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One hundred and fifty alfalfa (Medicago sativa L .) clones were 

space-planted in the field and 20 plants were evaluated for apparent 

photosynthesis, post-illumination burst and dark respiration (AP, PIB, 

and DR) throughout the growing season. Forage yield, specific leaf 

weight, and leaf morphology;were observed and their relationship to 

COg exchange determined. The five highest and five lowest yielding 

alfalfa clones were studied for relationships between yield and leaf 
width and palisade thickness and the data were analyzed statistically 

and evaluated.

Apparent photosynthetic rates of the upper 30 cm of a detached
-2 -1stem ranged from 2.26 to 57.59 mg CO^ dm hr at a light intensity 

of 2 jOOOy Einsteins.
—  9 — 1PIB ranged from 5.45 to 34.93 mg CO2  dm hr at the same

light intensity. Photorespiration rates ranged from 0 to 27.34 rng CO'̂  
-2 -1dm hr . AP, PIB, and PR were not consistently associated with 

specific leaf weight or dry matter yield per plant.

Anatomical measurements of leaf width and palisade thickness 

were unrelated to AP, PIB, PR, SLW and dry matter yield per plant. 

Clones from the 5 maternal parent plants showed great genetic variabil

ity in yield, SLW, photorespiration and morphological characteristics,

ABSTRACT

vii



INTRODUCTION

As population increases in the arid southwestern part of the 

United States and water resources diminish, crops which display maxi
mum Water use efficiency will have to be grown. One way to increase 

water use efficiency is to improve the yield of plants per unit of - 

water utilized.

Currently alfalfa is the most important irrigated forage crop 

in Arizona and 85 percent of it is grown in the arid southern portion 

of the state (Dennis, 1977). Alfalfa is an economically competitive 

crop in Arizona. However, it does not lend itself to conservative 

irrigation schemes, such as drip irrigation, due to its high-density 

planting requirements, overall high water needs and a long growing 

season.

Breeding for increased photosynthetic efficiency, thereby 

resulting in higher dry matter production per unit water use will re

sult in water use efficient alfalfa. According to Carlson et al. 

(1970), physiological and morphological characteristics may be used 

selectively to increase yield if the following criteria are met:

1. Genetic differences for these characteristics must be 

shown to exist.

2. The physiological or morphological trait must be readily 

measured.

3. Such traits must be closely related to yield.

1



2

One trait that may fit these criteria is the low photo- 

respiration rate often associated with photosynthetically efficient 

plants.

The objectives of this study were: a) to evaluate the range of 

photorespiration, photosynthesis, and dark respiration within a group 

of alfalfa clones which were progeny of plants in a breeding program 

for low photorespiration, and b) to determine the relationships be

tween these physiological characteristics and forage yield.



REVIEW OF LITERATURE;

Photosynthesis« Photorespiratioti 
and Dark Respiration

Donald (1962) stated that genetic factors, such as leaf area 

and leaf arrangement, that affect plant yield work primarily on photo

synthesis. Delaney and Dbbrenz (1974b) found that forage yield was 

significantly correlated with total apparent photosynthesis per plant 

but not with photosynthesis expressed on a leaf area or leaf weight 

basis. They did, however, find that total dark respiration pet plant 

after 25 days of regrowth was highly correlated to forage yield.

Decker (1955) observed photorespiration as a post-illumination 

burst of COg. Van der Veen (1949) verified this observation and 

demonstrated that large PIBs (post-illumination bursts) were observed 

under high light intensities and high 0^ concentrations. Ludwig and 

Canvin (1971) discovered that total COg evolution in light was composed

of two processes--  dark respiration and light (photo) respiration —

while observing rates of photorespiration during photosynthesis in 

sunflower (Helianthus annus L.).

Rabinowitch (1945, 1951, 1956) has shown that photorespiration 

rates may exceed those of dark respiration. Zelitch (1971) and Zelitch 

and Day (1968) believed that net photosynthesis is decreased in many 

species due to high photorespiratory ratesi They suggested selecting 

plants with low photorespiratory rates to increase CO^ uptake, thus

3
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increasing plant productivity. Wilson (1972) also concluded that 

increased yields could be obtained by selecting for low-photorespiring 

genotypes. Beevers (1970) stated that dark respiration is necessary 

to synthesize high energy compounds from carbohydrates which are 

utilized in metabolic reactions. McCree (1974) suggested that a high

rate of CO evolution indicates rapid production of new material.4 . . .
Some plants, such as sugarcane (Saccharum officinarum L.) and 

sorghum (Sorghum bicolor L-. Moench), are very efficient in photo

synthesis. They have specialized bundle sheath and mesophyll cells. 

Instead of CO^ being taken up by the carboxydismutase reaction of the 

Calvin cycle, CO^ is first fixed by another enzyme system, phosphenol- 

pyruvate carboxylase, which has a very strong affinity for carbon 

dioxide. This strong affinity for carbon dioxide makes this system 

very efficient in photosynthesis.

Some plants that have the C . acid cycle of photosynthesis4
display no photorespiration under normal environmental conditions.

These C^ species are believed to lack photorespiration because they 

display near zero CC^ compensation concentrations in full light. They 

show no correlation between CO^ uptake and concentration and emit 

no CO^ into CC^-free air in the light (Brown and Gracett, 1972).

Downton (1970) has observed PIB in several C^ species, and 

related PIB to the abundance of aspartate in the products of short

term CO uptake. Species that display PIB also show low levels of
' :

malic enzyme and well-developed grana in their chloroplast bundle 

sheaths. Studies conducted with Atriplex patula (Stande) and A. rosea(L) 

show that the former displays a C^ pathway and the latter a C^ pathway.
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Progeny of crosses between the two show chloroplasts ±n the mesophyll 

and bundle sheath displaying Intermediate arrangements between and

C4*
Some plants are not and do not lack photorespiration, but 

display low rates of photorespiration. Theoretically, if a plant dis

plays low photorespiration it should also display an increased dry 1 

matter production potential. Quebedeaux and Chollet (1977) studied 

Panicum milioides (Nees) a natural species exhibiting reduced photo- 

respiration. P. mllioldes exhibited some characteristics of Ktanz 

anatomy found in plants but not the 0^ inhibition of photosynthesis 

by a G^-type CO^ concentrating mechanism. Based on leaf COg exchange 

parameters and growth analysis of dry matter production, the authors 

found that P. milioides displayed reduced photorespiration. This was 

the first well-documented Cg species to display reduced photorespiration.

In this investigation and others (Quebedeaux and Hardy, 1973; 

1976) as well as those of other researchers (Bjorkman and Holmgren,

1963; Parkinson, Penman, and Tregunna, 1974) it was noted that dry 

matter production in Cg species was sensitive to changes in 0^ or COg 

concentrations. Forrester, Krotkov, and Nelson (1966) studied the 

effect of 0g concentration on photosynthesis, photorespiration and 

respiration in the detached leaves of soybean (Glycine max L .), a Cg 
species. They concluded that apparent photosynthesis was inhibited by - 

increasing Og concentrations while respiration was held constant. They 

also demonstrated that increased photorespiration contributed to the 

inhibition of apparent photosynthesis,. Dark respiration was
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suppressed in the light at zero 0^ compensation point. Keys et al. 

(1977) showed that for wheat (Tfitlcum aestlvum var. Kleiber) leaves 

lowering the 0^ concentration in a controlled environment from 21 to 2 

percent net photosynthesis increased by 32% at 13C and 54% at 28C. 

Photorespiration was greater at higher temperatures.

Carbon dioxide compensation points are related to net photo- 

synthetic and photorespiratory rates. Dvork and Natr (1971) deter

mined CO^ compensation points for Triticum spp. and Aegilops spps. ■> 

which are relatively "inefficient" photosynthesizers. Those species 

had C02 compensation points of about 50 ppm C02> compared to "effi

cient" control which displayed close to zero ppm CO^ compensation 

points.

Wynn et al. (1973) studied 48 monocot and dicot species that

displayed C^, and CAM (Crassulacean Acid metabolism) photosynthesis

patterns. They showed that C^ species evolved very little in

the dark and this amount stayed constant with labelling time. The C^
14species released a higher percent of COg initially, which declined 

with fixation time. The CAM plants behaved similarly to the 

species.

Oliver and Zelitch (1977) tried to identify control mechanisms 
in tobacco leaves which would decrease photorespiration and increase 

net photosynthesis. Even though they could not identify the specific 

compound responsible, they observed that glycolate accumulation was 
inhibited when leaf discs were treated with L-glutamate, and that this 

inhibition was accompanied by a decrease in the rate of photorespiration
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and an increase up to 25 percent of net photosynthesis. They concluded 

that genetic selection for metabolic control of photorespiration would 

increase net CO^ assimilation in species with high photorespiratory 
rates.

Randall, Nelson and Asay (1977) reported that a decaploid tall 

fescue (Festuca arundlnacee Schreb) plant displayed net photosynthetic 

rates almost twice those of normal hexaploid genotypes.

Leaflet Size, Specific Leaf- Weight and Yield

Since alfalfa is harvested for forage and the leaflets are the 

most valuable part of this forage, in terms of nutritional content and 
palatibility (Dobrenz, Schonhorst and Thompson, 1969), it would be desir

able to increase the leaflet area of alfalfa. Watson (1952) has advo

cated leaf-size alteration as an important goal of all forage crop 

breeders, Graumann and Hanson (1954) states that leafiness is a major 

quality determinant of forages and that throughout the plant's lifetime 

leafiness decreases.

Delaney and Dobrenz (1974a) reported that wide leaflet alfalfa 

clones produced more dry forage per harvest than narrow leaflet clones. 

However, clones showing the greatest dry weight per unit leaf area did 

not display the highest yield.
Specific leaf weight (SLW) is the leaf dry weight per unit 

leaf area. Pearce and Lee (1969) found that SLW and net photosynthesis 

(Pn) varied in alfalfa leaves with light intensity. Leaves in a high

light group had a higher SLW than those in a low-light group as well 

as a higher Pn. Pearce et al. (1969) also found that SLW varied with
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alfalfa variety and plant age. They also found a high correlation be

tween SLTf and photosynthetic rate.

Pearce, Brown and Blaser (1968) reported that SLW and Pn were 

positiviely correlated, for various clones grown under field and controlled 

conditions. They concluded that net photosynthesis could be increased 

by growing an alfalfa population in one environment and selecting for 

high SLW.

Thorne (1960) found that net assimilation rates, calculated on 

a leaf-area basis, for several agronomic crops, varied greatly among 

species. She also found, though, that species were similar when calcu

lated. on a dry-leaf basis. Delaney and Dobrenz (1974b) observed that 

forage yield in. alfalfa was highly correlated with total apparent 

photosynthesis per plant but not with photosynthesis expressed on a 

leaf-weight or leaf-area basis.

Carlson et al. (1971) found that net photosynthesis of indi

vidual leaves from alfalfa, Lotus corniculatus L., and Dactylis 

glomerata L. was positively correlated with weight per unit leaf area 

and certain anatomical traits. These relationships varied with 

species and cultivars of alfalfa. They concluded that by selecting 

for increased pho to synthetic ability and the appropriate morphological 

characteristics yield could be increased.

Wolf and Blaser (1972) noted that dry matter accumulation of 

alfalfa was low compared with tropical forage species. They found 

that as SLW of leaves increased, net carbon exchange (NCE) increases 

did not occur. Therefore, upper limits in SLW may exist beyond which



there are no increases in NCE, This could be due to the accumulation 

of photosynthates causing an increase in SLW of leaves in 70 to 100% 

daylight. This accumulation of photosynthates in leaves exposed to 

high-light intensity could block photosynthetic fates which would 

cancel out any high potential NCE correlated with high SLW values.

Fuess and Tesar (1968) reported that SLW and NCE values de

clined more rapidly for fast-growing canopies. This happened because 

light penetration was lessened due to the speed of canopy development. 

Accordingly, Wolf and Blaser (1972) reported that for normally dense 

alfalfa canopies in field conditions, the SLW and NCE values for young 

leaves in the upper canopy increased until they were fully expanded, 

then fell rapidly due to lower light intensities of the lower canopy. 

So, the decline in photosynthetic efficiency and SLW of leaves was 

due to the reduction in light intensities as one descended into the 

canopy.

Duncan and Hesketh (1968) found that additional leaf area may 

compensate for lower photosynthetic rates. They analyzed growth rates 

in maize and inferred that accumulation of dry weight was more de

pendent on leaf expansion than on photosynthesis per unit leaf area.

Barnes et al. (1969) found a relationship among SLW, variety 

and plant age. They concluded that SLW and leaf area were independent, 

genetically controlled traits. Plants with high SLW were deeper green 

than plants with low SLW.

Song and Walton (1975) found a weak correlation between SLW 

and leaflet size. They reported independent gene action for leaflet

9
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size and SLW. They also observed low correlation coefficients between 

leaflet size, SLW and forage yield.

Heichel and Musgrave (1969) studied several cultivars of c o m  

(Zea mays L.) and found that plants had much higher photosynthetic 

rates than their inbred parents. Varga et al. (1970) looked at seven 

components of yield in 50 alfalfa clones and concluded that breeding 

programs could increase the yield and quality of alfalfai Significant 

positive correlations were found between total fresh weight and plant 

height. Pergament and Davis (1961) found that yield variation in 

alfalfa, based on a tetrasomic model, was mainly due to nonadditive 

gene action.

Other Factors Influencing Yield

Productivity of alfalfa may also be analyzed in terms of stems 

per unit area. Response to environmental conditions Such as plant 

density and competition may result in adjustment of the number of stems 

per alfalfa plant in a stand (Bula and Massengale, 1972).

Other environmental factors, such as light intensity, air tem

perature, soil moisture, and soil fertility may influence the number 
of stems per plant (Cowett and Sprague, 1962, 1963). High light inten

sity and low stand density were related to high tillering.

Light intensity affects leaf morphology. Alfalfa leaves that 

develop in the shade display a higher leaf area to leaf dry-weight 

ratio than leaves grown in full sunlight (Cooper and Qualls, 1967). 

Shade-grown leaves were thinner than leaves grown in full sunlight, due 

to enlarged palisade and mesophy11 cells.
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Rhykerd, 'Langston and Mott (1959) found that increasing the 

light Intensity decreased the leafiness of alfalfa and red clover, 

(Trifolium pratense L.) but increased the leafiness of birdsfoot trefoil 

(Lotus corniculatus L.). Smith and Struckmeyer (1974) found that SLW 

was higher for alfalfa plants grown at lower temperatures.

Temperatures can also affect leaf area. Alfalfa grown during 

the summer months under field conditions in Tucson, Arizona displayed 

a marked decrease in area/leaflet compared to the spring and fall 

months (Robison and Massengale, 1967).

In Arizona during the summer, alfalfa experiences a "summer 

slump" or yield decline believed caused by high temperatures. Robison 

and Massengale (1969) found that one-year-old ’Moapa' alfalfa plants 

grown under high night temperatures displayed lower yields and re

duced carbohydrates reserves, compared to plants grown under moderate 

night temperatures. Schonhorst, Davis and Carter (1957) found that 

ten alfalfa varieties displayed different growth responses to tem

perature, thus indicating that plants could be selected for heat tol

erance.
Pulgar and Laude (1974) studied the regrowth of alfalfa after 

heat stress and found that stressed plants were significantly reduced 

in regrowth compared to nonstressed plants.
Water use efficiency also may affect yield. Dobrenz, Cole and 

Massengale (1971) showed that alfalfa plants which produced the greatest 

amount of dry matter utilized water most efficiently. They also found
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that leaf thickness and palisade cell density were not related to water 

requirement or the amount of water transpired.



MATERIALS AMD METHODS

Plant material used in this study was selected as part of a 
study conducted in 1974 at the Campbell Avenue Farm, Tucson, Arizona 

(Leavitt, 1975). A large-leaflet plant was identified, in a popu

lation of 'Mesa-Sirsa' plants, displaying a low post-illumination - 

burst (PIB) and high dry matter production. This clone.was used as 

the maternal parent in a cross with another high yielding Mesa-Sirsa 

clone.

Seed were planted in a greenhouse at The University of Arizona . 

and seedlings transferred to a plot at the USDA Plant Materials Center, 

Tucson, Arizona in May, 1976. The clones were space-planted on 30 cm 

centers. Forage from the plants was harvested once in the winter and 

once in early spring. Chlorodane (1, 2, 4, 5, 6, 7, 8, 8-octachloro- 
3a, 4, 7, 7a-tetrahydro-4, 7, methanoindan) was applied twice as a 

spot, treatment for ants. Triflourin(a,a,a-triflouro-2, 6-dinitro-N,

N dipropyl-p-toluidine) was applied at the rate of 32.5 kg/ha for weeds 

in the summer and fall of 1976. Fifty mis of Hoagland's nutrient solu

tion was applied to each plant three times during the year. Throughout 

the growing season, irrigations were scheduled when 50 percent of the 

available moisture was utilized.

A preliminary screening for physiological differences among 

genotypes was made in April, 1977, with a Beckman 215 infra-red gas

13
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analyzer (IE.GA) of 45 plants initially selected for testing in May, 

1976, 37 survived. Later, the population was reduced to 30,

Prior to each of five harvests, two stems were cut from each 

selected plant in the late afternoon and placed in a 50 ml plastic 

bottle filled with distilled water. The stems were then placed in an 

Environator growth chamber and allowed to equilibrate in the dark for 

12 hours with a 12C night and a 26.70 day. The following morning each 

set of two stems was placed'under a light bank consisting of seven 500- 

watt flood lamps delivering a total of 2,OOOy Einsteins. To control 

temperature, the lamps were submerged in a 15-cm-deep water bath. 

Imperfect temperature control may have caused slight variation in 00^ 

flux measurement. The stems were placed under the light bank for 

approximately 20 minutes to allow the stomates to open and also to 

enable the stems to reach optimum rates of photosynthesis. One stem 

from each clone was used for evaluation of photosynthesis, dark 

respiration and PIB at each harvest.

The stems were placed in an illuminated plexiglass chamber 

(6 x 30 cm) and the air in the chamber —  ambient air —  was pumped 

through the gas analyzer and returned to the chamber. A 1.5 x 20 cm 

tube filled with silica gel (6 to 16 mesh) was placed in the system to 

remove moisture from the air before it moved into the gas analyzer 

(Leavitt, 1975; Retzinger, 1977).

The Beckman 215 IRGA (Fig. 1) was used to determine apparent 

photosynthesis, dark respiration and post-illumination burst (PIB) for 
each plant. Net photosynthesis was measured in the light and the PIB
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Figure 1. Diagram of closed CO2  exchange system used to measure apparent photosynthesis, 
dark respiration, and post-illumination burst. —  Adapted from Worden, 1978.
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and dark respiration were measured in the dark immediately following

light exposure. The CO^ fluxes were expressed as mg COg dm hr .

Photorespiration was calculated as the rate of post

illumination burst minus the rate of dark respiration after 

illumination. Gross photosynthesis (net rate of photosynthesis 

minus respiration losses) was calculated as the sum of the, rates of 

net photosynthesis and post-illumination burst.

After GO2  flux measurements were made the total leaf area of 

each stem was measured using a light sensitive automatic area meter 

from the Hayashi Denko Co., Ltd., Tokyo, Japan. The leaves were 

then dried for 24 hours in a 28C oven and specific leaf weight (SLW)' 

for each stem was calculated.

Physiological measurements were always taken at the 50% bloom 

stage. Following these measurements the plants were harvested. Each 

selected clone was bagged and dried at 80C for 24 hours and then 

weighed.
Cross sections were taken from leaflets from clones which had 

the highest and lowest post-illumination bursts. The leaflets were 

fixed in FAA and were prepared for anatomical observations with proce

dures outlined by Johansen (1940). Each plant was compared for 

presence of chloroplasts in the bundle sheath cells and thickness of 

palisade and spongy mesophyll, as well as leaf thickness.

Leaf cross sections were photographed at approximately 450 x 

magnification. Leaf, palisade and spongy cell thickness were measured 

with a cm ruler and values were converted to actual thickness using a



microphotograph of a stage micrometer exposed at the same magnifi 
cation as the leaf samples.



RESULTS AND DISCUSSION

Physiological Study

Apparent Photosynthesis

Apparent photosynthetic rates differed considerably among the 

30 alfalfa clones used in this study (Table 1). Also, differences in 

photosynthetic rates among harvests were observed (Fig. 2). Differ
ences in photosynthetic rates among the 30 clones ranged from 57.59 

—2 —1to 11.10 mg CO^ dm hr for the first harvest and 19.79 to 2.26 mg 
—2 -1COg dm hr for the fifth harvest. Thus, earlier in the growing

differences in CO^ exchange are of such a magnitude that selection for

high photo synthesizing genotypes would be easier, due to the larger

range in apparent photosynthesis.

The means of photosynthetic rates for all five harvests
- 2 - 1combined ranged from 10,81 mg CO^ mg hr for clone 1. The harvest

means (means of all clones for a single harvest) ranged from a high
-2 -1for the first harvest of 26.26 to a low of 9.55 mg CC^ dm' hr for 

the fourth harvest (Table 1). Apparent photosynthesis for the fifth

harvest also remained low at 9.80 mg CO^ dm hr , The population
- 2 - 1average for five harvests was 16.19 mg CO2  dm hr

. Delaney (1972) reported an overall harvest average of 10.75 
- 2 - 1mg CO2  dm hr for low light intensity (19.4 klux) and 22.25 mg 00g 

2 ™—  1 ■dm hr for high intensity (54.9 klux). The average of these two
-2 -1measurements was 16.5 mg CO2  dm hr which is almost identical to

18
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Table 1. Apparent photosynthetic’ values, of 30 individual, space-
planted alfalfa clones measured for 5 harvest, dates.

Jlone
AP (mgC02 -2 -1 dm Z hr );

3 May 29 May 29 June 27 July . 17 Aug, X

i 37.94 36.81 16.95 8.71 18.79 23.84
2 35.26 13.64 20.81 7.25 4.32 16.26
3 41.76 12.18 15.89 11.88 5.66 17.47
4 19.93 15.44 . 9.48 6.59 8.93 12,07
5 17.73 21,97 10.61 8.79 8.50 13.52
6 32.67 12.32 22.93 10.48 12.28 18.14
7 25.11 14.35 15.50 4.73 8.68 13.67
8 36.41 12.76 12.09 14.57 14.53 18.07
9 23.49 36.33 15.72 12.51 3.00 18.21

10 26,47 17.57 11.55 7.74 11.59 14.98
11 17.64 25.89 15.33 . 5.39 9.78 14,81
12 23.03 24.24 9,84 2.64 14.83 14.92
13 26.37 19.48 17,47 4.64 15.84 16.76
14 57.59 18.13 15.48 4.98 10.62 21.36
15 ■ 17.29 16.54 17,96 4.67 16.49 14.59
16 21.62 21,46 20.66 4.38 8.75 15.37
17 25.00 22.86 18.84 8.63 13.82 17.83
18 22.19 11.23 17.39 10.08 12.22 14.62
19 23.66 20.05 16.76 13.02 7.83 16.26
20 19.01 21.83 11.42 15.42 10.55 15.65
21 34,14 29.64 . 11.08 8.25 11.95 19.01
22 18.42 17.00 15.16 6.74 10.03 13.47
23 24.87 22.75 12.76 12.83 7.30 16,10
24 22.26 8.95 21.34 11.37 7.65 14.31
25 24.43 27.48 18,46 10.59 8.85 17.96
26 17.56 8.12 19.98 22.80 8.66 15.42
27 29.14 18.04 22.78 11,63 2.26 16.77
28 37.98 19.54 17.67 11.91 8.97 19.21
29 11.10 20.25 12.73 . 5,45 4.51 10.81
30 17.74 12.11 15.98 17.90 6.97 14.13
X 26.26 19.30 16.02 9,55 9.80
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Figure 2. Apparent photosynthetic values of 30 alfalfa clones averaged 
for 5 individual harvests.
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the current study. There was a significant difference at the 0.05 

level among harvests for apparent photosynthesis; however, there was 

no plant effect on the measurement of apparent photosynthesis.

Pearce et al. (1969) found a high positive correlation (r =

.79) between apparent photosynthesis and specific leaf weight. These 

results agreed with those from the work of Delaney (1972). However, 

Thorne (I960) found no correlation between assimilation rates in sugar- 

beet (Beta vulgaris L.), potato (Solanum tuberosum L .), and barley 

(Hordeum vulgare L.) and leaf area. Rhykerd et al. (1959) reported 

that at high temperatures, SLW decreased and photosynthesis increased, . 

The data from the current study did not show a relationship between 

apparent photosynthesis and SLW (r - .078). Differences could have 

occurred because Pearce's work was conducted in growth chambers 

whereas this author's work was conducted in the field, where tem

peratures in excess of 11OF (43C) occurred in the shade, along with 

high light intensity.

Wolf and Blaser (1972) thought that upper limits in SLW may 

occur with no increases in NCE (net carbon exchange), particularly 

when high light intensity causes an accumulation in photosynthates 

This is believed to be caused by "blocked" photosynthetic rates which 

may be due to accelerated respiratory rates. Since apparent photo

synthesis and photorespiration, varied somewhat inversely throughout 

the season, this could be possible.

All clones displayed a depression in apparent photosynthesis 
during July and August. A similar trend has been documented by other
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researchers (Delaney, Dobrenz, arid Poole, 1974; Foutz, Wilhelm,1'and' 
Dobrenz, 1976). The interaction between apparent photosynthesis and 

high ambient temperatures proved to be a significant indicator of yield 

Gross photosynthesis, which is the apparent photo synthesis 
corrected for dark respiration, closely paralleled apparent photo

synthesis (Fig. 3). Clone number one had a mean gross photosynthetic 

rate of 44.54 mg CO^ dm ^ hr ^ for five harvests and clone 29 had the

lowest rate for five harvests of 20.27 mg CC^ dm ^ hr The popu-
- 2 - 1lation average for the five harvests was 30.37 mg GCy, dm hr 

(Table 2). There was a significant difference among harvests for 

gross photosynthesis but there were no significant plant differences 

within harvests.

Dark Respiration
Dark respiration was not significantly different among clones

for individual harvests but was significantly different between

harvests (Table 3). Clone 21 had the highest overall dark respiration
- 2 - 1rate of 8.12 mg CO^ dm hr and clone 30 had the lowest with 3.69 mg 

-2 -1C0o dm hr . Within harvest differences were greatest for the

second harvest. Clone 2 had the highest dark respiration rate at
-2 -1harvest 2 of 13.64 mg CO^ dm hr and clone 26 had the lowest rate 

of 2.17 mg COg dm ^ hr ^ at the same harvest. Harvest means varied 

greatly (Fig. 4) and varied inversely with yield means (Fig. 5 ).

The range for these values was greater than that described 

in Delaney's work (1972). A weak negative correlation was found



Figure 3. Gross photosynthetic values of 30 alfalfa clones
averaged for 5 individual harvests.
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Table 2. Gross photo synthetic values of 30 individual/ space-planted
alfalfa clones measured for 5 harvest dates.

Clone
GPN (mgC02 dm^ hr

3 May 29 May 29 June 27 July - 17 Aug. X

i 56.91 58.58 40.79 36.35 30.06 44.54
2 50.49 30.43 31.47 23.48 15.52 30.28
3 79.81 20.35 28.91 33.91 20.51 35.70
4 30.20 28.71 18.48 20.01 17.51 22.98
5 29.92 36.61 26.62 25.14 16.90 27.04
6 43.04 26.12 37.26 23.21 28.55 31.64
7 41.85 33.82 ■ 24.87 15.75 19.97 27.25
8 51.78 47.69 24.51 29.14 29.06 36.44
9 35.50 66.29 28.75 24.80 9.89 33.05

10 39.03 44.47 27.92 22.51 23.18 31.42
11 26.92 42.62 27.39 22.53 19.76 27.84
12 37.56 40.40 23.38 8.38 26.82 27.31
13 48.34 32.34 32.94 10.44 32.00 31.21
14 75.83 31.54 27.09 15.22 25.28 34.99
15 28.82 34.26 32.61 12.96 23.92 26.51
16 ' 34.08 34.97 34.43 14.64 19.83 27.59
17 32.96 42.63 32.97 18.67 32.84 32.01
18 36.44 . 20.21 31.94 22.57 29.45 28.12
19 30.60 47.85 24.38 24.55 20.81 29.64
20 39.03 44.05 20.44 33.78 27.43 ' 32.95
21 57.59 55.94 23.12 19.50 30.90 37.41
22 28.44 31.43 22.53 20.94 22.77 25.22
23 35.28 36.36 24.16 28.55 17.56 28.38
24 36.94 20.88 47.42 23.02 21.73 30.00
25 35.38 46.54 32.82 25.36 18.67 31.75
26 28.79 11.92 2-8.78 36.05 23.65 25.84
27 44.59 26.53 36.23 34.89 12.51 30.95
28 64.71 34.30 30.12 28.39 20.62 35.63
29 20.05 30.97 17.90 16.10 16.34 20.27
30 29.93 30.39 24.89 30.45 19.79 27.09

X 40.86 36.31 28.84 23.38 22.46 30.36
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Table 3. Dark respiration values of 30 individual, space-planted
alfalfa clones measured for 5 harvest dates.

DR (mgCOg dm^ hr "*")
Clone 3 May 29 May 29 June 27 July 17 Aug. X

1 7.11 12.27 ' 6.62 5.49 2.81 6.86
2 13.22 13.64 3.04 3.95 3.76 7.52
3 9.44 5.20 5.27 3.19 4.02 5.42
4 5.46 6.12 7.35 3.76 2.32 5.00
5 3.69 7.75 3.74 4.49 4.15 . 4,76
6 8.82 2.59 2.87 3.15 ■ 2.30 3.94
7 4.19 7.68 4.78 5.61 4.41 5.33
8 8.90 7.59 5.38 3.31 4.15 5,87

. 9 4.64 8.35 6.96 2.23 4.00 7.24
10 5.83 6.80 3.37 4.54 5.15 5.14
11 4.64 4.36 3.79 3.56 4.39 4.15
12 4.07 6.46 5.42 2.31 2.68 4.19
13 5.15 5.55 4.49 5.10 7.11 5.48
14 4.78 6.70 7.31 1.29 3.17 4.65
15 . 5.42 9.45 3.31 2.76 5.33 5.25
16 8.79 6.74 9,18 2.36 3.39 6.09
17 . 5.68 9.27 4.17 1.76 3.20 4.82
18. 4.19 4.00 3.37 4.21 6.26 4.41
19 6.31 5.82 3.66 1.92 5.37 4.61
20 6.53 . 5.85 4.96 2.64 5.71 5.15
21 6.58 12.94 7.71 3.50 9.88 8.12
22 4.35 10.87 5.89 1.72 4.52 5.47
23 9.83 7.02 4.07 2.73 4.14 5.56
24 9.23 6.86 12.25 2.56 2.12 6.60
25 9.68 9.09 3.81 2,16 3.22 5.59
26 3.74 2.17 4.40 6.16 6.32 4.56
27 8.43 3.71 6.83 2.91 2.66 4,90
28 6.80 5.78 5.02 2.34 2.54 4.50
29 3.31 5.56 5.17 3.51 1.97 3.90
30 3.69 4.34 4.38 3.87 2.18 3.69

X 6.42 7.35 5.29 3.30 4.11 5.29
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Figure 4. Dark respiration values of 30 alfalfa clones averaged for 5 individual
harvests.
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HARVEST DATE

Figure 5. Yield (dry matter production per plant in grams) 
of 30 alfalfa clones averaged for 5 harvests.
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between dark respiration and yield, Delaney reported a harvest mean of 
-2 -i5.3 mg CO^ dm hr . The lowest mean rate in this study was 3,69 mg

-2 -1 C02 dm hr .

Another researcher (Alberda, 1970) reported that dark respi

ration was greatly influenced by high night temperatures and that this 

increased dark respiration results in yield reduction. Dark respi

ration (Table 4) and average yield did vary inversely, but the lowest 
dark respiration and highest total yield occurred during the highest 
nighttime temperatures; therefore, apparent photosynthesis did not 

decrease as rapidly as respiration during the high temperature periods, 

Delaney (1972) also reported similar results. Smith and 

Struckmeyer (1974) conducted studies in a growth chamber and reported 

that total leaf carbohydrates in alfalfa were greatly reduced during 

periods of high temperatures. Alberda (1970) also suggested that 

these low carbohydrate levels found during high temperature periods 

caused a decrease in dark respiration rates.

Plants in this experiment were kept overnight in a growth 

chamber and were measured under the same temperatures for every harvest. 

Therefore, any change in dark respiration must have been due to a 

limiting or additive factor that existed 10 to 12 hours before measure

ment. Alberda (1970) suggested that during periods of high tempera-
* * *tures photosynthetic tissue deteriorates and metabolism is impaired so 

that substrate level for respiration is lowered.
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Table 4. Correlation coefficients of CO^ exchange with dry forage yield
of space-planted alfalfa clones measured for 5 harvest dates.

Yield at 
harvest 
(date) DR

(mgC02 dm 2 hr 1)
~AP " " PIB PR

1

2
3

4

5

-.19 -.20 

— .46* — .24 
-.14 -.07 

-.05 -.09 

— . 32 —. 04

.11 .20
,46* — .26

.32 .33 

.10 .08 

. 02 .05

* Significant at .05 level.
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Post-Illumination Burst

The average post-illumination burst (BIB) for each harvest 

ranged from 16.15 mg CO^ dm  ̂hr for harvest two. to 12.67 mg COg 

dm  ̂hr ^ for harvest five (Fig. 6). Clone 1 had the highest BIB 

with 20.70 mg CO^ dm  ̂hr ^ averaged over the five harvests and clone 

29 had the lowest with 9.46 mg CO^ dm  ̂hr ^ (Table 5).

The correlation .coefficient between BIB and apparent photo

synthesis was r = .46. Post-illumination burst was highly correlated 

with gross photosynthesis with a correlation coefficient of r = .81.

No relationship was found between specific leaf weight and post- 

illumination burst or total dry matter production and post-illumination 

burst,.

Foutz et al. (1976) found no relationship between yield and 

post-illumination burst (r = -.11) in a space-planted study. However, 

total BIB or BIB multiplied by leaf area had a r - .65 value for a 

space-planted study. Little difference was noted between dark respi

ration rates and post-illumination CC^.

Photorespiration remained fairly steady throughout the 

season. Wynn et al. (1973) stated that BIB, like other physiological 

indicators of photorespiration, responds to light, temperature and 

concentrations. This could have accounted for the significant differ

ence among harvests for BIB, while there was no significant difference

within harvest
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Figure 6. Post-illumination burst of 30 alfalfa clones averaged for 5 
individual harvests. wH
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Table 5« Post-illumination CO2 burst (PIB),- of . 30. individual ̂ space-
planted alfalfa clones measured for 5 harvest dates.

Clone 3 May 29 May 29 June 27 July 17 Aug, X

1 18.97 21.77 23.84 27.64 11.27 20.70
2 15.23 16.79 10.66 16.23 11.76 14.13
3 33.05 8.17 13.02 22.03 14.85 18.22
4 10.27 13.27 . 9.00 13.42 8.58 10.91
5 12.19 , 14.64 ■ 16.01 16.35 8.40 13.52
6 10.37 13.80 14.33 12.73 16.27 13.50
7 16.74 19.47 9.37 11.02 11.29 13.58
8 15.37 34.93 12.42 14.57 14.53 18.36
9 12.01 29.96 13.03 12,51 6.89 14.84

10 12.56 11.90 16.37 7.74 11.59 13.44
11 9.28 16.73 12.06 5.39 9.98 13.04
12 14.53 16.16 13.54 2.64 11.99 12.39
13 21.97 12.86 15.47 4.64 16.16 14.45
14 18.24 13.41 11.61 4.98 14.66 13.63
15 11.53 17.72 14.65 4.67 7.43 11.92
1.6 12.46 13.51 13.77 4.38 11.08 12.22
17 7.96 19.77 14.13 8.63 19.02 14.18
18 14.25 8.98 14.55 10.08 17.23 13.50
19 6.94 17.15 7.62 13.02 12,98 11.24
20 20.02 22.22 9.02 15.42 16.88 17.30
21 23.45 26.30 12.04 8.25 18.95 18,40
22 10.02 14.43 7.37 6.74 12.74 11.75
23 10.41 13.61 11.40 12.83 10.26 12.28
24 14.68 11.93 26.08 11.37 14.08 15.68
25 10.95 19.06 14.36 10.59 9.82 13.79
26 11.23 3.79 8.80 22.80 14.99 10.41
27 15.45 8.49 13.45 11.63 10.25 14.18
28 26.73 14.76 12.45 11.91 11.65 16.41
29 8.95 10.72 5.17 5.45 11.83 9.46
30 12.19 18.28 8.96 17.90 12.82 12.96

X 14.60 16.15 12.82 13.82 12.67
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Photorespiration

Photorespiration for the five harvests varied from 10.51 mg 

CO2 dm ^ hr ^ for harvest four to 8.18 mg CO^ dm  ̂hr ^ for harvest 

one (Table 6). Photorespiration remained relatively constant through

out the growing season (Fig. 7- ) . Clone 1 had the highest photo

respiration rate for all five harvests with an average of 13,84 mg • 
- 2 - 1CO^ dm hr . Clone 19. had the lowest photorespiration rate of 

4.94 mg CO^ dm ^ hr Clone 29, Which had the second lowest photo- 

respiration rate displayed zero photorespiration at harvest three 

(Table 6). There was no significant difference between harvests 

among clones or within harvests for photorespiration.

Photorespiration was positively and significantly correlated 

with gross photosynthesis, with a correlation coefficient of r =

.64**, Photorespiration was not significantly correlated (r = .14) 

with specific leaf weight or dry matter production (r = -.002).

Oliver and Zelitch (1977) reported that a near zero decrease 

in photorespiration can result in up to 25 percent increase in net 

CO2 fixation. They suggested that genetic selection for metabolic 

control of photorespiration could be done. This would result in large 

increases in net photo synthetic CO^ assimulation in species with 

normally high rates of photorespiration.

The current experiment did not reveal an inverse relationship 

between photosynthesis and photorespiration as would be indicated by 

Oliver and Zelitch*s work. No relationship was found between
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Table 6. Photorespiration values of 30 individual, space-planted
alfalfa clones measured for . 5 harvest dates.

PR <mgCP2 dm2 hr"1)
Clone 3 May 29 May 29 June 27 July 17 Aug. X

i 11.86 9.50 17.22 22.15 8.46 13.84
2 2.01 3.15 7.62 12.28 8.00 6.61
3 23.61 2.97 7.75 18.84 10.83 12.80
4 4.81 7.15 1.65 9.66 6.26 5.91
5 8.50 6.89 . 12.27 11.86 4.25 8.75
6 1.55 11.21 ■ 11.46 9.58 13.97 9.55
7 12,55 11.79 4.59 5.41 6.88 8.24
8 6.47 27.34 7.04 11.26 10.38 12.50
9 7.37 11.61 6.07 10.06 2.89 7.60

10 6.73 5.67 13.00 10.23 6.44 8.41
11 4.64 12.37 8.27 13.58 5.59 8.89
12 10.46 9.70 8.12 3.43 9.31 8.20
13 16.82 7.31 10.98 .70 9.05 8,97
14 13.46 6.71 4.30 8. 95 11.49 8.98
15 6.11 8.27 11.34 5.53 . 2.10 6.67
16 3.67 6.77 4.59 7.70 7,69 6.08
17 2.28 10.50 9.42 8.28 15.82 9.26
18 10.06 2.25 11,18 8.28 10.97 8.55
19 .63 2.90 3.96 9.61 7.61 4.94
20 13.49 16.37 4.06 15.67 11.17 12.15
21 16.87 13.36 4.33 7.75 9.07 10.28
22 5.67 3,06 1.48 12.48 8.22 6.28
23 .58 6.59 7.33 12.99 6.12 6.72
24 5.45 5.07 13.83 9.09 11.96 9.08
25 1.27 9.92 10.55 12.61 6.60 8.20
26 7.49 1.62 4.40 7.09 8.67 5.85
27 7.02 4.78 6.62 20.35 7.59 9.27
28 19.93 8.98 7.43 14.14 9.11 11.92
29 5.64 5.16 0 7.14 . 9.86 5.56
30 8.50 13.94 4.58 8.68 10.64 9.27

X 8.18 8.45 7.51 10.51 8.57 8.65
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Figure 7. Photorespiration of 30 alfalfa clones averaged for 5 
individual harvests.
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photosynthesis and phptorespiration. Photorespiration was not 

correlated —  positively or inversely -—  with yield.

Specific Leaf Weight

Specific leaf weight (SLW) was not significantly different 

among clones within all harvest dates but was significantly different 

among harvests (Table 7). The mean SLW for the five harvests ranged 

from 4.05 mg cm 'for clone 21 to 3.07 mg cm  ̂for clone 30. SLW 

fluctuated throughout the season. Harvest one had the lowest

average SLW with 3.25 and harvest five had the highest with 3.83 mg
. -2  dm .

Delaney (1972) found that the mean SLW for individual clones
2ranged from 3.48 to 4.47 mg cm . This was similar to that reported by 

Pearce et al. (1969).. Delaney (1972) and Poole (1971) both observed 

an increase in SLW in late July. This author did not find this rela

tionship but did observe an increase in total dry matter, per plant and 

photorespiration. Correlation coefficients between SLW and photo- 

respiration for the 5 harvests showed no significant relationship and . 

correlation coefficients for SLW and photosynthesis were not consis

tently significant at each harvest (Table 8).

Specific leaf weight varied considerably among the clones and 

among harvests. Delaney, Dobrenz and Poole (1974) reported that as 

temperature increased during the growing season, SLW decreased. The

same phenomenon was observed in this study. Specific leaf weight
2averaged 3.73, 3.83 and 3.26 mg cm for the May, July and September 

harvests, respectively (Table 7).
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Table 7. Specific leaf weight (SLW) of. .30 individual.," space-planted
alfalfa clones measured for 5 harvest dates.

SLW harvest (mgCOg dm .hr )
Clone 3 May 29 May 29 June 27 July 17 Aug. X

1 3.35 3.35 3.85 : 3.36 4.01 3,58
2 3.25 4.04 2,97 1.38 3.74 3,08
3 4.00 4.00 4.08 3.50 4,51 4,02
4 3.29 3.95 3.17 2.67 3.34 3:28
5 3.80 4.03 . 3.44 2.81 2.80 3.38
6 3.77 3.79 ' 3.46 3.40 3.22 3.53
7 3.69 3.36 3.76 2.92 3.16 3.38
8 3.48 4.56 4.04 3.20 3.22 3.70
9 3.24 3.51 3.30 3.95 2.88 3.38

10 2.88 2.18 3.52 3.25 3.79 3.12
11 3.60 3.82 3.05 2.86 3.90 3.45
12 3.12 3.74 3.52 3.61 3.43 3.48
13 3.22 3,23 4.16 4.14 5.38 4.02
14 . 3.22 3.74 3.75 3.25 4.26 3.64
15 3.60 4.37 4.35 3.66 4.15 4,03
16 3.49 4.66 4.02 3.72 3.55 3.89
17 3.03 3.04 3.27 3.48 3.95 3.35
18 2.65 3.97 3.50 2.92 • 3.27 3.26
19 3.43 3.75 3.99 3.14 3.95 3.65
20 2.97 3.46 3.42 4.45 3.71 3.60
21 3.47 3.55 2.99 4.05 6.17 4.05
22. 3.39 3.76 2.37 2,69 3.53 , 3.15
23 3.27 3.50 3.05 3.15 3.63 3.32
24 3.11 3.63 3.40 3.35 3.77 3.45
25 2.88 4.43 3.37 3.12 3.62 3.48
26 1.90 3.18 4.00 3.67 3.74 3.30
27 3.08 3.51 3.40 3.50 3.86 3.47
28 3.70 3.53 3.48 3.09 4.85 3.73
29 2,75 3.43 2.93 4,28 3.92 3.46
30 2.92 4.82 2.93 1.16 3.54 3.07

3,25 3,73 3,48 3.26x 3.82 3.51
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Table 8. Correlation coefficients of CCL exchange with specific 
leaf weight of space-planted alfalfa clones measured 
for 5 harvest dates;,

Specific Leaf Weight(SLW)

Photorespiration .14

Apparent photosynthesis . .08

Dark Respiration .11
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Wolf and Blaser (1972) reported that SLW and N€E Chet carbon 

exchange) declined more rapidly in alfalfa canopies that had the 

highest growth rate. They believed this occurred because; light 

penetration was depressed with the enlargement of the canopy. This 

rapid growth and light depression changes the morphology, physiology 

and longevity of the leaves. The clones in this study grew very 

rapidly, reaching the 5Q percent bloom stage in less than four weeks . 

for most harvests.

Song and Walton (1975) observed a greenhouse population of a 

7 x 7  diallel cross of alfalfa and found that leaflet size and SLW 

were not correlated; however, genotypes that combined larger leaflet 

size and higher SLW were found. Both traits could be selected for in 

a plant breeding program. Correlation of these characters with forage 

yield was generally low.



40

Yield (Total Dry Weight per Plant)
Total dry weight was significantly different both within and 

between harvests. Dry weight ranged from an average of 22.56 grams 

for clone 1 to 95.96 grams for clone 27 (Table 9). The lowest dry 

weight per harvest occurred for harvest two (May 29) with a dry weight 

of 36.95 grams per plant (Table 9). Represented graphically, yield 

varied directly with photorespiration and inversely with average post- 

illumination burst. Clone.3 had the highest average dry weight of 

130.00 grams per harvest and clone 1 had the lowest dry weight of 

22.56 grams per harvest, closely followed by clones 2 and 17 (Table 

9).

There was a slight negative correlation between yield and dark 

respiration and yield and apparent photosynthesis which was signif

icant in only one instance (Table -4), Photorespiration and post- 

illumination burst showed a slight positive correlation, with only one 

observation significant (Table 4). Therefore, photorespiration and 

post-illumination burst were not significantly correlated for the 

space-planted clones in this study. Delaney (1972) found that appar

ent photosynthesis and dry matter production were correlated on a per
- 2 - 1plant basis but were not correlated on a mg CC^ dm hr or mg COg 

-2 -1dm hr basis. The current study did not measure apparent photo

synthesis, photorespiration or post-illumination burst on a total 

plant basis.
The photorespiration (PR) and yield for the five highest and 

five lowest yielding clones is shown in Fig. 8. Plants that were 

not bordered on all four sides by other plants were excluded.
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Table 9 Dry matter production for 30 individual, space-planted 
alfalfa clones measured for 5 harvest dates.

Yield for 5 harvests, (g)
Clone 3 May 29 May 29 June 27 July 17 Aug. X

i 14.1 18.0 20.2 60.5 0 22.56
2 22.5 15.0 19.2 59.5 . 53.8 34.00
3 128.0 88.0 126.0 198.4 111.8 130.00
4 44.2 25.0 27.7 69.6 61.6 45.62
5 82.0 57.0 65.2 123.0 84.7 82.38
6 98.8 56.0 . 33.0 83.6 63.8 67.04
7 83.5 36.0 79.5 137.4 97.7 86.82
8 29.6 26.0 29.1 70.0 61.2 43.18
9 20.0 19.0 44.2 78.4 70.7 46.46

10 26.9 26.0 43.7 96.5 82.1 55.04
11 48.5 22.0 37.3 83.8 77.1 53.74
12 59.5 47.0 52.5 111.2 94.5 72.94
13 64.9 50.0 53.3 98.0 75.8 68.40
14 41.7 22.0 31.5 76.6 89.0 52.16
15 45.2 34.0 40.7 100.0 66.4 57.26
16 49.2 33.0 49.9 87.8 70.5 58.12
17 19.6 15.0 13.5 61.4 54.1 32.72
18 56.4 34.0 45.0 97.0 82.3 62.94
19 27.8 34.0 42.9 99.8 90.3 58.96
20 55.5 33.0 47.4 101.5 87.7 65.02
21 37.5 25.0 28.0 71.3 55.8 43.52
22 72.4 36.0 47.0 103.4 88.1 69.38
23 59.9 30.0 50.7 101.3 85.5 65.48
24 23.4 24.0 22.5 83.0 68.1 44.20
25 36.4 24.0 28.5 74.8 59.3 44.60
26 66.4 33.5 38.8 87.8 66.5 58.60
27 118.0 81.0 81.8 139.6 59.4 95.96
28 48.9 33.0 45.8 90.2 106.3 64.84
29 180.0 93.0 117.0 194.2 64.6 129.76
30 66.4 39.0 44.0 108.5 148.7 81.32

x 57.58 36.95 46.86 98.27 75.91
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Apparent photosynthesis and yield for the five highest and five low

est yielding clones appears in Fig. 9. Although photorespiration and 

apparent photosynthesis were not statistically compared to yield for 

only the lowest and highest yielding clones, figures 8 and 9 suggest 

that at extremes the relationship between apparent photosynthesis and 

yield and photorespiration and yield may be more meaningful.



FI Dry matter production, high yielding
Apparent photosynthesis, high yielding 
Dry matter production, low yielding 
Apparent photosynthesis, low yielding

Figure 9. Dry matter production and apparent photosynthesis for the 5 
highest and 5 lowest yielding alfalfa clones for 5 harvests.
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Anatomical Study

The anatomical features studied, leaf palisade and spongy 

cell thickness, showed np correlation to any of the physiological 

characteristics examined (Table 10)„ Anatomy and leaf width varied 

with the low yielding and high yielding clones (Figs, 10, and 11) .

Delaney (1972) and Carlson et al. (1970) found that the thick

ness of the palisade tissue layer was the only internal leaf character

istic which was significantly related to apparent photosynthesis. He 

concluded that apparent photosynthesis was significantly dependent upon 

the thickness of the palisade layer. This was not borne out in the 

current study. Delaney (1972) also reported that clones with smaller 

leaflets had a greater palisade tissue thickness. Tsunoda (1959) also 

reported a similar, negative relationship between leaflet size and 

palisade thickness in rice (Oryza sativa L .). Delaney (1972) stated 

that the' association between photosynthesis and palisade thickness 

could be used as a selection tool for more efficient photosynthesis in 

alfalfa. On the basis of this present study, palisade thickness would 

not necessarily be a useful selection tool for photosynthetic efficiency 

in alfalfa. The palisade layer in leaflets contains many chloroplasts. 

The assumption is that a thicker palisade layer will necessarily con

tain more chloroplasts and therefore photosynthesize at a greater

rate.
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Table 10. Correlation coefficients between C02 exchange and leaf
width of 10 space-planted alfalfa clones representing high 
and low yield for 5 harvest dates.

Palisade thickness Leaf width

Pr

AP

SLW

-.13

-.22
.49

-.34

-.53

-.46

.42Dry Wt. .34



Clone 2 Clone 21

Total width .170 .135
Palisade .075 .070
Mesophyll .065 .055

Figure 10. Leaflet cross-section of the thinnest and thickest low-yielding 
alfalfa clones (450X).



*1

Clone 7

Total width .200
Palisade .100
Mesophyll .070

Figure 11. Leaflet cross-section of the thinnest 
alfalfa clones (450X).

■

Clone 22

.160

.060

.080

and thickest high-yielding ^



SUMMARY AND CONCLUSIONS

Fifty clones of Medicago sativa L. were evaluated for CO^ 

exchange, morphological and anatomical characteristics when plants 

were grown under space-planted conditions in the field. Significant 

differences were observed in CO^ exchange rates between individual 

clones and individual harvests. SLW and yield also differed, but 

were not significantly correlated with physiological or anatomical 

parameters. .

Apparent photosynthesis, dark respiration, photorespiration 

and yield varied greatly among harvests, due to high ambient tem

peratures and high light temperatures; however, COg exchange param

eters were evaluated under constant temperature conditions. High 

temperatures prior to sampling may have caused transpiratipnal losses 

and enzymatical changes which would have been operating when measure

ments under controlled conditions were taken. The movement of photo- 

synthetic products from the leaves, to the roots could have been 

affected by high ambient air temperatures and high soil temperatures. 

This translocative delay could have resulted in feedback inhibition 

of photosynthesis.

Apparent photosynthesis, SLW, yield and photorespiration Varied 

significantly among individual clones. Harvest differences were also 

significant for these characteristics.
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