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denitrification losses will be assumed negligible, though it may be a factor in a few fields where soil

drainage is poor.

Soil Erosion Losse,s and Suiface Runoff

Nitrogen may be lost by erosion as soil particles are removed from fields by wind or water.

We assume these losses are not significant to the total budget.

Miscellaneous Gaseous Losses

These losses include NzO evolution during nitrification, decomposition of nitrous acid, and

reactions of nitrous acid with soil minerals and organic constituents. We used the suggestion by

Meisinger and Randall (1991) that these losses be approximated as 1% of the total N inputs.

Gaseous Losses from Crop Senescence and Crop Residues

Gaseous losses (ammonia and volatile amines) during plant senescence and from crop residues

are poorly understood. Meisinger and Randall (1991) suggest estimates of 2-8% of total aboveground

plant N for senescence. The following is an example of approximating senescence losses in sweet com

and potato. The following are assumed:

• losses are 5% of above-ground plant-N;

• above-ground plant-N for potato is 70 Ib/acre (Olson and Kurtz, 1982); and

• above-ground plant-N for sweet com, not including the harvested portion, is 92

Ib/acre (Olson and Kurtz, 1982).

Calculated N losses associated with senescence are then 3.5 Ib/acre for potato and 4.6 for sweet com.

Since these losses are a small part of the N budget, they will be approximated as 4 Ib/acre for all

crops.

Little information is available regarding possible gaseous losses of N from crop residue in this

setting, but evidence indicates it is probably small. For instance, Wagger et al. (1985) recovered

100% of residue ISN from incorporated sorghum and wheat residues after one growing season. Parker

(1962), measuring N content of field com residue as it decomposed on the soil surface, found that

while the total residue mass decreased 50% over 140 days, the mass of N recovered in the residue

actually increased slightly.
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Summary ofN Outputs

Table 5.3 is a summary of the total nitrogen output accounted for through harvest and various

gaseous loses.

Table 5.3. Summary of N outputs (lb/acre).

Crop Haryest-N Gaseous lQSs* Total outputs
Field com, irrigated 109 5.5 115
Field com, nonirrigated 66 5.2 71
Oat 75 4.6 80
Pasture
Pea 51 4.5 55
Pickle 24 5.0 29
Potato** 160 5.9 166
Rye 63 4.6 68
Snap bean 39 5.1 44
Sod
Sorghum 66 5.3 72
Soybean 99 4.9 104
Strawberry 4 4.5 8
Sweet com 77 5.6 83

*
**

Gaseous losses include N released in plant senecense and misc. gases. See text.
Average of early and late potato.

N Loadini to Groundwater

Estimates of N03-N leaching to groundwater from crops (Nc.J range from 4 to 137 lb/acre-yr,

depending on crop and BMP vs. CON (Figure 5.1 and Table 5.4). Of the commonly grown crops,

N
C

•i was lowest for BMP soybean and highest for CON sweet com, snap bean, and field com. This

analysis indicates that BMPs can reduce N leaching by 10-30% for the more common crops grown in

the Wisconsin central sand plain. The most striking improvement is for soybean, where use of BMPs

is predicted to reduce N loading from 64 to only 4lb/acre - a reduction of94%. Also striking is the

large Nc.; associated with sweet com. Apparently, this is mainly due to the large am?unt of immature

crop residue left by sweet com (Kraft et aI., 1995). When the residue decays, it releases N that is

available for leaching.
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Estimated nitrogen loading for crops in the Stevens Point, Whiting, and Plover
area under conventional and BMP agriculture. Asterisks denote predicted loading
by potato given Wisconsin-specific data (see text).
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Table 504. Calculated N loading to groundwater from each crop (Nc)' Units are lb/acre.

Crop Total inputs Total outputs Nc.; Nc.;

BMP CON BMP CON
Field com, irrigated 190 201 115 75 86
Field com, nonirrigated 160 161 71 89 90
Oat 100 110 80 20 30
Pastute**
Pea 80 100 55 25 45
Pickle 140 140 29 111 111
Potato* 223 248 166 57 82
Rye 90 110 68 23 42
Snap bean 129 169 44 85 125
Sod*** 80 85 20 21
Sorghum 160 190 72 88 118
Soybean 108 168 104 4 64
Strawberry 85 95 8 77 ,87
Sweet com 190 219 83 107 137

*
**
***

Average of early and late potato.
Insufficient data available.
Nc.; calculated at 25% leaching rate of total inputs (Shaw et aI., 1993)

The Nc,; calculation involved a number of components. Many components are minor, and

would have little effect on Nc,; even if the values provided are highly inaccurate. However, errors in

the major components of this budget, fertilizer-N and harvest-N, could cause large errors in Nc•i ' The

fertilizer-N component used in this analysis is probably low for the long term average, because in wet

years, growers may reapply fertilizer to replace that which they perceive leaches out of the soil.

When this occurs, Nc.; is substantially higher than the estimates provided here.

Harvest-N was calculated from the product of crop yield and N content of the harvested crop.

In general, the range of N content provided by Meisinger and Randall (1991) is fairly narrow,

resulting in a small error in harvest-N (Figures 5.2 and 5.3). However, potato has a large range in the

estimate of N content, 0.3-0.5 Ib/100 lb. Some evidence indicates that the OAlb/100 lb average of

this range, which was used in this study, is too high. At the Hancock experimentarstation, Saffigna et

al. (1977) found that potato contained 0.281b N/100 lb, and this is consistent with the results of Kunkel

et al. (1973). The use of OAlb/100 lb of harvested N provided a low estimate of Nc,i compared to

field measurements (Kraft et al., 1995). As a result, the NC•i estimate for potato (BMP - 57Ib/acre-yr;

CON 82Ib/acre-yr) is probably low. More reasonable Nc.; estimates for potato, using a harvest-N of

0.3lb/100 lb, may be in the range of 100 lb/acre (BMP) or 120 lb/acre (CON).
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Figure 5.2 Estimated nitrogen loading average and range for crops in the Stevens Point,
Whiting, and Plover area under conventional agricultural management..
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Figure 5.3 Estimated nitrogen loading average and range for crops in the Stevens Point,
Whiting, and Plover area under BMP agriculture.
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N LOADING FROM LEGUME FORAGES

Legume forages such as alfalfa have the ability to incorporate substantial abnospheric N into

plant tissues. These forages are very nitrogen efficient, and they leach virtually no N03 until

plowdown (Shaw and Trapp, 1993). After plowdown, organic-N in plant tissue mineralizes and

becomes available for plant uptake, leaching, or transfer to other parts of the N cycle. The N loading

due to legume forage plowdown (NL; Ib/yr) can be expressed as

where

= N loaded by forage legume at plowdown (Ib/acre)

= Area of legume forage plowdown per year (acres/yr)

N*L,P can be estimated as

N~ = (Total N in legume forage) .- (N sinks) - (N used by subsequent crop)

Neither total N in legume forage nor N sink data are readily available for local conditions, so we

approximate the difference between these as equal to UW-Extension N crediting recommendations:

(Creditable N) ~ (Total N in legume forage) - (N sinks)

So that

N;'p ~ (Creditable N) - (N used by subsequent crop)

Creditable N is the amount of N that can be used to replace chemical fertilizer in the subsequent crop.

The UW-Extension recommended creditable N is dependent on several factors, including soil texture

and legume stand condition at plowdown. For current purposes, we will use a creditable N of 110

Ib/acre at plowdown.
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Managers mayor may not credit the full amount of creditable. legume N to the subsequent

crop. To allow for this, the amount of forage legume N that leaches to groundwater is

Nl.P.= lCreditableN) - (Creditable N x Fraction credited)

Under BMP agriculture, 100% of creditable N is credited. However, conventionally, few managers

take all available legume N credits. Exo (1993) found that in the study area, only 24% of furmers

took some N credit for legume forages, averaging 63 lb/acre credit. As a result, the fraction credited

is only 14% that available. Using the above equation, and substituting 110 lb/acre for creditable N,

1.0 for the fraction of N credited under BMP agriculture or 0.14 for the fraction credited under

conventional agriculture, the N loading for legume plowdown (N*L,p) is:

BMP 0 lb/acre

Conventional 95 lb/acre

Because of the uncertainty in creditable N (Total N in legume - Other N sinks), these estimates are

likely low by 40-80 lb/acre of leachable N at plowdown.

N LOADING FROM MANURE

N03 leaching from manure occurs when organic and inorganic forms of N oxidize to the more

mobile N03 form. We estimate N loading from manure (NM ; lb/yr) as:

NM = (N:J x (tons of manure spread / yr)

where

N*M can be estimated as

= (lb manure N loading I ton manure)

N; = (Total manure -N) - (Other N sinks)
- (Manure -N used by subsequent crops)
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Dairy cattle produce about 12 tons ofmanuie per animal-year, which contains about 10lb of

nitrogen per ton. Depending on storage and handling methods, 15-80% of manure N may be lost to

the atmosphere. For the types of manure handling practices common in the study area, about 40% of

manure-N may be lost to the atmosphere and·60% is available for plant uptake or leaching to

groundwater (Meisinger and Randall, 1991). The above equation then becomes

N; = (10 lb/ton total manure-N) - (4lb/ton manure-N lost to atmosphere)
- (Manure N used by subsequent crops)

so that

N; = (6 lb/ton) - (Manure N used by subsequent crops)

where

(Manure -N used by subsequent crops) = (Creditable N) x
(Fraction offarmers crediting) x
(Fraction of manure -N credited)

According to UW-Extension recommendations, 3.5lbs/ton of manure-N is "creditable" or available for

crop uptake. Under BMP agriculture, 100% of manure credits are taken by 100% offarmers, so that

N; for BMP = 6 lb/ton - 3.5 lb/ton
=2.5 lb/ton

However, not all farmers credit manure-N and those who do frequently don't take all available credits.

In the study area, 43% of farmers who handle manure in the study area take some manure-N credit

(Exo, 1993), however, no study area specific data on the fraction credited is available. Shepard
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(1991) found that in Wisconsin, farmers who took manure credits took only 51 % of available credit.

Combining these data indicates only 22% of credits are taken. Therefore,

(Manure-N used by subsequent crops) =3.5 lblton x 0.43 x 0.51

and

N; (CON) = (6 lblton) - (3.5 lblton x 0.43 x 0.51)
= 5.2 lb/ton


