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The first experiment aimed to determine the herbage mass production and nutritive value

of pigeonpea (Cajanus cajan (L.) Millsp. cv. Georgia two), cowpea (Vigna unguiculata (L.)

Walp. cv. Iron clay), and soybean (Glycine max (L.) Merr. cv. Pioneer 97B52) in North Florida.

When harvested at respective maturity stages that maximized nutritive value and herbage mass,

soybean and pigeonpea produced greater (P < 0.01) herbage mass than cowpea, whereas the CP

concentrations and in vitro true digestibility (IVTD) of cowpea and soybean were greater (P <

0.05). Another experiment examined the nutritive value, fermentation characteristics, and

aerobic stability of cowpea, pigeonpea, annual (Arachis hypogaea L. cv. Florida MDR 98) and

perennial (Arachis glabrata Benth. cv. Florigraze) peanut, and bahiagrass (Paspalum notatum

Flügge) haylages. Perennial and annual peanut and cowpea haylages had normal pH values but

other haylages had high values. Yeast and mold counts were low and aerobic stability was at

least 84 h in all haylages. Pigeonpea and bahiagrass haylages had lower IVTD (P < 0.05) than

the others. In additional experiments, hays and haylages made from these legumes were

supplemented (50% of diet DM) to bahiagrass hay or haylage in lamb diets. Perennial peanut

and annual peanut hays or haylages were the best supplements because they resulted in the

greatest (P < 0.05) intakes, greater digestion of DM and OM, and greater N retention than the
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control diet. Soybean hay and cowpea hay or haylage were also promising supplements because

they increased (P < 0.05) DM and OM intake and N retention versus the control diet. Pigeonpea

hay or haylage did not improve (P < 0.05) intake or digestion of DM or OM. A final experiment

examined effects of creep feeding cowpea, concentrate, or perennial peanut to cow-calf pairs on

bahiagrass pasture. Calves creep grazing cowpea and those creep-fed the concentrate tended (P

< 0.10) to have greater ADG. Supplementing with each warm-season legume, except pigeonpea,

improved the performance of ruminants fed basal bahiagrass diets. Annual and perennial peanut

were the most promising stored legumes, and cowpea showed more promise than perennial

peanut when creep-grazed.
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CHAPTER 1
INTRODUCTION

In 2006, the Florida cow-calf industry had cash receipts of $330 million and over 1.7

million head of beef cattle (NASS, 2006). Calves born in Florida during 2006 totaled 910,000

head and 78% of these were sold (FASS, 2007). Beef cattle are therefore an important part of

Florida’s economy. They convert most of the 1.4 million hectares of planted pasture and range

in Florida (NASS, 2002), which may otherwise be wasted, into feeder cattle, a high quality,

desirable product.

Ideally, calves should weigh about 227 kg at the point of sale, which is usually at weaning

(6 to 9 mo of age), but this target requires average daily gains of at least 0.91 kg BW/d. These

weights impact producer profit and are closely correlated with calf survival and growth after

shipment (Marshall, 1994). Most of the beef cattle in Florida are grazed on bahiagrass

(Paspalum notatum Flügge) pastures because bahiagrass is adapted to the different soils and

environments in Florida, it is moderately productive with little fertilization, and it is tolerant of

heavy grazing (Chambliss, 2002). However, the low quality of bahiagrass implies that optimal

calf gains on bahiagrass pasture alone are limited to about 0.65 kg BW/d on bahiagrass pasture

and milk from the cow (Hammond et al., 1997) or about 0.40 kg BW/d for of weaned steers

grazing only bahiagrass (Utley et al., 1974) or about. Therefore supplementation with various

grains and or byproducts is necessary to achieve the desired market weights at weaning. Most of

the grains are imported into the state at significant costs, which are likely to increase due to the

escalating price of fuel. In addition, seasonality of production and variability in quality of

byproducts limits their use in cattle rations. Using concentrates, byproducts and N fertilizers

usually results in the net importation of nutrients into farms, which is undesirable from an

environmental standpoint.
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Leguminous plants can be used in place of supplements to optimize the growth of calves.

Legumes are more digestible than warm-season grasses because they contain greater CP and

non-structural carbohydrate (NSC) concentrations (Ball et al., 2002). Nitrogen fixation by

Rhizobium and Bradyrhizobium bacteria associated with legumes typically reduces the need for

N fertilizers on farms that grow legumes. Recent escalations in the price of N fertilizer have

affected the profitability of beef production, and costs will likely continue to increase due to the

requirement for natural gas in manufacturing anhydrous ammonia fertilizer (Funderburg, 2005).

When legumes are supplemented to sheep and cattle consuming bahiagrass diets, DM

intake increases leading to increased growth. Therefore, leguminous forages such as alfalfa

(Medicago sativa L.) and clovers (Trifolium spp.) are now integral components of cattle rations

in temperate environments. Since the 1960s, there has been a tremendous amount of research on

warm-season legumes in Australia, Africa, Asia and parts of Latin America (t’Mannetje, 1997).

However, relatively little is known about their potential use to maximize the productivity of

cattle in the southeastern United States. Warm-season legumes adapted to Florida produce high

DM yields (e.g., peanut varieties produce about 1,700 kg DM/ha per harvest after 6 to 8 wk

regrowth at a 8-cm stubble height), and maintain their CP concentration through the growing

season with little decrease in digestibility (Bulo et al., 1994; Leep et al., 2002). The 2 warm-

season legumes that have received most attention in Florida are perennial or rhizoma peanut

(Arachis glabrata Benth.) and aeschynomene (Aeschynomene americana L.). When Holstein

heifers grazed pure stands of the Florigraze cultivar of perennial peanut, they gained 0.6 kg

BW/d, and the pasture persisted and provided adequate forage with 16% CP through October in

Florida (Hernández Garay et al., 2004). Romosinuano calves creep-grazed on perennial peanut

pastures gained 0.2 kg BW/d greater than calves not having access to creep grazing (Williams et
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al., 2004). However, establishment of perennial peanut is protracted (up to 3 yr) and risky

without irrigation. Aeschynomene is adapted to moist, flatwood areas, consequently it is more

commonly found in southern Florida. Therefore, research that elucidates the effect of using

unexploited, easily established warm-season legumes that will grow throughout the state to

enhance the growth of beef calves is needed. The hypothesis of this collection of research

projects was that like perennial peanut, seeded warm-season legumes can be used to increase

nutrient status and utilization, and weight gain in cattle or sheep fed basal bahiagrass diets.
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CHAPTER 2
LITERATURE REVIEW

Warm-Season Grass Photosynthesis

Physiology

Warm-season grasses proliferate in subtropical and tropical environments because of their

specialized photosynthetic carbon cycle, the Hatch-Slack or C4 pathway (Taiz and Zeiger, 2002).

In contrast, cool-season grasses and most legumes utilize the C3, or Calvin photosynthetic cycle.

The first step of C3 photosynthesis is catalyzed with ribulose-1, 5-bisphosphate

carboxylase/oxygenase (rubisco) (Taiz and Zeiger, 2002). Carboxylation of ribulose

bisphosphate is catalyzed in the chloroplasts within the mesophyll cells. Because the enzyme

rubisco can bind to both oxygen and carbon dioxide, there is competition between the two

atmospheric gases for binding sites on the enzyme (Taiz and Zeiger, 2002). If carbon dioxide is

bound to rubisco, photosynthesis proceeds but if oxygen is bound to rubisco photorespiration

occurs. Photorespiration wastes energy by removing carbon molecules from the Calvin cycle,

thereby decreasing the efficiency of carbon fixation by 40% (Taiz and Zeiger, 2002).

Plants classified as C4 utilize the Hatch-Slack photosynthetic carbon cycle prior to

carboxylation of ribulose bisphosphate (Figure 2-1). Two types of cells have large amounts of

chloroplast in C4 plants, the mesophyll and the bundle sheath cells (Taiz and Zeiger, 2002). The

Hatch-Slack cycle concentrates carbon dioxide by fixing it to phosphoenol pyruvate carboxylase

in the mesophyll cell cytoplasm (Hatch and Slack, 1966). Several 4-carbon compounds are

produced, and these organic compounds are transported to the bundle sheath cells where

decarboxylation occurs and carbon dioxide is released (Hatch and Slack, 1966). In the

chloroplasts of the bundle sheath cells, carbon dioxide binds to rubisco and enters the Calvin

Cycle (Hatch and Slack, 1966). Because carbon dioxide is fixed twice, the Hatch-Slack pathway
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requires more energy (Taiz and Zeiger, 2002). However, the concentration of carbon dioxide at

rubisco binding sites in C4 plants limits photorespiration. In C3 plants as the temperature

increases, rubisco increases oxygenation causing photosynthesis to become less efficient (Ku and

Edwards, 1978). The C4 pathway is more energetically efficient in warm climates (Taiz and

Zeiger, 2002).

Anatomy

Chloroplasts are located in the mesophyll cells in C3 plants and mesophyll cells are

dispersed throughout the leaf (Figure 2-2). In C3 plants, bundle sheath cells surrounding the

vascular bundles are not always in close proximity to mesophyll cells. Mesophyll cells attach the

epidermis to large vascular bundles in C3 plants (Wilson et al., 1989). The arrangement of

vascular bundles and bundle sheath cells is loose with intercellular space and air.

Figure 2-1. Hatch-Slack (C4) carbon fixation pathway utilized by warm-season grasses

Adapted from Taiz and Zeiger (2002)
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The specialized photosynthetic pathway of C4 plants is associated with specialized

anatomy (Figure 2-3). Mesophyll cells of C4 plants are located near bundle sheath cells because

of the cooperation between cells during the Hatch-Slack carbon cycle (Taiz and Zeiger, 2002).

These cells are arranged in a Kranz or wreath structure. The bundle sheath cells surround the

vascular bundle. Plasmodesmata join the mesophyll and bundle sheath cells for transfer of

compounds (Taiz and Zeiger, 2002). In contrast to C3 plants, there is little space between the

cells in the Kranz anatomy. A girder structure attaches the xylem of the C4 plant to the

epidermis of the leaf (Wilson et al., 1989). Because carbon dioxide is concentrated before

binding with rubisco, C4 plants need less rubisco than C3 plants for the same rate of

Figure 2-2. Cross-section of a C3 grass leaf (Poa spp.)

Adapted from Taiz and Zeiger (2002)

Vascular Bundle

Epidermis

Mesophyll Cells

Mesophyll Cells

Girder Structure

Kranz Structure

Epidermis

Bundle Sheath Cells

Vascular Bundle

Adapted from Taiz and Zeiger (2002)

Figure 2-3. Cross-section of a C4 grass leaf (Sugarcane (Saccharum officinarum L.))
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photosynthesis (von Caemmerer, 2000). Consequently, N-use efficiency is greater in C4 plants

than in C3 plants but this decreases the N concentration in C4 plants relative to C3 plants.

Digestion in Ruminants

The Ruminant and Warm-Season Grasses

The anatomical and physiological differences between C3 and C4 plants affect their

nutritive value for ruminant animals. Ruminants have anatomical adaptations, including the

rumen, which allow digestion and utilization of fibrous forages (Van Soest, 1994). The rumen

contains microbes including bacteria, protozoa and fungi, which produce enzymes to digest

structural carbohydrates for their growth (Van Soest, 1994). Specialized microbes (cellulolytics)

in the rumen utilize cellulase to break the beta-glucosidase linkages in cellulose to release

glucose for energy (Ørskov, 1992). Mammals cannot produce these enzymes, therefore without

association with microbes ruminants would not be able to subsist on cellulose and other fiber

components of forage (Van Soest, 1994).

The mesophyll and phloem tissues of grass leaves are degraded easily by ruminal fibrolytic

microbes while the epidermis and bundle sheath tissues are slowly degraded, but the

sclerenchyma (girder structure) and lignified vascular tissue are not degraded in the rumen (Akin

and Burdick, 1975). There is a greater proportion of slowly degradable and undegradable tissue

in C4 grasses than in C3 grasses because of the lower number of mesophyll cells, greater

proportion of thick-walled bundle sheath cells, and limited intracellular space within the Kranz

structure, and the presence of a girder structure in C4 plants (Akin and Burdick, 1975; Wilson et

al., 1989; Flores et al., 1993). These anatomical features limit microbial degradation of fiber in

C4 plants.
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Intake, Degradation and Passage

In monogastric mammals, intake is driven by deficiency of energy or protein among other

factors, but in ruminant animals intake is also hindered by the physical limitations of rumen size

and rate of feed passage (Van Soest, 1994). Forage must be reduced to a critical size before

particles pass from the rumen to the omasum through the reticulo-omasal sphincter (Troelsen and

Campbell, 1968; Poppi et al., 1980). Rate of particle size reduction is the main factor limiting

the rate of passage from the rumen (Balch and Campling, 1962; Ulyatt et al., 1986). The rate of

passage is slower when ruminants are fed C4 grasses than when they consume C3 grasses because

of the increased structural tissue in the former (Flores et al., 1993). When steers were fed either

bermudagrass (Cynodon dactylon (L.) Pers.) or orchardgrass (Dactylis glomerata L.) hays, total

DM intake was greater in steers fed orchardgrass hay (Lagasse et al., 1990). Being a C4 grass,

bermudagrass had greater structural tissue (71% NDF) than orchardgrass (64% NDF), which is a

C3 grass (Akin and Burdick, 1975; Wilson et al., 1989). The orchardgrass hay had a faster rate

of particle size reduction through mastication, which increased microbial access to potentially

degradable fiber (Wilson et al., 1989). Smaller particles require less time for microbial

attachment and degradation than larger particles, and allow greater access of microbes to fiber

(Ellis et al., 2005) and cell contents. The increased rate of particle size reduction in orchardgrass

allowed for a faster rate of passage which provided space in the rumen for increased intake.

Intake is the most important factor affecting forage quality (Van Soest, 1994; Coleman and

Moore, 2003); therefore, factors that decrease intake by reducing rate of passage are of particular

interest to ruminant nutritionists.

Rumen Microbial Growth

To maximize microbial growth and degradation of digesta, requirements of the ruminal

microbial population for protein, energy, and other nutrients must be met. Maximizing microbial
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growth and activity increases the rate of degradation of feeds, which in turn increases rate of

passage and intake. There is a strong correlation between dietary CP concentration and ruminal

NH3-N concentration (Satter and Roffler, 1975), and it has long been understood that in order to

maximize ruminal microbial growth and microbial protein production, a minimum of 50 mg/L of

NH3-N in ruminal fluid is necessary (Satter and Slyter, 1974). However, the concentration of

NH3-N required to maximize fiber degradation is dependent upon the energy source and amount

(Ørskov, 1992). As digestibility or the ME value of feeds increase, the N requirement of the

microbes increases (Ørskov, 1992). If dietary CP is deficient, activity of fibrolytic microbes in

the rumen is decreased because their nutritional needs are not met (Ørskov, 1992). This was

verified in a study that supplemented degradable intake protein (DIP) in the form of casein to

cattle fed a low protein (1.9% CP) and high roughage (77% NDF; 50% ADF) diet (Köster et al.,

1996). As the concentration of DIP increased, digestibility and the rate of passage increased

(Köster et al., 1996). Slower rates of passage increase the amount of dietary energy utilized for

maintenance by ruminal bacteria, decreasing microbial efficiency (Owens and Goetsch, 1986).

In the study of Köster et al. (1996), microbial efficiency was increased when microbial fiber

degradation was no longer limited by inadequate protein, consequently particulate rate of

passage increased.

When ruminants are fed low quality forages with low rumen-degradable protein (RDP)

concentrations and slow fiber degradation rates like C4 grasses, microbial growth rate is slow and

rate of passage decreases (Owens and Goetsch, 1988). Microbial efficiency is considered low

when it falls below 20 g microbial-N/kg digestible OM intake and high when greater than 35 g

microbial-N/kg digestible OM intake (Dewhurst et al., 2000). Cattle grazing cool-season grasses

have microbial efficiency ranging from 25 to 30 g microbial-N/kg digestible OM intake (Dove
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and Milne, 1994; Elizalde et al., 1998), but feeding warm-season grasses often results in low

efficiency (< 15 g microbial-N/kg digestible OM intake; Brake et al., 1989; Mupwanga et al.,

2000b; Abreu et al., 2004).

Ruminant versus Microbial Nutrient Requirements

Pre-gastric fermentation products and ruminally undegraded digesta must meet the

ruminant’s nutrient requirements (Van Soest, 1994). If the ruminant is fed sufficient dietary CP

to meet its ruminal microbial requirements, the amino acids and proteins entering the small

intestine in the form of microbes should be adequate to meet the ruminants’ protein requirements

(Tamminga, 1979; Van Soest, 1994). Post ruminal microbial degradation is facilitated by

lysozyme c, an enzyme that breaks down the peptidoglycan layer in bacterial cell walls. The

enzyme is 1,000 to 3,000 times more active in the gastrointestinal tract of ruminant animals than

in non-ruminants (Dobson et al., 1984) to allow digestion and utilization of nutrients from

ruminal microbes.

In the rumen, microbes digest proteins into NH3-N for their growth. When DIP supply is

high, NH3-N that is not utilized for microbial growth flows out of the rumen or is absorbed

through the rumen wall (Figure 2-4; Van Soest, 1994). In the liver, absorbed NH3-N is

converted to urea and it is recycled through the blood and saliva back to the rumen (Ørskov,

1992; Van Soest, 1994). When dietary N is fed in excess, more ruminally undegraded dietary

and microbial N enters the small intestine and urinary urea concentration is also increased. In

contrast, when insufficient N is fed, absorption of NH3-N through the rumen wall is eliminated

and the amount of microbial and dietary N entering the small intestine is reduced as is urinary

urea excretion. Recycling of N as urea is enhanced under such conditions, and this allows

microbial growth even when dietary N supply is low. Lactating and growing cattle require

greater protein than ruminal microbes can provide (Ørskov, 1992; Van Soest, 1994);
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consequently, diets of such animals need to contain adequate rumen-undegradable protein

(RUP).

Because rumen microbes primarily require energy for growth, energy is the first limiting

nutrient for most ruminants. The energy provided by warm-season grasses is typically

inadequate to meet the requirements of ruminants because some of the anatomical features of

such grasses limit the fiber degradability thereby reducing energy supply (Flores et al., 1993;

Nevins, 1993; Wilson, 1994).

Figure 2-4. Comparison of nitrogen metabolism in ruminants fed low nitrogen intake (A) and
high nitrogen (B) intake Adapted from Van Soest (1994)
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Bahiagrass

Agronomic Characteristics

In areas with high rainfall, planted forages are utilized for livestock grazing and hay

production. One of the preferred warm-season perennial grass for this purpose in the

southeastern United States is bahiagrass (Paspalum notatum Flügge; Barnes and Nelson, 2003),

which is native to South America, and hence less cold-tolerant than warm-season perennial

grasses native to the Great Plains region of the United States (Redfearn and Nelson, 2003).

Bahiagrass is best suited for production on sandy soils with a pH from 5.5 to 6.5. When grown

under dry, low fertility conditions, bahiagrass is more persistent and higher yielding than

comparative warm-season grasses such as bermudagrass and dallisgrass (Paspalum dilatatum

Poir.; Redmon, 2002; Redfearn and Nelson, 2003). Fertilization is required for adequate DM

production; however, bahiagrass may not respond to increasing N fertilizer above 112 kg/ha

(Johnson et al., 2001; Redmon, 2002). Bahiagrass is efficient at photosynthesis under high light

and temperature because it utilizes the C4 photosynthetic pathway.

Pastures of bahiagrass can be continuously stocked during the summer growing season

because of their ability to withstand defoliation to stubble heights of 4 to 8 cm (Ortega-S. et al.,

1992; Redfearn and Nelson, 2003). Tolerance of continuous stocking is achieved by the reserves

the plant stores within rhizomes that are not grazed, which allow for rapid regrowth following

defoliation, and by maintenance of leaf area close to the soil surface. The persistence of

bahiagrass is also aided by its’ tolerance of treading by livestock and the ability of the seed to

pass through the animal’s digestive tract undigested and germinate after passage (Ball et al.,

2002). Bahiagrass is available earlier in the spring and later in the autumn months than

bermudagrass, and the Tifton 9 cultivar provides a longer grazing season than other cultivars

(Gates et al., 1999; Redfearn and Nelson, 2003; Redmon, 2002). Bahiagrass is dormant from
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October to April due in part to daylight sensitivity, consequently the quantity of bahiagrass

herbage available for grazing decreases in the winter (Blount et al., 2001; Gates et al., 2001).

Nutritive Value

A summary of several studies on beef steer performance on pastures in the southern United

States indicates that steer ADG is approximately 0.40 kg, and gain per ha is approximately 250

kg when bahiagrass is grazed during a 4 to 5 mo grazing season (Utley et al., 1974). In such a

system, ADG of 0.68 kg for the season is often a desired goal of moderate input production

systems, and to achieve such gains diets containing 12% CP and 65-68% DM digestibility are

required by beef cattle (NRC, 2000). The nutritive value of bahiagrass varies with maturity and

duration of the regrowth period after cutting or grazing, but average values of 8.3% CP, 50%

DM digestibility, and 44.2% ADF are typical (Moore et al., 1991; Redmon, 2002). These

nutrient concentrations are sufficient to meet the requirements of mature cattle, but they are

insufficient for weaned, growing animals (Redmon, 2002). According to NRC (2000),

bahiagrass pastures provide 54% TDN, 1.11 Mcal/kg net energy for maintenance, and 0.55

Mcal/kg net energy for growth. A weaned, 250-kg Angus steer requires 4.84 Mcal/d for

maintenance and an additional 3.21 Mcal/d to gain 1.0 kg/d (NRC, 2000). This would require a

DM intake of bahiagrass in excess of 10 kg/d DM, but predicted estimates of bahiagrass intake

are only about 8 kg/d (NRC, 2000) because the high NDF and ADF concentrations limit intake

and digestion.

Average daily gain of livestock is limited on warm-season grasses due to their low

digestibility rather than the amount of forage available for consumption (Duble et al., 1971). The

quality of bahiagrass declines late in the growing season during peak production (Johnson et al.,

2001). The decrease in CP concentration and increase in indigestible fiber concentration reduces

the forage quality for the grazing animal (Bulo et al., 1994). When bahiagrass pastures are
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fertilized with N, the CP concentration of increases, but this increase does not typically

compensate for the decrease in CP concentration through the growing season (Johnson et al.,

2001). Therefore, the CP concentration and energy provided by bahiagrass is inadequate for

growing or lactating cattle, particularly late in the grazing season when the forage matures

(Moore et al., 1991; Johnson et al., 2001).

Legume Supplementation

Effects on Intake and Digestibility

Legumes utilize a C3 pathway for carbon fixation. Consequently, they contain less

cellulose and hemicellulose than warm-season grasses and are more digestible (Frame, 2005).

However, legumes have a greater lignin concentration than grasses (Van Soest, 1994; Frame

2005) due to highly lignified stems (Wilson, 1994). Lignin limits the potential degradation of

fiber because it forms unhydrolyzable linkages with the cell wall (Akin and Burdick, 1975;

Chandler et al., 1980). Despite having greater lignin concentrations than grasses, legumes have

greater rates of ruminal particle size reduction than grasses (Moseley, 1981; Kelly and Sinclair,

1989). This is partly because leaves of most grasses have parallel venation, but those of legumes

have reticulate venation (Wilman et al., 1996), which allows for easier breakage of legume

leaves into isolated vascular bundles during mastication (Wilson, 1994). Greater isolation of

vascular bundles in legumes increases surface area for attachment of fibrolytic microbes

(Wilson, 1994). Consequently, increased DM intake and digestibility are commonly reported

when warm-season grasses are supplemented with legumes (Ndlovu and Buchanan-Smith, 1985;

Said and Tolera, 1993; Goetsch et al., 1997; Weder et al., 1999; Mupwanga et al., 2000a; b).

Legumes have greater CP concentrations than grasses (Said and Tolera, 1993; Frame,

2005) as a result of a symbiotic relationship with Rhizobium and Bradyrhizobium bacteria, which

fix and provide atmospheric N to the plant (Franssen et al., 1992; Taiz and Zeiger, 2002). In
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exchange, the legume provides the bacteria with energy (Franssen et al., 1992; Taiz and Zeiger,

2002). Legumes also supply greater amounts of minerals and vitamins to ruminal microbes than

grasses (Said and Tolera, 1993; Poppi and Norton, 1995). Due to the greater concentrations of

CP, potentially degradable fiber and minerals in legumes, the efficiency of microbial N

production is often greater when ruminant grass diets are supplemented with legumes

(Tjandraatmadja et al., 1993; Lee et al., 2003a), if the carbohydrate supply to microbes is not

limiting to their growth (Dewhurst et al., 2000; Hall and Herejk, 2001; Lee et al., 2003b).

Dietary intake of legumes also stimulates ruminal microbial growth and thus increases the supply

and digestion of microbes in the small intestine (Mupwanga et al., 2000a).

Most of the protein in forage legumes is in the form of RDP, and legume RDP may be

converted to NH3-N in the rumen more rapidly than it is utilized for microbial protein synthesis

(Broderick, 1995). To prevent loss of this excess NH3-N from the rumen, which can decrease

the efficiency of N utilization (Figure 2-4), legumes are usually fed with grasses or whole-plant

cereals. The energy supply from the grasses increases the utilization of NH3-N for microbial

protein synthesis. When red clover (Trifolium pratense L.) silage was included at 30, 50 and

70% (DM basis) in a basal perennial ryegrass (Lolium perenne L.) silage diet, production of

microbial N (g N / kg organic matter truly digested (OMTD)) was 8% more efficient than when

grass silage was fed alone (Merry et al., 2006). Merry et al. (2006) attributed the improved

efficiency to the increase in the amount of digestible organic matter intake, the increased particle

size reduction, the faster rates of passage, and adequate energy supply to the microbes. Adding

white clover (Trifolium repens L.) silage to corn silage diets also improved N utilization and

consequently increased body weight gain and milk production in cattle (Auldist et al., 1999).
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Improved N-use efficiency typically improves the productivity and profitability of livestock

production.

Condensed Tannins

In general, condensed tannins are present in legumes in greater amounts than in grasses

(Reed, 1995). Condensed tannins precipitate protein in the rumen so that it is unavailable to

ruminal microbes, but the acidic conditions in the abomasum can break some condensed tannin-

protein linkages and allow the protein to be available for digestion in the small intestine

(Waghorn et al., 1987; Broderick and Albrecht, 1997; McMahon et al., 2000). Consequently,

low concentrations of condensed tannin may improve protein utilization by ruminant livestock

because of increased rumen-undegradable protein (RUP) supply to the small intestine where it is

used more efficiently (Waghorn et al., 1987; Broderick and Albrecht, 1997; McMahon et al.,

2000). The optimal condensed tannin concentration to increase protein supply directly to the

ruminant is 2 to 4% of DM (Min et al., 2003; 2005). Concentrations greater than 6% of DM

negatively affect forage utilization by inhibiting microbial digestion of cell walls leading to

reduced intake and poor animal performance (Waghorn et al., 1994). High concentrations of

condensed tannins in ingested forages also reduce the incidence of bloat (McMahon et al., 2000)

and helminth infestation (Butler et al., 2000; Hoskins et al., 2000). However, there is no

standardized method for analyzing condensed tannins. The diversity of condensed tannins

complicates their analysis and use of different standards among laboratories makes it difficult to

compare results. These factors demonstrate the need for a standard method of condensed tannin

analysis.

Tropical legumes are C3 plants that are more adapted to warmer climates than their cool-

season relatives. Some tropical legumes are known to have greater lignin and condensed tannin

concentrations than cool-season legumes (Waghorn et al., 1987; Van Soest, 1994; Barahona et
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al., 1997), but most do not. Examples of tropical legumes with high condensed tannin

concentrations include velvet bundle flower (Desmanthus velutinus Scheele), tropical neptunia

(Neptunia pubescens Benth.), Lespedeza spp., and some species in the Leucaena genus , whereas

others like Acacia angustissima (Mill.) Kuntze var. hirta, Centrosema macrocarpum Benth.,

Desmodium ovalifolium (Prain) Wall., cowpea (Vigna unguiculata (L.) Walp.), pigeonpea

(Cajanus cajan (L.) Millsp.), and perennial peanut (Arachis glabrata Benth.) have low

condensed tannin concentrations (Romero et al., 1987; Broderick and Albrecht, 1997; Baloyi et

al., 2001; Carulla et al., 2001; Alexander et al., 2007; Foster et al., 2007).

Warm-Season Legumes as Livestock Feeds

Legumes are alternative protein sources to commercial supplements in ruminant rations

and inter-seeded grass-legume pastures may extend the grazing season and increase nutrient

supply to grazing livestock thereby decreasing feed costs (Leep et al., 2002; Muir, 2002). Grass-

legume pastures also supply more consistent DM yields through the grazing season than grass

alone but they are difficult to achieve and maintain (Leep et al., 2002). Bahiagrass-legume

stands are difficult to maintain because bahiagrass produces rhizomes and develops a dense sod,

which dominates weeds and inter-seeded legumes (Redfearn and Nelson, 2003). Competition for

minerals and water affects the viability of such mixtures, but competition for light has a greater

effect in many cases (Leep et al., 2002). The C4 photosynthetic pathway of warm-season

perennial grasses contrasts with the C3 photosynthetic pathway of most legumes (Sage et al.,

1999). Plants with the C4 pathway do not become light saturated under the high heat and light

environments of the tropics and subtropics (Sage et al., 1999). Rather, they continue to

photosynthesize and out produce their C3 counterparts, which lose energy in such environments

through wasteful photorespiration. Therefore, C4 grasses often dominate the inter-seeded C3
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legumes in the southeastern United States and similar tropical and subtropical environments

(Sage et al., 1999).

Pastures are more ideal sources of nutrients than stored forages because they allow animals

to select leaves and young plant parts (Arnold, 1987) and because nutrients are often lost when

forages are stored as hay or silage (Wylie and Schaller, 1939). However, few legume species

persist under the frequent, close defoliation and treading associated with unmanaged or poorly

managed grazing, therefore storage of legumes is often necessary. Stored legumes are usually

produced as monocultures to avoid competition with grasses. Alfalfa (Medicago sativa L.) is

known as the queen of forages and 8.5 million ha were grown for hay production in the United

States in 2007 (NASS, 2007). Alfalfa is an important legume protein supplement, but it does not

persist in the southern United States because of acid, infertile soils, diseases, insects and

nematodes associated with the humid climate (Prine et al., 1981). There are very few warm-

season perennial legumes in the southeast due to the length and high temperatures of the summer

(Leep et al., 2002; Barnes and Nelson, 2003). Perennial peanut is one legume adapted to this

environment.

Perennial Peanut

Perennial peanut is well adapted to the southeast coast of the United States. Over 54,360

ha of forage peanut is grown in Southern Georgia and Northern Florida, mostly as perennial

peanut (Kalmbacher and Kretschmer, 2002; Sollenberger and Collins, 2003). Perennial peanut

tolerates drought and slightly acidic, low fertility sandy soils (French et al., 2006). Current uses

include hay production (6,725 to 13,450 kg DM/ha from 3 cuttings/yr 5 to 8 wk apart) and

pasture and this species is one of the greater DM producers of common warm-season perennial

legumes (Bulo et al., 1994; Jones, 2001; Sollenberger and Collins, 2003). Commonly, it is

vegetatively planted at 100 to 200 bushels/ha and disked or sprig planted at 3 cm depth into a
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fully prepared, weed-free seed bed from January through February. It does not require

inoculation because sprigs are inoculated from the parent soil (Sollenberger and Collins, 2003).

After a two-yr establishment period for stands that are not irrigated, most growth occurs from

April to September (Sollenberger and Collins, 2003).

Perennial peanut tolerates continuous stocking if sufficient residual herbage remains

(Sollenberger et al., 1989; Ortega-S. et al., 1992; Hernández Garay et al., 2004). If perennial

peanut pasture is continuously stocked, the minimum allowable pasture height is 15-cm (Ortega-

S. et al., 1992). If rotationally stocked, pastures will persist with a minimum stubble height of 10

cm and 6 weeks rest (Ortega-S. et al., 1992). Pastures have been maintained for more than 20 yr

with proper management. Nutritive value is high (13 to 18% CP; 60 to 70% IVDMD) and cattle

may gain 0.93 kg/d on perennial peanut versus 0.68 kg/d on pure stands of other warm-season

legumes (Sollenberger et al., 1989). In situ DM degradation of both leaves and stems is above

60% (Bulo et al., 1994).

Among cultivars of perennial peanut, Arbrook and Florigraze are the most commonly

utilized in Florida, and Florigraze is more suited to continuous stocking and is more cold tolerant

(Hernández Garay et al., 2004). In a recent study, the CP concentration and in vitro organic

matter disappearance (IVOMD) of Florigraze were greater than those of Arbrook, but Holstein

heifer ADG was not different between cultivars and was at least 0.59 kg/d (Hernández Garay et

al., 2004). When calves were grazed on a Florigraze perennial peanut creep area infested with

bahiagrass, they preferentially grazed the perennial peanut, and their ADG was increased by 0.14

kg/d relative to those of calves on bahiagrass pasture with no creep area (Williams et al., 2004).

Perennial peanut is regarded as the best perennial warm-season legume for the Gulf Coast
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region, but establishment costs and duration of the establishment period limit its adoption by hay

and beef cattle producers.

Seeded Warm-Season Legumes

Annual Peanut

Annual peanut (Arachis hypogaea L.) was planted on 1.2 million acres in the United States

producing over a billion kg of peanuts in 2007 (NASS, 2007). This crop originated in South

America, but has spread through the Americas, Africa, Asia and Pacific Islands. It is tropically

adapted and grows best when average rainfall is 500 to 1,200 mm. Annual peanut is currently

grown for the seed produced underground, but it was used historically for livestock production

(Johnson et al., 1979). Growth characteristics vary with cultivar and several cultivars exist.

Selection has focused on improving seed production, but cultivars are now being evaluated for

forage production (Blümmel et al., 2005). Annual peanut forage can produce yields of 1,000 to

2,500 kg DM/ha annually and the potential in situ DM degradability is approximately 70% (Bulo

et al., 1994; Muir, 2002). The CP concentration may range from 13 to 20% and it decreases with

maturity (Muir, 2002). The NDF concentration of annual peanut can range from 30-50% and is

cultivar dependent (Nouala et al., 2004; Blümmel et al., 2005). The ADF and ADL

concentrations range from 21 to 26% and 3 to 5%, respectively and these concentrations

decrease with maturity (Muir, 2002). Morphology and agronomic traits vary more extensively in

cultivars of annual peanut than other cultivated plants (Carvalho Moretzsohn et al., 2004)

contributing to the range of chemical composition.

The quality of annual peanut forage mowed prior to harvesting the nuts has been reported

to be equal to alfalfa (Morrison, 1956; Yang, 2005). When cattle grazed annual peanut, milk

yield increased by 2% and steers were successfully finished (Morrison, 1956). The crop residue

after harvesting the nuts is also utilized by livestock producers for feed. When peanut stover is



38

fed, goats select nuts and leaves and rumen fill is less than that from bermudagrass hay, due to

increased digestibility (Packard, 2004). In a study comparing the haulms of 11 cultivars, CP

concentrations ranged from 10 to 18%, NDF concentrations from 33 to 44%, and ADL

concentrations from 4 to 6% (Blümmel et al., 2005). When the haulms were fed to sheep, OM

digestibility of 66 to 77% was reported (Blümmel et al., 2005). Because it is a legume with a

low water-soluble carbohydrate concentration and high buffering capacity, ensiling can be

difficult (Yang, 2005). Yet, annual peanut has been successfully ensiled (Johnson et al., 1979;

Cheong et al., 2002; Yang, 2005), and annual peanut silage is more readily consumed than corn

silage by dairy heifers (Johnson et al., 1979). Fungicides commonly applied to annual peanut

are not labeled for feeding to livestock. Therefore, care must be taken to avoid feeding

fungicide-treated annual peanut forage to livestock. Despite its promising nutritive value, annual

peanut forage is not widely used as a ruminant feed because of the localized production and the

difficulty locating forage that has not been treated with fungicide.

Soybean

Initially soybean (Glycine max (L.) Merr.) was introduced to the United States as a forage

crop in the 1800s, but the emphasis shifted to grain production soon afterwards (Sheaffer et al.,

2001). Soybean was introduced to the United States from Asia and Australia, and is perhaps the

world’s most important crop. It is a major oil seed crop in the United States (Diggs et al., 1999)

and is usually grown as a pure stand or in association with warm-season annual grasses. It is

seeded at 50 to 115 kg/ha in May and requires inoculation with Bradyrhizobium japonicum

(Sollenberger and Collins, 2003). As the stand density increases, the stem diameter decreases,

which improves hay drying in Florida’s humid environment, and 400,000 to 500,000 plants/ha is

an ideal plant density for adequate forage production (Sheaffer et al., 2001; Sollenberger and
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Collins, 2003; Seiter et al., 2004). While adapted to well-drained soils, soybean is not tolerant of

acidic or low fertility soils (Sollenberger and Collins, 2003).

This annual species does not regrow after defoliation so it provides limited grazing, and

soybean hay must be conditioned to prevent decreases in nutritive (Sollenberger and Collins,

2003). The CP concentration varies with maturity due to the large amount of reserves in the

plant for seed production (17% CP at 50% flowering versus 21% CP at 90% pod fill), but

digestibility is less variable (59% IVDMD at 50% flowering versus 61% IVDMD at 90% pod

fill; Minson et al., 1993; Sollenberger and Collins, 2003). Late-maturing cultivars produced

6,725 kg/ha in central Florida and contained good nutritive value (15 to 18.5% CP; 59 to 64%

IVDMD; Sollenberger and Collins, 2003). Such cultivars produce greater yield and have thinner

stems than earlier-maturing cultivars (Sollenberger and Collins, 2003). Ideally harvest or

grazing occurs at stage R6 or R7 when quality and DM production are optimized but leaf loss is

minimized (Sheaffer et al., 2001). Soybean has been ensiled successfully in Australia (Minson et

al., 1993), and an experiment in southwest Virginia produced 1,860 kg of silage from 2,130 kg of

harvested soybean (Allen et al., 2000). This amount of silage was enough to supplement

growing Angus cross bred steers grazing ryegrass pastures for 73 d and provided an ADG of

0.51 kg/head/d (Allen et al., 2000).

Soybean contains phytoestrogens which are phenolic compounds that produce estrogen

analogs as they are metabolized (Collins and Hannaway, 2003). Phytoestrogens have caused

infertility in female sheep grazing subterranean clover (Trifolium subterraneum L.) which

contains 5% DM of phytoestrogens. Cows and heifers are less affected by this secondary toxin

(Collins and Hannaway, 2003) even though there are reports of infertility in cattle consuming

clover rich in phytoestrogens (Bennetts et al., 1946). Soy products have approximately 0.25%
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DM isoflavones which is one of the predominant forms of phytoestrogens in plants (Adams,

1995). When heifers were fed 1.36 kg DM/d whole soybean seeds, their time to estrous and their

estrous response after synchronization was delayed versus heifers fed similar concentrations of

nutrients from different sources (Funston, 2004). Feeding a soybean-based diet that supplied 75

g/d of phytoestrogens resulted in a reduced pregnancy rate and increased urinal output of

phytoestrogen in Holstein cows because of the influence of phytoestrogens on prostaglandin

synthesis (Woclawek-Potocka et al., 2005). Harvesting soybean forage prior to pod development

reduces the phytoestrogen risk; however, this decreases DM yield and nutritive value.

Nevertheless, because the leaf and stem dilutes the phytoestrogen concentration when forage

soybean is consumed, it should not adversely affect the reproduction of brood cows and

replacement heifers. More research on the growth and reproductive responses of ruminant

supplementation with soybean forage are required to facilitate its adoption.

Cowpea

Cowpea has historically been used as a cover crop for soil conservation and fertility

improvement, and recently it has been planted for seed production or as a browse for deer or a

quail habitat (Minson et al., 1993; Sollenberger and Collins, 2003). In developing countries,

flour produced from dried cowpea seed is fed to infants and children, and black eyed cowpeas

are consumed in the United States. Cowpea is not drought tolerant; therefore, it only persists in

pastures if the first yr of growth is moist enough to allow development of a seed bank (Jones,

2001). Cowpea is more adapted to alkaline soils (pH 7.8) and less susceptible to iron chlorosis

when grown on such soils than other warm-season legumes (Grichar et al., 1995). Under tropical

conditions 3,500 to 8,500 kg forage DM/ha can be produced annually. Under arid conditions,

production is limited to 4,300 to 5,600 kg forage DM/ha annually with infrequent irrigation

(Minson et al., 1993; Muir, 2002). The CP concentration averages 17 to 21% through the
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growing season and decreases to 14 to 22% in the fall (Muir, 2002). Acid detergent fiber

concentration ranges from 21 to 22% during the growing season, but decreases to 19% in the fall

(Muir, 2002). Acid detergent lignin concentration averages 4% through the growing season, and

does not vary as the plant matures (Muir, 2002). Whole plant and leaf in situ and in vitro

digestibilities are greater than those of other warm-season legumes (Minson et al., 1993; Muir,

2002).

Cowpea is recommended for season-long grazing if the cost of planting and maintenance

can be justified by increased returns (Muir, 2002). When dairy goats grazing and browsing the

trees, bushes, shrubs, and grasses indigenous to western Sudan were fed cowpea hay as a protein

supplement, milk yield, weight gain through the dry season, and plasma phosphorous (P)

concentration were increased (Ahmed and Nour, 1997). In Missouri, lambs grazing cowpea

gained more weight and had similar carcass characteristics as those fed corn and either

cottonseed or soybean meal in a dry lot, implying that cowpea can be utilized instead of

concentrate diets to finish lambs (Kiesling and Swartz, 1997). Cowpea is becoming more widely

utilized for wildlife but more research on its quality and persistence is required before it can be

widely adopted by livestock producers in the Southeast.

Pigeonpea

Pigeonpea is grown intensively in the tropics and subtropics of Asia, South America, and

Africa and is one of the most diversely utilized legume crops. Dried seeds are used as flour

(dahl) for cooking, green seeds are eaten as vegetables, seeds and leaves are fed to animals,

stems are used as fuel and as straw to make huts and baskets, and different parts of the plant are

used to cure skin, liver, lung, and kidney illnesses (Nene and Sheila, 1990). This drought-

tolerant perennial is grown as an annual and after it is harvested at 180 d, it regrows to provide

forage to livestock (Nene and Sheila, 1990). Late-maturing varieties that flower after the
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shortest d of the yr are intercropped with various other grain and legume crops, while early

maturing, photoperiod-insensitive forage varieties are grown as monocultures (Faris and Singh,

1990; Nene and Sheila, 1990; Troedson et al., 1990). Over 11,000 cultivars from 52 countries

are available at the gene bank of the International Crop Research Institute for the Semi-Arid

Tropics in India (Remanandan, 1990). Two cultivars developed at the University of Georgia and

are adapted to the southeastern United States were released in 2008. Seeds commonly contain 19

to 26% CP, but this varies greatly with cultivar, and forages can contain up to 20% CP

(Remanandan, 1990; Behling, 2004). Pigeonpea is drought tolerant, best adapted to well-drained

soils, and will tolerate slightly acidic soils, but is more sensitive to extremely acidic (pH < 5.0)

or saline soils than cowpea (Troedson et al., 1990). Studies in Oklahoma reported yields from

1290 kg DM/ha in late-maturing cultivars to 2,500 kg DM/ha in early-maturing cultivars 60 d

after planting (Rao et al., 2002; 2003). At 120 d after planting, the late-maturing cultivar

produced an average of 12,530 kg DM/ha and the early-maturing cultivars produced an average

of 10,000 kg DM/ha during 3 yr of experimentation (Rao et al., 2002; 2003). Stem proportion

increases as cutting interval is decreased but 8-12 week intervals are ideal for cutting, and the

late-maturing cultivars are more tolerant to defoliation (Faris and Singh, 1990). Beef cattle rate

of gain on pigeonpea pasture was 0.7 to 1.25 kg/head/d, which indicates a high nutritive value

(Faris and Singh, 1990). Pigeonpea leaves can serve as a substitute for the vitamins, protein, and

minerals available in alfalfa in areas where alfalfa cannot grow (Faris and Singh, 1990).

Research in the United States has shown that cattle will graze pigeonpea when it is 2.5 to

46 cm tall, after which cattle prefer to graze other plants until pods begin to form (Behling,

2004). Studies in Oklahoma have shown that late-maturing cultivars have potential for grazing

or producing hay or silage, whereas early-maturing (120 d) cultivars are suitable for grazing and
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seed production (Rao et al., 2003; Behling, 2004). The ideal time of harvest is during

physiological maturity when IVDMD is still similar to that at midseason (57% DM), but DM

production is greatest (Rao et al., 2003). Supplementing pigeonpea to goats grazing plants

indigenous to Tanzania increased intake, growth rate and return on investment (Karachi and

Zengo, 1998).

The condensed tannin concentration of pigeonpea ranges from 0.4 to 4.3% DM depending

on the cultivar (Alexander et al., 2007). Condensed tannins are concentrated in the seed and the

typical concentration in cream-colored, smooth pigeonpea seeds is 0.75% DM, whereas in

brown-colored, wrinkled pigeonpea seeds it is 1.44% DM (Ene-Obong, 1995). Differences occur

between cultivars because the condensed tannin concentration varies with color of the seed coat

where the condensed tannin is concentrated (Reddy et al., 1985), and the seed color varies among

pigeonpea cultivars (Chintapalli et al., 1997). Also, plants grown under stresses such as high

altitude or solar radiation, nutrient deficiency, drought or frequent defoliation tend to have

greater condensed tannin concentration (Larcher, 2003; Alonso-Amelot, 2007).

Despite their benefits, warm-season legumes are not widely utilized in livestock diets in

the Southeast. Relatively little research has been directed at investigating the potential use of

cowpea, pigeonpea, soybean and annual peanut as protein supplements for ruminants in the

Southeast. There is also little published on the performance of ruminants fed hays, silages, or

creep feeds based on these warm-season legumes. This research was designed to evaluate

different methods of including these legumes in ruminant livestock diets in a subtropical

environment and to enhance knowledge about the benefits of including these warm-season

legumes in livestock diets.

The specific objectives of this collection of research projects were:
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 To determine the herbage mass, leaf-to-stem ratio, and nutritive value characteristics of

soybean, cowpea and pigeonpea in Florida (Chapter 3),

 To determine the fermentation characteristics and nutritive value of ensiled perennial

peanut, annual peanut, cowpea and pigeonpea (Chapter 5),

 To determine the feed intake, digestibility, and N balance of lambs fed bahiagrass hay or

haylage supplemented with hays or haylages made from perennial peanut, annual peanut,

soybean, cowpea, and pigeonpea (Chapters 4 and 6),

 To determine the effect of creep grazing with perennial peanut or cowpea on ADG of beef

cow-calf pairs grazing bahiagrass pasture in Florida (Chapter 7).
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CHAPTER 3
FORAGE PRODUCTION AND NUTRITIVE VALUE OF THREE WARM-SEASON

LEGUMES

Introduction

In Florida and much of the southern United States, bahiagrass (Paspalum notatum Flügge)

and bermudagrass (Cynodon dactylon (L.) Pers.) are the main pasture forages (Gates et al.,

2001). The availability of bahiagrass and bermudagrass for winter grazing is limited due to

decreasing daylength and decreasing night temperatures, respectively (Blount et al., 2001; Gates

et al., 2001). In addition to the seasonal quantity limitation, the quality (digestibility and CP

concentration) of these forages declines as they mature and is insufficient to meet the nutrient

requirements of growing and lactating cattle in mid-to-late fall (Duble et al., 1971; Williams and

Hammond, 1999; Johnson et al., 2001). Warm-season legumes have the potential to provide the

needed supplementary nutrients, and when stored as hay, silage or haylage, they can be fed in the

winter to supplement stored and stockpiled grasses, such as bahiagrass and bermudagrass.

Cowpea (Vigna unguiculata (L.) Walp.) has historically been used as a cover crop for soil

conservation and soil fertility improvement. It is generally planted for livestock grazing or deer

browsing, seed, or as a quail habitat (Minson et al., 1993; Sollenberger and Collins, 2003).

Under high rainfall conditions, up to 8,500 kg DM/ha can be produced annually, but in arid

conditions with infrequent irrigation only 4,300 to 5,600 kg DM/ha per yr has been reported

(Minson et al., 1993; Muir, 2002). In north Texas, CP concentration of cowpea averaged 18%

through the summer and declined in the fall (Muir, 2002).

Pigeonpea (Cajanus cajan (L.) Millsp.) is commonly grown for grain and is the sixth most

widely grown legume in the world (Nene and Sheila, 1990). In many countries, this drought-

tolerant perennial is grown as an annual grain crop. After grain harvest at 180 d, pigeonpea can

regrow to provide forage for livestock (Nene and Sheila, 1990). Pigeonpea cultivars have been
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developed in Georgia and Mississippi and have been tested for grain and forage production in

Florida, Oklahoma and Virginia (Phatak et al., 1993; Bhardwaj et al., 1999; Prine and French,

1999; Rao et al., 2002; 2003). Five cultivars of pigeonpea produced up to 12,000 kg DM/ha of

forage annually with up to 19% CP and 70% IVDMD; herbage mass was maximized late in the

growing season while the CP concentration and IVDMD were greatest early in the growing

season (Rao et al., 2002; 2003).

Soybean (Glycine max (L.) Merr.) is perhaps the world’s most important legume crop and

is a major agriculture crop for oil seed production in the United States (Diggs et al., 1999). Late-

maturing cultivars produced more than 6,000 kg DM/ha in central Florida and contained 15 to

18% CP and 59 to 64% IVDMD (Sollenberger and Collins, 2003). Nutritive value varies with

maturity due to the large amount of reserves in the plant for seed production. For instance, CP

concentration increased from 17% at 50% flowering to 21% at 90% pod fill (Sollenberger and

Collins, 2003). Digestibility has been found to be moderately variable in soybean forage and

ranges from 59% IVDMD at 50% flowering to 67% IVDMD at 90% pod fill (Minson et al.,

1993; Sollenberger and Collins, 2003).

Comparative studies of the forage yield potential and nutritive value of these 3 warm-

season legumes in the southeastern United States are lacking. This information is required to

determine ideal warm-season legumes for enhancing ruminant production in the Southeast. The

objective of this study was to quantify and compare maturity-related changes in the herbage

mass, chemical composition, in vitro true digestibility (IVTD), and leaf-to-stem ratio of cowpea

(cv. Iron clay), soybean (cv. Pioneer 97B52) and pigeonpea (cv. Georgia two) grown in North

Florida.
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Materials and Methods

Field Preparation and Forage Sampling

In each of 3 yr, legumes were grown at the North Florida Research and Education Center

in Marianna, FL (31° N). Soil on the experiment site was Chipola loamy sand (loamy, kaolinitic,

thermic, Arenic Kanhapludults) and Orangeburg loamy sand (fine-loamy, kaolinitic, thermic,

Typic Kandiudults). In 2005, a fallow field was prepared by chisel plowing after applying

dolomite (3,300 kg/ha) and fertilizer (330 kg/ha of 0-20-40-0.5 ratio of N:P2O5:K2O:B with

gypsum filler). In 2006, the field was prepared by plowing after applying calcitic lime (2,250

kg/ha) and fertilizer (310 kg/ha of 0-18-10-10 ratio of N:P2O5:K2O:S). The same quantity of

fertilizer was applied in 2007, but the composition differed (7-18-29 ratio of N:P2O5:K2O). All

fertilizer applications were based on soil analysis. Immediately prior to planting, seeds were

inoculated with Bradyrhizobium spp. (Becker Underwood, Inc., Royal Peat, Ames, IA) and

drilled at 56 kg/ha and 15-cm row spacing in each of 4 replicate plots. Each replicate was

planted in each of 4 blocks located across the two soil types. In yr 1 and 2, plot size was 4,050

m2 and in yr 3 plots were 88 m2. Plot size was greater in yr 1 and 2 because the forage was

required for subsequent feeding trials. Planting dates varied with weather; therefore, planting

dates for yr 1 (2005), 2 (2006), and 3 (2007) were May 9, 26, and 10, respectively. Plots were

irrigated with 3 cm of water within 3 d of planting in each yr and irrigated again if there was no

rainfall after 7 consecutive d. The irrigation equipment malfunctioned shortly after planting in

2006, consequently soybean did not emerge even after 2 plantings and the other crops were

severely affected by drought. Consequently, the 2006 crop data were not included in this report.

Monthly rainfall and temperature data were recorded via the Florida Automated Weather

Network located on site (FAWN, 2008). Rainfall and temperature averages over the last 30 yr

were obtained from the Florida Climate Center (FCC, 2008).
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Sample Collection and Chemical Analyses

Forage samples were taken with mechanical clippers and a 0.2-m2 area was harvested.

Samples were taken after plant height reached approximately 30 cm and continued until the

recommended maturity stage for the respective forages that maximized both herbage mass and

nutritive value. Recommended maturities are when pods began to turn yellow for cowpea

(NDA, 1997), pod setting for pigeonpea (Houérou, 2006), and stage R6 (full size seed in pods at

one of the 4 uppermost nodes and completely unrolled leaves) for soybean (Coffey et al. 1995;

Sheaffer et al., 2001). To determine leaf-to-stem ratio, leaves were removed at the stem node

and leaf and stem tissues were weighed and analyzed for DM concentration.

Whole plant, leaf and stem samples were dried (60oC) for 48 h in a forced air oven and

ground to pass through a 1-mm screen in a Wiley mill (Arthur H. Thomas Company,

Philadelphia, PA). Total N concentration was determined by rapid combustion using a macro

elemental N analyzer (Elementar, vario MAX CN , Elementar Americas, Mount Laurel, NJ) and

used to compute CP (CP = N × 6.25). Neutral detergent fiber was analyzed using the method of

Van Soest et al. (1991). Amylase and sodium sulfite were used for NDF analysis and results

were expressed on a DM basis. The ANKOM (2005a) adaptation of the Van Soest et al. (1966)

method for an ANKOM DaisyII Incubator (ANKOM Technology, Macedon, NY) and an

ANKOM 200 Fiber Analyzer was used to determine IVTD.

Statistical Analyses

The experimental design was a randomized complete block. Data were analyzed with

PROC MIXED (SAS Inst. Inc., Cary, NC). The model used to analyze herbage mass, leaf-to-

stem ratio, and nutritive value of leaf, stem and whole plant tissue included yr, forage species,

week after planting (WAP), block and the interactions. At each WAP, significant means were

separated using a PDIFF statement. Polynomial contrasts for linear, quadratic and cubic effects
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were used to determine trends for each parameter through the growing season. Significance was

declared at P < 0.05 and tendencies at P > 0.05 and ≤ 0.10.

Results

The amount and distribution of rainfall during the growing season in each yr varied (Figure

3-1). Due to hurricane activity, 2005 had an unusually wet growing season whereas, 2006 and

2007 were drier. In 2006, the rain was more sporadic and usually less than 0.5 cm was recorded

at given rain events. Average monthly temperatures were similar to 30-yr averages in each yr

(Figure 3-2). There were no yr × forage species interactions (P ≥ 0.10) for any of the results in

this study, so data are presented as means across yr.

Whole Plant Herbage Mass and Leaf-to-stem Ratio

There was a linear increase (P < 0.01) in herbage mass in each legume as WAP increased

(Figure 3-3). However, there were no differences (P > 0.10) in herbage mass between forages

until 10 WAP when soybean and pigeonpea had greater (P < 0.01) herbage mass than cowpea.

These differences persisted until the respective recommended harvest stages except that cowpea

and pigeonpea had similar herbage mass at 12 WAP. Pigeonpea reached the recommended

Figure 3-1. Average monthly rainfall in Marianna, Florida, during three years of
experimentation
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harvest stage 14 WAP, whereas soybean and cowpea reached their recommended harvest stages

at 16 and 20 WAP, respectively.

Leaf-to-stem ratio decreased with maturity after a slight initial increase in all forages

(Figure 3-4). At 8 WAP, the leaf-to-stem ratio of cowpea was greater than that of pigeonpea and

that of soybean was similar to the others. From 10 to 14 WAP, the leaf-to-stem ratio of cowpea

was greater than those of pigeonpea and soybean, which were similar. At the recommended

harvest stage of soybean (16 WAP), cowpea still had a greater (P < 0.01) leaf-to-stem ratio than

soybean but the cowpea leaf-to-stem ratio decreased rapidly afterwards.

Chemical Composition and IVTD

The CP concentration of each forage decreased through the growing season (Figure 3-5).

Between 8 WAP and the respective recommended harvest stages, cowpea had the greatest CP

concentration, whereas soybean had a greater CP concentration than pigeonpea from 10 WAP to

the recommended harvest stage for pigeonpea. Whole plant NDF concentrations increased with

Figure 3-2. Average monthly temperature (°C) in Marianna, Florida, during three years of
experimentation
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Figure 3-3. Changes in herbage mass (kg DM/ha) of cowpea, pigeonpea and soybean

Figure 3-4. Leaf-to-stem ratio of cowpea, pigeonpea, and soybean

1Week after planting (WAP)
2Linear (L) polynomial contrast for WAP, ***(P < 0.001)
Means at each WAP without a common superscript letter differ (P < 0.05).
SEM = 932 kg DM/ha; Year effect (P > 0.9); Year × forage species (P > 0.6)

1Week after planting (WAP)
2Linear (L); quadratic (Q); cubic (C) polynomial contrasts for WAP, ***(P < 0.001); *(P < 0.05)
Means at each WAP without a common superscript letter differ (P < 0.05).
SEM = 0.05; Year effect (P > 0.2); Year × forage species (P > 0.1)
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maturity in pigeonpea and cowpea, and the increase occurred at a greater rate in pigeonpea.

After an initial increase, the NDF concentration of soybean peaked at 8 WAP and then decreased

gradually. Pigeonpea had a greater NDF concentration than the other legumes between 10 and

14 WAP, and soybean had a greater NDF concentration than cowpea between 8 and 14 WAP.

Whole plant IVTD decreased with maturity in pigeonpea and cowpea, but the rate and extent of

the decrease was greater in pigeonpea. The IVTD of soybean decreased to a minimum at 10

WAP and then increased. From 8 to 14 WAP, cowpea had the greatest IVTD, followed by

soybean, but the IVTD of cowpea and soybean were similar at 16 WAP.

Stem CP concentrations decreased rapidly with maturity in pigeonpea, but increased to a

peak at 12 WAP and then decreased in cowpea (Figure 3-6). After decreasing to a minimum at 8

WAP, the CP concentration of soybean stems increased slightly until 16 WAP. The CP

concentration of cowpea stems was consistently greater than those of soybean or pigeonpea

stems. Soybean and pigeonpea had similar stem CP concentrations until 16 WAP, when soybean

stems had greater CP. The NDF concentration of pigeonpea stems increased with maturity

whereas those of cowpea and soybean did not increase appreciably after 8 WAP. Pigeonpea

stems consistently had greater NDF concentrations than those of soybean or cowpea, which were

similar throughout the growing season. The IVTD of pigeonpea stems decreased at a faster rate

than that of cowpea stems. The IVTD of soybean stems decreased rapidly from 6 to 8 WAP,

remained relatively stable until 14 WAP, and then increased. Pigeonpea stems consistently had

the lowest IVTD, and cowpea stems had greater IVTD than soybean stems between 8 and 12

WAP.

Concentration of CP in the leaves of cowpea fluctuated to a greater extent than those of

pigeonpea and soybean during the growing season (Figure 3-7). Cowpea leaves consistently had
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Figure 3-5. Whole plant CP and NDF concentrations (DM basis) and in vitro true digestibility
(IVTD) of cowpea, pigeonpea and soybean

a) CP, %; SEM = 1.4; Year effect (P > 0.2); Year × forage species (P > 0.3)
b) NDF, %; SEM = 1.8; Year effect (P > 0.1); Year × forage species (P > 0.8)
c) IVTD, %; SEM = 1.7; Year effect (P > 0.2); Year × forage species (P > 0.9)
1Week after planting (WAP)
2Linear (L); quadratic (Q); cubic (C) polynomial contrasts for WAP;
***(P < 0.001); **(P < 0.01); *(P > 0.05)
Means at each WAP without a common superscript letter differ (P < 0.05).
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Figure 3-6. Crude protein and NDF concentrations (DM basis) and in vitro true digestibility
(IVTD) of cowpea, pigeonpea and soybean stems

a) CP, %; SEM = 1.1; Year effect (P > 0.5); Year × forage species (P > 0.5)
b) NDF, %; SEM = 1.2; Year effect (P > 0.1); Year × forage species (P > 0.5)
c) IVTD, %; SEM = 3.8; Year effect (P > 0.2); Year × forage species (P > 0.1)

1Week after planting (WAP)
2Linear (L); quadratic (Q); cubic (C) polynomial contrasts for WAP;
***(P < 0.001); **(P < 0.01); *(P > 0.05)
Means at each WAP without a common superscript letter differ (P < 0.05).
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a) CP, %; SEM = 1.8; Year effect (P > 0.2); Year × forage species (P > 0.9)
b) NDF, %; SEM = 1.9; Year effect (P > 0.1); Year × forage species (P > 0.4)
c) IVTD, %; SEM = 1.6; Year effect (P > 0.1); Year × forage species (P > 0.3)

1Week after planting (WAP)
2Linear (L); quadratic (Q); cubic (C) polynomial contrasts for WAP;
***(P < 0.001); **(P < 0.01); *(P > 0.05); †(P < 0.10)
Means at each WAP without a common superscript letter differ (P < 0.05).

Figure 3-7. Crude protein and NDF concentrations (DM basis) and in vitro true digestibility
(IVTD) of cowpea, pigeonpea and soybean leaves
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a greater CP concentration than soybean or pigeonpea leaves except at 8 WAP when CP

concentrations of leaves were similar across species. Pigeonpea and soybean leaves had similar

CP concentrations at 10 WAP. Leaf NDF concentrations increased appreciably with maturity in

pigeonpea and soybean, but the increase in cowpea was gradual. Pigeonpea and soybean leaves

had similar NDF concentrations throughout the experiment, and cowpea had lower

concentrations. The IVTD of cowpea and soybean leaves decreased slightly with maturity,

whereas that of pigeonpea decreased by about 30 percentage units. Throughout the growing

season IVTD was greatest in cowpea leaves and lowest in pigeonpea leaves.

Discussion

Whole Plant Herbage Mass and Leaf-to-Stem Ratio

Cowpea and pigeonpea herbage mass were comparable to reported values (Brink and

Fairbrother, 1988; Muir et al., 2001, 2002; Rao et al., 2003). The herbage mass and leaf-to-stem

ratio of the soybean cultivar were similar to those reported for more than ten comparable forage

and grain soybean cultivars (Sheaffer et al., 2001; Mislevy et al., 2005). The leaf-to-stem ratios

of pigeonpea and cowpea and their decline through the growing season were consistent with

previous reports (Rao et al., 2003; Mary and Gopalan, 2006).

Herbage mass and leaf-to-stem ratio differences among the species are due to

morphological and physiological differences. Iron clay cowpea is a vining, low growing plant

with large trifoliolate leaves and an indeterminate growth habit (Jones et al., 1989). The soybean

cultivar used in this experiment was late maturing (VII), with upright, tall (1.5 to 2.0 m) growth.

After blooming (R1 stage), the proportion of leaf declines through maturity at R7 stage (Fehr et

al., 1971). Pigeonpea is a tree-like legume that grows tall and has a woody main stem (Masama

et al., 1997). Pigeonpea has small, unifoliolate and trifoliolate leaves that reach maximum

interception of light at 9 WAP, after which older leaves begin to senesce (Muchow, 1985; Rao et
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al., 2003). Pigeonpea and soybean had greater herbage mass than cowpea because of their

upright growth habit and thicker stems which supported greater herbage mass. Cowpea had

greater leaf-to-stem ratio than soybean and pigeonpea because it has an indeterminate growth

habit; therefore, its leaves did not begin to senesce as early as those of soybean and pigeonpea.

Chemical Composition and IVTD

The CP and NDF concentrations of cowpea whole plant, leaves and stems and the changes

with maturity in these components were consistent with previous reports (Brink and Fairbrother,

1988; Muldoon, 1985; Muir et al., 2001; 2002). Forage soybean varieties tested by Scheaffer et

al. (2001) contained NDF and CP concentrations similar to those in this experiment at the

respective maturities. The CP concentrations of pigeonpea whole plant, leaves and stems were

similar to values previously reported for the same cultivar (Rao et al., 2003). The IVTD of

pigeonpea stems were also similar to IVDMD values reported previously (Rao et al., 2003), but

whole plant and leaf IVTD values in the current study were 10 percentage units lower than

corresponding IVDMD after 10 WAP in the Rao et al. (2003) study. Plant densities greater than

20,000 plants/ha can decrease herbage and leaf mass and number of pods and pod-producing

branches in pigeonpea (Akinola and Whiteman, 1974). The seeding rate in this study was 20

kg/ha greater than that in the study by Rao et al. (2003), but the herbage mass and leaf-to-stem

ratios were not different indicating that the greater seeding rate does not explain the lower IVTD

values in this experiment. Reasons why digestibility estimates were lower in this study are not

clear since both studies examined the same cultivar under similar growth conditions, and IVTD

values are typically greater than IVDMD values. Nevertheless, the in vivo apparent digestibility

study (Chapter 4) also demonstrated that pigeonpea had lower digestibility than those reported

previously.
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The CP concentrations of cowpea and pigeonpea declined with maturity due to a

combination of decreasing leaf-to-stem ratios and decreasing stem CP concentrations more so

than decreasing leaf CP concentrations. The CP concentrations of leaves are primarily

associated with enzymes for photosynthesis (Field and Mooney, 1986; Evans, 1989), which

decrease slowly as plants mature (Gordon et al., 1982). Consequently, leaf CP concentration

decreases gradually. The NDF concentrations of cowpea and pigeonpea increased with maturity

because of the corresponding increases in leaf and stem NDF concentrations and decreasing leaf-

to-stem ratios. These increases in NDF concentration and the concomitant increases in IVTD

occurred at slower rates in cowpea because it had a greater proportion of highly degradable

leaves. The IVTD of pigeonpea decreased rapidly with maturity because of the development of

thick fibrous stems, and the early loss of leaves with maturity. Unlike cowpea and pigeonpea,

the IVTD of soybean increased after 10 WAP because of a corresponding decrease in NDF

concentration. This trend has been reported previously (Minson et al., 1993) and is due to the

formation of highly digestible pods.

The nutritive value of these legumes would be optimized if they were harvested at or prior

to 8 WAP, but harvesting early sacrifices total DM production. Based on their herbage mass,

leaf-to-stem ratio and nutritive value, soybean and cowpea have more potential as forages for

ruminants than pigeonpea. At the respective recommended harvest stages, the IVTD of soybean

and cowpea were similar but soybean provided greater herbage mass and contained less CP than

cowpea. Therefore, cowpea is a better option for protein supplementation of livestock, whereas

soybean has greater biomass production potential. Because soybean does not regrow following

defoliation, it is ideal for providing large quantities of quality hay, silage or haylage. The

indeterminate growth habit and regrowth potential of cowpea make it suitable for grazing as well
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as hay, silage or haylage. Pigeonpea is recommended for grazing cattle or storage as hay or

haylage if it is less than 8 WAP or if the top 66 to 75% of the plant is harvested at pod setting

(Houérou, 2006). Pigeonpea would provide excellent browse for goats, deer, or sheep because of

their ability to select leaf tissue with adequate CP concentration and IVTD for their growth.

While all legumes had physiologically normal herbage mass production in the environment of

North Florida, soybean and cowpea have the greatest potential to provide high quality forage to

livestock. Of the three forages tested, soybean and cowpea have the greatest potential to provide

high quality forage to livestock in Florida.
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CHAPTER 4
WARM-SEASON LEGUME HAY OR SOYBEAN MEAL SUPPLEMENTATION EFFECTS

ON THE PERFORMANCE OF LAMBS

Introduction

In Florida and much of the southern United States, bahiagrass (Paspalum notatum Flügge)

and bermudagrass (Cynodon dactylon (L.) Pers.) are the main forage grasses. Normally, the

quantity of these grasses is sufficient to meet intake requirements of most classes of beef cattle

until early winter; however, their quality is insufficient to meet nutrient requirements of growing

beef cattle throughout the grazing season due to low DM digestibility and CP concentration

(Duble et al., 1971; Johnson et al., 2001). Legumes provide high quality grazing for ruminants

(Leep et al., 2002; Muir, 2002) and they can be stored as excellent quality hay. Supplementing

poor quality basal grass diets with legumes has increased total feed intake of ruminant livestock

in many studies (Minson and Milford, 1967; Mosi and Butterworth, 1985; Abreu et al., 2004).

Legumes are generally more digestible than grasses; consequently, supplementing grass basal

diets with legumes often increases total diet digestibility (Minson and Milford, 1967; Getachew

et al., 1994; Abreu et al., 2004). When grass diets that do not meet microbial and ruminant

energy and N requirements are fed, supplementation with legumes improves N retention by the

ruminant (Mosi and Butterworth, 1985; Matizha et al., 1997).

In the United States, alfalfa (Medicago sativa L.) is the legume most commonly fed to

livestock. Alfalfa is often stored as high quality hay, silage and haylage and is usually fed to

growing and lactating ruminants to meet their nutrient requirements. However, alfalfa does not

persist in the warm, moist climate of the Gulf Coast region (Prine et al., 1981). Perennial peanut

(Arachis glabrata Benth.) is a warm-season legume adapted to this region and it is the main

forage legume in Florida. Perennial peanut has greater CP concentration and in vitro organic

matter disappearance (IVOMD) throughout the growing season than bahiagrass (Williams et al.,
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2004). However, perennial peanut is sprig-planted and it takes 1 to 2 yr to establish; therefore, it

may be more costly to establish than tropically adapted, seeded warm-season legumes such as

cowpea (Vigna unguiculata (L.) Walp.), soybean (Glycine max (L.) Merr.), or annual peanut

(Arachis hypogaea (L.)) (French et al., 2006). Little is known about how ruminant animal

performance is affected by supplementing bahiagrass hay with perennial peanut hay or seeded

warm-season legume hays. This study was aimed at determining the feed intake, digestibility

and N balance of lambs fed bahiagrass (cv. Pensacola) hay supplemented with soybean meal, or

hays of perennial peanut (cv. Florigraze), annual peanut (cv. Florida MDR 98), soybean (cv.

Pioneer 97B52), cowpea (cv. Iron clay), or pigeonpea (Cajanus cajan (L.) Millsp. cv. Georgia

two).

Materials and Methods

Forage Production

Legume hays were produced at the North Florida Research and Education Center in

Marianna, FL, (31° N) and fed at the Department of Animal Sciences, University of Florida,

Gainesville, FL. Soil on the experiment site was Chipola loamy sand (loamy, kaolinitic, thermic,

Arenic Kanhapludults) and Orangeburg loamy sand (fine-loamy, kaolinitic, thermic, Typic

Kandiudults). To prepare the field for planting seeded legumes (soybean, cowpea and

pigeonpea), dolomite (3,300 kg/ha) and fertilizer (330 kg/ha of 0-20-40-0.5 ratio of

N:P2O5:K2O:B with gypsum filler) were applied and the field was chisel plowed. Seeds of each

of the legumes were inoculated with Bradyrhizobium spp. (Becker Underwood, Inc., Royal Peat,

Ames, IA) and drilled at 56 kg/ha and 15-cm row spacing on four 0.405-ha plots. The legumes

were planted in May and harvested in August and September of 2005 at the recommended

maturity stage for maximizing both DM yield and nutritive value. This was when pods began to

turn yellow for cowpea (NDA, 1997), pod setting for pigeonpea (Houérou, 2006), and stage R6
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(pod with full size seed at one of the four uppermost nodes and completely unrolled leaves) for

soybean (Coffey et al. 1995; Sheaffer et al., 2001). Established stands of perennial (4-yr-old)

and annual peanut (6-yr-old; self reseeding) were harvested as first cuttings in June and

September of 2005, respectively. Each legume was harvested using a mower-conditioner (New

Holland, Haybine model 474, New Holland Agriculture, New Holland, PA) and turned with an

inverter (New Holland model 144) after 24 h. Perennial and annual peanut and cowpea were

harvested to a stubble height of 10 cm, whereas soybean and pigeonpea were harvested to

stubble heights of 20 and 40 cm based on previous recommendations for the respective forages

(Romero et al., 1987; Mislevy et al., 2005; Houérou, 2006). Legumes were rolled into small

round bales using a Vermeer 504 L baler (Vermeer Manufacturing Inc., Pella, IA). An

established stand of bahiagrass (11-yr-old) was fertilized (130 kg/ha 70-0-40-8 ratio of

N:P2O5:K2O:S) in the spring and was harvested to a stubble height of 8-cm as a 6-wk regrowth

(Claas Disco 2650 mower, Claas Manufacturing, Omaha, NE) and baled (Claas Rollant 660

baler, Claas Manufacturing, Omaha, NE) into round bales. Each hay bale was stored in a fully

enclosed barn for no more than 5 mo, and subsequently chopped to approximately 8 cm particle

length in a tub grinder (Roto Grind, model 760, Burrows Enterprises, Greeley, CO) to limit

refusals.

Animals, Feeding and Housing

All animal procedures were approved by the University of Florida Institutional Animal

Care and Use Committee. Forty-two Dorper × Katadhin cross ram lambs weighing 30.6  5.5 kg

were used for the experiment. Before the experiment, all lambs were vaccinated with a 3-way

enterotoxemia, coccidiosis, and tetanus vaccination (Bar Vac CD-T, 2 mL/head, Boehringer

Ingelheim Vetmedica Inc., St. Joseph, MO), de-wormed (Cydectin, 1.5 mg/kg BW, Fort Dodge,
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IA), weighed, and their hooves were trimmed. Lambs were stratified by weight and randomly

assigned to 7 treatments (6 lambs per treatment per period) in a completely randomized design

with 2 periods. Each period contained 14 d of adaptation to diets and 7 d of measurement, and

each lamb received a different diet in each period. Lambs were fitted with canvas feces

collection bags and housed in individual metabolism crates adapted for collection of feces and

urine. Water was provided ad libitum and 20 g of a mineral premix (United Salt Corp., Ranch

House Trace Mineralized Salt, Houston, TX) was added to the diet of each lamb daily. The

mineral mix contained 90% NaCl, 3% Ca, 1% S, 0.2% Fe, 0.3% Mn, 0.3% Zn, 25 mg/kg Co, 150

mg/kg Cu, 90 mg/kg I, and 10 mg/kg Se. Lambs were fed ad libitum (110% of previous days’

intake) diets consisting of bahiagrass hay alone or bahiagrass hay supplemented (50% of diet

DM) with perennial peanut hay, annual peanut hay, cowpea hay, pigeonpea hay, soybean hay, or

soybean meal (4.25% of diet DM). The soybean meal inclusion level was aimed at matching the

average CP concentration (10.8% DM basis) of the legume diets. The bahiagrass and respective

legume supplements were hand-mixed and offered in the same feed trough at 0800 and 1500.

The soybean meal was top dressed on the bahiagrass hay and fed at the same time as the other

diets.

Sample Collection

Samples of each feed were taken daily during the 7-d collection period and daily refusals

were weighed and stored. Total fecal output was collected daily from each lamb, weighed, and a

10% subsample was stored (-20oC) for subsequent analysis. The weight and volume of daily

urine output was recorded from six lambs per treatment in each period. Sulfuric acid was added

to subsamples (Appendix A) of urine to ensure that the pH remained below 3.0 and the urine was

stored (-20oC) for further analysis. Lambs were weighed and blood sampled by jugular

venipuncture on d 0, 21, and 42. A Vacutainer tube (BD, Franklin Lakes, NJ) containing sodium
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heparin anticoagulant was used to collect 10 mL of whole blood from each lamb and the tubes

were stored on ice. The blood was centrifuged at 1920 × g for 20 min at 4oC to separate the

plasma, which was stored at -20oC until analyzed. Ruminal fluid was collected from 28

randomly selected lambs (4 randomly selected per treatment) on the last d of Period 2 by

aspiration from orally-inserted stomach tubes at 0, 2.5, 5, 7.5 and 10 h after the morning feeding.

A representative (100 mL) sample was analyzed immediately for pH (Accumet, model HP-71,

Fischer Scientific, Pittsburg, PA) and acidified with concentrated H2SO4, centrifuged for 30 min

at 4oC and 2795 × g, and frozen (-20oC) for subsequent analysis.

Chemical Analyses

Samples of feed, orts and feces were dried at 60oC for 48-h in a forced air oven and ground

to pass through a 1-mm screen in a Wiley mill (Arthur H. Thomas Company, Philadelphia, PA).

Samples were analyzed for DM by oven drying at 105oC overnight, and for ash by combustion in

a muffle furnace at 600oC overnight. Total N was determined by rapid combustion using a

macro elemental N analyzer (Elementar, vario MAX CN , Elementar Americas, Mount Laurel,

NJ) and used to calculate CP (CP = N × 6.25). Neutral detergent fiber was analyzed using the

method of Van Soest et al. (1991). Amylase and sodium sulfite were used for NDF analysis and

the results were expressed on a DM basis. Feed samples were analyzed for ADF and ADL with

the method of AOAC (1990). The ANKOM (2005a) adaptation of the Van Soest et al. (1966)

method for an ANKOM DaisyII Incubator (ANKOM Technology, Macedon, NY) and the

ANKOM 200 Fiber Analyzer was used to determine IVTD. Apparent digestibility of DM, OM,

N and NDF were calculated. Condensed tannin (CT) concentration of forages was analyzed with

the method of Terrill et al. (1992). Quebracho tannin (Unitán ATO, Buenos Ares, Argentina)

was purified with Sephadex LH-20 (GE Healthcare Life Sciences, Piscataway, NJ) according to
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Asquith and Butler (1985) as modified by Hagerman (1994). Condensed tannin results are

expressed as quebracho tannin equivalents.

Urine was analyzed for N by rapid combustion with the elemental N analyzer and for total

purine derivatives (PD) as allantoin (Bochers, 1977). Xanthine, hypoxanthine and uric acid were

converted to allantoin using the enzyme procedure of Fujihara et al. (1987). Microbial protein

(MP) supply to the small intestine was calculated from the urinary output of PD using the

equation of Chen et al. (1992).

Volatile fatty acids in ruminal fluid were measured using the method of Canale et al.

(1984) and a High Performance Liquid Chromatograph (Hitachi, FL 7485, Tokyo, Japan)

coupled to a UV Detector (Spectroflow 757, ABI Analytical Kratos Division, Ramsey, NJ) set at

210 nm. The column used was a Bio-Rad Aminex HPX-87H (Bio-Rad laboratories, Hercules,

CA) with 0.015M H2SO4 mobile phase and a flow rate of 0.7 mL/min at 45oC. Ruminal fluid

NH3-N concentration was determined by an ALPKEM auto analyzer (ALPKEM Corporation,

Clackamas, OR) and an adaptation of the Noel and Hambleton (1976) procedure that involved

colorimetric quantification of N.

Plasma glucose (PGlu) and urea N (PUN) concentrations were measured using adaptations

for a Technicon Autoanalyzer II (Bran-Luebbe, Elinsford, NY) and methods of Gochman and

Schmidz (1972), and Coulombe and Favreau (1963).

Statistical Analyses

Data were analyzed with PROC MIXED (SAS Inst. Inc., Cary, NC). The model for

analyzing chemical composition of forage included forage species and period (random variable).

The model for analyzing intake, digestibility, N excretion and retention, MP parameters, PUN

and PGlu included dietary treatment, period, dietary treatment × period, and lamb (random

variable). The model for analyzing ruminal fluid pH, NH3-N and VFA included dietary
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treatment, time of collection (repeated measure), dietary treatment × time of collection, and lamb

(random variable). Means were separated with a PDIFF statement. Significance was declared at

P < 0.05 and tendencies at P > 0.05 and ≤ 0.10.

Results

Forage Chemical Composition

Dry matter concentrations were not different among forages, but OM concentration was

greater in all other hays than in perennial peanut hay (Table 4-1). As expected, CP concentration

was lowest (P < 0.01) in bahiagrass hay. Among legumes, CP concentrations were greater in

annual and perennial peanut hays than in cowpea and pigeonpea hays. Neutral detergent fiber

concentration was greatest (P < 0.01) in pigeonpea hay followed by bahiagrass hay, and lowest

in annual and perennial peanut hays. The greatest (P < 0.01) ADF concentration was in

pigeonpea hay and the lowest (P < 0.01) concentration was in perennial peanut hay. Lignin

concentration was greater (P < 0.10) in pigeonpea hay than the other hays. In vitro true

digestibility was greatest (P < 0.01) in perennial peanut hay followed by annual peanut hay.

Bahiagrass hay contained lower (P < 0.01) IVTD than all legumes except pigeonpea hay which

contained the lowest (P < 0.01) IVTD. Condensed tannin concentrations were low in all forages.

Extractable CT concentration was greatest (P < 0.01) in perennial peanut hay followed by

cowpea hay. Bound CT concentration was greatest (P < 0.01) in perennial and annual peanut

hays followed by pigeonpea hay.

Intake and Digestibility

With the exception of pigeonpea hay, legume hay supplementation increased intake of

DM, OM, and NDF (Table 4-2). Intakes of DM, OM, and NDF were greatest (P < 0.01) in

lambs supplemented with perennial peanut hay, followed by annual peanut hay, and they were

lower in lambs consuming bahiagrass hay alone or pigeonpea hay than those consuming other
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legume hays. Intakes of DM, OM, and NDF were not improved by addition of soybean meal.

Digestibilities of DM and OM were greatest when diets were supplemented with perennial

peanut hay, followed by annual peanut hay. Addition of the other supplements did not affect

Item Bahia
Annual
peanut

Perennial
peanut Cowpea Pigeonpea Soybean SEM1

DM, % 91.1 91.0 90.8 91.5 91.8 91.6 1.8

OM, % DM 94.5a 92.4b 90.8c 92.6b 94.7a 93.8ab 0.5

CP, % DM 8.1d 14.7ab 15.2a 11.7c 12.2c 13.5b 0.4

NDF, % DM 73.8b 46.2e 43.3f 62.2c 78.6a 59.0d 1.0

ADF, % DM 39.8cd 37.8d 32.1e 48.7b 60.2a 42.8c 1.3

Lignin, % DM 6.2b 7.9b 6.7b 9.5b 17.1a 9.6b 1.1

IVTD, % 50.7d 71.4b 77.2a 57.9c 35.1e 57.4c 1.1

Ext CT2, % DM 0.12cd 0.16cd 1.56a 0.56b 0.26c 0.05d 0.07

Bound CT3, % DM 0.34cd 2.52a 2.26a 0.57c 0.87b 0.15d 0.11

digestibility of DM or OM except that feeding pigeonpea hay reduced OM digestibility.

Digestibility of NDF was greater in lambs fed bahiagrass hay alone, soybean meal or perennial

peanut hay than in lambs supplemented with cowpea hay.

Nitrogen Utilization and Plasma Metabolites

Nitrogen intake was increased (P < 0.01) by supplementation regardless of supplement

type and it was greatest (P < 0.01) in lambs fed perennial peanut hay, followed by (P < 0.01)

annual peanut hay (Table 4-3). Fecal N output was greatest (P < 0.01) in lambs fed perennial

peanut hay, followed by annual peanut and soybean hays, and it was lowest in lambs fed

bahiagrass hay alone, soybean meal or pigeonpea hay. Urinary N excretion was greater in lambs

Table 4-1. Chemical composition and in vitro true digestibility (IVTD) of hays

1SEM values reflect the variation of samples collected daily and composited within
period (n=2).
2Extractable condensed tannin (Ext CT)
3Bound condensed tannin (Bound CT)
Within a row means without a common superscript letter differ (P < 0.05).
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Table 4-2. Intake and apparent digestibility (DM basis) of lambs fed bahiagrass hay supplemented with
warm-season legume hays or soybean meal (SBM)

Item Bahia SBM
Annual
peanut

Perennial
peanut Cowpea Pigeonpea Soybean SEM

Total intake, g/d

DM 665ef 726de 975b 1105a 803cd 612f 864c 29.2

OM 629ef 685de 911b 1034a 752cd 579f 811c 27.6

NDF 500e 522de 594b 654a 558cd 468e 583c 19.4

Digestibility, %

DM 58.5cd 60.3c 64.3b 67.8a 58.8cd 56.3d 60.7c 0.9

OM 60.6c 61.4c 65.4b 68.7a 59.7cd 57.5d 61.7c 1.0

NDF 60.8abc 60.8abc 57.9cd 62.2a 56.6d 58.7bcd 58.9bcd 1.0

Within a row means without a common superscript letter differ (P < 0.05).
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Table 4-3. Nitrogen balance, microbial N synthesis, apparently digested OM (DOM), and blood metabolites of lambs
fed bahiagrass supplemented with warm-season legume hays or soybean meal (SBM)

Measurement Bahia SBM
Annual
peanut

Perennial
peanut Cowpea Pigeonpea Soybean SEM

Nitrogen intake, g/d 8.8e 15.6c 17.7b 21.3a 12.9d 11.8d 15.6c 0.54

Fecal N output, g/d 4.8d 5.1d 6.5b 7.3a 5.8c 5.2d 6.4b 0.20

Urinary N output, g/d 2.1c 2.7b 4.3a 3.6ab 2.5c 2.6c 4.0a 0.35

Retained N, g/d 2.0d 4.2c 7.0b 10.5a 4.6c 4.1c 5.1c 0.54

N digestibility, % 46.5e 56.8cd 62.4b 66.8a 54.0d 55.6cd 58.1c 1.1

PD1 output, mmol/d 7.4bc 6.3c 10.1a 11.0a 6.2c 7.2c 9.7ab 1.05

Microbial N, g N/d 6.4bc 5.5c 8.7a 9.5a 5.4c 6.2c 8.4ab 0.91

DOM, g/d 385e 437de 587b 681a 469cd 336f 500c 21.5

Microbial efficiency,
g microbial N/kg DOM

16.5 12.8 15.1 13.2 11.9 18.4 17.0 2.30

PUN2, mg/dL 12.5abc 8.3c 13.5a 13.2ab 11.0bc 10.1c 10.8bc 0.98

PGlu3, mg/dL 70.1b 73.7ab 74.0ab 76.8a 72.3b 70.2b 72.5b 1.41

1Urinary purine derivatives
2Plasma urea nitrogen
3Plasma glucose
Within a row means without a common superscript letter differ (P < 0.05).
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fed perennial and annual peanut or soybean hays than in those fed bahiagrass alone, cowpea or

pigeonpea hays. Nitrogen retention and digestibility were increased by supplementation and the

greatest (P < 0.01) values occurred in lambs fed perennial peanut, followed by annual peanut.

Purine derivative excretion and microbial N production were greater in lambs fed perennial and

annual peanut hays than those fed all other diets except soybean hay. Apparently digestible OM

intake was greatest (P < 0.01) in lambs fed perennial peanut hay, followed by annual peanut hay.

Microbial efficiency was not affected by supplementation. Plasma urea N concentration was

greater (P < 0.01) in lambs fed annual peanut than in those fed cowpea, pigeonpea, or soybean

hays or soybean meal. Plasma glucose concentration was greater in lambs supplemented with

perennial peanut hay than those fed bahiagrass alone or pigeonpea, cowpea or soybean hays.

Ruminal Fluid pH, NH3-N and VFA

Ruminal pH was not different among dietary treatments (Table 4-4). Ammonia-N

concentration was greater in ruminal fluid of lambs fed annual and perennial peanut and cowpea

hays, than those fed bahiagrass alone or soybean meal. Total VFA concentration and proportions

of most individual VFA were not different among dietary treatments. Propionate molar

percentage was greater in ruminal fluid of lambs fed bahiagrass hay versus those supplemented

with legumes. Iso-valerate concentration was greater in ruminal fluid of lambs fed perennial

peanut than those fed all other diets except annual peanut hay. Acetate:propionate ratio was

greater in ruminal fluid of lambs supplemented with perennial peanut, cowpea, pigeonpea, and

soybean hay or soybean meal than those fed bahiagrass alone or annual peanut hay.

Discussion

The nutritive value of the bahiagrass hay was similar to that reported for bahiagrass hay

harvested at the same maturity (Kostenbauder et al., 2007). The NDF, ADF, and CP

concentrations of perennial peanut were similar to those reported for the Florigraze cultivar when
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Table 4-4. Ruminal fluid pH, NH3-N and VFA concentrations of lambs fed bahiagrass hay supplemented with
warm-season legume hays or soybean meal (SBM)

Measurement Bahia SBM
Annual
peanut

Perennial
peanut Cowpea Pigeonpea Soybean SEM

Ruminal pH 7.1 7.1 7.0 7.1 7.1 6.9 7.0 0.05

Ammonia N, mg/dL 2.5c 3.7bc 6.6a 7.0a 6.1a 5.5ab 5.5ab 0.7

Total VFA, mmol/L 112.0 114.8 121.6 125.7 107.2 105.1 110.8 6.2

Acetate, mol/100 mol 57.1 56.6 57.0 55.5 58.1 58.9 58.4 0.8

Propionate, mol/100 mol 23.9a 23.3ab 21.9b 21.2c 21.1c 20.7c 20.0c 0.6

Iso-butyrate, mol/100 mol 2.0 3.0 3.4 3.8 4.7 3.9 3.9 0.6

Butyrate, mol/100 mol 10.8 11.1 10.9 11.6 10.9 10.4 11.8 0.5

Iso-valerate, mol/100 mol 4.8b 4.8b 5.4ab 6.8a 4.5b 5.2b 4.3b 0.5

Valerate, mol/100 mol 1.7 1.6 1.5 1.3 1.0 1.1 1.7 0.4

Acetate:propionate 2.4c 2.5bc 2.4c 2.6ab 2.8ab 2.7ab 3.0a 0.1

Within a row means without a common superscript letter differ (P < 0.05).
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harvested at the same maturity and stubble height (Romero et al., 1987). Although the CP

concentration of cowpea was similar to that reported for Iron clay cowpea grown in Florida

(Higuera et al., 2001) , the NDF, ADF and ADL concentrations were almost twice as great as

those of Iron clay cowpea harvested at an earlier maturity stage (canopy close) by Muir et al.

(2001). The CP concentration and IVTD of pigeonpea were much lower than those reported

(20% and 49-55% IVDMD respectively) for similar early-maturing cultivars that were harvested

earlier (50% flowering) and cut at a greater stubble height (0.6 m; Alexander et al., 2007). The

NDF and ADF concentrations of soybean were greater than those reported for similar cultivars

by Seiter et al. (2004), but CP concentrations were similar.

Perennial and annual peanuts had greater IVTD than other legumes due to their lower NDF

and ADF concentrations. Although the values were not identical, the ranking of forages by

IVTD was the same as that by in vivo apparent DM digestibility, indicating that the IVTD

method is suitable for comparing these warm-season legumes. All forages contained low

concentrations of CT. Condensed tannins negatively impact forage quality at concentrations of

6% of DM or greater (Waghorn et al., 1994), but concentrations of 2 to 4% of DM have

improved forage nutrient utilization by ruminants (Min et al., 2003; 2005). Condensed tannin

concentrations were consistent with those reported previously for cowpea (Baloyi et al., 2001),

pigeonpea (Alexander et al., 2007), perennial peanut (Valencia et al., 2007), annual peanut

(Karchesy and Hemingway, 1986), and soybean (Reddy et al., 1985) forages. That bahiagrass

had 0.4% total tannin is not unusual, because many subtropical and tropical grasses contain small

amounts of tannin (Jackson et al., 1996; Gates et al., 2004).

Legumes contained less CP than anticipated based on concentrations of the standing plants

(Chapter 3). This may be because of leaf shatter during harvest and chopping. Nevertheless,
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supplementation with all legumes, except pigeonpea, increased DM and OM intake though only

annual and perennial peanut hays also increased DM and OM digestibility. These intake

responses typify effects of legume supplementation to poor quality basal grass diets (Said and

Tolera, 1993). They are likely due to increased rate of passage, which is the primary factor

affecting intake in ruminants (Bowman et al., 1991) because legumes have faster rates of passage

than grasses (Jung and Allen, 1995). The reticulate venation of legume leaves relative to the

parallel venation of grass leaves (Frame, 2005) and the lower structural carbohydrate

concentration of legumes (Wilson, 1994) increases the rate of particle size reduction in legumes

versus grasses during mastication and microbial degradation. Consequently, legume particles

flow out of the rumen at faster rates (Waghorn et al., 1989; Dewhurst et al., 2003a). Relative

differences in DM intake and digestibility among legumes reflect their structural fiber

concentrations and morphological characteristics. Unlike the other legumes, annual and

perennial peanut are prostrate, spreading plants with relatively high leaf-to-stem ratios, therefore

they have low concentrations of NDF and ADF, and consequently, they are more digestible than

the other legumes. Pigeonpea had higher NDF and ADF concentrations because of its thick,

woody stems, which probably increased gut fill, thereby decreasing intake. The greater ADL

concentration of pigeonpea explains its lower digestibility. Greater ADF and ADL

concentrations in pigeonpea versus bahiagrass hay also explain why supplementation with

pigeonpea decreased DM and OM intake and OM digestibility. As in other studies (Mir and Mir,

1993: Haddad, 2000; Mupwanga et al., 2000a), legume supplementation did not increase NDF

digestibility partly because legumes generally have more lignin than grasses (Wilson, 1994).

Legume hay supplementation increased N intake because of the greater CP concentrations

of the legumes versus bahiagrass, as well as the greater DM intake of most of the legume-grass
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diets. Nitrogen retention increased accordingly because supplementation increased N

digestibility and decreased the proportion of intake N lost as urine (21.4% versus 23.9%). These

reasons also explain why N retention was greater in lambs fed perennial peanut than those fed

other legumes. Legume supplementation resulted in greater ruminal NH3-N concentrations

because it increased N intake and most of the protein in legumes is in the form of soluble protein

or RDP (Broderick, 1995). Legume supplementation was necessary to ensure that ruminal NH3-

N concentrations exceeded the recommended concentration (5.0 mg/dL; Satter and Slyter, 1974)

for maximizing microbial N synthesis. Nevertheless, microbial N synthesis was only increased

by supplementation with annual or perennial peanut hays. This was partly because annual and

perennial peanut hay supplements resulted in the greatest digestible OM intakes and microbial N

synthesis is directly correlated with digestible OM intake (Clark et al., 1992). Greater digestible

OM intake in these diets is attributable to the low concentration of structural fiber components

that impede digestion and intake in annual and perennial peanuts. Soybean meal

supplementation increased N intake and retention because of the high N concentration of

soybean meal. However, the small amount of soybean meal that was fed was not sufficient to

improve other measures of performance.

The total VFA concentration and molar proportion of VFA were typical of the ruminal

fluid of ruminants fed a forage-based ration (Bergman, 1990). The decrease in ruminal

propionate proportion and the attendant increase in acetate:propionate ratio of most legume diets

suggests that they reduced the efficiency of ruminal fermentation. The greater rate of passage of

legume-supplemented diets may have contributed to the decrease in the ruminal propionate

proportion (Harrison et al., 1975; 1976).
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The concentrations of PUN and PGlu were within physiologically normal ranges (8 to 20

and 50 to 80 mg/dL, respectively; Kenako, 1989) suggesting adequate intake, degradation, and

absorption of protein and energy from these diets. The fact that legume supplementation

increased ruminal NH3-N concentration but not PUN, suggests that the ammonia was either

incorporated into microbial cells or excreted.

Supplementation with N from legume hays or soybean meal increased N intake, digestion

and retention, indicating that supplementation is necessary for optimizing the utilization of

bahiagrass in lambs. At the moderate dietary CP concentration evaluated, annual and perennial

peanut hay supplementation was more effective than soybean meal supplementation at

improving intake and microbial N production. Perennial peanut and annual peanut were the

most promising legume supplements because they resulted in the greatest DM and OM intakes

and digestibilities and the greatest N intake, N digestibility, N retention, and microbial N

synthesis. Soybean and cowpea hays were also promising supplements for improving ruminant

livestock production because they increased DM and OM intake, N intake, N digestibility, and N

retention. Pigeonpea hay supplementation increased N intake, N digestibility, and N retention

but did not improve DM or OM intakes and reduced OM digestibility; therefore, it was the least

desirable supplement. Pigeonpea should be harvested at higher stubble heights for use as a

legume supplement, but this would reduce biomass yields. Future research should determine the

optimal inclusion rates of these legume hays in bahiagrass basal rations and analyze the

economics of feeding legume hays instead of concentrate protein supplements.
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CHAPTER 5
NUTRITIVE VALUE AND FERMENTATION CHARACTERISTICS OF ENSILED WARM-

SEASON LEGUMES AND BAHIAGRASS

Introduction

Conserving forages as silage or haylage is a common practice that ensures availability of

high quality forage for winter feeding of ruminant livestock, and facilitates year-round housing

of dairy cows. Ensiling is an important alternative forage storage method when environmental

conditions hinder storage of hay, especially in climates with rainfall during the season of harvest

and storage (Albrecht and Beauchemin, 2003). Ideally, silage is produced by rapid anaerobic

fermentation of plant sugars with little change in the CP and fiber concentration of the forage

ensiled (Muck, 1988). Cool-season grasses have greater water-soluble carbohydrate (WSC)

concentration than legumes such that during fermentation, their pH drops rapidly and proteolysis

is limited (Contreras-Govea et al., 2006). In comparison, legumes have greater CP

concentration, lower WSC concentration, and greater buffering capacity, which collectively

make legumes more susceptible to proteolysis (Contreras-Govea et al., 2006). Nevertheless,

alfalfa (Medicago sativa L.) silage and several ensiled clover (Trifolium spp.) species are widely

used in ruminant livestock rations because of their relatively high CP concentrations. However,

information about the ensiling characteristics and nutritive value of warm-season legumes is

limited. Perennial peanut (Arachis glabrata Benth.) is a warm-season legume that has

comparable nutritive value to alfalfa and is widely grown in Florida and Georgia where alfalfa is

not adapted (Newman and Chambliss, 2003; French et al., 2006). Perennial peanut silage

replaced 70% of corn silage in a dairy cow ration containing 50% of concentrate without

affecting milk production (Staples et al., 1997). However, perennial peanut is sprig planted and

it takes 1 to 2 yr for establishment of a good stand. Consequently, establishing perennial peanut

is often more expensive than other forage crops (French et al., 2006). Seeded warm-season
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legumes are easier and cheaper to plant and they can be established faster, but they only persist

for one season. Annual peanut (Arachis hypogaea L.) is a seeded warm-season legume that has

been successfully ensiled. Annual peanut silage increased DM intake when it replaced 50% of a

100% corn silage diet fed to non-lactating heifers (Johnson et al., 1979). As early as 1896,

cowpea (Vigna unguiculata (L.) Walp.) was studied for use as grazed forage, hay or silage.

Hopkins (1896) found that cowpea silage was 7% more digestible than clover silage when fed to

sheep and as digestible as corn silage when fed to cattle, but little is known about the ensiling

potential of current cultivars. Cowpea is often ensiled with forages such as pearl millet

(Pennisetum glaucum (L.) R. Br.), sorghum (Sorghum bicolor (L.) Moench), or sudan grass

(Sorghum sudanense (Piper) Stapf) to increase the WSC concentration and improve the

fermentation of cowpea (McCullough et al., 1960; Bishnoi and Mentreddy, 2004), but no

published information on ensiled monocultures of cowpea was found. Pigeonpea (Cajanus cajan

(L.) Millsp.) is a relatively new forage in the United States (Rao et al., 2002; 2003), which has

shown potential as a forage for grazing or hay or silage production in other countries (Otero,

1952) but to our knowledge it has not been ensiled in the United States. The purpose of this

study was to determine the fermentation characteristics, nutritive value, and aerobic stability of

bahiagrass (Paspalum notatum Flügge cv. Tifton 9), perennial peanut (cv. Florigraze), annual

peanut (cv. FL MDR 98), cowpea (cv. Iron clay), and pigeonpea (cv. Georgia two). Bahiagrass

was also evaluated because it is the main pasture forage in the southeast and it would be fed with

the legumes.

Materials and Methods

Forage Production

Legumes were produced at the North Florida Research and Education Center in Marianna,

FL (31° N). Soil on the experiment site was Chipola loamy sand (loamy, kaolinitic, thermic,



78

Arenic Kanhapludults) and Orangeburg loamy sand (fine-loamy, kaolinitic, thermic, Typic

Kandiudults). To prepare the field for planting cowpea, lime (2,250 kg/ha calcitic lime) and 310

kg/ha fertilizer (0-18-10-10 ratio of N:P2O5:K2O:S) were applied and the field was plowed. To

prepare for planting pigeonpea, 1,120 kg/ha dolomite and 300 kg/ha fertilizer (5-25-26 ratio of

N:P2O5:K2O) were applied and the field was plowed. Cowpea and pigeonpea were inoculated

with Bradyrhizobium spp. (Becker Underwood, Inc., Royal Peat, Ames, IA) and seeded at a rate

of 56 kg/ha. Cowpea was drilled at 15-cm row spacing on four 0.405-ha plots whereas

pigeonpea was drilled at 66-cm row spacing on a single 2-ha plot. The legumes were planted in

May and harvested at the recommended maturity stage that maximizes both DM yield and

nutritive value. Cowpea was harvested when pods began to turn yellow (NDA, 1997) and

pigeonpea at pod setting (Houérou, 2006). Established stands of perennial (5-yr-old) and annual

peanut (7-yr-old with self reseeding) were harvested as first cuttings. Cowpea, perennial and

annual peanut were cut to a stubble height of 10 cm, whereas pigeonpea was cut at the maximum

stubble height allowed by the cutter bar (40 cm). It is recommended to harvest the top 66 to 75%

of pigeonpea to maximize nutritive value and facilitate drying (Houérou, 2006). Bahiagrass (cv.

Tifton 9) was from an established stand (7-yr-old) and the field was fertilized with 390 kg/ha of

17-17-17 ratio of N:P2O5:K2O in late spring. After each cutting, the bahiagrass was top dressed

with 280 kg/ha of fertilizer (30-0-0-0.6 ratio of N:P2O5:K2O:S), and the third cutting, taken after

5-wk of regrowth was used in this experiment. Legumes and bahiagrass were harvested using a

mower conditioner (New Holland, Haybine model 474, New Holland Agriculture, New Holland,

PA). After wilting to 45% DM, small (140 kg) round bales were made using a Vermeer 504 L

baler (Vermeer Manufacturing Inc., Pella, IA). Bales were wrapped 4 times allowing 50%

overlap with a roll of white polyethylene plastic (1 mm) using a Kverneland wrapper



79

(Kverneland North America, model 7510, East Syracuse, NY). Eight bales of bahiagrass and 4

bales of each legume were ensiled for at least 180 d.

Chemical Analyses

Triplicate samples of each forage were taken from representative parts of the respective

fields at cutting. After each bale was opened, the forage was thoroughly mixed, and

representative sub-samples were taken for analysis of microbial counts (200 g) and aerobic

stability (800 g). Additional representative samples taken for determination of chemical

composition (1 kg) and fermentation indices (200 g) were frozen (-20°C) until analysis.

Haylage extract pH was determined by mixing 20 g of haylage in a blender with 200 mL of

distilled water for 30 s at high speed. The mixture was filtered through two layers of cheesecloth

and the pH was immediately measured using a pH meter (Accumet, model HP-71, Fischer

Scientific, Pittsburg, PA). The filtrate was centrifuged at 1369 × g for 20 min at 4oC and the

supernatant was stored (-20oC) until further analysis of VFA and NH3-N.

Samples reserved for microbial analysis were heat-sealed within gas-impermeable bags

(Kapak / Scotch Pak, Kapak Corp., Minneapolis, MN), placed in a cooler and transported on the

same d to the American Bacteriological & Chemical Research Corporation in Gainesville,

Florida. Yeasts and molds were enumerated by pour plating in Standard Methods (M124) agar,

to which 4% of chloramphenicol and chlortetracycline were added (Tournas et al., 1999).

Aerobic stability was measured by placing thermocouple wires at the center of a bag

containing 800 g of haylage within an open-top polystyrene box covered with two layers of

cheesecloth to prevent drying. The thermocouple wires were connected to data loggers

(Campbell Scientific Inc. North Logan, UT) that recorded the temperature every 30 min for 21 d.

Aerobic stability was denoted by the time that elapsed prior to a 2ºC rise in silage temperature

above ambient temperature (18 to 25oC).
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Samples of forage taken before and after ensiling were weighed and dried at 60oC for 48 h

for DM determination. Dried samples were ground to pass through a 1-mm screen in a Wiley

mill (Arthur H. Thomas Company, Philadelphia, PA). Samples were analyzed for ash by

combustion in a muffle furnace at 600oC overnight. Total N was determined by rapid

combustion using a macro elemental N analyzer (Elementar, vario MAX CN, Elementar

Americas, Mount Laurel, NJ) and used to compute CP (CP = N × 6.25). Neutral detergent fiber

concentration was measured using the method of Van Soest et al. (1991) in an ANKOM 200

Fiber Analyzer (ANKOM Technologies, Macedon, NY). Amylase was used in the analysis and

the results were expressed on a DM basis. The ANKOM (2005a) adaptation of the Van Soest et

al. (1966) method for an ANKOM DaisyII Incubator (ANKOM Technology, Macedon, NY) and

the ANKOM 200 Fiber Analyzer was used to determine in vitro true digestibility (IVTD). An

adaptation of the Noel and Hambleton (1976) procedure that involved colorimetric quantification

of N was used to determine NH3-N with an ALPKEM auto analyzer (ALPKEM Corporation,

Clackamas, OR). Volatile fatty acids were measured using the method of Canale et al. (1984)

and a High Performance Liquid Chromatograph (Hitachi, FL 7485, Tokyo, Japan) coupled to a

UV Detector (Spectroflow 757, ABI Analytical Kratos Division, Ramsey, NJ) set at 210 nm.

The column was a Bio-Rad Aminex HPX-87H (Bio-Rad laboratories, Hercules, CA 9454) with

0.015M H2SO4 mobile phase and a flow rate of 0.7 mL at 45oC.

Statistical Analyses

The experiment had a completely randomized design with 5 treatments and 4 replicates of

each legume forage and eight replicates of bahiagrass. Forage species was included in the model

and data were analyzed with the MIXED procedure (SAS Inst. Inc., Cary, NC). When the forage

species effect was significant (P > 0.05) means were separated with a PDIFF statement.

Tendencies were declared at P > 0.05 and ≤ 0.10.
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Results

Chemical Composition of Pre-ensiled Forages

Among pre-ensiled forages, DM concentration was greatest (P < 0.01) in annual peanut,

followed by pigeonpea, and lowest (P < 0.01) in cowpea (Table 5-1). Organic matter

concentration was greatest in pigeonpea, followed by bahiagrass, and annual and perennial

peanut had the lowest value. Crude protein concentration was greater in legumes than

bahiagrass. In contrast, NDF concentration was greater in bahiagrass than legumes. Among

legumes, CP concentrations of annual and perennial peanut were greater than that in pigeonpea,

which had the greatest (P < 0.01) NDF concentration. Annual and perennial peanut and cowpea

had greater (P < 0.01) IVTD than pigeonpea and bahiagrass.

Item Bahiagrass
Annual
peanut

Perennial
peanut Cowpea Pigeonpea SEM

DM, % 26.7c 37.2a 24.6c 16.4d 29.6b 0.8

OM, % DM 94.2b 91.4d 90.9d 92.4c 95.3a 0.4

CP, % DM 10.9c 18.9a 18.5a 16.6ab 13.9b 0.9

NDF, % DM 68.0a 40.0c 38.3c 39.6c 59.3b 1.8

IVTD, % 59.7b 80.5a 79.3a 80.6a 55.4b 4.9

Item Bahiagrass
Annual
peanut

Perennial
peanut Cowpea Pigeonpea SEM

DM, % 51.7 55.7 49.7 52.9 46.9 2.3

OM, % DM 93.5 93.2 92.6 92.6 95.0 1.2

CP, % DM 8.8d 18.9a 15.8b 15.5b 13.2c 0.8

NDF, % DM 70.9a 42.8c 40.8c 45.5c 65.2b 2.3

IVTD, % 58.6b 74.1a 74.5a 71.3a 45.4c 3.9

Table 5-2. Haylage chemical composition and in vitro true digestibility

Within a row means without a common superscript letter differ (P < 0.05).

Table 5-1. Chemical composition and in vitro true digestibility of forages before wilting
and ensiling

Within a row means without a common superscript letter differ (P < 0.05).
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Chemical Composition of Haylages

The DM and OM concentrations were not different among haylages (Figure 5-2).

Legumes contained greater (P < 0.01) CP concentrations than bahiagrass, and among legumes,

CP concentration was greatest in annual peanut and lowest in pigeonpea. Bahiagrass and

pigeonpea had greater (P < 0.01) NDF concentrations than the other haylages. Annual and

perennial peanut and cowpea had the greatest IVTD, whereas pigeonpea had the lowest value (P

< 0.01).

Item Bahiagrass
Annual
peanut

Perennial
peanut Cowpea Pigeonpea SEM

pH 5.11b 5.18ab 4.60c 4.82bc 5.43a 0.14

NH3-N,% total N 11.59 23.33 17.63 22.98 18.21 3.30

Lactate, % DM 0.45b 1.82a 1.02b 1.26ab 0.50b 0.35

Acetate, % DM 0.43c 1.26a 0.68bc 1.72a 1.11ab 0.26

Propionate, % DM 0.02 0.06 0.0 0.08 0.0 0.03

n-Butyrate, % DM 0.01c 0.87a 0.77ab 0.51abc 0.34bc 0.25

Total VFA, % DM 0.52b 2.19a 1.45a 2.32a 1.40ab 0.43

Lactate:acetate 1.06abc 1.45ab 1.56a 0.73bc 0.58c 0.30

Item Bahiagrass
Annual
peanut

Perennial
peanut Cowpea Pigeonpea SEM

Yeasts, log cfu1/g 2.9 2.8 2.6 2.4 3.0 1.0

Molds, log cfu/g 2.5 3.2 2.4 3.5 3.5 0.6

Aerobic stability, h 280.1 125.1 130.6 187.3 84.4 88.2

Table 5-3. Fermentation characteristics of bahiagrass haylage and four warm-season
legume haylages

Table 5-4. Microbial counts and aerobic stability of bahiagrass haylage and warm-season
legume haylages

1Colony-forming units per g of haylage
Within a row means without a common superscript letter differ (P < 0.05).

Within a row means without a common superscript letter differ (P < 0.05).
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Fermentation Indices, Microbial Counts and Aerobic Stability

None of the haylages had a pH that was less than 4.5, and pH was lower in perennial

peanut and cowpea than in bahiagrass (Table 5-3). Ammonia-N concentrations tended to be

greater (P < 0.06) in annual and perennial peanut and cowpea haylages than in bahiagrass

haylage. No iso-valerate, valerate or iso-buyrate was detected in the haylages. Concentrations

of VFA and lactate were generally low and lactate concentration was greater in annual peanut

haylage than that in all other haylages except cowpea. Butyrate concentration was greater (P <

0.01) in annual and perennial peanut than in bahiagrass. Total VFA concentration was greater in

annual and perennial peanut and cowpea haylages than in bahiagrass haylage. Lactate:acetate

ratio was lower in pigeonpea haylages than in annual and perennial peanut haylages. Yeast and

mold counts and aerobic stability were not different (P > 0.10) among haylages and all haylages

were stable for at least 84 h (Table 5-4).

Discussion

Chemical Composition

Published information on the nutritive value of bahiagrass silage was not found.

Bermudagrass (Cynodon dactylon (L.) Pers.) is a similar warm-season grass, and a study by

Bates et al. (1989) revealed that ensiling wilted (to 45% DM) Coastcross-1 and Suwanee in

round bales produced a similar reduction in CP concentration and a similar increase in fiber

concentration to those in this study. The chemical composition of the haylages approximated

respective published values for bermudagrass haylage (Bates et al., 1989; Ruiz et al., 1995),

annual peanut haylage (Johnson et al., 1979), pigeonpea silage (Francia et al., 1993), and

perennial peanut haylage (Bates et al., 1989) or silage (Staples et al., 1997). Published

information on the nutritive value of cowpea haylage was lacking despite the existence of such

data for mixed cowpea-grass or cowpea-cereal silages.
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The greater CP concentration and IVTD, and lower NDF concentration of legumes versus

bahiagrass is consistent with the literature on the nutritive value of these forages (Meissner and

Paulsmeier, 1995). Unlike grasses, legumes have a symbiotic relationship with Rhizobium and

Bradyrhizobium bacteria that allows fixation of atmospheric N, leading to increased N in the

plant (Leep et al., 2002). The lower digestibility of the bahiagrass in this study is partly because

photosynthetic cells in the leaf tissue of C4 grasses are arranged in Kranz structures and often

contain girder structures, which collectively increase their NDF concentration and decrease

ruminal microbial degradation, whereas similar anatomical features are lacking in C3 legumes

(Wilson, 1994). Differences in nutritive value among the legumes are attributable to their

physiological and morphological differences. Pigeonpea haylage had lower IVTD than the other

legumes because of its large, woody stem (Masama et al., 1997) and greater structural

carbohydrate concentration than typical forage legumes.

When forages are wilted and ensiled, proteolysis occurs (Petit and Tremblay, 1992)

because of plant enzymatic activity and microbial fermentation which explains why bahiagrass,

perennial peanut and cowpea had lower CP concentrations after ensiling. Similar losses of CP

did not occur in annual peanut and pigeonpea haylages suggesting that the protein in these

forages was less degradable. Wilting and ensiling increased the NDF concentrations of all

forages and thereby decreased their IVTD values, which is probably due to microbial respiration

and fermentation. Such effects were more pronounced in cowpea and pigeonpea partly because

the wilting period was prolonged by the lower initial DM concentration of cowpea and thick,

woody stems of pigeonpea.

Fermentation Indices, Microbial Counts and Aerobic Stability

A pH range of 4.6 to 5.2 is expected for legume silages or haylages and a range of 4.4 to

5.0 is expected for grass that is ensiled when the DM concentration is greater than 35%
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(McKersie, 1983; Heinrichs and Ishler, 2000). Therefore, bahiagrass and pigeonpea had high pH

values, but the other haylages had normal values. Nevertheless, all haylages had pH values that

exceeded the limit (4.0) for reducing proteolysis and Clostridial activity (Muck, 1988).

Consequently, all haylages had NH3-N concentrations above the threshold of 10% of total N,

which signifies minimal proteolysis. Due to their greater CP concentrations, all legume haylages

had NH3-N concentrations above the threshold (15% of total N) signifying moderate proteolysis

due to poor fermentation or Clostridial secondary fermentation (Seglar, 2003). Clostridial

activity in legume silages was confirmed by their relatively high concentrations of butyrate.

Characteristics of well preserved silages include a pH at or below 4.0, a lactate:acetate

ratio above 2.0 (Owens et al., 1999), a butyrate concentration below 0.2% of DM (Woolford,

1984), and an NH3-N concentration below 10% of total N. Therefore, none of the haylages had

an ideal fermentation. The high pH of the haylages is explained by their low total VFA

concentrations, which are likely attributable to low WSC concentration and high buffering

capacity (Umana et al., 1991; Adesogan et al., 2004). The low lactate concentrations and low

lactate:acetate ratios indicate the predominance of less efficient heterofermentative pathways

during ensiling of the forages (McDonald et al., 1991).

Yeast and mold counts were lower than the threshold (5 log cfu/g) at which such

microorganisms increase aerobic stability (Seglar, 2003), consequently all of the forages were

relatively stable. The low yeast and mold counts and relative stability of these haylages is partly

because the low WSC of tropical grasses (Adesogan et al., 2004; Dean et al., 2005) and legumes

(Weinberg et al., 1993a; b; McAllister et al., 1998) is not conducive to growth of yeasts and

molds. Furthermore, the low fungal counts of legumes are partly attributable to appreciable

butyrate concentrations because butyrate has strong antifungal properties (Woolford, 1975).
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Aerobic stability has been demonstrated to exceed 384 h in alfalfa (McAllister et al., 1998) and

96 h in bermudagrass (Adesogan et al., 2004).

Unlike legumes, the fermentation of bahiagrass did not culminate in appreciable butyrate

concentrations or high NH3-N concentrations, indicating lower Clostridial activity. However,

except for pigeonpea, legume haylages were more digestible in vitro than bahiagrass haylage,

and they had greater CP concentrations. Therefore the legume haylages could be used as energy

and protein supplements for ruminant livestock fed bahiagrass haylage. Annual and perennial

peanut and cowpea haylages would be better legume supplements than pigeonpea haylage. Due

to the relatively poor fermentation of all the haylages, further studies should compare effects of

adding bacterial or chemical additives or fermentable carbohydrate sources on the fermentation

of these forages. Experimentation to determine effects of ensiling the legumes with cereal grains

or grasses is also recommended.
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CHAPTER 6
WARM-SEASON LEGUME HAYLAGE OR SOYBEAN MEAL SUPPLEMENTATION

EFFECTS ON THE PERFORMANCE OF LAMBS

Introduction

Protein supplementation is often necessary to meet nutrient requirements of ruminant

livestock. Legumes are commonly utilized as protein supplements because their symbiotic

relationship with microbes that fix atmospheric N increases their CP concentrations. Legumes

also increase soil N status and this may be a more economical method of improving N in soils

than inorganic fertilizer application (t’Mannetje, 1997; Pengelly and Conway, 2000), especially

with the increasing fuel, and thus fertilizer costs. Alfalfa (Medicago sativa L.) is the most

commonly used legume supplement in ruminant rations in the United States. However, alfalfa

does not persist in southern states due to diseases, insects and nematodes (Prine et al., 1981).

Some tropically-adapted warm-season legumes that may be important protein supplements in the

Southeast include annual peanut (Arachis hypogaea L. and pintoi Krapov. & W.C. Greg.),

cowpea (Vigna unguiculata (L.) Walp.), and perennial peanut (Arachis glabrata Benth.). Due to

inclement weather during harvest in some subtropical and tropical locations, there is

considerable interest in conserving these legumes as haylage rather than hay, but only a few

studies on the feeding value of ensiled warm-season legumes exist.

Approximately 10,000 ha of perennial peanut is grown in Florida and Georgia, primarily

for hay (Flores, 2008). Even though milk production by dairy cows was not reduced by

replacing dietary corn (Zea mays) silage with perennial peanut silage (Staples et al., 1997),

widespread use of perennial peanut has been hampered because it is sprig planted and slow to

establish. Annual peanut (A. hypogaea L.) can be established more easily because it is a seeded

legume. Little is known about the nutritive value of annual peanut silage though one report

indicates that it was more readily consumed by non-lactating dairy heifers than corn silage
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(Johnson et al., 1979). Cowpea has been successfully ensiled with corn, pearl millet (Pennisetum

glaucum (L.) R. Br.), and sorghum (Sorghum bicolor (L.) Moench) in attempts to improve its

fermentation characteristics (McCullough et al., 1960; Bishnoi and Mentreddy, 2004), but

published information on the quality of cowpea forage ensiled alone is lacking. Furthermore,

little is known about the potential for using warm-season legume haylages as dietary

supplements for growing ruminant livestock in the southeast. This study was aimed at

determining the feed intake, digestibility and N balance of lambs fed bahiagrass (Paspalum

notatum Flügge cv. Tifton 9) haylage supplemented with soybean meal or haylages made from

either perennial peanut (cv. Florigraze), annual peanut (cv. FL MDR 98), cowpea (cv. Iron clay)

or pigeonpea (cv. Georgia two).

Materials and Methods

Forage Production and Ensiling

Legume haylages were produced at the North Florida Research and Education Center in

Marianna, FL, (31° N) on soils that were predominately Chipola loamy sand (loamy, kaolinitic,

thermic, Arenic Kanhapludults) and Orangeburg loamy sand (fine-loamy, kaolinitic, thermic,

Typic Kandiudults). To prepare the field for planting cowpea, lime (2,250 kg/ha high-cal lime)

and 310 kg/ha fertilizer (0-18-10-10 ratio of N:P2O5:K2O:S) were applied and the field was

plowed. Before planting pigeonpea, 1,120 kg/ha dolomite and 300 kg/ha fertilizer (5-25-26 ratio

of N:P2O5:K2O) were applied and the field was plowed. Cowpea and pigeonpea seeds were

inoculated with Bradyrhizobium spp. (Becker Underwood, Inc., Royal Peat, Ames, IA) and

cowpea was drilled at 56 kg/ha and 15-cm row spacing on four 0.405-ha plots. Pigeonpea was

drilled at 56 kg/ha and 60-cm row spacing on a 2-ha plot. Both seeded legumes were planted in

May and harvested at the recommended maturity for maximizing DM yield and nutritive value.

This was when pods began to turn yellow for cowpea (NDA, 1997) and at pod setting for
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pigeonpea (Houérou, 2006). Established stands of perennial (5-yr-old) and annual peanut (7-yr-

old; self reseeding) were harvested as first cuttings in August 2006. An established bahiagrass

stand (7-yr-old) was fertilized (390 kg/ha of 17-17-17 ratio of N:P2O5:K2O) in early spring, top

dressed with 280 kg/ha of fertilizer (30-0-0-0.6 ratio of N:P2O5:K2O:S) after each cutting, and

harvested as the third cutting after 5-wk of regrowth. Pigeonpea was cut to a stubble height of

40 cm and all other forages were cut to a stubble height of 10 cm with a mower conditioner

(New Holland, Haybine model 474, New Holland Agriculture, New Holland, PA) based on

previous recommendations for the respective forages (Romero et al., 1987; Ortega-S. et al.,

1992; Houérou, 2006). Windrows were wilted to 45% DM and baled into small (140 kg) round

bales using a Vermeer 504 L baler (Vermeer Manufacturing Inc., Pella, IA). Bales were

wrapped with a single roll wrapper (Kverneland model 7510) with 4 layers of 1-mm thick white

polyethylene plastic. Bales were transported to the Department of Animal Sciences, Gainesville,

FL, for the study.

Animals, Feeding and Housing

All animal procedures were approved by the University of Florida Institutional Animal

Care and Use Committee. Forty-two Dorper × Katadhin cross ram lambs weighing 27.5 ± 5 kg

were used for the experiment. Before the experiment, all lambs were vaccinated with a 3-way

enterotoxemia, coccidiosis, and tetanus vaccination (Bar Vac CD-T, 2 mL/head, Boehringer

Ingelheim Vetmedica Inc., St. Joseph, MO), de-wormed (Levamasole Injectable, 2 mL/45 kg

BW, AgriLabs, St. Joseph, MO), weighed, and their hooves were trimmed. Lambs were

stratified by weight and randomly assigned to 6 treatments (7 lambs per treatment during Period

1, and 4 lambs per treatment during Period 2) in a completely randomized design with 2 periods.

Each period consisted of 14 d of adaptation to diets and 7 d of measurement and each lamb

received a different diet in each period. Lambs were fitted with canvas feces collection bags and
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housed in individual metabolism crates adapted for collection of feces and urine. Water was

provided ad libitum and 20 g of a mineral premix (United Salt Corp., Ranch House Trace

Mineralized Salt, Houston, TX) was added to the diet of each lamb daily. The mineral mix

contained 90% NaCl, 3% Ca, 1% S, 0.2% Fe, 0.3% Mn, 0.3% Zn, 25 mg/kg Co, 150 mg/kg Cu,

90 mg/kg I, and 10 mg/kg Se. Lambs were fed ad libitum (110% of previous days’ intake) diets

consisting of bahiagrass haylage alone or bahiagrass haylage supplemented (50% of diet DM)

with one of the legume haylages or with soybean meal at 8% of diet DM. The soybean meal

inclusion level was aimed at matching the average CP concentration (12.8% DM basis) of the

legume diets. The bahiagrass and respective supplements were offered in the same trough at

0800 and 1500.

Sample Collection

Samples of each feed were taken daily during the 7 d collection period and daily refusals

were weighed and stored. Total fecal output was collected daily from each lamb, weighed, and a

10% subsample was stored (-20oC) for subsequent analysis. The volume of daily urine output

was recorded from 6 lambs per treatment in Period 1 and all 4 lambs per treatment in Period 2.

Sulfuric acid was added to subsamples (10%) of urine to ensure that the pH remained below 3.0

and the urine was stored (-20oC) for further analysis. Lambs were weighed and blood sampled

by jugular venipuncture on d 0, 21, and 42. A Vacutainer tube (BD, Franklin Lakes, NJ)

containing sodium heparin anticoagulant was used to collect 10 mL of whole blood from each

lamb, and the tubes were stored on ice. The blood was centrifuged at 1920 × g for 20 min at 4oC

to separate the plasma, which was stored at -20oC until analyzed. Ruminal fluid was collected

from 24 lambs (4 per treatment) on the last d of each period by aspiration with orally-inserted

stomach tubes 0, 2, 4, 6, 8 and 10 h after the morning feeding. A representative (100 mL)

sample of ruminal fluid was analyzed immediately for pH (Accumet, model HP-71, Fischer
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Scientific, Pittsburg, PA) and acidified with concentrated H2SO4, centrifuged for 30 min at 4oC

and 2795 × g and frozen (-20oC) for subsequent analysis.

Chemical Analyses

Samples of feed, orts and feces were dried at 60oC for 48 h to determine DM concentration

and dried samples were ground to pass through a 1-mm screen in a Wiley mill (Arthur H.

Thomas Company, Philadelphia, PA). Samples were analyzed for ash by combustion in a muffle

furnace at 600oC overnight. Total N concentration was determined by rapid combustion using a

macro elemental N analyzer (Elementar, vario MAX CN , Elementar Americas, Mount Laurel,

NJ) and used to calculate CP (CP = N × 6.25). Neutral detergent fiber concentration was

measured using the method of Van Soest et al. (1991) in an ANKOM 200 Fiber Analyzer

(ANKOM Technologies, Macedon, NY). Amylase was used for NDF analysis and the results

were expressed on a DM basis. Feed samples were analyzed for ADF with the method of Van

Soest et al. (1991) in an ANKOM 200 Fiber Analyzer (ANKOM Technologies, Macedon, NY).

An adaptation (ANKOM, 2005b) of the method of AOAC (1990) that involved weighing

samples into ANKOM F57 filter bags was used for ADL determination. The ANKOM (2005a)

adaptation of the Van Soest et al. (1966) method for an ANKOM DaisyII Incubator (ANKOM

Technology, Macedon, NY) and the ANKOM 200 Fiber Analyzer was used to determine in vitro

true digestibility (IVTD). Apparent digestibility of DM, OM, NDF and N were calculated.

Urine was analyzed for N using a modified aluminum block digestion method (Gallaher et

al., 1975) and N concentration was quantified with an ALPKEM auto analyzer (ALPKEM

Corporation, Clackamas, OR). Total purine derivatives (PD) in the urine were analyzed as

allantoin (Bochers, 1977). Xanthine, hypoxanthine and uric acid were converted to allantoin

using the enzyme procedure of Fujihara et al. (1987). Microbial N supply to the small intestine

was calculated from the urinary output of PD using the equation of Chen et al. (1992).
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Volatile fatty acids in ruminal fluid were measured using the method of Canale et al.

(1984) using a High Performance Liquid Chromatograph (Hitachi, FL 7485, Tokyo, Japan)

coupled to a UV Detector (Spectroflow 757, ABI Analytical Kratos Division, Ramsey, NJ) set at

210 nm. The column used was a Bio-Rad Aminex HPX-87H (Bio-Rad laboratories, Hercules,

CA) with 0.015M H2SO4 mobile phase and a flow rate of 0.7 mL at 45oC. The concentration of

NH3-N concentration in ruminal fluid was determined using the ALPKEM auto analyzer and an

adaptation of the Noel and Hambleton (1976) procedure that involved colorimetric quantification

of N. Plasma glucose (PGlu) and urea N (PUN) concentrations were measured using adaptations

for a Technicon Autoanalyzer II (Bran-Luebbe, Elinsford, NY) and methods of Gochman and

Schmidz (1972) and Coulombe and Favreau (1963) respectively.

Statistical Analyses

Data were analyzed with PROC MIXED (SAS Inst. Inc., Cary, NC). The model for

analyzing chemical composition of feeds included forage species and period (random variable).

The model for analyzing intake, digestibility, N excretion and retention, MP parameters, PUN

and PGlu included dietary treatment, period, dietary treatment × period, and lamb (random

variable). Dietary treatment, time of collection (repeated measure), period, the interactions, and

lamb (random variable) were included in the model for analyzing ruminal fluid pH, NH3-N and

VFA. Means were separated with a PDIFF statement. Significance was declared when P < 0.05

and tendencies when P > 0.05 and ≤ 0.10.

Results

Forage Chemical Composition

The DM and OM concentrations of all haylages were similar (P > 0.10) (Figure 6-1).

Bahiagrass haylage tended (P ≤ 0.07) to contain less CP than the legume haylages. Among the

legumes, the CP concentration of annual peanut haylage was greater than that of pigeonpea
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haylage. Concentration of NDF was greatest (P < 0.10) in pigeonpea and bahiagrass haylages,

but pigeonpea had greater (P < 0.10) ADF concentration than the other haylages. The ADL

concentrations of cowpea and pigeonpea haylage tended (P ≤ 0.08) to be greater than that of

bahiagrass. The IVTD was greater in annual and perennial peanut haylages than bahiagrass and

pigeonpea haylages, and the lowest (P < 0.01) IVTD was in pigeonpea haylage.

Item Bahia
Annual
peanut

Perennial
peanut Cowpea Pigeonpea SEM1

DM, % 52.1 54.3 49.2 53.0 47.6 1.32

OM, % DM 96.9 95.7 95.9 93.9 95.8 0.79

CP, % DM 9.6c 18.7a 15.8ab 16.0ab 13.7bc 1.23

NDF, % DM 67.8a 39.6b 40.0b 44.1b 65.0a 2.40

ADF, % DM 32.2b 25.3bc 24.1c 29.8bc 48.6a 1.99

Lignin, % DM 6.2 11.7 7.1 14.4 14.0 2.54

IVTD, % 60.4b 73.8a 76.9a 68.6ab 38.3c 3.11

Intake and Digestibility

All supplements, except pigeonpea, increased DM and OM intakes (Table 6-2). Intake of

DM was greater in lambs fed perennial peanut haylage and intakes of OM were greater in lambs

fed perennial peanut or soybean meal than in those fed cowpea or pigeonpea haylages. Lambs

fed bahiagrass alone or soybean meal had greater NDF intakes than lambs supplemented with

annual peanut or pigeonpea haylages.

Apparent digestibility of DM was greater (P < 0.01) in sheep fed soybean meal than in

sheep fed bahiagrass haylage alone or pigeonpea. Digestibilities of DM and OM were similar in

Table 6-1. Chemical composition and in vitro true digestibility (IVTD) of haylages

1SEM values reflect the variation of samples collected daily and composited
within period (n=2).
Within a row means without a common superscript letter differ (P < 0.05).
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lambs fed bahiagrass haylage alone and those fed legume supplements, except pigeonpea which

had lower values.

Digestibility of NDF was greatest in lambs fed bahiagrass haylage, and lower in lambs

fed annual peanut haylage than in lambs supplemented with soybean meal or cowpea haylage.

Digestibility of NDF was reduced when bahiagrass was supplemented, and the reduction was

greater (P < 0.01) when annual peanut was supplemented instead of soybean meal.

Nitrogen Utilization and Blood Metabolites

Nitrogen intake was greatest (P < 0.01) in lambs fed soybean meal, followed by annual

peanut haylage, and lowest (P > 0.10) in lambs fed bahiagrass haylage alone or pigeonpea

haylage (Table 6-3). Fecal N output was greatest in lambs fed annual peanut haylage and lowest

(P < 0.01) when bahiagrass or pigeonpea haylages were fed. Urinary N excretion was similar

among dietary treatments. Retained N was greatest in lambs fed soybean meal, followed by

annual or perennial peanut and cowpea haylages, and lowest (P < 0.01) in lambs fed bahiagrass

haylage alone or pigeonpea haylage. Digestibility of N was greatest (P < 0.01) in lambs

Item Bahia SBM
Annual
peanut

Perennial
peanut Cowpea Pigeonpea SEM

Total intake, g/d

DM 644c 791ab 771ab 809a 747b 491d 20.3

OM 624c 766a 742ab 780a 713b 473d 19.5

NDF 457ab 488a 419c 447bc 437bc 340d 11.7

Digestibility, %

DM 65.2b 68.0a 65.5ab 66.7ab 67.0ab 58.7c 0.9

OM 65.1a 66.2a 65.2a 66.2a 66.4a 58.9b 1.1

NDF 70.1a 66.6b 61.8c 64.2bc 65.6b 64.1bc 1.2

Within a row means without a common superscript letter differ (P < 0.05).

Table 6-2. Intake and apparent digestibility (DM basis) of bahiagrass haylage supplemented
with or without legume haylages or soybean meal (SBM)
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Measurement Bahia SBM
Annual
peanut

Perennial
peanut Cowpea Pigeonpea SEM

Nitrogen intake, g/d 10.5d 20.6a 18.4b 16.8c 16.4c 10.1d 0.52

Fecal N output, g/d 4.2c 5.3b 6.0a 5.3ab 5.1b 3.7c 0.31

Urinary N output, g/d 4.1 6.1 5.4 5.5 5.1 3.5 0.73

Retained N, g/d 2.1c 9.2a 6.9b 5.9b 6.2b 2.8c 0.86

N digestibility, % DM basis 58.5c 73.9a 68.0b 67.6b 67.6b 61.1c 1.24

PD1 output, mmol/d 11.3ab 13.5a 11.4ab 11.4ab 10.3b 7.5c 0.89

Microbial N, g N/d 10.1ab 11.7a 9.9ab 10.4ab 9.0b 6.5c 0.87

DOM, g/d 405c 510a 482ab 518a 474b 268d 12.73

Microbial efficiency,
g microbial N/kg DOM

24.9 23.5 20.8 20.4 19.2 24.5 2.09

PUN2, mg/dL 9.7c 16.5a 12.5b 11.9bc 10.1bc 10.4bc 0.86

PGlu3, mg/dL 62.9 67.2 65.4 67.3 64.0 62.9 1.71

Table 6-3. Nitrogen balance, microbial N synthesis, apparently digested OM (DOM), and
blood metabolites of lambs fed bahiagrass haylage supplemented with warm-season
legume haylages or soybean meal (SBM)

1Urinary purine derivatives
2Plasma urea nitrogen
3Plasma glucose
Within a row means without a common superscript letter differ (P < 0.05).
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Measurement Bahia SBM
Annual
peanut

Perennial
peanut Cowpea Pigeonpea SEM

Ruminal pH 6.8ab 6.7bc 6.8a 6.8ab 6.8ab 6.7c 0.1

Ammonia N, mg/dL 4.2d 12.0a 10.3b 9.5b 7.2c 7.8c 0.5

Total VFA, mmol/L 107.7b 106.8b 125.0a 131.9a 112.9b 108.5b 4.2

Acetate, mol/100 mol 59.8a 58.6a 58.0abc 56.1c 57.0bc 59.5a 0.7

Propionate, mol/100 mol 20.4 20.4 20.4 19.7 19.5 19.7 0.5

Iso-butyrate, mol/100 mol 3.9 4.3 4.4 3.9 4.8 4.3 0.3

Butyrate, mol/100 mol 10.0b 10.3b 10.9b 12.8a 10.9b 10.2b 0.3

Iso-valerate, mol/100 mol 4.6 4.5 4.2 5.6 4.9 4.4 0.5

Valerate, mol/100 mol 2.1 2.5 3.0 2.2 2.8 2.5 0.4

Acetate: propionate 3.0 2.9 2.9 2.9 3.0 3.1 0.1

Table 6-4. Ruminal fluid pH, NH3-N and VFA concentrations of lambs fed bahiagrass haylage
supplemented with warm-season legume haylages or soybean meal (SBM)

Within a row means without a common superscript letter differ (P < 0.05).
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supplemented with soybean meal, followed by annual and perennial peanut and cowpea

haylages, and lowest (P < 0.01) in lambs fed bahiagrass haylage alone or pigeonpea haylage.

Purine derivative excretion and microbial N production were similar in lambs fed bahiagrass

haylage alone, soybean meal, and annual or perennial peanut haylages, and the lowest values

occurred in lambs fed pigeonpea haylage. Digestible OM intake was lower in lambs fed an

bahiagrass haylage alone or pigeonpea haylage than in others. The efficiency of ruminal

microbial N production and PGlu concentrations were similar among diets, but supplementation

with soybean meal or annual peanut haylage increased PUN concentration.

Ruminal Fluid pH, NH3-N and VFA

Ruminal fluid pH was slightly lower in lambs fed soybean meal or pigeonpea haylage

supplement than lambs fed annual peanut haylage. Ruminal NH3-N concentration was greatest

in lambs fed soybean meal, followed by annual and perennial peanut haylages, and lowest when

bahiagrass haylage was fed alone. Proportions of most individual VFA were not different among

dietary treatments. Total VFA concentration was greatest in ruminal fluid of lambs fed annual or

perennial peanut haylages. Molar proportion of acetate was greater in the ruminal fluid of lambs

fed bahiagrass haylage alone, soybean meal, or pigeonpea haylage than those fed perennial

peanut or cowpea haylages. The proportion of butyrate was greater in the ruminal fluid of lambs

fed perennial peanut than the other diets which had similar proportions of butyrate.

Discussion

The CP concentrations of annual and perennial peanut haylages were similar to those

reported by Johnson et al. (1979) and Staples et al. (1997) respectively, but NDF and ADF

concentrations were lower because this study involved less mature forages. No recent (>1900)

published information on the nutritive value of bahiagrass, pigeonpea or cowpea haylage was
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found, but the CP, NDF and ADF concentrations of the bahiagrass haylage in this study are

similar to those of bermudagrass silage (Dean et al., 2005).

The ranking of haylages by IVTD was similar to the ranking by apparent in vivo DM

digestibility indicating that the IVTD method for determining nutritive value is valid for these

warm-season legumes. Differences in IVTD for these haylages can be partly explained by

differences in their NDF, ADF and ADL concentrations. Apart from pigeonpea, legume

haylages had greater IVTD than bahiagrass haylage because they contained less NDF. Although

the NDF concentration of pigeonpea was similar to that of bahiagrass, pigeonpea had a lower

IVTD because it contained more ADF.

When basal grass diets of sheep are supplemented with legumes, DM intake increases

because of the faster rate of passage of legumes, which is the primary factor affecting intake in

ruminants (Bowman et al., 1991). Legumes have less structural tissue and more easily

degradable mesophyll tissue than warm-season grasses because of anatomical differences

associated with their photosynthetic pathways (Akin and Burdick, 1975; Wilson, 1994). The

absence of Kranz and girder structures in legumes and the reticulate venation of legume leaves

relative to the parallel venation of grass leaves results in lower NDF concentrations and greater

rates of particle passage in legumes (Frame, 2005). Lower dietary NDF concentrations are

correlated with greater particle size reduction through mastication and fermentation (Meissner

and Paulsmeier, 1995; Ellis et al., 2005). Supplementation with pigeonpea haylage decreased

DM, OM, and NDF intakes because its thick, woody stems would have caused greater gut fill

than stems of bahiagrass. In contrast, addition of soybean meal increased DM intakes because

the increased protein supply to ruminal microbes increased DM digestibility.
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Supplementation with legume haylages did not increase DM digestibility. Similarly,

supplementation of a ryegrass silage (Lolium perenne L.cv. Augusta) basal diet with either red

clover (Trifolium pratense L. cv. Milvus), white clover (Trifolium repens L. cv. Aran), or alfalfa

(Medicago sativa L. cv. Vertus) silages increased DM intake but not DM digestibility (Dewhurst

et al., 2003b). This was attributed to the inverse relationship between rate of passage and

digestibility (Dewhurst et al., 2003a) because the rapid rate of passage of legumes often limits

their colonization and degradation by ruminal microbes. Furthermore, the greater lignin

concentration of legumes also limits their digestibility relative to that of grasses (Wilson, 1994).

Lambs fed supplemented diets had greater ruminal NH3-N concentrations because most of

the protein in legumes and soybean meal is highly rumen degradable (Broderick, 1995). For

maximum microbial N production in the rumen, an NH3-N concentration of 5.0 mg/dL is

recommended though the limiting concentration is approximately 2.0 mg/dL (Satter and Slyter,

1974). Therefore, supplementation was necessary to achieve recommended levels for

maximizing microbial growth. Digestible OM intake is positively correlated with microbial

synthesis (Clark et al., 1992), and all supplements except pigeonpea haylage increased digestible

OM intake. Therefore, it is surprising that microbial N synthesis was not increased by such

supplements. Microbial efficiency is considered low when it falls below 20 g microbial N/kg

digestible OM intake, and high when it is greater than 35 g microbial N/kg digestible OM intake

(Dewhurst et al., 2000). Therefore, the efficiency of microbial N synthesis from the diets was

low to moderate.

The total VFA concentrations in ruminal fluid were normal but lambs fed annual and

perennial peanut haylage diets had concentrations that exceeded the normal range (100 to 120

mmol/L) in forage fed ruminants (Bergman, 1990), reflecting the high fermentability of these
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legume haylages. Molar proportions of VFA were similar to normal values in forage fed animals

(Bergman, 1990) and differences in molar proportions of acetate among diets partly reflected

their NDF concentrations.

Kenako (1989) reported the respective normal physiological ranges of PUN and PGlu in

sheep is 8 to 20 mg/dL and 50 to 80 mg/dL, respectively, and values for lambs in this study were

within these ranges. Plasma urea N concentrations were greater in lambs fed soybean meal and

annual peanut than those fed bahiagrass alone because the former diets resulted in the greatest

increase in ruminal NH3-N concentrations.

The N status of supplemented lambs was better than that of lambs fed only bahiagrass

haylage. Perennial peanut and annual peanut haylage were the best legume supplements because

they increased DM, OM, and N intakes, N digestibility, ruminal NH3-N, PUN, and N retention

relative to feeding bahiagrass haylage alone. In addition to these effects, soybean meal

supplementation resulted in the greatest N intake, digestibility, and retention and the greatest DM

digestibility, indicating that it was the best supplement. Supplementation with pigeonpea was

not beneficial because it resulted in lower intakes and digestibility of DM and OM and lower

microbial N production. Further studies should analyze the protein degradability of the legume

haylages.



101

CHAPTER 7
EFFECTS OF CREEP FEEDING OR CREEP GRAZING WARM-SEASON LEGUMES ON

THE PERFORMANCE OF BEEF CATTLE

Introduction

Bahiagrass (Paspalum notatum Flügge) is a persistent warm-season grass that is grown for

grazing and for hay production in the southeastern United States. Bahiagrass tolerates treading

and continuous, close defoliation by livestock, and is more productive than comparable warm-

season grasses when grown on sandy, acidic soils (Redfearn and Nelson, 2003). Bahiagrass

provides adequate nutrition for maintenance of beef cows from late spring to early autumn.

However, the CP concentration and energy provided by bahiagrass is inadequate for growing and

lactating cattle, especially late in the grazing season when the forage matures (Moore et al.,

1991; Johnson et al., 2001). Legumes have a symbiotic relationship with soil bacteria that fix

atmospheric N; therefore legumes have greater CP concentration than grasses. Legumes may be

utilized to provide supplementary ruminally degradable protein and fermentable energy to

growing cattle on bahiagrass pastures. Inter-seeding legumes into warm-season pastures is

problematic due to competition between grass and legume species and preferential selection of

legumes by cattle (Harrelson et al., 1994; Leep et al., 2002; Redfearn and Nelson, 2003). Creep

grazing is an alternative method of utilizing legumes in grass-based pasture systems, which

allows pre-weaned animals to consume high quality forages. Creep grazing aeschynomene

(Aeschynomene americana L.), or hairy indigo (Indigofera hirsuta L.) or perennial peanut

(Arachis glabrata Benth.) has increased the ADG of suckling calves by 0.1 to 0.2 kg/d

(Ocumpaugh and Dusi, 1981; Williams et al., 2004; Corriher et al., 2007). The effects of creep-

feeding concentrates (Tarr et al., 1994; Loy et al., 2002) and fibrous byproducts (Soto-Navarro et

al., 2004) to calves on cow and calf performance have been studied extensively, but limited

information is available on the effects of creep grazing warm-season legumes. Perennial peanut
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is grown on about 10,000 ha in Florida (Flores, 2008), and when fed as supplemental hay to a

basal bahiagrass hay diet, DM intake and N retention were increased in lambs (Chapter 4).

Cowpea (Vigna unguiculata (L.) Walp.) is a tropically-adapted, warm-season seeded legume and

the seeds are widely available. In North Florida, a herbage mass of up to 5,000 kg DM/ ha and

an in vitro true digestibility (IVTD) of 80% were reported for cowpea (Chapter 3). However, no

published studies on effects of creep grazing calves on cowpea were found and little published

information exists on effects of creep grazing perennial peanut. The aim of these experiments

was to determine the effects of creep grazing with perennial peanut (cv. Florigraze) or cowpea

(cv. Iron clay), or creep feeding a concentrate on intake and daily gains in beef cattle grazing

bahiagrass (cv. Tifton 9 or cv. Argentine) pastures in Florida.

Materials and Methods

Animals and Forages

All animal procedures were approved by the University of Florida Institutional Animal

Care and Use Committee. This experiment was conducted at the North Florida Research and

Education Center in Marianna, FL (31° N). Cows and their pre-weaned calves were

continuously stocked on either Tifton 9 (Experiment 1) or Argentine (Experiment 2) bahiagrass

pastures and calves had continuous access to no creep area or to legume or concentrate creep

areas (0.12 ha). Creep areas were separated with electrical fencing and wooden creep gates (2.4

× 1.2 m with 4, 40-cm wide openings). Minerals and water were provided ad libitum close to a

shaded area within the paddock that was situated near the creep gate to encourage the calves to

enter the creep area. The mineral and vitamin premix (Purina Wind & Rain All Season 12, St.

Louis, MO) contained on average 13% Ca, 12% P, 3% NaCl, 1% Mg, 1% K, 7.4% Zn, 4.2% Mn,

2.2% Cu, 0.1% Co, 0.2% I, 54 ppm Se, 110,000 IU/kg Vitamin A, 33,000 IU/kg Vitamin D, and

330 IU/kg Vitamin E.
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Experiment 1

Twelve Brangus cow-calf pairs were stratified by weight and age and assigned randomly to

six treatment paddocks (1.2 ha each) containing established stands of Tifton 9 bahiagrass with no

creep area (control) or with cowpea or perennial peanut creep grazing areas (0.12 ha each).

Cows weighed 559 ± 98 kg and calves weighed 152 ± 32 kg at the beginning of the experiment.

Paddocks were assigned randomly to 2 blocks that differed in soil type such that each block

contained 3 paddocks. Soil on the experimental site was predominately Chipola loamy sand

(loamy, kaolinitic, thermic, Arenic Kanhapludults) and Orangeburg loamy sand (fine-loamy,

kaolinitic, thermic, Typic Kandiudults). Perennial peanut was sprig-planted into creep grazing

areas 2 yr prior to commencing the experiment. The cowpea creep grazing area was prepared by

applying 2.8 L/ha of Pendimax (Pendamethalin, Dow AgroSciences, Indianapolis, IN) and 0.11

L/ha of Pursuit (Imazethapyr, BASF Chemical Company, Florham Park, NJ) and disking.

Fertilizer was applied and plowed into the soil at a rate of 310 kg/ha (7-18-29 ratio of

N:P2O5:K2O). Cowpea seeds were inoculated with Bradyrhizobium spp. (Becker Underwood,

Inc., Royal Peat, Ames, IA) and drilled at 56 kg/ha and 15-cm row spacing on May 18, 2007. To

prepare bahiagrass pastures for grazing, 115 kg/ha of fertilizer (34-22-22 ratio of N:P2O5:K2O)

was applied and they were mowed to a 20-cm stubble height. Two cow-calf pairs grazed each

paddock from June 29, 2007, until the cowpea was completely consumed 12 wk later. During

wk 6, 7, 10, and 12, digital video cameras were used to record entry of calves into creep areas

from 0600 to 0900. There was no recording in the evening due to rainfall and early onset of

darkness.

Experiment 2

Twelve Brangus cow-calf pairs were stratified by weight and age and assigned randomly to

six treatment paddocks (1.3 ha each) containing established stands of Argentine bahiagrass with
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no creep area (control) or a creep area (0.21 ha) containing either cowpea or a concentrate creep

feed. Cows weighed 559 ± 98 kg and calves weighed 152 ± 32 kg at the beginning of the

experiment. Paddocks were assigned randomly to 2 blocks that differed in soil type such that

each block contained 3 paddocks. Soil on the experimental site was predominately Greenville

fine sandy loam (clayey, kaolinitic, thermic Rhodic Kandiudults) and Orangeburg loamy sand

(fine-loamy, kaolinitic, thermic, Typic Kandiudults) and blocks were arranged accordingly.

Cowpea was established as in Experiment 1. To prepare bahiagrass pastures for grazing 196

kg/ha fertilizer (20-0-10 ratio of N:P2O5:K2O) was applied to pastures in the spring and they

were mowed to a 20-cm stubble height. The concentrate was pelleted and it contained a mixture

of corn and cottonseed meal. The chemical composition was: 91.0 ± 1.0% DM, 97.5 ± 0.2%

OM, 11.2 ± 0.1% CP, 16.9 ± 1.3% NDF, and 87.8 ± 1.0% IVTD (DM basis). Two cow-calf

pairs grazed each paddock as in Experiment 1 and entry of calves into creep areas was also

recorded. Both experiments occurred concurrently, and calves were weaned at the end of the

trial.

Sample Collection

Monthly rainfall and temperature data were recorded via the Florida Automated Weather

Network located on site (FAWN, 2008). Rainfall and temperature averages over 30 yr for

Marianna, FL, were obtained from the Florida Climate Center (FCC, 2008). To calibrate the

double sampling equation for predicting bahiagrass herbage mass from disk height (Bransby et

al., 1977), herbage within 0.2-m2 quadrats was harvested to a 5-cm stubble height from about 20

locations in each paddock at which disk height was also measured at wk 0, 4, 8, and 12. At wk

2, 6, and 10 disk height measurements were taken and the double sampling equation utilized to

estimate herbage mass of bahiagrass. Herbage mass of legumes in creep areas was measured by

harvesting 3 representative samples within 0.2-m2 quadrats to a 5-cm stubble height at 2-wk
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intervals. Representative hand-plucked samples of each forage were taken for nutritive value

analysis by sampling at several points along a W transect in paddocks or creep areas every 2 wk.

Bahiagrass samples included the top 5 cm and perennial peanut and cowpea samples included the

top 3 cm and 6 cm, respectively. The creep concentrate was sampled from both feeders at the

start of the trial and every 2 wk thereafter. To determine leaf-to-stem ratio and weed

contamination within creep- grazing areas, several additional representative samples were

harvested to a 5-cm stubble height from 0.2-m2 quadrats at wk 4, 8 and 12. Leaves were

separated from the stem at the node within 2 h of sampling.

Cow and calf BW were measured at the start of the experiments and every 4 wk following

at 0800. Calf 205-d Beef Improvement Federation (BIF) adjusted weaning weights were

calculated (Beef Improvement Federation, 2006). At each weighing, BCS (1-9 scale) was

determined by the same experienced observer and blood samples were taken from each cow and

calf via jugular puncture. A Vacutainer tube (BD, Franklin Lakes, NJ) containing sodium

heparin was used to collect 10 mL of whole blood and the tubes were stored on ice. The blood

was centrifuged at 1920 × g for 20 min at 4oC to separate the plasma, which was stored at -20oC

until analyzed.

Chemical Analyses

All forage samples were weighed and dried at 65oC for 48-h in a forced air oven to

determine herbage DM yield. Dried samples were ground to pass through a 1-mm screen in a

Wiley mill (Arthur H. Thomas Company, Philadelphia, PA) and analyzed for residual DM by

oven drying at 105oC overnight, and for ash by combustion in a muffle furnace at 600oC

overnight. Total N was determined by rapid combustion using a macro elemental N analyzer

(Elementar, vario MAX CN , Elementar Americas, Mount Laurel, NJ) and used to compute CP

(CP = N × 6.25). Neutral detergent fiber concentration was measured using the method of Van



106

Soest et al. (1991) in an ANKOM 200 Fiber Analyzer (ANKOM Technologies, Macedon, NY).

Amylase was used for NDF analysis and the results were expressed on a DM basis. An

adaptation (ANKOM, 2005a) of the Van Soest et al. (1966) method for an ANKOM DaisyII

Incubator (ANKOM Technology, Macedon, NY) and an ANKOM 200 Fiber Analyzer was used

to determine IVTD. Plasma glucose (PGlu) and urea N (PUN) concentrations were measured

using adaptations for a Technicon Autoanalyzer II (Bran-Luebbe, Elinsford, NY) and methods of

Gochman and Schmidz (1972) and Coulombe and Favreau (1963), respectively.

Statistical Analyses

Both experiments had randomized complete block designs with 2 blocks and 1 replicate of

each treatment within each block. The MIXED procedure of SAS (SAS Inst. Inc., Cary, NC)

was used for data analyses. The model used to analyze herbage mass, legume leaf-to-stem ratio

and chemical composition of forage samples included forage species, wk, block (random

variable), and the interactions. The model used to analyze cow and calf blood metabolites and

cow BCS included wk, treatment, block (random variable), and the interactions. The respective

initial measurements were used as covariates. Polynomial contrasts for linear and quadratic

effects were used to analyze trends over time. The model used to analyze the other animal

production responses included treatment and block (random variable). Covariate adjustments for

calf birth weight, calf age and cow age were used for calf initial BW. Covariate adjustments for

calf birth weight, calf age, calf initial body weight and cow age were used for calf final BW and

cow and calf ADG. Significant treatment effects were separated with a PDIFF statement.

Significance was declared at P < 0.05 and tendencies at P > 0.05 and ≤ 0.10.

Results

Monthly averages of the daily high and low average temperatures during the experiment

were not different from 30-yr averages except that May was warmer (Figure 7-1). The amount
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of rainfall during the experiment varied between mo and was sufficiently below the 30-yr

averages to have limited forage growth (Figure 7-2; Williams and Hammond, 1999).

Experiment 1

Pasture Herbage Mass and Nutritive Value

The mean herbage mass of the 3 forage species were similar (P = 0.11; 1,920 ± 152, 1,570

± 142, and 2,200 ± 83 kg DM/ha for cowpea, perennial peanut, and bahiagrass, respectively),

though that of cowpea was greater (P < 0.01) than the others at wk 2 and 4 (Figure 7-3).

Herbage mass of Tifton 9 bahiagrass pasture increased quadratically from approximately 1,100

Figure 7-1. Monthly average temperature (°C) in 2007 and 30-yr average in Marianna, FL

Figure 7-2. Monthly average rainfall (cm) in 2007 and 30-yr average in Marianna, FL
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kg DM/ha in the early summer to a peak of 2,700 kg DM/ha at wk 8. Herbage mass of perennial

peanut decreased linearly from 2,000 to 650 kg DM/ha through the grazing period, whereas that

of cowpea increased (P < 0.06) to a peak of 3,700 kg DM/ha at wk 4 and then declined to 300 kg

DM/ha at wk 12. There was slight (14% DM basis) weed contamination of cowpea creep areas

at 8 wk but by wk 12, all the cowpea and weeds had been consumed. Perennial peanut creep

areas contained about 22% (DM basis) weed contamination throughout the grazing trial.

The leaf-to-stem ratio of cowpea remained unchanged throughout the grazing period,

whereas that of perennial peanut decreased linearly (Figure 7-4). At wk 4, the leaf-to-stem ratio

of perennial peanut was greater than that of cowpea, but at wk 12 that of cowpea was greater.

The NDF concentration of bahiagrass increased quadratically, but that of cowpea declined

linearly, whereas that of perennial peanut did not change through the grazing period (Figure 7-5).

The NDF concentrations of cowpea and perennial peanut were less than that of bahiagrass

Figure 7-3. Changes in herbage mass of Tifton 9 bahiagrass pastures and cowpea and
perennial peanut creep areas during the grazing period

SEM = 375; Species (P > 0.11); Week × species (P < 0.001)
1Linear (L); quadratic (Q) polynomial contrasts for week of grazing effects, ***(P <
0.001); *(P > 0.05); †(P < 0.10)
Means at each week without a common superscript letter differ (P < 0.05).
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throughout the grazing period, and they were generally similar except at wk 8 and 12 when

cowpea had lower concentrations. The CP concentration of bahiagrass and cowpea decreased

linearly during the experiment, but that of perennial peanut increased linearly from 13 to 17% of

DM. Throughout the experiment, cowpea contained more (P < 0.01) CP than perennial peanut,

and perennial peanut contained more CP than bahiagrass from wk 2 to 12. The IVTD of

bahiagrass pastures declined linearly through the grazing period but those of cowpea and

perennial peanut fluctuated. The IVTD of cowpea and perennial peanut were similar and they

were greater than that of bahiagrass.

Animal Performance

Calf BW was similar among treatments (Figure 7-6). Creep grazing perennial peanut

increased calf 205-d BIF-adjusted weaning weight whereas creep grazing cowpea tended (P =

0.09) to increase calf ADG (Table 7-1). Cows in the cowpea treatment had greater (P < 0.01)

SEM = 0.15; Species (P < 0.005); Week × species (P < 0.001)
1Linear (L) polynomial contrast for week of grazing effects, ***(P < 0.001)
Means at each week without a common superscript letter differ (P < 0.05).

Figure 7-4. Changes in leaf-to-stem ratio of cowpea and perennial peanut during the
grazing period
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Figure 7-5. Changes in NDF and CP concentrations (DM basis) and in vitro true digestibility
(IVTD) of Tifton 9 bahiagrass pasture and cowpea and perennial peanut creep areas
during the grazing period

a) NDF, %; SEM = 1.6; Week (P < 0.001); Species (P < 0.001); Week × species (P < 0.001)
b) CP, %; SEM = 1.6; Week (P < 0.004); Species (P < 0.001); Week × species (P < 0.001)
c) IVTD, %; SEM = 7.9; Week (P > 0.63); Species (P < 0.02); Week × species (P > 0.83)
1Linear (L); quadratic (Q) polynomial contrasts for week of grazing effects, ***(P < 0.001);
**(P < 0.01); *(P < 0.05)
Means at each week without a common superscript letter differ (P < 0.05).
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Item
No

creep
Peanut
creep

Cowpea
creep SEM1 P-value

Calf age, d 105 122 118 8.5 0.36

Initial calf BW, kg 155 152 147 4.5 0.51

Weaned calf BW, kg 247 247 264 7.5 0.17

205-d BIF2- adj. wt., kg 267b 319a 278ab 19.4 0.05

Calf 83-d ADG, kg 1.15 1.15 1.36 0.08 0.09

Cow 83-d ADG, kg 0.27 0.20 0.39 0.10 0.47

Cow BCS 5.4b 5.4b 5.8a 0.11 <0.01

Calf PUN3, mg/dL 7.4b 9.8ab 11.1a 0.96 0.05

Cow PUN, mg/dL 5.8 7.0 7.5 1.24 0.35

Calf PGlu4, mg/dL 72.4b 75.3b 86.1a 2.56 <0.01

Cow PGlu, mg/dL 78.0a 60.5b 76.2a 4.94 <0.01

1SEM represents variation of four cow-calf pairs for each treatment.
2Beef Improvement Federation (BIF), adjusted weaning weight
3Plasma urea nitrogen (PUN)
4Plasma glucose (PGlu)
Within a row means without a common superscript letter differ (P < 0.05).

Figure 7-6. Body weight of calves grazed on Tifton 9 bahiagrass pastures with or without
cowpea or perennial peanut creep areas

SEM = 6.6; Week (P < 0.001); Species (P > 0.67); Week × species (P > 0.53)
1Linear (L); quadratic (Q) polynomial contrasts for week of grazing effects, ***(P < 0.001);
**(P < 0.01); *(P < 0.05)

Table 7-1. The performance of cows and calves grazed on Tifton 9 bahiagrass pastures with or
without cowpea or perennial peanut creep areas
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BCS than other cows. Creep grazing cowpea increased calf PUN concentrations at wk 8 (Figure

therefore increased mean calf PUN concentration, but creep grazing perennial peanut had no

similar effects. Cow PUN was not affected by treatment. Calf PGlu concentration was greatest

in calves creep grazing cowpea from wk 4 to 8, and those creep grazing perennial peanut only

had greater concentrations than control calves at wk 12 (Figure 7-8). Consequently, only calves

in the cowpea treatment had greater mean PGlu concentration than control calves. The PGlu

concentrations of cows in control or perennial peanut treatments decreased during the grazing

period but those of cows in the cowpea treatment did not. Cows in the perennial peanut

treatment had lower mean PGlu concentration than the others.

Experiment 2

Pasture Herbage Mass and Nutritive Value

The mean herbage mass of bahiagrass and cowpea was similar (P = 0.13; 1,150 ± 216 kg

and 2,290 ± 236 and DM/ha, respectively), though that of cowpea was greater than that of

bahiagrass from wk 0 to 10 (Figure 7-9). Argentine bahiagrass herbage mass increased linearly

from approximately 1,000 kg DM/ha in the early summer to a peak of 1,400 kg DM/ha at wk 8.

Cowpea herbage mass increased from 1,920 kg DM/ha to a peak of 5,034 kg DM/ha at wk 4, and

then it declined to 293 kg DM/ha at wk 12. Slight (7% DM) weed contamination was present in

the cowpea creep area at 8 wk but by wk 12, all the cowpea and weeds had been consumed.

Leaf-to-stem ratio of cowpea increased from 0.9 to 1.3 between wk 4 and 8, and then

decreased to 0.7 (Figure 7-10). The NDF concentration of Argentine bahiagrass increased

linearly through the grazing period, whereas that of cowpea was relatively unchanged (Figure 7-

11). The CP concentrations of bahiagrass and cowpea decreased linearly during the grazing

greater than that of bahiagrass. The IVTD of both bahiagrass and cowpea decreased linearly
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a) Calf PUN; SEM = 1.5; Week (P < 0.65); Species (P < 0.05); Week × species (P < 0.38)
b) Cow PUN; SEM =1.9; Week (P < 0. 25); Species (P < 0.36); Week × species (P > 0.89)
Means at each week without a common superscript letter differ (P < 0.05).

Figure 7-7. Plasma urea nitrogen (PUN; mg/dL) concentration in cows and calves grazed on
Tifton 9 bahiagrass pastures with or without cowpea or perennial peanut creep
areas
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Figure 7-8. Plasma glucose (PGlu; mg/dL) concentration in cows and calves grazed on Tifton
9 bahiagrass pastures with or without cowpea or perennial peanut creep areas

a) Calf PGlu; SEM = 3.7; Week (P < 0.001); Species (P < 0.003); Week × species (P < 0.01)
b) Cow PGlu; SEM = 6.8; Week (P < 0.002); Species (P < 0.002); Week × species (P > 0.09)
1Linear (L); quadratic (Q) polynomial contrast for week of grazing effects, ***(P < 0.001);
**(P < 0.01); *(P < 0.05)
Means at each week without a common superscript letter differ (P < 0.05).
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Figure 7-9. Changes in herbage mass of Argentine bahiagrass pastures and cowpea creep
areas during the grazing period

SEM = 458; Species (P > 0.13); Week × species (P < 0.001)
1Linear (L) contrast for week of grazing effects, **(P < 0.01)
Means at each week without a common superscript letter differ (P < 0.05).

Figure 7-10. Changes in leaf-to-stem ratio of cowpea during the grazing
period

SEM = 0.19; Week (P > 0.02)
1Quadratic (Q) polynomial contrast for week of grazing effects, **(P < 0.01)
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Figure 7-11. Changes in NDF and CP concentrations (DM basis) and in vitro true
digestibility (IVTD) of Argentine bahiagrass pasture and cowpea creep areas
during the grazing period

a) NDF, %; SEM = 2.5; Week (P < 0.07); Species (P < 0.04); Week × species (P < 0.18)
b) CP, %; SEM = 1.4; Week (P < 0.001); Species (P < 0.02); Week × species (P < 0.70)
c) IVTD, %; SEM = 3.7; Week (P < 0.003); Species (P < 0.02); Week × species (P > 0.74)
1Linear (L); quadratic (Q) polynomial contrasts for week of grazing effects, ***(P < 0.001);
*(P < 0.05)
Means at each week without a common superscript letter differ (P < 0.05).
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period. The NDF concentration of cowpea was consistently less while the CP concentration was

through the grazing period, and that of cowpea (mean = 83%, DM basis) was greater than that of

bahiagrass (mean = 58%, DM basis). The CP and NDF concentrations of the concentrate were

less than that of cowpea, but the IVTD was comparable.

Animal Performance

Compared to control calves, creep-fed calves had greater BW from wk 4 to 12, whereas

creep-grazed calves had greater BW from wk 8 to 12 (Figure 7-12). Consequently, creep grazing

and feeding tended (P = 0.10) to increase weaned calf BW and calf ADG but did not affect cow

performance measures (Table 7-2). Creep-grazed calves had greater PUN concentration than

creep-fed calves from wk 4 to 8, and the latter had lower concentrations than control calves at wk

4 (Figure 7-13). Consequently, creep-fed calves had lower mean PUN concentrations than other

calves. In contrast, creep-grazed cows had the lowest mean PUN concentrations. Cow and calf

PGlu concentrations decreased through the grazing period (Figure 7-14), but creep-fed calves

had greater concentrations than control calves at wk 12. Control cows had greater mean PGlu

concentrations than other cows due to greater concentrations from wk 8 to 12.

Discussion

Forage Production and Nutritive Value

The bahiagrass herbage mass in both experiments is consistent with that from bahiagrass

pastures with similar fixed stocking rates during summer months in the southeastern United

States (Williams and Hammond, 1999; Williams et al., 2002), and the reduced growth in the

spring is due to lower rainfall early in the season (Gates et al., 1999). The maximum herbage

production of cowpea is consistent with those from trials in similar dry conditions (Minson et al.,

1993; Muir, 2002) and the herbage mass of perennial peanut was consistent with that from a
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Item
No

creep
Concentrate

creep
Cowpea

creep SEM1 P-value

Calf age, d 117 124 107 6.3 0.20

Initial calf BW, kg 169 143 137 17.2 0.20

Weaned calf BW, kg 240 266 254 6.5 0.10

205-d BIF2, adj. wt., kg 278 289 288 13.6 0.80

Calf 83-d ADG, kg 1.09 1.40 1.26 0.08 0.10

Cow 83-d ADG, kg 0.65 0.74 0.58 0.14 0.80

Cow BCS 5.7 5.6 5.8 0.09 0.17

Calf PUN3, mg/dL 13.1a 10.1b 13.4a 1.37 0.01

Cow PUN, mg/dL 14.6a 16.1a 10.5b 1.06 <0.01

Calf PGlu4, mg/dL 76.8 85.1 82.2 3.58 0.24

Cow PGlu, mg/dL 67.5a 57.9b 57.8b 2.28 <0.01

Table 7-2. The performance of cows and calves grazing Argentine bahiagrass pastures with
or without a creep feed or a cowpea creep grazing area

Figure 7-12. Body weight of calves grazed on Argentine bahiagrass pastures with or without
cowpea or concentrate creep areas

SEM = 15.0; Week (P < 0.001); Species (P < 0.01); Week × species (P > 0.97)
1Linear (L) polynomial contrast for week of grazing effects, ***(P < 0.001)
Means at each week without a common superscript letter differ (P < 0.05).

1SEM represents variation of four cow-calf pairs for each treatment.
2 Beef Improvement Federation (BIF), adjusted weaning weight
3Plasma urea nitrogen (PUN)
4Plasma glucose (PGlu)
Within a row means without a common superscript letter differ (P < 0.05).
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a) Calf PUN; SEM = 1.8; Week (P < 0.01); Species (P < 0.01); Week × species (P < 0.76)
b) Cow PUN; SEM = 2.1; Week (P > 0.63); Species (P < 0.006); Week × species (P > 0.98)
Means at each week without a common superscript letter differ (P < 0.05).
1Linear (L); quadratic (Q) polynomial contrasts for week of grazing effects, ***(P < 0.001);
**(P < 0.01); *(P < 0.05); †(P < 0.09)

Figure 7-13. Plasma urea nitrogen (PUN; mg/dL) concentration in calves and cows grazed on
Argentine bahiagrass pastures with or without cowpea or concentrate creep areas
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previous perennial peanut study, which contained similar weed contamination and grazing

pressure (Hernández Garay et al., 2004).

a) Calf PGlu; SEM = 6.8; Week (P < 0.001); Species (P < 0.24); Week × species (P < 0.50)
b) Cow PGlu; SEM = 3.8; Week (P < 0.001); Species (P < 0.006); Week × species (P > 0.60)
Means at each week without a common superscript letter differ (P < 0.05).
1Linear (L); quadratic (Q) polynomial contrasts for week of grazing effects, ***(P < 0.001);
**(P < 0.01); *(P < 0.05)

Figure 7-14. Plasma glucose (PGlu; mg/dL) concentration in calves and cows grazed on
Argentine bahiagrass pastures with or without cowpea or concentrate creep areas
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Unlike perennial peanut, cowpea had greater herbage mass than bahiagrass until at least wk

4 in both experiments. The sharp decline in cowpea herbage mass from wk 4 to 12 was due to

grazing pressure by calves. In addition, trampling may be implicated because climbing warm-

season legumes are susceptible to effects of treading by grazing livestock (Pott and Humphreys,

1983). In contrast, the herbage mass of perennial peanut remained unchanged until wk 10,

indicating that perennial peanut is more tolerant of grazing than cowpea.

The increase in CP concentration of perennial peanut with time in Experiment 1 is

consistent with a previous report that attributed this response to frequent defoliation (Romero et

al., 1987), which allows new growth with a higher CP concentration than existing growth. The

greater CP concentration of cowpea versus perennial peanut is explained by the greater total leaf

mass (mean = 1,400 ± 250 versus 900 ± 76 kg DM/ha, respectively) and greater leaf-to-stem

ratio of cowpea from wk 0 to 4. The concentrations of NDF and IVTD of perennial peanut were

not changed as the leaf-to-stem ratio declined. This is likely due to the different harvest

techniques used for obtaining the respective samples. Leaf-to-stem ratio ratio was determined on

samples cut at a 5-cm stubble height whereas nutritive value was estimated on samples taken

from the top of the canopy. Bahiagrass IVTD decreased during the growing season due to

increasing NDF concentration. The higher IVTD and CP concentration and lower NDF

concentration of the legumes versus bahiagrass justifies the use of the legumes as supplements.

The main weeds in both creep areas were grasses such as common bermudagrass (Cynodon

dactylon L.) and encroaching bahiagrass. Weed contamination in the cowpea creep area only

occurred at wk 8 in both experiments because the full canopy limited light penetration to the soil

in earlier weeks, and by wk 12, weeds had been completely consumed with the cowpea. The
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perennial peanut creep area contained more weeds because it had a lesser cover and a less

vigorous growth rate.

Animal Performance

Ambient temperature increased by 8.2 ± 1.2°C from 0600 to 1000 (24.6 ± 1.3°C at 0600 to

32.8 ± 1.7°C at 1000) during wk 6 through 12 when calf entry to creep areas was monitored.

Consequently, all cattle remained in the shade from 0930 until the evening when temperatures

cooled. Calves spent approximately 72 ± 24 min grazing perennial peanut, 55 ± 26 min grazing

cowpea, and 21 ± 12 min consuming concentrate between 0600 and 0930. Cattle have been

shown to graze in a diurnal pattern (Van Soest, 1994) especially in hot, humid environments

(Erlinger et al., 1990) but evening grazing activity could not be recorded due to reasons outlined

previously. It was not surprising that calves spent more time grazing perennial peanut than

cowpea. The bite mass of cattle decreases with decreasing forage height (Hobbs, 1999), and

grazing time increases with decreasing forage height (Forbes and Hodgson, 1985). Perennial

peanut has a lower canopy height than cowpea, so calves had to graze longer to consume the

same mass of forage.

Creep feeding the concentrate tended to increase calf ADG by 0.31 kg and creep grazing

cowpea tended to increase ADG by 0.21 and 0.23 in experiments 1 and 2, respectively.

Supplementation with concentrate creep feeds (Tarr et al., 1994; Prichard et al., 1989; Loy et al.,

2002) or creep-grazed high-quality forages (Ocumpaugh and Dusi, 1981; Bagley et al., 1997;

Corriher et al., 2007) often increases ADG due to increased energy and protein supply. Such

supplements are most beneficial after the third mo of lactation when cow milk production has

less influence on calf gains (Neville, 1962; Robinson et al., 1978). Therefore, providing diets

with greater ME than the basal pasture after calves are 3-mo old increases ME intake.

Metabolizable energy intake determines growth rate (Reynolds, 1995; Reynolds et al., 2003) and
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the greater PGlu concentrations in calves with creep access to concentrate or cowpea at the end

of the respective experiments indicates that these supplements increased ME intake.

It could be postulated that the ADG of calves was not significantly increased by creep

grazing or feeding because the nutrition provided by the dam’s milk was adequate for calf

growth. However, because some treatments increased calf energy and N status and tended to

increase their ADG, a more plausible explanation is that inadequate replication prevented greater

detection of significant treatment effects. Therefore, these experiments should be repeated in

another yr to verify treatment effects.

The reduction in PGlu concentration of calves with time was due to development and

increasing function of the rumen (Lambert et al., 1955; McCarthy and Kesler, 1956). This

reduction was less drastic when calves consumed cowpea in Experiment 1 or concentrate in

Experiment 2, because these supplements increased the energy status of the calves.

Concentrations of PUN in growing animals should range from 11 to 15 mg/dL to ensure

maximum rates of gain (Byers and Moxon, 1980). Calves supplemented with cowpea in both

experiments and control calves in Experiment 2 had sufficient PUN concentration for maximum

growth, but the others did not. Therefore, cowpea was the only supplement that provided

sufficient PUN for maximum growth and this led to the tendency for greater ADG in calves

creep-grazed on cowpea in both experiments. The blood metabolite concentrations of calves

indicate that cowpea was superior to perennial peanut at improving the energy and N status of

calves, but it was only superior to the concentrate at improving their N status. These responses

are partly due to the greater CP concentration of cowpea as well as the fact that perennial peanut

is not preferentially grazed when grasses are present until late in the grazing season (Harrelson et

al., 1994).
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In most cases, cow PGlu concentration declined through the grazing season because the

IVTD of the bahiagrass decreased indicating decreased energy supply from pastures. In contrast,

cows in the cowpea treatment in Experiment 1 maintained their PGlu concentrations because

cowpea IVTD values did not decrease appreciably during the experiment. Reasons why this did

not occur in Experiment 2, or why cow plasma metabolite concentrations differed with treatment

are not clear.

Creep feeding the concentrate and creep grazing cowpea tended to increase calf ADG and

tended to increase their weaning weights in Experiment 2. However, cowpea was the only

treatment that increased the N status of calves in both experiments and increased or maintained

their mean PGlu concentrations. Therefore, cowpea is a promising supplement for increasing the

weaning weight of calves, which is the main source of income in cow-calf operations (Prichard

et al., 1989). Creep grazing calves on cowpea may also prove to be more economical than creep

feeding concentrates because escalating fuel costs continue to increase the price of concentrates.

Cowpea should be utilized in calves that are at least 3-mo-old as a short-term grazing supplement

because cowpea may not persist under continuous stocking for long periods. Future research

should focus on the effects of creep grazing cowpea on milk production, intake of creep forage

and milk by the calf, and potential benefits of using creep feeding to reduce stress in cows and

calves at weaning.
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CHAPTER 8
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The overall objective of this series of experiments was to determine the effects of using

easily established seeded, warm-season legumes that will grow in Florida to enhance the growth

of sheep and beef calves fed basal bahiagrass (Paspalum notatum Flügge). The herbage mass

production and nutritive value of cowpea (Vigna unguiculata (L.) Walp. cv. Iron clay),

pigeonpea (Cajanus cajan (L.) Millsp. cv. Georgia two), and soybean (Glycine max (L.) Merr.

cv. Pioneer 97B52) were initially monitored in agronomic experiments. Afterwards,

fermentation characteristics, nutritive value, and aerobic stability were measured in haylages

made from these legumes and annual (Arachis hypogaea L. cv. Florida MDR 98) and perennial

peanut (Arachis glabrata Benth. cv. Florigraze). Subsequently, the effects of supplementing

hays and haylages made from these legumes to bahiagrass hay or haylage in lamb diets were

examined in metabolism trials. Finally, effects of creep grazing cowpea or perennial peanut or

creep feeding a concentrate on the growth and blood metabolites of calves was monitored. The

following is a summary of the main results associated with each of the legumes:

As in the other legume silages, considerable proteolysis occurred when perennial peanut

was fermented and some butyric acid was formed. Nevertheless, the haylage was aerobically

stable and ensiling only moderately affected the nutritive value. Perennial peanut hay or haylage

supplementation increased intake and digestibility of DM, OM and N, and N retention in lambs.

When supplemented as hay, NDF intake, microbial N production, plasma urea N (PUN) and

plasma glucose (PGlu) concentrations were also improved. Interest in storing perennial peanut

as haylage may increase because seasonal rains in Florida hinder storage of hay during summer

months. Although perennial peanut persisted in creep grazing areas, it did not improve the



126

performance of calves when it was grazed. Other studies indicate that it does not tolerate

continuous, close, grazing year-after-year (Ortega-S. et al., 1992).

The initial establishment cost of perennial peanut is greater than those of the seeded warm-

season legumes utilized in this series of experiments (Table 8-1). However, the annual

maintenance cost is less than those of most of the annual legumes and it produces greater

herbage mass. Therefore, the net present value over a 20-yr period is greater than that of

cowpea, pigeonpea, or soybean (Table 8-2). Although perennial peanut is less susceptible to

pests, more persistent, and more economical to produce in the long term than the seeded warm-

season legumes (Table 8-3), the expense and protracted establishment of perennial peanut make

seeded warm-season legumes a more desirable option for some producers.

Ensiling annual peanut resulted in considerable proteolysis and some butyric acid

production, but had minimal effects on nutritive value. When supplemented as hay, annual

peanut increased intake and digestibility of DM, OM and N, N retention, microbial N production,

and PUN of lambs. Annual peanut haylage supplementation had similar effects and produced

greater improvements than perennial peanut haylage for most of these performance measures,

indicating that annual peanut may have more promise as a supplement when ensiled versus when

stored as hay.

The initial establishment cost and susceptibility to pests of annual peanut is comparable to

that of cowpea and soybean (Table 8-1; 8-2). Annual peanut has similar forage quality to

perennial peanut (Table 8-2), but it has a lower net present value and it is more susceptible to

pests (Table 8-3). Currently, no fungicides are labeled for use on annual peanut produced for

livestock feed. This situation may need to be rectified to allow livestock producers to exploit the

promise of this forage.
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Forage

Seed or
sprig

cost, $

Seed or
sprig

rate/ ha

Initial
establishment

cost1, $/ha

Annual
maintenance
cost2, $/ha

Herbage
mass, kg
DM/yr

No. of
bales3

ha-1 yr-1

Cost of
hay

baling4, $
ha-1 yr-1

Cost of
haylage
baling5, $
ha-1 yr-1

Perennial
peanut

3.00/bu 198 bu 1,720 530 10,000 70 980 770

Annual
peanut

1.21/kg 20 kg 640 530 8,000 57 798 627

Cowpea 1.94/ kg 56 kg 740 660 5,000 36 504 396
Pigeonpea 4.41/kg 56 kg 900 820 8,800 63 882 693
Soybean 1.94/kg 56 kg 740 660 8,400 60 840 660

Table 8-1. Costs of producing perennial peanut (cv. Florigraze), annual peanut (cv. Florida MDR 98), cowpea (cv.
Iron clay), pigeonpea (cv. Georgia two), and soybean (cv. Pioneer 97B52) forage, hay, or haylage
production in 2006

1Includes seed, fertilizer (330 kg/ha 0-20-40 ratio of N:P2O5:K2O), 1,800 kg/ha lime, herbicide, machinery, labor,
and estimated interest on monetary investment
2Includes seed for cowpea, pigeonpea and soybean, fertilizer (330 kg/ha 0-20-40 ratio of N:P2O5:K2O), herbicide,
machinery, labor, and estimated interest on monetary investment, but not lime because it should be required every 2
to 3 yr
3Estimated from small (140 kg) round bales utilized
4Estimated from $14.00 charge per bale for twine, machinery, and labor
5Estimated from $11.00 charge per bale for twine, plastic wrap, machinery, and labor
Equations from Hewitt, 2006 and Prevatt, 2008
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Forage
Hay production net
present value1, $/ha

Haylage production net
present value1, $/ha

Perennial peanut 9,320 11,490
Annual peanut 8,230 10,170
Cowpea 1,440 2,660
Pigeonpea 6,660 8,800
Soybean 7,690 9,730

When pigeonpea, cowpea, and soybean were tested for herbage mass production and

nutritive value in agronomic plots, pigeonpea produced the greatest herbage mass, and soybean

produced greater herbage mass than cowpea. However, soybean and cowpea had similar

nutritive values that were greater than that of pigeonpea. The high yield potential and nutritive

value of soybean indicate that it can be used to produce relatively large quantities of quality

forage. When supplemented as hay, soybean improved DM, OM, NDF, and N intakes as well as

N digestibility and retention of lambs. Soybean haylage was not evaluated because it was not

successfully established in the yr the haylage experiments were conducted.  Although soybean

 
is more expensive to produce than perennial or annual peanut in the second and subsequent years

 
(Table 8-1; 8-2), it is more economical to produce than the other seeded warm-season legumes.

 
The cultivar utilized in this series of experiments is resistant to many pests (Table 8-3) and

 
glycophosphate which simplifies management of this forage.

Table 8-2. Net present value summary for perennial peanut (cv. Florigraze), annual
peanut (cv. Florida MDR 98), cowpea (cv. Iron clay), pigeonpea (cv. Georgia
two), and soybean (cv. Pioneer 97B52) forage, hay, or haylage production
over a 20-yr horizon

1Expenses included 7% interest rate and $80 liming (1,800 kg/ha) in alternate years;
profit included $37 value of 140 kg round bale
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Forage
Seed or sprig
availability

Inoculation
required Forage quality Pest issues

Persistence
, yr

Perennial
peanut

Locally No High Only known pest is peanut stunt virus 20+

Annual
peanut

Locally Yes High Susceptible to: early leaf spot, spidermites

Resistant to: late leafspot
Relatively more resistance than other cultivars to: stem
rot, rust, root knot nematode

5+

Cowpea Widespread Yes Moderate if
harvested, high
if grazed

Susceptible to: powdery mildew, anthracnose, fusarium
wilt, aphids, leafminers, soybean loopers,

Resistant to: root-knot nematode

1

Pigeonpea Limited Yes Low Susceptible to: fusarium wilt, soybean loopers, 1

Soybean Widely
available in
the
Southeastern
United
States

Yes Moderate Susceptible to: phytophthora rot, cyst nematode race
14, soybean loopers, rust

Resistant to: frogeye leaf spot, cyst nematode race 3,
southern root-knot nematode

1

Table 8-3. Forage management characteristics of perennial peanut (cv. Florigraze), annual peanut (cv. Florida MDR 98), cowpea
(cv. Iron clay), pigeonpea (cv. Georgia two), and soybean (cv. Pioneer 97B52)

Information compiled from Chapters 3, 4, 5, 6, and 7; Karungi et al., 2000; Gorbet and Shokes, 2002; French et al., 2006;
Woodruff, 2007
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Although cowpea had lower DM yields than pigeonpea and soybean during the growing

season, cowpea consistently had greater leaf-to-stem ratio and nutritive value than pigeonpea,

and had greater values than soybean for part of the growing season. This suggests that when

grazed, cowpea has greater potential to improve livestock performance than soybean or

pigeonpea. This was confirmed in the creep grazing experiment where calves creep-grazed on

cowpea had similar performance to those fed a creep concentrate, and greater performance than

those creep-grazed on perennial peanut or those receiving no creep feed. Therefore, creep

grazing calves on cowpea is a promising strategy for increasing weaning weights or growth rates

of calves. However, many factors influence a producer’s decision to creep graze, such as

climate, costs associated with planting and fencing, and desire to manage pastures intensively.

Profit margins of cow-calf operations are small (USDA, 2001), therefore these factors should be

taken into consideration before producers creep graze calves on cowpea.

In spite of the indeterminate growth of cowpea which allows it to it regrow after

defoliation, it did not tolerate continuous stocking and treading in the creep grazing experiment.

Therefore, cowpea is more suitable for use as a protein bank or for creep grazing than as the base

pasture. When cowpea was ensiled, considerable proteolysis occurred, the nutritive value

decreased, and the fermentation was inefficient. Therefore, cowpea is less suitable for ensiling

than the other warm-season legumes that were examined. When supplemented as hay or

haylage to basal bahiagrass diets, lambs had increased DM, OM, and N intakes, N digestibility,

and N retention. But these responses were less pronounced than those from annual or perennial

peanut haylage or hay. It is also pertinent to note that cowpea is less economical to produce as

hay or haylage than most of the other warm-season legumes (Table 8-1; 8-2).
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The early-maturing cultivar of pigeonpea produced the greatest herbage mass in the

agronomic experiment but also had the lowest nutritive value. Although a large amount of

herbage mass is produced when pigeonpea is grown, only the leaves have sufficient IVTD to

provide adequate nutrition to growing ruminant livestock. Therefore, when pigeonpea forage

was supplemented as hay to bahiagrass basal diets, DM, OM, and NDF intake were not improved

and when fed as haylage, the respective intakes and OM digestibility were decreased.

Nevertheless, pigeonpea hay supplementation slightly improved N intake, retention and

digestibility though pigeonpea haylage did not. These results confirmed that hays and haylages

made from this early-maturing pigeonpea cultivar are not ideal supplements for growing

ruminants. The relatively high cost of production, low quality, and limited seed availability

indicate that pigeonpea is not a promising forage for livestock producers (Table 8-1; 8-2; 8-3).

To enhance the nutritive potential of pigeonpea, it should be harvested to a stubble height above

40 cm, but this is difficult to achieve with conventional forage mowers. Therefore, the

pigeonpea cultivar evaluated may be most suited for use as a browse for small ruminants that

selectively feed on leaf tissue.

Perennial and annual peanut are recommended as the most promising legumes for the

southeast because of their greater net present value, herbage mass, high quality, and persistence

when properly managed. Soybean is a more economically viable hay or haylage legume

supplement than cowpea or pigeonpea because of its moderately high nutritive value and

relatively high yields. Because of the low yields and high cost of cowpea production, it would

be more economical to utilize cowpea for grazing.

The hypothesis that seeded warm-season legumes can be used like perennial peanut to

increase nutrient status and utilization, and weight gain in cattle or sheep fed basal bahiagrass
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diets was validated for most of the legumes examined. The animal responses in this series of

experiments indicate that perennial and annual peanut, soybean, and cowpea are promising

supplements to improve the productivity of livestock in Florida and other locations with similar

climates. These warm-season legumes should be particularly attractive to producers because the

escalating price of fuel has increased the price of imported alfalfa (Medicago sativa L.) and other

concentrate supplements.

Future research should determine the economic value of using these warm-season legumes

as supplements instead of concentrates or alfalfa. The optimal inclusion rate of these legumes in

bahiagrass basal rations also needs to be established. The degradation rate of the protein and

carbohydrates in the legumes needs to be determined to facilitate their use in intensive ruminant

production systems. Further studies should also examine effects of adding bacterial or chemical

additives or fermentable carbohydrate sources on the fermentation of the legumes. Little is

understood about the mechanism by which creep grazing improves calf performance, therefore,

research focusing on effects of creep grazing on milk production by the cow, intake of creep

forage by the calf, and cow and calf immune status is recommended.
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APPENDIX A
SLIDING SCALE FOR URINE COLLECTIONS FOR CHAPTER 4

Volume of urine collected (mL) % Sub-sampled
0-500 100
501-1200 50
1201-2500 20
Greater than 2500 10

Table A-1. Sliding scale for urine collections
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APPENDIX B
CONDENSED TANNINS METHOD FOR CHAPTER 4

Purification of Quebracho Tannin

Purification is based on the method of Asquith and Butler (1985) and modified by

Hagerman (1994). This specific method was adapted for the Ruminant Nutrition Lab,

Department of Animal Sciences, University of Florida, Gainesville.

Reagents:
80% ethanol: 80 mL absolute ethanol to volume with distilled H2O in 100 mL

volumetric
Sephadex LH-20: GE Healthcare Life Sciences, Piscataway, NJ
95% ethanol
50% aqueous acetone: 50 mL acetone to volume with distilled H2O in 100 mL

volumetric

Preparation:
Quebracho

1. Weigh 1 g of quebracho into a 25 mL volumetric flask. Add 10 mL 80% ethanol.
2. Vortex until solid no longer adheres to the bottom of the flask.
3. Place in refrigerator, without moving further, overnight.

Sephadex
1. Sephadex LH-20 is prepared in 80% ethanol. Swell about 25 g of Sephadex in 80%

ethanol to make 100 mL of slurry. Stir the beads gently with a stirring rod to facilitate
moistening, but be gentle so you do not break the beads.

2. Allow to settle and decant off supernatant and fines.
3. Repeat 3 times.
4. Store tightly capped in the refrigerator.

NOTE: This is very expensive material and can be reused indefinitely if handled properly.
Regenerate after filtration by completely washing away the acetone with 80% ethanol and store
tightly capped in the refrigerator. Before reusing old Sephadex LH-20, several washes should be
carried out with 80% ethanol as described above to remove fines and residual adsorbed
materials.

Sephadex LH-20 constituted with 80% ethanol binds tannin allowing other materials to filter out.
The subsequent rinsing with 50% acetone allows the hydrophilic tannin to bind to the aqueous
fraction and be removed from the filtrate.

Extraction:
1. Filter the quebracho suspension (liquid fraction) through Whatman #40 (medium)

filter paper using a Buchner funnel and gentle vacuum if necessary.
2. Add the filtrate to 100 mL of Sephadex LH-20 in 80% ethanol. Stir for 3 min (no

longer or a brown tar difficult to remove from the Sephadex will form).
3. Add material to a Buchner funnel lined with wet Whatman#40 paper.
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4. Wash the LH-20 with 95% ethanol. Allow fresh 95% ethanol to equilibrate with
Sephadex and gentle vacuum is acceptable. Do not stir as the Sephadex will be
filtered out

5. Blank a spectrophotometer to the 95% ethanol and read the absorbance of the filtrate
at 280 nm. Because this is the middle of the UV spectrum you must use quartz or UV
transparent crucibles. When the filtrate is colorless and the Sephadex is a dark ruddy,
brown color, check the filtrate and continue rinsing until the filtrate absorbance
approaches ‘0’. Ethanol rinses can be discarded.

6. Wash the Sephadex with 50% aqueous acetone combining and saving these washes.
Continue to wash until the Sephadex is white and the eluate is nearly colorless.

7. Re-constitute the Sephadex in 80% ethanol and repeat for more samples to obtain the
desired final extract. You may refrigerate the filtrate overnight in a brown bottle if
you do not have time to complete.

8. Evaporate the acetone washes to completely remove the acetone. Place the bottle in a
water bath heating to 30°C (no warmer) with a hose flushing CO2 or N gas across it.

9. This may take more than 1 d. Repeat, storing sample in dark bottle in refrigerator
when not evaporating, until acetone is removed (wafting for smell is the best
indicator).

10. Freeze the aqueous fraction overnight and then place in the freeze dryer. The final
result is fluffy, tan-brown powder. This should be stored in the freezer. This should
provide enough purified fraction for two sets of standards as described further.

Condensed Tannin (CT) Extraction

This procedure is based on that of Terrill et al. (1992).

Reagents:
70% Acetone (v/v) in distilled H2O
Diethyl ether (Ether)

Method:
1. Weigh 0.25 g (0.23 to 0.28 g) sample directly into test tube in triplicate. Record the

weight.
2. Add 5 mL of 70% aqueous acetone and vortex for 10 s.
3. Add 2 mL ether to each tube and vortex for an additional 10 s.
4. Centrifuge for 15 min at -4°C and 3,000 × g.
5. Remove by aspiration and discard the green aqueous layer (upper acetone:ether phase)

into ether waste bottle (empty aluminum ether bottle labeled as hazardous waste) using
disposable pipettes.

6. Decant the lower phase into an identically labeled tube taking care not to lose any sample
if it has not formed a solid pellet.

7. Repeat the extraction twice (total of 3 times). You may have to repeat more than 3 times
if your extract is still yellow; if this is the case repeat until nearly colorless. If a solid
pellet has formed that will not disintegrate by vortexing fragment it using a glass rod.

NOTE: You now have 2 samples for each forage sample.
Liquid Sample-Extractable CT
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1. Remove residual acetone:ether of extract in a water bath heated to 40°C and under air
stream (CO2 or N gas) for 2-4 h. Make sure all solvent is removed.

2. Centrifudge solution for 15 min at -4°C and 3,000 × g. Pour 4.5 mL of supernatant (this
represents all the water used for 3 extractions) (if you have less than 4.5 mL record the
amount pipeted into the volumetric) into 10 mL volumetric flask and bring to volume
with DI water. May be stored for 24 h refrigerated, otherwise an aliquot may be placed
in a vial and frozen for future use.

Solid Sample-Bound CT
1. Dry the residue for about 5 min in evaporator at 40°C in a fume hood. Make sure all

solvent is removed.
2. May be stored for 24 h refrigerated, otherwise freeze for future use.

Extractable Condensed Tannin Analysis

Reagents:
Butanol-HCl: 95 mL of n-butanol with 5 mL of concentrated HCl. This needs to be

freshly prepared
Extracted quebracho tannin standards
70% acetone: 70 mL acetone to volume with distilled H2O in 100 mL volumetric

Standard Preparation:
1. Dissolve 0.025 g purified quebracho in 25 mL of distilled H2O to make stock solution of

1 mg/mL (1,000 ppm) representing 10% CT.
2. Make a serial dilution to obtain 1, 2, 4, 6, 8, 10% CT.

a. 1% = 0.5 mL stock to volume with distilled H2O in 5 mL volumetric
b. 2% = 1.0 mL stock to volume with distilled H2O in 5 mL volumetric
c. 4% = 2.0 mL stock to volume with distilled H2O in 5 mL volumetric
d. 6% = 3.0 mL stock to volume with distilled H2O in 5 mL volumetric
e. 8% = 4.0 mL stock to volume with distilled H2O in 5 mL volumetric
f. 10% = stock solution

Method:
1. Pipette 1 mL of tannin supernatant into screw cap glass test tubes. Do this in duplicate

and place each set in different test tube racks. (One rack is unheated and serves as a
standard for each heated sample).

2. Pipette 1 mL of standard (0.0 (distilled H2O), 1, 2, 4, 6, 8, and 10 %) into screw cap glass
test tubes placing in the rack to be put in the water bath.

3. Add 6 mL of butanol-HCl reagent to each tube.
4. Vortex the tubes and place one set plus standards in water bath preheated to 97-100°C.

Place glass marbles on the tubes. Heat 75 min.
5. Cool tubes on ice.
6. Using disposable pipettes, pipette standards into cuvettes and read absorbance at 550 nm,

blanking the spectrophotometer with the 0% standard. The unheated samples are the
blank for each heated sample and should be read and recorded sequentially. (i.e. “back
corr” for 0% standard, read standards, read first unheated sample, then first heated
sample, and so on.)
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a. If absorbance is greater than 0.7, dilute the extract with 70% acetone until
absorbance does not exceed 0.7 (1:4 is good to begin with). Note all dilutions.

7. Develop regression equation for standard curve. Subtract absorbance of each unheated
sample from that of each heated sample.

Calculations:
Estimate the CT concentration (%) from the standard regression equation use the optical

density readings of the unheated sample subtracted from the heated sample.

Dilution corrected CT (%) = CT(%) × 2.22 (dilution of extract in water)

CT (%, DM basis) = Dilution corrected CT (%) × Sample DM

Bound Condensed Tannin Analysis

Reagents:
Butanol-HCl: 95 mL of n-butanol with 5 mL of concentrated HCl. This needs to be

freshly prepared
Extracted quebracho tannin standards
70% acetone: 70 mL acetone to volume with distilled H2O in 100 mL volumetric

Method:
1. Add 1 mL of 70% acetone and 6 mL butanol-HCl reagent to the residue.
2. Vortex the tubes and place in water bath preheated to 97-100°C. Place glass marbles on

the tubes. Heat 75 min.
3. Cool tubes on ice and centrifuge for 10 min at -4°C and 3,000 × g.
4. Utilizing the same standards as for the extractable tannin analysis read the absorbance at

550 nm of the supernatant pipetted with disposable pipettes into the cuvette.
a. If absorbance is greater than 0.7, dilute the extract with 70% acetone until

absorbance does not exceed 0.7 (1:4 is good to begin with). Note all dilutions.
5. Develop regression equation for standard curve. Estimate the PA concentration from the

regression equation taking note of any dilutions and the sample weight. Express results
as g/kg DM.

Calculations

Estimate the CT concentration (%) from the standard regression equation.

Sample CT (%) = CT (%) × Original sample weight

Dilution corrected CT (%) = Sample CT (%) × Dilution

CT (%, DM basis) = Dilution corrected CT (%) or Sample CT (%) if no dilution made ×
Sample DM

Total CT (%) = Extractable CT + Bound CT
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APPENDIX C
PURINE DERIVATIVES METHOD FOR CHAPTERS 4 AND 6

Conversion of Xanthine, Hypoxanthine and Uric Acid to Allantoin

Procedure adapted from Fujihara et al. (1987).
Reagants:

Stock allantoin: 1 g allantoin/1L distilled H2O
NaOH
H2SO4

Glycine buffer: 5.029 mL Glycine/100 mL distilled H2O and pH adjusted to 7.7 with
NaOH

and H2SO4.
Uricase: 5 units/12 mL Glycine buffer
Xanthine oxidase: 5 units/12 mL Glycine buffer
0.6 M NaOH
HCl-2, 4-Dinitrophenylhydrazine solution: 0.133 g 2, 4-Dinitrophenylhydrazine/100 mL

2M HCl
2.5 M NaOH

Preparation:
1. Dilute 1 mL urine with 49 mL of distilled H2O.
2. Measure the pH and adjust with NaOH and H2SO4 to a pH of exactly 8.0. The prepared

enzymes and urine dilutions should be stored frozen (-20°C) until analysis.
3. Prepare allantoin standards: 10, 20, 30, 40 and 50 mg/L with 10, 20, 30, 40, and 50 mL

allantoin stock solution to 100 mL volume with distilled H2O respectively.
4. Place samples, standards, and enzymes (uricase and xanthine oxidase) in the refrigerator

the night before.

Method:
1. Turn on the water bath to heat to 100°C.
2. Add 2.5 mL diluted urine to a test tube. Add 150 μl xanthine oxidase to the diluted urine.

Leave at room temperature, for 2 h.
3. After 2 h, add 150 μl uricase to the diluted urine. Leave at room temperature for another

2 h.
4. After 2 h turn on the spectrophotometer and set to 520 nm.
5. Add 1.5 mL of 0.6 M NaOH to each test tube and close the cap tightly.
6. Incubate the test tubes in the 100C water bath for 15 min.
7. Remove from water bath and add 1 mL of the HCl-2, 4-Dinitrophenylhydrazine solution

to each test tube.
8. Return to the water bath for 4 min.
9. Remove and run cold water over the tubes. Once cool to the touch, add 5 mL 2.5 M

NaOH and shake each tube.
10. Read at 520 nm on the spectrophotometer.
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Calculations

Calculate allantoin (mg/L) in diluted urine sample based on regression of standard curve.
Urinary output of purine derivatives in sheep calculated by Chen et al. (1992).

Allantoin (g/d) = [allantoin in urine samples (mg/L) × total urine output (mL/d)] ÷
1,000,000

Total Purine Derivatives (mmol/d) = Allantoin (g/d) ÷ 0.158

Microbial Purine Derivatives (mmol/d) = Total Purine Derivatives (mmol/d) ÷ 0.84

Microbial Nitrogen Production (g/d) = Microbial Purine Derivatives (mmol/d) × 0.727

Digestible Organic Matter Intake = kg Organic Matter Intake × Organic Matter
Digestibility

Microbial Efficiency = Microbial Nitrogen Production (g/d)/kg Digestible Organic Matter
Intake
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APPENDIX D
SAS CODES USED FOR CHAPTER 3

The SAS codes used to analyze herbage mass, leaf-to-stem ratio, and CP, NDF, and in

vitro true digestibility (IVTD) of leaf, stem and whole plant tissue are presented here.

Data Legume Plot Trial;
Input Yr ForageSpecies$ Block Replicate WeekAfterPlanting HerbageMass Leaftostem
WholeplantCP WholeplantNDF WholeplantIVTD StemCP StemNDF StemIVTD LeafCP
LeafNDF LeafIVTD;
Cards;

Proc Mixed Data = Legume Plot Trial;
Class Yr ForageSpecies WeekAfterPlanting Block;
Model Herbagemass Leaftostem WholeplantCP WholeplantNDF WholeplantIVTD StemCP
StemNDF StemIVTD LeafCP LeafNDF LeafIVTD = Yr ForageSpecies WeekAfterPlanting
ForageSpecies*WeekAfterPlanting ForageSpecies*Yr WeekAfterPlanting*Yr
ForageSpecies*WeekAfterPlanting*Yr;
Random Block Block*Yr;
Run;

Proc Mixed Data = Legume Plot Trial;
Class ForageSpecies WeekAfterPlanting Block;
Model Herbagemass Leaftostem WholeplantCP WholeplantNDF WholeplantIVTD StemCP
StemNDF StemIVTD LeafCP LeafNDF LeafIVTD = ForageSpecies WeekAfterPlanting
ForageSpecies*WeekAfterPlanting;
Random Block;
Lsmeans ForageSpecies*WeekAfterPlanting / Pdiff;
Run;

Polynomial contrasts were used to determine trends over time, each forage was entered

into an individual SAS file and the following are the SAS codes used.

Data Legume Plot Trial;
Option formdlim=*;
Input Yr ForageSpecies$ Block Replicate WeekAfterPlanting HerbageMass Leaftostem
WholeplantCP WholeplantNDF WholeplantIVTD StemCP StemNDF StemIVTD LeafCP
LeafNDF LeafIVTD;
Cards;

Proc Mixed Data = Legume Plot Trial;
Class Block WeekAfterPlanting;
Model HerbageMass Leaftostem WholeplantCP WholeplantNDF WholeplantIVTD StemCP
StemNDF StemIVTD LeafCP LeafNDF LeafIVTD = WeekAfterPlanting;
Random Block;
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Contrast 'linear' WeekAfterPlanting -7 -5 -3 -1 1 3 5 7;
Contrast 'quadratic' WeekAfterPlanting 7 1 -3 -5 -5 -3 1 7;
Contrast 'cubic' WeekAfterPlanting -7 5 7 3 -3 -7 -5 7;
Run;
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APPENDIX E
SAS CODES USED FOR CHAPTER 4

The SAS codes used to analyze DM, OM, CP, NDF, ADF, lignin, in vitro true digestibility

(IVTD), extractable condensed tannin (ECT) and bound condensed tannin (BCT) of forages are

presented here.

Data Metabolism 2005 Hay Diets;
Input Period ForageSpecies$ DM OM CP NDF ADF Lignin IVTD ECT BCT;
Cards;

Proc Mixed Data = Metabolism 2005 Hay Diets;
Class Period ForageSpecies;
Model DM OM CP NDF ADF Lignin IVTD ECT BCT = ForageSpecies;
Random Period;
Lsmeans ForageSpecies / Pdiff;
Run;

The SAS codes used to analyze DM, OM, NDF and N intakes and digestibilities, N

excretion and retention, microbial protein (MP) parameters, plasma urea nitrogen (PUN) and

plasma glucose (PGlu) are presented here.

Data Metabolism 2005 Intake Digestibility N parameters and Blood Metabolites;
Input Period SheepID Treatment$ DMintake OMintake NDFintake Nintake DMdigestibility
OMdigestibility NDFdigestibility Ndigestibility FecalN UrinaryN Nretention PurineDerivative
MicrobialN DigestibleOMIntake MicrobialEfficiency PUN PGlu;
Cards;

Proc Mixed Data = Metabolism 2005 Intake Digestibility N parameters and Blood Metabolites;
Class SheepID Period Treatment;
Model DMintake OMintake NDFintake Nintake DMdigestibility OMdigestibility
NDFdigestibility Ndigestibility FecalN UrinaryN Nretention PurineDerivative MicrobialN
DigestibleOMIntake MicrobialEfficiency PUN PGlu = Treatmeant Period Treatment*Period;
Random SheepID;
Lsmeans Treatment / Pdiff;
Run;

The SAS codes used to analyzing ruminal fluid pH, NH3-N and VFA are presented here.

Data Metabolism 2005 Ruminal Fluid Parameters;
Input SheepID Treatment$ H pH NH3N TotalVFA Acetate Propionate Isobutyrate Butyrate
Isovalerate Valerate AcetatePropionateRatio;
Cards;
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Proc Mixed Data = Metabolism 2005 Ruminal Fluid Parameters;
Class SheepID Treatment H;
Model pH NH3N TotalVFA Acetate Propionate Isobutyrate Butyrate Isovalerate Valerate
AcetatePropionateRatio = Treatment H Treatment*H;
Repeated H / Subject = SheepID(Treatment) Type = AR(1);
Random SheepID;
Lsmeans Treatment / Pdiff;
Run;
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APPENDIX F
SAS CODES USED FOR CHAPTER 5

The SAS Codes used to analyze DM, OM, CP, NDF, and in vitro true digestibility (IVTD)

of forages prior to and post ensiling and of fermentation characteristics, microbial counts and

aerobic stability is presented here.

Data Legume Haylage Nutritive Value Fermentation Characteristics and Aerobic Stability;
Input ForageSpecies$ Replicate ForageDM ForageOM ForageCP ForageNDF ForageIVTD
EnsiledDM EnsiledOM EnsiledCP EnsiledNDF EnsiledIVTD pH AmmoniaNitrogen Lactate
Acetate Propionate Butyrate TotalVFA LactateAcetateRatio Yeasts Molds AerobicStability;
Cards;

Proc Mixed Data = Legume Haylage Nutritive Value Fermentation Characteristics and Aerobic
Stability;
Class ForageSpecies Replicate;
Model ForageDM ForageOM ForageCP ForageNDF ForageIVTD EnsiledDM EnsiledOM
EnsiledCP EnsiledNDF EnsiledIVTD pH AmmoniaNitrogen Lactate Acetate Propionate
Butyrate TotalVFA LactateAcetateRatio Yeasts Molds AerobicStability;
Cards = ForageSpecies;
Lsmeans Forage / Pdiff;
Run;
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APPENDIX G
SAS CODES USED FOR CHAPTER 6

The SAS codes used to analyze DM, OM, CP, NDF, ADF, lignin, and in vitro true

digestibility (IVTD) of forages are presented here.

Data Metabolism 2007 Haylage Diets;
Input Period ForageSpecies$ DM OM CP NDF ADF Lignin IVTD;
Cards;

Proc Mixed Data = Metabolism 2007 Haylage Diets;
Class Period ForageSpecies;
Model DM OM CP NDF ADF Lignin IVTD = ForageSpecies;
Random Period;
Lsmeans ForageSpecies / Pdiff;
Run;

The SAS codes used to analyze DM, OM, NDF and N intakes and digestibilities, N

excretion and retention, microbial protein (MP) parameters, plasma urea nitrogen (PUN) and

plasma glucose (PGlu) are presented here.

Data Metabolism 2007 Intake Digestibility N parameters and Blood Metabolites;
Input Period SheepID Treatment$ DMintake OMintake NDFintake Nintake DMdigestibility
OMdigestibility NDFdigestibility Ndigestibility FecalN UrinaryN Nretention PurineDerivative
MicrobialN DigestibleOMIntake MicrobialEfficiency PUN PGlu;
Cards;

Proc Mixed Data = Metabolism 2007 Intake Digestibility N parameters and Blood Metabolites;
Class SheepID Period Treatment;
Model DMintake OMintake NDFintake Nintake DMdigestibility OMdigestibility
NDFdigestibility Ndigestibility FecalN UrinaryN Nretention PurineDerivative MicrobialN
DigestibleOMIntake MicrobialEfficiency PUN PGlu = Treatmeant Period Treatment*Period;
Random SheepID;
Lsmeans Treatment / Pdiff;
Run;

The SAS codes used to analyzing ruminal fluid pH, NH3-N and VFA are presented here.

Data Metabolism 2007 Ruminal Fluid Parameters;
Input SheepID Period Treatment$ H pH NH3N TotalVFA Acetate Propionate Isobutyrate
Butyrate Isovalerate Valerate AcetatePropionateRatio;
Cards;

Proc Mixed Data = Metabolism 2007 Ruminal Fluid Parameters;
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Class SheepID Period Treatment H;
Model pH NH3N TotalVFA Acetate Propionate Isobutyrate Butyrate Isovalerate Valerate
AcetatePropionateRatio = Treatment H Period Treatment*H Treatment*Period H*Period
Treatment*H*Period;
Repeated H / Subject = SheepID(Treatment) Type = AR(1);
Random SheepID;
Lsmeans Treatment / Pdiff;
Run;
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APPENDIX H
SAS CODES USED FOR CHAPTER 7

The SAS codes used to analyze herbage mass, leaf-to-stem ratio, NDF and CP

concentrations, and in vitro true digestibility (IVTD) of forages are presented here.

Data Grazing Forage Analyses;
Input Block Paddock Week ForageSpecies$ HerbageMass Leaftostem NDF CP IVTD;
Cards;

Proc Mixed Data = Grazing Forage Analyses;
Class Block Paddock Week ForageSpecies;
Model HerbageMass Leaftostem NDF CP IVTD = Week ForageSpecies Week*ForageSpecies;
Random Block Block*ForageSpecies;
Lsmeans Week*ForageSpecies / Pdiff;
Run;

Polynomial contrast for herbage mass, leaf-to-stem ratio and nutritive value changes over

time were completed by creating and individual SAS file for each forage species and the SAS

codes used are presented here.

Data Trends Over Time Grazing Forage Analyses;
Input Block Paddock Week ForageSpecies$ HerbageMass Leaftostem NDF CP IVTD;
Cards;

Proc Mixed Data = Trends Over Time Grazing Forage Analyses;
Class Week Block;
Model HerbageMass NDF CP IVTD = Week;
Random Block;
Contrast 'linear' Week -0.57 -0.38 -0.19 0 0.19 0.38 0.57;
Contrast 'quadratic' Week 0.55 0 -0.33 -0.44 -0.33 0 0.55;
Contrast 'cubic' Week -0.40 0.40 0.40 0 -0.40 -0.40 0.40;
Run;

Proc Mixed Data = Trends Over Time Grazing Forage Analyses;
Class Week Block;
Model Leaftostem = Week;
Random Block;
Contrast 'linear' Week -1 0 1;
Contrast 'quadratic' Week 1 -2 1;
Run;
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The following SAS codes were used to analyze cow and calf blood metabolites (plasma

urea nitrogen (PUN) and plasma glucose (PUN) and cow BCS.

Data Cow and Calf Blood Metabolites and Cow BCS;
Input Block Paddock Week Treatment$ InitialCalfPUN CalfPUN InitialCalfPGlu CalfPGlu
InitialCowPUN CowPUN InitialCowPGlu CowPGlu InitialCowBCS CowBCS;
Cards;

Proc Mixed Data = Cow and Calf Blood Metabolites and Cow BCS;
Class Block Paddock Week Treatment;
Model CalfPUN CalfPGlu CowPUN CowPGlu CowBCS = Week Treatment Week*Treatment
InitialCalfPUN InitialCalfPGlu InitialCowPUN InitialCowPGlu InitialCowBCS / Solution;
Random Block Block*Treatment;
Lsmeans Week*Treatment / Pdiff;
Run;

Polynomial contrasts for blood metabolites and cow BCS were conducted for each

treatment and the SAS codes are presented here.

Data Trends Over Time Cow and Calf Blood Metabolites and Cow BCS;
Input Block Paddock Week Treatment$ InitialCalfPUN CalfPUN InitialCalfPGlu CalfPGlu
InitialCowPUN CowPUN InitialCowPGlu CowPGlu InitialCowBCS CowBCS;
Cards;

Proc Mixed Data = Trends Over Time Cow and Calf Blood Metabolites and Cow BCS;
Class Block Week;
Model CalfPUN CalfPGlu CowPUN CowPGlu CowBCS = Week InitialCalfPUN
InitialCalfPGlu InitialCowPUN InitialCowPGlu InitialCowBCS / Solution;
Random Block;
Contrast 'linear' Week -0.71 0 0.71;
Contrast 'quadratic' Week 0.41 -0.82 0.41;
Run;

The SAS codes used to analyze calf age, initial calf BW, weaning weight, Beef

Improvement Federation (BIF) adjusted 205-d weaning weights, calf 83-d ADG, and cow 83-d

ADG are presented here.

Data Calf and Cow Performance;
Input Block Paddock Treatment$ Calfsex$ Calfage Cowage CalfBirthWeight CalfInitialBW
CalfFinalBW CalfADG BIF CowADG;
Cards;
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Proc Mixed Data = Calf and Cow Performance;
Class Block Paddock Treatment;
Model Calfage = Treatment;
Random Block;
Lsmeans Treatment / Pdiff;
Run;

Proc Mixed Data = Calf and Cow Performance;
Class Block Paddock Treatment;
Model CalfInitialBW = Treatment CalfBirthWeight Calfage Cowage / Solution;
Random Block;
Lsmeans Treatment / Pdiff;
Run;

Proc Mixed Data = Calf and Cow Performance;
Class Block Paddock Treatment;
Model CalfFinalBW = Treatment CalfBirthWeight CalfInitialBW Calfage Cowage / Solution;
Random Block;
Lsmeans Treatment / Pdiff;
Run;

Proc Mixed Data = Calf and Cow Performance;
Class Block Paddock Treatment;
Model BIF = Treatment / Solution;
Random Block;
Lsmeans Treatment / Pdiff;
Run;

Proc Mixed Data = Calf and Cow Performance;
Class Block Paddock Treatment;
Model CalfADG = Treatment CalfBirthWeight CalfInitialBW Calfage Cowage / Solution;
Random Block;
Lsmeans Treatment / Pdiff;
Run;

Proc Mixed Data = Calf and Cow Performance;
Class Block Paddock Treatment;
Model CowADG = Treatment CalfBirthWeight CalfInitialBW Calfage Cowage / Solution;
Random Block;
Lsmeans Treatment / Pdiff;
Run;

Calf BW through the grazing period was analyzed with the following SAS codes:

Data Calf Body Weight;
Input Block Paddock Week Treatment$ Calfage CalfBirthWeight Cowage CalfInitialBW BW;
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Cards;

Proc Mixed Data = Calf Body Weight;
Class Block Paddock Week Treatment;
Model BW = Treatment Week Treatment*Week Calfage CalfBirthWeight Cowage
CalfInitialBW / Solution;
Random Block;
Lsmeans Treatment*Week / Pdiff;
Run;

Polynomial contrasts for calf BW over time were completed by entering treatments into

individual SAS files and using the SAS codes presented here.

Data Change of Calf Body Weight Over Time;
Input Block Paddock Week Treatment$ Calfage CalfBirthWeight Cowage CalfInitialBW BW;
Cards;

Proc Mixed Data = Change of Calf Body Weight Over Time;
Class Block Paddock Week;
Model BW = Week Calfage CalfBirthWeight Cowage CalfInitialBW / Solution;
Random Block;
Contrast 'linear' Week -0.67 -0.22 0.22 0.67;
Contrast 'quadratic' Week 0.5 -0.5 0.5 -0.5;
Contrast 'cubic' Week -0.22 0.67 -0.67 0.22;
Run;
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APPENDIX I
NET PRESENT VALUE CALCULATION EXPLAINATION FOR TABLE 8-2

 Discounted cash flow = (income-expense) × {1/(1+n)}yr

 Where n = 7% interest rate and yr = 0 for yr 1, 1 for yr 2,….19 for yr 20

Expenses for yr 1 included seed or bushels of sprigs, fertilizer (330 kg/ha 0-20-40 ratio of

N:P2O5:K2O), 1,800 kg/ha lime, herbicide, machinery, labor, and estimated interest on monetary

investment. Expenses for yr 2 included seed for cowpea, pigeonpea and soybean, fertilizer (330

kg/ha 0-20-40 ratio of N:P2O5:K2O), herbicide, machinery, labor, and estimated interest on

monetary investment. Annual peanut included seed cost every 5 yr. Liming (1,800 kg/ha) was

included in expenses ($80.00) in alternate yr.

Income was estimated based on the value of perennial peanut hay at $37.00/140-kg bale.

 Net present value = ∑ discounted cash flows for 20 yr
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