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Grazing Based Dairy Systems

Introduction
Grazing or pasture based dairies have 

existed in Wisconsin since we began 
milking cows. While many dairies have 
moved cattle into confinement facilities, 
the Wisconsin dairy industry includes 
an important and ever-growing group 
of producers using new techniques and 
equipment to practice Management 
Intensive Grazing (MIG). In the past 
several years the interest in MIG has been 
increasing, as demonstrated in the 2004 
Agricultural Statistics, which indicates 
that about 25 percent of the state’s dairy 
operations were using some version of 
managed grazing. Grazing systems allow 
producers to begin or continue dairying 
with minimal investment in equipment 
on farms where their daily activities 
center on managing grass and dairy 
animals. As with any farming system 
there are many variations, which include 
choices in the frequency of moving 
cattle, types of facilities to house and 
milk cattle, and the option to produce 
milk conventionally or organically. The 
use of MIG farming systems can be done 
with dairy cattle, beef, sheep, goats or 
any other form of livestock capable of 
utilizing forage-based systems. 

Grass-based dairy systems combine 
grazing animals, actively growing 
pasture forage, paddock fences, watering 
facilities, travel lanes, and generally 
some type of low-cost housing facilities. 
At the heart of this farming system is 
a focus on having ruminant livestock 
harvest high quality forage via grazing 
and spread their own manure in the 
process. MIG systems greatly minimize 
the need for year round feed harvest, 
feed storage and handling and intensive 
housing facilities. MIG producers also 
minimize having to store, handle and 
haul manure. Dairies practicing MIG 
report increased profitability as a result 
of lower feed, equipment, labor and 
energy costs, as well as improved animal 
health and lower veterinary costs. 
Although Wisconsin studies have shown 

that when managed 
correctly, both grazing 
and confined dairy 
systems can be 
profitable, a University 
of Wisconsin - Center 
for Dairy Profitability 
study shows that the 
nine-year average 
(1999-2007) total 
basic costs on grazing 
dairies was $650 less 
per cow compared to 
confinement dairies. 
Similarly, grazing 
dairies earned $230 
more net farm income 
per cow compared 
to confinement 
operations over the 
same time period.

Pastures are 
usually deline-
ated by permanent 
perimeter fences and 
further subdivided 
by temporary fencing 
within the main 
pastures, allowing 
cattle controlled 
access to a small 
section of pasture at a time. Cattle are 
systematically moved into and out of 
paddocks. Good quality fresh pasture 
is grazed, followed by a rest period that 
allows adequate time for the perennial 
grass and legume plants to re-grow 
before the next grazing cycle. Pastures 
are often connected by travel lanes with 
watering systems placed in common 
areas that serve numerous pastures. 
University of Wisconsin - Extension 
publication A3529, “Pastures for profit: a 
guide to rotational grazing,” covers the 
basics of setting up rotational grazing 
(MIG) on your farm. 

Wisconsin’s grazing seasons
There are three very different seasonal 

time periods for Wisconsin’s grass-based 
dairies: the grazing season, the pre-

and post-grazing season, and winter. 
Wisconsin’s grazing season is about 180 
days, lasting from May to October. There 
is another 30 days on either side of the 
growing season (60 days total) where 
pasture plants are either just beginning 
to grow or have gone dormant. During 
this period pastures are mostly free 
from snow, and the soil is thawed. 
Forage quality may be limited in the 

late season as plant growth slows and 
mature forage is stockpiled to extend the 
grazing season. Early spring growth is 
generally very high quality, but limited in 
quantity and plants are sensitive to hoof 
damage because of high soil moisture. 
Generally both the pre-and post-grazing 
season periods require supplemental 
feed, which is sometimes delivered and 
fed within paddocks.

During the winter (December – 
March) when Wisconsin pastures are 
dormant and the soil is mostly frozen 
and/or snow covered, grass-based dairies 
either confine cattle to barns or keep 
them outside. Out-wintering sites are 
areas where animals are concentrated 
and fed on paddocks during this season. 
There are three general management 
approaches to out-wintering cattle. 
(Note: Over- wintering and out-wintering 
are synonymous terms.): 

1)  Continue rotating cattle through 
paddocks; 

2)  Use “sacrifice” paddocks, such that 
those paddocks get re-seeded the 
next year; or 

3)  Designate a paddock or two and 
develop a bedded pack, which gets 
cleaned in the spring.

While the perennial sod cover 
provided by MIG operations protects 
soil and water quality, areas where cattle 
are out – wintered have potential risk 
for negative environmental impacts. 
To better understand these areas, UW 
Discovery Farms worked with two 
farms using MIG systems along with 
concentrated out-wintering sites.

Figure 1. Paddock layout showing perimeter fences on 
MIG farm



Site and Study Design
On-farm research was conducted on 

the Bob and Karen Breneman farm to 
investigate environmental challenges 
and opportunities for grass-based dairies 
on the Wisconsin landscape, 2002-2007. 
Surface water quality monitoring was 
conducted to measure sediment and 
nutrient loads in runoff water from 
paddocks that were used for regular 
rotational grazing, then again used to 
seasonally out-winter the dairy herd.

Although the Breneman farm is a 
dairy, this information is relevant for all 
producers who pasture and/or out-
winter livestock.

This Management Intensive Grazing 
(MIG) dairy is in south-central Wisconsin, 
near Rio in Columbia County. The farm is 
in the Middle Branch of the Duck Creek 
Watershed, embedded within the Lower 
Wisconsin Watershed, which eventually 
drains to the Mississippi River. 

The farm landscape is gently sloping 
glaciated uplands comprised of Lapeer-
Wyocena sandy soils formed in glacial 
till. Paddocks are 1-9 percent slopes on 
soils that have low moisture holding 
capacity, subject to seasonal drought. 
These soils require careful management 
to minimize wind erosion and nitrogen 
leaching.

The Breneman farm consists of 200 
acres of open pastureland, divided 
into 42 paddocks, which are planted 
and managed to produce a 75 percent 
grass and 25 percent legume pasture 
forage. With 80 crossbred dairy cows and 
supporting stock, their stocking rates are 
1.6 acres per mixed animal unit through 
the grazing season and 0.25 acres per 
mixed animal unit for out-wintering. The 
operation does not grow row crops (corn 
or soybeans).

Farming system
In 1970 a free stall barn and milking 

parlor complex was built. For the first 
20 years it was operated as a modern 
confinement dairy. In 1993 they began 
planting permanent grass pastures. Over 
the next three years the entire farm was 
fenced and converted to MIG.

The existing vegetative cover on 
the pastures include orchard grass, 
brome grass, reed canary grass, timothy, 
quackgrass, Kentucky blue grass, Kura 

clover, red clover and white clover. 
Permanent property line fences are 12 
gauge high tensile wires. Interior fences 
are mostly single strand electric wire. 
Larger paddocks are subdivided with 
temporary polywire on a daily basis. The 
pasture system includes simple electric 
wire gates, each opening into the next 
paddock for animal travel. Remote water 
is provided by permanent water lines, 
supplying tanks equipped with floats. 
Water is always available at the barn 
before and after milking.

Forage management and animal 
movement into paddocks varies based 
on seasonal plant growth. Depending 
on paddock size, cows graze for 12-
36 hours per paddock. After the cows 
move on to a fresh paddock, heifers 
move into the paddock vacated by the 
cows for another 12-36 hours of “clean 
up” grazing. Grazed paddocks receive 
approximately a 30 day rest. In this part 
of Wisconsin, the primary grazing season 
is approximately 180 days.

Cows, heifers and older calves remain 
on pasture through the growing season, 
depositing manure as they graze. Hay 
harvested from paddocks that produce 
extra forage in the early grazing season 
is fed within the paddocks during winter 
months and periods of short feed supply. 
Supplemental feeds, including a grain 
mix that is fed at milking time and some 
winter forage, are purchased off farm. 
Cattle rotate between several paddocks 
(approximately 100 acres per winter) 
used as out-wintering sites, depending 
on season, access to water, shelter 
from wind, and objectives for pasture 
renovation.

Nutrient management overview
This operation has an NRCS Compre-

hensive Nutrient Management Plan, 
which includes a nutrient management 
plan meeting specifications of the 
WI - NRCS Nutrient Management 590 
Standard.

The Wisconsin Phosphorus Index 
(P-Index) on paddocks that are not used 
to out-winter cattle are all less than 
1.0. The rotational P- Index calculations 
range from 1.1 to 3.6 on paddocks used 
to out-winter cattle.

Paddocks are managed for produc tive, 

high quality forage 
from perennial sod, as 
needed for livestock 
grazing. Annual 
phosphorus removal 
from the soil for this 
system is estimated 
at 45 pounds per acre 
P2O5. Currently the 
farm’s phosphorus 
applications are less 
than the crop removal 
rate from the soil. 
Tolerable soil erosion 
rates are 4-5 tons per 
acre per year. RUSLE2 
soil loss estimates on 
the Breneman farm 
average 0.04 tons per 
acre per year.

Grazing season manure: The farm 
grazes 80 crossbred dairy cows and 
associated young stock through the 
spring, summer and fall growing season. 
An estimated 8 tons per acre of solid 
dairy manure is deposited directly to 
the land within the pasture system, 
April through November (24 N - 24 P2O5 
- 56 K2O, first year available book value 
nutrient credit).

Winter season manure: Cows and 
older heifers are out-wintered on 

selected paddocks through the winter. 
All the animals are present in the out-
winter paddocks, spending one week 
on two acres before moving to the 
next site. Animals are fed on-site. An 
estimated 5 tons per acre of additional 
solid dairy manure is deposited within 
the over-wintering paddocks, December 
through March winter season, (15 N - 15 
P2O5 - 35 K2O, first year available book 
value nutrient credit, in addition to 
manure nutrients supplied in the grazing 
season).

Figure 1. Breneman Farm, Middle Branch Duck Creek 
Watershed, Columbia County, WI

Cows on MIG pasture



Equipment, Procedures and Sampling
The University of Wisconsin – 

Biological Systems Engineering 
Department worked cooperatively 
with UW-Discovery Farms to collect 
hydrologic and water quality data from a 
small watershed on the Breneman farm 
where dairy cattle were out-wintered. 

Historical agricultural water quality 
monitoring efforts have focused on 
the growing season (spring – fall), with 
little or no monitoring occurring in 
winter months. In Wisconsin the spring 
thaw is a very active period for both 
surface water runoff and groundwater 
recharge. To fully assess annual nutrient 
and sediment losses, Discovery Farms 
conducts year-round monitoring. 

Watershed layout
The watershed encompassing the 

out-wintering paddock was a total of 
142.7 acres. After careful monitoring 
and evaluation, a large portion of this 
watershed was assumed to contribute 
negligible runoff. The eastern paddock 
and the western wooded areas were 
not included in runoff calculations. All 
calculations are based on the more 
accurate drainage area identified as the 
out-wintering area (Figure 1, center) 
equal to 28.5 acres. 

Monitoring station
A simple wooden enclosure, elevated 

3 feet off the ground, housed equipment 
designed to measure surface water run-
off volume and collect water samples. 
Electricity was installed to power 
the equipment. The enclosure was 
padlocked to prevent unauthorized 
access. 

A 2 foot pre-rated, fiberglass H-flume 
was selected to measure surface water 

runoff volume based 
on drain age area and 
the general terrain. The 
flume was attached to 
treated plywood and 
installed perpendicular 
to the flow at the 
water shed outlet. The 
plywood wing wall 
channeled runoff water 
through the flume so 
discharge could be 
measured. 

An automated, non-
refrigerated, 24-bottle 
sampler was used to 
collect surface water 
runoff samples. Flow 
and sample data were 
stored internally on the sampler. A 
datalogger was used to read and store 
precipitation and air temperature data, 
(Figure 2).

Sample collection for runoff events 
A runoff event was defined as 

the time from the onset of rainfall or 
snowmelt-induced surface water runoff 
until the time when runoff ceased. 
Automatic water sampling began when 
the runoff depth in the flume exceeded 1 
inch and water was collected at uniform 
30-minute intervals until runoff was 
below 1 inch or all 24 bottles were filled.

Water samples were generally 
retrieved within 24 hours, sample 
quantity and appearance was recorded 
(Figure 3), and equipment accuracy was 
checked and noted. Samples were placed 
in coolers and transported to the UW-
Stevens Point Water and Environmental 
Analysis Lab (WEAL) for analysis. Samples 

were typically received by the lab within 
three days of a runoff event.

Water was analyzed for: 
➢ Suspended sediment;
➢ Nitrate/nitrite nitrogen;
➢ Ammonium nitrogen;
➢ Total Kjeldahl nitrogen;
➢ Total phosphorus;
➢ Dissolved reactive Phosphorus;
➢ Chloride.

Maintenance 
Maintenance was vital to accurately 

measure the annual quantity and 
quality of surface water runoff. During 
spring, summer and fall, the station was 
periodically maintained by mowing 
around the gauge and along the wing 
wall. During winter, snow and ice could 
fill the flume and downstream channel, 
causing backwater conditions. Ice can 
also freeze the sample-intake line, 
causing false water measurements. In 
most cases, snow was removed from 
the H-flume and a trench was dug in 
the snow upstream and downstream of 
the flume (Figure 4) prior to anticipated 
runoff events.

Water monitoring data
Though the equipment was installed 

in the fall of 2004, there were problems 
with the flow measurement equipment 
during the snowmelt period of 2005 and 
accurate flow data were not available 
for the spring of 2005. Heat tapes and 
pipe insulation were added prior to the 
winter of 2006, so that snowmelt could 

be monitored during periods of freezing 
and thawing. Runoff from snowmelt 
and rain on snow was captured at the 
Breneman farm for the 2006 and 2007 
field years.

Additional information 
Additional information for this 

project can be found in: Environmental 
Outcomes Originating from Over-
Wintering Areas on Management 
Intensive Rotational Grazing Pasture 
Systems; Amanda D. Crowe’s thesis for 
Master of Science, Biological Systems 
Engineering, University of Wisconsin – 
Madison, 2006.

Figure 1. Monitored watershed on the Breneman 
farm

Figure 2. Monitoring station at the 
Breneman farm

Figure 4. Channel for runoff water to 
exit flumeFigure 3. Samples taken at the Breneman farm



Understanding Surface Water Runoff on a Grazing Based Dairy System

Water monitoring began at 
Brenemans in October 2005 and 

con clud ed at the end of September 2007. 
Data is presented based on a field year, 
October 1 through September 30. Crops 
harvested after September 30 are still tied 
to the preceding crop year, but activities 
done on a field after harvest (manure, 
fertilizer, tillage) are considered to be 
associated with the next year’s crop. 

2006 field year
2006 total precipitation (including ice, 

sleet, snow, and rain) was 33.0 inches, 
compared to the 30-year average of 
34.5 inches. Although precipitation 
was average, three months were 
below average, and when combined 
(Oct, Feb, and Jun) produced a 5.5 
inch deficit versus average for those 
months. This deficit was made up by 
a few significantly wetter than normal 
months (Nov, Mar, and Jul). Seasonal 
precipitation patterns show that three of 
the four seasons were drier than normal, 
and winter was the most severe, as 
precipitation was down by one half. Even 
with a dry winter, 2006 was an average 
precipitation year when all time periods 
were accounted for (Table 1).

A review of the runoff data collected 
in 2006 indicates that little runoff 
occurred. Less than 1.0 percent (0.01 
inches) of the total precipitation (33 
inches) left the site as surface runoff. 
Seventy-nine percent of the runoff 
occurred when the ground was frozen 
or snow-covered, while the remaining 

21 percent occurred during two summer 
storms. It is important to note that very 
little total runoff resulted from 3.5 inches 
of pre cipi tation during intense summer 
storms.

2007 field year
2007 total precipitation (including ice, 

sleet, snow, and rain) was 32.4 inches, 
compared to the 30-year average of 34.5 
inches. Although the annual precipitation 
amount was near the average, nine 
months were below normal and three 
months had above normal precipitation. 
Precipitation during August 2007 was 
4.61 inches above normal. Seasonal 
precipitation patterns show that two 
of the four seasons were drier than 
normal with winter again concluding 
with slightly more than half the normal 
precipitation (Table 1).

For the 2007 season, 9 percent of the 
total precipitation left the site as surface 
runoff (2.9 inches of 32.4 inches). In 2007, 
91 percent of the total precipitation 
infiltrated into the soil; as compared 
to 2006 where 99.9 percent of the 
precipitation infiltrated. 
The vast majority of 2007 
runoff at the Breneman 
farm was the result 
of rapid snowmelt on 
frozen soil, and one such 
event, March 10-13, 
contributed 99 percent 
of the total annual runoff 
(Figure 1).

Annual water budget
Over two years the farm had 12 runoff 

events. Five were the result of snow 
melt, one was from rain on snow/frozen 
soil and the remaining six were rain on 
non-frozen soil (Figure 2). A review of 
the non-frozen events indicates that the 
total runoff depth produced by these six 
storms was <0.01 inches, while the runoff 
depth produced by the six frozen soil 
events was 2.89 inches. Most of the total 
runoff during the frozen ground period 
was generated by a single snowmelt 
event in 2007. On the Breneman farm, 
99.68 percent of the total surface runoff 
for the data collection period happened 
while the ground was frozen or snow-
covered, and the non-frozen period 
contributed 0.32 percent of the total 
measured surface runoff (Figure 3). 

On the sandy soils of this farm, 
intense rainfall events did produce 
runoff on non-frozen ground, but the 
runoff amount was negligible. Almost 
all of the total runoff in 2006/2007 from 
the Breneman farm came as a result of 
melting snow.

Water budget conclusions from the 
Breneman farm 

Conservation planning is challenging 
in this region of the state because 
the majority of runoff occurs when 
the ground is frozen and vegetative 
materials are dead or dormant. Upland 
conservation systems should be paired 
with vegetative buffers to keep runoff 
water near the point of origin in the field 
and away from surface water. 

The potential for runoff from sandy 
soil during the non-frozen period is very 
limited. An intense two-inch rainfall 
event in July 2006 did not generate 
significant surface water runoff. There is 
always the possibility that rain on already 
saturated non-frozen soil will produce 
runoff that can affect surface waters.

However, if local, state, and federal 
conservation professionals need to 
prioritize their time and funding, then 
targeting practices which reduce the 
risk of runoff during snowmelt or rain on 
frozen soil is recommended.

Figure 1. Snowmelt runoff, March 12, 2007

Table 1. Seasonal precipitation, Breneman Farm, 2006-2007.

  Average 2006 2006  2007 2007
  Precipitation Precipitation Deviation Precipitation Deviation
Season  (in) (in) (in) (in) (in)
Fall Sept-Nov 8.39 7.64 -0.75 8.80 +0.41
Winter Dec-Feb 3.89 2.14 -1.75 2.15 -1.74
Spring Mar-May 9.30 12.10 +2.8 8.14 -1.16
Summer Jun-Aug 12.95 11.10 -1.85 14.20 +1.25
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Figure 2. Type of runoff events, 2006-2007

2006-2007 Runoff Percentage
Snow Rain Rain on Snow
99.60% 0.08% 0.32%

Figure 3. Percent runoff as a result of 
rainfall, snowmelt or rainfall on snow



Sediment and Nutrient Loss From An Out-winter Paddock 
Area On A Grass-based Dairy

Water monitoring began in October 
2005 and concluded at the end of 

September 2007. 
For field years 2006 and 2007, the 

Breneman farm received 33.0 and 32.4 
inches of total precipitation, respectively, 
compared to the 30-year average of 34.5 
inches for Portage, Wisconsin. Over the 
two-year study period the farm had a 
total of 12 runoff events. Five were the 
result of snow melt, one was from rain 
on snow/frozen soil and the remaining 
six were rain on non-frozen soil. Runoff 
during periods of frozen or snow-
covered ground accounted for almost 
100 percent of the total runoff on the 
Breneman farm while the non-frozen 
period contributed less than 1.0 percent. 

Sediment loss
Through this study, the amount of 

soil loss from the 28.5 acre over-winter 
paddock area was extremely low. 
Sediment loss was 1.83 lbs per acre 
in 2006 and 58.08 lbs per 
acre in 2007. The RUSLE2 
estimated soil loss for this 
farm was 0.04 tons per acre 
or about 80 lbs per acre. As a 
reference point, tolerable soil 
loss (T) on this farm is 4 tons 
(8,000 lbs) per acre per year.

Phosphorus loss
During the 2006 field 

year, the total phosphorus 
(P) loss was 0.017 lbs per 
acre. About half of the P was 
in the particulate fraction 
and half was dissolved. 
Nearly 90 percent of the P 
ran off during the frozen 
ground period (Figure 1).

During the 2007 field year, the total 
P loss was 1.25 lbs per acre. About 90 
percent of the P was in the dissolved 
form while the remaining 10 percent was 
bound to soil particles (Figure 2). The 
increase in 2007 dissolved P coincides 
with the fact that almost all of the total P 
lost was during the frozen ground period 
when sediment losses are minimal.

The 2-year P loss for this project was 
extremely low, compared to the overall 

mean average loss of about 2 lbs per 
acre per year on other Discovery Farms 
(84 site years, 2003 – 2008 data ranging 
from 0.03 – 7.0 lbs per acre per year). 

Nitrogen loss
2006 nitrogen (N) losses to surface 

waters were determined to be 0.05 lbs 
per acre total N, which is an extremely 
low number. All of the 2006 N loss was 
total Kjeldahl N, lost during the frozen 
ground period.

For 2007, total N losses reached 5.64 
lbs per acre, nearly all lost during the 
frozen ground period. Table 1 shows that 
about 3 lbs was in the organic form, 0.26 
lbs was in the nitrate/nitrite form and 
2.36 lbs per acre ran off as ammonium.

The 2-year N loss for this project was 
lower than the 7.2 lbs per acre per year 
mean-annual N loss for other Discovery 
Farms (84 site years 2003 – 2008 data 
ranging from 0.03 – 16.0 lbs per acre 
per year). 

Conclusions for this farm
➢  The majority of all surface water runoff 

happened on frozen ground due to 
temperature-induced snow melt.

➢  The majority of sediment, P and N loss 
was also during the frozen ground 
period of February and March, and 
primarily a result of one single day or 
multi-day event.

➢  Gently sloping – perennial sod 
cover - sandy soil characteristics of 
this Wisconsin MIG dairy enhance 
precipitation infiltration and minimize 
surface water runoff through times of 
non-frozen soil conditions.

➢  A RUSLE 2 soil loss estimate for the 
farm was determined to be 0.04 
tons per acre per year. That soil loss 
estimate very close to the monitored 

sediment loss. The combination of 
weather, physical landscape and the 
MIG farming system led to soil loss on 
this farm being less than 1 percent of T.

➢  The Brenemans congregate 80 dairy 
cows and 40 replacement heifers 
(128 mixed animal units) into 2 
acre out-winter paddocks for 7-10 
days, after which they are moved to 
different sites through the winter 
season. This out-winter stocking rate, 
0.25 acres per mixed animal unit, 
for the Breneman’s farming system, 
lost significantly less sediment than 
tolerated (T), as well as minimal 
amounts of P and N.

2006 Phosphorus Loss

 

Non-Frozen 13%

  

Frozen 87%

Figure 1. Percentage of phosphorus loss during 
frozen and non-frozen ground periods, 2006, 
Breneman Farm
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 Runoff Depth Total Kjeldahl Nitrate - NO3 Ammonium Organic
Date (Inches) Nitrogen (lbs/acre) Nitrite - NO2 NH4 Nitrogen

2/21/2007 0.02 0.14 <0.01 0.05 0.09
2/22/2007 <0.01 0.06 <0.01 0.02 0.04
3/10/2007 2.85 5.18 0.26 2.29 2.89
6/10/2007 <0.01 <0.01 <0.01 <0.01 <0.01
6/21/2007 <0.01 <0.01 <0.01 <0.01 <0.01
7/3/2007 <0.01 <0.01 <0.01 <0.01 <0.01
2007 Total 2.90 5.38 0.26 2.36 3.02

Table 1. Types of nitrogen losses from 2007 runoff events, Breneman Farms



Management Intensive Grazing and Groundwater Quality
While cooperating with Discovery 

Farms, a UW-Stevens Point research 
team studied groundwater quality 
beneath MIG paddocks on the Breneman 
farm. The study objective was to explore 
how MIG may impact nitrogen (N) and 
phosphorus (P) levels in groundwater. 

Groundwater levels fluctuated 
seasonally and yearly to increasing 
precipitation, varying by 2 feet, from 6.5 
to 8.5 feet deep. Dry periods resulted 
in lower groundwater elevations as 
recharge was minimal and groundwater 
discharge to an adjacent stream 
continued. Annual and seasonal 
dry periods also resulted in more 
concentrated groundwater chemistry 
as less dilution from recharge occurred. 
These responses are typical for the 
central sand region of Wisconsin.

Nitrogen – nitrate – denitrification and 
groundwater reactions

Nitrogen is a mobile nutrient with 

a complicated cycle of different forms, 
locations, transformations, and losses. 
Nitrate N (NO3-) is a form of N that exists 
unattached to soil particles within soil 
water. In locations where the depth 
to groundwater is shallow, nitrate N 
can move through the soil profile and 
enter groundwater. This becomes an 
environmental concern as high nitrate 
N levels in drinking water cause human 
and livestock health concerns.

Within saturated soil, certain 
bacteria species exist under anaerobic 
conditions, without oxygen. Anaerobic 
bacteria use nitrate N within their 
metabolic respiration process, ultimately 
converting it into N gas. Nitrogen gas 
moves back up through the soil profile, 
escaping to the atmosphere, through a 
process known as denitrification. 

The anaerobic bacteria responsible for 
denitrification typically use soil organic 
matter as an energy source. Thus, the 

probability for 
denitrification to 
occur deeper into 
the soil profile, 
as well as at the 
upper interface 
with groundwater, 
is limited because 
of (typically) lower 
organic matter 
content at those 
depths.

Nitrogen Results
This study 

measured and 
evaluated the 
possibility of 
whether nitrate N 
in the lower levels 
of the soil profile 
and upper layer 
of groundwater, 
might be 
converted to N 
gas by way of 
denitrification.

The dissolved 
gas compo sition 

of the shallow groundwater beneath 
these rotationally grazed pastures 
showed conditions were favorable for 
denitrification of nitrate N. An increased 
concentration of dissolved organic 
carbon, the energy source for anaerobic 
bacteria to denitrify nitrate N, was 
measured in groundwater immediately 
beneath MIG pastures. This organic 
carbon was attributed to leaching 
dissolved organic matter from manure 
patches. Thus, in the groundwater 
beneath these coarse textured soils, 
managed under a MIG system, a portion 
of nitrate N that leached to groundwater 
was transformed to N gas and returned 
upward from the groundwater into the 
atmosphere. 

This study suggests that sandy 
soil MIG systems can contribute 
sufficient dissolved organic carbon 
down through the soil to the upper 
layer of groundwater to facilitate 
denitrification. However, producers 
should remember that it is possible to 
overload the paddock soil system and 
reduce this capacity for mitigation. As 
always, when farms are situated on 
landscapes with coarse textured soil and 
shallow groundwater, all agricultural 
crop and livestock systems should be 
carefully managed to minimize nitrate 
N entry into groundwater. The final 
report for SARE Project LNC01-181 
can be found at: http://www.sare.org/
reporting/report_viewer.asp?pn=LNC01-
181&ry=2004&rf=1

Phosphorus – soil and groundwater 
reactions

Phosphorus is a mostly immobile soil 
nutrient which cycles through a complex 
mix of chemical and biological reactions, 
controlling P availability to plants 
and the degree to which it is held or 
immobilized within the soil. Phosphorus 
materials can be organic or inorganic 
in origin and have various degrees of 
solubility in water.

In agricultural landscapes, soil test 
P can increase if livestock manure and 
commercial fertilizer applications are 

greater than the amount of P removed 
from the soil through crop production. 
Accumulation of P in the soil root zone 
suggests that some water soluble P 
could move deeper into the profile. 
Most soils have characteristics below the 
root zone that strongly accept leaching 
P and hold it tightly as insoluble P. This 
process is less efficient in coarse textured 
soils, and soil capacity to retain P may 
be exceeded, allowing small amounts of 
water soluble P to move deeper into the 
soil profile. This could become a source 
of P into groundwater, and thus into 
surface water interfaces, where soil is 
sandy and groundwater depth is shallow.

The project undertaken on the 
Breneman farm measured and evaluated 
the possibility of whether P moves out 
of the soil root zone and into the upper 
layer of groundwater under an MIG 
system on sandy soil.

Phosphorus Results
The groundwater analysis showed 

reactive P concentrations had a median 
level of 0.016 mg per liter. In some wells, 
higher P concentrations were found 
during drier precipitation times as 
groundwater chemistry concentrated. 
Several of the wells showed elevated 
levels of chloride and nitrate N, 
attributed to agricultural activity, yet 
those wells did not have higher P 
concentrations.

On this farm, soil test P (Bray) levels 
within the study area were excessively 
high as defined by UW-Extension soil 
test recommendations. 

This study found that the soil layer 
below 12 inches had a high affinity 
to grab onto and store soluble P that 
percolated through the soil. The study 
concludes that P contributions from 
this farm will be retained in the soil 
and that P migration to groundwater 
(and then to surface water) is unlikely 
in this farming system. This conclusion 
does not preclude the possibility of P 
contributions to surface water through 
overland runoff flow. Installing groundwater monitoring wells at Breneman Farm



Dry Matter Intake and Manure Production for MIG Dairy Cattle
Grass-based dairies have existed in 

Wisconsin since we began milking 
cows. While many dairies have moved 
cattle into confinement facilities, the 
Wisconsin dairy industry includes an 
important and ever-growing group of 
producers who practice Management 
Intensive Grazing (MIG). Grazing systems 
allow producers to begin or continue 
dairying with minimal investment 
in equipment and center their daily 
activities on managing grass and 
dairy animals. These systems greatly 
minimize the need for mechanical forage 
harvesting, feed storage and manure 
handling.

It is important to recognize that 
nitrogen, phosphorus and other 
nutrients applied in an agricultural 
system continuously cycle from the soil 
to crops to feed to livestock to manure, 
and back to the soil. Dairies practicing 
MIG uniquely fit into this cycle as cattle 
are deliberately moved through a series 
of paddocks, eating forage plants and 
naturally depositing their own manure 
along the way.

While this system greatly simplifies 
the labor and capital requirements for 
dairying, it can complicate the challenge 
of balancing dietary rations for cattle. 
Livestock producers attempt to define, 
mix and deliver precise diets to animals 
with correct ratios of nutrients, vitamins, 
carbohydrates, fats and proteins, such 

that animals maintain enough energy to 
profitably produce meat and milk.

Dairy herd managers must know how 
much feed their cattle are consuming 
to properly balance rations. Dry matter 
intake (DMI) is a standard term used for 
the amount of feed an animal eats. DMI 
is relatively easy to determine for animals 
that are offered a known quantity of feed 
at the barn or feed bunk. Determining 
DMI for grazed dairy cattle can become 
challenging because pasture condition 
and forage quality vary seasonally.

Sustainable Agriculture Research and 
Education (SARE) study

The Bob and Karen Breneman farm 
(UW-Discovery Farms Core Farm, 2002-
2007) was one of seven Wisconsin dairy 
farms utilized for on-farm research 
associated with a USDA SARE project 
titled: “Nutrient Management Planning 
for Dairy Farms Practicing Management 
Intensive Rotational Grazing”.

Through the study, pasture growth 
and quality were measured and farm 
information was collected. The study 
evaluated the accuracy of four methods 
that MIG dairy producers use to 
determine DMI of cows on pasture:
1.  Clipping: Clip, dry and weigh plant 

material.
2.  Plate: Pasture plate partially 

compresses fresh standing plant 
material. http://www.uwex.edu/ces/

forage/wfc/COSGROVE.html
3.  Height: Plant height, multiply by 

pounds of dry matter per inch of 
(uncompressed) plant height.

4.  Energy: Identify daily quantities and 
net energy of lactation for feed eaten 
daily per cow. Factor body weight, 
milk production and milk composition. 
Utilize energy balance equation, 
solve for remaining DMI necessary to 
produce measured daily milk.
The study also refined current 

estimated values for daily manure 
production from grazing dairy cattle.

Results
Table 1 shows the energy balance 

method to have the most consistent 
DMI estimates with minimal variability. 
This three-year, seven farm study found 
that even though the energy method 
requires more information to use, it also 
provides the most accurate estimate of a 
grazing cow’s actual DMI.

The solid feces portion of manure 
generated by grazing dairy cattle was 
estimated to be 85 pounds per cow per 
day. When urine was accounted for, the 
total manure production increased to 
120 pounds per day, which is similar to 
the value currently used in Wisconsin 
for 1,200-pound dairy cows for nutrient 
management planning purposes.

Outreach
A fact sheet and associated 

spreadsheet has been developed by Dr. 
Dennis Cosgrove and Dr. Dennis Cooper, 
UW-Extension Specialists, UW-River 
Fall: 1) Estimating Dry Matter Intake 
of Grazing Dairy Cattle, http://www.
uwex.edu/ces/crops/uwforage/GN-
EstimatingDMintake.pdf, and 2) Pasture 
Forage Intake Calculator for Dairy Cows, 
http://www.uwrf.edu/grazing/DMI.
xls. The final report for SARE Project 
LNC03-237 can be found at: http://
www.sare.org/reporting/report_viewer.
asp?pn=LNC03-237&ry=2008&rf=1.

Table 1. Estimate of pasture forage dry matter intake by four different methods.

Table from Estimating Dry Matter Intake of Grazing Dairy Cattle by Cosgrove and Cooper, UWEX.

Method 2003 2004 2005
 ……………………DMI (lbs / cow / day)………………………
Clipping 12.0 +/- 4.1 26.3 +/- 6.7 15.5 +/- 8.6
Plate 13.4 +/- 3.2 27.2 +/- 6.9 16.2 +/- 5.0
Height 33.3 +/- 8.8 59.0 +/- 10.3 40.9 +/- 19.4
Energy 20.9 +/- 3.1 20.5 +/- 2.4 20.0 +/- 2.8

These briefs summarize on-farm research conducted on the Bob and Karen Breneman Farm, Rio, WI.  Project results are presented in 7 factsheets.  
The series includes: Grazing Based Dairy Systems; Breneman Farm Site and Study Design; Breneman Farm Equipment, Procedures and Sampling; 
Understanding Surface Water Runoff on a Grazing Based Dairy System; Sediment and Nutrient Loss from an Out-winter Paddock Area on a 
Grass-based Dairy; Management Intensive Grazing and Groundwater Quality; and Understanding Dry Matter Intake and Manure Production for 
Management Intensively Grazed Dairy Cattle.  Fact sheets, briefs and presentations are available from the UW-Discovery Farms Office, PO Box 429, 
Pigeon Falls, WI 54760, 715-983-5668 or at our website: www.uwdiscoveryfarms.org

By Kevan Klingberg and Dennis Frame, UW-Extension/Discovery Farms

UW-Discovery Farms/UW-Extension would like to thank Breneman Farm
and our sponsors for their support and cooperation with this important study.

Thanks from Brenemans to: Laura Paine, Grazing and Organic Agriculture Specialist, Department of Agriculture, Trade & Consumer Protection • Center for Integrated 
Agricultural Systems at UW- Madison (CIAS) • Brent McGowan • Rhonda Gildersleeve, Agriculture Agent, Iowa County, UW-Extension • Columbia/Dodge Grazing Network • 
GrassWorks • Grazing Lands Conservation Initiative • UW-Extension • Nancy Turyk, Water Resource Scientist, UW-Stevens Point and UW-Extension • Carl Frederick • Dennis 
Cosgrove, Agriculture and Natural Resources Specialist, UW-River Falls • Mike Bell, UW-Madison Rural Sociology Department • Sarah Lloyd, UW-Madison Rural Sociology 
Department

Also thanks to any other graduate students who we have had the pleasure to get to know and work with on various projects on our farm. ~ Bob & Karen Breneman


