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ABSTRACT 

Soluble leaf protein content of a population of 257 alfalfa 

(Medicago sativa L.) plants was determined under field conditions. 

Selected plants were monitored to determine the change in protein 

levels seasonally and over developmental stages. The growth stage of 

the plant appeared to influence the soluble protein level. Although 

there is a variation in soluble protein due to growth stage of the 

plant the content remains fairly stable throughout the growing season. 

The mean protein contents obtained during the bud stage in March, July, 

August, October and November were 22.4, 19.4, 21.2, 20.8 and 20.6%, 

respectively. 

The ability of alfalfa to acclimate photosynthetically to tempera

ture was also studied using four selected clones. The data indicates 

that certain plants possess a higher potential for acclimation than do 

others. Stomate density of the clones was found to vary significantly 

with growing temperature. 

viii 



INTRODUCTION 

Alfalfa is the most important cultivated forage crop in 

Arizona. It plays a significant role in Arizona's agricultural in

dustry, accounting for approximately 81,000 ha of cropland. This 

brings over 92 million dollars in revenue to Arizona's economy. 

The yield of alfalfa has shown a consistant upward trend in 

the past twenty years (Growing Alfalfa in Arizona, 1977) and currently 

averages about 15 metric tons per ha. The single most contributing 

factor to this increase has been the development of new cultivars 

which have been insect and disease resistant. The genetic make-up of 

alfalfa provides a range of variation for most characteristics which 

assists in the development of higher yielding alfalfa. 

The primary goal of much research that has been done with alfalfa 

is ultimately toward increased yield. Certain morphological and 

physiological factors can give an indication of plant yield and thus 

can be used in breeding programs. Some morphological factors have 

proven to be reliable indicators of photosynthetic rates of alflafa 

(Delaney and Dobrenz, 1974a; Foutz, Wilhelm and Dobrenz, 1976; Leavitt, 

Dobrenz, and Stone, 1979; Retziner, Dobrenz and Schonhorst, 1980). 

There has been some success correlating physiological parameters with 

yield (Delaney and Dobrenz, 1974b; Foutz et al., 1976; Schneiter et al, 

1974,1976). Although physiological characteristics can be helpful tools 

for selection they are less reliable than morphological factors (Foutz 

et al., 1976; Leavitt et al., 1979; Retzinger et al., 1980), 

1 
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Physiological and morphological characteristics can be greatly 

influenced by environmental conditions. The quantum yield (mol CO^f 

absorbed einstein) of a plant is dependent on leaf temperature and 

intercellular CC^ (Ehleringer and Bjorkman, 1977). Forage yields have 

consistantly been shown to decrease during periods of high temperatures 

(Crowder and Craigmiles, 1960; Robison and Massengale, 1968; Delaney, 

Dobrenz and Poole, 1974). Photosynthesis and dark respiration rates 

(Delaney et al., 1974) as well as total protein content (Dobrenz, 

Schonhorst and Thompson, 1969) are reduced during high summer tempera

tures in Arizona's deserts. The numerous changes in alfalfa's morphol

ogy as a result of environmental conditions have been well documented. 

At this time many researchers fail to consider or incorporate 

time of selection with the prevailing environmental conditions. Selec

tion time or data collection time may prove to be critical in some 

studies. Studying the effect of temperature and other environmental 

factors on plant development may provide a better understanding for 

selection in breeding programs. This may be especially important in 

Arizona in view of the large temperature range over which non-dormant 

alfalfa grows. 

The main objectives of this research were: 

1. Establishment of the variability of soluble protein within a 

cultivar of nondormant alfalfa. 

2. Monitor seasonal changes in soluble protein levels within clones 

selected for high and low protein levels. 



3. Determine if a correlation exists between soluble protein content 

and other plant characteristics such as net photosynthesis, 

photorespiration and dark respiration rates. 

4. Determine the photosynthetic acclimation potential of alflafa 

plants to seasonal changes in temperature. 

5. Evaluate the effects of varying growing temperatures on alfalfa 

leaf morphology. 



REVIEW OF LITERATURE 

Soluble Protein 

There has always been interest in alfalfa protein quality and 

quantity. Most recently the high protein content of alfalfa has been 

studied for its potential as a human food source. 

Various, quantitative analyses have been used to determine the 

percent total and soluble proteins on a whole plant basis as well as 

individual plant parts. Gengenbach and Miller (1972) obtained the 

following results when examining percent total protein from alfalfa 

(Medicago sativa L.): total herbage - 22.9%, top leaves - 33.8%, mid 

leaves - 31.0%, top stems - 19.8% and mid stems - 12.4%. Dobrenz et 

al. (1969) investigated the quantity of total protein in alfalfa during 

a complete growing season. Six alfalfa cultivars were studied. The 

cultivar with the highest average percent protein on a whole plant 

basis for the growing season contained 19.8% while the lowest cultivar 

contained 17.4%. 

The tremendous interest in soluble protein from alfalfa became 

apparent when scientists realized that soluble protein, reported to con

stitute 50-70% of crude protein concentration (Howarth, McArthur and 

Goplen, 1973a), represents the majority of total protein. It was also 

evident from quantitative studies that Fraction I protein is the largest 

single component of the soluble proteins. 

4 
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Rommann, Gerloff and Moore (1971) found leaf samples ranged 

from 40.4 to 44.2 mg soluble protein g fresh weight. Fraction I 

protein was found to make up approximately 30% of the total soluble 

protein. Gutek, Goplen and Howarth (1976) examined fresh alfalfa tip 

samples (top 10 to 15 cm) and found total soluble protein in two con

secutive years averaged 21.8% and 19.0%, respectively on a dry weight 

basis. Fraction I protein made up 5.7% and 4.2%, respectively of the 

total soluble protein. 

The protein content of alfalfa has also been found to vary with 

the growing stage. Rommann et al. (1971) initiated studies on four 

varieties of alfalfa (M. sativa), birdsfoot trefoil (Lotus corniculatus 

L.) and white clover (Trifolium repens L.) to examine stage of growth 

effect on the percent Fraction I protein. When they looked at bloom, 

bud and pre-bud stages they found- Fraction I protein reached maximum 

percentage at the bud stage when the data were averaged over varieties 

and species. Kehr, Ogden and Satterlee (1979) also looked at the percent 

total protein in fresh forage during bud, 1/10 bloom and full bloom 

stages of growth in alfalfa. Average protein was the highest in four 

cultivars during the bud stage. 

There has been a significant amount of research done on the 

soluble protein content of alfalfa in relation to ruminant bloat. 

Total soluble protein is the major cause of this problem (Howarth et 

al., 1973; Jones and Lyttleton, 1969, 1972; McArthur and Miltmore, 

1969; McArthur, Miltmore and Pratt, 1964; Miltmore et al., 1970). A 
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direct relationship of total and soluble alfalfa leaf chloroplast pro

teins and severity of bloat in cattle was reported by Stifel et al. 

(1968). 

McArthur, Miltmore and Pratt (1964) and McArthur and Miltmore 

(1969) working in British Columbia, found that Fraction I protein was 

the prime cause of bloat, and non bloating forages contained less 

Fraction I protein than bloating. Bloat in cattle was found to have 

a threshold level of 1.8% Fraction I protein, below this level bloat 

did not occur (Miltmore et al., 1970). At concentrations of Fraction 

I protein above the threshold level bloat incidence increased logar

ithmically. 

Jones and. Lyttleton (1969, 1972) separated and examined in

dividually Fraction I and Fraction II proteins. (Fraction II proteins 

representing total soluble proteins minus the Fraction I component). 

They found that Fraction II proteins were also responsible for rumin

ant bloat. This information has been supported by Howarth et al. 

(1973) . 

Evidence presented by Rommann et al. (1971) suggest that lipo

proteins could also play a role in ruminant bloat. They examined 

lipoprotein patterns from electrophoresis gels of six clones of 'Vernal' 

alfalfa. They found the three clones with the highest foaming values 

were the three clones with the most intense staining for lipoproteins. 

After identifying the major cause of ruminant bloat researchers 

began assessing the feasibility of breeding alfalfa cultivars with low 
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soluble protein. Alfalfa populations have been found to vary signifi

cantly in Fraction I (Heinrichs and Miltmore, 1970; Gutek et al., 

1976) and Fraction II proteins (Heinrichs and Miltmore, 1970) which is 

extremely beneficial for breeding purposes. Unfortunately heritabil-

ity estimates have been variable and are sometimes low. 

Heinrichs and Miltmore (1970) studied five populations of 

alfalfa totaling ninety-nine plants. Averaged over all populations 

they found a broad sense heritability value for Fraction I protein of 

.46. In a later study by Miltmore et al. (1974) on 60 alfalfa plants, 

a heritability value of .28 was obtained. 

Gengenbach (1972) studied the heritability of protein level 

using three alfalfa clones with differing protein amounts. Narrow 

sense heritability estimate of protein percentage was .51. Broad 

sense estimates of heritability for protein percentage ranged from 

.26 to .60. 

Heritability estimates were also done by Heinrichs (1972), who 

used a diallel of eight high and eight low content Fraction I protein 

alfalfa plants. He found Fraction I had a heritability of .33 using 

variance component methods. Narrow sense heritability estimates for 

two consecutive years obtained by Gutek, Goplen and Howarth (1976) 

were as follows: Fraction I - .19 and .20, Fraction II - .19 and .27. 

Rotili (1976), at the Institute for Forage Crops in Italy, re

searched the selection of alfalfa for higher protein yield so that 

selected varieties might be utilized for the dehydration industry or 

for leaf-protein production. He looked at protein content of alfalfa 
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between single crosses and between double crosses at four levels of 

inbreeding. The coefficient of correlation between the observed and 

the breeding values of the single crosses showed very low values ex

cept at the third cycle of inbreeding where significance was found at 

the .05 level. With the double crosses he also obtained poor corre

lation coefficient values with the exception being significance at 

the .05 level for the third generation. 

Heinrichs (1972) and Gutek et al. (1976) concluded from their 

experimental results that it would be possible to lower the soluble 

protein content of alfalfa using appropriate breeding and selection 

techniques. Rotili (1976) concluded that it seemed very difficult to 

obtain satisfactory results in a breeding program to increase protein 

content in a single plant. He suggested an increase in protein prod

uction per hectare could be obtained more realistically by increasing 

leaf production per hectare. This is in accordance with the earlier 

work of Dobrenz et al. (1969) who did research with six alfalfa culti-

vars. Two of the cultivars were found to produce significantly more 

protein per plot. They noted that the higher protein production was 

related directly to an increased forage yield and not to higher protein 

percentage in the forage. 

Soluble protein has also been of interest to biochemists, 

Fraction I protein (Ribulose-1, 5-bisphosphate carboxylase) has been 

studied extensively and numerous papers have been written describing 

the enzymatic properties and structure of this enzyme. A comprehensive 



9 

literature review on Ribulose-1, 5-bisphosphate carboxylase was pub

lished by Jensen and Bahr (1977). 

The molecular structure of alfalfa Fraction I protein was ex

amined by Noguchi et al. (1978) who reported on the amino acid compo

sition, subunit structure and the circular dichroism spectrum. 

Tomimatsu (1980) recently reported on the macromolecular properties 

and subunit interactions of ribulose-1, 5-bisphosphate carboxylase 

from alfalfa (M. sativa). 

Extensive research has been conducted on the increase in 

soluble protein and changes in relative amounts of isozymes which 

occur in roots and crowns of cold hardened alfalfa (Bula and Smith, 

1954; Jung and Smith, 1961; Gerloff, Shahmann and Smith, 1967; Faw, 

1969; Krashuk, Jung and Witham, 1978; Duke and Doehlert, 1981). 

Growth temperature is known to influence protein quantity 

in alfalfa. Dobrenz et al. (1969) found total protein in alfalfa was 

the highest in March, April and October harvests - 21%, 23% and 20%, 

respectively and the lowest in June, July and September - 16%, 15% 

and 15%, respectively. Walgenbach, Marten and Blake (1981) conducted 

a greenhouse study on alfalfa at three temperature regimes - 18/10, 

26/18 and 34/26 C (day/night). Soluble protein nitrogen of alfalfa 

leaves was greatest at 26/18 C. The soluble protein nitrogen con

centration in the stems increased as temperature increased from 2.7 to 

3.0 to 3.7 mg nitrogen/g dry weight at 18/10, 26/18 and 34/26 

respectively. 

There has recently been investigation into the development of 

soluble leaf proteins, especially Fraction I protein, as a human food 
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source. Alfalfa is of special interest in this respect because" of its 

high quantity of soluble leaf proteins. This new potential use for 

alfalfa is being studied by researchers in nutritional biochemistry and 

other fields (Edwards et al., 1975; Bourque, 1977; Kohler and Knuckles, 

1977; Edwards, de Fremery and Kohler, 1978). 

Photosynthetic Temperature Acclimation 

Photosynthetic acclimation potential has been defined by 

Mooney, Bjorkman and Collatz (1978) as "the ability of a given geno

type to change its photosynthetic characteristics in an adaptive manner 

in response to changes in environmental conditions such as light, 

temperature or water regime." Photosynthetic acclimation to tempera

ture has been noted to be present in a wide diversity of plants. 

Extensive work on this subject has been done by a group of 

scientists from the Carnegie Institute working out of California. 

Much of the initial work was done on Larrea divaricata Cav. (Mooney 

et al., 1978; Armond, Schreiber and Bjorkman, 1978) a common southwest 

desert shrub. Mooney et al. (1978) found that divaricata can main

tain a relatively high and constant rate of photosynthesis throughout 

the year although the mean daily temperature where studies have been 

conducted can vary by about 30 C from summer to winter. Stomatal conduc

tance, respiration, 0^ inhibition of photosynthesis and nonstomatal 

limitations of CC^ diffusive transport were all investigated. It was 

concluded that none of the above factors singularly or together could 

account for the adaptive response to varying seasonal temperature. They 
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feel photosynthetic acclimation is an intrinsic characteristic of the 

plant. 

Nerium oleander, a shrub native to arid regions of North Africa 

and Southwest Asia and widely planted as an ornamental world-wide, was 

found to be capable of growing over a wide temperature range - 10-46 C. 

Bjorkman, Badger and Armond (1978) reported N. oleander has the ability 

to photosynthetically acclimate over a very wide temperature range. 

Other plants growing, in the southwestern United States deserts have 

also been shown to exhibit this phenomena including Atriplex lentiformis 

(Torr) Wats, a C.^ evergreen shrub (Pearcy, Berry and Fork, 1977) and 

Opuntia basilaris Engelm. and Bigel, a succulent Crassulacean acid 

metabolism plant (Gulmon and Bloom, 1979). 

Photosynthetic acclimation to temperature was also demonstrated 

in Eucalyptus pauciflora Sieb ex Spreng. along an altitudinal gradient 

in Australia (Slatyer and Ferrar, 1977). Other trees including Pinus 

taeda L. in the southeastern United States have also exhibited seasonal 

changes in temperature dependence (Strain, Higginbotham, and Mulroy, 

1976). This phenomena is as far reaching as moss species in Barrow, 

Alaska (Oechel, 1976). 

Ku and Hunt (1977) have studied the effects of temperature on 

the photosynthetic activity of alfalfa leaves. They examined the photo

synthetic response of two alfalfa genotypes grown at two regimes 20/15 

and 30/25 C (day/night). The photosynthetic rate was measured at 30 and 

20 C on each genotype while irradiance was varied from 48 to 116 

2 
nE/cm /s. Genotype AT 171 has been shown to have a net photosynthetic 
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rate that was greater when measured at 20 C than at 30 C at all irrad

iances and for both growth temperature regimes. The genotype CC120 has 

been shown to have a net photosynthetic rate greater at 30 C at 

2 
irradiances greater than 47 nE/cm s with plants grown at 30/25. Plants 

grown at 20/15 had the highest net photosynthetic rate when measured at 

2 
20 C for all irradiances except 116 nE/cm s. These results indicate 

that CC 120 is more adaptable photosynthetically to its environment 

and may exhibit some photosynthetic acclimation potential. 

Separate mechanisms are believed to be responsible for high and 

low temperature adaptions. The Carnegie Institute has worked exten

sively worked on this problem. Low temperature acclimation response 

is believed to be limited by enzymatic activity (Mooney et al., 1978). 

Researchers examined the activities of ten enzymes from the photosyn

thetic carbon metabolism of N. oleander plants grown at 20 and 45 C. 

Photosynthetic electron transport and photophosphorylation capacities 

were measured. When these were compared with the photosynthetic 

uptake, Fructose-diphosphate-phosphatase was the only enzyme examined 

which was affected by growth temperature in a manner similar to the 

observed changes in photosynthetic capacity. 

Growth at higher temperatures is related to the interactions 

between the light harvesting pigments and photosystem II reaction 

center (Armond et al., 1978). Plants able to acclimate photosynthetic

ally at higher temperatures exhibited an increased thermal stability of 

their photosynthetic machinery. Photosystem II is very sensitive to 

heat stress at higher temperatures which is possibly related to ATP 
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formation by photophosphorylation. Increased thermal stability may be 

related to an altered lipid composition of the thylakoid membrane 

(Armond et al., 1978; Roberts and Berry, 1980). 

Although Ku and Hunt (1977) have done the only reported studies 

on photosynthetic acclimation in alfalfa, there have been various 

other researchers who have looked at temperature responses of alfalfa 

to photosynthesis. Murata, Iyama and Honma (1966) showed that alfalfa 

had a broad optimum temperature range for photosynthesis, with little 

difference in rate between 10 and 25 C and only a slightly rate reduc

tion at 30 C. Respiration was found to increase steadily with increas

ing temperature. Nelson and Smith (1969) looked at the net assimilation 

rate of 'Vernal' alfalfa at growth temperatures of 32/24 and 18/10 C 

(day/night) . Vernal was found to have a net CO2 assimilation rate 

- 2  - 2  
of 174 mg dm /day at the low temperature and 161 mg dm /day at the 

higher temperatures. Chatterton and Carlson (1981) studied twelve 

alfalfa genotypes at four growth regimes 20/15, 23/18, 26/21 and 29/24 

C (day/night) in 10 and 14 hour photosynthetic periods. The mean carbon 

dioxide exchange rates over all cultivars and photosynthetic periods 

were 40.13, 40.61, 40.27 and 38.89 mg dm ^/hr for 20/15, 23/18, 26/21 

and 29/24 C, respectively. 

Effect of Temperature on Alfalfa Leaf Morphology 

Temperature is known to have a profound effect on leaf morphol

ogy. Environmental responses of this nature can prove to be critical 

from a research standpoint. Certain variations in results between 
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different research laboratories might be better understood taking into 

account varying environmental conditions. Temperature effect can also 

be an important consideration for plant breeders. Alfalfa grows over 

a fairly wide temperature range and the season(s) of selection for a 

characteristic may be critical for success. 

Growing temperature has been found to have a marked effect 

on leaf area of alfalfa, even in studies where water was not a 

limitation. Ku and Hunt (1973) grew two genotypes of alfalfa at 

two temperature regimes 20/15 and 30/25 C (day/night). They found 

that for both genotypes, plants grown at 30/25 C had larger first and 

second leaves than plants grown at 20/15 C, but generally after the 

third leaf the plants grown at 20/15 C had much larger leaves. Nelson 

and Smith (1969) also found the mean area of trifoliate leaves of 

Vernal alfalfa was higher 18/10 C than at 32/24 C, 1.57 cm^ and 1.23 

2 
cm , respectively. Wolf and Blaser (1971) studied leaf area of 

alfalfa grown at three constant temperatures 10, 21 and 32 C. They 

2 
found areas of fully expanded leaves were 5.9, 6.1 and 3.3 cm for 10, 

21 and 32 C, respectively. Bula (1972) studied the morphological char

acteristics of three alfalfa cultivars at four constant growing 

temperatures - 20, 25, 30 and 35 C over two growth stages - seedling 

growth period and a secondary growth period. In the secondary growth 

period the means of the three cultivars for leaf size were as follows: 

20 C - 3.7 cm^, 25 C - 2.48 cm^, 30 C 1.29 cm^ and 35 C - 1.44 cm^. The 

same trends were noted during the seedling growth period. A study by 

Smith and Struckmeyer (1974) also showed similar trends. The leaf areas 
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from Vernal alfalfa grown at 32/24 C and 21/12 C (day/night) showed an 

2 
increase from 2.29 to 2.80 cm , respectively, at the first flower 

growth stage. 

Specific leaf weight (SLW) of alfalfa was also found to be 

greater at 20/15 C than at 30/25 C by Ku and Hunt (1973). SLW of the 

2 plants grown at 20/15 C was about 4.0 mg/cm for the first leaves and 

2 
5.0 and 6.0 mg/cm for leaves five and six, respectively. At 30/25 C 

2 2 
SLW was 2.0 mg/cm for the first four leaves and 2.3 and 3.5 mg/cm 

for leaves five and six, respectively. Nelson and Smith (1969) found 

SLW was slightly higher for alfalfa grown at 18/10 C than at 32/24 C, 

2 
3.444 and 3.14 mg/cm , respectively. Similar results were also 

reported by Smith and Struckmeyer (1974) who found SLW went from 310 

2 2 
mg/dm to 586 mg/dm at temperatures of 32/24 and 21/12 C (day/night), 

respectively. 

Results contrary to the above were found by Bula (1972) who 

also noted a significant cultivar x temperature interaction with 

alfalfa SLW. When his results were averaged over cultivars and growth 

periods, SLW of the plants grown at 20, 25 and 30 C were similar and 

lower than the plants grown at 35 C. 

Other morphological characteristics of alfalfa leaves have 

also been observed to vary with temperature. Among these are leaf 

area per plant (Ku and Hunt, 1973), leaf weight (Wolf and Blaser, 

1971), and leaf density (Ku and Hunt, 1973). 

Field studies were conducted by Delaney et al. (1974) on 

seasonal variation in growth components of alfalfa. The objective of 
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this study was to examine the reduced yield that occurs in nondormant 

alfalfa of the southwest during July. Under field environments tempera

ture as well as many other environmental factors play a role. Alfalfa 

was studied at two planting densities. The SLW was shown to decrease 

with increasing temperature at both plant densities. The leaf area in

dex in non spaced conditions was found to be the highest in June and 

to decrease steadily thru November. Leaflet width was shown to drop 

in July and have a very sharp increase in October. 

Marked differences have also been observed in anatomical char

acteristics related to growing tempearture. Bula (1972) found leaflets 

of plants grown at 20 or 25 C had larger cells and more intercellular 

spaces than leaves of plants grown at 30 and 35 C. The size differ

ence was most evident in the xylem vessels and bundle sheath parenchyma 

cells. He also reported that the leaflets from plants grown at 20 or 

25 C had more phloem cells in the vascular bundle compared to those of 

plants grown at 30 or 35 C. 

Although Ku and Kunt (1973) found wide fluctuation in intercellu

lar space volume throughout regrowth, they noted that with both genotypes 

the volume of intercellular space was higher in plants grown at 20/15 C 

than at 30/25 C. They also show a higher water content of plants grown 

at 30/25 C that was inversely related to SLW. They felt this resulted 

from an increase in carbohydrate storage in cells of fixed volume at 

full turgor, since the carbohydrate would conceivably occupy space 

otherwise available for water. 

Smith and Struckmeyer (1974) found leaflets of plants grown at 

32/24 C had narrow, loosely arranged palisade cells, and the spongy 
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parenchyma cells were smaller and less compact than those from cool tem

peratures. Lumina of phloem cells in alfalfa grown at warm temperature 

were larger than those of cool temperature grown plants. 

The environmental conditions under which a plant is grown in

fluence stomatic density. As early as 1931 Penfound (1931) noted that 

moisture level had a profound effect on stomate density. He noted 

fewer stomates per unit area were present when soil moisture conditions 

were optimum. 

Light intensity has also been found to influence stomate den

sity. Cooper and Quails (1967) studied the effect of light intensity 

on stomate density. They found that Vernal alfalfa plants grown in 

direct sunlight had over 20% more stomates per unit area than plants 

grown in the shade. 

No reports have been published on stomatal densities of alfalfa 

in relation to growing temperature although various researchers have 

reported on the subject of stomatal density. Alfalfa is known to be 

an amphistomatous plant with significantly greater stomatal density on 

the adaxial surface (Cooper and Quails, 1967; Cole and Dobrenz, 1970; 

Carlson et al., 1981). Variation of stomatal density between alfalfa 

cultivars has been reported. Cole and Dobrenz (1970) averaged stomatal 

density over five cultivars and two experimental lines, and four leaves 

2 
of consecutive positions. They found 226/mm on the adaxial surface 

and 172 on the abaxial. Carlson et al. (1981) found similar results on 

five randomly chosen alfalfa plants when stomatal densities were meas

ured at three successive nodes. The mean stomatal density on the 

2 2 
adaxial surface was 217.3/mm while the abaxial contained 174.6/mm . 



MATERIALS AND METHODS 

Soluble Protein Studies 

A population of 1979 Syn^ Cycle^ experimental salt tolerant 

alfalfa was used as the germplasm source for this experiment. Whole 

shoot portions were removed from 257 individual plants, placed on ice 

and the leaves were later separated from the stem portions inside the 

laboratory. The leaf samples werethen freeze dried and finely ground 

using a Cyclone Sample Mill. Two hundred mg of freeze dried leaf 

tissue was then homogenized for 30 seconds in 6 ml of 25 niM Tris 

buffer (pH 7.5) using a Brinkman polytron. An additional 6 ml of 

buffer was used while filtering the sample through 65 um nylon cloth. 

The homogenate was then centrifuged at 20,000 rpm for 20 -minutes. The 

supernatant was assayed for soluble protein content using the Biuret 

Method (Gornal, Bardawell and David, 1949). 

The clones originally found to have the 5 highest and 5 lowest 

percentages of soluble protein were used for further field studies. 

Cuttings from each clone were used to establish three replications which 

included 10 plants of each clone at the USDA Plant Materials Center in 

Tucson. 

Photosynthesis was measured in the field on the 5 highest and 

5 lowest soluble protein clones. Four individual shoots were measured 

on each plant on four separate dates, July 1, 7, 16 and 22. Apparent 

photosynthesis rates in the field were determined using the syringe 

method developed by Clegg, Sullivan and Eastin (1978). An open system 

18 
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was used with a model 215 Beckman Infrared Gas Analyzer (IRGA) to 

determine the CO^ concentrations contained in the syringes (Fig. 1). 

Concurrent field measurements were taken on transpiration rate, dif

fusive resistance and leaf temperature using a Licor porometer. Leaf 

thickness was also determined at this time. 

After field photosynthesis measurements were completed the 

stems were excised and immediately placed in water inside a cool ice 

chest. The cut stems were placed in darkness overnight. The following 

day photosynthesis measurements as well as post illumination burst 

(PIB) and dark respiration were obtained on the stem cuttings using 

a closed system with an IRGA (Fig. 2). Each shoot was allowed to re-

2 -1 
main under a light bank, that supplied approximately 2000 yE m sec 

of photosynthetically active radiation, for at least 10 minutes prior to 

photosynthetic measurements. This allowed the cutting to reach optimum 

carbon exchange rates. Measurements were obtained on individual 

cuttings by placing them in a sealed chamber with an initial concentra

tion of approximately 350 ppm CO2. After a steady state rate was 

recorded for apparent photosynthesis the light bank was turned off and 

a dark cloth placed over the plant chamber to evaluation of post 

illumination burst and dark respiration. 

Total leaf area for the individual cuttings was determined 

using a light sensitive automatic area meter, (Hayashi Denko Co.). The 

leaflets were then freeze dried for soluble protein assays. Dry 

weight was obtained after the tissue was freeze dried. 
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Temperature Acclimation Studies 

Four cultivars of alfalfa were selected for this experiment: 

'Hairy Peruvian', 'Moapa 69', 'Mesa Sirsa' and 'Vernal', A random 

plant was selected from each cultivar for cuttings. 

Three environmental growth chambers were used. Each chamber 

had approximately equivalent amounts of photosynthetically active radia-

-2 -1 
tion (600 uE m sec ). The growth chambers were each set at different 

temperatures; a low temperature 20/15 C (day/night), a moderate temp

erature 26/20 C, and a high temperature 32/26 C. Three replications 

of each cultivar were placed in each growth chamber after being cut 

back to approximately 7 cm above the crown. 

The plants were allowed to reach a stem length of at least 16 

cm before photosynthesis measurements were made. All measurements were 

made on regrowth of 7-11 days. Stems of intact plants were placed in a 

sealed chamber and measurements were made using a closed system as 

described previously. The only variation being a specially constructed 

air tight plexiglass chamber enclosed in an outer jacket to allow water 

flow. The outer chamber was connected to a water bath to provide 

temperature control inside the chamber + 1°C. A thermocouple was at

tached to one of the alfalfa leaflets inside the center chamber to 

obtain leaflet temperature. 

Photosynthesis and dark respiration rates were obtained on 

plants grown at all temperatures while the leaflet temperature inside 

the chamber was maintained sequentially at 18, 25, and 32 C. Previous 

investigation had shown that maintaining a stem at 18° had no effect on 

the photosynthetic rate at 25 or 32 C when the plant was given 10 minutes 



to equilibrate. Post illumination burst was not considered as a 

variable in this experiment because of the large variability and 

sometimes absence at low temperatures. After carbon exchange meas

urements were obtained the stem was excised from the plant and leaf 

areas obtained. 

Stomatal Density Studies 

The plants used in the acclimation study also served as experi

mental material to determine the effect of temperature on stomatal den

sity. Leaflet impressions were taken using cellulose acetete which was 

brushed on and allowed to dry at least % hour before being peeled off. 

Stomates were projected through an occular lens to a piece of paper, 

2 
using a field of view of ,5 mm . Because of the large field of view it 

was often difficult to obtain three replications from each impression. 

As a result additional samples were taken and there were varying num

bers of replications for each plant sample, 

Stomate impressions were taken on alfalfa regrowth tissue of 

approximately 2 weeks of age. Abaxial and adaxial impressions were 

taken on the first and third fully expanded leaves of all plants grown 

at all temperatures. 



RESULTS AND CONCLUSIONS 

Soluble Protein Studies 

The data obtained in the original population survey (Fig. 3) is 

felt to be unreliable due to the sampline method. The plant samples were not 

adequately maintained to assure the tissue remained fresh until the 

samples were frozen. All subsequent protein data is felt to be accur

ate as the sampling technique was revised and a small number of samples 

were taken on a given date (see Appendix). 

Soluble protein leaflet samples were taken on selected plants 

from February through November of 1981 (Table 1). Plants 11, 64, 100, 

137 and 230 were originally selected as plants with a high content of 

soluble protein. Plants 105, 155, 185, 244 and 252 were selected for 

their low soluble protein content. Because of the initial inaccurate 

sampling data the soluble protein content of the plants was not in all 

cases high or low as the original selection. 

Soluble protein samples were collected throughout the summer 

of 1981. Plant growth stage was found to have an effect on the soluble 

protein content. In July the soluble leaflet protein was 19.4% in 

both the pre-bud and bud stages when averaged over all plants. The 

protein content dropped to 17.8% during 1/10 bloom and down to 15.7% in 

full bloom. In August, similar trends were observed. In the pre-bud 

and bud stages the protein content was 20.3 and 21.2%, respectively. 

During 1/10 bloom the protein content dropped to 15.5% and in full 

bloom 15.4%. These results are generally consistent with the results 

24 
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Table 1. Soluble protein* of alfalfa from February-November 1981. 

Sampling Date Plant 

I I  2/27* 3/26** 6/3* 7/1* 7/7** 7/16*** 7/22**** 8/12* 8/19** 8/26*** 9/2**** 10/6** 11/3** Means 

100 24 25 27 26 25 22 17 24 27 17 20 24 23 23.2 

64 22 24 18 21 20 19 17 23 21 17 14 23 22 20.1 

105 24 23 18 20 21 17 16 20 22 15 16 25 21 19.8 

137 21 23 16 20 20 16 17 22 19 16 20 20 23 19.5 

230 22 22 18 19 18 17 16 22 20 15 15 20 23 19.0 

155 21 21 19 18 20 19 16 20 22 18 15 17 20 18.9 

185 21 22 14 19 19 18 16 20 20 16 14 20 20 18.4 

11 21 22 14 18 17 18 15 18 22 12 12 19 17 17.3 

244 20 21 14 17 18 16 15 17 19 15 13 20 20 17.3 

252 20 21 14 16 16 16 12 17 20 14 15 20 17 16.8 

Sample 21.6 22.4 17.2 19.4 19.4 17.8 15.7 20.3 21.2 15.5 15.4 20.8 20.6 
means 

+Percent soluble protein per dry weight of tissue 
*Pre-bud stage 
**Bud stage 
***1/10 bloom 
****Full bloom 
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of Rommann et al. (1971). They examined soluble leaflet proteins of 

r 
four alfalfa varieties in the pre-bud, bud and bloom stages. During a 

16-hr day-length (approximately equal to the day length during July 

and August in Tucson) the means of all cultivars were 42.6, 41.1, and 

39.9 mg soluble protein per g fresh wt leaflet tissue for the pre-bud. 

bud and bloom stages, respectively. It is possible that the decrease 

in soluble protein occurs because as the plant matures it breaks down 

some of the soluble proteins for use as other cell constituents. 

Another possible explanation for the soluble protein decrease might 

actually be an increase in structural components (i.e., cellulose and 

hemi-cellulose). This would give a lower percent soluble protein when 

based on a dry weight. 

Although the plants varied in percent soluble protein the rank 

of each plant remained fairly consistent (Table 1). There was a large 

range of soluble protein between the 10 plants. When the percent protein 

was averaged over all sampling dates it ranged from a high of 23.2% with 

plant 100 to a low of 16.8% for plant 252. 

There was not sufficient data collected to make a definite 

statement on seasonable soluble protein changes. The data does suggest 

that soluble protein on a percentage basis remains fairly stable through

out the year. The mean sample values during the bud stage in March, 

July, August, October and November were 22.4, 19.4, 21.2, 20.8 and 20.6%, 

respectively. Although the mean.value was somewhat higher in the spring 

there was not a substantial decrease in the protein content during 

July and August. Although the percentage of protein per dry weight of 

tissue may not change appreciably, the leaflet size varies considerably 
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with seasonal temperature changes. Plants grown at higher temperatures 

have much smaller leaflet areas compared to plants grown at cooler 

temperatures (Nelson and Smith, 1969; Wolf and Blaser, 1971; Bula, 

1972; Ku and Hunt, 1973; Smith and Struckmeyer, 1974). This would 

account for substantial changes in the amount of soluble protein on a 

per plant basis. 

Carbon dioxide exchange measurements were made in the field 

and in the laboratory. No correlation was found between soluble 

protein percentage and apparent photosynthesis of whole plants in the 

field, apparent photosynthesis of cuttings, net photosynthesis of 

cuttings, photorespiration of cuttings or dark respiration of cuttings. 

No significant differences in dark respiration were found 

among plants when average over all sampling dates (Table 2). Dark 

-2 -1 
respiration rates ranged from a low of 4.0 mg CC>2 dm hr to a high 

2 -2 -1 
of 5.0 mg CO dm hr . Apparent photosynthesis measurements in the 

field (Table 3) and in the laboratory (Table 4) showed no significant 

differences among plants over all sampling dates. Apparent photosyn

thesis in the field ranged from a low of 5.0 to a high of 10.7 mg CO2 

-2 -1 
dm hr . Laboratory cuttings ranged from a low of 10.2 to 16.1 mg 

-2 -1 
CO2 dm hr . There were significant differences in dark respiration 

and also apparent photosynthesis in the field and in the laboratory and 

between sampling dates when averaged over all plants. Net photosynthesis 

-2 -1 
measurements of cuttings ranged from 20.4 to 30.1 mg CO2 dm hr with 

significant differences among the plants (Table 5). 
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Table 2. Average dark respiration rate of ten alfalfa clones at four 
sampling dates in July, 1981. 

Dark Respiration mg 002 dm 2 
Sampling Dates 

hr"1 
Plant 

Plant # 7/1/81 7/7/81 7/16/81 7/21/81 Means* 

11 4.0 7.7 5.2 3.2 5.0 a 

64 5.2 5.4 5.0 4.1 4.9 a 

100 4.3 4.-9 5.8 2.4 4.4 a 

105 4.0 4.9 4.7 3.3 4.2 a 

137 5.2 5.5 5.0 3.7 4.9 a 

155 5.9 6.7 4.1 2.8 4.9 a 

185 4.5 5.3 3.8 2.6 4.1 a 

230 5.8 6.5 4.4 3.3 5.0 a 

244 4.9 4.6 4.4 2.1 4.0 a 

252 4.9 4.7 3.6 3.2 4.1 a 

Daily means* 4.9 b 5.6 c 4.6 b 3.1 a 

*Means followed by the same letter do not differ significantly at the 
P = 0.05 level using Duncan's Multiple Range Test. 
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Table 3. Apparent photosynthesis measurements of field grown alfalfa 
plants at four sampling dates in July, 1981. 

Plant # 

Photosynthesis mg CO2 dm~2 hr~l 
Sampling Dates 

7/1/81 7/7/81 7/16/81 7/22/81 
Plant 
Means* 

11 8.5 6.9 13.3 13.7 10.6 a 

64 8.5 5.4 8.1 3.4 6.4 a 

100 8.1 8.6 11.5 4.7 8.2 a 

105 4.0 9.5 11.2 7.6 8.1 a 

137 9.7 6.7 15.1 11.1 10.7 a 

155 4.3 8.2 13.0 7.1 8.2 a 

185 6.0 5.4 9.5 6.8 6.9 a 

230 10.9 4.4 11.4 3.3 7.5 a 

244 7.8 4.1 13.0 4.9 7.5 a 

252 5.5 4.0 5.4 5.1 5.0 a 

Daily means* 7.4 a 6.3 a 11.0 b 6.8 a 

*Means followed by the same letter do not differ significantly at the 
P = 0.05 level using Duncan's multiple range test. 
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Table 4. Average apparent photosynthesis of ten alfalfa clones at 
four sampling dates in July, 1981. 

Plant 

Apparent photosynthesis mg CO2 

Sampling Dates 

dm-̂  hr--*-

Plant 
Means* Plant 7/1/81 7/7/81 7/16/81 7/21/81 
Plant 
Means* 

11 12.3 14.5 21.9 15.2 16.0 a 

64 9.1 10.8 15.6 10.3 11.5 a 

100 9.3 11.2 14.4 12.9 12.0 a 

105 11.9 16.6 21.5 14.3 16.1 a 

137 12.2 10.2 15.6 14.3 13.1 a 

155 13.3 17.9 18.4 14.5 16.0 a 

185 9.4 9.6 10.8 10.8 10.2 a 

230 11.6 14.0 15.8 7.9 12.3 a 

244 9.6 9.6 16.6 15.2 12.8 a 

. 252 9.5 9.3 14.0 9.6 10.6 a 

Daily means* 10.8 a 12.4 a 12.5 a 16.4 b 

*Means followed by the same letter do not differ at the P = 0.05 level 
using Duncan's Multiple Range Test. 
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Table 5. Average net photosynthesis of ten alfalfa clones at four 
sampling dates in July 1981. 

Net photosynthesis mg C02 dm~2 hr~l 
Sampling Dates Plant 

Plant 7/1/81 7/7/81 7/16/81 7/2/81 Means* 

11 22.1 32.8 36.6 24.8 29.1 b 

64 21.2 20.5 25.5 17.9 21.3 a 

100 20.0 21.8 26.7 23.4 23.0 ab 

105 25.5 32.9 34.8 27.3 30.1 b 

137 24.4 20.3 26.4 21.1 23.1 a 

155 29.1 33.0 30.8 25.6 29.6 b 

185 22.6 21.9 19.3 17.7 20.4 a 

230 34.9 29.8 28.2 18.3 27.8 a 

244 21.7 19.0 25.7 26.2 23.2 a 

252 22.7 19.6 21.0 19.9 20.8 a 

Daily means* 24.4 ab 25.1 ab 27.4 b 22.4 a 

*Means followed by the same letter do not differ at the P = 0.05 level 
using Duncan's Multiple Range Test. 
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Photorespiration was the parameter measured with the largest 

significant differences among plants. Photorespiration average over 

all sampling dates ranged from a low of 5.4 to a high of 10.8 mg CC^ 

dm ^ hr There were also significant differences between sample 

dates (Table 6). 

There was not enough data to evaluate the effect of plant 

growth stage on carbon flux. The experiment was only performed at 

weekly intervals during one growth cycle. 

Soluble protein percentages were not significantly correlated 

with transpiration, diffusive resistance, leaf temperature or cuvette 

minus leaf temperature. Transpiration (Table 7) and diffusive resis

tance (Table 8) rates were significantly different between plants over 

all sampling dates. There was also significant differences between 

sampling days for both of these physiological characteristics. Cuvette 

minus leaf temperature was analyzed rather than leaf temperature separ

ately (Table 9). Pearson's correlation showed a highly significant 

correlation (r = .64) between cuvette minus leaf temperature and trans

piration rate. A high significant negative correlation (r = -.78) was 

found between cuvette minus leaf temperature and diffusive resistance. 

Leaf temperature alone was significantly correlated with transpiration as 

well as diffusive resistance but the r values were much lower, .19 and 

-.25, respectively. 

Physiological parameters are usually highly dependent on the 

environment in which the experiment is performed and each researcher 

provides a different environment. Even within a single experiment 
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Table 6. Average photorespiratlon rates of ten alfalfa clones at four 
sampling dates in July, 1981. 

Photorespiratlon mg CO2 dm~l hr-̂  
Sampling Dates Plant 

Plant # 7/1/81 7/7/81 7/16/81 7/21/81 Means* 

11 5.9 10.7 9.5 5.5 7.9 abc 

64 6.9 4.4 4.9 5.2 5.4 a 

100 6.4 5.7 6.5 7.1 6.4 ab 

105 9.7 11.4 8.6 9.4 9.8 be 

137 7.0 4.6 5.7 4.0 5.3 a 

155 10.0 8.5 8.3 8.4 8.8 abc 

185 8.8 7.0 4.7 3.6 6.0 ab 

230 17.6 9.4 8.0 8.3 10.8 c 

244 7.2 4.9 4.8 6.5 5.9 ab 

252 8.4 5.7 3.4 7.2 6.2 ab 

Daily means* 8.8 b 7.2 ab 6.4 a 6.7 a 

*Means followed by the same letter do not differ at the P = 0.05 level 
using Duncan's Multiple Range Test. 
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Table 7. Average transpiration rate of ten field grown alfalfa clones 
at three sampling dates in July, 1981. 

Transpiration ug citT^ s-1 
Sampling Dates Plant 

Plant # 7/1/81 7/7/81 7/21/81 Means* 

11 39.4 60.5 65.5 55.1 ab 

64 40.6 66.7 66.6 58.0 abc 

100 43.7 ' 60.6 76.8 60.4 abc 

105 41.4 72.6 62.8 60.9 abc 

137 45.2 76.3 94.5 7.20 c 

155 41.4 77.2 85.8 68.1 be 

185 42.3 58.9 85.1 62.1 abc 

230 36.0 58.6 54.7 49.8 a 

244 39.9 65.6 88.8 64.8 abc 

252 29.9 62.9 81.8 58.2 abc 

Daily means* 40.5 a 66.0 b 76.2 c 

*Means followed by the same letter do not differ at the p = 0.05 level 
using Duncan's Multiple Range Test. 
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Table 8. Average 
at three 

diffusive 
sampling 

resistance of ten 
dates in 1981. 

field grovra alfalfa clones 

Diffusive Resistance s 
Sampling Dates 

cm-1 
Plant 

Plant # 7/1/81 7/7/81 7/21/81 Means* 

11 .573 .445 .493 .504 ab 

64 .567 .325 .498 .463 ab 

100 .513 .998 .375 .429 ab 

105 .457 .258 .563 .429 ab 

137 .520 .253 .240 .338 a 

155 .633 .250 .293 .392 a 

185 .610 .388 .300 .433 ab 

230 .727 .405 .668 .600 b 

244 - .653 .315 .235 .401 ab 

252 .957 .358 .215 .530 ab 

Daily means* .621 b .340 a .394 a 

'Means followed by the same letter do not differ at the P = 0.05 
according to Duncan's Multiple Range Test. 
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Table 9. Average difference in leaf and porometer cuvette temperatures 
measured on ten field grown alfalfa clones at three sampling 
dates in 1981. 

Temperature °C 
Sampling Dates Plant 

Plant # 7/1/81 7/7/81 7/21/81 Means* 

11 0.43 1.03 1.28 0.91 a 

64 0.73 2.13 0.68 1.18 ab 

100 1.07 1.45 1.53 1.35 abc 

105 1.70 2.73 1.30 1.91 be 

137 1.37 2.55 2.60 2.17 c 

155 0.83 2.58 1.63 1.68 abc 

185 1.60 2.28 1.48 1.78 abc 

230 1.07 2.08 0.45 1.20 ab 

244 1.3 2.60 3.00 2.31 c 

252 0.87 1.70 2.78 1.78 abc 

Daily mean* 1.10 a 2.11 c 1.67 b 

*Means followed by the same letter do not 
using Duncan's Multiple Range Test. 

differ at the p = 0.05 level 



there are large fluctuations in physiological measurements. This can 

be seen in the daily variations in Tables 2-9. The reasons for this 

are apparent when it is realized how many factors effect the stomata 

alone. For example, light level, CC>2 concentration, relative humidity, 

ambient temperature and wind speed. 

Leaf thickness proved to be significantly different between 

plants over all sampling dates (Table 10). This was the only charac

teristic measured that showed no significant differences between days 

over all plants. Morphological factors are generally more stable and 

in this respect more reliable. There was no correlation found between 

soluble protein concentrations and leaf thickness. 

Photosynthetic Acclimation Studies 

Net photosynthetic rates of four alfalfa cultivars showed a 

wide variation in response to temperature (Fig. 4). 

Hairy Peruvian had the highest ability for temperature 

acclimation (Fig. 4). When grown at low temperature and measured at 

-2 -1 
low temperature its photosynthetic rate averageid 16.1 mg CC^ dm hr 

When grown at high temperature and measured at high temperature the 

-2 -1 
photosynthetic rate averaged 15.0 mg CO^ dm hr . 

The lowest acclimation potential was found in the clone selected 

from Moapa-69 . When grown at low temperature and measured at low 

-2 -1 temperature its photosynthetic rate averaged 16.7 mg dm hr 

When grown and measured at high temperature its photosynthetic rate aver-

-2 -1 
age 24.9 mg CO2 dm hr . Moapa 69, a cultivar grown in the desert 

southwest showed consistently higher photosynthetic rates when plants 

were grown at high temperatures. 
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Table 10. Average leaf thickness for ten field grown alfalfa clones 
measured at three sampling dates in 1981. 

Thickness mm 
Sampling Dates Plant 

Plant # 7/1/81 7/7/81 7/16/81 7/21/81- Means* 

11 0.12 0.11 0.12 0.07 0.11 abc 

64 0.12 0.11 0.12 0.13 0.12 be 

100 0.13 0.07 0.12 0.13 0.11 abc 

105 0.12 0.08 0.06 0.10 0.09 ab 

137 0.13 0.10 0.12 0.15 0.13 c 

155 0.12 0.12 0.13 0.11 0.12 be 

185 0.10 0.10 0.11 0.12 0.11 abc 

230 0.08 0.07 0.11 0.07 0.08 a 

244 0.12 0.14 0.14 0.13 0.13 c 

252 0.10 0.10 0.11 0.09 0.10 abc 

Daily mean* .11 a .10 a .12 a .11 a 

*Means followed by the same letter do not differ at the P = 0.05 level 
using Duncan's Multiple Range Test. 
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Figure 4. Photosynthetic rates of four alfalfa cultivars grown at 
20/15 C (day/night) and 32/26 C and measured at 18, 
25 and 32 C. 



Vernal consistently had a lmuch higher photosynthetic rate 

when grown at 18 C. This is in accordance with the results of Nelson 

and Saith (1969). The response of Mesa Sirsa was very similar to that 

obtained from Vernal. Both had an average photosynthetic rate of 19.7 

-2 -1 
mg C0„ dm hr when grown and run at low temperature. When grown and 

• -L 
run at high temperature Vernal and Mesa had rates of 14.7 and 13.1 mg 

-2 -1 
CC>2 dm hr , respectively. The results obtained are consistent with 

the data obtained by Ku and Hunt (1977). They examined two genotypes 

of alfalfa and found one genotype displayed a higher ability for 

acclimation than did the other. 

Dark respiration rates were also measured at 18, 25, and 32 C. 

Respiration rate is known to rise with temperature and the data in 

Figure 5 is in general accordance. Moapa '69 maintained a similar 

respiration rate when grown at high and low temperatures. Vernal, 

Hairy Peruvian, and Mesa Sirsa had similar responses. The plants grown 

at lower temperatures averaged higher respiration rates over all run 

temperatures than did the plants grown at high temperatures. 

Although this was a very limited study the evaluation of 

physiological characteristics over a wide range of temperatures shows 

potential for use as a selection tool. Techniques could be modified 

to make the procedure easier and less time consuming. Excised stems 

could be brought in from the field rather than using potted plants in 

a growth chamber situation. During the cool season the stem cuttings 

could be screened over just a low temperature and during the warm 
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Figure 5. Dark respiration rates of four alfalfa cultivars grown 
at 20/15 C (day/night) and 32/26 C and measured at 
18, 25 and 32 C. 



season screened over just a high temperature. In view of alfalfa's 

genetic make-up adaptability to temperature may vary widely within a 

single population. 

Effects of Growing Temperature on Leaf 
Area, Stomate Density and Leaf Thickness 

Stomate density was significantly different at all three grow

ing temperatures (Table 11). The lowest stomate density averaged over 

2 
the four cultivars was found at 25/20 C with 214 stomates per mm . 

The plants grown at 20/15 and 32/26 C averaged 235 and 272 stomates 

per mm^ respectively. 

The adaxial surface was found to have significantly more stom

ates than the abaxial surface. This is in agreement with the work 

of Cole and Dobrenz (1970) and Carlson et al. (1981). 

Leaf position was also found to effect stomate density (Table 

12). At all temperatures the first fully expanded leaf had a higher 

density of stomates than the third fully expanded leaves. Averaged 

over all temperatures the first fully expanded leaf had 256 stomates 

2 
per mm while the third fully expanded leaf averaged 230. This data 

supports earlier work done by Cole and Dobrenz (1970) and Carlson et 

al. (1981). 

Leaflet area was found to be the smallest in plants grown at 

2 
32/26 C with an average of .82 cm (Table 14). The plants grown at 

25/20 and 20/15 C had average leaflet areas of 1.95 and 1.59 cm^, 

respectively. On a per unit basis the high temperature plants had 

42% as many stomates as the mid temperature plants and 52% as many as 
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Table 11. Average stomate density over all leaf surfaces of four 
alfalfa cultivars grown at three temperature regimes. 

Growth Cultivar 
temperature C Hairy Moapa Mesa 
day/night Peruvian '69 Vernal Sirsa X 

Stomate Number m m ̂  

20/15 232.1 a* 212.0 a 262.4 b 223.9 b 235.0 b 

25/20 252.5 ab 204.7 a 235.2 a 184.9 a 212.9 a 

32/25 266.0 b 277.3 b 227.5 c 249.9 c 271.9 c 

X 252.2 c 236.1 b 265.4 d 215.3 a 

*Means followed by the same letter are not significantly different at 
the .05 level according to Student-Newman-Keuls Test. 
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Table 12. Average stomate density for the adaxial and abaxial surfaces 
of four alfalfa cultivars grown at three temperature regimes. 

-2 Growth Stomate Number mm 
Temperature C Surface 
day/night Adaxial Abaxial 

20/15 246.7 b* 218.0 b 

25/20 227.3 a 191.3 a 

32/26 283.4 c 258.1 c 

X 253.9 a 226.8 b 

*Means followed by the same letter are not significantly different at 
.05 level according to Student-Newman-Keuls test. 
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Table 13. Average stomate density of the first and third fully expanded 
leaves on four cultivars grown at three temperature regimes. 

Growth Stomate Number mm 
Temperature C Leaf Number 
Day/night 1 3 

20/15 253.3 b* 215.6 b 

25/20 225.1 a 202.6 a 

32/24 280.4 c 263.8 c 

X 255.5 a 230.0 b 

*Means followed by the same letter are not significantly different 
at the .05 level according to the Student Newman-Keuls' test. 
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the low temperature plants. When calculated on a stomate numbers per 

leaflet basis (Table 15) there were 53 and 60%, respectively. 

Bula (1972) found that plants grown at 20 and 25 C generally 

had the same number of cells as plants grown at 30 and 35 C, except 

for the number of phloem cells around vascular bundles. But the 

leaves of the plants grown at lower temperatures had larger cells and 

more intercellular spaces compared to leaves grown at 35 C. 

More work is needed in this area to determine the reason for 

stomate number reduction. Tests should be conducted under varying 

water regimes as well as varying temperatures to find out if tempera

ture alone or in combination with water stress causes stomate number 

reduction. No significant differences were found in leaflet thickness 

among the cultivars grown at three temperatures (Table 16). 



Table 14. Average leaflet area of four alfalfa cultivars grown at 
three temperature regimes. 

2 
Leaflet Size cm 
Growth Tempearture 

°C day/night 
Cultivar 20/15 25/20 32/26 

Hairy Peruvian 1.45 b* 1.59 b 

<r 00 

a 

Moapa '69 1.72 b 2.36 c .72 a 

Vernal 1.23 b 1.70 c .80 a 

Mesa Sirsa 1.93 b 2.13 b .93 a 

X 1.59 b 1.95 c .82 a 

*Means followed by the same letter are not significantly different at 
the .05 level according to Duncan's Multiple Range test. 
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Table 15. Average stomates per leaflet measured on four alfalfa culti-
vars grown at three temperature regimes. 

Stomates per Leaflet 
Growth Temperature 

C day/night 
Cultivar 20/15 25/20 32/26 

Hairy Peruvian 33872 40147 22344 

Moapa '69 26464 48309 19944 

Vernal 32226 39950 22960 

Mesa Sirsa 43598 39405 23250 

X 36540 41953 22125 



Table 16. Average leaf thickness of four cultivars of alfalfa grown 
at three temperature regimes. 

Leaf Thickness mm 
Growth Temperature 
°C day/night 

Cultivar 20/15 25/20 32/26 

Hairy Peruvian .087 a* .066 a .077 a 

Moapa '69 .103 b .076 a .069 a 

Vernal .063 a .056 a .068 a 

Mesa Sirsa .075 a .073 a .083 a 

X .082 a .068 a .074 a 

*Means followed by the same letter are not significantly different at 
the .05 level according to Duncan's Multiple Range Test. 



SUMMARY 

A study was conducted on a population of 257 alfalfa plant 

grown under field conditions at the Marana, Arizona Experimental Farm. 

Leaf samples were collected from all the plants and used for soluble 

protein assays. Selected plants were monitored for soluble protein 

levels throughout the season and during varying growth stages. 

Numerous physiological measurements were also taken on the selected 

plants. 

Soluble protein concentrations were not found to correlate 

with any of the physiological parameters examined. The soluble protein 

level of the plants remained reasonably stable throughout the growing 

season. Variation was found in soluble protein levels resulting from 

the plant growth stage.- Leaf protein content in July and August was 

at its highest level in the pre-bud and bud stages and declined in the 

1/10 bloom and full bloom stages. 

Clones of Hairy Peruvian, Moapa 69, Mesa Sirsa and Vernal were 

used to determine photosynthetic acclimation potential and dark 

respiration of alfalfa. Plants were grown at 32/26 C and 20/15 C (day/ 

night) and measurements were taken at 18, 25 and 32 C. The data ob

tained in the acclimation study indicate that certain alfalfa plants 

have a greater acclimation potential than do others. Dark respiration 

rates generally increased with running temperature when plants were 

grown at both high and low temperature. 
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Leaf morphology of alfalfa was studied under three growth temp

eratures 21/15, 26/20, and 32/26 C (day/night). Stomates per unit 

area were counted on the abaxial and adaxial surfaces of the first 

and third fully expanded leaves. Leaflet area and leaflet thickness 

were also examined on plants from the varying temperatures. 

Significant differences in stomate density were found among 

all three growing temperatures. There was an average of 272 stomates 

2 
per mm at the highest growing temperature over all leaf positions and 

surfaces. The plants grown at 21/15 and 26/20 averaged 235 and 213 

2 
stomates per mm , respectively. Significant differences were also 

found between adaxial and abaxial surfaces as well as leaf position. 

Plants grown at the highest temperature had the smallest leaf

let areas. The plants grown at the mid temperature averaged leaflet 

areas over twice as large as the high temperature grown alfalfa. The 

plants grown at the lowest temperature averaged leaf areas slightly 

under twice as large as leaflets from the high temperature grown plants. 

No major differences were found in leaflet thickness of the plants from 

varying temperatures. 



APPENDIX 

In order to justify discounting the original population survey, 

the correlation coefficients were determined between the original protein 

values and all subsequent protein values in Table 1. 

Original Sample 
(August, 1980) 

Plant # % Protein 

100 18 

64 18 

105 8 

137 18 

230 18 

155 8 

185 7 

11 19 

244 8 

252 8 

No significant r values were found at the .05 level. When 

correlations were determined between pairs of sampling dates from 

Table 1, each sampling date was found to have a significant correla

tion at the .05 level with at least 2 other sampling dates (r>0.632). 
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