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Soil Potassium ManagementSoil Potassium ManagementSoil Potassium ManagementSoil Potassium ManagementSoil Potassium Management
for Dry Cow Dairy Foragesfor Dry Cow Dairy Foragesfor Dry Cow Dairy Foragesfor Dry Cow Dairy Foragesfor Dry Cow Dairy Forages

DAIRY NUTRITIONISTS DAIRY NUTRITIONISTS DAIRY NUTRITIONISTS DAIRY NUTRITIONISTS DAIRY NUTRITIONISTS are placing greater emphasis
on the diets of pregnant dry cowsdiets of pregnant dry cowsdiets of pregnant dry cowsdiets of pregnant dry cowsdiets of pregnant dry cows during the transition
period 3 to 4 weeks prior to calving. The transition diet has
been found to be crucial in avoidance of milk fevermilk fevermilk fevermilk fevermilk fever and
associated symptoms. In particular, the dietary cation-anion
difference (DCAD) optimum for the transition diet seems to
be markedly different than that for the lactating cow. Potas-Potas-Potas-Potas-Potas-
siumsiumsiumsiumsium (K)(K)(K)(K)(K) plays a major role in DCAD. The concentrations of
K in forage samples submitted for analysis appear to have
increased in the last decade.

Understand the DietaryUnderstand the DietaryUnderstand the DietaryUnderstand the DietaryUnderstand the Dietary
Cation-Anion DifferenceCation-Anion DifferenceCation-Anion DifferenceCation-Anion DifferenceCation-Anion Difference

The DCAD is most often calculated as the sum of sodium
(Na) and K minus the sum of chloride (Cl) and sulfur (S),
expressed on a milliequivalent (meq) basis. Diets with high
levels of Na and K relative to Cl and S are said to be cationic,
with typical DCAD levels of +5 to +35 meq per 100 grams (g)
of dry matter (DM). Anionic diets may have DCAD figures of
-10 to -15 meq per 100 g DM. Anionic diets are acidogenic;
that is, they tend to increase the acidity (reduce the pH) of the
blood and thereby increase the mobilization and availability of
calcium (Ca) from the bones.

During the last few weeks of pregnancy, it is important that
the dry cow’s diet be moderately anionic. Research has shown

that an anionic diet during the last three to six weeks before
calving reduces the incidence of milk fever and subclinical
hypocalcemia. The diet can be made anionic by addition of
anionic salts. However, it can be difficult to make the transi-
tion diet anionic when K levels in the diet are high (above 1.2
percent of dietary dry matter). Large amounts of anionic salts
make the feed unpalatable.

Potassium Requirements DifferPotassium Requirements DifferPotassium Requirements DifferPotassium Requirements DifferPotassium Requirements Differ
for Dry and Lactating Cowsfor Dry and Lactating Cowsfor Dry and Lactating Cowsfor Dry and Lactating Cowsfor Dry and Lactating Cows

Although traditionally K requirements were considered to
be only 0.8 percent of dietary dry matter, more recent research
indicates that lactating cows require 1.0 to 1.5 percent K in
their diet for optimal milk production. Under heat stress, the
optimal level of K may increase to 1.9 percent of the dietary
dry matter. Lactating cows require a cationic rather than
anionic diet for optimal production.

For dry cows in transition, the level of K in forages is of
much more crucial concern, particularly in the last three to
four weeks before calving. During this period, a low K diet
with a DCAD of -10 to -15 meq per 100 g DM can reduce the
incidence of milk fever, reduce subclinical hypocalcemia and
increase milk production during the subsequent lactation.
Immediately after calving, the anionic diet must beImmediately after calving, the anionic diet must beImmediately after calving, the anionic diet must beImmediately after calving, the anionic diet must beImmediately after calving, the anionic diet must be
discontinued and a cationic diet resumed.discontinued and a cationic diet resumed.discontinued and a cationic diet resumed.discontinued and a cationic diet resumed.discontinued and a cationic diet resumed.
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Addition of grainsAddition of grainsAddition of grainsAddition of grainsAddition of grains to the diet during the last three to four
weeks before calving may help to meet the rising energy
demands of the cow as well as help to dilute forage K.
Brewers dried grainsBrewers dried grainsBrewers dried grainsBrewers dried grainsBrewers dried grains can be particularly low in K and may
be most effective. Tables on the composition of common
feedstuffs show much lower K concentrations in brewers
dried grains and distillers grains than in barley or corn grain.
The wet processing likely washes out the highly soluble K.

It is important to recognize that feed additives affect
DCAD. Buffers such as sodium bicarbonate (NaHCO

3
) can

make the diet strongly cationic. Some sources of supplemental
Mg also contain K. A ration should be formulated on theA ration should be formulated on theA ration should be formulated on theA ration should be formulated on theA ration should be formulated on the
basis of DCAD only by an experienced professionalbasis of DCAD only by an experienced professionalbasis of DCAD only by an experienced professionalbasis of DCAD only by an experienced professionalbasis of DCAD only by an experienced professional
nutritionist. The DCAD index on its own does not assurenutritionist. The DCAD index on its own does not assurenutritionist. The DCAD index on its own does not assurenutritionist. The DCAD index on its own does not assurenutritionist. The DCAD index on its own does not assure
an appropriate diet.an appropriate diet.an appropriate diet.an appropriate diet.an appropriate diet.

Table 1. Potassium concentration in forage samples submitted for analysis.Table 1. Potassium concentration in forage samples submitted for analysis.Table 1. Potassium concentration in forage samples submitted for analysis.Table 1. Potassium concentration in forage samples submitted for analysis.Table 1. Potassium concentration in forage samples submitted for analysis.

Average Range Standard Average

Number Concentration High Low Deviation plus SD1

Type of Forage of Tests - - - - - - - - - - - - - - - - - - - - - - - - - %K - - - - - - - - - - - - - - - - - - - - - - - - -

Agri-Food Laboratories, Guelph, Ontario (July to December 1994)
Legume haylage 436 2.5 4.3 0.6 0.6 3.1
Mixed haylage 1,436 2.4 4.1 0.5 0.5 3.0
Grass haylage 98 2.3 3.7 0.6 0.7 3.0
Legume hay, first cut 244 2.2 3.6 0.4 0.6 2.8
Hay, second cut 1,236 2.1 4.0 0.2 0.5 2.6
Mixed hay, first cut 1,384 1.9 3.9 0.1 0.6 2.5
Grass hay, first cut 171 1.7 3.1 0.3 0.7 2.4
Corn silage 1,107 0.9 1.8 0.1 0.4 1.3

Northeast Dairy Herd Improvement Association Laboratories (USA; long-term data)
Legume silage 2,608 2.9 0.6 3.5
Mixed mostly legume silage 7,549 2.8 0.6 3.4
Mixed mostly grass silage 4,653 2.6 0.6 3.2
Grass silage 1,256 2.4 0.7 3.1
Legume hay 2,287 2.3 0.5 2.9
Sudangrass silage 47 2.3 0.8 3.1
Sorg-Sudan silage 111 2.3 0.9 3.1
Mixed mostly legume hay 2,945 2.2 0.5 2.7
Mixed mostly grass hay 3,179 2.1 0.5 2.6
Grass hay 2,061 1.9 0.5 2.4
Sorghum silage 258 1.8 0.6 2.3
Corn silage 9,538 1.2 0.3 1.5

1 Average plus standard deviation (SD); approximately 16 percent of samples can be expected to exceed this level.

THE LEVEL of potassium in dry cow diets is of concern in areasTHE LEVEL of potassium in dry cow diets is of concern in areasTHE LEVEL of potassium in dry cow diets is of concern in areasTHE LEVEL of potassium in dry cow diets is of concern in areasTHE LEVEL of potassium in dry cow diets is of concern in areas
where cool season forages are grown. Visual assessment of soils andwhere cool season forages are grown. Visual assessment of soils andwhere cool season forages are grown. Visual assessment of soils andwhere cool season forages are grown. Visual assessment of soils andwhere cool season forages are grown. Visual assessment of soils and
forage is ineffective. The first action to take is to test soils and foragesforage is ineffective. The first action to take is to test soils and foragesforage is ineffective. The first action to take is to test soils and foragesforage is ineffective. The first action to take is to test soils and foragesforage is ineffective. The first action to take is to test soils and forages
for K levels.for K levels.for K levels.for K levels.for K levels.

Produce a Specialty ForageProduce a Specialty ForageProduce a Specialty ForageProduce a Specialty ForageProduce a Specialty Forage
for the Dry Cow Transition Dietfor the Dry Cow Transition Dietfor the Dry Cow Transition Dietfor the Dry Cow Transition Dietfor the Dry Cow Transition Diet

According to data on samples submitted to an annual
forage competition in British Columbia, average K concentra-
tions in grass silage samples increased from 2.7 percent in
1983 to 3.6 percent in 1992. Recent figures on K concentra-
tions in Ontario and northeast U.S. forages showed much
lower levels than those in British Columbia (Table 1Table 1Table 1Table 1Table 1). The K
concentrations in haylages appeared to be considerably higher
than those in hay. This is expected, as K is more likely to be
lost to leaching by rain from hay than from haylage. Also, the
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process of fermentation involves loss of some of the dry
matter without loss of K. Corn silage had far less K than hay
or haylage.

Adequate levels of soil K are essential for persistence of
forage legumes and for ensuring optimum yields of both grass
and legume forages (Table 2Table 2Table 2Table 2Table 2). Note that for alfalfa the
estimates of critical and sufficient ranges vary widely,
depending on the degree of importance of winter hardiness.
The low end of the range may be adequate for yield in a single
year, but persistence of the stand requires K concentrations in
the higher end of the range.

Table 2. Nutrient sufficiency ranges and critical levels forTable 2. Nutrient sufficiency ranges and critical levels forTable 2. Nutrient sufficiency ranges and critical levels forTable 2. Nutrient sufficiency ranges and critical levels forTable 2. Nutrient sufficiency ranges and critical levels for
K concentration in forages.K concentration in forages.K concentration in forages.K concentration in forages.K concentration in forages.

Critical Sufficient
Deficient1 Range2 Range3

Species - - - - - - - - - %K - - - - - - - - - -

Orchardgrass 2.0 2.3-2.5 2.6-3.0
Ryegrass 2.1 2.4-2.8 2.8-3.2
Tall Fescue 2.2 2.4-2.8 2.8-3.2
Kentucky Bluegrass 1.5 1.6-2.0 2.0-2.4
Alfalfa 0.8 0.8-2.4 2.4-3.5

1 Deficient range; yield less than 80 percent of non-K-limited yield
2 Critical range; yield 80 to 90 percent of non-K-limited yield
3 Sufficient range; yield 90 to 100 percent of non-K-limited yield

Most forages produced with adequate K fertility will not
contain excessive K for the lactating cow diet, but there could
be a problem when used for the dry cow diet. A rule-of-thumb
for dry cow management has been to keep forage K below 2.5
percent of forage dry matter. However, a transition diet
containing 80 percent forage would require a forage K
concentration below 1.5 percent in order to be made anionic.
Therefore, a separate forage should be produced for the dry
cow, and the yield levels when K fertilization is withheld may
be less than 80 percent of that with non-limiting levels of K.

It is important for the dairy farmer to know the level of soil
K in each forage production field. Fields testing lowest in soil
K can be set aside for producing a forage for dry cows during
the transition phase. A regular soil testing program, withA regular soil testing program, withA regular soil testing program, withA regular soil testing program, withA regular soil testing program, with
sampling every two to three years, is essential.sampling every two to three years, is essential.sampling every two to three years, is essential.sampling every two to three years, is essential.sampling every two to three years, is essential.

The amounts of low K forage required are approximately 5
to 10 percent of the total farm forage. The low K forage can
be produced on a small acreage with a low to medium soil test
for K. Initially, applications of all forms of K (manure, slurry,
or fertilizer) are to be avoided. Over time, since forage. Over time, since forage. Over time, since forage. Over time, since forage. Over time, since forage
removal of K is high, the soil test level will decline to theremoval of K is high, the soil test level will decline to theremoval of K is high, the soil test level will decline to theremoval of K is high, the soil test level will decline to theremoval of K is high, the soil test level will decline to the
point where economic production of forage withoutpoint where economic production of forage withoutpoint where economic production of forage withoutpoint where economic production of forage withoutpoint where economic production of forage without
replacement of K is not possible. replacement of K is not possible. replacement of K is not possible. replacement of K is not possible. replacement of K is not possible. At that point, application
of controlled amounts of K fertilizer could resume. Further
research is required before precise recommendations can be
made for K application to produce forages of a desired K
level.

In the southern U.S., substituting warm-season grasses
such as bermudagrass and dallisgrass for cool-season grasses

may be feasible for reducing K concentrations. The C4 plant
species generally have lower K levels than C3 species. This is
also the reason why corn and sorghum, both C4 species, have
lower K than other forages (Table 1Table 1Table 1Table 1Table 1).

The concentration of K in plant tissue declines as the plant
matures. Therefore, a dry cow forage grass should not beTherefore, a dry cow forage grass should not beTherefore, a dry cow forage grass should not beTherefore, a dry cow forage grass should not beTherefore, a dry cow forage grass should not be
cut earlycut earlycut earlycut earlycut early. Weathering, particularly rain on hay during drying,
may reduce the amount of K in forage. Since K in plant tissue
is in a soluble form, it could easily be leached from drying hay
by rain. As shown in Table 1Table 1Table 1Table 1Table 1, hay is less likely to have high K
than silage.

If only a limited amount of low K forage is available,
dividing dry cows into “far-off” (more than 30 days before
calving) and “close-up” (less than 30 days before calving)
groups would be more economical, as it would reduce the
amount of specialty forage required. Susceptibility to milk
fever is influenced by breed (Jersey is most susceptible) and
age of the cow (third parity and higher are most susceptible).

When soil K levels are high, higher rates of nitrogen (N)
fertilizer tend to increase forage K concentration. Phosphorus
(P) fertility is important to ensure optimal plant uptake of Mg
and Ca, cations important in the prevention of milk fever. In
Missouri, researchers reported increased levels of Mg and Ca
and reduced ratios of K to Mg and Ca in response to P
fertilization. In some instances, P is included as an anion in
the calculation of DCAD. Therefore, its role in the transition
diet is likely to be a positive one.

SummarySummarySummarySummarySummary

The level of K in dry cow forages is of concern for dairy
producers in areas where cool-season forages are grown. The
first action to take is to test soils and forages for K levels.
A specialty forage for dry cows can be produced using man-
agement techniques to minimize the K concentration in the
forage. ■

THE SIGHT of maturingTHE SIGHT of maturingTHE SIGHT of maturingTHE SIGHT of maturingTHE SIGHT of maturing
grass heads is associatedgrass heads is associatedgrass heads is associatedgrass heads is associatedgrass heads is associated
with high fiber and lowwith high fiber and lowwith high fiber and lowwith high fiber and lowwith high fiber and low
forage quality for milkingforage quality for milkingforage quality for milkingforage quality for milkingforage quality for milking
dairy cows. However, todairy cows. However, todairy cows. However, todairy cows. However, todairy cows. However, to
reduce concentrations of Kreduce concentrations of Kreduce concentrations of Kreduce concentrations of Kreduce concentrations of K
in plants, a dry cow foragein plants, a dry cow foragein plants, a dry cow foragein plants, a dry cow foragein plants, a dry cow forage
grass should not be cutgrass should not be cutgrass should not be cutgrass should not be cutgrass should not be cut
early.early.early.early.early.
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