
Figure 1. Tillage in Red Rock Creek sub-watershed.
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Modeling the Effect of No-Till
An understanding of how conservation practices influ-

ence water quality can be used to guide cost-share programs, 
educational programs, and document good stewardship of land 
and water resources. It can take many years of detailed measure-
ments, however, to accurately track changes in water quality 
with field data. Even when that information is collected, it can 
be difficult to prove which conservation practice or environ-
mental factor was responsible for the changes in water quality. 

Alternatively, computer models can be used to predict effects 
of various factors, including conservation practices, on water 
quality. Research is available that describes how basic factors, 
such as soil type, slope, land cover, and rainfall intensity, affect 
sediment and nutrient losses. This research has been compiled 
into computer models, which estimate sediment and nutrient 
losses while accounting for effects of the many possible environ-
mental factors. These models represent the best estimate of how 
conservation practices will affect water quality. 

In the Cheney Lake Watershed, the water quality parameters 
of most concern are phosphorus and sediment. Conversion to 
no-till and reduced-till cropping systems are known to have 
a significant effect on both of these parameters. Although 
extensive research has shown that no-till generally reduces 
phosphorus movement and sediment losses from crop production 
fields, the absolute effect of no-till on reducing phosphorus and 
sediment loads entering Cheney Lake is not known. Therefore, 
computer models were used to estimate the reduction in sedi-
ment and phosphorus loss resulting from adoption of no-till and 
reduced-till.

Study Description
Red Rock Creek watershed, a sub-watershed of Cheney Lake 

watershed, was used to estimate the effect of conversion from 
conventional till to no-till on sediment and phosphorus loss. 
This sub-watershed was selected because good data was available 
for documenting current and historical tillage practices. 

The first no-till production in this watershed started in 
1995. Adoption of no-till was slow until after 2002. Currently, 
approximately 40 percent of cropland is in no-till and an 
additional 10 percent is in reduced-till (Figure 1).

The study used a hydrologic/water quality computer model 
developed by USDA-ARS called SWAT (Soil and Water 
Assessment Tool). This watershed-scale model integrates 
management, soil, topography, and weather data to predict 
stream flow and water quality. The model estimates the 
following parameters: 

•  Sediment and phosphorus loss from the watershed from 1994 
to 2008 based on the actual tillage management used by 
producers in Red Rock Creek sub-watershed during that time. 

•  Sediment and phosphorus loss from the watershed from 
1994 to 2008 if all fields were conventionally tilled, i.e., zero 
adoption of no-till. 

The benefit of no-till to water quality was computed as the 
difference between the two scenarios. The model was also used 
to predict the future water quality for four scenarios:

• 100 percent conventional tillage
• 50 percent no-till (status quo)
• 93 percent no-till (all fields no-till except those receiving 

manure applications)
• 100 percent no-till

Results
The model was calibrated with monthly stream flow, sedi-

ment loss, and phosphorus loss using measured data from 1997 
to 2000. The calibration showed the model could accurately 
predict all three parameters (Figure 2).

Sediment loss. The model showed that conversion to reduced 
till and no-till steadily reduced field-scale erosion in the 
watershed (Figure 3). By 2008, field scale erosion was reduced 
by 33 percent due to adoption of reduced-till and no-till. 
However, no-till effects on sediment load in the stream outlet 
were slightly less because of sediment retention in ephemeral 
streams. Although the effects of no-till on sediment leaving the 
watershed were less than that predicted at the field edge, they 
represent an important improvement to water quality.
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Figure 3. Effect of no-till on sediment loss at field and watershed 
scales, 1994-2009.

Figure 4. Effect of no-till on dissolved and total phosphorus loss.

Figure 5. Future predictions for Red Rock Creek.
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Figure 2. Correlation between observed monthly stream flow and 
flow predicted by SWAT, 1997-2000.
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Dissolved and total phosphorus loss. The model predicted 
that no-till implementation reduced total phosphorus runoff by 
about 15 percent by 2009. However, no-till tends to increase 
phosphorus concentrations in the surface soil. Therefore, no-till 
increased the dissolved phosphorus concentration in runoff 
(Figure 4). The reduction in total phosphorus loss represents an 
improvement in water quality, but the increase in the amount 
of the phosphorus that is dissolved (readily available) indicates 
the need for additional conservation practices for full control of 
phosphorus loss from no-till soils. This agrees with plot research 
conducted in other parts of Kansas. 

Future predictions. The model predicted annual average 
sediment loss from the watershed in the future would be nearly 
20 percent less per year given the current no-till practices in 
the watershed when compared to 100 percent conventional 
till (Figure 5). Increasing the amount of no-till to 100 percent 
achieved the maximum sediment reduction of 42 percent. 
However, maximum total phosphorus reduction was achieved 
at 93 percent no-till. This is because of the dramatic increase 
in dissolved phosphorus loss when manure applied soils were 
managed in no-till. 


