 pounds of 
N per acre rate. This experiment provided initial empirical evidence for the interaction 
between N management and fungicide. More field experiments are expected to validate 
this in future years.

Introduction
A recent survey of management practices adopted in ~700 commercial fields in Kansas 
suggested that nitrogen (N) management and foliar fungicide applications were among 
the largest drivers of wheat yield (Jaenisch et al., 2021). This information was well 
aligned with a previous survey of practices adopted by wheat growers who entered 
their crop into the Kansas Wheat Yield Contest (Lollato et al., 2019a), reinforcing the 
importance of both variables for wheat yields in the state. Considering the large yield 
gap of winter wheat in this region (Lollato et al., 2017), further research is warranted on 
agronomic practices to increase yields.

Crop N requirement is linked to yield potential (de Oliveira Silva et al., 2020a, b); thus, 
higher yielding environments require greater N rates to optimize yield (Lollato et al., 
2019b, 2021). Meanwhile, foliar fungicides protect the crop canopy, increasing solar 
radiation interception and grain yield (Jaenisch et al., 2019, 2022). Data-rich exper-
iments suggested that, depending on environmental conditions during the growing 
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season and on cultivar susceptibility, winter wheat yield gain from fungicides in the US 
central Great Plains can range from -27 to +97% (Cruppe et al., 2017, 2021). 

Reasons justifying potential interactions between N and fungicide include (1) that 
higher N rates can create a lusher canopy that decreases wind flow and creates a more 
favorable environment for disease development, and (2) that the crop receiving foliar 
fungicide may have a greater yield potential, thus increasing N requirements (Salgado et 
al., 2017). Therefore, our objectives were to explore the potential interaction between 
these two important yield-determining management factors for wheat in Kansas.

Procedures
A two-way factorial experiment was conducted in a split-plot design near Hutchinson, 
KS, during the 2020–2021 winter wheat growing season. Whole plot treatments 
included five N rates (0, 30, 60, 90, and 120 pounds of N per acre) and sub-plots were 
either the presence or absence of a foliar fungicide application at heading. The foliar 
fungicide product used was Nexicor applied at 13 fluid ounces per acre. 

The winter wheat variety Larry was sown at 90 pounds of seed per acre on October 8, 
2020, in combination with 50 pounds of diammonium phosphate as starter fertilizer. 
The previous crop was soybeans and the field was established under no-tillage practices. 
The field was maintained weed-free using commercially available herbicides. No insect 
pressure was observed during the experiment. Nitrogen fertilizer treatments were 
established on March 10, 2021, at the spring tillering stage, and fungicide was applied 
on April 30, 2021, at the heading stage. Plots were harvested on June 22, 2021, using a 
Massey Ferguson 8 XP small plot combine.

One composite soil sample, consisting of 15 individual soil cores, was retrieved from 
each of the 0–6 and 6–24 inch depths at sowing. For each depth, the sample was 
analyzed for soil fertility and texture. Grain yield and grain moisture were measured at 
harvest maturity and yield was corrected to 13% moisture for statistical analysis. Data 
were analyzed using a two-way analysis of variance considering N rate, fungicide, and 
their interactions as fixed effects, and replication and N rate nested within replication as 
random effects. 

Results
Soil and Weather Conditions
Although winter wheat in Kansas is often subjected to drought and heat stresses during 
important yield-determining portions of the season (Couedel et al., 2021; Lollato et al., 
2020; Sciarresi et al., 2019), the 2020–2021 growing season in Hutchinson was favor-
able for good yielding conditions. Overall, 3.7 inches of fall precipitation ensured good 
crop establishment and average fall temperatures of 45.1°F promoted crop tillering 
(Table 1). A total of 12.2 inches of precipitation in the winter and spring helped with 
N incorporation into the soil profile and reduced potential impacts of drought stress. 
Mild temperatures (51.3 to 74.5°F) during the spring and early summer decreased the 
incidence of heat stress. Total NO3-N in the soil profile at sowing was 57 pounds of N 
per acre (Table 2). We also note that the soil pH in the 0- to 6-inch depth was 4.7 in 
the study site (Table 2), which could have limited wheat yields in the study even for a 
tolerant variety (Lollato et al., 2019c).
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Grain Yield
Grain yield ranged from 51.1 to 83.8 bushels per acre across the different N rates and 
foliar fungicide treatments (Figure 1). Statistical analysis suggested a significant inter-
action between N rate and foliar fungicide (Table 3). Here, the benefit of fungicide was 
greater with higher N rates. In the absence of fungicide, wheat yields increased from 
51.1 bu/a in the zero N rate to 65.9–68.5 bu/a in the 90 and 120 pounds of N per acre 
rates, respectively, with no statistical differences between the two highest rates. When 
fungicide was applied, grain yield increased from 57.3 bu/a when no N was applied, to 
81.7–83.8 bu/a in the two highest N rates, which again did not differ statistically from 
each other. Interestingly, though not biologically meaningful, wheat grain yield with 
30 pounds of N per acre and foliar fungicide (69.3 bu/a) was statistically the same as 
that receiving 90 or 120 pounds of N per acre in the absence of foliar fungicide.

Conclusions
This experiment only reports on one site-year of data, so conclusions are preliminary. 
Nonetheless, we collected empirical evidence to support the hypothesis that nitrogen 
rates interact with foliar fungicide management. Further research will be performed to 
quantify the probability of these responses in a large number of Kansas environments.

References
Couëdel, A., Edreira, J.I.R., Lollato, R.P., Archontoulis, S., Sadras, V. and Grassini, P., 

2021. Assessing environment types for maize, soybean, and wheat in the United 
States as determined by spatio-temporal variation in drought and heat stress. Agri-
cultural and Forest Meteorology, 307, p.108513.

Cruppe, G., Edwards, J.T. and Lollato, R.P., 2017. In-season canopy reflectance can aid 
fungicide and late-season nitrogen decisions on winter wheat. Agronomy Journal, 
109(5), pp.2072-2086.

Cruppe, G., DeWolf, E., Jaenisch, B.R., Onofre, K.A., Valent, B., Fritz, A.K. and 
Lollato, R.P., 2021. Experimental and producer-reported data quantify the value of 
foliar fungicide to winter wheat and its dependency on genotype and environment 
in the US central Great Plains. Field Crops Research, 273, p.108300.

de Oliveira Silva, A., Ciampitti, I.A., Slafer, G.A. and Lollato, R.P., 2020a. Nitrogen 
utilization efficiency in wheat: A global perspective. European Journal of 
Agronomy, 114, p.126008.

de Oliveira Silva, A., Slafer, G.A., Fritz, A.K. and Lollato, R.P., 2020b. Physiological 
basis of genotypic response to management in dryland wheat. Frontiers in plant 
science, 10, p.1644.

Jaenisch, B.R., de Oliveira Silva, A., DeWolf, E., Ruiz-Diaz, D.A. and Lollato, R.P., 
2019. Plant Population and Fungicide Economically Reduced Winter Wheat Yield 
Gap in Kansas. Agronomy Journal, 111(2), pp.1-16.

Jaenisch, B.R., Munaro, L.B., Bastos, L.M., Moraes, M., Lin, X. and Lollato, R.P., 2021. 
On-farm data-rich analysis explains yield and quantifies yield gaps of winter wheat 
in the US central Great Plains. Field Crops Research, 272. Article no. 108287.



4

Kansas Field Research 2022

Kansas State University Agricultural Experiment Station and Cooperative Extension Service

Jaenisch, B.R., L.B. Munaro, K.S. Jagadish, and R.P. Lollato. 2022. Modulation of 
wheat yield components in response to management intensification to reduce 
yield gaps. Frontiers in Plant Science. 13: 772232. https://doi.org/10.3389/
fpls.2022.772232.

Lollato, R.P., Edwards, J.T. and Ochsner, T.E., 2017. Meteorological limits to winter 
wheat productivity in the US southern Great Plains. Field Crops Research, 203, 
pp.212-226.

Lollato, R.P., Ruiz Diaz, D.A., DeWolf, E., Knapp, M., Peterson, D.E. and Fritz, A.K., 
2019a. Agronomic practices for reducing wheat yield gaps: a quantitative appraisal 
of progressive producers. Crop Science, 59(1), pp.333-350.

Lollato, R.P., Figueiredo, B.M., Dhillon, J.S., Arnall, D.B. and Raun, W.R., 2019b. 
Wheat grain yield and grain-nitrogen relationships as affected by N, P, and K fertil-
ization: a synthesis of long-term experiments. Field Crops Research, 236, pp.42-57.

Lollato, R.P., Ochsner, T.E., Arnall, D.B., Griffin, T.W. and Edwards, J.T., 2019c. 
From field experiments to regional forecasts: Upscaling wheat grain and forage yield 
response to acidic soils. Agronomy Journal, 111(1), pp.287-302.

Lollato, R.P., Bavia, G.P., Perin, V., Knapp, M., Santos, E.A., Patrignani, A. and 
DeWolf, E.D., 2020. Climate-risk assessment for winter wheat using long-term 
weather data. Agronomy Journal, 112(3), pp.2132-2151.

Lollato, R.P., Jaenisch, B.R. and Silva, S.R., 2021. Genotype-specific nitrogen uptake 
dynamics and fertilizer management explain contrasting wheat protein concentra-
tion. Crop Science, 61(3), pp.2048-2066.

Salgado, J.D., Lindsey, L.E. and Paul, P.A., 2017. Effects of row spacing and nitrogen 
rate on wheat grain yield and profitability as influenced by diseases. Plant disease, 
101(12), pp.1998-2011.

Sciarresi, C., Patrignani, A., Soltani, A., Sinclair, T. and Lollato, R.P., 2019. Plant traits 
to increase winter wheat yield in semiarid and subhumid environments. Agronomy 
Journal, 111(4), pp.1728-1740.

Brand names appearing in this publication are for product identification purposes only. 
No endorsement is intended, nor is criticism implied of similar products not mentioned. 
Persons using such products assume responsibility for their use in accordance with current 
label directions of the manufacturer.

Table 1. Weather data for the 2020–2021 winter wheat growing season at Hutchinson, KS 
Season Tmax (°F) Tmin (°F) Precip. (in.) ETo (in.)
Fall* 57.5 32.7 3.7 7.6
Winter 48.2 25.2 6.2 7.3
Spring 74.5 51.3 5.9 15.2

*Fall: Sowing to December 31. Winter: January 1 - March 31. Spring: April 1 to harvest date.

https://doi.org/10.3389/fpls.2022.772232
https://doi.org/10.3389/fpls.2022.772232
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Table 2. Soil pH, nitrate nitrogen (NO3-N), Mehlich phosphorus (P), potassium (K), 
sulfur (S), organic matter (OM), and texture (percent sand, silt, and clay) for two different 
depths at the experimental site near Hutchinson, KS, during the 2020–2021 winter wheat 
growing season
Depth 
(in.) pH

NO3-N  
ppm

P-M  
ppm

K  
ppm

S  
ppm

OM  
%

Sand  
%

Silt  
%

Clay  
%

0–6 4.7 8.9 71.2 212.6 11.3 2.1 36.00 42.00 22.00
6–24 5.7 4.4 21.2 189.3 11.0 2.0 34.00 40.00 26.00

Table 3. Analysis of variance for winter wheat grain yield as affected by nitrogen rate, 
foliar fungicide management, and their interaction for a field experiment conducted 
during the 2020–2021 growing season near Hutchinson, KS
Effect Num. DF Den. DF F Value Pr > F
N rate 4 24 118.26 <.0001
Fungicide 1 3 49.39 0.0059
N rate × Fungicide 4 24 8.98 0.0001

DF = degrees of freedom. Num. = numerator. Den. = denominator. 

Figure 1. Winter wheat grain yield as function of nitrogen rate and foliar fungicide appli-
cation during the 2020–2021 growing season near Hutchinson, KS. Means followed by 
the same letter are not statistically different at P < 0.05.
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