
Runoff Water Quality as Influenced by Cover Crop Use and Sufficiency 

Phosphorus Fertilization Strategy in a No-Tilled Corn-Soybean Rotation

Background and Justification

Phosphorus loading in agricultural runoff is
a potential contributor to the impairment
of surface water quality through creating
hypoxic zones, harmful algal blooms, and
eutrophication. Developing conservation
practices that include different P
management strategies with cover crop use
can minimize the potential P loading in
runoff and is thus central to improving
agricultural sustainability.

The objective of this study was to evaluate the efficacy of different P management
strategies with cover crop with a view to produce Best Management Practices for
improving water quality.

Location
A long-term study was conducted at the Kansas Agricultural Watershed field
laboratory near Manhattan, KS, from 2019 to 2022.

Experimental Design
There were two cover crop treatments (with or without cereal rye cover crop)
and three fertilizer management treatments (No P, Build and Maintain, and
Sufficiency) in a 3x2 factorial arrangement in a randomized complete block
design with three replications.

• Phosphorus fertilizer treatment rate was selected based on Mehlich-3 soil
test value (Table 1). Under Sufficiency P fertilization strategies, only Build and
Maintain Treatment received P fertilizer at a rate of 38.9 kg P2O5 /ha, 71 kg
P2O5 /ha, and 54.1 kg P2O5 /ha in the year 2019, 2020, and 2021, respectively.

Sample collection and analysis
• Plots were bermed and terraced to direct runoff to a single outlet from each

plot and were equipped with 45-cm H flumes and automated water samplers
to monitor runoff and water quality.

• Flow-weighted composite water samples were collected during each runoff
event from the field.

• There was a total of 14, 8, 14 runoff events that occurred during the year
2020, 2021, and 2022, respectively. Only events with runoff greater than 2
mm were included in the analysis.

Statistical analysis
The main effects of P fertilizer management, cover crop, and their interaction on
five water quality parameters was determined for each year with ANOVA using
SAS proc glimmex. Missing data were estimated as the geometric mean of the
other replications.
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Effect Sediment loss PP DRP TDP TP

2020

Cover crop <.0001 <.0001 <.0001 <.0001 0.01

Fertilizer 0.135 0.009 <.0001 <.0001 <.0001

Fertilizer × Cover crop 0.279 0.003 0.001 0.013 0.114

2021

Cover crop <.0001 0.079 <.0001 0.024 0.885

Fertilizer 0.118 0.018 <.0001 <.0001 0.000

Fertilizer × Cover crop 0.203 0.043 <.0001 0.642 0.025

2022

Cover crop 0.000 0.003 <.0001 <.0001 0.006

Fertilizer 0.359 0.487 <.0001 <.0001 <.0001

Fertilizer × Cover crop 0.904 0.567 <.0001 0.000 0.131

Table 2. p-values from ANOVA on selected water quality parameters for study year 2020 to 2022 

Fig 1. Cover crop decreased annual sediment loss in every year of the study (Table 2). The greatest
decreased observed for the crop year 2020 (86.5%). However, the decrease was not affected by
the P fertilization strategy. As sediment loading decreased, annual particulate phosphorus loading
in runoff water was significantly decreased for all three-crop year with cover crop treatment.

• Cover crop significantly decreased erosion by 69%-86.5%. In general, particulate
phosphorus loss also decreased with cover crop treatment.

• Cover crop generally increased dissolved reactive P and total dissolved P losses,
but the increase was greater for the build and maintain P management.

• However, cover crop had a variable effect on total phosphorus (TP) loss. The
effect of cover crop was inconsistent for years.

• Our results suggest that a Sufficiency phosphorus management strategy should
be used with cover crops as a best management practice to reduce both
sediment and P loss as it also maintaining the yield goal.

Fig 2. In general, cover crop significantly increased annual dissolved reactive phosphorus (DRP) and annual total dissolved phosphorus (TDP) loading in all P fertilizer management, (Table 2) but the
increase was greater for Build and Maintain P management in all three-study years. There was a cover by fertilizer interaction for DRP during the study years. While two out of three years, there was a
cover by fertilizer interaction for TDP.

Fig 3. Cover crop treatment decreased total phosphorus (TP) loss in 2020 but increased the loss in 2022 regardless of P fertilizer treatment (a). However, in both years, build and maintain P
treatment exhibit highest loss among P fertilizer treatment (b). In 2021, cover crop treatment increase TP loss in only for build and maintain P treatment but had no effect on other P fertilizer treatment (c).

Planting cereal rye cover crop treatment greatly reduced 
sediment loss in runoff water 

Treatments 2019 2020 2021

No cover crop Control P 6 4 3

Sufficiency P 25 15 11

Build and Maintain P 28 20 29

Cereal rye cover crop Control P 10 7 5

Sufficiency P 31 18 14

Build and Maintain P 35 17 40

Table 1. Mehlich-3 Soil test value (mg/kg) for each study year
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