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Chapter 1

Introduction

1

Importance of Tall Fescue
Tall fescue (Festuca arundinacea Schreb.) is a cool season, perennial
bunchgrass grown on over 35 million acres across the United States (46). Since
its introduction, tall fescue has gained popularity as a result of its adaptation to a
wide range of soil and climactic conditions as well as its tolerance to grazing
pressure and low input management. While tall fescue has several uses, it is
utilized primarily as forage for beef production throughout the Midwest. There are
~13 million acres of tall fescue pasture in Missouri, making it the most important
forage for the state’s beef industry (66). With 65,000 cattle operations and 4.35
million head of cattle and calves, feeder calf production is Missouri’s largest
agricultural enterprise, ranking second only to Texas in the nation (49).
The continued success of Missouri’s beef industry is dependant on
supplying producers with management systems that are easy to implement and
that provide reduced input costs in order to improve farm profits. Allowing the fall
vegetative growth of tall fescue to accumulate until needed is defined as
stockpiling (48). Stockpiling tall fescue pastures improves profitability for beef
producers by reducing winter feeding costs by extending the grazing season (1,
2, 5, 38, 57, 71, 75). In a review of stockpiled tall fescue literature, Poore et al.
(57) determined that strip grazing stockpiled tall fescue could reduce production
costs by 40%. A recent economic analysis of stockpiling tall fescue revealed that
a beef herd can be maintained at 25% the cost of feeding stored hay (7). The
hardy nature of tall fescue and its ability to maintain growth and quality with the
onset of cooler temperatures in late fall, as well as its wide range of adaptability
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for soil conditions make it an excellent choice for stockpiling management (46,
65, 73, 75).

Stockpiling Tall Fescue
Tall fescue produces more fall growth and maintains quality better than
other cool season grasses. Taylor and Templeton (75) found that stockpiled tall
fescue forage yields in Kentucky were 2x larger than bluegrass yields, and other
studies on tall fescue reported that yields were 30 to 75% higher than other cool
season forages (1, 2, 64, 65, 79, 87). Ocumpaugh and Matches (53) reported
that frequent summer defoliation of tall fescue in Missouri did not reduce fall
yields. In contrast, research in Alabama found that defoliation in late July reduced
fall yields of tall fescue (6). This disparity is most likely a result of different
climactic conditions between Missouri and Alabama.
Several studies have found that stockpiled tall fescue forage yields increase
with earlier initiation dates, however, yields do decline as winter progresses (10,
16, 24, 25,46, 51, 71 ). Taylor and Templeton (75) showed that yields in
Kentucky declined up to 25% from December to February with a 50% decrease
in nonstructural carbohydrates and a 30% increase in dead tissue. In Virginia,
when harvests were delayed from December to February yields declined from 20
to 30% (25). In Missouri, tall fescue often remains green all winter and during
mild years there can be little or no change in herbage mass (38).
Obtaining high quality stockpiled tall fescue requires that the summer
growth is removed prior to initiation of stockpiling (20). Hitz and Russell (30)
pointed out that the quality of stockpiled tall fescue was considerably better than
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stored hay when properly managed. Bagley (4) showed that stockpiled tall fescue
had higher nonstructural carbohydrates than other cool-season grasses
improving palatability. This was confirmed by Fales (20), who concluded that
digestibility of stockpiled tall fescue was improved with cooler temperatures
compared to other cool-season forage grasses. While yields can be increased
with earlier initiation dates, several studies have shown that nutritive value was
higher with later starting dates (10, 11, 16, 17, 23).
This resilient cool-season grass often persists with minimal management,
but forage yields of tall fescue can be enhanced by fertilization. Gerrish et al.
(24) obtained a 35% increase in forage yields of stockpiled tall fescue with
nitrogen (N) fertilization. Although Archer and Decker (1, 2) stimulated growth of
stockpiled tall fescue with N fertilization, overall forage quality was not affected.
Collins and Balasko (16, 17) found that N fertilization increased yields and quality
of stockpiled tall fescue, though the starting date influenced the extent of the
response. Singer et al. (71) found that a late summer application of N increased
the quality and quantity of stockpiled tall fescue. These researchers pointed out,
however, that harvests delayed beyond October could incur losses to quality as
well as yield. More recently, Teutsch et al. (77) found that while N fertilization
improved stockpiled tall fescue yields, the source of N influenced the degree of
the response, with ammonium nitrate producing the highest yields.

Phosphorus
There are several reports on the effects of starting dates and N fertilization
on stockpiled tall fescue, however, there is a dearth of information on the
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response of stockpiled tall fescue to P fertilization. In West Virginia, P fertilization
had little effect on stockpiled tall fescue yields (8). A few studies have been
published on the spring growth of tall fescue in response to P fertilization. For
example, P fertilization improved late May forage yields by 1000 lbs/acre
compared to unfertilized control plots in southwest Missouri (62). This was later
confirmed in a separate study where late-May hay yields were increased by 1500
lbs/acre with applications of 25 lbs P/acre in August (8). The difference in P
response between these studies is most likely due to the level of available P in
the soils at each site. In West Virginia, soil tests indicated that there was ~50 lbs
P/acre, while the Missouri study had 8 lbs/acre Bray I P. In Kansas, P fertilization
increased yield and P concentrations of tall fescue(51), and in agreement with
results from Missouri the soils tested in this study were low in plant available P.
Efficient utilization of pasture in grazing systems is not only dependent on
the quantity of forage produced, but also on its macro and micronutrient
composition. A few studies have reported that the concentrations of some
macronutrients in stockpiled tall fescue are low in late winter or early spring (5,
17, 21, 23, 54, 64, 67, 68). While all of these studies agree that macronutrient
concentrations are lowest in late winter or early spring, results from each study
are based on analyses from mixed pastures or only a few harvests. To my
knowledge there has not been a study on tall fescue where leaf macronutrient
concentrations were monitored monthly throughout the stockpiling season from
October through April.
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In Missouri, the majority of soils used for tall fescue forage production occur
on pastures that are low in plant-available P (Bray I P; 52). Reinbott and Blevins
(62) found that late February or early March P fertilization of soils in southwest
Missouri with Bray I P soil test less than 16 lbs/acre increased macronutrient
concentrations in tall fescue leaves in early spring. Furthermore, in studies
designed to explore the grass tetany problem, P fertilization increased leaf
magnesium (Mg) concentrations in both winter wheat and tall fescue in nutrient
culture, greenhouse and the field experiments (59, 60).
Other studies on various plant species confirm the importance of P nutrition
on the plant’s Mg status, for example forage sorghum (Sorghum bicolor L.) had
higher Mg, calcium (Ca) and lower potassium (K) concentrations with P
applications (63). Follet and Reichman (22) reported that leaf Mg concentrations
of barley (Hordeum vulgare L.) increased with P treatment. In addition, grape
(Vitis vinifera L.) also exhibited this response when grown on low P soils with
adequate Mg; plants displayed Mg deficiency and applying P fertilizer increased
leaf P and Mg concentrations and diminished deficiency symptoms (72).

Grass Tetany
Although these previous studies have found that P nutrition is important for
uptake of Mg, literature on this subject in forages is limited. This is surprising
since Mg is an essential macronutrient for both plants and animals. Collins and
Balasko (17) noted that low concentrations of leaf macronutrients, like P and Mg
in stockpiled tall fescue, occur at a time when nutritional disorders like grass
tetany are prevalent. Grass tetany is a nutritional disorder associated with Mg
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deficiency in grazing animals and yet only a few studies have focused on the
importance of P in alleviating this problem (45, 60, 62). Fertilization with P
increased forage P and Mg concentrations and reduced the grass tetany
potential of tall fescue (43).
Often, grass tetany occurs when livestock graze lush spring growth of coolseason grasses or winter annuals (13, 27, 28, 40). While forages with low Mg
concentrations are frequently the main cause of grass tetany, many factors can
diminish the ability of cattle to utilize Mg (28, 43, 50). Large applications of
poultry litter can lead to high leaf-K concentrations that may cause a change in
the grass tetany ratio (K meq / Ca meq + Mg meq) of tall fescue forage and
directly contribute to higher incidences of grass tetany (34). Grass tetany has
been reported on farms and ranches following the application of large quantities
of poultry litter on tall fescue pastures (39, 74, 82, 83).

Manganese
Micronutrient concentrations in leaves of stockpiled tall fescue have been
studied very little. Specifically, there is little information on manganese (Mn)
concentrations in stockpiled tall fescue leaves. A few studies have reported leaf
Mn concentrations in tall fescue, however these are either from a single harvest,
derived from mixed pastures or environmentally controlled experiments (5, 21,
32, 41). Manganese is an essential micronutrient element for plants and animals,
and though the required concentrations for both types of organisms are quite low,
the importance of Mn should not be underestimated (69).
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Manganese plays a crucial role in the metabolism of plants as a principal
component of metalloenzymes like PSII and Mn superoxide dismutase and as a
cofactor for several important enzymes (12). While all of these functions are vital
to plant growth and development, it is splitting of water in photosystem II (PSII)
that evolves oxygen that humans breathe and contributes electrons to allow the
plant to convert solar energy into chemical bonds. For every PSII protein, there
are four Mn molecules and with thousands of PSII complexes throughout
chloroplasts in a leaf, this accounts for the majority of Mn in a plant (47).
Although grazing livestock have lower tissue-Mn concentrations (0.3 ppm)
than plants (30-300 ppm) and soils (1600 ppm), this element is important for
bone matrices, hormone synthesis, and as a constitute or activator of many
enzymes in animals (50, 87). Information on Mn deficiency in grazing livestock is
limited and not well established. In some studies, Mn toxicity appears to be a
factor. Cattle fed diets high in Mn (>1000 ppm) showed no adverse affects on
growth (18). In contrast, others have reported reduced weight gains and that
calves appear to be the most sensitive to high levels of Mn in forage than mature
cattle, however, concentrations of >1000 ppm were required to reduce the weight
gain (36).

Effects of Poultry Litter Applications
Research on the effects of poultry litter on tall fescue leaf-Mn concentrations
is limited and somewhat conflicting. Kingrey et al. (42) sampled pastures from
several counties across Alabama where poultry litter had been applied annually
for 15 to 28 years, while the pastures contained tall fescue, it was not separated
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from other plant species. Plant tissue from litter-treated pastures produced leafMn concentrations that were 66% lower than non litter-treated pastures. The
authors point out that while there is a paucity of information on leaf-Mn response
to poultry litter there is one report of sewage sludge applications reducing Mn
concentrations in tall fescue (41).
Another study on the effect of poultry litter on mineral uptake of tall fescue in
Arkansas showed that high rates of litter produced lower tissue-Mn
concentrations compared to low application rates (9). However, both low and
high rates of poultry litter produced higher Mn concentrations than control
treatments. While these results oppose those of Kingery (41), the later study only
had two replicates and control plots had a history of receiving poultry litter
applications, confounding the findings.
Long-term poultry litter applications can have a liming effect on soils (33,
42), and several studies have shown that liming can decrease Mn concentrations
in plants as a result of changes to the soil pH that reduce Mn solubility (31, 35,
37, 58). More recent work on the response of stockpiled tall fescue to lime
applications confirm this effect, in that leaf-Mn concentrations were reduced by
50% compared to controls (29).

Nutrient Remobilization
Differences between availability of a macronutrient in the soil and the plant’s
demand for the macronutrient can be avoided by remobilization, translocation
and storage within perennial plant parts (15, 70). In alfalfa, N remobilized from
leaves and stored as amino acids and soluble vegetative-storage proteins in
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taproots during winter are used to support early spring growth (3, 80). Based on
seasonal changes in N and P, this hypothesis has been suggested for several
perennial grass species (58, 84). Greenway and Gunn (26) found that P declined
in barley leaves during periods of rapid growth and recovered when growth
slowed. Others have reported the same seasonal relationship with other
macronutrient concentrations in tall fescue (21, 54).
In Missouri, forages are the main source of macronutrients for beef cows
however, there may be times during the stockpiling period when the
macronutrient requirements of grazing livestock are greater than the forage can
provide. Research is needed to determine if P fertilization will maintain adequate
leaf P and Mg concentrations throughout the stockpiling season on pasture soils
with low plant-available P. Therefore, the major objective of this research was to
determine if macronutrient concentrations of stockpiled tall fescue could be
increased during winter and early spring using different P fertilization strategies.

Tall Fescue Seed Production
Missouri leads the nation in production of common, non-certified forage-type
tall fescue seed. On average, Missouri produces about 65 million lbs of tall
fescue seed per year on about 320,000 acres (78). However, tall fescue seed is
usually harvested from pastures that are managed for beef production and this
may explain the low average yields, about 200 lbs/acre, compared to those from
Oregon were it is grown in rows strictly for seed production and yields average
about 1,500 lbs/acre.
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Tall fescue is the most important forage for beef production in the Midwest.
Whether grazed directly or harvested as hay, tall fescue plays a vital role in the
production of beef cattle, and the continued success of the U.S. beef industry
relies on an adequate supply of seed. Oregon is the leading state in turf-type tall
fescue seed production and in the production of certified tall fescue seed for
pastures (78). However, seed production of forage grasses must compete
economically with turf species and in the last decade, the acres devoted to
forage varieties of tall fescue have declined in Oregon (55). While the climactic
conditions and cultural practices in the Willamette Valley of Oregon allow for
greater seed production, a few producers in Missouri have reported seed yields
similar to those in Oregon (88). With the large acreage of tall fescue, relatively
low land costs and the increase in the price of seed, there is a great incentive for
increasing tall fescue seed production in the Midwest.
Strip-kill involves killing strips of tall fescue with Roundup® while leaving live
strips in the pasture. Early work with this management technique showed that it
was an excellent way of introducing other forages into tall fescue pasture (14, 19,
81). The strip-kill practice was used to successfully grow forage sorghum and
grain sorghum in tall fescue pastures to increase productivity during summer
months (61). Yields of both forage sorghum and grain sorghum were excellent
and forage yields of the tall fescue were unaffected by this management practice.
The authors also pointed out that killed strips remained for three years and could
be used for forage sorghum production.
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The development of reproductive tillers in tall fescue begins in late summer
and early fall with the penetration of light into the canopy. The number of
flowering tillers in spring is a function of tiller populations the previous fall, high
densities of vegetative tillers reduces the amount of light that penetrates the
canopy and in turn lowers seed yields (76). A benefit of strip-kill management is
that the canopy is thinned out allowing more light penetration and an increase in
initiation of reproductive tillers and floral induction. More reproductive tillers
initiated in fall should translate into increased seed yields.
Over time, seed yields decline in tall fescue pastures as a result of
increased stand density and competition for light, space, nutrients and water,
often referred to as “sod-bound” (86). When tall fescue is managed for forage
production, the “sod-bound” effect is of little importance, as fertilization will
produce outstanding vegetative growth. Historically, skim plowing was used to
alleviate the “sod-bound” condition (88). However, this method can cause erosion
problems on slopes. The strip-kill process provides a way to revitalize tall fescue
pastures without disturbing the soil.
Opening up the tall fescue canopy in late summer and early fall would
allow more light to penetrate the canopy leading to an increase in reproductive
tillers and seed yield. Providing beef producers with a management scheme that
would improve seed yields without affecting forage production could increase
overall farm profits. Therefore, another objective of this study was to determine
the effects of P fertilization and strip-kill on tall fescue seed production in Missouri
pastures.
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Chapter 2

Phosphorus Fertilization Increased Macronutrient
Concentrations in Leaves of Stockpiled Tall Fescue

21

Summary
Beef producers utilize stockpiled tall fescue (Festuca arundinacea Schreb.,
‘Kentucky 31’) in the Midwest to extend the grazing season and reduce winter
feeding costs. A few early studies indicated that the concentrations of some
macronutrients in stockpiled tall fescue leaves were below those required by
lactating beef cows in late winter and early spring. Our previous studies found
phosphorus (P) fertilization in late winter increased leaf magnesium (Mg) and
calcium (Ca) concentrations in early spring. Therefore, the objective of this study
was to determine the effects of 2 years of P fertilization on leaf macronutrient
concentrations of stockpiled tall fescue during late fall, winter and early spring.
Leaf concentrations of P, Mg and Ca were higher with P fertilization than those of
the untreated controls. During the second year, the highest P treatment
maintained leaf P and Mg concentrations above the critical 0.2% required by
lactating beef cows during peak lactation. The leaf concentrations of phloem
mobile macronutrients declined from October to February with the exception of
nitrogen (N), which reached its lowest concentration in January. The decreases
in leaf concentration of mobile elements like P, Mg, N, and potassium (K) may be
the result of nutrient remobilization from leaves to roots during late fall and early
winter as a strategy to provide support for next spring’s growth. The nature of tall
fescue results in low leaf macronutrient concentrations during late winter and
producers should take this into account when utilizing stockpiled tall fescue,
especially when beef cattle are grazing pastures on soils with low plant-available
P levels.
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Introduction
Tall fescue grows on approximately 17 million acres in Missouri making it
the most important forage for the state’s beef industry (19), which ranks second
in the nation in cow-calf operations (12). Cattle producers stockpile tall fescue
pasture to extend the grazing season (1, 2, 4, 25) and reduce winter-feeding
costs (5). The robust nature of tall fescue and its ability to maintain growth with
the onset of cooler temperatures in late fall make it an excellent forage for
stockpiling (18, 24, 25). This resilient cool season grass often persists with
minimal management, but forage yields of tall fescue can be enhanced by
fertilization. Reinbott and Blevins (17) found P fertilization improved forage yields
by 1000 lbs/acre over unfertilized controls in southwest Missouri. Gerrish et al.
(8) obtained a 35% increase in forage yields of stockpiled tall fescue with N
fertilization. Although Archer and Decker (1, 2) stimulated growth and crude
protein (CP) of stockpiled tall fescue with N fertilization, overall forage quality was
not affected. More recently, Singer et al. (23) found that a late summer
application of N increased the quality and quantity of stockpiled tall fescue.
Efficient utilization of pasture in grazing systems is not only dependent on
the quantity of forage produced, but also on its nutrient quality. Studies in
Tennessee and West Virginia found that macronutrient concentrations in tall
fescue leaves declined through winter months (4, 6, 7, 20, 21). In Missouri, the
majority of soils used for tall fescue pastures are low in plant-available P (Bray I
P; 14). On soils in southwest Missouri with Bray I P soil test less than 16
lbs/acre, macronutrient concentrations in tall fescue leaves were increased in
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early spring by fall fertilization with P (16, 17). Therefore, forage production on
such soils may alter the macronutrient concentrations of stockpiled tall fescue
leaves; however, there are no reports of P fertilization improving the
macronutrient quality of stockpiled tall fescue.
Currently, some beef producers compensate for macronutrient deficiencies
in forages by supplementing the diets of livestock grazing in winter and early
spring. Reducing the need for supplementation by managing pastures with low
soil P in a practical and cost effective manner that improves the macronutrient
concentrations in tall fescue leaves would benefit beef producers. The objective
of this research was to identify management strategies that improve the
macronutrient concentrations of stockpiled tall fescue during winter and early
spring.

Setting Up a Stockpiled Tall Fescue Field Study
A two-year study was conducted on an established tall fescue (Festuca
arundinacea Schreb. ‘Kentucky 31’) pasture (67% infection with the endophyte
Neotyphodium coenophialum), at the University of Missouri Southwest Research
Center near Mt. Vernon, Missouri (37º 04′ N; 93º 53′ W; elevation 1150 ft) on a
Creldon silty clay loam (fine, mixed, active, mesic, Oxyaquic, Fragiudalf). The
upper 6 inches of soil from this site was low in plant available P (8 lbs/acre Bray
I), and had the following soil test results: pH 5.4; O.M. 3.0 %; Ca 2687 lbs/acre;
Mg 247 lbs/acre; and K 667 lbs/acre.
Treatments. During the third week of August 2001, forage was removed
from the pasture with a forage harvester and 10′ x 25′ plots with 5′ alleys were
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flagged in six replicate blocks. Treatments consisted of 0, 12.5, and 25 lbs P/acre
in the form of triple super phosphate (0-46-0). Each treatment was randomly
applied to three subplots in six replicate blocks for a total of 18 plots of each
treatment. The entire plot area received 100 lbs N/acre in the form of ammonium
nitrate (34-0-0). During the third week of August 2002, the forage was again
removed and identical treatments were applied to the same plots. In the summer
of each year, soil samples to a depth of 6 – 8 inches were removed from each
plot and analyzed by the University of Missouri Soil Testing Laboratory.
Harvests and Macronutrient Analyses. Beginning in mid-October and
monthly through April of each year, 20 of the most recently collared leaf blades
were randomly harvested from each plot. Other than leaf harvests, forage was
only removed from plots in mid-May and mid-August before each experimental
year. While stockpiled tall fescue produces higher fall yields than other coolseason grasses, new leaf growth usually ends by November with herbage mass
declining or showing no change till spring (4, 9, 18). All samples were oven dried
at 70º F to a constant weight, ground in a modified coffee grinder to pass through
a 1mm screen, and digested in nitric acid with a microwave accelerated digestion
system. Digested samples were filtered, diluted, and analyzed for macronutrient
concentrations. Potassium, Ca, and Mg were determined by ICP-OES (Varian
Inc., USA), N by thermal conductivity of nitrogenous gases with a Leco Model
FP-428 nitrogen analyzer (Leco Corp., USA), and P by colorimetric analysis (13).
Statistical Analysis. The experiment was a randomized complete block
design analyzed as a split-split plot in time model with repeated measures. This
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model was used to test for statistical significance of P treatment effects at each
harvest as well as interactions with month and year using PROC MIXED in SAS
version 9.1 (22). The main plot consisted of P treatment, harvest date (month)
was considered the split plot and year was the split-split plot. Fertilization
treatment and harvest date (month) were considered as fixed effect factors and
year and block were treated as random factors. All effects and interactions were
considered significant when means differed at P< 0.05. When F test showed
significance (P< 0.05), means were separated using Fisher’s protected LSD (α =
0.05). Experimental years were presented separately due to significant
interactions for all macronutrients. Overall, the second year was very dry, which
provides the best explanation for the differences seen in the data between years.

Macronutrients in Stockpiled Tall Fescue Leaves
Phosphorus. Phosphorus fertilization increased leaf P concentrations
compared to untreated control plants throughout the stockpile period (Fig. 2-1).
Leaf P concentrations in plants from all treatments decreased during late fall and
winter, reaching their lowest levels by mid-February of both years. By midJanuary of the first year, leaf P concentrations in plants from all treatments were
below those required by lactating beef cows (15), and these P concentrations in
all treatments remained below 0.20% through mid-April. During the second year,
leaves from untreated plots remained between 0.10 and 0.15% P during late fall
and winter (Fig. 2-1). While these forage P concentrations are adequate for dry
cows, they are much lower than levels required for lactating beef cows (15). LeafP concentrations remained around 0.20% throughout the winter with the 25 lbs
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Figure 2-1. Leaf phosphorus concentrations in stockpiled tall fescue treated with
0, 12.5, and 25 lbs P/acre. The red line indicates the requirement for a lactating
beef cow and the blue line for a dry cow. Data points indicate treatment means (n
= 18) for each month.
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P/acre treatment during the second season. With the 12.5 lbs P/acre treatment,
leaves harvested during December, January, and February of the second year
remained below the target level of 0.20% P. Stockpiled forage deficient in P
could impact milk production and lead to lower calf-weaning weights (11). In
stockpiled tall fescue pastures where soil P levels are low, producers should
consider raising soil P through fertilization or adding a source of dietary P in
order to provide proper nutritional levels for the lactating beef cow. The decline in
P concentrations of the most recently collared leaves during late fall and early
winter may reflect mobilization of P through phloem tissue to the root system for
winter storage and subsequent utilization for spring growth.
Magnesium. As with P concentrations, leaf Mg concentrations from P
treated plots were higher compared to control plots (Fig. 2-2). Leaf Mg
concentrations in plants from all treatments declined during late fall and winter of
both years, reaching the lowest levels in mid-March. The decline in leaf Mg
concentrations was very similar to the reduction in leaf P concentrations, except
P levels were lowest in mid-February. In March of the first year, leaves from all
treatments fell below the 0.20% Mg concentration required in the diets of
lactating beef cows (15). However, during the second year, the 25 lbs P/acre
treatment maintained leaf Mg concentrations at or above the critical 0.20%
concentration. Magnesium concentrations in leaves of untreated tall fescue
dropped below the 0.20% target in January, February, and March of both years,
indicating a possible nutritional problem for cows in herds that calve early
spring/late winter. This is an important consideration for producers in areas
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Figure 2-2. Leaf magnesium concentrations in stockpiled tall fescue treated with
0, 12.5, and 25 lbs P/acre. The red line indicates the requirement for a lactating
beef cow and the blue line for a dry cow. Data points indicate treatment means (n
= 18) for each month.
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where low soil-P might influence the uptake of Mg by tall fescue. My hypothesis
is that this phloem-mobile divalent cation, Mg, is mobilized and translocated
during late fall and winter months from leaves to roots.
Calcium. Leaf Ca concentrations showed no effect of P treatments during
the first year (Fig. 2-3). All treatments were at or above the dietary requirements
of lactating beef cows (15) throughout both years. During the second year,
leaves from the 25 lbs P/acre treatment were higher in Ca than those from the
12.5 lbs P/acre and control treatments. Unlike other macronutrients, Ca is not
mobile in the phloem tissue of plants (10), and therefore, not remobilized from
leaves to roots during winter. It was not surprising to find that Ca concentrations
in leaves remained relatively constant during late fall and winter.
Potassium. As with P and Mg concentrations, leaf-K concentrations
declined from fall through winter, reaching the lowest levels in February of both
years (Fig. 2-4). In the fall of both years, P fertilization increased leaf-K
concentrations; however, treatments did not differ in winter and spring. During
both years, leaf-K concentrations were well above the requirements of lactating
beef cows (15). Again, the decline in leaf-K concentrations might indicate
translocation of this mobile nutrient for storage in roots during winter.
Nitrogen. P fertilization had no affect on N concentrations in the leaves of
stockpiled tall fescue during the first year (Fig. 2-5). However, in the fall of the
second year, P treatments increased N concentrations of leaves from November
through February. Like the other mobile macronutrients, leaf-N concentrations
decreased from fall through winter of both years. Leaf-N concentrations reached
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Figure 2-3. Leaf calcium concentrations in stockpiled tall fescue treated with 0,
12.5, and 25 lbs P/acre. The red line indicates the requirement for a lactating
beef cow and the blue line for a dry cow. Data points indicate treatment means (n
= 18) for each month.
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Figure 2-4. Leaf potassium concentrations in stockpiled tall fescue treated with 0,
12.5, and 25 lbs P/acre. The red line indicates the requirement for a lactating
beef cow and the blue line for a dry cow. Data points indicate treatment means (n
= 18) for each month.
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Figure 2-5. Leaf nitrogen concentrations in stockpiled tall fescue treated with 0,
12.5, and 25 lbs P/acre. Data points indicate treatment means (n = 18) for each
month.
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their lowest levels in January of both years. These results indicate that N may be
remobilized from leaves earlier than the other mobile elements.

Soil Tests after Phosphorus Fertilization
The initial soil test Bray I P concentration was 8 lbs P/acre, and the
University of Missouri recommends 30 to 40 lbs P/acre for pastures. After two
years of the experiment, Bray I P concentration decreased to 5 lbs P/acre in the
control plots (Fig. 2-6). With P fertilization, the Bray I P concentration increased
to 8 and 12 with the 12.5 and 25 lbs P/acre treatments, respectively. Owing to
the nature of the soil in the test area, Bray II analysis was used to illustrate the
amount of P fertilizer that becomes sorbed and unavailable to the plant. The Bray
II analysis showed that the bulk of the P fertilizer added in the study was sorbed
by the soil, with an increase of about 18 and 30 lbs P/acre after 2 years for the
12.5 and 25 lbs P/acre treatments, respectively.
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Figure 2-6. Soil test results after completion of the stockpiled tall fescue study
where a total of 0, 25, and 50 lbs of P/acre were applied over two years. Data
points indicate treatment means (n = 18).
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Chapter 3

Increasing Macronutrient Concentrations in Stockpiled Tall
Fescue with High Rates of Phosphorus Fertilization
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Summary
Tall fescue (Festuca arundinacea) is the most important forage for beef
production in the Midwest. Stockpiling tall fescue allows producers to extend the
grazing season and reduce winter-feeding costs. In Missouri, forages are the
main source of macronutrients for cow-calf operations and there are times during
the stockpiling period when the requirements of grazing livestock are greater
than the forage alone can provide. Our previous research indicated that
stockpiled tall fescue leaves had concentrations of phosphorus (P) and
magnesium (Mg) below the 0.2% required by lactating beef cows in late winter,
even after applications of 25 lbs P/acre. The objective of this study was to
determine if applications of 50, 100, or 200 lbs P/acre would maintain leaf P and
Mg concentrations above the target 0.2% throughout the stockpiling period.
Although these P fertilization rates are higher than is economically feasible, the
main purpose was to determine if they would block the decline in leaf P and Mg
concentrations observed in stockpiled tall fescue. For all P treatments, leaf
concentrations of P and Mg were higher than those of the untreated controls. The
200 lbs P/acre treatment maintained leaf-P concentrations above the target 0.2%
level during both years, and maintained leaf-Mg concentrations above the target
level except during February of the second year. The perennial nature of tall
fescue may have an impact on the macronutrient concentrations available to
livestock grazing stockpiled pastures in late winter and early spring, especially on
soils with low plant-available P levels.
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Introduction
Feeder calf production is Missouri’s largest agricultural enterprise and ranks
second to Texas in the nation (20). Stockpiling forage is one practice that has
been adopted by cattle producers to improve profitability by extending the
grazing season and reducing winter feeding costs (1, 2, 6, 31). Tall fescue grows
on approximately 17 million acres in Missouri making it the most important forage
for the state’s beef industry (27). The hardy nature of tall fescue and its ability to
maintain growth and quality under cooler temperatures in late fall and winter,
make it an excellent forage for stockpiling (26, 32, 33).
Many permanent tall fescue pastures in Missouri grow on soils low in plant
available (Bray I) P (21). Forage production on soils with low plant-available P
could influence the Mg and P concentrations of stockpiled tall fescue leaves and
lead to nutrient deficiencies for grazing livestock. Reinbott and Blevins (24, 25)
found that P fertilization of soils in southwest Missouri, with Bray I P
concentrations less than 16 lbs/acre, increased macronutrient concentrations in
tall fescue leaves in early spring. McClain and Blevins (18) found that fall
applications of up to 25 lbs P/acre increased the Mg, P and calcium (Ca)
concentrations of stockpiled tall fescue however, it did not prevent leaf P and Mg
concentrations from decreasing below recommended levels for lactating beef
cows in late winter and early spring.
Several studies have shown that P and Mg concentrations of stockpiled tall
fescue leaves declined through winter months (4, 7, 8, 9, 23, 28, 29). This
decline in leaf P and Mg concentrations in winter may create dietary deficiencies
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that lead to metabolic disorders affecting animal health and thereby influencing
beef production. Management practices that improve P and Mg concentrations in
tall fescue growing on low P soils ensure better access to macronutrients by
grazing livestock and reduce the potential for nutritional disorders.
Even though it may be the nature of tall fescue for leaf concentrations of
mobile elements to decline during winter, research is needed to determine if high
rates of P fertilization would maintain adequate leaf macronutrient concentrations
throughout the stockpiling season on pasture soils with low plant-available P.
Therefore, the objective of this research was to determine if high rates of P
fertilization would maintain the macronutrient concentrations of stockpiled tall
fescue leaves above the requirements for lactating beef cows during winter and
early spring when incidences of nutritional disorders are most prevalent.

Setting Up a Stockpiled Tall Fescue Phosphorus Study
This two-year study was conducted on an established tall fescue (Festuca
arundinacea Schreb. ‘Kentucky 31’) pasture (67% infection by the endophyte
Neotyphodium coenophialum), at the University of Missouri Southwest Research
Center near Mt. Vernon, Missouri (37º 04′ N; 93º 53′ W; elevation 1150 ft). Soil
was a Creldon silt loam (fine, mixed, active, mesic Oxyaquic Fragiudalf) with 26%
aluminum (Al) saturation (15). The site was typical of southwest Missouri in that
the soil was low in plant available P (7 lbs/acre Bray I), and had the following soil
test results: pH, 5.3; soil organic matter, 2.8 %; Ca, 1748 lbs/acre; Mg, 280
lbs/acre; and K, 446 lbs/acre.
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Temperature and Precipitation Data. Precipitation was below average
during September, October, November and February of the first stockpiling
season, while March and April were above the 30-year average for this area (Fig.
3-1). During the second stockpiling season, the fall 2004 had above average
rainfall and January 2005 had over 6.5 inches of precipitation, but in contrast to
the previous spring March and April 2005 were very dry. For both years,
temperatures were similar to the 30-year averages for the area, except in the
second year, when temperatures remained above freezing for the first 2 weeks of
January (data not shown).
Treatments. During the third week of August 2003, forage was cut at 3.5
inches above the soil and removed from the pasture and 10’ x 25’ plots with 5’
alleys were established in six replicate blocks. Treatments consisted of 0, 50,
100, and 200 lbs P/acre in the form of triple super phosphate (0-46-0) and were
only applied one time in August 2003. Each treatment was randomly applied to
plots in six replicate blocks and the entire area received 100 lbs N/acre as
ammonium nitrate (34-0-0). In August of 2004, forage was again removed and
100 lbs N was applied to the same plots. In April 2004 and 2005, soil samples
were collected and analyzed by the University of Missouri Soil Testing
Laboratory.
Harvests and Macronutrient Analyses. Beginning in mid-October and
each month through April of both years, 20 of the most recently collared leaves
were randomly harvested from each plot. All samples were oven dried, ground,
and digested in nitric acid with a microwave accelerated digestion system.
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Figure 3-1. Monthly precipitation for both stockpiling seasons 2003 – 2005 and
30-year average for Southwest Center Mt. Vernon, Missouri.
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Concentrations of P, K, Ca, and Mg were determined by ICP-OES (Varian Inc.,
USA), and N by thermal conductivity of nitrogenous gases with a Leco Model FP428 nitrogen analyzer (Leco Corp., USA). In November 2003, lengths of 10 of the
most recently collared leaves were measured from each plot to document initial
leaf growth responses to P fertilization.
Statistical Analysis. The experiment was a randomized complete block
design analyzed as a split-split plot in time model with repeated measures. This
model was used to test for statistical significance of P treatment effects as well
as interactions with month and year using PROC MIXED in SAS version 9.1 (30).
The main plot consisted of P treatment, and harvest date (month) was
considered the split plot and year was the split-split plot. Fertilization treatments
and months were fixed effect factors whereas year and block were treated as
random factors. All effects and interactions were considered significant when P<
0.05. When the F test showed significance (P< 0.05), means were separated
using Fisher’s protected LSD (α = 0.05). Experimental years were presented
separately due to significant interactions for all macronutrients.

Leaf Growth in Response to High Rates of Phosphorus
Fertilization
Tall fescue produces higher fall yields than other cool season grasses,
making it preferable for stockpiling (26, 32, 33). However, by November no
additional leaves are produced and stockpiled tall fescue shows slight declines or
in some areas, no change in herbage mass until early spring (4, 11, 26). The
high rates of P fertilization applied in August 2003 produced remarkable leaf
growth in stockpiled tall fescue plots by November (Fig. 3-2). The most recently
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Figure 3-2. Stockpiled tall fescue plots in October 2003 treated with 0, 50, 100
and 200 lbs P/acre in August 2003.
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collared leaves from the 200 lb P/acre treatments were twice as long as those
from untreated control plots (Fig. 3-3). In addition to providing P for plant growth,
the high P rates applied to this acid soil could have caused P to form insoluble
complexes with Al, manganese (Mn), and iron (Fe), reducing the detrimental
effects high concentrations of these elements have on nutrient uptake.

Phosphorus Fertilization Effects on Macronutrient
Concentrations in Stockpiled Tall Fescue Leaves
Phosphorus. During fall, winter and spring of both years, leaf-P
concentrations were higher with P fertilization compared to leaves from untreated
control plots (Fig. 3-4). While leaf-P concentrations of control plots remained
adequate for dry cows except during January and February of the first year, they
were below the 0.2% required by lactating beef cows for both years (22). Low
forage-P concentrations could result in reduced milk production and, in turn,
lower calf-weaning weights (19).
During the first year, the 100 and 200 lb P/acre treatments produced leaf-P
concentrations that were above the 0.2% critical level each month (Fig. 3-4).
However, in the second year, only the 200 lb P/acre treatment maintained leaf-P
concentrations above this level in mid February and March. In areas where soil
tests show low plant-available P, producers should consider P fertilization to
increase forage-P concentrations or provide supplemental sources of P to
maintain proper nutritional levels for lactating beef cows. With all treatments, leafP concentrations decreased from October to February in both years. It is our
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Figure 3-3. Length (cm) of the most recently collared tall fescue leaves in
November 2003 following late August P fertilization. Data points indicate
treatment means (n = 10) for each plot.
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Figure 3-4. Leaf phosphorus concentrations in stockpiled tall fescue treated with
0, 50, 100 and 200 lbs P/acre. The red line indicates the requirement for a
lactating beef cow and the blue line for a dry cow. Data points indicate treatment
means (n = 6/treatment) for each month.
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hypothesis that the decline in P concentrations in late winter may be the result of
remobilization of P to the roots for utilization the following spring (18).
There was an increase in leaf-P concentrations in all P treatments during
January of the second year. This increase was most likely the result of above
average temperatures (min 37º and max 54º) and rainfall (Fig. 3-1) during the
first two weeks of January. Over half of the months of the second year, rainfall
was low and temperatures were warmer than the 30-year average, providing the
best explanation for the differences seen in leaf-P concentrations between years.
Magnesium. Leaf-Mg concentrations were higher with P fertilization
compared to those from control plots (Fig. 3-5). Similar to leaf-P, Mg
concentrations from control plots were above the requirements for dry cows from
Octobet to April of both years and below the 0.2% Mg required for the diets of
lactating beef cows from December to April of both years (22). The highest P
treatment maintained leaf Mg concentrations near or above the critical 0.2% level
for the sampling season both years. During the first year, the 100 lb P/acre
treatments yielded leaf-Mg concentrations that were below the 0.2% critical level
from February through April. However, in the second year, the 100 lb P/acre
treatment maintained leaf-Mg concentrations above this level for all months
except December.
With all treatments, leaf-Mg concentrations decreased from October to
February in both years. Our hypothesis is that the decline in leaf Mg
concentrations seen in both years is a result of remobilization of this phloem
mobile element from leaves to roots for winter storage and utilization the
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Figure 3-5. Leaf magnesium concentrations in stockpiled tall fescue treated with
0, 50, 100 and 200 lbs P/acre. The red line indicates the requirement for a
lactating beef cow and the blue line for a dry cow. Data points indicate treatment
means (n = 6/treatment) for each month.
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following spring (18). In the second year, there was a slight increase in Mg
concentrations from December to January for all treatments. As with leaf P, this
increase in leaf Mg concentrations was probably a result of the spring-like
conditions during the first two weeks of January 2005.
Leaf-Mg concentrations of stockpiled tall fescue were increased by P
fertilization, consistent with results by Reinbott and Blevins (24, 25), who found
that leaf Mg concentrations in early spring increased with P fertilization in late
winter. Leaf-Mg concentrations have also been increased in stockpiled tall fescue
with fall applications of P fertilizer (18). Therefore, beef producers could reduce
the likelihood of grass tetany, based on low leaf-Mg concentrations, by improving
the amount of available soil-P.
Calcium. Phosphorus fertilization had little effect on leaf-Ca concentrations
of stockpiled tall fescue (Fig. 3-6). Unlike other macronutrients, Ca is not mobile
in the phloem tissue of plants (17). Because of this phloem immobility, it was not
surprising to find that Ca concentrations in leaves remained relatively constant
during late fall and winter. While most efforts for alleviating the incidence of grass
tetany have focused on improving Mg in the forage, it should be noted that leafCa concentrations are also critical and are an important factor in the occurrence
of grass tetany (10). Forage deficient in Ca can lead to “milk fever” in grazing
cattle, although this metabolic disorder is less common in beef cows (19).
Potassium. During the first year, leaf-potassium (K) concentrations were
higher with P fertilization treatments compared to untreated control plots (Fig. 37), however in the second year, there were no differences across P treatments.
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Figure 3-6. Leaf calcium concentrations in stockpiled tall fescue treated with 0,
50, 100 and 200 lbs P/acre. The red line indicates the requirement for a lactating
beef cow and the blue line for a dry cow. Data points indicate treatment means (n
= 6/treatment) for each month.
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Figure 3-7. Leaf potassium concentrations in stockpiled tall fescue treated with 0,
50, 100 and 200 lbs P/acre. The red line indicates the requirement for a lactating
beef cow and the blue line for a dry cow. Data points indicate treatment means (n
= 6/treatment) for each month.
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For both years, leaf-K concentrations were well above the nutritional
requirements for lactating beef cows (22). Leaf-K concentrations remained below
3.0% from December through April of the first year and all months the following
year for all P treatments. Grass tetany has been associated with high K
concentrations of the forage (35), therefore, the second year results would
suggest a reduced risk of grass tetany based on the lower leaf-K concentrations.
Similar to P and Mg, leaf-K concentrations in plots from all treatments
decreased from fall through winter of both years, and in general, the change in
leaf-K concentration of the second year reflects the reduced precipitation (Fig. 31). Root-K uptake from soil occurs by diffusion and is greatly reduced by low
available soil moisture (5). Like P and Mg, there was a slight increase in leaf-K
concentrations in January of the second year for all treatments. This increase
was likely a result of the ~ 6.5" of rainfall the plots received in the first few weeks
of the second year. Again, as with other phloem mobile macronutrients, P and
Mg, the decline in K concentrations may indicate translocation of this highly
mobile nutrient for storage below ground in roots during winter.
Nitrogen. By December of the first year, leaf-nitrogen (N) concentrations
from untreated control plots were lower than those receiving P fertilization (Fig. 38). In the second year, P fertilization had no effect on leaf-N concentrations.
Again, as with P, Mg, and K, leaf-N concentrations increased to some extent in
the early part of January 2005, this difference between years was most likely a
result of the spring-like conditions during the first two weeks of the year.
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Figure 3-8. Leaf nitrogen concentrations in stockpiled tall fescue treated with 0,
50, 100 and 200 lbs P/acre. The red line indicates the requirement for a lactating
beef cow and the blue line for a dry cow. Data points indicate treatment means (n
= 6/treatment) for each month.
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Like the other phloem mobile macronutrients, N concentrations in leaves
decreased through the stockpiling season. The main difference between N and
the other mobile macronutrients was that leaf-N concentrations reached the
lowest concentrations in January of the first year, about a month ahead of the
other mobile elements. Our hypothesis is that N may be mobilized and
translocated for storage, earlier than other macronutrients.
Grass tetany ratio. A tetany “equivalent” ratio (K meq / Ca meq + Mg meq)
above 2.2 indicates that forage has the potential to cause grass tetany in grazing
livestock (16). The tetany ratios from control plots were slightly higher in spring
for both years than those of the P treatments (Figs. 3-9). The lower tetany ratio
with P fertilization was a result of increases in leaf Mg and Ca, which offset the
increase in leaf K concentrations.
In early spring of the first year, increases in the tetany ratio reflect the rapid
increase in leaf-K concentrations (Figs. 3-7& 3-9). During the second spring, the
reduction in the tetany ratio reflected the limited increase in leaf-K
concentrations, when soil was very dry, a situation that reduces K uptake by
diffusion (5). It is interesting that the slight increase in leaf-Mg and K
concentrations, as well as a concomitant decrease in leaf-Ca during January of
the second year, are reflected in the tetany ratio (Figs 3-5, 3-6, 3-7 and 3-9). This
seasonal relationship between nutrient concentrations is in concordance with
results reported by others (8, 12, 13, 14).
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Figure 3-9. The grass tetany ratio (K/Ca+Mg) in leaves of stockpiled tall fescue
treated with 0, 50, 100 and 200 lbs P/acre. The red line denotes the 2.2 ratio
above which the incidence of grass tetany is more likely in grazing livestock.
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Soil Test after Phosphorus Fertilization
The initial soil test Bray I P level was 7 lbs P/acre, and the University of
Missouri recommends 30 to 40 lbs P/acre for pastures. Soil samples taken after
the first year indicated that much of the P fertilizer added to plots was sorbed,
most likely a result of the Al, Fe, and Mn present in this acid soil. After two years,
soil Bray I P concentration had decreased to 6 lbs P/acre in the control plots (Fig.
3-10). With P fertilization, the Bray I P level in the first year increased to 16, 24
and 69 with the 50, 100 and 200 lbs P/acre treatments, respectively. The Bray I
concentrations decreased by about 10% for all treatments after the second year.
Bray II analyses were used to illustrate the amount of P fertilizer that
became sorbed and largely unavailable to tall fescue roots in this study. The Bray
II analysis showed that the bulk of the P fertilizer was sorbed by the soil. The
build up in Bray II levels is a good indication of how important P is in forage
production in this area, as it shows that the P fertilizer becomes unavailable to
plants on acid soils over time. The
soil test results indicate that Ca was low in this plot area, explaining the low leaf
Ca concentrations (Fig. 3-6).
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Figure 3-10. Soil test results after each of the two years of the study where
stockpiled tall fescue was treated with high rates of P fertilization. Data points
indicate treatment means ± S.E. (n = 6/treatment) for all treatments for each
year. The red line indicates the initial Bray I (7 lbs P/acre) and the orange line
indicates the initial Bray II (30 lbs P/acre).
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Chapter 4

Grass Tetany Potential of Stockpiled Tall Fescue Treated with
Poultry Litter or an Equivalent N-P-K Fertilizer
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Summary
Tall fescue (Festuca arundinacea) is the most important forage for beef
production in the Midwest. Stockpiling tall fescue allows producers to extend the
grazing season and reduce winter-feeding costs. Another practice to reduce
production costs is the use of poultry litter as a source of nutrients for tall fescue
pastures. However, there is some concern about poultry litter increasing the
possibility of grass tetany (K/Ca+Mg equivalent ratio > 2.2) in grazing beef cows.
The objective of this research was to determine the effects of poultry litter on
macronutrient concentrations and grass tetany ratios in stockpiled tall fescue,
and compare these effects with applications of equivalent quantities of N-P-K
fertilizer. Poultry litter treatments of 2, 4 and 8 tons/acre increased leaf nitrogen
(N), potassium (K), phosphorus (P), and lowered leaf calcium (Ca)
concentrations of stockpiled tall fescue leaves in the first season. The increase in
leaf K concentrations, as well as a parallel decrease in leaf Ca and magnesium
(Mg) concentrations in poultry litter treatments during the first season, increased
the tetany ratio and therefore, produced an increased potential for grass tetany.
While the fertilizer treatments also increased the tetany ratios of stockpiled tall
fescue leaves, the effects were not as pronounced as those from poultry litter
treatments and values only exceeded the 2.2 level for 3 months out of both
seasons. Although poultry litter is an inexpensive source of macronutrients for
stockpiled tall fescue pastures, the lowered leaf Ca and Mg concentrations in
winter may cause grass tetany problems during the first winter after application.
This problem may be alleviated in tall fescue pastures by applying lime with
poultry litter.
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Introduction
Feeder calf production is Missouri’s largest agricultural enterprise and ranks
second to Texas in the nation (32). Providing farmers with cost effective methods
for improving earnings is critical to the continued success in beef production.
Stockpiling forage is one practice suggested for improving profitability by
extending the grazing season and reducing winter feeding costs (2, 3, 7, 47). The
forage grass, tall fescue, grows on approximately 17 million acres in Missouri
making it the most important forage for the state’s beef industry (41). The hardy
nature of tall fescue and its ability to maintain growth and quality under cooler
temperatures in late fall and winter makes it an excellent forage for stockpiling
(40, 48, 50). However, by November in the Midwest, new leaf growth slows and
stockpiled tall fescue shows slight declines or no change in herbage mass until
early spring (4, 21, 40).
Tall fescue will persist with little management owing to its adaptability
however, yields can be enhanced by fertilization. Yields of stockpiled fescue
were increased from 35 to 61% with fall N fertilization (2, 14, 34, 51) and as
much as 50% with fall P fertilization (8). Several studies have shown that P and
Mg concentrations of stockpiled tall fescue leaves declined through winter
months (4, 10, 12, 13, 29, 30, 37, 43, 44). This decline in leaf P and Mg
concentrations in winter may create dietary deficiency problems that lead to
metabolic disorders affecting animal health and thereby influencing beef
production. Management practices that improve P and Mg concentrations in tall
fescue growing on low P soils ensure better access to macronutrients by grazing
livestock and reduce the potential for nutritional disorders.
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Many tall fescue pastures in Missouri grow on soils low in plant available
(Bray I) P (35). Reinbott and Blevins (38, 39) found that P fertilization of soils in
southwest Missouri, with Bray I P concentrations less than 16 lbs/acre, increased
macronutrient concentrations in tall fescue leaves in early spring. Forage
production on soils with low plant available P influences the Mg and P
concentrations of stockpiled tall fescue leaves and could lead to nutrient
deficiencies for grazing livestock. McClain and Blevins (29) found that fall
applications of up to 25 lbs P/acre increased the Mg, P and Ca concentrations of
stockpiled tall fescue, however, this fertilization treatment did not prevent leaf P
and Mg concentrations from falling below the 0.2% level required for lactating
beef cows in late winter and early spring (36).
In response to the rapid expansion of the poultry industry in southern
Missouri and northern Arkansas over the last decade, there has been increasing
pressure to find alternative uses for poultry litter. The majority of poultry litter is
applied to land close to poultry houses to reduce transportation costs. While the
size and number of poultry operations has increased, the amount of land
available for litter application near farms of origin has decreased or stayed
constant, as a result, litter is often applied at disposal rates greater than at rates
needed for agronomic practices (19, 25).
Poultry litter applications can serve as an inexpensive, beneficial nutrient
source for improving the quality and yields of tall fescue in stockpiling systems.
Huneycutt et al. (18) reported that yields of tall fescue increased with increasing
application rates of poultry litter in northern Arkansas. In a recent study, yields of
stockpiled tall fescue fertilized with composted poultry litter were similar to those
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receiving urea fertilizer (51). The initial growth of tall fescue after poultry litter
application is slow and may disappoint producers (18). This is a result, in part, of
the majority of N in composted poultry litter being organically bound and requiring
several months to be converted into plant available sources (11, 42, 46). While
poultry litter is a rich source of N-P-K for tall fescue production, health problems
have been reported in cattle following utilization of litter. Grass tetany has
occurred on farms and ranches’ following the application of large quantities of
poultry litter on tall fescue pastures (20, 49, 52, 53).
Grass tetany is a complex metabolic disorder associated with low blood
serum Mg as a result of reduced absorption of Mg from the rumen (9, 15, 16, 23,
27, 31). Often, grass tetany occurs when livestock graze lush spring growth of
cool season grasses or winter annuals. While forages with low Mg concentrations
are frequently the main cause of grass tetany, many factors can diminish the
animal’s ability to utilize Mg. Large applications of poultry litter can lead to high
leaf K concentrations that may cause a change in the grass tetany ratio (K meq /
Ca meq + Mg meq) of tall fescue forage and directly contribute to higher
incidences of grass tetany (19). This study was designed to determine the effects
of poultry litter on the macronutrient concentrations of stockpiled tall fescue
leaves, and compare these effects with those from applications of equivalent
quantities of N-P-K fertilizer. Macronutrient concentrations were used to
determine the impact of poultry litter on the grass tetany ratio during the
stockpiling season.
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Setting Up a Stockpiled Tall Fescue Poultry Litter Study
This two-year study was conducted on an established endophyte infected
(67% Neotyphodium coenophialum) tall fescue (Festuca arundinacea Schreb.
‘Kentucky 31’) pasture, at the University of Missouri Southwest Research Center
near Mt. Vernon, Missouri (37º 04′ N; 93º 53′ W; elevation 1150 ft) on a Creldon
silt loam (fine, mixed, active, mesic Oxyaquic Fragiudalf) with 26% aluminum (Al)
saturation (26). The site was typical of southwest Missouri in that the soil was low
in plant available P (9 lbs/acre Bray I), and had the following soil test results: pH,
5.3; soil organic matter, 2.8%; Ca, 1928 lbs/acre; Mg, 199 lbs/acre; and K, 282
lbs/acre.
Treatments. During the third week of August 2003, forage was removed
from the pasture and 10’ x 25’ plots with 5’ alleys were established in six replicate
blocks. Litter was collected from a poultry operation near the research center and
stored briefly in a barn prior to application. Samples of the poultry litter were
analyzed by the University of Missouri Soil Testing Laboratory and results were
used to determine the amount of N-P-K applied with litter, and to determine the
equivalent quantity of fertilizer for each application rate (Table 1). Treatments
applied in the third week of August 2003 consisted of 0, 1, 2, and 4 tons/acre
poultry litter and 1x, 2x, and 4x equivalent N-P-K rates of fertilizer. The sources
of inorganic nutrients for fertilizer treatments were ammonium nitrate (34-0-0),
triple super phosphate (0-46-0) and potassium sulfate (0-0-42). The rates of
application of fertilizer were very high, and therefore the 2x and 4x treatments
were split into 2 and 3 application dates, respectively. For example, the 1x
equivalent was applied to all fertilizer treated plots in the third week of August,
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Table 4-1. Composition of poultry litter used in this study, rates applied and total
quantities of macronutrients applied with each treatment (1x equals 2 tons/acre).
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Treatment
Constituent

%

lbs/ton

1x

2x

4x

N

3.91

78.3

156

318

624

P

2.05

41.1

82

164

328

K

3.43

68.6

137

276

548

Ca

2.68

53.7

107

216

428

Mg

0.79

15.9

32

64

128
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the 2x and 4x equivalent treatments received an additional 156-82-138 treatment
(1x rate) in mid-December, and the 4x equivalent treatment received a final
application (2x rate) in mid-March. Our hypothesis was that the addition of
fertilizer in increments would mimic slow release of nutrients from poultry litter
and prevent leaf burning from high rates of inorganic fertilizer. Each treatment
was randomly applied to plots in six replicate blocks. In August of 2004, forage
was again removed and there were no further applications of fertilizer or poultry
litter for the second season. Soil samples were collected before treatment
application and again following the end of the experiment and analyzed by the
University of Missouri Soil Testing Laboratory.
Harvests and Macronutrient Analyses. Beginning in mid-October and
each month through April of each stockpiling season, 20 of the most recently
collared leaves were randomly harvested from each plot. All samples were oven
dried, ground, and digested in nitric acid with a microwave accelerated digestion
system. Concentrations of P, K, Ca, and Mg were determined by ICP-OES
(Varian Inc., USA), and N by thermal conductivity of nitrogenous gases with a
Leco Model FP-428 nitrogen analyzer (Leco Corp., USA).
Temperature and Precipitation Data. Below average precipitation
occurred in September, October, November and February of the first stockpiling
season, while December, January, March and April were above the 30-year
average for this area (Fig. 4-1). During the second stockpiling season, October
and November had above average rainfall and January 2005 had over 6.5 inches
of precipitation. In contrast to the previous spring, March and April 2005 were
very dry. For both seasons, temperatures were similar to the 30-year averages
87

Figure 4-1. Monthly precipitation for both stockpiling seasons 2003 – 2005 and
30-year average for Southwest Center Mt. Vernon, Missouri.
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for this area, except in January of the second season, when temperatures
remained above freezing for the first two weeks (data not shown).
Statistical Analysis. The experiment was a randomized complete block
design analyzed as a split-split plot in time model with repeated measures. This
model was used to test for statistical significance of poultry litter and fertilizer
treatment effects as well as interactions with month and year using PROC
MIXED in SAS version 9.1 (45). The main plot consisted of treatment, and
harvest date (month) was considered the split plot and year was the split-split
plot. Poultry litter, fertilization treatments and months were fixed effect factors
and year and block were treated as random factors. All effects and interactions
were considered significant when P< 0.05. When F test showed significance (P<
0.05), means were separated using Fisher’s protected LSD (α = 0.05). Means of
fertilizer and poultry litter treatments were separated by rate of application and
harvest date within a year by the Tukey-Kramer procedure for multiple
comparisons (P≤ 0.05). Experimental years are presented separately due to
significant interactions for all macronutrients.
Macronutrients in Stockpiled Tall Fescue Treated with Poultry Litter or an
Equivalent Quantity of N-P-K Fertilizer
Nitrogen. During each month of the first season, N concentration was
higher in leaves from plants treated with poultry litter or fertilizer than control
leaves (Figs. 4-2A & 4-2B). However, during the second season, only the 4x
fertilizer treatment had leaf N concentrations that were higher than leaves from
control plots. Following the second application of 2x and 4x fertilizer treatments in
December 2003, there was an increase in the leaf N concentrations from these
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Figure 4-2. Nitrogen concentrations in stockpiled tall fescue leaves from plots
treated with 0, 1x, 2x and 4x of fertilizer (A) and poultry litter (B). 1x equals 2
tons/acre poultry litter or an equivalent amount of N-P-K fertilizer. Means (n =
6/treatment) for each month.
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plots. There was also an increase in leaf N concentrations in April 2004, following
the final application of fertilizer in mid-March to complete the 4x treatment.
Poultry litter contains large quantities of N, evident from the increases seen in
leaf N concentrations during the first season. While these leaf N increases were
not as dramatic as those seen with fertilizer treatments, leaf N concentrations
were much higher than those of untreated control leaves.
During the first season, the 4x poultry litter treatment and the 2x fertilizer
treatment produced equivalent leaf N concentrations. During the second season,
only the highest fertilizer treatment increased leaf N concentrations. This was
most likely a result of the final application of fertilizer in March, to complete the 4x
treatment. Even though leaves from all plots showed a decline in N
concentrations through the winter months of both seasons (Figs. 4-2A & 4-2B),
producers could use litter as an inexpensive N source for increasing protein
concentrations of stockpiled tall fescue.
Phosphorus. During the first season, leaf P concentrations were higher
with both poultry litter and fertilizer treatments than those from control leaves
(Figs. 4-3A & 4-3B). Similar to leaf N concentrations, there was an increase in
leaf P concentration from December to January with the second application of
fertilizer treatments. Comparing poultry litter and fertilizer treatments in the first
season suggested that there was little difference between source and rate of
fertilization on leaf P concentrations. For 2x and 4x treatments, only in December
was there a difference in leaf P concentrations as a result of the source of
nutrients, with poultry litter being 30% higher than the fertilizer treatments. In
March of the first season, leaves from the 1x poultry litter treatments were 30%
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Figure 4-3. Phosphorus concentrations in stockpiled tall fescue leaves from plots
treated with 0, 1x, 2x and 4x of fertilizer (A) and poultry litter (B). 1x equals 2
tons/acre poultry litter or an equivalent amount of N-P-K fertilizer. The red line
indicates the requirement for a lactating beef cow and the blue line for a dry cow.
Means (n = 6/treatment) for each month.
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higher in P concentrations than leaves from the 1x fertilizer treatment. The
increase in leaf P concentrations from the 1x poultry litter treatment perhaps
resulted from the slow release of plant available P from litter decomposition. With
the 1x fertilizer treatment, the nature of the soil in this experimental field may
cause P to be sorbed and made unavailable for plant uptake (1, 6, 17). Receiving
another application of fertilizer in December of the first season, allowed 2x and
4x fertilizer treatments to maintain leaf P at concentrations similar to poultry litter
treatments in January. In addition, higher fertilizer rates of these treatments
would mean larger quantities of P application that would take longer to become
sorbed by the soil and unavailable for plant uptake.
Above average precipitation in October and November 2004 may have led
to a dramatic increase in leaf P concentrations for all treatments (Figs. 4-1, 4-3A
& 4-3B). Poultry litter treatments maintained leaf P concentrations higher than
those of leaves from untreated controls for all months of the second season. Only
the 2x and 4x fertilizer treatments increased leaf P concentrations above those of
the controls and this only happened from December through April of the second
season. Leaf P concentrations from control plots fell below the 0.2% required by
lactating beef cows for December through February of the first season and
January of the second season (36). While leaf N concentrations showed no signs
of residual effects from poultry litter the second season, leaf P concentrations
responded to the slow release of P from litter treatments (Fig. 4-3B). Poultry litter
and fertilizer treatments maintained leaf P concentrations above the needs of
lactating beef cows for all months of both stockpiling seasons (Figs. 4-3A & 43B). Allowing for the increase in leaf P concentrations with the highest fertilizer
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treatments of the first season, the trend of leaf P concentrations for both seasons
showed a decline in winter and a subsequent increase in spring. If utilized at
rates for improving plant growth rather than for disposal of excessive amounts,
poultry litter could provide producers with an alternate source of P for production
of stockpiled tall fescue.
Potassium. Leaf K concentrations were higher for all poultry litter and
fertilizer treatments compared to those of untreated controls during the first
season (Figs. 4-4A & 4-4B). However, only the highest fertilizer treatment
produced leaf K concentrations greater than control leaves in the second season.
Similar to P and N concentrations, leaf K concentrations in plots from 2x and 4x
fertilizer treatments increased from December to January of the first season. This
is most likely a result of the final application of fertilizer to complete the 4x
treatment before the second stockpiling season. All treatments declined from fall
through winter of both seasons, and in general, the reduced leaf K concentration
in the second season reflects lower rainfall (Fig 4-1, 4-4A & 4-4B). Root K uptake
from soil occurs by diffusion and is greatly influenced by available soil moisture
(5, 22, 24).
Leaf K concentrations remained above 3.0% for 2x and 4x poultry litter
treatments in all months of both seasons. Grass tetany has been associated with
high K concentrations of forage (9, 15, 16, 23, 27, 52, 53), therefore these results
would suggest an increased risk of grass tetany based on higher leaf K
concentrations with the highest poultry litter treatments. Other studies have found
that high rates of poultry litter increased soluble K in the soil (19, 20, 25). Kingery
et al. (25) found that tall fescue pastures where excess poultry litter was applied
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Figure 4-4. Potassium concentrations in stockpiled tall fescue leaves from plots
treated with 0, 1x, 2x and 4x of fertilizer (A) and poultry litter (B). 1x equals 2
tons/acre poultry litter or an equivalent amount of N-P-K fertilizer. The red line
indicates the requirement for a lactating beef cow and the blue line for a dry cow.
Means (n = 6/treatment) for each month.
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at high rates for disposal, tripled soil K concentrations and doubled those in the
plant. Soil test results indicate that K levels were higher with poultry litter
treatments in this pasture and could provide an explanation for the increase in
leaf K concentrations. For all plots during both seasons, there was a decline in
leaf K concentrations from fall through winter (4-4A & 4-4B). This seasonal trend
in leaf K concentrations has been reported in other studies (12, 29, 30, 37, 43,
44).
Magnesium. Leaf Mg concentrations showed no treatment effects (Figs. 45A & 4-5B) however, in the first season, leaf Mg concentrations from the highest
poultry litter treatment fell below the 0.2% required by lactating beef cows in
January and February, while leaf Mg concentrations from control plots only fell
below critical level in April (36). In the second season, leaf Mg concentrations
from the 4x poultry litter and the 2x and 4x fertilizer treatments declined below
the 0.2% level in January and April. Leaf Mg concentrations from control plots
remained above the 0.2% level for all months of the second season.
Soil test results indicate that Mg levels were low in this pasture and could
provide an explanation for the lack of increase in leaf Mg concentrations with the
inorganic fertilizer treatments. While poultry litter contains an appreciable amount
of Mg, other studies have shown a reduction in plant available Mg with
application of high rates of litter (19).
Calcium. During the first stockpiling season, all fertilizer treatments
improved leaf Ca concentrations in November and April (4-6A & 4-6B). However,
during all months of the second season, there were no differences between
fertilizer and untreated control treatments. In contrast, poultry litter treatments
100

Figure 4-5. Magnesium concentrations in stockpiled tall fescue leaves from plots
treated with 0, 1x, 2x and 4x of fertilizer (A) and poultry litter (B). 1x equals 2
tons/acre poultry litter or an equivalent amount of N-P-K fertilizer. The red line
indicates the requirement for a lactating beef cow and the blue line for a dry cow.
Means (n = 6/treatment) for each month.
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Figure 4-6. Calcium concentrations in stockpiled tall fescue leaves from plots
treated with 0, 1x, 2x and 4x of fertilizer (A) and poultry litter (B). 1x equals 2
tons/acre poultry litter or an equivalent amount of N-P-K fertilizer. The red line
indicates the requirement for a lactating beef cow and the blue line for a dry cow.
Means (n = 6/treatment) for each month.
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caused a reduction in leaf Ca concentrations. During the first season, control leaf
Ca concentrations were above the 0.3% required by lactating beef cows (36)
except in December, while leaf Ca concentrations from poultry litter treatments
fell below this critical level for all months, except March and April. During the
second season, the highest poultry litter treatments produced leaf Ca
concentrations below the requirements for lactating beef cows for December and
January. Soil test results indicated that there was no difference in Ca
concentrations between poultry litter treatments and controls.
While most efforts for alleviating the incidence of grass tetany have focused
on improving Mg concentrations in forage, leaf Ca concentrations are also critical
and are an important factor in the occurrence of grass tetany (16, 27). Forage
deficient in Ca can lead to “milk fever” in grazing cattle as well, and although this
metabolic disorder is less common in beef cows, a low Ca diet can lead to
reduced milk production and lower calf weaning weights (31). To my knowledge,
the lowered Ca concentrations in tall fescue leaves as a result of poultry litter
application have not been reported previously.
Grass Tetany Potential. A tetany ratio (K meq / Ca meq + Mg meq) above
2.2 indicates that forage has the potential to cause grass tetany in grazing
livestock (9, 23, 27). The tetany ratios from all treatments were equal to or higher
than ratios from control treatments in the first season (4-7A & 4-7B). The 2x and
4x poultry litter treatments produced tetany ratios higher than the 2.2 from
October through January. Grass tetany has been reported most often in March
and April, but earlier grass tetany problems induced by poultry litter have been
reported in southern states (20, 25, 54).
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Figure 4-7. The grass tetany ratio (K/Ca+Mg) in leaves of stockpiled tall fescue
treated with 0, 1x, 2x and 4x of fertilizer (A) and poultry litter (B). 1x equals 2
tons/acre poultry litter or an equivalent amount of N-P-K fertilizer. The red line
denotes the 2.2 value where the incidence of grass tetany occurs in grazing
livestock.
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In spring of both seasons, the highest fertilizer treatment produced tetany
ratios above 2.2. In early spring of the first season, increases in the tetany ratio
reflected the rapid increase in leaf K concentrations (4-4A & 4-4B). During fall
and early winter of the second season, tetany ratios were higher than control
ratios for fertilizer treatments, also reflective of increased leaf K concentrations.
However, during the second spring, reduction in the tetany ratio reflected the
limited increase in leaf K concentrations, when soil was very dry, a situation that
reduces K uptake by diffusion (5). It is interesting that the increase in leaf K
concentrations, as well as a parallel decrease in leaf Ca and Mg concentrations
in poultry litter treatments during the first season were reflected in the tetany ratio
(Figs. 4-4 – 4-7B).
Another factor implicated in cases of grass tetany in grazing livestock is high
concentrations of N in the rumen. High levels of ammonia reduce the absorption
of Mg in the animal (33). The combination of high leaf N and K concentrations
with low leaf Ca and Mg concentrations found in leaves from poultry litter
treatments would indicate a greater risk of grass tetany for beef cows grazing
stockpiled tall fescue pasture where high rates of poultry litter are applied.
Soil Test Results. The initial soil test Bray I P level was 9 lbs P/acre, and
the University of Missouri recommends 30 to 40 lbs P/acre for pastures (Fig. 48). Soil samples taken at the conclusion of the experiment indicated that much of
the P fertilizer added to plots was sorbed, most likely a result of the Al, Fe, and
Mn present in this acid soil forming insoluble complexes with P (Fig. 4-8). The
results for the poultry litter plots showed a similar trend, except that the highest
litter treatment had lower Bray I & II values than those from the highest fertilizer
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Figure 4-8. Soil test results after two stockpiling seasons where tall fescue was
treated with 0, 1x, 2x and 4x of fertilizer (A) and poultry litter (B). 1x equals 2
tons/acre poultry litter or an equivalent amount of N-P-K fertilizer. Means (n =
6/treatment) for all treatments for each season. The red line indicates the initial
Bray I (9 lbs P/acre) and the orange line indicates the initial Bray II (28 lbs
P/acre).

109

110

Phosphorus (lbs/acre)

0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

control

1x

2x
Fertilizer

4x

1x

2x
Poultry Litter

Bray I
Bray II

4x

treatment. All treatments raised the Bray I to levels recommended by the
University. Bray II analyses were used to illustrate the amount of fertilizer and
poultry litter that became sorbed and largely unavailable to tall fescue roots (Fig.
4-8). The Bray II analysis showed that the bulk of P applied in all treatments was
sorbed by the soil. The build up in Bray II levels is a good indication of how
important P is in forage production in this area of the state, showing that much of
the P in fertilizer becomes unavailable to plants on acid soils over time.
Nutrient Mobility. The N, P, K and Mg concentrations in tall fescue leaves
decreased steadily from late fall through winter, and increased in early spring of
both seasons. Our hypothesis is that the decrease in leaf N, P, K, and Mg
concentrations during winter may result from nutrient remobilization from leaves
to rhizomes and roots during late fall and winter as a storage mechanism to
support spring growth. Unlike other macronutrients, Ca is not mobile in the
phloem tissue of plants (28), therefore it was not surprising to find that Ca
concentrations in leaves remained relatively constant during late fall and winter.
One salient result of this study was the increase in leaf P and N
concentrations following the second application of fertilizer treatments in
December of the first stockpiling season (Figs. 4-2 & 4-3). In contrast to all other
treatments, the 2x and 4x fertilizer treatments increased leaf concentrations from
December to January, by 10 and 40% for leaf N and P, respectively. Following
the final application to the 4x fertilizer treatment, leaf N concentrations increased
by 20% from March to April (Fig. 4-2). Although this split application was
employed to reduce leaf burn and mimic the slow release of nutrients from
poultry litter, it provides an interesting clue about late season P fertilization. If
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stockpiled tall fescue is responsive to P fertilization during the winter months,
then winter applications might be used as a tool to maintain leaf P and Mg
concentrations in late winter and early spring.

112

Literature Cited
1. Adams, J.F., Adams, F., and Odom, J.W. 1982. Interaction of phosphorus
rates and soil pH on soybean yield and soil solution composition of two
phosphorus- sufficient Ultisols. Soil Sci. Soc. Am. J. 46:323-328.
2. Archer, K.A., and Decker, A.M. 1977a. Autumn-accumulated tall fescue and
orchardgrass. I. Growth and quality as influenced by nitrogen and soil
temperature. Agron. J. 69:601-605.
3. Archer, K.A., and Decker, A.M. 1977b. Autumn-accumulated tall fescue and
orchardgrass. II. Effects of leaf death on fiber components and quality
parameters. Agron. J. 69:605-609.
4. Balasko, J.A. 1977. Effects of N, P, and K fertilization on yield and quality of
tall fescue forage in winter. Agron. J. 69:425-428.
5. Barber, S.A. 1984. Soil Nutrient Bioavailability: A mechanistic approach.
Wiley-Interscience, New York p. 96.
6. Bache, B.W. 1964. Aluminum and iron phosphate studies relating to soils II.
Reactions between phosphate and hydrous oxides. J. Soil Sci. 15:110-116.
7. Bishop-Hurley, G.J., and Kallenbach, R.L. 2001. The economics of grazing
beef cows during winter. p. 274. In Proc. Am. Forage Grassl. Coun., 2001
Springdale, AR. 22-25 April 2001. AFGC, Georgetown, Tx.
8. Blevins, D.G., Massie, M.D., and McClain, W.E. 2004. Phosphorus
fertilization improves quality of stockpiled tall fescue. Better Crops vol. 88.
4:7-9.
9. Butler, E.J. 1963. The mineral element content of spring grasses in relation to
the occurrence of grass tetany and hypomagnesaemia in dairy cows. J. Agric.
Sci. 60:329-340.
10. Collins, M., and Balasko, J.A. 1981. Effects of N fertilization and cutting
schedules on stockpiled tall fescue. I. Forage yield. Agron. J. 73:803-807.
11. Edwards, D.R., and Daniel, T.C. 1994. Quality of runoff from fescuegrass
plots treated with poultry litter and inorganic fertilizer. J. Environ. Qual.
23:579-584.
12. Fleming, G.A., and Murphy, W.E. 1968. The uptake of some major and trace
elements by grasses affected by season and stage of maturity. Grass Forage
Sci. 23, 174-185.

113

13. Fribourg, H.A., and Bell, K.W. 1984. Yield and composition of tall fescue
stockpiled for different periods. Agron. J. 76:929-934.
14. Gerish, J.R., Peterson, P.R., Roberts, C.A., and Brown, J.R. 1994. Nitrogen
fertilization if stockpiled tall fescue in the Midwestern USA. J. Prod. Agric.
7:98-104.
15. Grunes, D.L., Stout, P.R., and Brownwell, J.R. 1970. Grass tetany of
ruminants. Adv. Agron. 22:331-374.
16. Grunes, D.L., and Welch, R.M. 1989. Plant contents of magnesium, calcium
and potassium in relation to animal nutrition. J. Animal Sci. 67:3485-3494.
17. Holford, I.C.R., Schweitzer, B.E .and Crocker, G.J. 1994. Long-term effects of
lime on soil phosphorus solubility and sorption in eight acidic soils. Aust. J.
Soil Res. 32:795-803.
18. Huneycutt, H.J., West, C.P., and Phillips, J.M. 1988. Responses of
bermudagrass, tall fescue, and tall fescue-clover to broiler litter and
commercial fertilizer. Ark. Agric. Exp. Stn. Bull. 913.
19. Jackson, W.A., Leonard, R.A., and Wilkinson, S.R. 1975. Land disposal of
broiler litter: Changes in soil potassium, calcium and magnesium. J. Environ.
Qual. 4:202-206.
20. Jones, J.B., Stuedemann, J.A., Wilkinson, S.R., and Dobson, J.W. 1973.
Grass tetany alert program in North Georgia. Ga. Agric. Res. 14:9-12.
21. Kallenbach, R.L., Bishop-Hurley, G.J., Massie, M.D., Rottinghaus, G.E., and
West, C.P. 2003. Herbage mass, nutritive value and ergovaline concentration
of stockpiled tall fescue. Crop Sci. 43:1001-1005.
22. Karlen, D.L., Ellis Jr, R. Whitney, D.A., and Grunes, D.L. 1980. Influence of
soil moisture on soil solution cation concentrations and the tetany potential of
wheat forage. Agron. J. 72:73-78.
23. Kemp, A. and t’Hart, M.L. 1957. Grass tetany in grazing milk cows. Neth. J.
Agric. Sci. 5:4-17.
24. Kilmer, V.J., Bennett, O.L., Stahly, V.F., and Timmons, D.R. 1960. Yield and
mineral composition of eight forage species grown at four levels of soil
moisture. Agron. J. 52:282-285.
25. Kingery, W.L., Wood, C.W., Delaney, D.P. Williams, J.C., Mullins, G.L., and
van Saten, E. 1993. Implications of long-term land application of poultry litter
on tall fescue pastures. J. Prod. Agric. 6:390-395.

114

26. LeNoble, M.E., Blevins, D.G., and Miles, R.E. 1996. Prevention of aluminium
toxicity with supplemental boron. II. Stimulation of root growth in an acidic,
high-aluminium soil. Plant Cell and Environ. 19:1143-1148.
27. Littledike, E.T., and Cox, P.S. 1979. Clinical, mineral, and endocrine
interrelationships in hypomagnesemic tetany. p. 1-50 In M. Stelly (ed.) Grass
Tetany. ASA, CSSA, and SSSA, Madison WI.
28. Marschner, H. 1995. Mineral nutrition of higher plants. Academy Press.
Harcourt Brace Jovanovich Publ., London.
29. McClain, W.E. and Blevins, D.G. 2006. Phosphorus fertilization increased
macronutrient concentrations in leaves of stockpiled tall fescue. Online.
Forage and Grazinglands. In press.
30. McClain, W.E. and Blevins, D.G. 2007. Increasing macronutrient
concentrations in stockpiled tall fescue with high rates of phosphorus
fertilization. Online. Forage and Grazinglands. submitted.
31. Minson, D.J. 1990. Forage in Ruminant Nutrition. Academic Press, London.
32. Missouri Farm Facts 2004. Missouri Agriculture Statistics Service nassmo@nass.usda.gov
33. Moore, W.F., Fontenot, J.P., and Webb, K.E. 1972. Effect of form and level of
nitrogen on magnesium utilization. J. Anim. Sci. 35:1046-1053.
34. Moyer, J.L., Sweeney, D.W., and Lamond, R.E. 1995. Response of tall fescue
to fertilizer placement at different levels of phosphorus, potassium, and soil
pH. J. Plant Nutr. 18:729-746.
35. Nathan, M.V. 1995. Soil test summary of Missouri grouped by soil regions for
1994. Univ. of Missouri Agron. Misc. Publ. No. 95-02.
36. National Research Council. 2000. Nutrient requirements of beef cattle.
National Academy Press. Washington, D.C.
37. Opitz von Boberfeld, W. and Banzhaf, K. 2006. The effect of sward
management on the mineral content of winter grazed herbage. J. Agron. &
Crop Sci. 192:1-9.
38. Reinbott, T.M. and D.G. Blevins. 1994. Phosphorus and temperature effects
on magnesium, calcium and potassium in wheat and tall fescue leaves.
Agron. J. 86:523-529.

115

39. Reinbott, T.M. and D.G. Blevins. 1997. Phosphorus and magnesium
fertilization interaction with soil phosphorus level: Tall fescue yield and
mineral element content. J. Production Agriculture 10:260-265.
40. Riesterer, J.L., Casler, M.D., Underander, D.J. and Combs, D.K. 2000.
Seasonal yield distribution of cool season grasses following winter defoliation.
Agron. J. 92:974-980.
41. Roberts, C. A. 2004. Tall fescue toxicosis. MU Extension G4669.
42. Robinson, J.S., and Sharpley, A.N. 1995. Release of nitrogen and
phosphorus from poultry litter. J. Environ. Qual. 24:62-67.
43. Ross, J.P., and Reynolds, J.H. 1979. Nutritive value of fall-stockpiled tall
fescue. Tenn. Farm and Home Sci. 112:44-48.
44. Ross, J.P., and Reynolds, J.H. 1981. Forage quality of fescue regrowth after
removal of stockpiled forage. Tenn. Farm and Home Sci. 118:11-13.
45. SAS Institute. 2004. The SAS system, version 9.1. SAS Inst., Cary N.C.
46. Sharpley, A.N., Smith, S.J., and Bain, W.R. 1993. Nitrogen and phosphorus
fate from long-term poultry litter applications to Oklahoma soils. Soil Sci. Soc.
Am. J. 57:1131-1137.
47. Singer, J.W., Hintz, R.L., Moore, K.J., Wiedehoeft, M.H., and Brummer, E.C.
2003. Tall fescue response to nitrogen and harvest date for stockpiled grazing
in the upper Midwest. Online. Crop Mgmt. doi: 10.1094/CM-2003-0904-01RS. Verified 12-02-06.
48. Sleper, D.A., and West, C.P. 1996. Tall Fescue. p.471-502. In L.E. Moser et
al. (eds.) Cool-season forage grasses. Agron. Monogr. No. 34. ASA, CSSA,
and SSSA, Madison WI.
49. Stuedemann, J.A., Wilkinson, S.R., Williams, D.J., Ciordia, H., Ernst, J.V.,
Jackson, W.A., and Jones, J.B. 1975. Long-term broiler litter fertilization of tall
fescue pastures and health and performance of beef cows. p. 264-268. In
Managing livestock wastes. Am. Soc. Agric. Eng. Publ. Proc. No. 275. St.
Joseph, MI.
50. Taylor, T.H., and Templeton, W.C. 1976. Stockpiling Kentucky bluegrass and
tall fescue for winter pasturage. Agron. J. 68:235-239.
51. Teutsch, C.D., Fike, J.H., Groover, G.E., and Aref, S. 2005. Nitrogen rate and
source effects on the yield and nutritive value of tall fescue stockpiled for
winter grazing. Online. Forage and Grazinglands. doi:10.1094/FG-2005-122001-RS. Verified 12-17-06.
116

52. Wilkinson, S.R., and Mayland, H.F. 1997. Yield and mineral concentrations of
HiMag compared to other tall fescue cultivars grown in the southern
piedmont. J.Plant Nut. 20:1317-1331.
53. Wikinson, S.R., and Stuedemann, J.A. 1979. Tetany hazard of grass as
affected by fertilization with nitrogen, potassium, or poultry litter and methods
of grass tetany prevention. p. 93-121. In V.V. Rendig and D.L. Grunes (eds.)
Grass Tetany. ASA Spec. Publ. 35. ASA, CSSA, and SSSA, Madison WI.

117

Chapter 5

Leaf Manganese Concentrations in Stockpiled Tall Fescue:
Effects of Source and Rate of Fertilization
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Summary
Tall fescue (Festuca arundinacea) is the most important forage for beef
production in the Midwest. Stockpiling tall fescue allows producers to extend the
grazing season and reduce winter-feeding costs. Yet there is little information
available about micronutrient concentrations of elements like manganese (Mn) in
stockpiled tall fescue leaves. This study is a compilation of leaf Mn concentration
data from three separate experiments from four stockpiling seasons 2001 to
2005. The objective of this study was to determine how Mn concentrations of
stockpiled tall fescue leaves respond to fertilization from different sources and
rates. In experiment (Exp.) 1, phosphorus (P) fertilization treatments of 0, 12.5
and 25 lbs P/acre had no effect on leaf Mn concentrations during the first
stockpiling period. However, a second P application at the beginning of the
second season increased leaf Mn concentrations by ~20% over control plots.
Overall, leaf Mn concentrations in Exp. 2, where stockpiled tall fescue was
treated with 0, 50, 100, and 200 lbs P/acre were lower than in both Exps. 1 and 3
(poultry litter vs. equivalent N-P-K) though the highest P treatment in Exp. 2
produced leaf Mn concentrations that were 60% higher than control plots. The
fertilizer treatments in Exp. 3 increased leaf Mn concentrations similarly to P
treatments in both Exps. 1 and 2 during the first season. However, the highest
fertilizer treatment increased leaf Mn by 164% during the second stockpiling
season, an increase that was three times greater than any other treatment in all
three Exps. In contrast to the trends in leaf Mn concentrations from all three
Exps., poultry litter treatments (Exp. 3) produced lower leaf Mn concentrations
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than those from control plots from December through February of both season.
Leaf Mn concentrations for all treatments from all three Exp. in every month of
each study, remained above the requirements for grazing beef cows. However,
recent research suggests that while concentrations of micronutrients like Mn
might not reach clinical toxicity levels, the reproductive performance of beef cows
might be impaired by concentrations twice as high as required for cattle (~80
ppm).
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Introduction
Tall fescue grows on approximately 17 million acres in Missouri making it
the most important forage for the state’s beef industry, which ranks second in the
nation in cow-calf operations (24). Cattle producers stockpile tall fescue pasture
to extend the grazing season (1, 2, 35) and reduce winter-feeding costs (4). The
hardy nature of tall fescue and its ability to maintain growth with the onset of
cooler temperatures in late fall make it an excellent forage for stockpiling (31,
34). However, there is little information on Mn concentrations in stockpiled tall
fescue leaves. Manganese is an essential trace element for plants and animals,
and though the required concentrations are quite low, the importance of this
micronutrient should not be underestimated (33).
The relative mobility of Mn in the plant phloem tissue has been classified as
intermediate or low (19, 22). While calcium (Ca) is also considered to have low
phloem mobility, the seasonal trends of leaf concentrations are quite different
from those of Mn, in that Ca concentrations remain fairly constant, while Mn
concentrations increase through the winter months (Figs. 2-3, 3-6, 4-6 A & B, 51, 5-2, 5-3, 5-4).
Manganese plays a crucial role in the metabolism of plants as a principal
component of metalloenzymes like PSII and Mn superoxide dismutase and as a
cofactor for several important enzymes (5). While all of these functions are vital
to plant growth and development, it is the Mn role in splitting of water in PSII that
evolves oxygen for humans breathe and allows the plant to convert solar energy
into chemical bonds. For every PSII protein, there are four Mn molecules and
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with thousands of PSII complexes throughout chloroplasts in a leaf, this accounts
for the majority of Mn in a plant (22).
Although grazing livestock have lower tissue Mn concentrations (0.3 ppm)
than plants (30-300 ppm) and soils (1600 ppm), this element is important for
bone matrices, hormone synthesis, and as a constitute or activator of many
enzymes in animals (23, 37). Information on Mn deficiency in grazing livestock is
limited and not well established. In some studies, cattle fed diets high in Mn
(>1000 ppm) showed no adverse affects on growth (7). Others have reported
reduced weight gains and that calves appear to be the most sensitive to high
levels of Mn in forage than mature cattle, however, concentrations of >1000 ppm
were required to reduce the weight gain (15).
Research on the effects of poultry litter on leaf Mn concentrations is limited
and somewhat conflicting. Kingrey et al. (18) sampled pastures from several
counties across Alabama where poultry litter had been applied annually for 15 to
28 years, while the pastures contained tall fescue it was not separated from other
plant species. Plant tissue from litter treated pastures produced leaf Mn
concentrations that were 66% lower than control pastures. The authors point out
that while there is a paucity of information on leaf Mn response to poultry litter,
there is one report of sewage sludge applications reducing Mn concentrations in
tall fescue (17).
Another study on the effect of poultry litter on mineral uptake of tall fescue in
Arkansas showed that high rates of litter had lower tissue Mn concentrations
compared to low application rates (6). However, both poultry litter treatments
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produced higher Mn concentrations than control treatments. While these results
oppose those of Kingery (18), this study only had two replicates and control plots
had a history of receiving poultry litter applications, confounding the findings.
Long term poultry litter applications can have a liming effect on soils (12,
18), and several studies have shown that liming can decrease Mn concentrations
in plants as a result of changes to the soil pH that reduce Mn solubility (10, 14,
16, 29, 36). More recent work on the response of stockpiled tall fescue to lime
applications confirm this effect, in that leaf Mn concentrations were reduced by
50% with lime treatments compared to controls (9)
A few studies have reported leaf Mn concentrations in tall fescue, however
these are either from a single harvest, derived from mixed pastures or
environmentally controlled experiments (3, 8, 11, 17). Therefore this research
was designed to determine the effects of fertilization from different sources and
rates on the leaf Mn concentrations of stockpiled tall fescue.

Materials and Methods
This chapter is a compilation of data from three stockpiled tall fescue
experiments conducted over four stockpiling seasons from 2001 to 2005.
Management of plots and harvests for all experiments was described for each
experiment in chapters 2 – 4. Experimental designs are also described in the
earlier chapters. Briefly, experiment 1 (chapter 2) results are from stockpiled tall
fescue treated with 0, 12.5, and 25 lbs P/acre and treatments were applied at the
beginning of each stockpiling season. Experiment 2 (chapter 3) is similar to
Exp1, however tall fescue was treated with 0, 50, 100, and 200 lbs P/acre and
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treatments were only applied during the first stockpiling season. Experiment 3
(chapter 4) results are from stockpiled tall fescue with treatments consisting of 0,
2, 4, and 8 tons/acre poultry litter and equivalent N-P-K rates from an inorganic
fertilizer.

Leaf Manganese of Stockpiled Tall Fescue was Influenced by
Source and Rate of Fertilization
Experiment 1. Macronutrient concentrations in stockpiled tall fescue leaves
treated with 0, 12.5, and 25 lbs P/acre. Concentrations of all of the essential
micronutrient elements plus aluminum and sodium were determined in leaf
samples, but only Mn provided consistently interesting responses to P
fertilization. During the first stockpiling season, there was no effect of 12.5 or 25
lb P/ acre treatments on leaf Mn concentrations (Fig. 5-1). However, P
treatments were applied again at the beginning of the second season and with P
treatments leaf Mn concentrations were higher than those of controls.
Phosphorus fertilization increased leaf Mn ~20% over control plots.
Leaf Mn concentrations increased through winter, but declined in spring of
both seasons. In much of Missouri, tall fescue can remain green throughout the
winter months providing a possible explanation for the increase in Mn during the
stockpiling season across all treatments. Another explanation, tall fescue often
remains green all winter and during mild years there can be little or no change in
herbage mass. Therefore, slight losses in leaf weight could account for increases
in the leaf concentrations of this immobile micronutrient. There are a few reports
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Figure 5-1. Leaf manganese concentrations in stockpiled tall fescue treated with
0, 12.5 and 25 lbs P/acre. The experiment was conducted on a Creldon soil at
the University of Missouri southwest Center near Mt. Vernon, MO during 2001
through 2003. Means (n = 18/treatment) for each month.
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of P fertilization increasing Mn concentrations in plants however there is no
information on this response in stockpiled tall fescue (13, 20, 21, 28).
For all treatments across all months of both seasons, leaf Mn
concentrations were above the 40 ppm required by grazing livestock (26).
Although leaf Mn concentrations were increased in the second stockpiling
season, even the highest concentrations in February were well below the 1000
ppm considered the maximum tolerable level for livestock (26). Calves and
young cows appear to be the most sensitive to high levels of Mn in their diets
(30). Two-year old beef cows supplemented with twice the NRC requirement (80100 ppm) of Mn had lower reproductive performance compared to cows not
receiving Mn supplementation (27). However, concentrations of >1000 ppm were
required to reduce body weight and feed intake in calves (7).
Experiment 2. Macronutrient concentrations in stockpiled tall fescue leaves
treated with extremely high rates of P fertilization. Leaf Mn concentrations were
higher than those from control plots, for all P treatments during the first
stockpiling period (Fig. 5-2). The 50 and 100 lb P/acre treatments had an
increase of 30 to 40%, while the highest P treatment produced leaf Mn
concentrations 60% higher than those from controls. During the second season,
100 and 200lb P/acre treatments increased leaf Mn concentrations by ~30%
compared to control and 50 lb P/acre treatments.
As found in Exp. 1, leaf Mn concentrations increased over winter months
and decreased through the spring (Figs. 5-1 and 5-2). Although leaf Mn
concentrations were lower than those in Exp. 1, they remained above the 40 ppm
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Figure 5-2. Leaf manganese concentrations in stockpiled tall fescue treated with
0, 50, 100 and 200 lbs P/acre. The experiment was conducted on a Creldon soil
at the University of Missouri southwest Center near Mt. Vernon, MO during 2001
through 2003.Means (n = 6/treatment) for each month.
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required by grazing livestock and well below the maximum tolerable
concentrations (26). Only in December of the second stockpiling season were
concentrations close to the minimum requirements of grazing livestock. However,
both Exp.1 and 2 produced leaf Mn concentrations high enough to possibly
reduce reproductive performance in cattle (27).
Experiment 3. Macronutrients in stockpiled tall fescue treated with poultry
litter or an equivalent quantity of N-P-K fertilizer. Of the three studies presented
in this chapter, Exp. 3 yielded the most striking leaf Mn results. The fertilizer
treatment equivalent to 8 tons of poultry litter produced similar results to those
found in Exps. 1 and 2, where leaf Mn concentrations were increased, ~50% the
first season and 164% the second stockpiling season with the highest fertilizer
treatment (Fig. 5-3). Leaf Mn concentrations from the 1x and 2x fertilizer
treatments were similar to those of controls during the second season. While P
fertilizer contains some Mn, as an impurity, the amount applied in the 4x fertilizer
treatment is insignificant compared to the 164% increase in leaf Mn
concentration during the second season.
In contrast to fertilizer effects, poultry litter treatments produced lower leaf
Mn concentrations than found in control leaves from December through February
of both seasons (Fig. 5-4). Leaf Mn concentrations from the 4x poultry litter
treatment were ~20% higher than those of control leaves for October and
November of the first stockpiling season. However, by December the poultry litter
treatments produced leaf Mn concentrations that were 20% lower than those of
control leaves. This reduction in leaf Mn concentration over winter months
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Figure 5-3. Leaf manganese concentrations in stockpiled tall fescue treated with
0, 1x, 2x, and 4x of fertilizer equivalent treatments. 1x equals an equivalent
quantity of fertilizer based on the amount of N-P-K in 2 tons/acre poultry litter.
The experiment was conducted on a Creldon soil at the University of Missouri
southwest Center near Mt. Vernon, MO during 2001 through 2003. Means (n =
6/treatment) for each month.
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Figure 5-4. Leaf manganese concentrations in stockpiled tall fescue treated with
0, 1x, 2x, and 4x of poultry litter treatments. 1x equals 2 tons/acre poultry litter.
The experiment was conducted on a Creldon soil at the University of Missouri
southwest Center near Mt. Vernon, MO during 2001 through 2003. Means (n =
6/treatment) for each month.
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occurred during the second season as well, however, poultry litter treatments
were only ~10 to 15% lower than those from control plots. Several studies have
shown that liming decreased Mn concentrations in plants where changes in soil
pH reduced Mn solubility (9, 10, 14, 16, 29, 36). It has also been reported that
long term poultry litter applications can have a liming effect on soils (12, 18).
However, in this study, there was no change in soil pH over the course of the
experiment (data not shown).
Although leaf Mn concentrations in all three experiments were within the
range required by grazing livestock, it is important to note that leaf Mn
concentrations increased during the winter months. Manganese supplementation
at concentrations that exceed the requirements of livestock could produce toxic
effects or nutrient imbalances that negatively affect the animal’s performance.
With more producers moving calving season into late winter, there is the potential
to cause toxicity problems in calves if additional Mn supplements are provided
during this time while concentrations in the leaf are increasing.
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Chapter 6

Tall Fescue Seed Yield in Established Pastures Increased by
Phosphorus Fertilization and Strip-kill Management
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Summary
Missouri is one of the leading states in the nation for tall fescue (Festuca
arundinacea) seed production. Tall fescue seed in Missouri is usually harvested
from pastures that are managed for beef production and average yields are
typically about 200 lbs/acre. In Oregon tall fescue is grown in rows strictly for
seed production and yields average about 1,500 lbs/acre. Killing strips of tall
fescue in pastures has been used to improve summer forage production. Strip-kill
is a method that can be used to revitalize tall fescue pastures without disturbing
the soil and causing erosion. The objective of this study was to determine if tall
fescue seed production could be increased with late summer phosphorus (P)
fertilization in a strip-kill management system. In late summer of 2004, 7.5 inch
strips were killed with Roundup® leaving 7.5 inches of live tall fescue and P
fertilization rates of 0, 25, 50, 100 and 200 lbs of P/acre. Solid control plots were
not treated with Roundup®. Strip-kill and 50 lbs P/acre increased seed yields by
250% compared to control plots in the first year. Seed yields from solid plots
showed no response to P fertilization during the two year study. While the
difference between solid and strip-kill seed yields in the second year was not as
dramatic as the first year, the strip-kill treatment maintained yields of 500
lbs/acre. Strip-kill and P fertility are important methods for increasing tall fescue
seed production on pastures in Missouri.
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Introduction
Missouri leads the nation in production of common, non-certified forage-type
tall fescue (Festuca arundinacea Schreb. ‘Kentucky 31’) seed. On average,
Missouri produces about 65 million lbs of tall fescue seed per year on about
320,000 acres (5). However, tall fescue seed is usually harvested from pastures
that are managed for beef production and this may explain the low average
yields, about 200 lbs/acre, compared to those from Oregon were it is grown in
rows strictly for seed production and yields average about 1,500 lbs/acre.
Tall fescue is the most important forage for beef production in the Midwest.
Whether grazed directly or harvested as hay, tall fescue plays a vital role in the
production of beef cattle and the continued success of the U.S. beef industry
relies on an adequate supply of seed. Oregon is the leading state in turf-type tall
fescue seed production and in the production of certified tall fescue seed for
pastures (5). However, seed production of forage grasses must compete
economically with turf species and in the last decade, the acres devoted to
forage varieties of tall fescue have declined in Oregon (4). While the climactic
conditions and cultural practices in the Willamette Valley of Oregon allow for a
greater seed production, a few producers in Missouri have reported seed yields
similar to those in Oregon (11). With the large acreage of tall fescue, relatively
low land costs and the increase in the price of seed, there is a great incentive for
increasing tall fescue seed production in the Midwest.
Strip-kill involves killing strips of tall fescue with Roundup® while leaving live
strips in the pasture. Early work with this management technique showed that it

141

was an excellent way of introducing other forages into tall fescue pasture (1, 2,
10). The strip-kill practice was used to successfully grow forage sorghum and
grain sorghum in tall fescue pastures to increase productivity during the summer
months (6). Yields of both forage sorghum and grain sorghum were excellent and
forage yields of the tall fescue were unaffected by this management practice. The
authors also pointed out that killed strips could be used for three years for forage
sorghum.
The development of reproductive tillers in tall fescue begins in early fall with
the penetration of light into the canopy. The number of flowering tillers in spring is
a function of tiller populations the previous fall, high densities of vegetative tillers
reduces the amount of light that penetrates the canopy and in turn lowers seed
yields (8). A benefit of strip-kill management is that the canopy is thinned out
allowing more light penetration and an increase in flowering tiller initiation and
floral induction. More reproductive tillers initiated in fall should translate into
increased seed yields.
Over time, seed yields decline in tall fescue pastures as a result of
increased stand density and competition for light, space and resources, often
referred to as “sod-bound” (9). When tall fescue is managed for forage
production, the “sod-bound” effect is of little importance, as fertilization will
produce outstanding vegetative growth. Historically, skim plowing was used to
alleviate the “sod-bound” condition (11). However, this method can cause erosion
problems on slopes. The strip-kill process provides a way to revitalize tall fescue
pastures without disturbing the soil.
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Opening up the tall fescue canopy in late summer and early fall would
allow more light to penetrate the canopy leading to an increase in reproductive
tillers and seed yield. Providing beef producers with a management scheme that
would improve seed yields without affecting forage production could increase
overall farm profits. Therefore, the objective of this study was to determine if
seed production in established tall fescue pastures could be increased with stripkill management and late summer P applications.
Setting Up a Strip-kill Tall Fescue Seed Yield Study
This study was initiated in September 2004 on an established tall fescue
(Festuca arundinacea Schreb. ‘Kentucky 31’) pasture at the University of
Missouri Agronomy Research and Extension Center near Columbia, Missouri
(38º 30′ N; 92º 06′ W; elevation 270 ft) on a Mexico silt loam (fine, smectitic,
mesic Aeric Vertic Epiaqualf). The site was selected for a “solid” stand of tall
fescue and low Bray I P. Soil samples were taken to a 6 inch depth for analysis
by the University of Missouri Soil Testing Laboratory and had the following test
results: pH, 5.1; soil organic matter, 2.8 %; Bray I P, 25; Ca, 2012 lbs/acre; Mg,
147 lbs/acre; and K, 104 lbs/acre.
Treatments. During the third week of August 2004, forage cut at 3.5
inches above the soil and removed to a height of 4″ and 10′ x 25′ plots with 5′
alleys were established in six replicate blocks. Treatments consisted of 0, 25, 50,
100, and 200 lbs P/acre in the form of triple super phosphate (0-46-0) and were
only applied the first year. Each treatment was randomly applied to plots in six
replicate blocks (n = 12/P treatment) and the entire area received 100 lbs N/acre
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as ammonium nitrate (34-0-0). In August 2005, forage was again removed and
100 lbs N was applied to the same plots. Ten days after forage was removed the
first year, Roundup® was applied in 7.5″ strips leaving 7.5″ of live tall fescue in
one-half of the established plots (n = 6/P treatment/strip-kill). A Roundup®
concentration of 2 oz/gal of water and 0.5 oz of crop oil/gal was used for the
strip-kill process and only applied the first year. Beginning in mid May of both
years, plots were monitored until seed was mature, and then seed was harvested
with a Winterstieger plot combine to determine yields and samples were used to
determine specific seed weight.
Statistical Analysis. The experiment was a randomized complete block
design analyzed as a split block model. This model was used to test for statistical
significance of strip-kill and P treatment effects as well as interactions with both
using PROC MIXED in SAS version 9.1 (7). Due to restricted randomization of
strip-kill treatment application another years harvest is required before year can
be considered in the analysis. Therefore, years are presented separately as a
result of a lack of degrees of freedom to test the three-way interaction with year.
The main plot consisted of P treatment, and strip-kill was considered the split
plot. Strip-kill and P treatments were fixed effect factors and blocks were treated
as random factors for each experimental year. All effects and interactions were
considered significant when P< 0.05. When F test showed significance (P< 0.05),
means were separated using Fisher’s protected LSD (α = 0.05).
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Effects of Strip-kill and Phosphorus Fertilization on Seed Yields of Tall
Fescue
The strip-kill treatment increased tall fescue seed yield during the first year
compared to seed yield from solid plots (Fig. 6-1). Tall fescue seed yields
increased from 22 to 250% in strip-kill plots compared to solid plots. While P
fertilization had no effect on seed yields of solid plots, there was an incremental
increase in strip-kill plots up to the 50 lbs P/acre treatment. However, the highest
strip-kill P treatment had yields similar to those of solid plots for all P treatments.
The 2006 harvest produced higher yields for all P treatments in both strip-kill and
solid plots compared to the first year (Fig. 6-2). Only the 50 and 200 lb P/acre
strip-kill treatments showed a significant increase over the solid plots with a 44
and 55% increase in seed yields, respectively. Perhaps, strips should be treated
with Roundup® annually. Strips were only useful for grain sorghum production for
one year, while strips could be used successfully for three years for forage
sorghum production (6).
In 2006, the solid plots produced seed yields were more than 150% higher
than those of the previous year (Figs 6-1 and 6-2). Although the difference
between strip-kill and solid plots was lessened in 2006, it is important to note that
strip-kill yields from the 25, 50 and 100 lb/acre treatments were similar to those in
the first year. There was an increase in the control and 200 lb/acre strip-kill yields
of 111 and 218%, respectively, during 2006. The combination of 50 lbs P/acre
and strip-kill in 2005 produced seed yields 250% higher than average yields for
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Figure 6-1. Tall fescue seed yield in 2005 as influenced by strip-kill and P
fertilization. Means (n = 6/treatment).

146

147

Seed Yield (lbs/acre)

0

100

200

300

400

500

600

700

0

25

P (lbs/acre)

50

= LSD 5% across P treatments

= LSD 5% within P treatment

100

200

Solid
Stripkill

Figure 6-2. Tall fescue seed yield in 2006 as influenced by strip-kill and P
fertilization. Means (n = 6/treatment).
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Missouri. Tall fescue seed has increased in value over the last 3 years with 2006
prices at 50¢/lb (3). With a 500 lbs/acre seed yield this would be $250/acre, and
beef producers could benefit from the added profit of harvesting unused tall
fescue pastures for seed. Providing these beef producers with management
schemes that improve seed yields and increase farm profits, without affecting
forage yields, is the driving force behind this research.
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Chapter 7

Summary and Perspectives
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Understanding the nutrient dynamics of stockpiled tall fescue and how this
relates to beef production were the driving forces behind the research presented
in this dissertation. Therefore the overall objective of this research was to
improve the macronutrient concentrations of stockpiled tall fescue during winter
and early spring through P fertilization. Nutrient analyses of stockpiled tall fescue
leaves were used to assess the natural variations in nutrient concentrations and
seasonal dynamics of nutrient concentrations as influenced by various rates of
fertilizer. The most recently collared leaf was used as it provides the best picture
of the current nutrient status of the plant at a given point in time. To my
knowledge there have been no previous published reports of P fertilization
improving the macronutrient quality of stockpiled tall fescue to date.
The specific objective of the study described in chapter 2 was to determine
if P fertilization would improve the macronutrient concentrations of stockpiled tall
fescue leaves during winter and early spring. Leaf concentrations of P, Mg and
Ca were higher with the addition of 12.5 and 25 lbs P/acre than those of
untreated controls. Leaf-P concentrations from untreated plots were well below
the requirements for lactating beef cows for all months of both stockpiling
seasons and below the requirements for all cattle in late winter (Fig. 2-1). LeafMg concentrations from control plots declined below the requirements for
lactating beef cows in late winter and early spring of both stockpiling seasons,
which could increase the risk for nutritional disorders in grazing livestock (Fig. 22).
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During the second season, the highest P treatment maintained leaf P and
Mg concentrations above the critical 0.2% required by lactating beef cows during
peak lactation. Leaf-Ca concentrations were not affected by P fertilization in the
first stockpiling season (Fig. 2-3). However, during the second season leaves
from the 25 lbs P/acre treatment produced higher Ca concentrations than those
from the 12.5 lbs P/acre and control treatments. During both seasons, leaf-K and
N concentrations were well above the requirements of lactating beef cows (Figs.
2-4 and 2-5). For the majority of this study, P fertilization had no effect on leaf-K
and N concentrations, however, during the second season, P treatments
increased both K and N concentrations of leaves in November and December.
After the two stockpiling seasons, soil Bray I P concentration, which was
initially 8 lbs P/acre, had decreased to 5 lbs P/acre in control plots (Fig. 2-6).
With P fertilization, Bray I P concentration increased to 8 and 12 with the 12.5
and 25 lbs P/acre treatments, respectively. The Bray II analysis showed that the
bulk of the P fertilizer added in the study was sorbed by the soil, with an increase
of about 18 and 30 lbs P/acre after 2 seasons for the 12.5 and 25 lbs P/acre
treatments, respectively. Although P fertilization increased leaf P and Mg
concentrations, these elements dropped below concentrations required for
lactating beef cows in late winter and early spring. Therefore, I considered adding
higher rates of P fertilizer to overcome the decline of leaf P and Mg
concentrations through winter months.
The objective of the research described in chapter 3 was to determine if
high rates of P fertilization would maintain P and Mg concentrations of stockpiled
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tall fescue leaves above the requirements for lactating beef cows during winter
and early spring when incidences of nutritional disorders are prevalent. The
higher rates of P fertilization applied on the Creldon soil in this study produced
exceptional leaf growth in stockpiled tall fescue by November of the first season
(Fig. 3-2). The most recently collared leaves from the 200 lb P/acre treatments
were twice as long as those from untreated control plots. For all P treatments,
leaf concentrations of P and Mg were higher than those of the untreated controls
(Fig. 3-4 and 3-5). The 200 lbs P/acre treatment maintained leaf-P
concentrations above the critical 0.2% level during both seasons, and maintained
leaf-Mg concentrations above the critical level except during February of the
second season. The 200 lb P/acre treatment tripled leaf-P concentrations during
the first season and doubled the leaf concentrations in the second season. The
highest P treatment increased leaf-Mg concentrations by 30% in the first season
and 15% the second season.
Leaf-Ca concentrations were not affected by the high rates of P fertilization
in this study (Fig. 3-6). The soil test results indicated that Ca was low in this plot
area, providing the best explanation for a lack of response to P fertilization by
leaf-Ca concentrations. In the first season, leaf-K and N concentrations increased
slightly in response to P fertilization in winter and spring. However, in the second
season, there were no differences in leaf concentrations of these macronutrients
across P treatments. For both seasons, leaf-K concentrations were well above
the nutritional requirements for lactating beef cows.
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The grass tetany ratio was lowest in February of the first season and
increased dramatically in spring reflecting the increased leaf-K concentrations.
The grass tetany ratios from control plots were slightly higher in spring for both
seasons than those of the P treatments. The lower tetany ratio with P fertilization
was a result of increases in leaf-Mg concentrations, which offset the increase in
leaf-K concentrations. In early spring of the first season, increases in the tetany
ratio reflect the rapid increase in leaf-K concentrations (Figs. 3-7 and 3-9). During
the second spring, the reduction in the tetany ratio reflected the limited increase
in leaf-K concentrations, when soil was very dry, a situation that reduces K
diffusion through the soil solution to the root surface. It is interesting that the
slight increase in leaf-Mg and K concentrations, as well as a concomitant
decrease in leaf-Ca during January of the second season, are reflected in the
tetany ratio (Figs. 3-5 – 3-7 and 3-9).
During the second season, there was an increase in leaf concentrations of
P, Mg, K and N, from December to January for all treatments. This increase was
most likely the result of above average temperatures (min 37º and max 54º) and
rainfall (Fig. 3-1) during the first two weeks of January. Over half of the months of
the second season, rainfall was low and temperatures were warmer than the 30season average, providing the best explanation for the differences seen in leaf-P
concentrations between seasons. Fertilization with 100 lb P/acre only increased
soil Bray I concentrations from 7 to 24 lb/acre plant-available P (Fig. 3-10). The
Bray I concentrations decreased by about 10% for all treatments after the second
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season. The Bray II soil test results showed that the majority of P fertilization was
sorbed by the soil.
Although the high rates of P fertilization used in this study increased leaf-P
and Mg concentrations, the effect was lessened by the second season, indicating
that the nature of the Creldon soil causes P to be sorbed over time making much
of the P unavailable to plant roots. While the high rates of P fertilization in this
study are not practical for forage production, the levels of P added in poultry litter
is as high or higher. Therefore, application of poultry litter to tall fescue pastures
in much of Missouri could be an inexpensive way to increase plant-available P
levels, however there is a mysterious grass tetany problem associated with use
of poultry litter.
The objective of research described in chapter 4 was to determine the
effects of poultry litter on macronutrient concentrations and grass tetany ratios in
stockpiled tall fescue, and compare these effects with applications of equivalent
quantities of N-P-K fertilizer. Poultry litter treatments of 2, 4 and 8 tons/acre and
the equivalent fertilizer treatments increased leaf-N, P, K concentrations of
stockpiled tall fescue leaves in the first season (Figs. 4-2 – 4-6 A & B). One
striking result of this study was lowered leaf-Ca concentrations from poultry litter
treatments during the first season. To my knowledge, the lowered Ca
concentrations in tall fescue leaves as a result of poultry litter application have
not been reported previously.
While poultry litter treatments significantly increased leaf-N, P and K and
decreased leaf-Ca and Mn concentrations, leaf Mg concentration was
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unresponsive, even though the high application rate of poultry litter contained
128 lbs Mg/acre. Although the effect on leaf-Mg concentrations was not
significant, several months showed that the higher poultry litter treatments
produced a trend for lower leaf-Mg concentrations. The increase in leaf-K
concentrations, as well as a parallel decline in leaf-Ca and slight decrease in
leaf-Mg concentrations in poultry litter treatments during the first season,
produced high grass tetany ratios and high potential for grass tetany (Fig. 4-7A &
B). While the fertilizer treatments also increased the tetany ratios of stockpiled
tall fescue leaves, the effects were not as pronounced as those from poultry litter
treatments and values only exceeded the 2.2 level for 3 months out of both
seasons.
Although poultry litter is an inexpensive source of macronutrients for
stockpiled tall fescue pasture, the lowered leaf-Ca and Mg concentrations in
winter may cause grass tetany problems. The reason behind the drop in leaf-Ca
and perhaps slight drop in leaf-Mg concentrations with poultry litter is unknown,
but could be the focus of new research. It is possible that high rates of poultry
litter have a deleterious effect on uptake of divalent cations, perhaps organic
materials, like organic acids, chelate divalent cations.
One noteworthy result of this study was the increase in leaf-P and N
concentrations following the second application of fertilizer treatments in
December of the first stockpiling season (Figs. 4-2A and 4-3A). In contrast to all
other treatments, the 2x and 4x fertilizer treatments increased leaf concentrations
from December to January, by 10 and 40% for leaf N and P, respectively.
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Following the final application to the 4x fertilizer treatment, leaf-N concentrations
increased by 20% from March to April.
In chapter 2, leaf-Mg and P concentrations were higher after the second
application of P fertilizer prior to the second stockpiling season (Figs. 2-1 and 22). This response was also found in chapter 4, as leaf-P and N concentrations
were increased following the second application of fertilizer in December to the
2x and 4x treatments and the final application to the 4x fertilizer treatment in
March of the first stockpiling season (Figs. 4-2A and 4-3A). Although fertilizer
treatment applications were split to reduce leaf burn and mimic the slow release
of nutrients from poultry litter, it provided an exciting hint about late season P
fertilization. If stockpiled tall fescue is responsive to P fertilization during the
winter months, it is possible that split applications of P fertilizer could offer the
best strategy for maintaining leaf-P and Mg concentrations above the
requirements of lactating beef cows through late winter and early spring.
Research is needed to determine timing and rates of multiple applications of P
fertilization over the winter to sustain P and Mg concentrations though the
stockpiling season.
It is obvious from results in chapter 3, that extremely high rates of P fertilizer
will not solve this problem, as the response of leaf macronutrients was lessened
during the second season. Also, soil test Bray II analyses from all three studies
indicated that the bulk of the P fertilizer was sorbed by the soil and had became
unavailable to plants over time. This illustrates how important annual P
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fertilization is for forage production in much of Missouri. This problem may be
alleviated by applying lime with poultry litter or P fertilizer to tall fescue pastures.
ICP analyses of tall fescue leaf samples, in all experiments described, also
allowed me to determine micronutrient, beneficial and toxic element
concentrations. There was very little response of these elements to P fertilization
or poultry litter treatments, except for leaf-Mn concentrations. The data presented
in chapter 5 is a compilation of leaf-Mn concentration results from the three
experiments described in chapters 2 – 4 covering a total of four stockpiling
seasons 2001 through 2005. The objective of this study was to determine how
Mn concentrations of stockpiled tall fescue leaves respond to different rates of P
fertilization or poultry litter.
In experiment (Exp.) 1 (chapter 2), P fertilization treatments of 0, 12.5 and
25 lbs P/acre had no effect on leaf-Mn concentrations during the first stockpiling
period, however, a second P application at the beginning of the second season
increased leaf-Mn concentrations by ~20% over control plots. Overall, leaf-Mn
concentrations in Exp. 2 (chapter 3), where stockpiled tall fescue was treated
with 0, 50, 100, and 200 lbs P/acre were lower than in both Exps. 1 and 3
(chapter 4, poultry litter vs. equivalent N-P-K) though the highest P treatment in
Exp. 2 produced leaf-Mn concentrations that were 60% higher than control plots.
The fertilizer treatments in Exp. 3 increased leaf-Mn concentrations similarly
to P treatments in both Exps. 1 and 2, during the first season. Interestingly, the
highest fertilizer treatment increased leaf-Mn by 164% during the second
stockpiling season, an increase that was three times greater than any other
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treatment in all three Exps. In contrast to the trends in leaf-Mn concentrations
from all three Exps., poultry litter treatments (Exp. 3) produced lower leaf-Mn
concentrations than those from control plots from December through February of
both season. Leaf-Mn concentrations for all treatments from all three Exp. in
every month, remained above the requirements for grazing beef cows. However,
recent research suggests that while concentrations of Mn might not reach clinical
toxicity levels, the reproductive performance of beef cows might be impaired by
concentrations as high as 200 to 400 ppm.
Both Mn and Ca are considered to have low phloem mobility. However, in
contrast to the trends of phloem mobile elements, there was little change in leafCa concentrations and leaf-Mn concentrations increased through winter months
in all three studies (chapter 5). In much of Missouri, tall fescue can remain green
throughout the winter months providing a possible explanation for the increase in
Mn during the stockpiling season across all treatments. Manganese is a principal
component of metalloenzymes like PSII and Mn superoxide dismutase and as a
cofactor for several important enzymes. While all of these functions are vital to
plant growth and development, it is splitting of water in PSII that evolves oxygen
that humans breathe and allows the plant to convert solar energy into chemical
bonds. For every PSII protein, there are four Mn molecules and with thousands
of PSII complexes throughout all the chloroplasts in a leaf, this accounts for the
majority of Mn in a plant.
Chapter 6 describes a tall fescue study that does not focus on stockpiling,
but instead focuses on seed production in Missouri. Based on the literature and
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our recent observations after digging roots monthly for three winters, I think that
tall fescue roots in many pastures are “root bound” and that this may restrict
reproductive growth. The objective of this study was to determine if tall fescue
seed production could be increased with late summer P fertilization in a strip-kill
management system. Seed yields from solid plots showed no response to P
fertilization during the two year study. In strip-kill plots there was an incremental
increase in seed yield up to the 50 lb P/acre treatment, with the combination of
strip-kill and 50 lbs P/acre increasing seed yields by 250% compared to control
plots in the first year. The seed yields from the second year were higher for all
treatments from both strip-kill and solid plots. The solid plots produced yields that
were 150% higher than the previous year’s harvest. While the difference between
solid and strip-kill seed yields in the second year was not as dramatic as the first
year, the strip-kill treatment maintained yields of 500 lbs/acre.
The results from all three stockpiling studies show a decline in phloem
mobile macronutrient N, P, K and Mg concentrations in tall fescue leaves during
late fall and winter, and an increase as spring growth began. Because of its
phloem immobility, it was not surprising to find that Ca concentrations in leaves
remained relatively constant during late fall and winter in all studies. My
hypothesis is that the decrease in leaf N, P, K, and Mg concentrations of
macronutrients during winter may result from nutrient remobilization from leaves
to rhizomes and roots during late fall and winter as a storage mechanism to
support spring growth.
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For all studies the decline in phloem mobile macronutrient concentrations
reached the lowest point in February, with the exception of N, which reached its
lowest concentration in January. These results indicate that N may be
remobilized from leaves earlier than the other mobile elements. Leaching of
nutrients from leaves is another possibility. However, tall fescue leaves have a
thicker waxy cuticle than most grasses, and the most recently collared leaves
remain relatively green during winter in southwest Missouri, making leaching of
nutrients less likely. Future research is needed to determine if the physiology of
the perennial grass tall fescue programmed to mobilize, translocate and store
nutrients during winter for growth the following spring.
Results from three tall fescue studies over four stockpiling seasons showed
that leaf P and Mg concentrations from unfertilized control plots fell below the
requirements for lactating beef cows in late winter and early spring. Although P
fertilization increased leaf P and Mg concentrations in these studies, even
extremely high rates were unable to completely solve the problem. The nature of
tall fescue results in low leaf macronutrient concentrations during late winter and
producers should take this into account when utilizing stockpiled tall fescue,
especially when beef cattle are grazing pastures on soils with low plant available
P levels.
This is the most comprehensive stockpiled tall fescue data set generated to
date and it provides valuable information for beef producers in Missouri by
illustrating that macronutrient concentrations of stockpiled tall fescue are not
static and warrant attention for maintaining the health of grazing livestock through
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late winter and early spring. Although my results provide some interesting clues
about possible strategies for alleviating this dilemma, more work is needed on
several aspects of mineral nutrition in tall fescue, especially in Missouri where it
is an important component of our beef industry and P might be a limiting factor
for growth and development. Research is underway in our group using 15N
labeling to determine if phloem mobile elements are translocated in late fall from
leaves to roots and or rhizomes.

164

Vitae
William Edward McClain II was born September 1, 1970 in Little Rock,
Arkansas, and grew up in the small town of Mt. Vernon, Missouri. He attended
Mt. Vernon schools from 3rd grade through 12th, graduating in 1988. He joined
the Army early in 1989 to help pay for a college education and stayed in the
military until 1999. He attended Southwest Missouri State University and
received a B.S. in Horticulture and Agronomy before working at a private country
club as the head horticulturist for several years. He then returned to Southwest
Missouri State University and obtained a M.S. in Plant Science followed by three
semesters of teaching in the Agriculture Department as a lecturer. After being
convinced by Dr. Anson Elliot to pursue a PhD he started at the University of
Missouri under the advisement of Dr. Dale Blevins. Will is married to Julie with
three children Madison, Gwenyth and Cole. Will is presently a Sr. Research
Specialist in Dr. Robert Sharp’s lab at the University of Missouri

165

