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Alfalfa overseeded into warm-season perennial grasses such as bahiagrass or
bermudagrass has the potential to increase forage quality and dry matter yield as well as
extend the growing season. Many of the challenges associated with alfalfa in mixtures
have been observed in warm-season grasses, but few studies have attempted to explain
the dynamics between these grasses and alfalfa when grown together. Two studies were
designed to note these relationships: The objective of the first study was to observe the
effect of seeding rate and sod preparation on alfalfa and bermudagrass persistence over
three years by using minimum tillage and alfalfa seeding rates of 17, 22, 28, and 39 kg
ha-1. Results indicated that sod preparation had no effect on establishment compared to
no-tillage. Seeding rates resulted in similar biomass yields and species composition by
the second year suggesting that increased seeding rates were unnecessary. Forage quality
and yield were improved throughout the year, but alfalfa composition generally decreased
towards the end of summer. The objective of the second study was to quantify the
amount of nitrogen recovered when alfalfa was overseeded into bahiagrass and
bermudagrass and fertilized with ammonium nitrate during late summer. This was

accomplished by using two nitrogen rates of 15N labeled fertilizer (28 and 56 kg N ha-1)
and two application times (after 2nd and 3rd harvest) and in two separate planting
environments (planting I and II). It was found that bahiagrass was more competitive than
bermudagrass when overseeded with alfalfa. Alfalfa/grass mixtures did not increase
forage dry matter yield, nutritive value or grass composition with N application. Nitrogen
fertilizer recovery was variable between plantings due to a large variation of alfalfa
persistence within different soil types. Where alfalfa was limited, grass fertilizer
recovery was over 60%, but when grass composed less than 10% in the mix, then alfalfa
had the potential to recover over 40% of the applied fertilizer. The greatest N recovery
by grass were favored during late N application. On the other hand, alfalfa N recovery
was favored by early fertilizer application.
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CHAPTER I
INTRODUCTION
Warm-season perennial sod grasses such as bermudagrass (Cynodon dactylon L.)
and bahiagrass (Paspalum notatum Flugge) make up the majority of pasture systems in the
southeastern United States. Mississippi is comprised of an estimated 800,000 acres of
bermudagrass distributed in the northern half of the state, while over 900,000 acres of
bahiagrass dominate the southern part (Lemus, 2008). The relatively long, humid summer,
characteristic of the southeast are advantageous to C4 plants of sub-tropical origin that tend
to survive mild winters by becoming dormant. These grasses have become highly desirable
as hay crops for many reasons, including drought and disease resistance. In addition, these
grasses have superior growth response to nitrogen (N) application when compared to some
native grass species. Though these grasses are widely accepted as staples of the beef
industry in Mississippi, they are not without some major disadvantages. In general,
bermudagrass and bahiagrass tend to be poor to moderate in forage quality when N input
remains minimal (Johnson et al., 2001).
In the midst of rising N prices (Figure 1.1), hay producers in Mississippi are often
forced to examine other alternatives to retain the quality of their hay without complete
reliance on fertilizer as the source of N. One method of improving the nutritive quality of
warm-season perennials involves overseeding cool-season legumes. Legumes have the
potential to increase overall N to the system as well as increase yearly dry matter (DM)
1

yields (Ledgard and Steele, 1992). Annual and perennial clovers such as crimson clover
(Trifolium incarnatum) and white clover (Trifolium repens) are commonly grown in mixed
pastures in Mississippi. They are relatively unproductive outside the early spring months;
therefore, they cannot be relied upon to improve warm-season grass pastures during peak
growth periods of the grass.
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Figure 1.1

Urea and ammonium nitrate fertilizer prices from 1960-2012 (USDA ER,
2013).

In contrast to other cool-season legumes, alfalfa (Medicago sativa L.) is productive
throughout the summer with the possible exception of July and August (White et al., 2012)
when it goes through a decline in productivity known as “summer slump” in hot humid
environments (Ottman and Mostafa, 2013). This period of decreased production, though
not entirely avoidable, has been limited somewhat through recent plant selections. As a
2

result of cultivar improvement, alfalfa has shown potential in Mississippi and other
southeastern states as a forage crop. Alfalfa stands in Mississippi have produced annual
yields comparable to that of the lower range (6000 kg ha-1) commonly observed in the
southwestern United States (White et al., 2012; Putnam et al., 2007).

However, stands

still tend to thin after the second year or succumb to disease pressure, suggesting the need
to minimize risk by overseeding into existing bermudagrass or bahiagrass pastures.
Overseeding alfalfa into sod forming warm-season perennial grass (WSPG) can improve
hay quality, while increasing annual dry matter (DM) yields in the spring and fall months
when bermudagrass and bahiagrass are the least productive (Ball et al., 2007).
Alternatively, total forage dry matter could benefit with the increased production of grass
in the midst of limited alfalfa growth. Using perennial grass sods as a companion crop
with alfalfa could also provide a sink for residual N from decomposing alfalfa plants and
act as supplemental biomass in thinning alfalfa stands.

3
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CHAPTER II
OBJECTIVES
The main objective of the two studies encompassed in this dissertation is to evaluate
management techniques and interactions of alfalfa overseeded into bermudagrass and
bahiagrass swards. These projects will seek to identify the most efficient and manageable
nitrogen application timing and rate to maintain balance between legume and grass mixed
systems. In addition, this objective will attempt to identify the extent to which alfalfa will
scavenge applied fertilizer N when planted into bermudagrass and bahiagrass swards.
The null hypothesis would state that overseeding alfalfa into bermudagrass will not
affect bermudagrass DM yield or forage nutritive value. The use of minimum tillage or the
use of seeding rates other than 22 to28 kg ha-1 will not affect alfalfa establishment on
bermudagrass swards.

Nitrogen applications after the second and third harvest on

bermudagrass or bahiagrass will not affect alfalfa/grass composition, or above ground
biomass N recovery.

5

CHAPTER III
LITERATURE REVIEW
Alfalfa
Alfalfa is a perennial, cool-season legume that is thought to originate in Iran or
Turkey (Hanson 1972). Today, it is naturalized from China to Spain and from Sweden
to North Africa. It has become adapted in South Africa, Australia, New Zealand as well
as North and South America (Hanson, 1972). Alfalfa in the United States, is grown on
more than 5.3 million hectares over 18 states (USDA, 2012). Alfalfa in the southeastern
United States dates back to 1736, but acreage east of the Mississippi has never accounted
for more than 1% of the nation’s total production (Hanson, 1972). When grown in hot
humid conditions, stands tend to persist for only 2 to 3 years (Ball et al., 2007). An
intensive breeding effort in the last ten years has produced new cultivars that perform
relatively well in the Southeast. Recent test show dry matter (DM) yields in the southeast
that range from 6.7 to 9 Mg ha-1 with up to 20 Mg ha-1 recorded in Kentucky (Lacefield
et al., 2009). Trials preformed between 1986 to 1990 in south Mississippi on sandy loam
soils, demonstrated annual yields over 6.7 Mg ha-1 and estimated profits ranging from
$417 to $982 per hectare (Hovermale, 1991). Yields reported in Hovermale’s study were
consistent with 2012 data in Starkville, MS (White et al., 2012), but likely profit margins
would be increased considering alfalfa hay cost has nearly doubled since the early
1990’s.
6

Glyphosate tolerant vs Conventional Alfalfa
Glyphosate tolerant alfalfa was first released to the public in 2005 bringing with it
a new weed control aspect to the forage community (Deynze et al., 2004). Advantages to
glyphosate tolerant alfalfa may include better weed control when alfalfa is in the seedling
stage and higher forage quality due to greater sward purity (Deynze et al., 2004). This
technology could be potentially useful to producers in Mississippi considering the
relative ease of weed control combined with the high probability that pastures considered
for conversion to alfalfa will have a large array of weeds to compete with during the
establishment phase. In addition, glyphosate tolerant cultivars have performed similar to
conventional cultivars in recent trials at Starkville (White et al., 2012). However, the
cost of this technology is nearly double or greater than that of conventional cultivars,
possibly discouraging widespread use. Establishment costs for glyphosate tolerant alfalfa
can be as high as $1,600 ha-1 (Orloff and Putman, 2011).
In contrast to glyphosate tolerant alfalfa, conventional cultivars are substantially
cheaper with establishment costs near $1,230 ha-1 (Orloff et al., 2012). A few
conventional cultivars have the advantage of being selected for better adaptation in the
southeastern United States. Recent releases from the University of Georgia such as
‘Bulldog 505’ and ‘Bulldog 805’ have produced greater yields in Mississippi (White et
al., 2012) than other cultivars. The use of glyphosate as a single, broad spectrum
herbicide for weed control in glyphosate tolerant alfalfa may be simpler and possibly
more cost effective (Orloff and Putnam, 2011) only in locations where stands are long
lived (more than 2 years) and grown in monocultures.
7

Bermudagrass
Bermudagrass (Cynodon dactylon L) is a warm-season perennial grass with a
prostrate growth habit and originated in Africa. It thrives in the southeastern and western
USA and has an extensive root system with a strong ability to spread via rhizomes and
stolons (Barnes et al., 2003).

It’s C4 photosynthetic pathway is favored by warm

temperatures (23 to 35 degrees Celsius) which is a normal pattern in the southern USA the
much of the year.

Its value as a hay crop is directly linked to its ability to maintain a

positive growth curve with N inputs up to 616 kg ha-1 (Seay and Slaton, 2008). In
Mississippi, 10-year average. Hybrid bermudagrass yields have ranged from 9 to 11 Mg
ha-1 (Lang et al., 2004; Lang, 2013).

Seeded perennial cultivars have recently become

more popular among land owners with relatively small acreage. Several cultivars have
been tested in Mississippi, but few have produced annual yields greater than common
bermudagrass (White et al., 2013). Nutritive value of bermudagrass is largely dependent
upon intensive fertility and harvest regime as well as maturity.

Management of

bermudgrass could provide an advantage when it is harvested on a 28 to 35 day cutting
interval (20 to 25 cm plant height) with applications of 56 kg ha-1 beginning at green-up
and following each harvest until the last (Lemus et al., 2012) to maintain a proper balance
between nutritive value and yield. Data reported by Louisiana State University indicated
that bermudgrass dry matter digestibility (DMD) ranges from 50 to 60 % with crude protein
(CP) values of 12 to 15% (Twidwell, 2011), but some total digestible nutrients (TDN)
values can be as low as 45% depending on management (Lemus et al., 2016).

8

Bahiagrass
Bahiagrass (Paspalum notatum Flugge) is native to South America and has become
adapted to a great proportion of the southern U.S. (Barnes et al., 2003). Similar to
bermudagrass, bahiagrass is a C4 perennial grass that thrives in hot humid climates.
However, bahiagrass is less tolerant of cold temperatures, but more tolerant to wet
conditions than bermudagrass, which explains its relative abundance in coastal areas where
winters are less harsh.

Unlike bermudagrass, it forms only short rhizomes during

vegetative growth. Dry matter yields in Mississippi range from 6.7 to 9 Mg ha-1 (Lang et
al., 2004; Lang, 2013). Even without supplemental fertilizer N, bahiagrass can maintain a
moderate forage production of over 4.5 Mg ha-1 (Beaty et al., 1955; Barnes et al., 2003).
In addition, bahiagrass has also been shown to more than double the organic matter content
of nutrient starved soils with no added fertilizer (Beaty and Tan, 1971). Bahiagrass is
generally considered to be poor to moderate in nutritive value with an average CP under
10%, DMD rarely over 50 % (Twidwell, 2011), and TDN as low as 41% (Lemus et al.,
2016).
Biomass and Nitrogen Contribution of Legumes to Mixed Pastures
Legumes have long been desirable in warm-season pastures systems to improve
nutritive value as well as yield (Barnes et al., 2003). It was not until the heavy reliance
on inorganic N did pastures evolve to greater grass monocultures. Today, (N) prices are
possibly influencing many producers in the southeastern USA to reconsider incorporating
legumes into warm-season grass perennial pastures to improve hay quality and yield,
while reducing input costs. It has been well documented that mixed stands of legumes
and grass produce greater total biomass and N yields than those of pure stands of grass or
9

legumes (Tewari and Schimid, 1960; Evers, 1985; Ta and Farris, 1987; Nyfeler et al.,
2010). Over the years, numerous attempts have been made to quantify the amount of N2
fixed by the legume and subsequently utilized by the associated grass with variable
results and conclusions. A study conducted in eastern Texas with alfalfa/bermudagrass
indicated that very little legume fixed N2 was transferred to the grass (Haby et al, 2006).
The authors attributed these results to the poor survival and growth rate of the
bermudagrass in the stand. However, when alfalfa was grown with cool-season species
such as tall fescue (Schedonorus arundinaceus Schreb.) and orchardgrass (Dactylis
glomerata L.), N transfer to the grass was substantial (Ta and Farris, 1987). Similarly N
transfer from alfalfa ranged from 36 to 68% when grown with various cool-season
grasses (Heichel and Henjum, 1991; Bropy et al., 1987). Evidence suggests that it is not
only important to consider the N production potential of the legume, but also the ability
for the associated grass to utilize residual N by successfully competing in a mixed stand.
It is apparent that much of the N transfer occurring in a warm-season grass-cool-season
legume mixture is likely through plant decomposition over time (Ta and Farris, 1987). In
a pasture setting, this transfer would more quickly occur through the recycling of legume
N via the grazing animal.
Grass Persistence in Mixed Stands
Regardless of the mode of N transfer in a mixed system, grass components of a
mixed system must be competitive in a low N environment until N transfer can begin.
Overseeding of arrowleaf (Trifolium versiculosum Savi.) and subterranean clovers
(Trifolium subterraneum L.) into both bahiagrass and bermudagrass dominated pastures
demonstrated significant DM yield differences between grass species. Evers (1985)
10

concluded that bahiagrass would require up to 254 kg N ha-1 to equal DM biomass yields
of bahiagrass when interseeded with clovers, which was more than the 160 kg N ha-1
required by bermudagrass. This was more than likely due to bahiagrass limited ability to
utilize high rates of N when compared to bermudagrass. Bermudagrass may show a
relative advantage in DM yield compared to bahiagrass when overseeded with annual
clovers, but high yielding perennial forages like alfalfa may mitigate this effect. It has
been reported that a decline in bermudagrass stands is common when overseeded with
alfalfa (Haby et al., 1999; Haby et al., 2006). This decline in bermudagrass has primarily
been attributed by the authors to the aggressive upright growth habit of alfalfa with
resulting shading of bermudagrass early in the growing season (Haby et al., 1999; Haby
et al., 2006). Bahiagrass may be more competitive in alfalfa mixtures, as it is more shade
tolerant and persistent in low fertility situations, when compared to bermudagrass (Lewis
et al., 1983). In addition, bahiagrass tends to come out of dormancy earlier than
bermudagrass, potentially allowing for more competitive growth with alfalfa in early
spring.
Alfalfa Row Spacing and Nitrogen Rate to improve WSPG Performance
In addition to using an appropriate grass species to compete with alfalfa, wider
row spacing and timely N application have also been considered to encourage grass
competition in a mixed system. Haby et al. (1999) demonstrated successfully that alfalfa
at a wider row (69 cm) spacing increased bermudagrass yields by nearly 56% when
compared to a 23 cm spacing. However, alfalfa yields decreased when row spacing
increased, resulting in lower crude protein (CP) concentrations from the mixed stand
even though total forage yield was not affected. The same study also observed the
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effects of fertilizer N application and found that bermudagrass yield increased with
increasing N input, but only during the first two years (Haby et al., 1999). This data was
in contrast to a review by Brown and Byrd (1990) who reported no changes in species
composition or total yield with N inputs up to 100 kg ha-1 and row spacings of 15 to 30
cm. It is important to note that the first study mentioned was conducted in Overton,
Texas and the latter in North Carolina where rainfall is typically less than that of
Mississippi which may positively impact bermudagrass DM yield.

Legume Persistence in Mixed Stands
Similar to grass persistence in a mixed stand, maintaining adequate legume
composition in mixed systems is a management issue. It is generally thought that
legumes cannot persist in grass stands with inputs of inorganic N. However, this may
only be true in situations where high N inputs are implemented. Jones (1970) indicated
that N input greater than 112 kg ha-1 decreased the composition of legumes in a mixed
stand with a grass, but this was only evident after the first year. Legumes can scavenge
applied N, as well as utilize fixed N2 to convert into biomass. A decrease in N fixed by
Rhizobium spp. can be expected with minimal rates of applied N. McAuliffe et al.
(1957) found that the percentage of fixed N2 nitrogen in 10-week old alfalfa plants
decreased from 58% to 17 % with the addition of 22 to 89 kg N ha-1.
Yield Distribution
Across Mississippi, white clover is the most prominent legume present in warmseason pasture systems. However, Brink and Fairbrother (1988) demonstrated that
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warm-season legumes may have a greater impact on relative yields when compared to
cool-season legumes. It was concluded from this study that yield distribution among the
cool-season legumes was limited between June and August and specifically reported total
alfalfa yields less than 3.3 Mg ha-1 (Brink and Fairbrother, 1988). Though this
information is in agreement with clover cultivar trials at Mississippi State University it is
in contrast to recent reports on alfalfa. As mentioned previously, alfalfa yields in similar
trials were distributed throughout the summer months often including harvests in June
and July with annual yields up to 6.7 Mg ha-1 (White et al., 2012).
Nitrogen Recovery by Grass
Nitrogen recovery from applied fertilizer in grasses can be variable and highly
dependent on the environment as well as the N fertilizer rate. Bermudagrass can have a
recovery of up to 88% at high rates (>100 kg N ha-1) of N and bahiagrass less than 60%
recovery at much lower rates (50 kg N ha-1) before reaching its maximum efficiency
(Ashley et al., 1965). Though bermudagrass consistently seemed to be more sensitive to
moisture limitations often recovering less than bahiagrass in drought conditions.
Overman and Evers, (1992) found that during high rainfall periods bermudagrass N
recovery can be as great as 97%, while bahiagrass could recover as little as 58% of the
applied N during periods of minimal rainfall. Regardless of the effect of rainfall,
bermudagrass consistently demonstrates a superior ability to recover applied N,
especially at greater rates (Ashley et al., 1965; Overman and Evers, 1992). Both grasses
exhibit increased recovery when the fertilizer source is ammonium nitrate (34-0-0)
compared to urea (46-0-0) or diammonium phosphate (18-46-0) (Scarsbrook, 1970). In
addition, N recovery by bahiagrass may be influenced by the number of N applications
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made throughout the season. However, even with N recoveries of 64 to 79%, increasing
application events did not correlate to increased fertilizer recovery (Blue and Graetz,
1977). Lemus et al. (2014) found that application timing rather than the number of
application events could possibly increase forage yield, thus apparent recovery. They
found that applications at green-up and after the first harvest in the spring impacted both
forage production and N use efficiency suggesting that N recovery would be greatest with
early application.
Nitrogen Recovery by alfalfa
The possible negative effects of N fertilizers on N2 fixation by legumes is well
documented (McAuliffe et al., 1958, Salles de Oliveira et al. 2004) and previously
discussed. However, the effects of N fertilization for alfalfa production is still widely
debated. Fertilizer N use is usually considered to be economically beneficial when
applied during the establishment year, but even this practice is limited to low N soils
(Hannaway and Shuler, 2013). Alfalfa has traditionally shown that even at high rates of
N (200 to 400 kg N ha-1) following the establishment year, little to no increases in forage
DM yield or crude protein (CP) could be observed (Hanson, 1972). This could be the
result of low N uptake or a superior ability to fix atmospheric N2. Therefore, alfalfa
fertilizer N recovery data is mostly limited to indirect estimates. Regardless, alfalfa is
known to be an effective scavenger of nitrates (NO3-) (Russelle, 1999; Watts et al., 1997;
Power et al., 2001). Alfalfa is most effective in removing NO3- up to several meters of
soil depth (Watts et al., 1997) and consequently is often considered to mitigate NO3leaching in highly manured fields. However, this effect can be limited during periods of
decreased growth. Alfalfa has showed only a limited ability (1.7 to 4.5 %) to recover soil
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injected N below 120 cm when preformed late in the season (Huang et al., 1996). In
addition, Huang et al. (1996) found that N recovery was similar between nodulating
alfalfa and non-nodulating alfalfa, suggesting that low N recovery was the action of
suppressed recovery by alfalfa during limited growth.
Alfalfa Partitioning of N
Plants will partition N to several parts of the plant. This partitioning is not always
constant, but can change as a function of the environment. Alfalfa, at the beginning of the
growing season can have 18 to 27% of its total biomass made up of crowns and root
material that is never harvested (Heichel et al., 1984; Trimble et al., 1987). The N
concentration of the unharvested material can make up over 50% of the total nitrogen in
the plant (Trimble et al., 1987). Both Hiechel et al. (1984) and Trimble et al. (1987)
found that these ratios of biomass and N partitioning were typically unaffected by both N
availability and harvest regimen, but as root biomass and N concentration decreased,
alfalfa aerial components similarly decreased. As a result, root and crown biomass as
well as N concentration could possibly be predicted from above ground biomass data.
Predicting N uptake from fertilizer application considering partitioning dynamics
may not be as simple. Avice et al. (1996) showed that after 30 day of alfalfa post-harvest
regrowth about 34% of the root N was translocated to the aerial portion of the plant.
Avice et al. (1996) concluded that non-fixing plants can compensate during high N sink
events with an increase in N uptake, while legumes like alfalfa may have a lower
plasticity of N uptake during these events. Hiechel et al. (1984) found that the amount of
fixed nitrogen increased from 33 to 80% of the plant total N by the end of the growing
season and averaged 55 to 77% of the plant total N from the first to fourth year. Such
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variation of soil N dependency would make total N uptake difficult to predict considering
only the above ground biomass.

The Use of 15N to Determine Nitrogen Recovery in Grass/legume Mixtures
In studies where the main objective is to track N in monocultures or mixed
grass/legume systems, stable N isotope methods are commonly used. The two most
common methods are the 15N-enriched method and the 15N-natural abundance method
(Bedard-Haughn et al., 2003). The 15N-natural abundance method is described as the
slight differences in 15N enrichment resulting from biological isotopic discrimination
(Hart and Myrold, 1996). However, these differences can be so minute that significant
observations can be difficult to identify. Using the 15N enrichment-method involves
adding 15N to the naturally occurring pool of 15N so that excess N (more than 15N natural
abundance) can be traced (Hart and Myrold, 1996). The natural environment is assumed
to have a 15N abundance of 0.367%, however, plant material is not always similar to the
atmosphere necessitating the use of control plots with no added fertilizer to define site
specific 15N natural abundance (Vose, 1980). Using the 15N-enrichment method is
generally accepted as the most reliable method to track the movement of N (BedardHaughn et al., 2003).
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CHAPTER IV
ALFALFA ESTABLISHMENT, PERFORMANCE, AND PERSISTANCE IN
MISSISSIPPI WHEN PLANTED INTO A BERMUDAGRASS SWARD
White, J. And R. Lemus. 2015, Alfalfa establishment, performance, and persistence in
Mississippi when planted into a bermudagrass sward. American J. Plant Sci.
6:2220-2.
Introduction
Warm-season perennial sod grasses such as bermudagrass make up the majority
of pasture systems in the southeastern United States. Mississippi is comprised of nearly
323,000 hectares of bermudagrass used as pasture and hay (Lemus, 2008). In general,
bermudagrass tends to be poor to moderate in nutritive value when nitrogen (N) input
remains minimal (Johnson et al., 2001). In the midst of rising fertilizer N prices (USDA,
2013), hay producers in Mississippi may be forced to examine other alternatives to retain
the quality of their hay without complete reliance on N fertilizer. One method of
improving the nutritive quality of warm-season perennials involves overseeding coolseason legumes. Legumes have the potential to increase overall N availability to the
system as well as increase yearly dry matter yields (Ledgard and Steele, 1992). Annual
and perennial clovers such as white clover and crimson clover (Trifolium incarnatum) are
commonly grown in mixed pastures in Mississippi. However, they are relatively
unproductive outside the early spring months; therefore, they cannot be relied on to
improve warm-season grass pastures during peak growth periods of the grass.
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In contrast to other cool-season legumes, alfalfa is productive through the summer
with the possible exception of July and August (White et al., 2012). As a result of cultivar
improvement, alfalfa has shown potential in Mississippi and other southeastern states, as a
forage crop. Alfalfa stands in Mississippi have produced annual yields comparable to that
of the lower range (6000 kg ha-1) of the southwestern USA (White et al., 1992; Putnam et
al., 2007). However, stands still tend to thin after the second year or succumb to disease
pressure, suggesting the need to minimize risk by overseeding into existing pastures.
Overseeding alfalfa into bermudagrass can improve hay quality, while increasing annual
dry matter (DM) yields in the spring and fall months a period in which bermudagrass is the
least productive. Using perennial grass sods as a companion crop with alfalfa could also
provide a sink for residual N from decomposing alfalfa plants and act as supplemental
biomass in thinning alfalfa stands.
Data from east Texas examining an alfalfa/bermudagrass mix indicated that very
little fixed N was transferred to the grass (Haby et al., 2006), possibly due to poor survival
and growth rate of the bermudagrass in the stand. Evidence suggests that it is not only
important to consider the N production potential of the legume, but also the ability for the
associated grass to utilize residual N by successfully competing in a mixed stand. It has
been demonstrated that a decline in bermudagrass stands is common when overseeded with
alfalfa (Haby et al., 1999; Hall et al., 2004). This decline in bermudagrass is primarily
associated with the aggressive upright growth of alfalfa shading out bermudagrass.
The main objective of this research was to evaluate the performance of alfalfa
bermudagrass mixtures when alfalfa is overseeded into existing bermudagrass. The effect
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of alfalfa seeding rate and sod preparation on the establishment and persistence of both the
bermudagrass and alfalfa was observed across a 3-y period.
Materials and Methods
The study was planted on a Kipling silty clay loam (fine, smectitic, thermic Vertic
Paleudalfs) soil located at the Henry H. Leveck Animal Research Center (33°25’53.07”N,
88°47’11.15”W). A Round-up Ready® alfalfa cultivar; DKA41-18RR (Monsanto, St
Louis, MO.) was planted at a seeding rate of 17, 22, 28, and 39 kg ha-1 into an existing
mixed bermudagrass hay field on October 27, 2011. This cultivar allowed for the use of
glyphosate as a non-specific chemical weed control when applied at a rate of 12 L ha-1.
The residual bermudagrass was cut to 7.62 cm and the biomass removed before planting.
The experimental design was a split-plot design with treatments replicated four times.
The main plots were tillage types and subplots were alfalfa seeding rates. Two types of
tillage methods were used to prepare the sod for alfalfa planting described as minimum
tillage and no-tillage which received no sod preparation. While many standards can be
used to define tillage intensity, minimum tillage was characterized in this study as the
process of tilling with a 1.5 m disc to only a 2.54 cm depth to disturb the sod. Subplots
were 1.8 m wide x 4.5 m long and planting was accomplished using a no-till Almaco plot
cone planter (Almaco, Nevada, IA). No N was applied to the plots at any time during
the trial. The site was amended with lime and potassium (K2O) at planting according to
Mississippi State Extension Service soil testing recommendations. As a result, the 900 kg
of lime and 67 kg ha-1 of K2O was added to satisfy recommendations. At midseason,
another 67 kg ha-1 of K2O was added each year. Before each harvest visual observations
were taken of each plot to estimate alfalfa species composition present in the harvest.
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Plots were harvested when alfalfa reached a 10% bloom in the first two harvest
and delayed to 50% bloom for the third and fourth harvest from 2012 to 2014.
Harvesting was accomplished using a commercial Ferris Z-turn mower (Munnsville, NY)
equipped with a bagging system. The harvest schedule is represented in Table 4.1. Each
sub plot was then weighed to determine forage yields and subsamples collected for dry
matter determination. The sub-sample was taken and dried in a forced air oven at 55 °C
until the weight remained constant. The sample was ground to pass through a 2-mm
screen using a Wiley mill (Thomas Scientific, Swedesboro, NJ) and analyzed for Neutral
Detergent Fiber (NDF), Acid Detergent Fiber (ADF), and Crude Protein (CP) using a
Foss 6500-C Near Infra-red Reflectance Spectroscopy (NIRS) instrument (Foss North
America, Eden Prairie, MN) using the legume and grass hay equations developed by the
NIRS Forage and Feed Testing Consortium (Hillsboro, WI).
Table 4.1

Harvest dates from 2012-2014 for Starkville MS.
Harvest Year
2012

2013

2014

Harvest Dates
April 19

May 8

May 13

May 24

June 10

June 12

July 17

July 3

July 14

August 23

August 27

August 22

Data was analyzed using year as a repeated measure for each dependent variable.
Data was further analyzed in the PROC GLM in SAS and means separated using Fishers
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least significant difference (LSD) at α = 0.05 (SAS, 2013). Correlations were analyzed
using PROC CORR in SAS (SAS, 2013) for the following comparisons: alfalfa
composition vs. year and DM yield and year vs DM yield. Regression analysis was
performed using PROC REG in SAS and alfalfa composition was regressed with DM
yield, ADF, NDF and CP.

Results
Statistical Results
Tillage had no effect on total yield, harvest yield, alfalfa composition or forage
nutritive value in any circumstances across the span of the study. Using year as a
repeated measure for total annual forage DM yield showed no significant effects.
Total annual DM yield
Year effect was a main factor on total forage yield with a steady decrease in
biomass production from 2012 to 2014 (Table 4.2). In 2012, total annual yields were
greater than 6700 kg ha-1 with a 30% decrease in DM production for every subsequent
year. A correlation analysis found forage DM yield to be negatively correlated with
number of years following establishment (Table 4.3).
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Table 4.2

Analysis of Variance for total forage dry matter yield pooled from 20122014

Source
Year (A)
Tillage (B)
Rate (C)
AxB
AxC
BxC
AxBxC

Table 4.3

Variables
Year
Yield
Alfalfa

DF
2
1
3
2
6
3
6

P values
0.0001
0.4154
0.3394
0.6698
0.2918
0.4382
0.2051

Pearsons correlation coefficients between harvest years, forage dry matter
yield and alfalfa composition.

R value
P value
R value
P value
R value
P value

Year
1.00000
-0.35533
<0.00010
-0.26073
<0.00010

Variables
Yield
-0.35533
<0.00010
1.00000
-0.15981
<0.00010

Alfalfa
-0.26073
<0.00010
-0.015981
<0.00010
1.00000
-

Harvest DM yield
Dry matter yields were influenced by the main effects of harvest date and alfalfa
seeding rate. These variables further interacted with year when year effect was analyzed.
Alfalfa seeding rate only affected DM yield in 2012 in plots planted at 22 kg ha-1 which
produced less yield than the other seeding rates (Figure 4.1). Regardless of alfalfa
seeding rate, harvest DM yields increased in 2012 from April to August due to greater
alfalfa composition of the harvest. In 2013 and 2014, DM yields were relatively greater
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for the last harvest. The shift in DM yields with harvest timing suggests an increase in
bermudagrass recolonization into thinning alfalfa plots.

A

Harvest Yield (kg DM ha-1)
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Harvest 1
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Harvest 2
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A
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2000
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C

D

B

B
C

BC

A
C

B

1000
0
2012

Figure 4.1

2013

2014

Forage dry matter yields from 2012-2014 separated by harvest pooled from
seeding rate and tillage treatments.

Different letters among bars in the same year represent a significant difference at P ≤
0.05 using Fishers LSD.
Alfalfa Composition
Harvest date had a significant effect on alfalfa composition, when analyzed
without year influence. However, year interaction with harvest and seeding rate were
significant. In general, alfalfa composition during the establishment year increased with
increasing seeding rate. However, this effect was mitigated by a lack of increased yield
due to seeding rate in year 2 and year 3 of the study. In the establishment year (2012),
alfalfa composition was 100% by the first harvest and decreased to 50% of the second
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harvest and made up only 38% of total DM for the third and fourth harvests. In the
second year (2013), alfalfa again made up nearly 100% of the first harvest and decreased
almost 50% by the second, third and fourth harvests. In the third year (2014), the first
harvest was made up of less than 70% alfalfa and decreased to under 50% by the third
harvest and again decreased to 20% of the harvest by the last harvest. Alfalfa
composition was negatively correlated with stand age and DM yield.
Forage nutritive value
Forage nutritive value measured as ADF, NDF and CP and analyzed without year
influence was only affected by harvest date. When year was considered, an interaction
with harvest date was significant for each variable (Table 4.4). In the establishment year,
both ADF and NDF increased with each successive harvest and CP decreased by the third
and fourth harvests. In the second year, ADF and NDF again increased with each
harvest, but CP remained the same until the last harvest where it decreased from 20 to 11
%. By the third year, ADF fractions increased by the third and fourth harvests, but NDF
fractions increased with each harvest. Crude protein was the greatest in the first and
second harvest, but decreased to less than 15% for by the third and fourth harvest. A
regression analysis describing alfalfa stand composition in relation to CP (Figure 4.2)
NDF (Figure 4.3), ADF (Figure 4.4), and CP were all found to be significant.
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Linear regression analysis of Crude Protein (CP) and alfalfa composition.
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Linear regression analysis of percent Neutral Detergent Fiber (NDF) and
percent alfalfa composition.
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Figure 4.4

Linear regression analysis of Acid Detergent Fiber (ADF) and percent
alfalfa composition.

Table 4.4

Analysis of variance for forage DM yield, alfalfa composition, ADF, NDF
and CP.

Source

DF

DM yield

Year (A)
Harvest (B)
Tillage (C)
Rate (D)
AxB
AxC
AxD
BxC
BxD
CxD
AxBxC
AxBxD
BxCxD

2
3
1
3
6
2
6
3
9
3
6
18
9

0.0001
0.0001
0.1910
0.0051
0.0001
0.5768
0.0380
0.7521
0.9780
0.1759
0.0752
0.1992
0.9999

Alfalfa
ADF
Composition
P values
0.0002
0.0001
0.0001
0.0001
0.4096
0.5523
0.3991
0.8432
0.0001
0.0001
0.0621
0.9214
0.0001
0.8065
0.9807
0.8585
0.9628
0.9232
0.0652
0.0752
0.3689
0.9432
0.2387
0.6169
0.8887
0.9270
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NDF

CP

0.0001
0.0001
0.4289
0.9383
0.0001
0.5831
0.7149
0.8081
0.9816
0.0832
0.9264
0.8622
0.9212

0.0001
0.0001
0.9010
0.8913
0.0001
0.1928
0.0562
0.9133
0.9022
0.0633
0.8889
0.9397
0.9508

Discussion
The use of minimum tillage to aid in establishing alfalfa stands did not influence
alfalfa establishment into sod grasses. In fact, the use of minimum tillage may have
encouraged annual weedy grass encroachment growth like crabgrass (Digitaria
sanguinalis) and yellow foxtail (Setaria pumila). The success of alfalfa in this no-till
application relative to minimum tillage may also be a product of fall planting when
bermudagrass is dormant limiting competition and adequate soil moisture for seedling
survival exists.
Seeding rate in many crops is often used to control the resulting plant
population in many applications. In some instances, seeding rates are usually increased
when legumes are planted into a sod to encourage adequate stand establishment.
However, this advantage was not evident when using DM yields as an indicator. Though
DM yield did not indicate differences among alfalfa seeding rates, greater forage yields
were correlated with increasing alfalfa stand composition. Furthermore, visual
estimations of alfalfa stand composition did generally increase with increasing seeding
rate, but this effect was only observed o the first year. This effect is similar to those
found by Hall et al. (2004), where seeding rates of alfalfa over 17 kg ha-1 did not improve
stand persistence in a 4-y trial. Following the first year, alfalfa composition was mainly
affected by harvest date regardless of seeding rate. Considering the current cost of
conventional alfalfa seed to be more than $6 kg-1 and Glyphosate tolerant® seed to be
more than $12 kg-1; greater seeding rates did not offer an economic advantage.
Alfalfa stand composition had slowly declined by the third year along with DM
yields and forage nutritive value. The proceeding discussion uses forage nutritive
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standards established by the American Forage and Grassland Council labeled as Prime, 1,
2, 3, 4, and 5 for grass and legume hay (Marshalls et al., 2014). These standards use
ADF, NDF, and CP as constituents to rate hay quality with “Prime” representing the best
quality and “5” being the worse quality.

Forage quality was considered Prime the first

and second harvest of the first and second year and decreased no lower than a “3” by the
last harvest of first year. By the last harvest of 2013, fiber values decreased forage quality
to a “4,” but maintained good CP values. This was likely due to alfalfa harvested at late
maturity rather than increased bermudagrass composition since very little bermudagrass
had re-established itself by the second year. By 2014, the forage quality was never rated
Prime, but was consistently rated between 1 and 3 largely due to greater NDF and lower
CP values. This trend was most likely due to decreasing alfalfa composition and
increasing grass composition. Fiber quality was maintained while CP values decreased
due to the increase in immature grass being harvested in the plot. This effect was
amplified because due to the parameters of the study where no nitrogen was applied
which resulted in very little grass growth. The effect is most evident in 2014 where
alfalfa composition made up less than 20 % of the forage harvested. Yield must also be
taken into account considering total yields of less than 6000 kg ha-1 which are less than
bermudagrass and most alfalfa forage yields in pure plots.
The use of fertilizer N application to encourage grass growth in legume grass
mixtures has negative effects on the N fixed by the accompanying legume. A decrease
in N fixed by Rhizobium can be expected with minimal rates of applied N. McAuliffe et
al. (1957) found that the percent of fixed N in 10-week old alfalfa plants decreased from
58% to 17 % with the addition of 22 to 89 kg N ha-1. However, most producers do not
33

have the ability nor find it economically sound to fertilize with N rates less than 56 kg ha1

. The main reason for alfalfa inclusion into bermudagrass is its ability to fix N from the

air. It is only logical to decide a threshold for the mixture composition and forage yield to
which economical N rates can again be applied for grass production. This may be simply
done using the potential yield and forage value of bermudagrass receiving 112 kg N ha-1
compared to the alfalfa/bermudagrass mixture receiving 0 kg N ha-1. The relatively
predictable linear regressions equation for yield and forage quality compared to alfalfa
composition was utilized to develop an economic threshold. In well managed improved
bermudagrass pastures in Mississippi receiving 112 kg N ha-1 in split applications, DM
yield, ADF, NDF, and CP were 1699 kg DM ha-1, 360 640, and 100 g kg-1 respectively
(Lemus and White, 2013). Using these parameters and the predictive equations from
Figures 4.2, 4.3 and 4.4, DM yield would be matched when alfalfa composed only 60%
of the mixture. In addition, mixtures containing less than 20% alfalfa could still produce
lower NDF values and greater CP values than well managed bermudagrass.
Bermudagrass alone will have similar ADF values grass/legume mixed systems with less
than 40% alfalfa. Considering that forage nutritive value must be compromised with
forage yield, the data suggest that after the second harvest of the third year alfalfa
composition, yield and forage nutritive value have all decreased enough to justify a shift
in management for ideal bermudagrass management.
The parameters of this trial considered management and responses according to
alfalfa alone. However, several trials have concluded that a more balanced competition
between bermudagrass and alfalfa could be maintained when wider alfalfa row spacing
and timely N application are utilized. Haby et al. 1999 demonstrated successfully that
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alfalfa at a wider row (69-cm) spacing increased bermudagrass yields by nearly 56%
when compared to 23-cm row spacing. However, alfalfa yields decreased when row
spacing increased, resulting in lower crude protein (CP) concentrations even though total
forage yield was not affected. The same study also observed the effect of N application
and found that bermudagrass yield increased with increasing Ninput, but only the first
two years (Haby et al., 1999). This data however, was in contrast to a review by Brown
and Byrd (1990) that indicated no changes in species composition or total yield with N
inputs up to 100 kg ha-1 and a row spacing of 15 to 30-cm.
Conclusion
It was evident in the current study that bermudagrass was negatively impacted by
alfalfa especially in the first year. Even though alfalfa decreased in composition of the
plot with each harvest and year, the remainder of the plot was not necessarily composed
of bermudagrass, but instead annual weedy grasses that took advantage of bermudagrass
die off. In most plots by the third year, bermudagrass had begun to advance back due in
part to the un-manipulated space between treatment strips. If alfalfa was entirely
overseeded in a bermudagrass pasture, intense and possibly unrecoverable suppression of
the bermudagrass could be expected.
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CHAPTER V
THE EFFECT AND FATE OF 15N AT TWO RATES AND APPLICATION TIMINGS
WHEN APPLIED TO ALFALFA-GRASS MIXTURES

Introduction
Bermudagrass (Cynodon dactylon L.) and bahiagrass (Paspalum notatum Flugge)
make up the majority of pastures and hay fields in Mississippi. However, needs for
greater forage quality with limited nitrogen (N) input is slowly becoming important to
many producers. Due to the high and relatively consistent rainfall amounts that
characterize the southeastern USA, forages with high nutritive value such as alfalfa
(Medicago sativa L.) are being introduced into bermudagrass and bahiagrass systems to
balance the risk associated with alfalfa persistence and the improvement of subsequent
forage quality.
Alfalfa/bermudagrass systems have been reported in Mississippi to increase both
crude protein (CP) and forage dry matter (DM) yield with no added fertilizer N input
compared to what is expected in high input bermudagrass systems (White and Lemus,
2015). This study also indicated that bermudagrass was significantly suppressed by the
alfalfa, especially within the first two years of alfalfa establishment. It was concluded,
that the suppression was likely due to early shading effects or nutrient competition of the
37

bermudagrass at green-up by the alfalfa. Hart et al. (1970) similarly concluded using
bahiagrass, bermudagrass, and dallisgrass (Paspalum dilatatum) at 84% light interception
that all three grass species were negatively influenced regardless of N input. This suggest
that in alfalfa/bermudagrass mixtures, the suppression was due to shading effect rather
than nutrient competition. On the other hand, Lewis et al. (1983), found that bahiagrass
had greater shade tolerance and better forage production under low fertility when
compared to bermudagrass. In addition, it has also been observed in Mississippi that
bahiagrass greens-up earlier than bermudagrass which may be advantageous to increased
competition with alfalfa.
Alfalfa typically goes through a “summer slump” in warmer climates
beginning in July and extending through August (Ottman and Mostafa, 2013). This
effect can be further exacerbated with high humidity which can further reduce root
carbohydrate concentration due to increased plant photorespiration (Feltner and
Massengale, 1965; Robison and Massengale, 1968). These effects were similarly
observed in Mississippi where alfalfa composition declined by the third and fourth
harvest (White and Lemus, 2015). Ottman and Mostafa (2013) describe the forage
quality of alfalfa harvested during the summer slump as low and suited only for dry cows.
As a result, it is has been suggested that alfalfa forage quality could possibly be improved
during this time with N input citing reduced N fixation during hot temperatures.
However, results from this hypotheses were variable with some studies reporting a 10%
forage yield improvement (Munns et al., 1977) and others a 16% decline in forage yield
on alfalfa monoculture (Ottman, 1995).
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Nitrogen application to legumes, even at very low rates, has shown to negatively
impact N2 fixation (McAuliffe, 1957). It is also well understood that alfalfa is an efficient
scavenger of N from the soil (Watts et al., 1997; Russelle, 1999; Power et al., 2001)
often being used to mitigate NO3- leaching deep in the soil profile presenting a potential
problem in alfalfa/grass mixtures. Rethwisch et al. (2002) reported that alfalfa nutrient
uptake can be limited during hot, humid conditions. This leads to the hypotheses that
timely N applications may limit or even bypass alfalfa recovery altogether minimizing
collator N recovery when grass is the target species. Muir et al. (2011) has suggested that
legumes can only be competitive in bermudagrass or bahiagrass systems under low N
situations. Despite these findings, evidence suggests in climates not limited by moisture
availability that alfalfa in particular can out compete these grasses early in the season.
While Muir et al. (2011) was primarily utilizing only warm-season legumes, a coolseason alfalfa with a warm-season grass mixture may require some N input to encourage
grass competition. Research has also shown that late application of N from June to
September to bermudagrass can enhance subsequent spring green-up (Rimi et al., 2013).
Therefore, late N applications to alfalfa/grass mixtures may have positive effects on
subsequent year grass competition. It may be possible to increase seasonal DM yield and
forage quality as well as increase grass competition with the addition of relatively low
fertilizer N rates during late season alfalfa/grass harvest.
A need then exists to not only measure forage yield and quality as a response to
late spring fertilizer N application, but also the ability to track the fate of the applied N.
Using fertilizer enriched with the 15N isotope can be used to determine the proportion and
distribution of actual applied fertilizer N recovery between the two competing species.
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This method involves utilizing a fertilizer source with a known 15N enrichment beyond
that of natural abundance which allows for the tracing of this added 15N (Boutton and
Yamasaki, 1996). The natural environment is assumed to have a 15N abundance of
0.367%; however, plant material is not always similar to the atmosphere especially in the
instance of legumes (Vose, 1980). This prompts the need for using control plots with no
added fertilizer to define the 15N natural abundance of the soil located at the site. The
15

N-enrichment method is generally accepted as the most reliable method to track the

movement of applied N (Bedard-Haughn et al., 2003).
The main objective of this research was to quantify the amount of applied N
recovered by alfalfa and grass species in mixtures including bermudagrass and bahiagrass
in July and August at two N rates.

Materials and Methods

Bermudagrass and bahiagrass were planted on two different occasions to
represent two different environments [Planting I (PI) and Planting II (PII)]. During
planting I, bermudagrass and bahiagrass were established on June 4, 2014 on a Savannah
fine sandy loam soil (fine-loamy, siliceous, semiactive, thermic typic Fragiudults) and the
alfalfa was subsequently planted on October 15, 2014. During PII, grass strips were
planted adjacent to PI on May 10, 2015 on a Stough fine sandy loam soil (Coarse-loamy,
siliceous, semiactive, thermic Fragiaquic Paleudults) with the subsequent alfalfa planting
on November 8, 2015. Both plantings were located at the Henry H. Leveck Animal
Research Center. Grass plots were planted using an Almaco plot drill (Almaco, Nevada,
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IA) in the spring in a prepared seedbed and allowing to become well established during
the summer. A representative soil sample of the trial area was taken before planting grass
plots and the area was amended with P2O5 and K2O and lime according to Mississippi
State University soil testing recommendations for alfalfa. A conventional alfalfa
cultivar, GA ‘Bulldog-505’ (FD 5) was overseeded into the established plots of
bermudagrass and bahiagrass at a seeding rate of 22 kg ha-1 using a Almaco no-till plot
drill (Almaco, Nevada, IA). At the time of planting, any existing biomass was removed
to a 7.62 cm stubble height.

The trial was a 2x8 factorial arranged in a strip plot design

with four replication and two locations (environments). Each strip was represented by
bermudagrass or bahiagrass. Strips consisted of 8 subplots represented by three pure
grass plots receiving nitrogen at green up (0, 56, or 28 kg N ha-1) and five alfalfa/grass
mixtures receiving (0, 56, or 28 kg N ha-1 ) after the first or second alfalfa harvest (Table
5.1).
All plots (including pure grass plots) were harvested when alfalfa reached 10%
bloom. Harvesting was accomplished using a commercial Ferris Z-turn mower equipped
with a bagging system. A 1.6 m x 3 m swath was harvested from the middle of the plot
and weighed determine total forage yield. A sub-sample was taken from the harvest and
initially dried in a force air oven at 55º C until the weight remained constant. The sample
was ground to pass through a 2-mm screen using a Wiley mill (Thomas Scientific,
Swedesboro, NJ) and analyzed for Crude Protein (CP), Acid Detergent Fiber (ADF) and
Neutral Detergent Fiber (NDF) using a Foss 6500-C Near Infra-red Reflectance
Spectroscopy (NIRS) instrument (Foss North America, Eden Prairie, MN) and the 2017
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Mixed Hay Equation developed by the NIRS Forage and Feed Testing Consortium
(Hillsboro, WI).
Enriched 15N application to a 1 m2 microplot within each treatment was
accomplished using double labelled ammonium nitrate (15NH415NO3). The microplots
were marked for later species separation and harvest. The remainder of the plot was
fertilized with the appropriate rate of ammonium nitrate (NH4NO3, 34-0-0) according to
the treatment. Treated microplots were covered during main plot fertilization to avoid N
contamination. Due to the possibility of residual 15N remaining in the plots from the first
year application, a different subplot was used for the second year application on the
opposite side of the main plot. The solution 15N application was prepared by diluting 10%
atom enriched 15NH415NO3 to 1% with natural abundance NH4NO3 and further diluted
with water to bring into solution. Application was made using a standard mechanical
pump sprayer.
Stand counts were performed after the first harvest of the establishment year, and
after the first and last harvest the second year by using a 1 m2 placed in the middle of the
plot. A 1 m2 was marked at the site of 15N application of each plot and harvested by
hand separating alfalfa from grass to determine species composition. The individual
species were then dried and ground to pass through a 40-mesh sieve and re-dried at 65ºC
for 24 hours. Total plant N and 15N were determined using continuous flow isotope ratio
mass spectrometer technology (CFIRMS). To facilitate CFIRMS, an automated dry
combustion analyzer NA 1500 CN (Carla Erba, Milan, Italy) was coupled to an Isoprime
mass spectrometer (Micromass, Beverly, MA). All samples were run in duplicate with a
target standard error of the mean of 5% or less. Samples were run in expected order of
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increasing enrichment to avoid cross contamination. When this was not possible, rice
samples were run to eliminate any contamination between difference enrichment sets.
The analysis was used to determine the amount 28N, 29N, and 30N in each sample. The
plots receiving 0 kg ha-1 (control plots) of N served as the standard for determining the
percent 15N natural abundance. This study was limited to extrapolating 15N recovery
between forage species considering only the aerial biomass 15N concentration. The
fraction of total N derived from fertilizer (Ndff) was calculated (Graham and Varco,
2017).
F= (As-Ar)
(Af -Ar)
F = The fraction of N uptake derived from N enriched fertilizer
As = The atom % 15N measured in the harvested plant sample
Af = The atom % 15N in the enriched fertilizer
Ar = The atom % 15N of the reference harvested plant material
The calculations to determine the amount of species 15N recovery was as follows
(Sanchez, 1987):

% fertilizer 15N recovered= TNs (15Ns-15Nc) x 100
FN (15Nf-15Nc)
Where,
TNs= total N content of harvested sample kg ha-1
15

Ns= atom % 15N of sample

15

Nc= atom % 15N of untreated control

FN= fertilizer N rate kg ha-1
15

Nf= atom % 15N of fertilizer
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Statistical Analysis
Data was then analyzed using PROC GLM in the SAS 9.4 program and Fisher’s
protected least significant difference (LSD) was used to determine differences between
treatment means at α ≤ 0.05 (SAS, 2013). The variables, harvest DM yield, CP, ADF,
and NDF were analyzed using harvest year and harvest date as a repeated measure and
discussed within and between subject effects. Total seasonal DM yield was analyzed
using harvest year as a repeated measure within and between subject effects. Species
composition was analyzed considering harvest date as a repeated measure due to the
changing of 15N application sites and species separation annually to avoid compounding
residual 15N within the soil. Nitrogen recovery and Nitrogen fertilizer concentration in
the aerial biomass and stand counts were analyzed using PROC GLM and means
separated using Fisher’s protected LSD when α ≤ 0.05. Correlation effects among harvest
date, harvest DM yield and species composition were analyzed using Pearson Correlation
Coefficients in the SAS 9.4 program and considered significant when α ≤ 0.05 (SAS,
2013). Data for Seasonal yield and harvest yield are reported on as kg DM ha-1. Forage
nutritive value (CP, NDF, and ADF) are reported as g DM kg-1. Species composition was
reported using dry weight of forage from a 1 m2 and calculated to percent basis.
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Table 5.1

Nitrogen rates and application timing for alfalfa/bermudagrass,
alfalfa/bahiagrass and pure grass plots.

Species
Composition

Species

Bermuda/Bahiagrass

Alfalfa Harvest

Green-up

2nd

3rd

0
28
56

28
56
-

28
56
-

28
56
-

28
56
-

Plot
Composition

Bermudagrass
Alfalfa
Alfalfa
Alfalfa
Alfalfa
Alfalfa
Bahiagrass
Alfalfa
Alfalfa
Alfalfa
Alfalfa
Alfalfa
-

0
28
56

Results
In 2014, rainfall was below average from July to October which may have
contributed to slow bermudagrass and bahiagrass establishment (Figure 5.1). Rainfall
was then above the 30-yr average by November and considered adequate for alfalfa
establishment. In 2015, starting from August to December, rainfall was well below the
30-yr average with almost no rainfall recorded for November and December (Figure 5.1).
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This droughty period coincided with the establishment of Alfalfa for planting II possibly
affecting alfalfa grass competition. In 2016, spring rains were nearly 50 mm above
average for February and March, but were well below average from September to
December. In, 2017 rains were more consistent across the entire year with the exception
of June and August when they were above average (Figure 5.1).
Mean temperatures were fairly consistent with the 30-yr average (Figure 5.2). In
2014, mean temperatures were notably below average in November, January and
February (Figure 5.2). In 2016, mean temperatures were above average in September and
October and again in December (Figure 5.2).
Soil N concentrations for planting I performed in the spring of 2015 averaged
0.072 % N. The 15N natural abundance in the soil averaged 0.372 % of the total N. In
planting II the soil sample was taken in the spring of 2016 and N concentrations averaged
0.085 % and 15N natural abundance averaged 0.371 % of the total N.
Due to differences in soil types among plantings, data for harvest and seasonal
DM yield, forage nutritive value (CP, NDF, ADF) and species composition is reported
within each planting. Inconsistent and poor establishment of bermudagrass, especially
within the alfalfa/grass mixtures, did not allow harvesting sufficient biomass for
subsequent 15N analysis. As a result, 15N analysis was only preformed on appropriate
alfalfa/bahiagrass mixtures.
In the summer of 2014, bermudagrass (BG) and bahiagrass (BH) were
successfully established on a Savannah fine sandy loam soil. In the fall of 2014 alfalfa
was no-tilled into the grass stubble, but plots were inconsistent throughout the 2015
harvest year. This effect seen in planting I may have been a soil type factor considering
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Savannah soils are known to have acidic sub-soils and fragipans which likely hindered
the deeply rooted alfalfa causing substantial die off in some plots.
In the summer of 2015, bermudagrass and bahiagrass were successfully
established into a Stough fine sandy loam soil (PII) immediately adjacent to PI. In the fall
of 2015, alfalfa was no-tilled into the grass stubble and both grass and alfalfa/grass
mixtures were relatively uniform compared to PI. The relative success compared to
planting I may be contributed to deeper soils and a lack of a fragipan encountered in the
Savannah soil of PI.
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12-month mean rainfall data for Starkville MS. From 2014-2017 and the
30-yr average calculated from 1981-2010.
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Mean Temperature (°C)
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12-month mean temperature data for Starkville, MS. from 2012-2017 and
the Starkville 30-yr average calculated from 1981-2010.

Alfalfa Stand Persistence
Planting I
Alfalfa stand counts were performed at the beginning of the establishment year
and after the first harvest and last harvest of the second year. Stand counts were not
affected by grass species or fertilizer treatments in 2015 or the beginning of 2016, but
was affected by fertilizer treatment (P = 0.0414) by the end of 2016. By the end of the
trial alfalfa stands receiving 56 kg N ha-1 after the third harvest had fewer plants than all
other treatments (Figure 5.3). In general, stands decreased from 344 to 10 plants m-2
from the first to last harvest of the trial.
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Stand counts (plants m-2)
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Alfalfa stand counts preformed November 24, 2016 separated by fertilizer
treatments for planting I.

Different letters between fertilizer treatments represents a significant difference at P ≤
0.05 using Fishers LSD; Trt 1: Alfalfa/grass (AGM) + 0 kg N ha-1, Trt 2: AGM + 28 kg
N ha-1 after the second harvest, Trt 3: AGM + 28 kg N ha-1 after the third harvest, Trt 4:
AGM + 56 kg N ha-1 after the second harvest, Trt 5: AGM + 56 kg N ha-1 after the third
harvest.

Planting II
Alfalfa stand composition was unaffected by grass species and fertilizer
treatments the first two counts, but was affected by grass species (P = 0.0019) by the last
count at the end of 2017. By the last harvest of 2017, alfalfa/bermudagrass mixtures had
nearly double the amount of alfalfa plants compared to mixtures with bahiagrass (Figure
5.4). In general, stands decreased from 350 to 54 plants m-2.
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Alfalfa stand counts preformed on three dates separated by grass species
for planting II

Different letters between grass species within the same date represents a significant
difference at P ≤ 0.05 using Fishers LSD.

Species Composition
Planting I
Harvest date as a main effect significantly affected species composition
(P < 0.0001). The grass portion of the mixtures composed less than 5% of the mixture in
the first harvest but increased to 16, 68, and 81% of the mixture by harvest 2, 3 and 4
respectively. Generally, harvest date was positively correlated to grass composition in
both 2015 and 2016. (Table 5.2). As the growing season progressed grass composition
increased within the mixture and this was associated with decreased harvest DM yield in
2016, but not 2015 where yield was unaffected.
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Harvest date interacted with harvest year (P = 0.0028) and subsequently with
grass species (P = 0.0090) to affect species composition. In 2015, the first and second
harvest contained 7 and 22% grass respectively, while 2016 contained 0 and 4% grass,
opposite of what is typically expected (Figure 5.5). By the third harvest, the grass
component was 25% greater in 2016 compared to 2015. The fourth harvest averaged 80%
grass, but was similar between years.
Bahiagrass consistently produced greater components of grass when in mixtures
with alfalfa for all harvest except the first harvest, which typically contained less than 5%
grass for both species (Figure 5.6). Bahiagrass had 36, 27, and 21% greater composition
compared to bermudagrass in harvest 2, 3, and 4, respectively. This difference between
grass species was most evident in the latter part of the year when the grass should have
been most actively growing. Some of the grass included in the bermudagrass separations
was likely annual crabgrass growth.
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Percent grass composition by harvest date in 2015 and 2016 in planting I.

Different letters within harvest date represent a significant difference at P≤0.05 using
Fishers LSD. Percent basis calculated from grass and alfalfa dry matter (g) separation of
1 m2 .
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Percent grass composition by harvest date of bermudagrass and bahiagrass
in planting I

Different letters within harvest date represent a significant difference at P ≤ 0.05 using
Fishers LSD. Percent basis calculated from grass and alfalfa dry matter (g) separation of
1 m2 .
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Table 5.2

Pearson Correlation Coefficients for Planting I separated by harvest year
and analyzed between harvest date, harvest dry matter yield and grass
composition and considered significant when P ≤ 0.05
Year
2015

Variable
Harvest R value
P value
R value
Yield
P value
R value
Grass
P value

Harvest
1.0000
-0.32511
<0.0001
0.76312
<0.0001

2016

Yield
-0.32511
<0.0001
1.0000
-0.13069
0.09950

Variables
Grass Harvest
0.76312 1.0000
<0.0001
0.13069 -0.6845
0.09950 <0.0001
1.00000 0.79800
<0.0001

Yield
Grass
0.68451 0.79800
<0.0001 <0.00010
1.000
-0.44781
<0.00010
0.44781 1.00000
<0.0001
-

Planting II
Harvest date significantly affected species composition in PII (P < .0001). Grass
composition was not present in the first harvest due to the spring growth exhibited by
alfalfa at the time of the companion grass green-up. The grass component, generally did
not increase above 5% of the mixture until the fourth harvest where the average grass
component was still less than 20%. Though grass composition was limited, harvest date
was positively correlated to grass composition in both 2016 and 2017 (Table 5.3). In both
years, grass composition increased as the season progressed. Harvest yield increased in
2017 due to increasing grass composition, but was unaffected the in 2016.
Harvest also interacted with harvest year (P = 0.0035) to effect species
composition. The first three harvest were similar between 2016 and 2017, in which grass
made up to 5% of the mixture by the 3rd harvest. The grass component by the fourth
harvest in 2017 made up 24% of the mixture, which was greater than the only 14% grass
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component observed in 2016 (Figure 5.7). This may have been due to approximately 30day earlier harvest shift in 2017. Typically, the fourth harvest was not reached until the
early fall, but in 2017 the last harvest was reached by the end of summer thus possibly
favoring grass compositions.

Grass Composition (%)
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Percent grass composition by harvest date for 2016 and 2017 for planting
II.

Different letters within harvest date represent a significant difference at P ≤ 0.05 using
Fishers LSD. Percent basis calculated from grass and alfalfa dry matter (g) separation of
1 m2 .

55

Table 5.3

Pearson Correlation Coefficients for Planting II separated by harvest year
and analyzed between harvest date, harvest dry matter yield and grass
composition and considered significant when P ≤ 0.05.
Year
2016

Variable
Harvest R value
P value
R value
Yield
P value
R value
Grass
P value

Harvest
1.0000
-0.6409
<0.0001
0.5049
<0.0001

2017

Yield
-0.6409
<0.0001
1.0000
-0.1519
0.0551

Variables
Grass
Harvest Yield
Grass
0.5049
1.0000
0.3093
0.4348
<0.0001
<0.0001 <0.0001
-0.1519
0.3093
1.000
0.2347
0.0551 <0.0001
0.0031
1.0000
0.4348
0.2347
1.0000
<0.0001 0.0031
-

Seasonal DM Yield
Planting I
Seasonal dry matter (DM) yield was affected by harvest year (P < 0.0001).
Forage yield increased after the establishment year with production of 6428 and 8094 kg
DM ha-1 produced in 2015 and 2016, respectively. Harvest year further interacted with
grass species to affect seasonal DM yield (P = 0.0419). Mixtures with bahiagrass
increased DM yield from 6855 in 2015 to 9028 kg ha-1 in 2016, representing a 24% yield
increase. Bermudagrass yields increased modestly from 6001 to 7160 kg DM ha-1 after
the establishment year (Figure 5.8).
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Seasonal dry matter yield of bermudagrass and bahiagrass in mixtures with
alfalfa separated by year and pooled from fertilizer treatments from
planting I.

Different letters between grass species in the same year represents a significant difference
at P ≤ 0.05 using Fishers LSD.

Planting II
Seasonal DM yield was affected by harvest year (P < 0.0001). In 2016 and 2017,
the mean DM yield was 7287 and 8436 kg ha-1, respectively. Harvest year also interacted
with grass species (P = 0.0298) and fertilizer treatment (P < 0.0001) to affect seasonal
yield. In 2016, seasonal yields were similar between grass species with bermudagrass
producing 7201 and 7374 kg DM ha-1, respectively. By 2017, bahiagrass mixtures
produced roughly 10% greater DM yields than bermudagrass.
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In the second harvest year (2017), seasonal yield was increased by overseeding
alfalfa, but not with the addition of N fertilizer (Figure 5.9). Grass monoculture given N
at green-up produced between 3200 and 3800 kg DM ha-1, but was similar to the grass
monoculture receiving no N. When grass was overseeded with alfalfa, seasonal yields
ranged from 1100 to 1200 kg DM ha-1, but they were similar among fertilizer rates and
timing. However, seasonal yields of alfalfa grass mixtures in 2016 were similar despite
fertilizer treatments, but the grass monoculture receiving 56 kg N ha-1 was similar only to
the alfalfa/grass mixture receiving no N. In addition, the alfalfa/grass with no N
produced 14% greater seasonal yields than the grass monoculture receiving no N.
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Figure 5.9

Seasonal dry matter yield of fertilizer treatments separated by year for
planting II.

Different letters between fertilizer treatments within the same year represents a
significant difference at P ≤ 0.05 using Fishers LSD; Trt 1: Alfalfa/grass (AGM) + 0 kg
N ha-1 , Trt 2: AGM + 28 kg N ha-1 after the second harvest, Trt 3: AGM + 28 kg N ha-1
after the third harvest, Trt 4: AGM + 56 kg N ha-1 after the second harvest, Trt 5: AGM +
56 kg N ha-1 after the third harvest, Trt 6: Grass monoculture (GM) + 0 kg N ha-1, Trt 7:
GM + 28 kg N ha-1 at green-up, Trt 8: GM + 56 kg N ha-1 at green-up.

Harvest DM Yield
Planting I
Harvest DM yield was affected by harvest date (P < 0.0001). Yields averaged
across both years were 2551, 1452, 2072 and 1185 kg DM ha-1 for harvest 1, 2, 3, and 4,
respectively. Furthermore, harvest date interacted with harvest year to effect DM yield
(P < 0.0001). In both years, DM yield was negatively correlated with harvest date
suggesting an overall decreasing yield throughout the season (Table 5.2). This affect was
most evident in 2016 when the first harvest produced more than double the amount of
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DM that was observed in the remaining harvest. Alternatively, in 2015 DM yields were
greatest by the third harvest (Figure 5.10).
Harvest date also interacted with fertilizer treatments (P < 0.0001) to affect
harvest DM yields. For the first harvest, DM yields were greatest when alfalfa was
overseeded producing up to 3500 kg ha-1 compared to grass monoculture which produced
less than 2000 kg ha-1 (Table 5.4). By the second harvest, grass monoculture treated with
56 kg N ha-1 produced 1718 kg DM ha-1 and was similar to alfalfa/grass mixtures.
Likewise the grass monoculture receiving only 28 kg N ha-1 produced similar yields to
the alfalfa/grass mixtures, but 20% less than the grass monoculture receiving the greater
N rate. Every treatment was greater than the grass monoculture receiving no N. By the
third harvest, the grass monoculture receiving 56 kg N ha-1 produced up to 26% greater
DM yields than all treatments except for alfalfa/grass mixtures receiving 56 kg N ha-1
after the second harvest. Dry matter yields ranged from 1788 to 2600 kg ha-1 across all
treatment variables. The fourth harvest produced similar DM yields across all treatments
with the exception of the unfertilized grass monoculture which was significantly less than
all other treatments.
A three way interaction between harvest date, harvest year and fertilizer treatment
affected harvest DM yield (P = 0.0228). This interaction is most evident during the last
harvest of each year. In 2015, all fertilizer treatments in the fourth harvest produced
similar DM yields. In contrast, by the fourth harvest of 2016, all alfalfa/grass mixtures
produced up to 40% greater DM yields than grass monoculture regardless of N input.
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Harvest dry matter yield distribution in 2015 and 2016 for alfalfa/grass mix
across two plantings and two grass species.

Different letters within the same harvest date represent a significant difference at P <
0.05 using Fishers LSD.

61

Table 5.4

Fertilizer
Treatments
0 kg N ha-1

Harvest dry matter yields pooled across harvest year and grass species and
analyzed by fertilizer treatment and harvest date for planting I.
Harvest
Harvest 2 Harvest 3

Harvest 4

2974

kg DM ha-1
1506
1808

1208

3015

1627

1954

1183

3517

1532

1913

1268

3342

1433

2351

1230

2897

1613

1938

1361

1352

816

1789

955

1828

1372

2227

1140

1485

1719

2601

1140

2551
620
34

1452
302
29

2073
338
23

1186
224
26

Species
Harvest 1
composition
AlfalfaGrass
AlfalfaGrass
AlfalfaGrass
AlfalfaGrass
AlfalfaGrass
Grass

28 kg N ha-1 after
2nd harvest
28 kg N ha-1 after
3rd harvest
56 kg N ha-1 after
2nd harvest
56 kg N ha-1 after
3rd harvest
0 kg N ha-1 at
green-up
28 kg N ha-1 at
Grass
green-up
56 kg N ha-1 at
Grass
green-up
Mean
LSD0.05
CV,%

Planting II
Harvest DM yield was affected by harvest date (P < 0.0001). Harvest DM yields
were 1886, 2155, 1766, and 2054 kg ha-1 for harvest 1, 2, 3, and 4, respectively. Harvest
date further interacted with harvest year (P = 0.0035) to affect DM yield. In the last two
harvests of each year, DM yields were greatest in the 2017 compared to 2016 with 41 and
30 % difference between years, respectively. In both years DM yields during the second
harvest were similar and averaged 2154 kg ha-1. In 2016, DM yield was negatively
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correlated to harvest date, but during the 2017 growing season a positive correlation was
observed between DM yield and harvest date (Table 5.3).
Harvest date interacted with fertilizer treatments to influence DM yields (P <
0.0001). In the first, third and fourth harvests, DM yields were greatest for alfalfa/grass
mixtures despite N input to the grass monoculture. By the second harvest, grass
monoculture receiving 56 kg N ha-1 produced an average of 47% less DM yield than
alfalfa/grass mixtures, but 1 to 4% more DM yield than the other grass monoculture
treatments (Table 5.5). Furthermore, a three-way interaction between harvest date,
harvest year, and fertilizer treatment affected DM yield (P < 0.0001). This interaction
was largely due to fertilizer N effects in 2016. By the fourth harvest of 2016, DM yields
ranged from 1800 to 1963 kg ha-1 in grass monoculture while alfalfa/grass mixtures
regardless of N treatment produced less than 1700 kg DM ha-1. This was in contrast to
the first three harvest of 2016, and the entirety of 2017, where alfalfa/grass mixtures
consistently produced greater DM yields compared to grass monoculture.
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Table 5.5

Harvest dry matter yields pooled across harvest year and grass species and
analyzed by fertilizer treatment and harvest date for planting II

Fertilizer
Treatments
0 kg N

ha-1

Harvest
Harvest 2 Harvest 3

Harvest 4

2508

kg DM ha-1
2698
2243

2168

2537

2797

2268

2331

2531

2710

2229

2399

2640

2836

2322

2206

2426

2573

2186

2304

968

1184

1066

1744

873

1188

954

1589

812

1430

1002

1753

1912
409
30

2177
394
26

1784
314
25

2062
359
25

Species
Harvest 1
Composition
AlfalfaGrass
AlfalfaGrass
AlfalfaGrass
AlfalfaGrass
AlfalfaGrass
Grass

28 kg N ha-1 after
2nd harvest
28 kg N ha-1 after
3rd harvest
56 kg N ha-1 after
2nd harvest
56 kg N ha-1 after
3rd harvest
0 kg N ha-1 at
green-up
28 kg N ha-1 at
Grass
green-up
56 kg N ha-1 at
Grass
green-up
Mean
LSD0.05
CV,%

Forage Nutritive Value
Planting I
Crude Protein
Harvest year affected CP, with a content increase from 120 in 2015 to 140 g kg-1
in 2016 (P = 0.0001). Harvest year further interacted individually with harvest date (P =
0.0001), grass species (P = 0.0001), and fertilizer treatments (P = 0.0001) to affect crude
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protein. In both years, CP generally decreased by at least 12 % with each successive
harvest with the exception of the second harvest in 2016. Crude protein in 2016, was
similar between the first and second harvest (Table 5.6).
In both years, bermudagrass mixtures had greater CP concentrations than
bahiagrass. In both years, CP concentrations ranged between 120 to 160 g kg -1. This
accounted for 7% CP difference in 2015 and 13% CP difference in 2016 (Table 5.6).
When grass was overseeded with alfalfa, CP generally increased from 110 to 135 g kg-1
(23%) the establishment year and from 110 to 160 g kg -1 (43%) the second year (Figure
5.11). The addition of 56 kg N ha-1 to grass monoculture in 2015 led to greater CP in
grass monoculture, but N application did not affect CP in alfalfa/grass mixtures. The
same affect was not evident in 2016 where all grass monoculture had similar crude
protein.
A three-way interaction among harvest year, harvest date, and fertilizer effected
CP concentrations (P = 0.002). All year and fertilizer treatment combinations affected
CP concentrations similar to previously mentioned with the exception of the of the
alfalfa/grass treatment receiving no N in the second harvest. Only during the second
harvest in 2015, CP was less than the remaining alfalfa/grass treatments.

65

Crude Protien (g DM kg-1)
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Crude protein means for fertilizer treatments pooled across harvest date and
separated by harvest year for planting I.

Different letters between fertilizer treatments within the same year represents a
significant difference at P ≤ 0.05 using Fishers LSD; Trt 1: Alfalfa/grass (AGM) + 0 kg
N ha-1 , Trt 2: AGM + 28 kg N ha-1 after the second harvest, Trt 3: AGM + 28 kg N ha-1
after the third harvest, Trt 4: AGM + 56 kg N ha-1 after the second harvest, Trt 5: AGM +
56 kg N ha-1 after the third harvest, Trt 6: Grass monoculture (GM) + 0 kg N ha-1, Trt 7:
GM + 28 kg N ha-1 at green-up, Trt 8: GM + 56 kg N ha-1 at green-up.

Neutral Detergent Fiber
Neutral detergent fiber (NDF) was affected by harvest year (P < 0.0001). Neutral
detergent fiber decreased from 8% from 2015 to 2016 (610 to 560 g kg-1). Harvest year
interacted individually with harvest date (P < 0.0001), grass species (P < 0.0001), and
fertilizer treatments (P = 0.0069). Neutral detergent fiber increased from 460 to 690 g
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kg-1 (50%) throughout the season in 2015 and from 470 to 600 g kg-1 (28%) in 2016
(Table 5.6). This increase was possibly the due to increasing grass composition within the
mixtures by the second year.
Bermudagrass and bahiagrass averaged 585 g kg-1 NDF in 2015, but by 2016
bahiagrass had 9% greater NDF fractions than bermudagrass (Table 5.6). This affect
may have been due to decreasing bermudagrass composition coupled with increasing
annual crabgrass composition (which typically has less NDF than warm-season perennial
grasses) within the bermudagrass mixtures. Alfalfa/grass mixtures generally produced
less NDF than grass monoculture which typically increased NDF by 7 to 10%. However,
in 2016 the difference between NDF from grass monoculture and alfalfa/grass mixtures
was more severe increasing NDF by almost 12%.
Acid Detergent Fiber
Harvest year affected Acid Detergent Fiber (ADF) (P = 0.0001). In 2015, ADF
was 9% greater than 2016 (408 vs. 375 g kg-1). Harvest year interacted with harvest date
(P = 0.0001), grass species (P = 0.0001) and fertilizer treatments (P = 0.0003) to affect
ADF. In 2015, ADF concentrations increased from 320 to 450 g kg-1 (41%) from the first
to last harvest (Table 5.6). However, in 2016, ADF was the least in harvest 1 and 2
producing 360 and 350 g kg-1 while the third and fourth harvest produced similar
concentrations averaging 385 g kg-1. There was a 7 and 10% ADF increase in harvest 2
and 3 when compared to end of the year harvest.
Bahiagrass in both years produced greater concentrations of ADF when compared
to bermudagrass (Table 5.6). In 2016, ADF differences was 10%, while in 2015 such
difference was less than 3%. In 2016, ADF ranged from 350 to 360 g kg-1 for
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alfalfa/grass mixtures and 397 to 410 g kg-1 for grass monoculture. Differences were only
observed in overseeded vs. grass monoculture treatments with no N affect. In 2015, grass
monoculture had greater ADF compared to alfalfa/grass mixtures but the grass
monoculture receiving 56 kg ha-1 produced a lower ADF value than the grass
monoculture receiving no nitrogen.

Table 5.6

Nutritive value parameters by harvest date and harvest year for planting I.
Harvest Year
2015

Harvest

CP

Harvest 1
Harvest 2
Harvest 3
Harvest 4
Mean
LSD0.05
CV, %

161
148
115
99
131
5
11.2

Table 5.7

2016

Nutritive Value Parameters
NDF
ADF
CP
g DM kg -1
468
323
164
574
394
158
637
416
136
691
455
137
592
397
124
13
8
7
5.3
4.8
12.7

NDF

ADF

476
505
606
604
548
15
6.8

351
354
392
387
371
9
6.8

Nutritive value parameters by harvest date and grass species (BH =
bahiagrass and BG = bermudagrass) for planting I.

Harvest
BH
Harvest 1 156
Harvest 2 136
Harvest 3 118
Harvest 4 109
*NS: Not significant

Nutritive Value Parameters
CP
NDF
g DM kg-1
BG LSD0.05 BH BG LSD0.05 BH
166
6.5
495 471
15
357
164
6.5
581 513
17
401
136
5.8
641 605
13
423
*
116
NS
664 665
NS
437
68

ADF
BG
343
361
397
431

LSD0.05
NS
9
8
NS

Planting II
Crude Protein
Harvest year affected CP in forage biomass (P < 0.0001). Mean CP values ranged
from 165 g kg-1 in 2016 to 194 g kg-1 in 2017. Harvest year also interacted with harvest
date (P < 0.0001) to affect CP concentration. In general, CP decreased with each harvest
both years, likely due to decreased alfalfa composition. However, there was a 15%
decrease in CP from the first (177 g kg-1) to last harvest (150 kg ha-1) in 2016. On the
other hand, in 2017 a 38% decrease in CP was observed from first (245 g kg-1) to last
harvest (152 g kg-1) (Table 5.8). Despite of the larger differences in CP between harvest
in 2017, CP values were much higher compared to 2016 during those harvests. Similar to
the effects observed in DM yields, this shift in CP values have been caused by a shift in
harvest date in 2017 where alfalfa was harvested almost thirty days earlier than in 2016.
A three way interaction among harvest year, harvest date, and fertilizer treatments
affected CP (P = 0.003). The greatest CP production was observed in alfalfa/grass (210
to 220 g kg-1) mixtures in both years when compared to grass monoculture (148 to 160 g
kg-1). In 2017, CP was decreased in grass monoculture receiving the highest rate of N
(56 kg ha-1) compared to the lower rate (28 kg ha-1) and grass monoculture receiving no
nitrogen.

Neutral Detergent Fiber
Harvest year affected NDF in forage biomass (P < 0.0001). Neutral detergent
fiber was greater in 2016 (529 g kg-1) compared to 2017 (428 g kg-1). Harvest year
further interacted with harvest date (P = 0.0079) to affect NDF. In general, NDF
69

increased from 455 to 589 g kg-1 in 2016 and from 345 to 487 g kg-1 in 2017 with each
successive harvest (Table 5.8). In 2017, the increase in NDF was not apparent between
the first and second harvest only.
Acid Detergent Fiber
Harvest year affected ADF in forage biomass (P < 0.0001). Acid detergent fiber
had an 11% increase in 2016 (358 g kg-1) compared to 2017 (318 g kg-1). Harvest year
further interacted with harvest date to affect ADF in forage biomass (P < 0.0001). In
2016, ADF concentrations ranged from 317 to 390 g kg-1 (Table 5.8). Acid detergent fiber
was the greatest in the last harvest of the year and the least in the second harvest. In
2017, ADF increased (262 to 351 g kg-1) from the first harvest to the last harvest,
respectively.

Table 5.8

Nutritive value parameters for harvest date by harvest year for planting II
Harvest Year
2016

Harvest
Harvest 1
Harvest 2
Harvest 3
Harvest 4
Mean
LSD0.05
CV, %

CP

NDF
177
172
169
151
167
7
9.9

461
456
564
589
518
14
6.1

2017
Nutritive Value Parameters
ADF
CP
NDF
-1
g DM kg
338
246
345
317
212
377
373
201
448
391
152
488
355
202
415
9
9
23
5.8
11.4
12.4
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ADF
262
291
334
351
309
13
9.9

15N

fertilizer recovery
Planting I
The amount of applied fertilizer 15N in the above ground biomass was more

dynamic in the grass component than the alfalfa component. Fertilizer 15N recovery by
the alfalfa component was unaffected by fertilizer treatments or harvest year, but
recovered an average of 13% of the fertilizer 15N across all treatments. Grass 15N
recovery was affected by a harvest year and fertilizer treatment interaction (P = 0.0007).
In 2015, grass 15N recovery was the greatest (46%) when fertilizer was applied after the
second harvest (Figure 5.12). Recovery decreased in the grass component by 9% when
fertilizer application was delayed until after the third harvest.
By the second year, 15N recovery by the grass fraction was again affected by
fertilizer treatment. However, 15N recovery was different than the first year with the
greatest recovery occurring when fertilizer was applied after the third harvest. In 2016,
recovery averaged nearly 50% between both N rates for the third harvest, but only 16%
recovery was observed between rates when N was applied after the second harvest.
Differences in 15N recovery may be due to the varied days until rainfall after
fertilizer application (DURAA) (Figure 5.13). Rainfall for DURAA was only considered
when a precipitation event for a 24 hour time period accumulated moisture to over 5 ml
(Ali and Mubarak, 2017). During the first year there was only one DURAA after the first
application and almost eight DURAA after the second application. During the second
harvest year rainfall was delayed until 12 days after the first application, but was
immediate after the second fertilizer application.
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Figure 5.12

Alfalfa

15

Nitrogen recovery by fertilizer treatment separated by species
composition in planting I.

Different letters within species component represent a significant difference at P < 0.05;
Trt 2: Alfalfa/Grass mixture receiving (AGM) + 28 kg N ha-1 after the second harvest, Trt
3: AGM + 28 kg N ha-1 after the third harvest, Trt 4: AGM + 56 kg N ha-1 after the
second harvest, Trt 5: AGM + 56 kg N ha-1 after the third harvest. Percent basis for 15N
recovery calculated from dry matter (g).
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Days until rainfall after fertilizer application (DURAA) for planting I and
II. Rainfall was considered when total daily event was over 5mm (Ali and
Mubarak, 2017).

Planting II
The 15N recovery by the grass fraction was not affected by harvest year or
fertilizer treatment. On average, for all treatments the grass component recovered only
11% of the applied fertilizer 15N (Figure 5.14). Alfalfa 15N recovery was affected by
harvest year (P = 0.0492) and fertilizer treatment (P = 0.0486) as main effects. On
average, alfalfa recovered 32% of 15N the first year and 45% the second year. When
pooled across both years alfalfa/grass treated with fertilizer 15N after the second harvest
recovered up to 52% of the applied N and mixtures that received N after the 3rd harvest
recovered on average only 30% of the applied 15N. Rainfall events should have favored
late fertilizer applications with 0 and 7 DURAA compared to 11 and 12 DURAA after
the first application (Figure 5.13).
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Alfalfa

Nitrogen Recovery by fertilizer treatment separated by species composition
in planting II.

Different letters within species component represent a significant difference at P < 0.05
using Fishers LSD; Trt 2: Alfalfa grass mixture receiving (AGM) + 28 kg N ha-1 after the
second harvest, Trt 3: AGM + 28 kg N ha-1 after the third harvest, Trt 4: AGM + 56 kg N
ha-1 after the second harvest, Trt 5: AGM + 56 kg N ha-1 after the third harvest. Percent
basis for 15N recovery calculated from dry matter (g).
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Enriched 15N Concentration of Total N in Aerial Plant Tissue
Planting I
The enriched 15N concentration of the total N in the alfalfa aerial plant tissue was
not affected by harvest year or fertilizer treatments. On average, enriched 15N in alfalfa
aerial plant tissue made up less than 6 % of the total N concentration. Grass
concentrations of the enriched 15N was affected by fertilizer treatments (P = 0.0014), but
not by harvest year. Enriched 15N concentration in grass aerial tissue ranged from 18%
in 2015 to 23 % in 2016 (Figure 5.15). Concentrations of enriched 15N were 26 and 35 %
of the total N when fertilizer application was delayed until after the third harvest for the
26 and 56 kg N ha-1 rate. The delayed application had greater enriched 15N amounts than
N applications after the second harvest which only made up and average of 12 % of total
N of aerial plant tissue between the two N rates.
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Enriched 15N concentration of total N in the aerial biomass of grass and
alfalfa separated by fertilizer treatment and harvest year in planting I.

Different letters within species component and year represent a significant difference at P
< 0.05 using Fishers LSD; Trt 2: Alfalfa grass mixture receiving (AGM) + 28 kg N ha-1
after the second harvest, Trt 3: AGM + 28 kg N ha-1 after the third harvest, Trt 4: AGM +
56 kg N ha-1 after the second harvest, Trt 5: AGM + 56 kg N ha-1 after the third harvest.
Percent basis for 15N recovery calculated from dry matter (g).

Planting II
Enriched 15N concentration of total N in grass aerial tissue was affected by a
fertilizer (P = <0.0001) and a fertilizer by harvest year interaction (P = 0.0382). On
average grass enriched 15N concentration averaged 15% of the total N in the aerial tissue
between 2016 and 2017. In 2016, enriched 15N concentration was the greatest in the
harvest of grass when N application was delayed until after the third harvest at a rate of
56 kg N ha-1 (34%). Concentrations of enriched 15N decreased by 47% when the N rate
was reduced to only 28 kg N ha-1, but was still greater than applications made after the
second harvest which averaged only 4% of the total N in the harvested tissue (Figure
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5.16). In 2017, the greatest enriched 15N concentration of the total N in aerial plant tissue
was still the result of delayed applications with 56 kg N ha-1 (25%) (Figure 5.16).
However, when N was applied after the second harvest with 56 kg N ha-1 (11%) enriched
15

N concentration was similar to N applications of 28 kg ha-1 (16%) after the third harvest

in the aerial biomass (Figure 5.16). Enriched 15N concentration was only 5% of the total
N when the applied rate was reduced to 26 kg N ha-1 after the second harvest.
Enriched 15N concentration of total N in alfalfa aerial plant tissue was affected by
harvest year (P = < 0.0001), fertilizer treatment (P = <0.0001), and an interaction
between harvest year and fertilizer treatments (P = 0.0059). In 2016, Enriched 15N
concentration of total N was the greatest in the harvested alfalfa biomass when
application was delayed until after the third harvest at the rate of 56 kg N ha-1 (34%)
(Figure 5.16). At 28 kg of N ha-1 after the third harvest and 56 kg N ha-1 after the second,
enriched 15N concentrations of total N in the aerial plant tissue was similar and averaged
only 10%. Similar to grass, the least amount of enriched 15N concentration was found in
the early application at 28 kg N ha-1 (4%) (Figure 5.16). In 2017, the alfalfa aerial tissue
had the greatest amounts of enriched 15N concentration at 56 kg N ha-1 applied after the
third harvest while the remaining treatments ranged from 3 to 7% of the total plant N, but
were similar to each other.
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Figure 5.16

Enriched 15N concentration of total N in the aerial2017
biomass of grass and
alfalfa separated by fertilizer treatment and harvest year in planting II.

Different letters within species component and year represent a significant difference at P
< 0.05 using Fishers LSD; Trt 2: Alfalfa grass mixture receiving (AGM) + 28 kg N ha-1
after the second harvest, Trt 3: AGM + 28 kg N ha-1 after the third harvest, Trt 4: AGM +
56 kg N ha-1 after the second harvest, Trt 5: AGM + 56 kg N ha-1 after the third harvest.
Percent basis for 15N recovery calculated from dry matter (g).

Discussion
Alfalfa Stand Persistence
It is widely accepted for alfalfa monoculture that adequate stands should have at
least 200 to 80 plants m-2 in the first and second year of production, respectively
(Morrison, 2009). Stands with less than 50 plants m-2 by the third year are considered
undesirable due to a decreasing relative yield (Morrison, 2009). In PI, alfalfa decreased
below the acceptable level by the beginning of 2016. Though this stand decrease was
likely due to soil type, late N application at the greatest rate of N may have encouraged
further stand thinning through increased competition from the grass (Muir et al., 2011).
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Alfalfa decline may have been further exasperated by greater than average rainfall
amounts observed in February and March which may have led to alfalfa decline on the
shallow soils characteristic of PI (Figure 5.1).
This same affect with fertilizer was not evident in PII where stands were generally
more consistent across treatment. Instead a possible interaction with grass suggests that
competition with grass species may be the eventual cause of decreased alfalfa stands
within mixtures. This data is similar to what Haby et al. (1999) found when wider row
spacing was considered to increase Bermudagrass competition. Bermudagrass by the end
of 2017 had greater alfalfa presence in the mixture due to relatively poor bermudagrass
establishment. In addition, N application at the two relatively low rates used in this trial
may have merely encouraged grass competition with minimum impact. This effect was
not observed until the end of the second year after establishment. Regardless of N impact,
the persistence of alfalfa from two to three years in mixed stands are similar to what has
been reported by others in the southeast with alfalfa in monoculture (Ball et al., 2007).
Species Composition
The trend observed in this study regarding alfalfa species composition was similar
to trends observed by White and Lemus (2015). In general, alfalfa composition was the
greatest in the first and second harvest, but began to decline by the third harvest. This is
when alfalfa goes through a “summer slump” due to heat and humidity related stress
(Ottman and Mostafa, 2013). In response, grass composition within the mixture began to
increase after the first harvest, similar to what was observed by White and Lemus (2015).
In addition, the grass component became more prominent after the establishment year. In
2017, in particular, grass components may have also been encouraged by increased
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rainfall in June and August (Figure 5.1) when alfalfa was in a summer slump. On the
other hand, bermudagrass suffered significant suppression due to alfalfa competition
where bahiagrass seemed to have a competitive advantage compared to bermudagrass.
This was similar to findings by Hart et al. (1970) in which bahiagrass was more
productive than bermudagrass in low N input and under increased shading. Nitrogen
application generally did not shift species composition, although this phenomenon may
have been influenced by the relatively low amount of grass in the plots (less than 20%) in
PII and the relatively low amount of alfalfa in PI. If results were carried over to one or
two more harvest years, fertilizer N input may have eventually increased grass
composition, further decreasing alfalfa stands.
Dry Matter Yield
In almost all circumstances seasonal DM yield was increased when grass was
overseeded with alfalfa illustrating the advantage of mixtures over monoculture similar to
other reports (Tewari and Schimid, 1960; Evers, 1985; Ta and Farris, 1987; Nyfeler et al.,
2010). The addition of low rates of N did not increase seasonal production regardless of
timing in the alfalfa/grass mixtures, but it did increase DM production in grass
monoculture when rates were at least 56 kg ha-1. This data is similar to several studies
that showed a minimal to no DM yield increase in alfalfa receiving N (Ottman and
Mostafa, 2013).
Although seasonal yield was not improved by N input, harvest yields were greatly
influenced by harvest date. Similar to other studies with alfalfa/bermudagrass mixtures
(Brown and Byrd, 1990; White and Lemus, 2015), harvest DM yield declined with each
successive harvest the first year. After the establishment year, grass composition
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increased within the mixture either mitigating DM yield loss with subsequent harvest or
otherwise slightly improving yield throughout the growing season. This was most evident
in 2017 when harvest DM yields actually increased throughout the growing season. This
increase in DM yield may have also been due to greater than average rainfall amounts in
June and August encouraging grass growth rather than alfalfa (Figure 5.1). Considering
that alfalfa is relatively consistent in terms of DM yield throughout the season regardless
of rainfall, these interactions could only be due to grass contribution.
Bahiagrass increased forage dry matter in mixtures due to the greater presence of
the grass in the mixture when compared to bermudagrass. In general, N inputs of 28 and
56 kg N ha-1 had little effect on forage DM yield in the mixtures. These applications
used relatively low rates and the timing of application in July and August may have
effected subsequent N recovery in hot, dry conditions. These results were similar to what
Hanson, 1972 and Brown and Byrd, (1990) observed when rates as high as 100 kg N ha-1
was applied to alfalfa/bermudagrass mixtures with no increase in DM yield.
Forage Nutritive Value
Crude protein generally declined and fiber fractions (NDF and ADF)
increased throughout the season due to both decreasing alfalfa composition within the
mixture as well as declining forage quality during the hot humid months. However, even
by the last harvest CP ranged from 90 to 150 g kg-1 which is typically considered
moderate to good quality forage. Crude protein was unaffected by fertilizer treatments
which is contrary to some research that has shown increases in CP concentrations due to
N application (Salles de Oliveira, 2004). It is important to note that these studies
considered only alfalfa monoculture and rates were 100 to 200% greater than the current
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study, suggesting that alfalfa was still actively fixing N within the mixture receiving no
N. Fiber fractions were greatest in grass monoculture compared to alfalfa/grass mixtures.
This suggests that even during late summer the alfalfa component or even possible
transfer of N to the grass may play a role in increasing soluble forage quality components
of the mixture. Typically, alfalfa increases in at ADF fractions beyond that of grass due
to high lignin concentrations, but this was not observed within the mixtures. This
dynamic may have been due to an intense suppression of the grass by the alfalfa causing
delayed maturity in the grass components. Furthermore, forage quality after the first year
generally increased which is different than what White and Lemus (2015) observed with
alfalfa/bermudagrass mixtures. They found that forage quality generally declined after
the establishment year typically correlated to greater grass composition within the
mixture. This dynamic cannot be well explained, but perhaps fertilizer may have played a
role in increasing overall forage quality, but not sufficient to warrant a significant
response on the treatment level.
N Recovery by Aerial Biomass
Nitrogen recovery by species component was variable between plantings.
Recovery was likely a component of several factors. One factor was simply the
dominance of the species within the plot. It is apparent that when the grass component
makes up at least 60% of the stand, recovery was greatest in the grass component.
Though it is well known that alfalfa is a prolific scavenger of N (Watts et al., 1997;
Russelle, 1999; Power et al., 2001) from the soil it may have been hindered in PI due to
relatively shallow soil due to a fragipan inhibiting deep rooting. Alfalfa is mostly known
for its ability to sequester NO3-N at deeper soil depths than other crops (Robbins and
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Carter 1980) via its deeply rooted taproot (Ledgard, 2001; Ledgard et al., 2009). Likely,
low N recovery by the grass component was not only the effect of composition, but also
soil type. In shallow soils, a grass may have an additional advantage due to a shallow
fibrous root system able to recover relatively shallow deposited N. This is most evident
when referring to PII where alfalfa recovery was greater than that of the grass
component, but was also on deeper soils with no fragipan. In PII, recovery of 15N by
alfalfa was over 50% with the greatest recovery achieved when fertilizer 15N was applied
after the second harvest. Though alfalfa recovery was statistically similar between
treatment timings during PI, it recovered greater amounts of 15N during earlier
applications. On the other hand, the grass component recovered the greatest amounts of
15

N when application was delayed until after the 3rd harvest. It is also evident that grass

15

N recovery was aided by moisture availability following fertilizer N application, while

alfalfa was seemingly unaffected by rain events.
Alfalfa components never comprised less than 13% in planting I and 75% in PII at
the time of fertilization. Grass recovery was still greater considering the limited amount
of composition within PII (24%) at the time of fertilization. The 15N recovery by alfalfa
in PII, may have been due to limited amounts of grass available to recover adequate
amounts of nitrogen rather than superior N scavenging ability by the alfalfa.
According to several studies, alfalfa growth is limited during hot and humid
weather due to increased respiration (Ottman and Mostafa, 2013) which could explain the
apparent increased recovery of 15N by alfalfa when applied after the second harvest.
Nitrogen application has a limited and varied effect on forage DM yield and nutritive
value (Ottman and Mostafa, 2013). This study observed similar to effects of N
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applications on alfalfa, but concluded that this was not due to limited 15N recovery ability
by the alfalfa. Some research has shown N applications to increase alfalfa DM yield and
nutritive value (Lee and Smith, 1972), but these rates were much higher than the rates
used in the current study and applications were made in the spring months when alfalfa is
generally more active supporting the idea that alfalfa recovery may be at least mitigated
by late N applications.
The question then becomes about the ability of the grass to recover applied N,
especially late in the season. In PII, the grass recovered less than 15% of the 15N, but
composed less than 20% of the mixture showing a better capability to recover N on a per
plant basis. This tendency can be further observed in PI where grass composition
reached 85% by the fourth harvest and recovered 60% of the 15N.
Although potential alfalfa N recovery may be limited if N application is delayed,
the benefits of an alfalfa/grass mixture dominated by alfalfa is limited. Nitrogen
application to these mixtures offered limited to no improvement to DM yield, nutritive
value, or grass composition. Therefore, it is fair to assume that grass would have to
encompass at least 40% of the mix before potential N recovery could benefit the grass.
Enriched 15N Concentration of Total N
Although at times the 15N fertilizer uptake measured in the harvested material was
as high as 60% in the grass component, concentrations of that fertilizer source compared
to total N was relatively small (<45%). When grass was dominant in the mixture, it did
rely more heavily on N fertilizer when application was delayed until after the third
harvest thus reflecting fertilizer uptake. However, the concentration of N in the aerial
biomass that was derived from fertilizer was greatest when rates were increased to 56 kg
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N ha-1. These results were similar to a study that reported bahiagrass forage to be
comprised of nearly 48% of the applied N, but with N fertilizer recoveries in the aerial
biomass of less than 40% (Impithuksa et al., 1984). The authors also found that
bahiagrass was more reliant on N fertilizer at greater rates, but application timing did not
affect aerial biomass N concentration (Impithuksa et al., 1984). The difference between
these two studies may be due to stand composition. In the alfalfa/bahiagrass mixtures of
the current study the alfalfa die-off which was observed in plant I tended to increase 15N
uptake, but may have been diluted by the N availability of the decomposition and
mineralizing of the alfalfa plants. This would help explain why enriched 15N
concentrations were less than 25% of the total N in the aerial biomass in 2015 even
though 15N fertilizer uptake was greatest during the same year. Furthermore, we observe
in planting II that when alfalfa was the most dominant component of the mixture 15N
fertilizer uptake of the grass component was greatly suppressed (< 10%), but more reliant
on the applied N fertilizer after the third harvest. This suggest that when alfalfa plants
are living, very little N transformation to the accompanying grass can occur forcing the
grass component to compete for mineralized nitrogen. The relationship observed here
with alfalfa/bahiagrass mixtures was also reported by Ta and Farris (1987), who
suggested that decomposition of alfalfa was the most likely avenue of N contribution to
warm-season pasture.
Enriched 15N concentration of the alfalfa aerial biomass was never more than 35%
of the total N and was typically the greatest the first year even though the harvested aerial
biomass accounted for almost 50% of the applied 15N fertilizer. It is has been previously
reported that alfalfa N fixation generally improves with subsequent harvest and
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production years (Hiechel et al., 1984). However, it was also apparent that alfalfa may
have relied more on fertilizer N in late summer even though 15N fertilizer uptake was
limited. This was likely more of a factor of suppressed growth after the third harvest due
to increased photorespiration, effectively limiting N fixation. Huang et al. (1996)
similarly reported alfalfa to increase in 15N fertilizer concentration while 15N fertilizer
recovery remained limited during late summer.

Conclusion
The findings of this study indicated that delaying fertilizer N application to
August during the “summer slump” of alfalfa did not entirely circumvent alfalfa N
recovery when the grass component was minimal within the mixture. However, it was
evident that alfalfa 15N recovery did decrease during August due to limited growth and
grass components possibly scavenged N from decomposing alfalfa plants during die-off.
Considering that greater sustainability is most likely achieved when alfalfa is fixing
rather than scavenging N, alfalfa/grass mixtures may better be utilized with no N
fertilizer application until the grass component makes up at least 40% of the mix at the
time of application. In Mississippi, this management may allow for two-three years of
alfalfa/grass production before fertilizer N inputs are needed to maintain DM yield and
forage quality.

86

References
Ali, M.H., and S. Mubarak. 2017. Effective Rainfall Calculation methods for Field
Crops: An Overview, Analysis and New Formulation. Asian Res. J. Agri. 7: 1-12
Bedard-Haughn, A., J.W. van Growenigen, and C. van Kessel. 2003. Tracing 15N
through landscapes: potential uses and Precautions. J. Hydrol. 272: 175-190.
Brown, R.H., and G.T. Byrd. 1990. Yield and botanical composition of alfalfabermudagrass mixtures. Agron. J. 82: 1074-1079.
Feltner, K.C., and M.A. Massengale. 1965. Influence of temperature and harvest
management on growth, level of carbohydrates in the roots and survival of alfalfa
(Medicago sativa L.). Crop Sci. 5: 585-588.
Graham, C.J. and J.J. Varco. 2017. The effects of stabilized urea and split –applied
nitrogen on sunflower yield and oil content. American J. Plant. Sci. 8:1842-1854.
Hanson, C.H. 1972. Alfalfa Science and Technology. American Society of Agronomy.
Agronomy No. 15. Madison, Wisconsin.
Hart, H.H., R.H. Hughes, C.E. Lewis, and W.G. Monson. 1970. Effect of nitrogen and
shading on yield and quality of grasses grown under young slash pines. Agron. J.
62: 285-287.
Hart, S.C. and D.D. Myrold. 1996. 15N Tracer studies of soil Nitrogen Transformations.
1996. In: Boutton, T.W. and S. Yamasaki. (eds). Mass Spectrometry of Soils.
Marcel Dekker, Inc. Avenue, New York, New York. Pp 225-246.
Ledgard, S.F. 2001. Nitrogen cycling in low input legume-based agriculture, with
emphasis on legume/grass pastures. Plant and Soil. 228: 43-59.
Ledgard, S., R. Schils, J. Eriksen, and J. Luo, 2009. Environmental impacts of grazed
clover/grass pastures. Irish Journal of Agricultural and Food Research. 48: 2069226
Lee, C. and D. Smith. 1972. Influence of nitrogen fertilizer on stands, yields of herbage
and protein, and nitrogenous fractions of field-grown alfalfa. Agron. J. 64: 527530.
Lewis, C.E., G.W. Burton,W.G. Monson and W.C. McCormick. 1983. Integration of
pines, pastures, and cattle in south Goergia, USA. Agroforest. Syst. 1: 277-297.

87

McAuliffe, C., D.S. Chamblee, H. Uribe-Arango, and W.W. Woodhouse Jr. 1957.
Influence of Inorganic Nitrogen on Nitrogen Fixation by Legumes as Revealed by
N15. Agron. Abs. 1954, p. 24.
Morrison, J. 2009. Assessing alfalfa stands. University of Illinois Extension. News ID
13613. Online at
http://web.extension.illinois.edu/state/newsdetail.cfm?NewsID=13613
(Verified 9 February2018).
Muir, J.P., W.D. Pitman, and J.L. Foster. 2011. Sustainable, low-input, warm-season,
grass-legume grassland mixtures: mission (nearly) impossible? Grass Forage
Sci. 66, 301-315.
Munns, D.N., V.W. Fogle, and B.G. Hallock. 1977. Alfalfa root nodule distribution and
inhibition of nitrogen fixation by heat. Agron. J. 69:377- 380.
Ottman, M.J. 1995. Influence of nitrogen fertilizer on Alfalfa harvested on short
intervals. Pp 19-20. In M.J. Ottman (ed.) Forage and Grain. Coll. Agric. Life Sci.,
Univ. Ariz., Tucson.
Ottman, M.J. and A. Mostafa. 2013. Summer Slump in Alfalfa. University of Arizona:
Fact sheet. AZ 1611-2015.
Power, J.F., R. Wiese, and D. Flowerday. 2001. Management farming systems for
Nitrate control: A research review from management systems evaluation areas. J.
Environ. Qual. 30: 1866-1880.
Rimi, F., S. Macolino, M. D. Richardson, D.E. Karcher, and B. Leinauer. 2013.
Influence of three nitrogen fertilization schedules on bermudagrass and
seashore paspalum in spring green-up and fall color retention. Crop Sci. 53:
1161-1167.
Robbins, C.W. and D.L. Carter. 1980. Nitrate-Nitrogen leached below the root zone
during and following alfalfa. J. Environ. Qual. 9: 447-450.
Robinson, G.D., and M.A. Massengale. 1968. Effect of harvest management and
temperature on forage yield, root carbohydrates, plant density and leaf area
relationships in alfalfa (Medicago sativa L. cultivar ‘Moapa’). Crop Sci. 8:147151.
Russelle, M.P. 1999. Application of dairy manure to alfalfa: Issues and techniques.
U.C. Davis: Alfalfa symposium: 82-99.

88

Salles de Oliveira, W., P.P. Anchao Oliveira, M. Corsi, F.B. Sanches Duarte, and S.M.
Tsai. 2004. Alfalfa yield and quality as function of nitrogen fertilization and
symbiosis with Sinorhizobium meliloti. Sci. Agric. 61: 433-438.
Sanchez, C.A., A.M. Blackmer, R. Horton, and D.R. Timmons. 1987. Assessment of
errors associated with plot size and lateral movement of Nitrogen-15 when
studying fertilizer recovery under field conditions. Soil Sci. 144:344-351.
Vose, Peter B. 1980. Introduction to Nuclear Techniques in Agronomy and Plant
Biology. Pergamon Press. New York, New York. Pp.151-175.
Watts, D.J., J.S. Schepers, and R.F. Spalding. 1997. Field scale evaluation of water and
nitrogen management impacts on ground water quality. In J. Schaack (ed) Proc.
Water manage. Conf. on Best Management practices for irrigated Agric, and the
Environ, Fargo, ND. 16-19 July 1997. U.S. Committee on Irrigation and
Drainage, Never, CO. Pp73-88.
White, J. and R. Lemus. 2015. Alfalfa establishment, performance, and persistence in
Mississippi when planted into a bermudagrass sward. American J. Plant. Sci. 6:
2220-2.

89

CHAPTER VI
DISCUSSION AND IMPLICATIONS
Growing alfalfa with perennial warm-season grasses is not a new concept, but
many challenges still exist. Though nitrogen fixation and the subsequent transfer of that
N to the grass is well represented in research, we have a limited understanding of N
application and the long term alfalfa/grass dynamic. In the southeast where moisture is
generally not limited during the fall, alfalfa can be easily established into a warm-season
sod with simple no-till applications (Goya and Sheaffer, 1981; White and Lemus, 2015).
However, in these circumstances, alfalfa competition can hinder subsequent grass
growth. To reconcile this competition, wider row spacings of almost 70 cm have proven
to increase bermudagrass yields by at least 56% (Haby et al., 1999). Consequently the
decreased alfalfa component resulted in decreased crude protein values (Haby et al.,
1999). Bermudagrass exhibited the same competitive disadvantage with alfalfa at typical
row spacing (23 cm) when grown in Mississippi the first two years of production (White
and Lemus, 2015). Furthermore, White and Lemus, (2015) found that seeding rate did
not affect the competition outside the establishment year where only alfalfa was favored
by increased seeding rates. However, Bahiagrass mixed with alfalfa planted at 23 cm
not only showed an advantage in DM yield compared to bermudagrass, but also increased
persistence within the mixture actually increasing in composition as early as the second
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year of alfalfa growth. This persistence at close row spacing likely will contribute to
greater forage quality compared to wider row spacing’s.
Many authors have demonstrated increased in forage yield and greater forage
quality when legume/grass mixtures are considered compared to a monoculture (Tewari
and Schimid, 1960; Evers, 1985; Ta and Farris, 1987; Nyfeler et al., 2010; White and
Lemus, 2015). Though, including alfalfa into a warm-season grass system will likely
increase total yield, harvest DM yield declined with subsequent harvest (Haby et al.,
2006; White and Lemus, 2015). Decreasing yield is likely a result of alfalfa going into
summer slump which is observed in monoculture alfalfa as a response to increased
photorespiration (Ottman and Mostafa, 2013) as well as a moisture limitation during
August and September (Figure 6.1). In addition, temperatures reach their peaks in July
and August increasing the stress on alfalfa plants (Figure 6.2). Adding N to these
mixtures to increase DM yield, forage quality, and persistence had a limited effect when
compared to White and Lemus (2015) which used no N treatments. However, total
annual precipitation was up to 30% less in 2015, 2016, and 2017 compared to 2012, 2013
and 2014 (Figure 6.1) when White and Lemus (2015) conducted the trial. Regardless of
decreased rainfall by the second year, mixtures containing bahiagrass did reverse the
typically observed trend and began to increase DM yield with additional harvest.
Alfalfa was an aggressive scavenger of N as well a prolific fixer of nitrogen.
Fertilizer N never made up more than 35% of the alfalfa total N in the aerial biomass, but
still accounted for 50% of the applied N in aerial biomass alone. It was apparent that
when N fertilizer recovery was the greatest, usually with the mid-summer N application,
N fertilizer concentration of total N was the least suggesting increased growth along with
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increased fixation. McAulliffe et al. (1954) demonstrated that applied N can decrease
alfalfa fixation with as little as 28 kg N ha-1. Though fixation was not measured directly
in the current study, increased fertilizer recovery was still extremely diluted by N-fixation
other than applied N. It is only when recovery was decreased by August to less than 10%
of the N fertilizer than N fertilizer concentrations increase to 35%. The lack of growth
achieved was mostly the causation of the increased N fertilizer concentrations, as alfalfa
had limited ability to grow and recover the fertilizer while fixation was probably limited
during this time.
Though forage yield, quality, and grass composition was generally not affected by
N treatments at mid- and late summer, N recovery in the aerial biomass was greatest in
the delayed application and grass reliance on that N fertilizer was significant when it was
a dominant component in the mixture. In addition, alfalfa only transferred to the grass
through decomposition as observed in other studies (Haby et al., 2006; Ta and Faris,
1987). These results have significant implications for timely applications of N to
alfalfa/grass mixtures. Nitrogen fertilizer application at 50 kg ha-1 is probably not
detrimental to a great extent to nitrogen fixation. However, N rates used in this study did
not improve forage yield or quality in the first two years, suggesting a need to extend the
scope beyond two years and utilize greater N rates when the grass component will
undoubtedly increase in composition.
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12-month mean rainfall data for Starkville MS. from 2012-2017 and the
Starkville 30-yr average calculated from 1981-2010.
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12-month mean temperature data for Starkville MS. from 2012-2017 and
the Starkville 30-yr average calculated from 1981-2010.
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APPENDIX A
ANALYSIS OF VARIANCE AND DATA TABLES
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Table A.1

Analysis of variance of alfalfa stand counts for planting I and II.

Source

DF

Species
Fertilizer
Species x Fertilizer

1
4
4

Species
Fertilizer
Species x Fertilizer

1
4
4

Table A.2

Harvest dates for planting I and II.

Harvest Year
2015

2016

2017

Planting I
Stand Count 1 Stand Count 2 Stand Count 3
Date
6/5/15
3/1/16
11/24/16
P Value
0.8569
0.0544
0.4137
0.1984
0.3243
0.0400
0.3868
0.8421
0.9206
Planting II
6/1/16
3/26/17
10/17/17
0.8569
0.3543
0.0011
0.1984
0.2816
0.1813
0.9206
0.3172
0.8146

Planting I
May 14
June 22
August 5
October 9
May 17
June 23
August 8
September 20
.
.
.
.
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Planting II
.
.
.
.
May 17
June 23
August 8
September 21
April 5
May 15
June 20
July 26

Table A.3

Analysis of variance of species composition using harvest date as a
repeated measure and testing within subjects effects for planting I and II.
Planting I

Source
Harvest
Harvest x Year
Harvest x Species
Harvest x Fertilizer
Harvest x Year x Species
Harvest x Year x Fertilizer
Harvest x Species x Fertilizer
Harvest
Harvest x Year
Harvest x Species
Harvest x Fertilizer
Harvest x Year x Species
Harvest x Year x Fertilizer
Harvest x Species x Fertilizer

DF
3
3
3
12
3
12
12
Planting II
3
3
3
12
3
12
12
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P Value
<0.0001
0.0028
0.0090
0.6506
0.7028
0.7638
0.0737
<0.0001
0.0035
0.4300
0.9544
0.0806
0.8911
0.5481

Table A.4

Analysis of variance for species composition using harvest date as a
repeated measure to test between subject effects for planting I and II.

Source
Year
Species
Fertilizer
Year x Species
Year x Fertilizer
Species x Fertilizer
Year
Species
Fertilizer
Year x Species
Year x Fertilizer
Species x Fertilizer

Table A.5

Planting I
DF
1
1
4
1
4
4
Planting II
1
1
4
1
4
4

P value
0.5074
0.0234
0.6471
0.8005
0.7451
0.2664
0.2865
0.1810
0.7996
0.2825
0.9808
0.8312

Analysis of variance for harvest dry matter yield using harvest date as a
repeated measure within subject effects for planting I and II.
Planting I

Source
Harvest
Harvest x Year
Harvest x Species
Harvest x Fertilizer
Harvest x Year x Species
Harvest x Year x Fertilizer
Harvest x Species x Fertilizer

DF
3
3
3
21
3
21
21

P values
<0.0001
<0.0001
0.3088
<0.0001
0.1061
0.0228
0.3251

3
3
3
21
3
21
21

<0.0001
<0.0001
0.0795
<0.0001
0.2369
<0.0001
0.8500

Planting II
Harvest
Harvest x Year
Harvest x Species
Harvest x Fertilizer
Harvest x Year x Species
Harvest x Year x Fertilizer
Harvest x Species x Fertilizer
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Table A.6

Analysis of variance for harvest dry matter yield using harvest date as a
repeated measure analysis to test between subject effects for planting I and
II.

Source
Year
Species
Fertilizer
Year x Species
Year x Fertilizer
Species x Fertilizer
Year
Species
Fertilizer
Year x Species
Year x Fertilizer
Species x Fertilizer

Table A.7

Planting I
DF
1
1
7
1
7
7
Planting II
1
1
7
1
7
7

P values
<0.0001
<0.0001
<0.0001
0.0146
0.7243
0.6535
<0.0001
0.0070
<0.0001
0.0637
<0.0001
0.5757

Analysis of variance using harvest year as a repeated measure for seasonal
dry matter yield for planting I and II within subject effects.
Planting I

Source
Year
Year x Species
Year x Fertilizer
Year x Species x Fertilizer
Year
Year x Species
Year x Fertilizer
Year x Species x Fertilizer

DF
1
1
7
7
Planting II
1
1
7
7
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P values
< 0.0001
0.0419
0.1497
0.5200
<0.0001
0.0298
<0.0001
0.9680

Table A.8

Analysis of variance using harvest year as a repeated measure for seasonal
dry matter yield for planting I and II between subject effects.

Source
Species
Fertilizer
Species x Fertilizer
Species
Fertilizer
Species x Fertilizer

Table A.9

Planting I
DF
1
7
7
Planting II
1
7
7

P values
<0.0001
0.0009
0.4120
0.0277
<0.001
0.7865

Analysis of variance for CP, NDF, and ADF using harvest year as a
repeated measure to test within subject effects for planting I and II.
Planting I

Source
Year
Year x Harvest
Year x Species
Year x Fertilizer
Year x Harvest x Species
Year x Harvest x Fertilizer
Year x Species x Fertilizer
Year
Year x Harvest
Year x Species
Year x Fertilizer
Year x Harvest x Species
Year x Harvest x Fertilizer
Year x Species x Fertilizer

Nutritive Value Parameters
DF
CP
NDF
ADF
P values
1
<0.0001
<0.0001
0.0001
3
<0.0001
<0.0001
0.0001
1
<0.0001
<0.0001
0.0001
7
<0.0001
0.0069
0.0003
3
0.2474
0.9376
0.2036
21
0.0002
0.2687
0.0096
7
0.2271
0.6487
0.3866
Planting II
1
<.0001
<.0001
<0.0001
3
<.0001
0.0079
0.0001
1
0.1287
0.9383
0.8078
7
0.5575
0.5841
0.4338
3
0.4273
0.6838
0.6514
21
0.0003
0.1709
0.0665
7
0.8330
0.9884
0.5169
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Table A.10

Analysis of variance for CP, NDF, and ADF using harvest year as a
repeated measure to test between subject effects for planting I and II.
Planting I

Source

DF

Harvest
Species
Fertilizer
Harvest x Species
Harvest x Fertilizer
Species x Fertilizer

3
1
7
3
21
7

Harvest
Species
Fertilizer
Harvest x Species
Harvest x Fertilizer
Species x Fertilizer

3
1
7
3
21
7

Nutritive Value Parameters
CP
NDF
ADF
P values
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0004
<0.0001
0.0010
<0.0001
<0.0001
0.0152
0.2936
0.3682
0.5753
Planting II
<0.0001
<.0001
<0.0001
0.9991
0.3408
0.0258
<0.0001
<0.0001
<0.0001
0.0429
0.0395
0.1885
0.1660
0.0578
0.0265
0.2420
0.1678
0.0817
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Table A.11

Analysis of variance for CP, NDF, and ADF using harvest date as a
repeated measure to test within subject effects for planting I and II.
Planting I

Source
Harvest
Harvest x Year
Harvest x Species
Harvest x Fertilizer
Harvest x Year x Species
Harvest x Year x Fertilizer
Harvest x Species x Fertilizer
Harvest
Harvest x Year
Harvest x Species
Harvest x Fertilizer
Harvest x Year x Species
Harvest x Year x Fertilizer
Harvest x Species x Fertilizer

Nutritive Value Parameters
DF
CP
NDF
ADF
P values
3
<0.0001
<0.0001
<0.0001
3
<0.0001
<0.0001
<0.0001
3
<0.0001
<0.0001
<0.0001
21
<0.0001
<0.0001
0.0012
3
0.3656
0.3042
0.4648
21
0.001
0.2461
0.0493
21
0.4056
0.4816
0.4157
Planting II
3
<0.0001
<0.0001
<0.0001
3
<0.0001
0.5476
0.0767
3
0.3302
0.0373
0.4866
21
0.0303
0.5068
0.7722
3
0.2061
0.3934
0.4488
21
0.0755
0.1963
0.7023
21
0.8418
0.9867
0.9082
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Table A.12

Analysis of variance for CP, NDF, and ADF using harvest date as a
repeated measure to test between subject effects for planting I and II.
Planting I

Source
Year
Species
Fertilizer
Year x Species
Year x Fertilizer
Species x Fertilizer

1
1
7
1
7
7

Year
Species
Fertilizer
Year x Species
Year x Fertilizer
Species x Fertilizer

1
1
7
1
7
7

Table A.13

Nutritive Value Parameters
CP
NDF
ADF
P values
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0001
<0.0001
<0.0001
<0.0001
0.4903
0.1351
0.1996
0.1027
0.1848
Planting II
<0.0001
<0.0001
<0.0001
0.3413
0.6939
0.8090
<0.0001
<0.0001
<0.0001
0.0437
0.2362
0.9091
0.1541
0.1138
0.0150
0.5794
0.2683
0.1632

DF

Analysis of variance for 15N fertilizer recovery for planting I and II.
Planting I

Source
Year
Fertilizer
Fertilizer x Year

Species Separations
Grass
Alfalfa
P values
0.1569
0.5357
0.5967
0.6900
0.0007
0.5700

DF
1
3
3
Planting II

Year
Fertilizer
Fertilizer x Year

1
3
3

0.1042
0.6288
0.7478
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0.0492
0.0486
0.3688

Table A.14

Analysis of variance for 15N concentration of total N in the aerial plant
tissue for planting I and II.
Planting I

Source

Species Separations
Grass
Alfalfa
P values
0.6569
0.2230
0.0014
0.1843
0.0668
0.8405

DF

Year
Fertilizer
Fertilizer x Year

1
3
3

Year
Fertilizer
Fertilizer x Year

1
3
3

Planting II
0.8858
<0.0001
0.0382
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<0.0001
<0.0001
0.0059

