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ABSTRACT 

Mesquite (Prosopis .luliflora (Swartz) DC.) is one of the more 

widely distributed woody species growing in the semi-arid regions of 

the southwestern United States and Mexico. Though it has some benefi

cial properties, mosquito is an ecological problem because it has 

invaded much of the desert rangelands at the expense of the palatable 

grasses* Its resistance to mechanical and herblcidal control is be

lieved to be associated with environmental influences* 

Relatively little Is known about the effects of the climatic 

environment on the physiology of mesquite* To study these effects the 

following objectives were set: (1) investigate some of the physiological 

.responses of mesquite seedlings to high temperatures and (2) to analyze 

possible variations in heat responsiveness of different plant organs* 

A heat treatment chamber was constructed to regulate root and 

air temperature and the relative humidity* The roots were maintained 

at a temperature of 80 F* The shoots of 3-month-old mesquite seedlings 

were subjected to one of five temperature regimes for a period of 2A 

hours at 50% relative humidity* These temperatures were 90/70, 100/80, 

110/90, 120A0O, and 130/110 F day and night, respectively* The daytime 

temperature was maintained for 16 hours and the nighttime temperature for 

8 hours* 

viii 
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Quantitative analyses were conducted on changes in soluble 

sugars, starch, ethanol soluble nitrogen, residual nitrogen, and amino 

acids. Photosynthetic and respiratory rates were also measured. 

Results indicated that net photosynthesis decreased at all tem

peratures above 90 F and respiration increased to a maximum rate at 100 F 

and then decreased as the temperature was increased# 

Starch content decreased quite rapidly with increasing tempera

tures. The combination of data obtained on starch levels and photosynthetic 

and respiratory rates indicated that mesquite seedlings are most efficient 

in CÔ  assimilation at day temperatures of 90 F or lower. This would 

indicate that mesquite seedlings obtain most of their annual growth in 

the spring and early summer when air temperatures do not exceed this 

value for any extended time. 

Elevated temperature had little effect on the soluble sugars 

except melibiose which significantly increased as a result of increased 

temperatures. The idea was presented that possibly melibiose is impor

tant as a raw material in the synthesis of mesquite gum. 

Data showed that soluble nitrogen significantly increased with 

increasing temperatures while residual nitrogen tended to decrease. The 

increase in soluble nitrogen can be partially attributed to an increase 

in the free amino acid pool as a result of heat treatments. All amino 

acids detected in the stems of young mesquite plants increased while 

those analyzed from roots or leaves Increased or decreased depending 

on the particular acid. 

The data suggested that the susceptibility of mesquite to herbi

cides should be the greatest in the spring when translocation from the 
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leaves to the roots is at a maximum* The susceptibility should decrease 

vith the occurrence of the summer temperature extremes. Conversely, 

mechanical control methods should result in greater control during the 

hot dry periods when reserves are low due to a low net photosynthetic 

rate* 



INTRODUCTION 

The range livestock industry of the southwest is almost en

tirely dependent on the forage produced on the desert rangelands for 

its existence. Since the beginning of the twentieth century, these 

desert rangelands have become increasingly covered with shrubby species 

at the expense of range grasses. 

Several factors have been pointed out as possible causes of 

brush invasion such as changes in climate, disturbance by man, over

grazing, and suppression of fire (Humphrey, 1962). Brush is also 

detrimental to the water balance of the region through decreasing 

infiltration and increasing the amount and velocity of surface runoff. 

These factors in turn contribute to the accelerated loss of top soil 

and degradation of the site for grass production. 

Humphrey (1953) listed mesquite (Prosopis .luliflora (Swartz) 

DC.)\ burroweed (Aplot>apt»us tenuisectus (Greene) Blake), snakeweed 

(Qutierrezia spp), acacias (Acacia spp), creosotebush (Larrea 

tridentata (DC.) Coville), tarbush (Flourensia cernua DC.), cacti and 

other shrubs and half shrubs as common invaders of the desert grass

land. Of these, mesquite has generally been recognized as the most 

important invader. According to Parker and Martin (1952), mesquite 

occupied over 70 million acres in Texas, New Mexico, and Arizona. 

Mesquite is an aggressive invader because it increases numerically 

1. Scientific terminology follows that of Kearney and Peebles, 
1960, Arizona Flora, Univ. Calif. Press, Berkeley, 1085 pages. 



from seeds introduced in animal droppings when grasses are subjected to 

grazing pressures and it is a prolific sprouter v/hen cut or damaged. 

Varieties of mesquite are distributed from California to 

Louisiana and from Oklahoma to Acapulco, Mexico (Peacock and McMillan, 

1965). This broad area encompasses climates having relatively moderate 

to torrid summers and cold to cool winters. 

Mesquite has low forage value or animal carrying capacities 

but has been useful as an emergency source of food for both domestic 

and wild animals, as roughage in rations, and for use as construction 

materials, fuel, and fence posts (Harvard, 1884; Forbes, 1895; Walton, 

1923; Marion, Fisher, and Robinson, 1959; Bogusch, 19.50; Parker and 

Martin, 1952). Humphrey (1962) cited other beneficial effects of mes

quite such as shading the soil surface and livestock and protecting the 

soil from the direct impact of raindrops. 

Because of its low forage value, considerable expense, in terms 

of both time and money, has been incurred by both ranchers and state and 

federal agencies in attempting to convert mesquite-covered lands to pro

ductive ranges. Much of this effort has been wasted because of inadequate 

forage grass establishment and improper grazing practices. Moreover, the 

genetic variation and the physiology of mesquite and other shrubs were 

neither understood nor appreciated. The perennial plants native to the 

arid southwest have developed drought and high temperature resistance 

through natural selection. 

Effects of the environment are first exerted on the physiological 

and biochemical processes of plants (Kramer, 1959). Consequently, the 

ecological range of a species is a result of the evolutionary processes 



expressed at the physiological and biochemical level. In many instances, 

the resistance of a species to drought, heat, cold, or other physical or 

blotic factors can be traced to a single biochemical substance. For 

example, Highkin (1957) found that a heat resistant variety of peas 

showed at least a 100% increase in the adenine content as the tempera

ture was raised from 14 to 26 C. 

The responses of plants to temperature extremes are closely 

related to the effects of drought. In nature, when subjected to high 

temperature, a plant must usually also resist desiccation. The effects 

of high temperatures on plants have often been confused with desiccation, 

and the combination of the two are often referred to as drought. Both 

physical and plant factors affect heat resistance. Among the plant 

factors are age, genetic variability, and the amount of preconditioning 

.received (Leinweber, 1964). The physical factors are the level and 

duration of soil, air and plant temperatures, available soil moisture 

and relative humidity. 

Though the responses of agronomic crops to different environments 

have been described, range plants have received little attention. The 

emphasis has been placed on the replacement crop vegetation rather than 

on the native vegetation displaced. 

Methods commonly used in brush control are most effective if the 

treatment is made during the proper physiological state of the plants, 

such as applying herbicides while the plants are in an active stage of 

growth and are rapidly translocating metabolites. Herbicide translocation 

from the leaves or roots to other organs is thus improved. Heat affects 

the physiology and growth of plants in different ways depending upon the 
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duration and intensity of exposure. Heat, then, could also change the 

susceptibility or resistance of shrubs to the various control practices. 

Plants frequently subjected to high temperatures may become 

"hardened" which increases their capacity to resist or endure the heat 

effect. This hardening process is associated with a number of physio

logical and morphological changes; for example, building up of food 

reserves, thickening of cell walls, decreasing growth rate, and distinct 

changes in the metabolic processes* 

The objectives of this study were to (1) determine some of the 

physiological responses of mesquite seedlings to high temperature and 

(2) to analyze possible variations in heat responsiveness of different 

organs. 



LITERATURE REVIEW 

External Factors Affecting Plant Response to Heat 

The response of plants or other organisms to an environmental 

extreme is dependent on inherent variability vdLthin the plant and on 

the divergence from the optimum of the other environmental factors. 

Laude (1939) found that a diurnal cycle exists in the heat resist

ance of several field crops (alfalfa, corn, wheat, barley and sorghum). 

The maximum resistance occurred about midday and continued throughout the 

afternoon. The period of least resistance was early morning. Plants ex

posed to artificial light at night were more resistant in the morning 

than those without. Wheat plants maintained in the dark showed 95% in

jury under the same thermal conditions. Laude presented the suggestion 

that some form of rapid photochemical change may be Involved. 

Yarwood (1961a) treated intact bean, cowpea, cucumber, fig and 

tobacco leaves to temperatures ranging from 115 to 131 F for periods up 

to 400 seconds. He reported that when these plants were immersed in 

water at 122 F for 25 seconds, then 12 to 48 hours later these tissues 

tolerated temperatures of 131 F up to three times longer for the same 

degree of heat injury as did the controls. The relationship between 

length and degree of exposure was also important. For bean, Yarwood 

found that 50£J injury was obtained if treated for 400 seconds at 115 F, 

80 seconds at 122 F, and 16 seconds at 131 F. 

The age of the plant is also of considerable importance as a 

factor affecting resistance to heat as indicated by the following studies. 



Laude (1957) subjected prairie bromegrass to 130 F at 30 to 35% relative 

humidity for 4 3/4 hours at intervals from time of emergence to 8 weeks 

of age. The most susceptible period was found to be shortly after emer

gence to about 18 days after planting. The low tolerance to heat lasted 

for about two more weeks after which resistance began to increase. He 

reported that this response was probably associated with the exhaustion 

of the food reserve of the endosperm before the plants became completely 

established. Lange (1965) found that heat hardiness in many plants in

creased from the youngest to the oldest tissues. 

Heyne and Laude (1940) reported that corn seedlings 10 to 14 days 

old treated for five hours at 130 F and relative humidity of 25 to 30% 

were more heat tolerant than those treated at later stages of development. 

After the fourteenth day, the plants had exhausted most of the food re

serves in the endosperm. 

Shirley (1936), studying the lethal temperatures on Norway, 

white and jack pine, and white spruce, found that the resistance to ex

cessive heat increases with increasing age and size or mass of the plant 

or tissue. Air temperatures lethal to the needles was shown to be 122 F 

at a relative humidity of 85% and 129.2 F when the humidity was dropped 

to 15%. The cooling effect of transpiration was probably, the most impor

tant factor involved in the greater resistance of the plants to heat in 

dry air. 

Soil temperatures nay have an important effect on a plant's re

sponse to high temperature. Ketellapper (1960) subjected Phalaris 

tutierosa L. to varied air temperature regimes with a constant temperature 

in the rooting medium. He found after nine weeks that the differences 



In plant yield between different air temperatures at the same root tem

perature were not significant* However, with a constant air temperature 

and varied soil temperatures, he obtained significant differences In top 

yield; the yield at soil temperature of 89.6 F being lower than that at 

either 59 or 77 F In all cases. Brown, E. M. (1939) obtained similar 

results when studying the effects of temperature on the growth of Kentucky 

bluegrass, Canada bluegrass, orchardgrass and bermuda-graas. 

Barney (1951), studying the effects of soil temperature on root 

growth of loblolly pine seedlings, found that the leaf-root ratios de

creased with increased temperature above 41 F to a minimum at 68 F but 

increased at higher soil temperatures* Suddenly raising the soil tem

perature from 68 to 95 F caused a marked Increase in growth for about 

one hour followed by a decrease until after 30 hours all growth had 

ceased. Growth did not resume until six days after the soil temperature 

had been lowered to 68 F. 

Carroll (1943) exposed turf grasses to soil and air temperatures 

of 104, 122, and 140 F. He showed that the soil temperatures were more 

destructive than the corresponding air temperatures. The injury caused 

by both high soil and air temperatures appeared to be due to a direct 

thermal effect on the protoplasm. The lethal temperature varied with 

the species and appeared to be between 122 and 140 F. When fertilized 

with 5 pounds of ammonium sulphate per 1000 square feet during April, 

July and September, the plants suffered greater heat injury than those 

not fertilized. 

Ketellapper (1963) showed that the reduction in growth caused by 

unfavorable temperatures could be eliminated, either partially or completely, 
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by artificially applying certain metabolities to the plants* He found 

that vitamin C stimulated growth in broad bean and pea when grown under 

a regime of 86/73.4 F, daytime - nighttime temperatures, respectively* 

The detrimental effects of high temperature on some pea varieties could 

be counteracted by addition of sucrose, or by a vitamin B or riboside 

mixture, depending on seed source or temperature conditions* 

Brown, J* W* (1939), studying the effects of storage temperature 

on acorns, found that the respiratory quotients generally increased with 

increased temperature, suggesting a greater use of carbohydrates at the 

higher temperatures* 

Jones (1947) subjected maize seedlings to temperatures of 104, 

122, and 140 F for one hour and planted them in the greenhouse* He then 

transplanted the surviving plants into the field* At the end of the 

growing season, all the heat-treated plants averaged 11 inches shorter 

than the controls* He also found that all the heat-treated plants had 

male sterility* 

HighkLn (1958) grew pea plants under two temperature treatments, 

constant temperatures and diurnally fluctuating temperatures* It was 

found that constant temperature was inhibitory for growth and was cumu

lative from generation to generation, reaching a saturation point with 

the fifth generation* He concluded that the phenotype is the summation 

of its genetic heritage together with the summation of the past and the 

present environment* 

The relative humidity of the air must be controlled in high tem

perature studies* Frequently, this has received too little attention* 

KLnbacker (1962) compared the effects of varying the relative humidity 
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when exposing oats to 110 F for eight hours. He reported that he obtained 

essentially the same degree of injury to plants exposed to 110 F at 90% 

relative humidity as those exposed to 120 F at 50̂  relative humidity. 

The average leaf temperature v/as approximately the same under both con

ditions. Because the vapor pressure gradient was nearly four times 

greater at 120 F, transpirational cooling was greater. 

Desert plants are remarkably tolerant of high temperatures. 

Kurtz (1958) reported that roots of creosotebush grow ten times as fast 

at 86 to 95 F as they do at 68 to 77 F, which is the optimum temperature 

range for mesophytic plants. Mesquite roots grew* most rapidly at 106 F. 

The mfechanisra allowing xerophytic plants to grow under such temperature 

regimes is not known. 

Strain and Chase (1966) acclimatized four species of desert 

shrubs to three temperature regimes and analyzed the rate of CÔ  fixa

tion under six temperatures ranging from 50 to 104 F. They found that 

plants of Larrea divaricata, Hymenoclea salsola* and Encelia farinosa 

grown under high temperatures were most efficient in fixation of COg. 

The plants grown at low temperatures were quite inefficient in fixing 

COg at temperatures above 68 F. Both Hymenoclea salsola and Encelia 

farinosa dropped their leaves under extreme drought conditions. The 

ability to maintain some leaves and to adapt to high temperatures were 

mentioned as factors in the success of Larrea as a dominant woody plant 

in the Southwestern deserts. 

It is of interest that Yarwood (1961b), in studying the trans

location of heat injury from treated leaf to the opposite non-treated 

leaf in beans and cowpeas, found when the treated leaf was killed the 

opposite leaf showed signs of heat injury. Abrasion of the treated 
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leaf reduced translocated Injury but increased direct injury. Translocated 

injury was increased as the ratio of the area of the heated leaf to that 

of the unheated leaf was increased. Translocated heat injury was more 

severe for treatments in the early morning than for treatments applied 

in early afternoon. This observation agrees with that of Laude (1939). 

Effects of Drought on Plant Metabolism 

Numerous ecological, physiological and morphological studies 

attempting to define the nature of drought and heat resistance have been 

conducted. Much of this work has resulted in conflicting conclusions. 

These conflicts arose because of a failure to recognize genetic variations 

within and betv/een species. 

As with temperature effects, biochemical differences resulting 

from drought influence carbohydrate metabolism (Wood 1932, 1933). 

Levitt (1951) reported that drought causes an increased sugar content re

sulting in increased osmotic pressure. Vaadia, Raney, and Hagan (1961) 

reported that the lack of sufficient v/ater accelerated the conversion of 

starch to sugars, and Gates (1964) added that a change in the level of 

starch in the plant usually accompanies water shortage and leads to an 

increase in the soluble carbohydrates. V/ood (1932) found that the car

bohydrate flux of plants of arid regions is diverted to form pentosans 

and mucilages which may confer a certain amount of drought resistance. 

Stocker (1960) reported that during drought, protein synthesis 

is slowed and proteolysis may occur and promote an Increase in soluble 

nitrogen compounds such as amino acids, amides and soluble proteins. 

Gates and Bonner (1959) suggested that protein synthesis is apparently 

restricted.by drought due to a decreased accumulation of ribonucleic 
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acid (RNA). Saunier (1967) reported that ammonia released due to mois

ture stress in creosotebush was removed through amide synthesis. 

Effects of Heat on Plant Metabolism 

Research on heat resistance in plants has led to the recognition 

of high temperature as an adverse factor independent of drought and to 

the concept of "heat resistance" in plants. 

Studies on the effects of temperature on biological processes 

began many decades ago. Some of the earliest work mentioned in the 

literature deals with that of Sachs in the 1850's and 1860's. In 1864, 

Sachs (quoted by Belehradek, 1935) discussed the idea that high tempera

ture can result in the coagulation of proteins. Sachs criticized this 

view because there could be a discrepancy between the coagulation point 

of proteins and the thermal death point of the protoplasm. 

Bukharin (1958) reported that the process of protein coagulation 

proceeds from an increase in cell membrane permeability to a visible 

coagulation of the protoplast. Hare (1961) objected to this in that the 

coagulation of proteins usually requires higher than lethal temperatures. 

Heilbrunn (1924) postulated that coagulation depends primarily 

on the action of temperature on fats and lipoids which are emulsified in 

all living matter. These fats are easily liquified at lethal temperatures 

and this generally results in coagulation of the protoplasm. Small quan

tities of fatty solvents such as ether promotes heat-type coagulation of 

both plant and animal protoplasm. Ether, like heat, increases the fluid

ity of the protoplasm when In dilute solutions but at higher concentrations, 

it causes coagulation. Lethal temperatures in both plants and animals 



seem to be correlated with the melting points of fats, the less heat* 

resistant organisms having endogenous fats with lower melting points. 

According to existing views, gradual plant destruction due to 

high temperatures is a consequence of self intoxication by ammonia 

accumulation resulting from intensified proteolysis* The character of 

the changes which occur depends on the amount of the readily mobilized 

organic acids* Petinov and Molotkovskii (1960) stated that the basic 

feature of heat resistance in plants is the rapid formation of organic 

acids in the respiratory process* The process is accompanied by a change 

in the activity of a number of oxidizing enzymes and by a decrease in 

the respiratory coefficient* They concluded that the organic acids re

acted with the NH3 released during proteolysis,'forming harmless salts, 

or were the substrate for the reversal of the proteolytic process in 

the synthesis of amino acids* 

Petinov and Molotkovskii (1961) reported that in heat resistant 

plants, ammonia is made harmless by conversion to amides* This con

version is enhanced by the presence of organic acids, mainly malic and 

citric acid* They also stated that the chromatographic analysis of 

amino acids has established that under the Influence of high temperatures, 

there occurs first of all an increased synthesis of alanine, glutamic acid, 

aspartlc acid and their amides* 

This concept Is supported by the action of respiratory Inhibi

tors which retard the accumulation of amino acids* The most effective 

Inhibitors are arsenlte and fluoracetate which Inhibit the Krebs cycle* 

The amount of ammonia accumulating during heat treatments is a resultant 

of two processes occurring at different rates—oxidative deamination and 
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synthetic binding of NĤ  in the form of amino acids and their amides. 

Retardation of anabolic reactions by inhibitors shifts the balance in 

favor of the catabolic reactions which ultimately results in accumula

tion of ammonia. 

Petinov and Razmaev (1961a) found that during heating proteolytic 

products were formed and translocated to the roots of corn and wheat. 

When the heating stopped, protein synthesis began again. Proteolysis 

did not occur in the roots at the temperatures studied, and there was 

even an increase in the rate of protein synthesis which was maintained 

for several days afterward. 

Bukharin (1958) mentioned two types of viscosity associated with 

heat resistance: hydrophilic viscosity which is accompanied by an in

crease in the amount of hydrophilic colloids and bound v/ater, and 

structural viscosity. An increase in hydrophilic viscosity is correlated 

with heat resistance while structural viscosity is associated with a de

crease in heat resistance. 

Konis (1949) stated that individual Maquis plants become resist

ant to heat when growing in a consistently warm daytime habitat. Such 

adjustment may simply be the result of increased osmotic values due to 

an increase in sugars and a decrease in v/ater in the cell. 

Evans (1959) mentioned that the essential change in hardening 

of plants seems to be an increase in the ability of the proteins to ab

sorb water. Since this effect is common to all types of hardiness, 

Evans mentioned that one of the ways to increase heat resistance is to 

harden the plants at very low temperatures. Low temperatures reduce the 

growth rate and salts and sugars accumulate in the cell. The result is 
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an increase in osmotic pressure of the cell vacuoles and the withdrawal 

of water from the protoplasm. This in turn increases hydrophilic prop

erties in the plant. 

Baker (1929) reported that there is no evidence that the proto

plasm of one species of vascular plants has a higher heat tolerance them 

another when the protoplasm is well hydrated and actively functioning. 

Dehydration increases heat, cold and drought resistance. The protoplasm 

of many xerophytes contain large amounts of mucilages or pentosans that 

are unharmed by boiling and which have a great water holding capacity. 

Even among actively growing plants, heat resistance is influenced 

by water content. Julander (1945) found that watered bluestem (Agropyron 

smithii) plants were killed in four hours by the same temperatures that 

took 16 hours to kill drought-hardened plants. 

Food reserves seem to increase heat resistance in many plants. 

Tissues with a high sugar content are more heat resistant than similar 

tissues with low sugar. In 1945, Julander showed that hardening by 

drought when the stored food content was high increased the heat resist

ance of five grass species. All the species he tested, when low in food 

reserves, were very susceptible to temperatures above 118.4 F. 

Petinov and Razmaev (1961b) slowly hardened wheat plants from 

96.8 to 100.4 F and corn from 100.4 to 107.6 F over a period of 6 days. 

These temperatures were maintained for 8 hours then decreased to 57.2 F 

during the night. Following this pretreatment, the plants were heated 

continuously for 48 hours; the wheat at 104 F and the corn at 107.6 F 

at a relative humidity of 85 to 90%. They found that the respiration 



rate decreased during heating but after treatment ended, again increased. 

They also found that the carbohydrate content in the leaves increased 

upon heating. In wheat this was associated v/ith increases in glucose 

and fructose, and in corn sucrose. During the recovery phase, the su

crose content in wheat leaves increased but decreased in corn. 

Sullivan and Sprague (1949) removed the foliage from clones of 

perennial ryegrass and grew the plants under different temperature re

gimes. They found that fructosans, the major reserve carbohydrate, 

were depleted with regularity under increased temperatures. They also 

noted in the roots that at the higher temperatures there was a rapid 

loss in sucrose, an increase in percent cellulose, lignin and pentosans, 

and a higher total nitrogen percentage. They reasoned that root death 

may result from exhaustion of carbohydrates and an increase in ammonium 

salts or similar nitrogenous compounds. 

There are indications that heat effects sometimes can be alleviated 

by correcting a deficiency or chemically inactivating a toxin produced as 

a consequence of high temperatures. Mitchell and Houlahan (1946) studied 

temperature sensitive mutant of the red bread mold Neurospora which 

grows normally up to 77 F but ceases to grow above 82 F (the normal 

parent grows well at 100 F). The mutant was unable to produce the essen

tial nutrient riboflavin at elevated temperatures, but additions of this 

vitamin restored high temperature growth. Other temperature sensitive 

Neurospora mutants were cured by the addition of adenine and pyrimidines. 

Results similar to those with Neurospora have been obtained with higher 

plants. Peas become yellow and die in a few days at 95 F even when water 

and minerals are adequate. Qalston and Hand (1949) showed this response 



has a chemical basis in that adenine becomes deficient. Kessler (1959) 

has reported that resistance to high temperature in plants may be in

creased by the application of adenine# Germinating seeds, seedlings, 

and very young leaves treated with adenine showed increased resistance 

to dehydration and high temperatures. Adenine increased the amount of 

nucleic acids and other constituents of the lipoid-nucleic acid-protein 

structures and protoplasm. Supplying adenine through the roots (HighkLn, 

1957) largely prevented yellowing and death. Peas of a heat sensitive 

variety contained equal amounts of adenine at both high and low tempera

tures, but in a heat resistant strain the adenine content doubled when 

temperatures were increased from 57 to 78 F--indicating increased re

quirements at high temperatures. 

Claveran (1967), studying the effect of supplying adenine to 

mesquite seedlings briefly subjected to temperatures up to 140 F, found 

that this purine significantly increased the rate of growth over those 

not so supplied. 

Ketellapper and Bonner (1961) reported that in pea plants grown 

under a regime of 73.4 F daytime and 62.6 F nighttime temperatures, an 

application of 10% sucrose resulted in a 56% increase in dry weight over 

the control plants kept at a constant temperature of 62.6 F. Pea plants 

treated at 86 F daytime and 73.4 F nighttime temperatures with a vitamin 

B mixture or ribosides gave up to 40% increase in dry weight. 

Galston and Kaur (1959) and Galston, Kaur, Maheshwarl, and 

Maheshwari (1960) concluded the coagulation threshold of protoplasm may 

be affected by auxins. Indolacetic acid (IAA), 2,4-dichlorophenoxyacetic 

acid (2,4-D), and gibberellic acid applied to sections of pea stem 
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reduced the amount of protein coagulated by heat from tissue extracts* 

The total protein was not altered. As auxin analogs that did not promote 

growth had little or no effect on coagulation, a physiological relation

ship was suggested, although the effect also occurred in roots where 

auxin inhibits growth. 

Petinov and Molotkovskii (1960) showed that when the respiratory 

process was inhibited, a marked decline in heat resistance occurred. 

Leaves exposed to respiratory inhibitors were susceptible to heat. Le

thal injury occurred after heating for 2 to 3 hours at temperatures 41 

to 48.2 F lower than if not exposed to inhibitors. 

The effects of heat on enzymatic activity seems to vary with 

plant species and with the nature of the enzyme, Molotkovskii (1961) 

found that adenosine triphosphatase (ATPase) activity decreased with in

creased temperatures in wheat seedlings. He stated that it is a possibility 

that the decrease In ATPase activity is related to a change in the ratio 

of ATP to ADP and not directly to the temperature effects. It is possi

ble that higher temperatures decreased the rate of ATP formation during 

respiration. This uncoupling of oxidative phosphorylation from respira

tion might result from specific inhibitors formed because of heat treatment. 

The finding that certain isolated enzymes are still active after 

growth has ceased in plants subjected to high temperatures is not proof 

enough to say enzymes are not involved. If only a single enzyme located 

In a strategic spot is inactivated, growth may cease almost Immediately. 

Langridge (1963) reported that in Tetrahymera there is an oxidase of 

NADHg which is very sensitive to temperature and is completely inhibited 

by being heated for 10 minutes at 104 F. 
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Stumpf (1948), working with pea seeds, found aldolase was quite 

stable to heat for exposures of 5 minutes at 113 F. However, at 122 P 

a 4% loss of enzyme activity was detected, at 131 F a 10% loss and at 

140 F a complete inactivation of the enzyme occurred. 

Sanwal and Krishnan (1961a & b) studied some of the properties 

of phosphatase and aldolase of cactus (Nopalea dejicta) and reported 

that neither enzyme attained its maximum velocity at 140 F, although the 

progressively decreased at temperatures above 86 F. This shows that 

the cactus aldolase is considerably more heat resistant than the. pea 

aldolase. 

Newmarlc and Wenger (1960) reported that the acid phosphatase of 

white lupine is quite stable at room temperature but at 140 F it is 

rapidly denatured. 

Fieldaan (1968) reported that heat hardening the leaves of Wheat, 

cucumber and Caraflana increased the heat resistance of the plants' cells 

and the enzymes which were studied (ATPase, urease, and acid phosphatase). 

The increased heat resistance of acid phosphatase and ATPase resulted in 

a decrease in enzyme activity but when the leaves were later subjected 

to high temperatures, the decrease in activity v/as greater for the un-

hardened plants than for those previously hardened. Urease activity was 

not affected by heat hardening. In fact, when the plants were subsequently 

treated to high temperatures, the urease activity was initially stimulated 

before finally decreasing, while in the plants not previously hardened, 

urease activity decreased at lower temperatures. 

Fieldman listed some of the probable causes of increased heat 

resistance as being: 



1. The "de novo*1 synthesis of protein with different primary 

structure of greater stability. 

2. The selection of stable molecules of protein during the 

hardening process, resulting in decreased initial level 

of enzyme activity. 

3. The accumulation of some low molecular protective sub

stance stabilizing the protein molecule. 

4. Or the most likely assumption that heat hardening caused 

an increase in resistance of existing protein molecules. 

Despite the occurrence of mesquite in the hot deserts of the 

Southwest, there has been nothing reported on its resistance to heat or 

how heat may disrupt its metabolism. Extrapolation of data reported for 

other species indicates that mesquite may possess some type of morpho

logical, physiological, or combination of adaptations which permit its 

success in the present habitat. 



METHODS 

To study the effects of high temperature on the physiology of 

mesquite seedlings, quantitative analyses were carried out on plants 

grown under different temperatures for free amino acids and soluble 

sugars in the ethanol extract of mesquite stems, leaves and roots and 

the amount of residual protein and starch content in the residue. These 

metabolites are closely dependent upon the physiological state of the 

plant at any given moment. Both respiratory and photosynthetic rates 

were also determined. 

Heat Treatments 

Seeds of velvet mesquite (Prosopis ,1uliflora var velutina (Woot.) 

Sarg.) were obtained which were collected near Sahuarita, Arizona in 

1965. The seeds were shelled and soaked in warm water for about two 

hours and planted in four-inch clay pots containing vermiculite. The 

pots were then placed in a Sherer-Gillett plant growth chamber programmed 

for 16 hours of light and 8 hours of darkness (16/8). Light was supplied 

by sixteen 72-watt Sylvania VHO fluorescent bulbs and eight AO-watt in

candescent lamps. These provided good spectral distribution (Strong, 

1967) and a minimum intensity of about 2700 foot candles two feet from 

the light bank. One-half of the fluorescent bulbs came on at 5:00 a.m. 

and turned off at 8:00 p.m. The second half came on at 6:00 a.m. and 

turned off at 9:00 p.m. The eight incandescent bulbs came on at 5:00 a.m. 
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and turned off at 8:00 p.m. The temperature was controlled at 90/70 F 

during the light-dark period, respectively. Hull (1956) reported that 

nesquite seedlings grew best under daytime temperatures of 86 to 100.4 F 

and nighttime temperatures of 68 to 75»2 F. 

The treatment chamber (Fig. 1) was constructed with double walls 

using one-half inch exterior grade plywood. There was a half-inch dead-

air space between the walls. The effective inside dimensions were 18 

inches wide by 29 inches deep by 27 inches long. Light was" supplied by 

seven 14-watt fluorescent, two 40-watt incandescent, and two 20-watt 

fluorescent lamps. This combination supplied a light intensity of about 

3600 foot candles 8 inches from the bank. 

The heat source for the treatment chamber was a four-foot 192-

watt heating tape separated from the plants by a 3/8 inch sheet of cement 

asbestos. The air was continually circulated across the heating tape by 

a squirrel-cage fan. 

The light and temperature were controlled by two 24-hour time 

clocks. The temperature was regulated by two Fenwal thermoswitches; one 

regulating the low temperature and the other controlling the high tem

perature of the 24-hour regime. 

After reaching a height of 12 to 14 inches, 6 plants were ran

domly selected and placed in the temperature-humidity controlled treatment 

chamber and subjected to one of the pre-determined temperature regimes 

at 50% relative humidity. At the same time, 6 plants were also selected 

as control plants. The groups of 6 plants were divided into 3 subgroups 

of two each and arbitrarily designated as A, B, and C. The two plants 

in each subgroup were treated as a unit in all subsequent analyses. 
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The following temperature regimes were used to treat the aerial 

portions of the plants: 100/80, 110/90, 120/100, and 130/110 F. The 

group of 6 plants were placed in the treatment chamber at a temperature 

regime of 90/70 P and a relative humidity of 50%, which was maintained 

by a humidifier controlled by a humidistat. The temperature was in

creased by increments of 10 F each day until the desired regime was 

obtained. The plants were then subjected to that regime for a 24-hour 

period. The high temperature was employed with light for 16 hours and 

then followed by 8 hours of darkness at the lower temperature. 

Temperatures from 100 to 120 F are frequently encountered in the 

habitats of mesquite. Soil temperatures in the root zone in mesquite 

habitats are lower and less variable than the air temperatures. In this 

study, temperatures of the root environment were maintained at 80 F by 

means of a temperature-controlled water bath. The pots were enclosed in 

plastic bags to prevent flooding of the roots. The top of the bags and 

the surface of the pots were open and allowed free exposure for aeration. 

Photosynthetic and Respiratory Rate 

Photosynthetic and respiratory rates were measured in a plexi

glass gas exchange chamber which was connected in a closed system to a 

rotometer, gas circulating pump and an infrared gas analyzer. The gas 

exchange chamber measured 12 x 8 x 14 Inches inside (Fig. 2). 

Aluminum alloy plates, 3/16 inches thick, were attached to the 

inner walls of the chamber by 1/4-inch spacers to form a water jacket. 

Water from a refrigerated water bath was circulated within these jackets 

for maintenance of temperature within the chamber. A Fenwal thermoswitch 

placed inside the chamber controlling a solenoid valve regulated the 



Fig. 2. Apparatus for measuring gas exchange rates. 
(a) I.R. analyzer, (b) flowmeter, (c) hygrometer 
sensors, (d) dri-rite container, (e) gas exchange 
chamber, (f) air pump, . (g) circulating water bath, 
(h) recorders, (i) hygrometer, and (j) calibration 
gases. 
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flow of water into these jackets. The temperature was maintained at 

about 90 F inside the chamber. 

Two 150-watt flood lamps were used to maintain light intensities 

greater than 6400 foot candles. The lamps were placed in a circulating 

water bath to dissipate the great amounts of heat evolved. The lamps 

were suspended about 3 inches above the gas exchange chamber. 

The rate of air flow was monitored by a Scientific Glass Apparatus 

Co. rotometer. The rate of flow Mias maintained at 3.2 liters per minute. 

A closed system was used because it was found that the COg content of the 

air varied excessively due to the exhalation of persons entering the lab

oratory. 

Following the heat treatment, two plants were sealed within the 

chamber and the lights turned on for photosynthetic measurements. Once 

the plants had become equilibrated and began to assimilate carbon dioxide 

at a uniform rate as determined by the infra-red gas analyzer, a recorder 

was turned on. The equilibration time required was generally five to ten 

minutes. Photosynthetic rates were determined by recording the time re

quired to change the CÔ  level inside the system between 500 to 300 ppm. 

After the C02 concentration had fallen to 300 ppm or less, the 

flood lamps and the room lights were turned off. The chamber was cov

ered by a black plastic sheet to seal out all sources of light. The 

respiratory rate was then measured between 300 to 500 ppm COg. 

The formula for calculation of the photosynthetic and respira

tory rates was: 

(A C02)(K)(V) co./min/g (fresh wt.) 

(C)(W)(T) 
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where A COg is the change in carbon dioxide concentration 

between beginning and end of run, in ppm 

K is the weight of air at room temperature and 

atmospheric pressure (1.165 g/L) 

V is the volume in liters of the system 

0 
C is a constant equal to 1 x 10 

W is the fresh v/eight of the leaves (g) 

T is time in minutes 

Soluble Sugar Analyses 

After removal from the gas exchange chamber, the plants were 

divided into roots, leaves and stems, weighed and placed in a forced 

draft oven at 70 C for 24 hours. Following drying, the plant material 

was ground in a Wiley Mill to pass a AO mesh screen. 

About one gram of dried plant material was extracted with 150 ml 

of 80% ethanol for 12 hours in a Soxhlet extraction apparatus. Following 

extraction, the alcohol was evaporated in a water bath with air to less 

than 50 ml. The extract was then quantitatively transferred to a 50 ml 

volumetric flask and built up to volume. A 25 ml sample was taken and 

the ethanol evaporated, being careful to not let the sample go to dryness 

by adding small quantities of water (Sullivan, 1962). After cooling, six 

drops of saturated lead acetate were added to precipitate pigments and 

other impurities. The precipitate was removed by filtration and the 

filter paper well washed. Then saturated potassium oxalate was added 

dropwise to the filtrate to precipitate the excess lead acetate. This 

precipitate was also removed by filtration and the filter paper washed 



again with water# The filtrate was then evaporated to dryness and the 

residue picked up with 2 ml of 80% ethanol. 

Since a large excess of inorganic ions interferes with the chro

matography of sugars (Block, Durrum, and Zweig, 1958), about 1 gram of 

Dowex 50V/ and 21K ion exchange resins were added to this solution. Sugars 

are very weak acids having small ionization constants; thus, their 

sorption from aqueous solution as free acids on exchange resins occurs 

only when the resins are in the hydroxide form (Khym, Zill and Cohn, 1957). 

A 150 Ml aliquot of this sample was spotted on Whatman No. 1 

filter paper for chromatography. Solutions of known sugars were spotted 

on the outer edges of the paper as locator spots. After air drying, the 

paper sheets were placed in a chromatographic cabinet for descending 

chromatography. After equilibrating for 4 hours with the solvent vapors 

the solvent, ethyl acetate, pyridine, and water (8:2:1 V/V/V), was added 

to the trays. The chromatograms were allowed to develop for 16 hours at 

room temperature. After the chromatograms were thoroughly air dried, the 

locator strips were cut off and dipped in an analine hydrogen phthalate 

reagent and heated in a forced draft oven at 100 C for 10 minutes to 

develop the sugar spots. The analine hydrogen phthalate reagent was 

prepared by dissolving 33.2 grams of phthalic acid per liter of water 

saturated n-butanol. Fifty milliliters of this solution were then mixed 

with 50 ml of ethyl other and 1 ml of distilled analine just prior to 

use. The locator strips v/ere then carefully replaced from where they 

were cut and a line drawn horizontally across the chromatograms 3 cm 

above and below the sugar spots. The center of the chromatogram contain

ing the sugars from the plant extract were marked off into square grids. 
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The grids were then cut out and cut into 1 to 1-J- cm squares, placed in a 

20 ml vial and 10 ml of water added. The sugars were eluted from the 

chromatograms by gently shaking the paper pieces in the water for one 

hour* Pavlinova (1957) reported that anthrone will react with the 

cellulose fibers giving a positive reaction. Therefore, the eluate 

was then filtered through a sintered glass funnel to remove any paper 

fibers present. 

Glucose was quantitatively determined by a colorimetric proce

dure using the anthrone reagent. Ten milliliters of anthrone reagent 

were added to 3 ml of the eluate from the glucose segment of the chroma-

togram. The anthrone reagent was prepared by dissolving one gram of 

thiourea in 500 ml of 87.59$ HgSÔ  (W/W). Then one gram of anthrone was 

added and the solution made up to volume (1 liter) with 87.5% HgSÔ . 

The anthrone-sugar mixture was shaken to achieve sufficient 

mixing and placed in a boiling water bath for exactly 15 minutes. After 

cooking, the flasks were removed and cooled to room temperature in a 

cold water bath. Absorbance of the solutions waB measured at 660 mxx 

with a Spectronic 20 colorimeter. 

The anthrone method was selected over other methods because Hull 

(1954) found that this reagent is specific for sugars while other methods 

may indicate non-sugar reducing substances as well as reducing sugars. 

In addition, the anthrone-sulfuric acid method is quite rapid to conduct. 

Hodge and Hofreiter (1962) reported that the error using the 

anthrone-sulfuric acid reagent was + 1.4# when determining D-glucose but 

may be 5 times greater for fructose. 
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Colorimetric determination of fructose was done by a modified 

procedure of that described by Whistler and BeMLller (1962). One mil

liliter of 8% aqueous phenol was added to a 2.0 ml aliquot from the 

fructose segment of the chromatogram. Then 5 ml of concentrated sul

furic acid were added rapidly from a v/ide-bore pipet. The mixture was 

shaken and allowed to cool to room temperature. The absorbance of the 

yellowish solution was then read at 490 dim with the above mentioned in

strument. Whistler and BeMiller (1962) reported an error of + 2% when 

using this method. 

Starch Analyses 

Residue from the sugar extraction was dried and transferred to a 

50 ml Erlenmeyer flask. Eleven and one-half milliliters of 36.1% per

chloric acid were added to the residue. The mixture was shaken for 30 

minutes on a mechanical shaker. The extract was decanted into a sintered 

glass funnel and filtered under vacuum. The extraction was repeated two 

more times and the extract made up to volume in a 250 ml volumetric flask. 

The solution was shaken and a 20 ml sample taken and placed in a 100 ml 

volumetric flask and brought up to volume (a dilution factor of 5). Ten 

milliliters of anthrone reagent were added to a 3 ml starch sample and 

heated in a boiling water bath for exactly 15 minutes. The solution was 

removed and cooled in a cold water bath for at least 5 minutes, then the 

absorbance was read on the colorimeter at 660 nut . The starch content 

was determined by calculating the glucose equivalent and multiplying this 

value by 0.92. 



30 

Nitrogen Analyses 

The residual nitrogen in the residue after ethanol and perchloric 

acid extraction was determined by a micro-KJeldahl procedure. Approxi

mately 25 mg samples of the dried residue were accurately weighed and 

placed in a 30 ml digestion flask. Three milligrams of selenium and 5 

mg of CuSô -NaSÔ  (3:1 mixture) were added along with 1 ml of concentrated 

HgSÔ . This mixture was digested until it became clear (about AO minutes). 

Then one drop of 30% hydrogen peroxide was added and the solution digested 

over high heat for 10 minutes. After cooling to room temperature, the 

samples were quantitatively transferred to a distillation flask with 7 ml 

of distilled water. Ten milliliters of 30% NaOH were added to make the 

solution basic. The distillate was collected in an Erlenmeyer flsusk con

taining 8 ml of 2% boric acid and three drops of methyl red-bromocresol 

green Indicator. Standardized HC1 was used to titrate the NH0 liberated o 

in the distillation process. 

Residual nitrogen was calculated as mg/g of the plant material 

(dry weight). Dry weight was closely approximated by summation of the 

residue and ethanol extractable fractions. One milliliter of the ethanol 

extract was placed in a tared container and evaporated. The ethanol ex-

tractables were weighed and after correction to represent the entire 

sample, added to the residue. 

The residue fraction included primarily protein nitrogen since 

the free amino acids, amides, NĤ , and inorganic nitrogen and nucleic 

acids were removed in the ethanol extract. The nitrogen from the resi

due fraction is referred to as residual nitrogen in contrast to the 

nitrogen removed by the ethanol extraction referred to as soluble nitrogen. 
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The nitrogen In the ethanol extract was also determined by the 

micro-KJeldahl procedure. One milliliter of the extract was added to 

the digestion flask and the procedure was the same as for residual 

nitrogen* 

Amino Acids Analyses 

The amino acids in the ethanol extract were quantitatively de

termined by paper chromatography technique. 

Thirty milliliters of the ethanol extract remaining from the sugar 

analyses were refluxed for 24 hours in 6N HC1. Tryptophan and some 

serine and threonine were lost during refluxing (Sondheimer, 1963). 

After refluxing, the extract was filtered and evaporated to dry

ness in a water bath. The residue was picked up with 4.0 ml of 2.2 pH 

sodium citrate buffer (Saunier, 1967). Twenty microliters of this 

solution were spotted near one corner of Whatman No. 3 chromatography 

paper. The papers were placed in a chromatographic cabinet and developed 

for 20 hours with 1-butanol; acetic acid; water (12:3:5) by ascending 

chromatography. After thoroughly drying, the papers were then placed 

in a chromatographic jar and developed by ascending chromatography for 

20 hours in a phenol:water (4:1) solvent. 

The dried papers were sprayed with 0.2% ninhydrin reagent in 95% 

acetone and the amino acid spots were cut from the paper and eluted in 

test tubes containing 5 ml of 75% ethanol and 0.2 mg of CuSÔ .SHjO. 

The solution was shaken for at least 5 minutes to accelerate the 

elution of color. The solution was then filtered through a sintered glass 
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funnel to remove all paper particles. The optical density was measured 

at 570 mM for all amino acids except proline (an imino acid) which was 

read at 440 mju. • The optical densities were compared to standard curves 

prepared from solutions of known amino acids. 



STATISTICS 

The statistical design was a factorial experiment in a random

ized ."block design. A factorial design was used because the interaction 

of treatment by organs was of primary interest because one of the ob

jectives was to determine the differences, if any, of temperature and 

organ response. 

The analyses of variance were of the form: 

Source df 

Rep (R) 1 

Treatment (T) '8 

Organ (0) 2 

T x O 16 

Expt. Error 26 

Sample Error 108 

Total 161 

Differences between means were tested by the Duncan's Multiple 

Range Test. V/hen possible, differences were discussed as significant 

(.05 or .01). However, since trends are important in biological exper

iments, they are also discussed, although differences may not have been 

significant at the .05 level. 
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RESULTS AND DISCUSSION 

General Observations 

In general, the heat treatments had no immediate effects- on the 

appearance of the mesquite seedlings. Delayed effects occurred with 

plants under the highest temperature. Plants subjected to the tempera

ture regime of 130/110 F appeared normal when removed from the treatment 

chamber. However, when they were subsequently placed on the laboratory 

bench at room temperature or in the growth chamber at 90/70 F they became 

quite dry and brittle after about 2 days. All plants subjected to lower 

temperatures continued to grow and appeared healthy. 

Photos.vnthetic Rates 

The rate at which carbon dioxide was assimilated was greatly de

creased by increasing temperatures to 100 F and above. The control plants 

fixed 35 MS COg/min/g (fresh weight) of leaf while those plants subjected 

to 130 F fixed on the average only 11.8 m.B COg/min/g (Fig. 3). These 

differences were significant at the 0.05 level. 

If net photosynthesis for each particular temperature is plotted 

against time (Fig. 4) the curve approaches linearity indicating uniform 

rates of CO,, assimilation. Generally, with increasing temperature the 

slope of the curves decreased. One exception was the plants treated at 

a temperature regime of 120/100 F had a faster net photosynthetic rate 

than did the plants treated at 110/90 F. This increased rate lasted 
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20 to 25 minutes after which it decreased to a point less than the plants 

treated at the lower temperature regime. The difference in slope between 

these two lines is small and not significant, being within experimental 

variation. 

The data presented in Fig. 3 and 4 indicate that the maximum 

rate of net photosynthesis occurs at or below 90 F. It follows then 

that mesquite produces most of its growth and stored food reserves 

during the spring and early fall when air temperatures are not limiting 

as would frequently occur during the summer months. This conclusion is 

in agreement with results reported by Glendening and Paulsen (1955). 

They found that the best initial growth of mesquite seedlings occur at 

temperatures between 80 to 90 F. At 110 F growth and development of the 

seedlings was greatly retarded. 

It thus seems probable that mesquite is adapted to the extremes 

of desert conditions because the plants can resist these conditions and 

can actively photosynthesize during the early morning hours and seasons 

when temperatures are not limiting. 

Photosynthesis can be separated into two overall reactions; the 

light or energy fixing reaction and the dark or C02 fixing reaction. 

The light reaction is a physical reaction occurring independently of 

temperature while the dark reaction is an enzyme regulated system and 

this is dependent on changes in temperature. Under normal conditions, 

the values of the dark reaction are above 2.0. The of photo

synthesis will vary according to which steps are rate limiting. Most 

reports indicate values for photosynthesis, as a whole, of between 

1.0 and 2.7, though a few are higher (Rabinowitch, 1956). The for 
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these studies was approximately 0,4. These data are indicative of 

enzyme inactivation. 

The diffusion of CÔ  through the stomata is a physical process 

dependent on the partial pressures of COg (Leopold, 1964) and on the 

opening and closing of the stomata. Wilson (1948) studying cotton and 

tobacco, found that the stomatal opening increased up to 25 to 30 C, but 

decreased at higher temperatures. 

If the stomatal aperture decreased with increasing temperature, 

then C02 becomes the limiting factor and net photosynthesis decreases. 

The degree of stomatal closing as a result of the temperature regimes 

was determined by taking leaf imprints on silicone rubber (Hesketh, 1964). 

These imprints were examined microscopically for the degree of closure. 

This procedure indicated that the stomatal aperture increased in 

diameter up to 100 F but decreased with further increase in temperature. 

This could explain some of the decrease in photosynthetic rates rather 

than the direct effects of heat on photosynthetic enzymes. The reason 

for this effect of temperature on stomatal aperture is not readily 

apparent because the cause of stomatal opening and closing is not com

pletely known. 

The importance of enzymes on the turgor of the guard cells could 

explain why the stomatal aperture decreased with increasing temperature 

above 100 F if we assume that the higher treatment temperatures were 

having an inhibiting effect on enzyme activity. 

Another possibility for the tendency of the stomata to close at 

temperatures above 100 F is that the increased respiratory rate resulted 

in an increase in C02 concentration within the guard cells. This 
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phenomenon would increase the CĈ  partial pressure v/ithin the leaf* 

Bonner and Galston (1952) reported that low CÔ  partial pressures are 

required for the stomata to open. 

A third possibility explaining the decrease in stomatal aperture 

is that there was a rapid loss of v/ater from the plant v/hich could not 

be replaced fast enough by the roots from the rooting medium. This may 

have resulted in loss of turgor in the guard cells but this was not 

obvious when looking at the leaf as a whole. 

The temperature of the leaves may have been considerably higher 

than the surrounding air. Leopold (1964) reported that under high rela

tive humidities, the transpirational rate is decreased, resulting in a 

decrease in the rate at v/hich the leaves are cooled by this mechanism. 

A large amount of heat can be removed by an actively transpiring plant 

. due to the high specific heat of water. 

Respiration Rates 

There were no significant differences in the average respiratory 

rate among the different temperature treatments. The rate increased to 

a maximum at 19 g CÔ /min/g (fresh weight) of leaf evolved at 100 F 

and gradually diminished to 7.5 x<g in the plants treated at 130 F (Fig. 

3). This tends to support the data that the stomata v/ere opened the 

widest at 100 F and decreased with increasing temperatures. At no time 

did the respiratory rate exceed the photosynthetic rate. By extrapolation 

of the curves in Fig. 3, it can be seen that the respiratory quotient 

would approach zero at about 135 F. At this point net photosynthesis 

would equal respiration and growth would cease. 
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By plotting respiratory rates as a function of time (Fig. 5) the 

curves for the various treatments also approach linearity as they did 

for the photosynthetic rates. The respiratory rate increased to a 

higher level than the control in the plants subjected to a temperature 

regime of 100/80 F but progressively decreased as the temperature was 

increased̂  

Decrease in respiration was probably associated with increased 

stomatal closure or enzyme inactivation rather than depletion of oxida

tive substrates. This will bo discussed subsequently in the section on 

soluble sugars. 

Starch Levels 

Carbohydrates are the primary source of reserve energy stored 

in higher plants. These reserves are very important when environmental 

conditions are such that the respiratory activity exceeds photosynthetic 

rates. Starch is the form in which most plants store reserve food, al

though some store inulin, a polymer of fructose. Inulin is seldom 

stored in aerial organs (Meyer and Anderson, 1952) but may be quite 

abundant in the subterranean organs. The reserves in mesquite gave a 

positive reaction with iodine indicating starch was the primary storage 

polysaccharide. 

The data presented in Fig. 6 also substantiates the conclusion 

drawn from the gas exchange data; i.e., mesquite seedlings are most effi

cient at temperatures at or below 90 F in production of food reserves. 

Significant differences in percent starch appeared between plant 

organs and also among treatments. The starch levels in the stems were 

significantly greater than that detected in either the root or leaf. In 
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the stem, the starch content decreased from 9.3% in the control plants 

to 4.9% in those treated at 130 F (Fig. 6), The decrease in starch con

tent in the roots were almost a linear function of temperature. The 

roots of the control plants had a starch level of 4.9% and this decreased 

to 2.3% in the plants treated at 130 F. 

In the leaves the decrease was not as pronounced as it was in the 

other two organs. There was only a 38.8% decrease in the leaves while 

the roots decreased 54.6% and the stems 49.9%. The starch content for 

the leaves of the control plants was 3.4% and this decreased to a low of 

2.0% at 120 F and remained at this level in the plants treated at .130 F. 

The starch content of the leaves did not decrease as rapidly as 

it did in the roots or stems. These data indicated that net photosyn

thesis accounted for production of some food for leaf metabolism without 

too rapid withdrawal on the reserves. Also, the greater decrease iii the 

roots and stems indicated there was insufficient translocation of reserves 

to these organs and stored reserves were increasingly utilized to carry 

on metabolic functions. 

Soluble Sugar Levels 

Glucose and fructose were the only common sugars isolated by means 

of chromatography. No sucrose was detected. There were no significant 

differences in soluble sugar status with treatment but a particular trend 

was indicated. The glucose content for the plants as a whole tended to 

increase with increasing temperature (Fig. 7). When considering the glu

cose status for each of the three organs, that in the leaves increased to 

a high value of 5.4 mg/g (dry weight) of tissue at 120 F. This amounted 

to an increase of 1.85 mg over the control plants. At 130 F the glucose 
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level decreased to 3.82 mg/g of tissue which v/as only about 0.3 rag higher 

than the control plants. 

In the stems, the glucose level v/as highest in those plants sub

jected to 130 F (5.71 mg/g) which v/as 1.15 mg/g higher than the control 
i 

plants. 

The average fructose level for the plant remained relatively 

constant with increasing temperatures (Fig. 8). In the leaf, the fruc

tose level tended to decrease at temperatures of 120 and 130 F. In the 

stems, the fructose levels attained a low value of 2.98 mg/g at 110 F 

and increased up to 5.08 mg/g at 130 F. This amounted to sin increase 

of 0.38 mg/g over the control plants. 

The fructose level in the roots remained almost constant up to 

110 F (3.72 mg/g) but increased to a value of 4.62 mg/g at 120 F and 

maintained this value at 130 F. 

Though there v/as a significant difference (5% level) between the 

organs in the level of soluble sugars; temperature had little or no sig

nificant effect on their content. This is shown by the data in Fig. 7 

and 8. These data indicate that the drop in respiration rate was not 

due to depletion of the carbohydrates but probably to the inactivation 

of glycolytic enzymes. In fact, there v/as a general increase in glucose 

content for the plant as a whole and also for fructose. 

A significant increase in melibiose v/as detected with increasing 

temperatures (Fig. 9). Melibiose has not been reported in the literature 

as a constituent of the mesquite plant. 

The exact relationship of melibiose to the welfare of the plant 

is not known. Melibiose is obtained from rafflnose by hydrolysis with 
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dilute acids or invertase (Armstrong and Armstrong, 1934). It has also 

been detected in the exudate from ash and mallow (Hassid and Ballou, 

1957). 

Mellbiose is a reducing disaccharide composed of one mole glu

cose and one mole of galactose linked by a 1-6 glycosidic bond, and is 

chemically known as 6-glucose- -C -D-galactopyranoside. 

In the mesquite plants used in this study, mellbiose could not 

have arisen from the hydrolysis of raffinose because the latter sugar 

was not detected on the chromatograms. 

The plants treated at 130 F were significantly higher in mell

biose (1.025 mg/g) at the .01 level of probability than all other 

treatments. The plants treated at 120 F were significantly higher in 

melibiose than the control plants. There were no other differences be

tween treatment means. 

The leaves were significantly higher (P = .05) than either the 

roots or stems in melibiose. 

It is possible that melibiose plays a role as the raw material 

for the synthesis of mesquite gum. The role of gums in plant metabolism 

is not clearly elucidated. The general consensus is that they are a 

product of a pathological condition (Smith and Montgomery, 1959). 

Mesquite gum yields, among other constituents, 6-0-(4-0-methyl-

Q -D-glucosyluronic acid)-D-galactose which upon further hydrolysis 

yields glucuronic acid and galactose (Smith and Montgomery, 1959). 

Oxidation of glucose at C-6 yields glucuronic acid (Mahler and Cordes, 

1968). Thus, if the glucose molecule of melibiose is oxidized, it 



yields one of the constituents of mesquite gum, i.e., glucuronic acid 

and galactose. 

It is suggested that melibiose might be increased as part of 

the mechanism protecting mesquite from or repairing damage due to high 

temperature regimes. 

Nitrogen Levels 

Residual Nitrogen 

There was a slight but not significant decrease in nitrogen 

levels in all three organs (Fig. 10) with increasing temperature. The 

leaves of the control plants had a high of 38.43 mg N/g plant material 

and this decreased to 31.74 mg N/g for the plants subjected to 130 F. 

There were significant differences in nitrogen levels between 

organs. The leaves were considerably higher than either the roots or 

stems which, with slight variations, had essentially the same .level of 

nitrogen. The average nitrogen content for the leaves was 34.2 mg N/g 

while the roots and stems averaged 13.9 and 12.0 mg N/g, respectively. 

Nitrogen is absorbed by the roots primarily as nitrates. The 

nitrates are reduced either in the roots or translocated to the shoot 

before reduction occurs. If amino acid formation occurred in the roots 

and then translocated to the leaves before being synthesized into pro

teins, this could explain the reason why the leaves were significantly 

higher in residual nitrogen. 

Ethanol Soluble Nitrogen 

Differences in soluble nitrogen with increasing temperatures were 

detected (Appendix B, Table 7). The plants treated at 130 F were 
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significantly higher in soluble nitrogen (8.71 mg N/g plant material) 

than all other plants subjected to heat. These data indicate that: 

1) either protein synthesis was inhibited, 2) protein was being hydro-

lyzed by the high temperature regime, or 3) nitrogen was being absorbed 

and translocated but not being reduced. Because residual nitrogen 

tended to decrease with increasing temperatures, the second theory is 

more acceptable. 

At 100 F there occurred an increase in soluble nitrogen content 

followed by a decrease at 110 P to nearly the same value as the plants 

treated at 90 F' (Fig. 11). The roots increased the most at 100 F 

followed by the stems and leaves, in that order. This suggests that 

soluble N was being translocated in increased amounts from the leaves 

to the roots as the temperature was raised to 100 F. The roots were 

maintained in an environment at 80 F, thus proteolysis, due to high 

temperature, should not have occurred in these organs. 

The decrease back to the original level at 110 F indicates that 

the plant»8 metabolic mechanism was able to adjust to the effects of 

high temperature and continued to synthesize protein at a high rate. 

This is also suggested by the data collected on residual nitrogen con

tent (Fig. 10). At 100 F, there was a drop in residual nitrogen from 

38.4 to 29.6 mg N/g in the leaf tissue. This was followed by an in

crease to 36.6 mg N/g at 110 F. 

In the roots and stems, the residual nitrogen remained almost 

unchanged over thi6 temperature range. 

The differences between organs in regard to soluble nitrogen 

were also significantly different (Appendix B, Table 7). The roots 
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(5.28 mg/g) were significantly lower in soluble N than either the leaves 

(7.94 mg/g) or stems (7.27 mg/g)» These data are indicative of the fact 

that nitrogen, after being absorbed, is translocated to the aerial organs 

before being metabolized. 

Amino Acids 

It was not possible to achieve complete separation of all amino 

acids by paper chromatography for quantitative analyses. The amino acids 

adequately separated by two dimensional ascending chromatography were 

glutamic acid, serine, histidine, glycine, cysteine, threonine, lysine, 

aspartic acid, alanine, and proline. There were two amino acid mixtures 

which could not be separated using the methodology outlined for this 

study. One mixture consisted of valine and methionine and the other was 

composed of leucine, isoleucine, and phenylalanine. These two mixtures 

will henceforth be referred to as valine (mix) and leucine (mix). In 

addition to the above mentioned amino acids, three other ninhydrin posi

tive spots consistently appeared in the vicinity of proline (Fig. 12). 

In all cases the interaction of organ with temperature was highly 

significant. This indicated a differential response among organs to heat. 

The concentration of all individual amino acids increased in the stem but 

either Increased or decreased in the leaves and roots depending on the 

particular amino acid. The trends of the amino acids under different 

heat regimes are presented in Fig. 13, 14 and 15 for each organ. 

There was a net gain in the free amino acid pool as temperature 

increased. These data confirm the results presented in Fig. 11 on 

soluble nitrogen. This indicates that a large portion of the gain in 
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soluble nitrogen with increasing temperatures can be attributed to the 

amino acids* 

Fowden (1959) observed that histidine is rarely detected in 

plants unless circumstances promote protein breakdown. In the current 

study histidine was detected in all instances although the amount pre

sent was generally quite small in the case of the control plants. It 

increased from about 0.4 mg in the leaves of the control plants up to 

about 2 mg/g (dry weight) in those plants subjected to a temperature re

gime of 130/110 F. 

Yemm and Follces (1958) recognized "families" of amino acids. 

These families and representatives are: glutamic family - glutamic acid, 

proline, and arginine; aspartic family - aspartic acid, methionine, 

threonine, isoleucine, and lysine; serine family - serine, glycine, and 

cysteine; pyruvic family - alanine, valine, and leucine; aromatic family -

tryptophan, tyrosine, and phenylalanine. The relationships of these 

families with carbohydrate metabolism is depicted in Fig. 16. The 

chainges in amino acids encountered in this study could not be attributed 

to any particular family. 

Webster (1959) reported that under stressed conditions aspartic 

acid, serine, methionine, isoleucine and leucine are translocated from 

the roots of plants. When mesquite seedlings were subjected to heat 

treatments, these amino acids decreased in the root with the exception 

of aspartic acid, which increased, Aspartic acid increased in all three 

organs indicating that it may have some function as NH- storage. In 
3 

order for synthesis of aspartic to occur, organic acids (oxaloacetic 

acid) and nitrogen must be available. The organic acid can be supplied 
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by the oxidation of carbohydrates through the Kreb's Cycle and the nitro

gen supplied as NĤ  from the hydrolysis of protein or peptides. 

Several amino acids have been reported to have an NĤ  storage 

function during conditions conducive to protein degradation. These are 

glutamic acid (Loomis and Stumpf, 1958), proline (Kemble and Macpherson, 

1954; Routley, 1966) and valine and alanine (Tarchevskii and Siyanova, 

1963). 

The NĤ  storing amino acids belong to the pyruvic and glutamic 

acid families of amino acids (Fig. 16). Of these NĤ  storing amino 

acids, only proline was found to increase in the roots of mesquite seed

lings but proline, alanine and glutamic acid all increased to some degree 

in the leaves. 

Aspartic acid and cysteine were the amino acids which have not 

been reported to function as NĤ  storing compounds that increased in sill 

three organs. It is probable that these amino acids accumulated as hydro-

lytic products of protein degradation. The reason for the exceptionally 

high levels of aspartic acid is not readily apparent but may have 

occurred as a result of hydrolysis of amides. 

It may be that the amides formed as a result of the release of 

ammonia were hydrolyzed during refluxing of the peptides in 6 N HC1. 

KLce and Marvel (1966) and Hart and Schuetz (1959) reported that amides 

are subject to hydrolysis by refluxing in moderately concentrated acid 

or alkali. Hydrolysis of amides would result in the loss of ammonia 

and an increase in the quantity of amino acids detected. By following 

through with this line of reasoning, the ammonia released during protein 

hydrolysis in mesquite seedlings as a result of heat treatments, was 



tied up in the form of amides (asparagine). Acid hydrolysis of the ex

tracts then hydrolyzed the amides and consequently none were detected by 

chromatography. This hypothesis could not be verified due to the lack 

of non-hydrolyzed extracts. 

Examination of Fig. 17 shows the trends in total amino acids for 

each organ as influenced by temperature. A greater increase in total 

amino acids occurred in the stems of the young mesquite plants than in 

the other organs. The amino acid level in the roots increased slightly 

but then decreased back to the original level when the shoots were ex

posed to temperatures above 110 F. This indicates there may have been 

some translocation of amino acids from the aerial organs to the roots 

under the lower and median temperature regimes but that translocation 

was slowed down or ceased at the higher regimes. 

Chen, Kessler, and Monselise (1964), studying moisture stress on 

nitrogen metabolism in citrus, reported that an accumulation of amino 

acids in the leaves resulted from nitrogen degradation products trans

located from the roots. In contrast, Petrie and Wood (1938) attributed 

the increase of free amino acids under stress to protein hydrolysis. 
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CONCLUSIONS 

The findings of this study Indicated that mesqulte seedlings 

enter a state of metabolic imbalance as the air temperature becomes 

supraoptimal. This imbalance is characterized by a rapid decrease in 

starchy decrease in photosynthetic and respiratory rates, increase in 

the free amino acid pool and soluble nitrogen content. In addition, 

melibiose increased with increasing temperatures, especially in the 

leaf tissues* It was theorized that melibiose may be one of the raw 

materials in the formation of mesqulte gum. Though the physiological 

importance of gums has not been established, it is thought that they 

function in repair of tissue injury. 

Although no data were collected at temperatures below 90 F, it 

was evident that maximum photosynthetic rates occurred in mesqulte seed

lings at or below this point. Also, the starch content decreased at 

temperatures above 90 F. These data indicate that maximum growth takes -

place in mesqulte seedlings in late spring and during periods when tem

peratures are below 90 F. 

The decrease in respiratory rates was not due to a lack of 

oxldizable substrates. The amounts of glucose and fructose remained 

relatively stable over the temperature regimes employed in the study. 

The decline in respiration was probably due to inactlvatlon of some 

enzyme system. The reduction in respiratory rates would also reduce 

the amount of ATP formed and available for anabolic reactions. 

63 
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It is commonly recommended to apply herbicides on range shrubs 

during the spring when translocation of metabolites is greatest. The 

findings of this study also indicate that translocation would be great

est before the onset of the high summer temperatures. It also seems 

probable that translocation rates v/ould be high during the fall months, 

but by that time the development of leaf cuticle would have reached its 

peak and absorption of herbicides restricted. Mechanical control of 

mesquite should provide more positive results if conducted during the 

hottest and dryest season. As indicated by the findings of this study, 

the plants would be approaching a state of metabolic imbalance, reserves 

should be at a low ebb and greater kills achieved. This is in agreement 

with data collected by Jordan (1969) where he found that treatments 

applied in June resulted in greater kills than those applied in March. 

White (1968) also concluded that the highest mortality of creosotebush 

due to fire occurred in June and July prior to the summer rains. 
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Table 1. Average photosynthetic and respiratory 
rates in.«g COp/min/g (fresh wt.) of 
mesquite seedlings 

TREATMENT 
NET 

PHOTOSYNTHESIS RESPIRATION 
TOTAL 

PHOTOSYNTHESIS 

Control .035a1 .014a .049 

100/80 •033a .019 a .052 

110/90 .028 a .012 a .040 

120/100 .022b .009a .031 

130/110 .012b • 006a .018 

"'"Means followed by the same letter are not signif
icantly different at the 5% level. 

Table 2. Average glucose levels in mg/g plant material 
(dry wt.) for each plant organ and treatment. 

PLANT ORGAN 
TREATMENT LEAF STEM ROOT AVG, 

Control 3.6 4.6 5.0 4.4 

100/80 3.5 5.0 4.4 4.3 

110/90 4.3 4.7 5.6 4.9 

120/100 5.4 4.7 5.4 5.2 

130/110 3.4 5.7 5.0 4.7 

Average 4.0a1 4.9ab 5.1b 

Cleans followed by the same letter are not signif
icantly different at the 1% level. 



Table 3. Average fructose levels in mg/g plant 
material (dry wt.) for each plant organ 
and treatment. 

PLANT ORGAN 
TREATMENT LEAF STEM ROOT AVG, 

Control 2.8 4.7 3.8 3.8 

100/80 3.2 5.2 3.6 4.0 

110/90 3.3 3.0 3.7 3.3 

120/100 3.0 4.3 4.6 4.0 

130/110 2.5 5.1 4.6 4.1 

Average 3.0a1 4.5b 4.1b 

M̂eans followed by the same letter are not signif
icantly different at the 5% level. 

Table 4. Average melibiose level in mg/g plant 
material (dry wt.) for each plant organ 
and treatment. 

TREATMENT 
PLANT ORGAN 

TREATMENT ROOT STEM LEAF AVG. 

Control 0.40 0.46 0.42 0.42a 

100/80 0.42 0.50 0.49 0.47ab 

110/90 0.60 0.41 0.58 0.53ab 

120/100 0.59 0.47 0.77 0.61b 

130/110 0.88 0.84 1.35 1.02c 

Average 0.58a 0.54a 0.72b 

Means followed by the same letter are not signif
icantly different at the 5% level (organs) or at 
the 155 level (treatments). 



Table 5. Average percent starch for each organ as 
affected by temperature. 

PLANT ORGAN 
TREATMENT ROOT LEAP STEM AVG. 

Control A. 90 3.36 9.34 5.87a 

100/80 4.63 2.88 8.43 5.31a 

110/90 3.79 2.48 8.46 4.91ab 

120/100 3.05 2.03 6.97 4.02ab 

130/110 2.27 2.10 4.89 3.09b 

Average 3.73a1 2.57a 7.64b 

"'"Means followed by the same letter are not signif
icantly different at the 1% level. 

Table 6. Average residual nitrogen in mg N/g plant 
material (dry wt.) for the three plant 
organs as affected by temperature. 

PLANT ORGAN 
TREATMENT LEAF ROOT STEM AVG. 

Control 38. 4 15. 3 • 12. 4 22. Oa 

100/80 29. 6 12. 9 13. 0 18. 5bc 

110/90 36. 6 15. 6 11. 3 21. 2ab 

120/100 34. 8 14. 7 11. 8 20. 4ac 

130/110 31. 7 11. 1 11. 7 18. 2c 

Average 34. 2a1 13. 9b •
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Means follov/ed by the same letter are not signif
icantly different at the 1% level (organs) or at 
the 10% level (treatments). 



Table 7. Average soluble nitrogen in mg N/g plant 
material (dry wt.) for the three organs 
as affected by temperature. 

TREATMENT 
PLANT ORGAN 

TREATMENT LEAF ROOT STEM AVG. 

Control 7.0 4.6 7.0 6.2b 

100/80 7.2 5.6 6.3 6.4b 

110/90 6.8 4.8 5.9 5.8b 

120/100 8.2 5.7 8.4 7.4ab 

130/110 10.4 5.7 10.0 8.7a 

Average 7.9a 5.2b 7.5a 

\]eans followed by the same letter are not signif
icantly different at the 1% level. 
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Table 8. Amino acid values (mg/g dry weight) for leaves of meequite 
seedlings as influenced by temperature 

AMINO ACID 
TEMPERATURE (F) 

AMINO ACID CONTROL 100 110 120 130 

Proline 1.57 1.64 1.74 1.84 1.89 

Aspartic 5.80 7.68 8.80 9.58 10.00 

Cysteine .10 .12 .13 .15 .25 

Histidine .45 .88" 1.51 1.92 1.99 

Leucine (M)"*" 2.14 2.04 1.92 1.22 1.17 

Threonine .76 .70 .66 .52 .50 

Glycine .54 .58 .68 .70 .79 

Alanine 3.31 3.66 3.87 4.91 5.10 

Valine (M) 2.72 2.64 ro
 
•
 

00
 

2.24 2.19 

Lysine .16 .10 .08 .63 .02 

Glutamic .68 1.39 1.58 1.63 1.67 

Serine 1.28 1.22 1.16 1.10 1.02 

Total 19.51 22.65 24.61 25.84 26.59 

denotes a mixture of amino acids described in text. 
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Table 9. Amino acid values (mg/dry v/t.) for stems of mesquito 
seedlings as influenced by temperature. 

" TEMPERATURE (FV 
AMINO ACID CONTROL 100 110 120 130 

Proline 1.02 2.12 2.68 4.22 6.81 

Aspartic 4.69 5.06 5.61 6.66 8.26 

Cysteine .06 .15 .26 .38 .81 

His ti dine .06 .09 .13 .18 .26 

Leucine (M)"*" .60 .80 1.06 1.16 1.26 

Threonine .16 .17 .25 .30 .34 

Glycine .07 .12 .33 .45 .54 

Alanine 1.30 1.32 1.34 2.03 2.31 

Valine (M) .56 .72 1.16 1.41 1.88 

Lysine .05 .08 .11 .15 .19 

Glutamic .72 .81 1.10 1.24 1.55 

Serine .59 .96 1.11 1.27 1.44 

Total 9.88 12.40 15.14 19.45 25.65 

"'•"M" denotes a mixture of amino acids described in text. 
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Table 10, Amino acid values (mg/g dry wt.) for roots of mesquite 
seedlings as influenced by temperature. 

TEMPERATURE (F) 
AMINO ACID CONTROL 100 110 120 130 

Proline 2.50 3.00 3.50 3.73 4.08 

Aspartic 6.08 6.67 7.32 7.80 8.25 

Cysteine .45 .53 .60 .69 1.11 

Histidine .90 .86 .85 .75 ,54 

Leucine (M)1 1.30 1.24 1.12 .83 .22 

Threonine .70 .69 .64 .39 .26 

Glycine .69 .48 .37 .31 .14 

Alanine 1.78 1.54 1.50 1.28 .91 

Valine (M) 1.08 1.04 .99 .79 .49 

Lysine .03 .Q<t .06 .07 .09 

Glutamic .74 .84 1.02 .54 .44 

Serine .75 .69 .59 .51 .35 

Total 17.00 17.62 18.56 17.69 16.88 

denotes a mixture of amino acids described in text. 
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Table 1. Analyses of variance of the effects of different temperatures on the 
photosynthetic and respiratory rates of mesquite seedlings. 

PHOTOSYNTHESIS RESPIRATION 

SOURCE DF 
MEAN 
SQUARE F 

MEAN 
SQUARE F 

Replications (R) 1 1.0 0.01 • 115.6 2.36 

Treatments (T) 8 427.1 5.57* 103.6 2.12 

Error1 (R x T) 8 76.6 0.80 49.0 3.09* 

Samples vr/i T 37 96.0 15.9 

•Denotes significance at the 5% level. 



Table 2. Analysis of variance of the effects of tempera
ture on the starch content of mesquite seedlings. 

SOURCE DF 
MEAN 
SQUARE F 

Replications 1 12.8 2.67 

Treatments (T) 8 26.3 5.47** 

Organs (0) 2 .446.6 92.85** 

T x 0 16 3.9 0.80 

Exp't. Error 23 4.8 3.29** 

Sampling Error 108 1.5 

••Denotes significance at the 1% level. 



Table 3. Analyses of variance of the effects of different temperatures on fructose, 
glucose and melibiose levels in mesquite seedlings. 

FRUCTOSE GLUCOSE MELIBIOSE 
MEAN MEAN MEAN 

SOURCE DF SQUARE F . SQUARE F SQUARE F 

Replications 1 0.33 0.35 0.22 0.07 0.18 6.00* 

Treatments (T) 8 1.68 1.81 2.25 0.73 0.71 23.67** 

Organs (0) 2 37.85 40.70** 19.38 6.33*» 0.13 4.33* 

T x 0 16 1.70 1.83 1.58 0.52 * 0.08 2.67» 

Exp't. Error 26 0.93 0.98 3.06 2.15** 0.03 1.50 

Sampling Error 108 0.95 1.42 0.02 

•Denotes significance at the 5% level. 
••Denotes significance at the 1% level. 



.Table 4. Ansilyses of variance of the effects of different temperature regimes on 
the nitrogen status of mesquite seedlings. 

SOURCE DF 

SOLUBLE NITROGEN RESIDUAL NITROGEN 

SOURCE DF 
MEAN 
SQUARE F 

MEAN 
SQUARE F 

Replications 1 13.5 2.77 10.8 0.48 

Treatments (T) J 8 21.5 4.42** 51.1 2.28a 

Organs (0) 2 106.1 21.77** 9,381.7 419.39** 

T x 0 16 6.0 1.24 23.8 1.07 

Exp't, Error V 26 4.9 6.96** 22.4 6.43»* 

Sampling Error 108 0.7 3.5 

Denotes significance at the 10% level. 
•Denotes significance' at the 5% level. 
••Denotes significance at the 1% level. 
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