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Research was conducted near the Starkey Experimental Forest and Range in

northeastern Oregon. Effects of defoliating bluebunch wheatgrass (Agropyron

spicatum (Pursh) Scribn. and Smith) to increase the quality of regrowth available on

elk (Cervus elaphus nelsoni) winter range were studied from 1988 through 1990.

Clipping treatments were implemented to condition the forage regrowth. Treatments

were no defoliation, spring defoliation (7.6 cm stubble height) in June, and fall

defoliation (7.6 cm stubble height) in September. Percent calcium, phosphorus, in

vitro dry matter digestibility (IVDMD), and available forage (kg/ha DM) of regrowth

present on control, spring defoliated, and fall defoliated plots were determined in

November and April of both years. Conditioned forage that was again defoliated in

the winter was also analyzed for nutrient quality and available forage.

Spring conditioning did not affect (p > 0.05) the forage in percent calcium,

phosphorus, or available forage, and only slightly increased the IVDMD, when

compared to the control in November. In November, the control and spring



conditioned forages were deficient in meeting elk requirements for phosphorus, and

contained wide calcium to phosphorus ratios. The forages were below 50% IVDMD,

and digestible energy levels were below animal requirements in year 1, indicating that

spring conditioning did not have an effect on the quality of winter range forage.

Defoliation in the vegetative phenology stage allowed the regrowth to complete the

growing season similarly as undefoliated plants.

Fall conditioning significantly increased the percent phosphorus and IVDMD,

while decreasing the available forage compared to the control and spring conditioned

forage in November. Fall conditioned forage exceeded elk requirements in both

calcium and phosphorus. The calcium to phosphorus ratio was near the optimum

absorption range. Digestibility was high, and digestible energy levels were above

animal requirements for both years. Fall conditioning however, may create a severe

deficit of forage if regrowth is not achieved.

In April, there were no differences among treatments in percent calcium,

phosphorus, or available forage. Forage from all treatments exceeded elk

requirements in calcium and phosphorus, and the calcium to phosphorus ratio would

allow optimum absorption of both minerals. Digestibility was high for forage from

all treatments. This indicated that the previous years defoliation did not effect

forage quality the following spring.

Conditioned forage that was again defoliated in the winter was not different

in percent calcium or phosphorus when compared to the control in April. Depending

on the year and conditioning treatment, there were statistically significant differences



in IVDMD and available forage between the control and the winter defoliated

samples in April. Conditioned forage that was not defoliated in the winter (April

(U)) and winter defoliated samples (April (W)) were comparable in forage quality

and available forage in April, though statistical differences were calculated for the

spring conditioned samples in year 1, and fall conditioned samples in year 2.
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CONDITIONING BUNCHGRASS ON ELK WINTER RANGE

INTRODUC HON

The Starkey area of the Blue Mountain range has been utilized for spring

and summer range for cattle, and to a lesser extent sheep, since 1860 (Holechek

1980). This area also provides Rocky Mountain elk (Cervus elaphus nelsoni)

with three to four months of winter and early spring range. Public land

managers face the challenge of allocating forage for both domestic livestock and

wild herbivores, while managing this forage resource so that the present range

condition is maintained or improved. Anderson and Scherzinger (1975) have

hypothesized that cattle grazing can be used as a tool to improve the quality of

elk winter ranges. Quantitative data relating to the interaction of cattle grazing,

plant response through vegetative regrowth, and the subsequent forage quality

for elk winter ranges is limited. This study measured the effect of defoliation on

the quality of regrowth of bluebunch wheatgrass (Agropyron spicatum (Pursh)

Scribn. and Smith) that would be available to elk during the winter season. It

also measured the effect of defoliation during the winter on the quality of

Agropyron spicatum in the spring.

The specific objectives of this study were:

1. Determine the percent calcium, phosphorus and digestible dry matter of

Agropyron spicatum regrowth at the onset of winter. Regrowth was from
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plants that were defoliated to a 7.6 cm height in either the spring or fall

season. This plant material represents the quality of forage available to elk

as they enter the winter range.

2. Determine the percent calcium, phosphorus and digestible dry matter of

Agropyron spicatum regrowth at the beginning of spring. This represents the

forage quality available to elk at the end of the winter, just before they leave

the winter range.

3. Determine the spring content of Agropyron spicatum regrowth, that has also

been defoliated in the winter, for percent calcium, phosphorus, and digestible

dry matter.

4. Determine available forage (kg/ha DM) at the onset of winter and beginning

of spring of Agropyron spicatum regrowth for the initial spring and fall

defoliation treatments and the winter defoliation treatment.
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LITERATURE REVIEW

The Starkey Experimental Forest and Range in the Blue Mountains of

Oregon, has recorded an increase of big game numbers since the 1920s (Skov lin

et al. 1968). Elk herd numbers are increasing, and these animals are utilizing

ranges that are traditionally used for livestock production. One of the most

preferred forages and one of the most grazing sensitive species of the Blue

Mountains is bluebunch wheatgrass (Agropyron spicatum). To maintain

bluebunch wheatgrass communities, grazing systems must be carefully monitored

for correct grazing pressure and season (Stoddart 1946). With multiple resource

management, an area can support both livestock and ungulate wildlife if the

capability of the area and the ecology and physiology of the resources are

considered in the management strategy (Anderson and Scherzinger 1975).

Currently, there has been much interest in the effects of livestock grazing as a

tool to improve the quality of winter range for elk.

The Effect of Defoliation on Bluebunch Wheatgrass

Range plants have a yearly pattern in their nutrient quality with the

highest concentration of carbohydrates, crude protein, vitamins and water

occurring in the spring with new growth (Heady 1975). Cook and Harris (1968),

Stoddart et al. (1975), and Holechek (1980) have stated that as forage plants



4

mature, they decrease in quality and nutritive value, which causes livestock

performance to decline. Defoliation has been proposed as a tool to improve the

quality of late season forage (Anderson and Scherzinger 1975, Pitt 1986).

A plant's carbohydrate cycle (McIlvanie 1942) is a key component in

determining how the plant will react to defoliation. In the spring, approximately

50% of the storage carbohydrates (root and crown) are being utilized for the new

years growth. The minimum carbohydrate concentration of roots correlates with

either the middle of the spring vegetative stage (18 cm) (McIlvanie 1942, Hyder

and Sneva 1963) or during the early boot stage (Daer and Willard 1981, Donart

1969). This is the most vulnerable point in the seasonal development. In

bluebunch wheatgrass, approximately 45% of the height growth is achieved

before root reserves cease to decline. After this point the carbohydrates increase,

with herbage carbohydrates levels peaking at the flower stalk stage. The levels

will decline during curing and secondary growth. Onset of the flower stalk stage

triggers a transfer of above ground nutrients to root and crown storage. There

is a two month lag between the peak reserves in the herbage and in roots.

Maximum root storage occurs in the seed maturation stage to early yellowing

stage for total carbohydrates.

The result of defoliation on bluebunch wheatgrass is also dependent on

soil moisture, temperature, frequency, and the date of cessation of clipping. The

last two factors correlate with season of defoliation and plant phenology. The

date of cessation of clipping is an important factor because the amount of
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regrowth achieved before the dormant period (brought on by the lack of soil

moisture and increasing temperature) will determine how the rest of the cycle

progresses.

Anderson and Scherzinger (1975) proposed a grazing management theory

to improve the quality of an elk winter range in northeastern Oregon. They

hypothesized that spring cattle grazing (boot stage) would delay plant phenology.

Regrowth would be halted by increasing temperatures and lack of soil moisture,

so that the flower stalk stage would not be achieved. Nutrients would then be

stabilized in the above ground tissue, instead of being transferred to root storage.

Nutrients would be in a higher concentration in the regrowth verses mature

forage (Anderson and Scherzinger 1975). This theory however, lacks

quantitative data for support.

Spring grazing can occur during critical phenological periods for

bluebunch wheatgrass. Clipping to 5 cm during the vegetative to leaf-growth

stage caused high mortality and reduced vigor (McLean and Wikeem 1985).

Defoliation to ground level during the boot stage for three consecutive years

resulted in a 70% reduction in yield for bluebunch wheatgrass (Wilson et al.

1966). Mueggler (1975) observed that clipping to 50% of the bluebunch

wheatgrass biomass just before flower-stalk formation reduced plant vigor for

five years after. Early defoliation is reported to minimize plant mortality

(Stoddart 1946). In this Utah study, forage was removed to no less than a 2.5

cm stubble height in late April to early May (4 to 35 cm vegetative stage).
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Defoliation can cause the most damage when it is in the middle of the

spring vegetation stage or early boot stage. Carbohydrate reserves are low, and

the apical meristem has been elevated. The plant is most sensitive to grazing at

this time because the amount of regrowth is usually controlled by the limited

moisture and increasing temperatures. Photosynthetic carbon is the main source

for regrowth and it will be allocated for new leaf growth and to a lesser extent

to root growth. If moisture is limiting, there will be no storage of reserves after

growth is achieved. Root growth stoppage, from carbohydrates being allocated

to above ground tissue instead of the roots, may occur after grazing and the

combination of lowered root biomass and decreased soil moisture around the

existing roots may create a water stressed environment.

In southern British Columbia, McLean and Wikeem (1985) observed that

fall clipping did not decrease the vigor of bluebunch wheatgrass the following

summer, though clipping during both fall and spring may preclude full bud

development and decrease the vigor in the following year. The percent kill,

measured the summer after defoliation, for bluebunch wheatgrass clipped to a

5 cm stubble height in the fall, averaged 12%, while unclipped plants averaged

4%. Willms et al. (1980a) observed that defoliating bluebunch wheatgrass in

mid-November and early March did not affect tiller elongation in the spring.
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The Effect of Defoliation on Mineral Content

and Quality of Bluebunch Wheatgrass

Several researchers have investigated whether cattle grazing would change

late-season forage quality and mineral content of bluebunch wheatgrass. Pitt

(1986) reported that spring defoliation increased fall forage quality of bluebunch

wheatgrass near Vancouver, British Columbia. Clipping to a 15 cm stubble

height at the boot stage delayed flowering for an average of 9 to 16 days and

clipped plants did not reach the weathered stage of maturity. In the initial year

of clipping there was no statistical difference in percent calcium between control

and clipped plants; in the second year plants clipped at the boot stage and

control plants contained 0.66% and 0.14% calcium respectively, at the stem-

cured stage. There was no significant difference in percent phosphorus of

clipped and unclipped bluebunch wheatgrass in the initial year by the seed-ripe

stage. The second year produced 0.13% phosphorus for plants defoliated in the

boot-stage, and 0.07% phosphorus for control plants by the stem-cured stage.

Pitt (1986) reported that plants defoliated at the boot stage tended to be lower

in quality than plants defoliated at emergence, flowering, or seed formation; it

was suggested that clipping at the boot stage allowed for regrowth and

development similar to undefoliated plants.

Uresk and Cline (1976) reported that two years of moderate spring cattle

grazing did not effect the mineral content of bluebunch wheatgrass at Hanford,
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Washington. Nutrient composition was determined for the seed-development

stage. It was reported that there were no significant differences between the

grazed and ungrazed pastures; the average mineral composition of bluebunch

wheatgrass was 0.39% for calcium, and 0.17% for phosphorus. Willms et al.

(1980b) reported on the effects of fall grazing on the spring quality of bluebunch

wheatgrass in south central British Columbia. The samples were collected from

the first spring growth to May 31. There was no significant difference (p <0.05)

between grazed and ungrazed plants in percent calcium or percent phosphorus,

though grazed plants did tend to be lower in calcium (-0.04%) and higher in

crude protein ( + 2.4%), neutral detergent fiber ( +3.2%), and lignin ( + 0.70%).

The average values and their range, during the spring sampling period were 0.28

(0.13-0.39) for percent calcium, and 0.41 (0.23-0.50) for percent phosphorus.

Blaisdell et al. (1952) stated that when considering herbage yield, total

quantities of crude protein and phosphorus were greater in unclipped verses

clipped bluebunch wheatgrass.

Dragt and Haystad (1987) studied the effects of summer cattle grazing

during different phenological stages, on the winter quality of bluebunch

wheatgrass in the Elkhorn Mountains, Montana. Grazing occurred from June

10 to October 15, and samples were collected for analyses during the following

March. The phenological stage when grazed did not affect the winter quality of

bluebunch wheatgrass (p > 0.05) in crude protein or carbohydrate composition.

Winter composition for neutral detergent fiber, cellulose, and hemicellulose in
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the ungrazed bluebunch wheatgrass was 82.4%, 48.5%, and 28.0%; plants grazed

during the boot stage contained 78.8%, 48.0%, and 25.6% respectively.

Nutrient Requirements of Wintering Elk

Nutrient requirements and forage quality needs of elk are basically

unknown; in many instances, cattle or deer requirements have been utilized when

referring to elk requirements (Nelson and Leege 1982). Animals require protein

for tissue production and repair, fat and carbohydrates for energy, and minerals

and vitamins for many bodily functions (Stoddart et al. 1975). Energy is the

major nutrient needed, quantity wise, for bodily functions (Stoddart et al. 1975).

Gross energy of a feed does not change significantly between different types of

forage, but utilizable energy for ruminants does change, and this depends

significantly on the digestibility of the forage (Crampton and Harris 1969 as cited

in Mereszczak 1979). The more digestible the forage is, the more energy will be

available for animal use. In winter. energy requirements are high since elk need

energy for maintenance, thermoregulation, movement through the snow and

other environmental stresses.
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Energy Requirements of Wintering Elk

The total daily energy requirement of an elk includes basal metabolic

energy expenditure, activity expenditure, production expenditure, and the cost to

maintain homeothermy (Moen 1973). Nelson and Leege (1982) have estimated

energy expenditure rates for foraging, travel, standing, ruminating, and bedding.

A cow elk weighing 236 kilograms needs approximately 6,035 kilocalories of

energy per day during the winter season for her standard metabolic rate and

activity. The daily energy requirements per day were divided into approximately

1,172-1,657 kilocalories for foraging, 301 kilocalories for travel, 7 kilocalories for

standing and 340 kilocalories for ruminating.

In order for a 236 kilogram cow elk to just equal her energy requirement for

her standard metabolic rate and activity, Nelson and Leege (1982) calculated

that she would need to intake 4.1 kilograms of forage. Assuming the cow could

intake 20 grams/kg body weight, the 4.1 kg of forage would be equal to 87% of

the total energy intake. This would leave 13% of the energy intake for other

functions such as growth, reproduction, or homeothermy. If the quality is less

than that in the example, the cow may be limited by her consumption rate and

she may not be able to meet her nutrient requirements with the lower quality

forage.

Montgomery and Baumgardt (1965) have proposed a model that

correlates voluntary dry matter intake and forage nutritive value for ruminants.
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Intake regulation switches from physical to physiological factors as forage

nutritive value increases. Dry matter intake and energy consumption increase

with increasing nutritive value of the feed, until physiological factors begin to

regulate the intake. With high quality feeds, physiological factors regulate the

intake rate; energy requirements are maintained, and the dry matter intake

decreases. Ruminants consuming poor quality forage may be limited by the

capacity of the digestive tract. Voluntary intake is then limited by the rumen fill,

and energy requirements will not be met.

With low quality forage, voluntary intake is limited by volume (or

capacity) of the digestive tract, rate of passage, and rate of digestion (Freer 1981

and Robbins 1983). Capacity is limiting when forage can not be ingested until

the gastrointestinal bulk is reduced by either digestion and absorption, or by

passage (Robbins 1983). Robbins (1983) defined passage as the flow of

undigested matter within or through the entire gastrointestinal tract per unit of

time. The rate of passage is determined by the microbial digestion of the forage,

and the passage of undigested forage particles. Microbial digestion must reduce

the forage to a small enough particle size to pass through the reticulo-omasal

orifice before it can flow through the rest of the digestive tract. Coarse forage

requires more digestion time before it is broken down into particle sizes that can

pass through the digestive tract. Undigested particles that reach the lower

digestive tract are mainly composed of cell wall material. Diets consisting of

partially and/or slowly digestible structural carbohydrates will have slow
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throughput rates and thus, voluntary intake rates will be reduced. Fiber

characteristics that determine passage rate of a forage is quantitatively shown by

the dry matter digestibility coefficient (Freer 1981).

Voluntary intake rates may be the controlling factor of winter diet

consumption of big game. Ruminants cannot compensate for poor forage quality

by increasing intake (Green and Bear 1990). Foraging time is limited because

the animal can only intake as much forage as their rumen can hold, and their

energy requirements may not be met. Increasing the quality of winter range

forage may increase the digestibility and passage rate of the forage, thus

increasing the animals voluntary intake and increasing the dietary intake of

energy and nutrients.

In winter, there is not a significant energy demand for reproduction, and

activity may be at an annual minimum (Nelson and Leege 1982). Energy

expenditure for homeothermy is increased during the winter months. Brockway

and Maloiy (1967) measured calorimetric heat loss of two red deer hinds. At a

thermoneutral temperature (18°C) a 49 kilogram deer lost an average of 2,340

kilocalories per day, and a 67 kilogram female lost and average of 2,475

kilocalories per day. At 8 degrees Celsius, the deer lost 2,776 and 2,645

kilocalories per day, respectively. Elk calves that were less than 4 months old

and weighed between 29 to 75 Kg, expanded an average of 0.0362 Kcal/Kg/min

for standing and 0.0049 Kcal/Kg/min for lying (Parker et al. 1984).
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Factors That Influence Energy Expenditure in Wintering Elk

Winter survival of big game animals is not based solely on feed intake

during the winter season and several other factors influence the herd condition

through the winter (Mautz 1978). Metabolic factors include amount of

accumulated body reserves, daily energy balance, and duration of sub-

maintenance diet. The first metabolic factor is the storage of body fat through

the summer and fall, and the catabolism of this reserve during the winter. High

quality winter forage slows the catabolism of accumulated body reserves, which

improves animal survivability and allows them to enter the spring in a better

physiological condition. Nelson and Leege (1982) have explained the catabolism

of body fat and protein. If fat is mobilized for energy, one kilogram of energy

will result in 7-8 Mcal/kg of body weight lost. Assuming 80% efficiency of fat

catabolism, a 1,000 kcal deficit would result in 0.12-0.44 kg of body weight lost.

If fat reserves are depleted, protein may be used to supply the energy. Protein

contains only 60% as much energy as fat, so a greater weight loss would occur

because of reduced efficiency in energy production.

Snow depth influences the distribution of elk by controlling the amount

of forage covered by snow (Anderson 1958, McLean 1972 in Sweeney and

Sweeney 1984). In Colorado, sightings indicated that 40 cm and 70 cm were key

depths that caused elk to migrate to lesser snow covered areas (Sweeney and

Sweeney 1984). In areas below 40 cm in depth, elk were observed pawing
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through snow, but only when food extended above the snow. Feeding in areas

of greater than 40 cm was limited to browse that was extended above the snow.

A 70 cm snow depth appeared to be the maximum depth, as it represented a

serious physical limitation for movement. Energy expenditures for walking in

snow increases with increases in snow depth, density and with sinking depth

(Mattfield 1974, Parker et al. 1984).

Elk conserve energy by developing a highly insulative winter coat, and

changing behavior. Elk restrict movement in winter, and do not feed during

storms. A lowered metabolic rate in the winter may account for a lowered

energy requirement (Hilken 1984).

Elk Diet Composition

To reduce winter mortality it has been recommended that managers

increase the production of high energy foods and optimize thermal cover (Nelson

and Leege 1982). In areas where herbaceous forage is not 'buried by the snow',

elk seem to prefer grasses over other types of forage (Nelson and Leege 1982,

Mereszczak 1979). In the Blue Mountains of Oregon, elk consumption of grasses

was one-half and three-quarters of the total dietary intake during early and late

winter respectively (Skov lin and Vavra 1979). Grass species are very important

for elk as winter feed in the Blue Mountains, as shrub type communities that are

usually relied on in winter for providing protein and energy are lacking (Skov lin
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and Vavra 1979). In Yellowstone National Park, Wyoming, Rocky Mountain elk

diets during the winter were composed of 91% grass (McBee et al. 1969).

Studies have produced different results on wildlife use of cattle-grazed

pastures. Anderson and Scherzinger (1975) reported increased elk numbers on

winter ranges that were grazed by cattle the previous spring. Skov lin et al.

(1983) reported that spring grazing during the critical growing period had no

significant effect on elk utilization of winter ranges, though elk use did decrease

28% in one of the three years of the study. In another study, Skov lin et al.

(1968) observed that summer cattle grazing also decreased elk use. Heavy fall

grazing was reported to increase deer use on spring pastures (Willms et al. 1979).

Not only may the same ranges be used by cattle and elk, but the same

forage species may be grazed by both animals. Mean diet composition totals for

bluebunch wheatgrass for elk in the Blue Mountains were 5.4% for early winter

and 12.0% in late winter (Skov lin and Vavra 1979). A cattle grazing study

conducted on the grasslands of the Starkey range observed that while bluebunch

wheatgrass composed 25% of the cover of primary forage species, it totalled 28%

of the weight of the cattle diets from late spring through fall (Holechek et al.

1982). Pickford and Reid (1948), Harris (1954), and Skov lin et al. (1976) also

reported that bluebunch wheatgrass was a key forage species of cattle on the

Starkey Experimental Forest and Range.

Kasworm et al. (1984) studied dietary components on winter ranges of the

Rocky Mountains which are utilized as summer range by cattle and winter range
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by wildlife. The species grazed by cattle in the summer were similar to those

utilized by elk in the winter. Mean percentage of bluebunch wheatgrass in

winter (January-February) and late winter (March-April) diets of elk were 24.7%

and 21.1% respectively. Cattle diets during the June-August grazing season

contained 23.9% bluebunch wheatgrass.

Kufeld (1973) calculated that the relative seasonal value of bluebunch

wheatgrass eaten by Rocky Mountain elk in the winter is 3.00; a ranking between

2.25 and 3.00 was considered to be a highly valuable plant which would be avidly

sought after by elk and would make up a major part of the diet.

Calcium and Phosphorus Metabolism

Holechek (1980) stated that calcium and phosphorus are the limiting

minerals on many western rangelands as calcium may be in high enough

concentrations to adversely affect the metabolism of phosphorus. Dietz (1970)

observed that phosphorus was deficient in many range species during the winter.

Cook and Harris (1968) also reported that phosphorus is a common deficiency

in the west, and that deficiencies are most likely when the forage is mature. No

studies of mineral concentrations for winter regrowth of conditioned bluebunch

wheatgrass have been published.

Calcium and phosphorus nutrition depends on adequate amounts of both

minerals, a suitable ratio between them, and the presence of vitamin D (Halls
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1968). A ratio of calcium to phosphorus of 1:2 to 2:1 is needed for optimum

absorption of both minerals. Low levels of phosphorus reduce calcium

deposition and removal from bone and decrease calcium absorption, while excess

calcium may interfere with the utilization of phosphorus (Church 1979).

Ruminants can tolerate a calcium:phosphorus ratio of 1:1 to 7:1 without adverse

effects (Simesen 1980). Calcium absorption is by both passive diffusion and

active transport. The main site of absorption is the anterior portion of the small

intestine. As the percent calcium in the diet increases, the proportion absorbed

decreases, although the absolute amount absorbed will remain relatively

constant. Phosphorus is absorbed from the small intestine by active transport

and passive diffusion. The skeleton and teeth contain more than 99% of the

total calcium and 80-85% of the phosphorus present in the body. The remaining

portions are in the body fluids.

Normal adult bone contains approximately 45% water, 25% ash, 20%

protein, and 10% fat (Simesen 1980). Ash is composed of approximately 36%

calcium, 17% phosphorus, 0.8% magnesium, and trace amounts of other

minerals. Calcium and phosphorus are important for bone and teeth formation

and maintenance. Bone mineral has an amorphous (noncrystalline) stage that

is composed of hydrated tricalcium phosphate, and a crystallized stage that is

similar to hydroxyapatite. Young growing bones contain more of the amorphous

stage. Bone apposition occurs at the growth plates by osteoblast cells. Calcium

and phosphorus must be available in the fluid surrounding the bone matrix in
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order for hydroxyapatite crystals to be formed. If one mineral is not supplied in

adequate amounts, formation of the organic matrix in the bone will continue, but

neither calcium or phosphorus is deposited in it and ossification of the skeleton

will not occur (Church and Pond 1982). Rickets or osteomalacia may result.

A deficiency of calcium, phosphorus or vitamin D can cause rickets in

growing animals, and osteomalacia in adults. Rickets is characterized by

weakened bones, due to lack of calcification of the cartilage matrix. Rickets is

accompanied by a decrease in inorganic phosphorus and/or calcium in the blood,

and an increase in phosphatase in the plasma. In adults, bone growth has

stopped, but minerals are absorbed and resorbed from the bone tissue.

Osteomalacia results from an excess of mineral resorption of the bones without

replacement of minerals because of dietary deficiency. This can cause weak and

brittle bones. Calcium and phosphorus occur in a 2:1 ratio which is not altered,

even with demineralization of the bone (Simesen 1980).

Calcium in soft tissues is important for many metabolic functions.

Calcium is required for normal blood clotting, as it is a coenzyme in converting

prothrombin to thrombin. Calcium is needed for contractions of the skeletal,

cardiac, and smooth muscles. Calcium enhances the transmission of nerve

impulses to maintain normal neuromuscular excitability, regulates the capillary

and cell membrane permeability, and activates and/or stabilizes enzymes and

hormones. Calcium is also essential for normal milk secretion. Rumen
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microorganisms need calcium for the digestion of cellulose in the rumen (Beeson

and Perry 1975).

The blood cells do not contain an appreciable amount of calcium, but the

calcium concentration in plasma is relatively constant. Calcium concentration

is maintained by combined factors of intestinal absorption, bone apposition and

resorption, and urinary and endogenous fecal excretions.

If the diet is deficient in calcium, plasma calcium concentration will be

maintained by resorption of the bones. A decline in plasma calcium

concentration will trigger the parathyroid gland to increase secretion of the

parathyroid hormone (PTH). This hormone stimulates biosynthesis of the

metabolicly active form of vitamin D (1,25-dihydroxycholecalciferol) which then

increases calcium absorption from the intestinal tract. Parathyroid hormone,

with the presence of vitamin D, will also increase the resorption of calcium from

the bones and increase renal reabsorption of calcium. Calcitonin is released

from the thyroid gland if calcium is in higher than normal concentrations in the

plasma. Calcitonin inhibits bone resorption of calcium which decreases plasma

calcium concentration.

Clinical signs of dietary calcium deficiencies are rare in ruminants, as

young animals are supplied milk which is rich in calcium during the early

growing years, and adults usually consume high-roughage diets which contain

adequate amounts of the mineral (Beeson and Perry 1975). The main effect of
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a calcium deficiency is rickets or osteomalacia. Milk fever is also associated with

low calcium levels, though dietary intake is not the factor (Maynard et al. 1979).

If there is an excess of calcium in the diet, hypercalcemia may occur.

Hypercalcemia is the hypersecretion of calcitonin, and bone abnormalities such

as osteopetrosis may occur. Sustained secretion of calcitonin may produce

tumors on the ultimobranchial tissue of the thyroid (Church and Pond 1982).

Kidney stone formation, and calcification at previously damaged sites of the soft

tissues, may also occur with high levels of the mineral in the diet. If a diet

contains a high percent of calcium, yet still maintains a suitable

calcium:phosphorus ratio negative effects will not be created by the high calcium

itself, but result from calcium effecting the assimilation of other nutrients.

Phosphorus is found in many organic combinations. Phosphorus is

involved in acid-base metabolism and acts to buffer the acidic decrease in pH

levels. Phosphorus can occur as an alkaline (HPO4 2) or acid (H2P041)

phosphate. High-energy phosphate bonds are used for the storage, release and

transfer of energy. Nucleic acids and phospholipid compounds utilize

phosphorus for cell wall maintenance, and for transfer of material across the cell

wall. Phosphorus is also used to transport lipid material in the blood and lymph.

If the dietary intake of phosphorus is deficient, serum phosphorus levels

will fall as the bone is limited in the amount of phosphorus it can supply

(Simesen 1980). Calcification of the bone is reduced, and excretion of calcium

is increased in the urine and feces. If the deficiency is prolonged, the appetite
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will fail and growth is slowed or discontinued in young animals. Rickets or

osteomalacia will then occur. The etiology of osteomalacia in bovine and ovine

species is termed aphosphorosis. It is characterized by a diet low in phosphorus,

and excess calcium in the diet will increase the severity of the disease (Simesen

1980). Animals will have low serum phosphorus levels, but normal calcium

levels. Pica, or bone chewing, may be observed in animals consuming either a

phosphorus or calcium deficient diet.

If there is an excess of phosphorus in the diet, the kidney will excrete the

excess, however if prolonged, secondary hyperparathyroidism may result. The

high level of phosphorus will depress the calcium absorption from the intestine,

and the serum calcium concentration will decrease. The parathyroid is then

triggered to release PTH and calcium resorption from the bones will occur

which can lead to lameness and fracturing of the long bones.

Vitamin D is essential for proper calcium and phosphorus metabolism.

Target tissues for calcium and phosphorus regulation are the intestine, kidney,

and bone. Vitamin D occurs in two forms; both contain the same nutritional

value for ruminants. Plants produce the steroid ergosterol, which is converted

to Vitamin D2 with ultraviolet irradiation. The steroid 7-dehydrocholesterol

occurs in animals and is converted to vitamin D3 with ultraviolet irradiation. The

liver converts vitamin D3 to the 25-hydroxycholecalciferol form which is then

converted to 1,25-dihydroxycholecalciferol in the kidney. 1,25-

dihydroxycholecalciferol is the physiologically active form that controls intestinal
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absorption of calcium and phosphorus. Calcium binding protein is stimulated by

1,25-dihydroxycholecalciferol. Vitamin D and parathyroid hormone control the

excretion rate of phosphorus by the kidney. Presence of vitamin D will increase

the resorption of phosphorus from the kidney tubule, and this will increase the

phosphorus serum concentration. Vitamin D is also needed for normal bone

growth, as it forms a vitamin D-induced protein that is required for bone

resorption.

It has been assumed that elk have requirements similar to cattle for calcium

and phosphorus; pregnant wintering cows require 0.18% for both calcium and

phosphorus (Nelson and Leege 1982). Halls (1968) reported that the best antler

growth for white-tailed deer was obtained from diets with 0.64% calcium and

0.56% phosphorus.

French et al. (1956) studied nutrient needs for growth and antler

development in white-tailed deer and concluded that quantitative requirements

were in excess of 0.09% calcium and 0.25% phosphorus. Body growth was

favored over antler development in deer, and only the control group showed

appreciable antler development. The control group received 0.64% calcium and

0.56% phosphorus. An improvement in antler development was seen in deer

supplemented with calcium (0.65%) verses a low calcium diet (0.09%), and in

deer supplemented with phosphorus (0.74%) verses a low phosphorus diet

(0.27%). Deer fed the low calcium and low phosphorus diets began their antler

growth 2 to 4 weeks later, and the antlers matured later, than the control group.
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There was no significant difference between the groups in chemical analysis or

density of the antlers. The low phosphorus, and low calcium and phosphorus

group, were 1 to 2 months later in shedding their winter coats, and in growing

their winter coats, than the control and supplemented groups. Deer receiving

the mineral deficient diets also had subnormal growth and weight gains

compared to the control group.

Ullrey et al. (1973) reported on calcium requirements of weaned white-

tailed deer fawns. Dietary requirements of 0.40% calcium, in the presence of

0.25 to 0.27% phosphorus, were reported to be adequate for normal growth of

the fawns. Fawns receiving 0.40% dietary calcium had a higher mean value for

weight gain, rib specific gravity and rib strength than fawns receiving 0.29 or

0.38% calcium. Antler ash, specific gravity, and percent of calcium in the ash

increased with increasing calcium supplementation. There were no histologic

changes in the compact bone, and there was no significant difference in antler

weight between the groups. Calcium levels of 0.18 and 0.22% resulted in lower

weight gains during the last half of the study.

Phosphorus requirements of weaned white-tailed deer fawns have also

been studied (Ullrey et al. 1975). Ullrey et al. (1975) concluded that 0.26%

phosphorus, in the presence of 0.46 to 0.51% calcium, was adequate for fawn

development. Deer receiving 0.28, 0.37, and 0.45% phosphorus did not show

significant differences in antler weight, specific gravity, or mineral composition.

There was also no difference in rib composition, strength, or in skeletal growth.
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The 0.28% phosphorus ration did produce a lower serum inorganic phosphorus

level, but this level was considered adequate for the fawns.

Procedures for Determining the Percent Calcium in Forages

Calcium is the element most frequently determined by atomic absorption

(Slavin 1968). Atomic absorption determinations of calcium in solution will

provide a nearly straight analytical curve. The sensitivity of the method is about

0.08 ug/ml for calcium, with a detection limit of approximately 0.005 ug/ml

(Slavin 1968). The following anions interfere with calcium in increasing order:

sulfate, aluminate, phosphate, and silicate (Slavin 1968). Use of a one percent

lanthanum solution will reduce phosphate and aluminate interference (Jarrell-

Ash Company 1966).

Atomic absorption spectroscopy can be used to provide a quantitative

determination of the element concentration. Any element can be determined if

it can be reduced to its atomic state, and if it has a resonance line within the

instrumental spectrum.

The physical process of this method can be explained as follows. If the

element that is being determined is in solution, and the solution is aspirated into

a flame, an atomic vapor is produced with the atoms in a neutral state. Atoms

in the vapor phase are capable of absorbing light energy that has a wavelength

equivalent to the energy required to raise the atom from the neutral state to a
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higher energy level. This spectrum of light is generated by a hollow cathode

lamp. The cathode is the element that is being determined, and the lamp emits

only the line spectrum of the cathode element combined with that of the fill gas

(neon or argon).

The atomic vapor thus absorbs the light energy at the selected spectrum

line and a monochromator isolates this resonance wavelength from all other

particle lines. The photodetector then receives only this resonance line and the

intensity of the light is recorded. The resonance line of the light will be

diminished by the sample absorption, compared to the resonance line of the light

itself.

Absorption is proportional to the concentration of the neutral atoms in

the flame. The Beer-Lambert Law can also be applied in atomic absorption

spectroscopy to determine the concentration of a sample. The Beer-Lambert

Law can be stated as:

log I = log Io -(Ky)lc Where I0 = initial intensity.

I = reduced intensity.

Ky = extinction coefficient at the absorbing

wavelength.

1 = Thickness of the flame.

c = concentration.
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Analytical curves can thus be drawn by plotting known standard

concentrations verses absorbance. Sample concentrations can then be found by

plotting the atomic absorption reading of their absorbance on this standard

curve.

Procedures for Determining the Percent Phosphorus of Forages

Several methods are available for determining phosphorus in plant tissue.

Two methods that are commonly used are the molybdenum blue method and the

vanadomolybdate method. The vanadomolybdate method is usually preferred

whenever the phosphorus content is greater than 1-2 ppm. The molybdenum

blue method has an optimum concentration range of 0.1-1.2 ppm of phosphorus

and a maximum absorbance near 700 nm (Halmann 1972). The

vanadomolybdate method has four specific traits. The first is lower sensitivity

compared to the molybdenum blue method. The sensitivity varies with the

wavelength; at 400 nm the range is 0.8-6 ppm. If ferric ions interfere at this

wavelength, a wavelength of 470-490 should be used. Most plant material

however, does not show this interference and the 400 nm wavelength may be

used for greater sensitivity (Greweling 1976).

An advantage to this method is freedom from most ion interferences.

The third trait is stability of color, which is stable for several days once it is
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developed (Greweling 1976). A small sample size of 1-2 g is also an advantage

of this method.

The Vanadomolybdate method utilizes spectrophotometry. When light

is transmitted through a solution, some of the light is usually absorbed. The

absorbance of a compound in solution can be measured and a quantitative

estimate of the concentration of the compound can be made. The visible region

of the electromagnetic spectrum is from 400 to 700 nm. Absorption in the

visible region is due to resonant structures (chromophores) in a molecule; the

larger the conjugated system in the chromophore, the longer the wavelength at

which it will absorb. If absorption occurs in the visible region, the solution will

be colored.

The absorption of light by a solution is measured in terms of absorbance.

Lambert's Law and Beer's Law define the concept of absorbance. Beer's Law

states that absorbance of a substance in solution is directly proportional to its

concentration. Lambert's Law states that absorbance is directly proportional to

the distance the light must travel through the solution. These two concepts may

be combined to give the Beer-Lambert Law. A plot of absorbance as a function

of concentration theoretically yields a straight line. Using known standards of

phosphorus concentrations, a plot of absorbance verses concentration can be

established. The sample concentration can then be found from the absorbance

reading.
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In the vanadomolybdate method, orthophosphate reacts with an acidified

vanadomolybdate reagent solution to form a yellow colored vanadomolybdate-

phosphoric acid complex (Halmann 1972). This mixed heteropoly acid has a

maximum absorbance at 400 nm. As the samples increase in phosphorus

content, there is more of the complex formed, thus a more yellow color is

obtained. This will cause a higher reading for absorbance, and a higher

concentration will be found from the standard curve.

Procedures for Determining In Vitro Dry Matter Digestibility

The digestibility of a forage indicates the availability of nutrients for the

animal. Digestibility refers to the plant's composition of cell wall material and

cell contents. Digestibility will decrease as the amount of cell wall material

increases because of the increased non-digestible contents in the cell wall and

the decreased availability of the cell contents. As plants mature, the percentage

of cell wall material increases and thus, digestibility decreases.

Many procedures are available to determine the digestibility of forages.

Macrodigestion methods include digestibility trials with metabolism cages, and

total fecal collection trials. These methods require large amounts of feed, are

in general, expensive and laborious, and require handling of the animal species

being studied. Because of these disadvantages, many people are now using in

vitro techniques (Urness et al. 1977, Crawford 1984). The in vitro technique
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simulates rumen fermentation under controlled conditions (Church and Pond

1982). Glass vials containing the forage sample are inoculated with rumen fluid,

buffered, and kept at a constant temperature. After a specified length of time,

the in vitro dry matter digestibility is calculated by subtraction of the weight of

the digested sample from the original sample weight. Advantages of this

technique are that many samples can be analyzed at one time, small forage

samples are needed, and repeatability is good (Mautz 1978).

Pearson (1970), Meyer et al. (1971), and Scales et al. (1974) have

reported that the Tilley and Terry method is the most reliable predictor of in

vivo digestibility of forage. Meyer et al. (1971) and Scales et al. (1974)

compared three in vitro techniques to the conventional digestion trial. The

techniques were the two stage Tilley and Terry (1963) method, the digested

neutral detergent fiber method of Van Soest et al. (1966), and the one-stage

fermentation method (Baumgardt et al. 1962). Scales et al. (1974) concluded

that the Tilley and Terry method was the most accurate of the in vitro methods

studied. Meyer et al. (1971) recommended the Tilley and Terry method, as

further digestion beyond the microbial fermentation seemed to be necessary to

estimate the in vivo digestibility. Tilley and Terry (1963) stated that differences

in animal species, age and health of the animals, level of feed intake and feed

preparation methods will make in vivo values difficult to duplicate. These

factors can be corrected when a regression equation is calculated between a
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standard sample of known in vivo digestibility and the in vitro samples

(Holechek 1980).

There have been debates over whether the animal species donating the

inoculum needs to be the same as the species being studied. The Tilley and

Terry method utilizing bovine inoculum has been a reliable estimator of the in

vivo digestibility of deer forages (Palmer et al. 1976, Urness et al. 1977, and

Crawford 1984). Robbins et al. (1975) reported slightly different values when

comparing digestibilities from white tail deer inoculum verses cattle inoculum.

Ward (1971) reported that for dry matter digestibility for grass species, the

species of the donor did significantly effect the digestibility values. Inoculum

from a spike elk fed alfalfa hay produced 2.8% higher digestibility than a free

ranging bull elk, and steer inoculum produced 2.7% higher digestibility than the

spike elk. Ward commented that higher digestibility values could be correlated

to inocula from animals on a higher quality feed. Higher quality feed could

supply a rich source of nutrients that may change the microbial population and

fermentation activity.

The diet of the inoculum donor and its effect on the accurate prediction

of in vivo digestibility has been examined. Several studies have reported that the

diet of the animal will effect the reported digestibility of the forage (Church and

Peterson 1960, Bezeau 1965, and Nagy et al. 1967). Several workers have

recommended that the inoculum source animal be fed the same forage, or a

standard forage that is analyzed with the study samples and used as a correction
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factor (Van Dyne 1962, Bezeau 1965, Johnson 1966, Bruggemann et al. 1968, in

Pearson 1970). Other studies have found that the donor animal does not need

to be fed the same forage as that to be analyzed (Kumeno et al. 1967, Van Dyne

1962). Crawford (1984) reported a close relationship between in vitro

digestibilities (bovine inoculum) and in vivo standard deer diet digestibilities.

The steer was maintained on a 60% grain, and 40% hay and forage diet, yet the

standards were eastern arborvitae (Thuja occidentalis), red clover (Trifolium

pratense), and crown vetch (Coronilla varia). Scales et al. (1974) reported that

steers fed western wheatgrass hay gave reliable estimates of in vivo digestibilities

of range forages. Donor animals grazing the same western wheatgrass pasture

as to be analyzed, produced more variation in predictive values than the steers

(Scales et al. 1974).
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THE STUDY AREA

The study area was located near the U.S.D.A. Forest Services' Starkey

Experimental Forest and Range in the Blue Mountains of northeastern Oregon

(Figure 1). This area is approximately 50 kilometers southwest of La Grande,

Oregon. The two study sites, Winter Ridge and McCarty Springs, are located on

National Forest Lands, and are within known elk winter ranges. Winter Ridge

is at an elevation of 1366 meters, with a south, southwest aspect. The exact

location of the site is USGS Quad - Little Beaver Creek, Oregon, T4S, R36E,

Sec.19 NW 1/4 of the SW 1/4. McCarty Springs is at an elevation of 1274

meters with a west aspect. The exact location of the site is USGS Quad -

Marley Creek, Oregon, T4S, R35E, Sec. 20, NW 1/4 of the SW 1/4.

Climate

The climate is continental with cold winters and warm summers. Average

annual precipitation at Ukiah is 42.29 cm (NOAA 1988-1990). Snow during the

winter season accounts for two-thirds of the total precipitation. Almost all of the

remaining moisture is deposited as rain in April through June. Summers are

typically dry. Fall rain is variable, with regrowth dependent on the amount.

Precipitation data for 1988 through March 1990 is given in Table 1.
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Figure 1. Location of the Winter Ridge and McCarty Springs Study Area.



Table 1. Monthly Precipitation (cm) for Adjacent Weather Stations in the Winter Ridge and McCarty Springs Study Areas.

Ukiah Starkey

Month
Ukiah

10 yr Ave. 1988 1989 1990 1988 1989 1990

January 4.17 5.46 5.94 5.41 7.85 10.26 5.99

February 3.63 1.24 3.33 2.46 3.58 4.22 4.85

March 3.68 3.05 5.84 4.32 8.66 7.26 4.93

April 3.40 4.42 3.43 6.83 5.31

May 3.86 5.23 9.25 5.21 9.96

June 2.77 3.76 2.49 4.55 3.02

July 1.96 0.03 2.08 0.00 2.92

August 2.90 0.81 3.96 1.04 3.68

September 2.03 1.47 1.96 2.26 2.59

October 3.38 0.08 3.00 0.53 2.46

November 5.11 6.50 2.82 10.19 3.96

December 5.41 3.84 1.04 6.20 1.85

ANNUAL 42.29 35.89 45.14 56.90 57.49
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There is an average 120 day growing season between mid-May and mid-

September with frost capable of occurring in any month. The mean temperature

in July is 18°C and in January -4°C (Strickler, 1966). Temperature data for

1988 through March 1990 is given in Table 2.

Soils and Vegetation

The plant community classification is bunchgrass on shallow soil, gentle

slopes, GB-49-11 (Hall 1973). Wheatgrass (Agropyron spp.), fescue (Festuca

spp.), Sandberg bluegrass (Poa secunda), and yarrow (Achillea millefolium) are

the dominant vegetation in this community. This type includes some bare

ground, and the soil is shallow and stony.

The soil at both sites has been classified as belonging to the Anatone

series (Bryant 1985). The Anatone series is shallow and well drained

(Dyksterhuis and High 1985). The soil was formed from colluvium and residuum

derived from basalt, with some loess and volcanic ash in the surface layer.

Forage production is limited by the depth to bedrock and droughtiness of the

soil. Revegetation potential is limited by the shallow and stony soil.

A soil analysis indicated that calcium and phosphorus occurred in the

average range of concentrations in the topsoil at both sites. The minerals most

likely are deposited from the surface organic matter. Phosphorus concentrations

were below normal in the subsurface horizons at both sites. At Winter Ridge,



Table 2. Monthly Temperatures ( ° C) for Adjacent Weather Stations in the Winter Ridge and McCarty Springs Study Areas.

Ukiah Starkey

Month
Ukiah

10 yr. ave. 1988 1989 1990 1988 1989 1990

January -4.11 -3.67 -5.72 -0.44 -1.11 -6.11 -3.89

February -0.06 0.06 -9.50 -2.06 2.22 -3.33 -0.56

March 2.39 2.72 1.94 2.83 1.11 -0.56 3.33

April 5.17 7.28 7.67 -a 5.00

May 8.89 9.56 8.89 - 6.67

June 12.94 13.50 13.61 - 13.33

July 16.06 16.61 15.67 21.11 18.33

August 15.89 15.28 15.06 16.67 12.22

September 11.67 11.44 11.28 10.56 13.33

October 6.89 10.89 5.67 10.00 0.00

November 1.28 1.61 2.83 -4.44 -2.22

December -1.89 -5.17 -1.44 -9.44 -2.22

AVERAGE 6.26 6.67 5.50 4.54

a Missing observations
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calcium concentrations were 12.0 cmol( + )/Kg in the topsoil, and 13.4 cmol( + )/

Kg in the subsoil. Phosphorus levels were 15 ppm in the topsoil, and 6 ppm in

the subsoil. At McCarty Springs, calcium concentrations were 11.7 cmol( + )/Kg

in the topsoil, and 12.2 cmol( + )/Kg in the subsoil. Phosphorus concentrations

for the topsoil and subsoil were 10 and 6 ppm, respectively. Surface and

subsurface pH levels were normal, ranging from 6.5 to 6.7.

Past Grazing History

The Winter Ridge site was included in the 13,844 acre Whitehorse Cattle

& Horse allotment (Wallowa Whitman National Forest 1990). Livestock have

grazed the area since 1870, though official records were not filed until 1943. In

1943, the Forest Service issued a permit for 1,000 head of sheep for the period

between June 1 to approximately October 31. In 1957, a permit was issued for

4,477 animal months for 1,000 head of sheep. The grazing period was for five

months, from early June to late October. In 1962 the lessee converted to a

cattle operation and the permit was changed to allow 200 head of cattle for the

approximate time period between June 15 and October 31. Animal months

averaged 833. The study site was excluded by fencing from the allotment in the

summer of 1986.

Early settlers began grazing livestock on the McCarty area in 1880

(Wallowa Whitman National Forest 1989). The area was grazed by cattle, sheep,
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and horses between 1880 and 1946. From 1949 to 1967, a 15,732 acre allotment

permit was issued for 1,000 head of sheep for a 2.5 month period between July

1 and mid September. Actual use was approximately 3.5 acres per animal

month. Since 1967, the permit has been for 1,000 head of sheep for 3 months.

The approximate grazing season is early June to late September. Most of the

grassland in this allotment is in good condition, and observations since 1970

indicate that the range is in an upward trend (Wallowa-Whitman National Forest

1989). The study site was also excluded by fencing from the allotment in 1986.

Winter Ridge and McCarty springs are both located on known elk winter

ranges (Bryant 1985). The areas are also used through the year by mule deer.

Aerial spring counts of the number of elk located in each drainage have been

recorded by the Oregon Department of Fish and Wildlife since 1969 (Kemp

1990). Winter use by elk varies according to the severity of the winter

conditions. During hard winters the elk use is low, as elk migrate to the

northwest. Mild and normal winters show a large increase in elk numbers. For

example, in 1989 the elk count was low, due to harsh winter conditions. The

spring count reported 85 elk in the Winter Ridge drainage and 53 elk in the

McCarty Springs drainage. 1990 was an extremely mild winter, and spring elk

counts for the Winter Ridge and McCarty drainages were 440 and 444

respectively. Elk numbers have increased since the counts were started in 1969.

The three year average between 1969 to 1971 for the Winter Ridge and McCarty

Springs drainages were 179 and 107, respectively. The three year average for
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1998 to 1990 for the Winter Ridge and McCarty Springs drainages were 333 and

276, respectively.
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METHODS

Vegetation Sampling

A livestock exclosure was established at each site in 1986. Treatments

were no defoliation, spring defoliation (7.6 cm stubble height) in June, and fall

defoliation (7.6 cm stubble height) in September. The treatments are referred

to as control, spring conditioning, and fall conditioning. Within an exclosure,

each treatment was randomly assigned to 2 units, and then randomly assigned to

2 of the 3 subunits within the unit. Each subunit was split into three sampling

areas, in which one area was randomly assigned for the defoliation treatment and

sample collection in 1988, and a second area assigned for the 1989 treatment and

sample collection (Figures 2 and 3).

Initial Defoliation Treatment

For the spring treatment, the bluebunch wheatgrass in the subunits of the

spring defoliation units were clipped to a 7.6 cm stubble height. This

represented the time period before the plants advanced into the boot stage of

phenology.
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For the fall treatment, the bluebunch wheatgrass in the subunits of the fall

defoliation units were clipped to a 7.6 cm stubble height. This treatment was in

mid- to late-September, which represented the time period after plant maturation

but before the fall rains could stimulate any vegetative regrowth. The control

units contained bluebunch wheatgrass which received no defoliation.

Sample Collection

There were three separate sampling periods in each sampling area (Figure

4). The collected forage is referred to as follows; November (N), for samples

that were collected in November; April (U), for samples collected in April that

were not defoliated in the winter; and April (W) for plants collected in April

that had been defoliated in the winter.

The November sampling date corresponded to the time period when elk

were first entering this winter range. The collection date was determined by: 1)

the cessation of fall regrowth; 2) cooler temperatures; and 3) the accumulation

of snow in the higher surrounding elevations. The November samples consisted

of current years growth for the control, and regrowth after conditioning for the

treatments.

The April sampling date corresponded to the time period just before elk

leave the winter range. The collection date was by; 1) the period of time just

before the flush of spring growth; 2) increasing daily temperatures; and 3) loss
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Figure 4. Sampling Area Design.

November collection

April (W) winter defoliated collection

April (U) undefoliated collection
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of snow cover on the winter range. April samples were new spring leaf growth;

mature forage was not collected.

The April (W) samples were defoliated 2 times before they were

collected. The plants were defoliated during the spring or fall treatment, and

were also defoliated a second time in the winter. This was to assess the effect

of multiple defoliation on the forage. Bluebunch wheatgrass in each sampling

period area was clipped to a 2.5 cm stubble height until 20 g of regrowth was

obtained. All clipped material was oven dried at 50°C until a constant weight

was reached (48 hours on average). Samples were then stored in air tight

containers until further analysis could be completed.

Available forage was calculated at the same time as the forage was

collected. In November and April, the border of the clipped area was measured

(m), and then the area of the clipped area was calculated. The dry weight of the

forage that was clipped to a 2.5 m stubble height was used to determine the

kg/ha dry matter (DM) of regrowth produced since the initial defoliation

treatment. This is plant material that would be available for foraging. In

November it represented the regrowth after the conditioning treatment, and the

current years growth for the control. In April, available forage represented the

new spring leaf growth on all plots; the standing dead forage was not measured.
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Laboratory Analysis

Chemical analysis of the samples included determination of percent

calcium, percent phosphorous, and in vitro dry matter digestibility (IVDMD).

Percent calcium was determined by atomic absorption spectrophotometry. The

Vanadomolybdate method was used for percent phosphorus. The methods for

percent calcium and percent phosphorus were in compliance with established

AOAC standards (AOAC 1980). The in vitro dry matter digestibility was

analyzed by the methods described by Tilley and Terry (1963) as modified by

Warner (1983). Rumen inoculum was obtained from a fistulated steer that was

fed grass hay.

All glassware and crucibles were acid washed and then rinsed thoroughly

with double-distilled water prior to use. Double-distilled water was used

whenever the methods refer to water.

Dry Ashing

Method:

Weigh out 1-g of the dried and ground sample into a small porcelain

crucible. Place the crucible in a cool muffle furnace and then ash the sample at

600°C for 6 hours (overnight). Allow the sample to cool and then add 0.32 ml

concentrated nitric acid. Transfer contents of the crucible to a 50 ml volumetric
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flask. Rinse crucible and funnel into the flask with water. Fill to 50 ml with

water. Invert to mix well. Allow 24 hours for settling. Aliquots can then be

taken for analysis (AOAC 1980).

Atomic Absorption Spectrophotometry for Calcium Determination

Reagents:

1. Lanthanum solution, 12.5%. Dissolve 147 g of lanthanum oxide in a

minimum amount of concentrated hydrochloric acid. Add 100 ml of acid in

excess, mix and dilute to 1 liter with water.

2. Standard calcium solution, 500 ug/ml. Weigh 1.2486 g of calcium carbonate

into a 1-liter volumetric flask. Add 10 ml of 1+ 1 hydrochloric acid, mix until

completely dissolved, and dilute to 1 liter with water.

3. Calcium standards. Transfer 0, 1, 2, 4, 6, 8, and 10 ml of standard calcium

solution to 100-m1 volumetric flasks. Add 4 ml of lanthanum solution and

make to volume with water.

Procedure:

Transfer 1.6 ml of aliquot to 25-m1 volumetric flasks. Add 2 ml

lanthanum solution and make to volume with water. If further dilutions are
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necessary, dilute with 0.5% lanthanum solution. The final dilution must contain

1.0% lanthanum. Determine calcium with the atomic absorption

spectrophotometer (AOAC 1980).

Calculations:

Prepare a calibration curve from the average of each standard from

before and after the sample group. Determine the concentration of the samples

from a plot of absorption verses ug/ml. Percent calcium = (ug/ml) x (ml

original dilution x ml final dilution/ sample weight) x .0001.

Vanadomolybdate Method for Phosphorus Determination

Introduction:

The range of sensitivity of this method is 0.8-6 ppm at 400 nm; this

wavelength should not be used if interference from iron is suspected (Greweling

1976). Trial tests concluded that iron interference was not a concern with the

bluebunch wheatgrass samples.

Reagents:

1. Molybdovanadate reagent. Dissolve 25 g of ammonium molybdate

tetrahydrate in 300 ml of water and stir in a solution of 1.25 g of ammonium
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metavanadate dissolved in 500 ml of 5 N nitric acid. Mix, dilute to 1 liter,

and mix again. Decant solution if any precipitate forms.

2. Standard phosphorus solutions. Transfer exactly 2.5, 5, 10, 15, and 20-m1 of

10 ppm standard phosphorus to 25-m1 volumetric flasks. Add in the same

amount of molybdovanadate reagent as was added to the samples. Make to

volume with water. Mix well and allow to stand for 15 minutes before

determining the percent transmission at 400 nm.

Procedure:

On the basis of estimated phosphorus content, calculate the amount of

sample which must be diluted to 25 ml, so that the final concentration will fall

approximately in the central portion of the standard curve. The ratio of

molybdovanadate reagent to total volume must be kept constant in the samples,

standards, and reagent blank.

Transfer 1.25 to 9-ml of the aliquot to a 25-m1 volumetric flask. Add 8.3

to 4.5 ml of molybdovanadate reagent and make to volume with water. Mix well

and allow to stand for 15 minutes. Determine the percent transmission at 400

nm (AOAC 1980).

Calculations:

Determine mg of phosphorus from a curve established by the standards.

Prepare a standard curve by plotting phosphorus concentration against percent
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light transmission. The standards should be read against a reagent blank.

Percent phosphorus = (sample absorbance x ppm standard/standard absorbance)

x (ml first dilution) x (ml final dilution) x 0.0001.

Two-Stage In Vitro Dry Matter Digestibility Procedure

Reagents:

1. Phosphate Buffer: Warmed (39°C) and reduced with CO2.

Chemical grams/liter

Na2HPO4 1.059

KH2PO4 0.436

2. McDougall Buffer: Warmed (39°C) and reduced with CO2.

Chemical grams/liter

NaHCO3 9.8

Na2HPO4 9.3

KC1 0.57

NaC1 0.47

MgSO4 * 7 H2O 0.12

CaC12 0.04
(must be added after
others are in solution)
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3. Pepsin:

Chemical per liter

2.2N HC1 356 ml HC1/2L H2O

1:10000 pepsin 2g/100 ml of HC1 sol.

4. Inoculum: Squeeze whole rumen contents through four layers of cheese

cloth. Re-suspend the pulp in the phosphate buffer. The quantity of

phosphate buffer should equal the filtrate. Squeeze the resuspended pulp

through the cheese cloth, and add to the filtrate. Set this mixture in a water

bath that has been warmed to 39°C and reduce with CO2 for five minutes.

Allow the particulate to settle, and siphon off the supernatant.

Procedure:

Weigh out 0.5000 + 0.0025g of air dried forage into vials. Add 2 nil of

the inoculum and mix. Add 10 ml of the inoculum and 20 ml of the McDougall's

buffer. Release CO2 gas above the top of the solution and then cover the vial

with gas-release stoppers.

Incubate for 48 hours at 39°C. Swirl the vials every eight hours. After

48 hours, add 2 drops of iso-amyl alcohol and then 2 ml of the pepsin/HC1

solution. Restopper the vials and incubate at 39°C for another 48 hours. Swirl

the vials every eight hours. After the 48 hours, filter the undigested material

into a pre-weighed center-disc filter. Dry at 50°C for 24 hours and weigh. For
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each run include two blanks and four standards. All samples will be corrected

to the standard (Tilley and Terry 1963 and Warner 1983).

Calculations:

% Digestibility = sample weight - (residue - blank) * 100
sample weight

Correction Factor = Known IVDMD batch standard IVDMD

% Corrected Digestibility = % Digestibility + correction factor

Statistical Analysis

The variables calcium, phosphorus, and IVDMD, were analyzed with an

analysis of variance with the factors site, defoliation treatment, unit, slope, and

year. A split plot-in time design with subunits in strips was used. Site was the

blocking factor, slope was the strip plot factor, and year was a repeated measure

in time. There were significant interactions with the factor year, so data were

then analyzed separately for each year.

Separate analysis were determined for each year with an analysis of

variance for a split plot design with subunits in strips. Treatmentswere assigned

to units (whole plots) according to a randomized block design with blocks
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corresponding to sites. The subunits, corresponding to slope, were arranged in

strips across each block (Cochran and Cox 1950 section 7.32).

Two different analyses of variances were performed for the variables

calcium, phosphorus, and IVDMD. The field design was unbalanced with

respect to slope, so a preliminary analysis of variance (ANOVA) that accounted

for slope tested for factor effects at a significance of p <0.05 (Table 3A).

Significant treatment differences were compared by least-squares means (LSM)

which adjusted for missing slope values (Appendix A). Least-squares means are

estimators of the means that would have been expected if the design had been

balanced (SAS Institute Inc. 1987). The least-squares means created a complete

data block by using values from the data set and estimating the missing values.

Results of ANOVA and LSM tests indicated that slope was not significant in the

model, so a simplified analysis of variance (Table 3B) was used to test treatment

means for significant differences.

In the second analysis, the analysis of variance (ignoring slope) was used

as it accounted for the unit to unit variation, with the slope averaged into one

value for the treatment unit (Table 3B). Fisher's protected least significant

difference (LSD) test was then used to compare treatment means (Petersen

1985). Statistical significance was inferred at p < 0.05. The means and standard

errors are shown in Table 4. The standard errors are descriptive only, and were

not used to determine significant differences.
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Table 3. Analysis of Variance.

A. Analysis of Variance (Accounting for Slope).

Source of Variation Degrees of Freedom
Among Units

Site 1

Treatment 2
Site * Treatment 2
Unit Error

(unit(site, treatment)) 6

Among Subunits within Units
Slope 2
Slope * Treatment 4
Subunit Error 6

slope * site
slope * site * treatment
slope * unit(site * treatment)

B. Analysis of Variance (Ignoring Slope).

Source of Variation Degrees of Freedom
Among Units

Site 1

Treatment 2
Site * Treatment 2
Unit Error

(unit(site, treatment)) 6
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Table 4. Means and Standard Deviations for the Chemical Composition of Bluebunch Wheatgrass Regrowth
by Treatment.'

Sampling
Period

Nutrient Year Control Spring
Defoliation

Fall
Defoliation

Std. Error of
the Mean

November Calcium (%) 1988 0.32 0.32 0.39 0.0153
(0.0298) (0.0642) (0.0337)

1989 0.37 0.32 0.36 0.0144
(0.0303) (0.0363) (0.0492)

Phosphorus (%) 1988 0.05°1 0.05° 0.23' 0.0059
(0.0180) (0.0123) (0.0163)

1989 0.08° 0.09° 0.14' 0.0093
(0.0130) (0.0116) (0.0278)

Digestibility (%) 1988 32` 40° 79' 0.8114
(9.6169) (5.3835) (2.3058)

1989 49° 52° 72' 1.7374
(4.9464) (4.9143) (8.3691)

Ca:P Ratio2 (%) 1988 6.4:1 6.4:1 1.7:1
1989 4.6:1 3.6:1 2.6:1

April (U) Calcium (%) 1988 0.32 0.31 0.34 0.0123
(0.0328) (0.0338) (0.0532)

1989 0.29 0.30 0.30 0.0079
(0.0269) (0.0195) (0.0292)

Phosphorus (%) 1988 0.38 0.36 0.36 0.0077
(0.0194) (0.0188) (0.0351)

1989 0.24 0.23 0.25 0.0061
(0.0102) (0.0223) (0.0252)

Digestibility (%) 1988 82' 80a° 78° 0.9014
(2.7425) (2.0696) (2.4821)

1989 85 86 87 0.6619
(3.0457) (1.5756) (2.3052)

Ca:P Ratio' (%) 1988 1:1.2 1:1.2 1:1
1989 1.2:1 1.3:1 1.2:1

April (W) Calcium (%) 1988 032 031 034 0.0136
(0.0328) (0.0341) (0.0698)

1989 0.29 031 0.31 0.0103
(0.0269) (0.0206) (0.0293)

Phosphorus (%) 1988 0.38 0.36 0.39 0.0115
(0.0194) (0.0270) (0.0293)

1989 0.24 0.23 0.26 0.0101
(0.0102) (0.0337) (0.0222)

Digestibility (%) 1988 82' 79' 76° 1.0041
(2.7425) (3.6113) (5.0188)

1989 85 85 87 0.8570
(3.0457) (3.6438) (1.8411)

Ca:P Ratio' (%) 1988 1:1.2 1:1.2 1:1.1
1989 1.2:1 13:1 1.2:1

1 means within rows with different letters differ significantly at p< 0.05.

2 not included in LSD comparisons.

* The standard error of the mean was used to determine significant differences.



56

Available forage data were transformed using base 10 logarithms to better

satisfy the constant variance and normality assumptions. The transformed data

were analyzed as described above. Significance was inferred and reported for

the log transformed data; unadjusted means and standard error were not used

in the statistical analysis.

Differences of calcium, phosphorus, IVDMD, and available forage

between the sampling periods of November, April (U), and April (W) were then

analyzed for each treatment. Three pair wise differences were computed for

each sampling area with the following contrasts: (W-N) (W-U) and (N-U). The

sampling area differences were then averaged into a mean difference for each

of the 3 contrasts. The mean differences for each variable were analyzed by the

analysis of variance accounting for slope (Table 3A) and with least-squares

means. The sampling areas were not located on identical slopes within each

treatment unit, so least-squares means, adjusting for slope, were used in

determining significant differences. Within a treatment, the least-squares mean

estimators were calculated and a t test was used to compare the differences to

zero. For each of the 3 mean pair wise differences, if the mean difference was

significantly different than zero (p < 0.05), different letters were assigned to the

raw means, with 'a' assigned to the largest mean.

Digestible energy (DE) was predicted using an equation developed by

Rittenhouse et. al (1971). The following regression equation predicts DE from

IVDMD:
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DE, Mcal/kg DM = 0.038 (%IVDMD) + 0.18

This equation was developed with forages typical of the Great Plains, though it

is thought to be applicable to other range types (Holechek 1980).
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ELK WINTER RANGE IN RELATION TO DEFOLIATION
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NUTRIENT QUALITY OF BLUEBUNCH WHEATGRASS REGROWTH ON

ELK WINTER RANGE IN RELATION TO DEFOLIATION

ABSTRACT

Effects of defoliating bluebunch wheatgrass (Agropyron spicatum (Pursh)

Scribn. and Smith) to increase the quality of regrowth available on elk (Cervus

elaphas nelsoni) winter range were studied from 1988 through 1990. Percent

calcium, phosphorus, in vitro dry matter digestibility (IVDMD), and available

forage (kg/ha DM) of regrowth present on control, spring defoliated, and fall

defoliated plots were determined in November and April both years.

Spring conditioning did not significantly effect the forage in either percent

calcium, phosphorus, or available forage when compared to current years growth

in either November or April. In vitro dry matter digestibility was higher for the

spring conditioned forage in November of year 1. There were no differences in

IVDMD in November for year 2, or in April for both years. Fall conditioning

did significantly increase IVDMD and percent phosphorus, while decreasing the

available forage compared to the control and spring conditioned forage in

November. There were no differences in percent calcium between any of the

treatments for both years. Fall conditioning however, may create a severe deficit

of forage if regrowth is not achieved.

Conditioned forage that was again defoliated in the winter was not

different in percent calcium or phosphorus when compared to the control in
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April. There were differences in IVDMD and available forage between the

control and the winter defoliated samples in April. Differences depended on the

year and the conditioning treatment. Conditioned forage that was not defoliated

in the winter and winter defoliated samples were comparable in forage quality

and available forage, though statistical differences were calculated for the spring

conditioned samples in year 1, and fall conditioned samples in year 2.
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INTRODUCTION

Anderson and Scherzinger (1975) have hypothesized that livestock grazing

can be a tool to improve the quality and quantity of winter range forage.

Quantitative data relating to the interaction of spring or fall defoliation, plant

response through vegetative regrowth, and the subsequent forage quality for elk

winter ranges is limited.

The objective of this study was to evaluate the effect of defoliation on

percent calcium, phosphorus, in vitro dry matter digestibility, and available

forage, of resulting bluebunch wheatgrass regrowth that would be available to elk

during the winter season.
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STUDY AREA

The study was located near the Starkey Experimental Forest and Range

in the Blue Mountains of northeastern Oregon. Two sites, Winter Ridge and

McCarty Springs, were selected for study. The climate is continental with cold

winters and warm summers. Rains stimulated fall regrowth each year. Average

annual precipitation for adjacent weather stations near the study areas were

35.89 and 45.14 cm for Ukiah, and 56.90 and 57.49 cm for Starkey, for 1988 and

1989, respectively (NOAA 1988-1990 and For. and Range Sci. Lab. 1988-1990).

Elevation of the study areas were 1,366 m at Winter Ridge, and 1,274 m at

McCarty Springs.

The plant community classification is bunchgrass on shallow soil, gentle

slopes, GB-49-11 (Hall 1973). Wheatgrass (Agropyron spp.), fescue (Festuca

spp.), Sandberg bluegrass (Poa secunda), and yarrow (Achillea millefolium) are

the dominant vegetation in this community The soil at both sites has been

classified as belonging to the Anatone series (Bryant 1985). The Anatone series

is shallow and well drained (Dyksterhuis and High 1985). The soil was formed

from colluvium and residuum derived from basalt, with some loess and volcanic

ash in the surface layer. Forage production is limited by the depth to bedrock

and droughtiness of the soil. Revegetation potential is limited by the shallow

and stony soil.
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METHODS

A livestock exclosure was established at each site in 1986. Clipping

treatments were implemented to condition the forage regrowth. Treatments

were no defoliation, spring defoliation (7.6 cm stubble height) in June depending

on the phenology of bluebunch wheatgrass, and fall defoliation (7.6 cm stubble

height) in September. The treatments are referred to as control, spring

conditioning, and fall conditioning. Within each exclosure, each treatment was

randomly assigned to 2 units, and then randomly assigned to 2 of the 3 subunits

within the unit. Each subunit was split into three sampling areas, in which one

area was randomly assigned for the defoliation treatment and sample collection

in 1988, and a second area assigned for the 1989 treatment and sample collection

(Figures 2 and 3).

Samples were collected in November and April (Figure 4). November

corresponded to the cessation of fall regrowth, and the time period when elk first

move to winter ranges. April corresponded to the period just before elk leave

the winter range. Nutritional demands at this time are increasing, while forage

quantity is at its lowest point during the year. Each subunit was clipped to a 2.5

cm stubble height until 20 g of bluebunch wheatgrass regrowth was obtained.

The November samples consisted of current years growth for the control, and

current years regrowth after conditioning. April samples were new spring leaf

growth; mature forage was not collected. April (W) samples were defoliated 2
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times before they were collected. The plants were defoliated during the spring

or fall treatment, and were also defoliated a second time in the winter. This was

to assess the effect of multiple defoliation on the forage. The collected forage

is referred to as follows; November (N), for samples that were collected in

November; April (U), for samples collected in April that were not defoliated in

the winter; and April (W) for plants collected in April that had been defoliated

in the winter.

Available forage was calculated for the November and April samples.

Forage dry matter was calculated from the oven dried weight of the regrowth

that was clipped to a 2.5 cm stubble height during the sample collection. The

edges of the clipped area were measured (m) and kg/ha dry matter (DM) of

regrowth produced since the initial defoliation treatment was calculated. This

is plant material that would be available for foraging. In November it

represented the regrowth after the conditioning treatment, and the current years

growth for the control. In April, available forage represented the new spring leaf

growth on all plots; the standing dead forage was not measured.

The forage was dried at 50°C until a constant oven-dry weight was

reached (48 hours on average), then ground through a 40 mesh screen, and

analyzed in duplicate for percent calcium, phosphorus, and in vitro dry matter

digestibility. Calcium was determined by the atomic absorption

spectrophotometric technique, and phosphorus by the Vanadomolybdate method

of color spectrophotometry (AOAC 1980). In vitro dry matter digestibility was
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determined by the technique of Tilley and Terry (1963) as modified by Warner

(1983). Rumen fluid was from a fistulated cow fed grass hay. The following

regression equation was used to predict digestible energy (DE) from IVDMD

(Rittenhouse et al. 1971):

DE, Mcal/kg DM = 0.038 (%IVDMD) + 0.18

Statistical Analysis

The variables calcium, phosphorus, and IVDMD, were analyzed with the

general linear model procedure in the statistical analysis system (SAS Institute

Inc. 1987). Factors in the analysis of variance were; site, defoliation treatment,

unit, slope, and year. A split plot-in-time design with subunits in strips was used.

Site was the blocking factor, slope was the strip plot factor, and year was a

repeated measure in time. There were significant interactions with year, so data

were then analyzed separately for each year.

Separate analysis were performed for each year with an analysis of

variance for a split plot design with subunits in strips. Treatments were assigned

to units (whole plots) according to a randomized block design with blocks

corresponding to sites. The subunits, corresponding to slope, were arranged in

strips across each block (Cochran and Cox 1950 section 7.32).

Two different analyses of variances were performed for the variables

calcium, phosphorus, and IVDMD. The field design was unbalanced with
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respect to slope, so a preliminary analysis of variance (ANOVA) that accounted

for slope tested for factor effects at a significance of p < 0.05 (Table 3A).

Significant treatment differences were compared by least-squares means (LSM)

which adjusted for missing slope values (Appendix A). Least-squares means are

estimators of the means that would have been expected if the design had been

balanced (SAS Institute Inc. 1987). The least-squares means created a complete

data block by using values from the data set and estimating the missing values.

Results of ANOVA and LSM tests indicated that slope was not significant in the

model, so a simplified analysis of variance (Table 3B) was used to test treatment

means for significant differences.

In the second analysis, the analysis of variance (ignoring slope) was used

as it accounted for the unit to unit variation, with the slope averaged into one

value for the treatment unit (Table 3B). Fisher's protected least significant

difference (LSD) test was then used to compare treatment means (Table 4)

(Petersen 1985). Statistical significance was inferred at p < 0.05. The means

and standard errors are shown in Table 4. The standard errors are descriptive

only, and were not used to determine significant differences.

Available forage data were transformed using base 10 logarithms to better

satisfy the constant variance and normality assumptions. The transformed data

were analyzed as described above (Appendix B). Significance was inferred and

reported for the log transformed data; unadjusted means and standard errors

were not used in the statistical analysis.
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Differences of calcium, phosphorus, IVDMD, and available forage

between the sampling periods of November, April (U), and April (W) were then

analyzed for each treatment. Three pairwise differences were computed for each

sampling area with the following contrasts: (W-N) (W-U) and (N-U). The

sampling area differences were then averaged into a mean difference for each

of the 3 contrasts. The mean differences for each variable were analyzed by the

analysis of variance accounting for slope (Table 3A) and with least-squares

means. The least-squares means, adjusting for slope, were used as the sampling

areas were not located on identical slopes within each treatment unit. Within

a treatment, the least-squares mean estimators were calculated and a t-test was

used to compare the differences to zero. For each of the 3 mean pairwise

differences, if the mean difference was significantly different than zero (p <

0.05), different letters were assigned to the raw means, with 'a' assigned to the

largest mean.
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RESULTS

November

Fall defoliation produced the greatest increase in nutritive quality while

spring defoliation produced nutrient trends similar to the control plots (Table 4).

There was no significant difference in percent calcium among the

treatments, for both years. In year 1, forage from the control, spring, and fall

treatments averaged 0.32, 0.32, and 0.39% calcium, respectively.

Percent phosphorus for the regrowth from fall defoliation was significantly

higher than the other treatments during both years. In year 1, regrowth from the

control and spring defoliation averaged 0.05% phosphorus, while fall defoliation

produced regrowth with 0.23% phosphorus.

The low levels of phosphorus in the control and spring conditioned

samples resulted in large calcium:phosphorus ratios. All ratios were in the

tolerable range for ruminants, though the phosphorus percent was deficient in

meeting animal requirements (0.18%). Fall defoliation produced calcium to

phosphorus ratios that were close to the optimum range for absorption, and

phosphorus concentrations were closer to animal dietary requirements.

In vitro dry matter digestibility was significantly different among

treatments for year 1. Forage digestibility increased from 32% for the control,

40% for spring defoliation, to 79% for fall defoliation. In year 2, fall defoliation
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was significantly higher; samples from the control, spring, and fall treatments

averaged 49, 52, and 72% digestible, respectively.

The DE content for the control and spring conditioned forage was 1.40

and 1.70 Mcal/kg DM, respectively, for year 1 (Appendix C). The fall

conditioned regrowth contained 3.18 Mcal/kg DM of DE. Fall conditioned

regrowth would supply the energy needed for elk in the winter, while the other

treatments would be deficient. In year 2, all treatments were above the

minimum digestible energy requirements.

Available forage (kg/ha DM) was significantly lower for the fall

treatment, in both years (Table 5). In year 1, fall conditioning produced 12

kg/ha DM of regrowth, while the control and spring conditioned plots produced

213 and 143 kg/ha DM of current years growth, respectively. A study near the

Starkey area reported similar results of 13.5 kg/ha for fall regrowth of

bunchgrass communities (Miller 1974).

April (U)

Defoliation treatment had no effect on percent calcium or phosphorus in

the following April (Table 4).

Percent calcium for year 1 averaged 0.32, 0.31, and 0.34% for the control,

spring, and fall conditioned forage, respectively.



Table 5. Available Forage (Kg/ha DM) of Bluebunch Wheatgrass Regrowth.*

Means for Untransformed Data
and Std. Deviation

Means for Transformed Data
and Std. Deviation

Std. Error
of Mean

Sampling
Period Year Control

Spring
Defoliation

Fall
Defoliation Control

Spring
Defoliation

Fall
Defoliation

November 1988 213 143 12 2.263'1 2.087' 0.998') 0.0803

(137.79) (90.10) (8.80) (.2412) (.2564) (.2696)

November 1989 352 188 68 2.505* 2.255k 1.789b 0.0789

(167.65) (64.13) (29.04) (.2015) (.1304) (.2121)

April (U) 1988 11 7 10 0.965 0.762 0.902 0.1266

(8.65) (4.77) (8.70) (.2973) (.2660) (.2593)

April (U) 1989 115 74 51 2.023 1.832 1.665 0.0517

(47.94) (28.06) (21.53) (.2077) (.2051) (.2071)

April (W) 1988 11 10 7 0.965 0.843 0.816 0.1240

(8.65) (11.28) (3.08) (.2973) (.3186) (.2060)

April (W) 1989 115 55 41 2.023' 1.723b 1.559b 0.0811

(47.94) (15.30) (23.75) (.2077) (.1229) (.2150)

* Means and standard deviation for untransformed means should not be used to determine significant differences. Transformed (base 10
logarithms) means and standard errors were used in statistical analysis.

Means within rows with different letters differ significantly at p <0.05.
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In year 1, percent phosphorus for the control, spring, and fall defoliation

treatments averaged 0.38, 0.36, and 0.36%, respectively. The calcium:phosphorus

ratio for all treatments during both years were within the range of 1:1 to 1.3:1.

In vitro dry matter digestibility was statistically lower for the fall

conditioned regrowth (78%) verses the control (82%) and spring conditioned

(80%) forage in year 1. There were no differences among treatments for

IVDMD in year 2.

In April, forage from all treatments exceeded the minimum digestible

energy requirements during both years (Appendix C). Forage from the control,

spring conditioned, and fall conditioned treatments averaged 3.29, 3.22, and 3.14

Mcal/kg DM of digestible energy in year 1.

There were no significant differences in forage availability among

treatments, for both years (Table 5). In year 1, the control, spring and fall

defoliation treatments produced 11, 7, and 10 kg/ha of new growth respectively.

There was a large increase in forage in year 2. This is attributed to a milder

winter, with warmer temperatures in the early spring.

April (W)

There were no significant differences in percent calcium or phosphorus

among treatments, for both years (Table 4). In year 1, samples from the control

(82%) were statistically higher in IVDMD verses the fall conditioned samples
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(76%), while spring conditioned samples were intermediate in IVDMD. There

were no significant differences among treatments for year 2. The forage from

all treatments exceeded the minimum digestible energy requirements (Appendix

C).

Available forage was not effected by treatment for year 1. In year 2, the

control was significantly different from either the spring or fall conditioned plots

(Table 5).

The April (U) and April (W) samples were very comparable in forage

quality and available forage, though statistical differences were calculated for the

spring conditioned samples in year 1, and fall conditioned samples in year 2.

There were no differences in percent calcium between April (U) and April (W)

samples that had been conditioned in the spring, for both years (Table 6). In

year 1, fall conditioned forage averaged 0.34% calcium for both April (U) and

April (W) samples. In year 2, the fall conditioned April (U) forage was

statistically higher in percent calcium than fall conditioned April (W) forage,

though the samples averaged 0.30 and 0.31% calcium, respectively. There were

no significant differences in percent phosphorus among treatments, for both years

(Table 7). With spring conditioning, IVDMD was statistically different in year

1, though April (U) and April (W) samples were 80% and 79% digestible,

respectively (Table 8). There were no differences between April (U) and April

(W) samples in IVDMD for the control and fall conditioned forage, for both

years. With spring conditioning, April (U) was statistically lower than April (W)



Table 6. Sampling Period Contrasts by Treatment for Percent Calcium of Bluebunch Wheatgrass Regrowth.

Means and (Standard Deviations) Least-Squares Means and (Standard Errors)

Defoliation
Treatment Year November (N) April (U) April (W) (W-N) (W-U) (N-U)

Control 1988 0.32 0.32 0.32 0.0052 0 -0.0052

(0.0298) (0.0328) (0.0328) (0.0144) (0.0181)

Control 1989 0.371'1 0.29b 0.29b -0.0730* 0 0.0728*

(0.0303) (0.0269) (0.0269) (0.0095) (0.0116)

Spring 1988 0.32 0.31 0.31 -0.0011 0.0025 0.0036

(0.0642) (0.0338) (0.0341) (0.0148) (0.0143) (0.0186)

Spring 1989 0.32 0.30 0.31 -0.0092 0.0062 0.0155

(0.0363) (0.0195) (0.0206) (0.0098) (0.0054) (0.0119)

Fall 1988 0.39 0.34 0.34 -0.0193 0.0225 0.0418

(0.0337) (0.0532) (0.0698) (0.0183) (0.0178) (0.0230)

Fall 1989 0.36* 0.30' 0311' -0.0447* 0.0248* 0.0695*

(0.0492) (0.0292) (0.0293) (0.0121) (0.0067) (0.0147)

* The mean difference was significantly different from zero (p <0.05).

If the mean difference of the contrast was significantly different from zero, different letters were assigned to the raw means
within a treatment, with 'a' assigned to the largest mean.



Table 7. Sampling Period Contrasts by Treatment for Percent Phosphorus of Bluebunch Wheatgrass Regrowth.

Means and (Standard Deviations) Least-Squares Means and (Standard Errors)

Defoliation
Treatment Year November (N) April (U) April (W) (W-N) (W-U) (N-U)

Control 1988 0.05b1 0.38' 0.38' 0.3278* 0 -0.3278*

(0.0180) (0.0194) (0.0194) (0.0090) (0.0126)

Control 1989 0.081' 0.24' 0.24' 0.1532* 0 -0.1532*

(0.0130) (0.0102) (0.0102) (0.0077) (0.0100)

Spring 1988 0.05b 0.36' 0.36' 0.3013* 0.0012 -0.3001*

(0.0123) (0.0188) (0.0270) (0.0092) (0.0136) (0.0130)

Spring 1989 0.091) 0.23' 0.23' 0.1426* -0.0019 -0.1445*

(0.0116) (0.0223) (0.0337) (0.0079) (0.0084) (0.0102)

Fall 1988 0.23' 0.36' 039' 0.1610* 0.0086 -0.1524*

(0.0163) (0.0351) (0.0293) (0.0114) (0.0168) (0.0160)

Fall 1989 0.14b 0.25' 0.26' 0.1150* 0.0064 -0.1086*

(0.0278) (0.0252) (0.0222) (0.0098) (0.0104) (0.0127)

* The mean difference was significantly different from zero (p<0.05).

1 If the mean difference of the contrast was significantly different from zero, different letters were assigned to the raw means
within a treatment, with 'a' assigned to the largest mean.



Table 8. Sampling Period Contrasts by Treatment for In Vitro Dry Matter Digestibility of Bluebunch Wheatgrass Regrowth.

Means and (Standard Deviations) Least-Squares Means and (Standard Errors)

Defoliation
Treatment Year November (N) April (U) April (W) (W-N) (W-U) (N-U)

Control 1988 32b1 82' 82° 49* 0 -49*

(9.62) (2.74) (2.74) (1.35) (1.30)

Control 1989 49b 85' 85' 36* 0 -36*

(4.95) (3.04) (3.04) (1.42) (1.04)

Spring 1988 40C 80' 79b 39* -2.16* -41*

(5.38) (2.07) (3.61) (1.39) (0.27) (1.33)

Spring 1989 52b 86' 85° 34* -0.44 -35*

(4.91) (1.58) (3.64) (1.45) (0.71) (1.07)

Fall 1988 79 78 76 - - -0.62

(2.31) (2.48) (5.02) (1.65)

Fall 1989 72b 87' 87' 15* -0.55 -16*

(8.37) (2.30) (1.84) (1.80) (0.88) (1.32)

* The mean difference was significantly different from zero (p<0.05).

I If the mean difference of the contrast was significantly different from zero, different letters were assigned to the raw means
within a treatment, with 'a' assigned to the largest mean.

- not calculated because of missing values.



Table 9. Sampling Period Contrasts by Treatment for Available Forage of Bluebunch Wheatgrass Regrowth.

Raw Means and (Standard Deviations)
(kg/ha DM)

Least Squares Means and (Standard Errors)
(base 10 logarithms)

Year
November

(N) April (U)
April (W)

Grazed

W-N
IS Mean

(Std. Error)

W-U
LS Mean

(Std. Error)

N-U
LS Mean

(Std. Error)

Control 1988 21381 llb 11b -12859* 0 1.2859*

(137.79) (8.65) (8.65) (.0670) (.0599)

Control 1989 352' 115b 115b -0.4642* 0 0.4642*

(167.65) (47.94) (47.94) (.0735) (.0711)

Spring 1988 143' 7e
10b -1.1570* 0.1281* 1.2850*

(90.10) (4.77) (11.28) (.0675) (.0360) (.0614)

Spring 1989 188' 74b 551' -0.5233* -0.1226 0.4006*

(64.13) (28.06) (15.30) (.0754) (.0577) (.0730)

Fall 1988 12" 10' 7 -0.1103 -0.0222 0.0931

(8.80) (8.70) (3.08) (.0851) (.0446) (.0760)

Fall 1989 688 sr 4r -0.2343* -0.2185* 0.0158

(29.04) (21.53) (23.75) (.0934) (.0715) (.0904)

If the mean difference of the contrast was significantly different from zero, different letters were assigned to the raw means within a
treatment, with 'a' assigned to the largest mean.

* The mean difference was significantly different from zero (p<0.05).
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in available forage, though sampling areas averaged 7 and 10 kg/ha, respectively,

for year 1 (Table 9). In year 2, there was no significant difference in available

forage between April (U) (74 kg/ha) and April (W) (55 kg/ha). With fall

conditioning, there was no significant difference in available forage between

April (U) and April (W) samples in year 1. In Year 2, April (U) (51 kg/ha) was

significantly higher than April (W) (41 kg/ha) in available forage.
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DISCUSSION

Nutrient Requirements of Wintering Elk

Calcium and phosphorus nutrition depends on adequate amounts of both

minerals, a suitable ratio between them, and the presence of vitamin D (Halls

1968). Pregnant wintering cows require 0.18% for both calcium andphosphorus;

elk should have similar requirements for calcium and phosphorus (Nelson and

Leege 1982). A ratio of calcium to phosphorus of 1:2 to 2:1 is needed for

optimum absorption of both minerals. Ruminants can tolerate a calcium to

phosphorus ratio of 1:1 to 7:1 without adverse effects (Simesen 1980). Forages

with low IVDMD supply a lower amount of available nutrients, require a longer

digestion time, and decrease the daily intake rate, compared to forages with

higher digestibilities. Low IVDMD also implies that digestible energy and

digestible protein may be inadequate in meeting animal requirements. Ammann

et al. (1973) speculated that diets below 50% dry matter and digestible energy

would not maintain ruminants. Grasses decline in digestibility through the

season (Cook and Harris 1968, and Holechek 1980) and may decline to below

40% IVDMD after maturity. The minimum digestible energy (DE) requirement

for free ranging cattle and sheep during gestation is 1.83 Mcal/kg DM (Cook

and Harris 1968). Elk energy needs should also be similar to this level.

Spring conditioning did not affect the percent calcium, phosphorus, or

available forage when compared to the control in November. This indicated that

spring conditioning did not have an effect on the quality of bluebunch
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wheatgrass. In November, the control and spring conditioned forages were

extremely deficient in phosphorus, and contained wide calcium to phosphorus

ratios. The forages were below 50% IVDMD, indicating that the forages would

be slowly digested, and that digestible protein levels would be below animal

requirements. The DE content for the control and spring conditioned forage was

1.40 and 1.70 Mcal/kg DM, respectively, for year 1. This forage would not meet

digestible energy requirements. In year 2, the forage was above the minimum

digestible energy requirements.

Anderson and Scherzinger (1975) reported a 260% increase in elk

numbers on winter range after implementation of spring cattle grazing in

northeastern Oregon. Their theory was that spring cattle grazing would increase

the quality of winter forage. Regrowth would be halted by the increasing

temperatures and lack of soil moisture, so that the regrowth would only reach

the flower stalk stage of phenology at the end of the growing season. The

nutrients would then be stabilized in the above ground tissue, instead of being

transferred to the root storage. Anderson and Scherzinger (1975) did not

quantitatively measure nutrient quality, and the increase in elk numbers may

have been from increased nutrient quality, increased availability of green leaf

material from the removal of old standing litter and increased tillering, or from

some other factor that encouraged elk use.

Skov lin et al. (1983) reported that spring cattle grazing (mid-April to

early-June) decreased winter elk use during the three years of an elk winter
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range study; elk use decreased by 28% in one of the three years. The plants were

most likely grazed before the boot stage, and nutrient quality was not measured.

Plants conditioned before the boot stage were similar to the control in

quality and quantity (Tables 4 and 5). This indicated that the clipped plants had

a sufficient growing season to develop similarly to undefoliated plants. Most

conditioned plants did not reach the seed stalk stage, but the regrowth entered

summer dormancy and the yellowed-leaf stage of plant phenology. Defoliation

before the boot stage did not increase the late season quality of bluebunch

wheatgrass. As speculated by Anderson and Scherzinger (1975), and

quantitatively shown by Pitt (1986), defoliation after the vegetative stage of plant

phenology is needed to increase the winter quality of bluebunch wheatgrass. If

late spring grazing is implemented, it must be monitored carefully, and a

rotational grazing system with rest every second or third year is recommended

(McLean and Wikeem 1985 in Pitt 1986). Bluebunch wheatgrass is a very

grazing sensitive species, and defoliation late in the spring, but before summer

dormancy, can cause damage to the vigor and health of the plant (Stoddart 1946,

Wilson et al. 1966, Mueggler 1975, McLean and Wikeem 1985). The risk of

decreasing the health and vigor of bluebunch wheatgrass with late spring grazing

in order to possibly increase winter forage quality is great. Further research on

late spring grazing is needed that would incorporate cattle grazing after the

vegetative stage, quantitative forage nutrient measurements, measurements of

plant vigor, and actual elk use after grazing.
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Early spring grazing before the boot stage can be beneficial to elk winter

range, even though the increase in forage quality is minimal. Early spring

grazing can allow bluebunch wheatgrass to reestablish regrowth and accumulate

carbohydrate reserves for the year before dormancy. Grazing can decrease the

amount of old standing material, and increase the availability of the current

years growth.

Bluebunch wheatgrass regrowth from fall conditioning was significantly

higher in IVDMD and percent phosphorus when compared to the older, mature

forage of the control and spring defoliated samples. Fall conditioned forage

exceeded elk requirements in both calcium and phosphorus. The calcium to

phosphorus ratio was near the optimum absorption range. Digestibility was high,

indicating digestible protein levels should be increased relative to the

undefoliated forage. The fall conditioned regrowth contained 3.18 Mcal/kg DM

of DE in year 1. Fall conditioned regrowth would supply the digestible energy

needed for elk in the winter, while the control and spring conditioned forage

would be deficient.

In April, forage from all treatments exceeded elk requirements in calcium

and phosphorus, and the calcium to phosphorus ratio would allow optimum

absorption of both minerals. Digestibility was high for forage from all

treatments. This indicated that the previous years defoliation did not effect

forage quality in the following spring.
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Available Forage

Dragt and Haystad (1987) reported that the phenological stage when

grazed did not affect the winter quality of bluebunch wheatgrass in crude protein

or carbohydrate composition in Montana. The quantity of available forage

rather than quality was suggested as the primary consideration for winter range

management in this area (Dragt and Haystad 1987). Blaisdell et al. (1952)

stated that when considering herbage yield, total quantities of crude protein and

phosphorus were greater in unclipped verses clipped bluebunch wheatgrass.

In November, spring conditioning decreased available forage by 33 and

47% when compared to the control for 1988 and 1989, respectively. Fall

conditioning decreased available forage by 95 and 81% of the control for the two

years of the study. In April, there was no difference between treatment-least-

squares means for the log values of available forage (kg/ha DM). There was

also no difference between April (U) and April (W) samples.

The differences between high quality/low biomass of the fall conditioned

forage, and low quality/high biomass forage of the control, can be seen in the

following examples. Nelson and Leege (1982) have reported that requirements

for standard metabolic rate and activity for a 236 kg cow elk would be 6,035

Kcal/day. If the temperature is 0°C, the daily non fasting heat loss would be

5,342 Kcal, and the total daily requirements would be 11,377 Kcal of

metabolizable energy (ME). The control samples contained 32% IVDMD (1.40

Mcal/kg DM DE) and 49% IVDMD (2.04 Mcal/kg DM DE) in 1988 and 1989,
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respectively (Appendix C). Digestible energy is approximately 81%

metabolizable (Nelson and Leege 1982). In year 1, assuming the elk can intake

5 kg/day (2.1% of her body weight), she would intake 5,670 Kcal/day of ME, an

energy deficit of 5,707 Kcal/day. In year 2, she would intake 8,262 Kcal/day of

ME, an energy deficit of 3,115 Kcal/day. To intake 5 kg of forage, she would

have to graze 0.02 ha/day in year 1, or 0.01 ha/day in year 2 (assuming intake

consisted only of bluebunch wheatgrass). The fall conditioned forage was 79%

digestible (3.18 Mcal/kg DM DE) in year 1, and 72% digestible (2.91 Mcal/kg

DM DE) in year 2. For years 1 and 2, daily metabolizable energy intake would

have been 12,879 Mcal/day (a surplus of 1,502 Kcal/day) and 11,785 Mcal/day

(a surplus of 408 kcal/day), respectively. Approximately 0.42 ha/day in year 1,

or 0.07 ha/day in year 2, would be needed to supply 5 kg of bluebunch

wheatgrass. Further research is needed to address what balance is needed

between high quality forage and available forage on winter range to be beneficial

to the elk.

No difference in available forage between treatments in April, indicates

that fall clipping does not effect early spring growth. Since fall defoliation does

not seem to decrease the forage availability the following spring, the increase in

digestibility and phosphorus in November is beneficial, assuming that regrowth

is attained. If fall precipitation is low, or cool temperatures come early, there

may be little or no regrowth after fall conditioning. Regrowth following fall

cattle grazing occurred only in 2 out of 5 years in eastern Oregon (Hendrick et
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al. 1969). In the Blue Mountains, fall conditioning to increase the winter range

quality is a great management risk. If the forage is fall conditioned and regrowth

is not achieved, the remaining forage will have the same nutrient quality as

undefoliated forage, but the available forage will have been greatly reduced. If

there is regrowth after fall conditioning, the regrowth will exceed elk

requirements for calcium, phosphorus, digestible energy, and the IVDMD will

be increased. The nutrient quality will be appreciably higher, and the available

forage reduced, compared to undefoliated forage.

The question of quality verses quantity can not be answered from this

study. Foraging by elk is a complex process, and I recommend that field

observations are needed to more completely understand the process and its role

in winter range management. A few key variables and their interaction in an

elk's foraging strategy are digestibility, intake, forage availability, foraging time

per day, and travelling distance per day for foraging.

Freer (1981) concluded that the two most important aspects of intake

control of grazing animals were the effects of the sward structure on the ability

of the animal to satisfy its appetite in a grazing day, and the rate of

disappearance of roughages from the digestive tract. Wickstrom et al. (1984)

reported on food intake and foraging energetics of elk. Variables used to study

the interaction of forage and energy intake were mean bite size, biting rate,

forage biomass, energetic cost of grazing, and travel distance while grazing.

Collins and Urness (1983) reported on the feeding behaviors and habitat
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preferences of elk in subunits of quaking aspen (Populus tremuloides) and

lodgepole pine (Pinus contorta) types. Variables used in the study were intake,

consumption rate, grazing time, forage class production, diet composition by

forage class, and IVDMD and crude protein percent for elk diets. Craighead et

al. (1973) studied 24 hour activity patterns and the distance travelled per day for

elk. These studies report on important variables, but they can not be used to

construct a comprehensive plan for balancing forage quality with quantity on elk

winter ranges.

I also recommend that a study is needed that utilizes actual cattle grazing

for defoliation. The control and fall defoliation treatments in this study

represent opposing levels of forage availability, while actual cattle grazing would

result in an intermediate level of forage availability. Actual cattle grazing would

utilize some areas more than others, so that a patchy community would exist with

older, mature vegetation supplying biomass, while regrowth would supply high

quality forage. In one study, production of bluebunch wheatgrass after three

years of moderate spring cattle grazing was 160 kg/ha of live standing material

and 370 kg/ha of standing dead material, during the following April. The

control contained 220 kg/ha live, and 740 kg/ha of standing dead forage

(Rickard et al. 1975).

In conclusion, spring conditioning did not effect the forage in either

percent calcium, phosphorus, or available forage, and the forage was only slightly

higher in IVDMD, when compared to current years growth in either November
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or April. Defoliation before the boot stage did not increase the late season

quality of bluebunch wheatgrass. Fall conditioning did significantly increase

IVDMD and percent phosphorus, while decreasing the available forage

compared to the control and spring conditioned forage in November. Fall

conditioning however, may create a severe deficit of forage if regrowth is not

achieved. Conditioned forage that is again defoliated in the winter is not

different in percent calcium or phosphorus when compared to the control in

April. There were differences in IVDMD and available forage between the

control and the winter defoliated samples in April. Differences depended on the

year and the conditioning treatment. The April (U) and April (W) samples were

very comparable in forage quality and available forage, though statistical

differences were calculated for the spring conditioned samples in year 1, and fall

conditioned samples in year 2. With spring conditioning, the April (U) forage

was slightly higher in IVDMD and lower in available forage than the April (W)

samples in year 1, though the actual differences were not great. In year 2, the

April (U) and April (W) forage was similar in percent calcium, phosphorus,

IVDMD and available forage. With fall conditioning, April (U) and April (W)

forage was similar in quality and available forage in year 1. In year 2, April (U)

forage was statistically lower in percent calcium and higher in available forage

than the April (W) forage.
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Appendix A. Least-Squares Means and Standard Errors for the Chemical Composition of Bluebunch
Wheatgrass Regrowth by Sampling Period for each Treatment.

Sampling
Period Nutrient Year Control

Spring
Defoliation

Fall
Defoliation

Std. Error
of the
Mean

November Calcium (%) 1988 0.32 0.32 0.38 0.0135
(0.0139) (0.0143) (0.0177)

1989 0.37 032 0.36 0.0111
(0.0114) (0.0117) (0.0144)

Phosphorus (%) 1988 0.05b1 0.05b 0.23' 0.0050
(0.0100) (0.0100) (0.0100)

1989 0.08b 0.09b 0.158 0.0061
(0.0062) (0.0064) (0.0079)

Digestibility 1988 33' 40" 798 0.6549
(%) (0.67) (0.69) (0.85)

1989 491) 51b 7V 1.3931
(1.43) (1.47) (1.82)

April (U) Calcium (%) 1988 0.32 0.31 0.34 0.0091
(0.0094) (0.0096) (0.0119)

1989 0.30 0.30 0.29 0.0093
(0.0095) (0.0098) (0.0121)

Phosphorus (%) 1988 038 035 0.38 0.0097
(0.0100) (0.0103) (0.0127)

1989 0.24 0.23 0.25 0.0067
(0.0069) (0.0071) (0.0088)

Digestibility 1988 82 81 80 1.1288

(%) (1.16) (1.19) (1.47)
1989 85 86 87 0.5208

(0.54) (0.55) (0.68)

April (W) Calcium (%) 1988 0.32 031 0.36 0.0151
(0.0155) (0.0159) (0.0197)

1989 0.30 0.31 0.32 0.0098
(0.0101) (0.0104) (0.0128)

Phosphorus (%) 1988 0.38 035 0.39 0.0117
(0.0120) (0.0123) (0.0152)

1989 0.24 0.23 0.26 0.0100
(0.0102) (0.0105) (0.0130)

Digestibility 1988 82 78 - 13237
(%) (1.36) (1.40)

1989 85 85 86 0.8772
(0.90) (0.92) (1.14)

1 means within rows with different letters differ significant y at p< 0.05.

- missing observations.



Appendix B. Least Squares Means and Standard Errors (base 10 logarithms) for Available Forage of Bluebunch
Wheatgrass Regrowth by Sampling Period for Each Treatment.

Sampling Period Year Control
Spring

Defoliation
Fall

Defoliation
Std. Error of

Mean

November 1988 2.2684a1 2.0460a 0.9968b 0.0768

(0.0789) (0.0810) (0.1003)

November 1989 2.5177a 2.2717b 1.7823' 0.0593

(0.0610) (0.0626) (0.0775)

April (U) 1988 0.9826 0.7609 0.9037 0.0952

(0.0978) (0.1003) (0.1242)

April (U) 1989 2.0536 1.8711 1.7665 0.0790

(0.0812) (0.0833) (0.1031)

April (W) 1988 0.9826 0.8890 0.8815 0.1125

(0.1156) (0.1186) (0.1469)

April (W) 1989 2.0536a 1.7484ab 1.5480b 0.0873

(0.0897) (0.0920) (0.1139)

1 means within rows with different letters differ significantly at p < 0.05
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Appendix C. Means and Standard Deviations for Digestible Energy (Mcal/Kg DM)
as Predicted from In Vitro Dry Matter Digestibility.

DE Mcal/kg DM (predicted from IVDMD)

Sampling Period
Year Control

Spring
Defoliation

Fall
Defoliation

November 1988 1.40 1.70 3.18

(0.5454) (0.3846) (0.2676)

November 1989 2.04 2.16 2.91

(0.3680) (0.3667) (0.4980)

April (U) 1988 3.29 3.22 3.14

(0.2842) (0.2586) (0.2743)

April (U) 1989 3.41 3.45 3.49

(0.2957) (0.2399) (0.2676)

April (W) 1988 3.29 3.18 3.07

(0.2842) (0.3172) (0.3707)

April (W) 1989 3.41 3.41 3.49

(0.2957) (0.3185) (0.2500)
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