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The severe drought conditions and hot weather of summer 2012 may have an unexpected benefit - more
soil nitrate.  Finding soil nitrate levels of 100 pounds of nitrogen per acre (lb N/ac) or more are not
uncommon following a warm, mild winter and hot summer weather as we have experienced in the last one
to two years.  There are three main reasons that soil nitrates would accumulate: 1) reduced crop uptake,
2) less leaching, and 3) more organic matter mineralization.

1. Reduced crop uptake

Crops typically take up most of their nitrogen requirements during the vegetative growth stage.  The
uptake rate drops off quickly when the plant reaches the reproductive stages.  If drought conditions hurt
yield potential before pollination or bloom, some fraction of the soil nitrate is taken up and the rest stays
behind to accumulate in the soil.

Nitrate accumulations are common for dryland or non-irrigated crops, but nitrate can also accumulate
under irrigated crops with normal or above-normal yields.  This can occur because of accelerated nitrogen
mineralization caused by the hot weather.  The amount of nitrogen mineralized can exceed the crop
nitrogen removal, so the excess nitrate accumulates in the soil.

2. Less leaching

Nitrate can be transported or leached from an upper soil zone to a lower soil zone,  depending on the
amount of water that is able to percolate through the profile.  Excess soil water will drain to lower depths,
even if it is only a slight amount of excess.  The leaching depth and amount of nitrate transported is affect
by many factors which change constantly.

Higher evaporation rates and increased crop water demand during drought prevented excess water from
accumulating in the upper root zone.  Much of the water was taken up from the surface or near surface. 
There was little or no opportunity for leaching with water that accumulated in the profile.

Nitrate remains in the upper soil profile simply because little or no leaching occurs during hot, dry
conditions.  There could be the same total amount of nitrate in the root zone, but a larger fraction of the
total will be found nearer the surface during drought years.  This accumulation pattern tends to skew soil
sample histories, especially if one depends only on surface sample results for making nitrogen fertilizer
recommendations.  Collecting subsoil nitrate samples takes more time and energy, but will give a better
idea of overall nitrogen fertility through the profile.

3. More mineralization

Total accumulations 

Mineralization of organic nitrogen to nitrate is most rapid at high soil temperatures and with adequate soil
moisture.  Part of the nitrate accumulated during the growing season comes from the conversion of
organic nitrogen found in the crop residue.  In the case of wheat, about 5 to 7 pounds of nitrogen could be
mineralized from the straw needed to support ten bushels of yield.  The stover remaining after each ten
bushels of corn yields contains about 1¼ to 2 pounds of nitrogen.

Much of this year’s nitrate has probably come from the native soil organic matter, even under what seem
to be bad conditions.  We typically credit each one percent of organic matter with 10 to 20 lb N/ac.  Credits
of 30 or 40 lb N/ac may be closer to the mark for 2012.  In this case, a soil with 2½% organic matter could
have mineralized 70 to 100 pounds of nitrogen this year.

Table 1 shows the nitrate that accumulated during the uncropped, fallow period at Alliance, Nebraska, for
twelve different years.  Soil samples were taken in the fall, either prior to or just after wheat seeding.  In
seven years out of twelve, the soil mineralized at least 70 lb N/ac, even when no nitrogen was applied
(column “a”).  Note that the highest amount of nitrate accumulated was during the 1980 season - one with
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widespread drought conditions very similar to those that occurred in 2011 and 2012.

When an extra 40 lb N/ac was applied to the preceding wheat crop, the soil nitrate exceeded 70 lb N/ac in
nine of twelve years (column “b”).  However, the amount of extra nitrate found in the soil test could not be
entirely attributed to carryover fertilizer alone.

In another set of experiments, a Weld silt loam (Akron, Colorado) had a three-year average nitrate
accumulation of 106 lb N/ac with no N applied and a Holdrege silt loam (North Platte, Nebraska) had a
five-year average accumulation of 110 lb N/ac with no nitrogen applied.

Timing of accumulations

Much of the nitrate documented in these experiments accumulated in July and August, months that
typically have the highest temperatures and lowest rainfall.  Table 2 illustrates the pattern of nitrate
accumulation during the fallow season for two of the Alliance sites.  The Duroc soil was broken out of
native sod in 1970.  The Alliance soil was broken out of wheatgrass pasture in 1969.  Nitrate
mineralization was slow right after harvest and during early spring, but preceded rapidly during late July
and August.  In fact, the researchers found that soil samples taken in July might only contain 50% to 60%
of the nitrate found at wheat seeding time.  

Temperature has a huge effect on the microbes responsible for mineralizing organic nitrogen to nitrate. 
Figures 1 and 2 shows the effect of temperature on nitrification.  Nitrate accumulated faster in warm soils
than in cool soils.  Figure 1 shows that nitrate accumulated to a concentration of 50 ppm about three
weeks sooner at a summertime 86°F soil temperature than at a springtime 61°F soil temperature.

Figure 2 contains the same data as Figure 1, except the calendar days were converted to degree days.  
Nitrate accumulated to 50 ppm at roughly 450 degree days for all soils at all temperatures.  Degree days
are a more accurate way of helping define the rate of biological processes, including plant growth, insect
development, and microbial processes.  Degree days accumulate more rapidly in hot years than in
“normal” years, so the rate and extent of nitrification increases as well because the microbes are more
active.

Years 2011 and 2012 set temperature records in many locations (see Table 3).  The increased microbial
activity due to increased soil temperature helps to account for the soil nitrate accumulations found after
irrigated corn harvest, even during years when yields are high.  Degree days accumulate quickly when air
temperatures are high.  Corn matures earlier, reaches senescence  earlier, loses leaf canopy earlier, and
quits taking up soil nitrate earlier in these situations.  Leaf loss allows sunlight to penetrate and warms the
underlying soils earlier than normal.  This extends the time for optimum microbial activity, including the
nitrification process.  Thus, soil nitrates accumulate if there is no precipitation to move the nitrates deeper
into the profile.

Managing soil nitrates

Reports from customers suggest that surface nitrates may be higher in non-irrigated fields, but subsoil
nitrates may be higher under irrigated conditions.  Water applied by 2012 irrigations generally didn’t get
the chance to percolate as deeply as normal, so root systems tended not to develop as deeply as normal. 
The shallower root systems may have “mined out” nitrate in the upper soil and did not extract the subsoil
nitrates as in more typical years.

How much credit should we give to above-normal nitrates?   If precipitation patterns return to normal,
assuming half-credit (50%) is reasonable.  If conditions stay dry, give more credit. Spot checking a field or
two just before planting might be prudent.

Summary

Soil nitrates often accumulate under high temperatures and drought conditions.  Soil nitrate accumulations
may be due in part to lower yields, less nitrogen uptake, and less water percolating through the profile. 
Don’t dismiss the nitrate contribution from soil organic matter mineralization in these situations - whether
under irrigated or non-irrigated conditions.  The nitrification rate is related to the rate of degree day
accumulation, both of which are more rapid under higher temperatures.  

Soils are “alive” and their activity changes with changing weather.  Not all of the changes in the nitrate soil
test are due strictly to our fertilizer applications or lack of applications.  In the words of a famous
agronomist, "Man, you ain't raisin' those crops on styrofoam - you're raisin' ‘em on soil".
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Table 1.  Fallow nitrate accumulation to 48 inches deep at Alliance, Nebr.
during different years (sampled at wheat seeding).

Year a. No nitrogen
applied

b. 40 lb N
applied

c. Difference

© = a - b)

Jun-Aug
rainfall

---------------     lb NO3-N/ac     -------------- --  inches  --

1970 60 66 6 7.2

1971 38 49 11 7.3

1973 11 19 8 5.1

1974 72 89 17 6.7

1975 70 77 7 4.5

1977 70 98 28 9.8

1978 74 102 28 8.8

1979 69 95 26 12.3

1980 119 134 15 4.0

1981 75 95 20 8.7

1982 76 83 7 7.9

1983 64 80 16 5.2

Table 2.  Fallow nitrate accumulation at Alliance, Nebr. at
different dates.

Sample
date

Duroc
loam

Alliance
silt loam

Sample timing —  lb NO3-N/ac  ---

After harvest 7/30/81 32 19

C 11 months later 6/23/82 65 32

C 12 months later 7/24/82 110 37

C 13 months later 8/14/82 95 72

Sample timing —  lb NO3-N/ac  ---

After harvest 7/24/82 35 16

C 11 months later 6/21/83 44 28

C 12 months later 7/21/83 90 36

C 13 months later 8/29/83 116 61
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Table 3. High Plains regional weather: Days above 100°F 

Location No. of days 100°F or higher during 2012

Record or previous record (days) / year

   Period of record

Kansas Concordia 18 46 / 1936 1885-2012

Dodge City 35 54 / 2011 1874-2012

Goodland 27 40 / 1936 1895-2012

Salina 37 45 / 1954 1948-2012

Topeka 25 59 / 1936 1887-2012

Wichita 36 53 / 2011 1888-2012

Nebraska Grand Island 12 47 / 1934 1895-2012

Lincoln 16 41 / 1936 1887-2012

Norfolk 13 36 / 1936 1893-2012

North Platte 23 29 / 1936 1874-2012

Omaha 11 30 / 1936 1871-2012

Scottsbluff 29 24 / 1936 1893-2012

Valentine 27 28 / 1936 1889-2012

South Dakota Huron 8 29 / 1936 1881-2012

Rapid City 13 16 / 1988 1942-2012

Sioux Falls 9 21 / 1936 1893-2012

Colorado Colorado Springs, 3* 1 / 2003 1894-2012

Denver, 13 7 / 2005 1872-2012

Grand Junction 12 22 / 2002 1893-2012

Pueblo 28** 24 / 2002 1888-2012

Wyoming Casper 3 8 / 2006 1939-2012

Sheridan 7 15 / 1983 1907-2012

North Dakota Bismarck 4 14 / 1936 1874-2012

Fargo 1 10 / 1936 1881-2012

Williston 1 15 / 1988 1894-2012

* Tied 1954     ** Tied 2003    
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Figure 1. Nitrification rate at different temperatures - calendar days.

Figure 2. Nitrification rate at different temperatures - degree days.
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