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SEASONAL CHANGES IN THE
CHEMICAL COMPOSITION OF RANGE FORAGE

AND THEIR
RELATION TO NUTRITION OF ANIMALS 1 2

G. H. Hart, 3 h. E. Guilbert,* and H. Goss 5

INTRODUCTION

Field observations in California have shown that there is great

variability in the nutritive value of forage in different areas as well as

seasonal variations in the value of individual species. The present study

discusses the nutritive requirements of livestock in relation to the

character and quality of the feed supply. It was desired to ascertain

the limiting nutritional factors in the forage in order to establish a

basis for supplementing the range to obtain the most efficient repro-

duction, growth, and fattening of food animals.

The principal forage plants of California foothill and valley ranges

are annuals which germinate with the coming of fall rains and make a

varied amount of growth during the winter, depending on temperature

and moisture conditions. From February to May is usually the period

of greatest growth. With cessation of rain and depletion of soil

moisture, the plants mature and dry. After this time the forage is

subject to bleaching throughout the remainder of the dry season, until

fall or winter rains bring on new feed. In general, cattle are either

maintained on these ranges throughout the year or move to high moun-

tain ranges for a three to five months' period, extending usually from

June to October.

In the manufacture of material in the leaves and stems of plants,

carbon, hydrogen, and oxygen are important elements which are drawn

from the atmosphere and water supply. Even the all-important

nitrogen can be taken from the air and fixed in the soil by certain soil

i Received for publication May 16, 1932.

2 The experimental work reported in this paper became cooperative with the

United States Bureau of Animal Industry July 1, 1929.

3 Professor of Animal Husbandry and Animal Husbandman in the Experiment
Station.

4 Assistant Animal Husbandman in the Experiment Station.

5 Assistant Professor of Animal Husbandry and Assistant Animal Husbandman
in the Experiment Station.
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bacteria and, to a small extent, is carried by rain into the soil in the

form of ammonia. From these four elements as a basis, the great mass

of organic compounds in plants is chiefly built up. With respect to

inorganic compounds, however, soils over more or less wide areas be-

come depleted of compounds of phosphorus, calcium, potassium, chlor-

ine, sulfur, iodine, copper, iron, magnesium, manganese, and other ele-

ments ; and deficiencies of these elements affect the growth of plants and

their nutritive value for livestock.

Evidence now available shows that even the dry, bleached, and

leached forage constitutes a cheap source of energy for livestock when
its deficiencies are supplied by supplements. The appetites of the ani-

mals appear to be improved, the result being greater consumption of

feed and less selective grazing. This is a common observation when cot-

ton seed cake is fed. This study has shown that it is not profitable to

allow the natural forage to become depleted and to let the animals be-

come thin before giving supplements ; but, rather, one should supple-

ment sufficiently in order to maintain the animals in strong condition

and still have ample forage available to the end of the season. It is gen-

erally a good practice to have a residual stand of dry feed as a cover

for the new growth.

The supplements contain valuable ingredients for fertilization, part

of which pass out with the manure. In this way elements, particularly

minerals, which are carried off the range each year in the skeletons of

feeder or finished cattle, may be partially returned to the soil.

Volumes have been written regarding the effects of overgrazing, the

consequent reduction in water storage, and the increased erosion from

the loss of the vegetative cover on the land. There has been a change in

the flora on our California ranges, perennial forage plants having

largely disappeared and been replaced by annuals.

In the study of our ranges it is important to consider the forage

stand and its composition in relation to livestock grazing. In this con-

nection, Shelford (1) has recently attacked the fundamental concepts of

some plant ecologists who apparently consider and name the vegetation

apart from the animals. These investigators have desired to learn the

ultimate climax of vegetation with the presence of wild animals or with

equivalent domestic animals excluded by fencing rather than reduced

to the early or original numbers. The purpose of Shelford's paper was

to restate the unity of the plant-animal community and suggest prin-

ciples that make such a concept tenable, and expressed by him as follows

:

That a much broader and more flexible view of controlling factors is tenable than

the one which holds that the animals are merely an environmental factor acting upon

plants. That food relations, especially of abundant and influent animals, are usually
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flexible and rarely if ever obligate; and that observation of apparently restricted

food relations made in one locality may not hold good under other conditions. That

the climaxes of nature (bioecological climax) include that vegetation which occurs

with the pristine numbers and kinds of animals present.

Regarding bioecological climaxes, Shelford claims that if bison held

some of the mixed prairie to the short grass stage, then short grass was

the bioecological climax, even though the climax with bison excluded

would have been quite different.

From the plant side a really comprehensive study of pastures would

enter the fields of botany, soil science, plant nutrition, and plant breed-

ing. From the animal side, in order to ascertain the value of the forage

for the nutrient requirements of the growing, breeding, lactating, or

fattening animal, we would enter the fields of biochemistry, physiology,

and pathology.

This study approaches the question from the animal side. The nutri-

tive value of natural vegetation, on different soils and at different stages

of its growth, must be better understood if livestock production is to

continue profitable. Such knowledge is the key to the efficient feeding

of supplements so that the animal may receive at all times an adequate

diet. In the light of present knowledge we can no longer look upon num-

bers of animals in a given area as an index of wealth, but rather the

number that can be most efficiently handled under the feed supply avail-

able in the respective areas.

Improvement in the quality of our range cattle, through the use of

purebred, prepotent, and precocious sires, is sorely needed. Little can

be gained by such a procedure, however, if such stock are to be limited

by environmental factors, especially by a feed supply which prevents

their desirable inherited qualities from developing. In England, live-

stock men have a common adage, '

' Half the breeding goes in by way of

the mouth, '

' which is very significant in our range situation. Without
proper feed supply, our most highly bred animals must revert to scrubs

or fail in the struggle for existence. In livestock production such a prac-

tice may be likened to placing a highly efficient machine on a task with-

out giving it sufficient fuel.

Piper et al.,
(2) in a comprehensive report on our national forage re-

sources, have discussed the importance of doing more extensive research

work on pastures. They showed that 55 per cent of the total land area

in the United States is used for grazing even if crop land pastured part

of the year is excluded. Certain studies included showed that gains

made by cattle on pasture cost, in general, only one-half to one-fourth

as much as those made when the animals were fed crops. The following

significant statement is quoted from the paper

:
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Relegated largely to land too poor or too rough to till, neglected commonly by

the farmer, often abused by the grazier, ignored by most investigators, our per-

manent pastures, both tame and wild, still furnish nearly four-tenths, and our rota-

tion and temporary pastures over one-tenth, of all the feed consumed by domestic

animals. Pasture is the key to profitable utilization of millions of acres of semi-

waste land now lying idle or unproductive. '
' Better pastures '

' should be made the

keynote in the promotion of American agricultural progress.

In the following pages are presented the information the authors

have accumulated on chemical anatyses of individual species and com-

posite samples of range forage at different stages of growth and seasons

of the year. Data on the leaching effect of rain on dry forage are

included. Results of digestion experiments with several species of for-

age plants have been published and are reviewed in this publication.

Studies were made on the concentration of vitamin A in the livers of

steers from the range. Also observations are given on certain problems

connected with reproduction which are prevalent in livestock subsisting

on natural forage and thought to be associated with nutrition.

METHODS OF PROCEDURE

Although some work had been done during 1927 and 1928 toward

securing data on factors which influenced percentage calf crop in range

herds, the broader aspects of this investigation did not get under way
until July 1, 1929. At that time the project became cooperative with the

United States Bureau of Animal Industry, and the financial aid thus

secured made possible the appointment of a full-time helper to collect

samples and one to carry on the laboratory analyses.

Area Covered by the Study.—About 50 per cent of the state's beef

cattle population is located in the Sacramento and San Joaquin valleys

and the foothills on either side. In this important production area,

eighteen ranches extending from Tehama to Kern counties, and repre-

sentative of large grazing tracts, were selected for this study. For the

most part they were located in districts generally recognized as distinct

areas from the standpoint of soil type and grazing value. The elevation

varied from 100 to 1,200 feet.

Method of Taking Samples.—On each ranch a definite area was se-

lected, as typical as possible with reference to soil and topography, and

from it samples of the different forage species were collected at intervals

throughout the season, except as otherwise noted. Small portions of

each sample were taken over a fairly large tract, instead of limiting the

area to small, definitely staked plots. In general, south slopes were se-

e The term " composite ' ' is used where more than one species is included in the

sample.
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lected, because cattle show a preference for the forage on these expos-

ures. The original plan was to collect 1 to 2-pound samples of the dry

forage and a larger amount of green forage. This, however, was not

always practical, since the collection of pure samples of single species

was difficult and extremely time-consuming during the early vegetative

stages and also on heavily grazed areas in the dry season or when a par-

ticular species was present in only meager amount. Under these circum-

stances, the amount of the sample was frequently limited to just suffi-

cient for the analyses. In some cases even this quantity could not be

obtained (although animals were subsisting on the area), and sampling

had to cease. With the composite samples greater bulk was collected,

because a larger quantity was necessary to be considered representative.

Care was taken to obtain these samples from the forage that was actually

being grazed, as indicated by observation of the cattle and the evidences

of grazing.

Beginning with the early vegetative stage, a sample of each species

was collected at monthly intervals until the rains had ceased and the

forage had matured and dried. During the remainder of the year, sam-

ples of the dry feed were collected at longer intervals. Since many ranges

vary from year to year in botanical composition, presumably because of

rainfall and temperature conditions, two series of samples were col-

lected. One series represented, as nearly as possible, the forage actually

being grazed at the time of collection, while the other included pure

samples of the six principal species under study.

The stage of growth, the principal species (if a composite sample),

and the weight of the sample were recorded at the time of collection.

Chemical Analysis.—Analyses were made of the forage samples to

determine moisture, total ash, acid-insoluble ash, crude protein, crude

fiber, alkalinity, calcium, and phosphorus. In a few cases the ether ex-

tract was determined. The official methods as outlined in the Methods

of Analysis of the Association of Official Agricultural Chemists, 2nd

edition, were used for moisture, total ash, crude protein, crude fiber,

calcium, and ether extract. The acid-insoluble residue was determined

by the method for sand and silica given on page 39, paragraph 2. The

silica-free ash in the tables of analyses is the difference between the total

ash and the acid-insoluble ash.

In determining alkalinity, the ash was warmed with an excess of

N/10 HC1 and filtered, and the excess acid was titrated with N/10

NaOH, methyl orange being used as an indicator. The alkalinity is ex-

pressed as the number of cubic centimeters of N/10 IICI required per

100 grams of sample.
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The official method for phosphorus determination, as outlined on

page 3 of official methods, gives satisfactory results when the aliquot

used contains from 10 to 20 mg of phosphorus. In many samples ana-

lyzed, the phosphorus content varied between 30 and 250 mg per 100

grams of sample. To obtain a suitable aliquot, therefore, as much as 50

grams would have to be ashed for a single determination.

Phosphorus was therefore ascertained colorimetrically by an applica-

tion of the Fiske and Subbarow (3) method. The determination was car-

ried out in the usual manner on the hydrochloric acid solution of the

ashed material obtained at a low temperature in an electric muffle. This

method, so applied, has given excellent results in this laboratory when
tested against 35 parallel determinations made by the volumetric

method. The maximum deviation in the results obtained was 3.7 per

cent ; the average deviation, slightly over 1 per cent.

The colorimetric method is simple and rapid. After the samples

have been ashed and brought into solution, thirty or more determina-

tions may be made in a single morning. Since only 0.4 mg of phosphorus

is required in each determination, much less of the original sample need

be ashed. As this method saved much time without sacrificing accuracy,

it was adopted and used throughout this investigation.

PLANT SPECIES ON WHICH ANALYSES WERE MADE AT VARIOUS
STAGES OF GROWTH

Samples of six important forage species were collected at various

stages of growth and after maturity. The species included were bur

clover (Medicago hispida), representing the most important legume;

three species of alfilaria {Erodium sp.), representing the most common
herbaceous plants; and wild oats (Avena sp. 7

), together with what is

variously termed soft chess, brome grass, or soft cheat (Bromus hordea-

ceus), as important representatives of the grass species. Bur clover is

widely distributed throughout the state, growing particularly on the

heavier loam and adobe soils. The three species of alfilaria analyzed are

commonly known as broadleaf or buck alfilaria (E. botrys) ,
red stem or

fern alfilaria (E. cicutavium) , and white stem or silver alfilaria (E.

moschatum) . The broadleaf species grows in greatest abundance in most

sections. The red stem alfilaria predominates in the southwestern and

southern areas of the San Joaquin Valley, and on some ranges consti-

tutes the greater portion of the forage. The white stem, although rel-

ished by livestock is found in small amounts in restricted localities and

in the area studied does not constitute so important a species as the other

two. It is, however, very common and abundant near the coast.

7 Many samples probably contained both A. fatua and A. barbata.
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Wild oats are widely distributed throughout California and are an

important grass species on winter and spring ranges. Soft chess, also

widely distributed, is the most important of the annual brome grasses

from the standpoint of grazing value. Both species are poor forage after

maturity.

RANCHES FROM WHICH SAMPLES WERE COLLECTED

To facilitate discussion, the sampling areas included in this study

were arbitrarily grouped into southern, central, and northern ranches.

The nine southern ranches include those in the San Joaquin Valley ex-

tending from the Kern County line to Oakdale ; the five central ranches

were in the vicinities of lone, Folsom, and Marysville; and the four

northern ranches were located in the vicinity of Red Bluff. For descrip-

tion of the ranches from which the samples were taken see appendix.

DATA ON ANALYSES OF SAMPLES

Table 1 lists for study the analyses of the samples collected on each

one of the eighteen ranches throughout 1930 and on six of the eighteen

during 1931. This rather large amount of data is given in this way be-

cause of the meager information available, in published reports, on the

chemical composition of these forage species at various seasons of the

year when grown under natural conditions accompanied with grazing.

In attempting to apply this information on individual ranches it will be

desirable to select the analyses of plants grown in the nearest locality

and from comparable soil types. It was not practicable to collect com-

plete series of all species from the different ranches. On some ranches

certain species were not present or were so limited in quantity as to

render collection of pure species samples extremely difficult. In some

cases the forage was depleted by grazing in the green stages so that no

dry samples were obtainable. Likewise, pure samples at very early

stages were limited by difficulty in sampling, and a month later the

plants had reached an advanced stage of development. There is a rather

wide range in the stages indicated, such as early green, bloom, dry, etc.,

because of the great difficulty in obtaining a number of samples at com-

parable stages of growth over such a wide area as was originally in-

cluded in this study. The desired end was more nearly accomplished in

1931, when sample collecting was limited to six of the original eighteen

ranches. In order that the reader may see the differences between the

various species of forage plants more readily than are shown by the data

in table 1, we have presented in figure 1, averages of the samples of

individual species at various growth stages, collected in 1930 and 1931,

respectively.
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The moisture content of the forage when collected in the early stages

varies from 80 to as high as 87 per cent ; when the plants are in bloom

and seed heads are forming, it averages about 75 per cent ; and when
they are fully mature and beginning to wilt, about 65 per cent. In the

dry, bleached forage the moisture content varies with atmospheric con-

ditions, the usual range of variation during hot, dry weather being from

6 to 10 per cent.

Some variations in composition besides those already mentioned are

caused by environmental conditions that result in considerable devia-

tion of individual samples from the mean of any particular group. This,

together with the fact that the number of samples for the different

stages in figure 1 varied, obscures certain details of the seasonal trend.

The data, however, give a fairly accurate idea of the chemical character-

istics of the species, regardless of location.

Bur clover is high in protein at all stages of growth, and in the fully

matured forage the protein remains at the comparatively high level of

about 17 per cent. Even when the clover is leached after drying, the

protein rarely falls below 15 per cent. The broadleaf alfilaria and grass

species decrease rapidly to low levels in protein as the plants mature

and dry, and the seeds shatter. The soft chess contained somewhat more

protein in the dry, bleached stage than did wild oats, possibly because

the seeds do not shatter readily. Red stem alfilaria compares favorably

in protein content with bur clover in the early stages and is significantly

higher than broadleaf alfilaria after maturity.

The red stem and white stem alfilaria are outstanding for their high

content of silica-free ash, which varied from 11 to 14 per cent in the

moisture-free samples. The broadleaf alfilaria and bur clover are very

similar in their content of silica-free ash, while the grass species are

comparatively low.

The lowest fiber content was found in the red stem alfilaria; the

highest, in wild oats. The dry matter of the forage in the early stages,

being low in fiber and comparatively high in protein, has the character-

istics of a protein concentrate rather than a roughage. This fact has

been clearly brought out by the work of Woodman, Blunt, and Stew-

art, (4) in England.

The year 1930, while not a good feed year, nevertheless furnished

sufficient rainfall, satisfactorily distributed, for the forage plants to

complete their growth cycle in a reasonably normal manner in most of

the area. The data for 1930 (fig. 1) therefore, more nearly represent the

normal composition of the species indicated. As the season of 1931 was

distinctly below normal in rainfall, the growing period of the plants was
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short ; and in most instances they dried prematurely. After drying, the

forage over the entire area was leached by summer rains. These came

early in May and June, whereas in 1930 leaching did not occur until late

in the fall, after the forage over most of the area had been dry and

bleached for months.

A comparison of the two seasons in figure 1 and table 1 shows that in

the early stage the analyses were similar. Later, however, the 1931 sam-

ples were consistently higher in protein and lower in fiber. This was to

be expected because the plants dried during seed formation before the

stage of maturity at which, under normal moisture conditions, there is a

rapid increase in fiber.

The data indicate that if rains had not occurred after the feed had

dried in 1931, the limited amount of forage produced would have had

unusually high nutritive value. There is some evidence that even after

leaching, the value of the forage available still was higher than is nor-

mally experienced with a similar amount of rain on the dry feed. In

the areas which normally produce bur clover, however, that species made

so little growth that it was practically all consumed by the time the feed

had dried. Since it is the most valuable dry forage, the lack of it, cou-

pled with the rain on the other forage, resulted in markedly inferior dry

feed supply in many localities.

Figure 2 shows the calcium and phosphorus content of the same

samples represented in figure 1. The calcium content found in red stem

alfilaria is extremely high as compared with that found in wild oats and

soft chess. Both bur clover and broadleaf alfilaria are relatively high in

calcium. The phosphorus content of bur clover decreased to the seed

stage and then maintained, throughout the dry period, practically a

constant level, which was higher than that found in the other species.

The phosphorus content of soft chess in the dry, bleached stage is some-

what misleading, in that most of the samples in 1930 were collected

shortly after the grass had cured, when, in a majority of cases, the seeds

were only partially shattered. A few samples collected later show a

trend similar to that of the broadleaf alfilaria. In 1931 we were unable

to get samples of this species, in the dry stage, which had not been

leached.

The Ca :P ratio is narrow in the grass species, and extremely wide in

the alfilarias. While bur clover is intermediate in this respect, the ratio

is wider than is generally considered ideal. In some species, particularly

the alfilarias, an increase in calcium, coincident with the reduction in

phosphorus content, occurred (see figure 2).

The acid-insoluble ash (not shown in table 1) consisting largely of

silica and silicates, is relatively high in wild oats and soft chess, averag-
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ing for all stages of growth 3.79 per cent and 3.16 per cent, respectively,

of the air-dry samples. In broadleaf alfilaria and bur clover, on the

other hand, it is much lower and averages 0.77 per cent and 0.86 per

cent, respectively. Cooper, Wilson, and Barron (5) state: "The plants

grown on the poor acid soils often contain relatively large amounts of

silica and other hard elements with relatively low standard electrode

potentials, such as aluminum, manganese and iron. It is believed that

the presence of the hard elements influences the palatibility of the pas-
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Fig. 2.—Seasonal changes in the calcium and phosphorus content of

the samples represented by figure 1.

ture plants. The plants grown on the fertile soils usually contain rela-

tively large amounts of the soft elements such as jjhosphorus, potassium

and calcium and are usually palatable.

"

Only a limited number of white stem alfilaria samples were obtained.

This species appears, however, to resemble the red stem species in chem-

ical composition.

Figure 3 shows in a graphic manner the reason why a range contain-

ing bur clover holds its carrying capacity for livestock better than one

in which this forage plant is absent.

The data shown in figure 3 were obtained from samples approximat-

ing, as nearly as possible, actual grazing on two ranges, one containing

bur clover and the other without it. The figure shows the comparatively
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short period when the feed on the range, lacking bur clover, has a satis-

factory content of protein and phosphorus, the two main nutrients lim-

ited in quantity in most range forage species.

We were interested not only in the varying quality of ranges result-

ing from differences in the species of plants that make up the major part

of the forage, but also in the difference within individual species grown

under different soil conditions. Meager information on this point is

available because of difficulty in getting comparable samples in stage of

growth, degree of seed and leaf shattering, and effect of grazing. Even

though large variations caused by conditions of sampling are recog-

nized, it appears significant that the samples of bur clover in which the

phosphorus was above the average came, in general, from the heavier

soils and best grazing areas. Those that plotted below the average were

from land recognized as poorer grazing areas. The lowest phosphorus

content in bur clover was found in samples from those areas which, for

this species, may be termed marginal, in that good crops are produced

only under exceptionally favorable conditions of rainfall. Broadleaf

alfilaria samples showed the same general trend, depending on the area

from which they had been taken.

Unusually high calcium content of bur clover was found in areas

where limestone outcroppings were present (see samples 149 and 209

from ranch No. 10)

.

Cattle grazing soft chess at the time when the plants are maturing

often grasp the heads of man}' plants and, instead of breaking them off,

pull all the stems and even some roots out of the ground. The animals

will then bite off the heads and let the stems drop. Sample 171a on ranch

No. 4 consisted of soft chess stems which were rejected, and 171b con-

sisted of the heads and a small part of the stems representative of the

material eaten. The analyses show the portion eaten to be significantly

higher in protein and phosphorus and lower in fiber than the part re-

jected. Cattle are also commonly observed to graze the heads of wild

oats in the seed stage—an illustration of the fact that grazing animals

in general consume first the most desirable species and then the most

desirable portion of the poorer species. Thus the range forage becomes

lower in nutritive value as the season progresses. Bur clover is an excep-

tion to this rule because the burs which are available late in the dry sea-

son vary but slightly in chemical composition from the combined leaves

and stems. The greatest difference is in the ash constituent, the burs be-

ing lower in total ash and calcium and higher in phosphorus than the

stems and leaves.
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VARIATIONS IN CHEMICAL COMPOSITION OF FORAGE FROM
ADJOINING BURNED AND UNBURNED AREAS

Cattle, sheep, or deer will usually graze a burned-over area in prefer-

ence to forage on the unburned land adjoining, at least during the first

season following the fire. In order to find some explanation for this if

possible by chemical analysis, series of forage samples were collected on

ranch No. 5 from a burned and an unburned area, respectively, during

1930 and 1931. The fire had burned the dry forage in the fall of 1929,

and where the samples were taken the fire line divided a south slope,

making the location ideal from the standpoint of reducing variables,

other than the burning, to a minimum.

The forage consisted largely of alfilaria and annual grasses. On the

burned area in 1930 the alfilaria stand was very thick, and this species

greatly predominated. On the unburned area there was a more even

mixture of grasses and alfilaria. The growth of alfilaria was coarse-

stemmed. On the unburned area it averaged about 10-12 inches in

height ; on the burned area, 5 or 6 inches. A proportional difference in

height was also found in the wild oats. The chemical composition of

these samples is shown in table 2.

In 1930 the phosphorus content of the alfilaria from the burned area,

at all stages of sampling except in the leached condition, was approxi-

mately double that from the unburned, and the Ca :P ratio in the latter

was extremely wide. During 1931, the second year following the burn-

ing, there was no significant difference between the alfilaria samples

from the two areas, with the exception of the samples collected March 10

and May 9. On March 10 the alfilaria on the burned area was beginning

to dry while the plants were still immature, only a few seed heads having

been produced. This fact probably accounts for the higher protein con-

tent in the sample from that area. In May the phosphorus was higher

in the sample from the burned area. The cause, however, may have been

the premature drying on this area, with only slight losses from leaching,

while the phosphorus content on the unburned was reduced to a greater

extent by maturity in addition to leaching. In wild oats there was about

25 per cent more phosphorus in the forage from the burned-over area

during 1930. Duplicate samples of this grass were not taken in 1931.

Although the striking increase in phosphorus content of the forage

may involve many factors, we do not have sufficient basis for any defi-

nite statement. The fact that the alfilaria did not make such a rank

growth on the burned area and was more leafy may have accounted for
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the difference. The amount of phosphorus in the plant ash could not

have been very large, as there was probably not over a half ton of dry

forage per acre on the range, when it burned, which contained about

0.1 per cent of phosphorus. It therefore seems impossible to attribute

any fertilizing effect to this small amount of ash. The forage from the

area throughout the two-year sampling period covered in this report,

however, was generally lower in phosphorus than that from most other

sampling areas. In the spring of 1932 opportunity was presented to col-

lect forage samples from burned and unburned areas on the more fertile

soils of ranch No. 1, and on the University Farm. This was done with

the three species of alfilaria and with bur clover. Sampling was limited

to the months of March and April. No significant difference was ob-

served in the phosphorus content in the samples on these places although

the stock were observed to give definite preference to the forage on the

burned area. This question of palatability, therefore, probably involves

many factors. Significant response in growth has been obtained from

top dressing ranges with phosphorus, in many grazing areas of the

world where moisture is not such a serious limiting factor as on our

ranges, and the palatability of forage grown on such areas is increased.

Artificial fertilizers are being tried with some success on favorably sit-

uated limited pasture areas in California. Each soil area constitutes a

separate experiment for trials of this kind because the action of differ-

ent soils varies greatly in chemically fixing the ingredients of the fertil-

izer so as to make them temporarily at least, unavailable for plant food.

There is need for well-planned research on these questions.

BROWSE

At elevations higher than those occupied by the regular sampling

areas, livestock feed to a greater or less extent on various species of

browse. The so-called sweet birch or bluebrush (Ceanothus integer-

rimns) is generally recognized as the most valuable feed among this

class of plants in the Sierra Nevada Mountains.

We became interested in the fact that this plant began to lose its

palatability in the latter part of the summer, when there still remained

an ample supply of apparently good feed. At this time, if animals are

left in the area, they will wander about in search of other forage and
rapidly lose the gains made earlier in the season. The palatability be-

comes noticeably lowered in August after the seeds have fallen. With
the cooperation of L. S. Smith, Range Examiner, U. S. Forest Service,

four samp^s were collected from May to September, 1929. In 1930,
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samples were collected at approximately three-week intervals, begin-

ning May 28 and extending to September 19. The latter series of sam-

ples were collected from two areas. The first area, designated as Section

18, was a fairly open south slope, with shallow rocky soil in yellow-pine

type. The second area, Section 33, was in dense mixed conifer type,

mixed yellow pine and Douglas fir, on fairly good soil. Section 33 loca-

tion was on a more gentle slope, which, together with deeper soil and

more shade, made it a moister location. The forage was about three

weeks later in reaching the same stage of development as that in Sec-

tion 18.

An attempt was made to collect samples representing as nearly as

possible the material as taken by the animals.

The results of the analyses of this plant are given in table 3.

With advancing stages of maturity, the percentage of protein de-

creased and the nitrogen-free extract and fat increased. The crude fiber

varied somewhat, undoubtedly because of variation in the amounts of

leaves, stems, and seeds included in the samples. No definite trend was

noted in the amount of silica-free ash. The percentage of phosphorus

declined steadily as the season advanced.

An interesting variation was exhibited in the calcium content. In

1930, both sampling areas showed a marked increase in the calcium of

the samples collected August 22, as compared with the previous collec-

tion, an increase almost identical with the results obtained with sample

40 in 1929. This great increase in calcium, together with the decrease in

phosphorus, brings the Ca:P ratio to the season's maximum, and co-

incides closely with the time cattle were observed to leave the browse.

The level of phosphorus in the browse during August and September

is similar to that of rations fed experimentally at the Minnesota Experi-

ment Station, (6) which resulted in the loss of weight, suspended ovula-

tion, and bone craving in cows, even though the}'' received as much as

50 per cent more feed than is normally calculated for maintenance. The

Ca : P ratio in the Minnesota experiment, moreover, was much more

favorable to normal metabolism than the wide ratio found in the sweet

birch. The sweet-birch feed was fairly well balanced in regard to pro-

tein and energy, the moisture content was between 60 and 65 per cent,

and the fiber content was low indicating that the leaves were still succu-

lent and should be highly digestible.

Table 3 appears to show that samples from Section 33 were higher in

protein and phosphorus than those from Section 18. When, however, we

plot the two series on graph paper, giving Section 18 a lag of one month

over Section 33, to compare approximately the same stages of growth,

the trends become very similar.
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The first sample collected in 1929 was somewhat earlier than the first,

sample in 1930, and both the protein and phosphorus were considerably

higher. The last sample taken in 1929 was later than the last collected in

1930, and both protein and phosphorus were lower. At corresponding

times in the two years the results were in close agreement and the trends

were the same. The higher fiber content in 1930 can be attributed to the

larger amount of seeds and twigs included in the samples. Cattle ate the

seeds in 1929 but consumed a very small percentage of seeds in 1930.

This was true all over the area. An examination of the seeds revealed

a high percentage to have been damaged by an insect larva. As the

larvae had already emerged when the condition was noted, the species

was not identified. In the capsules attacked, the seeds were completely

destroyed, and the capsules filled with excrement.

This insect invasion may have been responsible for the cattle 's not

eating the seed crop in 1930.

The most striking difference between the leaves on the one hand, and

the capsules and seeds on the other, is the high fiber content of the

latter. The calcium content of the seeds is also lower, and the phosphorus

is lower than would be expected, in part, perhaps, because of the insect

damage. The phosphorus is, however, significantly higher in the sample

of pure seeds than in the leaves.

Analyses of three samples of bitterbrush (Purshia tridentata) are

also given in table 3.

Sample No. 191, consisting of leaves and twigs, was collected near

Truckee on an open browse range at an elevation of 5,400 feet. Sheep

had just been put on the range. The lambs were eating the browse

eagerly, whereas the ewes were grazing mostly, although they too, were

browsing somewhat. This browse was not considered by the range ex-

aminer at this time to be in the best stages for grazing.

Sample No. 250, consisting of leaves, was collected as browsed by

sheep from plants on a gravelly south slope at 6,250 feet elevation near

Truckee.

Sample No. 278, consisting of leaves, was collected at Sierraville in

the same manner as sample 250.

Although the samples analyzed were secured from different areas, a

definite downward trend in protein and phosphorus during advancing

maturity is apparent. A lower calcium content than in the sweet birch

resulted, however, in a closer ratio between calcium and phosphorus.
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GRASS AND CLOVER SAMPLES COLLECTED IN THE HIGHER
ELEVATIONS

A few grass and clover samples were collected from mountain

meadows east of Red Bluff in the vicinity of Mineral. Table 4 shows

their chemical composition.

Sample No. 8 included many different species, among which oat

grass (Danthonia americana) and various true clovers (Trifolium sp.)

apparently constituted the major species grazed by the cattle. The for-

age at this particular place was closely grazed. An attempt was made

TABLE 4

Percentage Composition of Bange Forage Collected from Mountain Meadows

Date
col-

lected

Field
mois-
ture

Oven-dried and silica-free sample

Number
and description

of sample Crude
protein

Nitro-
gen-free
extract
and fat

Crude
fiber

Silica-

free ash
Phos-
phorus

Cal-
cium

Ca:P
1:

8. Composite, green

242. Grass composite,

green

257. Grass composite,

7/11/29

6/20/30

8/13/30

6/20/30

8/13/30

68.5

55 8

82.4

71.8

14.41

12.62

10.15

22.94

16.63

53 61

56.79

49 81

51.03

27.21

28.15

17.11

23.74

3 59

6.56

4 91

10.14

8.60

20

20

14

0.28

0.17

82

0.48

93

1.47

1.24

4 1

2.4

6.6

243. Alsike and red clo-

ver, green, in bloom...

256. Alsike and red clo-

ver, fully matured

5.3

7 3

to obtain the sample in the manner in which the cattle were actually

grazing it. Because this sample was lower in phosphorus than green

samples taken in other areas, it was decided to obtain additional forage

samples in 1930 from this area. Samples 242, 243, 256, and 257 were

thereupon taken in June and August of 1930. Samples 242 and 257 were

grass composites containing about the same forage species as No. S.

Samples 243 and 256 were composite samples of alsike clover {Trifolium

hybridum) and red clover (Trifolium pratense). These, with the ex-

ception of sample No. 243, were low in phosphorus compared with green

forage on the valley ranges. This limited amount of information, to-

gether with that on the browse, indicates the existence of nutritional

problems in the higher elevations.



38 University of California—Experiment Station

EFFECT OF RAIN ON DRY FORAGE

The fact has long been recognized that appreciable amounts of rain

on forage, particularly annual plants that have matured and dried,

greatly reduce their feed value for livestock. In our studies we became

interested in the actual nutritive constituents that were leached out of

the plants by the rain, and the effect on the digestibility of those which

remained. Work has been published at this station by Guilbert and

Mead (7) on the digestibility of bur clover as affected by exposure to sun-

light and rain, and by Guilbert, Mead, and Jackson (8) on the effect of

leaching on the nutritive value of forage plants.

Their studies on bur clover showed that even when cut in advanced

stages of maturity it had a higher coefficient of digestibility than most

hays. Weathering of the plant, which included exposure to rain, re-

sulted in a decrease in digestibility of each nutrient except crude fiber.

The evidence presented indicates that the loss of soluble constituents

caused by the rain may account for the greater part of the decrease in

digestibility. The bleaching and leaching also apparently decreased the

palatability of the bur clover used in the digestion experiments. The

influence of the decrease in digestibility on gains in live weight, depend-

ing on the amount of forage consumed daily, was also discussed. The

bur clover was cut at the late seed stage and divided into three lots. Lot

1 was cured one day in a thin layer and then cured in cocks for 6 days.

Lot 2 was exposed in a thin layer for 21 days, in the course of which it

was wet twice by rain totaling 0.31 inch. Lot 3 was exposed in a thin

layer for 34 days and was wet three times during that period by rain

totaling 0.78 inch. The significance of the difference found in the digesti-

ble composition of the three lots could be demonstrated by a hypothetical

case wherein a 1,000-pound steer eats 25 pounds each of the different

lots. The computed gains would have been 1.47, 0.87, and 0.62 pounds

per day, respectively, for each of the three lots of clover.

In case the total dry matter consumed daily under such circum-

stances was limited to 20 pounds, the computed gains would be reduced

to 0.8 pound, 0.3 pound, and no gain, respectively, for each of the lots.

We still do not have satisfactory data on the amount of forage an animal

will graze per day from the range under various conditions.

Late rains prevailed over a large area in California in 1929 and

again in 1931. Greater amounts of supplements are necessary to finish

cattle on such spoiled feed and even to maintain breeding stock in satis-

factory condition. It is therefore important to understand what hap-
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pens to the feed value of different species of plants in order to supply

necessary supplements most efficiently and economically. Leaching ex-

periments were conducted with bur clover, oat hay, and naturally cured

range forage under laboratory conditions to show the relative losses of

the various constituents. Some of the experiments represented nearly

complete extractions of the soluble constituents but were probably not

in excess of conditions occurring on the range when the feed remains

saturated for one or two days and is leached by intermittent showers

totaling one to three inches or more of rainfall. The greatest percentage

loss was in the silica-free ash and varied from 25 to 67 per cent. Chlorine

was lost in greatest amount, reaching 67 per cent in oat hay and 86 per

cent in bur clover. This fact is in agreement with the observed increased

salt requirement of stock after feed has been damaged by rain.

In both bur clover and alfilaria the calcium was not significantly

affected; but phosphorus was distinctly lowered, particularly in the

case of the bur clover leaves and stems. This change tends to widen the

calcium-phosphorus ratio.

A larger percentage of calcium was lost in the grass species. The

nitrogen-free extract lost varied from 6 per cent, in a sample of soft

chess, to 35 per cent, in bur clover stems and leaves.

The decrease in crude protein varied from 1 per cent of the total in

oat hay to 16 per cent in bur clover and 18 per cent in soft chess. Be-

cause, however, of greater loss of other constituents, this decrease does

not show in the analysis, and the percentage of protein in the remaining

dry matter may even be increased. Ether extract is influenced but

slightly.

As the crude fiber remained entirely in the residue, its increase there

accordingly constitutes an index to the loss of other constituents. An
increase of 3 to 6 per cent in crude fiber coincided with a loss of 10 to 20

per cent in total solids.

For more detailed results of these experiments the reader is referred

to the original publications.

The effect of rain on the composition of field samples is difficult to

ascertain accurately because loss of leaves may be occasioned by the

beating effect of the rain. One cannot state with certainty that the

leached sample is comparable in all other respects with the one pre-

viously obtained. As shown by samples of wild oats Nos. 217 and 299 on

ranch No. 1, and by samples of broadleaf alfilaria Nos. 261 and 291 on

ranch No. 6, the results from field samples agree, however, with the

laboratory experiments and definitely indicate the composition of the

forage available for grazing.
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SIGNIFICANCE OF VITAMIN A IN RANGE FEED

The fact that cattle require vitamin A has been demonstrated at this

station by Mead and Regan, (9) who studied deficiencies of rations devoid

of roughage for calves until the animals were two years of age. These

workers also showed that the quantitive requirement was by no means so

insignificant as many have heretofore believed. Jones, Eckles, and

Palmer (10) showed vitamin A to be an indispensable factor in the diet

of calves. Bechdel, Honeywell, and Dutcher (11) also presented evidence

of abnormalities in heifers fed a ration deficient in vitamin A. Halver-

son and Sherwood (12) have quite definitely established that so-called

cottonseed poisoning in cattle really results from the nutritive defi-

ciencies of the rations fed, particularly in vitamins, rather than from

gossypol toxicity. The condition can be relieved and cottonseed main-

tained at the same level of intake by supplying the animal with green

feed or other source of vitamin A, the primary deficiency.

Mild evidence of cottonseed poisoning has been manifest in long dry-

feed seasons on the range where cottonseed cake was the only supple-

ment fed.

The liver is a storehouse for vitamin A in the body, and the color test

with liver tissue indicates somewhat the state of depletion of the animal

in the vitamin at the time of its death. Liver samples were taken from 5

steers at the time of slaughter in October. Steer No. 1 had pastured

along a river bottom and had access to bermuda grass and other green

forage plants throughout the season. Steers 2 to 5 had subsisted on

dry range feed and a small amount of cottonseed meal from April to

July 1. From this time until slaughter these animals received in ad-

dition to the dry range feed 1 pound of alfalfa meal daily and an

average of 3 pounds of cottonseed meal and 5.5 pounds of ground barley

daily. The livers of 2 rats on a diet rich in vitamin A and one sample of

cod-liver oil were also included in the test as checks.

The method of extracting the liver oil before making the test is, in

general, that given by Moore. (13) The liver samples were minced, placed

in flasks with about twice their bulk of 5 per cent potassium hydroxide,

and allowed to stand in a cold room (40°-42° F) for several days. Upon
removal from storage the samples were gently warmed on a hot-plate

and shaken until practically all the liver tissue went into solution.

About 1 cc of 50 per cent alcohol was then added for each gram of

liver tissue. After cooling, the solutions were transferred to separatory

funnels and extracted once with about three volumes of ethyl ether.
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Nearly all the liver oil was thus extracted, as evidenced by the faintness

of the reaction obtained after a second extraction. The addition of

alcohol greatly facilitated the extraction and the separation of the ether

layer from the emulsion formed after vigorous shaking.

The alkali was then drawn off, and the ether washed at least three

times with distilled water. The ether was then filtered into Soxhlet

flasks, through anhydrous sodium sulfate, to remove the water. It was

then distilled off, and the flasks containing the liver oil were placed in

vacuum desiccators over calcium chloride. The air in the desiccators was

first washed out with carbon dioxide, and then the oils were allowed to

stand in vacuo for several hours to remove any moisture. The dried

material appears as an amorphous yellow-orange colored mass. This

material was then dissolved in chloroform, transferred to 10 cc volu-

metric flasks, and diluted to the mark with chloroform.

The antimony trichloride reagent was made by dissolving antimony

trichloride in chemically pure chloroform at room temperature (30

grams of antimony trichloride in 100 cc chloroform).

Quantitative comparisons were made by dilution of the chloroform

solutions until the blue color formed with 2 cc of antimony trichloride

reagent and 0.2 cc of the test solution was just faintly discernible. The

solutions were then calculated back to the amount of liver tissue which

they represented. On this basis the minimum amounts of liver tissue to

produce a detectable reaction were as follows

:

Milliqrams

5

Liver of steer No. 1

Liver of steer No. 2

Liver of steer No. 3

Liver of steer No. 4

Liver of steer No. 5

4

20

43

185

257

The vitamin A concentrations in the livers of the two rats on a diet

rich in vitamin A, and in the liver of steer No. 1 having access to green

feed were approximately equal.

The concentration in the liver of steer No. 1 was 5 to 64 times as high

as that in the livers of the steers 2 to 5.

Steers 2 to 5 may all have had a feed of alfalfa or other hay after

arrival at the slaughter house in San Francisco, which could have al-

tered in some degree the vitamin A concentration in their livers. Barley

and cottonseed meal are known to be deficient in vitamin A. Alfalfa

meal contains the vitamin but feeding 1 pound daily in addition to the
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range feed did not result in a concentration in the liver comparable to

that obtaining in the steer receiving green forage. The evidence, though

meager, substantiates the supposition that the dry range feed is deficient

in this dietary factor.

A sample of cod-liver oil estimated to contain not less than 500 rat

units per gram was tested by use of the same technique as employed

with the liver samples. The minimum quantity of cod-liver oil necessary

to produce a faint blue color was 0.75 mg or a little less than one-fifth as

much as the most potent liver sample.

DIGESTION EXPERIMENTS WITH RANGE FORAGE

Chemical analyses of feed stuffs, though valuable in indicating limit-

ing factors such as protein and minerals, do not give information as to

the amounts of the various nutrients actually available to the animal.

The digestibility of the nutrients in different feeds varies greatly ; and

the values for productive purposes, even of the digestible portions, are

different in roughages from those in concentrates. Thus, a pound of

digestible nutrients in grains is more valuable for the production of

growth and fat than an equal amount of digestible material from hay or

straw. As a further step in determining the nutritive value of range

forage, digestion experiments were undertaken ; and the results of the

five trials thus far completed are presented herewith. Three of these

trials have been reported in detail in an earlier publication. (7)

The first trial (14) was with range grass collected by A. W. Sampson

of the Division of Forestry in Mendocino County in September, 1926.

The forage consisted almost entirely of grasses, dry and bleached, with

most of the seed heads shattered ; and it was estimated to contain about

70 per cent soft chess {Bromas hordeaceus). The palatability was so ex-

tremely low that the sheep used in the experiments had to be starved to

it, and even after two weeks the maximum amount consumed was

slightly under one pound daily. Five wethers were used, varying in

weight from 65 to 90 pounds. All lost weight during the trial (3 to 5

pounds in ten days). The preliminary period was five days, and the

collection period ten.

The second, third, and fourth trials were with bur clover which had

been exposed to various degrees of weathering and to rain. The treat-

ment of the three lots of bur clover is described under the section headed
'

' Effect of Rain on Dry Forage. '

'

The fifth trial was conducted by A. Folger, with dry, bleached, and

leached alfilaria, collected from a field which had not been grazed on the

Adobe Ranch, Madera County, August 19, 1931. The material was col-
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lected by raking the alfilaria patches with hand rakes. A small amount

of grass, weeds, and foreign material was included. It was subsequently

picked over by hand to remove most of the dirt and foreign material,

TABLE 5

Percentage Composition of Kange Forage Used in Digestion Experiments :

Dry Basis

Trial
No.

Forage Crude
protein

Nitro-
gen-free
extract

Ether
extract

Crude
fiber

Total
ash

Cal-
cium

Phos-
phorus

1 4 15

17.71

17.35

17 86

4.89

52.00

46.93

46.27

44.84

54 34

1.23

3 34

2.54

2.22

1 23

36.20

22.97

25 11

27.48

31.08

5 61

9 05

8.72

7.61

8.46

0.20

1 24

1 30

17

2

3

4

Bur clover, mature, green, cured

as hay
Bur clover, exposed to sun 21 days

and to 0.31 inch of rain

Bur clover, exposed to sun 34 days

0.32

30

0.29

5 Dry, bleached, and leached

TABLE 6

Average Percentage Digestibility

Trial
No.

Forage Dry
matter

Crude
protein

Nitrogen-
free

extract
Ether
extract

Crude
fiber

x 49.7

64 2

59.2

55 7

39.9

— 10 5

74.1

68.0

63 7

-28.5

52

70.9

64.1

59.9

47.7

43 7

56.9

40 9

23.6

43.3

63

2 Bur clover 51 5

3 50.7

4 52.4

5 45 5

TABLE 7

Pounds of Digestible Nutrients in 100 Pounds of Dry Matter

Trial
No. Forage

Crude
protein

Carbo-
hydrate Fat Total*

1

2

Grass

13.1

11 8

11.4

49.9

45 1

42 4

41.3

40

54

1.89

1 04

52

53

51.1

62 5

3

4

Bur clover 56 5

53.8

5 Alfilaria 41.2

* The total included digestible fat X the factor 2.25.

so that the forage fed to the animals was nearly pure alfilaria, of the

broadleaf and red stem species. After drying, this forage had been

leached by several rains, which probably totaled over two inches. As
the palatibility was low, the maximum the sheep could be induced to eat

was about l1/^ pounds daily. Four wethers which varied in weight from
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116 to 126 pounds each were used in the experiment. The preliminary

period was ten days and the collection period fifteen, and all the sheep

lost weight during the experiment.

The chemical composition, coefficients of digestibility, and digestible

nutrients in 100 pounds of each lot of forage used in the digestion trials

are given in tables 5, 6, and 7.

Reference to the tables shows not only that the protein content of the

dry grass used in trial 1 and of the alfilaria used in trial 5 was very low,

but that negative values were found in each case for digestibility. This

is explained by the fact that some nitrogenous waste products are ex-

TABLE 8

Eelative Value of the Forages Used in the Digestion Experiments

for the Maintenance of a 1,000-Pound Beef Cow

Digestible Total
crude digestible
protein nutrients

pounds pounds

Daily requirement of 1,000-pound beef cow in calf 7-0 9 9.0 12.0

Trial 1 Grass 20 pounds None? 10.2

Trial 2 Bur clover 17 pounds 2.22 10 6

Trial 3 Bur clover 18.5 pounds 2.18 10 4

Trial 4 Bur clover 19.5 pounds 2.12 10 5

None? 10.5

creted by way of the intestinal tract, and this, coupled with the fact that

feed consumption and the percentage of protein in the feed was small,

resulted in the recovery of more nitrogen in the feces than was con-

sumed in the feed. With larger feed intake, such as no doubt would

occur under natural grazing by animals accustomed to such feed, posi-

tive values would probably be obtained. In any case the amount avail-

able would be much too low to meet the animal 's requirements.

The bur clover, on the other hand, contained sufficient protein of

relatively high digestibility to meet the needs of an animal.

The decrease in the percentage of the digestible nutrients, caused by

exposure to rain, is clearly shown in the trials with bur clover. The low

digestibility of the alfilaria which had been leached by rain is particu-

larly striking.

As illustrative of the relative values of the different forages used in

the digestion experiments, the requirements for wintering a 1,000-pound

beef cow in calf, according to the Morrison feeding standard, together

with the number of pounds of dry matter from each forage to furnish

sufficient total digestible nutrients, are shown in table 8.
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Since the dry feed contains some moisture, the total feed intake

would have to be 8 to 10 per cent more than the figures indicated. The

bur clover, when consumed in amounts varying from 17 to 19.5 pounds

of dry matter, would furnish not only sufficient total digestible nutrients

for the energy requirement but also abundant protein. The dry grass

and alfilaria, on the other hand, would furnish little or no available pro-

tein, and about 2 pounds of high-protein cottonseed cake or its equiv-

alent in other protein supplements would be required to meet the mini-

mum requirement.

Gains in weight on any of these feeds, even after the minimum pro-

tein requirement has been provided, would be conditioned by the amount

of forage, over that required for maintenance, which the animals would

be capable of consuming. Generally cattle will daily consume palatable

dry feeds in amounts equivalent to approximately 3 per cent of their live

weight. Thus good gains could be expected without supplement from

forage similar to the bur clover used in trial 2. Lower gains would be

expected on the bur clover used in trials 3 and 4, because of decreased

digestibility and palatability.

It is not possible to estimate with any degree of certainty the amount

of forage, such as the grass or alfilaria used in trials 1 and 5, which

would be eaten. When the minimum protein was furnished, the grass

would probably permit some gain; but little more than maintenance

could be expected from the alfilaria. This nutrient content is repre-

sentative of alfilaria probably at or near its lowest value and explains

the extremely poor results obtained after severe damage by rain.

OBSERVATIONS ON PROBLEMS CONNECTED WITH REPRODUCTION

Hart and Guilbert (15) have already reported at some length on fac-

tors affecting percentage calf crop in range herds. Their report stressed

the effect of possible mineral deficiency, particularly phosphorus. Labo-

ratory experiments with rats on the effects of varying calcium and phos-

phorus intake, published by Guilbert and Hart, (1G) showed that the

estrous cycle and reproduction were affected by low phosphorus and

also that a high ratio of calcium to phosphorus intensified deficiency of

the latter. The idea that any nutritional deficiency may be a limiting

factor in reproduction has been developing for a number of years, and

evidence which has been accumulating supports this conception. Thus

the existence of low protein levels in range feeds caused us to repeat

laboratory experiments with rats on low protein diets, as had been pre-

viously done with diets low in minerals. The results of these experi-
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ments, published by Guilbert and Goss, (17) demonstrate that protein

levels of 3% to 5 per cent resulted in cessation of estrum or in long and
irregular cycles. An inadequate level of protein was secured which

permitted estrum in some individuals. These animals were subjected

to breeding tests with normal males, but no litters were produced. The
lack of fertility was of three general types : the failure to mate during

estrum when placed with normal males; infertile matings with recur-

rence of estrum ; and fertile matings, followed by death of the embryos.

Investigations of recent years have brought out the importance of

vitamin A in maintaining high reproductive efficiency. Hart, Steenbock,

Humphrey, and Hulce, (18) in their paper reinterpreting the results of

the original experiments on the nutritive value of rations restricted to

the wheat plant for cattle, showed that vitamin A and calcium were the

limiting factors in obtaining normal reproduction. This fact was mani-

fested by calves being born dead, or very weak at birth and dying soon

thereafter. Retention of the placenta was also commonly observed in

these cases. Halverson and Sherwood, (12) in their investigations on the

feeding of cottonseed meal to cattle, produced typical symptoms of so-

called cottonseed meal poisoning not only with cottonseed but also with

peanut, soybean, and linseed meal when fed in rations containing a min-

eral mixture and a poor roughage. They showed that this condition was

not caused by the presence of a toxic substance in cottonseed meal, and

they presented evidence that the failure of these rations resulted prima-

rily from a deficiency of vitamin A. Though they showed reproductive

difficulties similar to those in the Wisconsin experiments, their data are

confusing because abortion infection existed in their experimental cows.

Nevertheless, the lowered body weight at birth, weakness, and mortality

in the offspring, and the presence of eye lesions in the calves from cows

on the rations low in vitamin A, as compared with the controls, are

significant.

In the three-year period during which we have been conducting this

work, our attention has been called to a variety of conditions involving

reproduction in limited or wide areas. Among these may be mentioned

high mortality in newly born pigs, lambs, and calves, associated with

enlarged thyroid glands. This condition has been limited to an area in

Shasta County and to one in Modoc County. It is caused by iodine de-

ficiency in the feed and water supply of the pregnant females in those

regions.

There has been evidence of abnormalities late in gestation over much
wider areas, not associated with iodine deficiency. In the fall and winter

of 1929 and 1930, many cases of calves having been born dead or dying
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soon after birth were reported. Retention of the placenta was also asso-

ciated with the condition, particularly in cows calving in November and

December, on dry feed, the lateness of the rains having prevented green

feed from starting until January. This condition apparently disappears

when good feed becomes available.

We collected blood samples from a number of the affected cows in

several herds and found the situation complicated by the existence of

Fig. 4.— '
' Acorn calves '

' of different breeds. The animal
shown in the lower left was most severely deformed.

occasional reactors to the agglutination test for infectious abortion.

In one herd, where 25 cows calved, with 8 having retained placentas,

blood samples were taken from the entire herd of 52 head, and all were

negative. Though the evidence is not satisfactory to prove feed defi-

ciencies as the cause of this condition, there are sufficient data to lead

us to suspect that this may be the case.

In 1931 rains came in December and cold weather retarded the

growth of green feed. Where pregnant cows were given supplements

early, they held up on the limited amount of forage, with small losses

during calving. Where supplements were not given until the animals

were very poor, instances of heavy losses of calves were reported. This

is further evidence that dry feed must be supplemented late in the
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season to prevent the cows from becoming too thin during the calving

period.

One other condition known as "acorn calves," which occurs over

wide-spread areas in the range lands, has been investigated. It is illus-

trated in figure 4. In general these calves are born with very short legs

caused by abnormally short shafts of the long bones of the fore and hind

legs, particularly the humeri and femurs. The head frequently appears

out of proportion and shows an upturned or lateral turn of the nose with

undershot jaw. The bending of the legs of these calves gives the im-

pression that the muscles and tendons develop normally, but that the

shortness of the bones allows the joints to bend abnormally before re-

ceiving muscular support.

The name '

' acorn calves
'

' originated because of the rather general

impression that the condition resulted from the dams' eating too many
acorns during gestation. It apparently does occur more commonly in

the oak belt of the Sierras than elsewhere. In general, there is a pre-

ponderance of the grass species, some alfilaria, and relatively little bur

clover in these areas, so that the dry feed is of inferior quality.

The condition is manifested more frequently in poor feed years, and

appears to be especially liable to occur when animals are confined to the

same area throughout the year, so that a long period on dry feed is in-

volved. Opinions of stockmen are somewhat conflicting, in that some

report numerous cases following poor feed conditions when relatively

few acorns were available, and cite instances of practically no losses

after a year of heavy acorn mast. Others associate the appearance of

deformed calves with years of heavy masts. We have, however, reliable

reports of the condition in calves from cows which did not have access to

acorns. Of 9 heifers that were kept together in the same field through-

out the summer and fall of 1930, 5 produced deformed calves. The

forage in this field consisted largely of annual grasses, and the cattle did

not have access to acorns during the gestation period.

We have considered the possible relation of this condition to the

achondroplasia-like condition in Dexter cattle known as bull-dog calves

which has been reported upon at length and definitely associated with

heredity by Crew. (19) These calves are always born dead and usually

premature, and the anatomical alterations are much more extensive, in-

cluding umbilical hernia. The condition is always associated with ex-

cessive fluid in the fetal membranes. This may be recognized as early as

the third or fourth month, and obliterates the hollow in the flank. The

cow then loses the excess water through the vagina, but the fluid soon

accumulates again and dribbles until finally the fetus is aborted. The
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placenta comes away in small fragments. Herdsmen say there is no

afterbirth in these cases, but lochial discharge lasts longer than normal.

The death of the fetus, if near term, is associated with dropsy and diffi-

cult parturition. None of these conditions are observed to be associated

with '

' acorn calves.
'

' All that we have observed were born at term alive,

and many will live if helped to nurse their dams during the first weeks

of their lives. Apparently there is a gradation of the condition from

practically normal to extreme deformity. The calves are always under-

sized and not economical animals to raise, and are, therefore, usually

destroyed.

Wriedt (20) describes a so-called "bull-dog" calf condition in the

Telemark breed of cattle in Norway which was traced to one bull, Niklas

481, born in 1899. These cases appear more nearly to resemble "acorn

calves" than those reported by Crew. We have considered the possibility

that inheritance may be the cause of
'

' acorn calves.
'

' In the light of all

the data we have accumulated, however, such an explanation does not

seem tenable. At least, rigorous environmental conditions must exist for

the condition to be manifested.

" Although no definite history of the cattle is available, the stock has

necessarily come from greatly varied sources over the wide area in

which deformed calves appear. The sources of the bulls used are also

widely varied, and no such hereditary anomaly has been associated with

the pure breeds from which the sires are usually drawn, namely, Here-

ford and Shorthorn. We have seen the condition in cattle showing

strongly the Hereford characteristics, in those showing equally strong

Shorthorn characteristics, and in mixtures of the two. The only case of

which we know in purebred cattle was that of the 9 heifers previously

mentioned, which were Shorthorns raised under range conditions. In-

stances of abnormally short-legged range cattle showing Hereford char-

acteristics have been reported in Texas by Lush. (21) Except for short-

ness of legs, these animals are apparently normal. Lush has given evi-

dence of a hereditary cause of this condition and a history of the admix-

ture of Dexter blood in the foundation animals.

As the deformity is not associated with any particular breed or any

particular breeding, while many observations associate it with the feed

supply, we are therefore strongly inclined to the theory that environ-

mental rather than hereditary factors are involved.

The number of deformed calves born in the different herds varies

greatly. There may be one or two cases only in a herd. In some small

herds a total of 10 per cent deformed calves has not been uncommon.
One case of an owner 's having 5 cows, all of which had deformed calves
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in 1930, was reported. On another place in the same vicinity in 1930 a

different owner had 5 cows, 4 of which calved in January and February,

with all the calves deformed, while the fifth cow gave birth to a normal

calf in May.

These cows were again bred in May, 1930, and were kept on the small

home ranch until September, when 2 of those having deformed calves in

the spring and the one having the normal calf were moved to a pasture

where they had access to green feed. The 2 cows kept on the home ranch

again had deformed calves in 1931, and the 3 moved to the other pasture
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Fig. 5.—Log bones of an '
' acorn calf '

' compared with those of a normal calf, to

show the shorter shafts of the former. A and B, femurs. C and J), humeri.

had normal calves. Incidentally, there was an abundance of acorns in

this field. The following typical reports will give some idea of the inci-

dence of the trouble : 57 calves, 9 deformed ; 58 calves, 8 deformed ; 100-

cow herd, unknown number of calves, 8 deformed; 30 calves, 10 de-

formed ; 800-cow herd, unknown number of calves, 40 deformed.

Ranches reporting a considerable existence of this trouble one year

may have none the following year. This is coexistent with better feed

conditions. In one instance, 9 deformed calves were observed, all of

which were from two-year-old heifers. Other reports indicate that de-

formed calves may be more liable to be born to heifers than to older cows.

It does, however, occur in cows of all ages.

Figure 5 illustrates the short shafts of the bones of one of these

calves, born April 8, 1930, as compared with those of a normal calf.

Analysis made of one femur from this case showed 49.4 per cent ash on
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the dry, fat-free basis, which is normal for the newborn. On macroscopic

examination of a longitudinal section of the femur, stained with silver

nitrate, the provisional line of calcification and the calcification through-

out the bone appeared normal. The blood serum from this calf contained

12.6 mg of calcium and 8.8 mg of phosphorus per 100 cc, which is nor-

mal. There was some evidence of beading at the chondrocostal junctions

of the ribs. The two known conditions associated with beading of the ribs

are scurvy and rickets. The former results from lack of vitamin C ; the

latter from mineral deficiency complicated by a lack of vitamin D.

The causes of this condition apparently date back into the earlier

period of gestation, when the skeleton is being laid down in cartilage and

ossification is beginning. According to the evidence, the condition be-

comes manifest when this period of gestation coincides with poor feed

conditions. It is, therefore, usual to find these deformed calves' being

born several months later even though their dams are then on good

green feed.

SUMMARY AND CONCLUSIONS

It is recognized that the foregoing data are fragmentary and incom-

plete in many ways. This publication is presented at this time in re-

sponse to urgent requests by stockmen that the data so far obtained be

made available.

Analyses of over 400 samples of range forage collected at different

seasons of the year over a two-year period have been presented. These

comprised six individual species of plants and also composite samples

containing more than one species, representing as nearly as possible the

forage as being grazed by the animals at the time the material was

collected.

The samples represented the various growth stages of the plants

throughout the two-year period from the early green vegetative stages

following the first rains to the dry, bleached, and leached forage at the

end of the dry season. The analyses show remarkable changes in the

nutritive value of the forage plants at various stages of growth and

seasons of the year. The dry matter in the forage varies from that of a

protein-rich concentrate during the early vegetative stages to that of a

poor roughage during the drought period.

The difference in composition between species is more marked than

the variation within the species when grown on different areas and the

value of a range is dependent in a large measure upon the relative abun-

dance of those species which maintain high nutritive value over a long

period of the year.
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The outstanding individual species which maintained relatively high

nutritive value throughout the year, is bur clover. This is partly ac-

counted for by the fact that the burs are available to livestock even after

they have matured and have fallen to the ground.

The annual grasses and broadleaf alfilaria, while valuable early feed,

have a comparatively short period when they furnish adequate nutrition.

When these species mature and dry, the seeds are largely unavailable

and the remaining stems and leaves are deficient in protein and min-

erals, particularly phosphorus. The red stem alfilaria tends to remain

green later in the season than the broadleaf. It is higher in protein

and ash and lower in fiber than the broadleaf at corresponding stages

of growth. The white stem species appears similar to the red stem in

composition.

All of the alfilaria species are remarkable for their high content of

silica-free ash and the calcium content is unusually high. The grass

species on the other hand are low in calcium and total minerals.

The value of a range cannot be determined solely on the abundance

of forage in relation to the number of animals grazing, since severe

losses in weight commonly occur during the drought period on ranges

containing plenty of dry feed, when this forage is composed of species

which do not supply adequate amounts of essential nutrients. The effi-

cient use of ranges depends on the ability of the owner to utilize the

various species when they are most valuable or on properly supplement-

ing the forage when it becomes deficient.

By means of chemical analyses of samples from burned and un-

burned areas an attempt was made to ascertain why the forage on burned

areas is more palatable to livestock during the first year following the

fire. In one area a decided increase in phosphorus was shown to exist in

broadleaf alfilaria and to a less extent in wild oats on the burned area.

This was not substantiated in a limited number of samples taken from

two other areas with more fertile soil.

In cooperation with the United States Forest Service samples of

browse consisting of sweet birch and bitterbrush were analyzed at differ-

ent stages of growth. A few grass and clover samples were also taken

from mountain meadows. This data, together with observations on the

condition of the animals, reports of depraved appetite, and other clinical

evidence, indicate the existence of nutritional problems in the higher

elevations.

The data on the effect of rain on dry forage which was presented in

detail in an earlier publication have been augmented and summarized

in this paper.
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A few tests are included, showing rather large variations in vitamin

A content of the liver of range steers at the time of slaughter, depending

on their previous feed supply.

The results of five digestion trials with range forage, three of which

had been previously published, are reported. These data show the rela-

tively high nutritive value of bur clover, compared to dry grass and

alfilaria. They also show that even the dry, bleached, and leached forage

may furnish a cheap source of energy for livestock if properly supple-

mented.

Observations are given on problems connected with reproduction in

range cattle, particularly iodine deficiency, high mortality in newborn

calves, and the deformity known as
'

' acorn calves.
'

' The latter is ap-

parently associated with poor feed conditions at certain periods of

gestation.
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APPENDIX

Description of Ranches, Southern Area.—Ranch No. 1 is located

southeast of Oakdale in the grassland foothills, where the soil is mainly

of fine texture, with relatively few outcropping ledges. It is probably

representative of the best grazing land in the San Joaquin Valley. Here,

bur clover grows abundantly. Other species of importance are alfilaria,

wild oats, brome grass, and various other annuals. In the natural se-

quence of grazing, the first species available is alfilaria, followed shortly

by the grasses. On February 4, 1930, when the first sample was taken,

the cattle were grazing largely alfilaria and the grasses. They con-

tinued to graze in this manner until April, when the bur clover began

to dry. Throughout the remainder of the season, this species consti-

tuted the main forage.

The owner of this ranch maintains a breeding herd and keeps the

cattle on the home ranch throughout the year. Beef steers from the
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vicinity are among the earliest grass-fat steers going to market from

April to June.

Ranch No. 2, located east of Merced among the higher timberless

foothills of the San Joaquin Valley, in what is known locally as the slate

area, produces forage of the same species as those found on ranch No. 1.

In 1930, however, there was relatively less bur clover and possibly more

wild oats. The sequence of grazing is much the same for the two ranches,

but apparently the forage on ranch No. 2 was somewhat later in stage

of growth than that on ranch No. 1. A breeding herd is maintained.

Steers are finished on the home ranch by supplementing the forage with

cottonseed cake and barley and are sent to market shortly after those

Fig. 6.—Area showing transition from timberless to wooded range.

from ranch No. 1. During the summer months the cows and calves are

pastured on salt grass in the bottom land of the San Joaquin Valley.

Ranch No. 3 is located on the rolling plains east of Madera. About

60 per cent of the land consists of medium-textured soils, while the re-

maining portion is heavier, tending toward adobe. On this area the

principal species are alfilaria, annual fescue, brome grasses, and pepper

grass (Lepidium dietyoturn) . Red stem, white stem, and broadleaf alfi-

laria are all present, the last-named species, however, predominates and

practically no wild oats are found. On the heavier soil, in favorable

years, a very good growth of bur clover is produced. In the sequence of

grazing on the loam portion of the ranch, the alfilaria is the first forage

to appear ; and cattle graze this until other forage is available. With the

coming of the other species, cattle show a preference for the grasses,

pepper grass, and white stem alfilaria until May, when the bur clover

begins to dry. This species then constitutes the principal forage until
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it is all consumed; subsequently the principal forage is alfilaria. No
breeding herd is maintained on this ranch. Yearling heifers and steers

are purchased in the fall and winter months, pastured on the green

forage in the spring, and finished on grass and cottonseed cake in the

spring and summer months.

Ranch No. 4, located northeast of Madera at a somewhat higher ele-

vation than No. 3, has dark-brown soil of medium texture and is in the

locally termed schist area. The forage growth is considerably ranker

than on any of the previous three ranches, and a greater percentage of

it consists of the grass species. In grazing value and sequence of graz-

ing, ranch No. 4 does not differ greatly from the red-loam portion of

Fig. 7.—A range in the locally termed granite area. Example, ranch No. 6.

No. 3, although the method of grazing gives it some advantage in the

chemical analyses. The cattle were kept in the granite foothills, and the

sampling pasture was reserved for fall and winter grazing, the better

forage thus being left available for sampling in the late summer and
fall. In 1930, moreover, the bur clover crop on this particular ranch was
the best in years. Cattle are marketed as calves.

Ranch No. 5, in the rolling plains east of Fresno, at about the same

elevation as No. 3, has soil relatively light in color and texture. The
ranch is typical of a rather large area in the San Joaquin Valley. The
forage consists of broadleaf alfilaria and annual grasses. Only a few
head of steers were on this pasture in the early spring months of 1930,

most of it being saved for fall and winter feed.

Ranch No. 6, a grass and alfilaria range located east of Madera, con-

tains some tree growth. The soil, light in color, with granite outcrop-
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pings, is in the area known locally as granite. The forage here is usually

ranker than most of that found in the true grassland areas. The earliest

forage is the alfilaria, chiefly the broadleaf species, followed by the

grasses, including brome grass, wild oats, fescue, and other annuals.

After the feed dries, alfilaria is probably preferred, although the cattle

necessarily consume considerable quantities of the grass species. Cattle

are kept on the ranch from October to June. For the remainder of the

year, some of them are on salt grass pasture in the valley, and some are

taken to the National Forest in the Sierra Nevada Mountains.

Ranch No. 7, near Coalinga, is typical of the alfilaria land on the

west side of the San Joaquin Valley. The range is hilly and treeless.

The soil is Kettleman loam and clay loam. Red stem alfilaria is by far

the most valuable forage species, although brome grass, foxtail (Hor-

deum murinum), and pepper grass furnish valuable forage in the early

green feed season. Only 5.24 inches of rain were reported at Coalinga

between July, 1929, and June, 1930, and because of the drought the

forage was so closely grazed that no samples could be obtained from the

open range after May, 1930. The sample collected on June 14 came from

a small fenced area which had not been pastured. At the time this sam-

ple was taken cattle in fair condition were still on the range. In normal

years, cattle are kept on the home ranch throughout the year. A breed-

ing herd is maintained, and steers are marketed at three years of age.

Ranches 8 and 9 are located in the foothills southeast of Porterville.

Ranch No. 8 is in the timberless foothills, while No. 9 is in the wooded

granite hills, at a somewhat higher elevation. The principal forage

species on the former ranch is red stem alfilaria, with some pepper grass,

brome grass, and foxtail ; in years of sufficient rainfall, bur clover is

abundant. Ranch No. 9 is largely a grass range, although some red stem

alfilaria is found. Between July, 1929, and June, 1930, in the Porter-

ville section, only 5.48 inches of rain fell, most of it coming in January

and February. In consequence, there was practically no bur clover, and

the alfilaria crop was extremely short and dried quickly. By the middle

of March, the forage on the timberless foothills was dry, and at this time

a hail and rain storm destroyed practically all the remaining forage. In

the wooded area, samples could be obtained until June. Few breeding

herds are maintained in this area, and most animals are imported in the

fall and winter as feeders, to be marketed in the spring and summer of

the following year. These cattle are finished on grass, cottonseed cake,

and barley.

Description of Ranches, Northern Area.—Ranch No. 10, located in

the timberless foothills southwest of Red Bluff, is typical of the best
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grazing land in the Sacramento Valley. The south slope on which the

samples were taken is a shale formation, with occasional limestone out-

croppings containing sea shells. Many different forage species are found

intermixed, but the principal ones are bur clover and wild oats. From
February to May, the alfilaria species constitute the principal forage.

Cattle are kept on the home ranch throughout the year. Steers are fat-

tened on the grass alone and are sent to market as two-year-olds, nor-

mally in June and July.

Ranch No. 11 is in the foothills west of Red Bluff, where the soil is

not so heavy. There is no red stem or white stem alfilaria, nor is the bur

clover so plentiful as on Ranch No. 10. The principal forage species are

Fig. 8.—The rocky plain range east of Bed Bluff. Example, ranch No. 12.

bur clover, broadleaf alfilaria, and various grass species, including wild

oats and soft chess. In 1930 the cattle on this ranch showed a preference

for bur clover throughout the season. According to the owner, this is

not a normal grazing habit, the cattle usually taking alfilaria early, then

the grass species, but no considerable amount of bur clover until it be-

gins to dry. In 1930 some cattle were kept on the home ranch the entire

season, but most of them were pastured in mountain meadows in north-

ern California and Oregon from June to October. Steers usually go to

market in August and September.

Ranch No. 12 is representative of the best grazing land of the lava

foothills east of Red Bluff. Sample No. 64 collected in March was taken

on a slightly poorer feed area adjoining it. The forage growing on ranch

No. 12 bears a marked contrast to that found on Nos. 10 and 11. None of

the forage except scattered patches of wild oats and brome grass ex-

ceeded two or three inches in height in 1930, and it was highly inter-
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mixed with Napa and star thistle. In grazing, the cattle roll the small

rocks, which partly cover the surface of the ground, around with their

noses and eat the forage that grows tallest around the edges of the rocks.

This sight is very common when cattle are grazing in this area. The
principal forage species are broadleaf alfilaria, foxtail, brome and fes-

cue grasses, thistle, and some bur clover. No definite sequence of graz-

ing was noted here, although cattle evidently preferred bur clover

throughout the year. Cattle are kept on the home ranch for about eight

or nine months of the year, and are pastured in the mountain meadows

Fig. 9.—A typical wooded hill range west of Red Bluff. Example, ranch No. 13.

during the remaining time. Steers usualty are marketed from the moun-

tain range in August and September as two and three-year-olds.

Ranch No. 13, taken as typical of the wooded hills west of Red Bluff,

is largely a grass range with smaller amount of broadleaf alfilaria. The

latter, which constitutes the better feed, is decidedly preferred by the

cattle during most of the season. The forage here grows much ranker

than that on the other three ranches previously described, and is rela-

tively more abundant. Few cattle were on the ranch during the greater

portion of 1930, so that the better feed was conserved for fall grazing.

Usually the cattle remain on the home ranch eight or nine months of the

year ; for the remainder of the season, they are on a summer mountain

meadow range.

Description of Ranches, Central Area.—Ranch No. 14 is located in

the Marysville Buttes area where the soil is dark gray or black in color

and volcanic in origin. The range is of the open timber type ; and the



Bul. 543] Seasonal Changes in Range Forage 59

forage is chiefly bur clover, broadleaf alfilaria, wild oats, soft chess, red

brome, and fescue. The same owner uses this ranch in conjunction with

ranch No. 15, the latter usually being the cow and calf range and the

former the stocker cattle range during the winter and spring months.

In the summer, from June to October, all the cattle are usually taken to

the sweet birch range in the Tahoe National Forest. During the season

of 1930, however, two- and three-year-old steers were fattened on ranch

No. 14, where the forage is regarded by the owner as slightly superior

to that on ranch No. 15.

Ranch No. 15, in the wooded foothills southeast of Marysville, has

reddish, gravelly soil. The forage species are the same as those found on

ranch No. 14. In fact, no difference can ordinarily be noted between the

two ranches in respect to quantity of the feed and the forage species.

Ranch No. 15 is a rougher range, and in 1930 it was very heavily grazed.

Both these ranches have about the same sequence of grazing ; first alfi-

laria, then the grasses, and then bur clover, with the other species from

the time the clover begins to dry throughout the remainder of the sea-

son. In 1930, possibly because of the general shortage of feed, cattle ate

considerable bur clover in the green stage.

Ranch No. 16, located south of Folsom in the timberless foothills, has

a soil reddish in color and somewhat gravelly. The principal forage

species are bur clover, broadleaf alfilaria, and the annual grasses. Cattle

are kept on the home ranch from November to June. For the remainder

of the season they are pastured on browse and meadowland in the moun-

tains. This ranch is typical of the better grazing land in the district. A
breeding herd is maintained, and beef animals are finished by supple-

menting the forage with cottonseed cake. The sequence of grazing is

much the same as on ranches 14 and 15, except that cattle eat bur clover

in all stages of growth.

Ranch No. 17 is located north of lone in the brushy and wooded foot-

hills. The south slope upon which the sampling area was located had

been cleared of all tree and brush growth. The owner believes that this

practice has resulted in an improvement of the range : not only has it

apparently increased the quantity of feed, but it has brought about a

replacement of the less desirable with the more desirable species, prin-

cipal among which are bur clover, alfilaria, and the grasses. In addition

to the broadleaf alfilaria, which is common on most ranges, this ranch

has considerable red stem and some white stem alfilaria. In 1930, very

heavy grazing occurred on it, and by fall the bur clover was depleted.

The sequence of grazing is much the same as on ranch No. 16 except that

cattle were not observed eating bur clover until it had begun to dry. The
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owners keep their herds on several different ranches and market their

cattle as calves.

Ranch No. 18 is located near ranch No. 17 in the wooded foothills,

where the soil is red in color and gravelly. The ranch is considered to

be slightly inferior to ranch No. 16, although the forage is practically

the same except that it is possibly more abundant and ranker. The se-

quence of grazing on both places is very similar.
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