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A study was conducted during 1974 and 1975 to evaluate the im-

pact of stocking intensity and season of grazing upon carbohydrate

concentration, biomass of storage organs, and total carbohydrate per

plant in the roots and crowns of perennial ryegrass (Lolium perenne L.)

in improved rangelands in Western Oregon. The stocking intensities

were 7.4 ewes per hectare (moderate), 9.9 ewes per hectare (heavy),

and 12.4 ewes per hectare (overstocking). The grazing treatments

were Complete Protection, Fall Protection, Fall Grazing, and Year-

long Grazing. Another study was established during the same period

to relate the seasonal carbohydrate reserve cycle and plant growth to

phenological stages of development.

The influence of stocking intensity on carbohydrate concentration

was significant for both roots and crowns. Effects of season of graz-

ing on the concentration in these plant parts were also significant.



Ryegrass plants under the moderate stocking intensity had a signifi-

cantly higher concentration of total available carbohydrate (TAC) than

those under each of the other two higher stocking rates. Fall grazing

resulted in higher total available carbohydrate concentration than the

other seasonal grazing treatments.

Stocking intensity impact was significant on the crown biomass,

but not on root biomass. Plants under moderate stocking intensity

had significantly greater biomass than those under heavy and over-

stocking rates. Season of grazing as well as interaction among year

and season of grazing had a significant effect on both crown and root

biomass.

Stocking intensity had a significant effect on total carbohydrate

per plant. The TAC per perennial ryegrass plant was higher in mod-

erately stocked pastures than in pastures with heavy or overstocking

rates. A significant effect was shown for the season of grazing treat-

ments on root TAC per plant, but not for the crowns.

Perennial ryegrass displayed clearly defined seasonal trends

in TAC concentration during the period of data collection. The crowns

maintained greater TAC levels than the roots at all phenological stages.

The carbohydrate reserve curve for different phases of development

displayed the expected spring and winter depletion of reserves for

meeting growth initiation and further development. It had its greatest

slope during these phenological stages, concurrent with sharp reserve



depletion. Fall regrowth did not result in a sharp decline in reserve

level as did spring and winter growth.

The management implications were discussed. Ryegrass

showed a high tolerance to season of grazing. Grazing during the

early phase of spring is recommended to be at moderate intensity,

since the combination of high grazing pressure and early defoliation

is detrimental to the carbohydrate reserves. Winter grazing at over-

stocking rates may be potentially harmful to perennial ryegrass.

Moderate to heavy stocking intensities are recommended, if yearlong

grazing is considered. Grazing at overstocking rates is possible

through a program that considers deferment during one or two sea-

sons of grazing.
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THE IMPACT OF THREE STOCKING INTENSITIES AND FOUR
GRAZING TREATMENTS ON THE CARBOHYDRATE

RESERVES OF PERENNIAL RYEGRASS
(Lo lium perenne L.)

INTRODUCTION

Rational management of rangelands aims at fostering a balanced

interrelationship between the grazing animal and the forage resources.

The plant-animal relationship is the key factor for development of

sound range management practices. Knowledge of plant tolerance to

various stocking intensities, season of grazing, and the interactions

between these grazing parameters and the environmental complex is

essential for promoting a good management program. Hence, the

growth attributes which play an essential role in development and

productivity of plants should receive adequate attention.

Carbohydrate reserves play a significant role in the phenology,

vigor, development and productivity of plants. It is essential to under-

stand the interrelationships of these reserves with the physiological

development of plants. Moreover, the pattern of carbohydrate reserve

utilization and storage in plant organs in response to climate, intensity

and season of grazing should receive attention.

Exhaustion of reserves through growth demands and excessive

defoliation have been associated with reduction in vigor and possibly

range deterioration. Hence, characterization of reserves in the
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storage organs of plants can aid in detecting early symptoms of range

deterioration before productivity is seriously impaired.

This study was initiated to investigate the physiological responses

of perennial ryegrass (Lolium perenne L.) to intensity and season of

grazing, as reflected by the level of total available carbohydrates

(TAC) in the storage organs. The first objective was to evaluate the

impact of three stocking intensities and four grazing treatments upon

the carbohydrate concentration, biomass of storage organs, and total

carbohydrate per plants in the roots and crowns of perennial ryegrass.

The second objective was to relate the seasonal carbohydrate reserve

cycle and plant height to phenological stages of development.
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LITERATURE REVIEW

Introduction

Perennial ryegrass (Lolium perenne L.) has a relatively wide

geographic range in Eurasia extending from the Western Himalayas

and the Caucasus through the Mediterranean region to Northwest

Europe as far as South Norway (Cooper, 1959). It has been intro-

duced as a forage plant to most temperate and Mediterranean regions.

Many agricultural areas of the world consider perennial ryegrass as

a valuable pasture species and, therefore, it is of ecological and

economic interest to study its growth physiology (Silsbury, 1971).

It has been grown successfully in higher rainfall, long-season parts

of Southern Australia, in New Zealand and other Mediterranean and

temperate regions of the world. The growth of ryegrass species in

mixture with white clover (Trifolium repens) constitutes the basis of

pasture production in New Zealand and Australia (Harris and Thomas,

1973). Seed mixtures used in pastoral farming in New Zealand usually

include perennial ryegrass as the main grass component (Brougham

and Harris, 1967). The fixation of nitrogen by the clover rhizobia

together with differences in seasonal growth pattern contribute to the

observed beneficial association of the two species.

The importance of perennial ryegrass as a valuable forage spe-

cies has drawn the attention of the Food and Agricultural Organization
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of the United Nations (F. A. O.) and Commonwealth Scientific and

Industrial Research Organization (C. S. I. R. O.) of Australia for seed

collection and use as a source of new genotypes (Neal-Smith, 1955).

These organizations have encouraged and sponsored research work

designed for the development of perennial ryegrass ecotypes which

would survive beyond their boundaries and possibly in areas subject

to regular summer drought.

Research Studies on Perennial Ryegrass

The expanding interest in the development and improvement of

perennial ryegrass, as a valuable pasture species, has focused atten-

tion on research anciliary to its growth, development, production and

physiological characteristics. Voluminous literature has been re-

ported on its various growth and production attributes by many workers

in various countries.

Wilson and Ford (1971) have studied the influence of temperature

on the growth, digestibility and carbohydrate composition of two culti-

vars of Lolium perenne. The effect of cutting, light intensity and

temperature on growth and soluble carbohydrate content have been

evaluated by Alberda (1957). The influence of temperature on growth

and metabolism (Beevers and Cooper, 1964), the effect of light and

termperature on the control of lateral bud development (Mitchell, 1953)

and the impact of seasonal changes in light energy on leaf and tiller
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development (Patel and Cooper, 1961) have also been reported.

Silsbury (1971) studied the effects of temperature and light

energy on dry weight and leaf area changes. Light and temperature

influences on the pattern of vegetative development (Mitchell, 1953)

and the influence of temperature on flowering (Evans, 1960) have been

investigated. Mitchell and Soper (1958) studied the anatomy and

development of leaves as influenced by differences in light intensity

and temperature.

Hunt (1956) compared the production of six strains of perennial

ryegrass and Baker (1957) studied the influence of cutting treatment

on root, stubble and herbage production. Short-day and low tempera-

ture injection, influence of season and latitude on ear emergence,

and pattern of bud development and its ecological significance have

been reported by Cooper (1951, 1952, 1960). Silsbury (1961) studied

dormancy, survival, and other characteristics in Lolium perenne.

Flower initiation, heading in the field, and temperature of photoperiod

requirement have been investigated by Aitken (1966).

Effects of seed vernalization on the heading of five cultivars of

perennial ryegrass and on its growth and development have been inves-

tigated by Silsbury (1964, 1965). Kleinendorst (1974) studied the effect

of vernalization on its reproductive capacity.

Genetic research on perennial ryegrass has received some

attention. A rapid technique of strain identification has been
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developed by Cooper (1956). A study on selection and population

structure was conducted by Cooper (1959). High and low water soluble

carbohydrate selections of perennial ryegrass have been bred by the

Welsh Plant Breeding Station (Breese and Davies, 1972). Genotype-

environment interaction (Fejer, 1955) and genetic environmental

components of its productivity (Fejer, 1958) have been investigated.

Lazenby and Rogers (1964) studied the effects of differences in popula-

tion density, variety, and available moisture on Lo lium perenne.

Brougham and Harris (1973) studied the impact of different grazing

management treatments on the genotypic structure of a mixture of

perennial and 'Manawal ryegrass population.

Many experiments have been conducted to evaluate the impact

of various fertilization treatments on the development and quantifica-

tion of some attributes of perennial ryegrass (Deinum, 1971; Matar

and Michael, 1972; Barta, 1975; Bolton, Nowakowski, and Lazarus,

1976).

Carbohydrate Reserves

General Review

The underground parts of plants are important components

which serve for anchorage, absorption of water and nutrients, and

storage of food reserves. It is essential to understand the functions

of underground organs and their responses to environmental factors
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and cultural treatments. This knowledge is vital for understanding

the significant interrelations existing between herbage growth and

underground development (Weinmann, 1948).

One of the important functions of roots and crowns is the storage

of food reserves and other nutrient supplies. The reserve substances

can be defined as organic materials manufactured by the plant through

photosynthesis from the input of solar radiation and stored in some

organs for utilization at a later stage as a source of energy or building

materials (Smith, 1970; Weinmann, 1948).

Carbohydrates constitute the significant portion of all food re-

serves in the roots and crowns of perennial grasses. Reducing and

nonreducing sugars, fructosans, dextrins, and starches constitute the

carbohydrates which function as reserves in the stem bases and roots

of most higher plants (McCarty 1938; McCarty and Price, 1942;

Weinmann, 1947), and are readily available for energy needs (Smith,

Paulsen and Raguse, 1964). These are collectively referred to as

water-soluble or total available carbohydrates in contrast to the

pentosans, hemicellulose, and cellulose which are structural mater-

ials that cannot be utilized by the plant as reserves. Altona (1939)

and Weinmann and Reinhold (1946) studied the reserves in a number

of grasses and concluded that carbohydrates are manufactured in the

leaves in excess after flowering, and are then translocated to and

stored in the roots to be drawn later for production of new top growth.
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DeCugnac (1931) classified the grass family into two definite

physiological categories based on the distribution of starch, sucrose,

and fructosans. The "Graminees Levulferes" is composed mostly of

grasses of temperate origin which accumulate fructosans together

with sucrose, but not starch. The second category, "Graminees

Sacchariferes, " contain no fructosan but stores sucrose with or with-

out starch, and is composed mainly of tropical grasses.

Carbohydrate reserves play a significant role in the phenology,

vigor, development, and production of plants. The interrelations of

these reserves with the physiological development of plants have re-

ceived considerable attention (Graber, 1931; Weinmann, 1948; Di lz,

1956; Troughton, 1957; Jameson, 1963, 1964; Cook, 1966; Bailey

and Hunt, 1973; White, 1973; Menke, 1973; Vartha and Bailey, 1974).

These reserves are used for respiration, slight growth during winter,

and as an energy source (Cook, 1966). Initiation of early spring

growth and fall regrowth are also attributed to carbohydrate reserves.

When photosynthetic activity cannot meet plant demands, especially

after foliage removal, these reserves are important for plant develop-

ment. Weinmann (1940) reported that carbohydrate levels are neg,-

tively associated with herbage growth rate.

The impact of reserves on growth is dependent upon the severity

of defoliation as well as on environmental factors affecting growth and

photosynthesis (Davidson and Milthorpe, 1965). These authors also
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believed that subsequent regrowth is influenced by the size of reserve

pools for a significant period of time. This is attributed to the influ-

ence of reserves on the rate of formation of new photosynthetic tissue.

Plants characterized with a larger capacity for carbohydrate storage

can survive unfavorable environmental conditions better than those

of smaller storage capacity (Weinmann, 1944). Positive relation-

ships between high concentration of stored sugars and winter

survival have been found by McCarty and Price (1942) and estab-

lished by Smith (1964).

As early as 1940, Hanson and Stoddart found that susceptibility

to drought injury increased with decrease in the level of carbohydrate

reserves. Exhaustion of reserves through excessive defoliation lead

to reduction in vigor, herbage growth and productivity. Julander

(1945) reported that plants with a weak root system and low reserves

are more susceptible to injuries from exposure to drought, heat and

frost than plants with high reserves. Resistance to low temperature

and winter survival in Bromus carinatus have been shown to be associ-

ated with relatively high concentration of sugars in the basal organs

and young shoots (McCarty, 1938).

The power of regeneration in plants is greatly hampered by

excessive defoliation (Albert, 1927; Graber, 1933; Graber and Ream,

1931; Stapledon, 1924; Tincker, 1930). Death of the plant may result
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if the reserves are depleted below a certain critical level. Grass-

lands subjected to excessive defoliation and depletion of reserves may

experience a reduction in their basal area, invasion by undesirable

species, and possible deterioration in soil condition (Weinmann,

1946). Hanson and Stoddart (1940) reported that the percentage of

combined sugars and starch in the roots and stubble of Agropyron

inerme was lower on heavily grazed land as compared to protected

areas. Weinmann (1943, 1944) studied the effects of various cutting

treatments upon the underground carbohydrate reserves of a number

of South African grasses. The percentage as well as the actual amount

of total available carbohydrates was lowered by frequent cutting. Ex-

cessive defoliation of these grasses led to severe depletion which was

not checked even by fertilization. Frequent clipping for three years

resulted in marked decrease in carbohydrate reserves (Buckey and

Weaver, 1939). Fifty percent reduction in the combined percentage

of sugars and reserve polysaccharides was reported to occur in the

roots of Agropyron spicatum following frequent clippings to crown

level during the vegetative stage (Aldous, 1930).

The association between the accumulation of carbohydrate re-

serve and declining growth velocity was observed by Aldous (1930),

and Sampson and McCarty (1930). The impact of seasonal variation

on these reserves differs from one species to another. Early growth

was characterized by the lowest reserve level in many plants, while
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seed ripening in other plants showed the minimum carbohydrate

reserves (Jameson, 1963). Altona (1939), Weinmann (1940, 1942),

and Weinmann and Reinhold (1946) studied the reserve cycle in a

number of South African grasses. They found that the percentage of

carbohydrate reserves in the roots increased in autumn, reached a

maximum value in mid-winter, and decreased in spring and early

summer. Similar results have been reported by Brown (1943) for

Poa pratensis. Mcllvanie (1942) reported that combined sugars and

reserve polysaccharides in the roots of Agropyron spicatum decreased

in percentage in spring, increased during the time of flower stalk for-

mation, and reached a maximum at seed maturity. McCarty (1938)

demonstrated that one-third of the amount of sugars and starch in the

stem bases and roots of Bromus carinatus was utilized when three

clippings were applied at five-day intervals during spring. Sampson

and McCarty (1930) studied the carbohydrate reserve in Stipa pulchra

and found that infrequent grazing or cutting early in the growth cycle

did not prevent carbohydrate accumulation. Harmful effects resulted

from grazing or cutting applied between flower stalk formation and

seed maturity. Davidson (1959) postulated four possible reasons for

the decrease in the percentage of carbohydrates after defoliation.

Photosynthetic activity in the remaining tissues result in an increase

in dry weight (other than non-structural carbohydrates). Secondly,

carbohydrates are utilized as respiratory substrate. Also, they are
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translocated to the roots. Finally, they are converted into forms

other than structural carbohydrates at the new growing point sites.

Perennial Ryegrass and the Carbohydrate Reserves

Perennial ryegrass has received considerable attention by re-

search workers investigating its various physiological characteristics.

However, the topic of carbohydrate reserves in Lolium perenne has

been mainly restricted to indoor greenhouse experiments or to field

research under artificial clipping and defoliation treatments. Studies

dealing with evaluation of total available carbohydrate reserves in the

roots and crowns of perennial ryegrass under field grazing treatments

have not received adequate attention.

Among the reviews written on carbohydrate reserves of this

species are those reported by Sullivan and Sprague (1943), Mitchell

(1953), Alberda (1957), Patel and Cooper (1961), Beevers and Cooper

(1964), and Evans (1967, 1973). Defoliation of perennial ryegrass has

resulted in the depletion of carbohydrates in both its tops and roots

(Sullivan and Sprague, 1943). The demand for growth following severe

defoliation may not be met by photosynthesis and carbohydrate re-

serves. Davidson and Milthrope (1965) suggested that remobilization

of other fractions, like proteins, may occur and aid growth. Perennial

ryegrass placed in the dark after defoliation displayed evidence of

protein hydrolysis as well as continuous decrease in carbohydrates,
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almost to the extent of depletion (Sullivan and Sprague, 1943).

A negative correlation is found to exist between optimum condi-

tion for growth of perennial ryegrass and the levels of carbohydrate

reserves following repeated defoliation (Alberda, 1957). Conversely,

factors which are favorable for rapid leaf growth or conducive to

apparent photosynthesis tended to result in an increase in the reserve

levels. Moreover, the growth potential is more or less determined

by the soluble carbohydrate content in the parts remaining after cut-

ting. Evans (1967) studied the effect of defoliation of perennial rye -

grass and found that a single defoliation has led to a rapid decline in

the root elongation followed by a gradual recovery. Severe treat-

ments of repeated defoliation resulted in depressing elongation as well

as in considerable root death. Sullivan and Sprague (1943) also re-

ported that a great decrease in root carbohydrate content resulted after

defoliation. Recovery from the decline in carbohydrate content of

the same species did not start until about three weeks following defoli-

ation. Menke (1973) recommended that key species should be de-

ferred at their critical phenological stages of development as a safe-

guard against injury from defoliation effects.

Alberda (1965) reported that temperate grasses accumulate

much of their carbohydrate reserves in the bases of tillers. The

stubbles of perennial ryegrass contain the greatest concentration of

soluble carbohydrates, while the lowest concentration occurs in the
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herbage (Baker, 1957). Alberda (1957) found that in the same species

differences in levels of soluble carbohydrates for various plant parts

are caused mainly by a difference in tiller number and in the amount

of carbohydrates per tiller, rather than by difference in tiller weight.

The water soluble carbohydrate content of temperate grasses

declines at high temperatures (Alberda, 1965; Auda, Blaser, and

Brown, 1966; Smith and Jewiss, 1966). The carbohydrate reserves

of perennial ryegrass increased during winter to a peak value of 19

percent of herbage dry matter (Kingsbury, 1965). Increasing the

day/night temperature from 15. 6/10 to 26. 7/21. 1°C resulted in an

increase in the concentration of structural carbohydrates, whilst the

total non-structural carbohydrates changed relatively little (Wilson

and Fod, 1971). A further increase in the temperature to 32.2/26.7°C

resulted in a reversed effect on the reserves and structural carbo-

hydrates.

Carbohydrate reserves are subject to conversion from one form

into another. Weinmann and Reinhold (1946), Holt and Hi 1st (1969),

and Lechtenberg, Holt and Youngberg (1971, 1972) studied the diurnal

cycles of individual carbohydrate fractions and related them to total

non-structural carbohydrates. The cycle exhibited a low level in the

morning and a decline during the evening and night. This decline was

preceded by a peak in the afternoon. McCarty (1938) reported that

autumn temperature has caused the conversion of carbohydrate
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reserves of mountain brome into more soluble forms. Sugars trans-

located to roots of blue grama exhibited transformation into starch

or fructosan (Weinmann, 1952). The same author reported that all

perennial grasses show a similarity in the general cycle of reserves,

but the growth behavior and weather conditions influence the cycle of

carbohydrate reserves. The impact of seasonal variation on these

reserves differs from one species to another.

As single fractions of carbohydrates in the storage organs of

plants are subjected to various forms of transformation, the study

and determination of total available carbohydrates may be of more

practical value than individual fraction determinations. Information

for making management decisions is usually derived from a measure

of the total energy reserves rather than specific carbohydrate frac-

tions (Ogden and Loomis, 1972). Thus reducing and non-reducing

sugars, starch, dextrins, and fructosans are analyzed collectively

and referred to as total available carbohydrates. They are expressed

in units of concentrations as milligrams of glucose equivalent per

gram of dry sample after they are determined on a glucose equivalent

basis (Smith, Paulsen, and Raguse, 1964).
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DESCRIPTION OF STUDY AREA

Location

The study area was located on Soap Creek Ranch, Camp Adair

Tract, approximately 20 km north of Corvallis, Oregon. It is situated

in the eastern foothills of the Coast Mountain Range bordering the

western side of the Willamette Valley. A north-northeast facing

slope of about five percent characterized the experimental area.

Climate

Calhoun (1961) and Oregon Agricultural Experiment Station

(1965) described the area as a climatically homogeneous place; char-

acterized by a mild-subcoastal type with moist winters and cool, but

dry summers, and a fairly long growing season. Strong winds, hail,

and thunderstorms are rare in the experimental area.

According to the 1931-1960 average, the area received an annual

average precipitation of 101. 7 cm. Rainfall is the dominant contribu-

tor to the precipitation of the Willamette Valley, snow seldom falls.

The period of November through March contributes about 70% of this

annual average, while only 5% falls in the summer months of June,

July, and August. Bates and Calhoun (1975) reported the highest

yearly rainfall recorded as 149. 1 cm for the year 1968, and the

lowest as 58. 4 cm for 1944.
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The year 1974 had 139 rainy days, resulting in a total precipita-

tion of 128. 78 cm. The total precipitation for the year 1975 was 99.90

cm, contributed by 166 rainy days (Table 1). The study year 1974 had

28. 09 cm of precipitation above normal, while 1975 was about one cm

below normal.

The Willamette Valley, in general, has a cumulative moisture

surplus of about 63.50 cm during the months of October to March.

A potential evaporation deficit of about 38.10 cm occurs during May

to September and is greatest in July at about 12.70 cm (Johnsgard,

1963).

Bates and Calhoun (1975) reported a less marked seasonal differ-

ence in temperature. The range between the coldest and the warmest

months, January and July, is 16. 70C. July, 1946 had the highest

recorded temperature of 41. 7°C in 80 years, while December, 1919

established the record low of -25. 6°C. The average yearly tempera-

ture is 11. 3°C, the average maximum is 17. 0°C, and the mean mini-

mum is 5. 6°C.

Table 2 summarizes the average monthly maximum and minimum

temperature for the period 1931-1960 and for the study years of 1974

and 1975. The months of June and August through December of 1974

were warmer than the average maximum for the 30-year period. In

general, the same months for the year 1975 had a cooler temperature

than both the 30-year average and the year 1974. Average minimum



Table 1. Monthly precipitation and rainy days for the study years 1974-1975 (cm).

Month

1974 1975

Rain Snow Rainy days Rain Snow Rainy days

Jan. 29. 41 1.01 19 11. 84 7. 87 20

Feb. 19. 10 0, 76 26 13. 92 0.76 22

Mar. 22. 53 0 22 11. 78 0 18

April 6. 07 0 17 6. 10 0 18

May 3. 71 0 14 5. 25 0 7

June 1. 55 0 4 2. 90 0 7

July 4. 77 0 8 1.57 0 3

Aug. 0. 00 0 0 4. 26 0 9

Sept. 0. 18 0 2 0.00 0 0

Oct 3. 58 0 7 10. 92 0 22

Nov. 17. 47 0 16 13. 99 0 20

Dec. 20. 70 0 23 17. 34 3. 81 20

Total 129. 07 1. 77 139 99. 87 12.44 168

Average 10. 75 0. 14 11.5 8. 32 1.03 14



Table 2. Average daily maximum and minimum temperatures for each month for the 1931-1960 average and for the study years, 1974 -1975

(degrees Celsius).

1931-1960 Average 1974 1975

Maximum Minimum Maximum Minimum Maximum Minimum

January 6. 89 0. 06 6. 39 -1. 17 8. 80 2. 66

February 9. 72 1. 50 8. 50 1. 67 8. 94 1. 11

March 12. 22 2. 67 12. 22 2. 89 11. 11 2. 11

April 19. 44 4. 72 14. 17 4. 83 12. 50 1.72

May 19.83 7. 50 17. 61 5. 78 18. 83 5. 77

June 22. 72 9. 56 23. 67 9. 11 22. 00 8. 16

July 27. 33 10. 89 25. 28 9. 72 26. 55 10. 61

August 27. 28 10. 67 27.78 11. 11 24. 44 10.22

September 24. 33 9. 06 28. 67 9. 00 27. 00 8. 11

October 17. 89 6. 11 20.06 3. 00 15. 83 6. 50

November 11.22 2. 89 11.89 3. 61 11. 05 1.94

December 8. 22 1. 96 9. 61 0. 06 9. 11 2.22
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temperatures for both study years were generally cooler than the

1931-1960 average minimum. The average number of frost-free days

is 215 with extremes of 177 and 275 days reported for the years 1964

and 1940 respectively (Bates and Calhoun, 1975). Calhoun (1976) re-

ported an average of 196 frost-free days for the period 1951-1975.

Both study years were below this 25 year average, 179 days for 1974

and 164 frost-free days for 1975.

Soils and Native Vegetation

Description of soils and native vegetation of the experimental

site has been reported by Sanders (1965). Complete soil profile de-

scriptions are given in Appendices A and B. The upslopes of the study

area have the Abiqua-like silt loam soil type. This soil series is

shallow and well-drained. The bottom of the hillside is composed

of the McAlpin -like silt loam series, a deeper and fairly well drained

soil series.

Sanders (1965) and Thilenius (1968) have described the native

vegetation on similar uncultivated areas. Oregon White Oak (Quercus

garryana Doug. L.) is encountered in association with Douglas-fir

(Pseudotsuga menziesii (Mirb)Franco.). Open area species and the

associated understory include mainly rose (Rosa spp.), wild rye

(Elymus glaucus Buckl.), bracken fern (Pteridium aquilinum L. ),

red fescue (Festuca rubra L.), wheatgrass (Agropyron Spp. ),
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velvet grass (Holcus lanatus L. ), and ripgut (Bromus rigidus Roth).

Thetford (1976) prepared a complete list of the species found in the

study pastures (Table 3).

Establishment and Management of the Study Area

The experimental site on the Adair land of the Oregon Experi-

ment Station had been used for the production of ryegrass seed for

several years, prior to research use. A series of forage improve-

ment and maintenance studies was initiated in 1959.

Bedell (1966, 1968, 1971), Sanders (1965) and Thetford (1976)

have described establishment and management of the study area. The

following is a summary of these descriptions:

(1) Seedbed preparation by plowing and discing in the fall of 1960.

(2) Broadcast-application of borated gypsum and ammonium phos-

phate, each at 168 kg per hectare.

Broadcasting of 'Nangeela' subclover at the rate of 5. 6 kg of

seed per hectare, and drilling of 'Oregon' perennial ryegrass

at the rate of 11.2 kg per hectare. The subclover stand from

the 1960 seeding was poor and it was drilled into the grass at a

rate of 7. 8 kg per hectare in the fall of 1961. The second seed-

ing resulted in a more satisfactory stand of subclover.

(4) Broadcast application of single superphosphate at the rate of

approximately 224 kg per hectare in the fall of the years 1960

through 1966.

(3)
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Table 3. Plants in the pastures of the study area.
1, 2

Scientific name Common name

DOMINANT GRASS

Lolium perenne L

OTHER GRASSES

Aira carophyllea L.
Bromus mollis L.
Bromus rigidus Roth.
Festuca myuros L
Holcus lanatus L.

DOMINANT FORBS

Trifolium subterraneurn L.
Cirsium arvense ( L. ) Scop.
Marah oregana T. & G. )How.

OTHER FORBS

Anthemis cotula L.
Centaurea cyanus L.
Chrysanthemum leucanthemum
Cirsium vulgare ( Savi)Ciry-Shaw
Galium parisiense L.
Geranium dissectum L.
Hypochoeris radicata L.
Medicago lupulina L
Plantago lancelolata L.
Rumex acetosella L.
Rumex crispus L.
Navarretia squarrosa (Esch. ) H. & A.

Perennial ryegrass

Silver hairgrass
Soft chess
Ripgut
Rat-tail fescue
Velvet grass

Subterranean clover
Canada thistle
Oregon wild cucumber

Dog fennel
Bachelor's buttons
Ox-eyed daisy
Common or bull thistle
Wall bedstraw
Cut-leaf geranium
Hairy cats ear
Black medic
English plantain
Sheep or red sorrel
Curly-leaved dock
Skunk weed

1Nomenclature according to Peck (1961).

2Thetford, 1976.
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(5) Fertilization with a mixture of single and treble superphosphate

and muriate of potash was applied in the fall of 1967.

(6) Application of single superphosphate and muriate of potash in

the fall of 1968 at a rate of 448 kg and 112 kg per hectare re-

spectively.

(7) Fertilization with 336 kg of single superphosphate in the fall of

1970. No fertilization was applied in 1969 and 1971.

(8) Fertilization with 224 kg of single superphosphate equivalent

has been applied each fall since 1971.

(9) Light use by the Adair beef cattle operation had been applied to

the ten pastures (used in this study) from 1960 to 1968.

(10) Fencing of the study area and its division into 10 pastures of

approximately 0.405 hectares (40. 3 x 100. 7 m) was carried out

in 1968.

(11) A sheep stocking rate trial was conducted on these pastures

from September, 1968 to July, 1971. Stocking intensity rates

were 4. 9, 9,9 and 14. 7 ewes per hectare. The sheep were

removed from the study area in July, 1971.

(12) Initiation of a new study for establishing guidelines on stocking

intensity took place from May, 1972 to December, 1974. Stock-

ing rates of 7.4, 9.9, and 12.4 ewes per hectare were applied

for this study.

(13) Removal of excess overburden was carried out through clipping
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the pastures to a 10.2 cm height in April and October, 1972.

(14) Establishment of the present study on total available carbo-

hydrates in the roots and crowns of ryegrass was started in 1974

by superimposing it upon the stocking intensity guidelines proj-

ect. The same number of ewes per hectare and pasture ar-

rangement were used in both studies.
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METHODS AND PROCEDURES

The 4. 05 hectares designated for the total available carbo-

hydrates study were divided into ten pastures of equal size. Pasture

layout and sheep group assignment are outlined in Figure 1. Nine

pastures were used for the various treatments and stocking intensi-

ties. The remaining pasture unit was used as a reserve pasture up

to the summer of 1974, and was completely protected from then to

the completion of the study. This pasture was used for collecting

samples at various phenological stages for determining the basic

carbohydrate curve.

A randomized complete block design was used and each treat-

ment was replicated three times. Stocking intensity assignment for

each pasture was carried out taking into consideration past stocking

intensities. The stocking assignments were 7.4 ewes per hectare,

9.9 ewes per hectare and 12.4 ewes per hectare. These stocking

intensities will hereafter be referred to as moderate, heavy, and

overstocked.

Sampling Procedure

Design

Five circular cages of 0. 69 m diameter, 1 m height, and 2. 17 m

circumference were randomly established in each of the nine pastures



* Numerals are for pasture number. 26

t A, B, and C are stocking intensities of 7.4, 9.9,
and 12.4 ewes per hectare respectively.
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Basic Trend Study

Figure 1. Pasture layout and sheep stocking intensity assignment.
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as a protection measure against fall grazing. These cages repre-

sented the Fall Protection Treatment (FP), and they were kept in

position up to the spring season. Early in spring, an area carrying

similar vegetation cover was located near each of these cages. These

five areas, which were open to fall grazing, were protected during

the balance of the grazing season by transferring the cages from the

Fall Protection treatment. The newly caged areas were designated

as Fall Grazing Treatment (FG). Following the removal of the cages

from the Fall Protection Treatment, these previously protected areas

were inconspicuously marked and labelled for ease of future sampling.

Five cages of similar size were randomly established in each

of the nine pastures for the year-long Complete Protection Treatment

(CP). All of the remaining open-to-grazing parts of each pasture

constituted the sampling area for Yearlong Grazing Treatment (YG).

The four seasons of grazing treatments are summarized and arranged

in Table 4 below.

Table 4. Outline of the four seasons of grazing treatments for total available carbohydrate study.

Treatment no. Annotation Brief description

1 CP Complete protection

2 FP Fall protection - grazing all spring
and summer

3 FG Fall grazing - protection during balance
of grazing season

4 YG Yearlong grazing, except winter
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Pasture ten was closed to sheep grazing from the fall of 1974

and utilized for developing the basic carbohydrate curve at different

phenological stages. Five samples of ryegrass roots and crowns were

randomly collected at sequential stages of plant development.

Root and Crown Sampling

Roots and crowns of ryegrass for the four different seasons of

grazing treatments were sampled during the months of July and

August (period of quiescence) of the years 1974 and 1975. Five

samples per replication were collected through digging plant roots

with a shovel to a depth of about 30 cm. Each sample was composed

of about 60 ryegrass roots or an equivalent of about 3 gm dry weight

of root material. Training was done prior to actual sample collection

for the purpose of increasing the level of efficiency and accuracy.

Soil adhering to the roots and crowns was removed by spraying

with a stream of cold water over a fine-mesh screen immediately

after collection. The cleaned roots were further freed from other

contamination resulting from roots, seeds, and other plant parts

contributed by associated plant species.

The washed samples were then clipped and separated into roots

and crowns. The wet weight was recorded for each of these parts.

The roots and crowns of each sample were then placed into two

separate, clean, dry and previously weighed jars. The samples
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were then covered with 95% ethanol to reduce enzymatic activity, and

sealed tightly. Each jar carried two similar labels indicating pasture

number, treatment, kind of underground part, wet weight, number of

plants contributing to the sample, and date of collection. These

samples were then transferred to a calibrated oven and dried at a

set temperature of 70 ± 2 o C. They were allowed to remain in the

oven for a period of about 12 days to evaporate the ethanol (3-4 days)

and dry the sample (8-9 days).

Collection dates for the samples obtained from the completely

protected pasture were fixed on a monthly basis in a time schedule

roughly commensurate with the various phenological stages of rye-

grass. These samples were collected for developing the basic carbo-

hydrate curve for both roots and crowns. The same digging procedure

and treatment after collection were applied to these trend samples.

Measurements of plant height were taken at each sampling period.

Samples from the different treatments were collected for the

determination of total available carbohydrate concentration (mg/g)

in the roots and crowns of each sample. Biomass of storage organs

(g/plant) was computed through dividing the oven dry weight of the

original sample by the number of plants per sample. The product of

concentration and biomass gave the total carbohydrates per plant

(mg/plant).
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Laboratory Analysis

The oven-dried samples were ground to a fine powder through

a 40-mesh screen. The current standard laboratory procedure for

carbohydrate extraction and analysis on a glucose equivalent base was

used. All the reagents used in this analysis were prepared freshly

and at periods commensurate with their shelf life.

The following is a brief outline of the acid extraction and thio-

sulphate titration for the estimation of total available carbohydrates.

This outline follows the procedure reported by the Association of

Official Agricultural Chemists (1965), Heinze and Murneek (1940),

Smith, Paulsen and Raguse (1964), and the revision of John Menke and

Ed Lawler on January 21, 1973 (Range Science Department, Colorado

State University). Details of the procedure are included in Appendix C.

A portion of the sample was transferred into small, clean and

dry beakers. These were placed in an oven and left to be dried for

about two hours at 70°C. The beakers containing the sample were

then taken out of the oven and placed in a Nalgene desiccator and left

to cool for about 15 minutes. The laboratory setup was designed to

accommodate only eight samples per each run. A sample of 0.5 gm

was weighed (up to the fourth decimal) and placed in a 200 ml boiling

flask. Fifty ml of 0.2 N H
2
SO4 were poured carefully into each flask.

The samples were then refluxed for 60 minutes in a 100°C wax bath,



31

while agitating every 20 minutes. The solution was filtered through

a Buchner funnel with filter paper, poured into a 250 ml flask, neutral-

ized with 10 ml of 0.1 N NaOH, and diluted to volume with distilled

water.

The extracted carbohydrates were then ready for quantification.

Ten ml aliquots from each of the eight samples were pipetted into a

test tube. A blank sample of 10 ml distilled water was prepared and

included with each set of samples. Ten ml of Shaffer-Somogyi reagent

solution were added to the aliquots and the blank sample. The mixture

was placed into a boiling water bath for 15 minutes, and then into a

running, cold water bath for four minutes. Two ml of KI-K2
C204

solution (Iodide oxalate) were added. This was followed by the slow

addition of 10 ml of 1. 0 N H2
SO4 while stirring. The solution was

then placed into the cold running water bath for five minutes. One ml

of starch solution was added and titration with 0. 02 N Na S203 (Thio-

sulphate solution) was carried out, while stirring with a stirring bar.

The number of thiosulphate ml necessary to bring the solution to the

end point was recorded for each sample.

The dextrose-Thiosulphate equivalents were determined for

each fresh stock of sodium thiosulphate used for the titration of a

particular set of samples.

Linear regression with a quadratic model was used for testing

the correlation between plant height and phenological stages.
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Statistical Analysis

Analysis for this study was based on a randomized complete

block design with three replications. An analysis of variance was

carried out to help determine the impact of both season and intensity

of grazing over years, on the carbohydrate concentration, biomass

of storage organs, and total carbohydrates per plant. A model for

this analysis of variance is outlined in Table 5.

Differences between season of grazing, intensities, and/or the

various other interactions were tested by the Duncan's New Multiple

Range Test where the analysis of variance indicated significant differ-

ences. The level of significance used in this manuscript is P <. 05,

unless otherwise stated.

Animal Management

The present study was superimposed upon a research project estab-

lished in 1972 to determine proper stocking rate guidelines for dry-

land improved pastures in Western Oregon. Thetford (1976) has

developed a management and health program for sheep on this re-

search project and the program was followed to cover both research

studies up to 1975. Proper care and breeding practices were applied

in accordance with current aspects of sheep management.

Thirty-six ewes were randomly assigned to the treatments and



Table 5, Analysis of variance model used for testing the impact of year, intensity, and season of grazing on TAC and biomass of storage organs.

Source Degrees of Freedom Error Term

Year (Y) 1

1
Error (a) 4

Intensity (I) 2

I x Y 2

Error (b)1 8

Season of Grazing (T) 3

T x Y 3

T x I 6

TxIxY 6

Error (c)1 36

Total 71

2R +(RxY)

I x R +(Ix Yx R)

(TxR)+(TxYxR)+(TxIxR)+(TxIxYxR)

1

2

Error (a) is for testing year; Error (b) is for testing the intensity and I x Y; Error (c) is for season of grazing and all remaining other interactions

R is replication
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four ewes were held in reserve for replacement of lost, sick or dead

ewes. Climatic conditions and vegetation growth caused some varia-

tion in dates of stocking and removal from pasture. The moderate

stocking intensity, pastures number two, six and nine, together with

pastures number three and eight of the heavy stocking intensity were

stocked on April 23, 1974. The other pastures were not stocked until

May 23, 1974, due to lack of sufficient forage.

Seven to eight-month-old Suffolk ram lambs were used during

a 40-day breeding season each year from August 15 through Septem-

ber 24. Six week flushing began three weeks prior to ram placement

with the ewes, and the sheep were supplemented on pasture. One ram

was placed with the ewe combination of each stocking intensity. Rota-

tion of each flock took place every other day throughout the breeding

season within the respective intensities.

The ewes were moved and placed in a barn near the OSU campus

each year in December, before lambing was to begin.
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RESULTS

Results of the carbohydrate reserve study in the roots and

crowns of perennial ryegrass are presented in four sections. First

the carbohydrate concentration (mg/gm) is considered. In the second

section, biomass of storage organs (g/plant) results are reported.

The third section presents results of total carbohydrate per plant

(mg/plant). The last section describes the carbohydrate reserve

cycle and plant height as related to phenological development. The

first three sections are considered in relation to the influence of year,

stocking intensity, season of grazing, and the various interactions of

year, intensity and season of grazing.

Carbohydrate Concentration

Two-year averages of carbohydrate concentration (mg/gm) in

the roots and crowns of perennial ryegrass are given in Appendix D.

Statistical analysis was performed to test the effects of year, inten-

sity, season of grazing, and their various interactions on carbo-

hydrate concentration. Appendices E and F show the analysis of

variance tables for total available carbohydrates for each of the

roots and crowns.

In 1975 there was a significantly higher carbohydrate concen-

tration in both roots and crowns than in 1974. The influence of
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stocking intensity on concentration of TAC was significant for both

roots and crowns. There was a significant interaction (P < 0. 01)

among years and grazing intensity for the roots, but not the crowns.

Season of grazing effects on carbohydrate concentration, in both roots

and crowns, were significant. Interaction among years and season

of grazing was significant for both roots and crowns. There was no

significant interaction among season of grazing and intensity. The in-

teraction among years, intensities, and season of grazing was signifi

cant only for the crowns.

Duncan's New Multiple Range Test was used to test the means

where the analysis of variance indicated significant difference among

them. The test showed that for the roots of perennial ryegrass con-

centration of TAC for the heavy stocking intensity was significantly

higher than for the over-stocking intensity, but not different from

the moderate grazing intensity. The analysis for TAC in the crowns

revealed that the moderate stocking rate had significantly higher carbo-

hydrate concentration than each of the other two intensities. There

was significantly higher carbohydrate concentration in the roots of

ryegrass sampled for the Fall Grazing treatment (FG) than either

Complete Protection (CP) or Fall Protection treatments, but fall

grazing results were not significantly different from Year-long

Grazing (YG). Fall Grazing treatment had a significantly higher

carbohydrate concentration in the crowns than any of the other
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three treatments. The impact of year, intensity, and season of

grazing on TAC Concentration is illustrated in Figure 2.

Biomass of Storage Organs

The two year averages for root and crown biomass (g/plant)

and the analysis of variance tables for the same attribute are given

in Appendices G, H, and I respectively. Statistical analysis on bio-

mass showed that the roots had significantly greater biomass during

the year 1974 than during 1975. No significant difference existed

between the crown biomass during both years. The influence of

stocking intensity was significant on crowns, but not on the roots.

No significant effect was shown for the interaction among intensities

and years for either roots or crowns. Season of grazing as well as

interaction among season of grazing and years were significant for

both crown and root biomass. The interaction between season of

grazing and intensities was significant for crown and root biomass.

The interaction among season of grazing, intensity, and year was not

significant for either root or crown biomass. Figure 3 illustrates the

variations in biomass of roots and crowns of perennial ryegrass as

influenced by these factors.

The Duncan's New Multiple Range Test showed that ryegrass

grazed at moderate intensity had significantly greater root and crown

biomass than the other two intensities. The Fall Protection treatment
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showed a significantly greater root and crown biomass than each of

the three other treatments.

Total Carbohydrate Per Plant

Appendices J, K, and L give the two-year averages for total

carbohydrate per plant (mg/plant) and the analysis of variance for

the roots and crowns of perennial ryegrass respectively. The roots

had a significantly greater total carbohydrate per plant for the year

1974 than for the year 1975. Crowns showed no significant difference

between total carbohydrate per plant for the two years.

Stocking intensity had a significant effect on the total carbo-

hydrate per plant for both the roots and crowns. The interaction

between year and intensity was not significant.

A significant effect on both plant parts was displayed by the

interaction among intensity and treatment. A significant effect was

also shown for the season of grazing treatments on the total carbo-

hydrate per plant in the roots, but not in the crowns. The interaction

among treatments and years, and among treatments, intensities, and

years was not significant for both plant parts. Figure 4 displays the

above analyzed interrelations.

Duncan's New Multiple Range Test showed that ryegrass grazed

at moderate stocking intensity had a significantly higher root total

carbohydrate per plant than that grazed at the overstocking intensity.
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42

The results of moderate and heavy stocking intensities were not sig-

nificantly different. The influence of moderate intensity was signifi-

cant for the total carbohydrate per plant in the crowns than each of

the other two higher stocking rates. There was no significant differ-

ence in the total carbohydrate per plant in the roots among all season

of grazing treatments. However, the Year-long Grazing treatment

had a significantly higher total TAC reserve in plant crowns than did

the Complete Protection treatment. There was no significant differ-

ence between the Year-long Grazing treatment and either the Fall

Protection or Fall Grazing treatment.

Carbohydrate Reserve Cycle and Phenological Development

The seasonal carbohydrate reserve cycle was investigated in

perennial ryegrass in relation to stages of phenological development.

Perennial ryegrass displayed clearly defined seasonal trends in

Carbohydrate Concentration during the period of data collection

(Figure 5). A similar pattern in the TAC as related to developmental

phases was shown by both the roots and crowns. However, the crowns

maintained a greater magnitude of concentration than the roots at all

phenological stages. Weinmann (1949), Sprague and Sullivan (1950),

Baker (1957), Coyne and Cook (1970), and Menke (1973) reported

similar results for other perennial grasses. Both seasonal lows and

highs followed basically the same trends for the roots and the crowns.
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The curve for TAC reserve depletion and replenishment was somewhat

U-shaped, but not as typical as the classical curve described by Cook

(1966). The concentration in the crowns exhibited a sharp decline

during both spring and early winter growth phases. The abrupt de-

cline was from a maximum of about 121 milligrams per gram during

the month of December to a minimum of about 75 milligrams per gram

in May. A gradual increase was observed during seed formation.

This increase became more noticeable during the seed shatter phase

of development, when the carbohydrate reserves were replenished

to a magnitude of about 102 milligrams per gram. The decomposition

of yearly-growth phase, concurrent with fall regrowth, was accom-

panied by an increase in the reserve level.

Winter regrowth and early spring growth were also character-

ized by a decline in the carbohydrate concentration of the roots. The

decline in the TAC level was about 34 milligrams per gram in the

roots, as compared to 46 milligrams per gram in the crowns during

the period of continual reserve depletion. The lowest concentration

of reserves was reached about one month earlier in the roots than in

the crowns. There was about 20% more reserve concentration in the

roots at seed shatter stage than at the early growth phase. The

crowns exhibited about 36% more TAC, as a difference between the

same developmental phases. The same trend of increase in the

crowns reserve level was observed for the roots during the
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decomposition of yearly-growth phase. The maximum carbohydrate

level during the cycle was reached at the end of this developmental

stage for both the roots and crowns. The lowest concentration during

the cycle was reached in April for the roots (about 41 mg/gm) and in

late May for the crowns (about 75 mg/gm), concurrent with spring

growth.

Depletion of crown reserves occurred over a continuous period

of about four months, from January up to May. Replenishment of

crown TAC continued from late May throughout December, with the

exception of the slight decline during the period between end of seed

shatter and beginning of fall regrowth. The greatest drawdown of

root carbohydrate reserves occurred about one month earlier than

depletion in crown reserves, thus giving a relatively longer period

of replenishment for roots.

Regression analysis of variance showed a highly significant

correlation between plant height and phenology. The growth curve,

expressed as plant height in cm, exhibited an exponential increase

beginning from early spring and continuing throughout the growing

season and up to the early phase of seed shatter. Then the curve

almost flattened during quiescence, decomposition, and winter phases

of growth.
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DISCUSSION

The carbohydrate concentration in the roots and crowns of

perennial ryegrass was significantly higher in 1975 than in the crop

year 1974. Root biomass and root total carbohydrate per plant were

at a significantly higher magnitude in 1974. As total carbohydrate

per plant is the product of concentration of stored reserves and bio-

mass of the storage organs, it follows that significantly different

treatment levels in either of these two components would be expected

to result in significantly different amounts of total carbohydrate per

plant by treatment. The results indicated that a significant effect on

concentration does not lead to a similar effect on total carbohydrate

per plant unless the effect on biomass of the storage organ is signifi-

cant. Conversely, almost any significant effect on biomass resulted

in a similar effect on total carbohydrate per plant, irrespective of

concentration levels. These results indicate that biomass affects the

magnitude of actual carbohydrate per plant more than does concentra-

tion. Baker (1957) reported that quantitative determination of TAC

reserves probably gives a better indication of reserve distribution

than estimates based only on percentage content. He also found that

the actual quantity of reserves did not differ as markedly as percen-

tage content.

The finding that biomass of storage organs affects total carbo-

hydrate per plant more than does concentration is exemplified by the
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fact that the significantly higher concentration of TAC for both roots

and crowns in 1975 did not result in a higher total carbohydrate per

plant, due to lower biomass in the same year. Conversely, higher

root biomass in 1974 resulted in higher root total carbohydrate per

plant despite the fact that the root concentration for the same year

was lower than for the crop year 1975. This conclusion also holds

true for the main effects of stocking intensity and season of grazing,

and for the interactions I x Y, I x T, and Ix Y x T, on these reserve

attributes and biomass of storage organs.

The year 1974 had a total precipitation of about 129 cm as com-

pared to a total of about 100 cm for 1975. The higher moisture status

might have created favorable growth conditions not only for above

ground but also for underground plant parts. If this advantage in soil

moisture generated more root growth, then the higher root biomass

for the year 1974 could be attributed to more favorable moisture con-

ditions. Other environmental parameters examined did hot appear

to influence growth.

The significant effect of stocking intensity on concentration,

crown biomass, and total carbohydrate per plant indicated that oer-

stocking resulted in depletion of TAC reserves as well as in lowering

biomass magnitude. This could be attributed to a greater drawdown

on the reserves, for growth requirement, to the extent of jeopardizing

growth and development of underground parts. Such an effect might
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have contributed towards lowering the biomass of the storage organs.

Moderate stocking was shown to result in higher root and crown bio-

mass than heavy and overstocking intensities. The heavy stocking

intensity pastures showed evidence of having higher TAC concentra-

tion than overstocking (for the roots) and it was also higher in concen-

tration of TAC than were both other intensities for the crowns. How-

ever, heavily stocked pastures failed to maintain higher total carbo-

hydrate per plant as their biomass of storage organs was exceeded

in value by pastures with moderate stocking intensity. Plants under

the moderate stocking rate generated and maintained higher biomass

of storage organs and greater total carbohydrate per plant than those

under the other two stocking intensities. The interaction between

intensities and years was not significant for root and crown biomass

and total carbohydrate per plant, as well as for crown concentration.

This could be attributed to the fluctuating year effect which might have

masked the almost consistently significant effect of stocking rate.

Season of grazing had a significant effect on the investigated

attributes in both plant parts, except for crown total carbohydrate

per plant. The effect of season of grazing on the magnitude of carbo-

hydrate reserves and biomass of storage organs indicated the impor-

tance of time of grazing in relation to plant growth and development.

The fall grazing treatment was shown to have a higher carbohydrate

concentration than any of the other three treatments (CP, FP, and YG).
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Fall protection resulted in a significantly higher biomass of

storage organs for ryegrass than all other treatments. The carbo-

hydrate reserves were not depleted during fall regrowth. The fluctu-

ating significance of season of grazing effects on TAC concentration

and biomass has expectedly led to a different effect on their product,

total carbohydrate per plant. No significant difference between season

of grazing was shown for root total carbohydrate per plant. However,

Yearlong Grazing was shown to result in significantly more crown

total carbohydrate per plant than Complete Protection, but not than

Fall Grazing and Fall Protection. Complete Protection might have

resulted in relatively more plant crowding, which in turn might have

led to competition for space, light and/or nutrient supplies. If this

did occur, then the carbohydrate reserves might have been depleted

for meeting competitive growth. Moreover, grazing itself might have

stimulated growth which did not require carbohydrate reserves from

storage organs, and this growth could have eventually resulted in

'surplus' reserves which were possibly translocated to the roots and

crowns. Complete protection was the only grazing treatment which

did not result in a significantly higher reserve attribute or greater

biomass of storage organs. Hence, yearlong protection did not

appear to be of any physiological advantage to ryegrass, in regards

to biomass of storage organs and TAC reserves.

The interactions between year and season of grazing and
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between intensity and season of grazing were in line with the postu-

lated explanation for the main effects of year, intensity, and season

of grazing.

It appeared that time of grazing perennial ryegrass, as repre-

sented by the four seasons of grazing, affected the investigated re-

serve attributes differently. No consistent pattern of beneficial or

detrimental impact was displayed for any of the seasons of grazing

for the combinations of concentration, biomass of storage organs,

and total carbohydrates per plant. Ryegrass protected during the

period of rapid growth showed a higher carbohydrate concentration

and plants under Fall Protection had a higher biomass. Perennial

ryegrass grazed yearlong had a greater magnitude of total carbo-

hydrate per plant in the crowns than ryegrass under complete protec-

tion, and there was no significant difference among seasons of grazing

for root total carbohydrate per plant. Such a variation in season of

grazing impact reflects a wide amplitude in the response of perennial

ryegrass to protection and different seasons of grazing. This differ-

ence in response and high tolerance to season of grazing may be util-

ized favorably for generating a flexible rotation system which meets

the requirements of both perennial ryegrass and the grazing animal.

Field observations showed that spring growth commenced 3-4

weeks later in overstocked pastures than in pastures grazed at moder-

ate or heavy stocking rates. The apparent decline in vigor associated
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with overstocking did not affect the cumulative total herbage produc-

tion. Research work conducted concurrent with the present study

showed that there were no significant differences among stocking

intensities for the total yields of grazed or ungrazed ryegrass

(Thetford, 1976). It appears that growth compensation is using

reserves that would otherwise be available for early spring growth.

Therefore, the apparent annual efficiency, in reality, may be leading

to a longer term decline in production. Moreover, the effect on vigor

and/or TAC reserves is more likely to be a function of both stocking

intensity and season of grazing rather than a single direct effect of

either of them. Overstocking associated with early spring grazing

is expected to be more detrimental than any of the other combinations

of intensity and season of grazing. For example, in early spring,

grazing at a moderate intensity resulted in higher biomass and TAC

per plant in storage organs when compared to either heavy or over-

stocking intensities. However, overstocking intensities used in this

study may not be detrimental to the carbohydrate reserve of ryegrass

if the grazing pressure was relaxed by shortening the overall period

of grazing. If comparable pastures were grazed during only one, or

possibly two, seasons each year, then what was designated overstock-

ing in the text might be proper stocking under these conditions.

Hence, overstocking in this case is in relation to yearlong feed

rather than with respect to critical growth stages of development.
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It follows that intensity, duration, and season of grazing should be

considered concurrently.

Reserves and Phenological Development

The U-shaped curve displayed by perennial ryegrass for reserve

depletion and replenishment in relation to phenological stages of de-

velopment was in agreement with findings and suggested trends for

other perennial grasses (Cook, 1966 and Menke, 1973). It displayed

the expected spring depletion of reserves for meeting growth initiation

and further development. The same abrupt and sharp depletion oc-

curred during winter indicating that the reserve pool in the roots and

crowns constituted the basic source for respiration and growth de-

mands during this period. Fall regrowth did not result in a sharp

decline in TAC reserves as it did in spring and winter. It might be

possible that the stem and leaf growing points had enough energy

resources to reactivate their growth, and thus the root and crown

reserves were not depleted for partial support of regrowth during

fall. It is also possible that depletion was minor and was rapidly

replenished after initiation of regrowth.

The growth curve had its greatest slope during spring and

winter stages of development, concurrent with the sharp reserve

depletion. Other phases of plant height development did show a

synchronized trend with the fluctuation in the reserves. Thus it
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appeared that the sensitive phases of growth, in regard to demand

on carbohydrate reserves, were during early spring and in winter.

Other phases of development did not result in a pronounced drawdown

on reserves. The uninterrupted growth curve together with the obvi-

ous capacity for replenishment of TAC reserves after depletion

gives a physiological indication that perennial ryegrass is productive

as well as adapted to the prevailing conditions. The clearly defined

seasonal trends in carbohydrate reserves in both roots and crowns

indicated that perennial ryegrass is capable of mobilization, utiliza-

tion, and replenishment of reserve materials under the prevailing

conditions of the study area.

The phenological stages of grass development are recognized

as an important factor in relation to production (Hunt, 1956) and

ecology (Silsbury, 1964). More meaningful information can be ob-

tained through relating the findings on seasonal trends of TAC to

the impact of stocking intensity and season of grazing on carbohydrate

reserves.

The basic trend curve reflected distinct depletion of re.

serves during early spring and winter growth phases. Plants

which were only protected during spring and up to sampling

time showed a significantly higher TAC concentration in their roots

and crowns than those which were not protected during this

phase. The protected plants were able to utilize the reserve
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carbohydrate efficiently for production of new tissue and generation

of new leaf area. Since no grazing took place during this period, the

increase in leaf area was not disrupted through defoliation. When

the quantity of TAC acquired through photosynthetic activity exceeded

the energy required for growth, restorage of carbohydrate reserves

commenced and a great portion of replenishment was completed by

quiescence period. However, the curve for seasonal trends of re-

serves indicated that the replenishment of TAC started as early as

the beginning of the 3-4 leaf stage. This finding suggests that protec-

tion need not cover the whole spring season. The important time for

spring protection is, therefore, during growth initiation and up to the

2-3 leaf phase of development, especially for yearlong grazing at

overstocking intensities. Consequently, the balance of the spring

season can be utilized for grazing.

The basic trend curve for TAC showed that fall regrowth did

not deplete the reserves. This growth phase was even accompanied

by an increase in the reserve level. If the reserves were ever trans-

located from the storage organs, which might have taken place early

in the process of regrowth, they were later replenished by downward

translocation. Consequently, fall grazing is not detrimental to the

TAC reserves of ryegrass, especially if the plants are protected

during the early phase of spring growth and development. This state-

ment is supported by the significant increase in the concentration of
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TAC for plants grazed during fall and protected during spring.

Ryegrass plants protected during fall exhibited higher biomass

for their storage organs than plants under the other three grazing

treatments. It appears that the growing points of perennial ryegrass

had enough energy resources to reactivate their growth. Since defoli-

ation was relaxed as a result of absence of grazing, the plants might

have developed enough leaf area to manufacture the food materials

required for regrowth. It seems logical, therefore, to postulate that

the reserves in the storage orgnas were utilized primarily for the

production of more root and crown biomass. The increase in biomass

of storage organs appeared to be marginal since it did not result in

higher total carbohydrate per plant. Moreover, grazing during fall

was not detrimental to TAC reserves. It follows that deferment dur-

ing fall may not be necessary, except when there is evidence that

root degeneration is prevalent.

The TAC curve for the various phenological stages indicated

that winter regrowth was very demanding on the reserves of the stor-

age organs. This is expected since the low leaf area produced during

winter should not have been efficient enough to manufacture the re-

quired amount of reserves under the prevailing environmental condi-

tions. When photsynthetic activity was low, the reserves in the

storage organs were translocated for utilization as an energy sub-

strate. The relatively lower levels of temperature, light intensity,
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and rate of photosynthesis logically resulted in a negative energy bal-

ance and consequently the substrate for basic metabolism was drawn

mainly from the storage organs. Defoliation during this period is

expected to be detrimental and might lead to complete elimination of

the plants under high grazing pressure.

The trend curve showed that the reserves were not depleted

during the period of quiescence. Since production of new tissue was

limited by moisture stress, no energy was needed for growth and the

carbohydrate reserves were translocated to storage organs. It follows

that grazing during the period of quiescence is not harmful to rye-

grass, especially to its carbohydrate reserves.

Ryegrass grazed at moderate intensity generated and main-

tained higher biomass of reserve storage organs and greater total

carbohydrate per plant than that grazed at the other two stocking in-

tensities. Heavy and overstocking intensities exerted enough pres-

sure on the plants to cause a reduction in both biomass of storage

organs and total carbohydrate per plant. Since biomass of storage

organs and TAC per plant are the major components of carbohydrate

storage levels, ryegrass should not be subjected to strenuous grazing

pressures over an extended period of time as this might have adverse

effects on these attributes.
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Management Implications

Some management implications can be drawn from the above

findings. The early spring growth phase is characterized by declining

levels of TAC which can stand only moderate to heavy grazing as de-

fined in this study. If the pastures are to be grazed at intensities

comparable to the overstocking treatment in this study, they should

be deferred for about 2-3 weeks after the spring flush of growth com-

mences. This is necessary because the combination of overstocking

and early grazing is expected to be damaging to the plants. Grazing

during summer is not detrimental to the carbohydrate reserves in the

storage organs of perennial ryegrass since growth of new tissue is

limited by moisture stress. Summer grazing also aids in the removal

of overburden. Fall grazing is not demanding on the carbohydrate

reserves, However, if sampling of storage organs reveals that the

morphology and pattern of distribution of roots indicate morbid condi-

tions, alternate deferment is recommended for root vigor and biomass

increase. Winter grazing, especially at the overstocking intensity,

may have the potential of being harmful to the plants since growth

and respiration are primarily dependent on the reserve pool during

this period. Excessive utilization might also accentuate impacts of

spring grazing. Soil compaction, and runoff, which would hinder

water infiltration and further hamper growth, may result from
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overstocking during winter. However, when winter grazing is con-

sidered, careful attention should be given to stocking intensity and/or

deferment during one or two other grazing seasons. If the pastures

are considered for yearlong grazing, moderate to heavy grazing rates

are recommended.

A wide range of grazing programs could be developed for rye-

grass in a manner compatible with the above findings. Such programs

include grazing only during spring, only during summer, many combi-

nations of seasons, and yearlong grazing. If alternative sources of

forage are available during the greater part of the year, then it would

be appropriate to graze ryegrass during the period of other feed

shortages. However, since ryegrass showed high tolerance to sea-

son of grazing, a program involving stocking intensities which fully

utilize annual production over an extended period during the year

would be more efficient and meaningful to suggest for adoption.

The present evidence justifies drawing the following manage-

ment program for perennial ryegrass as an example of a reasonable

approach for sustained production. It is important that the above

findings be considered in relation to the environment of western

Oregon. Figure 6 summarizes these management recommendations

for a grazing intensity that would fully utilize annual production.

The proposed management program for perennial ryegrass is

simple and elastic. This simplicity emerges from the physiological
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Figure 6. A grazing program for perennial ryegrass.
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indications that ryegrass has the capacity of mobilization, utilization,

and replenishment of reserves after depletion. Moreover, the season

of grazing treatments did not display clear cut evidence of consistent

and significant advantage for any of them on TAC reserves and/or

biomass. This indicates that ryegrass has a wide amplitude of re-

sponses to season of grazing under intensities involved in this study.

The program simply suggests yearlong grazing of ryegrass,

except during winter. Two specifications should be considered before

the application of yearlong grazing. These specifications are defer-

ment up to the 2-3 leaf stage of development, and rest every two

years during fall when evidence of root degeneration is shown.

Plants grazed at moderate stocking intensity had a significantly

higher biomass in their storage organs and greater TAC per plant than

each of the other two intensities. Heavily stocked pastures had plants

with higher root and crown TAC concentration than overstocked pas -

tures. Ryegrass grazed at the heavy stocking rate had a carbohydrate

concentration which was not significantly different from that grazed

at moderate intensity. Therefore, overstocking was the only intensity

which clearly lacked any advantageous impact on the TAC reserve

attributes and biomass of storage organs . Hence, if yearlong grazing

is considered, it is suggested that the pastures be grazed at moderate

to heavy stocking intensity for full utilization of annual production

as well as for plant welfare.
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Such a program would ensure that ryegrass is not grazed at the

critical phases of TAC depletion (early spring and winter). The man-

agement program considers the possibility of rejuvenation of storage

organs when they display evidence of deterioration. It also takes

advantage of the growth potential of ryegrass and utilizes it for a

long grazing period. Summer grazing aids in the removal of over-

burden and thus helps in the production of fresh tissue the following

spring. No waste results since complete yearlong deferment is

deleted from the program on evidence of its lack of advantage to the

carbohydrate reserves and/or biomass in the storage organs. This

program is suggested to be applied and revised in accordance with

variations dictated by the dynamic biological system in which peren-

nial ryegrass is growing.

As the present study was not conducted on a pure stand of peren-

nial ryegrass, the results should be viewed in relation to the whole

ecosystem in which this plant is growing. Subterranean clover and

various annual grasses are growing in association with ryegrass.

The responses of these species to climatic conditions and grazing

pressure might influence the course of development and consequently

the reserve level in perennial ryegrass. Several environmental

factors such as temperature, moisture stress, photoperiod, and

light intensity, can also influence plant growth and development, and

consequently modify the levels of carbohydrate reserves. Animal
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preference and variations in forage palatability at different phenolog-

ical stages of development should also be taken into consideration.

Inference should be made only to ecologically similar areas with

comparable condition and potentiality.



63

SUMMARY AND CONCLUSIONS

A study was conducted during 1974 and 1975 on improved range-

lands in Western Oregon. The main objective of the research work

was to evaluate the impact of three stocking intensities and four graz-

ing treatments upon carbohydrate concentration, biomass of storage

organs, and total carbohydrate per plant in the roots and crowns of

perennial ryegrass. Another study was established during the same

period to relate the seasonal carbohydrate reserve cycle and plant

height to phenological stages of development.

The stocking intensities were designated moderate, heavy, and

overstocking, and their rates were 7.4, 9.9, and 12.4 ewes per hecta

hectare respectively. The season of grazing treatments were Com-

plete Protection, Fall Protection, Fall Grazing, and Yearlong Grazing.

Samples for Total Available Carbohydrate (TAC) determination

were collected through excavation of plants to a depth of about 30 cm.

Soil adhering to the roots and crowns was removed by spraying with

a stream of cold water over a fine-mesh screen immediately after

collection. The root and crown samples were further freed from con-

tamination resulting from associated plant species. The samples were

then placed into clean, dry jars, covered with 95% ethanol to reduce

enzymatic activity, and sealed tightly.

Samples for developing the basic carbohydrate curve were col-

lected according to a time schedule commensurate with the broad
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phenological stages of perennial ryegrass. The same collection pro-

cedure and treatment after sampling was applied to these samples.

Measurements of plant height were recorded at each sampling period.

The jars containing the samples were then transferred to a

calibrated oven and dried at a set temperature of 70 ±2°C. The oven-

dried samples were ground to pass through a 40-mesh screen. The

current standard laboratory procedure for carbohydrate extraction

and analysis on a glucose equivalent base was used. Results were

reported in milligrams of glucose equivalent per gram of dry sample.

Statistical analysis showed that roots and crowns in 1975 had

significantly higher carbohydrate concentration than in 1974. The

influence of stocking intensity on carbohydrate concentration was

significant for both plant parts. Season of grazing effects on the con-

centration of roots and crowns were also significant.

Duncan's New Multiple Range Test was used for testing the

means where the analysis of variance indicated significant difference

among them. The test showed that ryegrass grazed at the heavy

stocking intensity had a significantly higher root concentration than

when grazed at the overstocking intensity, but it was not different

from the moderate grazing rate. The crowns from plants under

moderate stocking intensity had a significantly higher concentration

than plants under each of the other two higher stocking rates.

Roots of ryegrass under the Fall Grazing treatment had
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significantly higher TAC concentration than either Complete Protec-

tion or Fall Protection treatments, but not different from those of the

Year-long Grazing treatment. Ryegrass crowns from the Fall Graz-

ing treatment had a significantly higher TAC concentration than any of

the other three treatments.

Roots had significantly greater biomass during the crop year

1974 than during 1975. No significant difference existed for crown

biomass over both years. Stocking intensity impact was significant

on crown biomass but not on that of roots. Ryegrass under moderate

grazing intensity had significantly greater biomass than that under

the other two stocking intensities. Seasons of grazing as well as

interaction between year and season of grazing were significant for

both crown and root biomass. Interaction between intensity and sea-

son of grazing was significant for the biomass of both plant parts.

Ryegrass from the Fall Protection treatment had a significantly

greater root and crown biomass than each of the other three seasons

of grazing.

The total carbohydrate per plant for the roots was significantly

higher for 1974 than for 1975. The crowns showed no significant

difference between their total carbohydrate per plant for the two

years. Stocking intensity indicated a significant effect on this re-

serve attribute for both plant parts. Ryegrass under moderate stock-

ing intensity had a significantly higher root TAC per plant than that of
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the overstocking intensity. Total carbohydrate per plant in crowns of

plants under moderate intensity was significantly higher than TAC per

plant in the other two higher stocking rates. The interaction between

year and intensity was not significant for TAC per plant. A signifi-

cant effect was found for the season of grazing on total carbohydrate

per plant in roots, but not for the crowns. The interaction between

years and season of grazing, and between year, intensity, and season

of grazing indicated no significant effect on the attribute under investi-

gation for both plant parts. There was no significant difference be-

tween all seasons of grazing for the root TAC per plant. However,

the Year-long Grazing treatment had a significantly higher TAC per

plant crowns than the Complete Protection treatment. Year-long

Grazing was not significantly different from either Fall Protection

or Fall Grazing treatment.

Perennial ryegrass displayed clearly defined seasonal trends

in TAC concentration during the period of data collection. The crowns

maintained a greater TAC magnitude than the roots at all phenological

stages. Both seasonal lows and highs followed basically the same

trends for the roots and crowns. The curve for depletion and replen-

ishment of TAC reserves was somewhat U-shaped. The concentration

in the crowns exhibited a sharp decline during both spring and early

winter growth phases. A gradual increase was observed during seed

formation. This increase became more noticeable during the seed



67

shatter phase. The decomposition of yearly-growth phase, concur-

rent with beginning of fall regrowth, showed an increase in the reserve

level.

Winter regrowth and early spring growth were also character-

ized by a decline in root carbohydrate concentration. The lowest con-

centration of reserves was reached about one month earlier in the

roots than in the crowns. There was about 20% more reserve concen-

tration in the roots at seed shatter stage than at the early growth

phase. The crowns exhibited about 36% more TAC, as a difference

between the same developmental phases. The same trend of increase

in the crown reserve level was observed for the roots during the

decomposition of yearly-growth phase. The maximum carbohydrate

level during the cycle was reached at the end of this developmental

stage for both the roots and crowns. The lowest concentration during

the cycle was reached in April for the roots (about 41 mg/g), and in

late May for the crowns (about 75 mg/g), concurrent with spring growth.

The growth curve, expressed as plant height in cm exhibited an

exponential increase beginning from early spring, and continuing

throughout the growing season and up to the early phase of seed shat-

ter. Then the curve almost flattened during quiescence, decomposi-

tion, and winter phases.

Biomass of storage organs generally affected the magnitude of

actual carbohydrate concentration per plant more than did
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concentration. Significance in total TAC per plant was basically a

function of differences in biomass of storage organs. Significance

of differences in total TAC per plant paralleled those for biomass

but did not parallel those for concentration levels.

The effect of season of grazing on the magnitude of carbohydrate

reserves and biomass indicated the importance of time of grazing in

relation to plant growth and development. Protection during the criti-

cal period of growth initiation indicated evidence of enabling the plant

to develop more photosynthetic tissue for the manufacture of food

reserves as well as for possible downward translocation of TAC.

It was also possible that protection during this period might have re-

lieved the plants of upward mobilization of reserves for growth re-

quirements not sufficiently met by photosynthetic activity.

No consistent pattern of beneficial or detrimental impact was

displayed by any of the seasons of grazing for the combination of con-

centration, biomass of storage organs, and total carbohydrate per

plant. Such a variation in season of grazing impact reflects a wider

amplitude in the response of perennial ryegrass to protection and

different seasons of grazing. This difference may be utilized for

generating a flexible rotation system which might meet the require-

ment of both perennial ryegrass and the grazing animal.

The uninterrupted growth curve together with the obvious ca-

pacity for replenishment of TAC reserves after depletion reflected



69

a physiological indication that perennial ryegrass is productive as well

as adapted to the prevailing conditions. The clearly defined seasonal

trends in carbohydrate reserves indicated that perennial ryegrass is

capable of mobilization, utilization, and replenishment of reserve

materials under the prevailing conditions of the study area.

The management implications of the above findings were dis-

cussed. Ryegrass could be grazed during various combinations of

seasons. However, early winter and early spring grazing might be

detrimental to the carbohydrate reserves, especially if it was at the

overstocking intensity. Moderate to heavy stocking rates were recom-

mended during periods of grazing.

Results of the present study should be viewed in relation to the

whole ecosystem in which perennial ryegrass is growing. The re-

sponses of the associated species to climatic conditions and grazing

pressure might influence the course of development and consequently

the reserve level in perennial ryegrass (Lolium perenne). Animal

preference and variation in forage palatability at different phenolog-

ical stages should also be considered. Hence, inference should be

drawn only to ecologically similar areas with comparable condition

and potentiality.
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APPENDIX A. Soil Profile Description of Abiqua-like Silt Loam'

Horizon

All

Depth
(inches)

Description

0-2 Dark brown 7. 5YR3/3) silt loam; brown (7.5YR4/4) dry; nearly
massive; hard dry, friable moist, slightly sticky and slightly
plastic; abrupt boundary.

Al2 2-6 Dark brown (7. 5YR3/2) silt loam; brown (7. 5YR4/ 4) dry; mod-
erate medium subangular blocky breaking to moderate fine
granular structure; slightly hard, friable, slightly sticky and
slightly plastic; many medium pores; clear boundary.

B21 6-15 Dark reddish brown (5YR3/ 3) light silty clay loam; reddish brown
( 5YR4/4) dry; weak coarse subangular blocky breaking to weak

very fine granular structure; friable, sticky and plastic; many
fine pores; diffuse boundary.

B22 15-24 Dark reddish brown (5YR3/ 3) medium silty clay loam; weak
coarse subangular blocky breaking to moderate fine granular
and subangular blocky structure; friable, sticky and plastic;
many fine and medium pores; about 5% cobbles and gravels of
partly weathered rock; abrupt wavy boundary.

R 24+ Saprolite from basic igneous rock.

Slope: 7%

Position Upper pediment footslope
Parent material: Alluvium
Drainage: Good

Classification: Alluvial, most like Abiqua series but shallow and not as
fine textured.

1
Sanders, 1965.
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APPENDIX B. Soil Profile Description of McAlpin-like Silt Loam
1

Horizon

All

Depth
(inches)

Description

0-2 Very dark grayish brown (9YR3/2) silt loam; brown (10YR5/ 3)
dry; nearly massive; hard dry; friable moist, non-sticky and
non-plastic; few fine pores; abrupt wavy boundary.

Al2 2-9 Very dark grayish brown ( 9YR3/2) silt loam; brown (10YR5/3)
dry; weak to moderate medium subangular blocky with some fine
granular structure; slightly hard, friable, non-sticky and non-
plastic; common worm casts; gradual wavy boundary.

B1 9-22 Cark brown ( 7,5YR3/3) light silty clay loam; some (7. 5YR3/2)
ped coatings; weak medium prismatic breaking to moderate
medium subangular blocky structure; slightly hard, friable,
sticky, and plastic; abundant worm casts, many medium and
fine pores; clear boundary.

B21 22-34 Dark yellowish brown ( 7, SYR3/ 4) medium silt clay loam; weak
coarse prismatic breaking to moderate medium subangular blocky
structure; friable, sticky and plastic; many fine pores; common
grayish mottles; clear boundary.

B22b 34 48 Brown (7. 5YR4/4) light silty clay; moderate medium subangular
blocky structure; firm, sticky and plastic; moderate patchy clay
films; common gray mottles on ped surfaces and in pores;
gradual boundary.

Clb 48-70+ Brown ( 7.5YR4/4) light silty clay; massive; firm; sticky and
plastic; many large grayish mottles.

Slope: 3-4%

Position: Alluvial fan
Parent Material: Recent alluvium over a truncated, buried older soil developed

in alluvium.
Drainage: Moderate to imperfect
Classification: Alluvial, most like McAlpin series, but not as fine textured

in upper horizons.

1
Sanders, 1965.
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APPENDIX C. Procedure for Determination of TAC

Extraction

1. Weigh out approximately one-half gram of ground plant material and place in 200 ml round

bottom boiling flask. Record weight to fourth decimal place.

2. Add 50 ml 0. 2 NH2SO4.

3. Place into 100 C wax bath for one hour, agitate at 20 minute intervals.

4. Filter and wash with distilled H2O through Buchner filter. Rinse boiling flask three times

and filter once.

5. Pour into 250 ml volumetric flask (rinse three times).

6. Neutralize with 10 ml 1.0 N NaOH.

7. Add distilled water to bring up to volume of 250 ml.

8. Shake well and use 10 ml aliquots for TAC determination.

Titration

1. Prepare a blank sample of 10 ml H2O.

2. Pipette 10 ml aliquot into each test tube with stirring bar.

3. Add 10 ml S. S reagent, cover with funnel and mix well.

4. Place into boiling H2O bath (95-100°C) for 15 min.

5. Place into running cold H2O bath for 4 minutes.

6. Remove funnels. Down the side of each tube add 2 ml KI-K2C204 (Iodide-Oxalate solution).

Do not agitate while alkaline.

7. Add 10 ml 0. 1 NH2SO4 slowly while stirring.

8. Place into cold H2O bath for 5 min. mixing twice during this time.

9. Titrate to near endpoint (orange) with 0. 02 N Thiosulfate.

10. Pipette in 1 ml starch indicator solution before reaching endpoint.

11. Titrate to endpoint (clear) with 0. 02 N Thiosulfate. Record volume of Thiosulfate used to

nearest 1/100 ml.



APPENDIX D. Average total available carbohydrates concentration in the roots and crowns of perennial ryegrass (mg/gm).

Roots Crowns

Year Intensity Treatment R1 R2 R3 R1 R2 R3

1974 Moderate CF'CP 37. 13 28.97 37. 12 80.00 66.23 73. 17

Heavy CP 36.41 46.98 36.70 60.51 57.68 72.91

Overstocked CP 37. 21 38, 82 30. 90 67. 59 80. 78 71. 99

1975 Moderate CP 41. 46 41. 15 45. 02 94.15 85. 67 108. 92

Heavy CP 46. OS 53. 50 37. 61 99. 99 102.22 77. 06

Overstocked CP 48. 54 44. 03 51. 71 93. 06 89. 36 91. 50

1974 Moderate FP 38. 80 35. 11 40. 26 86.77 82. 37 91. 96

Heavy FP 40. 02 * 42. 10 77. 67 * 71. 27

Overstocked FP 35.71 35.90 32.56 68.41 80.23 64.03

1975 Moderate FP 49. 57 45. 29 47. 40 88.67 91. 87 91. 37

Heavy FP 44. 09 41. 22 41. 25 74.81 88. 17 92. 74

Overstocked FP 38. 26 37.01 40. 61 72. 98 69.23 98. 20

1974 Moderate FG 42. 23 41. 01 44. 53 88.20 98. 87 104. 30

Heavy FG 44.99 * 68.18 97.68 * 86.80

Overstocked FG 30. 02 39. 59 39. 89 74. 13 76. 26 78. 98

1975 Moderate FG 44. 94 56. 17 52. 16 88. 32 112. 68 93. 92

Heavy FG 48.07 48.47 49.96 92.13 101.99 110.39

Overstocked FG 42.10 52.06 49.32 96.05 103.00 117.46

1974 Moderate YG 42.16 43.51 50.27 92.96 102.47 97.96

Heavy YG 49. 30 45. 77 48, 62 85.97 82.71 89. 80

Overstocked YG 46. 41 33. 50 42. 67 79.94 71. 61 86. 29

1975 Moderate YG 43. 68 43. 88 50. 36 87. 14 89. 22 94. 04

Heavy YG 46. 85 49. 17 48. 15 86.55 81.92 87. 58

Overstocked YG 41. 53 39, 84 48. 47 69. 91 72. 42 84. 28

R1' R2 and R3 are the replications

1 CP - Complete Protection; FP - Fall Protection; FG - Fall Grazing; YG - Yearlong Grazing

*Missing Treatments



APPENDIX E. Analysis of variance table for carbohydrate concentration (mg/ g) in the roots of perennial ryegrass.

Source D-F SS MS F- Test

1 Total 71 3,329.01

2 Year ( Y) 1 289.08 289.01 2 4 3 8.23**

3 Error (A) 4 140.47 36.12

4 Intensity ( I) 2 473.92 236.95 4 4 6 7.51**

5 1 x Y 2 274.64 137.32 5 4 6 4. 35 **

6 Error (b ) 8 252 34 31.54

7 Season of Grazing ( T) 3 482.27 160.76 7 4 11 7.28**

YxT 8 T x Y 3 173.37 57.79 8 4 11 2.61**

IxT 9 T x I 6 220.40 36.73 9 4 11 1.66**

YxIxT 10 Tx Y x I 6 227.32 37.89 10 4 11 1.72

11 Error (c) 36 795.18 22.09

*Significant at P <. 05

**Significant at P < . 01



APPENDIX F. Analysis of variance table for carbohydrate concentration ( mg/ g) in the crowns of perennial ryegrass.

Source D. F. SS MS F- Test

1 Total 71 11, 426. 39

2 Year (Y) 1 1, 837. 79 1, 837.79 2 4 3 15. 39**

3 Error (a) 4 477. 78 119.44

4 Intensity ( I) 2 1, 159. 95 579.98 4 4 6 12. 11**

5 I x Y 2 231. 79 115. 89 5 4 6 2. 42

6 Error (b ) 8 383. 12 47.89

7 Season of Grazing (T) 3 2, 216. 24 738.74 7 4 11 11. 63**

8 Y x T 3 1, 170.67 590.22 8 4 11 9. 29**

9 I x T 6 499. 60 83.27 9 4 11 1. 31

10 1xYxT 6 563. 04 93.84 10 4 11 2. 42**

11 Error (c) 36 2, 286. 39 63.51

*Significant at P <. 05

**Significant at P <. 01



APPENDIX G. Average biomass in the roots and crowns of perennial ryegrass (g/ plant).

Year Intensity Treatment
Roots Crowns

1
R2 R3 R2

2
R3

1974 Moderate CP
1 0.13 0.14 0.11 0.06 0.04 0.04

Heavy CP 0.12 0.11 0.13 0.03 0.05 0.03
Overstocked CP 0.19 0.13 0.12 0.05 0.04 0.04

1975 Moderate CP 0.10 0.05 0.08 0.05 0.03 0.04
Heavy CP 0.07 0.05 0.08 0.03 0.02 0.03
Overstocked CP 0.08 0.05 0.09 0.04 0.03 0.06

1974 Moderate FP 0.16 0.20 0.12 0.07 0.05 0.06
Heavy FP 0.14 0.13 0.06 0.06
Overstocked FP 0.15 0.11 0.16 0.04 0.04 0.05

1975 Moderate FP 0.10 0.09 0.10 0.10 0.09 0.10
Heavy FP 0.08 0.06 0.10 0.08 0.06 0.10
Overstocked FP 0.07 0.05 0.06 0.07 0.05 0.06

1974 Moderate FG 0.13 0.10 0.10 0.06 0.04 0.06
Heavy FG 0.10 0.11 0.04 0. OS

Overstocked FG 0.09 0.08 0.11 0.03 0.04 0.06

1975 Moderate FG 0.09 0.08 0.11 0.03 0.04 0.07

Heavy FG 0.06 0.05 0.08 0.03 0.04 0.03

Overstocked FG 0.06 0.04 0.06 0.02 0.03 0.02

*Missing Treatment

1CP - Complete Protection; FP - Fall Protection; FG - Fall Grazing; YG - Yearlong Grazing



APPENDIX H. Analysis of variance for the biomass (g/ plant) of the roots of perennial ryegrass.

Source D. F. SS MS F- Test

1 Total 71 7. 89

2 Year (Y) 1 3. 97 3. 97 2 4 3 26.46**

3 Error (a) 4 0. 58 0. 15

4 Intensity (I) 2 0.34 0. 17 4 4 6 2.83

5 Y x I 2 0. 19 0.10 5 4 6 1. 67

6 Error (b) 8 0. 45 0.06

7 Season of Grazing ( T) 3 0. 67 0. 23 7 4 11 11. 50**

8 Y x T 3 0.47 0. 16 8 4 11 8. 00**

9 I x T 6 0. 31 0. 051 9 4 11 2. 21*

10 YxIxT 6 0. 07 0. 01 10 4 11 0, 50

11 Error (c) 36 0. 82 0. 023

*Significant at P <. 05

**Significant at P <. 01



APPENDIX I. Analysis of variance for the biomass (g/plant) of the crowns of perennial ryegrass.

Source D. F. SS MS F- Test

1 Total 71 22. 87

2 Year ( Y) 1 0.01 0.01 2 4 3 0. 038

3 Error ( a) 4 1.04 0. 26

4 Intensity ( I) 2 2. 74 1. 37 4 4 6 22.86**

5 Y x I 2 O. 14 0. 07 5 4 6 1. 17

6 Error (b ) 8 0. 51 0. 06

7 Season of Grazing ( T) 3 8.55 2. 85 7 4 11 25. 91**

8 Y x T 3 3. 72 1.24 8 111 11. 27**

9 I x T 6 1.72 0. 29 9 4 11 2. 64**

10 Yx IxT 6 O. 46 0.08 10 4 11 0. 73

11 Error (c) 36 3. 98 0. 11

*Significant at P <. 05

**Significant at P <. 01



APPENDIX J. Average total carbohydrate per plant in the roots and crowns of perennial ryegrass (mg/plant).

Year Intensity Treatment
Roots Crowns

1
R2 R3

1
R2 R3

1974 Moderate CP
1 4.88 4.20 4.09 4.81 2.79 3.21

Heavy CP 4.31 4.91 4.65 2.01 2.64 2.46
Overstocked CP 6.60 4.92 3.8S 3.33 3.10 2.95

1975 Moderate CP 4.19 2.15 3.38 4.28 2.43 3.66
Heavy CP 3.16 2.84 3.17 2.80 2.30 2.06
Overstocked CP 3.91 2.36 4.75 3.86 3.01 5.41

1974 Moderate FP 6.32 7.11 4 97 6.23 3.88 5.53

Heavy FP 5.59 5.31 4.81 4.54
Overstocked FP 5.07 3.92 5.37 3.01 3.34 3.00

1975 Moderate FP 4.92 4.02 4.52 3.28 2.83 4.17
Heavy FP 3.62 2.30 4.16 3.10 2.85 5.09
Overstocked FP 2.75 2.00 2.16 1.27 2.57 5.48

1974 Moderate FG 5.62 4.02 4.57 5.16 4.26 6.17
Heavy FG 4.64 7.06 4.01 4.35
Overstocked FG 2.19 3.30 4.29 2.07 3.08 4.37

1975 Moderate FG 4.12 3.58 4.79 2.73 4.26 5.60

Heavy FG 3.00 2.58 3.81 2.54 3.88 3.36

Overstocked FG 2.68 2.29 2.36 2.03 2.99 2.93

1974 Moderate YG 5.06 4.70 4.61 5.79 5.95 5.09

Heavy YG 5.38 3.70 4.82 5.15 2.48 4.03

Overstocked YG 6.38 3.51 4.4S 3.52 2.89 3,82

1975 Moderate YG 5.32 4.12 3.67 4.63 4.60 4.46

Heavy YG 3.38 2.35 4.80 5.16 3.51 3.94

Overstocked YG 2.89 2.29 3.60 2.72 1.54 3.11

*Missing Treatments

1

2

CP - Complete Protection; FP - Fall Protection; FG Fall Grazing; YG - Yearlong Grazing

Replication



APPENDIX K. Analysis of variance table for the total carbohydrate per plant (mg/plant) in the roots of perennial ryegrass.

Source D. F. SS MS F- Test

1 Total 71 108. 66

2 Year (Y) 1 39,89 39.89 2 4 3 16.83**

3 Error (a) 4 9. 47 2. 37

4 Intensity (I) 2 9. 30 4. 65 4 6 7.78**

5 Y x I 2 2. 79 1. 40 5 4 6 2.34

6 Error (b) 8 4. 78 0. 60

7 Season of Grazing, T) 3 2. 49 0.83 7 -`.7 11 1.44

8 Y x T 3 2. 25 0.75 8 ia 1 30

9 I x T 6 13. 44 2. 24 9 11 3. 87**

10 YxIxT 6 3. 49 0. 58 10 e 11 1. 01

11 Error (c) 36 20. 75 0.58

*Significant at P <. 05

**Significant at P <. 01



APPENDIX L. Analysis of variance table for the total carbohydrate per plant (mg/plant) in the crowns of perennial ryegrass.

Source D. F. SS MS F- Test

1 Total 71 97.25

2 Year (Y) 1 4.63 4. 63 2 4 3 1. 85

3 Error (a) 4 10.01 2. 50

4 Intensity (I) 2 19. 85 9. 92 4 i 6 16. 00**

5 Y x I 2 2.35 1. 18 5 i 6 1.88

6 Error (b) 8 4. 96 0. 62

7 Season of Grazing (T) 3 7.49 2. 50 7 4 11 3. 42**

8 Y x T 3 4.03 1.34 8 i 11 1. 84

9 I x T 6 14.58 2.43 9 i 11 3. 32**

10 YxIxT 6 3.03 0.51 10 =11 0. 69

11 Error (c) 36 26. 30 0. 73

*Significant at P <. 05

**Significant at P <. 01


