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Discovery Farms- Rock County Monitoring Report  
Rock County is located on the southern edge of Wisconsin 

and is one of the most productive agricultural areas in the state, 
with 300 million dollars of agricultural commodities sold in the 
county annually (sourced from Rock Co Land and Water Dept). 
Rock County has over 380 miles of rivers and streams including 
the Rock River, Sugar River and Lake Koshkonong. Portions of 
these water bodies are impaired by suspended sediment and high 
total phosphorus impacting dissolved oxygen content. Nonpoint 
source water pollution is the reason for most surface and 
groundwater pollution in Rock County, over 50% of nonpoint 
pollution comes from agricultural sources (Rock County Land & 
Water Resources Management Plan).  Rock County has 4 distinct 
geographic regions with different topographies, drainages, and 
soil types, each with slightly different water quality risks. In 2014, 
the University of Wisconsin-Madison Division of Extension 
Discovery Farms began a multi-year monitoring study on two 
farms (four basins) within Rock County to determine how 
different cropping systems and management practices impact 
surface water quality.   

 

According to Rock County’s Land and Water 
Resource Management Plan, “The entire length of the Rock 
River in Rock County has degraded habitat, an impairment 
caused by sediment and total suspended solids in addition 
to low oxygen caused in part by high total phosphorus”, and 
the Sugar-Pecatonica River is listed as fair to good. 
Agriculture accounts for 75% of land use in the county and 
therefore is where opportunity lies to make improvements.         

 
The first farm, which will be referred to as grain farm 

(GF) is a corn and soybean operation with over 4,000 acres. 
The farm practices strip-tillage and vertical tillage. 
Phosphorus and potassium are typically surface applied in 
the fall, with nitrogen applied in the spring. The second farm 
has 1,600 head of beef cattle, grain crops, and vegetable 
crops in rotation, and will be referred to as diversified farm 
(DF). The farm typically applies solid beef manure, 
phosphorus and potassium in the late fall with nitrogen 
applied in the spring or in the summer via fertigation.  All 
monitoring basins had minimal slope (<4%) with primarily 
silt loam soils.  

Figure 2. Runoff data was collected by the Discovery Farms 
programs in accordance with methods defined in Stuntebeck et al. 
(2008). Surface water runoff was analyzed for total soil loss, 
dissolved and particulate phosphorus, and organic and total 
nitrogen. Farm management data was collected along with routine 
soil test information. 

Figure 1. Locations of the monitored basins within 
Rock County Wisconsin.  

https://www.co.rock.wi.us/departments/land-water-resource-management-plan
https://www.co.rock.wi.us/departments/land-water-resource-management-plan


 

 

 
 
 

Main takeways: Grain Farm 
Cover crops help with soil loss on flat fields  
 The grain farm fields were in the Western Uplands portion of the county, both 
monitored basins have silt loam soils with slopes less than 3%. The two basins were part of 
a paired basin study that included a control and treatment comparison in two phases. Both 
basins were monitored with similar corn/soybean rotation for four years. The next three 
years were the experimental phase, one of the basins implemented cereal rye cover crops 
after grain harvest (treatment basin), while management was kept consistent in the other 
(control).  
       Cover crops can minimize a field’s surface water quality risk by reducing erosion and 
increasing water infiltration. The cover crops work to mimic a perennial system by 
physically protecting the soil when the grain corn or soybean crop is not being grown. In 
this instance, the rye biomass physically blocks the soil from powerful falling raindrops that 
cause soil dislodgement. By reducing erosion, cover crops work to minimize particulate 
phosphorus loss from fields, phosphorus that is attached to soil particles. Cover crops also 
aid in minimizing runoff amount by increasing water infiltration and increasing evapotranspiration in the spring.  Cover crop roots 
can leave channels for infiltration, while their root exudates work to build aggregate stability, and create a favorable environment 
for worms, both of which encourage water infiltration. This farm used cereal rye which maximizes these benefits by 
overwintering and contributing to soil protection and soil health for longer periods of time compared to winter killed species. In 

early spring the winter rye is actively growing and its biomass is “wicking” 
soil water to the air via transpiration, this minimizes the water amount held 
in the soil. A decreased water content of the soil, means more water can 
infiltrate when precipitation occurs. Typically, less runoff leaving the field 
means less soil and phosphorus movement.  Cereal rye is an excellent 
nitrogen scavenger and has been shown to be one of the more effective 
cover crops in minimizing nitrate leaching.  
       This cash grain farm had minimal slope and a short window to establish 
cover crops, yet the impact of the cover crops was still seen in the edge of 
field monitoring results. The implementation of cover crops for 3 years 
reduced total phosphorus loss on the treatment basin by 75% due to a 90% 
reduction in soil loss.  The control basin also saw less phosphorus loss during 
the experimental phase due to timing and amount of precipitation, total 
phosphorus loss was reduced by 50%, while soil loss decreased by 65% 
(Figure 2).  Although soil loss was relatively minimal throughout the 
monitoring period, overwintering cover crops planted after grains still had a 
measurable and statistical impact on soil and nutrient loss.  

Figure 4. Annual soil loss on GF basins before and after 
cover crop implementation.  

Table 1. Crop and cover crop history for each monitored basin.  

Figure 3. Example of treatment basin cereal rye 
cover crop biomass in April after fall planting.  



 

 

Fall Fertility Applications Lead to Losses on Frozen Ground
Timing of fertility applications can make a large impact on concentration of phosphorus and nitrogen in surface runoff. Field 

management decisions that take into account the conditions that are likely to initiate runoff and nutrient loss avoid high loss 
events. Monitoring in Rock County has provided several examples of the risks associated with fall fertility applications. Nutrients 
that are surface applied in the fall have a high chance of interacting with runoff water before plant uptake the following growing 
season, nearly six months later (Figure 3).  

Late winter runoff accounts for a large portion of the annual runoff volume in Wisconsin. Snowmelt and spring rains fall while 
the soil is saturated or has a reduced capacity to absorb water. Over 60% of the runoff measured occurred while the soil was 
frozen, and in 13 of the 24 site years, over 90% of the runoff occurred on frozen ground. Runoff on frozen ground is difficult to 
control since frozen soil acts like a solid block, obstructing infiltration benefits of typical conservation practices like improved soil 
structure from cover crops and reduced tillage. As a manager, minimize the available sources of P and N on the soil surface while 
the soil is frozen, because water movement and soil temperature are out of your control. To reduce phosphorus concentration in 
winter and early spring runoff, utilize spring fertility applications.   On this farm where fields are relatively flat, dissolved 
phosphorus loss is a bigger concern than soil erosion and particulate phosphorus loss. A majority of the phosphorus and 
potassium applications were surface applied in November. In these two basins, 80% of the total phosphorus loss in the study 
period was in the dissolved form.  Over the 7-year monitoring period, each field had at least 3 years where over 95% of the 
phosphorus loss occurred between fall fertilization and spring planting. Fields with conservation practices in place to control soil 
loss have a low erosion risk, and avoiding fall or winter fertility applications is the next strategy that can have a large impact on 
reducing phosphorus loss. The best time to apply nutrients is when crop uptake demand is the greatest; the further the 
application date is from crop growth, the greater the potential for loss. Elevated nutrient losses were observed in multiple years 
after surface broadcast, unincorporated, fall fertilizer applications i. The majority of these losses occurred from subsequent runoff 
events when soils were frozen.  
  

Figure 5. Growing conditions in Wisconsin can leave a long periodof nutrient loss vulnerability. Graphic provided by Dr. Rodrigo Werle, UW-Madison 
Division of Extension Cropping Systems Weed Scientist 

Main takeaways: Diversified Beef Farm  
Prepare for Seasonable Weather Variability 
 Large rainfall events are more common in the spring with a changing climate.  Although the weather cannot be controlled, 
farmers must prepare for heavy rain in the spring. Discovery Farms data consistently show large soil loss events (tons/ac) in May 
and June, associated with heavy spring rains and soil disturbance associated with planting or lack of canopy cover. The diversified 
farm in Rock County saw similar results.  The average soil loss in their two basins was just over 850 lb/ac/yr, but was skewed by 
one year, where a basin had over 7500 lb/ac of soil loss. That is the equivalent of half of a small dump truck load of soil lost per 
acre. The soil carried with it 6.8 lb/ac of particulate phosphorus, equivalent to losing over 15lb of P2O5/ac. This soil loss also 
took vital potassium, nitrogen and carbon from the field. The basin had a slope of 3.4%, yet heavy precipitation events in the 
spring paired with lack of residue cover after a pea/ green bean crop and spring tillage led to over 4000 lbs/ac of soil loss. The 
other monitored basin on the farm only lost 82 lb/ac of soil that same year, due to adequate canopy cover in May/June/July from 
newly established alfalfa. Spring tillage will continue to be a high-risk period for soil loss. However, many strategies exist that 
provide soil protection while minimizing agronomic impact. Reduced tillage can help to maintain soil aggregate stability and 
incorporation of cover crops provides vital protection after low residue crop harvest that could alleviate soil loss during spring 
precipitation events.  
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 Conclusions for the diversified farm would 
have been completely different had monitoring 
only occurred when little to no runoff occurred 
(3 out of 5 years). Spring precipitation events 
are hard to predict, but are normal and are 
predicted to become more frequent and intense 
with climate change.  Spring precipitation 
should be accounted for every year. Consider a 
field’s full rotation and associated water quality 
risks within those rotations to minimize nutrient 
loss and improve water quality.   
 

Irrigation can lead to surface runoff  
 Precipitation was not the only source of 
water that contributed to runoff. Many farms in 
the region use irrigation to supply adequate 
water and fertility through fertigation water to 
crops to ensure favorable yields.  Fertigation 
can be an effective practice to time fertility 
application with crop uptake. Irrigation can 
contribute to runoff if it is not adjusted for 
weather or soil conditions. When the soil is 

already saturated or has not had enough time to absorb rainwater and irrigation is turned on, it can result in runoff. Similarly, if 
irrigation was on prior to a rainfall event and the soil is near saturation, runoff may occur. 
      Seven runoff events, between the two sites on the diversified farm, had irrigation associated with them. In three of these 
events, irrigation was the cause of runoff; there was no rain on or within a few days of irrigating. The other four runoff events 
occurred the same day as rainfall. Increased use of forecasted weather when irrigating may limit unnecessary runoff and expense. 
Although forecasts can often change at a moment's notice, waiting to determine if a storm cell is going to hit before irrigating or 
irrigating in smaller volumes prior to a predicted storm can make a difference. Irrigation schedulers can help farmers irrigate to 
less than field capacity to allow for plant uptake but also additional soil storage capacity for rainfall.  

 
Thank You 
 Participating farms make this research possible. Thank you to the Rock County farmers and landowners who participated in 
this research, the Wisconsin Natural Resource Conservation Service for funding and to the many reviewers.  

 

Additional Water Quality Efforts  
 Rock County Land Conservation Department has expertise and various programs to help landowners and farmers with their 
natural resource concerns, including surface and groundwater quality. The department is drafting a Nine Key Element Plan that 
covers around 10 watersheds east of Janesville that will add additional funds for conservation in that area. The county has 
significant groundwater quality concerns, with over 30% of county wells exceeding the drinking water nitrate health advisory 
levels of 10 mg/L. The County’s aquifers are vulnerable to nitrate pollution due to their coarse texture. The Rock County Board 
has established a workgroup to study the high nitrate levels in Rock County’s groundwater. Discovery Farms plans to aid the 
group by monitoring nitrate leaching with pan lysimeters across different agricultural practices. The research is a collaboration 
between Rock County Land Conservation Department, Discovery Farms, and Farmers on the Rock. Farmers on the Rock is a 
producer-led watershed group focused on innovative production strategies with a focus on sustainable production practices that 
improve water quality and environmental sustainability. They offer cost share for well water testing, nitrogen modeling software, 
and cover crops.  
 
Authors: Chelsea Zegler (Agricuture Water Quality Program), Eric Cooley (Discovery Farms), Aaron Wunderlin (Discovery 
Farms) 

Figure 6. Soil entering the waterway from spring precipitation event on field 
with little crop residue and lack of cover crop.  

https://wisp.cals.wisc.edu/
https://www.co.rock.wi.us/departments/land-conservation/county-programs
https://www.farmersontherock.com/

