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ABSTRACT

A two-year study was conducted on desert grassland near
Elgin, Arizona to compare the effects of nitrogen, phosphorus, and
nitrogen plus phosphorus fertilization, burning and a combination of
fertilization and burning on soil components, plant components and
subsequent utilization of forage by cattle.

The specific objective

of this study was to determine how and possibly why fertilization and
burning influence the utilization of blue grama (Bouteloua gracilis
(H.B.K.) Lag.) and curlymesquite (Hilaria belangeri (Steud,) Nash.)
by cattle.
The leaves of both species were collected at che time of
grazing and analyzed for crude protein, phosphorus, total alcohol
soluble sugars, total nonstructural polysaccharides and moisture.

Also,

soil samples were collected and analyzed for Kjeldahl nitrogen, nitrate
nitrogen and phosphate.

The utilization of blue grama and curly

mesquite was measured during the summer and fall on the variouslytreated plots using the grazed-class method.
Soil nitrate nitrogen was significantly correlated (r = 0,361
to 0.710) with leaf crude protein in the summer, but not in the fall,
and leaf crude protein was usually significantly increased (P<0.05)
above control plant levels by nitrogen fertilization and a combination
of nitrogen fertilization and burning.

xii

Crude protein was not

xiii
significantly increased above control plant levels by burning alone or
in combination with phosphorus fertilization.
Soil phosphate was significantly correlated (r = 0.352 to
0.732) with leaf phosphorus in both the summer and fall, and phos
phorus fertilization usually significantly increased leaf phosphorus
above control plant levels in the slimmer but not in the fall.
Neither burning nor fertilization, alone or in combination,
had a significant effect on leaf sugars or leaf total nonstructural
polysaccharides.

However, leaf moisture was significantly increased

above control plant levels during the summer, but not the fall, by
burning and nitrogen fertilization in combination.
The utilization of blue grama and curlymesquite by yearling
cattle was generally higher on areas treated with both nitrogen fertili
zation and burning than on areas receiving either treatment alone,
although the results were not always significant.

The utilization on

plots receiving both treatments was usually significantly greater than
the utilization on control plots.
Leaf crude protein generally exhibited the highest positive
correlation with the utilization of blue grama and curlymesquite.

In

addition, the direct effects of crude protein on utilization, as deter*mined by path-coefficient analyses of the data, usually contributed
substantially to the correlation coefficients.

Leaf sugars and leaf

moisture were highly correlated with the utilization of blue grama
and curlymesquite in a few instances.

Leaf phosphorus and leaf total

xiv
nonstructural polyaaccliarides exhibited little significant correlation
vith the utilization of either species.

/

CHAPTER 1

INTRODUCTION

In 1965# economists predicted that the demand for beef in the
United States would increase 35$ by 1975 (Barron 1967).

This empha

sizes the fact that an affluent American society demands beef.

The

population of the United States is expected to double by the year 2000
(U.S. Census Bureau 1967).

Therefore, there must be a doubling of

beef production in the next 30 years just to maintain the present per
capita consumption of beef, let alone account for any increases in
consumption that may occur (Schickedanz 1970).
The present trend towards increased beef production in
feedlots will undoubtedly continue, but a large portion of the
increased beef numbers must be produced on western rangeland that is
currently grazed to its full present capacity and overgrazed in many
instances.

The key to increasing range beef production lies in

developing more efficient management practices and improving range
condition.
Improvement in the production of beef on rangeland is
inexorably linked to the range forage crop.

Brush control, reseeding,

proper stocking, rotation grazing, fertilization and burning are
management practices aimed at improving the production and/or
utilization of range forage.

One of the most serious management

problems in range livestock production is the variable utilization of

1

2
rangelands by livestock.

For example, easily accessible areas and

areas containing palatable forage species are frequently over-utilized
whereas areas characterized by rough terrain or relatively unpalatable
species are under-utilized.

In order to make full and correct use of

the range resource, forage that might go unutilized because it is some
what difficult to obtain or slightly unpalatable must be utilized.
Fertilization and/or burning of the range to increase forage
palatability may provide a solution to this problem.
In June, 1968, a two-year study was initiated on desert
grassland near Elgin, Arizona to compare the effects of nitrogen,
phosphorus, and nitrogen plus phosphorus fertilization, burning and a
combination of fertilization and burning on soil components, plant
components and subsequent utilization of forage by cattle.

The

specific objective of this study was to determine how and possibly why
fertilization and burning influence the utilization of blue' grama
(Bouteloua gracilis (H.B.K,) Lag.) and curlymesquite (Hilaria
belangeri (steud.) Nash.) by cattle.

In order to accomplish this

objective, the leaves of both species were collected at the time of
grazing and analyzed for crude protein, phosphorus, total alcohol
soluble sugars, total nonstructural polysaccharides and moisture.
Also, soil samples were collected and analyzed for Kjeldahl nitrogen,
nitrate nitrogen and phosphate.

The utilization of blue grama and

curlymesquite was measured during the summer and fall on the variously
treated plots.

Correlations were then made between the utilization of

the species and the chemical composition of their leaves at the time of
grazing.

CHAPTER 2

REVIEW OF LITERATURE

Nitrogen performs an important role in the production of
range forage.

Its availability may mean the difference between

success or failure in a revegetation program (Mayland 1967).

Humphrey

(1962) states that lack of nitrogen limits range forage production
more than the deficiency of any other nutrient element including
phosphorus.

Although phosphorus is of less importance in range forage

production than nitrogen (Humphrey 1962), it may influence forage
palatability.
Burning and the use of commercial fertilizers are two methods
frequently considered in range ezperiments for increasing nitrogen
availability.

Numerous studies have been made of the effects of

burning on soil properties (Vlamis and Gowans 1961), and the effects
of commercial fertilizers on rangeland.

However, few researchers

have experimentally compared burning and commercial fertilizer use as
methods of supplying nitrogen to rangeland soils.

Similarly, little

has been written concerning the use of burning and commercial
fertilizers in combination; although Gay and Dwyer (1965) found that
burning and nitrogen fertilization in combination increased forage
production significantly over any other treatment including nitrogen
fertilization alone.

Forage production on plots burned and fertilized

with 100 lb. of nitrogen was increased 59/£ over the control.

Nitrogen
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fertilization alone showed little value for increasing forage yields
due to the drought conditions during the study.

Also, burning alone

did not increase forage production above control plot levels.

However,

burning, fertilization, and their combination were effective in
reducing forbs.

Although the results described by Gay and Dwyer

(1965) are preliminary and the effects of long term treatments on the
vegetation are not known, a significant interaction of nitrogen
fertilization and burning occurred which caused an increase in forage
growth that nitrogen fertilization or burning alone did not cause.

A

later study by Dalrymple (1968) confirmed the findings of Gay and
Dwyer (1965).

In contrast to the above studies, Klett, Hollingsworth

and Schuster (l97l) found no difference between forage production on
burned plots and forage production on plots burned and fertilized with
44 lb, of nitrogen per acre.

However, Klett et al. (l97l) reported

an increase in crude protein on burned-fertilized plots over that on
burned-unfertilized plots or unburned-fertilized plots.
In addition to the need for a comparison of the use of burning,
commercial fertilizer, and a combination of the two on southern
Arizona ranges, there exists a need for studies of the effect of range
fertilization on forage utilization by cattle (Holt and Wilson 196l).
Previous work has shown that cattle prefer fertilized ranges (Holt and
Wilson 1961; Stroehlein, Ogden and Billy 1968), but little information
is available on the utilization of burned versus commercially ferti
lized ranges and the utilization of ranges receiving both treatments.
The following is a summary of what i3 presently known concerning the

use of burning and commercial fertilizers in range improvement pro
grams and the preference by livestock for treated areas.

Effects of Burning on Rangelands
The use of fire in rangeland improvement is still a controver
sial subject.

Advantages or disadvantages of burning apparently

depend on several factors peculiar to a given location, time, and
desired objective (Ehrenreich 1959).

Chemical and physical properties

of soils may be altered considerably by fire (Hayland 1967).

Some of

the changes which may occur are an increased nitrogen supply, a higher
base status, greater phosphate availability, and a rise in surface pH
(Burns 1952; Vlamis and Gowans 196l).

Burning hastens litter decompo

sition and forms nitrogenous compounds which may be lost by
volatilization.

Yet total nitrogen in the mineral soil may be in

creased as a result of burning vegetative material and leaching of
nitrogen-containing compounds (Mayland 1967).
Vlamis and Gowans (l96l) reported that burning of ceanothuschamise (Ceanothus cuneatus and Adenostoma fasciculatuxa) ranges in
California increased the supply of nitrogen, phosphorus, and sulfur
available for plant growth in the soil.

On fall-burned oak-

mountainmahogany chaparral (Quercus turbinella and Cercocarpus
montanus). nitrogen availability was significantly higher on soils
from burned than from unburned areas ten months after burning.
Increased soil-nitrogen concentrations were observed at all depths on
the burned as compared with the unburned area (Mayland 1967).

The
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increased nutrient availability caused "by burning may be temporary in
some cases (Miller and FitzPatrick 1959).
Owensby, Paulsen and McKendrick (1970) found that burning
significantly increased the Kjeldahl nitrogen content of big bluestem
(Andropogen gerardi Vitman).

The carbohydrate content of big bluestem

on plots with different clipping and burning treatments was also
measured.

Burning did not affect the final storage of carbohydrates

on undipped plots, but it reduced the carbohydrate reserves on
clipped plots.

Other studies have shorn increased seed stalk produc

tion, increased early growth and changes in chemical composition as a
result of burning (Owensby et al, 1970).
McMurphy and Anderson (1965) concluded that late spring
burning of Kansas Flint Hills range was less detrimental than burning
in fall or in early or mid-spring.

Advantages of late spring burning

over not burning were an increase in big bluestem, control of Kentucky
bluegrass (Poa "pratensis L.) and other less desirable plants, and more
rapid beef gains.

However, burning in late spring reduced the

infiltration rate, soil moisture, and forage yield, as compared with
unburned range.

Owensby and Anderson (1967) found that late spring

burning in the Flint Hills caused no reduction in forage yields
whereas early and mid-spring burning did cause a reduction, as compared
with unburned areas.
A mid-spring burn in the blue grama-pinyon-juniper type of New
Mexico reduced forage production significantly the first year on the
burned area.

Yet species composition of herbaceous vegetation wa3 not

significantly affected, and loss of live grass crowns was fully recov
ered by the second year (Dwyer and Pieper 1967).

Spring burning on

brush-prairie savannah in Wisconsin resulted in 1358 lb. per acre more
forage production on burned than unburned areas the first season after
burning (Vogl 1965).

Burned areas also maintained high productivity

of grasses and forbs the second year.

Dead material comprised about

%Ofo of the total herbage for stands unburned for 25 years, but only
on burned stands.
A single fire, either in spring or fall, on mixed prairie
vegetation in Carson County, Texas improved species composition in
favor of the better climax grasses (Trlica 1967).

The extent of the

damage was always greater on "increaser" plants than on "decreaser"
plants (Box 1967). In an Oklahoma study, Graves and McMurphy (1969)
reported that species composition was improved after two annual burns.
Reduction of prairie three-aim (Aristida oligantha Hichx.) and rapid
recovery of "decreaser" species were the most outstanding improvement
factors.
Cable (1967) concluded that individual perennial grass species
on the Santa Rita Experimental Range differed in their response to
fire, largely due to differences in patterns of distribution with
respect to burroweed (Haplo-pap-pus tenuisectus (Greene) Blake) and
other fuel accumulations.

Most perennial grasses decreased in basal

intercept following the first fire in 1952 but showed no effect
following the second fire in 1955.

Basal intercept measurements were

made before each burn and periodically from 1952 to 1965.
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Reynolds and Bohning (1956) found that burning severelydamaged black grama (Bouteloua eriopoda Torr.) on southwestern semidesert ranges and killed about AVf° of the velvet mesquite (Prosopis
.iuliflora var. velutina (Woot.) Sarg.) trees less than 2 inches in
basal diameter.

As mesquite stem diameter increased, damage to mes

quite from burning decreased.

Cable (1967) reported that burning

killed 25fa of the mesquite trees on an area with a ground cover of
Lehmann lovegrass (Erarerostis lehmanniana Ilees) compared to 8/2 on an
area with black grama.

Ninety percent of the black grama plants and

more than 98$ of the lovegrass plants were killed.

Even so, many new

lovegrass seedlings eventually became established on both areas.
Humphrey and Everson (l95l) found that a temporary reduction in Lehmann
lovegrass is normally of little permanent consequence when compared
with the benefits derived from control of noxious plants.

Effects of Commercial Fertilizers on Rangelands
Forage production and quality was definitely improved by the
use of commercial nitrogen fertilizers (Arnold 1956; Kapp, Smith and
Potts 1950; Freeman and Humphrey 1956; Holt and Wilson 1961; Hubbard
and Mason 1967).

Freeman and Humphrey (1956) reported a marked

increase in forage production on southern Arizona ranges from 100, 200,
and 400 lb, per acre applications of superphosphate (0-20-0)„ ammonium
phosphate (16-20-0), and ammonium nitrate (32-0-0).

On plots receiving

ammonium nitrate, total forage production was greatest at the 100 lb.
per acre rate of fertilization and decreased with additional increments
of fertilizer up to 400 lb. per acre.

Ammonium phosphate increased
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total forage production with each successive increment of fertilizer
up to the 400 lb, per acre rate.

Holt and Wilson (l96l) also obtained

a linear response in forage production for plots fertilized with ammo
nium phosphate.

Plots fertilized with ammonium nitrate reached a

point of diminishing return near the 100 lb. of nitrogen per acre rate.
In contrast to the above findings, Hubbard and Mason (1967)
concluded that phosphorus appeared to be of little value in increasing
forage production on British Columbia ranges, either alone or in
combination with nitrogen. However, applied nitrogen was found to be
effective in increasing forage production for up to six years after
application.

Similarly, Lavin (1967) reported that phosphorus alone

or in combination with nitrogen did not increase production, whereas
straight nitrogen fertilization increased herbage production for over
four growing seasons following application.
Stroehlein et al. (1968) found that combinations of ammonium
and nitrate fertilizers provided a readily available nitrate source on
desert grasslands a3 well as an ammonium source which resists leaching
by heavy summer rains.
Results from a study by Eogler and Lorenz (1957) revealed that
two years of heavy fertilization did more to improve range production
and condition than six years without grazing.

They found that the

application of 90 lb. per acre of nitrogen annually produced an average
of 2271 lb. of dry forage as compared to 1326 and 748 lb., respectively,
for JO lb, of nitrogen per acre and the control.

The large forage

production responses to nitrogen recorded by Hubbard and Mason (1967)

on British Columbia ranges were attributed to an increase in the basal
area of the forage plants as well as an increase in their height and
leafiness.

No changes were observed in species composition with the

exception of an increase in weedy plants the first year after fertili
zation.

However, Cosper, Thomas and Alsayegh (1967) reported that

application of nitrogen fertilizer to a deteriorated range site in
the northern Great Plains changed the botanical composition from
predominantly forbs and shortgrass species to a western wheatgrass
(Aflropyron 3mithii Rydb.) and shortgrass composition.

Nitrogen ferti

lization increased both forage production and crude protein yields in
this area.
Lavin (1967) found that nitrogen fertilizers increased the
crude protein and moisture content of herbage along with green growth,
plant height, weed growth and soil nitrates.

An application of JO lb.

per acre of nitrogen increased the root weight of range grasses in the
top four feet of the soil (Rogler and Lorenz 1957).

Ninety pounds per

acre of nitrogen did not further increase root weight although top
growth was significantly increased.

Rauzi, Lang and Painter (1968)

reported that nitrogen fertilization increased the crude protein con
tent of blue grama, buffalograss (Buchloe dactyloides Nutt.) and
western wheatgrass.

Dee and Box (1967) noted an increase in the crude

protein content of blue grama, buffalograss, windmillgrass (chloris
verticillata Nutt.) and silver bluestem (Andropogon saccharoides
Swartz) after applications of nitrogen alone and in combination with
phosphorus at 33» 100 and 300 lb. per acre.

Addition of nitrogen

caused a retention of protein above the level recommended for wintering
pregnant beef cows in blue grama, buffalograss, and windmillgrass.
Phosphorus fertilization alone failed to significantly increase
protein content or retention.

In an earlier study, Freeman and

Humphrey (1956) indicated that phosphate fertilization had no signifi
cant effect on the crude protein content of curlymesquite or sprucetop
grama (Bouteloua chondrosioides (H.B.K.) Benth.), but nitrogen fertili
zation increased the crude protein of both grasses.
Freeman and Humphrey (1956) and Holt and Wilson (l96l) found
that the green-feed period can be extended by fertilization.

Holt and

Wilson (l96l) stated that the length of extension of the green-feed
period over the control was dependent on the rate of application and
source of nitrogen.

For example, 25 lb. of nitrogen obtained from

ammonium nitrate extended the green-feed period one week, the same
amount of nitrogen obtained from ammonium phosphate extended the
green-feed period three weeks, 50 lb. of nitrogen from ammonium
nitrate extended the green-feed period four weeks and 50 lb. from
ammonium phosphate extended the green-feed period five weeks.

Holt

and Wilson (l96l) further stated that 100 lb, of nitrogen per acre
applied either as ammonium phosphate or ammonium nitrate extended the
green-feed period six weeks.

Similarly, Stroehlein et al. (1968)

reported that late fertilization on desert ranges, when nutrient needs
are greatest, resulted in an extension of the green-feed period, an
increase in protein and an increase in production.
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Effects of Burning and Fertilization on Forage Utilization
Smith and Lang (1958) found that more uniform livestock dis
tribution could be achieved on mountain ranges by the use of
nitrogenous fertilizer.

Through fertilization of forage, livestock

were attracted into areas that had previously been utilized lightly or
not at all.

Stroehlein et al. (1968) indicated that the time of

fertilization on desert grasslands can affect forage palatability and
subsequent utilization.

They recommended postponing fertilizer

application until after the start of the summer rains for extra forage
quality in late fall and early winter,

An increase of forage palata

bility through fertilization can reduce selective grazing on ranges
that support a mixture of highly palatable and slightly palatable
species (Holt and Wilson 196l).
Klett et al. (l97l) reported that burning increased cattle
preference for weeping lovegrass (Eragrostis curvula (Schrad.) Wees).
Due to insufficient moisture, nitrogen fertilization had no influence
on grazing preference on either burned or unburned areas, but burning
greatly increased utilization.

The increased utilization was attri

buted to the lush, green growth free of dead carry-over material on
the burned areas.

Higher protein content of regrowth on the burned

areas was also listed as a possible factor.
As shown by the above studies, fertilization and burning may
significantly affect forage palatability, animal preference and
utilization.

In some cases, the terms palatability, preference and

utilization have been used interchangeably in these reports. Heady
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(1964) defined palatability as plant characteristics or conditions
which stimulate a selective response by animals.

He defined preference

as proportional choice among two or more foods by the animal.

Although

palatability and preference have been used as synonyms, many factors
besides palatability influence food selection.

Associated plant

species, climate, soil, topography, animal species and animal physiolo
gy may all influence animal preference (Heady 1964).

Forage utili

zation may be considered a direct measure of animal preference and an
indirect measure of palatability.

Under conditions such as drought

or overgrazing, percentage forage utilization may not be a reliable
measure of animal preference or forage palatability, since the
animal may be forced to utilize forage ordinarily not consumed.
Chemical composition of forage has been used most often in
attempts to describe palatability and preference (Heady 1964; Hoehne
1966; Freyman and Van Ryswyk 1969).

Factors such as plant growth

stages; proportion of leaves, stems and fruits; past grazing use;
climate; soil conditions; and topography have been related to
palatability and preference mainly through their influence on chemical
components.

Little research has been reported on the influence of the

external form of plants, plant texture and plant odor on palatability
and preference (Heady 1964).

This is probably due to the difficulties

involved in measuring such factors.
Reports on the chemical components influencing palatability
and preference have not always been in agreement (Heady 1964; Freyman
and Van Ryswyk 1969).

For example, Leigh (l96l) reported that grasses

highest in phosphate and potash were also most acceptable to live
stock.

However, Hoehne (1966) found a small but consistently negative

correlation between phosphorus and cattle preference for grass species.
Several researchers have noted that forage high in carbohy
drates or with sweetening added is highly preferred by livestock
(Plice 1952; Kare and Halpern 1961; Wagnon and Goss 196l). However,
Freyman and Van Eyswyk (1969) concluded that ammonium nitrate decreased
the soluble carbohydrate content of pinegrass (Calamagrostis rubescens
Buckl.) While improving the palatability.

Reid, Jung and Kinsey (1967)

found that nitrogen fertilization decreased the soluble carbohydrate
content of orchard grass (Dactylis fclomerata L.) and decreased the
acceptability also.

Hoehne (1966) reported that soluble carbohydrates

positively influenced cattle preference for needleandthread grass
(Stipa comata Trin. & Rupr.) and lambsquarters (Chenopodium album L.).
Total sugars were also positively correlated with cattle preference
for lambsquarters and other forbs.
More positive correlations have probably been made between
preference and crude protein content of forage than any other chemical
component (Heady 1964; Freyman and Van Ryswyk 1969). Hoehne (1966)
found that cattle preference was related to several chemical factors,
especially crude protein, carbohydrates and acid-detergent fiber.

As

crude protein, carbohydrates and ether extract increase in percentage
composition, lignin and crude fiber generally decrease.

Positive

correlations are usually shown between preference and crude protein,
and between preference and carbohydrates.

Negative correlations are

usually shown between, preference and lignin, and between preference
and crude fiber (Heady 1964; Hoehne 1966).
• Some researchers have concluded that there are no consistent
correlations between the chemical composition of forage and forage
preference by livestock.

Others believe that the total nutritive

value of the plant is the best indicator of palatability.

Therefore,

the combination of chemical components may be more important than any
single chemical component (Heady 1964; Freyman and Van Rysviyk 1969).

CHAPTER 3

STUBI AHEA

The field portion, of this experiment was conducted in 1968 and
1969 on rangeland located
Santa Cruz County.

to 1-g- miles west of Elgin, Arizona in

Two similar areas were studied each year to compare

the effects of nitrogen, phosphorus and nitrogen plus phosphorus
fertilization, burning and a combination of fertilization and burning
on the utilization of forage by cattle.

Four replications of eight

plots -3- acre in size were established on each area.

One location was

grazed during the summer green-feed period, and the other location was
grazed during the fall.

The rangeland is owned by the Arizona Land

Title and Trust Company and was leased to ranchers during the two years
of the field study.
Elgin lies southwest of Benson, Arizona at an elevation of
4,780 feet (Smith 1956).

It is situated between the Santa Cruz and

San Pedro Valleys in the southeast section of Arizona (Figure l).
Here mesquite (Prosopis .juliflora (Swartz) D.C.) dotted desert grass
land provides some of the finest cattle range in the United States as
well as a scenic setting for western movies (Green and Sellers 1964).

Climate
In southern Arizona, temperatures are high with readings over
100 F being common almost tiny month from Hay through September (Van
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Dyne 1958).

Green and Sellers (1964) state that spring and fall months

in Arizona are characterized by large daily temperature changes.

In

late winter and spring, ranges of more than 50 F are not uncommon at
valley weather stations, such as Elgin, which are exposed to cold air
drainage at night.

In the southeast section, Fort Huachuca has little

or no cold air drainage, and winter low temperatures average 34 F
(Green and Sellers 1964).
. Although temperature data are not available for Elgin, the
average monthly temperatures at Elgin probably parallel those at Fort
Huachuca (Table l), the nearest weather station with temperature
records.

However, Fort Huachuca is located on the lower slopes of the

Huachuca Mountains and is therefore subject to less diurnal fluctu
ation in temperature than Elgin (Green and Sellers 1964).
Host parts of Arizona have two precipitation seasons:

one in

the summer from July through September (Gifford, Ashcroft and
Magnuson 1967) and another in the winter from December through the
middle of March,

July and August are the wettest months in all parts

of the state, and almost 50of the total annual precipitation in the
southeast section falls during these months (Green and Sellers 1964).
The source of moisture for summer precipitation is the Gulf of Mexico.
Gifford et al. (1967) state that this moisture may arrive via a
trajectory over the mountains of Mexico or, in late summer, over the
Gulf of California.

Summer precipitation occurs in the form of

thundershowers (Green and Sellers 1964) which are formed by excessive
heating of the ground and lifting of moisture-laden air along main
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Table 1.

Month

Average monthly temperatures for Port Huachuca in 1968 and
1969.

Temperature (Decrees Fahrenheit)
1968
1969

January

46.4

50.4

February

53.3

47.3

March

52.4

49.3

April

56.9

61.8

May

67.5

68.8

June

77.6

75.6

July

75.4

77.7

August

72.3

78.2

September

71.9

73.2

October

66.0

62.0

November

52.6

52.2

December

45.4

47.9

20
mountain ranges (Gifford et al. 1967).

Winter storms are characterized

"by relatively gentle precipitation that may fall intermittently for
several days (Humphrey 1958).
According to Green and Sellers (1964), all parts of Arizona
are affected by drought in Hay and June,

Dry weather also occurs in

the fall, although the fall drought is much less severe than that of
the spring.
The mean annual precipitation at Elgin is 14.5 inches (Smith
1956; Green and Sellers 1964).

The monthly precipitation recorded at

the Elgin weather station during 1968 and 1969 is presented in Figure
2.

Figure 3 contains the June through September precipitation record

for the study area.

In 1968 one rain gauge was located near the north

end of each experimental pasture, and in 1969 rain gauges were placed
on both the northwest and southeast corners of each pasture.

Soils
In as much as possible, the plots for this study were estab
lished on the Bernardino soil series.

In a few cases, the eight -3—

acre plots comprising each replication of the experiment would not fit
on the available Bernardino soil.

As a result, plots were sometimes

located in part on soil series adjacent to the Bernardino or on transi
tion zones between the Bernardino and other soils.

The two soil

series found in association with the Bernardino on the study area were
the Hathaway and Pima series.
The Bernardino soil was formerly classified as a Reddish Brown
Soil (Jay and Havens 1967).

Arizona is probably best known to soil
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scientists for its reddish colored soils that have developed under the
high annual temperature and low annual precipitation of the southern
part of the state.

Although areas in California, Nevada, New Mexico

and Texas have similar soils, Arizona is often recognized as the area
characteristic of these soils in the United States (Buol 1965),
The Bernardino series is a member of a fine, mixed, thermic
family of Mollic Haplargids.

Characteristically, these soils are

mildly alkaline in the surface, have reddish-brown fine-textured B
horizons and have a distinct zone of calcium carbonate accumulation at
depths of less than 20 inches (Jay and Havens 1967).
According to Buol (1965), these soils require from several
hundred to thousands of years to develop and are found on the geologi
cally older landscapes, such as old alluvial fans.

The regolith is

old alluvium from mixed materials derived from limestone, quartzite,
rhyolitic tuff, andesite, chert and basaltic rocks.
2 to 30^ but the dominant range is from 2 to 15$.

Slopes range from
Runoff is medium and

permeability ranges from moderately slow to slow (Jay and Havens 1967).
Hathaway soils are commonly found in areas where steep slopes
allow rapid geological erosion of the soil surface (Buol 1966),

The

Hathaway series is a member of a loamy-skeletal, mixed, thermic family
of Typic Calciustolls.

These soils have dark-colored A horizons and

gravelly medium and moderately coarse-textured Cca horizons over a
very gravelly coarse-textured Cca horizon with less than 18^ clay
(Jay and Havens 1967).

Hathaway soils occur on nearly level to steep slopes of
dissected old alluvial fans or plains.
but are dominantly 10 to AOf°.

Slopes range from 2 to lOfo

Surface runoff is medium and permea

bility of the profile is moderate (Jay and Havens 1967).
The Pima series is a member of the fine-silty, mixed, thermic
family of Fluventic Haplustolls.

Pima soils have dark grayish-brown

clay loam A and CI horizons extending to depths of 2 feet or more.
Stratified loam, fine and very fine sandy loam IIC horizons are also
present.

They are usually dark grayish-brown in the upper part and

grayish-brown in the lower part.

Pima soils generally contain more

than l/o organic matter and are calcareous throughout (Jay and Havens
1967).
The Pima series is found on nearly level to gently sloping
flood plains and low terraces (Jay and Havens 1967).

Because the soil

material is deposited by running water, random layering is to be
expected in most of the soils in this series (Buol 1966).

The

regolith is alluvium derived from acidic and basic igneous rocks,
quartzite, 3hale and limestone.

Surface runoff is slow to medium and

permeability is moderately slow to slow (Jay and Havens 1967).

Vegetation
According to Humphrey (1958), the desert grassland is found
primarily in southeastern Arizona, southcentral and southwestern New
Mexico and southwestern Texas.

Van Dyne (1958) states that the

topography is fairly rough with many hills and mesas.

A characteristic

basin and range topography predominates in southeastern Arizona with
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ranges varying in elevation from 6,000 to 9f000 feet and basins from
3,000 to 5»000 feet.

Desert grass ranges are found at the lower

elevations (Darrow 1944), and they occur as local grasslands widely
interspersed with other types (Humphrey 1958).
Humphrey (1953) states that in some places pure stands of
grass occur and in others there is an open savanna with grasses beneath
oaks or mesquites.

A change in any factor restricting shrub invasion,

such as fire, will permit the entry of shrubs into extensive areas
that formerly supported pure grass stands (Humphrey I960). Humphrey
(1958) concludes that trees and cacti were always present in the grass
land, although they were originally restricted to drainages that
supported little grass oi* to areas of shallow soil.
The desert grassland in southeastern Arizona is composed of
several grass species, and the majority of them are rated as good to
excellent forage (Humphrey I960).

Humphrey (i960) reports that few

ranges in the state can carry more cattle on a sustained-yield basis
than the grasslands in Pima, Pinal and Santa Cruz Counties.

As many

as 30 head per section can be grazed on the most productive sites.
However, the less productive may carry no more than 10 head even under
good management.
Three genera, Bouteloua. Hilaria and Aristida. provide most of
the grass species in the desert grassland type (Humphrey 1958).

Some

of the more common grasses are blue grama, black grama, sideoats grama
(Bouteloua curtipendula (ilichx.) Torr.), curlymesquite and tobosa
(Hilaria nutica (Buckl.) Benth.).

Undesirable species such as
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mesquite, cholla and pricklypear cacti (Ommtia sp.) and burroweed
have gained prominence (Judd 1962).

Generally, shrubs provide little

or no forage, and they decrease the grazing value of the grassland
(Humphrey 1958).
A cover and composition survey of the study area was made in
1968 and 1969.

The wheel-point technique developed by Tidmarsh and

Havenga (1955) was modified and used to determine the composition and
basal cover of the vegetation on the study area.3-

The percentage

vegetative basal cover, litter and bare ground on the study area were
calculated by pasture and replication (Table 2).

Percentage species

composition was calculated for each pasture as a unit as well as for
each replication of plots (Table 3).

The species composition for each

replication of plots was based on the total number of vegetative hits
per replication.

However, the species composition for each pasture

was calculated using the total number of vegetative hits for all
replications on the pasture.
The vegetative basal cover on the study area varied from 37.1
to 46.6/0, litter from 34.3 to 52.6$ and bare ground from 6.3 to 23.7$
(Table 2).

Blue grama was the dominant species on the study area

followed by threeawn and curlymesquite.

Blue grama ranged from 5.4 to

55.5$ in composition, threeawn from 9.1 to 25.6$ and curlymesquite from
2.6 to 27.4$ (Table 3).
Because of their density and palatability, blue grama and curly
mesquite were the most important forage plants on the study area.-

1.
Chapter 4.

A complete discussion of the procedure used is presented in
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Table 2. Percentage vegetative basal cover, litter and bare ground on
the study area by pasture and replication.

Pasturea

•jj
Replication

Vegetative
basal
cover

Litter

Bare
ground

1
1
1
1
1

1
2
3
4
c
Total pasture

42.0
38.6
40.4
5?r7
40.2

42.2
50.8
41.3
38.3
43.1

15.8
10.6
18.3
22.0
16.7

6
6
6
6
6

1
2
3
4
Total pasture

42.6
42.0
38.3
39.1
40.5

34.7
34.3
40.1
52.3
40.3

22.7
23.7
21.6
8.6
19.2

2
2
2
2
2

1
2
3
4
Total pasture

40.8
41.1
39.4
37.1
39.6

52.1
52.6
50.6
48.1
50.9

7.1
6.3
10.0
14.8
9.5

4
4
4
4
4

1
2
3
4
Total pasture

40.0
43.8
40.5
46.6
42.7

47.2
42.2
46.1
41.8
44.9

12.8
13.9
11.4
11.6
12.4

Pastures 1 and 6 were used in 1968, and Pastures 2 and 4 were used in
1969.
^Each replication consisted of eight ^-acre plots.
Vegetative basal cover, litter and bare ground were based on the
total number of hits per pasture.

Table 3. Percentage composition of species on tie study area by pasture and replication.

Pasture

V
Replication

Blue
grama

Hairy
grama

Black Sideoats
grama grama

Sprucetop CurlyWolf—
grama
mesquite tail

Other
grasses Forbs

1
1
1
1
1

1
2
3
4
Total pasture

43.1
44.3
37.0
5.4
32.6

0.7
4.3
4.8
7.0
4.2

4.3
2.7
3.4
3.9
3.6

1.1
0.4
3.7
9.6
3.7

2.1
1.4
0.6
0.3
1.1

12.8
14.4
27.4
26.3
20.2

3.3
1.7
1.6
10.1
4.2

17.9
15.9
10.9
25.6
17.6

6
6
6
6
6

1
2
3
4
Total pasture

32.5
28.4
22.1
10.4
23.6

10.5
15.6
20.2
17.6
15.8

3.2
1.2
0.7
0.6
1.5

0.6
0.2
0.1
0.0
0.2

18.8
19.6
8.1
2.1
12.4

7.9
13.4
25.2
39.5
21.0

1.9
3.7
3.7
5.9
3.7

7.3
10.2
9.1
10.2
9.2

1.5 15.8
2.4
5.3
3.5
7.3
6.0
7.7
9.1
3.5

2
2
2
2
2

1
2
3
4
Total pasture

54.7
49.6
52.0
47.8
51.1

2.8
5.0
3.4
4.4
3.9

0.3
0.7
1.0
0.6
0.6

0.4
0.2
6.9
8.1
3.8

0.1
2.4
1.7
2.0
1.5

5.6
10.4
9.1
16.9
10.4

7.0
4.9
2.5
2.4
4.2

22.9
24.4
20.8
15.8
21.1

4.6
0.3
0.6
0.4
1.6

1.6
2.1
2.0
1.6
1.8

4
4
4
4
4

1
2
3
4
Total pasture

27.5
54.9
55.5
54.0
48.4

6.1
5.8
0.4
3.7
4.0

0.2
3.1
1.4
0.3
1.2

0.3
0.1
0.0
0.1
0.1

6.7
9.3
1.3
1.0
4.5

12.7
2.6
5.5
9.1
7.4

19.2
4.8
6.3
9.9
9.9

18.9
14.2
23.3

4.2
1.0
3.6
0.8
2.4

4.2
4.2
2.7
7.1
3.6

Pastures 1 and 6 were used in 1968, and Pastures 2 and 4 were used in 1969.
Each replication consisted of eight -J-acre plots.
£

Threeawn

Composition was based on the total number of vegetative hits per pasture.

18.0
18.5

9.0
10.4
6.5
5.9
7.7

5.7
4.5
4.1
?.9
5.1
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Blue grama (Figure 4 ) is probably the best known Arizona range
grass (Humphrey I960) and is rated a choice forage species for all
classes of livestock (Judd 1962).

The fine, palatable leaves are low

in fiber and moderately high in protein when green.

In addition, blue

grama may retain up to 50% of its nutritive value when dormant
(Humphrey I960),

It is a fast-growing species which matures in about

60 to 70 days after the summer rains begin.

On ranges suitable for

fall and winter grazing, it yields greatest returns if it is grazed
lightly during the period of rapid grovrth and is allowed to mature a
crop of seed (Judd 1962).
Curlymesauite is one of the most palatable and nutritious of
the southwestern grasses (Figure 5).

Under heavy grazing it is one of

the last perennial grasses to succumb (Humphrey i960), and it is also
drought resistant.

It is one of the first plants to start spring

growth and produces a fair amount of forage despite its small size.
However, its production is variable, and it is usually less dependable
than other grasses that will grow on the same site (Judd 1962).
According to Humphrey (1962), a curlymesquite range should be managed
to maintain or bring back high-producing associated grasses and to
keep these grasses and curlymesquite in excellent vigor.
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Figure 4.

Line drawing of blue grama. (Drawing by Lucretia B.
Hamilton, taken from Arizona Agricultural Experiment
Station Bulletin 302, Forage Production on Arizona
Ranges - V. Pima, Pinal and Santa Cruz Counties by
R. R. Humphrey, I960.)
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Figure 5.

Line drawing of curlymesquite. (Drawing by Lucretia B.
Hamilton, taken from Arizona Agricultural Experiment
Station Bulletin 302, Forage Production on Arizona Ranges V, Pima, Pinal and Santa Cruz Counties by R. R, Humphrey,

I960.)

CHAPTER 4

METHODS

The study area selected for this experiment was originally
used for a six-pasture fertilization study carried out by Ogden,
Stroehlein and Schmutz (1967).

For their study, they fenced the area

into six 60-acre pastures in late June and early July of 1966.

Four

pastures were fertilized with 50 lb. of nitrogen per acre and two
pastures were not fertilized.
During 1968, Pastures 1 and 6 (the control pastures) of the
Ogden et al. (1967) study were used for this experiment (Figure 6).
During 1969, Pastures 2 and 4, previously fertilized in 1966, were
used.

The approximate acreages fenced for this study in each of the

60-acre pastures were as follows:

Pasture 1, 30 acres; Pasture 6, 45

acres; Pasture 2, 30 acres; and Pasture 4» 30 acres.
Four replications of eight plots 43.5 x 250 feet in size (•£•
acre) were established in each pasture (Figure 6).

All plots were

separated by a miniraum distance of 6.5 feet to prevent overlap during
fertilization.

Each plot represented a different treatment, and the

following treatments were used:

l) ammonium nitrate (32-0-0), 2)

treble superphosphate (0-45-0), 3) ammonium nitrate plus treble super
phosphate, 4) burning, 5) burning plus ammonium nitrate, 6) burning
plus treble superphosphate, 7) burning plus a combination of ammonium
nitrate and treble superphosphate, and 8) a control.
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In 1968,

# Elgin
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1969
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Scale of 1-liles
I

0.2

0.4

Figure 6. Kap of the six-pasture study area near Elgin, Arizona showing
the location of Replications 1 through 4 in Pastures 1, 2, 4
and 6.
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Ammonium nitrate was applied at an average rate of 75 lb. of nitrogen
per acre, and treble superphosphate was applied at an average rate of
72 lb. of phosphorus per acre.

In 1969, ammonium nitrate was applied

at an average rate of 94 lb, of nitrogen per acre, and treble super
phosphate was applied at an average rate of 92 lb. of phosphorus per
acre.

The position of the treatments in each replication was randomly

determined according to a split-plot design (Appendix A).

Study of Vegetative Composition
As mentioned previously, vegetative composition on the study
area was determined by the wheel-point method.

Composition data for

the burned plots were collected in June of 1968 and 1969 prior to the
burning phase of the experiment.

Composition data for unburned plots

were collected in June and July of 1968 and 1969.
The wheel-point was constructed from the front section of a
bicycle frame (Figure 7).

The wheel was 18 inches in diameter, and the

length of the frame from the axle to the tip of the handlebars was 31
inches.

The two pins of the wheel-point were bolted to the wheel

opposite each other (Figure 7).
diameter and 2 inches in length.

The pins were 3/16 of an inch in
The relatively thick diameter of the

pins was necessitated by the rough and prolonged use to which the wheelpoint was subjected.

Goodall (1952) found that the point method often

overestimates percentage cover, especially if blunt pins are used.
Therefore, the pins were sharpened to reduce the error due to overestimation of percentage cover.

However, even sharpened pins have a

Figure 7.

Schematic drawing of a wheel-point.

certain thickness, and the thicker the pin, the greater the overestimation of cover (U.S. Forest Service 1962).
• Five straight-line transects of 100 hits each were made on
each plot.

The transects were systematically located 7.3 feet apart

and they paralleled the longest sides of the plots.

With each

complete revolution of the wheel-point, two hits, 31 inches apart,
were made.

One technician recorded the hits, and another pushed the

wheel-point and made the observations.
The categories into which the hits were placed are as follows:
blue grama, hairy grama, black grama, sideoats grama, sprucetop grama,
curlymesquite, wolftail, threeawn, other grasses, forbs, litter and
bare ground,

A plant hit was recorded only if the pin of the wheel-

point was within the basal circumference of the plant or was touching
the outer edge of the basal circumference.

Hits on leaves outside the

basal circumference of plants were recorded as litter, and hits on
rock were recorded as bare ground.

Composition and basal cover of the

vegetation on each replication of plots were obtained from the number
of wheel-point hits and were expressed as percentages (Tables 2 and 3).
According to Tidmarsh and Havenga (1955), the wheel-point
method of survey is simple, rapid and direct as long as a clear
definition of what constitutes a hit is adhered to.

Cook (1962)

states that there is a saving of time and labor with the point method;
and when hits on basal area are recorded, the method is accurate and
free of bias.

Tidmarsh and Havenga (1955) found that systematic
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samples taken in straight lines with the wheel-point furnish reliable
and unbiased estimates of vegetative composition and basal cover.

Burning Study
A split-plot design was used for this experiment to enable the
burning to be accomplished by blocks in each replication instead of byindividual plots (Figure 6).

This greatly reduced the time and effort

required for this phase of the project.
Fire lanes, 7.5 to 10 feet wide, were constructed with a lawn
mower around each area to be burned.

The vegetation and litter within

the fire lanes were mowed to a height of 1 to 2 inches and then raked
away from the plot borders.

Each fire lane was mowed and raked at

least twice to insure an effective fire break (Figure 8).

A 6-man

crew, equipped with Indian pumps and fire beaters, was available for
fire suppression during both 1968 and 1969.

In addition, a cattle

sprayer was on hand during the 1968 burn, and a pickup-mounted water
pump was on hand during the 1969 burn.
The 1968 study area was burned on July 10, 1968, and the 1969
study area was burned on June 28, 1969.

On the day before burning in

1968 and 1969, fuel samples were collected from each plot.

A mower

strip of vegetation and litter equivalent to four 9.6 square foot
plots was taken from the center of each -^acre plot.

The samples were

placed in paper sacks, and the paper sacks were immediately sealed in
plastic sacks.

Wet weights were obtained in the laboratory, and the

samples were oven-dried at 100 C for 24 to J6 hours.

The moisture

Figure 8, Photograph of burned area and fire lane.

content of the fuel samples was then calculated as a percentage of the
wet weight (Table 4-).
Fire temperatures, air temperature, relative humidity and wind
velocity were recorded at the time of each burn (Table 4).

Fire tem

peratures were determined with fusion pyrometers (Zwolinski 1966)
constructed of 6- x 12-inch sheets of asbestos coated with strips of
Tempilaq paint.

Tempilaq is a temperature-indicating paint which

liquifies at a specific temperature once it is applied to a non
flammable surface and allowed to dry (Figure 9).

Tempilaq. paints

which would liquify at the following Fahrenheit temperatures were
applied to the asbestos sheets:
and 200 F.

1550 F, 1200 F, 850 F, 575 F, 300.F

Tempilaq paints liquifying at 150 F, 250 F and 1600 F were

also used during 1968,

Fusion pyrometers were systematically located

in the NW, NE, SW and SE corners and center of each four-plot area
burned.

They were buried in a vertical position with 6 inches below

the ground surface and 6 inches above the ground surface (Figure 9 ) .
It was hoped that this manner of pyrometer placement would simulate
the condition of plants burned in the fire.

Fusion pyrometers were

retrieved from the burned areas no later than the day following the
bum.
Drip torches containing one part gasoline and four parts diesel
fuel (J, H, Ehrenreich, personal communication) were used to start the
fires during the 1968 burn.

However, difficulty was experienced in

keeping the drip torches burning, so wooden torches constructed of
lath wrapped with diesel-soaked rags were used to 3tart the fires

Table 4. Environmental and fuel conditions and maximum fire temperatures at the time of burning.

Maximum
fire
Percentage Percentage Wind
Air
fuel
Wind
Fuel
velocity
temperature
temperature relative
(P)
moisture
(mph)
direction
(P)
Tear Pasture Replication
(lbs/acre)
humidity
10

47

25
30
27
22

mm

93

43
42
30

28
19
20
25

1
2
3
4

74
74
72
71

30
34
34
33

1
2
3
4

82
76
83
77

34
34
33
34

1968
1968
1968
1968

1
1
1
1

1
2
3
4

1968
1968
1968
1968

6
6
6
6

1
2
3
4

1969
1969
1969
1969

2
2
2
2

1969
1969
1969
1969

4
4
4
4

74

60

—

—

—

—

87

90
-

*

Data were not available for blank values.

East

—

mm

—

—

-

—

1

_
East

—

-

0

-

8
6
5
5

0
0
0
0

-

4
4
3
3

0
0
0
0

575
300
1200
850
250
300
300
300

-

—

—

—

200
300
200
200

1,010
1,608
1,416
1,388

_

200

1,443
1,005
1,090
1,204

mm

-

—

200
200

Figure 9. Photograph of fuaion pyrometer after 1968 bum.

during the 1969 burn.

In most cases, the blocks of plots in 1968 were

ignited on opposite sides simultaneously, and they usually burned from
east to west, since this was the predominant wind direction during
burning (Table 4).

In 1969, the blocks of plots were ignited on

opposite sides simultaneously, and they burned towards the center in
almost all cases.

Wind velocity was negligible during the 1969 burn.

In 1968, the fires on some replications were slow and burning
was spotty, but an excellent burn was achieved on all replications
during 1969 (Figure 10).

Possible reasons for the difference in burns

include the fuel moisture conditions and fuel availability on the areas
burned.

In general, more fuel appeared to be present on plots burned

during 1969 than 1968.

This observation was substantiated by the

higher litter and lower bare ground percentages on the pastures burned
in 1969 compared to those burned in 1968 (Table 2).

Unfortunately,

estimates of fuel accumulation in pounds per acre are available for
1969 only (Table 4).

A difference in fuel accumulation may have been

due to the fact that the 1969 burn took place on areas that had been
fertilized with 50 pounds of nitrogen per acre in 1966.

The 1968 burn

took place on areas that had not been previously fertilized.
Fuel moisture conditions at the time of burning probably had
considerable influence on the type of burns achieved in 1968 and 1969.
The relative humidity at the time of burning was higher in 1968 than
in 1969, and fuel moisture on replications burned during 1968 averaged
20 percentage points higher than that on replications burned during
1969 (Table 4).

This is understandable since 0.80 to 0,88 inches of
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Figure 10. Photograph showing the 1969 burned area. (Note the second
burned area in the background.)
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precipitation were recorded on the 1968 study area two days before the
burn.

Only 0,20 inches pf precipitation were received on the 1969

study area in the month preceding burning.

Fertilization Study
Stroehlein et al, (1968) found that fertilization of desert
grassland sites should be delayed until after the start of summer
rains for best grass production and quality.

Therefore, fertilization

of the study areas in 1968 and 1969 was carried out shortly after the
slimmer rainy season began in July.
In 1968, Pasture 1 was fertilized on July 24, and Pasture 6 was
fertilized on July 25.

Pasture 1 had received 2,15 inches of precipi

tation by July 24, and Pasture 6 had received 2,12 inches of
precipitation by July 25,

In 1969, Pasture 4 was fertilized on July

15, and Pasture 2 was fertilized on July 16 and 17.

Pasture 4 had

received 0.96 to 1.00 inches of precipitation by July 15, and Pasture
2 had received 1.95 to 2.05 inches of precipitation by July 17,
Approximately 5,000 pounds of ammonium nitrate (52-0-0) and
3,555 pounds of treble superphosphate (0-45-0) were supplied for this
experiment by Chevron Chemical Company, Ortho Division, Whittier,
California and Hertz Fertilizer Company of Willcox, Arizona.. The
fertilizers were applied in pelleted form with a fertilizer distributor
pulled by a pickup (Figure ll).

The fertilizer distributor was

borrowed from the Soil Conservation Service Plant Materials Center at
Tucson, Arizona.

Considerable difficulty was experienced in regulating

the flow of fertilizer from the distributor.

During 1968, the
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Figure 11,

Photograph of the fertilizer distributor used in 1968 and
1969.

fertilizer distributor was set for 100 lb. of nitrogen and 100 lb. of
phosphorus per acre.

However, an average of 75 lb. of nitrogen and 72

lb. of'phosphorus was applied per acre.

During 1969, the fertilizer

distributor was also set for 100 lb. of nitrogen and 100 lb. of
phosphorus per acre, but an average of 94 lb. of nitrogen and 92 lb.
of phosphorus was actually applied per acre.

During 1969, an attempt

was made to keep the hopper of the distributor at least half full at
all times in order to insure a more uniform flow of fertilizer from the
distributor.

This may account for the higher rate of fertilizer

applied in 1969.

Grazing Studies
Studies were made of the utilization of blue grama and curlymesquite by cattle during the summer green-feed period and during the
fall dormant season.

In 1968, Pasture 6 was used for the summer

grazing trial and Pasture 1 was used for the fall grazing trial.

In

1969, Pasture 2 was used for the fall grazing trial, and Pasture 4 was
used for the summer grazing trial.
Yearling steers were supplied for the 1968 grazing trials by
Mr. Pete Bidegain of Elgin, Arizona, and yearling bred heifers were
furnished for the 1969 grazing trials by Mr. Sam Frazier of Sonoita,
Arizona.

Ten head of yearling steers were moved onto the north end of

Pasture 6 on August 21, 1968 for the summer-1968 grazing trial.

The

seed heads of blue grama and curlymesquite were well formed by this
time.

The cattle were removed two weeks later on September 3» 1968,

after the utilization of blue grama had reached 55 to 60fo on some of
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the plots.

On October 2, 1968, twenty head of yearling steers were

moved onto the south end of Pasture 1 for the fall-1968 grazing trial.
They were removed on October 15, 1968, after the utilization of blue
grama had reached 55$ on some of the plots.

Twenty head of steers

instead of ten or fifteen were used for the fall grazing trial to
insure that the desired amount of utilization would occur in two weeks.
This was necessary, since the animals would not have been available for
the experiment after October 15, 1968, and it was desirable to delay
fall grazing until at least the first of October.
In 1969, fifteen head of yearling heifers were moved onto the
south end of Pasture 4 on August 20 for the summer-1969 grazing trial.
As in 1968, the seed heads of blue grama and curlymesquite were well
formed by this date.

The cattle were removed on September 12, 1969,

after the utilization of blue grama had reached
the plots.

55 to 60$ on some of

In 1969, fifteen head of heifers were moved onto the south

end of Pasture 2 on October 19 for the fall-1969 grazing trial.

They

were removed on November 11, 1969, after the utilization of blue grama
had reached 70 to 80$ on some plots.

The heifers were not removed

when 55 to 60$ utilization had been achieved due to the inability of
the cooperator to remove them at this time.
In most cases, the animals were removed from the study areas
after

55

to 60$ utilization of blue grama had been reached on one or

more plots.

Utilization of blue grama and curlymesquite was then

estimated on all plots using the grazed-class method developed by
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Schmutz, Holt and Michaels (1963).

The following material was taken

from a summary of this method:
The method is based on a procedure which classifies grazed
plants into six grazed-classes —0, 10, 30, 50, 70 and 90
percent use. Photographic guides, developed from heightweight curves of average local plants, are used for each key
species to determine the percentage of grazed plants in each
grazed-class. Current utilization is calculated by multiplying
the average use factor for each grazed-class by the corre
sponding percentage of grazed plants in each class and
totaling the products.
In most instances, utilization was estimated for 100 plants of
each species on each

acre plot.

However, in a few cases, the

scarcity of one species or the other on a particular plot necessitated
the sampling of fewer than 100 plants.
for 25 or 50 plants instead of 100.

Utilization was then estimated

Toe-pace transects were used to

locate all plants for which utilization estimates were made.

An

example of a blue grama photo guide used to estimate utilization is
presented in Figure 12.

Collection and Analysis of Soil Samples
Soil samples were collected during both years of the experiment
so that the relationship between soil and leaf chemical components
could be studied.

In 1968, soil samples were collected from all plots

on both the summer and fall-grazed pastures during the last half of
September tiro months after fertilization.

In 1969, soil sampling

occurred in the same month as grazing on both the summer and fallgrazed pastures.

However, the exact time of soil sampling in relation

to grazing in 1969 was variable.

During the summer, soil sampling
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occurred in August before the grazing trial and 3 weeks after fertili
zation.

During the fall, sampling occurred in November after the

grazing trial and 4 months after fertilization,
A zig-zag transect was systematically made on each plot, and
six cores of soil were collected an equal distance apart on the
transect.

In collecting the samples, a slit trench approximately 7 to

8 inches deep was dug with a pick mattock, and a slice of soil approxi
mately 3 inches thick was removed from one side of the trench with a
shovel.

A rectangular core 1.5 x 1.5 x 6 inches in size was carved

from the slice of soil, and this comprised a sample of the 0 to 6 inch
depth of the soil (Figure 13).

The six individual samples were placed

in the same paper bag to make one composite sample for each plot.
The composite samples were air-dried, crushed with a steel
rolling pin, and sieved through a 2 mm sieve.

In addition, the samples

were thoroughly mixed during the crushing process as well as after
sieving.

They were stored under dry conditions until analysis.

The soil samples were analyzed for Kjeldahl nitrogen, nitrate
nitrogen and phosphate.

An analysis procedure developed by Bremner

(i960) was used for determining the Kjeldahl nitrogen content of the
soil samples.

The nitrate nitrogen and phosphate analyses were

conducted by the University of Arizona Soil and Water Testing Labora
tory using the phenoldisulfonic acid procedure for the determination
of nitrate, and the Murphy and Riley method for the determination of
water-soluble phosphate (l/atanabe and Olsen 1965).

Considerable

difficulty was experienced by the Testing Laboratory in duplicating
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Figure 13. Photograph illustrating the soil sampling technique used
in this experiment.
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the results of the nitrate nitrogen and phosphate analyses.

This was

attributed to the inherent inaccuracies in the methods used.

Collection and Analysis of Plant Samples
Leaves of blue grama and curlymesquite were collected to
determine the effect of fertilization and burning on the leaf chemical
components and to study the correlation of the leaf components with
utilization.

Leaves were selected as the plant parts for chemical

analysis because researchers have shown that cattle and sheep prefer
leaves and fruits to stems (Heady and Torell 1959; Van Dyne 1963).
The chemical content of the leaves may be an indicator of the animal*s
preference for the plant.

However, whether or not preference for

leaves is due to chemical content or to some other factor or factors
is not known (Heady 1964).
The samples of blue grama and curlymesquite leaves were
collected from all plots on the grazed area at approximately the same
time in each summer and fall grazing trial.

However, the exact time of

sample collection in relation to grazing was variable.

During 1968,

sample collection coincided with both the summer and fall grazing
trials.

During 1969, sample collection preceded the summer grazing

trial and followed the fall grazing trial.

The variability of plant

sampling in relation to grazing was a function of the availability of
trained personnel and the time involved in hand-plucking leaf samples
of two grass species from 32 -5—acre plots in a relatively short period.
Since the level of carbohydrates in plants fluctuates during
the day and from day to day (Bonner and Galston 1952; Cook 1966); and

since a portion of the plant material in this experiment was to be
analyzed for carbohydrate content, an attempt was made to collect both
blue grama and curlymesquite leaves from the same replication of plots
between 8:30 a.m. and 4:30 p.m. on the same day.

It was felt that the

variation in carbohydrate content of the leaves due to photosynthesis
would be less between the hours of 8:30 a.m. and 4:30 p.m. on the same
day than between different days.
A zig-zag transect was systematically made on each plot, and
leaves were plucked from blue grama and curlymesquite plants encoun
tered on the transect.

The species were collected separately, and if

enough of each could not be obtained from the transect, a search of
the plot was made until approximately 20 grams (wet weight) of each
species was obtained.

The leaves were placed in a paper sack and the

paper sack was immediately sealed in a plastic sack and frozen in a
chest of dry ice (Figure 14).

The leaf samples remained frozen until

oven-dried at 70 to 80 C for 24 hours.

The samples were weighed

before and after oven-drying, and the moisture content was calculated
as a percentage of the wet weight.

After oven-drying, the leaves were

ground in a Wiley Mill through a 60-mesh screen and stored in screwcap bottles until they were analyzed for Kjeldahl nitrogen, total
phosphorus, total alcohol soluble sugars and total nonstructural
polysaccharides.

The Kjeldahl nitrogen and total phosphorus analyses

were conducted by the University of Arizona Soil and Water Testing
Laboratory.

The Kjeldahl nitrogen values were converted to crude
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Figure 14.

Photograph illustrating the procedure used for freezing
plant samples in the field with dry ice.
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protein by multiplying by 6,25.

The carbohydrate analyses were con

ducted by the author using a modified colorimetric technique.
• Most methods of sample preparation for carbohydrate analysis
stress the importance of rapid killing of plant tissue (Cook 1962;
Smith 1969).

This is necessary to inactivate enzymes which might

cause interconversions of the carbohydrates present at the time of
plant collection.

For example, there may be interconversions between

sucrose and the reducing sugars if plant tissues are not rapidly killed
(Smith 1969).
Plant tissue may be killed through freeze-drying or ovendrying at 100 C for one hour.

Both killing methods should be followed

by oven-drying at 70 C for 24 hours.

Smith (1969) states that the time

at 100 C should be reduced or eliminated when handling rapid-drying
tissue, such as fine, stems and leaves.
The leaf samples to be analyzed were frozen with dry ice
immediately after collection in the field to slow down or stop
enzymatic action which might have caused interconversions of the
of the carbohydrates present at the time of leaf collection (Smith
1969).

They remained frozen until oven-dried at 70 to 80 C for 24

hours.

The samples were not oven-dried at 100 C for one hour since

carbohydrate losses might have occurred if the fine leaf material had
reached dryness at this temperature.

Also, a portion of the sample

was to be used for Kjeldahl nitrogen analysis, and oven-drying at 100 C
for one hour might have altered the nitrogen content of the plant
material.

Since the samples were neither oven-dried at 100 C nor

freeze-dried, it is not certain that all of the leaf tissue was
effectively killed.

Interconversions such as those between sucrose

and the reducing sugars may have occurred after the plant material
was collected.

Therefore, no attempt was made to separate the sugars

from each other during the analysis for total soluble sugars.

However,

total soluble sugar and total nonstructural polysaccharide fractions
were determined separately.
Total alcohol soluble sugars are defined, for the purposes of
this experiment, as those carbohydrate fractions soluble in boiling

2

8($ ethanol (w/w basis).

Total nonstructural polysaccharides are

defined as those carbohydrate fractions not soluble in boiling QCffo
ethanol but hydrolyzable by the enzyme, takadiastase.

For ease of

discussion, total alcohol soluble sugars will be referred to as sugars
and total nonstructural polysaccharides will be referred to as TNP in
subsequent chapters of this dissertation.

Both blue grama and curly-

mesquite are warm season grasses, and as such, they store glucosan3 as
the principal polysaccharide (Cook 1966; Smith 1969).
Carbohydrate analysis has been described as more of an art
than a science, and problems exist with even the most refined tech
niques.

For this reason, care was taken to develop a procedure that

was as simple as possible yet gave consistent results.
A colorimetric carbohydrate analysis technique developed by G. L.
Jordan (Dept. of Watershed Mgt., pers. com.) and used in various
forms by Bartlett (1967), Stevens (1968), White (1968) and Maynard

2.

Weight/weight basis.
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(1970) was modified for the analysis of "blue grama and curlymesquite
leaves.

In addition, modifications of the original procedure developed

by Jordan were compared with methods described by Smith (1969) for
removing and analyzing total nonstructural carbohydrates from plant
tissue.

The original procedure called for the repeated hydrolysis of

the polysaccharide fraction with perchloric acid.

However, perchloric

acid, as well as other acids, is not specific for nonstructural poly
saccharides but will attack the structural portions of the plant
tissue (Smith 1969).

Therefore, takadiastase enzyme, which specifi

cally hydrolyzes nonstructural carbohydrates, was used in place of
perchloric acid for the hydrolysis of the polysaccharide fraction in
this experiment.

The enzyme procedure was patterned after a technique

described by Smith (1969).
The following procedures for carbohydrate analysis were used in
this experiment.

A 1.0-g oven-dry sample of ground leaf material was

placed in a 250-ml Erlermieyer flask.

Approximately 150 ml of 8($

ethanol were added, and the mixture was heated to a vigorous
boil in a hot water bath.

After being heated, the mixture was agitated

for 45 minutes while cooling to room temperature.

It was then filtered

through a No. 50 Whatman paper under suction and rinsed with 80Jo
ethanol.

The residue was saved for the determination of TUP.

The filtrate containing the alcohol soluble sugars was reduced
to approximately 25 ml in a hot water bath with an air stream attach
ment.

A clearing step to remove substances which interfere with the

colorimetric determination of alcohol soluble sugars was found to
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be necessary.

To accomplish this, 10 ml of lOfo (w/w) zinc sulfate

were added to the 25 ml of filtrate.

After 15 minutes, 1 to 2^ less

than the equivalent amount of a saturated solution of barium hydroxide
was added.

The resulting precipitate and liquid were filtered through

a No. 50 Whatman paper under suction, and the residue was discarded.
The filtrate was made up to 250 ml with distilled water, and an
appropriate dilution was made.

A dilution was necessary to bring the

concentration of soluble sugars iidthin a readable range on the spectro
photometer.

A 3-ml aliquot was taken from the diluted filtrate, and

10 ml of anthrone reagent were added to this aliquot.

The anthrone-

treated solution was immediately heated for exactly 15 minutes in a
boiling water bath and then cooled for approximately 10 minutes in a
cool water bath.

Absorbance was read at 620 m]i on a spectrophotometer

using a solution of distilled water and anthrone as the blank.

Prom

a standard curve prepared from known concentrations of glucose, the
optical density reading was converted to micrograms per milliliter of
glucose equivalent.

The micrograms per milliliter of glucose equiv

alent were converted to grams per milliliter and were used to calculate
the percentage of sugars by the following formula:

Percentage
of total
alcohol
soluble
sugars

=

The glucose equivalent
concentration of total
Original
alcohol soluble sugars X
volume
in g/ml
in ml
• 1
Sample weight in g

X

Dilution
factor
X

100
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The TNP residue was oven-dried at 38 C for 24 hours and trans
ferred to a 125-ml Erlenmeyer flask.

Approximately 15 ml of distilled

water were added to the residue, and the mixture was boiled for 1 to
2 minutes on a hot plate to gelatinize the starches.

After the mixture

was cooled to room temperature, 10 ml of buffer solution and 10 ml of
takadiastase enzyme solution were added to the Erlenmeyer flask.

The

Erlenmeyer was tightly stoppered and placed in an incubation oven for
44 hours at approximately 38 C,

After incubation, the mixture was

filtered with gravity through a Ho, 1 Whatman paper into a 250-ml
Erlenmeyer flask.

The residue was washed several times with distilled

water and discarded.

The filtrate was cleared with. 10$ zinc sulfate

and saturated barium hydroxide and processed with anthrone as in the
determination of total alcohol soluble sugars.

Absorbance was read

at 620 mp. on a spectrophotometer using a solution of distilled water,
takadiastase enzyme and anthrone as the blank.

The glucose equivalent

of TNP was determined in the same manner as the glucose equivalent of
total alcohol soluble sugars.

Also, the percentage of TNP was calcu

lated in the same manner as the percentage of total alcohol soluble
sugars, but the value obtained was multiplied by 0.90 to convert from
glucose equivalents to polysaccharides (Pucher, Leavenworth and
Trickery 1948),

The reagents used in this analysis are described in

Appendix B.
The methods used in this experiment for determining leaf
sugars and TNP were compared with three methods for determining total
nonstructural carbohydrates (Table 5).

These three methods consisted
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Table 5.

Comparison of carbohydrate analysis procedures.

Sugars

TNP
Trial

Total
nonstructural
carbohydrates

Procedure
(percent )_
6.11

6.04

No clearing

6.75

6.50

Clearing with PbCCgH^Og)^

6.75

6.50

5.75

5.75

Enzyme + acid hydrolysis +
titration

5.87

5.87

Enzyme + titration

5.46

5.37

Adopted procedure

4.20

4.20

1.91

1.84

Enzyme + anthrone

Clearing with ZnSO^ + Ba(0H)2

Subsamples of the same sample of blue grama leaves were used for the
procedure comparisons.

Alcohol extraction of soluble sugars and enzyme hydrolysis of
nonstructural polysaccharides combined with ZnSO. + Ba(OH) clearing
and enthrone.

/

of a procedure using takadiastase enzyme and anthrone, a procedure
using takadiastase enzyme, acid hydrolysis and titration (Smith 1969),
and a procedure using takadiastase enzyme and titration only (Smith
1969).

The sugar and TNP fractions obtained "by the methods used in

this experiment were combined to form one total nonstructural
carbohydrate value so that comparisons could be made on an equivalent
basis.

In addition, subsamples of the same sample of blue grama

leaves were used for the procedure comparisons.

The results indicated

that the total nonstructural carbohydrate values were comparable for
all of the procedures tested.

Results obtained with different

clearing reagents and without clearing showed that the reagents zinc
sulfate and barium hydroxide were more effective than lead acetate in
clearing samples analyzed with a takadiastase enzyme-anthrone. procedure
(Table 5).

For this reason, zinc sulfate and barium hydroxide were

used as the clearing reagents in the procedures finally adopted for
this experiment.
The wavelength 620 mji was chosen for reading absorbance on
the spectrophotometer because it gave readings of the highest
absorbance and lowest transmittance with blue grama and curlymesquite.

Statistical Analyses
A completely randomized block design with a split-plot was
used for this experiment.
the following form:

The analyses of variance (ANOVAS) were of
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Degrees of Freedom

Source of Variation
Block

3

Burn

1

Error A (Burn x Block)

3

Phosphorus fertilization

1

Nitrogen fertilization

1

Phosphorus x nitrogen

1

Phosphorus x burn

1

Nitrogen x burn

1

Phosphorus x nitrogen x burn

1

18

Error B

31
Phosphorus x block

3

Nitrogen x block

3

Phosphorus x nitrogen x block

3

Phosphorus x burn x block

3

Error B

Nitrogen x burn x block
Phosphorus x nitrogen x burn x block

3

Separate ANOVAS were calculated for each of the eight
combinations of species, seasons and years in the experiment.

For

example, the utilization data ANOVA for blue grama - summer-1968 was
separate from the corresponding ANOVA for blue grama - summer-1969.
The data were not combined over years for analysis because of
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variations from 1968 to 1969 in precipitation, type of burns achieved,
fertilization rate and class of livestock used for the grazing trials.
The significance of the main effects and interactions at the

0.05

level of probability was determined from the

A1T0VAS.

differences between treatment means were tested at the
Duncan's new multiple-range test (steel and Torrie

In addition,

0.05

level with

I960).

Simple linear correlation coefficients (r) were calculated for
all possible combinations of variables.

A step-wise multiple

regression analysis was then carried out with percentage utilization
as the dependent variable

(Y)

and percentage crude protein, percentage

phosphorus, percentage sugars, percentage TNP and percentage moisture
as the independent variables

(x).

The partial regression coefficients

find simple linear correlation coefficients were used in developing a
path-coefficient analysis of the data (Li

1956;

Liang and Riedl

1964).

One of the chief criticisms of studies which attempt to
correlate groups of chemical compounds with palatability, preference
or utilization is the lack of definitive work to show the effects of
each compound with the others held constant (Heady
to Liang and Riedl

(1964),

1964).

According

the path-coefficient analysis provides an

effective means of untangling direct and indirect causes of the
association between variables and measures the relative importance of
each causal factor.
Figure

15,

In the path-coefficient diagram illustrated in

the path coefficients indicate the magnitude and order of

importance of the various x variables in influencing the y variable

Pattern of
indirect effects.

Pattern of direct
effects (path coefficients).

Crude protein

Px,y=0.6J9

X_

Phosphorus

•Zj

Sugars

X.
4

THP

2

v

=-0.040
Utilization y

Px„y=0.18p
Px y=0.065
Px y=0.129

Moisture

Figure 15. A diagram of the path coefficients of the leaf components affecting the
utilization of blue grama during the suamer-1968 study.
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utilization (White 1968).

An example of the formula used to calculate

the path coefficients is given "below for leaf crude protein.
Px,y = B

SX1

sy
x^ = leaf crude protein
y = utilization
Px^y = path coefficient for direct effect of x^ on y
B = partial regression coefficient
s = standard deviation of variable
The indirect effect of x^ on y via x2 was determined by the
following formula:
Indirect effect of
x± on y via xg
~

v

\ /p
\
1,2' ^rx2y;

x^ = leaf crude protein
y ss utilization
Xg = leaf phosphorus
r^ g

=

simple linear correlation coefficient for x^ and x^

Px^y = path coefficient for direct effect of x^ on y

CHAPTER 5

SUMMER STUDIES

The.results of the summer studies are presented in three
sections under the following headings: Blue Grama, Curlymesquite and
Species Comparisons.

For each species, the effects of fertilization

and burning treatments on the crude protein, phosphorus, sugars, TEP
and moisture content of the leaves are discussed. In addition, the
utilization of each species "by yearling cattle and the relationships
of leaf components to utilization are analyzed.

Blue Grama

Treatment Effects on Leaf Components of Blue Grama
The fertilization and burning effects on crude protein,
phosphorus, sugars, TNP and moisture in blue grama leaves during the
summer are presented in Table 6.

According to the'analyses of

variance, nitrogen fertilization had the most consistently significant
influence on the leaf components.

In addition, phosphorus fertili

zation had a significant effect on leaf phosphorus.

However, burning

had little significant influence on the leaf components, although there
were significant interactions betireen burning and nitrogen fertili
zation for crude protein during 1968 and 1969.
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Table 6. Effects of treatments on leaf components of blue grama
during the summer studies.*

Leaf
compo
nent
Year

C

P

N

Treatment0,
PN
B

BP

BIT

BPN

-(percent)Crude
pro
tein

1968 10.7a
1969

12.2ab 13.8bc 13.6b

8.8a

8.4a

Phos
phorus 1968 0.12a

12.2ab 15.5cd I6.0d

11.8bc 13.2c

lO.Oab

0.18b

0.13a

0.19b

0.15a

1969 0.27ab 0.41d

0.25a

0.35bcd 0.28ab 0.38cd 0.26a

Sugars 1968 3.01a

THP

11.2a

9.8ab 13.2c

0.19b

0.13a

13.0c

0.19b
0.32abc

3.l6ab 3.29ab 4.06c

3.18ab 3.29ab 3.29ab 3.65bc

1969 3.46a

3.45a

3.93a

3.91a

3.84a

3.75a

3.34a

1968 1.79a

1.62a

2.41bc 2.58c

1.76a

1.76a

1.97ab 2.06abc

1969 2.29ab 1.81ab 2.06ab 1.40a

2.93b

2.68b

2.06ab 2.03ab

Mois
ture
1968 53.9a
1969 50.6a

55.0ab 57.4b
48.9a

3.64a

56.8ab

55.4ab 55.2ab 57.1b

57.5b

53.2ab 54.2ab

53.4ab 54.0ab 57.4b

59.1b

*

Means followed by the same letter for the same leaf component and
year are not significantly different at the 0.05 level of probability.
aC

= control
P = phosphorus fertilization
N = nitrogen fertilization
B = burning
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Crude Protein.

In both. 1968 and 1969, all nitrogen treatments

significantly increased the percentage of crude protein of blue grama
leaves above the level in leaves of the control plants (Table 6).
None of the other treatments were significantly different from the
control.
In 1968, the crude protein values ranged from 10.7$ for the
control to 16.0$ for the BPN treatment.

Burning and nitrogen ferti

lization in combination boosted the crude protein of blue grama leaves
above the level attributable to additive effects.

In most cases,

crude protein was significantly higher on plots treated with BN or
BPIT than on the other plots.

In general, neither phosphorus

fertilization nor burning had any significant effect on crude protein.
In 1969, the crude protein values for blue grama were lower
than in 1968.

Crude protein ranged from 13.2$ for the PIT and BIT

treatments to 8.8$ for the control and 8.4$ for the P treatment.

In

general, nitrogen fertilization significantly increased crude protein
levels over the other treatments.

None of the nitrogen treatment

effects were significantly different from each other.

As in 1968,

neither phosphorus fertilization nor burning had any significant
influence on crude protein.
Phosphorus.

In 1968, leaf phosphorus on plots fertilized with

phosphorus ranged from 0.18 to 0.19$ (Table 6).

This was a significant

increase over the range of leaf phosphorus (0.12 to 0.15$) on plots not
fertilized with phosphorus.

The leaf-phosphorus values from plots
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treated with N, B or BN were not significantly different from controlplot values.
During the 1969 study, phosphorus values ranged from 0.25$ in
the N treated plants to 0.41$ in the P treated plants (Table 6).

The

P and BP treatments significantly increased the percentage of leaf
phosphorus above the level for the control plants.

However, none of

the other treatment effects were significantly different from the
control.
Sugars.

In 1968, the mean sugar values of blue grama varied

from 3.01$ for the control to 4.06$ for the PIT treatment (Table 6).
Phosphorus or nitrogen alone had no significant effect on leaf sugars,
but phosphorus fertilization interacted with nitrogen fertilization to
raise the percentage of sugars above the level attributable to the
additive effects of II and P with or without burning.

Burning, alone or

in combination with IT or P, had no significant effect on sugar content.
In contrast to the 1968 results, in 1969 the sugar content of
blue grama leaves was not significantly influenced by fertilization or
burning (Table 6),
Total 1'Ionstructural Polysaccharides.

During the 1968 study,

TNP values varied from a low of 1.62$ in the P treated plants to a
high of 2.58$ in the PN treated plants (Table 6).

Leaves from plots

treated with PIT and N were significantly higher in TNP than leaves
from the control plots.

Leaves from the rest of the plots were not

significantly different from control-plot leaves.

In general, nitrogen

fertilization without burning increased leaf TNP more than nitrogen
fertilization with burning, although the trend was not significant.
In 1969, leaf TNP ranged from 1.40 to 2.06/2 on plots fertili
zed with nitrogen and from 1.81 to 2.93$ on plots not fertilized with
nitrogen (Table 6).

Contrary to the 1968 results, in 1969 the

nitrogen-fertilized plots tended to produce leaves lower in TUP
content than plots not fertilized with nitrogen, but the differences
were not significant.

In addition, none of the treatment effects were

significantly different from the control.
Moisture.

In 1968, moisture values ranged from 53.9$ for the

control to 57.5$ for the BPN treatment (Table 6).

The moisture level

of blue grama leaves was significantly increased above the level in
control plant leaves by the nitrogen treatments - N, BN and BPN,
However, there were no significant differences in leaf moisture among
the fertilization or burning treatments.
The moisture content of blue grama leaves collected in the
summer of 1969 followed somewhat the same pattern as in 1968 (Table 6).
Significantly higher mean values of 57.4 and 59.1$ were obtained for
the nitrogen treatments - BN and BPN, respectively, as compared to
50.6$ for the control.

However, there were no significant differences

in leaf moisture among the nitrogen fertilization or burning treatments.

Utilization of Blue Grama
During the summer of 1968, the mean utilization of blue grama
by yearling steers ranged from 28$ on the control plots to 60$ on the
BPN plots (Table 7).

Utilization was significantly greater on all
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Table 7. Effects of treatments on the summer utilization of blue
grama by cattle.*

Year

C

P

N

Treatment8,
PIT
B

BP

BN

BPN

(percent)

1968

28a

35ab

39b

44b

35ab

38b

54c

60c

1969

32a

34a

34a

43b

43b

42b

54c

58c

Means followed by the same letters for the same year are not signifi
cantly different at the 0.05 level of probability.

C
P
N
B

=
=
=
=

control
phosphorus fertilization
nitrogen fertilization
burning
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nitrogen-fertilized plots than on the control plots.

In addition,

utilization was significantly heavier on the BPN and BIT plots than on
the rest of the plots.

The utilization of blue grama on plots treated

with B or P alone was not significantly greater than that on control
plots, but the utilization on plots treated with the BP combination
was significantly greater.
The summer utilization of blue grama by yearling heifers
during 1969 paralleled the summer utilization by steers during 1968
(Table 7).

Utilization ranged from 32on the control plots to 58$ on

the BPN plots.

As in 1968, plots treated with BN or BPN received

significantly more utilization than the other plots.

In contrast to

the 1968 results, plots treated with N alone did not receive signifi
cantly more utilization than the control plots, and plots treated with
burning alone were utilized significantly more than control plots.

As

in 1968, plots treated with P alone did not receive significantly more
utilization than control plots.

Relationships of Leaf Components to Utilization of Blue Grama
Comparisons of leaf chemical components with utilization are
presented in Figure 16.

Through path-coefficient analyses of the data,

the correlation coefficients were partitioned into direct and indirect
effects of the leaf components on utilization (Table 8).

The

correlation of each leaf component with utilization, as represented
by the correlation coefficient (r), is equal to the sum of the direct
and indirect effects.

,
,

Correlation significant at the
0.05 level of probability.
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Comparison of leaf components of blue grama with summer
utilization by cattle, (Correlation coefficients are
included to show degree of relationship,)

Table 8.

Results of path-coefficient analyses of blue grama data collected during the summer studies

Year of study
1268
Path
of effect

Simple linear
correlation
coefficient

a

Direct
effect

Indirect
effects

Crude
protein via
utilization

0.746

0.639

CP
CP
CP
CP

via
via
via
via

P = -0.003
S =
0.027
TNP == 0.015
H =
0.068

Phosphorus
via
utilization

0.084

-0.040

p
p
p
p

via
via
via
via

CP =
S=
TNP ==
H =

Sugars via
utilization

0.302

0.185

TUP via
utilization

0.303

0.065

Moisture via
utilization

0.449

0.129

aCP

0.056
0.052
0.004
0.012

S via CP = 0.093
S via P = -0.011
s via TNP == 0.038
s via H = -O.OO3

12§2
Simple linear
correlation
Direct
coefficient
effect
0.233

-0.130

CP
CP
CP
CP

via
via
via
via

P = -0.006
S = -0.236
TNP == 0.033
M =
0.572

-0.011

0.042!

P
P
P
P

via
via
via
via

CP = 0.020
S = -0.129
TNP == 0.014
M =
0.042

0.863

S
S
S
S

via
via
via
via

CP = 0.036
P = -0.006
TNP == 0.008
M = -0.523

0.378b

CP := 0.150
P = -0.002
S = 0.108
M = -0.018

-0.151

-0.232

M via CP = 0.337
II via P = -0.004
I'l via S = -0.004
via TNP == -0JD09

0.306

0.907

TNP
TNP
TNP
TUP

via
via
via
via

Indirect
effects

TNP
' TNP
TNP
TNP
M
M
M
I«I

via
via
via
via

via
via
via
via

CP == 0.019
P = -0.003
S = -0.030
M = 0.095

CP = -0.082
0.002
P =
S=
-0.497
TNP = -0.024

= crude protein, P = phosphorus, S = sugars and M = moisture. Significant correlation (.05 level).
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Crude Protein.

During the summer of 1968, crude protein was

highly correlated with utilization (r = 0.746) (Figure 16).

This was

due mainly to the direct effect of crude protein on utilization, since
little of the correlation was attributable to the indirect effects of
crude protein via the other chemical components (Table 8).

During

1969, crude protein had a positive but insignificant correlation with
utilization (r = 0.233)» hut this was due to the large indirect effect
of crude protein via moisture since crude protein had a negative direct
effect on utilization.
Phosphorus.

In 1968, phosphorus exhibited an insignificant

correlation with utilization (r = 0.084) and even had a negative
direct effect on utilization (Figure 16 and Table 8).

In 1969 >

phosphorus had an insignificantly negative correlation with utilization
(r = -0.011), although the small direct effect of phosphorus on
utilization was positive.
Sugars.

Although nonsignificant, the correlation of sugars

with utilization (r = 0.302) was relatively high during the summer1968 study (Figure 16).

In addition, the direct effect of sugars on

utilization was responsible for over 60$ of the correlation coeffi
cient (Table 8),

In 1969, the correlation of sugars with utilization

was significant (r = 0.378), but it was less than the direct effect
due to a high negative indirect effect of sugars via moisture.
Total Nonstructural Polysaccharides.

In 1968, the correlation

of TNP with utilization (r = 0.303) was relatively high but non
significant (Figure 16).

However, the direct effect of TNP on
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utilization was small compared to the indirect effect via crude protein
(Table 8).

In 1969, TNP had an insignificantly negative correlation

with utilization (r = -0.151) as well as a negative direct effect on
utilization.
Moisture.

In 1968, the correlation of leaf moisture with

utilization was significant (r = 0.449) due primarily to the high
indirect effect via crude protein (Figure 16 and Table 8),

In the 1969

study, the correlation of moisture with utilization was nonsignificant
(r = 0.306) due mainly to the high negative indirect effect of moisture
via sugars.

Curlymesquite

Treatment Effects on Leaf Components of Curlymesquite
The fertilization and burning effects on crude protein,
phosphorus, sugars, TNP and moisture in curlymesquite leaves during
the summer are presented in Table 9.

As in the case of blue grama,

the analyses of variance revealed that nitrogen fertilization had the
most consistently significant influence on the leaf components of
curlymesquite.

Also, phosphorus fertilization had a significant

influence on leaf phosphorus.

Burning affected leaf components

primarily through significant interactions with nitrogen or phosphorus
fertilization.
Crude Protein.

In both 1968 and 1969, all nitrogen treatments

significantly increased the percentage of crude protein in curly
mesquite leaves above the level in leaves of the control plants
(Table 9).
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Table 9.

Effects of treatments on leaf components of curlymesquite
during the summer studies.*

Leaf
component
Year C

Treatment
PN
B

N

BP

BN

BPN

•(percent)Crude
pro
tein

1968

7.2a

7.1a

9.0c

. 8.6bc

7.8ab

7.6a

10.Od

10.Id

1969

7.2a

7.2a

10.4b

10.7b

7.7a

7.9a

10.6b

11.6b

0.15ab 0.19ab 0.I6ab 0.25b

0.10a

0.22b

0.17ab 0.21b

0.24a

0.28ab 0.36c

Phos
phorus 1968
1969

0.34bc 0.24a

0.36c

0.23a

0.40c

Sugars 1968 5.35abc 4.75a

7.44d

6.33c

4.71a

5.02ab 5.6labc 6.06bc

1969 6.19a

5.77a

6.92a

5.74a

5.41a

TNP

Mois
ture

5.02a

5.75a

5.16a

1968

2.51a 2.58ab 3.02ab

3.55b

2.87ab 3.04ab 2.88ab 3.05ab

1969

4.47a 3.20a

2.57a

2.04a

4.17a

1968

52.2ab 51.3a

55.0bc

55.2bc

55.5bc 54.1abc 56.3c 56.7c

1969

49.7a 54.6bcd 55.8bcd 53.3abc 51.7ab 59.1de 57.4cd 63.2e

4.45a

2.69a

2.15a

Means followed by the same letter for the same leaf component and
year are not significantly different at the 0.05 level of probability.
aC

ss
P =
N =
B =

control
phosphorus fertilization
nitrogen fertilization
burning
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In 1968, the crude protein values ranged from 7.1$ for the P
treatment to 10,1$ for the BPN treatment.

Burning and nitrogen

fertilization in combination increased the crude protein of curlymesquite leaves above the level attributable to additive effects.

The

BN and BPN treatments resulted in significantly higher crude protein
levels than all other treatments. Phosphorus fertilization had little
effect on leaf crude protein levels.
During the 1969 study, mean crude protein values ranged from
11,6$ for the BPN treatment to 7,2$ for the P treatment and the
control.

The four nitrogen treatments were the only treatments

significantly different from the control in crude protein yield, and
there were no significant differences among the nitrogen treatments.
Phosphorus.

In 1968, the phosphorus values ranged from 0,10$

for the B treatment to 0,25$ for the PN treatment, and none of the
treatments resulted in significantly higher leaf phosphorus in curlymesquite than the control (Table 9),

However, there was a trend

towards higher leaf phosphorus as a result of phosphorus fertilization.
In 1969t all phosphorus treatments significantly increased
leaf phosphorus above control plant levels (Table 9).

Phosphorus

values ranged from 0.2J>% for the BN treatment to 0,40$ for the BPN
treatment, and none of the phosphorus treatment effects were signifi
cantly different from each other.

The effects of the P treatment were

not significantly different from the B treatment effects, but the
effects of phosphorus fertilization tended to be greater on the burned
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plots, although the trend was not significant.

Neither burning nor

nitrogen fertilization alone significantly increased plant phosphorus
over the control.
Sugars.

In 1968, mean sugar values ranged from 4.71$ on B

plots to 7.44/0 on N plots (Table 9).

The N treatment was the only

treatment that significantly increased the sugar content of curlymesquite leaves above the level in control plants.
In 1969, the leaf sugar values ranged from 5.02$ for the P
treatment to 6.92$ for the PIT treatment, but there were no signifi
cant differences among the eight treatments.
Total Nonstructural Polysaccharides.

During the 1968 study,

TNP values ranged from 2.51$ for the control to 3.55$ for the PN
treatment (Table 9).

The PN treatment was the only treatment which

resulted in a significantly higher leaf TNP percentage than the
control.
In 1969, there were no significant differences among treat
ments with regard to TNP, although mean TNP values ranged from 2.04$
in the PN treated plants to 4.47$ in the control plants (Table 9).
However, there was a definite trend towards less leaf TNP on plots
treated with nitrogen fertilization than on plots not treated with
nitrogen.
Moisture.

During 1968, mean moisture values ranged from 51.3$

in the plants on the P treated plots to 56.7$ in the plants on the BPN
treated plots (Table 9).
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The 1969 results were somewhat similar to those in 1968.
Moisture values varied from 49.7^ for the control to 63.2^ for the
BPN treatment (Table 9).

Nitrogen fertilization, with the exception

of PN, significantly increased leaf moisture above control plant
levels.

Burning alone did not significantly increase leaf moisture

above the control.

However, burning in combination with phosphorus

resulted in the highest moisture levels.

Utilization of Curlymesquite
In 1968, the utilization of curlymesquite by yearling steers
ranged from 177° on plots treated with N to 39on plots treated with
BPN (Table 10).

Utilization was significantly heavier on plots treated

with BPN than on the control plots, and in general, utilization was
heavier on burned plots than on unburned plots.

Utilization on the P,

N and PN treated plots was not significantly different from the
control.
In contrast to the 1968 results, in 1969 there were no
significant differences between utilization of the variously treated
plots (Table 10).

However, there was a slight tendency for

utilization to be greater on the nitrogen-fertilized plots than on
plots not fertilized with nitrogen, and there was a definite trend
towards greater utilization on burned plots than on unburned plots.
Phosphorus, alone or in combination, did not significantly increase
utilization.
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Table 10.

Tear

Effects of treatments on the summer utilization of curlymesquite by cattle.*

CP

N

PN

Treatment
B

BP

BN

BPN

1968

28bc

23ab

17a

21ab

36cd

36cd

38cd

39d

1969

22a

22a

23a

29a

30a

31a

32a

32a

*

Means followed by the same letter for the same year are not signifi
cantly different at the 0.05 level of probability.

aC

= control
P sr phosphorus fertilization
N = nitrogen fertilization
B = burning
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Relationships of Leaf Components to Utilization of Curlymesquite
Comparisons of leaf components with utilization are presented
in Figure 17, and the direct and indirect effects of the components on
utilization are presented in Table 11,

The correlation of each leaf

component with utilization, as represented by the correlation
coefficient (r), is equal to the sum of the direct and indirect
effects of the leaf components on utilization.
Crude Protein.

In 1968, the crude protein in curlymesquite

leaves was positively correlated with utilization (r = 0,259), but the
correlation was not significant (Figure 17).

However, the positive

direct effect of crude protein on utilization was large.

The small

size of the correlation coefficient in relation to the direct effect
was due to the negative indirect effects of crude protein via sugars
and moisture (Table ll).
During 1969, the same correlation pattern occurred as in 1968.
In 1969, the crude protein of curlymesquite leaves was positively
correlated with utilization (r = 0.262) but the correlation was not
significant (Figure 17 and Table ll).

The small size of the

correlation coefficient in relation to the relatively large direct
effect was a result of the negative indirect effects of crude protein
via 3Ugars, TNP and moisture.
Phosphorus.

In 1968, the leaf phosphorus of curlymesquite was

negatively, but not significantly, correlated with utilization (r =
-0.289) and had a small negative direct effect on utilization (Figure
17 and Table 11),

In addition, the indirect effects of phosphorus
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a.
Correlation significant at the 0.05
level of probability.
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Table 11.

Results of path-coefficient analyses of curlymesquite data collected during the summer
studies.

Year of study
1268
Path
of effect

Simple linear
correlation
coefficient

Direct
effect

Indirect
effects

Indirect3
effects

0.262

0.499

CP
CP
CP
CP

via P =
0.091
via S =
-0.214
via TNP == -0.062
via M = -0.052

p
p
p
p

via CP =
via s =
via TNP ==
via I-I =

-0.069
-0.112
-0.019
-0.037

0.244

0.323

p
p
p
p

via CP =
0.141
via S =
-0.151
via TNP == -0.034
via
-0.035

s
s
s
s

via
via
via
via

CP =
0.176
P =
-0.011
TNP == 0.002
H =
-0.006

0.147

0.490

s
s
s
s

via
via
via
via

-0.008

0.282

TUP
TNP
TUP
TNP

-.046

-0.079

0.504

CP
CP
CP
CP

Phosphorus
-0.289
via
utilization

-0.052

Sugars via
utilization

-0.353*

-0.514

TNP via
utilization

0.265

0.066

Moisture via -0,101
utilization

-0.249

TNP
TNP
TNP
TNP
M
H
M
H

via
via
via
via

via
via
via
via

CP = 0.141
P =
0.015
S = -0.015
H=
0.058

CP =
P =
S =
TNP =

0.184
-0.008
-0.013
-0.015

M
M
M
H

II

via P =
0.007
-0.180
via s =
via TUP == 0.018
via M =
-0.091

0.259

Crude
protein via
utilization

1969
Simple linear
correlation
Direct
coefficient
effect

CP = -0.219
P =
-0.099
TUP == -0.082
M =
0.057

via
via
via
via

via
via
via
via

CP = -0.110
P = -0.038
S = -0.142
M =
0.000

CP =
0.337
P =
0.149
S =
-0.360
TNP = -0.001

*CP = crude protein, P = phosphorus, S = sugars and M = moisture. Significant correlation (.05 level).

via the other chemical components were all negative.

In contrast to

the 1968 results, in 1969 phosphorus was positively, hut not signifi
cantly, correlated with utilization (r = 0.244).
phosphorus on utilization was also positive.

The direct effect of

The correlation

coefficient was smaller than the direct effect due to the negative
indirect effects of phosphorus via.sugars, TUP and moisture.
Sugars.

During the summer-1968 study, the leaf sugars of

curlymesquite had a significant negative correlation with utilization
(r = -0.353) (Figure 17).

However, the correlation of sugars with

utilization was smaller than the negative direct effect of sugars on
utilization primarily because of the positive indirect effect of
sugars via crude protein (Table ll).
were reversed in 1969.

The results of the 1968 study

In 1969, sugars had an insignificant positive

correlation with utilization (r = 0.147) and a substantial positive
direct effect on utilization.
Total Nonstructural Polysaccharides.

During 1968, the leaf

TUP of curlymesquite was positively, but not significantly, correlated
with utilization (r = 0.265) (Figure 17).

The direct effect of TNP on

utilization contributed little to the correlation, but the indirect
effect of TNP on utilization via crude protein did contribute a
substantial amount to the correlation coefficient (Table ll).

In

1969, the leaf TNP of curlymesquite had an insignificant negative
correlation with utilization (r = -0.008) (Figure 17).

However, the
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direct effect was positive and the negative correlation was due to the
negative indirect effects of TNP via crude protein, phosphorus and
sugars (Table 11).
Moisture.

In 1968, the correlation of moisture with utili

zation was negative and insignificant (r = -O.lOl), and in 1969
there was an insignificant positive correlation (r = 0.046) between
moisture and utilisation.

In both 1968 and 1969, leaf moisture had a

negative direct effect on utilization and a positive indirect effect
via crude protein.

Species Comparisons
The comparisons made between blue grama and curlymesquite are
general in nature, and no attempt was made to describe every
difference or similarity between the tiro species.

Treatment Effects on Leaf Components of Species
Crude Protein.

During the summers of 1968 and 1969, the mean

percentages of crude protein were higher in blue grama leaves than in
curlymesquite leaves (Tables 6 and 9).

Also in the summer of both

years, nitrogen fertilization significantly increased the leaf crude
protein of both species above the level in leaves of the control
plants.

In 1968, but not in 1969, burning and nitrogen fertilization

in combination increased the crude protein of blue grama and curly
mesquite leaves above the level attributable to additive effects.
both species, in both years, the effects of burning and phosphorus

For

fertilization were generally not significantly different from the
control effects.
* Phosphorus.

On the average, the level of leaf phosphorus was

about the same in blue grama and curlymesquite (Tables 6 and 9).
In both years, phosphorus fertilization tended to increase the leaf
phosphorus of blue grama and curlymesquite above the level in plants
not treated with phosphorus, but the increase was not significant in
all cases.

Burning had no consistent effect on the phosphorus content

of either species in either year.
Sugars and Total Nonstructural Polysaccharides.

Curlymesquite

was consistently higher in leaf sugars and TNP than blue grama (Tables
6 and 9).

However, the treatment effects on sugars and TNP were

similar for both species.

In 1968, the PN treatment usually increased

the leaf sugars and TNP of both species more than the other treatments,
although the increases were not always significant.

Burning had

little significant influence on the leaf sugar and TNP content of
either species.

However, in some cases, there was a slight tendency

for leaf sugars and TNP to be increased more by nitrogen fertilization
without burning than nitrogen fertilization with burning.
During 1969, leaf sugars and TNP were not significantly
affected by treatment for either species.

However, there was a trend

towards less leaf TNP on nitrogen-fertilized plots than on plots not
fertilized with nitrogen.
Moisture.

The level of leaf moisture was about the same in

blue grama and curlymesquite (Tables 6 and 9).

In addition, there was
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a tendency for the leaf moisture of both species to be highest on
plots treated with nitrogen fertilization, but the differences were
generally not significant.

However, the BN and BPN treatments

resulted in significantly higher moisture values than the control for
both species.

The effects of the other treatments on leaf moisture

were usually not significantly different from the effects of the
control for either species.

Utilization
The utilization of blue grama was 10 to 20 percentage points
heavier on most plots than the utilization of curlymesquite (Tables 7
and 10).

In general, the utilization of both species was greater on

burned areas than on unburaed areas, and plots treated with burning
and nitrogen fertilization tended to receive the heaviest utilization.
Nitrogen frequently significantly increased the utilization of blue
grama, but not curlymesquite.

Phosphorus effects were generally

insignificant on both species.

Relationships of Leaf Components to Utilization of Species
Crude Protein.

During the summer of 1968, crude protein was

positively correlated with the utilization of both blue grama and
curlymesquite (Figures 16 and 17).

The correlation was significant

for blue grama but not for curlymesquite.

However, the positive

direct effect of crude protein on utilization was large for both
species (Tables 8 and ll).
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During 1969, crude protein was positively, but not significant
ly, correlated with the utilization of both species (Figures 16 and 17).
However, crude protein had a small negative direct effect on the
utilization of blue grama, whereas the direct effect of crude protein
on the utilization of curlymesquite was positive and large (Tables 8
and ll).

Both species had small negative indirect effects of crude

protein via sugars during this year.
Phosphorus.

Leaf phosphorus exhibited little correlation with

the utilization of either blue grama or curlymesquite during the
summer studies (Figures 16 and 17).

In many instances, either the

correlation coefficient or the direct effect was negative for one
species or the other (Tables 8 and ll).
Sugars.

During 1968, there was a positive, but nonsignificant,

correlation between leaf sugars and the utilization of blue grama and
a significant negative correlation between sugars and the utilization
of curlymesquite (Figures 16 and 17).

Also, the direct effect of

sugars on utilization was positive for blue grama and negative for
curlymesquite (Tables 8 and 11).

During 1969, there was a positive

correlation betireen sugars and the utilization of both blue grama
and curlymesquite, but the correlation was significant for blue grama
only (Figures 16 and 17).

Although leaf sugars had a large direct

effect on the utilization of both species in 1969, the direct effect
was much larger for blue grama than for curlymesquite (Tables 8 and ll).
Total nonstructural Polysaccharides.

In 1968, leaf TNP was

positively, but insignificantly, correlated with the utilization of
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blue grama and curlymesquite (Figures 16 and 17). For both species,
the direct effect of T!TP on utilization was small compared to the
indirect effect via crude protein (Tables 8 and ll).

In 1969, leaf

TNP had an insignificant negative correlation with the utilization
of both species.

However, the direct effect was positive for curly

mesquite and negative for blue grama.
Moisture,

The moisture of blue grama leaves was positively

correlated with utilization during both 1968 and 1969 (Figure 16).
The correlation was significant in 1968 and approached significance
in 1969 (Table 8),

In contrast to blue grama, the leaf moisture of

curlymesquite exhibited little correlation with utilization in 1968
or 1969 (Figure 17 and Table ll).

For both species, the direct

effects of leaf moisture on utilization generally followed the pattern
of the correlation coefficients.

The direct effects were positive

for blue grama and negative for curlymesquite in both years of the
summer studies.

CHAPTER 6

PALL STUDIES

The results of the fall studies are handled in the same manner
as the results of the summer studies.

The results are divided into

three main sections under the headings;
Species Comparisons.

Blue Grama, Curlymesquite and

The effects of fertilization and burning treat

ments on the leaf components of each species are discussed.

The same

general pattern of treatment effects on leaf components was recorded
for the fall studies as for the summer studies.

The fall samples for

the 1968 study were collected during the first half of October and the
fall samples for the 1969 study were collected during the last half of
November.

As a result, the leaf component values for 1969 are lower in

most cases than the corresponding values for 1968.
In addition, the utilization of each species by yearling
cattle and the relationships of leaf components to utilization are
analyzed.

Blue Grama

Treatment Effects on Leaf Components of Blue Grama
The fertilization and burning effects on crude protein,
phosphorus, sugars, TNP and moisture in blue grama leaves during the
fall are presented in Table 12.

The analyses of variance indicated
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Table 12.

Effects of treatments on leaf components of blue grama
during the fall studies.*

Leaf
compo
Year C
nent

Crude
pro
tein

Treatment8,
P

N

PN

B

BP

BN

BPN

1968

4.7a

5.lab

8.2c

6.7abc 4.9a

4.8a

7.0bc

6.7abc

1969

2.9a

2.6a

4.7b

4.5b

2.3a

2.4a

4.4b

4.2b

Phos
phorus 1968 0.12ab 0.21c

0.11a

0.18bc 0.14ab

0.08a

0,08a

0.13c

1969 0.07a

Sugars 1968

TUP

2.31a 2.40ab 2.50abc 3.04c

0.17abc 0.12ab 0.18bc
0.09ab

0.08a

O.llbc

2,81abc 2.89bc

3.01c

2.94bc

0.07a

1969 l.OOab 0.94a

1.14ab

1.34ab 1.21ab

1.40ab

1.54b

1.33ab

1968 0.49a 0.54a

0.48a

0.50a

0.56a

0.56a

0.52a

0.54a

0.73b 0.72ab 0.73b

0.64a

0.72ab

0.71ab

0.71ab 0.65ab

18.5ab 24.0c

24.1c

22.4bc 21.6bc

21.4a

20.1a

27.0a

1969

Mois
ture
1968 18.9ab 20.0ab 16.9a
1969 27.9a

30.9a

20.6a

18.5a

19.6a

Means followed by the same letter for the same leaf component and
year are not significantly different at the 0,05 level of probability.
aC

= control
P = phosphorus fertilization
N = nitrogen fertilization
B = burning

that nitrogen fertilization had a significant influence on most of the
leaf components of blue grama during the fall studies.

In addition,

phosphorus fertilization had a significant effect on leaf phosphorus,
but the influence of burning on the leaf components was generally not
significant.
Crude Protein.

In the fall-1968 study, mean crude protein

values ranged from 4.7$ for the control to 8,2$ for the N treatment
(Table 12),

Nitrogen fertilization in the form of the N and BN treat

ments significantly increased the crude protein level of blue grama
leaves above the level for control plants.

Neither phosphorus fertili

zation nor burning had any significant effect on crude protein.
During 1969, crude protein ranged from 4,7$ for the N treatment
to 2,9$ for the control and 2.3$ for the B treatment (Table 12).

Most

nitrogen treatments significantly increased leaf crude protein above
the level in control plants.

As in 1968, neither phosphorus fertili

zation nor burning had any significant effect on crude protein.
Phosphorus.

In 1968, phosphorus values ranged from 0,21$ for

the P treatment to 0,12$ for the control and 0,11$ for the N treatment
(Table 12),

Although phosphorus fertilization increased the leaf

phosphorus levels of blue grama more than the other treatments in 1968,
P was the only treatment significantly different from the control.
Neither nitrogen fertilization nor burning had any significant effect
on the phosphorus level.
During 1969, mean phosphorus values ranged from 0,13$ for the
FN treatment to 0,07$ for the control and B treatments (Table 12),

94
The increased phosphorus content resulting from the combination of
nitrogen and phosphorus was significantly greater than the control and
represented a significant phosphorus x nitrogen interaction.

Aside

from the N x P interaction, neither nitrogen fertilization nor burning
increased plant phosphorus.
Sugars.

In 1968, sugar values ranged from 2.31$ for the

control to 3.04$ for the PN treatment.

Nitrogen fertilization in the

form of PN, BN and BPN significantly increased leaf sugars above
control-plant levels (Table 12).

In addition, the four burning

treatments tended to increase leaf sugar content, although the trend
was not significant.

Phosphorus effects were variable and nonsignifi

cant.
The fall-1969 sugar values ranged from 1.54$ for the BN
treatment to 0.94$ for the P treatment andl.0C$ for the control.

In

contrast to the results of the fall-1968 study, none of the treatments
in the fall-1969 study were significantly different from the control
in leaf sugar yield (Table 12).

However, leaves from most nitrogen-

fertilized plots tended to be higher in sugars than leaves from plots
not fertilized with nitrogen.

Except for the BPN treatment, burning

increased sugar content but differences were not significant.
Total Nonstructural Polysaccharides.

In 1968, TNP values

ranged from 0.56$ for the B and BP treatments to 0.48$ for the N
treatment and 0.49$ for the control (Table 12),

Although there were no

significant differences among the eight treatments with regard to TNP
in 1968, there was a slight tendency for leaf-TNP content to be lower
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on nitrogen-treated plots than on plots not treated with nitrogen.
Most phosphorus and burning treatments increased TNP content slightly
but not significantly.
In 1969, the mean TNP values ranged from 0.64$ for the PN
treatment to 0.73$ for the control and N treatments (Table 12).

The

effects of the PN treatment were significantly lower than the control.
Burning had no effect on leaf TNP,
Moisture.

In the fall-1968 study, leaf moisture ranged from

24.1S& for the BP treatment to 16.9$ for the N treatment and 18.9$
for the control (Table 12).

The B and BP treatments were the only

ones that resulted in significantly higher leaf-moisture values over
the control.

On both burned and unburned plots, nitrogen fertilization

tended to have a depressing, but nonsignificant, effect on leaf
moisture.

Phosphorus effects were variable and not significant.

In the fall-1969 study, burning and fertilization had no
significant influence on leaf moisture (Table 12),

In addition, the

different treatments appeared somewhat erratic in their influence on
leaf moisture.

Utilization of Blue Grama
During the fall-1968 study, utilization values ranged from
29$ for the control to 50$ for the B treatment (Table 13).

Utilization

of blue grama was significantly heavier on the burned plots than on
the control plots.

Utilization was greatest on plots treated with B

and BP, although there were no significant differences between the four
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Table 13.

Year

Effects of treatments on the fall utilization of blue grama
by cattle.*

C

P

N

PII

Treatment
B

BP

BN

BPN

•(percent)-

1968

29a

36ab

37ab

41bc

1969

44ab

37a

54bcd 6lcde

50c

49c

45bc

47bc

41ab

49abc

65de

73®

Means followed by the same letter for the same year are not signifi
cantly different at the 0.05 level of probability.

C
P
N
B

=
=
=
=

control
phosphorus fertilization
nitrogen fertilization
burning
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burning treatments.

Both phosphorus and nitrogen increased utilization

substantially but not significantly on the unburned plots, but the
effects were insignificant on the burned plots.
Utilization tended to be heavier on most plots in 1969 than in
1968, with values ranging from
the BPN plots (Table 13).

on the P treated plots to 73% on

Utilization in the fall of 1969 was sub

stantially heavier on the nitrogen treated plots than on control
plots.

The differences were significant for all except the N treated

plots.

Also, except for the B and P treated plots, there was a

definite trend towards heavier utilization on bumed plots than on
unburned plots and on phosphorus treated over non-phosphorus treated
plots.

However, the differences were not significant.

Relationships of Leaf Components to Utilization of Blue Grama
Comparisons of leaf chemical components with utilization are
plotted graphically in Figure 18.

Through path-coefficient analyses

of the data, the correlation coefficients were partitioned into direct
and indirect effects of the leaf components on utilization (Table 14).
The correlation of each leaf component with utilization, as represented
by the correlation coefficient (r), is equal to the sum of the direct
and indirect effects.
Crude Protein.

Crude protein was positively, but not

significantly, correlated with the utilization of blue grama.(r =
0.332) during the fall-1968 study (Figure 18).

The direct effect of
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Table 14.

Results of path-coefficient analyses of blue grama data collected during the fall studies.

Year of 3tudy
1968
Path
of effect

Simple linear
correlation
coefficient

Simple linear
correlation
Direct
coefficient
effect

Indirect0
effects

Direct
effect

Indirect
effects

Crude
protein via
utilization

0.332

-0.047

CP
CP
CP
CP

via
via
via
via

P =
-0.001
S=
0.358
TUP = -0.012
H =
0.034

0.668

0.558

CP
CP
CP
CP

via
via
via
via

P0.038
S =
0.066
TNP = 0.011
H =
-0.005

Phosphorus
via
utilization

0.438b

-0.029

P
P
P
P

via
via
via
via

CP = -0.002
S =
0.405
TNP = -0.036
M =
0.100

0.499*

0.083

P
P
P
P

via
via
via
via

CP =
0.258
S =
0.149
TNP = 0.016
H =
-0.007

Sugars via
utilization

0.793b

0.712

S
S
S
S

via
via
via
via

CP =
P =
TNP =
H =

0.442*

0.269

S
S
S
S

via
via
via
via

CP =
P =
TNP =
H =

TNP via
utilization

0.494b

-0.092

Hoisture via
utilization

O.63I

aCP

0.266

TNP
TNP
TNP
TNP
M
H
K
M

-0.006
-0.012
0.379
0.225

-0.169

-0.059

CP = -0.006
P = -0.011
S =
0.461
TNP = -0.079

-0.108

0.041

via
via
via
via

via
via
via
via

-0.024
-0.017
-0.050
0.172

CP =
P =
S =
M =

= crude protein, P = phosphorus, S = sugars and M = moisture.

TNP
TNP
TNP
TNP
H
M
M
H

via
via
via
via

via
via
via
via

0.136
0.046
-0.002
-0.007

CP = -0.109
P = -0.023
S=
0.009
M =
0.013

CP =
P =
S =
TNP =

-0.068
-0.014
-0.049
-0.018

Significant correlation (.05 level),
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crude protein on utilization was negative (Table 14).

The positive

correlation was due to the large positive indirect effect of crude
protein via sugars.
In contrast to the 1968 results, during 1969 crude protein
was highly correlated (r = 0.668) with utilization (Figure 18).

Most

of the correlation was due to the large direct effect of crude protein
on utilization and little was attributable to the indirect effects
of crude protein via the other leaf components (Table 14).
Phosphorus.

Phosphorus was significantly correlated with

utilization during the fall of both 1968 and 1969 (Figure 18), but the
direct effects of phosphorus on utilization were negligible (Table 14).
During 1968, the correlation was due to the indirect effect of leaf
phosphorus via sugars, and during 1969, it was due to the indirect
effects of phosphorus via crude protein and sugars.
Sugars.

Leaf sugars were significantly correlated with the

utilization of blue grama in the fall of 1968 and 1969 (Figure 18),
In 1968, the significant correlation was due to the large direct
effect of sugars on utilization (Table 14). In 1969, it was due to
the direct effect of sugars on utilization plus the indirect effect
of sugars via crude protein.
Total Nonstructural Polysaccharides.

In 1968, the correlation

of leaf TNP with utilization was positive and significant (r = 0.494),
and in 1969, it was negative and insignificant (r = -0,169) (Figure
18).

During both years, leaf TNP had a small negative direct effect on
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utilization (Table 14).

The significant positive correlation in 1968

was due to a large positive indirect effect of TNP via sugars.
Moisture.

Leaf moisture was highly correlated with utilization

(r = O.651) during the fall-1968 study (Figure 18),

The direct effect

of moisture on utilization was substantial, but the high correlation
was due primarily to the indirect effect of moisture via sugars
(Table 14).
During 1969, leaf moisture was negatively and insignificantly
correlated with utilization (r = -0,108), and had a small positive
direct effect on utilization (Figure 18),

The negative correlation

was due to the negative indirect effects of moisture via the other
leaf components (Table 14).

Curlymesquite

Treatment Effects on Leaf Components of Curlymesquite
The fertilization and burning effects on crude protein,
phosphorus, sugars, TNP and moisture in curlymesquite leaves during
the fall are presented in Table 15.

According to the analyses of

variance, nitrogen fertilization significantly influenced most of the
leaf components of curlymesquite during the fall studies.

In addition,

phosphorus fertilization had a significant effect on leaf phosphorus.
Burning had a significant influence on leaf sugars and TNP in 1968 but
not in 1969.
Crude Protein.

In 1968, leaf crude protein values ranged

from 5.3$ on the BPN treated plots to 3.2$ on the control and P
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Table 15.

Effects of treatments on^leaf components of curlymesquite
during the fall studies.

Leaf
component
Year

CP

N

Treatment
PIT
B

BP

BN

BPN

-(percent)Crude
pro
tein

1968

3.2a

3.2a

4.6b

4.8b

3.6a

3.3a

4.6b

5.3b

1969

2.4a

2.7a

4.5b

4.3b

2.2a

2.2a

4.3b

4.5b

0.17d

0.10a

0.15cd O.llabc 0.17d

0.13b

0.06a

0.08a

Phos
phorus 1968 0,12abc 0.15bcd O.llab
1969 0.06a

0.08a

0.09a

Sugars 1968 4.00a

4.19a

4.93abc 5.81cd 4.57ab 5.28bc 5.86cd

6.57d

1969

1.07a

l437ab

1.70ab

1.58ab 1.69ab 1.92ab 2,57b

2.46b

1968

0.74a

0.81ab

0.79ab

0.79ab 0.97b

0.92ab 0.95b

0.95b

1969

0.79a

0.89a

0.88a

0.79a

0.89a

0.99a

26.5ab

19.8a

20.6ab 28.2b

26.7ab 24.1ab

23.6ab

33.9a

21.0a

28.0a

19.5a

22.2a

TNP

Mois
ture
1968 23.7ab
1969 21.2a

•I

0.87a

19.1a

0.08a

0.93a

28.5a

0.13b

Means followed by the same letter for the same leaf component and year
are not significantly different at the 0.05 level of probability.
£

C
P
N
B

=
=
=
=

control
phosphorus fertilization
nitrogen fertilization
burning
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treated plots.

In 1969, the values varied from 2.2$ on the B and BP

treated plots to 4.5$ on the N and BPN treated plots (Table 15).
During both 1968 and 1969, all nitrogen treatments significantlyincreased leaf crude protein over corresponding plots not treated with
nitrogen.

Plots not fertilized with nitrogen were not significantly

different from control plots in crude protein yield.
Phosphorus.

In 1968, mean phosphorus values ranged from

0.10$ on the B treated plots to 0.17$ on the PN treated plots, and in
1969 values ranged from 0.06$ on the control plots to 0.13$ on BPN
treated plots (Table 15).

During both years, PN and BPN were the only

treatments that significantly increased the leaf phosphorus in
curlymesquite above the level for control plants.

Also in both years,

PIT and BP1T resulted in higher values than P and BP, although the
differences were significant in 1969 only.
Sugars.

In 1968, sugar values ranged from 4.00$ on the

control plots to 6,57$ on the BPN treated plots.

In 1969, leaf sugars

varied from 1,07$ on the control plots to 2.57$ on the BN treated
plots (Table 15).

In both years, the increase in leaf sugars due to

the BN and BPN treatments was greater than the control.

In general,

leaf sugars were higher on burned than unbumed areas and higher on
plots treated with nitrogen than plots not treated with nitrogen,
but the differences were not usually significant.

Phosphorus effects

were not significant.
Total Nonstructural Polysaccharides.

In 1968, TNP values

ranged from 0.74$ on the control plots to 0.97$ on the B treated
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plots (Table 15).

In 1969, the values ranged from 0.99$ on the BPN

treated plots to 0.79$ on the control and FN treated plots.

During

1968, the burning treatments, B,BN and BPN, were significantly greater
in leaf TNP than the control.

The same pattern occurred in 1969,

although none of the burning treatments were significantly different
from the control.

Neither nitrogen nor phosphorus fertilization had

any significant effect on leaf TNP.
Moisture.
somewhat erratic.

In both 1968 and 1969, the moisture values were
The values ranged from 19.8$ for the N treatment

to 28.2$ for the B treatment in 1968 and from 19.1$ for the B
treatment to 33.9$ for the P treatment in 1969 (Table 15).

In both

years, none of the treatments were significantly different from the
control in leaf moisture yield.

However, in 1968, there was a

tendency for burning-to increase moisture and for nitrogen fertili
zation to decrease moisture.

In fact, the B treatment resulted in

significantly more leaf moisture than the N treatment.

Utilization of Curlymesquite
In the fall of 1968, utilization ranged from 16$ on the N
treated plots to 34$ on the BP treated plots (Table 16).

In 1969,

utilization varied from 20$ on the control plots to 56$ on the BPN
treated plots.

Burning increased the utilization of curlymesquite

over the control during both years of the fall studies.

The increases

were significant on the B and BP treated plots in 1968 and on the BN
and BPN plots in 1969.

In most cases, nitrogen fertilization had a

significant influence on utilization in 1969 but not in 1968,
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Table 16,

Tear

Effects of treatments on the fall utilization of curlymesquite by cattle.*

C

P

N

•—''

Treatment5
PN
B

BP

•' '•(percent)

BN

BPN
• • •• • •• ••

1968

21ab

23abc

18a

19a

33d

34d

29bcd

29bcd

1969

20a

26a

28a

43bc

34ab

32ab

43bc

56c

Means followed by the same letter for the same year are not signifi
cantly different at the 0.05 level of probability.

control
phosphorus fertilization
nitrogen fertilization
burning
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Phosphorus generally had little effect on utilization.

However, in

1969, it appeared to have a synergistic effect when combined with
nitrogen.

Relationships of Leaf Components to Utilization of Curlymesquite
The correlations of the leaf components with utilization of
curlymesquite in the fall and the direct and indirect effects of the
components on utilization are presented in Figure 19 and Table 17.
Crude Protein.

Crude protein was negatively correlated with

utilization in the fall of 1968 (r = -0.056) but the direct effect of
crude protein on utilization was positive (Figure 19 and Table 17).
However, both the correlation coefficient and the direct effect were
insignificant.

In 1969, the correlation of crude protein with utili

zation (r = 0.548) was significant, as well as positive, and the
direct effect contributed substantially to the correlation coefficient.
Phosphorus.

During the fall of 1968, phosphorus was positively

correlated with utilization (r = 0.092), although both the correlation
coefficient and the direct effect were insignificant (Figure 19 and
Table 17).

Hovrever, in 1969, the correlation of phosphorus with

utilization was significant (r = 0.459).

The direct effect of

phosphorus on utilization and the indirect effect of phosphorus via
crude protein each made up approximately 50J& of the correlation
coefficient.
Sugars.

In the fall of 1968, the insignificant positive

correlation of sugars with utilization (r = 0.155) was due to the
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^Correlation significant at the 0,05
level of probability.
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Table 17. Results of path-coefficient analyses of curlymesquite data collected during the fall
studies.

Year of study
1968
Path
of effect

Simple linear
correlation
coefficient

1969
Simple linear
correlation
Direct
coefficient
effect

Indirect8,
effects

Direct
effect

Indirect
effects

a

Crude
protein via
utilization

-0.056

0.108

CP
CP
CP
CP

via
via
via
via

P =
0.004
S =
-0.040
TNP = 0.040
M =
-0.168

0.548b

0.323

CP
CP
CP
CP

via
via
via
via

P =
0.134
S =
0.035
TNP = 0.055
0.001
M =

Phosphorus
via
utilization

0.092

0.010

P
P
P
P

via
via
via
via

CP =
0.043
S =
-0.049
THP = 0.048
H =
0.040

0.459*

0.206

P
P
P
P

via
via
via
via

CP =
S =
TNP =
M =

0.209
0.041
0.001
0.002

Sugars via
utilization

0.153

-0.061

S
S
S
S

via
via
via
via

CP =
P =
TNP =
M =

0.071
0.008
0.109
0.026

0.394*

0.085

S
S
S
S

via
via
via
via

CP <=
P =
TNP =
M =

0.132
0.098
0.082
-0.003

TNP via
utilization

0.411b

CP =
P =
S =
M =

0.020
0.002
-0.031
0.204

0.343

0.245

TNP
TNP
TNP
TNP

Moisture via
utilization

0,505

CP =
P =
S =
TNP =

-0.040
0.001
-0.004
0.098

-0.014

0.019

M
I>I
M
M

0,216

TNP
TNP
TNP
TNP

0.450

H
M
11
M

via
via
via
via

via
via
via
via

CP =
P =
S =
M =

0.072
0.001
0.029
-0.004

V

aCP

via
via
via
via

via
via
via
via

CP =
0.013
P =
0.016
S =
-0.014
TNP = -0.048

= crude protein, P = phosphorus, S = sugars and M = moisture. ^Significant correlation (.05 level).

109
positive indirect effects of sugars via TNP and the other chemical
components (Figure 19 and Table 17).

In 1969» the correlation of

sugars with utilization (r = 0.394) was significant due primarily to
the indirect effect of sugars via crude protein.

The direct effect

of sugars on utilization was small in both 1968 and 1969, and in 1968,
it was negative as well.
Total Nonstructural Polysaccharides.

The correlation of TNP

with utilization in the fall was significant in 1968 (r = 0.411) and
approached significance in 1969 (r = 0.343) (Figure 19).

In 1968,

the direct effect of TNP on utilization and the indirect effect of
TNP via moisture each made up approximately 50^ of the correlation
coefficient (Table 17).

In 1969, the direct effect of TNP on

utilization made up approximately IQffo of the correlation coefficient.
Moisture.

Fall leaf moisture was highly correlated with

utilization (r = 0.505) during 1968 and had a large direct effect on
utilization (Figure 19 and Table 17).

However, in 1969, moisture had

an insignificant negative correlation with utilization (r = -0,014)
and a small positive direct effect on utilization.

Species Comparisons
The comparisons made between blue grama and curlymesquite are
general in nature, and no attempt was made to describe every difference
of similarity between the two species.
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Treatment Effects on Leaf Components of Species
Crude Protein.

The range of crude protein values was similar

for "both species, although the range for blue grama was slightly higher
than the range for curlymesquite during the fall-1968 study (Tables
12 and 15).

In most cases, nitrogen fertilization significantly

increased the crude protein of both blue grama and curlymesquite
leaves above the level of control plant leaves.

Phosphorus and

burning effects on crude protein were generally insignificant for both
species.
Phosphorus.

There was very little difference in the range of

phosphorus values for blue grama and curlymesquite in either 1968 or
1969 (Tables 12 and 15).

In most instances, the leaf phosphorus in

both blue grama and curlymesquite was significantly increased above
control plant levels by the PIT and BPN treatments.

The effects of

burning were variable and insignificant on both species.
Sugars and Total Nonstructural Polysaccharides.

In both years

of the study, curlymesquite was higher in leaf sugars than blue grama
(Tables 12 and 15).

For both blue grama and curlymesquite, leaf

sugars were generally higher on burned than on unburned areas and
higher on plots treated with nitrogen than on plots not treated with
nitrogen, although the effects were not always significant.

The

effects of phosphorus fertilization on sugars were erratic and insignif
icant for both species.
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In both years of the study, curlymesquite was higher in leaf
TNP than blue grama, although there were few significant treatment
effects on TNP for either species (Tables 12 and 15).
Moisture.

In most cases, the various treatments had little

significant influence on leaf moisture for either blue grama or curly
mesquite during the fall (Tables 12 and 15).

However, in 1968, the B

and BP treatments resulted in significantly higher moisture values
than the control for blue grama but not for curlymesquite.

Utilization
Blue grama was utilized 10 to 25 percentage points heavier
than curlymesquite on most plots (Tables 13 and 16).

For both species,

fall utilization was heaviest on the burned plots during 1968 and
heaviest on plots treated with nitrogen fertilization during 1969.

The

utilization of both species was usually increased by phosphorus fertili
zation, but the increases were rarely significant.

Relationships of Leaf Components to Utilization
Crude Protein.

The correlation of leaf crude protein with fall

utilization was larger for blue grama than for curlymesquite in both
years (Figures 18 and 19).
In the fall of 1968, crude protein was positively correlated
with the utilization of blue grama, but it was negatively correlated
with the utilization of curlymesquite.

However, the correlation was

not significant for either species (Figures 18 and 19).

The direct
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effect of crude protein on the utilization of blue grama was negative,
but the direct effect on the utilization of curlymesquite was positive
(Tables 14 and 17).
In 1969, leaf crude protein was highly correlated with the
utilization of both blue grama and curlymesquite (Figures 18 and 19).
In addition, the positive direct effect of crude protein on utilization
contributed greatly to the correlation in the case of both species
(Tables 14 and 17).
Phosphorus.

For both species, leaf phosphorus was positively

correlated with fall utilization in 1968 and 1969 (Figures 18 and 19).
The correlation was significant for blue grama in both years and for
curlymesquite in 1969 only.

In addition, the correlation was larger

for blue grama than for curlymesquite in both years, but the direct
effect of leaf phosphorus on utilization was larger for curlymesquite
than for blue grama in 1969 (Tables 14 and 17).
Sugars.

For both species, leaf sugars were positively corre

lated with utilization, but the correlation was larger for blue grama
than for curlymesquite in both years (Figures 18 and 19).

Also, the

correlation was significant for blue grama in both years, and the
direct effect of sugars on utilization was substantial (Tables 14 and
17).

In contrast, leaf sugars were significantly correlated with the

utilization of curlymesquite in 1969 only, and the direct effect of
sugars on the utilization of curlymesquite was small in both years.
Total Nonstructural Polysaccharides.

In 1968, the correlation

of leaf TNP with utilization was positive and significant for both
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species (Figures 18 and 19).

However, the direct effect was substan

tial and positive for curlymesquite, but it was small and negative for
blue grama (Tables 14 and 17).
In 1969, the correlation of leaf TNP with utilization was non
significant for both species (Figures 18 and 19).

However, it was

large and positive for curlymesquite, whereas it was small and negative
for blue grama.

Also, the direct effect of TNP on utilization was

substantial and positive for curlymesquite, and it was small and
negative for blue grama (Tables 14 and 17).
Moisture.

During the fall-1968 study, leaf moisture was highly

correlated with the utilization of both blue grama and curlymesquite
(Figures 18 and 19).

In addition, the direct effect of leaf moisture

on utilization contributed substantially to the correlation for both
species (Tables 14 and 17).

However, the correlation was larger for

blue grama than for curlymesquite, and the direct effect was larger
for curlymesquite than for blue grama.
During the fall-1969 study, leaf moisture had small negative
correlations with the utilization of both species (Figures 18 and 19)
and small positive direct effects on the utilization of both species
(Tables 14 and 17).

CHAPTER 7

SEASONAL COMPARISONS

The purpose of this chapter is to briefly summarize and
compare the data for the summer and fall studies.

The comparisons

made between fall and summer studies follow the same general format as
the species comparisons in Chapters 5 and 6.

Similarities and differ

ences between the fall and summer studies are discussed in three
sections under the headings:

Treatment Effects on Seasonal Leaf

Components, Seasonal Utilization of Blue Grama and Curlymesquite, and
Relationships of Seasonal Leaf Components to Utilization.

Treatment Effects on Seasonal Leaf Components
As expected, the values for the leaf chemical components were
lower in the fall than in the summer.

However, the same pattern of

treatment effects on leaf components was usually apparent in both
seasons.
The protein level of the individual species was more than 50f°
lower in the fall than in the summer in both years (Tables 6, 9# 12
and 15).

Season had no significant influence on the effect of

fertilization or burning on crude protein.
In 1968, there was no marked effect of season 011 phosphorus
levels (Tables 6, 9, 12 and 15).

However in 1969, the phosphorus

levels in the fall were about one-third of those in the summer.
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Although the tendency was not always significant, phosphorus fertili
zation tended to increase the leaf phosphorus of both species above
corresponding nonphosphorus treatments.
both seasons.

This effect was the same for

Neither nitrogen nor burning treatments influenced

phosphorus levels in either season.
More seasonal variation was present in the case of leaf sugars
than in the case of crude protein or phosphorus (Tables 6, 9, 12 and
15).

The sugar levels in the fall were nearly the same to one-third as

much as in the summer.

During the summer, but not during the fall,

there was a nonsignificant tendency for leaf sugars to be slightly
lower on plots treated with nitrogen fertilization plus burning than
on plots treated with nitrogen fertilization without burning.

During

the fall, sugars were generally significantly higher on plots treated
with burning or nitrogen fertilization than on control or phosphorustreated plots, but this trend was not apparent during the summer.
Leaf TUP varied with years and species to the extent that it
is difficult to make seasonal comparisons for this component (Tables
6, 9, 12 and 15).

However, the levels of TNP in the fall were about

one-third those in the summer.
Moisture levels for both species in the fall were less than
one-half those in the summer (Tables 6, 9, 12 and 15).

On the burned

plots, leaf moisture was highest on BIT and BPN plots during the
summers of 1968 and 1969, but highest on B and BP plots during the
fall of 1968. However, the trends were not significant in all cases.
In most instances, nitrogen fertilization increased moisture levels in
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the summer and decreased moisture levels in the fall.

Phosphorus

fertilization had no seasonal effect on leaf moisture.

Seasonal Utilization of Blue Grama and Curlymesquite
There was little seasonal effect on utilization, since the
utilization of blue grama and curlymesquite was generally higher
<

during both seasons on plots treated rath burning plus nitrogen
fertilization than on plots receiving either treatment alone (Tables
7, 10, 15 and 16).

Phosphorus effects were insignificant during both

seasons.

Relationships of Leaf Components to Seasonal Utilization
There was no apparent effect of season on the relationship of
crude protein to utilization.

Crude protein was usually positively

correlated with the utilization of blue grama and curlymesquite during
both the summer and fall seasons (Figures 16 through 19).

In many

cases, the correlation was significant and the direct effect of crude
protein on utilization contributed substantially to the correlation
coefficient (Tables 8, 11, 14 and 17).

However, there was a negative

direct effect of crude protein on the utilization of blue grama during
both the summer-1969 and fall-1968 studies.
As shown by the path-coefficient analyses, leaf phosphorus
usually displayed little relationship with utilization during either
season (Figures 16 through 19).

Although most correlations were

significant in the fall, the direct effect of phosphorus on utilization
was relatively small (Tables 8, 11, 14 and 17).

Therefore, the fall
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correlations were due to indirect effects.

In the summer, both

correlations and direct effects were insignificant.
There was no marked effect of season on the relationship of
sugars to utilization.

The correlation of leaf sugars with the

utilization of blue grama was positive during both the summer and fall
seasons (Figures 16 and 18),

In many instances, the correlation was

relatively large, although not always significant, and the direct
effect contributed substantially to the correlation (Tables 8 and 14).
The relationship of leaf sugars to the utilization of curly
mesquite was somewhat more variable than that of blue grama (Figures
17 and 19).

For example, the correlations were significant for the

summer-1968 and fall-1969 studies but not for the summer-1969 and fall1968 studies.

Generally, the direct effect of leaf sugars on the

utilization of curlymesquite was large during the summer and small
during the fall (Tables 11 and 17).

However, the direct effect was

positive in some years and negative in others regardless of the season.
The relationship of leaf TUP to utilisation was primarily a
function of species and years rather than of seasons (Figures 16
through 19).

During the summer and fall seasons, leaf TUP had little

positive relation with the utilization of blue grama as indicated by
the negative and small positive direct effects of TNP on utilization
(Tables 8 and 14).

However, leaf TNP had substantial positive direct

effects on the utilization of curlymesquite both years of the fall
studies and one year of the summer studies (Tables 11 and 17).
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During the summer season, the correlation of leaf moisture with
utilization was primarily a function of species, and during the fall
season, it was primarily a function of years (Figures 16 through 19).
During the summer, leaf moisture was highly correlated with the
utilization of blue grama and had little correlation with curlymesquite (Tables 8 and ll).

During the"fall, leaf moisture was

highly correlated with the utilization of both species during 1968 and
had little correlation with utilization during 1969 (Tables 14 and 17).

CHAPTER 8

SOILS STUDIES

The results of the soils studies are presented in three
sections under the following1 headings:

Treatment Effects on Soil

Components, Correlations of Soil Components with Leaf Components, and
Correlations of Soil Components with Utilization.

The soil components,

Kjeldahl nitrogen, nitrate nitrogen and phosphate, are discussed in
each of these sections.

Treatment Effects on Soil Components
Fertilization and burning effects on the percentage of Kjeldahl
nitrogen, ppm of nitrate nitrogen (NO,,), and ppm of phosphate (PO^) in
the soil are presented in Tables 18, 19 and 20, respectively.

Ac

cording to the analyses of variance, fertilization and burning usually
had little influence on the Kjeldahl nitrogen in the soil, although
burning had a slight influence during the fall-1969 study.

Nitrogen

fertilization had a definite effect on soil NO^ and phosphorus ferti
lization had a definite effect on soil P0„.

4

Soil Kjeldahl Nitrogen
There were no significant differences between treatment effects
on Kjeldahl nitrogen during either summer study (Table 18). However,
there was a very small trend towards higher Kjeldahl nitrogen values
on burned plots than on unburned plots.
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Nitrogen and phosphorus

120

Table 18.

Season

Effects of fertilization and burning treatments on mean
Kjeldahl nitrogen content of soil samples.

Yoar

C

P

H

Treatment3
PN
B

BP

BN

BP1T

(percent)
Summer
1968

,080a

,082a

.083a

,084a

,085a

,086a

,090a

,097a

1969

.093a

,094a

,097a

,098a

,098a

,099a

,099a

,102a

1968

,145a

,129a

,140a

,140a

,138a

,148a

,149a

,140a

1969

.104a

,114a

,112a

,117a

,130ab ,121ab ,132ab .147b

Pall

Means followed by the same letter for the same season and year are not
significantly different at the 0,05 level of probability.
aC

= control
P = phosphorus fertilization
N =s nitrogen fertilization
£ = burning
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Table 19.

Season

Effects of fertilization and burning treatments on mean
nitrate nitrogen content of soil samples.*

Year

C

P

N

Treatment8,
PN
B

BP

BN

BPN

•(ppm)Summer
1968

5.9a

6.4a 12.1abc

7.3a

9.0ab

7.6a

15.8bc 17.0c

1969

19.6a

24.8a 47.3bcd 50.2cd 28.4ab 17.2a 63.Id

37.1abc

1968

17.5ab

10.4a 18.6ab

17.3ab

1969

27.5abc

Pall
14.9ab

5.7a 26.8abc 30.9c

9.8a

10.9a

28.1b

10.4abc 7.1ab 30.3bc lO.Oabc

Means followed by the same letter for the same season and year are not
significantly different at the 0.05 level of probability.

aC

ss control
P = phosphorus fertilization
N = nitrogen fertilization
B = burning
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Table 20,

Season

Effects of fertilization and burning treatments on mean
phosphate content of soil samples.*

Year

C

N

P

Treatmenta
PN
B

BP

BN

BPN

(ppm)
Summer
1968

0.35a

1.80c

0.51a 1.47bc

0.92ab 2.48d 0.52a 1.98cd

1969

0.34a

0.91ab 0.35a 1.19b

0.84ab 1.10b 0.51ab 1.17b

2.22a

1.00a

Pall
1968 0.94a
1969

0.76a 1.62a

0.56abc 1.43de 0.35a 0.94bcd 0.33a

2.67a 2.06a

2.51a

1.91e 0.49ab 1.09cd

Means followed by the same letter for the same season and year are not
significantly different at the 0.05 level of probability,
aC

= control
P = phosphorus fertilization
N = nitrogen fertilization
B s= burning
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fertilization had little apparent influence on Kjeldahl nitrogen during
either year.
During the fall, the range of Kjeldahl nitrogen percentages was
higher than in the summer.

There were no significant differences

between treatments during the fall-1968 study, but in 1969 the BPN
treatment resulted in significantly more Kjeldahl nitrogen than the
control (Table 18).

In addition, there was a trend towards higher

Kjeldahl nitrogen values on the 1969 burned plots than on unburned
plots.

Generally, nitrogen and phosphorus fertilization had little

influence on Kjeldahl nitrogen during either year.

Soil Nitrate Nitrogen
The range of NO^ values during the summer was considerably
higher in 1969 than in 1968.

In 1968, values ranged from 5.9 ppm for

the control to 17.0 ppm for the BPN treatment.

In 1969, values varied

from 17.2 ppm for the BP treatment and 19.6 ppm for the control to
63.1 ppm for the BN treatment.

During the summer-1968 study, only the

BN and BPN treatments resulted in significantly higher NO^ values than
the control (Table 19).

In the summer of 1969, the nitrogen treat

ments, with the exception of BPN, significantly increased soil NO^
nitrogen above levels on control plots.

Phosphorus fertilization and

burning had no significant influence on soil N0_ during the summer
0
studies.
During the fall-1968 studies, NO^ values varied from 9.8 ppm
for the B treatment and 17.5 ppm for the control to 28,1 ppm for the
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BN treatment.

During the fall-1969 studies, NO^ values ranged from

5.7 ppm for the P treatment and 27.5 ppm for the control to 30.9 ppm
for the FN treatment.

None of the treatments resulted in significantly

more HO^ than the control during the fall studies (Table 19).

However,

the BH treatment resulted in significantly higher 110^ values than the
P, B and BP treatments during 1968.

In 1969, none of the treatments

significantly increased soil NO^ above the control.

However, the PIT

and BH treatments significantly increased soil HO^ over the P treatment,
As illustrated by the above data, the treatment effects on HO^ were
somewhat erratic during the fall studies.

Soil Phosphate
Phosphate values for "the summer-1968 3tudy ranged from 0.35
ppm for the control to 2.48 ppm for the BP treatment.

In 1969, the

summer values varied from 0.34 ppm for the control to 1,19 ppm for the
PN treatment.

During the summer-1968 study, all phosphorus treatments

significantly increased soil PO^ above control plot levels (Table 20).
In the summer of 1969, all phosphorus treatments, with the exception
of P, significantly increased soil PO^ above control plot levels.
Nitrogen fertilization and burning had little consistent effect on
soil PO^ values during either summer study.
During the fall-1968 study, soil PO^ values ranged from 0.76
ppm for the H treatment and 0,94 ppm for the control to 2.67 ppm for
the BP treatment.

In 1969, the fall values varied from 0.33 ppm for

the B treatment and 0.56 ppm for the control to 1.91 ppm for the BP
treatment.

There were no significant differences among treatment
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effects during the fall-1968 study (Table 20).

However, soil PO^ was

higher on plots treated with phosphorus fertilization than on the
corresponding plots not treated with phosphorus in 1968.

During the

fall-1969 study, the treatments, P and BP, significantly increased
soil PO^ above control plot levels.

Nitrogen fertilization and burning

had little influence on soil PO^ values during either fall study.

Correlations of Soil Components vrith Leaf Components
The correlations of soil components with the leaf components
of blue grama and curlymesquite are presented in Tables 21 and 22.
The correlations are discussed in two sections entitled Summer Studies
and Pall Studies.

Summer Studies
Soil Kjeldahl nitrogen had a significant negative correlation
vrith the leaf phosphorus of curlymesquite during the summer-1968 study
(Table 2l).

In all other cases, Kjeldahl nitrogen was not signifi

cantly correlated with the leaf components of either species during
the summer.

However, soil NO^ was significantly and positively

correlated vrith the leaf crude protein of blue grama and curlymesquite
during the summers of both years.

Similarly, soil PO^ was significant

ly and positively correlated vrith the leaf phosphorus of both species
during the summers of both years.

In addition, soil PO^ was

significantly correlated (r = 0.357) vrith the leaf sugars of blue
grama during the summer-1968 study, and the correlation was substantial,
although not significant (r = 0.234), in 1969.

The correlation of
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Table 21.

Correlation of soil components with leaf components during
the summer studies.

Leaf component6
S
TJJP
P

M

0.159

0.025

0.073

0.013

0.290

0.029

-0.232

-0.111

0.030

1968

0.234

-0.511*

-0.275

0.108

0.029

1969

0.164

0.167

-0.193

0.029

0.013

1968

0.422* -0.027

0.167

0.213

0.028

1969

0,710**

-0.207

-0.204

-0.029

0.036

1968

0.625b

-0.154

0.196

0.165

0.017

1969

0.692*

-0.090

-0.204

-0.145

0.030

0.003

Soil
Component

Species

Year

Kjeldahl
nitrogen

Blue
grama

1968

0.149

1969

Curlymesquite

Nitrate
nitrogen

Blue
grama

Curlymesquite

Phosphate

Blue
grama

1968 -0.016

0.732*

0.357* -0.176

0.115

0.423*

0.234

1968 -0.042

0.517*

-0.085

-0.058

0.001

0.083

0.639*

0.014

0.042

0.022

1969

Curlymesquite

1969

aCP

= crude protein
P = phosphorus
S = sugars
M = moisture

CP

0.003 -0.005

Correlation significant at
the 0.05 level of probability.
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Table 22.

Correlation of soil components with leaf components during
the fall studies.

Soil
Component

Species

Year

Kjeldahl
nitrogen

Blue
grama

1968 -0.343
1969

Curlymesquite

Blue
grama

Phosphate

Blue
grama

Curlymesquite

D

CP
P
S
M

=
=
=
=

crude protein
phosphorus
sugars
moisture

0.185

1968 -0.050
1969

Curlymesquite

0.160

1968 -0,104
1969

Nitrate
nitrogen

CP

0.36lb

1968 -0.098

Leaf component8.
S
P
TNP

M

-0.350b

-0.533k

-0.386b

0.036

0.029

-0.070

-0.575b -0,024

-0.6l9b

-0.544b

-0.308 -0.030

0.162

0.090

-0.446b

-0.279

0,205

0.211

-0.493b

-0.392b

1969

0.319

0.095

0.039

1968

0.014

0.579b

0.443*

1969

-0.321

0.352b

0.315

1968

0.203

0.528b

0.470b

1969

-0.197

0.364b

0.173

0.070 -0.012

-0.233

-0.029

0.034 -0.015

-0.245

-0.040

-0.032 -0.010

0.202

0.030

-0.087

0.016

0.184

0.019

-0.150

0.028

1)
Correlation significant at
the 0,05 level of probability.
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soil PO. with the leaf sugars of curlymesquite was insignificant in
both years.

Soil NO^ exhibited little correlation with the leaf sugars

of either species in either year.

Also, soil

and PO^ were not

significantly correlated with the leaf 'MP and leaf moisture of either
species during the summer studies.

Pall Studies
In the fall of 1968, the correlations of Kjeldahl nitrogen
with the leaf components of both species were practically all negative
(Table 22).

In addition, the correlations of Kjeldahl nitrogen with

leaf phosphorus and sugars were significant for both species.

The

correlation of Kjeldahl nitrogen with leaf TNP was significant for
blue grama (r = -0.386) and approached significance for curlymesquite
(r = -0,308).

In the fall-1968 study, there were negative correlations

between soil NO^ and all of the leaf components of blue grama and
curlymesquite.

The negative correlation of 3oil NO^ with leaf

phosphorus was significant for both species, and the negative corre
lation with leaf sugars was significant for curlymesquite.

The

correlations between soil PO^ and the leaf components of blue grama
and curlymesquite were all positive in 1968.

The correlations of

soil PO. with leaf phosphorus and sugars were significant as well.
The correlations of soil 1T0_ and PO. with the leaf TNP of both species
3
4
were nonsignificant in the fall of 1968.

In addition, the correlations

of Kjeldahl nitrogen, N0„ nitrogen and PO. with the leaf crude protein
5
4
and leaf moisture of both species were nonsignificant during the fall1968 study.

129
During the fall-1969 study, soil Kjeldahl nitrogen had a
significantly negative correlation (r = -0.575) with the leaf TNP of
"blue grama, but the rest of the Kjeldahl nitrogen correlations were
not significant (Table 22).

Soil

was significantly correlated

(r = O.561) with the leaf crude protein of blue grama, and the
correlation approached significance (r = 0.319) for curlymesquite.

The

rest of the correlations between N0_ nitrogen and the leaf components
5
of both species were insignificant.

Soil PO^ was significantly

correlated in a positive manner with the leaf phosphorus of both
species.

The correlations of soil PO^ with leaf crude protein and

sugars approached significance for blue grama but were insignificant
for curlymesquite.

The correlations of soil PO^ with leaf TNP and leaf

moisture were insignificant for both species during the fall-1969
study.

Correlations of Soil Components with Utilization
A recent experiment conducted on the Elgin study area by
Vandermark, Schmutz and Ogden (l97l) revealed that fertility of the
soil influences plant utilization. Vandermark et al. (l97l) found that
nitrogen, phosphorus and potassium levels in the soil and plant tissue
influence forage utilisation.

Theoretically, if a consistent relation

ship exists between soil chemical components and utilization, one could
predict utilization patterns from soil nutrient content alone and
bypass the plant.

In order to test this theory, correlations were

made between soil components and the percentage utilization of blue
grama and curlymesquite (Table 23).
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Table 23.

Correlation of soil components with the utilization of blue
grama and curlymesquite.

Soil components
Nitrate
nitrogen
Phosphate

Season

Species

Year

Kjeldahl
nitrogen

Summer

Blue
grama

1968

0.091

0.566s

0.099

1969

0.106

0.081

0.206

1968

0.173

0.228

0.090

1969

0.184

0.084

0.387®

1968

-0.462a

-0.326

0.446a

1969

0.193

0.156

0.061

1968

-0.093

-0.159

0.258

0.060

-0.065

Curlymesquite

Fall

Blue
grama

Curlymesquite

1969

£

0.465*

Correlation significant at the 0,05 level of probability.
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The occurrence of significant correlations between soil
components and utilization was erratic in this study.

As a result,

it would be difficult to predict utilization patterns on the basis
of the soil data alone.

However, soil ICjeldahl nitrogen and soil

were positively correlated with the utilization of blue grama and
curlymesquite during the summer and fall of 1969 and during the summer
of 1968, although they were negatively correlated with the utilization
of both species during the fall of 1968.

Soil PQ^ was positively

correlated with the utilization of blue grana and curlymesquite except
during the fall-1969 study.

CHAPTER 9

DISCUSSION OP RESULTS

The purpose of this chapter is to clarify and explain the
results of the experiment.

Emphasis was placed on general trends and

patterns, and occasional deviations from the norm were explained, if
possible, but not belabored.

The results of the Soils Studies are

discussed first followed by Treatment Effects on Leaf Components.

The

third section deals with the Utilization of Blue Grama and Curlymesquite.

The final section is a discussion of the Relationships of

Leaf Components to Utilization.

Soils Studies

Treatment Effects on Soil Components
The effects of nitrogen fertilization on Kjeldahl nitrogen
were not as outstanding as the effects on NO^ nitrogen (Tables 18 and
19).

Since the plots were fertilized with ammonium nitrate, it is

understandable that the soil NO, fraction would more closely reflect
p
nitrogen fertilization than the Kjeldahl nitrogen fraction.

The reason

for this is that Kjeldahl nitrogen more or less represents the total
nitrogen in the soil.

Nitrate nitrogen (NO,), nitrite nitrogen (lT0„),
3
^

exchangeable and nonexchangeable ammonium (NH^) and organic nitrogen
(primarily proteinaceous material) make up the bulk of the total
nitrogen in the soil.

The exchangeable NH^ along with the NO^ and
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HOg fractions collectively constitute less than 2ffo of the total nitro
gen in soils (Blaclc 1968).

However, these fractions are very important

since they are the forms of nitrogen used by plants.
The Kjeldahl nitrogen data were useful in the evaluation of the
effects of burning on the soil since burning influences the total
nitrogen content of the soil as well as the NO, fraction (Sampson 1944;
Mayland 1967).

The results of this experiment revealed a slight trend

towards higher Kjeldahl nitrogen on burned plots than on unburned
plots (Table 18).

This may be due to the fact that the total nitrogen

in the mineral soil is often increased as a combined result of burning
litter and standing vegetation and leaching of nitrogen-containing
compounds (Mayland 1967).
The Kjeldahl nitrogen content of soil samples collected from
the fall-grazed pastures was higher than that of soil samples collected
from the summer-grazed pastures for all treatments (Table 18).

Since

the soil samples from the summer and fall-grazed pastures were col
lected only five days apart in 1968, the difference between summer
and fall levels of Kjeldahl nitrogen in 1968 was obviously a pasture
difference rather than a seasonal difference.

This may be explained

by the fact that the 1968 summer-grazed pasture was subjected to
heavier use by cattle prior to 1966 than the 1968 fall-grazed pasture
because of the close proximity of the summer-grazed pasture to a water
tank.

As a result, the plants on the 1968 fall-grazed area may have

been larger, more vigorous and may have added a greater amount of
organic matter to the soil in past growing seasons than the plants on

the 1968 summer-grazed area.

The results of the plant composition

survey on the two pastures in 1968 tend to substantiate this theory.
The survey revealed a slightly higher accumulation of litter and
slightly lower bare ground percentages for the fall-grazed pasture
than the summer-grazed pasture (Table 2).

The vegetative basal cover

percentages were similar for both pastures.

A higher level of organic

matter in the form of partially-decomposed litter and root material
deposited in past growing seasons would have resulted in higher
Kjeldahl nitrogen values, since Kjeldahl nitrogen includes organic
nitrogen as well as some of the inorganic forms.
It is possible that the difference between summer and fall
levels of Kjeldahl nitrogen in 1969 was also a pasture difference
rather than a seasonal difference, although the soil samples for the
summer-grazed pasture were collected in August and the samples for the
fall-grazed pasture were collected in November.

As in 1968, the

results of the plant composition survey on the tiro pastures in 1969
revealed a slightly higher accumulation of litter and slightly lower
bare ground percentages for the fall-grazed pasture than for the
summer-grazed pasture (Table 2).

However, the vegetative basal cover

percentages were slightly lower for the fall-grazed pasture than for
the summer-grazed pasture.

Nevertheless, it is possible that the

Kjeldahl nitrogen values were higher on the fall-grazed area than on
the summer-grazed area because of a trend towards greater deposition
of litter and root material on the fall-grazed pasture during previous
growing seasons.
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During 1969, soil NO^ values were generally lower during the
fall than during the summer (Table 19).

This may have been due to the

depletion of the NO^ reserves by plants during the growing season.
Since the summer-1969 samples were collected during the first half of
August and the fall-1969 samples were collected in November, it is
probable that by the time the fall samples were taken, the NO^ reserves
had been somevrhat depleted by the actively functioning vegetation and
soil microorganisms during the growing season.

Also, by the time of

soil sampling in the fall, some of the soil NO^ may have been leached
past the surface six inches from which the samples were taken
(Stroehlein et al. 1968).

In addition, Russell (l96l) reported that

both the soil Nil. and HO, levels remain constant throughout the year
for grasslands, and even large applications of nitrogen increase these
components for only short periods of time.

Since the 1968 summer and

fall samples were collected during the same month (September), the 1968
NO^ values did not follow the 1969 pattern, and there vras less dispari
ty between the summer and fall results in 1968 than in 1969.
During both years, soil PO^ vras generally significantly higher
on plots fertilized with treble superphosphate than on plots not
receiving phosphorus fertilization (Table 20).

This confirms the work

of Freeman and Humphrey (1956) who found that the application of
phosphate fertilizers markedly increased the available phosphate in
the surface foot of soil two months after application.

However, Lavin

(1967) found no significant difference in soil PO^ levels between
control plots and plots fertilized with treble superphosphate.
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This may be due to the fact that phosphorus applied as top dressing
moves down into the root zone very slowly and may become fixed in the
soil surface (l-Iillar, Turk and Foth 1958).

Correlations of Soil Components with Leaf Components
In most instances, soil

was highly correlated with leaf

crude protein and soil PO^ was highly correlated with leaf phosphorus
during both years (Tables 21 and 22).

However, soil ICjeldahl nitrogen

exhibited little significant correlation with leaf components probably
because of the small differences between treatments v/ith regard to this
soil component.

Freeman and Humphrey (1956) found that the crude

protein content of both curlymesquite and sprucetop grama was directly
proportional to the rate of nitrogen application.

They concluded that

increases in plant crude protein appeared to be a direct result of the
influence of increased available nitrogen (iTH^ and ITO^) in the treated
soils.

Freeman and Humphrey (1956) also found a similar relationship

between the phosphorus content of curlymesquite and sprucetop grama and
the increase in available soil PO^ as a result of phosphorus fertili
zation.
The correlations of soil components with other leaf components
were somewhat erratic (Tables 21 and 22).

Treatment Effects on Leaf Components

Crude Protein
As indicated in the preceding section, the nitrogen absorbed by
plants from soils is taken up principally as NO^.

According to Black
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(1968), NO^ is assimilated within the plant by reduction to NH^,
followed by incorporation into organic forms.

Most of the organic

nitrogen of plants is present in proteins which serve both as catalysts
and as directors of metabolism.
The results of this study agree with those of other studies
(Freeman and Humphrey 1956; Cosper et al. 1967} Dee and Box 1967;
Lavin 1967; Rauzi et al. 1968) which have shown that nitrogen fertili
zation significantly increases the crude protein content of grasses
above the level in control plants (Tables 6, 9, 12 and 15).

In this

study, burning alone did not significantly increase protein content.
This contrasts with the findings of Dwyer and Pieper (1967) and Owensby
et al. (1970).

However, burning plus nitrogen fertilization increased

the crude protein content above the level due to either treatment
alone.

This is in agreement with the findings of Dalrymple (1963) and

Klett et al. (l97l).

Also, the results indicate that phosphorus

fertilizer had little effect on crude protein when applied alone or
in combination with the other treatments.

Similar results with

phosphorus fertilization have been reported by other researchers
(Freeman and Humphrey 1956; Hubbard and Mason 1967; Lavin 1967).
Burning may increase the N0_ nitrogen available for plant
3
growth (Sampson 1944) or increase the total available nitrogen
(Mayland 1967).

In addition, burning better enables plants to take

advantage of light summer rains by "breaking down" mulch, opening the
grass stand and allowing rains to penetrate into the soil (Gay and
Dwyer 1965).

However, the ashe3 resulting from burning may have a
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sealing effect on the soil surface and thereby encourage runoff.
Nevertheless, burning usually boosts the soil nitrogen available for
plant growth and may allow greater use of available moisture by the
plant.

Therefore, growing conditions are generally more favorable

on burned than on unburned areas, and for this reason, the plant on
the burned area may be better able to utilize the N0„ nitrogen
supplied by fertilization than the plant on the unburned area.

Phosphorus
Unlike 110_ nitrogen which is reduced in the plant, the
phosphorus absorbed from soils remains in the oxidized state and
occurs in both organic and inorganic forms (Black 1968).

Black (1968)

further states that phosphorus plays a direct role as a carrier of
energy in plant metabolism.

For example, the energy needed to form

starch from glucose is supplied by transfer of a high-energy phosphate
group to each molecule of glucose.

The phosphate is eliminated as

inorganic phosphate when the glucose molecules are linked.
In most cases, fertilization with treble superphosphate
significantly increased the leaf phosphorus of blue grama and curlymesquite above control plant levels (Tables 6, 9, 12 and 15).

Similar

results have been reported by other workers (Freeman and Humphrey 1956;
Lavin 1967),

Sugars and Total nonstructural Polysaccharides
During both years of the summer and fall studies, there were
few significant treatment effects on the leaf sugars and TNP of either
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species (Tables 6, 9, 12 and 15).

However, the nonsignificant trends

that occurred during the summer studies are worthy of mention.

During

the summer-1968 study, the leaf sugars and TNP of both species were
increased more by nitrogen fertilisation without burning than nitrogen
fertilization with burning.

During the summer-1969 study, there was a

trend in both species towards less leaf TNP on nitrogen-fertilized
plots than on plots not treated with nitrogen.
The tendency towards reduced carbohydrate levels during the
growing season as a result of burning or nitrogen fertilization may be
due to the fact that increased nitrogen from burning or fertilization
usually promotes the growth of additional tissue, in which the carbo
hydrates produced by photosynthesis are used (Black 1968).

As the

supply of nitrogen to plants increases, the tendency is for the
carbohydrate content to decrease.

For example, Benedict and Brown

(1944) found that supplying nitrogen to blue grama and western wheatgrass reduced the concentration of carbohydrates built up when nitrogen
was lacking.

Also, Waite (1965) demonstrated an inverse relationship

between the rate of nitrogen application and the plant content of total
sugars.

However, the depressing effect of nitrogen on sugar percentage

may not be apparent with low applications of nitrogen because of the
early depletion of added nitrogen from the soil and growth response to
the extra nitrogen added (Black 1968).

Moisture
During the summer of both years, nitrogen fertilization in
combination with burning resulted in significantly higher leaf moisture
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values than the control in both species (Tables 6 and 9).

According to

Black (1968), when the nitrogen supply and other factors are favorable
for plant growth, there is a tendency for the plant to utilize carbo
hydrates to form more protoplasm and more cells rather than to thicken
cell walls.

Cells produced under such conditions tend to be large and

to have thin walls.

Because protoplasm is largely water, high-

nitrogen plants under favorable growth conditions are usually succulent
(Black 1968).
During the fall-1968 study, the leaf moisture of both species
was generally lower on all plots fertilized with nitrogen than on plots
not receiving nitrogen fertilization (Tables 12 and 15).

The reason

for this may be similar to that found by Hyder and Sneva (l96l) who
reported that crested wheatgrass fertilized with nitrogen contained
more moisture during active growth but lost moisture and cured more
quickly than the nonfertilized control.

Even though nitrogen fertili

zation delays the maturity of plants (Black 1968) and thus prolongs
the green-feed period (stroehlein et al. 1968), nitrogen-fertilized
plants apparently reach a point during the curing process when they
lose moisture more rapidly than nonfertilized plants.

The most logical

explanation for this phenomena is the thin cell wall construction of
the nitrogen-fertilized plants.

Utilization of Blue Grama and Curlymesquite
In most instances the utilization of blue grama and curly
mesquite by yearling cattle was higher on plots receiving nitrogen
fertilization or burning treatments than on control plots (Tables 7,

•
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10, 15 and 16).

Utilization was usually higher on plots treated with

a combination of nitrogen fertilization and burning than on plots
receiving either treatment alone or in combination with phosphorus
fertilization.
The literature dealing with range fertilization and burning
abounds with reports on the high preference of livestock and deer for
treated areas.

For example, Smith and Lang (1953) found that uniform

livestock distribution on mountain range could be achieved by the use
of nitrogenous fertilizers.

Fertilized rangeland is utilized to a

greater degree than untreated range (Hooper et al. 1969), and the
utilization of untreated areas surrounding the fertilized areas is
also increased (Cook and Jeffries 1963).

In addition, Holt and Wilson

(l96l) reported that fertilization can reduce selective grazing on
ranges that support a mixture of highly palatable and slightly
palatable species.

Klett et al. (l97l) reported that burning increased

cattle preference for weeping lovegrass.
Therefore, the results of this experiment agree with those of
other studies which have 3hown that utilization is greater on burned
and fertilized areas than on untreated areas.

The following section

on the relationships of leaf components to the utilization of blue
grama and curlymesquite is an attempt to explain why treated areas
received more utilization than untreated areas in this experiment.

Relationships of Leaf Components to Utilization
During both the summer and fall, the correlations of leaf crude
protein with the utilization of blue grama and curlymesquite, while

142
only occasionally significant, were usually positive and relatively,
large (Figures 16 through 19).

In addition, the direct effects of

crude protein on utilization generally contributed substantially to
the correlations (Tables 8, 11, 14 and 17).

The above results suggest

a cause and effect relationship between the crude protein content of
blue grama and curlymesquite leaves and the utilization of both species
by cattle,

For example, the utilization of blue grama and curly

mesquite was higher on plots treated with both nitrogen fertilization
and burning than on plots receiving either treatment alone

because the

leaf crude protein of blue grama and curlymesquite was higher on plots
receiving both treatments than on plots receiving either one treatment
or the other.

¥ith a few exceptions, the data for this experiment

tend to substantiate this theory (Tables 6 through 17).
The results of this experiment agree with those of numerous
other studies which have shown that crude protein is the plant compo
nent most often highly correlated with utilization, palatability or
preference (Heady 1964; Hoehne 1966; Freyman and 'Van—I^swyk 1969).

In

addition, studies have shown that cattle consistently select specific
plant parts high in crude protein for their diets (Cable and Shumway
1966; Gait et al. 1969).
protein in forage.

Therefore, cattle may be able to taste the

According to Kare and Halpern (l96l), the mainte

nance of adequate nutrition is a function usually assigned to taste.
For example, wild animals do not commonly suffer from self-imposed
malnutrition.

It seems reasonable to attribute this selection of a

nutritionally adequate diet to taste and the other senses (Kare and
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Halpern 1961),

Krueger (1971) reported that taste was the most impor

tant sense and hitter the most unpalatable taste in forage selection
by sheep.

If domestic livestock are able to distinguish between high

and low levels of plant protein by taste, this ability may have had
survival value for particular species before domestication.
When the direct effects of crude protein on utilization were
high, leaf sugars and moisture exhibited either negative or small
positive correlations with utilization (Figures 16 through 19) and
negative or small positive direct effects on utilization (Tables 8, 11,
14 and 17).

The most notable exceptions to this pattern occurred

during the sunmer-1969 and fall-1968 studies.

During both periods,

there was a negative direct effect of crude protein on the utilization
of blue grama associated with large, positive direct effects of sugar
and moisture on the utilization of blue grama (Tables 8 and 14).
Also, during the fall-1968 study, there was a relatively small,
positive direct effect of crude protein on the utilization of curlymesquite associated with a large, positive direct effect of moisture,
but not sugar, on the utilization of curlymesquite (Table 17).
One of the assumptions of this experiment i3 that the leafchemical composition at the time of sampling was indicative of the
leaf-chemical composition during most of the tiro-week grazing period.
With thi3 in mind, one may hypothesize that during certain periods of
the summer and fall grazing seasons, cattle select blue grama and
curlymesquite more on the basis of sugars and succulence than on the
basis of crude protein.

In addition, the leaf chemical component or
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components influencing utilization at any one time are probably a
function of the growth stage of the plant.

Since crude protein

levels tend to be highest in herbage during the earlier stages of
development, whereas carbohydrate levels tend to be lowest at this
time (Ogden 1966; Lavin 1967), it seems reasonable that cattle
preference for forage may change during the grazing season with the
changing chemical composition of the forage plants.

Also, Cook and

Harris (1968) found that the preference displayed by sheep and cattle
for certain species and for certain portions of plants changed from
early to late summer.
Since plant carbohydrates (especially the soluble sugars) and
sweet substances are frequently found to be highly correlated with
palatability, preference or utilization (Plice 1952; Kare and Halpern
1961; tfagnon and Goss 1961; Heady 1964; Hoehne 1966), it seems reason
able that loaf sugars may greatly influence the utilization of forage
species during certain times of the year.

Iloehne (1966) reported that

soluble carbohydrates positively influenced cattle preference for
needleandthread and lambsquarters during the summer grazing season.
Total sugars were positively related to the preference for forbs
and lambsquarters.

In addition, Plice (1952) increased the

palatability of manure-affected plants by the addition of sugar
solutions, and Wagnon and Goss (1961) increased the palatability of
dry, mature grass by the addition of molasses.
Also, succulence of forage has often been associated with
increased palatability, preference or utilization (Heady 1964).
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For example, nitrogen fertilization often increases cell size without
proportionately increasing the thickness of cell-wall material.

There

fore, nitrogen-fertilised plants are more succulent and less harsh than
nontreated plants (Russell 1961).

In addition, Klett et al. (l97l)

attributed the increased utilization of burned areas over unbumed
areas to the succulence of the green growth and absence of old growth
on the burned areas.

However, the higher protein content of regrowth

on the burned areas as compared to the unbumed areas was also listed
as a possible factor.
Leaf TNP had little significant correlation with the utili
zation of either species (Figures 16 through 19).
As shown by the direct effects, leaf phosphorus had little
positive influence on the utilization of blue grama and curlymesquite
(Tables 8, 11, 14 and 17).

This is substantiated by Hoehne (1966)

who reported a small but consistently negative correlation between
phosphorus and cattle preference for grass species.

In contrast,

Leigh (l96l) found that grasses highest in phosphorus and potash were
most acceptable to livestock.

CHAPTER 10

CONCLUSIONS

Soil nitrate nitrogen was significantly correlated (r = 0,561
to 0,710) with leaf crude protein in the summer but not in the fall,
and leaf crude protein was usually significantly increased (P<0.05)
above control plant levels by nitrogen fertilization and a combination
of burning and nitrogen fertilisation.

Crude protein was not signifi

cantly increased above control plant levels by burning alone or in
combination with phosphorus fertilization.
Soil phosphate was significantly correlated (r = 0.352 to
0,732) with leaf phosphorus in both the summer and fall, and phos
phorus fertilisation usually significantly increased leaf phosphorus
above control plant levels in the summer but not in the fall.
Neither burning nor fertilization, alone or in combination, had
a significant effect on leaf sugars or leaf total nonstructural poly
saccharides.

However, leaf moisture was significantly increased

above control plant levels during the summer, but not the fall, by
burning and nitrogen fertilization in combination.
The utilization of blue grama and curlymesquite by yearling
cattle was generally higher on areas treated with both nitrogen
fertilization and burning than on areas receiving either treat
ment alone, although the results were not always significant,
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The utilization on plots receiving both treatments was usually signifi
cantly greater than the utilization on control plots.
Leaf crude protein generally exhibited the highest positive
correlation with the utilization of blue grama and curlymesquite.

In

addition, the direct effects of crude protein on utilization, as
determined by path-coefficient analyses of the data, usually contrib
uted substantially to the correlation coefficients.

Leaf sugars and

leaf moisture were highly correlated with the utilization of blue
grama and curlymesquite in a few instances.

Leaf phosphorus and leaf

total nonstructural polysaccharides exhibited little significant
correlation with the utilization of either species.
The following hypotheses were suggested by the results of this
experiment as well as by the results of previous studies.
1.

An increase in leaf crude protein above control plant

levels by nitrogen fertilization or a combination of nitrogen fertili
zation and burning will usually result in a corresponding increase in
the utilization of blue grama and curlymesquite "ty cattle.
2.

Under certain conditions, cattle tend to select blue grama

and curlymesquite on the basis of sugar content and succulence rather
than on the basis of crude protein content.
3.

Leaf phosphorus and leaf total nonstructural poly

saccharides generally have little influence on the utilization of
blue grama and curlymesquite.

APPENDIX A

POSITION OP TREATMENTS IN EACH REPLICATION*

Replication
Pasture

1
1
1
1
1
1
1
1
6
6
6
6
6
6
6
6
2
2
2
2
2
2
2
2
4
4
4
4
4
4
4
4

Plot

1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8

1

2

B
BPN
BN
BP

B
BPN
BN
BP
P
PN
N

C
P
PN
N
N

C
P
PN
BP
BN
BPN
B
B
BN
BP
BPN

C
N
PN
P
P
PN

C
N
BPN
BP
BN
B

*

C
P
N
PN

C

C
N
PN
P
BPN
B
BP
BN
BPN
BN
BP
B
P

B
BN
BPN
BP
PN
N

C
P
B
BPN
BN
BP
P

B
BN
BPN
BP
P

C

C

PN
N
PN

PN
N
PN

C

C

N
PN
BN
BPN
BP
B

N
P
BPN
B
BP
BN
BPN
BN
BP
B

C
N

C
PN
P

N
BPN
BN
BP
B

P
BN
BP
B
BPN
B
BP
BN
BPN

N

C

PN
P
C

P
N
PN

B «s Burn, C = Control, P = Phosphorus and N = Nitrogen.
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APPENDIX B

CHEMICAL REAGENTS USED IN THE CARBOHYDRATE ANALYSES

Reagent
Anthrone

Preparation
Add

1.0 g thiourea to 87.5# (w/W) H2S04 in 1000

ml volumetric flask.
dissolved.

Shake until completely-

Add 1.0 g anthrone crystals and

shake again.

Bring to volume with 87.5# H^SO^.

Refrigerate and keep out of light.

ZnSO^ (10#)

Add 178 g ZnSO^ • TH^O to distilled H^O and
bring to 1000 ml volume.

Ba(0H)2 (saturated)

Add 76 g Ba(0H)2 . 8H20 to 1000 ml distilled
HgO.

Buffer solution
(pH 4.45)

Shake and let stand 24 hours before using.

Mix 3 volumes 0.2 N acetic acid with 2 volumes
0.2 N sodium acetate.

Add a small amount of

powdered thymol to prevent microorganism growth.
Refrigerate and keep out of light.

Takadiastase enzyme

Dissolve 5 g of commercial takadiastase in a
convenient volume of distilled HgO (approxi
mately 250 ml).

149

Transfer to sock made of

150

Preparation

Reagent

dialysis cellulose casing and immerse sealed
sock in running HgO for 72 hour3. Filter
dialyzed solution with gravity through a No. 4
Whatman paper into a 1000 ml volumetric flask
and bring to volume.

Add a small amount of

powdered thymol to prevent microorganism
growth.

Refrigerate and keep out of light.

Glucose standard
solutions
4000 jig/ml

Add 1.000 g of anhydrous glucose to 250 ml
•

10 *ig/ml

distilled HgO.
Add 0.625 ml of 4000 jig/ml solution to 250 ml
distilled HgO.

20 yig/ml

Add 0.500 ml of 4000 jig/ml solution to 100 ml
distilled HgO.

40 Tig/ml

Add 1.00 ml of 4000 jig/ml solution to 100 ml
distilled HgO.

60 pg/ml

Add 1.500 ml of 4000 )ig/ml solution to 100 ml
distilled HgO.

80 jig/ml

Add 2,000 ml of 4000 jig/ml solution to 100 ml
distilled HgO.
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