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INTRODUCTION

Grass tetany is a metabolic disorder that occurs in runin-
ants which commonly results in the death of the affected animal
(28,29,43). Grass tetany is caused by either a dietary deficiency
of Mg or by a reduction in the ability of the animal to utilize
dietary Mg. Grass tetany, when it occurs, generally affects
pregnant, older, or lactating cows grazing cool-season grasses
or small grain forages. Grass tetany has also been known to
occur in stocker cattle, goats, and sheep. Grass tetany outbreaks
can occur in late fall or early spring, when the weather is cool
and the soil is at or near water saturated conditions. Animal
losses as high as 20 percent have been reported. Yet because of
the complexity of the disorder it is difficult to predict when,
where, and how severe an outbreak of grass tetany will be.

Forage quality indices have been related to the occurrence
of grass tetany in cattle. Small grain forage and cool-sgeason
grass forages with less than 0.2 percent Mg, or more than 3 per-
cent K, or more than 4 percent N are considered to be tetany
prone. Forage with a ratio of K/(Ca+Mg), on a milliequivalent
basis, greater than 2.2 is also considered to be tetany prone.

In Kansas and other Great Plains states, winter wheat
(Triticum aestivum L.) and the cool-season grasses tall fescue

(Festueca arundinacea Schreb.) and bromegrass (Bromus inermis),

are major sources of early spring pasture for cattle. These
forages are nutritious and animéls gain well on them. However,
outbreaks of grass tetany have been reported on these forages
and in some years animal'losses have been high.

To gain insight into tall fescue and winter wheat forage

guality, with respect to grass tetany potential, fleld studies



were initiated with the following objectives: 1) to determine
the effect of recommended N fertilization on the chemical
composition of tall fescue forage; 2) to determine the effect of
liming at the recommended rate, using dolomitic limestone
[CaMg(C03)2] and calcitic limestone [CaCOBJ, on the chemical
composition of winter wheat forage; 3) to determine the effect
of soil moisture on the chemical composition of tall fescue and
winter wheat forages; and 4) to determine the effect of root
zone temperatures on the chemical composition of tall fescue

and winter wheat forages.



LITERATURE REVIEW

Grass tetany is a world wide problem. Outbreaks occur
annually with some years being more severe than others in terms
of actual animal losses. New Zealand and northern Europe are
two of the hardest hit areas on a regular basis. Outbreaks of
grass tetany have been reported in most parts of the United
States. It is a common practice of cattlemen in the United
States to pasture animals on lush fast growing cool-season grass-
es and small grain forages during vegetative plant growth. Ani-
mals gain well on these types of forage; however, animal losses
from grass tetany can and do occur (29,49,73).

Outbreaks of grass tetany usually occur when the soil is
at or near water saturation, when the weather is cool and when
the forage is exPerienciné rapid growth (29,43). The incidence
of grass tetany has been correlated to plant genetic factors (10,
14,72), soil moisture (40), low soil oxygen (19), native soil
fertility (56), air temperature (43), solar radiation (54), and
soil fertilization practices (28,29). Due to the complexity of
the disorder, its sporadic occurence, and 1ts unknown initiation
mechanisim, it is difficult to predict when, where, and how
severe an outbreak of grass tetany will be.

Grass tetany research has produced several indices to judge
how tetanigenic a small grain or cool-season forage 1s. The most
widely used indices are the milliequivalent ratio, which is the
ratio of the milliequivalents of K (meq K) to the sum of the
milliequivalents of Ca (meq Ca) plus Mg (meq Mg), (milliequiva-
lent ratio = meq K /(meq Ca + meq Mg)), in the forage, and the
percent Mg in the forage. Forage milliequivalent ratios less

than 2.2 are considered non-tetany prone. Milliequivalent ratios



greater than 2.2 have been strongly correlated with the inci-
dence of grass tetany (43). A forage with below 0.2 percent Mg
increases the potential hazard of grass tetany (29). Forages
with greater than 3 percent K and 4 percent N are also considered
to be tetany prone (48).

Mayland and Grunes (48) have reviewed other plant compo-
nents that may contribute to decreased efficiency of ingested
forage Mg. These include total water soluble carbohydrates,
higher fatty acids, and organic acids.

The fundamental problem with the prevention of grass tetany
is insuring sufficient metabolizable Mg in pasture forage
throughout the tetany prone grazing seasons of the fall and
spring. If soil Mg is not limiting, then it would seem that there
should be sufficient Mg taken up by the forage plants. Research-
ers have found that soil Mg does not necessarily correlate with
plant Mg (5,20,32,55,56,69,76). Recently Turner et al. (76) had
good success relating plant Mg to the "ratio index", which is
the ratio of milliequivalents of exchangeable K to the sum of
milliequivalents of exchangeable K, Ca, Mg plus pH. A possible
reason for the success of the ratio index is that it includes
terms for ions that compete and interfere with Mg absorption.
Horvath et al. (37) recommend for soils that the ratio of
exchangeable Mg to exchangeable K (on a milliequivalent basis)
be at least 2.0 and the ratio of exchangeable Ca to exchangeable
Mg (on-a milliequivalent basis) should not be more than 5 to
prevent the production of a tetany prone forage. For Ohio soils,
Barta et al. (8) (cited by Stewart et al. (73)) suggest that
Mg should occupy at least 15 perecnt of the soil cation exchange

capacity to prevent Mg deficlent tetany prone forages.



Fried et al. (25) and Haynes (33) describe a four step
theoretical pathway for nutrient absorption by plants growing
in soil. With respect to Mg these steps are: 1) release of Mg
from the soil solid phase to the soil solution, 2) movement of
Mg to the plant root, 3) absorption of Mg into the plant, and
4) transport of Mg from the root to the shoot. Steps 1 and 2 are
equilibrium processes, whereas steps 3 and 4 are non-equilibrium
processes which are controlled by the plant; however, all four
steps are influenced by external factors. The formation of a Mg
deficient and consequently a tetanigenic forage is therefore
either a result of an insufficient Mg supply, & breakdown in one
of the four steps, or the Mg needs of the plant being lower than
needed to meet the animals Mg requirements.

Common agricultural ﬁractices may aggravate the grass tetany
problem. Potassium fertilization has been shown to increase the
K content of forages and which results in increased forage milli-
egquivalent ratios. In a greenhouse pot study, Adams et al. (2)

found that sudangrass (Sorghum sudanensis) and ladino clover

(Trifolium repens f. giganteum Lagr.Foss.) had higher Mg contents

on soils low in K than on soils high in K. They found that X
fertilization on soils deficient in Mg increased the Mg content
of the test plants. They believed that K induced more vigorous
plant growth and that the K displaced Mg off the soil exchange
sites which made Mg more available for plant uptake. In that
same study, K fertilization on Mg gufficient soils decreased
plant Mg. Welte et al. (78) found similar results. They proposed
that K fertilization on Mg sufficient soils results in decreased
Mg uptake because of increased lonic competition for the active

sites of nutrient absorption.
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Nitrogen fertilization has also been shown to affect forage
quality with respect to grass tetany (50,51). High rates of N
fertilization on pastures lnhcreases the livestock carrying
capacity of the pasture (21), but high forage N concentrations
can decrease Mg availability to ruminants (48). Besides increas-
ing the N content of the forage, changes in the cation composit-
ion of the forage can result from N fertilization. Nitrogen,
depending on form, can either increase Ca and Mg (51) in the
forage or it can decrease them (18). In a field study on brome-
grass, Follett et al. (21) found that N applied as NHLI_NO3
increased the K and N concentrations of the forage and made it
more tetany prone. In another field study on bromegrass (22),
NHZ—N from (NHu)zsou decreased plant Mg and increased the tetany
hazard. Yet another study on bromegrass (26) found that N fert-
ilization decreased the tetany hazard.

In two solution culture experiments (17,18) on wheat
3

cations in the plant, whereas NHZ-N decreased them. Potassium was

(Triticum aestivum L.), it was found that NOS-N increged divalent

not affected by the form of N. The increase in divalent cations
was attributed to nitrate being an anion which was needed to
maintain the anion-cation balance in nutrient uptake. The decrease
in divalents by NHZ—N was explained as being either a result of
NHZ being competitive for the same sites of cation absorption,
or to hydrogen ion (17) effects associated with NHE. In these
same studies, NHE in combination with NOS produced higher yields
of plant material.

Another deleterious effect of N fertilization is the poss-
ibility of increasing the H' concentration in the soil and lower-

ing the pH (23). Yearly applications of the acid producing N



fertilizers may subtly lower the goill pH with time and make
changes in the soil environment that can produce a tetany prone
forage. Soil with pHs at or below 5.5 may have Al and Mnh com-
pounds, which are otherwise slightly soluble, go into solution
(6,52), Since Al and Mn are toxic to plants, even low concen-
trations in the soil solution can drastically reduce yields and
reduce forage quality.

Recent research has implicated Al and Mn as possible cofact-
ors in the etiology of grass tetany (3). High Al and Mn in forages
was thought to be directly responsible for several cases of grass
tetany. Mayland and Grunes (48) suggest that Al may either reduce
Mg uptake by plants or interfere with Mg absorption in the animal.
Allen et al. (3) found that Al present in the rumen of cattle
decreasged Ca and Mg absorpfion. They suggest that plants on acid
soils that accumulate Al may cause grass tetany. Grunes et al.
(29) report that Mn introduced into the rumen of cattle and sheep
lowered blood serum Mg levels.

In a gsolution culture experiment with wheat, Ohno (T. Ohno,
1981. Influence of aluminum on the chemical composition of winter
wheat. M.S. Thesis. Cornell University, Ithaca, New York) found
that increasing Al concentrations in nutrient solutions depressed
root Mg levels. The roots were affected to a greater extent than
the shoots. This effect was attributed to Al being a stronger
competitor than Mg for sites of active cation absorption, or poss-
ibly to Al induced root injury.‘Guerrier (31) found that increas-
ing Al, in solution culture, decreased K, Ca, and Mg on the root
cation exchange sites as well as decreasing them in the plants.

Foy (24) has found that there is an antagonism of Al on Ca

and possibly an antagonism of Mn on Ca with respect to Ca absorpt-
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ion by plants. In soils with Al and Mn in the soil solution, Ca
uptake would be expected to be low, this can probably be expected
for Mg too. In either case, lowered Ca or Mg increases the forage
milliequivalent ratios which produces a more tetany prone forage.
Foy (23) has also found that Al will generally accumulate in the
roots and not in the shoots of Al injured plants. Aluminum may
interrupt the translocation of ions from roots to shoots.

The best way to control a soluble Al problem in soils is to
raise the soil pH (65). Above pHs of 5.5 Al precipitates out of
solution as the hydroxide. Liming a soil is an effective way to
raise the pH and eliminate an Al problem. Liming and acid soil
(pH 4.6-4.7) with calcitic limestone increased the Mg uptake of

oats (Avena sativa L.) more than applying Mg fertilizer to the

acid unlimed soil (13). At high rates of lime additions Ca can
have antagonistic effects on Mg uptake (4). Applying dolomitic
limestone [CaMg(CDB)zj to a s0il will raise the pH as well as
increase the available supply of Mg. Gross (27) has recommended
dolomitic liming as a long-term solution to grass tetany on acid,
low Mg Pennsylvania soils. Reid and Jung (66) report that dolo-
mite, when incorporated into the soil, significantly increased

the Mg content of orchardgrass (Dactylis glomerata L.). Burns

et al. (11) (cited by Reid and Jung (66)) in a review on methods
for treating pastures to prevent grass tetany, concluded that on
acid soils the use of dolomitic limestone would provide a long-
term Mg supply and consequent long-term protection from grass
tetany. Since dolomitic limestone is less soluble (0.5 gram/liter)
than calcitic limestone (0.9 gram/liter), the dolomitic limestone
will be slower acting and may take 2 to 3 years to reach maximum

effectiveness (27).



9

Environmental factors, including air temperatures and soil
molsture have been related to the incidence of grass tetany.

't Hart (75) (cited by Grunes et al. (29)) found that 95 percent
of the cases of grass tetany he studied in Holland occurred when
the mean air temperature was between 8C and 14C. It was also
reported that an air temperature range of 5C to 15C would include
most areas of the world where grass tetany occurs.

Air temperature has a direct effect on the transpiration
rate of plants and consequently on the transpiration pull of
water by plants. This phenomena 1is a major requirement of the
convective flow (mass flow) of nutrients to the plant root (7,15).
Possibly, since transpiration is so low at the temperatures at
which grass tetany commonly occurs (39), the plants may not be
able to pull enough nutrient rich water to accumulate sufficient
Mg to prevent grass tetany. Changes in the viscosity of water may
also be a factor (58). Grunes et al. (30) in a sand culture study
found that at higher air temperatures (20C vs 10C), increased

Mg and Ca were taken into perennial ryegrass (Lolium perrenne).

One effect of air temperature which may play a role in the
etiology of grass tetany is its effect upon soil temperature.
Soil temperature is a function of air temperature, soil type,
and the amount of water present in the soil (68). Scil temper-
ature under field conditions has been given little attention in
the literature (44) even though it has a great influence on
plant behavior. Neilsen et al. t59) found that as the root zone
temperature increased, the percent of Ca and Mg in ryegrass
forage increased markedly. Kleinendorst et al. (45) and Nordin
(60) have concluded that plant growth is directly related to

root zone temperatures.
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Neilsen (58) in a review on root zone temperatures finds
that since root temperatures are usually lower than air temper-
atures, plant roots have optimum temperatures for growth lower
than the above ground plant parts. A field study with barley

(Hordeum vulgare L.) found that barley has an optimum root temp-

erature for optimum nutrient uptake and yield that is lower than
the ambient air temperature (47). Neilsen (58) suggests that soil
temperatures may have a greater effect on plant growth than air
temperatures. He proposed that the main effect of temperature

is on the kinetics of reactions. This means that the rates of
reactions in the root zone would be slower because of lower temp-
eratures. This may partially explain why decreased amounts of Mg
are taken up at lower temperatures resulting in tetany prone
forages. Langridge et al. (46) propose that temperature affects
the synthesis, stability, and activity of membranes and control-

ling molecules such as enzymes. In tall fescue (Festuca arundin-

acea Schreb.) higher root to shoot ratios were found at lower
root temperatures (16). This suggests that translocation from
roots to shoots is a temperature sensitive process.

Low soil temperature may affect the sites of active nutrient
uptake located in the roots. Hodges (36) describes one of the most
viable models to date for nutrient absorption by plants. The model
consists of cation and anion carrier mechanisms. The cation
carrier is a cation activated adenosine triphosphatase (ATPase)
which is bound to the cell membrane. This ATPase (called ATPase
because it requires ATP energy to function) brings about the
exchange of cations across the membrane. Since this mechanism is
located in plant roots, root zone temperatures will affect it.

Raisen et al. (61) found that changes in temperature brought
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about changes in the molecular ordering of membranes in mung

bean (Vigna radiata L. em Wilczek) hypocotyls. Raisen et al. (63)

and others (12,53,62) have also found that the activation energy
(Ea) for membrane-bound ATPases is a function of temperature and
that this relationship with temperature depends upon the type of
ATPase. At low temperatures the Ea of the divalent ATPases are
greater than the Ea of the monovalent ATPases. At higher temp-
eratures the difference between the Ea of these two ATPases is
smaller. Thig may have bearing on the grass tetany problem. At
low temperatures the active absorption of monovalent ions could
proceed at a greater rate than the active divalent uptake. This
may be why lower Ca and Mg concentrations and greater milliequi-
valent ratios are found at lower temperatures (30,43,47,59,75).
Soil moisture has been correlated to the incidence of grass
tetany. 't Hart (73) has reported that grass tetany occurred only
when there was an abundance of soil water. Other researchers
report similar findings (29,41). Soil moisture content will affect
goil solution cation concentrations. Schofield (71) discussed
this phenomena and called it the "ratlio law". The ratio law is
derived from the Mass Law, the Donnan Theory, and the Gouy
Theory (57). It shows theoretically, that the ratio of the
activity of any two or any combination of cations in an equilib-
rium soil solution is a constant and is independent of moisture
content (79). An application of the ratio law says that, in the
soil solution,the :activity of the monovalent K+ divided by the

gguare root of the sum of the activities of divalent Ca2+ and

2 is a constant and 1s independent of soil moisture. With

Mg
regspect to grass tetany, this law will determine what the con-

centrations of the cations in the soil solution will be at
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different moisture levels. As the so0il system is diluted, to
maintain a constant activity ratio, the divalent cations will
be removed from the soil solution at a faster rate than the mono-
valents. This will result in a higher concentration of K in pro-
portion to Ca and Mg in dilute soil solutions. This suggests that
K will have a better chance for root interception and absorption
than Ca and Mg when the soil is near water saturation. Karlen et
al., (41) in a growth chamber experiment with winter wheat found
that plants grown under high soil water potentials had greater
milliequivalent ratios than plants grown under a moderate soil

water potential.
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MATERTALS AND METHODS

During the springs of 1979 and 1980, studies were conducted
at the Kansas State Unilversity Agronomy North Farm on the effect
of N fertilization and environment upon the grass tetany pot-

ential of tall fescue (Festuca arundinacea Schreb.) forage.

During these same time periods, studies were conducted at the
Kansas State University Kansas River Valley Experiment Fileld-
Rossville on the effects of liming and environment upon the grass

tetany potential of winter wheat (Triticum aestivum L.) forage.

Tall Fescue Studies

In both 1979 and 1980, a randomized complete block designh
with three replications was used to study the effect of N fert-
ilization and environment on tall fescue. The established tall
fescue was on a Wymore siity clay loams an Aquic Argiudoll des-
cribed as fine, montmorillonitic, mesic, with 1 to 4 percent
slope and developed from loess (38). Nitrogen, as NH)NO 5, was
broadcast applied at 0 and 135 kg N/ha prior to the end of the
winter dormancy period. Weekly plant subsampling was initiated
approximately one week after fertilization and continued until
the end of vegetative plant growth.

Environmental measurements included weekly maximum (max)
and minimum (min) root zone temperatures at 5 and 10 cm below
the soll surface. Soil moisture was measured in the top 15.2 cm.
The temperatures were recorded and the soil moisture samples were
collected at the weekly plant sémpling.

Winter Wheat Studies

In both 1979 and 1980, a randomized complete block design
with four replications was used to study the effect of liming

upon the grass tetany potential of winter wheat forage. The soil
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at the Rossville location is a Eudora loam; a Fluventic Hapludoll
described as coarse-gilty, mixed, mesic, and developed from
alluvium (1). During the 1979 study, the wheat variety "Centurk"

(Triticum aestivum L. em Thell) (70) was used. During the 1980

study, the variety "Newton" (Triticum aestivum L. em Thell) (34)

was used.

The lime treatments were applied prior to seeding in the
fall of 1977 at the recommended rate of 10,750 kg/ha effective
calcium carbonate (ECC) (42). Two lime sources were used: dolo-
mite [CaMg(OOB)z, 10.6% Mg] and finely divided stackdust [CaCOB:I,
both having ECC ratings of 100. One-half of the lime was applied
and incorporated by discing and plowing to a depth of 25 cm. The
remaining lime was then applied and disced in. The dolomite
supplied 1140 kg Mg/ha.

Weekly plant sampling was initiated at the end of the winter
dormancy period, and was terminated at the jointing stage of
plant growth. Weekly max and min root zone temperatures were
measured at 5 and 10 cm below the soil surface and random soil
samples from each plot, to a depth of 15.2 cm, were taken for the
determination of soil moisture content.

Sample Preparation and Analytical Methods

Plant sampling was at random within each plot. Entire plants
were excavated and returned to the laboratory where they were
washed with distilled deionized water to remove soil particles
and other contamination on the exterior plant surfaces. The plants
were then fractionated with shears into the plant forage (aerial
portion of the plant), crowns (plant part between the top and the
roots), and the roots. The roots were discarded. The forage and

crowns were dried in a forced air oven at 60C and then ground in
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a Udy Cyclo mill to pass a 1 mm screen. The samples were redried
for 24 hours prior to digestion.
Two subsamples of each fescue tissue sample were taken. One
was digested with concentrated HZSOA"HZOZ for N analysis and the
other was digested with a 1:1 (v:v) mixture of concentrated HNOB—

HClOu for X, Ca, and Mg analysis. A HNO —HClOu digest was done on

3
wheat tissue subsamples for K, Ca, Mg, Mn, and Al analysis.

Nitrogen was determined using a Technicon Autoanalyzer (74).
Potassium was determined by air-acetylene flame emission. Calcium,
Mg, and Mn were determined with air-acetylene flame atomic
absorption. Calcium and Mg determinations were made in the pres-
ence of 0.1% La203 to reduce interferences in the flame. Aluminum
wag determined by inductively coupled plasma atomic emission at
the U.S. Plant, Soil and Nutrition Laboratory, Ithaca, New York.

Soil samples were taken to a depth of 15.2 cm at each study
location in the spring of each year for determination of exchange-
able cations and pH. The soils were dried in a forced air oven at
60C and ground to pass a 10 mesh sieve. Exchangeable K, Ca, and
Mg were determined in 1:5 soil to 1N NHuOAc (pH=?) extracts.
Exchangeable Mn and Al were determined in 1:5 soil to 1N KC1
extracts for the wheat study Eudora soil. Potassium was analyzed
by air-acetylene flame emission. Calcium, Mg, and Mn were deter-
mined by air-acetylene flame atomic absorption, with 0.1% La203
present in the Ca and Mg determinations to reduce interferences
in the flame. Exchangeable Al was determined spectrophotometri-
cally using the method of Bloom et al. {9). Determination of pH
was in a 1:1 soil to water suspension using the recommended pH
test procedure for the North Central Region (64).

Soil cation exchange capacity (CEC) was determined by
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saturating the soil exchange sites with Ba from an unbuffered
salt solution of 1 N BaCl,, removing excess Ba with alcohol, and
replacement of Ba on the exchange sites with NHZ from 1 N NH,OAc.
Determination of Ba in the NH;0Ac extracts was by nitrous oxide-
acetylene flame emission.

S0il cores were taken weekly at random within each plot to
a depth of 15.2 cm for soil moisture content determination. The
fresh moist soils were placed in pre-weighed soil tins, capped
and returned to the laboratory for weighing, drying, and reweigh-
ing after cooling. Soil water content was calculated on a mass
basis (grams Hzo/grams dry soil). Reported soil moisture values
determined for the fescue and wheat studies are the mean of 6 and
12 values, respectively. Characteristic soil-moisture release
curves for the Wymore and Eudora soils were determined using the
pressure plate technique (35,67). Weekly soil water potential
values were extrapolated using the mean soil water content, on a
mass basls, from the respective characteristic soil-moisture
release curve (See Appendix Figure 1).

Root zone temperature was measured at two random sites at
each study location. Weekly max and min temperatures were measured
by recording max-min thermometers that had 1 meter flexible leads
between the temperature sensor and the recording devices. The
sensors were placed parallel to the soil surface at 5 and 10 cm
below the soil surface. Before installation, the soil thermometers
were calibrated against mercury thermometers. The reported values
have been corrected and are the mean of the two values.

Assgistance with statistical analysis was provided by the
Statistical Analysis Systems (SAS) program packages available at

the Kansas State University Computer Center.
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TALL FESCUE RESULTS AND DISCUSSION

So0il and Environment 1979 and 1980

The chemcial properties of the Wymore soil for the 1979 and
1980 tall fescue studies are shown in Table 1. Exchangeable Mg
was 20 and 18 percent of the CEC in 1979 and 1980, respectively.
These values are above the 15% exchangeable Mg that has been
recommended to obtain forages with sufficlent Mg to prevent
grass tetany (8). A Mg/K ratio, on a milliequivalent basis, of
at least 1.2 has been suggested to obtain a forage with at least
0.2% Mg (37). In 1979 and 1980 the soil Mg/K ratios were in excess
of 1.2. The Ca/Mg ratios, on a milliequivalent basis, were less
than 5 which is considered to be the upper limit in the Ca/Mg
ratio to prevent the formation of a tetany prone forage. Applying
the regression equation oflTurner et al. (76) (¥Y=0.1433 + 0.6987X,
Y=Mg in the plant, X=the ratio index (RI)) to estimate plant Mg
concentrations from soll chemical data, the predicted values for
1979 and 1980 are 0.269% Mg and 0.276% Mg, respectively. The pre-
dicted valuesg for both years are well above the forage Mg critical
value of 0.2%. The soil results suggest that a tetany prone forage
should not be produced by the tall fescue.

Environmental data by year and sampling date are shown for
1979 and 1980 in Tables 2 and 3, respectively. Soil temperatures
for weeks 1 and 2 in 1979 were not available.

In general, the maximum and minimum soil temperatures at
both the 5 and 10 cm depths weré higher in 1980 than in 1979 for
corresponding sampling dates. Soil water in 1979 had a decreasing
trend with time without much variability. Soil water in 1980 did
not have a general trend. It had a high value of 29.8% and a low

value of 14.0% for a difference of 15.8%. If plant chemical
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composition is closely related to soil water the plant data for
1980 should show this relationship because of the wide range in

go0il water.

Plant Results 1979

The effects of N fertilization on tall fescue forage N, K,
Ca and Mg content and milliequivalent ratio during 1979 are
shown in Tables 4,5,6,7, and 8, respectively. Similar tables for
the tall fescue crowns are Tables 9-13. These results for the
forage and crowns are also shown graphically in Figures 1 and 2.
Included in these figures are plots of the maximum and minimum
goil temperatures at 5 and 10 cm and the percent soil water.

In this discussion and others that follow the term "forage"
will refer to the aerial plant parts that are likely to be con-
sumed by grazing ruminants. The term "crown" will refer to the
portion of the plant that is between the aerial plant parts and

the plant roots, which is not likely to be consumed.

Fescue Forage

Nitrogen fertilization increased the mean forage N content
for the nine weeks from 1.60% N to 2.88% N (see Table 4). Nitrogen
content was greater in the fertilized forage within each week
except for week 1 where there was no difference. The N content
in the fertilized forage showed a gradual increase for the first
4 or 5 sampling dates and a leveling off after that (see Figure 1).
The unfertilized forage N content remained fairly constant with
time. The lack of forage response to N fertilization in the first
week may be due to plant physioclogical inactivity or to a need
for a greater lag period between fertilizer application and plant
response. When N content in a forage is 4% or more the forage is

considered to be tetany prone. The forage N concentrations
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Figure 1. Seasonal trends in chemical composition of tall fescue
forage in 1979, as affected by 0 (A—), or 135 (¥¥) kg N/ha applied
as NHANOS' Soil water and maximum (—) and minimum (---) soil

temperature at 5 and 10 cm are alsc shown.
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approached the 4% critical value in the fertilized forage but
remained below it., It is reasonable to conclude that there would
have been minimal tetany hazard to ruminants grazing these forages
due to the N content of the forage.

The mean X content of the fescue forage was greater with N
fertilization compared to no N application (see Table 5). Only
weeks 6-9 showed differences between N treatments within weeks.
Prior to week 6 the forage K content was not different between N
treatments. At week 5 the N fertilized forage had 2.22% K and the
unfertilized forage had 2.20% K. In week 6 the fertilized forage
had increased to 2.72% and the unfertilized forage K had decreased
to 1.93% (see Figure 1). In the weeks that followed the N fertil-
ized forage K content remained greater than the K content of the
unfertilized forage. This K increase could have been caused by the
increage in soil temperature coupled with the N fertilizer stimu-
lating rapid plant growth. Large increases in forage K concentra-
ions can be resposible for increases in the forage milliequivalent
ratio, which increases the tetany hazard. When between treatment
differences in forage K content occurred the fertilized forage
always had the higher K. Sometimes these differences were guite
large. In week 7 the unfertilized forage had 2.40% K and the fert-
ilized forage had 3.69% K. Potassium in forage above 3% is con-
sidered hazardous. The fertilized forage had K concentrations
above 3% in weeks 7,8 and 9.

Forage Ca remained relativély constant over the sampling
period (see Figure 1). There was no difference in mean Ca con-
centration in the forage between treatments (see Table 6). Only
weeks 2 and 7 showed a difference within weeks with the fertilized

forage having a greater Ca content at week 2 and the unfertilized
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forage having a greater Ca content in week 7. No explanation
is offered for this anomalous result.

Nitrogen fertilization did increase the mean Mg content in
the forage compared to no N fertilization (see Table 7). The
fertilized forage Mg mean was 0.232% and the unfertilized forage
Mg mean was 0.203%. Both values are above the recommended minimum
forage Mg content of 0.2% to reduce the incidence of grass tetany.
The unfertilized forage Mg value is borderline but the fertilized
forage offers a margin of safety. Both the fertilized and the
unfertilized forage Mg content increased slightly with time (see
Figure 1), but the overall change was not great. There were diff-
erences between treatments in weeks 2,5-7 and 9. In each case the
fertilized forage had the greater Mg content. In weeks 2,5,6 and
9 the unfertilized forage Mg content was below 0.2% but only in
week 1 was the fertilized forage Mg below that wvalue. The N fert-
ilization resulted in the forage having more weeks with sufficient
Mg to prevent grass tetany than did not fertilizing with N.

Nitrogen fertilization only slightly increased the mean milli-
equivalent ratio of the fescue forage (see Table 8). Even with
this slight increase the means were still below the critical value
of 2.2. However, this result may be misleading. Even though the
mean over all weeks was below 2.2 there were three weeks in which
the fertilized forage exceeded this wvalue and only one week in
the unfertilized forage. In weeks 7 and 8 there was a difference
in forage milliequivalent ratios due to treatment. In both weeks
the fertilized forage ratio was well above 2.2 and the unfert-
ilized forage was below it. In week 9 there was not a difference
between treatments but both forage milliequivalent ratios were

above 2.2, It is these rapid fluctuations in forage chemical
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composition that gives the grass tetany syndrome its unpredictable
and sporadic nature.

The milliequivalent ratios above 2.2 can be attributed to
high K levels in the forage (see Figure 1). The K increases
correspond to an increase in soil temperature and a decrease in
soil water. The increase above 2.2 in the unfertilized forage in
week 9 was due to a drop in the Ca and Mg concentrations in the
forage without a change in the forage K level. The minimum soil

temperature at 5 and 10 cm dropped in week 9 also.

Fescue Crowns

Results similar to the forage results were found for the
fescue crowns in 1979. Nitrogen fertilization resulted in higher
mean N concentrations in the crowns (see Table 9). As with the
forage, the fertilized crowns had higher N concentrations than
the unfertilized crownsg in weeks 2-9. The unfertilized crown N
content remained fairly constant with time but the N fertilized
crown N content increased with time until 1t reached a maximum in
week 5 with 4.72% N after which it decreased slightly (see Figure
2).

Nitrogen fertilization increased the mean crown K content
(see Table 10). Crown K had an increasing trend for the first 7
sampling dates and decreased in the last two (see Figure 2). The
unfertilized crown K content was never above 3% but the N fertil-
ized crowns were in weeks 5-8. This level of X in the fertilized
crowns suggests that a tetany pfone forage could be produced if
the K were translocated out of the crowns to the forage.

Nitrogen fertilization did not affect the mean crown Ca con-
centration nor did it have a significant effect on crowh Ca con-

centrations within weeks (see Table 11). Crown Ca over time had
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Figure 2. Seasonal trends in chemical composition of tall fescue
crowns in 1979, as affected by O (A—4), or 135 (%) kg N/ha applied
as NH4N03. Soil water and maximum (——) and minimum (-—-) seoil

temperature at 5 and 10 em are alsoc shown.
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somewhat more variability than the forage Ca and was slightly
decreasing (see Figure 2).

The mean over all sampling dates of the crown Mg content was
greater for the fertilized crowns compared to the non-fertilized
(see Table 12). Like the forage, the crown means over all sampling
dates were above 0.2% Mg. The crowns from the fertilized plots
with 0.228% Mg have the potential of supplying more Mg to the for-
age than the unfertilized crowns with 0.205% Mg. Over time crown
Mg increased only slightly (see Figure 2). Weeks 5, 6 and 7 showed
between treatment differences. In each case the fertilized crowns
had the greater Mg content. Weeks 3-9 were at or above 0.2% Mg for
both treatments. The N fertilized crowns increase in Mg content
from week 4 to week 5 may have been due to N fertilizer stimulated
plant growth and/or to an increase in soil temperature.

There were no differences between treatments in crown milli
equivalent ratios over all weeks with both means 2.2 or above
(see Table 13). Only weeks 8 and 9 showed within week differences
with the fertilized crowns having the higher values, both of
which were above 2.2. The lower ratio at week 8 for the unfert-
ilized crowns can be attributed to an increase in crown Mg and
a decrease in crown K. The higher ratio in week 9 for the fertil-
ized crowns was a result of a sharp drop in the Mg content of the

crowns.

Correlations

Linear correlation analysis was run on the 1979 fescue for-
age and crown data to determine 1f significant correlations
exist between measured plant factors and environmental factors.
The results of these analyses are shown in Tables 14 and 15 for

the forage and crowns, respectively. Only linear correlation
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coefficients with significance probabilities of 95% or higher are
presented. As would be expected the milliequivalent ratio may be
significantly correlated with K; Ca and Mg because they are part
of the ratio only other signhificant correlations in the tables
will be discussed.

With respect to the fescue forage a surprisingly strong
negative correlation between the milliequivalent ratio and the
soil water content was found. This relationship was stronger for
the N fertilized forage than for the unfertilized (see Table 14).
Generally, the milliequivalent ratio of cations hag been positive-
ly correlated with soil water content. The forage K content was
also negatively correlated to the soil water content and is the
reason that the milliequivalent ratio was strongly related to the
goil water content. The K relationship appears to be opposite of
the result expected from a thermodynamic treatment of soil dilution
which would predict that upon dilution the monovalent cation
concentration will increase relative to the higher wvalent cations
in solution. These results do not disprove the soil solution
dilution phenomena, but do suggest that the plant may have ulti-
mate control over what nutrients it will absorb. Soil water po-
tential was negatively related to several dependent variables but
in each case the soil water had a stronger relationship based on
better correlation.

Forage Mg was strongly correlated to forage N content in the
fertilized forage but did not significantly correlate in the un-
fertilized forage due to 1iftle change in N content over time.
Magnesgium and Ca also were positively correlated to each other.
The milliequivalent ratio and the forage K were both strongly

positively related to the maximum and minimum soil temperatures
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at 5 and 10 cm. Again the - correlation was probably due to
potassium's relationship to temperature. The temperature effect
was enhanced by N fertilization.

The crown data for 1979 did not show aftmany significant
correlations as the forage did (see Table 15). One peculiar
result is the correlation between the crown milliequivalent ratio
and soll temperature. Without N fertilization there 1s a negative
relationship, but with N fertilization there is a positive rela-
tionship. Nitrogen in the soil may have made the plant root more
permeable to X and sensitive to temperature or it may have altered
the distribution of cations in the soil solution possibly making

more K availlable for plant uptake.

Comparison of Forage and Crowns

Forage and crowns within the same treatments were compared
to see if there exists a relationship between them with respect
to nutrient content. The results of these comparisons are in
Tables 16 and 17 for the unfertilized and fertilized tall fescue,
respectively.

The N content of the unfertilized forage and crowns were
dafferent in weeks 5-9 and in each case the forage N content was
greater than crown N content (see Table 16). Differences in K
content were found in every week. In weeks 1-7 the crowns were
higher in K, but in weeks 8 and 9 the forage was. Calcium differ-
ences were found in weeks 1, 3-5, 8 and 9, and in each case the
Ca was higher in the forage. Magnesiumldifferences occurred only
in weeks 1, 3 and 5. Weeks 1 and 3 had higher Mg in the forage
and week 5 had higher Mg in the crown. The milliequivalent ratio
wag different in weeks 1, 3-7 and 8, but only in week 8 was the

ratio higher in the forage than the crowns.
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Table 16. Comparison of forage and crowns from unfertilized 1979
tall fescue.

Week Plant N K Ca Mg Ratio
part
1 Forage 1.28 1.36 0.289 0.207 1.11
Crown 1.27 1.60 0.141 0.175 1.91
(LSD) (0.11) (0.14) (0.024) (0.019) (0.45)
2 Forage 1.45 1.56 0.228 0.181 1.64
Crown 1.26 1.85 0.193 0.167 2.14
(LSD) (0.61) (0.12) (0.186) (0.062) (1.03)
3 Forage 1.52 1.59 0.328 0.217 1.19
Crown 1.27 2.28 0.158 0.196 2.50
(LsD) (0.37) (0.23) (0.015) (0.013) (0.15)
4 Forage 1.65 1.51 0.354 0.203 1.13
: Crown 1.58 2.35 0.185 0.201 2.33
(LSD) (0.42) (0.24) (0.032) (0.021) (0.22)
5 Forage 1.86 2.20 0.360 0.194 1.66
Crown 1.47 2.93 0.252 0.205 2.54
(LsD) (0.11) (0.30) (0.081) (0.005) (0.32)
6 Forage 1.62 1.93 0.386 0.198 1.39
Crown 1.05 2.62 0.258 0.212 2.28
(LSD) (0.46) (0.19) (0.215) (0.032) (0.48)
7 Forage 1.74 2.40 0.383 0.202 1.72
Crown 1.00 2.78 0.273 0.214 2.31
(1L.SD) (0.24) (0.37) (0.125) (0.031) (0.57)
8 Forage 1.81 2.87 0.402 0.244 1.83
Crown 0.96 2,49 0.306 0.257 1.76
(LSD) (0.58) (0.19) (0.035) (0.017 (0.07)
9 Forage 1.49 2.87 0.316 0.183 2:35
Crown 0.75 2.22 0.201 0.222 2.03
(LSD) (0.10) (0.14) (0.094) (0.048) (0.69)

P =

.05
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In the fertilized fescue, differences between the N content
of the forage and crowns were found in weeks 1, 3-6 and 9 (sece
Table 17). In weeks 1 and 9 forage N was greater than crown N,
Crown K wag higher in weeks 2-5 and forage K was higher in weeks
8 and 9. Calcium differences were found in weeks 1, 3-5, 8 and 9.
The forage always had the higher Ca content. The Ca results are
the same as found for the unfertilized fescue. Magnesium 1n the
crowns was greater in weeks 1, 3 and 5, and greater in the forage
in weeks 8 and 9. Differences in the milliequivalent ratio occurred
in weeks 1, 3-5 and 8. Only in week 8 was the milliequivalent ratio
higher in the forage than in the crowns.

As a rule when comparing the unfertilized and fertilized
forage to crown results, in weeks 8 and 9 when differences occurred
between the forage and crowns regardless of the element or indice
the forage always had the greater value. This suggests that be-
ginning in week 8, in this particular year, plant growth began
changing and nutrients were translocated out of the crowns to the
forage to meet changing nutrient needs. The K results from both
treatments suggest that the crown may serve as a sink for K until
there is a change in fescue growth and the K needs of the forage
increase. When this occurs K is translocated out of the crown to
the forage. When differences occurred in the Ca content of the
forage and the crowns the forage always had the higher Ca content
regardless of treatment. These differences occurred in the same
weeks in both treatments which may mean that Ca concentration in
the plant is a function of plant development or is influenced by
eXxternal factors. The magnhitude of the differences were erratic.

It seems that the plant must either maintain a balance between the

Ca in the crowns and the Ca in the forage or have a greater amount
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Table 17. Comparison of forage and crowns from N fertilized 1979
tall fescue.

Week Plant N K Ca Mg Ratio
part '
1 Forage 1.53 1.46 0.278 0.189 1.27
Crown 1.23 1.58 0.131 0.157 2.15
(LSD) (0.11) (0.14) (0.024) (0.019) (0.45)
2 Forage 2.08 1.60 0.314 0.212 1.24
Crowm 2.10 1.84 0.144 0.169 2.23
(LSD) (0.61) (0.12) (0.186) (0.062) (1.03)
3 Forage 2.84 1.78 0.319 0.233 1.39
Crown 3.53 2.38 0.162 0.212 2.30
(L3D) {0.37) (0.23) (0.015) (0.013) (0.15)
4 Forage 2.42 1.36 0.364 0.210 0.99
Crown 3.57 2.61 0.193 0.229 2.35
(LsD) (0.41) (0.24) (0.032) (0.021) (0.22)
5 Forage 3.41 2.22 0.380 0.254 1.42
Crown 4,72 - 3.24 0.241 0.285 2,34
(LSD) (0.11) (0.30) (0.081) (0.005) (0.32)
6 Forage 3.60 2.72 0.376 0.250 ledd
: Crown 4.37 3.40 0.374 0,281 2.14
(LSD) (0.46) (0.19) (0.215) (0.032) (0.48)
7 Forage 3.74 3.69 0.312 0.240 2.70
Crown 3.90 3.54 0.305 0.253 2.57
(LSD) (0.24) (0.37) (0.125) (0.031) (0.57)
8 Forage 3.60 3.89 0.351 0.253 2.60
Crown 3.67 3.47 0.266 0.270 2.50
(LSD) (0.58) (0.19) (0.035) (0.017) (0.07)
9 Forage 2.71 3.81 0.346 0.248 2.61
Crowm 2.36 2.94 0.180 0.196 2.99
(LSD) (0.10) (0.14) (0.094) (0.048) (0.69)

.05
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of Ca in the forage. Since Ca is not rapidly ftransported within
a plant this concentration difference may serve as a ready
reserve of Ca for plant growth. In general, the crowns will have
the larger milliequivalent ratios when differences occur (the
exception is week 8). In some weeks the crowns were above the 2.2
critical level, but the forage was not. Thisg result is probably
due to Ca generally being higher in the forage and K being higher

in the crowns.

Plant Results 1980

The effect of N fertilization on tall fescue forage con-
centrations of N, X, Ca, Mg and the milliequivalent ratio are
found in Tables 18-22 for the 1980 tall fescue study. Similar
tables for fescue crowns are Tables 23-25. The results are pre-
sented graphically in Figures 3 and 4 for the forage and crowns,
respectively. Plots of maximum and minimum soll temperatures at

5 and 10 cm and percent soil water are included in these figures.

Fegcue Forage

Nitrogen fertilization increased the mean forage N content
over all weeks and within each week (see Table 18 and Figure 3).
In weeks 3-5 the fertilized forage had N concentrations above 4%
which makes the forage tetany hazardous, however, the mean over
all weeks for the fertilized forage was below 4%. The unfertilized
fescue had a percent N content high value of 2.45 in week 5 and
a low value of 1.07 in week 9. The fertilized fescue had a percent
N content high value of 4.63 in week 3 and a low value of 1.83 in
week 9. These results show that the N content of fescue forage
changes with time and can be within a broad range of values.

Nitrogen fertilization, as in 1979, increased mean forage K
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Figure 3. Seasonal trends in chemical composition of tall fescue
forage in 1980, as affected by 0 (4—A), or 135 (¥%) kg N/ha applied
as NH4N03. Soil water and maximum (—) and minimum (-—-) soil

temperature at 5 and 10 cm are also shown.
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over all weeks and within weeks 4-9 (see Table 19). The mean
fq%ge K over all weeks for the fertilized fescue was 3.36% which
is above thé critical 3% value. The unfertilized fescue had for-
age K concentrations above 3% in weeks 3-6 and the fertilized
fescue 1n weeks 3-8. With both treatments forage X increased with
sampling date until week 5 and decreased thereafter (see Figure 3).
The fertilized forage K increased sharply from week 1 to week 5
with a value of 2.14% in week 1 to a value of 4.11% in week 5.

There were no differences due to N fertilization in the mean
Ca content over all weeks (see Table 20). Weeks 7 and 9 showed the
only within week Ca differences due to treatment. Calcium was
greater in the fertilized forage in week 7 and greater in the un-
fertilized forage in week 9. No explanation is offered for this
anomalous result. The Ca level in the forage changed little with
sampling date (see Figure 3).

There was not a significant difference in mean forage Mg
content over all weeks (see Table 21). Forage Mg means from both
treatments over all weeks were above the critical Mg value of
0.2%. Weeks 4, 6 and 7 showed differences due to treatment. In
each, the fertilized forage had the higher Mg content. In every
week the fertilized forage Mg content was greater than the criti-
cal value except in week 9. The unfertilized forage was above
0.2% Mg in every week except weeks 7 and 8.

Nitrogen fertilization increased the mean forage milliequi-
valent ratio over all weeks from 2.05 to 2.31, which is above the
critical value of 2.2 (see Table 22). Weeks 5, 8 and 9 show diff-
erences due to to treatment. In each, the fertilized forage had
the largest ratio. In weeks 3, 5, 6 and 7 both the fertilized and

unfertilized forage had milliequivalent ratios above 2.2. In



Lo

"GETQ ‘YMoam SuEs SU UMM SJUSNOEIX] Usamlaq {gz°( ‘JUSuOEel] Swes oyl UJTIM Syoam
uoaMIaq (%G ‘aST 3891 28ury STAIITY s,uedur uo peseq AJTTIqRqoxd JO TOAST %G SUI IB JUSIDIFIP
ATIUEDTITUSTS JOU 918 WINTOD SUBS 93 UL IO MOI SUES) ] UT A9339] awes syj Aq PIMOTTOF SSNTBAw

SPI9°C  PSL'C XC°E  qey9°e BRL'E  qBL9°E qes ¢ 306 °C 3F90°¢ . SUEd|

B9t 't 78°C % ) 09°¢ 90°% 1% 00 89°¢ £9°2 %1°C ®U/N 3 o1
q08°¢ LE°T 7't 08°¢ TI¢°t e Te°e se'e T L6°T BUY/N 31 0

% SUBSIY (6) (8) (L) (9 (9] ¢)) (€) @ ()  Jusmesa,
6-S A 5T 81-% 11-% b 8¢-¢ 1e-¢ vi-¢
(Eam)
a3eq

*(0861) sojep Surrdues ouru je a5BI0F 9aNDSLF
TTe3 ur Y juedxad uo UOTIBZTITTIISF N JO 309FF2 a9yl 6T O[qeL



50

69070 ‘deSM Swes Syl UTYITM SJUSIOESI] UsaMlaq ‘%90°(Q ‘IUsunesi] SWes 9y] YIM syoom
"89], 98ury STATITY s, Ueourq uUo paseq A31TTqeqoad Jo TassT %G 33 Je JUSISIITP
ATJueoTITUSTs JOU 938 UINTOD SUBS 9] UL J0 MOX SUBT] I UT I93319] Swes oyl AQ PamOT[OF SoN[BAx

wdaq (%S ‘as1

960€°0 966¢°0 OLIE0 2IEL°0 9e9E°0 ®'ZOY'0 9ee9E°0 deZLE0  B88E 0 3 SUBEI
BI7E0 1L2°0 %6¢°0 68e 0 e’0 [AS 0] L8E°0 29€°0 ¢9¢°0 99¢°0 EBU/N 3 ¢CT
BEGE 'O 87t 0 €0€°0 8%7¢°0 T2E°0 LLE°0 LT%°0 LLEO 18€°0 010 BU/N 3 0
¥SUBI (6) (8 (L) (9) (9] () () @ M JuaujEaly,
6-G -9 YA 81-% Ti-% 7=y 8C-¢t 12-¢ W1-¢t
(s
Calcg)

*(0861) So1ep Surrdues ouIu 3k 9FBIOJ SNISIF
~ TTe2 ur &) jusdiod UO UOTIBZTITTIISF N JO 1D9FF9 oyl 07 STqEl



ok

070°0 “Yean SRS 9] UTYIM SJUaINEeIl Usamlaq ‘4z(°( ‘JUSuneol] SWES JUIM Soam
usaM3aq %G ‘QST "3s9] @8ury 9TdIaTN S,upOun( Uo poseq ATTTqeqoad JO ToAST %G 9yl JB JUSASIITP
ATIUROTITUBTS J0U SIB WNTOD SUESK Ul UT 10 MO1 SUESy] SUl UT 19119 sues oyl Aq pamoTT0F SoNTBAx

2L02°0 O102°0 O¢IZ'0 99€T°0 9el%g'0 ®I9SC'0 9BGYC'0 qCEC’0 9B6EZ 0 ¥ SUEIR

B9¢°0 0020 L02°0 87¢°0 £S¢°0 g9Z°0 08¢0 19¢°0 08270 720 ®BU/N 3 GET
B9TC"0 SIZ°0 76170 LIT°0 G1¢ 0 6¢C°0 [AXAY 6¢C 0 ¥1¢°0 TAYARY) BU/N B 0

¥SUEIN (6) (8) (0 @ () ) (€) (@) (D)  Iw=mesa

6-6 ¢-S YA 81-%7 1I-% - 8¢-€ f gy 71-¢
(P
a1eq

" (086T) seiep Surrdues asutu je o8eI0F ONISOJ
1181 uT Sy 1uad1dd uo UOTIRZTITTIILOF N JO 3ID9FJ2 2yl 'IZ 9T9Bl



52

“I€°0 “YeeM aumEs 9yl UTYITM SJUSUesl] WaMisq ‘gg¢'( ‘Jusugesx) MBS 9yl UM sypam
wsemlaq %G ‘ST Is9L 98uey ITAIATNW S,UBOUN Uo paseq ALITTTqeqoad Jo ToAST %SG SY3 IB JUSISIITP
ATUE0TJTUSTS JOU 9IF WNTOD SUB Y3 UT J0 MOX SUES) 9yl Ul 19739 BS 8Yl £q PamMO[TOF SINTBAx

PRO'Z P9ST'Z 9®eS'7  ®B6S'T QRIS POLZZ O9gET OTLCT T F9E'T ¥ SUBS|
eIE"T €7'C 052 1€ %12 L9°C ¢ 8€°C GL°T Gh'T ®Y/N 39 €61
q50°2 €L°T €6°T 19°C 77T (24 €1°¢ 82°C 99°1 92'T ®U/N MO

3 SUBS (6) (® (L) C)) (9] ) © (@ (M I=OERI],
6-S A GZ-% 81-% TI-% -1 8C-€ 1zZ-€ H1-¢
EE )
a3eq

* (086T) sorep Surrdues ouru e a8eJ10I ondsoF TIB} UL
OTIBI JUSTBATNDSTTTW SYl UO UOLILZITIILSF N JO 3D9FF9 SYL 77 STGRlL



53
addition, the fertilized forage milliequivalent ratio was above
2.2 in weeks 4, 8 and 9. The high milliequivalent ratio in week
L4 was due to high forage K, in weeks 8 and 9 it was due to either
low forage Ca or low forage Mg. The forage milliequivalent ratios
from both treatments had an increasing trend for the first six
sampling dates but were somewhat erratic in the sampling dates

that followed (see Figure 3).

Fescue Crowns

Nitrogen fertilization greatly increased the mean N concen-
tration in the crowns over all weeks (see Table 23). The unfert-
ilized crowns mean was 1.51% and the fertilized crowns mean was
4.33%, for a difference of 2.82% N. Weeks 1-7 showed differences
in crown N concentrations between treatments with the fertilized
crowns always having the greater value. The highest fertilized
crown N concentration was 6.64% in week 3. Weeks 1-5 had N values
above 4% in the fertilized crowns. This means that there is a
sufficient N pool to potentially create a tetany prone forage due
to N in those weeks. The large difference in N concentrations
between treatments is shown clearly in Figure 4.

Mean crown K over all weeks was increased due to N fertiliza-
tion with the mean for the unfertilized plots being 3.3% K. With-
in weeks 3-9 N fertilization increased crown K compared to no
fertilization. Fertilized crowns had K values in excess of 3% in
weeks 1-6., Unfertilized crowns had K above 3% in weeks 2-5 (see
Table 24). The plots of the fertilized and unfertilized crown
K content run almost parallel with each other over sampling dates,
and the differences in crown K content between the two treatments
is clear (see Figure 4). As with the crown N content, the crown

K content was high enough at some sampling dates to potentially
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Figure 4. Seasonal trends in chemical composition of tall fescue
crowns in 1980, as affected by 0 (A-A), or 135 (¥%) kg N/ha applied

as NH,NO Soil water and maximum (—) and mimimum (---) soil

503"

temperature at 5 and 10 cm are also shown.
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create a tetany prone forage with respect to K content.

Nitrogen fertilization increased mean crown Ca over all weeks,
but only by 0.024% Ca (see Table 25). Differences between treat-
ments were found in weeks 3, 4, 6 and 7. In each case the fert-
ilized crowns were higher in Ca content. The unfertilized crown
Ca went from an initial value of 0.191% in week 1 to a high value
of 0.272% in week 5, and to a final value of 0.156% in week 9 (see
Figure 4). The fertilized crown Ca went from an initial value of
0.195% in week 1 to a high value of 0.316% in week 4, and to a
final value of 0.155% in week 9 (see Figure 4).

Mean crown Mg content over all weeks was increased by N fert-
ilization but both means over all weeks were above 0.2% (see Table
26), Within week differences occurred in weeks 3, 4, 6 and 7. In
each the fertilized crowns were higher in Mg. The fertilized
crowns had Mg above 0.2% in weeks 1-7. The same was true for the
unfertilized crowns in weeks 1-6. The greatest Mg content was in
the fertilized crowns of week 4 with 0.358% Mg. This level of
crown Mg is a good potential source of Mg for the subsequent for-
age produced. Crown Mg increased slightly for the first four or
five sampling dates and decreased slightly after that (see Figure
b).

The crown milliegquivalent ratio means over all weeks were
not significantly different, but both means well exceeded 2.2
(see Table 27). There were no differences in the crown milliequi-
valent ratios between treatments within weeks. In weeks 1-6 the
crown milliequivalent ratios were above 2.2 for both treatments.
Week 6 had the highest milliequivalent ratios for both treatments
with values for the unfertilized crowns and the fertilized crowns

of 3.39 and 3.54, respectively.
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Correlations

Linear correlation coefficients for fescue forage and crown
nutrient content and soill temperature and moisture are listed in
Tables 28 and 29, respectively. Only correlation coefficients with
significance probabilities of 95% or higher are presented.

Forage N content for both the 0 and 135 kg N/ha treatments
were positively correlated to forage K, Ca and Mg. The fertilized
forage N had a stronger relationship to forage Ca and Mg. Foragé
N for both treatments was positively correlated to soil water,
and negatively correlated to soll water potential and maximum and
minimum soil temperature at 5 and 10 cm. Nitrogen fertilization
reduced the strength of these negative relationships.

Beside its fairly strong relationship to forage N and the
milliequivalent ratio, forage potassium for the fertilized treat-
ment was positively correlated with forage Mg. Unlike 1979, for-
age potassium was not significantly relate& to any measured
environmental factors.

Forage Ca was strongly postively related to forage Mg. The
unfertilized forage Ca was also positively related to soil water
and strongly negatively related to soil water potential and max-
imum and minimum soil temperature at 5 and 10 cm. The fertilized
forage Ca was only weakly negatively correlated to minimum soil
temperature at 5 and 10 cm.

Forage Mg for both treatments was negatively related to max-
imum and minimum soil temperature at 5 and 10 cm. The strongest
relationships to temperature were for the unfertilized forage.
Forage Mg was positively related to soil temperature, with the
unfertilized forage having the stronger relationship. Unfertilized

forage Mg was the only varlable to have a stronger relationship
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to soil water potential than to soil water.

The forage milliequivalent ratio for both treatments was not
significantly related to forage N. The fertilized forage milliequi-
valent ratio was slightly related negatively to soil water. The
unfertilized forage milliequivalent ratio was only slightly
positively related to maximum soil temperature at 10 cm, whereas,
the fertilized forage ratio had a positive relationship to maximum
and minimum soil temperature at 5 and 10 cm. This relationship
suggests that there is an interaction between N fertilization and
temperature that results in a positive relationship between soil
temperature and the forage milliequivalent ratio.

The fescue crowns had many significant correlations only
some of which will be discussed here (see Table 29). Crown N, K,

Ca and Mg for both treatments had negative relationships to max-
imum and minimum soil temperatures at 5 and 10 cm with crown N and
X having the strongest relationships. With respect to the relation-
ship with soil temperature, crown N, K, Ca and Mg for the unfert-
ilized crowns had the strongest relationship except for crown N
with maximum soil temperature at 5 em. At 10 cm only the unfert-
ilized crown milliequivalent ratios were significantly related to
gsoll temperature, and then negatively and weakly.

Crown N, K, Ca and Mg for both treatments were positively
related to solil water and negatively to soil water potential. Soil
water had the higher correlation coefficients. The crown milli-
equivalent ratio was only weakly related to soil water (positively)
and soil water potential (negatively) for the fertilized crowns.

The outstanding differences between the crown and forage
correlatiors are that forage K for both treatments was not signif-

icantly related to soil water, soil water potential or soil temp-
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erature, but crown K was. The crown N, K, Ca and Mg appear to
have a stronger negative relationship to soil temperature than
for the forage. This implies that as soil temperature decreases,
higher concentrations of N, K, Ca and Mg should be found in the
plants and that these concentrations should be higher in the
crowns than in the forage. In nitrogen fertilized forage the

milliequivalent ratio will increase as soill temperature increases.

Comparison of Forage and Crowns

The results of comparison of forage to crowns with respect
to nutrient content for the unfertilized fescue and the fertilized
fescue are 1n Tables 30 and 31, respectively.

The unfertilized fescue had differences between the forage
and crown N content in weeks 4 and 6-9 (see Table 30). In each
week the forage had the higher N content. The largest signif-
icant difference was in week 7 (0.93% N). Crown K in the unfert-
ilized fescue in weeks 1-5 was greater than the forage K, and in
weeks 6-9 the forage K was greater. The greatest difference was
1.20% X in week 9. Differences in Ca contents occurred in weeks
1-6, 8 and 9. In each difference, as in 1979, the forage Ca
content was greater than the crowns. Maghesium differences were
found in weeks 2, 4, 5 and 9. Only in week 9 was the forage Mg
greater than the crown Mg. The milliequivalent ratioc had differ-
encesg in each week except for weeks 6 and 9. In weeks 1-5 the
crown had the highest ratio and in weeks 7 and 8 the forage had
the highest ratio. It 1s interesting to note that when differences
occurred, regardless of the element or indice, that from week 6
on, the forage always had the largest value.

The fertilized fescue crown N level was higher than the

forage N in weeks 1-5 (see Table 31). Only in week 9 was the
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Table 30.Comparison of forage and crowns from unfertilized 1980
tall fescue.

Week Plant N K Ca Mg Ratio
part
1 Forage 1.81 1,97 0.410 0.237 1.26
Crown 2.81 2.82 0.191 0.232 2:52
(LSD) (1.45) (0.31) (0.040) (0.021) (0.19)
2 Forage 1.75 2.37 0.381 0.214 1.66
Crown 2.04 3.27 0.237 0.246 2.61
(LSD) (0.39) (0.21) (0.032) (0.023) (0.32)
3 Forage 2.34 3.35 0.377 0.229 2.28
Crown 2,12 3.63 0.227 0.247 2.94
- (LSD) (0.45) (0.19) (0.051) (0.031) (0.23)
4 Forage 2,08 3.31 0.417 0.232 2.13
Crown 1.75 3.72 0.263 0.270 2.69
(LSD) (0.29) (0.24) (0.014) (0.019) (0.08)
5 Forage 2.45 3.44 0.377 0.229 2.35
Crown 2.25 3.82 0.272 0.283 2.65
(LSD) (0.56) (0.23) (0.018) (0.030) (0.23)
6 Forage 1.79 3.21 0.321 0.215 2.44
Crown - 1.08 2.62 0.215 0.223 3.39
(LSD) (0.37) (0.12) (0.059) (0.032) (2.32)
7 Forage 1.50 2.80 0.248 0.177 2,67
Crown 0.57 1.94 0.182 0.194 1.99
(LSD) (0.27) (0.24) (0.082) (0.036) (0.39)
8 Forage 1.43 2.34 0.303 0.194 1.93
Crown 0.50 1.30 0.148 0.180 1.50
(LSD) (0.51) (0.26) (0.084) (0.017) (0.24)
9 Forage 1.07 23 0.348 0.215 1.73
Crown 0.50 1.17 0.156 0.170 1.37
(LSD) (0.21) (0.33) . (0.034) (0.009) (0.39)
P= .05
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Table 31. Comparison of forage and crowns from N fertilized 1980
tall fescue.

Week Plant N K Ca Mg Ratio
part
i Forage 2.52 2.14 0.366 0.242 1.45
Crowm 4.26 3.03 0.195 0.262 2.49
(LSD) (1.45) (0.31) (0.040) (0.021) (0.19)
2 ‘Forage 3.73 2.63 0.362 0.250 1.75
Crown 6.07 3.51 0.255 0.303 2.44
(LSD) (0.39) (0.21) (0.032) (0.023) (0.32)
3 Forage 4.63 3.68 0.362 0.261 2.38
Crown 6.64 4,44 0.281 0.332 2.76
(LSD) (0.45) (0.190) (0.051) (0.031) (0.23)
4 Forage 4.40 4.00 0.387 0.280 2.41
Crown 6.59 4,23 0.316 0.358 2.39
(LSD) (0.29) (0.24) (0.014) (0.019) (0.08)
5 Forage 4.20 4,11 0.352 0.265 2,67
Crown © 5.78 4.48 0.255 0.306 3.03
(LSD) (0.56) (0.23) (0.018) (0.032) (0.23)
6 Forage 3.60 4,06 0.341 0.257 2.74
Crown 3.75 3.34 0.266 0.283 3.54
(LSD) (0.37) (0.12) (0.059) (0.032) (2.32)
7 Forage 2,93 3.60 0.385 0.248 2.37
Crown 2515 2.72 0.238 0.263 2.08
(LSD) (0.27) (0.24) (0.082) (0.036) (0.39)
8 Forage 2.12 3.15 0.294 0.207 2.50
Crown 1.68 2.03 0.143 0.198 2,21
(LSD) (0.51) (0.26) (0.084) (0.017) (0.24)
9 Forage 1.83 2,84 0.271 0.200 2.43
Crown 1.44 1.88 0.155 0.180 2.14
(LSD) (0.21) (0.33) (0.034) (0.009) (0.39)

P=.05
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forage N higher than the crown N. Crown K was higher in weeks
1-3 and 5, and the forage K was higher in weeks 6-9. There were
significant differences in Ca content in every week with the
forage Ca content higher than the crown Ca content. Differences
in Mg content occurred in weeks 2-5 and week 9. The crown Mg
value was higher in weeks 2-5 and the forage was higher in week
9. The milliequivalent ratio was higher for the crowns in weeks
1-3 and 5 and the forage milliequivalent ratio was higher in week
8. Again; as in the unfertilized fescue, any differences after

week 5 had the forage with the higher wvalue.
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TALL FESCUE SUMMARY AND CONCLUSIONS

The effect of N fertilization on tall fescue were marked on
forage and crown N and K content. In both years of this study,
the mean N and K over all sampling dates were increased by N
fertilization compared to no N fertilization. The Ca éontent of
the forage was not affected by N fertilization. In 1979 the crown
Ca content was not affect by N fertilization, but the 1980 crowns
showed a slight increase in Ca content. Crown Mg was increased
due to N fertilization in 1979 and 1980, but forage Mg was
increased only in 1979. The milliequivalent ratio of the forage
was increased due to N fertilization but the milliequivalent ratio
of the crowns was not affected.

Seasonal nutrient fluctuations in fescue were more dramatic
for N and X than for Ca and Mg. In 1979, forage K was strongly
positively correlated to soil temperature and strongly negatively
to soil water. Nitrogen fertilization intensified this effect.

In 1980, forage K was not significantly related to soil temperature
or soil water. It is not clear why this difference occurred. It
may be due to the interaction of rapidily increasing soil temp-
erature with rapidly decreasing s0il water. Generally, the milli-
equivalent ratios increased with increasing soil temperatures and
N fertilization intensified this effect. The crowns usually had
higher milliequivalent ratios than the forage.

In comparing the crown chemical composition to the forage
chemical composition it was found that the crowns never had a
greater concentration of Ca than the forage. This may be due to
calcium's low mobility in the plant and the plant's need to have
a ready supply of Ca avallable for the onset of favorable growing

conditions. After week 8 in 1979 and after week 6 in 1980, when
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differences occurred between the forage and crown content of N,
K, Ca or Mg or in the milliequivalent ratio, regardless of treat-
ment, the forage had the higher wvalue. This result may signal a
change in the stage of plant development.

The soil properties discussed earlier prédicted that a forage
growing on the Wymore soil should have at least 0.2% Mg. These
predictions were correct for the forage Mg means over all weeks
for both years and both treatments; however, there were occasions
when the forage Mg content dropped below 0.2% for individual
weeks. The equation of Turner et al. (76) for estimating forage
Mg content from soil chemical properties, for both years predicted
forage Mg content too high.

Tables 32 and 33 are summaries of tall fescue forage in 1979
and 1980, respectively, when nutrient content was critical with
respcet to one or more of the forage quality indicies (%N, %K,
#Mg and milliequivalent ratio) and was considered tetany prone.

In 1979 low Mg and high milliequivalent ratios caused the
unfertilized forage to be tetany prone in four of the nine weeks.
Low Mg, excessive K and the milliequivalent ratio also caused
the fertilized forage to be tetany prone in four of the nine
weeks., In 1980 high K, low Mg and high milliequivalent ratios
resulted in the unfertilized forage being tetany prone in six of
the nine weeks. The fertilized forage was tetany prone in seven
of the nine weeks due to high N, X, and milliequivalent ratios.

It is evident from the data presented here that tall fescue
forage can undergo broad fluctuations in chemical composition
over short time periocds which contribute to the sporadic nature
of the grass tetany syndrome. Even with the best indicies avail-

able without a feeding trial, it is difficult to know whether or
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Table 32. Summary of nutrient levels critical with respect to grass
tetany indices* for 1979 tall fescue forage.

Sampling Forage Milliequivalent
N K Mg Ratio
0-N' 135-N'" 0-N 135-N O0-N 135-N 0-N  135-N
Week Date -% fmm———  m————— p=———=

1 3-6 - - - - - .189 - -

2 3-13 - - - - .181 - - -

3 3-20 - - - - - - - —

4 3-27 - - - - - - - -

5 4-3 - - - - .184 - - -

6 4-10 - - - - .198 - - -

7 hell = - - - - - - 2.70

8 4=24 - - - 3.81 - - - 260

9 5-1 - - - 3.89 - - 2.35 2.61

Mean over _ - _ _ _ _ _ -

weeks

* -
Critical grass tetany forage indices: >4% N, >3% K, <0.2% Mg, and Milli-
equivalent ratios >2.2.

Trkg/ha
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Table 33. Summary of nutrient levels critical with respect to grass
tetany indices* for 1980 tall fescue forage.
Sampling Forage Milliequivalent
N K Mg Ratio
0-N" 135-N' 0-N 135-N O-N 135-N 0-N  135-N
Week Date yA %
1 3-14 - - - - - - - -
2 3-21 - - - - - - - -
4 4=4 - 4.40 3.31 4.00 - - - 2.41
5 4-11 - 4.20  3.44 4,11 - - 2.35 2.67
6 4-18 - - 3.21 4.06 - - 2.44  2.74
7 4=-25 - - - 3.60 .177 - 2.67 2.37
8 5-2 - - - 3.15 .194 - - 2.50
g 5-9 - - - - - = - 2.43
Mean over _ _ - 4496 . - - 2.31
weeks

*
Critical grass tetany forage

equivalent ratios >2.2.

1Tkg/ha

indices: >4% N, >3%Z K, <0.2%Z Mg, and Milli-
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not ruminants grazing these forages would have suffered from
grass tetany. Because grass tetany is caused by low blood serum
Mg and with the unfertilized forage 1in both years being tetany
prone due to low Mg at five of the nine sampling dates and the
fertilized forage at only one, it would seem reasonable to conclude
that N fertilization of tall fescue reduces the potential of
grass tetany. However} N fertilization also increased the N and
K content of the forage and the milliequivalent ratio. As to
which index is best, that is uncertain. Until that is known it is
not possible to say that N fertilization increases or decreases
the grass tetany potential of tall fescue, but it can be said
that N fertilization of tall fescue increases the Mg content of

the forage.
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WINTER WHEAT RESULTS AND DISCUSSION

Soil and Environment 1979 and 1980

The chemical properties of the Eudora silt loam for the 1979
and 1980 winter wheat studies are shown in Tables 34 and 33,
respectively. Exchangeable Al and Mn were not determined in 1979.

Liming of the Eudora soil resulted in increased soil pH,
increased soil cation exchange capacity (CEC), and increased
exchangeable Ca for 1979 (see Table 34). The stackdust limes soil
had the highest pH and Ca values, the unlimed soil had the lowest,
and the dolomite limed soil was intermediate. Exchangeable X was
not affected by liming. Exchangeable Mg wasg increased by liming
with dolomitic lime, but not affected by stackdust lime.

In 1979 the exchangeable Mg was 8, 9, and 22 percent of the
CEC in the unlimed, stackdust limed, and dolomite limed soils,
respectively. Only the dolomite limed soil was above the recommend-
ed minimum of 15% exchangeable Mg which is the reported level
needed to produce forage with greater than 0.2% Mg (8). The soil
Mg/X ratios, on a milliequivalent basis, from the three treatments
were above 1.2 critical value which is a minimum suggested to
prevent K from reducing Mg absorption by the plant. The Ca/Ng
ratios, on a milliequivalent basis, of the unlimed and dolomite
limed soils were below the recommended maximum value of 5, The
stackdust limed soil had a Ca/Mg ratio of 8.67 which well exceeds
the index value of 5. Calcium like K, when in high concentration
can be competative with Mg for uptake by the plant and can reduce
the amount of Mg absorbed by the plant.

The regression model of Turner et al. (76) (¥=0.1433 + 0.6987X,

Y=Mg in the plant, X=the ratio index (RI)) was developed for pre-
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dicting forage Mg levels from soll chemical data. For the unlimed,
the stackdust limed and the dolomite limed soils i1t predicts that
the forage should contain 0.19, 0.18 and 0.25 percent Mg,respect-
ively. Only the dolomite limed soil is expected to supply suffi-
cient Mg to prevent the formation of a tetany prone forage. The
unlimed soil is expected to produce a forage with a higher Mg
content than the stackdust limed soil based on the prediction of
the model.

The so0il chemical properties of the 1980 wheat study are
shown in Table 35. The results are similar to those found in the
1979 study. Liming increased the pH, CEC and exchangeable Ca. The
stackdust limed soil was higher in exchangeable Ca than the dolo-
mite limed soil, and both of these were higher than the unlimed
soil. The dolomite limed soil was higher in exchangeable Mg than
both the unlimed and the stackdust limed soils. Soll K was not
affected by liming. Liming decreased exchangeable Al to a level
below the analytical detection limit of the Al test. Exchangeable
Mn was alsco decreased by liming.

Magnesium occupied 8, 6, and 21 percent of the CEC in the
unlimed, stackdust limed and dolomite limed soils, respectively.
Again, as in 1979, only the dolomite soil was above the recommend-
ed 15% Mg saturation of the CEC, consequently the unlimed and the
stackdust limed soils may not have sufficient Mg to produce for-
ages with more than 0.2% Mg. Only the stackdust limed soil had a
Mg/K ratio, on a milliequivalent basis, below 1.2. It also had the
only Ca/Mg ratioc, on a milliequivalent basis, greater than 5. This
suggests that plants growing in the stackdust limed soll may have
trouble absorbing Mg because of the dual competition for absorp-

tion by Ca and K, and the resulting forage would probably be low
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in Mg. Since the ratio indexes (RI) in 1980 were the same as those
in 1979, the equation of Turner et al. (76) predicts the same
forage Mg levels for 1980 as in 1979.

With the favorable increase in soil pH due to liming, improved
plant performance is expected on the lime soils compared to the
unlimed. The pH was increased to a level where nutrient avaliabil-
ity is optimum for plant uptake. At the same time other elements
less desirable are reduced in the soil solution, especially the
toxic ions of Al and Mn. The solubility of Al and Mn compounds in
the soil is a function of soil pH and because the soil pH did not
change from 1979 to 1980, the 1980 Al and Mn values are assumed
to representative for 1979. In both 1979 and 1980 liming reduced
the level of exchangeablé Al and Mn in the soil. This means that
the plants growing on the unlimed soil will be growing with the
stress of toxic lons being present in the soil solution.

The environmental data for the 1979 and 1980 wheat studies
are in Tables 36 and 37, respectively.

In 1979 the soil water showed a decreasing trend with the
exception of week 3 when the soil water went from 13.6% in week 2
to 25.9% in week 3. This level is close to the field capacity of
the Eudora silt loam soil of 32% (field capcity = 1.5 PSI). Gen-
erally the maximum and minimum soil temperature had an increasing
trend. Soll temperature increased more rapidily when the soil
water content was low. This is probably due to the difference in
the heat capacities of water and air.

In 1980 the soil water had a general decreasing trend with
with time (see Table 37). In week 9 the soil water level was below
the wilting point, which for the Eudora soil is about 5% soil

water (wilting point = 218 PSI). Soil temperature increased more
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rapidly in 1980 than in 1979 and covered a broader range. This
was due to drier soil conditions in 1980. Some soil minimum temp-
eratures were below 0OC in 1980. When the soil temperature is
below OC the soil water may freeze which could result in a phys-
iological drought in the plants if the air temperature were to
increase suddenly. The formation of ice crystals in the plant

roots could be harmful to the plants also.

Plant results 1979

The effects of liming on Centurk wheat forage content of X,
Ca and Mg and the millieguivalent ratio are shown in Tables 38-
bl, respectively. Similar results for Centurk crowns are shown in
Tables 42-45. These results are also shown graphically in Figures
5 and 6. Maximum and minimum soil temperature and percent soil
water are included in each figure. Due to analytical problems

plant Al and Mn concentrations will not be reported here.

Wheat Forage

The mean K content of the wheat forage from the unlimed soil
was lower than the mean K content of the forages from the limed
soils over all weeks (see Table 38). The mean K content in the
forage from the dolomite and stackdust limed soils were not dif-
ferent over all weeks. In weeks 1, 6 and 7 there were no between
treatment differences in forage K content. In weeks 2, 5 and 9
the forage from the stackdust limed soil was higher in K than the
forage from the unlimed soil, but both of these were not signif-
icantly different in K content than the forage from the dolomite
limed soil. In weeks 3, 4 and 8 the forage from the dolomite
and the stackdust limed soils were not significantly different in
K content, but both were greater in XK content than the forage

from the unlimed so0il. The forage K trend with time for all treat-
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ments showed an increasing trend except for a slight decrease in
weeks 5 and 6 (see Figure 5). These decreases correspond to
decreases in maximum soil temperature at 5 and 10 cm.

Liming with stackdust increased the mean Ca content of the
forage (see Table 39). Within weeks 7 and 8 there were forage Ca
differences between treatments. Within weeks 1-6 and 9 the forage
from the stackdust limed soil was greater in Ca content than the
forages from the unlimed and the dolomite 1limed soils. The forage
Ca content from the unlimed and dolomite limed soils were not
different in those weeks. There is an apparent anomaly here. The
dolomite limed soil was higher in Ca than the unlimed soil so the
question is why doesn't the forage from the dolomite limed soil
have a higher Ca content than the forage from the unlimed so0il?
?he answer probably lies in the function of Ca to prevent injury
to the plant from high levels of toxic ions (15,77). In soils like
the unlimed soil where A13+ and Mn2+ concentrations are high
plants need a high concentration of Ca to control the toxicity of
thete cationd(77). The reason that the forage from the stackdust
limed soill was higher in Ca was because liming with stackdust
increased the available Ca supply relative to other cations for
plant uptake.

The mean forage Mg content over all weeks was different for
each treatment (see Table 40). The forage from the dolomite limed
goil was the highest, the forage from the unlimed soil the lowest,
and the forage from the stackdust limed soil intermediate. Only
the mean over all weeks for the forage from the dolomite limed
s0il was above the 0.2% Mg index, but then only slightly above
that value. In weeks 1, 2 and 6-9 the forage form the dolomite

limed soil was higher in Mg than the forages from the unlimed and



Figure 5. Seasonal trends in chemical composition of Centurk wheat
forage in 1979, as affected by no lime (**%), stackdust (™), or
dolomite (9%). Soil water and maximum (——) and minimum (---) soil

temperature at 5 and 10 cm are also shown.
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stackdust limed soils but the Mg content of the forages from the
unlimed and stackdust limed soils were not different. In weeks 3-5
the Mg content of the forage from the unlimed soil was lowest, the
Mg content of the forage from the dolomite limed soil highest, and
the Mg content of the forage from the stackdust limed soil inter-
mediate. The Mg content of the forages from the stackdust limed
and unlimed soils were never above 0.2% at any of the nine sam-
pling dates. The forage from the dolomite limed soil was above
0.2% Mg in weeks 3-7. These results can be seen clearly in Figure
B

Over all weeks the forage milliequivalent ratios were not
different for the forages from the stackdust and dolomite limed
soils, but these were significantly lower than the milliequivalent
ratio of the forage from the unlimed socil (see Table 41). The
three means over all weeks were above the 2.2 critical value; how-
ever, liming did decrease the magnitude of the already high milli-
equivalent ratios. There were no differences between treatments
within weeks 1, 2, 6 and 9. In weeks 3 and 5 the milliequivalent
ratios of the forage from the unlimed soil were greater than the
milliequivalent ratios of the forage from the stackdust limed
soil, but the milliegquivalent ratios of the forage from the dolo-
mite limed soil were not different from the others. In week 4 the
milliequivalent ratios of the forage from the stackdust and dolo-
mite limed soils were not different but both were less than the
milliequivalent ratio of the forage from the unlimed soil. In
week 7 the milliequivalent ratio of the forage from the unlimed
soil was greater than the millieguivalent ratio of the forage
from the dolomite limed soil. The milliequivalent ratio of the

forage from the stackdust limed soil was not different from the
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from the milliequivalent ratios of the other two forages. In
week 8 the milliequivalent ratios of the forages from the unlimed
and stackdust limed soils were not different, but both were great-
er than the milliequivalent ratio of the forage from the dolomite
limed soil. An interesting point is the similarity between the
milliequivalent ratio and the forage K trends with time (see

Figure 5).

Wheat Crowns

The effect of liming on Centurk crown K levels is shown in
Table 42. The effect of liming on.crown K was similar to the
effect of liming on forage X. Over all weeks liming increased the
mean K content of the crowns, yet the crowns from the stackdust
and dolomite limed soils were not different. All three means over
all weeks were above 3% XK. Within weeks 2, 5-7 and 9 there were no
between treatment differences in K content. In weeks 1, 3 and 4
the K levels in the crowns from the stackdust limed and the dolo-
mite limed soils were not different, but both were greater than
the K content of the crowns from the unlimed soil. In week 8 only
the crowns from the stackdust limed soil were greater in K than
the crowns from the unlimed soil. The crowns from the dolomite
limed soil and the unlimed soll were not different in X content
in week 8.

There were no differences due to treatment in the mean crown
Ca content over all weeks (see Table 43). This result is unlike
that for the forage because the forage from the stackdust limed
soil was much higher in Ca content than the forages from the other
two treatments. There were no differences in crown Ca contents in
weeks 1-4, 6, 8 and 9. In week 5 the crowns from the stackdust

and dolomite limed soils were not different but they were greater
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in Ca content than the crowns from the unlimed soil. The plots of
crown Ca content by sampling date show gsome interesting differences
(see Figure 6). In week 5 the Ca content of the crowns from the
stackdust and dolomite limed soils reach a maximum, whereas, the
crowns from unlimed soil reach a maximum in week 7. This may indi-
cate that the plants growing on the unlimed soil are maturing at
a slower rate than the plants on the stackdust and dolomite limed
soils. This may indicate that either Al or Mn in the unlimed soil
may be slowing plant growth or that liming increases plant growth.

The crown Mg results are shown in Table 44, Over all weeks
the crowns from the dolomite limed so0il were higher in Mg than
either the crowns from the stackdust limed soil or the unlimed
soll, and the crowns from the stackdust limed soil were signifi-
cantly higher in Mg than the crowns from the unlimed soil.These
results do not follow the soil Mg results. The dolomite limed soil
was higher 1in exchangeable Mg and as expected the crowns from it
were higher in Mg, but the stackdust limed and the unlimed soil
had the same amount of exchangeable Mg, yet the crowns from the
stackdust limed soil had a higher Mg content. In weeks 6-8 the
crowns from the unlimed and stackdust limed soils were not differ-
ent but both had less Mg than the crowns from the dolomite limed
soil., In weeks 3 and 4 the crowns from the dolomite limed soil had
the highest Mg content followed by the crowns from the stackdust
limed goil with an intermediate wvalue and lastly the crowns from
the unlimed soll with the lowest Mg content. In week 5 the crowns
from the dolomite limed sgoil were greater in Mg content the crowns
from the unlimed soil, but the crowns from the stackdust limed
soil were hot different from the other two. In weeks 1, 2 and 9

the crowns from the stackdust limed and the dolomite limed soils



Figure 6. Seasonal trends in chemical composition of Centurk wheat
crowns in 1979, as affected by no lime (w%) s stackdust (% ,| or
dolomite (e~¢) ., Soil water and maximun. (——) and minimum (---) soil

temperature at 5 and 10 cm are also shown.
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were not different in Mg content, but both were greater than the
crowns from the unlimed soils. These differences over time are
shown clearly in the plots of crown Mg content by sampling date
in Figure 6.

Over all weeks thefe were no differences in the mean crown
milliequivalent ratios between treatments with the means all above
2.2 (see Table 45). There were no differences between treatments
in weeks 1-4 and 6-9. In week 5 the milliequivalent ratio of the
crowns from the unlimed soil was greater than the milliequivalent
ratio of the crowns from the stackdust limed soil, but the milli-
equivalent ratio of the crownsg from the dolomite limed soil was
not significantly different than the other two. Regardless of
treatment the crown milliequivalent ratios were always greater and
sometimes much greater than the forage index value of 2.2. Like
the forage, the crown milliequivalent ratio change with time

followed the crown K change (see Figure 6).

Correlations

Linear correlation coefficients for the significant correla-
tions of plant factors with environmental factors are shown in
Tables 46 and 47 for the 1979 Centurk wheat forage and crowns,
respectively.

Forage K was negatively related to soil water in all three
treatments and positively related to soil-water potential and
maximum and minimum soil temperature at 5 and 10 cm (see Table 46).
Forage from the unlimed and dolomite limed soils had significant
positive relationships between forage XK and forage Ca.

Forage Ca content was positively related to forage Mg levels
and to maximum soll temperature at 5 and 10 cm, but only for the

forages from the unlimed and dolomite limed soils.
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Forage Mg from the stackdust limed soll was not significantly
related to any other factors and forage Mg from the dolomite limed
s0il was related positively to only forage Ca. The Mg content of
the forage from the unlimed soil was positively related to forage
Ca and maximum soil température at 5 and 10 cm.

The forage milliequivalent ratios were hegatively related to
soil water content and positively related to soil-water potential
and maximum and minimum soil temperature at 5 and 10 cm for all
treatments. The soil-water potential had a stronger relationship
to the milliequivalent ratio than did the soil water content. The
strong relationship between soil temperature and the milliequiva-
lent ratio is probably due to the strong relationship of forage K
to temperature because forage Mg and Ca did not have a linear
relationship to soil temperature.

The significant linear correlation coefficients for Centurk
crowns are presented'in Table 47. Similar to forage K, crown K was
positively related to maximum and minimum soll temperature at 5
and 10 cm, soil-water potential and crown Mg content for all
three treatments. Crown Ca for all three treatments was positive-
ly related to crown Mg content. This relationship was strongest
for the Ca content of the crowns from the unlimed soil. Beside the
relationships mentioned above, crown Mg from all three treatments
was positively related to maximum soil temperature at 5 cm. The
crown milliequivalent ratio from each treatment was positively
related to soil-water potential and maximum and minimum soil
temperature at 5 and 10 cm with the exception of the milliequiva-
lent ratio of the crowns from the unlimed soil and the maximum

gsoil temperature at 5 cm.
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Comparison of Forage and Crowns

Forage and crown K, Ca, Mg and milliequivalent ratios were
compared within treatments. The results are shown in Tables 48,
49 and 50 for the forage and crowns from the unlimed, stackdust
limed, and the dolomite limed soils, respectively.

For the forage and crowns from the unlimed soil the K con-
tent of the crowns was greater than the forage K content in weeks
3, 5, 6 and 9 (gee Table 48). In the remaining weeks (1, 2, 4, 7
and 8) there were no differences between the forage K content and
the crown K content. There were differences in the forage and
crown Ca content in every week except week 7. In each week when
differences were found the forage was higher in Ca content than
the crowns. Magnesium in the forage was greater in weeks 1-3 and
and lower in week 8. There were differences between the forage and
crown milliequivalent ratios in every week except week 7. When
differences when differences occurred the crown had the higher
milliequivalent ratio. The weeks where these differences occurred
correspond to the weeks when differences in the forage and crown
Ca content occurred.

With respect to the wheat plants grown on the stackdust
limed soil, the K content of the crowns was higher in weeks 1-4,
6 and 9 (see Table 49). The remaining weeks showed no differences.
The Ca content of the forage was higher in every week. The Mg
content wag different only in weeks 2 and 8. In week 2 the forage
was higher in Mg and in week 8 the crown was. The milliequivalent
ratio was greater in the crowns in every week except in week 5
where there was no difference in the forage and crown milliequi-
valent ratios.

The forage and crowns from the dolomite limed soil had higher
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Table 48. Comparison of forage and crowns from Centurk wheat

growing on unlimed Eudora soil in 1979.

Week Plant K Ca Mg Ratio

part
1 Forage 1.60 0.231 0.123 1.89
Crown 1.73 0.106 0.095 3.24
(LSD) (0.19) (0.025) (0.013) (0.33)
2 Forage 1.71 0.266 0.117 1.92
Crown 1.86 0.123 0.097 3.36
(LSD) (0.16) (0.027) (0.006) (0.31)
3 Forage 2.50 0.317 0.138 2.35
Crown 2.89 0.166 0.120 4.07
(LSD) (0.34) (0.047) (0.009) (0.38)
4 Forage 3.33 0.399 0.137 2.74
Crown 3.51 0.177 0.131 4.61
(LSD) (0.46) (0.029) (0.009) (0.52)
5 Forage 2.70 0.472 0.141 1.97
Crown 2.95 0.263 0.144 3.13
(LSD) (0.18) (0.176) (0.010) (0.74)
6 Forage 2.75 0.513 0.141 1.90
Crowm 3.02 0.341 0.150 2.82
(LSD) (0.16) (0.147) (0.024) (0.69)
7 Forage 4.30 0.530 0.158 2.81
Crown 4.28 0.522 0.168 2.88
(LSD) (0.32) (0.093) (0.024) (0.61)
8 Forage 5.02 0.415 0.128 4.15
Crown 4,88 0.262 0.141 4,98
(LSD) (0.33) (0.052) (0.010) (0.55)
9 Forage 4,74 0.428 0.131 3.80
Crown 5.11 0.231 0.139 5.74
(LSDh) (0.23) (0.025) (0.043) (0.41)

P=.,05
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Table 49. Comparison of forage and crowns from Centurk wheat

growing on stackdust limed Eudora soil in 1979.

Week Plant K Ca Mg Ratio
part

1 Forage 1.79 0.341 0.140 1,61

Crown 2,28 0.166 0.125 3.13

(LSD) (0.19) (0.025) (0.013) (0.33)

2 Forage 2.04 0.364 0.134 1.78

Crown 2.28 0.178 0.121 3+13

(1.SD) (0.16) (0.027) (0.006) (0.31)

3 Forage 3.06 0.512 0.168 2.00

Crown 4.04 0.246 0.164 4.00

(LSD) (0.34) (0.047) (0.009) (0.52)

4 Forage 3.75 0.565 0.166 2.31

Crwon 4.30 0. 240 0.165 4,30

(LSD) (0.46) (0.029) (0.009) (0.52)

5 Forage 3.03 0.666 0.168 1.66

Crown 3.17 0.487 0.164 2.25

(LSD) (0.18) (0.176) (0.010) (0.74)

6 Forage 2.96 0.636 0.166 1.67

Crown 3.24 0.285 0.163 3.00

(LsSD) (0.16) {0.147) (0.024) (0.69)

7 Forage 4.32 0.556 0.190 2,58

Crown 4,60 0.376 0.188 3.47

(LSD) (0.32) (0.093) (0.024) (0.61)

8 Forage 5.50 0.459 0.146 4,06

Crown 5.50 0.310 0.162 4,92

(LsSD) (0.33) (0.052) (0.010) (0.55)

9 Forage 5.11 0.497 0.150 3.53

Crown 5.51 0.270 0.169 5.21

(L.SD) (0.23) (0.025) (0.043) (0.41)

P =

.05
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K in the crowns than in the forage in weeks 1-6 and 9 (see Table
50). Differences in Ca appeared in every week except week 5. Again
the Ca content of the forage was greater than that of the crowns
when differences occurred. Maghesium content was different in
weeks 1-7. In each difference the forage had higher Mg content
than the crowns. The milliequivalent ratio was greater in the

crowns than in the forage in every week of the study.

Plant Results 1980

The effect of liming onh Newton wheat forage content of K, Ca
and Mg and the milliequivalent ratio are shown in Tables 51-54,
respectively. The crown data is shown in Tables 55-58. These
results are shown graphically in Figures 7 and 8. Maximum and
minimum soil temperature and percent soil water are included in
each figure. Due to analytical problems the plant Al and Mn

contents will not be reported here.

Wheat Forage

The mean percent K in the wheat forage was increased by
liming over all weeks (see Table 51). The mean percent K over
all weeks was above the 3% critical value for all three treatments.
In weeks 2 and 9 there were n6 treatment differences. In weeks 1,
3-6 and 7 the forage from the stackdust and the dolomite limed
soils were not different in K content, but both were greater in K
than the forage from the uhlimed soil. In week 8 the forage from
the stackdust limed soil was greater in K than the forage from the
unlimed soil, but the forage from the dolomite limed soil was not
different than the other two. The forage from the unlimed soil was
below 3% XK in weeks 1, 2 and 9. The forage from the limed goils
were below 3% X only in week 1. Forage K was increasing by sampling

date for the first 7 sampling dates and decreased slightly in the
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Comparison of forage and crowns from Centurk wheat
growing on dolomite limed Eudora soil in 1979.

Week Plant X Ca Mg Ratio
part
1 Forage 1.84 0.241 0.184 1.74
Crown 2.28 0.128 0.148 3.14
(LSD) (0.19) (0.025) (0.013) (0.33)
2 Forage 1.91 0.253 0.168 1.86
Crown 2.19 0.125 0.141 3.17
(LSD) (0.16) (0.027) (0.006) (0.31)
3 Forage 2.97 0.356 0.221 2.11
Crown 3.91 0.183 0.205 3.86
(LSD) (0.34) (0.047) (0.009) (0.38)
4 Forage 3.64 0.430 0.225 2.33
Crown 4.40 0.180 0.200 4.44
(LSD) (0.46) (0.029) (0.009) (0.52)
5 Forage 2.92 0.484 0.211 1.80
Crown 3.27 0.391 0.179 2.63
(LSD) (0.18) (0.176) (0.010) (0.74)
6 Forage 2.99 0.543 0.218 1.76
Crown 3.20 0.314 0.192 2,73
(LSD) (0.16) (0.147) (0.024) (0.69)
7 Forage 4.37 0.530 0.248 2.39
Crowm 4.54 0.337 0.216 3.46
(LSD) (0.32) (0.093) (0.024) (0.61)
8 Forage 5.22 0.429 0.188 3.66
Crown 5.32 0.258 0.190 4.82
(LSD) (0.33) (0.052) (0.010) (0.55)
9 Forage: 4.96 0.414 0.185 3.54
Crowm 5.48 0.223 0.180 5.42
(LSD) (0.23) (0.025) (0.043) (0.41)
P = .05
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last two sampling dates (see Figure 7).

Qver all weeks the mean Ca content of the forage was
inereasgsed by liming with stackdust, but was decreased by liming
with dolomite (see Table 52). In week 1 the forage from the stack-
dust limed soil was the highest in Ca, the forage from the unlimed
soil intermediate and the forage from the dolomite limed soil the
lowest. In weeks 2, 4 and 5 the forage from the unlimed and dolo-
mite limed soils were not different in Ca content, but both were
significantly lower than the forage from the stackdust limed soil.
In weeks 3 and 6-8 the Ca content of the forages from the unlimed
and the stackdust limed goil were not different, but both were
greater in Ca than the forage from the dolomite limed seoil. Forage
Ca content decreased slightly with sampling date (see Figure 7).

The mean Mg content over all weeks was greatest for the
forage from the dolomite limed soil and was above the 0.2% grass
tetany index (see Table 53). Magnesium in the forages from the
unlimed and stackdust limed soils were not different over all
weeks, but both were below 0.2% Mg. In weeks 1-7 and in week 9
the Mg content of the forage from the unlimed and stackdust limed
soils were not different, but both were less than the forage from
the dolomite limed soil. In week 8 the forage from the dolomite
limed soil had a greater Mg content than the forage from the
unlimed soil, but the Mg content of the forage from the stackdust
limed soil was not significantly different from the other two.

The forages from the stackdust limed and unlimed soils were never
above 0.2% Mg content at any sampling date. The forages from the
dolomite limed soil was above 0.2% Mg for the first 5 sampling
dates. Figure 7 shows these differences clearly.

Over all weeks the mean milliequivalent ratio for the forage



Figure 7. Seasonal trends in chemical composition of Newton wheat
forage in 1980, as affected by no lime (%% ), stackdust (#x), or
dolomite (%), Soil water and maximum (—) and minimum (---) soil

temperature at 5 and 10 cm are also shown.
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from the stackdust limed soil was greater than the milliequivalent
ratio of the forage from the unlimed socil (see Table 54). The
milliequivalent ratio of the forage from the dolomite limed soil
over all weeks was not different than the milliequivalent ratios
of the forages from the unlimed and stackdust limed soils. There
were no between treatment differences in the forage milliequivalent
ratios in weeks 1, 2, 4-6 and 9. In weeks 3 and 8 the milliequi-
valent ratio of the forage from the stackdust limed soll was
greater than the milliequivalent ratioc of the forage from the
unlimed soil, and the milliequivalent ratio of the forage from
the dolomite limed soil was not significantly different than the
forage milliequivalent ratios from the other two treatments. In
week 7 the milliequivalent ratios of the forages from the stack-
dust and dolomite limed soils were not different, but both were
greater than the milliequivalent ratio of the forage from the
unlimed soil. The means over all weeks for each treatment was
greater than 2.2. Only in weeks 1 and 2 were all three forage
milliequivalent ratios below 2.2 and in week 3 the forage from the
unlimed soil had a milliequivalent ratio below 2.2. Over time
the forage milliequivalent ratio curve had the same general shape

as the forage K curve (see Figure 7).

Wheat Crowns

The effect of liming on crown K content is shown in Table 55.
Over all weeks the mean crown K content was nhot different for the
crowns from the stackdust and dolomite limed soils, but both were
greater in K content than the crowns from the unlimed soil. The
over all week crown K means were above 3%, but the crowns from the
unlimed soil were only slightly above the 3% level. There were no

between treatment differences in crown K content in weeks 8 and 9.
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In weeks 1-3, 6 and 7 the K content of the ecrowns from the stack-
dust and dolomite limed soils were not different, but both were
greater than the K content of the crowns from the unlimed soil.
In week 4 the crowns from the dolomite limed soil were highest in
X, the crowns from the stackdust limed soil were intermediate and
the crowns from the unlimed soil were lowest in K. In week 5 the
crowns from the stackdust limed soil were greater in K than the
crowns from the unlimed soil, and the crowns from the dolomite
limed soil were not significantly different from the crowns of the
other treatments. The K content of the crowns covered quite a
broad range over the 9 sampling dates (see Figure 8). The crowns
from the unlimed soil had an initial K conhtent of 1.97% and a
maximum content of 4.15% K in week 7 and a final K content of
1.45%. The crowns from the stackdust limed soil had an initial K
content of 2.73%, a high value of 5.30% in week 7, and a final
value of 1.73% K. The crowns from the dolomite limed soil initial-
ly had 2.59% K and reached a high value of 5.34% K in week 4, and
had a final value of 1.54% XK. These changes in K content show how
quickly and to what extremes K can vary in wheat plant tissue. It
is rapid changes like these that give the grass tetany syndrome
its sporadic nature.

The mean Ca content over weeks was highest for the crowns
from the stackdust limed soll. In weeks 1 and 3-5 the crowns from
the unlimed and dolomite limed soils were not different in Ca con-
tent, but both were lower than the crowns from the stackdust limed
soil., In week 6 the crowns from the unlimed soil were greater in
Ca content than the crowns from the other two treatments. In week
7 the crowns from the unlimed soil were greater in Ca content than

the crowns from the dolomite limed soil, but the crowns from the



Figure 8. Seasonal trends in chemical composition of Newton wheat
crowns in 1980, as affected by no lime (%#%), stackdust (mx), or
dolomite (Q—gj. Soil water and maximum (—-) and minimum (---) soil

temperature at 5 and 10 cm are also shown.
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stackdust limed soil were not significantly different than the
crowns from the other two treatments (see Figure 56). There were
no between treatment differences in crown Ca content in weeks 8
and 9. Crown Ca did not change much with time as is seen in Figure
8.

Over all weeks mean crown Mg was highest in the crowns from
the dolomite limed soil, intermediate in the crowns from the stack-
dust limed soil, and lowest in the crowns from the unlimed soil
(see Table 57). In weeks 8 and 9.there were no between treatment
differences in Mg content. In weeks 1-7 crown Mg was greatest in
the crowns from the dolomite limed soil, intermediate in the crowns
from the stackdust limed soil, and lowesgt in the crowns from the
unlimed soil. The crown Mg trends with sampling date show these
differences very well (see Figure 8).

The mean crown milliequivalent ratios over all weeks were
not different between treatments (see Table 58). This may indicate
that Newton wheat malntains a balance between the K, Ca and Mg
concentrations in the crowns. There were no between treatment
differences in the crown milliequivalent ratios in weeks 1-3, 5
and 6. In week 4 the crowns from the dolomite limed soil had a
greater milliequivalent ratio than the crowns from the stackdust
limed soil. The milliequivalent ratio of the crowns from the un-
limed soil were not different from the other two treatment crown
milliequivalent ratios in week 4. In weeks 7 and 9 the crowns
from the stackdust limed soil had a higher milliequivalent ratio
than the crowns from the unlimed soil, but neither were different
than the milliequivalent ratio of the crowns from the dolomite .
limed soil. In week 8 the crowns from the stackdust and the dolo-

mite limed soill did not have significantly different milliequi-
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valent ratios, but both were greater than the milliequivalent ratio
of the crowns from the unlimed soil. The crown milliequivalent

ratios were quite variable with sampling as seen in Figure 8.

Correlations

Linear correlation coefficients for the significant corre-
lations of plant factors with environmental factors are shown in
Tables 59 and 60 for the 1980 Newton wheat forage and crowns,
respectively.

Potaggium in the forages from the unlimed and dolomite limed
soils was negatively related to forage Ca (see Table 59). Calcium
in the forage from the stackdust limed soil was negatively related
to soil-water potential. Forage K from all three treatments was
positively related to maximum soil temperature at 10 cm. This
depth may have been the site of most active K absorpticn by the
plant. |

Forage Ca from all three treatments was strongly positively
related to forage Mg and soll water content. All three were also
strongly hegatively related to maximum and minimum soill temperature
at 5 and 10 em. The Ca content of the forage from the stackdust
limed soil had the strongest relationship to soil temperature.

Forage Mg was strongly positively related to soil water
content for forages from all three treatments, and negatively
related to soil-water potential. Forage Mg was negatively related
to maximum and minmum soil temperature at 5 and 10 cm. Magnhesium
in the forage from the dolomite limed soil had the strongest
relationship to soil temperature.

The forage milliequivalent ratio was negatively related to
soil water content for each treatment. This is contrary to findings

by other researchers that have found a positive relationship to
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exist between soil water and the forage milliequivalent ratio. The
forage millieguivalent ratio was also positively related to maxi-
mum and minimum soil temperature at 5 and 10 cm. The forage from
the stackdust limed soll had the strongest relationship between
the milliequivalent ratio and soll temperature.

Crown K content was positively related to crown Ca content,
crown Mg content and negatively related to soil-water potential
for the crowns from all three treatments (see Table 60). Crown K
content was not significantly related to soil temperature at
either depth. Crown Ca Was positively related to crown Mg with the
crowns from the stackdust limed soil having the strongest relation-
ship. Crown Mg was positively related tc soll water and negatively
related to soll-water potential. The Mg in crowns from the stack-
dust and dolomite limed soils was negatively related to the maxi-
mum and minimum soll temperatures at 5 and 10 cm with the crowns
from the dolomite limed soil having the strongest relationship.
The crown milliequivalent ratio was positively related to the maxi-
mum and minimum soil temperatures at 5 and 10 cm, but only for the

crowns from the stackdust and dolomite limed soils.

Comparison of Forage and Crowns

The comparison of forage chemical composgition to that of the
crowns are shown in Tables 61, 62 and 63 for the unlimed, stack-
dust limed and the dolomite limed solls, respectively.

The forage and crowns from the unlimed soil were different
in X content in weeks 1, 2, 6, 8 and 9 (see Table 61). In each
difference the forage was higher in K content than the crowns.
Calcium was higher in the forage at every sampling date. Forage
and crown Mg contents were different in weeks 1, 2, 5 and 7-9. In

weeks 5 and 7 the crowns were higher in Mg than the forage. The
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Table 61. Comparison of forage and crowns from Newton wheat

growing on unlimed Eudora so0il in 1980.

Week Plant K Ca Mg Ratio
part
1 Forage 2,23 0.568 0.143 1.43
Crown 1.97 0.174 0.098 3.01
(LSD) (0.17) (0.044) (0.009) (0.20)
2 Forage 2.99 0.547 0.141 1.97
Crown 2.31 0.158 0.105 3.58
(LsD) (0.47) (0.030) (0.014) (0.39)
3 Forage 3.24 0.531 0.151 2.13
Crown 3.14 0.211 0.151 3.49
(LSD) (0.29) (0.021) (0.011) (0.23)
4 Forage 3.68 0.535 0.159 2.38
Crown 3.72 0.227 0.165 3.97
(LSD) (0.88) (0.039) (0.016) (1.01)
5 Forage 4,20 0.457 0.132 3.20
Crown 4,10 0.196 0.150 4,76
(LSD) (0.43) (0.025) (0.004) (0.39)
6 Forage 3.64 0.461 0.122 2.83
Crown 3.30 0.281 0..127 3.70
(LSD) (0.15) (0.094) (0.013) (0.68)
7 Forage 4.22 0.455 0.123 3.30
Crown 4.15 0.301 0.148 3.91
(LSD) (0.22) (0.026) (0.015) (0.46)
8 Forage 3.43 0.430 0.120 2.80
Crown 3.09 0.178 0.096 4.72
(LsSD) (0.32) (0.041) (0.014) (0.46)
9 Forage 2.96 0.412 0.112 2«25
Crown 1.45 0.153 0.054 3.01
(LSD) (0.40) (0.069) (0.014) (0.62)
P = .05
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milliequivalent ratio showed differences in weeks 1-8. The crowns
always had the higher ratio when differences occurred.

The forage and crowns from the stackdust limed soil had
differences in K content in weeks 6-9 (see Table 62). In weeks 6,
8 and 9 the forage was higher in K than the crowns. Calcium was
higher in the forage at all 9 sampling dates. In weeks 1, 8 and 9
the forage was higher in Mg than the crowns and in weeks 3-7 the
opposite was true. The milliequivalent ratio was greater in the
crowns at all 9 sampling dates.

In the wheat from the dolomite limed soil differences in the
K content between the forage and crowns occurred in weeks 6, 7 and
9. The forage was higher in K in weeks 6 and 9. Calcium was great-
er in the forage than in the crowns at all 9 sampling dates. The
forage Mg content was greater than the crpwn Mg content in weeks
1-3, 8 and 9, and higher in the crowns only in week 7. The milli-
equivalent ratio was higher in the crowns at all 9 sampling dates

of the study.



Table 62. Comparison of forage and crowns from Newton wheat
growing on stackdust limed Eudora scil in 1980.

Week Plant K Ca Mg Ratio
part
1 Forage 2.87 0.655 0.146 1.64
Crown .13 0.220 0.125 2.28
{LSD) (0.17) (0.044) (0.009) (0.020)
2 Forage 3.31 0.613 0.149 1.98
Crown 3.11 0.199 0.13¢9 372
(LSD) (0.47) (0.030) (0.014) (0.39)
3 Forage 3.95 0.574 0.159 2.43
Crown 4,03 0.256 0,183 3.71
{LSD) (0.29) (0.021) (0.011) (0.23)
4 Forage 4.53 0.605 0.las6 2.65
Crown 4.68 0.272 0.197 3.71
(LSD) (0.88) (0.039) (0.016) (1.01)
5 Forage 4.61 0.537 0.142 3.06
Crown 4.72 0.273 0.174 4,31
(LSD) (0.43) (0.025) (0.004) (0.39)
6 Forage 4,51 0.457 0.134 3.42
Crown 4,14 0.226 0.154 4.41
(LSD) (0.15) (0.094) (0.013) (0.68)
7 Forage 4.93 0.475 0.138 3.60
Crown 5.30 0.283 0.172 4.86
(LSD) (0.22) (0.026) (0.015) (0.46)
8 Forage 3.97 0.429 0.133 3.14
Crown 3.60 0.163 0.102 5.58
(LSD) (0.32) (0.041) (0.014) (0.46)
9 Forage 3.32 0.404 0.120 2.84
Crown 1.73 0.129 0.061 3.89
(LSD) (0.40) (0.069) (0.014) (0.62)

.05
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Table 63. Comparison of forage and crowns from Newton wheat

growing on dolomite limed Eudora soil in 1980.

Week Plant K Ca Mg Ratio
part
1 Forage 2.66 0.511 0.239 1.51
Crown 2,59 0.161 0.157 3.17
(LSD) (0.17) (0.044) (0.009) (0.20)
2 Forage 3.35 0.513 0.251 1.86
Crown 3.10 0.151 0.179 3.57
(LSD) (0.47) (0.030) (0.014) (0.39)
3 Forage 3.79 0.486 0.240 2,21
Crown 4,00 0.195 0.225 3.62
(LSD) (0.29) (0.021) (0.011) (0.23)
4 Forage 4.61 0.486 0.251 2.63
Crown 5.34 0.198 0.240 4.65
(LSD) (0.88) (0.039) (0.016) (1.01)
5 Forage 4.87 0.431 0.219 3.16
Crown 4.63 0.195 0.216 4,32
(LSD) (0.43) (0.025) (0.004) (0.39)
6 Forage 4.56 0.372 0.193 3.39
Crown 4,17 0.183 0.183 4.41
(LSD) (0.15) (0.094) (0.013) (0.68)
7 Forage 4.71 0.381 0.173 3.63
Crown 4.97 0.244 0.201 4.44
(LSD) (0.22) (0.026) (0.015) (0.46)
8 Forage 3.77 0.390 0.152 3.06
Crown 3.52 0.137 0.113 5.60
(LSD) (0.32) (0.041) (0.014) (0.46)
9 Forage 3.27 0.411 0.144 2.61
Crown 1.54 0.123 0.071 3.29
(LSD) (0.40) (0.069) (0.014) (0.62)
P=.,05
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WINTER WHEAT SUMMARY AND CONCLUSIONS

The 1979 results show that liming can have a large influ-
ence on the chemical composition of Centurk wheat forage and
crowns., Liming with both stackdust and dolomite increased the
forage K levels and the crown X and Ca levels. The K result is
interesting because the soil exchangeable K levels were the same
for the limed and unlimed soils. The probable effect of the liming
which resulted in the K increases is the increase in soil pH. With
the increase in pH exchangeable Al and Mn levels are reduced. This
reduction in potentially toxic ions improved plant growth, health
and vigor. This improved performance is reflected in the higher K
levels.

Another interesting result is the forage Ca content from the
unlimed soil. The forage Ca content over all weeks from the un-
limed soil was greater than the Ca content of the dolomite limed
soil, even though the exchangeable Ca in the dolomite limed soil
was greater than the exchangeable Ca in the unlimed soil. One
function of Ca in a plant is to reduce the injurious effects of
toxic levels of certain nutrients (15,77). Because the unlimed
soil is known to be high in both Al and Mn, the plants growing
on this soil are probably trying to reduce injury by actively
increasing the tissue Ca levels (77).

The milliequivalent ratios were strongly positively related
to soil temperature. This was a result of potassiums strong
positive relationship to soil temperature. Potassium in the forage
and crowns increased with increasing soil-water potential and
soil temperature. These two environmental factors are interelated.
As the soil-water potential increases the soil becomes drier, and

as the soil becomes drier the soil temperature can increase fast-
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er. A warmer soil means greater plant growth and activity, and
thus a greater need for K.

The forage Mg and crownh Mg levels were increased by liming.
0f the two limes, the dolomite lime supplied more Mg to the soil
and consequently, the wheat plants growing on the dolomite limed
soll had higher Mg contents. The forage and crowns from the stack-
dust limed soil had an intermediate Mg content hetween those from
the other two treatments. Even though the soil Mg levels were
the same in the unlimed and stackdust limed socils the wheat from
the stackdust limed soil had the higher Mg content. The reason
why this occurred is similar to the reason for the increased K
uptake by the wheat plants growihg on the stackdust limed soil.
Even though liming with stackdust did not increase exchangeable
Mg it did reduce the levels of potentially toxiec Al and Mn. This
resulted in a root enviromment more favorable for active plant
growth and consequently more Mg uptake.

Forage and crown Mg and Ca did not show a strong relation-
ship to soll temperature, but forage and crown K did. These
differences may be related to the membrane bound ATPases respon-
sible for the active uptake of the respective cations. The
divalent cation ATPases in wheat may function over a much broader
temperature range than the monovalent cation ATPases and at low
temperatures the monovalent ATPases could even be inactive
because of an increase in the activation energy of the X ATPase.

In 1980 liming increased the K content of Newton wheat for-
age and crowns. Stackdust lime increased the Ca content of the
forage and crowns, but liming with dolomite decreased the Ca con-
tent of both plant parts when compared to wheat plants growing on

unlimed soil. The reason for this 1s probably the same as discussed
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previously. Liming reduced the levels of potentially toxic Al and
Mn in the soil which provided a better soil enviromment for the
wheat to grow in. The wheat growing in the stackdust limed soil
assimilated more Ca because the supply of Ca was greatest. In the
unlimed soil the wheat asgsimilated more Ca to ward off the poten-
tially injurious effects of Al and Mn in the soil solution (77).
In the dolomite limed soil there was a better balance in the soil
levels of Ca and Mg and the wheat growing there assimilated more
Mg than the wheat growing in the stackdust limed soil.

In 1980 only the Mg in the wheat from the dolomite limed
soill was increased. This is different than the results from 1979
where the wheat from the stackdust limed soil had an increase in
Mg content due to liming also. Magnesium uptake in 1980 seems %o
be a function of supply rather than both plant health and supply
as it was in 1979.

In 1980, unlike 1979, the forage and crown K was not signif-
icantly related to soil temperature. This may be due to varietal
differences between Centurk and Newton wheats. Forage Ca and Mg
were negatively related to soil temperature and positively related
to soil water content. This too is unlike the 1979 results. The
milliequivalent ratios in 1980 like those in 1979 were positively
related to soil temperature. With respect to grass tetany etiology
this temperature effect may be more severe for the 1980 Newton
wheat, because instead of having higher milliequivalent ratios
due to K increasing with temperature the ratios increased because
the divalent cations were decreasing with increasing temperature.
This results in lower forage Mg which is needed in high concen-
tration in the forage to prevent grass tetany.

Comparing the crown chemical compesition to that of the
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forage, it was found in both years for both varieties of wheat
that the crowns never had a higher Ca content than the forage.
This may be due to calciums low mobility and the plants need to
have a ready supply of Ca available for the onset of more favor-
able growing conditions. It was also found that the forage never
had a milliequivalent ratio higher than the crowns. This is good
with respect to grass tetany, because the crown milliequivalent
ratios were very high in some instances.

The soil properties discussed previously predicted that only
a forage from the dolomite limed soil would have a Mg content
above 0.2%. This prediction was true for both years for the forage
Mg means over all weeks. There were weeks in which the forage Mg
level did drop below 0.2% though. The regression equation of
Turner et al. (76) predicted lower than found forage Mg contents
in both years.

Tables 64 and 65 are summaries for 1979 and 1980 respective-
ly, of when the K or Mg content or the milliequivalent ratio were
above or below their respective indexes and were creating a tetany
prone forage. When forage K is 3% or above the forage is consider-
ed to be tetany prone and when the forage Mg content is below 0.2%
the forage 1s also considered tetany prone. When the forage milli-
equivalent ratio is above 2.2 the forage is considered to be
tetany prone.

In 1979 the forage from the unlimed and dolomite limed soilg
had four weeks in which the X content was above 3% (see Table 64).
Liming with stackdust increased the nhumber of weeks in which the
forage K wag above 3% to six weeks. The forage K means over all
weeks for all three treatments were above 3%.

The forage from the unlimed and stackdust limed soils were
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Table 64. Summary of nutrient levels critical with respect to grass
tetany indices®* for Centurk wheat forage in 1979,

Sampling Forage Milliequivalent
K Mg Ratio
g §' ol U S D U S D
Week Date -Z %
1 3-16 - - - 123 .140 ,184 - - -
2 3-23 - - - 17 .134  .168 - - -
3 3-30 - 3.06 - .138 .168 - 2.35 - -
4 4-6 3,33 3.75 3,64 137 166 - 2.74 2,31 2,33
5 4-13 - 3.03 - 141 ,168 - - - -
6 4-20 - - - 141 166 - - - -
7 4=27 4,30 4.32 4,37 .158 .190 - 2.81 2.58 2.39
8 5-4 5.02 5.50 5.22 .128 .146 .188 4.15 4,06 3,66
9 5-11 4.74 5.11 4.96 .131 .150 .185 3.80 3.53 3.54
MEdD. oveE 3.18 3.51 3.42  .135 .159 - 2.61 2.35 2.35
weeks
*Critical grass tetany forage indices: >4% N, >3% K, <0.2% Mg, and Milli-

equivalent ratios >2,2.
U=unlimed, S=stackdust, and D=dolomite,



132
below 0.2% Mg at all nine sampling dates. Liming with dolomite
increased the forage Mg content above 0.2% in four of the nine
sampling dates. The forage Mg means over all weeks for the forages
from the unlimed and stackdust limed soils were below 0.2%.

Liming with either stackdust or dolomite decreased the number
of sampling dates the forage milliequivalent ratio was above 2.2
by one. The milliequivalent ratio of the forage from the unlimed
soil was above 2.2 in five weeks. Liming reduced the magnitude of
the mean forage milliequivalent ratio over all weeks, but the
milliequivalent ratio means over all weeks remained above 2.2 for
all treatments.

In 1980 liming increased forage K content above the critical
3% level in six weeks, an additional two weeks over 1979 (see
Table 65). The forage K means over all weeks for all three treat-
ments were well above the 3% critical level.

Liming with dolomite increased forage Mg above 0.2% in five
sampling dates. The Mg content of the forage from the unlimed and
stackdust limed soils were never above the 0.2% level. Only the
forage from the dolomite limed soil had a Mg content mean over all
weeks above the critical 0.2% Mg level.

The milliequivalent ratio of the forage from the unlimed
soil was above 2.2 at gix sampling dates. Liming with either stack-
dust or dolomite increased the number of sampling dates the milli-
equivalent ratio was above 2.2 by one. The means over all weeks
for the forage milliequivalent ratios from all the treatments
were above 2.2. The 1980 forage milliequivalent ratio results are
different than the 1979 results in that liming in 1979 reduced the
maghitude of the milliequivalent ratio and in 1980 liming increas-

ed it.
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Table 65. Summary of nutrient levels critical with respect to grass
tetany indices* for Newton wheat forage in 1980.
Sampling Forage Milliequivalent
K Mg Ratio
U1I Sﬂ D'IT i) S D U S D
Week Date —-——Z - ——— -
1 3-11 - - 143 (146 - ~ - -
2 3-18 3.31 3.35 141 (149 - - - -
3 3-25 3.24 3.95 3.79 .I51 ,159 - - 2.43 2,21
4 4=1 3.68 4.53 4.61 159 .166 - 2,38 2.65 2.63
5 4-8 4,20 4.61 4.87 132 142 - 3.20 3.06 3.16
6 4=15 3.64 4,51 4.56 122,134 ,193 2,83 3.42 3.39
7 4=22 4.22 4,93 4.71 123 138 173 3.30 3.60 3.63
8 4-29 3.42 3.97 3.77 L1200 .133 .152 2.80 3,14 3.06
9 5-6 = 3:.32 3.27 L1120 ,120 (144 2,55 2.85 2.61
Mean over 3.40 4,00 3.95  .134 .143 - 2.51 2,75 2.67

weeks

*
Critical grass tetany forage indices: >4% N, >3% K, <0.2% Mg, and Milli-
equivalent ratios >2.,2.
U=unlimed, S=stackdust, and D=dolomite.
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In conclusion, liming increased plant K. Liming with stack-
dust (CaCDB) increased plant Ca and liming with dolomite [CaMg(003)2]
increased plant Mg. In 1979 liming reduced the milliequivalent
ratios but in 1980 it increased them. Without a feeding trial or
knowing which grass tetany indice is best it is difficult to know
if liming increased or decreased the tetany hazard of the wheat
forage. But, 1t is very clear that liming with dolomite increases
forage Mg which is the critical element with respect to grass

tetany etiology.
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PRESSURE POTENTIAL

Appendix Figure 1. Soil moisture release curves.
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Grass tetany is a metabolic disorder of ruminants that is
caused by low blood serum Mg levels. Grass tetany has been re-
lated to the chemical composition of cool-season grass and small
grains forages. The influence of soil and environmental factors
on forage quality with respect to grass tetany was investigated
in field studies utilizing fall fescue and two hard red winter
wheat varieties as test forages. The tetany potential was eval-
uated from the chemical composition of the forages.

An established tall fescue stand was used in the spring of
two years to study the effect of recommended N fertilization and
environmental factors on the chemical composition of the tall
fescue forage. Weekly plant samples, soil moisture samples and
maximum and minimum soil temperatures were taken for nine weeks
in each year. The results show that N fertilization increases the
forage N and K concentrations and increased the number of sampl-
ing dates the N and K levels would be considered to be tetany
prone. Nitrogen fertilization did not have a great influence on
the forage Ca content, but it did increase the number of sampl-
ing dates that the forage Mg levels were above the suggested
level to be sufficient to prevent grass tetany. Due to increases
in forage K concentrations the number of sampling dates that the
forage milliequivalent ratios were considered tetany hazardous
were increased.

The stage of plant development, the environment and N fert-
ilization contributed to rapid flucuations in the forage chemical
composition. Generally K content in the forage increased in
response to the first seasonal soil temperature increases and
appeared to be rapidly translocated out of the plant crowns to

the forage. The mean forage Mg content was correctly estimated



from soil chemical properties. There were no general effects

due to soil water.

Two fall seeded hard red winter wheat varieties, Centurk
and Newton, were used to study the effect of liming an acid soil
at the'recommended rate and environmental factors on the wheat
forage chemical composition. After winter dormancy weekly plant
samples, soil moisture samples and maximum and minimum soil temp-
eratures were taken for nine weeks. The results show that liming
increased soil pH, soil cation exchange capacity and reduced
soil exchangeable Al and Mn. Liming with calcitic stackdust in-
creased soil and forage Ca. Liming with dolomite increased soil
and forage Mg and increased the number of sampling dates that the
wheat forage Mg was above the level suggested to prevent grass
tetany.

Centurk wheat forage K and milliequivalent ratios were posi-
tively related to soil temperature and negatively related
to soil water. Newton wheat forage Ca and Mg were negatively re-
lated to soil temperature and positively related to soil water.
The forage milliequivalent ratios in Newton wheat forage were
positively related to soil temperature and negatively related to
soil water. Liming decreased the magnitude of the Centurk wheat
forage milliequivalent ratios and the number of sampling dates
the ratio was making the forage tetany prone. Liming increased
the magnitude of Newton forage milliequivalent ratios and the
number of sampling dates that the ratio was making the forage
tetany prone. From the soil chemical properties it was correctly
predicted that the wheat forages growing on the dolomite limed
soil would have mean Mg contents sufficient to prevent grass

tetany.



