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ABSTRACT 

Plants of the alfalfa (Medicago sativa L.) cultivar 

'Mesa-Sirsa' were selected to include a wide range of leaf 

sizes. Thirteen plants were spaced-planted in the field to 

evaluate CO exchange rates among genotypes throughout the 

growing season. The relationships of exchange to 

forage yield and leaf morphology were determined. 

From the initial spaced-plant study, four clones 

which represented extremes in photosynthetic rates were 

grown in high plant density in order to evaluate the effect 

of competition upon previously recorded parameters. Plant 

competition did not appear to affect the relative ranking 

of genotypes with high and low photosynthetic rates. 

Apparent photosynthetic rates of the upper 30-cm 

— 2 of a detached stem ranged from l4.8 to 37*^ nig CO dm 

hr when measured at a light intensity of 5k. 9 Klux. 

Apparent photosynthetic rates measured at 19• Klux ranged 

from 7.5 to 17*6 mg CO dm ^ hr . 

Specific leaf weight (SLW) and apparent photo

synthesis were not consistently associated. Leaf width 

and area per leaf were negatively associated with apparent 

photosynthetic rates which indicated that these morpholog

ical traits could be used to predict apparent photosynthetic 

rates. 

x 
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Clones with small leaves had a greater SLW, leaf 

thickness, and palisade tissue thickness. Specific leaf 

weight was positively associated with total leaf thickness. 

A positive association between palisade tissue thickness 

—  2  — X  and apparent photosynthesis (mg CO^ dm hr ) indicated 

that palisade tissue could be used to select genotypes with 

superior photosynthetic efficiency. 

—  2  — 1  
Apparent photosynthesis (mg CO dm hr ) and dark 

_ 2 — ̂  
respiration (mg CO^ dm hr ) rates decreased when ambient 

temperatures were high. The decrease in dark respiration 

rates were significantly correlated with apparent photo

synthesis . 

Dry forage yield was not significantly correlated 

with dark respiration, the apparent photosynthesis to dark 

respiration ratio, and apparent photosynthesis expressed as 

— 2 —1 —1 -1 
mg CO^ dm hr or mg COr, g hr . Apparent photo

synthesis expressed on a total plant basis (mg CO^ plant *" 

hr "*") was significantly associated (r > .93) with forage 

yield. Total leaf area per plant appeared to be independent 

of photosynthetic rates when CO^ uptake was expressed on a 

unit of leaf area or leaf weight basis. Therefore, the 

use of total CO^ uptake per plant for selection of geno

types would permit the incorporation of both greater leaf 

area per plant and greater apparent photosynthetic rates 

per unit of leaf area. 



INTRODUCTION 

Improvement of alfalfa (Medicago sativa L.) yield 

is a continuous goal of alfalfa plant breeders. Scientists 

have suggested that new yield plateaus will be reached when 

physiological criteria such as photosynthesis and respira

tion are used to screen superior genotypes (2, 29)• 

Theoretically, plant dry weight or yield is the result of 

photosynthesis; however, the association between yield and 

photosynthesis within any one species has not been well 

established. 

Alfalfa is classified as a photosynthetically non-

efficient species and yields approximately one half the 

amount of the more photosynthetically efficient species 

(68). Knowledge of photosynthetic variability within 

alfalfa genotypes coupled with techniques which would allow 

rapid screening of large populations could lead to improve

ment of the photosynthetic efficiency of this species. 

The yield of alfalfa is limited in the semiarid 

environment of the Southwest because of a decrease in 

production from July throughout the remainder of the 

growing season. An evaluation of the seasonal photosyn

thetic rates for individual genotypes could lead to an 

improvement of yield distribution. 

1 



The objectives of this study were: 

To evaluate the genotypic variability of photosyn

thesis within a high-yielding alfalfa cultivar. 

To determine seasonal trends in photosynthesis and 

respiration rates of alfalfa genotypes. 

To evaluate the relationship of photosynthesis to 

anatomical and morphological characteristics of 

leaves. 

To evaluate the relationship of forage yield to 

physiological and morphological characteristics of 

alfalfa• 



REVIEW OF LITERATURE 

The Association of Photosynthesis and 
Respiration to Yield 

The fact that carbon fixation through photosynthesis 

is the source of nearly all plant dry matter yield has 

prompted extensive research aimed at demonstrating this 

relationship. The objective has been to improve crop yield 

through selection for more efficient carbon fixation. 

Black (7) found that photosynthesis was indirectly 

related to yield when dry matter production in subterranean 

clover (Trifolium subterranean L.) was highly associated 

with the solar radiation received. Johnston et al. (38) 

added supplemental light to the lower canopy of soybeans 

(Glycine max [L-] Merrill) and increased the apparent 

photosynthesis of single leaves. However, no relationship 

between high photosynthesis and increases in seed yield was 

observed. Further indirect evidence that related photo

synthesis to yield was shown by the effect of CO enrich-

ment on yield. Cooper and Brun (15) increased CO con-

centration from 350 to 1,350 ppm over the growing season 

and raised the seed yield of two soybean cultivars by 40 

and 57%« In a related experiment by Hardman (32), CO 
tit 

levels of 1,200 ppm increased the production of soybean 

straw by 57% and seed yield by 43%. 

3 
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The expression of heterosis in maize (Zea mays L.) 

hybrids has encouraged its use in photosynthetic and yield 

studies. Sarkissian (56) measured the incorporation of 

14 C 0 by seedlings of two maize hybrids. He found the 

hybrid which expressed yield heterosis also incorporated 

more CO than either parent. Heichel and Musgrave (33) 
tit 

investigated several cultivars and noted that the plants 

had considerably higher photosynthetic rates than did the 

inbred parents of divergent ancestry. Photosynthetic rates 

were positively correlated to fresh weight but not to dry 

weight or water content of the leaf lamina. Earlier photo

synthetic inquiry by Moss (^5) revealed no significant 

varietal differences among inbreds or between inbreds and 

single crosses. Fousova and Avratovscukova (27) reported 

heterotic increases in photosynthesis and in leaf disk 

dry weight of single- and double-cross hybrids of maize. 

They also found a positive association between grain yield 

and the photosynthetic rate of the hybrids. 

Research on photosynthesis and yield is often con

founded by variation in leaf area. There is evidence that 

additional leaf area may compensate for low photosynthetic 

rates. Duncan and Hesketh (20) analyzed the growth rates 

in maize and inferred that the accumulation of dry weight 

is more dependent on leaf expansion than on photosynthesis 

per unit leaf area. Hanson (31) reported a negative rela

tionship between productivity and photosynthesis in 
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juvenile maize plants. The higher-producing genotypes had 

30% more leaf area but a lower chlorophyll content and a 

lower percentage of dry matter. He concluded that selec

tion for yield using high photosynthetic rates, expressed 

on a leaf area basis, could result in less yield. 

Sarkissian and Huffaker (57) approached photosyn

thetic efficiency from a biochemical point of view. They 

studied carboxylating enzyme activity in barley (Hordeum 

vulgare L.) and reported the hybrid exhibited superior 

COg fixation when ribose-5-phosphate was used as a sub

strate. Miflin and Hageman (kk) measured chloroplast 

cyclic phosphorylation activity of maize inbreds and their 

hybrids and did not find the heterotic hybrids to con

tain added chloroplast activity over the inbred parents. 

The inbred line 'Wf9,' which had low chloroplast activity, 

was later shown to maintain a low photosynthetic rate (33)* 

Irvine (36) reported a positive relationship between total 

photosynthesis and stalk weight in sugar cane (Saccharum 

officinarum L.). He suggested that photosynthesis may be 

used as a primary component of yield. Curtis, Ogren, and 

Hageman (l6) found seed yields of 12 soybean cultivars were 

usually associated with higher photosynthetic rates. How

ever, some cultivars in their test exhibited low photosyn

thetic rates and high yields. 

Flag leaf size and photosynthesis per unit leaf 

area of wheat (Triticum aestivum L.) were inversely related 



according to Evans and Dunstone (25)• Conflicting evidence 

was reported in barley by Berdahl, Rasmusson, and Moss (4). 

They observed that photosynthetic rate per unit leaf area 

was similar in large and small flag leaves. However, the 

total photosynthetic activity per leaf was twice as great 

in the larger leaves. In the field, small-leaved lines 

produced more culms and grain yield; but when plants 

lodged, the larger flag leaves exhibited a yield advantage. 

Lupton (40) concluded that the higher yield of one of two 

wheat cultivars could be accounted for by increased photo

synthesis of the upper two leaves . 

Leaf percentage in alfalfa was not positively 

correlated to total green yield for the growing season in 

Rouinania (64). At the first harvest, yield was negatively 

correlated to leaf percentage; and Varga et al. (64) 

suggested that selection for increased yield could reduce 

quality and photosynthetic area through reduction of total 

leaf area. However, Pearce et al. (50) suggested that the 

high yield of two of the alfalfa populations studied may 

have been a result of high specific leaf weight (SLW) and 

greater photosynthetic capabilities. 

Decker (17) stated that dry matter yield is 

directly related to excess photosynthesis over respira

tion. Osada (48) has shorn that rice (Oryza sativa L.) 

cultivars which exhibited a high response to nitrogen also 

displayed a large photosynthetic to respiration ratio. As 
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the nitrogen level increased, photosynthesis increased pro

portionately faster than dark respiration which resulted 

in a greater photosynthesis to respiration ratio. 

Research related to respiration and plant growth 

has generally been confined to seed or seedlings. Quails 

and Cooper (53) found no relation between respiration and 

growth of seedlings in several birdsfoot trefoil (Lotus 

corniculatus L.) cultivars . McDaniel (4l) reported a 

correlation between seedling vigor in barley and amount of 

seedling mitochondrial proteins. The seedling vigor in 

barley hybrids over parent lines was associated with mito

chondrial respiratory efficiency. Research by McDaniel 

and Sarkissian (43) demonstrated that the heterosis of a 

maize hybrid over its inbred parents was related to the 

superior metabolic efficiency of mitochondrial respiration. 

Recently, McDaniel (42) reported a strong positive associa

tion between mitochondrial activity and grain yield of a 

large number of barley hybrids. 

Cantrell, Hodges, and Keim (9) observed a positive 

relationship between kernel respiration and shoot height in 

maize, but a negative association was found between seedling 

vigor and seedling shoot-respiration. Variation in seedling 

vigor was obtained through heat treatment of kernels. A 

low positive correlation existed between root tip respira

tion and seedling vigor. 



West and Prine (65) reported dark respiration to be 

higher in heat-susceptible alfalfa plants than in heat-

tolerant ones. They hypothesized that high night tempera

tures resulted in high respiration and limited plant growth 

during the "summer slump" in alfalfa forage production. 

Feltner and Massengale (26) found the level of carbo

hydrates in the roots of alfalfa was inversely proportional 

to maximum night temperatures and concluded this relation

ship was related to the "summer slump"commonly observed in 

Southern Arizona. 

The evidence supporting a relationship betweeen 

photosynthesis and respiration with economic yield is not 

conclusive. Investigators who have shown a relationship 

between growth and respiration have generally used the 

biochemical efficiency of mitochondria as a tool for eval

uation. Whereas, those who generally find no relationship 

have studied the CO^ or 0^ exchange of intact plant tissue. 

The current attitude of many researchers studying the 

association between CO exchange and yield is stated by 

Carlson et al. (10): "We believe we can increase yield 

by selecting for increased photosynthetic ability and for 

appropriate changes in morphology and plant geometry (p. 

248)." However, they also emphasized that a positive 

relationship between yield and photosynthesis is yet to be 

established. 
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Photosynthetic and Respiration 
Rates in Alfalfa 

The photosynthetic rates of alfalfa measured under 

field conditions have been variable and appeared to be 

affected by numerous environmental factors such as leaf 

shading, leaf age, and temperature. Wilfong, Brown, and 

Blaser (66) reported that apparent photosynthesis of 

_2 alfalfa increased to a maximum of 7 g CO m ground 
tL 

surface hr as leaf area index (LAI) increased to approx

imately four. This increase in photosynthesis with in

creased LAI was not realized when apparent uptake was 

expressed on a leaf area basis. In addition, they found 

-2 -1 
that the mg dm leaf area hr decreased from 30 to 10 

as LAI approached maximum. This inverse relationship 

resulted from increased shading as the LAI increased. The 

maximum LAI of four reported by these researchers was 

considerably less than the ideal LAI of nine reported by 

King and Evans (39)• Their data were obtained from alfalfa 

grown, in growth chambers with 32.3 Klux of light. 

The light intensity required for maximum photo

synthesis of an individual leaf was considerably lower than 

for the entire canopy. Wilfong et al. (66) found maximum 

photosynthesis in an alfalfa canopy occurred near 96.9 

Klux. Individual, attached leaves were near light satura

tion at 6k Klux according to Pearce et al. (50). These 

leaves were grown under a light intensity of 37*7 Klux at 
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the soil surface. Carlson et al. (10) reported that the 

average photosynthetic rates of three alfalfa populations 

increased 27% as light intensity was increased from 15 to 

43 Klux with the photosynthetic measurements made at 43 

Klux. The photosynthetic rate of the cultivar 'Du Puits' 

was increased 18%. These findings suggested that the 

phot osynthetic rate was dependent on the light conditions 

under which the plants were grown. Further evidence which 

supported this conclusion was provided by Pearce, Brown, 

and Blaser (49). They reported that the photosynthetic 

rates of young leaves grown under field conditions was 52 

-2 -1 
but a rate of 35 mg C0^ dm hr was obtained from plants 

grown in growth chambers under limited light conditions. 

This environmental effect was not apparent when photosyn

thesis was expressed on a leaf dry weight basis. 

The effect of leaf age is very pronounced and may 

partially account for the great variation in CO fixation 
A 

rates reported for alfalfa. A seven-fold decrease in 

photosynthetic rate as leaves aged from 5 "to 21 days was 

observed by Fuess and Tesar (30). This decrease in photo

synthesis with age was suggested to be partly responsible 

for the increase in total yield received from three 

harvests as opposed to two Harvests, each cut at a later 

stage of development. Pearce et al. (49) found that net 

-2 -1 photosynthesis declined from 52 to 10 mg CO dm hr as 

leaf age increased to 30 days. Increased shade as well 
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as age may have contributed to this decline in photosyn

thesis. 

The effect of temperature upon the photosynthesis 

of alfalfa grown in a semiarid climate was studied by 

El-Tabbakh (2 k ) .  He reported a difference in photosyn-

thetic rates among seven alfalfa cultivars and strains 

when measured in the field at temperatures of 21, 27, and 

32 C. The maximum mean photosynthetic rate occurred at 

27 C. A temperature by cultivar or strain interaction was 

found. Under optimum temperatures Du Puits had the highest 

— 2 —1 
photosynthetic rate of 5^ mg CO^ dm hr ; 'Ranger 1 had a 

-2 -1 rate of 30 mg CO dm hr . Murata, Iyama, and Honma 

(47) reported that the maximum photosynthetic rate for 

Ranger alfalfa seedlings which were grown in a glasshouse 

-2 -1 was 25 mg C0^ dm hr . Optimum temperature for photo

synthetic rates ranged from 10 to 20 C and rapidly de

creased above 30 C. 

The concentration of CO^ reportedly limits photo

synthesis in alfalfa. Sheridan (58) reported an increase 

in photosynthetic rate as CO concentration was raised 

from 300 to lt00 ppm. Carbon dioxide concentrations above 

kOO ppm had no added effect. 

The difference in photosynthetic rates among 

alfalfa genotypes has received limited attention. Sheridan 

(58) found no difference in photosynthesis among alfalfa 

cultivars when CO^ exchange was based on leaf area. He 
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found differences in photosynthetic rates among cultivars 

when calculations were based on leaf dry weight. Pearce 

et al. (50) reported photosynthetic differences among 

three alfalfa clones grown under different environments. 

Net photosynthetic rates of the third and fourth unfolded 

—2 -1 terminal leaves ranged from 52.9 to 39 • 9 mg CO dm hr 

The rate of dark respiration is important in CO^ 

exchange studies because it represents a source of energy 

conversion for plant growth and maintenance. The question 

of what rate of respiration is necessary and how much is 

wasted energy has been posed by many researchers. El-

Tabbakh (24) measured 0^ evolution and uptake in leaf 

disks for seven cultivars and strains of alfalfa. Apparent 

photosynthesis sharply decreased as temperature increased 

from 35 to 45 C. Under the same conditions respiration 

increased sharply and was considered a possible factor in 

the decreased forage yield at high temperatures. Murata 

et al. (47) found a less pronounced effect of temperature 

upon dark respiration of alfalfa when "'rates of efflux 

-2 -1 increased from 2.5 to 5 mg COr, dm hr as temperatures 

increased from 20 to 40 C. 

Cole (ll) reported that dark respiration rates of 

two clones of 'Mesa-Sirsa' alfalfa increased until 10 days 

after harvest, then decreased. The respiration rates 

-2 -1 ranged from 1 to 3*1 mg ^O^ ^,n anc* were lower than 

those obtained by Wilfong et al. (66). They reported that 
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dark respiration decreased per unit leaf area as LAI 

-2 -1 increased and ranged from 1 to 10 mg CO^ dm hr . King 

and Evans (39) reported even higher dark respiration rates 

-2 -1 
of 20 mg CO^, dm hr at an LAI of 10. Respiration of 

leaves decreased from top to bottom in the canopy. No net 

photosynthesis occurred until the LAI reached 0.5 at 35•5 

Klux. The rate of dark respiration was 68 to 70% of gross 

phot osynthesis. This is considerably higher than the 35 

to k0% found by Thomas and Hill (60). 

Photorespiration in photosynthetically nonefficient 

species has been reviewed by Black, Chen, and Brown (6). 

Evidence for photorespiration in alfalfa can be found in 

the high CO^ compensation point of approximately 100 ppm 

reported by Sheridan (58). Cooper, Blaser, and Brown (l4) 

found similar CO^ compensation points which ranged from 56 

to 138 ppm. They associated the higher values with limited 

potassium in the growth medium. 

The Relation of Leaf Morphology and 
Anatomy to Photosynthesis 

The majority of plant photosynthesis occurs in the 

leaves. Thus, investigators have looked for an associa

tion between leaf morphological characteristics and photo

synthesis so that plants could be selected for high CO^ 

fixation rates without direct measurement of photosynthesis. 

Stomata have long been considered the primary 

pathway for the movement of carbon dioxide into the leaf. 



This concept has led to considerable research on the asso

ciation between stomatal characteristics and photosynthesis. 

Freeland (28) reported that in species with stomata on both 

sides of the leaf there was no association between photo

synthesis and stomatal frequency or distribution. Alfalfa 

was reported by Cole and Dobrenz (12) to have stomata on 

both leaf surfaces with more on the upper surface. Hesketh 

(3^) found that photosynthetic rates were higher in species 

with stomata located on both sides of the leaf. Zelitch 

and Waggoner (69) reported a negative correlation (r = -.86) 

between stomatal resistance and photosynthesis in tobacco 

(Nicotiana tobacum L.). El-Sharkawy and Hesketh (22) 

examined the effect of stomata on photosynthesis and 

suggested that internal characteristics of the leaves were 

more closely associated with photosynthesis than stomatal 

differences. 

Pickett and Kenworthy (51) conducted some of the 

first research in photosynthesis and internal leaf char

acteristics and reported a positive association between 

intercellular space and total dry matter produced per unit 

leaf area. Dry matter accumulation was also found to be 

significantly related to the ratio of internally exposed 

surface to external leaf surface. This relationship was 

not found by El-Sharkawy (21) in a study of several photo-

synthetically efficient and nonefficient species. However, 

he reported that the ratio of internally exposed cell 
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surface to volume of cells was highly correlated (r = .84) 

with maximum net photosynthetic rate among species. 

Another anatomical factor related to photosynthetic rate 

was the diameter of palisade or mesophyll cells (r =-.77)» 

The significant correlations were calculated across species 

in which large differences in photosynthesis and internal 

leaf anatomy existed. Carlson et al. (10) reported that 

photosynthesis in alfalfa was associated with the thick

ness of the palisade and mesophyll layers. The ratio of 

cell surface to cell volume was negatively correlated with 

photosynthesis which is contrary to the positive relation

ship reported by El-Sharkawy (21). El-Sharkawy and Hesketh 

(23) reported that species which contained dense bundle 

sheaths possessed high net photosynthetic rates with no 

light respiration in 0 ppm COr>. The lack of evolution 

has been termed photorespiration and its relation to photo

synthesis has been verified by many investigators whose 

work has been summarized by Black et al. (6). 

Problems associated with measurement of the internal 

anatomical features of a leaf has prompted an evaluation of 

easily measured external characteristics and their rela

tionship to photosynthesis and yield. 

Tsunoda (6l) observed a high association between 

the leaf area to leaf weight ratio, which is the reciprocal 

of specific leaf weight (SLW), in the growth of soybeans 

and sweet potatoes (Ipomoea batatas L.). He also found 
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that rice and soybean cultivars adapted to heavy fertiliza

tion had smaller leaves. The small-leaved rice cultivars 

had lower leaf area to leaf weight ratios (higher SLW) than 

the large-leaved cultivars. Murata (46) reported that 

lower photosynthetic activity per unit leaf area tended to 

be associated with a higher leaf area to leaf weight ratio. 

However, a high ratio yielded a higher photosynthetic 

activity per unit leaf weight. This relationship implied 

that thin leaves (low SLW) may produce more rapid plant 

growth if heavy shading does not occur. Tsunoda (62) found 

that thinner leaves were associated with long-culmed, 

higher-tillering rice cultivars. In another study (63), he 

theorized that when large leaf masses were produced, high 

photosynthesis per unit leaf area was more important than 

an increase in leaf area. According to Tanner (59), the 

yield of barley and wheat cultivars was generally positively 

associated with narrow, upright leaves. 

The environmental influence on the thickness of 

leaves has been shown by several authors. Cooper and 

Quails (13) found an increase in the ratio of leaf area to 

leaf weight in alfalfa when grown under shaded conditions. 

Leaves grown in the sun appeared to have a greater number 

of palisade and mesophyll cells and larger cell volume 

than leaves which developed in the shade. The sun leaves 

contained more chlorlphyll per unit leaf area but less per 

unit leaf weight than the shade leaves. Thin leaves had a 
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higher concentration of chlorophyll per unit volume. 

According to Wolf and Balser (67) , the SLW decreased as 
light intensity decreased within the alfalfa canopy. 

Specific leaf weight also decreased with the yellowing of 

leaves in the lower canopy. Burnside and Bohning (8) 

reported that plants grown under shaded conditions had 

reduced photosynthetic light saturation curves of at least 

10.8 Klux in six of seven species. Similar effects of 

shaded habitat on photosynthesis were reported by Bjorkman 

and Holmgren (5)» They concluded that goldenrod (Solidago 

virgaurea L.) plants grown under low light intensity had a 

capacity to utilize low light more efficiently. Sun grown 

plants were apparently able to use high light intensity 

more efficiently. Sun grown plants had 10 to 30% thicker 

leaves. The increased thickness was due partly to an 

increase in the number of palisade layers. The ratio of 

leaf fresh weight to leaf area was greater under high light 

intensity. 

Barnes et al. (3) reported a decrease in SLW in 

alfalfa as plants aged but suggested environmental factors 

may have influenced SLW. He also reported differences in 

SLW between and within cultivars. Additional evidence for 

variability in SLW in alfalfa was reported by Dobrenz, 

Cole, and Massengale (l8). They found leaf area per gram 

of dry leaves, leaf thickness, and palisade density 

differed among cultivars. 
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Robison ( 5 5 )  reported a decrease in SLW and leaf 

size of alfalfa during the mid-summer yield slump. A 

positive relation (r = .79) between photosynthesis and 

SLW in alfalfa was shown by Pearce et al. (50). The asso

ciation between these two factors was significant over 

several light intensities. They suggested that selection 

for high SLW might be used to improve yield since leaf 

area per plant appears to be genetically independent of 

SLW. 



MATERIALS AND METHODS 

Alfalfa genotypes used in this study were selected 

from a 2-year-old field of certified Mesa-Sirsa located at 

the Tucson Plant Materials Center, Tucson, Arizona. Plants 

were selected on the basis of leaf size (Fig. l). The 

following techniques were used to evaluate photohynthesis 

and respiration on the 13 genotypes (clones) grown under 

spaced-planted and nonspaced-planted conditions. One 30-cm 

stem in early bud stage from each plant was cut in the 

evening, placed in a 125-ml bottle of distilled water, and 

allowed to equilibrate at 25 C in the dark until CO^ ex

change determinations were made the following morning. 

Dark respiration measurements were begun at 4:30 am after 

which apparent photosynthesis was determined at light 

intensities of 19*4 and 5^.9 Klux. The light source was 

seven Sylvania 500-watt flood lamps submerged in 15 cm of 

water for temperature control. 

Respiration and photosynthetic measurements were 

made in an air-sealed, cylindrical glass chamber, 6 by 30 

cm. A Beckman 215 Infrared Gas Analyzer was used to 

monitor changes in CO^ concentrations at a flow rate of 126 

liters per hour. A 1.5 by 20 cm tube filled with silica 

gel (6 to 16 mesh) was used to remove moisture before the 

air entered the analyzer. Air for the system was obtained 

19 
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Fig. 1. Leaves of 13 alfalfa clones from the cultivar 
Mesa-Sirsa with young leaves positioned above 
fully-expanded leaves. 
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from a compressed air cylinder which contained atmospheric 

air with approximately 3^0 ppm of CO,,. The chamber temper

ature for dark respiration was 25 C. Photosynthetic 

measurements were made at 28 + 1 C for the low light 

intensity and 30 + 2 C for the high light intensity. 

Dark respiration and apparent photosynthetic rates 

_ 2 were calculated and expressed as mg C0^ dm of leaf area 

hr as described by Hesketh and Moss (35) • Leaves were 

photocopied and cut from the paper for leaf area calcula

tions. Specific leaf weight (SLW) was expressed as mg dry 

_ 2 
leaves cm . All leaf samples were dried at 80 C for 24 

hours. Specific leaf weight and leaf width (mm) deter

minations were expressed as a mean of all leaves in which 

COg exchange was determined. 

Statistical analyses were processed by the College 

of Agriculture, Statistics Laboratory through The University 

of Arizona computer equipment. Duncan's New Multiple Range 

Test was used for mean separation (19). 

Spaced-Planted Experiment 

Cuttings of each of the 13 alfalfa clones were 

transplanted to the field at the Tucson Plant Materials 

Center on April 2, 1970. Four replications of plants were 

spaced-planted on 60-cm centers in a randomized complete 

block design. Forage was removed on the newly established 
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plants April 29 and May 26; subsequent regrowth was used 

for the first physiological measurements. 

Photosynthetic and dark respiration rates were 

determined for six harvest dates between June 10 and 

October 2k. Two of the four replications were evaluated 

in each of two succeeding days. Physiological factors 

were measured at the bud stage of growth; however, the 

remainder of the plant was not harvested for forage until 

the 50% bl ooin stage to insure adequate storage of carbo

hydrate reserves in the roots. 

Nonspaced-Planted Experiment 

The two clones which had the highest (clones 1 and 

2) and the lowest (clones 7 and 13) photosynthetic rates 

under spaced-planted conditions were used in this study. 

Cuttings of each clone were transplanted on March 23, 1971, 

into a border of Mesa-Sirsa established the previous year 

at The University of Arizona Campbell Avenue Farm, Tucson, 

Arizona. 

Existing plants were removed from a circle kO cm 

in diameter for each plot. The nonspaced-planted plot 

design consisted of a single plant in the center- with eight 

plants of the same clone placed in a circle 10 cm from the 

central plant. Only the center plant was sampled. Two 

treatments in which clone 2 surrounded clone 13, and clone 

13 surrounded clone 2 were used to evaluate the competitive 
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effect of different genotypes on photosynthesis and yield. 

These two treatments were referred to as 2x and 13*, 

respectively. Six replications of each of the six treat

ments were established in a randomized complete block 

design. Forage in the bloom stage was removed twice during 

the establishment period. Data were collected from harvests 

on June 21 and July 21, 1971• 

Photosynthetic and respiration rates were measured 

as previously described. In addition, photosynthetic rate 

was expressed as mg CO^ g leaves hr and then multiplied 

by the total grams of leaves per plant to obtain a total 

photosynthetic rate for the entire plant (mg CO^ plant 

hr . Area per leaf was calculated from the total leaf 

area of a 30-cni stem divided by the number of leaves. 

Plants were harvested at the early bloom stage of growth 

for determination of dry forage (80 C for 2k hours) yield. 

Leaflet to stem ratio (petioles included with stem) were 

also measured for the entire plant. 

Leaf Anatomy 

Leaf samples were obtained July 21 from clones 1, 

2, 7, and 13 from the nonspaced-planted field experiment. 

Two leaf samples from four replications of each clone were 

collected. The fourth unfolded leaf from the top of a 

stem in the bud stage of development was sampled. One 

leaflet was used for SLW determinations and the opposite 



2k  

leaflet for anatomical evaluation. Leaf tissue was de

hydrated with the tertiary-butyl-alcohol series, embedded 

in paraffin, and microtomed 12ji,. The cross sections were 

stained with safranine, fast green, and orange G. according 

to techniques described by Johansen (37)• Thickness of 

palisade tissue, palisade cell number (per .21 mm of cross 

section), and leaf thickness measurements were made from 

polaroid pictures photographed at 3^5 X. 



RESULTS AND DISCUSSION 

Spaced-Planted Experiment 

Several physiological parameters including 

exchange, specific leaf weight (SLW), and leaf width were 

significantly different among 13 spaced-planted Mesa-Sirsa 

clones. 

Apparent Photosynthesis 

At low light intensity apparent photosynthetic 

rates were significantly different among clones for five 

of the six harvest dates (Table l). The difference between 

the highest and lowest photosynthetic rates among clones 

for a single harvest ranged from less than 30% in the 

August and September harvests to greater than 55% in June. 

The results suggested that plants should be screened for 

photosynthetic efficiency early in the growing season when 

photosynthetic rates are high and differences among geno

types are more pronounced. 

The means for all observations ranged from 9•^ to 

—  2  — 1  
12.6 mg CO^ dm hr for clones 13 and 2, respectively. 

Average apparent photosynthesis (mean of all observations 

for a single harvest) for the low light intensity decreased 

from 13. k the first harvest to 9 mg CO dm ^ hr for the 

third harvest and remained at a lower level until September 

25 



Table 1. Average apparent photosynthesis measured under low light intensity 
(19*4 Klux) of 13 spaced-planted alfalfa clones for six harvest dates. 

— 2 —1 
Apparent photosynthesis (mg dm hr ) 

Harvest date 

Clone 6/10 7/1 7/24 8/18 9/25 10/24 Mean^ 

2 17-6 
+ 

a 10.7 a 9-7 ab 10.6 ab 13-2 a 13.1 ab 12.6 a 
1 13-7 be 10.6 a 11.2 a 9-7 ab 13.7 a 13.8 a 12.1 ab 
8 I k . 5  be 8.9 ab 9.0 ab 10.6 ab 13.2 a 12.7 ab 11.5 abc 
5 13-4 be 8.5 ab 8.9 ab 11.0 a 13-2 a 12.9 ab 11.3 bed 

11 14.9 b 9-3 ab 9.5 ab 9-0 ab 13.1 a 10.4 ab 11.0 bed 
12 12.3 be 9.0 ab 9.7 ab 10.8 a 10.8 a 11.9 ab 10.8 cde 
9 13-0 be 8.6 ab 8.5 b 9-3 ab l4.0 a 10.9 ab 10.7 cde 
3 13.8 be 10.3 ab 7-8 b 9.4 ab 11.5 a 10.3 ab 10.5 cdef 

10 13-4 be 9-4 ab 8.2 b 9.8 ab 12.1 a 9.8 ab 10.4 cdef 
6 13.1 be 8.0 b 8.8 ab 10.2 ab 11.0 a 10.1 ab 10.2 def 
7 12.2 be 7.7 b 9-8 ab 8.4 b 11.3 a 8.6 b 9-7 ef 
4 11.2 c 8.7 ab 8.3 b 8.8 ab 11.6 a 8.6 b 9.5 ef 

13 11-3 c 8.5 ab 7.5 b 8.9 ab 11.5 a 8.8 b 9.4 f 

Mean^ 13-4 a 9.1 de 9.0 e 9-7 d 12.3 b 10.9 c 

Means (four replications) followed by the same letter within a harvest 
date are not significantly different at the .05 level according to Duncan's New 
Multiple Range Test. 

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

to 
c\ 
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(Fig. 2). These results suggested the presence of geno-

typic variability in photosynthesis at low light intensity. 

Selection of genotypes with superior photosynthetic 

efficiency at low light intensity could increase the CO^ 

uptake of shaded leaves within the alfalfa canopy. The 

increase in metabolic activity of shaded leaves could 

reduce leaf loss in the lower canopy and increase yield. 

Apparent photosynthetic rates measured at high 

light intensity were significantly different among clones 

within all harvest dates (Table 2). The highest photo

synthetic value was 37•^ for clone 2 the first harvest, 

— 2 
and the lowest was l^t.8 mg CO dm hr for clone 6 the 

£ml 

second harvest date. These values are slightly lower than 

those reported for detached alfalfa leaves (50). Lower 

values could be due to the gradient in leaf age present 

on the 30-cm stem. Average apparent photosynthesis de

creased 38% for the second harvest and remained low until 

September (Fig. 3)« The clone by harvest interaction was 

significant which suggested that seasonal distribution of 

photosynthate production differed among clones. Clones 

could be selected for different CO fixation patterns over 

the growing season. However, all genotypes had a photo

synthetic slump during July and August. 

The ratios, expressed in percentage, of apparent 

photosynthetic rates at low light intensity (AP low) to 

apparent photosynthetic rates at high light intensity (AP 
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Fig. 2. Average apparent photosynthesis (AP) measured at low light intensity 
(19•^ Klux) for 13 spaced-planted alfalfa clones for six harvest dates. 



Table 2. Average apparent photosynthesis measured under high light intensity 
(54.9 Klux) of 13 spaced-planted alfalfa clones for six harvest dates. 

—2 —1 
Apparent photosynthesis (mg CO^ dm hr ) 

Harvest date 

Clone 6/10 7/1 7/24 8/18 9/25 10/24 Mean^ 

2 37.4 
-t-

a 23.9 a 25 • 5 a 22.2 a 29 .1 abc 23-9 abc 27 .0 a 
1 30.5 be 23.6 a 25 .4 a 19-8 ab 30 •3 ab 26.8 a 26 .1 ab 
8 30.7 be 17.1 b 22 . 6 abc 20.9 ab 27 • 9 abed 25.5 ab 24 .1 be 
5 29.O bed 17-1 b 21 .4 abed 22.1 a 26 .0 abede 22.4 abc 23 .0 cd 

11 31.8 b 17.8 b 22 .7 abc 16.0 b 29 .2 abc 19.2 abc 22 .8 cd 
9 27.3 bcde 17.1 b 21 .4 abed 19.2 ab 30 • 5 a 20.8 abc 22 • 7 cd 
3 27.I cde 19.5 ab 20 .5 abed 18.6 ab 25 .0 bcde 20.9 abc 21 • 9 cde 

12 27.1 cde 17-4 b 24 .2 ab 19 .2 ab 22 .0 e 20.3 abc 21 .7 de 
6 27.4 bcde i4.8 b 21 • 5 abed 20.6 ab 23 • 9 cde 17.8 be 21 .0 def 
10 29.O bed 17.4 b 20 .2 bed 18.1 ab 23 .4 de 17.1 be 20 • 9 def g 
4 24.9- de 16.8 b 19 • 3 cd 17-2 ab 23 . 6 de 16.6 c 19 •7 efg 
7 25.4 de 15.0 b 21 .0 abed 15.3 b 22 .6 de 17-3 be 19 .4 fg 

13 23.3 e 15.0 b 16 . 6 d 16.3 b 23 • 5 de 16.8 c 18 . 6 g 

Mean^ 28.7 a 17-9 e 21 .7 c 18.9 e 25 • 9 b to
 
0
 

•
 

d 

Means (four replications) followed by the same letter within a harvest 
date are not significantly different at the .05 level according to Duncan's New 
Multiple Range Test. 

^Means followed by the same letter are not significantly different at 
the .05 level according to Duncan's New Multiple Range Test. 
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Fig. 3. Average apparent photosynthesis (AP) measured at high light intensity 
(54.9 Klux) of 13 spaced-planted alfalfa clones and the yield of 
nonspaced-planted Mesa-Sirsa — Nonspaced-planted data from Poole (52) 
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high) were evaluated to determine if the photosynthetic 

rates for the two light intensities changed proportionately 

throughout the growth period. A significant difference in 

AP low to AP high percentages was found within and among 

harvest dates. The highest average percentage for six 

harvests was 51% for clones 7 and 13• The lowest per

centages were 45 and 46% for clones 2 and 1, respectively. 

The two clones with the lowest apparent photosyn

thetic rates for both light intensities had the highest AP 

low to AP high percentage, but clones with the highest 

apparent photosynthetic rates had the lowest AP low to AP 

high percentage. Thinner leaves of clones with lower 

apparent photosynthetic rates which cannot make efficient 

use of high light intensity could be related to the per

centage response. Rabideau, French, and Holt (54) reported 

that thin leaves absorbed less light than thick leaves. 

The average AP low to AP high percentages changed 

inversely with the average apparent photosynthetic rates 

for high light intensity (Figs. 3 and 4). As environ

mental factors changed over the growing season, the photo

synthetic rate at high light intensity changed propor

tionately more than photosynthesis at low light intensity. 

Forage Yield 

Dry forage yields of the plants fr'om the spaced-

planted experiment were measured the last four harvest 
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Fig. 4. The ratio of apparent photosynthesis (AP) measured at low light intensity 
(19*4 Klux) to apparent photosynthesis measured at high light intensity 
(5^.9 Klux) of 13 spaced-planted alfalfa clones for six harvest dates. 
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dates. Clone 13 yielded significantly more than the other 

clones for three of the four harvests (Table 3)• Clones 1, 

11, and 12 were among the lowest yielding genotypes each 

harvest. The relationship between yield and apparent 

phot osynthesis at both light intensities was generally 

negative but nonsignificant. 

_ 2 
Apparent photosynthesis expressed as mg dm 

hr was not significantly related to yield. The clones 

with the highest yield for the four harvests had the 

lowest average photosynthetic rate. 

Because of the high forage yields per plant from 

the spaced plants, the yield of the cultivar Mesa-Sirsa 

grown under nonspaced-planted densities was compared to 

the apparent photosynthetic rates from high light intensity 

(Fig. 3). Yield dat a were obtained from an alfalfa trial 

located in a field adjacent to the spaced-planted study. 

Similar responses were noted in the photosynthetic rate 

curve from spaced plants and the yield curve of Mesa-Sirsa 

from the nonspaced yield trial. Apparent photosynthesis 

may have a positive association with forage yield when 

plants are grown under nonspaced densities. 

Dark Respiration 

Dark respiration was significantly different among 

clones at all harvests (Table . Clone 2 had the highest 

respiration rate for all harvests with a seasonal mean of 



Table 3* Average dry forage yield of 13 spaced-planted alfalfa clones for four 
harvest dates. 

Dry forage yield (g per plant) 

Harvest date 

Clone 7/24 8/l8 9/25 10/24 Mean7' 

13 44.4 
+ 

a 34.4 a 70.2 a 97.3 a 61.6 a 
9 30.5 b 26.7 ab 46.0 b 50.2 b 38.0 b 
2 25-5 bed 23.8 be 42.2 b 44.9 be 34.1 be 
3 28.1 be 24.1 ab 31.1 bed 42.0 be 33.8 be 
4 22.4 bcde 27.7 be 35-6 be 4i .0 bed 31.7 cd 
8 16 .2 ef 19.7 be 31-7 bed 52.4 b 30.0 cde 
6 23.4 bcde 21.9 be 26 .9 cd 43.1 be 28.8 cdef 
5 18.7 def 20.2 be 32.8 bed 39.0 bed 27.7 def 

10 18.0 def 24.6 abc 25.6 cd 34.1 bed 25.6 ef g 
11 19.4 cdef 22 .4 be 21.0 cd 37.9 bed 25.2 ef g 
1 11.2 f 17.6 be 23.8 cd 40.5 bed 23.3 fgh 
7 22.5 bcde 22.6 be 19.O d 19-4 d 20.9 gh 

12 12.7 f 15.1 c 21.4 cd 22.8 cd 18.0 h 

Mean^ 22.5 c 23.1 c 32.9 b 43.4 a 

Means (four replications) followed by the same letter within a harvest 
date are not significantly different at the .05 level according to Duncan's New 
Multiple Range Test. 

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



Table 4. Average dark respiration of 13 spaced-planted alfalfa clones for six 
harvest dates. 

_2 —l 
Dark respiration (mg CO^ dm hr ) 

Harvest date 

Clone 6/10 7/1 7/24 8/18 9/25 10/24 Mean^ 

2 5-9 
+ 

a 5-0 a 4.8 a >3-3 a 6.2 a 6.7 a 5-3 a 
12 5-1 abed 4.0 ab 4.4 ab 2.2 ab 4.6 be 5-3 abc 4.3 b 
1 5-5 ab 4.1 ab 3-9 abc 1-3 b 4.5 be 5-9 abc 4.2 b 
8 4.5 abed 3-5 b 3.1 bed 2.7 ab 3.8 c 6.5 ab 4.0 be 

10 4.9 abed 4.2 ab 3-8 abc 2.4 ab 4.0 be 4.1 c 3-9 bed 
11 5.4 ab 3.6 b 3-0 bed 1.4 b 3-9 be 6.0 abc 3-9 bed 
5 5.2 abc 3-5 b 3-2 bed '1-7 b 3.9 be 4.5 be 3-7 cde 
6 4.3 bed 4.3 ab 3.1 bed 1.4 b 4.9 b 3.8 c 3-6 cde 
9 4.8 abed 4.0 ab 2.7 cd T 2.1 ab 4.4 be 3.8 c 3.6 de 
7 4.6 abed 3.2 b 2.6 cd 2.0 ab 3.8 c 4.4 be 3.4 de 

13 3.8 cd 3-2 b 2.8 cd 1 2.2 ab 3-4 c 5-2 abc 3.4 de 
3 - 3-6 d 4.4 ab 2.4 d 2.0 ab 3.8 c 4.2 c 3-4 de 
4 4.4 bed 3-3 b 2.2 d ' 2.2 ab 3.6 c 4.3 c 3-3 e 

Mean^ 4.8 a 3-9 c 3.2 d 2.1 e 4.2 b 5.0 a 

Means (four replications) followed by the same letter within a harvest 
date are not significantly different at the .05 level according to Duncan's 
New Multiple Range Test. 

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

ui 
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— 2 — 1 5.3 mg CO dm hr . Clone h had the lowest rate with a 

-2 -I 
mean of 3-3 nig CO dm hr • The values were higher than 

those reported by Cole (ll). The average respiration 

rates for the first and last harvests were 125% greater 

than the August l8th harvest (Fig. 5). In general, dark 

respiration rates varied inversely with average maximum 

and minimum daily temperatures for the growth period pre

ceding the harvest. The association between yield and 

dark respiration was nonsignificant. 

The implication (25, 65) that increased respira

tion during periods of high night temperatures caused a 

reduction in yield was in conflict with the respiration 

curve in Fig. 5- Respiration in this experiment was 

measured at the same temperature for each harvest date 

which suggested that night temperature was not the limiting 

factor. It seemed more probable that during periods of 

high ambient temperature, deterioration in the structure 

of photosynthetic tissue and metabolism limited the sub

strate level available for respiration. This hypothesis 

was supported by the work of Alberda (l) in which he found 

that low carbohydrate levels in perennial ryegrass (Lolium 

perenne L.) resulted in decreased dark respiration rates. 

Dark respiration for the alfalfa clones was measured 

following several hours of darkness at which time respir

atory substrate levels were probably low. The association 
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Fig. 5. Average dark respiration (DR) of 13 spaced-planted alfalfa clones and the 
daily average of high (HT) and low (LT) temperatures for the growth 
period preceding each harvest. 
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between dark respiration and photosynthesis was signifi

cant (r = .54**) over the six harvest periods. 

The ratio of apparent photosynthesis measured at 

high light intensity to dark respiration (AP/DR ratio) was 

not different among clones; however, the average ratio 

was significant among harvest dates. The AP/DR ratio first 

decreased then increased from 4.9 to 11.5 followed by a 

decrease the last two harvests (Fig. 6). Apparent photo

synthesis did not decrease as rapidly as respiration during 

the high temperature periods. These ratios are consider

ably lower than those previously reported for alfalfa 

( 3 9 ,  6 0 ) .  

Specific Leaf Weight 

Specific leaf weight was significantly different 

among genotypes within all harvest dates (Table 5)» The 

mean SLW for individual clones ranged from 3* 4 8  to 4 . 4 7  

_ 2 
mg cm for clones 3 and 2, respectively, and were similar 

to those values reported by Pearce et al. (50). 

The average SLW at each harvest (Fig. 7) was 

similar to the apparent photosynthetic curve for high light 

intensity (Fig. 3) except for the last harvest date. The 

increase in SLW observed July 24 was also shown by Poole 

(52) in data collected from alfalfa yield trials in an 

adjacent field. A nonsignificant interaction was found 

between genotype SLW and harvest date. The correlation 
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Table 5« Specific leaf weight of 13 spaced-planted alfalfa clones for six harvest 
dates. 

_2 
Specific leaf weight (mg cm ) 

Harvest date 

Clone 6/10 7/1 7/24 8/l8 9/25 10/24 Mean^ 

2 5.16 
+ 

a 4.26 a 4.56 ab 3.85 ab 4.46 a 4.53 ab 4.47 a 
12 4.78 abc 3.67 be 4.78 a 4.12 a 4.05 abc 4.11 abc 4.25 b 
1 4.99 ab 3.92 ab 4.10 bed 3.53 abc 4.01 abc 4.31 ab 4.14 b 
8 4.51 bed 3.68 be 4.41 ab 3.67 abc 4.33 a 4.21 abc 4.14 b 
9 4.53 bed 3.60 bed 4.19 be 3.34 be 4.20 ab 4.57 a 4.07 b 

13 4.37 cdef 3.19 d 3.54 de 3.43 be 4.00 abc 4.65 a 3.86 c 
6 4.39 cdef 3.42 cd 3.52 de 3 .60 abc 3.81 bed 4.43 ab 3.86 c 

11 4.43 cde 3.30 cd 3.64 cde 3.70 abc 3.60 cd 4.00 be 3.78 c 
10 4.26 cdef 3-50 bed 3.56 de 3.17 be 3.58 cd 4.26 abc 3-72 cd 
4 3.94 ef 3.25 cd 3.38 e 3.37 be 3.69 bed 3.69 cd 3.65 cde 
5 4.20 def 3 .20 cd 3.52 de 3.39 be 3.52 cd 3.36 d 3-53 de 
7 3.86 f 3 .16 d 3.78 cde 3.38 be 3.46 d 3.49 d 3.52 de 
3 3-90 ef 3.27 cd 3.56 de 3.10 c 3.38 d 3.69 cd 3.48 e 

Mea mf 4.4 a 3.5 d 3-9 c 3.5 d 

0
 

CO • 4.1 b 

Means (four replications) followed by the same letter within a harvest 
date are not significantly different at the .05 level according to Duncan's New 
Multiple Range Test. 

^Means followed by the same letter are not significantly different at the 
.05 level according to Duncan's New Multiple Range Test. 
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for six harvest dates. 
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coefficients between CO^ exchange and SLW were not con

sistently significant (Table 6). The association of SLW 

with dark respiration was significant at four harvest 

dates. 

Table 6. Correlation coefficients between CO2 exchange 
and specific leaf weight (SLW) of 13 spaced-
planted alfalfa clones for six harvest dates. 

COg Exchange 

SLW at harvest 
date 

Dark 
respiration 

Apparent 
photosynthesis 
(low light) 

Apparent 
photosynthesis 
(high light) 

(r) (r) (r) 

June 10 .58** .24 .48** 

July 1 .14 .35** .26 

July 24 .54** • 33 .54** 

August 18 .19 .15 .04 

September 25 . 42* * .16 • 30 

October 24 .37** .00 .03 

**Significant at .01 level. 
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Specific leaf weight measurements showed consider

able differences among genotypes. The variable association 

between photosynthesis and SLW found in this study was not 

consistent with previous reports for single leaf measure

ments (10, 50)• However, it was reported that the cultivar 

Du Puits did not show a significant photosynthesis to SLW 

relationship under high light intensity. 

Leaf Width 

Since leaf size was the basis for the original 

selection of the 13 Mesa-Sirsa clones, this characteristic 

was measured on all clones throughout the growing season. 

Leaf width differed more than 100% between the clones (Table 

7). Clone 13 had the widest and clone 2 the narrowest 

leaves. Average leaf width was different among harvests 

and increased from 11.2 in September to 14.7 nun in October 

(Fig. 8). Larger alfalfa leaves are commonly observed 

during spring and fall growth periods in the semiarid 

Southwest. 

The correlation coefficients between CO^ exchange 

and leaf width were negative at all harvest dates (Table 8). 

Apparent photosynthesis at high light intensity was sig

nificantly associated with leaf width for five of the six 

harvests. The correlation coefficients between leaf width 

and yield for the four dates in which yield was measured 

were: .6l**, .11, .42**, and .kk**. 



Table 7« Average leaf width of 13 spaced-planted alfalfa clones for six harvest 
dates. 

Leaf width (mm) 

Harvest date 

Clone 6/10 7/1 7/24 8/18 9/25 10/24 Mean^ 

2 8.4 
+ 

a 6.9 a 6.8 a 8.7 a 7-8 a 10.9 a 8.2 a 
8 8.9 ab 8.1 abc 7.7 ab 10.0 ab 8.8 ab 12.1 ab 9.3 b 
5 10.0 abc 8.5 abc 8.7 be 9.9 ab 9.^ abc 11.7 ab 9.7 b 
1 10.7 bcde 8.0 ab 8.4 be 11.2 be 9.2 ab 12.2 abc 10.0 b 
9 10.5 bed 10.2 cde 10.4 de 9-9 ab 10.0 bed 130 abed 10.7 c 

10 10.4 be 9.7 bed 9-5 cd 11.2 be 11.2 cde l4.2 bed 11.0 c 
11 10.6 bcde 10.1 bed 10.6 de 9.8 ab 9.5 abc 15.8 de 11.1 c 
4 12.5 ef 11.5 de 10.9 de 11.6 be 11.5 de 15.4 de 12.2 d 
3 12.4 def 10.6 de 11.4 e 13.2 cd 12.3 de 14.9 cde 12.5 d 

12 13.3 f 12.3 e 10.5 de 12.9 cd 12.5 e 15.2 de 12.8 de 
6 11.5 cdef 11.9 e 11.9 ef 13.0 cd 12.5 e 16.6 e 12.9 de 
7 12.8 f 12.3 e 13.0 f 13.8 d 13.0 e 15.9 de 13.5 e 

13 17.4 S 16.4 f 16.8 S 15.7 e 17.6 f 22.5 f 17.7 f 

J. 
Mean 11.5 b 10.5 c 10.5 c 11.6 b 11.2 b 14.7 a 

Means (four replications) followed by the same letter within a harvest 
date are not significantly different at the .05 level according to Duncan's New 
Multiple Range Test. 

^Means followed by the same letter are not significantly different at 
the .05 level according to Duncan's New Multiple Range Test. 
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Table 8. Correlation coefficients between C02 exchange 
and leaf width of 13 spaced-planted alfalfa 
clones for six harvest dates. 

C0
2 

exchange 

Apparent Apparent 

46 

Leaf width at Dark photosynthesis photosynthesis 
harvest date respiration (low light) (high light) 

(r) (r) (r) 

June 10 --35** --57* * -.70** 

July 1 -.23 --33 -.43 ** 

July 24 -.38* * -.22 -.47 ** 

August 18 -.05 -.21 -.29 

September 25 -.28 -.39** -.48** 

October 2lJ: -.17 -.40* * -.38** 

**Significant at .01 level. 

-2 Apparent photosynthesis expressed as mg C0
2 

dm 

-1 
hr was lower in wide leaves. This relationship was con-

sistent with studies of flag leaf size in wheat (25) and 

suggested that leaf width could be used for initial 

screening of large populations of alfalfa for photosyn-

thetic rates. Leaf width was more closely associated with 

forage yield than any other physiological parameter 

measured. 
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Nonspaced-Planted Experiment 

—2 —X 
Apparent Photosynthesis (mg CO^ dm hr ) 

Apparent photosynthetic rates for clones 1 and 2 

ranked higher than clones 7 and 13 (Table 9)• Photosyn

thetic differences were generally significant. Clones 

which had the highest photosynthetic rates in the spaced-

planted experiment also displayed the highest rates in the 

nonspaced-planted experiment. 

At both light intensities clone 2x had a higher 

photosynthetic rate than clone 2 at the first harvest. At 

the second harvest the relationship between clones 2 and 2x 

was reversed but rates were not significantly different. 

The apparent photosynthetic rates for clones 13 and 13x 

did not differ. Therefore, the effect of competition 

within and among clones was inconclusive. 

A significant association was observed between SLW 

and apparent photosynthesis measured at low light intensity 

the first harvest. Specific leaf weight and apparent photo

synthesis at high light were associated for both harvests 

(Table 10). Apparent photosynthesis was negatively corre

lated to area per leaf with r-values ranging from -.66** to 

-.76**. The relationship of SLW to apparent photosynthesis 

was greater than observed under spaced-planted conditions. 

Specific leaf weight could be used to screen plants for 
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Table 9* Average apparent photosynthesis of nonspaced-
planted alfalfa clones for two harvest dates --
Apparent photosynthesis was measured at two light 
intensities. 

—  2  — 1  
Apparent photosynthesis (mg CO^ dm hr ) 

Low light 19.4 Klux High light 54.9 Klux 

Harvest date Harvest date 

Clone^ 6/21 7/21 6/21 7/21 

1 13 .4 bc + 14.9 ab 28.3 b 28.2 ab 

2 15.0 b 17-5 a 28.4 b 34.6 a 

2x 17.2 a 15.6 ab 34.4 a 30.2 ab 

7 11.0 d 10.5 c 19.9 d 17.9 c 

13 12.2 cd 10.8 c 

CO •
 

<r
\ 

<M 

c 19.6 c 

13x 12.2 cd 12.6 be 22.2 cd 25-1 be 

Means (four replications) followed by the same 
letter within a harvest date are not significantly differ
ent at the .05 level according to Duncan's New Multiple 
Range Test. 

^Clone 2x is one plant of clone 2 in competition 
with clone 13* Clone 13* is one plant of clone 13 in 
competition with clone 2. All other clones are in 
competition with themselves. 



4 9  

Table 10. Correlation coefficients of CO2 exchange with 
specific leaf weight and area per leaf of 
nonspaced-planted alfalfa clones for two harvest 
dates -- Apparent photosynthesis was measured at 
two light intensities. 

Specific 
leaf weight Area per leaf 

Harvest date 

COg exchange 6/21 7/21 6/21 7/21 

(r) (r) (r) (r) 

Dark respiration+ .78** .69** -.40 -.60* * 

Apparent photosynthesis 
at low light"1" .48** • 37 -.66** -.69* * 

Apparent photosynthesis 
at high light+ .68** .55** -.72** -.76** 

Total apparent photo
synthesis per plant 
at high light+ -.11 -.02 .03 .04 

**Significant at .01 level. 

+ -2 -1 Expressed as mg CO dm hr 
£mk 

^Expressed as mg C0^ plant hr ^ 
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photosynthetic rates under nonspaced conditions. However, 

area per leaf, a more easily measured characteristic, might 

be a better selection tool for photosynthetic rates. 

—  2  — 1  
Dark Respiration (mg CO^ dm hr ) 

Clones 1 and 2 generally had the highest respira

tion rates (Table 11). The results were similar to the 

dark respiration rates obtained for clones 1, 2, 7, and 13 

under spaced-planted conditions. Correlation coefficients 

between dark respiration and apparent photosynthesis ranged 

from ,k2** to .73** for both harvests and light intensities 

(Table 12). The results suggested that respiration rates 

were partially dependent upon apparent photosynthetic rat.es. 

Apparent Photosynthesis (mg CO., g ^ hr "^) 

Apparent photosynthetic rates at high light 

intensities ranged from 100 for clones 2 and 2x to 71 mg 

C0^ g hr ^ for clone 7 for the first harvest (Table 13) • 

Photosynthetic rates were significantly higher for clones 

2 and 2x than all the other clones for the first harvest. 

Apparent photosynthesis was higher for clone 2 for the 

second harvest. Photosynthesis per gram of dry leaves was 

not correlated to SLW. However, area per leaf was nega

tively associated (r = -.51** and -.4fc3**) to apparent 

phot osynthesis. Photosynthesis expressed on dry leaf 

weight was positively correlated to photosynthesis 

expressed on a leaf area basis (Table 12). 
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Table 11. Average 
alfalfa 

dark respiration of nonspaced 
clones for two harvest dates. 

-planted 

Dark respiration (mg CO^ dm ^ hr ) 

Harvest date 

Clone^ 6/21 7/21 

1 3-3 a+ 3.9 a 

2 2.3 abc k.5 a 

2 x 3.1 ab 3.0 ab 

7 

0
 

O
 

•
 

CM 
2.3 b 

13 2.1 c 2.2 b 

13x 2.2 be 3-7 ab 

"i* 
Means (four replications) followed by the same 

letter within a harvest date are not significantly differ
ent at the .05 level according to Duncan's New Multiple 
Range Test. 

^Clone 2x is one plant of clone 2 in competition 
with clone 13« Clone 13x is one plant of clone 13 in 
competition with clone 2. All other clones are in 
competition with themselves. 
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Table 12. Correlation coefficients of apparent photo
synthesis (mg COo dm~2 hr--'-) with dark respira
tion (mg CC>2 dm~^ hr--'-) and apparent photo
synthesis per gram of leaf (mg CO^ g hr"-'-). 

Apparent photosynthesis 
(mg COg dm~2 hr~l) 

Low light High light 

Harvest date 

6/21 7/21 6/21 7/21 

(r) (r) (r) (r) 

Dark respiration^ .42** . 5k* * .63** .73** 

Apparent photo
synthesis at 
high light/^ .75** .83** . 66 * * .75** 

* * S i gni f i c ant at .01 level. 

+Expressed as mg C02 
, -2 , -1 
dm hr 

^Expressed as mg C02 
-1 , -1 g hr 
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Table 13• Average apparent photosynthesis (mg CO2 g-^ 
hr~l) of nonspaced-planted alfalfa clones for 
two harvest dates -- Apparent photosynthesis was 
measured at high light intensity. 

Apparent photosynthesis 
(mg CO2 g-1 hr-1) 

Harvest date 

Clone+ 6/21 7/21 

1 77 bc + 72 be 

2 100 a 95 a 

2x 100 a 87 ab 

7 71 c 67 c 

13 86 b 73 be 

I3x 82 be 66 c 

Means (four replications) followed by the same 
letter within a harvest date are not significantly differ
ent at the .05 level according to Duncan's New Multiple 
Range Test. 

^Clone 2x is one plant of clone 2 in competition 
with clone 13• Clone 13x is one plant of clone 13 in 
competition with clone 2. All other clones are in 
competition with themselves. 
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Genotypic variation in apparent photosynthesis 

existed when photosynthesis was expressed on a leaf dry 

weight basis. The significant association between apparent 

photosynthesis per unit leaf area and apparent photo

synthesis per unit leaf weight did not agree with data 

reported by Sheridan (58). He concluded that the expres

sion of photosynthesis on a leaf area basis was misleading 

as no differences were found among alfalfa cultivars. The 

significant negative relationship between apparent photo

synthesis and area per leaf suggested that selection for 

small leaves in alfalfa could increase photosynthesis per 

gram of leaf. 

Apparent Photosynthesis (mg CO^ plant hr ^) 

The total CO uptake per plant at high light 

intensity was calculated to combine the effects of geno

typic variability in photosynthesis per unit of leaf and 

leaf area per plant. This method of expressing CO ex-

change would be comparable to CO exchange per unit soil 

surface. For the first harvest, an apparent photosynthetic 

rate of 4o8 mg CO^ plant hr for clone 13x was signifi

cantly higher than the rates of 107 and 207 mg CO plant 
tit 

hr for clones 7 and 1, respectively (Table l4) . Greater 

photosynthetic rates per plant were obtained from clones 

2, 13, and 13x for the second harvest. Total apparent 

photosynthesis per plant was highly correlated (r = .91** and 
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Table l4. Average apparent photosynthesis (mg CO2 plant 
hr~l) of nonspaced-planted alfalfa clones for 
two harvest dates -- Apparent photosynthesis was 
measured at high light intensity. 

Apparent photosynthesis 
(mg COr> plant"! hr_l) 

Harvest date 

Clone+ 6/21 7/21 

1 207 b+ 146 ab 

2 234 ab 226 a 

2x 279 ab 164 ab 

7 107 b 89 b 

13 280 ab 264 a 

13x 40 8 a 246 a 

Means (four replications) followed by the same 
letter within a harvest date are not significantly differ
ent at the .05 level according to Duncan's New Multiple 
Range Test. 

^Clone 2x is one plant of clone 2 in competition 
with clone 13« Clone 13x is one plant of clone 13 in 
competition with clone 2. All other clones are in 
competition with themselves. 
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.96**) to total leaf area per plant for both harvest dates. 

The correlation coefficients of total apparent photosyn

thesis per plant with other measurements of CO^ exchange 

were nonsignificant. Total apparent photosynthesis per 

plant was not correlated with SLW or area per leaf (Table 

10) . 

The results indicated that alfalfa clones differed 

in total CO uptake per plant. These differences were 
tit 

highly dependent upon total leaf area per plant but in

dependent of apparent photosynthetic rates based on leaf . 

weight and area. 

Forage Yield 

The dry forage yield of clone 13x was significantly 

greater than the yield of clone 7 at both harvests (Table 

15)• Clones 13 and 13x had a higher yield than clone 7 the 

second harvest. No significant effect of competition 

between the same or different genotypes was observed. The 

rank of clones for forage yield was similar in spaced-

planted and nonspaced-planted studies. In addition, the 

variability within a clone was relatively high in both 

experiments. 

Yield components expressed as leaf to stem ratios 

were higher for the large-leaved clones 7 and 13 (Table 

15)• Leaf to stem ratios were positively related to area 

per leaf for the two harvest dates (r = .82** and .80**) 
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Table 15• Average leaf to stem ratio and dry forage yield 
of nonspaced-planted alfalfa clones for two 
harvest dates. 

Leaf to stem Forage yield 
ratio (g per plant) 

Harvest date 

Clone+ 6/21 7/21 6/21 7/21 

1 • 53 
+ 

c • 51 b 7.9 ab 6.3 abc 

2 .45 d .50 b 8.1 ab 7.2 abc 

2x .43 d .49 b 9.6 ab 5.8 be 

7 .68 a .66 a 3.8 b 3-3 c 

13 .64 ab .69 a 8.2 ab 8.6 ab 

13x .60 b .63 a 13.6 a 10.0 a 

Means (four replications) followed by the same 
letter within a harvest date are not significantly differ
ent at the .05 level according to Duncan's New Multiple 
Range Test. 

^Clone 2x is one plant of clone 2 in competition 
with clone 13• Clone 13x is one plant of clone 13 in 
competition with clone 2. All other clones are in 
competition with themselves. 
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which suggested that larger-leaved genotypes might produce 

forage of a superior quality. 

The relationships between forage yield and CO,-, ex

change parameters measured on alfalfa clones grown in 

competition are shown in Table l6. Dark respiration was 

significantly related (r = .42**) to yield the second 

harvest. The correlation coefficients between yield and 

-2 -1 
apparent photosynthesis expressed as mg dm hr at 

low and high light intensities were nonsignificant for all 

observations. Apparent photosynthesis expressed as mg CO^ 

g hr was also not associated with forage yields. A 

strong positive association (r = .96** and .93**) was 

observed between yield and total uptake per plant for 

both harvest dates. 

Results of the nonspaced experiment showed a con

siderable reduction in yield compared to the spaced-plant 

study. However, relative yields among clones were similar 

under either planting arrangement. The failure to demon

strate an association between apparent photosynthesis 

-2 -1 
expressed as mg COr> dm hr and forage yield was con

sistent with the spaced-plant experiment. 

The close association between apparent photosyn-

-1 -1 thesis calculated as mg CO^ plant hr and forage yield 

could be attributed to total leaf weight per plant and not 

photosynthesis per unit leaf area. This was supported by 

the correlation coefficients of .91** and .96** between 



Table l6. Correlation coefficients of COg exchange with dry forage yield of 
nonspaced-planted alfalfa clones for two harvest dates. 

Yield 
at 

harvest 
date 

Dark 
Apparent photosynthesis 

respiration Low light High light 

(mg COg dm ^ hr ^) (mg C02 g 1 hr 1) (mg COg plant hr ^) 

(r) (r) (r) (r) (r) 

June 21 •
 

H
 

C
O

 

.03 •
 

o
 

to
 

.04 .96** 

July 21 .42** • 13 .18 .07 .93* * 

**Significant at .01 level. 

ui 
\o 
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mS CO plant hr vs. total leaf weight per plant for two 

harvest dates. The correlation coefficients for mg CO^ 

plant hr vs. mg CO g hr were .18 and . 35« Co-

efficients of near zero (r = .05 and -.02) indicated that 

-1 -1 
mg COg g hr and total grams of leaves per plant were 

independent of each other. The independence suggested that 

selection for both total weight of leaves and apparent 

photosynthesis per gram of leaves could be used to increase 

total CO uptake per plant. Alfalfa genotypes which 

expressed superior CO fixation and yield could be isolated 

by screening populations for total CO uptake per plant. 

Large populations could be evaluated since leaf area and 

leaf weight would not have to be determined. 

Leaf Anatomy 

The internal leaf characteristics of genotypes 

which differed in photosynthetic rates also displayed 

differences in anatomical features. Clones 7 and 13 which 

displayed the largest leaf area had thinner leaves and a 

lower SLW (Fig. 9, Table 17)• Differences in SLW, theo

retically, could be due to variation in leaf density or 

leaf thickness. A strong association (r = .80*) between 

SLW and leaf thickness indicated SLW was largely dependent 

upon leaf thickness. Specific leaf weight was signifi

cantly correlated to palisade cell number per unit of leaf 

cross section (Table 18). 



Fig. 9. 

B 

c D 

Leaf cross sections showing leaf and palisade 
tissue thickness (90 X) -- Photographs A, B , C , 
and D represent clones 1, 7, 2, and 13, 
respectively. 

61 
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Table 17• Average apparent photosynthesis, specific leaf 
weight, and area per leaflet for nonspaced-
planted alfalfa clones -- Apparent photo
synthesis was measured at high light intensity. 

Apparent 
.J phot osynthesis 

Clone (mg CO^ din-2 hr~M 

Specific leaf 
wei ght# 

(mg/cm^) 

Area per 
leaflet# 
(cm2) 

1 

2 

7 

13 

28.0 ab+ 

30.4 a 

17-5 b 

21.8 ab 

5.54 a 

4.84 a 

2.74 b 

2.82 b 

.84 b 

.82 b 

1.71 a 

1.66 a 

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

^Apparent photosynthesis determined from a 30-cm 
st em. 

Specific leaf weight and area per leaflet deter
mined from a single leaflet. 
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Table 18. Correlation coefficients between morphological 
and anatomical characteristics of nonspaced-
planted alfalfa clones. 

Leaf to 
stem ratio 

Specific 
leaf weight 

Area per 
leaflet 

(r) (r) (r) 

Specific leaf weight -.73* — -.72* 

Leaf thickness - .68* •
 

CO
 

O
 

*
 

-.75* 

Palisade tissue 
thickness -.65* .78* -.72* 

Palisade cell 
number -.53 .69* 

*
 

CO in .
 

1 

•Significant at .05 level. 



The relationships of area per leaflet to leaf 

thickness, palisade tissue thickness, and palisade cell 

number were negative and significant (Table l8). The mag

nitude of these correlation coefficients was higher than 

those calculated for SLW and internal leaf characteristics. 

Leaf thickness and palisade tissue thickness were 

significantly different among clones (Table 19)• Palisade 

tissue thickness and total leaf thickness of clone 1 were 

greater than those of clone 2. The small leaves of clones 

1 and 2 were also thicker than the larger leaves of clones 

7 and 13- The association between leaf thickness and 

palisade tissue thickness was r = .96*, which indicated 

that leaf thickness was highly dependent upon the palisade 

tissue thickness. The leaves with thicker palisade tissue 

appeared to have longer cells. In some cases two layers of 

palisade cells were also found in the thick leaves. 

The number of palisade cells in .21 mm of leaf 

cross section was significantly less in clone 7, which had 

larger leaves, than in the smaller-leaved clones 1 and 2 

(Table 19)• The differences in cell number appeared 

visually to be associated to increased intercellular space 

between palisade cells. 

Clones that differed in leaf anatomy also expressed 

differences in photosynthetic rates. The apparent photo-

"2 — 1 synthetic rate (mg COdm hr ) of clone 2 was signifi

cantly higher than clone 7 (Table 17)• Area per leaflet 
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Table 19* Average leaf thickness, palisade tissue thick
ness , and palisade cell number for nonspaced-
planted alfalfa clones — Apparent photosyn
thesis was measured at high light intensity. 

Leaf Palisade tissue Palisade cell 
thickness thickness number (per .21 mm 

Clone (mm) (mm) cross section) 

1 .238 
+ 

a .128 a 15.3 a 

2 .191 b .094 b 14.5 a 

7 .166 c .072 c 11.0 b 

13 .155 c .074 c 12.8 ab 

+Means followed by the same letter are not signifi
cantly different at the .05 level according to Duncan's New 
Multiple Range Test. 

was negatively associated with apparent photosynthesis at 

low and high light intensity (r = -.68** and -.72). The 

thickness of the palisade tissue layer was the only 

internal leaf characteristic which was significantly 

related to apparent photosynthesis (Table 20). 

The observations of this study, although limited, 

indicated that apparent photosynthesis was significantly 

dependent upon the thickness of the palisade layer". The 

association was in agreement with that reported by Carlson 

et al. (10). Clones which possessed smaller leaves were 

superior in palisade tissue thickness. The negative 



66 

Table 20. Correlation coefficients between CO2 exchange 
and anatomical characteristics of nonspaced-
planted alfalfa clones -- Apparent photosyn
thesis was measured at two light intensities. 

Apparent 
n , photosynthesis 
. . .  ( m g  C O  d m ~ 2  h r ~ l )  

respiration & 2 
(mg CO dm-2 hr-1) . H. 0 2 Low High 

light light 

(r) (r) (r) 

Leaf thickness .59* 

Palisade tissue 
thickness .62* .52* .56* 

Palisade cell 
number .4l .30 .35 

*Significant at .05 level. 

relationship between leaf size and palisade tissue thick

ness was similar to studies in rice in which small-leaved 

cultivars were found to have higher SLW (6l). The associa

tion between photosynthesis and thickness of the palisade 

layer could be used to survey alfalfa populations for geno

types with more efficient photosynthetic rates. 



SUMMARY AND CONCLUSIONS 

Clones of Medicago sativa L. cultivar Mesa-Sirsa 

were used to evaluate CO^ exchange, morphological, and 

anatomical characteristics when plants were grown in the 

field under spaced and nonspaced plant densities. Under 

both plant densities , significant differences in photo-

synthetic and dark respiration rates among clones were 

obs erved. 

Apparent photosynthesis and dark respiration 

declined significantly the second harvest and remained low 

until ambient temperatures decreased in September. The 

high temperatures might have caused increased photorespira-

tion which would decrease net CO^ exchange. Apparent 

photosynthetic rates in this study were determined at a 

constant temperature throughout the growing season which 

would indicate photosynthesis was not limited by photo-

respiration; however, the enzyme levels of this mechanism 

might have remained similar to the levels present when the 

plant was growing in high ambient temperatures the previous 

day. Another possible effect of high air and soil tempera

tures could have been on the translocation of photosyn

thetic products from the leaves to the roots. A decrease 

in translocation could result in feedback inhibition of the 

photosynthetic mechanisms. 
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Apparent photosynthetic rates did not change pro

portionately among clones across the growing season. The 

results indicated that genotypic selection could alter the 

pattern of photosynthate production and distribution 

throughout the growing season. Genotypes which displayed 

different seasonal patterns of photosynthate production 

could be used to study the causal effect of high tempera

tures on photosynthesis. 

The apparent photosynthetic to dark respiration 

ratios varied inversely with dark respiration which implied 

that respiration was affected more than photosynthesis by 

the seasonal changes in environment. 

The ratio of apparent photosynthesis at low light 

intensity to apparent photosynthesis at high light intensity 

was higher in clones which had larger leaves and higher leaf 

to stem ratios. The effect of plant morphology on photo-

synthetic rates might have been due to shading within 

individual clones which suggested that their metabolic 

systems were proportionately better adapted to low than to 

high light intensity. 

Apparent photosynthetic rates per unit leaf area 

and leaf dry weight were higher in clones with small leaves 

and larger specific leaf weights (SLW). Leaf size was more 

closely correlated with apparent photosynthesis than was 

SLW and could serves as a morphological selection tool for 

photosynthetic rates. 



A positive correlation between SLW and leaf thick

ness indicated that the differences in leaf weight per unit 

area were influenced by leaf thickness. The depth of the 

palisade tissue was greater in thick leaves. Thickness of 

the photosynthetically active palisade tissue was positively 

—  2  — 1  related to apparent photosynthesis (mg CO dm hr ). The 

decline in SLW coincided with a decrease in apparent photo

synthesis during the period of high ambient temperatures. 

Changes which occur in leaf anatomy during the entire 

growing season need to be evaluated as a potential explana

tion of the decline in SLW and photosynthetic rate. Pali

sade tissue thickness of alfalfa could be used as a selec

tion criterion for photosynthetic potential. 

Photosynthesis of individual clones was not 

significantly correlated to dry forage yield when expressed 

-2 -1 -1 -1 as mg CO dm hr and mg CO g hr . The seasonal 

forage yield pattern of the cultivar Mesa-Sirsa at normal 

plant populations for alfalfa production (52) was similar 

to the seasonal pattern of average apparent photosynthesis 

—  2  — 1  (mg CO^ dm hr ) for all spaced-planted observations. 

During the fall growth period, forage yield did not in

crease to the extent that might be expected from observa

tion of the photosynthetic curve. However, the increase in 

carbohydrate reserves previously reported by Feltner and 

Massengale (26) during the fall growth period could explain 

the absence of an increase in forage yield. The differences 
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in photosynthesis per unit leaf area among genotypes and 

the relation of these photosynthetic differences to carbo

hydrate reserves stored in the roots needs to be investi

gated . 

Dark respiration and the ratio of apparent photo

synthesis to dark respiration were not significantly 

related to forage yield. Dry forage yield was highly 

correlated to apparent photosynthesis when expressed as 

-1 -1 
mg COg plant hr . The high forage yield of clone 13 

was the result of more total CO uptake per plant. This 

significant relationship was primarily the result of 

differences in total leaf area per plant and not differ

ences in apparent photosynthesis per unit of leaf. The 

larger leaf area of clone 13 was partially due to larger 

leaves. The comparatively low apparent photosynthetic 

rates per unit leaf area of this genotype suggests that 

with present yield-limiting factors in alfalfa forage 

production the total area per plant of photosynthetically 

active tissue is of primary importance. 
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