MANAGEMENT OF NITRATE AND PRUSSIC ACID IN FORAGE CROPS
Brian Shreve!
ABSTRACT

The two factors of drought conditions and export markets are focusng recent attention on
nitrates and prussc acid in forages. During normd years, nitrate-nitrogen (NOs-N) taken up by
crops is quickly converted into protein. When forages grow under drought stress, however, they
tend to accumulate nitrate.  Alternative forages such as sorghums and sudans tend to accumulate
even higher leves, with the added problem of potentidly toxic prusic acid leves.  Nitrate-
nitrogen in excess of 1400 ppm is conddered to be potentidly toxic to ruminants  Surveying
samples submitted to Servi-Tech Laboratories this past summer shows a range of <100 ppm to
>19,000 ppm NOs-N, with an average of 2200 ppm. Accurate determination of nitrate levels is
criticd to management of high-nitrate forages. Prussic acid poisoning can occur when animas
are fed sorghum or its close rdatives. Stress such as drought or frost leads these plants to
produce higher levels of dhurrin, a compound containing hydrogen cyanide (HCN). Cyanide is
toxic when levels exceed 300-500 ppm HCN on a dry bads. Factors contributing to high nitrate
and prussic acid levels are discussed. Recommendations are presented b provide management
guiddinesto utilizers of these forages.
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INTRODUCTION

Much of the western U.S. was haunted by drought again this year, focusng much attention on
climatic conditions. Coupled with that, the west and centra high plains faced a cool spring,
further limiting growth of forages. Although moisture in the last month or so has helped restore
depleted soil moigture, it arrived too late to be of much help for this year’ s crops.

Nitrate toxicity. Plantstake up nitrogen in the form of nitrate (NOs™), which is then converted to
protein. When plant metabolism is dowed by stressors such as drought, cool temperatures, hail,
or other physiologica dress, then nitrate accumulatesin plant tissues. This occurs due to luxury
uptake of soil nitrate coupled with decreased conversion of NOs™ to protein. This causes no harm
to the plant itself, and in fact occurs to some degree in every agronomic crop even in normal

years. Problems only occur when forages are consumed by livestock.

Upon ingestion by ruminants, plant NOs™ is reduced to nitrite (NO,") and eventudly to
ammonium (NH;") by rumen microbes. The ammonium is then converted into microbial
protein. When nitrate is present in excess amounts, a surplus of nitrite is produced. This nitrite
is absorbed into the bloodstream and complexes with blood hemoglobin, forming
methemoglobin. Red blood cdls containing methemoglobin no longer carry oxygen in the
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blood, thus the anima may die from asphyxiation a the cdlular level. Therefore, nitritetoxicity
is actudly the problem, but it results from excess nitrate in forages and is commonly referred to
as nitrate toxicity.

Nitrate toxicity may manifest in hours or it may take daysto appear. Nongpecific Sgns of nitrate
toxicity include weight loss, reduced gppetite, diarrhea, and runny eyes. Abortion may occur at
lower nitrate levels with no other symptoms.  Acute toxicity symptoms include labored
breething, muscle tremors, cyanosis, and collapse with coma and degth following within two to
three hours. Nitrate toxicity may be confirmed postmortem by chocolate-brown blood within the
first few hours after death (blood reverts back to its normd color after that). Veterinary
diagnosis and trestment of nitrate toxicity is generadly recommended, with emergency infusion

of methylene blue as an antidote indicated in acute nitrate toxicity.

So what are “safe’ levels of nitrate-nitrogen in forages? Surveying the literature shows awide
range of “safe levels’ and aso shows numerous reporting units, with ppm NOs”, ppm KNOs,
ppm NO3-N, and %NO3" being most common. (The author has previoudy recommended al
labs standardize on ppm NO3-N as areporting unit to lessen the confusion associated with
numerous reporting units). Examples can be found in the scientific literature of death occurring
a farly low leves of dietary nitrate. Conversdy, examples can be found where animds are fed
rations containing high levels of nitrate with no harm. The reason is thet factors other than feed
nitrate content affect toxicity. These factorsinclude anima stress, amount of forage consumed,
how quickly an animd eats, plant part(s) consumed, adaptation by animals, amount of grain fed,
and water nitrate concentration. Vaues consdered “safe’ in the literature range from 1000 to
3000 ppm NO3-N. At Servi-Tech Laboratories, we recommend keeping diets under 1400 ppm
NOS3-N for ruminants. Horses are much less susceptible, and can tolerate somewhat higher
levels. Since some anaerobic fermentation occurs in the cecum, however, nitrate toxicity is il
aconcern.

Forages vary widdly in NO3-N concentration, even on the same farm. A survey of forage
samples sent in to the Hastings, NE, location of Servi-Tech Laboratoriesin 2002 shows an
average concentration of 2200 ppm NO3-N, and arange of <100 ppm (our reporting limit) to in
excess of 19,000 ppm NO3-N. Thus, forage sugpected of having high nitrate should be tested by
areputable [aboratory prior to feeding.

Prussic Acid Poisoning. In addition to accumulating nitrate, dternative forages may adso have
toxic concentrations of prussic acid. Thisis especidly true in sorghum, sudans, and closdy
related species. Prussic acid (also known as hydrocyanic acid or hydrogen cyanide, HCN)
poisoning is caused by cyanide production in these plants under certain growing conditions. The
cyanogenic molecule in these plants is dhurrin, which occurs in epidermd (surface) cells, and
this molecule is nontoxic in hedthy, intact cells. Mesophyll cellslocated directly benegth the
epidermis, however, contain an enzyme that releases HCN from dhurrin. If leaves are damaged,
the dhurrin and enzyme intermix, rleasing cyande.

Similar to nitrate, cyanide interacts with blood hemoglobin after ingestion and interferes with
oxygen transport. Prussic acid is afast-acting poison, usudly killing the anima within minutes
Signs and symptons of prussic acid poisoning are nonspecific and are Smilar to nitrate toxicity:
excess sdivation, difficult bresthing, staggering, and collapse with desth from respiratory



pardyss occurring soon after. The main differenceisthat animals with prussic acid poisoning
have bright red blood that is dow to clot, whereas animas with nitrate toxicity have dark,
chocolate-brown blood. A “bitter dmond” smell is often detected in animals suffering from
cyanide poisoning. Symptoms are usually observed too late for treatment, due to the fast-acting
nature of cyanide. If thereisno doubt about diagnos's, Smultaneous injections of sodium nitrate
and sodium thiosulfate may be administered for trestment. The sodium nitrate releases the
cyanide molecules from cells, which are then complexed by the sodium thiosulfate and excreted.
Treatment and survivd isusudly limited to a narrow window of afew hours after poisoning.

Aswith nitrate, ruminants tend to be more susceptible to prussic acid poisoning. Thisis because
cud chewing and microbid fermentation both contribute to release of cyanide. Monogastric
animals, on the other hand, tend to be much less susceptible, as the enzyme respongble for
hydrolyzing dhurrin is destroyed in somach acid. Again, the literature varies quite a bit in what
are consdered safe levels, but arange of 300 — 500 ppm HCN on a dry-matter basisis generaly
consdered safe. Unlike nitrate, animals cannot adapt to higher HCN levels. Again, a
representative sample of forages suspected of having potentialy high levels of prussic acid

should be submitted to a reputable |aboratory for anayss.

FACTORSAFFECTING NITRATE AND HCN LEVELS

Management of high nitrate and/lor HCN levels begins with understanding the factors affecting
these levels. One factor that affects both nitrate and HCN is soil fertility. Research has shown
that plants grown in soils deficient in P or K and with ample N tend to accumulate nitrate, and if
in the sorghum family, tend to dso accumulate HCN. Overgpplication of N can lead to
imbaances as wel. Applying high amounts of N fertilizer or manure late in the season increases
concentrations as wel.  Split nitrogen gpplications reduce the potential for toxicity, provide
better nutrient distribution, and may be more economica aswell.

Stress is another factor common to both nitrate and HCN toxicities. Of plant stressors, drought is
usudly the biggest culprit. Roots continudly teke up nitrate, but high daytime temperatures
inhibit protein synthess.  After a drought-ending rain, up to 14 days may be required for
metabolisn of the accumulated nitrates  Smilaly, drought-stunted plants may accumulate
HCN. New growth following a drought-ending rain becomes dangeroudy high in HCN, and is
highly padatable. Frogt, hal, disease, and other dressors dso influence accumulation of both
nitrate and HCN. A killing frost will cause release of HCN, rendering plants safe to graze after a
period of a least four days providing there is no regrowth. Such a fros has no net affect on
nitrate levels, however.

Animad dress can increase susceptibility to nitrate and prussc acid toxicity. Hunger is dso a
contributing factor, due to the effect that forage quantity consumed and med length have on
toxicity.

Harvest method dso affects HCN and nitrate levels. Here is where some of the misperceptions
often aise.  Animd grazing is usudly the least dedrable, as it is difficult to control intake and
prussic acid levels are highest in fresh forage. Haying doesn't change nitrate concentrations at
al, but typicdly renders dl but the highest HCN-containing forages safe.  This is because HCN



is voldile and disspates during curing. Engling forages high in HCN adso reduces HCN
subgtantidly, and can reduce nitrate 30 - 60%.

RECOMMENDATIONS

Sampling. Sample forages harvested for hay according to current Nationa Forage Testing
Asociation (NFTA) guiddines, found at  http:/www.foragetesting.org, and submit promptly to
the laboratory in a seded plagtic bag Idedly, samples for HCN andyss should reach the lab on
ice and within 6 hours of sampling. Of course, haying typicdly results in dmost complete
disspation of HCN, and analysis of HCN in dry haysis not generaly recommended.

When sampling green chop or slage, collect samples a six locations from the active feeding face
of the pit or mound. Mix the sample thoroughly and reduce sze by coning and quartering. Place
samplein plagtic bag and send to the laboratory for analyss.

Getting a representative sample from standing forage is difficult. Cattle and other grazers tend to
be sdective in which plants and plant parts they graze. Clipped samples taken a a “typicd
grazing haght” for the animd gpecies of concan typicdly will dightly overesimate nitrate
intake and underestimate HCN intake due to ther didribution in plants. However, this sample
does give a generd idea of the potentid for problems and should be taken prior to grazing any
field suspected of having toxic levels of ether nitrate or prussic acid.

Harvest technique. Nitrate tends to accumulate in lower saks, so increase harvest height to
decrease nitrate concentration in the harvested forage. Condder ensiling where the forage can be
utilized locdly, as this will reduce nitrates by roughly haf. When harvesing by grazing, manage
docking rate to avoid heavy grazing. Avoid turning out animas onto high nitrate forages or
forages contaning devated HCN levds without prior feeding. Remove animds from
susceptible forages for 10-14 days following a drought-ending rain.  Adapt animas gradudly to
high nitrate feeds, and avoid feeding potentially toxic feeds to stressed livestock.

Dilution. High nitrate forages and forages with high HCN levels may be safdy fed if diluted to
sofe levds. Dilute out high nitrate or prusic acid forages with low nitraae/HCN forage,
byproducts, or supplementd grain in a badanced ration. Gran supplementation can be highly
effective in managing higher nitrate feeds as the carbohydrates benefit rumen microbes and
enhance reduction of nitrite to anmonium.

Stress.  Minimize anima and plant dress as much as possible  Provide adequate quantities of
clean, low nitrate drinking water.
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