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ABSTRACT 

A study was made of some ecological and physiological reactions 

of velvet mesquite (Prosopis Iuliflora (Swartz) DC. var. velutina (Woot.) 

Sarg., Emory oak (Ouercus emorvi Torr.). blue grama (Bouteloua gracilis 

(H.B.K.) Lag-), and sideoats grama (Bouteloua curtipendula (Michx.) 

Torr.) to high temperatures. These studies were made under field condi

tions near Cananea, Sonora, Mexico; near Tucson, Arizona; and in a 

greenhouse and laboratory at The University of Arizona. 

Individual blue grama plants were burned in the field using four 

fuel levels: the natural plant fuel, and the natural fuel to which had been 

added three, seven, and ten tons per hectare. Dry weight of the plant produced 

after burning was decreased by about one-half regardless of the amount 

of fuel used. Crude-protein content was slightly higher on the burned 

plants. No plants were killed by the fire. 

Greenhouse-grown blue grama and sideoats grama were subjected 

to temperatures of 50 C to 80 C in an oven for periods of one and three 

minutes. The dry weight produced by both grass species two months 

after treatment was inversely related to the temperature and length of 

the time applied. Protein conteritof the species was increased by high 

temperature treatments. Blue grama was more resistant than sideoats 

grama to high temperatures. 

xv 



Individual mesquite trees were burned with three, seven, and 

ten tons of fuel per hectare. An average of 86 percent of those with a 

basal diameter of 5 cm or less were highly damaged by fire. Of these 

32 percent were completely killed. Only 3 percent of the mesquite with 

larger basal stem diameters were killed. Three, seven and ten tons of 

fuel per hectare produced an average mesquite damage of 52, 37, and 64, 

respectively. 

The following regressions were calculated from mesquite samples 

collected near Cananea: (a) bark thickness in relatioirto basal diameter, 

(b) basal stem diameter in relation to age, and (c) bark thickness in 

relation to age. A high degree of correlation was observed. 

Heat transmission in the bark of oak and mesquite trees was 

evaluated under field conditions. Oak bark was a better insulator than 

that of mesquite. This fact may largely explain the relatively high 

resistance of the oaks to grass fires. 

Heat resistance in young mesquites appears to be a function of 

age. Three- and 11-month-old greenhouse-grown mesquites were sub

jected to temperatures between 50 C and 85 C for a period of one minute 

in an oven. A temperature of 80 C severely damaged 99 percent of the 

three-month-old plants; 80 percent of the 11-month-old plants were 

similarly damaged when heated to 85 C. 



xvii 

Adenine was artificially supplied to 60-day-old blue grama and 

76-day-old mesquite seedlings subjected for a period of three minutes 

to temperatures of 60 C and 70 C. As indicated by the dry weight pro

duced by the plant after the treatment, blue grama did not show any 

effect from the addition of adenine. Mesquite, however, had less heat 

damage when adenine was supplied. These results suggest a deficiency 

of adenine in the plant as one reason for heat tissue damage, and that 

this metabolite can prevent heat lesions. 

Heat transmission into the desert grassland soil was very low; 

the soil appears, therefore, to provide good protection for the under

ground buds of mesquite and grasses. 

These results suggest that fire is a potentially important ecologi

cal factor in the desert grassland. As a mesquite-control agent, fire 

appears to be most effective in the control of young mesquites (basal 

stem diameter of 5 cm or less) growing in desert grasslands with at 

least 700 kilograms of air-dry fuel per hectare and a continuous grass 

cover. 



1. INTRODUCTION 

The desert grassland has many unique characteristics. 

A general discussion of various aspects of the type is given to provide 

background for a better understanding of the main theme, fire in this 

kind of vegetation. 

1.1 CLASSIFICATION OF GRASSLANDS 

Plant communities having grasses as dominant or subdominant 

plants have been grouped by Moore (Barnard, 1964) into four broad 

categories based on Koppen's classification of climates: (a) tropical 

savanna, (b) steppes and deserts, ( c) prairie, savanna and scrub 

and woodlands, and (d) prairie and steppe under humid microthermal 

climates. The desert grasslands of North America belong to the second 

of these categories and have been described by Shreve (1917), Shantz 

and Zon ( 1924), Aldous and Shantz (1924), Clements ( 1920), Weaver 

and Clements (1938), Clements and Shelford ( 1939), Leopold (1950), 

Hernandez (1957), and Humphrey ( 1958). 

1.2 THE DESERT GRASSLAND 

Clements (1920) considered the center of the desert grass

land to be in Mexico. In the United States the desert grassland lies 

primarily between the altitudes of 900 and 1000 m. in southeastern 
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2 

Arizona, southern New Mexico, and southwestern Texas. In Mexico 

the altitudinal range has wider variation, ranging from 900 m in 

northern Sonora to 2500 m in the Central Plateau (Shreve, 1942). 

Humphrey (1958) has described the desert grassland as the 

most arid of the North America grassland regions. Precipitation is 

concentrated in the summer months, about 64 to 77 percent of the 

total falling from June to September (Shreve, 1942). He considered 

385 mm annual precipitation to the lower limit of the desert grassland 

and 520 mm the upper limit. Water yields are in general very low, 

only about two percent of the precipitation generally being available 

downstream (Keppel, 1960). This small water yield was explained 

as a result of the small area characteristically covered by the run

off-producing summer storms, combined with high transmission losses 

in the dry and coarse-textured soil of the channel system. 

The plant species of the desert grassland are of Madro-

Tertiary origin, most of them having become fairly well established 

by the late Pliocene (Darrow, 1961). The desert grassland presents 

an herbaceous cover with a dominance of Graminae and Compositae 

in the lower strata and of Compositae and Legumlnosae in the next 

layer of woody species (Hernandez, 1957). The most important grass 

genera were summarized by Humphrey ( 1958), as Bouteloua*, Hilaria, 

•'•Scientific names corresponding to common names of plants 
cited in the text are included in the Appendix. Scientific names are 
as given in the cited paper, otherwise from Kearney and Peebles (1960). 
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and Aristida. The outstanding woody plants are represented by the 

several species and varieties of mesquite (Prosopis spp.) (Humphrey, 

1958; Shantz and Zon, 1924). Plant composition in the desert grass

land is fairly constant. In the viewpoint of Shreve (1942) "In general, 

however, the grasslands are as monotonous in composition as they 

are in their physiogonomy." 

1.3 WOODY PLANT INVASION 

Grasslands in general are not static vegetation types. They 

are in a state of constant floristic change, subject to the invasion of 

woody plants in the latitudes where they occur, from the African 

velds (Phillips, 1936) to the tropical savanna of South America 

(Budowski, 1956) and the arid grasslands of North America (Humphrey, 

1960). 

Several factors have been pointed out as possible causes of 

brush invasion on the once open ranges. Those generally cited are 

change of climate, disturbance by man, mostly through overgrazing by 

domestic animals and the suppression of fires that formerly swept the 

grasslands at periodic intervals. 

This last factor, the ecological role of fire on grass communi

ties, especially in the desert grassland, has been under discussion 

for many years. The early prairie ecologists (Clements, 1920; 

Clements and Shelford, 1939; Weaver and Clements, 1938; Weaver, 
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1954) did not accept the idea of fire as the main factor conserving 

the grasslands. Rather, they subscribed to the theory that a given 

vegetation tended to be an expression of climate, soil, and land-

use practices such as grazing and plowing. 

Brush invasion, an almost universal and invariably complex 

phenomenon of grasslands, causes marked changes in the plant 

composition of these desert ranges. Unfortunately for the cattle 

industry these changes have usually been detrimental, since the . 

grasses that constitute the principal source of food for domestic live

stock have been replaced on many ranges by woody invaders that 

provide relatively little forage. Other detrimental environmental 

effects are higher evaporation rates, decreased infiltration rates, and 

an increase in the amount and velocity of runoff. These, in turn, 

result in a further loss of the productive top soil and may eventually 

lead to ultimate destruction of the site. 

Mesquite, burroweed, snakeweed, catclaw, cacti, creosote-

bush, Spanish bayonet, tarbush, and some other shrubs and half 

shrubs are common invaders of the desert grassland (Humphrey, 1953). 

Of these, mesquite, because of its aggressiveness, has generally 

been recognized as the most important woody invader. 

Mesquite occupied 70 million acres of rangeland in Arizona, 

New Mexico, and Texas 15 years ago (Parker and Martin, 1952). 
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These authors wrote ... "one of the most serious and perplexing 

problems in southeastern Arizona is mesquite invasion of grassland." 

The aggressiveness of mesquite is indicated by its tendency 

to increase in numbers even under light grazing and its prolific re-

growth by sprouting after cutting. Some of the effects of this 

aggressiveness are difficult livestock management in dense mesquite 

stands, accelerated erosion rates wherever mesquite has, encroached, 

and a decrease in the quantity and quality of perennial grasses 

(Parker and Martin, 1952). Mesquite-invaded ranges produce only 

a fraction of their potential (and former) forage crop (Parker and 

Martin, 1952; Paulsen, 1953; Martin, 1963; Martin and Cable, 1964). 

Mesquite, on the other hand, is useful as a source of food 

for domestic and wild animals, as roughage in livestock rations, for use 

as construction materials, as fuel and fence posts, etc., (Harvard, 

1884; Forbes, 1895; Walton, 1923; Marion et al. 1959; Bogusch, 1950; 

Parker and Martin, 1952). 

Humphrey (1962) cited some ecologically beneficial effects 

of mesquite such as: shading the soil surface, thus cooling and de

creasing evaporation from the soil surface; protecting the soil against 

the direct-impact of raindrops; as a source of shade for grazing 

animals; and as a protection against overgrazing. However, he 

stated that the net effect of mesquite trees on the range is undesir

able. 
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1.4 THE PRESENT STUDY 

In the desert grassland of northern Sonora, Mexico and 

southern Arizona/ an opportunity existed for studying the role of fire 

in a mesquite-invaded grassland. Here it was possible to isolate 

and study certain phenomena associated with the ecological problem 

in relation to both mesquite and two common grassland species. 

The study was designed with the idea of obtaining knowledge 

that might aid in understanding the ecological role of fire in the 

desert giassland. It was hoped that this knowledge might have 

practical application in the control of mesquite by fire. 

The study had four objectives, namely: 

1. Evaluate physiological reactions expressed as mortality, 

percent damage, dry weight, and total protein content of blue and 

sideoats grama to high temperatures. Evaluation will be accomplished 

by: (a) using different amounts of fuel in burning under field conti-

tions, (b) creating high temperatures under semi-controlled conditions, 

and (c) adding adenine to blue grama plants subjected to high temper

atures under semi-controlled conditions as a means of at least 

partially preventing heat injury. 

2. Evaluate the physiological reaction of velvet mesquite 

plants in terms of electrical resistance, mortality, percent damage, 

and dry weight to high temperatures under different conditions 
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of fire intensity and/or fuel amount. Evaluation will be made after 

burning a mesquite-invaded desert grassland site, (b) subjecting 

plants belonging to mesquite populations three- and 11-months old to 

high temperatures under semi-controlled conditions, and (c) adding 

adenine to mesquite plants subjected to high temperatures. 

3. Evaluate heat transmission in the bark of oak and mes

quite trees under field conditions and determine diameter, age, and 

bark-thickness relationships of mesquite. 

4. Evaluate heat transmission in a desert grassland soil. 



2. LITERATURE REVIEW 

2.1 POSSIBLE CAUSES OF DESERT GRASSLAND DEPLETION 

The ecological status of the desert grassland is a subject of 

controversy. The main factor or factors determining its existence 

still are under discussion, but all of the investigators are in agree

ment about one item: the conspicuous change in composition of the 

vegetation of the desert grassland to the last 100 years by Brown, 

1950; Glendening, 1952; Parker and Martin, 1952; Humphrey, 1952,1958, 

1962, 1963; Mehrhoff, 1955; Branscomb, 1958; Johnston, 1953; and 

Buffington and Herbel, 1965). Besides the written observations, 

there are pictorial proofs of the change (Hastings and Turner, 1965). 

The desert grassland was early classified as a vegetation in 

equilibrium with and determined by climate (Clements, 1920, 1928; 

Weaver and Clements, 1938; Clements and Shelford, 1939; Whitfield 

and Anderson, 1938; Whitfield and Beutner, 1938; and Wedel, 1957). 

These investigators attributed the changes in vegetation to man1 s intro

duction of domestic livestock which overgrazed the herbaceous cover. 

Through historical investigations of reports related to vegeta

tion and site observation by the early travelers have been made by 

Humphrey (1958, 1962, 1963) in the desert grassland in general; by 

Johnston ( 1963) in the grassland of southern Texas and northern 

8 
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Mexico; Buffington and Herbel (1965) in the desert grassland of 

southern New Mexico; and Hastings and Turner (1965) in the desert 

grassland and oak woodland of southern Arizona and northern Sonora. 

Hastings ( 1959) warned against the danger in manipulation of. his

torical materials in this type of study, stating that they have been 

used in some cases to "prove" whatever the researcher desired. 

Humphrey ( 1958) summarized the factors considered by 

several investigators and concluded that the following were primarily 

responsible for the vegetational changes in the desert grassland: 

(a) grazing by domestic livestock, (b) competition or lack of it, 

(c) effect of rodents, (d) change in climate, and (e) suppression of 

grassland fires. He discussed each of these and concluded that fire 

was the principal cause and grazing by domestic animals second in 

importance. He noted that change in climate seemed to have had the 

least effect. 

Hastings and Turner (1965) in an analysis of these factors as 

possible causes of invasion of the desert grassland by woody species 

disagreed in part with Humphrey's conclusions. Change of climate 

was considered as the principal factor and the effects of fire of 

little or no importance, except perhaps locally. They were in agree

ment in considering grazing as a secondary and important factor. 

There are few experimental data on which to base a study of 

these complex relations, and in some papers the conclusions appear 



to be based on very general and subjective observations. Most 

experimentation has been carried out at the Santa Rita Experimental 

Range, Arizona which does not represent all of the ecological vari= 

ations found in the desert grassland. Only the principal studies 

dealing with the problem will be reviewed. 

The various effects of cattle on the vegetation as determined 

by various researchers were summarized by Hastings and Turner 

( 1965) as being important in the following principal ways: (a) by 

serving as disseminating agents either by scattering viable seeds in 

droppings or by transporting vegetative organs which in turn can 

develop into complete plants, (b) by "opening-up" the grass com

munity and permitting the establishment of shrub seedlings, (c) by 

removing the herbage, thus reducing the fire-carrying capacity of the 

range, and (d) by reducing the soil-moisture content by compacting 

the ground surface, therefore decreasing infiltration rates and in

creasing evaporation through elimination of the plant cover. 

Griffiths, a pioneer among the early range investigators, 

submitted a questionnaire in 1901 to old-time ranchers of southern 

Arizona. As a result of the response obtained he concluded that the 

ranges were more productive in the past and had declined because of 

overgrazing. The same author later (1910) mentioned the influence 

of grazing on vegetational change but considered fire suppression as 
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the principal cause. His conclusions were based on observations 

from an enclosure on the Santa Rita Experimental Range. Similar 

opinions about the secondary importance of livestock were expressed 

by Thornber (1910) in southern Arizona and by Bray (1910) in Texas. 

Campbell ( 1929) reported that conservative grazing would 

return the mesquite-covered dunes at the Jornada Experimental Range 

of southern New Mexico to their original black grama grassland. 

Whitfield and Beutner ( 1938) and Whitfield and Anderson (1938) as 

followers of Clements, considered the original desert grassland to 

be a climax vegetation and overgrazing to be the principal cause 

which brought an imbalance favorable to shrub invasion. Bogusch 

( 1952) concurred in this theory of a climax desert grassland that would 

remain shrub-free as long as it was not disturbed. Mesquite invasion 

in southern Texas, he explained as due primarily to overgrazing by 

domestic animals confined in fenced pastures. Buffington and Herbel 

(1965) analyzed the changes of vegetation on the Jornada Experimental 

Range as recorded in surveys performed in 1915, 1928, and 1963. 

They concluded. . . "seed dispersal, accompanied by heavy grazing 

and periodic droughts appeared to be the major factor affecting the 

rapid increase of shrubs." 

Brown (1950) studied three grazing situations on a site on 

the Santa Rita Experimental Range. They were grazing, cattle 



exclusion, and total protection from cattle and rodents during 18 years. 

Cattle protection had not stopped the shrub movement into the grass

land. In the same area, Glendening (1952) investigated the effects 

of different grazing intensities on the vegetation. He concluded that 

moderate grazing did not prevent enroachment of mesquite at the ex

pense of the grass, once the mesquite plants were present on the range. 

Mehrhoff (1955) reported the effects of grazing as an indirect factor 

inhibiting fires and compacting the soil. Branscomb (1958) analyzed 

the vegetation changes on the Jornada Experimental Range and suggested 

that a climatic cycle change in the last 90 years has favored shrub in

vasion, also that grazing by domestic animals had been of some 

importance; however, that both factors had been secondary in impor

tance to fire control in permitting the woody plants to take over former 

grasslands in this area. 

Although competition between grass and shrubs is frequently 

mentioned, there have been few quantitative studies. Emerson ( 1932) 

assumed that the root density of blue and sideoats grama in the first 

foot of soil was effective in keeping woody plants out of close stands 

of grass. Johnsen (1962) concluded that blue grama is inhibited by 

shading and by competition from juniper trees in northern Arizona. 

Jameson ( 1965) working in the same area considered that the growth 

of blue grama was inhibited by litter from the trees rather than by 

shading by the canopy. 



Glendening and Paulsen ( 1955) studied the establishment of 

mesquite seedlings under different grass densities. Their results 

supported the fact that germination, emergence and growth of mesquite 

seedlings to the first true leaf stage are affected by the grass cover. 

They could not explain the cause, but shading was indicated as a prob

able factor. 

Kincaid et al. (1959) investigated the problem further, also on 

the Santa Rita Experimental Range. Populations of only a few trees 

per acre were found to markedly decrease the amount of native grasses. 

When a dense stand of mesquite was thinned to a density of 25 trees 

per acre, the native grass cover increased 75 percent; when all the 

mesquite trees were eliminated, it increased 100 percent. 

Rodents and rabbits can affect composition of the desert grass

land vegetation in the following principal ways: (a) destroying the 

seed and seedlings of the wood plants, especially mesquite, (b) facili

tating dispersal and germination of mesquite seed far from the place 

where it was collected, and (c) destroying the grass cover. 

Grazing by rodents was considered by Paulsen (1950) as the 

principal reason for mesquite-seedling mortality during the first two 

growing seasons. Arnold (1942) found that a major proportion of the 

diet of the sand pocket mouse is mesquite seeds and other parts of 

this, plant. 



In general, rodents and rabbits are detrimental to the grassland. 

The number of these animals is often inversely related to the degree of 

brush invasion ( Vorhies and Taylor, 1933; Reynolds and Glendening, 

1949; Norris, 1950; Paulsen, 1950). Reynolds (1954) noted that once 

the cycle: more mesquite, less perennial grass, more rats, more mes-

quite - is started, rat elimination will not retard the rate of mesquite 

invasion. 

Mehrhoff (1955) studied enclosures on the Santa Rita Experi

mental Range and included in his study an analysis of tree-ring chrono

logical records. As a result of his analysis, he was not able to detect 

any change of climate. Schulman ( 1956), however, concluded that there 

had been previous dry periods in southern Arizona, based also on tree 

ring chronologies. Branscomb's (1958) investigation of vegetation changes 

on the Jornada Experimental Range showed a cyclic pattern of dry and 

above-average moisture years during the last 90 years of climatological 

record. The dry cycles affected the grass growth but the shrubs continued 

to encroach during both wet and dry periods. Buffington and Herbel ( 1965) 

studied the same problem in the same area. They concluded. . ."The 

climate has not changed enough to be the major factor responsible for the 

rapid increase of brush species." 

Hastings and Turner ( 1965) made a thorough investigation of data 

related to change of climate. They reported that there has been a general 
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tendency for the climate of the world to become warmer since the middle 

of the last century. 

In the same study the authors reviewed tree-ring studies and 

also the available climatic data of several places in the Southwest, 

especially from Arizona. They found that there had been a slight decrease 

in summer precipitation but a marked decrease in the winter precipitation 

since the turn of the century. They concluded that the combination of 

higher temperatures and lower precipitation substantially reduced the 

moisture available for plants. Two results of this climatological change 

are evident in the present tendency for a given kind of vegetation to 

occur at higher elevations than formerly and for an increase in arroyo 

cutting. They believe that this increase in aridity has favored deep-

rooted plants like mesquite but has diminished the grass cover with 

shallow roots. 

Arroyo cutting in Arizona has commonly been assumed to be a 

result of overstocking because of the coincidence of both events. 

Hastings and Turner question this hypothesis. They noted that arroyo 

cutting had occurred in Sonora simultaneously with that in Arizona, de

spite the earlier introduction of livestock into Sonora. Grazing by 

domestic livestock was recognized as a secondary factor, being im

portant in part because it decreased water infiltration into the soil. The 

position of these investigators can be summarized by an earlier statement 



of one of the authors (Hastings, 1959), "A distinct possibility exists 

that secular trends in climate were operating, and operating in such a 

way as to load the gun in preparation for the pulling of the trigger by 

overgrazing." 

Bogusch (1952) assumed that dry cycles cannot initiate brush 

invasion, but they can favor its continuation by reducing competition 

with more mesic species. 

The desert grassland as a fire disclimax was recognized by some 

of the earlier investigators working in the Southwest. Griffiths (1910), 

Thornber (1910), and Wooton (1915), in Arizona; Wooton (1915), and 

Bray (1901, 1904) in New Mexico; and Cook (1908) in Texas, all pro

posed this hypothesis. 

Griffiths (1910) noted the existence of old stands of mesquite 

along drainages and explained these as a result of lower fertility of the 

soil resulting from leaching out of nutrients. Because of low fertility 

he believed that a dense cover of grass had failed to be established and, 

as a consequence, fires would not carry or were not hot enough to kill 

the mesquite seedlings. Griffiths proposed that the desert grassland 

was like the true prairies in that he believed both owed their treeless 

condition to periodic fires. Thornber (1910) wrote" There would be a 

tendency for the woody growth to increase over the areas where the 

grassy covering was not sufficient to spread fires." Wooton (1916) 



describing a range fire wrote. . ."Along the arroyos where the grass was 

highest and thickest the mesquite bushes were killed completely in 

several places, and many were killed back to stumps." All of these 

authors described overgrazing as a means of decreasing the natural fuel, 

thus weakening or controlling the former range fires. 

Evidence of earlier periodic fires was found by Humphrey ( 1953) 

who examined fire-marked mesquites on the Santa Rita Experimental 

Range. Sixty-five percent of the old trees (12 to 30 inches in diameter) 

showed fire-scars, indicating the presence of range fires in the past. 

Controlled burning and observations after wildfires, have been 

used to study fire's effects on plant communities and also on individual 

plants. The prevalence of mesquite, as the principal woody invader of 

the desert grassland, explains why this plant has been the most observed 

and commented upon. 

Humphrey ( 1949) recommended the use of fire to control such 

woody invaders as mesquite, burroweed and cholla in southern Arizona. 

His recommendations were based on an analysis of previous studies and 

a study of two wildfires and the vegetation condition on these sites 15 

years later. The number of grass plants was greater in both areas after 

the burning and the shrub number decreased. Observations 15 years later 

on one of these areas noted little shrub reinvasion. 
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Humphrey and Everson (1951) recorded a 98- and 95-percent 

kill on burroweed and snakeweed, respectively, as a consequence of a 

controlled burning study in a Lehmann lovegrass stand in southern 

Arizona; both results were highly significant. The lovegrass, an exotic 

in Arizona, was reduced by about one third. 

Fire effects were studied in the oak-juniper woodland, at the 

upper limit of the desert grassland, by Johnston et_al. ( 1962). Oak 

trees exhibited lower mortality than Juniper and showed higher sprouting 

ability. 

Mehrhoff (1955), Branscomb (1959), and Johnson ( 1963), after 

analyzing vegetation changes in Arizona, New Mexico and Texas, 

respectively, concluded that fire has been the major factor influencing 

shrub invasion in the grassland. The best documentation on the effects 

of fire in the desert grassland has been prepared by Humphrey ( 1958, 

1962, 1964). 

2. 2 HIGH TEMPERATURE EFFECTS 

The physiological response of plants to high temperatures, in all 

its aspects, was reviewed by Hare (1961), Langridge (1963), and Laude 

( 1964). 

Temperature and time of application are two factors closely re

lated in their plant-damage effects. The relationship between these is 

exponential, and it is called the temperature coefficient or "Q" value. 



The lethal temperature value for a specific plant has little meaning 

without the period of time that such temperature was applied to the plant 

(Byram, 1958; Hare, 1961). The latter author summarized the lethal 

values reported by several investigators. Byram (1958) considered 

140 F as the borderline between killing and nonkilling temperatures. 

Belehradek ( 1935), in a review of the principal theories of 

injury of death of cell protoplasm by heat, summarized them as follows: 

(a) coagulation of proteins, (b) destruction of enzymes, (c) asphyxi

ation, (d) intoxication, and (e) lipoid liberation. Levitt ( 1956) cited 

the same theories in relation to heat injury of plants and added others 

such as the inability of plants at high temperatures to absorb major 

elements as nitrogen and phosphorus and an increase of transpiration 

simulating drought-injury symptoms. Langridge ( 1963) mentioned the 

following possible causes: (a) decreased availability of gases, 

(b) accelerated breakdown of metabolites, (c) imbalance produced by 

lack of coordination between destructive and synthetic reactions, 

(d) nonformation of adaptive enzymes, and (e) reversible and irreversible 

heat inactivation of enzymes. 

Coagulation and denaturation of proteins is the oldest and the 

most accepted theory (Hare, 1961); however, Levitt (1956) pointed out 

that plants may be killed at temperatures below the denaturation level of 

known proteins. He proposed that destruction of metabolites can 



account at least partially for death of the organism. 

Langridge (1963) summarized about 30 studies related to de

struction of metabolites. Most of these studies have been made with 

bacteria and relatively few with flowering plants. Organic and inorganic 

substances have been provided plants subjected to high temperatures to 

reduce heat damage but the most common have been amino acids and 

proteins. Galston and Hand ( 1949) investigated the effect of an arti

ficial supply of adenine to etiolated peas at 35 C and concluded that the 

plants were unable to synthesize adenine at this temperature. Thus, 

thermal inactivation can be prevented by adding adenine. Bonner ( 1957) 

reported effects of adenine in Lemna at temperatures higher than 30 C. 

Highkin ( 1957) found that the amount of adenine in a heat-susceptible 

variety of peas remained the same at 14 C as at 26 C. On the other 

hand, a heat-resistant variety showed at least a 100-percent increase 

in the adenine content at 26 C as the same variety at 14 C. 

Kurtz (1958) stressed the importance of imbalance of metabolites 

under arid conditions. He presented data obtained by McElroy and 

Mitchell showing that the injuries in Neurospora caused by temperatures 

of 35 C can be cured by adding adenine. Lockhart (1958), in a study of 

the effect of adenine and giberellin on Alaskan peas growing at 30 C, 

observed no significant effect of adenine on stem growth. Langridge and 

Griffin ( 1959) observed a similar lack of effect of adenine on the growth 
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of Arabidopsis thaliana at 31.5 C. In a study by Ketallapper ( 1963), 

adenine was applied in a riboside mixture to pea plants growing at high 

temperatures. This treatment was effective in preventing growth re

duction by heat, but neither adenine or adenosine alone alleviated the 

high temperature injury. 

There seem to have been no investigations on the unbalance of 

metabolites of grama grasses at high temperatures and the treatment of 

lesions by adding the suspected deficient chemical. 

2.2.1 GRASSES 

Response and resistance of blue and sideoats grama to high 

temperatures have been studied very little. Jameson (1961) investi

gated the heat resistance of several native plants of northern Arizona. 

Blue and sideoats grama were more sensitive to heat and desiccation 

than alligator juniper and pinyon pine, a sensitivity that increased under 

conditions of hot and dry weather. 

Herbaceous plant biomass, as indicated by basal density, forage 

production, and height can be affected positively or negatively by fire. 

The effects may be produced either by activation (or inactivation) of 

physiological functions or by indirect effects of fire such as decreasing 

plant competition through the elimination of fire-susceptible plants, or 

by the release of high amounts of nutrients by burning. 



Cable ( 1959), Reynolds and Bohning (1956), and White (1965) 

reported that the density of several perennial grasses of the desert 

grassland (sideoats grama included) was decreased the first season 

after burning, but that by the second growing season they usually were 

completely recovered and even attained higher production than before 

burning. 

Higher production of forage in grasslands after burning has been 

reported by Hensel (1923) in the grasslands of Kansas, Wahlenberg 

et al. (1939) in the southeastern longleaf pine region, Hilmon and 

Lewis ( 1962) in Florida, Kucera and Ehrenreich (1962 ) in the Missouri 

tall prairie, and Duvall (1962) in Louisiana. 

In some cases it has not been possible to determine forage pro

duction differences between burned and unburned plots (Ehrenreich and 

Aikman, 1957). Or, burning may greatly decrease herbage weight as 

reported by Aldous (1934), Hopkins et_al. (1948), Launchbaugh ( 1964) 

in the Central Plains, Dix ( 1960), Larson and Withma'n ( 1942) in the 

Dakotas, Pechanec et al. (1954) in the sagebrush region, and Smith 

( 1960) in the tropical grasslands of Australia. 

The tendency of grass coverage to be reduced has been observed 

by Aldous (1934), Hopkins etal. ( 1948), Wright and Klemmedson ( 1965). 

Fire can diminish the number of living roots of grass plants (Tainton and 

Booysen, 1965) and this may be a factor in reducing forage production. 
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The chemical composition of grasses may be highly affected by 

burning. Neal and Becker (1933) analyzed wire grass samples from 

burned and unburned pastures of the southeastern coastal plains. They 

reported earlier growth and higher amounts of protein and minerals (ex

cept calcium) in the grass growing on range that had been burned. Green 

( 1935) found a significant increase of crude proteins, calcium, and 

phosphorous and a lower fiber content in the regrowth of burned grasses 

then in that of unburned grasses. 

Smith and Young (1959) obtained similar results when comparing 

burned and unburned bluestem grass in Kansas. Regrowth samples from 

burned areas were higher in protein, ash, and calcium, but were lower 

in ether extract. Higher protein content in the new growth after burning 

has been observed by Mes (1958) in native veld grass of South Africa 

and by Plowes ( 1957) in Rhodesia. 

Grazing preference shown by domestic livestock and game animals 

for the grass regrowth after burning has been observed in many places, 

a preference that has been explained by the higher nutritional value and 

tenderness of the sprouts (Green, 1935; Countryman and Cornelius, 

1957; Humphrey, 1962; Fridriksson, 1963). 

2.2.2 MES QUITE 

The effect of fire on mesquite has been studied most in southern 

Arizona and usually under field conditions. The principal studies are 



the following: Humphrey (1953) recommended the use of fire to control 

mesquite in desert grassland sites. Cable ( 1959) also observed that 

98 percent of the burroweed population was eliminated by a fire on the 

Santa Rita Experimental Range. Mesquite was not greatly affected and 

cacti reacted inconsistently. 

Glendening and Paulsen ( 1955) studied several controlled fires 

on the Santa Rita Experimental Range in February, June and November 

and a wildfire near Sonoita, Arizona in October. The fuel in the Santa 

Rita Range study was adjusted to 800 pounds per acre by adding straw. 

Mesquite trees were grouped in five ranks, ranging from 0.5 to over 

five inches basal diameter. This study indicated that June burning killed 

a significant number of mesquite trees. The proportion of trees killed 

was inversely related to tree size. Controlled burning in November 

produced less damage to mesquite and provided results similar to those 

of the wild range fire observed in October. The conclusion was drawn 

that in areas with sufficient fuel, small mesquites and seedlings can be 

killed most effectively by burning during the critical spring period. 

Reynolds and Bohning ( 1956) analyzed the vegetative response of 

two accidental "hot" fires on the Santa Rita Experimental Range. About 

90 percent of the burroweed was killed, about 50 percent of the cholla, 

and about 25 percent of the prickly pear. Mesquite was reduced about 

nine percent; mesquite stems of two inches diameter or less were killed, 
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but 60 percent of them sprouted, and only a few trees six inches or 

more in diameter were killed. Perennial grasses completely recovered 

between the second and fourth growing seasons except black grama 

grass which had been much more seriously damaged. In northern 

Arizona the cffects of fire on this grass were less severe (Jameson, 

1962). 

Blydenstein (1957) evaluated the effects of winter and summer 

burning of mesquite. Although he arrived at essentially the same results 

obtained by Glendening and Paulsen (1955), and Reynolds and Bohning 

(1956), he recorded an even higher correlation between tree size and 

fire damage. Mortality was restricted to trees under one inch in dia

meter and abundant sprouting was observed in all size classes when the 

top was killed. He suggested that subsequent fires might eliminate 

these sprouts and that successful use of fire in the control of mesquite 

might depend upon more than a single fire. 

Cable (1961) burned a grassland that contained transplanted 

velvet mesquite seedlings of two age classes: eight months and one 

year. Fire killed 67 and 65 percent of the eight- and 12-month-old 

plants, respectively. The rest of the trees were top-killed but sprouted 

later. The author concluded, "This ability of very young and very 

small velvet mesquite to sprout from the base when top-killed makes 

eradication by burning difficult if not impossible, although repeated fires 



might preserve a shrub-free appearance by repeated top-killing of 

mesquite." The same investigator (Cable, 1965) reported 25 percent of 

the mesquite trees killed by a hot fire in a Lehmann lovegrass pasture 

with about 4,480 lt/acre air-dry weight of herbaceous fuel. Only eight 

percent of the trees were killed in a pasture of black grama with about 

2, 200 lh/acre of dry fuel. More than 98 percent of the Lehmann love-

grass plants were killed, but the new seedlings established in the 

burned area had a density about six times greater than the original 

Lehmann's density prior to fire. 

White ( 1965) studied the effects of a wild range fire in southern 

Arizona as indicated by plant response during the next two growing 

seasons. Perennial grass density was reduced the first growing season 

but had fully recovered by the end of the second. From 20 to 30 percent 

of the mesquite was killed and other shrubs, largely velvet-pod mimosa 

and false mesquite, although killed back to the ground, had recovered 

from the fire damage after two growing seasons. As in the case of most 

woody plants, mesquite is damaged more by fire than herbaceous vege

tation, especially grasses, a phenomenon that has been observed so 

often as to have become almost axiomatic (Weaver, 1954; Weaver and 

Albertson, 1956; Daubenmire, 1959; Alhgren and Alhgren, 1960; 

Humphrey, 1962; and Phillips, 1965). The basic reason for this differ

ence was summarized by Humphrey (1962) "Grasses are morphologically 



better adapted than shrubs to withstand the effects of fire, since the 

growing points in dormant grasses are close to the ground level where 

they escape the severest heat. Shrubs by contrast, have their growing 

tissues exposed on the ends of branches and in the cambial layer just 

beneath the bark." It should not be assumed, however, that grasses 

are entirely immune to fire, and that woody plants are always killed by 

fire. 

Presumably as a result of natural selection many plants seem to 

have developed certain fire-resistant features. They were grouped by 

Hare (1961) on the basis of physiology into: (a) succulence, hardening 

(water content), (b) phenology, dormancy, food reserves, (c) chemical 

factors, (d) sprouting ability, and (e) recovery process. He also 

mentioned certain morphological and anatomical features such as bark 

thickness and crown density. 

One of the principal defenses of woody plants against fire damage 

consists of insulation of the living cylinder of tissue at the base of the 

stem, since killing of this cambium and the outside phloem by a ground 

fire will obviously cut off the supply of carbohydrates to the roots, 

resulting in death of the plant by the same physiological principle as in 

girdling (Humphrey, 1949). 

Because insulation is provided by the bark, its chemical and 

physical characteristics determine in high degree the survival of the plant 

when exposed to burning temperatures. Spalt and Reifsnyder ( 1962), 



in a literature survey of bark characteristics, classified them into eight 

categories, namely: (a) thickness, (b) thermal conductivity, (c) density, 

(d) heat capacity, (e) thermal diffusivity, (f) moisture content, 

(g) thermal absorbtivity, and (h) heat of combustion. The study pointed 

out that there are many difficulties inherent in the determination of 

thermal properties of bark because all of the above variables are involved, 

and these in turn are dependent on species, age, vigor of the tree, site, 

season, and current weather. The authors included several tables of 

thermal properties of bark, as determined in conifers and hardwoods, all 

important lumber-producing species. There appear to be no reported data 

on any woody species of the desert grassland or adjacent vegetation 

types. 

Martin (1963) described the thermal conductivity, specific heat, 

and thermal diffusivity of bark samples of several tree species. His 

study indicated that the oven-dry heat conductivity of bark was about 

20 percent less than that of wood of the same density; also it was less 

anisotropic, hence is a better insulator. 

Hare ( 1965a) measured the time required for the cambium to 

reach an assumed lethal temperature of 140 F when heat was applied 

externally with a propane torch. He concluded that fire resistance was 

directly correlated with tree diameter, and the time required for the 

cambium to reach the lethal temperature was exponentially related to bark 



thickness. He concluded that a small increase in bark thickness might 

provide a rather high degree of insulation; also that cambium temperature 

before heat application influences the time required to reach a lethal 

temperature. 

Hare .( 1965b) reported a similar experiment using trees of the 

southeastern forests and as a source of heat an oil-soaked rope burning 

directly on the bark. This technique was assumed to simulate to a 

degree the effects of a natural forest fire. Outside and cambial tempera

tures were taken on both windward and leeward sides of the tree. Higher 

bark surface and cambium temperatures were obtained on the leeward 

side. 

An evaluation of these studies on the insulation provided by 

bark led to the conclusion in the present study that similar studies of 

bark thickness in relation to the basal diameter of mesquite trees were 

indispensable in an evaluation of the effect of fire on this plant. 

McGinnies (1967) obtained good correlations between the annual 

ring increments of woody species, precipitation and herbage production 

at eleven locations in the western United States. Although significant 

positive correlations were obtained with ten species between ring incre

ment and herbage yield, mesquite samples from New Mexico did not show 

a significant correlation. 



Determination of mesquite age by using seasonal growth rings 

has been little studied. Olson (1940) presented a table of tree dia

meters as related to age compiled from trees sampled in the mesquite 

bosques from southern Arizona river valleys. He did not explain how the 

ages were determined." The same author (1939), in an earlier publication, 

included tables and graphs relating stem diameters to age and stated 

that, "Age was determined by counting the annual rings." According to 

Ferguson and Wright (1962). . ."Age determination of mesquite stems 

by the study of annual radial-growth increments is not so manifest or so 

easily substantiated as that of conifers." They described two anatomic 

features produced annually that facilitate age determination in mesquite: 

(a) a characteristic alignment of pores often formed by one or two groups 

of vessel elements and (b) development of a thin line of dark-colored 

cells, barely visible, that occur on the inner side of the ring of pores. 

Most of the studies dealing with mesquite damage and mortality 

by fire have reported a high sprouting rate from basal underground buds. 

Protection of these buds by the high insulation characteristics of the 

soil has been mentioned; however, no investigations of this phenomenon 

in the desert grassland have been reported. 

Heat is transferred inefficiently in soils (Sweeny, 1956), par

ticularly when wet. Because of the large amount of heat absorbed by 

water, lethal heat levels penetrate only a short distance into wet soil 

(Heyward, 1938). 



3. EXPERIMENTAL AREAS 

3.1 NORTHERN SONORA, MUNICIPIO DE CANANEA 

The principal field study area is located on the "La Cieneguita" 

Ranch in the municipio ( county ) of Cananea, Sonora, Mexico (Figs. 3.1, 

3.2). This ranch is about 32.5 kilometers^ southwest of Naco, 20 kilo

meters south of the international boundary, and 19.5 kilometers north

east of Cananea, Sonora (Anonymous, 1958). Studies on the effects of 

fire on a mesquite population and selected grama grasses were conducted 

at this location. 

3.1.1 CLIMATE 

There were no records of climatological data for the study area 

itself. However, weather records were available for Cananea, which is 

1,606 m above mean sea level, in the desert grassland-oak-woodland 

vegetation type and at Naco, 1,400 m above mean sea level, in the 

transition desert grassland-Chihuahuan desert vegetation. Mean annual 

temperatures are 15.2 C and 16.9 C in Cananea and Naco, respectively. 

In Cananea the highest day-time temperatures usually occur in May and 

*A11 the units in the present study are expressed in the metric 
system, except temperature data collected during this study are reported 
in degrees Fahrenheit. 
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Fig. 3.1 A general view of the study area. 

i 

Fig. 3.2 A typical site in plot number six. 



the lowest in January. At Naco the highest temperatures usually occur 

during July and the lowest in January. 

The mean-annual precipitation is 557 mm for Cananea and 352 

mm for Naco. Maximum monthly precipitation occurs in August at 

Cananea and in July at Naco. May is the dryest month at both locations 

with about 67 percent of the yearly precipitation falling from June to 

October ( Hastings, 1964). 

Three standard eight-inch storage rain gages were located in the 

study area; a fourth one was placed about two kilometers north in a 

sacaton bottom land. A thin layer of 30-weight oil was placed in the 

gages to suppress evaporation as proposed by Kidd ( 1960). The total 

precipitation from May to December, 1965 was 273.5 mm; that from 

January to December 27, 1966 was 263.7 mm (Table 3.1). 

These precipitation data have probably under-indicated actual 

rainfall. The occasional long periods between readings may have re

sulted in some evaporation losses in spite of the oil film. Cananea had 

a precipitation of 597 mm in 1965, and 532 mm in 1966. The Naco 

2 climatological station reported 418 mm in 1965 and 375 mm in 1966. 

3.1.2 SOILS 

The topography of the study site is one of, rolling hills, with 

2 Data obtained from the Secretaria de Recursos Hidraulicos, 
Hermosillo, Sonora Office. 



34 

Table 3.1 Precipitation (mm) data from the rain gages located in the 
Cananea study area 

Period Rain Gage Location 
- Sacaton 

1965 Plot 1 Plot 4 Plot 5 Bottom Averaqe 
July 5 to July 26 a 86.0 87.1 89.2 
July 26 to Aug 18 43.8 47.2 43.9 55.9 
Aug 18 to Oct 11 35.5 34.3 38.1 33.6 
Oct 11 to Nov 27 2.7 2.4 2.4 3.7 
Nov 27 to Dec 30 102.0 107.2 103.8 102.2 

Total 1965 (July 5 
to Dec 30) 277.1 275.3 284.6 273.5 

1966 

Jan 1 to Jan 29 23.0 23.5 24.3 21.8 
Jan 29 to Apr 10 21.0 23.5 24.5 27.5 
Apr 10 to Jun 15 0.0 0.0 0.0 0.0 
Jun 15 to Aug 11 117.2 118.5 125.5 110.0 
Aug 11 to Nov 4 90.4 85.8 91.7 91.7 
Nov 4 to Dec 21 8.0 8.6 8.5 8.7 

Total 1966 (Jan 1 
to Dec 21) 259. 6 259.9 274.6 260.7 263.7 

a Rain gage fell over during a storm. 
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gentle slopes (Figs. 3.1 and 3.2) located on the north bajada of the 

Sierra de Cananea (Cananea Mountain). Runoff flows into a bottom

land north of the study area which in turn drains to the San Pedro River 

watershed. 

The soils correspond to the association of reddish brown, alluvial 

soils (Group B-16) described in southern Arizona (Anonymous, 1964). 

Three different types of soil were observed on the study plots. Textural 

and chemical analyses are reported in Table 3.2. Results of the textural 

analyses indicate that the soils are sandy loam. 

3.1.3 VEGETATION 

The study area is a typical high-desert grassland with mesquite 

invading (Fig. 3.2). It was delineated as "Pastizal de navajita" ( blue 

grama grassland) on a map of range vegetation types of northern Sonora 

(Moreno, 1965). 

Composition of herbaceous vegetation prior to the burning treat -

3 ment is reported in Table 3.3 (Moreno, 1967) The complete dominance 

of blue grama was conspicuous. The average basal density of the her

baceous cover in the study area was 10.4 percent and range condition 

was good. 

^Mr. E. Moreno M. is currently studying the effects of the 
burning on the herbaceous cover and erosion rates for the same study 
area. 
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Table 3.2 Chemical and textural analyses of soils from the study area 
near Cananea, Sonora, Mexico 

Soil Sample 
Analysis3 Plot 1 Plot 1 Plot 6 Plot 8 Averaqe 

PH 5.4 5.8 5.0 6.2 5.6 
C.E.C. (ml) 1.20 0.99 0.60 1.70 1.12 
Soluble Salts 
(ECexl03) 0.825 0.850 0.600 1.250 0.881 

Soluble Salts 
(ppm) 578 595 420 875 671 

NO3 (ppm) 25 18 21 - 9 18 
P04 (ppm) 6 7 3 8 6 

Sand (%) 57 35 60 54 51.5 
Silt (%) 26 46 24 25 30.2 
Clay (%) 17 19 16 21 18.3 

aAnalyses made by the Agricultural Chemistry and Soils Laboratory of 
The University of Arizona. 



Table 3.3 Composition of herbaceous vegetation on the Cananea study 
plots prior to burning treatment 

Species Composition (%) 
Blue grama (Bouteloua gracilis H.B.K.) 87.38 
Sideoats grama (B. curtipendula(Michx Torr.) 5.86 
Black grama (B. eriopoda Torr.) 2.09 
Curly mesquite (Hilaria belanqeri (Steud.) Nash.) 1.73 
Vine mesquite (Panicum obtusum H.B.K.) 0.89 
Three awn (Aristida spp.) 0.78 
Sprucetop grama (Bouteloua chondrosioides)(H.B.K.) 

Benth. exS. Wats-) 0.42 
Three awn (Aristida hamulosa Henr.) 
Poverty three awn (Aristida divaricata Humb. and 

Bonpl.) 
Texas beardgrass (Andropogon cirratus Hack.) 
Plains lovegrass (Eraqrostis intermedia Hitchc.) 
Shrubby buckwheat (Eriogonum wrightii Torr.) 
Barsage ragweed (Franseria spp.) 
Aparejo grass (Muhlenbergia repens (Presl.) Hitchc.) 

(Sida spp.) 
(Sophora spp.) 0.18 

Total 1 0 0 . 0 0  
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3.2 SOUTHERN ARIZONA, PIMA COUNTY 

Supplemental studies were made at two locations in southern 

Arizona. These studies consisted of measuring heat transmission 

capabilities of mesquite and oak bark. Heat transmission in the bark of 

mesquite trees was studied in pasture nine of the Santa Rita Experimental 

Range located about 48 kilometers south of Tucson, Arizona. Heat trans

mission in oak bark was studied on trees from nearby Box Canyon on the 

Coronado Forest. 

The vegetation type is mesquite-invaded desert grassland (Fig. 

3.3) at an elevation of about 1,260 m (4,200 ft). Average annual 

precipitation is about 406 mm (16 inches), (Martin, 1966). The domi

nant woody plant is mesquite with a herbaceous cover of Arizona cottontop, 

Rothrock grama, sprucetop, and several species of Aristida. 

The vegetation type in the Box Canyon area is oak-woodland 

(Fig. 3.4) at an elevation of about 1,600 m (5,500 ft) and receiving an 

average annual precipitation of 508 mm (20 inches). Emory oak is1 the 

dominant tree species with Mexican blue oak and Arizona oak present. 

Other woody plants found on the area are cliffrose, one-seed juniper, 

and manzanita. 
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Fig. 3.3 General view of pasture nine on the Santa Rita Experimental 
Range 

Fig. 3.4 General aspect of Box Canyon on the Coronado National 
Forest 



4. EXPERIMENTAL METHODS 

4.1 FIELD STUDIES 

4.1.1 BURNING EFFECTS 

Mesquite trees from the west part of La Cieneguita Ranch were 

grouped into three basal diameter groups. The trees were measured and 

marked during April, 1965. Eight plots were selected with about the 

same number of mesquite trees in each (Figure 4.1), regardless of the 

plot size. For example, plot number three with a slightly lower than 

average mesquite density is larger than plot two, where the number of 

trees per unit area was less than average. 

Cattle were introduced into the pasture in early May, which had 

been closed to grazing since the summer of the previous year. Plots 

were fenced about the middle of May, consequently they had received 

only very light grazing before the start of the study. 

Four plots (two, three, six, and eight) were randomly selected 

for burning. Plots one,four, five, and seven were controls. Firebreaks 

were made around the study area and between plots in late June, 1965 

by using a tractor with a mounted disc plow. The four plots were burned 

on July 5, 1965. 

40 
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Fig. 4.1 Diagram of the plots utilized to study the effect of burning 
on a mesquite population near Cananea, Sonora. 
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4.1.1.1 BLUE GRAMA 

The influence of fire on individual blue grama plants was 

investigated during the summer and fall of 1966 on plots one, four, five 

and seven which were fenced but not burned in the summer of 1965. 

The experimental design consisted of five treatments (Table 4.1) 

replicated 12 times for a total study of 60 grass plants (Snedecor, 1962; 

Steel and Torrie, 1960). Five randomly selected plants were grouped 

and treated in an area usually less than 30 meters in diameter. Three 

of these groups (replications) were located on each plot. 

The five treatments applied are shown in Table 4.1. Treatments 

three, four, and five required additional fuel in the form of dry grass 

material (a mixture of sideoats grama, Arizona cottontop, hairy grama, 

and sprucetop grama) collected on the Santa Rita Experimental Range. 

The average moisture content of the fuel before burning was 6. 6 percent 

of oven-dry weight with very small variation between samples. 

Each blue grama plant was burned by following a method des

cribed by Wright and Klemmedson ( 1965) with some modifications 

(Figures 4.2 and 4.3). The fuel was placed around the plant inside a 

60-cm-diameter circular wire screen (surface equal to 0.283 m ). A ply

wood windbreak was placed on the windward side of the plant during the 

burning treatment (Figure 4.4). 

A series of 12 iron-constantan thermocouples were used to record 

the fire temperatures for each plant. They were located as close as 



43 

Table 4.1 Treatments applied to individual blue grama plants under field 
conditions, near Cananea, Sonora 

Treatment No. Amount of Fuel 

1 Control, no burn 

2 Burned, natural fuel only 

3 Burned, natural fuel + 3 tons/ha 

4 Burned, natural fuel + 7 tons/ha 

5 Burned, natural fuel +10 tons/ha 
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Fig. 4.2 A typical blue grama plant selected for burning. 

Fig. 4.3. The plant shown in Fig. 4.2 is in the center of the circular wire 
screen. The fuel inside the screen is equivalent to 10 tons per 
ha. Thermocouple tubes are located to determine vertical temper
ature distribution. Note the tube of the underground thermocouple 
at the lower left. (Photograph courtesy of R. R. Humphrey) 



Fig. 4.4 The plant shown in Fig. 4.1 and 4.2 at the time of burning. 
The plywood screen is located upwind. (Photographs 
courtesy of R. R. Humphrey) 
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possible to each grass clump at the following levels: 2.5 cm bslow the 

ground, at the ground surface, and at 2.5, 5.0, 7.5, 10.0, 15.0, 20.0, 

30.0, and 35.0 cm above the ground (Figure 4.3). The twelfth thermo

couple measured normal air temperature at a height of 30 cm. 

A Speedomax-H recording potentiometer, with a printing speed 

of 1.5 seconds per point, recorded the information supplied by the 12 

thermocouples directly in degrees Fahrenheit. The basic theory of 

temperature measurement with thermocouples, their construction and uses 

have been reported by Eggert (1946) and Lorenz (1949). An explanation 

of the thermocouple technique was given by Breuer (1965). 

At the time of burning, information was also taken on environment

al conditions, air temperature (recorded with a thermocouple and also 

with a thermometer), relative humidity, soil moisture sampled at a depth 

of 10 cm and as close as possible to the plants. The burning period of 

each plant was also recorded. All of these data are reported in Table 4.2. 

The three replications in plot one were treated in the afternoon of June 13, 

1966. The rest of the replications were treated the next day. 

Plant height and basal diameter measurements were made before 

burning and again on.November 4, 1966. At this latter date the number 

of spikes per plant was also counted and the plants were cut at ground 

level to measure dry weight production. Crude protein was determined 

for each blue grama plant by using the micro-kjeldhl method. These 



analyses were made in the Agricultural Biochemistry Department of The 

University of Arizona. 

4.1.1.2 MESQUITE STUDY PHASE 

The effect of fire on a mesquite population invading a desert 

grassland site was studied in the plots located in "La Cieneguita" Ranch 

near Cananea, Sonora. 

A three-by-three factorial experimental design with four replica

tions and three subsamples was used in this study. This type of design 

was particularly appropriate, since it allowed the analysis of plant 

size by temperature interactions that were one objective of the study. 

Mesquite trees of three basal diameter sizes and three amounts of fuel 

were used (Table 4.3). The 27 mesquite trees forming each replication 

were selected at random, and a metallic plate with the tree number and 

treatment identification was placed on the west side of each tree. 

In addition to the experiment described, 16 mesquite trees burned 

only with their natural fuel were also observed. Four trees were selected 

in each plot. Only small mesquite trees with abundant fuel at the base 

were included. 

The amount of dry herbaceous material beneath the trees was 

expressed as kilograms of dry fuel per hectare. A visual estimate tech

nique was developed by making a series of estimates of the fuels under 

mesquite trees in the vicinity of the study area, then collecting and 
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Table 4.2 Air t emperature, relative humidity, soil moisture content, and 
time observed during the burning of blue grama plants in the 
field near Cananea, Sonora 

Level of Air temper- Relative Soil Burning 
Treatment 
Number 

fuel 
(tons/ha) 

ature 
(F)  

Humidity 
(%)  

Moisture 
(%)  

Period 
(seconds) 

2 Natural 95 .6  26 .8  2 .0  34 .6  

3 Natural + 3 94 .3  27 .6  2 .4  48 .3  

4 Natural + 7 96 .0  27 .8  2 .2  53 .7  

5 Natural +10 95.5  27 .5  2 .4  54 .6  
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Table 4.3 Design of one replication of mesquite burning experiment in 
the field near Cananea, Sonora 

Plants 

5 cm or less 

Between 5 cm and 10 cm 

10 cm or more 

Amount of fuel 
(Tons per hectare) 
3 Z 10_ 

3 3 3 

3 3 3 

3 3 3 
9 9 9 
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weighing the fuels for each estimate until the investigator could make 

visual estimates that varied slightly from the values obtained by weight. 

The high amounts of fuel needed for some of the treatments did 

not usually exist under natural conditions in the desert grassland. How

ever, these amounts were created artificially to develop the higher 

temperatures and temperature variations needed to determine a full range 

of responses in mesquite to high temperatures. The average amount of 

natural fuel occurring under the trees on the four plots was estimated to 

be about 780 kilograms per hectare. 

Weighed amounts of barley straw were added to a square meter area 

around each mesquite stem in sufficient quantity to complete the total fuel 

supply required (a rate of 3, 7, or 10 tons/ha) for the different burning 

treatments (Table 4.3). 

The maximum temperatures reached during the tests were measured 

by using fusion pyrometers as described by Fenner and Bentley (1960). 

These consisted of a series of pure organic chemicals* with different 

melting points. The substance (Tempilaq) was applied to a mica sheet by 

using a plastic medical syringe. The dried Tempilaq appeared as solid 

strips about 3 mm wide and 0.5 to 1 mm thick aligned on the mica sheet 

with about 1 mm separation between strips. 

^The fusible substances were in liquid form and were produced by 
the Tempil Corporation under the trade name "Tempilaq". 



The plate was faced with a l/l6-inch thick abestos sheet. 

Strips were cut 2 cm wide and 10.1 cm long, containing the complete 

range of chemicals. 

Three types of pyrometers were prepared to measure high, medium, 

and low temperatures. The high-temperature pyrometers were selected 

to cover temperatures from 500 F to 1600 F, the medium-temperature 

pyrometers from 250 F to 1200 F, and those for low-temperatures from 

200 F to 900 F and were utilized to measure temperatures when burned 

with 10, 7, and 3 tons of fuel per hectare, respectively. The fourth type 

of pyrometer was placed vertically into the soil profile. The soil pyro

meter was 5 cm by 5 cm in size, designed to measure a range from 100 F 

to 600 F. 

A set of three pyrometers was attached to the mesquite stem. 

They were located at ground level, at 15.24 cm (six inches), and at 

30.48 cm (12 inches) above ground level. The soil pyrometer was intro

duced vertically into the soil to a depth of about 4 cm with the mica side 

facing the undisturbed soil profile. The hole in which the pyrometer was 

placed was then filled with soil. The soil pyrometer was located and 

firmly packed at 2.5 cm from the ground-level pyrometer. A complete 

set of these four pyrometers was located on the east side of the tree 

(Figure 4.5); an identical set was placed on the west side. 
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Fig. 4.5 Set of chemical pyrometers stapled on a mesquite stem at 
ground level, 15.24 cm, and 30.48 cm. The top of the pyro
meter used to measure heat transmission into the soil is 
also shown. 



All of the pyrometers were placed just before burning and 

collected the next day. Except for two, all were recovered. 

Maximum fire damage has been observed under extreme conditions 

of: (a) high fuel level, (b) low fuel-moisture content, (c) high temper

atures and (d) low humidity (Countryman, 1964). These conditions 

developed in the study area in late June and remained in effect until 

after the test burns were made on July 5, 1965. No summer rains fell 

prior to this date. 

Fuel and soil moisture content were determined by sampling 

immediately prior to burning. Samples taken at random were kept in 

sealed metallic cans, oven dried at 221 F in the laboratory and moisture 

content calculated on a dry-weight basis. Average moisture content of 

the  fue l  on  a l l  p lo ts  was  6 .54  percent ;  so i l  mois ture  content  was  7 .39  

percent  (Table  4 .4) .  

Burning on plot two was begun at 8:15 a.m. of July 5, 1965, and 

was  comple ted  a t  10:00  a .m.  Plo t  three  was  f i red  a t  10:50  a .m.  and 

finished at 12:00 a.m. Plot six was ignited at 1:45 p.m. and completed 

a t  3 :00  p .m.  Plo t  e ight  was  f i red  a t  3 :50  p .m.  and f in ished  a t  5 :30  p .m.  

During these burning periods, records were kept of air temperature, rela

t ive  humidi ty ,  wind d i rec t ion ,  and  wind speed (Figure  4 .6) .  

All the atmospheric data were obtained at an instrument shelter 

located in the center of plot one • Air temperature and air humidity were 

recorded in the shade of the improvised shelter. 
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Table 4.4 Soil and fuel moisture content (percent of dry weight) from 
the plots immediately prior to burning 

Plot Soil Moisture Fuel Moisture 

2 8 .90  6 .11  

3 5 .79  7 .04  

6 5.17 4 .44  

8 9 .70  8 .56  

Average 7.39 6.54 
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Fire spreading was facilitated by throwing burning matches into 

the grass clumps and also through use of a kerosene burner. Several 

aspects  of  the  f i re  a re  shown in  Figure  4 .7  to  Figure  4 .10 .  

After the fire had moved through the area, a rapid method was 

needed to evaluate the damage caused to mesquite tissues under field 

conditions. Techniques for measuring the electrical resistance of living 

tissues were used for this purpose. This type of measurement has been 

correlated with tissue injury by several workers (Briggs, 1908; Fillinger 
i 

and Cardwell, 1941; Greeham and Cole, 1950; De Plater and Greeham, 

1959; Hare, 1960, 1961). This technique employs the principle that 

moisture losses of injured tissues caused by low or high temperatures 

produce a decrease of electrical resistance. ' 

The instrument used was an impedance electrical bridge (General 

Radio Co. Type 1650-A) with an adapted capacitance decade box (Model 

1180, Electronic Instruments Co.). The adapted external capacitor was 

used to balance the reactance and permit a sharper balance of the bridge.^ 

The instrument was tested before field use in Mexico by deter

mining the electrical resistance of a healthy mesquite branch and sub

sequent determinations as the branch was dried in a laboratory oven. 

^Instruments, adaptations, calibrations, and instructions were 
through the courtesy of the Electrical Engineering Department Laboratory, 
The University of Arizona. 



Fig. 4.7 Fire moving in the southern part of plot six. Note the 
continuous grass cover effectively carrying the fire. 

Fig. 4.8 A large mesquite tree (No. 35) at the moment that the fire 
reached the fuel around the stem. 



Fig. 4.9 Contrast between plot three (left) and control plot one at 
right. 

Fig. 4.10 Aspect of plot three after fire. 
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The instrument was observed to have a degree of sensitivity sufficient 

to permit determination of changes in moisture content of the mesquite 

tissues. 

The day after the fire, electrical resistance was determined on 

each  of  the  108 mesqui te  p lants  s tudied  by  us ing  a  branch about  2 .5  cm 

in diameter taken from the west side of each tree, two needles located 

25 cm apart were driven into the xylem tissue (Figure 4.11). Branch 

diameters were taken at the points where the needles were inserted. 

These diameters were used later in calculating volume of the branch 

section which was multiplied by its corresponding electrical resistance 

reading to adjust resistance values for branch size. 

Electrical resistance values were read in 10^ ohms. A new set 

of batteries was installed in the instrument when half of the observations 

were taken. 

Two days before burning the plots, black and white photographs 

were taken of each of the 108 mesquite trees studied. Plant damage was 

visually estimated 43 days after the fire, and data were recorded of the 

amount of mesquite sprouting. The percent damage was evaluated by 

looking first at the photographs taken of the plants before burning and 

subsequently observing each plant on the ground-glass viewer of the 

4x5 Crown Graphic camera used in taking the original photographs. 

A scale, traced on a transparent plastic sheet, was placed over the 
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Fig. 4.11 Two aspects of the electrical bridge with adapted capacitance 
decade box. Note the pins inserted in the mesquite branch 
25 cm apart. 
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camera back glass as an additional aid in estimating percent 

damage. 

4.1.2 MESQUITE DIAMETER, AGE, AND BARK THICKNESS RELATIONSHIPS 

Determination of diameter, age, and bark thickness was required 

as complementary information to an understanding of mesquite resistance 

to high temperatures. Age was essential to determine the time at which 

the invading mesquite stands had come in. 

Sections of mesquite stem were collected in the areas adjacent 

to the study plots of "La Cieneguita" Ranch. Trees growing within a 

radius of about 500 m and under similar conditions of topography and soil 

were selected. The trees were sawed off at a height of about 2 cm above 

the soil surface. Stem sections about 30 cm long were taken to the 

laboratory for further study. 

A total of 46 samples was collected during November and 

December, 1965, ranging from 22.1 cm to 1.3 cm outside diameter at 

ground level. A section about 2.5 cm long was cut from the lower part 

of each sample with a band saw. The lower face of each section was 

polished with a belt sander using a series of 12 different-textured garnet 

O 
papers in a sequence from coarse to fine (Ferguson, 1964). 

3 The polishing was done with the equipment and by courtesy 
of the Tree Ring Laboratory of The University of Arizona. 



The diameter of each sample represented an average of four 

measurements; the bark thickness an average of eight determinations. 

Age determination was based on two characteristics proposed by 

Ferguson and Wright (1962) and by suggestions given personally by 

Dr. C. W. Ferguson. Annual increments were determined by counting 

the groups of vessel elements forming a line of pores (each line is pro

duced annually). When the sample was observed by eye at a certain 

angle in relation to a beam of light, the polished surface reflected the 

light and the porous line absorbed it. 

The second approach utilized for age determination consisted of 

counting thin lines of dark-colored cells under a ten-power microscope. 

This line typically appears to be produced also once during the year. 

A minimum of two determinations per sample was; made with each of the 

methods. Areas with relatively wide rings were preferred over regions 

of compression. Pore lines and dark lines were marked with a felt pen. 

4.1.3 HEAT TRANSMISSION IN THE BARK OF MESQUITE AND OAK TREES 

Heat transmission in the bark of mesquite and oak trees was 

studied at the Santa Rita Experimental Range and Box Canyon, respec

tively. Trees were cut at a height of 5 to 10 cm above the ground surface. 

A vertical hole was immediately drilled with a 1.2 mm diameter bit into 

the cambium tissue of each stump to a depth of 3.6 cm. A thermocouple 

was inserted to the bottom of this hole. A second thermocouple was 
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located outside the bark in front of and at the same level as the internal 

thermocouple (Figure 4.12). 

The outside thermocouple was attached to the bark by stapling 

a 5 by 5 cm glass-fiber cloth piece over it. A 5 by 5 cm piece of 

aluminum was used to obtain more uniform heating of the area around the 

thermocouple. 

Heat from a propane gas torch was applied to the sheet of alumi

num for one to two minutes; the operation was stopped when temperatures 

of the order of 1,250 F were reached and the aluminum sheet was melted. 

The thermocouples used in the present study were of iron-

constantan (Honeywell Type J) with a measurement range from 0 to 1,400 

F. The recording potentiometer utilized was a Westronics Model M5A/M/H 

with a range of 0 to +5 MV, with a printing rate of ten seconds per point. 

The reference junctions at a known temperature were inserted in a lead 

block and a thermometer registering in degrees C was also located in the 

block. The whole setting was placed in a box and insulated with vermi-

culite. The box was attached to the back of the potentiometer.^ 

The potentiometer had 12 channels: six alternated channels were 

connected with the outside thermocouple and the remaining six to the 

4 - Instruments, adaptations, and instructions were by courtesy of 
the Atmospheric Physics Laboratory of the University of Arizona. 



Fig. 4.12 Thermocouple introduced into cambium; the thermocouple 
to measure the bark surface temperature is shown at 
right, and the aluminum and fiber glass sheets at left on 
the mesquite stump. 
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cambium thermocouple; therefore, readings of each thermocouple were 

registered at intervals of 20 seconds. 

The field work was carried out from June 28 to July 18, 1966. No 

appreciable precipitation fell in the study area immediately prior to or 

during this period. 

A variable number of determinations was made in each of the 21 

mesquite trees and 14 oaks depending on the diameter of each. The 

minimum number was two (in a 6.3-cm diameter tree) for an average of 

three per tree. 

The millivolt figures recorded by the potentiometer were later 

translated to temperature by using a table previously calculated in the 

laboratory where thermocouples were subjected to a wide range of known 

temperatures. 

In each determination two curves of temperature over time were 

obtained. The curve of higher temperature represented the temperature 

variation on the bark surface; the lower curve was the temperature of the 

cambium. Areas contained under these curves were calculated from the 

starting point (the moment the torch was applied to the bark) to the time 

when the cambium reached a 150 F temperature. These areas are desig

nated the temperature-time areas. Obviously, the temperature-time areas 

corresponding to the thermocouple outside the tree were always larger 

than those obtained by the thermocouple in the cambium. The difference 
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between the areas under the curve represented heat impedance by the 

insulation afforded by the bark. Ratios between areas were calculated 

for each determination, and an average was obtained for each tree. 

4.2 GREENHOUSE AND LABORATORY STUDIES 

The reaction of selected grama grasses and mesquite to high 

temperatures was studied with plants germinated and grown under green

house conditions. 

The greenhouse located at The University of Arizona Farm in 

Tucson is cooled during the summer months by evaporative coolers and 

circulating fans. Despite this, maximum daily temperatures range as 

high as 100 F. 

Clay pots 15 cm in diameter and containing soil collected at the 

University Pasture of Douglas Ranch, Sonoita, Arizona were used for all 

the greenhouse experiments. 

Blue grama and mesquite plants used in a study of the effects of 

adenine at high temperatures were germinated and grown under laboratory 

conditions in a box with a series of white lights. A 12-hour light period 

was utilized during the study. Observed temperatures inside the box 

averaged 80 F during the day and 70 F at night. 

4.2.1 EFFECT OF HIGH TEMPERATURES ON GRAMA PLANTS 

A completely random design with ten replications was utilized in 

the experiments with both blue and sideoats grama. The studies involved 
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eight treatments and a control (Table 4.5 and Table 4. 6). This 

statistical design was utilized because the experimental units and 

environmental conditions were homogeneous enough to justify such a 

design. 

The grass seeds were obtained from the Plant Materials Center 

in Tucson, Arizona. ( (The accession number of blue grama seed was 

A-12424-63 lot. 4569, that of sideoats grama was A-3603 lot. 4457). 

The grasses were seeded directly into the pots and watered three times 

weekly. Each plant was moved once a week to a different place in the 

room to average local differential effects of the greenhouse walls, wet 

pads, and the fan. 

Three months after germination, when the plants reached full size 

and started flowering (about five percent), the treatments were applied. 

Blue grama and sideoats grama were treated the same day. Individual 

plants were placed in a laboratory oven at a specified temperature and 

time (Table 4.5 and Table 4.6). Before treatments, plant heights and 

soil moisture content were determined; during treatment, temperature and 

humidity of the oven were recorded (Tables 4.5 and 4. 6). 

Visual estimates of heat damage and recuperation rate of the 

plants were made one' month after treatment. Two months after treat

ment, all the plants were cut at soil level. Plant height and fresh and 

oven-dry weights were recorded for each plant. 
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Table 4.5 Greenhouse treatments applied to blue grama and Environmental 
conditions during treatment period 

Treatments Environmental conditions 
Temperature Time Oven relative humidity Soil moisture 

No (F) (Min.) ( % )  ( % )  

1 122 1 34 16.3 
2 122 3 34 16.5 
3 140 1 36 15.9 
4 140 3 37 15.5 
5 158 1 38 16.3 
6 158 3 38 16.3 
7 176 1 43 14.5 
8 176 3 40 15.5 
9 Control 

Table 4.6 Greenhouse treatments applied to sideoats grama and 
environmental conditions during treatment period 

Treatments Environmental conditions 
Temperature Time Oven relative humidity Soil moisture 

No. (F) (Min.) ( % )  ( % )  

1 122 1 34 15.5 
2 122 3 33 13.7 
3 140 1 36 28.5 
4 140 3 36 14.5 
5 158 1 38 20.8 
6 158 3 38 16.4 
7 176 1 40 13.5 
8 176 3 42 13.8 
9 Control 
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Total crude protein analyses were run on five randomly selected 

plants from each treatment using the Kjeldahl method. 

4.2.2 EFFECT OF HIGH TEMPERATURES ON MESQUITE 

Mesquite plants, 3- and 11-months-old, were utilized as experi

mental material in two phases of this portion of the study. The experi

mental designs were completely random in both age groups. The 11-month 

old plants were subjected to nine treatments with 11 replications per 

treatment. The three-month-old plants were subjected to eight treatments 

with nine replications per treatment ( Tables 4.7 and 4.8). Eight addi

tional plants of each population were kept to be treated out of the 

experimental design. 

The seeds were obtained from the Plant Materials Center, Tucson, 

Arizona (accession number was A-10222-38 ). They were germinated in 

plastic boxes with vermiculite under greenhouse conditions and were 

watered one or two times per day. Three weeks after planting, the 

seedlings were transferred to individual clay pots. 

Seeds from the same source were used to obtain the three-month-

old population. These were germinated in the same way and three weeks 

later were also transferred to clay pots, using the same soil, watering 

periods, and conditions previously described. 

High temperature treatments were applied on June 22, 1965 to the 

11-month-old plants and the day after to those in the three-month-old 
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Table 4.7 Greenhouse treatment- applied to the 11-month-old mesquites 
plants and environmental conditions during treatment period 

Treatments Environmental conditions 
No. Temperature Time Oven relative humidity Soil moisture 

(F) (Min.) ( % )  { % )  

1 Control 
2 122 1 31 16.4 
3 131 1 36 10.2 
4 140 1 38 13.8 
5 149 1 41 15.1 
6 158 1 42 9.8 
7 167 1 44 14.2 
8 176 1 45 14.1 
9 185 1 46 16.7 

Table 4.8 Greenhouse treatment applied to three-month-old mesquite 
seedling and environmental conditions during treatment 
period 

Treatments Environmental conditions 
Temperature Time Oven relative humidity Soil moisture 

No. (F) (Min.) ( % )  ( % )  

1 Control 
2 122 1 30 10.7 
3 131 1 33 15.8 
4 140 1 36 10.9 
5 149 1 37 13.7 
6 158 1 40 15.3 
7 167 1 43 18.0 
8 176 1 45 8.4 



age group. Plants of both groups were subjected to a one-minute 

temperature treatment (Tables 4.7 and 4.8), by placing the pots in a 

laboratory oven* The time period of heat application was determined on 

a basis of the burning observed when mesquite trees were burned with 

natural fuel and under field conditions. 

Plants were irrigated the day before treatment and the moisture 

content of the soils in each pot was determined just before introducing 

the pot into the oven. Height of the plants was also measured. 

Three weeks later the heat damage was evaluated by measuring 

the height of the green part of each plant. Four weeks after treatment 

all the plants were cut, dead leaves and twigs detached, and the re

maining green parts collected, oven dried, and weighed. 

4.2.3 EFFECT OF ADDED ADENINE AT HIGH TEMPERATURE 

The effect of adenine to prevent and/or decrease the injuries in 

blue grama and mesquite plants was studied under the laboratory condi

tions described in section 4.2. The plants were germinated and grown 

in 5-cm-square plastic pots filled with perlite and irrigated with 

nutrient solution number one described by Hoagland and Arnon ( 1950) 

(with supplementary solution of minor elements). 

Six treatments (Table 4.9) and 16 replications were employed 

to check the influence of adenine on heat resistance of blue grama and 
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mesquite. Completely random experimental designs were used for both 

species. 

4.2.3.1 BLUE GRAMA 

Blue grama seeds were obtained from the Plant Materials Center 

(accession number A-12424-63, lot. 4569). After germination the 

seedlings were thinned several times until only one plant was left in 

each pot. The plants were irrigated with 30 ml of the nutritive solution 

three times a week. When they were two months old, heat treatments 

were applied. 

Table 4.9 Treatments applied to 60-day-old blue grama and 75-day-old 
mesquite 

Substance added Temperature (F) Time (seconds) 

1 Water Room temperature 

2 Adenine Room temperature 

3 Adenine 140 (60° C) 3 
4 Water 
4 Water 140 (60° C) 3 

5 Adenine 158 (70° C) 3 

6 Water 158 (70° C) 3 

The adenine solution used in treatments two, three, and five was 
i 

prepared in a concentration of 15 mg per liter. Twenty-five milliliters 

of this solution was added to each pot 12 hours before treatment. One 



hour prior to treatment, another 25 ml of the solution was added to each 

pot and the leaves and stems were sprayed with the same solution until 

completely saturated. 

The plants of treatment one, four, and six received the same 

amounts of water at the same time that the adenine solution was applied 

to the other three treatments. The plants receiving no adenine were 

also sprayed with water in an identical manner. The treatments (Table 

4.9) were applied by subjecting 30 plants to each temperature treatment 

in a laboratory oven for three minutes. 

After treatment, all of the plants were irrigated with the nutritive 

solution and held at room conditions for 20 more days. After this period, 

all of the plants were cut, oven-dried (221 F) and weights determined. 

4.2.3.2 MESQUITE 

The mesquite seeds used in this portion of the study had been 

collected in the vicinity of Sahuarita, Arizona one year before ( 1965). 

These were germinated in plastic boxes and two weeks later replanted to 

pots. A nutritive solution was applied to the plants every other day at 

a rate of about 30 ml per pot. When the plants were 75 days old, the 

heat treatments were applied. 

A preliminary test was conducted to determine whether or not 

adenine was absorbed by the roots and translocated upward when 

mesquite plants were subjected to high temperatures. Mesquite plants 



45 days old were subjected to temperatures of 104 F (40 C), 122 F 

(50 C), 140 F (60 C), and 158 F (70 F) for a period of three minutes. 

Seven plants were used in each treatment. The plants were grown in 

vermlcultie. A week before treatment application, they were placed in 

100-ml jars with the nutritive solution previously cited. Radioactive 

adenine (8-C^ specific concentration of 16 millionths of a gram per 

milliliter of solution) gave the solution an activity of about 7,000 counts 

per minute, per milliliter of solution. 

After treatment the plants were pressed, dried, and placed in 

contact with X-ray-sensitive plates for a period of two weeks. When the 

plates were developed, no indication of translocation out of the roots was 

observed. On the basis of these results, it was decided to apply the 

adenine both in the roots and also as a spray on the foliage. 

The treatment with adenine (method of application, concentration, 

and amount) was carried out exactly as described in the similar experi

ment performed with blue grama. Immediately after treatment, the 

plants were, provided with the nutritive solution and located in the box 

under light. 

All the plants were cut a month later at the cotyledon node. Dead 

parts were detached, and the green, living parts were dried in a labora

tory oven at 105 C for three days. Each plant was weighed on an analyti

cal balance. 



5. RESULTS AND DISCUSSION 

5.1 EFFECTS OF FIRE ON GROWTH OF BLUE GRAMA IN THE FIELD 

When no supplemental fuel was added to blue grama plants, 

maximum burning temperatures occurred at 2.5 cm above the surface 

(Fig. 5.1). With greater amounts of fuel, peak temperatures occurred at 

two above-ground heights: 2.5 and 15 cm. This pattern of temperature 

behavior has been observed by others and may be more closely related to 

the nature and arrangement of the fuel than to total amount of fuel 

(Countryman, 1964; Byram, 1957). 

Five months after burning (November, 1966) total above-ground 

plant production was significantly greater (1% level) from control plants 

than from any of the burned plants. * The average production from non-

burned plants was 21 g (oven dry), and the average production of the 

four treatments was 10 g per plant. All burning treatments decreased the 

annual dry-weight production of blue grama by about half the first growing 

season following the fire. 

Temperatures at ground level and at a height of 2.5 cm were 

similar for the four amounts of fuel used in the experiment (Fig. 5.1). 

*Data were processed statistically in the Numerical Analysis 
Laboratory of The University of Arizona. 
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Temperature at these levels has the greatest influence on the growing 

tips, a fact that explains the lack of any significant differences between 

fuel levels on plant dry weights. 

A decrease of forage production the first season after burning 

has been observed in the desert grassland by Humphrey and Everson 

(1961); Cable ( 1959, 1965); Reynolds and Bohning (1956); Jameson 

(1962); White (1965). However, some of these investigations also 

reported that two seasons after the fire perennial grass production was 

greater than on the non-burned areas. 

In more mesic grasslands, opposite results have been obtained. 

Higher production the first year after burning was observed by Hens el 

(1923) in Kansas, Wahlenburg et al. (1939) in the southeastern longleaf 

pine region, Hilmon and Lewis ( 1962) in Florida, Kucera and Ehrenreich 

( 1962) in Missouri, Duval ( 1962) in Louisiana. However, in many 

mesic situations litter accumulation on the ground surface is limiting to 

grass growth and removal of the litter by fire improves growing conditions. 

This situation does not exist in most of the .desert grassland. 

Some investigators have reported that the ability of plants to 

endure high temperatures is related to enzymatic processes and to the 

type of protein in the plants (Hare, 1961; Langridge, 1963; Laude, 1964). 

Plant resistance to these high temperatures is not constant but varies 

through the year (Jameson, 1961). 



It is also recognized that environmental conditions at the time 

of burning, such as air temperature, humidity, and soil and fuel mois

ture may directly or indirectly affect plant survival (Byram, 1957, 1958; 

Countryman, 1964). In the present study, the burning conditions as 

reported in Table 4.7 resulted in a fire as hot as one can normally ex

pect in this type of grassland and produced what can properly be classi

fied as a severe burn. 

Although production of blue grama was greatly reduced the first 

growing season after burning, no plants were killed even with the highest 

amounts of fuel. This indicates that blue grama is resistant to burning, 

and that its evolution may be related to occasional fires as suggested by 

Komarek (1965). 

There was an average of 26.3 flower stalks per plant for the 

control and 15.5 for the four treatments. Because of the wide differences 

between individual plants, this difference between means was not statis

tically significant, but some overall reduction in flower stalks with 

burning was indicated. The observed lower production and fewer seed 

stalks from burned plants may have been caused by heat injury to some 

of the growing tips of the plants. 

5.2 EFFECT OF FIRE ON PROTEIN CONTENT OF BLUE GRAMA IN THE 

FIELD 

The blue grama plants from all treatments averaged 4.4 percent 
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crude protein. The burned plants averaged 4.2 percent protein with a 

range on individual plants from 4.1 to 4.7 percent. There were no 

significant differences among any of the treatments. 

Regression analyses of total crude protein content (dependent 

variable) on maximum temperatures recorded during burning at four heights 

showed a significant relationship at ground level and at a height of 2.5 

cm above the surface (Fig. 5.2). Regression analyses at 5.0 and 7.5 cm 

above the ground level were not significant when tested at the 5 percent 

level. The slightly higher protein content of plants subjected to higher 

temperatures near the surface when burned was probably the result of 

greater damage to the growing points at the base of the plant which 

resulted in delaying growth until new basal buds were formed. 

The average crude-protein content is lower than was reported for 

blue grama in New Mexico (Watkins and Repp, 1964) and Oklahoma 

(Webster et al. 1963). Some variation of protein content in blue grama 

or other grasses due to location and time is to be expected. Environ

mental conditions can account for such differences but the great genetic 

variation of this species may also be an important factor (Fults, 1942; 

Riegel, 1943; Olmsted, 1952; Snyder and Harlam, 1953; McMillan, 1959a, 

1959b; Watkins and Repp, 1964). 

Several investigators have found that grass regrowth following 

burning had a higher total crude-protein percentage than non-burned 
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plants from the same area (Green, 1935; Plowes, 1957; Mes, 1958; and 

Smith and Young, 1959). It is possible in the present study that a higher 

protein content existed in the regrowth in the early part of the growing 

season but this was not evident in the analysis of material collected 

near the end of the season. Petinov and Razmaev (1961) reported a high 

rate of proteolysis in the aerial parts of corn and wheat plants during the 

heating period and a subsequent accumulation of proteolysis products in 

the roots. They also observed that there was no proteolysis in the roots 

during the heating period but rather a protein synthesis. Therefore, the 

roots may show a higher level of protein following burning. Thus, high 

protein levels might be expedited in the young tissues when regrowth 

starts. 

5.3 EFFECT OF HIGH OVEN TEMPERATURES ON POTTED BLUE GRAMA 

AND SIDEOATS GRAMA PLANTS 

The temperatures observed in this study were not high enough to 

kill blue grama, and only 50 percent of the sideoats grama plants were 

killed at the highest temperature-time levels used. Jameson (1961) 

reported that lower temperatures killed tissue of both grama and sideoats 

grama under field conditions, but even in the same species, regardless 

of the genetic strain, very different results can be obtained by changing 

the environmental conditions around the plant at the time heat is applied 

(Byram, 1957; Countryman, 1964; Hare, 1961; Laude, 1964). 



There was no mortality of blue grama plants even when the plants 

were subjected to 176 F for three minutes. Mortality was 50 and 20 per

cent for sideoats grama plants subjected to 176 F for three minutes and 

one minute, respectively. Thirty-percent mortality of sideoats grama 

was recorded for plants held for three minutes at a temperature of 158 F 

but little injury at any lower temperatures. 

The dry weights of the herbage of blue grama and sideoats grama 

harvested two and one-half months after being subjected to oven tempera

tures are shown in Figures 5.3 and 5.4. Weights were significantly less 

for plants subjected to high temperatures than from plants subjected to 

lower oven temperatures at the five percent level for blue grama and at 

the one percent level for sideoats frama (based on an analysis of vari

ance). Differences among treatments were tested by the Duncan multi

ple range test and are given in Appendix B. 

Dry weight regrowth of blue and sideoats grama after high tempera

ture treatments were directly related to the intensity of the temperature 

applied (Figures 5.3 and 5.4). The higher plant weights obtained with 

a few of the temperature treatments compared to the control treatments 

is not significant. A temperature of 158 F for one minute reduced herbage 

yield of blue grama (Fig. 5.3) but did not have a statistically significant 

effect. Exposure for three minutes at this temperature affected dry weight 

sufficiently to be significant for plants cut two months after the treatment. 
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Plants subjected to 176 F temperatures for one and three minutes did 

not show any difference in dry weight from plants similarly treated at 

158 F. 

Sideoats grama was more sensitive to high temperatures (Fig. 5.4). 

Plants exposed for three minutes to 140 F had a significantly lower dry 

weight than those of the control. There was also a significant and gradual 

weight decrease with increase in temperature. The higher temperatures, 

three minutes at 158 F and one minute at 176 F, had identical effects on 

the plants. 

Dry weights of blue grama herbage regrowth were higher after the 

higher temperature treatments than those of sideoats grama treated at 

the same temperature (Figs. 5.3 and 5.4); also, mortality of blue grama 

was lower than that of sideoats grama. These results indicate that blue 

grama is more resistant to high temperatures than sideoats grama. 

The principal causes of tissue damage and death were summarized 

by Belenhradek (1935), Hare (1961), Langridge ( 1963), Laude (1964), 

and Leopold ( 1964). Accelerated breakdown of metabolites, imbalance 

between destruction and synthesis reactions, and reversible and irrever

sible heat inactivation of enzymes have been considered as the main 

factors involved in heat damage. Several studies have been reported 

(Langridge, 1963) of plant resistance as related to heat stability of 

enzymes and differences due to the structure of the protein. 



Heat-resistant proteins have a more effective hydrogen bonding. Levitt 

( 1956) suggested that the development of heat hardiness may result from 

an increase of cytoplasm viscosity and a resultant higher degree of water 

binding in the cells. Biochemical adaptations of this kind may account 

for the observed differences in resistance of blue and sideoats grama. 

Blue grama dominance in the desert grassland is a recognized 

fact (Griffiths, 1912; Sampson, 1924; Shreve, 1942). Since heat and 

drought resistance are often related (Levitt, 1956), this dominance may 

also be explained by the higher drought resistance of this species com

pared with sideoats grama. In addition, McGinnies and Arnold ( 1939) 

observed that blue grama was more efficient than sideoats grama in the 

use of water. If the desert grassland was originally subjected to periodic 

burning, the resistance of blue grama to higher temperatures than side

oats grama might be an important, factor involved in this dominance. 

Less herbage production after high temperature would appear to be 

a result of the physiological damage previously described. Carbohy

drate depletion caused by inactivation of enzymes at high temperatures 

has been reported in several grasses (Sullivan and Sprange, 1949; Petinov 

and Ramzev, 1962). This could also be a possible explanation of the 

observed fact, together with all the possible injuries caused by heat to 

the biochemical systems. 

The protein content of blue grama and sideoats grama were signi

ficantly different among treatments (at the one-percent level based on 
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analysis of variance). Differences among means were tested by the 

Duncan multiple range test and are given in Appendix A. The treat

m e n t  m e a n s  a r e  p r e s e n t e d  i n  F i g u r e s  5 . 5  a n d  5 . 6 .  

Protein content of the blue grama leaf tissue from potted plants 

subj ected to oven temperatures reacted in a manner similar to that of 

blue grama burned under field conditions. Protein was significantly 

increased (in the field experiment there was no significant increase) 

directly with the amount of heat (temperature-time) applied until a peak 

was reached at 158 F, then decreased slightly (Fig. 5.5). The de

crease was not significant. 

No significant difference in protein content could be detected be

tween the control and temperatures of 140 F (three minute) and 176 F 

(three minutes); however, intermediate temperatures of 150 F and 176 F 

produced a plant reaction that resulted in a higher amount of protein. 

These trends are shown in Fig. 5.5; however, the increase of protein 

percent in the low temperature treatments masked the real difference. 

Sideoats grama appeared to be more sensitive than blue grama to 

the heat stimulus as reflected in higher protein levels with high tempera

ture treatments. The rate of increase in protein with higher temperatures 

w a s  g r e a t e r  f o r  s i d e o a t s  t h a n  f o r  b l u e  g r a m a  ( F i g s .  5 . 5  a n d  5 . 6 ) .  

The possible causes of protein increase noted in this phase of 

the study are presumably the same as described in section 5.2 for blue 
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grama under field conditions. 

The responses of blue and sideoats grama in relation to dry 

weight, mortality, and protein content were obtained under the experi

mental conditions reported in Tables 4.5 and 4. 6 and with plants grown 

from seed. It is probable that significantly different results might be 

expected if the environmental conditions were varied, especially the 

humidity, soil moisture, soil and air temperature, and time of treatment. 

Even greater differences might be introduced by using the ecotypic vari

ations of these grasses reported by Riegel, 1943; Olmsted, 1952; Snyder 

and Harlan , 1953; McMillan, 1959a, 1959b; Gould and Kapadia, 1964. 

5.4 EFFECT OF ADDED ADENINE ON THE HIGH-TEMPERATURE-INJURY 

SUSCEPTIBILITY OF 6O-DAY-OLD BLUE GRAMA 

Dry weight of blue grama plants 20 days after being subjected to 

temperature and adenine treatments showed a statistically significant 

difference among the treatments at the one-percent level. The difference, 

however, was between control plants and those heated to 140 F or 158 F 

and not between plants treated with adenine and those treated with water. 

The control plants averaged 0.35 g in weight, those at room 

temperature with the adenine added averaged 0.32 g in weight. The other 

four treatments represented high temperatures with water or adenine added 

(Table 4.9). The average weight of blue grama herbage was 0.19 g for 

these treatments and these did not differ significantly from one another. 



91 

According to these results and under the conditions reported adenine 

appeared to be ineffective in preventing heat damage to blue grama. 

Results of previous experiments indicate that adenine is a limit

ing physiological factor when plants are under the influence of abnormal

ly high temperatures. This was reported by Galston and Bonner ( 1949) 

in etiolated peas, Bonner (1957) in Lemna. Highkin (1957), in peas, and 

McElroy and Mitchell (in Kurtz, 1958) for Neurospora. Molotkovskii 

(1961) noted the activity of the enzyme adenosine triphophatase in cells 

of peas and squash when exposed to high temperatures (40 and 50 C). 

Conversely, a lack of any significant effect when adenine was 

added was reported by Lockhart (1958) in Alaskan peas,, Langridge 

and Griffin (1958) using garden peas suggested that this was due to a 

failure to apply the proper metabolite or to antagonism between metabo

lites when applied in mixtures. Laude (1964) also suggested that diffi

culties involved in the penetration of substances into the plant might help 

to account for lack of any significant effect. 

5.5 EFFECTS OF FIRE ON MESQUITE 

In general, the highest temperatures were obtained in this field 

study at ground level and decreased with height (Table 5.1). Air tempera

ture at time of burning, except for plot eight, was in the high 90's with a 

relative humidity of about 30 percent. The wind speed in general was 

low (Fig. 3.5). Marked changes of these atmospheric conditions would 
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Table 5.1 Mean temperatures3 (F) at three heights above ground level 
by using three different amounts of fuel 

No. 
Treatments 

Amount of fuel 
(tons/ha) 0 cm 

Height above Ground Level 

15.24 cm 30.48 cm 

1 3 545.1 479.9 384.9 
2 7 540.2 494.7 396.7 
3 10 684.0 636.8 578.4 

aAverages of maximum temperatures recorded on east and west sides of 
trees. 

presumably result in large differences in the maximum temperatures 

obtained with the same amount of fuel as was observed by Iwanami and 

Itzumi ( 1966b). 

Higher fire temperatures at ground than at other levels have been 

reported also in forest and shrub fires (Hare, 1961; Whittaker, 1961; 

Countryman, 1964. However, the opposite situation, lower temperatures 

at ground level, have been reported by Ito and Iizumi (1960). Whittaker 

(1961), Kuceraetal. (1963), and Iwanami and Iizumi (1966b). This 

phenomenon depends to a great extent upon fuel moisture and fuel arrange 

ment ( Byram, 1957). In the desert grassland, the grass fuel is concen

trated in a space a few centimeters above ground level and typically has 

enough oxygen between the highly flammable leaves and stems to produce 

a characteristic flash fire. The three combustion phases described by 

Byram (1957) take place in a short time, mainly because the preheating 

phase is rapid due to the nature of the fuel. 



The barley straw added to supplement the natural fuel had an 

average moisture content of 6.54 percent but did not burn completely, 

apparently because of its arrangement. By using supplemental fuel of 

native grasses, it might be possible to obtain higher temperatures under 

the same environmental conditions. Maximum temperatures obtained in 

this study were lower than those obtained by Iwanami and Iizumi ( 1966a) 

when they burned a native grassland with comparable amounts of fuel 

even though they had lower air temperatures and higher relative humidities 

at time of the burning. Temperatures were in about the same range as 

those recorded by Whittaker (1961) and Kucera et al. (1963) but above 

those obtained by Wright and Klemmedson ( 1965) who used artificial fuel. 

Temperature data recorded on the east and west sides of each 

tree during the burning showed a tendency toward higher temperatures on 

the leeward side of the tree than on the windward side. This tendency 

was observed in all the burned plots; the wind was from east to west 

while plots two and three were burning and from west to east during the 

burning of plots six and eight. This situation of higher temperatures 

on the leeward side of trees has been commonly observed during forest 

fires and was explained by Hare (1960) as a chimney effect produced by 

the stem protection thus creating a convection column carrying up flames 

and heat. 
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Temperatures at ground level and at two heights above it were 

correlated with the amount of fuel around the base of the trees. Re

gressions between amount of fuel ( independent variable) and tempera

ture (dependent variable) at 0, 15.24 and 30.48 cm above the ground 

level were significant at the one-percent level. The numerical relations 

and the calculated curves are shown in Fig. 5.7. 

This should be a predictable correlation because more heat may 

be expected to be liberated as more fuel is ignited under an abundant 

supply of oxygen (Byram, 1957). Conversely, however, some re

searchers have indicated decreasing efficiency of the combustion rate 

when higher amounts of fuel are burned (Byram, 1957; Countryman, 1964; 

Kayll, 1966). 

5.5.1 ELECTRICAL RESISTANCE DETERMINATION 

Electrical resistance was determined in one branch of each burned 

mesquite tree. The resistance values were standardized as a function of 

branch volume. The analysis of variance did not show any relation be

tween electrical resistance, amount of fuel, and tree diameter. 

Regressions between electrical resistance (dependent variable) 

and temperature (independent variable) at 15.24 and 30.48 cm were 

significant at the five-percent level. Equations and curves are shown 

in Fig. 5.8. The regression between electrical resistance and maximum 

temperatures at ground level was not significant at the five-percent level. 
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Electrical resistance determinations were too insensitive to 

detect differences of tissue damage between treatments and between 

tree sizes, but tissue damage reflected by electrical conductivity was 

correlated at 15.24 cm and 30.48 cm above ground level. There was no 

correlation between electrical resistance and temperatures at ground 
( 

level despite the fact that maximum heat intensities were recorded at 

this level during the burning. 

The correlation coefficients of the regressions decreased inverse

ly with height. The only apparent explanation for such a relation is the 

distance between the area of heat application and the point of electrical 

resistance determination. Apparently with a decrease in this distance, 

the correlation is increased regardless of intensity of the applied heat. 

Water movement out of the tissues by effect of high temperature and 

expressed as a function of time could be an important factor. 

The instrument used in the electrical resistance determinations 

had shown an apparently adequate sensitivity when previously tested in 

the field. The lack of significant differences in the analysis of vari

ance may be due to many factors, principally the fact that tissue damage 

as a function of its water content was not appreciable at the time of the 

determination, because sufficient time had not elapsed for the plant to 

balance its physiological functions after the fire. In a previous study of 

this phenomenon, Hare ( 1960) observed that "electrical conductivity in 

the cambial region was found to decrease within a few days after the 
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cambium had been killed by heat". . . His electrical-resistance 

determinations were made five days after burning. 

In the same study, Hare (1960) reported the effect of tempera

ture variation on the electrical resistance determinations. Data in the 

present study were taken on a day with a large temperature variation. 

Conditions varied from sunny to cloudy and even a light rain fell for a 

few minutes during the afternoon. 

The advantages of the electrical-resistance method to evaluate 

tissue damage and death in desert-grassland fire-ecology studies will 

justify more use in the future. Experience gained in the present study 

suggests the following as potentially useful leads: determinations at 

different time periods after burning, detailed records of environmental 

conditions at the time of the determination and adjustment to compen

sate for their possible effects, more replications of the readings, and 

determinations at several tree heights including the stem base. These 

might provide the answer to more effective use of this method. 

5.5.2 DAMAGE EVALUATION 

Tree damage after burning during the growing season at three fuel 

levels was significantly different at the one-percent level. 

Trees burned with ten tons of fuel per hectare were 63.6 percent 

damaged, and those burned with seven tons of fuel per hectare were 37.6 

percent damaged. These were significantly different. Trees burned with 



three tons of fuel per hectare were damaged 52.2 percent, a value not 

significantly different from the damage at either the higher or lower fuel 

levels. Trees that appeared dead were also .grouped by treatments, but 

some of these trees showed basal sprouting (Fig. 5.9) at the time of the 

observation (45 days after the fire). 

The use of low and medium fuel amounts produced different amounts 

of damage but in reverse ratio to what might be expected. Three tons of 

fuel per hectare resulted in a tree damage of 52 percent and 7 tons of fuel 

produced an average damage of only 38 percent. This may be explained 

by random experimental error due perhaps to the varying amounts of natural 

fuel that were present. In this study 14 percent of the trees were killed 

with the higher amount of fuel, and the low amount killed 20 percent. 

The twelve mesquite trees burned with natural fuel (about two 

tons per hectare) showed 90 percent above-ground killing and low (about 

25 percent) sprouting level. 

The percentage of damage to the above-ground parts of the trees 

was also influenced by diameter size. 

The trees damaged most severely were those with a basal stem 

diameter of 5 cm or less. Damage was 85.8, 43.9, and 23.8 percent for 

trees with basal stem diameters of less than 5, 5 to 10, and exceeding 

10 cm, respectively. These treatment differences were significantly 

different from each other at the one percent level. Basal sprouting from 



100 

80 

70-

60-

50-

40 -

30-

20 -

10-

• DAMAGE TO THE TREES 

If DEAD TREES ABOVE GROUND 

BRANCHES DEAD BUT TREE 
SPROUTING FROM BASE 

—152.2 

8$ 
y:y>* 

2 iy' 

Ill VitV.' « 1 
* Af\ i 

P 

34.0 

iT77 
* / /  
f / /  V/ /// '•/ '// 
>•/ 

'//, 

'/•< 

/ / ,  
k / / <  

» / /  

19.0 

37.6 

Hi 

S 

22.0 
7 7  

/// 
/// 
/// 
/// 
<// 
//• 

/ / /  
^ / /  
/ / /  
t f /  
f / s  
t / s  
t / *  

'// '// V/ V/ '•/ 

19.0 

63.6 

ftp 

m 

If 

if# 
$1 
V\'v/> !»•»•'*»'! 
i\V» 

$>*3& »$rV 

V© 
*iS'A 

Ifl 
$!§f 
*̂V;' 

?*v; 

47.0 

/•/ 

/// 
t / /  

//• 

' / /  
' / /  
f / /  
/•/ 
/// 
/// 
//• 
/// 
/•• 
f// 
'// 
' / /  
f / /  
/// 
/// 
/// 
f / S  

//• 

t / s  

t / s  
'// 
^// 
<// 

33.0 

3 7 10 

AMOUNT OF FUEL (tons/hectare) 

Fig. 5.9 Percentage of plant damage, trees dead above the ground level, 
and sprouting trees observed during the first growing season 
after burning with three levels of fuel. 



101 

the trees that appeared dead above the ground were summarized for each 

basal-diameter group (Fig. 5.10). Sprouting was greatest for the small 

trees in which the damage was greatest. 

Glendening and Paulsen ( 1955), using less fuel than was 

employed in the present study, killed 52 percent of the mesquites 

smaller than 0.5-inch basal diameter and 15 percent of the plants larger 

than this. The mesquite top damage observed by these investigators was 

also lower than that obtained in the present study, but they adjusted 

the dry fuel to only 800 pounds per acre, less than one third the lowest 

amount of fuel used here. In relation to fuel used, therefore, their re

sults were more effective, particularly the damage reported from a fire 

in June. 

Reynolds (1956) burned a grassland under controlled conditions 

in the middle of June. The fire killed 14 percent of the mesquite with a 

diameter less than two inches, 10 percent with a diameter between two and 

six inches, but none of the trees with a diameter larger than six inches. 

Controlled burning was done in the middle of June in a desert grassland 

using 600 pounds per acre of available fuel. 

Blydenstein ( 1957) evaluated the effect of a prescribed burn in 

summer and an accidental burn in winter in a southern Arizona desert 

grassland. In both cases, complete killing was restricted to trees 

below one-inch basal diameter. He did not report the amount of fuel in 
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the burned pastures but probably it was low, since the mesquite damage 

is one of the lowest reported. 

Cable (1965) studied an accidental fire on the Santa Rita Experi

mental Range. Mesquite trees in a pasture burned with 4,880 pounds 

per acre of fuel had an average mortality of 25 percent. About 30 percent 

of the trees with a basal diameter of 0 to 0.5 inches were killed, about 

25 percent of those of 0.5 to two inches, and about 17 percent in 

those ranging from two to six inches. Another pasture with about half the 

amount of fuel had a total mesquite mortality of only eight percent. This 

illustrates the difficulty of predicting the effects of fire on mesquite and 

the necessity of investigating the problem in detail. The 25 percent kill 

reported in this last study is the highest damage ever observed on mes

quite trees. Unfortunately, neither atmospheric conditions nor fuel 

moisture were recorded in any of these studies. 

The results obtained in the present experiment agree with those in 

the previously reported studies. Damage to mesquite by fire is usually 

inversely related to the basal diameter of the plant. Two principal factors 

are involvedJLn this relation. Insulation of younger stems by the bark is 

less than for larger stems, and the amount of fuel under natural conditions 

is usually inversely related to mesquite size. 

One of the major problems encountered during burning in the 

desert grassland is the discontinuity of the grass cover and its 
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inefficiency in carrying fire. Under medium and large mesquite trees, 

there may be little fuel as shown in Fig. 5.11. This circumstance may 

often be the limiting factor in the control of old mesquite stands by fire. 

When dead wood around the stems was ignited, high temperatures 

were produced during the burning and contributed to conspicuous damage 

to the trees. This is an important factor to be considered in prescribed 

burning. 

The aspect of two mesquite plants before and after burning are 

illustrated in Figures 5.12 to 5.13. 

5.6 MESQUITE AND OAK-DIAMETER, AGE, AND BARK THICKNESS 

RELATIONSHIPS 

Mesquite diameter, bark thickness, and age determinations were 

analyzed for two sites. Oak was studied on a third site, but age was 

not determined. 

The regression of bark thickness on diameter was significant at 

the one-percent level for measurements made on mesquite trees from the 

Cananea and Santa Rita field studies and also for oak trees from Box 

Canyon. The regression lines are shown in Fig. 5.14. The regressions 

of bark thickness on age and diameter on age were also significant at the 

one-percent level (Figs. 5.15 and 5.16). 

There were appreciable differences between the diameter and 

bark-thickness ratios of the mesquite populations from Cananea and 



Fig. 5.11 Typical mesquite tree with little herbaceous vegetation 
around the base. 
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Fig. 5.12 A large mesquite (basal diameter more than 10 cm) before 
burning (above) and one year after burning (below). This 
tree was completely killed. (Photographs courtesy of 
R. R. Humphrey). 
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Fig. 5.13 A large mesquite (basal diameter more than 10 cm) before 
burning (above) and one year after burning (below). This 
tree was damaged but not killed. (Photographs courtesy of 
R. R. Humphrey) 
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those from the Santa Rita Experimental Range. These differences may be 

related to ecological conditions or to mesquite ecotypes as has been 

found with other physiological and morphological features (Peacock and 

McMillan, 1965). It is possible that interaction of the habitat and the 

genetic characteristics of the plant may give rise to differences in the 

bark growth pattern. 

Hass and Steger ( 1965) reported a high correlation between radial 

growth and stem elongation of mesquite with moisture content and precipi

tation in Texas. In mesquite samples from Cananea, several unsuccessful 

attempts were made to relate ring width from the same year in different 

mesquite samples based on the assumption that the precipitation of a 

particular year influenced the annual growth increment in the same 

manner. McGinnies (1967) was unable to obtain significant correlations 

between growth increments of mesquite and range herbage production. 

He obtained coefficients of correlation of 0.17 and 0.37. 

As should be expected, samples of the same size may be of 

different ages as can be seen in Fig. 5.17 in samples 31, 33 and 

34. This indicates the necessity of studying a large number of samples 

to obtain reliable results in studies of this kind.' 

5. 7 BARK HEAT TRANSMISSION IN MESQUITE AND OAK TREES 

Heat transmission was evaluated by using the ratio between the 

area temperature-time determined at the outside (bark surfaces) and the 



5.17 Typical mesquite cross sections taken at the base of trees cut near Cananea, 
Sonora. The radial dots represent annual growing periods and the peripheral 
figures show the total age represented. The larger number tags are sample 
numbers. 
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inside (cambium) temperature as described in the methods section. 

No significant amount of variation was accounted for by regressions of 

the temperature-time ratio on either bark thickness or basal stem dia

meter for either mesquite or oak. The means are shown in Figures 5.18 

and 5.19. 

Hastings and Turner ( 1965), in discussing the effects of fire in 

the desert grassland and adjacent vegetation types, raised the question 

of why past fires were able to keep mesquite out of the desert grassland 

while they were not able to keep oak out of the adjacent oak-savanna. Fuel 

is certainly not a limiting factor, since both types have the same continu

ous grass matrix, and, as the oak savanna is typically adjacent to the 

upper edge of the desert grasslands, fires can move easily upslope. 

Humphrey ( 1966) answered the questions as follows "The authors 

do not appear to have considered fully the differences in susceptibility to 

fire damage between mesquite and oak. They make the apparent assump

tion that thin-barked mesquite and the relatively thick-barked oak are 

equally easily damaged." 

Phillips ( 1912) noted the effective thick-bark protection against 

fires of old emory oak trees in southern Arizona; he also noted the relative 

susceptibility to damage of the young trees. Johnson et al. (1962) 

reported on fire damage and mortality of oak trees after a wild fire in the 



50 

45 

40 

35 

30 

25 

20 

15 

10 

5 

. 1 8  

J  I  

0AK__ 

MESQUITE, 

~i i i 
5 10 15 20 25 

BASAL STEM DIAMETER (cm) 

3< 

Relationships of temperature-time ratios on the basal sten 
diameter of mesquite and oak trees. 



115 

MESQUITE 

10 II 
BARK THICKNESS (mm) 

Fig. 5.19 Relationships of temperature-time ratios on the bark thickness 
of mesquite and oak trees. 



116 

same region but said that there were no experimental data on the bark 

insulation properties of either oak or mesquite. 

The ratios between basal diameter and bark thickness are con

spicuously different in mesquite and oak (Fig. 5.14). Bark thickness 

is an important characteristic influencing the thermal properties of the 

bark (Spalt and Refsnyder, 1962). This importance was expressed 

by Hare ( 1965a): "The significance of the exponential effect, if it holds 

in natural fires, is that a small increase in bark thickness may provide 

a surprising amount of protection." Martin ( 1963b) concluded that 

knowledge of diameter-bark thickness ratios will simplify the evaluation 

of heat flow into stems. 

If we accept heat resistance as a function of bark thickness 

(Harem, 1965a), the cambium tissue of an oak tree would have better 

protection than the same tissue of a mesquite tree of equal diameter. 

The thermal properties of the bark most important in heat transfer 

are thermal conductivity, specific heat, and thermal diffusivity. The 

factors other than thickness that influence bark thermal properties are 

moisture content, density, and chemical composition (Spalt and Refsnyder, 

1962). Moisture content, density, and temperature accounted for most 

of the variation in the thermal properties as indicated in a series of de

terminations made by Martin ( 1963a). 
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All these factors were roughly evaluated in the present study 

with reference to mesquite and oak barks. Heat input (temperature-

time) on the bark was compared with a similar value at the cambium. 

The ratio between these provided an index of bark insulation i.e., high 

values of these measurements indicated a low level of heat conduction 

whereas low values indicated a higher level and consequent poorer insu

lation. When trees of similar diameter were compared, the higher values 

related to the species with a higher degree of insulation and presumably 

with a higher resistance to fire. In Figures 5.18 and 5.19, despite the 

variability obtained from the mesquite samples, the mean values occur 

at conspicuously different levels. Although bark thickness of oak is also 

greater than that of mesquite, the differences in thermal conductivity 
I 

were influenced, at least in part, by factors other than bark thickness. 

The high variation in the results obtained here can be accounted 

for mainly by the following factors: (a) lack of uniformity in the burning 

rate of the propane torch used; (b) size of the heat source (Hare, 1965b); 

(c) effects of wind, and changes in the environmental temperatures 

during the heat-application period (Hare, 1965b); (d) differences in 

moisture content in the bark (Martin, 1963a);, (e) a possible error that 

might have occurred whenever at least two or more determinations were 
i 

made in the same tree, since tangential conductivity is always greater 

than radial conductivity (Martin, 1963b); and (f) as there was a 
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10-secohd lag in recording speed of the potentiometer between points, 

some information about temperature changes probably was not recorded. 

Future determinations of moisture content and bark density will 

provide more knowledge about the thermal properties and differences 

of mesquite and oak trees. 

5. 8 EFFECT OF HIGH OVEN TEMPERATURES ON THREE- AND ELEVEN-

MONTH-OLD POTTED MESQUITE PLANTS. 

Evaluation of damage produced by high oven temperatures was 

made three weeks after application of the high temperatures. Treatments 

are given in Table 4.7. The differences in damage produced by the treat

ments on both the 3-month and the 11-month-old populations were signifi

cant at the one-percent level. The data are shown in Figure 5.20. Dry 

weight was also analyzed and data are shown in Figure 5.21. The differ

ences among treatment means were tested with the Duncan multiple range 

test and are presented in Appendix C. 

Mortality of mesquite plants of either age group was very small, 

even at the highest temperature (176 F for 3-month-old plants and 185 F 

for 11-month-old plants). Therefore, an additional test was made with 

five plants of each population subjected to 203 F for one minute and 

another with five plants from each population at 212 F also for one 

minute. 
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method that was not used in the present study because the rate of plant 

recuperation to heat was also studied. 

Environmental conditions during heat treatments in the field have 

been observed to have a great importance on plant reactions (Jameson, 

1962). He reported a significant correlation between lethal temperatures 

and depression of a wet-bulb thermometer, vapor pressure deficit, air 

temperature, soil moisture, and tree moisture in two juniper species. 

Heat resistance was inversely correlated with wet-bulb depression. The 

soil moisture averaged about 12 percent which was about twice that 

usually encountered in desert-grassland soils at the time of the year 

when the field burning studies were made. 

The plant damage curves for 3- and 11-month-old mesquite popu

lations were not linear at the temperature levels studied (Figures 5.20 

and 5.21). Temperatures from 120 to 140 F had very little effect on 

plants of either age, but plant damage increased sharply as the tempera

ture was raised higher than 140 F (Figure 5.20). The plant-damage-

temperature curve of the older mesquites shows a plateau at 175 F; this 

plateau was present at lower temperatures for the younger mesquite 

plants. The plant damage-temperature curves indicated three well-

defined stages of damage. 
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5.9 EFFECT OF ADENINE ON HIGH-TEMPERATURE-INJURY 

SUSCEPTIBILITY OF 75-DAY-OLD MESQUITE PLANTS 

Adenine, applied to mesquite in an attempt to prevent injuries 

caused by high temperatures, produced significant results. Mean dry 

weight calculated for each treatment was tested by the Duncan multiple 

range test with the following results: 

Table 5.2 Ranked treatment means of dry weight a month after subjecting 
75-day-old mesquite seedlings with water or adenine at high 
temperatures in an oven for three minutes 

Treatments 
F 158 RTa 140 RT 158 140 
added substance adenine adenine adenine water water water 

Weight 
g 0.271 0.265 0.253 0.253 0.137 0.130 

b 

aRT = room temperature 

. Means underlined by the same line are not statistically different at 
the one percent level by Duncan's multiple range test. 

Mesquite dry weight was significantly decreased by subjecting 

the plants to high temperatures. Adenine did not affect the dry weight 

of plants at room temperature; however, it did when the plants were 

subjected to 158 and 140 F for three minutes. These differences indicate 

that the shortage of adenine at high temperature may be one of the causes 

of physiological injury to mesquite trees during fires. The addition of 

adenine may result in partial or complete thermal inactivation. 
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Similar conclusions regarding the effects of adenine supplied to 

plants under high temperature stress have been reported by Galston and 

Bonner ( 1949), Bonner ( 1957), McElroy and Mitchell (In Kurtz 1958), 

Molotovskii (1961), and Kessler ( 1959). The apparent lack of effect 

of adenine on blue grama plants at high temperatures in the present study 

may have been due to inadequate penetration of the substance into the 

plant system as mentioned by Laude ( 1964). The use of radioactive 

tracers in the present study indicated little penetration of adenine 

through mesquite roots. 

5.10 HEAT TRANSMISSION IN THE SOIL 

Heat transmission in the soil is an important facet of most 

ecological studies dealing with fires in the desert grassland. Mesquite 

trees killed above the ground by grass fires frequently sprout from the 

underground buds as has been observed both in the present study and in 

most previous experiments on this subject. As these buds are rarely 

killed by grass fires, it is evident that the insulation provided by the 

soil protects the meristematic tissues from lethal temperatures. The 

soil may similarly protect grasses which are burned above the ground but 

which grow again from the protected basal buds. 

The average maximum soil temperatures produced by the three 

amounts of fuel tested as determined by chemical pyrometers at depths 

from one to seven millimeters are shown in Figure 5.22. 
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The soil of the study area was a sandy loam (Table 3.2) and 

the average soil moisture of the four plots before burning was 7.4 

percent. 

A year later, when individual blue grama plants were burned, 

temperatures were recorded at 2.5 cm below the ground surface by 

introducing a thermocouple to this depth, with little disturbance of the 

soil profile. The average moisture (Table 4.2) was about 2.2 per

cent. 

A regression analysis was made between temperature at ground 

level and underground temperature in order to evaluate heat trans

mission in the soil. The regression showed a significant relation 

between both temperatures at the one percent level of confidence. 

The equation and its graphical representation are shown in Fig. 5.23. 

Heat transmission into the soil was very low but was closely related 

to the surface temperature. 

The low rate of heat penetration observed in the present study 

agrees with previous determinations reported by Heyward ( 1938), 

Beadle ( 1940), Austin and Baisinger ( 1955), Sweeney ( 1956), and 

Norton and Garity ( 1965) for other soil types. 

The burning was accomplished during the driest period of the 

year when the soil moisture was at its minimum level. In any other 
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season, one could expect even lower heat penetration, since wet 

soils are better insulators because of the high rate of heat absorbed 

by the water (Hey ward , 1938). 



6. CONCLUSIONS 

This study has shown that blue grama is resistant to high 

temperatures under field and greenhouse laboratory conditions. It has 

a higher resistance than does sideoats grama. 

Since the desert grassland was and still is exposed to periodic 

fires, this heat resistance may help to explain the dominance of blue 

grama over extensive areas. In addition, however, because heat 

resistance is often related to drought resistance, blue grama may 

be more drought resistant than sideoats grama and consequently 

may be the better adapted of the two to survival during periods of 

protracted drought. 

Susceptibility of mesquite trees to fire has been found to be 

inversely related to basal tree diameter. Fire is moderately effective 

in the control of mesquite trees with a basal diameter of 5 cm or less, 

none of which in this study were more than 15 years old. The control 

by fire of mesquite trees larger than this was relatively ineffective. 

Two main factors seem to be involved in this differential killing: pro

tection of the stem by a thicker and obviously better insulating bark for 

older trees and the amount of fuel found around the stem. This latter 

item is inversely correlated with mesquite size. 
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Fire as a range management tool to control mesquite can be 

recommended for the most part only in recently mesquite-invaded 

pastures. Situations of this sort may typically be expected to have 

mesquites of basal stem diameter no larger than 5 cm and with a dense 

grass cover and abundant dry material (not less than 700 kilograms 

per hectare, air-dry basis). 

The burning of moderately high accumulations of natural grass 

fuel do not significantly affect the vigor of blue grama plants after the 

first year, even when burning was carried out in the driest time of the 

year. Burning operations on blue-grama ranges, therefore, may be plan

ned with the primary objective of destroying mesquites and other native 

woody plants without undue concern about the possibility of killing 

blue grama. 

The possibility of a temporary decrease in the production of blue 

grama of up to half of its potential during the first growing season after 

fire and of such other fire side effects as a temporary increase in erosion 

and probably moisture depletion in the upper portion of the soil profile, 

must be taken into consideration in deciding periods between prescribed 

burnings in the same pasture. 

Fires occur most commonly in the desert grassland during the 

late spring and early summer. Mesquite plants that germinated the 

previous summer (about 11 months old) will be more likely to survive 

these fires than seedlings germinated by the winter or early spring 
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rains of that year (about three months old). This conclusion is based 

on the assumption that the differences in heat resistance recorded for 

plants of these ages grown under greenhouse-laboratory conditions are 

typical of those growing naturally in the field. 

Heat resistance in mesquite as in many other trees increases 

with age. An increase in lignification and bark thickness protects the 

meristematic region against physical damage and from the excessive 

heat of possible fires. This physical shield is probably one of the main 

factors involved in the resistance of these plants to fire. Biochemical 

changes within the cells are also suggested as a possible factor that may 

be of importance. 

The bark of oak trees of the oak woodland adjacent to the desert 

grassland has been shown to have markedly higher insulation properties 

than that of mesquite trees of the same diameter. Oak trees have a 

higher bark thickness to basal stem diameter ratio than mesquite trees; 

a circumstance which, of itself, can account for some of the difference 

in insulation. In addition to bark thickness, the oak bark appears to 

have other characteristics that facilitate its insulatability. 

Because of these differences in insulation effectiveness, one 

can expect more fire damage on mesquite trees than in oak trees of 

similar diameter. The existence of this oak savanna in a region exposed 

to man- or lightning-produced fires may be due in large part to 
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the relatively high bark protection against fire damage. 

Detailed studies under laboratory conditions on this subject are 

highly recommended for a better understanding of the bark characteris

tics of these two species in relation to fire resistance and as a basis 

for better understanding the ecological implications of differences in 

fire resistance of mesquite and oak. 

The addition of adenine to blue grama and mesquite plants sub

jected to abnormally high temperatures did not increase the resistance of 

blue grama to heat damage. In the case of mesquite, the damage was 

partially prevented when this metabolite was added to mesquite seedlings. 

Adenine deficiency is concluded to be one of the probable causes of 

mesquite damage and killing by high temperatures. 

This study was designed as a preliminary survey in this interes

ting field of physio-ecology. It was not designed to determine the 

mechanism of adenine functioning in biological systems; however, the 

positive results obtained with mesquite suggested that more detailed 

studies using other basic plant metabolites and combinations of them 

might lead to a better understanding of heat damage to the cell at in

tensities below protein coagulation. These additional studies seem 

necessary, especially for plants naturally growing in environments where 

fire is sometimes a factor. 
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Heat transmission rates in a typical desert grassland soil were 

found to be consistently low by using two different methods in two 

different years. Heat damage produced by fire in such underground 

plant organs as roots and buds, buried seeds, soil microorganisms, or 

the soil profile are assumed to be negligible. Because of this protection, 

control methods other than a single fire may be required to kill the crown 

buds of mesquite. It has been suggested that periodic, repeat burnings 

may keep mesquite trees small and eventually kill them. 

The ecological role of fire in the desert grassland needs to be 

investigated in more detail, through the use of elaborate, long-time 

studies. The results of this and previous studies suggest that fire may 

have been a factor of primary importance in maintaining the desert grass

land as a grassland just as it has been in many other grass-dominant 

vegetation types. 

The possible change of climate toward aridity observed in the 

last 100 years does not contradict the hypothesis of a fire-maintained 

desert grassland but rather may help to explain it. As an abnormal 

drought continues, the relatively shallow-rooted herbaceous vegetation 

is most affected and its density is reduced with the result that fires are 

inefficiently carried by the grass cover and maximum temperatures and 

the burning time are markedly decreased to a point where they may be 

sub-lethal for the larger mesquites. When to this is added the grazing 
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and even overgrazing by domestic livestock, the movement of mesquite 

stands into the desert grassland apparently can be explained. The 

present study does not purport to offer new theories in this somewhat 

controversial matter; it is hoped, however, that it may substantiate 

some of the earlier research and conclusions. 



7. SUMMARY 

Some ecological and physiological reactions of mesquite, blue 

grama, and sideoats grama to high temperatures produced by fire or 

produced artificially in an oven were studied under field conditions near 

Cananea, Sonora, Mexico; the Santa Rita Experimental Range, Arizona; 

and in a greenhouse and laboratory at The University of Arizona. 

Individual blue grama plants were burned using four amounts of 

fuel near Cananea, in June. Dry weight and protein content of each 

plant were determined at the end of the first growing season (November) 

after burning. Dry weight was decreased about half by burning regard

less of the amount of fuel used. Crude-protein content was slightly 

higher on the burned plants, but this increase was not statistically 

significant. No plants were killed by the fire. There was no detectable 

difference in plant reaction between those burned with the natural fuel 
i .. 

provided by the plant itself and those to which fuel had been added to 

bring the total up to ten tons per hectare. 

Potted blue grama and sideoats grama plants were subjected to 

temperatures of 122, 140, 158, and 176 F in an oven for periods of one 

and three minutes. The dry weight produced by both grass species 

two months after heat application was inversely related to the 
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temperature-time applied. Protein content of the plants on the other 

hand was increased by two of the treatments up to a limit of three 

minutes at 176 F then decreased. Blue grama was more resistant than 

sideoats grama to these high temperatures. 

Four plots of mesquite-invaded desert grassland were burned 

near Cananea in early July at a time when maximum damage by fire to 

the vegetation can be expected because of the prevailing climatological 

conditions. Individual mesquites were burned with three, seven, and 

ten tons of fuel per hectare. Eighty-six percent of those with a basal 

diameter of 5 cm were highly damaged by fire. Of these 32 percent were 

completely killed. Only three percent of the trees with basal stem 

diameters between 5 and 10 cm were killed and about the same percent 

of those with a diameter larger than 10 cm were killed. These results 

represent averages obtained from the three amounts of fuel tested. 

The following regressions were calculated from mesquite samples 

collected near Cananea; (a) bark thickness in relation to basal stem 

diameter, (b) basal stem diameter in relation to age, and (c) bark thick

ness in relation to age. A high degree of correlation was observed in 

each of these ratios. 

Heat transmission in the bark of oak and mesquite trees was 

evaluated under field conditions on the Santa Rita Experimental Range. 

A higher bark thickness-basal stem diameter ratio was found in oak then 
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in mesquite. The heat applied to the surface of the oak bark required 

more time to reach the cambium in relation to the time required by 

mesquite bark of the same thickness when a similar source of heat was 

applied. Oak bark appears to be a better insulator than that of mesquite, 

a fact that may largely explain the relatively high resistance of the oaks 

to grass fires. 

Three- and 11-months-old mesquites germinated and grown in the 

greenhouse were subjected to temperatures of 122, 131, 140, 149, 158, 

167, 176 and 185 F for a period of one minute in an oven. A temperature 

of 176 F produced a damage of 99 percent to the three-month-old plants 

but those 11 months old had a maximum damage of about 80 percent when 

heated to 185 F. Heat resistance in young mesquites appears to be a 

function of age. 

Adenine was artificially supplied to 60-day-old grama and 76-

day-old mesquite seedlings when subjected for a period of three minutes 

to abnormally high temperatures (140 and 158 F). Blue grama (as indi

cated by dry weight produced by the plant after the treatment) did not 

show any effect from the addition of adenine. Mesquite, in contrast, 

showed less damage by heat when adenine was supplied. These results 

suggest that a deficiency of adenine in the plant may be one reason for 

tissue damage during burning and that this metabolite can be used to 

prevent and/or cure the heat lesions. 
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Heat transmission in the soil profile was studied near Cananea 

by recording temperatures with chemical pyrometers during burning and 

also by means of thermocouples a year later. Heat transmission into 

the desert grassland soil was very low; the soil appears, therefore, to 

provide good protection to the mesquite underground buds and also to 

those of grasses. Deleterious fire effects to these organs, to roots, 

soil microorganisms, or the soil profile are assumed generally to be 

negligible. 

Fire is considered as a potentially important ecological factor 

in the desert grassland. As a mesquite-control agent it appears to be 

most effective in the control of young mesquites (basal stem diameter 

of 5 cm or less) growing in the desert grasslands with an abundant (at 

least 700 kilograms per hectare of fuel, air dry weight basis) and a 

continuous grass cover. 



APPENDIX A 

COMMON AND SCIENTIFIC NAMES OF THE PLANTS MENTIONED 

IN THIS STUDY 
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Common Name 

Alaskan peas 

Alligator juniper 

Arizona cottontop 

Barley 

Black grama 

Blue grama 

Burroweed 

Cacti 

Catclaw 

Cholla 

Cliffrose 

Creosotebush 

Corn 

Curly mesquite 

Emory oak 

Hairy grama 

Juniper 

Lehmann lovegrass 

Manzanita 

Mesquite 
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Scientific Name - ~ 

Pisum sativum L. 

luniperus deppeana Steud. 

Trichachne californica (Benth.) Chase 

Hordeum vulgare L. 

Bouteloua eriopoda Torr. 

Bouteloua gracilis (H.B.K. ) Lag. 

Aplopappus tenuisectus (Greene) Blake 

Opuntia spp. 

Acacia greqgii Gray 

Opuntia spp. 

Cowania mexicana D. Don. var. stans-

buriana (Torr.) Jepson 

Larrea tridentata ( DC.) Coville 

Zea mays L. 

Hilaria belangeri (Steud.) Nash 

Ouercus emoryi Torr. 

Bouteloua hirsuta Lag. 

Tuniperus spp. 

Eragrostis lehmanniana Nees. 

Arctostaphvlos punqens H.B.K. 

Prosopis spp. 



Mexican blue oak 

Oak 

One-seed juniper 

Pea 

Piny on pine 

Poverty threeawn 

Rothrock grama 

Sideoats grama 

Snakeweed 

Spanish bayonet 

Sprucetop grama 

Tarbush 

Threeawn 

Velvet mesquite 

Vine mesquite 

Wheat 
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Quercus oblonqifolia Torr. 

Quercus spp. 

Tuniperus monosperma (Engelm.) Sarg. 

Pisum sativum L. 

Pinus edulis Engelm. 

Aristida divaricata Humb. and Bonpl. 

Bouteloua rothrockii Vasey 

Bouteloua curtipendula (Michx.) Torr. 

Gutierrezia lucida Greene 

Yucca spp. 

Bouteloua chondrosioides (H.B.K.) Benth. 

Flourensia cernua DC. 

Aristida spp. 

Prosopis juliflora (Swartz) DC. var. 
velutina (Woot.) Sarg. 

Panicum obtusum H.B.K. 

Triticum aestivum L. 



APPENDIX B 

RANKED TREATMENT MEANS OF DRY WEIGHT AND PROTEIN CONTENT TWO 

MONTHS AFTER SUBJECTING POTTED BLUE GRAMA AND SIDEOATS GRAMA 

PLANTS TO HIGH TEMPERATURES IN AN OVEN FOR ONE AND THREE 

MINUTES 
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BLUE GRAMA OVEN-DRY HERBAGE WEIGHT 

Treatment 
F 122 140 122 158 140 
Min 3 1 1 Control 1 3 

Weight 
g 2.41 2.36 2.36 2.31 1.83 1.67 

a 

SIDEOATS GRAMA OVEN-DRY HERBAGE WEIGHT 

Treatment 
F 122 Control 140 122 140 158 
Min 3 113 1 

Weight 
g 3.03 2.67 2.452 2.17 1.81 1.47 

PROTEIN CONTENT OF BLUE GRAMA 

Treatment 
F Control 122 140 176 140 122 
Min 113 3 3 

Weight 
9 2.86 3.14 3.40 4.28 4.29 4.36 

176 
3 

1 . 6 2  

158 
3 

0.93 

176 
1 

4.71 

158 
3 

1.59 

176 
1 

0.89 

158 
1 

4.74 

176 
1 

1.50 

176 
3 

0.63 

158 
3 

5.45 



PROTEIN CONTENT OF SIDEOATS GRAMA 

Treatment 
F Control 122 122 140 158 140 176 158 176 
Min 3 1 1 1 3 3 3 1 

Weight 
g 2.47 2.89 2.91 3.01 3.95 4.74 5.67 5.85 6.96 

a. Means underlined by the same line are not statistically different at the one percent level 
by the Duncan multiple range test. 



APPENDIX C 

RANKED TREATMENT MEANS OF PERCENT DAMAGE AND DRY WEIGHT 

THREE AND FOUR WEEKS, RESPECTIVELY, AFTER SUBJECTING THREE-

AND 11-MONTH-OLD MESQUITE PLANTS TO HIGH TEMPERATURES IN AN 

OVEN FOR ONE MINUTE 
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THREE-MONTH-OLD MESQUITES—PERCENT DAMAGE 

Treatment 
F Control 122 131 140 149 

Damage 
% 0.00 0.00 0.00? 4.98 39.04 

11-MONTH-OLD MESQUITES—PERCENT DAMAGE 

Treatment 
F Control 131 140 122 149 

Damage 
% 0.00 0.18 3.59 4.58 25.86 

158 167 

74.04 76.46 

158 167 

40.65 52.19 

176 

99.38 

176 185 

79.11 80.02 



THREE-MONTH-OLD MESQUITES—OVEN-DRY WEIGHT 

Treatment 
F Control 122 131 140 149 158 167 176 

Weight 
g 1.57 2.15 1.99 1.75 1.39 0.57 0.55 0.35 

a 

11-MONTH-OLD MESQUITES—OVEN DRY WEIGHT 

Treatment 
F Control 131 140 122 158 149 167 176 185 

Weight 
g 6.28 5.30 4.68 4.60 4.05 3.44 2.81 2.26 2. 14 

Means underlined by the same line are not statistically different at the one percent level 
by the Duncan multiple range test. 

a* •vl 
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