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Abstract approved 

Land useable for livestock grazing in the western United States is 

diminishing because of spreading municipalities, irrigation develop- 

ments, highway construction, recreational demands and withdrawals. 

Concurrently, the demand for livestock and livestock products is in- 

creasing because of a rapidly growing population. As a result, pro- 

duction from the grazing land that remains must be increased to 

satisfy the increased wants of the population. 

Artificial seeding is improving the forage productivity on large 

areas of low producing range land in the Intermountain region. Methods 

of successfully establishing stands of forage plants by artificial 

means are reasonably well understood, but less information is available 

about grazing practices that will optimize the returns from these range 

improvement programs. 

A nine-year (1957-1965) grazing study was conducted on a crested 

wheatgrass (Agropyron cristatum and A. desertorum) seeding near Malta, 

Idaho for the purpose of evaluating plant and animal responses under 

three intensities of grazing (light, moderate or heavy) in two seasons 

(spring or fall). With the information obtained, suggested grazing 
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practices for optimum livestock production were developed. 

Stand density, frequency of occurrence and yield of crested wheat- 

grass were not affected appreciably during the nine years by light and 

moderate grazing intensities in the spring. Heavy spring grazing, 

however, caused a reduction in frequency of occurrence and a lower 

yield of crested wheatgrass in the latter years of the study. Inten- 

sity of grazing in the fall season had little effect on stand density, 

frequency of occurrence or annual yield of crested wheatgrass. 

Initial herbage production in the spring was found to be related 

to the amount of residue remaining after grazing in the previous year. 

In the heavy spring grazing treatment, each 100 pounds of increased 

residue produced an average increase of 64 pounds of initial growth. 

Gains per animal, average daily gains and gains per acre were 

higher in the spring treatments than in the fall treatments. Average 

gain per animal and average daily gains were greatest under light and 

least under heavy grazing in both seasons. Average gains per acre, 

however, were higher under heavy grazing than light or moderate graz- 

ing in both seasons. 

Plant and animal responses indicate that moderate grazing from 

early May to late June maintained forage productivity and produced 

optimum animal response. Forage was wasted with light spring grazing 

and heavy spring grazing caused a decline in plant vigor, forage pro- 

ductivity and animal response. It was revealed in this study, however, 

that vigor and production of heavily grazed crested wheatgrass stands 

could be improved by deferment of grazing for a growing season or two. 

All intensities of grazing in the fall maintained vigor and)production 
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of crested wheatgrass. Gains per animal were slightly less under heavy 

fall grazing but gains per acre were slightly more than under light or 

moderate grazing in this season. 

Information obtained on plant and animal responses indicated that 

greater livestock production may be realized if the area to be grazed 

is divided into two or more sections. When this is done, grazing can 

be alternated between or among the sections in such a way as to allow 

maximum opportunity for stand maintenance, forage production and 

animal response. The effectiveness of management programs that 

developed can be judged by observing the vigor and frequency of 

occurrence of crested wheatgrass. Dead centers and fragmentation of 

individual plants of crested wheatgrass occur when grazing is excess- 

ive and annual plant species increase in density and frequency. The 

fragmentation of crested wheatgrass plants into smaller unite made 

density estimates a less sensitive indication of plant response to 

grazing than frequency of occurrence. Grazing is abnormally patchy 

and coarse unpalatable plants are common when the forage is grazed at 

less than capacity. 
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VEGETATION AND ANIMAL RESPONSES TO GRAZING 
CRESTED WHEATGRASS AT THREE INTENSITIES 

AND TWO SEASONS IN SOUTHERN IDAHO 

INTRODUCTION 

Range livestock production will have to increase to 

needs of a growing population. An increase of approximately 

million head annually will be required to satisfy this demand 

(Costello, 1964). Reductions in range land because of highway 

struction, spreading municipalities, irrigation development, recrea- 

tion, and other uses will place greater demands on the land that 

remains for livestock production. 

Large areas of range land are producing livestock forage at a 

rate much below their potential productivity. A large portion of this 

area could be improved by artificial seeding to adapted forage species. 

Pearce, Plummer and Savage (1948) estimated that 80 million acres of 

badly depleted range land would have to be artificially seeded to 

restore it to a reasonable level of production in our generation. 

Idaho has an estimated six million acres of deteriorated range land 

that could be restored by seeding (Hull and Holmgren, 1964). 

It is difficult to obtain an accurate estimate of the amount of 

artificial seeding on private, state and federal lands but substantial 

progress has been made in treating this restorable acreage. At the 

close of 1964, private and federal groups in Idaho had seeded in excess 

of 1.2 million acres of range land (Sharp, 1965). Only 13 percent of 

this land had been planted prior to 1950. The average annual rate of 

seeding was 64,550 acres in the period 1950 -1960, and this rate 

satisfy the . 
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increased to 94,795 acres in the period 1960 

at similar rates is occurring throughout the Intermountain region. 

2 

Range improvement 

The species most widely used in southern Idaho and the drier parts 

of the Intermountain region is crested wheatgrass (Name ,cristatum 

and A. desertorom)1. These plant species, introduced to the United 

States in 1898 and again in 1906 (Hillman, 1946), are well adapted to 

the spring -fall ranges of the sagebrush zone. Procedures for estab- 

lishment of crested wheatgrass stands have been well worked out by 

research to date. The critical need now is for information on manage- 

ment procedures which will permit maximum sustained production from 

these seedings. 

A study was developed at the University of Idaho 1954 to 

evaluate the benefits of range improvement through artificial seeding. 

The seeding program in the state and through the Intermountain region 

was accelerating rapidly at that time. Vegetation and animal responses 

to current grazing practices were to be evaluated on several large 

seedings in southern Idaho. The difficulty of measuring animal 

response on such large areas with inadequate facilities for handling 

livestock led to the development of the Point Springs experimental 

grazing study. 

The writer developed an experimental plan designed to evaluate 

different levels of grazing use in two seasons, spring and fall. 

The original plan called for all combinations of light (50 percent 

1 References followed for the naming of plants listed in this paper a 

were N nna1 of Grasses of the United States. 2nd Ed by A. S. 

Hitchcock and Flora of Idaho by Ray J. Davis. 

in 
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utilization), moderate (65 percent utilization) and heavy (80 percent 

utilization) grazing intensities and the two seasons. Limited funds 

and materials at the beginning of the study prevented the fencing of 

more than six pastures, so the study began with an evaluation of each 

level of grazing in each season. When additional funds became avail- 

able in 1960, the combined spring and fall grazing treatments were 

initiated by subdividing the original 160 -acre pastures, 

The results presented in this dissertation pertain largely to the 

original treatments, that is, those pastures grazed at each level under 

a single season of use. The combined spring -fall grazing treatments 

are not included because the time has been so short since their initia- 

tion that interpretation of much of the data cannot be done with 

confidence at this time. In 1960 and 1961, limited forage production 

prevented fall grazing of some of the pastures with combined seasons 

use, and consequently there are only limited reliable data avail- 

able Grazing studies of short duration are of questionable value in 

this area because of the extremely variable climatic conditions, 

herbage production and levels of herbage removal. 

Although one of the original objectives was to determine, if 

possible, the optimum level of grazing for crested wheatgrass with 

to stand maintenance, forage productivity and livestock re- 

the writer has felt that the use of a single guide to manage- 

such as a specific use level, limits management decisions in 

obtaining maximum production. Consequently, additional objectives 

were developed. These were (1) to determine the response of individ- 

ual plants and the stand of grass under the varying levels of grazing 

of 
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within the weather patterns that occur, (2) to determine the effect 

that the varying production and levels of grazing use have on stocking 

rates and animal gains, and (3) to utilize the information obtained 

in developing new or improved guide lines for the management of range 

land seeded to crested wheatgrass. Because of the accelerated rates 

at which depleted range lands are being seeded to adapted species, 

this last objective is of critical importance if maximum livestock 

production and return on investments in range seeding are to be 

achieved. 

REVIEW OP LITERATURE 

Management guides for the proper grazing use of any stand of 

vegetation are more effectively developed if all available information 

about plant and animals responses to varying levels of herbage removal 

is used in developing these guides. 

Clipping effects on vigor, herbage yields and root production of 

various pasture and range plants have been investigated by a number of 

workers and reviewed by Jameson (1963). Clipping and grazing studies 

with crested wheatgrass have provided information about the effects of 

foliage removal on plant vigor, herbage production, root production, 

seed production, carbohydrate storage levels, growth rates and animal 

gains. The significant studies dealing with the effects of clipping 

on crested wheatgrass are those by Cook, Stoddart and Kinsinger (1958) 

and Ryder and Sneva (1959, 1963). Some information regarding changes 

in stand density and species composition with varying degrees of 

herbage removal is also available (Frisohknect, Harris and 
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Woodward, 1953; Bleak and Plummer, 1954; Frischknect and Bleak, 1957; 

Springfield, 1963). 

Herbage production of crested wheatgrass under all clipping 

treatments decreased from the base year through five years of treat- 

ment with greater reduction resulting from the most severe treatments 

(Cook, Stoddart and Kinsinger, 1958). Crested wheatgrass yields were 

significantly greater for crested wheatgrass plants clipped at three 

inches than at one inch in this study near Logan, Utah. These workers 

also found that production decreased more with increased frequencies 

of clipping; decreased less by clipping early (April 15 to May 1) 

rather than late (June 15 to July 1) in the growing season; was less 

from plants clipped in mid -season (May 15 to June 1) than plants 

clipped at earlier or later dates; and depressed less when watered 

than not watered. The lowest yearly yields of crested wheatgrass in 

Oregon were obtained when plants were clipped about mid -May (Hyder 

and Sneva, 1963). Plots produced less when clipped on or before 

June 8, 1960 than plots clipped later, and differences among spring 

yields were influenced significantly by the previous year's clipping 

treatments (Hyder, 1961). 

Root production is strongly influenced by levels and frequencies 

of herbage removal. Crider (1954) found that removals of one -half or 

more of the foliage of grasses caused root growth to stop for a time 

after each removal, and root production was reduced with reductions 

in foliage. The length of time that the roots stopped growing and 

decreases in root production were directly proportional to the amount 

of foliage removed. Ryder and Sneva (1963) found that root growth of 
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crested wheatgrass preceded top growth; reached maximum elongation 

rates in late April and early May; and terminated about June 1. 

Removing herbage on April 21 reduced root length about 35 percent 

but removals after May 6 did not result in significant root- growth 

depression. Cook, Stoddart and Kinsinger (1958) found that root yield 

varied as herbage yield; and any herbage removal reduced total root 

production to some degree. In contrast to the findings of Ryder and 

Sneva (1963), mid and late season clipping, until June 15, reduced 

root yield more than early season clipping. Clipping after June 15 

had little effect on root yield. Frequent and closer clipping (to 

one inch) treatments showed significant reductions in root yield over 

the less frequent and less intense clipping (to three inches). 

Bunchgrass, such as crested wheatgrass, must produce seed, at 

least in some years, if the stands of grass are to be maintained. 

Seed production may be altered by grazing or clipping treatments. 

Clipping crested wheatgrass plants at one inch in contrast to three 

inches reduced the number of spikes per plant and the number of viable 

seeds per spike (Cook, Stoddart and Kinsinger, 1958). Delay in date 

of clipping and increased frequency of clipping also reduced both the 

number of spikes and the seeds per spike. Although clipping or 

grazing may reduce the amount of seed, those seeds that are produced 

are equally as viable as from plants in good vigor or ungrazed (Goebel 

and Cook, 1960; Cook, Stoddart and Kinsinger, 1958). 

The cycle of stored food reserves in grasses and the effects 

of defoliation on these reserves has been studied by a number of 

investigators. An excellent review of this subject was made by 
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Weinman (1940). In general, a high point of carbohydrate reserve 

is reached at the conclusion of growth and /or at the time of seed 

maturity. These reserves are used to carry on the physiological 

function of the plant during the dormant period and to initiate 

growth following this period. Current photosynthetic production 

provides the energy for continued growth, flowering and seed develop- 

ment. Following seed development, the carbohydrates produced in 

photosynthesis accumulate in the storage areas for a repeat of the 

cycle described. Individual plants species vary as to the amount of 

initial growth that is made before reserves cease to decline. McCarty 

and Price (1942) found the low level to occur when 10 percent of the 

total height growth of mountain brome (Bromus carinates) had been 

made. Approximately 45 percent of the current height growth in blue- 

bunch wheatgrass epicsatum was attained before reserves 

stopped declining (MoIlvaine, 1942). Rates of reserve accumulation 

during the growing seasons also vary with individual plant species and 

may have a strong relationship to grazing tolerance. Crested wheat- 

grass showed an early accumulation of carbohydrates to a level of 

approximately 25 percent glucose equivalent by the time of head 

emergence, a decline at flowering time, and a moderate increase 

during seed formation (Hyder and Sneva, 1959). 

The effect of defoliation on quantities of carbohydrate re- 

serves depends on the time, frequency and level of defoliation 

(Weinman, 1948). The lowest autumn storage levels of carbohydrates 

in crested wheatgrass were obtained when plants were clipped in June 

(Hyder and Sneva, 1963). Effects were more marked in a dry year than 

.(.Agropyron 
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in years with above normal precipitation. The more frequently clipped 

plants of crested wheatgrass or those clipped with short periods of 

time between defoliations showed decreased percentages of carbohy- 

drates in the roots (Cook, Stoddart and Kinsinger, 1958). 

Clipping studies provide basic information about the effects of 

defoliation at various levels, frequencies, and time of defoliation on 

plant responses but their limitations in simulating grazing must be 

recognized (Culley, Campbell and Canfield, 1933). Clipping removes 

the foliage evenly at a definite level and at specific intervals while 

grazing animals remove forage in an irregular pattern. Animals show 

considerable selectivity in their grazing habits eating some parts of 

a plant more than others, some plants in the stand more than others 

and returning at irregular intervals to graze again on the plants 

previously grazed. 

Based on information taken largely from clipping studies, per- 

centage utilization of the forage has long been a principal guide in 

determining proper range management. Campbell (1957) states that an 

accurate measurement of utilization is necessary when continued 

productivity or gradual death of a good forage grass may depend on a 

difference of foliage removal of as little as ten percent. On this 

assumption, efforts have been made to develop rapid and accurate meth- 

ods of determining utilization. Schmutz, Holt and Michaels (1963) 

list 13 reviews of various methods for determining forage utilization. 

Heady (1949), however, points out that the real problem of utiliza- 

tion measurement is interpretation and not actual measurement. 

Hedrick (1958) reviewed the literature on range utilization with a 

' 

. 

' 
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primary concern of providing a basis for interpretation of such mea- 

surements in terms of plant and animal response. Stoddart (1952) 

suggests that measurable utilization may not be an accurate index to 

grazing use or to carrying capacity. Hyder (1954) indicates that the 

amount of ungrazed herbage expressed in weight per unit area would 

represent plant condition, range condition and soil condition better 

than percentage of herbage removed. 

Excessive removal of foliage causes plants to decline in vigor, 

decrease in number and become less uniform in distribution. The space 

thus not occupied by desirable forage species is invaded by less desir- 

able plants (Ellison, Croft and Bailey, 1951; Ellison, 1960; and Parker, 

1954). The amount of foliage that may be removed from a plant without 

causing excessive harm varies with the plant species, the season or 

time of foliage removal and the environmental conditions under which 

the removal takes place (Ellison, 1960; and Jameson, 1962). 

Information gathered from grazing studies of crested wheatgrass 

generally indicate that rates heavier than 50 percent can be made 

without causing decline in production or stand deterioration. Studies 

at Benmore, Utah (Frischknect, Harris and Woodward, 1953) show that at 

least 65 percent utilization in the spring season provides a more ef- 

ficient use of crested wheatgrass in terms of livestock production and 

stand maintenance than lesser intensities. Springfield's (1963) data 

in New Mexico suggests that 65 to 70 percent utilization during a 

month long spring season would maintain stand density and production 

of crested wheatgrass. Crested wheatgrass production was equally as 

good under moderate (71 percent) utilization as under light grazing 
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(59 percent) utilization after seven years of spring grazing with sheep 

(Bleak and Plummer, 1954). Under heavy utilization (88 percent), pro- 

duction decreased, grass clumps died in the center and annual plant 

production increased. In contrast to these findings, Reynolds and 

Springfield (1953) stated that crested wheatgrass forage production may 

be maintained in Arizona and New Mexico when the amount of herbage eat- 

en averages about 45 percent by weight and does not exceed 55 percent 

in any year. These conclusions were based on three years of study. 

Good stands of crested wheatgrass in southeastern Idaho prevented 

subsequent establishment of sagebrush seedlings (Blaisdell, 1949), but 

heavily grazed and thinner than average grass stands in Nevada were in- 

vaded by sagebrush (Frischknect and Bleak, 1957). Big sagebrush and 

rubber rabbitbrueh (Chrysothamnus nauseousus) increased under all 

grazing treatments of crested wheatgrass in Utah (Frischknect, 1963). 

Halogeton was dense on disturbed areas where crested wheatgrass stands 

were thin and most heavily grazed but was absent where crested wheat- 

grass was thrifty and formed a full stand (Frischknect and Bleak, 1957). 

The number of Russian thistle plants was five to ten times greater 

under heavy use of crested wheatgrass than under light or moderate use 

at Ephraim, Utah (Bleak and Plummer, 1954) 

The nutritive value of crested wheatgrass is very good in the 

spring and it is sometimes referred to as a watered concentrate 

(Watkins and Kearns, 1956). Protein content in New Mexico was 19.8 

percent and TDN 71.7 percent during May (Pinegrey and Dortignac, 1957). 

The protein content of cattle diets when grazing crested wheatgrass 

in Utah was 12.1 percent for the late May -early June period and 4.3 



percent in late June and early July. Total digestible nutrients for 

the same periods were 55.6 percent and 49.7 percent (Cook and Stoddart, 

1961). Raleigh (1963)found Agropyron desertorum to have 70 percent TDN 

on April 30 and 50 percent on August 5. Cutting or grazing of grasses 

has often been reported to increase the protein yield in the growth 

that takes place following such treatment (Jameson, 1963). Cook, 

Stoddart and Kinsinger (1958) found that the more frequently crested 

wheatgrass plants were clipped the higher the percentages of protein, 

total digestible nutrients, calcium and phosphorus and the lower the 

percentages of lignin, cellulose and other carbohydrates in the har- 

vested forage. 

The proportion of leaves to stems is often considered an indica- 

of nutritive value of a forage grass, particularly where fall 

grazing follows spring grazing. In general, crested wheatgrass plants 

had higher leaf to stem ratios when clipped at one inch than at three 

inches and smaller leaf to stem ratios when clipped early than when 

clipped later in the growing season (Cook, Stoddart and Kinsinger, 1958). 

Plants clipped frequently were more leafy than less frequently clipped 

plants. The growing point was destroyed by clipping after May 15 or 

later and subsequent regrowth came largely from crown buds. This re- 

growth was more leafy than on plants clipped earlier because the orig- 

inal culms on which the growing point was not destroyed continued to 

elongate although the leafage had been removed by clipping. 

Hyder and Sneva (1963) found that clipping crested wheatgrass 

plants before five leaf blades were exposed resulted in the subsequent 

production of leafless culms. Slightly later clippings or closer 

11 
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clipping terminated stem dominance over axillary buds and produced a 

new crop of culms more leafy than the first crop of stems. 

As a result of the high nutritive quality of crested wheatgrass, 

gains have been good on this type of forage. Adult cattle 

gained 3.03, 2.90 and 2.21 pounds daily and calves 1.87, 1.87 and 1.74 

pounds daily in the spring under light, moderate and heavy grazing of 

crested wheatgrass over a four -year period (Frischkneat, Harris and 

Woodward, 1953). Fall gains ranged from 0.1 to 0.6 pounds per day for 

a 60 -day period. Daily gains of cattle grazing from April or May to 

October averaged 1.70 pounds daily on crested wheatgrass in the 

ponderosa pine zone of Colorado (Johnson, 1959). In New Mexico, 

yearling steers gained 2.34, 2.27 and 1.84 pounds daily grazing 

crested wheatgrass at light, moderate and heavy intensities in May and 

early June (Springfield, 1963). Gains of yearling steers in one 

Montana study were 1.6 pounds a day over a 113 -day period from April 

to early August (Woolfolk, 1951) and 2.0 pounds in another Montana 

study where animals with an average weight of 604 pounds grazed 

crested wheatgrass from late April to early August (Williams and 

Post, 1945). 

Reported animal gains per acre on crested wheatgrase forage are 

often bettern than gains on native sagebrush -grass vegetation. Cows 

and calves at Benmore, Utah, produced an average of 37 pounds per acre 

under light, 47 pounds under moderate, and 49 pounds under heavy spring 

grazing (Prisohkneet, Harris and Woodward, 1953). Light grazing with 

sheep produced a seven -year average gain per acre of 28.2 pounds in 

contrast to 32.0 and 35.4 pounds per acre under moderate and heavy 

cattle 
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grazing at Ephraim, Utah (Bleak and Plummer, 1954). Spring- 

field (1963) found gains of 30.7, 28.9 and 20.1 pounds per acre in 

New Mexico °.hen yearling cattle grazed crested wheatgrass in the spring 

under heavy, moderate and light intensities of use. Gains per acre 

when yearling cattle grazed crested wheatgrass range in Colorado 

were 59.6 pounds (Johnson, 1959); 78.6 pounds over a ten -year period 

in central Montana when yearling to two year old cattle were used 

(Williams and Post, 1945) and 80.5 pounds in southeastern Montana with 

the same age class, yearlings and two year old cattle (Woolfolk, 1951). 

Jared Smith (1899) noted that grazing by immense herds of buffalo, 

wild horses, deer and antelope in the southwest had not diminished 

the native pasturage. Grazing by domestic livestock however, reduced 

the grazing capacity substantially in a short period of years. He 

attributed this difference to the constant shifting of the wild herds 

their search for pasturage and thus an alternate resting and 

grazing of the land. Since then, grazing systems have been advocated 

and tested on range lands of the United States (Bentley, 1898; 

Jardine, 1912; Sampson, 1913, 1951; Brundage, 1952). A review of 

this subject was made by Heady (1961). The results of various studies 

are inconsistent as to whether continuous grazing or a specialized 

system produced the best results. A number of reasons for these 

inconsistencies are pointed out by Heady (1961). Among these are 

factors of stocking rates, relative resistance of plants to grazing at 

different seasons, uniformity of pastures, frequency of grazing, time 

between deferment periods, weather, topography and unrecognized con- 

ditions. Many such studies were conducted without knowledge of the 

spring 

in 
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forage plant characteristics such as growth cycles, reserve storage 

levels, effect of time of defoliation on growth and production, 

frequency of seed production, nutritive value during the various 

seasons and other information that would permit the development of 

systems to take advantage of the plant characteristics. Hormay and 

Talbot (1961) utilized this type of information in developing a 

successful specialized program of grazing management in California. 

Grazing studies on crested wheatgrass have generally been designed 

provide continuous use through the season or seasons of the grazing 

trials. Little information is available concerning the effect of 

specialized programs on the maintenance of forage productivity and 

stand density. Bleak and Plummer (1954), however, found no differ- 

ence in vegetation between pastures when spring grazing started at the 

time crested wheatgrass was 2 to 3 inches high (about April 14) or 13 

days later when crested wheatgrass was 4 to 5 inches high. The de- 

ferred pastures furnished 20 more sheep days of grazing than the early 

pastures but the gain per day of lambs was significantly greater (0.08 

pounds more gain) in the early grazed pasture. From clipping studies 

in Oregon, Hyder and Sneva (1963) suggest management practices to 

minimize the undesirable steamy characteristic of crested wheatgrass. 

Grazing may be timed so as to produce one or two crops of stems. 

Grazing should begin about May 20 -25 when heads are in the boot for 

one crop management. This management would permit maximum root 

growth, maximum harvestable forage production and maximum concentra- 

tions of carbohydrates in the underground parts. To obtain two crops 

of stems in one year, grazing should begin about May 1 and be heavy 

. 
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enough to obtain close grazing about May 20-25. The second crop of 

stems develops following this date and could be grazed as needed 

in late nummer or fall. This second crop of stems would be more 

leafy and nutritious than crested wheatgrass ungrazed until the fall 

season. 

DESCRIPTION OF THE EXPERIMENTAL AREA 

Location 

The Point Springs experimental area is located ten miles directly 

east of Malta, Idaho, at an elevation of approximately 4,800 feet. 

This location is on the east side of the Raft River Valley which is 

bordered on the east by the Black Pine and Sublett mountain ranges, 

on the south by the Raft River range, on the west by the Malta or 

Cottrell range, and by the Snake River Plain on the north. 

The valley lies mostly in the Great Basin section of the Basin 

and Range Province (Fenneman, 1931). Isolated mountain ranges rising 

above aggraded desert plains characterize this province and the Raft 

River Valley. Broad alluvial fans form the elopes between the valley 

bottom and the outer edge of the basin. 

The experimental area lies just west of the Sublett range and 

north of the Black Pine range on the upper part of an alluvial fan 

coming from the Sublett area. The general relief is gentle with a 

one to three percent slope to the west. Shallow intermittent stream 

courses pass through the study area (Figure 1). 
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Moderate Spring Heavy Fall 
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Figure 1. Aerial view of the Point Springs experimental area showing 

the pasture arrangement and the topography. 
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Grazing History 

Range livestock production is the most important agricultural 

enterprise in the Raft River Valley, but irrigated and dry land 

farming contribute to the general agricultural economy. 

Range cattle were first brought to the valley in the fall 

of 1868 by Mr. Gamble, an employee of J. Q. Shirley (Abell, 1962). 

These cattle were the remainder of a 2,500 head herd that had been 

trailed from Texas to Fort Hall, wintered and then moved to the 

Raft River Valley where there was abundant grass. During the 

early 1870's, other outfits brought livestock to the valley and two 

of these had eight to twelve thousand head of cattle. Cattle con- 

tinued to arrive in the valley until peak numbers were reached 

in 1889 at which time a severe winter killed at least half of them. 

From this date on, cattle numbers dropped because of range deterior- 

ation and competition from sheep which were being introduced. 

Cattle numbers approached 50,000 head in 1889 in contrast to less 

than 10,000 currently. 

The number of sheep in the valley reached a peak in the 

late 1890's. Many years thereafter, the Raft River Valley was one 

of the more important sheep winter -range areas in the state. Approx- 

imately 50 bande of sheep grazed in the Raft River Valley during 

the peak period, whereas, only one band currently winters in this 

area. Livestock numbers are presently increasing because of the 

range seeding program that has developed during the last 15 years. 

' 
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Climate 

General Climatic Conditions 

No long term records of the climate in the Raft River Valley are 

available. The weather station at Strevell, Idaho has intermittent 

records extending back about 20 years. This record was started 

in 1944 and has continued through 1965 except for the years 1951 

and 1952 when no records were obtained. A rain gauge was established 

at the Point Springs experimental area in mid -April of 1957. Since 

the station is not manned throughout the year, monthly precipitation 

records are available only for the period from May through October 

for comparison with the records at Strevell. 

Strevell is located at the southern end of the Raft River Valley 

and at an elevation approximately 400 feet higher than at Point 

Springs, but it is thought to be generally representative of climatic 

conditions at the study area based on similarities in vegetation. 

The nine -year average precipitation (1957 -1965) for the twelve -month 

period beginning in November and extending through October, however, 

was approximately two inches greater at Point Springs than at Strevell, 

Table 1. The 1.3 inch difference in the November through April pre- 

cipitation and the greater convectional storm activity in August at 

the study area accounted for most of the difference in total preoipi- 

tation at the two locations. 

Records from Strevell, on a calendar year basis, show an 

average annual precipitation of 10.8 inches for the twenty years of 

record (1944 -1965) and 10.8 inches for the eleven years -1965) 

of the study period, Table 2. Approximately 40 percent of the 



Table 1. Comparison of precipitation in inches at the Point Springs experimental area and Strevell, 

Idaho during nine years of record, 1957 -1965. 

Percent 

Period 1957 1958 1959 1960 1961 1962 1963 1964 1965 Average of Total 

Strevell 

November 
Through 
April 3.52 5.22 4.03 3.93 2.60 2.75 4.70 5.32 6.29 4.26 39.4 

May 3.21 0.59 2.35 0.54 0.59 2.92 2.10 2.94 1.31 1.84 17.0 

June 2.25 0.65 0.86 0.31 0.41 0.36 2.95 4.25 2.97 1.67 15.5 

July 0.33 0.26 0.41 0.98 0.87 0.60 0.13 0.02 0.42 0.45 4.2 

August 1.32 1.31 1.50 1.21 1.63 0.40 1.03 0.43 -- 0.98 9.1 

September 0.02 1.09 1.49 1.11 2.00 0.25 1.53 0.48 1.27 1.03 9.5 

October 0.60 0.00 0.96 0.53 0.84 0.75 0.85 0.34 0.58 5.4 

Total 11.25 9.12 

0.34 

10.98 9.04 8.63 8.12 13.19 14.29 12.60 10.80 100.1 



Table 1. (continued) 

Period 8 1960 1961 
Percent 

1963 1964 1965 Average of Total 

Point Springs 

November 
through 
April O.371 6.20 5.40 3.932 5.84 4.04 6.93 6.80 7.42 5 

May 4.78 0.51 2.50 0.542 
2 

0.48 2.07 4.64 2.91 2.07 

June 1.14 1.13 0.24 0.312 0.85 0.48 1.51 3.57 2.35 

July 0.48 0.31 T 0.35 T 0.46 1.01 0.02 1.39 

August 2.22 0.49 1.15 0.46 2.07 0.66 2.19 0.02 4.15 

September 0.14 0.98 1.56 0.92 1.86 0.77 1.46 0.21 0.36 

October 1.07 -147. .9..24 0.24 .1611 JAI $:21 1.25 0.21 

Total 13.353 11.09 11.09 6.75 12.47 8.88 '14; 18045 14.78 17.95 

2.28 

1.29 

0.45 

1.49 

0.92 

0.77 

12.76 

43.6 

17.9 

10.1 

3.5 

11.7 

7,2 

100.0 

1 
2 

3 

Rain gauge installed on the site April 14, 1957. 
Data are taken from records at Strevell, Idaho, as rain gauge was destroyed in late April and 
was not replaced until late June. 
Record from Strevell was substituted for the November through April value of 0.37 in 1957. 

1957 1959 1962 L : 

- 6.0 ... 
, 

- 
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Table 2. Average monthly and quarterly precipitation at Strevell, 

Idaho, in inches and percent each of the average annual 

precipitation for the twen years of record (1944 -1965) 
and eleven years (1955 -1965) during the study. 

Twenty Year Record Eleven Year Record 

Percent of Percent of 

Month Inches the Inches the Total 

January 0.60 5.54 0.57 5.27 

February 0.63 5.82 0.62 5.74 

March 0.77 7.12 0.62 5.73 

quarterly Total 2 00 18.48 ' 1.81 ' 16.76 

April 1.07 9.89 1.05 9.72 

May 1.70 15.71 1.85 17.13 

June 1.46 13.49 1.49 13.80 

Quarterly Total 4.23 39.09 4.40 40.74 

July 0.59 5.45 0.41 3.80 

August 0.98 9.06 1.15 10.65 

September 0.73 6.75 0.87 8.06 

quarterly 2.31 22.49 

October 0.78 7.21 0.66 6.11 

November 0.79 7.30 0.66 6.11 

December 0.72 6.65 0.84 7.78 

Eyarterl,Y Total 2.28 21.07 2.16 

Average 
Annual 10.82 99.99 10.80 99.99 

1 Precipitation records were not obtained in 1951 and 1952. 

' 
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Total 21.35 2.43 
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precipitation comes in the six -month period from October through 

March and approximately 40 percent during the April -Nay -June period. 

Another 15-17 percent of the annual precipitation falls during Nay, 

the wettest month of the year, and convectional storms in the three 

months of July, August and September produce about 22 percent. These 

storms are irregular in occurrence and one location may receive an 

inch or more of rain while another location three or four miles away 

receives none. Convectional storms occur more frequently in August 

and this month was second only to nay in the amount of monthly 

precipitation that fell during the nine years at Point Springs, 

Table 1. 

The daily range in temperature in the Raft River Valley is great 

during all seasons due to the altitude and aridity of the climate. 

Winter temperatures are only mildly severe although a low temperature 

of -28° F was recorded at Strevell on January 12, 1963. The last 

date in the spring on which the temperature dropped to F or below 

ranged from May 7 to June 25 at Strevell, Table 3. Freezing temper- 

atures first occurred between August 14 and October 16. The frost 

free period ranged from 65 to 113 and averaged 93 days for the eleven 

years of the study period. 

Climatic Conditions During th9 Grazing 

Spring. Precipitation was slightly less than average in 1955 

(5.07 inches) and about average in 1956 (4.17 inches) for the April- 

May-June period at Strevell, Table 2. As a result, the stand of crested 

wheatgrase, planted in 1952, continued to develop and improve in all 

pastures during this time. The following year, 1957, was exceptionally 

. 



Table 3. Various temperature records from Strevell, Idaho, for an eleven -year period, 1955 -1965. 

Temperature 32° F or Below Highest 
Temperature 

Lowest 
Temperature 

Average 
Annual 

Year 
Last Date 
SEring 

First Date 
Fall 

Number of 
Days Between Degrees Degrees Date Temperature 

1955 6-1 9-22 113 , 

; 

96 7-14 -14 11-16 43.6 

1956 6-6 8-31 86 96 7-9 -16 2 -1 45.7 

1957 6-16 9 -11 87 96 7-9 -14 1-29:; 45.9 

1958 6-4 9-24 112 97 7-11 -4 11 -17 47.9 

1959 6 -10 8-14 65 99 7-23 -7 1-4 46.5 

1960 6-21 8-28 68 ' 99 7-26 -14 2-29 45.9 

1961 5-16 9-3 110 97 8-2 -14 12-11 46.5 

1962 6-7 8-30 84 ; 99 8-15 ..23 45.6 

1963 6-30 10-16 108 , 95 8-14 -28 45.8 

1964 5-7 8-20 105 95 7-22 -1:9 1-14 43.2 

1965 6-18 9-16 90 gril 7-28 -8 1-1 44.8 

I No record in August. 
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favorable with 4.78 inches of precipitation falling on the study area 

in May. This was 2.5 inches more than the eleven -year average at the 

study site, Table 1. This greater amount was well distributed through 

the month with rain occurring on 20 of the 31 days. Temperatures were 

mild, averaging 55.4 degrees for the spring trial period, Table 3. 

Freezing temperatures occurred only twice and temperatures above SO 

degrees occurred seven times during this trial. 

The spring of 1958 was less favorable for growth than preceding 

years. Precipitation in May was 0.51 inches and the average temper- 

ature was higher than any other year of the study including 1963 

and 1964, years when the trials terminated in late July rather than 

mid -June. Seventeen days during the trial had temperatures in excess 

of 80 degrees. A more generous supply of precipitation in May of 1959 

was made less effective by colder temperatures that prevailed during 

the trial period. Almost one -third of the forty -five day trial had 

minimum temperatures below freezing and 13 of the 14 freezing temper- 

atures occurred in May, Table 4. 

Growing conditions in 1960 and 1961 were the least favorable for - 

growth of any during the trial. Much below average precipitation 

occurred in May and June along with less favorable temperatures. 

Twelve of the 46 days of the trial had minimum temperatures below 

freezing and 13 days had daytime maximums above 80 degrees in 1960. 

There were fewer days with minimum temperatures below freezing in 

1961, but the same number of days as in 1960 with temperatures above 

SO degrees. 

M. 
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Table 4. Temperature records from `treveil, Idaho, for the period 

of the grazing trials (approximately May 1 to mid -June and 
September 15 to November 1) during nine years of study, 

1957 -1965. 

Average 
Maximum 

Temperature_ 

Average 
Minimum 

Temperature 
Average 

`Tempera 

Spring 

1957 68.9 41.9 55.4 

1958 77.1 41.1 59.1 

1959 66.7 38.3 53.5 

1960 71.6 39.0 55.3 

1961 73.3 40.3 56.8 

1962 66.8 38.5 52.6 

1963 73.9 42.4 50.2 

1964 74.0 42.8 56.4 

1965 67.7 37.2 52.4 

1957 54.0 28.6 41.3 

1958 62.9 33.6 48.2 

1959 59.3 31.2 45.2 

1960 64.4 35.7 50.0 

1961 55.3 30.5 42.9 

1962 687 36.7 52.7 

1963 70.6 41.4 56.0 

1964 69.2 33.5 51.4 

1965 66.2 34.6 50:4 

Number of Days 
Minimum Merino 

Below 2® F 

2 

4 

14 

12 

6 

8 

3 24 

3 20 
2 

15 

7 

17 

12 

21 

17 

25 

19 

8 

16 

6 

0 

1 
Trial period from April 29 to July 23. 

2 
Trial period from May 4 to July 20. 

Year 

With 

Above 0 °F 

13 

13 

3 

Fall 

31 0 

22 0 

0 

4 

0 

8 

8 

1 

. 
21 



spring of 1962 started very dry with less than two -tenths 

of an inch of precipitation falling in April and no more than a trace 

in May until the 14th of the month. Storms occurred well distributed 

after May 14 until early Juno making growing conditions much more 

favorable than in the preceding two years. Fewer days with high 

temperatures occurred and only eight of the 45 days in the trial had 

imam temperatures below freezing. 

Moro then average precipitation fell during May and June 

of 1963 and 1964 and favorable temperatures accompanied the above 

average precipitation. Only three days during the trials of 1963 

and 1964 had minimum temperatures below freezing. All of the days 

with temperatures above 80 degrees came in July of 1963 and all but 

three in July of 1964. Because of the favorable growing conditions 

in these two years, the trial periods were extended to late July to 

obtain desired levels of utilization. This extension of the grow- 

ing period caused the greater number of days with temperatures above 80 

F shown in Table 4. 

Winter precipitation was approximately two inches more than the 

-year average in 1965. May precipitation was slightly below but 

precipitation was about one inch more than average. The May and 

precipitation wee well distributed through the two months but 

*older temperatures made growing conditions slightly less favorable 

than in 1963 and 1964. Fifteen days during May and June of this year 

had temperatures below freezing, and one day in May had a minimum 

temperature below 20 ° F. The average temperature during the trial 

period was less than any other year of the study, Table 4. 

26 
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A subjective summary of the growing conditions as they relate to 

crested wheatgrass growth and production during each year of the study 

from 1957 through 1965 is given below. These ratings reflect the 

combined effect of temperature and precipitation as interpreted by 

the writer. 

Year Growing Conditions 

1957 Very good 

1958 Poor 

1959 Poor 
1960 Very poor 
1961 Very poor 
1962 Satisfactory 
1963 Very good 
1964 Very good 
1965 Good 

Fall. Grazing started on September 30 and extended into mid - 

November in 1957, 1958 and 1959. Colder temperatures after the first 

part of November made it difficult to keep the water system operating 

and so the start of the grazing period, after 1959, was changed to the 

middle of September. 

Slightly more than average precipitation fell in October of 

1958 (1.07 inches) but temperatures averaged less during this trial 

than any year after 1957, Table 4. Above average precipitation oc- 

curred in the fall of 1958 during the trial period and temperatures 

were not as low as in 1957. Conditions during October of 1959 were 

similar to those in 1958 but extremely cold weather occurred during 

the first week of November and forced early termination of the grazing 

trial. 

i 3 
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After the date for the start of the fall trials was moved to the 

middle of September in 1960, temperatures generally averaged higher 

than before. Exceptionally cool temperatures, however, occurred during 

the fall trials of 1961. Above average temperatures occurred in 1962 

and 1963, and about average temperatures were found in 1964. A short 

period of low temperatures occurred in of 1965 and a 

minimum temperature of 16° F was recorded. The remainder of the trial 

had relatively mild temperatures. 

Precipitation during the fall trials was below average in 1960, 

1962 and 1965; above average in 1961; and about average in 1964. 

Precipitation in the fall often came in one or two storms. A 

thunderstorm on the 2nd of September in 1960 produced all the pre- 

cipitation (0.92 inches) that fell during that month. The total 

precipitation (1.25 inches) for the month of October in 1964 fell on 

the 29th and 30th, otherwise, conditions were extremely dry and dusty 

through the time of the trials. 

Soils 

Soil sampling of the Point Springs experimental area was done by 

Dr. Maynard Fosberg of the Agricultural Biochemistry and Soils De- 

partment of the University of Idaho. The soils of the area form a 

complex in which the tentatively designated Point Springs series (Solid - 

ized Solonetz) is interspersed with a tentatively designated Sublett 

series (Gray Desert). The Point Springs series occurs as small (20 -30 

feet across) to moderately large (1 to i acre) irregularly shaped is- 

lands in the more extensive Sublett series (Figure 2). 

. 
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May 2, 1964 

Figure 2. Illustration of the soil complex at the Point Springs 
experimental area. The upper photo shows the Point 
Springs series (unvegetated) in the foreground with the 
Sublett series in the background (vegetated with crested 
wheatgrass) at the conclusion of a series of abnormally 
dry years. Differences in vegetation disappear in moist 
years, bottom photo. 
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Parent material of the soils is a mixture of alluvium and loess. 

The alluvium is derived from the Sublett and possibly the Black Pine 

mountain ranges that lie to the east of the pastures. The source and 

age of the loess has not been determined, but it may have been derived 

from the Pleistocene and Pliocene sediments occurring from the north- 

central part of Owyhee County and extending east to Twin Falls County 

(Fosberg, 1963). Other sources suggested by Fosberg are the Lake 

Bonneville and Lake Lahontan sediments lying to the south and south- 

west of the Raft River Valley. Anderson (1931) suggests that the 

loess may be derived from the centers of Goose Creek and Raft River 

Valleys and carried to the northeast by prevailing winds. 

The profile description of the Sublett series is given in Table 5. 

The description of this series was obtained in June of 1965 from a 

pit located about 10 miles east of Malta on a west sloping alluvial 

fan with about three percent slope and at an elevation of 4,800 feet. 

Internal drainage of the soil was good; permeability was moderately 

slow; and erosion was slight under an estimated annual precipitation 

of 10 -13 inches and a mean annual temperature of 45.4° F (Strevell). 

Vegetation originally consisted of big sagebrush (Artemisia triden- 

tate), bluebunch wheatgrass (Agropyron spioatum), squirreltail 

grass (Sitanion h,ystriix) and Sandberg bluegrass (1111 secunda). 

Presently the vegetation consists of a seeded stand of crested wheat - 

grass with widely scattered plants of big sagebrush and varying 

amounts of annual plant species. 

2 
Field notes on file in the Department of Agricultural 
and Soils, University of Idaho. 

Biochemistry 
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Table 5. Profile (65 Ida. 1609) description of the Sublett soil 

series from a sample pit located approximately in the 
center of the North Half (N j) of the Southeast 
(SE *) of Section Eight (8), Township Thirteen (13) 
South, Range Twenty -Eight (28) East, of the Boise Meri- 
dian. 

Depth 
Horizon Description 

Ap 0 -5 Light brownish gray (20 YR 6 /2)loam, dark gray- 
ish brown (10 YR 4.2/2.2) when moist; weak fine 
granular structure; friable, slightly sticky 
and slightly plastic; many micro and very fine 

pores; slightly calcareous; abundant fibrous 
and very fine roots; abrupt smooth boundary. 

AC 5 -9 Light brownish gray 10 TR 6.2/1.8) loam; gray 
ish brown (10 YR 4.6/2.0) when moist; weak fine 
and medium granular structure; friable, slightly 

sticky and slightly plastic; common micro and 

very fine pores; slightly calcareous; abundant 

fibrous and very fine roots; clear wavy boundary. 

Clca 9 -16 Light gray (10 YR 6.6/2.0) loam; grayish brown 
(10 TR 5 /2.2) when moist; strong coarse platy 
structure, some cicada nodules weakly cemented; 
firm, slightly sticky and slightly plastic; few 

micro and very fine pores; strongly calcareous; 
weak cementation starting at 12 inches; abun- 
dant fibrous and very fine roots to 12 inches; 

below 12 inches roots occur only along fractures 
and generally do not extend below 16 inches; 

gradual wavy boundary. 

16 -22 Light gra (10 YR 7.2/2) silt loam; pale brown 
(10 YR 6 /3) when moist; weak coarse platy struc- 
ture, some cicada nodules weakly cemented; very 

firm, slightly sticky and slightly plastic; 
weakly cemented hardpan; few micro and very 

fine pores; moderately calcareous with lime 

occurring in pockets; abrupt wavy boundary. 

C3oa 22-26 Pale brown (10 YR 6/3) silty clay loam; pinkish 
white (10 YR 7.6/2) lime zones; brown (10 YR 5/3) 
when moist; moderate very fine platy structure; 
very firm, slightly sticky and slightly plastic; 

moderately cemented; many interstitial pores; 
strongly calcareous; clear wavy boundary. This 
horizon is discontinuous and has the color 

Inches 

C2ca 



Table 5. (continued) 

have 
characteristics of a buried B2. It does not 

characteristics of water laid material. 

C4oa 26 -30 Light gray (10 YR 7/2) silty clay; brown 
(10 YR 5 /3) when moist; massive to weak fine 
platy structure; firm, slightly sticky and 

slightly plastic; weakly cemented; many fine 

tubular pores, strongly calcareous; gradual 
wavy boundary. 

050a 30 -44 Light gray (10 YR 7/2) clay loam; light yellow- 
ish brown (10 YR 6 4) when moist; massive 
structure; firm, slightly sticky and slightly 

plastic; weakly Demented; common fine tubular 

pores; strongly calcareous; gradual wavy 

boundary. 

44-58 Light gray (io YR 7/2) gravelly silt loam; 
light yellowish brown (10 TR 6/4) when moist; 
massive structure; friable, slightly sticky 

and slightly plastic; common fine tubular 

pores; strongly calcareous; gradual wavy 

boundary. 

58 -66 Light gray (10 YR 7/2) gravelly loam; light 
yellowish brown (10 TR 6/4) when moist; massive 
structure; friable, slightly sticky and slightly 

plastic; common fine tubular pores, strongly 

calcareous; clear irregular boundary. , 

Light gray (10 YR 7/2) very gravelly sandy loam. 
Mixed gravels with a dominance of basalt but 

some sandstone. Many pockets of crystalized 

salts. Some gravels occur throughout the pro- 
file with strong concentrations starting at 30 

inches. 

C6ca 

66..112+ 

Depth 
Horizon Inches Description . 

the 

C7oa 

Rsa 

32 
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Profile development was very weak with most of the contrast in 

horizons resulting from weak cementations, lime accumulation and salt 

accumulations. The texture of the soil ranged from a loam in the 

upper 16 inches to a silt loam, silty clay loam, silty clay, clay 

loam and gravelly layers of silt loam, loam and sandy loam in the 

progressively lower horizons respectively. The pH of the saturated 

paste was 7.8 in the surface and reached a maximum of 9.0 at 9 -16 

inches, Table 6. Slight amounts of calcium carbonate occurred at the 

surface and strong concentrations were found below 16 inches. The 

exchangeable sodium percentage exceeded 15 percent at five inches and 

increased to much higher concentrations below nine inches. Soluble 

salt concentrations were low in the surface five inches as indicated 

by the electrical conductivity readings of the soil saturation extract, 

increased slightly in the depths to 44 inches and then rose signifi- 

cantly in the depths below. 

Polygonal surface soil patterns, as described by Hugie and 

Passey (1964), were common on soils of the Sublett series (Figure 3). 

The individual units had a weak, fine platy structure that broke 

readily into a weak, fine granular structure when dry. These patterns 

were generally more prominent in the sparser stands of grass; were 

more pronounced in the spring; and largely disappeared following 

convectional storms in the summer. 

The profile description of the tentative Point Springs series 

(Table 7) was obtained in October of 1964 from a pit located about 10 

miles east of Malta at an elevation of 4,800 feet. The site is 

located at approximately the middle of an alluvial fan with a slight 
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Table 6. Chemical characteristics of the Sublett soil series, profile number 65 Ida. 1609. 

Horizon 
Depth 
Inches 

pH 
Saturated 

Paste 
pH 
1. 

Electrical 
Conductivity 

EC X 103 mmho /cm. 
C 5© C 

CaCO3 
Equivalent 

oi 

Organic 
Matter 

Al 0 0 -5 7.8 8.4 0.52 5.5 1.89 

AC 5 -9 8.3 9.1 1.15 3.1 1.41 

Clca 9 -16 9.0 9.8 3.20 16.2 0.79 

C2ca 16-22 8.9 9.6 4.00 9.6 0.48 

C3ca. 22-26 8.6 9.4 4.80 28.9 0.63 

Coca 26 -30 8.6 9.2 4.60 40.1 0.72 

C5ca 30-44 8.6 9.3 4.00 44.3 0.68 

C6ca 44 -58 8.2 9.0 18.00 25.1 0.36 

C7ca 58 -66 8.0 8.6 39.00 18.6 0.32 

Rsa 66 -120+ 7.8 8.1 52.00 9.5 0.16 

Horizon 

Carbon: 
Nitrogen 
Ratio 

Cation 
Exchange 
Capacity 

me. /100 

______Exchangeable cations Exchangeable 
Sodium CA 

g. 

Mg Na 
me. /100 

K 

Al 11.8 14.6 9.8 1.9 0.7 1.9 4.1 

AC 16.6 18.3 9.7 2.4 3.4 1.9 19.6 

Clca 15.3 12.9 3.0 1.4 7.9 1.5 57.2 

C2ca 14.0 14.9 7.5 2.5 8.3 0.9 43.3 

C3ca- 18.1 19.4 7.7 3.3 9.2 1.1 43.3 

C4ca 19.0 19.7 9.2 4.5 8.5 1.0 36.8 

C5ca 20.6 12.4 6.2 2.9 5.1 C.5 34.7 

C6ca AMMO 12.81 5.1 2.2 15.4 0.4 66.5 

C7ca 9.91 3.0 1.5 10.6 2.9 58.9 

Rsa 4.01 10.2 0.9 40.8 0.1 78.5 

1 The high salt concentration and pH may have contributed 
opposed to the low cation exchange capacity. 

the high exchangeable cations as 
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3. Polygonal soil patterns on the surface of the Sublett 
series, May 1, 1962. 
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Table 7, Profile (64 Ida. 1608) description of the Point Springs 

soil series from a sample pit located in the Northeast 

Quarter (NE -1-3 of the Southeast Quarter (SE i) of Sec- 
tion Eight (8), Township Thirteen (13) South, Range 

Twenty -Eight (28) East of the Boise Meridian. 

Depth 
Horizon Inches Description 

API 0-1 1/2 Light grayish brown (10 YR 6/2) loam; dark gray- 
ish brown (10 YR 3.8/2) when moist; weak very 
fine platy and weak very fine granular struc- 
ture; soft, very friable, slightly sticky and 

slightly plastic; vesicular pores; abundant 

fibrous and very fine roots, clear smooth 
boundary. 

AP2 1 1/2 -3 Grayish brown (10 YR 5.2/2) loam; dark grayish 
brown (10 YR 3.6/2.2) when moist; fine granular 

and weak fine subangular blocky structure; 

slightly hard, friable, slightly sticky and 

slightly plastic; non -calcareous; abundant fi- 

brous and very fine roots; clear wavy boundary. 

AB Light brownish gray (10 YR 6/2) loam; dark gray- 

ish brown (10 YR 4/2) when moist; weak fine platy 
and weak subangular blocky structure; slightly 

hard, friable, slightly sticky and slightly 

plastic; non- calcareous; plentiful fibrous and 

very fine roots; clear wavy boundary. 

Light grayish brown (10 YR 6.4/2) loam; dark 
grayish brown (10 YR 4.4/2) when moist; moderate 

fine subangular blocky structure; hard, firm, 

slightly sticky and slightly plastic; very weakly 

calcareous; few fibrous and fine roots between 

structure units; abrupt wavy boundary. 

B2 8 -10 

B3ca 11 -15 

Clca 15-26 

Light gray (10 YR 7/2) loam; grayish brown 
(10 YR 5/2) when moist; fine subangular blocky 

and weak coarse platy structure; very hard, 
very firm, slightly sticky and slightly plastic; 

moderately calcareous; few roots between platy 

aggregates; clear irregular boundary; weakly 

cemented cicada nodules. 

Light gray (10 YR 7/2) loam; pale brown (10 YR 

6/3) when moist; weak coarse subangular blocky; 
very hard, very firm, slightly sticky and 

slightly plastic; very strongly calcareous; 

3-8 
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Table 7. (continued) 

very few fibrous roots confined to inter struc- 
tural areas; clear wavy boundary. Weakly 
Demented cicada nodules; some very coarse sand 

to fine gravels present. 

26 + Very pale brown 10 TR 8/3) loam; very pale 
brown (10 YR 7/3) when moist; massive struc- 
ture; soft, very friable, slightly sticky and 

slightly plastic; extremely calcareous. This 

horizon grades into angular fine gravels and 

sands. There is some effervescence to hydro- 

chloric acid at the surface but not throughout 
the horizon. 

Depth 
Horizon .Inches. Description 

C2ca 
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(one to three percent) west facing slope. Climatic conditions are the 

same as for the Sublett series. The vegetation on soils of this seer- 

ies probably consisted of saltsage (Atriplex nuts lliá,) communities. 

This assumption is based on the occurrence of such communities on 

similar appearing soils in adjacent crested wheatgrass seedings. 

The profile of the Point Springs series had a loam texture 

throughout and a stronger profile development than the Sublett series. 

The pH of the saturated paste was 8.05 in the upper one and one -half 

inches and reached a maximum of 8.20 in the three to eight inch depth, 

Table 8. Calcium carbonate was low in the layers above 11 inches but 

increased significantly below this depth. Exchangeable sodium was 

high at all depths and was 29.6 percent in the upper one and one -half 

inches. Electrical conductivity readings reached a value of 11 at 

three to eight inches and was maximum with a value of 75 in the 11 

to 15 inch depth. In contrast, excessive salt concentrations were 

not found above the 44 inch level in the Sublett series. Because of 

the high soluble salt content and exchangeable sodium percentage, the 

Point Springs series was less favorable for crested wheatgrass growth 

than the Sublett series (Figure 2). The polygonal surface patterns, 

previously mentioned, developed to lesser degree in this soil than 

in soils of the Sublett series. 

Samples obtained with a soil auger showed weak to moderate 

cementation of the strata to occur generally at depths of 12 -19 

inches. Some pebbles occurred throughout the profile and a gravel 

strata was found at an average depth of 45 inches, but sometimes 

a 



Table 8. Chemical characteristics of the Point Springs soil series, profile number 64 Ida. 1608. 

Horizon 
Depth 

Inches 

PH 
Saturated 
Paste 

PH 
is 

Electrical 
Conductivity 

EC X 103 mmho /cm. 
$ 2 * C 

CaCO3 
Equivalent 

Organic 
Matter 

Apl 0 -1 1/2 8.05 8.75 2.2 1.4 2.40 

Ap2 i 1/2 -3 7.95 8.10 2.4 1.3 2.72 

AB 3-8 8.20 7.45 11.0 1.3 1.61 

B2 8-11 7.50 7.10 33.0 1.7 1.19 

Baca 11 -15 7.45 8.50 75.0 8.8 0.88 

Clca 15 -26 7.65 8.75 28.0 25.7 0.55 

C2ca 26+ 8.15 8.40 26.0 46.3 0.83 

Carbon: 

Cation 
Exchange Exchangeable cations 

Nitrogen Capacity CA Mg Na K 

Horizon Rai.L1js.jgLtion00me.100. 
Api 11.4 16.4 7.9 2.0 5.5 3.2 

Ap2 11.6 14.8 8.2 2.9 6.6 
AB 9.7 19.1 8.0 3.5 4.2 1.4 
B2 9.1 19.9 9.2 3.6 0.2 1.1 
Boa 16.5 8.6 2.7 3.6 0.9 

Clca -- 15.1 .-1 8.7 0.6 
C2ca 41.,011, 15.6 --1 10.4 0.4 

Exchangeable 
Sodium 

29.6 
34.3 
24.6 
11.3 
23.0 
48.6 
46.0 

Not determined because calcareous influence. 
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occurred between 20 and 30 inches. Roots generally occurred only in 

fractures below the layers of cementation. 

Vegetation 

Vegetation in the Raft River Valley 

type. Grassy meadows with willows 

with location and soil 

(21LLE sp,) are found along the 

Raft River as it passes through the valley bottom. Adjacent to these 

meadows, on the moist bottomland, are extensive stands of greasewood 

(Saroolletne vermioulatus) with varying amounts of Gardner saltbush 

(Atriplex nuttallii subsp. grd ¡Waal) and koehia (IOWA á uerloana). 

The lower valley slopes with their drier and less saline habitats 

contain shadscale (Atriolex confertifolia), saltsage, (Atriplex 

nuttallii subsp. falcate), vinterfat OUrOia, /Mote) and greasewood 

communities. Under the more favorable environmental conditions of the 

upper edges of the valley and along the intermittent or underground 

stream courses, the big sagebrush community is found. The land oc- 

ouppied by this community has been most extensively seeded to crested 

wheatgrass in the Raft River Valley, 

The vegetation on the study area probably consisted on an 

Artemisia t dentate -Ar rop3ncon -Ails s,taat** (Idaho University, 1964) 
association. Big sagebrush and bluebunch wheatgrass were the two most 

important species. Sandberg bluegrass, however, was a common consti- 

tuent. A few annual forbs comprised the spring flora and perennial 

forbs such as death camas (2igadem $ joulatue) and loco weed 

(Astraealns beekwithi0 were scattered in the area. Greasewood and 

rabbitbrush ( r tZ 
us visoidiflprus) occurred infrequently. 

varies 

; 
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Originally, big sagebrush probably made up about 25 percent of the 

total herbage (Passey and Hugie, 1962). 

Interspersed in the sagebrush- bluebunoh wheatgrass association 

were small islands containing saltsage comities. The principal 

species was sausage but Indian ricegrass (Orywn49 gides) and 

squirreltaii grass may have been associated with the saltsage. 

Heavy livestock grazing in the days of settlement and prior 

regulated use of the public domain drastically altered the original 

vegetation. Herbaceous species declined and the woody species, 

especially big sagebrush, increased. Livestock carrying capacity was 

rated at 27 acres per animal unit month in the early 1950's compared 

to about 3 -5 acres when livestock was introduced. 

Immediately prior to seeding, the study area had a thick cover 

of big sagebrush and some rabbitbrush. Herbaceous species were i.n. 

frequent and consisted primarily of Sandberg bluegrass, halogeton 

(Halogeton glomeratus), Russian thistle (Salsola kali var. tenuifolia), 

tansy mustard (Descurainia riohaxrisonii) and pepper grass (Lepidium 

ee?iatum) 

were 

Establishment of Experimental xperimental Facilities 

The experimental area is located on a portion of the Bureau of 

Management's Point Springs seeding. The brush and other plants 

removed with a wheatland disc plow on approximately 7,000 acres 

in the summer of 1952. Crested wheatgrass and yellow sweetelover 

(Ne] lotus ogig alis) were planted in the fall of the same year at 

the rate of 5.5 pounds and 1.1 pounds per acre, respectively. The 

to 

Land 
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seed was broadcast on the area with an E-Z flow fertilizer spreader 

and covered by means of a flexible harrow drag. 

The spring of 1953 was extremely favorable for the growth of a 

number of annual plants. Tansy mustard, pepper grass, and Russian 

thistle were abundant and attained considerable size during this 

period. Crested wheatgrass became established but was obscured by the 

growth of annual plants. The growing season of 1954 was extremely 

dry and, consequently, very little growth was made by the annual 

plants. The growth of Russian thistle in 1953 remained on the ground 

as dry material in 1954, however, and provided protection from drying 

winds for the young crested wheatgrass plants. Despite the drought 

in 1954, the stand of crested wheatgrass was well established by the 

fall of this year. 

The 960 -acre experimental pasture area is located in the north- 

east corner of the 7,000 acre seeding. Six, 160 -acre pastures were 

fenced in the fall of 1954 and no grazing of the seeded area had taken 

place prior to this time. In October of that year, a band of sheep 

was allowed to graze each pasture for a short period to remove the 

accumulated Russian thistle growth. 

The Bureau of Land Management drilled a well, installed the 

watering system and constructed corrals during the winter of 1954 and 

early spring of 1955. During the summer of 1954, a fire of unknown 

origin burned approximately 116 acres in the pasture area (Figure 1). 

The major part of the burn occurred in the pastures grazed lightly 

and moderately in the fall, but there were slight extensions into the 

moderately and lightly grazed spring pastures. The fire removed the 
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old annual growth and thinned the crested wheatgrass stand about forty 

percent as compared to adjacent areas. 

PROCEDURE 

Pasture Design 

The 960 -acre experimental area was originally fenced into six, 

160 -acre pastures. Each pasture was three fourths of a mile long 

and one -third of a mile wide (Figure 1). Water was supplied to a 

drinking trough located at one end of each pasture and salt blocks 

were placed at the opposite end. Each of the original 160 -acre pas- 

tures were divided in half in 1960 to make 12, 80 -acre pastures. 

Three of the six 160 -acre experimental pastures were selected 

to be grazed in the spring and three in the fall. One of the three 

pastures, in each season, was to be grazed with enough animals to 

obtain light utilization (50 percent herbage removal) at the end of 

45 days. Another was to be grazed moderately (65 percent herbage 

removal), and the third was to be grazed heavily (80 percent herbage 

removal) by the end of the trial period. 

The pastures containing the greatest amount of burned area, 

resulting from the fire in 1954, were reserved for fall use at the 

light and moderate intensities (Figure 1). With this exception, 

treatments were randomized among the remaining pastures. 

When the pastures were divided in 1960, one -half (80- acres) of 

each original pasture received the same intensity and season of use 

treatment as previously. The remaining one -half received the same 
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intensity and season treatment as before subdivision plus an addi- 

tional opposite season and intensity treatment. 

Grazing trials started in the spring of 1955 but several prob- 

lems, encountered during the first two years, made the forage yield, 

utilization and livestock response data of limited value during this 

time. The main problems were an inadequate water supply, difficulties 

with the scale for weighing the livestock and extremely cold weather 

in the fall of 1955. Some comparisons of vegetational characteristics 

are possible, however, among all years and the pertinent ones of 

these are presented. Forage yield, utilization and animal response 

data are presented only for the years from 1957 through 1965. 

The dates and length of the trial periods from 1957 through 1965 

are given in Table 9. The spring trials started about the first of 

May and extended to about the middle of June except in 1963 and 1964. 

Exceptional forage production in these two years permitted the 

trials to be conducted until the last part of July. The fall trials 

started near the end of September and ran until early or mid- November 

in 1957, 1958 and 1959; thereafter, the trials started about the 

middle of September and terminated the last of October or early 

November. 

Vegetation Measurements 

To facilitate vegetation sampling, each pasture was divided into 

three equal blocks, but no physical separation existed among these 

divisions. The blocks were one -third mile by one -fourth mile in 

the 160 -acre pastures and one -sixth mile by one -fourth mile in the 



Table 9. Dates livestock were weighed in each year and the length of the grazing period. 

Year 

Spring Grazing Trial Fall Grazing Trial 

Initial 
Weigh Day 

Second 
Weigh ?: aY 

Third 
Weigh Day 'JAY 

No of 
Days 

Initial 
Weigh Day 

Second 
Weigh Day 

Final No. of 
Weigh Day Days 

1957 May 5 June 2 June 20 45 September 30 October 28 November 14 44 

1958 May 2 May 29 June 17 45 September 30 October 28 November 15 45 

1959 May 1 May 29 June 16 45 September 30 October 28 November 9 39 

1960 April 30 May 28 June 16 46 September 15 October 13 October 31 45 

1961 May 3 May 31 June 17 44 September 18 October 16 November 3 45 

1962 May 3 May 31 June 18 45 September 14 October 12 November 6 52 

1963 April 29 May 27 June 24 July 23 84 September 13 October 11 October 29 45 

1964 May 4 June 1 June 29 July 20 76 September 14 October 12 October 30 45 

1965 April 29 May 27 June 25 56 September 10 October 8 November 6 56 

' 
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80 -acre pastures. 

Frequency and Density 

Transects of ten, circular, 2.4 square -foot plots were used to 

determine density (number of individuals of a plant species per square 

foot) and percent frequency of occurrence of all plant species from 

1957 through 1965 (Figure 4). Plots were spaced at ten -foot intervals 

along a 100 -foot paced transect. Five equally spaced transects were 

located along each of two lines in each block when the pastures were 

160 -acres in size and three transects per line were sampled when the 

pastures were reduced to 80- acres. Samples were taken in each pasture 

at the beginning and at the conclusion of each grazing trial period. 

Frequency and density data were thus obtained from 60 transects (30 

before grazing and 30 after grazing) in the 160 -acre pastures and 

from 36 transects in the 80 -acre pastures. 

The number of individuals of each perennial plant species 

counted in each plot except that the number of crested wheatgrass 

seedlings was estimated. The number of each annual plant species was 

estimated in each plot. Percent frequency of occurrence was calcu- 

lated on the basis of the number of plots on a transect in which a 

species occurred. 

Ground Cover 

Basal cover of vegetation was determined in the summer of 1964 

using the step -point method (Costello and Schwan, 1946). Six tran- 

sects of 100 -points each, two in each block, were sampled in each 

pasture. 

- 
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4. Circular plot frame, 2.4 square -feet in area, 

used to determine density, frequency and 

yield on the Point Springs experimental area. 
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Yield 

Crested wheatgrass plants were clipped at ground level before 

and after grazing in each of the density and frequency sample plots; 

accumulated for the transept in one bag (Figure 4); air dried and 

weighed to determine yield. Differences in yields before and after 

grazing were used as a measure of utilization in the fall trials. 

The difference between a calculated total forage yield and the after 

grazing yield was used to determine utilization in the spring trials. 

Total yield in the spring was calculated by adding 7.5 pounds of 

forage for each pound of animal gain per acre to the forage remaining 

at the conclusion of the trial. 

Growth 

Four crested wheatgrass plants were marked in 1961 at each of 

three locations in each of the three pastures grazed in the fall. 

Data were taken at periodic intervals during the growing season on 

the number of leaves per emirs maximum leaf height, maximum culm 

height, number of heads, and date of flowering. The number of non- 

reproductive shoots was determined in 1964 and 1965. 

Photographhie Data 

A color photograph of the general area and a black and white 

photograph of a permanently located four by five -foot plot frame 

were taken before and after grazing from six photopoints in each 

pasture. The photographs were used as an aid in evaluating the re- 

sults of the vegetation sample data. 

Data 
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Animal Measurements 

Animals used in the study were furnished by several cooperators 

who had grazing privileges on the adjacent crested wheatgrass seeding. 

These animals had been treated in a variety of ways before coming to 

the experimental pastures. Some were grazed on meadows and dry land 

pastures at the ranch headquarters during the winter with little or 

no supplement, while others were fed hay or a protein supplement. 

Privately owned crested wheatgrass pasture was sometimes used for 

wintering, with or without supplements. Prior to the fall trials, 

animals grazed irrigated, mountain or crested wheatgrass ranges. 

Ranchers other than the regular cooperators supplied some of the 

animals in the fall of 1959, 1963, 1964, and 1965. 

Yearling animals (Figure 5) were requested but it was not always 

possible to obtain the desired number of this age and size. Younger 

and older animals were used to supplement the yearlings in some years. 

To minimize variability on this account, only animals weighing between 

four hundred and six hundred pounds at the beginning of the trial were 

used in the analyses of weight gains except in the fall of 1965 when 

slightly heavier animals were included. These were designated as the 

"tester animals ". Animal days of grazing and stocking rate, in ani.. 

mal months per acre, were calculated using all animals. 

Each cooperator's animals were distributed to the pastures on a 

proportionate basis according to the number required in each grazing 

intensity treatment and the number furnished. No owner had all his 

animals in one pasture. 



 

Figure 5. Yearling animals used 

Figure 6. Weighing procedure 
weights and gains. 
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50 

i) 

... r + + .- -r 
- +'-.v. - -_'--._1.--- __ 

°aaa.c.r. - - ' -: 4 
. 

ti 

r 

, 1 ,`2 , . 
. 

'{' ' 

A 

. ,9 i II 

- , .N, 
. I ` 

ij* 
LL 

. 
- iy 

J ÿ ` 

ili1 `d'ij. 
y 

t ', . . 
{ 

+ - 
, 

'1 I "e o 

r 

11 

[j i 

O 

ji 
i 

in the Point Springs grazing study. 

r r-- 
CWF '1 .1 

i 

(, 

I 

Cl 

14 

I r 
- 

M. 

. 

EA 

used livestock 



51 

Stocking rates used in the fall trials were calculated on the 

basis of the initial production and an estimated 15 to 20 pound daily 

forage consumption. Spring stocking rates, determined by the begin- 

ning of the trial, were based on initial production, an estimated 

growth factor and an estimated 15 pounds a day forage consumption. 

Adjustments in numbers were made, where possible, during the trial 

and time adjustments were made in 1963, 1964 and 1965, Table 9. 

Animals were generally delivered to the study area one to three 

days before the start of the trials. They were allowed to graze a 

holding pasture with crested wheatgrass forage until late afternoon 

of the day before the initial weighing. The animals were individu- 

ally weighed three times during each trial period (Figure 6) except 

that four weights were taken in the spring trials of 1963 and 1964. 

Weights were obtained at the beginning, after 28 days and at the con- 

clusion of each trial. An extra 28 day weighing was obtained in 1963 

and 1964 because of the extended grazing period in these two years. 

Prior to each weighing, the animals were corraled and prevented from 

eating or drinking for a period of 12 to 14 hours. 

RESULTS 

Growth Characteristics of Crested Wheatgrass at the Study Area 

Crested wheatgrass generally did not begin growth until late 

March or early April. Temperature appeared to be the controlling 

factor in preventing growth prior to that time. Growth rate was slow 

in April but increased with the warmer temperatures of May. The 

nine -year average production in early May for the spring grazed 
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pastures was 219 pounds per acre and this increased to 567 pounds per 

acre by mid -June. Most of the increase occurred before seed stalks 

emerged from the leaf sheaths in late May. 

Data showing the number of leaves, leaf height culm height 

are presented in Table 10. In mid -April, the range in leaf height 

varied from 2.2 inches in 1961 to 3.6 inches in 1962. The culm apex 

was below the level of the plant crown at this time. Leaf height in 

mid -June ranged from 8.5 inches in 1961 to 14.1 inches in 1963 and 

culm height ranged from 8.2 inches to 16.5 inches in the same years. 

In some years (1961 and 1962), maximum leaf and culm heights were 

reached as early as the middle of June. An increased amount and 

distribution of precipitation in June of 1963, 1964 and 1965 

extended the period of growth to about the middle of July. Leaf 

height was three inches greater in mid -July in 1963 and 1964 and one 

and one -half inches greater in 1965 than at mid -June. Culm heights 

were 8.2, 5.7 and 5.8 inches greater in mid -July than in mid -June 

1963, 1964 and 1965 respectively. 

The culm apex (growing point) was located below the level of the 

plant crown until after early May except in 1962. It is presumed 

that warm temperatures in April of this year stimulated a more rapid 

elongation. The average maximum Lpril temperature (62.9 F) was 

higher than any other year of the study and was comparable to the 

average maximum May temperatures of other years. 

When the culm had developed four or five leaves, about mid -May, 

the growing point was above crown level and began elongating rapidly. 

Heads emerged from the leaf sheaths in late May and anthers appeared 

and 

improved 

in 
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Table 10. Number of leaves, average leaf height and average culm 

height of crested wheatgrass at various times during the 

spring in five years, 1961 -1965. 

Period=_ 

Year Mid ril -A Ear Ma Mid -May Ear June -June 

Number of leaves 

1961 2 -3 3 -4 4 4 -5 4 -5 

1962 2 -4 3 -5 4 -6 6-7 6-7 

1963 2 -3 3 -5 4 -6 4-6 5 -6 

1964 2 -3 3 -4 4 -5 4 -5 4 -6 

1965 3 -4 3 -4 4 -6 5 -6 5 -6 

Average Leaf Height (Inches) 

1961 2.2 4.8 6.5 7.9 / 8.5 

1962 3.6 6.5 7.0 9.1 10.4 

1963 3.3 4.8 7.9 11.0 

1964 3.2 4,2 5.6 8.3 

1965 2.5 3.5 6.1 8.1 12.0 

Average Culm Height (Inches) 

1961 Below 1.5 7.0 8.2 

1962 Below 2.8 4.3 9.3 12.5 

1963 Below Below 1.7 7.4 16.5 

1964 Below Below 0.2 4.7 13.4 

1965 Below 1.0 4.9 13.2 

Mid -April ranged from April 7 to April 13,early May from April 30 
to May 6, mid -May from May 14 to May 16, early June from May 30 to 
June 1 and mid -June from June 11 to June 17. 

2 Below surface of plant crown. 

^ 

14.1 

12.1 

Below2 

Below 

1 
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in mid or late June, Table 11. The anthers of the flowers varied in 

their time of appearance from June 13 to late June. 

A relatively large number of reproductive culms was produced in 

most years. The average number per plant varied from a low of 17.2 

in 1965 to a high of 34.7 in 1963, Table 11. Both precipitation and 

May temperatures appeared to have an influence on the number of 

reproductive culms produced. Deficient moisture in May of 1961 

limited the number of reproductive culms (19.8) and apparently 

colder temperatures in May of 1964 and 1965 reduced seed stalk 

production, in spite of the above average precipitation. Average May 

temperatures (50.9° F and 48.2° F) were lower in these two years than 

any other years of measurement. The two years (1961 and 1965) with 

the lowest number of reproductive culms were also the years in which 

temperatures dropped below 20° F in May. Non - reproductive shoots per 

plant were counted in 1964 and 1965 and were 2.6 and 2.5 times as 

abundant as reproductive culms in the two years respectively. 

Crested wheatgrass at the study area generally lost its green 

color as soil moisture became deficient in late June or early July. 

Well distributed summer precipitation, however, kept plants green 

until late July in 1962 and 1963 and until mid- September in 1965. 

Leafiness of crested wheatgrass varied with growing conditions. 

About six leaves were produced on a reproductive culm whether it 

grew to a height of 8 or 25 inches. As a result, the leaf height to 

oulm height ratio varied with conditions that produced maximum culm 

elongations. Years with low May -June precipitation (1961) or low May 

temperatures (1964 and 1965) produced leafier plants than years (1962 
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Table 11. Average number of reproductive and non- reproductive culms 

per plant, date anthers appeared and the ratio of leaf 

height to culm height on marked plants, 1961 -1965. 

Year 

Average Number 
of Reproductive 

/Plant 

Number of 
Non- Reproductive 
Culms Per Plant 

Date 
Anthers 
Appeared 

Leaf Height 
to Culm 

Height Ratio 

1961 19.8 6 -13 1.04 

1962 34.6 
i 6 -17 0.83 

1963 34.7 
-1 6 -23 0.85 

1964 22.1 58..0 6 -28 0.90 

1965 17.3 44.0 6 -23 0.91 

Data not taken. 

Culms 

_.1 

- 

- 

1 
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and 1963) that were favorable for maximum culm elongation. Photo- 

graphic records show that a more leafy forage was produced in 1958, 

1959, 1960 and 1961 than in the other years of the study. 

Favorable August and /or September precipitation without cold 

temperatures caused crested wheatgrass to renew growth in the late 

summer of 1959, 1961 and 1963. Fall growth started in Chid- Ootober 

of 1962 but subsequent cold temperatures prevented any appreciable 

development. 

Plant Responses 

The effects of grazing intensity on vegetational response were 

measured by change or lack of change in plants per square -foot (den- 

sity), frequency of occurrence (frequency) of the various species and 

annual yield of crested wheatgrass. Work by other investigators has 

shown that excessive grazing caused more than normal reductions in 

stand density, greater irregularity in distribution of the desired 

species and lower than normal yields. Less desirable species were 

found to increase in amount and distribution with a consequent re- 

duction in forage values. Density, frequency and yield of the var- 

ious plant species also occurred with fluctuations in weather condi- 
. 

tions and complicated the evaluation of grazing intensity effects on 

vegetational responses. 

Effect of Graz 
Wheatgrass Plants. 

Crested wheatgrass seedings in southern Idaho are commonly 

for the first time in the fall of the second year after planting. 

Density Frequency_ Q Mature_ Crested 

grazed 

on and 

The 
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stand density, however, often does not reach maximum development un- 

til the third or fourth year after seeding. 

At the beginning of the study in 1955, the stand density averaged 

slightly more than one plant per square -foot (1.15) on the experimental 

Stand density was sparser in parte of the pastures to be grazed 

at the moderate and heavy rates in the spring and at the heavy rate in 

the fall than in the other pastures. The thinner stands in each of the 

above mentioned pastures were part of a large continuous area, the 

occurrence of which appeared to be due to some deficiency in the 

planting operation. 

Improvement in stand density and frequency occurred in 1956 and 

the spring grazed pastures were comparable in density and frequency 

at the time of sampling in this year. The heavily grazed fall pasture 

improved more slowly and was not comparable with the other fall grazed 

pastures until 1957. 

Spring Grazing. Stand density and frequency of occurrence of 

crested wheatgrass continued to improve in all the spring grazed pas- 

tures through 1959 (Figure 7). Above average precipitation in the 

spring of 1957 favored seed germination and seedling establishment 

and these seedlings became mature plants in 1958 and 1959. 

Beginning in 1958 and extending through 1961, May -June precipi,- 

at Point Springs was below the nine -year average of 3.57 inches. 

and frequency declined steadily in all pastures after 1959 and 

generally reached a low value in 1962. An exception to this pattern 

occurred in the heavily grazed pasture and, although the low density 

value was obtained in 1962, frequency continued to decline until 1963. 

area. 

all 

tation 

Density 
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Figure 7. Density and frequency of crested wheatgrass by intensity 

of grazing in the spring grazed pastures over a nine -year 

period compared with May -June precipitation at the Point 

Springs experimental area. 
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Heavy spring grazing caused individual plants 

in the dry years and continued disintegration 

ber of smaller plants (Figure 8). This 

59 

develop dead centers 

produced a greater num- 

of individual 

plants produced an apparent higher density and offset the greater 

mortality of plants in the heavily grazed pasture as indicated by the 

lower frequency of crested wheatgrass. Because of these conditions, 

frequency was considered to be a better indicator of the influence of 

grazing intensity on stand maintenance than density. Fragmentation 

was reported to increase with grazing intensity in New Mexico (Spring- 

field, 1963), however, some plants that had fragmented at Point 

Springs in the dry years recombined in years of favorable growing 

conditions (Figure 8). 

May -June precipitation improved in 1962, was exceptionally high 

in 1963 and 1964 and above average in 1965 (Figure 7). Stand density 

and frequency improved in all pastures through these years of the 

study. Density was similar in all pastures in 1965 but frequency 

was significantly less in the heavily grazed pasture (LSD = 4.7) than 

in the other intensity treatments. Trends in density and frequency 

in the lightly and moderately grazed pastures probably reflected nor- 

mal variation due to yearly weather conditions. The difference in 

frequency between the heavily grazed pasture and the other two 

intensities indicates the result of heavier foliage removal. This 

difference would have been greater, as indicated by the trend 

in 1961, 1962 and 1963, if below average spring precipitation had 

occurred after 1963. Although heavy grazing produced a significant 

change in distribution of the plants over the area, differences in 

to 

fragmentation 

. 



Figure 8. Changes in number and 
vigor of crested 
wheatgrass over a ten 

year period. Note the 

appearance of a dead 

center in 1961 on the 

plant to the left of 

the arrow; the severe 

fragmentation in 1962; 
and recovery of vigor 
and recombining of 

fragments in 1964. All 

photos taken prior to 

spring grazing (between 

April 28 and May 2). 
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frequency were not large in 1965 being 96.4, 95.8 and 91.1 percent in 

the light, moderate and heavy grazing treatments respectively. 

Fall Grazing. Density and frequency were comparable in all the 

fall grazing treatments in 1957, increased uniformly in 1958 and then 

declined to a low point in 1962 (Figure 9). Beginning in 1962 and 

continuing through 1965, increased amounts of precipitation caused an 

increase in both density and frequency under all three intensities of 

fall grazing. 

The heavy intensity treatment had a significantly lower density 

(LSD = 0.17) and frequency ( (LSD . 7 31) in 1962 than the light treat- 

ment and a significantly lower frequency than the moderate treatment. 

It is thought that the greater decline in the moderate and heavy 

treatments resulted from differences in the area occupied by the 

saltier soil of the Point Springs series in these two treatments and 

not because of intensity of grazing. From observation and examination 

of aerial photographs, 20 to 25 percent of the area of the heavily 

grazed pastures and 10 to 15 percent of the area of the moderately 

grazed pasture was occupied by this type of soil. The light grazing 

pasture did not appear to have any soils of the Point Springs aeries. 

In the drier years, the high salt content found in soils of the Point 

Springs series affected the growth of crested wheatgrass. Plants were 

scarce or lacking on these saltier soils in the dry years of 1960 

and 1961 (Figure 2). These soils, however, were not inimical to the 

growth of crested wheatgrass in years of above average spring pre- 

cipitation (1963, 1964 and 1965) and new plants became established. 
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Figure 9. Density and frequency of crested wheatgrass by intensity 
of grazing in the fall grazed pastures over a nine -year 

period compared with May -June precipitation at the Point 

Springs experimental area. 
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Distribution of crested wheatgrass was similar in all pastures 

in 1965 with frequencies of 98.3, 98.9 and 98.6 percent in the light, 

moderate and heavy grazing treatments respectively. The heavy and 

moderate treatments, however, had a significantly higher density of 

plants than the light treatment (LSD - 0.21). Large individual plants 

characterized the lightly grazed pasture whereas the plants established 

in 1963 and 1964 on the saltier soils of the moderately and heavily 

grazed pastures were smaller and more numerous. Heavy fall grazing 

did not cause fragmentation or dead centers to develop in the plants. 

Effect of Grazing Intensity on Density and Frequency of Crested 
Wheat grass Seedlings 

Conditions favorable for germination followed by suitable 

moisture and temperature conditions produced large numbers of crested 

wheatgrass seedlings in the experimental pastures. Seedling frequency 

was generally high in the years following above average spring 

precipitation (1958, 1963. 1964 and 1965) in the spring grazed 

pastures (Figure 10) and low during the drier years. High seedling 

frequency generally occurred in the year of favorable precipitation in 

the fall grazed pastures. High occurrence was also noted in 1960, an 

abnormally dry year. No explanation is readily apparent for this 

condition in 1960, but may possibly be due to the higher concentration 

of livestock on the pastures in the fall of 1959 which caused more 

seed to be trampled into the soil and provided better conditions for 

germination the following year. Seedling occurrence was generally 

higher in the fall grazed pastures than those grazed in the spring. 

No pronounced difference in seedling frequency by intensity of grazing 

. 
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was obtained in the fall grazed pasture but the lightly grazed pasture 

fluctuated less from year to year. In the later years of the study, 

seedling frequency was less in the heavily grazed spring pastures 

than in the pastures grazed at the light and moderate rates in the 

spring. Heavy spring grazing greatly reduced seed production and this 

was reflected in the number of seedlings that occurred. Few seedlings 

survived for more than one year when the stand of crested wheatgrass 

was at high levels. Numerous seedlings became established and 

survived to produce mature plants in 1963 after stand density and 

frequency of mature plants had declined during the previous dry period 

(Figure 11). 

Effect of Grazing. Intensity Plants Other 
Than Crested Wheatgrass 

The plowing of the experimental area prior to seeding removed 

most of the sagebrush and other associated species. The Bureau of 

Land Management required seeding contractors to obtain a 90 percent 

removal of sagebrush at this time. No information was available as to 

the actual reduction of sagebrush but some sagebrush and rabbitbrush 

plants survived the clearing operation. 

Although the sampling procedure on the Point Springs pastures 

was not well adapted to follow changes in sagebrush and rabbitbrush 

density and frequency, the records indicate that no significant change 

occurred over the period of study, Table 12. Sagebrush numbers 

increased most in the pasture grated. moderately in the spring, but 

frequency of occurrence increased most in the heavy intensity spring 

treatment. Rabbitbrush numbers and frequency increased most under 

on Density _ and Fre.ueno of 

r 
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September 1962 

September 11, 1963 

Figure 11. Illustration of change in density of crested wheatgrass 
resulting from germination and establishment of new 
plants in 1963. Upper photo shows density in September 
of 1962 and the lower photo the change in density one 
year later on the same area. 
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Table 12. Number of plante per 100 square feet and the percentage of sample plots 
sagebrush and rabbitbrush in 1957 and 1965. 

'limber of Plants per 100 Square Feet Frequency of Occurrence 
Sagebrush Rabbitbruah Sagebrush Rabbitbrush 

Intensity Year 

Light 1957 1.8 0.1 4.2 0.1 5.0 3.0 9.2 2.5 

1165 1.5 1.0 8.2 0.8 3.1 2.2 13.3 2.2 

Fall ár 4: Fall ` Spring Fall Fall 

1957 0.6 0.1 1.7 0.0 1.5 0.5 3.2 1.2 

1965 3.0 0.1 3.0 - 0.0 1.7 0.3 4.7 0.0 

Heavy 1957 0.4 0.4 1.4 0.3 1.0 2.0 ; 3.3 ` 2,3 

1965 1.5 0.3 2.5 ' 0.6 0.6 4.2 1.1 

containing 

Suring _ Spring 

i' 
. 

Moderate 

. 

r 

f 

3.9 : 
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use in the spring and only slight change occurred in the other 

The photographic records indicated that the major dif- 

ference between 1957 and 1965 was the increased size of the brush 

species and not any great change in density or distribution. 

Halogeton, an introduced poisonous annual plant, was found to 

be closely associated with the density and frequency of crested 

wheatgrass (Figure 12). Halogeton frequency values were low in all 

pastures in 1957 and the subsequent two years. Stand density and 

distribution of crested wheatgraee had improved during these years 

as a result of the very good growing conditions in 1957. The very 

poor growing conditions for crested wheatgrass in 1960 and 1961 

caused a decline in stand density and distribution and resulted in 

a marked increase in the occurrence of halogeton. Although growing 

conditions improved in 1962, the stand density of crested wheatgrass 

had not improved sufficiently to prevent a high occurrence of halo. 

geton in that year. As density and distribution of crested wheatgrass 

improved in 1963, 1964 and 1965, halogeton occurrence declined to rela- 

tively low levels in all but the heavily grazed spring pastures. 

Frequency values for halogeton were found to be negatively 

correlated with the frequency values for crested wheatgrass. The r 

values were -0.75 for the spring grazed pastures and -0.86 for the 

fall grazed pastures. Occurrence of halogeton was least under the 

light grazing treatments and greatest under heavy grazing treatments 

in both the spring and fall grazed pastures. Heavy spring grazing 

produced the least decline in occurrence of halogeton from 1963 to 

light 

treatments.. 

. 
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Figure 12. Frequency of occurrence of halogeton in sample plots under 

three intensities of use in two seasons for nine years, 

1957 -1965. 
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1965 and reflects a decrease in vigor as well as the poorer diatribe - 

tion of crested wheatgrass in these years. 

Yield of Crested Wheatgrass 

The yields of crested wheatgrass were determined prior to grazing 

in each season. The new growth was distinguished from the residue 

carried over from the previous year in the spring treatments. Sampling 

in the fall did not permit this separation as the current year's herb- 

age production was generally not distinguishable from the older 

growth of previous years. 

Current annual production was measured in the spring treatments 

in five of the nine years, 1958, 1959, 1963, 1964 and 1965. In the 

years when not measured, current annual yield was calculated on the 

basis that 40 percent of the previous year's residue remained as 

standing material the following spring. This assumption was made 

after examining the residue carryover in those years when separation 

of new and old growth was made. The average percent carryover of the 

previous year's residue was found to be 42.7 percent with a standard 

error of 5.9 percent. The median percentage carryover of the previous 

year's residue was 38.4 percent and so the arbitrary value of 40 per- 

cent was used for the calculations. 

Spring Grazed Pastures. Yields of crested wheatgrass obtained on 

the study area over the nine -year period are summarized in Table 13. 

Average yields were greatest under light use and least under heavy 

use. Maximum yields were generally obtained in the first year of the 

study (1957) but the moderately grazed pasture had a slightly greater 

yield in 1963. Minimum yields occurred in 1960 in all pastures. 



Table 13. Nine -year average total yield (current production plus dry forage carryover from previous 
year) and current production by intensity of use in the spring season. 

Light 
Total T Current 

Average 730 

Standard error 81 

Maximum yield 1040 

Minimum yield 386 

Ratios Maximum/ 
Minimum 2.7 

Grazing 
Moderate 

Total Current Total 
(Pounds per Acre 

Intensity 
Heavy 

592 695 

66 100 

881 970 

303 284 

2.9 3.4 

Averages 
Total Current 

588 575 516 667 566 

so 75 60 50 39 

869 984 826 998 822 

242 274 254 317 279 

3.5 3.6 3.2 3.1 2.9 

. Curren 

. 

. 
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Current yields were 2.9, 3.5 and 3.2 times greater in the year of 

maximum production than in the year of minimum production under 

light, moderate and heavy grazing use respectively. 

A strong relationship was found between current yield and May. 

June (r 0.86) or May (r = 0.75) precipitation at the study area 

(Figures 13 and 14). May was the most important single month for the 

growth of crested wheatgrass. Temperatures were generally suitable 

for rapid growth in this month when precipitation was favorable. 

Precipitation in June permitted growth to continue but had less in- 

fluence on yield (r 0.63) than May precipitation. April -May -June 

or April -May precipitation, at Point Springs, may have shown a 

stronger relationship to yield than May -June precipitation. Since 

April precipitation was measured with the winter precipitation, these 

comparisons were not possible. The relationship between current 

yield and April- May -June or April April -May precipitation at Strevell (r 

0.86 and 0.89) was no better than for the May -June precipitation at 

Point Springs. September through June precipitation at Point Springs 

showed less of a relationship to current yield (r - 0.66) than May. 

June or May precipitation. 

Current annual yield by grazing intensity is shown in Figure 15. 

Yields were comparable under the three intensities of use through the 

first five years of the study. Following the extremely dry years of 

1960 and 1961, yields in the heavily grazed pasture were consistently 

less than in the lightly and moderately grazed pastures. The 1965 

yield in the heavily grazed pasture was 152 pounds less than yield in 

the lightly grazed pasture and 179 pounds less than in the moderately 

s 
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Figure 13. Average annual yield in the spring grazed pastures and 
precipitation during May and May -June at the Point Springs 
experimental area. 

900 - 

\ . 

. 

V 
-`f 

\ 
' 

''y .. 

ti 

, 

' 

, 

. // 
' 

__ o-, IL . t .. r . -r . i I '0.; - 

z 

1 



74 

;' --:..- 
-r _ ." 61 

v. ` 
-1t444101)' 

Figure 14. Illustration of variation in yield due to fluctuations in 
growing season precipitation. Numbers indicate year 
photograph was taken. 
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Figure 15. Annual yield of crested wheatgrass by grazing intensity 
for the spring season. 
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grazed pasture. In contrast, yield was six pounds greater in the 

heavily grazed pasture in 1957 than in the moderately or lightly 

grazed pastures. The yields under light and moderate grazing in 

1963, 1964 and 1965 suggest that higher residue levels from the pre- 

vious year may have a slightly detrimental effect on current produc- 

tion. In the moderately grazed pasture, when residue from the pre- 

vious year exceeded that in the lightly grazed pasture by 86 pounds, 

current yield was less. Previous year's residue was 143 pounds 

greater in 1963 and 108 pounds greater in 1965 under light grazing 

than under moderate grazing while current yield was 208 and 27 pounds 

less than in the moderately grazed pasture in the two years respec- 

tively. Although this relationship between yield and residue levels 

has been suspected by the writer, additional research is needed to 

test the validity of the assumption. 

Since the average current yield of all pastures and May -dune 

precipitation were found to be strongly related, the relationship 

or lack of relationship of current yield and May -June precipitation 

was used to indicate the effect of grazing on yield. It was assumed 

that the major part of the variability not explained by variation in 

May -June precipitation was due to the effect of grazing intensity.. 

Variation in yield accounted for by variation in May --June precipita- 

tion was 77 percent in the lightly grazed pasture (r « 0.88), 77 per- 

cent in the moderately grazed pasture (r . 0.88) but only 48 percent 

in the heavily grazed pasture (r - 0.69). 

Fall Grazed Pastures. The nine -year average total yields (cur.+ 

growth plus residue from previous year) for the fall grazed pas- 

76 

rent 
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tures are presented in Table 14. Average total yield was least in the 

heavily grazed pasture (564 pounds per acre) and about the same in 

the moderate and light use pastures (733 and 740 pounds). Maximum 

yields were obtained in 1965 under light and moderate use and in 

under heavy use, Minimum yields were obtained in 1960 or 1961. 

yields were 3.7, 7.5 and 3.8 times as great in the year of maximum 

production as in the year of minimum production for the light, moder- 

ate and heavy grazing intensities respectively. 

The relationship of total yield to May -June precipitation was 

better in the fall pastures (r = 0.92) than total yield = 0.79) or 

current yield (r a 0.86) in the spring pastures. The relationship of 

yield and May -June precipitation would probably have been greater if 

current yield values were available. That part of the total yield 

derived from the previous year's residue lessened the yield- preeipt 

tion relationship in the spring grazed pasture and could be expected 

to have the same influence in the fall. Since residue carryover from 

the previous year was least in the heavily grazed pasture of the 

fall season, total yield -precipitation relationships of this pasture 

would approximate more closely the current yield -precipitation rela- 

tionship than total yields in the light or moderate use pastures. 

Approximately 94 percent (r = 0.97) of the variation in yield of the 

heavily grazed pasture was accounted for by variation in May -June 

precipitation as compared to 76 percent (r 0.87) and 83 percent 

(r 0.91) in the light and moderate intensity pastures. 

The data show that the level of grazing influenced ;yields more 

in the spring than in the fall season. The difference in total yields 

1963 

Total 

(r 

= 



Table 14. Nine -year average total yield (current production plus dry 

forage carryover from previous year) by intensity of use 
in the fall season. 

Grazing Inter ity 
Light 

t 
Moderate I Heavy t Average 

(Pounds per acre) 

Average 733 740 564 679 

Standard error 106 153 101 70 

Maximum yield 1222 1315 937 1128 

Minimum yield 327 176 247 250 

Ratio: Maximum/ 
Minimum 3.7 3.8 4,5 

78 
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between heavy fall grazing and the moderate and light grazing 

treatments was attributed primarily to differences in the amount of 

residue carried over from the previous year. Residue the previous 

year averaged 360 and 266 pounds per acre under light and moderate 

grazing and 140 pounds per acre under heavy grazing. 

Yield and Residue Relationships 

The relationship between the amount of residue the previous 

year and the initial production in all the spring pastures at the 

beginning of the trials is shown in Figure 16. Residue the previous 

year accounted for 49 percent (r v 0.70) of the variation in yield 

at the beginning of the trials. Within the range of residue values 

obtained, each 100 pounds increase in residue remaining after grazing 

in the previous year could be expected to produce an average increase 

of 37 pounds per acre (Y a 112.4 + .37X) in initial production. 

Only 32 percent (r 0.57) of the variation in initial yield was 

accounted for by the amount of the previous year's residue in the 

light grazing treatment, 49 percent (r m 0.70) in the moderate 

treatment but 85 percent (r 0.92) in the heavy spring treatment, 

Table 15. Photosynthetic tissue in amounts above that required to 

maintain optimum vigor and production would not be expected to 

influence production the following year. This apparently was the 

case under light and moderate grazing in most years of the study. 

The heavy intensity treatment was probably a more realistic test of 

the residue -yield relationship. In this treatment, each 100 pounds 

of increased residue produced an average increase of 64 pounds of 

initial growth the following year (Y m 80.9 + .64X; ey,x - 47.3). 

u 
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Figure 16. Relationship of residue the previous year and initial 
forage production in the spring grazed pastures. 
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Table 15. Average residue previous year, initial annual production 

(about May 1), total annual production in pounds per acre 

and correlation coefficients of production with residue 

the previous year and May -June precipitation in the spring 

treatments. 

Light Moderate Heavy 

Average Residue Previous Year 

Range 

Average Initial Production 

Range 

Average Annual Production 

Range 

389 

83 -720 

289 177 

-699 31 

233 229 195 

70 -402 89-459 84 -407 

593 588 516 

303 -820 242 -820 254.826 

Correlation Coefficients; 

Residue Previous Year and 
Initial Annual Production 0.57 0.70 0.92 

Residue Previous Year and 
Annual Production 0.40 0.65 0.70 

May -June Precipitation and 
Growth Increment 0.92 0.93 0.90 

- - - 

' 
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Residue the previous year had less influence on annual production 

than initial production and accounted for only 34 percent (r = 0.58) 

of the variation in average annual production. In the heavy spring 

treatment, only 49 percent (r = 0.70) of the variation in annual yield 

was accounted for by the residue remaining in the previous year. As 

mentioned previously, May -June precipitation had a strong influence on 

crested wheatgrass yields and was more important than residue after the 

first of May. May -June precipitation accounted for approximately 85 

percent of the variation in growth increase after the first of May in 

the light and moderate treatments and 81 percent in the heavy treat- 

ment, Table 15. 

Except for providing protection against extremes of temperature, 

fall residue levels would be expected to have little influence on 

current production the following year. Since growth was complete at 

the beginning of grazing in the fall, little or no interruption of 

vital plant functions occurred because of grazing at any level during 

this season. 

Supplementary Vegetational Rata 

The results of the step point sampling in 1964 are presented in 

Table 16. The unvegetated area is slightly greater, litter cover much 

less, crested wheatgrass cover less and halogeton cover greater under 

heavy spring grazing than under the light and moderate spring grazing 

intensities. Seedlings were not encountered in the spring pasture 

used at the heavy intensity. Close grazing in this season does not 

permit seed production in most years nor is this level of grazing 

conducive to seedling establishment. 

- 

. 
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Table 16. Basal cover of vegetation on the Point Springs experimental pastures as determined by the 
step point method in 1964. 

Spring Fall 
Category .1.10.111 Light Moderate 

Percent 
Heavy Light Moderate 

(Percent) 
Heavy W 

Bare ground 63.2 61.2 78.8 57.3 54.7 58.3 

Litter 23.7 26.0 9.3 28.3 34.2 30.2 

Total unvegetated 36.9 87.2 88.1 85.6 88.9 88.5 

Agropyron cristatum and A. desertorum 12.3 10.5 9.5 11.3 9.3 7.8 

A. cristatum and A. desertorum seedlings 0.2 0.3 7.0 1.3 2.2 

Poa secunda 0.5 0.3 

Artemisia tridentate 0.2 0.2 

Chrysothamnus viscidiflorus var. pumilus 0.2 0.3 

Opuntia rhodantha and O. polycantha 0.2 0.2 0.2 0.2 0.2 

Astragalus beckwithii 0.2 

Leptodactylon pungens 0.2 

Halogeton glomeratus 1.0 2.0 0.2 0.2 

Lepidium perfoliatum 0.2 1.0 

Salsola kali var, tenuifolia 0.3 0.2 0.2 

TOTAL HITS 100.1 100.1 100.0 99.9 100.1 100.1 

, 

---- 
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small differences occurred in bareground and litter cover 

among the three intensities of fall grazing. Crested wheatgrass 

cover was least in the heavy -use pasture but seedlings of crested 

wheatgrass were more common than in the other two fall grazed pas- 

tures. 

Halogeton occurred in small amounts in both the moderately and 

heavily grazed pastures in both seasons of use. Other annual plants 

occurred in small openings around ant clearings and on rodent disturbed 

areas in the pastures. The particular species present in any one year 

varied with the growing conditions during that year. Some of the more 

common annual plants were pepper grass, tansy mustard, Russian thistle. 

bassia (Bessie ss hyssopifolium) and annual stickseed (Lappula redowski). 

Perennial forbs such as foothill death camas, loco weed, globe 

mallow (Sphaeralcea munrotna), plains mustard (Sisymbrium linifolium), 

desert parsley (Lomatium macdougali) and others were found scattered 

through the pastures. 

Sandberg bluegrass was scattered; streambank wheatgrass 

(Agropyron ri arium was found in localized spots; squirreltail grass 

and Indian ricegrass were observed only occasionally. Cheatgrass 

(Bromus and six'. =peeks fescue (Festuca octoflora) occurred 

in small amounts in some years, 

two seasons 

acre. 

Animal Responses 

responses under the different intensities of use in the 

were evaluated by changes in animal weight and gain per 

Only 

tectoruw 

Animal 
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Stocking Rates 

Stocking rates expressed in animal months per acre varied with 

yearly forage production anticipated forage production in the 

spring), intensity and season of use, Table 17. Stocking rates aver- 

aged higher for the fall than the spring grazed pastures and were 

highest under the heavy intensities of use and least under the light 

intensity treatments. Average rates ere 0 74, 0.87 and 0.93 animal 

months per acre under light, moderate and heavy spring grazing re- 

spectively. Rates in the fall season averaged 0.82, 1.01 and 1.06 

animal months per acre under the light, moderate and heavy grazing 

intensities. 

Yearly exceptions to the pattern described above occurred in both 

the spring and fall seasons, Variations in total pasture production 

resulting from weather conditions and the level of grazing use the 

previous year were primarily responsible for these deviations. For- 

age remaining unused in one year added to the total supply the follow- 

ing year. The proportion that the residue contributed to the total 

production depended on growing conditions in the two years. Favor- 

able growing conditions followed by e year of lo, production made 

this residue of greater importance than where a favorable year fol- 

lowed a poor year. Residue remaining in the fall grazed pastures at 

the conclusion of the trial in 1959 was 265, 73 and 13 pounds per acre 

under light, moderate and heavy grazing and poor growing conditions 

in 1960 limited the current production so fewer animals were needed 

to obtain the desired level of use under heavy grazing than light or 

moderate grazing. 

(or 



Table 17, Stocking rates in 
through 1965. 

per use from 1957 

Year 

Months Per Acre 
Fall 

Light Moderate Heavy Average Light j Moderate 
j 

Heavy 
j 

Average 

1957 0.59 0.56 0.85 0.67 0.95 1.43 1.64 1.34 

1958 0.70 1.33 1.39 1.14 0.71 0.87 0.74 0.77 

1959 0.83 0.85 0.78 0.82 0.58 0.60 0.83 0.67 

1960 0.67 0.85 0.78 0.77 0.47 0.37 0.29 0.38 

1961 0.55 0.41) 0.61 0.52 0.34 0.34 0.54 0.41 

1962 0.40 0.43 0.62 0.48 0.43 0.61 0.68 0.57 

1963 1.18 1.18 1.30 1.22 1.12 1.39 1.54 1.35 

1964 1.06 1.39 1.20 1.22 1.30 1.43 1.67 1.47 

1965 0.76 0.82 0.85 0.81 1.49 2.04 1.61 1.71 

Average 0.74 0.87 0.93 0.85 0.82 1.01 1.06 0.96 

animal months acre for each intensity and season of 

Animal 
Spring 

1 { 

rn 
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Forage Consumption 

Daily forage consumption was calculated using the difference in 

forage yield before and after grazing and the animal days of grazing 

per acre. The average daily consumption for the nine -year period was 

greatest under light grazing and least under heavy grazing in both 

seasons, Table 18. Consumption in the heavy fall treatment averaged 

one pound less than in the heavy spring treatment but there was little 

difference between the comparable light or moderate grazing treatments 

in the two seasons. 

A number of factors apparently influenced average daily forage 

consumption and these varied in the amount of their effect among 

seasons and years of the study. Consumption would be expected to be 

higher in the spring of the year, when the forage was green and grow- 

ing, than in the fall, when it was generally dry. Average spring 

consumption, however, was higher in only four of the nine years and 

about equal in one year. Varying weather conditions and the presence 

or absence of fall growth probably contributed to this discrepancy. 

Several other interacting factors probably influenced consumption 

and made it difficult to relate forage available or residue after 

grazing to consumption. A more leafy forage with a greater palata- 

bility may have compensated for lower production in some years and 

some pastures. Varying animal and herd temperament along with vary- 

ing mixtures of heifers and steers may have influenced consumption 

among years, seasons and intensities. Horn flies (Haematobia irritans 

L.) were common at times in the spring and probably had a considerable 

influence on forage consumption. Although not considered important 



Table 18. Total forage production and after grazing residue in pounds per acre and the average daily 
forage consumption per animal in pounds over nine years under three intensities of grazing 
use in two seasons. 

0 

i Light 
i 

Moderate Heavy 

Year 
Total 

Production 

After 
Grazing 
Residue 

Averng,,, 

')eily 

Forgs 
Consumption Production 

Total 
After 
Cring 
Residue 

Average 
Daily 

Forage 
Consumption 

Total 
Production 

After 
Grazing 
Residue 

Average 
Daily 

Forage 
Consumption 

Spring Grazed Pastures 

1957 
r 1040 720 13.0 970 609 16.0 9134 501 19.0 

1958 855 195 16.2 910 248 16.5 502 162 15.3 

1959 583 207 15.1 40A 113 14.4 474 115 15.4 

1960 536 168 10.r3 289 )) 538 4Ç 12.3 

1961 394 83 18.3 284 76 17.5 274 31 13.4 

1962 647 413 19.4 511 270 18.7 4A7 123 17.5 

1963 864 366 14.1 998 452 15.4 597 84 13.1 

1964 1027 496 i66 970 580 14.o 666 135 14.7 

1965 791 396 16.4 839 435 16.6 595 190 16.0 

Average 730 372 16.2 695 304 15 .3 575 154 15.2 

9.2 



Table 18. (continued) 

Light Moderate Heavy 

Year 
Total 

Production 

After 
Grazing 
Residue 

Average 
Daily 
Forage 

Consumption 
Total 

Production 

After 
Grazing 
Residue 

Average 
Daily 
Forage 

Consumption 
Total 

Production,. 

After 
Grazing 
Residue 

Average 
Daily 
Forage 

Consumption 

Fall Grazed Pastures 

1957 885 484 14.0 947 390 12.9 846 245 12.3 

1958 519 241 13.1 491 117 14.4 322 87 10.6 

1959 627 265 20.9 503 73 23.8 486 13 19.1 

1960 444 119 25.1 287 118 15.0 186 82 12.2 

1961 327 196 20.9 176 136 10.2 247 40 16.8 

1962 494 308 12.1 405 195 11.5 344 91 12.3 

1963 1044 628 11.6 1244 553 16.6 937 231 15.5 

1964 1038 436 15.6 1290 484 19.0 860 182 13.5 

1965 1222 292 20.8 1315 241 17.8 846 127 14.9 

Average 733 330 16.9 740 256 15.7 564 122 14.1 

j 

r-, 

. 
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prior to the fall of 1965, the consumption of halogeton may have 

been a factor. Preliminary investigations using animals fitted with 

esophageal fistulas showed considerable variation in the emount of 

halogeton in the diet (Davis, 1966). A forage collection from the 

esophagus of one such animal contained 84 percent halogeton while 

another collection from the same animal had less than 10 percent 

halogeton by weight. 

Animal Gains 

Animal gains were determined by difference in the weight of the 

animals at the beginning and conclusion of each trial. The nine -year 

average gain per animal was 111 pounds in the spring and 29 pounds in 

the fall, Table 19. Animal gains in the spring ranged from a low of 

66 pounds to a high of 159 pounds and were highest in those years of 

high forage production and low in the drier years. The exceptionally 

high gains obtained in the spring of 1963 and 1964 resulted from ex- 

tending the grazing period an additional 39 end 31 days respectively 

over the normal 45 :,eey trial period. Average gain per animal in the 

fall season ranged from -4 pounds to 53 pounds and showed little re- 

lationship to total production. The highest gains generally occurred 

in those years when green growth developed (1959, 1961 and 1963) or 

when the forage had a higher leaf to stem ratio (1960). The only 

year (1964) in which a net loss occurred was one of high total pro- 

duction. Extremely rank growth of crested wheatgrass low in nutri- 

tive value combined with a warm and dusty trial period undoubtedly 

contributed to this loss. 



Table 19. Average initial :eight, ;'veraç e gain pr animal and 
average daily gain per anima l in th,- t-lo grazing 
seasons, spring and fall, over a nine-year period, 
1957-1965 
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Fall ------......- 
Average Average Average Average Average Average 
Initial Gain Per Daily Gain Initial Gain Per Daily Gain 

Year W i ht Animal Per Anim l /c1ht Animal Per Animal 

1957 452 106 2.36 

1958 465 96 2.13 

1959 490 90 2.00 

1960 499 66 1.44 

1961 508 97 2.20 

1962 510 111 2.48 

1963 498 159 189 

1964 503 153 2,01 

1965 508 122 2.18 

Average 493 111 2.08 

529 29 0.66 

495 14 0.31 

518 45 1.14 

574 35 073 

525 42 0.93 

515 53 1.02 

552 34 0.75 

556 -4 -0.09 

43;3 10 0.18 

5:6 29 0.63 

s ri 

: 

. 
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Average daily gain was directly related to animal gain and the 

length of the grazing period. Animals gained an average of 2.08 

pounds daily in the spring and 0.63 pounds daily in the fall over the 

nine -year period. Daily gains in the spring of 1963 and 1964 were 

lower in spite of a higher animal gain because of the extended graz- 

ing period in these two years, 

:Meat of Intensity of Grazing Season on 

Gains. The nine -year average gain per animal in the spring was 115 

pounds under light use, 110 pounds under moderate and 108 pounds under 

heavy use, Table 20. The differences were significant between the 

moderate and light, and the heavy and light grazing intensities 

(LSD = 4.4) but not between the moderate and heavy grazing treatments 

(LSD e 4.3). The nine-year average daily gains were 2.15, 2.05 

and 2.03 pounds under the light, moderate and heavy grazing treat- 

ments respectively The average daily gains under heavy and moderate 

grazing were sign:: icantly less than light grazing (LSD = 0.09) but 

gains in the moderate and heavy intensity were not significantly 

different (LSD = 0.08). 

Average gain per animal and average daily gain were just au 

likely to be higher in the heavily grazed pasture than in the lightly 

grazed pasture during the early years of the study but have been 

consistently lower in the lest five years, This probably resulted 

from high forage production and under -utilization in 1957, over - 

utilization of the lightly grazed pasture in 1959 and unexplained 

reasons in 1960. Declining forage production in the heavily grazed 

pastures, because of lowered plant vigor, and the attainment of 

in the Spring Animal 



Table 20. Average teeter animal weights 

a nine-year period, 1957-1965. 
the spring over 

Year 

Intensity 
Moderate Heavy 

Average 
Initial 
Weight 

Average 
Gain Per 

Average 
Initial 
Weight 

Average 
Gain Per 
Animal 

Average 
Initial 
Weight 

Average 
Gain Per 
Animal 

(Pounds) (Pounds) (Pounds) 

1957 448 108 456 96 451 114 

1958 465 97 465 99 465 92 

1959 487 91 500 86 483 92 

1960 509 67 499 56 490 76 

1961 507 110 522 102 496 79 

1962 524 116 510 112 495 105 

19631 512 157 498 172 484 147 

19641 488 168 499 142 523 149 

19651 512 122 508 124 504 120 

Average 494 115 495 110 488 108 

are for an 84 -day period in 1963, a 76 -day period in 1964 and a 56 -day period in 1965. 

and gains in season for three intensities 

Light 
. 

Animal 

1 Gains 
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utilization values close to the desired levels in the last five years 

produced the lower animal gains under heavy use. 

Average daily gain by periods within seasonal trials reflected 

the relationship of animal response to quantity and quality of forage, 

Table 21. Animals generally made their best gain in the spring during 

the first 28 days of the trial period and there was only a slight dif- 

ference among intensities of use during this time. The quantity and 

quality of the forage was more than ample in all pastures during this 

period. As quantity of forage declined because of grazing, and 

quality declined because of the advancing stage of maturity of crested 

wheatgrass and grazing, average daily gains declined. Daily gains 

were least under heavy grazing (1.59 pounds) and greatest under light 

grazing during this period. The only loss of weight in the spring 

occurred under heavy grazing in the second period of the 1961 trial. 

Residue remaining after grazing was only 31 pounds per acre and the 

animals were not able to consume enough forage to maintain their 

weight. 

Unexpected information on another factor that influenced animal 

gain was obtained in 1964. Weights were taken for three periods due 

to the extended length of this trial (76 days) and gains during the 

third period were higher than during the second period except in the 

lightly grazed pasture where they were about equal. The horn fly 

became particularly abundant and bothered the yearling cattle during 

the second period. A fly control program at the beginning of the 

third period solved this problem and gains increased even though 

nutritive quality and quantity of forage had declined. Horn flies may 

. 

' 

: 



Table 21. Average 
nine years, 

gain Pee 
1957-1965. 

animal by period for the spring 

Light Moderate 

Period Period Period Period Period 
3 Total4 1 2 

season of livestock nee over 

1957 2.30 2.56 2.40 2.60 

1958 2.36 1.82 2.15 2.36 

1959 2.15 1.79 2.02 2.11 

1960 1.82 0.86 145 á 1.67 

1961 2.59 2.37 2.51 2.54 

1962 
, 

2.42 2.87 2.59 `' 2.64 

1963 2.09 2.17 1.87 2.21 

1964 ' 2.31 2.16 2.14 2.21 2.37 

1965 2.59 1.77 2.19 2.54 1.89 

Average 2.29 2.04 2.34 1.69 

195 

1.60 

0.55 

1.91 

2.26 . 

2.21 1.75 

1.48 1.70 

Pounds 

2.13 2.39 2.78 

2.20 2.16 1.85 

1.92 2.36 1.55 

1.23 1.91 1.23 

2.31 3.11 -0.54 

2.50 2.42 2.19 

2.06 ' 2.17 2.04 1.03 1.75 

1.87 2.06 1.58 2.34 1.96 

2.21 2.63 1.64 2.13 

2.05 2.36 1.59 2.02 

2.53 

2.04 

2.06 

1.65 

1.79 

2.34 

1 Twenty -eight -day period. 
2 A 16- to 18 -day period except in 1963, 1964 and 1965 when this period was 28 days in length. 
3 A 28 -day period in 1963 and a 20 -day period in 1964. 
4 Total trial period was 44 to 46 days except in 1963 when it was 84 days, 1964 when it was 76 days 

and 1965 when it was 56 days. 

daily 

Year 
Period 

2 Total 
Pounds 

1.36 

,' 

1.35 

2.15 . 

" 

. 

Intensit 
Heavy 

1 

Period 
1 

Period Period 
2 3 Total 

(Pounds) 
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have been responsible for some of the variation that occurred in other 

years but there was no way to evaluate this factor prior to 1964. 

Effect of Intensity of Grazing in the Fall Season on Animal 

Gains. The nine -year average gain per animal in the fall was 30 

pounds with light grazing, 29 pounds with moderate and 28 pounds with 

heavy grazing, Table 22. The differences among the treatments were 

not significant. Animals responded as well or better in the heavily 

grazed pasture as in the lightly and moderately used pastures in six 

of the nine years. The least residue from the previous year was 

found in the heavily grazed pasture and this resulted in a higher 

quality forage than in the lightly and moderately grazed pastures, 

particularly in years of high production. 

Average daily gains in the fall were much less than in the spring. 

gains during the first period of the trial were much greater 

than during the second period and averaged more under moderate and 

heavy grazing than under light grazing, Table 23. Losses or no gain 

occurred during the second period in four of the nine years under 

light grazing, five under moderate grazing and seven under heavy 

grazing. The forage supply was exhausted more rapidly under heavy 

grazing and animals were unable to eat a sufficient quantity of the 

low value forage to maintain their weight. 

Gain Per Acre 

Gains per acre were the combined result of animal gain and 

stocking rate. The gain per animal and the number of animals in any 

year varied with forage production and degree of utilization and, as 

a result, wide variability in gain per acre occurred among years. 

Daily 



Table 22. Average tester weights and gains in the fall season for three 
a nine -year period, 1957-1965. 

over 

Year 

1957 

1958 

1959 

1962 

1963 

1964 

1965 

Average 

Average Average 
Initial Gain Per 
Weight Animal () 
526 

5oo 

509 

551 

500 

522 

526 

549 

26 

16 

46 

24 

63 

56 

37 

3 

30 

Intensity 
Moderate 

Average Average 
Initial Gain Per 
Weight Animal 

(Pounds) 

Average 
Initial 
Weight 

Average 
Gain Per 
Animal 

(Pounds) 

537 33 

499 13 

533 45 

522 42 

517 27 

528 41 

537 

533 

648 17 

539 28 

animal intensities 

1960 

1961 

Light 

. 

Heavy 

525 28 

487 13 , 

511 45 

529 40 

558 36 

496 63 

533 29 

527 -5 

644 6 626 7 

536 532 29 

35 



Table 23. Average daily gain per animal by period for the fall 
years, 1957 -1965. 

of livestock use over nine 

Year 

Light Moderate Heavy 
Period 

11 

Period 
22 Total 

Period 
1 

Period 
2 Total 

Period 
1 

Period 
2 Total 

(Pounds) (Pounds) (Pounds) 
1957 0.74 0.31 0.58 0.93 0.11 0.63 1.17 0.00 0.74 

1958 0.49 0.11 0.35 0.32 0.24 0.29 0.48 -0.02 0.29 

1959 1.58 0.02 1.12 1.90 -0.80 1.11 1.90 -0.87 1.09 

1960 1.04 -0.33 0.53 1.41 0.07 0.90 1.15 0.55 0.92 

1961 1.40 1.37 1.39 1.52 -0.41 0.79 1.15 -0.30 0.60 

1962 1,36 0.74 1.07 1.58 0.78 1.21 1.30 0.20 0.79 

1963 1.44 -0.21 0.81 1.08 -0.05 0.65 1.27 .0.06 0.77 

1964 -0.06 -0.19 -0.11 0.62 -1.28 -0.10 0.64 .1.19 -0.05 

1965 1.40 -1.19 0.11 1.02 -0.76 0.13 1.20 -0.84 0.18 

Average 1.04 0.07 0.65 1.15 -0.23 0.62 1.14 -0.28 0.59 

1 
Twenty- eight -day period 

2 A 17 +day period except in 1957, 1959, 1962 and 1965 which had 16 

3 
periods respectively. 

2 A 45 -day trial except in 1957, 1959, 1962 and 1965 which had 44-, 39 -, 52- and 56 -day trials 
respectively. 

24- and 28 -day second 

season 

11 -, 

Intensity 

. 
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Average gain per acre was higher for the spring grazed pastures (51.9 

pounds) than for the fall grazed pastures (14.3 pounds), Table 24. 

Gains Per Acre in the Spring Season. Average gains per acre were 

higher under heavy grazing .(56.2 pounds) than under moderate (52.1 

pounds) or light (47.4 pounds) grazing intensities in the spring 

season, Table 24. Although the differences were not statistically 

significant (LSD = 19.5) because of the large variability among years, 

they were considered important to the livestock producer. 

Gains per acre were least during the dry years of 1960 and 1961 

and generally greatest during the years of high forage production. The 

higher gains in the spring of 1958 than in 1957 (there was a greater 

forage production in 1957 than 1958) resulted from less than desired 

utilization of the forage in 1957 and consequently a large carryover 

of forage residue to 1958 when the pastures were more closely grazed. 

Since stocking rate varied with total pasture production, the 

light and moderate grazing treatments had about the same or more ani- 

mals than the heavy treatment in some years (Table 17), particularly 

where residue from the previous year was a substantial part of the 

total production. In other years, when gain per acre was less in the 

heavily grazed gr pastures, the slight difference in stocking rate was 

offset by higher gains per animal. Gain per acre was higher in the 

light use pasture in two of the nine years, three in the moderate use 

and four in the heavy use pasture during the spring season. 

Gains Per Acre in the Fall Season. Gains per acre in the fall 

season averaged more under heavy grazing (17.0 pounds) than under 

moderate (14.1 pounds) or light (12.0 pounds) grazing intensities, 

d5 

,. 

, 



Table 24. Cattle gains per acre under three intensities of use in two seasons over a nine -year 
period, 1957 -1965. 

Spring 
Year Light Moderate Fie Ave: 

(Pounds) 

1957 42.6 36.2 64.4 47.7 

1958 45.4 88.4 85.4 73,1 

1959 50.1 48.8 47.8 48.9 

1960 29.1 31.5 38.5 33.0 

1961 41.4 27.7 32.4 33.8 

1962 31.1 32.1 43.4 35.5 

1963 66.3 72.7 68.4 69,1 

1964 70.8 77.6 70.8 73.1 

1965 i 50.2 54.2 54.7 53.0 

Average ` 47.4 52.1 56.2 51.9 

17,0 

7.4 

20.5 

7.4 

14.4 

14.0 

27.3 

-4.4 

4:.8 

12.0 

27.1 

7.5 

21.0 

10.4 

8.2 

22.7 

28.0 

-4.5 

8.0 

14.1 

Heavy Average 
ands 

36.5 

6.5 

2C9 

7.1 

28.5 23.3 

7.9 8.6 

9.6 10.7 

16.3 17.7 

35.6 30.0 

-2.8 -3.9 

14.7 9.2 

17,0 14.3 

. 
Light Moderate 

Pall 

. 

' 

8 
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Table 24. These differences, however, were not 

different (LSD 12.2). 

Factors other than forage production influenced gains per acre 

in the fall than in the spring season. Relatively high gains 

made in 1957 and 1963, years of high forage production but the 

lowest gains per acre (1964) were also made in a year of high forage 

production. Green growth in the fall of 1959 produced better gains 

than some years of higher production (1964 and 1965). Animals used 

in the study during the latter years were generally in better con- 

dition than those used in the early years and consequently gained 

less than the thinner animals. 

Gain per acre was greater in one year under light use, three 

years under 

last three years, gains per acre have been consistently better under 

heavy use than in the other two intensities of grazing. Forage 

quality appears to be better under heavy use because of the finer 

stems and less residue from previous years. 

use and five years under heavy use. During the 

DISCUSSION AND CONCLUSIONS 

Success in range livestock management depends on proper use of 

the forage plante by grazing animals. Excessive grazing leaves the 

forage plants with less than adequate photosynthetic tissue to carry 

on the life processes and, consequently, forage yields decline and 

lower animal production results. Removal of foliage at levels less 

than that required to maintain forage plant productivity results in 

less than optimum animal production. 

significantly 

a 

more 

were 

moderate 
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The amount of foliage that may be safely removed from plants 

by grazing animals varies with both the season of grazing and the 

particular plant species involved. In addition, variation in site 

characteristics (soil, slope, aspect, etc.) and yearly or growing 

season weather conditions modify the safe levels of foliage removal 

for a particular species. 

Balancing the grazing animal's food requirements with the re- 

quirements of the forage plants for sustained production is one of 

the more critical aspects of range management. Large areas of poor or 

depleted range land in the Intermountain region attest to failure in 

achieving this balance in the past. In the author's opinion, this im- 

balance between animal forage requirements and forage supply resulted 

from (1) the nature of the climatic conditions of the Intermountain 

region, (2) lack of knowledge about plant requirements and tolerances 

to grazing and (3) growth characteristics of one of the important for- 

age species of the region. Weather conditions in the Intermountain 

region are generally permissive of early spring grazing (April and 

May). The feeding of hay and supplements increases the costs of 

operation and the longer this must be done the less successful is the 

ranching enterprise. Because of this, animals were often turned on 

the sagebrush -grass type of range land as early as weather permitted 

(late March or early April). One of the principal forage plants in 

the sagebrush-grass type is bluebunch wheatgrass. This species 

readily succumbs to grazing in April and May and consequently the 

early grazing of this species resulted in poor or depleted range over 

large areas. In contrast, crested wheatgrass persists under early 
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grazing and is well adapted to the environmental conditions of the 

Intermountain region. 

Although crested wheatgrass withstands early grazing, it is not 

known what levels of foliage removal or grazing practices are most 

productive of livestock and livestock products. Range managers have 

generally recommended conservative levels of utilization and stocked 

crested wheatgrass seeded range accordingly because of past experience 

with bluebunch wheatgrass. Until recently, little information was 

available to dictate otherwise. The present study, as well as studies 

by other workers, indicated that grazing use of crested wheatgrass 

can be more intense than the 50 percent utilization recommended for 

bluebunch wheatgrass. To graze crested wheatgrass seeded range at 

less than full sustained capacity is wasteful of the resource and 

this is undesirable as land area for livestock production decreases 

and competing uses, for the land remaining, increase. 

of Grazing 

Spring Grazing 

Weather conditions during the years of this study influenced 

plant and animal response more than intensity of grazing. The number 

of crested wheatgrass plants, their distribution over the area and 

yields were closely related to the Iy.June precipitation at Point 

Springs. The accumulated effect of several years of heavy spring 

grazing, however, was becoming apparent near the end of the study. 

Plant distribution was less uniform in the heavily grazed pasture 

after 1960 than in the lightly and moderately grazed pastures and 

Season and Intensity 
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the annual yield was 130 -150 pounds lese in 1965 than under light 

or moderate grazing. Density in the heavily grazed pasture was 

similar to that in the pastures grazed at lighter intensities but 

this resulted from the fragmentation and separation of the heavily 

grazed plants into smaller units. Plant fragmentation indicates a 

decreasing vigor and this is supported by decreasing yields and 

greater quantities of undesirable plants, such as balogeton, in the 

heavily grazed pastures. 

In spite of the lower vigor and decreasing yield, crested 

wheatgrass has persisted to a remarkable degree under the heavy 

intensity treatment in the spring. The trend of lower production 

and declining frequency, however, appears to be well established and 

will probably continue if this treatment is maintained. It is very 

probable that the differences between heavy grazing and the other 

intensities would have been greater in 1965 were it not for the ex- 

ceptionally favorable growing conditions that occurred in the last 

three years of the study. 

There was little difference in density, frequency or yield of 

crested wheatgrass in the lightly and moderately grazed pastures 

through the years of the study. The animals were more selective in 

the lightly grazed pasture and consequently utilization was patchy. 

Some plants were heavily grazed year after year, others 

grazed and all stages between these extremes were found (Figure 17). 

The patchy grazing pattern is undesirable because all plants are 

not contributing equally to livestock production. 

were un- 
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Figure 17. Illustration of patchy grazing in lightly grazed 

crested wheatgrass pastures. The coarse ungrazed 
plants, "wolf plants ", remain ungrazed each year. 
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Animal response was as good or better under heavy grazing in 

the early years of the study. Decreasing forage yields in the heavy 

grazing treatment were not pronounced until after 1962 and so little 

difference in animal response among intensities of use would be 

expected. Average animal gain was generally least under heavy grazing 

after forage yields began to be less than in the light and moderate 

treatments. That this was due to decreasing quantities of available 

forage was apparent from the gains made in the different periods of 

each trial. Gains were comparable under the three intensities of use 

in the first 28 days of the trial period but were least under heavy 

grazing during the subsequent period. In spite of this, differences 

in animal gain were generally not large among the three intensities of 

use. The average difference was two pounds between heavy and moderate 

and seven pounds between heavy and light. Compensating for lower 

forage production, at least in some years, was a better quality of 

forage in the heavily grazed pasture. Three year (1963, 1964 and 1965) 

average protein contents of the forage samples collected after grazing 

in the lightly, moderately and heavily grazed pastures were 5.08, 5.14 

and 7.77 percent. 

Gain per acre averaged 8.8 pounds more in the heavy grazing than 

the light grazing treatment and 4.1 pounds more than in the moderate 

grazing treatment. Gain per acre, however, was sometimes greater 

under light use and moderate use than under heavy use. Due to varying 

amounts of residue carried over from the previous year, the light and 

moderate grazing intensities sometimes required more animals than the 

heavy intensity to obtain the desired degree of utilization. In these 



differruoes in animal numbers were small mime 

gains per acre were 

treatments. Gains per 

exceeded those under heavy grazing in only two years while Seine Per 

acre under moderate grazing exceeded those under heavy grazing 

four years and the difference was lees than one pound in another 

There appears to be a trend developing in which grain per acre under 

moderate grazing will consistently exceed that under heavy dmithit* 

On the basis of plant and animal responses during the spring, 

light grazing is not recommended for crested vitiators** seeded rms. 

the Intermountain region. Patchy grazing, lOwer gait per 

insufficient benefit from differences in gain per animal ars 

for this conclusion. Heavy spring grazing appears to he 

undesirable because of declining forage yields and the trend to lower 

per acre. Moderate spring grazing maintained stand 

distribution and production as well as light grazing, produced 

slightly leas than light grazing, and gains per acre 

than under heavy grazing. 

the light or 

As far as 

grazing intensity in the 

vigor or annual yield 

herbage, however, was least in the 

was largely due to the amount 

results of this study, 

effect on stand density, 

tgrass. Total available 

grazed pasture but this 

residue carried over from the previous 

year. Some difference in annual and total yield probably occurred in 

the drier years due to differences in the amount of the saltier soils 

years, or when the 

intensities, higher obtained in 

moderate grazing acre under light grazing 

in 

year. 

land in 

sore and 

the reasons 

animal gains 

density, 

animal gains only 

only slightly less . 

y 

can be determined from the 

fall had little 

plant of crested 

heavily 

of 
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in the heavily grazed pasture. A greater proportion of the area in 

the heavy grazing treatment was occupied by soils of the Point Springs 

series and growth was limited on these soils during the dry years 

because of high salt ooncentrations. 

Animal response was similf,:r in the three intensity treatments. 

Average gain per animal was only two pounds less under heavy grazing 

than under light grazing and gain per acre was five pounds more under 

heavy grazing than light grazing. Gain per animal was higher in the 

lightly grazed pasture mainly during the years in which fall growth 

occurred and greater in the heavily grazed pasture in other years. 

the amount of forage available per animal was greater under 

grazing, the animals selected more of the green growth than 

under the moderate or heavy intensities of use. During years when 

green growth did not develop, the residue from the previous year had 

a lower nutritive value than current year's production and this was 

greater under the light grazing treatment than the moderate or heavy 

treatments. 

Gain per acre was generally higher under heavy grazing but was 

lees in some years when a greater number of animals stocked the 

lighter intensity pastures. This happened when residue from the 

previous year made up a large proportion of the total production in 

the light and moderate treatments. 

There is no reason to recommend less than 80 percent forage 

utilization in the fall of the year based on plant and animal 

responses during this study. 

Since 

light 
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Utilization and Residue as Guides to Crested teatgrass Management 

original objective of this study was to determine the optimum 

level of grazing crested wheatgrass with regard to stand maintenance, 

forage productivity and animal response. In this respect, the opti- 

mum level would appear to be moderate grazing in the spring and heavy 

grazing in the fall as indicated in the previous discussion. 

this point and say that the objective was accomplished ignores a 

great deal of information that might be useful in establishing 

management programs for optimum animal production. 

The average utilization values for the experimental pastures over 

the nine years of study were close to the selected levels of 50, 65 

and 80 percent but yearly values deviated widely from these selected 

levels, Table 25. Because it was necessary to set stocking rates in 

the spring grazed pastures at the beginning of the rapid growth period 

for crested wheatgrass, it was difficult to obtain consistent levels 

of utilization. Animals varied in their rate of consumption, both 

spring and fall, according to the character of the forage, weather 

conditions, individual animal and herd temperament, presence or 

absence of insect pests and, probably, other factors. The wide 

deviation in utilization values from the designated levels makes it 

doubtful that a specific level of use could be recommended for the 

proper management of crested wheatgrass. 

There are a number of other reasons for questioning the use of 

some oonst nt utilization value as the principal guide for management 

of crested wheatgrass, or even other forage species. Proper utili- 

zation percentages of range forage imply that a given proportion of 

The 
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Table 25, Nine -year average percent utilization, median percent 
utilization and range in utilization values for each 
intensity of grazing in each of the two seasons, 
spring and fall, 

Designated Intensity of Grazing 
Light 

Spring, 

Moderate 
Percent 

Average 52 60 

Median 52 60 

Range 31-79 284.82 

Fall 

Average 54 64 

Median 54 59 

34 -76 43 -86 

77 

80 

49-89 

77 

75 

56 -97 

. 

Range 

Heavy 
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the annual growth must remain unused if the forage stand is to 

maintain vigor and productivity. This assumption is questionable 

because the amount of plant material remaining after 65 to 70 per- 

cent utilization of the herbage in a year of high production exceeded 

the annual yield in years of minimum production at the study area. 

Plante undoubtedly require certain amounts of photosynthetic tissue 

to maintain the vital functions and this amount would likely be 

greater in years of low production (years with less favorable grow- 

ing conditions) rather than less as implied by a constant percentage 

utilization index to proper grazing. 

Utilization values obtained at Point Springs were based on yields 

of the plants that were grazed, whereas, utilization values in New 

Mexico (Springfield, 1963) and at Benmore, Utah (Frischknect, Harris 

and Woodward, 1953) were based on the yields of plants protected from 

grazing during the growing season. Because of the procedures used in 

determining utilization, recommended proper utilization percentages 

for crested wheatgrass at Benmore (65 percent) and New Mexico (65-70 

percent) would indicate relatively more residue remaining after 

grazing than the 60-65 percent utilization at Point Springs. 

The difficulty in interpreting utilization percentages, because 

of the reasons cited above and others, led Hyder (1954) to suggest 

that the amount of residue after grazing would be a better guide to 

management than percentage utilization. There is little reason to 

doubt the validity of this assumption as residue measures the amount 

of photosynthetic tissue that was available to carry on the vital 

functions of the plant during the grazing season. Although greater 
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residue levels may be required in periods of poor growing conditions, 

a constant level of residue would provide for more photosynthetic 

tissue to remain than a constant utilization percentage. In the study 

at Point Springs, the average residue level in the heavily grazed 

spring treatment of 102 pounds per acre during the years from 1960 

through 1965 was insufficient to prevent a relative decline in annual 

yield as compared to moderate grazing. Average residue during the six 

years from 1960 through 1965 in the moderately grazed pastures was 279 

pounds per acre and this was more than adequate to maintain yields. 

It is estimated that somewhere between 150 and 200 pounds per acre 

would be adequate under the conditions of the study area. 

There are problems, however, associated with the use of residue 

as a guide to management. The amount of residue that would be re- 

quired to maintain stand vigor and productivity would vary with the 

manner in which the consumed forage was taken. iological response 

of the plant would likely be quite different if a few animals remove 

a quantity of forage over a long period of time than if the same volume 

is removed over a shorter period of time (Stoddart, 1952). Residue 

guides would be quite different if the grazing season extended beyond 

the growing season than if grazing and growing seasons coincided. A 

higher level of residue would be needed in the latter case to maintain 

forage plant productivity. 

The most serious consequence of using residue as a management 

guide relates to the large yearly fluctuations in animal numbers that 

would be required. This fluctuation in numbers would be even greater 

than when a percentage utilization is used as a guide. For example, 
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using residue of 150 pounds per acre as a guide, the number of animals 

in the moderately grazed spring pasture would have varied from 112 

animals to 16 animals in the years of maximum and minimum production. 

Using a proper utilization value of 65 percent, numbers of animals 

would have varied from 88 to 24 animals in the same years. Large 

yearly fluctuations in animal numbers or the length of time that an 

area can be grazed makes it extremely difficult for the range live- 

stock producer to operate successfully. 

If the utilization and residue concepts of grazing management 

are not good guides to the management of crested wheatgrass range 

land, what can be used? Information from this study and others, if 

properly interpreted, should provide a better basis for obtaining 

optimum livestock production while maintaining stand density, fre- 

quency and productivity. 

Criteria to Be Used in the Management of Crested Wheatgrass 

The use of all available information about the growth character- 

istics of crested wheatgrass and animal response under various grazing 

treatments will provide a better basis for establishing proper manage- 

ment of this species than the use of single guides such as a percent- 

age utilization or amount of residue. 

Growth of crested wheatgrass begins in late March or early April, 

proceeds slowly until May and then grows rapidly until soil moisture 

becomes deficient in late June or early July. Growth may continue 

through the summer or begin again in late summer or early fall if 

moisture and temperatures are suitable. This occurred in four of the 
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nine years of study on the Point Springs seeding. Palatable and 

nutritious forage is produced during the period of growth but ooarse 

unpalatable stems of low nutritive value develop when the plant is 

ungrazed or grazed too lightly. 

Annual production of crested wheatgrass is not affected appre- 

ciably by heavy continuous grazing in the fall season when the plants 

are dormant. Production is less, however, under heavy continuous 

grazing than light or moderate grazing during the growing season. 

The lower vigor and production of crested wheatgrass that occurs under 

heavy spring grazing can be improved rather quickly by deferment of 

grazing for a growing season or two. This is particularly true in 

years of favorable growing conditions. One area in the heavily grazed 

spring pasture at Point Springs was fenced in April of 1963. At the 

time of fencing, the area appeared to be devoid of living plants. 

Older plants recovered or new plants established and grew in the spring 

and summer of 1963 and further improvement occurred in the growing 

season of 1964 (Figure 18). Another area in the same pasture, was 

fenced on Nay 22, 1965 after it had been grazed for 23 days in the 

spring of that year (Figure 19). The yield inside the exclosure even 

exceeded the 1965 annual production in the light and moderate spring 

grazing treatments. That improvement in forage yields can be accom- 

plished in such a short time is of significant importance to the 

development of management programs for crested wheatgrass. This rate 

of improvement has not been revealed by previous clipping studies. 

Clipping studies with crested wheatgrass by Cook, Stoddart 

and Kinsinger (1958) and Hyder and Sneva (1963) have shown that 
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Figure 18. Growth of crested wheatgrass in the heavily grazed spring 
pasture after protection from grazing for two growing 
seasons. The fence was erected on April 7, 1963 and the 

photograph was taken on July 17, 1964. 

Figure 19. Growth of crested wheatgrass occurring on the area to 
the right of the fence following protection from grazing 
after May 22, 1965. The area inside the fence was grazed 

for 23 days prior to May 22 while the area outside the 
fence was grazed for 23 days before and 33 days after 
May 22. 
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defoliation in the period from mid -May to early June is more detri- 

mental to herbage yield than either earlier or late defoliation. 

Root growth and production were found to be related to herbage yield 

and those treatments that reduced herbage yields most also caused the 

greatest reduction in root growth and yield. Since root growth was 

most active in early spring, it was less affected by late defoliation 

than by early defoliation. 

Heavy defoliation was found to produce a more palatable and 

nutritious forage by Cook, Stoddart and Kinsinger (1958) and the same 

observation was made at the Point Springs study area. The growing 

tip of crested wheatgrass was above the crown level sifter mid at 

Point Springs and could be removed by grazing. Regulating stocking 

rates so that the foliage of crested wheatgrass is grazed close to 

the ground near the end of May, or shortly after the four to six 

leaf stage, will remove the growing tip of the developing stems and 

stimulate new shoot development from the base (Ryder and Sneva, 1963). 

The new shoots are finer, contain more leafy material and are more 

nutritious than the original shoots, especially in the fall of the 

year. 

Although the data from the pastures grazed in both the spring 

and fall are limited at this time, there are some trends developing 

which have a bearing on the management of crested wheatgrass. These 

preliminary data indicated that moderate spring grazing combined with 

heavy fall grazing produced more gain per animal in the spring than 

any intensity of spring use alone, much more gain per animal in the 

fall than any fall only treatment and a greater total gain per acre 
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than the heavy use spring treatment. The combined spring and fall 

stocking rate was equal to or greater than any intensity of grazing 

in the fall. The same results were obtained in the light spring -heavy 

fall treatment except that gain per acre was slightly less than mod- 

erate or heavy spring grazing alone. Fall animal gains in all combined 

use treatments exceeded the gains of any of the fall only grazing 

treatments and these were trice as great in many cases. With one 

exception, gain per acre in the fall was greater in all the combined 

use treatments than those pastures grazed only in the fall at the 

light and moderate rates. Fall gains per acre in the pasture grazed 

at the heavy rate only were slightly better than those gains in the 

combined use treatments. Gains per acre in the combined use pastures 

were made with substantially lower stocking rates than those pastures 

grazed only in the fall. These data indicate that a higher quality 

of forage is obtained in the fall when the pastures are grazed the 

previous spring. 

RECOMMFXDATIOni 

Range forage needs for successful operation of a ranching enter- 

prise vary widely in the Intermountain region. These needs can be 

more effectively satisfied and suitable programs can be developed 

when the criteria mentioned in the previous section are considered. 

If the management program calls for spring use alone, stand 

density and productivity can be maintained if about 65 percent of the 

annual production is used by the end of June. Residue levels should 

approximate 150 to 200 pounds at this time. Grazing beyond 65 percent 
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utilization probably would not be extremely detrimental for one or 

two seasons but the occurrence of dead centers in the crown of the 

plant, the beginning of fragmentation and /or a more patchy distribu- 

tion of crested wheatgrass will indicate that grazing excessive. 

Livestock operators who use the same area in the spring and 

again in the fall will obtain greater animal gains, greater gains per 

acre and higher total stocking rates if the spring grazing is limited 

to moderate or light rates (50-65 percent utilization) followed by 

heavy use in the fall. Forage production will remain high under the 

light or moderate spring grazing and the development of coarse un- 

palatable stems will be minimized by close grazing in the fall, 

More effective Management programs are possible if the area to 

be grazed is divided in'e two or more fields or pastures. With two or 

more fields, grazing can be b alternated between or among fields in such 

a way as to prevent grazing during successive years at the time herb- 

age yields or root growth and production are affected most. 

The general pattern of grazing in a two field arrangement would 

be to start grazing in one field in early or mid -April and graze until 

the latter part of May. The animals would be moved to field two after 

this time. In the second year, the two fields would be grazed in the 

reverse order, Grazing during the first period should be regulated so 

as to have close cropping by the end of May, The stem apex (growing 

point) appears above the crown level of the plant about mid -May and 

grazing until late May would permit the removal of this growing point 

on a majority of the plants. New shoots develop from basal buds after 

was 
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removal of the growing point and these are finer, more leafy, more 

palatable and more nutritious than the original stems. This new 

crop of stems may be used again in late summer or fall. At the time 

the animals are moved to the second field in late May, crested 

wheatgrass has attained the greater part of its seasonal growth. 

Since it will take time for the animals to graze off any great quan- 

tity of herbage, growth will continue, with a minimum of disruption, 

until soil moisture becomes deficient. Grazing may continue until 

the forage is used to the desired degree. The major reason for leav- 

ing any quantity of forage in field two at the completion of grazing 

is to provide a residue of forage for the beginning of grazing the 

following spring. Since growth is slow in early and mid -April, the 

limited new production of crested wheatgrass must be augmented either 

with a standing residue of forage or other supplements unless the 

size of the fields can be easily varied from year to year. 

The division of the seeded area into three fields would make 

possible a more effective management program for crested wheatgrass 

than two fields. The mein advantage would be the greater flexi- 

bility in making management decisions regarding adjustment of numbers 

and the length of time supplements would have to be provided. 

The sequence of grazing in a three field program would follow 

pattern indicated below. the 



Field A 

I Graze early in grow- 
ing season to May 
20-25 and again in 
late summer or fall. 

2 Graze from May 
25 until used. 

Graze in late 
summer or fall 
leaving some 
forage for use 
the following 
spring. 

Field B Field C 

Graze from May 20- 

25 until used. 

20- Graze in late 
summer or fall 
leaving some 
forage for use 
in the following 
spring. 

Graze early in 
growing season 
to May 20-25 and 

in again in late 
summer or fall. 

This pattern is similar to the 
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Graze in lite 
summer or fall 
leaving some 
forage for use 

in the following 
spring. 

Graze early in 
growing season 
to May 20-25 
and again in 
late summer or 
fall. 

Graze from May 

20-25 until 
ukad. 

two field program except that one 

field is deferred from grazing use during the growing season once in 

three years. As in the two field program, the field grazed last in 

the fell will be the first grazed the following spring and so some 

herbage should remain (200 -300 pounds) to provide a sufficient 

quantity of forage ,during the period of slow growth in early April. 

With this program, low forage production because of poor growing 

conditions can be partially compensated for by moving the animals 

sooner than the indicated dates. By the time the third field in the 

rotation is to be grazed, annual production will generally be known 

and arrangements can be made for additional grazing land, purchase 

of supplements, or sale of animals. Extremely close grazing may be 

practiced for a year or two without exceptional harm to the grass stand 

but animal gains will be sacrificed. The sacrifice of animal and 

Year 

3 

gain 
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gain per acre, however, may be more desirable than any drastic reduc- 

tion in animal numbers. 

Stocking rates under the two and three field management programs 

would average about one or one and one -half acres per animal unit 

month based on production characteristics at Point Springs. Stocking 

rates on crested wheatgrass seeded range in areas with better devel- 

oped soils would very likely be higher than those currently being 

used at Point Springs. 

Proper grazing use of crested wheatgrass under any of the programs 

that may be developed can be determined by observing the change or 

lack of change that occurs in the vegetation. Indications of decreas- 

ing vigor and declining productivity are dead centers and fragmentation 

of individual plants of crested wheatgrass, decreased frequency of 

occurrence and an increase in the number and frequency of annual plant 

species. When stands are not grazed to capacity, an exceptional num- 

ber of coarse ungrazed (wolf plants) occur. 

SUMMARY 

A grazing study was conducted on a crested wheatgrass seeding in 

the years 1957 through 1965 to evaluate plant and animal responses 

under three intensities of grazing (light, moderate and heavy) in two 

seasons (spring or fall). 

The study area is located ten miles east of Malta, Idaho in the 

Raft River Valley at an elevation of approximately 4,800 feet. The 

climate is arid or semi -arid with an average annual precipitation 

of 10.6 inches and approximately 40 percent of this falls during 

. 

' 



April, May and June. A large daily range of temperatures occurs in 

all seasons but winter temperatures are only mildly severe. 

122 

The soils of the study area form a complex in which a Solidized 

Solonetz is interspersed with a Gray Desert soil group. Soluble salt 

concentrations were sufficiently high in the Solidized Solonetz to 

affect plant growth in the drier years of the study. 

The study area is in the Artemisia tridentata- Agropyron spicatum 

association. Prior to seeding with crested wheatgrass, the composition 

of the native vegetation had been severely altered by prior grazing. 

Big sagebrush was the dominant species and herbaceous species were 

scarce. The herbaceous species consisted primarily of Sandberg blue- 

grass, halogeton, 

A 7,000 acre 

of 1952 after the 

plow. Six 160 -acre 

Russian thistle, tansy mustard and pepper grass. 

area was seeded to crested wheatgrass in the fall 

brush and other plants were removed with a wheatland 

pastures were established in the northeast corner 

of the larger seeding in the fall of 1954 and preliminary grazing 

trials were started in the spring of 1955. The six 160 -acre pastures 

were cross- fenced in 1960 to provide for evaluation of a greater 

number of treatments. Results from the additional treatments 

mentioned only briefly in this dissertation. 

Three pastures were selected for spring grazing and three for fall 

grazing. Each pasture in each season received one of three grazing 

intensity treatments, light (50 percent utilization), moderate (65 

percent utilization) or heavy (80 percent utilization). The grazing 

trial periods were set to run approximately 45 days beginning about 

May 1 in the spring and September 15 in the fall. 

are 
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Vegetation responses were evaluated on the basis of density, 

frequency of occurrence in sample plots, ground cover, and yield of 

crested wheatgrass. Growth characteristics of crested wheatgrass 

were determined during four years of the study. Photographs, from 

permanently located photoplots in each pasture, were used to maid in 

the interpretation of the vegetational data. 

Animal response was determined from comparisons of average animal 

gain, average daily gain and gain per acre. Yearling animals used in 

the study were individually weighed at the start of the trial, at the 

end of 28 days and at the conclusion of the trial period. 

Growth of crested wheatgrass began about the first of April and 

maximum leaf and calm height were reached in mind -June or early July. 

The stem apex remained below crown level until about mid-May after 

which time it could be removed by grazing. Heads emerged from the 

leaf sheaths in lote May or early June and flowering occurred between 

June 13 and June 28. Late summer or fall growth developed in years 

of favorable moisture and temperatures and these conditions occurred 

in 1959, 1961 end 1963. 

Stand density of crested wheatgrass averaged slightly more than 

om plant per square-foot on the experimental area in 1955, Density 

and frequency increased in 1956, 1957, 1958 and 1959 in the spring 

grazed pastures and through 1958 in the fall grazed pastures. A de- 

cline in density and frequency occurred during the dry years of 1960 

and 1961 and low values were obtained in 1962. Improved precipitation 

after 1962 caused an increase in density and frequency through the 

remaining years of the study. 
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Changes in density and frequency were related to May -June 

precipitation under all intensities of grazing in both seasons. 

Frequency improved less during the years of favorable precipitation 

in the heavily grazed spring treatment and this was attributed to 

grazing intensity. 

Frequency of occurrence of crested wheatgrass seedling was high 

in the year following favorable growing conditions and low during the 

drier years. Occurrence was generally higher in the fall grazing 

treatments and least in the heavy spring treatment. 

Sagebrush increased most in the heavy spring treatment but no 

change was detected in the fall or light spring treatments. Fluctua- 

tions in rabbitbrush populations are attributed to sampling variation. 

The photographic record indicated that the major change in brush 

species was an increase in size and not any great change in number of 

plants. Halogeton frequency was found to be negatively correlated 

with the frequency values of crested wheatgrass. 

Yearly variation in yield of crested wheatgrass was influenced 

most by May -June precipitation. Annual yield, however, improved 

less in the heavily grazed spring pasture than the lightly and moder- 

ately grazed spring pastures. Average total yield in the fall treat- 

ments was least under heavy grazing but the was attributed primarily 

to the difference in residue remaining from the previous year's growth. 

A relationship was found between the amount of residue the pre - 

vious year and initial production in all the spring grazed pastures. 

The relationship was greater under heavy spring grazing than under the 

other two intensities of use. Residue was not as well related to annual 

' 
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production as May -June precipitation strongly influenced the growth 

increase after the beginning of May. 

Step -point data showed that the unvegetated area slightly 

greater, litter cover much less, crested wheatgrass cover less and 

halogeton cover greater under heavy spring grazing than the light 

or moderate spring grazing treatments. Crested wheatgrass cover 

the fall treatments was least under heavy grazing but only small 

differences occurred in bareground and litter cover among the three 

intensities of fall use. 

Stocking rates averaged 0.85 animal months per acre for all 

spring treatments and 0.96 animal months for the fall treatments. 

Stocking rates averaged higher under heavy grazing and least under 

light grazing in both seasons. 

Daily forage consumption was highest under light grazing and 

least under heavy grazing in both seasons. A large number of factors 

influenced consumption and made it diffioult to relate consumption to 

forage available or residue remaining after grazing. 

Animals used in the study gained an average of 111 pounds in 

the spring and 29 pounds in the fall. Animal gains in the spring 

averaged 115, 110 and 108 pounds under the light, moderate and heavy 

grazing treatments. Gains were 30, 29 and 28 pounds for the respec- 

tive fall treatments. Average daily gains were much less in the fall 

than in the spring and were highest during the first part of the graz- 

ing trial period in both seasons. 

Gains per acre were much higher in the spring than in the fall 

(51.9 and 14.3 pounds) and averaged more under the heavy than the 

was 
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light or moderate intensities. 

Stand density, frequency and yield were maintained as well under 

moderate spring grazing as under light grazing; gain per animal was 

only slightly leas and gain per acre was only four pounds less than 

under heavy grazing. As far as could be determined, grazing intensity 

in the fall had little effect on stand density, plant vigor or annual 

yield of crested wheatgrass. Animal gains were only two pounds less 

but gain per aore was five pounds more under heavy grazing than light 

grazing. 

The use of a specific utilization percentage or residue amount as 

guides to proper management were questioned. Although the nine -year` 

average utilization values were close to the desired levels large de- 

viations occurred in individual years. Herbage remaining after 65 -70 

percent utilization in years of maximum production exceeded the annual 

yield in years of minimum production. Residue as a guide would require 

large yearly fluctuations in animal numbers and this would make it 

difficult for a range livestock producer to operate successfully. 

The use of all available information about the growth character- 

istics of crested wheatgrass and animal response was suggested as a 

better basis for obtaining proper use than utilization percentage or 

residue amounts. Recommendations for grazing management programs on 

crested wheatgrass seedings were made using the information obtained 

in this study on plant and animal responses and the information 

obtained from clipping studies by other investigators. More 

flexibility in management is possible if the area to be grazed is 

divided into two or more fields. When this is done, grazing can be 

' 
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alternated between or among fields in such a way as to allow maximum 

opportunity for stand maintenance, maximum forage yields and optimum 

animal gain. Whether or not the management program is effective in 

maintaining stand density and productivity can be judged by noting 

the change or lack of change that occurs in the vegetation. 
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