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Pl ants and drinking water both can contain concentrations of nitrate that
prove toxic to aninals. Bacterial species found nornally in the digestive
tract (rumen of ruminants; cecum and col on of horses; stomach and intestine
of infants less than 6 nonths of age and young nonrumi nants) reduce nitrate
(which is non-toxic) to nitrite (which is toxic) and ammonia. Wen nitrate
is reduced to nitrite faster than nitrite is removed, nitrite is absorbed
fromthe digestive tract. Reacting with nitrite, henpglobin is converted to
met henogl obi n, a compound that cannot transport oxygen. Tissue oxygen
depletion results in rapid, |abored, or noisy breathing, rapid pulse rate,

and, in severe cases, death. Some aninals recover spontaneously, but
surviving cows in their first trimester of pregnancy often abort within two
weeks due to death of the fetus.

Oigin of Nitrate. All growing plants absorb nitrate fromsoil and transport
it to leaves where nitrate is reduced stepwise to nitrite, hydoxyl am ne, and
finally anmonia. Ammoni a becones a conponent of am no acids and protein of
the plant. Wth various types of plant stress - water shortage, cool and

upt ake of nitrate fromsoil continues causing nitrate to accumul ate,
particularly the lower stens. Mst cultivated plants including corn, wheat,
oats, rye, barley, mllet, sorghum (sorghum sudan hybrids, particularly) as
wel | as weeds accunulate nitrate. Wen nitrogen (nitrate or aninmals waste)
fertilization rate exceed that needed for plant growh, nitrate accumul ation
is enhanced. Nitrate concentrations within plants in a field vary due to

| ocal soil nitrate and noisture conditions. Forages with |l ess than 1,000 ppm
nitrate-N are considered safe for all cattle and | evels bel ow 1,500 ppm
nitrate-N are safe for non-pregnant cattle. Forages above 1,500 ppm should be
diluted to 1,500 ppm before feeding, but forage containing over 4,000 ppm
nitrate-Nis not readily diluted. Recorded nitrate-N include over 12,000 ppm
for bales of oats hay, 19,000 ppmin grow ng weeds, and 11,000 ppmin

sor ghum sudan pastures! Forages rich in nitrate may burn expl osively.

Nitrate fromsurface or well water adds to the nitrate | oad of animals.
Primarily fromleached fertilizer, nitrate under 10 ppmnitrate-N in water is
consi dered safe for humans; levels below 40 ppmnitrate-N (some research says
100 ppm are considered safe for rumnants.

Ni trate nmeasurenent. A di phenyl am ne spot test is used to detect
concentrations of nitrate-N above 1,000 ppm Forage rich in nitrate becones
deep bl ue or bl ue-black when contacted with a drop of 0.5% di phenyl am ne in
80% sul furic acid. Quantification, during feed analysis or at a diagnostic
I ab, involves colorinmetry or use of a nitrate-sensing el ectrode.
Measurenents can prove confusing with results being variously expressed as
ppm of nitrate-N, ppmnitrate (being 4.4 times that for nitrate-N), or ppm
potassiumnitrate (being 7.0 tines that for nitrate-N). Some |aboratories
al so report percentages rather than ppm (1% equal s 10,000 ppm.

Toxicity prevention. Methods to prevent nitrate toxicity include: 1)
reducing nitrate intake, 2) preventing conversion of nitrate to nitrite, 3)
increasing nitrite reduction to non-toxic conpounds, and 4) increasing an



Pl ant nmanagenent. By splitting soil N application across the grow ng season
and avoi di ng excess application, plant nitrate can be reduced. Acid and
phosphorus deficient soils produce plants with nore nitrate. After a
drought-ending rain, grazing or crop harvest should be delayed for 3 to 14
days to allow plant nitrate levels to subside. In contrast, follow ng frost
or hail damage, inmredi ate harvest is reconmended because |ive roots continue
to amass nitrate but the danaged upper plant is unable to use nitrate. More
mature forage has less nitrate than |lush green forage; forage grazed or
harvested in the afternoon, when nighttinme accunul ations of nitrate have been
depleted, will have lower nitrate |levels. Sone forages (sorghum sudan
hybrids) known to accumul ate nitrate may be avoided. At harvest, the forage
harvesting equi prent can be adjusted to | eave the higher nitrate | ower stemns
inthe field. Ntrate remains stable in forage stored dry, but 30 to 80% of
forage nitrate is lost during silage fernentation. During the first few days
of fermentation, nitrate is released as a toxic, yellow sh-brown gas -

ni trogen dioxide. On contact with water, this gas forns nitric acid.
Reacting with lung tissue, it can cause permanent danage that may prove

| et hal

Ani nal managenent. To prevent toxicity fromhigh nitrate forages, cattle
shoul d be fed hay prior to grazing to reduce intake of forage and gradually
adapted to the forage by increasing grazing tine over several days. G azing
pressure should be kept |ow so that cattle do not consunme stens and weeds,
and fresh water should be provided. High nitrate forage should be diluted
with lownitrate forage or grain. Providing small, intermttent neals and
totally mxed rations helps to avoid tenporal nitrate and nitrite peaks
within the runen. Gain, always lowin nitrate, dilutes nitrate from ot her
sources, provides energy for bacterial nitrite reduction, and may reduce
rum nal pH below that ideal for nitrate reduction (pH = 6.5) to a pH cl oser
to that ideal (pH = 5.6) for nitrite reduction

M neral and vitam n supplenentation. Several mnerals are involved wth
nitrate reduction. Nitrate reductases, enzynes that convert nitrate to
nitrite, contain nmolybdenum \When tungsten replaces nol ybdenumin this
enzynme, it no longer reduces nitrate. Daily intakes of 3 to 10 ng tungsten
per kg body weight fromsodiumtungstate will reduce or halt nitrite
formation in the runen. Although |less that 1% of dosed tungsten appears in
m |k and soil contami nati on appears to have mnimal effect on either soi

m crobes or plants, environnental effects of tungsten remain of concern
Copper and sul fur, involved with nitrite detoxification enzynes and capabl e
of form ng insoluble conpl exes with nol ybdenum nust be supplied in adequate
gquantities to avoid nitrite accurmulation. Vitamn A depletion, noted for
cattle fed high nitrate silage, reflects carotene destruction by nitrite
under acidic (silage) conditions; simlar conditions do not exist in the

di gestive tract, so no extra vitamin A is needed when nitrate intake is high

M crobi al inocul ation. Because it inhibits clostridia, nitrite is added to
cured nmeats to prevent botulism However, enterobacteria, including
Escherichia and Sal nonel |l a, when grown wi t hout oxygen, obtain energy for
growm h by reducing nitrate to nitrite. Reduction of nitrite to am no acids
anaerobically requires energy. Mcrobial reduction of nitrite to am no acids
inthe rumen is stimulated by nitrate intake, and this capacity is
transferred anmong rumi nants. Though never field-tested, increased intake of
nitrate or, preferably, nitrite, mght be used to pre-condition animals to
handl e high nitrate feeds or water. |solated strains of propionibacteria, a
bacterial species used in cheese production, when inocul ated through the feed
or as an oral paste, becone permanent residents in the runm nal ecosystem



actively reducing nitrite and preventing nitrate toxicosis. Such cultures
are avail abl e commercially (Bova-Pro; about $6 per head).

Di agnosis and treatnent. Acute and chronic toxicoses differ. Wth either
chocol ate coloration of blood provides a strong visual diagnostic clue.

Di agnosi s of chronic toxicity involves neasurement of nitrate in ocular fluid
or serum or nethenogl obin concentration of blood. Under chronic conditions,
cattle gradually adapt to high intakes of nitrate and can remain productive
with up to 50% of henpgl obin as net henogl obin (conpared to 3% nornal ly).
Treatnment for toxicity consists of converting nethenogl obin back to

henogl obin via intravenous infusion of a 2 to 4% nethyl ene blue solution at a
rate of 1 m per 5 kg live body weight. When weather conditions nake nitrate
toxicity probably, veterinarians should carry and |ivestock producers should
mai ntain a supply of nethylene blue for i mediate treatnent of acutely
affected aninals. Although infused ascorbate has been used to treat

net henogl obi nem a, potential beneficial effects of dietary antioxidant

suppl enents (e.g., vitamns C or E) have not been exam ned.

Future prospects. Selection for increased plant yields and growh rates are
likely to increase the potential for nitrate accunulation in forage.

However, soil nitrate may be reduced through 1) legislative l[imts on nitrate
fertilization, 2) nodified fertilization practices, e.g., split applications,
wat er-sensitive slow release fertilizers, and foliar fertilizers, 3) greater
| egure use, 4) devel opnent of nitrogen-fixing soil mcrobes or grasses, and
5) reduced nitrate application based on |ong-range prediction of drought.

Pl ants m ght be selected or devel oped that regulate nitrate uptake based on
soi|l noisture or that accurmulate less nitrate. Plant stress, sensed through
satellite infra-red technol ogy combined with regional plant nitrate assays
could be used to issue local nitrate alerts, sinmlar to weather warnings, for
forage harvesters. Hay, silage, and rum nants can be inoculated with
nitrite-metabolizing mcrobes. Water purification systenms using

el ectrochem stry, anion exchange, reverse osnpbsis, and fixed enzynme col ums
can renmove nitrate fromdrinking water. Finally, inproved nutrient status of
animals, e.g., less anema due to internal and external parasites and
enhanced nitrate utilization by mcrobes in the digestive tract, should help
reduce the preval ence of nitrate toxicity.
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