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Tillage and crop rotation system demonstration 
for energy and environmental efficiency 

Background and goals 

Because nitrate and pesticide leaching to 
groundwater is a serious problem in Iowa, 
knowledge of contamination mechanisms and 
routes is necessary to develop preventive till
age and pest management practices. 

Conservation tillage is one energy- and soil-
conserving technique that can also reduce sur
face water contamination by reducing erosion 
and water runoff. However, conservation till
age systems and crop rotation pose concern 
because they increase filtration. At Iowa State 
University's Northeast Research Farm near 
Nashua, Iowa, a large, ongoing, conservation 
tillage experiment established in 1978 investi
gates the effects of four tillage systems (plow, 
chisel plow, ridge-till, and no-till) on energy 
consumption, yields, erosion, economic re
turns, and groundwater quality. 

The short-term objective of this project was to 
equip a field hydrology laboratory at the site in 
order to collect the data necessary to study 
more fully the effects of the four tillage sy terns. 

Specifically, the 1988 project funds were used 
to add tile intercepts and install monitoring 
wells that provide researchers with more in
formation about how tillage practices affect 
pesticide and nitrate leaching. 

Site description and history: Researchers 
selected this experimental location because of 
its well-documented management history. 
Cropping records, including planting, emer
gence, silking, and maturity dates, had been 
recorded over 12 years, and the present tillage 
management and subsurface drainage systems 
were maintained for nine of those 12 years. 

The experiment's original design—with 12 
plots on the north portion of the farm and 36 
located on the south portion—allowed for till
age and cropping system comparisons. Con
tinuous corn and corn after soybeans had been 
fertilized; soybeans had not. Herbicides and 
cultivation controlled weeds throughout the 
study. 

During the first two years of the tillage experi
ment (1978 and 1979), it became evident that 
variability in soil drainage would make accu
rate measurement of treatment effects a diffi
cult task. Drainage tile was installed at the end 
of the 1979 growing season to alleviate this 
problem. 

To minimize disturbance to the tillage experi
ment in progress, project cooperators used a 
trenchless tile plow to run a tile lengthwise 
through the center of each of 36 plots. Another 
tile, installed with a trencher, was run length
wise along the border between plots, resulting 
in a 96-foot spacing between tile lines. All 
plots were tiled to allow consistent and com
prehensive data collection regardless of their 
position on the topography or their apparent 
need for drainage. 

Soils on the site are of the Clyde-Kenyon-
Floyd type formed by native prairie vegetation 
and characterized by long slopes, slightly 
rounded ridge tops, and well-defined drainage 
ways. Surface drainage is well developed but 
fairly slow because of moderate permeability 
and high available-water capacities of these 
soils. 
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Approach 

1988 interception and installation: Subsur
face drain lines for each plot were intercepted 
and re-routed to ten collection sites in fall 
1988. Each 10.2-cm perforated plastic drain
age tube (10 centimeters equals approximately 
4 inches) was intercepted at the lower border 
of each plot and transported to one of the 
collection sites using 2-in. poly vinyl chloride 
(PVC) drain pipe. 

Collection sumps of 24-in. black plastic cul
vert were installed at each of the ten sites, close 
to other, existing, non-intercepted drain lines 
located along the sides of plot boundaries and 
connected into the existing drain lines by 10.2-
cm non-perforated drain tubes and 10.2-cm 
black plastic tees (see Fig. 1). Two to six meter 
sumps, depending on topography, were lo
cated near the collection sumps. Each meter 
sump now houses a pump and meter assembly, 
which consists of a 110-volt powered effluent 
pump, an anti-back drain check valve, and 
quick-release coupling. 

Each meter sump was connected to one of the 
36 plot drains and located near an overflow to 
its collection sump using 2-in. slip-joint PVC 
drain pipe. Because the meter sumps are 
sometimes below the water table, rubber pipe 
boots with stainless steel clamps were in
stalled as seals on the lower pipes to prevent 
groundwater contamination at the collection 
site. Another pipe, also connected from each 
sump to the collection pump for the pump 
discharge, was sealed with silicone. 

An electrical distribution system complete with 
meters and data loggers has also been in
stalled. Water meters installed now monitor 
the volume of tile effluent in each meter sump, 
and each meter can record effluent volumes 
mechanically as well as send digital pulse 
signals to multi-channel data loggers. Each 
data logger records tile-flow information for 
11 to 13 plots. 

Sampling and observation wells: Research
ers took soil samples from seven depths rang
ing from 0.5 ft to 6 ft (15, 30, 60,90, 120, 150, 
and 180 cm) at two locations within each of the 
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plots in May and October 1988. During the 
May sampling, they installed two modified 
observation wells in each plot, one at 180 cm 
(nearly 6 ft) and one at 240 cm (nearly 8 ft) 
deep, to monitor water table depths and water 
strata. To analyze for nitrate-nitrogen, re
searchers extracted soil samples. 

Findings 

Soil-test levels and crop yields often require 
several years to reach a balance after tillage 
practices and cropping sequences are altered. 
This system study at the Northeast Research 
Farm has been in place long enough to provide 
an update on the effects of moldboard versus 
chisel plowing and ridge tillage versus no-till 
for continuous corn or a corn-soybean rota
tion. 

Over the 12-year period, soil organic matter 
increased slightly, probably in part because of 
reduced tillage. More stratification of nutri
ents such as phosphorus and potassium also 
occurred, but this is not considered a serious 
problem unless the surface layers are very dry 
and these nutrients become positionally un
available to the crop. 

In short, most of the effort on this project 
focused on planning, designing, and installing 
the tile collecting lines, the meter sumps, and 
the collection sumps. Complete sampling of 
tile water began in 1990; soil, water, and plant 
sampling are now under way. 

Implications 

Ultimately, this study should help to develop 
practices that reduce both energy use (through 
less tillage and more efficient fertilizer and 
pesticide use) and groundwater contamination 
(by developing practices that reduce the leach
ing potential of these chemicals). 

This project has provided an excellent data 
base for tillage systems managed on relatively 
large plots. In addition, the tile intercepts 
provide a unique opportunity to examine the 
effects of management schemes on tile drain
age quality and quantity. Because this field 
hydrology laboratory now incorporates the 
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latest data collection and sampling technolo
gies, it can attract complementary research 
projects. 

In fact, the entire field lab represents a unique 
site for significant groundwater research. The 
detailed field history and extensive monitor
ing equipment make it ideal for large, repli
cated experiments. Once the impacts of cur
rent tillage and rotation practices on water 
quality are documented, project coordinators 
may adapt the site to study specific manage
ment systems for protecting groundwater. 

Furthermore, as an ISU Outlying Research 
Farm, owned by area farmers, it is readily 

accessible to farmers, agribusiness personnel, 
and the media. With its high public visibility, 
the lab represents a source of information for 
producer meetings, publications, and field days 
for ISU Extension. It is one of several sites 
participating in the President's 1989 Initiative 
on Enhancing Water Quality, which has initi
ated the Midwest Management System Evalu
ation Areas study funded in part by the USDA 
Agricultural Research Service. In this capac
ity, the laboratory will be used to study the 
complex interactions of crops, soils, weather, 
water, chemicals, economics, and farm man
agement systems. 

For more information 
contact R. S. Kanwar, 
Agricultural and 
Biosystems Engineer
ing, Iowa State Univer
sity, Ames, Iowa, 
50011, (515)294-4913. 
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Fig. 1. Collection sump installed at each of ten sites. 
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